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Introduction

Lightspeed Pascal evolved at a rapid pace during the final stages of its development. Feedback
from in-house users and external test sites has resulted in improvements to the final product, even

after the manual had gone to press.

Due to the long lead times involved in printing, some of these new features are not documented
in the manual. This supplement provides the information you need to use those features, along
with some tips and suggestions that we have found to be useful when programming with
Lightspeed Pascal.
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Customer Support

THINK Technologies provides technical support, product updates and customer service for

i owners of its software. Please fill out and mail the registration card enclosed with
Lightspeed Pascal. When you return the card to THINK, you are entitled to participate in our
customer services. Note your software registration number on the card. The number is located
on the upper right corner of the warranty/license card attached to your registration/reply card.

Important

No amount of pre-release testing and use can replicate the ingenuity and complexity that software
developers exercise in using a new programming language development environment such as
Lightspeed Pascal. We encourage you to contact us, THINK Technologies, with your
comments, findings and suggestions. We can be reached by calling (617) 863-1099. Our
technical support staff and software developers are looking forward to a lively dialog about
Lightspeed Pascal, and to supporting you in you use of the product.
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Power User Features

Saving All Edited Files at Once

Holding down the Shift key before choosing the Auto-Save or Confirm Saves commands on

the Run menu causes an immediate save of all open edited files without changing the state of
Auto-Save, Confirm Saves or Don't Save, The Confirm Saves choice asks you if you want to

save the changes for each edited file. The Auto-Save choice saves the files without asking.

Changing Compile Options for All Files in a Project

Holding down the 3 or Option key while changing a compile option in the Project Window will
change that option for all files in the project. The final state of the changed compile option (on or
off) is carried over to all the files. This is useful when you want to turn off Range Checking,
Names and Overflow Checking in order to reduce the code size when building a double-clickable
application.

Changing File Information In a Project

Holding down the 3 or Option key while double-clicking on a file in the Project Window allows
you to replace that file with another file. A standard file dialog box appears in which you can
select a replacement file. This is convenient if you want to use a different verion of a file, or if
you have moved a file to a different directory on an HFS-based Macintosh. Itis a shortcut for
using Remove and Add File... from the Project menu, then dragging the replacement file to
its correct build order position.

Compiling a File Out of Build Order

Often you want to check the syntax of the file you are editing by choosing Check (3#K) from
the Project menu. However, if the file you are editing uses any units, those units must be
completely up to date, which means they may need to be compiled first if their interface-parts .
have changed. This can be inconvenient when working with many files in a large project,
because you would need to edit your files in build order.

9 Shift K will compile the active editing window immediately, without doing the normal build
. order processing. It will use the last version of whatever 'used’ unit interfaces it needs. This
effectively checks the syntax of a file out of build order.

Dragging Back Windows

Normally, only the frontmost window (the active window) can be dragged around by its title bar.

Holding down the 3 key allows you to drag any window whose title bar is visible. This can be
handy, given the many different windows available for debugging a program.
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The Text Editor Demo

A 'Text Editor' demo project is provided with Lightspeed Pascal. With this text editor you can
create any kind of text document - Pascal programs, RMaker scripts, letters to a friend. Unlike
Lightspeed Pascal's editor, this text editor is not a 'Pascal’ editor. No Pascal syntax checking is
done, and your text is not pretty-printed.

The text editor is a standard Macintosh cut-and-paste editor. You can work with up to five files
at once. The text in a file can be in any font you have available in your system. You can run the
editor within the Lightspeed Pascal environment, or you can save it as an application and run it
from the Finder. The editor has a Transfer... command on its File menu, so that you can
easily transfer back and forth between Lightspeed Pascal and this editor.

Using the Text Editor

The text editor can be run within the Lightspeed Pascal environment. It is actually quite
interesting to do this, because the editor replaces Lightspeed Pascal's menu bar with its own
menu bar. It appears that you are really running a separate application. The Bug Spray Can at
the right end of the menu bar is the only indication that Lightspeed Pascal is lurking in the
background, waiting to help you with debugging.

To use the text editor, open the Editor Project (found in the Text Editor Demo folder on one of

the Lightspeed Pascal distribution disks). To run the editor within Lightspeed Pascal, simply
choose Go from the Run menu. The project will be built, and the editor will run. If you happen
to run out of disk space while building the editor, move the entire folder to an empty disk and
build the project there. If you run out of memory while running the Text Editor Demo under the
Ligthpseed Pascal environment (as opposed to running it as an application), make the zone size
bigger in the Run Options from the Project menu and re-run the editor. Running out of
memory will give an error message, followed by requests to save or discard each of your
modified files. :

If you want to make a double-clickable application -out of the editor, choose Build and Save
As... from the Project menu. Make sure that the 'Application’ radio button is on. Type in the
name of the application (or hit Return to use the default name, Text Editor Application’) and
click the Save button. The text editor will be re-compiled with the Debug option off and saved as
an application (see Chapter 9 of the User’s Guide). You can then Transfer... to this
application, or run the application independently of Lightspeed Pascal.

The Text Editor: a Sample Macintosh Application

The text editor is a well documented example of a Macintosh application. If you are interested in
writing Macintosh applications that will use menus and windows, have cut and paste editing,
support desk accessories, use resources, etc., you may learn a lot by reading the text editor code.

The project consists of the two standard libraries MacPasLib and MacTraps, and seven source
files. Each source file is described below:

Editor Main The 'Main Program' for the editor. It calls the initialization
procedure in the 'Init' segment (see Editor Init below), then
unloads that segment to make more room in memory. It then
calls TopLevel (see Editor TopLevel, next) where the main event
processing loop is.
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Editor TopLevel The main event loop is at the bottom of this unit. Here, all mouse
and keyboard events are handled. The code checks the type of
event (mousedown, keydown, window activate or update event)
and dispatches to the appropriate routine in this unit. This unit
also has the top level of the code that handles all the File menu
operations in the text editor.

Editor Utilities This unit has several miscellaneous utility routines needed for
updating the display of windows and menus, displaying error
dialog boxes, displaying the ‘About Text Editor..." box,
rflizianipulaﬁng text in the clipboard, and reading in and writing out

es.

Change Font This unit has routines to implement the 'Font Control...'

command on the 'Windows' menu, This unit is in a segment by
itself, since it is typically not used very frequently.

Show Edit This unit handles text scroiling and scroll bar updating in the edit
windows.
Editor Init This unit contains code for all the one-time initializations needed

by the editor. The menu bar is set up, and the information
needed for each edit window is initialized. This unit is in a
segment by itself, and is unloaded after being called (see Editor
Main above).

Editor Globals This unit defines all the global constants and types needed by all
parts of the editor. It also has deciarations for all the global
variables used in the editor code.

The text editor uses a resource file for its dialog boxes. You can examine and customize the
boxes using ResEdit, the resource editor supplied on the LP3.Utilities disk. First be sure to read
the ResEdir documentation in Appendix I of the manual. ResEdit is a powerful tool that, if used
incorrectly, can quickly damage your files.
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The Code Profiler

The Code Profiler gives you statistics about the execution behavior of your programs. This tool
measures the time spent in each routine, as well as the number of statements executed in each
routine. :

To use the profiler, you must add it to your project. Both the library file Profile Library and the
interface file Profile Interface must be added. You also must have a
'Uses ProfileInterface'in your program.

Warning: The Profiler Library must be put into the same segment as your main
program. If it is not, a LoadSeg may occur which may scramble your
heap at a most inopportune time.

The profiler is controlled by procedure calls made from your program. There is a call to initialize
and install the profiler, a call to dump the statistics at the point you need them, and a call to
de-install the profiler at the point where you are done with it (typically, the end of your program).
There is also a call to reset the profiler, so that you can collect two different sets of statistics in the
same run of your program.

The profiler only measures routines that have been compiled with the Debug option on. (Chapter
5, Projects, of the User’s Guide explains how to control the compile options). The profiler
identifies routines in your program with the eight character name stored in the code when a
routine is compiled with the Names option on. If the Names option is not on, eight question
marks (i.e. '77777777") are used for the name.

Up to two hundred active procedures may be profiled. If more procedures are activated (as might
happen in a heavily recursive program), the profiler de-installs itself.

Up to two hundred routine names can be tracked by the profiler. If more than two hundred
procedures are called, statistics for the extra procedures are gathered under the name ‘catchall’,
which will appear at the end of the profile listing.

The following are the four routines in the Profiler interface:

InitProfile This routine must be called first 1o initialize the profiler. It causes the
profiler to start gathering execution statistics. All subsequent routine calls
in your program will be measured.

DumpProfile This routine causes the profiler to dump the current information about

your program to the standard Pascal file "output”. By default, "output” is
directed to the Text Window. If you want to have the output sent to a file,
you can set up an echo file for the Text Window by choosing Run
Options from the Project Menu.

Note: The echo file is not remembered when you leave a
project. You must set it up each time you open the
project.

ResetProfile This routine reinitializes all the statistical information.

TerminateProfile This routine de-installs the profiler from the executing program.
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To summarize, call InitProfile at the start of the code ydu want profiled. When you want to
display the profiling information, call DumpProfile. When you are all done, call
TerminateProfile. After dumping statistics, if you want to restart the profiler, call ResetProfile.

Note: The Pascal keywords begin and end are counted as statements by the
profiler, even though they actually do not generate any code.
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The SmallPasLib Project

Lightspeed Pascal provides many language features that make it easy to write a program. The
standard Pascal input and output routines Read (1n)} and Write (1n), and Get and Put, are
fully supported. Lightspeed Pascal also provides a Text Window where text output from
Write (1n) statements is sent by default. The Drawing Window lets you easily write a program
with graphical output. In addition, a host of set, string, and [/O routines are provided.

The run-time support code for these features is found in the MacPasLib library, which is
automatically added to any new project. This library is actually quite large (about 15K) but
provides all of the features of the Pascal language as described in the Language Reference
Manual.

Most Macintosh applications manipulate their own windows, use the I/O facility provided by the
operating system, and do not require much of the standard run-time support code. Lightspeed
Pascal's smart linker will efficiently strip unused code from your final applications when you
choose Build and Save As... Application from the Project menu. However, most of the
time you will be debugging in the Lightspeed Pascal environment, and the unused code will take
up space. Also, since code segments are limited to 32K (before the smart linker has removed the
unused code), the run-time library competes with your code for room in the segment.

SmallPasLib is provided for applications which do not require all of the support provided in
MacPasLib. It contains a subset of the run-time routines provided in MacPasLib: not provided
are the read, readln, readstring, get, write, writeln, put, open,
close, reset, rewrite, eof, eoln, page, seek, filepos, showtext,
showdrawing, gettextrect, getdrawingrect, settextrect, and
set.cégdawingrect routines; however, the stringof and writedraw routines are
provided.

SmallPasLib is distributed as a project rather than as a library. You can further reduce your
run-time library overhead by removing files from the project that you will not need, and saving
the (reduced) project as a library.

Warning: Always work on a copy of SmallPasLib. You can only remove files
from it, so if you work on the original, those files are lost forever.

The SmallPasLib project can also be used to create a custom run-time library for desk
Accessories, Drivers, and Code Resources; see below.,

The following files are contained in the SmallPasLib project. Note that these files are pot
available on the distribution disks; they have been previously loaded into the project. If you want
the smallest possible run-time library, you should determine exactly which files you need, and
remove all others. If you are not short on segment space, but still want a smaller run-time
library, you can simply Build & Save As... library the entire SmallPasLib project.

Files marked with 1 contain mandatory internal routines, and should be present in all run-time
libraries. If the filename is preceded with a "(Small)”, and the library will be used in a desk
accessory or driver, the file should be replaced with its DA equivalent. See the section below on
desk accessories and drivers.

Files marked with a ¢ must be included in run-time libraries intended for a project with a main
program.
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(Small) FileInternals.Lib Miscellaneous routines used only by SéveDrawing.Lib.

. (Small) Goto.Lib t

- (Small) InitRTL.Lib ¢

Dec2Str.Lib
FloatMath.Lib
HideallSynch.Lib
InlineGeneric.Lib

Int4Math Lib t
LargeSets.Lib
MiscQD.Lib
NewDispose.Lib
Note.Lib
OldNewFile.Lib
PackUnpack.Lib
SaveDrawing.Lib
SmallSets.Lib
Str2Dec.Lib

StringlInternals.Lib t

StringOf Lib
StringProcs.Lib

StuPAlnternals.Lib 1

TruncRound.Lib
WriteDraw.Lib
WriteText.Lib
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Support for non-local (across scopes) gotos.
Initialization/termination routines and maxapplzone.
SANE formatting routines dec2str and num2str.

sin, cos, arctan, exp, ln, sqrt, abs, sqgr.

hideall and synch.

inlinep, binlinef, winlinef, linlinef,

generic.

Multiply, Divide and Mod support for Longints.
Support for operations on integer sets.

drawline, paintcircle, invertcircle, getmouse.
new and dispose.

note (uses Iﬂt4Math).

oldfilename and newfilename.

pack and unpack.

savedrawing (uses FileInternals).

Support for Char and Enumerated sets.

SANE formatting routines st r2dec and st r2num.
Support for assigning and comparing strings. |
stringof (uses WriteText).

pos, concat, copy, omit, delete, insert,
include.

Support for assigning and comparing packed arrays of char.
truncand round.
writedraw (uses WriteText).

I/O formatting for st ringof and writedraw. (uses Dec2Str).
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Building Desk Accessories and Drivers

Introduction

This section assumes that you are familiar with desk accessories and drivers. The Device
Manager and Desk Manager chapters of Inside Macintosh are recommended reading.

Not all programs you may wish to write for the Macintosh will take the form of applications.
Some may be desk accessories, device drivers, or any of a host of code resources such as
FKEYs, packages, INIT resources, or custom window, menu, or control definition procedures.
Lightspeed Pascal makes it easy.

If you pull down the Project menu and select Build & Save As... you will see that there are
six build options: Application, Library, Compressed Project, Desk Accessory, Driver, and Code
Resource. The first three are described in the User's Guide (see Chapter 9). Desk Accessories
and Drivers are discussed here, and Code Resources are treated in the next section.

When you select the Desk Accessory, Driver, or Code Resource buttons, an additional dialog
box will appear allowing you to select the Resource Type, Resource ID, and Resource Name of
the DA, Driver, etc. For DAs and Drivers, the Resource Type is always DRVR; for DAs, the
Resource ID is always 12.

In order to save a Lightspeed Pascal project as one of the above, it must conform to some
stringent rules:

It must have no main program (i.e. no program keyword in any of its files).

It must have exactly one segment (up to 32K).

It must have no global data: there is no A5 world for non-applications.

It must have an entry point (procedure or function) called ma i n, which is declared
in the interface part of a unit.

The actual definition of the main routine depends upon the usage. An 'FKEY' resource, for
example, has no parameters and is declared simply as:

unit MyFKey;
interfacae
procedure main;
implementation
procaedure main;
begin
end;
and.

Other types of code resources have different conventions, all of which are explained below.

What is a Driver?
There are two kinds of Macintosh drivers—desk accessories and device drivers. In this section
the term driver is used to refer to either kind.
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Writing a driver is a very different task from writing an application. This section does not
attempt to teach you all about writing drivers; refer to the "Device Manager "and "Desk Manager"
chapters of Inside Macintosh for this information. Assuming you know how to write a driver,
this section tells you how to write one in Lightspeed Pascal.

The Device Manager expects drivers to be written in assembly language. When a driver written
in Lightspeed Pascal is called by the Device Manager, a short assembly-language stub receives
control and translates the Device Manager's request into a call to main. The stub is placed in the
driver automatically by Lightspeed Pascal.

The stub also performs one more important service: it automatically figures out the proper way to
return control to the Device Manager.

How a Driver is Called

The driver's main function is called with three arguments, and returns an integer result. It
should be declared in the following fashion:

function main (dce: DCtl1Ptr;
lopb: ParmBlkPtr;
sel: Integer): Integer;

The first argument is a pointer to the driver's device control entry. (This is the value that is
passed in address register Al to the assembly-language entry point of the driver.)

The second argument is a pointer to an I/O parameter block. (This is the value that is passed in
address register A0 to the assembly-language entry point of the driver.)

A driver written in assembly language actually has as many as five different entry points; a driver
written in Lightspeed Pascal only has one. Therefore, a third argument is passed to main: a
small integer indicating which entry point was really called. This selector has the following
values:

0 Open

1l Prime

2 Control
3 Status
4 Close

The body of your main function should be a case statement that dispatches based on the value
of this selector.

How a Driver Returns

The function ma in should return 0 to indicate successful completion, and a non-zero result code
to signal an error condition. You do not have to place a copy of the return value in the
ioResult field of the I/O parameter block; this is done for you.

A special result code of 1 should be returned from asynchronous calls to Prime, Control, and
Status routines if the request could not be completed right away. This result code will be
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stored in the ioResult field of the UO parameter block, but 0 (no error) will be returned to the
Device Manager. ‘

How a Driver Returns, Continued—the jlODone Problem

One of the trickiest aspects of returning from a driver is deciding whether to return directly to the
Device Manager (via an RTS instruction) or whether to jump to jIODone. This is a complex
issue and many existing desk accessories do it incorrectly (though, fortuitously, they manage to
work anyway). Following is an explanation of this problem, and a description of what
Lightspeed Pascal does about it. If you are not interested in these details, you may skip them;
suffice it to say that drivers written in Lightspeed Pascal automatically do the right thing without

programmer intervention. '

First, some background. Associated with each driver is an I/O queue, which is a list of I/O
parameter blocks waiting for service from the driver. Calls made to a driver fall into one of two
categories: queued, meaning that the I/O parameter block passed as an argument to the call is one
of the ones on the driver's queue; and immediate, meaning that it is not. In the latter case, the
queue may even be (and in fact usually is) empty.

All Open and Close calls are immediate. All Control calls made to desk accessories are
immediate, with the exception of the "goodbye kiss" (csCode=-1) issued to desk accessories
who have requested to be notified when the current application exits out from under them. Other
calls may be queued or immediate.

The rules for returning from a driver are as follows: The driver should return directly to the
Device Manager from all immediate calls. It should also return directly to the Device Manager
from queued calls requesting asynchronous I/O that could not be completed right away. Finally,
it should jump to 7TODone from queued calls if the driver completed the request (or if there was
an error). '

It is incorrect to violate these rules; in particular, it is incorrect to jump to jIODone to return
from an immediate call. jIODone will attempt to examine the driver's I/O queue, and since the
queue is usually empty it will end up examining low-memory locations beginning at $0000.
Apparently, these locations somehow look enough like an I/O parameter block to satisfy the
Device Manager, but this is clearly an unsafe situation.

Just to make things difficult, when returning from Prime, Control, and Status calls, it is

jIODone that unlocks the driver's code and its device control entry so they will not be islands in
the heap between calls to the driver (unless, of course, the driver has requested they remain
locked). The writer of a desk accessory has to make a difficult decision—he can return directly
to the Device Manager, leaving the driver's code and its device control entry locked and
potentially interfering with the host application; or he can violate the rules and jump to FIODone.
Most desk accessories seem to take the latter route.

Lightspeed Pascal avoids this dilemma. When a driver written in Lightspeed Pascal returns from
main, the decision whether to call TODone is made automatically (and correctly). For Prime,
Control, and Status calls, if the decision is made to return directly to the Device Manager,
and thecg.rivcr has not requested that its code and device control entry remain locked, they are
unlock
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The Data Area and Libraries

In Lightspeed Pascal, drivers may not declare global variables. The typical solution to this
problem is to declare a record type with fields corresponding to each of your variables, and
allocate a relocatable block of this type, storing the handle in the dCt1Storage field of the
device control entry. The device control entry may be passed as a parameter to any routine which
needs access to the globals; this avoids the use of any "real" (A5) globals.

A driver must co-exist with the currently running application, and so cannot use address register
AS, as the application does, to address globals. It is essential to make sure that any libraries that
you include in the project do not access any A5 globals. For example, you cannot use the
MacPasLib library in a desk accessory or driver.

The MacTraps library does not define or access any globals, so it is compatible with both
applications and drivers. Parts of the SmallPasLib library reference AS globals which support
Lightspeed Pascal's debugging environment. However, this library is provided as a project, and
you can create a customized version just for DAs and drivers (and code resources).

A DA version of Small PasLib, built as a library and called DAPasLib, is provided on the
LP2 Libraries disk for use in the Desk Accessory and FKEY demo programs: it contains all
run-time routines which you are allowed to use in a DA, Driver, or Code Resource.

To create your own customized DA library, syou should make a copy of the SmallPasLib project,
and remove the following files from it: (Small) FileInternals.Lib, (Small) Goto.Lib, (Small)
InitRTL.Lib, and (Small) Note.Lib. These are the only files which access A5 globals. You can
also remove any other files which you do not think you will need: this leaves more space in the
segment for your DA or driver.

Finally, you should add the DA/Driver/Code Resource specific versions of the removed
SmallPasLib files: (DA) Filelnternals.Lib, (DA) Goto.Lib, and (DA) Note.Lib. (You only need
to add those files which you will actually need: Goto.Lib is frequently required, while Note.Lib
and Filelnternals.Lib are seldom used). You can save this project as a library, and use this
library for all of your DAs and Drivers (and Code Resources).

Fields of the Driver's Header

A driver begins with a header containing several flags and other data items (some of which apply
only to desk accessories). When the driver is opened, before the Open entry point is called, the
Device Manager copies these fields to the device control entry. The device header is not used
subsequently; the fields are used only to initialize the corresponding fields in the device control

entry.

Lightspeed Pascal does not give you any way of pre-setting these fields. They are given
reasonable default values, and often you will not need to change them. If the default settings
(listed below) are not to your liking, the recommended procedure is to change them on the fly by

modifying the device control entry.

For example, suppose that you want your desk accessory to remain locked in between calls, and
to be called every 60 ticks (once per second) to perform some periodic action. Simply execute
the following code when the driver is called to implement the Open entry:
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dce”. dCtlFlags := BitOr(dce”.dCtlFlags,dNeedLock+dNeedTime) ;
dce”.dCtlDelay := 60;

Note that the Device Manager copies the dCt1FLags, dCt1Menu, dCtlDelay, and
dct 1EMask fields of the driver's header to the corresponding fields of the DCE each time the

driver is opened, gven if it is alreadv open. Therefore, you must set these fields to the desired
values each time your driver receives an Open request, before it realizes that it is already open.

These are the default settings for desk accessories:

dCtliFlags
dReadEnable
dWritEnable
dCtlEnable
dStatEnable
dNeedGoodBye
dNeedTime
dNeedLock

OO0OOoOOrOoOOo

dCtlDelay _ nfa(dNeedTime=0)

dCt1EMask $016A
(mouse-down, key-down, auto-key,

update, activate)

dCt lMenu ' 0

These are the default settings for device drivers:

dCtlFlags
dReadEnable
dWritEnable
dCtlEnable
dStatEnable
dNeedGoodBye
dNeedTime
dNeedLock

RPOOKRP PP

dCtlDelay n/a (dNeedTime=0)
dCt1EMask n/a (desk accessories only)

dCt IMenu n/a (desk accessories only)

Debugging a Desk Accessory - the DAShell Program

The debugging of a desk accessory is an arduous task, typically performed by programmers who
are on a first-name basis with each of the Macintosh low-memory globals. In order to simplify
the process, we have provided a "shell” program (special thanks to Terry Lucas) which allows
you to debug a desk accessory under the Lightspeed Pascal environment, using the full
source-level debugging facilities: Stop Signs, Instant & Observe, Stepping and Tracing,
LightsBug.
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The DAShell is a Macintosh application which simulates the Macintosh operating system's
interaction with a desk accessory. It builds a "fake" Device Control Entry and I/O Parameter
Block and passes events on to your DA by calling your main function with appropriate
parameters.

The DAShell has its own File and Edit menus, with menu items necessary for testing a desk
accessory: Close (so you can test your close code), Quit (so you can test a "goodbye kiss"),
Undo, Cut, Copy, Paste, and Clear (so you can test editing operations). It places a menu
item called Sample DA in the apple menu, which opens your DA exactly as if it were a real DA.
It also performs periodic activation of your DA if the dNeedTime flag is set and dCt1Delay is
non-zero.

To use the DAShell, you can make a copy of the DAShell project (located on the LP3.Utilities
disk) and add the unit(s) that comprise your DA to it. Make sure you add it in the proper Build
Order: your unit(s) must precede the DAShell main program. If you Run the project, the
DAShell application will start running, and you can trace, stop, and examine the routines in your
unit(s) as you test each of the features.

Desk Accessories that work under the DAShell environment should also run properly as actual
DAs. There are a few considerations:

1. AccEvent "inSysWindow" should also handle the "inContent" case: under DAShell,
events in your DA's windows look like "inContent", whereas when run from the
operating system they are "inSysWindow".

2. If your DA has owned resources, the resource ID is computed based on the driver's
unit number, which should be calculated as abs (dCt1RefNum) - 1. The reason
for this is that in a real DA the unit number is equal to ~dCt 1RefNum - I and in the
DAShell itis dCt1RefNum - 1.

3. The GoodBye kiss in a real DA is done asynchronously; in DAShell the goodBye kiss
is done synchronously (i.e immediately).
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Code Resources

Introduction

Lightspeed Pascal can be used to write "pure” code resources. Such resources do not have the
complex structure of drivers; they simply contain code to be called at its entry point, main. How
main is called depends on the sort of code resource involved. Inside Macintosh documents a
variety of resource types, such as 'FKEY', 'INIT', '"PACK', "WDEF ', 'MDEF’, and
"CDEF ', that are called by the Macintosh Toolbox on designated occasions.

For example, a 'WDEF ' resource is used to provide a custom window definition; it is called by the
Window Manager with several arguments (see the "Window Manager" chapter in Inside Macintosh
for details). A window definition procedure in Lightspeed Pascal would take the form:

function main (varCode: Integer;
theWindow: WindowPtr;
~message: Integer;
param: Longint)}: Longint;

You may define your own code resource types. You might do so, for instance, in order to make a
function you have written in Lightspeed Pascal available to another program not written in
Lightspeed Pascal. The "client” program need only load the resource and call it at its beginning,
using assembly language or inline "glue".

As with drivers, a short assembly-language stub (placed in your code resource automatically by
Lightspeed Pascal) receives control before main. All this stub does is place the address of the
resource where you can find it (see "Locking Code Resources”, below) and jump to main.

Code resources may not have any global data. You should use a custom run-time library as
described above. :

Packages

A group of related functions may reside in a single code resource. Since there is only a single entry
point, main must be able to determine from its arguments which function is really being called.
This is usually accomplished by pushing a small integer to the stack immediately prior to the call as
a selector to indicate the desired function. main is written in assembly language and looks
something like this:

MOVE.L (SP}) +,Al ; return address

MOVE.W (SP)+,D0 ; selector

MOVE.L Al,-(SP) ; restore return address

JMP ; dispatch to selected function

This technique allows each function to have a different number of arguments and a different return
type. The client program implements each function with an assembly-language or inline "glue"
routine that simply pushes the selector and jumps to the resource; the function then appears to have
been called directly from the client program.
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This kind of code resource is called a package. Macintosh Packagés, such as the Standard File
Package, are packages, and you can write your own as well,

Locking Code Resources

Code resources should be locked while they are executing and unlocked at other times. The
Macintosh Toolbox usually takes care of this for you when calling one of the standard types of
code resources (' PACK' resources are a notable exception). When defining your own code
resource types, it is up to you whether the code resource itself or its caller should take the
responsiblity for locking it on entry and unlocking it upon return.

If you choose to make a package responsible for locking and unlocking itself, you will find a
pointer to the package in address register AQ when main is called. Locking the package is

accomplished simply by:

_RecoverHandle
_HLock

Unlocking the handle on exit is a little more tricky, since you have to save the handle someplace
while the function is executing. You cannot save it on the stack, since the stack is being used to
pass arguments to the selected function; and you cannot save it in the global data area, since there
isn't any. You must save it amidst your code at a location defined using the DC directive. For

example:

handle: DC.L 0

main: _RecoverHandle
_HLock
LEA handle,Al ; can't store PC relative
MOVE.L a0, (Al)

commonExit: MOVE.L handle, A0 ; all functions exit here
_HUnlock

If the function main is written in Pascal, the pointer to the code resource may be found in the
low-memory location ToolScratch ($9CE). Your code might look like this:

procedure main;
var pp: "Ptr; h: Handle;
begin
pp := Ptr ($0SCE);
h := RecoverHandle (pp");
HLock (h) ; )

HUnlock (h) ;
end;

A final point: If your code resource can be called in a re-entrant fashion, it should not
unconditionally be unlocked each time it returns. Instead, it should be restored to the same state
(locked or unlocked) it had on entry.
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The Block Comment FKEY

. The Block Comment FKEY is a function key, written in Lightspeed Pascal, that allows you to

quickly comment out a section of your program, and later un-comment the same section. It can
. also be used to convert multi-line comments, which are allowed by some compilers such as Lisa
Pascal, into single line comments that are compatible with Lightspeed Pascal.

Lines to be commented out are surrounded with the character strings "{« " and " « }". If there are
already comments on a line, the right closing brace of the existing comment is replaced with a

it ']".

This function key is distributed with Lightspeed Pascal as a project that you can modify, if you so
desire. To use it, you must install the FKEY.

Installing the Block Comment FKEY

Installing the block Comment FKEY consists of copying the FKEY code resource that you just
built, and pasting it into the Lightspeed Pascal application. To do this, you must use ResEdit, the
resource editor that is supplied with Lightspeed Pascal. Be sure to first read Appendix I of the
Lightspeed Pascal Manual to learn how to use ResEdit.

Warning: Misuse of ResEdit can damage your files beyond repair. Only use ResEdit
on a copy of Lightspeed Pascal, in case something goes wrong. :

To install the Block Comment FKEY:

1. Run theResEdit application. A window opens for each of your mounted disks listing
all files on the disk.

2. Open the file { } FKEY Code which you just created by building the FKEY. To
open the file, double-click on the file name, or select it and choose Open from the
File menu.

3. Openthe FKEY resource type list by double clicking on the word FKEY.

4. Select the FKEY '{ } Comment...' resource (or whatever name you used in step 4
above) and choose Copy from the Edit menu.

5. Open the Lightspeed Pascal application in the window for LP1.System. To open it,
double-click on it, or select it and choose Open from the File menu.

6. Paste the FKEY into the Lightspeed Pascal application by choosing Paste from the
Edit menu.

7. Choose Quit from the File menu to leave ResEdit and return to the Finder. When
you are asked if you want to save the changes to the Lightspeed Pascal application,
click Yes. The FKEY is now installed. It will be available for use when you are in
the Lightspeed Pascal environment.

If you want the FKEY to be available even outside of Lightspeed Pascal, install it into your
System file instead of into Lightspeed Pascal.
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Instructions for Use

The Block Comment FKEY is available when editing files in Lightspeed Pascal, assuming you
have built and installed it as instructed above. The FKEY is activated by pressing 38 Shift-0.

(See Macintosh, your owner's manual, for information about other 88 Shift keys.) To comment
out lines of your program, do the following:

1. Select the lines you want to comment out, and choose Copy ( # C) from the Edit
menu. This copies the text to the Clipboard. Be sure to copy the carriage return on
the last line, or the FKEY will not comment out that line. The easiest way to ensure
this is to triple-click the first line, and extend the selection by dragging down

through the last line.

2. Press # Shift-0 (zero, not the letter O). This invokes the FKEY, and processes the
text in the Clipboard.

3. Paste the contents back from the Clipboard. The selected lines of your program are
now commented out!

For example, if you wanted to comment out the following lines:

writeln ('Line with no comment');
writeln('Line with statement, comment'); { A comment }
{ Line with just a comment }

{ Here is multi-line block comment that is typical of
what you might find in porting from Lisa Pascal. }

If you used the FKEY as described above, you would end up with:

{e writeln ('Line with no comment');e+}
{* writeln('Line with statement, comment');{ A comment ]}
{e { Line with just a comment eee+])}

{e .}
{* { Here is multi-line block comment that is typical ofe}
{* what you might find in porting from Lisa Pascal. +]}

To reverse the process, repeat the same steps as above, except hold down the CAPS LOCK key

when you press 8 Shift~0. This will remove the comment delimiters the were previously
inserted.

Helpful hint: If you open the Clipboard wmdow, you can see the lines of your program as they
are commented and un-commented.

There are some restrictions on what the Block Comment FKEY will handle:
1. The FKEY does not recognize the pairs ( * and *) as comments,

2. The FKEY does not recognize a close comment inside a quoted string when block
commenting.

In these cases, block comments are not properly done, -
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Error handling is as follows. One beep indicates a usage error (e.g. no text in Clipboard, last
line is missing a carriage return, etc.). Three beeps indicates a recoverable system error (e.g. not
enough memory).

Modlfying and Building the Block Comment FKEY

If you think you will ever want to modify the Block Comment FKEY, be sure to make a copy of
the { } FKEY Project before starting.

To build the FKEY:
1. Open the { } FKEY Project .

2. Remove the files Remove Me and MacPasLib from the project. Remove Me is a
debugging shell for the FKEY, and MacPasLib is the standard predefine library.

3. Add the DA MAcPasLib file to the project. This file is in the Small PasLib folder on the
LP2 Libraries disk.

4. Choose Build & Save As... from the Project menu. Make sure the 'Code
Resource' radio button is on. If you want to change the key code for the Block
Comment FKEY, click on the Code Resource radio button. A dialog box appears in
which you can set the Resource ID, which is also the number of the key that activates the

FKEY code. The default value is zero (i.e. 38 Shift-0 will invoke the FKEY). You can
change the name if you like (this is the name of the code resource itself, not the
filename), but leave the default type of 'FKEY". Click the OK button.

5. Click the Save button, and the FKEY will be built and saved with the name '{} FKEY
Code'. _
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L}

The New ROM Libraries

Lightspeed Pascal supports all of the constants, types, variables, procedures, and functions
described in Inside Macintosh, consistent with Apple's May 1985 Software Supplement. These
names are predefined in the compiler; the necessary "glue”, if any, is found in the MacTraps

library.
With the official release of the April 1986 Software Supplement, Apple has finalized the
interfaces to the "new ROMs" — the 128K ROMs found in the Mac Plus (or upgraded old Macs).

In order to support development of applications which use these new ROM calls, we have
provided a number of intcrf:_ice files (units) in source form:

Font Manager
HFS

List Manager
SCSI Manager
ROMSS5

You should scan through these and determine which ones (if any) you need for your
application(s), and add them to your project. You can also cut and paste portions of these files
(since some are rather large).

If you use any procedures or functions from these units, you will also need to include the library
ROMBS5Lib in your project. This library contains the "glue" for the register-based New ROM
traps.
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Running Under Different Configurations

Running With a Single 800K Drive/HFS

Before using Lightspeed Pascal on a HFS Macintosh, first read your Macintosh Plus manual or
the 800k disk drive upgrade document (or the documentation provided with your RAM based
HFS system). There are important differences between the old MFS system and the newer HES
system. Do not use the System(2.0)/Finder(4.1) provided with your distribution Lightspeed
Pascal disks. Use the lastest System(3.2)/Finder(5.3), which is available from your Apple
dealer. The important points for creating a single 800K disk configuration and use of Lightspeed
Pascal with HES are:

*  You may have to remove some fonts and/or desk accessories(DA's) from your
system file to make room on your disk. Make sure you use version 3.2 or later of
the Font/DA Mover.

* Build a 800K disk by finder copying all the Lightspeed Pascal files to your 800K
disk. DO NOT copy the older System/Finder files.

« Lightspeed Pascal searches for the default libraries, MacPasLib and MacTraps, in
the same folder that Lightspeed Pascal is in. You will get the dialog, Can't find
the file "filename". Would you like to look for it? See the User's Guide,
page 3-5, or page F-17 in the Appendices, for further explanation.

*  Once files are added to a project, their absolute pathnames are stored in the project.
If you move the files, or the folders that the files are in, you will get the same dialog
as above when Lightspeed Pascal needs to rebuild the project.

= To display in the Project window where the Lightspeed Pascal expects to find a file,
use the View Options command in the Project menu.

s If you plan to use Macsbug, be sure to put it the System folder and reboot.
~ Macsbug is loaded only when the Macintosh boots.

Running With a Single 400K Drive

In Chapter 3 of the User’s Guide, some instructions are given for installing Lightspeed Pascal on
a Macintosh with a single 400K disk drive. Since the manual was written, we have added
enhancements and features that make Lightspeed Pascal even more powerful. The product has
grown in size, and therefore the instructions listed in that chapter are no longer correct. If you
were to follow those instructions, you would run out of disk space in step 3.

Listed below is a new set of instructions for installing on a 400K drive. The strategy is to create
a stripped down generic disk with a MiniFinder and everything you need to use Lightspeed
Pascal. You can then use a copy of this generic disk for each new program that you write. You
create this disk as follows:
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'1) Boot your Macintosh with the LP1.System disk, and then eject that disk by
choosing Eject from the File menu.

2) Inserta blank disk. Name the disk Generic LSP.

3) Copy the Lightspeed Pascal and System files from the LP1.System disk to the
Generic LSP disk. You will have to swap disks a few times to do this.

4) Select the Lightspeed Pascal icon (click once on it) on the Generic LSP disk.
Choose Use Minifinder... from the Special menu. After a disk swap, a dialog
box appears. Click on the Install button to install the Minifinder on the Generic
LSP disk. After a few disk swaps, the Minifinder icon will appear on the
Generic LSP disk.

5) Select the Minifinder icon (click gnce on it) on the Generic LSP disk, and then
choose Set Startup from the Special menu. This makes Minifinder the startup
application on that disk.

6) Reboot your Macintosh using the new disk. The Lightspeed Pascal icon will be
visible in the MiniFinder. Start up Lightspeed Pascal by double-clicking on the
icon.

7) Create a new project on the disk by choosing New Project... from the Project
Menu. Name it Generic Project. ' '

8) Build the project by choosing Build from the Run Menu.

9) Lightspeed Pascal will warn you that the file MacPasLib cannot be found, and will
ask if you want to find it by hand. Click on the OK button or press Return,

10) The standard file dialog box is shown. Eject your disk, insert LP2.Libraries and
open the MacPasLib file.

11) After a disk swap, Lightspeed Pascal will ask you if you want to change all
subsequent library references in the project to the new disk. Click the Yes button
or press Return. ,

12) After more disk swapping your project will be built. Close the project by choosing
Close Project from the Project Menu.

13) On the Generic LS‘P disk you now have a ready-to-use Project to which you can add
and build source files. Reboot your Macintosh using the LP1.System disk and
make several copies of the Generic LSP disk.

14) To start using Lightspeed Pascal, reboot your Macintosh using one of the copies of
Generic LSP and double-click on the Lightspeed Pascal icon. Without Macsbug on
the disk, you should be able to write programs of up to about 1500 lines before the
disk is full.

15) If you plan to use Macsbug, copy the MaxBug file from the LP3.Utilities disk to the
Generic LSP disk copy, and rename it Macsbug. You must reboot your machine to
force Macsbug to be installed. Using Macsbug will decrease the amount of disk
space left for your programs.
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Printing with a Single 400K Drive

Since you do not have the Imagewriter on the Generic LSP disk, printing your source files will

involve a few more steps than usual. To print, you must re-boot your Macintosh with a copy of
the LP1.System distribution disk (which has an Imagewriter file on it). Eject that disk, and insert
the disk containing the files you want to print. Select all the files to be printed, and choose Print
from the File menu. Lightspeed Pascal will automatically launch and print your files.
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Hints from Experienced Users

The programmers at THINK have used Lightspeed Pascal extensively during all its myriad
incarnations for serious software developement. Appendix F of the manual is a direct result of
this experience. It lists most of the error messages that are generated by the system, along with
one or more examples of circumstances which might lead to the reported error.

In this section, we would like to offer to you, the users of the final product, some helpful hints
gleaned from extensive experience.

Initializations: Too Much or Too Little?

At one time or another, you will want to save a perfectly working program as a standalone
(double-clickable) application. You may try to launch this application, only to discover that it
crashes immediately with a System Error alert (bomb box) such as ID = 2. If you have MacsBug
installed, it may drop into the debugger with an "address error” message. The common cause for
this is failure to initialize one or more of the Macintosh Toolbox managers, or attempting to
initialize them more than once.

If your program performs these initializations explicitly, make sure that you place a {5I~}

directive (note - no spaces between the " (", the "$", the " 1", or the "-" ) in the file containing

the main program: this will disable Lightspeed Pascal's automatic initialization. If your program
does not perform these initializations, make sure that there are no stray { $I-} directives in your
main program. Typically, your program will not bother with the initializations, and Lightspeed
Pascal will take care of everything. The {$I-} directive is ignored in Units.

Can’t Stop Running

Even the most tried and true Lightspeed Pascal programmer will occasionally place a Stop Sign in
a program and select Go, only to discover that the program indeed ran, but forgot about the Stop
Sign. There are three common causes of this;

If the file containing the Stop Sign was compiled with the Debug (D) option off, or if there is a
{$D-} directive in the file before the Stop Sign, the Stop Sign will be ignored. The Debug
option must be turned on for files with which you intend to use Lightspeed Pascal's
comprehensive debugging features (such as Stop Signs).

If you edit a line that has a Stop Sign on it, the Stop Sign will disappear from that line after the
edit.

Less common, but also possible, is that you have already stopped somewhere in your program,
discovered a bug, and placed a stop sign at a line which precedes the current statement. If you do
not Reset before you Go, your program will continue execution from the current point, rather
than start at the beginning, and therefore never encounter the Stop Sign.

Eventful Windowing

When debugging an event loop in your application, it is best to disable the Auto-Show Finger
option on the Debug menu. Otherwise, Lightspeed Pascal's activation of edit windows to
update the Finger position will generate extra Activate and Update events for your program's
windows.
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Conserving your Resources

Most Macintosh applications use resources, and Lightspeed Pascal provides a convenient
mechanism in the Run Options... command for associating a resource file with a project. The
resource file and the project must be on the same volume (and in the same folder if under HFS).
You must be careful when moving a project from one volume to another: move the associated
resource file as well. Lightspeed Pascal does not flag an error if the resource file is not found in
the same volume as the project.

A special note to users of Macintosh Pascal Version 2.0: if you are in the habit of storing
resources in the resource fork of your source files (a common technique with MacPascal), and
you want to port these programs to Lightspeed Pascal, you should copy your source file and
empty the data fork, then associate the copy as the resource file for your project.

Missing a Link

If you are using a run-time library other than the standard MacPasLib or SmallPasLib, i.e. one
that you have customized to remove unneeded routines, you should beware: the stringof
routine is required to support the Observe window. If stringof is not present in the library, a
“Link Error" message will appear in the left cell of each expression in the Observe window.

A similar state of affairs exists when you attempt to use writeln from the Instant window if
you are not using MacPasLib. In this case, however, the error message "_WRITELN is
undefined"” is more indicative of the situation and its potential correction.

Units, Ltd.

If you have a large program with a number of units, you may encounter the error message "This
file USES too many units”. A single file may specify no more than 24 other units in its uses
clause. There may be no more than 128 total files (units and libraries) in a single project.
Because libraries may themselves be built from multiple files, the actual limitation on project size
is the total number of files that can be smart linked. At present, this limit is 256 files.

Based on a typical unit size of 2,000 lines, this translates into a maximum of nearly half a million
lines for any single application. To put this in perspective, MacDraw is alleged to be about
22,000 lines of Pascal source.

Unit names are distinct only to 15 characters.

Run-time Errors in Saved Applications

With Lightspeed Pascal, you should be able to thoroughly debug your programs before you turn
them into a double-clickable application. However, sometimes an error slips through. Your
saved application will appear to run incorrectly, or it may even crash. Often, the problem is due
to & programming error - you may be overwriting a data structure in memory, or trying to execute
some data, or disposing a nil pointer.

A run-time error may manifest itself in one of two ways. Typically, a System Error alert with a
specific ID code will be displayed; ID = 2 (Address Error), ID = 3 (Illegal Instruction), ID =5
(Check Trap), ID = 6 (Overflow Trap) and ID = 11 (Miscellaneous Exception) are common.
These system error codes are documented in Inside Macintosh.
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Occasionally, a run-time error will cause a "phantom" System Error alert to appear on your
screen. This is usually a Pascal I/O error, although other errors may generate this behavior.

These types of errors are best debugged within the Lightspeed Pascal environment. Re-open the
project from which the application was constructed, run the program and attempt to reproduce the
error. A friendly error message (e.g. "File already Open") should appear.

It is possible that the error only occurs in the saved application (although these "application only"
errors are frequently related to Initializations: see above). Lightspeed Pascal provides a warm,
cozy run-time environment that is sometimes friendlier than the cold cruel world of an
application. Some bugs only appear when tested in the "real" application world.

There is a way to find out what error is being detected. It involves using MacsBug to halt your
application at the point of the error, figuring out an error code, and then looking up the error
code in the table provided below.

Before running your application, enter Macsbug by pressing the programmer’s switch on the left
side of your Mac. Enter the MacsBug command 'AB SYSERROR' which will cause Macsbug
to break at the first call to the SysError trap. It is SysErmor that puts the phantom System Error
alert up on your screen. Then enter the G command to restart your Mac, and run your
application again,

When the error occurs, you will return to MacsBug at the point where the error is detected. An
error code is in the low order word of register DO (the last four digits, in hexadecimal). Error
codes are negative numbers, however, so the actual hexadecimal number is four 'F's followed by
the last four digits in register DO. Convert this code to a decimal value by entering 'CV
FFFFxxxx' where xxxx is the last four digits of DO. The decimal representation is the third
number displayed - it is preceded by the 's' character.

Now, this code value must be mapped into the appropriate range of possible errors as follows (all
number in the table are in decimal):

If the value from

DO js in the Range Add in the offset To get

-1985 to -2181 1984 Mac System Error codes -1 to -197
-3011 to -3049 0 Lightspeed Pascal Error Code

Macintosh System error codes afc listed under'Return Codes in Inside Macintosh - they are too
voluminous to repeat here, Lightspeed Pascal's runtime errors are listed below.

-3011: You can't RESET(OUTPUT) or REWRITE(INPUT).
-3012: File already open.

-3013: You can't RESET a nonexistent file.

-3014: Bad device type for operation.

-3015: MODEM: or PRINTER: files must be TEXT.
-3016: Printer port in use by AppleTalk.

-3017: Read or write of an unopened file not allowed.
-3018: Internal error (nothing to pull).

-3019: Write 1o a readonly file not allowed.

-3020: File buffer not valid for write.

-3021: Unnamed file already exists.

-3022: Internal error (unnamed file disappeared).
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-3023:
-3024:
-3025:
-3026:
-3027:
-3028:
-3029:
-3030:
-3031:
-3032:
-3033:
-3034:
-3035:
-3036:
-3038:
-3039:
-3040:
-3041:
-3042:
-3044:
-3045:
-3046:
-3047:
-3048:
-3049:

Read from a writeonly file not allowed.

‘Unexpected end of file.

File already closed.

EOLN of a writeonly file not allowed.
PAGE of a readonly filé not allowed.
SEEK of a readonly or writeonly file not allowed.
SEEK of a device not allowed.

Can't read Keyboard or Modem.
Value out of range.

String too large.

Bad boolean value.

Bad enumerated value.

Illegal input.

Value out of range.

Allocation failed in NEW,

Bad pointer in DISPOSE.

Bad filename.

Not enough memory for set operation.
Not enough memory for set operation.
Internal error (disposing set).

GOTO out of Observe/Instant not allowed.
Index out of range.

Bad filename (pathname too long).

SEEK of a negative component number not allowed.

CLOSE of an unnamed file not allowed.

Special mention should be made of the System Emror ID = 11 (Miscellaneous Exception). This
error is generated whenever an unexpected exception occurs, in particular for any of the TRAP
instructions (TRAP $0 through TRAP $F). Lightspeed Pascal uses six of these: TRAP $0
(nil pointer dereferenced), TRAP $1 (subrange error), TRAP $2 (string range error), TRAP
$3 (set range error), TRAP $4 (case selector range error), and TRAP $6 (fox loop control
variable modified). If your application encounters an ID = 11 error, it is probably one of these,.
Re-running the program under Lightspeed Pascal should quickly flush the offending statement.
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Running a Macintosh Pascal Program

Macintosh Pascal programs will run in Lightspeed Pascal with little or no modification.

Important differences to note are:

- Lightspeed Pascal doesn't automatically open the text and drawing windows. You
will have to open them by hand, or your program will have to explicitly open them
with the ShowText and ShowDrawing calls.

. Lightspeed Pascal doesn't intialize all variables to zero, as in Macintosh Pascal.
Your converted Macintosh Pascal program may behave strangely if it depends on

this feature.

Appendix B, Porting to Lightspeed Pascal, discusses other differences between Lightspeed

Pascal and Macintosh Pascal.

To run a Macintosh Pascal program in Lightspeed Pascal, follow these steps:

Task
Start up Lightspeed Pascal

Create a new project

Add the program to that project

Run the project

Creating New Programs
Task
Start up Lightspeed Pascal

Create a new project

Create a new file

Add the new file to the project

Run the project

User's Guide

What to Do

Double-click on the Lightspeed Pascal icon.

Choose New Project... from the Project
Menu.

Choose Add File... from the Project Menu.

Choose Go from the Run Menu (38 G).

What to Do
Double-click on the Lightspeed Pascal icon.

Choose New Project... from the Project
Menu.

Choose New from the File Menu (38 N).
This will open up an Untitled edit window,
which you can save as a file after editing.

Choose Add Window... from the Project
Menu. You'll be asked to save the file if you
haven't done so already.

Choose Go from the Run Menu (3 G).
Remember to open any Text or Drawing
windows the program might need.
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Basic Features of Lightspeed Pascal

Here is a list of basic features of the Lightspeed Pascal environment:

Task
Start up Lightspeed Pascal

Create a new project
Open an existing project
Add files to the project
Open a file for editing

Create a new file

Add a new file to the project
Save an edited file

Search for text

Replace text

Check syntax of a source file

Build a project
Run a project

Build an application

Exit Lightspeed Pascal

User's Guide

What to Do

Double-click on the Lightspeed Pascal icon or on an
existing project document or source file.

Choose New Project... from the Project Menu.
Choose Open Project... from the Project Menu.
Choose Add File... from the Project Menu.

If the file is in the Project Window, simply double-
click on its name to open it. If not, choose Open...
from the File Menu.

Choose New from the File Menu (38 N). This will
open up an Untitled edit window, which you can save
as a file after editing.

Choose Add Window from the Project Menu,
when the file is in the front editing window.

Choose Save from the File Menu.

Choose Find What... from the Edit Menu (36 W)
to set the search string. Choose Find (38 F) to
actually find it.

Choose Find What... from the Edit Menu (3¢ W)
to set the search and replace strings. Choose Replace
from the Edit Menu (3 R) to replace a single
occurrence, or Everywhere (3 E) to replace all
occurrences after the current selection.

If the file is the front editing window, simply choose
Check from the Run Menu (38 K).

Choose Build from the Run Menu (38 B).
Choose Go from the Run Menu (38 G).

Choose Build & Save As... from the Project
Menu.

Choose Quit from the File Menu (38 Q).
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Chapter 1
Introduction

Lightspeed Pascal is a remarkable product. In order to understand just how remarkable it is, you
need to have been programming for a while. If you're new to programming, Lightspeed Pascal
will seem natural and obvious—the way things ought to be,

The fact is that until now, there has been nothing like Lightspeed Pascal, except its sister product,
LightspeedC, and its predecessor, Macintosh Pascal.

Lightspeed Pascal provides the kind of integrated environment of which most programmers have
only dreamed. A fast compiler, an ultra-fast linker, advanced debugging tools, and a
full-featured text editor are combined with a unique code management system that makes it
possible to turn around a new version of a program in record time.

Developing an elegant, effective program is hard work. It begins with a real-world problem, and
an idea for solving it. But an idea, however clever, is only the beginning. The idea must grow
into a design. The design must be implemented, and the implementation must be tested. If the
program doesn't fully solve the original problem, it must be refined. Even the best programmer
rarely gets everything right the first time.

As a result, program development is an iterative, time-consuming process—a cycle of analysis,
design, implementation, and testing, repeated over and over again until the program does what its
creator set out to do.

Once a programmer has developed a design—a systematic approach to solving the problem—
coding the solution in the language of choice generally goes quickly. Most of the programmer's
time is spent debugging, revising, and extending the initial version of the program.

The programmer's ability to create, run, debug, and manage multiple versions of a program as
quickly and efficiently as possible is a key element in programming productivity. The efficiency
and power of the programming environment becomes of paramount importance.

A Compiler That Works Like an Interpreter

Given that most of a programmer’s time is spent making incremental changes, a programming
environment that makes it easy to update and test a new version of a program is very important.

For this reason, most new programmers start with an interpreter, rather than a compiler. Because
an interpreter remains in memory while the program is run, and because it re-scans a program's
source code each time the program is run, it is easier to correlate errors with the source code, and
faster to revise and re-run a new version of the program.
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Running a Lisa Pascal Program

Appendix B, Porting to Lightspeed Pascal, describes differences between Lisa Pascal and
Lightspeed Pascal.

Creating an Application
To build your project into a stand-alone double-clickable application, choose Build & Save

As... from the Project Menu. You must give the application a name, and save it. You can also
build your project into a library. See Chapters 9 and 10 for more information.
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« Run your program one statement at a time (single-stepping) or in "slow motion”
(continuous stepping, or tracing).

Halt your program at any point during its execution, either by clicking on a "Bug
Spray Can" in the menu bar or by inserting "Stop Signs” at specific statements in
your code.

» Examine the value of variables and expressions at the point in the program at which
it is halted. An "Observe Window" lets you watch the value of variables and
expressions in the context of your program. Whenever the program is paused (in
single-step mode) or halted, the values in the Observe Window are updated - giving
you an inside look at what your program is really doing while it runs.

+ Test Pascal statements by typing them in an "Instant Window". They will be
evaluated in the context of the program'’s state at the time it was halted, allowing you
to try out different code or patch a bug or fix a runtime error without recompiling at
all. In addition to debugging, the Instant Window can improve the quality of the
code you write, because you can test statements at any ttme, without waiting to
rebuild your program.

These debugging features were originally made famous by Macintosh Pascal (THINK
Technologies' Pascal interpreter for the Macintosh). They are so powerful that even though
Macintosh Pascal is an intepreter designed for the educational market, countless Macintosh
developers have used it to prototype their applications. Only at the last minute do they port their
code to a Pascal compiler for final production.

If you are unfamiliar with what goes on behind the scenes with a compiler, you might not realize
just what an achievement Lightspeed Pascal's debugging features are. Interactive debugging
with an interpreter is much easier, since the interpreter remains in memory while the program is
being run. With a compiler, by contrast, debugging is usually an after-the-fact proposition—in
many cases requiring an analysis of the actual machine code generated by the compiler. Itisa
major advance in compiler technology to have a debugger integrated directly with the compiler in
this way. This is especially true because it is a source-level debugger that allows you to examine
your program not in machine language but in terms of the higher-level language constructs with
which you originally coded it.

And if that weren't enough, you can open a "LightsBug" Window for low-level debugging as
well; the experienced programmer can go from high-level language debugging to debugging
Macintosh Toolbox calls in the same Lightspeed Pascal environment. You can break at A-traps,
view the stack frame, the heap, memory locations, and so on. In addition, Macsbug, Apple's
standard assembly language debugger, is supported.

You've Got it All

Of course, integration is the key. The text editor, the compiler, the linker, the debugger—all of the
elements of a complete program development system—are integrated into a single, easy to use
package.

In focusing on the amazing speed of Lightspeed Pascal's compiler and linker, and its
revolutionary (for a compiler) debugging tools, we shouldn't overlook other features of the
program, such as its built-in text editor.
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However, most serious programming is done with a compiler, which translates source code into
an independently executable program consisting of machine language or object code. Compiled
programs run much faster, and don't require the presence of an accompanying support program
like an interpreter. Unfortunately, the compilation process itself has in the past tended to be
time-consuming and unwieldy—so much so that it encourages poor programming practices.

In theory, one should make only a few small changes to a program under development before
testing that the changes work, and that no new problems were introduced by the changes. In
practice, however, all of us tend to "batch” changes, because the program build time (the time it
takes to edit, compile, link, and launch a new version of the program) is prohibitive. Especially
when working with large programs, it is much easier to make a group of changes before
recompiling and linking the program. And of course, when one of those changes introduces
bugs into other parts of the program, it is that much harder to find out which change caused the
problem.

The first remarkable thing about Lightspeed Pascal is that it is blazingly fast - so fast that it will
change the way you program. Not only are the compiler and the linker many times faster than
any competing programming system, they are part of an integrated package that also includes an
editor, debuggers, and automatic "project manager" that keeps track of your edits, and only
recompiles source files that have changed since the program was last built.

Program build time is short enough that you will find yourself making a single change, then
compiling and running the program to see how it works. As a result, you will find yourself
writing better programs. No more coffee breaks while you wait for an application to be rebuilt -
you can edit a program, compile, link and run it, and be back in the editor while most compilers
and linkers are still grinding away. In effect, you have a compiler environment that allows
interactive program development - all of the benefits of an interpreter, without any of its
drawbacks.

A problem with most compilers is that a conventional compiled language development system
has various language objects such as source files, object files, a link-control file, an executable
image, administrative files, etc., all of which have to be managed. Each source file that has been
changed, or which relies on another file that has been changed, must be recompiled. The object
files produced by this recompilation must be relinked with all of the other object files that make
up the program. Only then do you have an executable program. It is easy to forget to recompile
a changed unit, and as a result to run a version of the program that is "out of phase” with your
source code.

Lightspeed Pascal has a simple organizational system. In Lightspeed Pascal, you have only your
source files, library files, and a Project Document. The Project Document serves as an on-line
project adminstrator for your program development. As mentioned above, Lightspeed Pascal
keeps track of whatever changes you make to your source files, automatically compiling and
linking wherever necessary, so that all you have to do is edit your program and run.

Debugging - Easy and Intuitive

Where Lightspeed Pascal excels is in the power of its debugging tools. Like LightspeedC, the
Lightspeed Pascal compiler automatically flags language syntax errors, and opens an editing
window to the offending line in your source file. Lightspeed Pascal also incorporates a powerful
source-level debugger. You can:
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If you are planning to develop Macintosh applications rather than portable Pascal programs, be
sure to have a copy of Inside Macintosh, the definitive reference work on the Macintosh
(Addison-Wesley, 1986), or Steven Chernicoff's Macintosh Revealed (Hayden, 1985).

The User's Guide is organized in the order we expect you'll need to read it.

Since Lightspeed Pascal is easy to leam and use, we've included a quick summary of its features
as a preface to the manual, so the most eager and confident among you could plunge in without
reading the manual, and return to it at leisure.

If you're reading this now, you're already past that point. You should continue reading. After
you install the software (Chapter 2), you should read Chapter 3 for a brief walkthrough of the
program’s main features. If you are very familiar with editing on the Macintosh, you can
probably skip Chapter 4, although we have tried to limit the discussion to special features that
differ from other Macintosh text editors, so as not to waste your time. You should definitely read
Chapter 5, since the Project organization used by Lightspeed Pascal will be new to you unless
you have previously used LightspeedC. Chapter 6 describes some of the different ways that you
can run your programs, and Chapter 7 describes how to use Lightspeed Pascal's source-level
debugging tools.

Chapters 8, 9 and 10 turn from the discussion of the tools Lightspeed Pascal provides, and begin
to discuss how to put Lightspeed Pascal to work building Macintosh applications, and how to
use Macintosh resources from within Lightspeed Pascal programs.

Chapter 11 discusses how to call assembly language routines from your programs, and Chapter
12 returns to the topic of debugging, this time with a lower-level debugging tool-LightsBug.
LightsBug allows you to examine such Macintosh constructs as the stack, the heap, application
zones, and so on.

Chapter 13 describes the use of the compiler options, which add code to perform various kinds
of checking on your program at runtime. These options are on by default, and you don't need to
read this chapter unless you're interested in what effect they actually have.

Chapter 14 gives a more detailed, technical look at various topics connected with Lightspeed
Pascal programming. Once you've mastered the basics of how to run the program, you may
want to read this chapter for information on how Lightspeed Pascal works its magic.

Chapter 15 gives a brief description of each of the Lightspeed Pascal menu commands, organized
in the same order as they appear on the menus. If you get lost, or just want to get a quick idea of
what each of the menus provides, you can skip ahead and read this chapter.

The Language Reference describes in detail the Pascal implementation that is used by Lightspeed
Pascal. You will most likely find yourself referring to it for the finer points of language syntax.
The Language Reference is not meant to be read throu gh from front to back, but paged through
for details on specific topics. It is logically organized, but like all good reference manuals, relies
heavily on the index to help you with quick lookup.

The Appendices are likewise designed primarily for reference rather than for reading straight
through. However, if you are experienced with both the Macintosh and with Pascal, you will
probably be most interested in Appendix A, which summarizes the differences between
Lightspeed Pascal and other Pascal language products, and Appendix B, which gives tips on
porting existing programs.
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As you enter Pascal source code in an editing window, it is automatically formatted or "pretty
printed" when you type a semicolon or press Return or Enter. This means that Pascal reserved
words such as program, begin, and end are displayed in lowercase boldface type and that
certain lines are indented and reformatted in order to make the code easier to read. For example,
indentation is used to show the current nesting of structured statements.

Lightspeed Pascal also incrementally checks the syntax of your Pascal program as each line is
entered. The syntax is checked as soon as you type a semicolon or press Return or Enter. If an
error is found, Lightspeed Pascal displays in an outline typeface the text it believes to be in error,

And of course, all of the features of Lightspeed Pascal are accessible through the use of the
traditional Macintosh pull-down menus. At the same time as Lightspeed Pascal is the compiler of
choice for advanced programmers, it is also a superb tool for beginners. Anyone who is familiar
with the Macintosh and programming fundamentals can begin creating Pascal programs with
Lightspeed Pascal the very first time they use it.

Last but not least, Lightspeed Pascal's implementation of Pascal is the most comprehensive
language implementation for the Macintosh to date. It is compatible with ANSI Standard Pascal,
and all Macintosh Pascal extensions are supported. Existing programs from other Pascals for the
Macintosh will execute with little or no modification.

