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{------------------------------------------------------------------------------------} 
PROCEDURE MoveScrollBar; 
BEGIN 
{When the window is resized, the scroll bar needs to be stretched to fit.} 

if debug then DebugInProc (proc, 'MoveScrollBar', �~�M�o�v�e�S�c�r�o�l�l�B�a�r�)�;� 
WITH MyWindowA.portRect DO 
BEGIN 

Hi deControl (vScroll); 
MoveControl(vScroll, right-15, top-I); 
SizeControl(vScroll,16,bottoM-top-13); 
ShowControl(vScroll) 

END 
END; 

{------------------------------------------------------------------------------------} 
PROCEDURE GrowWnd; 
{ Handles growing and sizing the window cmd l'lanipulating the update region. } 
VRR 10ngResul t: LongInt; 

height, width, newvert, oldstart: INTEGER; 
tRect, oldportrect: Rect; 

BEGIN 
if debug then DebugInProc (proc, 'GroWWnd', mGroWWnd); 
10ngResult := GrowWindow(MyWindow,l'lyEvent.where,growRect); 
IF 10ngResult = 0 THEN EXIT(GrowWnd); 
Setcursor (watchhdIAA ); {because the word wrap could take a second or two} 
height := HiWord(longResult); width := LoWord(longResult); 
SizeWindow(MyWindow,width,height,IRUE); {Now draw the newly sized window. } 
InvalRect (MyWindowA.portrect); 
If MyPeekA.windowkind = MyDocUMent then {it's not the clipboard} 
BEGIN 

MoveScrollBar ; 
With MyWindowA.portRect DO 
BEGIN 

width := right-Ieft-19; 
height := bottOM-top 

END; 
Wi th HfE- A DO 
BEGIN 

destrect.right := destrect.left + width; 
viewrect.right := viewrect.left + width; 
viewrect.bottoM := viewrect.top + height; 
firstchar := hTE--.linestarts [topline]; 
TECalText (hIE); ire-wrap the text to fit the new screen.} 
{if the rectangle is grown such that there is now blank space on the bOttoM 
of the screen, backpedal the screen to fill it back up, if there is enough 
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scrolled off the screen to do so. Otherwise, the first character in the top line on 
the screen should continue to be sOl'lewhere on the top line after resizing} 
ScrollText (FALSE); 

END 
END 

END; { of GrowWnd } 

{------------------------------------------------------------------------------------} 
PROCEDURE MyRctivate; 
VRR tRect : rect; 
BEGIN 
{acti vate events occur when one window appears in front of cmother. This takes care 
of hilitin9 the scroll bar cmd·deactivating the insertion caret or the text 
selection.} 
if debug then DebugInProc (proc, 'MyRctivate', mMyRctivate); 
MyWindow := Pointer (MyEvent.Message); 
MyPeek := Pointer (HyWindow); 
If HyPeek-.windowkind in [MyDocUMent,Clipboard] then 
BEGIN {redraw the scrollbar area, if a doCUMent or the clipboard} 

SetPort (MyWindow); 
tRect := HyWindow-.portRect; tRect.left := tRect.right-16; 
InvalRect(tRect) 



14 May 1984 13:37:48 EXRHPl.E IFlLE. TEXT 

END; 
If HyPeekA.windowkind = HyDoCUMent then 
BEGIN {l'lake global variables point to the infoIl'lation associated with this window} 

WindowData := Pointer (GetWRefCon (MyWindow)); 
VScroll := Pointer (HyPeekA.ControlList); 
hIE := WindowDataAA.IERecord; 
IF ODD (l'lyEvent.l'lOdifiers) 
THEN 
BEGIN {this window is now top l'lost} 

TERctivate(hIE); 
ShowControl (VScroll); 
topline := GetCtlValue (VScroll) 

END 
ELSE 
BEGIN {this window is no longer top l'lost} 

HideControl (VScroll); 
TEOeactivate(hIE); 
hIE := NIL {a doCUMent is no longer on top} 

END 
END 

END; { of activateEvt } 
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{------------------------------------------------------------------------------------} 
PROCEDURE DialogueDeactivate; 
var tenprect: rect; 
BEGIN 
{This routine takes care of cases where, for instance, a nodal dialog is about to 
pop up in front of all the other windows. Since the Dialog Hanager handles all 
activate events for you, you do not get a chance to 'turn off' the controls associated 
with the window. This routine is called just before the dialog box Rakes its 
appearance, and takes care of the hili ting as if an activate event had occured.} 
if debug then DebugInProc (proc, 'DialogueDeactivate', ~DialogueDeactivate); 
If hIE <> NIL then {for dOCUMents, only} 
BEGIN 

TEDeactivate(hIE); 
HideControl (VScroll); 
SetCursor (arrow) 

END; 
If (frontwindow <> NIL) AND (HypeekA.windowkind in [MyDocunent, Clipboard]) then 
BEGIN {this is a little kludgy, but it works.} 

MypeekA.hilited := false; {DrawGrowIcon will now unhilite.} 
tenprect := HyWindowA.PortRect; 
teAprect.left := tenprect.right - 15; 
Cliprect (tenprect); {clipaway the horizontal scrollbar part} 
DrawGrowlcon (HyWindow); 
Cliprect (HyWindowA.PortRect); 
HypeekA.hilited := true {fix things back} 

END 
END; 

{ 
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} 
iSS RERDFILE} 
{------------------------------------------------------------------------------------} 
Function ReadFile (VrefNo: integer; FNane : str255) : boolean; 
Var ref No, io : integer; 

10gEOF: LongInt; 
errin: str255; 

{------------------------------------------------------------------------------------} 
Procedure DiskRErr (io : integer); 
Var str: str255; 

readfroMhdl, loadedhdl, strhdl: StringHandle; 
chn'U'ly: integer; 

BEGIN 
{R generic error is reported to the user if sOMething goes wrong. AMazingly little can 
go wrong, since the user does not get the chance to do things like type file nanes~ 
reMove the disk hiMSelf, and so on. About the only error that could happen is: 

an error occured while reading the disk (danaged Media or hardware) 

Can you think of anything else? R siMilar routine further down handles 
writing to disk. Note that in both reading and writing, the entire file is handled 
by a single read/write call, and no 'disk buffer' needs to be specified by the 
progrQM~r: } 

if debug then 
BEGIN 

DebugInProc (func, 'DiskRErr', mDiskRErr); 
Writeln (debugger, errin, , err = " io, If) 

END; 
readfronHdl := GetString (267); {this says 'reading frOM'} 
loadedhdl := GetString (269); {this says 'loaded'} 
Hlock (Pointer(readf~oMHdl)); 
Hlock (Pointer(loadedhdl)); 
If io = IOErr then 
BEGIN 

strhdl := GetString (279); {this says '10 error'} 
str := strhdl AA 

END else 
BEGIN 

NunToString (io, str); 
strhdl := GetString (280); {this is the generic 'ID ='} 

. str : = Concat (strhdl AA

, , " str) 
END' 
Par~text (readfroMhdI AA

, FNane, loadedhdl AA

, str); 
SetCursor (arrow); 
chn'U'ly := StopRlert (256, NIL); {discribe error to user in generic way.} 
HUnlock (Pointer(readfronHdl»; 
HUnlock (Pointer(loadedhdl»; 
Exit (readfile) 

END; 

BEGIN 
if debug then 
BEGIN 

DebugInProc (fu~c, 'ReadFile', mReadFile); 
writeln (debugger, 'volUMe = " vrefno, " file =' fnane, If) 

END; 
SetCursor (watchHdI AA

); 

ReadFile := false; 
io := FSOpen (Fnane, VRefNo, Ref No); 

{SIFC BUG = 1} {these debugging stateMents are for the external terninal, only} 
errin := 'FSOpen'; 

{SENnC} 
If io <> 0 then DiskRErr (io); 
io := GetEOF (Ref No, 10gEOF); 

{SIFC BUG = 1} 
errin := 'GetEOF'; 
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{SENnC) 
If io <> 0 then DiskRErr (io); 
{add code here: if file is too large, then notify user and truncate) 
SetHandleSize (hIE--.hText, logEOF); 
if debug then if nenerror<>O then Writeln (debugger, 'nenerr = ',ftenerror:4); 
io : = FSRead (ref No, logEOF, hIE- -. hText -); 

{SIFC BUG = 1) 
errin := 'fSRead'; 

{SENDC} 
If io <> 0 then DiskRErr (io); 
io := FSClose (ref No); 

{SIFC BUG = I} 
errin := 'FSClose'; 

{SENnC} 
If io <> 0 then DiskRErr (io); 
hIE- -. teLength : = logEOF; 
if not finderprint then {if printing fron the finder, no window or editing 
infomation is needed} 

BEGIN 
IESetSelect (O,O,hIE); 
IECalText (hIE); 
Invalrect (hTE--.viewrect); 
SetScrollHax; 
WindowData--.titled := true; 
WindowData--.changed := false; 
WindowData--.FileVoIURe := VRefNo 

END; 
ReadFile := True {everything worked out OK} 

END; 
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{------------------------------------------------------------------------------------} 
PROCEDURE KakeRWindow (str : str255; disk : boolean); 
Vcr bounds: rect; 
BEGIN 
{R window is created here, and all associated data structures are linked to it} 

if debug then DebugInProc (proc, 'HakeRWindow', mHakeRWindow); 
windowpos := windowpos + 1; {this position it is created to on the screen} 
bounds. left := windowpos HOD 16 • 20 + 5; 
bounds. top := windowpos HOD 11 • 20 + 45; 
bounds.right := bounds. left + 200; 
bounds.botto~ := bounds. top + 100; 
HyWindow := NewWindow(Nil, bounds, str, TRUE, 0, POINTER(-l), TRUE, 0); 
SetPort (HyWindow); 
Hypeek := Pointer (HyWindow); 
TextFont (New York); 
MypeekA.windowkind := HyDocunent; {a nUAber > 8 identifies the type of window} 
hTE := TENew(HyWindowA.portRect, HyWindowA.portRect); 
WindowData := Pointer (NewHandle (8)); {1 handle, an integer, and 2 booleans} 
SetWRefCon (HyWindow, Ord4 (WindowData)); 
WindowDataAA.TERecord := hTE; 
SetViewRect; 
hIEAA.destrect := hTEAA.viewrect; 
WindowDataAA.changed := false; 
WindowData-A.titled := false; 
vScroll := GetNewControl(256,HyWindow); 
HoveScrollBar; 
topline : = 0; 
hTEAA.clikLoop := ord4(mRutoScroll) 

END; 
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{------------------------------------------------------------------------------------} 
PROCEDURE MyGetFile; . 
Vcr reply: SFReply; 

wher: point; 
teI'Iprect: rect; 
teApport:grafptr; 
copyIt, foundlt : boolecm; {if the nCD'le is already in use, this will be true} 
teAppeek: Windowpeek; 
teI'Ipstr, 0Idfnane:str255; 
strhdl: stringhcmdle; 
tel'lpdata: MyDataHandle; 
tel'1phdl: Hcmdle; 

BEGIN 
{This calls Stcmdard File to allow the user to choose the docunent on disk that she 
wishes to edi t. } 
if debug then DebugInProc (proc, 'MyGetFile', mMyGetFile); 
wher. h : = 90; 
wher. v : = 100; 
{ •• experiAent: the systeA appears to wcmt CDEF 1 loaded, so let's load it cmd 
Aake it nonpurgable before continuing} 

teI'Iphdl := GetResource ('COEr',!); 
HNoPurge (teAphdl); 
DialogueDeactivate; 
SFGetFile (wher, ", NIL, 1, MyFileTypes, NIL, reply); 
With Reply DO 
If good then 
BEGIN 

{check to see if this nane already resides on a docunent window. If so, change 
the title to 'Copy of 'cmd reMeAber to check it as untitled? after the readfile} 

foundit := false; 
oldfnane := fnane; 
Repeat 

tenppeek := pointer(Frontwindow); 
copyIt := false; 
if tenppeek <> NIL then 
Repeat 

GetWTitle (pointer (teMppeek), teApstr); 
if teApstr = fnCD'le then 
BEGIN 

teApdata := POinter(teAppeek-.refCon); 
if teApdataAA.FileVolUMe = vrefnUM then 
BEGIN 

copyIt : = true; 
foundIt := true 

END 
END; 
teAppeek := tenppeekA.nextwindow 

Until (teAppeek = NIL) or copyIt; 
strhdl := GetString (274); 
if copyIt then fnCD'le := Concat (strhdl--,' ',fnCD'le); 

Until not copyIt; 
if foundIt then 
BEGIN 

Parantext (fnane, , ., , ., . '); 
copyIt := (NoteRlert (258, NIL) = OK) 

END; 
if not foundIt or copyIt then 
BEGIN 

KakeRWindow (fnaMe, TRUE); 
If ReadFile (vrefnUM, oldfnane) 
then 
BEGIN 
. if foundIt then windowdata--.titled := false 

END 
else 
BEGIN 

TEDispose (hTE); 
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hTE : = NIL; 
DisposHandle (Pointer (WindowData)); 
If debug then Writeln (debugger, 'dispose WindowData; nenerr = " Kenfrror, If); 
DisposeWindow (HyWindow) 

END 
END 

END; 
HPurge (tenphdl); {** the other half of the experinent (above)} 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE OpenRWindow; 
VRR s: str255; 

untitled: StringHandle; 
BEGIN 
{this creates a new window that is untitled and el'lpty.} 

if debug then DebugInProc (proc, 'OpenRWindow', mDpenRWindow); 
{see if enough nen exists to open a window} 
NunToString(windownun, s); 
windownUl'l : = windownun + 1; 
untitled := GetString (256); 
HLock (Pointer(untitled)); 
KakeRWindow (Concat (untitled .... , s), FRLSE); 
HUnlock (Pointer(untitled)) 

END; 
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{SS WRITFILE} 
{--------------------~---------------------------------------------------------------} 
FUNCTION WriteFile (vRefNo: integer; fNaMe : str255) : Boolean; 
vcr ref No, io : integer; 

txt length : longint; 
errin : str255; 

{------------------------------------------------------------------------------------} 
PROCEDURE DiskWErr (io : integer); 
Vcr str: str255; 

writetoHdl, savedHdl, strhdl: StringHandle; 
duMMy, errstr: integer; 

BEGIN 
{This is just about the SaMe as DiskRErr (read). Since a few nore errors can 
happen during a write, the structure is just a little different} 
if debug then 
BEGIN 

DebugInProc (proc, 'DiskWErr', mDiskWErr); 
Vriteln (debugger, errin, , err = " io, If) 

END; 
{read resource for writeto} 
writetoHdl := GetString (268); 
{read resource for saved} 
savedHdl := GetString (270); 
Hlock (Pointer(writetoHdl)); 
Hlock (Pointer(savedhdl»); 
errstr : = 0; 
Case io of 

DirFulErr : errstr := 276; 
DskfulErr: errstr := 275; 
IOErr: errstr := 279; 
fLckdErr : errstr := 277; 
VLckdErr, WPrErr : errstr := 278; 
Otherwise 
BEGIN 

NunToString (io, str); 
strhdl := GetString (280); 
str := Concat (strhdl--,' ',str) 

END 
END; 
if errstr <> 0 then 
BEGIN 

strhdl := GetString (errstr); 
str := strhdl--; 
Hlock (Pointer(strhdl» 

END; 
PcraMtext (writetoHdl--,FNaMe,savedhdl--,str); 
SetCursor (arrow); 
duI'u'ly : = StopRIert (256, NIL); 
HUnlock (Pointer(writetoHdl); 
HUnlock (Pointer(savedhdl); 
HUnlock (Pointer(strhdl)); 
Exit (writefile) 

END; 

BEGIN 
{this isn't very different froM read file. The only cOMplication is finding out 
if the file exists. If it doesn't, create it. RIso, assign the inforftation that 
the finder needs to properly associate it with this application.} 
if debug then DebugInProc (proc, 'WriteFile', mWriteFile); 
SetCursor (watchHdl--); 
WriteFile := False; 
io := FSOpen(FNaMe, VRefNo, ref No); 

{SIFC BUG = 1} 
errin := 'FSOpen'; {once again, these only benefit the external debugger.} 

{SENnC} 
If debug then Vriteln (debugger, 'file RefNUI'l =', ref No, If); 
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If io = {file not found Err} -43 then 
BEGIN 

EXAMPLE/FILE, TEXT 

io := Create (FNaMe,VRefNo, 'CARY', 'TEXT'); 
{SIFC BUG = 1} 

errin := 'Create'; 
{SENnC} 

If io <> 0 then DiskWErr (io); 
io := FSOpen(FNaMe, VRefNo, ref No); 

{SIFe BUG = 1} 
errin := 'FSOpen'; 

{SENnC} 
if debug then Writeln (debugger, 'file Ref Nun =' ref No, If); 
If io <> 0 then DiskWErr (io) 

END {Create} 
ELSE If io <> 0 then DiskWErr (io); 
Wi th hTEA A DO 
BEGIN 

txtLength := Ord4(teLength); 
Hlock (hText); 
io := FSWrite (ref No, txtLength, hText A); 
HUnlock (hText) 

END; 
if debug then Write (debugger, ','); 

{SIfC BUG = 1} 
err in := 'FSWrite'; 

{SENDC} , 
If io <> 0 then DiskWErr (io); 
io := SetEOF (ref No, txtlength); 
if debug then Write (debugger, ','); 

{SIFe BUG = 1} 
errin := 'SetEOF'; 

{SENne} 
If io <> 0 then DiskWErr (io); 
io := FSClose (ref No); 
if debug then Write (debugger, '. '); 

{SIFC BUG = 1} 
errin := 'FSClose'; 

{SENnC} 
If io <> 0 then DiskWErr (io); 
io := FlushVol (NIL, VrefNo); {this is iMportant; without it, if the prograM died 
(not possible as a result of a prograMMing ftistake, of course), the directory 
infornation on the disk would not be accurate.} 

if debug then Write (debugger, '. '); 
{SIFe BUG = 1} 

errin := 'FlushVol'; 
{SENnC} 

If io <> 0 then DiskWErr (io); 
if not windowdataAA.titled then 
BEGIN 

SetWTitle(MyWindow, FNaMe); 
WindowDataAA.filevolune := VRefNo 

END; 
WindowDataAA,titled := true; 
WindowDataAA,changed := false; 
WriteFile := True {everything is OK.} 

END; 
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{------------------------------------------------------------------------------------} 
FUNCTION HyPutFile (FilenaMe: str255): Boolean; 
Vcr reply: SFReply; 

wher: point; 
NaMeHdl: StringHandle; 
teMprect: rect; 
teMpport:grafptr; 

BEGIN 
{The user can select the naMe of the file that they wish to save the do~ent with.} 

if debug then DebugInProc (func, 'MyPutFile', ~MyPutFile); 
HyPutFile := False; 
NaMeHdl := GetString (257); 
wher.h : = 100; 
wher. v : = 100; 
Hlock (Pointer(naMehdl»; 
DialogueDeactivate; 
SFPutFile (wher, NaMeHdl--, FilenaMe, NIL, reply); 
HUnlock (Pointer(naMehdl»; 
With Reply DO 
BEGIN 

if debug then Writeln (debugger, 'reply. good = " good, If); 
If good then HyPutFile : = Wri teFile (vrefmlJll, fnaMe) 

END; 
if debug then Writeln (debugger, 'release reserror = " res error, If) 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE CloseRWindow; 
VRR itenhit: integer; 

DBoxPtr: DialogPtr; 
str,str1: str255; 
Goodwri te: Boolean; 
teMprect: rect; 
NaMeHdl: StringHandle; 
NaMePtr: -Str255; 
typ: integer; 
i tenhdl: handle; 
box: rect; 

BEGIN 
{Bll sorts of windows can be closed through this single routine, which is accessed 
by the user through the go-away box on the window, or the Close iteft in the File 
neriu, or by quitting the prograM.} 
if debug then DebugInProc (proc, 'CloseRWindow', ~loseRWindow); 
HyPeek := Pointer (FrontWindow); 
Case Mypeek-.windowkind of 
MyDocUftent : 
BEGIN 

GetWTitle (HyWindow, str); 
itewt : = 0; 
If WindowData- -. changed then {give the user the chance to save his data before 
you throw it away.} 

BEGIN 
DialogueDeactivate; 
if doneflag then 
BEGIN 

NaMeHdl := GetString (266); 
str1 := NaMeHdl--; 
if debug then Writeln (debugger, 'err = I, Reserror, If); 

END 
ELSE str1 := "; 
ParaMtext (str, str1, I " , '); 

IteftHit := CautionRlert (259, NIL) 
END; . 
if debug then Writeln (debugger, 'iteRhit =' iteRhit, If); 
Goodwrite := false; 
if not windowdata--.titled then str:= ; 
If iteRhit = OK {save} then 
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if WindowDataAA.titled 
then GoodWrite := WriteFile (WindowDataAA.FileVolUMe, str) 
else Goodwrite := HyPutFile (str); 

If GoodWrite or (iteMhit IN [0, 3] {discard}) then 
BEGIN 

TEDispose (hIE); 
hIE : = NIL; 
DisposHandle (Pointer (WindowData»; 
DisposeWindow (MyWindow) 

END; 
If iteMhit = Cancel then doneflag := false 

END; 
Clipboard : ToggleScrap; 

{SIFC BUG > -I} 
FreeHe~ory: ToggleFree; 

{SENnC} 
OTHERWISE CloseDeskRcc (HyPeekA.windowkind) {can't be anything else} 

END {Case} 
END; 
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{5S RboutMyPgI'l} 
{------------------------------------------------------------------------------------} 
PROCEDURE RboutMyEditor; 
vcr str1hdl, str2hdl : stringHandle; 

MyWindow: WindowPtr; 
width, height, counter: integer; 
newcount: longint; 
qui t: boolean; 
txtinfo: fontinfo; 
teMprect, trect1: rect; 
teMpbits: bitMap; 
sz: size; 

BEGIN 
{this bit of fluff shows a wrong Method of telling the user sOMething about 

MY prograM, but it was fun to do.} 
if debug then DebuglnProc (proc, 'AboutMyEditor', mAboutMyEditor); 
DialogueDeactivate; 
str1hdl := GetString (259); 
if debug then Writeln (debugger, 'err = " Reserror, If); 
str2hdl := GetString (260); 
if debug then Writeln (debugger, 'err = " Reserror, If); 
Hlock (~ointer(str1hdl»; 
Hlock (Pdinter(str2hdl»; 
MyWindow := GetNewWindow (256, NIL, Pointer (-1»; 
SetPort (MyWindow); 
counter := 1; 
width := MyWindowA.portrect.right - MyWindowA.portrect.left; 
height := MyWindowA.portrect.botton - MyWindowA.portrect.top; 
TextFont (New York); 
TextMode (srcCopy); 
qui t : = false; 
Repeat 

SystenTask; 
newcount := tickcount + 6; 
TextSize (counter); 
GetFontInfo (txtinfo); 
With txt info Do 
Begin 
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MoveTo «width - StringWidth (str1hdl AA » DIV 2, height DIV 2 - descent - leading); 
DrawString (str1hdl AA ); 
MoveTo «width - StringWidth (str2hdl AA» DIV 2, height DIV 2 + ascent); 
DrawString (str2hd1 AA ) 

End; 
If EventRvail (JIlDownMask+keyDownMask, MyEvent) then quit := true; 
counter := counter + 1; 
While newcount > tickcount Do; 

Until quit or (counter = 12); 
newcount := tickcount + 300; {5 seconds} 
while not quit and (tickcount < newcoWlt) Do 
Begin 

Syst enTask; 
If EventRvail (JIlDownMask+keyDownMask, MyEvent) then quit: = true; 

End; 
tenprect := MyWindowA.portrect; 
With txtinfo Do 
Begin 

teMprect.top := height DIV 2 - ascent - descent - leading; 
tenprect.botton := height DIV 2 + ascent + descent 

End; 
trect1 := tenprect; 
OffsetRect (trect1, 0, -trect1.top); 
teMpbits.rowbytes := (width + 7) DIV 8; 
tenpbits.bounds := trect1; 
With Txtinfo Do sz := Ord4 (tenpbits.rowbytes • (ascent·2+descent*2+1eading»; 
tenpbits.baseaddr := pointer (NewPtr (sz»; 
if debug then Writeln (debugger, 'err = " Henerror, If); 
CopyBits (MyWindowA.portbits, tenpbits, tenprect, trect1, srcCopy, NIL); 
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insetrect (trectl, 8, 0); 
teftprect.top := tenprect.top - 2; 
tenprect.bottoft := teMprect.bottoft + 2; 

£XRMPl.E/FlLE. TEXT 

while not quit and (trectl.right > width DIV 2) Do 
Begin 

SysteftTask; {the clock still ticks!} 
CopyBits (tenpbits, HyWindow·.portbits, trectl, teftprect, srcCopy, NIL); 
If teftprect.top > Mywindow·.portrect.top then 
Begin 

insetrect (trectl, 8, 0); 
insetrect (teftPrect, 0, -2) 

End else insetrect (trectl, 8, 2); 
If EventRvail (nDownMask+keyDownMask, MyEvent) then quit := true 

End; 
HUnlock (Pointer(strlhdl»; 
HUnlock (Pointer(strZhdl»; 
DisposPtr(Pointer(tenpbits.baseaddr»; 
if debug then Writeln (debugger, 'err = " Hefterror, If); 
DisposeWindow (nywindow) 

END; 
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{SS HyPrint } 
{------------------------------------------------------------------------------------} 
PROCEDURE CheckButton; 
var boo 1 : boolean; 

i teJll : integer; 
PrinterErrPtr : A Integer; 

BEGIN 
bool := GetNextEvent (MDownMask+keyDownMask, MyEvent); 
i teJll : = 0; 
if (JIlyEvent.what = keydown) and (JIlyEvent.JIlessage MOD 256 = 13) then iteR := 1 
else 
If IsDialogEvent (I'lYEvent) then bool := DialogSelect (JIlyEvent, dlogptr, iteJll); 
If iteJll = 1 then 
BEGIN 

PrinterErrPtr := Pointer(pPrGlobals); 
PrinterErrPtr A 

:= IprRbort; 
END 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE HyPrint(finderfile:integer; filenaJlle: str255); 
Const bot10Mftargin = 20; {QMount of space on the JIlargins of the page in pixels} 

leftftargin = 30; 
rightJllargin = 10; 

Var MyPPort: TPPrPort; 
txt: handle; 
txtptr: ptr; 
pglen, start, finish, counter, count 2, loop, io, nUMpages: integer; 
teJllprect, tl'lprect2, pagerect: rect; 
status: TPrStatus; 
userOK, canceldialog: boolean; 
s: string[l]; 
str: str255; 
nunToGo, nURdone: str255; 
tel'lphdl: stringhandle; 
HyLngth: array [1 .. 99] of integer; 

Begin 
{For heavyweight prograMMers only. Rll JIlodes of printing are handled by Macprint. The 
only things you have to do are: 

iJllage each page, using OuickDraw (or sOJllething that uses QuickDraw); 
. Do it once for the nUJllber of copies the user specified in draft JIlode only. 

You do not have to worry with: 
copies in norJllal or high res. 
which pages the user chose to print. 
tall, wide, etc. 

