






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PROCEDURE IdProc (BaseReg: LookupRegs;
Offset: UNIV LongInt;
VAR S: UNIV DisAsmStr80);

orinC,

pascal void PCRelProc(long Address, char *S)

pascal void JTOffProc (short A5JTOffset, char *S)

pascal void TrapNameProc (unsigned short TrapWord, char *S)
pascal void AbsAddrProc(long AbsAddr, char *S)

pascal void IdProc (LookupRegs BaseReg, long Offset, char *S)

¢ Note: InitLookup contains initialized data that requires initializing at load time.
This of concem only to users with assembly main programs.

The Lookup procedure

PROCEDURE Lookup(PC: UNIV Ptr;BaseReg: LookupRegs;Opnd:
UNIV LongInt;VAR S: DisAsmStr80):;

This is a standard Lookup procedure available for calls to the Disassembler. If you use
this procedure, then you must call 1nitLookup prior to any calls to the Disassembler.
This procedure performs all the logic to determine the type of lookup. For PC-relative,
jump table references, A-traps, absolute addresses, and offsets from a base register, the
associated level 1 Pascal procedure specified in the 1nitLookup call (if not NULL) is
called.

This scheme simplifies the Lookup mechanism by allowing you to focus on the problems
related to the application.

The LookupTrapName procedure

PROCEDURE LookupTrapName (TrapWord: UNIV Integer;VAR S: UNIV
DisAsmStr80):;

This procedure allows conversion of a trap instruction (in Trapword) to its
corresponding trap name (in S). It is provided primarily for use with the Disassembler and
its address may be passed to InitLookup above for use by this unit’s Lookup routine.
Alternatively, there is nothing prohibiting you from using it directly for other purposes or
by some other lookup procedure.
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# Note: The tables in this procedure make the size of this procedure about 9500 bytes.
The trap names are fully spelled out in upper and lower case. -

The ModifyOperand procedure

PROCEDURE ModifyOperand (VAR Operand: UNIV DisAsmStr80);

The procedure scans an operand string, that is, the null-terminated Pascal string returned
by the Disassembler (null must be present here), and modifies negative hex values to
negated positive value. For example, $FFFF(AS5) would be modified to ~$0001(A5). The
operand to be processed is passed as the function’s parameter, which is then edited “in
place” and returned to the caller.

This routine is essentially a pattern matcher and attempts to modify only 2-, 4-, and 8
digit hex strings in the operand that “might” be offsets from a base register. If the
matching tests are passed, the same number of original digits are output (because that
indicates a value’s size: byte, word, or long).

For a hex string to be modified, the following tests must be passed:

= There must have been exactly 2, 4, or 8 digits. Only hex strings $XX, $XXXX, and
$XXXXXXXX are possible candidates because that is the only way the Disassembler
generates offsets.

s The hex string must be delimited by a left parenthesis character, (" or a comma, ©, ”.
The left parenthesis character allows offsets for $xxxx (an, . . .) and $XX (aAn, Xn)
addressing modes. The comma allows for the MC68020 addressing forms.

» The “sx. .." must not be preceded by a plus-or-minus sign, “+ . This eliminates the
possibility of modifying the offset of a PC-relative addressing mode always generated
in the form “*+$xxxx".

s The “sx..." must not be preceded by a pound sign, “ # ”. This eliminates modifying
immediate data.

s Value must be negative. Negative values are the only values modified. A value $SFFFF
is modified to -$0001.

The validMacsBugSymbol function
FUNCTION validMacsBugSymbol (symStart: UNIV Ptr;limit: UNIV Ptr;
symbol:StringPtr): StringPtr; C;

Check that the bytes pointed to by symstart represent a valid MacsBug symbol. The
symbol must be fully contained in the bytes starting at symsStart, up to but not including
the byte pointed to by the limit parameter.
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If a valid symbol is not found, then NULL is returned as the function’s result. However, if a
valid symbol is found, it is copied to symbol (if it is not NULL) as a null-terminated Pascal
string, and return a pointer to where we think the following module begins. In the “old
style” cases (see the following table) this will always be 8 or 16 bytes after the input
symStart. For new style Apple Pascal and C cases this will depend on the symbol length,
existence of a pad byte, and size of the constant (literal) area. In all cases, trailing blanks
are removed from the symbol.

A valid MacsBug symbol consists of the characters ' !, '%', spaces, digits, and upper and
lower case letters in a format determined by the first two bytes of the symbol as follows:

st byte 2nd byte | Byte
range range length Comments

$20-$7F | $20-$7F | 8 Old style MacsBug symbol format

$20-$7F | $20-$7F | 8 Old style MacsBug symbol format

$A0-$FF | $20-$7F 8 Old style MacsBug symbol format

$20-$7F | $80-SFF| 16 Old style MacApp symbol ab==>b.a
$A0-$FF | $80 - $FF 16 Old style MacApp symbol ab==>b.a

$80 $01-$FF| n n=2ndbyte  (Apple Compiler symbol)
$81-$9F | $00-$FF m m = 1st byte & $7F (Apple Compiler symbol)

The formats are determined by whether bit 7 is set in the first and second bytes. This bit
will removed when it is found OR’ed into the first and/or second valid symbol characters.

The first two formats in the above table are the basic “old-style” (pre-existing) MacsBug
formats. The first byte may or may not have bit 7 set if the second byte is a valid symbol
character. The first byte (with bit 7 removed) and the next 7 bytes are assumed to
comprise the symbol.

The second pair of formats are also old-style formats, used for MacApp symbols. Bit 7 set
in the second character indicates these formats. The symbol is assumed to be 16 bytes
with the second 8 bytes preceding the first 8 bytes in the generated symbol. For example,
12345678abcdefgh represents the symbol abcdefgh.12345678.

The last pair of formats are reserved by Apple and generated by the MPW Pascal and MPW
C compilers. In these cases the value of the first byte is always between $80 and $9F, or
with bit 7 removed, between $00 and $1F. For $00, the second byte is the length of the
symbol with that many bytes following the second byte (thus 2 maximum length of 255).
Values $01 to $1F represent the length itself. A pad byte may follow these variable length
cases if the symbol does not end on a word boundary. Following the symbol and the
possible pad byte is a word containing the size of the constants (literals) generated by the
compiler.

544  MPW 3.0 Reference



& Note: If symstart actually does point to a valid MacsBug symbol, then you can use
showMacsBugSymbol to convert the MacsBug symbol bytes to a string that could
be used as a DC.B operand for disassembly purposes. This string explicitly shows the
MacsBug symbol encodings.

The endOfModule function

FUNCTION endOfModule (address: UNIV Ptr;limit: UNIV Ptr;symbol:
StringPtr; VAR nextModule: UNIV Ptr): StringPtr; C;

This function checks to see if the specified memory address contains a RTS, JMP  (A0)
OrRTD #n instruction immediately followed by a valid MacsBug symbol. These
sequences are the only ones that can determine an end of module when MacsBug symbols
are present. During the check, the instruction and its following MacsBug symbol must be
fully contained in the bytes starting at the specified address parameter, up to, but not
including, the byte pointed to by the limit parameter.

If the end of module is not found, then NULL is returned as the function’s result. However,
if a end of module is found, the MacsBug symbol is returned in symbol (if it is not NULL)
as a null-terminated Pascal string (with trailing blanks removed), and the function returns
the pointer to the start of the MacsBug symbol (that is, address+2 for RTS or JMP  (20)
and address+4 for RTD #n). This address may then be used as an input parameter to
showMacsBugSymbol to convert the MacsBug symbol to a Disassembler operand string.

Also retumed in nextModule is where the following module is expected to begin. In the
old-style cases (see validMacsBugSymbol) this will always be 8 or 16 bytes after the
input address. For the new style, the Apple Pascal and C cases, this will depend on the
symbol length, existence of a pad byte, and size of the constant (literal) area. See
validMacsBugSymbol for a description of valid MacsBug symbol formats.

The showMacsBugSymbol function

FUNCTION showMacsBugSymbol (symStart: UNIV Ptr;limit: UNIV Ptr;operand:

StringPtr; VAR bytesUsed: INTEGER): StringPtr; C;

This function formats a2 MacsBug symbol as a operand of a DC.B directive. The first one
or two bytes of the symbol are generated as $80+'c' if their high bits are set. All other
characters are shown as characters in a string constant. The pad byte, if present, is also
shown as $00.

This routine is called to check that the bytes pointed to by symstaxrt represent a valid
MacsBug symbol. The symbol must be fully contained in the bytes starting at symStart,
up to but not including the byte pointed to by the limit parameter.
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When called, showMacsBugSymbol assumes that symStacrt is pointing at a valid
MacsBug symbol as validated by the validMacsBugSymbol Or endofModule routine.
As with validMacsBugSymbol, the symbol must be fully contained in the bytes starting
at symstart up to, but not including, the byte pointed to by the end parameter.

The string is returned in the 'operand' parameter as a null-terminated Pascal string. The
function also returns a pointer to this string as its return value (NULL is returned only if the
byte pointed to by the limit parameter is reached prior to processing the entire symbol—
which should not happen if properly validated). The number of bytes used for the symbol
is returned in bytesUsed. Due to the way MacsBug symbols are encoded, bytesused
may not necessarily be the same as the length of the operand string.

A valid MacsBug symbol consists of the characters '_', ‘%', spaces, digits, and upper/lower
case letters in a format determined by the first two bytes of the symbol as described in
the validMacsBugSymbol routine.
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Appendix G The Graf3D Library

GRAF3D IS A SET OF QUICKDRAW CALLS USED TO PRODUCE THREE-DIMENSIONAL
GRAPHICS by providing a fixed-point interface to QuickDraw’s integer
coordinates. This appendix describes these routines and their use for both MPW
Pascal and MPW C. =

Contents
Overview 549
How to use Graf3D 549
How to use Graf3D—MPW Assembler 550
How to use Graf3D—MPW Pascal 550
How to use Graf3SD—MPW C 550
Graf3D data types 551
Point3D 551
Point2D 552
XfMatrix 552
Port3DPtr 553
Graph3D procedures and functions 554
The InitGraf3D procedure 555
The Open3DPort procedure 555
The SetPort3D procedure 556
The GetPort3D procedure 556
The Move procedures 557
The Line procedures 557
The Clip3D function 558
The Set Point procedures 558
Setting up the camera 559
The ViewPort procedure 559
The LookAt procedure 560
The ViewAngle procedure 560
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The transformation matrix 561
The Identity procedure 561
The Scale procedure 561
The Translate procedure 562
The Pitch procedure 562
The Yaw procedure 562
The Roll procedure 563
The Skew procedure 563
The Transform procedure 564
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Overview

The Graf3D routines provide several important features:

A camera’s-eye view. This allows you to set the point of view from which the observer
sees the object independently from the coordinates of the object itself. The camera is
set up with the viewPort, LookAt, and ViewAngle procedures. You can set the
focal length of the camera as if you had a choice of telephoto, wide-angle, or normal
lenses.

Three-dimensional clipping to a true pyramid. The apex of the pyramid is at the point
of the camera eye, and the base of the pyramid is equivalent to the viewport. When
you use the c1ip3D function, only objects in front of the camera eye and within the
pyramid are displayed on the screen.

Two-dimensional point and line capability using Fixed type coordinates. Graf3D
provides commands corresponding to the QuickDraw commands but using Fixed
type coordinates instead of integers. With Fixed type coordinates you have a larger
dynamic range for graphics calculations; with integer coordinates you get faster
drawing time.

Two-dimensional or three-dimensional rotation. You can rotate an object along any or
all axes simultaneously, by using the Pitch, Yaw, and Ro11 procedures.

Translation and scaling of objects in one or more axes simultaneously. Translation
means movement anywhere in three-dimensional space. Scaling means shrinking or
expanding.

How to use Graf3D

This section describes the language-specific preparations you need to make to use
Graf3D with your MPW Assembler, MPW Pascal, or MPW C programs.
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How to use Graf3D—MPW Assembler

To use Graf3D with MPW Assembler, do the following:
s Include the file Graf3DEqu.a in your source text.
= Link your assembly with the file {Libraries}Interface.o.

a  Set values in the Graf3D data structures and call the Graf3D routines from your
program, using the equates in Graf3DEqu.a.

Throughout the rest of this appendix, Graf3D is described solely in MPW Pascal and MPW
C notation. The Graf3d routines are implemented in MPW Pascal; Assembly-language
programmers should call these routines by using Pascal calling conventions. For
information on how to convert this notation into assembly-language calling conventions
for stack-based routines, see the chapter “Using Assembly Language” in Inside Macintosh.

How to use Graf3D—MPW Pascal

To use Graf3D in MPW Pascal, do the following:
s Include the declaration USES Gra£3D in your source text.
= Link your assembly program or object file with the file Interface.o.

s Set values in the Graf3D data structures, and call the Graf3D routines from your
program, following the information given in the section “Graf3D Data Types” that
follows in this appendix.

How to use Graf3D—MPW C

To use Graf3D in MPW C, do the following:

1. Include these statements in your source text:

#include <Types.h>
#include <QuickDraw.h>
#include <Graf3D.h>

2. Link your object file with the file {Libraries} Interface.o.

3. Set values in the Graf3D data structures and call the Graf3D routines from your
program, following the information given in the section “Graf3D Data Types” that
follows in this appendix.
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Graf3D data types

Graf3D declares and uses these data types:

m Fixed

m Point3D

s Point2D

s XfMatrix
s Port3DPtr

The type Fixed is discussed in Inside Macintosh, Volume 1. The other types are discussed
in this section. Examples of the calls are supplied in MPW Pascal and MPW C.

Point3D

Point 3D contains three fixed-point number coordinates: x, y, and z. Graf3D uses x, v,
and z for fixed-point number coordinates to distinguish between the 4 and v integer
screen coordinates used by QuickDraw.

MPW Pascal
TYPE Point3D = RECORD
x: Fixed;
y: Fixed;
z: Fixed
END;

MPW C

typedef struct Point3D {
Fixed x, y, z:
} Point3D;
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Point2D

Point2D is just like a Point 3D but contains only x- and y- coordinates.

MPW Pascal

TYPE Point2D = RECORD
x: Fixed;
y: Fixed
END;

MPW C

typedef struct Point2D {
Fixed x, y;
} Point2D;

XfMatrix

The xfMat rix is a 4x4 matrix of Fixed values used to hold a transformation equation.
Each transforming routine alters this matrix so that it contains the concatenated effects
of all transformations applied.

MPW Pascal

XfMatrix = ARRAY[0..3, 0..3] OF Fixed;

MPW C

typedef Fixed XfMatrix([4][4];
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Port3DPtr

The type Port 3DPtr contains all the state variables needed to map fixed-point number
coordinates into integer screen coordinates.

MPW Pascal
Port3DPtr = “Port3D;
Port3D = RECORD
GrPort: GrafPtr;
viewRect: Rect;
xLeft, yTop, xRight, yBottom: Fixed;
pen, penPrime, eye: Point3D;
hSize, vSize: Fixed;
hCenter, vCenter: Fixed;
xCotan, yCotan: Fixed;
ident: boolean;
xForm: XfMatrix
END;
MPW C
typedef struct Port3D {
GrafPtr grPort;
Rect viewRect;
Fixed xLeft, yTop, xRight, yBottom;
Point3D pen, penPrime, eye;
Fixed hSize, vSize;
Fixed hCenter, vCenter;
Fixed xCotan, yCotan;
char filler:
char ident;
XfMatrix xForm;

} Port3D, *Port3DP

tr;
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= Table G-1 Port3DPtr variables

Name Description

GPort Pointer to the grafPort associated with this Port 3D

viewRect Viewihg rectangle within the grafport; the base of the
viewing pyramid

xLeft, yTop, World coordinates corresponding to the viewRect

xRight, yBottom

pen Three-dimensional pen location

penPrime Pen location transformed by the xForm matrix

eye Three-dimensional viewpoint location established by

hSize,vSize

hCenter, vCenter
xCotan, yCotan

Ident

xForm

ViewAngle

Half-width and half-height of the viewRect in screen
coordinates

Center of the viewRect in screen coordinates
Viewing cotangents set up by viewaAngle, used by c1ip3D

Boolean that allows the transformation to be skipped when
xForm is an identity matrix

4x4 matrix that holds the net result of all transformations

Graph3D procedures and functions

Graf3D provides the following procedures and functions to establish a graphics
environment and create drawings within it:

s The InitGraf procedure

s The Open3DPort procedure
s The SetPort3D procedure

s The GetPort3D procedure

s The Move procedures

s The Line procedures

s The Clip3D function

s The SetPoint procedures

Each procedure and function is described in this section in both MPW Pascal and MPW C.
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The InitGraf3D procedure

The 1nitGra£3D procedure starts up Graf3D and initializes its data structures. GlobalPtr
is a pointer to heap space for Graf3D data. Call 1nitGra£3D once and only once at the
beginning of your program. Pass it at the address of a Port 3pPt r (using the @ operator)
that you have declared and reserved for use by Graf3D.

