










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OPERATING SYSTEM UTILITY ROUTINES 17 

Assembly-language note: From assembly language, you can just 
call Date2Secs and SetDateTime directly. 

Parameter RAM Operations 

The following three utilities are used for reading from and writing to . 
parameter RAM. Figure 5 illustrates the function of these three 
utilities; further details are given below and earlier in the 
"Parameter RAM" section. 

FUNCTION InitUtil 

Trap macro 

On exit 

Clock chip 

GetSysPPtr returns e po inter 
to here 

�"�'�~�-�-�-�.� 

InitUtil 

WritePerem 
( 

) 

20-byte 

section of 

low memory 

Figure 5; Parameter RAM Routines 

OSErrj 

InitUtil 

�D�~�:� result code (word) 

InitUtil copies the contents of parameter RAM into 20 bytes of low 
memory and copies the date and time from the clock chip into its own 
low-memory location. This routine is called at system startup; you'll 
probably never need to call it yourself. 
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18 Operating System Utilities Programmer's Guide 

Assembly-language note: InitUtil copies parameter RAM into 20 
bytes starting at the address SysParam and copies the date and 
time into the global variable Time. 

If the validity status in parameter RAM is not $A8 when InitUtil is 
called, an error is returned as the result code, and the default values 
(given earlier in the "Parameter RAM" section) are read into the low­
memory copy of parameter RAM; these values are then written to the 
clock chip itself. 

Result codes noErr 
prInitErr, 

No error 
Validity status not $A8 

FUNCTION GetSysPPtr : SysPPtr;, [Not in ROM] 

GetSysPPtr returns a pointer to the low-memory copy of parameter RAM. 
You can examine the values stored in its various fields, or to change 
them before calling WriteParam (below). 

Assembly-language note: Assembly-language programmers can 
simply access the global variables corresponding to the low­
memory copy of parameter RAM. These variables, which begin at 
the address SysParam, are listed in the summary. 

FUNCTION WriteParam 

Trap macro 

On entry 

On exit 

OSErr; 

WriteParam 

A~: SysParam (pointer) 
D~: MinusOne (long word) 

(You have to pass the values of these global 
variables for historical reasons.) 

D~: result code (word) 

WriteParam writes the low-memory copy of parameter RAM to the clock 
chip. You should previously have called GetSysPPtr and changed 
selected values as desired. 
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OPERATING SYSTEM UTILITY ROUTINES 19 

WriteParam also attempts to verify the values written by reading them 
back in and comparing them to the values in the low-memory copy. 

(note) 
If you've accidentally write incorrect values into 
parameter RAM, the system may not be able to start up. 
If this happens, you can reset parameter RAM by removing 
the battery, letting the Macintosh sit turned off for 
about five minutes, and then putting the battery back in. 

Result codes noErr 
prWrErr 

No error 
Parameter RAM written did not 
verify 

Queue Manipulation 

This section describes utilities that advanced programmers may want to 
use for adding entries to or deleting entries from an Operating System 
queue. Normally you won't need to use these utilities, since queues 
are manipulated for you as necessary by routines that need to deal with 
them. 

PROCEDURE Enqueue (qElement: QElemPtr; theQueue: QHdrPtr); 

Trap macro _Enqueue 

On entry A0: qElement (pointer) 
AI: the Queue (pointer) 

On exit AI: theQueue (pointer) 

Enqueue adds the queue entry pointed to by qElement to the end of the 
queue specified by theQueue. 

(note) 
Interrupts are disabled for a short time while the queue 
is updated. 
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20 Operating Sys'tem Utili ties Programmer's Guide 

FUNCTION Dequeue (qElement: QElemPtr; theQueue: QHdrPtr) OSErr; 

Trap macro 

On entry 

On exit 

_Dequeue 

A0: qElement (pointer) 
AI: theQueue (pointer) 

AI: the Queue (pointer) 
D0: result code (word) 

Dequeue removes the queue entry pointed to by qElement from the queue 
specified by the Queue (without deallocating the entry) and adjusts 
other entries in the queue accordingly. 

(note) 

(note) 

The note under Enqueue above also applies here. In this 
case, the amount of time interrupts are disabled depends 
on the length of the queue and the position of the entry 
in the queue. 

To remove all entries from a queue, you can just clear 
all the fields of the queue's header. 

Result codes noErr 
qErr 

No error 
Entry not in specified queue 

Trap Dispatch Table Utilities 

The Operating System Utilities include two routines for manipulating 
the trap dispatch table, which is described in detail-in the manual 
Programming Macintosh Applications in Assembly Language. Using these 
routines, you can inte~cept calls to an Operating System or Toolbox 
routine and do some pre- or post-processing of your own: call 
GetTrapAddress to get the address of 'the original routine, save that 
address for later use, and call SetTrapAddress to install your own 
version of the routine in the dispatch table. Before or after its own 
processing, the new version of the routine can use the saved address to 
call the original version. 

(warning) 
You can replace as well as intercept existing routines; 
in any case, you should be absolutely sure you know what 
you're doing. Remember that some calls that aren't in 
the ROM do some processing of their own before invoking a 
trap macro (for example, FSOpen eventually invokes Open, 
and IUCompString invokes the macro for IUMagString)~ 
Also, a number of ROM routines have been patched with 
corrected versions in RAM; if you intercept a patched 
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OPERATING SYSTEM UTILITY ROUTINES 21 

routine, be sure to preserve the registers and the stack, 
or the system will not work properly. 

Assembly-Ianguage~: You can tell whether a routine is 
patched by comparing its address to the global variable ROMBase; 
if the address is less than.ROMBase, the routine is patched. 

In addition, you can use GetTrapAddress to save time in critical 
sections of your program by calling an Operating System or Toolbox 
routine directly, avoiding the overhead of a normal trap dispatch. 

FUNCTION GetTrapAddress (trapNum: INTEGER) LONGINT; 

Trap macro _GetTrapAddress 

. On entry D0: trapNum (word) 

On exit A0: address of routine 

GetTrapAddress returns the address of a routine currently installed in 
the trap dispatch table under the trap number designated by trapNum. 
To find out the trap number for a particular routine, see Appendix B. 

Assembly-language note: When you use tQis technique to bypass 
the trap dispatcher, you don't get the extra level of register 
saving. The, routine itself will follow Lisa Pascal conventions 
and preserve A2-A6 and D3-D7, but if you want any other 
registers preserved across the call you have to save and restore 
them yourself. ' 
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PROCEDURE SetTrapAddress (trapAddr: LONGINT; trapNum: INTEGER); 

Trap macro 

On entry 

..:,..SetTrapAddress 

A0: trapAddr (address) 
D0: trapNum (word) 

SetTrapAddress installs in the trap dispatch table a routine whose 
. address is trapAddr; this routine is installed under the trap number 
designated by trapNum. 

(note) 
Remember, the trap dispatch table can address locations 
within a range of 64K bytes from the base address of ROM 
or RAM. 

Miscellaneous Utilities 

PROCEDURE Delay (numTicks: LONGINT; VAR finalTicks: LONGINT); 

Trap macro _Delay 

On entry A0: numTicks (long word) 

On exit D0: finalTicks (long word) 

'Delay causes the system to wait for the number of ticks (sixtieths of a 
second) specified by numTicks, and returns in finalTicks the total 
number of ticks from system startup to the end of the delay. 

(warning) 
Do not rely on the duration of the delay being exact; it 
will usually be accurate within one tick, but may be off 
more than that. The Delay procedure enables all 
interrupts and checks the tick count that's incremented 
during the vertical retra.ce interrupt; however, it's 
possible for this interrupt to be disa~led by other 
interrupts, in which case the duration of the delay will 
not be exactly what you requested. 
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Assembly-language note: On exit from this procedure, register 
D0 contains the value of the global variable Ticks as measured 
at the end of the delay. 

PROCEDURE SysBeep (duration: INTEGER); 

SysBeep causes the system to beep for approximately the number of ticks 
specified by the duration parameter. The sound decays from loud to 
soft; after about five seconds it's inaudible. The initial volume of 
the beep depends on the current speaker volume setting) which the user 
can adjust with the Control Panel desk accessory. If the speaker 
volume has been set t~ 0 (silent), SysBeep instead causes the menu bar 
to blink once. 

Assembly-language~: Unlike all other Operating System 
Utilities, this procedure is stack-based. 
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SUMMARY OF THE OPERATING SYSTEM UTILITIES 

Constants 

CONST { Result codes } 

clkRdErr = -85; {unable to read clock} 
clkWrErr = -86; {time written did not verify} 
memFullErr = -108; {not enough room in heap} 
memWZErr -111; {attempt to operate on a free block} 
nilHandleErr -109; {NIL master pointer} 
noErr = 0; {no error} 
prInitErr -88; {validity status is not $A8} 
prWrErr = -87; {parameter RAM written did not verify} 
qErr = -1; {entry not in specified que,ue} 

Data Types 

TYPE OSType = PkCKED ARRAY[1 •• 4] OF CHAR; 

OSErr = INTEGER; 

SysPPtr = .... SysParmTyp~; , 
SysParmType = 

RECORD 
valid: 
portA: 
portB: 
alarm: 
font: 
kbdPrint: 

volClik: 

misc: 

END; 

LONGINT; 
INTEGER; 
INTEGER; 
LONGINT; 
INTEGER; 
INTEGER"; 

INTEGER; 

INTEGER 

QHdrPtr 
QHdr 

= .... QHdr; 

{validity status} 
{modem port configuration} 
{printer port configuration} 
{alarm setting} 
{default application font number minus l} 
{auto-key threshold and rate, printer} 
{ connection} 
{speaker volume, double-click and caret~ } 
{ blink times} , 
{mouse scaling, system startup disk, menu } 
{ blink} 

RECORD 
qFlags: 
qHead: 
qTail: 

INTEGER; {queue flags} 
QElemPtr; {first queue entry} 
QElemPtr {last queue entry} 

END; 
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QTypes = (dummyType, 
vType, 
ioQType, 
drvQType, 
evType, 
fsQType); 

{vertical retrace queue type} 
{file I/O or driver I/O queue type} 
{drive queue type} 
{event queue type} 
{volume-control-block queue type} 

QElemPtr 
QElem 

= .... QElem; 
= RECORD 

CASE QTypes 
vType: 
ioQType: 
drvQType: 
evType: 
fsQType: 

END; 

OF 
(vblQElem: 
(ioQElem: 
(drvQElem: 
(evQElem: 
(vcbQElem: 

VBLTask) ; 
ParamBlockRec)j 
DrvQEl) ; 
EvQEl) ; 
VCB) 

DateTimeRec = 
RECORD 

year: 
month: 
day: 
hour: 
minute: 
second: 
dayOfWeek: 

INTEGER; 
INTEGER; 
INTEGER; 
INTEGER; 
INTEGER; 
INTEGER; 
INTEGER 

{19~4 to 2~4~} 
{1 to 12 for January to December} 
{1 to 31} 
{~ to 23} 
{~ to 59} 
{0 to 59} 
{1 to 7 for Sunday' to Saturday} 

END; 

Routines 

Pointer and Handle Manipulation 

FUNCTION 
FUNCTION 

FUNCTION 

FUNCTION 
FUNCTION 

HandToHand (VAR theHndl: Handle) : .0SErr; 
PtrToHand . (srcPtr: Ptr; VAR dstHndl: Handle; size: 

LONGINT) : OSErr; 
PtrToXHand (srcPtr: Ptr; dstHndl: Handle; size: LONGINT) 

OSErr; 
HandAndHand (aHndl,bHndl: Handle) : OSErr; 
PtrAndHand (pntr: Ptr; hndl: Handle; size: LONGINT) OSErrj 

String Comparison 

FUNCTION EqualString (aStr,bStr: Str255; caseSens,d!acSens: BOOLEAN) 
BOOLEAN; 

PROCEDURE UprString (VAR theString: Str255;' diacSens: BOOLEAN)j 
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Date and Time Operations 

FUNCTION ReadDateTime (VAR secs: LONGINT) : OSErr; 
PROCEDURE GetDateTime (VAR secs: LONGINT); [Not in ROM] 
FUNCTION SetDateTime (secs: LONGINT) : OSErr; 
PROCEDURE Date2Secs (date: DateTimeRec; VAR secs: LONGINT); 
PROCEDURE Secs2Date (secs: LONGINT; VAR date: DateTimeRec); 
PROCEDURE GetTime (VAR date: DateTimeRec); [Not in ROM] 
PROCEDURE SetTime (date: DateTimeRec); [Not in ROM] 

Parameter RAM Operations 

FUNCTION InitUtil : 
FUNCTION GetSysPPtr 
FUNCTION WriteParam 

Queue Manipulation 

OSErr; 
SysPPtrj [Not in ROM] 
OSErr; 

PROCEDURE Enqueue (qElement: QElemPtr; theQueue: QHdrPtr); 
FUNCTION Dequeue (qElement: QElemPtr; theQueue: QHdrPtr) : OSErr; 

Trap Dispatch Table Utilities 

PROCEDURE SetTrapAddress (trapAddr: LONGINT; trapNum: INTEGER); 
FUNCTION GetTrapAddress (trapNum: INTEGER) : LONGINT; 

Miscellaneous Utilities 

PROCEDURE Delay (numTicks: LONGINTj VAR finalTicks: LONGINT); 
PROCEDURE SysBeep (duration: INTEGER); 
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Default Parameter RAM Values 

Parameter 
Validity status 
Modem por~ con~iguration 

Printer port configuration 
Alarm setting 

Default value 
$A8 
9600 baud, 8 data bits, 2 stop 
bits, no parity 
Same as for modem port 

Default application font - 1 
Auto-key threshold 

o (midnight, January 1, 1904) 
2 (Geneva) 
6 (24 ticks) 
3 (6 ticks) Auto-key rate 

Printer connection 
Speaker volume 
Double-click time 
Caret-blink time 
Mouse scaling 

o (printer port) 
3 (medium) 
8 (32 ticks) 
8 (32 ticks) 
1 (on) 

Preferred system startup disk 
Menu blink 

o (internal drive) 
3 

Assembly-Language Information 

Constants 

j Result codes 

clkRdErr .EQU 
clkWrErr .EQU 
memFullErr .EQU 
memWZErr .EQU 
nilHandleErr .EQU 
noErr .EQU 
prlnitErr .EQU 
prWrErr .EQU 
qErr .EQU 

j Queue types 

vType .EQU 
ioQType .EQU 
drvQType .EQU 
evType .EQU 
fsQType .EQU 

-85 
-86 
-108 
-111 
-109 

0 
-88 
-87 
-1 

1 
2 
3 
4 
5 

junable to read clock 
jtime written did not verify 
jnot enough room in·heap 
;attempt to operate on a free block 
;NIL master pointer 
jno error 
;validity status is not $A8 
jparameter RAM written did not verify 
;entry not in specified queue 

;vertical retrace queue type 
;file I/O or driver I/O queue type 
jdrive queue type 
;event queue type 
;volume-control-block queue type 

Queue Data Structure 

qFlags 
qHead 
qTail 
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Queue flags (word) 
Pointer to fi~st queue entry 
Pointer to last queue entry 
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Date/Time Record Data Structure 

dtYear 
dtMonth 
dtDay 
dtHour 
dtMinute 
dtSecond 
dtOayOfWeek 

Routines 

Name 
HandToHand 

PtrToHand 

PtrToXHand 

HandAndHand 

PtrAndHand 

CmpString 

UprString-

ReadOateTime 

SetDateTime 
Date2Secs 

Secs2Date 
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1904 to 2040 (word) 
1 to 12 for January to December (word) 
1 to 31 (word) 
0 to 23 (word) 
0 to 59 (word) 
0 to 59 (word) 
1 to 7 for Sunday to Saturday (word) 

On entry 
A0: theHndl (handle) 

A0: srcPtr (ptr) 
D0: size (long), 
A0: srcPtr (ptr) 
A1: dstHndl (handle) 
D0: size (long) 
A0: aHndl (handle) 
A1: bHndl (handle) 
A0: pntr (ptr) 
A1: hndl (handle) 
00: size (long) 

On exit 
A0: theHndl (handle) 
D0: result code (word) 
A0: dstHndl (handle) 
D0: result code (word) 
AI: dstHndl (handle) 
D0: result code (word) 

AI: bHndl (handle) 
D0: result code (word) 
AI: hndl (handle) 
D0: result code (word) 

_CmpString 
_CmpString 
_CmpString 

,MARKS sets bit 9, for diacSens=FALSE 
,CASE sets bit 10, for caseSens=TRUE 
,MARKS,CASE sets bits 9 and 10 

A0: ptr ~o first string 
AI: ptr to second string 
D0: high word: length of 

first string 
low word: length of 

second string 

D0: 0 if equal, 1 if 
not equal (long) 

_UprString ,MARKS sets bit 9, for diacSens=FALSE 

A0: ptr to string 
D0: length of string (word) 

" 
Af/J: ptr to long word 

secs 

Df/J: secs (long) 
Af/J: ptr to date/time 

record 
00: secs (long) 
Df/J: secs (long) 

A0: ptr to string 

A0: ptr to long word 
secs 

D0: result code (word) 
D0: result code (word) 

A0: ptr to date/time 
record 
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InitUtil 
WriteParam 

Enqueue 
Dequeue 

GetTrapAddress 
SetTrapAddress 

Delay 
SysBeep 

Variables 

SysParam 
SPValid 
SPPortA 
SPPortB 
SPAlarm 
SPFont 
SPKbd 
SPPrint 
SPVolCtl 
SPClikCaret 
SPMisc2 
CrsrThresh 
Time 

1/11/85 Rose 

SUMMARY OF THE OPERATING SYSTEM UTILITIES 29 

D0: result code (word) 
A0 : SysParam (ptr) 
D0: MinusOne (long) 

A0: qElement (ptr) 
A0: qElement (ptr) 
AI: the Queue (ptr) 

D0: trapNum (word) 
A0: trapAddr (address) 
D0: trapNum (word) 

A0: numTi~ks (long) 
Push duration (word) onto 
stack 

D0: result code (word) 

AI: theQueue (ptr) 
A1: theQueue (ptr) 
D0: result code (word) 

D0: address of routine 

D0: finalTicks (long) 

Low-memory copy of parameter RAM (20 bytes) 
Validity status (byte) 
Modem port configuration (word) 
Printer port configuration (word) 
Alarm setting (long) . 
Default application font number minus 1 (word) 
Auto-key threshold and rate (byte) 
Printer connection (byte) 
Speaker volume (byte) , 
Double-click and caret-blink times (byte) 
Mouse scaling, system startup disk, menu blink (byte) 

.Mouse-scaling threshold (word) 
Seconds since midnight, January 1, 1904 (long) 
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GLOSSARY 

auto-key rate: The rate at which a key repeats after it's begun to do ' 
so. 

auto-key threshold: The length of time a key must be held down before 
it begins to repeat. 

caret-blink time: The interval between blinks of the caret that marks 
an insertion point. 

clock chip: A special chip in which are stored parameter RAM and the 
current settings for the date and time. This chip runs on a battery 
when the system is off, thus preserving the information. 

date/time record: An alternate representation of the date and time 
(which is stored on the clock chip in seconds since midnight, January 
1, 19~4). 

double-click time: The greatest interval between a mouse-up and mouse­
down event that would qualify two mouse clicks as a double-click. 

mouse scaling: A feature that causes the cursor to move twice as far 
during a mouse stroke than it would have otherwise, provided the change 
in the mouse's position in a sixtieth of a second exceeds the mouse~ 
scaling threshold. 

mouse-scaling threshold: A number of pixels which, if exceeded by the 
sum of the horizontal and vertical changes in the mouse position during 
a sixtieth of a second, causes mouse scaling to occur (if that feature 
is turned on); normally six pixels. 

parameter RAM: In the clock chip, 2~ bytes where settings such as 
those made with the Control Panel desk accessory are preserved. 

queue: A list of identically structured entries linked together by 
pointers. 

result code: An integer indicating whether a routine completed its 
task successfully or was prevented by some error condition. 

validity status: A number stored in parameter RAM designating whether 
the last attempt to write there was successful. (The number is $AB if 
so.) 
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APPENDIX A: RESULT CODES 

This appendix lists all the result codes returned by routines in the 
Macintosh Op~rating System, as well as a few that are returned by the 
Resource Manager and Scrap Manager of the User Interface Toolbox. 
They're ordered by value, for convenience when debugging; the names you 
should actually use in your program are also listed. 

The result codes are grouped roughly according to the lowest level at 
which the error may occur. This doesn't mean that only routines at 
that level may cause those errors; higher-level software may yield the 
same result codes. For example, an Operating System Utility routine 
that calls the Memory Manager may return one of the Memory Manager 
result codes. Where a different or more specific meaning is 
appropriate in a different context, that meaning is also listed. 

Value Name Meaning 

noErr 'No error 

Operating' System Event Manager Error 

1 evtNotEnb 

Queuing Errors 

-1 
-2 

Device 

-17 
-18 
-19 
-2~ 
-21 

-22 

-23 

-25 
-26 
-27 
-28' 

qErr 
vTypErr 

Manager Errors 

controlErr 
statusErr 
readErr 
writErr 
badUnitErr 

unitEmptyErr 

openErr 

dRemovErr 
dInstErr 
abortErr 
notOpenErr 

File Manager Errors 

-33 dirFulErr 
-34 dskFulErr 
-35 nsvErr 
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Event type not designated in system event mask 

Entry not in queue 
QType field of entry in vertical retrace queue 
isn't vType (in Pascal, ORD(vTyp~» 

Driver can't responQ to this Control call 
Driver can't respond to this Status call 
Driver can't respond to Read calls 
Driver can't respond to WrIte calls 
Driver reference number doesn't match unit 
table 
Driver reference number specifies NIL handle 
in unit table 
Requested read/write permission doesn't match 

. driver's open permission 
Attempt to open RAM Serial Driver failed 
Attempt to remove an open device driver 
Couldn't find driver in resource file 
I/O request aborted by KillIO 
Driver isn't open 

File directory full 
All allocation blocks on the volume are full 
Specified volume doesn't exist 
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-36 
-37 

-38 
-39 

-40 
-41 
-42 

-43 
-44 
-45 
-46 
-47 
-48 

-49 

-50 

-51 

-52 

-53 
-54 
-5.5 

-56 

-57 

-58 

-59 
-60 

-61 

ioErr 
bdNamErr 

fnOpnErr 
eofErr 

posErr 
mFulErr 
tmfoErr 

fnfErr 
wPrErr 
fLckdErr 
vLckdErr 
fBsyErr 
dupFNErr 

opWrErr 

paramErr 

rfNumErr 

gfpErr 

volOffLinErr 
permErr 
volOnLinErr 

nsDrvErr 

noMacDskErr 

extFSErr 

fsRnErr 
badMDBErr 

wrPermErr 

Low-Level Disk Errors 

-64 noDriveErr 
-65 offLinErr 
-66 noNybErr 
-67 noAdrMkErr 
-68 dataVerErr 
-69 badCkSmErr 
-70 badBtSlpErr 
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I/O error 
Bad file name or volume name (perhaps zero­
length) 
File not open 
Logical end-of-file reached during read 
operation 
Attempt to position before start of file 
Memory full 
Too many files open; only 12 files can be 
open simultaneously 
File not found 
Volume is locked by a har-dware setting 
File is locked 
Volume is locked by a software flag 
File is busy; one or more files are open 
File with specified name and version number 
already exists 
The read/write permission of only one 
access path to a file can allow writing 
Error in parameter list 
Parameters don't specify an existing volume, 
and there's no default volume (File Manager) , 
Bad positioning information (Disk Driver) 
Bad drive number (Disk Initialization Package)' 
Path reference number specifies nonexistent 
access path 
Error during GetFPos *** will be in next 
draft of File Manager manual *** 
Volume not on-line 
Read/write permission doesn't 'allow writing 
Specified volume is already mounted and on­
line 
No such drive; specified drive number doesn't 
match any number in the drive queue 
Not a Macintosh disk; volume lacks Macintosh­
format directory 
External file system; file-system identifier 
is. nonzero, or path reference number is 
greater than 1024 
Problem during rename 
Bad master directory block; must reinitialize 
volume 
Read/write permission or open permission 
doesn't allow writing 

Drive isn't connected 
No disk in drive 
Disk is probably blank 
Can't find an address mark 
Read-verify failed 
Bad address mark 
Bad address mark 
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-71 noDtaMkErr 
-72 badDCksum 
-73 badDBtSlp 
-75 cantStepErr 
-76 tkOBadErr 
-77 initIWMErr 
-78 twoSideErr 

-79 spdAdjErr 
-80 seekErr 
.,..81 sectNFErr 
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Can't find a data mark 
Bad data mark 
Bad data mark 
Hardware error 
Hardware error. 
Hardware error 
Tried to read side 2 of a disk in a single­
sided drive 
Hardware error 
Hardware error 
Can't find sector 

Also, to check for any low-level disk error: 

-84 firstDskErr 
-64 lastDskErr 

Clock Chip Errors 

-85 clkRdErr 
-86 clkWrErr 
-87 prWrErr 
-88 prInitErr 

Scrap Manager Errors 

-100 noScrapErr 
-102 noTypeErr 

Memory Manager Errors 

-108 memFullErr 
-109 nilHandleErr 
-111 memWZErr 
-112 memPurErr 

Resource Manager Errors 

-192 
-193 
-194 
-195 
-196 
-197 

1/11/85 

resNotFound 
resFNotFound 
addResFailed 
add Ref Failed 
rmvResFailed 
rmvRefFailed 

Rose 

First of the range of low-level disk errors 
Last of the range of low-level disk errors 

Unable to read clock 
Time wr~tten did nrit verify 
Parameter RAM written-did not verify 
Validity status i~ not $A8 

Desk scrap isn't initialized 
No data of the requested type 

Not enough room in heap zone 
NIL master pointer 
Attempt to operate on a free block 
Attempt to purge a locked block 

Resource not found 
Resource file not found 
AddResource failed 
AddReference failed 
RmveResource failed 
RmveReference failed 
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APPENDIX B: SYSTEM TRAPS 

This appendix lists the trap macros for the Toolbox and Operating 
System routines and their corresponding trap word values in 
hexadecimal. The "Name" column gives the trap macro name (without its 
initial underscore character). In those cases where the name of the 
equivalent Pascal call is different, the Pascal name appears indented 
under the main entry. The routines in Macintosh packages are listed 
under the macros they invoke after pushing a routine selector onto the 
stack; the routine selector follows the Pascal routine name in 
parentheses. 