ReJlleJllber, these Page Setup dialog is printer specific. It will not always be the 
SQl'le, so don't write any code around it. 

The reason this prograJll is heavily se9l'1ented is that printing noma! or high-res 
on line takes gobs of nel'1ory (in this eXCll'lple, up to 25K.) You nay I'li.nil'li.ze the 
by ol'1itting 1 line below and creating a spooled file instead. 

The finderprint boolean deternines whether printing is has been selected while the 
user is running the application, or whether it was selected fron the finder. In the 
application, printing is done in the background. Frol'1 the finder, a sinple dialog 
is presented instead. Because printing takes a large QI'lount of JIlenory, up to 25K, 
background printing is only possible if the l'1eAOry required by the foreground 
process can be kept to a l'li.niJllUl'l. Since this progrQl'l does not yet have strong 
neJllory full checking, you should set the debugging cOl'1pile tine variable DEBUG 
to -1, and reAOve HacsBug froJll the Hac disk, to give the progrQl'l a realistic QI'lount 
of free JIleAOry. KacsBug, when active, can use up to 16K. 

Printing is not re~entrant. If your Rain progrQl'l loop is the print idleproc, 
as below, disable the Page Setup itel'l and change 'Print · to 'Stop Printing' 
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in the File ~enu.} 

if debug then DebugInProc (proc, 'HyPrint', mHyPrint); 
printflag := false; 
if debug then 
writeln (debugger, 'finderPrint =', finderprint, '; finderFile =', finderfile, If); 

userOK : = true; 
If finderfile = 1 then 
BEGIN 

SetCursor (arrow); 
userOK:= PrJobDialog (PrintHdl) 

END; 
If userOK then 
BEGIN 

{try to see if enough ~eMOry exists to 
1) duplicate the text portion of the te record 
2) allow the printing pieces to be resident 
3) allow the largest possible segMent to be loaded by the ~ain event loop 
if so, allow the printing to go on in the background. 
Otherwise, put up the 'press a button to cancel' dialog} 

SetCursor (watchhdl**); 
if not finderprint then nUMfiles := 1; 
canceldialog : = finderprint; 
if not canceldialog then 
BEGIN· . 

txt := NewHandle (hte**.telength+16000); 
{this calculation should be ~ade considering: 

the current font size 
the printing ~ode (draft, no~al, hires) 
the textstyle overhead, if any 
blank segMent overhead 
largest segMent + largest local data 
global data overhead --- 16000 is a crude, unprofessional approxi~ation} 

if txt = NIL then canceldialog := true 
else 
BEGIN 

disposHandle (txt); 
txt := hte**.hText; 
ResrvHe~ (hte**.teLength); 
io : = HancIToHand (txt); 

END 
END; 

. if canceldialog then 
BEGIN 

NunToString (finderFile, nunToGo); 
NunToString (nUMfiles, nundone); 
Parantext (filenane,nunToGo,nundone, "); 
dlogptr := GetNewDialog (257, NIL, Pointer(-1»; 
DrawDialog (dlogptr); 
printHdl**.prJob.pIdleProc := mCheckButton; 
txt := hteA*.hText 

END 
else 
BEGIN 

te~phdl := GetString (273); {change to 'Stop Printing'} 
Hlock (pointer(te~phdl»; 
SetIte~ (~yHenus[fileHenu], 8, te~phdl**); 
HUnlock (pointer(teMphdl»; 
printing := true; 
printHdl**.prJob.pIdleProc := mHainEventLoop; 
GetPort (printport); {get the port to be restored at the top of the 
~ain event loop} 

END; 
{fot now, approxi~ate a full page} 
HyPPort := PrOpenDoc (PrintHdl, NIL, NIL); 
With hIE**, printhdl**.prinfo Do 
BEGIN 

pagerect := rpage; 
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pagerect.left := pagerect.left + leftMargin; 
pagerect.right := pagerect.right - rightMargin; 
pagerect.bottOM := pagerect.bottOM - bottoMMargin 
- (pagerect.bottOM - bottoMMargin) HOD lineheight {get rid of partial line}; 
tenprect := destrect; 
destrect := pagerect; 
TECalText (hTE) 

END; {TECalText could cause the MeMory Manager to nove the hIE and PrintHdl 
handles. So, the 'With' stateMent is required below; the alternative would 
be to use 1 'With' and 'HLock' the handles. Note that 'With' is RUch More 
than a lexical convenience. It actually causes the cOMpiler to optiftize code 
about the fields of hTE-- and printhdlAA.prinfo} 

With hTE--, printhdlA-.prinfo Do 
BEGIN 

tMprect2 := viewrect; 
pglen := (rpage.bottoM - rpage.top - bottoMnargin) DIV lineheight; 
finish := nlines; 
start : = 0; 
counter := 1; 
While start < finish Do 
Begin 

IF finish - start> pglen 
THEN MyLngth[counter] := linestarts[start + pglen] - linestarts[start] 
ELSE MyLngth[counter] := teLength - linestarts[start]; 

if debug then 
BEGIN 
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Writeln (debugger, 'MyLngth[',counter:1, 'J = " MyLngth[counter]:5, '; start = " start:5, '; pg] 
Writeln (debugger, 'finish = " finish: 5, '; teLength = " teLength:5, '; ord4(txt) = " ord~(b 

END; 
start := start + pglen; 
counter := counter + 1; 

END; {While start < finish} 
nunpages := counter - 1; 
If not finderprint then 
BEGIN 

destrect := teMprect; 
TECalText (hTE) 

END 
END; 
if debug then Writeln (debugger, 'BJDocLoop = ' PrintHdlAA.prjob.BJDocLoop,lf); 
If PrintHdl-A.prjob.BJDocLoop = BSpoolLoop 
then loop : = 1 
else loop := PrintHdl--.prjob.iCopies; 
SetPort (pointer(MyPPort)); 
TextFont (New York); 
SetCursor (arrow); 
For counter := 1 to loop DO 
BEGIN 

Hlock (txt); 
txtptr := txt"; 
For count2 := 1 to nUMpages DO 
BEGIN {if background printing, duplicate txt handle before starting} 

PrOpenPage (MyPPort, NIL); 
TextBox (txtptr, MyLngth[count2], pagerect, teJustLeft); 
PrClosePage (HyPPort); 
txtptr := Pointer (Ord4 (txtptr) + MyLngth[count2]); 
start := start + pglen 

END; {For count2 } 
HUnlock (txt); 

END; {For counter } 
PrCloseDoc (HyPPort); 
If PrintHdl--.prjob.BJDocLoop = BSpoolLoop then 

PRPicFile (Printhdl, NIL, NIL, NIL, status); {oMit this for spooled files.} 
if canceldialog then DisposDialog (dlogptr) 
else 
BEGIN 

disposHandle (txt); 
printing := false; 
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tenphdl := GetString (272); 
Hlock (pointer(teMphdl)); 
SetlteM (nyHenus[fileHenu], 8, tenphdl- A

); 

HUnlock (pointer(teMphdl)); 
SetPort (printport) 

END 
END 

End; 

{Change to 'Print '} 
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{SS Edi tKenu} 
{------------------------------------------------------------------------------------} 
Procedure EditKain (theIteM: integer; cOMMandkey : boolean); 
const lDldo = 1; 

cut = 3; 
kopy = 4; {'Copy' is a Pascal string flDlction} 
paste = 5; 
clear = 6; 
selectRll = 7; 
clipbored = 9; {'ClipBoard' is already used as a windowkind constant} 

VRR DeskRccUp, duru'ly: boolean; 
Dscrap: PScrapStuff; 
off: LongInt; 
ticks: Longlnt; 
teMpport: grafptr; 
box: rect; 
i tel'lhdl, hdl: handle; 
typ, io, teMpstart, teMpend: integer; 
teMpptr: ptr; 
Text Scrap: handle; 
TextLength: integer; 
Ptr2Scr'apLength: .. integer; 

BEGIN 
{Since the Edit Menu does so MUch, it has been broken up into a separate procedure. 
It does not yet support undo, but does support Cutting, Copying and Pasting between 
the Desk Scrap and the TextEdi t Scrap.} 
DeskRccUp := false; 
IF theIteM < selectRll then DeskRccUp := SysteAEdit(theIteM-1); 
If «theIteM in [undo,cut,kopy]) OR DeskRccUp) AND (scrapwind <> NIL) then 
Begin {invalidate clipboard} 

GetPort (tenpport); 
SetPort (scrapwind); 
Invalrect (scrapwind-.portrect); 
SetPort (tenpport) 

End; 
if theIteM in [cut, kopy] then 
BEGIN 

tenpend := hTE--.selend; 
teMpstart := hte"".selstart 

END; 
if (theIteM > Clear) OR NOT DeskRccUp then 
BEGIN 

if debug then Writeln (debugger, 'not systeM edit', If); 
{ Delay so Menu title will stay lit a little only if CONMand key} 
{ equivalent was typed. } 
If cONMandkey then 
BEGIN 

ticks := TickColDlt + 10; 
REPEAT UNIIL ticks <= TickCount 

END; 
{-- see if enough neMory exists for Move} 
CASE theIteM OF 
undo: ; { no Undo/Z in this eXaMple } 
cut: TECut(hTE); { Cut/X} 
kopy: TECopy(hTE); { Copy/C } 
paste: BEGIN { Paste/V } 

DScrap := InfoScrap; 
If DScrap-. scrapState <> LastState then 
BEGIN 

LastState := DScrap".scrapState; 
hdl : = NewHandle (0); 
io : =GetScrap (hdl, '!EXT', off); 
if debug then Writeln (debugger, 'io = " io); 
If io > 0 then 
BEGIN 

TextScrap := Pointer (GlobalValue (TEScrpHandle)); 
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SetHandleSize (TextScrap, io); 
Ptr2ScrapLength : = Pointer (GlobalRddr (lEScrpLength»; 
Ptr2ScrapLengthA 

:= io; 
Hlock (hdl ); 
Hlock (TextScrap); 
BlockMove (hdlA, TextScrapA, io); 
HUnlock (hdl ); 
HUnlock (TextScrap) 

END; 
DisposHandle (hdl) 

END; 
TEPaste(hlE); 

END; 
clear: TEOelete(hlE); 
selectall: TeSetSelect(O,65535,hlE); 
clipbored: ToggleScrap 
END; { of iten case} 
If theIten in [cut,kopy] then 
BEGIN 

io := ZeroScrap; 

{ Clear } 
{ Select AllIS } 
{ Show, Hide Clipboard} 

If debug then Writeln (debugger, 'zero scrap err =', io, If); 
TextScrap := Pointer (GlobalValue (lEScrpHandle»; 
TextLength := GetHandleSize (TextScrap); 
if debug then 

Writeln (debugger, 'TextScrap ~',ord4(textscrapA), '; TextLength = ',textlength,lf); 
Hlock (TextScrap); 
io : = PutScrap (TextLength, '!EXT', TextScrapA); 
If debug then Writeln (debugger, 'put scrap err =', io, If); 
HUnlock (TextScrap) 

END; 
If theIten in [cut,clear,paste] then WindowdataA-.changed := True; 
If (theIten in [cut .. clear]) then ScrollText (TRUE) 

END {not systenedit} 
END; {of edi tHain } 
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{SS Comand } 
{------------------------------------------------------------------------------------} 
PROCEDURE MyDisable; 

const newiten = 1; 
openi t en = 2; 
closeiten = 3; 
savei ten = 4; 
saveasiten = 5; 
revertiten = 6; 
pagesetupiten = 7; 
printi ten = 8; 
qui ti ten = 9; 

lmdoi ten = 1; 
cutiten = 3; 
copyi ten = 4; 
pastei ten = 5; 
cleariten = 6; 
selectalliten = 7; 
clipborediten = 9; 

var COlmter: integer; 
DScrap: PScrapStuff; 
tenppeek: windowpeek; 
stycount: styleiten; 

{------------------------------------------------------------------------------------} 
PROCEDURE KillFE (fileiiens, edititens : edset); 
var counter: integer; 
BEGIN 

{This guy disables the i tens in the File and Eeli t nenus. This approach has a real 
disadvantage: If an entire Menu should be disabled at sone given tine, there is 
no convenient way to do a DrawMenuBar here to disable the i ten in the bar itself.} 

If debug then 
Begin 

DebugInProc (proc, IKillFE', mKillFE); 
Write (debugger, 'file: '); 
For counter := newiten to quititen Do 

IF counter in fileitens THEN Write (debugger, counter:2, " '); 
Write (debugger, '; edit: '); 
For counter := lmdoiten to clipborediten Do 

IF counter in edititens THEN Write (debugger, counter:2, " '); 
Writeln (debugger, If) 

End; 
For counter := 1 to 9 Do 
BEGIN 

If counter in fileitens then DisableIten (nyMenus[FileMenu], counter); 
If counter in edititens then DisableIten (nyMenus[EditMenu], counter); 

END 
END; 

BEGIN 
{This part goes through all of the applicable elenents of the frontnost window, if any 
and fron that decides what operations are allowable at this tine.} 
if debug then DebuglnProc (proc, IMyDisable ', mMyDisable); 
For counter := 1 to 9 DO 
BEGIN 

EnableIten (nyMenus[FileMenu], counter); 
If counter in [UndoIten,CutIten .. SelectAlllten,ClipboredIten] 

then EnableIten (nyMenus[EditMenu], counter) 
END; 
if printing then KillFE ([PageSetupIten], []); {page setup, if printing} 
IF Frontwindow = Nil 
THEN KillFE ([CloseIten .. Printlten], [UndoIten .. -SelectRllIten]) 
ELSE 
BEGIN 

Hypeek := Pointer (FrontWindow); 
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Case HypeekA.windowkind of 
HyDocunent: BEGIN 

EXRHPl.E/FILE. TEXT 

KillfE ([], [UndoItel'l]); 
If NOT WindowDataAA.titled THEN KillfE ([SaveItel'l,RevertItel'l], []); 
If NOT WindowDataAA.changed THEN KillFE ([SaveItel'l,RevertItel'l], []); 
If hTEAA.teLength = 0 THEN 

KillfE ([SaveItel'l,SaveRsItel'l,PageSetupItel'l,PrintItel'l], [SelectAllItel'l]); 
If hTEAA.selstart = hTEAA.selend THEN 

KillFE ([], [CutItel'l, CopyItel'l, ClearItel'l]); 
DScrap := InfoScrap; 
If DScrapA.scrapSize = 0 then KillFE ([], [PasteItel'l]); 

END; 
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Clipboard, FreeMel'lory: KillFE ([SaveItel'l .. PrintIten], [UndoItel'l, CutItel'l .. SelectRllItel'l]); 
OTHERWISE KillfE ([Saveltel'l .. Printltel'l], [SelectRllltel'l]) {systel'l window} 

END {Case} 
END; 
if printing then EnableItel'l (MyKenus[filel'lenu], PrintItel'l) {stop printing} 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE DoCol'll'land (col'll'landkey: bool ean); 
VRR nOl'le, s, str: str255; 

bstr:string[5]; 
dul'lny: 'size; 
err : boolean; 
nUl'l, refnUl'l, theMenu, theltel'l: integer; 
tel'lpPeek: WindowPeek; 
nresult, ticks: longint; 
dipeek: DialogPeek; 
box: rect; 
i teMhdl: handle; 
typ: integer; 
PrinterErrPtr : AInteger; 

BEGIN 
{This handles the actions that are initiated through the Menu Manager} 

if debug then DebuglnProc (proc, 'DoCol'll'land', mDoCol'lnand); 
HyDisable; 
If COl'll'landkey 
then nResult := MenuKey(theChar) 
else nResult := MenuSelect (l'lyEvent.where); 
theMenu := HiWord(nResult); theltel'l := LoWord(l'lResult); 
CRSE theMenu OF 

appleMenu: {enough l'lel'lory to allow desk accessory to open} 
BEGIN 

IF theltel'l = 1 
THEN HboutHyEditor 
ELSE 
BEGIN 

GetItel'l(l'lYMenus[appleMenu],theltel'l,nOl'le); 
refNul'l : = OpenDeskRcc(nOl'le) 

END 
END; 
FileMenu: 
BEGIN 

If FrontWindow <> Nil then 
If HyPeekA.WindowKind = HyDoCUl'lent then 

if windowdataAA.titled 
then GetWTitle (FrontWindow, str) 
else str := "; , 

Case TheItel'l of 
1: OpenRWindow; { New } 
2: HyGetFile; {Open } 
3: CloseHWindow; { Close } 
4: err: = { Save } 

WriteFile (windowdataAA.FileVoIUMe, str); 
5: err:= HyPutFile (str); { Save As } 
6: BEGIN { Revert to Saved} 

If CautionRlert(257, NIL)=OK then 
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err := ReadFile (windowdataAA.FileVolUMe, str); 
ScrollText (FRLSE) {which is the user interfacy thing to do? 

display the top of the file, or display 

END; 

the position in the file the user was looking ~ 
when he said revert. Should I also l'laintain the 
flashing caret position?} 

7: If PrStlDialog (PrintHdl) {Page Setup } 
then ; 
{eventually, store info in docunent resource fork} 

8: if not printing { Print } 
then Printflag := true 
else 
BEGIN 

PrinterErrPtr := Pointer(pPrGlobals); 
PrinterErrPtr A 

:= IprRhort 
END; 

9: doneFlag: = TRUE; { Qui t } 
END 

END; 
EditHenu: EditHain (theltel'l, cOl'll'landkey); 

{SIFC BUG > -l} 
100: , ' 

Case theltel'l OF 
1: ToggleFree; 
2: duJtutry: = HaxHel'l (ciurJrly); 

{SIFC.BUG = 1} 
3: BEGIN 

{SENnC} 

debug := not debug; 
CheckItel'l (HyKenus[DebugMenu], 3, debug) 

END 

END {of debug } 
{SENIlC} 

END; { of l'lenu case } 
HiliteHenu(O) 

END; {of DoComand } 

Page 32 



14 Hay 1984 13:37:48 EXRHPLE/FILE.TEXT 

{------------------------------------------------------------------------------------} 
PROCEDURE DrawWindow; 
VRR tenpPort : GrafPtr; 

tel'lpscrap: handle; 
scraplength, off: longint; 
teMprect, rectToErase: rect; 
str: str255; 
tenpPeek: WindowPeek; 
whichwindow: windowptr; 
tenphTE: TEHandle; 
teMpdata: P1Ydatahandle; 

BEGIN 
{ Draws the content region of the given window, after erasing whatever 

was there before. } 
if debug then DebugInProc (proc, 'DrawWindow', GDrawWindow); 
WhichWindow := Pointer (MyEvent.Message); 
BeginUpdat e (Whi chWindow); 
GetPort (tel'lpPort); 
SetPort (WhichWindow); 
tenpPeek := Pointer (WhichWindow); 
Case teMpPeek". windowkind of 
MyDocUl'lent : 

Begin 
teMprect := WhichWindow".portrect; 
tel'lpData := Pointer (GetWRefCon (WhichWindow)); 
tenphTE := tel'lpData ..... TERecord; 
If tenpPeek".hilited then tenprect.top := tenprect.botton - 15; 
tel'lprect.left := teMprect.right - 15; 
ClipRect (tenprect); 
DrawGrowIcon(WhichWindow); 
Cliprect (WhichWindow".portrect); 
DrawControls (WhichWindow); 
{this only erases the window past the end of text, if any} 
wi th t el'lphTE .... DO 
If nlines - topline < (viewrect.botton - viewrect.top + lineheight) 
DIV lineheight then 

BEGIN 
rectToErase := viewrect; 
rectToErase.top := (nlines - topline) • lineheight; 
EraseRect (rectToErase) 

END; 
TEUpdate(WhichWindow ... visRgn ..... rgnBBox, tel'lphTE) 

End; 
ClipBoard: 
BEGIN 

teMpscrap := NewHandle (0); 
ScrapLength := GetScrap (tenpscrap, 'TEXT', off); 
EraseRect (WhichWindow".portrect); 
tenprect := Whichwindow-.portrect; 
tenprect.left := tel'lprect.left + 4; 
tel'lprect.right := tenprect.right-15; 
If ScrapLength > 0 THEN 
BEGIN 

HLock (tenpScrap); 
Textbox (tel'lpscrap", scrapLength, tenprect, teJustLeft); 
HUnlock (tenpScrap) 

End; 
DisposHandle (tenpscrap); 
tenprect := WhichWindow".portrect; 
tenprect.left := tenprect.right - 15; 
ClipRect (tel'lprect); 
DrawGrowIcon (WhichWindow); 
Cliprect (whichwindow".portrect) 

END; 
{SIFC BUG > -I} 

FreeMenory: BEGIN 
EraseRect(WhichWindow".portRect); 
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MoveTo (5, 12); 
NuAToString (FreeMen, str); 
DrawString (str) 

End-
{SENnC} , 

END; {Case} 
SetPort (tenpPort); 
EndUpdate(WhichWindow) 

END; . {of DrawWindow } 
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{SS CONTROL} 
{------------------------------------------------------------------------------------} 
PROCEDURE ScrollBits; 
VRR oldvert: INTEGER; 
BEGIN 
{If the visible inforMation has changed, scroll the window here.} 

if debug then DebugInProc (proc, 'ScrollBits', mScrollBits); 
oldvert := topline; 
topline := GetCtlValue(vScroll); 
TEScroll (0, (oldvert - topline)·hTEAA.lineheight, hIE) 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE ScrollUp(theControl: ControLHandle; partCode: INTEGER); 
BEGIN 
{This function is called by TrackControl in the Up button} 

if debug then DebugInProc (proc, 'ScrollUp', ~ScrollUp); 
IF partCode = inUpButton THEN 
BEGIN 

SetCtlValue(theControl, GetCtlValue(theControl)-l); {VScroll} 
ScrollB~ts 

END 
END; 

{------------------------------------------------------------------------------------} 
PROCEDURE ScrollDown(theControl: ControLHandle; partCode: INTEGER); 
BEGIN 
{This function is called by TrackControl in the Down button} 

if debug then DebugInProc (proc, 'ScrollDown', mScrollDown); 
IF partCode = inDownButton THEN 
BEGIN 

SetCtlValue(theControl, GetCtlValue(theControl) + 1); {VScroll} 
ScrollBits 

END 
END; 

{------------------------------------------------------------------------------------} 
PROCEDURE PageScroll(which: INTEGER); 
VRR nyPt: Point; 

QIIlount: Integer; 
BEGIN 
{This function is called by TrackControl in the Grey part of the scrollbar} 

if debug then DebuglnProc (proc, 'PageScroll', mPageScroll); 
if which = InPageUp 
then anount := -1 
elseanount := 1; 
REPEHT 

GetHouse(nyPt); 
IF TestControl(VScroll,nyPt) = which THEN 

BEGIN 
With HTEAA.viewrect DO 

SetCtlValue(VScroll, GetCtlValue(VScroll) + cmount • 
(botton - top) DIV hTEAA.lineheight); 

ScrollBits 
END 

UNTIL NOT StillDown; 
END; 

{------------------------------------------------------------------------------------} 
PROCEDURE HyControls; 
Var t, code, whichpart: integer; 

RControl: ControLHandle; 
BEGIN {controls} 
{This routine handles the scrollbar} 

if debug then DebugInProc (proc, 'HyControls', mHyControls); 
whichPart ; = FindControl (HyPoint, HyWindow, HControl); 

If debug THEN Writeln (debugger, 'whichpart = ' .. whichpart, if); 
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If debug THEN Writeln (debugger, 'ord( 8Control = ., Ord4 ( RControl), If); 
{adjust scrollbar range} 
If 8Control <> NIL THEN 
BEGIN 

VScroll := RControl; 
Case whichpart of 
inUpButton: t := TrackControl (VScroll, HyPoint, mscrollUp); 
inDownButton: t := TrackControl (VScroll, MyPoint, mscrollDown); 
inPageUP: PageScroll (whichpart); 
inPageDown: PageScrol1 (whichpart); 
inTIl1.lI'1b: 

BEGIN 
t := TrackControl (VScrol1, MyPoint, NIL); 
ScrollBits 

END 
END {Case HyControl} 

END {RControl <> NIL} 
END; {controls} 

Page 36 



14 Hay 1984 13:37:48 EXRHPLE/FlLE. TEXT 

{SS Initial } 
{--------------------------------------------------------------------~---------------} 
PROCEDURE SetUp; 
VAR counter, vRefNun : INTEGER; 

DScrap : PScrapStuff; 
hdl, hRppparns : handle; 
off : longint; 
apNaMe : Str255; 
NaMeHdl : Handle; 
strhdl : StringHandle; 
duMAyrect : rect; 
tel'lpptr : pRppParl'lS; 
duMMy : boolean; 
FinderFile : integer; 
nyport : GrafPtr; 

BEGIN 
{Ini tialization for a variety of things is done here. This code is · discarded' 
after it is executed by an UnLoadSeg. Rnother good way of initializing a large 
mmber of variables would be to create a custOJll resource which contains initial 
values for all globals. Then, if the globals are fields in a handle, a single 
'GetResource' would initialize all fields.} 

{SIFC BUG' '= I} {This code is only included for external terninal debugging} 
debug := false; {if you want debugging on as soon as the prograM starts, set it here} 
If := chr(10); {Ht present, inforJllation written to the external terninal needs 

its own linefeed.} 
Rewrite (debugger, '.BOUT'); {the serial port not used for downloading froJll Lisa} 

{SENnC} 

if debug then 
BEGIN 

Writeln (debugger, If, If); 
DebuglnProc (proc, 'SetUP', mSetup) 

END; 

{The prograM only executes the code when it is first nID, but it could have gotten 
here in two ways. The user JIlay have opened the application or one of its 
doCUl'lents, or the user JIlay have chosen to print a doCUl'lent. In any case, sOJlle 
cOJllJllOn initialization is needed.} 

SetGrowZone (mMyGrowZone); 
lnitGraf(mthePort); 
lni tFonts; 
lni tWindows; 
FlushEvents(everyEvent,O); 
TElnit; 
InitDialogs(NIL); 

{just in case sOJllething goes wrong .. } 
{I need OuickDraw} 
{I need fonts} 
{I need windows} 

{

start with a clean slate} 
I need TextEdit} 
and I need dialogs, even when printing froJll Finder} 

NOJIleHdl : = NewHandle (4000000); {force Kel'JMgr to allocate all . grow' to app.} 

PrintHdl := Pointer (NewHandle (120»; 
PrOpen; 
PrintDefault (PrintHdl); 
getRppParl'lS(apNaMe,vRefNUJIl,hRppParJIls); 
Hlock(hRppParJllS); 
{** sOJlletiJlle, get file info for apNOJIle, to use folder info as appropriate} 
tel'lpptr := Pointer(hRppParI'lSA); 
iBeaAHdl := GetCursor(l); 
HNoPurge (Pointer(iBeanHdl»; 
watchHdl := GetCursor(4); 
HNoPurge (Pointer(watchHdl»; 
nunfil~s := teJllpptrA.count; 
if debug then Writeln (debugger, 'nUJllfiles: ',nllRfiles, If); 
finderprint := (teJllpptrA.ftessage = 1); 
IF finderprint {User selected . print , froft the Finder} THEN 
BEGIN 

setport (thePort); 
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duMnyrect := screenbits.bounds; 
dunMyrect.bottoM := duMMyrect.top + 16; 
InsetRect (duMMyrect,10,2); 
New (nyPort); 
OpenPort (MyPort); 
TextBox (pointer(ord4(wapNaMe)+1),ord4(Length(apNaMe»,duMMyrect,teJustCenter); 
For FinderFile := 1 to nunfiles Do 
With tenpptrA DO 