MPW Pascal

PROCEDURE InitGraf3D(GlobalPtr: Ptr);

MPW C

pascal void InitGrf3D (port)
Port3DPtr *port;

The 1nitGra£3D function initializes the Port 3D variable. Call this routine before doing
Graf3D operations. Allocate space for a variable of type Port 3DPt r (Whose address is
passed as a parameter to this function).

The Open3DPort procedure

The open3DPort procedure initializes all the fields of a Port 3D to their defaults, and
makes that Port 3D the current one. Gport is set to the currently open grafPort. These
are the default values:

thePort3D := port;

port”~.GPort := thePort;

ViewPort (thePort”.portRect);

WITH thePort”.portRect DO LookAt (left, top, right, bottom);
ViewAngle (0);

Identity;

MoveTo3D(0, 0, 0);

MPW Pascal

PROCEDURE Open3DPort (port: Port3DPtr);
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MPW C

pascal void Open3DPort (port)
Port3DPtr port;

The SetPort3D procedure

The setPort 3D procedure makes port the current Port 3D and calls setPort for that
Port3D’s associated grafPort. SetPort3D allows an application to use more than one
Port 3D and switch between them.

MPW Pascal

PROCEDURE SetPort3D (port: Port3Dptr):;

MPW C

pascal void SetPort3D(port)
Port3DPtr port;

The GetPort3D procedure

The GetPort 3D procedure retums a pointer to the current Port 3p. This procedure is
useful when you are using more than one Port 3D and want to save and restore the current
one.

MPW Pascal

PROCEDURE GetPort3D (VAR port: Port3DPtr);

MPW C

pascal void GetPort3D(port)
Port3D *port;
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The Move procedures

Graf3D provides four Move procedures that move the pen in two or three dimensions
without drawing lines. The fixed-point number coordinates are transformed by the xForm
matrix and projected onto flat screen coordinates; then Graf3D calls QuickDraw’s
MoveTo procedure with the result.

MPW Pascal

PROCEDURE MoveTo2D(x, y: Fixed):;
PROCEDURE MoveTo3D(x, y, z: Fixed):;
PROCEDURE Move2D (dx, dy: Fixed):
PROCEDURE Move3D (dx, dy, dz: Fixed);

MPW C

pascal void MoveTo2D(x, y)
Fixed x, y:

pascal void MoveTo3D(x, y, 2)
Fixed x, vy, z:

pascal void Move2D (x, y)
Fixed x, y:

pascal void Move3D(x, y, 2)
Fixed x, y, z;

The Line procedures

Graf3D provides four Line procedures that draw two- and three-dimensional lines from the
current pen location. The LineTo2D and LineTo3D procedures stay on the same 2-plane.
The fixed-point number coordinates are first transformed by the xForm matrix, then
clipped to the viewing pyramid, then projected onto the flat screen coordinates and
drawn by calling QuickDraw’s LineTo procedure.

MPW Pascal

PROCEDURE LineTo2D(x, y: Fixed):
PROCEDURE LineTo3D(x, y, z: Fixed);
PROCEDURE Line2D (dx, dy: Fixed):
PROCEDURE Line3D(dx, dy, dz: Fixed);
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MPW C

pascal void LineTo2D(x, y)
Fixed x, y:

pascal void LineTo3D(x, y, 2)
Fixed x, y, z;

pascal void Line2D(x, y)
Fixed x, y;

pascal void Line3D(x, y, 2z)
Fixed x, y, z;

The Clip3D function

The c1ip3p function clips a three-dimensional line segment to the viewing pyramid and
returns the clipped line projected onto screen coordinates. C1ip3D retumns true
(nonzero) if any part of the line is visible. If no part of the line is within the viewing
pyramid, C1ip3D returns false (zero).

MPW Pascal

FUNCTION Clip3D(srcl, src2: Point3D; VAR dstl, dst2: Point):
boolean;

MPW C

pascal short Clip3D(srcl, src2, dstl, dst2)
Point3D *srcl, *src2;
Point *dstl, *dst2;

The Set Point procedures
Graf3D provides two Set Point procedures. The setPt 3D procedure assigns three fixed-

point numbers to 2 Point 3D. The setPt2D procedure assigns two fixed-point numbers
102 Point2D.

MPW Pascal

PROCEDURE SetPt3D (VAR pt3D: Point3D; x, y, 2z: Fixed):
PROCEDURE SetPt2D (VAR pt2D: Point2D; x, y: Fixed):
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MPW C

pascal void SetPt3D(pt3D, %, ¥y, 2)

Point3D *pt3D;

Fixed X, YV, Z;
pascal void SetPt2D(pt2D, x, y)
Point2D *pt2D;

Fixed X, Yy;

Setting up the camera

Procedures viewPort, LookAt, and ViewAngle position the image in the grafPort,
aim the camera, and choose the lens focal length in order to map three-dimensional
coordinates onto the flat screen space. These procedures may be called in any order.

The ViewPort procedure
The viewPort procedure specifies where to put the image in the gratport. The

viewPort rectangle is in integer QuickDraw coordinates and tells where to map the
LookAt coordinates.

MPW Pascal

PROCEDURE ViewPort (r: Rect):;

MPW C

pascal void ViewPort (r)
Rect *r;
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The LookAt procedure

The Lookat procedure specifies the fixed-point number x - and y-coordinates
corresponding to the viewRect.

MPW Pascal

PROCEDURE LookAt (left, top, right, bottom: Fixed);

MPW C

pascal void LookAt (left, top, right, bottom)
Fixed left, top, right, bottom;

The ViewAngle procedure

The viewAngle procedure controls the amount of perspective by specifying the
horizontal angle (in degrees) subtended by the viewing pyramid. Typical viewing angles
are 0° (no perspective), 10° (telephoto lens), 25° (normal perspective of the human eye),
and 80° (wide-angle lens).

MPW Pascal

PROCEDURE ViewAngle (angle: Fixed):;

MPW C

pascal void ViewAngle (angle)
Fixed angle;
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The transformation matrix

Use the transformation (xForm) matrix to impose a coordinate transformation between
the coordinates you plot and the viewing coordinates. Each of the transformation
procedures concatenates a cumulative transformation onto the xForm matrix.
Subsequent lines drawn are first transformed by the xForm matrix, then projected onto
the screen as specified by viewpPort, Lookat, and viewangle.

The Identity procedure

The Tdentity procedure resets the transformation matrix to an identity matrix.

MPW Pascal

PROCEDURE Identity:;

MPW C

pascal void Identity():;

The Scale procedure

The scale procedure modifies the transformation matrix to shrink or expand by xFactor,
yFactor, and zFactor. For example,

Scale (X2Fix(2.0), X2Fix(2.0), X2Fix(2.0))

doubles the size of whatever you draw.

MPW Pascal

PROCEDURE Scale (xFactor, yFactor, zFactor: Fixed);

MPW C

pascal void Scale (xFactor, yFactor, zFactor)
Fixed xFactor, yFactor, zFactor;
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The Translate procedure

The Translate procedure modifies the transformation matrix so as to displace by dx,
dy, and dz.

MPW Pascal

PROCEDURE Translate (dx, dy, dz: Fixed):;

MPW C

pascal void Translate(dx, dy, dz)
Fixed dx, dy, dz;

The Pitch procedure

The pitch procedure modifies the transformation matrix so as to rotate xAngle degrees
around the x-axis. A positive angle rotates clockwise when looking at the origin from
positive x.

MPW Pascal

PROCEDURE Pitch(xAngle: Fixed):

MPW C

pascal void Pitch(xAngle)
Fixed xAngle;

The Yaw procedure

The yaw procedure modifies the transformation matrix to rotate yAngle degrees around
the y-axis. A positive angle rotates clockwise when looking at the origin from positive y.

MPW Pascal

PROCEDURE Yaw (yAngle: Fixed):;
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MPW C

pascal void Yaw (yAngle)
Fixed yAngle;

The Roll procedure

The Ro11 procedure modifies the transformation matrix so as to rotate zAngle degrees
around the zaxis. A positive angle rotates clockwise when looking at the origin from
positive 2.

MPW Pascal

PROCEDURE Roll (zAngle: Fixed):

MPW C

pascal void Roll (zAngle)
Fixed zAngle;

The Skew procedure

The skew procedure modifies the transformation matrix so as to skew 2Angle degrees
around the z-axis. skew changes only the x-coordinate; the result is much like the slant
that QuickDraw gives to italic characters. (Skew (15.0) makes a reasonable italic.) A
positive angle rotates clockwise when looking at the origin from positive z.

MPW Pascal

PROCEDURE Skew (zAngle: Fixed);

MPW C

pascal void Skew(zAngle)
Fixed zAngle;
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The Transform procedure

The Transform procedure applies the xForm matrix to s7c and returns the result as dst. If
the transformation matrix is Identity, dst will be the same as src.

MPW Pascal

PROCEDURE Transform (src: Point3D; VAR dst: Point3D):;

MPW C

pascal void Transform(src, dst)
Point3D *src, *dst;
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About object file records

Object file format describes the structure of MPW object files. These files are created by
various language processors (such as MPW Assembler, MPW Pascal, and MPW C) and the
MPW librarian (Lib).

An object file consists of a sequence of object file records. The records described in the
remainder of this appendix are located in the data fork of the object file. MPW object
files have file type *oBJ ' and creator *MPS .

& Note: The MPW linker validates only the file type, since other applications than MPW
may create MPW-compatible object files.

At the present time the linker tools do not use the resource fork. Although the current
versions of Link, Lib, and DumpObj will ignore resource fork information in object files,
Apple may specify resources for object files at some time in the future.

There are currently 20 types of object file records, numbered consecutively from 0 to 19.
(Future record types are not guaranteed to have consecutive record numbers).
Code records:

s The first record in the file must be a First record.

a The last record in the file must be a Last record.

s One-byte Pad records are used to maintain word alignment.

s Comment records allow comments to be included in the file.

» Dictionary records associate names with unique IDs.

s Module records define code and data modules.

= EntryPoint records define entry points in code and data modules.

s Size records specify the module sizes.

s Contents records specify the contents of modules.

s Reference and ComputedReference records specify locations in modules that
contain references to other modules or entry points.
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Symbolic records:
» Filename records specify source filenames and modification dates.

= SourceStatement records specify correspondence between module offsets and
source statements.

s  ModuleBegin and ModuleEnd records declare named scopes (typically associated
with units, files, or functions).

s BlockBegin, and BlockEnd records declare unnamed or “block” scopes contained
within modules.

» LocalID records declare identifiers scoped within modules or blocks.

= LocalLabel records specify correspondence between generated code, source
statements, and label identifiers.

s LocalType records define type information for local identifiers and functions.

A module is a contiguous region of memory that contains code or static data. A module
is the smallest unit of memory that is included or removed by the linker. An entry point is
a location (offset) within a module. (The module itself is treated as an entry point with
offset zero.) A segment is a named collection of modules.

¢ Note: The jump table (described in Inside Macintosh, Volume Ii) is considered to be
code.

All modules, entries, segments, and symbolic records have a unique 16-bit ID that is
assigned by the compiler, assembler, or librarian. An ID is an object file-related number
that identifies a module, entry point, segment, or other entity within a single object file.

¢ Note: Older versions of the MPW linker support only ID values in the range 1...16,383.
The current version accepts ID values in the range 1...65,534 (values 0 and 65,535 are
reserved). If your compiler needs to be compatible with MPW 2.0, then you should
restrict the range of IDs accordingly.

¢ Note: The linker is faster and more efficient if the compiler allocates IDs
sequentially from 1.
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Modules and entry points may be local or external.

= A local module, entry point, or segment can be referenced only from within the file
where it is defined

= An external module, entry point, or segment can be referenced from different files. In
addition to an ID, each external module or entry point defined or referenced in an
object file must also have a unique name (a string identifier) that identifies it across
files.

If an ID has a name, that name is specified in a dictionary record.
If no dictionary entry exists for it, an ID is considered anonymous.

Local modules and entries need not have unique names, and an external segment may have
the same name as an external module or entry point.

¢ Note: Although the names need not be unique, the IDs of these different objects must
be unique. There must be multiple dictionary entries even though the names are the
same. If symbolic debugging records are generated, then ModuleBegin records that
correspond to Module records must also share the same ID.

A segment is declared implicitly by specifying a segment ID in a code-type Module record.

Atany given point in an object file there can be one current code module and one current
data module. The beginning of a new code or data module is indicated by a Module
record. The current code and data modules are further defined by Entry Point, Size,
Contents, Reference, and Computed-Reference records—these records can occur in any
order after the Module record.

In each of these intra-module records, a flag bit indicates whether the record refers to
the code or the data stream, permitting the interleaving of code and data records by
compilers. Code and data may be arbitrarily interleaved. For instance, the record
sequence:

Module (Code, ID=1)
Contents, Size, EntryPoint, and reference records for module 1

Module (Data, ID=2)
Contents, Size, EntryPoint, and reference records for modules 1 and 2

Module (Code, ID=3)
Contents, Size, EntryPoint, and reference records for modules 2 and 3

Module (Code, ID=4)
Contents, Size, EntryPoint, and reference records for modules 2 and 4

declares three code modules and one data module; data module 2’s scope extends until
the next data module, across an arbitrary number of code modules.
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Scoping of symbolic information

All symbolic records contain a parent ID field that specifies the scope to which the record
applies. These records may be emitted in any order, in any part of the object file.
Whether the code-generating and the symbolic records are interleaved, nested, or
completely separated is left to the discretion of the language implementor. (However,
source statement records for a particular module must be written in order by increasing
source offset.) '

Executable objects (functions and procedures) are scoped lexically, while variables are
scoped according to their visibility. To see why this is so, consider the following example
in C (Pascal UNITs are similar):

/* example.c */

static int static_var;
int public_var;

static local_func() { ..}
public_func() { ..}

If 'public_func' were contained by the root scope, then it would be impossible to
access any file-level static variables (such as ' static_var*) from within a breakpoint in
the function. Even though the Module record for 'public_func' has its external bit set,
the ModuleBegin for the function must specify the source file as the parent scope.