There are two tables: The first is ordered alphabetically by name; the 
second is ordered numerically by trap number, for usefulness when 
debugging. 

(note) 
The Operating System Utility routines GetTrapAddress and 
SetTrapAddress take a trap number as a parameter, not a 
trap word. You can get the trap number from the trap 
word as follows: If the trap word begins with A0 or A8, 
the last two digits are the trap number; if it begins 
with A9, the trap number is 1 followed by the last two 
digits of the trap word. 

Name TraE Word Name 
AddDrive A04E CalcVBehind 
AddPt A87E CalcVisBehind 
AddReference A9AC CalcVis 
AddResMenu A94D CautionAlert 
Add Resource A9AB Chain 
Alert A98S ChangedResource 
Allocate A010 CharWidth 

PBAllocate CheckItem 
AngleFromSlope A8C4 CheckUpdate 
AppendMenu A933 ClearMenuBar 
BackColor A863 ClipAbove 
BackPat A87C ClipRect 
BeginUpdate A922 Close 
13itAnd A858 PBClose 
BitClr A85F CloseDeskAcc 
BitNot A85A CloseDialog 
BitOr A85B Closepgon 
BitSet A85E ClosePoly 
BitShift A85C ClosePicture 
BitTst A85D ClosePort 
BitXor A859 CloseResFile 
BlockMove A02E CloseRgn 
BringToFront A920 Cl6seWindow 
Button A974 CmpString 
CalcMenuSize A948 EqualString 

Trap Word 
A90A 

A909 
A988 
A9F3 
A9AA 
A88D 
A945 
A911 
A934 
A90B 
A87B 
A001 

A9B7 
A982 
A8CC 

A8F4 
A87D 
A99A 
A8DB 
A92D 
A03C 
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ColorBit 
CompactMem 
Control 

PBControl 
CopyBits 
CopyRgn 
CouldAlert 
CouldDialog 
CountMItems 
CountResources 
CountTypes 
Create 

PBCreate 
CreateResFile 
CurResFile 
Date2Secs 
Delay 
Delete 

PBDe'lete 
DeleteMenu 
DeltaPoint 
Dequeue 
DetachResource 
DialogSelect 
DiffRgn 
DisableItem 
DisposControl 

DisposeControl 
DisposDialog 
DisposHandle 
DisposMenu 

DisposeMenu 
DisposPtr . 
DisposRgn 

DisposeRgn 
DisposWindow 

DisposeWindow 
DragControl 
DragGrayRgn 
DragTheRgn 
DragWindow 
DrawChar 
DrawControls 
DrawDialog 
DrawGrowIcon 
DrawMenuBar 
DrawNew 
DrawPicture 
DrawString 
DrawText 
DrvrInstall 

(internal use only) 
DrvrRemove 

(internal use only) 
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AB64 
A04C 
A004 

ABEC 
ABDC 
A9B9 
A979 
A950 
A99C 
A99E 
A00B 

A9Bl 
A994 
A9C7 
A03B 
A009 

A936 
A94F 
A96E 
A992 
A9B0 
ABE6 
A93A 
A955 

A9B3 
A023 
A932 

A0lF 
ABD9 

A9l4 

A967 
A905 
A926 
A925 
ABB3 
A969 
A9Bl 
A904 
A937 
A90F 
ABF6 
ABB4 
ABB5 
A03D 

A03E 

APPENDIX B: SYSTEM TRAPS 35 

Eject 
PBEject 

EmptyHandle 
EmptyRect 
EmptyRgn 
EnableItem 
EndUpdate 
Enqueue 
EqualPt 
EqualRect 
EqualRgn 
EraseArc 
EraseOval 
ErasePoly 
EraseRect 
EraseRgn 
EraseRoundRect 
ErrorSound 
EventAvail 
ExitToShell 
FillArc 
FillOval 
FillPoly 
FillRect 
FillRgn 
FillRoundRect 
FindControl 
FindWindow 
FixMul 
FixRatio 
FixRound 
FlashMenuBar 
FlushEvents 
FlushFile 

PBFlushFile 
FlushVol 

PBFlushVol 
FMSwapFont 

SwapFont 
ForeColor 
FrameArc 
FrameOval 
FramePoly 
FrameRect 
FrameRgn 
FrameRoundRect 
FreeAlert 
FreeDialog 
FreeHem 
FrontWindow 
GetAppParms 
GetClip 
GetCRefCon 
GetCTitle 

A0l7 

A02B 
ABAE 
ABE2 

, ,A939 
A923 
A96F 
ABBl 
ABA6 
ABE3 
ABC0 
ABB9 
ABCB 
ABA3 
A8D4 
ABB2 
A98C 
A97l 
A9F4 
ABC2 
ABBB 
ABCA 
A8A5 
A8D6 
A8B4 
A96C 
A92C 
A86B 
AB69 
AB6C 
A94C 
A032 
A045 

A0l3 

A90l 

AB62 
ABBE 
ABB7 
ABC6 
ABAl 
A8D2 

, ABB0 
A98A 
A97A 
A0lC 
A924 
A9F5 
AB7A 
A95A 
A95E 
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GetCtlAction A96A GetScrap A9FD 
GetCtlValue A960 GetString A9BA 
GetCursor A9B9 GetTrapAddress A'/J46 
GetDltem A9BD GetVol A'/J14 GetEOF A'/Jil PBGetVol 

PBGetEOF GetVollnfo A007 GetFilelnfo A00c PBGetVlnfo 
PBGetFlnfo GetWindowPic A92F 

GetFName ABFF GetWMgrPort A910 GetFontName GetWRefCon A917 GetFNum A900 GetWTitle A919 
GetFontlnfo ABBB GetZone A0lA GetFPos A0lB GlobalToLocal AB71 PBGetFPos GrafDevice AB72 GetHandleSize A025 GrowWindow A92B Getlcon A9BB HandAndHand A9E4 GetlndResource A99D HandleZone A026 Get IndType A99F HandToHand A9EI Getltem A946 HideControl A95B GetIText A990 HideCursor AB52 
Getltmlcon A93F HidePen AB96 

Getltemlcon HideWindow _ A916 
GetltmMark A943 HiliteControl A95D 

GetltemMark HiliteMenu A93B 
GetltmStyle A94l HiliteWindow A91C 

GetltemStyle HiWord AB6A 
GetKeys A976 HLock A'/J29 
GetMaxCtl A962 HNoPurge A04A 

GetCtlMax HomeResFile A9A4 
GetMenuBar A93B HPurge A049 
GetMHandle A949 HUnlock A02A 
GetMinCtl A96(l InfoScrap A9F9 

GetCtlMin InitAllPacks A9E6 
GetMouse A972 InitApplZone A02C 
GetNamedResource A9Al' InitCursor . AB50 
GetNewControl A9BE InitDialogs A97B 
GetNewDialog A97C InitFonts A8FE 
GetNewMBar A9C0 InitGraf AB6E. 
GetNewWindow A9BD InitMenus A93'/J 
GetNextEvent A97(/J InitPack A9E5 
GetOSEvent A031 InitPort AB6D 
GetPattern A9BB InitQueue A016 
GetPen AB9A FlnitQueue *** File Mgr. 
GetPenState AB9B InitQueue routine will 
GetPicture A9BC be renamed this *** GetPixel AB65 InitResources A995 
GetPort AB74 InitUtil A03F 
GetPtrSize A021 InitWindows A912 
GetResAttrs A9A6 InitZone A0l9 
GetResFileAttrs A9F6 InsertMenu A935 
GetReslnfo A9AB InsertResMenu A95l 
GetResource A9A(/J InsetRect ABA9 
GetRMenu A9BF InsetRgn ABEl 

GetMenu InvalRect A92B 
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InvalRgn A927 Offline A03s 
InverRect A8A4 PBOffline 

InvertRect OffsetPoly A8CE 
.InverRgn A8Ds OffsetRect A8A8 

InvertRgn OfsetRgn A8E0 
InverRoundRect A8B3 OffsetRgn 

InvertRoundRect Open A000 
InvertArc A8Cl PBOpen 
InvertOval A8BA OpenDeskAcc A9B6 
InvertPoly A8C9 OpenPicture A8F3 
ISDialogEvent A97F OpenPoly A8CB 
KillControls A9s,6 OpenPort A86F 
KillIO A006 OpenResFtle A997 

PBKillIO OpenRF A00A 
KillPicture A8Fs PBOpenRF 
KillPoly A8CD OpenRgn A8DA 

, Launch A9F2 OSEventAvail A030 
Line A892 Pack0 (not used) A9E7 
LineTo A891 Packl (not used) A9E8 
LoadResource , A9A2 Pack2 A9E9 
LoadSeg A9F0 DIBadMount (0) 
LocalToGlobal A870 DIFormat (6) 
LodeScrap A9FB DILoad (2) 

LoadScrap DIUnload (4) 
LongMul A867 DIVerify (8) 
LoWord A86B DIZero (10) 
MapPoly A8FC Pack3 A9EA 
MapPt A8F9 SFGetFile (2) 
MapRect A8FA SFPGetFile (4) 
MapRgn A8FB SFPPutFile (3) 
MaxMem A01D SFPutFile (1) 
MenuKey , A93E Pack4 A9EB 
MenuSelect A93D PackS A9EC 
ModalDialog A991 Pack6 A9ED 
MoreMasters A036 IUDatePString (14) 
MountVol A00F IUDateString (0) 

PBMountVol IUGetIntl (6) 
Move A894 IUMagIDString (12) 
MoveControl A9s9 IUMagString (10) 
MovePortTo A877 IUMetric (4) 
MoveTo A893 IUSetlntl (8) 
MoveWindow A91B IUTimePString (16) 
Munger A9Ey) IUTimeString (2) 
NewControl A9s4 PackT A9EE 
NewDialog A97D NumToString (0) 
NewHandle A022 StringToNum (1) 
NewMenu A931 PackBits A8CF 
NewPtr A01E PaintArc A8BF 
NeWRgn A8D8 PaintBehind A90D 
NewString A906 PaintOne A90c 
NewWindow A913 PaintOval A8B8 
NoteAlert A987 PaintPoly A8C7 
ObscureCursor A8s6 PaintRect A8A2 

PaintRgn A8D3 
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PaintRoundRect A8B1 SetCRefCon A95B 
ParamText A9SB SetCTitle A95F 
PenMode AS9C SetCtlAction A96B 
PenNormal AS9E SetCtlValue A963 
PenPat AS9D SetCursor ASS1 
PenSize AS9B SetDateTime A03A 
PicComment ASF2 SetDltem A9SE 
PinRect A94E SetEmptyRgn ASDD 
Plotlcon A94B SetEOF A012 
PortSize AS76 PBSetEOF 
PostEvent A02F SetFilelnfo A00D 
Pt2Rect ASAC PBSetFlnfo 
PtlnRect AS AD SetFilLock A041 
PtlnRgn ASES PBSetFLock 
PtrAndHand A9EF SetFilType A043 
PtrToHand A9E3 PBSetFVers 
PtrToXHand A9E2 SetFontLock A903 
PtrZone A04S SetFPos A044 
PtToAngle ASC3 PBSetFPos 
PurgeMem A04D SetGrowZone A04B 
PutScrap A9FE SetHandleSize A024 
Random AS61 Setltem A947 
RDrvrlnstall A04F SetIText A9SF 
Read A002 Setltmlcon A940 

PBRead Setltemlcon 
ReadDateTime A039 SetltmMark A944 
RealFont A902 SetltemMark 
ReallocHandle A027 SetltmStyle A942 
RecoverHandle A02S SetltemStyle 

RectlnRgn ASE9 SetMaxCtl A96S 

RectRgn ASDF SetCtlMax 

ReleaseResource A9A3 SetMenuBar A93C 

, Rename A00B SetMFlash A94A 

PBRename SetMenuFlash 

ResError A9AF SetMinCtl A964 

ResrvMem A040 SetCtlMin 

RmveReference A9AE .SetOrigin AS78 

RmveResource A9AD ' . SetPBits AS7S 

RsrcZonelnit A996 SetPortBits 

RstFilLock A042 SetPenState AS99 

PBRstFLock SetPort AS73 

SaveOld A90E SetPt AS80 
ScalePt ASFS SetPtrSize A020 
ScrollRect ASEF SetRecRgn ASDE 

Secs2Date A9C& SetRectRgn 

SectRect ASAA SetRect ASA7 

SectRgn ASE4 SetResAttrs A9A7 

SelectWindow A91F SetResFileAttrs A9F7 

SelIText A97E SetReslnfo A9A9 

Send Behind A921 SetResLoad A99B 

SetAppBase A0S7 SetResPurge A993 

SetApplBase SetStdProcs ASEA 

SetApplLimit A02D SetString A907 

SetClip AS79 SetTrapAddress A047 
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SetVol A0l5 ' TEGetText A9CB 

PBSetVol TEIdle A9DA 

SetWindowPic A92E TEInit A9CC 

SetWRefCon A918 TEInsert A9DE 
I 

SetWTitle A9lA TEKey A9DC 

SetZone A0lB TENew A9D2 

ShfeldCursor A855 TEPaste A9DB 

ShowControl A957 TEScroll A9DD 

ShowCursor A853 TESetJust A9DF 

ShowHide A908 TESetSelect A9Dl 
. ShowPen A897 TESetText A9CF 
ShowWindow A9l5 TestControl A966 
SizeControl A95C TEUpdate A9D3 
SizeRsrc A9A5 TextBox A9CE 

SizeResource TextFace A888 
SizeWindow A9lD TextFont A887 
SlopeFromAngle A8BC TextMode A889 
SpaceExtra A88E TextSize A88A 
Status A005 TextWidth A886 

PBStatus TickCount A975 

StdArc A8BD TrackControl A968 
StdBits A8EB TrackGoAway A9lE 
StdComment A8Fl UnionRect A8AB 
StdGetPic A8EE UnionRgn A8E5 
StdLine A890 UniqueID A9Cl 
StdOval A8B6 UnloadSeg A9Fl 
StdPoly A8C5 UnlodeScrap A9FA 
StdPutPic A8F0 UnloadScrap 
StdRect A8A0 UnmountVol A00E 
StdRgn A8Dl PBUnmountVol 
StdRRect A8AF UnpackBits A8D0 

StdText A882 UpdateResFile A999 

StdTxMeas A8ED UprString A054 

StillDown A973 UseResFile A998 

StopAlert A986 ValidRect A92A 

StringWidth A88C ValidRgn A929 

Stuff Hex A866 Vlnstall A033 , 

SubPt A87F VRem6ve A034 

SysBeep A9C8 WaitMouseUp A977 

SysEdit A9C2 Write A003 
SystemEdit PBWrite 

SysError A9C9 WriteParam A038 
SystemClick A9B3 WriteResource A9B0 
SystemEvent A9B2 XorRgn A8E7 

SystemMenu A9B5 ZeroScrap A9FC 

SystemTask A9B4 
TEActivate A9D8 
TECalText A9D0 
TEClick A9D4 
TECopy A9D5 
TECut A9D6 
TEDeactivate A9D9 
TEDelete A9D7 
TEDispose A9CD 
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TraE Word Name TraE Word Name 
A000 Open A01B SetZone 

PBOpen A01C FreeMem 
A001 Close A01D MaxMem 

PBClose A01E NewPtr 
A002 Read A01F DisposPtr 

PBRead A020 SetPtrSize 
A003 Wri.te A021 GetPtrSize 

PBWrite A022 NewHandle 
A004 Control A023 DisposHandle 

. PBControl A024 SetHandleSize 
A005 Status A025 GetHandleSize 

PBStatus A026 HandleZone 
A006 KillIO A027 ReallocHandle 

PBKillIO 'A028 RecoverHandle 
A007 GetVollnfo A029 HLock· 

PBGetVlnfo A02A HUnlock 
A008 Create A02B EmptyHandle 

PBCreate A02C InitApplZone 
A009 Delete A02D SetApplLimit 

PBDelete A02E BlockMove 
A00A OpenRF A02F PostEvent 

PBOpenRF A030 O"SEventAvail 
A00B Rename A031 GetOSEvent 

PBRename A032 FlushEvents 
A00c GetFilelnfo A033 Vlnstall 

PBGetlnfo A034 VRemove 
A00D SetFilelnfo A035 Offline 

PBSetFlnfo PBOffline 
A00E UnmountVol A036 MoreMasters 

PBUnmountVol A038 WriteParam 
A00F MountVol A039 ReadDateTime 

PBMountVol A03A SetDateTime 
A010 Allocate A03B Delay 

PBAllocate A03C CmpString" 
A011 GetEOF EqualString 

PBGetEOF A03D Drvrlnstall 
A012 SetEOF (internal use only) 

PBSetEOF A03E DrvrRemove 
A013 FlushVol (internal use only) 

PBFlushVol' A03F InitUtil 
A014 GetVol A040 ResrvMem 

PBGetVol A041 SetFilLock 
A01S SetVol PBSetFLock 

PBSetVol A042 RstFilLock 
A016 InitQueue PBRstFLock 

FlnitQueue *** File Mgr. A043 SetFilType 
InitQueue routine will PBSetFVers 
be renamed this *** A044 SetFPos 

A017 Eject PBSetFPos 
PBEject A045 FlushF.ile 

A018 GetFPos PBFlushFile 
PBGetFPos A046 GetTrapAddress 

A019 InitZone A047 SetTrapAddress 
A01A Get.Zone A048 PtrZone .,. \~ : 
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A87E AddPt 
A049 HPurge A87F SubPt 
ArtJ4A HNoPurge 

A880 SetPt 
ArtJ4B SetGrowZone A881 EqualPt 
A04C CompactMem A882 StdText 
A04D PurgeMem A883 DrawChar" 
A04E AddDrive A884 DrawString 
A04F RDrvrlnstall A885 DrawText 
A054 UprString A886 ·TextWidth 
A057 SetAppBase A887 TextFont 

SetApplBase A888 TextFace 
A850 InitCursor A889 TextMode 
A851 SetCursor A88A TextSize 
A852 HideCursor A88B GetFontlnfo 
A853 ShowCursor A88C StringWidth 
A855 ShieldCursor A88D CharWidth 
A856 ObscureCursor A88E SpaceExtra 
A858 ' BitAnd A89'/) StdLine 
A859 BitXor A891 LineTo 
A85A BitNot A892 Line 
A85B BitOr A893 MoveTo 
A85C BitShift A894 Move 
A85D BitTst A899 HidePen 
A85E BitSet A897 ShowPen 
A85F BitClr A898 GetPenState 
A861 Random A899 SetPenState 
A862 ForeColor A89A GetPen 
A863 BackColor A89B PenSize 
A864 ColorBit A89C PenMode 
A865 GetPixel A89D PenPat 
A866 Stuff Hex A89E PenNormal 
A867 LongMul A8A'/) St.dRect 
A868 FixMul A8Al FrameRect 
A869 FixRatio A8A2 PaintRect 
A86A HiWord A8A3 EraseRect 
A86B LoWord A8A4 InverRect 
A86C FixRound InvertRect 
A86D InitPort A8A5 FillRect 
A86E InitGraf A8A6 EqualRect 
A86F OpenPort A8A7 SetRect 
A87'/) LocalToGlobal A8A8 OffsetRect 
A871 GlobalToLocal A8A9 InsetRect 
A872 GrafDevice A8AA SectRect 
A873 SetPort A8AB UnionRect 
A874 GetPort A8AC Pt2Rect 
A875 SetPBits A8AD PtlnRect 

SetPortBits A8AE EmptyRect 
A876 Port Size A8AF StdRRect 
A877 MovePortTo A8B'/) FrameRoundRect 
A878 SetOrigin A8Bl PaintRoundRect 
A879 SetClip A8B2 EraseRoundRect 
A87A GetClip A8B3 InverRoundRect 
A87B ClipRect InvertRoundRect 
A87C BackPat A8B4 FillRoundRect 
A87D ClosePort 
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A8B6 StdOval A8E8 PtlnRgn 
A8B7 FrameOval A8E9 RectlnRgn 
A8B8 PaintOval A8EA SetStdProcs 
A8B9 EraseOval A8EB Std~its 

A8BA InvertOval A8EC CopyBits 
A8BB FillOval A8ED StdTxMeas 

A8EE StdGetPic A8BC SlopeFromAngle 
A8EF ScrollRect A8BD StdArc 

A8BE FrameArc A8F'/J StdPutPic 
A8Fl StdComment A8BF PaintArc 
A8F2 PicComment A8C'/J EraseArc 
A8F3 OpenPicture A8Cl InvertArc 
A8F4 ClosePlcture A8C2 FillArc 
A8Fs KillPicture A8C3 PtToAngle 
A8F6 DrawPicture A8C4 AngleFromSlope 
A8F8 ScalePt A8Cs StdPoly 
A8F9 MapPt A8C6 FramePoly 
A8FA MapRect A8C7 PaintPoly 
A8FB MapRgn A8C8 ErasePoly 
A8FC MapPoly A8C9 InvertPoly 
A8FE InitFonts ABCA FillPoly 
A8FF GetFName A8CB OpenPoly 

GetFontName A8'CC ClosePgon 
A9'/J'/J GetFNum ClosePoly 
A9'/Jl FMSwapFont A8CD KillPoly 

Swal'Font A8CE OffsetPoly 
A9'/J2 RealFont A8CF PackBits 
A9'/J3 SetFontLock A8D'/J UnpackBits 
A9'/J4 DrawGrowlcon A8Dl StdRgn 
A9'/Js DragGrayRgn A8D2 FrameRgn 
A9'/J6 NewString A8D3 PaintRgn 
A907 SetString A8D4 EraseRgn 
A9'/J8 ShowHide A8D5 InverRgn 
A9'/J9 .CalcVis InvertRgn 
A90A CalcVBehind A8D6 FillRgn 

CalcVisBehind A8D8 NewRgn 
A90B ClipAbove A8D9 DisposRgn 
A90c PaintOne DisposeRgn 
A90D PaintBehind A8DA OpenRgn 
A9'/JE SaveOld A8DB CloseRgn 
A90F DrawNew A8DC CopyRgn 
A91'/J GetWMgrPort A8DD SetEmptyRgn 
A9ll CheckUpdate A8DE SetRecRgn 
A9l2 InitWindows SetRectRgn 
A913 NewWindow A8DF RectRgn 
A914 DisposWindow A8E'/J OfsetRgn 

DisposeWindow OffsetRgn 
A915 ShowWindow A8El InsetRgn 
A916 HideWindow A8E2 ErnptyRgn 
A9l7 GetWRefCon A8E3 EqualRgn 
A9l8 SetWRefCon A8E4 SectRgn 
A9l9 ' GetWTitle ABEs UnionRgn 
A9lA SetWTitle A8E6 DiffRgn 
A9lB MoveWindow A8E7 XorRgn 

1/11/85 Rose /OSUTIL(UTIL.B 



APPENDIX B: SYSTEM TRAPS 43 

A91C HiliteWindow A94A SetMFlash 

A91D SizeWindow SetMenuFlash 

A91E TrackGoAway A94B Plotlcon 

A91F SelectWindow A94C FlashMenuBar 

A920 BringToFront A94D AddResMenu 

A921 SendBehind A94E PinRect 

A922 BeginUpdate A94F DeltaPoint 

A923 EndUpdate A950 CountMltems 

A924 FrontWindow A951 InsertResMenu 

A925 DragWindow A954 NewControl 

A926 DragTheRgn A955 DisposControl 

A927 InvalRgn 
DisposeControl 

A928 InvalRect 
A956 KillControls 

A929 ValidRgn 
A957 ShowControl 

A92A ValidRect 
A958 HideControl 

A92B GrowWindow 
A959 MoveControl 

A92C FindWindow 
A95A GetCRefCon 

A92D CloseWindow 
A95B SetCRefCon 

A92E SetWindowPic 
A95C SizeControl 

A92F GetWindowPic 
A95D HiliteControl 

A930 InitMenus 
A95E GetCTitle. 