How to Use This Manual

The Lightspeed Pascal documentation covers all facets of Lightspeed Pascal, explaining its
functions and philosophy. It is both a guide on using Lightspeed Pascal and a reference for
technical information.

Part One, the User’s Guide, familiarizes you with the Lightspeed Pascal environment and its
features.

Part Two, the Language Reference, covers Lightspeed Pascal's implementation of Pascal in
detail.

Part Three, Appendices, contains sections that give tips on porting programs from other versions
of Pascal, additional details on support programs from Apple such as Macsbug, ResEdit, and
RMaker, details of the Macintosh Toolbox and SANE (the Standard Apple Numeric
Environment) Library, a list of the error messages and example of how they might occur, and
other useful information that is hard to come by.

We assume that you are already familiar with Pascal and with the Macintosh. As a result, we
have tried to avoid covering topics that are well documented elsewhere, focusing only on
Lightspeed Pascal and aspects of the Macintosh relating to Lightspeed Pascal.

If you are just learning Pascal, we recommend Macintosh Pascal, by Robert Moll and Rachel
Folsom (Houghton-Mifflin, 1985) as an excellent introduction to the language. (It is particularly
helpful because of the many similarities between Macintosh Pascal and Lightspeed Pascal.) If
you are new to the Macintosh, and you don't know how to handle mechanics such as choosing
menu items or dragging windows around on the screen, you should refer to your Macintosh
Owner's Manual .
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Chapter 2
Installation and
Hardware Requirements

Lightspeed Pascal currently runs on a Macintosh with at least 512K of memory. It can be run
with 400K of disk storage, but 800K or more is recommended.

Lightspeed Pascal is shipped on three 400K disks:

1) LPI1.System, which contains the Lightspeed Pascal application, the System (version
2.0), the Finder (version 4.1), and the Imagewriter (March 6, 1985).

2) LP2 Libraries, which contains two libraries, MacTraps (register based trap glue and
QuickDraw Globals) and MacPasLib (Pascal predefines), and two folders. The
Libraries folder contains several library object files and their associated interface
source files. The BullsEye and MiniPaint Folders contain the demo programs for
Chapter 3. The Editor Demo folder contains a text editor demo.

3) LP3.Utilities, which contains a .Rel converter for taking assembly language files
from the MDS assembler into Lightspeed Pascal format, the Maxbug debugger, and
the Apple utilites ResEdit and RMaker.
Before you start, back up all three disks and archive the originals in a safe place. Lightspeed

Pascal is not copy protected, so you can make back up copies for your own use. Be sure to only
use the backup copies in all your work. Use the originals ONLY for making backup copies.

Running With a Single 400K Drive
The strategy here is to create a stripped down generic disk with a MiniFinder and everything you
need to use Lightspeed Pascal. You can then use a copy of this generic disk for each new
program that you write. You create this disk as follows:
1) Copy the LP1.System disk to a new blank disk. Name the new disk Generic LSP.
2) Reboot your Macintosh using the new disk.
3) Select the Lightspeed Pascal icon (click once on it) and then choose Use
Minifinder... from the Special Menu. When the dialog box appears, click the
Install button to put a MiniFinder on your new disk.

4) Now throw away the Finder (not the newly created MiniFinder) by dragging it to the
Trash can.
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5) Reboot your Macintosh using the new disk. The Lightspeed Pascal icon will be
visible in the MiniFinder. Start up Lightspeed Pascal by double-clicking on the
icon.

6) Create a new project on the disk by choosing New Project... from the Project
Menu. Name it Generic Project.

7) Build the project by choosing Build from the Run Menu.

8) Lightspeed Pascal will warn you that the file MacPasLib cannot be found, and will
ask if you want to find it by hand. Click on the OK button or press Return.

9) The standard file dialog box is shown. Eject your disk, insert LP2.Libraries and
open the MacPasLib file.

10) After a disk swap, Lightspeed Pascal will ask you if you want to change all
subsequent library references in the project to the new disk. Click the Yes button

or press Return.

11) After more disk swapping your project will be built. Close the project by choosing
Close Project from the Project Menu.

12) On the new disk you now have a ready-to-use Project to which you can add and
build source files. Reboot your Macintosh using the LLP1.System disk and make
several copies of the Generic LSP disk.

13) If you plan to use Macsbug, copy the MaxBug file from the LP3.Utilities disk to the
Generic LSP disk copy, and rename it Macsbug. Using Macsbug will decrease the
amount of disk space left for your programs,

14) To start using Lightspeed Pascal, reboot your Macintosh using one of the copies of
Generic LSP. Without Macsbug on the disk, you should be able to write programs
of up to about 1000 lines before the disk is full. If you remove the Imagewriter
(making it impossible for you to print programs or screen shots) you can get up to
around 2000 lines.

Running With Two 400K Drives

Boot your backup copy of LP1.System and put the backup of LP2 Libraries into the other drive.
The LP1.System disk should always remain mounted.

You can create new projects on the LP2 Libraries disk. New projects by default contain the
MacTraps and MacPasLib libraries, and Lightspeed Pascal will attempt to find these files on the
boot volume (LP1.System). Since they are on the LP2.Libraries disk, you will be asked to open
them by hand whenever a project is built for the first time. When asked if you want to change all
references of LP1.System to LP2.Libraries, choose yes, and you will have no further problems.

You also can create projects on a new blank disk. The first time a new project is built, you wili
have to open MacTraps and MacPasLib by hand as described above.
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You can avoid this problem by copying the MacTraps and MacPasLib libraries to the
LP1.System disk. You must first make room for them by installing the MiniFinder and
removing the Finder as described above for single drive users.

Alternatively, you can use the same trick as described for single drive users. Create a project on
a blank disk, build it to get MacTraps and MacPasLib loaded into the project, then just make
copies of this project rather than keeping the libraries around.

Running With a Single 800K Drive

Copy the contents of LP1.System and LP2.Libraries to a blank 800K disk. Re-boot with the
new disk. There should be plenty of room to do whatever you want. If you run out of space,
you can remove unneeded library files from the disk. They can of course be moved back to your
working disk whenever you write a program that needs them.

Running With a Hard Disk

Copy the Lightspeed Pascal application from the LP1.System disk to your hard disk. Copy the
MacTraps and MacPasLib libraries and the Libraries folder from the LP2.Libraries disk to your
hard disk. Put them in the same folder as Lightspeed Pascal.

You can create projects wherever you want on your hard disk.

Lightspeed Pascal is compatible with Apple's Hierarchical File System (HFS). However, if you
are using HFS, you should not use the System & Finder that are provided on the Pascal.System
disk. Keep the System & Finder that you are currently using. Preferably, use System 3.2 and
Finder 5.3, which have just recently been released by Apple. There are known bugs in System
3.0, 3.1 and 3.1.1, although Lightspeed Pascal has built-in workarounds so that you can use
these System versions if there is no alternative.
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Chapter 3
Getting Started

This chapter provides a discussion and walk-through of many of Lightspeed Pascal's features. It
introduces the concept of a project, and describes how to create a new project, add files to it,
compile the files, and run the project. The chapter ends with an introduction to Lightspeed
Pascal's source-level debugging tools.

The Project

Lightspeed Pascal has a simple organizational system. All of the files associated with a particular
program under development are organized into a project. Instead of having to keep track of
object files and numerous other miscellaneous files normally associated with development
systems, in Lightspeed Pascal you have only your source files and a project document.

The project document is an on-line project adminstrator for your program development. It
contains the information needed to compile, link, and run your program:

A list of all the files that comprise your total program.

The object code that results from compiling each source file.

Information on whether or not a file has been edited since it was last saved.
Information on any object code libraries used in the project.

P =

Information about the currently active project is displayed in the Project Window.

When you want to run your program, Lightspeed Pascal first builds your project. This involves
loading any libraries needed by your program, compiling all the files that have been changed
since the last build, and linking the object code produced by the compilation. If, after running,
you do not make any changes to the project or to files in the project, these steps are not repeated
when re-running your program.

We'll walk through all these steps in this chapter. Complete information on the project document
is given in Chapter 5, Projects.

Before You Start

This chapter shows how to create a new project, using demonstration files included with
Lightspeed Pascal. This demonstration is not rigorously designed as an on-screen tutorial, but
you should be able to follow it on your system as well as on paper.

This walk-through assumes that your system is configured with two 400K disk drives, and that
copies of the Lightspeeed Pascal distribution disks LP1.System and LP2.Libraries are in those
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two drives. If your system is not configured this way, you may have to adjust the sequence of
steps given here to locate files. However, you can still follow this walk-through if the necessary
files can be made accessible to your Macintosh's storage system. Lightspeed Pascal can be
found on the LP1.System disk, and the demonstration files can be found on LP2.Libraries. If
you have already used your disks, the file organization may not match the illustrations shown in
this chapter.

See Chapter 2 for information on how to install Lightspeed Pascal.

Starting Lightspeed Pascal

Double-clicking on the Lightspeed Pascal icon will start up the Lightspeed Pascal development
environment. A menu bar like this will appear at the top of an otherwise blank screen:

& File Edit Project Run Debug Windows

Our first program will draw a Bullseye on the screen. In order to get to that point, we will create
a project, add the file Buliseye to the project, open the Drawing Window, and run the project.
Let's start at the beginning.

Creating the Bullseye Project

Programs must be added to a project before they can be executed. Choose New Project...
from the Project Menu.

You should create the project on a disk with enough space. The default disk is LP1.System;
however, there is not enough room to create a project on that disk. Click the Drive button in the
New Project dialog box to select LP2.Libraries as the disk on which to create the project.

You will be asked to name the project. Let's call it Buliseye Project.

Click the Create button or press Return to create the project.

Create the project: ! LP2.Librar...

Project
Bullseye Projec
(Create ‘] (Cance ) |
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A Project Window will open on the right side of the screen.

£ Bullseye Project !
Options  File (by build order) Size |A
MacPasLib 0 5

MacTraps o

<

<3l [

The name of the project, Bullseye Project, appears as the title of the Project Window. Inside the
window, there are three columns: Options, File, and Size. We won't stop to discuss what
these are right now. (Chapter 5 gives details on the contents of the Project Window.)

In addition, the Project Window contains two file names, MacPasLib and MacTraps. These files
are libraries that are included automatically in each project. MacPasLib contains Pascal
predefined routines, and MacTraps contains routines for accessing portions of the Macintosh

Toolbox.

Adding a File to Bullseye Project

Choose Add File... from the Project Menu to display the files that can be added to the project.
Select Bullseye from the LP2 Libraries disk, and click the Add... button to add it to the project.

ABPasCalls
fippleTalk
Bullseye
Change Font
Drawing Unit
Editor Globals
Editor Init

Add... RJ LP2.Libraries

( Eject ]

([ cancei ) i ([ Drive ]

Once the file has been added, the dialog box will reappear, allowing you to select another file.
Since this project has only one file, don't add any other files. Click the Cancel button to make

the dialog box go away.
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Your Project Window should now look like this:

EOI Bullseye Project
Options _ File (by build order) Size A
MacPasLib 0 5
MacTraps 0
[CINVIR] Buliseye 0
3|
< [T

The name of the file, Bullseye, has appeared in the Project Window under the column titled File.
Notice that the Size column reads 0. This tells you that the source file has been added to the
project, but has not been compiled. Likewise, the size of the two libraries is listed as 0, since
they have not yet been loaded.

Because this project contains only a few files, the Project Window doesn't need to be as large as
itis. Make it smaller by using the size box, so that it looks like the picture shown earlier.

Opening Program Output Windows

If you've been using Macintosh Pascal, you're probably accustomed to having the Text and
Drawing Windows open automatically when your program runs. In contrast, Lightspeed
Pascal's pre-defined Text and Drawing Windows have to be opened explicitly. All output from
writeln statements in your program will go to the Text Window. All drawing output will go
to the Drawing Window.

The Bullseye program uses the Drawing Window, so choose Drawing from the Windows
Menu. The Drawing Window will appear.

Later on, you'll learn how to open the Text and Drawing Windows automatically, but this sample
program requires that you to open them manually.

Running the Bullseye Project

To run Bullseye Project, choose Go from the Run Menu. Several boxes will appear. First, a
box will indicate that the MacPasLib library is being loaded.

Loading "MacPasLib".

Type %-. to cancel the operation.
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Next, you'll see the following dialog box.

Cannot find the file "MacPasLib". Would you
like to look for it?

-

Lightspeed Pascal expects to find MacPasLib on the same disk as Lightspeed Pascal itself.
However, it is not distributed this way due to disk space limitations.

MacPasLib is on the LP2 Libraries disk. To find the library, click the OK button to open a
dialog box that lets you look for the MacPasLib library.

MacPaslLib
| [lpenkj LP2.Libraries

([ Eject |}
( cancel ) i [ Drive )

o

Select the MacPasLib library, and click the Open button. A second box will appear, asking you
whether or not to change all subsequent references from the LP1.System disk to the

LP2.Libraries disk.

Change "LP1.System"” to "LP2.Libraries"” in all
SUBSEQUENT (by build order) Project entries
also?

We do want to change all the references, so click the Yes button.
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The Bullseye program now loads and compiles. You will see a box with a "speedometer” in it
while this is happening.

Compiling "Buliseye”.

0 lines 16
Type #-. to cancel the operation.

After a brief pause (for disk access), you will see the Lightspeed Pascal compiler flash through
this short program. A box will appear, informing you that the project is being updated. Notice
that the Size column in the Project Window now shows the number of bytes of object code
produced.

The program runs, and a bullseye appears in the Drawing Window. You may also notice that a
Bug Spray Can appears briefly in the upper right corner of the screen. The Bug Spray Can
appears whenever the program is running, and it goes away once the program is done.
(Clicking the Bug Spray Can halts the program for debugging. Its use is described in Chapter
7.)

Re-Running the Bullseye Project

Choose Go from the Run Menu again. This time, no compilation windows should appear, and
Bullseye will run again. The Bug Spray Can appears in the upper right, and the Bullseye will be
drawn in the Drawing Window.

Note that the compilation steps weren't repeated. The project document keeps track of changes to
files in the project. Since the Bullseye program wasn't edited, it didn't need to be re-compiled.

A Brief Introduction to Debugging Tools

When a program works just the way you want it to, you are happy just to see it run. But if it
isn't working, or isn't working properly, you want to be able to take a closer look.

Lightspeed Pascal's integrated environment provides a number of tools that allow you to look
"inside" a program as it executes. You can open the file containing your source code in an
editing window, then step through your program a statement at a time. An Execution Finger
points to each statement as it is executed.

You can also "trace” your program-running it in "slow motion" rather than one statement at a
time—or you can insert "Stop Signs" to halt it at any point you choose.

Once your program is halted, you can use Lightspeed Pascal’s remarkable Observe Window to

watch the values of variables or expressions, or can even change variable values—without
recompiling—using the Instant Window.
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Even though the Bullseye program does work, let's take a moment to see how these tools are
used.

Viewing the Text of the File

What does the actual text of Bullseye look like? Select the Project Window by clicking anywhere
inside it. Double-click the name "Bullseye" in the Project Window. A Pascal Editing Window
appears with the text of Bullseye. However, this window is so large that it partially hides the
Project and Drawing Windows. Shrink the editing window so that the other windows are
completely visible.

Stepping Through Bullseye

Often, you will want to step through your program a statement at a time. Choose Step from the
Run Menu. The Execution Finger, which points at the next statement to be executed, appears
next to the begin statement in Bullseye.

S[J=——— Bullseye =——|
>

program Bullseye;
const
Scale = 8;
var
hPes, vPos : integer;
Radius, i : integer;

@ begin
hPos := 100,
vPos = 100;
PenMode(patXor);
for i = 10 downto 1 do
begin

Radius =1 ¥ Scale;
PaintCircle(hPos, vPos, Radius)
end

end.

(Elke]

Choose Step again and observe how the finger moves through the file, statement by statement.
Continue to step until the finger is pointing at the line starting with PaintCircle. This is the line
that draws the circles. Step again, and the outermost circle of the Bullseye appears in the
Drawing Window.
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Drawing

Automatically Stepping with Trace

Choose Trace from the Run Menu. With Trace, the program executes faster than with Step,
but slow enough for you to get an idea of what's happening. Bullseye will finish all of its steps
in a few seconds.

Stopping at a Specific Statement

Suppose you wanted to stop at a specific statement in the program? You could Step all the way
to that point, but that might take a long time (above, it took seven steps to get to the statement
with PaintCircle on it). The best way is to put a Stop Sign in front of the line. Choose Stops
In from the Debug Menu. The editing window will change to have a Stop Sign in the lower
left-hand corner, and a vertical bar along the left side.
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EF === Bullseye

3

program Bullseye;
const
Scale = 8;
var
hPes, vPos : integer;
Radius, i : integer;
begin
hPos = 100;
vPos :=100;
PenMode(patxor);
for i =10 downto 1 do
begin
Radius =1 ¥ Scale;
PaintCircle(hPos, vPos, Radius)
end
end.

5
&)

When you move the pointer into the bar on the left side of the editing window, it becomes a Stop
Sign. Move the Stop Sign pointer until it is directly to the left of the statement starting with
paintCircle, and click the mouse. A Stop Sign will be left behind at that point,

E[ |==—== Bullseye =
program Bullseye; Q
const
Scale=8;
var

hPos, vPos :integer;
Radius, i : integer;

begin
hPos = 100;
vPos = 100;
PenMode(patXor);
for i =10 downto | do
begin

Radius =i * Scale;

T PaintCircle(hPos, vPos, Radius)
end

end.

Now choose Go from the Run Menu. Execution proceeds until the statement with the Stop

Sign is encountered, and halts there. The finger points at PaintCircle, and covers the Stop
Sign. Choose Go again, and the outermost circle will appear in the Drawing Window, and
execution will again halt at PaintCircle.
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S[(=——= Bullseye ==ce5F—"= Brawing

>

program Bullseye;
const
Scale = 8,;
var
hPos, vPos :integer;
Radius, i : integer;

begin
hPos := 100,
vPos = 100;
PenMode(patXor),;
fori = 10 downto 1 do
begin

Radius =i * Scale;

(5 PaintCircle(hPos, vPos, Radius)
end

end.

e

Observing the Value of a Variable

The size of the circle drawn by PaintCircle changes with the value of the variable Radius.
You can watch this value change with the Observe Window.

Choose Observe from the Windows Menu. Type Radius in the cell to the right of the line
on which it says "Enter an expression", and press Enter. The current value of Radius will be
displayed in the cell to the left.

£ [=————== Observe l
72 |Radius >
Enter an expression |
W4
ol

If you see the message "no context” in the left cell, your program probably ran to completion
because you missed putting in a Stop Sign. Lightspeed Pascal can show a variable's value only
when the program is running—that is, when there is a context where the value can be found.
Place the Stop Sign (see previous page), and run the program again using Go so that it halts at
PaintCircle. The new value of Radius will be displayed in the left-hand cell.

A Stop Sign will also halt a program which is run with Trace command. Choose Trace, and
watch the behavior of Lightspeed Pascal and the program. The program will continue from the
Stop Sign, and trace through the statements in the drawing loop until it reaches the Stop Sign
again. Execution will halt at that point, just as it did when it was started with Go.
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More than one expression can be put in the Observe Window. For example, you can watch the
values of both Radius and i simultaneously by selecting the Observe Window and typing i1
in the cell underneath radius.

[ECJ===—— observe I
72 |Radius 12
9 {i
Enter an expression | 6
o

You can watch the value of the variables and expressions typed into the Observe Window change
dynamically by running the program with the Go-Go command. The program stops at the Stop
Sign just long enough to update the Observe Window. (If there were no Stop Signs in the
editing window, Go-Go would act just like Go.)

Choose Go-Go from the Run Menu, and watch the values of Radius and i in the Observe
Window.

Experiment by running the Bullseye Project with Go, Go-Go, Step, and Trace, and with
Stop Signs in different places. To temporarily hide the Stop Signs, uncheck the Stops In
command in the Debug menu. To remove a Stop Sign, click on it. To remove all the Stop
Signs at once, choose Pull Stops from the Debug Menu.

Making a Run-Time Modification

Suppose you are in the middle of running a program, and you want to change the way it
executes. In almost any other compiler development system, the process would involve many
steps. You would have to stop your executing program, edit the source code, re-compile it, link
it, and run it again, repeating this process until the program did just what you wanted.

Lightspeed Pascal's Instant Window allows you to change variables or execute any valid Pascal
statement while the program is halted. This allows you to recover from runtime errors or just to
experiment with different approaches to solving a programming problem.

Suppose that, after having drawn one or two circles, you wanted the remaining circles to be
drawn with their origin at a new position. The variables vPos and hPos in the program
specify the position of the origin. We can change the values of these two variables by assigning
them new values in the Instant Window.

While the program is halted, choose Instant from the Windows Menu. Move the Instant
Window so that it covers as little of the Drawing Window as possible.

Change the value of vPos from 100 to 140, and hPos from 100 to 110, using valid Pascal
syntax as shown in the example below. Click the Do It button to execute the change.
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[——== Instant —r—xx—|
Do 1t =1 i

vPos = 140;
hPos = 1101

Start the program running again. Voila! The program will draw circles centered at the new
location.

Assuming that you did this after four circles have been drawn (PaintCircle has been called four
times), the Drawing Window should look like this:

EO=—= prewing =——~—

|

Although we've demonstrated these tools with a properly working program, they are really most
useful when you're debugging an improperly working program. Using the Execution Finger,
Stop Signs, and the Instant and Observe Windows, you can watch your program in operation.
This allows you to determine exactly what has gone wrong.

To continue on with this chapter, we're going to introduce another sample program. First, close
Bullseye Project by choosing Close Project from the Project Menu.

Another Sample Program, MiniPaint

MiniPaint is a program which allows you to draw in the Drawing Window, using the mouse as
your "pencil”. It should look suspiciously similar to the popular Macintosh program, MacPaint.
To further demonstrate debugging, we've introduced an intentional runtime error in the Invert
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command. In this section, we'll build the project, then fix the runtime error with the Instant
Window.

Opening MiniPaint Project

Choose Open Project... from the Project Menu. Select MiniPaint Project on the
LP2.Libraries disk, and click on the Open button.

Bullseye Project/|

Editor Project { Openk_] LP2.Libraries

MiniPaint Proj...
( Eject ]

( cancel ] : [ Drive ]

0|

A Project Window appears, with the names MacPasLib, MacTraps, MiniPaint Globals, Drawing
Unit, Init Unit, etc. in the window. You may want to adjust the size of the Project Window

using the size box.

MiniPaint resides on the disk as several separate files. There is the main program, MiniPaint
Main, and several associated units which perform specialized tasks: MiniPaint Globals, Drawing

Unit, and Init Unit.
MiniPaint Main contains the "main loop" for the program.

MiniPaint Globals defines many of the the global constants, types, and
variables used in the program.

Drawing Unit contains routines that handle all of the actual drawing.
Init Unit initializes the palette, flags, and global values used by
MiniPaint.

Lightspeed Pascal encourages this sort of modularity, since it takes care of most of the
housekeeping normally associated with breaking up a program into multiple files. There are
significant advantages to doing this. Smaller files compile faster. They are also easier to debug

since problems are more easily localized.

Running MiniPaint Project
Choose Go from the Run Menu.

The two default Pascal Libraries will load, as with the first demonstration program. Compilation
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boxes will then appear for each unit of the project. First, a window will appear showing the
compilation being performed on MiniPaint Globals.

Compiling "MiniPaint Globals".

I |

0 lines 54
Type %-. to cancel the operation.

Similar boxes will follow for Init Unit, Screen Unit, and the other files in the project.

The linking step occurs quickly and invisibly. Almost immediately after the last of the
compilation boxes disappears, MiniPaint will start to execute. To draw, move the mouse into the
Drawing Window, and hold down the button to draw. Click on the items in the palette to select
them, just as you do in MacPaint. Feel free to play with the program-but don't use the Invert
command in the Paint Menu just yet, since we've intentionally introduced a bug into that part of
the program.

[|==——== Drawing

~NNND] 1

\NEJe[ole[o[m[O

)|

Note that the program automatically opens a Drawing Window. It does this by including a
ShowDrawing call before it actually draws the palette. (An analogous routine, ShowText, can
be used to open the Text Window.) See Section 10 of the Language Reference for more
information on ShowDrawing and ShowText.

Resetting the Program

Halt execution of MiniPaint by clicking on the Bug Spray Can in the upper right corner of the
screen. The Project Window will appear, with the Execution Finger pointing at Minipaint Main.
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This shows that at the time you hit the Bug Spray Can and halted your program, a statement in
the MiniPaint Main file was being executed.

More than likely, the Drawing Window will be partially covered by the Project Window,
overwriting part of MiniPaint's palette. If you restart MiniPaint from the point at which it was
halted, the initialization part of MiniPaint in Init Unit, which draws the palette, will not be
re-run. In order to insure that it is executed, choose Reset from the Run Menu before choosing
Go or any other run command. This command resets the program so that it will start from the
beginning.

An Error in MiniPaint

We've created an intentional error in MiniPaint in order to further demonstrate the debugging
features of Lightspeed Pascal. While MiniPaint is running, choose the Invert command from
the Paint Menu of MiniPaint. The program will halt because of a run time error, and an error
message will appear describing the problem.

Zero Divide Exception

Click on the error message to make it go away. A down-turned thumb appears next to MiniPaint
Main in the Project Window. Open MiniPaint Main by double-clicking on its name. An editing
window for MiniPaint Main will appear, and after the file is "checked", a down-turned thumb
appears to the left of the statement where the error occurred.

E[J==———=——==— MiniPaint Main
{ This routine is called when an item is selected from the Paint menu. }
procedure PaintCmd (¢ : integer);
var
i, j :integer; { needed for the BOGUS error }
begin
case ¢ of
Invertitem :
begin
i=0; { set up for BOGUS error }
B{;a j =0divi; { BOGUS runtime error here}
SetClip(Drawing);
InvertRgn(Drawing);
SetClip(Palette)
end
end
end;
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Fixing the Error - Temporarily and then Permanently

With the Bullseye project, you used Instant to make a run-time modification to a working
program. Here you'll use Instant to fix a non-working program. By reading the source code

displayed in the editing window, you can see that the value of i is 0. An attempt was made to
divide by i, resulting in the run-time error.

With almost any other development system, you would have to edit and recompile MiniPaint
Main, link the whole project, and restart the program. However, in Lightspeed Pascal, you can
immediately fix this error by using the Instant Window. Choose Instant from the Windows
Menu, and move the Instant Window to an out-of-the-way place on the screen. Set the value of
i to 1, reset the Drawing Window with a call to ShowDrawing, and reset the palette with a call
to InitPalette. Your Instant Window should look like this:

=

s[I=—————=—= Instant ———
Do It %D i
i=1;
ShowDrawing;
InitPalette;
N
L&t

Click the Do It button, and the Drawing Window will come forward. The MiniPaint palette will
be re-initialized and the entire drawing area will be inverted.

You were able to fix a run-time error and continue without recompiling your program!

However, the program still hasn't been fixed—you have only patched around the problem.
Choose Invert a second time, and the program will halt with the same error as before. You can
make a temporary fix again by clicking on the Do It box in the Instant Window, but to really fix
the program you must edit the file. This time, when the down-turned thumb appears in the
editing window, change the statement above the thumb to set i to 1 instead of 0.
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E[=———= MiniPaint Main

{ This routine is called when an item is selected from the Paint menu }
procedure PaintCmd (¢ : integer);
var
i, j :integer; { needed for the BOGUS error }
begin
case ¢ of
Invertitem :
begin
i=1; I { set up for BOGUS error }
j =0divi; { BOGUS runtime error here}
SetClip(Drawing);
InvertRgn{Drawing);
SetClip(Palette)
end
end
end;

Choose Go from the Run Menu. Lightspeed Pascal recognizes that it has to recompile
MiniPaint Main since it has been edited. Notice that only MiniPaint Main is recompiled, since
Lightspeed Pascal knows that only this file has changed.

Before running the program, a box asks you whether to save the editing changes to MiniPaint
Main. Lightspeed Pascal is trying to protect you from a situation where you lose your changes
because of an improperly executing program. In this instance, click the No button, so that the
demo program retains its error for the next time you go through the demo. The change will
remain in the program until you quit Lightspeed Pascal.

This time, the Invert command should work properly.

Saving a Project as an Application

Since the project runs correctly, you can make it into a double-clickable application that will run
independently from the Lightspeed Pascal development environment, Choose Build & Save
As... from the Project Menu. A box will request that you give the application a name. Enter a
name, and specify that you want to build an application, rather than a library or compressed

project.
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Save ‘MiniPaint Proj...'as | {p2.Librar...
MiniPaint Application

=
(save )

@ Application
QO Library
O Compressed Project

The project will be recompiled and built as an application. After leaving Lightspeed Pascal, you
can start up MiniPaint by double-clicking on its application icon.

Leaving Lightspeed Pascal

To exit from Lightspeed Pascal, choose Quit from the File Menu. A box will ask if you want
to save your changes to the project. Click the No button.

Where to Go from Here

These two sample programs have covered many of the features of Lightspeed Pascal. The next
step depends on what you already know, and what you want to accomplish.

You may wish to start creating your own Pascal programs. You'll need to know how editing in
Lightspeed Pascal works, which is described in the next chapter.

There is another demo project included on the LP2 Libraries disk, Editor Project. This program
creates a text editor similar to other popular Macintosh editors. It is a larger program that utilizes
many standard features of Lightspeed Pascal and the Macintosh. You may want to build this
project, save it as an application, and actually use it as a general-purpose text editor.

If you have existing Pascal source files, you may wish to add them into projects and run them.

Look over Appendix B, Porting to Lightspeed Pascal, for information on porting existing
programs to Lightspeed Pascal.
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Chapter 4
Editing

In many ways, editing in Lightspeed Pascal is like editing with other popular Macintosh editors
such as MacWrite and Macintosh Pascal's editor. For example, common tasks such as selecting,
copying, saving, etc. all work similarly. However, there are also significant differences,
because the Lightspeed Pascal editor is an integral part of the development environment. For
example, Lightspeed Pascal keeps track of which files you edit, and determines what to
recompile the next time you run.

The differences fall into three major groups:
1. File and Project Management.

Up to eight editing windows can exist simultaneously.,

Files can be opened directly from the Project Window.

The go-away box does not close a file, but simply hides its window.

Add Window adds the contents of an editing window to the project.

Files can be saved simply as text files, or as the entire document, which includes
pretty printing and Stop Signs (see Chapter 7).

» Save As... removes the old file from the project, and adds the new version
instead. Save a Copy As... simply saves another copy of the file, without
affecting the project.

* & o+ @

2. Pascal-Specific Features.

«  Pascal programs are pretty printed as they are entered.
+  Syntax is incrementally checked as the program is entered.

3. Miscellaneous.

+ Double-clicking selects an entire word.

+  Triple-clicking selects an entire line,

» The search and replace commands Find What..., Find..., Replace and
Everywhere are implemented as in Macintosh Pascal.

»  Show Selection (or the Enter key) scrolls to the currently selected text.

« Show Error scrolls back to the point where Lightspeed Pascal reported an
error.

» Undo is not supported by Lightspeed Pascal, but is provided for compartibility
with desk accessories that support it.

These features are explained in detail below.
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Multiple Windows

In Lightspeed Pascal, editing is done in a Pascal Editing Window. You can open up to eight files
at a time, putting each file into an individual editing window. These windows are not just for
editing. During compilation or execution, Lightspeed Pascal uses these windows to show
diagnostic information. While running, you can use them for source level debugging.

Other types of windows, such as the Instant Window or the Observe Window (see Chapter 7),

can be edited, and their contents copied into edit windows, or vice versa. The multiple uses of
windows will become more natural to you as you gain experience with Lightspeed Pascal.

Opening an Editing Window
You can open an editing window in one of several ways:

1) To create a new file, choose New from the File Menu. A blank, untitled editing
window will appear. You can edit and save the file, but you cannot compile it until
you add it to a project.

2) To edit an existing file, choose Open... from the File Menu. A dialog box will
allow you to select which file to open. Again, the file must be added to a project
before you can compile it.

3) Once a file has been added to a project, you can open it simply by activating the
Project Window (see below) and double-clicking on the filename.

When opened, the editing window becomes the active window by default.

A limit of eight editing windows can be open at one time. If you reach this limit, simply close a
window before opening the next file. (To close a window, see below).

Anatomy of an Editing Window

While the editing window itself is quite similar to the ones used by MacWrite and other text
editors, a brief pictorial review is not out of place. Here's what to look for:
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The title bar. Drag the bar to move the window around The scroll box. Shows where

on the desktop. The title bar is always highlighted like the window is relative to the
this when the window is active, beginning and end of your
\ program. Drag the box to
The go away box,__EEE Bullseye _— scroll quickly towards either
Click here to hide — == . end.
the window. program Bullseye;
/ const Scroll arrows. Click the arrow
/ Scale = 8; pointing in the direction you
The insertion point. var want 1o scroll the window a
The characters you hPos, vPos : integer; line at a time. Press the arrow
type will be inserted Radiys, i : integer; to scroll continuously.
here. begin
hPos = 100;
. ; - vPos :=100; Click the gray area to either
The pc?mtcr. Click — I Penl“]ode(p atxor); side of thegsczoll box to scroll
the pointer to set for i = 10 downto 1 do . dowfal at a i
the insertion point begin a windowlut at a time.
or drag it to select
text.

ﬂ\"I'he size box. Drag the box

Scroll arrows scroll / to make the window larger
from side to side. or smaller.

Activating an Editing Window

Only one window at a time can be active (in front, and available for work). A window can be
activated by one of three methods:

1) Clicking on the visible part of a partially hidden window .

2) Choosing the name of the window from the Windows Menu.

3) Double-clicking in the Project Window on the name of a file which is already open.
(If the Project Window is not active, you will actually have to triple-click, once to

activate the Project Window, and twice to activate the file.)

When you activate a window, all the other windows are deactivated, or placed in back. A
window can be reactivated by any of the methods described above.

A window can also be hidden by clicking on the go away box in the upper left corner of the
window's title bar. Note that the file in a hidden window is still open. Hiding it does not close
the file, but merely hides the window. To close a file and remove its file window, you must
activate it from the Windows Menu and explicitly close it.

You can also move a window around without activating it. Hold down the command key ( 3 )
while dragging the window's title bar,
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Closing a File

In order to close a file, its window must be the active window. Choose Close from the File
Menu. If you have made any changes to the file, Lightspeed Pascal will ask you whether you
want to save the changes. Click Yes or press Return to save the changes, click No to close the
file without saving the changes, or click Cancel if you change your mind about closing the
window.

Saving Your Changes Without Closing

Lightspeed Pascal offers three different commands on the File Menu for saving. While all three
save your changes, they have different effects on the project .

Save

This command simply saves the current version of your file.

Save As...

This command saves the current version of your file into a new file. The name of the active
window changes to the new file name, and all subsequent edits will affect the new file.

If the file you were editing is in the current project, Lightspeed Pascal preserves the association
with that project. The file's entry in the project is changed to the new file name, assuming that
another file by that name is not already in the project. If a file by that name already exists in the
current project, you will be asked to choose a different name for the file. You are not allowed to
overwrite an existing project or library file. You have to delete it first.

You are also given a choice between saving the file as Text Only or as an Entire Document. The
form in which you save your files depends on how you want to use them. Files saved as "Text"
take up less space, and can be edited with other editors, but take longer to load into Lightspeed
Pascal. Files saved as "Entire Document” preserve Stop Signs (described in Chapter 7)
introduced into the file, and load faster, but take up more space on your disk. Save As... and
Save a Copy As... allow you to change the form in which the document is saved as.

Save a Copy As...

Unlike Save As..., this command does not affect the project or the editing window; it simply
"snapshots" the contents of the file in the window to another file. This is a good way to make
backup copies without mistakenly editing the backup. The original file remains in the active
editing window and the project is unchanged.
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Pascal-Specific Features

The Lightspeed Pascal editor is not just another text editor, but an integrated part of the whole
Pascal development environment. The two Pascal-specific features are pretty printing, and
incremental syntax checking.

Pretty Printing

As you Enter Pascal source code in an editing window, it is automatically formatted or preity
printed when you type a semicolon or press Enter or Return.

This means that Pascal reserved words such as program, begin, and end are displayed in
lowercase boldface type and that certain lines are indented and reformatted in order to make the
code easier to read. The example below illustrates how indentation is used to show the current
nesting of structured statements:

E[(1===== Bullseye ﬁ_'_l
program BullsEye; ki
const
scale = 8,
var

hPos, vPos :integer;
Radius, i : integer;

begin
hPes = 120;
vPos = 100;
penmode(patXor);
for i := 10 downto 1 do
begin

Radius =i ¥ scale,
PaintCircle(hPos, vPos, Radius)
end
end.

el

The amount of space each line is indented when prety printed, and how far the Tab key spaces
over, can be controlled by choosing the Source Options... command from the Project Menu,
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Source Display Settings

if (eWm + 47) >=p* then {Re-org to zero)

Geneva 9

Indent: pixels

16

Tab Stops: pirels

If you want to disable the indenting feature of Lightspeed Pascal, set the value of Indent to 0
pixels. It is not possible to disable other aspects of pretty printing.

The Source Options... command in the Project Menu is also used to choose the font in
which program text is displayed. Click the right and left arrows to cycle through the available
fonts and point sizes. A sample line is displayed in the chosen font.

Syntax Errors

Lightspeed Pascal checks the syntax of your Pascal program as you enter it. The syntax is
checked when you type a semicolon, press Enter, press Return or click on another line in your
program. If a syntax error is found, the rest of the line after the error is redisplayed in outline.

In the example below, the

is missing from the Pascal assignment operator, :

IEC]

Bullseye

begin
hPos = 120;
vPos = 100;
penmode(patXor);
for i = 10 downto 1 do

begin
Radius = i @ geelle;
PaintCircle(hPos, vPos
end
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Once you have corrected the error, you can just go on editing. The outlining will disappear as
soon as you next press Return or Enter, or click on another line in the file.

A Special Purpose Editor

One implication of the editor's pretty printing and syntax checking is that you cannot use it to
create anything other than Pascal program text. For example, if you want to write an RMaker
script to create a resource file (see Appendix H), you must use another editor. (For this reason,
one of the sample projects included on the distribution disks is a general purpose text editor. You
may well want to build this editor and save it as an application.)

If you want to use another editor to edit source files created with the Lightspeed Pascal editor,
you should be sure to save them as Text Only, not Entire Document.

Likewise, if you want to use the Lightspeed Pascal editor to edit files created with MacWrite or
other editors, you should be sure to save them as Text Only.

Miscellaneous Goodies
The text editor includes a number of miscellaneous features that we thought would prove helpful.

These include some extended selection techniques, and a slightly non-standard (at least to
MacWrite users) implementation of the search and replace function.

Selecting Words and Lines

You can select a word by double-clicking on it. You can select an entire line by triple-clicking on
it. If you drag after double- or triple-clicking, the selection will be extended by word or by line.

Moving to the Selection Point

Lightspeed Pascal provides the ability to examine other areas of the text, then jump back to where
you were. Pressing the Enter key or choosing the Show Selection command from the Edit
Menu while you are anywhere in the text will reposition the text to show the current insertion
point or the start of the selected text.

Moving Back to an Error

If Lightspeed Pascal discovers an error in your Pascal program, and the editing window where
the error is located is open, then that window will become the active window, and a down-turned
thumb will point to the line with the error. (This feature is described in more detail in Chapter 6.)

If you scroll the window away from that point, you can quickly Return to that point by using the
Show Error command from the Edit Menu.
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Search and Replace

Search and replace functions are available in the Edit Menu rather than on their own menu as in
MacWrite. These functions are implemented as in Macintosh Pascal, instead of as in MacWrite.

You can use all search and replace functions in any editing window as well as the Instant and
Observe windows. Each choice applies to the active window.

To enter a search string, choose Find What... from the Edit Menu. This command only sets
up the conditions for the search (and optional replacement). It does not actually initiate a search.

The box allows you to enter a search string only, or both a search string and a replacement string,
as shown below.

Search for |[lnvertllindow

Replace with [InvertScreen

@ Separate Words @ Case Is Irrelevant 0K
O RIl Occurrences (O Cases Must Match Cancel

There are also several options. To have the search locate text that matches the text you type in
only if it is surrounded by "word separators" (spaces or punctuation), click the Separate
Words button.

To have the search locate all the text that matches the text you type without regard for word
separators, click the All Occurrences button.

To have the search disregard uppercase and lowercase as a criteria for matching text, click the
Case is Irrelevant button.

To have the search consider case as a basis for matching text, click the Cases Must Match
button.

Note: 1) The Separate Words searching mode has been optimized for
speed, and will in general be many times faster than when All
Occurrences is selected.

2) Searching starts at the insertion point, only searches forward, and
stops at the end of the file. The insertion point is not necessarily
displayed in the visible text.

When you have everything set up the way you want it, click OK or press Return, which will

remember your search and replace text, and any options you have selected, and will put the
dialog box away.
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If you change your mind about what you've done, click Cancel. The contents of the "What to
Find" window will revert to what they were before, and the dialog box will be put away.

To actually initiate a search, use the Find command. To make a replacement, use the Replace
command. To make a global replacement, use the Everywhere command.
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Chapter 5
Projects

The Pascal statements that comprise a complete program can exist in many files. It is the Project
that creates a framework within which the files exist as a program. In essence, running a
program involves compiling, linking and executing the files contained in the Project.

The Project Window gives a visual display of the information concerning each of the files in your
program. By default, this information includes the filename, which compile options are enabled
or disabled for that file, and the size of the object code associated with each compiled source file.
You can also list additional information (which we'll get to in a moment). For example, here's
the Project Window for the Text Editor demo on the distribution disks:

[ECI=== Editor Project |

Options __ File (by build order) Size (A

MacPasLib 0 [~

MacTraps 0
DINVIR] Editor Globals 0
D|[NI[VI[R] Editor Init 0
DIINJ(VI(R] Show Edit 0
[DINJIVIIR] Change Font 0
D]INJ[VI[R] Editor Utilities 0
DJIN][VI[R] Editor TopLevel 4]
DIRIVIR] Editor Main 0

\4

<l [P

When a project is first created, it contains the two default library files MacPasLib and MacTraps.
MacPasLib contains code for all the predefined routines that are part of Lightspeed Pascal.
MacTraps has "glue" to parts of the Toolbox. Files can be created in editing windows and added
to the project using the Add Window command on the Project Menu, or they can be added
directly from disk files with the Add File... command on the Project Menu. The project
shown above already has all of the source files added to it.

A working project will always contain at least one source file. A large program like a text editor
is likely to be made up of many files. One of these files will contain the main program-the
collection of statements from which all execution begins and terminates. In addition, there are
likely to be a number of units and/or libraries.

A unit is the smallest collection of Pascal statements (other than the main program) that is
compilable. (Other programming languages refer to units as modules or packages.) A unit has
two parts: an interface and an implementation. The interface declares the data types, variables,
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procedures or functions that are visible to users of the unit. The implementation contains the
Pascal code that implements the routines declared in the interface. (The implementation may also
declare types, variables, procedures and functions, but these are private and not visible to users
of the unit.) See Chapter 8 of the User’'s Guide and Section 8 of the Language Reference for
more information on units.

Libraries are self-contained, pre-compiled object files that have previously been created with
Lightspeed Pascal or with another development system. Two libraries that will be included in
almost every project are MacPasLib, which contains the code for all of the predefined routines
that are a part of Lightspeed Pascal, and MacTraps, which contains the code for Macintosh
Toolbox calls that are not already resident in the Macintosh ROM.

The interfaces to all of the routines in these libraries are predefined. That is, you do not have to
declare the interfaces to the routines; it has already been done for you. For most other libraries,
you must add both the library itself, and a short source file that describes the interfaces to the
routines in the library. New libraries that you create may not require this extra interface file.
(See Chapter 9 for details.)

Chapter 8 provides information on the standard libraries available with Lightspeed Pascal, and
Chapter 9 describes how to save your own code as a library that can be used in other projects.

What's in the Window

When you create a new project, Lightspeed Pascal displays three columns in the Project Window:
Options, File, and Size, in that order. (We're going to talk about File and Size now.
Options will be discussed at the end of this chapter.)

The File column displays the names of the files contained in the project. Double-clicking ona
filename opens an editing window for that file. If the file was already open, its window is
brought to the front. Clicking on a filename selects that file. The name can be dragged to a
different location in the Project Window. We'll see the significance of that in a moment.

The Size column shows the size of the object code, expressed in bytes. For a newly added file,
the size is zero: the file hasn't been compiled yet. A unit that contains only declarations will also
have a size of zero, since there is no object code associated with it.

Once a source file has been compiled successfully, the project contains the resulting object code.
There is no separate object file. The object code becomes part of the project, and shows up only
as a number of bytes in the Size column. (Incidentally, the size of the object code shown in the
Project Window is not necessarily the size of the program when it is saved as an application.
When a project is saved as an application, the size may be reduced, since “smart linking" will
discard unused units and/or library routines.)

Let's look again at the Project Window for the Text Editor demo, this time after all of the files
have been compiled, and the object code added to the project.
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E[[=== Editor Project ]
Options  File (by build order) Size |A View Control

MacPasLib 14948 5

MacTraps 5508
[DINjIVIIR] Editor Globals 0
[DJ[N][V][R] Editor Init 1322
D|[NJIVIIR] Show Edit 1260
DIINIIV]IR] Change Font 2340
[DIINI[VI[R] Editor Utilities 6318
[DINI[V][R] Editor TopLevel 9494

N][VI[R] Editor Main 124 | |

1

] B

Two Views of the Project

There are two ways in which files can be ordered in the Project Window: by build order (the
default), and by segment. You can select between these two display options by clicking on the
view control in the upper right corner of the Project Window.

When viewed by build order (as in the example just above), files are displayed in the order
that they will be compiled. In order to build successfully, the program has to be compiled in a
specific order that takes into account the dependencies between the various units it contains. For
example, when your program references a procedure in another unit, Lightspeed Pascal has to
have already compiled the referenced unit. (Among other things, this implies that the main
program will always appear last in the Project Window.)

As you add new files to the project, they are added by default after any other files already in the
project. However, you can re-arrange the order of the files by selecting them, and then dragging
them around within the Project Window.

There is a second view of the project: by segment. You can toggle between these two views

by clicking on the view control in the upper right corner of the Project Window. When viewed
by segment, the Project Window for the Text Editor demo looks like this:

User’'s Guide 5-3 Projects



E[J===——= Editor Project

Options  File (by segment) Size (=

MacPasLib 14738 5

_ MacTraps 5764
D|IN[{V][R] Editor Globals 0
DINI[VI[R] Editor Init 1322
DIN][VIR] Show Edit 1260
DINIIVIR] Editer Main 124
Sagmeant 7 23212
[DIN]IV]JIR] Change Fent 2340
Senent L 2344
DIINJIVIIR] Editor Utilities 6318
ID{N]IVIIR| Editor TopLevel 9494
Sagmeant X 13818

154

] B

The Macintosh restricts the size of a code segment to 32K bytes. Lightspeed Pascal allows you
to get around this restriction by grouping the files in your project into multiple segments. When
you view the project by segment, the files in the project are displayed in segment order.

Dragging a file name in the Project Window to a position just below the dotted line at the bottom
of the project creates a new segment containing only that file. Dragging a filename onto another
file in the Project Window moves the first file to the segment containing the second file.

Each segment is separated in the Project Window by a line. Any segments that become empty are
automatically deleted. At the end of each segment is the segment number and the maximum
number of total bytes of code in that segment. Each file within a segment is displayed in
alphabetical order.

The order in which files are listed in each of the two project views is completely independent. If

you change the build order, the segmentation will not change. Nor will changing segmentation
affect the build order.

Compile Options

The Options column in the Project Window displays the state of the debugging options for each
file in the project. Enabling or disabling these options affects the code being generated by the
compiler.
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A full discussion of the effect of these options can be found in Chapter 13. Briefly, the options
are as follows:

D Debug. Enabling this option generates additional information between each Pascal
statement. This code supports stepping, stopping, and observing.

N Names. Enabling this option inserts the name of all routines (truncated to eight
characters) into the code. This is useful for debugging with Lightsbug and
Macsbug.

V Overflow Checking. Enabling this option generates code that checks for integer
arithmetic overflows.

R Range Checking. Enabling this option generates code that does range checking for
array indexing, assignments, and parameter passing. It also generates code that
checks for nil pointer dereferencing.

A box around the one letter designation for the compile option indicates that that option is
currently turned on. By default, all the options are on. To change the status of a particular
compile option, move the mouse over the letter for the desired option and click. The box will
appear and disappear with each click of the mouse.

If you hold down the option or command key when changing an option, the new state of that
option will carry over to all files in the project.

Here's an example of a display with some of the options turned off:
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EDE Editor PrOJBCt I
Options  File (by build order) Size |A
MacPasLib 14948 5
J MacTraps 5508 |
D [N] V[R] Editor Globals 0
IDJ[NIVI R Editor Init 1322
D N|[V][R] Show Edit 1260
D [N[IVIIR] Change Font 2340
DI V [R] Editor Utilities 6318
DI[NIVI[R] Editor TopLeve! 9494
D|INJ{V]|[R] Editor Main 124
"
] B

More Things to Look At

You can customize your Project Window with the View Options... command in the Project
Menu controls. When you choose View Options..., the following dialog box will be
displayed:
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Project Diew Settings

Options File (by segment) Size
DJ[N] ¥ [R] MemHacks 32767
DINIVIR] Extremely w-i-d-e... 10

X filename  []unit name Geneva 9

X options [Jvolume name | [, 0K
X code size []date file saved | - :
: ' -ance

File Information

Options - Boxed indicates enabled

D - Debug. Allows stepping, stopping, stack checking, Observing.
N - Names. Insert Macsbug names into the code.

U - Integer arithmetic overflow checking.

R - Range checking.

In addition to File, Size, and Options, you can display the following information for each file
in the Project: Unit Name, Volume, and Date Saved. You can also rearrange the order in
which the information is displayed.

Unit Name gives the name of the unit (i.e., the identifier specified in the unit declaration).
This is not necessarily the same as the filename, although to avoid confusion, you may want to
give your files the same names as the units they contain. The unit name does not appear until the
unit has been compiled.

Volume shows you the disk or folder in which the project expects to find the file on. This can
be useful information if Lightspeed Pascal can't find a file it needs to access.

Date Saved displays the last date and time you saved the file within the Lightspeed Pascal
development environment.

The large box at the top of the View Options dialog box shows how an example project would
be displayed given the current settings. Clicking on the boxes in the File Information section of
the window changes what information is displayed about files in the project. The order the boxes
were clicked on will be the order in which the categories are displayed. In the box shown below,
we've selected filename, code size, date file saved, and options, in that order:
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Project Diew Settings

File (by segment) Size Date Saved Options

MemHacks 22767 12/27/85 10:43 [D]N]V [R]

Extremely w-i-d-e... 10 01/02/86 23:07 [D]N|V[R
X filename [] unit name Geneva 12

X options [ volume name = [ oK
X code size [ date file saved , m

File Information

Options - Boxed indicates enabled

D - Debug. Rllows stepping, stopping, stack checking, 0bserving.
N - Names. Insert Macsbug names into the code.

U - Integer arithmetic overflow checking.

R - Range checking.

Note that you can suppress or rearrange the display of the three standard columns of information
as well as add any of the additional columns of information that are available.

The View Options... dialog also allows you to change the font used for the Project Window
by clicking on either of the two arrows in the middle section of the dialog box. These will cycle
you through the fonts and sizes available on your system. A sample of the current font is shown
in the box above the arrows.
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Chapter 6
Running a Program

This chapter describes how to run a program in the Lightspeed Pascal programming
environment. It also describes what goes on behind the scenes when you run a program.

Before Running a Program

If your program uses the Text and/or Drawing Windows, and does not open them automatically
(using ShowText and/or ShowDrawing calls), you will have to open them explicitly before
running the program. Use the Text and Drawing commands in the Windows Menu to open
those windows.

Running a Program

Normally, to tun a program, just choose Go from the Run Menu. The other run commands,
Go-Go, Step, and Trace, become important when trying to debug your program: they're
described 1in detail in Chapter 7.

Here's What You See

If you have not yet run your program, or if any of the files in the project have been changed since
you last ran your program, Lightspeed Pascal will first compile and link your program. You will
see a "speedometer” box as each file that needs compilation is compiled.

If you have not saved your files, you may be asked if you want to save the files before running
the program. This reminder can be suppressed in two ways: one which will automatically save
your files prior to running, and one which will assume you don't want to save your files before
running {(see Save Options, below).

Once the program starts running, a Bug Spray Can appears on the right side of the menu bar.
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Behind the Scenes...

The following is a more detailed explanation of what is happening when you choose any of the
run commands:

1) Lightspeed Pascal does selective recompilation. It checks the interface for each file
in the program which has been modified, and tags for compilation any files affected
by a change in the interface. If this is the first time the program has been run, all the
files in the project are tagged for compilation.

2) The tagged files are compiled in build order. When you view the Project Window
by build order, the top file is the first to be compiled.

3) Linking of your program occurs next. This checks that all names referenced across
files are in fact defined somewhere, and that they are defined only once.

Lightspeed Pascal's linking process takes advantage of architectural features of the
Macintosh. Rather than having to resolve all references during the link process, it
only has to resolve a few selected references. As a result, the linking process is very
fast, even for a large program.

4) Assuming the previous steps occur smoothly, your program is loaded into memory

and starts running. The Bug Spray Can appears in the menu bar on the right hand
side, and disappears when the program finishes.

When Something Goes Wrong

If an error occurs during the any of these steps, a box will appear summarizing what Lightspeed
Pascal thinks went wrong.

Too many parameters used in procedure or function call.

The message may be different, but the bug illustration will always be there. You can click
anywhere on the box to make it go away, but you still need to fix the problem.

Pascal Statement Errors

If you program has an error in it, Lightspeed Pascal will point out the error with a "thumbs
down" next to the offending line in the file's editing window.
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MiniPaint Main

{ This routine saves the drawing area of the drawing window }
{ to a disk file. The file name is Drawing’ followed by a H
{ number which increments with each file saved,

procedure MySaveDrawing;
var
r :Rect;
begin
GetDrawingRect(r);
r.left ;= r left + BSize + {;
ClipRect(r);
SaveDrawing(String0f('Drawing’, DrawingNum : 1J};
U{P SetClip(Palette, 4);  { too many parameters error )
DrawingNum = DrawingNum + 1
end;

However, if the error occurs at run time and the file's editing window is not open, the
downturned thumb will appear in the Project Window, next to the name of the appropriate file.

=] MiniPaint Project
Options _ File (by build order) Size |A
MacPasLib 14948 |
MacTraps 5508 [
D][NJ[V][R] MiniPaint Glebals 0
DIINJ[VIIR] Drawing Unit 2564
D|INJ[VIIR] Init Unit 850
IXADINVIR] MiniPaint Main 1074
O
& L]
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Other Errors

Other errors can occur. For detailed explanations of Lightspeed Pascal error messages, see
Appendix F, Error Messages.

Compiling, Building or Linking Without Running
The compile and link steps described above can be performed alone as follows.

The Check command compiles only the file in the active window. It is useful for quickly
checking that your Pascal syntax is correct.

The Build command builds the project, i.e., performs all of the steps necessary to prepare a
project for execution without actually running the program. Compilation errors found during the
build are signaled with an alert box and a "thumbs down" next to the offending line. A window
is opencgo automatically if a compile error occurs during a Build. Link errors are signaled with
an alert box.

The Check Link command in the Run Menu performs a build, and then links your program.

Save Options

If you don't save changes to your files before running and your program crashes, you may lose
all of your unsaved edits. As previously mentioned, Lightspeed Pascal checks to see if any files
have been edited without being saved before trying to run your program. The Save Options in
the Run Menu let you specify whether or not you want saving to occur, and whether or not you
want to confirm the Save.

There are three different choices for this option:

Choosing Auto-Save will cause all unsaved edits to be automatically saved without any
confirmation. This state is safe and unobtrusive, but you may inadvertently replace previous
versions of your files with newly modified versions.

Choosing Confirm Saves directs Lightspeed Pascal to ask for confirmation before saving
each edited file. This allows trial edits to be executed without replacing previous versions. This
is the default state.

Choosing Don't Save will cause Lightspeed Pascal not to save changes before execution. This

option implies that you are willing to risk losing your edits in exchange for the time savings of
not having to write out files.

Halting a Program

You can stop a program anytime by clicking on the Bug Spray Can on far right end of the menu
bar.
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To continue execution, choose any of the run commands (Go, Go-Go, Step, Trace) again
from the Run Menu.

To restart the program from the beginning, choose Reset from the Run Menu before choosing
Go. An implicit Reset is done when you edit any file in the project, change any compile
options, or change the project view. Note that you can only stop your program when it is
running object code that has been compiled with the Debug option on. If it is running in code
that was compiled with Debug off, it will stop at the first place it encounters code that was
compiled with Debug on.

Run Options

Lightspeed Pascal allows you to set up certain run-time environment settings. Choose Run
Options... from the Project Menu. A dialog box like this will appear:

Run-time Environment Settings

[JUse resource file:
for resources used by the project.

Resources

Text Window saves |5000 |characters
Text [C]Echo to the printer
Window [J Echo to the file:

Monaco 9 |Hello world. x = 811.79,

stack size: |[[J}|kilobytes

Zone size:|64 |kilobytes

Memory

These settings affect the following areas of the run-time environment:

Resources To designate a resource file to be used by your program, click on the
Use resource file: check box and choose a resource file to use.
This resource file will be automatically opened when your program is
run. For more information see Chapter 10, Using Resources.
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Text Window To set the number of characters that Lightspeed Pascal preserves in
the Text Window, type in the desired number in the Text Window
saves box.

To echo all Text Window output to the printer, click on the Echo to
the printer check box.

To echo all Text Window output to a file, click on the Echo to the
file: check box and choose a file to use.

You can also change the font of the characters displayed in the Text
Window. You can browse through the available fonts and sizes until
you find the one you want by clicking on the two arrow buttons. The
current font name and size are displayed along with a sample of text
in that font.

Memory To set the amount of memory reserved for your program's stack, type
in the desired number in the Stack size: box. The amount of
memory your program needs for a stack is based on the maximum
amount of storage needed for local variables and stack frames. The
default stack size is 16K bytes. If your program does not have many
local variables and is not deeply recursive, you may want to decrease
your stack size to free up some extra memory. If your stack size is
too small, you will get a stack overflow error.

To set the amount of memory reserved for your program's zone, type
in the desired number in the Zone size: box. The amount of
memory your program needs for a zone is based on the maximum
amount of storage needed for your program's code together with the
memory needed for dynamically allocated objects. The default zone
size is 64K bytes. If your program is not very large and does not use
much dynamic memory, you may want to decrease your zone size to
free up some extra memory for tasks such as opening Lightspeed
Pascal's debugging windows.

For more information on stacks and zones, see Chapter 11,
Interfacing with Assembly Language.

When you are done setting up the run time environment, click on the OK button or hit Return. If
you've made a mistake or changed your mind, click on the Cancel button.
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Chapter 7
Debugging Your
Pascal Program

When you're writing a program, things don't always work the way you would expect. This can
be due to simple typographical errors, making invalid assumptions when designing or coding the
program, or failure to think through exactly what you meant to do.

There are several distinct classes of errors you can encounter when working with Lightspeed
Pascal:

» Language syntax errors, such as a misplaced semicolon.

»  Compiler errors, such as an undeclared variable.

« Link errors, such as a missing or multiply defined symbol.

«  Runtime errors, that are detected only when the program is actually running.

» "Errors of intention," in which the program runs, but doesn't quite do what you
want.

As described in Chapter 4, the Lightspeed Pascal editor will catch language syntax errors, and
will highlight the text that Lightspeed Pascal thinks is in error by printing it in an outline font.

Likewise, compiler errors are detected when you try to build or run the project. As described in
Chapter 6, when Lightspeed Pascal detects this type of error, it will display a message and will
open the source file in an editing window with a downturned thumb next to the offending line in
the program. (See Appendix F for a complete list of error messages.)

Linker errors are detected when you try to run the project. Lightspeed Pascal displays a message
indicating which undefined or multiply defined symbol is causing a problem.

In this manual, the term debugging only has to do with the last two classes: runtime errors, and
errors of intention.

Runtime errors can run the gamut from obvious errors like data out of range, or the divide by
zero error intentionally introduced into the MiniPaint demo shown in Chapter 3, to unpredictable
behavior or a total program crash.

As with compiler errors, Lightspeed Pascal will display a message and a downturned thumb next
to the source line on which the error occurred. However, the point at which the error was
encountered may not be the actual point at which it was introduced into the program. Such errors
can be difficult to track down, simply because they are not necessarily related to any obvious
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failing in your program, but may depend on user input or other conditions that occur outside of
your control.

And of course no compiler can catch errors of intention. The problem is that computers are very
literal. They do exactly what you program them to do. In programming it is sometimes difficult
to consider every contingency. The basic trick of debugging is not just to find errors. It is to
find out what your program is really doing, instead of what you thought you told it to do.

What do you do when your program crashes? Or worse, what do you do when it acts
unpredictably? In the past, you had few alternatives. You could print out your program and
study it carefully in the hope that the error would jump out at you. Or you could run the program
under control of an assembly-language debugger like Macsbug while trying to relate the 68000
code it displays to your own Pascal listings.

What you really want is a system where you can watch your program in operation—to step
through your program, statement by statement if necessary, while simultaneously watching the
source code, the program's output, and the value of variables and expressions that you suspect
might be involved in the error.

This programmer's dream is just what Lightspeed Pascal provides. No longer does your source
code lie dormant while your program runs amok—you have a chance to study your running
program on the level at which you originally wrote it. Even more, you can make temporary
patches to your program and continue execution without recompiling!

Note:  The Lightspeed Pascal debugging tools can only be used on files that have
been compiled with the Debug (D) compile option turned on. This
option, which is on by default, generates extra code that supports the
debugging tools. When you Build & Save As... an application,
Lightspeed Pascal will recompile your files with the Debug option off.
Be sure to compile with Debug on if you want to Step, Trace, Go-Go,
use Stop Signs, Instant or Observe.