On the other hand, the variable *public_var' must be visible to procedures outside
the file scope, so it is necessary to specify the root as its parent.
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The records generated for the above example might be:

First (version=3)
Dictionary(l, "“example.c")
Filename (1, modificationDate)
Dictionary (2, "example.c")
ModuleBegin (moduleID=2, parentID=0, fileID=1, kind=Unit)
Dictionary (3, "static_var")
LocallD (parentID=2, fileID=1, ID=3, #pe, eic.)
Dictionary (4, "public_var"™)
LocallD (parentID=0, fileID=1, ID=4, jpg, el.)
Dictionary (5, "local_func")
ModuleBegin (moduleID=5, parentID=2, fileID=1, kind=Function)
ModuleEnd (moduleID=5)
Dictionary (6, "public_func")
ModuleBegin (moduleID=6, parentID=2, fileID=1, kind=Function)
ModuleEnd (moduleID=6)
ModuleEnd (moduleID=2, fileOffset)
Module (ID=5)
Contents, references, and entry points for module 5
Likewise, source statement information
Module (ID=6, flags=external)
Contents, references, and entry points for module 6
Likewise, source statement information

Last

The symbolic records may appear in any order (ModuleEnds preceding ModuleBegins,
if necessary), interspersed with the nonsymbolic records (which do have order
dependencies). There are a few items of interest in this example:

s A parent ID of zero indicates the root.

s The ID referred to by a Filename record cannot also be referred to by a ModuleBegin
record. Languages (such as C) which have file scoping will need to produce two
Dictionary records that have the same name but different IDs: one for the filename,
the other for the file-level scope.

s A point of fine style: The linker is more efficient when multiple entries are emitted in
the same Dictionary record. Many of the symbolic records also allow multiple
definitions in the same record, and compiler writers should make use of this facility.

= Even though it may be necessary to emit data Module records for variables, it is
incorrect to emit ModuleBegin records for the data modules; use LocalID records
instead.
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ModuleBegin implementation/declaration semantics

The terms implementation and declaration refer to ModuleBegin records with the
isDeclaration bit set at, respectively, zero or one.

If 2 module has only an implementation, the linker assumes the declaration and
implementation source locations are the same. The first declaration encountered is used,
except that a declaration in the same object file as the first implementation will override
any previous declaration. Any declarations or implementations following the first
implementation are ignored (anything contained in such an ignored scope is also
ignored). It is legal to have a declaration without an implementation or a Module.

Module scope information is supplied solely by implementation records; declaration
records may be nested, but the nesting is ignored since the declaration information does
not affect mapping between the source and the executable code.

Local variables (such as parameter variables) and types should be attached to either the
implementation or declaration, but not to both.

Record type notation

This section contains important information about the documentation conventions used
in the record descriptions that follow. Each record type is represented by a diagram such
as the following:
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The first box illustrates the record. Each square block represents a byte. The first byte
indicates the record type, in this case, 10. The Flags byte is expanded in the second box.
The Record Size is a signed, 16-bit integer that indicates the total length of the record
(including the record type byte, flags byte, and record size field). Hence, any one object
file record is limited to 32767 bytes. (This is not a limit on the size of the module, because
partial contents can be placed in several records.)

The second box represents the flag bits. In this example, they are interpreted as follows:

Bit Meaning
0 0 indicates code, and 1 indicates data
1,2 | Mustbe0

3 0 indicates short, and 1 indicates long

4-5 | 0 indicates 32 bits, 1 indicates 16 bits, and 2 indicates 8 bits
6 Must be 0

7 1 indicates a difference computation

& Note: All unspecified bits must be zero.

In the remainder of this document, names in bit-fields will be specified in numeric order.
For instance, in the case of the text ' 1ocal/extern’, the tags 1ocal and extern are
understood to be respectively zero and one.

The records have been defined so that:

»  All 16-bit and 32-bit fields are word-aligned in the file.

» Fixed-size records do not have a Record Size field.

m  All variable-length records have a Record Size field.

Object file records

This section describes and diagrams each object file record.
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Pad record

A pad record is a single byte that is always zero.

In order to maintain word alignment, a Pad record follows any record whose length is an
odd number of bytes. (Other than pad records, all records are word-aligned.)

First record

The first record in an object file must be a First record.

flags version

nested

0

If the nested bit in the flags field is one, then the linker interprets all references to
undefined ID-name pairs as external references. If the nested bit is zero, the linker will try
to match the name of an undefined symbol with a local name before treating the
undefined symbol as external.

The version field contains a version number:

Version number Meaning

1 Nonsymbolic MPW 2.0 OMF file
2 Nonsymbolic MPW 3.0 OMF file
3 OMF file containing symbolic information
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Last record

The last record in an object file must be a Last record.

Comment record

A comment record allows comments to be included in an object file.

record size comments

l 22

The record size field specifies the total number of bytes in the record.

Dictionary record
A dictionary record associates a name with an ID (or several names with several IDs).
4 flags record size first ID strings
| | 22
LinkID/
DbgID
7 6 5 4 3 2 1 0

At most one dictionary record may appear for a given ID in a single object file.
The record size field specifies the total number of bytes in the record.

The strings field contains one or more names, each of which is preceded by an unsigned
length byte.

The first name in the strings field is associated with the ID given in the FirstID field. The
second name is associated with FirstID + 1, and so on.
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The dictionary record for an ID must appear before the module or entry-point record that
defines the ID, but need not appear before reference or computed-reference records that
refer to the ID. If an ID has no dictionary record or has a name with a length of zero, it's
considered anonymous. ‘

The LinkID/DbgID flag bit is used to differentiate symbolic debugging identifiers from
code-generating identifiers. When the linker is not linking symbolically it ignores
dictionary records with this bit set, reducing the Link’s memory requirements.

Module record

A Module record associates an ID with a module, and establishes that module as the
“current” code or data module. All Entry-Point, Size, Contents, Reference, and Computed-
Reference records combine to define a code or data module.

T
segment 1D/
size
1

5 flags module ID

force ] local/ code/
active main { exter 0 | gata
7 6 5 4 3 2 1 0

Modules may contain either code or data:

s For code modules, the segment ID field specifies the segment in which the code is
placed. Segments may be named or anonymous. Named segments are treated as
external; anonymous segments are local. (If the segment is named, the dictionary
record specifying the name must appear before the segment ID can be used in a
Module record.)

s For data modules, a nonzero size field specifies the size of the module. In this case
Size or Contents records are unnecessary. (The size of a module can also be specified
by a Size record, or implicitly specified by the offset of the last byte in a Contents
record.)

Modules may be either local or external. (Local modules may be anonymous.)
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A code module flagged as main becomes the execution starting point of the program. A
data module flagged as main becomes the main program data area, just below the
location pointed to by A5. At most one main code module or entry point and one main
data module may appear in an object file.

If a code or data module has the force-active bit set, then the linker will not strip that
module even though it is not referenced by any other module and is not the main module.

References to a module are considered to be references to the first byte of the module.

& Note: The linker ensures that modules are aligned on word or longword boundaries.

Entry-Point record

An Entry-Point record declares an entry-point ID. The entry point is in the current code or
data module, as indicated by bit 0 of the flags field.

The offset field gives the byte offset of the entry point relative to the beginning of the
module. The offset of an entry point may be outside the module (for example, a virtual
base for an array).

An entry point may be defined for either a code or a data module. Entry points may be
either local or external. (Local entry points may be anonymous.) A code entry point
flagged as main becomes the execution starting point of the program. At most one main
code module or entry point may appear in an object file.
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Size record

A Size record specifies the size of the current code or data module in bytes.

The size of a module may also be specified in a Contents record, or (for data modules) in

fiags module size

code/
data

the Module record. If more than one size is specified, the largest size given is taken as the
size of the module.

Contents record

Contents records specify the contents of the current code or data module.

|

flags record size

The record size field specifies the total number of bytes in the record.

Either complete or panial'bontenrs may be specified. If partial contents are specified,

|

[repeat]
]

00000 R
> R S

compl/ code/
repeat partial data
7 6 5 4 3 0

the first four bytes of the contents field specify the offset of the contents from the
beginning of the module.

578

MPW 3.0 Reference




The contents may be either the bytes to be placed in the module, or a 2-byte repeat count
followed by the bytes to be repeated. (If both an offset and a repeat count are
specified, the offset comes first.)

Multiple Contents records per module are permitted, in any order. The offset of the last
byte for which contents are specified determines the module’s total size. (Size
specifications may also appear in the Module record, and in Size records—if more than
one size is specified, the largest size given is taken as the size of the module.)

Reference record

A Reference record specifies a list of references to an ID. The references are from the
current code or data module, and may be to either code or data.

I | >

9 flags record size D offsets

BRI
s

R
G

The record size field specifies the total number of bytes in the record.
The ID field specifies the module or entry point being referenced.

The offsets field specifies a list of byte offsets from the beginning of the current code or
data module. These offsets may be either short (16 bits) or long (32 bits). The location
modified may be either 32 or 16 bits. Multiple references to the same or overlapping
locations are permitted. References from code may indicate instruction editing (that is,
whether an offset is A5- or PC-relative).

References fall into the four categories described here:

s Code-to-code references: If the A5-relative flag is 1, the AS-relative offset of a jump-
table entry associated with the specified module or entry is added to the specified
location. No instruction editing is performed.
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If the AS-relative flag is 0, the linker selects either PC-relative or A5-relative
addressing. The immediately preceding 16-bit word must contain a JSR, JMP, LEA, or
PEA instruction, and is modified to indicate either PC-relative or A5-relative
addressing. If the referenced module or entry point and the current code module are in
the same segment, the PC-relative offset of the module or entry point is added to the
contents of the specified location. If they are in different segments, the A5-relative
offset of a jump-table entry associated with the specified module or entry is added to
the specified location.

Code-to-data references: The A5-relative flag must be 1 for code-to-data references.
The AS5-relative offset of the specified data module or entry is added to the contents
of the specified location. No instruction editing is performed. The location may be
either 16 or 32 bits. (32-bit A5-relative addressing is available for the MC68020, but not
for the MC68000.)

Data-to-code references: If the A5-relative flag is 1, the AS-relative offset of a jump-
table entry is added to the specified location, which may be either 16 or 32 bits.

If the AS5-relative flag is 0, the memory address of a jump-table entry associated with
the specified module or entry is added to the contents of the specified location,
which must be 32 bits. (Note that this requires a run-time operation that adds the
actual value of A5 to the A5-relative offset.)

Data-to-data references: If the AS-relative flag is 1, the A5-relative offset of the
module or entry is added to the specified location, which may be either 32 or 16 bits.

If the A5-relative flag is 0, the memory address of the specified module or entry is
added to the contents of the specified location, which must be 32 bits. (Note that
this requires a run-time operation that adds the actual value of A5 to the A5-relative
offset.)

A5=0 A5=1
Edit instructiont Add JT-offset.
Code-to-Code | Force PC-rel if in same segment,| Force PC-relative for non-"CODE'
herwi dd JT-off linkst. 32/16
Add AS-offset of data.
Code-to-Data
32/16
Add JT offset of code, Add JT-offset of code.
Data-to-Code | requires load-time addition of AS.
32 32/16
Add As-offset of data, Add A5-offset of data.
Data-to-Data requires load-time addition of AS.
32 32/16

t Edited or forced instructions must be JMP, JSR, LEA or PEA.

580 MPW 3.0 Reference



32-bit code-to-code A5=1 references are possible in applications but not non-* CODE *
links, because the instruction has to be forced PC-relative for a nonapplication link and
32-bit references cannot be edited.

This MPW Assembly language example exercises all possible modes of fixups except 32-bit
code-to-code A5=6 which cannot easily be shown in MPW Assembler. Note that further
instruction editing is done by the linker (for instance, the PC-relative JSR to PROC2
below will be forced A5-relative when the linker realizes that proc2 is in a different

segment).
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SEG 'SEGL’
PROC MAIN
IMPORT PROC1:CODE, PROC2:CODE, DATAl:DATA
IMPORT _DATAINIT ;
JSR  _DATAINIT ; DO DATA INITIALIZATION
CODEREFS FORCEJT ; FORCE AS~RELATIVE:
JSR PROC1 ; CODE-TO-CODE, A5=1, SAME SEGMENT
JSR PROC2 ; CODE-TO-CODE, AS5=1, DIFFERENT SEGMENT
LEA DATAl,AQ ; CODE-TO-DATA, AS5S=l
CODEREFS NOFORCEJT; FORCE PC-RELATIVE:
JSR PROC2 ; CODE-TO-CODE, AS5=0, DIFFERENT SEGMENT
; (FORCED AS5-RELATIVE BY LINKER)
JSR PROC1 ; CODE-TO-CODE, AS5=0, SAME SEGMENT
ENDMAIN
DATA1 RECORD
IMPORT PROC1:CODE, DATA2:DATA
DATAREFS RELATIVE ; FORCE A5-RELATIVE
DC.L PROC1 ; DATA-TO-CODE, A5=1, 32-BIT THROUGH A5
DC.W PROC1 ; DATA-TO-CODE, AS5=1, 16-BIT THROUGH A5
DC.L DATAl ; DATA-TO-DATA, AS5=1, 32-BIT THROUGH A5
DC.W DATAl ; DATA-TO-DATA, AS5=1, 16-BIT THROUGH A5
DATAREFS ABSOLUTE ; FORCE ABSOLUTE
DC.L PROC1 ; DATA-TO-CODE, A5=0, 32-BIT
DC.L DATAl ; DATA-TO-DATA, A5=0, 32-BIT
ENDR ;
PROC1 PROC EXPORT
ENDPROC
SEG 'SEG2'
PROCZ2 PROC EXPORT
ENDPROC
END

The “load-time” addition of A5 is performed by the procedure *_DATAINIT', which
appears in the library Y{Libraries]Runtime.o'.
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The Code-to-Code and Code-to-Data reference modes have obvious utility. The reason
that non-A5-relative Code-to-Data references are disallowed is that there is no mechanism
for fixing up code on the Macintosh, which would otherwise have to be done every time a
segment containing such a reference were loaded.

C’s pointer initialization makes use of the 32-bit Data-to-Code and Data-to-Data
reference modes, as in the following examples:

extern int func();
int (*£p) () = func; /* Data-to-Code, 32-bit, load-time addition of A5 */
int (**pfp) = &fp; /* Data-to-Data, 32-bit, load-time addition of A5 */

The A5-relative Data-to-Code and Data-to-Data reference modes can be used for saving
space if the application has a large number of pointers to data or code (a dispatch table,
for instance).

Computed-Reference record

A Computed-Reference record specifies a list of computed references based on two
specified IDs.

| | | >>
10 flags record size ID1 ID2 offsets
| I yi4
differ- short/ code/
ence 0 32/} &8 long 0 0 data
7 6 5 4 3 2 1 0

The record size field specifies the total number of bytes in the record. The references are
from the current code or data module, and may be to either code or data.

The ID1 and ID2 fields specify the modules or entry points being referenced. If ID1
specifies a code reference, ID2 must also be a code reference in the same segment—if ID1
is a data reference, ID2 must also be a data reference.

The only computation provided is difference (that is, bit 7 must be set).

The offsets field specifies a list of byte offsets from the beginning of the current code or
data module. These offsets may be either short (16 bits) or long (32 bits). The location
modified may be either 32, 16, or 8 bits (a 0 in bits 4 and 5 indicates 32, 1 indicates 16,
and 2 indicates 8). No instruction editing is performed.
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The value of the address of ID1 minus the address of ID2 is added to the contents of the
specified location. Multiple references to the same or overlapping locations are
permitted.

Filename record

The Filename record associates a file object with a modification date.

11 o file ID modification date

| | |
The file ID associates a dictionary ID with a filename.

The modification date is the file’s modification date. This is used by the debugger to
help verify that the source file being displayed corresponds to the object file.

Although the fileID may be used by other records (such as source statements) prior to the
appearance of the filename record, a Filename record must exist in the file for every fileID
encountered. In addition, a dictionary ID must exist for the fileID; that is, files cannot be
anonymous.

Source Statement record

The Source Statement record specifies the correspondence between generated code and
source statements. The debugger uses this information to display source as a function of
code location. The meaning of “statement” is defined by the language and the compiler’s
author.
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1

12 flags record size parent ID file ID file offset code offset

| | 1 22 22

\ /

code
delta

D

file code
offset | offset
32/16 | 32716

7 6 5 4 3 2 1 0]

The record size field specifies the total number of bytes in the record.
The file ID associates a dictionary ID with a filename.
The parent ID specifies the scoping entity containing the statement.