BEGIN 
If ftype = 'TEXT' then 
BEGIN 

SetRect (duMMyrect, 0,0,100,100); 
SetPort (MyPort); {to allow text Measure in TeCalText} 
hIE := TENew(dUMMyrect, duMMyrect); 
dunAy := ReadFile (vRefNuM, fNaMe); {asSUMe that page setup is read in as well} 
Unloadseg (~ReadFile); 
HyPrint(FinderFile, fNaMe); 
SetCursor (watchhdl-·); 
TEDispose (hIE); {dispose of text edit stuff} 
tenpptr := Pointer (Ord4 (teMpptr) + length (fNaNe) + 10 -
length (fNaMe) HOD 2) 

END 
{ELSE clear the proper bytes in the appParns hcmdle?} 

END; 
hIE : = NIL; 
ClosePort (MyPort) 

END 
ELSE 
BEGIN 

InitHenus; {initialize Henu Hcmager } 
KyHenus[appleHenu] := GetHenu(appleHenu); 
KyHenus[appleHenu]AA.nenudata[l] := CHR(Rpplesynbol); 
AddResHenu(nyHenus[1], 'DRVR'); { desk accessories} 
For counter := FileHenu to EditHenu DO KyHenus[counter] := GetHenu(counter); 

{SIFC BUG > -1} 
nyHenus[DebugMenu] := GetHenu(100); { tenporary debug nenu } 

{SENnC} 
{SIFC BUG = 1} 

extdebughdl := GetString (261); 
Hlock (Pointer(extdebughdl»; 
HppendHenu (MyHenus[DebugMenu], extdebughdl·-); 
HUnlock (Pointer(extdebughdl»; 
ReleaseResource (Pointer(extdebughdl»; 
CheckIteM (MyHenus[DebugMenu], 3, debug); 

{SENnC} 
FOR counter: =1 TO lastMenu DO InsertHenu(nyKenus[counter],O); 
DrawKenuBar ; 
dragRect : = screenbi ts. bounds; 
dragrect.top := dragrect.top + 20; {leave rOOM for nenu bar} 
growRect := dragRect; 
InsetRect (dragrect, 4, 4); {leave sone of dragged rectangle on screen} 
growrect.left := {replace this with the Max font width + constcmt} 80; 
growrect.top := 80 {IB + 16·3 + slop?}; 
doneFlag := FALSE; 
printflag := false; 
printing := false; 
windowIl\.Jl'1 : = 1; 
windowpos : = 0; 
HyFileTypes[O] := 'TEXT'; 
Laststate := 0; {eventually, init laststate to scrapstate - I?} 
For counter := 1 to nunfiles Do 
With tel'lpptr- DO 

BEGIN 
If ftype = 'TEX!' then 
BEGIN 

HakeAWindow (fNeme, TRUE); {··could async open while this is going on} 
if counter < nUAfiles then DialogueDeactivate; 
If Not ReadFile (vRefNUM, fNeme) then 
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BEGIN 
IEDispose (hIE); 
hIE : = NIL; 

EXHHPLE/FILE. TEXT 

DisposHandle (Pointer (WindowData)); 
DisposeWindow (MyWindow) 

END; 
tenpptr := Pointer(Ord4 (tenpptr) + length(fNane) + 10 - length(fNane) HOD 2) 

END 
END; 
If Frontwindow = NIL then OpenaWindow; 
{if sonething 'TEXT' is in deskscrap then allow paste} 
DScrap := InfoScrap; 
LastState := DScrapA,scrapState; 
If DScrapA,scrapsize > 0 then LastState := LastState - 1; 
{what about when scrapsize is too big?} 
Scrapwind := NIL; 

{SIFC BUG > -I} 
Freewind := NIL 

{SENnC} 
END; 
Hunlock (happParI'lS) 

END; { of Setup} 
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{SS } 
{------------------------------------------------------------------------------------} 
PROCEDURE CursorHdjust; 
VHR l'lOusePt: Point; 

teI'lpport: grafptr; 
tenppeek: Windowpeek; 

BEGIN 
{' Take care of application tasks which should be executed when the JIlachine has 

nothing else to do, like changing the cursor frOM an arrow to an I -BeCll'l when it 
is over text that can be edited. } 

{SIFC BUG >-l} 
{ If the aMount of free MeMory is being displayed in its own window, and if it has 

changed, then create an update event so that the correct value will be displayed.} 
If (FreeWind <> NIL) 
and (FreeMeM <> OldMel'l) then 
BEGIN 

OldMeJll : = FreeMeI'l; 
GetPort (teJllpport); 
SetPort (FreeWind); 
InvalRect (FreeWindA.portrect); 
SetPort (teftPport) 

END; 
{SENnC} 

GetMouse(MousePt); {where the cursor is, currently (local to the tOPI'lost window)} 
If hIE <> NIL {if text edit is currently active, (doCUMent window is tOPMOst)} 
THEN ' 
BEGIN 

IEldle (hIE); 
IF (PtInRect(I'lOusePt, hIEAA.viewrect» {In the text edit viewrect area,} 
THEN SetCursor(iBeaMHdl- A) { Make the cursor an I-beaM.} 
ELSE SetCursor(arrow) 

END 
ELSE 
BEGIN 

{let desk accessories set their own?} 
tenppeek := pointer(FrontWindow); 
If tenppeek = NIL then SetCursor (arrow) 
else if tenppeek-.windowkind > 1 then Set Cursor (Arrow) 

END 
END; 

{------------------------------------------------------------------------------------} 
FUNCTION HyGrowZone; 
BEGIN 
{This function is called by the JIlenory nanager whenever JIlOre nenory is requested than 
available. The only tine you'll see it in this prograM is when it ini tally runs 
(which is nomal) and when it is not checking neJllory availability when it should. 
Your prograM should not rely on resolving nenory problel'lS here, because it could be 
called by the ROM, where, at present, insufficient ne!'lory cases are not always 
handled gracefully.} 
if GZCritical then 
BEGIN 

if debug then Wri1eln (debugger, 'nyGrow cbneeded = " cbneeded, If); 
{Make all data stuctures, including user data, that can be safely released, 
purgable. If the user has data in nenory that has not yet been saved, and if 
you were not expecting this routine to be called, then the call cQl'le fron ROM 
and is iMportant to give the user the chance to save their work. Even if 
their data is successfully saved, it is likely that the progrQl'l will have to 
restart or quit 10 the Finder.} 

END; 
HyGrowZone := 0 {for now, the I'lenory requests fails unconditionally} 

END; 

{------------------------------------------------------------------------------------} 
PROCEDURE MainEventLoop; 
Var code: integer; {the type of nousedown event} 

dUMY: boolean; 
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str : str255; 
teftPport : Grafptr; 

BEGIN 
{TIris event loop handles l'Iost of the col'D'lUI'lications between this progrcm and events 
taking place in the outside world. This procedure is also called as, the printer 
idle procedure so that the progrcm appears to be doing background printing.} 

if printing then 
BEGIN 

getport (teApport); 
setport (printport) 

END; 
REFER! 

CursorRdjust; 
Systel'lTask; 
if print flag then 
BEGIN 

GetWTitle (HyWindow, str); 
Hyprint(l, str) {mJl'lber of files to print, what to call it} 

END; 
duI'lI'ly := GetNextEvent(everyEvent,I'IYEvent); 
CASE nyEvent.what OF 
l'IOuseDown: 

BEGIN' 
code := FindWindow(I'IYEvent.where,tenpWindow); 

CASE code OF 
inMenuBar: DoCol'1l'land (FRLSE); 
inSysWindow: InSystenWindow; 
inDrag: DragWindow(teMpWindow,l'IyEvent.where,dragRect); 
inGoRway: IF TrackGoRway(teI'lpWindow,l'lyEvent.where) THEN CloseRWindow; 
inGrow: If Hypeek-.windowkind in [HyDoCUl'lent,Clipboard] then GrowWnd; 

inContent: 
BEGIN 

IF teMpWindow <) FrontWindow 
THEN SelectWindow (teI'lpWindow) 
ELSE 

IF hTE < > NIL 1lIEN 
BEGIN 

HyPoint := HyEvent.where; 
GlobalToLocal (HyPoint); 
IF PtInRect (HyPoint, hTE--.viewrect) 
THEN 
BEGIN 

If debug THEN Writeln (debugger, 'point in HIE viewrect', If); 
IF (BitBnd (I'IYEvent.ftOdifiers, ShiftKey) <> 0 ){ Shift key pressed} 
THEN TEClick (HyPoint, TRUE, hTE) 
ELSE TEClick (HyPoint, FRLSE, hTE); 

END 
ELSE HyControls 

END {hTE <> NIL} 
END {in Content} 

END { of code case } 
END; { of l'louseDown } 

keyDown, autoKey: 
BEGIN 

theChar := CHR(l'lyEvent.l'lessage HOD 256); 
IF BitBnd(RYEvent.l'IOdifiers,CI'IdKey) <> 0 
THEN DoCol'Jl'land(TRUE) 
ELSE IF hTE < > NIL THEN 
BEGIN' 

TEKey(theChar,hTE); 
windowdata-" . changed : = true; 
ScrollText (TRUE); 

END 
END; { of keyDown } 

{Hac characters use 8 bits} 
{ Col'll'land key pressed } 
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activateEvt: HyRctivate; 
updateEvt: DrcWWindow; 

£XRHPLE/FILE. Tm 

nulLEvent: If doneflag HND (FrontWindow <> NIL) Then CloseRWindow; 
END; { of event case } 
UnloadSeg (mInSystenWindow); Isegnent Utilities} 
UnloadSeg (mReadFile); segnent ReadFile} 
UnloadSeg (mWriteFile); segnent WritFile} 
UnloadSeg (mRboutMyEditor); segnent RboutHyPgn} 
UnloadSeg (mHyDisable); {segnent DoConnand} 
UnloadSeg (mScrollbits); {segnent Control} 
if not printing then UnloadSeg (mHyPrint); 

UNTIL (doneFlag RND (FrontWindow = NIL» or Printing; 
if doneFlag RND (FrontWindow = NIL) then clearnenubar; {prevent the user froM 
doing anything until printing is through} 

if printing then 
BEGIN 

getport (printport); 
setport (tenpport) 

END 
END; 

BEGIN { Plain progrCD'l } 
{Please doh.' t look at this prograM as the the last word in eXCD'lple prograMMing" and 
be very cautious about porting SOMe portion of this progrCD'l over to your own code.} 

SetUp; 
UnloadSeg (5Setup); 
if not finderprint then MainEventLoop; 
SetCursor (watchHdl AA

); 

PrClose 
END. 
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._------------------------------------------------------------------------------, 

; 

These routines provides the Pascal prograMMer with asseAbly-like constructs 
that Pascal can not perforM easily. 

FUNCTION GlobalRddr 

Given a low fteftory location nCfte (a constant .in the eXaMple progrQft File), 
the correct address for the routine is returned. This function should be 
declared in the first part of your progrCft as : 

FUNCTION GetGlobalRddr (GlobalConst : Integer): Ptr; External; 

Suppose a pointer in your progrQlll is declared as: 

VRR softePtr : Ptr; 

; To store a value in a global location, do the following: 

; 

; 

; 

; 

softePtr := GetGlobalRddr (RGlobal); 
softePtr- := NewGlobalValue; 

Note.that since Ptr is defined as ·signedbyte, this only writes a single byte. 

To write to softe other data type, you ftust declare a pointer to that 
data type, and then use the Pointer function to equate the result of this 
function to that data type. For eXQIIlple, to write a long word, declare a new 
variable: 

VRR bignUMptr = -LongInt; 

Then, equate the variable to the function, and assign a value to it to perforft 
the write: 

bignUMptr := Pointer (GetGlobalRddr (RGlobal»; 
bignUMptr- := softe long integer expression 

FUNCTION GlobalValue 

Given a low fteftory location nCfte (a constant in the eXaMple progrQlll File), 
the value stored at that low fteftory address is returned. This function should 
be declared in the first part of your progrCft as : 

FUNCTION GlobalValue (GlobalConst : Integer): LongInt; External; 

Just assign the function result to a long integer to return that value. 

To read softe other data type, you rrust declare a pointer to that data type, 
and then use the Pointer function to equate this result to that data type. 

For exCftple, to read a global value into your own special handle, assign: 

MyHandle := Pointer(GlobalValue (RGlobal»; 

Note that .this does not create a new or duplicate hcmdle called HyHandle. This 
only provides you with a nethod of nanipulating the existing handle contained in 
RGlobal. 

, MODIFICATION HISTORY 

06-Feb-84 CRe New Today 
--------------------------------------------------------------------------------, 

.NOLIST 

. INCLUDE TlRsniGrafTypes.Text 

. INCLUDE TlRsniOuickHacs.Text 

. INCLUDE Tlasn/SysEqu.Text 
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. INCLUDE TlRsnlToolEqu.Text 

. INCLUDE TlRsn/ToolMacs.Text 

.LIST 

FUNCTION GlobalRddr (GlobalConst : Integer): Ptr; 
FUNCTION GlobalValue (GlobalConst : Integer): LongInt; 

.FtlNC GlobalRd~ 0 

.DEF GlobalVa 

MOVEQ tto~ D1 ; address entry 
BRR.S GlobStart 

GlobalValue MOVEQ ttl, D1 ; data entry 

GlobStart MOVE. L (SP)+, R1 ;preserve return address 
MOVE.W (SP)+~ DO ;the routine tt requested 
RSL tt2,DO ;nake it into a long offset 
LER TableBase, RO ; get beginning of table 
MOVE.L O(RO, DO), RO ;get the value out of the table 
TST 01 ;which entry? 
BEO.S all ;branch if address 
MOVE. L (RO),RO ;dereference if data 

iil1 MOVE.L RO, (SP) ; and put value in function return 
JMP (Rl) ;bye for now 

; These addresses were chosen because they are frequently needed by applications~ 
and are not readily available in existing globals or ToolBox calls. 
any address can be read as data or written to as an address. 

; Rddi tional globals will be added as they are requested. 

TableBase . LONG 
. LONG 
•. LONG 
. LONG 
. LONG 
. LONG 
. LONG 
. LONG 
. LONG 

n:ScrpLength 
n:ScrpHandle 
dlgfont 
ScrVRes 
ScrHRes 
doubleTine 
caretTine 
RNUl'lber 
RCount 

;the length of the private TextEdit scrap 
; the handle to the private TextEdi t scrap 
; the font used inside alerts and dialogs 
;screen vertical resolution (dots/inch) 
;screen horizontal resolution (dots/inch) 
;double click tine in 4/60's of a second 
;caret blink tine in 4/60's of a second 
;the active alert 
;the alert stage level 

------------------------------------------------------------------------------------, 
; 

Procedure RutoScroll; 
; 

; 
; 

The location of this procedure is passed to TextEdit in the clikLoop field. 
It is called by TextEdit when the user drags a selection range outside of 
the viewrect. This calls the pascal procedures ScrollUp and ScrollDown 
to cause the screen to scroll, if possible, and the selection range to be 
extended. 

-------------------------------------------.----------------------------------------, 

.PROC RutoScroll~O 

;offsets for Pascal globals 

MyWindow 
VScroll 

.EOU 

.EOU 
-4 
-20 

.REF ScrollDown 

.REF ScrollUp 

PER tenppoint 
GetMouse 

HDVE.V tenppoint,DO 

;Now see if we're in the text recto 

;offset for current application window 
;the window's vertical scroll bar 

;get local Rouse point to DO 
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LEA 
CMP.W 
BLT.S 
CHP.W 
BLE.S 

Condition,RO ;a place to store the result 
TEViewRect+Top(RJ), DO ; COl'lpare vi th Top 
RS OutOfRect ; Yep, he Moved above top! 
TEViewRect+BottoM(RJ),DO ;is House < bottOM? 
RS_NoHove ; no, don't scroll. 

RS_OutOfRect HOVE SR, (RO) 
HOVE.L -4(RS),-(SP) 
SetPort 

HoVE.L -4(RS),RO 
PER PortRect(RO) 
_ClipRect 
HOVE.L -20(RS),-(SP) 
HOVE Condition,CCR 
BLT.S RS_OffTop 

;We're off the bottOM. do a scroll Down. 
HOVE.W #inDownButton,-(SP) 
JSR ScrollDown 
BRR.S RS_RestorePort 

;We're off the top. Do a scroll Up. 
RS_OffTop .' HOVE. W #inUpButton, -(SP) 
RS_OT2 JSR ScrollUp 
RS_RestorePort HOVE.L TEGrafPort(RJ),-(SP) 

SetPort 
PER TEViewRect(RJ) 
_ClipRect 

RS_NoMove HOVEQ #-1, DO 
RTS 

Condition 
tel'lppoint . LONG 0 

. END 

;save top or bottoft in Condition 
;global HyWindowPtr 
;set application's port 
;global HyWindowPtr 
;global HyWindowPtrA.portrect 
;set the application's clip 
;push handle for scroll, below 
;get back top or bottOM condition 

;get const. req'd by ScrollDown. 

; go try again. 

;get constant req'd by ScrollUp 
;go scroll the line. 

;restore TE's port 

;restore the clip 

;return non-zero! 
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• FileResDef -- Resource input for saMple application naMed File 
• Written by Macintosh User Education 

ExanplelFile.Rsrc 

Type CRRY = sm 
,0 

File Version 1.0 February 28, 1984 

Type FREF = HEXA 
,128(32) 

4150504C 
0000 
00 

Type FREF = HEXA 
,129(32) 

54455854 
0001 
00 

Type BNDL = HEXA 
,128 

434152590000 
0001 
49434E230001 
0000 0080 
0001 0081 
465245460001 
0000 0080 
0001 0081 

Type ICWt = HEXA 
,128(32) 

00000000 
00000000 
00000000 
00020000 
00050000 
00088038 
00104044 
00202082 
00401102 
00800R82 
01000544 
02000RR8 
04001550 
08002RR0 
10005540 
2000RRRO 
40001510 
80010R08 
40000410 
20030820 
1003R040 
08038080 
04000100 
02000200 
01000400 
00800800 
00401000 
00202000 
00104000 
00088000 
00050000 
00020000 
00000000 
00000000 
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00000000 
00020000 
00070000 
000F8038 
001FC07C 
003FEOFE 
007FF1FE 
OOFFFBFE 
01FFFFFC 
03FFFFF8 
07FFFFFO 
OfFFFFEO 
1FFFFFCO 
3FFfFFEO 
7FFFFFFO 
FFfFFFF8 
7FFFFFFO 
3fFFFFEO 
1FFfFFCO 
OFFFFF80 
07FFFFOO 
03FfFEOO 
01fFFCOO 
00FFF800 
007FF000 
003FEOOO 
001FCOOO 
000F8000 
00070000 
00020000 

,129 (32) 
OFFfF800 
08000400 
08000600 
08000500 
08000480 
08000438 
08000444 
08000682 
08000102 
0800.0282 
08000544 
08000RR8 
08001550 
08002RR0 
08005550 
0800RR90 
08001510 
08010R10 
08000410 
08030810 
0803R010 
08038010 
08000010 
08000010 
08000010 
08000010 
08000010 
08000010 
08000010 
08000010 
08000010 
OFFFFFFO 
OFFfF800 
OFFFFCOO 
OFFFFEOO 
OFFFFFOO 
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OFFFfF80 
0F'FFFFF8 
OF'FFFFFC 
OFFFFFFE 
OFFFFFFE 
OF'FFFFFE 
OFFFfFFC 
OFFFFFF8 
OFFFFFFO 
OFFFFFEO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OF'FFFFFO 
OFFFFFFO 
OFFFfFFO 
OFFFfFFO 
OFFFfFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OFFFFFFO 
OF'FFFFFO 
OF'FFFFFO 

Type MENU 
,1 (4) 
III 

About File 
(-

,2 (4) 
File 

New 
Open 
Close 

. Save 
Save Rs 
Revert to Saved 
Page Setup 
Print 
Quit 

,3 (4) 
Edit 

Undo/Z 
(­
Cut/X 
Copy/C 
Paste/V 
Clear 
Select 81118 
(-
Show Clipboard 

,100 (4) 
Debug 

Show FreeHel'l 
COl'lpact Hel'1Ory 

• doCUl'lent window 
Type WIND 
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x 
,256 (4) 

50 40 158 472 
Visible NoGoRway 
2 
o 

,257 (32) 
Clipboard 

262 4 337 446 
Visible GoRway 
o 
o 
,258 (32) 

FreeMen 
320 442 341 511 
Visible NoGoRway 
o 
o 

• vertical scroll bar 
Type CNTI. 

x 
,256 (4) 

-1 395 236 411 
invisible 
16 
o 
000 

Type DITL 
,256 (32) 
4 

Yes 

BtnIteJll Enabled 
65 13 85 83 

BtnIteJll Enabled 
95 300 115 370 

Cancel 

No 

BtnIten Enabled 
95 13 115 83 

StatText Disabled 
8 60 60 370 

EXAMPLE/FILER. TEXT 

Do you want to save changes nade to '·0'-1? 

,257 (32) 
3 

OK 

BtnIten Enabled 
90 267 110 337 

StatText Disabled 
10 60 70 350 

An error occured while AO the disk. The file 'AI' was not A2. 

StatText Disabled 
90 10 110 260 

,258 (32) 
3 
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Btnltel'l Enabled 
62 300 82 370 

Cancel 

StatText Disabled 
5 10 60 370 

EXRHPI..E/FlLER. TEXT 

The dOCUl'lent '~O' is being spooled to disk and printed. 

StatText Disabled 
62 10 82 270 

"1 of "2. 

OK 

,259 (32) 
3 

Btnltel'l Enabled 
90 13 110 83 

Btnltel'l Enabled 
90 267 110 337 

Cancel 

StatText Disabled 
10 60 70 350 

Page 5 

Are you sure you want to go back to the old version of this file? You will lose any changes ttat 

OK 

,260 (32) 
3 

Btnltel'l Enabled 
90 13 110 83 

Btnltel'1 Enabled 
90 267 110 337 

Cancel 

StatText Disabled 
10 60 70 350 

R file by that nOl'le is already open. '''0' will be opened instead. 

Type DLOG 
• this is the 'press cancel to stop printing' dialog 

,257 (32) 
40 66 125 446 
Visible 1 NoGoRway 0 
258 

Type ALRT 
• a stop alert - an e"rror occured while reading or wi ting the disk 

,256 (32) 
60 81 180 431 
257 
5555 

• a caution alert - a file is changed and 'Revert to Saved' is chosen 
,257 (32) 
60 81 180 431 
259 
CCCC 

• a note alert - the file selected is already on the desktop 
,258 (32) 
60 81 180 431 
260 
CCCC 
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• a caution alert - the file is being closed, but has not yet been saved 
,259 (32) 
60 66 180 446 
256 
4444 

Type STR 
,256 (36) 

Untitled­
,257 (32) 

Save this dOCUMent as: 
,259 (32) 

File, by Cary Clark Version 1.0 February 7, 1984 
,260 (32) 

This eXCMple was written to deMonstrate the Macintosh User Interface. 
,261 (36) 

External Debugger 
,262 (32) 

Show Clipboard 
,263 (32) 

Hide Clipboard 
,264 (32) 

Show FreeMeM 
,265 (32)' 

Hide FreeMeM 
,266 (32) 

before quitting 
,267 (32) 

reading froM 
,268 (32) 

writing to 
,269 (32) 

loaded 
,270 (32) 

saved 
,271 (32) 

nore files to go. 
,272 (32) 

Print 
,273 (32) 

Stop Printing 
,274 (32) 

Copy of 
,275 (32) 

This disk is full. 
,276 (32) 

The disk directory is full. 
,277 (32) 

This file is locked. 
,278 (32) 

The disk is locked. 
,279 (32) 

The disk is unreadable. 
,280 (32) 

ID = 

Type CODE 
EXCIJ'lple/fileL,O 
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QD 
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Putting Together a Macintosh Application 
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IE 

The Resource Manager: A Programmer's Guide 
The Segment Loader: A Programmer's Guide 
The Scrap Manager: A Programmer's Guide 
The Structure of a Macintosh Application 
TextEdit: A Programmer's Guide 

TU 
WM 

The Toolbox Utilities: A Programmer's Guide 
The Window Manager: A Programmer's Guide 

A 
abort event EM-S 
access path FL-9 
access path buffer FL-lO 
action procedure CM-lO, CM-20, 

in control definition function 
activate event EM-6, WM-17 
active 

control CM-7 
window WM-4 ,. WM-23 

AddPt procedure QD-65 
AddReference procedure RM~26 

AddResMenu procedure MN-17 
AddResource procedure RM-25 
alert box DL-5 
Alert function DL-23 
alert stages DL-15 

CM-22 
CM-30 

alert template DL-8, DL-29 , DL-31 
alert window DL-7 
AlertTemplate data type DL-29 
AlertTHndl data typeDL-29 
AlertTPtr data type DL-29 
Allocate function 

high-level FL-21 
low-level FL-44 

allocated block MM-5 
allocation block FL-4 
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AppendMenu procedure MN-17 
application font FM-6 
application heap AL-7, MM-4 

limit MM-12, MM-28 
subdividing MM-50 

application parameters SL-4 
application window WM-4 
ApplicZone function MM-30 
ascent FM-18 
asynchronous execution FL-24 
auto-key event EM-5 

B 
BackColor procedure QD-46 
BackPat procedure QD-39 
base line FM-I5 
BeginUpdate procedure WM-32 
Binary-Decimal Conversion Package PK-20 
bit image QD-12 
BitAnd function TU-8 
BitClr procedure TU-7 
bitMap QD-I3 
BitMap data type QD-l3 
BitNot function TU-8 
BitOr function TU-8 
BitSet procedure TU-7 
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Bit5hift function TU-8 
BitTst function 'TU-7 
BitXor function TU-8 
block MM-5 
block contents MM-5 
block header MM-5 

structure MM-19 
block map FL-SS 
BlockMove procedure' MM-47 
BringToFront procedure WM-25 
bundle FL-Il, 5T-6, 5T-8 
button CM-5, OL-I0 
Button function EM-19 
Byte data type MM-13 

C 
CaicMenu5ize procedure ,MN-26 
CalcVBehind procedure WM-37 
CalcVis procedure WM-36 
CalcVisBehind procedure WM-37 
caret TE-7 
CautionAlert function OL-24 
Chain routine 5L-6 
ChangedResource procedure RM-24 
character code EM-8 

table EM-2S 
character height FM-16 
character image FM-15 
character offset FM-18 
character origin FM-15 
character posi tion TE-6' 
character rectangle FM-16 
character style OD-23 

of menu items MN-12 
character width OD-44 , FM-16 
Chars data type TE-14 
CharsHandle data type TE-14 
CharsPtr data type TE-14 
CharWidth function 0D-44 
check box CM-S, DL-I0 
check mark in a menu MN-6, MN-II 
CheckItem procedure MN-23 
CheckUpdate function WM-35 
ClearMenuBar .procedure MN-19 
ClipAbove procedure WM-36 
ClipRect procedure 00-38 
clipRgn of a grafPort OD-19 
Close function 

high-level FL-22 
low-level FL-45 

closed file FL-9 
CloseDeskAcc procedure 
CloseDialog procedure 
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D5-7 
DL-20 

