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pen height 

�I�~�~�h� I 
FI!J.Ire E-15 

SOlid snapes am Frcmed snapes 
In the case of framed snapes, the outUne appears completely wlttlln the 
enclosing rectangle--wIth one exceptlon--ana the vertlcal ana horizontal 
thiCkness of the outline Is <letermlned by the pen size. The exception Is 
polygons, as Olscussed In section E.8.2, pOlygons. 
The pen pattern Is used to fill in the bits that are affected by the drawing 
operation. The pen moae aefines how tnose bits are to be affected by 
directing QuickDraw to apply one of eight bOOlean operations to the bits in 
the shape and the corresponding pixelS on the screen. 
Text drawIng aces not use the pnSlze, prPat, or �~�,� bUt It aces use the 
JIl-oc. Each Character is placed to the right of the current pen location, with 
Ule left ana Of Its base line at tne pen's location. me pen Is movea to the 
right to the location wtlere It win draw ttle next character. No wrap or 
carriage return Is performed automatically. 
The method QuickDraw uses in placing text Is controlled by a mode slmllar to 
the pen rTlOOe. Tnis is explaIned in Section E.7.l, Transfer Modes. CUpping of 
text is performed in exactly the same manner as all other cUpping in 
QuICkDraw. 

E.7.l Tnnfer I"1lOeS 
When Unes or ShapeS are drawn, the �~� field of the grafPort determines 
hOw the drawing Is to appear In the port's btt Image; slmUarly, the txr-tlOe 
field determines how text is to appear. There is also a QuickDraw procedUre 
that transfers a bit Image from one bitmap to anotner, and this procedUre has 
a mode parameter that determines the appearance Of the result. In all these 
cases, the mode, called a transfer mode, speCifies one of eight bOOlean 
operations: for each bit in the item to be drawn, QulckDraw finds the 
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correSponding bit In the destination bIt Image ... performs the bOOlean operation 
on the paIr of bits ... and stores the resulting bit into the bit image. 
There are two types of transfer mode: 

• pattem tJa?sfer mot1es... for drawing Hnes or Shapes wIth a pattern. 
• SOlJJ"Ce trdnSfer flntes, for drawing text or transferring any bit Image 

between two bitmaps. 
For each type of mode .. there are four basIc operatlons--Cq)y,OI .. Xor .. and 
Ble. The ~y operation simply replaces the pIxels In the destination with 
the pIxels In the pattern or source .. "paInting" over the aestinatIon wIthout 
regard for what Is already there. The or, Xor ... and Blc operations leave the 
destination pixels under the whIte part of the pattern or source unchanged .. 
and differ In how they affect the pixels under the black part: or replaces 
thOSe pixelS with blaCK pixelS, thus "overlaying" the destination wIth the blaCK 
part Of the pattern or source; Xor Inverts the pixels under the blacK part; and 
Ble erases them to wnl teo 
Each of the basic operations has a variant in which every pixel In the pattern 
or source Is inverted before the operation Is performed ... giving eight 
operations in all. Each mode Is defined by name as a constant in QulcKDraw 
(see Figure E-16~ 

pattern or source destination 

II Psint" "Overlav" "Invert" HEra~e" 

11111111 
patCopy patOr 
sreCopy sreOr 

patXor 
sreXor 

patBic 
srcBic 

11111111 
notPatCopy notPatOr notPatXor notPatBic 
notSrcCopy notSreOr notSreXor notSrcBic 

Fl~ E-16 
Tnrlsfer ModeS 
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pattern 
transfer 
mode 
patCopy 
patOr 
patxor 
patBlC 

nolPa~y 
notpaUk 
not.Patxor 
notpatBlc 

E. 7.2 DI'<l'«1ng In COlor 

SOUrce 
transfer 
mode 

srCCOpy 
srcor 
srcXor 
srcBic 
notsrCCOpy 
notsrCOl 
notsrcXor 
not.srcBlc 

QIJ!ckDmw 

Action on each pixel In destInatIon: 
If black pIxel In If WhIte pixel In 
pattern or source pattern or source 
Force black Force White 
Force black Leave alone 
Invert Leave alone 
Force white Leave alone 
Force whIte Force blacK 
Leave alone Force blacK 
Leave alone Invert 
Leave alone Force White 

Currently you can only looK at QulcKDraw output on a blacK-anCI-white screen 
or printer. Eventually, hOwever, Apple will support color output devices. If 
you want to set up your applIcatIon now to prOduce color output In the future, 
you can do so by using QulC1<Draw procedures to set the foreground color and 
tne backgrOUnd color. EIght standard COlOrs may be specifiea wIth the 
fOllowIng predefined constants: blackCOlor, WhlteColor, redColor, greencolol, 
bltJeColor, cyarColor, magentacolor, and yellOWCOlor. InItIally, the foreground 
color Is blackCOlor and the background color Is WhlteColor. If you specIfy a 
color other than WhlteColor, It wll1 appear as black on a black-and-White 
output deVice. 
To apply the table above (in Section E.7.1) to drawIng In color, make the 
following translation: where the table shows "Force blaCk", read "Force 
foreground color", and Where It shows "Force White", read "Force background 
color". When you eventually receive the color output device, yOU'll find out 
the effect of Inverting a color on 1 L 

NJTE 

QulCkDraw can support output devices that have up to 32 Olts of color 
information per pixel. A color picture may be thOUght of, then, as 
having up to 32 planes. At anyone time, QulckDraw draws Into only 
one of these planes. A QuiCkDraw routine called by the color-imaging 
software specifies WhICh plane. 

E.8 Pictures ald Polygons 
QulCKDraw lets you save a sequence of drawIng commancJs ana "play them 
back" later with a sIngle proceaure call. There are two such meChanisms: one 
for drawing any picture to scale In a destination rectangle that you specify, 
and another for drawing polygons In all the ways you can draw other shapes In 
QulcKDraw. 
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E.8.1 Pictures 
A picture In QulckDraw Is a transcript of calls to routines which draw 
somethIng--anythIng--on a bItmap. PIctures make It easy for one program to 
draw something defined in another program" with great flexibility and withOUt 
knowing the detaUs about what's being drawn. 
For each picture you define" you specify a rectangle that surrounds the 
picture; this rectangle is called the picture frame When you later call the 
prOCedUre that draws the saved picture" you supply a destination rectangle, 
and QulckDraw scales the picture so that its frame is completely aligned with 
the destination rectangle. ThUS" the picture may be expanded or shrunk to fit 
its destination rectangle. For example" if the picture is a circle inside a 
square picture frame" and the dest1nation rectangle is not square, me picture 
is drawn as an oVal. 
SInce a pIcture may 1nciUde any sequence of drawing commands, its data 
structure Is a variable-length entity. It consists of two fixed fields followed 
by a variable-length data field: 

type Picture = record 
plCSize: integer; 
pi,*"rane: Rect; 
{picture definition data} 

erxj; 

The plCSlze field contains the size" in bytes" of the picture variable. The 
picFnme field is the picture frame which surrounds the picture and gIves a 
frame of reference for scaling When the picture is drawn. The rest of the 
structure contaIns a compact representation of the drawing commands that 
define the picture. 
All pictures are accessed through handles, which point to one master pointer 
Which in turn points to the picture. 

type PicPtr = "Picture; 
PlcHandle = APlcPtr; 

To define a picture, you call a QuiCkDra'W function that returns a picture 
handle and then call the routines that draw the picture. There is a procedUre 
to call when you've finished defining the picture" and another for 'When you're 
done with the picture altogether. 
QulcKDraw also allows you to 1ntersperse picture corrvrJents wIth the 
definition of a picture. Tnese comments, whIch dO not affect the picture's 
appearance, may be used to provide acJdl tIonal Infonnatlon about tile picture 
When it's playea l:>aCk. This Is especIally valUable When pictures are 
transmlttecS from one appllcatlon to another. There are two standard types of 
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comment WhIch .. like parentheses, serve to group drawIng commands together 
(SUCh as all the commands that draw a particular part of a plcture~ 

cmst plClParen = 0; 
plcRParen = 1; 

The application defining the pIcture can use these standard comments as well 
as comments of Its own aeslgn. 
To InclUde a comment In the definition of a picture, the application calls a 
QulckDraw procedure that specifies the comment with three parameters: the 
comment kind .. which identifies the type of comment; a handle to additional 
data if desired; and the size of the additional data, if any. When playIng back 
a picture .. QulckDraw passes any comments In the picture's definItion to a 
low-level procedure accessed indirectly through the grafPrOCs field of the 
grafPort (see Section E.ID .. Customizing QuickDraw ~rations, for more 
informaUon~ To process comments .. the application must include a procedure 
to do the processing and store a pointer to it in the data structure pointed to 
by the grafProcs f1eld. 

to.lH£ 

The standard low-level proCedUre for processIng plcture comments 
simply Ignores all comments. 

E.8.2 Polygms 
Polygons are similar to pictures In that you define them by a sequence of 
calls to QulckDraw routines. They are also slmllar to other shapes that 
QuICkDraw knows aoout .. since there is a set of procedures for performing 
graphIc operations and calculatlons on them. 
A polygon Is simply any sequence of connected lines (see Figure E-17~ You 
define a polygon by moving to .,the starting pOint Of the polygon and drawing 
lines from there to the next point, from that point to the next, and so on. 

FI~ E-17 
Polygons 
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The data structure for a polygon Is a varI80le-IengtrJ entIty. It consIsts of 
two fIxed fields followed by a variable-length array: 

type Polygm = record 
polySize: integer; 
polyBBox: Rect; 
polyPolnts: array [0 .. 0] of Point 

end; 

The polySlze field contains the size, In bytes, of the polygon variable. The 
polyBBox field Is a rectangle WhiCh just encloses the entire polygon. The 
polyPolnts array expandS as necessary to contain the points of the pOlygon-­
the starting point followed by each successive point to which a l1ne is drawn. 
liKe pictures and regIons, polygons are accessed through handles. 

type PolyPtr = "Polygm; 
PolyHclldle = "PolyPtr; 

To define a polygon, you call a QuicK Draw function that returns a polygon 
handle and then form the polygon by callIng procedures that draw Unes. You 
call a prOCedUre When you've finiShed defining the polygon, and another when 
you're ClOne wIth the polygon altogether. 
Just as for other shapes that QuiCK Draw Knows about, there Is a set of 
graphIc operations on polygons to draw them on the screen. QulcKDraw draws 
a polygon by movIng to the starting poInt and then drawing l1nes to the 
remaining points In succession, Just as when the routines were called to def1ne 
the polygon. In this sense It "plays bacK" those routine calls. ~ a result, 
pOlygons are not treated exactly the same as other QulcKDraw ShapeS. For 
example, the prOCedUre that fr~s a polygon draws outsIde the actual 
bOUndary of the polygon, because QuiCK Draw Une-drawing routines draw below 
and to the right of the pen location. The procedUres that fIll a polygon with 
a pattern, hOwever, stay wIthin the bOUndary Of the pOlygon; they also add an 
addi tional line between the ending point and the starting point if thOSe points 
are not the same, to complete the Shape. 
There is also a dIfference In the way QulcKDraw scales a polygon and a 
simllarly-shaped region If It's beIng drawn as part of a picture: when 
stretched, a slanted line Is drawn more smoothly If It's part of a polygon 
rather than a reglon. You may find it helpful to Keep In mind the conceptual 
difference between polygons and regIons: a polygon Is treated more as a 
continuous snape, a region more as a set of bits. 

E.9 QuICkDraw Rwtlnes 
This section describes all the procedUres and functions In QufcKDraw~ their 
parameters, and theIr operation. They are presented In their Pascal form; for 
information on using them from assembly language, see Section E.11, using 
QuICkDraw from Assembly Language. Note that the actual proceaure and 
function declarations are given here~ rather than the BNF notation or syntax 
diagrams used elsewhere In this manual. 
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E.9.1 GrafPOrt RooUnes 

ProcEWre In1 tGraf (globalPtr: (XPtr); 

InitGraf initializes QulCkOraw. It is called by the ~rt unit's QOlnlt 
routine; you need not call it again. It InitiaIlzes the QulckOraw glooal 
variables l1stea below. 

Variable 
thePOrt 
... ite 
black 
gray 
ItGray 
d<Gray 
arrow 
screenBits 
nnlSeed 

~ 
GrafPtr 
Pattern 
Pattern 
Pattern 
Pattern 
Pattern 
DJrsor 
Bl~ 
long1nt 

Initial setting 
nil 
all-white pattern 
all-black pattern 
SO% gray pattern 
25% gray pattern 
75% gray pattern 
pointing arrow cursor 
Usa screen, (0,0,720,364) 
1 

The gJobaIPtt parameter tells QulCkOraw Where to store Its glObal variaDles, 
beglming wIth thePOrt. From PasCal programs, thIs parameter should always 
be set to WlePOrt; assembly-language programmers may choose any location, 
as long as it can accommodate the number Of byteS specified by GRPFSIZE In 
GRAFTYPES. TEXT (see Section E.II, usIng QulckOraw from AsSembly 
Language~ 

TO Initialize the cursor, call InltCursor (described In section E.9.2, 
CurSOr-Handllng Routines~ 

ProoeWre OperPort (~: GrafPtr); 

(l)enPort allocates space for the gIven grafPort's VlsRgl ana CllpR~ 
Init1aIlzes the fIelds Of the grafPort as Indicated below, and makes the 
gratport the current port (see setport, below~ You must call qlenPort before 
using any grafPort; first create a grafPtr with new, then use that grafPtr in 
tne Q:>enPort call. 
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Field 
deVice 
portB1ts 
portRect 
v1sRg1 
ClipRgl 

bkPat 
fl11Pat 
prLoc 
JflS1ze 
prttJde 
JrIlat 
pnVis 
tXfmt 
tXfooe 
txmde 
tXSize 
SJfxtra 
fpIOr 
bkCOlor 
colrBit 
patstretm 
pio8aYe 
rglSaVe 
polySave 
grafProos 

:rmg 
Integer 
Bl~ 
Root 
~le 
~le 

Pattern 
Pattern 
Point 
Point 
integer 
Pattern 
integer 
integer 
style 
1nteger 
integer 
l(DJint 
longint 
1(DJ1nt 
integer 
1nteger 
WHandle 
QlfCnjle 
QlfCnjle 
fD'rOOsPtr 

Inl tIal setting 
o (Usa screen) 
screerBlts (see InltGraf) 
screerBlts.bOln1s (0)),720;364) 

QuickDraw 

handle to the rectangular regIon (0,0,720,,364) 
handle to the rectangular regIon 
(-30000, - 30000, 30000, 30000) 
White 
bl~ 
(0,0) 
(L1) 
patCopy 
bl~ 
o (visible) 
o (system font) 
normal 
sIdlr 
o (QuickDraw decides) 
o 
bl~COlor 
wntteColor 
o 
o 
nil 
nil 
nil 
nil 

Pl'OceOn'e InitJlort (m»: GrafPtr); 
GIven a pointer to a grafPort that has been opened w1th qlenPort, In1tPort 
relnltla11zes the fIelds of tne grafPort and makes it the current port (if It's 
not already~ 

InltPort does everything ~ort dOeS except allocate space for the 
vlsRal and Cl~gl. 

Pl'OceOn'e ClosePort (~: GrafPtr); 
ClosePort deallocates the space occupied by the gIven grafPort's vlsRgl and 
cllpR{Jl. When you are completely through w1th a grafPort, call this 
procedure. 
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If you dO not call ClosePort before dIsposIng of the grafPort, the 
memory used by the vlsRgl and cll~gl will be unrecoverable. 

QuICkDraw 

After call1ng ClosePort, be sure not to use any copIes of the VlsRgl or 
cl1~gl handles that you may have made. 

ProceWre setPort (~: GrafPtr); 

SetPort sets the grafPort IndIcated by ~ to be the current port. The glObal 
poInter thePort always points to the current port. All QulcKDraw drawing 
rout1nes affect the bitmap thePort" .portBlts and use the local coordInate 
system of thePort". Note that q>enPort and InitPort do a Setport to the 
given port. 

WARNJN3 

Never do a Setport to a port that has not been opened with q>enPort. 

Each port possesses its own pen and text characterIstics which remaIn 
unChanged When the port Is not selected as the current port. 

ProceWre Getport (var ~: GrafPtr); 

GetPort returns a pointer to the current grafPort. If you have a program that 
draws into more than one grafPort, It's extremely useful to have each 
procedure save the current grafPort (with Getport), set its own grafPort, do 
drawIng or calculations, and then restore the previous grafPort (wIth setport~ 
The poInter to the current grafPort Is also avallable through the global 
pointer thePort, bUt you may prefer to use Getport for better reactab111ty of 
your program text. For example, a procedure could do a GetJ>ort(savePort) 
before setting its own grafPort and a setport{savePort) afterwards to restore 
the prevIous port. 

ProceWre GrafDeVice (deVice: integer); 
GrafOevice sets thePOrt" .deVlce to the given number, Which Identifies the 
logical output device for this grafPort. QulcKDraw uses this Information. The 
InItial devIce number is 0, Which represents the Usa screen. 

ProceWre 8etflortBits (tin: BitMap); 

SetPortBits sets thePOrt" .portBits to any previously defIned bitmap. This 
allows you to perform all normal drawIng and calculations on a bUffer other 
than the Lisa screen--for example, a 64D-by-8 output bUffer for a dot matrIx 
printer, or a small off-screen Image for later "stamping" onto the screen. 
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Remember to prepare all fieldS Of the bItmap before you call setportBi ts. 

procewre PortSize (width, hei~t: integer); 

PortSlze changes the sIze of the current grafPort's portRecl ThIs dOes not 
affect tile screen: it merely changes the size of the "active area" of the 
grafPort. 
The top left comer of the portRect remains at its same location; the width 
and height of the portRect are set to the given width and height. In other 
words, PortSize moves the bOttom right comer of the portRect to a position 
relative to the top left comer. 

PortSize does not Change the ClIJRgl or the VlSRgl" nor does It affect the 
local coordinate system of the grafPort: it Changes only the portRect's width 
and heIght Remember that all drawing occurs only In the Intersectlon of trle 
portBltsJnlldS and the portRect" cUpped to the vlsR~ and the cUpRgl. 

ProcedIre ttNePortTo (leftGlobal, tq)Global: integer); 

fV1OvePortTo changes the posltlon of the current grafPort's portRect. ThIs does 
not affect tIJe screen; It merely Changes the locatlon at wnlch SUbsequent 
drawing Inside the port will appear. 
The leftGlooal and ~looal parameters set the distance between the top left 
corner of the portBlts.bOt.rldS and the top left comer of the new portRect. 
For example, 

t1oVePOrtTo(360,l82); 

will move the top left corner of the portRect to the center of the screen (if 
port.Blts is the Usa screen) regardless of the local coordinate system. 
LlKe PortSIze, MovePortTo doeS not Change the cl~(Jl or the VlsRgl .. nor 
does it affect the local coordinate system Of the grafPort 

ProcedIre setorigin (h, V: integer); 

SetOrIg1n Changes the local coordInate system of the current grafPort This 
t»es not affect tile S£,YHefl,-lt does, however, affect where subsequent drawIng 
and calculation will appear 1n the grafPort setOrIgln updates the coordinates 
Of the portBlt.s..tnrm, the portRect, and tne vlsRg'l. All SUbsequent drawIng 
and calculation routines wll1 use the new coordinate system. 
The n and v parameters set the coordinates of the top left comer of the 
portRect. All other coordinates are calculated from this point All relative 
distances among any elements in the port will remain the same; only their 
absolute local coordinates wlll change. 
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Setorlgln ooes not update the coordinates of the cllpR~ or the pen; 
these Items stick to the coorct1nate system (unI1ke the port's structure, 
Which stiCks to the screen~ 

SetDrlgln Is useful for adjUst1ng the coordinate system after a scr01l1ng 
operation. (See ScrollRect In section E.9.13, Bit Transfer ~ratlons.) 

ProcedIre setclip (11Jl: RcJ1'tCn21e); 

SetCl1p changes the cUpping region of the current grafPort to a region 
equivalent to the given region. Note that this does not Change the region 
handle, but affects the cUpping region itself. Since setCl1p makes a copy of 
the given region.. any SUbsequent Changes you make to that region will not 
affect the clipping region of the port 
You can set the cUppIng regIon to any arbitrary region, to aId you in drawIng 
inside the grafPort The Initial clipRgn Is an arbltrarlly large rectangle. 

ProceWre Getcllp (1Vl: RcJ1'tCn21e); 

GetClIp changes the given region to a region equivalent to the clipping regIon 
of the current grafPort. ThIs Is the reverse of woot SetCl1p does. Like 
SetCl1p, It dOes not Change the region handle. 

ProcedIre Cll~t (r: Rect); 

Cl1pRect Changes the cUpping regIon of the current grafPort to a rectangle 
equIvalent to gIven rectangle. Note that this dOes not change the region 
handle, bUt affects the region Itself. 

ProceWre BackPat (pat: Pattern); 

BaCkPat sets the baCkground pattern of the current grafPort to tne given 
pattern. The background pattern Is used In ScrollRect and In all QulckDraw 
routines that perform an "erase" operation. 

E.9.2 CUI'sor-Hcnnlng Rrutlnes 
AddItional Information on cursor handling can be found In Appendix F, 
Hardware Interface. 
PI'OOeWIe Inltcursor; 

Ini tcursor sets the current cursor to the predefined arrow cursor, an arrow 
pointing north-northwest, and sets the cursor level to 0" making the cursor 
visible. The cursor leveL which Is InItialized to 0 when the system Is booted, 
keeps track of the number of Umes the cursor has been hidden to compensate 
for nested calls to HldeCursor and ShowCursor (below~ 
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Before you call InltCursor, the cursor is undeflnea (or, if set by a previous 
process, it's whatever that process set it to~ 

ProceclJre 5etrursor (crsr: cursor); 
SetCUrsor sets the current cursor to the 16-by-16-bit image in crsr. If the 
cursor Is hidden, It remains hidden and will attain the new appearance when 
It's uncovered; If tne cursor Is alreaay visible, it Changes to tne new 
appearance Immecliately. 
The cursor image is initiaUzed by InitCursor to a north-northwest arrow, 
visible on the screen. There is no way to retrieve the current cursor Image. 

ProceclJre HideQ.aSOf; 

HioeCursor removes the cursor from the screen, restoring the bits under It .. 
and decrements the cursor level (Which InitCursor initlalizecl to o~ Every call 
to HideCursor should be balanced by a subsequent call to snowCursor. 

ProceclJre StlO.ruI'sof; 

ShowCursor increments the cursor level, Which may have been decremented by 
HideCursor, and displays the cursor on the screen if the level becomes O. A 
call to ShowCursor should balance each previous call to HideCursor. The 
level Is not incremented beyond 0, so extra calls to snowCursor oon't hUrt. 
If the cursor has been changed (with setcursor) While hidden, ShOwCursor 
presents the new cursor. 
The cursor is initialized by InitCursor to a north-northwest arrow, not hidden. 

ProceclJre (l)scureD.asor; 

CIlscurecursor hides the cursor until the next time the mouse is moved. UnUke 
HideCursor, It has no effect on the cursor level and must not be balanced by 
a call to ShoWCUrsor. 

E.9.3 Pen ald Llne-Orawlng RoutInes 
The pen and line-drawing routines all depend on the coordinate system of the 
current grafPort. Remember that each grafPort has Its own pen; if you draw 
In one grafPort, Change to another, and return to the first, the pen wllI have 
remained In the same location. 

ProceclJre HidePen; 

HldePen decrements the current grafPort's plVls field, whiCh Is initialized to 
o by ~nPort; \tItlenever pnVls Is negative, the pen ooes not draw on the 
screen. PnVls keeps tracK of the number of times the pen has been hidden to 
compensate for nested calls to HldePen and ShowPen (beIOW~ HlaePen Is 
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called by (l>enRgn, QlenPicture, and QlenPOly so that you can defIne regions, 
pIctures, and polygons wIthout drawIng on the screen. 

ProceWre Sh:MiIPen; 

ShowPen Increments the current grafPort's pnVls field, which may have been 
decremented by HldePen; If JIlVls becomes 0, QulckDraw resumes drawIng on 
the screen. Extra calls to ShowPen wll1 increment pnVls beyOnd 0, SO every 
call to ShOWPen should be oaIanced by a SUbsequent call to HldePen. 
ShowPen Is called by CloseRgn, ClosePlcture, and ClosePoly. 

ProceWre GetPen (var pt: Point); 

Getpen returns the current pen location, In the local coordinates of the 
current grafPort 

ProceWre GetfenState (var p-mate: PenState); 

GetpenState saves the pen locat1on, sIze, pattern, and mooe In a storage 
variable, to be restored later with setpenState (DeIOW~ This is useful When 
call1ng shOrt sUOroutlnes that operate In the current port bUt must Change me 
graphiCS pen: each sUCh prOCedure can save the pen's state When it's called, dO 
whatever it needs to 00, and restore the previous pen state Immediately 
before returning. 
The PenState data type is not useful for anything except saving the pen's 
state. 

ProceWre setfenState (p-mate: PenState); 

SetpenState sets the pen location, size, pattern, and mOde In the current 
grafPort to the values stored In pnState. ThIs Is usually called at the end of 
a proceaure that has altered the pen parameters and wants to restore them to 
theIr state at the begiming of the proCedure. (see Get.PenState, above.) 