The file offset and code offset specify the source file offset and code or data module
offset for the first statement specified by this source statement record. These fields may
be either 16 or 32 signed values. The file offset is the 0-relative byte offset in the file
specified by the file ID. The code offset is the byte offset from the beginning of the
code or data module for the first byte of code or data corresponding to the statement
whose offset is specified by the file offset.

Each additional statement following the one specified by the file and code offset fields is
specified by a file delta and code delta field. The deltas represent the difference between
adjacent file and code offsets starting with the one specified by the file and code fields.
These deltas are in the range from 0 to 255.

If the subsequent statement cannot be expressed with these offsets, then a new Source
Statement record should be emitted with new beginning offsets.

All of the Source Statement records for a module must be emitted in order of increasing
source code offset.
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ModuleBegin record

The ModuleBegin record supplies symbolic information for a module.
l

record size module ID parent ID sss

13

. module
file offset kind

22

file ID

The isDeclaration bit in the flags field provides a way to specify source location
information for a2 module’s declaration, if the module’s declaration and implementation
are separated in the source code (such as a Pascal FORWARD or INTERFACE declaration).

The record size field specifies the total number of bytes in the record.

The module ID associates a dictionary ID with the record. This ID must be the same value
used in the Module record. It is through this ID that the connection is made between the
debugger object file stream for a module and the standard object module stream.

¢ Note: There doesn’t have to be a Module record associated with the ModuleBegin. If
there isn’t 2 module with the same ID then the scope declared by the ModuleBegin is
treated as a wrapper that doesn’t have any code, but that can contain other symbolic
objects. This is usually the case when the module-kind field is unit.

The parent ID specifies the scoping entity that contains the module. An ID of zero
indicates global scope. This field is ignored if the isDeclaration bit is set (parentage
information is not extracted from a declaration).

The file ID associates a dictionary ID with a filename.

The file offset specifies the source file offset for the module header. This field may be
either 16 or 32 bits and is the O-relative byte offset in the file specified by the file ID.

The module kind indicates the kind of the module as follows:
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Description

none
reserved
unit
procedure
function
data module
6...15 reserved

U\AWNMOE

A Pascal program’s program level should be treated as a unit (module kind 2).
The byte following the module kind field is reserved.

ModuleEnd record

The ModuleEnd record is associated with a2 ModuleBegin record by the modulelD field.

module ID file offset
|

14

The file offset specifies the last byte in the source file that is to be considered part of the
module. The isDeclaration bit specifies whether the file offset reflects the end of the
module’s implementation or declaration.
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BlockBegin record

A BlockBegin record declares a nested scope. Usually these scopes don’t have names, but
it’s OK to associate a dictionary ID with the block scope for symbolic naming purposes
only; the ID can'’t also be associated with another object (such as an entry point).

15 flags record size Block ID Parent ID wes

l ] ]

file ID file offset code offset

file code
offset | offset
32/16 | 32/16

7 6 5 4 3 2 1 0]

The record size field specifies the total number of bytes in the record.

The parent ID specifies the scoping entity (such as the block or module) containing the
block. It's illegal to specify a parent of zero, or to specify a parentage chain that doesn’t
(eventually) include a {ModuleBegin, Module} pair; there must be a linkable object in the
chain.

* The file ID and file offset specify the source file and source file offset of the first
statement within the block.

The code offset specifies the offset of the first instruction in the block. The offset is
relative to the module that the block appears in, and does not depend on any intervening
scopes between the BlockBegin and the module in which it appears.

A Block scope can't contain another ModuleBegin scope.
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BlockEnd record

The BlockEnd record indicates the end of a block. There must be a block end record for
each BlockBegin record.

16 0

BlockID

file offset

code offset

The file offset specifies the last byte in the source file that is to be considered part of the

block.

The code offset specifies the offset within the containing module of the first instruction

not to be treated as part of the block.

Local Identifier record

Local Identifier records specify formal parameters to procedures and functions as well as
local identifiers (and their types) declared within modules or blocks.
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17 | flags record size parent ID file ID file offset \

| | | 22

7 6 5 4 3 2 1 0 1/

Y )
offset data

22

The record size field is used to determine the number of IDs which follow.

The parent ID specifies the scoping entity (such as module or block) containing the
identifier.

The file ID associates a dictionary ID with a filename.

The file offset specifies the source file offset for the first statement specified by this
Local Identifier Record. This field may be either a 16- or 32-bit signed value giving the
zero-relative byte offset in the file specified by the file ID.

Following the initial file offset one or more sets of 5 fields will provide information about
local identifiers.

The ID associates a dictionary ID with a formal parameter or a local variable.

The type is a type ID specifying the identifier’s type. For primitive types, this ID will
range from 0 to 99; for nonprimitive types it will be the ID (2100) of the LocalType record
describing the type. '

The File Delta byte specifies the identifier's source offset. (The first delta byte will
usually be zero.) If the delta for the variable is not in the range 0..255 then a new record
must be started.
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The Kind byte is used to determine whether the identifier is in fact a formal parameter, a
function return “parameter,” or a local variable. The Kind field also specifies the size of
the byte offset which follows, as well as the storage mode for the parameter or variable.

The offset size field indicates whether there is a byte offset field present, and if there is,
how large it is. If it is three, a 16-bit count field specifies the number of bytes that follow
the count (used for representing floating-point or string constants). If the count is odd, a
pad byte should be added to the data.

offset size description
0 no offset field follows
1 2-byte offset field
2 4-byte offset field
3 variable size offset field (preceded by 16-bit count)

The reference and value bits in the Kind field must be 0 in the case of local identifiers, and
must be specified in the case of formal parameters.

storage class description offset is the...

0 register register number

1 A5-relative ID of the module or entry point
corresponding to this variable

2 A6-relative A6-relative offset

3 A7-relative A7-relative offset

4 absolute absolute address

5 constant value of the constant

6...15 reserved reserved for future use

A7-offsets (storage class 3) are encoded as offsets from the top of the stack (usually the
return address) prior to executing a LINK instruction.

Register numbers are encoded as integers indicating the specific register as follows:
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= Table H-1 Register numbers

Value _ Register Meaning

0.7 D0..D7 Data registers

8.15  A0.A7 Address registers

16 CCR Condition code register

17 SR Status register

18 USP User stack pointer

19 MSP Master stack pointer

20 SFC Source function code register

21 DFC Destination function code register
22 CACR Cache control register

23 VBR Vector base register

24 CAAR Cache address register

25 ISP Interrupt stack pointer

26 PC Program counter

27 reserved

28 FPCR Floating-point control register

29 FPSR Floating-point status register

30 FPIAR Floating-point instruction address register
31 reserved

32..39 FPO..FP7 Floating-point data registers

40..50 reserved

51 PSR PMMU status register

52 PCSR PMMU cache status register

53 VAL PMMU validate access level register
54 CRP PMMU CPU root pointer register

55 SRP PMMU supervisor root pointer register
56 DRP PMMU DMA root pointer register
57 TC PMMU translation control register
58 AC PMMU access control register

59 SCC PMMU stack change control register
60 CAL PMMU current access level register
61..62 TTO..TT1 MC68030 transparent translation registers
63 reserved

64..71 BAD(..BAD7 PMMU breakpoint acknowledge data registers
72..79 BACO0..BAC7 PMMU breakpoint acknowledge control registers
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Local Label record

Local Label records give the correspondence between generated code, source statements,
and label identifiers.

These records are similar to Source Statement records.

The flags, record size, parent ID, file ID, file offset, and code offset fields are identical to
those fields in the Source Statement record (see description earlier in this appendix).

The file delta and code delta are also encoded as they are in Source Statement records,
but here an additional label ID field is supplied with each file and code delta pair. The
label ID associates a dictionary ID with a label identifier. The first label ID in the Local

| D>
18 flags record size parent ID file ID file offset code offset
| | 22 22
file code is
offset | offset Entry
32/16 | 32/16
7 6 5 4 1 0
( lab [I 1D/
abe file | code
Entry ID defta | delta Iabcil ID
]

Label record has no file and code delta following it since that ID is at the location
specified by the file and code offset fields.
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Local Type record

Local Type records associate type declarations with type IDs (or several types with
several IDs). Type IDs are used to define types referred to by LocallD and other Local
Type records.

| | | | S
19 flags record size Parent ID firstiD file ID fileOffset
| | | | 22
7 6 5 4 3 2
32116 3?.:‘ 6 ! ' I must be
i e zero
size offset | | ]
I | >
sizeOfData cntOfFixups physicalSize
| ] >
\ LIS l l
typeData Pad data_offset ID

N
fixupType
\-—— ‘ ﬁle[)leﬂa

(end of record)

The record size field specifies the total number of bytes in the record.

The parent ID specifies the scoping entity (such as a module or block) containing the
identifier.

The 32/16 size bit in the flags field specifies whether the physicalSize fields of all type
declarations in the record are 16 or 32 bits.

The 32/16 file offset bit in the flags field specifies whether the fileOffset field is 16 or 32
bits.
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Bit zero of the flags field must be zero.

The firstID field specifies the first type ID declared by the record, 'firstID + 1'is
associated with the second type declared, and so on. The first type ID should be = 100;
IDs 0 through 99 are treated as “primitive” types and should never be defined by a
LocalType record.

The fileID field specifies the dictionary ID containing the source filename. If the file ID
is 0 then the type declarations in the record are not associated with any source code, and
the fileOffset and fileDelta fields are ignored (though they must appear).

The fileOffset field specifies the offset of the type declaration in the source file. This is a
16-bit or 32-bit unsigned value, as determined by the 32/16 file offset bit in the flags field.

Type declarations immediately follow the firstID field, and extend to the end of the
record. For each declaration the following fields appear:

m The sizeOfData field specifies the size of the type data in bytes. (If this field is odd,
a pad byte of zero must follow the type data.)

m The cntOfFixups field specifies the number of type ID and dictionary ID fixups that
follow the type data.

m The physicalSize field is either 16 or 32 bits (see definition of the flags field) and
specifies the type’s physical representation size, in bytes (such as the value returned
by C's sizeof operator). This field may be inaccurate for packed types and sliced
arrays, and is meaningless for ProcOf types.

m The type data follows the physicalSize record. The format of the type data is
described in the following section, “Type Interpretation via Prefix Code.” If the size
of the type data is odd then a pad byte of zero must be appended to it. The pad byte
is not included in the size of the type data.

m Following the type data is the fixup list, consisting of cntOfFixups entries. Each fixup
entry is two words: an offset into the original type data followed by an ID to translate.
The ID is translated and the result is inserted into the type data at the specified
offset. The upper three bits of the fixup offset indicate the kind of translation to be
made; the remaining bits are the type data offset. The translation kinds are:
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bit bit bit

15 14 13 |Translation treatment

0 0 0 [Insertthe TTE index of the ID (which must be a LocalType or a number from

0 to 99) as a 16-bit word

0 0 1 | reserved

0 1 0 |Inserta scalar based on the ID’s type:
Module insert MTE index of the module
LocalID insert CVTE index of the variable
Segment insert RTE index of the segment
Source file insert FRTE index of the source file
LocalType insert TTE index of the type

0 1 1 |reserved

1 0 0 |Insert NTE index of the ID, as a scalar

1 0 1 | reserved

1 1 0 | reserved

1 1 1 | reserved

(MTEs, CVTEs, RTEs, FRTEs, and TTEs and so forth are part of the Sym file produced
by the linker, and are described in the document SADE Sym File Format, which is
available separately from Developer Technical Support at Apple Computer, Inc.)

m The fileDelta field indicates the source file offset of the next type declaration as a
signed 16-bit integer. This field does not appear following the last type declaration in
the record. If the source offset will not fit in 16 bits, then a new Local Type record
should be started.

- A type ID is associated with a name by a “Dbgld™type dictionary entry with a
corresponding ID.

A new Local Type record should be started whenever the source file changes, when the file
delta cannot be represented in a 16-bit signed integer, or when a type has no source
declaration.

Type interpretation via prefix code

The goals of type interpretation are to support the interpretation of SADE debugger
variables by type, map from name to type, and map from type information to name.
Operators such as array indexing, indirection, field name, and so on, are applied to types
to yield more type and address information.
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The type information should be complete. By complete is meant that the debugger should
have a minimum amount of knowledge about how data for any particular type is stored.
Type information should be easy for compilers to emit and for the linker to extract from
the Object module format. The storage of type information should be compact, yet fast
and easy to expand. High-level language interpreters for type information should not be
prohibitively expensive. '

Overview

SADE type information is contained in word aligned variable length data structures called
Type Table Entries, (TTE). These type table entries are contiguously numbered (starting at
100, as the indices 0 .. 99 are reserved) and accessed via an indexing table of four byte
disk addresses. An index into this table is called a TTE Index. The type table entries are
aligned on word (two byte) boundaries. No global/local scope information is contained
in the type table; scoping is via the Modules table and its Contained Modules, Types, and
so on. A picture of a TTE appears later in this appendix.

The TypeCodes portion of a TTE contains size information and an interpretative
representation of a type. The exact form for the TypeCodes is described below. The
paradigm used for the SADE type mechanism is types as functions. All types are either
basic types or functions with types and integral constants as arguments. The realization
of this paradigm is prefix code: an operator followed by operands.

Type values are either scalar types or composite types. Instances of a scalar type can be
ordered, while composite types cannot necessarily be ordered. Scalar types are further
divided into integral and nonintegral scalar types. Integral types can be mapped to the
set of integers.

Type functions

Following are the definitions for the type functions and their arguments. Except for two
cases, type function arguments are either other type functions, encoded scalars, or
instances of a scalar type (see the section “ScalarOf”). In one exception, ConstantOf( ),
one argument is a sequence of uninterpreted bytes. In the other, TTE( ), the argument is
an unaligned 2 bytes interpreted as an unsigned word. Except in these two cases, the
convention used is to prefix arguments with S if it is a scalar or T if it is a type or an
instance of a type.
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BasicType(SType)

This function returns a ground type, one which cannot be composed of other typest. The
argument is an integer in the range 0-99. By convention, the empty type, called void, is
represented by BasicType(0).

TTE(UnsignedWord)

The type, and also the name for the type, is found at the UnsignedWord entry in the type
table. This aliasing function allows the association of a name to a type, or the factoring-
out of a shared anonymous type into one common entry, thus saving table space.

PointerTo(Ttype)

The argument is a type. The value of the function is pointer to that type.
PointerTo(void) is a generic pointer, equivalent to the C type (void *).

ScalarOf(Ttype, Svalue)

The type returned by the ScalarOf function names an instance of given scalar type. The
ScalarOf function is usually referred to by RecordOf or EnumerationOf.

NamedTypeOf(Snte, Ttype)

The scalar is an index for a Name Table Entry. That entry gives the name for the type
Ttype. This mechanism is used to give names which are local to a type, such as record and
union field names.

ConstantOf(Ttype, Slength, byte...)

The function ConstantOf is similar to ScalarOf, except that the constant can be of a
nonintegral type, such as floating-point constants or composite type constants. The
TType is the type of the constant, the Slength is the number of bytes in the constant, and
the unencoded bytes following are the bytes comprising that type.

1 This is not quite true. Due to historical reasons, strings are con;idered a ground type instead of a derived type.
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EnumerationOf(Tbase, Slower, Supper, Snelements, Ttype...)

The function EnumerationOf names an enumeration type. Tbase names the underlying
scalar type that the elements of the enumeration are drawn from. It also determines the
storage size of the Enumeration. Usually, the elements are drawn from
BasicType(SignedWord). The Slower and Supper are the lower and upper bounds of the
enumeration. Snelements is the number of Ttype elements named as part of the
enumeration. Snelements can be less than Supper Slower +1 if the enumeration is sparse,
as is possible with C enums.

VectorOf(Tindex, Telement)

The function takes two arguments. The first is the index type, which is the scalar type
from which the vector indices are drawn. The second argument is the type of the vector
elements. The value of the function is Array [Tindex] OF Telement.