ClosePicture procedure 0D-62 
Close Poly procedure OD-63 
ClosePort procedure 0D-36 
CloseResFile procedure RM-16 
CloseRgn procedure OD-56 
CloseWindow procedure WM-22 
color drawing OD-30 
ColorBit procedure OD-46 
compaction, heap MM-9, MM-39 
CompactMem function MM-39 
completion routine FL-24 
configuration routine EM-23 
content region of a window WM-6 
control CM-4 

defining your own CM-24 
in a dialog/alert DL-I0 

control definition function eM-B, CM-26 
control definition ID CM-8, CM-24 
control list WM-I0, CM-l1 
Control Manager RD-6, CM-4 
control record CM-I0 
control template CM-9, CM-30 
ControlHandle data type CM-12 
ControlMessage data type CM-26 
ControlPtr data type CM-12 
ControlRecord data type CM-13 
coordinate plane 00-6 
CopyBits procedure 00-60 
CopyRgnprocedure OD-S5 
Could Alert procedure DL-25 
CountMItems function MN-26 
CountResources function RM-19 
CountTypes function RM-18 
Create function 

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

CreateResFile procedure RM-16 
creator of a file 5T-3 
current heap zone MM-5 
current resource file RM-7, RM-18 
CurResFile function RM-18 
CursHandle data type TU-I0 
cursor QD-15 
Cursor data type 0D-16 
CursPtr data type TU-I0 

D 
data buffer FL-9 
data fork RM-6, FL-6 
DateForm data type PK-16 
default button DL-5' 
default volume FL-5 
definition files AL-3 
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Delete function 
high-level FL-24 
low-level FL-51 

DeleteMenu procedure MN-18 
dereferencing a handle MM-23, MM-48 
descent FM-18 
desk accessory DS-3 

defining your own DS-10 
Desk Manager RD-7, DS-3 
desk scrap SM-3, SM-13 

data types SM-7 
desktop WM-4 
Desktop file ST-5 
destination rectangle TE-5 
DetachResource procedure RM-22 
device driver RD-8 
Device Manager RD-8 
device subclass FM-12 
dial CM-6 
dialog box DL-4 
Dialog Manager RD-7, DL-4 
dialog record DL-13 
dialog template DL-8, DL-28 , DL-30 
dialog window DL-6 
DialogPeek data type DL-13 
DialogPtr data type DL-13 
DialogRecord data type DL-14 
DialogSelect function DL-21 
DialogTemplate data type DL-28 
DialogTHndl data type DL-28 
DialogTPtr data type DL-28 
DIBadMount function PK-37 
DiffRgn procedure OD-57 
DIFormat function PK-39 
DILoad procedure PK-37 
dimmed 

control CM-7 
menu item MN-5, MN-6 
menu ti tIe MN-5 

disabled 
dialog/alert item DL-10 
menu MN-5, MN-22 
menu item MN-6, MN-13, MN-22 

Disableltem procedure MN-22 
Disk Driver RD-8 
Disk Initialization Package PK-35 
disk-inserted event EM-5 
dispatch table AL-8 
display rectangle DL-12 
DisposControl procedure CM-16 
DisposDialog procedure DL-20 
DisposeControl procedure CM-16 
DisposeMenu procedure MN-16 
DisposeRgn procedure 0D-54 
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DisposeWindow procedure WM-23 
DisposHandle procedure MM-31 
DisposMenu procedure MN-16 
DisposPtr procedure MM-35 
DisposWindow procedure WM-23 
DIUnload procedure PK-37 
DIVerify function PK-39 
DIZero function PK-39 
dlgHook function 

SFGetFile PK-33 
SFPutFile PK-29 

document window WM-4 
drag region of a window WM-7 
DragControl procedure CM-21 
DragGrayRgn function WM-33 
DragTheRgn function WM-35 
DragWindow procedure WM-28 
DrawChar procedure OD-44 
DrawControls procedure CM-18 
DrawDialog procedure DL-23 
DrawGrowIcon procedure WM-26 
drawing OD-27 

color OD-30 
DrawMenuBar procedure MN-18 
DrawNew procedure WM-36 
DrawPicture procedure OD-62 
DrawString procedure OD-44 
DrawText procedure OD-44 
drive number FL-5 
drive queue FL-62 
DrvQEl data type FL-62 

E 
edit record TE-4 
Eject function 

high-level FL-17 
low-level FL-36 

empty handle MM-10, MM-41 
EmptyHandle procedure MM-41 
EmptyRect function OD-48 
EmptyRgn function 0D-58 
enabled 

dialog/alert item DL-ll 
menu MN-23 
menu item MN-23 

Enableltem procedure MN-23 
end-of-file 

logical FL-7 
physical FL-6 

EndUpdate procedure WM-32 
EqualPt function QD-65 
EqualRect function 0D-48 
EqualRgn function QD-58 

/TOOLBOX/INDEX 



4 INDEX 

EraseArc procedure QD-53 
EraseOval procedure QD-50 
ErasePoly procedure QD-65 
EraseRect procedure QD-49 
EraseRgn procedure QD-59 
EraseRoundRect procedure QD-51 
ErrorSound procedure DL-18 
event EM-4 
event code EM-9 
Event Manager 

Operating System RD-7 
Toolbox RD-6, EM-4 

event mask EM-12 
event message EM-II 
event queue EM-6 
event record EM-9 
EventAvail function EM-18 
EventRecord data type EM-9 
Exec file for applications PT-12 
ExitToShel1 procedure SL-7 
external file system FL-63 
external reference AL-19 

F 
file FL-3, FL-6 
file control block FL-60 
file-control-block buffer FL-60 
file creator ST-3 

setting PT-14, PT-19 
file directory FL-4, FL-55 
file icon FL-ll, ST-5 
file I/O queue FL-24 , FL-58 
File Manager RD-8 
file name FL-6 
file number FL-55 
file reference ST-5, 8T-8 
file tags FL-56, FL-62 
file type ST-3 

setting PT-14, PT-19 
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-22 
FindControl function CM-19 
Finder interface FL-I0, ST-3 
FindWindow function WM-26 
Flnfo data type FL-il 
Fixed data type TU-3 
fixed-point 
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arithmetic TU-4 
numbers TU-3 

fixed-width font FM-16 
FixMul function TU-4 
FixRatio function TU-4 
FixRound function TU-4 
FlashMenuBar procedure MN-26 
FlushEvents procedure EM-19 
FlushFile function FL-45 
FlushVol function 

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

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

FM-12 
FM-14 
FM-13 

characters FM-8 
format FM-15 
resource ID FM-24 
scaling FM-7 

font characterization table FM-13 
Font Manager RD-6, FM-4 
font number FM-4 
font record FM-19 
font rectangle FM-18 
font size FM-4, QD-25 
FontInfo data type QD-45 
FontRec data type FM-21 
ForeColor procedure QD-45 
fork FL-6 
frame pointer AL-19 
FrameArc procedure QD-52 
FrameOval procedure QD-50 
FramePoly procedure QD-64 
FrameRect procedure QD-49 
FrameRgn procedure QD-58 
FrameRoundRect procedure QD-51 
free block MM-5 
FreeAlert procedure DL-25 
FreeMem function MM-38 
FrontWindow function WM-26 
FSClosefunction FL-22 
FSDelete function FL-24 
FSOpen function FL-18 
FSRead function FL-19 
FSWrite function FL-19 

G 
GetAppParms procedure 8L-6, 8T-9 
GetClip procedure QD-38 
GetCRefCon function CM-24 
GetCTitle procedure CM-17 

/TOOLBOX/INDEX 



GetCtlAction function CM-24 
GetCtlMax function CM-23 
GetCtlMin function CM-23 
GetCtlValue function CM-23 
GetCursor function TU-9 
GetDltem procedure DL-26 
GetDrvQHdr function FL-63 
GetEOF function 

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

GetFilelnfo function 
high-level FL-22 
low-level FL-46 

GetFlnfo function FL-22 
GetFName procedure FM-IO 
GetFNum procedure FM-IO 
GetFontInfo procedure QD-45 
GetFontName procedure PM-lO 
GetFPos function 

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

GetFSQHdr function FL-58 
GetHandleSize function MM-3l 
GetIcon function TU-9 
GetIndResource function RM-l9 
GetIndType function RM-18 
GetItem procedure MN-22 
GetltemIcon procedure MN-24 
GetltemMark procedure MN-25 
GetltemStyle procedure MN-24 
GetIText procedure OL-27 
GetltmIcon procedure MN-24 
GetltmMark procedure KN-25 
GetltmStyle procedure MN-24 
GetKeys procedure EM-20 
GetMaxCtl function CM-23 
GetMenu function MN-16 
GetMenuBar function MN-19 
GetMHandle function MN-26 
GetMinCtl function CM-23 
GetMouse procedure EM-19 
GetNamedResource function RM-20 
GetNewControl function CM-l6 
GetNewOialog function OL-19 
GetNewMBar function MN-19 
GetNewWindow function WM-22 
GetNextEvent function EM-17 
GetPattern function TU-9 
GetPen procedure QD-40 
GetPenStateprocedure - QD-41 
GetPicture function TU-I0 
GetPixel function 00-68 
GetPort procedure OD-36 
GetPtrSize function HM-36 
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GetResAttrs function RM-22 
GetResFileAttrs function RM-29 
GetResInfo procedure RM-22 
GetResource function RM-20 
GetRMenu function MN-16 
GetScrap function SM-l2 
GetString function TU-5 
GetVCBQHdr function FL-60 
GetVInfo function FL-16 
GetVol function 

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

GetVollnfo 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-29 
global coordinates QO-27 
GlobalToLocal procedure QO-66 
go-away region of a window WM-7 
GrafOevice procedure QO-36 
grafPort QO-17 
GrafPort data type 00-18 
GrafPtr data type QD-18 
GrafVerb data type 00-71 
grow image of a window WM-25 
grow region of a window WM-7 
grow zone function MM-12, MM-44 
GrowWindow function WM-29 
GZCritical function MM-45 
GZSaveHnd function HM-46 

H 
handle MM-7, 00-10 

dereferencing MM-23, MM-48 
empty MM-I0 

Handle data type MM-13 
HandleZone function MM-33 
heap RO-7, MM-4 

compaction MM-9, MM-39 
creating on the stack MM-53 

HideControl procedure CM-17 
HideCursor procedure QO-39 
HidePen procedure QO-40 
HideWindow procedure WM-23 
highlighted 

control CM-6 
window WM-4 

HiliteControl procedure CM-18 
HiliteMenu procedure KN-2I 
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HiliteWindow procedure WM-25 
HiWord function TU-8 
HLock procedure MM-42 
HNoPurge procedure MM-43 
HomeResFile function RM-18 
HPurge procedure MM-43 
HUnlock procedure MM-42 

I 
icon 

for a file FL-ll, ST-5 
in a dialog/alert OL-I0 
in a menu MN-ll 

icon list ST-6, ST-8 
icon number MN-ll 
image width FM-15 
inactive 

control CM-7 
window WM-4 

indicator CM-6 
InfoScrap function SM-IO 
InitAIIPacks procedure PK-5 
InitApplZone procedure MM-25 
InitCursor procedure 00-39 
InitOialogs procedure OL-17 
InitFonts procedure FM-9 
InitGraf procedure 00-34 
InitMenus procedure MN-15 
InitPack procedure PK-5 
InitPort procedure 00-35 
InitOueue procedure FL-31 
InitResources function RM-15 
InitWindows procedure WM-20 
InitZone procedure MM-27 
insertion point TE-7 
InsertMenu procedure MN-18 
InsertResMenu procedure MN-18 
InsetRect procedure 00-47 
InsetRgn procedure 00-57 
interface routine AL-18 
international resources PK-6 
International Utilities Package PK-6 
Int64Bit data type TU-9 
InvalRect procedure WM-31 
InvalRgn procedure WM-32 
InvertArc procedure 00-54 
InvertOval procedure 00-50 
InvertPoly procedure 00-65 
InvertRectprocedure 00-49 
InvertRgn procedure 00-59 
InvertRoundRect procedure 00-52 
invisible 

control CM-IO 
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file icon FL-ll 
window WM-Il 

I/O driver OS-10 
event EM-6 

I/O request FL-24 
IsOialogEvent function OL-20 
item 

dialog/alert OL-8 
menu MN-4 

item list OL-8, OL-9, OL-32 
item number 

dialog/alert OL-12 
menu MN-14 

IUCompString function PK-18 
IUOatePString procedure PK-17 
IUOateString procedure PK-16 
IUEqualString function PK-18 
IUGetlntl function PK-17 
IUMagIOString function PK-19 
IUMagString function PK-18 
IUMetric function PK-17 
IUSetlntl procedure PK-18 
IUTimePString procedure PK-17 
IUTimeString procedure PK-17 

J 
journal EM-22 
jump table SL-8 
justification TE-8 

K 
kerning 
key code 

table 

00-23, FM-16 
EM-8 

EM-25 
key-down event EM-5 
key-up event EM-5 
keyboard configuration EM-8 
keyboard equivalent MN-6, MN-12 
keyboard event EM-5 
Keyboard/Mouse Handler RO-8 
KeyMap data type EM-20 
KillControls procedure CM-17 
KillPicture procedure 00-62 
KillPoly procedure 00-63 

L 
Launch routine SL-7 
leading FM-18 
ligatures PK-14 
limit pointer HM-16 
line height TE-9 
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Line procedure 00-42 
LineTo procedure 00-42 
list separator PK-8 
LoadResource procedure RM-20 
LoadScrap function SM-11 
LoadSeg procedure SL-8 
local coordinates 00-25 
local 10 ST-5 
local reference RM-10 
LocalToGlobal procedure 00-66 
location table FM-19 
lock bit MM-20 
locked block HM-6 
locked file FL-10 
locked resource RM-12 
locked volume FL-5 
locking a block MM-6, MM-42 
LodeScrap function SM-11 
logical block FL-52 
logical end-of-file FL-7 
logical operations TU-8 
logical size of a block MM-18 
LongMul procedure TU-9 
LoWord function TU-8 

M 
MapPoly procedure 00-69 
MapPt procedure 00-69 
MapRect procedure OD-69 
NapRgn procedure 00-69 
mark 

in a file FL-7 
in a menu MN-6, MN-ll 

master directory block FL-52 
master pointer MM-7 

structure MM-20 
MaxMem function MM-38 
MemErr data type MM-21 
MemError function MM-48 
Memory Manager RD-7, MM-4 
memory organization AL-4 
menu MN-4, MN-29 

defining your own MN-26 
menu bar MN-4, MN-30 
menu defini tion procedure MN-7, MN-27 
menu 10 MN-8 
menu item MN-4 
menu item number MN-14 
menu list MN-9 
Menu Manager RO-6, MN-4 
menu record MN-8 
menu title MN-4 
MenuHandle data type MN-8 
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MenuInfo data type MN-8 
MenuKey function MN-21 
MenuPtr data type MN-8 
MenuSelect function MN-20 
meta-characters MN-IO 
missing symbol 00-23, FM-7 
modal dialog box OL-5, DL-21 
ModalDialog procedure OL-21 
modeless dialog box DL-5, DL-20 
modifier key EM-7 
mounted volume FL-4 
MountVol function FL-31 
mouse-down event EM-5 
mouse-up event EM-5 
Move procedure QO-42 
MoveControl procedure CM-21 
MovePortTo procedure 00-37 
MoveTo procedure 00-42 
MoveWindow procedure WM-28 
Munger function TU-5 

N 
network event EM-6 
NewControl function CM-15 
NewDialog function OL-18 
NewHandle function MM-30 
newline character FL-10 
newline mode FL-10 
NewMenu function MN-15 
NewPtr function MM-35 
NewRgn function OD-54 
NewString function TU-5 
NewWindow function WM-21 
nonbreaking space TE-4 
nonrelocatable block MM-6 
NoteAlert function OL-24 
null event EM-6 
NumToString procedure PK-20 

o 
ObscureCursor procedure 00-40 
off-line volume FL-4 
OffLine function FL-35 
OffsetPoly procedure OD-63 
OffsetRect procedure 00-46 
OffsetRgn procedure 00-56 
offset/width table FM-19 
on-line volume FL-4 
open file FL-9 
Open function 

high-level FL-18 
low-level FL-38 
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open permission FL-9 
OpenOeskAcc function OS-7 
OpenPicture function 00-61 
OpenPoly function 00-62 
OpenPort procedure 00-35 
OpenResFile function RM-16 
OpenRF function FL-39 
OpenRgn procedure 00-55 
Operating System RD-7 

P 

Core RO-8 
Event Manager RO-7 
Utilities RO-S 

Package Manager PK-4 
packages PK-4 
PaintArc procedure 0D-53 
PaintBehind procedure WM-36 
PaintOne procedure WM-36 
PaintOval procedure 00-50 
PaintPoly procedure 00-64 
PaintRect procedure 00-49 
PaintRgn procedure 00-59 
PaintRoundRect procedure 00-51 
ParamBlkType data type FL-26 
ParamBlockRec data type FL-26 , FL-58 
parameter block AL-12 , FL-24 
ParamText procedure OL-25 
ParmBlkPtr data type FL-26 
part code CM-9 
path reference number FL-9 
PatHandle data type TU-9 
PatPtr data type TU-9 
pattern 00-14 
Pattern data type 00-14 
pattern transfer mode 00-29 
PBAllocate function FL-44 
PBClose function FL-45 
PBCreate function FL-37 
PBOelete function FL-51 
PBEject function FL-36 
PBFlshFile function FL-45 
PBFlshVol function FL-34 
PBGetEOF function FL-43 
PBGetFInfo function FL-46 
PBGetFPos function FL-42 
PBGetVol function FL-33 
PBGetVolInfo function FL-32 
PBMountVol function FL-31 
PBOffLine function FL-35 
PBOpen function FL-38 
PBOpenRF function FL-39 
PBRead function FL-40 
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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 
PBUnmountVol function FL-35 
PBWrite function FL-41 
pen characteristics 00-21 
PenMode procedure 00-41 
PenNormal procedure 00-42 
PenPat procedure 00-42 
PenSize procedure 00-41 
physical end-of-file FL-6 
physical size of a block MM-18 
PicComment procedure 00-62 
PicHandle data type 00-32 
PicPtr data type 00-32 
picture 00-31 
picture comments 00-32 
Picture data type 00-31 
picture frame 00-31 
PinRect function WM-33 
Plot Icon procedure TU-9 
point 

coordinate plane 00-7 
font size 00-25, FM-4 

Point data type 00-7 
pointer conversion MM-14 
polygon 00-32 
Polygon data type 00-33 
PolyHandle data type 00-33 
PolyPtr data type 0D-33 
portBits of a grafPort 0D-19 
portRect of a grafPort 00-19 
PortSize procedure 00-37 
PostEvent procedure EM-IS 
ProcPtr data type MM-14 
proportional font FM-16 
protected resource RM-12 
PScrapStuff data type 8M-II 
PtInRect function 0D-47 
PtInRgn function 0D-58 
Ptr data type MM-13 
PtrZone function MM-37 
PtToAngle procedure 0D-48 
Pt2Rect procedure 00-47 
purge bit MM-20 
purge hook MM-17 
purge warning procedure MM-17 
purgeable block MM-6, MM-43 
purgeable resource RM-8 
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PurgeMem function MM-40 
purging a block MM-I0, MM-40 
PutScrap function SM-13 

Q 

QDByte data type QD-6 
QDHandle data type QO-6 
QOProcs data type QD-71 
QDProcsPtr data type QO-71 
QDPtr data type QD-6 
QElem data type FL-65 
QElemPtr data type FL-65 
QHdr data type FL-65 
QHdrPtr data type FL-65 
QTypes data type FL-65 
queue FL-65 
QuickOraw RD-6, QO-4 
QuickDraw equates file AL-3 
QuickOraw macro file AL-4 

R 
radio button CM-5, DL-10 
Random function QO-67 
Read function 

high-level FL-19 
low-level FL-40 

read/write permission FL-9 
RealFont function FM-I0 
reallocating a block MM-IO 
ReallocHandle procedure MM-34 
RecoverHandle function MM-33 
Rect data type QO-9 
rectangle QO-8 
RectInRgn function QD-58 
RectRgn procedure QO-55 
reference number RM-7 
reference value 

control CM-ll 
window WM-l1 

region QD-9 
Region data type QD-I0 
register-based calls AL-12 
register-saving conventions AL-17 
relative handle MM-19 
ReleaseResource procedure RM-21 
relocatable block MM-6 
Rename function 

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

ResError function RM-17 
resource attributes RM-l, RM-l1 
Resource Compiler PT-7 
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resource data RM-8 
resource file RM-4 

attributes RM-28 
format RM-31, RM-37 

resource fork RM-6, FL-6 
resource header RM-31 
resource ID RM-9 

for fonts FM-24 
Resource Manager RD-5, RM-4 
resource map RM-8 
Resource Mover program PT-18 
resource name RM-IO 
resource reference RM-10 
resource specification RM-5, RM-8 
resource type RM-9 
resources RM-4 

within resources RM-29 
ResrvMem function MM-39 
ResType data type RM-9 
result code MM-21 
RgnHandle data type QD-I0 
RgnPtr data type QD-I0 
RMover program PT-18 
RmveReference procedure RM-26 
RmveResource procedure RM-26 
routine selector PK-4 
row width QD-12 
RsrcZoneInit procedure RM-15 
RstFilLock function 

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

RstFLock function FL-23 

S 
SaveOld procedure WM-36 
ScalePt procedure QD-68 
scaling factors FM-5 
scrap 

between applications SM-3 
in TextEdit TE-4 

scrap file SM-4 
Scrap Manager RD-7, SM-3 
ScrapStuff data type SM-il 
ScrollRect procedure QO-59 
SectRect function QD-47 
SectRgn procedure QD-57 
Segment Loader RD-7, SL-3 
segments PT-17 , SL-3 
selection range TE-6 
SelectWindow procedure WM-23 
SelIText procedure DL-27 
Send Behind procedure WM-25 
Serial Driver RD-8 
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Set File program PT-19 
SetApplBase procedure MM-26 
SetApplLimit procedure MM-28 
SetClip procedure QD-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 
SetDItem procedure DL-26 
SetEmptyRgn procedure QD-55 
SetEOF function 

high-level FL-2I 
low-level FL-43 

SetEventMask procedure EM-22 
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-IO 
SetFPos function 

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

SetGrowZone procedure MM-44 
SetHandleSize procedure MM-32 
SetItem procedure MN-22 
SetItemIcon procedure MN-23 
SetItemMark procedure MN-25 
SetItemStyle procedure MN-24 
SetIText procedure DL-27 
SetltmIcon procedure MN-23 
SetltmMark procedure MN-25 
SetltmStyle procedure MN-24 
SetMaxCtl procedure CM-23 
SetMenuBar procedure MN-19 
SetMenuFlash procedure MN-25 
SetMFlash procedure MN-2S 
SetMinCtl procedure CM-23 
SetOrigin procedure QD-38 
SetPenState procedure QD-4I 
SetPort procedure QD-36 
SetPortBits procedure QD-37 
SetPt procedure QD-6S 
SetPtrSize procedure MM-37 
SetRect procedure QD-46 
SetRectRgn procedure QD~SS 

SetResAttrs procedure RM-24 
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SetResFileAttrs procedure RM-29 
SetResInfo procedure RM-23 
SetResLoad procedure RM-I9 
SetResPurge procedure RM-28 
SetStdProcs procedure QD-71 
SetString procedure TU-5 
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-29 
SFGetFile procedure PK-30 
SFPGetFile procedure PK-34 
SFPPutFile procedure PK-30 
SFPutFile procedure PK-26 
SFReply data type PK-25 
SFTypeList data type PK-31 
ShieldCursor procedure TU-I0 
ShowControl procedure CM-I7 
ShowCursor procedure QD-39 
ShowHide procedure WM-24 
ShowPen procedure QD-40 
ShowWindow procedureWM-24 
signature ST-3 
Signed Byte data type MM-13 
size correction MM-19 
Size data type MM-14 
SizeControl procedure CM-22 
SizeResource RM-I 
SizeWindow procedure WM-30 
Sound Driver RD-8 
sound procedure DL-IS 
source file for applications 

assembly language PT-21 
Pascal PT-6 

source transfer mode QD-29 
SpaceExtra procedure QD-44 
stack-based calls AL-12, AL-14 
stack frame AL-20 
StageList data type DL-29 
stages of an alert DL-IS 
Standard File Package PK-23 
StdArc procedure QD-72 
StdBits procedure QD-72 
StdComment procedure QD-73 
StdGetPic procedure QD-73 
StdLine procedure OD-7I 
StdOval procedure 0D-72 
StdPoly procedure QD-72 
StdPutPic procedu·re OD-73 
StdRect procedure QD-72 
StdRgn procedure QD-72 
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StdRRect procedure 00-72 
StdText procedure 0D-71 
StdTxMeas function 00-73 
StillOown function EM-19 
StopAlert function OL-24 
string comparison PK-12, PK-18 
StringHandle data type TU-4 
StringPtr data type TU-4 
StringToNum procedure PK-21 
StringWidth function 00-45 
structure region of a window WM~6 
Stuff Hex procedure 00-68 
Style data type 00-23 
StyleItem data type 00-23 
SubPt procedure 00-65 
SwapFont function FM-li 
synchronous execution FL-24 
system equates file AL-3 
system errors file AL-4 
system event mask EM-14 
system font FM-6 
system heap AL-7, MM-4 
system macro file AL-4 
system reference RM-I0 
system resource RM-4 
system resource file RM-4 
system window WM-4 
SystemClick procedure OS-7 
SystemEdit function OS-8 
SystemEvent function OS-9 
SystemMenu procedure OS-10 
SystemTask procedure OS-8 
SystemZone function MM-29 

T 
tag MM-19 
TEActivate procedure TE-18 
TECalText procedure TE-19 
TEClick procedure TE-17 
TECopy procedure TE-15 
TECut procedure TE-15 
TEDeactivate procedure TE-18 
TEDelete procedure TE-16 
TEDispose procedure TE-14 
TEGetText function TE-14 
TEHandle data type TE-5 
TEIdle procedure TE-18 
TEInit procedure TE-13 
TEInsert procedure TE-16 
TEKey procedure TE-14 
TENew function TE-13 
TEPaste procedure TE-15 
TEPtr data type TE-5 
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TERec data type TE-9 
TEScroll procedure TE-19 
TESetJust procedure TE-17 
TESetSelect procedure TE-17 
TESetText procedure TE-14 
TestControl function CM-18 
TEUpdate procedure TE-18 
text characteristics 0D-22 
TextBox procedure TE-19 
TextEdit RD-6, TE-4 
TextFace procedure 00-43 
TextFont procedure 00-43 
TextMode procedure 00-43 
TextSize procedure 00-43 
TextWidth function 0D-45 
thousands separator PK-8 
THz data type MM-I6 
TickCount function ,EM-22 
Toolbox RO-5 

Event Manager RO-6, EM-4 
Utilities RD-7, TU-3 

Toolbox equates file AL-3 
Toolbox macro file AL-4 
TopMem function MM~47 

TrackControl function CM-19 
TrackGoAway function WM-27 
transfer mode 00-29 
Trap Dispatcher RO-8 
trap macro AL-I0, AL-12 
trap word AL-IO 

U 
unimplemented instruction AL-IO 
UnionRect procedure 00-47 
UnionRgn procedure 00-57 
UniqueIO function RM-22 
UnloadScrap function SM-II 
UnloadSeg procedure SL-6 
unlocked block MM-6 
unlocking a block MM-6, MM-42 
UnlodeScrap function 8M-II 
unmounted volume FL-4 
UnmountVol function 

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

unpurgeable block MM-6, MM-43 
update event EM-6, WM-15 
update region of a window WM-7 
Update Res File procedure RM-23 
User Interface Toolbox RD-5 
UseResFile procedure RM-20 
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V 
ValidRect procedure WM-32 
ValidRgn procedure WM-32 
variation code WM-30 

control CM-24 
window WM-37 

VCB data type FL-59 
version data ST-5 
version number FL-4 
vertical retrace interrupt RD-8 
Vertical Retrace Manager RD-8 
VHSelect data type 0D-7 
view rectangle TE-5 
visible 

control CM-10 
window WM-11 

visRgn of a grafPort 00-19, WM-14 
volume FL-4 
volume allocation block map FL-55 
volume attributes FL-54 
volume buffer FL-4 
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 

W 
WaitMouseUp function EM-20 
window WM-4 

defining your own WM-37 
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window class WM-IO 
window definition function WM-8, WM-38 
window definition ID WM-8, WM-37 
window frame WM-6 
window list WM-ll, WM-13 
Window Manager RD-6, WM-4 
Window Manager port WM-6, WM-21 
window record WM-IO 
window template WM-10, WM-42 
WindowMessage data type WM-35 
WindowPeek data type WM-12 
WindowPtr data type WM-11 
WindowRecord data type WM-12 
word TE-4 
word wrap TE-4 
Write function 

high-level FL-19 
low-level FL-41 

WriteResource procedure RM-27 

X 
XorRgn procedure QD-57 

y 

Z 
ZeroScrap function SM-12 
Zone data type MM-16 
zone header MM-15 
zone pointer MM-15 
zone record MM-15 
zone trailer MM-15 
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SUMMARY OF FP68K DOCUMENTS 

User's Guide -- an overview of FP68K ELEMS68K and their design philosophy. 