ProceWre PenSize (width, nei~t: integer); 

PeOSize sets the dimensIons of the graphics pen in the current grafPort. All 
SUbSequent calls to Line, LineTo, and the proceaures that draw framed shapes 
In the current grafPort will use the new pen dimensIons. 
The pen dimensions can be accessed In tne variable thePort" .p1SIze, which Is 
of type Point If either of the pen dimensions is set to a negative value, the 
pen assumes the dimensions (0,0) and no drawing Is performed. F or a 
discussion of how the pen draws, see Section E.7, General Discussion of 
Drawing. 
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ProceWre Per1bJe (nooe: integer); 

PenMode sets the transfer mode through WhiCh the pe1>at is transferred onto 
the bitmap wtlen Unes or ShapeS are drawn. The mode may be anyone of the 
pattern transfer mOdes: 

pa~y patxor notPa~y notPatXor 
patOr pat81c no'tPatOr ootPatBlc 

If the mode is one of the source transfer mOdeS (or negative), no drawing Is 
performed. The current pen mode can be obtained in the variable 
thePort .. ~ The initial pen mode is pa~y, in whicn the pen pattern 
is copied directly to the bitmap. 

ProceclJre PerPat (pat: Pattern); 

PenPat sets the pattern that is used by the pen in the current grafPort. The 
standard patterns wnlte, black, gray, ItGray, and (l(Gray are predefined; the 
inlt1al pen pattern Is black. The current pen pattern can be Obtained In the 
variable thePort" .pn:>at., and this value can be assigned (bUt not compared!) to 
any other variable of type Pattem 

ProceWre Perft>1'1El; 

PenNormal resets the Initial state of the pen in the current grafPort, as 
follows: 

Field 
JIlSlze 
prft)de 
prPat 

setting 
(1,1) 
patCq>y 
black 

The pen location Is not changed. 

ProceclJre ttlVeTo (h, V: integer); 

MoveTo moves the pen to location ~v) in the local coordinates Of the current 
grafPort. No drawing is performed. 

ProceclJre MoVe (ell, dV: integer); 

Move moves the pen a distance of '" hOrizontally and dV vertically from its 
current location; It calls MlVeT«h+dl,v+dV}, Where ~v) is the current location. 
The positive directions are to the right and dOwn. No drawing is performed. 

E-39 



Pascal Reference Manual Ql.JickDraw 

ProceWre lineTo en, V: integer); 

L1neTo draws a Une from the current pen location to tne location spec1fled (1n 
local coordinates) by h and v. The new pen location Is (tt.v) after tne Une Is 
drawn. See Section E.7, General Discussion of Drawing. 
If a region or polygon Is open and being formed, Its outl1ne Is InfinItely thin 
and Is not affected by tne JIlSIze, ~" or prPal (See QlenRgn and 
qJenPOly.) 

ProceWre Line «(Jl,dV: integer); 

LIne draws a Une to tne location that Is a distance of (Jl norlzontally and dV 
vertically from the current pen locatIon; It calls UneT«h11ll,v+UV), wttere (h,v) 
Is the current location. The posItive direct10ns are to the right and down. 
Ttle pen location becomes the coordInates Of the end of the Hne after tne Hne 
Is drawn. See Section E. 7" General Discussion Of Drawing. 
If a regIon or polygon Is open and beIng formed, Its outllne is infInitely thin 
and Is not affected by tne JI'lS1ze" ~, or pnPal (see ~gn and 
qJenPoly.) 

E.9.4 Text-DraWlng RootInes 
EaCh grafPort tlas its own text characterIst1cs, and all these procedures deal 
wlttl those of the current port. 

ProceWre TextFoot (foot: integer); 

TextFont sets tne current grafPort's font (thePort" .txFCIlt) to the given font 
number. The initial font number Is 0, which represents tne system font. For 
other font numbers, refer to tne ~rt unit .. l1sted In Section E.1S. 

ProceWre Textf~ (f~: Style); 

TextFace sets the current grafPort's character style (thePOrt" .txFace~ The 
Style data type allows you to specIfy a set of one or more of the following 
predefined constants: bold Itallc .. t.Ilderllne" ouUlne .. ShadOW .. COOltse, and 
exteR1 For example: 

TextF~([bold); 
TextFace( [bold, italic]); 
Textf~(tnePort". txFooe .. (txJld]); 
TextFace(thePortA.txFace- bold]); 
Textfooe( [ ]); 
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Prooedlre Texttklde (nooe: integer); 

TextMode sets the current grafPort's transfer mode for drawing text 
(thePort" .t.xMOde~ The mode shOUld be SI'COr ... srcXor ... or srcBlc. The Initial 
transfer mode for drawing text is srdl". 

Procedtre TextSlze (size: Integer); 
TextSlze sets the current grafPort's type size (thePort" .bcS1ze) to the given 
number Of points. My size may be specified ... bUt the result wUl loOk best If 
QuICkDraw has the font In that size (otherwise it will scale a size It does 
have~ The next best result will occur If the given size Is an even mUltiple of 
a size available for the font. If 0 Is specified ... QuicKDraw wUI chOOse one Of 
the available sizes--Whictlever Is closest to the system font size. The initial 
txSlze setting is 0. 

Prooedlre ~xtra (extra: integer); 
SpaceExtra sets the current grafPort's spExtra fIeld ... whIch specIfies the 
number Of pixels by which to widen each space In a I1ne of text. This Is 
useful when text Is beIng fully justified (that Is ... al1gned wIth bOth a left and a 
right margln~ Consider ... for example ... a llne that contains three spaces; if 
there would normally be six pixels between the end of the l1ne and the right 
margin, you would call SpcEeExt.rc(2) to print the 11ne with full justification. 
The Inl Ual spExtra setting Is O. 

SpaceExtra w1ll also take a negative argument, but be careful not to 
narrow spaces so muCh that the text Is unreadable. 

ProceclJre ora.ctm (Ch: Char); 

DrawChar places the given character to the right of the pen location ... with 
the left end of its base line at the pen's location ... and advances the pen 
accordingly. If the character Is not In the font ... the font's missing symbOl is 
drawn. 

Procedtre Drawstring (s: str255); 

DraWString performs consecutive calls to DrawChar for each character In the 
supp11ed string; the string Is placed beglmlng at the current pen location and 
extending right. No formatting (carriage returns, line feeds, etc.) is performed 
by QulcKDraw. The pen location ends up to the right of the last character In 
the string. 
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P1"OOOt1Ire Ora.Text (textflJf: (lPU'; f1rstByte,byteC(Ult: 1nteger); 

DrawText draws text from an arbitrary structure In memory specified by 
textBuf, starting flmByte bytes into the structure and continuing for 
byteCnrltbyteS. The string of text Is placed beginning at the current pen 
location and extending right. No formatting (carriage returns .. Hne feeds, etc.) 
is perfOrmed by QuickDraw. The pen location ends up to the right of the last 
character in the string. 

Ftn}tion am'iath (Ch: Char) : integer; 

CharWldth returns the value that wUl be added to the pen hOrizontal 
coordinate if the specified Ctlaracter is drawn. CharWidth inclUdes the effects 
of the styUstic variations set with TextFace; if you Change these after 
determining the character width bUt before actually drawing the Character .. 
the predetermined width may not be correct. If the character is a space .. 
CharWidth also inclUdes the effect of SpaceExtra 

FlIlCt10n StrlrrJ'1ath (s: Str255) : 1nteger; 
StringWidth returns the width of the given text string, whiCh It calculates by 
adding the widths of all the characters In the string (see CharWldth .. above~ 
This value will be added to the pen horizontal coordinate If the specified 
string Is drawn. 

FtnJtion Text'iath (textaJf: QlPtr; firstayte, byteCtult: integer) : 
1nteger; 

TextWldth returns the width of the text stored In the arbitrary structure in 
memory speCified by textBuf .. starting ftrstByte bytes into the structure and 
continuing for byteColl\t byteS. It calculates the width by adding the widths 
of all the characters in the text. (See CharWldth, above.) 

P1"OOOt1Ire GetFontInfo (var info: FontInfO); 

GetFontInfo returns the following information abOut the current grafPort's 
character font, taking into consideration the style and size In Which the 
characters wlll be drawn: the ascent, descent, maximum character width (the 
greatest distance the pen w111 move when a Character Is drawn)., and leading 
(the vertical distance between the descent Hne and the ascent llne below It), 
all In pixels. The FontInfo data structure is defined as: 

type FontInfo = record 
ascent: 1nteger; 
descent: integer; 
.1C11aX: 1nteger; 
leadiIYJ: integer 

em; 
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E. 95 Drawing In COlor 
These routines w111 enable applications to do color drawing in the future when 
Apple supports color output devices for the Usa. All nonwhite colors wlll 
appear as black on black-and-white output devices. 

ProcedUre ForeDolor (color: long1nt); 
F oreColor sets the foreground color for all drawing in the current grafPort 
(thePort A .fgColor) to the given color. The following standard colors are 
predefined: blackCOlor ... WhiteColoT ... re<£olor ... greenColor ... blueGolor ... cyatColor ... 
magentaCoIOT ... and yellowcolor. The inItial foreground color is blackCOlor. 

Procerure Bad<COlor (color: laJJ1nt); 
BackColor sets the background color for all drawing In the current grafPort 
(t.hePort .. .bkCOlor) to the given color. Eight standard colors are predefined 
(see Forecolor, above~ The InitIal background color Is WhlteColor. 

Procerure COlorB1t (lhicrBit: integer); 

ColorBlt Is called oy prInting software for a color prlnteL or other colOr­
imaging software ... to set the current grafPort's colrBlt field to Whicteit; this 
tells QulckDraw which plane of the color picture to draw Into. QuickDraw 
wlll draw into the plane corresponding to bit numoer wttlctelt Since 
QulckDraw can support output devices that nave up to 32 bits of color 
information per pixel, the possible range of values for Whlctelt Is 0 through 

. 31. The InItial value Of the colJBlt fIeld Is o. 
E.9.6 caJculatioos with Recta1gles 

Calculation routines are independent of the current coordinate system; a 
calculation will operate the same regardless of which grafPort Is active. 

NJTE 

Remember 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 oy the routine may be different from wnat you see on tne 
screen. To adjust to a common coordinate system, see LocalToGIObal 
and GlobalToLocal in Section E.9.17 ... Calculations wIth Points. 

Procerure setRect (var r: Rect; left, top,r1~t,tnttom: integer); 
SetRect assigns the four boundary coordinates to the rectangle. The result is 
a rectangle wIth coordinates (left..top,rt~t)JOttom~ 
This procedure is suppUed as a utility to help you shorten your program text. 
I f you want a more readable text at the expense of length, you can assign 
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Integers (or poInts) dIrectly into the rectangle's fields. There Is no sIgnIfIcant 
code size or execution speed advantage to either method; one's just easier to 
wrIte, and the other's easIer to read. 

Pr~ OffsetRect (var r: Rect; (fl, t1V: integer); 

OffsetRect moves the rectangle by addIng ell to each horIzontal coordInate 
and dV to each vertical coordlnate~ If ctl and dv are positive, the movement 
Is to the rIght and down; If eIther Is negative, the correspondIng movement Is 
in the opposite direction. The rectangle retains its Shape and size; it's merely 
moved on the coordInate plane. This does not affect the screen unless you 
subsequently call a routine to draw within the rectangle. 

ProceclJre InsetRect (var r: Rect; CIl, dV: integer); 

InsetRect shrinks or expandS the rectangle. The left and right sides are 
moved In by the amount spec! fled by (J'f; the top and bottom are moved 
toward the center by the amount specified by eN. If CIl or dV is negative, the 
approprIate paIr of sIdes Is moved outward Instead of Inward. The effect Is to 
al ter the sIze by 2*(J'f horIzontally and 2*dV vertically, wIth the rectangle 
remaInIng centered In the same place on the coordInate plane. 
If the resulting width or height becomes less than 1, the rectangle is set to 
the empty rectangle (o,o,o,o~ 

Fooction 8ectRect (srcRectA, srcRectB: Rect; var dstRect: Rect) : 
bOOlecn; 

SectRect calculates the rectangle that is the intersection of the two input 
rectangles, and returns true if they indeed intersect or false if they do not. 
Rectangles that "tOUCh" at a line or a point are not considered intersecting, 
because their intersection rectangle (really, in this case, an intersection line 
or point) does not enclose any bits on the bitmap. 
If the rectangles do not intersect, the destination rectangle is set to (O,o,O,o~ 
SectRect works correctly even If one of the source rectangles Is also the 
destination. 

ProceWre ll1ionRect (srcRectA, srcRectB: Rect; var dstRect: Rect); 

UnionRect calculates the smallest rectangle which encloses both input 
rectangles. It works correctly even If one of the source rectangles Is also the 
destination. 
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FlI'lCtiO'l ptI~t (pt: Polnt; r: Rect) : boolean; 

PtInRect determines whether the pixel oelow and to the right of the given 
coordinate point is enclosed In the specified rectangle ... and returns true if so 
or false if not. 

Procewre pt2Rect (ptA, pta: Polnt; var dstRect: Rect); 

Pt2Rect returns the smallest rectangle which encloses the two input points. 

Procewre ptToAngle (r: Rect; pt: Point; var (pJle: integer); 

PtToAngle calculates an integer angle between a line from the center of the 
rectangle to the given point and a Hne from the center of the rectangle 
pointing straight up (12 o'clock high~ The angle is in degrees from 0 to 359, 
measured clockwise from 12 o'clOCk ... with 900 at 3 o'cloCk, 1800 at 6 o'cloCk, 
and 2700 at 9 o·clock. Other angles are measured relative to the rectangle: If 
the line to the given point goes through the top right corner of the rectangle, 
the angle returned Is 45 degrees, even If the rectangle Is not square; If it goes 
through the bottom right corner ... the angle Is 135 degrees ... and so on (see 
Figure E-18~ 

angle=45 

-------------- t ~ 
~------~--------~ 

~-
v· 

Figure E-18 
ptTo.Allgle 

The angle returned might be used as input to one of the procedures that 
manIpUlate arcs and wedges, as described In section E.9.l0, GraphIc qJeratlons 
on Arcs and Wedges. 

Ftn::tioo BpilRect (rectA, rects: Rect) : boolem; 

EqualRect compares the two rectangles and returns true If they are equal or 
false if not. The two rectangles must have identical boundary coordinates to 
be considered equal. 
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Ft.rlCtion EnptyRect (r: Rect) : boolea-.; 

EmptyRect returns true if the given rectangle Is an empty rectangle or false 
if not A rectangle is considered empty if the bottom coordinate is equal to 
or less than the top or the right coordinate is equal to or less than the left. 

E.9.1 GraJtUc ~ratlons on Rectangles 
These proCedures perform graphic operations on rectangles. See also 
ScrollRect in Section E.9.13, Bit Transfer cperattons. 

ProceciJre FmaeRect (r: Rect); 

FrameRect draws an outline just inside the specified rectangle, using the 
current grafPort's pen pattern, moae, and size. The outline Is as wIde as the 
pen width and as tall as the pen height. It Is drawn with the pnPat, according 
to the pattern transfer mooe speCified by pnMode. The pen location is not 
changed by this procedure. 

If a region is open and being formed, the outside outline of the new rectangle 
is mathematically added to the region's bOUndary. 

Procedn'e PalntRect(r: Rect); 

PaintRect paints the speCified rectangle with the current grafPort's pen 
pattern and mode. The rectangle on the bitmap is filled with the ,n>8t, 
according to the pattern transfer mode speCified by pnMlde. The pen location 
is not changed by this procedUre. 

ProceOJre EraseRect (r: Rect); 

EraseRect paints the specified rectangle with the current grafPort's back­
ground pattern bkPat (in patcopy mOde). The grafPort's pnPat and pnMode are 
ignored; the pen location is not changed. 

ProceOJre InvertRect (r: Root); 

InvertRect inverts the pixelS enclosed by the specified rectangle: every White 
pixel becomes black and every black pixel becomes white. The grafPort's 
pnPat, pnMode, and bkPat are all ignored; the pen location is not changed. 

ProceOJre FillRect (r: Root; pat: Pattern); 

FillRect fills the specified rectangle with the given pattern (in patCopy mode). 
The grafPort's pnPat, pnMode, and bkPat are all ignored; the pen location Is 
not changed. 
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E.9.8 Gr~c qleraUons 00 OVals 
OVals are drawn inside rectangles that you specify. If the rectangle you 
specl fy Is square, QulckDraw draws a cIrcle. 

ProceWre FrCllEOVal (r: Rect); 

FrameOVal draws an outline just Inside the oval that flts InsIde the specIfIed 
rectangle ... 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 It Is drawn 
with the Jri>at ... according to the pattern transfer mode specIfied by prtvtxte. 
The pen location Is not changed by this procedure. 
If a regIon Is open and beIng formed, the outsIde outlIne of the new oval is 
mathematically added to the region's boundary. 

ProceWre PaintOYal (r: Rect); 

PaintOVal paInts an oval just inside the specifIed rectangle with the current 
grafPort's pen pattern and mode. The oval on the bitmap is filled with the 
Jri>at ... according to the pattern transfer mode specified by prtvtxte. The pen 
location is not Changed by this procedure. 

ProcedIre ErasefJVal (r: Rect); 

Eraseoval paints an oval just inside the specified rectangle with the current 
grafPort's background pattern bkPat (1n patCqJy mOde~ The grafPort's JD>at 
and pnMode are ignored; the pen location is not changed. 

Procerure Invertoval (r: Rect); 

Invertoval inverts the pIxels enclosed by an oval just insIde the spec1 fled 
rectangle: every white pixel becomes black and every black pixel becomes 
Whl teo The grafPort's prPat ... prt-1Ode, and bkPat are all Ignored; the pen 
location is not Changed. 

ProceWre FillOV8l (r: Root; pat: Pattern); 

FlllOVal f111s an oval just insIde the specified rectangle with the given pattern 
(In patCopy mOde~ The grafPort's prPat, prt-1Ode, and tj(Pat are all Ignored; 
the pen location Is not changed. 

E.9.9 ~c qleraUons 00 ROlIlded-Comer Recta1gles 

Procewre FralERotn:Rect (r: Rect; oval'ldth,ovalHei~t: integer); 

FrameRoundRect draws an outline just inside the specified rounded-corner 
rectangle, usIng the current grafPorl's pen pattern, mode, and size. DvalWidth 
and ovalHel~t specify the diameters of curvature for the comers (see Figure 
E -19~ The outline is as wIde as the pen wIdth and as tall as the pen heIght. 
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It Is drawn wIth the JD>at, accordIng to the pattern transfer mode specIfied 
by~. The pen location is not changed by this procedUre. 

ovalWidth 

Fl~re E-19 
ROU'lCJed-COmer Rectalgle 

If a region is open and beIng formed, the outside outline of the new rounded­
corner rectangle Is mathematically added to the region's boundary. 

Procerure Palnt~t (r: Rect; ovalilath, ovalHel(flt: integer); 

PaintRoundRect paints the specified rounded-corner rectangle with the 
current grafPort's pen pattern and mode. O\IalWldth and ovalHe1f1lt specify 
the diameters of curvature for the corners. The rounded-corner rectangle on 
the bitmap Is filled with the pnPat, according to the pattern transfer mode 
specIfied by~. The pen location is not changed by this procedUre. 

Procerure EraseRa.nR!ct (r: Rect; ovallltttn,ovalHel(1lt: lnteger); 

EraseRoundRect paints the specified rounded-comer rectangle with the 
current grafPort's baCkground pattern bkPat (In patCopy mOde~ OV8lWldth and 
ovalHel(1lt specIfy the diameters of curvature for the corners. The grafPort's 
p1>at and prt-'kX.Ie are Ignored; the pen location Is not changed. 

ProceWre InvertRoU'XR3Ct (r: Reet; ovallidtn, ovalHei(1lt: integer); 

InvertRoundRect Inverts the pixels enclosed by the specifIed rounded-corner 
rectangle: every white pixel becomes black and every black pixel becomes 
white. CNalWldth and ovalHel~t specify the diameters of curvature for the 
comers. The grafPort's pnPat, ~, and bkPat are all Ignored; the pen 
location is not Changed. 
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Procewre Fill~t (r: Root; OVallidth,ovalHei{1lt: integer; pat: 
Pattern); 

FlllRoundRect fIlls the speCified rounded-corner rectangle with the given 
pattern (in patcopy mOCle). OIalWidth and ovalHeI~t specIfy the diameters of 
curvature for the corners. The grafPort's pn>at, ~, and l*Pat are all 
ignored; the pen location is not changed. 

E.9.10 Graphic qleratl(JlS on Arcs CJ'ld Wedges 
These procedures perform graphIc operations on arcs and wedge-shaped 
sections of ovals. See also PtToAngle in Section E.9.6, Calculations with 
Rectangles. 

ProceWre FICIEArc (r: Rect; startAngle, arcArYJle: integer); 

FrameArc draws an arc of the oval that fits inSide the specIfied rectangle, 
using the current grafPort's pen pattern, mode, and size. St.artArgle indIcates 
where the arc oeglns and Is treated mOd 360. ArCArgle defines the extent of 
the arc. The angles are gIven In posItive or negative degrees; a posItive angle 
goes ClOCKwIse, whlle a negative angle goes countercloCKwise. Zero degrees Is 
at 12 o'clocK high, 90° (or -270°) Is at 3 o'cloCk, 180° (or -180°) is at 6 
O'ClOCK, and 2700 (or -90°) Is at 9 o'clocK, Other angles are measured relative 
to the enclosIng rectangle: a line from the center of the rectangle through Its 
top right corner is at 45 degrees, even If the rectangle Is not square; a line 
through the bottom rIght comer Is at 135 degrees, and so on (see Figure E-20). 

startAngle = 0 

16l'cAng I e = 45 
: ..... 

stertAngle=O star1Angle=o I L .. 5···1 
arcAngl~ =-451 1arcAngie = 45 I-r ____ --I. 

1",<1 I [!J 
FrameArc 

frameArc 

s1artAngie = 0 

larcAngle = 45 

"r Paint.A.rc 

Figure E-20 
~ratlons on Arcs CI1d WedgeS 
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Tne 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 oy prMode. 
TIle pen location Is not Changed by thIs procedUre. 

WARNlN3 

FrameArc dIffers from other QuicKDraw 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 and mode. startAngle and arcAngIe define 
the arc of the wedge as In FrameArc. The wedge on the bitmap Is filled with 
the ~t, accordIng to the pattern transfer mOde specIfIed by prMode. The 
pen location is not changed by tnis procedUre. 

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

EraseArc paints a wedge of the oval just insIde the speCified rectangle with 
the current grafPort's bacKgrOUnd pattern t*Pat (1n patcq)y mOde~ 
startAngle and arcAngIe define the arc Of the wedge as in FrameArc. The 
grafPort's prf>at and prMode are Ignored; the pen location is not changed. 

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

InvertArc Inverts the pixelS enclosed by a wedge of the oval just Inside the 
specIfIed rectangle: every white pixel oecomes blacK and every blacK pixel 
becomes 'w'hi teo startAngle and arcAngIe defIne the arc of the wedge as In 
FrameArc. The grafPort's prPal, prMode, and bkPat are all Ignored; the pen 
location Is not changed. 

Procedure FillArc (r: Rect; startAngle,arcArJJle: integer; pat: 
Pattern); 

FUlArc fills a wedge of the oval just inside the specified rectangle with the 
given pattern (1n patCopy mOde~ startAngle and arcAngIe define the arc of 
the wedge as In FrameArc. The grafPort's pnPat, prMode, and bkPat are all 
ignored; the pen location Is not changed. 
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E.9.11 caIculatlcrlS wIth Regions 
I'DTE 

Remember that if the parameters to one of the calculation routines 
were defined In dIfferent grafPorts, you must first adjust them to Oe In 
the same coordinate system. If you dO not adjust them, the result 
returned Oy the routine may oe 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 wIth PoInts. 

FlflCtl00 Ne~ : RcJ1fCnjle; 

NewRgn allocates space for a new, dynamic, variable-size region, initializes it 
to the empty region (0,0,0,0), and returns a handle to the new region. 011y 
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 cllpRgl. 

WARNIN3S 

Except when using visR~ or cl1pR~, 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. 

Procecl.Ire DlsposeRgl (rgl: RcJ1fCnjle); 

DisposeRgn deallocates space for the region whose handle Is supplled, and 
returns the memory used by the region to the free memory pOOl. use thIs 
only after you are completely through with a temporary region. 

WAANING 

Never use a region once you have deallocated It, or you wIll risk being 
hung by c.tangl1ng po1nters! 

ProceclJre COpyRgl (srcRgl, dS~: ~le); 

CopyRgn copIes the mathematical structure of srcRgl into dStRgl; that is, it 
maKes a duplicate copy of SrcRgl. ())ce thIs Is done, srcR~ may Oe altered 
(or even c.tlsposed of) without affecting dstR~ COpyRgn t:kJes not create the 
destJnatJon region:. you must use NewRgn to create the dStRgl before you 
call CopyRgn. 
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ProceWre setEnptyRgl (rgl: Rg1fcnlle); 

SetEmptyRgn destroys the prevIous structure Of the gIven region, then sets the 
new structure to the empty region (O,o,o,o~ 

ProceWre 8etRectRg'l (1Vt: Rg1fcnlle; 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., len>-r1~t or top>-bottom), the region 
Is set to the empty regIon (o,o,oJ]). 

procewre RectJql (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 5etRectRgn, except the Input rectangle Is defined by a rectangle rattler 
than by four boundary coordinates. 