Debugging in Lightspeed Pascal

We said above that the basic trick of debugging is to find out what your program is really doing,
instead of what you thought you told it to do.

The first step in finding this out is to run your program in a controlled way, so that you know
exactly which part of your code is being executed at a given time. Lightspeed Pascal gives you
several different ways of controlling program execution. We've already seen these demonstrated
in Chapter 3. You can:

+  Step through your program one statement at a time, using the Step command

(%8 S). The Execution Finger will appear, pointing to the next line to be executed.
Your program is halted after each statement.

«  Step automatically with the Trace command (3 T). This command steps through
your program a statement at a time. It pauses only briefly between statements,
continuing execution without waiting for you to issue a step command each time.
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« Insert one or more Stop Signs anywhere in your code. If the program is run with
the Go or Trace commands, it will halt whenever a Stop Sign is encountered. With
the Go-Go command, the program only pauses at a Stop Sign.

«  Click on the Bug Spray Can to interrupt the program at any point.

Sometimes, just slowing the pace of program execution is enough. By watching the output of
the program at the same time as you watch the source lines being executed, you can obtain an
understanding of what is going on. Often, though, you need to understand not just which
statement is being executed, but the values that variables and expressions take on as the program
runs. For this kind of debugging, Lightspeed Pascal provides the Instant and Observe
Windows.

The Observe Window works as follows. You can type in (or copy from your source file) any
number of valid Pascal expressions (including simply variable names) whose value you want to
know about. Their values are updated:

« whenever your program is halted (between steps when the program is run in Step
mode, or at a Stop Sign when the program is run with Trace or Go).

«  whenever your program pauses (between steps in Trace mode, or at a Stop Sign when
the program is run with Go-Go).

If your program is already halted, you can find out the current value of a variable or expression
by typing it into the Observe Window and pressing Enter.

The Instant Window takes things one step further. You can actually change the value of a
variable or expression, or insert additional statements into your program, and have them executed
on the spot-in the context of the program at the point at which it was halted. You can imagine the
implications!

Following the Finger
The Execution Finger is the key to making use of Lightspeed Pascal's tools for controlled

program execution. Whenever you step or trace, or use Stop Signs, the Finger points at each
statement as it is being executed.
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[l==————————=— Buliseye

program BullsEye;
const
scale=8;
var
hPes, vPos :integer,;
Radius, i :integer,

begin
hPos = 120;
vPos = 100;
penmode(patXor);
(& fori =10 downto 1 do
begin

Radius =i ¥ scale;
PaintCircle(hPos, vPos, Radius)
end

el

There are some things to know about following the Finger. First of all, a file must have been
compiled with the Debug option on, or the Finger will not be displayed while statements in that
file are being executed. If all of the files that make up the program have been compiled with
Debug off, the finger will never appear, and none of the debugging tools described in this
chapter will be available,

Second, a file that is being stepped into must be in an open editing window. If the window is not
open, the Finger will point to the name of the file in the Project Window.

Third, when the Finger moves to a new window (either a file window or the Project Window),
the window may be activated. If the Auto-Show Finger option in the Debug Menu is on (the
default), the window is always activated; otherwise, the Finger will be displayed in the window
without activating it—with the possibility that you won't see the Finger. This can actually be very
useful if you want to use Observe, since the Observe Window won't be covered up when the
Finger moves into a new file window.

Fourth, if the Step Into Calls option on the Debug Menu is turned off, Lightspeed Pascal will
only step or trace through the current block without diving into called procedures. All called
procedures will execute at full speed.

When your program is halted, you can scroll through the editing window or switch to other
windows to look at other parts of your code. The Show Finger command in the Debug Menu
will return you to the current location of the Execution Finger.

The Show Finger command activates the window in which the Execution Finger is located,
and scrolls the window to the statement where the Execution Finger is pointing. If there is no
editing window open for the current location of the Execution Finger, the Project Window will
become the active window. In this case, the Execution Finger will point at the entry for the file in
which the Execution Finger would be located.
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Stepping Through a Program

To run a program one step at a time, choose Step from the Run Menu. Lightspeed Pascal will
execute the first statement in the program, or if the program has already been halted, will continue
with the next statement.

One statement is executed for every Step command. Choose Step again, or press ® S, w0
execute the next statement.

If Step Into Calls in the Debug Menu is turned off, the finger will not step through a
procedure or function. The procedure will be executed, and the Finger will advance to the
statement in the main program immediately following the call.

The Observe Window is updated with each step.

Tracing a Program

As you can imagine, stepping is appropriate only when you want to take a yery close look at your
program. Trace is the "automatic” version of Step. It executes your program at the rate of
several statermnents a second: faster than you can specify with Step, but slow enough for you to
be able to watch the program's execution. The Observe Window is updated continuously, as
execution pauses briefly after each step.

Lightspeed Pascal will trace through your program until it finishes, encounters a Stop Sign, or
until you halt it manually by clicking on the Bug Spray Can.

it lnit ee—e———~

]

O]

if not EqualRect(r, 0ldDrawingrect) then
SetDrawingRect{r}),
ShowDrawing;

(Set up the palette and drawing regions }

Drawing := NewRgn;
Palette := NewRgn;
HorizontalPalette := NewRgn;

VerticalPalette ;= NewRgn;

GetClip{Drawing);

GetClip(Palette);

@§> SetRectRgn(HorizontalPalette, -1, -1, HBoxes * BSize - 1, BSize),
SetRectRgn(VerticalPalette, -1, BSize - 1, BSize, UBoxes * BSize);
DiffRgn¢{Drawing, HorizontalPalette, Drawing);

DiffRgn(Drawing, VerticalPalette, Drawing?;
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Stop Signs

Sometimes even tracing is too slow. You may want run your program at full speed up to a
specific point, and then halt it. Then you either start stepping or tracing, possibly using the
Observe Window.

Stop Signs allow you to specify the statement(s) where you want to interrupt execution of your
Pascal program. If you run your program with Go or Trace, the program will run until it
reaches the Stop Sign, and then halt. The statement at the Stop Sign is not executed. If you run
your program with Go-Go, the program will simply pause long enough at each Stop Sign to
update the Observe Window, and then continue executing. (In short, using Go-Go with Stop
Signs is much like tracing, but instead of pausing at each statement, Lightspeed Pascal pauses
only at Stop Signs.)

You can only place Stop Signs on lines containing Pascal statements. Stop Signs can not be set
on non-executable lines such as comments, declarations or labels. Stop Signs also cannot be
placed on empty statements.

To place Stop Signs in your programs, choose the Stops In command from the Debug Menu.
A Stop Sign will appear in the lower left-hand corner of the active editing window, and a vertical
bar will appear along the left side.

B————— BU"SEUE

program BullsEye; {_}

const
scale = 8;

var
hPos, vPos : integer;
Radius, 1 : integer;

begin
hPos = 120,
vPos = 100;
penmode(patxor);
for i =10 downto 1 do
begin

Radiys =1 ¥ scale;
PaintCircle(hPos, vPos, Radius)
end

&l !

8|

When you move the pointer into the bar on the left side of the editing window, the pointer itself
becomes a Stop Sign. Move the Stop Sign until it is directly to the left of the statement you want
execution to stop before, and click. A Stop Sign will be left behind at that point, as shown for
the statement beginning with Radius shown below.
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Bullseye

program BullsEye;
const
scale = 8;
var
hPes, vPos :integer;
Radius, i :integer;
begin
hPos = 120;
vPos ;= 100;
penmode(patXor);
for i = 10 downto 1 do
begin
o Radiys =1 * scale;
PaintCircle(hPos, vPos, Radius)
end

)

You can put in as many Stop Signs as you want. Click on a Stop Sign to remove it.

Note:  When Stops are in, a check mark appears next to the Stops In
command in the Debug Menu.

If you choose Stops In again, any current Stop Signs will be hidden, and they will be ignored
when the program executes. If you choose Stops In a third time, the hidden stops are
redisplayed, and will be performed when the program is executed.

To remove all the Stop Signs from the active window, choose Pull Stops from the Debug
Menu.

If you save a file with the Entire Document option, any Stop Signs placed in the file will be
saved as part of the file.

Go Versus Go-Go

When you use Go or Trace to run your program, you can halt it by clicking on the Bug Spray
Can on the right end of the menu bar. This halts your program whether it is stepping
continuously or just running. The Execution Finger appears on the statement where you halted,
and the Observe Window is updated. While this is simple to do, it is not very precise, because it
is hard to halt execution accurately. (This is most useful if the program is in a loop.)

Go can be used more effectively with Stop Signs. Place Stop Signs at the exact points where
you want execution to halt, and then choose Go. The program will run until it encounters the
first Stop Sign; you can then use the Observe Window to check the values of variables at that
point. Choose Go again, and the program will run until it reaches another Stop Sign or finishes.

Any time execution is halted, you can use Show Finger to scroll to the statement that you're
halted at; both the Execution Finger and the Stop Sign will be at the same statement.
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Go-Go is a variation of Go where execution pauses momentarily at each Stop Sign just long
enough to update the values in the Observe Window. If there are no Stop Signs in the editing
window, Go-Go is equivalent to Go.

Restarting a Halted Program

Halting a program doesn't mean that you have to start it all over from the beginning. If you
choose G0, Go-Go, Step, or Trace from the Run Menu, the program continues execution
from the point at which it was halted. Only if you edit your program after halting, change the
status of a compile option, or choose Reset from the Run Menu does the program start
execution over from the beginning,

The Observe Window

The Observe Window allows you to track the value of a variable or expression while running
your program. This window takes the place of the old debugging technique of inserting
writeln statements into your program to print out the values of variables or expressions. (And
in fact, only values that could be printed with writeln can be observed.)

To enter an expression in the Observe Window, bring the window forward by clicking on it or
by choosing it from the Windows Menu.

EDE Observe
Enter an expression | >

2]

You can place valid Pascal expressions in the "cells" to the right of the vertical bar in the middle
of the window. You can even Copy an expression from your program, the Instant Window, or
another Observe Window cell and Paste it into the Observe Window. The expressions will be
evaluated and the results displayed in the left cells whenever you press Enter or when your
program halts or pauses:

1) After a Step.

2) In between statements while running with Trace.

3) Whenever a Stop Sign is encountered while running with Go or Go-Go.
4) When you click on the Bug Spray Can while your program is running.

In order for Observe to work, there must be a context for the expression(s) you type in. That is,
your program must be halted, so the expression can be evaluated for its value at that point in your
program. Once the program finishes, the Observe Window will display the message "No
context.”

It is relatively harmless to type invalid expressions or expressions with runtime errors in the
Observe Window. An abbreviated error message will be displayed in the left hand cell.
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Some handy tips for using Observe:

« To observe floating point numbers with precision, use the stringof
function described in Section 10.7.5 of the Language Reference.

«  You can use Observe to convert hexadecimal numbers to decimal. Type '$'
followed by the hex number. The equivalent decimal value will be

displayed.

+  You can use the Observe Window to examine variables and expressions if
execution is stopped due to a runtime error. This powerful debugging
feature can help you to determine the cause of the runtime error.

The Instant Window

Any time your program is halted, you can use the Instant Window to execute any Lightspeed
Pascal statement or statements. Bring the Instant Window forward by clicking on it or choosing
it from the Windows Menu. Enter and edit any Pascal statements there just as you would in an

editing window. Then click the Do It button or press (38 D) to execute them.

[T}

FFro— Instant

IDD It 381]'
Pos = 80

v

=

[

If you use (3 D), you can run the code in the Instant Window without making it the active
window.

Any Pascal statement (except a goto) is valid in the Instant Window if it is legal at the point in
the program at which execution is halted. The statements in the Instant Window are executed as
if they were inserted into your program at exactly the point where execution was paused. Instant
can even be used after a run-time error occurs. You can possibly fix the cause of the error and
continue executing your program.

The Instant Window is also an ideal way to prototype new code. The new code can be inserted
{0 the Instant Window and executed, and if incorrect or incomplete, modified again. This can be
repeated a number of times until the code is correct. Then the new code can be copied from the
Instant Window and pasted into the program. Making the changes in the Instant Window is a lot
faster than continually changing the program, recompiling, and re-executing the program to try
out new code. As fast as the Lightspeed Pascal compiler and linker is, Instant is even faster.
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Note:  If you call a procedure containing Stop Signs from Instant, the Stop
Signs are ignored.

Don't be overly concerned about errors in Pascal syntax or expressions which you make in the
Instant Window. The effects of any errors you make are limited to the current execution of your
program, They are not saved as part of either your source file or the object code in your project.

Saving/Reloading Instant & Observe

The contents of Instant and Observe Windows can be saved as separate files. Choose Save
As... from the File Menu when either of these windows is the active window. A special dialog
box for saving these windows will appear.

Save 'Instant’ as i LP2.Librar...

LR

;

Save 'Observe’ as i LP2.Librar...

Observe

Cancel

Save

;
I

Instant and Observe files appear on the disk with their own special icon.

They are opened from within Lightspeed Pascal just like any other disk file. Use the Open...
command from the File Menu to reload either window. When you select a previously saved
Instant or Observe file, a dialog box will appear asking if you want to replace the current contents
of the Instant or Observe Window.
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Chapter 8
Predefines, Units
and Libraries

So far, we've looked primarily at Lightspeed Pascal's user interface. By now, you should have
some feel for how to use the tools the Lightspeed environment provides. At this point, we need
to explore briefly the question of what to put into the programs you write--the special features of
the Lightspeed Pascal language that you can use to write powerful programs for the Macintosh.

These features include:

«  Predefined routines "built in" to Lightspeed Pascal, including full access to the
Macintosh Toolbox.

«  The ability to divide a program into separately compilable units, which supports the
development of large programs.

«  Numerous standard Macintosh libraries that provide routines for printing,
communications, 3-D graphics, speech, and numeric processing.

«  Access to other previously-written libraries.

«  Access to externally-written assembly language routines and use of in-line machine
code.

With the exception of the last point (which is discussed in Chapter 11, "Interfacing with
Assembly Language"), these topics are covered in this chapter.

Predefined Procedures and Functions

Lightspeed Pascal provides a large number of predefined procedures and functions. All of the
standard Pascal predefines are available. In addition, routines have been added to facilitate
address arithmetic, string manipulation, event handling, 1/O, and other common tasks. On top
of this, nearly all of the procedures and functions (as well as constants and types) described in
Inside Macintosh are supplied as predefines. As a result, you can easily create Macintosh
applications without having extensive knowledge of the Macintosh.

Some of the Macintosh routines are supplied as units; see the section "Standard Libraries” below.

For a complete description of the Lightspeed Pascal predefines, see Sections 9 and 10 of the
Language Reference and Appendix E.
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All of the special features of the Macintosh—windows, menus, event-handling, sound, and so
on—are made easily available for use by your programs by the routines that make up the
"Macintosh Toolbox." Many of these routines are stored directly in the Macintosh's ROM
(Read-only memory); others are stored in the MacTraps library.

However, you can use them without knowing where they are, because all of the basic Toolbox
types, constants, variables, procedures, and functions (those defined in the MemTypes,
QuickDraw, OSIntf, Toollntf, and PackIntf units of Lisa Pascal) are predefined names in
Lightspeed Pascal. The MacTraps library will automatically be loaded when you build a program
that uses any of the routines it includes.

In addition, the DrawLine, DrawCircle, and PaintCircle routines of Macintosh Pascal are
supported, as are the synonymous parameter lists for the Quickdraw Rect, RoundRect, Oval, and
Arc routines. Thus,

var
r:rect;

begin
SetRect (r, left, top, bottom, right);
FillRect (r, dkGray);

can be replaced by the more concise:

FillRect (top, left, bottom, right, dkGray);

Using Units

A Lightspeed Pascal program may be composed of several files, one of which is the usual main
program, and the rest of which are called units. The use of units is important for two reasons:

* They allow you to break a large program into manageable pieces. You can therefore
write arbitrarily large programs.

» They improve turnaround time when changes are made, due to Lightspeed Pascal's
ultra-fast linker and its ability to track and update only those files that have been
edited.

The use of units is also consistent with Pascal's emphasis on structured programming.
A unit consists of an interface, which describes how to use the data types, variables, procedures,

or functions in the unit, and an implementation, which contains the Pascal statements that are the
actual executable code. An example of a unit is shown below.

unit Calculations; { Sample Unit - doesn't do much }
interface
uses
Sane; { This unit needs the SANE library }
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var
DisplayWidth : integer; { This variable is exported }

{ Procedures & functions: note that parameters are declared }
{ here, and not in the actual code in the implementation part}

procedure Initialize (Precision: RoundPre);
function Square (aNumber: longint) : longint;
implementation
const
ConstantPrivateToCalculations = 42;
var
RoundingPrecision: RoundPre;

procedure Initialize; { Parameter list already declared }

begin { in interface }
RoundPrecision := Precision;
SetRound (RoundPrecision);

end;

function Square; { Parameter list already declared }

begin { in interface }
Square := aNumber * aNumber;
end;

procedure PrivateToCalculations(x: integer);
begin
end;

end.

All names mentioned in the interface part are exported to files that use this unit. Also, procedures
and functions in the interface must consist of a heading only. The body is elaborated in the
implementation. The body must not contain the redundant procedure and function headings

previously declared in the interface.

The uses clause specifies the dependencies between files comprising a program. This
dependency information is used by Lightspeed Pascal to determine which files are affected by an

edit (and which therefore must be recompiled).

When you show the Project Window by build order, all units must be listed in the order in which
they are used. In other words, files that are used must precede the files that use them, with the
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main program always last. See Chapter 5 for details on how to change the build order. See
Section 8 of the Language Reference for more information on units.

A unit may not exceed about 2500 lines, including the interface parts of any units which it uses.
There is therefore a strong incentive to keep interfaces small. (However, you don't need to worry
about removing comments or spaces from interfaces, since Lightspeed Pascal doesn't include
them when compiling a file.) In particular, if a unit A uses unit B, and only the implementation

part of B actually uses anything from unit C, then A need not use C, thus increasing the
maximum number of lines available to A.

Standard Libraries
A number of standard Macintosh libraries are provided.

Each library is supplied as two files: an interface (source) file, and a library (object code) file.
Both of these files must be added to the project in order to use a particular library.

To reference the definitions in the interface, add the library's unit name to a uses clause in your
program. For example:

uses
SANE, Graf3D, SpeechIntf;

Be sure to place the interface file in the correct build order in your project.

The following libraries are available:

Description Interface File Library File Unit Name
SANE (Floating-Point Math) SANE SANELib SANE
Print Manager MacPrint PrLink MacPrint
Fixed-Point Math FixMath FixMathLib FixMath
3D Graphics Graf3D Graf3DLib Graf3D
Appletalk Manager AppleTalk ABPasCalls AppleTalk
MacinTalk (Speech) Speech SpeechLib SpeechIntf

The interfaces to all of the routines in these libraries are listed in Appendix E.
Also provided with Lightspeed Pascal are the MacinTalk driver (Macintalk), the RAM Serial
Driver (SERD), and the Appletalk ATPL package (ABPackage). These are resource files that

must be merged with your project's resource file. See Chapter 10 for information on merging
resource files; see the appropriate Apple documentation for information on each of these drivers.

The EXTERNAL Directive

The external directive is supported. It can be used in place of a procedure/function body to
indicate linkage to a separately compiled or assembled routine.
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In a unit, procedures and functions declared in the interface part may later be defined as external
in the implementation part.

The external directive is normally used to refer to assembly language routines. See Chapter
11 for more information on interfacing with assembly language.

The routine that the external directive refers to may be written in Pascal. If so, it mustbe in a
separate unit, and that unit must not be used by the file where the external directive appears.
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Chapter 9
Building Applications
and Libraries

A program developed with Lightspeed Pascal can be saved as either a Macintosh Application
program or a Library.

An application program is a program that can be executed independently from the Lightspeed
Pascal environment. An application is launchable by double-clicking on its icon on the desktop.

A library is simply the saved object code of one or more (usually many) units. The advantage of
libraries is that the source code is not part of the library, only the object code. But this object
code can still be used by programs in the Lightspeed Pascal environment. All that users need is
the library code file and, optionally, its Pascal interface file.

Applications

To save a project as an application choose Build & Save As... from the Project Menu. A
dialog box like this will appear:

Save 'Editor Project' as i LP2.Librar...

Editor Application

@® Application
QO Library
O Compressed Project

Eject

Click on the Application button. The default name for the application is "xxx Application®,
where "xxx" is the name of the project truncated at the first blank from the end. (For example, the
default name for "Editor Project” is "Editor Application"). Use the default name or type in
another name for the application and then press the Save button.
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A program is usually saved as an application when its development is complete and it needs to be
packaged for distribution. An application program contains only the executable code for the
program. None of the Lightspeed Pascal debugging features (Instant, Observe, stepping, etc.)
are available.

There are a couple of minor changes you may need to make to your code before saving it as an
application. These changes are described below.

Toolbox Initialization

Lightspeed Pascal automatically initializes certain aspects of the Macintosh Toolbox both when
the program is run as a Lightspeed Pascal project and when it is saved as an application. The
initialization is equivalent to the following calls:

InitGraf (@ThePort);

InitFonts;

InitWindows;

InitMenus;

TEInit;

InitDialogs (nil);

InitCursor;

SetApplLimit (<current value of A7> — <Run Options Stack Size>)

MaxApplZone;

If you previously used Macintosh Pascal, you are probably unaware that the Toolbox was being
initialized for you. If you are porting Macintosh programs originally written for another Pascal
compiler, you probably made these calls explicitly in your program. While you are running your
program as a Lightspeed Pascal Project, this “double initialization” won't cause any problems.

When you save the project as an application, Lightspeed Pascal will no longer be able to protect
you. If the initialization statements are already present in your code, you can either remove them,
or disable Lightspeed Pascal's automatic initialization by using the $I compiler directive in the
file containing your main program. This directive is ignored in units.

Insert the following line in your program immediately following the program statement.

{$I-}

If a program contains a $I- compiler option then the initialization will not be performed. The
default setting is ST+

Lightspeed Pascal Window Initialization

Lightspeed Pascal allows you to open the Text and Drawing Windows from the Windows
Menu. If a program uses these windows, then certain initialization calls may need to be added
before the program is saved as an application. If these calls are not performed, there will be no
default windows opened for text and drawing. These calls are:

ShowText;
ShowDrawing;
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You may also want to set the Text and Drawing Window size and placement. You can do this
with Set TextRect and SetDrawingRect. See Section 10 of the Language Reference of
this manual for additional information on these calls.

Libraries

To save a project as a library choose Build & Save As... from the Project Menu. A dialog
box like this will appear:

Save 'Search Project’ as i LP2.Librar...

[EQ ( cancel ) ( Drive )

O Application
@ Library
O Compressed Project

Search Library

Click on the Library button. The default name for the library is "xxx Library", where "xxx" is
the name of the project truncated at the first blank from the end (e.g. The default name for
"Search Project" is “Search Library"). Use this default name or type in another name for the
library and then press the Save button.
A project can be saved as a library only if the following conditions are met:

1) There must be only one code segment in the project.

2) There must be at least one file in it.

3) There must be no main program (only units).
Before saving as library, you must remove the main program (if there is one). You should also
remove the predefined libraries MacPasLib and MacTraps. Otherwise, when you add the library

to a project, the MacPasLib and MacTraps symbols will be multiply defined, if that project has
already used them.

Calling Libraries via Pascal Interfaces

When a project is saved as a library, only the compiled code is saved. To call routines in a
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library, you can create a Pascal interface to the library. This can be done quite easily. Declare all
routines you wish to be visible to users of the library in the interface. Then in the implementation
part declare all those routines as external. For example:

unit MyLib;
interface

procedure Procl (i: integer);
function Funcl: boolean;

implementation

procedure Procl;,
external;

function Funcl;
external;

end.

Saved libraries may contain variables. Variables declared in the interface parts of any units in the
library are "global” to the linker, and as such may be referenced from assembly language. Note
however that there is no way to directly reference such variables from Pascal, since there is no
analog to the external declaration for variables.

Calling Libraries via External Declarations

You don't necessarily need to create a Pascal interface in order to call a library. You can also call
library routines by inserting the external declarations for the routines you want in your program.
For example:

program foo;

procedure Procl (i: integer);
external;

function Funcl: boolean;
external;

begin

end.. h
When you are only calling a few library routines from a single program it may be easier to use
external declarations that to create an interface for the library. But when you are calling many

library routines from a number of different files, creating an interface may be more convenient
and less prone to error than repeating the external declarations in all the programs.

Warning:  Lightspeed Pascal does not check that the declarations listed in the
library interface or external declarations match the actual library
routine declarations. If the declarations do not match, your program
will probably not behave as expected. It is the programmer's
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responsibility to make sure the declarations exactly match.
Lightspeed Pascal only links the names to the actual code.

Compiler Options in Applications and Libraries

While we have not yet discussed compiler options in detail (they're covered in Chapter 13), you
may nced to know a bit about them before you save your code as an application or library. If you
want more information, feel free to jump ahead before reading this section.

Debug

When a program is saved as an application or a library, the debug code (that code controlled by
the $D compiler directive and the D box in the Project Window) is automatically removed.
Lightspeed Pascal does this by recompiling those units which had debug code enabled as if the
debug option was disabled. Debug code is not needed for a saved application because the
application is not executed under the Lightspeed Pascal environment. Nor is it needed for a
library because the source files for the code are not in the library.

Range Checking and Overflow Checking

The code generated to do range checking and overflow checking (that code controlled by SR and
sv directives and the R and V box in the Project Window, respectively) is not automatically
removed when a program is saved as an application or a library. But it may be a good idea to
explicitly turn off these options before saving as an application or a library. When an application
is executed and the range or overflow checking code detects an error, the application will drop
into Macsbug, or will bomb if Macsbug is not installed.

Names

The name option (controlled by the SN directive and the N box in the Project Window), which
controls the insertion of procedure and function names into the code is also not automatically
removed when a program is saved as an application or a library. If the application or library
might be debugged with Macsbug, it is probably a good idea to have the names in the code. If
the application or library will not be debugged with Macsbug or if there is a reason not to have
the names available, then the name option should be disabled when the program is saved as an
application or a library.

Compressed Project

A compressed project is simply a project with all compiled code removed from the project
document. The only reason for saving a project as a compressed project is for space savings on a
disk. When you are making backups or when a disk is getting full you may want to save as
compressed project. When you try to execute a compressed project, the entire project will need
to be rebuilt. To save a project as compressed project choose Build & Save As... from the
Project Menu. A dialog box like this will appear:
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Save 'Editor Project' as | LP2.Librar...

Editor Project
.

[__Sa—lgp ( cancel ] ( Drive ]

O Application
O Library
@® Compressed Project

Click on the Compressed Project button. The default name for the compressed project is same
as the current project. Use the default name or type in another name for the project and then
press the Save button.

Smart Linking

When you Build & Save As... an application, the "smart" linker determines which files (units
and/or libraries) contain routines which are reachable on a reference chain starting from the main
program. Unreachable files are removed; they are not actually removed from the project, but the
code and data that they contribute will not appear in the application.

If a library file is composed of many smaller files, the code and data contributions of each of the
component files are remembered. When a project containing such a library is built into an
application, the smart linker will actually remove unused components of the library while
retaining necessary ones.

The standard libraries MacPasLib and MacTraps were created in this fashion, They are actually
composed of a large number of smaller libraries, each of which was created using the MDS
assembler and the .Rel Converter (see Chapter 11). Therefore, although the libraries appear to be
large in the Project Window, typically only a small subset of the total code is present in your
saved applications.
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Chapter 10
Using Resources

A typical Macintosh application uses resources to define its menus, windows, dialogs, alerts,
strings, pictures, and icons. In addition, the application's code itself consists of resources.
These objects typically reside together in a single resource file. This chapter tells you a few
special things you need to know to use resources with Lightspeed Pascal.

(If you are new to programming the Macintosh, it is important to learn about resources right

away, as they pervade every aspect of the Macintosh Toolbox. Refer to /nside Macintosh or
Macintosh Revealed for detailed information.)

Using a Separate Resource File

Lightspeed Pascal allows you to run a program without first building an application file. That, of
course, is part of why it is so fast. But if there is no application file, where do your program'’s
resources come from?

The answer is that they come from a separate resource file. (Later in this chapter, we'll show an
example of what a resource file looks like, if you are not already familiar with them.)

Lightspeed Pascal allows you to designate one resource file to be used by your program. Choose
Run Options... from the Project Menu. A dialog box like this will appear:
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Run-time Environment Settings

[]Use resource file:
for resources used by the project.

Resources

Teut Window saves |5000 [characters
Texnt [JEcho to the printer
Window []Echo to the file:

Monaco 9 [Hello world. x = 811.79.

stack size:[[[Jl|kilobytes
Zone size:|64 |kilobytes

Memory

Check the "Use resource file;" check box and choose a resource file to use. This resource file
will be opened automatically when your program is executed.

Note: The resource file is required to be on the same volume (and in the same
folder if using HFS) as the project.

Combining Resource Files

When you are ready to prepare a stand-alone version of your program-that is, one that can be
launched from the Finder rather than only from Lightspeed Pascal—choose Build & Save As...
from the Project Menu. Then click on Application, give the application a name, and then
click on Save,.

This procedure creates a resource file containing the code resources that constitute your
application, In addition, Lightspeed Pascal copies to that file all the resources from the separate
resource file designated by the Run Options... command (see above). The result is a
stand-alone application that contains everything it needs to be launched from the Finder.
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An Example

Here is a sample program, written without using resources, that just opens a window and waits
for you to click its "go-away" box.

program WithoutResources;

var
MyWindow, WhichWindow : WindowPtr;

MyEvent : EventRecord;

Bounds : Rect;
Done : Booclean;

begin
SetRect (Bounds, 100, 100, 300, 300)};
Done := false;
MyWindow := NewWindow(nil, Bounds, ‘Sample Window',
true, 0, nil, true, 0);
repeat

if GetNextEvent (EveryEvent, MyEvent) then
if MyEvent.What = MouseDown then
if FindWindow (MyEvent.Where, WhichWindow)
InGoAway then
if WhichWindow = MyWindow then
if TrackGoAway (MyWindow, MyEvent.Where) then

Done := true;

until Done;
end.

Here is the same program written using resources:

program WithResources;

var
MyWindow, WhichWindow : WindowPtr;

MyEvent : EventRecord;
Done : Boolean;

begin
Done := false;
MyWindow := GetNewWindow (128, nil, nil);
repeat

if GetNextEvent (EveryEvent, MyEvent) then
if MyEvent.What = MouseDown then
if FindWindow(MyEvent.Where, WhichWindow) =

InGoAway then
if WhichWindow = MyWindow then
if TrackGoAway (MyWindow, MyEvent.Where) then

Done := trues
until Done;
end.
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What's In A Resource File?

Resource files can be created with either the RMaker or ResEdit utility from Apple. Both of these
utilities are supplied with Lightspeed Pascal. RMaker is described in Appendix H. ResEdit is
described in Appendix L

Here is an RMaker script for a sample resource file Sample Rsrc. You can use this script to
create a resource file for use with the previous example.

Sample.Rsrc ;s output file
PPPP22?7? ;s file type and creator
Type WIND
;128 ;i resource ID
Sample Window
100 100 300 300 // window bounds
Visible GoAway
0 s+ a regular document window
0 /7 the refCon (not used in the

;¢ sample program)

You can create a text file containing this script using MacWrite or any other text editor (such as
the text editor demo included with Lightspeed Pascal). If you use MacWrite, be sure to save
your file as Text Only. Call the file Sample.R. Then run RMaker on this file. This procedure
will create a resource file called Sample Rsrc.

Alternatively, you can use ResEdit to create the file. ResEdit provides an interactive interface for
building resources. See Appendix I for details.

Once the resource file is created, it needs to be designated as the file containing the resources
used by your project. Choose Run Options... from the Project Menu. Check the "Use
resource file:" box and choose Sample.Rsrc. This file will be opened automatically when
your program is executed.
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Chapter 11
Interfacing with
Assembly Language

This chapter contains the information you need to interface to assembly language, and to
understand how your Pascal programs communicate with the Macintosh hardware and software
environment. In addition, an understanding of this material is a necessary prelude to using
LightsBug or Macsbug for low-level debugging of your programs. However, while this chapter
does make an effort to review some fundamental concepts of the Macintosh architecture, it is
nonetheless no substitute for the complete treatment given in Inside Macintosh (Addison-Wesley,
1985).

Pascal is the Macintosh's "native" language. The Macintosh system software expects to be called
from Pascal, and the internal Macintosh data structures usually correspond to Pascal data types
such as pointers, records, and arrays.

Of course, down deep the real native language of the Macintosh is the MC68000 assembly
language. This chapter describes the Pascal procedure calling conventions at the machine level,
and explains how you can incorporate assembly language code into a Lightspeed Pascal project
using the MDS (Macintosh Development System) assembler. A detailed description of the
internal representation of the Pascal data types is also provided to help you in understanding and
debugging your programs at the assembly language level.

Run-Time Architecture

The run-time environment of your Macintosh application has three fundamental components: the
stack, the heap, and the AS world.

The Stack

The stack is an area of memory that is dynamically allocated and deallocated in a strict
last-in-first-out fashion, like a stack of trays in a cafeteria. The MC68000's A7 register is
reserved as a stack pointer: it always contains the address of the top of the stack. (Note that the
stack of the MC68000 actually grows downward, towards lower memory addresses, so that the
top of the stack is actually the byte in the stack with the lowest address.)

The stack contains information pertaining to the activation and deactivation of procedure and
functions. Each time a routine is called, a stack frame is allocated. This stack frame contains all
of the routine's parameters, local variables and temporaries, and the return address. When the
routine exits, the stack frame is released and the context of the calling routine is restored. The
processor's A6 register is used as the frame pointer of the currently active procedure or function.
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The Heap

The heap (usually called a zorne in Macintosh terminology) is an area of memory from which
arbitrary-sized pieces can be allocated and deallocated in any order. All of the dynamic memory
required by your program is allocated from the heap: windows, menus, code segments,
resources, even other heap zones. The various "housekeeping” tasks necessary for the random
allocation and deallocation of memory are performed by a part of the Macintosh operating system

called the Memory Manager.

The memory within a zone is divided up into contiguous pieces called blocks, of which there are

three types:

*

The Memory Manager is one of the most fundamental and pervasive parts of the Macintosh
operating system. There is a great deal of lore concerning its effective use, far more than can be
covered here. For more complete information, refer to the Memory Manager section of Inside

Free Blocks - these blocks represent unused heap memory that may be allocated to
satisfy a memory request.

Nonrelocatable Blocks - these are allocated blocks of memory that reside at a fixed
location. They are referenced by a pointer to the block.

Relocatable Blocks - these are blocks that may be moved by the Memory Manager,
usually to gather sufficient contiguous free space to satisfy an allocation request.
Because a relocatable block may be moved, your application cannot keep a pointer to
it. Instead, a nonrelocatable master pointer to the relocatable block is maintained by
the Memory Manager. Your program accesses the block via a pointer to this master
pointer, called a handle, which must be dereferenced, not once, but twice to access
the data.

Macintosh.

The A5 World

The A5 world is a colloquial term for the area of memory that is referenced via the processor’s

AS5 register. This is a distinct area of memory, which has three components:
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Application Parameters - the first 32 bytes of memory "above A5" contain the
Finder's startup handle at 16(AS) and the all-important pointer to the Quickdraw
globals at 0(AS). The remaining 24 bytes are unused.

Jump Table - the remainder of the "above A5" area contains the Jump Table, a data
structure used by the Segment Loader to manage the loading and unloading of code
segments. Every procedure and function that is referenced across segments has an
entry in this table: in the unloaded state the entry contains instructions that cause the
segment containing the routine to be loaded, and in the loaded state it contains an
absolute jump to the routine.

Application Globals - the "below A5" area of memory contains the application’s
global variables, including the Quickdraw globals.



Pascal Data Types

Integer Types

The integer-type integer is represented as a 16-bit two's complement number with a range of
32767 to 32767. The integer-type longint is represented as a 32-bit two's complement
number with a range of -2147483647 to 2147483647.

Subranges of integer that are in the range -128 to 127 are represented as an 8-bit number,and thus
occupy a single byte. Subranges with upper and/or lower bounds outside this range occupy a
word.

There is a special case: if an integer subrange in the range 0 to 255 is a component of a packed
structured-type, it is represented as an unsigned byte.

Chars

The type Char is represented as a 16-bit value with the extended ASCII code of the character in
the low-order byte, and O in the high-order byte.

If a Charis a component of a packed structured-type, it is represented as an unsigned byte.
Booleans

The type Boolean is represented as a byte quantity that may assume only the values 0 (false) or
1 (true).

Enumerated Types

Enumerated types are represented as unsigned byte quantities that may assume ordinal values in
the range 0 to 255 (depending upon the number of enumerated constants in the type).

Real Types
The real-types Real, Double, and Extended are represented as IEEE-format floating-point

numbers of 32, 64 and 80 bits respectively. The real-type Computational isrepresented as
a 64-bit two's complement integer with a unique reserved value.

The floating-point formats are described in complete detail in Appendix D.
Pointers

Pointer-types are represented as 32-bit address values in which only the low-order 24 bits
actually participate. Note that in the Macintosh environment the high-order 8 bits are not
guaranteed to be 0: this may cause obscure errors in address arithmetic.
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Strings

A string-type of size n has a 1 byte length field followed by n bytes containing the character
components of the string (each occupying a single byte as if packed). An unused byte is added to
the end if needed to ensure that the total number of bytes is even.

Arrays

An array-type with index [Z. . H] is represented as if H-L+1 variables of the component type
were laid end to end. If the size of the component type is not 1, it is first rounded to an even
number of bytes so that each element of the array is on an even byte boundary. An unused byte
is appended to the array if necessary to cause it to occupy an even number of bytes.

A multidimensional array of indices [(L1..H1, L2..H2, ..., Ln..Hn] isrepresented as
it if were declared as an array of index [Z1..H1] with a component array of index [L2..HZ]
with a component array of index [L3..H3], efc.

A packed-array-type is identical to the corresponding array-type unless the component type is
packable (i.e. char-type or integer subrange in the range 0..255) in which case the components
are allocated in their packed format.

Records

A record with fields £1: T1, f2: T2, ..., fn: Tnisrepresented as if each field were a
single variable and all fields were laid end to end. If a field's size is not 1, the field is first
aligned to an even boundary. An unused byte is appended to the record if necessary to cause it to
occupy an even number of bytes.

A packed-record-type is identical to the corresponding record-type unless the types of one or
more fields are packable (i.e. char-type or integer subrange in the range (..255) in which case the
fields are allocated in their packed format.

Sets

Sets are represented as bit arrays where each bit indicates whether the corresponding element is
"in" the set or not. Sets occupy an even number of words, and are always allocated as if the set
origin were 0: a set of 0..255 occupies the same number of bytes as a set of 100..255.

There is a special case: a set whose elements are in the ordinal range 0..7 is stored as a byte.

However, when passed as an actual value parameter, the set is first extended to a word, so the
value ends up in the low-order byte rather than the high-order byte.

Files

File-types are represented as records that contain 32 bytes of status information, a 522 byte
access-path buffer, and a component buffer whose size is equal to the size of the component type
of the file.
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Files of type Text are represented identically to packed file of Char. However, the
predefined routines eoln, writeln, and readln can only be used with files of type Text.
See Section 9 of the Language Reference.

Pascal Calling Conventions

Calling Sequence

When a Pascal routine is called, it is the caller's responsibility to reserve space for the return
value (if the routine is a function), and push the actual parameters onto the stack in order from left
to right. The caller's code looks something like this:

SUBQ #n, A7 ; reserve space for return value
MOVE ee.s —(A7) ; push first argument
MOVE ee.y —(A7) ;/ push last argument
JSR routine ; jump to subroutine

The return value (if any) is on top of the stack upon return from the call. If the routine being
called is a stack-based Toolbox routine, the appropriate trap instruction is generated in place of
the JSR instruction. For register-based Toolbox calls, a JSR to an assembly-language "glue"
routine is generated.

If the called routine is declared in a nested scope, the caller must also provide the static link: the

frame pointer of the most recent activation of the procedure or function that statically nests the
called routine.

Routine Entry

Upon entry to a Pascal routine, the return address is on the top of the stack. The routine usually
creates a stack frame using the LINK instruction, and saves any non-scratch registers that it uses:

LINK A6, #16 bits ; allocate local variable space
MOVEM. L eeer —(A7) ; (optionally) save registers

Since the —-n is a 16 bit value, there is a 32K size limit on the local variable space.
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The stack frame has the following format:

[ FP227777777 777 72/ 777 777777777777 7777777/ |
Return Yalue

First Argument

Last Argument
Static Link (optional)

Return Address

ABG: Previous A6

Local Yariables

Al: Saved Registers
L,

The parameters and return value are accessed as positive displacements from A6, while the local
variables and temporaries are accessed as negative offsets.

Routine Exit

When a routine exits, it is responsible for deallocating the stack frame, and removing any
parameters that were pushed by the caller. The epilogue of a routine usually looks like this:

UNLK A6 ; deallocate stack frame
MOVEA.L (A7) +, A0 ; get return address
ADD #n, A7 ; discard parameters
JMP (AQ) ; return to caller

Parameter Passing

The conventions for parameter passing in Pascal are dependent upon the kind of parameter that is
passed:

« VAR Parameters - the 32-bit address of the actual parameter is placed on the stack.

« Value Parameters - the value of the actual parameter is placed on the stack, if it
occupies 4 bytes or less. Otherwise, the address of the actual parameter is passed,
and the caller is required to make a local copy of it (in case it is modified).

All values occupy either 2 or 4 bytes on the stack. A byte value appears in the high
byte of the word and is found at an even offset from A7 (or A6).

+ VAR STRINGS - the 32-bit address of the string is passed along with a 16-bit size
that is the declared size of the actual parameter.
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»  Procedures/Functions - the 32-bit (jump table) address of the procedure or function
is passed, along with the 32-bit static link to be used when the routine is actually
called (if the procedure or function is declared in the outermost scope, 0 is passed).

Return Values

If the return value of a function occupies 4 bytes or less, the caller allocates 2 or 4 bytes on the
stack for the return value. This value is left on the stack upon return from the function.

If the value occupies more than 4 bytes, a temporary variable of the same size is allocated, and

the caller pushes the address of this temporary as a "hidden parameter”. The caller discards this
address when the called routine returns.

Interfacing with Assembly Language

Assembly language source code can be assembled using the MDS assembler, converted to a
Lightspeed Pascal library, and loaded into a project.

Accessing Global Symbols
Procedure and function names defined in assembly language and made public via the XDEF

directive may be called from Lightspeed Pascal, as long as they conform to the conventions
described previously. Simply create an external declaration for the name:

procedure ClearHandle (aHandle: Handle);
external;

It is up to you to ensure that the Pascal declaration of the assembly language routine matches the
implementation with respect to argument types, value/reference passing, and return values.

Procedure and function names defined in the interface-part of a Pascal unit may be imported to an
assembly language source file using the XREF directive:

XREF aPascalRoutine ; defined in a Pascal unit
; push arguments, etc.
JSR aPascalRoutine ; call Pascal routine

; pop return value, etc,

The name of the routine in a call must not be suffixed with the (AS) addressing base; the linker
will resolve the reference to a PC-relative or A5-relative jump-to-subroutine as necessary.

Variable names defined in the interface-part of a Pascal unit may also be imported using the
XREF directive:

XREF aPascalVar ; defined in a Pascal unit

MOVE.,L aPascalVar (A5),D0 ; load Pascal variable
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In this case, the (A5) addressing base must be supplied, just as it must for names defined in
assembly language using the DS directive.

Register Saving Conventions

Data registers DO-D2 and address registers AQ-Al are scratch registers, and may be freely used
by any assembly language routine. Other registers must be saved and restored if they are going
t6 be modified. You should avoid using address registers AS-A7.

Converting .REL Files

The MDS assembler translates assembly language source files to .Rel object files. A Rel file
must be converted to a Lightspeed Pascal library before it can be added to a project. The .REL
Converter utility is provided for this purpose.

The .REL Converter presents a dialog box allowing you to specify a Rel file to be converted:

Replace.Rel
Search.Rel
Syntax.Rel

( Convert ] MDS Files
( Eject ]

| | (_Ccancel ) i ( prive ]
v X

When you select one, it presents another standard file dialog that enables you to name the created
library file:

Save library as: | LP3.Utilities

Search Library E
E Eject

(Csave )

Note that the default name of a converted library is the name of the .Rel file with the Rel suffix
removed, followed by a single space and the word "Library".

The standard file dialogs are presented repeatedly until you click the Cancel button, allowing
multiple files to be rapidly converted.
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Chapter 12
LightsBug—Debugging
at Lightspeed

This chapter describes how to debug programs with LightsBug, Lightspeed Pascal's powerful
memory level debugger. LightsBug provides the following debugging features:

L 4

A subroutine call chain which displays the names and the activation order of all
currently active subroutines.

A variable display which shows names and values of all variables in a running
program.

A register display which shows the values of the MC68000 registers while running a
program.

A zone display which shows all objects in the system and application zone.
A memory display which allows memory to be displayed and modified.
Support for breakpoints at Toolbox calls.

Support for the examination of compiled code.

To enter LightsBug, choose LightsBug from the Windows Menu. The LightsBug Window is
divided into three panes or parts. The upper left pane displays the subroutine call chain and also
controls the contents of the Register/Zone/Variable display. The upper right pane is the
Register/Zone/Variable display. The lower pane is the memory display.

Subroutine Call Chain

The upper left pane of the LightsBug Window displays the subroutine call chain in the area below
the dotted line. The subroutine call chain is the list of all the subroutines which are currently
activated (i.e. all subroutines which have been called, but have not as yet finished execution).
The subroutines are listed in reverse order of being called (i.e. the ]ast subroutine called is at the
top of the list). The very last name is the name of the main program. For example:
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=] LightsBug |
> registers Hand | eScrol |
zones dal ta 000 0002
pageSize 0000 0000
ek ieleirr i part 0017 0001
Scrol IConten{ _scroliBar 0001 4780
HandleConten{Global variables
Handl eMouse App | eMenu 0001 4800
Edi tor BS 0008 000D
-EDITOR ClipBdRect 0118 0003
Cl ipBdS torage 0000 0007
Cl ipBdlindow 0002 8910
CR 000D 0002
Done 0000 0147
| DragLimit 0018 0004
Iy Edi tMenu 0001 47F8
Base (XN () 0f fset:[0000]
000: OOF4 424A FFFF FFFF Q007 .0OBJOOOD..
00A: 69F6 0000 CF36 0000 CF38 il..wb..eB
014: 0000 CF3A 0000 CF3C 0000 ..e:..m<..
OtE: CF3E 0040 01B6 0007 67D6 «>.@.2..g+ Em

The spelling of the subroutine names displayed in the call chain will either be:

1)

2)

3

Exactly as it is spelled in your program-If the subroutine is contained in an open
editing window and the routine has been compiled with the Debug option on.

Truncated to eight characters, uppercased, and underscores removed-If the
subroutine is not contained in an open editing window or the routine has been
compiled with the Debug option off, but the routine has been compiled with the

Names option on.

222277 727-If the subroutine is not contained in an open editing window or the

routine has been compiled with the Debug option off, but the routine has been
compiled with the Names option off.

The prefixes on the subroutine names in the subroutine call chain indicate the following:

In the example just shown, EDI TOR is the program name. EDITOR called a procedure Editor
which called HandleMouse which called HandleContent which called ScrollContent.
Scrollcontent called a Toolbox routine which is listed as 22222222, The toolbox routine
in turn called HandleScroll. Notice that EDITOR is marked as not being contained in an
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This subroutine is contained in an open editing window. This subroutine has been
compiled with the Debug option on.

This subroutine is not contained in an open editing window. This subroutine has
been compiled with the Debug option on.

This subroutine has been compiled with the Debug option off.

A gap in the call chain was detected. This could be caused by an assembly language
routine using register A6 in an unusual way.



off.

Variables

Clicking on any subroutine name in the subroutine call chain will change the display of the upper
right pane of the LightsBug window. The names and the hexadecimal values of the variables of
that subroutine will be displayed. Also displayed will be the names and values of the variables of
all subroutines within which the selected subroutine is statically nested within. This means that
all variables visible (according to the scope rules of Pascal) to the selected subroutine will be
displayed. An example LightsBug Window looks like this:

Oy registers Factor g
Zones Term —
SavedOp EROD 0145
Term SavedVqlue 0001 4544
Expression Expression
Factor MinusSigned 0004 0000
Term SavedOp 0400 o000C
Expression SavedUal ue 0000 0000
ParsedOK ParsedOK
Parser function value 013A 0004
ParseSiring QOFF 0004
Global variables
Ch 002A 0002
InputString 0C32 2B35
Offset 000A 002A
Op 0002 0000
ReservedlordTab.. 0344 4956
1S4
Base :[NDEDDM] (¥) Of fset:[0000]
000: FFF4 424A FFFF FFFF 0007 69F6 0DBJOODN. . i OJ:E:
00C: Q00O CF36 0000 CF38 0000 CF3A . .«6..a8. .-
018: 00CO CF3C 0000 CF3E 0040 O1BS |  e<. .a>. 2.2
024: 0007 67D5 0007 7SE8 0000 CF40 . .g+..ul..

A subroutine name and its variables and parameters are separated from other subroutines by a
dotted line. The subroutine name is listed first, followed by the current function value (if
appropriate), and the names of its variables and parameters (if any). Beside the name of each
variable or parameter will be its value displayed in hexadecimal. In this example, the subroutine
Factor was selected. The routines that Factor is statically nested within are Term,
Expression, ParsedOK, and Parser. Factor has no local variables or parameters.
Term has two local variables—SavedOp and SavedValue. Expression has three local
variables—MinusSigned, SavedOp, and SavedValue. The function ParsedOK has a
function value and one parameter—ParseString, which is passed by reference (i.e. the value
displayed is a pointer to the parameter, not the actual value). The global variables of Parser as
well as their values are listed last under the heading "Global variables”.

Not all subroutines in the call chain may be in the variable display. This is because the selected
subroutine may not be statically nested within all currently activated subroutines.

Only global variables visible to the selected subroutine will be shown (i.e. global variables in
units that are not known to the selected subroutine are not displayed.

User's Guide 12-3 LightsBug



Some subroutines may be listed multiple times in the subroutine call chain. This happens when
subroutines are called recursively. For example, Factor is listed twice in the subroutine call
chain just shown. This indicates that Factor was called recursively. Selecting the first
Factor in the list will display the values of the variables and parameters of the latest activation
of Factor.

Note: See the example later in this chapter for an example of tracking down a
bug in a recursive program.

Registers

To display the current value of the MC68000 registers, click on registers in the upper left
pane. The value of the registers will be displayed in the upper right pane. Tt will look similar to
this:

Fi] LightsBug |
mﬂowooowoo DO=0000040 1 7y
— _zones A 1=0004E 1EA D 1=00022008 —

Factor A2=00000000 D2=00000050

Term A3=000446D4 D3=00000000

Expression |R4=00000000 D4=00000000

Factor AS=00044ED6 DS5=00000000

Term A6=000444EE D6=00000000

Expression hﬁm D7=00000000

ParsedOK

Parser

— —

<
Base: 0ffset:[0000]

000: 0004 4510 0002 1DA2 0002 4144 . .E....¢..AD[E:E
00C: 0004 44DE 0004 4510 0002 427C ..DD..E...B|

018. 0004 4510 D4EA 0001 4544 0004 . .E.‘O..ED..
024- 4532 0002 1CD2 0002 4276 0004 E2..."..Bv..

Zones

To view a zone (also known as a heap), click on zones in the upper left pane. The upper right
pane will look similar to this:
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LightsBug

BB Zone: w
o
Free Prgble Hnd Lck Prg Pir
Factor 0oeFen. 00 lobe 006 901 003 00 N
. R3S I S DO T R [
Expression R 01480C 0000SA O
Fact H 014808 000044 2 CURS 0100 05(
Eebmession | H 014804 ODO3ES 6 STR® 0108 OSC
Sl F 014CB4 00002C
parses H 014600 0004F4 6 CDEF 0001 00
F 0151E4 00000A
H 014588 QO07EA 6 FONT 0209 00
F 0159E8 000008
F 0159F8 000008
F 015A08 00000A
F 015A1A 000008
F 015A2A 000008
. F 015A3A 00000A
'y F 015A4C 000008

Base :[MEEREDN] (3) Of fset:[0000] (EdiD)
000: 0000 G000 0001 4710 0001 4714 ..G.
00C: 0001 4718 0001 471C 0001 4720 ..G...G...G
018: 0001 4724 0001 4728 0001 472C ..G$..G(..G
024: 0001 4730 0001 4734 0001 4738 ..GO..G4..G

The zone mode display has additional control buttons labeled S, A, and C:

S Click on the button labeled S to display the system zone.

A Click on the button labeled A to display your application's zone.

C Click on the button labeled C to display your current zone.
Any other zone may be selected by typing its address in the box next to the S A C buttons.
The current zone will be the same as your application zone unless you have done a SetZone.

A summary of the total size and number of each type of object is shown near the top of the pane.
The meaning of this summary is:

Free The total size of all free objects.
Prgble  The total size of all purgeable objects.
Hnd The number of handled objects.

Lck The number of locked objects.

Prg The number of purgeable objects,
Ptr The number of pointer objects.

The blocks in the zone are displayed in physical order. The format of the zone display, from left
to right, is:

1 character

1 character

User's Guide

"** for locked object or '’ for unlocked object.

'H' 'P' or 'F' for handle, pointer and free block, respectively.
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6 characters Logical base address of the block in hex,
(e.g. for handle h, h%; for pointer p, just P)-

6 characters Logical size of the block in hex.

1 character For handle blocks only, the attribute nibble in hex.
8 = Locked, 4 = Purgeable, 2 = Resource
(e.g. E=Locked Purgeable Resource).

4 characters For resources only, the resource type.
4 characters For resources only, the resource id.
3 characters For resources only, the resource file reference number.

In the window just displayed, the selected entry in the zone display is a pointer with a base
address of 14710 and a logical size of 100 hex. The third entry in the zone display is a handle
with a base address 14808, a logical size of 44, a Resource, a resource of type CURS, a resource
id of 0100, and a resource file reference number of 05C.

Memory Display

The bottom pane of the LightsBug Window is the memory display. Memory is displayed in
hexadecimal starting at the memory location Base+Offset. An ASCII display of the same
memory is displayed in the rightmost part of this pane.

There are a number of different ways you can choose which memory is displayed. They all
involve changing the base address and/or the offset. To choose which memory is displayed you
can:

1) Type in a new base address and/or a new offset, and then hit the Return or Enter
key. The ~ key can be used to revert to what was there before you started typing.

2) Click on the + button. This adds the offset to the base and changes the base to that
new value. The offset will be set to 0.

3) Click on any register displayed in the Register/Zone/Variable part of the window.
The value of this register becomes the new base address. The offset will be set to 0.

4) Click on any zone entry displayed in the Register/Zone/V ariable part of the window.
If the zone entry is a pointer, then this pointer becomes the new base address. If the
zone entry is a handle, then the dereferenced handle becomes the new base address.
The offset will be set to 0.

Note that the actual data area of the memory block is displayed. If you used the
Macsbug heap dump command, and then displayed memory at the block address
given in the heap dump, you would see the eight byte block header followed by the
actual data.

5) Click on any variable name displayed in the Register/Zone/Variable part of the

window. The address of the variable (not the value) becomes the new base address.
The offset will be set to 0.
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6) Click on any subroutine name displayed in the Register/Zone/Variable part of the
window. The frame pointer for that activation becomes the new base address. The
offset will be set to O.

7) Click on any byte of the memory display. This will cause that byte to become the
first byte of the memory display. The offset will be updated accordingly. The base
will be unchanged. This is useful for stepping through arrays.

8) Shift-Click on any byte of the memory display. The first byte of the memory
display will move to the point under the cursor. The offset will be updated
accordingly. The base will be unchanged.

9) Option-Click or Command-Click on any byte of the memory display. This will
cause a dereference of the four bytes starting with the byte selected by the cursor to
be the new base address. The offset will be set to 0.

10) Option-Command-Click on any byte of the memory display. This will cause a
double dereference or handle dereference. The offset will be set to O,

11) The last eight changes to the base address are remembered and may be recalled via
the < and > keys (comma and period keys).

Note:  The offset field is sign extended (i.e. if you type in a minus sign followed
by a hex number, it will compute the proper value).
Editing Memory

The memory displayed in LightsBug can be edited. Use caution when doing this because
careless changes to memory may cause severe problems.

To edit memory, click on the Edit button in the lower pane of the LightsBug Window or hit
Shift-E. This will bring up a display similar to this:
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Sl LightsBug
3| registers Factor >
zonhes Term —
SavedOp EROO 0145
Term SavedVUalue Q001 4544
Expression Expression
Factor MinusSigned 0004 0000
Term SavedOp 0400 00CO
Expression |, SavedYalu 0000 0000
ParsedOK ParsedOK
Parser function value 013R 0004
....... Parsestring........00FF 0004
Global variables
Ch 002R 0002
Offset 0OOR 002A
Op 0002 0000
ReservedlordTab.. 0344 49356
Y
Base:[044B24 0f fset:[0000
000: OC32 2B35 2A28 362B 342R 3329 . 2+5k(6+4*3)ii

(Enter ) (€ancel} 1:3122
Addr:044B24 [ Next )(Revert) C:.2

03C: 2074 6865 204E 616D 6573 206F  the Names O’E

The edit box superimposed over the memory display has a number of options. The Addr field
displays the address of the memory being edited. Initially, this address is the same address as the
base address of the memory display. You can edit one, two, or four bytes of memory at a time
by clicking on the rectangles in the upper left of the edit box. The rectangles contain one, two,
or four lines to indicate the number of bytes being edited. In this example the rectangle with two
lines has been selected, and the two byes of memory starting at Addr are displayed.

You edit memory by typing in the box next to the byte number rectangles. When you are done
typing you can click on any of the four buttons in the edit box:

Enter This causes the change to take effect. This changes memory at Addr to the
value just typed. Both the Enter and Return keys have the same effect.

Cancel  This aborts editing mode. The Shift ~ key has the same effect.

Next This causes the change to take effect, and displays the next byte, word, or
longword of memory. The Tab key has the same effect.

Revert  This restores the edited value to what it was previously. The ~ key has the
same effect.

On the right side of the editing box, memory is displayed in different formats, with a letter
identifying each format. When the one byte mode is chosen, the memory is displayed as:

U An unsigned byte.

S A signed byte.
C A character.
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When the two byte mode is chosen, the memory is displayed as:

I Aninteger.
C Two characters.

When the four byte mode is chosen, the memory is displayed as:

L A longint.
C Four characters.

You can scan through memory in edit mode by hitting the < and > keys. This takes you
backwards or forwards through memory by the size of the current mode (e.g. when you are in
four byte mode, the < and > keys moves the memory display by four bytes).

A-Traps

LightsBug provides assistance in debugging calls to Toolbox routines. If you want to stop at all
Toolbox calls, choose Break at A-Traps from the Debug Menu. When your program is
executing and you hit a Toolbox call, your display will look similar to this:

Parser

if Sy <> DoneSymbol then { There is some extra stuff at the end of the string )}
Error{'Unexpected token”);

Delete(ParseString, Length(ParseString), 1); { Remove the null}

5] Break: A850 [A0=000245B4 D0=00000000 e
A 1=0007082E D 1=00020000 —
: . Zones A2=00000000 D2=00005D42
g:°;’:‘“" InitParser ; imiiParser |A3=000446D4 D3=00000000
|9.tc ) Parser A4=00000000 D4=00000000
hntursor, AS=00044ED6 DS=00000000
ShowText; || A6=000446B8 D6=00000000
}'qlt: = O;dw dTab] SREIDEEEGE D7=00000000
nitReservedWordTable ,F=— SV e | -
end; {InitParser) Base: P offset:[0000] (EdiY)

000: 0004 46D0 0002 29D4 0002 45B4 . .F-..)>¢..
begin {Parser) 00C: 0004 46R8 0004 46D0 0002 45FC . .F®..F-..
InitParser : 018: 0004 4ED6 0002 03BE 0002 45F8 . .N+...&..

’ 024: 0004 46CO 0004 4ED6 0004 48F6 . .Fi..N+..

{ Repeatedly read expressions from the text window. If the expression parses, }
{ write the computed value of the expression to the text window }

A special finger (with an A emblazoned on it) will point to the last statement executed which had
been compiled with the Debug option on. LightsBug will display the Toolbox Trap number
following the word Break: in the upper left pane of the LightsBug Window. In this example,
the trap number is A850, which is the InitCursor Toolbox Trap.

The Register/Zone/Variable display automatically switches to Register mode with the value of A7
as the base address of the Memory Display. This is helpful because register A7 is used as the
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stack pointer, and parameters to most Toolbox routines are passed on the stack. The memory
display will therefore show the values of the parameters passed to the Toolbox routine just about
to be called.

In this example, register A7 contains the value 446A8, which is also the base address of the
memory display. InitGraf takes one 4-byte pointer as a parameter, so the first four bytes of the
memory display is that pointer value. The next four bytes are the return address, and so forth.

Note:  If you are executing code that was compiled with the Debug option off,
the special finger may point to the same statement for many distinct
A-Trap breaks.

Examining Compiled Code

A special mode of the Step command helps you to use Macsbug to examine compiled code. To
examine the code for a specific statement, Step your program until the finger is pointing to the
statement of interest. Then hold the Shift key down and Step again (from the keyboard, hit
Fan-Shift-S). This is equivalent to choosing Step from the Run Menu, except that Lightspeed
Pascal will drop you into Macsbug just before the RTS that dispatches to your code.

To examine your code, type T, hit Return, then type IL PC and hit Return again. This will cause
a disassembly of your code to be displayed to the screen. If the subroutine has been compiled
with the N compiler option on, the disassembly will tell the subroutine name and the offset for
each line of the disassembly. When you are done looking at your code, type G and hit Return,
This will complete the execution of the Step. For more information on Macsbug see Appendix
G.