RecordOf(Snfields, Soffset & Ttype...)

The function RecordOf returns a type composed of a linear sequence of types. Snfields is
the number of types in the composite type. The argument types are pairs of a scalar and a
type. The Soffset scalar gives the offset to that element from the beginning of the type.
The Ttype is the type of that element. The offsets are byte offsets. The representation
details are discussed in the following section.

UnionOf(Ttag, Soffset, Snfields, Tvariant & Ttype...)

The Union function could be built from the RecordOf function. Ttag is the scalar type of
the tag. For C and other languages whose unions do not have a tag, Ttag is the ground type
void. Soffset is the offset to the first variant from the start of the union. If there is no
tag variable, then Soffset will be 0. Otherwise, Soffset is the size of the tag variable plus
any required alignment. The Snfields is the number of variants in the union. The Tvariant
and Ttype pairs define one element of the union. The Tvariant is an instance of the Ttag
and names the variant. If Ttag is void, Tvariant is void. Ttype is the field of the union.

SubRangeOf{Tbase, Tlower, Tupper)

The function SubRangeOf names a subrange of the scalar type, Tbase. The bounds of the
subrange are given by the Tlower and Tupper values.
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SetOf(Tbase)

The function SetOf names a set type. The set is composed of elements drawn from scalar
type Tbase. :

ProcOf(SClass, TReturn, SArgc, TArg...)

The function ProcOf names a procedure type. SClass is the class of procedure. The class
of the procedure defines how arguments are passed to it and values are returned from it.
TReturn is the type of the return value; if void the ProcOf names a procedure instead of a
function. SArgc is the number of arguments to the procedure. The TArg are the arguments
to the procedure. The argument order is the order of declaration, as it appears in the
source text. How the TArgs are actually passed, on the stack, Pascal or C, or in registers, is
as per the SClass.

ValueOf(Ttype, Scvte, Smte)

The scalar value, of type Ttype, can be obtained by fetching the variable whose CVTE
index is Scvte and whose containing module’s MTE index is given by Smte. Smte is
required because the variable named by the Scvte might be in a register or relative to A6,
requiring a debugger to find the proper stack frame. Ttype will be the same as the type in
the CVTE; it is duplicated because it's not desirable to reference the CVTE just to find the

type.

ArrayOf(Telement, Sorder, Sndirm, Tboundl, ...)

The ArrayOf type descriptor is used to describe monolithic arrays, those which cannot or
should not be described with VectorOf functions. The Telement is the type of each array
element. Sorder describes how the address of an element is computed from the array
indices. Sndim is the number of dimensions of the array, and Tbound]1... are the indexing
types, usually SubRangeOf types.

Sorder can have one of two values. If 0, then the address of array(i,j k) is computed by

(i-lowerBound(Tboundl)) +
(- lowerBound(Tbound2)) * span(Tbound1) +
(k-lowerBoundTbound3)) * spam(Tbound2) * spam(Tbound1)

If 1, then the address is computed by

(i-lowerBound(Tbound1)) * span(Tbound2) * span(Tbound3) +
(-lowerBound(Tbound2)) * span(Tbound1) +
(k-lowerBound Tbound3))
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where

lowerBound(Type) = lower bound of the subrange or enumeration
upperBound(Type) = upper bound of the subrange or enumeration
span(Type) = upperBoundType) - lowerBoundType)

Note the difference in the order of the element type and index type from that in the
Vvectorof function. This was done to keep the variable number of bounds as the last
arguments to the arrayof function.

Representation of type information in the SADE symbol table

The SADE symbol table, created by the linker from information in the object modules
linked, stores type information in a type table Entry. The type table Entry is a2 word-
aligned variable-length data structure of the form:

NTE Index | Physical Size | Logical Size [, Logical Size /] T)?eégde’s

0 .. 1023

NTE index

The NTE index is a 4-byte field, giving the name of the type via an index into the Name
Table. The index can be zero, meaning that this is an anonymous type.

Physical Size

The Physical Size 2-byte field defines the number of bytes taken up by the TypeCodes
field. It does not include the physical size or logical size fields. The maximum size of a
TypeCodes field is 1023 bytes. The other bits are flag bits. Of these flag bits, only one,
the B bit, is defined. The other bits are reserved for future expediencies and should be set
to zero. The B bit applies to the Logical Size and means Big. When set, the logical size
field will be 4 bytes instead of 2, allowing the description of very large data structures such
as Fortran arrays.
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Logical Size

The Logical Size field is either 2 bytes or 4 bytes wide. If the B bit in the Physical Size
field is zero, then the Llogical Size is 2 bytes long. If set, the field is 4 bytes long. In either
case, the value of the field is the number of bytes required to store the type.

TypeCodes

Following the header information are the TypeCodes themselves. This is a sequence of
Physical Size bytes of type information. The TypeCodes are described in the next
section.

Representation of type codes

Type function codes are single bytes. The Basic Type function has the Most Significant
Bit (MSB) of the byte 0 and the basic type number encoded in the lower 7 bits. The Type
Composition Function has a 1 in the MSB and the function code in the lower 6 bits. The
next-to-MSB is a flag indicating the type of offset encountered in the arguments to that
type. If zero, then offsets are byte offsets from the beginning of the type. If 1, then
offsets are bit offsets from the beginning of the type.

Basic type

0 0. 99

The byte names a Basic type in the range 0 .. 9. The standard values for Basic types are
named earlier in this appendix and are as follows:
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no type

Pascal string

unsigned long word
signed long word
extended (10 bytes)
Pascal boolean (1 byte)
unsigned byte

signed byte

character (1 byte)
character (2 bytes)

10 unsigned word

11 signed word

12 singled

13 double

14 extended (12 bytes)

15 computational (8 bytes)
16 C string

17 as-is string

O OO I ANV B = O

Type composition function

1 1P 0..63

The type code is in the lower 6 bits. The P bit means the type is PACKED. The default,
P=0, means that the type is unpacked. The values for the type codes are:

1 TTE

2 PointerTo

3 ScalarOf

4 ConstantOf

5 EnumerationOf
6 VectorOf

7 RecordOf

8 UnionOf

9 SubRangeOf
10 SetOf

11 NamedTypeOf
12 ProcOf

13 ValueOf

14 ArrayOf

The SClass for ProcOf types has the following immediate meanings:
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Undefined
The calling conventions of the function are undefined.

Pascal

The calling convention follows Pascal conventions. The return value or a pointer to the return
value is placed on the stack and is then followed by a fixed number of arguments. The called
procedure/function cleans up the stack before returning to the caller.

C with fixed arguments

C calling convention. The caller removes any arguments that were passed. The arg count is the
number that was specified in the prototype for the C function or in the function definition.

C with variable number of arguments

Similar to the above, except that the argument count is the minimum number of arguments to
pass to the function. It is suggested that compilers emit a ProcOf(3, TReturn, 0) for functions
referenced without prototypes or function definitions, as that is the most general case. This is
especially useful for declarations of pointers to function.

Representation of scalars

0

0. 127

A constant in the range 0-127 fits into a single byte. The high bit is zero, marking this as a
small integer.

1

1 -63 .. -1

If the 2 high bits of a byte are one, then the byte represents a small negative integer in the
range -63 -1. The value -64, with the lower 6 bits zero, is used as switch to long.

See

below.

1

0 0 .. 16383

If the two high bits of a byte are 10, then a larger integer in the range 0 .. 16383 is specified
by appending the next byte to the 10 byte and stripping off the high two bits of the word.
The constant is not aligned to word boundaries.
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4 bytes of longint

A byte whose value is —64 is used for expansion past the preceding bounds. The four bytes
following (not aligned to word boundaries) are the 1ongint.

Examples

In these examples, it is assumed that “Integer” is the name of a BasicType of SignedWord.

Pascal source
TYPE
VHSelect = (v, h);
Point =
RECORD
CASE Integer OF
0: (v: Integer;
h: Integer):
1: (vh: ARRAY [VHSelect]
END;
Rect =
RECORD
CASE Quux: Integer OF
0: (top: Integer;
left: Integer;
bottom: Integer;
right: Integer);
1: (topleft: Point;
botRight: Point);
END;

OF Integer);

Possible object module representation

The representation of type information in the object module must be less compact than
in the type table so that the linker will not have to interpret the type information, just
resolve linkages, fold anonymous types into types referring to them, and emit the
compacted information. The differences are:

» TTE(x) are replaced by the dictionary numbers of the entries.
s BasicType(x) are replaced by dictionary numbers less than 100.
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In the following, dictionary numbers are distinguished from integers. BasicType(n)
should be viewed as having been replaced by the canonical dictionary for that type.

Dict # Name

Type definition

3000 v
3010 h
3020 VHSelect
3050 vh
3052
3054

3056
3060 Point

3132

3134

3140 Rect
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ScalarOf (3020, 0)
ScalarOf (3020, 1)
EnumerationOf (BasicType (0), 0, 1, 2, 3000, 3010)
VectorOf (3020, BasicType (INTEGER))
ScalarOf (BasicType (INTEGER), 0)
RecordoOf (
/* Record has two fields */
2,
/* First, at offset 0, is the "v: Integer"*/
/* Two bytes after it is "h: Integer“*/
0, NamedTypeOf ("v", BasicType (INTEGER)),
2, NamedTypeOf ("h", BasicType (INTEGER))
),
ScalarOf (BasicType (INTEGER), 1)
UnionOf (
/* Two variants, Integer selector, no tag */
2, BasicType (INTEGER),
3052, 3054, /* 0: selects the record of
"v" and "h" */
3056, 3050 /* 1: selects the array of
two ints */
)
Recordof (

0, NamedTypeOf ("top", BasicType (INTEGER)),
2, NamedTypeOf ("left", BasicType (INTEGER)),
4, NamedTypeOf ("bottom", BasicType (INTEGER)),
6, NamedTypeOf (“"right", BasicType (INTEGER))

)

RecordoOf (

0, NamedTypeOf ("topleft", 3060),
4, NamedTypeOf ("botRight™, 3060)
)

UnionOf (

/* Two variants, Integer selector,
tag is "Quux", size 2 */
2, NamedTypeOf ("Quux", BasicType (INTEGER)), 2

3052, 3132, /* 0: First variant is the
record of 4 Integers */
3056, 3134 /* 1: Second variant is the

record of 2 Points */
)



Possible compilation into TTE

The linker can compact the representation, folding anonymous entries into the type
definitions referring to them. This would yield the following:

3100 v ScalarOf (TTE(3102), O0)

3101 h ScalarOf (TTE (3102), 1)

3102 VHSelect EnumerationOf (BasicType (SIGNEDWORD) , O, 1, 2, TTE(3100),
TTE(3101))

3105 vh VectorOf (TTE (3102), BasicType (INTEGER))

3106 Point UnionOf (

/* Two variants, Integer selector, no tag */
2, BasicType (INTEGER),

/* 0: selects the record of "v" and "h" */
ScalarOf (BasicType (INTEGER), O0),
RecordOf (

/* Record has two fields */

2,

/* First, at offset 0, is the
"v: Integer"™ */
0, NamedTypeOf (“v", BasicType (INTEGER)),

/* Two bytes past the first, is

"h: Integer"™ */
2, NamedTypeOf ("h", BasicType (INTEGER))
)l

/* 1: selects the array of two ints */
ScalarOf (BasicType (INTEGER), 1),
TTE(3105)

)
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3114 Rect UnionOf (
/* Two variants, Integer selector,
tag is "Quux", size 2*/
2, NamedTypeOf ("Quux", BasicType (INTEGER)), 2

/* 0: First variant is the record
of 4 Integers */

ScalarOf (BasicType (INTEGER), O),

RecordoOf (
4,
0, NamedTypeOf ("top", BasicType (INTEGER)),
2, NamedTypeOf ("left", BasicType (INTEGER)),
4, NamedTypeOf ("bottom", BasicType (INTEGER)),
6, NamedTypeOf ("right", BasicType (INTEGER))
).

/* 1: Second variant is the record
of 2 Points */

ScalarOf (BasicType ("Integer"), 1),

RecordOf (

0, NamedTypeOf ("toplLeft™, 3106),
4, NamedTypeOf ("botRight", 3106)
)

Type interpretation and packed data

The previous section did not describe PACKED data, such as Pascal’'s packed arrays
(actually vectors) and records and C’s bit-field structures. This proposal for describing
packed data rests on the observation that it is not the composite types that are packed
but rather components of the composite types. The solution is general enough to solve
today’s problem and be extensible to future language implementations.

When a type has the PACKED attribute, it is followed by packing information. The
packing information describes the packing for that occurrence of the type. In the case of
the VectorOf composing type, the packing information describes how a given number of
elements are arranged within a fixed number of bytes.
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Storage framework

In general, an instance of a datatype is a sequence of bits. These bit sequences are usually
aligned on address boundaries and are totally contained within an integral unit of
addressable units of storage (bytes). Packing an instance of a datatype minimizes-the
amount of wasted bits, possibly at the expense of access time. Therefore, the packed
type information assumes the following bit-level view of K bytes of storage, with the
most significant bit (and byte) at the left and the least significant bit (byte) at the right:

AVATATATATAY
LI I
AAVATATAIAY
[ RIS

Bit # K*8-1 Bit # 0

A packed data field is represented by two scalars: the MSB and LSB. The scalars are
represented as described in the TypeCodes document. This allows bitfields and packed
data to be from 1 to 2**32-1 bits widet. The number of bytes occupied by that packed
data field is (MSB+7) DIV 8. LSB can be thought of as the shift factor and MSB-LSB+1
the number of bits in the mask.

A packed non-VectorOf type is followed by a single occurrence of MSB and LSB.

Packed vectors have a regular structure. A group of vector elements, M, will be packed
into a number of bytes, N. The packing is regular, meaning that the bit field for
Vector[p*M+k] is the same as that for Vector{k] except that it is p*N bytes after Vectork].
Because of this regularity, the bitfield information is in a different format:

"t Originally, it was thought that the packed data field could be represented by a single byte of mask and shift information.
One nibble in the byte represented the field width (0 to 15 bits) in the word. The position of the field was represented by
the other nibble as the number of bits to left shift the mask. However, one common case, the C bitfield with more than 15
bits, prevents a single byte representation for packed data. Since more than one byte is required to represent packed data,
the MSB/LSB view was adopted.

MSB/LSB was chosen over MASK and SHIFT because one less addition is required to yield the number of bytes required
for the data type.
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[o] 851 #

N\
-wl 857 # [N\

dnoio/seihg #
juewse|3/sig #
dnoly/siuewe|y #

The first scalar gives N, the number of bytes into which the M vector elements can fit. The
next scalar gives the width of the bit mask. The third scalar gives M, the number of
elements in the repeating group. Following these three scalars are M scalars. These M
scalars give the LSB for the 0'th to the M-1'th vector element. LSBIi}+# Bits/Elements-1
gives MSBIil.

Examples

The following example is in C and from Harbison and Steele. It is assumed to follow
MC68000 addressing in that the most significant bytes are at the lowest addresses. Also
note that the example assumes that this particular C compiler packs fields into ints
starting with the least significant bit of the int.

Here is a sample bitfield:

Si{x] Segment Page Offset

31 29 23 15 0

C source

typedef struct ({

unsigned offset : 16;

unsigned page : 8;

unsigned segment : 6;

unsigned : 1; /* For future use */
unsigned supervisor H

} V_ADDR;
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Possible compilation into TTE

The preceding fields are not all packed fields. Only the segment and supervisor fields
need to have the PACKED attribute applied to them. Those two fields are followed by the
bit positions within the byte.