ProceWre ~; 

q>enRgn tells QuickDraw to allocate temporary space and start saving llnes 
and framed Shapes for later processIng as a regIon definition. Whlle a regIon 
Is open, all calls to Line, LineTo, and the procedUres that draw framed shapes 
(except arcs) affect the outllne of the regIon. O1ly the Une endpoints and 
shape boundaries affect the regIon definition; tne 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 q>enRgn, 
or you called ShowPen prevIously without balancIng It by a call to HldePen~ 
Since the pen hangs below and to the right of the pen location, drawing lines 
wlttl even the smallest pen 'vim 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 cUpped ... 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 qJlSaVe field contains a handle 
to Information relateCl to the region definItion. If you want to temporarily 
disable the collection of Unes and Shapes, you can save the current value of 

E-S2 



Pascal Reference Manual QuiCkDraw 

thIs fleld, set the fIeld to niL and later restore the saved value to resume the 
regIon deflnl tlon. 

Do not call qJenRgn while another region Is already open. All open 
regions but the most recent will behave strangely. 

Procedlre CloseRgl (dst~: ~le); 

CloseRgn stops the collection of llnes and framed shapes, organIzes them into 
a regIon defInlt1on, and saves the resultIng regIon Into the regIon IndIcated by 
dStR~ You should perform one and only one CloseRgn for every QJenRgn. 
closeRgn calls ShowPen, balancIng the HldePen call made by QJenRgn. 
Here's an example of how to create and open a region, define a barbell Shape, 
close the regIon, and draw it: 

barbell := Ne~; {make a ne. regIoo} 
~; {begin collecting stUff} 

setRect(tempRect, 20, 20,30, 50); {form tne left .eIght} 
FrameDval(tempRect); 
setRect(tempRect,30,30,80,40); {form tne bar} 
FrameRect(tempRect); 
setRect(~t, 80, 20, 90, 50); {form the rIght .elglt} 
FrameQval(tempRect); 

CloseRgl(barbell); 
Fill~(barbell,black); 
0lsposeRgl(barbell) ; 

{.e"re dale; save in namell} 
{drs. 1 t on the screen} 
{.e dm I t nero yru mynDre. .. } 

Procewre Offse~ (IV': ~ldle; (J1,cJv: integer); 
OffsetRgn moves the region on the coordinate plane, a distance of (Jl 
horizontally and dV vertically. This does not affect the screen unless you 
subsequently call a routine to draw the region. If (J) and dV are positive, the 
movement is to the right and down; if either is negative, the corresponding 
movement Is In the opposite direction. The region retains Its size and Shape. 

I\IJTE 

OffsetRgn is an especially efficient operation, because most of the data 
defining a region Is stored relative to Ig"83ox and so isn"t actually 
changed by OffsetRgn. 
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Procerure InsetfQl (l1Jl: ~le; (J},dV: integer); 

InsetRgn shrinks or expands the region. All points on the region boundary are 
moved InwardS a distance of dV vertically and (J) horizontally; If (J) or dV is 
negative, the points are moved outwards In that direction. InsetRgn leaves 
the region "centered" at the same position, out moves the outline In (for 
posIt1ve values of <Il and dV) or out (for negative values of <Il and dV~ 
InsetRgn of a rectangular region works just like InsetRecL 

ProceclJre 8ectRgl (srcRglA, sr~, dstRgl: ~le); 

SectRgn calculates the intersection Of two regions and places the intersection 
In a third region. TIlls does l)()t create tM destination l-egJon: you must use 
NewRgn to create dstRgl before you call SectRgn. The dstRgl 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~ 

ProceclJre lkllafl91 (srcRglA,s~,dS~: ~le); 

UnlonRgn calculates the unIon of two regIons and places the unIon in a tnird 
region. TIlls does not create the destination .region: you must use NewRgn to 
create mtRal before you call unIonRgn. The mtRal 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~ 

ProcEnJre 01ffRgl (SrcRglA,s~,dstRgl: ~le); 

DlffRgn subtracts srcR~ from srcR~ and places the difference in a third 
region. Tnis does not create tne destination region: you must use NewRgn to 
create dStR~ before you call DlffRgn. The <J$tR~ 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~ 

ProceclJre Xo~ (srcRglA,s~,dS~: ~I(jle); 

XOrRgn calculates the dIfference between the unIon and the IntersectIon of 
two regions and places the result In a third regIon. This dOes not create the 
desUnatlon region: you must use NewRgn to create dstRal 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,o,o~ 
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FlIlCtion ptlrflcj1 (pt: Point; l1Jl: ~le) : OOOlE9l; 

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

FlIlCtion Rectlr1ql (r: Rect; r~: ~le) : bOOlem; 

RectInRgn checks whether the given rectangle Intersects the specl fled region~ 
and returns true if the intersection encloses at least one bit or false if not. 

FlrICtion ECJJ81~ (r~ rglB: ~le) : llOOlea1; 

EqualRgn compares the two regions and returns true if they are equal or false 
if not. The two regions must have identical slzes~ shapes~ and locations to be 
considered equal. My two empty regions are always equal. 

FlrICtion EnptyRgl (IV': ~le) : llOOlea1; 

EmptyRgn returns true if the region is an empty region or false if not. Some 
of the circumstances In which an empty region can be 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 q>enRgn 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; 
LJnlonRgn of two empty regions; and DiffRgn or xorRgn of two identical or 
nonintersecting regions. 

E.9.12 GraphiC (l)eratlons 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~ 
1 t may not appear In the proper pOsItion Inside the porl 

ProceWre f~ (IV': ~le); 

FrameRgn draws a hollow outl1ne Just InsIde the specIfied reglon~ 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 \tIlll the 
frame go outside the region boundary. The pen location Is not changed by 
this 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. 

ProceWre Pa1n~ (1V': Rg8rIdle); 

PalntRgn paints the speCified region with the current grafPort's pen pattern 
and pen mode. The region on the bitmap Is filled with the prPat~ according 
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to the pattern transfer mode specifIed oy prMlde. The pen location Is not 
Changed by thIs procedUre. 

ProcedIre EraseRgl (l1Jl: ~le); 

EraseRgn paints the speCified region with the current grafPort's background 
pattern ~t (In patcopy mOde~ The grafPort's prPat and prMlde are 
ignored; the pen location Is not changed. 

ProceaJre InvertRgl (1Vl: ~le); 

InvertRgn inverts the pixels enclosed by the specified region: every white 
pIxel Oecomes OlacK and every OlacK pIxel becomes whl teo The grafPort's 
prPat, prMlde, and bkPat are all ignored; the pen location is not changed. 

ProceaJre Fl1~ (rg'l: ~le; pat: Pattern); 

F1l1Rgn f11ls the specified region with the given pattern (In patCopy mOde~ 
The grafPort"s JrPat, prMlde, and bkPat are all Ignored; the pen 10cat1on Is 
not changed. 

E.9.13 Bit Trcmfer qJeraUms 

ProceaJre SCrollRect (r: Rect; (Jl,ctv: integer; lCldateRg1: ~le); 

ScrollRect shifts \,scrolls") those bits inside the intersection of the speCified 
rectangle, vlsRg'l, cll~g'l, portRect, and portBlts.bot.nlS. The bits are shifted 
a distance of ell horizontally and dV 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 neither placed outside the area nor saved. 
The grafPort's Oackground pattern bkPat fills the space created by the scroll. 
In aOOit1on, ~teRg'lls Changed to tne area filled with bkPat (see Figure 
E-21~ 
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Bef oreScroliRect After 5croliRect( dstRect,-1 0,5 ... ) 

st 

QuiCkDraw.V 

dstRec:t updeteAgn 

Fl~Jre E-21 
scrolllng 

Figure E-21 ShOWS tnat the pen location after a ScrollRect is In a different 
position relative to what was scrolled in the rectangle. The entire scrolled 
item has been moved to different coordinates. To restore it to its coordinates 
before the ScrollRect, you can use the Setorlgin procedure. For example, 
suppose the astRect nere Is the portRect Of the grafPort ana Its top left 
corner is at (95,120~ setOrtg1r(105,115) w1ll offset the coordinate system to 
compensate for the scroll. Since the cllpRgl and pen location are not Offset, 
they move down and to the left 

ProceaJre COpyB1 ts (srcB1 ts, dstB1 ts: 81 tl1ap; srcRect, dstRect: Reot; 
1Illde: integer; maSkRgn: R~icnne); 

CopyBlts tranSfers a bit image between any two bitmaps and clIps tne result 
to the area specified by the masI<R~ parameter. The transfer may be 
performed in any of the eight source transfer modes. The result is always 
Clipped to the maskRg'l and the bOundary rectangle of the destination bitmap; 
If tne destinat10n bitmap Is me current grafPort"s portBits, It Is also cUpped 
to the intersection of the grafPort·s ollpRgn and visRgn. If you do not want 
to cUp to a maskRgl, just pass nil for the rnasl<.R~ parameter. 
The dstRect and maskR~ coordinates are in terms of the dstBit.s..ln.nj$ 
coordinate system, and the srcRect coordinates are In terms of the 
srcB1t.s..ln.nj$ coordinates. 
The bits enclosed by the source rectangle are transferred Into the destination 
rectangle according to the rules Of the cnosen moae. 
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The source transfer modes are as follows: 
srccopy 
srQlr 

srcXor 
~lc 

notSrcCopy 
notsralr 

notSrcXor 
notsrcBlc 

C)tJjckDraw 

The source rectangle Is completely al1gned with the destination rectangle; If 
the rectangles are of different sizes, the oit 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~ 

meskAgn 
~ 

E.9.14 Pictures 

Source Bitmap 

Source Bitmap 

Source 
Transfer 

Mode 

Source 
Transfer 

Mode 

Destination Bitmap 

Destination Bitmap 

Fl{JJle E-22 
~aUoo Of COpyBlts 

fU'lCtl00 ~lcture (plCflClE: Root) : PlcHcl'l(ue; 

meskRgn 
=nil 

~enPlcture returns a handle to a new picture which has the given rectangle 
as its picture frame, ana tells QuiCkDraw to start saving as the picture 
defini~ion all calls to drawing routines and all picture comments (if any). 

q>enPicture calls HidePen, so no drawing occurs on the screen 'lihUe the 
picture is open (unless you call 5nowPen just after qrenPicture, or you called 
ShowPen previously withOUt balanCing It by a call to HidePen~ 

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 temporarlly 
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disable the collection of routine calls and picture comments" you can save the 
current value of this field, set the field to n11, and later restore the saved 
value to resume the picture defini tlon. 

WAANlf\G 

Do not call cpenPicture While another picture Is already open. 

ProceWre ClosePicture; 

ClosePicture tells QulckDraw to stop saving routine calls and picture 
comments as tne definItion of the currently open pIcture. You Should perform 
one and only one ClosePlcture for every ~enPicture. ClosePicture calls 
snow Pen, balancIng the Hldepen call made by ~enplcture. 

ProceWre PiCCOlloont (kind,dataSize: integer; dataicnJle: t;Otcnjle); 

PlcComment Inserts the specl fled comment Into tne deflnl tIon of the currently 
open picture. Klro identifies the type of comment DataHCl'ldle is a handle 
to addItional data If desIred, and dataSlze Is the sIze Of that data In bytes. If 
there is no additional data for the comment, dat.a-Ude should be nil and 
dataSlze snould be O. Tne appl1cation that processes the comment must 
lnclude a procedUre to do the processIng and store a po1nter to the procedure 
In the data structure pointeo to by the grafPrOCS fleld of the grafPort (see 
Section E.l0, customizing QuiCk Draw ~erations~ 

ProceWre DrcwPicture (myPicture: PicHcn21e; dstRect: Rect); 

DrawPicture draws the given picture to scale in ClStRect, expanding or 
snrtnKlng 1t as necessary to allgn the bOrders of the pIcture frame wIth 
dStRect. DrawPicture passes any picture comments to the procedure accessed 
1ndirectly througn the grafProCS field of the grafPort (see PicComment above~ 

ProceOJre KI11Plcture (lII}'Plcture: Pldfcnjle); 

KlllPlcture deallocates space for the picture whOse nandle Is suppllect.. and 
returns the memory used by the picture to the free memory poOl. Use tnis 
only when you are completely througn wltn a pIcture. 

E..9.1S calculations with Polygons 

FU'lCtioo ~ly : PolyHc:nSle; 

Q:>enPoly returns a handle to a new polygon and tells QulcKDraw to start 
saving the polygon definition as specified by calls to llne-dra'-IJing routines. 
wnlle a polygon is open, all calls to Line and LineTo affect the outline of the 
polygon. O"lly tne line endpoints affect the pOlygon definition; the pen mOde, 
pattern, and slze dO not affect it. In fact, CPenPoly calls HldePen, so no 
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drawing occurs on tne 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 HldePen~ 
A polygon should consist of a sequence of comected l1nes. 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 
disregard for the location Of various grafPort entitles on that plane. 
Wt1en a pOlygon Is open, the current grafPort"s polySave fIeld contaIns a 
handle to Information related to the polygon definition. If you want to 
temporarlly alsable the polygon defInItion, you can save the current value of 
thIs field, set the field to nll, and later restore the saved value to resume the 
pol ygon defini tion. 

WARNIN3 

Do not call ~enPOly whlle another polygon is already open. 

ProceciIre ClosePoly; 

ClosePoly tells QuickDraw 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 ~nPoly. ClosePoly calls ShowPen, balancing 
the HldePen call made by q>enPoly. 
Here's an example of hOw to open a polygon, define It as a triangle, close It, 
and draw it: 

tr1Poly := ~lY; {save hCI'ldle CIld beg1n collecting stuff} 
t1oVeTO(300,100); { RDVe to f1rst point CIld } 
l1neTo(400,200); { form } 
lineTo(200,200); { the } 
lineTo(300, 100); {tr1ClYJle } 

ClosePoly; { stop collecting stuff } 
F1lll'Oly(tr1Poly,gray); { draw 1t on the screen } 
KillPoly(triPoly); { .e're all done } 

ProceWre KillPoly (poly: PolyHcn11e); 

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

ProceWre OffsetPoly (poly: PolyHcn1le; <Il,dV: integer); 

Offsetpoly moves the specIfied polygon on the coordinate plane, a distance of 
.... horizontally and dv vertically. ThIs does not affect tne screen unless you 
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sUt)sequently call a routine to araw the pOlygon. If (J1 and dV are posItlve, 
the movement Is to the right and down; if either is negative, the correspond­
Ing movement Is In the opposlte dIrection. The pOlygon retaIns Its Shape and 
size. 

OffsetPoly is an especially efficient operation, oecause the data 
aefining a polygon is storea relative to pOlyS tart and so isn't actually 
changed by OffsetPol y. 

E.9.16 Graphic ~rat1ons on Polygons 
Procewre FranePoly (poly: PolyHandle); 

Framepoly plays back the line-drawing routine calls that define the given 
polygon, usIng the current grafPort's pen pattern, moae, and size. The pen 
will hang below ana to the right Of each poInt on the boundary of the 
polygon; thus, the pOlygon drawn wIll 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. 

FremePoly PeintPoly 

Figure E-23 
DraWIng Polygons 

If a polygon is open and being formed, Framepoly affects the outUne 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. 
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ProcOOure PalntPoly (poly: PolyHcnlle); 

PaintPoly paints the specified polygon with tne current grafPort's pen pattern 
and pen mode. The polygon on the bitmap Is filled with the p-j>at, according 
to the pattern transfer mode specified by ~ The pen location Is not 
Changed by this procedure. 

Prooewre ErasePoly (poly: PolyHErtdle); 

ErasePoly paints the specified polygon with the current grafPort's background 
pattern bkPat (in patcopy mOde~ The ~t and prlI'1lde are ignored; the pen 
location Is not changed. 

Prccedure InvertPoly (poly: PolyHandle); 

Invertpoly inverts the pixels enclosed by tne speCified pOlygon: every white 
pixel becomes black and every black pixel becomes White. The grafPort's 
p-1>at, prlI'1lde, and bkPat are all Ignored; the pen location Is not changed. 

Prccedure FillPoly (poly: PolyHcnlle; pat: Pattern); 

FUIPoly fills the specified polygon with the given pattern (In pa~y mOde~ 
The grafPort's pnPat, prlI'1lde, and bkPat are all ignored; tne pen location is 
not changed. 

E.9.17 caIculaUons with Points 

ProcOOure Ac:t'Ft (srcPt: Point; var dStJ>t: Point); 

AddPt adds the coordinates Of sroPt to the coordinates of dst.Pt, and returns 
the resul t In dslPt. 

ProcOOure SttPt (slePt: Point; var dstPt: Point); 

SubPt subtracts the coordinates of srcPt from the coordinates of dslPt, and 
returns the result In dSt.Pt. 

ProcOOure setJ>t (var pt: Point; h, v: integer); 

SetPt assigns two integer coordinates to a variable of type Point 

Ft.retlon EqualPt (ptA,ptB: Point) : boolE9l; 

EqualPt compares the two points and returns true if they are equal or false if 
not 
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ProceWre LocalT(Global (var pt: Po1nt); 

LocalToGlObal converts the given point from the current grafPort's local 
coordinate system Into a global coordinate system with the origin (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 rectangle is cJefinecJ 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 global coordinates by calling 
OffsetRect, OffsetRgn" or Offsetpoly. For examples, see GloOalToLocal below. 

ProceWre Glmal Ta...ocal (var pt: Po1nt); 

GlobalToLocal takes a poInt expressed in gloOal coordInates (wIth the top left 
corner Of the bitmap as coordinate (0,0») and converts it into the local 
coordInates Of the current grafPort. me glooal point can oe obtaIned wIth 
the LocalToGlobal call (see abOve~ For example, suppose a game draws a 
"baU" within a rectangle named ballRect, OOflned In the grafPort named 
gcmePort (as illustrated below in Figure E -24~ If you want to draw that ball 
In the grafPort named selectport, you can calculate the ball's select.Port 
coorcJinates like this: 

setport(QCIIEPOrt); { start in or1g1n port } 
selectBall := ballRect; { make a copy to be ADVed } 
LocalToGlooal(selectBall. ~eft); {put bOth comers into } 
Local ToGlobal( selectBall. bOtRi~t); { glooal coordinates } 

setPort(selectPort); { s.itcn to destination port} 
Glmal Ta...ocal( select8all. t~eft); { put both comers into } 
GlobaITa...ocal{select8all.bOtRi~t); { these local coordinates } 
FilIDval(selectBall,ballCOlor); { no. you haVe the ball! } 
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Figure E-24 
converting between COOrdinate 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, the way to convert regIons and polygons from one 
coordinate system to another Is. with OffsetRgn or· Offsetpoly rather than 
LOcalToGlobal ana GlooalToLocal. For example, If myR~ were a region 
enclosed by a rectangle having the same coordinates as ballRect In gcmePort, 
you could convert the region to glObal coordInates wIth 

OffsetR{J(myR~ -20, -40); 

and then convert it to the coordinates of the selectPort grafPort with 
OffsetRg(myR~, 15, -30); 

E.9.18 MlscellClleOUS UUllUes 

FlR!tlon Rcnbn : integer; 

Random returns an integer, uniformly dIstribUted pseUdo-randOm, In the range 
from -32768 througn 32767. The value returned depends on the glObal 
variable nn:tSeed, which InltGraf Inltiallzes to 1; you can start the sequence 
over agaIn from Where 1t oegan oy resetting rcnJSeeO to 1. 
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FtrlCtion Getpi>cel (h., V: integer) : 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. TOft see if the 
point indeed belongs to the current port, call PtInRg(pt,thePort .visRgl~ 

Procerure stuff Hex (thirg>tr: t,IlPtr; 5: str255); 

Stuff Hex pOkes oits (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 CopyBits. For example, 

StuffHex(astripes, '0102040810204080") 
places a striped pattern into the pattern variable stripes. 

WARNIN3 

There Is 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. 

Procedlre SC81ePt (var pt: PoInt; srcRect,dstRect: Rect); 

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 mUltlpI1es the given 
width by the ratio of dstRect's width to srcRect's wIdth, and mulUpl1es the 
gIven heIght by the ratio of dstRect's height to srcRect's height. 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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5calePt scales pen size (3}2) to (6}6) 
MapF't maps point (3,2) to (18,7) 

Figure E-25 
scaIePt a1d ~ 

ProcedIre t1apPt (var pt: Point; srcRect, dstRect: Root); 

QufckDraw 

Given a point within srcRect, MapPt maps it to a simllarly located point 
within dstRect (that Is, to where It would fall If It were part of a drawing 
being expanOed or shrunK to fit dStRect). The result is returned in pt. A 
corner point of SICRect would be mapped to the corresponding corner point of 
dStRect, and the center of srcRect to the center of dStRect. In Figure E-2S 
above, the point (32) in srcRect Is mapped to (18,7) In dstRecl FI'(JTRect ana 
dstRect may overlap., and pt need not actually be wltnln sroRect 
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Rememoer, if you are goIng to draw InsIde the rectangle In dStRect, 
you will probably also want to scale the pen size accordingly with 
ScalePt. 

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

Given a rectangle within srcRect, MapRect maps it to a simllarly 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 f'1apRgl (r~: ~le; srcRect, dstRect: Rect); 

Given a region within sreRect, MapRgn maps it to a simllarly located region 
wI thin dStRect by call1ng MapPt to map all the poInts in the regIon. 

Procewre ~ly (poly: PolyHcn11e; srcRect, dstRect: Rect); 

G1ven a polygon wIthin srcRect, MapPOly maps It to a slmllarly located 
polygon within dStRect by calling MapPt to map all the points that define the 
pOlygon. 

E.10 CUStoollzirYJ QuickDraw qleraUons 
For each shape that QuickDraw knows how to draw, there are procedures that 
perform these basic grapnlc 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, PalntOVal, EraseOVal, InvertOVal, and 
FillOVal procedures ail call a low-level routine that draws the oval. For each 
type of Object QulckDraw 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 routInes that you can Install In thIs way are: 

• The procedure that aoes bit transfer ana Is callea by CopyBlts. 
• The function that measures the wlath of text and is called by CharWidth, 

Stringwidth, and Textwldth. 
• The proceaure that processes picture comments ana Is callea by 

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

ana the one that retrieves them. This enables the application to araw on 
remote aevices, print to the diSk, get pIcture input from the disk, and 
support large pIctures. 
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The grafProcs flela of a grafPort aetermines WhICh low-level routines are 
called; If it contains nil, the stanOarO routines are calleO, so that all 
operations In that grafPort are aone In the standard ways aescrlbea In thIs 
appendix. You can set the grafProcs field to poInt to a record of poInters to 
routines. The data type Of grafProcs Is QYrocsPtr: 

type QFrocsPtr = "QFrocs; 
QOProcs = record 

textProc: 
lineProc: 
rec'tProc: 
rRectProc: 
ovalProc: 
arcProc: 
polyProc: 
l1JProC: 
bitsProc: 
cammtProo: 

tXl1easProc : 
getpicProc : 
putPicProc : 

end; 

~r; 
c;.uptr; 
~r; 
c;.uptr; 
~r; 
c;.uptr; 
~r; 
c;.uptr; 
~r; 
c;.uptr; 

QJPtr; 
(XPtr; 
QJPtr. 

Procewre setSt(l'rocs (var procs: QFrocs); 

{text drawing} 
{line drawing} 
{rectalgle drawing} 
{rot.I'ltfleCt drawing} 
{oval drawing} 
{arc/eJge drawing} 
{polygon drawing} 
{regioo drawing} 
{bit transfer} 
{picture comrent 
processing} 
{text width IlEasurenBlt} 
{picture retrieval} 
{picture saving} 

SetStOProcs Is provioed to assist you In setting up a QOProcs record. It sets 
all the fields of the given Q[PIOCS 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 M}'COfmlents, you will store fiiJt.1}'COfmlents in the corrrnentproc field 
of the QDPIOCS 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 
GrafVerb. 

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

When the gratVem Is flll, the pattern to use when fHUng Is passed In the 
fillPat field of the grafPort. 

ProceclJre stdText (byteColrlt: integer; textBuf: QOPtr; IUler,denom: 
Point); 

StaText Is the standard low-level routIne for drawIng text It draws text from 
the arbitrary structure in memory specified by textBuf, starting from the first 
byte and continuIng for bytecolllt bytes. "-kmer and denOOl specIfy the 
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scal1n~ if any: runer.v over denOOl.v gIves the vert1cal scal1n~ and runer.h 
over deron.h gives the horizontal scaling. 

ProceWre SU1.ine (nelJlPt: Point); 

StdUne is the standard lo\V-level routine for drawing a line. It draws a line 
from the current pen location to the location specIfIed (In local coordinates) 
by newPt. 

ProceWre ~t (verb: GrafVerb; r: Rect); 

StdRect is the standard low-level routine for drawing a rectangle. It draws 
the gIven rectangle accordIng to me specIfIed gratVeIb. 

ProceWre sttflReCt (verb: GrafVerb; r: Root; ovalwittth, ovaltiei~t : 
integer); 

StdRRect is the standard low-level routine for dra\Ving a rounded-corner 
rectangle. It draws the gIven rounded-corner rectangle accordlng to the 
specified grafVerb. DvalWidth and ovalHei~t specify the diameters of 
curvature for the comers. 

ProceWre st(J)val (verb: GrafVerb; r: Rect); 

StdOVal Is the standard low-level routlne for draw1ng an oval. It draws an 
oval inside the given rectangle according to the spec1fied gratVeIb. 