Programmer's Guide -- hints on how to build the packages, and 
how to modify them, if necessary; details about system 
dependencies involving the state area. Includes register 
map templates. 

1 

System Inter.face -- how FP68K and ELEMS68K affect their execution environment. 

High-Level Interface -- the SANE Pascal unit and assembly macros. 

Integer Conversion Tests 

Binary-Decimal Conversion Tests 

IEEE Tests -- a set of test vectors designed for this style of 
arithmetic and distributed through the standards 
subco~nittee 

Binary-Decimal Conversions -- what is available through the SANE 
interface, and what FP68K provides at the low level. 
A sample parser and formatter from the SANE interface 
is shown. 

P754 stuff -- papers related to the arithmetic standard. 
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SUMMARY OF FP68K FILES 

FPxxx.TEXT -- source files for FP68K, except for binary-decimal 
conversions 

FBxxx.TEXT 

SAxxx.TEXT 

source files for binary-decimal part of FP68K 

SANE68.TEXT 
SAIMP68.TEXT 
SAASM68.TEXT 
SAMAC68.TEXT 

SANE interface section 
SANE implementation section 
SANE assembly procedures 
EQU's and MACRO's for assembly interface 

DOxxx.TEXT -- documentation using SCRIPT formatter, with 
macros in DODRIVER.TEXT 

TVxxx.TEXT IEEE test vector files, required operations 

TWxxx.TEXT IEEE test vector files, appendix funtions 

TDxxx.TEXT Test vector driver program files 

ITxxx.TEXT integer (--> extended conversion tests 

IOxxx.TEXT -- binary (--> decimal conversions tests 

Zyyyy.OBJ -- executable test programs 

ELxxx.TEXT -- elementary transcendental and financial functions 

1 November 83 
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Draft 1.5 FP68K and ELEMS68K System Interface 

Introduction 

The 68000 software floating-point packages. FP68K and ELEMS68K, appear 
much like simple subroutines but their interaction with the host system is 
somewhat more subtle. This document indicates possible trouble spots. It is 
intended for system implementors. rather than users of FP68K and ELEMS68K. 

The following sections describe the various issues in turn. 

Registers and stack used 

FP68K and ELEMS68K receive all of their parameters on the stack. They 
save and restore all of the CPU registers across calls, except that DO is 
modified 1;>y the REMAINDER operation. FP68K modifies the CPU Condition Code 
Register as described later. 

As detailed in the "Program Notes" document. FP68K typically uses up to 
41 words of stack beyond the input parameters. The only exceptions are the 
binary-decimal conversion and nextafter routines, which may use up to 120 
words beyond the input parameters. ELEMS68K uses at most 30 words of stack 
for temporary storage. 

Single entry point 

FP68K has just one entry point -- with the label 'FP68K'. When invoked, 
FP68K expects the return address on the stack, followed by a one-word opcode 
described in the user's guide. Beyond the opcode are up to three operand 
addresses (depending on the operation). Note that because the operands are 
passed by address, they must be in memory, NOT IN THE REGISTER FILE. 

3 

If FP68K is to be invoked by a mechanism like the A-line trap, care must 
be taken that stack is set up properly. Depending on the system, it should be 
possible to execute FP68K either as a subprogram linked to an app~ication 
program, or as system-provided utility. 

Because of the varying number of input parameters, it is impossible to 
call FP68K directly from Pascal, since the number of parameters is fixed when 
the EXTERNAL procedure is defined. In any case programmers should use the 
provided Pascal interface, called SANE (Standard Apple Numeric Environment). 

ELEMS68K has a similar design, but is configured as a separate package 
for modularity. 

Exit points 

Typically, FP68K exits by clearing all input operands from the stack and 
jumping to the return address. 
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However, a 'halting' mechanism is provided whereby control is transferred 
from FP68K to an address saved in the floating-point state area (see below). 
This address should refer to a subprogram in the user's code space. When the 
halt routine is invoked, the top of the stack is a word containing the number 
of bytes of parameters (including the return address) on the stack when FP68K 
was originally called. Beyond that word is the exact stack frame from when 
FP68K was originally called. 

ELEMS68K has no built-in halt mechanism, though a subsidiary FP68K 
operation may halt. 

State area 

ELEMS68K maintains no static state. FP68K maintains 3 words of static 
state across invocations. The first word contains mode and flag bits, much 
like the CPU Status Register. The next long word is the user trap address. 
There are two important issues: where is the state area and how is it 
initialized? 

The state area may be a fixed area in memory, as in MAC, or at a fixed 
offset from a register like A6, as in LISA, or in some user area if FP68K is 
linked as a subroutine. The state area may even be kept within FP68K itself, 
though this makes the code self-modifying and thus NON-REENTRANT. 

In multi-process environments, care must be taken to see that different 
state areas are kept for the different processes (again, think of the CPU 
Status Register). For example, if the state area is kept in a fixed location 
in memory, it must be swapped each time a new process is swapped in. 

The location of the state area must be known at ASSEMBLY TIME. As 
indicated in the programmer's guide document, the code must be set up for the 
particular host environment. 

When a new process is started up, the state area must be initialized. 
Fortunately, this is easy. Just clear to 0 the first word of the state area 
(i.e. the mode and flag word). 

CPU Condition Code Register 

The Comparison operation leaves the CCR in a well-defined state. After 
Comparison, the CCR is set for a conditional branch, although the flags are 
used in a way different from the integer CPU comparisons; see the "User's 
Guide" for details. 

CPU Register DO 

The Remainder operation leaves the low-order integer quotient (between 
-127 and +127) in DO.W. The high half of DO.L is undefined. This intrusion 
into the register file is extremely valuable in argument reduction -- the 
principal use of Remainder. The state of DO after an invalid remainder is 
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undefined. 
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Draft 1.1 FP68K and ELEMS68K High-Level Interface 6 

SANE 

There is a SANE (Standard Apple Numeric Environment) library of utility 
functions based on FP68K, as well as a corresponding Elems library based on 
ELEMS68K. These libraries are supported on Apple III Pascal systems as well. 
The library provides access to the package from (Lisa) Pascal. Aside from 
support of basic arithmetic and elementary functions, the utilities manipulate 
the modes and flags and provide ASCII (--) floating-point conversions. All 
applications software should use this package because of its high degree of 
portability. 

Assembly language programmers will invoke FP68K and ELEMS68K directly but 
will depend on some library for routines to convert between ASCII strings and 
the canonical decimal format which FP68K recognizes. A set of mnemonic MACROS 
has been provide to expedite assembly coding. 

Compiling Pascal programs 

A Pascal program which exploits the SANE and Elems interfaces must 
include lines such as 

uses {$U <some volume):SANE.OBJ} SANE; 
uses {$U <some volume):ELEMS.OBJ} Elems; 

in order to gain access to the types and procedures defined there. Then the 
program must be linked with SANE.OBJ and ELEMS.OBJ (the Pascal parts of the 
interface), as well as SANEASM.OBJ and ELEMSASM.OBJ (the assembly language 
parts of the interface). 

Pascal procedures 

Programmers should consult the INTERFACE section of the SANE and Elems 
interfaces (files SANE. TEXT and ELEMS.TEXT) in the following pages.' This 
interface reflects the architecture discussed in the "User's Guide". It is 
two-address, with the destination operand in the extended format except for 
format conversions conversions. 

Macros 

A set of macros provides direct contact with the arithmetic package, 
using the interface described in the "User's Guide". The macros take care of 
the opcode and the JSR, but the programmer must explicity push the required 
argument addresses. The macros do not take effective address arguments and 
push them itself because of the problems that arise if the destination operand 
is given as an offset from SP (which changes when the first operand address is 
pushed). The macros are listed after the Pascal interface. 
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Sample program 

The test programs ITxxx.TEXT, IOxxx.TEXT, and TDFP.TEXT provide a 
nontrivial view of how to use the Pascal interface to FP68K and ELEMS68K. 

1 November 83 
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SANE Interface 8 

{Ahe "SANE Interface" } 
{Afo '28 December 1982'Page %'Apple Confidential' } 
{$C Copyright Apple Computer, 1982 } 
{MacIntosh version.} 

UNIT Sane; 

INTERFACE 

CONST 

TYPE 

{Ane 16 } 

SIGDIGLEN = 20; { Maximum length of SigDig. } 

DECSTRLEN :II 80; { Maximum length of DecStr. } 

{-----------------------------------------------------------------
** Numeric types. 
-----------------------------------------------------------------} 

Single - array [0 •• 1] of integer; 
Double :II array [0 •• 3] of integer; 
Comp :II array [0 •• 3] of integer; 
Extended :II array [0 •• 4] of integer; 

{-----------------------------------------------------------------
** Decimal string type and intermediate decimal type, 
** representing the value: 
** (-l)Asgn * 10Aexp * dig 
-----------------------------------------------------------------} 

SigDig 
DecStr 
Decimal 

= string [SIGDIGLEN]; 
:II string [DECSTRLEN1; 
= record 

sgn 0 •• 1; {Sign (0 for pos, 1 for neg). } 
exp 
sig 

end; 

integer; { Exponent. } 
SigDig {String of significant digits. } 

{----------------------------------------_._-----------------------
** Modes, flags, and selections. 
** NOTE: the values of the style element of the DecForm record 
** have different names from the PCS version to avoid name 
** conflicts. 
-----------------------------------------------------------------} 

Environ :II 

RoundDir 
RelOp = 

Exception = 

integer; 
(TONEAREST, UPWARD, DOWNWARD, TOWARDZERO); 
(GT, LT, GL, EQ, GE, LE, GEL, UNORD); 
{> < <> :II )= <_ <=>} 
(INVALID, UNDERFLOW, OVERFLOW, DIVBYZERO, 

INEXACT) ; 
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NumClass 
Dec Form 

=- (SNAN, ONAN, 
=- record 

INFINITE, ZERO, NORMAL, DENORMAL); 

style 
digits 

end; 

(FloatDecimal, FixedDecimal); 
integer 

{Ane 35 } 

{-----------------------------------------------------------------** Two address, extended-based arithmetic operations. 
-----.-----------------.- ------------------------------------------} 
procedure AddS (x Single; var y Extended) ; 
procedure AddD (x Double; var y Extended) ; 
procedure AddC (x Comp; var y Extended) ; 
procedure AddX (x Extended; var y Extended) ; 

{ y := y + x } 

procedure SubS (x Single; var y Extended) ; 
procedure SubD (x Double; var y Extended) ; 
procedure SubC (x Comp; var y Extended) ; 
procedure SubX (x Extended; var y Extended) ; 

{ y := y - x } 

procedure MulS (x Single; var y Extended) ; 
procedure MulD (x Double; var y Extended) ; 
procedure MulC (x Comp; var y Extended) ; 
procedure MulX (x Extended; var y Extended) ; 

{ y := y * x } 

procedLlre DivS (x Single; var y Extended) ; 
procedure DivD (x Double; var y Extended) ; 
procedure DivC (x Comp; var y Extended) ; 
procedure DivX (x Extended; var y Extended) ; 

{ y := y / x } 

function CmpX (x : Extended; r RelOp; 
y : Extended) boolean; 

{ x r y } 

functi.on RelX (x, y : Extended) . RelOp; . 
{ x ReIX y, where ReIX in [GT, LT, EO, UNORD] } 

{Ane 18 } 

{---------------------------------------._------------------------** Conversions between Extended and the other numeric types, 
** including the types integer and Longint. 
------------_.---------------------------------.-----------------} 
procedure 12X (x int~ger; var y 
procedure S2X (x Single; var y 
procedure D2X (x Double; var y 
procedure C2X (x Comp; var y 
procedure X2X (x Extended; var y 

{ y :- x (arithmetic assignment) 

Extended) ; 
Extended) ; 
Extended) ; 
Extended) ; 
Extended) ; 
} 

9 
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procedure X21 (x Extended; var y integer) ; 
procedure X2S (x Extended; var y Single); 
procedure X2D (x Extended; var y Double) ; 
procedure X2C (x Extended; var y Comp) ; 

{ y := x (arithmetic assignment) } 

{'"'ne 9 } 
{-----------------------------------------------------------------
** These conversions apply to 68K systems only. Longint is 
** a 32-bit two's complement integer. 
----_._-----------------------------------------------------------} 
procedure L2X (x : Longintj var y : Extended); 
procedure X2L (x : Extended; var y : Longint); 

{ y := x (arithmetic assignment) } 

{'"'ne 17 } 

{-----------------------------------------------------------------
** Conversions between the numeric types and the intermediate 
** decimal type. 
------------------------------------------------------------------} 
procedure S2Dec (f DecForm; x Single; var y Decimal) ; 
procedure D2Dec (f DecForm; x Double; var y Decimal) ; 
procedure C2Dec (f DecForm; x Camp; var y Decimal) ; 
procedure X2Dec (f DecFormj x Extended; var y Decimal) ; 

{ y := x (according to the format f) } 

procedure Dec2S (x Decimal; var y Single) ; 
procedure Dec2D (x Decimal; var y Double) ; 
procedure Dec2C (x Decimal; var y Comp); 
procedure Dec2X (x Decimal; var y Extended) ; 

{ y := x } 

{Ane 18 } 

{-------------------~------------------------------------~--------
** Conversions between the numeric types and strings. 
** (These conversions have a built-in scanner/parser to convert 
** between the intermediate decimal type and a string.) 
----------------------------------------_._-----------------------} 
procedure S2Str (f DecForm; x Single j var y DecStr); 
procedure D2Str (f Dec Form; x Double; var y DecStr); 
procedure C2Str (f DecForm; x Comp; var y DecStr); 
procedure X2Str (f DecForm; x Extended; var y DecStr) ; 

{ y := x (according to the format f) } 

procedure Str2S (x DecStr; var y Single) ; 
procedure Str2D (x DecStr; var y Double) ; 
procedure Str2C (x DecStr; var y Comp) ; 
procedure Str2X (x DecStr; var y Extended) ; 

{ y := x } 

10 
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{----------- ._------------------------------- ._------------- .---
** Numerical 'library' procedures and functions. 
-----------------------------------------------------------------} 
procedure RemX (x : Extended; var y : Extended; 

var quo integer); 
new y := remainder of «old y) / x), such that 

Inew yl <= Ixl / 2; 
quo := low order seven bits of integer quotient y / x, 

so that -127 <= quo <= 127. } 
procedure SqrtX (var x Extended); 

{ x : = sq rt (x) } 
procedure RintX (var x Extended); 

{ x := rounded value of x } 
procedure NegX (var x Extended); 

{ x := -x } 
procedure AbsX (var x Extended); 

{ x := Ix I } 
procedure CpySgnX (var x Extended; y Extended); 

{ x := x with the sign of y } 

procedure NextS 
procedure NextD 
procedure NextX 

(var x Single; y Single); 
(var x Double; y Double); 
(var x Extended; y Extended); 

{ x := next representable value from x toward y } 

function ClassS 
function ClassD 
function ClassC 
function ClassX 

{ sgn := sign 

(x 
ex 
(x 
(x 
of x 

Single; var sgn 
Double; var sgn 
Comp; var sgn 
Extended; var sgn 
(0 for pos, 1 for 

integer) 
integer) 
integer) 
integer) 

neg) } 

procedure ScalbX (n : integer; var y : Extended); 
{ y := y * 2-n } 

procedure LogbX (var x : Extended); 
{ returns unbiased exponent of x } 

{"'ne 16 } 

NumClass; 
NumClass; 
NumClass; 
NumClass; 

{-----------------------------------------------------------------
** Manipulations of the static numeric state. 
-----------------------------------------------------------------} 
procedure SetRnd (r 
procedure SetEnv (e 
procedure ProcExit(e 

RoundDir) ; 
Environ) ; 
Environ) ; 

function GetRnd : RoundDir; 
procedure GetEnv (var e Environ); 
procedure ProcEntry (var e : Environ); 

function TestXcp (x 
procedure SetXcp (x 
function TestHlt (x 
procedure SetHlt (x 

Exception) : boolean; 
Exception; DnDff : boolean); 
Exception) : boolean; 
Exception; DnDff : boolean); 

I I 
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(------------------------------------------------------------------------} 
{ASp 32767 } 

{------------------------------------------------------------------------} 
IMPLEMENTATION 

{$I SANEIMP.TEXT} 

END 

{===============================~================================::=========} • 
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{$C Copyright Apple Computer Inc., 1983 } 

UNIT Elems; 

{ Macintosh version. } 

{-------.. ----------------------------------------------------------------} 
INTERFACE 

USES 

{$U OBJ:SANE.OBJ } 

SANE { Standard Apple Numeric Environment } 

procedure Log2X (val' x : Extended); 
,{ x := log2 (x) } 

procedure LnX (val' x Extended); 
{ x := In (x) } 

procedure Ln1X (val' x Extended); 
{ x := In (1 + x) } 

procedure Exp2X (val' x : Extended); 
{ x := 2"'x } 

procedure ExpX (val' x Extended); 
{ x := e"'x } 

procedure Exp1X (val' x Extended); 
{ x := e"'x - 1 } 

procedure XpwrI (1 
{ x := x"'i } 

procedure XpwrY (y 
{ x := x"'y } 

integer; val' x Extended); 

Extended; val' x Extended); 

procedure Compound (r, n 
{ x := (1 + r)"'n } 

Extended; var x Extended) ; 

procedure Annuity (r, n : Extended; var x 
{ x := (1 - (1 + r)"'-n) / r } 

procedure S1nX (var x : Extended); 
{ x := sin(x) } 

procedure CosX (var x 
{ x := cos(x) } 

procedure TanX (val' x 
{ x := tan(x) } 

1 November 1982 

Extended) ; 

Extended) ; 

Extended) ; 

Apple Confidential 



procedure AtanX (var x 
{ x :- atan(x) } 

Elems Interface 

Extended); 

procedure NextRandom (var x : Extended); 
{ x := next random (x) } 

14 

{Sp----------------------------------------------------------------------} 
IMPLEMENTATION 

END 

procedure Log2X { (var x : Extended) } ; 
procedure LnX { (var x : Extended) } ; 
procedure LnlX { (var x : Extended) } ; 
procedure Exp2X { (var x : Extended) } ; 
procedure ExpX { (var x : Extended) } ; 
procedure ExplX { (var x : Extended) } ; 

EXTERNAL; 
EXTERNAL; 
EXTERNAL; 
EXTERNAL; 
EXTERNAL; 
EXTERNAL; 

Since Elems implementation expects pointer to integer argument, 
use this extra level of interface. 

} 
procedure XpwrIxxx(var i : integer; var x : Extended); EXTERNAL; 
procedure XpwrI { (i : integer; var x : Extended) } ; 
begin 

XpwrIxxx(i, x); 
end; 

procedure XpwrY { (y : Extended; var x : Extended) }; EXTERNAL; 
procedure Compound { (r, n : Extended; var x : Extended) }; EXTERNAL; 
procedure Annuity { (r, n : Extended; var x : Extended) } ; EXTERNAL; 
procedure SinX { (var x Extended)} EXTERNAL; 
procedure CosX { (var x Extended)} EXTERNAL; 
procedure TanX { (var x Extended)}; EXTERNAL; 
procedure AtanX { (var x : Extended) } ; EXTERNAL; 
procedure NextRandom { (var x : Extended) } EXTERNAL; 

{======================================================================~:} 
{=======:============================~===~~==============================} 
{=========================================================~=============}. 
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FP68K and ELEMS68K Macros 

; ------------------------------.-----------------------------
These macros give assembly language access to the Mac 
floating-point arithmetic routines. The arithmetic has 
just one entry point. It is typically accessed through 
the tooltrap _FP68K, although a custom version of the 
package may be linked as an object file, in which case 
the entry point is the label %FP68K. 

All calls to the arithmetic take the form: 
PEA <source address> 
PEA <destination address> 
MOVE.W <opcode>,-(SP) 

FP68K 

All operands are passed by address. The <opcode) word 
specifies the instruction analogously to a 68000 machine 
instruction. Depending on the instruction, there may be 
from one to three operand addresses passed. 

This definition file specifies details of the <opcode) 
word and the floating point state word, and defines 
some handy macros. 

Modification history: 
29AUG82: WRITTEN BY JEROME COONEN 
130CT82: FB CONSTRANTS ADDED (JTC) 
28DEC82: LOGB, SCALB ADDED, INF MODES OUT (JTC). 
29APR83: ABS, NEG, CPYSGN, CLASS ADDED (JTC). 
03MAY83: NEXT, SETXCP ADDED (JTC). 
28MAY83: ELEMENTARY FUNCTIONS ADDED (JTC). 
04JUL83: SHORT BRANCHES, TRIG AND RAND ADDED (JTC). 
OlNOV83: PRECISION CONTROL MADE A MODE (JTC). 

;-----------------------------------------------------------

;--------------------------~----------------------~~-------~ 
This constant determines whether the floating point unit 
is accessed via the system dispatcher after an A-line 
trap, or through a direct subroutine call to a custom 
version of the package linked directly to the application. 

;-----------------------------------------------------------
ATRAP 
BTRAP 

• MACRO 
.IF 
FP68K 

.ELSE 

.REF 
JSR 
.ENDC 
.ENDM 

1 November 83 

.EQU 

.EQU 

JSRFP 
ATRAP 

FP68K 
FP68K 

o 
o 

;0 for JSR and 1 for A-line 
;0 for JSR and 1 for A-line 

15 



• MACRO JSRELEMS 
• IF STRAP 

ELEMS68K 
.ELSE 

FP68K and ELEMS68K Macros 

.REF ELEMS68K 
JSR ELEMS68K 
.ENDC 
.ENDM 

;-----------------------------------------------------------
OPERATION MASKS: bits $OOlF of the operation word 
determine the operation. There are two rough classes of 
operations: even numbered opcodes are the usual 
arithmetic operations and odd numbered opcodes are non­
arithmetic or utility operations. 

e ___________________________________________________________ 

, 
FOADD .EQU $0000 
FOSUB .EQU $0002 
FOMUL .EQU $0004 
FODIV .EQU $0006 
FOCMP .EQU $0008 
FOCPX .EQU $OOOA 
FOREM .EQU $OOOC 
FOZ2X .EQU $OOOE 
FOX2Z .EQU $0010 
FOSQRT .EQU $0012 
FORTI .EQU $0014 
FOTTI .EQU $0016 
FOSCALB .EQU $0018 
FOLOGB .EQU $OOlA 
FOCLASS .EQU $OOlC 
; UNDEFINED .EQU $OOlE 

FOSETENV .EQU $0001 
FOGETENV .EQU $0003 
FOSETTV .EQU $0005 
FOGETTV .EQU $0007 
FOD2B .EQU $0009 
FOB2D .EQU $OOOB 
FONEG .EQU $0000 
FOABS .EQU $OOOF 
FOCPYSGNX .EQU $0011 
FONEXT .EQU $0013 
FOSETXCP .EQU $0015 
fOPROCENTRY .EQU $0017 
FOPROCEXIT .EQU $0019 
FOTESTXCP .EQU $OOlB 

UNDEFINED .EQU $0010 
; UNDEFINED .EQU $OOlF 

;-----------------------------------------------------------
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; OPERAND FORMAT MASKS: bits $3800 determine the format of 
; any non-extended operand. 
j-----------------------------------------------------------
FFEXT .EQU $0000 extended SO-bit float 
FFDBL .EQU $0800 double 64-bit float 
FFSGL .EQU $1000 single 32-bit float 
FF[NT .EQU $2000 integer 16-bit integer 
FFLNG .EQU $2800 long int 32-bit integer 
FFCOMP .EQU $3000 accounting -- 64-bit int 

------------------------------------------------------------, 
Bit indexes for error and halt bits and rounding modes in 
the state word. The word is broken down as: 

$8000 

$6000 

unused 

rounding 
$0000 
$2000 
$4000 
$6000 

modes 
to nearest 
toward +infinity 
toward -infinity 
toward zero 

$1 FOO -- error 
$1000 
$0800 
$0400 
$0200 
$0100 

flags 
inexact 
division by zero 
overflow 
underflow 
invalid operation 

$0080 -- result of last rounding 
$0000 rounded down in magnitude 
$0080 -- rounded up in magnitude 

$0060 -- precision control 
$0000 extended 
$0020 double 
$0040 single 
$0060 ILLEGAL 

$OOlF -- halt enables, corresponding to error flags 

The bit indexes are based on the byte halves of the state 
word. 