A931 NewMenu 
A95F SetCTitle 

A932 DisposMenu A960 GetCtlValue 

DisposeMenu A961 GetMinCtl 

A933 AppendMenu GetCtlMin 

A934 ClearMenuBar A962 GetMaxCtl 

A935 'InsertMenu GetCtlMax 

A936 DeleteMenu A963 SetCtlValue 

A937 DrawMenuBar A964 SetMinCtl 

A938 HiliteMenu SetCtlMin 

A939 Enableltem A965 SetMaxCil 

A93A Disableltem SetCtlMax 

A93B GetMenuBar A966 TestControl 

A93C SetMenuBar A967 DragControl 

A93D MenuSelect A968 TrackControl 

A93E MenuKey A969 DrawControls 

A93F Ge t 1'; t·mlcon A96A GetCtlAction 

Getltemlcon A96B SetCtlAction 

A940 Setltmlcon A96C FindControl 

Setltemlcon A96E Dequeue 

A941 Get ItmStyle' A96F Enqueue 

GetltemStyle A970 GetNextEvent 

A942 SetltmStyle A971 E.ventAvail 

SetltemStyle A972 GetMouse 

A943 GetltmMark 
A973 StillDown 

GetItemMark A974 Button 

A944 SetltmMark 
A975 TickCount 

SetltemMark A976 GetKeys 

A945 Checkltem 
A977 WaitMouseUp 

A946 Getltem 
A979 CouldDialog 

A947 Setltem A97A FreeDialog 

. A948 CalcMenuSize A97B InitDialogs 

A949 GetMHandle A97C GetNewDialog 
A97D NewDialog 
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A97E SelIText A9B4 SystemTask 
A97F IsDialogEvent A9BS SystemMenu 
A980 DialogSelect A9B6 OpenDeskAcc 
A98l DrawDialog A9B7 CloseDeskAcc 
A982 CloseDialog A9B8 GetPattern 
A983 DisposDialog A9B91 GetCursor 
A98S Alert A9BA GetString 
A986 StopAlert A9BB GetIcon 
A987 NoteAlert A9BC GetPicture 
A988 CautionAlert A9BD GetNewWindow 
A989 CouldAlert A9BE GetNewControl 
A98A FreeAlert. A9BF GetRMenu 
A98B ParamText GetMenu 
A98C ErrorSound A9C0 GetNewMBar '. 

A98D GetDltem A9Cl UniqueID 
A98E SetDltem A9C2 SysEdit 
A98F SetIText SystemEdit 
A990 GetIText A9C6 Secs2Date 
A99l ModalDialog A9C7 Date2Secs 
A992 DetachResource A9C8 SysBeep 
A993 SetResPurge A9C9 SysError 
A994 CurResFile A9CB TEGetText 
A99S InitResources A9CC TEInit 
A996 RsrcZoneInit A9CD TEDispose 
A997 OpenResFile A9CE TextBox 
A998 UseResFile A9CF TESetText 
A999 UpdateResFile A9D0 TECalText 
A99A CloseResFile A9Dl TESetSelect 
A99B SetResT.Joad A9D2 TENew 
A99C CountResources A9D3 TEUpdate 
A99D GetIndResource A9D4 TEClick 
A99E CountTypes A9l)S TECopy 
A99F GetIndType A9D6 TECut 
A9A0 GetResource A9D7 TEDelete 
A9Al GetNamedResource A9D8 TEActivate 
A9A2 LoadResource A909 TEDeactivate 
A9A3 ReleaseR~source A9DA TEIdle 
A9A4 HomeResFile A9DB TEPaste 
A9AS SizeRsrc A9DC TEKEiy 

SizeResource A900 TEScroll 
A9A6 GetResAttrs A9DE· TEInsert 
A9A7 SetResAttrs A9DF TESetJust 
A9A8 GetResInfo A9E0 Munger 
A9A9 SetResInfo A9El HandToHand 
A9AA ChangedResource A9E2 PtrToXHand 
A9AB AddResource A9E3 PtrToHand 
A9AC Add Reference A9E4 HandAndHand 
A9AD RmveResource A9ES InitPack 
A9AE RmveReference A9E6 InitAllPacks 
A9AF ResError A9E7 Pack0 
A9B0 WriteResource A9E8 Packl 
A9Bl CreateResFile 
A9B2 SystemEvent 
A9B3 SystemClick 
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A9E9 Pack2 
DIBadMount (0) 
DILoad (2) 
DIUnload (4) 
DIFormat (6) 
DIVerify (8) 
DIZero (10) 

A9EA Pack3 
SFPutFile (1) 
SFGetFile (2) 
SFPPutFile (3) 
SFPGetFile (4) 

A9EB Pack4 
A9EC PackS 
A9ED Pack6 

IUDateString (0) 
IUTimeString (2) 
IUMetric (4) 
IUDGetIntl (6) 
IUSetIntl (8) 
IUMagString (10) 
IUMagIDString (12) 
IUDatePString (14) 
IUTimePString (16) 

A9EE Pack7 
NumToString (0) 
StringToNum (1) 

A9EF PtrAndHand 
A9F0 LoadSeg 
A9Fl UnloadSeg 
A9F2 Launch 
A9F3 Chain 
A9F4 ExitToShell 
A9Fs GetAppParms 
A9F6 GetResFileAttrs 
A9F7 SetResFileAttrs 
A9F9 InfoScrap 
A9FA UnlodeScrap 

UnloadScrap 
A9FB LodeScrap 

LoadScrap 
A~FC ZeroScrap 
A9FD GetScrap 
A9FE PutScrap 
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ABOUT THIS MANUAL 3 

ABOUT THIS MANUAL 

This manual describes the overall structure of a Macintosh application 
program, including its interface with the Finder. *** Right now it 
describes only the Finder interface; the rest will be filled in later. 
Eventually it will become part of a comprehensive manual describing the 
entire Toolbox and Operating System. *** 

(hand) 
This information in this manual applies to version 7 of 
the Macintosh ROM and version 1.0 of the Finder. 

You should already be familiar with the following: 

'- The details of the User Interface Toolbox, the Macintosh Operating 
System, and the other routines that your application program may 
call. For a list of all the technical documentation that provides 
these details, ,see Inside Macintosh: A Road Map. 

- The Finder, which is described in the Macintosh owner's guide. 

This manual doesn't cover the steps necessary to create an 
application's resources or to compile, link, and execute the 
application program. These are discussed in the manual Putting 
Together ~ Macintosh Application. 

The'manual begins with sections that describe the Finder in~erface: 
signatures and file types, used for identification purposes; 
application resources that provide icon and file information to the 
Finder; and the mechanism that" allows documents to be opened or printed 
from the Finder.' 

*** more to come *** 

Fi~ally, there's a glossary of terms used in this-manual. 

SIGNATURES AND FILE TYPES 

Every application must have a unique signature by which the Finder can 
identify it. The signature can be any four-character sequence not 
being used for another application on any currentiy mounted volume 
(except that it can't be one of the standard resour~e types). To 
ensure uniqueness on all volumes~ your application's signature must be 
assigned by Macintosh Technical Support. 

Signatures work together with file types to enable the user to open or 
print a document (any file created by an application) f~om the Finder. 
When the application creates a file, it sets the file~s creator and 
file type. Normally it sets the creator to its signature and the file 
type to a four-character sequence that identifies files of that type. 
When the user asks the Finder to open or print the file, the Finder 
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4 Structure of a Macintosh Application 

starts up the application whose signature is the file's creator and 
passes the file type to the application along with other identifying 
information, such as the file name. (More 'information about this 
process is given below under "Opening and Printing Documents from the 
Finder".) 

An application may create .its own special type or types of files. Like 
signatures, file .types must be assigned by Macintosh Technical Support 
to ensure uniqueness. When the user chooses Open from an application's 
File menu, the applic,ation will display (via the Standard" File Package) 
the names of all files of a given type or types, regardless of which 
application created the files. Having a unique file type for your 
application's special files ensures that only the names of those files 
will be displayed for opening. . 

(hand) 
Signatures and file types may be strange, unreadable 
combinations of characters; they're never seen by end 
users of Macintosh. 

Applications may also create existing types of files. There might, for 
example, be one that merges two MacWrite documents into a single 
document. In such cases, the application should use the same file type 
as the original application uses for those files. It should also 
specify the original applicaiion's signature as the file's creator; 
that way, when the user asks the Finder to open or print the file, the 
Finder will calIon the original application to perform the operation. 
To learn th~ signatures and file types used by existing applications, 
,check with Macintosh Technical Support. 

Files that consist only of text--a stream of characters, with Return 
characters at the ends of paragraphs or short lines--should be given 
the file type 'TEXT'. This is the type that MacWrite gives to· 
text-only files it creates, for example. If your application uses this 
file type, its files will be accepted by MacWrite and it in turn will 
accept MacWrite text-only files (likewise for any other application 
that deals with 'TEXT' files). Your application can give its own 
signature as the file's creator if it wants to be called to open or 
print the file when the user requests this from the Finder. 

For files that aren't to be opened or printed from the Find~r, as may 
be the case for certain data files created by the application, the 
signature should be set to '1111' (and the file type to whatever is 
appropriate) • 

FINDER-RELATED RESOURCES 

To establish the proper interface with the 'Finder, every applicationt~ 
resource file must specify the signature of the application along with 

t 

data that provides version information. In addition, there may be 
resources that provide information about icons and files related to the 
application. All of these Finder-related resources are described 
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FINDER-RELATED RESOURCES 5 

below, followed by a comprehensive example and (for interested 
programmers) the exact formats of the resources. 

Version Data 

Your application's resource file must contain a special resource that 
has the signature of the application as its resource type. This 
resource is called the version data of the application. The version 
data is typically a string that gives the name, version number, and 
date of the application, but it can in fact be any data at all. The 
resource ID of the version data is 0 by convention. 

As described in detail in Putting Together ~ Macintosh Application, 
part of the process of installing an application on the Macintosh is to 
set the creator of the file that contains the application. You set the 
creator to the application's signature, and the Finder copies the 
corresponding version data into a resource file named Desktop. (The 
Finder doesn't display this file on the Macintosh desktop, to ensure 
that the user won't tamper with it.) 

(hand) 
Additional, related resources may be copied into the 
Desktop file; see "Bundles" below for more information. 
The Desktop file also contains folder resources, one for 
each folder on the volume. 

Icons and File References 

For each application, the Finder needs to know: 

- The icon to be displayed for the application on the desktop, if 
different from the Finder's default icon for applications (see 
Figure 1). 

- If the application creates any files, the icon to be displayed for 
each type of file it creates, if different from t-he Finder's 
default icon for documents. 

- What files, if any, must accompany the application when it's 
transferred to another volume. 

~ D 
.A.pp I i cat ion Document 

Figure 1. Th~ Finder's Default Icons 

The Finder learns this information from resources called file 
references in the application's resource file. Each file reference 
contains a file type and an ID number, called a local ID, that 
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id~ntifies the icon to be displayed for that type of file. (The local 
ID is mapped to an actual resource ID as -described under "Bundles" 
below.) Any file reference may also include the name of -a file that 
must accompany the application when it's transferred to another volume. 

The file type for the application itself is 'APPL'. This is the file 
type in the file reference that designates the application's icon. You 
also specify it as the application's file type at the same time that -
you specify its creator--the first time you install the application on 
the Macintosh. 

The ID number in a file reference corresponds not to a single icon but 
to an icon list in the application's resource file. The icon list 
consists of two icons: the actual icon to be displayed on the desktopt 
and a mask consisting of that icon's outline filled with black (see 

, Figure 2). *** For existing types of files, there's currently no way 
to direct the Finder to use the original application's icon for that 
file type. *** 

Mask 

Figure 2. Icon and Mask 

Bundles 

A bundle in the application's resource file groups together all the 
Finder-relate~ resources. It specifies the following: 

- Th,e application's signature and the resource ID of its version 
data 

- A mapping between the local IDs for icon lists (as specified in 
file references) and the actual resource IDs of the icon lists in 
the resource file 

- Local IDs for the file references themselves and a mapping to 
their actual resource IDs 

The first time you install the application on the Macintosh, you set 
its "bundle bit", and the Finder copies the version data, bundle, icon; 
lists, and file references from the application's resource file intd 
the Desktop file. *** (The setting of the bundle bit ,will be cover'ed 
in the next version of Putting Together ~ Macintosh Application.) ; 
*** If there are any resource ID conflicts between the icon lists and 
file references in the application's resource file and those in 
Desktop, the Finder will change those resource IDs in Desktop. The 
Finder does this same resource copying and ID conflict resolution when 
you transfer an application to another volume. 
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(hand) 
The local IDs are needed only for use by the Finder. 

An Example 

Suppose you've written an application named SampWriter. The user can 
create a unique type of document from itt and you want a distinctive 
icon for both the application and its documents. The application's 
signature t as assigned by Macintosh Technical Supportt is 'S~fP'; the 
file type assigned for its documents is 'SAMF'~ Furthermore t a file 
named 'TgFil' should accompany the application when it's transferred to 
another volume. You would include the following resources in the 
application's resource file: 

Resource Resource ID 
Version data with 0 

resource type 'SAMP' 
Icon list 128 

Icon list 129 

File reference 128 

File reference 129 

Bundle 128 

(hand) 

Contents 
The string 'SampWriter Version 1 

2/1/84' 
The icon for the application 
The i.con' s mask 
The icon for documents 
The icon's mask 
File type 'APPL' 
Local ID 0 for the icon list 
File type 'SAMF' 
Local ID 1 for the icon list 
File name 'TgFil" 
Signature 'SAMP' 
Resource ID 0 for the version data 
For icon lists t the mapping: 

local ID 0 --) resource ID 128 
local ID 1 --) resource ID 129 

For file references, the mapping: 

local ID 0 --) resource ID 128 
local ID 1 --) resource ID 129 

See the manual Putting Together ~ Macintosh Application 
for information about how to include these resources in a 
resource file. 

The,file references in this example happen to have the same local IDs 
and resource IDs as the icon lists, but any of these numbers can be 
different. Different resource IDs can be given to the file references, 
and the local IDs specified in the mapping for file references can be 
whatever desired. 

2/8//84 Rose /STRUCTURE/STRUCT.2 



) 

8 Structure of a Macintosh Application 

Formats of Finder-Related Resources 

The 'resource type for an application's version data is the signature of 
the application, and the resource ID is ~ by convention. The resource 
data can be anything at all; typically it's a string giving the name, 
version number, and date of the application. 

The resource type for an icon list is 'ICND'. The resource data simply 
consists of the icons, 128 bytes each •. 

The resource type for a file reference is 'FREF'. The resource data 
has the format shown below. 

Number of bytes 
4 bytes 
2 bytes 

Contents 
File type 
Local ID for icon list 

1. byte Length of following file name in bytes; 
~ if none 

n bytes Optional file ~ame 

The resource type for a bundle is 'BNDL'. The resource data has the 
format shown below. The format is more general than needed for 
Finder-related purposes because bundles will be used in other ways in 
the future. 

Number of bytes Contents 
4 bytes Signature of the application 
2 bytes Resource ID of version data 
2 bytes Number of resource types in bundle minus 1 
For each resource type: 

4 bytes Resource type 
2 bytes Number of resources of this type minus 1 
For each resource: 

2 bytes Local ID 
2 bytes Actual resource ID 

A bundle used for establishing the Finder interface contains the two 
resource types 'ICND' and 'FREF'. 

OPENING AND PRINTING DOCUMENTS FROM THE FINDER 

When the user selects a document and tries to open or print it from the 
Finder, the Finder starts up the application whose signature is the 
document file's creator. An application may be select~d along with one 
or more documents for opening (but not printing); in this case, the 
Finder starts up that application. If the user selects more than one 
document for opening without selecting an application, the files must 
have the same creator. If more than one document is selected for 
printing, the Finder starts up the application'whose signature is the 
first file's creator (that is, the first one selected if the~ were 
selected by Shift-clicking, or the top left one if they were selec~ed 
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by dragging a rectangle around them). 

Any time the Finder starts up an application, it passes along 
.information via the "Finder information handle" in the application 
parameter area (as described in the Segment Loader manual). Pascal 
programmers can call the Segment Loader procedure GetAppParms to get 
the Finder information handle. For example, if applParam is declared 
as type Handle, the call 

GetAppParms(applName, applRefNum, applParam) 

returns the Finder information handle in applParam. The Finder 
information has the following format: 

Number of bytes 
2 bytes 
2 bytes 
For each file: 

2 bytes 

4 bytes 
,.1 byte 
1 byte 
1 byte 
n bytes 

Contents 
o if open, 1 if print 
Number of files to open or print (0 if none) 

Volume reference number of volume containing 
the file 
File type 
File's version number (typically 0) 
Ignored 
Length of following file name in byt~s 
Characters of file name (if n is even, add 
an extra byte) 

The files are listed in order of- the appearance of their icons on the 
desktop, from left to right and top to bottom. The file names don't 
include a volume prefix. An extra byte is added to any name of even 
length so that the entry for the next name will 'begin on a word 
boundary. 

Every application that opens or prints documents should look at this 
information to determine what to do when· the Finder starts it up. If 
the number of files is 0, the application should start up with an 
untitled document on the desktop.· If a file or files are specifi~d-for 
opening, it should start up with those documents on the desktop. If 
only one document can be open at a time but more than one file is 
specified, the application should open the first one and ignore the 
rest. If the application doesn't recognize a file's type (which can 
happen if the user selected the application along with another 
application's document), it may want to open the file anyway and check 
its internal structure to see if it's a compatible type. The response 
to an unacceptable type of file should be an alert box that shows the 
file name and says that the document can't be opened. 

If a file or files are specified for printing, the application should 
print them in turn, preferably without doing its entire start-up 
sequence. For example, it may not be necessary to show the menu bar or 
a document window, and reading the desk scrap into memory is definitely 
not required. After successfully printing a document, the application 
should set the file type in the Finder information to 0. Upon return 
from the application,- the Finder will start up other applications as 
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10 Structure of a Macintosh Application 

necessary to print any remaining files whose type was not· set to 0. 
*** The Finder'doesn't currently do this, but it may in the future. 

*** 
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GLOSSARY 

bundle: A resource that maps local IDs of resources to their actual 
resource IDs; used to provide mappings for file references and icon 
lists needed by the Finder. 

Desktop file: A resource file in which the Finder stores folder 
resources and the version data) bundle) icons, and file references for 
each application on the volume. 

file reference: A resource that provides'~he Finder with file and icon 
information about an'application. 

file type: A four-character sequence, specified when a file is 
created, the identifies the type of file. 

icon list: A resource consisting of a list of icons. 

local ID: A number that refers to an icon list or file reference in an 
application's resource file and is mapped to an actual resource ID by a 
bundle. 

signature: A four-character sequence that uniquely identifies an 
application to the Finder. 

version data: In an application's resource file, a resource that has 
the application's signature as its resource type; typically a string 
that gives the name, versi~n number) and date of the application. 
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This manual describes the Standard Apple Numeric Environment 
(SANE). Apple supports SANE on several current products and 
plans to support SANE on future products. SANE gives you 
access to numeric facilities unavailable on almost any computer of 
the early 1980's-from microcomputers to extremely fast, 
extremely expensive supercomputers. The core features of SANE 

. are not exclusive to Apple; rather they are taken from Draft 10.0 of 
Standard 754 for Binary Floating-Point Arithmetic [10] as proposed 
to the Institute of Electrical and Electronics Engineers (IEEE). 
Thus SANE is one of the first widely available products with the 
arithmetic capabilities destined to be found on the computers of 
the mid-1980's and beyond. 

The IEEE Standard specifies standardized data types, arithmetic, 
and conversions, along with tools for handling limitations and 
exceptions, that are sufficient for numeric applications. SANE 
supports all requirements of the IEEE Standard. SANE goes 
beyond the specifications of the Standard by including a data type 
designed for accounting applications and by including several 
high-quality library functions for financial and scientific calculations. 

IEEE arithmetic was specifically designed to provide advanced 
features for numerical analysts without imposing an extra burden 
on casual users. (This is an admirable but rarely attainable goal: 
text editors and word processors, for example, typically suffer 
increased complexity with added features, meaning more hurdles 
for the novice to clear before completing even the simplest tasks.) 
The independence of elementary and advanced features of the 
IEEE arithmetic was carried over to SANE. 

Throughout this manual, references in brackets are to the 
annotated bibliography in Part I. Words printed in bold type are 
defined in the glossary in Part I. 
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SANE provides three application data types (single, double, and 
camp) and the arithmetic type (extended). Single, double, and 
extended store floating-point values and comp stores integral 
values. 

The' extended type is called the arithmetic type because, to make 
expression evaluation simpler and more accurate, SANE performs 
all arithmetic operations in extended precision and delivers 
arithmetic results to the extended type. Single, double, and 
comp can be thought of as space-saving storage types for the 
extended-precision arithmetic. (In this manual, we shall use the 
te~m extended precision to denote both the extended precision 
and the extended range of the extended type.) 

All values representable in single, double, and camp (as well as 
1S-bit and 32-bit integers) can be represented exactly in extended. 
Thus values can be moved from any of these types to the 
extended type and back without any loss of information. 

Chapter 2: Data Types 



• Choosing a Data Type 

Typically, picking a data type requires that you determine the 
trade-offs between 

• fixed- or floating-point form 

• precision 

• range 

• memory usage 

• speed. 

The precision, range, and memory usage for each SANE data type 
are shown in Table 2-1. Effects of the data types on performance 
(speed) vary among the implementations of SANE. (See Chapter 4 
for information on conversion problems relating to precision.) 

Most accounting applications require a counting type that counts 
things (pennies, dollars, widgets) exactly. Accounting applications 
can be implemented by representing money values as integral 
numbers of cents or mils, which can be stored exactly in the 
storage .format of the comp (for computational) type. The sum, 
difference, or product of any two comp values is exact if the 
magnitude of the result does not exceed 263 

- 1 (that 
is, 9,223,372,036,854,775,807). This number is larger than the 
U.S. national debt expressed in Argentine pesos. In addition, comp 
values (such as the results of accounting computations) can be 
mixed with extended values in floating-point computations (such as 
. compound interest). 
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Arithmetic with comp-type variables, like all SANE arithmetic, is 
done internally using extended-precision arithmetic. There is no 
loss of precision, as conversion from comp to extended is always 
exact. Space can be saved by storing numbers in the comp type, 
which is 20 percent shorter than extended. Non-accounting 
applications will normally be better served by the floating-point 
data formats. 

• Values Represented 

The floating-point storage formats (single, double, and extended) 
provide binary encodings of a sign (+ or -), an exponent, and a 
slgnltlcand. A represented number has the value 

±significand * 2expon~nt 

where the significand has a single bit to the left of the binary point 
(that is, 0 s significand < 2). . 
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• Range and Precision: of SANE Types 

This table describes the range and precision of the numeric data 
types supported by SANE. Decimal ranges are expressed as 
chopped two-digit decimal representations of the exact binary 
values. 