3107 V_ADDR RecordOf (

/* First is "offset™. Note its byte offset */
2, NamedTypeOf ("offset™, «UnsignedInteger»),

/* Next is "page™.It is physically before “"offset"
1, NamedTypeOf ("page", «UnsignedlInteger»),

/* Finally, "Segment"™ and "Supervisor™ in byte 0*/
0, PACKED NamedTypeOf ("segment",
«UnsignedInteger»), 5, O,
0, PACKED NamedTypeOf ("supervisor",
«UnsignedInteger»), 7, 7
)
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Appendix I In Case of Emergency

THIS APPENDIX CONTAINS SOME INFORMATION THAT MAY BE USEFUL
when serious system errors occur. =

Contents

Crashes 615
Stack space 615
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Crashes

If you end up in the MacsBug debugger while running MPW, it may be possible to recover
without rebooting and losing your recent changes. Type G SYSRECOVER. The Shell will
attempt to recover by aborting the current command, saving the contents of all the
windows, and/or returning to the Finder. If this fails, type Es to return to the Finder, then
shut down the system immediately.

Stack space

The MPW Shell and tools that run integrated with the Shell share a single stack. The stack
size is determined by the Shell at initialization time. Complex command files, large links,
and other tools may require more stack space than is available. System errors 28, 2, and 3
‘are possible indications of this problem. You can increase the stack size by using ResEdit
to modify 'HEXA ' resource number 128 in the file MPW Shell. The default size is $2710
(10,000 bytes) when less than 480,000 bytes are available for the application heap and
$4E20 (20,000 bytes) when more than 480K are available.
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Glossary

abstract target: In Make dependency rules, a
target that is not actually built but represents a
collection of items. Use an abstract target to
trigger dependencies on the right side of the
dependency rule. See Chapter 9 for details on
Make dependency rules.

active window: The frontmost window. The
Shell variable {Active} always contains the name
of the current frontmost window.

alias: An alternate name for a command,
defined with the Alias command.

application: A program that runs stand-alone,
outside of the Shell environment. An
application’s file type is APPL.

author: In Projector, with respect to a
particular revision, the name of the person who
made a revision. With respect to Projector’s
files and projects, the person with the primary
responsibility for a file or project.

blank: A space or a tab character (in the
context of separating words in the command
language).

branch: In Projector, an additional sequence of
revisions emanating from another revision and
running parallel to the main trunk.

build commands: Shell commands that are
output by the Make tool, used to build a
program.

build command line: In the dependency rule
of a makefile, the lines beginning with a space or
tab that follow the dependency line.

built-in commands: Editing commands,
structured commands, and other Shell
commands that are part of the MPW Shell
application (as opposed to MPW tools, which
are separate files on the disk.)

CheckOut directory: The directory into which,
by default, Projector places checked out files.
Each project has a corresponding CheckOut
directory which can be changed with the
CheckOutDir command.

'ckid' resource: The “check ID” resource that
Projector maintains in the resource fork of all
files belonging to a project. The 'ckid' resource
contains identification such as User name, Task,
Project, and so on.

code resource: A resource that contains a
program’s code—most commonly a resource of
type 'CODE' (for applications and MPW tools)
but also other resource types such as 'DRVR' and
'PDEF that also contain code.

command file: See script.

command name: The first word of a
command, identifying the name of a built-in
command or the name of a file (tool, command
file, or application) to execute.

command script: See script.

command substitution: The replacement of a
command by its output. Command substitution
takes place within back quotes ('...%).

comment: In Projector, user-supplied text
describing a particular revision, file, or project.
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console: The window where a command is
entered and executed (standard input). Also,
the window to which the command’s output is
returned (standard outpub).

current project: In Projector, the name of the
current project. Projector assumes all actions
pertain to this project unless a different project
is specified with the —project option.

current selection: The currently selected text
in a window. In editing commands, the cumrent
selection in the target window is represented by
the § metacharacter.

data fork: The part of a file that contains data
accessed via the Macintosh File Manager.

data initialization interpreter: The module
_DATAINIT in the libraries Runtime.o and
CRuntime.o.

dead code: In the linker, modules that cannot
be reached from any references available, given
a main module. See “Dead Code” in Chapter 8
for more information.

dependency file: A makefile.

dependency line: In Make, the first line of a
dependency rule. See also: dependency rule.

dependency rule: In Make, a rule that
specifies the prerequisite files of a given target
file, along with a list of the commands needed
to build the target file.

dependent: In 2 Commando dialog, a control
that is enabled or disabled depending on the
state of its parent control.

derez: To decompile a resource file by using the
MPW resouce decompiler, DeRez.

desk accessory: A “mini-application,”
implemented as a device driver, that can be run
at the same time as an application. Desk
accessories are files of type DFIL and creator
DMOV, and are installed by using the Font/DA
Mover.

device driver: A program that controls the
exchange of information between an
application and a device.
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diagnostic output: Commands and tools send
error and progress output to diagnostic output
(by default, the window where the command
was executed). You can redirect diagnostic
output to another file, window, or selection
with the 2 and 22 operators. Diagnostic output
is also referred to as “standard error.”

dialog: In Commando, the programmed
interaction between a user and a tool or script. A
dialog may utilize more than one dialog box.

dialog box: A window that appears when a
command is invoked, offering options and
parameters.

Directed Acyclic Graph: The MPW linker
creates a tree of all reachable modules from a
given main module. See “Dead Code” in Chapter
8 for more information.

Editor: When appearing with initial capitals,
the built-in commands appearing in MPW’s Edit
menu, a part of the MPW Shell.

entry point: A location (offset) within a
module.

escape character: The Shell escape character is
d (Option-D). It is used to disable (or “escape™
the special meaning of the character following
it, to continue commands over more than one
line (dRetumn), and to insert invisible characters
into command text.

external: A module, entry point, or segment
Ehat can be referenced from different object
iles.

external reference: A reference to a routine or
variable defined in a separate compilation or
assembly.

file information: Information maintained by
Projector on a per-file basis. Examples are:
Author, Last Modification Date, and Comment.

filename: A sequence of up to 31 printing
characters (excluding colons), that identifies a
file. See also pathname.

file type: A four-character sequence, specified
when a file is created, that identifies the type of
file. (Examples: TEXT, APPL, MPST.)



Finder information: Information that the
Finder provides to an application upon starting
it, telling it which documents to open or print.

Font/DA Mover: An application, available on
the System Tools disk, used for installing desk
accessories in the System file.

full pathname: See pathname.

HFS: Hierarchical File System used on 800K
disks and the Apple hard disks.

ID: A file-relative number for identifying a
module, an entry point, or a segment, within a
single object file.

insertion point: An empty selection range; that
is, the character position where text will be
inserted (marked with a blinking vertical bar).

Integrated Environment: A set of routines,
modeled on the C language, that provide
parameter passing, access to variables, and
other functions to MPW tools. (See Chapter 12
and Appendix F.)

interface routine: A routine called from C,
Pascal, or Assembler whose purpose is to trap to
a certain ROM or library routine.

jump table: A table that contains one entry for

every routine in an application or MPW tool, and
is the means by which the loading and unloading

of segments is implemented.

leafname: A partial pathname that contains no
colons. A leafname might be a directory and a
filename, such as “Tools:ResDet” or simply a
filename. MPW assumes the default directory.
See also: pathname and partial pathname.

literal: In the resource compiler, Rez, a value
within single quotation marks. (See Chapter 8.)

local: A module, entry point, or segment that
can be referenced only from within the file where
it is defined.

location map: The linker can write to standard
output 2 map of memory segments sorted by
segNum and segOffset. (See Chapter 10.)

locked revision: In Projector, a revision
currently checked out for modification.

main segment: The segment containing the
main program or procedure.

makefile: Used by the Make command, a file
that describes dependencies between the
various pieces of a program, and contains a set
of commands for building up-to-date files. The
default makefile is named MakeFile.

module: A contiguous region of memory that
contains code or static data. A module is the
smallest unit of memory that is included or
removed by the linker.

mounted project: In Projector, a project that
is not nested within another project. Similar to
the root directory on a volume. You can mount
several projects, just as you can mount several
volumes. You can access all projects under the
mounted project.

MPW Shell: The application that provides the
environment within which the other parts of the
Macintosh Programmer's Workshop operate.
The Shell combines an editor, command
interpreter, and built-in commands.

MPW tool: An executable program (type
MPST) that is integrated with the MPW Shell
environment (contrasted with an application,
which runs stand-alone). Like applications, tools
exist as separate programs on the disk.

name: In Projector, an identifier that represents
a set of files, revisions, and branches, with the
restriction that a2 name can refer to only one
revision in any one file.

non-HFS: The nonhierarchical file system, used
on 400K disks and Macintosh XL hard disks.

option: A command-line switch, specifying
some variation from a command’s default
behavior. Options always begin with a hyphen (-
).

orphaned file: In Projector, a file that belongs
to a project, but whose resource fork no longer
contains the information that Projector needs
to determine to which project it belongs.
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parameter: The words following the keyword in
a simple command. There are two types of
parameters: options and files. Note that certain
parameters, such as 1/O redirection, are
interpreted by the Shell and never seen by the
command itself.

parent: In Commando, an option or control
whose status determines whether a dependent
option or control is enabled or disabled.

partial pathname: A pathname that either
contains no colons or has a leading colon. See
also: leafname.

pathname: A sequence of up to 255 characters
that identifies a file, directory, and/or volume.
A full pathname contains embedded colons but
no leading colon. It specifies volume:
directory:.. filename. A pantial pathname either
contains no colons or has a leading colon. A
partial pathname is convenient to use if the file
is located in the current default directory. A
leafname is a partial pathname that contains no
colons. See also: leafname, partial pathname.

pattern: A literal text pattern (such as
/ABCDEFG/), or a regular expression. Patterns
are a case of selection and always appear
between the pattern delimiters /.../ or \...\.

pipe: The command terminator | is the pipe (or
pipeline) symbol. It causes the output of the
preceding command to be used as the input for
the subsequent command. (See Chapter 5,
Table 5-1)

position: In editing commands, position refers
to the location of the insertion point.

prefix: The directory portion of a filename.

prerequisite file: In Make, the files that must
exist or be up-to-date before the target file can
be built.

project: In Projector, a set of files that may
include other projects (subproject).

project directory: The directory in which
Projector maintains all the project-management
information about a given project.
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project file: In Projector, the file (always named
ProjectorDB) in which an entire project is
maintained. There is one and only one project
file within every project directory.

project information: Information maintained
by Projector on a per-project basis, including:
author, last modification date, and comment.

project name: In Projector, the name of a
project as well as the name of the directory
containing that project.

ProjectorDB: In Projector, the name of the
database file in which Projector stores all
information about projects, their revision trees,
revisions, and branches.

project tree: In Projector, the set of mounted
projects

pseudo-filename: Any device name that you
can use in place of a filename but that has no
disk file associated with it. Any command can
open a pseudo-filename. These are most often
used for 1/O redirection.

quotes: A set of characters that literalize the
enclosed characters, used for disabling special
characters. The quote symbols are '...", "...",
\...\, and /.../. The escape character, 9, quotes
the character that follows it.

reference: The location within one module that
contains the address of another module or entry.

regular expressions: A language for specifying
text patterns, using a special set of
metacharacters. (See Appendix B, Table B-2.)

regular expression operators: A special set
of metacharacters used in regular expressions
and filename generation. (See “Pattern
Matching” in Chapter 6.)

resource: Data or code stored in a resource file
and managed by the Macintosh Resource
Manager.

resource attribute: One of several
characteristics, specified by bits in a resource
reference, that determine how the resource
should be dealt with.



resource compiler: A program that creates
resources from a textual description. The MPW
resource compiler is named Rez.

resource description file: A text file that can
be read by the resource compiler and compiled
into a resource file. The resource decompiler
disassembles a resource file, producing a
resource description file as output.

resource file: Common usage for the resource
fork of a Macintosh file.

resource fork: The part of a file that contains
data used by an application, such as menus,
fonts, and icons. An executable file’s code is
also stored in the resource fork.

revision: In Projector, an instance of a file in a
project. A new revision is created each time a
modified file is checked in.

revision information: Information maintained
by Projector on a per-revision basis. Also known
as the current state of a revision. For unlocked
revisions this includes: Author, Creation date,
Comment, and Task. For locked revisions the
information is: Author (person who checked out
the file), Check-out Date, and Task.

revision tree: In Projector, the composite
history of a file; that is, all the revisions and
branches made to a file. The revision tree for a
file can be displayed via the Status command or
by double clicking a filename in the Project
hierarchy frame of the Check In and Check Out
windows.

root: In a makefile, a top-level target that is not
a prerequisite of any other target.

scaling: In graphics, to shrink or expand an
image. See Appendix G: The Graf3D Library for
more information.

scope: In Projector, the current project.

script: An ordinary text file (type TEXT)
containing a series of commands. The entire file
can be executed by entering the filename. A
script is also referred to as a command file or
command script.

segment: One of several parts into which the
code of an application may be divided. Not all
segments need to be in memory at the same
time.

selection: A series of characters, or a character
position, at which the next editing operation
will occur. Selected characters are inversely
highlighted in the active window, and outlined
in other windows. A selection is used as an
argument to most editing commands and can be
specified by using a special set of selection
operators. (See Appendix B, Table B-1.)

signal: An event that diverts program control
from its normal sequence. (See Chapter 12.)

signature: Each Macintosh application has its
own unique signature (or creator). For example,
creating a file with the type DFIL and signature
DMOV tells the Font/DA Mover that this file
contains desk accessories. See the Finder
Interface chapter-of Inside Macintosh.

simple command: Any command consisting
of a single keyword followed by zero or more
parameters.

standard error: See “diagnostic output.”

standard input: Input to 2 command, usually
typed directly into the active window (the
console).

standard output: Output produced by most
commands that is returned to an open file,
usually the window in which its command or
program was typed.

Startup file: A special command file containing
commands that are executed each time the Shell
is launched. Startup executes a second
command file called UserStartup.

status panel: The panel in the lower left comer
of the Worksheet window. The status panel
shows what command MPW is executing.
Clicking in the status panel is equivalent to
pressing tie Enter key.
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status value: A code returned by commands in
the Shell variable {Status). Zero indicates
successful completion of the previous
command, and other values usually indicate an
error.

structured command: Any command that
controls the order in which other commands are
executed. For and If are examples of structured
commands. All structured commands are built
into MPW and usually have more than one
keyword. See also simple command.

subproject: In Projector, any project
contained within another project. Subprojects
may, in turn, contain other subprojects.

target selection: The current selection in the
target window, represented by the § character.

target file: In Make, a file that is to be rebuilt
?nd that depends on one or more prerequisite
iles.

target window: The second window from the
front—this is the default target for editing
commands that are entered in the active
window. The Shell variable {Target} always
contains the name of the current target window.

task: In Projector, a short description of the
task that a user accomplished with a revision.

{task}: In Projector, the name of the current
task. It appears in the Check Out and Check In
windows as the default task.

tool: See MPW Tool.

type declaration: In the resource compiler, 2
statement that specifies the pattern for any
associated resource data by indicating data
types, alignment, size, and placement of strings.

translation: In graphics, movement anywhere in
three-dimensional space. See Appendix G: The
Graf3D Library for more information.

trunk: In Projector, the main sequence of
revisions to a file. Branches from any revision
are always named and numbered with respect to
the trunk.

users: In Projector, those persons with access
* to the files of a project.
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{user}): In Projector, the name of the current
user. Projector logs this name with all
transactions. You can override this name by
specifying a different name with the -u option
available in all Projector commands.

user interface: The system or set of
conventions by which the user interacts with
software. In addition to the standard Macintosh
mouse-and-menu interface, MPW includes both
a command language and a dialog user interface
(Commando).

word: A single, blank-separated element in a
command. A command name and each of its
parameters are separate words in the command
language.