Note:  If Macsbug is not installed, a Command-Shift-S is identical to choosing
Step from the Run Menu.

An Example

The following example shows how you can use LightsBug to debug a program in a manner that
would be impossible with just the Instant and Observe Windows. Included on a Lightspeed
Pascal disk is the sample program "Parser”. Parser is a program which computes the value of
Pascal integer expressions. But there is a bug in this program! We will show how LightsBug
provides valuable assistance in debugging this more complex program.

Begin by creating a project by choosing New Project... from the Project Menu. Then choose
Add File... from the Project Menu to add Parser to the project. Choose Go from the Run
Menu to execute Parser., When the program prompts you for an expression, type in
2+5*(6+4*3) and hit the Return key. The program will calculate the value of the expression and
display the result. It will look similar to this:
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Parser |

InitWindows;

InitMenus;; Enter an expression: i
TEInit; 2+5%(6+4%3)

InitDialogs(nil); 2+5%(6+4*35 = 60

ShowText; Enter an expression: Y
Value == 0; 0

InitReservedWordTable;
end; {InitParser)

begin {Parser}
InitParser;

{ Repeatedly read expressions from the text window. If the expression parses
{ write the computed value of the expression to the text window }
repeat

writein(’Enter an expression:’);

readin(InputString);

if ParsedOK(InputString) then

writeIn(InputString, ' = *, Value : 1);

until Yalue =0,

end. {Parser)

D

The calculated result of 60 is not the correct value for the expression (92 is the correct value).
This means that there is something wrong with the program. In general, debugging is not an
easy task. But when you have a program like Parser, which uses recursion to evaluate
expressions, debugging is even more difficult.

LightsBug is designed to provide valuable assistance in this debugging task. To see how
LightsBug helps, you should execute the program again. First stop the running program by
clicking on the Bug Spray Can in the right end of the menu bar. Then choose Reset from the
Run Menu. Open an editing window for the Parser by double-clicking on the filename in the
project Window. Next choose Stops In from the Debug Menu and put a Stop Sign on the
case statement in the procedure Term. And finally, run your program again, typing in the
same input as before. When your program stops, bring up the LightsBug Window. Click on the
second instance of the routine Term in the subroutine call chain pane. The display will look
similar to this:
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Parser ]

Texnt
{Since the multiplying operators are left § Enter an expression:
while Sy = Mul0p. 2+5%(6+4%3 )
besgin a1 sE[]==————— LightsBug
avedYalue :
o |{} registers Term
SavedOp = 0= sones ... SavedOp 0100 0000 [
inSymbol; Term SavedValue 0000. 0005
Expression |Expression
Factor, Factor MinusSigned 0004 0000
= SavedOp 0400 0000
{Now multiply Expression Sqradi g | CUTCOD o
@J case SavedOj ParsedOK ParsedOK
Mul : Parser function value 013A
= ParseString OOFF
Value =S ;
L Global variables
IntDiv : Ch 0000
Value =S InputString 0C32
IntMod : Offset 000D
Value =S op Q001
end; ReservedlordTab.. 0344
end; {while} | Sy 0100
end; {Term) Y Ualue 0000

Base :[IEESHE] (3) Offset:[0000] (EdID)
000: 0000 0000 0004 4680 0002 1854 ... ...
00C: 0002 442C 0004 457C 0004 4680 ..D, . .El.
018: 0002 4514 0004 46BO 0100 0C32 ..E...F~...
024 2B35 2A28 362B 342A 3320 0014 +5%(6+4*3>_ [

e

At this point in the program, the input string has been scanned and the values for all five numbers
in the expression (2,5,6,4, and 3) should be stored in variables. Careful examination of the
program will reveal that the 2 should be stored in the variable SavedValue of the first
activation of the routine Expression, and the 5 should be stored in the variable Savedvalue
of the first activation of the routine Term. The 6 should be stored in the vanable SavedvValue
of the second activation of the routine Expression, and the 4 should be stored in the variable
SavedValue of the second activation of the routine Term. And finally, the 3 should be in the
global variable Value.

When you look at the first activation of Term with LightsBug, you find that while the variable
SavedValue of Term has the correct value of 5, the variable SavedValue of Expression
has the value 0, not the expected value of 2,

Now click on the first instance of the routine Termin the subroutine call chain pane. The display
will look similar to this:
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Parser

{Since the multiplying operatoers are left 2

Texnt

Enter an expression:

while Sy = Mul0 24+5%(6+4%3)
begin . LightsBug l
avedValue -
i registers Term
SavedOp = O;JQ zones SavedOp 0100 0000 Q
InSymbol; Savedyalue 0000._0004
Expression |Expression
Factor; Factor MinusSigned 004 0000
Term SquedOp 0400 0000
{Now multiply Expression SavedValue 0000 0000
@. case SavedOj ParsedOK ParsedOK
Mul : Parser function value 013A 0004
Value =8 PGPSES..'G.':..!.!."Q QOFF.. 0004 .
IntDiy - Global variables
Value := S Ch 0000 0001
alue = InputString 0C32 2B3S
IntMed : Offset 000D 0000
Valye =S Op 0001 0000
end; ReservedlordTab.. 0344 4956
end; {while} | ] Sy 0100 QOoo -
end; {Term) Value 0000 0003 %
— e
Base :|REEERNE| (+) Of fset:[0000] (EJTD)
— Q00: 0000 0000 0004 46BO Q002 1BS4 ...... Fe, ., TEE
D 00C: 0002 442C 0004 457C 0004 46B0 ..D,..El.. @"‘
018: 0002 4514 0004 46B0 0100 0C32 . .E...F=...2
024: 2B35 2A28 362B 342A 3329 0014 +5*(6+4*35.. EI

Again, while the variable SavedValue of Term has the correct value of 4, the variable
Savedvalue of Expression has the value 0, not the expected value of 6. This may lead you
to suspect that the variable Savedvalue of Expression is not getting a value assigned to it.
In fact, this is the case. In this example, the line assigning a value to SavedValue has been
intentionally commented out.

Find this line in the routine Expression, and remove the comment braces from around the

assignment statement.
unless you want to permanently fix the bug). When

LightsBug display of the first activation of Term will look like this:
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Parser |
Text
{Since the multiplying operators are left 1 Enter an expression:
while Sy = Mul0 245 (6+4%3)
besgin al = LightsBug
avedYalue -
phl registers Term
SavedOp := °F@-...;.9.ns.§. ...................... Savedop 0100 0000 [
InSymbol; Term Savedialue 0000 0005
Expression |Expression
Factor; Factor MirusSigned 0004 0000
= SavedOp 0400 0000
{Now multiply Expression S vz 03 |1z 0T A
@i case Saved0j ParsedOK ParsedOK
Mul : Parser function value 013R 0004
IMDiy - Global variables
_ Ch 0000 0001
Valye := S InputString 0C32 2B35
IntMod : Offset 0000 0000
Value :=§ Op 0001 0000
end; ReservedlordTab.. 0344 4956
end; {while} | _, Sy 0100 0000 ||
end; (Term) 54 I Value ... 0000..0003
Base :[BEFRRS| (1) offset:[0000] (EdiD)
000: 0000 0002 0004 4G6BO 0002 1BS4 ...... Fre, . THE
D 00C: 0002 442C 0004 457C 0004 46BC . .D,..E|..F
018: 0002 4514 0004 46BO 0100 QC32 ..E...F=...2
024: 2B35 2A28 362B 342A 3329 0014 +5%(6+4%3). .

The variable SavedVa lue of the first activation of Expression now has the correct value of
2.

Now select the second activation of Term. The display will looks like this:
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Parser ]

Texnt
(Since the multiplying operators are left { Enter an expression:
while Sy = MulD 2+5%(6+4%3)
be:sgindv : = LightsBug i
avedValue : -
l registers Term
SavedOp := oy zones SavedOp 0100 0000 i
InSymbol; 1 WP Savedyalue 00000004
Expression |Expression
Factor; Factor MinusSigned 0004 0000
Term SavedOp 0400 0000
{Now multiply Expression 1B I
@. case Saved0j ParsedOK ParsedOK
Mul - Parser function value
Value =S ParseString
cL T Global variables
IntDiv : ch
Value = 8§ .
' I t
IntMed Jpputstring
Value = § Op
end; ReservedlordTab..
end; {while} | Sy
end; {Term} b Ualue

Base :[MEEEAEH] () offset:[0000] (Edit)
000: 0000 0006 0004 4S4E 0002 1BS4
D 00C: 0002 442C 0004 451C 0004 454E
018: 0002 41AR 0004 46BO 0004 4570
024: 0002 1DA2 0002 419A 0004 453E

The variable Savedvalue of the second activation of Expression now has the correct value
of 6.

Now remove the Stop Sign from the program and continue execution. The display will look like
this:
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Parser |

Text
InitWindows;,
InitMenus; Enter an expression:
TEInit; 2+5%(6+4%3)
InitDialogs(nil); 24+T¥(H6+4%3) = 02
ShowText; Enter an expression:
Value =0, —

InitReservedWordTable;
end; {InitParser)

begin {Parser) e 1 :
InitParser; IED#"—'—“"‘“_ Li g htsBu g
3| registers Global variables Y
{ Repeatedly read expre zZones ch 000 0005 —
{ write the computed va inputString
repeat g;fset
writeln('Enter an expr]
E@ readin(inputString); geserveduordTab...
if ParsedOK(InputStrif‘{_}' Value
writeln{InputString, B2

until Value = 0; Base :[DEEERM| (1) Of fset:[0000] (E4IiD)

000: 0001 0000 0000 0004 4575 0004
end. {Parser) 00C: 0040 1032 0000 FFCC 0010 0001
018: 0001 F6E4 0000 CCEC 0001 FGER
024: 0000 0000 0000 0003 946E OOOB
030: 0O1F8 0000 0001 F568 0002 1096
03C: 0002 1090 00C2 OF80 0000 0000

The program now calculates the correct result of 92.

In summary, this example demonstrated a number of the powerful features of LightsBug:
1) All program variables and their values are displayed in a easily readable manner.

2) The subroutine call chain allows you to see which routines are active and the order in
which they were called.

3) Variables from different activations of recursive routines can be easily accessed.

4) Variables of the same name but in different routines can be displayed and easily
differentiated.
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Chapter 13
Compile Options

This chapter describes the various compile options that can be set or disabled from the project
window, as well as related compile directives that you can embed directly into your program. So
far, we've chiefly talked about the Debug option, which must be on for Lightspeed Pascal’s
debugging tools to work. This chapter goes into more detail on the other options and directives
as well.

There are four compile options: D (Debug), N (Names), V (Overflow), and R (Range
Checking). Whenever you add a file to the project, you will see four little boxes, labeled D, N,
V, R, next to the name of the file. This display indicates that all four compile options are enabled
by default.

E[J==== Editor Project
Options  File (by segment) Size |2
DIN]V][R] Editor Init 1322 [
DINIVIR] Shew Edit 1260 [
[DINIVIR] Editor Main 124 | |
14
| [l

To disable an option, simply click on the appropriate box. The box will disappear. To re-enable
the option, click on the letter. The box will reappear.

In addition to the four compile options, Lightspeed Pascal includes a number of compile
directives, which you can enable or disable from within your code. Compile directives are
specified within comments, and should be placed on the line before the statement at which you
want them to take effect.

Any comment whose first character is a $ is assumed to be a directive. (The editor forces these
directives to appear on a line by themselves.) The following directives are implemented:

{SD+} or {$D-} Turn Debug option on or off

{$N+} or {SN-} Turn Names option on or off

{SR+} or {SR-} Turn Range Checking option on or off

{SV+}or {SV-} Turn Overflow checking option on or off

{5I+}or {S$I-} Turn automatic initialization on or off (only valid in main program)
[SA+}or {5A-} Turn special handling for asynchronous procedures on or off

Unknown directives are ignored.
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As you can see, the first four directives correspond to the four compile options in the Project
Window. The difference is that the directives allow you to affect code generation at the
procedural level or even the statement level. For example, you can turn off checking in a time
critical piece of code.

If a compile option is furned off for a file, then that option is turned off for that entire file. If a
compile option is turned on for a file, then that option is initially turned on, but can be further
turned on and off with the compiler directives.

The Debug, Name, or Asynch Directives must be turned on or off before the first begin of a
procedure or function in order for it to take effect in that procedure or function. If you turn
onfoff Debug, Name, or Asynch in the middle of a subroutine, the directives affect the next
subroutine, not the current one.

Note:  The Lisa Pascal {sD#+} directive corresponds to the Lightspeed Pascal
{ $N+} directive, not the Lightspeed Pascal {$D%} directive.

How Compile Options Work

In general, compile options affect the way your code behaves during runtime. They do this by
weaving "invisible" code into your code. For example, one option (D) allows you to use
Lightspeed Pascal's powerful debugging features, while other options (V and R) insert error
checking code for errors that can only be detected during runtime. The R option also detects
some types of errors during compile time. If you turn on multiple options, then the code
generated is a combination of the code generated by each option.

When you change a compile option for a file, the project will be rebuilt before you run.

D-Debug Option
The Debug option will:

+ allow you to use all of Lightspeed Pascal's debugging features (see Chapter 7 and
Chapter 12).

+ display the line on which any runtime error occurs. Lightspeed Pascal will place a
downturned thumb next to the statement where the error was detected. You then can
observe or change the state of your program with the Observe and Instant windows.
Examples of runtime errors are division by zero, reading beyond the end of file, and
range errors (described below). If a runtime error occurs when the Debug option is
off, then Lightspeed Pascal only shows the unit that the error occurred in.

» turn on the runtime stack checking for each subroutine compiled with this option.
This guarantees that the stack hasn't collided with the application's heap (or anything
else). If the stack collides with the heap, you may corrupt the Lightspeed Pascal
environment, get a System Bomb, ID = 28, or witness hard-to-reproduce errors.
This can save you from catastrophic errors.
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In general, enabling the Debug option will greatly enhance your ability to find and fix problems
in your programs.

Cost: Code size is increased by about 30%. Execution is about 50% slower.

Limits:  This option can't be used in a standalone application or library. When you do
a Build & Save As... application or library, all files with the Debug option
turned on are automatically recompiled with the Debug option turned off.

(If you plan to use Macsbug to debug a piece of code, you will find that it is
much easier to view 68000 instructions with the IL command (Instruction
List) if the code has been compiled with the Debug option turned off.)

N-Name Option

The Name option embeds the first eight characters of each subroutine name into the code
following the RTs instruction at the end of the code for the function or procedure. These names
are visible to Macsbug and LightsBug. (See Chapter 12 for information on LightsBug or
Appendix G for information on Macsbug.) If you do not intend to use Macsbug or LightsBug,
then there is no need to use this option.

Cost: About 8 extra bytes in size per function or procedure. There is no effect on
speed.

Limits:  This option is only useful in conjunction with Macsbug or LightsBug. Names
are uppercased and truncated to 8 characters; underscores are removed. Ifa
name is shorter than 8 bytes, the data where the Macsbug name is stored is
padded with spaces.

V-Overflow Option

The Overflow option generates code that detects errors resulting from numeric overflow in
arithmetic operations. The result of each intermediate operation must be within the bounds of
numerical representation. For type integer, these bounds are -32768 to +32767. For type
longint, this range is -2147483648 to +2147483647. The Overflow option does not check
floating point operations; however the SANE library does. The SANE environment allows you
1o control the effects of overflow in floating point operations. See Appendix D for more details.

For example, if you take two numbers 20000 and 21000 of type integer and add them
together, you might expect to get 41000. However, because the largest number that can be
represent by the type integer is 32767, the result will overflow (-24536) and will be wrong.
If you have the Overflow option enabled, this error will be caught.

Cost: All arithmetic operations are slower. Size of generated code is increased.
Limits:  Error recovery is awkward. Once an error is detected during runtime, a
TRAPYV instruction is executed, and execution is halted. When running under

Lightspeed Pascal with the Debug option, you can observe and change values
that cause the Overflow Error, and then continue. When you are running your
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program as a standalone application, you can examine and change values with
Macsbug, and then continue (but with more difficulty). However, you
shouldn't expect the users of your program to do so. In situations that may
lead to Overflow Errors you should explicitly check and handle the errors

appropriately.

Examples of Overflow checking are shown below in three columns. The first column shows the
original Pascal code that you would type in. The second column shows the rough, equivalent
Pascal code that you would have to type in order to get the same result. The third column shows
the actual 68000 assembly code generated by each option.

The equivalent Pascal code shouldn't be taken literally because it can't match the tricks done in
assembly language. It is there to indicate the sort of thing being done by the 68000 code.

Original Equivalent Pascal 68000
procedure Fl1; procedure Pl; LINK A6, #5FFF0
var var
i, j:integer i,j:integer;
begin begin
if i+3 > 32767 then MOVE.W $FFEE(A6),D0
ADDO_W #3,D0
TRAPV; TRAPV ;check overflow
i:s= 1+3; 1:= 1+3; MOVE.W D0, SFFEE(AE)
if j-4 < -32768 then MOVE.W SFFEC({A6},D0
SUBC.W  #4,D0
TRAPV; TRAPV ;check overflow
Fr=7-4; Jr=7-4; MOVE.W DO, $FFEC (A6)
if j*i > 32767 then MOVE.W SFFEE (A6),D0
{multiply overflow} MULS.W SFFEC (A6),D0
DIVS.wW #1,D0
TRAPV; TRAPV ;check coverflow
if (j*i)+6 > 32767 then ADDC.W #6,D0
TRAPV; {add overflow} TRAPV scheck overflow
1:=F%i+6; I:=f*it6; MOVE.W DO, SFFEE (A6}
end;, end; UNLK
RTS
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R—Range Option
The Range option does several kinds of checking. It makes sure that:

a) The value being assigned to a variable is within the bounds of the variable's type.
For the type integer, the range is #Maxint (+32767). (Due to the way Pascal
defines type integer, -32768 is NOT a legal value.) For the type longint, the
range is #MaxLongint (x2147483647).

b) The index being used in an array access is within the bounds of the index type.
When the Range option is on and the index is a constant, the range is checked during
compile time. In the special case of accessing an element of a string, a check is done
to see if the character being accessed is within the range of the string’s current length
(length (MyString)), notits size (sizeof (MyString} -1). For example, if
s25:string(25] and s25:="abc ', then s25[4] :='x"' will cause a range
error. See Section 4.3.1 of the Language Reference.

¢) Before a pointer is dereferenced, the pointer value is not nil. This option does not
do any further checks on pointer validity. In particular, potential odd address errors
are NOT checked.

Cost: All operations that involve memory access, as described above, are slower
and take up more space.

Limits:  There is no graceful error recovery. Once an error is detected during runtime,
a TRAP or TRAPYV instruction is executed, and execution is halted. When
running under Lightspeed Pascal with the Debug option, you can observe and
change values that cause the Range Error, and then continue. When you are
running your program as a stand-alone application, you can examine and
change values with Macsbug, and then continue (but with more difficulty).
However, you shouldn't expect the users of your program to do so. In
situations that may lead to Range Errors you should explicitly check and
handle the errors appropriately.

The example on the following pages illustrates the effective code generated for six statements
with Range checking.
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Original Equivalent Pascal

68000

type
PtrToInt = “integer;
ArrayType = array[3..5] of integer;
procedure P(x:integer;
s:string;
pi: PtrTolInt);
var
ir-6..7;
arArrayType;
s525:8tring(25];

{ size of 1 is one byte }

begin
if (x< -6) or (x>7) then MOVE.W 310 (A6),D0
{assignment out of range} ADDQ.W #6,D0
CHK; CHK.W #13,D0
i:=x; 1:=x; MOVE.B S11(A6),SFEEF (A6}
if (x< 3) or (x>5) then MOVE.W $10 (A6),D0
{index out of range} SUBQ.W #3,D0
CHK; CHK.W #2,D0
afx]:=7; afx]:=7; (assign 7 to
alx])
if (x< 3) or (x>5) then MOVE.W 510 (A6),D0
{index out of range} SUBQ.W #3,D0
CHK; CHK.W #2,D0
if (afx]j<-6)or(afx]>7) then (move afx] into D1)
fassignment out of range} ADDQ.W #6,D1
CHK; CHK.W #13,D1
i:=afx]; i:=afx]; (move afx] into
i)
if length(s)>25 then PEA SFEF(0 (A6}
{s too long to for s25} PEA SFECE (A6)
JSR CheckandCopy
BCC.S A1
TRAPZ; TRAP #2 ;Range Error
8525;:=5; 525:=58; @1:
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if (length(s25)<x) or MOVE.W 510 (A6),D0
(x < 1) then PEA SFECE (A6)
{string index out of range} MOVE.W DO0,-(A7)
JSR CheckStrLength

BCC.S €2
TRAPZ ; TRAP #2 ;Range Error
525fx):="'c’; 825f{x]:="c’'; B2: (move 'c' into
525(x])
if pi = nil then MOVEA.L $8(Aé),A0
{nil dereference} MOVE.L AQ,DQ
BNE.S #3
TRAPO; TRAP #0
if x < -32767 then @3: MOVE.W $10(A6),D0
' SUBQ.W #1,D0
TRAPV; TRAPV; Range Error
piti=x; piti=x; MOVE.W $10(A6), (A0)
end; end; UNLK
RTS

The Range option also detects some compile time errors. For example, the following code will
not compile with the Range option turned on, because it accesses the zeroth element of a string
(which is the string's length byte). It will compile with the Range option turned off.

{function MyLength is eguivalent to predefined function Length}

function MyLength (s:string): integer;
begin

MyLength:= ord(s[0]}; {Compiles ONLY if Range option is off}
end;

The Initialization Directive

As discussed in Chapter 9, {$I+} and {$I—} can be used to enable or disable the automatic
Toolbox initialization calls inserted by Lightspeed Pascal. You should only need to turn this
feature off if you have already explicitly inserted the initialization calls into your program, and
even then, only when you are saving your project as an application.

If you use this directive, it must appear before the begin of your main program. This directive
is ignored in a unit.
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The Asynch Directive

The Asynch (A) compiler directives {$A+} and { $A~} are used when compiling asynchronous
procedures.

{sa+} or {S$Aa-} Tum Async register saving On/Off

A procedure compiled with this directive on will save A5 in addition to other saved registers.
Also, register AS will be copied from the low memory global CurrentAS.

You can achieve the same effect using the SetupAS and RestoreAS built-ins. The {$4} directive
is simply a more elegant automatic form of Setup/RestoreAS.

The Asynch directive automatically turns off the Debug (D), Range (R) and Overflow (V)
compile options.

Using Directives

The Debug, Name, or Asynch Directives must be turned on or off before the first begin of the

procedure or function in order for it to take effect in that procedure or function. If you turn
on/off the Debug, Name, or Asynch directives in the middle of a subroutine, the directives affect

subsequent subroutines, not the current one.

Example:

procedure Async Proc Without_Debug;

{declarations}

{SA+)}
{SN-}

begin
{ The next two directives do not affect this procedure }
{ but will affect all subroutines following. }

{SA-}
{SN+}
{rest of procedure}

end;
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Chapter 14
Inside
Lightspeed Pascal

This chapter gives a look inside Lightspeed Pascal, and explains a little bit about how it works its
magic. You need not read this chapter to use Lightspeed Pascal; it is provided for your
enjoyment and deeper understanding.

Two Worlds

Lightspeed Pascal supports two virtually separate Macintosh environments. The first
environment is the edit-compile-build world with which the user interacts while preparing a
project. The second environment is the user world, within which the user's project executes. The
objective is to create, as much as possible, the illusion of a stand-alone Macintosh, yet still
support the full repertoire of Lightspeed Pascal debugging features.

There are four important events during the execution of a user's project.
1) Creation and initialization of the user world.
2) Clean-up and disposal of the user world.
3) Context switch TO the user world FROM the Lightspeed Pascal environment.

4) Context switch FROM the user world TO the Lightspeed Pascal environment. The
last two of these may occur any number of times for a single invocation of the
project.

Creation and Initialization of the User World

The user world is created and initialized immediately prior to executing the project. The user
world consists of a pointer block in Lightspeed Pascal's application zone, a handled buffer
containing various low-memory globals which are not shared between the two worlds, and
reserved memory for the user world's registers.

The size of the pointer block is equal to the sum of the project's zone size and stack size
(specified via Run Options...), plus the size required for the user's AS-world (jump table and
globals). The user's application zone occupies the lowest memory of the pointer block, followed
by the user's stack, followed by the user's A5-world. The A5-world is initialized with the jump
table and a copy of the current Lightspeed Pascal QuickDraw globals, which are prepared with
the Drawing Window port as the current port, and the cross-hair cursor as the current cursor.
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The size of the handled buffer is determined by the amount of memory which is not shared
between the two worlds, as specified by the Lightspeed Pascal resource QPRF 2 (QPRF 3 if
ROMS8S5 is true). This resource is an array of pairs of integers, each pair representing the starting
address of a block to buffer and the size of that block. The addresses must be in increasing order
and the blocks may not overlap.

The creation of the user's low-memory buffer is a four-step process:
1. Copy specified low-memory locations into Lightspeed Pascal’s buffer.
2. Set low memory to initial values appropriate for the user's world, as follows:

a. Set TopMapHndl to the user's project, and open the resource file specified by
the Run-Time Environment Settings, if any.

Clear the menu bar.

Clear the four handles to DASt rings.

Clear TAZNotify.

Set ApplZone, ApplLimit and HeapEnd as appropriate for the user's zone.

0o

3. Copy specified low-memory locations into the user's buffer.

4. Restore specified low-memory locations from Lightspeed Pascal's buffer.
Finally, the reserved memory representing the user's registers is initialized, as follows: AS51is
set to the base of user's A5-world. A6 is set to the initial AS. A7 is set to the top of the user's

stack, below the initial AS by the amount required for user globals. PC issetto _MAIN, in the
jump table.

Clean-up and Disposal of the User World

Disposal of the user world may occur due to a Reset or to execution of an ExitToShell from
within the user program. The clean-up occurs in distinct steps, in this order:

1. Close windows. For all windows in the user-world pointer block, either
CloseWindowor CloseDeskAcc, as appropriate.

5. Context switch TO the user-world, without enqueueing VBL tasks.
3. Close resource files and clean up resource maps.
a. CloseResFile for any resource file whose map is in the user-world pointer
block,
b. ReleaseResource for any resource whose master pointer is in the

user-worldpointer block,

¢. EmptyHandle for any resource whose data resides in the user-world pointer
block.
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4, Execute TERM from the appropriate system library (e.g. MacPasLib). This may,
for example, close files opened via Pascal I/O.

5. Execute the TAZNot 1 fy routine, if present. Recall that TAZNot i £y was zeroed in
the user world at initialization. Note that the TAZNot i fy routine is invoked after

resource files have been closed. If the TAZNot i £y routine is in a CODE resource,
that CODE resource should have been detached.

6. Release the memory occupied by the user-world pointer block. Upon completion,
the project returns to the Reset state. The next request to execute will invoke the
creation and inittalization of the user world.

Context Switch TO the User World

Here's what happens during a switch to the user world from the Lightspeed Pascal environment.

First, the user's low-memory buffer is copied into Macintosh low-memory. Second, the menu
bar is redrawn. (This may cause any menu bar changes instituted by the user program to appear
BEFORE the user program has executed a DrawMenuBar.) Then, VBL tasks which had been
dequeued during the context switch FROM the user world are enqueued.

Finally, the user's registers are restored from their saved values, the user PC is pushed, and an
RTS is executed. A debugger trap (SABFF) will be executed right before this RTS if the context
switch was initiated by Command-Shift-S, and if a machine-level debugger has been installed.

Context Switch FROM the User World
Here's what happens during a switch from the user world to the Lightspeed Pascal environment.

First, VBL tasks whose code resides in the user-world are dequeued. Second, the Macintosh
low-memory is copied to the user's low-memory buffer, and low-memory is restored from the
Lightspeed Pascal low-memory buffer. Then, the values of the registers are copied into reserved
memory, to be restored at the next context switch TO the user world. The register values may be
examined using LightsBug's register display. ‘

Note: The values saved for the PC and A7 are those values recorded at the last
statement executed which had been compiled with the Debug option on.

Then, if no error has been detected, extra checking is performed. This checking includes quick
heap consistency checks on both world's application zones and on the system zone. If an error is
detected during these checks, the Finger will be changed to a thumb and an error message will be
presented (if possible!).

Finally, the Finger (or thumb and error message) is displayed in the appropriate window,
indicating the latest statement executed which had been compiled with the Debug option on. If it
is NOT an A-Trap break (see below for A-Trap breaking), the next context switch TO the user
world will begin execution at the statement indicated by the Finger.
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Warning:  If the context switch is forced by an exception which occurs in code
that was compiled with the Debug option off, many statements
which have already been executed will be re-executed when the
next Run command is issued.

Context Switches for A-Trap Breaking

Context switches for the 'Break at A-Traps' option of the Debug Menu are different with respect
to saving and restoring registers. The statement indicated by the Finger will still be the latest
statement executed which had been compiled with the Debug option on. However, the register
values saved are the values AT THE POINT of the A-Trap. Execution will continue at the
A-Trap itself, and NOT at the statement indicated by the Finger.

Context Switching and Completion Routines

No special handling is performed to accomodate completion routines through context switching
or user-world disposal. This implies that, if the user program installs a completion routine, it
might not be executed in the user world. Thus A-Trap AND exception behaviors may be different
in a completion routine.

The completion routine must have been compiled with the Debug option off, and should not
depend on the values of any of the swapped low-memory globals (including CurrentA5). Itis
recommended that the user program use the 12-byte area ApplScratch for communication
with such routines. Lightspeed Pascal neither modifies ApplScratch, nor swaps it during a
context switch. It is also recommended that the user program install an TAZNot i £y routine to
clean up its own mess before the user-world is reclaimed for use by Lightspeed Pascal .

Bottlenecks

Several A-Trap handlers are customized by Lightspeed Pascal, for either of two reasons.
SetHandleSize, GetHandleSize and PostEvent are modified just to improve the
performance of Lightspeed Pascal . The other bottlenecks are installed to facilitate running and
debugging in the dual environment. The special handlers are installed during application
initialization and removed via the TAZNot i £y mechanism during the launch of the next
application.

Several of the modified A-Traps may cause your program to execute somewhat differently within
the Lightspeed Pascal environment than it would execute as a stand-alone application. The
behaviors of FrontWindow, FindWindow, GetNextEvent and EventAvail may be
especially surprising.
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The remainder of this section is a description of the modified A-Traps. Note that this section

assumes familiarity with the unmodified behaviors. See Inside Macintosh for more details.

RecoverHandle

SetApplLimit

InitGraf

InitFonts

InitWindows

SelectWindow

FrontWindow

FindWindow

InitMenus

DrawMenuBar

GetNextEvent

EventAvail

InitDialogs

User’s Guide

Since there are two application zones when the user program is
running, it is not always correct to add the current zone to the base
address to recover the handle. Lightspeed Pascal tries the current
zone first, then the Lightspeed Pascal application zone. If neither of
these appears to work, the last try is the user's application zone.
Note that no error detection is performed by RecoverHandle.

NO OP.

Sets randSeed to 1. Note that if TnitGraf is NOT executed,
thePort corresponds to the Drawing Window, and randSeed is
unchanged since the last time a user program was executed.

NO OP.
NO OP.

Disable the Frontwindow bottleneck, since the window manager
uses FrontWindow to determine which window to deactivate.

Scan the window list from front to back for a window whose storage
is in the user's world. If none is found, return NIL. If one is found,
and it is already front, simply return its pointer. If one is found and it
is not front, bring the window to front and return its pointer. If
deactivation of a Lightspeed Pascal Window is consequentially
required perform the deactivation before returning.

Execute the ROM's FindWindow, and, if the window found
belongs to Lightspeed Pascal , perform the appropriate select or drag,
set the window to NIL and return the code inDesk.

NO OP.

If executing the user's program, draw the Bug Spray Can after
drawing the menu bar.

Execute the ROM's GetNextEvent. If the returned event is an
activate or update event for a Lightspeed Pascal Window, handle the
event and try again.

Execute the ROM's EventAvai 1. If the returned event is an activate
or update event for a Lightspeed Pascal Window, handle the event
and try again.

NO OP.
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SystemError If the error code is between -1024 and -4095, halt the user program
and present an error message. Some of the error codes are reserved
by Lightspeed Pascal, as follows: -2001..-2197 correspond to
Macintosh system error codes -1..-197. -3001..-3100 and
-4001..-4095 are run-time errors detected by Lightspeed Pascal. The
rest of the error codes are left for the user program to define.

TEInit NO OP.
ExitToShell Perform a context switch and reset the user's world.
Exceptions

Many of the 68000 exceptions are intercepted by Lightspeed Pascal before proceeding with
standard Macintosh exception handling. The exception vectors are installed during Lightspeed
Pascal application initialization, and removed during application termination via the TAZNot i fy
mechanism.

The following exceptions are intercepted by Lightspeed Pascal :

Address Error

Nlegal Instruction

Zero Divide

CHK Instruction

TRAPYV Instruction

Line 1010 Emulator

Line 1111 Emulator

Level 4 Interrupt Autovector 1°
Level 5 Interrupt Autovector 1°
Level 6 Interrupt Autovector 1°
Level 7 Interrupt Autovector ¥
TRAP #$0 Instruction

TRAP #%1 Instruction

TRAP #3$2 Instruction

TRAP #$3 Instruction

TRAP #34 Instruction

TRAP #$5 Instruction °©

TRAP #$6 Instruction

TRAP #$7 Instruction

TRAP #$8 Instruction

TRAP #3$9 Instruction

TRAP #$A Instruction

TRAP #3$B Instruction

TRAP #3C Instruction

TRAP #$D Instruction

TRAP #3$E Instruction

TRAP #3F Instruction
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+  Not intercepted if a machine-level debugger has been installed. The machine-level
debugger is detected by comparing the value of the Level 7 Interrupt Autovector to
the low-memory global ROMBase. It is assumed that a machine-level debugger has
been installed if ROMBase is the GREATER.

°  Notintercepted if the host machine is a Macintosh XL.

If an exception occurs when the user program is running, the program is halted and an error
message is generated. In some cases, the user can repair the cause of the exception using Instant
or LightsBug, and proceed with program execution.

The Zero Divide, CHK Instruction (subrange error), TRAPV Instruction (integer overflow),
Trap #30 (Vi1 dereference), TRAP #81 (subrange error), TRAP #%$2 (string range error), Trap
#$3 (set value range error), Trap #34 (case selector range error) and Trap #$6 (for loop control
variable modified) exceptions may all occur due to errors detected during program execution.
The CHK, TRAPV and TRAP instructions are all emitted by the code generator for error
detection. The Address Error exception may occur due to an undetected error during program
execution, e.g. dereferencing an uninitialized pointer.

The Illegal Instruction, Line 1111 Emulator, TRAP #§5, and TRAP #3F exceptions all imply
serious trouble; either some executable code has been overwritten, or an attempt has been made to
execute data.

The Line 1010 Emulator exception intercept takes affect only when the user program is running
and the Break at A-Traps item of the Debug Menu is checked. Lightspeed Pascal determines
the location of the A-Trap (not in ROM, for example), and, if appropriate, forces a context switch
after saving the machine state in a reserved area of memory. This Lightspeed Pascal A-Trap
break will occur before the any Macsbug A-Trap break which may have been set.
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Chapter 15
Menu Reference

Introduction
This chapter is a brief summary of the Lightspeed Pascal Menus.

All of Lightspeed Pascal's commands are briefly covered here. Additional coverage of more
complex commands is provided elsewhere in this manual.

The & Menu

pFile Edit Project Run Debug Windows
fibout Lightspeed Pascal...

Alarm Clock

About Lightspeed Pascal...

This command tells you specific information about the version of Lightspeed Pascal you're
working with, as well as statistics about memory usage.

The other items in this menu are desk accessories which come with your Macintosh. See
Macintosh, your owner's manual, for details.
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The File Menu

[ & JIIY Edit Project Run Debug Windows
New #N
Open... %0
flpse

sape

Sape fis...

Sapve a Capy fis...
Repert

Page Setup...
Print...

Delete...

Transfer...
Quit 80Q

New (38 N)

This command creates a new Pascal editing window with the name Untitled. You can save
the contents of the window to a file using the Save As... menu command.

Open... (¥ O)

This command allows you to open an existing Pascal file for editing. A maximum of eight Pascal
editing windows may be open at once. It also allows you to open previously saved Instant and
Observe Windows.

Close

This command allows you to close the active window. If you try to close an editing window,
and the file has been modified since it was [ast saved, a dialog box will ask you if you want to
save the changes, discard them, or cancel the Close command. Note that this command cannot
be used to close the Project Window. Use the Close command on the Project Menu for that

purpose.
Save

This command saves the file in the active edit window to disk. If the file is currently untitled, a
dialog box will ask you to name the file.
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Save As...

This command allows you to save the current file under another name. If you have made edits in
the current session, they will be saved under the new name. The original file will remain
unchanged, and as you continue editing, you will be editing the new file. This feature is useful
for switching to a new version of a file, leaving the old file as a backup.

Note that when you use Save As..., the newly saved file replaces the old one in the project.
Lightspeed Pascal preserves the tie between the file you are editing and the project. If the file
appears in the Project Window, and if the new name doesn't already appear in the Project
Window, then the entry for the file in the Project Window is changed to match the new file name,
Use Save a Copy As... if you don't want this to happen.

Save As... is also used to store Instant and Observe Windows as files. When either of those
windows is the active window, special dialog boxes appear for saving those windows.

Save a Copy As...

Unlike Save As..., this command does not affect the status of the file currently being edited; it
simply "snapshots” it to another file. This is a good way to make backups without finding
yourself editing the backup.

Neither Save As... nor Save a Copy As... will let you save over a file already open in an
edit window or an existing Lightspeed Pascal Project or Library.

Revert

This command restores the last-saved version of the current file, discarding any edits made since
the last Save or Save As....

Page Setup...

This command allows you to specify the size of the paper you're printing on, and whether the file
should be printed upright on the page (tall orientation) or sideways (wide orientation).

If there is no printer resource in the system folder, a warning appears when you choose this
command. See Macintosh, your owner's manual, for details.

Print...

This command allows you to print the file in the active window. A dialog box will prompt you
for various settings.

Click Cancel to cancel the Print... command, or hold down the command key 3 while
pressing the period (.) to stop printing that is in progress.

If there is no printer resource in the system folder, a warning appears when you choose this
command. See Macintosh, your owner's manual, for details.
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Delete...

This command allows you to delete a file from the file system without having to leave Lightspeed
Pascal. You will be asked to confirm the deletion.

Transfer...

This command allows you to launch another application without first returning to the Finder or
MiniFinder.

Quit (¥ Q)

This command quits Lightspeed Pascal.

If you choose Quit while a project is open, it will automatically be closed. If any editing
windows have been modified, it will ask if you want to save or discard your edits, or cancel the
Quit command.

The Edit Menu

€ File GIIQ Project Run Debug Windows
Hado 4

Cut 8H
Copy ®C
Paste Sk
Clear

Select All

Show Selection
S$how Ereny

Find ®F
Replace %R
Everywhere 3BE
Find What... W

Undo (% Z)

This Menu item is supplied only for compatibility with desk accessories which require it.
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Cut (% X)

This command removes selected text and places it in the Clipboard. It replaces the current
contents of the Clipboard (if there are any).

Copy (% C)

This command copies the selected text and places it in the Clipboard. The copy can now be
pasted somewhere else using the Paste command (% V).

Paste (8 V)

This command copies the contents of the Clipboard into the file being edited at the insertion
point. If text is currently selected, it is replaced.

Clear

This command clears the selected text. The selection is not placed on the Clipboard, and cannot
be recovered. You can also clear selected text by simply hitting the backspace key.

Select All

This command selects all the text currently in the window.

Show Selection

It is possible to scroll the active window so that the cursor or the selected text no longer appears
on the screen. This command allows you to quickly return to the point in the file where the
cursor or the selected region of text is positioned.

Show Error

When Lightspeed Pascal finds an error in your Pascal program, a downturned thumb appears in
the editing window at the point in the file where Lightspeed Pascal believes the error to be. If
you scroll such that the thumb no longer appears in the window, this command lets you return
quickly to the point where the thumb appears.

Find (3% F)
This command searches for the string specified with the Find What... Menu item. If the string

is found, it is selected, and the window scrolls to make the selection visible. Searching is done
from the current insertion point to the end of the file.

Replace (¥ R)
This command replaces the selected text with the replacement string specified with the Find

What... Menu item.. If no replacement string has been entered in the dialog box resulting from
the Find What... command, replace is inactive.
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Everywhere (3 E)

This command replaces every instance of the search string with the replace string specified with
the Find What... command. A dialog box will ask you to confirm that you really want to do

this.
Find What... (3 W)

This command allows you to specify what characters are to be searched for when executing a
Find or an Everywhere, and what characters are to be used for replacement when executing a
Replace or an Everywhere. The dialog box for this command also lets you specify whether
the search should be case sensitive, and whether to search for the selected characters as a discrete
word, or search for any occurrence of the character string.

The Project Menu

€ File Edit EOIL Run Debug Windows
New Project...
Dpen Project..
Ciose Project

Add Window
Add File...
Remoup

Build & Save As...

Diew Options...
Run Options...
Source Options...

New Project...

This command creates a new project document. An empty Project Window will appear. You can
then add files to the project with the Add File... or Add Window commands. Only one
project can be open at a time.

Open Project...

This command is used to open an existing project.

Close Project

This command closes the currently open project.
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If you try to close a project with opened files whose latest versions have not been saved, you will
be asked if you want to save your edits.

Add Window

This command adds the active Pascal editing window to the project. If an untitled window is
added, a dialog box will appear, asking you to save the contents of the window in a file.

Add File...

This command lets you select Pascal files to add to the project. Four kinds of files will be
accepted:

1) Text files.
2) Files created with the Lightspeed Pascal editor.
3) Libraries created by Lightspeed Pascal.

4) Libraries created by other development systems that have been processed by the .Rel
Converter utility.

Remove

This command lets you remove the currently selected source file or library from the project.

Build & Save As...
This command compiles your project and saves it in one of three forms:

1) As a double-clickable application. The Debug compile option is automatically
disabled.

2) Asalibrary. The Debug compile option is automatically disabled.

3) As a compressed project. With this option, the information in the project is saved
without the object code for the project. This is handy for making backups.

View Options...

This command allows you to customize the layout of the Project Window. There is also a brief
description of Lightspeed Pascal's compilation options.

Run Options...
This command allows you to perform three distinct tasks:

1) Select a Macintosh Resource file to be used by your program. See Chapter 10,
Using Resources, for more information.
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2) Adjust parameters of the window used for output text from your program: how
many characters of the text window are saved (and are viewable by scrolling the text
window), and whether to echo text window output to a printer or file. You can also
choose the text window font. See Chapter 6, Running a Program, for more
information.

3) Adjust the application stack and zone sizes within Macintosh memory. See Chapter
6, Running a Program, for more information.

Source Options...
This command allows you to adjust how text will appear in the edit windows. You can specify

the font, indentation width, and tab stop width in the editing windows. This information is saved
with the project.

The Run Menu

& rite Edit Project J[IIJJ bebug Windows

Check 8K
Busiles 8§
Check Link
Reset
Go ®06
Go-Go
Step *S
Trace 8T
Auto-Save
vConfirm Saves
Don't Save

Check (% K)

This command checks the Pascal syntax of the active editing window. It can also be used to
check the syntax of the Instant or Observe windows.

Build (% B)

This command in the Run Menu compiles all files that are currently tagged for re-compilation.
Go, Go-Go, Step, or Trace perform an implicit build before executing the program.
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Check Link
This command performs an explicit /ink on the project. Linking takes only a few seconds, and is

usually performed automatically before you run. It is useful for finding undefined or
multiply-defined symbols.

Reset

This command resets a paused program. The next Step, Trace, Go or Go-Go will start the
program running from the beginning.

Go (3% G)
This command runs the program. If necessary, the project is built before running.

Go-Go

This command is used in conjunction with stops, which can be introduced into your program
using Stops In from the Debug Menu. The program will run until it reaches a statement with a
Stop Sign preceeding it in the file window; it will then pause just long enough to update the
values in the Observe Window, and continue executing.

Step (%€ S)

This command runs the next statement in your program. The next statement is indicated by a
Finger pointing to the statement (if the statement is in an open editing window).

Choosing Step with the Shift key pressed causes Lightspeed Pascal to break into Macsbug at an
RTS instruction just before the actual code for the statement.

Trace (¥ T)

This command can be thought of as an automatic version of Step. It executes your program at
the rate of several statements a second: faster than you can specify with Step, but slow enough
for you to be able to look and how the program's execution is proceeding.

Auto-Save
Confirm Saves
Don't Save

These three options are mutually exclusive; only one option is active at a time.

Choosing Auto-Save will automatically save all changed files prior to running your program.
If you first hold down the shift key, and then choose Auto-Save, all your unsaved files will be
automatically saved. The current option is not changed.

Confirm Saves asks if you want to save changed files prior to running your program. If you
first hold down the shift key, and then choose Confirm-Save, Lightspeed Pascal will ask you
if you want to save each of your unsaved files. The current option is not changed.

Don't Save specifies that you do not want to save files prior to running your program.
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The Debug Menu

&€ File Edit Project Huulindows
Show Finger

Pull Stops

vAuto-Show Finger
vStops In
vStep Into Calls

Ma¢shug M

Show Finger

This command makes the window where the Execution Finger is located the active window, and,
if necessary, scrolls the window contents to make the Finger visible. If the window where the
execution Finger would be is not open, then the Project Window will become the active
window, and the Execution Finger will point at the file name of the currently executing unit.

Pull Stops

This command removes all Stops from the currently active file window. Stops are placed in the
active window with the Stops In command.

Auto-Show Finger

This command can be thought of as an automatic version of Show Finger. During a Step,
Go-Go, or Trace execution, the window where the Execution Finger is located is always the
active window. As execution passes from unit to unit, the editing window for the current unit is
made the active window. If the unit where the Execution Finger would be is not opened, then
the Project Window will become the active window, and the Execution Finger will point at the
file name of the currently executing unit.

Stops In

This command allows you to introduce stops into your Pascal code. Used in conjunction with
the Go or Go-Go command in the Run Menu, execution will stop at the statement which is
preceded by the Stop Sign. the statement will not be executed until you continue running.

Once this option has been chosen, you can introduce Stop Signs into the active editing window

by moving the pointer to the left hand border of the window, and clicking next to the statement
where you want to place a Stop.
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Step Into Calls
When Step Into Calls is on, the Go-Go, Step, or Trace run options will cause the
Execution Finger to be shown as the program executes procedures or functions. When it is off, a

procedure or function call is executed in its entirety without the Finger tracking the execution
through the procedure.

Break at A-Traps
This command specifies that program execution should halt before execution of a Macintosh
A-trap call. This is useful for checking that the proper values are being passed at the time of the

call; you can then enter Macsbug to view the arguments to the A-trap in the processor registers or
on the stack.

Macsbug (% M)

This command enters the Macsbug debugger. Tt is disabled when Macsbug is not loaded.

The Windows Menu

€ File Edit Project Run Debum
Editor Project %P

LightsBug RL
Instant
Observe

Tent
Drawing

Clipboard

oEditor Main %1
oUntitled 1 ®2
Ruaitabie =3
Editor TopLevel 4
fuailable KR

Editor Project (% P)

This command makes the Project Window the active window.
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LightsBug (38 L)
This command opens the LightsBug Debugging Window.

Instant

This command opens the Instant Window, which is used for executing statements when your
program is paused. ‘

Observe

This command opens the Observe Window, which displays the values of expressions during
program execution.

Text

This command opens a window for text output from Write and Writeln statements.
Drawing

This command opens a window for drawing output from your program.

Clipboard

This command opens the Clipboard Window. The Clipboard is where selected text that has been
Cut or Copied has been stored.

File Windows (% 1 up to % 8)

Use these commands to activate one of the currently open editing windows. Note that in the
menu, a diamond appears next to files which have unsaved edits.
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Preface

This manual describes the programming language supported by Lightspeed Pascal. This language
is intended to be compatible with Macintosh Pascal, Apple's LisaPascal, and American National
Standard Pascal, inasmuch as it is possible to be compatible with all at the same time. Appendices
A and B describe the differences between Lightspeed Pascal and these versions of Pascal.

Operating Environment

Lightspeed Pascal will operate on any Macintosh computer with at least 512K memory.

Related Documents

Pascal User Manual and Report, Third Edition (ISO Pascal Standard} by Jensen and Wirth,
revised by Mickel and Miner, Springer-Verlag, New York, 1985.

American National Standard Pascal Computer Programming Language, ANSI/
IEEE770X3.97-1983, IEEE/Wiley-Interscience, 1983.

Inside Macintosh, Addison Wesley, 1985.

Definitions
For the purposes of this manual, the following definitions are used:

Error Any misusage of the Pascal language as described in this manual. Most
such errors will be reported either before or during execution of a
program. Other errors are not detected. The undetected errors are listed
in Appendix B. The behavior of a program that contains an undetected
error is unspecified (see below).

Undefined A value of a variable or function that is not meaningful. It is an error to
attempt to make use of an undefined value.

Unspecified When a situation arises in the execution of a program where several
courses of action are possible, often the specific course chosen is said
to be unspecified. This means that the program should not depend on
any specific course being chosen, as the result may be unpredictable.
This leaves the implementation free to choose the course that is most
convenient at the time.
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Notation and Syntax Diagrams

All numbers in this manual are in decimal notation, except where hexadecimal notation is
specifically indicated.

Throughout this manual, italics are used to distinguish Pascal text from English text. Pascal
word-symbols are displayed in bold-faced italics. For example, sqr (n div 16) represents a
fragment of a Pascal program. Sometimes the same word appears both in plain text and in italics;
for example, "The declaration of a Pascal procedure begins with the word procedure.”

Italics are also used when technical terms are introduced.

Pascal syntax is specified by diagrams. For example, the following diagram gives the syntax for
an identifier:

identifier

P letter >
letter

| digit

underscore

Start at the left and follow the arrows through the diagram. Numerous paths are possible. Every
path that begins at the left and ends at the arrow-head on the right is valid, and represents a valid
way to construct an identifier. The boxes traversed by a path through the diagram represent the
elements that can be used to construct an identifier. Thus the diagram embodies the following

rules:

+ An identifier must begin with a letzer, since the first arrow goes directly 1o a box
containing the name "letter".

«  An identifier might consist of nothing but a single letter, since there is a path from
this box to the arrow-head on the right, without going through any more boxes.

+ The initial letter may be followed by another letter, a digit, or an underscore, since
there are branches from the initial letter box to these boxes.

« The initial letter may be followed by any number of letters, digits, or underscores,
since there is a path that leads from these boxes back to them again.

A word contained in a rectangular box may be a name for an atomic element like "letter” or
“digit," or it may be a name for some other syntactic construction that is specified by another
diagram, The name in the rectangular box is to be replaced by an actual instance of the atom or
construction that it represents, e.g. 3 for "digit" or counter for "variable-reference”.

Pascal symbols, such as reserved words, operators, and punctuation, are bold-face and are
enclosed in circles or ovals, as in the following diagram for the construction of a

compound-statement:
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compound-statement

Text in a circle or oval represents itself, and is to be written as shown (except that capitalization
of letters is not significant). In the diagram above, the semicolon and the words begin and
end are symbols. The word "statement" refers to a construction that has its own syntax
diagram.

A compound-statement consists of the reserved word begin, followed by any number of
statements separated by semicolons, followed by the reserved word end. (As will be seen in
Chapter 6, a statement may be null; thus begin endis a valid compound-statement.)
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Appendix C describes QuickDraw (the Macintosh's graphics package), and Appendix D
describes SANE (the Standard Apple Numeric Environment), a library for floating point math.
Appendix E lists the interfaces for all of the Macintosh Toolbox and Operating System calls that
you can make from Lightspeed Pascal.

Appendix F is a guide to the error messages, with examples and explanations. This is sure to
come in handy.

Appendices G, H, and I describe the Apple utilities Macsbug, RMaker, and ResEdit, which are
shipped with Lightspeed Pascal. Appendix J lists the Macintosh character set.

If you are interested in a specific topic, consult the index in the back of the book.
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Section 1
Tokens and Constants

Tokens are the smallest meaningful units of text in a Pascal program. Structurally, they
correspond to the words and punctuation of an English sentence. The tokens of Pascal are
classified into special symbols, identifiers, numbers, labels, and character-strings.

The text of a Pascal program consists of tokens and separators, where a separator is either a
blank or a comment. Two adjacent tokens must be separated by one or more separators if each
token is an identifier, number, or word-symbol.

No separators can be embedded within tokens, except in character-strings.

1.1 Character Set and Special Symbols

The character set used by Lightspeed Pascal is the Macintosh character set (see Appendix J).
Letters, digits, hex-digits, and blanks are subsets of the character set:
+  The lerters are those of the English alphabet, A through Z and a through z.

« The digits are the Arabic numerals 0 through 9, the hex-digits are the Arabic
numerals through 9, the letters A through F, and the letters a through £.

+  The blanks are the space character and the end-of-line character (CR).

Special-symbols and word-symbols (sometimes referred to as reserved words) are tokens having
one or more fixed meanings. The following single characters are special-symbols:

+ - /= < > [ ] ., () : ;e () 8
The following character-pairs are special-symbols:
<> <= >= r= .. (* *) (. .)

Note:  The special symbol (. is an alternative representation for the special
symbol [ -- they both actually denote the same special symbol. Therefore
if (. is entered into a Lightspeed Pascal program, [ will always be
redisplayed. The same is true for .) and J.
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3.1). A hexadecimal integer constant uses the $ character as a prefix (1-4 hex-digits for
integer, 5-8 hex-digits for longint).

( | digit j—b

hex-digit-segquence

digit-sequence

Pl hex-digit »
C )

unsigned-integer

P digit-sequence

T
hex-digit-sequence

O

unsigned-real

—pt digit-sequence YDO-—. digit-sequence J »
>

scale-factor

scale-factor 0
: L,

»—| digit-sequence [—¥

sign

unsigned-number

P unsigned-integej
L’ unsigned-real

unsigned-number |—{@§
L’ sign —j

signed-number

The letter E or e preceding the scale in an unsigned-real may be read as “times ten to the power
of".

Language Reference 5 Tokens and Constants



The following are the word-symbols:

and end interface procedure unit
array file label program until
begin for mod record uses
case function nil rapeat var
const goto not set while
div irf of string with
do implementation or then

downto in otherwise to

else inline packed type

Corresponding upper- and lower-case letters are equivalent in word-symbols.

1.2 ldentifiers

Identifiers serve to denote constants, types, variables, procedures, functions, programs, and
fields in records. Identifiers can be of any length up to 255 characters all of which are significant.
Corresponding upper- and lower-case letters are equivalent in identifiers. No identifier can have
the same spelling as a word-symbol.

ldentifier
P letter -
letter
digit
underscore
Examples of identifiers:
X Rome ged SUM get byte

1.3 Directives
Directives are identifiers that have special meanings in specific contexts (see Chapter 7). They can
be used as identifiers in all other contexts. For example, the word forward is interpreted as a

directive if it occurs immediately after a procedure-heading or function-heading, but in any other
position it is interpreted as an identifier.

1.4 Numbers

The usual decimal notation is used to represent numbers that are constants of the data types
integer, longint, real, double, extended, and computational (see Section
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1.7 Constant-Declarations

A constant-declaration declares an identifier to denote a constant within the block that contains the
declaration. A constant-identifier may not be included in its own declaration.

constant-declaration
P identifier —D@—D constant —b@—b

constant

» constant-identifier

oo

signed-number

character string

A constant-identifier following a sign must denote a value of type integer, longint, real,
double, computational or extended (see Section 3.1).

1.8 Comments
The constructs:

{ any text not containing right-brace }

(* any text not containing star-right-paren *)
are called comments.
The substitution of a blank for a comment or a comment for a blank does not alter the meaning of
a program. This is to say that a comment, as a separator, may appear anywhere in a program
where a blank may appear. However, comments embedded within a line of program text will be
moved to the end of the line when redisplayed in the Lightspeed Pascal editing window.

Comments on a line by themselves are left as such.

A comment cannot be nested within another comment; an occurrence of the special symbols } or
*) within a comment always terminates the comment.

1.9 Compiler Options

A compiler option is a comment that contains the $ character immediately following the initial
comment delimiter; for example, * {$" or " (*$". The $ character is followed immediately by
the mnemonic of the compiler option. (see Chapter 13 of the User's Guide for available
options). A compiler option will always be redisplayed on a line by itself.
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Examples of numbers:

1 +100 -0.1 5E-3 87.35e+8 SA05D

Note that 5E—3 means 5x10-3, and 87. 35e+8 means 87.35x108.

1.5 Labels

A label is a digit-sequence whose value is in the range 0 through 9999. Leading zeroes in a
label are insignificant, e.g. the labels I and 0001 are considered equivalent.

1.6 Character-Strings

A character-string is a sequence of zero or more printing Macintosh characters all on the same line
in a program and enclosed by apostrophes. The maximum number of characters that can be in a
character-string is 255. A character-string with nothing between the apostrophes denotes a
null-string value (see Section 3.3). A pair of adjacent apostrophes in a character-string denotes a
single apostrophe character.

character—-string

O

o C

string-character

string-character

— any printable char except O or CR
=
/

A character-string represents a value of a string-type. As a string-type, a character-string is
compatible not only with other string-types, but also char-types (see Section 3.1.1.1) and
packed-string-types (section 3.2.1).

All string-type values have a length auribute. In the case of a character-string, the length is fixed;
it is equal to the actual number of characters in the string as enclosed within apostrophes. A pair
of adjacent apostrophes within a character-string is regarded as a single apostrophe and thus
counts as a single character in the string's length.

Examples of character-strings:

'Pascal’ '"THIS IS A STRING' ‘Don' 't worry!'

r ! r. r rrrr L
A ;
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Section 2
Blocks, Scope,
and Activations

2.1 Definition of a Block

A block consists of a declaration-part and a statement-part. Every block is part of a
procedure-declaration, a function-declaration, or a program. All identifiers and labels that are
declared in the declaration-part of a block are local to that block.

block

declaration-part |—M statement-part p—@

declaration-part

Y )
N—§» label-declaration-part /
N—p| constant-declaration-part J
\—$ type-declaration-part -
N—®»| variable-declaration-part J
N—# procedure-and-function-declaration-part L
~ —>

A label-declaration-part declares labels (see Section 1.5) that mark statements in the
corresponding statement-part. Each label must mark exactly one statement in the statement-part.

label-declaration-part

= O—>
O

label

digit-sequence —pP

A constant-declaration-part contains constant-declarations (see Section 1.7) local to the block.

constant-declaration-part

constant-declaration —j-b
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2.2.2 Redeclaration in an Enclosed Block

Suppose that outer is a block, and that inner is another block declared within outer. If an
identifier declared in block outer has the same spelling as an identifier declared in block
inner, then block inner and all blocks enclosed by inner are excluded from the scope of the
declaration in block outer.

2.2.3 Position of Declaration within Its Block

The declaration of an identifier or label must precede all applied occurrences of that identifier or
label in the program text -- i.e., identifiers and labels cannot be used until they are declared.

There is one exception to this rule: in a type-declaration-part, the domain-type of a pointer-type
(see Section 3.4) can be an identifier that has not yet been declared. In this case, the identifier
must be declared somewhere in the same type-declaration-part as the pointer-type.

2.2.4 Redeclaration within a Block

An identifier or label cannot be declared more than once within a block, unless it is declared
within a containad block, or it is in a record's field-list,

A field-identifier (see Sections 3.2.2 and 4.3.2) is declared within a record-type. It is meaningful
only in combination with a reference to a variable of that record-type. Therefore, a field-identifier
can be declared within the same block as another identifier with the same spelling, as long as it
has not been declared previously in the same field-list. An identifier that has been declared can be
used again as a field-identifier in the same block.

2.2.5 Identifiers of Standard Objects

Lightspeed Pascal provides a set of standard (predeclared) constants, types, procedures, and
functions that behave as if they were declared in a block that contains the entire program. In
addition, there are two standard file variables, input and output, that (if used) are "declared”
in the program block itself (see Section 9.4),

2.2.6 Scope of Interface ldentifiers

Each interface-part or program with a uses-clause (see Section 8.4) is supplied with the
identifiers associated with the unit given in the uses-clause. This means that these identifiers
behave as though they were declared directly in each interface-part or program with the
uses-clause.

2.3 Activations

The execution of a block is referred to as an activation of the block. At any given time, a block
normally has either no activations (if it is not currently being executed) or one activation (if it is).
It is, however, possible for a block to have multiple activations if it is recursive or if it is mutually
recursive with one or more other procedures or functions. A typical example of a recursive
function is:
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A type-declaration-part contains type-declarations (see Chapter 3) local to the block.

type-declaration-part

type-declaration T’

A variable-declaration-part contains variable-declarations (see Chapter 4) local to the block.

variable-declaration-part

variable~-declaration j_’

A procedure-and-function-declaration-part contains procedure and function-declarations (see
Chapter 7) local to the block.

procedure-and-function-declaration-part

P procedure-declaration

L. function-declaration

The statement-part specifies the statements or algorithmic actions (see Chapter 6) to be executed
upon an activation (see Section 2.3) of the block.

statement-part
| compound-statement |[——»

2.2 Rules of Scope

2.2.1 Scope of a Declaration

The appearance of an identifier or label in a declaration declares the identifier or label. All other
applied occurrences of the identifier or label must be within the scope of this declaration.

The scope of a declaration is the block that contains the declaration, and all blocks enclosed by

that block except as explained in Section 2.2.2 and 2.2.4 below. (See also Section 8.3 for scope
rules for Units.)
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function factorial( n : integer ) : integer;
begin
if n<=1 then
factorial := 1
else
factorial := n * factorial(n-1)
end;

Thus, the execution of factorial (5} would lead to 5 activations of factorial as follows:
factorial (5) = * factorial(4)

* 4 * factorial(3)

* 4 *3 * factorial(2)

#*

*

I
g nn

4 * 3 ¥ 2 % factorial(l)
4 * 3 %2 * 1

Factorial repeatedly calls itself, creating new activations, until the parameter n that is passed
is less than or equal to one. The last activation then unwinds itself by passing back a result and
terminating the activation. The next to last activation then performs the multiplication with the
result, passes back its result, and terminates its activation, and so on.