Table 2-1.SANE Types 

Type class Application Arithmetic 

Type identifier Single Double Comp Extended 

Size (bytes:bits) 4:32 8:64 8:64 10:80 

Binary exponent 
range 
Minimum -126 -1022 -16383 
Maximum 127 1023 16383 

Significand precision 
Bits 24 53 63 64 
Decimal digits 7-8 15-16 18-19 19-20 

Decimal range 
(approximate) 
Min negative -3.4E+38 -1.7E+308 S!-9.2E18 -'.1E +4932 
Max neg norm -1.2E-38 -2.3E-308 -1.7E-4932 
Max neg denormt -1.5E-45 -S.OE-324 -1.9E-4951 

Min pas denormt 1.SE-45 S.OE-324 1.9E-4951 
Min pas norm 1.2E-38 2.3E-308 1.7E-4932 
Max poSitive 3.4E+38 1.7E +308 6!9.2E18 1.1E+4932 

Infinitiest Yes Yes No Yes 

NaNst Yes Yes • Yes Yes 

tDenorms (denormallzed numbers), NaNs (Not-a-Number), 
and infinities are defined in Chapter 7. 

Usually numbers are stored in a normalized form, to afford 
maximum precision for a given significand width. Maximum 
precision is achieved if the high order bit in the significand is 1 
(that is, 1 s significand < 2). 
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• Formats 

Example 
In Single, the largest representable number has 

significand = 2 - 2-23 

= 1.111111111111111111111112 

exponent = 127 

value = (2 - 2-23 ) * 2127 

e: 3.403 * 1038 

the smallest representable positive normalized number has 

significand = 1 

= 1.000000000000000000000002 

exponent = -126 

value = 1 * 2-126 

ae 1.175 * 1 0-38 

and the smallest representable positive denormalized number (see 
Chapter 7) has 

significand = 2-23 

= 0.000000000000000000000012 

exponent = -126 

value = 2-23 * 2-126 

ae 1.401 * 10-4t5 

This section shows the formats of the four SANE numeric data 
types. These are pictorial representations and may not reflect the 
actual byte order in any particular implementation. 
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Single 
A 32-bit single format number is divided into three fields as shown 
below. 

1 B 23 
Is I e f 

msb Isb msb Isb 
The value v of the number is determined by these fields as 
follows: .' 

If 0 < e < 255, 

If e = 0 and f ~ 0, 

If e = 0 and f = 0, 

If e = 255 and f = 0, 

If e = 255 and f ~ 0, 

then v = (_1)5 * 2(e-127) * (1.f). 

then v = (_1)5 * 2(-126) * (O.f). 

then v = (_1)5 * O. 

then v = (_1)5 * (XI. 

then v is a NaN. 

See Chapter 7 for information on the contents of the f field for 
NaNs. 

Double 
A 64-bit double format number is divided into three fields as 
shown below. 

, 11 52 

Is I e 
msb Isb msb Isb 

The value v of the number is determined by these fields as 
follows: 

If 0 < e < 2047, 

If e = 0 and f ~ 0, 

If e = 0 and f .= 0, 

If e = 2047 and f = 0, 

If e = 2047 and f ~ 0, 

then v = (_1)5 * 2(e-1023) * (1.f). 

then v = (_1)5 * 2(-1022) * (O.f). 

then v = (_1)5 * O. 

then v = (_1)5 * (XI. 

then v is a' NaN. 
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1 

Comp 
A 64-bit comp format number is divided into two fields as shown 
below. 

63 
I s I d 

msb Isb 
The value v of the number is determined by these fields as 
follows: 

If s = 1 and d = 0, 
Otherwise. 

Extended 

then v is the unique comp NaN. 
v is the two's-complement value of 
the 64-bit representation. 

An aO-bit extended format number is divided into four fields as 
shown below. 

1 15 1 63 

lsi e Iii f 

msb Isb msb Isb 
The value v of the number is determined by these fields as ""\ 
follows: 

If a < = e <' 3276Z, 

If e = 32767 and f = 0, 

If e = 32767 and f ,. 0, 

Chapter 2: Data Types 

then v = (_1)S * 2(e-16383) * (i.f). 

then v = (_1)S * (I), regardless of i. 

then v is a NaN, regardless of i. 



Chapter 3 

Arithmetic Operations 

r 
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SANE provides these basic arithmetic operations for the SANE 
data types: 

• add 

• subtract 

• multiply 

• divide 

• square root 

• remainder 

• round to integral value 

(See Chapters 9 and 10 for auxiliary operations and higher-level 
functions supported by SANE.) 

All the basic arithmetic operations produce the best possible 
result: the mathematically exact result coerced to the precision 
and range of the extended type. The coercions honor the 
user-selectable rounding direction and handle all exceptions 
according to the requirements of the IEEE Standard (see 
Chapter 8). 
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• Remainder 

Generally, remainder (and mod) functions are defined by the 
expression 

x rem y = x - y * n 

where n is some integral approximation to the quotient x/y. This 
expression can be found even in the conventional integer-division 
algorithm: 

n 
(divisor) y)x 

y * n 

(integral quotient approximation) 
(dividend) 

x - y * n (remainder) 

SANE supports the remainder function specified in the IEEE 
Standard: 

When y ¢ 0, the remainder r = x rem y is defined 
regardless of the rounding direction by the mathematical 
relation r = x - y * n, where n is the integral value nearest 
the exact value x/y; whenever In - x/yl = 1/2, n is even. 
The remainder is always exact. If r = 0, its sign is that 
of x. 

Example 1 
Find 5 rem 3 . Here x = 5 and y = 3. Since 1 < 5/3 < 2 and 
since 5/3 = 1 ~66666 ... is closer to 2 than to 1, n is taken to be 2, 
so 

5 rem 3 = r = 5 - 3 * 2 = -1 

Example 2 
Find 7.0 rem 0.4 . Since 17 < 7.010.4 < 18 and since 
7.010.4 =' 17.5 is equally close to both 17 and 18, n is taken to be 
the even quotient, 18. Hence, 

7.0 rem 0.4 = r = 7.0 - 0.4 * 18 = -0.2 

The IEEE remainder function differs from other commonly used 
remainder and mod functions. It returns a remainder of the 
smallest possible magnitude, and it always returns an exact 
remainder. All the other remainder functions can be constructed 
from the IEEE remainder. 
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• R,?und to Integral Value 

An input argument is rounded according to the current rounding 
direction to an integral value and delivered to the extended format. 
For example, 12345678.875 rounds to 12345678.0 or 12345679.0. 
(The rounding direction, which can be set by the user, is explained 
fully in Chapter 8.) 

Note that, in each floating-point format, all values of sufficiently 
great magnitude are integral. For example, in single, numbers 
whose magnitudes are at least 223 are integral. 
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Chapter 4 

, Conversions 
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SANE provides conversions between the extended type and each 
of the other SANE types (single, double, and comp). A particular 
SANE implementation will provide conversions between extended 
and those numeric types supported in its particular larger 
environment. For example, a Pascal implementation will have 
conversions between extended and the Pascal integer type. 

single system -speci f ic 

double .- ~ extended ~ --.. integral .... --
camp types 

SANE implementations also provide either conversions between 
decimal strings and SANE types, or conversions between a 
decimal record type and SANE types, or both. Conversions 
between decimal records and decimal strings may be included too. 

single 

double 

comp 
extended .... -------... 
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.• 'Conversions Between Extended and Single or 
Double 

A conversion to extended is always exact. A conversion from 
extended to single or, double moves a value to a storage type with 
less range and precision, and sets the overflow, underflow, and 
ine>tact exception flags as appropriate. (See Chapter 8 for a 
discussion of exception flags.) 

• Conversions to Camp and Other Integral Formats 

Conversions to integral formats are done by first rounding to' an 
integral value (honoring the current rounding direction) and then, if 
possible, delivering this value to the destination format. If the 
source operand of a conversion from extended to comp is a NaN, 
an infinity, or out-of-range for the comp format, then the result is 
the comp NaN and for infinities and values out-of-range, the i"nvalid 
exception is signaled. If the source operand of a conversion to a 
system-specific integer type is a NaN, infinity, or out-of-range for 
that format, then invalid is signaled (unless the type has an 
appropriate representation for the exceptional result). NaNs, 
infinities, and out-of-range values are stored in a 
two's-complement integer format as the extreme negative value 
(for example, in the 16-bit integer format, as -32768). ' 

Note that IEEE rounding into integral formats differs fro~ most 
common rounding functions on halfway cases. With the default 
rounding direction (to nearest), conversions to comp or to a 
system-specific integer type witt round 0.5 to 0, 1.5 to 2, 2.5 to 2, 
and 3.5 ,to 4" rounding to even on halfway cases. (Rounding is 
discussed in detail in Chapter 8.) 

.-Formats 

This section shows the formats of the four SANE numeric data 
types. These are pictorial representations and may not reflect the 
actual byte or~er in any particular implementation. 
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• Conversions Between Binary and Decimal 

The IEEE Standard for binary floating-point arithmetic specifies the 
set of numerical values representable within each floating-point 
format. It is important to recognize that binary storage formats can 
exactly represent the fractional part of decimal numbers in qnly a 
few cases; in all other cases, the representation will be 
approximate. For example, 0.510 , or 1/210 , can be represented 
exactly as 0.12' On the other hand, 0.110, or 1/1010 , is a repeating 
fraction in binary: 0.00011001100 .... 2 . Its closest representation in 
single is 0.00011 001 ~ 0011 0011 0011 0011 01 2 , which is closer 
to 0.1000000014910 than to 0.1000000000010 , 

As binary storage formats generally provide only close 
approximations to decimal values, it is important that conversions 
between the two types be as accurate as possible. Given a 
rounding direction, for every decimal value there is a best 
(correctly rounded) binary value for each binary format. 
Conversely, for any rounding direction, each binary value has a 
corresponding best decimal representation for a given decimal 
format. Ideally, binary-decimal conversions should obtain this best 
value to reduce accumulated errors. Conversion routines in SANE 
implementations meet or exceed the stringent error bounds 

, specified by the IEEE Standard. This means that although in 
extreme cases the conversions do not deliver the correctly 
rounded result, the result delivered is very nearly as good as the 
correctly rounded result. (See the IEEE Standard [10] for a more 
detailed description of error bounds.) 

Conversions From Decimal Strings to SANE Types 

Routines may be provided to convert numeric decimal strings to 
the SANE data types. These routines are provided for the 
convenience of those who do not wish to write their own parsers 
and scanners. Examples of acceptable input are 

123, 

-INF 

123.4E-12 -123. 

Inf NAN(12) 

.456 

-NaNO 

3e9 -0 

nan 

The 12 in NAN(12) is a NaN cod~ (see' Chapter 8). 

The accepted syntax is formally defined, using Backus-Naur form, 
in Table 4-1. 
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Table 4-1. Syntax for String Conversions 

< decimal number> .. - [ {space 1 tab}] < left decimal> 
< left decimal> .. - [ + 1-] < unsigned decimal> 
< unsigned decimal> .. - < finite numb'er> 1 < infinity> 1 

<NAN> 
< finite number> = < significand > [< exponent> ] 
< significand > = < integer> 1 < mixed> 
<integer> = <digits> [.] 
<digits> = {O 11 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9} 
<mixed> = [ < digits>] . < digits> 
<exponent> - E [+ 1-] <digits> 
<infinity> = INF 
<NAN> = NAN[([ <digits> ])] 

(Note: In the table, square brackets enclose optional items, braces 
(curly brackets) enclose elements to be repeated at least once, 
and vertical bars separate alternative elements; letters that appear 
literally, like the IE' marking the exponent field, may be either 
upper or lower case.) 

Decform Records and Conversions From SANE 
Types to Decimal Strings 
Each conversion to a decimal 'string is controlled by a decform 
record, which contains two, fields: 

style -- 1S-: bit word (Pascal 0 .. 1) 
digits -- 16- bit integ~r 

Style equals 0 for floating and 1 for fixed. Following the Lisa Pasc~1 
convention, the value of style is stored in the high- order byte on 
68000 systems. Following the Apple II Pascal convention, the 
value of style is stored as a 16- bit integer on 6502 systems. Digits 
gives the number of significant digits for the floating style and the 
number of digits to the right of the decimal point for the fixed style 
(digits may be negative if the style is fixed). Decimal strings resulting 
from these conversions are always acceptable input for conversions 
from decimal strings to SANE types. Further forrnatting details are 
implementation-dependent. 
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The Decimal Record Type 

The decimal record type provides an intermediate unpacked form 
for programmers who wish to do their own parsing of numeric 
input or formatting of numeric output. The decimal record format 
has three fields: 

sgn 
exp 
sig 

16-bit word (Pascal 0 .. 1) 
16-bit integer 
string (maximum length is 
implementation-dependent) 

The value represent~d is 

(-1 )sgn * sig * 10exp 

when the length of sig is 18 or less. (Some implementations allow 
additional information in characters past the eighteenth.) Following 
the Lisa Pascal convention, the value of sgn is stored in the 
high- order byte on 68000 systems. Following the Apple II Pascal 
convention, the value of sgn is stored as a 16- bit integer on 6502 
systems. Sig contains the internal decimal significand: the initial byte 
of sig (sig[O]) is the length byte, which gives the length of the ASCII 
string that is left-justified in the remaining bytes. Sgn is 0 for + and 1 
for -. For example, if sgn = 1, exp = - 3, and sig = '85' (sig[O] = 2, n01 
shown), then the number represented is - 0.085. 
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'Conversions From Decimal Records to SANE Types 
Conversions from the decimal record type handle any sig 
digit-string of length 18 or less (with an implicit decimal point at 
the right end). The following special cases apply: 

• If sig[1] = '0' (zero), the decimal record is converted to zero. 
For example, a decimal record with sig = '0913' is converted 
to zero. 

• If sig[1] = 'N', the decimal record is converted to a NaN. 
Except when the destination is of type comp (which has a 
unique NaN), the succeeding characters of sig are interpreted 
as a hex representation of the result significand: if fewer than 4 
characters follow 'N' then they are right justified in the 
high-order 15 bits of the field f illustrated in the section 
"Formats" in Chapter 2; if 4 or more characters follow 'N' then 
they are left justified in the result's significand; if no characters, 
or only eo's, follow N, then the result NaN code is set to 
nanzero = 15 (hex). 

• If sig[1] = 'I' and the destination is not of comp type, the 
decimal record is converted to an infinity. If the destination is of 
comp type, the decimal record is converted to a NaN and -
invalid is signaled. 

• Other special cases produce undefined results. 
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Conversions From SANE Types to Decimal Records 
Each conversion to a decimal record is controlled by a decform 
record (see above). All implementations allow at least 18 digits to 
be returned in sig. The implied decimal point is at the right end of 
sig, with exp set accordingly. 

Zeroes, infinities, and NaNs are converted to decimal records with 
sig parts '0' (zero), 'I', and strings beginning with 'N', while exp is 
undefined. For NaNs, 'N' may be followed by a hex representation 
of the input significand. The third and forth hex digits following 'N' 
give the NaN code. For example, 'N0021000000000000' has NaN 
code 21 (hex). 

When the number of digits specified in a decform record exceeds 
an implementation maximum (which is at least 18), the result is 
undefined. -

A number may be too large to represent in a chosen fixed style. 
For instance, if the implementation's maximum length for sig is 18, 
then 1015 (which requires 16 digits to the left of the point in 
fixed-style representations) is too large for a fixed-style ' 
representation specifying more than 2 digits to the right of the 
point. If a number is too large for a chosen fixed style, then 
(depending on the SANE implementation) one of two results is 
returned: an implementation may return the most significant digits 
of the number in sig and set exp so that the decimal record 
contains a valid floating-style representation of the number; 
alternatively, an implementation may simply set the string sig 
to '1'. Note that in any implementation, the test 

(-exp < > decform digits) or (sig[1] = '1') 

determines whether a nonzero finite number is too large for the 
chosen fixed style. 
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• Conversions Between Decimal Formats 

SANE implementations may provide conversions between decimal 
strings and decimal records. 

Conversion From Decimal Strings to Decimal 
Records 
This conversion routine is intended as an aid to programmers 
doing their own scanning. The routine is designed for use either 
with fixed strings or with strings being received (interactively) 
character by character. An integer argument on input gives the 
starting index into the string, and on output is one greater than the 
index of the last character in the numeric substring just parsed. 
The longest possible numeric substring is parsed; if no numeric 
substring is recognized, then the i~ndex remains unchanged. Also, 
a Boolean argument is returned indicating that the input string, 
beginning at the input index, is a valid numeric string or a valid 
prefix of a numeric string. The accepted input for this conversion 
is the same as for conversions from decimal strings to SANE 
types (see above). Output is the same as for conversions from 
SANE types to decimal records (also above). 
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Examples 

Input String Index Output Value Valid-Prefix 
In Out 

12 1 3 12 TRUE 
12E 1 3 12 TRUE 
12E- 1 3 12 TRUE 
12E-3 1 6 12E-3 TRUE 
12E-x 1 3 12 FALSE 
12E-3x 1 6 12E-3 FALSE 
x12E-3 2 7 12E-3 TRUE 
IN 1 - 1 UNDEFINED TRUE 
INF 1 4 INF TRUE 

Conversion From Decimal Records ·to Decimal 
Strings 
This conversion is controlled by the style field of a decform record 
(the digits field is ig~ored). Input is the same as for conversions 
from decimal records to SANE types, and output formatting is the 
same as for conversions from SANE types to decimal strings. This 
conversion, actually a .formatting operation, is exact and signals no 
exception. 
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Chapter 5 

Expression Evaluation -
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SANE arithmetic is extended-based. Arithmetic operations produce 
results with extended precision and extended range. For minimal 
loss of accuracy in more complicated computations, you should 
use extended temporary variables to store intermediate results . 

• Using Extended Temporaries 

XS := 0; 

A programmer may use extended temporaries deliberately to 
reduce the effects of round-off error, overflow, and underflow on 
the final result. 

Example 1 

To compute the single-precision sum 

S = X[1] * Y[1] + X[2] * Y[2] .+ ' ... + X[N] * Y[N] 

where X and Yare arrays of type single, declare an extended 
variable XS and compute 

FOR I ~= 1 TO N DO 
XS := XS + X[I] * Y[I]; 

5 := XS; 
{extended-precision arithmetic} 

{deliver final result to single.} 
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Even when input and output values have only single precision, it 
may be very difficult to prove that single-precision arithmetic i~ 
sufficient for a given calculation. Using extended-precision 
arithmetic for intermediate values will often improve the accuracy 
of single-precision results more than virtuoso algorithms would. 
Likewise, using the extra range of the extended type for 
intermediate results may yield correct final results in the single 
type in cases when using the single type for intermediate results 
would cause an overflow or a catastrophic underflow. 
Extended-precision arithmetic is also useful for calculations 
involving double or comp variables: see Example 2. 

Extended-Precision Expression Evaluation 

High-level languages that support SANE evaluate all non-integer 
numeric expressions to extended precision, regardless of the 
types of the operands. 

Example 2 
If C is 6f type comp and MAXCOMP is the largest comp value, 
then the right-hand side of 

C : = (MAXCOMP + MAXCOMP) / 2 

would be evaluated in extended to the exact result 
C = MAXCOMP, even though the intermediate result 
MAXCOMP + MAXCOMP exceeds the largest possible comp 
value. 
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• Extended-Precision Expression Evaluation and the 
IEEE Standard 

The IEEE Standard encourages extended-precision expression 
evaluation. Extended evaluation will on rare occasions produce 
results slightly different from those produced by other IEEE 
implementations that lack extended evaluation. Thus in a 
single-only IEEE implementation, 

z:=x+y 

with x, y, and z all single, is evaluated in one single-precision 
operation, with at most one rounding error. Under extended 
evaluation, however, the addition x + y is performed in extended, 
then the result is coerced to the single precision of z, with at most 
two rounding errors. Both implementations conform to the 
standard. . 

The effect Of a single- or double-only IEEE implementation can be 
obtained under SANE with rounding precision control, as 
described in Chapter 8. 
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Chapter 6 

Comparisons 
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SANE supports, the usual numeric comparisons: less, 
less-or-equal, greater, greater-or-equal, equal, and not-equal. For 
real numbers, these comparisons behave according to the familiar 
ordering of real numbers. 

SANE comparisons handle NaNs and infinities as well as real '-.J 

numbers. The usual trichotomy for real numbers is extended so 
that, for any SANE values a and b, exactly one of the following is 
true: 

a < b 
a > b 
.a = b 
a and b are unordered 

Determination is made by the following rule: If x or y is a NaN, 
the'n x and yare unordered; otherwise, x and yare less, equal, or 
greater according to the ordering of the real numbers, with the 
understanding that + 0 = -0 = real 0, and . 
-CD < each real number < + CD. 

(Note that a NaN always compares unordered -even with itself.) 

The meaning of high-level language relational operators is a 
natural extension of their old meaning based on trichotomy. For 
example, the Pascal or BASIC expression x < = Y is true if x is 
less than y or if x equals y, and is false if x is greater than y or if x 
and yare unordered. Note that the SANE not-equal relation means 
less, greater, or unordered-even if not-equal is written < >, as in 
Pascal and BASIC. High-level languages supporting SANE ~ 
supplement the usual comparison operators with a function that 
takes two numeric arguments and returns the appropriate relation 
(less, equal, greater, or unordered). This function can be used to 
determine whether two numeric representations satisfy any 
combination of less, equal, greater, .and unordered. 
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A high-level language comparison that involves a relational 
operator containing less or greater, but not unordered, signals 
invalid if the operands are unordered (that is, if either operand is a 
NaN). For example, in Pascal or BASIC if x or y is a quiet NaN 
then x < y, x < = y, x > = y, and x > y signal invalid, but x = y 
and x < > y (recall that < > contains unordered) do not. If a 
comparison operand is a signaling NaN, then invalid is always 
signaled, just as in arithmetic operations. 
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Chapter 7 

Infinities, NaNs, and Denormalized Numbers 
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In addition to the normalized numbers supported by most 
floating-point packages, IEEE floating-point arithmetic also 
supports infinities, NaNs, and denormalized numbers . 

• Infinities 

An Infinity is a special bit pattern that can arise in one of two 
ways: 

1. When a SANE operation should produce an exact 
mathematical infinity (such as 1/0), the result is an infinity bit 
pattern. 

2. When a SANE operation attempts to produce a numb~r with 
magnitude too great for the number's intended floating-point 
storage format, the result may (depending on the current 
rounding direction) be an infinity bit pattern. 

These bit patterns (as well as NaNs, introduced next) are 
recognized in subsequent operations and produce predictable 
results. The infinities, one positive (+ INF) and one negative (-INF), 
generally behave as suggested by the theory of limits. For 
example, 1 added to + INF yields + INF; -1 divided by + 0 yields 
-INF; and 1 divided by -INF yields -0. 

Each of the storage types single, double, and extended provides 
unique representations for + INF and -INF. The comp type has no 
representations for infinities. (An infinity moved to the comp type 
becomes the comp NaN.) 
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• NaNs 

When a SANE operation cannot produce a meaningful result, the 
operation delivers a special bit pattern called a NaN 
(Not-a-Number). For example, 0 divided by 0, + INF added to -INF, 
and sqrt( -1) yield NaNs. A NaN can occur in any of the SANE 
storage types (single, double, extended, and comp); but, generally, 
system-specific integer types have no representation for NaNs. 
NaNs propagate through arithmetic operations. Thus, the result 
of 3.0 added to a NaN is the same NaN (that is, has the same 
NaN code). If two operands of an operation are NaNs, the result is 
one of the NaNs. NaNs are of two kinds: quiet NaNs, the usual 
kind produced by floating-point ope.rations; and signaling NaNs. 