Worksheet window: The main work area in
MPW; the window usually used as the console.
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steps in creating 248
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C compiler 34
C++ translator 34
case sensitivity 186
Caution
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Align 69
Auto-Indent 69
Begin...End 154
blanks in command lines 126
Break 154
Build 85
include dependencies 261
C170
Catenate
use of 163, 164
Check In 80, 204
Check Out 81
CheckIn 204-212, 219
CheckOut 212-217
use with names 232-233
CheckOutDir 224-226
Clear 68
Close 64
comments 128
Compare 304
continuation of line 128
Continue 155, 156
- Copy 67
Count, use with Files command345
Create Build Commands 84
customizing its makefile 261
CreateMake 259, 260
Cut 67
DeleteMenu 168
DeRez 303-305
-e option 340
use of 304-305
difference between menu commands and
language equivalents 166-167
Directory 101-102
changing directories 101
Display Selection 71
double-f dependency 269
DumpObj
transforming output 192
Duplicate 144
Echo 157
use of 146, 321
entering and executing 89-91, 124-125
Exit 155
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example of use 143
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file-management 95-97
Files
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Files, use with Count 345
Find dialog box 70
finding a whole word 193
menu 70
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190
use of 175, 180
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For 154
Format dialog box 68
For...End 156
Full Build 85
Help 93-95
If 154
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interpreter 125
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Lib 296-298
-df option 287, 298
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Link 241-247
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-p option 289, 298
-ss option 289
-uf option 287, 298
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list open windows 79
listing in Mark menu 75
Loop 156
Loop...End 154
Make
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Open Selection 64, 89
Page Setup dialog box 65
parameters 126, 157
use of 146
Paste 68
PerformReport 467468
Print 66
Print Window 65
Project 224
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Projector command summary 238
Quit 66
Replace 71, 187
reformatting tables 188
transforming DumpObj output 192
Replace Same 71

ResEqual 304
Revert to Saved 65
Rez 303

use in building a program 305
Save 64
Save a Copy 65
Save As 65
scripts 130
Select All 68
Set 142

use of 133

Set Directory 82

SetFile
use of 243

Shift 157

Shift Left/Right 69

Show Clipboard 68
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Show Full Build Commands 85
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simple commands128

Stack Windows 78

structure of 126

structured 128, 153, 155
conditional execution 155
pipe specifications 155
table of 154-155
warning on closing parenthesis 153

structured commands

substitution 144

Tabs 69

Tile Windows 78

to modify parameters 157

types of 124

Undo 67

Unexport 143

Unmark 77, 181

Unset 142

use of parenthesis 154

comments

in makefiles 276

CompareRevisions 223
compilers

Rez, DeRez 303-304
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concurrent MPW 45
concurrent Shell 45
conditional execution operators 127
console 90, 160
control loops 156
conversion tools 37
CRuntime.o 247
current selection character 98, 162, 167
CursorCtl.p 352
customized icons 243
customizing
Build menu 259
Directory menu 259

makefile of Create Build Commands 261

menu commands 168
project names 224

sample scripts 168

Startup and UserStartup 131

D

DATA directives
in desk accessories 258
data fork 244
data initialization interpreter 288
dead code
stripping 249
debuggers 38
defaults
customizing Startup 131
delimiters
slashes 182
dependency rules 267-269
dependency
in Commando 418423
DeRez 303-340
use with Commando 393
desk accessories
programming hints 258
warning on segmentation 288
desk accessory
building with DRVRRuntime.o 256257
header details 256
resource file 254
Dev
Console 166
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Null 166

StdErr 166

StdIn 166

StdOut 166
diagnostic output 160, 164-165
dialog 25
dialog boxes 391
Directed Acyclic Graph 249
directories 98-100

listing 100

name 82

names warning 83
Directory menu 81-83

tutorial 50-51
DisposHandle, use of 348
drivers

structure of 257

warning on segmentation 288
'DRVR resource; 241
DRVRClose 257-258
DRVRControl 257-258
DRVROpen 257-258
DRVRPrime 257-258
DRVRRunt ime library 251, 255-258
DRVRRunt ime.o 253

advantages 256
DRVRStatus 257-258
"DRVW' resource 256
dummy control

use in Commando 422
dummy segment-mapping directives 290

E

editing 89, 173-175
Commando dialogs 393-395
commands 29
extending a selection 183
finding a whole word 193
forward and backward searches 190
markers 180
parameters 174
pattern 182
pattern matching 183
at beginning or end of line 189
position 180



reformatting tables 188
selection 175
by line number 179
solving selection difficulties 191
with command language 166-167
ellipsis
in Commando 391-392
use with Commando 105
Enter key 91, 359
as status panel 47
entering commands 89-91
entry point
in linking 291
envp 377
EmMgr.p 352
Error information
ermo 361
MPW Shell 362
error message
use of alias for tracing 133
escape character
with invisibles 189
for literalizing 185
in Rez 340
escape conventions
table of 150
examples 39
commando resource 442-445
finding a whole word 193
labels in Rez 329
makefile for CDEF resource 249-251
Memory 253
MPW tools 351
performance-measurement output file 464~
465
sample desk accessory
Memory 259
sample resource description file 307, 323
sample resource type statement 319
transforming DumpObj output 192
exit 379-380
experiments 199
exporting variables 142-143
expression operators
in resource description statements 335-336
order of precedence 158

table of 158
expressions 157
extending a selection 183
external

in linking 291

F

F_DELETE 380
F_GFONTINFO 380
F_GPRINTREC 381
F_GTABINFO 380
F_OPEN 382
F_RENAME 380
F_SFONTINFO 381
F_SPRINTREC 381
F_STABINFO 380
faccess 380-382
fend 373
file creator
DMOV 254
file dependencies
Make 35
file-management commands 27
file names 97-98
file organization
in Projector 235
file type 'MPSP ' 235
file types 247
APPL 247
DFIL 247, 255
MPST 247
setting with Link, Rez, or SetFile 247
TEXT 247
file-relative scoping conventions 297
filenames
generation 145, 151
pseudo-filenames 165166
files
created by Directory and Build menu
commands 260
listing 100
resource description
structure of 306
standard type declaration 304
Find-and-Replace dialog
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regular expression 74
selection by line number 73
wildcard operators 74
Finder
compared to MuliiFinder 349
FIOBUFSIZE 374
FIOFNAME 374
FIOINTERACTIVE 374
FIOREFNUM 374
FIOSETEOF 374
font/font size
important note 68
'FREF" resource 243
full pathname 98
G

getenv 376
global variables caution 254
globals

use in desk accessories 258

H

hardware interrupt
comparison to signal handling 384
heap management, of MPW Shell 349
hints
automatic selection 182
Commando
declaring lines and boxes around
controls 395
solving difficulties with large scripted
operations 194
solving selection difficulties 191
troubleshooting command lines 152
use of aliases in tracing error messages 133
use of Line script in tracing error messages
133
using Alias 91
using {DirectoryPath} 102

I

'ICN# resource 243
IEGetEnv 377
IEIOCtl 374
IEOnExit 379
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IEStandalone 375
if-then-else processing
in Rez preprocessor directives 332
include dependencies
Build commands 261
index
flags 596
infinity symbol
in pattern matching 189
InitGraf 347
InitPerf 451, 459
input
standard 160, 162
terminating with Command-Enter 163
input/output
buffering 358-359
MPW C stdio 365
FILE variables 366
MPW Shell 358
redirection 151, 160-162
insertion point
location of 180
installation 43
automatic 4344
Installer 43
integral character
use in Projector 227
Integrated Environment
MPW Assembler 353
MPW Pascal 352
Shell I/O routines
MPW Assembler 369
MPW C 368
MPW Pascal 368
signal handling 384
MPW Pascal 384, 385
IntEnv 357
IntEnv.p 352
interface files
MPW Assembler 353
MPW Pascal 352
{Perf.h} 450
{Perf.p} 450
invisible characters 62, 189
Show Invisibles command 69



J
jump table 289

L

labels
in resource description statements 326, 512
leafnames 99
libraries
DRVRRuntime library 255-257
dummy library routines 351
guidelines for choosing files 299
MPW
overview 343-344
MPW Assembler 353
MPW Pascal 352
object files 261
specialized 297-299
{PerformLib.o} 450
library.PasLib.o 352
library.ToolLibs.o 352
line number 179
Line script 133
Link 34
-m option 247, 248
use with main modules 249
-rt option 248, 253
-sg option 248, 253, 254
-sn option 248, 253
-w option 246
introduction to 244
Link and Rez
sequence of use 243
linker 34
linking
choosing files for specialized library 299
contents of an object file 287
dead code 287
desk accessory 253
diagram 245
driver 253
introduction to 244
libraries from different languages 246
location map 294
MPW tools 350

multiple external symbol definitions 291
numbering of code resource 290-291
removing unreferenced modules 298
resolving symbol definitions 291
segmentation 288-289
unresolved external symbols 292
warning on addressing 287
what to link with 245-246

literal
in Rez 336-338

literal characters 185

local
in linking 291

location map 294

locked files 103-104

logical operators 159

looping 156

lseek 373
warning on use with O_APPEND 372

M

MacOSErr 362

MacsBug 38

main entry point 248

main trunk
in Projector 230

Make 35
abstract target 268

makefile 263
build command lines 267
built-in default rules 271
comments 276
CreateMake

libraries 261

debugging 278
default rules 270
dependency line 267
dependency rule 267
directory dependency rules 272
double-f dependency rules 269
format of 265
input limits 266
overriding default rules 270
prerequisite file 265
root 265
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sample makefile 279
Shell variables 273
target file 265
variables 273
built-in make275
defining variables within a maketile 274
overriding 271
precedence of Shell and Make variables
274
{AOptions} 271
{Asm} 271
{COptions} 271
aamn
{Default} 272, 275
{DepDi} 272, 275
{NewerDeps} 275
{Pascal} 271
{POptions} 271
{TargDir} 272, 275
{Targ} 275
makefiles
markers 75, 180-182
programmatic use of 181-182
range of 181
memory management
in performance tools 449
memory map
MPW tools 348
memory, ways to increase 349-350
menu commands 48, 62-86
defining your own 168
menus
Build menu 83-86
checks, bullets, underlinings 79
Directory menu 81-83
Edit menu 67-71
File menu 63-66
Find menu 70-75
Mark menu 75-77
Project menu 79-81
user-defined menus 86
Window menu 78-79
merging
in Projector 219
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modules
in linking 287, 291
unreferenced 298
MPW Assembler
IMPORT directives 353
libraries 352
MPW dialogs 391
MPW Pascal 33
libraries 353
{MPW}ROM.Maps 450
MPW Shell
definition 25-26
features 61
heap 349
input/output 358-359
input/output buffering 358-359
memory management 347-348
selection abilities 361
stack 349-350
status codes 345-346
window handling 360-361
MPW tools 32
caution on initialization 346
conventions 344-345
how to build 350-351
how to link 351
how to write
dialog interface 391
overview 343-344
Lib
use with performance measurement 469
memory management 347-350
performance-measurement 449458
PerformReport 450, 463, 466
using -e option 468
QuickDraw 347
restrictions 346
stack 349-350
status codes 345-346
MPW utilities
overview 343-344
MPWTypes.r 251, 304
MultiFinder
compared to Finder 350
cursor control 345



use with MPW 4445
multilingual programs

a caution 247

combining with Lib 296-297
multitasking 44, 345

N

names
command names 126
in Make 279
pseudo-filenames 165-166
nested dialog boxes 90
number sign 128
numbers and literals 159
in resource description syntax 334-335

V)

O_APPEND 369
O_CREAT 369
O_EXCL 369
O_RDONLY 369
O_RDWR 369
O_RSRC 369
O_TRUNC 369
O_WRONLY 369
object files

contents of 287

multiple external symbol definitions 291

records 567

unresolved external symbols 292
operators

regular expression 146
optimizing

links 296

program load time 290
Option-Enter 105, 391
Option-Return 69
orphan file

in Projector 208
output

diagnostic 160, 164

standard 160, 164

P

parameters
commands for modifying 157
count 174
editing 174
in programming the MPW Shell 355-356
selection 174, 175
current selection 178
operators
order of precedence 177
window 174
parent
in Commando 418
pathnames 98
quotes and special characters 102
variables 102
patterns 182
pattern matching 183
at beginning or end of line 189
PC
in performance measurement 451
PerfControl 451, 456, 460-461
PerfDump 451, 457, 461462
{Perf.h} 450
{Perf.p} 450
{PerformLib.o} 450
performance measurement 449458
A5 at interrupt time 469
adding identification lines to a data file 467
analyzing results 466467
bucket counts 452453
checksum failures 469
conditional flag 453
dirty CODE segments 469
dumping the results 457
implementation issues 468470
initializing the tools 455456
InitPerf 45545
interpreting the report 468
locking the interrupt handler 469
moveable code resources 470
MPW C routines 458-462
InitPerf 458460
PerfControl 451, 456. 460461
PerfDump 451, 461-462

INDEX 633



TermPerf 462

MPW Pascal routines
InitPerf 458-460
PerfControl 451, 456, 460462
PerfDump 451, 457, 461462
TermPer f 462

output file 463467

PerfControl 456

PerfDump 457

PerfGlobals 456

PerformReport 450, 467

pointers 453

probable hits 468

procedure for use 453458

Program Counter sampling 451452

provide pointer to a block of variables 455

referencing the interface file 454
reports 463467
restriction on use with VIA Timer1 452
segmentation 469
terminating cleanly 457
TermPerf 457
tools 37, 449452, 453457
turning on the measurements 456
warning on low sampling interval 452
warning on terminating cleanly 455
PerformReport 450, 467
using -e option 467
Pict.r 304
pipe symbol
as terminator 127
piping, example of 345
point types 315-316
'ppat ' definition:expressed in Rez, an
example 328-329
predefined ROM IDs and names 460
preprocessor directives
expressed in Rez 330-333
probable hits
in performance measurement 468
Program Counter
in performance measurement 451
programming hints
building desk accessories 258
programming the MPW Shell

634  MPW 3.0 Reference

Commando dialog interface 391
files to link with 355
I/O routines
MPW Assembler 369
MPW C 368
MPW Pascal 368
MPW Assembler 353-355
_RTExit function 354
_RTInit function 354
MPW Pascal 352-353
parameters 355-358
signal handling 383-387
standard I/O channels 358-359

project management 36

commands 28
about Projector 197

Projector 36, 197-238

access privileges 200
adding new files to a project 207-208
administration 234-236
moving, renaming, and deleting
projects 234
retrieving information 220-222
author 224
automatically opening a revision 211
branching 199
branch check box 215
creating branches 218-219
identifying branches 230
merging branches 219
cancelling check out 216
caution on deleting projects 234
caution on deleting revisions 235
caution on use with certain applications 199
changing revision tree 218-219
Check Out button 211
check out default 217
checking out a particular revision 216
checkout directory 203, 212, 224-225
*ckid" resource 236
colons 227
command parameters
order of precedence 226-227
command summary 238
comments 200



comment field 213
comparing revisions 223
components of 223-233
Delete Copy radio button 207
deleting revisions 235
difference between text and nontext files 228
discarding changes 216
displaying a file’s revision tree 230
experimental projects 199
file organization 235
icons 236-237
Info View 216, 220
Keep Copy radio button 207
limitations 200
main trunk 230
Modifiable button 211, 214
modifiable read-only file 215
modification date 209
moving, renaming, and deleting projects 234
multiple users 200
names

limitations 231

private 233

public 233

symbolic names 231

user names 230
Nested projects 203, 224, 226-227
New Project 201-204
Option Key, use of 214
pathnames 227
ProjectDB file 224, 235
projects 197, 224

-data 220

directory 203, 224, 235-236

list 210

lccation 224

menu 79

trees 209
radio buttons 214
Read Only button 214
renaming a project 209
retrieving filtered information 221
retrieving information 220-223
revisions 198, 228

button 208

data 228
number 199
numbering of 229
trees 228-229
sample project 210-211
check-out configuration 225-226
Select All button 211, 213, 214
Select Newer button 213
selecting revisions by symbolic name 216
selection criteria 221-222
Show All Files check box 207
subprojects 224, 226-227
task field 200, 213
Touch Mod date 208, 215
tutorial 201-207
checking in a revision 204209
checking out a revision 209-217
creating a new project 201-202
locating a project 209
user field 207, 213
user privileges 230
using CheckOut 217
View By dialog box 221-222
warningon 'ckid"' 208
warning on orphan files 208
ProjectorDB file 224, 235
projects
definition 197
protected bit
in resource description statements 322-323
pseudo-filenames 165-166
table of 166