ProcedUre StdArc (verb: GrafVerb; r: Rect; startArYJle,arcArgle: 
integer); 

StdArc Is the standard low-level routine for drawing an arc or a wedge. It 
draws an arc or wedge of the oval that fits inside the given rectangle. The 
grafVeItl specifIes tne graphIc operatIon; If it's the frame operation, an arc Is 
d!awn; otherwise, a wedge Is drawn. 

ProceWre st<I>oly (verb: GrafVerb; poly: PolyHcnjle); 

StdPoly is the standard low-level routine for drawing a polygon. It draws the 
given pOlygon according to the specified grafVeIb. 

ProceWre ~ (verb: GrafVerb; !VI: Rg"tiandle); 

StdRgn Is the standard low-level routlne for drawIng a regIon. It draws the 
given regIon according to the specified gratveIb. 
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procewre SUlJ1ts (var srcB1ts: B1tMap; var srcRect,dstRect: Rect; 
1OOde: integer; RlaSkJql: Rgjftldle); 

StdBlts Is the standard low-level routine for doln.9 b1t transfer. It transfers a 
btt image between the gIven bItmap and thePort .portBla, just as if CopyBlts 
were called wIth the same parameters and with a destination bitmap equal to 
thePort .. .portBla. 

Procedlre sun.oont (k1M,da~1ze: 1nteger; datafclldle: aJHandle); 

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

Ft.rnt100 stdTxt1eas (byteCotrlt: integer; text8Jf: (;.1)Ptr; var rulEr, 
denOm: Point; var info: FontInfo) : integer; 

StdTxMeas Is the standard low-level routine for measuring text width. It 
returns the w1dth of the text stored In the arbitrary structure In memory 
specified by textBuf, starting with the first byte and continu1ng for byteCoU1t 
bytes. I\lmer and denom specify the scaling as in the StdText procedure; note 
that StdTxMeas may change them. 

ProoeWre stcI1etpic (dataPtr: QDPtr; byteCotrlt: integer); 

StdGetPic is the standard low-level routine for retrieving information from 
the defin1 tIon of a picture. It retrieves the next byteCoU1t bytes from the 
definition of the currently open picture and stores them in the data structure 
pointed to by dataPtr. 

Prooewre stcRitPlc (datenr: ii)Ptr; byteColl1t: integer); 

StdPutPlc 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 commancls stored in the data structure pointed to by 
dat.cPtr, starting wi lh the first byte and continuing for the next byteCc:u1t 
bytes. 
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E.ll USIng QulCI<Draw from Assembly LCVlgUage 
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 ald to assembly language programmers Is a fUe named 
QO/GRAFTYPES.TEXT. If you use .Il'CLlLE to include this fHe when you 
assemble your program, all the QuickDraw constants, offsets to locations of 
global variables, and offsets into the fields of structured types wlll be 
avallable In symbollc form. 

E.ll.l COnsta'lts 
QulcKDraw constants are stored in the QO/GRAfTYPE8. TEXT f11e .. and you 
can use the constant values symbol1cally. For example, if you've loaded the 
effective address of the thePort" .tXf"tlde field into address register P\2., you 
can set that field to the sreXor mode with this statement: 

HOVE." ISRCXm, (A2) 

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

E.112 oata Types 
Pascal's strong typing ability lets you write Pascal programs without really 
considering the size Of a variaOle. 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 
longlnt 
boole~ 
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 have theIr 
boolean value 1n b1t 8 of the word (the low-order bit of the byte at the same 
locatlon); chars are stored In the hIgh-order byte of tne word; and reals are In 
the KCS standard format. 
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The QuicKDraw sImple data types lIsted below are constructed out of these 
fundamental types. 

~ 
Q[Pt.r 
Qa-tcnne 
Word 
Str255 
Pattern 
61ts16 

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 fields appear In the varIable wIth the f1rst field in the lowest address. 
For example, consider the data type BitMap, which Is defined as follows: 

type Bit~ = record 
baseMdr: ~r; 
ro.aytes: integer; 
tnn2s: Rect 

"end; 

ThIs data type would be arranged In memory as seven words: a long for the 
baseAddr, a word for the llNBytes, and four words for the top, left, right, and 
bottom parts Of the bOt.rlds rectangle. To assIst you In referring to the fields 
inside a variable that has a structure like this, the QDIGRAFTYPES.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: 

HOVE.. t1V8ITtW>+ROEVTES,03 
Displacements are given in the QOIGRAFTYPEs. 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: 

HOVE.L t1VHANOLE,Ai 
tlNE.l (AI), Al 
HOVE.. RGNBBOX+TOP(Al),03 
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WAANIN3 

For regIons (and all otner varlatHe-length structures wIth nandles)~ you 
must not move the pointer into a register once and just continue to use 
that poInter; you must dO the double Indlrectlon each time. Every 
QulcKOraw call you maKe can possibly trIgger a heap compaction that 
renders all pointers to movable heap Items (lIKe regIons) Invalld. The 
handles will remain val1d~ but pointers you've obtained through handles 
can be rendered Inval1d at any subrout1ne call or trap In your program. 

E.ll.3 Global vartat>les 
RegIster A5 always poInts to the section of memory Where global varIables 
are stored. The OO/GRAFTYPES.TEXT fHe defines a constant GRAFGLOO 
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 
varlables~ put GRAFGL(J3 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 locatlon for the current grafPort, whiCh the global 
variable thePOrt points to, you can give the following instructions: 

MDVE.l GRAFGlOB(A5),AO ; Point to QuickDraw globals 
tOIE.l Tt£PmT(AO), Al ; Get current grafPort 
tINE.. PN...OC "'H ( Al), DO ; Get thePort A • prLOC • h 

E.l1.4 Procewres cn1 Ft.retlom 
To call a QuickDraw procedure or funct1on~ 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 Qu1ckOraw's 
jump table, so that a JSR into the taOle redirects you to the actual location 
of the procedure or function. 
The only difficult part about calling QulckDraw 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. My QuickOra'N procedure or function can destroy the 
contents of the registers AO, Al~ OO~ 01, and 02, but the others are never 
altered. 

• 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 4 bytes, push a pointer to the 
varIable. 
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• For all var parameters, regarOless of sIze, puSh a poInter to tne varIable. 
• When calling a function, fint 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 

bl~ss := GetPixel(50,lIDUsePos.v); 

'Nould be wrItten In assembly language Uke tnls: 
ClR.I -(SP) ; save space for bOOlean result 
MOVE. I 150, -(SP) ; PuSh cmsta1t 50 (deciIlBI) 
tOIE.I toJSEPOS+V, -(SP) ; PuSh the value of IOOUsePoS.V 
JSR GEWlXEl ; Gall routine 
tOlE. I (SP)+,BLACKt£SS ; Fetcn result from stack 

This is a simple example, pushing and pulling word-long constants. Normally, 
you'll be pUShing more poInters, usIng the PEA (PUSh Effective Address) 
instruction: 

F1lIRotl'lC.fleCt(~t, 1, thePOrt'" .fXlS1ze. v, Ihite); 

PEA 
tIlVE.I 
tIlVE.l 
tIlVE.l 
tIlVE.I 
PEA 
JSR 

t1YRECT ; PuSh po1nter to ~t 
'1, -( SP) ; PuSh constalt I 
GRAFG..£B(A5), AO ; Point to f;.lIiCkOraw glObals 
nEPmT(AO), Al ; Get current grafPort 
PNSlZE+V(Al) .. -(SP); PuSh value of thePort A .pnS1ze.v 
IHITE(AO) ; PuSh pointer to global variable .nite 
FIlllUKlRECT ; Gall the st!lrout1ne 

To call the TextFace procedure, PUSh a word In which each of seven bits 
represents a stylistic variation: set bit 0 for bold, bIt 1 for H.alle .. bit 2 for 
U1derUne, bit 3 for rutllne, bIt 4 for ShadO\rI" bit 5 for coudeuse .. and bit 6 for 
extern 
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E.12 Graf3D: lluee-Dlmensl(Jla} GraJtllcs 
Graf3D helps you map three-dimensional images onto the two-dimensional 
space used by QuicKDraw. If this is your first exposure to three-dImensional 
graphics, you will find Graf3D's standard procedures and functions a great help 
in producing visually exciting graphs, Charts, and drawIngs. If you are famlliar 
with Applegraphics for the Apple IL you wlll feel right at home with Graf3D'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 
section on three-dImensional computer graphIcs In Pr!17c/ples of Interactive 
Computer GrapIJiCS by William M. Newman and RObert F. Sproull (New York: 
MCGraw-HUl, 1973~ 

E.12.1 How Graf3D Is Related to QuicI<Draw 
Graf3D Is a Pascal unit that makes the QuickDraw 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 O\Nn QuickOraw calls to perform the same fUnctions Graf30 provides for 
you, but that would be a little liKe going to the trouble of writing your own 
compiler. 

E.12.2 Features of Graf3D 
• A cameJa-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 Itself. The camera is set up wIth the VieWPort, LooKAt, and 
viewMgle procedures. You can set the focal length of the camera as if 
you had a choice of telepnoto, wide angle, or normal lenses. 

• TIlJ-ee-{lln'Jt?flsiL:nal ,:'llppl/Jf;l l.a a {jzle J.~Y1-an7k1. The apex of the pyramid 1s 
at the point of the camera eye, and the base of the pyramid is equivalent 
to the viewPort. When you use the Cl1p30 function, only Objects forwarCl 
of the camera eye and within the pyramid are displayed on the screen. 

• TWO-dimensional point and llne capability using mal coordinates. Graf3D 
provides commanCls corresponding to the QuickDra'w' commands but using 
real coordInates Instead of integers. W1th real coord1nates you have a 
larger dynamic range for graphics calculations; with integer coordinates 
you get faster drawing time. For reals, tne range 1s 

1.4 x 10-45 to 3.4 x 1038 
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• TW'o-dlfl7elb1onal OJ" 11l1-ee-l1Jfl"Jt?lJSfonallvtatfOn. You can rotate an object 
along any or all axes simultaneously, using the Pitch, Yaw, and Roll 
procedures. 

• Translation and scalfng of objects in one or mOle? axes simultaneO(jSly. 
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: 
Polnt3D: A Polnt3D contaIns three real number coordInates: x, y, and z. 

Graf30 uses x, y, and z for real number coordinates to distinguish 
between the h and v Integer screen coordInates in QuicKOraw. 

Point20: 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. 

Port3OPtr: A Port3DPtr is a pointer to a Port30. 

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 Port30. 
viewRect: the viewing rectangle within the grafPort; the base of the 

viewIng pyramid. 
xLeft, yTop, xRight, yBottom: world coordinates corresponding to 

the vlewRecl 
pen: three-dImensIonal pen location. 
penPrime: the pen location transformed by the xFonn matrix. 
eye: three-dimensional viewpoint location established by View-Angle. 
hSize, VSlze: half-width and half-height of the viewRect in screen 

coordinates. 
hCenter .. vcenter: center of the viewRect in screen coordinates. 
XCotal, yCotan: viewing cotangents set up by ViewAngle, used by 

Cl1p3D. 
ldent: a boolean that allows the transformation to be Skipped when 

when ><Form is an Identity matrIx. 
xForm: a 4x4 matrix that holds the net result of all transformations. 
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E.12.4 Graf30 Procewres and FlIlCtions 
The following procedures and functions are provided In Graf3D. 
Procewre qlen3OPort(port: Port3lPtr); 

~en3DPort ini tial1zes all the fields of a Port30 to their defaults, and makes 
that Port30 the current one. Gport Is set to the currently open grafPort. 
The defaults established are: 

thePort30: =port; 
portA.GPort:=thePort; 
Vle~rt(thePortA.portRect); 
WITH thePort A . portRect 00 LookAt( left ... top ... ri~t, bottom); 
VlewAngle(O); 
Identity; 
MoveT030(O, 0, 0); 

PrCJCeOJre 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 
Port30 and swItCh between them. 

ProcedUre GetPort30( var port: Port3I:Ptr); 
Getport3D returns a poInter to the current Port30. ThIs procedure Is useful 
when you are using several Port3DS and want to save and restore the current 
one. 

Procewre ttlVeT02O( x" y: real); ProceWre HoveTo30( X, y, Z: real); 
ProceOOre tklVe2O( c1x" dy: real); ProceOOre tnve30( c1x" dy, dZ: 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 QulcKDraw's MoveTo 
procedure wI th the resul t. 

ProcedUre LineT02O(x, y: real); ProoedUre LineTo30(x, y, Z: real); 
Procerure Llne20{W<..dy: real); Procerure Llne30{OX,dy,(lZ: real); 

These procedures draw two- and three-dimensional lines 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 QuickDraw's UneTo procedure. 
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Fl.IlCtion Clip30( src1., src2: Point30; var dst1., dst2: Point): boolean; 

Clip 3D clips a three-dimensional line segment to the viewing pyramid and 
returns the clipped line projected onto screen coordinates. Cl1p3D returns 
true if any part of the Hne Is visible. If no part of the l1ne is within the 
viewing pyramid, Clip3D returns false. 

ProcedUre setf>t30(var pt30: Point30; x,y,z: real); 
Setpt3D assIgns three real numbers to a Polnt30. 

Procewre setflt2O(var pt20: Polnt20; x,y: real); 

SetPt2D assigns two real numbers to a Polnt2D. 

E.12.lll setting ~ the C<mera (VIewPort, LookAt, cn:2 Vlew,Qngle) 
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. 

Pr()OO(ljre LookAt(left, top, ri!ttt, bottom: real); 

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

procedUre ViewAngle(angle: real); 
ViewMgle 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 800 (wide angle lens~ 

E.13.1l2 The TransfOrmation Matrix 
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 xFOIm 
matrix, then projected onto the screen as specified by ViewPort, LookAt, and 
VieWAngle. 

Pl'OCeOJre Identity; 
Identity resets the transformation matrix to an identity matrix. 
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ProceclJre SC8le(xFootor .. yFootor .. Zfootor: real); 

Scale modifies the transformation matrix so as to shrink or expand by xFootor .. 
yFactor, and zFactor. For example, SGale(2.02.02.0) wlll make everything 
come out twice as big when you draw. 

ProceOJre TICI1s late ( me, dy, dZ: real); 

Translate modifies the transformation matrix so as to displace by dX,dy,dz. 

ProceclJre Pi tch( XArYJle: 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. 

ProceclJre Yaw(yArYJle: real); 

Yaw moalf1es tne transformatlon matrix so as to rotate yAngle degrees around 
the y ax1s. 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 the z axIs. SKew only Changes the x coordInate; the result Is muCh 
like the slant QuicKDraw gives to italic Characters. (Skew(lS.0) maKes a 
reasonable ItaI1c.) A positive angle rotates clOCKwise when lOOKing at the 
or1gin from posit1ve z. 

ProcedUre TlCVlsform(src: Point3D; var dst: Point3D); 

Transform appUes the xFOl11l matrix to SIC and returns the result as dst. If 
the transformation matrix is identity, dst will be the same as SIC. 
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E.13 QulCkDraW Inte~ 

UNIT QuiCkOralJl; 

{ COpyright 1983 Apple conputer Inc. } 

INTERFACE 

CONST sreCOpy 
sreOr 
sreXor 
srcBie 
notsrCCOpy 
notSrcDr 
notSreXor 
notSrcBie 
patCOpy 
patGr 
patxor 
patBic 
notpatCOpy 
notPatOr 
notPatXor 
notPatBic 

= 0; {the 16 transfer modes } 
= 1; 
= 2; 
= 3; 
= 4; 
= 5; 
= 6; 
= 7; 
= 8; 
= 9; 
= 10; 
= 11; 
= 12; 
= 13; 
= 14; 
= 15; 

{ Qu1CkOraw color separat10n constants } 

normalBit = 0; 
inverseBl t = 1; 
redB1t = 4; 
greenBlt = 3; 
blueB1t = 2; 
eyanBlt = 8; 
magentaB1 t = 7; 
yelloUBlt = 6; 
blackBlt = 5; 

{ normal screen mapp1ng } 
{ inverse screen mapping } 
{ RGB add 1 ti ve mapp1ng } 

{ CMVBk subtractive mapping } 

C)tIiCkDmw 

blackCOlor = "; 
WhlteColor = 30; 
redColor = 205; 
greencolor = 341; 

{ colors expressed in these mappings } 

bluetolor = 409; 
eyancolor = 273; 
magentacolor = 137; 
yelloWCOlor = 69; 

plcLParen = 0; 
p1cRParen = 1; 

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

= "QDPtr; 
= String[2SS J; 

{ blind pointer } 
{ blind handle } 

= PACKED ARRAY[O .. 7] OF 0 .. 255; 
ARRAV[O .. 15] OF INTEGER; 
(v, h); 
(frame,paint,erase,invert,f111); 

QulckDrak/ 

TYPE QOByte 
QOPtr 
(JI)Handle 
Str2SS 
Pattern 
8its16 
VHSelect = 
GrafVerb 
Styleltem = (bOld, Italic, unoerline, outline, Shadow, condense, 

extend); 
Style = SET OF StyleIt~ 

FontInfo = RECORD 
ascent: INTEGER; 
descent: INTEGER; 
widt1ax: INTEGER; 
leading: INTEGER; 

END; 

Point = RECORD CASE INTEGER OF 

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

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

EN>; 

Rect = RECORD CASE INTEGER Of 

0: (top: 
left: 
bOttom: 
right: 

INTEGER; 
INTEGER; 
INTEGER; 
INTEGER); 

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

END; 
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61 tMap = RECORD 
baseAddr: QOPtr; 
rowBytes: INTEGER; 
bOunds: Rect; 

END; 

Cursor = RECCR) 
data: B1 tS16; 
mask: Bi ts16; 
hOtSpot: POint; 

END; 

penstate = RECORD 
pnLoc: 
pnS1ze: 
pnt1ode: 
pnPat: 

END; 

Point; 
Po1nt; 
INTEGER; 
pattern; 

PolyHandle = "PolyPtr; 
PolyPtr = APolygon; 
Polygon = RECORD 

polySize: INTEGER; 
polyBBox: Rect; 
polyPoints: ARRAV[O .. O] OF Point; 

END; 

RgrlH(n:Jle = AR~tr; 
RgnPtr = "Region; 
Reg10n REcmD 

C),JiCkDraw 

rgnslze: INTEGER; { rgnSlze = 10 for rectangular } 
rgnBBox: Rect; 
{ plus more data if not rectangular } 

END; 

PlcHandle = ~PlcPtr; 
PicPtr = APicture; 
PIcture = RECORD 

plcSlze: INTEGER; 
plcFrame: Rect; 
{ plus byte cOdes for picture content } 

END; 
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QOProcsPtr = "QDProcs; 
QOProcs = RECORO 

textProc: QOPtr; 
llneProc: QOPtr; 
rectProc: QDPtr; 
rRectProc: QOPtr; 
ovalProc: QDPtr; 
arePtoe: QOPtr; 
polyPrOC: QOPtr; 
rgnProc: QOPtr; 
bltsProc: QOPtr; 
COfMentProc: QOPtr; 
txMeasProc: QOPtr; 
getPlcProc: QOPtr; 
putP1cproe: QOPtr; 

END; 

GrafPtr = ~GrafPort; 
GrafPort = RECORD 

deV1ce: 
portBlts: 
portRect: 
vlsRgn: 
c11pRgn: 
bkPat: 
f111Pat: 
pnLoc: 
pnS1ze: 
pnt1Ode: 
pnPat: 
pnVls: 
txFont: 
txFace: 
txt1Ode: 
tXSize: 
spExtra: 
fgColor: 
bkColor: 
colrBit: 
patStretch: 
plosave: 
rgnsave: 

INTEGER; 
BitMap; 
Rect; 
RgnHandle; 
RgnHandle; 
Pattern; 
Pattern; 
Point; 
PoInt; 
INTEGER; 
Pattern; 
INTEGER; 
INTEGER; 
Style; 
INTEGER; 
INTEGER; 
LongInt; 
LongInt; 
LongInt; 
INTEGER; 
INTEGER; 
QOHandle; 
QDHarl(jle; 
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polysave: QOHandle; 
grafProcs: QOProcsPtr; 

END; 

VAR thePort: GrafPtr; 
White: Pattern; 
black: Pattern; 
gray: Pattern; 
1 tGray : Pattern; 
dkGray: Pattern; 
arrow : Cursor; 
screenBits: BitMap; 
ranc1Seed: longInt; 

{ GrafPort Routines } 

PROCEDURE InitGraf (glObalPtr: QDPtr); 
PROCEDURE OpenPort (port: GrafPtr); 
PROCE~ 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 PortS1ze ( width, hei{1lt: INTEGER); 
PROCEDURE MovePortTo (leftGlobal, topGIObal: INTEGER); 
PROCEOlJ£ setOrigin (h, V: INTEGER); 
PROCEDURE setC11p (rgl: RglHandle); 
PROCEOlR: GetClip (rgl: RglHandle); 
PROCEDURE Cl1pRect (r: Rect); 
PROCEOURE BackPat (pat: Pattern); 

{ CUrsor Routines } 

PROCEDURE InltCUrsor; 
PROCEotft setcursor( crsr: CUrsor); 
PROCEOURE H1deCursor; 
PROCEOlIE ShoWCUrsor; 
PROCEDURE ObscureCUrsor; 
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{ Line Routines } 

PROCEDURE HidePen; 
PROCEDURE ShOwPen; 
PROCEDURE GetPen (VAR pt: point); 
PROCEDURE Getpen8tate(VAR pnState: PenState); 
PROCEDURE setpen8tate(pnState: Pen5tate); 
PROCEDURE PenSize (width, height: INTEGER); 
PROCE[)lft Pent10de (fOOde: INTEGER); 
PROCEDURE PenPat (pat: Pattern); 
PROCEDURE PenNormal; 
PROCEDURE t1OVeTo 
PROCEDURE MOVe 
PROCEDURE LineTo 
PROCEDURE Line 

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

(font: INTEGER); 
(face: Style); 
(node: INTEGER); 
(size: INTEGER); 
(extra: LongInt); 
(00: char); 
(s: Str25S); 

QuICkDraw 

{ Text Routines } 

PROCEDURE TextFOnt 
PROCEDURE TextFace 
PROCEDURE TextMOde 
PROCEDURE TextS1ze 
PROCEOlH: SpaceExtra 
PROCEDURE Dra.char 
PROCEDURE DrawStr1ng 
PROCEDURE DrawText 
FUNCTION Char'1dth 
FUNCTION Str1ngw1dth 
FUNCTION TextW1dth 

(textBuf: QOPtr; f1rstByte,bytecount: INTEGER); 
(Ch: CHAR): INTEGER; 
(s: Str25S): INTEGER; 
(textBuf: QDPtr; f1rstByte,bytecount: INTEGER): 

INTEGER; 
PROCEDURE GetFontInfo (VAR info: FontInfO); 

{ Point calculations } 

PROCEDURE AddPt (src: Point; VAR dst: Point); 
PROCEDURE SUbPt (src: Point; VM dst: Point); 
PROCEDlR: 5etPt (VAR pt: Point; h, v: INTEGER); 
FUNCTION EqualPt (ptl, pt2: Point): BOOLEAN; 
PROCEDURE SCalePt (VAR pt: Point; fr~t, toRect: Reet); 
PROCEDlRE t1apPt (VAR pt: Point; fronAect, toRect: Reet); 
PROCEDtR: LocalToGlobal (VAR pt: Point); 
PROCEOlR GlobalToLocal (VAR pt: Point); 
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{ Rectangle calculations } 

PROCEDURE setRect (VAR r: Rect; left" top" rIght" bOttom: INTEGER); 
FI.H!TION EqualRect (rect1" rect2: Rect): BOO..EAN; 
FUNCTION Eq>tyRect (r: Rect): BCXl.EAN; 
PROCEDt..R: OffsetRect (VAR r: Rect; dh,dV: INTEGER); 
PROCEDURE MapRect (VAR r: Rect; frOllfiect"toRect: Rect); 
PROCEME InsetRect (VAR r: Rect; dh" dV: INTEGER); 
FUNCTION SectRect (srC1" src2: Rect; VAR OstRect: Rect): BOa..EAN; 
PROCE~ ltlionRect (srel" sr02: Rect; VAR dstRect: Rect); 
FUNCTION PtInRect (pt: PoInt; r: Rect): BOOLEAN; 
PROCEDURE Pt2Rect (ptl" pt2: Point; VAR dstRect: Rect); 

{ Graph1cal OperatIons on Rectangles } 

PROCEDURE FrameRect (r: Rect); 
PROCEDURE PaintRect (r: Rect); 
PROCEDURE EraseRect (r: Rect); 
PROCEDURE InvertRect (r: Rect); 
PROCEDURE F1llRect (r: Rect; pat: Pattern); 

{ RoundRect Routines } 

PROCEDURE FrameRoundRect (r: Rect; ovWd,ovHt: INTEGER); 
PROCEDURE PalntRoundReCt (r: Rect; ovlt1,ovHt: INTEGER); 
PROCEDURE EraseRolrldRect (r: Rect; ovlJlO, oVHt: INTEGER); 
PROCEDURE InvertR~ect (r: Rect; ovlcJ,ovHt: INTEGER); 
PROCEDURE FillRW'ldReCt (r: Rect; ovWd,oVHt: INTEGER; pat: Pattern); 

{ oval Routines } 

PROCEDURE FraJJeOVal (r: Rect); 
PROCEOURE Paintoval (r: Root); 
PROCEDURE Eraseoval (r: Rect); 
PROCE~ InvertOVal (r: -Root); 
PROCEDURE FlllOVal (r: Rect; pat: Pattern); 