Every activation is given, in effect, its own copy of every parameter and variable declared to be
local to the block being activated. Thus, each activation of factorial above has its own copy
of its parameter, which is named n in all activations. Because each activation has its own copy of
all locally declared entities, it does not disturb the local entities of any previous activations.
Section 7.3.3 gives a very detailed example of this.

The activation of the program-block also causes creation of the variables local to each used unit's
interface-part and implementation-part (see Section 8.3). This means that there is only one copy
of each unit's local variables and that they exist as long as the program is executing.

Note:  The value of a variable declared within a particular block is undefined for
each new activation of the block. Likewise, the value of every component
of a structured-type variable (see Section 3.2) is initially undefined for
each new activation. The value of a structured-type variable remains
undefined until it has no components whose values are undefined.
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Section 3
Types

A type is used in declaring variables, as well as in declaring other types. The type of a variable
determines the set of values that the variable can assume and the operations that can be performed
upon it. A type-declaration associates an identifier with a type.

type-declaration

—  » identifier —»e—b type —>@—>

type

simple-type =

structured-type

string-type —
pointer-type IS

The occurrence of an identifier on the left-hand side of a type-declaration declares it as a
type-identifier for the block in which the type-declaration occurs. A type-identifier may not be
included in its own declaration, except for pointer-types (see Sections 2.2.3 and 3.4).

To help clarify the syntax description with some semantic hints, the following terms are used to
distinguish identifiers according to what they denote. Syntactically, all of them simply mean an
identifier:

simple-type-identifier
structured-type-identifier
pointer-type-identifier
ordinal-type-identifier
integer-type-identifier
real-type-identifier
string-type-identifier

In other words, a simple-type-identifier is any identifier that is declared to denote a simple-type, a
structured-type-identifier is any identifier that is declared to denote a structured-type, and so
forth. A simple-type-identifier can be the identifier of a standard simple-type such as integer,
boolean, etc.
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All simple-types except the real-types are ordinal-types.

There are four standard ordinal-types denoted by the standard identifiers:

integer
longint
char

beoolean

Note that in addition to the standard ordinal-types, the enumerated-types and subrange-types are
ordinal-types.

3.1.1.1 Standard Ordinal-Types

Tnteger The integer-type integer has a set of values that are a subset of the whole
numbers. The standard integer constant maxint is defined to be 215-1,
i.e. 32.767. A variable of type integer can have any value in the range
—maxint..maxint. Values of type integer are 16-bit, signed,
2's-complement numbers.

Longint The integer-type longint is a type that has a set of values that are also a
subset of the whole numbers, a somewhat larger subset than those of
integer. The standard Iongint constant maxlongint is defined to be
2311 ie. 2,147,483,647. A variable of type longint can have any value
in the range -maxlongint..maxlongint. Values of type Iongint
are 32-bit, signed, 2's-complement numbers.

There are several arithmetic operators that may be used to perform arithmetic with integer-type
values. All arithmetic with just integer-type integer operands yields results of type integer.
When one or both operands are of integer-type longint, the result is always of type
longint. A longint value may always be used where an integer value is required
provided that the value falls within the range -maxint..maxint.

Boolean The ordinal-type boolean is an enumerated-type (see Section 3.1.1.2)
defined as:

type boolean = ( false, true );

As a consequence of boolean being an enumerated-type, the following relationships hold:

false < true

ord(false) =0

ord (true) =1

succ (false) = true

pred(true) = false

Char The ordinal-type char has a set of values that are characters. The ordering

of the values is defined by the ordering of the Macintosh character set (see
Appendix J). The function-call ord (c), where cis a char value, returns
the ordinality of ¢ (see Section 10.4.1).
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3.1 Simple-Types
All the simple-types define ordered sets of values.

simple~-type
| ordinal-type —1
L’ real-type —p
real-type
P real-type-identifier —uips

ordinal-type

» subrange-type

enumerated-type

ordinal-type-identifier »-

An integer-type-identifier is one of the standard identifiers integeror longint. Constant
integer-type values can be denoted as described in Sections 1.4 and 1.7.

A real-type-identifier is one of the standard identifiers real, double, extended, or
computat ional. Constant real-type values can be denoted as described in Sections 1.4 and
1.7.

3.1.1 Ordinal-Types
Ordinal-types are a subset of the simple-types that have the following special characteristics:

+  The possible values of an ordinal-type are an ordered set and every value has an
ordinality, which is an integral value. Except for integer-types, the first value of
every ordinal-type has ordinality 0, the next has ordinality 1, etc. For integer-types,
the ordinality of a value is the value itself. Every value of an ordinal-type except the
first has a predecessor based on the ordering of the type, and every value of an
ordinal-type except the last has a successor based on the ordering of the type.

« The standard function ord (see Section 10.4.1) can be applied to any value of an
ordinal-type, and it returns the ordinality of the value.

«  The standard function pred (see Section 10.4.4) can be applied to any value of an
ordinal-type, and it returns the predecessor of the value.

«  The standard function succ (see Section 10.4.3) can be applied to any value of an
ordinal-type, and it returns the successor of the value.

The application of pred to the first value of an ordinal-type is an error. Likewise, the application
of succ to the last value of an ordinal-type is an error.
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Examples of enumerated-types:

celor = ( red, yellow, green, blue )}
suit = ( club, diamond, heart, spade )
maritalStatus = ( married, divorced, widowed, single )

Given these declarations, yellow is an enumerated-constant of type color with ordinality 1,
spade is an enumerated-constant of type suit with ordinality 3, and so forth.

3.1.1.3 Subrange-Types

A subrange-type has a subset of the values of some ordinal-type that lie within a certain range.
The syntax for a subrange-type is

subrange-typa
— constant ——.O—D constant p——=y

Both constants in a subrange-type must be of an ordinal-type and both must be of the same
ordinal-type. The value of an integer-type constant must fall in the range -maxint. . maxint,
i.e. it cannot be of type longint. For all subrange-types of the form a. . b, a must be less than
or equal to b. The ordinal-type of a and b is referred to as the host-type of the subrange-type.
The values of a subrange-type a . . b are those values of its host-type whose ordinalities lie
between the ordinalities of a and b inclusive.

Examples of subrange-types:

1..100
-10..+10
red. .green

A variable of subrange-type possesses all the properties of variables of the host-type, with the
restriction that its value must always be one of the values in the range defined by the
subrange-type.

3.1.2 Real-Types

The real-types have sets of values that are subsets of the real numbers; in particular those subsets
of the real numbers that may be represented with a floating-point notation using a fixed number
of digits. In general, a floating-point notation of a value n is comprised of a set of three values m,
b, and e such that

mxbt=n

A real-type uses a floating point notation where b is always 2, and where m and e are integral
values that lie in a range that depends on the particular real-type. The range of values that m and e
can have determine the range and precision of the real-type. More detailed information on the
representation of real-type values can be found in Appendix D.

Doing arithmetic with real-type values can lead to results that cannot even be approximated with a

floating-point notation. For instance, the division of one by zero is nominally ee. Other results
make even less sense, such as dividing zero by zero. There are, in fact, special real-type values to
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A character-string of length 1 may be used to denote a constant char value, provided that the
character is a printable character. Any value of type char may be generated via the standard
function chr (see Section 10.4.2).

Note:  The redeclaration of a standard type-identifier does not affect the
operand-types, parameter-types, or result-types of certain standard
operators, procedures, and functions declared to be that standard type (see
Section 5.1 and Chapter 10). Neither does it affect the type of any literal
token (such as a number) declared to be of that type (see Chapter 1).

The redeclaration of the standard constant-identifiers maxint andfor
maxlongint has no effect on the set of possible values for the
integer-types.

There are several contexts in which an expression is required to be of the
standard type boolean (see Chapter 6). A redeclaration of the standard
type-identifier boolean does not alter this requirement.

However, the redeclaration of the standard enumerated-constant
identifiers false and true will affect the value of these identifiers.

3.1.1.2 Enumerated-Types
An enumerated-type has an ordered set of values defined by listing the identifiers that denote

these values. The ordering of these values is determined by the sequence in which the identifiers
are listed.

enumerated-type
D@—-b identifier-list —>-®—>

identifier list
( 4 identifier )
(O

The occurrence of an identifier within the identifier-list of an enumerated-type declares it as an
enumerated-constant for the block in which the enumerated- type is declared. The type of this
constant is the enumerated-type in which it is declared.

>

The ordinality of an enumerated-constant is its position in the identifier-list in which it is
declared, where the ordinality of the first enumerated-constant in the list is always 0. The
ordinality of a value of an enumerated-type is the ordinality of the enumerated-constant with the
same value.

When the ord function (see Section 10.4.1) is applied to a value v of an enumerated-type, it
returns an integer-type value that is the ordinality of v.
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3.2 Structured-Types

A structured-type is characterized by the kind of structuring it embodies and by the type(s) of the
components subject to such structuring. The type of a component may itself be structured, in
which case the resulting structured-type exhibits more than one level of structuring. There is no
inherent limit on the number of levels to which types can be structured other than the amount of

memory available.

structured-type

~ 1 array-type >
set-type

file-type

record-type

/

L’ structured-type-identifier

The use of the word packed in the declaration of a structured-type indicates that storage
organization of all values of that type should be compressed to economize storage, even if this
causes the access of a component of a variable of this type to be less efficient.

3.2.1 Array-Types

An array-type is a linear array (or vector) of components that are all of one type, called the
component-type of the array.

array-type
o index-type f@—b(of type |—P
o—
index-type

| ordinal-type —P

The type that follows the word of is the component-type of the array. The number of elements is
determined by the index-type of the array, which must be an ordinal-type.

If the component-type of an array-type is also an array-type, the result can be regarded as a single

multi-dimensional array. An equivalent, shorthand notation may be used to declare
multi-dimensional arrays that entails declaring a single array with multiple index-types. For

example, the type
array[boolean] of array(1..10] of array(size] of real
is equivalent to the type

array{ boolean, 1..10, size ] of real
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represent such results. Normally, however, the generation of such a result by a program is an
error and results in the premature termination of the execution of the program. Appendix D
describes alternative methods for dealing with such results.

There are four standard real-types: real, double, extended, and computational. No
other real-types are possible.

The approximate range of positive values representable with the real-types real, double, and
extended as well as their precision are as follows:

real- range decimal digits
real 1.5x10% 1o 3.4x10%8 7-8
double 5.0x103% 10 1.7x10308 15-16
extended 1.9x104%! 10 1.1x10%932 19-20

Any negative value whose absolute value lies within these ranges is representable with these
real-types.

All real-type operands are converted to ext ended before any arithmetic is performed on them,
and the results of such arithmetic are always of type extended. An extended value may
always be used where a real or double value is required provided that the value falls within
the range of values for real or double respectively.

The real-type computational is a special real-type where e is always zero, i.e. only integral
values may be represented with computational. Values of type computational must lie
in the (exact) range -253+1 to 2%3-1, which is approximately -9.2x10'8 t0 9.2x1018,

All computational operands are converted to extended before any arithmetic is performed
on them, and the results of such arithmetic are always of type extended. An extended value
may always be used where a computational value is required provided that the value, when
rounded to an integral value, falls within the range of values for computational.

The type computational is intended for those applications where precise, fixed-point decimal
values are required. No explicit decimal point is ever assumed for a computational value,
but one can be implicitly assumed by the application. For instance, one can define

type cents = computational;

and perform calculations on values of type cent s that may also be interpreted as calculations on
dollar values with an implied decimal point to the left of the second to last decimal digit. A special
form of the standard procedures write and writeln (see Section 9.4.3.5) may be used to
output a computat ional value with a decimal point inserted between any two decimal digits
in the value.

Note:  Users of SANE (see Appendix D) should be aware that the SANE data
types single and comp are equivalent to the Pascal real-types real
and computational respectively. All of these names are accepted by
Lightspeed Pascal.
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Example of a record-type:

record
year: 1nteger;
month: 1..12;
day: 1..31
end

A variant-part consists of alternative field-lists of which only one is accessible at a given time.
Each alternative field-list is called a variant.

variant-part

case identifier : tag-field-type

variant T—>

constant ) ° o field-list —.@—'

tag-field-type

variant

ordinal-type-~identifier

Each variant is preceded by one or more constants. All of the constants must be distinct and must
be of an ordinal-type that is compatible with the tag-type (see Section 3.5).

The variant-part allows for an optional identifier that denotes a tag-field. If a tag-field is present,
it is considered a field of the fixed-part. The value of the tag-field indicates which variant is
active, and thus which variant's fields are accessible at a given time. If there is no tag-field
explicitly given, then all fields in all variants are always accesible, i.e. the active variant is the one
containing the field most recently referenced.

It is an error to alter the value of a tag-field while a reference to a field of the active variant exists.
Whenever the value of the tag-field changes, the values of all of the fields in the newly active
variant are undefined. When the value of the tag-field is undefined, the values of all fields in all
variants of the corresponding variant-part are undefined.

Note:  All of the variants of a variant-part share the same region of memory
within a record variable. This is because only one particular variant is ever
in use at a time (see also Section 10.1).

It is not uncommon for Pascal programmers to use a variant-part with no
explicit tag-field as a means of converting a value of one type to a value of
another type, namely by assigning a value into a field of one variant and
referencing the corresponding field in another variant, e.g.,
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where "equivalent” means that they will be interpreted in the same way.
Examples of array-types.

array[1..100] of real
packed array(color] of boolean

A component of an array can be accessed by referencing the array and supplying one or more
indices (see Section 4.3.1).

An array-type of the form

packed array/[l..n] of char

is referred to as a packed-string-type with n components (in American National Standard Pascal
these are called string-types; they are called packed-string-types here to avoid confusion with
Lightspeed Pascal's string-types (see Section 3.3). A packed-string-type has certain properties
not shared by other array-types or structured-types (see Sections 3.5 and 5.1.5).

3.2.2 Record-Types
A record-type consists of a fixed number of components called fields, each of which may be a

different type. For each component, the record-type specifies the type of the field and an
identifier that denotes it.

record-type
#{ record ) field-list (end)——b

field-list

fixed-part / ; #| variant-part
[

fixed-part

( 1 field-declaration ) >

O)

field-declaration
P identifier-list —PO—P type |—

The fixed-part of a record-type specifies a field-list that is always accessible in a variable of the
record-type, giving an identifier and a type for each field. Each of these fields contains data that is
always accessed in the same way (see Section 4.3.2).
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The empty set (see Section 5.3} is a possible value of every set-type.

3.2.4 File-Types

A file-type is a structured-type consisting of a linear sequence of components that are all of one
type, the component-type. The component-type may be any type that is not a file-type or a
structured-type that contains a file-type component at any level of structuring. The number of
components in a file-type variable is not fixed by the file-type declaration.

type |—

The standard file-type text denotes a (packed) file of characters organized into lines. Files of
type text are supported by the specialized I/O procedures discussed in Section 9.4,

Sections 4.3.3 and Chapter 9 discuss methods of accessing file components.

3.3 String-Types

A string-type value is a sequence of characters that has a dynamic length atribute. The length is
the actual number of characters in the sequence at any time during program execution.

A string-type has a static size attribute that is an integral value in the range from 1 to 255, The
size is a maximum limit on the length of any value of this type. If an explicit size attribute is not
given for a string-type, then it is given a size of 255 by default.

The current value of the length attribute of a string-type value is returned by the standard function
length (see Section 10.6). A null-string is a string-type value with a length of zero.

string-type

string [ size-attribute b@ j -

string-type-identifier

size-attribute

» unsigned-integer p———P

The ordering relationship between any two string values is determined by lexical comparison
based on the ordering relationship between character values in corresponding positions in the two
strings. When the two strings are of unequal lengths, each character in the longer string that does
not correspond to a character in the shorter one compares "higher”; thus the string value
'attribute ! is greater than than the value 'at '. Two strings must always have the same
lengths to be equal; 'x ' (X followed by a space) is always greater than "X’ (just X).

A null-string is only equal to another null-string and is less than every other possible string value.

Do not confuse the size with the length.
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var
r: record
case boolean of
false: ( CharVal: char );
true: { IntVal: integer )
end;

r.CharVal := 'W';

¢ := r.IntVal;
However, doing this assumes a knowledge of the underlying
representation of variables in memory, and is therefore not recommended.
This sort of "type coercion” should be performed using the predefined

functions chr and ord, or with type casts (see Section 5.4) which are
guaranteed to do what you would expect.

Examples of record-types with variants:

record
name, firstName: string(80];
age: 0..99;
case married: boolean of
true: (spousesName: string[80]);
false: ()
end
record

X, y: real;
area: real;
case s: shape of
triangle: (side: real;
inclination, anglel, angleZ: angle);
rectangle: (sidel, side? : real;
skew, angle3: angle);
circle: (diameter: real)
end

3.2.3 Set-Types

A set-type has a range of values that is the powerset of some ordinal-type, called the base-zype.
In other words, each possible value of a set-type is a subset of the possible values of the
base-type.

set-type

Operators applicable to sets are specified in Section 5.1.4. Section 5.3 shows how set values are
denoted in Pascal.
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Two types, T, and T,, are identical if one of the following is true:
+ T, and T, are the same type-identifier.
« T, is declared to be equivalent to a type identical to T,.

What the latter, somewhat circular statement implies is that T, need not be declared directly to be
equivalent to T; thus the type-declarations

T1 = integer;

T = T,
T3 = integer;
Te4 = T2;

resultin T, T,, T,, T,, and integer all being identical types. However, the type-declarations

Ts

Ty

set of integer;
set of integer;

do not result in T, and T, being identical, since set of integer is not a type-identifier.
Finally, note that two variables declared in the same declaration, as in

v

l,V:

,: set of integer

are of identical type. However, if the declarations are separate then the above definitions apply.
The declarations

v,: set of integer;
V,: set of integer;
V,: integer;
V,: integer;

result in v, and v, being of identical type, but not Vv, and V..

3.5.2 Compatibility of Types

Compatibility between two types is sometimes required. Specific instances where type
compatibility is required are noted elsewhere in this manual. Type compatibility is, more
importantly, often a precondition of assignment-compatibility.

Two types are compatible if any of the following are true:

« Both types are identical.

+  Both types are real-types.
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There are aspects of string-types that make it seem both a simple-type and a structured-type at the
same time; it can therefore be considered neither. However, as explained in Section 4.3.1,
individual characters in a string can be accessed as if they were components of an array.
Operators applicable to strings are specified in Section 5.1.5. Standard procedures and functions
for manipulating strings are described in Section 10.5.

3.4 Pointer-Types

A pointer-type defines a set of values that point to dynamic-variables of a specified type called the
base-type.

Pointer values are created by the standard procedure new (see Section 10.1.1), by the @ operator
(see Section 5.1.6), and by the standard procedure pointer (see Section 10.2.6).

pointer-type
\%‘@—F base-type - >

pointer—type-identifier |

base-type
| type-identifier —

The base-type may be an identifier that has not yet been declared. In this case, it must be declared
somewhere in the same type-declaration-part as the pointer-type (see Section 2.2.3).

The special symbol nil represents a standard pointer-valued constant that is a possible value of
every pointer type. Conceptually, nil is a pointer that does not point to anything.

Section 4.3.4 discusses the syntax for referencing the object pointed to by a pointer variable.

3.5 Identical and Compatible Types
Two types may or may not be identical, and identity is required in some contexts. Other times,

even if not identical, two types need only be compatible, and other times
assignment-compatibility is required.

3.5.1 Type Identity
Identical types are required only in the following contexts:

«  For variable parameters, the actual and formal parameters must be identical types
(see Section 7.3.2).

«  The result types of actual and formal functional parameters must be identical (see
Section 7.3.4).

«  Value and variable parameters within parameter-lists of actual and formal procedural
or functional parameters must be identical types (see Section 7.3.5).
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* T, isa string-type with a size of n and the value of type T, is a packed-string-type
with a number of components less than or equal to n.

+ T, isastring-type and T, is a char-type.

It is an error if assignment-compatibility is required and none of the above is true.

3.6 The Type-Declaration Part

Any program, procedure, or function that declares types contains a type-declaration-part, as
shown in Chapter 2.

Example of a type-declaration-part:

type

count = integer;
range = integer;
color = (red, yellow, green, blue);
sex = (male, female);
year = 1800..1898;
shape = (triangle, rectangle, circle);
card = array[l..80] of char;
str = stringf80];
polar = record

r: real;

theta: angle

end;

person = “personDetails;

personDetails = record
name, firstName: str;
age: 1nteger;
married: boolean;
father, child, sibling: person;
case s: sex of
male: (enlisted, bearded: boolean);
female: (pregnant: boolean)
end,
people = file of personDetails;
intfile = file of integer

In the above example count, range, and integer denote identical types. The type yearis
compatible and assignment-compatible with, but not identical to, the types range, count, and
integer,
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3.53

Assignment-compatibility is required whenever a value is assigned to something, either explicitly

Both types are integer-types.

One type is a subrange of the other.

Both types are subranges of identical host-types.

Both types are set-types with compatible base-types.

Both types are packed-string-types with the same number of components.

One type is a string-type and the the other is a string-type, packed-string-type, or
char-type.

Assignment-Compatibility

(as in an assignment-statement) or implicitly (as in passing value parameters).

A value V, of type T, is assignment-compatible with a variable v, of type T, (ie. v, : =V, is
permissible) if any of the following are true:
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T, and T, are identical types and neither is a file-type or a structured-type that
contains a file-type component at any level of structuring.

T, and T, are real-types and the value of type T, is within the range of possible
values of T,.

T, is areal-type and T, is an integer-type.

T, and T, are compatible ordinal-types, and the value of type T, is within the range
of possible values of T,.

T, and T, are compatible set-types, and all the members of the value of type T, are
within the range of possible values of the base-type of T, .

T, and T, are compatible packed-string-types.
T, is a char-type and the value of type T, is a string-type and has a length of 1.

T, is a packed-string-type with n components and the value of type T, is a
string-type and has a length of n.

T, is a string-type with a size of n and the value of type T, is a string-type and has a
length less than or equal to n.
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Section 4
Variables

4.1 Variable-Declarations

A variable-declaration consists of a list of identifiers denoting new variables, followed by their
type.

variable-declaration

—e—p identifier-list —.O—’ type —’@—b

The occurrence of an identifier within the identifier-list of a variable-declaration declares it as a
variable-identifier for the block in which the declaration occurs. The variable can then be
referenced throughout the remainder of that block, except as specified in Section 2.2.2.

Examples of variable-declarations:

X, y,Z: real;

i, j: integer;

k: 0..8;

pP,4g-r: boolean;

operator: {(plus, minus, times);
a: array([0..63] of real;

c: color;

f: file of char;

huel,hueZ: set of color;
pl,p2: person;

m,ml,m2: array([1..10,1..10] of real;
coord: polar;

pooltape: array([l..4] of tape

4.2 Variable-References
A variable-reference denotes either an entire variable, a component of a structured or string-type

variable, a dynamic-variable pointed to by a pointer-type variable, or the file-buffer of a file-type
variable.
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4.3.1 Arrays, Strings, and Indexes

A specific component of an array variable is denoted by a variable-reference that refers to the
array variable, followed by an index that specifies the component.

A specific character within a string variable is denoted by a variable-reference that refers to the
string variable, followed by an index that specifies the character position.

index

expression

Examples of indexed arrays:

mi{i,j]

afli+j]
Each expression in the index selects a component in the corresponding dimension of the array.
The number of expressions must not exceed the number of index-types in the array declaration. It
is an error if the result of each expression is not assignment-compatible with the corresponding
index-type.

In indexing a multi-dimensional array, you can use either multiple indexes or multiple
expressions within an index. The two forms are equivalent. For example,

m{i][j]
is equivalent to
m{i, ]

A string value can be indexed by only one index expression, whose value must be in the range
1..n, where n is the current length of the string value. The effect is to access one character of the
string value, and the type of the character value accessed is char.

Any value assigned to a component-variable of an array or string must be assignment-compatible
with the component-type.

Note:  When a string value is manipulated by assigning values to individual
character positions, the length of the string is not affected. It is an error to
access a character position in a string variable with an index less than one
or greater than the length of the string variable. For example, suppose that
strval has been declared as follows:

strval: string{l10];
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variable-reference

———P} variable-identifier :

qualifier 4—)

variable-identifier

| identifier [—P

4.3 Qualifiers

As shown above, a variable-reference is a variable-identifier followed by zero or more qualifiers.
Each qualifier modifies the meaning of the variable-reference.

gualifier
P index

field-designator

(") >

As an example, an array identifier with no qualifier is a reference to the entire array-variable:

xResults

If the array-identifier is followed by an index, this denotes a specific component of the array:

xResults{current+1]

If the component is a record, the index may be followed by a field-designator; in this case the
variable-reference denotes a specific field within a specific array component.

XxResults[current+1].1ink

If the field is a pointer, the field-designator may be followed by the symbol ~ to distinguish
between the pointer field and the dynamic-variable being pointed to:

xResultsfcurrent+1].1ink*

If the object of the pointer is an array, another index can be added to denote a component of this
array:

xResultsf{current+1].1ink"[1i]

and so on...
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The file-buffer is implicitly declared when the file variable is declared. If £is a file variable with
components of type t, then the associated file-buffer is a variable of type ¢ .

The file-buffer associated with a file variable is denoted by a variable-reference that refers to the
file variable, followed by the ~ symbol. Thus, the file-buffer of file £ is referenced by £+,

Chapter 9 describes standard procedures that are used to move the current file position within the
file and to transfer data between the file-buffer and the current file component.

4.3.4 Pointers and Dynamic-Variables

The value of a pointer variable is either nil, or a value that points to a dynamic-variable.

The dynamic-variable pointed to by a pointer variable is denoted by a variable-reference that
refers to the pointer variable followed by the * symbol.

Dynamic-variables and pointer values that point to them are created by the standard procedure
new (see Section 10.1.1). Additionally, the @ operator (see Section 5.1.6) and the standard
procedure pointer (see Section 10.2.6) may be used to create pointer values that are not in fact
pointers to dynamic-variables, but that will be treated as such.

The constant nil (see Section 3.4) does not point to any object. It is an error if you access a
dynamic-variable when the pointer's value is undefined oris nil.

Examples of references to dynamic-variables:

pl~
pl”.sibling”

Note:  Although the ~ symbol is used to reference both file-buffers and
dynamic-variables, this does not mean that a file variable can be treated
like a pointer. Specifically, ord (£), where £ is a file variable reference,
does not yield an address value (see Section 10.4.1). It is, in fact, an
error,
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and that the assignment:
strval := 'abcde';
has been performed. A reference to:

strval [0]

would be an error since the reference contains an index less than 1.
Likewise, a reference to:

strval 6]

would be an error since the index is greater than the current length of the
string. Note that these references would still be errors even if they
occurred on the left-hand side of an assignment statement. To add a
character or string to the end of another string, or to manipulate strings in
other ways, use the standard procedures described in Section 10.5.

Note also that, when a program, procedure, or function block is entered,
the length of a string variable is initially undefined. Therefore, the
manipulation of string variables with indexes before string values have
been assigned to these variables can lead to unpredictable results.

4.3.2 Records and Field-Designators

A specific field of a record variable is denoted by a variable-reference that refers to the record
variable, followed by a field-designator that specifies a field of the record.

field-designator
@— P identifier |=——>p=

Examples of field-designators:

p2".pregnant
coord.theta

It is an error if the field-designator refers to a field in a variant that is not active (see Section
3.2.2).

Note that a field-designator need not be preceded by a variable-reference to its containing record
in a statement within a with statement (see Section 6.2.4).

4.3.3 File-Buffers

Although a file-variable may have any number of components, only one component is accessible
at any time. The position of the current component in the file is called the current file position.

Program access to the current component is via a special variable associated with the file, called a
file-buffer.
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Section 5
Expressions

Expressions consist of operators and operands. Most operators in Pascal are binary, i.e. they
take two operands; the rest are unary and take only one operand. The binary operators and their
operands are denoted in the common algebraic fashion: the operands are given with the operator
to act upon them in between, e.g., a+b. A unary operator is always immediately followed by its
operand.

When more complex expressions are written, certain rules must be applied to determine which
operands are associated with which operators. For instance, the expression:

a+b*c

can be interpreted as either (a+b) *c or a+ (b*c). The precedence rules makes the
interpretation unambiguous:

*  When an operand appears between two operators of different precedence, it is bound
to the operator with the higher precedence.

« When an operand is written between two operators of the same precedence, it is
bound to the operator to the left.

» A parenthesized expression is always evaluated before it is applied as an operand.

Table 5-1 gives the precedence of the binary and unary operators:

Table 5-1
Precedence of
Operators

Operators Precedence | Categories

@, not highest unary operators
*, /,div
r ’ ’ " ' : ”"
mod, and second multiplying" operators
+, -,0r third *adding" operators & signs

=, <>, <, >,

. lowest relational operators
=’ >=’ in
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A function-call activates a function, and denotes the value returned by the function (see Section
5.2). A set-constructor denotes a value of a set-type (see Section 5.3). An unsigned-constant has
the following syntax:

unsigned-constant

~ 4 unsigned-number —

p— quoted-string~constant N\

N——] constant-identifier —

nil -

Examples of factors:

X {variable—-reference}

@x {pointer to a variable)

15 {unsigned—-constant}

(x+y+2) {sub—-expression}

sin{x/2) {function-call}

['A'..'F','a'..'f'] {set-constructor}

not p {negation of a boolean}

The syntax for a ferm allows the "multiplying" operators to be applied to factors:

term
> factor ﬁ—b
—O—

mod
Examples of terms:

X*y

i/(1-1)

p and g

(x <= y) and (y < z)

The syntax for a simple-expression allows the "adding" operators and signs to be applied to
terms:
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‘Thus, a+b*c is interpreted as a+ (b *c), since * has a higher precedence than +, and a+b-c¢
is interpreted as (a+b) —c, since + and — have the same precedence.

Warning:  Be aware that the range of any operator is not infinite. For instance, if
a, b, and c are integer-type integer values, and if a +b yields a
value greater than maxint, then the evaluation (a+b) —c will result
in an error whereas a+ (b-c) may not. Whenever the order of
evaluation of operators is critical, or is otherwise in doubt,
parentheses may always be used to force a specific order.

Also be aware that, because the relational operators have the lowest
precedence, an expression such as

a<b or c<d

is erroneous. This is because the precedence rules want this to be
interpreted as

a< (borc) <d

which is not a valid expression (see below). Thus, such an
expression must be written as

fa<b) oxr (c<d)

The precedence rules are implicit from the syntax for expressions, which are built up from
factors, terms, and simple-expressions.

The syntax for a factor allows the unary operators @ and not to be applied to a value:

factor

~ | variable-reference "\

procedure-identifier =\

function-identifier -

A uns igned-constant ~
N—— function-call N
Ne——— set-constructor ~

%—D expression —.@ ~

\——b(not)—b factor ~
\——p type-cast L >
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5.1 Operators

5.1.1 Binary Operators: Order of Evaluation of Operands

The order in which the operands of a binary operator are evaluated is unspecified.

Warning: A function, in the normal case, simply returns a value. However, a
function may also alter the value of variables as a side-effect.
Therefore if a function is one operand of a binary operator, and if it
modifies the value of the other operand, then the evaluation of the
operator may lead to unpredictable results. For instance, if a call to a
function £ (x) modifies the value of x, then the evaluation of
x+F (x) may yield an unexpected result -- depending on whether or
not £ (x} is evaluated before the x to the left of the +.

5.1.2 Arithmetic Operators

The types of operands and results for arithmetic binary and unary operations are shown in Tables
5-2 and 5-3 respectively.

Table 5-2
Binary Arithmetic
Operations
Operator | Operation Operand Types Type of Result
+ addition
integer 1Integer| integer
- subtraction integer longint| longint
longint longintj longint
* multiplication |Treal-type extended
/ division integer-type or | oytended
real-type
div division with %nteger 1nteger lnteger
integer integer longint longaint
¢ Jongint longint longint
integer integer integer
mod modulo integer longint longint
longint longint longint
Note: The symbols +, -, and * are also used as set
operators (See Section 5.1.4).
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simple-expression

A

sign

Examples of simple-expressions:

X{y

=X

huel + hue?2
i*F + 1

N
v

The syntax for an expression allows the relational operators to be applied to simple-expressions:

expression

—»

simple-expression ~

Examples of expressions:
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type integer, and the value of i div Jis the mathematical quotient of i/, rounded
toward zero. Itis an error if 7=0.

If one or both of the operands of the div operator are of the integer-type Iongint, the result is
always of type Iongint, and the value of i div j is the mathematical quotients of i/3,
rounded toward zero. It is an error if j=0.

In defining the result of the mod operator, assume there is a remainder operator, rem, that is
defined as:

irem j =1 -~ (i div j) * j
Then

imod § = 1 rem j, if i >= 0
and

imod j =37 + 1 rem j, if 1 < 0

Thus, the sign of the result of mod is always positive and the value of the result always agrees
with the rules of modular arithmetic. It is an error if j<=0.

5.1.3 Boolean Operators

The types of operands and results for Boolean operations are shown in Table 5-4.

Table 5-4
Boolean Operations
Operator | Operation Operand Types Type of Result
or disjunction
and conjunction boolean boolean
not negation

The result of a boolean operation is determined by the normal rules of boolean logic, e.g. a
and b evaluates to true if and only if both a and b are true.

Warning: Boolean operators are somewhat unique in that the result of the
operation may often be determined by the examination of only one
operand. For example, the expression

(b<>0) and (a/b>10)

is known to have the value falseif b=0 regardless of the value of
a. However, the evaluation of the subexpression (a/b>10) may or
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Table 5-3
Unary Arithmetic Operations (Signs)

Operator | Operation Operand Types Type of Result
+ identity integer integer
. : longint longint
- S1gN—Negation | resl-type extended

Any operand whose type is subr, where subr is a subrange of some ordinal host-type
ordtyp, is treated as if it were of type ordtyp. Consequently an expression that consists of a
single operand of type subr is itself of type ordtyp.

If both operands of the addition, subtraction, or multiplication operators are of the integer-type
integer, the result is always of type integer and has a value determined by the normal
mathematical rules for integer arithmetic. It is an error if the value of the result is outside the

range —-maxint..maxint.

If one or both operands of the addition, subtraction, or multiplication operators are of the
integer-type longint, the result is always of type Iongint and has a value determined by the
normal mathematical rules for integer arithmetic. It is an error if the value if the result is outside
the range -maxlongint . .maxlongint.

If one of the operands of the addition, subtraction, or multiplication operators is of a real-type,
the result is always of type extended and has a value that is an approximation of the normal
mathematical result. It is an error if the result is outside the range of values representable with the

real-type extended (see Section 3.1.2).

Note: See Appendix D for more information on all arithmetic operations with
operands or results of a real-type.

If the operand of the identity or sign-negation operator is of the integer-type integer, the result
is always of type integer and the absolute value of the result is always identical to the absolute
value of the operand.

If the operand of the identity or sign-negation operator is of a real-type, the result is always of
type extended and the absolute value of the result is always identical to the absolute value of
the operand.

If the operand of the identity or sign-negation operator is of the integer-type longint, the result
is always of type Iongint and the absolute value of the result is always identical to the absolute
value of the operand.

The value of /7 isalways of type extended and has a value that is an approximation of the
normal mathematical result. It is an error if the resuit is outside the range of values representable
with the real-type extended (see Section 3.1.2). Itis an error if j=0.

If the operands of the diwv operator are of the integer-type integer, the result is always of
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Table 5-6
Relational Operations

Operator | Operation Operand Types Type of Result
= equal compatible simple,
pointer, set, string,
<> not equal or packed-string
types
< less
> greater compatible boolean
simple, string, or
<= less/equal packed-string types
>= greater/equal
<= subset of compatible
-t
>= superset of set-types
in member of (see 5.1.5.7}

5.1.5.1 Comparing Ordinals

When the operands of =, <>, <, >, >=, or <= are of an ordinal-type, they must be of compatible
types. The result is the mathematical relation of their ordinalities.

5.1.5.2 Comparing Reals

When one operand of =, <>, <, >, >=, or <= is of a real-type, the other must be of a real-type or
an integer-type. The result is the mathematical relation of the values represented as extended
type values.

Note:  Because real-type values are only approximations, the results of these
operations may not always be as expected. For instance, if aReal isa
variable of type real and aDouble is a variable of type double, and
if the assignments

aReal := 1/3;
abDouble := 1/3;

have been performed, then the relation aReal=aDouble will return
false. This is because the value of aReal is a representation of 1/3 to
only 7-8 decimal digits and the value of aDoub1le is a representation of
1/3 to 15-16 decimal digits. Since the decimal (and even the binary)
representation of 1/3 is a repeating sequence of digits, the 8 low-order
decimal digits of aDouble will differ from the corresponding digits of
aReal (when converted to ext ended), which will always be zero.
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may not be performed in the evaluation of this expression. It is
therefore best to assume that it will and avoid this kind of expression.
On the other hand, if an operand of a boolean expression is a function
with side-effects (i.e. it modifies a variable as well as returns a
value), there is no guarantee that the function will be activated if the
result of the operation can be determined solely by the evaluation of
the other operand. It is therefore best to also avoid such expressions.

5.1.4 Set Operators

The types of operands and results for set operations are shown in Table 5-5.

Table 5-5
Set Operations
Operator | Operation Operand Types Type of Result
+ union
- compatible
- difference set—types {see below)
* intersection

The order of evaluation of member-groups and of expressions within member-groups is
unspecified.

The results of the set operations are determined by the normal rules of set logic. i.e.

* Anordinal value cis in the set a+b if and only if c isin a or in b.

* Anordinal value ¢ isin the set a-b if and only if ¢ is in @ and not in b.

* Anordinal value cisin the set a*b if and only if ¢ isin a and in b.
Given the result of a set operation, if the smallest ordinal value that is a member of that result is a
and if the largest ordinal-value that is a member of the result is b, then the type of the result is
set of a..b.
5.1.5 Relational Operators

The types of operands and results for relational operations are shown in Table 5-6.
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5.1.6 The @ Operator

A pointer value that points to a variable, procedure, or function can be created with the @
operator. The operand and result types are shown in Table 5-7.

@ is a unary operator taking a single variable-reference or a procedure or function identifier as its
operand and computing the value of its pointer. The type of the value is equivalent to the type of
nil,ie. it can be assigned to any pointer variable.

Table 5-7
Pointer Operation

Operator | Operation Operand Type of Result

variable—reference
or procedure oOr

function identifier

Q pointer

formation same as nil

Warning: The @ operator is not a standard feature of Pascal, and its
indiscriminate use is not recommended. Tt is intended to be used in
conjunction with the Macintosh Toolbox routines (see Appendices C
and E).

51.6.1 The @ Operator with a Variable

For an ordinary variable (not a parameter), the use of @ is straightforward. For example, if we
have the declarations

type

twochar = packed array[0..1] of char;
var

int: integery;

twocharptr: “twochar;

then the statement

twocharptr := @int

causes twocharptr to point to int. Now twocharptr” isa reinterpretation of the bit
value of int as though it were a packed array(0..1] of char.

The operand of @ cannot be applied to a component of a packed variable.
5.1.6.2 The @ Operator with a Value Parameter
When @ is applied to a formal value parameter, the result is a pointer to the location containing the

actual value, which is on a runtime stack. Suppose that foo is a formal value parameter in a
procedure and Foopt r is a pointer variable. If the procedure executes the statement
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See Appendix D for more information on relational operations with
operands of real-type.

5.1.5.3 Comparing Strings

When the relational operators =, <>, <, >, >=, and > are used to compare strings (see Section
3.3), they denote lexicographic ordering according to the ordering of the Macintosh character set
(see Appendix J). Note that any two string values can be compared since all string values are
compatible. Additionally, a char value is compatible with a string-type value, and when the two
are compared, the char value is treated as a string-type value with length 1. When a
packed-string-type value with n components is compared with a string-type value, it is treated as
a string-type value with length n.

5.1.5.4 Comparing Packed-Strings

The relational operators =, <>, <, >, <=, and >=can also be used to compare two values of a
packed-string-type if both have the same number of components. If that number of components
is n, then the result is the same as if the values were string-type with each having a length of

n

5.1.5.5 Comparing Sets
If a and b are set operands, then

* a=bis trueif and only if every member of a is a member of b and every member
of b is a member of a, otherwise, a<>b.

+ a<=bis true if and only if every member of a is also a member of b.
» a>=b is true if and only if every member of b is also a member of a.
Thus, a=b and a<>b denote the equivalence and non-equivalence of the sets a and b

respectively, and a<=b and a>=b denote the inclusion of a in b and the inclusion of b in a
respectively.

5.1.5.6 Comparing Pointers

The relational operators = and <> may be applied to compatible pointer-type operands. Two
pointers are equal if and only if they point to the same object.

5.1.5.7 Testing Set Membership
The in operator yields the value t rue if the value of the ordinal-type operand is a member of

the set-type operand; otherwise it yields the value false. The type of the left operand must be
compatible with the base-type of the right operand.
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actual-parameter

—» expression

variable~-reference

procedure-identifier

function-identifier

A function-identifier is any identifier that has been declared to denote a function.

Examples of function-calls:

sum({a, 63)
ged (147, k)
sin(x+y)
eof (f)
ord(f”)

5.3 Set-Constructors

A set-constructor denotes a value of a set-type, and is formed by writing expressions within
[brackets]. Each expression denotes a value of the set.

set-constructor
0% O+

menber-group

(e

member—group

»—pPp expression »
\—-DO—’ expression |—

The notation [ ] denotes the empty set, which is assignment-compatible to every set-type. Any
member-group x. . y denotes as set members all values in the range x. . y. If the value of x is
greater than the value of y, then x. . y denotes no members and [x..y] denotes the empty set.

All expression values in the member-groups of a particular set-constructor must be of compatible
ordinal-types. If a is the smallest ordinal-value in the resulting set, and if b is the largest
ordinal-value in the resulting set, then the base-type of the resulting setis a. . b.
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fooptr = @foo
then fooptr~ is a reference to the value of foo. Note that if the actual-parameter is a

variable-reference, fooptr~ is not a reference to the variable itself; it is a reference to the value
taken from the variable and stored on the stack.

5.1.6.3 The @ Operator with a Variable Parameter

When @ is applied to a formal variable parameter, the result is a pointer to the actual-parameter.
Suppose that fumis a formal variable parameter of a procedure, £ie is a variable passed to the
procedure as the actual-parameter for fum, and fumpt r is a pointer variable.

If the procedure executes the statement

fumptr := @fum

then fumptris a pointer to fie and fumptr~is areference to £ie itself.

5.1.6.4 The @ Operator with a Procedure or Function identifier

It is possible to apply @ to a procedure or a function, yielding a pointer to the procedure's or
function's entry-point. This pointer actually points to a jump table entry for the routine; see
Chapter 11 of the User’s Guide for more information.

Lightspeed Pascal provides no mechanism for using such a pointer. The typical use for a
procedure pointer is to pass it to a Macintosh Toolbox routine. The @ operator can not be applied
to predefined, inline, Toolbox, or nested routines.

5.2 Function-Calls

A function-call specifies the activation of the function denoted by the function-identifier. The
result returned by the function activation is subsequently used as an expression value, If the
corresponding function-declaration contains a list of formal-parameters, then the function-call
must contain a corresponding list of actual-parameters. Each actual-parameter is substituted for
the corresponding formal-parameter as described in Section 7.3.

function-call

— function-identifier »
L. actual-parameter-list |—

actual-parameter-list
-O—>

actual-parameter
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Examples of set-constructors:

[red, ¢, green]
{1, 5, 10..k mod 12, 23]
[TA'..'Z2', 'a',.'z', chr(xcode)]

5.4 Type-Casts

Type casting provides a way to change the type of an expression to another type.

type-cast
P type-identifier —D@—. expression —.@—b

For ordinal and pointer types, the result of this operation is an expression of type type-identifier
whose (ordinal) value is obtained by converting the original expression. This conversion may
involve truncation or extension of the original value if the storage size of the expression is
changed.

For non-ordinal types, the result of this operation is an expression of type rype-identifier whose
internal representation (i.e., the pattern of bits which comprise its value) is the same as the
internal representation of the original expression. In particular, the storage size of a (non-ordinal)
expression may not be changed by a type cast.

Examples of type-casts:

boolean (1) ptr (longint(p)+1) ptr (~1)
longint (@proc) color (x)
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Section 6
Statements

Statements denote algorithmic actions, and are executable. They can be prefixed by labels and a
labeled statement can be referenced by a goto-statement.

statement

L. label : simple=-statement

structured-statement

label
digit-sequence —P

A digit-sequence used as a label must be in the range 0..9999, and must first be declared as
described in Section 2.1.

6.1 Simple-Statements

A simple-statement is a statement that does not contain any other statement.

simple-statement
| assignment-statement

procedure-statement

goto-statement o

6.1.1 Assignment-Statements

The syntax for an assignment-statement is as follows:

assignment-statement
’t: variable-reference
function—identifierl@—‘ expression [—P
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6.1.3 Goto-Statements

A goto-statement causes the statement prefixed by the label that is referenced in the
goto-statement to be the next statement executed.

goto-statement

goto label f—»

Note: The constants that introduce cases within a case-statement (see Section
6.2.2.2) are not labels, and cannot be referenced in goto-statements.

A goto-statement G can goto a labeled statement S if and only if one of the following is true:
+ S is a statement that contains G. For example:

1; if ... then

2: begin
é}-begin
bbéo {either 1, 2 or 3 1is permissible,
4 is not}
end
end
else
4: begin
end

» Sis a statement of a statement-list that contains G. For example:
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The assignment-statement can be used in two ways:

+ To replace the current value of a variable by a new value as specified by an
expression

* To specify an expression whose value is to be returned by a function.

The expression must be assignment-compatible with the type of the variable or the result-type of
the function as described in Section 3.5.3.

Note: It is not specified whether the variable-reference is evaluated before or
after the evaluation of the expression. However, once the reference is
established, it is not altered by the remaining execution of the
assignment-statement. Thus, the outcome of

afx] = F(x)

depends on whether £ modifies x and, if so, whether £ (x) is evaluated
before or after a [x].

Examples of assignment-statements:

= (1<=i) and (i<100);
c= sgrik} = (i*3j);
uel := [blue,succ(c)]

6.1.2 Procedure-Statements

A procedure-statement specifies the activation of the procedure denoted by the
procedure-identifier. If the corresponding procedure-declaration contains a list of
formal-parameters, then the procedure-statement must contain a corresponding list of
actual-parameters. Each actual-parameter is substituted for the corresponding formal-parameter as

described in Section 7.3.

procedure-statement

—P! procedure-identifier _I »
L’ actual-parameter-list

Note:  The order in which actual parameters are evaluated and bound to their
formal parameters is unspecified.

Examples of procedure-statements:

PrintHeading;
Transpose{a,n,m);
Bisect(fct,-1.0,+1.0,x)

Language Reference 60 Statements



6.2 Structured-Statements

Structured-statements are made up of of other statements that are to be executed either
conditionally (conditional-statements), repeatedly (repetitive-statements), or in sequence
(compound-statement or with-statement).

structured-statement

compound-statement I—\

conditional-statement

_\

)

repetitive-statement

z

p b

with-statement N »

6.2.1 Compound-Statements

The compound-statement specifies that its component statements are to be executed in the same
sequence as they are written. The semicolon is a statement separator, not terminator.

compound-statement
begin statement~list

statement-list

statement |

Example of compound-statement.

begin
z = X/
X = Y/
y 1=z
end

An important use of the compound-statement is to group more than one statement into a single
statement in contexts where the Pascal syntax only allows one statement. The symbols begin
and end act as "statement brackets.” Examples of this will be seen in Section 6.2.3.2.

6.2.2 Conditional-Statements

A conditional-statement selects for execution a single one (or none) of its component statements.
—P if-statement
L’ case-statement J.__’
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begin

1: ::;
bgéin
2::::;

B;gin
goto {either 1, 2, 3, or 4 is permissible, 5 is not}
end...
3: /
end.'.

4::::;

end}--

begin
5:
end

» Sis a statement in a block that contains the block containing G, provided that S is a
statement of the outermost statement-list of its block. For example:

brogram af{(...);
procedure b;
procedura c;

begin
goto {either 2 or 4 is permissible; 1 and 3 are not}
end;
procedure d;
begin
1:
end;
begin
2: ...;
begin
3:
end
end;
begin
4:
end.

When the destination of a goto is in a block b that does not contain the goto, every block
activation (see Section 2.3) that has occurred since the most recent activation of b is terminated.
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Examples of if-statements:

if x < 1.5 then

z 1= xX+y
else
g = 1.5

if pl <> nil then
pl ;= pl~.father

6.2.2.2 Case-Statements
The case-statement contains an expression (the selector) and a list of statements, Each statement
must be prefixed with one or more constants (called case-constants ), or with the reserved word

otherwise. All the case-constants must be distinct and must be of an ordinal-type that is
compatible with the type of the selector. A case-constant can be of type longint.

case-statement

expression -—D-(of )j

Lﬁ otherwise-clause IL.@J

case
( 4 constant DO | statement p————P
O
otherwise-clause
b@—b@therwisﬂ—. statement |r——4

The case-statement specifies execution of the staterent prefixed by a case-constant equal to the
current value of the selector. If no such case-constant exists and an otherwise part is
present, the statement following the word otherwise is executed; if no otherwise part
is present, it is an error.

Examples of case-statemenis.

case operator of

plus: X = Xty;

minus: X != X-Y;

times: X := X*y
end
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6.2.2.1 If-Statements

The syntax for if-statements is as follows:

if-statement
@—P expression )

C—.Cthen)—ﬂ statement j »
else)—b statement

The expression must yield a result of the standard type boolean. If the expression yields the
value t rue, then the statement following the £hen is executed.

If the expression yields false, and the else part is present, the statement following the
else is executed; if the else part is not present, then execution proceeds with the next
statement following the 1 £ statement.

The syntactic ambiguity arising from something like:

if el then if 2 then sl else s2

is resolved by interpreting it as being equivalent to:

if el then
begin
if 2 then
si
else
52
end

rather than:

if el then
begin
if 2 then
s1
end
else
52

In other words, an else is always associated with the closest 1 £ that is not already associated
with an else.
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6.2.3.2 While-Statements

A while-statement contains an expression that controls the repeated execution of a statement
(which may be a compound-statement).

while-statement
—b(while)—b expression ——D(do )—’ statement

The expression must yield a result of the standard type boolean. It is evaluated before the
contained statement is executed. The contained statement is repeatedly executed as long as the
expression yields the value t rue. If the expression yiclds £false at the beginning, the statement
is not executed.

The while-statement:

while b do
body

is equivalent to:

if b then
repeat
body

until not b

Examples of while-statements:

while af[i] <> x do
1 = 1+1

while i>0 do
begin
if odd(i) then

Z = Z*x;

i := 1 div 2;
X 1= sqr(x)
end

while not eof(f) do
begin
process (£t} ;
get (f)
end

6.2.3.3 For-Statements

The for-statement causes a statement (possibly a compound-statement) to be repeatedly executed
while a sequence of values is assigned to a variable called the control-variable.
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case 1 of

1: x = sin(x);
2: x = Ccos(x);
3,4,5: x := exp(x);
otherwise
X = ln(x)
end

6.2.3 Repetitive-Statements

Repetitive-statements specify that certain statements are to be executed repeatedly.

repetitive-statement »>

repeat-statement

while-statement

for~statement

6.2.3.1 Repeat-Statements

A repeat-statement contains an expression that controls the repeated execution of a sequence of

statements contained within the repeat-statement.

repeat-statement

—Deepeat )—h statement-list —D(until )—D

expression

—>

The expression must yield a result of the standard type boolean. The statements between the
symbols repeat and unt i1 are repeatedly executed in sequence until, at the end of a sequence,
the expression yields the value t rue. The sequence of statements is executed at least once,
because the expression is evaluated after the execution of each sequence.

Examples of repeat-statements:
repeat
k := 1 mod j;
i = j;
Jj =k
until Fj = 0
repeat
process(f");
get (£)

until eof(f)
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is equivalent to:

begin
templ := el;
temp? := eZ;
if templ <= tempZ then
begin
v := templ;
bedy;
while v <> temp2 do
begin
v = succ(v);
body
end
end
end
and the for-statement:
for v = el downto eZ do

body

is equivalent to:

begin
templ := el;
tempZ := e2;
if templ >= temp2 then
begin
v := templ;
body;
while v <> tempZ do
begin
v ;= pred({v};
body
end
end
end

where templ and temp2 are auxiliary variables of the host-type of the variable v that do not
occur elsewhere in the program; they are used to resolve the expressions el and e2 upon
entering the statement's body.

Examples of for-statements:

for i := 2 to 63 do
if afi] > max then
max := afi]

for i := 1 to n do
for 7 := 1 to n do
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for control-variable —b@—b initial-value

ﬁ final-value statement

control-variable

variable-identifier |—9»

initial-value

» expression [—P

final-value

| expression >

The control-variable must be a variable-identifier (without any qualifier) denoting a variable that
is declared to be local to the block containing the for-statement. The control-variable must be of
an ordinal-type, and the initial and final values must be of a type assignment-compatible with this

type.

On entering a for-statement, the initial-value and the final-value are determined once (and only
once) for the remainder of the execution of the for-statement.

Loosely speaking, the statement contained by the for-statement is executed once for every value
in the range initial-value. final-value. With a for-statement using to, the control-variable has the
value initial-value the first time, succ(initial-value) the second time, and so on. If the initial-value
is greater than the final-value, then the contained statement is not executed. With a for-statement
using downto, the control-variable has the value initial-value the first time, pred(initial-value)
the second time, and so on. If the initial-value is less than the final-value, then the contained
statement is not executed.

It is an error if the value of the control-variable is altered by execution of the contained statement.
After a for-statement is executed, the value of the control-variable is undefined, unless the
execution of the for-statement was terminated by a goto out of the for-statement.

Apart from these restrictions, the for-statement:

for v := el to e2 do
body
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typa
recTyp = record
foo: integer;
bar: real;
end;
var
bar: recTyp;
foo: integer;

The identifier foo can refer both to a field of the record variable bar and to a variable of type
integer. In the statement

with bar do

begin
foo = 36;
bar = 2.5;
ené“

the bar between the with and the do is a reference to the variable bar, but fooisa reference
to the field bar. foo, not the variable foo. Likewise, the reference to bar within this
with-statement refers to bar.bar.

The statement:

with v, v,, ... Vv, do
s

is equivalent to:

with v, do
with v, do

with v do
s

Thus, if v_in the above statements is a field of both v, and v, it is interpreted to mean v, . v _
andnotv,.v, .
If the selection of a variable in the record-variable-list involves the indexing of an array or the

de-referencing of a pointer, these actions are executed only once before the component statement
is executed.
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x = 0;
for k := 1 to n do

x :=x + mll{i,k]*m2fk,jl];
m{i,j] = x

end

for ¢ := red to blue do
glc)

6.2.4 With-Statements

The syntax for a with-statement is

with-statement

record-variable-reference | @
O‘ statement p——=_

The occurrence of a record-variable-reference in a with-statement affects the way the compiler
processes variable-references within the statement following the word do. Within a
with-statement, fields of the record-variable can be referenced directly by their field-identifiers,
without making explicit reference to the record-variable.

Example of a with-statement:

with date do
if month = 12 then

begin
month := 1;
year := year + 1
end
else
month := month + 1

This is equivalent to:

if date.month = 12 then

begin
date.month := 1;
date.year := date.year + 1
end
else
date.month := date.month + 1

Within a with-statement, each variable-reference is checked to see if it can be interpreted as a field
of the record. If so, it is always interpreted as such, even if a variable with the same name is
accessible also. For instance, suppose that we have the following declarations:
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Section 7
Procedures and Functions

7.1 Procedure-Declarations

A procedure-declaration associates an identifier with a block as a procedure so that it can be
activated by a procedure-statement (see Section 6.1.2).

procedure~declaration

——P1 procedure-heading —.@—. procedure-body

procedure-body
$ block

directive

inline-beody

The procedure-heading specifies the identifier for the procedure, and the formal parameters (if
any).

procedure-heading

—.-(procedure )—b identifier |—

S
formal-parameter-list

The syntax for a formal-parameter-list is given in Section 7.3.

A procedure is activated by a procedure-statement (see Section 6.1.2), which gives the
procedure's identifier and any actual-parameters required by the procedure. The statements to be
executed upon activation of the procedure are specified by the statement-part of the procedure's
block. If the procedure's identifier is used in a procedure-statement within the procedure’s block,
the procedure is executed recursively (see Section 2.3).
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7.1.2 External-Declarations

A procedure-declaration that has the directive external instead of a block is called an external
declaration. External procedures and functions are used to declare the Pascal interface to a
separately compiled or assembled routine. The external code must be linked with the rest of the
program before execution.

Example of an external-declaration:

procedure DoInits (num:integer);
external;

This means that DoInits is an external procedure that will be linked with the rest of the
program before execution.

Note: It is the programmer's responsibility to insure that the external procedure
is compatible with the external declaration in the Pascal program.

A unit (see Section 8.3) may declare a procedure in the interface-part and then implement this
procedure by an external declaration. For example,

unit a;
interface
procedure foo (arg:integer);
implementation
procedure foo;
external;
end.

This description of external procedures also applies to external functions.
7.1.3 Inline-Declarations

A procedure-declaration that has the word-symbol inline followed by one or more integer
constants instead of a block is called an inline declaration. Inline procedures and functions are
used to embed machine code in a Pascal program.

inline constant T
(D

When a procedure is normally called, code is generated that reserves one or (two words of
function result (if a function is being called), and pushes the procedure's arguments (if any).
Then a JSR instruction is generated. By declaring a routine as inline, the compiler will cause
the constants that follow the word-symbol inline to be generated in place of the JSR
instruction. Each constant represents one word (16 bits) and is generated in the order given.

inline-body
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Example of a procedure-declaration:

procedure ReadInteger( var f : text; var x : integer );
var
value, digit : integer;
begin
while (f~ = ' ') and not eof(f) do
get (f) ;
value := 0;
while (f* in ['0'..'9']) and not eof(f) do
begin
digit
value
get (f)
end;
x := value
end;

ord(f*) - ord('0"');
10*value + digit;

n

7.1.1  Forward-Declarations

A procedure-declaration that has the directive forward instead of a block is called a forward
declaration. Somewhere after the forward declaration, the procedure is actually defined by a
defining-declaration -- a procedure-declaration that uses the same procedure-identifier, but omits
the formal-parameter-list, and includes a block. The forward declaration and the
defining-declaration must be in the same procedure-and-function-declaration-part, but need not be
contiguous; that is, other procedures or functions can be declared between them and can call the
procedure that has been declared forward. This permits mutual recursion.

The forward declaration and the defining-declaration constitute a complete declaration of the
procedure. The procedure is considered to be declared at the place of the forward declaration.

Example of a forward declaration:

procedure walter( m,n : integer);
forward;

procedure clara( x, y : real);
begin

walter( 4, 5 );
end;,

procedure walter;
begin

clara( 8.3, 2.4 );

end;
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result-type

| type-identifier »
L’ indefinite-string-type |———
indefinite-string-type
D‘string ,‘,— »-

The syntax for a formal-parameter-list is given in Section 7.3,

A function is activated by the evaluation of a function-call (see Section 5.2), which gives the
function's identifier and any actual-parameters required by the function. The function-call appears
as an operand in an expression. The expression is evaluated by executing the function and, in
effect, replacing the function-call with the value returned by the function.

The statements to be executed upon activation of the function are specified by the statement-part
of the function's block. This block should normally contain at least one assignment-statement
(see Section 6.1.1) that assigns a value to the function-identifier. The result of the function is the
last value assigned. If no such assignment-statement exists, or if it exists but is not executed, the
value returned by the function is undefined, which is an error.

If the function's identifier appears as an operand in an expression within the function's block, the
function is executed recursively.

Examples of function-declarations:
function max( a : vector; n : integer ) : real;
var

X : real;
i : integer;

begin
x = afll}l;
for 1 := 2 to n do
if x < afi] then
x = afi];
max := X
end,;
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Example of an inline-declaration:

procedure trap (tos : longint});
inline SASED;

Notes: 1) Itis the programmer's responsibility to observe the proper rules for
adjusting the stack, saving registers, etc.

2) An inline procedure declared in a unit's interface section has no
corresponding declaration in the implementation section.

3) A forward declaration or interface procedure declaration may not be
later defined as an inline declaration.

This description of inline procedures also applies to inline functions.

7.2 Function-Declarations

A function-declaration serves to declare a part of the program that computes and returns a value
of some type.

function~declaration

—P] function-heading : function-body DO »
function-body
1 block
directive
in-line body »

The function-heading specifies the identifier for the function, the formal parameters (if any), and
the type of the function result.

function-heading

( : result-type 9

L formal-parameter-list —f
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parameter-declaration
| identifier-list —D@—. parameter-type |—#»

parameter-type

—P type-identifier
L. indefinite-string-type —j

There are four kinds of parameters: value parameters, variable parameters, procedural
parameters, and functional parameters. They are distinguished as follows:

+ A parameter-group preceded by var is a list of variable parameters.

A parameter-group without a preceding var is a list of value parameters.

« A procedure-heading or function-heading denotes a procedural or functional
parameter; see Sections 7.3.3 and 7.3.4 below.

Note:  The type of a formal-parameter is denoted by either a type-identifier or
the word-symbol string. Thus, to use a type such as
array[0..255] of char as the type of a parameter, you must
declare a type-identifier for this type:

typea
charray = array(0..255] of char;

The identifier charray can then be used in a formal-parameter-list to
denote the type.

The interpretation of string as a parameter-type is described below.

7.3.1 Value Parameters

For a value parameter, the corresponding actual-parameter in a procedure-statement or
function-call (see Sections 5.2 and 6.1.2) must be an expression, and its value must not be of
file-type or of any structured-type that contains a file-type. The formal value parameter denotes a
variable local to the procedure or function. The current value of the expression is assigned to the
formal value parameter upon activation of the procedure or function. The actual-parameter must
be assignment-compatible with the type of the formal value parameter (see Section 3.5.3). If the
parameter-type is string, then the formal parameter is given a size attribute of 235.