;-----------------------------------------------------------
FBINVALID .EQU a invalid operation 
FBUFLOW .EQU 1 underflow 
FBOFLOW .EQU 2 overflow 
FBDIVZEK .EQU 3 division by zero 
FBINEXACT .EQU 4 inexact 
FBRNDLO .EQU 5 low bit of rounding mode 
FBRNDHI .EQU 6 high bit of rounding mode 
FBLSTRND .EQU 7 last round result bit 
FBDBL .EQU 5 double precision control 

1 November 83 
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FBSGL .EQU 6 single precision control 

._--------------------------------------------------------~-, 
FLOATING CONDITIONAL BRANCHES: floating point comparisons 
set the CPU condition code register (the CCR) as follows: 

relation X N Z V C 

equal 
less than 
greater than 

unordered 

o 0 100 
1 100 1 
00000 
00010 

The macros below define a set of so-called floating 
branches to spare the programmer repeated refernces to the 
the table above. 

;-----------------------------------------------------------
• MACRO FBEQ 
BEQ %1 
.ENDM 

• MACRO FBLT 
BCS %1 
.ENDM 

• MACRO FBLE 
BLS %1 
.ENDM 

• MACRO FBGT 
BGT %1 
.ENDM 

• MACRO FBGE 
BGE %1 
.ENDM 

• MACRO FBULT 
BLT %1 
.ENDM 

• MACRO FBULE 
BLE %1 
.ENDM 

• MACRO FBUGT 
BHI %1 
.ENDM 

• MACRO FBUGE 
Bce %1 
.ENDM 

• MACRO FBU 
BVS %1 
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FP68K and ELEHS68K Macros 19 

.ENOM 

• MACRO FBO 
BVC %1 
.ENOM 

• MACRO FBNE 
BNE %1 
.ENDM 

• MACRO FBUE 
BEQ %1 
BVS %1 
.ENDM 

• MACRO FBLG 
BNE %1 
BVC %1 
.ENOM 

Short branch versions. 

• MACRO FBEQS 
BEQ.S %1 
.ENOM 

• MACRO FBLTS 
BCS.S %1 
.ENDM 

• MACRO FBLES 
BLS.S %1 
.ENOM 

• MACRO FBGTS 
BGT.S %1 
.ENDM 

• MACRO FBGES 
BGE.S %1 
.ENOM 

• MACRO FBULTS 
BLT.S %1 
.ENDH 

• MACRO FBULES 
BLE.S %1 
.ENDM 

• MACRO FBUGTS 
BHI.S %1 
.ENDM 
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• MACRO FBUGES 
BCC.S %1 
.ENDM 

• MACRO FBUS 
BVS.S %1 
.ENDM 

• MACRO FBOS 
BVC.S %1 
.ENDM 

• MACRO FBNES 
BNE.S %1 
.ENDM 

• MACRO FBUES 
BEQ.S %1 
BVS.S %1 
.ENDM 

• MACRO FBLGS 
BNE.S %1 
BVC.S %1 
.ENDM 

;-----------------------------------------------------------
OPERATION MACROS: 

THESE MACROS REQUIRE THAT THE OPERANDS' ADDRESSES 
FIRST BE PUSHED ON THE STACK. THE MACROS CANNOT 
THEMSELVES PUSH THE ADDRESSES SINCE THE ADDRESSES 
MAY BE SP-RELATIVE, IN WHICH CASE THEY REQUIRE 
PROGRAMMER CARE. 

OPERATION MACROS: operand addresses should already be on 
the stack, with the destination address on top. The 
suffix X, D, S, or C determines the format of the source 
operand -- extended, double, single, or computational 
respectively; the destination operand is always extended. 

;-----------------------------------------------------------

;-----------------------------------------------------------
; Addition. 
;------------------------------------------------------------

.MACRO FADDX 
MOVE.W #FFEXT+FOADD,-(SP) 
JSRFP 
.ENDM 

• MACRO FADDD 
MOVE.W #FFDBL+FOADD,-(SP) 
JSRFP 
.ENDM 
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.MACRO FADDS 
MOVE.W #FFSGL+FOADD,-(SP) 
JSRFP 
.ENDM 

• MACRO FADDC 
MOVE.W #FFCOMP+FOADD)-(SP) 
JSRFP 
.ENDM 

;------------------~---------------------------------- ------
; Subtraction. 
; ------------.----------------------------------.------------

• MACRO FSUBX 
MOVE.W #FFEXT+FOSUB,-(SP) 
JS.RFP 
.ENDM 

• MACRO FSUBD 
MOVE.W #FFDBL+FOSUB,-(SP) 
JSRFP 
.ENDM 

• MACRO FSUBS 
MOVE.W #FFSGL+FOSUB,-(SP) 
JSRFP 
.ENDM 

• MACRO FSUBC 
MOVE.W #FFCOMP+FOSUB,-(SP) 
JSRFP 
.ENOM 

;-----------------------------------------------------------
; Multiplication. 
;-----------------------------------------------------------

• MACRO FMULX 
MOVE.W #FFEXT+FOMUL,-(SP) 
JSRFP 
.ENDM 

• MACRO FMULD 
MOVE.W #FFDBL+FOMUL,-(SP) 
JSRFP 
.ENDM 

.l-f.ACRO FMULS 
MOVE.W #FFSGL+FOMUL,-(SP) 
JSRFP 
.ENDM 

1 November 83 

21 



FP68K and ELEMS68K Macros 

• MACRO FMULC 
MOVE.W #FFCOMP+FOMUL,-(SP) 
JSRFP 
.ENDM 

;-----------------------------------------------------------
; Division. 
"-----------------------------------------------------------, 

• MACRO FDIVX 
MOVE.W #FFEXT+FODIV,-(SP) 
JSRFP 
.ENDM 

• MACRO FDIVD 
MOVE.W #FFDBL+FODIV,-(SP) 
JSRFP 
.ENDM 

• MACRO FDIVS 
MOVE.W #FFSGL+FODIV,-(SP) 
JSRFP 
.ENDM 

• MACRO FDIVC 
MOVE.W #FFCOMP+FODIV,-(SP) 
JSRFP 
.ENDM 

;---------------------------~-------------------------------
; Compare, signaling no exceptions. 
;-----_._----------------------------------------------------

• MACRO FCMPX 
MOVE.W #FFEXT+FOCMP,-(SP) 
JSRFP 
.ENDM 

• MACRO FCMPD 
MOVE.W #FFDBL+FOCMP,-(SP) 
JSRFP 
.ENDM 

• MACRO FCMPS 
MOVE.W #FFSGL+FOCMP,-(SP) 
JSRFP 
.ENDM 

• MACRO FCMPC 
MOVE.W . #FFCOMP+FOCMP,-(SP) 
JSRFP 
.ENDM 
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;-----------------------------------------------------------
; Compare, signaling invalid operation if the two operands 
; are unorde red. 
;-----------------------------------------------------------

• MACRO FCPXX 
MOVE.W #FFEXT+FOCPX,-(SP) 
JSRFP 
• ENDt-l 

• MACRO FCPXD 
MOVE.W #FFDBL+FOCPX,-(SP) 
JSRFP 
.ENDM 

• MACRO FCPXS 
MOVE.W #FFSGL+FOCPX,-(SP) 
JSRFP 
.ENDM 

• MACRO FCPXC 
MOVE.W #FFCOMP+FOCPX,-(SP) 
JSRFP 
.ENDM 

;-----------------------------------------------------------
Remainder. The remainder is placed in the destination, 

; and the low bits of the integer quotient are placed in 
; the low word of register DO. 
;-----------------------------------------------------------

• MACRO FREMX 
MOVE.W #FFEXT+FOREM,-(SP) 
JSRFP 
.ENDM 

• MACRO FREMD 
MOVE.W UFFDBL+FOREM,-(SP) 
JSRFP 
.ENDM 

• MACRO FREMS 
MOVE.W #FFSGL+FOREM,-(SP) 
JSRFP 
.ENDM 

• MACRO FREMC 
MOVE.W #FFCOMP+FOREM,-(SP) 
JSRFP 
.ENDM 

;------------------------------~--------------------~------
; Compare the source operand to the extended format and 
; place in the destination. 
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;-----------------------------------------------------------
• MACRO FX2X 
MOVE.W #FFEXT+FOZ2X,-(SP) 
JSRFP 
.ENDM 

• MACRO FD2X 
MOVE.W #FFDBL+FOZ2X,-(SP) 
JSRFP 
.ENDM 

• MACRO FS2X 
MOVE.W #FFSGL+FOZ2X,-(SP) 
JSRFP 
.ENDM 

• MACRO FI2X 16-bit integer 
MOVE.W #FFINT+FOZ2X,-(SP) 
JSRFP 
.ENDM 

• MACRO FL2X 32-bit integer 
MOVE.W #FFLNG+FOZ2X,-(SP) 
JSRFP 
.ENDM 

• MACRO FC2X 
MOVE.W #FFCOMP+FOZ2X,-(SP) 
JSRFP 
.ENDM 

;-----------------------------------------------------------
; Convert the extended source operand to the specified 
; format and place in the destination. 
;-----------------------------------------------------------

.~1ACRO FX2D 
MOVE.W #FFDBL+FOX2Z.-(SP) 
JSRFP 
.ENDM 

• MACRO FX2S 
MOVE.W #FFSGL+FOX2Z,-(SP) 
JSRFP 
.ENDM 

• MACRO FX21 16-bit integer 
MOVE.W IIFFINT+FOX2Z.-(SP) 
JSRFP 
.ENDM 

• MACRO FX2L 32-bit integer 
MOVE.W #FFLNG+FOX2Z,-(SP) 
JSRFP 
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.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

FP68K and ELEMS68K Macros 

FX2C 
#FFCOMP+FOX2Z.-(SP) 

;-------------------------------_._--------------------------
; Miscellaneous operations applying only to extended 
; operands. The input operand is overwritten with the 
; computed result. 
;-----------------------------------------------------------

Square root. 
• MACRO 
MOVE.W 
JSR,FP 
.ENDM 

FSQRTX 
ilFOSQRT,-(SP) 

Round to integer, according to the current rounding mode • 
• MACRO FRINTX 
MOVE.W #FORTI,-(SP) 
JSRFP 
.ENDM 

Round to integer, forcing rounding toward zero • 
• MACRO FTINTX 
MOVE.W #FOTTI.-(SP) 
JSRFP 
.ENDM 

Set the destination to the product: 
(destination) * 2A(source) 

where the source operand is a 16-bit integer • 
• MACRO FSCALBX 
MOVE.W #FFINT+FOSCALB,-(SP) 
JSRFP 
.ENDM 

Replace the destination with its exponent, converted to 
the extended format • 

• MACRO FLOGBX 
MOVE.W #FOLOGB,-(SP) 
JSRFP 
.ENDM 

;-----.--.----------------------------~---.------------------
; Non-arithmetic sign operations on extended operands. 
;-----------------------------------------------------------

Negate • 
• MACRO FNEGX 
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MOVE.W #FONEG,-(SP) 
JSRFP 
.ENOM 

Absolute value • 
• MACRO FABSX 
MOVE.W #FOABS,-(SP) 
JSRFP 
.ENDM 

Copy the sign of the destination operand onto the sign of 
the source operand. Note that the source operand is 
modified • 

• MACRO FCPYSGNX 
MOVE.W #FOCPYSGN,-(SP) 
JSRFP 
.ENOM 

;-----------.----------------------~-------------------------
The nextafter operation replaces the source operand with 
its nearest representable neighbor in the direction of the 
destination operand. Note that both operands are of the 
the same format, as specified by the usual suffix. 

;-----------------------------------------------------------
• MACRO 
MOVE.W 
JSRFP 
.ENOM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

FNEXTS 
#FFSGL+FONEXT,-(SP) 

FNEXTD 
#FFDBL+FONEXT,-(SP) 

FNEXTX 
#FFEXT+FONEXT,-(SP) 

;-----------------------------------------------------------
The classify operation places an integer in the 
destination. The sign of the integer is the sign of the 
source. The magnitude is determined by the value of the 
source, as indicated by the equates. 

;-----------------------------------------------------------
FCSNAN .EQU 1 signaling NAN 
FCQNAN .EQU 2 quiet NAN 
FCINF .EQU 3 infinity 
FCZERO .EQU 4 zero 
FCNORM .EQU 5 normal number 
FCDENORM .EQU 6 denormal number 
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• MACRO FCLASSS 
MOVE.W #FFSGL+FOCLASS,-(SP) 
JSRFP 
.ENDM 

• MACRO FCLASSD 
MOVE.W #FFDBL+FOCLASS,-(SP) 
JSRFP 
.ENDM 

• MACRO FCLASSX 
MOVE.W #FFEXT+FOCLASS,-(SP) 
JSRFP 
.ENDM 

• MACRO FCLASSC 
MOVE.W #FFCOMP+FOCLASS,-(SP) 
JSRFP 
.ENDM 

;-----------------------------------------------------------
These four operations give access to the floating point 
state (or environment) word and the halt vector address. 
The sole input operand is a pointer to the word or address 
to be placed into the arithmetic state area or read from 
it. 

;-----------------------------------------------------------
• MACRO FGETENV 
MOVE.W ItFOGETENV,-(SP) 
JSRFP 
.ENDM 

• MACRO FSETENV 
MOVE.W #FOSETENV,-(SP) 
JSRFP 
.ENDM 

• MACRO FGETTV 
MOVE.W #FOGETTV,-(SP) 
JSRFP 
.ENDM 

• MACRO FSETTV 
MOVE.W #FOSETTV,-(SP) 
JSRFP 
.ENDM 

j-----------------------------------------------------------
Both FPROCENTRY and FPROCEXIT have one operand -- a 
pointer to a word. The entry procedure saves the current 
floating point state in that word and resets the state 
to 0, that is all modes to default, flags and halts to 
OFF. The exit procedure performs the sequence: 
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1. Save current error flags in a temporary. 
2. Restore the state saved at the address given by 

the parameter. 
3. Signal the exceptions flagged in the temporary, 

halting if so specified by the newly 
restored state word. 

These routines serve to handle the state word dynamically 
across subroutine calls. 

j-----------------------------------------------------------
• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

FPROCENTRY 
#FOPROCENTRY,-(SP) 

FPROCEXIT 
#FOPROCEXIT,-(SP) 

;-----------------------------------------------------------
FSETXCP is a null arithmetic operation which stimulates 
the indicated exception. It may be used by library 
routines intended to behave like elementary operations. 
The operand is a pointer to an integer taking any value 
between FBINVALID and FBINEXACT. 
FTESTXCP tests the flag indicated by the integer pOinted 
to by the input address. The integer is replaced by a 
Pascal boolean (word $OOOO=false, $OlOO=true) 

;-----------------------------------------------------------
• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

FSETXCP 
#FOSETXCP,-(SP) 

FTESTXCP 
IIFOTESTXCP,-(SP) 

j-----------------------------------------------------------
WARNING: PASCAL ENUMERATED TYPES, LIKE THOSE OF THE 
DECIMAL RECORD, ARE STORED IN THE HIGH-ORDER BYTE OF THE 
ALLOCATED WORD, IF POSSIBLE. THUS THE SIGN HAS THE 
INTEGER VALUE 0 FOR PLUS AND 256 (RATHER THAN 1) 
FOR ~llNUS. 

BINARY-DECIMAL CONVERSION: The next routines convert 
between a canonical decimal format and the binary format 
specified. The decimal format is defined in Pascal as 

CONST 
SIGDIGLEN = 20; 
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TYPE 
SigDig 
Decimal 

FP68K and ELEMS68K Macros 

= string [SIGDIGLEN]; 
record 

end; 

sgn 
exp 
sig 

o •• 1 ; 
integer; 
SigDig 

Note that Lisa Pascal stores the sgn in the high-order 
byte of the allotted word, so the two legal word values 
of sgn are 0 and 256. 

;-----------------------------------------------------------

;-----------------------------------------------------------
Decimal to binary conversion is governed by a format 
record defined in Pascal as: 

TYPE 
Dec Form record 

style 
digits 

end; 

(FloatDecimal, FixedDecimal); 
integer 

Note again that the style field is stored in the high­
order byte of the allotted word. 

These are the only operations with three operands. The 
pointer to the format record is deepest in the stack, 
then the source pointer, and finally the destination 
pointer. 

;-----------------------------------------------------------
• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

• MACRO 
MOVE.W 
JSRFP 
.ENDM 

FDEC2X 
#FFEXT+FOD2B,-(SP) 

FDEC2D 
#FFDBL+FOD2B,-(SP) 

FDEC2S 
#FFSGL+FOD2B,-(SP) 

FDEC2C 
#FFCOMP+FOD2B,-(SP) 

;-----------------------------------------------------------
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; Binary to decimal conversion. 
;-----------------------------------------------------------

• MACRO FX2DEC 
MOVE.W #FFEXT+FOB2D,-(SP) 
JSRFP 
.ENDM 

• MACRO FD2DEC 
MOVE.W #FFDBL+FOB2D,-(SP) 
JSRFP 
.ENDM 

• MACRO FS2DEC 
MOVE.W #FFSGL+FOB2D,-(SP) 
JSRFP 
.ENDM 

• MACRO FC2DEC 
MOVE.W #FFCOMP+FOB2D,-(SP) 
JSRFP 
.ENDM 

;-----------------------------------------------------------
; Equates and macros for elementary functions. 
;-----------------------------------------------------------
FOLNX .EQU $0000 
FOLOG2X .EQU $0002 
FOLNlX .EQU $0004 
FOLOG21X .EQU $0006 

FOEXPX .EQU $0008 
FOEXP2X .EQU $OOOA 
FOEXPIX .EQU $OOOC 
FOEXP2lX .EQU $OOOE 

FOXPWRI .EQU $8010 
FOXPWRY .EQU $8012 
FOCOMPOUNDX .EQU $C014 
FOANNUITYX .EQU $C016 

FOSINX .EQU $0018 
FOCOSX .EQU $OOlA 
FOTANX .EQU $OOlC 
FOATANX .EQU $OOlE 
FORANDOMX .EQU $0020 

• MACRO FLNX 
MOVE.W IIFOLNX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FLOG2X 
MOVE.W #FOLOG2X,-(SP) 
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JSRELEMS 
.ENOM 

• MACRO FLNIX 
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MOVE.W #FOLNIX,-(SP) 
JSRELEMS 
.ENOM 

• MACRO FLOG21X 
MOVE.W #FOLOG21X,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FEXPX 
MOVE.W #FOEXPX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FEXP2X 
MOVE.W #FOEXP2X,-(SP) 
JSRELEMS 
.ENOM 

• MACRO FEXPIX 
MOVE.W #FOEXPIX,-(SP) 
JSRELEMS 
.ENOM 

• MACRO FEXP21X 
MOVE.W #FOEXP21X,-(SP) 
JSRELEMS 
.ENOM 

• MACRO FXPWRI 
MOVE.W #FOXPWRI,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FXPWRY 
MOVE.W #FOXPWRY,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FCOMPOUNDX 
MOVE.W #FOCOMPOUNDX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FANNUITYX 
MOVE.W #FOANNUITYX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FSINX 
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HOVE.W IIFOSINX,-(SP) 
JSRELEMS 
.. ENDM 

• MACRO FCOSX 
MOVE.W #FOCOSX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FTANX 
MOVE.W #FOTANX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FATANX 
MOVE.W #FOATANX,-(SP) 
JSRELEMS 
.ENDM 

• MACRO FRANDOMX 
MOVE.W #FORANDOMX,-(SP) 
JSRELEMS 
.ENDM 

;--------------------------------------------_._-------------
;-----------------------------------------------------------
;-----------------------------------------------------------
;----------------------------------------------------------~ 
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Introduction 

FP68K provides conversions between the extended floating-point format and 
three integer formats: 

int16 
int32 
comp64 

16-bit two's complement 
32-bit two's complement 
64-bit two's complement with the reserved value 
hexadecimal 8000000000000000. 

One Pascal program, ITBATTERY.TEXT, tests all three conversions. This 
document describes how to use and, if necessary, modify the tests. 

Compiling ~ running 

ITBATTERY.TEXT uses the SANE interface (see the "High Level Interface" 
document, so it must be linked with the SANE object files, as well as with the 
usual nonarithmetic Pascal run-time libraries (e.g. *MPASLIB on Lisa). The 
program will simply run to completion, with a Pascal HALT if an error is 
found; execution time may run to 15 minutes on a Lisa system. 

What is tested 
---~---

Each of the integer formats is tested in two phases. First, a collection 
of specific extended numbers is converted to the integer format, with tests 
for correct rounding and signaling of the invalid exception when appropriate. 
Then a set of 

integer --) extended --) integer 

conversions is run, with the input and output integers compared for equality. 
In the case of int16, all 2 A 16 cases are run. However exhaustive testing of 
int32 and comp64 is infeasible so a loop is set up to do 2 A 16 tests from 
several starting points. 
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Introduction 

The most important and rigorous set of tests of FP68K is the set of 
so-called IEEE test vectors. These tests, developed by the author while at 
Zilog, are used to test implementations of proposed standard P754. They were 
donated to the IEEE subcommittee 754 by Zilog Inc., and are now distributed by 
that subcommittee. The tests have undergone major revision within Apple, 
thanks especially to Jim Thomas of pes. 

Form of the tests -----
Each vector is an ascii string describing an operation, operands, and the 

result. For example, "lincl" is the floating-point number (of the format 
under consideration) next larger than 1. When "1" is subtracted from "lincl", 
the result is "lulpl", just one unit in the last place of 1. Written this 
way, the vectors may be applied to any floating-point format. The tests 
carefully inspect the nuances of rounding and exception handling. A document 
is under development to explain in detail the next release of the test 
vectors, scheduled for early 1983, after some last details of the standard are 
cleared up. 

Files 

The test vectors are contained in a family of files by the name of 
TVxxxx.2.TEXT and TWxxx.2.TEXT. The "2" refers to version 2 of the tests. 
(Version 1 was based on Draft 8.0 of the standard.) The file TLIST.TEXT is a 
list of the test file names to be used in any given run of the test. Pascal 
file TD68.TEXT with unit TD68FP.TEXT actually run the tests. These interface 
with FP68K exclusively through the SANE interface. 
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Introduction 

Since the binary <--) conversions within FP68K approximate the 
mathematical identity operation, they lend themselves to certain types of 
self-testing. For example, if enough decimal digits are kept, then the 
conversion 

binary --) decimal --) binary 

is the identity mapping when results are rounded to nearest. The number of 
digits required turns out to be 9 for single and 17 for double. A similar 
test performs the first conversion rounding toward plus infinity and the 
second rounding toward minus infinity. In this case the final result may 
differ from the starting value by one unit in the direction of the latter 
rounding, so the program allows this discrepancy. 
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This document describes the test files and how they can be run. For 
details of the underlying error analysis (which is quite subtle) see the paper 
"Accurate Yet Economical Binary-Decimal Conversions" by J. Coonen. 

Test programs 

The test programs are: 

IOS.TEXT 
rOSF.TEXT 
rOD. TEXT 
rODF.TEXT 
rONAN. TEXT 
rOPSCAN.TEXT 

The letter "s" and tiD" distinguishes single and double tests. The IOS.TEXT 
and roo. TEXT tests run with both rounding to nearest and the directed 
roundings. The "F" tests use fixed-format output rather than floating-format 
output for the intermediate decimal string. The IOPSCAN test is used to check 
the preformance of the printer and scanner used by SANE68, and included from 
file SAPSCAN.TEXT. The IONAN test checks the input and output conversion of 
some 20 stock NANs, and then allows the user to enter any decimal string to be 
converted to the three formats in three rounding modes. Neither IOPSCAN nor 
IONAN are self-checking; rather, the user must monitor their output. 

The tests cover extreme intervals where the decimal numbers are sparsest 
and densest with respect to the binary numbers. Sparse intervals have the 
form [lOAN, 2An] where the endpoints are nearly equal. Dense intervals have 
the corresponding form [2 Am, lOAM}. 

Running the tests 

Each of the programs is compiled and run separately. The programs use 
the SANE interface. A test will HALT with a suitable diagnostic if the test 
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fails. 

The single format cases are few enough that their tests can be run 
overnight. However, the double format cases will run essentially forever 
since the number of interesting cases is so great. A few overnight tests 
should be sufficient. 

5 January 83 
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Background 

The so-called I/O routines for scanning and printing floating-point 
numbers in decimal form are complicated by subtle numerical issues and 
nettlesome design decisions. For example. even the simplest. stripped-down 
conversion routines require over one-third the code space (about 1.3K) of the 
rest of the FP68K binary floating-point package. With a full parser and 
formatter, the conversion routines are much larger. And it is unclear whether 
full routines would be flexible enough for use in different language systems 
and I/O-intensive applications like Visi-Calc. 

Where does the responsibility lie? This note argues that the core 
conversion routines, which are part of the arithmetic package, should be kept 
very simple. Above them -- somewhere in the system -- should be a full 
scanner and formatter available to languages and applications. but not forced 
upon them. This would lead to the most efficient use of code space and 
execution time. 

The Sad Tru t h ----
Numerical I/O can be monstrous. Since each computer language has its own 

grammar for floating-point numbers and its own conventions for output format, 
it almost necessary for each language system on a computer to provide 
significant I/O support. Unfortunately, this may be layered upon the host 
system's 1/0 system. And it is not unusual (Apple Ill, for example) for a 
language compiler to use different conversion routines than the 1/0 system the 
compiled code utili~es. 

In another case, designers of the UNIX operating system attempted to 
route all conversion through the routines atof(), ascii to floating, and the 
pair ecvt(), fcvt() for floating and fixed conversion to ascii. But even this 
fairly clean design has led to VERY complicated software shells around atof. 
ecvt. and fcvt. Numerical accuracy aside. the complexity of just the 
character hacking is forbidding. 

One problem with the UNIX design lies in its failure to properly divide 
responsibility for the distinct processes involved in conversion, namely: 

1. Recognize floating-point strings (in compilers •••• ) 
2. Translate strings to numerical values. 
3. Determine which output format (fixed or floating) is 

appropriate for a given value. 
4. Translate a numerical value to a string. 

The utilities atof() and ecvt() provide items 2 and 4. Item 3, printing a 
number in its "nicest" form is provided in rough form through ecvt(). But 
recognizing strings is left to each language compiler's lexical scanner. 
Unfortunately, after a scanner has parsed a floating decimal string, it passes 
it along to atof() where it is parsed once more. 
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A Proposal for Change 

(1) Support, at the arithmetic level, conversions between each of the 
available binary floating-point types and one decimal structure describable in 
Pascal as: 

{* 
** Low-level format of the floating decimal value: 
** (-1)Asgn * 10Aexp * dig 
** The constant DECSTRLEN is 20 for MAC and 28 for III, since 
** the latter uses very high precision for intermediates. 
*} 
type 

DecStr = string[DECSTRLEN] 
Decimal = record 

sgn: 0 •• 1; {O for +, 1 for -} 
exp: integer; 
sig: DecStr 

end; 

(2) Rigidly specify the format of Decimal.sig for decimal to binary 
conversions, relying upon a lexical scanner to perform the first parse. The 
decimal value would depend upon the first character of decrec.dig: 

'I' --) infinity 
'Nxxx ••• x' --) NAN. with optional ascii hex digits 0-9. A-F. a-f 
'0 ' --) zero 
'ddd ••• d ' --) string of digits stripped of leading and trailing zeros 

The digit string would never be more than 20 digits long. If present. the 
20-th digit would indicate the absence of nonzero trailing digits beyond the 
20-th (to aid in correct rounding). 