Q

Quit 131-132

quoting 146-149
in makefiles 275-276
quoting spaces 149

R

RAM cache 46

with Link 296
read 370
read-only files 103-104
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rectangle types 316
redirecting input/output 160-162
redirection
in Commando 425426
reference
in linking 291
reformatting tables 188
regular expression operators 183-185
asterisk character 187
character expressions 185
character list 186
examples 191-193
finding a whole word 193
forward and backward searches 190
inserting invisibles 189
matching pattern at beginning or end of line
189
negation symbol 186
plus sign 187
repeated 187
table of 184
tagging 1838
transforming DumpObj output 192
wildcard operators 186
® operator 188
ResEdit 38, 241
ResEqual.r 442
resource attributes 311
resource compiler see Rez
resource declarations 304
resource decompiler see DeRez
resource description files 303
Commando numbering of 418
comments 306
for Commando 397
preprocessor directives 307
sample Commando resource 442
structure of 306
type declarations 306
resource description statements
$$countof
use of 317
align types 316
array types 317-318
boolean types 315
built-in functions 325-326
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change 321
character types 314
cstring315
data 311
data-type 313
delete 320
escape characters 339-340
£i11 types 317
include 308-309
labels 326-330, 512
declaring in arrays 326-327
examples 328-330
limitations 327
numeric types 313-314
bitstring313
byte 313
integer 313
longint 313
pstring316
read 310
resource statements 323
sample resource description file 323
sample type statement 319
special terms 308
string3l15
string types 314-315
strings 338-340
syntax 308, 335
expressions 335-336
numbers and literals 334-335
type 311-312
variables 336-338
wstring3l15
resource editor
definition 38
resource files
creating and modifying 304-305
resource fork 244
resource types
defining 306
resources
CDEF 248
LDEF 248
MDEF 248



owned by desk accessory 255
WDEF 248
XCMD 248
restrictions
MPW tools 346-347
Resume 131
revision trees 197, 228-229
revisions
definition 197
number 198
Rez 35, 303-340
array types 317-318
change resource data 321
data statements 323-314
delete a resource 320-321
escape characters 339-340
fill and align types 316
point and rectangle types 315-316
preprocessor directives 330-333
if-then-else processing 332
print directive 332-333
variable definitions 331
sample type statement 319
specify actual resource data 322-323
strings 338-340
switch types 318-319
symbolic definitions 319-320
symbolic names 324
variables 336-338
Rez and Link
sequence of use 243
Rincludes 251
{RIncludes} directory
contents 304
Rincludes folder
Cmdo.r 392
ROM interfaces
guidelines for special libraries 299
ROM maps 450

S

SADE 38

sample programs 49-50
scoping 570-571

scripts 31, 39, 168-170, 260

AddMenuAsGroup 169
CC170
definition 130
examples 168
Line 133
parameters 141
Quit 131
referencing command parameters 126
Repeat 156
Resume 131
special MPW scripts 131-132
Startup 131
Suspend 131
use of pseudo-filenames 166
used by Directory and Build menus 260
useful commands for use in 157
UserStartup 131
UserVariables 139
using variables 142
search path 101
segmentation 288-290
case sensitivity of names 289
length limit 289
selection 175-193
automatic 182
by line number 179
extending 183
forward and backward searches 190
markers 180-182
MPW Shell abilities 361
operators
order of precedence 177
pattern 182
pattern matching 183
position 180
specifications 98
selection expression
Find-and-Replace dialog 73
setting a file type 245
setting protected bit on code resources 321
setup of MPW files 40
setvbuf 365
Shell
features 61
file format 62
summary of shortcuts 94
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summary of variables 94
variables 377
Shell commands 30
SIG_IGN 384

signal 384-385
signal handling 383-387
caution about heap corruption 387
MPW C 383, 385
MPW Finder 383
MPW Pascal 384, 385
types 385
Signal.p 352
signature 247
single f dependency 268
slashes 147, 148
software interrupt
as signal handling 383
specifying files with wildcards 103
specifying pathnames with variables 102
stand-alone code resources 248
Standard 1/O buffering 364-366
standard input 90, 160, 162
important note 93
standard output 90, 161, 164
start up 4648
Startup 131
Startup file 48, 131
status code 125, 345-346
status panel 47, 91, 124
stderr 365-366
stdin 365-366
stdio 365-366
stdout 365-366
storing Shell commands
in Assembler 358
in Pascal 358
streams 365
String 338-340s
constants
desk accessories 258
operators 159
Rez 340
structured commands 29
Stubs.o 351
Suspend file 131
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symbolic names

in resource description statements 325
in Rez 320

symbols 145

asterisk

in regular expressions 187
beginning of line metacharacter 189
colon 183
considered as separate words 150
corrupt 'CKID"' resource icon 207, 236
current selection 162, 167, 178
end of line metacharacter 189
escape character

used to insert invisibles 189
escape conventions 150
exclamation mark 179
expression operators 158
expressions 157-160
infinity 167
integral 227
lock icon 206, 212, 236, 237
modified read-only icon 206, 236
negation 186
newline 178
pencil icon 206, 212, 236, 237
plus sign

in regular expression 187
project icon 212, 237
read-only icon 206, 236
regular document icon 206, 212, 236, 237
regular expression operators

table of 184
revision tree icon 212
selection operators 176
special

use of 160
® operator 188

syntax

in resource description statements 335

resource description statements
expressions 335-336

Rez language 308

SysTypes.r 304



T
tagging operator 159
target window 89, 167, 174
terminating input 163
TermPer £ 451, 462
text patterns

comparing 159
Time Manager

in perfformance measurement 451
TIOFLUSH 374
tools

editing, table of 175
tutorial 49-57
Types.r 304
typing commands 90-91

U

UserStartup 131

Directory and Build menu scripts 260
UserVariables 139
USES files

Build commands with 261

\'%
variable

{Targ} 268
variables

$S$Attributes 309

$$1ID 309

$$Name 309

$S$Type 309

ArgVv 357

built-in makefile variables 275

defined in Startup 135-138
referenced by editor 137-138
table of 136, 137, 138

defining 142

defining variables within a makefile 274

defining with Set 133

exporting 142-143

extern variables
in desk accessories 258

hints for using {DirectoryPath} 102

how to use in scripts 141

IEString type 357
in makefiles 273-276
in Rez 336-338
in Rez preprocessor directives 330-333
names 134
pathnames for libraries and Include files 138
QuickDraw globals

in desk accessories 258
Rez string variables 310
Shell variables in makefiles 273-274
StandAlone 355
static variables

in desk accessories 258
true/false values 134
UNIT variables

in desk accessories 258
use of 133-134
{Active} 135, 174
{AIncludes} 138
{Aliases} 135, 392
{AOptions} 271
{Asm} 271
{AutoIndent} 137
{Boot} 135
{CaseSensitive} 137, 186
{CIncludes} 138
{CLibraries} 138
{Commando} 136, 392
{Commands} 136
{Command} 135
{COptions} 271
G
{Default} 271
{DepDir} 272
{DirectoryPath} 140
{Echo} 136
{Exit} 136
{Font} 137
{FontSize} 137
{IgnoreCmdPeriod} 140
{Libraries} 138
{NewWindowRect} 140
{Parameters} 141
{Pascal} 271
{PInterfaces} 138
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{PLibraries} 138

{POptions} 271

{PrintOptions} 137

{Program} 259

{RIncludes} 138

{SearchBackward} 137

{SearchType} 137

{SearchWrap} 137

{ShellDirectory} 135

{StackOptions} 140

{Status} 135

{SystemFolder} 135

{Tab} 137

{TargDir} 272

{Target} 135, 174

{Test} 136

{TileOptions} 140

{User} 230

{Windows} 135, 392

{WordSet} 138

{Worksheet} 135

{ZoomWindowRect} 140
VBL

in performance measurement 451
Vertical Blanking signal

in performance measurement 451
w
warning

buffering 366

calls to Empt yHandle 348

CheckOutDir 224

NIL master pointers 348

on performance measurement 449

onuse of SIG_DFL 386
wildcards 103

notation 146

operators

in regular expressions 186

'"WIND'

sample window resource file 323-324
windows

active 89, 167, 174

Check In window 205-206

MPW Shell input/output abilities 361
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names 97
New Project 201-204
Projector
retrieving information 220-223

reading projector windows 236
target 89, 167, 174
window commands 26
worksheet 47

worksheet window 47

write 371

Writing a signal handler 386-387

yA
zero-width characters 69



APPLE COMPUTER, INC. SOFTWARE LICENSE

PLEASE READ THIS LICENSE CAREFULLY BEFORE USING THE
SOFTWARE. BY USING THE SOFTWARE, YOU ARE AGREEING
TO BE BOUND BY THE TERMS OF THIS LICENSE. IF YOU DO
NOT AGREE TO THE TERMS OF THIS LICENSE, PROMPTLY
RETURN THE UNUSED SOFTWARE TO THE PLACE WHERE YOU
OBTAINED IT AND YOUR MONEY WILL BE REFUNDED.

1. License. The application, demonstration, system and other software
accompanying this License, whether on disk, in read only memory, or on
any other media (the “Apple Software”) and related documentation are
licensed to you by Apple. You own the disk on which the Apple Software
is recorded but Apple and/or Apple's Licensor(s) retain title to the Apple
Software and related documentation. This License allows you to use the
Apple Software on a single Apple computer and make one copy of the
Apple Software in machine-readable form for backup purposes only. You
must reproduce on such copy the Apple copyright notice and any other
proprietary legends that were on the original copy of the Apple Software.
You may also transfer all your license rights in the Apple Software, the
backup copy of the Apple Software, the related documentation and a copy
of this License to another party, provided the other party reads and agrees
1o accept the terms and conditions of this License.

2. Restrictions. The Apple Software conuains copyrighted material,
trade secrets and other proprietary material and in order to protect them
you may not decompile, reverse engineer, disassemble or otherwise
reduce the Apple Software to a human-perceivable form. You may not
modify, network, rent, lease, loan, distribute or create derivative works
based upon the Apple Software in whole or in part. You may not
electronically transmit the Apple Software from one computer to another
or over a network.

3. Support. You acknowledge and agree that Apple may not offer
any technical support in the use of the Software.

4. Termination. This License is effective until terminated. You may
terminate this License at any time by destroying the Apple Software and
related documentation and all copies thereof. This License will terminate
immediately without notice from Apple if you fail to comply with any
provision of this License. Upon termination you must destroy the Apple
Software and related documentation and all copies thereof.

5. Export Law Assurances. You agree and certify that neither the
Apple Software nor any other technical data received from Apple, nor the
direct product thereof, will be exported outside the United States except as
authorized and as permitted by the laws and regulations of the United
States.

6. Government End Users. If you are acquiring the Apple Software
on behalf of any unit or agency of the United States Government, the
following provisions apply. The Government agrees:

(i) if the Apple Software is supplied to the Department of Defense
(DoD), the Apple Software is classified as “Commercial Computer
Software” and the Government is acquiring only “restricted rights” in the
Apple Software and its documentation as that term is defined in Clause
252.227-7013(cX1) of the DFARS; and

(ii) if the Apple Software is supplied to any unit or agency of the
United States Government other than DoD, the Government’s rights in the
Apple Software and its documentation will be as defined in Clause 52.227-
19(c)(2) of the FAR or, in the case of NASA, in Clause 18-52.227-86(d) of
the NASA Supplement to the FAR.

7. Limited Warranty on Media. Apple warrants the disks on which the
Apple Software is recorded to be free from defects in materials and
workmanship under normal use for a period of ninety (90) days from the
date of purchase as evidenced by a copy of the receipt. Apple's entire
liability and your exclusive remedy will be replacement of the disk not

meeting Apple's limited warmranty and which is returned to Apple or an
Apple authorized representative with a copy of the receipt. Apple will
have no responsibility to replace a disk damaged by accident, abuse or
misapplication. ANY IMPLIED WARRANTIES ON THE DISKS, INCLUDING
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO NINETY (90)
DAYS FROM THE DATE OF DELIVERY. THIS WARRANTY GIVES YOU
SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER RIGHTS
WHICH VARY FROM STATE TO STATE.

8. Disclaimer of Warranty on Apple Software. You expressly
acknowledge and agree that use of the Apple Software is at your sole risk.
The Apple Software and related documentation are provided “AS IS™ and
without warranty of any kind and Apple and Apple's Licensor(s) (for the
purposes of provisions 8 and 9, Apple and Apple's Licensor(s) shall be
collectively referred to as "Apple") EXPRESSLY DISCLAIM ALL
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE. APPLE DOES NOT WARRANT THAT THE
FUNCTIONS CONTAINED IN THE APPLE SOFTWARE WILL MEET YOUR
REQUIREMENTS, OR THAT THE OPERATION OF THE APPLE SOFTWARE
WILL BE UNINTERRUPTED OR ERROR-FREE, OR THAT DEFECTS IN THE
APPLE SOFTWARE WILL BE CORRECTED. FURTHERMORE, APPLE
DOES NOT WARRANT OR MAKE ANY REPRESENTATIONS REGARDING
THE USE OR THE RESULTS OF THE USE OF THE APPLE SOFTWARE OR
RELATED DOCUMENTATION IN TERMS OF THEIR CORRECTNESS,
ACCURACY, RELIABILITY, OR OTHERWISE. NO ORAL OR WRITTEN
INFORMATION OR ADVICE GIVEN BY APPLE OR AN APPLE
AUTHORIZED REPRESENTATIVE SHALL CREATE A WARRANTY OR IN
ANY WAY INCREASE THE SCOPE OF THIS WARRANTY. SHOULD THE
APPLE SOFTWARE PROVE DEFECTIVE, YOU (AND NOT APPLE OR AN
APPLE AUTHORIZED REPRESENTATIVE) ASSUME THE ENTIRE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION. SOME STATES
DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO THE
ABOVE EXCLUSION MAY NOT APPLY TO YOU.

9. Limitation of Liability. UNDER NO CIRCUMSTANCES INCLUDING
NEGLIGENCE, SHALL APPLE BE LIABLE FOR ANY INCIDENTAL,
SPECIAL OR CONSEQUENTIAL DAMAGES THAT RESULT FROM THE USE
OR INABILITY TO USE THE APPLE SOFTWARE OR RELATED
DOCUMENTATION, EVEN IF APPLE OR AN APPLE AUTHORIZED
REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. SOME STATES DO NOT ALLOW THE LIMITATION OR
EXCLUSION OF LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES SO THE ABOVE LIMITATION OR EXCLUSION MAY NOT
APPLY TO YOU.

In no event shall Apple's total liability to you for all damages, losses, and
causes of action (whether in contract, tort (including negligence) or
otherwise) exceed the amount paid by you for the Apple Software.

10. Controlling Law and Severability. This License shall be govemed
by and construed in accordance with the laws of the United States and the
State of California, as applied to agreements entered into and to be
performed entirely within California between California residents. If for
any reason a court of competent jurisdiction finds any provision of this
License, or portion thereof, to be unenforceable, that provision of the
License shall be enforced to the maximum extent permissible so as to effect
the intent of the parties, and the remainder of this License shall continue in
full force and effect.

11. Complete Agreement. This License constitutes the entire
agreement between the parties with respect to the use of the Apple
Software and related documentation, and supersedes all prior or
contemporaneous understandings or agreements, written or oral,
regarding such subject matter. No amendment to or modification of this
License will be binding unless in writing and signed by a duly authorized
representative of Apple.
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