{ Arc Routines } 

PROCEDURE FrameArc (r: Rect; startAngle,arcAngle: INTEGER); 
PROCEDURE PaintArc (r: Rect; startAngle, arcAngle: INTEGER); 
PROCEDURE EraseArc (r: Rect; startAngle, arcAngle: INTEGER); 
PROCEDURE InvertArc (r: Rect; startAngle" arcAngle: INTEGER); 
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PROCEDURE FillAre (r: Rect; startAngle,areAngle: INTEGER; pat: 
Pattern); 

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

{ Polygon Routines } 

FUNCTION OpenPoly: 
PROCEDURE ClosePoly; 
PROCEDURE KillPoly 
PROCEDURE Offsetpoly 
PROCEDURE MapPoly 
PROCEDURE FrcoePoly 
PROCEDURE PaintPoly 
PROCEOtR: ErasePoly 
PROCEDURE Invert?oly 
PROCEDURE FillPoly 

Po lyHand Ie; 

(poly: PolyHandle); 
(poly: polyHandle; dh,dv: INTEGER); 
(poly: PolyHandle; fronfleCt, toRect: Rect); 
(poly: PolyHandle); 
(poly: PolyHandle); 
(poly: PolyHandle); 
(poly: PolyHandle); 
(poly: PolyHandle; pat: Pattern); 

{ Region calculatioos } 

FUNCTION Ne~: ~le; 
PROCEOURE Oi sposeRgn( rgn: RcpB'ldle); 
PROCEOURE COpyRgn ( srcRgn, dstRgn: ~Rgn""'IHaIr.:wvtldle); 
PROCEOtR: 5etElItltyRgn(rgn: RgnHandle); 
PROCEOURE setRectRgn( rgn: RglIHaI .cUe; left, top, right, bottom: INTEGER); 
PROCEOlR: RectRgn (rgn: RgnHandle; r: Rect); 
PROCEDURE 0penRgn; 
PROCE[)lR CloseRgn (dStRgn: ~le); 
PROCEDURE OffsetRgl (rgn: ~le; dh,dV: INTEGER); 
PROCEQlR MapRgn (rgn: ~le; fronflect, toRect: Rect); 
PROCEOURE InsetRgl (rgn: ~le; tI"I,dV: INTEGER); 
PROCEOURE 5ectRgn (srcRgnA, srcRgnB, dstRgn: ~le); 
PROCEDURE U1ionRgl (srcRgnA, SrcRgnB,dstRgn: ~le); 
PROCEDURE OiffRgn (sI'cRgnA, srcRgnB,dstRgn: ~le); 
PROCEDURE XorRgn (srcRgnA, srcRgnB, dStRgl: RgllHalldle); 
FUNCTION EqualRgn (rgnA, rgnB: RcpB'ldle): BOOLEAN; 
FUNCTION E~tyRgn (rgn: ~le): BOOLEAN; 
FUNCTION PtInRgn. (pt: Point; rgn: RcpB'ldle): BOOLEAN; 
FUNCTION RectInRgn (r: Rect; rgn: ~ldle): BOOLEAN; 

{ Graphical Operations on Regions } 

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

{ Graphical Operat1ons on B1tMaps } 

PROCEDURE ScrollRect(dstRect: Rect; dn,dv: INTEGER; updateRgn: 
rgnHandle); 

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

{ Picture Routines } 

FUNCTION OpenPlcture(plcFrane: Rect): PlcHandle; 
PROCEDURE ClosePlcture; 
PROCEDURE DrawPlcture( myPlcture: PlcHandle; dstRect: Rect); 
PROCEDURE PICCOO1nent(l<lnd, dataSlze: INTEGER; dataHandle: QOHandle); 
PROCEDURE Kl11Plcture(myPlcture: PlcHandle); 

{ The Bottleneck Interface: } 

PROCEDURE setStdProcS(VAR procs: QOProcs); 
PROCEDURE StdText (count: INTEGER; textAdclr: QOPtr; I'lUIIEr, denOm: 

PROCEDURE Stdl1ne 
PROCEDURE StdRect 
PROCEDlft StdRRect 
PROCEDURE StdOVal 
PROCEDURE StdArc 

Point); 
(ne~: Po1nt); 
(verb: GrafVerb; r: Rect); 
(verb: GrafVerb; r: ReGt; ovid., ovHt: INTEGER); 
(verb: GrafVerb; r: Rect); 
(verb: GrafVerb; r: Raet; startAngle, arcAngle : 

INTEGER); 
PROCEDURE StdPoly (verb: GrafVerb; poly: PolyHandle); 
PROCEDURE StdRgn (verb: GrafVerb; rgn: RgnHandle); 
PROCEDURE StcJBits (VAR srcBlts: BitMap; VAR srcRect,dstRect: Rect; 

1OOde: INTEGER; maSkRgn: RgnHandle); 
PROCEDURE StdConment (kind"datasize: INTEGER; dataliandle: QDHandle); 
FUNCTltt4 StdTXMeas (count: INTEGER; textAddr: QDPtr; 

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

PROCEDURE StdGetpic (dataPtr: QOPtr; byteccu-.t: INTEGER); 
PROCEDURE SttPutPlc (dataPtr: QOPtr; bytecount: INTEGER); 
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{ M1se Utility Routines } 

FUNCTHX" Getpixel (tt, v: INTEGER): BOOLEAN; 
FUNCn~ RcrldOm: INTEGER; 
PROCEDmE Stuff Hex (tn1ngptr: I;K)Ptr; s:Str255); 
PROCEDURE Forecolor (color: LongInt); 
PROCEDlR: Bacl<.COlOr (COlor: Longlnt); 
PROCEDLRE COlorBlt (.nlChBlt: INTEGER); 

E.13.1 Graf3D Jnterface 

{SS Graf } 

UNIT Graf30; 

Qulcl<OJ'8W 

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

INTERfPa. 

USES {$U QO/f).IickOraw. (BJ} QulckOra,,: 

CONST radConst=S7.~78; 

TYPE Polnt3D=RECORO 
X: REAL; 
y: REAL; 
z: REAL; 

ENO; 

Polnt20-RECORO 
X: REAl..; 
y: REAL; 

END; 

Xftlatr1x = ARRAV[O •• 3, O •• 3] OF REAl; 
Port3OPtr - "'Port3D; 
Port3D = REC(R) 

GPort: Grafptr; 
vlewRect: Rect; 
><left, yTop, xR1ght, yBottom: REAl; 
pen, penPrine, eye: Po1nt30; 
ttSize,vS1ze: REAl; 
hCenter,vcenter: REAL; 
xCotan, yCotan: REAL; 
1oent: BOO..EAN: 
xF orm: )(fHatr1x: 

END; 
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VAR thePort30: Port3DPtr; 

PROCEDURE ~3OPort (port: Port3OPtr); 
PROCEDURE 5etPort30 (port: POrt3OPtr); 
PROCEOtR: GetPort30 (VAR port: Port3OPtr); 

QuickDraw 

PROCEDURE HoveT02O(x,y: REAL); PROCEDURE ttoveT030(x,y,z: REAL); 
PROCEI:llH l1neT02O(x,y: REAl); PROCEOtR: l1neTo30(x,y,Z: REAl); 
PROCEOlH: Hove20(dX,dy: REAl); PROOEOtR: Hove30(dX,dy,dZ: REAL); 
PROCEDURE l1ne20( dx, dy: REAl); PROCEDlft l1ne30( dX, dy, dz: REAl); 

PROCEDlH: V1ewPort (r: Rect); 
PROCEDURE lOOkAt.. ,(left, top, right, bottom: REAl); 
PRaDlH V1ewAngle - (Cflgle:·· REAl); . 
PROCEOlH: Identity; 
PROCEDlft: scale 
PROCEOtR: Translate 
PROCEI:llH PitCh 
PROCEOt.RE Yaw 
PROCE£.llR: Roll 
PROCEOlH Skew 
PROCEI:llH Transform 
FlI4CTION Clip30 

PROCEOt.R: setpt30 
PROCE[)lft 5etpt2() 

(xFactor, yfactor, ZFactor: REAl); 
(dX, dy" dZ: REAl); 
(XAngle: REAl); 
(yAngle: REAL); 
(ZAngle: REAl); 
(ZAngle: REAL); 
(src: Polnt30; VAR dst: Po1nt30); 
(srcl, src2: Point3p; VAR dstl, dst2: POINT): 

BOO..EAN; 

(VAR pt30: Point30; x,y,z: REAl); 
(VAR pt2D: Point20:- x,y: REAL); 
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E.14 QulCI<DraW 5aJ1)le Prograns 
This section provideS listings of two sample programs that are inclUded with 
the WOrkshOp software. 

E.l4-l QDScI11l1e 
The program ~le (1n the fUe QD/QOSaItlple.1EXl) demOnstrates 
different thlrgs tnat QulCkOrS'N can dO. Its output Is ShOwn In Figure E-26. 

Text 

Bold 
Italic 
Underline _1m 
~ 

RoundRects 

Polygons 

look what you can draw with QUickOraw 

Rectangles 

Bit Images Wedges 

E11!!1 .. t 
~m~ 

Fl!J.1f8 E-26 
QDScI11l1e 

The fHe ~le. TEXT Is an exec fHe tnat can be used to rebUlld 
this sample program. Disregard any warning messages from the linker abOUt 
name conflIcts. 
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PROORAt1 ~le; 

{ Sample program illlustrating the use of QuickOraw. } 

USES {$U OO/l;)JiCkDraw.CBJ} l;)JiCkDraw, 
{$U QO/fl)SUpport. OOJ} fl)SUpport; 

TVPE lconData = ARRAV [0 •• 95] OF INTEGER; 

VAR heapBUf: 
myPort: 
icons: 

ARRAV [0 .. 10000] Of INTEGER; 
GrafPort; 
ARRAV[0 .. 5] Of IconData; 

FlKTI~ HeapFull(hZ: QOPtr; bytesNeeded: INTEGER): INTEGER; 

QulCkDraw 

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

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

END; 

PROOEOlR: Ini tlcons; 
{ I1ar'Ually stuff some icons. Normally we 1JIOU1d read them from a file } 
BEGIN 

{ Lisa } 
StuffHex(-icons[O, OJ, 'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOlffffffffC'); 
StUffHex(-icons[O,12), '0060000000060180000000OB060000000013OFFFFFFFFFA3'); 
StuffHex(aicons[0,24], '18000000004311fFFff0002312000008Of231200000Bf923'); 
StuffHex(aicons[O,36], '120000OBOF23120000OB002312000008002312000008OF23'); 
StuffHex(-icons[O,48], '1200000Bf9231200000B0F2312000008002311FFFFf00023'); 
StuffHex(aicons[0,60], '08000000004307FfFFffFFA3010000000026OFFffFfFFE2C'); 
stuffHex(alcons[o,72], i18000000013832AAAAA8A9F0655555515380C2AAAA82A580'); 
StUffHex(alcons[0,84), '80000000098OFfffFFfFF30080000000160OFFFfFFfFFCOO'); 

{ Printer } 
StuffHex(aicons[l, 0), '000000000000000000000000000000000000000000000000'); 
StUffHex(-icons[1,12), '00000000000000007FFFFF00000080000280000111514440'); 
StuffHex(aicons[l,24], '0002000008400004454510400004000017COOO04A5151000'); 
StUffHex(-icons[l,36), '0004000010000004A54510000004000017FEOOf4A5151003'); 
stuffHex(aicons[l,48), '0184000013870327FffFFIOf06400000021BOCfFFFFFFC37'); 
StUffHex(-icons[1,60], '1800000000683000000000077FFFFFFFFFABC00000000356'); 
StUffHex(aicons[1,72), '8000000001AC87fOOOOOOl5884100OCCCIB087FOOODCC160'); 
StUffHex(aicons[l,84], '8000000001COC000000003807FFFFFFFFF0007800001EOOO'); 

E-92 



Pascal Reference I'1anI.IaI ~IC1<Draw 

{ Trash Can } 
StuffHex(wlcons[2, 0], '00000lFCOOOOOOOOOE060000000030030000000OC0918000'); 
StuffHex(ilcons[2,12], '00013849800000026C4980000004C0930000000861260000'); 
StuffHex(wicons[2,24], '0010064fE0000031199830000020E6301800002418EOOBOO'}; 
StuffHex(ilcons[2,36], '0033E3801C0000180E002COOOOOFF801CC0000047FFEOCOO'); 
StuffHex(iiconS[2,48], '000500004C0000OS259A4COOOOOS250A4C00000525fA4C00'}; 
StuffHex(mlcons[2,60], '000524024C00000524924C00600524924C0090E524924C7C'); 
StUffHex(iicons[2,72], '932524924C82A44524924001C88524924CFIOC4524924C09'); 
StuffHex(ilcons[2,84], '0784249258E70003049233100000EOOOE40800001FFFC3FO'); 

{ tray } 
StuffHex(wicons[3, 0], '000000000000000000000000000000000000000000000000'); 
StuffHex(ilcons[3,12], '0000000000000000000000000000000000000007FFFFFFFO'); 
StuffHex(wicons[3,24], '000E00000018001A00000038003600000078006A00000OO8'); 
StuffHex(ilcons[3,36), 'OOO7FFFFFFB801AC000003580358000006B807FCOOOFFD58'); 
StuffHex(-iconS[3,48}, '040600180AB80403fFFOODS8040000000AB8040000000D58'); 
StuffHex(iiconS[3,60], '040000000AB807FFFFFFFD5806ACOOOOOAB8055800000D58'); 
StuffHex(wiconS[3,72], '06B000000AB807FCOOOFFD70040600180AE00403FFFOOOCO'); 
StUffHex(iiconS[3,84], '040000000B80040000000f00040000000E0007FFFFFFFCOO'); 

{ F1le Cabinet } 
StUffHex(wlconS[4, 0], '0007FFFFFC0000080000OCOOOOIOOOOOIC00002000003400'); 
StuffHeX(iiconS[4,12], '004000006COOOOFFFFfFD4000OBOOOOOACOOOOBFFFFED400'); 
StuffHex(-lconS[4,24), '00A00002ACOOOOA07F02040000A04102ACOOOOA07F02D400'); 
StuffHex(ilcons[4,36], '00A00002ACOOOOA08082040000AOFF82ACOOOOA000020400'); 
StUffHex(-lconS[4,48], 'OOA00002ACOOOOBFFFFE040000800000ACOOOOBFFFFED400'); 
StuffHex(iicons[4,60), '00A00002ACOOOOA07F02040000A04102ACOOOOA07F02D400'); 
StuffHex(-lcons[4,72], '00A00002ACOOOOA08082040000AOFF82ACOOOOA00002D800'); 
StuffHex(ilconS[4,84], '00A00002B0000OBFFFfEE0000080000OCOOOOOFffFFF8000"); 

{ drawer } 
StUffHex(-lcons[S, 0], '000000000000000000000000000000000000000000000000'); 
StuffHex(ilcons[S,12), '000000000000000000000000000000000000000000000000'); 
StuffHex(-lcons[S,24], '000000000000000000000000000000000000000000000000'); 
StUffHeX(illcons[5,36), 'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOlfFFFFFO'); 
StuffHex(-lcons[S,48], '000038000030000068000070000008000ODOOO3FFFFFFIBO'); 
StuffHex(illcons[5~60], '0020000013500020000016B000201FEOID50002010201ABO"): 
StuffHex(-lcons[S,72], '00201FEOlS60002000001AC0002000001580002020101BOO'); 
StUffHex(illcons[5,84), '00203FF01600002000001C00002000001800003FFfFFfOOO'); 

END; 

E-93 



Pascal Reference Manual 

PROCEDlft Drawl con ( Wh 1 ChI 00'\ h ... v: INTEGER); 
VM sreBi ts: Bl tMap; 

srcRect ... astRect: Rect; 
BEGIN 
srcBits.oaseAddr:=·1cons[~iChIcon); 
sroB1ts.rowBytes:-6; 
5etRect(sroB1ts.bOl.rlOs ... 0 ... 0 ... 48 ... 32); 
srcRect:~srcBlts.bOUnds; 
astRect:=srcRect; 
OffsetRect(dstRect ... tl... v); 

QulekDraw 

COpyBl ts( sroBl ts ... ttlePOrt" .portBl ts ... srcRect ... dstReet ... sreer ... Nll); 
EN); 

PROCEDlR: DrawstUff; 

VAR 1: INTEGER; 
teqlRect: Rect; 
myPoly: PolyHandle; 
myRgn: RgnHandle; 
myPattern: Pattern; 

BEGIN 
stUffHex(iimyPattern, • 8040200002040800' ); 

t~t :. ttlePort "'.portReot; 
CllpRect(tempRect); 
EraseRot.mRect( tenpRect, 30~ 20); 
Fr~t(tempRect ... 30~ 20); 

{ draw two horizontal llnes across tne top } 
t1oveTO(O~ 18); 
LineTo(719 ... 18); 
ttoveTo(O ... 20); 
LlneTo(719 ... 20); 

{ draw dlv1der llnes } 
t1oveTO(O,I34); 
LlneTo(719 ... 134); 
ttoveTO{O ... 248); 
L1neTo(719 ... 248); 
ttoveTo(240,21); 
LineTo(240 ... 363); 
ttoveTo( 480,21); 
llneTo( 480 ... 363); 
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{ draw title } 
TextF ant ( 0); 
MoveTo(210,14); 
DrawString('LOOk what you can draw with Qu10k0raw'); 

{--------- draw text ~les --------- } 

HoveTo(80,34); DraWString( I Text I); 

TextFace«(bold]); 
MoveTo(70,55); DraWStr1ng('Bold'); 

TextFace([ita11c]); 
HoveTo(70,70); DrsWString(' Italic'); 

TextFace([under11ne]); 
ttoveTo(70,85); DraWString( 'lklderline'); 

TextFace([outline); 
HoveTo(70,100); DraWString( 'Outline'); 

TextFace([shadow]); 
HoveTo(70,115); DraWStr1ng('Shadow'); 

TextFace([]); {restore to normal} 

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

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

HoveTo(280 .. 25); line(160 .. 40); 

PenSize(3 .. 2); 
t1oveTo(280 .. 35); Line( 160,40); 

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

PenSlze(12 .. 8); 
PenPat(gray); 
t1oveTo(280,61); llne(160,40); 
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PenSize(15,10); 
PenPat(~Pattern); 
HoveTo(280,80); L1ne(160,40); 
PenNormal; 

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

HoveTo(560,34); OrawString('Rectangles'); 

SetRect(~ect, 510,40,570,70); 
FrameRect(tempRect); 

OffsetRect(tempRect,2S,15); 
PenSize(3,2); 
EraseRect(tempRect); 
FrameRect(~ect); 

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

OffsetRect(tempRect,2S,15); 
PenNormal; 
FillRect(tempRect,gray); 
FrameRect(tempRect); 

Off setRect (tempRect, 25, 15); 
FillRect(tempRect,~ttern); 
FrameRect(tempRect); 

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

HoveTo(70,148); OraWStrlng('RoundRects'); 

SetRect(tempRect ... 30,150,90 ... 180); 
FramaRoundAcot{tompRcot,JO,20); 

OffsetRect(tempRect,25, 15); 
PenS1ze(3,2); 
EraseRoundRect( ~ect, 30,20); 
FrameRoundRect(telJl)Rect, 30,20); 

OffsetRect(tempRect,25,1S); 
PaintRounclect(~ect, 30,20); 
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OffsetRect(tenpRect,25,15); 
PenNormal; 
F111Rot.rldRect(tenpect, 30, 20, gray); 
FrameRoundRect(teJll)Rect, 30, 20); 

OffsetRect(t~t,2S, 15); 
FillRoundRect(tempRect,30,20,myPattern); 
FrameRW1dRect(teqJRect, 30, 20); 

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

HoveTo(320,148); DraWStrIng( 'Bit Images'); 

Drawlcon(O,266,I56); 
Drawleon(I,336,I56); 
Drawlcon(2,406, 156); 
Drawlcon(3,266,I96); 
Drawlcon(4, 336, 196); 
Drawl con (5, 406, 196); 

{ --------- draw wedge samples --------- } 

HoveTo(570,148); DrawStrIng('wedges'); 

setRect(teqlRect,520, 153,655,243); 
FillArc(tenpRect, 135,65, ckGray); 
FillArc(teqlRect,200, 130, myPattern); 
FillArc(teqJRect, 330,75, gray); 
FrameArc(teqlRect,135,270); 
OffsetRect(tempRect, 20, 0); 
PaintArc(teqJRect, 45, 90); 

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

ttoveTo(80,262); DraWString( 'Polygons'); 
myPoly: =OpenPoly; 

HoveTo(30,290); 
LineTo(30,280); 
LineTo(SO, 265); 
LineTo(90,265); 
LineTo(80,280); 
LineTo(95,290); 
LineTo(30,290); . 

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

OffsetPoly(myPoly,2S,15); 
PenSize(3,2); 
ErasePoly(myPoly); 
FramePoly(~ly); 

OffsetPoly(myPoly,25,15); 
Paintpoly(myPoly); 

Offsetpoly(myPoly,2S,15); 
PenNormal; 
FillPoly(~PolY,9ray); 
FramePoly(myPoly); 

OffsetPoly(myPoly,2S,15); 
FillPoly(mypoly,~Pattern); 
FraJOOPoly(myPoly); 

KillPoly(myPoly); 

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

HoveTo(320,262); OraWString(IRegions l
); 

myRgn: =NewRgn; 
OpenRgn; 

ShowPen; 

SetRect(tetrpRect, 260, 27'0, 460,350); 
FrameRoundRect(teqlRect,24,16); 

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

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

HidePen; 
CloseRgn(~gn); 

SetClip(myRgn); 

{ end of definition } 
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FOR i: =0 TO 6 00 {draw stuff inside the clip region } 
BEGIN 

Hove To (260, 280+12*1); 
DrawString('Arbitrary Clipping Regions'); 

END; 

C11pRect(thePort A .portRect); 
OisposeRgn(~Rgn); 

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

HoveTo(580,262); OrawString('Ovals'); 

SetRect(t~ect, 510, 264, 570, 294); 
FrameOval(tempRect); 

Off setRect (teq:>Rect, 25, 15); 
PenSize(3,2); 
EraseOval(teq:>Rect); 
FrameOval (t~ect); 

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

OffsetRect(teqJRect,2S, 15); 
PenNormal; 
FillOval(tempRect,gray); 
FrameDval(tempRect); 

OffsetRect(tempRect,2S,IS); 
FillDval(tempRect,myPattern); 
FrameOval(tempRect); 

END; {OrawStuff} 
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BEGIN {main progrCID} . 
{ Initialization - Generic to all applications using QuickOraw } 
QOlnit(ilheapBuf, ilheapBuf[lOOOO], ~ull); { Must do this once at 

OpenPort(amyPort); 
PaintRect(thePortA.portRect); 

InitIcons; 
Dr~ ... Stuff; 

begiming } 

{ Paint grey background } 

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

Readln; {wait t.rltil RETURN entered before terminating program } 
END. 
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E.142 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 waming messages from the linker about name 
conflicts. 
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VAR 
heapBuf: 
SPortl: 
GPort2: 
myPort: 
myPort30: 
boxArray: 
nBoxes: 
1: 

ARRAV'lO •• 8192) (f" INTEGER; 
GrafPort; 
Port3d; 
Grafptr; 
Port3OPtr; 
ARRAV[O •• bOxCot.rltl (F Box30; 
INTEGER; 
INTEGER; 

{16k bytes} 

FUNCTION HeapError(hz: QOPtr; bytesNeeded: INTEGER): INTEGER; 
{ this procedure gets called ~ the heap zone 1s full } 
BEGIN ' 

QuickDraw 

WRITElN( 'The heap 1s full. The program RUst now terminate' '); 
HALT; 

END; 

FUNOTION Distenoe{ptl, pt2: POINTJD): REN..; 
VAR dx" cJy, cJz: REAL; 
BEGIN 

cJx:=pt2.X - ptl.X; 
dy:apt2.V - ptl.V; 
cJZ:=pt2.Z - ptl.Z; 
01stance:=SQRT(~ + dy*dy + dz-dZ); 

END; 
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PROCEDtR: HakeBoX; 

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

BEGIN 

Box30; 
INTEGER; 
Polnt3D; 
Rect; 
Rect; 

p1.x:=Random mod 70-15; 
pl.y: =Random fOOd 70 -10; 
p1.z: .. 0.0; 
p2.x:=p1.x + 10 + ABS(Random) MOO 30; 
p2.y:=p1.y + 10 + ABS(Random) HOD 45; 
p2.z:=p1.z + 10 + ABS(Random) MOO 35; 

QuickDmw 

{ reject box if it intersects one already in list } 
SetRect(myRect,ROUND(pl.x),ROUNO(p1.y),ROUND(p2.x),ROUNO(p2.y»; 
FOR i: =0 TO nBoxes-1 00 

BEGIN 
11TH boxArray [ i] 00 

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

IF SectRect(myRect, testRect, testRect) n£N EXIT(t1akeBox); 
END; 

myBox.ptl: =pl; 
myBox. pt2: ·p2; 

{ calc midpoint of box and its distance from the eye } 
p1.x:=(pl.x + p2.x)/2.0; 
pl.y:=(pl.y + p2.y)/2.0; 
p1.z:=(pl.z + p2.z)/2.0; 
Transform(pl,p2); 
myBox.dist:=Oistance(p2,myPort30- . eye); {distance to eye } 

i:=O; 
boxArray(nBoxes).dist:~X.dist; { sentinel} 
WHILE myBox.dist > boxArray[i1.d1st 00 1:=1+1; {insert 1n order of dist} 
FOR j: -nBoxes OO~TO i + 1 00 boxArray( j] : -boxArray( j-1 ]; 
boxArray[ i 1 : =myBoX; 
nBoxes: =nBoxes+ 1; 