7.3.2 Variable Parameters

For a variable parameter, the corresponding actual-parameter in a procedure-statement or
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function power{ x : real; y : integer } : real;

var
w,z : reals
I : integer;
begin
W oI= X;
z = 1;
i =y;
while i > 0 do
begin
{Z*(W**i) =x ** y }
if odd(i) then
2 = Z*W;
i =1 div 2;
w = sgr{w)
end;
{z = x**y }
power := Z
end;

A function can be declared forward in the same manner as a procedure (see Section 7.1 above).
This permits mutual recursion.

7.3 Parameters

A formal-parameter-list may be part of a procedure-declaration or function-declaration, or it may
be part of the declaration of a procedural or functional parameter.

If it is part of a procedure-declaration or function-declaration, it declares the formal parameters of
the procedure or function. Each parameter so declared is local to the procedure or function being
declared, and can be referenced by its identifier in the block associated with the procedure or
function.

If it is part of the declaration of a procedural or functional parameter, it declares the formal
parameters of the procedural or functional parameter. In this case there is no associated block and
the identifiers of parameters in the formal-parameter-list are not significant (see Sections 7.3.3
and 7.3.4 below).

formal-parameter-1list

D@ 7 P parameter-declaration D@ »

procedure-heading |

function-heading

\ O
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If the formal procedure has a formal-parameter-list, then the actual procedure's declaration must
also have a formal-parameter-list and both must be compatible (see Section 7.3.5). However,
only the identifier of the actual procedure is written as an actual parameter; no formal or actual

parameter-list is given.

Example of procedural parameters with their own formal-parameter-lists:

program test;

procedure xAsPar( y : integer );
begin

writeln( 'y=', y )
end;

procedure CallProc( procedure xAgain (z:integer) );
begin

xAgain(1)
end;

begin {(test)
CallProc (xAsPar)
end.

If the procedural parameter, upon activation, accesses any non-local entity (by variable-reference,
procedure-statement, function-call, or label), the entity accessed will be the one that was
accessible to the procedure when the procedure was passed as an actual parameter.

To see what this means, consider the following program taken from an example in the ANSI
Pascal Standard (which is in turn taken from an early version of the Pascal Validation Suite):

program tépép3p4( output );
var
GlobalOne, GlobalTwo : integer;

procedure dummy;
begin

writeln( 'fail4' )
end;

procedure p(procedure f(procedure ff; procedure gg);
procedure g};

var
LocalToP : integer;
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function-call (see Sections 5.2 and 6.1.2) must be a variable-reference. The formal variable
parameter denotes this actual variable during the entire activation of the procedure or function.

Within the procedure or function, any reference to the formal variable parameter is a reference to
the actual-parameter itself. The type of the actual-parameter must be identical to that of the formal
variable parameter. However, if the parameter-type is string, then any string-type is
considered identical to it; the size attribute of the formal parameter is always the size attribute of
the actual parameter.

Note:  If the reference to an actual variable parameter involves indexing an array
or finding the object of a pointer, these actions are executed before the
activation of the procedure or function.

Components of variables of any packed structured-type cannot be used as actual variable
parameters.

7.3.3 Procedural Parameters

When the formal-parameter is a procedure-heading, the corresponding actual-parameter in a
procedure-statement or function-call (see Sections 5.2 and 6.1.2) must be a procedure-identifier.
The identifier in the formal procedure-heading represents the actual procedure during execution of
the procedure or function receiving the procedural parameter.

Example of procedural parameters:

program FPassProc;
var
i: integer;

pbrocedure a( procedure x );
begin
write( 'About to call x ' );
X
end;

procedure b;

begin

write( 'In procedure b' )
end;

function c¢( procedure x ) : integer;
begin

X7

c:=2
end;

begin {PassProc}

a(b);
i:= c(b)
end.
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GlobalTwo<>1, this second activation of p now calls its formal parameter £,
which is the actual procedure q.

4. Within g, its formal parameter £ cotresponds to the actual procedure r and the
formal g also corresponds to the actual r. Procedure g now calls its formals £ and
g, i.e. r and r, and the program terminates after all the various activations unwind.

It is what happens during the two calls to procedure r within procedure g that is critical. If this
program runs correctly, it will print ‘pass’. For this to happen, the first call to r will occur while
GlobalOne=1 and will expect LocalToP to be 1; the second call to r will occur while
GlobalOne=2 and will expect LocalToP to be 2. Since there are no assignments to
LocalToP within r or g, how can this be?

LocalToP is not simply local to the procedure p, it is local to each activation of p. Since there
are two activations of p, and since r is passed as a parameter in each activation of p, each r

accesses the variable LocalToP that is local to the activation in which it is passed. Since, in the
first activation of p, the value of LocalToP is 1, that is the value the first execution of r sees
when it accesses LocalToP. Since, in the second activation of p, the value of LocalToPis 2,
that is the value the second execution of r sees.

Predefined, inline, and Toolbox procedures can not be passed as procedural parameters.

7.3.4 Functional Parameters

When the formal parameter is a function-heading, the actual-parameter must be a
function-identifier. The identifier in the formal function-heading represents the actual function
during the execution of the procedure or function receiving the functional parameter.

Functional parameters are exactly like procedural parameters, with the additional rule that
corresponding formal and actual functions must have identical result-types.

7.3.5 Parameter List Compatibility

Parameter list compatibility is required of the parameter lists of corresponding formal and actual
procedural or functional parameters.

Two formal-parameter-lists are compatible if they contain the same number of parameters and if
the parameters in corresponding positions match. Two parameters match if one of the following
is true:

+ They are both value parameters of identical type.

«  They are both variable parameters of identical type.

+  They are both procedural parameters with compatible parameter lists.

+  They are both functional parameters with compatible parameter lists and result-types.
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procedure r;
begin
if GlobalOne = 1 then

begin
if (GlobalTwo <> 2) or (LocalToP <> 1) then

writeln({ 'faill’ )
end
else if GlobalOne = 2 then
bagin
if (GlobalTwo <> 2) ox (LocalToP <> 2) then
writeln{ 'faill2' )
alsea
writeln{ 'pass' )
and
aelse
writeln( 'fail3' );:
GlobalCOne := GlobalOne + 1

end;

begin {p}
GlobalTwo := GlobalTwo + 1;

LocalToP := GlobalTwo;
if GlobalTwo = 1 then
p(frr)
else
£(g,r)
end;

procedure g( procedure f; procedure g );
begin

£;

g
end;

begin {program})
GlobalCne :=
GlobalTwo :=
p{ g, dummy )
end.

An "execution-trace" of this program yields the following:

1;
0,

1. Atthe call to p in the main program, GlobalOne=1 and GlobalTwo=0.

2. Within p, the formal parameter £ corresponds to the actual procedure g and the
formal g corresponds to the actual dummy. The values of GIobalTwo and
LocalToP both become 1. Because GlobalTwo=1, p calls itself recursively.

3. Within this second activation of p, the formal £ corresponds to the formal £ of the
first activation, which corresponds to the actual q. The formal g corresponds to the
actual r. The values of GlobalTwo and LocalToP now become 2. Because
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Section 8
Programs and Units

8.1 Program Syntax
A Lightspeed Pascal program has the form of a procedure declaration except for its heading.

program

—p{ program-heading —.O / ¢ block —DO—P

uses—-clause

program-heading

—.Grogram )—D identifier -

( program-parameters

program-parameters

»| identifier-list —4P»

uses~clause
identifier-list —b@—b

The occurrence of an identifier immediately after the word program declares it as the
program's identifier.

The uses-clause identifies all units required by the program.

8.2 Program-Parameters

Only the predefined identifiers input and output are allowed as program-parameters.

8.3 Unit Syntax

Units provide the means to organize a Pascal program into logically related parts for modular
construction of programs and libraries.
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procedure-and-function-heading-part

f-—@‘— iniine~body ﬂ

procedure-heading

function-heading

>

The procedures and functions declared in the interface-part must be redeclared in the
implementation-part. The parameters and function types of these redeclarations are omitted, since
they were declared in the interface-part. The procedure and function blocks for these routines are
included in the implementation-part since they were omitted in the interface-part.

The scope of the declaration for an interface-part is also the implementation-part which is
associated with that interface part.

8.4 Uses-Clause

The uses-clause is used to control which units are available to the host (other units or the main
program). Each identifier in the identifier-list of the uses-clause is the name of a unit to be made
available to the host. All declared entities in the used unit appear as though they are declared in
the interface part or the main program block which contains the uses-clause.

8.5 Unit Dependencies

In order to satisfy the requirements of Section 2.2.3, a unit must precede any interface-part or
program that it supplies (see Section 2.2.6). It is therefore not possible to construct a valid
program in which two units supply each other.

The uses clause in the host must name all units used (directly or indirectly) by the host. Consider
the following example:

program Host; unit UnitA; unit UnitB;

uses interface interface

UnitA; uses const

begin UnitB b = 3;

e implementation implementation
aend. const ..

a =b; end.
end.
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unit

EE—

unit-heading

L interface-part

|

implementation-part —.(end)—bo—b

unit-heading

unit-identifier

unit-identifier >

| identifier p—P»

interface-part

—b(interface

implementati

—-b( implementation )\(

H uses-clause
)
é 3
N—p const-declaration~part _
N—9| type-declaration-part J
g var~declaration-part /
"D procedure-and-function-heading-part —/
- >
on-part
“
- const-declaration-part /
type-declaration-part /
! var-declaration-part )
N procedure-and-function-declaration-part L/
.

The occurrence of an identifier immediately after the word unit declares it as the unit's

identifier.

The uses-clause identifies all units required by the unit.
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The program Host uses UnitA. UnitA uses UnitB. There is an identifier b defined as a
constant in the interface of UnitB, but the only reference to b is in the implementation part of
UnitA. Inthis case, it is not necessary to name UnitB in the uses-clause of Host.

Now consider the following example:

program Host; unit UnitA; unit UnitB;
uses interface interface
UnitB, UnitA; uses const
begin UnitB; b = 3;
- const implementation
and. a =b; .o
implementation end.
end.

This example is like the previous one, except that this time the reference to the identifier b is in
the interface part of UnitA. In this case, there is an indirect reference to UnitB and it is
necessary to name UnitB in the uses-clause of Host, Note that Un.itB must be named before
UnitA,
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Section 9
Input/Output

This section describes the standard ("built-in™) I/O procedures and functions of Lightspeed
Pascal.

Standard procedures and functions are predeclared. Since all predeclared entities act as if they
were declared in a “block" surrounding the program, no conflict arises from a declaration that
redeclares the same identifier within the program.

Note:  Standard procedures and functions cannot be used as actual procedural
and functional parameters.

Also, the predeclared file variables input and output do not act as though they are declared in
a block outside the program. See Section 9.4.

This section and Section 10 use a modified BNF notation, instead of syntax diagrams, to indicate
the syntax of actual-parameter-lists for standard procedures and functions.

Example:
Parameter List: write( £, e, [ , e,, ..., @, ]l )

This represents the syntax of the actual-parameter-list of the standard procedure write, as
follows:

» f,e,, e, and e, stand for actual-parameters. Notes on the types and
interpretations of the parameters accompany the syntax description.

« The notatione,, e,, ..., e, means that any number of actual-parameters can
appear here, separated by commas.

«  Square brackets [ ] indicate parts of the syntax that can be omitted. They do not
indicate sets.

Thus the syntax shown here means that the £ parameter is required. Any number of e
parameters may appear, with separating commas, and there must be at least one e parameter.
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the file. The function £ilepos (f) may be applied to any file variable £ and returns the
component number of the current file position.

9.2 Standard Procedures and Functions for All Files

9.2.1 The Reset Procedure

Opens an existing file for sequential, read-only access or rewinds an open file.

Parameter List: reset( £ [ , title ] )

1. £ is a variable-reference that refers to a variable of file-type. If a t it Ie is given,
the file must not be open. If a £ 1t 1e is not given, the file must be open.

2. title is an optional expression with a string value. The string should be a valid
name for a file on a file-structured device, or a name for a non-file-structured device.

Reset (£) when £ is already open causes £ to be "rewound", i.e. the current file position for
£ is reset to the beginning of the file. If £ was originially opened with rewrite, £ becomes
read-only.

Reset (£, title) finds an existing external file with the name t it le, and associates £ with
this external file. It is an error if there is no existing external file with that name.

The following conditions always hold after reset (£, [title]) isexecuted:
« EBof(f) is true if the file is empty. Otherwise, eof (£} is false.

« The current file position is the first component of the file (component zero) and the
file buffer variable £~ contains the value of that component unless eof (£) is
t rue, in which case the value of £+ is undefined.

9.2.2 The Rewrite Procedure

Creates and opens a new empty file for sequential, write-only access, or rewinds and erases an
open file.

Parameter List: rewrite( £ [ , title ] )

1. £ isa variable-reference that refers to a variable of file-type. If a t it 1e is given,
the file must not be already open.

2. title isan optional expression with a string value. The string should be a valid
name for a file on a file-structured device, or a name for a non-file-structured device.
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9.1 Introduction to I/O

A Pascal file variable is any variable whose type is a file-type. There are two classes of files:
textfiles and non-textfiles. Any file variable declared to be a type identical (see Section 3.5.1) to
the standard type text is a textfile and all others are non-textfiles. The standard type text is
roughly equivalent to the type packed file of char in that a file of type text may be
treated as though it were a packed file of char. However, the semantics of the two
differ somewhat and, in particular, there are certain standard procedures and functions that may
be applied to textfiles but not to files of type packed file of char.

A file variable may (but need not) be associated with an external file. The external file may be a
named collection of information stored on a peripheral device or, depending on the device, it may
be the peripheral device itself. If a file variable is not associated with an external file or device, it
is referred to as an anonymous file.

For a file variable to be used it must be opened. An existing file may be opened via the reset
and open procedures, and a new file may be created and opened via the rewrite and open
procedures. Files opened with reset are read-only and files opened with rewrite are
write-only. However, reset may be applied to a file opened with rewrite, which causes the
file to become read-only. Likewise, rewrite may be applied to a file opened with reset,
which causes the file to become write-only.

Files opened with open are read/write files, i.e. they allow both reading and writing. Reset
and rewrite may be applied to files opened with open, but they remain read/write files.

The standard file variables input and output, if present in the program parameter list, are
opened automatically when program execution begins and should not be opened again with
reset or rewrite. Input is a read-only file associated with your keyboard and output is a
write-only file associated with the text window.

A file is a linear sequence of components, each of which has the component-type of the file. Each
component has a component-number that is its position in the file relative to the first component
in the file. The first component of a file is considered to be component zero.

At any point in time, there is only one component of a file that may be accessed directly through
the file-buffer denoted by £~. The current file position of £ is the component number of the
component currently accessible through £+, Whenever a file is opened, the current file position is
set to component zero, i.e. to the beginning of the file.

Under certain conditions, such as when the current file position is at the end of the file, the value
of £~ is said to be undefined. It is an error to attempt to use the value of £~ when the value is
undefined. Assignment to £~ is, however, still possible.

Note: It is an error to cause the current file position of a file £ to be altered
while a reference to the file-buffer £ exists.

Files are normally accessed sequentially. That is, when an I/O operation is completed on a file
component, the current file position moves to the numerically next file component. Files opened
with open, however, may also be accessed randomly via the standard procedure seek, which
may be used to specify that the current file position is to be moved to any component number in
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Close (f) closes £, i.e. the association between £ and its external file is broken and the file
system marks the external file “closed”. All subsequent references to £ are invalid (except to open
it again), In particular, the value of £~ becomes undefined.

If a procedure or function block activation that has a file variable £ local to it is exited and £ is not
already closed, £ is closed automatically. If a dynamic variable created with new is, or contains,
a file variable £ that is still open when the dynamic variable is destroyed with dispose, fis
closed automatically. If a program terminates with any file still open, the file is automatically
closed.

9.2.5 The Eof Function

Detects the end of a file.

Result Type: boolean
Parameter List: eof [ (f) ]

1. fis a variable-reference that refers to a variable of file-type. If £ is omitted, the
function is applied to the standard file variable input. The file must be open.

Eof (£) returns true if the current file position is beyond the last component of the file, or if
the file contains no components; otherwise, eof (f) returns false. Specifically, this means
the following:

» After a get, eof (£) returns true if the previous file position was the last
component of the file,

« After a put, eof (£) returns t rue if the component written by the put is now the
last file component.

It is always an error to do a get (£) if eof (£) is true. If £ is write-only, eof (£) will
always be true.

Note: Whenever eof (£f) is t rue, the value of the file buffer variable £~ is
undefined.

Also, for some devices, eof may never be true.

9.2.6 The Get Procedure

Advances the current file position and reads the next component of a file.

Parameter List: get(f)

1. fis a variable-reference that refers to a variable of file-type. The file must be open.
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Rewrite (f) (withno title)when fis not yet open creates an empty anonymous file for
writing to.

Rewrite (f) when f£is already open causes f to be "rewound”, i.e. the current file position
for £ is reset to the beginning of the file and any prior contents of £ are deleted. If £ was
originally opened with reset, £ becomes write-only.

Rewrite (f,title) createsanew external file with the name title, and associates £ with
this external file. If an external file with the name t it le already exists, it is effectively deleted
and a new empty file with the same name is created in its place.
The following conditions always hold after rewrite (f, [title]) isexecuted:

» Eof(f)is true.

+ The current file position is component zero, i.e. the first component written to the
file will become the first component of the file. The value of £ is undefined.

9.2.3 The Open Procedure
Opens an existing file or creates and opens a new file for random, read/write access.
Parameter List: open{ £, title )

1. f£is a variable-reference that refers to a variable of file-type. £ must not be already
open.

2. titleisanexpression with a string value. The string should be a valid name for a
file on a file-structured device, or a name for a non-file-structured device.

Open (£, title) opens an existing external file with the name t it le, and associates £ with
this external file. If an external file with the name t it le does not already exist, a new empty
file is created. The file is opened for both reading and writing.
The following conditions always hold after open (f, title) isexecuted:

+ Eof(f) is trueif the file is empty. Otherwise, eof (£) is false.

+  The current file position is component zero and the file buffer variable £~ contains
the value of that component (unless eof (f) is true).

9.2.4 The Close Procedure

Closes a file.

Parameter List: e¢lose(f)

1. fis a variable-reference that refers to a variable of file-type. £ must be open and
must not be an anonymous file.
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Filepos (f) returns a longint value that is the file component number of the current file
position.

9.3 Standard Procedures for Non-Textfiles

The standard procedures in this section may, in fact, be applied to textfiles. However, their
interpretation when applied to textfiles is somewhat different and is elaborated in Section 9.4.

9.3.1 The Read Procedure for Non-Textfiles

Reads a file component into a variable.

Parameter List: read( f, v, | Vor eoss ¥V, ] )

1. fis a variable-reference that refers to a variable of file-type. The file must be open.

2. Each v is a variable-reference with a type that the component type of £ must be
assignment-compatible with.

If we consider ££ to be the variable referenced by £, then this form of read is considered to be
equivalent to:

begin
read( £f, v, );
read({ ff, v, )7

read{ ff, v, )
end

where read( £, v ) isin turn equivalent to:

begin
v := ff*;
get (£f)
end

Note:  There is normally a restriction againt passing components of packed
variables as actual variable parameters (Section 7.3.2). This interpretation
of read means that each v is not considered an actual variable parameter
and may therefore be a component of a packed variable.

To understand why the distinction has to be be made between £ and ff above, consider the
following example:
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Get (f) advances the current file position to the next file component, and assigns the value of
this component to £~. If no next component exists, then eof (£) becomes true, and the value
of £~ becomes undefined.

9.2.7 The Put Procedure

Writes the file buffer to the current file position.

Parameter List: put(f)

1. fis avariable-reference that refers to a variable of file-type. The file must be open
and the value of £+ must not be undefined.

Put (f) writes the value of £~ to £ at the current file position and advances the current file
position to the next file component. If the new file position is beyond the end of the file, eof (£)
becomes true, and the value of £~ becomes undefined.

If eof (f) is true, put (£) effectively appends the value of £+ to the end of £ and eof (£)
remains true.

9.2.8 The Seek Procedure

Allows access to an arbitrary file component.

Parameter List: seek( f, n )

1. fis a variable-reference that refers to a variable of file-type. The file must be open,
and it must have been opened with open.

2. nis an expression with an integer-type value that specifies a file component number
in the file. Components in files are numbered from zero.

Seek (£, n) causes the file component numbered n to become the current file position. The
value of £~ becomes the value of that component unless n is greater than the number of the last
component of the file, in which case eof (f) becomes t rue and the value of £~ is undefined.
Thus, seek (£, maxlongint) always sets the current file position to the end of file. Seek of
adevice, such as Printer: or Modem: is not allowed.

9.2.9 The Filepos Function

Returns the component number of the current file position.

Result Type: longint
Parameter List: filepos(f)

1. fis a variable-reference that refers to a variable of file-type. The file must be open.
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textfile is still considered to be a sequence of character components (i.e. is it still a packed
file of char). However, it is additionally considered to be a sequence of [ines, where
each line is terminated by an end-of-line character.

All of the standard procedures and functions in Section 9.2 may still be applied to a textfile as
though it were a packed file of char. However, there are additional procedures and
functions that may be applied to textfiles but not other files.

Note:  When the value of the file component at the current file position of a file £
is an end-of-line character, it appears in the file buffer £+ as a space
character.

In particular, there are special forms of read and write that allow you to read and write values
that are not of type char and will translate them to and from their character representation. For
example, read (£, 1) where i isan integer variable will read a sequence of digits (a digit
being one of the characters '0' through '9"), interpret that sequence as an integer-type value, and
store itin i.

As noted previously there are two standard textfile variables, input and output. The
standard file variable input is a read-only file associated with your keyboard. If i nput appears
in the program parameter list, then the input file is opened automatically when program
execution begins as though a reset were performed for it. The standard file variable output is
a write-only file associated with the Text Window. If output appears in the program parameter
list, then the output file is opened automatically when program execution begins as though a
rewrite were performed for it.

All of the standard procedures and functions in this section need not have a file variable explicitly
given as a parameter (in addition to eof, as described in Section 9.2.5). In these cases, input
or output will be assumed by default, depending on whether the procedure or function is
input-oriented or output-oriented.

Notes: 1) If the standard file variables input and/or output are used in a
program, their names must appear in the program parameter list. This
includes those cases where the standard variables are never explicitly
used, but are implied by default.

2) When input and/or output appear in the program parameter list
they may not be redeclared in the main program block. They may,
however, be redeclared inside procedure and function blocks.

3) Also, when input and output are selected by default, the standard
file variables are always selected, even though the names input and
output may have been redeclared. User-declared variables with the
same names are never selected by default.
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var
a : array[ 1..10 ] of file of integer;
i, j : integer;

i :=1;

read( afi}l, i, 7 )¢

If, say, the value of i thatis read is 2, and a (i ] is reevaluated for each v, then the value read
for i will be read from a [1] and the value of j from a[2]. In fact, a [1] is evaluated only
once before anything is read, and thus all values are read from a [1]. £f is the result of this
one-time evaluation, The use of this £ notation will be used again in subsequent sections.

9.3.2 The Write Procedure for Non-Textfiles

Writes a file component from a variable.
Parameter List: write( £, e, [ , e, ..., e, ] )

1. fis a variable-reference that refers to a variable of file-type. The file must be open.

2. Each e is an expression with a type that must be assignment-compatible with the
component type of £.

If we consider ££ to be the variable referenced by £, then this form of write is considered to be
equivalent to:

begin
write( ff, e, );
write( ff, e, };

write( ff, e, )
end

where write( £, e ) isinturn equivalent to:

begin
ff~ = e;
put (££)
end

9.4 Standard Procedures and Functions for Textfiles

This section describes input and output using file variables of the standard type text. As
previously noted, in Pascal the type text is distinct from packed file of char. A
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(except that hexadecimal notation is not allowed). If the value read is assignment-compatible with
the type of v, then the value is assigned to the variable v; otherwise, it is an error.

In reading the sequence of characters, blanks and end-of-line characters preceding the first digit
or the sign are skipped. Reading ceases as soon as a character is reached that, together with the
characters already read, does not form part of a signed whole number, or as soon as eof (£)
becomes true.

It is an error if a signed whole number is not found after skipping any preceding blanks and
end-of-line characters.

The following things are true immediately after read (£, v) when v is of an integer-type:

» The current file position will be over the character following the last character in the
numeric string, unless the last character in the string was the last character in the file.

+ Eof (f) will return true if the last character in the numeric string was the last
character in the file.

+ Eoln(f) will return true if the last character in the numeric string was the last
character on the line.

9.4.1.3 Read with a Real-Type Variable

If £is of type text and v is of a real-type, then read (£, v) implies the reading from f of a
sequence of characters that represents a signed-number according to the syntax of Section 1.4
(again, except for hexadecimal notation). If the value read is assignment-compatible with the type
of v, then the value is assigned to the variable v; otherwise, it is an error,

In reading the sequence of characters, blanks and end-of-line characters preceding the first digit
or the sign are skipped. Reading ceases as soon as a character is reached that, together with the
characters already read, does not form a valid signed-number.

It is an error if a valid signed-number is not found after skipping any preceding blanks and
end-of-line characters.

Immediately after read (£, v}, where v is a real-type variable, the following conditions are true:

+  The current file position will be over the character following the last character in the
numeric string, unless the last character in the string was the last character in the file.

» Eof (£) will return true if the last character in the numeric string was the last
character in the file.

« Eoln(f) will return £ rue if the last character in the numeric string was the last
character on the line,
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9.4.1 The Read Procedure for Textfiles

Reads one or more values from a textfile into one or more program variables.

Parameter List: zxead( [ £, ] v, [ , Vy ..., V¥V, 1)

1. £ (if given) is a variable-reference that refers to a variable of type text. The file
must be open. If £ is omitted, it is assumed to be the standard text file input.

2. Bach vis a variable-reference that refers to a variable of one of the following types:

» Char or a subrange thereof.

An integer-type: integer (or a subrange thereof) or longint.

A real-type: real, double, extended, or computational.

*

An enumerated-type (including boolean) or a subrange thereof.

A string-type.

Read( £, Vyr «+.r V, ) is equivalent to:

begin
read( £f£f, v, );

read( £f, v, );

read( ff, v, )
end

9.4.1.1 Read with a Char-Type Variable

This is considered equivalent to:

beagin
v = ff*;
get (£ff)
end

Remember that if the current file position is over an end-of-line character, ££* contains a space
character.

9.4.1.2 Read with an Integer-Type Variable

If £is of type text and v is of an integer-type, then read (£, v) implies the reading from £ of
a sequence of characters that form a signed whole number according to the syntax of Section 1.4

Language Reference 104 Input/Output



e Epln(f) will retumn true if the last character in the identifier was the last character
on the line.

9.4.2 The Readln Procedure

The readln procedure is an extension of read for textfiles. Essentially it does the same thing
as read, and then skips to the beginning of the next line in the input file.

Parameter List:same as for read, except as follows:
+ A readln call with no input variables is allowed, e.g.
readln (sourcefile)
+  The parameter-list can be omitted altogether.

If the first parameter does not specify a file variable, or if the parameter-list is omitted, the
procedure reads from the standard file input.

Readln (f), with no input-variables, causes the current file position to advance to the
beginning of the next line (if there is one, else to the end of the file), i.e.:

begin ,
while not eof(ff) and not ecoln(ff} do
get (££);
if not ecf(ff) then
get (ff)
end

Readln( £, v,y ..., V, ) is equivalent to:

begin
read( .ff ’Vl, LR Y 4 Vﬂ );
readln (£f)

end
The following are true immediately after readln (£, v), regardless of the type of v:
+ Eof (f) will return t rue if the line read was the last line in the file.

» Eoln(f) will return false unless the line following the line read is empty.
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9.4.1.4 Read with a String-Type Variable

If £is of type text and vis of a string-type, then read (£, v) implies the reading from £ of a
sequence of characters up to but not including the next end-of-line character, or until the end of
the file. The resulting character-string is assigned to the variable v. It is an etror if the number of
characters read exceeds the size attribute of v.

Note: Read with a string variable does not skip to the next line after reading,
and the end-of-line character is left waiting in the file buffer. For this
reason, you cannot use successive read calls to read a sequence of
strings, as they will never get past the first line -- after the first read,
each subsequent read will see the end-of-line and will read a zero-length
string. Instead, use readln to read string values (see Section 9.4.2).
Read1n skips to the beginning of the next line after reading.

The following things are true immediately after read (£, v) when v is of a string-type:

«  The current file position will be over the character following the last character in the
string, unless the last character in the string was the last character in the file.

«  Eof (f) will return £ rue if the last character in the string was the last character in
the file.

« Eoln (f) will return true unless eof (f) is t rue.

9.4.1.5 Read with an Enumerated-Type Variable

If £is of type text and v is of an enumerated type, then read (£, v) implies the reading from
£ of a sequence of characters that form an identifier according to the syntax of Section 1.2. If the
identifier read is identical (ignoring the case of letters) to an enumerated constant of the
enumerated type of v, the value of the enumerated constant is assigned to v; otherwise, it is an
error.

In reading the sequence of characters, blanks and end-of-line characters preceding the first letter
of the identifier are skipped. Reading ceases as soon as a character is reached that, together with
the characters already read, does not form part of an identifier, or as soon as eof () becomes
true.

It is an error if an identifier is not found after skipping any preceding blanks and end-of-line
characters.

If £is of type text, the following things are true immediately after read (£, v) when vis an
enumerated-type variable:

«  The current file position will be over the character following the last character in the
identifier, unless the last character in the string was the last character in the file.

«  Eof (f) will return t rue if the last character in the identifier was the last character
in the file.
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9.4.3.2 Write with a Char-Type Value

If Minwidth is omitted, the character value of Out Expr is written on the file £. Otherwise,
MinWidth-1 spaces followed by the character value of Out Expr is written.

9.4.3.3 Write with a String-Type Value

Assuming the string value of OutExpr has a length I, if L<MinWidth, the string value is
written on the file £ preceded by MinWidth—-L spaces. If L>MinWidth, the first MinWidth
characters of the string are written. If ZL=MinWidth, or if MinWidth is omitted, the entire
string value is written on the file.

9.4.3.4 Write with an Integer-Type Value

If outExpr has an integer-type value, its decimal (base 10) representation is written on the file
f. Assume that QutDigits is a string-type value that contains the decimal representation of
abs (OutExpr) with no leading zeroes unless the value of Out Expr=0, in which case
OutDigits contains the single character "0". If MinWidth is omitted from the
write-parameter, then it is assumed to be zero. Thus, the representation of OutExpr is written to
£ as if by the algorithm:

begin
if MinWidth>=length (CutDigits)+1 then
write( £f, ' ' : MinWidth-length((OutDigits)-2 );
if CutExpr<(0 then
write( ff, '=-' )
else if MinWidth>=length (CutDigits)+1 then
write( ££, ' " );
write({ ff, OutDigits )
end

9.4.3.5 Write with a Real-Type Value

If outExpr has a real-type value, its decimal representation is written on the file £. This
representation depends on the presence or absence of and, if present, the value of DecPlaces.

If DecPlaces is present, a fixed-point representation is written. Assume that IntDigitsisa
string-type value that contains the decimal representation of t runc (abs (OutExpr) ) with no
leading zeroes unless the value of OutExpr=0, in which case IntDigits contains the single
character "0". Assume that FracDigits is a string-type value that contains the decimal
representation of

round( ( abs (OutExpr) - trunc(abs(OutExpr)) ) * 1QPechlaces )

with enough leading zeroes to make length (FracDigits)=DecPlaces. Thus, the
fixed-point representation is written to £ as if by the algorithm:
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9.4.3 The Write Procedure for Textfiles
Writes one or more values 10 a text file.
Parameter List: write( [ £, ] p; [ . P;r -..+r P, 1l )

1. £ (if given) is a variable-reference that refers to a variable of type text. The file
must be open. If £ is omitted, the procedure writes to the standard file output.

2. p,y ..., p,arewrite-parameters. Each write-parameter includes an output

expression, whose value is to be written to the file. As explained below, a
write-parameter may also contain the specifications of a field-width and a number of
decimal places. Each output expression must have a result of char-type, an
integer-type, a real-type, a string-type, a packed-string-type, or an enumerated-type.
At least one write-parameter must be present.

Write( £, P;s «++s P, ) is equivalent to:

begin
write( ff, p; )¢

write( ff, p, }
end

9.4.3.1 Write-Parameters

Each write-parameter has the form

OutExpr [ : MinWidth [ : DecPlaces ] ]

where OutExpr is an output expression. MinWidth and DecPlaces are expressions with
integer-type values.

MinWidth specifies the minimum field width. MinWidth must be greater than zero. Exactly
MinWidth characters are written (using leading spaces if necessary), except when OutExpr
has a value that must be represented in more than MinWidth characters; in this case, enough
characters are written to represent the value of OutExpr. Likewise, if MinWidth is omitted,
then enough characters as necessary are written to represent the value of OutExpr.

DecPlaces specifies the number of decimal places in a fixed-point representation of a real

value. It can be specified only if Out Expr has a real-type value, and if MinWidth is also
specified. If specified, it must be greater than zero. If DecPlaces is not specified, a
floating-point representation is written.
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9.4.3.6 Write with a Packed-String-Type Value

If outExpr is of a packed-string-type, the effect is the same as writing a string whose length is
the number of components in the type.

9.4.3.7 Write with an Enumerated-Type Value
If the value of OutExpr is of an enumerated type, the string representation of the enumerated
constant identifier corresponding to the value is written on the file £. If the length of this string

representation is L and L<MinWidth, then MinWidth-L spaces are written out before the
string. In any case the entire string is always written, even if Z>MinWidth.

9.4.4 The Writeln Procedure

The writeln procedure is an extension of write for textfiles. Essentially it does the same
thing as write, and then writes an end-of-line character to the output file (ending the line).

+*parameter List:same asfor write, except as follows:
« A writelncall with no write-parameters is allowed. Example:

writeln(outputfile)
»  The parameter-list can be omitted altogether.

If the first parameter does not specify a file variable, or if the parameter-list is omitted, the
procedure writes to the standard file output.

Writeln (f) writes an end-of-line character to the file £.

writeln( f, p,, ..., P, ) isequivalentto:
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begin
if MinWidth>=length(IntDigits)+length(FracDigits)+2 then
write( ff, ' ' : MinWidth-TotalDigits-3 );
if OutExpr<0 then
write( ff, '-' )
else
if Minwidth>=length (IntDigits)+length(FracDigits)+2 then
write( ff, ' ' };
write( ff, IntDigits, '.', FracDigits )
end

If DecPlaces is not specified, a floating-point representation is written. If Minwidth is
omitted from the write-parameter, then it is assumed to be 10. Assume that abs (OutExpr) has
a representation in the floating-point notation of the form:

m.n x 10¢

where 0<m<9 unless OutExpr=0, in which case m=n=e=0. Assume that ITntDigitisa
string-type value that contains the decimal representation of m (a single digit). Assume that
FracDigits is a string-type value that contains the first MinWidth-9 digits of the decimal
representation of n rounded, and with leading zeroes retained and trailing zeroes added if
necessary. Assume that ExpDigits is a string-type value that contains the decimal
representation of abs (e) with enough leading zeroes to make length (ExpDigits) =4.
Also assume that NegExp has the value true if e<0, and otherwise the value false. Thus,
the floating-point representation is written to £ as if by the algorithm:

begin
if OutExpr<(0 then
write( f£f, '-' )}
else
write( £f, ' ' );
write( ff, IntDigit, '.', FracDigits, 'E' };
if NegExp then
write{ ff, '-' )
else
write( ff, '+" );
write( ff, ExpDigits )
end
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9.4.7 Lazy 1/O
Consider the following (fairly trivial) program:

program count( input, output );

var
s : string;
ch : char;
begin
write( 'Type a line of characters -— ' );

readln(s);
writeln( 'You typed ', length(s),
' characters on that line' };
end.

If all of the preceding sections are taken literally, then there are two problems with this program:

1. Because reset (which is done implicitly for input when the program starts)
causes the first character of input to appear in input ~, the program will hang
waiting for input from the keyboard before the write statement is executed. This
means the prompt the program is supposed to give you for input will not appear until
after you type a character.

2. Having typed a line of characters followed by the return key (the "end-of-line key"
so to speak), readln causes the first character of the line following the one just
read to appear in input ~. This means that the writeln following the readln
will not be executed until you type another character following the return.

This behavior is a malaise of Pascal's that has been the bane of Pascal programmers ever since
the language was created. It exists (in part) because Pascal was originally designed to run on a
batch computer system (at a time when interactive, terminal-driven systems were rare).

On such a system, input was expected to be associated with a previously prepared input file
(typically a deck of punched cards) and output was expected to be associated with a file where
the results of your program would appear for your inspection after its execution was complete
(typically a line printer listing).

Although, when the ANSI Pascal Standard was being drafted, many subtle changes were made
to the Pascal language, yet somehow this problem was never completely resolved. So many
programs had already been written that depended on this behavior when doing I/O. To change the
language in any significant way would have made these programs invalid. Instead, the Standard
is worded in such a way that it is possible to get around this problem.

For instance, when the standard specifies that, after reset (f), £~ contains the first component
of the file, it does so in a way that allows £~ to remain undefined until its value is needed. Thus,
in the above program, it is not strictly necessary to read the first character from the keyboard as
soon as execution begins; it suffices to do so when the readln needs that character. Likewise,
after readln processes the end-of-line character (the return key), it is not necessary to then read
another character from the keyboard. It is in fact never necessary because the program does not
reference input again.
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begin
write( ff, P,y ..., P, )7
writeln(ff)

end

The following are true immediately after writeln (£, v), regardless of the type of v:

e« Eof (f) will return t rue if the last character written became the last character in the
file. If £ is write-only, then eof (£} will necessarily be t rue.

» Eoln(f) will reumn false unless the character following the last character written
is an end-of-line character,

9.4.5 The Eoln Function

Result Type: boolean
Parameter List: eoln [ (f) ]

1. f£is a variable-reference that refers to a variable of type text . The file must be
open. If £ is omitted, the function is applied to the standard file input.

Eoln (£) returns true if the character at the current file position is an end-of- line character. It
is an error to call eoln (£) if £is a non-textfile, if £ is write-only, or if eof (£) is true.

Note: Every line in a file is expected to be terminated by an end-of-line
character. This may not actually be the case, i.e. the last character in a file
may not be an end-of-line character as it should. If a file £ is read-only
(i.e. opened with reset) then, upon reaching the end of the file, if the
last character was not an end-of-line character, £~ becomes a space
character, eoln (f) becomes true, and eof (£) remains false. The
next attempt to read a character will then cause eof (£) to become true.
This will only happen if the file is read-only and not if it is read/write.

9.4.6 The Page Procedure

Parameter List: page [ (f) 1

1. £is a variable-reference that refers to a variable of type text. The file must be
open.

If 7 is omitted, the standard textfile output is assumed. Page (£) causes a skip to the top of a
new page when £ is printed or displayed. If £ is write-only, and if the last character in £ is not an
end-of-line character, then one is inserted before the page is done.
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before issuing another prompt. A better way to write this program, one that avoids this problem,
might be:

program process_lines( input, output );

var
s : string;
empty : boolean;
begin
empty := false;
repeat

write('>"');
if eoln then

empty := true
else
begin
readln(s);
end
until empty
end.
or even better:

program process_lines( input, output );
var
s : string;
begin
repeat
write('>"');
readln(s);

until length(s) = 0
and.

9.5 Devices on the Macintosh

On the Macintosh, there are basically three devices to be concerned about: disk drives, a printer,
and a modem.

The disk drives are never addressed directly. Rather, you address the disks themselves by name.
Each disk is referred to as a volume and the disk's name is its volume name. For disk files, the

title parameter for reset, rewrite, and open (see Section 9.2.1 through 9.2.3) consists of a
file name optionally preceded by a volume name and a colon, e.g.:

MyVolume:MykFile

More information on volumes and files can be found in the Macintosh system documentation on
the Macintosh File Manager.
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Interpreting the Standard's semantics in this way is a technique that is popularly known as Lazy
1/O, and is the only known technique that allows interactive I/O in Pascal while at the same time
preserving the Standard's I/O semantics. Other techniques exist, but they cause I/O operations to
behave differently depending on whether you have specified that the I/O is to be done
interactively or not. It is thus difficult, with these techniques, to write a program that works the
same when it is reading from a file as when it is reading from a keyboard.

Specifically, using the Lazy I/O technique involves separating the operations of advancing the
current file position and doing input from the file by deferring the actual input of data from a file
until absolutely necessary. Conditions that make input from a file £ necessary include:

1. A reference to £~ other than to assign it a value or to pass it as an actual variable
parameter.

2. A call to eof (f)}. In this case, input may be necessary because it is not
(necessarily) possible to know whether the end of the file has been reached without
trying to read beyond it.

3. Acallto ecln (f).In this case, input may be necessary to get another character and
see if it is an end-of-line character.

4. Acallto get (£). In this case, input will only be necessary if prior to the call to
get there was deferred input that was never actually done. If so, the original

deferred input will be performed, but the input implied by the get will in turn be
deferred.

5. A call to reador readln from £, Here, the input necessary to do the reador
readln will be performed, but the input of the component following the last
component read will be deferred.

Although Lazy I/O makes it possible to write interactive programs without much difficulty, you
should nevertheless be aware of the above to avoid peculiar situations that may cause your
program to hang waiting for input unexpectedly. As an example:

program process_lines( input, output );
var
s : string;
begin
repeat
write('>"');
readln(s};

until eoln
end.

Such a program might be intended to read and process lines, prompting each line with the ">
character, until an empty line is entered. An empty line is an end-of-line character immediately
following the end of the previous line. Thus, the above program reads a line and tests to see if an
end-of-line immediately follows. The problem is that the program, after prompting for and
reading the first line, will as a result of the eo1n stop and wait for another character to be typed
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For the printer and modem, the title parameter for reset, rewrite, and open consists of the
device name followed by a colon, e.g.:

Printer:
[A file name may follow the colon, but it will be ignored.]

The device name for the printer is simply printer. Likewise the device name for the modem is
modem.

Warning:  Since the printer is a write-only device, you can only use
'‘printer:. as the title parameter for rewrite; it is an error to give
'printer; as the title parameter for reset or open.

A file variable opened with 'modem:' as the title parameter reads from
and writes to the modem at 300 baud. No 'EOF' character is defined
for the 'modem:' device; it is therefore meaningless to use the EOF
predefine to test for end-of-file on a 'modem:' device,

It is an error to open a file variable with 'printer:' or 'modem:'
as the title parameter if it is not of type text.

For the printer and/or the modem to work properly, they must be

connected to their proper sockets in the back of the Macintosh (see the
Macintosh user's manual for details).

The standard Text Window is treated as a write-only device with the name TextWindow:. It
can be used only with the predefined file output, implying that Output must first be closed.

The keyboard is treated as a read-only device with the name Keyboard:. It can only be used
with the predefined file Tnput, implying that Tnput must first be closed.
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Section 10
Standard Procedures
and Functions

This section describes all the standard ("built-in") procedures and functions in Lightspeed Pascal,
except for the /O procedures and functions described in Section 9, and the Macintosh Toolbox
procedures and functions described in Appendices C and E.

Standard procedures and functions are predeclared. Since all predeclared entities act as if they
were declared in a block surrounding the program, no conflict arises from a declaration that
redeclares the same identifier within the program.

Note:  Standard procedures and functions cannot be used as actual procedural
and functional parameters.

This section uses a modified BNF notation, instead of syntax diagrams, to indicate the syntax of
actual-parameter-lists for standard procedures and functions. The notation is explained at the
beginning of Section 9.

10.1 Dynamic Allocation Procedures

The procedure new is used for the creation of dynamic variables by the program. Dynamic
variables are variables that can only be accessed through pointer variables, and they are created
by allocating a region of memory from a larger portion of free memory called the heap. The
address of the allocated region is the pointer value that is used to access the dynamic variable.
The dispose procedure is used to destroy dynamic variables created with new, in the process
returning that variable's region of memory to the heap for reuse.

10.1.1 The New Procedure
Creates a new dynamic variable and sets a pointer variable to point to it.
Parameter List: new( p [ , €;, €5 ..., € ] )

1. p is a variable-reference that refers to a variable of any pointer-type. This is a
variable parameter.

2. Each c (if given) is a constant. If the base-type of p is a record-type with variants,

then each ¢ may be a constant corresponding to a case-constant of a variant of a
variant-part (see below).
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10.2 Transfer Procedures and Functions

10.2.1 The Pack Procedure

Transfers the contents of an array to a packed array.
Parameter List: pack( a, i, £ )

1. ais a variable of an array-type and z is a variable of a packed-array-type whose
component-type is the same as the component-type of a. i is an expression whose
value is assignment-compatible with the index-type of a.

Pack (a, i, z) copies the components of a to z starting at the it" component of a and
continues until all components of z have been copied to.

If 5 is a variable with the same type as the index-type of z, if k is a variable with the same type
as the index-type of a, and if u and v are the lowest and highest possible values of the index-type
of z, then pack (a, 1, z) is equivalent to:

begin
k = 1;
for j := u to v do
begin
z[j] := afk];
if j <> v then
k := succ(k)
and
end

It is an error if the number of components comprising the i*" through last components of a is
less than the number of components of z. It is an error if any component of a accessed is
undefined.

10.2.2 The Unpack Procedure
Transfers the contents of a packed arraytoan array.
Parameter List: unpack( z, a, i )

1. zis a variable of a packed array-type and a is a variable of an array-type whose
component-type is the same as the component-type of z. 1 is an expression whose
value is assignment-compatible with the index-type of a.

Unpack (z,a, 1) copies the components of z to a starting at the it? component of a and
continues until all components of z have been copied.

If 5 is a variable with the same type as the index-type of z, if k is a variable with the same type
as the index-type of a, and if u and v are the lowest and highest possible values of the index-type
of z, then unpack (z,a, 1} is equivalent to:
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New (p) creates a new variable of the base-type of p, and makes p point to it. The variable can
be referenced as p~.

It is an error if the heap does not contain enough free space to create the new variable.

Normally, if the base-type of p is a record-type with a variant-part, new (p) allocates enough
memory to the variable to accommodate the largest variant. However, by supplying a constant ¢
that is a case-constant of one of the variants of the variant-part, only the amount of memory
necessary to accomodate that particular variant is allocated to the variable.

If the record variant itself contains a variant-part, then a case-constant ¢ may be given to select a
particular variant of that variant-part, and so on. Each ¢ in the parameter list must be given in the
order of the nesting of the variants, one for each level of nesting.

If the variant selected by c_ (the last ¢ given in the parameter list) has itself a variant-part, then
enough memory is allocated to the variable to accomodate the largest variant of that variant-part,

Warning:  When a record variable is dynamically allocated with case-constants
as shown above, you must not make assignments to any fields of
variants that are not selected by the case-constants. Also, you must
not assign an entire record variable to this record or use the entire
record in an expression or as an actual parameter.

10.1.2 The Dispose Procedure

Destroys a dynamic variable.

Parameter List: dispose( p [ , ¢, ¢ ..., ¢, 1)

1. pis a variable-reference that refers to a pointer-variable. It must be a pointer that was
previously assigned by the new procedure or was assigned a meaningful value by an
assignment statement. It is an error to attempt to dispose of a pointer variable that
is currently being accessed, or whose value is undefined or is nil.

2. Each ¢ (if given) is a constant. If the base-type of p is a record-type with variants,
then each ¢ may be a constant corresponding to a case-constant of a variant of a
variant-part (see 10.1.1 above).

Dispose (p) destroys the variable referenced by p and returns its memory region to the heap.
The value of p then becomes undefined and it is an error to subsequently make reference to p~.

If the dynamic variable pointed to by p was created by new with a list of case-constants, then the
same list of case-constants (in the same order) must be given to dispose.
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1. xis an expression with a value of ordinal-type or pointer-type.
Ord4 (x) returns the ordinal value of x.
If x is of a pointer-type, the result is the address of the dynamic variable pointed to by x.

If x is of an ordinal-type, the result is the ordinality of x (see Section 3.1.1), represented as a
longint,

10.2.6 The Pointer Function

Converts an integer-type value to a generic pointer-type value.

Result Type: agenetic pointer which matches any pointer
Parameter List: pointer (x)

1. xis an expression with a value of integer-type.
Pointer (x) returns a pointer value that points to whatever is at the address x as though it were
a dynamic variable created at that address. This pointer is of the same type as nilin that it is
assignment-compatible with any pointer-type.

As a convenience, pointer may be also applied to an expression of any pointer-type, effectively
making that expression assignment-compatible with any (other) pointer-type.

10.3 Arithmetic Functions

In general, any extended real-type result returned by an arithmetic function is an
approximation, There is one exception to this: the result of the abs function is exact.

10.3.1 The Odd Function
Tests whether an integer-type value is odd.

Result Type: boolean

Parameter List: odd(x)
1. xis an expression with a value of an integer-type.

0dd (x) returns t rue if x is odd, i.e. not divisible by 2 without a remainder. If x is even it
returns false.
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begin
k 1= 1i;
for j := u to v do
begin
alk] := z[jl;
if j <> v then
k := succ(k)
end
end

Tt is an error if the number of components comprising the 1i%” through last components of a is
less than the number of components of z. It is an error if any component of z is undefined.

10.2.3 The Trunc Function
Converts a real-type value to a longint value.
Result Type: longint
Parameter List: trunc(x)
1. xis an expression with a value of a real-type.

Trunc (x) returns a longint result that is the value of x rounded to the nearest whole number
that is between O and x inclusive. It is an error if the result of this rounding is outside the range
-maxlongint..maxlongint.

10.2.4 The Round Function
Converts a real-type value to a Iongint value.
Result Type: longint
Parameter List: round(x)
1. xis an expression with a value of a real-type.
Round (x) returns a longint result that is the value of x rounded to the nearest whole

number. If x is exactly halfway between two whole numbers, the result is the whole number
with the greatest absolute magnitude. It is an error if the result of this rounding is outside the

range -maxlongint..maxlongint.

10.2.5 The Ord4 Function
Converts an ordinal-type or pointer-type value to a longint value.
Result Type: longint

Parameter List: ord4d(x)
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10.3.5 The Sin Function

Returns the sine of a numeric value.
Result Type: extended

Parameter List: sin(x)

1. x is an expression with a value of an integer-type or real-type. This value is
assumed to represent an angle in radians,

Sin (x) returns the trigonometric sine of x.

10.3.6 The Cos Function
Returns the cosine of a numeric value.
Result Type: extended

Parameter List: cos(x)

1. x is an expression with a value of an integer-type or real-type. This value is
assumed to represent an angle in radians.

Cos (x) returns the trigonometric cosine of x.

10.3.7 The Exp Function

Returns the exponential of a numeric value.

Result Type: extended
Parameter List: exp(x)
1. xis an expression with a value of an integer-type or real-type.

Exp (x) returns the value of e*, where e is the base of the natural logarithms. It is an error if the
result cannot be represented with the real-type extended (see Section 3.1.2).

10.3.8 The Ln Function
Returns the natural logarithm of a numeric value.
Result Type: extended
Parameter List: ln(x)

1. x is an expression with a value of an integer-type or real-type. It is an error if x<0.
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10.3.2 The Abs Function
Returns the absolute value of a numeric value.
Result Type: integer, longint, or extended.
Parameter List: abs(x)
1. xis an expression with a value of an integer-type or a real-type.

Abs (x) returns the absolute value of x; i.e. if x is negative, —x is returned; otherwise x is
returned. If x is of a real-type, the result type is extended. If xis of type 1ongint, the
result type is longint. Otherwise, the result type is integer.

10.3.3 The Sqr Function

Returns the square of a numeric value.
Result Type: integer, longint, or extended.
Parameter List: sqr(x)

1. xis an expression with a value of an integer-type or a real-type.

Sgr (x) returns the square of x, i.e. x*x.

It is an error if the result is not within the range of values representable by the result-type (see
Section 3.1).

10.3.4 The Sqrt Function

Returns the square root of a numeric value.
Result Type: extended
Parameter List: sqrt (x)
1. xis an expression with a value of an integer-type or real-type. It is an error if x<0.
Sqrt (x) returns the positive square root of x, i.e. the positive value y such that y *y=x. It is

an error if the result is a value too small to be represented by the real-type extended (see
Section 3.1.2).
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10.4.3 The Succ Function
Returns the successor of a value of ordinal-type.
Result Type: same as parameter

Parameter List: sucec(x)

1. xis an expression with a value of ordinal-type.

Sucec (x) returns the successor of x.

It is an error if x is the last value in the type of x, i.e. it has no successor. Otherwise

ord(succ (x))=ord(x)+1

10.4.4 The Pred Function
Returns the predecessor of a value of ordinal-type.
Result Type: same as parameter

Parameter List: pred(x)

1. x is an expression with a value of ordinal-type.
Pred (x) returns the predecessor of x,

It is an error if x is the first value in the type of x, i.e. it has no predecessor. Otherwise,

ord(pred(x) )=ord(x)-1

10.5 String Procedures and Functions

10.5.1 The Length Function
Returns the current length of a value of string-type.
Result Type: integer
Parameter List: length(str)
1. strisanexpression with a value of a string-type.

Length (str) returns the current length attribute of st r (see Section 3.3).
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Ln (x) returns the natural logarithm (loge ) of x.

10.3.9 The Arctan Function
Returns the arctangent of a numeric value.
Result Type: extended
Parameter List: arctan(x)
1. xis an expression with a value of an integer-type or real-type. It is an error if x<0.

Arctan (x) returns the principal value, in radians, of the arctangent of x.

10.4 Ordinal Functions

10.4.1 The Ord Function

Returns the ordinal number of an ordinal-type or pointer-type value.

Result Type: integer or longint
Parameter List: ord(x)
1. xis an expression with a value of ordinal-type or pointer-type.

If x is of pointer-type, the result is the Zongint address of the dynamic variable pointed to by
X.

If x is of an ordinal-type, the result type is the ordinality of x (see Section 3.1.1). If x is of type
Iongint, the result type is Zongint. Otherwise, the result type is integer.

10.4.2 The Chr Function

Returns the char value corresponding to a whole-number value.

Result Type: char

Parameter List: chr(x)

1. xis an expression with an integer-type value that must be in the range 0..255.
Chr (x) returns the char value whose ordinal number is x (see Appendix J).

For any char value ch, the following is always true:

chr(ord(ch)) = ch
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range 1..length (source) are implicitly referenced, it is not an error. However, only the
characters that lie within that range are copied.

10.5.5 The Delete Procedure

Deletes a substring of specified length from a specified position within the value of a string
variable.

Parameter List: delete( dest, index, count )

1. dest is a variable-reference that refers to a variable of a string-type. This is a
variable parameter.

2. indexis an expression with an integer-type value.

3. count is an expression with an integer-type value.
Delete (dest, index, count) removes count characters from the value of dest,
beginning at dest [index]. If index<1 and/or index+count>length (source),ie. if
character positions outside the range 1. . length (source) are implicitly referenced, it is not

an error. However, only the characters that lie within that range are deleted.

10.5.6 The Omit Function

Deletes a substring of specified length from a specified position within a string value and returns
the result.

Result Type: string-type
Parameter List: omit( str, index, count )
1. strisa value of string-type.
2. indexis an expression with an integer-type value.
3. count is an expression with an integer-type value.
omit (str, index, count) removes count characters from the value of str, beginning

at dest [index], and returns the resulting string value. This is similar to deIete except that
stris not affected; the resulting string value is returned as the value of the function instead.

10.5.7 The Insert Procedure

Inserts a substring into the value of a string variable, at a specified position.

Parameter List: insert( source, dest, index)

1. source is an expression with a value of string-type.
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10.5.2 The Pos Function
Searches a string for the first occurrence of a specified substring.
Result Type: integer
Parameter List: pos(substr, astr)
1. substris an expression with a value of a string-type.
2. strisan expression with a value of a string-type.

Pos (substr, str) searches for substr within str, and returmns an integer value that is
the index of the first character of substr within st r.

If substrisnot found, pos (substr, str) returns zero.

10.5.3 The Concat Function

Takes a sequence of strings and concatenates them.

Result Type: string-type
Parameter List: concat( str, [ , str,, ..., str ] )

«  Each parameter is an expression with a value of string-type. Any practical number of
parameters may be passed.

Concat (str,, ..., str,) concatenates all the parameters in the order in which they are

written, and returns the concatenated string. Note that the number of characters in the result
cannot exceed 255.

10.5.4 The Copy Function

Returns a substring of specified length, taken from a specified position within a string.
Result Type: string-type
Parameter List: copy( source, index, count )
1. sourceis an expression with a value of a string-type.
2. indexis an expression with an integer-type value.
3. count is an expression with an integer-type value.
Copy (source, index, count) returns a string containing count characters from

source, beginning at source [index].If count<0, then a null string is returned. If
index<l andfor index+count>length (source),ie.if character positions outside the
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10.6.3 The ShowDrawing Procedure

Parameter List: ShowDrawing

ShowDrawing causes the Drawing window to be revealed and to become the active window.
The size and position of the window is unchanged.

10.6.4 The SetTextRect Procedure
Parameter List: SetTextRect( WindowRect )
1. windowRect is a value of type Rect (see Appendix C).

windowRect is a rectangle in QuickDraw's global coordinate system (see Appendix C) that
determines the position and size of the Text window on the Macintosh screen.

10.6.5 The SetDrawingRect Procedure
Parameter List: SetDrawingRect ( WindowRect )
1. windowRect is a value of type Rect (see Appendix C).

wWindowRect is a rectangle in QuickDraw's global coordinate system (see Appendix C) that
determines the position and size of the Drawing window on the Macintosh screen.

10.6.6 The GetTextRect Procedure
Parameter List: GetTextRect( WindowRect )
1. WindowRect is a variable-reference of type Rect (see Appendix C).
Get TextRect returns a rectangle in WindowRect with coordinates in QuickDraw's global

coordinate system (see Appendix C). This rectangle indicates the current size and position of the
Text window.

10.6.7 The GetDrawingRect Procedure
Parameter List: GetDrawingRect( WindowRect )

1. windowRect is a variable-reference of type Rect (see Appendix C).

GetDrawingRect returns a rectangle in WindowRect with coordinates in QuickDraw's
global coordinate system (see Appendix C). This rectangle indicates the current size and position
of the Drawing window.
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2. dest is a variable-reference that refers to a variable of string-type. This is a variable
parameter.

3. indexis an expression with an integer-type value.

Insert (source, dest, index) inserts source into dest. The first character of
source becomes dest [index].Ifindex<l or index>1ength (dest), itis not an error.

If index<1 then source is appended to the left of dest. If index>length (dest) then
source is appended to the right of dest. It is an error, however, if the length of the resulting

string is greater than 255.

10.5.8 The Include Function
Inserts a substring into a string value, at a specified position, and returns the result.
Result Type: string-type
Parameter List: include( source, str, index )
1. source is an expression with a value of string-type.
2. strisa value of string-type.
3. index is an expression with an integer-type value.
Tnelude (source, str, index) inserts source into the value of strat strfindex]

and returns the result. This is similar to insert except that str is not affected; the resulting
string value is returned as the value of the function instead.

10.6 Lightspeed Pascal Window Manipulation Procedures
10.6.1 The HideAll Procedure

Parameter List: HideAll
HideAll causes all of the windows on the Lightspeed Pascal desktop to be hidden. All of these

windows may be revealed again via the Windows menu. In addition, the Text and Drawing
windows may be revealed by calling the procedures described below.

10.6.2 The ShowText Procedure

Parameter List: ShowText

ShowText causes the Text window to be revealed and to become the active window. The size
and position of the window is unchanged.
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BitXor returns the logical xor of the bits of the two given values.
BitNot returns the logical not of the bits of the given value.

If the operands BitAnd, BitOr, BitXor, or BitNot routines are of the integer-type integer the
result is always of type integer. If one or both operands BitAnd, BitOr, BitXor, or BitNot
routines are of the integer-type longint, the result is always of type longint.

Note:  These routines generate inline code, as opposed to Toolbox traps. The
results will be identical to the Toolbox trap results.

10.7.3 Operations on Longint Values

Result Type: integer

Parameter List: HiWord({ long )
LoWord{( long )

1. longisa longint value,

HiWord and LoWord return the upper and lower 16-bits of a 1ongint value respectively as an
integervalue.

Note:  These routines generate inline code, as opposed to Toolbox traps. The
results will be identical to the Toolbox trap results.

10.7.4 The WriteDraw Procedure

WriteDraw is similar to write, except that the text output goes to the current GrafPort at
current PenLoc instead of to a textfile or to the Text window.

Parameter List: WriteDraw( p, [ , P,r ..., P, 1)

1. p,, ..., p,are write-parameters. Each write-parameter includes an

output expression, whose value is to be written to the file. As explained in Section
9.4.3.1, a write-parameter may also contain the specifications of a field-width and a
number of decimal places. Each output expression must have a result of char-type,
an integer-type, a real-type, a string-type, a packed-string-type, or an
enumerated-type. At least one write-parameter must be present.

WriteDraw takes the same parameter list as write (see Section 9.4.3), except that no file
parameter is ever given. The text that results from the evaluation of each write-parameter is
written in the current GrafPort starting at the current pen position (see Appendix C).

Do not forget to set current PenLoc before using WriteDraw.
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10.6.8 The SaveDrawing Procedure

Parameter List: SaveDrawing( title )

1. titleis a string-type value that must contain a valid file name for a file-structured
device (see Section 9.5).

SaveDrawing saves the contents of the Drawing window as a picture file that may be read by
MacPaint. The ¢ it le string contains the name of the picture file to be created. If a file by that
name already exists, it is overwritten.
Warning:  SaveDrawing actually saves the contents of the current QuickDraw
GrafPort (see Appendix C). However, unless you specifically change

the current port to be another port, the current port will always be the
Drawing window's GrafPort when your program is running.

10.7 Miscellaneous Procedures and Functions

10.7.1 The Sizeof Function

Returns the number of bytes occupied by a specified variable, or by any variable of a specified
type.