When a signaling NaN is encountered as an operand of an 
arithmetic operation, the invalid-operation exception is signaled 
and, if no halt occurs, a quiet NaN is the delivered result. 
Signaling NaNs could be used for uninitialized variables. They are 
not created by any SANE operations. The most significant bit of 
the field f illustrated in the section "Formats" i'n Chapter 2 is clear 
for quiet NaNs and set for signaling NaNs. The unique comp NaN 
generally behaves like a quiet NaN. -

,A NaN in a floating-point format has an associated NaN code that 
indicates the NaN's origin. (These codes are listed in Table 7-1). 
The NaN code is the 8th through 15th most significant bits of the 
field f illustrated in Chapter 2. The comp NaN is unique and has 
no NaN code. 
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Table 7-1. SANE NaN 'Codes 

Name Dec Hex Meaning 

NANSQRT 1 $01 Invalid square root, such as 
sqrt(-1 ) 

NANADD 2 $02 Invalid addition, such as 
( + INF) - ( + INF) 

NANDIV 4 $04 Invalid division, such as 0/0 
NANMUL 8 $08 Invalid multiplication, such as 

0* INF 
NAN REM 9 $09 Invalid remainder or mod such 

as x rem 0 
NANASCBIN 17 $11 Attempt to convert invalid ASCII 

string 
NANCOMP 20 $14 Result of converting comp NaN 

to floating 
NANZERO 21 $15 Attempt to create a NaN with a 

zero code 
NANTRIG 33 $21 Invalid argument to trig routine 
NANINVTRIG 34 $22 Invalid argument to inverse trig 

routine 
NAN LOG ' 36 $24 Invalid argument to log routine 
NANPOWER 37 $25 Invalid argument to Xi or xY 

routine 
NANFINAN 38 $26 Invalid argument to financial 

function 
NANINIT 255 $FF Uninitialized storage (signaling 

NaN) 

• Denormalized Numbers 

Whenever possible, floating-point numbers are normalized to 
keep the leading significand bit 1: this maximizes the resolution of 
the storage type. When a number is too small for a normalized 
representation, leading zeros are placed in the significand to 
produce a denormalized representation. A denormalized number 
is a nonzero number that is not normalized and whose exponent 
is the minimum exponent for the storage type. 

;' 
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Ao 

Al = Ao/2 

A2 = Al/2 

A3 = A2/2 

Example 
The sequence below shows how a single-precision value 
becomes progressively denormalized as it is repeatedly divided 
by 2, with rounding to nearest. This process is called gradual 
underflow. 

= 1.100 1100 1100 1100 1100 1101 • 2-126 ~ 0.110.2-122 

= 0.110 0110 0110 0110 0110 0110. 2-126 (underflow) 

= 0.011 0011 0011 0011 0011 0011 • 2-126 

= 0.001 1001 1001 1001 1001 1010 • 2-126 (underflow) 

A22 = A21/2 = 0.000 0000 0000 0000 0000 0011 • 2-126 

A23 = A22/2 = 0.000 0000 0000 0000 0000 0010 • 2-126 (underflow) 

A24 = A23/2 = 0.000 0000 0000 0000 0000 0001 • 2-126 

A25 = A24f2 = 0:0 (underflow) 

A 1 ••• A24 are denormalized; A24 is the smallest positive denormalized 
number in single type. 

Why Denormalized Numbers? 
The use of de~ormalized numbers makes statements/ like the 
following true for all real numbers: 

x - y = -0 if and only if x = y 

This statement is not true for most older systems of computer 
arithmetic, because they exclude denormalized numbers. For 
these systems, the smallest nonzero number is a normalized 
number with the minimum exponent; when the result of an 
operation is smaller than this smallest normalized number, the 
system delivers zero as the result. For such flush-to-zero 
systems, if x ~ y but x - Y is smaller than the smallest normalized 
number, then x - y = o. IEEE systems do not have this defect, as 
x - y, al~hough denormalized, is not zero. 

(A few old programs that rely on premature flushing to zero may 
require modification to work properly under IEEE arithmetic. For 
example, some programs may test x - y = 0 to determine whether 
x is very near y.) 
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• Inquiries: Class and Sign 

Each valid representation in a SANE data type (single, double, 
comp, or extended) belongs to exactly one of these classes: 

• signaling NaN 

• quiet NaN 

• infinite 

• zero 

• normalized 

• denormalized 

SANE implementations provide the user with the facility to 
determine easily the class and sign of any valid representation. 
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Chapter 8 

Environmental Control . 
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Environmental controls include the rounding direction, rounding 
precision, exception flags, and halt settings. 

Rounding Direction 

The available rounding directions are 

• to-nearest 

• upward 

• downward 

• toward-zero 

The rounding direction affects all conversions and arithmetic 
operations except comparison and remainder. Except for 
conversions between binary and decimal (described in Chapter 4), 
all operations are computed as if with infinite precision and range 
and then rounded to the destination format according to the 
current rounding direction. The rounding direction may be 
interrogated and set by the user. 

The default rounding direction is to-nearest. In this direction the 
representable value nearest to the infinitely precise result is 
delivered; if the two nearest representable values are equally near, 
the one with least significant bit zero is delivered. Hence, halfway 
cases round to even when the destination is the comp or a 
system-specific integer type, and when the round-to-integer 
operation is used. If the magnitude of the infinitely precise result 
exceeds the format's largest value (by at least one half unit in the 
last place), then the corresponding signed infinity is delivered. 
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The other rounding directions are upward, downward, and 
toward-zero. When rounding upward, the result is the format's 
value (possibly INF) closest to and no less than the infinitely 
precise result. When rounding downward, the result is the format's 
value (possibly -INF) closest to and no greater than the infinitely 
precise result. When rounding toward zero, the result is the 
format's value closest to and no greater in magnitude than the 
infinitely precise result. To truncate a number to an integral value, 
use toward-zero rounding either with conversion into an integer 
format or with the round-to-integer operation . 

• Rounding Precision 

Normally, SANE arithmetic computations produce results to 
extended precision and range. To facilitate simulations of 
arithmetic systems that are not extended-based, the IEEE 
Standard requires that the user be able to set the rounding 
precision to single or double. If the SANE user sets rounding 
precision to single (or double) then all arithmetic operations 
produce results that are correctly rounded and that overflow or 
underflow as if the destination were single (or double), even 
though results are typically delivered to extended formats. 
Conversions to double and extended formats are affected if 
rounding precision is set to single, and conversions to extended 
formats are affected if rounding precision is set to double; 
conversions to decimal, comp, and system-specific integer types 
are not affected by the rounding precision. Rounding precision can 
be interrogated as well as set. 

Setting rounding preCision to single or double does not 
significantly enhance performance, and in some SANE 
implementations may hinder performance . 

• Exception Flags and Halts 

SANE supports five exception flags with corresponding halt 
settings: 

• invalid-operation (or invalid, for short) 

• underflow 

• overflow 
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• divide-by-zero 

• inexact 

These exceptions are signaled when detected; and, if the 
corresponding halt is enabled, the SANE engine will jump to a 
user-specified location. (A high-level language need not pass on to 
its user the facility to set this location, but may halt the user's 
program). The user's program can examine or set individual 
exception flags and halts, and can save and get the entire 
environment (rounding direction, rounding precision, exception 
flags, and halt settings). Further details of the halt (trap) 
mechanism are SANE implementation-specific. 

Exceptions 
The invalid-operation exception is signaled if an operand is invalid 
for the operation to be performed. The result is a quiet NaN, 
provided the destination format is single, double, extended, or 
compo The invalid conditions are these: 

• (addition or subtraction) magnitude subtraction of infinities, for 
example, (+ INF) + (-INF); 

• (multiplication) 0 * INF; 

• (division) DID or INF/INF; 

• (remainder) x rem y, where y is zero or x is infinite; 

• (square root) if the operand is less than zero; 

• (conversion) to the comp format or to a system-specific integer 
format when excessive magnitude, infinity, or NaN precludes a 
faithful representation in that format (see Chapter 4 for details); 

• (comparison) via predicates involving" <" or ">", but not 
"unordered", when at least one operand is a NaN; 

• any operation on a signaling NaN except sign manipulations 
(negate, absolute-value, and copy-sign) and class and sign 
inquiries. 

The underflow exception is signaled when a floating-point result is 
. both tiny and inexact (and therefore is perhaps significantly less 
accurate than it would be if the exponent range were unbounded). 
A result is considered tiny if, before rounding, its magnitude is 
smaller than its format's smallest positive normalized number. 

~ 
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The divide-by-zero exception is signaled when a finite nonzero 
number is divided by zero. It is also signaled, in the more general 
case, when an operation on finite operands produces an exact 
infinite result: for example, 10gb (0) returns -INF and signals 
divide-by-zero. (Overflow, rather than divide-by-zero, flags the 
production of an inexact infinite result.) 

The overflow exception is signaled when a floating-point 
destination format's largest finite number is exceeded in 
magnitude by what would have been the rounded floating-point 
result were the e~ponent range unbounded. (Invalid, rather than 
overflow, flags the production of an out-of-range value for an 
integral destination format.) 

The inexact exception is signaled if the rounded result of an 
operation is not identical to the mathematical (exact) "result. Thus, 
inexact is always signaled in conjunction with overflow or 
underflow. Valid operations' on infinities are always exact and 
therefore signal no exceptions. Invalid operations on infinities are 
described above . 

• Managing Environmental Settings 

The environmental settings in SANE are global and can be 
explicitly changed by the user. Thus all routines inherit these 
settings and are capable of changing them. Often special 
precautions must be taken because a routine requires certain 
environmental settings, or because a routine's settings are not 
intended to propagate outside the routine. (Examples in this 
section use Pascal syntax. SANE implementations in other 
languages have operations with equivalent functionality.) 
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Example 1 
The subroutine below uses to-nearest rounding while not affecting 
its caller's rounding direction. 

val'" 1"': RoundDil"'; { local stol"'age fol'" I"'ounding dil"'ection } 

begin 

end; 

I'" := GetRound; 
SetRound (TONEAREST); 

SetRound (I"') 

{ save callel""s I"'ounding dil"'ection 
{ set to-neal"'est I"'ounding 

I"'estol"'e callel""s I"'ounding dil"'ection 

Note that, if the subroutine is to be reentrant, then storage for the 
caller's environment must be local. 

SANE implementations may provide two efficient functions for 
managing the environment as a whole: procedure-entry and 
procedure-exit. 

The procedure-entry function returns the current environment (for 
saving in local storage) and sets the default environment: rounding 
direction to-nearest, rounding precision extended, and exception 
flags and halts clear. 
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Example 2 
The following subroutine runs under the default environment while 
not affecting its caller's environment. 

var e: Environment; { local storage for environment} 

begin 

end; 

e := ProcEntry; 

SetEnvironment (e) 

{ save caller's env;rnoment and 
{ set default environment 

restore caller's environment 

The procedure-exit function facilitates writing subroutines that 
appear to their callers to be atomic,operations (such as addition, 
sqrt, and others). Atomic operations pass extra information back to 
their callers by signaling exceptions; however, they hide internal 
exceptions, which may be irrelevant or misleading. Procedure-exit, 
which takes a saved environment as arguments, does the 
following: 

1. It temporarily saves the exception flags (raised by the 
subroutine ). 

2. It restores the environment received as argument. 

3. It Signals the temporarily saved exceptions. (Note that-if 
enabled, halts could occur at this step.) 

Thus exceptions signaled between procedure-entry and 
procedure-exit are hidden from the calling program unless the 
exceptions remain raised when the procedure-exit function is 
called. 
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Example 3 

The following function signals underflow if its result is denormal, 
and overflow if its result is infinite, but hides spurious exceptions 
occurring from internal computations. 

function compres: double; 

var e: Environ; 
c: NumClass; 

begin {compres} 
e '= ProcEntry; 

local storage for environment} 
for class inquiry } 

{ save caller's environment and} 
{ set default environment - } 
{ now halts disabled } 

compres := result; { result to be returned} 
c : = C 1 assD (resu 1 t ) ; { class i nqu i ry } 
ClearXcps; { clear possibly spurious exceptions } 

now raise specified exception flags: 
if c = INFINITE then SetXcp (OVERFLOW, TRUE) 
else if c = DENORMALNUM 
ProcExit (e) 

end {compres} 

then SetXcp (UNDERFLOW, TRUE); 
{ restore caller's environment, 
{ including any halt enables, 
{ then signal exceptions from 
{ subroutine 
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/ 

Chapter 9 

Auxiliary Procedures 
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SANE includes a set of special routines that are recommended in 
an appendix to the IEEE Standard as aids to programming: 

• negate 

• absolute value 

• copy-sign 

• next-after 

• scalb 

• 10gb 

• Sign ManipL!lafion 

The sign manipulation operations change only the sign of their 
argument. Negate reverses the sign of its argument. 
Absolute-value makes the sign of its argument positive. Copy-sign 
takes two arguments and copies the sign of one of its arguments 
onto the sign of its other argument. 

These operations are treated as nonarithmetic in the sense that 
they raise no exceptions: even signaling NaNs do not signal the 
invalid-operation exception. 
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• Next-After Functions 

The floating-point values representable in single, double, and 
extended formats constitute a finite set of real numbers. The 
next-after functions (one for each of these formats) generate the 
next representable neighbor in the proper format, given an initial 
value x and another value y indicating a direction from the initial 
value. 

Each of the next-after functions takes two arguments, x and y: 

nextsingle(x,y) (x and yare single) 
nextdouble(x,y) (x and yare double) 
nextextended(x,y) (x and yare extended) 

As elsewhere, the names of the functions may vary with the 
implementation. 

Special Cases for Next-After Functions 

If the initial value and the direction value are equal, then the result 
is the initial value. 

If the initial value is finite but the next representable number is 
infinite, then overflow and inexact are signaled. 

If the next representable number lies strictly between -M and + M, 
where M is the smallest positive normalized number for that 
format, and if the arguments are not equal, then underflow and 
inexact are signaled. 
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• Binary Scale and Log Functions 

The scalb and 10gb functions are provided for manipulating binary 
exponents. 

Scalb efficiently scales a given number (x) by a given integer 
power (n) of 2, returning x * 2n. 

Logb returns the binary exponent of its input argument as a signed 
integral value. When the input argument is denormalized, the 
exponent is determined as if the input argument had first been 
normalized. 

Special Cases for Logb 

If x is infinite, logb(x) returns + INF. 

If x = 0, logb(x) returns -INF and signals divide-by-zero. 
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Chapter 10 -

Elementary Functions 
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SANE provides a number of basic mathematical functions, 
including logarithms, exponentials, two important financial 
functions, trigonometric functions, and a random number 
generator. These functions are computed using the basic SANE 
arithmetic heretofore described. 

All of the elementary functions, except the random number 
generator, handle NaNs, overflow, and underflow appropriately. All 
signal inexact appropriately, except that the general exponential 
and the financial functions may conservatively signal inexact when 
determining exactness would be too costly. -

Logarithm Funct~ons 

SANE provides three logarithm functions: 

base-2 logarithm logix) 

base-e or natural logarithm In(x) 

base-e logarithm of 1 plus In1.(x) 
argument 

Ln1 (x) accurately computes In(1 + x). If the input argument x is 
small, such as an interest rate, the computation 'of In1 (x) is more 
accurate than the straightforward computation of In(1 + x) by 
adding x to 1 and taking the natural logarithm of the result. 
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Special Cases for Logarithm Functions 
If x = + INF, then logix), In(~), and In1 (x) return + INF. No 
exception is signaled. 

If x = 0, then logix) and In(x) return -INF and signal 
divide-by-zero. Similarly, if x = -1, then In1 (x) returns -INF and 
signals divide-by-zero. 

If x < 0, then logix) and In(x) return a NaN and signal invalid. 
Similarly, if x < -1, then In1 (x) returns a NaN and signals invalid . 

• 'Exponential Functions 

SANE provides five exponential functions: 

base-2 exponential 

base-e or natural 
exponential 

base-e exponential minus 1 

integer exponential 

exp1 (x) 

Xl (i of integer type) 

general exponential xY 

Exp1 (x) accurately computes eX - 1. If the input argument x is 
small, such as an interest rate, then the computation of exp1 (x) is 
more accurate than the straightforward computation of eX - 1 by 
exponentiation ant! subtraction. 

Special Cases for 2~ e~ exp1(x) 
If x = + INF, then 2x, eX, and exp1 (x) return + INF. No exception is 
signaled. 

If x = -INF, then 2x and eX return 0; and exp1(x) returns -1. No 
. exception is signaled. 
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Speci~I'Cases for x I 
If the integer exponent i equals 0 and x is not a NaN, then Xi 

returns 1. Note that with the integer exponential, XO = 1 even if x 
is zero or infinite. 

If x is + 0 and i is neg~tive, then Xl returns + INF and signals 
divide-by-zero. 

If x is -0 and i is negative, then Xi returns + INF if i is even, or -INF 
if i is odd: both cases signal divide-by-zero. 

Special Cases for x Y 

If x is + 0 and y is negative, then the general exponential xY 

returns + INF and signals divide-by-zero. 

If x is -0 and y is integral and negative, then xY returns + INF if Y is 
even, or -INF if y is odd: 'both cases signal divide-by-zero. 

The general exponential xY returns a NaN and signals invalid if 

.• both x and y equal 0; 

• x is infinite and y equals 0; 

• x = 1 and y is infinite; or 

• x is -0 or less than 0 and y is nonintegral. 
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• Financial Functions 

SANE provides two functions, compound and annuity, that can be 
used to solve various financial, or time-value-of-money, problems. 

Compound 
The compound function computes 

compound(r,n) = (1 + r)" 

where r is the interest rate and n is the number (perhaps 
nonintegral) of periods. When the rate r is small, compound gives 
a more accurate computation than does the straightforward 
computation of (1 + r)" by addition and exponentiation. 

Compound is directly applicable to computation of present and 
future values: 

PV = FV * (1 + r)(-") = PV 
compound(r,n) 

FV = PV * (1 + r)" = PV * compound(r,n) 
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Annuity 

The annuity function computes 

annuity(r,n) = 1 - (1 + r)(on) 
r 

where r is the interest rate and n is the number of periodsr Annuity 
is more accurate than the straightforward computation of the 
expression above using basic arithmetic operations and 
exponentiation. The annuity function is directly applicable to the 
computation of present and future values of ordinary annuities: " 

PV = PMT * 1 - (1 + r)(on) 
r 

= PMT * annuity(r,n) 

FV = PMT * (1 + r)" - 1 
r 

= PMT * (1 + r)n * 1 - (1 + r)(on) 
r 

= PMT * compound(r,n) * annuity(r,n) 

where PMT is the' amount of ,one periodic payment. 

Special Cases for compound(r,n) 

If r = 0 and n is infinite, or if r = -1, then compound(r,n) returns a 
NaN and signals invalid. 

If r = -1 and n < 0, then compound(r,n) returns + INF and signals 
divide-by-zero. 

Special Cases for annuity(r,n) 

If r = 0, then annui~(r,n) computes the sum of 1 + 1 + ... + 
over n periods, and therefore returns the value n and signals no 
exceptions (the value n corresponds to the limit as r 
approaches 0). 

If r < -1, then annuity(r,n) returns a NaN and signals invalid. 

If r = -1 and n > 0, then annuity(r,n) returns -INF and signals 
divide-by-zero. 
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• Trigonometric Functions 

SANE provides the basic trigonometric functions 

cosine 

sine 

tangent 

cos (x) 

sin (x) 

tan (x) 

arctangent arctan (x) 

The arguments for cosine, sine, and tangent and the results of 
arctangent are expressed in radians. The cosine, sine, and tangent 
functions use an argument reduction based on the remainder 
function (see Chapter 3) and the nearest extended-precision 
approximation of pi/2. Thus the cosine, sine, and tangent functions 
have periods slightly different from their mathematical counterparts 
and diverge from their counterparts when their arguments become 
large. Number results from arctangent lie between -pi/2 and pi/2. 

The remaining trigonometric functions can be easily and efficiently 
computed from the elementary functions provided (see 
Appendix A). 

Special Cases for sin (x), cos(x) 
If x is infinite, then cos (x) and sin (x) return a NaN and signal 
invalid. 

Special Cases for tan(.x) , 
If x is the nearest extended approximation to ±pi/2, then tan (x) 
returns ±INF. 

If x is infinite, then tan(x) returns a NaN and signals invalid. 

Special Case for arctan(x) 
If x = ±INF, then arctan(x) returns the nearest extended 
approximation to ±pi/2. 
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• Random Number Generator 

SANE provides a pseudorandom number generator, random. 
Random has one argument, passed by address. A sequence of 
(pseudo) random integral values r in the range 

1 S r S 231 
- 2 

can be generated by initializing an extended variable r to an 
integral value (the seed) in the above range and making repeated 
calls random(r); each call delivers in r the next random number in . 
the sequence. ' 

Random uses the iteration formula 

r <-- (75 * r) mod (231 -1) . 

If seed values of rare nonintegral or outside the range 

1 S' r S 231 - 2 . 

then results are unspecified. 

A pseudorandom rectangular distribution on the interval (0,1) can 
be obtained by dividing the results from random by 

231
_ 1 = scalb (31,,1) - 1 . 
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Appendix A 

Other Elementary Functions 
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The Standard Apple Numeric Environment (SANE) provides the 
several transcendental functions; from these, you can construct 
other high-quality functions, as shown by the pseudocode 
examples below. These robust, accurate functions are based on 
algorithms developed by Professor William Kahan of the University 
of California at Berkeley. 

All variables in the pseudocode below are extended. The 
constant C is 2-33 = scalb (-33,1). C is chosen to be nearly the 
largest value for which 1 - C2 rounds to 1 . 

• Exception' Handling 

Unlike the SANE elementary functions, these functions do not 
provide complete handling of special cases and exceptions. The 
most troublesome exceptions can be correctly handled if you 

• begin each function with a call to procedure-entry; 

• clear the spurious exceptions indicated in the comment; 

• end each function with a call to procedure-exit (see Chapter 8). 

Appendix A: Other Elementary Functions 



• Functions 

Secant 

sec(x) - 1 I cos(x) 

CoSecant 

csc(x) - 1 I sin(x) 

CoTangent 

cot(x) - I tan(x) 

ArcSine 

y - :x: 
If y ~ 0.3 then begin 

y - Atan (x/sqrt «1 - x) * (1 + x») 
{spurious divide-by-zero may arise} 

end 
else if y ~ C then y - Atan (x I (sqrt ( 1 - x"2) ) 

else y - x 
arcsin(x) - y 

ArcCosine 

arccos(x) - 2 * Atan (sqrt « 1 - x)/( 1 + x» ) 
{spurious divide-by-zero may arise} 

Sinh 

y - :x: 
If y ~ c then begin 

y - exp1 (y) 
y - 0 . 5 * (y + y/ (1 + y» 

end 
copy the sign of x onto y 
sinh(x) - y 

Cosh 

y - exp(: x: ) 
cosh(x) - 0.5 * y + 0.25 I (0.5 * y) 
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y - Ixl 

Tanh 

y - Ixl 
If y ~ C then begin 

y - exp 1 ( - 2 * y) 

y.- -y/(2 + y) 

end 

copy the sign of x onto y 

tanh(x) - y 

ArcSinh 

If y ~ C then begin 

y - 1n1 (y + y / (1/y + sqrt(1 + (1/y)"'2) » 

{spurious underflow may arise} 

end 

copy the sign of x onto y 

asinh(x) - y 

ArcCosh 

y - Ixl 
acosh(x) - 1n1 ( (sqrt (y-1» * (sqrt (y-1) + sqrt (y+1» ) 

ArcTanh 

y - Ixl 
If y ~ C then y - 1 n 1 (2 * y / (1 - y» / 2 

copy the sign of x onto y 

atanh(x) - y 
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Application type: A data type used. to store data for applications. 

Arithmetic type: A data type used to hold results of calculations 
inside the computer. The SANE arithmetic type, extended, has 
greater range and precision than the application types, in order to 
improve the mathematical properties of the application types. 

Binary floating-point number: A string of bits representing a 
sign, an exponent, and a significand. Its numerical value, if any, is 
the signed product of the significand and two raised to the power 
of its exponent. 

Comp type: A 64-bit application data type for storing integral 
values of up to 18- or 19-decimal-digit precision. It is used for 
accounting applications, among others. 

Decform record: A data type for specifying the formatting for 
decimal results (of conversions). It specifies fixed- or floating-point 
form and the number of digits. 

Denormallzed number, or denorm: A nonzero binary 
floating-point number that is not normalized (that i~, whose 
significand has a leading bit of zero) and whose exponent is the 
minimum exponent for the number's storage type. 

Double type: A 64-bit application data type for storing 
floating .. point values of up to 15- or 16-decimal-digit precision. It is 
used for statistical and financial applications, among others. 

Environmental settings: The rounding direction and rounding 
precision, plus the exception flags and their respective halts; 

Exceptions: Special cases, specified by the IEEE Standard, in 
arithmetic operations. The exceptions are invalid, underflow, 
overflow, divide-by-zero, and inexact. 
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Exception flag: Each exception has a flag that can be set, 
cleared and tested. It is set when its respective exception occurs 
and stays set until explicitly cleared. 