END; 
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PROCEDURE DrawBox(ptl, pt2: Polnt30); 
{ draws a 30 box with Shaded faces. } 
{ only shades correctly in one dIrection } 
VAR teqlRg1: RgnHandle; 

BEGIN 
tenpRgn: =Ne~; 
OpenRgn; 

t1oveTo30(pt1.x, pt1.y, pt1.z); { front face, y=yl } 
LineTo30(pt1.x, ptl.y, pt2.z); 
L1neTo30(pt2.x, ptl.y, pt2.z); 
LineTo30(pt2. X, ptl.y, ptl.z); 
L1neTo30(ptl.x, ptl.y, pt1.z):; 

CloseRgn{tempRgn); 
Fl11Rgn(tempRgn,white); 

OpenRgn; 
HoveTo30(pt1.x,pt1.y,pt2.z); { top face, z-Z2 } 
LineTo30(ptl.x, pt2.y, pt2.z); 
LineTo30(pt2. X, pt2 .y, pt2.z); 
LineTo30(pt2.x, ptl.y, pt2.z); 
LineTo30(pt1.x, ptl.y, pt2.z); 

CloseRgn(tempRgn); 
FillRgn(tempRgn,gray); 

OpenRgn; 
tfoveTo30(pt2.x,pt1.y,pt1.z); { right face, x=x2 } 

LineTo30(pt2. X, pt1. y, pt2 .z); 
LineTo30(pt2.x, pt2.y, pt2.z); 
LineTo30(pt2.x, pt2.y, ptl.z); 
L1neTo30(pt2. x, ptl. y, ptl.z); 

CloseRgn(tempRgn); 
FillRgn(tempRgn, black); 

PenPat(.,1 te); 
tIoveTo30(pt2.~pt2.y,pt2.z); {outline rl~t } 
llneTo30(pt2.x, pt2 .y, ptl.z); 
LineTo30(pt2.x, ptl.y, pt1.z); 
PenNormal; 

0IsposeRgn(tenpql); 
END; 
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BEGIN {main program } 
{ Initialization - Generic to all applications using QuickDraw } 
QOInit(iiIheapBuf, iJheapBuf[8192], iiheapError); { Must do this once at 

myPort := aGPort1; 
OpenPort (myPort); 
myPort3D := aGPort2; 
Open3OPort(myPort30); 

begiming ) 

ViewPort(myPort'" .portRect); { put the image in this reet } 
LookAt(-100, 75, 100,-7S); { aim the camera into 30 space } 
ViewAngle(30); { choose lens focal length } 
Identity; Roll(20); Pitch(70); {roll and pitch the plane } 

Per9at( .-hi te); 
BackPat(black); 
EraseRect(~rt"'.portRect); 

fOR i:=-10 TO 10 00 
BEGIN 

MoveTo30(i*10, -100, 0); 
LineTo30(i*10, +100, 0); 

END; 

fOR i:=-10 TO 10 00 
BEGIN 

t1oveTo30( -100, i*10, 0); 
LineTo30( +100, i*10, 0); 

END; 

nBoxes:=O; 
REPEAT t1akeBoX; UNTIL nBoxeS=boxColrlt; 
fOR i:=nBoxes-l OOINTO 0 00 
Dr~x(boxArray[i].ptl,boxArray[i].pt2); 

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

ReadLn; {"'ait LIltil RE~ entered before terminating program } 

END. 
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E.15 ~ 
. The ~rt unit (In the file QD/QOSl4lport. TEXl) provides the 
Initialization that you need to use QuICkDraw In the QDlnlt prOCedUre, as wen 
as procedures for simplified access to mouse tracking, the mouse bUtton, and 
souna generation, and useful definitions of font numbers. For more detailed 
information on mouse-handling routines and sound" refer to ~lx F" 
HanfWare Interface. 

UNIT QOSupport; 

INTERfACE 

USES 
{$U (Xl/ttli tStd. 08J } U'li tStd, 
{$U QOlUni tHz • OBJ } U'li tHz, 
{$U QO/Hardware. OOJ } Hardware" 
{$U QO/Fontngr .OBJ } Fontngr" 
{$U W/QuiCkOraw. OBJ} ~iCkora,,; 

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

FTile12 = 4; {proportional} 
FTile18 = 5; {proportional} 
FTile24 = 6; {proportional} 
FP1STile = 7; {Monospaced - 8 lines/inch 8c 15 chars/inch} 
FP12Tile = 8; {ttonospaced - 6 lines/inch 8c 12 Chars/inch} 
FP10Tile = 9; {HonOspaced - 6 lines/inch 8c 10 cnars/inch} 
FGent12 = 10; {proportional} 
FGent18 = 11; {proportional} 
FCent24 = 12; {proportional} 
FP12Gent = 13; {Monospaced - 6 lines/inch 8c 12 cnarslinch} 
FP1DCent = 14; {Monospaced - 6 lines/inch 8c 10 charS/inch} 
FP20Tile = 19; {Monospaced} 
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PROCEDURE QOInlt(startPtr, I1mitptr: QOPtr; ErrorProc: QOPtr); 
{ QDInit: Initializes QuickOraw unit by setting up its heap 

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

PROCE~ GetHouse(VAR pt: Point); 
{ GetHouse: Returns the current noose location in the local 

coordinates of the current grafPort. } 

FUNCTI~ HouseButton: 800..EAN; 
{HouseButton: Returns TRl£ if the noose button is currently held 

down, other"i se FALSE. } 

PROCEDURE Tone(wavelength, Mation: LongInt); 
{ Tone: ProduCes a square wave tone of the specified 

wavelength (microseconds) for the specified duration 
(milliseconds). } 

E-107 



Pascal Reference I'18nuaJ QuickDmw 

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. 

bl~ A poInter to a bit image, the row width of that image, and its 
boundary rectangle. 

boln:Jary recta'lgJe: 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 comer 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, indepelldent 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~ 

clipplr¥:J Limiting drawing to withIn the bol.Ilds of a particular area 
clippirfJ region: Same as clipR~ 

cliJAgt The region to which an application limits drawing in a grafPort. 

coordinate pl8'llt A two-dimensional grid. In QuickDraw, the grid coordinates 
are integers ranging from -32768 to +32767, and all grid lines are infinItely 
thin 

runor. A 16-by-16-blt image that appears on the screen and is controlled by 
the mouse. 
cursor level: A value, Initialized to 0 when the system is booted, that keeps 
track of the ntmber of Umes the cursor has been hIdden. 

erflJly: COntaining no bits, as a shape defined by only one point 
foot: The complete set of cryaracters of one typeface, such as Century. 
fnme: To draw a shape by drawing an ouUine of it 
global coordinate system: The coordinate system based on the top left comer 
of the bit image being at (O..o~ 

Graf3O: A three-dimensional graphics unit that calls QuickOraw routines. 

gmfPort: 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, ~ other pen characteristics. 

grafPtr. A pointer to a grafPort. 

handle: A pointer to one master pointer to a dynamIc, relocatable data 
structure (such as 8 region~ 

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

kem To stretch part of a character back lIlder the previous character. 
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local coordinate system: The coordinate system local to a grafPort, imposed 
by the bculdary rectangle defined in its bitmap. 

missing syrrtJol: A character to be drawn in case of a request to draw a 
character that is miSSing from a particular fonl 
pattem An 8-by-8-bit image, used to define a repeating design (such as 
stripes) or tone (sUCh as gray~ 

pattern tl'alsfer mode: 01e of eight transfer modes for drawing lines or 
s~ ~th a pattenn. . 

picture: A saved sequence of QuickDraw drawing commarlds (and, optiooally, 
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. 
pbel: The visual representation of a bit 00 the screen (white if the bit is 0, 
black if it's 1). 

point: The intersection of a horizontal grid line and a vertical grid line on 
the coordinate plane, defIned by a horizontal and a vertical coordinate. 

polygEl't A sequence of connected lines, defined by Quick Draw line-drawing 
commands. 
port: GrafPort or Port30. 

Port3O: A data structure in Graf3D that maps three-dimensional coordinates 
into a two-dimensional QuickOraw grafPort. 

Port3lPt.r. A pointer to a Port30. 

portBits: The bitmap of a grafPorl 
portBlts..tn.n:.ts: The bot.Ildary rectangle of a grafPOrt's bItmap. 
portRect: A rectangle, defined as part of a grafPort, which encloses a subset 
of the bitmap for ~ by the gratPort. 
regtm: fVl 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 runber of bytes in each row of a bit Image. 

scale: To shrink or expand by a specified factor. 
soUd: Filled In with any pattem 

source transfer mode: 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. 

thePort3O: A global variable that points to the current Port3D. 

t.rar1Sfer mode: A specification of which boole81 operation QuickDraw should 
perform when drawing or when transferring a bit image from one bitmap to 
another. 
tnnlate: To move in three-dimensional space by a specified amDlIll 

t.ra1sfonnatioo mat.rlx! Same as xForm matrix. 

~ pyramid: The portion of three-dimensional space that a camera eye 
can see. The pyramides apex is the point of the camera eye; Its base is the 
vie"IRect in a Port30. 

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

xForm matl1x: A 4x4 matrix that holds an equation to tra'lSform 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 in:lude the rrouse, the cuner, the display, the contrast 
control, the speaker, both lJ !decoded and decoded keyboard access, the micro­
second and millisecond timers and the hardware clocklcalerKtar. 

This appendix contains Pascal procedure and function declarations interleaved 
with text describing them. Pascal type declarations and a stmm8ry of the 
function and procedure declarations C<Il be fOll1d in Section F .10, Interface of 
the Hardware Unit. 

Programs using this LIlit stoold be call111ed against the file QOlHardware'(BJ 
and linked to the file QDIHWlntl.CBJ. 

F.l The Mouse 
F.l.l Mouse Location 

PrtJceWre M:Jusel.ocatim (var x: Pixels; var y: Pixels); 

The mouse Is a poInting devIce used to IndIcate screen locations. 
Mrusel...ocatlm returns the location of the mouse. The X -coordinate can rMge 
from 0 to 719, and the V-coordinate from 0 to 363. The Initial mouse 
location is 0,0. . 

F .1.2 . MJuse 4Jd8te Frequen:y 

PrtJceWre MJaeC ~tes (delay; MUllSectms); 

Software krowledge of the mouse location is l4Jdated periodically, rather tha1 
continuously. The frequency of these updates can be set by calling 
MOl_ ~ The time between ~tes can Jar'9! from 0 milliseconds 
(contiruJUS updating) to 28 miUiseCOllds, in intervals of 4 milliserolds. The 
initial settil'VJ is 16 millisecor ads.. 

F.1.3 MJUSe 8callrv:l 
ProceWre MJllSeSt:altrJ:I (scale:800lem); 

PrtJceWre JwbJseThresh (thresmld: PIxels); 

The relationship between physical mouse movements and logical mouse move­
ments is not necessarily a fixed linear mapping. Three alternatives are 
available: 1) LIlSCaled, 2) scaled for fine movement and 3) scaled for coarse 
movemenl Initially mouse movements are tmCaled. 

When mouse movement is lI1SCBled a horizontal mouse movement of x lIlits 
yields a ctalge in the mouse X-coordinate of x pixels. Similiarly, a vertical 
movement of y lIlits yields a ctalge is the mouse Y -coordinate of y pixels. 
These rules apply indepelldent of the speed of the mouse movement. 
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When roouse movement Is SC8let:t horizontal movements are maglifled by 312 
relative to vertical movements. This is to compensate for the 213 aspect 
ratio of pIxels on the screen. When scaUng Is In effect, a distinction is made 
between fine (small) movements CIld coane (large) movements. Fine move­
ments are sUgltly reduced, while coarse movements are magnIfied. For scaled 
fine movements, 8 horizontal mouse movement of x lI'llts yields 8 change in 
the X-coordlnate of x pixels, rut a vertical movement of y lIlits yields a 
change of (213}*y pixelS. For scaled coarse movements, a horizontal movement 
a x tIlits yields a change of (312}*x pixels, whlle a vertical movements of y 
lI'llts yields 8 change of Y pixels. 
The distinction between fine movements and coarse movements is determined 
by the sun of the x and y movements each time the mouse location is 
updated. If this st.m is at or below the thresflolct the movement is coosidered 
to be a fine movemenl Values of the threshold range from 0 (which yields all 
coarse movements) to 2S6 (which yields all fine movements~ Given the 
default mouse l4Jdating f~y, a threshold of about 8 (threshold's initial 
setting) gives a comfort.ciJle transitim between fine and coarse movements. 
f'bJSeScalIng enables and disables roouse scaling. MouseThresh sets the 
threshold between fIne and coarse movements. 

F.1.4 M:ue D:bneter 

Ftn::tlm ~r: M5lyPlxels; 

In order to properly "specify, desiCJ1 and test mice, U's important to estimate 
how far a mouse moves wring its lifetime. MJuseObneter returns the SlITl 
of the X and Y movements of the mouse since I:xlot time. The value returned 
is in (UlSCaled) pixels. There are 180 pixels per il1ch of mouse movemenl 

F.2 The 0Jn0r 

ProcedJre OJnorlmage (tIltx: Pbcels; hotY: Pixels; heigtt: CUrsoIHeig.t; data: 
CUnorPtr; nmk: CUnorPtr); 

The cur.ror Is a small image that is displayed on the screen. Its shape is 
specified by two bitmaps, called data and mask These bItmaps are 16 bits 
wide CIld from 0 to 32 bits hlgl. The rule used to corrbine the bIts already 
on the screen with the data and mask Is 

screen <- (screen and (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 ~ mask bitmaps are identical, the effect is to or the data onto the 
screen. 
The cursor has both a location Sld a hotspot. The locatim is a position on 
the screen, with X-coordinates of 0 to 719 and V-coordinates of 0 to 363. 
The hotspot is a position within the cursor bitmaps, with X- am Y-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 completely off the screen. 

f'1ost cursor operations can be performed by calling the SetCursor, HideCursor, 
ShlwOJrsor, and (I)scure().n"so procedures defined by QuickDraw (see Section 
E.9.2, CUrsor-Ha1dling Rootines~ Additional capabilities are provIded by the 
Hardware Interface routines described below. 

The CUrsorImage 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 bIen< (invisible) cursor. The initial hotspot is 
OJ]. 

F.2.1 CUrsorll'1x.ae Tm::kirv:J 

Procerure CUrsorTrackinJ (track: Boolean); 

Procerure cunort...ocatim (x: Pixels; y: Pixels); 

OJrsorTmd<l"J enables and dIsables cursor /.r8cking 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 CUnorlocation 
will have no effect; the cursor sticks with the mouse. 

When trackIng is disabled, the mouse location CJld cursor location are indepen­
dent. Calling CUrsorLocatim will 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, enabllng tracking does not move the cursor; it does modify the mouse 
location. Initially trackIng Is enabled. 

F.2.2 The Busy CUrsor 

Procerure Busylmage (rotx: Pixels; mtY: Pixels; reig,t: CUrsoIHeig-tt; data: 
CUrsorPtr; mask: QJnorPtr); 

procewre BusyDelay (delay: Mllliseca 0$); 

Applications may desire to display a busy ClUSOI (e.g., an hourglass) when an 
operation In progress requires more than a few seconds to complete. The 
Busylmage procedure is used to specify the data bitmap, mask bitmap, height 
and hotspot of the busy cursor. 
A call to BusyOelay specifies that the normal cunor should currently be 
displayed, and that display of the busy cursor should be delayed for the 
specified runber of milliseconds. SUbsequent calls to BusyOelay override 
previous calls, postponing display of the busy cursor. If no calls to BusyDelay 
occur for the specified runber of milliseconds, the busy cunor will be 
displayed until the next call to BusyDelay. 

Initially the busy cursor data and mask bitmaps contain all zeros, which yields 
a blCYlk (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 Bus)<lelay is 
called. 

F.3 The Display Screen 

ProcecUe ScreenSlze (var x: Pbels; var y: Pixels); 

The display screen is a bit mepped display; 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.. 

Flft;tioo FnmeCc:ulter: Fnmes; 

The screen is redisplayed about 60 times per second. A h8me cot/I1tsr is 
incremented between screen updates, at the vertical retrace interrupl The 
frame counter is an lJ1si1}led 32-bit integer which is reset to 0 each time the 
machine is booted. FnmeCc:ulter retums this value. An application can 
synchrcnize with the vertical retraces by watching for cha ges in the value of 
this COlIlter. The frame counter should not be used as a timer; use the 
millisecond and mircosecolld timers instead. 

F .3.1 Screen Cootrast 
Flft;tioo Cmtrast: ScreaContrast; 

ProcecUe Setcontrast (oonUmt: ScreerContJast~ 

The display's contrast level is l.I1der progrcm control. Contrast values range 
from 0 to 255 ($FF), with 0 as maxim.m contrast and 2SS as mininun. 
Cmtrast returns the contrast setting; Set.Cmt.rast sets the screen contrast. 
The low order two bits of the contrast value are iCJ1Ored. The initial contrast 
value is 128 ($SO} 

ProcecUe R~tmst (cmtmst: ScreerContJast); 

A SUdden change in the contrast level can be jarring to the user. 
~trast gradually changes the contrast to the new setting over a period 
of abaJt a secorid. ~ returns immediately, then ~ the 
contrast using interrupt driven processing. 

F.3.2 ~tic Screen F~ 

FU'CUoo DlmCmtrast: ScreaCmtrast; 

ProcecUe setolmCmtrast (cmtrast: ScreerCootrast); 

The screen contrast level is automatically dimmed if no user activity is noted 
over a specified period (usually several minutes} This is done in order to 
preserve the screen phospher. DlrrCmtrast returns the contrast value to which 
the screen is dimned; SetDinColtrast sets this value. The initial dim 
contrast setUng is 176 ($BO~ 
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Ftn:tim FadeOelay: MllllSean1s; 

Procec:lJre SetFadeOelay (delay: MlllISecmds); 

The delay between the last user activity and dimming of the screen is LIlder 
software control. FadeOelay returns the fade delay; SetFadeDelay sets it. 
The actual delay will 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 brig,t level (determined by the Cootrast arK1 SetCmtrast 
routines defined above~ f'1oving the moose or pressirg a key on the keyboard 
(e.g., SHIFT) is erlOlJI1l to trigger the screen bri~tening. Calling 
CUnmLocation or SetFadeOelay also indicates user activity. 

F.4 The Spe8<er 
Ft.n:tim Voltme: ~lune; 

ProceOJre SetVolt.me (volt.me: ~IVolt.me); 

Procec:lJre ~:se (waveLengttt MlCIOSeco'Ds); 

ProcedIre Slleree; 

Procec:lJre Beep (wavel..engttt MlcroSeconds; clJration: MllllSean1s); 

The routines in this section provide square WfWe output from the Lisa speaker. 
The speaker volt.me C31 be set to values in the TCV1Qe 0 (soft) to 7 (loud). 
Voltme reads the volt.me setting; SetVOltme sets it. The initial volt.me 
setting is 4. 

~se produces a square wave of apprOximately the specified wavelergth. 
Silence sMs off the square wave. The minirrun wavelength is about 8 
microseconds, which correspoods to a frequency of 125,000 cycles per second, 
well above the audible rSlge. The maxinun wavelergth is 8,191 micro­
seconds, which correspoc Ids to about 122 cycles per second. 

Noise and Sileree 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 Noise, Sllence Sld Beep are 
overridden by subSequent calls. 

F.5 The Keyboard 
The routines in this section provide an interface to the keyboard, the keypad, 
the mouse button and plug, the diskette buttons and insertion switches, and 
the power switch. Two interfaces are provided, a poll able keyboard state and 
a queue of keyboard events. 

Three physical keyboard layouts are defined, the "Old US Layout" (with 73 
keys on the main keyboard and runeric keypad), the "Final US Layout" (76 
keys) and the "European Layout" (77 keys~ Each key has been assigned a 
ke~ which lfliquely identifies the key. Keycode values range from 0 to 
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127. Table F-l defines the keycodes for the "Final US layout", usIng the 
legends from the US Keyboard. The "Old US L8yout" has three less keys; I\, 
AlJtl8 Enter, ~ Rlglt qltIon are not on the old keyboard. The "European 
layout" has one additional key, ><, wIth a keycode of $43. 

Two keys on the "Old US Layout" generate keycodes dIfferent from the 
corresporxti~ keys on the "Final ~,L8yout". To aid in compatibility, 
software Changes the keycode for from $7C to $68, CI1d the keycode for 
Rlg,t ~Uon from $68 to $LIE. 

TCI)le F-l 
KeyCOdes for ""Final US L8yrut-

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 
o 

1110 
E 

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

INSERTED ::::::::::::::::::::::: 

............ 
PARALLEL ,::::::::::::::::::::::: 
P~T '::::::::::::::::::?: 

nOOSE 
BUTT(Jf 

nOOSE 
PLUG 

PWER 
BUTT(Jf 

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

010 
2 

CLEAR 

7 

8 

9 

I 
[!J 

4 

5 

6 

, 
(fJ 

2 

3 

011 
3 

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

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

100 
4 

+ 

= 

\ 

:::::::::::: p ............ . .......... . ............ 
)}}}}) BACKSPACE ............ 
............ 
::::::::::::::::::::::: AlPHA 
::::::::::::::::::::::: ENTER 

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

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

o 

? 
I 

1 

RIGHT 
(PTI(lf 

101 
5 

) 
o 
u 

J 

K 

{ 
[ 

} 
] 

M 

L 

; 

SPACE 

< 

> 

110 
6 

E 

6 
& 
I 

* 
8 

% 
5 

R 

T 

y 

F 

G 

H 

v 

c 

B 

N 

111 
7 

A 

ii) 

2 

# 
3 
$ 
4 

1 

Q 

s 

w 

TAB 

z 

x 

o 
LEFT 

(PTI(If 

CAPS 
LOCK 

SHIFT 
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F 5.1 Keyboard IdenUflcaUm 

FlrCtion KeybOaIO:: KeyIJdId; 

FlflCtion LegerU: Keybdld; 

ProceWre setLegeOOs (ld: Keybdld); 

Hantware InleJ"Face 

Usa software supports a host of d1fferent 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 
identi- fication number. The KeybOards self Identify when the machIne Is 
turned on and when a new keyboard Is attached. Keyboard returns the 
Identification number of the Keyboard currently attached. Legends and 
setLegeOOs provIde a means Of pretending to have dIfferent legendS, wIthOUt 
physIcally replacIng the keybOard. 
Keyboard identl flcaUon numbers: 

7 6 5 4. 
I ~acturer LayOUt 

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) 

LayootA.egerU: 

$OF Old US 

$26 
$27 
$29 
$29 
$2A -­
$26 -­
$2C -­
$2D -­
$2E 
$2F --

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

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

(allocated for propoSed software) 
(allocated for proposed soft'Ware) 
(allocated for proposed soft'Ware) 

$3F -- Final US 

F.52 Keyboard state 
FtIlCUoo KeylsDown (key: Ke)Cap): Booleal; 

~ Keyt-1ap (var keys: Keycapset); 

Low level access to the keyboard Is provided througn a pollable keyboard 
state. This state Information Is based on the pnyslCal keycoaes defined abOve. 
KeylSl:Jown returns the poSition of a single specified key. Keytvlap returns a 
128-blt map ... one bit 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 
al'Ways be zero. These Keys are the diSkette insertion switChes and buttons ... 
parallel port ... and power swltCtl. (The parallel port and mouse plug keys are 
unreUable across rebOots on older hardware.) 

F.S.3 KeyboaId 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 
ascII ~II InterpretaUon of this key 
state caps-locK ... Shift, option, .... 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 
Ume value of the mll11second tImer When the key was pressed 

K.eycode -- KeyCOdeS are defined In Table F-l, abOve. 
AscII -- The ASCII Interpretation of keys depends on the state of the caps­
lOCK ... shIft and opUon 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. 

5m~ 
$00 (N..L~ 

$01 so-t 
$03 ETX 
$08 ) 

:~(~ 
$18 (ESC) 

:~g ~(~~ $lE S 
$lF 
$20 SP 

DIsk ~ lmerted 
Disk 1 Button 
Disk 2 Inserted 
Disk 1 Button 
Power Button 
Mouse Button (down) 
Mouse Plug (in) 
f'-1ouse Button (l4» 
Moose Plug (out) 
Enter 
BackSpace 
Tab 
Return 
Clear 

Left 
RIght 
Up 
[)own 

Space 

Haniware 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. M 
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-Iock,bOtn shift 
keys, option keys, m the "key. The mouse button generates events on both 
the down and ~ transitions. Down transItions have an ascII value of 0, ~ 
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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Ftretlon KeytxPeek (repeats: Boolean; Index: Keytxr;)lndeX; var event: 
KeyEvent~ Boolean; 

KeytxPeek Is used to excmlne events In the keyboard queue, without removing 
them from the queue. The first lt1pJt parcmeter 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 event To 
examine an enUre queue, first call KeytxPeek with a queue index of 1. If an 
event is returned, call it again wIth a queue index of 2, etc. 

FtreUon KeybEvent (repeats: Boolean; walt: Boolean; var event: KeyEvent.} 
Boolean; 

KeytxEvent 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. 
KeytxEvent returns a boolean result which is true if an event is returned. 
The fint parameter to KeytxEvent is used to indicate if the caller will 
accept repeated events a1 this call. The second parameter indicates if the 
fLllCtions should wait for an event if one is not immediately available. 