Result Type: integer
Parameter List: sizeof(id)

1. idis either a variable-identifier or a type-identifier.
Sizeof (id) returns the number of bytes of memory occupied by id. Id cannot have any
modifier (e.g. aRec. field). If idis a variable-identifier; if idisa type-identifier, it returns
the number of bytes occupied by any variable of type id.
10.7.2 Logilcal Operations
Result Type: integer or longint
Parameter List: BitAnd( aNuml, aNum2 )

BitOr( aNuml, aNum2 )

BitXor( aNuml, aNum2 )
BitNot( aNum )

1. aNum, aNuml, and aNum?2 are either integeror longint values.
BitAnd returns the logical and of the bits of the two given values.

BitOr returns the logical or of the bits of the two given values.
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10.7.7 The OIdFileName Function
Returns the title of an existing disk file selected by the user.
Result Type: string-type

Parameter List: OldFileName( Prompt )

1. prompt is a string-type value.

01dFileName causes a dialog box to appear on the Macintosh screen. The Prompt string is
displayed to give the user some indication of what the box is asking for. With the dialog box, the
user can peruse the existing files on any number of disks and select one of them. O1dFileName
returns a string value that is the title of the file the user selected, which can in turn be given to
reset, rewrite, Or open.

10.7.8 The NewFileName Function

Returns the title of an new disk file selected by the user.

Result Type: string-type

Parameter List: NewFileName( Prompt [ , Default Name ] )
1. Prompt is a string-type value.

NewFileName causes a dialog box to appear on the Macintosh screen, The Prompt string is
displayed within this box to give the user some indication of what the box is asking for. With the
dialog box, the user can select any disk and enter the name (or choose the default name) of afile
to be created on that disk. NewF i 1eName returns a string value that is the title of the file the user
selected, which can in turn be given to reset, rewrite, or open.

The Default Name string is displayed in the dialog box as selected text, and will be the string
returned unless the user enters another name.

10.7.9 The Synch Procedure
Parameter List: Synch

The synch procedure is used to synchronize your program's actions with the Macintosh
screen’s drawing cycle, which occurs every 60™ of a second. This may, in particular, be used to
synchronize calls to QuickDraw (see Appendix C) with the screen drawing cycle to avoid
unnecessary flicker and scanning bar phenomena when moving things around quickly in the
Drawing window.

When you call the synch procedure, the procedure will not return until the screen has reached
the point in its cycle where the electron beam has returned to the top of the screen and is about to
redraw the entire picture. Depending on where your QuickDraw calls are going to be drawing on
the screen, additional delays may be necessary to synchronize the drawing with the timing of the
electron beam's scanning of the screen.

Language Reference 135 Standard Procedures and Functions



10.7.5 The StringOf Function

St ringOf is also similar to write, except that the text output is returned as a string-type value
instead of being written to a textfile or to the Text window.

Result Type: string-type

Parameter List: StringOf( p, [ , Py ---» P, 1)

1. p,, ..., pyare write-parameters. Each write-parameter includes an
output expression, whose value is to be written to the file. As explained in Section
9.4.3.1, a write-parameter may also contain the specifications of a field-width and a
number of decimal places. Each output expression must have a result of char-type,
an integer-type, a real-type, a string-type, a packed-string-type, or an
enumerated-type. At least one write-parameter must be present.

StringOf takes the same parameter list as write (see Section 9.4.3), except that no file

parameter is ever given. The text that results from the evaluation of each write-parameter is
accumulated as a string-type value that is the result of the function call.

10.7.6 The ReadString Procedure

ReadStringis similar to read, except that the text is read from a string parameter instead of a
textfile.

Parameter List: ReadString( s, v, [ , V, ..., ¥V, 1)

1. sisastring-type value.

5. Each vis a variable-reference that refers to a variable of one of the following types:
 Char or a subrange thereof.
» An integer-type: integer (or a subrange thereof) or longint.
« Areal-type: real, double, extended, or computational.
« An enumerated-type (including boolean) or a subrange thereof.
» A string-type.

ReadString reads text from the string value s just as if it were doing a read (see Section

9.4.1) from a textfile. The values read are placed in the v parameters in the given order. Just as it
is an error to attempt to read beyond the end of a file, it is an error to attempt to read characters

beyond the end of the string value s.

Language Reference 134 Standard Procedures and Functions



All procedures and functions use the same basic parameter-passing mechanism. Parameters are
passed either by reference (variable parameters) or by value. To force a parameter to an InLine
routine to be passed by reference, the @ operator may be applied to the name of the variable that is
to be passed. For example,

@WindPwr

will force a reference to WindPir to be passed to a Toolbox routine. Simply using a variable,
constant, or literal value will pass a parameter by value.

The first parameter to any InLine call is the value which specifies the trap number. The trap
number indicates which Toolbox routine is to be called. All subsequent parameters must exactly
match the number and type of the parameters for the particular Toolbox routine being called.

Warning:  Because there is no type checking, none of Lightspeed Pascal's usual
implicit type-coercion will be performed (e.g., integer to longint). All
parameters MUST match exactly the parameters for the particular
Toolbox routine being called.

Note:  The InLine procedures are provided only for compatibility with Macintosh
Pascal. Lightspeed Pascal provides direct access to the Macintosh
toolbox and therefore the only need for InLine is for porting Macintosh
Pascal programs which used these routines.

10.7.12 The Generic Procedure
Parameter List: Generic ( InstructionWord, Registers )

1. InstructionWord is an expression with an integer value that indicates the
instruction to be executed.

2. Registers is a variable-reference of type RegisterRecord (see below) that
indicates the values to be written to the MC68000 registers.

Generic permits you to call register-based Macintosh ROM routines. It can also be used to
execute any machine-language code that you have stored in a Pascal data structure.

RegisterRecord denotes a data structure consisting of 13 32-bit values - five address register
values (A0..Ad), followed by eight data register values (D0..D7). The exact type of this
structure is immaterial. For example, you could declare:

var registers: record
a: array(0..4] of longint;
d: array[0..7] of longint
end;

The register values passed to Generic are written to the MC68000 registers. Then the
one-word instruction denoted by the InstructionWord argument is executed. Finally, the
Registers structure is updated with the (possibly) new values of the MC68000 registers
before Generic returns to the program.
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10.7.10 The Note Procedure

Parameter List: Note{( Fregquency, Amplitude, Duration )
1. Frequencyis an longint value in the range 12..783360.
2. Amplitude is an integer-type value in the range 0..255.
3. Duration is an integer-type value in the range 0..255.

Note causes a single square-wave tone to be generated, of the given amplitude, duration, and
frequency (the frequency is specified in hertz).

10.7.11 The InLine Procedures

Parameter List: InlineP( Trap [ , Pyr Psr ++r Po 1)
BInlineF( Trap [ , P;s Pyr -+++r Pn 1 )
WInliner( Trap [ , P;, Pzr ---r Py, 1)
LInlineF( Trap [ , P;, Pyr ---+ P, 1)

1. Trapis an expression with an integer value that indicates the number of the trap to
be called.

2. Each p (if given) is an expression with any type value.
The InLine procedures provides the ability to call the stack-based Macintosh Toolbox routines.
The InLine procedures work by disabling all type and parameter checking normally used in
Lightspeed Pascal. This makes it possible for just four predefined routines to invoke any
stack-based Toolbox trap.

Toolbox routines can be either functions or procedures. Functions can return either a byte
(8-bits), a word (16-bits), or a longword 32-bits as results.

Toolbox functions can, depending on the result type, be invoked with one of the three following
routines:

« BinlineF - Toolbox functions which return a byte (boolean)

+ WinlineF - Toolbox functions which return a word (integer)

« LlInlineF - Toolbox functions which return a longword (1ongint)
Toolbox procedures can be invoked with the following routine:

+ InlineP
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Usually, Generic will be used to execute a register-based Toolbox trap. In such cases, the
value you pass to Generic via the InstructionWord argument is the trap value.

The InstructionWord argument to Generic does not have to be a trap value, it can be any
16-bit MC68000 instruction.

Note:  The Generic procedure is provided only for capatibility with Macintosh
Pascal. Lightspeed Pascal provides direct access to the Macintosh
toolbox as well as the ability to call assembly language routines.

Therefore, the only need for Generic is for porting Macintosh Pascal
programs which used this routine.

10.7.13 The Macsbug Support Procedures

Parameter list: Debugger
DaebugStr( message )

1. Message is a string-type value.
Debugger and DebugSt r cause a User Break which interrupts the execution of the program
and transfers control to the Macsbug low-level debugger. If DebugStr is used, the message
argument is displayed.

If Macsbug is not installed, then calls to Debugger and DebugSt r give the run time error
message "Macsbug not installed.”

Refer to Appendix G for more information on using Macsbug.
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ANS Pascal Compatibility

Introduction

This appendix describes the relationship between Lightspeed Pascal and the requirements of
ANSI/IEEE770X3.97-1983, American National Standard Pascal (ANS Pascal).

Exceptions to ANS Pascal Requirements

Lightspeed Pascal complies with the requirements of ANSI/IEEE770X3.97-1983 with the
following exceptions:

« In ANS Pascal, the special-symbol @ is an alternative representation for the
special-symbol ~, and is required to be treated identically to ~ wherever it appears.
In Lightspeed Pascal, the special-symbol @ is an operator and is never treated
identically to ~.

« In ANS Pascal, identifiers may be of any length and all characters are significant. In
Lightspeed Pascal, all characters in identifiers are significant, but the largest
identifier is restricted to 255 characters.

+ In ANS Pascal, a character-string of length 1 is a char-type value and a
character-string of length n is a value of a packed-string-type (a packed array
[1..n] of char --referred to as a string-type in ANS Pascal) with n
components. In Lightspeed Pascal, all quoted character-strings are string-type
values. However, the compatibility and assignment-compatibility rules in Lightspeed
Pascal make its behavior with respect to character-strings compatible with ANS
Pascal.

+ In ANS Pascal, all values of a tag type must appear once for a given variant part. In
Lightspeed Pascal, this requirement is not enforced.

« In ANS Pascal, a function block must contain at least one assignment statement
assigning a value to the function identifier. In Lightspeed Pascal, this requirement is
not enforced.

« In ANS Pascal, a field that is the selector of a variant part of a record may not be an
actual variable parameter. In Lightspeed Pascal, this requirement is not enforced.

« In ANS Pascal, no statements that threaten the value of a control-variable of a

for-statement are allowed. In Lightspeed Pascal, this requirement is not enforced.
Changing the value of the control variable produces indeterminant results.
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+  String-types may be compared with char-type and packed-string-type values.

+ The @ operator is provided for obtaining the address of a variable, procedure, or
function.

+ Lightspeed Pascal has an optional otherwise clause for the case-statement.

+ Lightspeed Pascal supports the use of the indefinite-string-type, i.e. the
word-symbol string, as a value or variable-parameter type.

»  An optional second parameter may be given to reset and rewrite to associate a
file variable with an external file.

+ Instead of reset or rewrite, a file may be opened with open to allow random
read/write access to a file.

« An explicit c1ose procedure is supplied for those file variables associated with
external files.

» A seek procedure may be used for random-access to file components.

« A filepos function returns the component number of the current file position, a
value that may be used in subsequent seek’s.

+ String-type and enumerated-type values may be read from textfiles with read and
readln,

+  String-type and enumerated-type values may be written to textfiles with write and
writeln.

+ "Lazy I/O" is used to permit interactive and non-interactive I/O to be treated
identically.

+ In Lightspeed Pascal, the ord function may be applied to a pointer-type value,
facilitating address arithmetic.

« The ord4 function is provided in Lightspeed Pascal for converting an ordinal-type
or pointer-type value to a Iongint.

+ The pointer function is provided in Lightspeed Pascal for converting an
integer-type value to a pointer-type value.

« Lightspeed Pascal includes a set of string procedures and functions.

+ The sizeof function is provided for obtaining the storage size of a variable or
type.

« Inline routines are supported for imbedding machine code in a program.

« Units are supported for modular construction of programs and separate
compilation.

« Lightspeed Pascal supports type-casting of values.
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« In Lightspeed Pascal, only the standard file variables input and cutput are -
allowed as program parameters.

Note: There is no automatic means, in Lightspeed Pascal, of determining
whether or not a program violates any of the exceptions listed above.

Extensions to ANS Pascal

The following Lightspeed Pascal features are extensions to Pascal as specified by
ANSIIEEE770X3.97-1983:

+  The following are word-symbols in Lightspeed Pascal:

inline interface implementation otherwise
string uses unit

«  An identifier may have an underscore appearing anywhere following the initial letter
of the identifier.

» Lightspeed Pascal supports relaxation of the ordering of declarations. There may be
any number of declaration parts in any order.

« Lightspeed Pascal supports the additional integer-type 1on gint and the additional
real-types double, computational, and extended.

« A signed constant-identifier may denote a value of type integer, longint, or
extended.

+ In Lightspeed Pascal, the result of arithmetic performed on integer operands is
integer. The result of arithmetic performed on longint operands is Jongint.
All mixed integer and longint operands are converted to Iongint before
arithmetic is performed, and the result is longint. A longint value may be
used wherever an integer value is required if the value falls in the range
-maxint..maxint.

«  All integer-type and real-type operands are converted to extended before any real
arithmetic is performed, and the result is always extended. An extended value
may be used wherever a real, double, Or computational value is required,
provided the value falls within the range of values permissible.

» Lightspeed Pascal supports string-types, which are compatible with other
string-types, packed-string-types, and char-type.

+ In Lightspeed Pascal, the assignment-compatibility rules have been extended to
allow the mixing of string-types, packed-string-types, and char-type where
appropriate.

«  The result-type of a function is not restricted to simple and pointer-types; functions
may return values of any type.

+ Individual char-type components of string-type variables may be referenced as
though the string were a one-dimensional array.
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27. For pack (a, i, z), it an error if any of the referenced components of a have
undefined values.

30. For unpack (z, a, i), itis an error if any of the components of z have undefined
values.

43. It is an error to reference a variable in an expression if the value of that variable is
undefined.

48. It is an error if the result of the activation of a function is undefined when that
activation is complete.

51. Itis an error if none of the case constants is equal to the value of the case index upon
entry to a case statement.
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Lightspeed Pascal supports all of the Macintosh Toolbox/OS constants, types,
variables, procedures, and functions as predefined identifiers.

Note:  There is no automatic means, in Lightspeed Pascal, of distinguishing

between a program that uses extensions and one that does not.

Implementation-Dependent Features

The effect of using an implementation-dependent feature of Pascal, as defined by
ANSI/IEEE770X3.97-1983, is unspecified as described in the preface to the Language

Reference.

Treatment of Errors

This section defines those errors listed in Appendix D of the ANS Pascal standard that are not
automatically detected and reported by Lightspeed Pascal. The number of each error listed below
is the number under which the error is listed in the standard's appendix. The wording of the

description of the error, however, differs from the wording in the standard.

2.

19.

20.

21.
22,
24.

25.
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If ¢ is the tag-field of a variant-part, and if £ is a field within the currently active
variant of that variant-part, then it is an error to attempt to alter the value of t while a
reference to £ exists.

If p is a pointer-type value, it is an error to reference p * if the value of p is
undefined.

If p is a pointer-type value, it is an error to attempt to dispose of p while a
reference to p * exists.

If £ is a file-type variable, it is an error to attempt to close £ or alter the current file
position of £ while a reference to £~ exists.

If a pointer-type variable p is assigned a value by new (p, ¢;, Cyr - - -+ C ) itis an
error to attempt to make any other variants than those selected by the case-constants
in new become the active variant.

If a pointer-type variable p is assigned a value by new (p, ¢,, C,r . . ., C,)5 itis an

error to attempt to dispose of p without supplying the same list of case-constants
in the same order.

Same as 20.
Same as 20.

It is an error to attempt to dispose of p if the value of p is undefined.

If a pointer-type variable p is assigned a value by new (p, c¢;, 5 . . ., C, ), it s an

error to reference the entire variable p~ in an expression, as an actual
variable-parameter, or as the destination of an assignment-statement.
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Porting to Lightspeed Pascal

Introduction

The Pascal language was designed by Professor Niklaus Wirth primarily as a tool for teaching
systematic programming. It has evolved into one of the most popular programming languages,
the main attraction being its emphasis on rigid structure and strong typing. In the evolution
process most Pascal implementations have added a number of language extensions. Since most
such extensions are unique to a particular implementation, some work is required to port Pascal
programs from one computer to another.

Different implementations have interpreted the semantics of the unadorned language in different
ways. This issue was addressed by the Joint ANSI/X3J9-IEEE Pascal Standards Committee,
which in 1982 approved a standard language (informally called ANS Pascal) to promote the
portability of Pascal programs between implementations.

Lightspeed Pascal is intended to conform, as closely as possible, to ANS Pascal (see Appendix
A), while providing extensions necessary for the development of serious (Macintosh)
applications. We have tried to keep such extensions to a minimum, choosing features common to
many Pascal implementations, while retaining compatibility with existing systems, notably
Macintosh Pascal.

This appendix is designed to aid you in porting existing programs to Lightspeed Pascal. It
provides a comprehensive list of areas in which Lightspeed Pascal may differ from other
implementations, along with suggestions for modifying programs to run under Lightspeed
Pascal. Wherever appropriate, specific mention is made of other Pascal systems available for the
Macintosh, specifically Macintosh Pascal (THINK Technologies and Apple Computer), Lisa

Pascal (Apple Computer), and MacLanguage Series Pascal (TML Systems).

There are probably only a few places where your programs will actually require modification.
Your efforts will be rewarded almost immediately with the increased productivity resulting from
the benefits of the Lightspeed Pascal environment.

Program Size

Lightspeed Pascal limits the size of any individual source file to around 2000-3000 lines
depending on the line density. This limitation provides improved edit and compile performance,
and relates well to inherent limitations such as segment size. However, programs developed
using other compilers may consist of larger source files, particularly those developed without the
benefit of separate compilation.
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-~ In Lightspeed Pascal, the different comment delimiter pairs are always treated the same, so the
above technique cannot be used (comments do pot nest). Furthermore, comments may not cross
line boundaries. Lightspeed Pascal attempts to convert multi-line comments into a number of
single line comments. However, nested comments may not be converted properly.

Most Pascal implementations support special compiler directive comments. These comments are
typically of the form {$x+} or {$x-}, where x is a one or two character mnemonic for the
particular option. Lightspeed Pascal supports a number of compiler directives; these are
described in detail in Chapter 13 of the User's Guide.

Compiler directives are not addressed in the ANS Pascal standard, and thus vary greatly between
implementations. For example, the Lisa Pascal compiler supports

{8I filename} include £ilename in text

{$S segmentname} place code in segment segmentname
{SOV+} turn on overflow checking

{SR-} turn off range checking

and a number of others, most of which have no analog in Lightspeed Pascal. It is best to
assume that all compiler directives are nonportable, and should be changed or removed.

It should be noted that most Lightspeed Pascal compiler directives may be enabled and disabled
via the Project window; this is both more convenient and more portable.

Types
Different implementations of Pascal place different limitations on predefined and user defined

data types. These limitations typically reflect the chosen representation of data, or constraints
imposed by the underlying hardware architecture. For example, the ANS standard requires that

the type integer contain all values in the range -max1int to maxint, but accepts the fact that
these values are machine dependent and may differ across implementations.

Lightspeed Pascal imposes the following data type limitations:
« Integers are limited to the range -32767 to 32767.

« Integer subranges are also limited to the range -32767 to 32767,1i.e. no longint
subranges are allowed.

«  Enumerated types may contain no more than 256 distinct values.
«  Structured types may occupy at most 32766 bytes.

There are also areas in which Lightspeed Pascal exceeds limitations imposed by other Pascal
implementations. For example:

+ Set types up to the full set of integer are supported, including
negative-value elements.
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If you attempt to load a file that exceeds this limitation, a warning is given that some lines have
been lost. The best approach is to break the file up into smaller units, using an editor capable of
dealing with large files.

If a large file contains procedures and functions which are to be allocated in different segments
(as is typical with Lisa Pascal programs) you should break up the file based on its required
segmentation; see the section on Segmentation below.

Identifier Length
Most Pascal compilers only check the spelling of identifiers up to 8 or 16 characters. In

Lightspeed Pascal, all characters in an identifier are significant, up to the maximum length (255).
For example:

var

aVeryVeryLongName: integer;
begin

aVeryVeryLongNme := 0;
end;

This is accepted by many compilers because the difference between the two identifiers occurs
beyond the last significant character. Lightspeed Pascal reports the mispelling as an undeclared
identifier.

Reserved Words
Lightspeed Pascal has added the following word-symbols which may not be used as identifiers:

implementation inline interface otherwise
string uses unit

If you attermnpt to compile a program which uses one of these as an identifier, Lightspeed Pascal

will report an error; this type of error is also detected by the editor, and will appear in outline
form to indicate that it is syntactically invalid.

Comments and Directives
Some Pascal compilers treat the comment delimiter pairs { } and (* *) differently, allowing
comments which use one delimiter to be "commented out" using the other delimiter. For

example, in Lisa Pascal the code sequence

if ResError <> noErr then {report resource error}
alertStatus := Alert (MyRsrcAlert, nil);

could be commented out in the following fashion:
(* if ResError <> noErr then (report resource error)

alertStatus := Alert (MyRsrcAlert, nil);
*)
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Operators

The implementation of operators in Lightspeed Pascal conforms for the most part to the ANSI
standard, differing only in areas where Lightspeed Pascal provides additional data types (e.g.
string, longint, extended). Porting difficulties may occur in expressions involving
integer arithmetic overflow (see the following section).

Lisa Pascal programs which use the mod operator may yield different results when ported (if the
dividend is negative). Lightspeed Pascal (correctly) implements mod according to the rules for
modulo arithmetic, while Lisa Pascal implements it as a simple remainder operator.

Many compilers support an exponentiation operator * for integer or floating-point operands. In
Lightspeed Pascal, floating-point exponentiation can be easily implemented, based on the
following identity:

x ** y = Exp (Ln (%) * y)

If you port a program which uses integer exponentiation, you may have to write a simple
exponentiation function.

Integer Arithmetic

Lightspeed Pascal performs all integer arithmetic in either 16 bits or 32 bits depending on the type
of the operands. For binary operators, if both operands are 16 bits (or smaller) the operation is
performed in 16 bits; if either or both operands is 32 bits, the operation is performed (less
efficiently) in 32 bits.

The ramifications of this strategy are illustrated by the following example:

var

i, j: integer;
begin

i := 20000;

j = 30000;

writeln (i+3);
end;

This program fragment will cause an overflow error in Lightspeed Pascal, because the sum
20000430000 is too large to be represented in 16 bits. Other implementations (notably
Macintosh Pascal) may perform the operation in 32 bits, avoiding the overflow at the expense of
execution efficiency. You can force the arithmetic to be performed in 32 bits by casting the

operands to longint or by using the Ord4 function.

A similar problem arises in programs ported from Macintosh Pascal which use inline procedures
and functions (InlineP, BInlineF, WInlineF, LInlineF). The statement

InlineP ($ASD1, 0+0, 65535, hTE):

attempts to call TESetSelect with a (longword) O for selStart. In Lightspeed Pascal, this results
in a word O being pushed instead, misaligning the stack and (probably) resulting in a fatal error.
You can cast the integer value to a longint, but statements like that above are better
replaced by a call to the equivalent Macintosh Toolbox routine:
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+ Floating-point values of single, double, computational and extended
precision are supported.

« Complete compatibility exists between string-types, packed-string-types, and
char-type.

For a complete description of all Lightspeed Pascal data types, refer to Section 3 of the Language
Reference.

Data Representation

The area likely to have the greatest diversity among Pascal implementations is the representation
of data; this is the area most subject to hardware differences and personal judgement. Lightspeed
Pascal follows the Lisa Pascal (and thus Macintosh Toolbox) conventions for ordinal types. For
example, the integer type is implemented as a 16 bit value to take advantage of the more
efficient 16 bit instructions of the 68000 processor. The 32 bit integer type Iongint is
provided for dealing with values which exceed the range of 16 bit integers.

The data type char is notable because it is also implemented as a 16 bit (rather than the more
natural 8 bit) value; it occupies 8 bits only when packed. The ramifications of this are subtle.
The predefined type text is usually assumed to have the same representation as file of
char; Macintosh Pascal assumes that this is the case. In Lightspeed Pascal, text has the same
representation as packed file of char. This may cause difficulty when porting
programs which use file of char.

The Lisa Pascal compiler provides a more comprehensive packing algorithm than Lightspeed
Pascal; for example, the type definition

type
KeyMap = packed array [0..127] of boolean;

causes each element of a KeyMap to occupy one bit. In Lightspeed Pascal, bit-packing is never
performed, and this type is implemented differently:

typea
KeyMap = array [0..3] of longint;

Programs which depend upon bit-packing of data are not portable to Lightspeed Pascal without
modification.

The representation of data in Lightspeed Pascal is described more completely in Chapter 11 of the
User's Guide.

Data Initialization

Certain Pascal implementations guarantee specific values for uninitialized variables. For
example, Macintosh Pascal initializes all global and local variables (and function results) to 0. In
Lightspeed Pascal, no variables are initialized. Programs which (perhaps inadvertently) depend
on variables being initialized may result in unusual run-time behavior.
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uses
QuickDrawl, QuickDrawZ2;

In Lightspeed Pascal, most of the declarations in Inside Macintosh are predefined, and these
uses-clauses are not required (or allowed).

Certain of the Inside Macintosh declarations, such as the AppleTalk Manager, are supplied as
libraries. Each is supplied as two files: a source (interface) file, and a library (code) file. Both of
these files must be added to the project. The interface to the library is in the form of a unit. The
unit name must appear in a uses-clause in the file that accesses the library. Methods for using
these libraries are described in Chapter 8 of the User's Guide. The exact syntax for units is
described in Section 8.3 of the Language Reference. The interfaces are documented in
Appendix E.

Input/Output

This is an area in which many Pascal implementations diverge, particularly in their treatment of
interactive 1/O. Lightspeed Pascal supports I/O with ANS Pascal semantics and the following
extensions:

- An optional second parameter may be given to reset and rewrite to associate a
file variable with an external file. A file opened reset or rewrite is read-only or
write-only respectively, and in both cases the file may only be accessed sequentially.

« Instead of reset and rewrite, a file may be opened with open to allow random
read/write access.

« A close procedure is supplied for those file variables associated with external files.
There are no optional close parameters (unlike Lisa Pascal, for example).

« A seek procedure may be used for random-access to file components.

« A filepos function returns the component number of the current file position, a
value that may be used in a subsequent seek.

+  String-type and enumerated-type values may be read from textfiles using read and
readln.

+  String-type and enumerated-type values may be written to textfiles using write and
writeln.

o Lazy /O is used to permit both interactive and non-interactive 1/O to be handled
identically.

Lightspeed Pascal is identical to Macintosh Pascal in its treatment of I/O. Other compilers are
likely to have different extensions. Programs which read and write to the predefined file
variables input and output interactively may cause some difficulty; see Section 9 of the
Language Reference for a complete explanation of Lazy I/O and its ramifications.
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TESetSelect (0, 65535, hTE);

This will perform the proper argument type checking and conversion, and is both easier to
understand and more efficient.

Program Parameters

Lightspeed Pascal only allows the standard file-variables input and output as
program-parameters. Occurrences of other file-variables in a program heading are reported as
errors. However, these can be removed without affecting the semantics of the program.

Predefined Procedures and Functions

Lightspeed Pascal, like Macintosh Pascal, provides a large number of predefined procedures and
functions in addition to those required by the standard. Routines have been added to facilitate
address arithmetic, string handling, I/O, and other common tasks, On top of this, nearly all of
the procedures and functions (and constants and types) described in Inside Macintosh are
supplied as predefines (some are supplied as units: see below).

Different implementations of Pascal are likely to provide different predefined procedures and
functions, many of which have functional analogs in Lightspeed Pascal. Programs which
depend upon nonstandard predefines (most programs fall into this category, for reasons
described in the introduction) will require modification. For example, the following Lisa Pascal
predefines are not supported:

exit halt heapresult mark
release memavail moveleft moveright
scaneq scanne fillchar

band bor bxor bnot

bsl bsr brotl brotr
btst bclr bset

For a complete description of the Lightspeed Pascal predefines, see Section 10 of the Language
Reference.

Standard Units

Pascal compilers for the Macintosh typically provide a standard set of units (Lisa Pascal),
libraries (Macintosh Pascal) or include files (MacLanguage Series Pascal) which define some or
all of the constants, types, procedures, etc., described in Inside Macintosh, and whose
declarations can be made available to any program or unit. For example, most Lisa Pascal
programs begin with the following uses-clause:

uses
MemTypes, QuickDraw, OSIntf, ToolIntf, PackIntf;

Similarly, Macintosh Pascal programs often start with:
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Cycle and Leave Statements. These are easily replaced by an equivalent goto
statement.

Constant Expressions. In Lisa Pascal, the following constant declarations are
accepted:

const
limit = maxSize — 1;
CR = Chr (50D);

In Lightspeed Pascal, constant expressions are not allowed.

Case List Subranges. In Lisa Pascal, constant lists in case statements may range
over a set of values without explicitly listing them all, i.e.

case today of
monday..friday:
saturday:
sunday:

end;

In Lightspeed Pascal, the subranges must be listed explicitly:

case today of
monday, tuesday, wednesday, thursday, friday:
saturday:
sunday:

end;

Generalized Function Results. In Lisa Pascal, as in Lightspeed Pascal, functions
may return values of any type. This feature has been generalized in Lisa Pascal so
that function calls may be treated as simple variables so that they may be indexed,
dereferenced, etc. The following example uses the result of function InfoScrap
(pointer to a record) by dereferencing it:

var
myHandle: Handle;

myHandle := InfoScrap”.scrapHandle;

In Lightspeed Pascal, you'll need to use a temporary variable:

var
myHandle: Handle;
scrapInfo: PScrapStuff;

scrapInfo := InfoScrap;
myHandle := scrapInfo”.scrapHandle;
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Segmentation

Macintosh programs are usually composed of a number of segments, each of which can contain
up to 32K of code. Segmentation allows programs to be written which are too large to fit in
memory; segments can be loaded and unloaded as needed.

Most Pascal implementations for the Macintosh support segmentation. In Lisa Pascal and
MacLanguage Series Pascal, segmentation is accomplished (on a procedure by procedure basis)
via a compiler option:

{8S PrintSeqg }

procedure PrintFile (whichFile: integer);
begin

end;

{85 FileSeg }
procedure CloseFile (whichFile: integer);
begin

end;
The above directives place the code for procedure PrintFile in segment PrintSeg, and the
code for procedure CIloseFile in segment FileSeg.

In Lightspeed Pascal, programs are divided into segments on a file by file basis. The Project
Window, when viewed by segment, shows which files are in which segments, and provides a
visual metaphor (dragging) for moving files between segments. If you are porting a program in
which a single file contributes to multiple segments, some reorganization will be neccessary.

Run Time Environment

Macintosh programs usually begin with a sequence of initialization calls to various portions of the
Macintosh Toolbox. In Lightspeed Pascal, the following initializations are performed
automatically for your application:

InitGraf (@thePort);

InitFonts;

InitWindows;

InitMenus;

TEInit;

Initbialogs (nil);

InitCursor;

SetApplLimit (<current value of A7> - <Run Options stack size>)

MaxApplZone;

Although it is difficult to imagine a program which would not require these calls, you can disable
their automatic execution using the 31—} directive (see Chapter 13 of the User's Guide).

Extensions

If you are porting Lisa Pascal programs, you may run into difficulty if the programs use some of
the Lisa Pascal extensions. The following features are not supported by Lightspeed Pascal:
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Appendix C
QuickDraw

This appendix contains a reproduction of QuickDraw: A Programmer’s Guide. The various
constants, types, variables, procedures, and functions described here are accessible through
Lightspeed Pascal.

The basic shape-drawing procedures described in Sections C.8.8 through C.8.11 takes a value of
type Rect as its first parameter. As a convenience, the Rect parameter in each of these
procedures may alternatively be replaced by four integer values giving the top, left, bottom,
and right coordinates of the rectangle in that order.

There are three additional procedures, not normally a part of QuickDraw and thus not included in
the main part of this appendix, that have been included in Lightspeed Pascal. These are as
follows:

procedure DrawLine( a, b, ¢, d : integer );
{Draws a line from point (a,b) to point (c,d)}

procedure PaintCircle( x, y, r : integer );
{Paints a circle centered at point (x,¥) with radius r}

procedure InvertCircle( x, y, r : integer );
{Inverts a circle centered at point (x,Yy) with radius r}

In general, any of the QuickDraw operations described in Sections C.8.3 through C.8.11 and
C.8.18 are "safe" to use, as they have no effect beyond the Lightspeed Pascal Drawing window.
The operations described in Section C.8.12 through C.8.17 are also "safe”, except that they may
cause your program to run out of memory. The operations described in Section C.8.1, C.8.2,
and C.9 should be used only by knowledgable programmers, since they can interfere with the
normal operation of the Lightspeed Pascal environment. Also, as always, pointers and handles
can get you into trouble if not used properly.
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« Type Casting of L-values. In Lisa Pascal, type casts may be applied to l-values
(variable-references appearing on the left-hand-side of an assignment, or as an actual
var parameter) as well as r-values (variable-references appearing in expressions).
In Lightspeed Pascal, only expressions can be type-cast. For example:

var
myHandle: Handle;
hTE: TEHandle;

myHandle := hTE"".hText;
CharsHandle (myHandle) ~~{0] := Chr($0D);
DrawChar (CharsHandle (myHandle)**[0]);
DisposHandle (myHandle};

In Lightspeed Pascal, you may need to change such declarations. In particular, it is
best that variables such as myHandle above be declared as specific types, like
CharsHandle, and cast to generic types, like Handle, as needed:

var

myHandle: CharsHandle;
hTE;: TEHandle;

myHandle := CharsHandle (hTE~".hText);
myHandle~"~[0] := Chr($0D);

DrawChar (myHandle~"{0]);
DisposHandle (Handle (myHandle));

+  Short-circuit Boolean Expression Evaluation. In Lisa Pascal, the binary operators &
(ampersand) and / (vertical bar) were introduced which cause minimum evaluation
of boolean expressions. This allows the following statement:

if (p <> nil) & (p*.name = '') then
In Lightspeed Pascal, this must be written as:

if (p <> nil) then
if (p~.name = '') then
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C.1 About QuickDraw

QuickDraw

QuickDraw allows you to organize the Macintosh screen into a number of individual areas.
Within each area you can draw many things, as illustrated in Figure C-1.
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Samples of QuickDraw's Abilities

« Text characters in a number of proportionally-spaced fonts, with variations that
include boldfacing, italicizing, underlining, and outlining.

«  Straight lines of any length and width.

» A variety of shapes, either solid or hollow, including: rectangles, with or without
rounded corners; full circles and ovals or wedge-shaped sections; and polygons.
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C.2 The Mathematical Foundation of QuickDraw

To create graphics that are both precise and pretty requires not super-charged features but a firm
mathematical foundation for the features you have. If the mathematics that underlie a graphics
package are imprecise or fuzzy, the graphics will be, too. QuickDraw defines some clear
mathematical constructs that are widely used in its procedures, functions, and data types: the
coordinate plane, the point, the rectangle, and the region.

C.2.1 The Coordinate Plane

All information about location, placement, or movement that you give to QuickDraw is in terms
of coordinates on a plane. The coordinate plane is a two-dimensional grid, as illustrated in Figure
C-2.

There are two distinctive features of the QuickDraw coordinate plane:

» Al grid coordinates are integers.
All grid lines are infinitely thin.

These concepts are important! First, they mean that the QuickDraw plane is finite, not infinite
(although it's very large). Horizontal coordinates range from -32768 to +32767, and vertical
coordinates have the same range. Note that in Lighspeed Pascal, the lower bound of integers is
-32767, and the coordinate plane is restricted accordingly.

Second, they mean that all elements represented on the coordinate plane are mathematically pure.
Mathematical calculations using integer arithmetic will produce intuitively correct results. If you
keep in mind that grid lines are infinitely thin, you'll never have "endpoint paranoja“--the
confusion that results from not knowing whether that last dot is included in the line.

-32768
T

~32768 ¢ - 32767
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+  Any other arbitrary shape or collection of shapes, again either solid or hollow.

« A picture consisting of any combination of the above items, with just a single
procedure call.

In addition, QuickDraw has some other abilities that you won't find in many other graphics
packages. These abilities take care of most of the "house-keeping"--the trivial but
time-consuming and bothersome overhead that's necessary to keep things in order.

«  The ability to define many distinct ports on the screen, each with its own complete
drawing environment--its own coordinate system, drawing location, character set,
location on the screen, and so on. You can easily switch from one such port to
another.

«  Full and complete clipping to arbitrary areas, S0 that drawing will occur only where
you want, It's like a super-duper coloring book that won't let you color outside the
lines. You don't have to worry about accidentally drawing over something else on
the screen, or drawing off the screen and destroying memory.

+  Off-screen drawing. Anything you can draw on the screen, you can draw into an
off-screen buffer, so you can prepare an image for an output device without
disturbing the screen, or you can prepare a picture and move it onto the screen very
quickly.

And QuickDraw lives up to its name! It's very fast. The speed and responsiveness of the
Macintosh user interface are due primarily to the speed of the QuickDraw package. You can do
good-quality animation, fast interactive graphics, and complex yet speedy text displays using the
full features of QuickDraw. This means you don't have to bypass the general-purpose
QuickDraw routines by writing a lot of special routines to improve speed.

C.1.1 How To Use QuickDraw

QuickDraw includes only the graphics and utility procedures and functions you'll need to create
graphics on the screen. Procedures for dealing with the mouse, cursors, and the keyboard are not
described here: refer to Inside Macintosh. A summary of the Toolbox routines, types, etc.,
supported by Lightspeed Pascal is included in Appendix E.

C.1.2 QuickDraw Data Types

QuickDraw defines three general data types, ODByte, QDPtr, and QDHandle:

type
ObByte = Signed Byte; { -128..127 }
QDPtr = Ptr; { blind pointer 1}
ODHandle = Handle; { blind handle }

Other types are described throughout this appendix in the sections in which they're relevant. For
a summary of all QuickDraw types, see Appendix E.
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conceptual elements and their physical representations is made by a
bitmap, described below.

Left
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Figure C-3
A Rectangle

The data type for rectangles is Rect, and consists of four integers or two points:

type
Rect = record
case integer of

0: (top: integer;
left: integery;
bottom: integer;
right: linteger);

1: (topLeft: Point;
botRight: Point)

end;

Again, the record variant allows you to access a variable of type Rect either as four boundary
coordinates or as two diagonally opposing corner points. Combined with the record variant for
points, all of the following references to the rectangle named bRect are legal:

bRect {type Rect)
bRect.topLeft bRect .botRight {type Point}
bRect . top bRect.left {type integer)
bRect .topLeft.v bRect .topLeft.h {type 1integer}

bRect.topLeft.vh[V] bRect.topLeft.vh[H] ({type integer}

Appendices C-9 Quickdraw



Figure C-2
The Coordinate Plane

C.2.2 Points

On the coordinate plane are 4,294,967,296 unique points. Each point is at the intersection of a
horizontal grid line and a vertical grid line. As the grid lines are infinitely thin, a point is infinitely
small. Of course there are more points on this grid than there are dots on the Macintosh screen:
when using QuickDraw you associate small parts of the grid with areas on the screen, so that you
aren't bound into an arbitrary, limited coordinate system.

The coordinate origin (0,0) is in the middle of the grid. Horizontal coordinates increase as you
move from left to right, and vertical coordinates increase as you move from top to bottom. This is
the way both a TV screen and a page of English text are scanned: from the top left to the bottom
right.

You can store the coordinates of a point in a Pascal variable whose type is defined by
QuickDraw. The type Pointisa record of two integers, and has the following structure:

type
VHSelect = (V,H};
Point = record

case integer of

0: (v: 1integer;
h: integer);

1: (vh: array [VHSelect] of integer)
end;

The variant part allows you to access the vertical and horizontal components of a point either
individually or as an array. For example, if the variable goodPt were declared to be of type
Point, the following would all refer to the coordinate parts of the point:

goodPt . v goodPt.h
goodPt.vh{V] goodPt.vh(H]

C.2.3 Rectangles

Any two points can define the top left and bottom right corners of a rectangle. As these points are
infinitely small, the borders of the rectangle are infinitely thin (see Figure C-3).

Rectangles are used to define active areas on the screen, to assign coordinate systems to graphic
entities, and to specify the locations and sizes for various drawing commands. QuickDraw also
allows you to perform many mathematical calculations on rectangles--changing their sizes,
shifting them around, and so on.

Note:  Remember that rectangles, like points, are mathematical concepts that
have no direct representation on the screen. The association between these
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type
Region = record
rgnSize: Iinteger;
rgnBBox: Rect;
{optional region definition data}
and;

The rgnsSi ze field contains the size, in bytes, of the region variable. The rgnBBox field is a
rectangle which completely encloses the region.

The simplest region is a rectangle. In this case, the rgnBBox field defines the entire region, and
there is no optional region data. For rectangular regions (or empty regions), the rgnSize field
contains 10 (two bytes for rgnSize, plus eight for rgnBBox).

The region definition data for nonrectangular regions is stored in a compact way which allows for
highly efficient access by QuickDraw procedures.

As regions are of variable size, they are stored dynamically on the heap, and the Operating
System's memory management moves them around as their sizes change. Being dynamic, a
region can be accessed only through a pointer; but when a region is moved, all pointers referring
to it must be updated. For this reason, all regions are accessed through handles, which point to
one master pointer which in turn points to the region.

type RgnPtr = “Region;
RgnHandle = "“RgnPtr;

When the memory management relocates a region's data in memory, it updates only the RgnPtr
master pointer to that region. The references through the master pointer can find the region’s new
home, but any references pointing directly to the region's previous position in memory would
now point at dead bits. To access individual fields of a region, use the region handle and double
indirection:

myRgn~".rgnSize {size of region whose handle is myRgn)

myRgn"".,rgnBBox {rectangle enclosing the same region}

myRgn~".rgnBBox.top {minimum vertical coordinate of all
points in the region}

myRgn” . rgnBBox {syntactically incorrect; will not run if
myRgn 1s a rgnHandle}

Regions are created by a QuickDraw function which allocates space for the region, creates a
master pointer, and returns a region handle. When you're done with a region, you dispose of it
with another QuickDraw routine which frees up the space used by the region. Only these calls
allocate or deallocate regions; do not use the Pascal procedure new to create a new region!

You specify the outline of a region with procedures that draw lines and shapes, as described in
Section C.8, QuickDraw Routines. An example is given in the discussion of CloseRgn in
Section C.8.12, Calculations with Regions.

Many calculations can be performed on regions. A region can be "expanded” or "shrunk” and,
given any two regions, QuickDraw can find their union, intersection, difference, and
exclusive-or; it can also determine whether a given point or rectangle intersects a given region,
and so on. There is of course a set of graphic operations on regions to draw them on the screen.
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bRect .bottom bRect .right {type integer)}
bRect .botRight.v bRect .botRight.h {type integer}
bRect.botRight.vh[V] bRect.botRight.vh [H] {type integer}

Warning:  If the bottom coordinate of a rectangle is equal to or less than the top,
or the right coordinate is equal to or less than the left, the rectangle is
an empty rectangle (i.e., one that contains no bits).

C.2.4 Regions

Unlike most graphics packages that can manipulate only simple geometric structures (usually
rectilinear, at that), QuickDraw can gather an arbitrary set of spatially coherent points into a
structure called a region, and perform complex yet rapid manipulations and calculations on such
structures. This remarkable feature not only will make your standard programs simpler and
faster, but will let you perform operations that would otherwise be nearly impossible; it is

fundamental to the Macintosh user interface.

You define a region by drawing lines, shapes such as rectangles and ovals, or even other
regions. The outline of a region should be one or more closed loops. A region can be concave or
convex, can consist of one area or many disjoint areas, and can even have "holes" in the middle.
In Figure C-4, the region on the left has a hole in the middle, and the region on the right consists
of two disjoint areas.
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Figure C-4
Regions

Because a region can be any arbitrary area or set of areas on the coordinate plane, it takes a
variable amount of information to store the outline of a region. The data structure for a region,
therefore, is a variable-length entity with two fixed fields at the beginning, followed by a
variable-length data field:
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Note: Since each pixel on the screen represents one bit in a bit image, wherever
this appendix says "bit", you can substitute "pixel” if the bit image is the
Macintosh screen. Likewise, this appendix often refers to pixels on the
screen where the discussion applies equally to bits in an off-screen bit
image.

C.3.2 The Bitmap

When you combine the physical entity of a bit image with the conceptual entities of the coordinate
plane and rectangle, you get a bitmap. A bitmap has three parts: a pointer to a bit image, the row
width (in bytes) of that image, and a boundary rectangle which gives the bitmap both its
dimensions and a coordinate system. Notice that a bitmap does not actually include the bits
themselves: it points to them.

There can be several bitmaps pointing to the same bit image, each imposing a different coordinate
system on it. This important feature is explained more fully in Section C.5, Coordinates in
GrafPorts.

As shown in Figure C-6, the data structure of a bitmap is as follows:

type
BitMap = record
baseAddr: Ptr;
rowBytes: Iinteger;
bounds: Rect
end;

Base
Address”

baseAddr
rowBytes
bounds -\

‘>

— Row Width ———

Figure C-6
A Bitmap
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C.3 Graphic Entities

Coordinate planes, points, rectangles, and regions are all good mathematical models, but they
aren't really graphic elements--they don't have a direct physical appearance. Some graphic
entities that do have a direct graphic interpretation are the bit image, bitmap, pattern, and cursor.
This section describes the data structure of these graphic entities and how they relate to the
mathematical constructs described above.

C.3.1 The Bit Image

A bit image is a collection of bits in memory which have a rectilinear representation. Take a
collection of words in memory and lay them end to end so that bit 15 of the lowest-numbered
word is on the left and bit 0 of the highest-numbered word is on the far right. Then take this array
of bits and divide it, on word boundaries, into a number of equal-size rows. Stack these rows
vertically so that the first row is on the top and the last row is on the bottom. The result is a
matrix like the one shown in Figure C-5--rows and columns of bits, with each row containing the
same number of bytes. The number of bytes in each row of the bit image is called the row width
of that image.

A bit image can be stored in any static or dynamic variable, and can be of any length that is @
multiple of the row width.

The Macintosh screen itself is one large visible bit image. There are 21,888 bytes of memory that
are displayed as a matrix of 175,104 pixels on the screen, each bit corresponding to one pixel. If
a bit's value is 0, its pixel is white; if the bit's value is 1, the pixel is black.

The screen is 342 pixels tall and 512 pixels wide, and the row width of its bit image is 64 bytes.
Each pixel on the screen is square; there are 72 pixels per inch in each direction.

First

Byte
Row
width
is
8 Bytes
Last
Byte

Figure C-5
A Bit Image
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Figure C-7
Coordinates and Bitmaps

C.3.3 Patterns

A pattern is a 64-bit image, organized as an 8-by-8-bit rectangle, which is used to define a
repeating design (such as stripes) or tone (such as gray). Patterns can be used to draw lines and
shapes or to fill areas on the screen,

When a pattern is drawn, it is aligned such that adjacent areas of the same pattern in the same
graphics port will blend with each other into a continuous, coordinated pattern. QuickDraw
provides the predefined patterns white, black, gray, 1tGray, and dkGray. Any other
64-bit variable or constant can be used as a pattern, too. The data type definition for a pattern is
as follows:

type
Pattern = packed array [0..7] of 0..255;

The row width of a pattern is 1 byte.

C.3.4 Cursors

A cursor is a small image that appears on the screen and is controlled by the mouse. (It appears
only on the screen, and never in an off-screen bit image.)

Note: Other Macintosh documentation calls this image a "pointer”, since it
points to a location on the screen. To avoid confusion with the other
meanings of "pointer” in this manual, the term "cursor” is used.

A cursor is defined as a 256-bit image, a 16-by-16-bit square. The row width of a cursor is 2
bytes. Figure C-8 illustrates four cursors.

Appendices C-15 Quickdraw



The baseAddr field is a pointer to the beginning of the bit image in memory, and the
rowBytes field is the number of bytes in each row of the image. Both of these should always
be even: a bitmap should always begin on a word boundary and contain an integral number of
words in each row.

The bounds field is a boundary rectangle that both encloses the active area of the bit image and
imposes a coordinate system on it. The relationship between the boundary rectangle and the bit
image in a bitmap is simple yet very important. First, a few general rules:

« Bits in a bit image fall between points on the coordinate plane.

« A rectangle divides a bit image into two sets of bits: those bits inside the rectangle
and those outside the rectangle.

+ A rectangle that is H points wide and V points tall encloses exactly (H-1) *
(v—1)bits.

The top left corner of the boundary rectangle is aligned around the first bit in the bit image. The
width of the rectangle determines how many bits of one row are logically owned by the bitmap;
the relationship

8 * map.rowBytes >= map.bounds.right-map.bounds.left

must always be true. The height of the rectangle determines how many rows of the image are
logically owned by the bitmap. To ensure that the number of bits in the logical bitmap is not
larger than the number of bits in the bit image, the bit image must be at least as big as

(map . bounds .bottom—map .bounds.top) *map.rowBytes

Normally, the boundary rectangle completely encloses the bit image: the width of the boundary
rectangle is equal to the number of bits in one row of the image, and the height of the rectangle is
equal to the number of rows in the image. If the rectangle is smaller than the dimensions of the
image, the least significant bits in each row, as well as the last rows in the image, are not affected
by any operations on the bitmap.

The bitmap also imposes a coordinate system on the image. Because bits fall between coordinate
points, the coordinate system assigns integer values to the lines that border and separate bits, not
to the bit positions themselves. For example, if a bitmap is assigned the boundary rectangle with
corners (10,-8) and (34,8), the bottom right bit in the image will be between horizontal
coordinates 33 and 34, and between vertical coordinates 7 and 8 (see Figure C-7).
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C-8; the hotspot is defined in this coordinate system. A hotspot of (0,0) is at the top left of the
image. For the arrow in Figure C-8 to point to the mouse position, (0,0) would be its hotspot. A
hotspot of (8,8) is in the exact center of the image; the center of the plus sign or oval in Figure
C-8 would coincide with the mouse position if (8,8) were the hotspot for that cursor. Similarly,
the hotspot for the pointing hand would be (16,9).

Whenever you move the mouse, the low-level interrupt-driven mouse routines move the cursor's
hotspot to be aligned with the new mouse position.

QuickDraw supplies a predefined arrow cursor, an arrow pointing north- northwest.

C.4 The Drawing Environment: GrafPort

A grafPort is a complete drawing environment that defines how and where graphic operations
will have their effect. It contains all the information about one instance of graphic output that is
kept separate from all other instances. You can have many grafPorts open at once, and each one
will have its own coordinate system, drawing pattern, background pattern, pen size and location,
character font and style, and bitmap in which drawing takes place. You can instantly switch from
one port to another. GrafPorts are the structures on which a program builds windows, which are
fundamental to the Macintosh's "overlapping windows" user interface.

A grafPort is a dynamic data structure, defined as follows:

type GrafPtr = “GrafPort;
GrafPort = record
device: integer;
portBits: BitMap;
portRect: Rect;
visRgn: RgnHandle;
clipRgn: RgnHandle;
bkPat: Pattern;
fillPat: Pattern;
pnLoc: Point;
pnSize: Point;
pnMode : integer;
pnPat: Pattern;
pnVis: integer;
txFont: integer;
txFace: Style;
txMode: integer;
txSize: integer;
SpExtra: longint;
fgColor: longint;
bkColor: longint;
colrBit: integer;
patStretch: integer;
picSave: Handle;
rgnsave: Handle;
polySave: Handle;
grafProcs: ProcsPtr
end;
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Figure (C-8
Cursors

A cursor has three fields: a 16-word data field that contains the image itself, a 16-word mask field
that contains information about the screen appearance of each bit of the cursor, and a hotspot
point that aligns the cursor with the position of the mouse.

type
Cursor = record
data: array [(0..15] of integer;
mask: array [0..15] of integer;
hotspot: Point
end;

The data for the cursor must begin on a word boundary.

The cursor appears on the screen as a 16-by-16-bit square. The appearance of each bit of the
rectangle is determined by the corresponding bits in the data and mask and, if the mask bit is 0,
by the pixel "under" the cursor (the one already on the screen in the same position as this bit of
the cursor):

Data Mask Resulting_pixel_on_screen

0 1 White

1 1 Black

0 0 Same as pixel under cursor

1 0 Inverse of pixel under cursor

Notice that if all mask bits are 0, the cursor is completely transparent, in that the image under the
cursor can still be viewed: pixels under the white part of the cursor appear unchanged, while
under the black part of the cursor, black pixels show through as white.

The hotspot aligns a point in the image (not a bit, a point!) with the mouse position. Imagine the
rectangle with corners (0,0) and (16,16) framing the image, as in each of the examples in Figure
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Figure C-9
GrafPort Regions

The bkPat and £illPat fields of a grafPort contain patterns used by certain QuickDraw
routines. BkPat is the "background" pattern that is used when an area is erased or when bits are
scrolled out of it. When asked to fill an area with a specified pattern, QuickDraw stores the given
pattern in the £i11Pat field and then calls a low-level drawing routine which gets the pattern

from that field. The various graphic operations are discussed in detail later in the descriptions of
individual QuickDraw routines.

Of the next ten fields, the first five determine characteristics of the graphics pen, described in
Section C.4.1, and the last five determine characteristics of any text that may be drawn, described
in Section C.4.2.

The fgColor, bkColor, and colrBit fields contain values related to drawing in color, a
capability that will be available in the future when Apple supports color output devices for the
Macintosh. FgColor is the grafPort's foreground color and bkColor is its background color.
colrBit tells the color imaging software which plane of the color picture to draw into. For
more information, see Section C.6.2, Drawing in Color.

The pat Stretch field is used during output to a printer to expand patterns if necessary. The
application should not change its value.

The picSave, rgnSave,and polySave fields reflect the state of picture, region, and
polygon definition, respectively. To define a region, for example, you "open" it, call routines that
draw it, and then "close” it. If no region is open, rgnSave contains nil; otherwise, it contains
a handle to information related to the region definition. The application should not be concerned
about exactly what information the handle leads to; you may, however, save the current value of
rgnSave, set the field to nil to disable the region definition, and later restore it to the saved
value to resume the region definition. The picSave and polySave fields work similarly for
pictures and polygons.
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All QuickDraw operations refer to grafPorts via grafPtrs. You create a grafPort with the Pascal
procedure new and use the resulting pointer in cails to QuickDraw. You could, of course, declare
a static variable of type GrafPort, and obtain a pointer to that static structure (with the @

operator), but as most grafPorts will be used dynamically, their data structures should be
dynamic also.

Note:  You can access all fields and subfields of a grafPort normally, but you
should not store new values directly into them. QuickDraw has
procedures for altering all fields of a grafPort, and using these procedures
ensures that changing a grafPort produces no unusual side effects.

The device field of a grafPort indicates the output device that the grafPort will be using. This
information is necessary because there are physical differences in the same font for different
output devices. The default device number is 0, for the Macintosh screen.

The portBits field is the bitmap that points to the bit image to be used by the grafPort. All
drawing that is done in this grafPort will take place in this bit image. The default bitmap uses the
entire Macintosh screen as its bit image, with rowBytes of 64 and a boundary rectangle of
(0,0,512,342). The bitmap may be changed to indicate a different structure in memory: all
graphics procedures work in exactly the same way regardless of whether their effects are visible
on the screen. A program can, for example, prepare an image to be printed on a printer without
ever displaying the image on the screen, or develop a picture in an off-screen bitmap before
transferring it to the screen. By altering the coordinates of the portBits.bounds rectangle,
you can change the coordinate system of the grafPort; with a QuickDraw procedure call, you can
set an arbitrary coordinate system for each grafPort, even if the different grafPorts all use the
same bit image (e.g., the full screen).

The portRect field is a rectangle that defines a subset of the bitmap for use by the grafPort. Its
coordinates are in the system defined by the portBits.bounds rectangle. All drawing done
by the application occurs inside this rectangle. The portRect usually defines the "writable"
interior area of a window, document, or other object on the screen. The default portRect is the
entire screen.

The visRgn field indicates the region that is actually visible on the screen. It is reserved for use
by Macintosh system software, and should be treated as read-only. The default visRgnis setto
the portRect.

The c1ipRgn is an arbitrary region that the application can use to limit drawing to any region
within the portRect. If, for example, you want to draw a half circle on the screen, you can set
the ¢1ipRgn to half the square that would enclose the whole circle, and go ahead and draw the
whole circle. Only the half within the c¢1ipRgn will actually be drawn in the grafPort. The
default clipRgn is set arbitrarily large, and you have full control over its setting. Notice that
unlike the visRgn, the ¢11ipRgn affects the image even if it is not displayed on the screen.

Figure C-9 illustrates a typical bitmap (as defined by portBits), portRect, visRgn, and
clipRgn.
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system: the top left corner of the pattern is aligned with the top left corner of the portRect, SO
that adjacent areas of the same pattern will blend into a continuous, coordinated pattern. Five
patterns are predefined (white, black, and three shades of gray); you can aiso create your own
pattern and use it as the pnPat. (A utility procedure, called StuffHex, allows you to fill
patterns easily.)

The pnMode field determines how the pen pattern is to affect what's already on the bitmap when
lines or shapes are drawn. When the pen draws, QuickDraw first determines what bits of the
bitmap will be affected and finds their corresponding bits in the pattern. It then does a bit-by-bit
evaluation based on the pen mode, which specifies one of eight boolean operations to perform.
The resulting bit is placed into its proper place in the bitmap. The pen modes are described in

Section C.6.1, Transfer Modes.

The pnVis field determines the pen's visibility, that is, whether it draws on the screen. For
more information, see the descriptions of HidePen and ShowPen in Section C.8.3, Pen and
Line-Drawing Routines.

C.4.2 Text Characteristics

The txFont, txFace, txMode, txSize, and spExtra fields of a grafPort determine how
text will be drawn--the font, style, and size of characters and how they will be placed on the
bitmap.

QuickDraw can draw characters as quickly and easily as it draws lines and shapes, and in many
prepared fonts. Figure C-11 shows two QuickDraw characters and some terms you should
become familiar with.

QuickDraw can display characters in any size, as well as boldfaced, italicized, outlined, or
shadowed, all without changing fonts. It can also underline the characters, or draw them closer
together or farther apart.

The £xFont field is a font number that identifies the character font to be used in the grafPort.
The font number 0 represents the system font, and is the default established by OpenPort.

A character font is defined as a collection of bit images: these images make up the individual
characters of the font. The characters can be of unequal widths, and they're not restricted to their
ncells”: the lower curl of a lowercase j, for example, can stretch back under the previous character
(typographers call this kerning ). A font can consist of up to 256 distinct characters, yet not ail
characters need be defined in a single font. Each font contains a missing symbol to be drawn in
case of a request to draw a character that is missing from the font.
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Finally, the grafProcs field may point to a special data structure that the application stores into
if it wants to customize QuickDraw drawing procedures or use QuickDraw in other advanced,
highly specialized ways. (For more information, see Section C.9, Customizing QuickDraw
Operations.) If grafProcs is nil, QuickDraw responds in the standard ways described in
this appendix.

C.4.1 Pen Characteristics

The pnLoc, pnSize, pnMode, pnPat, and pnVis fields of a grafPort deal with the graphics
pen. Each grafPort has one and only one graphics pen, which is used for drawing lines, shapes,
and text. As illustrated in Figure C-10, the pen has four characteristics: a location, a size, a
drawing mode, and a drawing pattern.

Figure C-10
A Graphics Pen

The pen location (pnZoc}) is a point in the coordinate system of the grafPort, and is where
QuickDraw will begin drawing the next line, shape, or character. It can be anywhere on the
coordinate plane: there are no restrictions on the movement or placement of the pen. Remember
that the pen location is a point on the goordinate plane, not a pixel in a bit image!

The pen is rectangular in shape, and has a user-definable width and height (pnSize) The
default size is a 1-by-1-bit square; the width and height can range from (0,0) to (32767,32767).
If either the pen width or the pen height is less than 1, the pen will not draw on the screen.

+ The pen appears as a rectangle with its top left corner at the pen location; it hangs
below and to the right of the pen location.

The pnMode and pnPat fields of a grafPort determine how the bits under the pen are affected
when lines or shapes are drawn. The pnPat is a pattern that is used as the "ink” in the pen. This
pattern, like all other patterns drawn in the grafPort, is always aligned with the port's coordinate
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Normal Characters

Bold Characters

ltalic Characters
Underlined Characters
Butlined Cherectersa
Shadewed Charaetere
Condensed Characters
Extended Characters
Bold ltalic Characters

Reld Ouitlinee Uncerlin@e!

...and in other fonts, tool

Figure C-12
Character Styles

You may specify either out 1ine or shadow. oOut 1ine makes a hollow, outlined character
rather than a solid one. With shadow, not only is the character hollow and outlined, but the
outline is thickened below and to the right of the character o achieve the effect of a shadow. If
you specify bold along with outline or sh adow, the hollow part of the character is widened.

condense and extend affect the horizontal distance between all characters, including spaces.
Ccondense decreases the distance between characters and extend increases it, by an amount
which QuickDraw determines is appropriate.

The £ xMode field controls the way characters are placed on a bit image. It functions much like a
pnMode: when a character is drawn, QuickDraw determines which bits of the bit image will be
affected, does a bit-by-bit comparison based on the mode, and stores the resulting bits into the bit
image. These modes are described in Section C.6.1, Transfer Modes. Only three of
them--srcOr, srcXor, and srcBiC--should be used for drawing text.

The txSize field specifies the type size for the font, in points (where "point” here is a
typographical term meaning approximately 1/72 inch). Any size may be specified. If QuickDraw
does not have the font in a specified size, 1t will scale a size it does have as necessary to produce
the size desired. A value of 0 in this field directs QuickDraw to choose the system font size, 12

point, or to scale to that size if necessary.