Exponent: The part of a binary floating-point number that 
indicates the power to which two is raised in determining the value 
of the number. The wider the exponent field in a numeric type, the 
greater range it will handle. 

Extended type: An aO-bit arithmetic data type for· storing 
floating-point values of up to 19- or 20-decimal-digit precision. 
SANE uses it to hold the results of arithmetic operations. 

Flush-to-zero: A system that excludes denormalized numbers. 
Results smaller than the smallest normalized number are rounded 
to zero. 

Gradual underflow: A system that includes denormalized 
numbers. 

Halt: Each exception has a halt-enable that can be set or cleared. 
When an exception is signaled and the corresponding halt is 
enabled, the SANE engine will transfer control to the address in a 
halt vector. A high-level language need not pass an to its user the 
facility to set the halt vector, but may halt the user's program. 
Halts remain set until explicitly cleared. 

Infinity: A special bit pattern produced when a floating-point 
operation attempts to produce a number greater in magnitude than 
the largest representable number in a given format. Infinities are 
signed. 

Integer types:' System types for integral values. Integer types 
typically use 16- or 32-bit two's complement "integers. Integer 
types are not SANE types but are available to SANE users. 

Integral value: A value in a SANE type that is exactly equal to a 
mathematical integer: ... , -2, -1, 0, 1, 2, .... 

NaN (Not a Number): A special bit pattern produced when a 
floating-point operation cannot produce a meaningful result (for 
example, 0/0 produces a NaN). NaNs can also be used for 
uninitialized storage. NaNs propagate through arithmetic 
operations. 

Normalized number: A binary floating-point number in which all 
significand bits are significant: that is, the leading bit of the 
significand is 1. 
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Quiet NaN: A NaN that propagates through arithmetic operations 
without signaling an exception (and hence without halting a 
program). 

Rounding direction: When the result of an arithmetic operation 
cannot be represented exactly in a SANE type, the computer must 
decide how to round the result. Under SANE, the computer 
resolves rounding decisions in one of four directions, chosen by 
the user: tonearest (the default), upward, downward, and 
towardzero. 

Sign bit: The bit of a single, double, comp, or extended number 
that indicates the number's sign: 0 indicates a positive number; 1, 
a negative number. 

Signaling NaN: A NaN that signals an invalid exception when the 
NaN is an operand of an arithmetic operation. If no halt occurs, a 
quiet NaN is produced for the result. No SANE operation creates 
signaling NaNs. 

Signlficand: The part of a binary floating-point number that 
. indicates where the number falls between two successive powers 
of two. The wider the significand field in a numeric type, the more 
resolution it will have. 

Single type: A 32-bit application data type for storing floating-point 
values of up to 7- or a-decimal-digit precision. It is used for 
engineering applications, among others. 
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Part II ,of the Apf?le Numerics Manual, which 

deals with implementation of SANE on the 

6502 microprocessor, has been omitted 

from this edition. 



Part III: The 68000 Assembly-Language SANE Engine 1185 



rounding precision, bits 0060 RR 
0000 extended 
0020 double 
0040 single 
0060 UNDEFINED 

halts enabled, bits 001 F 
0001 invalid I 
0002 underflow U 
0004 overflow, 0 
0008 division-by-zero D 
0010 inexact X 

'Sits 8000 and 0080 are undefined. 

Note that the default environment is represented by the integer 
value zero. 
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A2X.FPINIT.CODE 130 
A2X.LOADER 131 
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absolute value 102, 208 
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increasing 34, 59, 108, 213 
add 100 
addition 206' 

invalid 49 
address, passing by 99,205 
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128K 133, 135 
Pascal 129, 131 
64K 133 

Apple lie ROMs, old 145 
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application 11 
approximations 25 

276 

ArcCosh 69 
ArcCosine 68 
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ArcTanh 69 
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59 
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or natural logarithm 59 

BASIC 37 
binary 

and decimal 25 

Index 

formats 105, 211 
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operations 126, 194, 205, 

234 
scale 57, 102, 207 

bold type 9 
brackets ([]) 9 
byte order 
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6502 97 
68000 202 

C status bit 217 
calling sequence 93, 99, 196, 

205 
one-address 233 

class 113, 218 
classify operation 113, 218 
code, operation 93 
coercion 35 
comp 11,12,17,97,201 

NaN 24,41 
comparison(s) 37, 91, 195 

invalid 49 
operations 111, 217 

compound 62, 127, 135 
conversion(s) 91, 195 
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between binary formats 105, 
211 
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or double 24 
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decimal strings 31 
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SANE types 28 \ 
from decimal strings to SANE 
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invalid 49 . 
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to extended 105, 211 

copy-sign 55, 102, 208 
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Cosh 68 
cosine 64 
CoTangent 68 
counting type 12 
CUSTOMIZE.DATA 130 
customizing files 131 

o 
DO 196,207 

register 205 
data types 97, 201 
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107 
decimal 
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between 25 

formats, conversions between 
30 

record type 27 
reco~s 29,30,31,107 
strings 25, 26, 30, 31 

denormal 113, 218 
. denormalized number 43 

destination operand. 90, 194 
digit(s) 

decform record field 26 
significant 213 

direction, rounding 221 
disk 

SANE1 131 
SANE2 130-131 
SANE3 129-130 

I divide 100 
divide-by-zero 50 
division 206 

invalid 49 
DOS assembly-language 

access 134, 141 
double 11, 97, 201 

format 16 
downward, rounding 48 
DST 90, 91, 99, 125, 126, 194, 

195,205,223,234 

E 

elementary functions 59-69, 
125-127, 233-235 

Elems6502 125 
Elems68K 196, 233, 237 
entry 225 

point 196 
point FP6502 92 

environment 122, 223 
duplicate 133 
word 92, 115, 221 

environmental settings 50 
equal 37,111,217 
error(s) 

bounds 25 
fatal 95, 199 
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eX 60 
exception(s) 49-50 

flags 48, 115, 221 
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exit 225 
exp 27 
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exponent 13 
exponential functions 60 
exponentiation 126, 234 
extended 11,97,201 

conversions from 1 06 
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evaluation 35 
format 17 
precision 11, 34 
temporaries 33 
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files 
customizing 131 
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on SANE3 disk 130 

financial functions 62 
fixed-format overflow 107 
floating point 13 
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one-argument 125 
three-argument 127, 235 
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future value 62, 63 

G 

general exponential 60 
GENERIC. MACROS 131 ' 
get-environment 117,223 
get-halt-vector, 122, 228 
gradual underflow 44 
greater 37, 111, 217 
greater-or-equal 37 

H 

halt(s) 48, 92 
conditions for 121, 227 
enabled 116, 222 
example 123 
mechanism 121,228 
vector 48, 92, 122 

hyperbolic functions 68 
o inverse 69 

IEEE 
arithmetic 9 
Standard 9, 35, 87, 191 

INCLUDE.EQUS'131 
inexact 50 
inf 41 
infinite 113, 218 

result 50 
infinity 41 
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inquiries 113, 218 
class and sign 45 

,integer(s) 1,1,97, 201 
exponentiation 60, 126, 234 

integral 
formats, conversions to comp 

24 
value 21, 101, 206 

interest rate 62, 63 
interrupts 145 
intrinsic unit 237 
invalid 

exception, on comparison 38 
operation 49 

IOSFPLlB.OBJ 237 

J,K 
Kahan, William 67 
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less 37, 111, 217 
less-or-equal 37 
linking to FP6502 and 

Elems6502 133, 134, 138, 
146 

Usa 237 
In(x) 59 
In1 (x) 59 
loading FP6502 and Elems6502 

133, 135, 137, 142, 149 
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functions 57 
binary 102 
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log2(x) 59 
logarithm functions 59 
10gb 57, 102, 207 
longint 201 

M 

Macintosh 237 
macros 93, 94, 151, 198, 237 
MAXCOMP 34 
memory map 143 
mod 20 
multiplication 206 

invalid 49 
multiply 100 

N 

N status bit 1.01,111,113,217 
NaN(s) 42 

codes 42,43 
comparison of 37 

negate 55, 102, 208 
next-after 103, 209 

functions 56, 90 
nextdouble(x,y) 56 
nextextended(x,y) 56 
nextsingle(x,y) 56 
normal 113, 218 
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Not-a-Number See NaN(s) 
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one-address form 90, 99, 125, 

194,205 
128K Apple II 129 
< op > 90, 99, 125, 194, 205, 

233 
operand 90, 194 

format code(s) 93, 197 
passing 99, 205 

operation code 93, 197 
opword 93, 122, 197 
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overflow 50 

fixed format 107,213 
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package manager 237 
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assembly-language access 
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payment 63 
PDOS.SANEMACROI 131 
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precision 14 
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registers 92, 99, 111, 196 
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relational operators 37, . 112, 

217 
remainder 20, 101, 196, 207 

invalid 49 
result information. 122 
round to integral value 21 
round-to-integer 101, 206 
rounding 
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errors 35 
precision 48, 116, 222 
to integral formats 24 
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201 
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SANE2 disk 130-131 
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SANE3 disk 129-130 
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set-exception 118 
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sign 13, 113 

manipulation 55 
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single-only IEEE implementation 
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Sinh 68 
6502 byte order 99 
68000 byte order 202 
SOS 129 

assembly-language access 
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style 
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@ operator MI-IO 

A 
ABByte data type AM-20 
ABCallType data type AM-I 7 
ABProtoType data type AM-I 7 
ABRecHandle data type AM-I 7 
ABRecPtr data type AM-17 
ABusRecord data type AM-I 7 

ALAP parameters AM-I 9 
ATP parameters AM-32 
DDP parameters AM-26 
NBP parameters AM-46 

ABusVars global variable AM-83 
access path FL-9 
access path buffer FL-IO 
ACount global variable DL-32 
action procedure CM-IO, CM-20, CM-22 

in control definition function 
CM-30 

activate event EM-s, WM-17 
event message EM-14 

active 
control CM-7 
window UI-28, WM-4, WM-23 

AddPt procedure QD-6s 
AddrBlock data type AM-26 
Add Reference procedure RM-39 
AddResMenu procedure MN~18 
Add Resource procedure RM-28 
AddResponse function AM-71 
address mark DD-3 
ALAP See AppleTalk Link Access 

Protocol 
ALAP frame AM-6 
alert DL-s, DL-15 

guidelines UI-54 
alert box DL-s 
Alert function DL-27 
alert stages DL-16 
alert template DL-8, DL-33 

resource format DL-3s 
alert window DL-7 
AlertTemplate data type DL-33 
AlertTHndl data type DL-34 
AlertTPtr data type DL-34 
alias AM-7 
Allocate function 

hi~h-level FL-21 
low-level FL-44 

allocated block MM-4 
allocation block FL-4 
amplitude of a wave SN-4 
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AngleFromSlope function TU-13 
ANumber global variable DL-32 
ApFontID global variable FM-6 
AppendMenu procedure MN-17 
AppFile data type SL-8 
Apple menu UI-37 
AppleTalk address AM-6 
AppleTalk Link Access Protocol AM-6 

assembly language AM-55 
Pascal AM-l 9 

AppleTalk Manager RD-Il, AM-4, AM-13 
assembly language AM-53 
Pascal AM-l 6 

AppleTalk Transaction Protocol AM-8, 
AM-9 

assembly language, AM-63 
Pascal AM-32 

application font FM-6 
applicati~h heap MI-s, MM-4 

limit MM-12, MM-28 
subdividing MM-49 

application parameters SL-4 
application space MM-Is 
application window WM-4 
ApplicZone. function MM-32 
ApplLimit global variable MM-29 
ApplScratch global variable AL-4 
ApplZone global variable MM-16, 

MM-32 
AppParmHandle global variable SL-6 
arrow cursor QD-34 , QD-39 
arrow global variable QD-34 
ascent FM-17 
ASCII codes EM-8 
assembly language AL-3 
asynchronous communication SR-3 
asynchronous execution FL-24 , DV-9, 

AM-I8 
at-leas,t-once transaction AM-8 
ATP See AppleTalk Transaction 

Protocol 
ATPAddRsp function AM-43 
ATPCloseSocket function AM-37 
ATPGetRequest function AM-4I 
ATPLoad function AM-36 
ATPOpenSocket function AM-37 
ATPReqCancel function AM-40 
ATP~equest function AM-39 
ATPResponse function AM-44 
ATPRspCancel functlon AM-44 
~TPSndRequest function AM-38 
ATPSndRsp function AM-42 
ATPUnload function ,AM-37 
AttachPH function AM-58 
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auto-key event EM-5. EM-7 
auto-key rate EM-7. OU-5 
auto-key threshold EM-7. OU-5 
auto-pop bit AL-8 
automatic scrolling U1-30 

in TextEdit TE-13 

B 
BackColor procedure QD-46 
background procedure PR-16 
BackPat procedure QD-39 
band information subrecord PR-16 
bands PR-7 
base· line FM-16 
baud rate SR-4 
BDSElement data type AM-34 
BDSPtr data type AM-34 
BDSType data type AM-34 ' 
BeginUpdate procedure WM-32 
Binary-Decimal Conversion Package 

RD-lO, PK-20 
bit image QD-12 
bit manipulation TU-7 
bit map 

AppleTalk Manager AM-lO 
printing PR-26 
QuickDraw QD-13 

BitAnd function TU-8 
BitClr procedure TU-8 
BitMap data type OD-13 
'BitMapType data type AM-33 
BitNot function TU-8 
BitOr function TU-8 
BitSet procedure TU-8 
BitShift function TU-8 
BitTst function TU-7 
BitXor function TU-8 
black global variable QD-34 
block (file) See allocation block 
block (memory) MI-4. MM-4 
block contents MM-4 
block device DV-4 
block header MM-4 

structure MM-21 
block map FL-55 
BlockMove procedure MM-47 
boot blocks See system startup 

information 
break SR-4 
bridge AM-7 
BringToFront procedure WM-25 
broadcast service AM-6 
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BufPtr global variable MM-16 
bundle FL-11, ST-6, ST-8 
Button function EM-23 
button type of control CM-5, OL-10 
Byte data type. MI-9 

C 
CalcMenuSize procedure MN-26 
CalcVBehind procedure WM-37 
CalcVis procedure WM-36 
CalcVisBehind procedure WM-37 
caret TE-7 
caret-blink time EM-25 , OU-6 
CaretTime global variable EM-25 
CautionAlert function OL-29 
Chain procedure SL-9 
ChangedResource procedure RM-27 
character codes EM-8 
character device OV-3 
character height FM-16 
character image FM-16 
character keys UI-12, EM-7 
character offset FM-18 
character origin FM-16 
character position TE-6 
character rectangle FM-16 
character set EM-9 
character style QD-23 

of menu items MN-12, MN-24 
character width QO-44 , FM-17 
Chars data type TE-17 
CharsHandle data type TE-17 
CharsPtr data type TE-17 
CharWidth function QO-44 
check box CM-5, OL-I0 
check mark in a menu MN-12, MN-24 
Checkltem procedu~e MN-24 
CheckUpdate function WM-35 
ClearMenuBar procedure MN-19 
click See mouse-down event 
click loop routine TE-13 
ClipAbove procedure WfoI-36 
Clipboard UI-42 See also scrap 
ClipRect procedure QD-38 
clipRgn of a grafPort QO-19 
clock chip OU-3 
close box See go-away region 
Close command UI-40 
Close function 

high-level FL-22 t OV-7 
low-level FL-45 , DV-14 

close routine 
of a desk accessory OS-14 
of a driver DV-19 , OV-25 
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CloseATPSkt function 
closed device driver 
closed file FL-9 

AM-67 
DV-5 

CloseDeskAcc procedure DS-8 
CloseDialog procedure DL-2I 
CloseDriver function DV-7 
ClosePicture procedure QD-62 
Close Poly procedure QD-63 
ClosePort procedure QD-36 
CloseResFile procedure RM-18 
CloseRgn procedure QD-56 
CloseSkt function AM-62 
CloseWindow procedure WM-22 
ClrAppFiles procedure SL-8 
CmpString function OU-12 
color drawing QD-30 
ColorBit procedure QD-46 
Command-key equivalent· See keyboard 

equivalent 
Command-Shift-number EM-22 
commands UI-33 t MN-3 
compaction t heap MI-4 t MM-7 t - MM-40· 
CompactMem function MM-40 
completion routine FL-24, DV-9 
ConfirmName function AM-77 
content region of a window WM-6 
control UI-50, CM-4 

defining your own CM-24 
in a dialog~alert DL-IO 

control definition function CM-8, 
CM-26 

control definition ID CM-8, CM~24 
Control function 

high-level DV-8 
low-level DV-I7 

control information DV-5 
control list WM-~O, CM-II 
Control Manager RD-9, CM-4 

routines CM-15 
control record CM-IO 
control routine 

of a desk accessory DS-14 
of a driver DV-19, DV-26 

control template CM-9 
resource format CM-30 

ControlHandle data type CM-12 
ControlMessage data type CM-26 
ControlPtr data type CM-12 
ControlRecord data type CM-I3 
coordinate plane QD-6 
CopyBits procedure QD-60 
CopyRgn procedure QD-55 
CouldAlert procedure DL-29 
CouldDialog procedure DL-23 
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CountAppFiles procedure SL-8 
CountMItems function MN-26 
CountResources function RM-2I 
CountTypes function RM-20 
Create function 

high-level FL-18 
low-level FL-37 

CreateResFile procedure RM-I7 
creator of a file ST-3 
CrsrThresh global variable OU-7 
CurActivate global variable WM-18 

, CurApName global variable SL-7 
CurApRefNum global variable SL-7 
CurDeactive global variable WM-18 , 
CurJTQffset global variable SL-13 
CurMap global variable RM-19 
CurPageOption global variable SL-I0 
CurPitch global variable SN-8 
current heap zone MM-4, MM-30 
current resource file RM-7, RM-19 
CurrentA5 global variable AL-I8, 

MM-I6 
CurResFi1e function RM-19 
CursHand1e data type TU-II 
cursor QD-I5 

QuickDraw routines QD-39 
standard cursors TU-II 
utility routines TU-Il 

Cursor data type QD-16 
CursPtr data type TU-II 
CurStackBase global variable MM-I6 
cut and paste UI-44 

D 

intelligent UI-47 
in TextEdit TE-20 

DABeeper global variable DL-I9 
DAStrings global array DL-30 
data bits SR-4 
data buffer FL-9, DV-5 
data fork RM-5, FL-6 
data mark DD-3 
datagram AM-6 

loss recovery AM-IO 
Datagram Delivery Protocol AM-6 

assembly language AM-26 
Pascal AM-26 

Date2Secs procedure OU-I5 
DateForm data type PK-16 
date/time record OU-I3 
DateTimeRec data type OU-I3 
DCtlQueue global variable DV-25 
DDP See Datagram Delivery Protocol 
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DDPCloseSocket function AM-28 
DDPOpenSocket function AM-27 
DDPRdCancel function AM-30 
DDPRead function AM-29 
DDPWrite function AM-28 
default button DL-5, DL-13 
default volume FL-5 
DefltStack global variable MM-14 
DefVCBPtr global variable FL-60 
Delay procedure OU-22 
Delete function 

high-level FL-24 
low-level FL-51 

DeleteMenu procedure MN-19 
DeltaPoint TU-12 
Dequeue function OU-20 
dereferencing a handle MM-I0, MM-48 
descent FM-17 
desk accessory DS-3 

writing your own DS-ll 
Desk Manager RD-9, DS-3 

routines DS-7 
desk scrap SM-3, SM-13 

data types SM-7 
format SM-15 

DeskHook global variable WM-20, 
WM-27 

DeskPattern global va~iable WM-20 
desktop WM-4 
Desktop file ST-5 
destination rectangle TE-5 
DetachPH function AM-58 
DetachResource procedure RM-24 
device DV-3 
device control entry DV-21 
device driver RD-I0, DV-4 

for a desk accessory DS-ll 
example DV-28 
structure DV-18 
writing your own DV-25 

device driver event EM-5 
Device Manager RD-IO, DV-3 
Device Manager routines DV-7 

high-level DV-7 
low-level DV-9 
for queue access DV-9 
'for writing drivers DV-26 

dial CM-6 
dialog box UI-52, DL-4 
Dialog Manager RD-9, DL-4 

routines DL-18 
dialog pOint,er DL-14 
dialog record DL-8, DL-13 
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dialog template DL-8, DL-33 
resource format DL-35 

dialog window DL-6 
DialogPeek data type DL-14 
DialogPtr data type DL-14 
DialogRecord data type DL-14 
DialogSelect function DL-25 
DialogTemplate data type DL-33 
DialogTHndl data type DL-33 
DialogTPtr data type DL-33 
DIBadMount function PK-37 
DiffRgn procedure QD-57 
DIFormat function PK-39 
DILoad procedure PK-37 
dimmed 

control CM-7 
menu item M~-4, MN-5 
menu title MN-4 

disabled 
dialog/alert item DL-Il 
menu MN-4, MN-23 
menu item MN-13, MN-23 

DisableItem procedure MN-23 
discontinuous selection UI-20 
Disk Driver RD-I0, DD-3 

Device Manager calls DD-5 
routines DD-7 

Disk Initialization Package RD-ll , 
PK-35 

routines PK-36 
disk-inserted event EM-5 

event message Et-l-I4 
responding to EM-20 

disk-switch dialog FS-5 
DiskEject function DD-8 
dispatch table See, trap dispatch 

table 
display rectangle DL-l1 
DisposControl procedure CM-16 
DisposDialog procedure DL-23 
DisposeControl procedure CM-16 
DisposeMenu procedure MN-17 
DisposeRgn procedure QD-54 
DisposeWindow procedure WM-23 
DisposHandle procedure MM-33 
~DisposMenu procedure MN-17 
DisposPtr procedure MI-5, MM-37 
DisposWindow procedure WM-23 
DIUnload procedure PK-37 
DrVerify function PK-39 
DIZero function PK-39 
dkGray global variable QD-34 
DIgCopy procedure DL-27 
DlgCut procedure DL-26 
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DlgDeleteprocedure DL-27 
DlgFont global variable OL-19 
DlgHook function 

SFGetFile PK-33 
SFPutFile PK-29 

OlgPaste procedure OL-27 
document window WM-4 
double-click EM-18 , UI-16 
double-click time OU-6, EM-24 
DoubleTime global variable EM-24 
draft printing PR-6 
drag region of a window WM-7, WM-28 
OragControl procedure CM-21 
DragGrayRgn function WM-33 
DragHook global variable WM-29 
DragPattern global variable WM-3S 
OragTheRgn function .WM-3S 
DragWindow procedure WM-28 
DrawChar procedure QD-44 
DrawControls procedure CM-18 
DrawDialog procedure DL-27 
DrawGrowIcon procedure WM-26 
drawing QD-27 

'color QD-30 
DrawMenuBar procedure MN-19 
DrawNew procedure WM-36 
DrawPicture procedure QD-62 
DrawString procedure QO-44 
DrawText procedure QD-44 
drive number FL-5 
drive queue FL-62 
driver See device driver 
driver I/O queue DV-9, DV-24 
driver name DV-5 
driver reference number OV-5 
DriveStatus function DD-9 
DrvQEl data type FL-62 
DrvQHdr global variable FL-63 
DrvSts data type DD-9 
DSAlertRect global variable EH-11 
DSAlertTab global variable EH-6, 

EH-IO 
DSErrCode glob~l variable EH-IO 

E 
Edit menu UI-42 

and desk accessories DS-9 
edit tecord TE-4 
Eject function 

high-level FL-17 
1 OW"" 1 eve 1 FL-36 

Elems68K See Transcendental 
Functions Package 
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empty handle MI-7, MM-8, MM-41 
EmptyHandle procedure MM-41 
EmptyRect function QD-48 
EmptyRgn function 00-58 
enabled 

dialog/alert item DL-11 
menu MN-24 
menu item MN-24 

EnableItem procedure MN-24 
end-of-file 

logical FL-7 
physical FL-6 

end-of-message flag AM-12 
EndUpdate procedure WM-32 
Enqueue procedure OU-19 
entity name AM-7, AM-47 
EntityName data type AM-47 
EntityPtr data type AM-47 
e9ual-tempered scale SN-20 
EqualPt function OD-65 
EqualRect function OD-48 
EqualRgn function OD-58 
EqualString function OU-12 
EraseArc procedure OD-53 
EraseOval procedure OD-50 
ErasePoly procedure QO-65 
EraseRect procedure QO-49 
EraseRgn procedure 00-59 
EraseRoundRect procedure OD-51 
ErrorSound procedure DL-19 
event EM-3 

priority EM-6 
event code EM-II 
Event Manager, Operating System 

RD-10, OE-3 
,routines OE-4 

Event Manager, Toolbox RD-8, EM-3 
routines EM-2I 

event mask EM-IS 
event message EM-12 ~ , 
event queue EM-4 

structure OE-7 
event record EM-II 
event types EM-4 
EventAvail function EM-22 
EventQueue global variable OE-8 
EventRecord data type EM-II 
EvQEl data type OE-8 
exactly-once transaction AM-8 
example program RO-l1 
exception DV-30 
Exec file for applications PT-12 
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ExitToShell procedure 
assembly language SL-ll 
Pascal SL-9 

extended .selection UI-19 
in TextEdit TE-18 

external file system FL-63 
external reference AL-15 
ExtStsDT global variable DV-34 