F 5.4 Dead Key Diacriticals 
Many languages erJ1)loy diacritical marks on certain letters. several of the 
required diacritical mark-letter combinations appear on Europea1 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), CIld then typing. the letter. Dead key diacriticals appear on 
keyboard legends as the diacritical mark over a dotted square or hollow box. 

circumflex -- a e i 0 a 
grave accent .. -- it e i 0 U 
tilde - -- a iir\I 5 
acute accent ., -- a ~ 6 tl 
umlaut .. -- aA e i oH GO 

A dead key diacritical 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 end time corresponding to the space, but the 
ASCII value of the dIacrItical mark. FInally, a dead key dlacrItlcal followed 
by any other character (i.e., not a space or defined letter) yields the diacrit­
icalmark followed by the other character. 

diacritical, defined letter --> foreign character 
diacritical, space --> diacritical 
diacritical, other character --> diacritical, other character 
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F55 Repeats 
rvIost keys, if held down for ~ 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 conditions are as follows: 

1. KeytxPeek or Keytx£vent is called with repeatsOesired 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 evenL 
S. The key is repeatable. 
6. Enough time has elapsed. 

Repeats generate events wIth the following attrllxJtes: 

keycode original keycode 
ascll original ASCII interpretation 
state original position of the caps-lock, shift, etc. 
rn:ueX revised X -coordinate of the mouse 
rmuseY revised Y -coordinate of the mouse 
time revised value of the millisecond timer 

ProcedIre RepeatRate (var initial: MilliSeconds; var Sl.tJseqIBlt: MiIUSeconds); 

PmceWre setRepeatRate (initial: Ml1l15eca1ds; Sloequent MllliSecoods); 

The repeat rates can be read and set by cans to RepeatRate and 
setRepeatRate. The Tates include an initial delay, which occurs prior to the 
first repetition, and a subsequent delay, prIor to additional repetitions. They 
are both in units of milliseconds. The default repeat rates are 400 
milliseconds Initially and 100 mllllseconds subsequently. 

F.6 The Microseca Id Timer 

Ft.IlCtion MlcroT1mer: Mlcroseca 0$; 

The MlcroTJmer fll1Ction sirrulates a contiruously Itn1lng 32-blt cot.r1ter 
which is incremented every microsecond. The timer Is reset to 0 each time 
the machine Is booted. The timer ctBlges slgl aboUt once every 35 mirutes, 
and rolls over about every 70 minutes. 

The microsecond timer is deslge:.S for performat"'Ce measurements. It has a 
resolutlon of 2 microseconds. calling MlcroTImer from Pascal takes aboUt 135 
microseconds. Note that interrupt processing will have 8 major effect on 
microsecond timings. 
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F.7 1he MllJlsean:J Timer 

Ftn:Um TImer: MllUsecOIm; 

l-IBIr:IwaJ"8 Interface 

The Timer ftrlCtion slrrulates a contiooously IU'Yllng 32-blt COtIlter Which is 
l~remented every mUlIsecond. 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 ~ repeat keys. It can also be used for performance measurements, 
assuming that millisecond resolution is sufficient. 

F.8 Date tm Time 

PIoa:dJre Dat.eTlme (var date: DateArray); 

PIoa:dJre SetDat.e11me (date: DateArray); 

PIoa:dJre DateToTIme (date: DateAnay; var time: Seconds); 

The current date and time are available as a set of 16-bit integers which 
represent the year, day, hour, mirute CI'ld second, by calling oat.enme and 
SetDateTIme. The date and time are based on the hardware clock/calendar. 
ThIs restricts dates to the years 1980-1995. The clock/calendar contit'1JeS to 
operate during soft power off" 81d for brief periods on battery backup if the 
machine Is tJIlllugged. If the clock/calendar hasn"t been set since the last loss 
of battery power, the date eJld time will be midnight prior to January 1, 1980 • 

. Setting the date and time abo sets the time stanp described below. 
DateToTime converts a date end time to a time stamp, defined in the next 
section. 

F.9 TIme Sbrq) 

FWlCtion ~ Seconds; 

PIoa:dJre Setl1meSta'rlJ (time: Seconds); 

PIoa:dJre TuneTdJate (time: Seconds; var date: DateAnay); 

The current date and time are also available as a 32-blt l.I1Signed integer 
Which represents the· rurtJer of secor Ids since the midnight prior to 1 January 
1901, by calling TiJneSta11J and Set11lneStar1ll. The time stafT1J will roll over 
CI1Ce every 135 yean. Beware--for dates beyond the mid 1960's, the sign bit 
is set. The time st8f1l) is based on the hardware clock/calendar. This clock 
continues to operate Wring soft power off, and for brief periods on battery 
backup if the machine is l.q)lugged. If the clock/calendar hasn't been set 
since the last loss of battery power, the date and time will be midnight prior 
to JanJary 1, 1980. Setting the time stamp also sets the date and time 
described above. Since the date ~ time is restricted to 1980-1995, the time 
stamp is also restricted to this range. TlmeTc1late converts a time stamp to 
the date and time format defined above. 
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F.10 Interface of the Hardware Ullt 

Uni t Hardware; 

Interface 

type 

Pixels 
HanyPixels 
CUr sorHeiglt 
CursorPtr 
DateArray 

Frames 
Seconds 
Milliseconds 
MicroSeconds 
SpeakerVollllE 
ScreenGontrast 
KeybdQlndex 
KeybdId 
KeyCap 
KeyCapSet 
KeyEvent 

{ Mouse } 

= Integer; 
= longInt; 
= Integer; 
= "Integer; 
= Record 

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

- LongInt; 
= longlnt; 
= Longlnt; 
= longlnt; 
- Integer; 
= Integer; 
= 1. .1000; 
= Integer; 
= o .. 127; 
= Set of KeyGap; 
= Packed Record 

key: Keycap; 
ascii: Char; 
state: Integer; 
fOOUseX: Pixels; 
rouseV: Pixels; 
time: MilliSeconds; 
end; 

Hardware Interface 

Procedure HouseLocation (var x: Pixels; var y: Pixels); 
Procedure HouseUpdates (delay: Milliseconds); 
Procedure House5caling (scale: Boolean); 
Procedure HouseThresh (threshold: Pixels); 
Function HouseOdorteter: HanyPlxels; 
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{ Cursor } 

Pr~)edure Cursorlocation (x: Pixels; y: Pixels); 
ProGedure CUrsorTracking (track: Boolean); 

1-IsrdW8J'l! InteJ'fBCe 

Protm.are QJrsorlmage (hotX: Pixels; hotY: Pixels; height: 
eursorHeight; data: CUrsorPtr; mask: Cursorptr); 

Proeedure Busylmage (hot)(: Pixels; hotY: Pixels; height: 
eursorHeight; data: CUrsorPtr; mask: CursorPtr); 

ProcedUre BusyOelay (delay: MilliSeconds); 

{ SCre.:n } 

function FraneCounter: Frames; 
Procedure ScreenSize (var x: Pixels; var y: Pixels); 

FlI1Ction Contrast: ScreenContrast; 
ProcedUre SetOontrast (contrast: ScreenContrast); 
Procedure ~trast (contrast: Screencontrast); 
Function DlmDontrast: SCreenGontrast; 
Procedure SetoinContrast (contrast: ScreenContrast); 

FlflCtion FadeOelay: MilliSeconds; 
Pr()(~e SetFadeOelay (delay: MilliSecondS); 

{ Speaker } 

Function Volume: SpeakerVolume; 
Proc::edUre SetVolune (vol~: SpeakerVolune); 
Procedure Noise (wavelength: MicroSeconds); 
ProcedUre Si lence; 
Proc;edure Beep (wavelength: MicroSeconds; duration: MilliSeconds); 
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{ Keyboard } 

Function Keyboard: Keybdld; 
Function Legends: Keybdld; 
ProcedUre setlegends (id: KeybdI d); 
Function KeyIsDown (key: KeyCap): Boolean; 
ProcedUre KeyHap (var keys: KeyCapSet); 

Hardware Interface 

Function KeytxPeek (repeats: Boolean; index: KeybdQlndex; var 
event: KeyEvent): Boolean; 

Function KeybdEvent (repeats: Boolean; wait: Boolean; var event: 
KeyEvent): Boolean; 

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

Procedure SetRepeatRate (initial: MilliSeconds; sub~t: 
Hill iseconds); 

{ Timers } 

Function HicroTiner: HicroSeconds; 
Function Timer: Milliseconds; 

{ Date and Time } 

ProceOJre DateTine (var date: DateArray); 
Procedure setDateTime (date: DateArray); 
Procedure DateToTime (date: DateArray; var tiRE: Seconds); 

{ Tine SUJIp } 

Function TimeSUJIp: seconds; 
Procedure SetTineStaql (time: seconds); 
Procedure TimeToOate (tine: seconds; var date: DateArray); 
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Appendix G 
Lisa Character Set 

0 1 2 345 6 7 8 9 ABC 0 E F 

0 NUL DLE 

1 SOi DCl 

2 STX 002 

3 ETX DC3 
Enter # 3 c s c 

4 EOT 004 $ 4 D T d 
5 ENQ tuIK E U e % 5 
6 

ACt( SVN & 6 F V f 
7 BEL ETB t ~ G W g 
SSS CAN (8 H X h 

........................................................................................................... 
9 HT ) 9 I Y i y (t{r H~tt })?~ Iftt ~ttt ~r}} ?ft? ~rrr 
A LF 

B VT 

C FF 

0 CR 

E SO 

F SI 

SUB * 

ESC 
Clear + 
FS 
[jJ ( 

GS 
~ - = 
~ ) 

~ / ? 

The first 32 characters and DEL are nonprinting control codes.. 

TIle snaoeo area Is reserveo for future use. 
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Appendix H 
Error Messages 

f-ll lexical ElIOI1 •••.••...••••••••.••.•.•.•••••••••.•.•••••.••••....••.•••••••..••.....•••••.•...• H-l 

t-l2 Syrrt.actic EllOI'S ••••••••••••••••••••••••••••••••••••••••.•••.•..••••••••••••••.•••••••.•••••.• H-l 

f-l3 Ser1B1tic Enors .•••.•....•......••.•.........•......•.....•....•..•.......................... H-2 

J-f..4 Q:rlditiCl'l:ll ~natlm .........................•..........•...............•..........•.• H-4 

f-lS ~iler ~fic linlitatiOllS .......................................................... H-4 

f-l6 IJ() EI10II .•..•••.•..•••••..••.•.•.•••.•...•.•.•..•.....•.•.....••.••...•.•.....•.•...•...••..•.• H-4 

f-l7 Clascal Ermrs ..............•....•............•..•...............•..•.......................... ~ 

f-l8 QJde (Beatlm Ermn ..............•...........•........•........•...•........•.•.•....• H-5 

1-t9 ~ficatlm ElJOn •••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••• f-f-S 





Appendix H 
Error Messages 

I-ll Lexical EIron 
10 Too many digits 
11 Digit expected after '.' in real 
12 Integer overflow 
13 Digit expected in exponent 
14 End of line encountered 1n string constant 
15 Illegal character in input 
16 Premature end of file in source program 
17 Extra characters encou1tered after end of program 
18 End of file encountered in a conment 

t-l2 Syntactic Enors 
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 '00' expected 
48 ' to' or ' dOwnto' expected 
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49 'file' expected 
50 ' if' expected 
51 '.' expected 
52 ' inplementation' expected 
53 'interface' expected 
54 ' intrinsic • expected 
55 • Shared' expected 

H.3 Semantic Enon 
100 Identifier declared twice 
101 Identifier not of the appropriate class 
102 Identifier not declared 
103 Sign not allowed 
104 NlIrtJer expected 
105 Lower tx:x.n::t exceeds upper txuld 
106 Il'lCOIIpStible SltJrange types 
107 Type of constant must be integer 
108 Type rust not be real 
109 Tagfield must be scalar or scilrange 
110 Type incompatible with with tagfield type 
111 Index type must not be real 
112 Index type rust be scalar or SltJr81ge 
113 Index type must not be integer or longint 
114 unsatisfied forward reference 

Error tvfessages 

115 Forward reference type identifier cannot appear in variable 
deClaration 

116 Forward declaration - repetition of parameter list not allowed 
117 Forward declared function - repetition of result type not allowed 
118 F\I'lCtion result type nust be scalar, Stbrange, or pointer 
119 File value parameter not allowed 
120 Hissing result type in function declaration 
121 F-format for real only 
122 Error in type of standard function parameter 
123 Error in type of standard procedure parameter 
124 NulDer of parameters does not agree with declaration 
125 Illegal paraneter SUbstl tution 
126 Result type of parameteric f~tion 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 coql8rison not allowed 
131 Illegal type of operalld(s) 
132 Type of operand must be boolean 
133 Set element type nust be scalar or subrange 
134 Set element types not compatible 
135 Type of variable is not array or string 
136 Index type is not conpatible with declaration 
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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 allo.ad 
142 Label type incompatible with selecting expression 
143 Slbrange bolIlds RUst be scalar 
144 Type conflict of operlVlds 
145 Assignment to standard function is not allo~ 
146 Assignment to formal function is not allowed 
147 No SUCh field in this record 
148 Type error in read 
149 Actual paraneter RUst be a variable 
150 Hultidefined case label 
151 Hissing corresponding variant declaration 
152 Real or string tagfields not allo.ed 
153 Previous declaration .as not forward 

Error Jvlessages 

154 SUbstitution of standard procedure or function is not allo.ed 
155 Hultidefined label 
156 Hultideclared label 
157 lkldefined label 
158 lXldeclared label 
159 Value parameter expected 
160 Hultidefined record variant 
161 FIle not allowed here 
162 Unknown COI1lliler directive (not 'external' or 'forward') 
163 Variable cannot be packed field 
164 Set of real is rot allowed 
165 Fields of packed records cannot be var paraaeters 
166 Case selector expression rust be scalar or subrange 
167 String sizes must be equal 
168 String too long 
169 Value out of range 
170 Address of standard procedure camot be taken 
171 Assignment to function result rust be done inside function 
172 Loop control variable rust be local 
173 label value rust be 1n 0 •. 9999 
174 Must exit to an enclosing procedure 
175 Procedure or function has already been declared once 
176 Hissing procedure or function body 
190 No such lJ'lit in this file 
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H.4 COOdlUmal Cmllilatioo 
260 New compile-time variable must be declared at global level 
261 Undefined compile-time variable 
262 Error in compile-time expression 
263 COnditional COIJl)ilation options nested too deeply 
264 I.Jrlnetched ElSEC 
265 tJrlnatched ENOO 
266 Error in SETe 
267 unterminated conditional compilation option 

H.5 Cmllller Speclfic Umitatims 
300 Too many nested record scopes 
301 Set limits out of range 
302 String limits out of range 
303 Too many nested procedures/flllCtions 
304 Too many nested includeluses files 
305 Includes not allo~ in interface section 
306 Pack and t.I1pack are not inplene1ted 
307 Too many units 
308 set constcnt out of rCl'lge 
309 Structure too large ( > 321< ) 
310 Paraneter list too large ( >= 321< ) 
350 Procedure too large 
351 File nane in option too long 

H.6 110 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 
406 Eror in rereading previously 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 1/0 error on debug file 

H.7 Clascal Errors 
800 OF missing 
801 SUperclass identifier missing 
802 . t1ethod t£W is not declared 
803 SUbclass declaration not allowed here 
804 I1ethod is not a procedure 
80s t1ethod is not inplen&lted 
806 Class is not inplemented 
807 SUperclass identifier is not a class 
808 Identifier is not a class 
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809 ' NEW' not allowed here 
810 'NEW' was expected here 
811 Illegal 'NE.' nethod 
812 Illegal use of class identifier 
813 Unsafe use of a handle in an assignment statement 
814 Unsafe use of a handle in a WITH statement 
815 unsafe use of a handle as a var parameter 

H.8 Code GeneraUm Errors 
1000-1999 Internal code generation errors 
2000 End of I-COde file not found 

Error ~ssages 

2001 Expressioo too cmplicated, 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 

1-1.9 Verification Errors 
4000 Bad verification block format 
4001 Source code version conflict 
4002 COmpiler version conflict 
4003 linker version conflict 
4100 Version 1n file less than minimum version supported by program 
4101 Version in file greater than maximum version supported by program 
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Appendix I 
Pascal Workshop Files 

This appendix lists the files on the Pascal 1.0 diSkettes. 

File Nane Pascal ~tes Descr1pt1oo 
Diskette 

Assent:>ler.obj 2 Worksnop program. 
BYE. TEXT 1 WorkshOp installation exec file. 
ByteDiff.Obj 3 Utility program. 
changeseg.Obj 2 Ut il1 t y program. 
Cistart.text 1 workshop installation exec file. 
CISTARTI. TEXT 1 WOrkshop installation exec file. 
Code.obj 2 Workshop program. 
Codeslze.oOj 2 UtilIty program. 
Oiff.Obj 3 Utility program. 
OUfJl)Obj.Obj 2 Utility program. 
OUfllJPatCh.Obj 3 Utility program. 
EOIT.MENUS.TEXT 3 Editor support file. 
EClitor.oOj 3 Worksnop program. 
Filediv.obj 3 Utility program. 
Filejoin.obj 3 Utility program. 
find.obj 3 Utility program. 
FNDATA 1 1,2 Data segaent. 
font.heur 1 1, 2,3 Data needed to support SYS1LiO. 
FONT .HEUR 3 Second copy of same file. 
font. lib 1 1,2,3 Data needed to support SYS1LiO. 
GETPROFILELOC.TEXT 1 Workshop installation exec file. 
GETYESNO.TEXT 1 Workshop installation exec flle. 
Gxref.obj 2 Utility program. 
INSERTDISK.TEXT 1 WorkshOp installation exec file. 
Intrinsic.liO 1 2,3 Library directory. 
IOSFpllb.Obj 3 Library unIt w/lnterface. 
IOSPaslib.obj 1 2,3 Library unit w/interface. 
LDSPREFERENCES.OBJ 3 WorkshOp program. 

f\Dte1: Tnese flIes are 1dentIcal· to OffIce system Release 1.0 fUes. 
~te 2: These fUes are identical to Office System Release 1.2 fUes. Office System 

1.2 is functionally identical to Office System 1.0, but is released to ensure 
compatlb1Uty with Pascal 1.0, BASIC-Plus 1.0, and CCECl.. 1.0. 

~te 3: These fUes are the minimum necessary to run a user program In the 
WO!1<snop env1ronment A user program may requIre otner flIes as well. 
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File NcIE Pascal Notes Description 
Diskette 

lOS RES PROCS.TEXT 3 Iorkshop data. 
linker.Obj 2 Workshop program. 
N68k.err 2 Assentller data. 
N68K .opcodes 2 Assentller data. 
Objiolib.obj 2 library unit (no interface). 
OSERRS.ERR 1 3 Workshop data. 
PAPER. TEXT 3 Workshop data. 
Pascal.obj 2 Workshop program. 
PASERRS . ERR 2 Workshop data. 
PASlIBCAll . OBJ 2 library unit w/interface. 
Portconfig.obj 3 Utility program. 
QO/BOXES.OBJ 2 Quickdralll sanple program. 
QO/BOXES . TEXT 2 Quickdraw sample program. 
QO/FH68K . OBJ 2 QuickDraw unit (no interface). 
QO/FONTNGR • OOJ 2 QuickDraw unit ./interface. 
QO/GRAF30. OBJ 2 QuickOraw unit ./interface. 
QD/GRAFlIB.08J 2 QuickDraw unit (no interface). 
QO/GRAFTVPES.TEXT 2 Quickdraw assembly interfaces. 
QO/GRAFUTIl.OBJ 2 QuickDraw unit w/interface. 
QO/HAROIIIARE . OBJ 2 Hardware unit III/interface. 
QI)/HWINTl.OBJ 2 Hardwre unit (no interface). 
QO/N/BOXES. TEXT 2 Exec file. 
QO/H/QOSAHPlE.TEXT 2 Exec file. 
QO/QOSAtflLE . OBJ 2 QuiCkdraw sample program. 
QO/QOSAHPLE.TEXT 2 Quickdraw sample program. 
QO/QOSTUFf . TEXT 2 Quickdraw unit filenames. 
QO/QOSUPPORT . OBJ 2 QuickDraw unit w/interface. 
QO/QUICKORAW.OBJ 2 QuickOraw unit III/interface. 
QO/STORAGE • OBJ 2 QuickDraw unit III/interface. 
QO/UNIT68K.OBJ 2 QuickOraw unit (no interface). 
QO/~ITHZ. OBJ 2 QuickDraw U'lit III/interface. 
QO/~ITSTO.OBJ 2 QuickOraw unit III/interface. 
resident channel 1 1,2,3 System data. 
segmap.oiij 2 Utility program. 
Shell. WorkShop 1 , Wtttk~ min prtJgl'tIIt. 
SUlib.obj 1 3 Library unit w/interface. 
Sxref .obj 3 Utility program. 

Note 1: These fUes are Identlcal to OffIce System Release 1.0 flies. 

~te 2: These files are identical to Office System Release 1.2 files. Office System 
1.2 is fll1Ctlonally identical to Office System 1.0, but is released to ensure 
cOl"f1l8tibility with Pascal 1.0, BASIC-Plus 1.0, and CCBa.. 1.0. 

Note 3: These files are the minlnun necessary to nn a user prognm in the 
Workshop env1nnnent. A user program may require other files as well. 
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FIle ~ Pascal Notes Description 
DIskette 

SXREF . Ot1IT. TEXT 3 Data. 
Sys11ib.obj 1 1,2,3 library units (no interface). 
SYS2lIB.OBJ 3 1,2,3 library units (no interface). 
SYSCALl. OBJ 2 Library unit ~/interface. 
SYSTEM. BT PR(F 1 1,2,3 System st.WJrt. 
SYSTEM.BT-TWIG 1 1,2,3 System StW,lrt. 
SYSTEM .DEBul 2 Workshop program. 
SYSTEM. 0EBlJ32 2 Workshop program. 
SYSTEM.IUOIRECTORY 1 1,2,3 System data. 
SVSTEM.LlD 1 1,2,3 System program. 
SVSTEM.lOG 1 1,2,3 System data. 
SVSTEM.OS 1 2,3 System program. 
System. Shell 1 1,2,3 System program. 
SVSTEM.STACK1 1 1,2,3 System data. 
SYSTEM.STACI<2 1 1,2,3 System data. 
SYSTEM. STACI<3 1 1,2,3 System data. 
SVSTEM.STACK4 1 1,2,3 System data. 
SYSTEM .svsuxa 1 1,2,3 System data. 
SVSTEM. SVSLOC2 1 1,2,3 System data. 
SYSTEM . SVSlOC3 1 1,2,3 System data. 
SYSTEM. SYSlOC4 1 1,2,3 System data. 
SVSTEM.TIMER PIPE 1 1,2,3 System data. 
SYSTEM. UNPACK 1 1,2,3 System data. 
term . menus . text 3 Data for transfer program. 
transfer.obj 3 Workshop program. 
Uxref .obj 3 Utility program. 
UXREF.Ut1AP.TEXT 3 Data for UXREF program . 
.mATA 1 1,2 Data ~t. 
Xejectem.obj 1 Workshop installation program. 
{T11}BUTT(M 3 2 Data. 
{T11}t£NJS.TEXT 3 2 Data. 

Mlte1: These files are Identical to OffIce System Release 1.0 flIes. 

~ 2: These files are identical to Office System Release 1.2 files. Office System 
1.2 is ftJlctionally identical to Office System 1.0, but is released to ensure 
COI'f1l8t1bility with Pascal 1.0, BASIC-Plus 1.0, and CCBCL 1.D. 

Nota 3: These flIes are the mlnlrrun necessary to N1 a user program in the 
WOrkShop envIrorment A user program may requIre other files as well. 

1-3 





NOTES 





Index 

Please note that the topic references in this Index are by sectlm rurDer. 