(3) Specify decimal output format through a structure like the Pascal: 

{* 
** Output format specifier. 
*} 
type 

Dec Form = record 

end; 

style: (float. fixed); 
digits: integer 

For "float" conversions. digits is the number of significant digits to be 
delivered in Decimal.sig. For "fixed" conversions, count is the number of 
fraction digits to be converted (a negative count suppresses conversion of 
low-order integer digits). 

Sometimes it is desired to print a number in the nicest form possible for 
a given field width. For example, the string "1.23456789" conveys much more 
information in 10 characters than does "1.2345e+04". Such conversions are 
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discussed in the next section. 

(4) Provide a scanner and formatter which, if not of most general use, 
provide models that can be tailored to a particular application. Samples are 
built into the implementation section of the SANE Pascal interface; they are 
contained in the file SAPSCAN.TEXT. 

Binary --) Decimal 

The family of routines: 

S2Dec 
D2Dec 
X2Dec 
C2Dec 

provide conversions to the Decimal record format described above. Special 
cases are keyed by the first character of Decimal.sig: 

'0' zero 
'I' infini ty 
'N' not-a-number, followed by optional ascii hex digits; if there are 

fewer than four, they are padded on the left with O's. 
'?' overflow of fixed-style format 

These must be used with a formatter to produce output strings. 

The family: 

S2Str 
D2Str 
X2Str 
C2Str 

uses the built-in formatter, Dec2Str, to generate ascii string output. 

Decimal --) Binary 

These conversions are povided by the complementary set of procedures: 
Dec2S, Dec2D, Dec2X, Dec2C, and Str2S, Str2D, Str2X, Str2C. In the case of 
the Dec2* conversions, the first character of Decimal.sig indicates special 
cases as noted above for *2Dec conversions. 

Infinity and NAN conversions 

Infinity is printed and read as a string of sign characters, "+++++" or 
tt _____ tt. 

On input, NANs have the general form NAN'xxxx:yyy ••• y'. The x's and y's 
should be ascii hex digits: 0-9, A-F, a-f. The string port{on following NAN 
may be omitted. The x's are padded on the LEFT with a's to width 4. The y's 
are padded on the RIGHT with O's to the width of the NAN's significant bit 
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field. 

On output, NANs will be printed in the same format. 
trailing y-O are omitted, but at least one x is printed. 
colon and the y field is dropped. 

Any unrecognizable string is converted to a NAN. 

18 January 1983 
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Background 

Applications like accounting spreadsheets typically need to display 
floating-point values in decimal form within a field of fixed width. For 
maximum readability, the output should be in integer or fixed-point format if 
possible, with floating-point format as a last resort. The idea is to avoid 
listing small integers in the abominable form 0.100000000000El reminiscent of 
computing in the McCarthy era. 

The problem 

Given a binary floating-point number X and an ascii field F, display X in 
the "nicest", most informative way within F. 

A proposal, 

1. If X may be displayed in a subfield of F, pad X on the left with blanks. 

2. Display the sign of X only if it is '-'. 

3. If X is an integer and F is wide enough to accommodate X, then display X as 
an integer, without a trailing , • 

4. Else if X has nonzero integer and fraction parts and F is wide enough to 
accommodate at least the integer part of F and its trailing '.', then display 
X in the fixed-point form ZZZZ.YYYY with as many fraction digits as F will 
accommodate, up to a maximum of 17 significant digits. 

5. Else if Ixi < 1 and F is wide enough that X may be displayed in the form 
O.OOOOOZZZZZ with no more Os just to the right of the decimal point than 
digits following those Os, then display X in that fixed-point form with up to 
17 significant digits. 

6. Finally, if all the above fail, then display X in the floating-point form 
Z.ZZZZZEYYY with as many significant digits up to 17 as F will accommodate, 
taking into account the width of the exponent field, including its possible 
sign. Display the sign of the exponent field only if it is '-'. 

An implementation 

The above choices depend on detailed knowledge of the magnitude of X. 
For example, in producing floating-point output, it is necessary to know the 
number of spaces that will be occupied by the decimal exponent (with sign, it 
could be 1 to 5) in order to know how many significant digits to which to 
round X. In the worst case, this could mean several calls upon the low-level 
conversion routine until the proper output is finally obtained. 

One easy way to bypass these problems, and keep the fundamental 
conversion routine simple, is perform the binary -> decimal conversion in two 
stages. First convert the binary value X to the SANE decimal form: 

23 August 82 



Draft 1.0 

type 

Free Format Decimal Output 

DecStr = string[DECSTRLEN]; 
Decimal - record 

{ length is 20 for MAC } 

end; 

sgn: integer; 
exp: integer; 
sig: DecStr 

{O for +, nonzero for -} 
{as though decimal is at the right of ••• } 

If the conversion is performed with rounding toward 0, conversion style = 
float, and digit count = 19, and if the inexact exception flag is cleared 
before the conversion, then the 19-digit result may be correctly rounded to 
the desired width after the ultimate output format is determined. Since no 
more than 17 digits will ever be displayed (recall that 17 digits suffice to 
distinguish double format binary numbers), the 19 digits together with the 
inexact exception flag permit correct rounding. 
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The second step of the conversion decides, on the basis of the 
intermediate decimal form, which format is appropriate. Then the decimal 
value is rounded (in decimal!) and displayed as desired. Note that this 
scheme has as a happy byproduct the ability to round in the (time-honored?) 
"add half and chop" manner that is unavailable within Apple arithmetic itself. 
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In the interest of compatibility of the floating-point arithmetic on 
Apples II/Ill and Mac/(Lisa?), the following GRITTY DETAILS were discussed on 
June 29. This is an update on the decisions made then. 

1. Distinguishing signaling and quiet NANs: use the leading fraction bit, 
O-quiet and I-signaling. 

2. Explicit leading bit of extended NANs and INFs: ignore it, that is decide 
whether NAN or INF on the basis of the fraction bits only. 

3. Quiet NANs have an 8-bit "indicator field" marked by stars in the following 
extended format hex mask: XXXX XX** XXXX XXXX XXXX. This byte is the low half 
of the leading word of significant bits. The interpretation of the field is 
as given page 70 of Apple III Pascal, volume 2, subject to enhancements. 

4. When two quiet NANs are operands to the operations +, -, *, /, and REM, one 
or the other of the NANs is output. When the indicator fields differ, the NAN 
with the larger indicator field prevails; ties are broken arbitrarily. 

5. True to the standard, the sign of an output NAN is unspecified. 

6. Signaling NANs precipitate the invalid operation exception when they appear 
as operands. 

7. Underflow is tested before rounding. CHANGE: this may change depending on 
P754 deliberations in the late summer of '82 

8. Projective INF follows the same rules of signs as affine INF. The 
ABSOLUTELY ONLY differences between affine and projective modes are: the 
UNORDERED-ness of projective INF in comparisons with finite numbers, and the 
invalid operation exception that arises from the sum of two projective INFs 
with the same sign. CHANGE: projective mode may be removed from P754 in late 
summer '82. 

9. Treatment of unnormalized extended numbers may differ between systems. 68K 
implementations will normalize all such, as is expected of the Motorola and 
Zilog chips. 6502 implementations may support the ANTIQUE warning mode in 
preliminary releases, though it may never be documented for general 
consumption. 

10. The bottom of the extended exponent range is as in the Motorola and Zilog 
implementations (as opposed to Intel). That is, there is no redundancy 
between the bottom two exponent values. 

11. The exponent bias in extended is hex 3FFF, which is used by Intel, Zilog, 
and Motorola. Motorola may insert a word of garbage between the sign/exp 
fields and the significant bits in order to have a 96-bit data type. 

12. Comparisons return results according to local system convenience. 68K: 
return from the floating-point software with the CPU condition codes set 
appropriately for a conditional branch. 6502: for lack of a" rich set of 
conditional branches, let the comparison operation be a family of boolean 
tests like "Is X <= Y?" The difference between the two systems should be 
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hidden well below the high-level language interfaces. 

13. Auxiliary functions: relegate functions like nextafter() to the system 
numerical library rather than putting them in the arithmetic engine. 
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14. The data types specified by SANE are intl6, comp32, comp64, f32, f64, x80. 
68K systems will require int32 as well. 

15. Is the Pascal assignment: X := Y; an arithmetic operation when both X 
and Yare variables of the same floating-point format? Or is a straight byte 
copy sufficient? This is really a language issue -- one left dangling by the 
standard. The arithmetic units, if asked to perform a floating move between 
two floating entities of the same format, will perform a full-blown arithmetic 
operation. This will cause side effects if the floating value is a signaling 
NAN (invalid operation) or a denormalized number (underflow). 

16. Precision control is supported by 6502 and 68K packages, but it is 
available only through assembly language -- it is intended only for SPECIAL 
applications anyway. Precision control implies range control, too. 

17. There is no "integer overflow" exception. 

18. Traps? These are so system-dependent there is no hope for perfect 
consistency. So the issue is left as a local matter for each system. The 
question relevant to each floating-point engine is: "What information will I 
be required to spew out in case of a trap?" 
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1. Design Philosophy 

The software package FP68K provides binary floating-point arithmetic 
according to the proposed IEEE standard P754. This arithmetic is in turn the 
basis for SANE, standard Apple numeric environment. The goal is software 
compatibility between the various Apple products supporting SANE. 

The arithmetic package is reasonably small and fast. Its interface is 
very simple. And it provides just those operations needed for applications 
software. Although developed specifically for Mac, the package is designed 
for use in Lisa, if desired. 

The following sequence of examples illustrates the SANE philosophy: 

Single operation: x + y 

P754: Compute as if with unbounded range and precision, 
then coerce to destinatlon format. 

Expression evaluation: Z := (X + Y)/(U + V); 

Loop: 

SANE: Compute all anonymous intermediate subexpressions 
to extended, then coerce to destination format. 

S := 0.0; 
FOR I .- 1 TO N DO 

S := S + A[I]*B[I]; 

VERY SANE: Wise programmer uses extended variable S to 
eliminate spurious over/underflows in the inner 
loop, and to reduce the final rounding error. 
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2. Data Types 

The arithmetic supports the following data types. All are specified in 
SANE except for int32 and decimal. Int32 is included for convenience in 68K 
environments, where 32-bit integers are common. Through the decimal type the 
package provides the basis for the binary<-)decimal conversions required by 
languages and the I/O system. 

int16 16-bi t two's-complement integer 
int32 32-bit two's-complement integer 
comp64 64-bit integer, with one reserved operand value 
f32 32-bit single floating-point 
f64 64-bit double floating-point 
x80 80-bit extended floating-point 
decimal ascii digit string with integer sign and exponent 

3. Arithmetic Operations 

These operations apply to floating-point operands: 

+, -, *, /, SQRT, REMAINDER, COMPARE, 
ROUND TO INTEGER, TRUNCATE TO INTEGER, LOGB, SCALS, 
ABSOLUTE VALUE, NEGATE, COPYSIGN, NEXAFTER, CLASS 

Except for COMPARE, each produces a floating-point result. COMPARE sets the 
CPU flag bits according to the two operands. Besides its floating-point 
result, REMAINDER returns the sign and four least significant bits of its 
integer quotient in the CPU flags (a very useful trick for argument reduction 
in the transcendental functions). LOGB replaces a number by is unbiased 
exponent, in floating form; SCALB scales a number by an integer power of 2. 

4. Format Conversions 

intXX 
comp64 
floating 
decimal 

(--) 
(--) 

(-) 
(-) 

extended 
extended 
floating 
extended 

5. Internal Architecture 

(one operand must be extended) 

The package provides 2-address memory to memory arithmetic operations of 
the form 

(op) DST --) DST and 
SRC <op)DST --> DST 

where DST and SRC are the destination and source operands, re~pectively. The 
DST operand is always in the extended format. The conversions have the form: 
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SRC --> DST 

where at least one of SRC and DST is a floating-point format. The package 
also provides a few support functions in connection with the floating:point 
error flags and modes. 
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Extended format results may be coerced to the PRECISION and RANGE of the 
single or double formats, on an instruction by instruction basis. Then 
subsequent operations are able to take advantage of the trailing zeros to 
improve performance. This feature is provided to expedite special-purpose 
applications such as graphics and is not intended for general use. Only under 
certain circumstances will it actually obtain a speed advantage, rather than a 
DISADVANTAGE, since the package is built to do extended arithmetic. 

6. External Access 

The package is re-entrant, position-independent code, which may be shared 
in multi-process environments. It is accessed through one entry point, 
labeled FP68K. Each user process has a static state area consisting of one 
word of mode bits and error flags, and a two-word halt vector. The package 
allows for different access to the state word in one-process (Mac) and 
multi-process (Lisa) environments. 

The package preserves all CPU registers across invokations, except that 
REMAINDER modifies DO. It modifies the CPU condition flags. Except for 
binary-decimal conversions, it uses little more stack area than is requi~ed to 
save the sixteen 32-bit CPU registers. Since the binary-decimal conversions 
themselves call the package (to perform mUltiplies and divides), they use 
about twice the space of the regular operations. 

7. Calling Sequence 

A typical invokation of the package will consist of a sequence· of four 
68K assembly instructions: 

PEA 
PEA 
MOVE.W 
JSR 

<source address> 
<destination address> 
<opword>, -(SP) 
FP68K 

;"Push Effective Address u 

;"Push Effective Address" 
;upush" operation word 
;"Call" the package 

(If FP68K resides in system memory, the JSR may be replaced by an A-line trap 
opcode.) Other calls will have more or fewer operand addresses to push onto 
the stack. The opword is the logical OR of two fields, given here in 
hexadecimal: 

"non-extended" operand format, bits 3800: 
0000 x80 
0800 f64 
1000 f32 
1800 ILLEGAL 
2000 int16 
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2800 int32 
3000 comp64 
3800 ILLEGAL 

arithmetic operation code, bits OOlF: 
0000 add 
0002 subtract 
0004 mUltiply 
0006 divide 
0008 compare 
OOOA -- compare and signal invalid if UNORDERED 
OOOC remainder 
OOOE floating, intxx, comp64 --> extended convert 
0010 -- extended --> intXX, comp64, floating convert 
0012 square root 
0014 round to integer in floating format 
0016 truncate to integer in floating format 
0018 scale by integer power of 2 
001A replace by unbiased exponent 
ODIC classify the floating input 
OOlE ILLEGAL 

0001 put state word 
0003 -- get state word 
0005 -- put halt vector 
0007 -- get halt vector 
0009 -- decimal --) floating convert 
OOOB -- floating --) decimal convert 
OOOD -- negate 
OOOF -- absolute value 
0011 -- copy sign 
0013 -- nextafter 
0015 -- set exception 
0017 -- procedure entry protocol 
0019 -- procedure exit protocol 
001B -- test exception 
OOlD and OOlF are ILLEGAL 

8. Comparisons 

In this arithmetic, comparisons require some extra thought. The 
trichotomy rule of the real number system -- thAt two numbers are related as 
LESS, EQUAL, or GREATER -- is violated by the NANs, which compare UNORDERED 
with everything, even themselves. So it is necessary for floating-point 
comparisons to use the CPU condition codes in a way that seems surprising at 
first blush: 

RELATION 

LESS 
EQUAL 
GREATER 
UNORDERED 
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FLAGS: X N Z V C 

1 100 1 
o 0 100 
o 0 000 
000 1 0 

49 



Draft 1.7 FP68K -- An Overview so 

This encoding leads to a very convenient mapping between the "floating-point 
conditional branches" and the CPU conditional branches. In the following 
table, the '1' refers to UNORDERED. The second column gives the name of the 
branch macro that provides the "floating branch" (see the "Assembler Support" 
document). 

BRANCH CONDITION MACRO NOTATION CPU BRANCH 

= FBEQ BEQ 
< FBLT BCS 
<, = FBLE BLS 
> FBGT BGT 
>, = FBGE BGE 

? < FBULT BLT · , 
? <, FBULE BLE · , 
? > FBUGT BHI · , 
? >, = FBUGE BCC · , 
1 ( unordered) FBU BVS 
<, = , > (ordered) FBD BVC 
? <, > (not equal) FBNE BNE · , 
? = FBUE BEQ / BVS · , 
<, > FBLG BNE / BVC 

Only in the last two instances, are two branches requi red. 

The variant comparison instruction, that signals the invalid operation 
exception if its operands are UNORDERED, is useful in high-level languages 
since P754 (and SANE) require that certain UNORDERED comparisons be marked 
invalid. 

Further discussion of the language issues of comparisons may be found in 
"Comparisons and Branching" by Jerome Coonen. 

9. Binary-Decimal Conversions 

The package provides conversion functions intended to be used in 
conjunction with scanners and formatters peculiar to the user environment. 
For decimal to binary conversions, the input parameters are: 

address of Pascal decimal structure: 
record 

sgn 
exp 
sig 

end; 

O •• 1 ; 
integer; 
string[20] 

address of target floating variable 
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The format (f32, f64, x80) of the target is given in the opword. For binary 
to decimal conversions, the input paramaters are: 

address of format structure: 
record 

end; 

style: (FloatDecimal, FixedDecimal); 
digits: integer 

address of source floating variable 

address of decimal structure: 
sign 
exponent 
ascii string of significant digits 

The interpretation of the latter format element depends on the style of the 
conversion. For fixed conversions, the digit count gives the number of 
fraction digits desired (which may be negative). For float conversions, the 
digit count gives the number of significant digits desired. 
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Free format binary --> decimal conversions, which display numbers in the 
"nicest" format possible within given field width constraints, are supported 
in software. using the float style of conversion. .Nice conversions are handy 
in applications like accounting spreadsheets where tables of numbers are 
displayed. See the "Binary-Decimal Conversion" document for details. The 
SANE interface gives details about the decimal format. 

10. The State Area -- ---
Each user of the package has three words of static floating-point state 

information. All accesses to the state should be made through the four state 
operations. The state consists of: 

modes and flags word: 
8000 -- unused 

6000 rounding direction: 
0000 to nearest 
2000 toward +INF 
4000 toward -INF 
6000 toward zero (chop) 

IFOO -- error flags, from high to low order: 
1000 inexact result 
0800 division by zero 
0400 floating overflow 
0200 floating underflow 
0100 invalid operation 

0080 -- rounding of last result 
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0000 not rounded up in magnitude 
0080 rounded up in magnitude 

0060 -- precision control: 
0000 -- extended 
0020 -- double 
0040 single 
0060 -- ILLEGAL 

OOlF -- halt enables, correspond to error flags 

halt vector: 
32-bit address of alternate exit from package 

11. Halts 
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When an error arises for which the corresponding halt is enabled, a trap 
is taken through the vector in the floating-point state area. The halt 
routine is called as a Pascal procedure of the form 

PROCEDURE MyHalt(VAR r: fpRegs; op3, op2, opl: fpPtr; opcode: integer); 
where 
TYPE 

fpRegs = RECORD BEGIN 
FPRCCR, 
FPRDOHI, 
FPRDOLO 

END; 
fpPtr = AExtended; 

{ 68000 CCR register } 
{ high word of register DO } 
{ low word of register DO } 

{ but may be pointer to any type } 

The only way to return to the package from a halt is to initiate a new 
floating-point operation. There is no way to resume execution of the halted 
operation. 

The state-related operations never halt. The binary-decimal conversions 
do not halt, though the individual operations they employ (such as ' 
multiplication to form lOAN for some integer N) might halt. 

12. Other Pseudo-Machines 

The package is simple and general enough to be the basis for 
pseudo-machines with register architectures like the 68881 or the Z8070 or 
with an evaluation stack like the Intel 8087. What is needed is simply the 
mechanism to compute addresses in the register file or stack (and check for 
internal consistency), and the set of functions required to manipulate that 
isolated data file (e.g. duplicate the top stack element, negate a register). 

13. Arithmetic Abuse 

The package is designed to be as robust as possible but it is not 
bullet-proof, since it is specified to modify the stack. If the user passes· 
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illegal addresses. a memory fault may arise when the package attempts to 
access the operands. And if the user passes the wrong number of address 
operands. then in general the stack will be irreparably damaged. Operation is 
undefined if ILLEGAL values are used in the opword parameter. 

14. Size and Performance ----
FP68K is about 4000 bytes long. On a 4mhz system it executes the 

simplest arithmetic operations in about O.4ms and requires just over 1.0ms for 
a full extended multiply. Divide and square root are longer yet. 

Comparative timings show that. for double format operations. FP68K is 
just faster than the AMD 9512 on Lisa and is about twice twice as fast as the 
Motorola 68341 code. For single format operations, FP68K is about half as 
fast as the Lisa single-only package, which is just slower than the 9512. 

15. Floating-Point at a Glance 

Figure 1 at the end of this document illustrates the basic control of 
flow in the execution of the floating-point package. The figure is followed 
by a list of observations on the behavior of the package. and of IEEE 
arithmetic in general. 
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1. The package has a single entry point. 

2. The package has two exit points. one for normal subroutine returns and one 
for halts through a vector. 

3. Three classes of operations are distinguished: arithmetic operations. 
binary-decimal conversions, and accesses to the state word and halt vector. 

4. The not-a-number symbols, NANs, are detected at the start of each 
operation. Of them. signaling NANs are the most virulent; they always trigger 
the invalid operation exception. Quiet NANs propagate through operations; a 
precedence rule determines which is output if two are input. 

5. Invalid operations always result in a quiet NAN output. In the case of the 
discrete types INT16, INT32. COMP64. the output value is all zero bits except 
for a leading one bit (that is, 100000 ••• ). Floating-point NANs contain an 
error code' to indicate their origin (such as 01 for square root of a negative 
number). 

6. When the input operands are unpacked, the special cases 0, FNZ (finite 
nonzero number.), and INF (infinity) are detected. This expedites special 
cases such as 

+INF + FNZ --) +INF 

7. When 0 or INF results from a trivial operation like the example above, no 
further processing is required before the value is packed. All nontrivial 
floating-point results are subject to precision and range coercion to assure 
that they fit in the intended destination. 

8. Integer results are subject to coercion to detect overflow. 

9. Floating-point NAN results are coerced by chopping them to the precision of 
the destination, and checking that a legitimate value results. 

10. Comparisons require special care, since they produce no results but rather 
modify the CPU condition-code register. Comparisons, even when NANs are 
involved, must bypass the coercion steps. 

29 August 



Draft 1.6 Mac FP Software Program Notes 56 

Introduction 

This is a brief guide to the program FP68K, a software implementation of 
proposed IEEE standard P754 (Draft 10.0) for binary floating-point arithmetic. 
This guide is intended to aid a programmer wishing to understand the workings 
of FP68K. 

The code -----
The software is in the assembly language of the Motorola MC68000. 

following the Apple "TLA" syntax of the Lisa assembler. FP68K is 
non-self-modifying, position-independent code. It has no local data area, 
that is it uses dynamically allocated stack area for all of its temporaries. 
FP68K is one large subroutine whose single entry point has the name FP6~K. 

The code is separated into the functionally distinct files: 

FPl)KIVER.TEXT 
FPEQUS.TEXT 
FPCONTROL.TEXT 
FPUNPACK.TEXT 
FPADD.TEXT 
FPMUL.TEXT 
FPDIV.TEXT 
FPREM.TEXT 
FPCMP.TEXT 
FPSQRT.TEXT 
FPCVT.TEXT 
FPSLOG.TEXT 
FPNANS.TEXT 
FPCOERCE. TEXT 
FPPACK.TEXT 
FPODDS.TEXT 
FBD2B.TEXT 
FBB2D.TEXT 
FBPTEN.TEXT 

"includes" the other files ••• 
defines set of named constants 
organi~es the flow of control 
unpack input operands to intermediate format 
add and subtract 
mUltiply 
divide 
remainder 
compare 
square root 
floating <--) floating,integer conversions 
10gb, sca Ib, and class appe rl(iix func t ions 
handle "Not A Number" symbols 
post-normalize, round, check over/underflow ••• 
pack result to storage format 
non-arithmetic operations 
decimal --) binary conversion 

--.binary --) decimal conversion 
-- computes LOAN for nonnegative integer N 

As noted, FPDRIVER.TEXT is a short file which simply includes the other files 
between the ".PROe" header and ".END" trailer. 

Assembling FP68K 

Assemble the file FPDRIVER.OBJ to produce the FP68K object file. 

The one system dependency of FP68K is its access of the floating-point 
state area, as discussed in the "System Implementor's Guide". Near the top of 
FPCONTROL.TEXT is the code which pulls the address of the the 3-word state 
area into register AO. This code will typically require modification when 
FP68K is moved to a new system. The well-marked comment within FPCONTROL.TEXT 
indicates the di.fferent access schemes systems might use. If the state area 
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is to be located using a constant defined in a public "include" file, then 
that file should be included within FPDRIVER.TEXT. See the comment there for 
details. 

Other than its access to the state area, FP68K is intended to 
system-independent and should not be tailored recklessly. 

Control flow 

There are three fundamentally distinct classes of operations performed by 
FP68K: basic arithmetic, binary-decimal conversions, and manipulations of the 
floating-point state area. The last of these, namely reading and writing the 
state word and the halt vector, is trivial and needs no explanation beyond the 
simple code contained in FPODDS.TEXT. 

The basic arithmetic operations are illustrated in the flow chart at the 
end of this note. The chart is marked to distinguish the function of the 
various files listed above. 

The binary-decimal conversions are quite different from the basic 
operations, and are not described by the basic flow chart. The conversions 
might better be thought of as subroutines which have been implemented within 
FP68K as a matter of architectural convenience. The conversions invoke FP68K 
itself to perform various basic operations like multiply and divide. The 
binary-decimal algorithms are described in considerable detail in the attached 
paper "Accurate, Yet Economical Binary-Decimal Conversions" by J. Coonen. 

Exponent calculations 

FP68K manipulates exponents in a way that might seem surprising at first 
glance. The P754 extended format, on which all FP68K arithmetic is based, has 
a I-bit sign, IS-bit exponent, and a 64-bit significand. However, the actual 
exponent range is not 0 to 32767 (biased by 16383) as the IS-bit exponent 
field would suggest. Rather, it is -63 to 32767 because of the presence of 
tiny denormalized numbers; this is "just a little bit" beyond the stated 
IS-bit range. (See the attached paper "Underflow and the Denormalized 
Numbers" by J. Coonen for a discussion of tiny values in P754 arithmetic.) 

Because the operations multiply and divide require the addition and 
subtraction, respectively, of operand exponents in forming their intermediate 
results, the implementor typically expects to have one extra exponent bit for 
intermediate calculations. Thus for P754 extended format calculations, there 
is need for "just a little bit" beyond 16 exponent bits. This elusive 17-th 
bit is discussed in yet another attached paper, "Are 17 Exponent Bits Too 
Many?" It is shown there that 16 bits suffice, if care is taken to perform 
some extra tests in the right places. 