F 
FCBSPtr global variable FL-61 
Fetch function DV-27 
FFSynthPtr data type SN-ll 
FFSynthRec data type .SN-ll 
file FL-3, FL-6 
file control block FL-60 
file-control-block buffer FL-60 
file creator ST-3 
file directory FL-4, FL-55 
file icon FL-ll, ST-5 
file I/O queue FL-24 , FL-58 
File Manager RD-I0, FL-3 
File Manager routines 

high-level FL-15 
low-level FL-24 
for queue access FL-58,. FL-60, 

FL-63 
File menu UI-38 
file name FL-6 
file number FL-55 
file reference ST-5, ST-8 
file tags FL-56 , FL-62 
file tags buffer DD-4 
file type ST-3 
fileFilter function PK-31 
FillArc procedure QD-54 
FillOval procedure QD-50 
FillPoly procedure QD-65 
FillRect procedure QD-49 
FillRgn procedure QD-59 
FillRoundRect procedure QD-52 
filterProc function DL-24 
FindControl function CM-19 
Finder information SL-4 
Finder interface FL-I0, ST-3 
FindWindow function WM-26 
FInfo data type FL-ll 
Fixed data type MI-II 
fixed-point 

arithmetic TU-3 
numbers MI-il 

fixed-width font FM-17 
FixMul function TU-4 
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FixRatio function TU-3 
FixRound function TU-4 
FlashMenuBar procedure MN-27 
Floating-Point Arithmetic Package 

RD-ll 
FlushEvents procedure OE-5 
FlushFile function FL-45 
FlushVol function 

high-level FL-17 
low-level FL-34 

FMInput data type 
FMOutPtr data type 
FMOutput data type 
FMSwapFont function 
folder FL-Il 
font FM-3 

characters FM-8 
format FM-16 

FM-12 
FM-15 
FM-15 
FM-ll 

resource format FM-24 
resource ID FM-25 

font characterization table FM-13 
Font Manager RD-8, FM-3 

communication with QuickDraw FM-ll 
routines FM-9 
support by Printer Driver PR-28 

Font menu UI-45, MM-18 
font number FM-4 
fo·nt record FM-20 
font rectangle FM-17 
font scaling FM-7 
font size QD-25 , FM-4 
FontInfo data type QD-45 
FontRec data type FM-22 
FontSize menu· UI-45 
ForeColor procedure QD-45 
fork RM-5, FL-5 
four-tone record SN-8 
four-tone synthesizer SN-3, SN-8 
FP68K See Floating-Point Arithmetic 

Package 
frame (serial communication) SR-4 
frame check sequence j AM-6 
frame header AM-6 
frame pointer (stack) AL-16 
frame trailer AM-6 
FrameArc procedure QD-52 
FrameOval procedure QD-50 
FramePoly procedure QD-64 
FrameRect procedure QD-49 
FrameRgn procedure QD-58 
·FrameRoundRect procedure QD-51 
framing error SR-4 
free-form synthesizer SN-3, SN-ll 
free memory block MM-4 
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FreeAlert procedure OL-29 
FreeDialog procedure DL-23 
FreeMem function MM-39 
FreeWave data type SN-11 
frequency of a wave SN-4 
FrontWindow function WM-26 
FScaleDisable global variable FM-7 
FSClose function FL-22 
FSOelete function FL-24 
FSOpen function FL-18 
FSQHdr global variable FL-58 
FSRead function FL-19, OV-8 
FSWrite function FL-19, OV-8 
FTSndRecPtr data type SN~9 

FTSoundRec data type SN-9 
FTSynthPtr data type SN-8 
FTSynthRec data 'type SN-8 
full-duplex communication SR-3 

G 
GetAlrtStage function OL-32 
GetAppFiles procedure SL-8 
GetAppParms procedure SL-9, ST-9 
GetCaretTime function EM-25 
GetClip procedure QD-38 
GetCRefCon function CM-24 
GetCTitle procedure CM-17 
GetCtlAction function CM-24 
GetCtlMax function CM-23 
GetCtlMin function CM-23 
GetCtlValue function CM-23 
GetCursor function TU-11 
GetOateTime procedure OU-14 
GetOblTime function EM-24 
GetOCtlQHdr function DV-24 
GetDItem procedure OL-30 
GetDrvQHdr function FL-63 
GetEOF function 

high-level FL-20 
low-level FL-43 

GetEvQHdr function OE-8 
GetFilelnfo function 

high-level FL-22 
low-level FL-46 

GetFlnfo function FL-22 
GetFName procedure FM-10 
GetFNum procedure FM-10 
GetFontInfo procedure QD-45 
GetFontName procedure FM-10 
GetFPos function 

high-level FL-20 
low-level FL-42 

GetFSQHdr function FL-58 
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GetHandleSize function MM-33" 
Getlcon f~nction TU~10 
GetlndPattern procedure TU-10 
GetlndResource function RM-21 
GetlndString procedure TU-4 
GetIndType proce,dure RM-21 
GetItem procedure MN-23 
Getltemlcon procedure MN-25 
GetltemMark procedu~e MN-25 
GetltemStyle procedure MN-26 
GetITeit procedure DL-31 
GetltmIcon procedure MN-25 
GetltmMark procedure MN-2S' 
GetltmStyle procedure MN-26 
GetKeys procedure' EM~24 
GetMaxCtl function CM~23 

GetMenu function MN-16 
GetMenuBar function, MN-20 
GetMHandle function MN-27 
GetMinCtl function CM-23 
GetMouse procedure EM-23 
GetNamedResource function RM-22 
GetNewControl' function CM-16 , 
GetNewOialog function DL-21 
GetNewMBar function MN-20 
GetNewWindow function WM-22 
GetNextEvent function EM-21 
GetNodeAddress function AM-53 
GetOSEvent function OE-6 
GetPattern function TU-I0 
GetPen procedure QD-40 
GetPenState procedure QD-41 
GetPicture function TU-12 
GetPixel function QD-68 
GetPort procedure QD-36 
GetPtrSize function MM-37 
GetRequest function AM-69 
GetResAttrs function RM-2S 
GetResFileAttrs function RM-32 
GetReslnfo procedure 'RM-25 
Get Resource function RM-22 
GetRMenu function MN-17 
GetScrap function SM-12 
GetSoundVol procedure SN-15 
GetString function TU-4, 
Get.SysPPtr function OU-18 
GetTime procedure OU~16 
GetTrapAddress functiori OU-21 
GetVBLQHdr function VR-7 
GetVCBQHdr,function FL-60 
GetVlnfo function FL-16 
GetVol function 

high-level FL-16 
low-level FL-33 
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GetVolInfo function 
high-level FL-16 
low-level FL-32 

GetWindowPic function WM-33 
GetWMgrPort procedure ,WM-21 
GetWRefCon function WM-33 
GetWTitle procedure WM-23 
GetZone function MM-30 
GhostWindow global variable WM-26 
global coordinates OD-27 
GlobalToLocal procedure OD-66 
go-away region of a window WM-7, 

WM-27 
GrafDevice procedure OD-36 
grafPort OD-17 

routines OD-34 
GrafPort data type OD-18 
GrafPtr data type OD-18 
GrafVerb data type OD-71 
gray global variable OD-34 
GrayRgn global variable WM-20 
grow image of a window' WM-25 
grow region of a window WM-7, WM-29 
grow zone function MM-I0, MM-44 
GrowWindow function WM-29 
GZCritical function MM-46 
GZMoveHnd global variable MM-47 
GZRootHnd global variable MM-47 
GZRootPtr global variable MM-47 
GZSaveHnd function MM-46 

H 
handle MI-6, MI-9, MM-6 

dereferencing MM-I0 
empty MM-41. 
manipulation OU-9 

Handle data type MI-9 
HandleZone function MM-34 
HandAndHand function OU-ll 
HandToHand function OU-9 
hardware overrun error SR-5 
heap RD-I0, MI-3, MM-4 

compaction MI-4, MM-7, MM-40 
creating on the stack MM-51 
zone MM~3, MM-17 

HeapEnd global variable MM-16 
HideControl procedure CM-17 
HideCursor procedure 0D-39 
HidePen procedure 0D-40 
HideWindow procedure WM-23 
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highlighted 
control CM-6 
menu title MN-22 
window WH-4 

INDEX 9 

HiliteControl procedure CM-18 
HiliteMenu procedure MN-22 
'HiliteWindow procedure WM-25 
HiWord function TU-9 
HLock procedure MM-42 
HNoPurge procedure MM-44 
HomeResFile function RM-20 
HPurge procedure MM-43 
HUnlock procedure MM-43 

I 
icon 

in a dialog/alert DL-I0 
for a file FL-l1, ST-5 
in a menu MN-Il, MN-25 
utility routines TU-I0 

icon list ST-6, ST-8 
resource format TU-14 

icon number MN-ll 
image width FM-16 
imaging during printing PR-6, PR-7 
inactive 

control CM-7 
.window WM-4 

indicator of a dial CM-6 
InfoScrap function SM-I0 
InitAllPacks procedure PK-5 
InitApplZone procedure MM-27 
InitCursor procedure OD-39 
InitDialogs proce~ure DL-18 
InitFonts procedure FM-9 
InitGraf procedure OD-34 
InitMenus procedure MN-15 
InitPack procedure PK-5 
InitPort procedure OD-35 
InitOueue procedure FL-31 
InitResources function RM-16 
InitUtil function OU-17 
InitWindows procedure WM-20 
InitZone procedure MM-28 
input driver SR-4 
insertion point UI-22 , TE-7 
InsertMenu procedure MN-19 
InsertResMenu procedure MN-18 
InsetRect procedure 0D-47 
InsetRgn procedure OD-57 
interface routine AL-15 
international resources PK-6 
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International Utilities Package 
RD-10, PK-6 

routines PK-16 
internet AM-7 
internet address AM-7 
interrupt handler DV-30 

writing your own DV-34 
interrupt priority level DV-30 
interrupt vector DV-30 
interrupts DV-30 

level-1 (VIA) DV-31 
level-2 (SCC) DV-33 
level-J DV-30 
vertical retrace VR-3 

Int64Bit data type TU-9 
InvalRect procedure WM-31 
InvalRgn procedure WM-32 
InvertArc procedure QD-54 
InvertOval procedure· QD-50 
InvertPoly procedure QD-65 
InvertRect procedure {)D-49 
InvertRgn procedure QD-59 
InvertRoundRect procedure QD-52· 
invisible 

control CM-10 
dialog/alert item DL-12 
file icon FL-11 
window WM-11 

IODone function DV-28 
I/O queue See driver I/O queue or 

file I/O queue 
I/O request FL-24 , DV-9 
IsATPOpen function AM-53 
IsDialogEvent fun~tion DL-25 
IsMPPOpen function AM-53 
item 

dialog/alert DL-8 
menu MN-4 

item list DL-8, DL-9, DL-36 
item number DL-13 

dialog/alert DL-12 
menu MN-14 

item type DL-9 
IUCompString function PK-18 
IUDatePString procedure PK-17 
IUDateString procedure PK-16 
IUEqualString function PK-18 
IUGetlntl function PK-17 
IUMagIDString function PK-19 
IUMagString function PK-18 
IUMetric function PK-17 
IUSetlntl procedure· PK-18 
IUTimePString procedure PK-17 
IUTimeString procedure PK-17 
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J 
jFetch jump vector DV-27 
jIODone jump vector DV-28 
job dialog PR-ll 
job subrecord PR-14 
journal code EM-27 
journaling mechanism EM-25 
jStash jump vector DV-27 
jump table SL-l1 
jump vector DV-26 
justification TE-8 

setting TE-21 

K 
kerning QD-23 , FM-17 
key codes EM-12 
key-down event EM-5 

responding to EM-19 
key-up event EM-5, EM-17 
keyboard UI-l1 
keyboard configuration EM-9 
keyboard equivalent MN-5, MN-6 

meta-character MN-13 
responding to MN-22 
standard equivalents UI-36 

keyboard event EM-5, EM-7 
event message EM-12 
responding to EM-19 

keyboard touch See auto-key 
threshold 

KeyMap data type EM-24 
keypad UI-14 
KeyRepThresh global variable EM-8 
KeyThresh global variable EM-8 
KillControls procedure CM-17 
KillIO function 

high-level DV-9 
low-level DV-18 

KillPicture procedure QD-62 
KillPoly procedure QD-63 

L 
landscape orientation PR-8 
LAP protocol type AM-6 
LAPAdrBlock data type AM-20 
LAPCloseProtocol function AM-21 
LAPOpenProtocol function AM-21 
LAPRdCancel function AM-23 
LAPRead function AM-23 
LAPWrite function AM-22 
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Launch procedure SL-I0 
leading FM-18 
ligatures PK-14 

, limit pointer MM-19 
line height TE-9 
Line procedure QD-42 
LineTo procedure QD-42 
list separator PK-8 
L03Bytes global variable AL-4, MM-23 
LoadNBP function AM-77 
LoadResource procedure Rt1-23 
LoadScrap function SM-l1 
LoadSeg procedure SL-l1 
local coordinates QD-25 
local ID ST-5 
local reference RM-37 
LocalToGlobal procedure , QD-66 
location table FM-20 
lock bit MM-22 
locked block MI-7, MM-5 
locked file FL-I0 
locked volume FL-5 
locking a block MI-7, MM-42 
LodeScrap function SM-l1 
logical block FL-52 
logical end-of-file FL-7 
logical operations TU-8 
logical size of a block ~1-20 

LongMul procedure TU-9 
LookupName function AM-76 
LoWord function TU-9 
ItGray global variable QD-34 
LvllDT global variable DV-32 
Lvl2DT global variable DV-33 

M 
magnitude of a wave SN-4 
main 'event loop RD-12 
main segment SL-3 
MapPoly procedure QD-69 
MapPt procedure QD-69 
MapRect procedure OD-69 
MapRgn procedure QD-69 
mark 

in a file FL-7 
-in a menu MN-12, MN-24 

master directory block FL-52 
master pointer MI-6, MM-6 

allocation MM-19, MM-30 
structure MM-22 

MaxApplZone procedure MM-30 
NaxMem function MM-39 
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MBarEnable global variable MN-22, 
DS-15 

MemErr data type MM-21 
MemError funct ion MM-4'8 
Memory Hanager RD-I0, MM-3 

routines MM-25 
memory organization MM-15 
HemTop global variable MM-16, MM-47 
menu MN-3 

defining your own MN-27 
guidelines UI-33 
resource format MN-30 
standard menus UI-37 

menu bar MN-4 
resource format MN-31 

menu definition procedure MN-7, 
MN-28 

menu ID MN-8 
menu item MN-3 

blinking MN-27, OE-6 
menu item number MN-14 
menu list MN-9 
Menu Manager RD-9, MN-3 

routines MN-15 
menu record MN-8 
menu title MN-3 
MenuFlash global var.iable MN-27 
MenuHandle data type MN-8 
MenuHook global variable MN-22 
MenuInfo data type MN-8 
MenuKey function MN-22 
MenuList global variable MN-I0 
MenuPtr data type MN-8 
MenuSelect function MN-21 
meta-characters MN-I0 

AppleTalk M'anager, AM-8 
Menu Manager MN-I0 

~1inStack global variable MM-14 
MinusOne global variable AL-4 
missing symbol QD-23, FM-7 
modal dialog box DL-4, DL-23 
ModalDialog procedure DL-23 
modeless dialog box DL-5, DL-25 
modes UI-5 
modifier flags EM-14 
modifier keys UI-12, EM-7 

flags in event record EM-14 
MoreMasters procedure MM-30 
mounted volume FL-4 
MountVol function FL-31 
mouse UI-15 
mouse-down event EM-5 

responding to EM-18 
mouse scaling OU-7 
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mouse-scaling threshold OU-7 
mouse-up event EM-5 

responding to EM-I8 
Move procedure QD-42 
MoveControl procedure CM-21 
MovePortTo procedure QD-37 
MoveTo procedure QD-42 
MoveWindow procedure WM-28 
MPP AM";'13 
MPPClose function AM-19 
MPPOpen function AM-19 
Munger function TU-5 

N 
Name-Binding Protocol AM-7 

assembly language AM-72 
Pascal AM-46 

name lookup AM-8 
names directory AM-7 
names information socket AM-8 
names table AM-7 
NBP See Name-Binding Protocol 
NBP tuple AM-7 
NBPConfirm function AM-50 
NBPExtract function AM-49 
NBPLoad function AM-50 
NBPLookup function AM-49 
NBPRegister function AM-48 
NBPRemove function AM-50 
NBPUnload function AM-51 
network event EM-5, AM-18 
network number AM-7 
network-visible entity AM-7 
New command UI-39 
NewControl function CM-15 
NewDialog function DL-20 
NewHandle function MM-32 
newline character FL-I0 
newline mode FL~IO 
NewMenu function MN-I6 
NewPtr function MI-5, MM-36 
NewRgn function OD-54 
NewString function TU-4 
N~wWindow function WM-21 
node AM-6 
node ID AM-6 
nonbreaking space TE-4 
nonrelocatable block MI-5, MM-5 

allocating MM-36 
releasing MM-37 

NoteAlert function DL-29 
null event EM-5 
NumToString procedure PK-20 

o 
ObscureCursor procedure QD-40 
off-line volume FL-4 
OffLine function FL-35 
OffsetPoly p,rocedure QD-63 
OffsetRect ~rocedure QD-46 
OffsetRgn procedure QD-56 
offset/width table FM-20 
on-line volume FL-4 
OneOne global variable AL-4, 
Open command UI-39 
open device driver DV-5 
open file FL-9 
Open function 

high-level FL-I8, DV-7 
low-level FL-38, DV-14 

open permission FL-9 
open routine 

of a desk accessory DS-13 
of a driver DV-19, DV-25 

OpenATPSkt function AM-67 
OpenDeskAcc function DS-7 
OpenDriver function DV-7 
OpenPicture function QD-61 
OpenPoly function QD-62 
OpenPort procedure QD-35 
OpenResFile function RM-17 
OpenRF function FL-39 
OpenRgn procedure QD-55 
OpenSkt function AM-62 
Operating System RD-6 

queues OU-7 
Operating System Event Manager 

RD-lC) , OE-3 
routines ,OE-4 

Operating System Utilities RD-ll, 
OU-3 

routines OU-9 
OSErr data type OU-9 
OSEventAvail function OE-6 
OSType data type OU-8 
output driver SR-5 
owned resources RM-10 

P 

Pack2 See Disk Initialization 
Package 

Pack3 See Standard File Package 
Pack4 See Floating-Point Arithmetic 

Package 
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Pack5 See Transcendental Functions 
Package . 

Pack6 See International Utilities 
Package 

Pack7 See Binary-Decimal Conversion 
Package 

Package Manager RD-I0, PK-4 
packages RD-I0, PK-4 
PackBits procedure TU-6 
page rectangle PR-12 
Page Setup command UI-41 
PaintArc procedure OD-53 
PaintBehind procedure WM-36 
PaintOne procedure WM-36 
PaintOval procedure OD-50 
Paint Poly procedure OD-64 
PaintRect procedure OD-49 
PaintRgn procedure OD-59 
PaintRoundRect procedure OD-51 
PaintWhite global variable WM-17 
palette UI-I0 
pane UI-31 
panel UI-33 
paper rectangle PR-13 
ParamBlkType data type FL-26, DV-ll 
ParamBlockRec data type FL-26, DV-ll 

driver I/O queue entry DV-24 
file I/O queue entry FL-58 

parameter block AL-12, FL-24, DV-I0 
parameter RAM OU-3 

default values OU-5 
routines OU-17 

ParamText procedure DL-30 
parity 'bit SR-4 
parity error SR-4 
ParmBlkPtr data type FL-26, DV-l1 
part code CM-9 
path reference number FL-9 
PatHandle data type TU-I0 
PatPtr data type· TU-I0 
pattern OD-14, TU-I0 
Pattern data type OD-14 
pattern list TU-I0 

resource format TU-14 
pattern transfer mode OD-29 
PBAllocate function FL-44 
PBClose function' FL-45, DV-14 
PBControl function DV-17 
PBCreate function FL-37 
PBDelete function FL-51 
PBEject function FL-36 
PBFlshFile function FL-45 
PBFlshVol function FL-34 
PBGetEOF function FL-43 
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PBGetFInfo function FL-46 
PBGetFPos function FL-42 
PBGetVol function "FL-33 
PBGetVolInfo function FL-32 
PBKillIO function DV-18 
PBMountVol function FL-31 
PBOffLine function FL-35 
PBOpen function FL-38, DV-14 
PBOpenRF function FL-39 
PBRead function FL-40, DV-15 
PBRename function FL-50 
PBRstFLock function FL-48 
PBSetEOF function FL-43 
PBSetFInfo function FL-47 
PBSetFLock function FL-48 
PBSetFPos function FL-42 
PBSetFVers function FL~49 
PBSetVol function FL-33 
PBStatus function DV-17 
PBUnmountVol function FL-35 
PBWrite function FL-41, DV-16 
pen characteristics OD-21 
PenMode procedure OD-41 
PenNorma1 procedure OD-42 
PenPat procedure QD-42 
PenSize procedure OD-41 
period of a wave SN-4 
phase of a wave cycle SN-4 
physical end-of-file FL-6 
physical size of a block MM-21 
PicComment procedure OD-62 
PicHand1e data type OD-32 
~icPtr data type OD-32 
picture OD-31 

OuickDraw routines OD-61 
utility routine TU-12 

picture comments OD-32 
Picture data type OD-31 
picture frame OD-31 
PinRect function WM-33 
P1otIcon procedure TU-I0 
point (coordinate plane) OD-7 

routines OD-65 
point (font size) OD-25, FM-4 
Point data type OD-7 
pointer (to memory) MI-5, MI-9, MM-5 

manipulation OU-9 
type conversion MI-9 

pointer (on screen) UI-17 See also 
cursor 

polygon OD-32 
routines OD-62 

Polygon data type OD-33 
Po1yHand1e data type OD-33 
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PolyPtr data type QD-33 
portBits of a grafPort QD-19 
PortBUse global variable AM-54 
portrait orientation PR-8 
portRect of a grafPort QD-19 
PortSize procedure QD-37 
post an event EM-4 
PostEvent function OE-4 
P~Close procedure PR-19 
PrCloseDoc procedure PR-22 
PrClosePage procedure PR-22 
PrCtlCall procedure PR-24 
PrDrvrClose procedure PR-·24 
PrDrvrDCE function PR-24 
PrDrvrOpen procedure PR-24 
PrDrvrVers function PR-24 
PrError function PR-23 
prime routine of a driver DV-19, 

DV-26 
Print command UI-4I 
print dialogs PR-lO 
print record PR-I0 
PrintDefault procedure PR-20 
Printer Driver RD-lI, PR-5, PR-25 
printer information subrecord PR-15 
Printer program PR-9 
printer resource file PR-4 
printer status record PR-l7 
Printing Manager, RD-ll, PR-4 

routines PR-19 
printing methods PR-6 

low-level PR-26 
printing port PR-5 
printing resources PR-29 
PrJobDialog functIon PR-20 
PrJobMerge procedure PR-2I 
PrNoPurge procedure PR-25 
processor priority DV-3I 
ProcPtr data type 'MI-I0 
PrOpen procedure PR-l9 
PrOpenDoc function PR-2I 
PrOpenPage procedure PR-22 
proportional font FM-17 
protocol AM-4 
protocol handler AM-6 

writing your own AM-78, AM-80 
protocol handler table AM-6 
PrPicFile procedure PR-22 
PrPurge procedure PR-25 
PrSetError procedure PR-23 
PrStlDialog function PR-20 
PrValidate function PR-20 
PScrapStuff data type SM-I0 
Pt2Rect procedure QD-47 
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PtlnRect function OD-47 
PtlnRgn function QD-58 
Ptolemy's diatonic scale SN-20 
Ptr data type MI-9 
PtrAndHand function OU-II 
PtrToHand function OU-lO 
PtrToXHand function OU-I0 
PtrZone function MM-38 
PtToAngle procedure QD-48 
purge bit MM-22 
purge warning procedure MM-20 
purgeable block MI-7, MM-5, MM-43 
PurgeMem procedure MM-4I 
purging a block MI-7, MM-8, MM-4l 
PutScrap function SM-14 

Q 
QDByte data type QD-6 
QDHandle data type QD-6 
QDProcs data type QD-7I 
QDProcsPtr data type QD-71 
QDPtr data type QD-6 
QElem data type OU-8 
QElemPtr data type OU-8 
QHdr data type OU-7 
QHdrPtr data type OU-7 
QTypes data type OU-8 
queue OU:...7 

drive FL-62 
driver I/O DV-9, DV-24 
file I/O FL-24, FL-S8 
manipulation OU-19 
vertical retrace VR-4, VR-7 
volume-control-block FL-58 

QuickDraw RD-8, QD-4 
communication with Font Manager 

FM-II 
routines 

Quit command 

R 

QD-34 
UI-4I 

radio button CM-5, DL-lO 
RAM Serial Driver RD-I0, SR-4 

advanced Control calls SR-14 
Device Manager calls SR-6 
routines SR-8\ 

RAMBase global variable AL-6 
RAMSDClose procedure SR-9 
RAMSDOpen function SR-8 
Random function QD-67 
randSeed global variable QD-34, 

QD-67 
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Read function 
high-level FL-19, DV-8 
low-level FL-40, DV-15 

ReadDateTime function OU-14 
ReadPacket AM-8l 
ReadRest AM-82 
read/write permission FL-9 
RealFont function FM-I0 
reallocating a block MI-7, MM-8 
Reallo~Handle procedure MM-35 
RecoverHandle function MM-35 
Rect data type OD-9' 
rectangle OD-8 

routines OD-46 
RectlnRgn function OD-58· 
RectRgn procedure OD-55 
reference number RM-7 
reference value 

control CM-ll 
window WM-11 

region OD-9 
routines OD-54 ! 