----------A----------
abs flllCtion 11.4.2 
adcuracy in real ari thRetic 0 
actual-parameter 5.2, 7.1, 7.3 

syntax S.2 
actual-parameter-list S.2 

syntax 5.2 
actual-parameters in procec.kJre call 

6.1.2 
AddPt procedure E.9.17 
anomalies in Lisa Pascal B 
Apple II Pascal A 
Apple III Pascal A 
applestuff unit A 
arcs, graphic operations E.9.10 
arctan function 11.4.9 
arithmetic functions 11.4 
arithmetic operators S.1.2, 0 
array 3.2.1, 4.3.1 

con~ollent 3.2.1, 4.3.1 
reference 4.3.1 

array-type 3.2.1 
syntax 3.2.1 

ascent line E.5.2 
ASCII 3.1.1.5 
assembly language, QuickDraw E.ll 
assignment-compatibility 3.4.3 
assignment-statement 6.1.1 

syntax 6.1.1 

----------B----------
BackColor procedure E.9.S 
BaokPat procedure E.9.1 

029-0412-A 
IncJex-1 

base line E.S.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 

Beep procedure F.4 
bit image E.4.1 
bit transfer operations E.9.13 
BitHap data 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 f~tion 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, 

12.4 
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 
boundry rectangle E.4.2 
Boxes program E .14 .2 
buffer variable 10.1.3, 10.1.7 
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built-in procedures a functions 10, 
11 

busy cursor F.2.2 
BusyDelay procedure F.2.2 
Busylmage procedure f.2.2 
byte array 11.7 
byte-oriented procedures a functions 

11.7 
byte-slze flIes 3.2.4 
bytestream type A 

----------C----------
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 

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 3.1.1.5 
values in text-oriented lID 

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 
set 1.1 

charact&r style E.5.2 
Charlidth fuoctionE.9.4 
chr function 11.5.2 
Clip3D function E.12.4 
ClipRect procedure E.9.1 
clipRgn E.5 

Index-2 

Index 

clocklcalendar 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 f.9.11 
closing a file 10.1.5 
code generation 12.1 
color drawing E.7.2 

routines E. 9.5 
ColorBit procedUre E.9.S 
cOllll1eflt 1.8 
comparisons 5.1.5 
compatibility of parameter lists 

7.3.5 
compatible types 3.4 
conpile-time expressions 8c variables 

12.2.1-3 
compiler 1.8, 12, A 

conmands 1. 8, 12.1-2, A 
~t of array 3.2.1, 4.3.1 
~t of file 3.2.4, 4.3.3 
coq:lOIBlt-type of array 3.2.1 
oon~ollent-type of file 3.2.4 
compound-statement 6.2.1 

syntax 6.2.1 
concat function 11.6.3 
conditional compilation 12.2 
conditional-statement 6.2.2 

syntax 6.2.2 
constant 1.4-7 

syntax 1.7 
constant-declaration 1.7, 2.1, B 

scope tI10IIIBl Y B 
syntax 1.7 

constant-declaration-part 2.1 
syntax 2.1 

constants, assembly language E.ll.1 
contrast control F.3.1 
COntrast function F.3.1 
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control-variable 6.2.3.3 
syntax 6.2.3.3 

coordinate plane E.3.1 
coordinates, grafPort E.3.I, E.6 
copy function 11.6.4 
CopyBits procedure E.9.13 
CopyRgn procedure E.9.I1 
cos fll1Ction 11.4.5 
OR character 1.1, 1.6, 10.3 

in text-oriented I/O 10.3 
clUlCh 10.1.5 
current block nt.IItJer 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 .10 
Cursorlmage procedure f.2 
CUrsorlocation procedure f.2.1 
CUrsorPtr data type F .10 
cursors, QuiCkDraw E.4.4 
OUr sorT racking procedure f.2.1 
customizing QuickOraw operations 

E.10 

----------0----------
data bitmap F.2 
data types 3 

assembly language E.ll.2 
Graf30 E.12.3, E.13.5 
QuickOraw E.2.2, E.13.2 

datafl1e 10.1.2 
date F. B, F. 9 
DateArray data type f.l0 
DateTime procedure F.B 
DateToTime procedUre f.8 
dead key diacriticals f.5.4 
debugging 12.1 

Index-3 

defining declaration 7.1 
delete procedure 11.6.5 
descent line E. 5.2 
device 10.1.1-2 

Index 

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

diacritical marks f.5.4 
DiffRgn procedure E.9.I1 
digit 1.1 
digit-sequence 1.4 

syntax 1.4 
OimDontrast function F.3.2 
dimensions of Lisa screen E.4.1 
directive 1.3 
diskette insertion switches F.5 
display screen F.3 
01sposeRgn procedUre E.9.11 
div operator A 
division by zero (real arithmetic) 

3.1.1.3, 0 
OLE character 10.3 
DrawChar procedure E.9.4 
drawing E.7 

color ~.7.2 

DraWPlcture procedUre E.9.14 
DraWString procedure E.9.4 
DrawText procedure E.9.4 
dynamic allocation procedUres 11.2 

----------E----------
efficiency, case-statements 12.5 
enpty set 5.3 
EqJtyRect fll1Ction E.9.6 
EmptyRgn function E.9.11 
enumerated-type 3.1.2 

syntax 3.1. 2 
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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 
EqualPt function E.9.17 
EqualRect function E.9.6 
EqualRgn function E.9.11 
EraseArc procedure E.9.10 
EraseDval procedure E.9.8 
ErasePoly procedure E.9.16 
EraseRect procedure E.9.17 
EraseRgn procedure E.9.12 
EraseRoundRect procedure E.9.9 
ET)( character A 
exit procedure 11.1.1, A 
exp function 11.4.6 
expression 5 

syntax 5 
extended comparisons A 
external file 10.1 
external function 7.2 
external procedure 7.1-2 

----------f----------
factor 5 

syntax 5 
FadeDelay function F.3.2 
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 

Index-4 

file 3.2.4, 4.3.3, 10 
buffer 4.3.3 

Inde.x 

buffer and eof function 10.1.7 
buffer and reset procedure 10.1.3 
component 3.2.4, 4.3.3 
identifier as parameter type 7.3 
of char 3.2.4 
posi tion and reset procedure 

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-symbol 4.3.3 
syntax 4.3.3 

file-structured deviee 3.2.4, 
10.1.1-2, 10.4 

file-type 3.2.4 
syntax 3.2.4 

FillAre procedure E.9.10 
fillehar procedure 11.8.3 
FillOval procedure E.9.8 
FlllPoly procedure E.9.16 
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 
finite real values 3.1.1.3 
fixed-part 3.2.2 

syntax 3.2.2 
fixed-point output of real value 

10.3.3.4 
floating-point arithmetic 0 
floating-point output of real value 

10.3.3.4, A 
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font nuntJers E. 15 
fonts E.5.2 
for-statement 6.2.3.3 

syntax 6.2.3.3 
ForeColor procedure E.9.S 
foreign characters F.5.4 
formal-parameter-list 7.3 

syntax 7.3 
formal-paraneters and procedure call 

6.1.2 
forward declaration 7.1-2 
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 
frarres data type f .10 
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 

----------G----------
get procedure 10.2.1, 10.2.3 
GetClip procedure E.9.1 
GetFontlnfo procedure E.9.4 
GetPen procedure E.9.3 
GetpenState procedure E.9.3 
GetP1xel flllCt10n E. 9 .18 
Getport procedure E.9.1 

IncJex-5 

GetPort3D procedure E.12.4 
global coordinates E.6, E.9.17 
global variables, aSSembly language 

E.ll.3 
GlobalToLocal procedUre E.9.17 
goto-statement 6.2, A 

syntax 6.1.3 
gotoxy procedure 10.3.7.2 
Graf30 E.12 

data types E.12.3, E.13.5 
sample program E.14.2 

GrafOevice 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 
graphics pen E.5.1 

----------H----------
halt procedure 11.1.2, A 
handles E.3.4 

picture E.B.l 
polygon E.8.2 
region E.3.4 

hardware interface f 
heap 11.2 
heapresult function 11.2.2 
hex-d:!git 1.1 
heX-digit-sequence 1.4 

syntax 1.4 
hexadecinal constants 1.4 
HideCursor prOCedure E.9.2 
HidePen procedure E.9.3 
host program or unit 9 
host-type of subrange 3.1.3 
hotspot E.4.4, F.2 
hourglass cursor F.2.2 
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----------1----------
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 Floating-Point Standard 0 
if-statement 6.2.2.1 

optimization 12.3 
syntax 6.2.2.1 

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 

infinities 3.1.1.3, 0 
InitCUrsor procedure E.9.2 
InitGraf procedUre E.9.1 
initial-value 6.2.3.3 

syntax 6.2.3.3 
initialization-part A 
InitPort procedure E.9.1 
input (standard file) 10.1.7, 10.3 
input file control (in compilation) 

12.1 
input variables in read procecl.tre 

10.3.1 
inputloutput 10 
insert procedure 11.6.6 

Index-6 

Index 

InsetRect procedure E.9.6 
InsetRgn procedure E.9.11 
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 110 

10.3.1.2, 10.3.3.3 
interactive file-type A 
interface-part 9.1.1 

syntax 9.1.1 
intrinsic-unit 9.2 
INTRINSIC.LIB 9.2, 12.1 
invalid operations in real arithmetic 

o 
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 

----------K----------
key state F.S.3 
KeybdEvent function f.S.3 
KeybdId data type F.I0 
KeybdPeek functionF.S.3 
KeybdQIndex data type F .10 



Pascal Refererce I'1EnJaJ 

keyboard 3.2.4, 10.1.1, 10.3, 
10.3.7.1, F. 5 

attributes F.S.l 
echoing on input 10.3 
events F.5, F.5.3 
identification F.S.l 
layouts F.S.l 
legends F.5.1 
physical 3.2.4, 10.1.1, 10.3, 

10.3.7.1 
queue F.S.3 
repeats F.S.S 
state F.S.2 
testing 10.3.7.1 

Keyboard function F.S.l 
KeyCap data type F.ID 
KeyCapSet data type F .10 
keycodes F. 5 
KeyEvent data type F .10 
KeyIsDo-n function F.S.2 
KeyMap procedUre f.S.2 
keypress function 10.3.7.1 
KlllPlcture procedure E.9.14 
KillPoly procedure E.9.1S 

----------l----------
label 1. 5, 2.1, 6 

on statement 6 
syntax 2.1, 6 

label-declaration-part 2.1 
syntax 2.1 

legends function F.5.1 
length attribute 3.1.1.6 
length function 11.6.1 
letter 1.1 
line procedUre E.9.3 
line-drawing routines E.9.3 
line20 procedure E.12.4 
line30 procedure E.12.4 

Index-7 

lineTo procedUre E.9.3 
lineTo2D procedure E.12.4 
lineTo30 procedure E.12.4 
Liri<er 7.1 
listing control 12.1 
In function 11.4.7 

lrK1ex 

local coordinates E.6, E.9.17 
localToGlObal procedure E.9.17 
lOCk 10.1.5 
long integer data type A 
longint 1.4, 3.1.1.2, 10.3.1.2, 

10.3.3.3, 11.3-5, 0 
arithmetic 3.1.1.2 
constant 1.4, 1.6, 1.7 

11.3.4 
data type 3.1.1.2 
data type conversions 11.3.3, 
values in text-oriented liD 

10.3.3.3 
lookAt procedure E.12.4.1 

----------H----------
ManyPixels data type F.10 
MapPoly procedure E.9.18 
HapPt procedUre E.9.18 
HapRect procedure E.9.1S 
HapRgn procedure E.9.18 
mark procedUre 11.2.3, A 
mask bitmap F. 2 
maxint 3 .1.1.1 
memavail function 11.2.5 
member-group 5.3 

syntax 5.3 
memory allocation procedures 11.2 
microsecond timer F.6 
MicroSeconds data type f .10 
MicroTlmer function F.6 
millisecond timer F.7 
MilliSeconds data type F.I0 
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m1ss1ng symbOl f.S.2 
IIDd operator A 
IlDUse F.1 

button F.S 
plug F.5 

HouseLocation procedure F.l.l 
HouseOdometer procedJre F .1.4 
HouseScal ing procedure F .1. 3 
HouseThresh procedure f.1.3 
l1ou~tes proceciJre f .1.2 
Hove procedure E.9.3 
Hove20 procedure E.12.4 
Hove30 procedure E.12.4 
moveleft procedure 11.7.1 
MovePortTo procedure E.9.1 
RDVeright procedure 11.7.2 
MoveTo proceciJre E.9~3 

HoveTo2D procedure E.12.4 
HoveTo30 procedure E.12.4 

----------N----------
NaNs 3.1.1.3, 0 
new procedure 3.3, 11.2.1, A 
NewRgn function f.9.11 
nil 3.3, 4.3.4, 11.2.1 
Noise procedure F.4 
normal 10.1.5 

numerical comparisons 5.1.5.1 

----------0----------
object file 9 
object of pointer 4.3.4 
ObscureCursor procedure E .9.2 
odd ftxlCt10n 11.4.1 
OffsetPoly procedure E.9.15 
OffsetRect procedure E.9.6 
OffsetRgn procedure E.9.11 

Index-8 

Index 

0pen3OPort procedure E.12.4 
opening a flle 10.1, 10.1.2-4 
OpenPlcture fll'lCtion E .9.14 
OpenPoly function E.9.1S 
OpenPort procedUre E.9.1 
0penRgn procedure E .9.11 
operands 5 

compile-time 12.2.3 
1n expressions 5 

operators 5 
compile-time 12.2.3 
in expressions 5 

optimization of if, repeat, and while 
statements 12.3, 12.4 

ord fll1Ction3 .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 ft.rlCtions 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 (real arithmetic) 

3.1.1.3, 0 
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----------P----------
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 flllCtions 11.8.1, 11.8.2 
text-oriented 110 10.3.1.5, 

10.3.3.6 
packed data types 3.1.1.6, 3.2 
page procedure 10.3.6 
PalntArc procedure f.9.10 
PaintOVal procedure E.9.8 
PaintPoly procedure E.9.16 
PaintRect procedure E.9.7 
PaintRgn procedure E.9.12 
PaintRoundRect procedure E.9.9 
parameter 7.1, 7.3 
parameter list compatibility 7.3.5 
parameter-declaration 7.3 

syntax 7.3 
parameters in procedure call 6.1.2 
Pascal compiler 12 
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 
PenHode procedure E.9.3 
PenNOrmal procedure E.9.3 
PenPat procedure E.9.3 
Pen5ize procedure E.9.3 
performance penalty for longint 

values 3 .1.1. 2 
PicComment procedure E.9.14 
P1cHandle data type f.8.1 
PicPtr data type E.8.1 
picture comments E.8.1 
Picture data type E.8.1 
p1cture frame f.8.1 
picture routines E.9.14 

Index-9 

pictures E.8.1 
Pitch procedure E.12.4.2 
pixel E.4.1 
Pixels data type F.ID 
Point data type E.3.2 
pointer 4.3.4, 11.2 

Jrx:Jex 

pointer function 3.3, 11.3.4 
pointer-Object-symbol 4.3.4 

syntax 4.3.4 
pointer-reference 4.3.4 
pointer-type 3.3 

conversions 11.3.3, 11.3.4 
syntax 3.3 

pointer-type-identifier 3 
points E.3.2 
points, calculations E.9.17 
Polygon data type E.8.2 
polygcns E.8.2 

calculations E.9.15 
graphic operations E.9.16 

PolyHandle data type E.8.2 
PolyPtr data type E.8.2 
portSl ts E.5 
portRect E .5 
PortSize procedure E.9.1 
pos function 11. 6.2 
power switCh F.5 
precedellCe of operators 5 
pred function 3.1, 11.5.4 
predecessor 3.1 
procectlI'al paraneter 7 .3.3 
procedure 7.1, 7.3 
procedUre-and-function-declaration-

part 2.1 
syntax 2.1 

procedure-body 7.1 
syntax 7.1 

procedure-declaration 7.1 
syntax 7.1 
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procedure-heading 7.1 
syntax 7.1 

procedure-statenent 6.1.2, 7.1 
syntax 6.1.2 

procedures, assembly language E.11.4 
program 8 

identifier 8.1 
segnents 8.3 
syntax 8.1 

program-heading 8.1 
syntax 8.1 

program-paraneters 8.1, 8.2 
syntax 8.1 

Pt2Rect procedure E.9.6 
ptlnRect fl.l1Ction f. 9.6 
PtlnRgn function E.9.11 
PtToAngle procedure E.9.6 
purge 10.1.5 
put procedure 10.2.2-3 
pwroften function 11.4.10 
pyramid E .12 

----------Q----------
QOProcs data type f .10 
QOProcsPtr data type E .10 
QOSample program E.2.1, E.14.1 
QOSupport unit E.1S 
qualifier 4.3 

syntax 4.3 
QuickDraw f 
QuickDraw data types E .2.2, E .13.2 
QuickDraw glossary E.16 

Index-10 

QuickDraw routines E .9 
arcs E.9.10 
bit transfer E.9.13 
color drawing E.9.S 
cursor handling E.9.2 
customdzing f.10 
grafPorts E.9.1 
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.IS, E.9.I6 
rectangles E.9.6, E.9.7 
regions E.9.11, E.9.12 
rOll1ded-corner rectangles E .909 
text drawing E.9.4 
.edges E.9.10 

QuickOraw sample programs E.2.1, 
E.14 

QuickDraw summary EoI3 
QuickDraw, using from assentlly 

language Eol1 
quoted-character-constant 1.6.1 

syntax 1. 6 .1 
quoted-str1ng-constant 1.6 

syntax 1.6 

----------R----------
RampContrast procedure F.3.1 
Random function E.9.18 
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range-checking 3.1.3, 12.1 
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, 0 
arithnEtic 0 
constant 1 .4 
data type 3.1.1.3, 0 
data type and rOl.l1d fl.l1Ction 11.3.2 
values 3.1.1. 3 
values and write procedure 0 
values in text-oriented I/O 

10.3.1.3, 10.3.3.4, 0 
real-type 3.1 

syntax 3.1 
real-type-identlfier 3 
record 3.2.2, 4.3.2 

field 3.2.2, 4.3.2 
nuntler and seek procedure 10.2.4 
of 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 E.9.6 
Rectangle data type E.3.3 
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 
regions E .3.4 

calculations E.9.11 
graphic operations E.9.12 

regular-unit 9.1 
syntax 9.1.1 

Index-II 

relational operators 5.1.5 
release procedure 11.2.4, A 
repeat-statement 6.2.3.1 

optimization 12.4 
syntax 6.2.3.1 

repeating keys F.5.5 
RepeatRate procedure F.S.S 
repetitive-statement 6.2.3 

syntax 6.2.3 
reserved words 1.1 

lncA?x 

reset procedure 10.1, 10.1.5, A 
result-type 7.2 

syntax 7.2 
rewrite procedure 10.1.4 
RgnHandle data type E.3.4 
RgnPtr data type E .3.4 
Roll procedure E.12.4.2 
rotation E.12 
round function 11.3.2, 0 
rounded-corner rectangles E.9.9 
rounding in real arithnEtic 0 
row width E.4.1 

----------S----------
Scale procedure E.12.4.2 
scale-factor 1.4 

syntax 1.4 
ScalePt procedure E.9.18 
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 
fading F.3.2 
physical 10.3 

ScreenDontrast data type F.lO 
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SCreenSize procedure F.3 
ScrollRect procedure E.9.13 
Seconds data type F .10 
SectRect function E.9.6 
SectRgn procedure E.9.11 
seek procedure 10.2.3 
segment key~ord A 
segmentation 8.3 
segments 8.3, 9.1, 9.2.1 
selector in case statement 6.2.2.2 
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.B 
SetDimContrast procedure F.3.2 
SetEmptyRgn procedure E.9.11 
SetfadeOelay procedure F.3.2 
Setlegends procedure F. 5.1 
SetOrigin procedure E.9.1 
SetPenState procedUre £.9.3 
SetPort procedure E.9.1 
SetPort30 procedure £.12.4 
SetPortBits procedure E.9.1 
setPt procedUre E.9.17 
SetPt20 procedure E.12.4 
SetPt3D procedure E.12.4 
SetRect procedure E.9.6 
setRectRgn procedure E.9.11 
SetRepeatRate procedure F.5.S 
SetStdProcs procedure E .10 
SetTimeStamp procedure F.9 

Index-12 

SetVolume procedure F.4 
ShowCursor procedure E.9.2 
ShowPen procedure E.9.3 
sign 1.4 

syntax 1.4 
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 
size-attribute 3.1.1.6 

syntax 3.1.1. 6 
sizeof function 11.7.3 
Skew procedure E.12.4.2 
source transfer mode E.7.1 
SpaceExtra procedure E.9.4 
speaker F.4 

lnde)( 

SpeaKervolume data type F.lO 
special symbolS 1.1 
sqr function 11.4.3 
sqrt function 11.4.8, 0 
stack space and memaval1 function 

11.2.5 
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 
StdArc procedure E.I0 
StdBits procedure E.10 
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StdCofrrfe1t procedure E . 10 
StdGetPic procedure E.I0 
Stdline procedure £.10 
StdOval procedure E.1D 
StdPoly procedure E.10 
StdPutPic procedure E.10 
StdRect procedure E.I0 
StdRgn procedure E.10 
stdText procedure E.10 
StdTxHeas function E .10 
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 
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 fLflCtions 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 110 

10.3.1.4, 10.3.3.5 
string-character 1.6 

syntax 1.6 
str1ng-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-identlf1er 3 
Stuff Hex procedure E.9.18 
SUbPt procedure E.9.17 

Index-13 

subrange-type 3.1.3 
syntax 3. 1. 3 

succ function 3.1, 11.5.3 
successor 3.1 

/tllle.).'· 

syntax diagrams, complete collection 
C 

syntax diagrams, explanation Preface 
system intrinsic library 9.2.2, 12.1 

----------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 
term 5 

syntax 5 
testing set membership 5.1.5.5 
text E.S.2 
text type 3.2.4, 10.1.2, 10.3 
text-drawing routines E.9.4 
text-oriented 110 10.3 
TextFace procedure £.9.4 
textfile 10.1.2, 10.3, A 
textfile format 10.1.2, 10.3 
TextFont procedure £.9.4 
TextHode procedure £.9.4 
TextSize procedure E.9.4 
TextWidth function E.9.4 
three-dimensional graphics. See 

Graf3D. 
tire F.B, F.9 
tire st8fJl) F. 9 
Timer function (millisecond timer) 

F.7 
tirers F.6, F.7 
TimeStamp function f.9 
TimeToOate procedure F.9 
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transfer functions 11.3 
transfer modes E.7.1 
Transform procedUre E.12.4.2 
transformation matrix E.12 
Translate procedure E.12.4.2 
treesearch procedure A 
trunc function 11.3.1, A, 0 
turtlegraphics unit A 
type 3 

compatibility and identity 3.4 
syntax 3 

type-declaration 3 
syntax 3 

type-declaration-part 2.1, 3.5 
syntax 2.1 

----------u----------
UCSO Pascal A 
unary arithmetic operators 5.1.2 
underscore character A 
UnionRect procedure E.9.6 
UnionRgn procedure E.9.11 
unit 9 

intrinsic 9.2 
regular 9.1 

unit-heading 9.1.1 
syntax 9.1.1 

unSigned-constant 5 
syntax 5 

unsigned-integer 1.4 
syntax 1.4 

unSigned-number 1.4 
syntax 1.4 

unSigned-real 1.4 
syntax 1.4 

untyped file 3.2.4, 10.1.1-2, 10.4 
I/O 10.4 

uses-clause 8.1, 9.1.1-2, 9.2, 9.3 
syntax 8.1 

Index-14 

----------V----------
value parameter 7.3.1 
variable 4 
variable parameter 7.3.2, A 
variable-deClaration 4.1 

Intle){ 

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 procea.are 11. 2.1 
syntax 3.2.2 

variant-part 3.2.2 
syntax 3.2.2 

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 

----------w,X,z----------
wedges, graphic operations E.9.10 
while-statement 6.2.3.2 

optimization 12.4 
syntax 6.2.3.2 

with-statement 6.2.4 
syntax 6.2.4 

wordstream type A 
write procedure 10.3.3, A 

with real values 0 
write-protection of file 10.1.5 
writeln proceOOre 10.3.4, A 
xForm matrix E.12 
XorRgn procedure E.9.11 
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Yaw procedUre E.12.4.2 
zero, signed 3.1.1.3 

----------CHARACTERS---------­
$C cOl'f1Jiler COI1IRBI1ds 12.1 
$0 COI11liler COI1III8IlCIs 12.1 
$OECL OOJl)iler conmancJ 12.2.1 
$E compller command 12.1 
SELSEC coopi ler COf'II'fBld 12 .2 . 4 
SO()C coopiler conmand 12.2.4 
SI OOJl)iler command 12.1 
$IfC compiler command 12.2.4 
$l cOI'f1Jiler conmands 12.1 
$R coqliler conmands 3.1. 3, 12.1 
SS c~iler COI1III8IIC1 8.3, 9.1, 9.2, 

12.1 
$SETe compi ler conmancJ 12.2.1 
SU COR1liler conmands 9.1. 2, 9.2.2, 

12.1 
SX compiler conmancJs 12.1 
0, signed 3.1.1.3 
16-bit integer arithmetic 3.1.1.1-2, 

11.3.3 
32-blt integer arithmetic 3.1.1.2, 

11.3.3 
30 graphics. See Graf30 . 
• operator 3.3, S.1.6 

Index-IS 

Index 
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Apple puOllcatlons would like to learn aoout readers and What you think abOUt this 
mcr.ual in order to make better mcnaals In the future. Please flll out this form, or 
wrl te all over It, cnj send It to us. We promise to read It 
How are you using this manual? 
[ ] learning to use the prodUCt [] reference [] both reference and learning 
[]o~r ______________________________________________ __ 

Is It q.,IlcK and easy to find the Information you need In this manual? 
[ ] always [] often [] sometimes [] seldom [] never 
~u ______________________________________________ ___ 
What makes this ma1Uai easy to use? ________________________ _ 

What makes this manual hard to use? __________________________ _ 

What 00 you lIke most aboUt the manual? _________________ _ 

What ClO you llke least abOUt the manual? ___________________ _ 

Please comment on, for example, accuracy, level of detail, runber and usefulness of 
examples, length or brevIty of explanation, style, use of graphics, usefulness of the 
index, organization, suitability to your particular needs, readablllty. 

What languages do you use on your Usa? (cheCk each) 
[ ] Pascal [] BASIC [] aBO... [] other ____________ _ 

How long have you been progranmlng? 

[ ] 0-1 years [] 1-3 [] 4-7 [] over 7 [] not a programmer 
What is your job title? ____________________________ _ 

Have you completed: 

[ ] high school [] some college [] BAIBS [] MAIMS [] more 
What magazInes cJo you reacJ? _____________________ _ 

Other CUi i. i lei Its (please attach more sheets If necessary) ___________ _ 

029-0406-A 
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