Finally, the spExtra field is useful when a line of characters is to be drawn justified such that it
is aligned with both a left and a right margin (sometimes called "full justification”). SpExtra is
a fixed-point number (see Section 10.6.4.5) that represents the average number of pixels by
which each space character should be widened to fill out the line.
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Figure C-11
QuickDraw Characters

The txFace field controls the appearance of the font with vatues from the set defined by the
Style data type:

type
StyleItem = (bold, italic, underline, outline,
shadow, condense, extend);

Style = set of Styleltem;

You can apply these either alone or in combination (see Figure C-12). Most combinations usually
look good only for large fonts.

If you specify bold, each character is repeatedly drawn one bit to the right an appropriate
number of times for extra thickness.

Ttalic adds an italic slant to the characters. Character bits above the base line are skewed right;
bits below the base line are skewed left.

Underline draws a line below the base line of the characters. If part of a character descends
below the base line, the underline is not drawn through the pixel on either side of the descending
part.
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Figure C-13
Changing Local Coordinates

This recalculates the coordinate components of the following elements:

gamePort ~.portBits.bounds gamePort ~.portRect
gamePort”.visRgn

These elements are always kept "in sync", so that all calculations, comparisons, or operations
that seem right, work right.

Notice that when the local coordinates of a grafPort are offset, the visRgn of that port is offset
also, but the c1ipRgn is not. A good way to think of it is that if a document is being shown
inside a grafPort, the document "sticks" to the coordinate system, and the port's structure
nsticks" to the screen. Suppose, for example, that the visRgn and c1ipRgn in Figure C-13
before SetOrigin are the same as the portRect, and a document is being shown. After the
SetOrigin call, the top left corner of the c1ipRgnis still (95,120), but this location has moved
down and to the right, and the location of the pen within the document has similarly moved. The
locations of portBits.bounds, portRect, and visRgn did not change; their coordinates

were offset. As always, the top left corner of portBits.bounds remains aligned around the
first bit in the bit image (the first pixel on the screen).

If you are moving, comparing, or otherwise dealing with mathematical items in different
grafPorts (for example, finding the intersection of two regions in two different grafPorts), you
must adjust to a common coordinate system before you perform the operation. A QuickDraw
procedure, LocalToGlobal, lets you convert a point's local coordinates to a global system
where the top left corner of the bit image is (0,0); by converting the various local coordinates to
global coordinates, you can compare and mix them with confidence. For more information, see
the description of this procedure in Section C.8.6, Calculations with Points.
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C.5 Coordinates in GrafPorts

Each grafPort has its own local coordinate system. All fields in the grafPort are expressed in
these coordinates, and all calculations and actions performed in QuickDraw use the local
coordinate system of the currently selected port.

Two things are important to remember:

«  Each grafPort maps a portion of the coordinate plane into a similarly- sized portion
of a bit image.

+ The portBits.bounds rectangle defines the local coordinates for a grafPort.

The top left corner of portBits.bounds is always aligned around the first bit in the bit image;
the coordinates of that comer "anchor" a point on the grid to that bit in the bit image. This forms a
common reference point for multiple grafPorts using the same bit image (such as the screen).
Given the rectangle portBits.bounds for each port, you know that their top left corners
coincide.

The interrelationship between the portBits.bounds and portRect rectangles is very
important. As the portBits.bounds rectangle establishes a coordinate system for the port,
the portRect rectangle indicates the section of the coordinate plane (and thus the bit image) that
will be used for drawing. The portRect usually falls inside the portBits.bounds
rectangle, but it's not required to do so.

When a new grafPort is created, its bitmap is set to point to the entire Macintosh screen, and both
the portBits.bounds and the portRect rectangles are set to 512-by-342-bit rectangles,
with the point (0,0) at the top left corner of the screen.

You can redefine the local coordinates of the top left corner of the grafPort's portRect, using
the SetOrigin procedure. This changes the local coordinate system of the grafPort, recalculating
the coordinates of all points in the grafPort to be relative to the new corner coordinates. For
example, consider these procedure calls:

SetPort (gamePort) ;
SetOrigin (40,80);

The call to SetPort sets the current grafPort to gamePort, the call to SetOrigin changes the local
coordinates of the top left corner of that port's portRect to (40,80) (see Figure C-13).
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a more complex manner, but also appears only within the rectangle enclosing it. Remember,
these enclosing rectangles have infinitely thin borders and are not visible on the screen.

As illustrated in Figure C-15, shapes may be drawn either solid (filled in with a pattern) or
framed (ouilined and hollow).
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Figure C-15
Solid Shapes and Framed Shapes

In the case of framed shapes, the outline appears completely within the enclosing rectangle--with
one exception—-and the vertical and horizontal thickness of the outline is determined by the pen
size. The exception is polygons, as discussed in Section C.7.2, Polygons.

The pen pattern is used to fill in the bits that are affected by the drawing operation. The pen mode
defines how those 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 does not use the pnSize, pnPat, or pnMode, but it does use the pnLoc. Each
character is placed to the right of the current pen location, with the left end of its base line at the

pen's location. The pen is moved to the right to the location where it will draw the next character.
No wrap or carriage return is performed automatically.

The method QuickDraw uses in placing text is controlled by a mode similar to the pen mode. This

is explained in Section C.6.1, Transfer Modes. Clipping of text is performed in exactly the same
manner as all other clipping in QuickDraw.

C.6.1 Transfer Modes

When lines or shapes are drawn, the pnMode field of the grafPort determines how the drawing
is to appear in the port's bit image; similarly, the t xMode field determines how text is 1o appear.
There is also a QuickDraw procedure that transfers a bit image from one bitmap to another, and
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C.6 General Discussion of Drawing
Drawing occurs:

«  Always inside a grafPort, in the bit image and coordinate system defined by the
grafPort’s bitmap.

« Always within the intersection of the grafPort's portBits.bounds and
portRect, and clipped to its visRgn and c1ipRgn.

» Always at the grafPort's pen location.

+  Usually with the grafPort's pen size, pattern, and mode.

With QuickDraw procedures, you can draw lines, shapes, and text. Shapes include rectangles,
ovals, rounded-corner rectangles, wedge-shaped sections of ovals, regions, and polygons.

Lines are defined by two points: the current pen location and a destination location. When
drawing a line, QuickDraw moves the top left corner of the pen along the mathematical trajectory
from the current location to the destination, The pen hangs below and to the right of the trajectory
(see Figure C-14).
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Figure C-14
Drawing Lines

Note: No mathematical element (such as the pen location) is ever affected by
clipping; clipping only determines what appears where in the bit image. If
you draw a line to a location outside your grafPort, the pen location will
move there, but only the portion of the line that is inside the port will
actually be drawn. This is true for all drawing procedures.

Rectangles, ovals, and rounded-corner rectangles are defined by two corner points. The shapes
always appear inside the mathematical rectangle defined by the two points. A region is defined in
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Pattern  Source Action on each pixel in destination:

transfer  transfer If black pixel in If white pixel in
mode mode pattern_or_source pattern_or_source
patCopy srcCopy Force black Force white
pator srcor Force black Leave alone
patxor srcXor Invert Leave alone
patBic srcBic Force white Leave alone
notPatCopy notSrcCopy Force white Force black
notPatOr notSrcOr Leave alone Force black
notPatXor notSrcXor Leave alone Invert
notPatBic notSrcBic Leave alone Force white

C.6.2 Drawing in Color

Currently you can only look at QuickDraw output on a black-and-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 QuickDraw
procedures to set the foreground color and the background color. Eight standard colors may be
specified with the following predefined constants: blackColor, whiteColor, redColor,
greenColor, blueColor, cyanColor, magentaColor, and yellowColor. Initially,
the foreground color is blackColor and the background color is whiteColor. If you
specify a color other than whiteColor, it will appear as black on a black-and-white output
device.

To apply the table above (in Section C.6.1) 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 it.

Note:  QuickDraw can support output devices that have up to 32 bits of color
information per pixel. A color picture may be thought of, then, as having
up to 32 planes. At any one time, QuickDraw draws into only one of
these planes. A QuickDraw routine called by the color-imaging software
specifies which plane.

C.7 Pictures and Polygons

QuickDraw lets you save a sequence of drawing commands and "play them back" later with a
single procedure 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 QuickDraw.
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this procedtite has a mode parameter that determines the appearance of the sesult. 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, QuickDraw finds the 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:

«  Pattern transfer modes, for drawing lines or shapes with a pattern.

o Source transfer modes, for drawing text or transferring any bit image between two
bitmaps.

For each type of mode, there are four basic operations--Copy, Or, Xor, and Bic. The Copy
operation simply replaces the pixels in the destination with the pixels in the pattern or source,
"painting” over the destination without regard for what is already there. The Or, Xor, and Bic
operationseleaye.the destination pixels yndgr 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 Bic erases them to white.

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 QuickDraw (see Figure C-16).

pattern or source destination

"Pgint”  "Overlay” “lnvert” "Erase”

patCepy patOr patXor paitBic
srcCopy srcOr sreXor srcBic

notPatCopy notPatOr notPatXor notPatBic
notSrcCopy notSrcOr notSrcXor notSrecBic

Figure C-16
Transfer Modes
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The application defining the picture can use these standard comments as well as comments of its
own design.

To include a comment in the definition of a picture, the application calls a QuickDraw 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, QuickDraw passes any comments in the picture’s definition to a low-level
procedure accessed indirectly through the grafProcs field of the grafPort (see Section CJ9,
Customizing QuickDraw Operations, for more information). 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 field.

Note:  The standard low-level procedure for processing picture comments simply
ignores all comments.

C.7.2 Polygons

Polygons are similar to pictures in that you define them by a sequence of calls to QuickDraw
routines, They are also similar to other shapes that QuickDraw knows about, since there is a set
of procedures for performing graphic operations and calculations on them.

A polygon is simply any sequence of connected lines (see Figure C-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.

The data structure for a polygon is a variable-length entity. It consists of two fixed fields
followed by a variable-length array:

type
Polygon = record
polySize: integer;
polyBBox: Rect;
polyPoints: array [0..0] of Point
end;

The polySize field contains the size, in bytes, of the polygon variable. The polyBBox field is
a rectangle which just encloses the entire polygon. The polyPoints array expands as
necessary to contain the points of the polygon-- the starting point followed by each successive
point to which a line is drawn.
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C.7.1 Pictures

A picture in QuickDraw 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 details 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 QuickDraw 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
destination rectangle is not square, the picture is drawn as an oval.

Since a picture may include any sequence of drawing commands, its data structure is a
variable-length entity. Tt consists of two fixed fields followed by a variable-length data field:

type
Picture = record
picSize: integer;
plicFrame: Rect;
{picture definition data}
end;

The picSize field contains the size, in bytes, of the picture variable. The picFrame 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;
PicHandle = "PicPtr;

To define a picture, you call a QuickDraw 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.

QuickDraw also allows you to intersperse picture comments with the definition of a picture.
These comments, which do not affect the picture's appearance, may be used to provide additional
information about the picture when it's played back. This is especially valuable when pictures are
transmitted from one application to another. There are two standard types of comment which, like
parentheses, serve to group drawing commands together (such as all the commands that draw a
particular part of a picture):

const
picLParen
picRParen

Appendices C-30 Quickdraw



C.8.1 GrafPort Routines

procedure InitGraf( globalPtr : Ptr );

InitGraf initializes QuickDraw. It is called automatically by Lightspeed Pascal’s initialization
routine; you need not call it again. It initializes the QuickDraw global variables listed below.

Variable Type Initial_setting

thePort GrafPtr nil

white Pattern all-white pattern

black Pattern all-black pattern

gray Pattern 50% gray pattern

1tGray Pattern 25% gray pattern

dkGray Pattern 75% gray pattern

arrow Cursor pointing arrow cursor
screenBits BitMap Macintosh screen, (0,0,512,342)
randSeed longint 1

The globalPtr parameter tells QuickDraw where to store its global variables, beginning with
thePort. From Pascal programs, this parameter should always be set to @thePort.

Note: To initialize the cursor, call InitCursor (described in Section C.8.2,
Cursor-Handling Routines).

procedure OpenPort( gp GrafPtr );

OpenPort allocates space for the given grafPort's visRgn and clipRgn, initializes the fields
of the grafPort as indicated below, and makes the grafPort the current port (see SetPort, below).
You must call OpenPort before using any grafPort; first create a grafPtr with new, then use
that grafPtr in the OpenPort call.

Field Type Initial_setting

device integer ¢ (Macintosh screen)

portBits BitMap screenBits (see InitGraf)

portRect Rect screenBits.bounds (0,0,512,342)

visRgn RgnHandle handle to the rectangular region
(0,0,512,342)

clipRgn RgnHandle handle to the rectangular region
(-30000, -30000, 30000, 30000}

bkPat Pattern white

fillpPat Pattern black

pnLoc Point (0,0)

pnSize Point (1,1)

pnMode integer patCopy

pnPat Pattern black

pnVis integer 0 (visible)

txFont integer 0 (system font)

txFace Style normal

txMode integer srcOr
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Figure C-17
Polygons

type
PolyPtr = “Polygon;

PolyHandle = “PolyPtr;

To define a polygon, you call a QuickDraw function that returns a polygon handle and then form
the polygon by calling procedures that draw lines. You call a procedure when you've finished
defining the polygon, and another when you're done with the polygon altogether.

Just as for other shapes that QuickDraw knows about, there is a set of graphic operations on
polygons to draw them on the screen. QuickDraw draws a polygon by moving to the starting
point and then drawing lines to the remaining points in succession, just as when the routines
were called to define the polygon. In this sense it "plays back” those routine calls. As a result,
polygons are not treated exactly the same as other QuickDraw shapes. For example, the
procedure that frames a polygon draws outside the actual boundary of the polygon, because
QuickDraw line-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 additional 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 QuickDraw scales a polygon and a similarly-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 region. You may find it helpful to keep in mind the conceptual
difference between polygons and regions: a polygon is treated more as a continuous shape, a
region more as a set of bits.

C.8 QuickDraw Routines

This section describes all the procedures and functions in QuickDraw, their parameters, and their
operation. Note that the actual procedure and function declarations are given here, rather than the
BNF notation or syntax diagrams used elsewhere in this manual.
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example, a procedure could do a GetPort (savePort) before setting its own grafPort and a
SetPort (savePort) afterwards to restore the previous port.

procedure GrafDevice( device : integer );
GrafDevice sets thePort . device to the given number, which identifies the logical output

device for this grafPort. QuickDraw uses this information. The initial device number is 0, which
represents the Macintosh screen.

procedure SetPortBits( bm : 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 Macintosh screen--for
example, a 640-by-7 output buffer for a dot matrix printer, or a small off-screen image for later
"stamping" onto the screen.

Remember to prepare all fields of the bitmap before you call SetPortBits.

procedure PortSize( width, height : integer );

PortSize changes the size of the current grafPort's port Rect . This does not affect the screen;
it merely changes the size of the "active area" of the grafPort.

The top left corner of the port Rect 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 corner of the portRect to a position relative to the top left corner.

PortSize does not change the c1ipRgn orthe visRgn, 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 intersection of the portBits.bounds and the portRect,
clipped to the visRgn andthe clipRgn.

procedure MovePortTo( leftGlobal, topGlobal : integer );

MovePortTo changes the position of the current grafPort's portRect . This does not affect the
screen, it merely changes the location at which subsequent drawing inside the port will appear.

The leftGlobal and topGlobal parameters set the distance between the top left corner of
the portBits.bounds and the top left corner of the new portRect . For example,

MovePortTo (256,171);

will move the top left corner of the portRect to the center of the screen (if portBits s the
Macintosh screen) regardless of the local coordinate system.
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txSize integer 0 (QuickDraw decides)

SpExtra longint 0

fgColor longint blackColor
bkColor longint whiteColor
colrBit integer 0
patStretch integer 0

picSave Handle nil
rgnSave Handle nil
polySave Handle nil
grafProcs FProcsPtr nil

procedure InitPort( gp : GrafPtr );

Given a pointer to a grafPort that has been opened with OpenPort, InitPort reinitializes the fields
of the grafPort and makes it the current port (if it's not already).

Note: InitPort does everything OpenPort does except allocate space for the
visRgn and clipRgn.

procedure ClosePort( gp : GrafPtr );

ClosePort deallocates the space occupied by the given grafPort's visRgn and cl1ipRgn.
When you are completely through with a grafPort, call this procedure.

Warnings: If you do not call ClosePort before disposing of the grafPort, the
memory used by the visRgn and clipRgn will be unrecoverable.

After calling ClosePort, be sure not to use any copies of the visRgn
or c1ipRgn handles that you may have made.

procedure SetPort( gp : GrafPtr )iy

SetPort sets the grafPort indicated by gp to be the current port. The global pointer thePort
always points to the current port. All QuickDraw drawing routines affect the bitmap
thePort~.portBits and use the local coordinate system of thePort ™. Note that
OpenPort and InitPort do a SetPort to the given port.

Warning:  Never do a SetPort to a port that has not been opened with OpenPort.

Each port possesses its own pen and text characteristics which remain unchanged when the port
is not selected as the current port.

procedure GetPort( var gp : GrafPtr )7

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 available through the global pointer
thePort, but you may prefer to use GetPort for better readability of your program text. For
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BackPat sets the background pattern of the current grafPort to the given pattern. The background
pattern is used in ScrollRect and in all QuickDraw routines that perform an “erase” operation.

C.8.2 Cursor-Handling Routines

procedure InitCursor;

InitCursor 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 times the cursor
has been hidden to compensate for nested calls to HideCursor and ShowCursor (below).

Before you call InitCursor, the cursor is undefined (or, if set by a previous process, it's whatever
that process set it to).

procedure SetCursor( 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 the cursor is already
visible, it changes to the new appearance immediately.

The cursor image is initialized by InitCursor to a north-northwest arrow, visible on the screen.
There is no way to retrieve the current cursor image.

procedure HideCursor;

HideCursor removes the cursor from the screen, restoring the bits under it, and decrements the
cursor level (which InitCursor initialized to 0). Every call to HideCursor should be balanced by a
subsequent call to ShowCursor,

procedure ShowCursor,

ShowCursor increments the cursor level, which may have been decremented by HideCursor, and
displays the cursor on the screen if the level becomes 0. A call to ShowCursor should balance
each previous call to HideCursor. The level is not incremented beyond 0, so extra calls to
ShowCursor don'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.
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Like PortSize, MovePortTo does not change the c1ipRgn or the visRgn, nor does it affect
the local coordinate system of the grafPort.

procedure SetOrigin{( h, v : integer );

SetOrigin changes the local coordinate system of the current grafPort. This does not dffect the
screen; it does, however, affect where subsequent drawing and calculation will appear in the
grafPort. SetOrigin updates the coordinates of the portBits.bounds, the portRect, and
the visRgn. All subsequent drawing and calculation routines will use the new coordinate
system.

The b and v parameters set the coordinates of the top left corner 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 will change.

Note:  SetOrigin does not update the coordinates of the ¢1ipRgn or the pen;

these items stick to the coordinate system (unlike the port's structure,
which sticks to the screen).

SetOrigin is useful for adjusting the coordinate system after a scrolling operation. (See ScrollRect
in Section C.8.14, Bit Transfer Operations.)

procedure SetClip( rgn : RgnHandle );

SetClip changes the clipping 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 clipping region itself.
Since SetClip 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 clipping region to any arbitrary region, to aid you in drawing inside the grafPort.
The initial clipRgn is an arbitrarily large rectangle.

procedure GetClip( rgn : RgnHandle );

GetClip changes the given region to a region equivalent to the clipping region of the current
grafPort. This is the reverse of what SetClip does. Like SetClip, it does not change the region
handle.

procedure ClipRect( r : Rect )/

ClipRect changes the clipping 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.

procedure BackPat( pat : Pattern )z
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procedure SetPenState( pnState : 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 procedure that has altered the pen
parameters and wants to restore them to their state at the beginning of the procedure. (See
GetPenState, above.)

procedure PenSize( width, height : integer };

PenSize sets the dimensions of the graphics pen in the current grafPort. All subsequent calls to
Line, LineTo, and the procedures that draw framed shapes in the current grafPort will use the
new pen dimensions.

The pen dimensions can be accessed in the variable thePort . pnSize, 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. For a discussion of how the pen draws, see
Section C.6, General Discussion of Drawing.

procedure PenMode( mode : integer };

PenMode sets the transfer mode through which the pnPat is transferred onto the bitmap when
lines or shapes are drawn. The mode may be any one of the pattern transfer modes:

patCopy patXor notPatCopy notPatXor
patOr patBic notPatOr notPatBic

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 t hePort *. pnMode . The initial pen mode is
patCopy, inwhich the pen pattern is copied directly to the bitmap.

procedure PenPat( pat : Pattern );

PenPat sets the pattern that is used by the pen in the current grafPort. The standard patterns
white, black, gray, ltGray, and dkGray are predefined; the initial pen pattern is
black. The current pen pattern can be obtained in the variable thePort ~.pnPat, and this
value can be assigned (but not compared!) to any other variable of type Pattern.

procedure PenNormal;

PenNormal resets the initial state of the pen in the current grafPort, as follows:
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procedure ObscureCursor;

ObscureCursor hides the cursor until the next time the mouse is moved. Unlike HideCursor, it
has no effect on the cursor level and must not be balanced by a call to ShowCursor.

C.8.3 Pen and Line-Drawing 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 will have remained in the same location.

procedure HidePen;

HidePen decrements the current grafPort’s pnVis field, which is initialized to 0 by OpenPort;
whenever pnVis is negative, the pen does not draw on the screen. PnVis keeps track of the
number of times the pen has been hidden to compensate for nested calls to HidePen and
ShowPen (below). HidePen is called by OpenRgn, OpenPicture, and OpenPoly so that you can
define regions, pictures, and polygons without drawing on the screen.

procedure ShowPen;

ShowPen increments the current grafPort's pnvis field, which may have been decremented
by HidePen; if pnvis becomes 0, QuickDraw resumes drawing on the screen. Extra calls to
ShowPen will increment pnvis beyond 0, so every call to ShowPen should be balanced by a
subsequent call to HidePen. ShowPen is called by CloseRgn, ClosePicture, and ClosePoly.

procedure GetPen( var pt : Point );

GetPen returns the current pen location, in the local coordinates of the current grafPort.

procedure GetPenState( var pnState ! PenState );

GetPenState saves the pen location, size, pattern, and mode in a storage variable, to be restored
later with SetPenState (below). This is useful when calling short subroutines that operate in the
current port but must change the graphics pen: each such procedure can save the pen's state when
it's called, do whatever it needs to do, and restore the previous pen state immediately before
returning.

The PenState data type is not useful for anything except saving the pen’s state.
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C.8.4 Text-Drawing Routines

Each grafPort has its own text characteristics, and all these procedures deal with those of the
current port.

procedure TextFont( font : integer );

TextFont sets the current grafPort's font (thePort~.txFont) to the given font number. The
initial font number is 0, which represents the system font.

procedure TextFace( face : 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,
italic, underline, outline, shadow, condense, and extend. For example:

TextFace ([bold]); {bold}

TextFace ([bold,italic]); {bold and italic}

TextFace (thePort*.txFace+[bold]); {whatever it was plus bold}

TextFace (thePort~.txFace-[bold]); (whatever it was but no
bold}

TextFace((]); {normal}

procedure TextMode( mode : integer };

TextMode sets the current grafPort's transfer mode for drawing text (thePort ~. txMode).

The mode should be srcOr, srcXor, or srcBiC. The initial transfer mode for drawing text is
srcOr.

procedure TextSize( size : integer );

TextSize sets the current grafPort's type size (thePort ~.txSize) to the given number of
points. Any size may be specified, but the result will 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 will choose the
system font size, 12 point, scaling to that size if necessary. The initial txSize setting is 0.

procedure SpaceExtra( extra : longint );

SpaceExtra sets the current grafPort's spExt ra field, which specifies the average number of
pixels (a fixed-point number - see Fixed Point Math in Appendix E) by which to widen each
space in a line of text. This is useful when text is being fully justified (that is, aligned with both a
left and a right margin). Consider, for example, a line that contains three spaces; if there would
normally be six pixels between the end of the line and the right margin, you would call
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Field Setting
pnSize {1,1)

pnMode patCopy
pnPat black

The pen location is not changed.

procedure MoveTo( h, Vv : integer };

MoveTo moves the pen to location (h, v} in the local coordinates of the current grafPort. No
drawing is performed.

procedure Move( dh, dv : integer );

Move moves the pen a distance of dh horizontally and dv vertically from its current location; it
calls MoveTo (h+dh, v+dv), where (h, v) is the current location. The positive directions are
to the right and down. No drawing is performed.

procedure LineTo( h, v : integer );

LineTo draws a line from the current pen location to the location specified (in local coordinates)
by h and v. The new pen locationis (h, v) after the line is drawn. See Section C.6, General
Discussion of Drawing,

If a region or polygon is open and being formed, its outline is infinitely thin and is not affected
by the pnSize, pnMode, or pnPat. (See OpenRgn and OpenPoly.)

procedure Line( dh, dv : integer );

Line draws a line to the location that is a distance of dh horizontally and dv vertically from the
current pen location; it calls LineTo (h+dh, v+dv), where (h, v) is the current location. The
positive directions are to the right and down. The pen location becomes the coordinates of the end
of the line after the line is drawn. See Section C.6, General Discussion of Drawing.

If a region or polygon is open and being formed, its outline is infinitely thin and is not affected
by the pnSize, pnMode, or pnPat. (See OpenRgn and OpenPoly.)
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function TextWidth( textBuf: Ptr;
firstByte, byteCount: integer ) : integer;

TextWidth returns the width of the text stored in the arbitrary structure in memory specified by
textBuf, starting £irstByte bytes into the structure and continuing for byteCount bytes.
Tt calculates the width by adding the widths of all the characters in the text. (See CharWidth,
above.)

procedure 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 will be drawn: the ascent, descent,
maximum character width (the greatest distance the pen will move when a character is drawn),
and leading (the vertical distance between the descent line and the ascent line below it), all in

pixels. The Font Info data structure is defined as:

type
FontInfo = record ‘
ascent: Iinteger;
descent: integer;
widMax: integer;
leading: integer
and;

C.8.5 Drawing in Color

These routines will enable applications to do color drawing in the future when Apple supports
color output devices for the Macintosh. All nonwhite colors will appear as black on
black-and-white output devices.

procedure ForeColor{ color : longint };

ForeColor sets the foreground color for all drawing in the current grafPort
(thePort*.fgColor)to the given color. The following standard colors are predefined:
blackColor, whiteColor, redColor, greenColor, blueColor, cyanColor,
magentaColor, and yellowColor. The initial foreground color is blackColor.

procedure BackColor( color : longint );

BackColor sets the background color for all drawing in the current grafPort
(thePort~.bkColor)to the given color. Eight standard colors are predefined (see ForeColor,
above). The initial background color is whiteColor.
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SpaceExtra (FixRatio (6,3))toprint the line with full justification. The initial spExtra
setting is 0.

Note:  SpaceExtra will also take a negative argument, but be carefu] not to
narrow spaces so much that the text is unreadable.

procedure DrawChar( 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.

procedure DrawString( s : Str255 );

DrawString performs consecutive calls to DrawChar for each character in the supplied string; the
string is placed beginning at the current pen location and extending right. No formatting (carriage
returns, line feeds, etc.) is performed by QuickDraw. The pen location ends up to the right of the

last character in the string.

procedure DrawText ( textBuf : Ptr;
firstByte, byteCount : integer );

DrawText draws text from an arbitrary structure in memory specified by textBuf, starting
£irstByte bytes into the structure and continuing for byt eCount bytes. The string of text is
placed beginning at the current pen location and extending right. No formatting (carriage returns,
line feeds, etc.) is performed by QuickDraw. The pen location ends up to the right of the last
character in the string. ByteCount must be in the range 1..255. FirstByte should be zero to
start at the first character in textBuf.

function CharWidth( ch : char ) : integer;

CharWidth returns the value that will be added to the pen horizontal coordinate if the specified
character is drawn. CharWidth includes the effects of the stylistic variations set with TextFace; if
you change these after determining the character width but before actualty drawing the character,
the predetermined width may not be correct. If the character is a space, CharWidth also includes
the effect of SpaceExtra.

function StringWidth( s : Str255 } : integer;

StringWidth returns the width of the given text string, which it calculates by adding the widths of
all the characters in the string (see CharWidth, above). This value will be added to the pen
horizontal coordinate if the specified string is drawn.
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ScalePt scales pen size (3,2) to (6,6).
MapPt maps point (3,2) to (18,7).

Figure C-18
ScalePt and MapPt

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

Given a point within srcRect, MapPt maps it to a similarly located point within dstRect (that
is, to where it would fall if it were part of a drawing being expanded or shrunk to fit dstRect).
The result is returned in pt. A corner point of srcRect would be mapped to the corresponding
corner point of dstRect, and the center of srcRect to the center of dstRect. In Figure
C-18 above, the point (3,2) in srcRect is mapped to (18,7) in dstRect. FromRect and
dstRect may overlap, and pt need not actually be within srcRect.

Warning: Remember, if you are going to draw inside the rectangle in
dstRect, you will probably also want to scale the pen size
accordingly with ScalePt.

procedure LocalToGlobal( var pt : Point );

LocalToGlobal converts the given point from the current grafPort's local coordinate system intoa
global coordinate system with the origin (0,0) at the top left corner 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 defined by two points, you can convert a rectangle into global coordinates by
performing two LocalToGlobal calls. You can also convert a rectangle, region, or polygon into
global coordinates by calling OffsetRect, OffsetRgn, or OffsetPoly. For examples, see
GlobalToLocal below.

procedure GlobalToLocal( var pt : Point };

GlobalToLocal takes a point expressed in global coordinates (with the top left corner of the
bitmap as coordinate (0,0)) and converts it into the local coordinates of the current grafPort. The
global point can be obtained with the LocalToGlobal call (see above). For example, suppose a
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procedure ColorBit( whichBit ; integer );

ColorBit is called by printing software for a color printer, or other color- imaging software, to set
the current grafPort's colrBit field to whichBit, this tells QuickDraw which plane of the
color picture to draw into. QuickDraw will draw into the plane corresponding to bit number
whichBit. Since QuickDraw can support output devices that have up to 32 bits of color
information per pixel, the possible range of values for whichBit is O through 31. The initial
value of the colrBit fieldis 0.

C.8.6 Calculations with Points
procedure AddPt( srcPt : Point; var dstPt : Point };

AddPt adds the coordinates of srcPt to the coordinates of dstpPt, and returns the result in
dstPt.

procedure SubPt( srcPt : Point; var dstPt : Point ):

SubPt subtracts the coordinates of srcPt from the coordinates of dstPt, and returns the result
in dstPt.

procedure SetPt( var pt : Point; h, v : integer );

SetPt assigns two integer coordinates to a variable of type Point.

function EqualPt( ptA, ptB : Point ) : boolean;
EqualPt compares the two points and returns t rue if they are equal or false if not.
procedure ScalePt( 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 multiplies the given width by the ratio of dstRect 's width to srcRect 's

width, and multiplies the given height by the ratio of dstRect 's height to srcRect 's height.
In Figure C-18, 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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C.8.7 Calculations with Rectangles

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

Note: 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 by the
routine may be different from what you see on the screen. To adjust to a
common coordinate system, see LocalToGlobal and GlobalToLocal in
Section C.8.6, Calculations with Points.

procedure SetRect( var r : Rect;
left, top, right, bottom : integer )

SetRect assigns the four boundary coordinates to the rectangle. The result is a rectangle with
coordinates (left,top,right,bottom).

This procedure is supplied as a utility to help you shorten your program text. If you want a more
readable text at the expense of length, you can assign 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.

procedure OffsetRect( var r : Rect; dh, dv : integer };

OffsetRect moves the rectangle by adding dh to each horizontal coordinate and dv to each
vertical coordinate. If dh 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.

procedure MapRect( var r : Rect; srcRect, dstRect : Rect );

Given a rectangle within srcRect, MapRect maps it to a similarly 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.

procedure InsetRect( var r : Rect; dh, dv : integer );

InsetRect shrinks or expands the rectangle. The left and right sides are moved in by the amount
specified by dh; the top and bottom are moved toward the center by the amount specified by dv.

If dh or dv is negative, the appropriate pair of sides is moved outward instead of inward. The

effect is to alter the size by 2*dh horizontally and 2 *dv vertically, with the rectangle remaining
centered in the same place on the coordinate plane.
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game draws a "ball" within a rectangle named ballRect, defined in the grafPort named
gamePort (as illustrated below in Figure C-19). If you want to draw that ball in the grafPort
named selectPort, you can calculate the ball's selectPort coordinates like this:

SetPort (gamePort) ; { start in origin port }
selectBall := ballRect; { make a copy to be moved }
LocalToGlobal (selectBall.topLeft); { put both corners into }
LocalToGlobal (selectBall.botRight)}; { global coordinates }

SetPort (selectPort); { switch to dest. port }
GlobalToLocal (selectBall.topLeft); { put both corners into }
GlobalToLocal (selectBall.botRight); { these local coordinates }
Filloval (selectBall,ballColor); { now you have the ball! }
20 50 90 15 45 85
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Figure C-19
Converting between Coordinate Systems

You can see from Figure C-19 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 and GlobalToLocal. For example, if myRgn were a region enclosed by a
rectangle having the same coordinates as ballRect in gamePort, you could convert the
region to global coordinates with

OffsetRgn (myRgn, -20, —-40);

and then convert it to the coordinates of the selectPort grafPort with

OffsetRgn (myRgn, 15, -30);

Appendices C-46 Quickdraw



anglie=45
pt
angle=45
pt
r
r
Figure C-20
PtToAngle
function EqualRect( rectlA, rectB : Rect ) : boolean;

EqualRect compares the two rectangles and returns t rue if they are equal or false if not. The
two rectangles must have identical boundary coordinates to be considered equal.

function EmptyRect( r : Rect ) : boolean;
EmptyRect returns t rue 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.

C.8.8 Graphic Operations on Rectangles

These procedures perform graphic operations on rectangles. See also ScrollRect in Section
C.8.14, Bit Transfer Operations.

procedure FrameRect( r : Rect );

FrameRect draws an outline just 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 pnPat, according to the pattern transfer mode 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.

Appendices C-49 Quickdraw



If the resulting width or height becomes less than 1, the rectangle is set to the empty rectangle
(0,0,0,0).

function SectRect( srcRectA, srcRectB : Rect;
var dstRect : Rect ) : boolean;

SectRect calculates the rectangle that is the intersection of the two input rectangles, and returns
t rue if they indeed intersect or £alse 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 (0,0,0,0). SectRect works
correctly even if one of the source rectangles is also the destination.

procedure UnionRect( 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.

function PtInRect( pt : Point; r : Rect ) : boolean;

PtInRect determines whether the pixel below and to the right of the given coordinate point i8
enclosed in the specified rectangle, and returns true if so or false if not.

procedure PtZRect ( ptA, ptB : Point,; var dstRect : Rect );

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

procedure PtToAngle( r : Rect; pt : Point;
var angle : integer ):

PtToAngle calculates an integer angle between a line from the center of the rectangle to the given
point and a line 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 90° at 3 o'clock, 180° at 6
o'clock, and 270° 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 C-20).

The angle returned might be used as input to one of the procedures that manipulate arcs and
wedges, as described in Section C.8.13, Graphic Operations on Arcs and Wedges.
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procedure EraseOval( r : Rect )¢

EraseOval paints an oval just inside the specified rectangle with the current grafPort's
background pattern bkPat (in patCopy mode). The grafPort's pnPat and pnMode are
ignored; the pen location is not changed.

procedure InvertOval( r : Rect )}/

InvertQOval inverts the pixels enclosed by an oval just inside 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.

procedure FillOval( r : Rect; pat : Pattern );

FillOval fills an oval just inside 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.

C.8.10 Graphic Operations on Rounded-Corner Rectangles

procedure FrameRoundRect{ r : Rect;
ovalWidth, ovalHeight : integer );

FrameRoundRect draws an outline just inside the specified rounded-comner rectangle, using the
current grafPort's pen pattern, mode, and size. OvalWidth and ovalHeight specify the
diameters of curvature for the corners (see Figure C-21). 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 mode
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 rounded-corner rectangle is
mathematically added to the region’s boundary.
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procedure PaintRect( 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 pnPat, according to the pattern transfer mode specified
by pnMode. The pen location is not changed by this procedure.

procedure EraseRect( r : Rect )z

FraseRect 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.

procedure InvertRect( r : Rect );

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.

procedure FillRect( r : Rect; pat : pPattern );

FiliRect fills the specified rectangle with the given pattern (in pat Copy mode). The grafPort's
pnPat, pnMode, and bkPat are all ignored; the pen location is not changed.

C.8.9 Graphic Operations on Ovals

Ovals are drawn inside rectangles that you specify. If the rectangle you specify is square,
QuickDraw draws a circle.

procedure FrameOval( r : Rect )7

FrameOval draws an outline just inside the oval that fits 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 pnPat, according to the pattern transfer mode 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 oval is mathematically added
to the region's boundary.

procedure PaintOval( 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 pnPat, according to the pattern transfer
mode specified by pnMode. The pen location is not changed by this procedure.
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procedure FillRoundRect( r : Rect;
ovalWidth, ovalHeight : integer;
pat : Pattern );

FillRoundRect fills the specified rounded-corner rectangle with the given pattern (in pat Copy
mode). OvalWidth and ovalHeight specify the diameters of curvature for the corners. The
grafPort's pnPat, pnMode, and bkPat are all ignored; the pen location is not changed.

C.8.11 Graphic Operations on Arcs and Wedges

These procedures perform graphic operations on arcs and wedge-shaped sections of ovals. See
also PtToAngle in Section C.8.7, Calculations with Rectangles.

procedure FrameArc( r : Rect; startAngle, arcAngle : integer ) ;

FrameArc draws an arc of the oval that fits inside the specified rectangle, using the current
grafPort's pen pattern, mode, and size. Startangle indicates where the arc begins and is
treated mod 360. ArcAngle defines the extent of the arc. The angles are given in positive or
negative degrees; a positive angle goes clockwise, while a negative angle goes counterclockwise.
Zero degrees is at 12 o'clock high, 90° (or -270°) is at 3 o'clock, 180° (or -180°) is at 6 o'clock,
and 270° (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 corner is at 135 degrees, and so on (see
Figure C-22).

The arc is as wide as the pen width and as tall as the pen height. It is drawn with the pnPat,

according 1o the pattern transfer mode specified by pnMode. The pen location is not changed by
this procedure.

startAngle=0

larcAngte:4S
startangle=0  startAngle=0
arcAngle=-45 arcAggle:45 r
| FrameArc
startAngle=0
arcAngle=45
r r
FrameArc -
PaintArc

Figure C-22
Operations on Arcs and Wedges
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Figure C-21

Rounded-Corner Rectangle

procedure PaintRoundRect( r : Rect;
ovalWidth, ovalHeight : integer );

PaintRoundRect paints the specified rounded-corner rectangle with the current grafPort's pen
pattern and mode. OvalWidth and ovalHeight 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 pnMode. The pen location is not changed by this procedure.

procedure EraseRoundRect( r : Rect;
ovalWidth, ovalHeight : integer );

EraseRoundRect paints the specified rounded-corner rectangle with the current grafPort's
background pattern bkPat (in patCopy mode). OvalWidth and ovalHeight specify the
diameters of curvature for the corners. The grafPort's pnPat and pnMode are ignored; the pen
location is not changed.

procedure InvertRoundRect( r : Rect;
ovalWidth, ovalHeight : integer )};

InvertRoundRect inverts the pixels enclosed by the specified rounded-corner rectangle: every
white pixel becomes black and every black pixel becomes white. OvalWidth and
ovalHeight specify the diameters of curvature for the corners. The grafPort's pnPat,
pnMode, and bkPat are all ignored; the pen location is not changed.
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Warnings: Except when using visRgn or c1ipRgn, you must call NewRgn
before specifying a region's handle in any drawing or calculation
procedure.

Never refer to a region without using its handle.

procedure DisposeRgn( rgn : RgnHandle };

DisposeRgn deallocates space for the region whose handle is supplied, 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.

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

procedure CopyRgn( srcRgn, dstRgn : RgnHandle );

CopyRgn copies the mathematical structure of srcRgn into dstRgn; that is, it makes a
duplicate copy of srcRgn. Once this is done, srcRgn may be altered (or even disposed of)
without affecting dstRgn. CopyRgn does not create the destination region: you must use
NewRgn to create the dstRgn before you call CopyRgn.

procedure SetEmptyRgn( rgn : RgnHandle );

SetEmptyRgn destroys the previous structure of the given region, then sets the new structure to
the empty region (0,0,0,0).

procedure SetRectRgn{ rgn : RgnHandle;
left, top, right, bottom : integer );

SetRectRgn destroys the previous structure of the given region, then sets the new structure to the
rectangle specified by left, top, right, and bottom.

If the specified rectangle is empty (i.e., left>=right or t op>=bottom), the region is set to
the empty region (0,0,0,0).
procedure RectRgn( rgn : RgnHandle; r : Rect };

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

procedure OpenRgn;

OpenRgn tells QuickDraw to allocate temporary space and start saving lines and framed shapes
for later processing as a region definition. While a region is open, all calls to Line, LineTo, and
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Warning:  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.

procedure PaintArc( r : Rect; 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 arcAngle define the arc of the wedge as in
FrameArc. The wedge on the bitmap is filled with the pnPat, according to the pattern transfer
mode specified by pnMode. The pen location is not changed by this procedure.

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

EraseArc paints a wedge of the oval just inside the specified rectangle with the current grafPort’s
background pattern bkPat (in patCopy mode). StartAngle and arcAngle define the arc
of the wedge as in FrameArc. The grafPort's pnPat and pnMode are ignored; the pen location
is not changed.

procedure 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 becomes black and every black pixel becomes white. StartAngle and
arcAngle define the arc of the wedge as in FrameArc. The grafPort's pnPat, pnMode, and
bkPat are all ignored; the pen location is not changed.

procedure FillArc( r : Rect; startAngle, arcAngle : integer;
pat : Pattern };

FillArc fills a wedge of the oval just inside the specified rectangle with the given pattern (in
patCopy mode). StartAngle and arcAngle define the arc of the wedge as in FrameArc.
The grafPort's pnPat, pnMode, and bkPat are all ignored; the pen location is not changed.

C.8.12 Calculations with Regions

Note:  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 by the
routine may be different from what you see on the screen. To adjust to a
common coordinate system, see LocalToGlobal and GlobalToLocal in
Section C.8.6, Calculations with Points.

function NewRgn : RgnHandle;

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. Only this function creates new regions;
all other procedures just alter the size and shape of regions you create. OpenPort calls NewRgn to
allocate space for the port's visRgn and c1ipRgn.
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procedure OffsetRgn( rgn : RgnHandle; dh, dv : integer );

OffsetRgn moves the region on the coordinate plane, a distance of dh horizontally and dv

vertically. This does not affect the screen unless you subsequently call a routine to draw the
region, If dh 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.

Note:  OffsetRgn is an especially efficient operation, because most of the data
defining a region is stored relative to rgnBBox and so isn't actually
changed by OffsetRgn.

procedure MapRgn( rgn : RgnHandle; srcRect, dstRect : Rect )/
Given a region within srcRect, MapRgn maps itto a similarly located region within dstRect
by calling MapPt to map all the points in the region.

procedure InsetRgn( rgn : RgnHandle; dh, dv : integer )7

InsetRgn shrinks or expands the region. All points on the region boundary are moved inwards a
distance of dv vertically and dh horizontally; if dh or dv is negative, the points are moved
outwards in that direction. InsetRgn leaves the region “centered” at the same position, but moves
the outiine in (for positive values of dh and dv) or out (for negative values of dh and dv).
InsetRgn of a rectangular region works just like InsetRect.

procedure SectRgn( SrcRgnai, srcRgnB, dstRgn : RgnHandle );

SectRgn calculates the intersection of two regions and places the intersection in a third region.
This does not create the destination region: you must use NewRgn to create dstRgn before you
call SectRgn. The dstRgn can be one of the source regions, if desired.

If the regions do not intersect, or one of the regions is empty, the destination is set to the empty
region (0,0,0,0).
procedure UnionRgn({ srcRgné, srcRgnB, dstRgn : RgnHandle );

UnionRgn calculates the union of two regions and places the union in a third region. This does
not create the destination region: you must use NewRgn to create dstRgn before you call
UnionRgn. The dstRgn can be one of the source regions, if desired.

If both regions are empty, the destination is set to the empty region (0,0,0,0).

procedure DiffRgn( SrcRgna, srcRgnB, dstRgn : RgnHandle );
DiffRgn subtracts srcRgnB from srcRgnA and places the difference in a third region. This

does not create the destination region: you must use NewRgn to create dstRgn before you call
DiffRgn. The dstRgn can be one of the source regions, if desired.
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the procedures that draw framed shapes (except arcs) affect the outline of the region. Only the
line endpoints and shape boundaries affect the region definition; the pen mode, pattern, and size
do not affect it. In fact, OpenRgn calls HidePen, so no drawing occurs on the screen while the
region is open (unless you called ShowPen just after OpenRgn, or you called ShowPen
previously without balancing it by a call to HidePen). Since the pen hangs below and to the right
of the pen location, drawing lines with even the smallest pen will change bits that lie 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. Any lines drawn with Line or
LineTo should connect with each other or with a framed shape. Even though the on-screen
presentation of a region is clipped, the definition of a region is not; you can define a region
anywhere on the coordinate plane with complete disregard for the location of various grafPort
entities on that plane. :

When a region is open, the current grafPort's rgnSave field contains a handle to information
related to the region definition. If you want to temporarily disable the collection of lines and
shapes, you can save the current value of this field, set the field to nil, and later restore the saved
value to resume the region definition.

Warning: Do not call OpenRgn while another region is already open. All open
regions but the most recent will behave strangely.

procedure CloseRgn( dstRgn : RgnHandle ) ;

CloseRgn stops the collection of lines and framed shapes, organizes them into a region
definition, and saves the resulting region into the region indicated by dstRgn. You should
perform one and only one CloseRgn for every OpenRgn. CloseRgn calls ShowPen, balancing
the HidePen call made by OpenRgn.

Here's an example of how to create and open a region, define a barbell shape, close the region,
and draw it:

barbell := NewRgn; {make a new region}
OpenRgn; {begin collecting stuff)
SetRect (tempRect, 20,20,30,50); ({form the left welight }
FrameOval (tempRect) ;
SetRect (tempRect, 30, 30,80,40); {form the bar}
FrameRect (tempRect) ;
SetRect (tempRect, 80,20,90,50); {(form the right weight}
FrameQOval (tempRect) ;

CloseRgn (barbell); fall done; save in barbell}
FillRgn (barbell,black); {draw 1t on the screen)
DisposeRgn (barbell); {don't need you anymore..}
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under no circumstances will 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.

procedure PaintRgn( rgn : RgnHandle );

PaintRgn paints the specified region with the current grafPort's pen pattern and pen mode. The
region on the bitmap is filled with the pnPat, according to the pattern transfer mode specified by
pnMode. The pen location is not changed by this procedure.

procedure EraseRgn( rgn : RgnHandle );

EraseRgn paints the specified region with the current grafPort's background pattern bkPat (in
patCopy mode). The grafPort's pnPat and pnMode are ignored; the pen location is not
changed.

procedure InvertRgn( rgn : RgnHandle );

InvertRgn inverts the pixels enclosed by the specified region: 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.

procedure FillRgn( rgn : RgnHandle; pat : Pattern );

FillRgn fills the specified region with the given pattern (in patCopy mode). The grafPort's
pnPat, pnMode, and bkPat are all ignored; the pen location is not changed.

C.8.14 Bit Transfer Operations

procedure ScrollRect( r : Rect; dh, dv : integer;
updateRgn : RgnHandle };

ScrollRect shifts ("scrolls") those bits inside the intersection of the specified rectangle, visRgn,
clipRgn, portRect, and portBits.bounds. The bits are shifted a distance of dh
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 background pattern bkPat fills the space created by the scroll. In
addition, updateRgn is changed to the area filled with bkPat (see Figure C-23).
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If the first source region is empty, the destination is set to the empty region (0,0,0,0).

procedure XorRgn( srcRgnA, srcRgnB, dstRgn : RgnHandle };

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 destination region: you must use
NewRgn to create dstRgn before you call XorRgn. The dstRgn can be one of the source
regions, if desired.

If the regions are coincident, the destination is set to the empty region (0,0,0,0).

function PtInRgn( pt : Point; rgn : RgnHandle )} : boolean;

PiInRgn checks whether the pixel below and to the right of the given coordinate point is within
the specified region, and returns t rue if so or false if not.

function RectInRgn( r : Rect; rgn : RgnHandle ) : boolean;

RectInRgn checks whether the given rectangle intersects the specified region, and returns t rue
if the intersection encloses at least one bit or false if not.

function EqualRgn( rgnA, rgnB : rgnHandle ) : boolean;

EqualRgn compares the two regions and returns ¢ rue if they are equal or false if not. The
two regions must have identical sizes, shapes, and locations to be considered equal. Any two
empty regions are always equal.

function EmptyRgn( rgn : RgnHandle ) : boolean;

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 OpenRgn or with no drawing after an OpenRgn; OffsetRgn of an empty
region; InsetRgn with an empty region or too large an inset; SectRgn of nonintersecting regions;
UnionRgn of two empty regions; and DiffRgn or XorRgn of two identical or nonintersecting
regions.

C.8.13 Graphic Operations on Regions
These routines all depend on the coordinate system of the current grafPort. If a region is drawn in

a different grafPort than the one in which it was defined, it may not appear in the proper position
inside the port.

procedure FrameRgn( rgn : RgnHandle );

FrameRgn draws a hollow outline just inside the specified region, using the current grafPort's
pen pattern, mode, and size. The outline is as wide as the pen width and as tall as the pen height;
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The source transfer modes are as follows:

srcCopy srcXor notSrcCopy notSrcXor
srcOr srcBic notSrcOr notSrcBic

The source rectangle is completely aligned with the destination rectangle; if the rectangles are of
different sizes, the bit image is expanded or shrunk as necessary to fit the destination rectangle.
For example, if the bit image is a circle in a square source rectangle, and the destination rectangle
is not square, the bit image appears as an oval in the destination (see Figure C-24).

C.8.15 Pictures

function OpenPicture( picFrame : Rect ) : PicHandle;

OpenPicture returns a handle to a new picture which has the given rectangle as its picture frame,
and tells QuickDraw to start saving as the picture definition all calls to drawing routines and all
picture comments (if any).

OpenPicture calls HidePen, so no drawing occurs on the screen while the picture is open (unless
you call ShowPen just after OpenPicture, or you called ShowPen previously without balancing it
by a call to HidePen).

mskRgn

12 Source

113 Transfer

Source Bitmap Mode i .
Destination Bitmap
T mskRgn = nil

Source

Transfer

Source Bitmap Mode

+TTIILL

Destination Bitmap

Figure C-24
Operation of CopyBits

When a picture is open, the current grafPort's picSave field contains a handle to information
related to the picture definition. If you want to temporarily disable the collection of routine calls
and picture comments, you can save the current value of this field, set the field to nil, and later
restore the saved value to resume the picture definition,

Warning: Do not call OpenPicture while another picture is already open.
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Figure C-23
Scrolling

Figure C-23 shows that 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 SetOrigin
procedure. For example, suppose the dstRect here is the portRect of the grafPort and its
top left corner is at (95,120). SetOrigin(105,115) will offset the coordinate system to compensate
for the scroll. Since the c¢1ipRgn and pen location are not offset, they move down and to the
left.

procedure CopyBits( srcBits, dstBits : BitMap;
srcRect, dstRect : Rect;
mode : integer; maskRgn : RgnHandle };

CopyBits transfers a bit image between any two bitmaps and clips the result to the area specified
by the maskRgn parameter. The transfer may be performed in any of the eight source transfer
modes. The result is always clipped to the maskRgn and the boundary rectangle of the
destination bitmap; if the destination bitmap is the current grafPort's portBits, itis also
clipped to the intersection of the grafPort's c1ipRgn and visRgn. If you do not want to clip to
a maskRgn, just pass nil for the maskRgn parameter.

The dstRect and maskRgn coordinates are in terms of the dstBits.bounds coordinate
system, and the srcRect coordinates are in terms of the srcBits.bounds coordinates.

The bits enclosed by the source rectangle are transferred into the destination rectangle according
to the rules of the chosen mode.
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When a polygon is open, the current grafPort's polySave field contains a handle to information
related to the polygon definition. If you want to temporarily disable the polygon definition, you
can save the current value of this field, set the field to nil, and later restore the saved value to
resume the polygon definition.

Warning: Do not call OpenPoly while another polygon is already open.

procedure 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

OpenPoly. ClosePoly calls ShowPen, balancing the HidePen call made by OpenPoly.
Here's an example of how to open a polygon, define it as a triangle, close it, and draw it:

triPoly := OpenPoly;
MoveTo (300,100} ;

save handle, begin collecting }
move to first point and }

LineTo (400,200); form }

LineTo (200,200) ; the }

LineTo(300,100); triangle }
ClosePoly; stop collecting stuff }

draw it on the screen }
we're all done }

FillPoly(triPoly,gray);
KillPoly(triPoly);

- Py ey e

procedure KillPoly( poly : PolyHandle );

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

procedure OffsetPoly( poly : PolyHandle; dh, dv : integer );

OffsetPoly moves the specified polygon on the coordinate plane, a distance of dh horizontally
and dv vertically. This does not affect the screen unless you subsequently call a routine to draw
the polygon. If dh 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 polygon retains its shape
and size.

Note: OffsetPoly is an especially efficient operation, because the data defining a

polygon is stored relative to polyStart and so isn't actually changed
by OffsetPoly.
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procedure ClosePicture;

ClosePicture tells QuickDraw to stop saving routine calls and picture comments as the definition
of the currently open picture. You should perform one and only one ClosePicture for every
OpenPicture. ClosePicture calls ShowPen, balancing the HidePen call made by OpenPicture.

procedure PicComment( kind, dataSize : integer;
dataHandle : Handle );

PicComment inserts the specified comment into the definition of the currently open picture. Kind
identifies the type of comment. DataHandle is a handle to additional data if desired, and
dataSize is the size of that data in bytes. If there is no additional data for the comment,
dataHandle should be nil and dataSize should be 0. The application that processes the
comment must include a procedure to do the processing and store a pointer to the procedure in the
data structure pointed to by the grafProcs field of the grafPort (see Section C.9, Customizing
QuickDraw Operations).

procedure DrawPicture( myPicture : PicHandle; dstRect : Rect );

DrawPicture draws the given picture to scale in dstRect, expanding or shrinking it as
necessary to align the borders of the picture frame with dstRect. DrawPicture passes any
picture comments to the procedure accessed indirectly through the grafProcs field of the
grafPort (see PicComment above).

procedure KillPicture( myPicture : PicHandle );

KillPicture deallocates space for the picture whose handle is supplied, and returns the memory
used by the picture to the free memory pool. Use this only when you are completely through with
a picture,

C.8.16 Calculations with Polygons

function OpenPoly : PolyHandle;

OpenPoly returns a handle to a new polygon and tells QuickDraw to start saving the polygon
definition as specified by calls to line-drawing routines. While a polygon is open, all calls to Line
and LineTo affect the outline of the polygon. Only the line endpoints affect the polygon
definition; the pen mode, pattern, and size do not affect it. In fact, OpenPoly calls HidePen, so
no drawing occurs on the screen while the polygon is open (unless you call ShowPen just after
OpenPoly, or you called ShowPen previously without balancing it by a call to HidePen).

A polygon should consist of a sequence of connected lines. Even though the on-screen
presentation of a polygon is clipped, 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
entities on that plane.
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procedure InvertPoly( poly : PolyHandle }:

InvertPoly inverts the pixels enclosed by the specified polygon: 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.

procedure FillPoly( poly : PolyHandle; pat : Pattern );

FillPoly fills the specified polygon with the given pattern (in patCopy mode). The grafPort's
pnPat, pnMode, and bkPat are all ignored; the pen location is not changed.

C.8.18 Miscellaneous Utilities

functien Random : integery;

Random returns an integer, uniformly distributed pseudo-random, in the range from -32768
through 32767. The value returned depends on the global variable randSeed, which InitGraf
initializes to 1; you can start the sequence over again from where it began by resetting
randSeedto 1.

function GetPixel( h, v : integer ) : boolean;

GetPixel looks at the pixel associated with the given coordinate point and returns true if it is
black or £alse if it is white. The selected pixel is immediately below and to the right of the point
whose coordinates are given in h and v, in the local coordinates of the current grafPort. There is
no guarantee that the specified pixel actually belongs to the port, however; it may have been
drawn by a port overlapping the current one. To see if the point indeed belongs to the current
port, call Pt InRgn (pt, thePort *.visRgn).

procedure StuffHex( thingPtr : Ptr; s : Str255 );
StuffHex pokes bits (expressed as a string of hexadecimal digits) into any data structure. This is

a good way to create cursors, patterns, or bit images to be "stamped" onto the screen with
CopyBits. For example,

StuffHex (@stripes, '0102040810204080")
places a striped pattern into the pattern variable stripes.
Warning:  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.
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C.8.17 Graphic Operations on Polygons

procedure FramePoly( poly : PolyHandle );

FramePoly plays back the line-drawing routine calls that define the given polygon, using the
current grafPort's pen pattern, mode, and size. The pen will hang below and to the right of each
point on the boundary of the polygon; thus, the polygon drawn 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 C-25, where each of the polygons is shown with its

polyBBox.

FramePoly PaintPoly

Figure C-25
Drawing Polygons

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

procedure PaintPoly( poly : PolyHandle };

PaintPoly paints the specified polygon with the current grafPort's pen pattern and pen mode. The
polygon on the bitmap is filled with the pnPat, according to the pattern transfer mode specified
by pnMode. The pen location is not changed by this procedure.

procedure ErasePoly( poly : PolyHandle );

ErasePoly paints the specified polygon with the current grafPort's background pattern bkpPat (in
patCopy mode). The pnPat and pnMode are ignored; the pen location is not changed.
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wish to point to your own routines. For example, if your procedure that processes picture
comments is named MyComment s, you will store @MyComment s in the commentProc field
of the QDProcs 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 = (frame, paint, erase, invert, £fill);

When the grafVerbis £111, the pattern to use when filling is passed in the fillPat field of
the grafPort.

procedure StdText ( bytelount : integer; textBuf : Ptr;
numer, denom : Point )}

StdText 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
byteCount bytes. Numer and denom specify the scaling, if any: numer. v over denom. v
gives the vertical scaling, and numer. h over denom. h gives the horizontal scaling.

procedure StdLine( newPt : Point );

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

procedure StdRect( verb : GrafVerb; r : Rect )7

StdRect is the standard low-level routine for drawing a rectangle. It draws the given rectangle
according to the specified grafVverb.

procedure StdRRect( verb : GrafVerb; r : Rect;
ovalwidth, ovalHeight : integer };

StdRRect is the standard low-level routine for drawing a rounded-corner rectangle. It draws the
given rounded-corner rectangle according to the specified grafverb. Oval width and
ovalHeight specify the diameters of curvature for the corners.

procedure StdOval( verb : GrafVerb; r : Rect );

StdOval is the standard low-level routine for drawing an oval. It draws an oval inside the given
rectangle according to the specified grafverb.
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C.9 Customizing QuickDraw Operations

For each shape that QuickDraw knows how to draw, there are procedures that perform these
basic graphic operations on the shape: frame, paint, erase, invert, and fill. Those procedures in
turn call a low-level drawing routine for the shape. For example, the FrameOval, PaintOval,
FraseOval, InvertOval, and FillOval procedures all call a low-level routine that draws the oval.
For each type of object QuickDraw can draw, including text and lines, there is a pointer to such a
routine. By changing these pointers, you can install your own routines, and either completely
override the standard ones or call them after your routines have modified parameters as
necessary.

Other low-level routines that you can install in this way are:
+  The procedure that does bit transfer and is called by CopyBits.

« The function that measures the width of text and is called by CharWidth,
StringWidth, and TextWidth.

+  The procedure that processes picture comments and is called by DrawPicture. The
standard such procedure ignores picture comments.

«  The procedure that saves drawing commands as the definition of a picture, and the
one that retrieves them. This enables the application to draw on remote devices, print
to the disk, get picture input from the disk, and support large pictures.

The grafProcs field of a grafPort determines which low-level routines are called; if it contains
nil, the standard routines are called, so that all operations in that grafPort are done in the
standard ways described in this appendix. You can set the grafProcs field to point to a record
of pointers to routines. The data type of grafProcsis QDProcsPtr:

type ProcsPtr = QDProcs;

QDProcs = record

textProc: Ptr; {text drawing}
lineProc: Ptr; {line drawing}
rectProc: Ptr; {rectangle drawing}
rRectProc: Ptr; {roundRect drawing}
ovalProc: Ptr; {foval drawing}
arcProc: Ptr; {arc/wedge drawing)
polyProc: Ptr; {polygon drawing}
rgnProc: Ptr; {region drawing}
bitsProc: Ptr; {bit transfer}

commentProc: Ptr; {picture comment processing}
txMeasProc: Ptr; {text width measurement}
getPicProc: Ptr; {picture retrieval}

putPicProc: Ptr {picture saving}
end;
procedure SetStdProcs( var procs : QDProcs );

SetStdProcs is provided to assist you in setting up a QDProcs record. It sets all the fields of the
given ODProcs to point to the standard low-level routines. You can then change the ones you
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procedure StdGetPic( dataPtr : Ptr; byteCount : integer );

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

procedure StdPutPic( dataPtr : Ptr; byteCount : integer );

StdPutPic is the standard low-level routine for saving information as the definition of a picture. It
saves as the definition of the currently open picture the drawing commands stored in the data
structure pointed to by dataPtr, starting with the first byte and continuing for the next
byteCount bytes.
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procedure StdArc( verb : GrafVerb; r : Rect;
startaAngle, arcAngle : 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 grafVerb specifies the graphic operation; if
it's the frame operation, an arc is drawn; otherwise, a wedge is drawn.

procedure StdPoly({ verb : GrafVerb; poly : PolyHandle );

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

procedure StdRgn( verb : GrafVerb; rgn : RgnHandle );

StdRgn is the standard low-level routine for drawing a region. It draws the given region
according to the specified grafVerb.

procedure StdBits( var srcBits :