Region data type OD-I0 
register-based routines AL-9, AL-12 
register-saving conventions AL-14 
RegisterName function AM-75 
relative handle MM-21 
release timer AM-13 
ReleaseResource procedure RM-23 
relocatable block MI-6, MM-5 

allocating MM-32 
releasing MM-33 

RelRspCB function AM-72 
RelTCB function AM-71 
RemoveName function AM-77 
Rename function 

high-level FL-23 
low-level FL-50 

ResErr global variable RM-19 
ResError function RM-l8 
ResErrProc global variable RM-l9 
ResetAlrtStage procedure DL-32 
ResLoad global variable RM-21 
resource RM-3 

within a resource RM-32 
resource attributes RM-12 

getting RM~25 

setting RM-27 
Resource Compiler PT-7 
resource data RM-7 
resource file RM-3, RM-5 

attributes RM-31 
format RM-34 , RM-46 

resource fork RM-5, FL-6 
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resource header RM-34 
resource 10 RM-9 

of fonts FM-25 
of owned resources RM-I0 

Resource Manager RD-.8, RM-3 
routines RM-16 

resource map RM-7 
Resource Mover program PT~20 
resource name RM-ll 
resource reference RM-ll 
resource specification RM-4, RM-8 
resource type RM-8 
response BOS AM-33 
ResReadOnly global variable RM-31 
ResrvMem function MM-40 
RestProc global variable DL-19 
ResType data type RM-8' 
result code RM-18, MM-25, OU-9 

assembly language AL-l4 
list OU-31 

resume procedure EH-5 
RetransType data type AM-47 
retry count AM-8 
retry interval AM-8 
Revert to Saved command UI-41 
RgnHandle data type OD-I0 
RgnPtr data type OD-lO 
RMover program PT-20 
RmveReference procedure RM-40 
RmveResource procedure RM-29 
ROM Serial Driver RD-10, SR-4 

Device Manager calls SR-6 
routines SR-9 

ROMBase global variable AL-6, OU-21 
routine selector PK-4 
routing table AM-7 
Routing Tqble Maintenance Protocol 

AM-7 
row width OD-l2 
RsrcZoneInit procedure RM-l6 
RstFilLock function 

high-level FL-23 
low-level FL-48 

RstFLock function FL-23 
RTMP See Routing Table Maintenance 

Protocol 
'RTMP socket AM-7 
RTMP stub AM-7 

S 
sample program RD-11 
Save As command UI-41 
Save command UI-40 
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SaveOld procedure WM-36 
SaveUpdate global variable· WM-17 
ScalePt procedure QD-68 
scaling factors FM-5 
SCC interrupts DV-33 
scrap 

between applications SM-3 
in TextEdit TE-4, TE-23 

scrap file SM-4 
Scrap Manager RD-9. SM-3 
. routines SM-lO. 
ScrapCount global variable SM-lO 
ScrapHandle global variable SM-IO 
ScrapName global variable SM-IO 
ScrapSize global variable SM-IO 
ScrapS tate global variable SM-IO 
ScrapStuff data type SM-I0 
Scratch8 global variable AL-4 
Scratch20 global variable AL-4 
ScrDmpEnb global variable EM-22 
screen printing PR-28 
screenBits global variable QD-34 
ScrnBase global variable MM-I6 
scroll bar UI-29, CM-6 

updating WM-31 
ScrollRect procedure OD-59 
SdVolume global variable SN-15 
Secs2Date procedure OU-16 
sector DD-3 
SectRect function QD-47 
SectRgn procedure QD-57 
Segment Loader RD-10, SL-3' 
Segment Loader routines SL-7 

assembly language SL-9 
Pascal SL-8 

segments PT-I7, SL-3 
selection range TE-6 
SelectWindow procedure WM-23 
Se1IText procedure DL-31 
SendBehind procedure WM-25 
SendRequest function AM-68 
SendResponse function AM-70 
sequence number AM-8 
SerClrBrk function SR-12 
SerErrFlag function SR-13 
SerGetBuf function SR-12 
SerHShake function SR-II 
serial communication SR-3 
serial data SR-3 
Serial Drivers RD-10, SR-4 

advanced Control calls SR-14 
Device Manager calls SR-6 
routines SR-8 

. SerRe set function SR-9 
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SerSetBrk function SR-12 
SerSetBuf function SR-I0 
SerShk data type SR-ll 
SerStaRec data type SR-13 
Set File program PT-21 
SetApplBase procedure MM-27 
SetApplLimit procedure MM-29 
SetClip procedure OD-38 
SetCRefCon procedure CM-24 
SetCTitle procedure CM-17 
SetCtlAction procedure 'CM-24 
SetCtlMax procedure CM-23 
SetCtlMin procedure CM-23 
SetCtlValue procedure CM-22 
SetCursor procedure QD-39 
SetDAFont procedure DL-19 
SetDateTime function OU-15 
SetDItemprocedure DL-31 
SetEmptyRgn procedure QD-55· 
SetEOF function 

high-level FL-2l 
low-level FL-43 

SetEventMask procedure EM-22, OE-7 
SetFileInfo function 

high-level FL-22 
low-level FL-47 

SetFilLock function 
high-level FL-23 
low-level FL-48 

SetFilType function FL-49 
SetFInfo function FL-22 
SetFLock function FL-23 
SetFontLock procedure FM-10 
SetFPos function 

high-level FL-20 
low-level FL-42' 

SetGrowZo~e procedure MM-44 
SetHandleSize procedure MM-34 
Setltem procedure MN-23 
Setltemlcon procedure MN-25 
SetltemMark procedure MN-24 
SetltemStyle procedure MN-26 
SetIText procedure DL-3I 
Setltmlcon procedure MN-25 
SetltmMark procedure MN-24 
SetltmStyle procedure MN-26 
SetMaxCtl procedure CM-23 
SetMenuBar procedure MN-20 
SetMenuFlash procedure }m-27 
SetMFlash procedure MN-27 
SetMinCtl procedure CM-23 
SetOrigin procedure QD-38 
SetPenState procedure QD-4I 
Set Port procedure QD-36 
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SetPortBits procedure QD-37 
SetPt procedure QD-65 
SetPtrSize procedure }~-38 
SetRect procedure QD-46 
SetRectRgn procedure QD-55 
SetResAttrs procedure RM-27 
SetResFileAttrs procedure RM-32 
SetResInfo procedure RM-26 
SetResLoad procedure RM-21 
SetResPurge procedure RM-30 
SetSoundVol procedure SN-16 
SetStdProcs procedure QD-71 
SetString procedure TU-4 
SetTagBuffer function DD-8 
SetTime procedure OU-16 
SetTrapAddress procedure OU-22 
SetVol function 

high-level FL-16 
low-level FL-33 

SetWindowPic procedure WM-33 
SetWRefCon procedure WM-33 
SetWTitle procedure WM-23 
SetZone procedure MM-31 
SEvtEnb global variable EM-22 
SFGetFile procedure PK-30 
SFPGetFi1e procedure PK-34 
SFPPutFile procedure PK-30 
SFPutFile procedure PK-26 
SFRep1y data type PK-25 
SFTypeList data type PK-31 
ShieldCursor procedure TU-l1 
ShowContro1 procedure CM-I7 
ShowCursor procedure QD-39 
ShowHide procedure WM-24 
ShowPen procedure QD-40 
ShowWindow procedure WM-24 
signature ST-3 
SignedByte data type MI-9 
size 

of parameters AL-I0 
of variables AL-4 

size box WM-26 See also grow region 
size correction MM-22 
Size data type MM-I'5 
SizeContro1' procedure CM-22 
SizeResource function RM-25 
SizeRsrc function RM-25 
SizeWindow procedure WM-30 
SlopeFromAngle function TU-12 
socket AM-6 
socket client AM-7 
socket listener AM-7 

wri t ing your own AM-78, A)f-84 
socket number AM-6 
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socket table AM-7 
software overrun error SR-5 
Sound Driver RD-I0, SN-3 

hardware SN-16 
routines SN-13 

sound procedure DL-16 
SoundBase global variable SN-12 
SoundDone function SN-I5 
SoundLevel global variable SN-17 
SoundLow global variable MM-16 
SoundPtr global variable SN-9 
source file for'app1ications 

assembly language PT-23 
Pascal PT-6 

source transfer mode QD-29 
SpaceExtra procedure QD-44 
SPAlarm global variable See 

parameter RAM 
SPC1ikCaret global variable See 

parameter RAM 
SPConfig global varia~le AM-54 
speaker volume SN-lS, OU-6 
SPFont global variable See parameter 

RAM 
SPKbd global variable See parameter 

RAM 
split bar UI-31 
SPMisc2 global variable See 

parameter RAM 
spool file PR-6 
'spool printing PR-6 
spooling PR-6 
SPortSel data type SR-9 
SPPortA global variable See 

parameter RAM 
SPPortB global variable See 

parameter RAM 
SPPrint global variable See 

parameter RAM' 
SPValid global variable See 

parameter RAM 
SPVolCtl global variable See 

parameter RAM 
square-wave synthesizer SN-3, SN-7 
stack MI-3, MM-12 
stack-based routines AL-9 
stack frame AL-16, MM-12 
StageList data type DL-34 
stages of an alert DL-16 
Standard File Package RD-IO, PK-23 

routines PK-25 
start bit SR-4 
StartSound procedure SN-13 
Stash function DV-27 
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Status function 
high-level OV-9 
low-level DV-17 

status information DV-5 
status routine of a driver OV-19, 

DV-26 
StdArc procedure QD-72 
StdBits procedure QD-72 
StdComment procedure QD-73 
StdGetPic procedure 00-73 
StdLine procedure QD-71 
StdOval procedure QD-72 
StdPoly procedure QO-72 
StdPutPic procedure 00-73 
StdRect procedure QD-72 
StdRgn procedure QD-72 
StdRRect procedure QD-72 
StdText procedure QD-71 
StdTxMeas function OD-73 
StillDown function E11-23 
stop bit SR-4 
StopAlert function DL-28 
StopSound procedure SN-15 
Str32 data type AM-47 
Str255 data type MI-I0 
string comparison PK-12, PK-18, 

OU-12 
string list TU-4 

resource format TU-14 
string manipulation TU-4 
StringHandle data type MI-I0 
StringPtr data type MI-I0 
StringToNum procedure PK-21 
StringWidth function QD-45 
.structure region of a window WM-6 
Stuff Hex procedure QD-68 
Style data type QD-23 
style dialog PR-I0 
Style menu . UI-46 . 
style subrecord PR-13 
StyleItem data type QD-23 
SubPt procedure QO-65 
SwapFont function FM-11 
SWSynthPtr data type SN-7 
SWSynthRec data type SN-7 
synchronous execution FL-24, DV-9, 

AM-IS 
synthesizer buffer SN-6 
SysBeep procedure OU-23 
SysEdit function OS-9 
SysError procedure EH-IO· 
SysEvtMask global variable OE-7 
SysMap global variable RM-16 
SysMapHndl global variable RM-16 
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SysParam global variable OU-3 
SysParmType data type OU-4 
SysPPtr data type OU-4 
SysResName global variable RM-16 
system error alert EH-3· 
system error alert table EH-3 
System Error Handler RO-ll, MM-13, 

EH-3 
routine ElI-10 

system error 10 EH-4 
system event mask EM-17, OE-7 
system font FM-6 
system heap MI-5, MM-4 
system reference RM-37 
system resource RM-4 
system resource file RM-4 
system startup information FS-52 
system traps OU-34 
system window WM-4, DS-5 
SystemClick procedure DS-8 
SystemEdit function DS-9 
SystemEvent function DS-IO 
SystemMenu procedure OS-II 
SystemTask procedure OS-10 
SystemZone function MM-31 
SysZone global variable MM-16, MM-31 

T 
tag byte MM-21 
TagBufPtr global variable DO-9 
TEActivate procedure TE-19 
TECalText procedure TE-25 
TEClick procedure TE-18 
TECopy procedure TE-20 
TECut procedure TE-20 
TEOeactivate procedure TE-19 
TEOelete procedure TE-21 
TEOispose procedure TE-17 
TEOoText global variable TE-26 
TEFromScrap function 1E-23 
TEGetScrapLen function TE-24 
TEGetText function TE-17 
TEHandle data type TE-5 
TEIdle procedure TE-18 
TEInit procedure TE-16 
TEInsert procedure TE-21 
TEKey procedure TE-19 
TENew function TE-16 
TEPaste procedure TE-20 
TEPtr data type TE-5 
TERec data type TE-9 
TEReCal global variable TE-25 
TEScrapHandle function TE-24 
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TEScroll procedure TE-22 
TEScrpHandle global variable TE-24 
TEScrpLength global variable TE-24 
TESetJust procedure TE-21 
TESetScrapLen procedure TE-24 
TESetSelect procedure TE-19 
TESetText procedure TE-17 
TestControl function CM-18 
TEToScrap function TE-23 
TEUpdate procedure TE-22 
text characteristics OD-22 
text in a dialog/alert DL-10, DL-15 
text streaming PR-27 
TextBox procedure TE-22 
TextEdit RD-9, TE-3 

routines TE-16 
scrap TE-4, TE-23 

TextFace procedure OD-43 
TextFont procedure OD-43 
TextMode procedure OD-43 
TextSize procedure QD-43 
TextWidth function OD-45 
TFeed data type PR-14 
TheMenu global variable MN-23 
thePort global variable OD-34 , QD-36 
TheZone global variable MM-30 
thousands separator PK-8 
THPrint data type PR-11 
THz data type }1M-18 
tick EM-7 
TickCount function EM-24 
Ticks global variable DV-32, E}f-24 
Time global variable DV-32, OU-4, 

OU-14 
ToExtFS global variable FL-64 
toggled command UI-36 
Tone data type SN-7 
Tones data type SN-7 
Toolbox RD-6 . 
Toolbox Event Manager RD-8, EM-3 

routines EM-21 
Toolbox Utilities RD-9, TU-3 

routines TU-3 
ToolScratch global variable AL-4 
TopMapHndl global variable RM-18 
TopMem function MM-47 
TPPort data type PR-6 
TPPrint data type PR-11 
TPPrPort data type PR-5 
TPrInfo data type PR-12 
TPrint data type PR-11 
TPrJob data type PR~14 

TPrPort data type PR-5 
TPrStatu8 data type PR-17 
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TPrStl data type PR-14 
TPrXInfo data type PR-16 
TPStr80 data type PR-15 
track on a disk DD-3 
TrackControl function CM-19 
TrackGoAway function WM-27 
transaction AM-8 
transaction ID AM-8 
transaction release AM-13 
transaction request AM-8 
transaction response AM-8 
Transcendental Functions Package 

RD-11 
transfer mode QD-29 
trap dispatch table AL-5 

routines OU-20 
trap dispatcher AL-7 
trap macro AL-7, AL-9 

list OU-34 
trap number AL-8, OU-29 
trap word AL-7 
TRel See transaction release 
TReq See transaction request 
TResp See transaction response 
TScan data type PR-16 
TStr80 data type PR-15 
type conversion MI-9 
type size See font size 

U 
Undo command UI-43 

-unimplemented instruction AL-7 
UnionRect procedure QD-47 
UnionRgn procedure OD-57 
UniqueID function RM-25 
unit number DV-22 
unit table DV-22 
UnloadNBP function AM-78 
UnloadScrap function SM-11 
UnloadSeg procedure 

assembly language SL-9 
Pascal SL-8 

unlocked block MI-7, MM-5 
unlocking a block MI-7, MM-43 
UnlodeScrap function SM-11 
unmounted volume FL-4 
UnmountVol function 

high-level FL-17 
low-level FL-35 

UnpackBits procedure TU-7 
unpurgeable block MI-7, MM-5, ~-44 
update event EM-5, WM-15 

event message EM-14 
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update region of a window WM-7 
maintenance I WM-31 

UpdateResFile procedure RM-29 
UprString procedure OU-13 
user bytes AM-8 
user interface guidelines UI-4 
User Interface Toolbox RD-6 
UseResFile procedure RM-20 
userltem in a dialog DL-10, DL-11 

installing DL-31 
UTableBase global variable DV-23 ' 

V 
validity status OU-4 
ValidRect procedure WM-32 
ValidRgn procedure WM-32 
variation code WM-30 

control CM-24 
window WM-37 

VBL interrupt See vertical retrace 
interrupt 

VBLQueue global variable VR-7, 
VBLTask data type VR-4 
VCB data type FL-59 
VCBQHdr global variable FL-60 
vector l)V-30 
vector table DV-30 
version data ST-5 
version number FL-4 
vertical r~trace interrupt RD-11, 

VR-3 
Vertical Retrace Manager RD-11, VR-3 

routines VR-6 
vertical retrace queue VR-4, VR-7 
VHSelect data type QD-7 
VIA global variable DV-33 
VIA interrupts DV-31 
view rectangle TE-5 
Vlnstall \function VR-6 
visible 

control CM-10 
window WM-1i 

visRgn of a grafPort QD-19, 
volume FL-4 
volu~e allocation block map 
volume attributes FL-54 
volume buffer FL-4 

WM-14 

FL-55 

volume control block FL-58 
volume-control-block queue FL-58 
volume index FL-30 
volume information FL-53 
volume name FL-4 
volume reference number FL-4 
VRemove function VR-6 
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W 
WaitMouseUp function EM-23 
Wave data type SN-9 
waveform SN-4 
waveform desc'ription SN-6 
wavelength I SN-4 
WavePtr data type SN-9 
white global variable OD-34 
window ,UI-25, Wl-1-4 

closing UI-27, WM-22, WM-27 
defining your own WM-37 
moving UI-28, WM-28 
opening UI-27, WM-21 
sizing UI-28, WM-29 
splitting UI-31 

window class WM-10 
window definition function WM-8, 

WM-38 
window definition ID WM-8, WM-37 
window frame WM-6 
window list WM-l1, WM-13 
Window Manager R~-9, WM-4 

routines WM-20 
Window Manager port WM-6, WM-21 
window pointer WM-11 
window record WM-10 
window template WM-IO 

resource format WM-42 
WindowList global variable WM-14, 

EM-17 
WindowMessage data type WM-35 
WindowPeek data type WM-12 
WindowPtr data type WM-l1 
WindowRecord data type WM-12 
WMgrPort global variable WM-21 
word UI-23 

in TextEdit TE-4 
word break routine TE-12 
word ,wraparound TE-4 
write data structure AM-56 
Write function 

high-level FL-19, DV-8 
low-level FL-41, DV-16 

WriteDDP function AM-63 
WriteLAP function AM-57 
WriteParam function OU-18 
WriteResource procedure RM-30 

X 
XorRgn procedure QD-57 
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I., 

y 

Z 
ZeroS crap function SM-14 
zone 

AppleTalk Manager AM-7 
Memory Manager See heap zone 

Zone data type MM-18 
zone header MM-17 
zone pointer MM-18 
zone record MM-18 
zone trailer MM-17 
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COMMEN'"rS? 
·Macintosh User Education encourages your comments on this manual .. 

- What do you like or dislike about it? 
( 

- Were you able to find the information you needed? 

- Was it complete and accurate? 

- Do you have any suggestions for improvement? 

Please send your comments to Caroline Rose 
at 10460 Bandley Drive MIS 3-G, Cupertino CA 95014. 
Mark up a copy of the manual or note your remarks separately. 
(We'll return your marked-up copy if you like.) 

Thanks for your helpl 



The Apple Certified Developer Program 
If your primary business is developing software products for commercial markets, we strongly suggest that you 
investigate the Apple Certified Developer program, an agressive program designed to help independent software 
developers successfully get products to market in a timely manner. Apple Certified Developers receive regular 
mailings and can participate in a number of attractive programs. 

For information about the Apple Certified Developer program contact: 

Developer Relations 
Apple Computer, Inc. 
20525 Mariani Avenue, Mail Stop 27S 
Cupertino, CA 95014 
(408) 973-4897 

Recolnnlended System Configurations 
We recommend the following configurations for Lisa Pascal/Macintosh cross-development and native Macintosh 
development. 

Lisa Pascal/Macintosh Cross-Development 
Macintosh 128K or 512K 

Native Macintosh Development 
Macintosh 512K & Macintosh 128K 

Imagewriter plus Macintosh Accessory Kit 
Macintosh External Disk Drive 
3 112 inch blank disks 
Macintosh XL 
Macintosh XL 112 Mbyte RAM Card 
Lisa Pascal Workshop 
Software Supplement 
Macintosh XL Imagewriter Accessory Kit 

Imagewriter plus Macintosh Accessory Kit 
Macintosh External Disk Drive 
Software Supplement 
3 112 inch blank disks 

Macintosh Developnlent Software List (March 1985) 
Company Phone Product 
Absoft (313) 549-7111 MacFortran 
Apple Computer, Inc. (408) 996-1010 Macintosh 68000 Development System 

Macintosh Pascal 
Lisa Pascal Workshop 

Consul air Corporation (415) 851-3849 Mac C Compiler 
Mac C ToolKit 

Creative Solutions 
Expertelligence 
FairCom 
Hippopotamus 
IQ Software 
Kriya Systems, Inc. 
Mainstay 
Manx Software Systems 
MegaMax, Inc. 
Micro Focus, Inc. 
Microsoft 
Modula Corporation 
Softech Microsystems 

Softworks, Ltd. 
Volition Systems 

(301) 984-0262 
(805) 969-7874 
(314) 445-6833 
(408) 730-2601 
(817) 589-2000 
(312) 822-0624 
(818) 991-6540 
(201) 780-4004 
(214) 987-4931 
(415) 856-4161 
(206) 828-8080 
(800) 545-4842 
(619) 451-1230 

(312) 327-7666 
(619) 270-6800 

MacForth 
ExperLogo 
C-Tree ISAM Package 
Hippo C 
CP/M for Macintosh 
Neon (Forth/Smalltalk) 
Mac-Asm (Assembler) 
Aztec C 68K 
MegaMax C 
MacCobol 
Basic 2.0 
Modula-2 
P-System 
PascaVFortran 
Softworks C 
Modula-2 
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