On the 68000 it turns out to be convenient to perform exponent 
calculations in the ADDRESS REGISTERS -- with a full 32 bits. The address 
registers provide just the right functionality: add, subtract, and compare. 
And since floating-point arithmetic is computation-intensive on a small data 
set, only a few of the address registers are actually needed for addresses. 
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Finally, l6-bit constants like the exponent bias may be added into the 32-bit 
exponents with a 2-word instruction, since foro "address" calculations the 
constant is first sign-extended out to a full 32 bits. 

Bit field encodings 

This section describes the various bit fields used by FP68K. Some of 
them, like the opcode and the state word, are visible to programs invoking 
FP68K. Others, like the rounding and sign bits, are local to FP68K. 

The OPCODE is the last word pushed on the stack before calling FP68K. It 
is composed of the fields: 

3800 - "non-extended" operand format: 
0000 x80 
0800 f64 
10=~ 
1800 ILLEGAL 
2000 int16 
2800 int32 
3000 comp64 
3800 ILLEGAL 

OlEO must be zero 

OOlF operation code: 
0000 add 
0002 subtract 
0004 mul tiply 
0006 divide 
0008 compare 
OOOA compare (invalid if UNORDERED) 
oooe remainder 
OOOE x80, f64, f32, int16, int32, comp64 --) x80 
0010 -- x80 --) x80, f64, f32, int16, int32, comp64 
0012 square root (in x80) 
0014 round to integer (in x80) 
0016 truncate to integer (in x80) 
OC~: ~~~:_ ~y unbiased power of 2 
OOlA replace by unbiased exponent 
OOIC classify the floating input 
OOlE ILLEGAL 

0001 
0003 
0005 
0007 
0009 
0008 
0000 
OOOF 
0011 
0013 
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put state word 
get state word 
put halt vector 

-- get halt vector 
-- decimal --) floating 

floating --) decimal 
negate 
absolute value 
copy sign 
nextafter 

convert 
convert 
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0015 
0017 
0019 
001B 
0010 
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set exception 
procedure entry protocol 
procedure exit protocol 
test exception 

and 00lF are ILLEGAL 
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The STATE word is static data that perseveres across calls to FP68K. As 
!=iuch, it must live in an area outside FP68K, defined by the host system. 
Typically the state word (and the halt vector. which is a 32-bit address) will 
live in the system's "per-process data area". perhaps a fixed location in 
memory or a fixed offset from some reserved address register. Although the 
STATE word is directly available to the programmer. typical access will be 
through an intermediate layer of software (available, say, in a Pascal unit) 
th~t insulates the programmer from the detAils of the actual bit encodings. 
The STATE word is composed of the fields: 

8000 unused 

6000 rounding mode: 
0000 to nearest 
2000 toward +INF 
4000 toward -INF 
6000 toward a (chop) 

IFOO -- error flags: 
1000 inexact result 
0800 division by zero 
0400 floating overflow 
0200 floating underflow 
0100 invalid operation 

0080 -- rounding of last result 
0000 not rounded up in magnitude 
0080 -- rounded up in magnitude 

0060 -- precision control: 
0000 extended 
0020 double 
0040 single 
0060 ILLEGAL 

OOIF -- exception halt enables: 
(correspond to error flags above) 

After preliminary decoding in FPCONTROL.TEXT, the OPCODE is expanded out 
into the following 16-bit form: 

8000 nonzero iff result has single preci!=iion and range 

4000 nonzero iff result has double precision and range 

3800 source operand format: 
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(same encoding as in OPCODE) 

0700 -- desti.nation operand format: 
(same encoding as i.n OPCODE) 

0080 nonzero iff destination operand u; input 

0040 nonzero iff source operand is input 

0020 nonzero iff destinati.on operand is output 

001E operation co~e: 
(same encoding a~ in OPCODE but with low bit 0) 

0001 -- nonzero iff two-address operation 

The ROUND BITS, known as "guard", "round", and "sticky" in documentation 
about P754, are kept in a I6-bit word. Roughly speaking, the guard and round 
bit~ are the two hits beyond the least significant bit of the intermediate 
result. and the sticky bit i.s the logical Or of all bits thereafter. The 
~ticky bit is necessary to implement the rounding modes of P754. The ROUND 
B[TS are kept as: 

8000 guard bit 
4000 round bit 
3FOO 6 extra round bit~ 
OUFF sticky bit8 

The reason for keeping an entire byte of sticky bits lies in the 68000 
instruction set. The archetype operation involving the sticky bit is the 
right-shift. Any time a bi.t is shifted off the low end of the sticky "byte", 
it must be logically Or-eli back into sticky. This is done with the 68UOO 
"scs" instrllction, which sets a given byte to all 1s if the carry bit is set, 
and clears the byte to 0 otherwise. Typically, a bit is shifted off to the 
right. it is SCS-ed into an auxiliary byte, and that byte is Or-ed it:lto the 
sticky byte. Although this is the typical use of the sticky byte, the 
programmer should not a~sume that the sticky hyte is always either all Os or 
all 1s. Sometimes, such as ill the right shift after a carry-out in ADO/SUB, 
the logical Or will be omitted since it is known that if a 1 was shifted out 
of the sticky byte there wi.ll necessari ly be another 1 left in sticky. 

The operands' SIGNS are kept together in a byte as follows: 

80 source operand sign 
40 destination operanJ s[gn 
20 Exclusive Or of the two operands' ~igns 

IF unused, but not necessarily zero 

If there is just one input operand, its sign is in the high order bit. The 
Exclusive Or is computed just once, at the start of every arithmetic 
operation. Not only is it required for many common operations (+, -, *, I, 
REM, CMP), but it is cC)~tly in time and space because of the int=>fficacy of the 
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68000 bit instructions, ~o i.t is worthwhile to implement the cod.! sequence 
just once. 
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The CCR (condition code register) bits of the 68000 are modified by every 
arithmetic operation. though only the compare instructions leav~ them in a 
well defined state. A CCR word is maintained by FP68K: 

FFEO unused, forced to 0 
0010 X Extend 
0008 N Negat i ve 
U004 Z == Zero 
0002 V Overflow 
0001 C == Carry 

The compare operations encode their results as follows: 

.Rl::LATIO~ 

Ll::SS 
EQUAL 
GRI:.ATER 
UNORDEREl.) 

FLAGS: X N Z V C 

1 1 0 {J 1 
o 0 100 
U 0 000 
00010 

See the FP68K programmer's manual for the software applications of the CCR 
fie Id • 

Register usage 

The key to the speed (such as it is) and compactness of FP6~K is that it~ 
entire working data set may be held in the 68000 register file. Immediately 
upon entry. FP68K saves registers DO-07, AO-A4 on the stack. Then thtA 
registers are loaded up as the operation proceeds. Several of the registers 
have a meaning that perseveres across nearly the entire instruction. The 
following list gives a rough idea of regi~t~r usage: 

D7 hi 
07 10 
D6 hi 
06 10 
05 
04 
o3-DO 

A 

CCR word 
round bits 
ope ode word 
error byte (hi) and sign byt~ (10) 
low 32 source (later result) si.gnificant bits 
hi~h 32 source (later result) significant bits 
scratch area 



7 SP = stack pointer 
A6 stack link pointer 
AS ~1ac globals poionter 
A4 source (l~~cr result) exponent 
A3 destination exponent 
A2 low 12 destination significant bits 
Al high 32 destination significant bits 
AO pointer to 3-word state ~rea 
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Of course, the arithmetic operations may be viewed as transformations of the 
register file. Following this view, a set of register mdps are included at 
the end of this note. They are keyed to MILESTONES marked in the source code. 
The maps indicate register dependencies, and as such should ~id in any 
modification of FP68K. Some maps simply indicate the state of the register 
file at a given point, and some indicate register use in a routine, such as 
the widely used right-shift procedure RTSHIFT. 

For convenience the maps are printed on onion skin paper; a reference 
sheet slips under the map to fill in the register mask. 

Register 00 is modified by the REMAI~DER operation, in which case a 
partial integer quotient is returned in DO.W. 

Stack usage 

When called, FP68K assumes that the stack has the form: 

ADDRESS 3 used for decimal format code only 
ADDRESS 2 source pointer, if any 
ADDRESS 1 destination pointer 
OPCODE one word 
RETURN ADDRESS 

The number of address operands depends on the operation. FP68K then allocates 
3 more stack words: 

COUNT number of bytes in original call frame" 
HALT ADDRESS 

This frame is used if a halt is taken. The COUNT field allows the halt 
handler to simply pop the original operands and return, if desired. 

Above this frame, FP68K pushes registers 00-7, .AO-6. In the progress of 
an operation, up to 6 more words of stack may be used. The total stack usage, 
after the call, is then up to 3 + 32 + 6 = 41 words. The binary-decimal 
conversions may use twice this much since they invoke FP68K to perform basic 
arithmetic operations. 



Conditional assembly 

There are two instances of conditional assembly in FP6dK. The pointer Lo 

the floating-point state area is loaded into register AO at the start of 
FPCONTROL.TEXT. Since the location of this area is sy~tem-dependent, 
conditional assembly is used to locate the field. Of course, thi~ means that 
the effective address of the state area must be known at assembly time. 

Conditional assembly is also used to resolve syntactic inconsistencie~ 
between various 68000 assembly language formats. The program counter (PC) 
relative addressing modes are heavily used in the implementation of jump 
offset tables within FP68K. A typical use is the instruction sequence: 
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MOVE.W 
JHP 
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JMPTAB( 00) ,00 
JHPTOP(OO ) 
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Here JMPTAB is a table of address offsets from the label JMPTOP, and register 
00 contains a word index into JHPTAB. Some assemblers force the programmer to 
write: 

MOVE.W 
JMP 

JHPTAB( PC, 00).00 
JHPTOP( PC. DO) 

in order to assure PC-relative addressing. However. the Lisa assembler 
PROHIBITS this syntax, although it produces the desired code. An a~sembly 
flag is used to generate whichever of the two formats is suitable for a given 
compiler. 

Pascal enumerated types 

Lisa Pascal attempts to encode enumerated types in byte fieldS. which are 
then stored as the high byte of the target word. This affects s·tructures like 
DecForm and Decimal, defined in the Pascal interface (see that document for 
details). Although the most s~~iously affected programs are the test drivers, 
the affected files in the basic package are FBB2D.TEXT and FBD2S.TEXT. Those 
files contain explicit comments when a byte test is used where an Apple III 
programmer (for example) might expect a word test. 



File: ToolBox Names Page 1 
Report: TrapList Feb 8 t 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals AFFF 
Value/ Name: Fields: 
------ --------------- --------------------------------------------------------------
AOOO Open A030 OSEventAvail AC61 Random 
AOOl Close A031 GetOSEvent AC62 ForeColor 
AOO2 Read A032 FlushEvents AC63 BackColor 
AOO3 Write A033 VInstall AC64 ColorBit 
AOO4 Control A034 VRemove AC65 GetPixel 
AOOS Status A03S OffLine AC66 Stuff Hex 
AOO6 KillIO A036 MoreMasters AC67 LongMul 
AOO7 GetVolInfo A037 ReadParam AC68 FixHul 
AOO8 FileCreate A038 WriteParam AC69 FixRatio 
AOO9 FileDelete A039 ReadDateTime AC6A HiWord 
AOOA OpenRf A03A SetDateTime AC6B LoWord 
AOOB Rename A03B Delay AC6C FixRound 
AOOC GetFileInfo A03C CmpString AC6D InitPort 
AOOD SetFilelnfo A03D DrvrInstall AC6E InitGraf 
AOOE UnmountVol A03E DrvrRemove AC6F OpenPort 
AOOF MountVol A03F InitUtil AC70 LocalToGlobal 
AOIO FileAllocate A040 ResrvMem AC71 GlobalToLocal 
AOll GetEOF A041 SetFilLock AC72 GrafDevice 
AOl2 SetEOF A042 RstFilLock AC73 SetPort 
AOl3 FlushVol A043 SetFilType AC74 GetPort 
AOl4 GetVol A044 SetFPos AC75 SetPortBits 
AOIS SetVol A04S FlushFil AC76 PortSize 
AOl6 FlnitQueue A046 GetTrapAddress AC77 MovePortTo 
AOI7 Eject A047 SetTrapAddress AC78 SetOrigin 
AOI8 GetFPos A048 PtrZone AC79 SetClip 
AOI9 InitZone A049 HPurge AC7A GetClip 
AOIA GetZone A04A HNoPurge AC7B ClipRect 
AOIB SetZone A04B SetGrowZone AC7C BackPat 
AOIC FreeMem A04C CompactMem AC7D ClosePort 
AOID MaxMem A04D PurgeMem AC7E AddPt 
AOIE NewPtr A04E AddDrive AC7F SubPt 
AOIF DisposePtr A04F InstallRDrivers AC80 SetPt 
A020 SetPtrSize AC50 InitCursor AC81 EqualPt 
A021 GetPtrSize AC51 SetCursor AC82 StdText 
A022 NWHandle ACS2 HideCursor AC83 DrawChar 
A023 DsposeHandle AC53 ShowCursor AC84 DrawString 
A024 SetHandleSize AC54 UprString AC85 DrawText 
A02S GetHandleSize AC55 ShieldCursor AC86 TextWidth 
A026 HandleZone AC56 ObscureCursor AC87 TextFont 
A027 ReAllocHandle AC57 SetApplBase AC88 TextFace 
A028 RecoverHandIe ACS8 BitAnd AC89 TextMode 
A029 HLock AC59 BitXor AC8A TextSize 
A02A HUnlock AC5A BitNot AC8B GetFontlnfo 
A02B EmptyHandle ACSB BitOr AC8C StringWidth 
A02C InitApplZone AC5C BitShift AC8D CharWidth 
A02D SetApplLimit ACSD BitTst AC8E SpaceExtra 
A02E BlockMove ACSE BitSet AC90 StdLine 
A02F PostEvent ACSF BitClr AC91 LineTo 



File: ToolBox Names Page 2 
Report: TrapList Feb 8, 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals AFFF 
Value/ Name: Fields: 
------ --------------- -----------------------------~--------------------------------
AC92 Line ACCS StdPoly ACF6 DrawPicture 
AC93 MoveTo ACC6 FramePoly ACF8 ScalePt 
AC94 Moov ACC7 PaintPoly ACF9 MapPt 
AC96 HidePen ACC8 ErasePoly ACFA MapRect 
AC97 ShowPen ACC9 InvertPoly ACFB MapRgn 
AC98 GetPenState ACCA FillPoly ACFC MapPoly 
AC99 SetPenState ACCB OpenPoly ACFE InitFonts 
AC9A GetPen ACCC Close Poly ACFF GetFontName 
AC9B PenSize ACCD K1l1Poly ADOO GetFNum 
AC9C PenMode ACCE Offs.etPoly ADOl FMSwapFont 
AC9D PenPat ACCF PackBits AD02 RealFont 
AC9E PenNormal ACOO UnPackBits ADO 3 SetFontLock 
ACAO StdRect ACDl StdRgn AD04 DrawGrowlcon 
ACAl FrameRect ACD2 FrameRgn ADOS DragGrayRgn 
ACA2 PaintRect ACD3 PaintRgn ADO 6 NewString 
ACA3 EraseRect ACD4 EraseRgn ADO 7 SetString 
ACA4 InvertRect ACDS InvertRgn ADO 8 Show Hi de 
ACAS FillRect ACD6 FillRgn ADO 9 CalcVis 
ACA6 EqualRect ACD8 NewRgn ADOA Calc Vis Behind 
ACA7 SetRect AC09 DisposeRgn ADOB ClipAbove 
ACA8 OffsetRect ACDA OpenRgn ADOC PaintOne 
ACA9 InsetRect ACDB CloseRgn ADOD PaintBehind 
ACAA SectRect ACDC CopyRgn ADOE SaveOld 
ACAB UnionRect ACDD SetEmptyRgn ADOF DrawNew 
ACAC Pt2Rect ACOE SetRectRgn ADI0 GetWMgrPort 
ACAD PtlnRect ACOF RectRgn ADll CheckUpOate 
ACAE EmptyRect ACEO OffsetRgn AD12 InitWindows 
ACAF StdRRect ACEl InsetRgn AD13 NewWindow 
ACBO FrameRoundRect ACE2 EmptyRgn AD14 DisposeWindow 
ACBI PaintRoundRect ACE3 EqualRgn ADlS ShowWindow 
ACB2 Erase Round Rec t ACE4 SectRgn AD16 HideWindow 
ACB3 InvertRoundRect ACES UnionRgn AD17 " GetWRefCon 
ACB4 Fi 11 Round Rec t ACE6 DiffRgn AD18 SetWRefCon 
ACB6 StdOval ACE7 XOrRgn ADl9 GetWTitle 
ACB7 FrameOval ACE 8 PtlnRgn ADIA SetWTitle 
ACB8 PaintOval ACE9 RectlnRg ADIB MoveWindow 
ACB9 EraseOval ACEA SetStdProcs ADlC HiliteWindow 
ACBA InvertOval ACEB StdBits ADID SizeWindow 
ACBB FillOval ,'ACEC CopyBits ADIE TrackGoAway 
ACBC SlopeFromAngle ACED StdTxMeasure AD!F SelectWindow 
ACBD StdArc ACEE StdGetPic AD20 BringToFront 
ACBE FrameArc ACEF ScrollRect AD21 Send Behind 
ACBF PaintArc ACFO StdPutPic AD22 BeginUpdate 
ACCO EraseArc ACFl StdComment AD23 EndUpdate 
ACCI InvertArc ACF2 PicComment AD24 FrontWindow 
ACC2 FillArc ACF3 OpenPicture AD2S DragWindow 
ACC3 PtToAngle ACF4 ClosePicture AD26 OragTheRgn 
ACC4 AngleFromSlope ACFS KillPicture AD27 InvalRgn 



File: ToolBox Names Page 3 
Report: TrapList Feb 8, 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals FFFF 
Name: Value/ Fields: 
--------------- ------ -------------------~--------------------------------
OpenPort AC6F ReAllocHandle A027 SetOrigin AC78 
OpenResFile AD97 RecoverHandle A028 SetPenState AC99 
OpenRf AOOA RectlnRg ACE9 SetPort AC73 
OpenRgn ACDA RectRgn ACDF SetPortBits AC7S 
OSEventAvail A030 ReleaseResource ADA3 SetPt AC80 
PackO ADE7 Rename AOOB SetPtrSize A020 
Packl ADE8 ResError ADAF SetRect ACA7 
Pack2 ADE9 ResrvMem A040 SetRectRgn ACDE 
Pack3 ADEA RmveReference ADAE SetResAttrs ADA7 
Pack4 ADEB RmveResource ADAD SetResFileAttrs ADF7 
PackS ADEC RsrcZonelnit AD96 SetReslnfo ADA9 
Pack6 ADED RstFilLock A042 SetResLoad AD9B 
Pack7 ADEE SaveOld AOOE SetResPurge AD93 
PackBits ACCF ScalePt ACF8 SetStdProcs ACEA 
PaintArc ACBF ScrollRect ACEF SetString ADO 7 
Paint Behind ADOD SectRect ACAA SetTrapAddress A047 
PaintOne ADOC SectRgn ACE4 SetVol A01S 
PaintOval ACB8 SelectWindow ADlF SetWindowPic AD2E 
PaintPoly ACC7 Send Behind AD21 SetWRefCon ADl8 
PaintRect ACA2 SetApplBase AC57 SetWTitle ADlA 
PaintRgn ACD3 SetApplLimit A02D SetZone A01B 
PaintRoundRect ACBl SetClip AC79 ShieldCursor ACSS 
ParamText AD8B SetCRefCon ADSB ShowControl ADS7 
PenMode AC9C SetCTi tIe ADSF ShowCursor ACS3 
PenNormal AC9E SetCtlAction AD6B ShowHide ADO 8 
PenPat AC9D SetCtlMax ·AD6S ShowPen AC97 
PenSize AC9B SetCtlMin AD64 ShowWindow ADlS 
PicComment ACF2 SetCtlValue AD63 SizeControl ADSC 
PinRect AD4E SetCursor ACSI SizeRsrc ADAS 
Plotlcon AD4B SetDateTime A03A SizeWindow AD1D 
PortSize AC76 SetDltem AD8E SlopeFromAngle ACBC 
PostEvent A02F SetEmptyRgn ACDD Space Extra AC8E 
Pt2Rect ACAC SetEOF A012 Status AOOS 
PtlnRect ACAD SetFilelnfo AOOD StdArc ACBD 
PtlnRgn ACE8 SetFilLock A041 StdBits ACEB 
PtrAndHand ADEF SetFilType A043 StdComment ACFl 
PtrToHand ADE3 SetFontLock ADO 3 StdGetPic ACEE 
PtrToXHand ADE2 SetFPos A044 StdLine AC90 
PtrZone A048 SetGrowZone A04B StdOval ACB6 
PtToAngle ACC3 SetHandleSize A024 StdPoly ACCS 
PurgeMem A04D Setltem AD47 StdPutPic ACFO 
Putlcon ADCA Setltemlcon AD40 StdRect ACAO 
PutScrap ADFE SetltemMark AD44 StdRgn ACDI 
Random AC6l SetltemStyle AD42 StdRRect ACAF 
Read AOO2 SetIText AD7E StdText AC82 
ReadDateTime A039 SetIText AD8F StdTxMeasure ACED 
ReadParam A037 SetMenuBar AD3C StillDown AD73 
RealFont ADO 2 SetMenuFlash AD4A StopAlert AD86 



File: ToolBox Names 
Report: TrapList 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals FFFF 
Name: Value/ Fields: 
--------------- ------
StringWidth AC8C UprString 
Stuff Hex AC66 UseResFile 
SubPt AC7F ValidRect 
SystemBeep ADC8 ValidRgn 
SystemClick ADB3 VInstall 
SystemEdit ADC2 VRemove 
SystemError ADC9 WaitMouseUp 
SystemEvent ADB2 Write 
SystemMenu ADBS WriteParam 
SystemTask ADB4 WriteResource 
TEActivate ADD8 XOrRgn 
TECalText ADDO ZeroScrap 
TEClick ADD4 
TECopy ADDS 
TECut ADD6 
TEDeactivate ADD9 
TEDelete ADD7 
TEDispose ADCD 
TeGetText ADCB 
TEIdle ADDA 
TEIni t ADCC 
TEInsert AD DE 
TEKey ADDC 
TENew ADD2 
TEPaste ADDB 
TEScroll ADDD 
TESetJust ADDF 
TESetSelect ADDl 
TESetText ADCF 
TestControl AD66 
TEUpdate ADD3 
TextBox ADCE 
TextFace AC88 
TextFont AC87 
TextMode AC89 
TextSize AC8A 
TextWidth AC86 
TickCount AD7S 
TrackControl AD68 
TrackGoAway ADlE 
UnionRect ACAB 
UnionRgn ACES 
UniqueID ADCl 
UnloadScrap AD FA 
UnLoadSeg ADFI 
UnmountVol AOOE 
UnPackBits ACDO 
UpdateResFile AD99 

AC54 
AD98 
AD2A 
AD29 
A033 
A034 
AD77 
AOO3 
A038 
ADBO 
ACE7 
ADFC 

Page 4 
Feb 8, 1984 



File: ToolBox Names Page 1 
Report: TrapList Feb 8 t 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals FFFF 
Name: Value/ F,ields: 
------------ ----- ------------------------------------------------~---
AddDrive A04E CopyRgn ACDC EraseArc ACCO 
AddPt AC7E CouldAlert AD89 EraseOval ACB9 
AddReference ADAC CouldDialog AD79 ErasePoly ACC8 
Add ResMenu AD4D CountMltems AD50 EraseRect ACA3 
AddResource ADAB CountResources AD9C EraseRgn ACD4 
Alert AD85 CountTypes AD9E EraseRoundRect ACB2 
AngleFromSlope ACC4 Create Res File ADBI ErrorSound AD8C 
AppendMenu AD33 CurResFile AD94 EventAvail AD71 
BackColor AC63 Delay A03B ExitToShell ADF4 
BackPat AC7C DeleteMenu AD36 FileAllocate AOIO 
BeginUpdate AD22 DeltaPoint AD4F FileCreate AOO8 
BitAnd ACS8 DeQueue AD6E FileDelete AOO9 
BitClr ACSF DetachResouce AD92 FillArc ACC2 
BitNot AC5A DialogSelect AD80 FillOval ACBB 
BitOr ACSB DiffRgn ACE6 FillPoly ACCA 
BitSet ACSE Disableltem AD3A FillRect ACAS 
BitShift ACSC DisposeControl AD5S FillRgn ACD6 
BitTst ACSD DisposeDialog ADS 3 FillRoundRect ACB4 
BitXor ACS9 DisposeMenu AD32 FindControl AD6C 
BlockMove A02E DisposePtr AOIF FindWindow AD2C 
BringToFront AD20 DisposeRgn ACD9 FlnitQueue A016 
Button AD74 DisposeWindow ADl4 FixHul AC68 
CalcMenuSize AD48 DragControl AD67 FixRatio AC69 
CalcVis ADO 9 DragGrayRgn ADOS FixRound AC6C 
CalcVisBehind ADO A DragTbeRgn AD26 FlashMenuBar AD4C 
CautionAlert AD88 DragWindow AD25 FlushEvents A032 
Chain ADF3 DrawChar AC83 FlushFil A04S 
ChangedResData ADAA DrawControls AD69 FlushVol AOl3 
CharWidth AC8D DrawDialog ADS 1 FMSwapFont ADO I 
Checkltem AD45 DrawGrowlcon A004 ForeColor AC62 
CheckUpDate AD11 DrawMenuBar AD37 FrameArc ACBE 
ClearMenuBar AD34 DrawNew AOOF FrameOval ACB7 
ClipAbove ADOB DrawPicture ACF6 FramePoly ACC6 
ClipRect AC7B DrawString AC84 FrameRect ACAI 
Close AOOI DrawText AC8S FrameRgn ACD2 
CloseDeskAcc ADB7 Drvrlnstall A03D FrameRoundRect ACBO 
Close Dialog AD82 DrvrRemove A03E FreeAlert AD8A 
ClosePicture ACF4 DsposeHandle A023 FreeDialog AD7A 
ClosePoly ACCC Eject AOl7 FreeMem AOIC 
Close Port AC7D EmptyHandle A02B FrontWindow AD24 
CloseResFile AD9A EmptyRect ACAE GetAppParms ADFS 
CloseRgn ACDB EmptyRgn ACE2 GetClip AC7A 
Close Window AD2D Enableltem AD39 GetCRefCon ADS A 
CmpString A03C EndUpdate AD23 GetCTitle ADSE 
ColorBit AC64 EnQueue AD6F GetCtlAction AD6A 
CompactMem A04C EqualPt AC81 GetCtlMax AD62 
Control AOO4 EqualRect ACA6 GetCtlM:l.n AD61 
CopyBits ACEC EqualRgn ACE3 GetCtlValue AD60 



File: ToolBox Names Page 2 
Report: TrapList Feb 8. 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals FFFF 
Name: Value/ Fields: 
-------------- ------ ----------------------------------------------------
GetCursor ADB9 GetWTitle ADI9 IsDialogEvent AD7F 
GetDltem AD8D GetZone AOlA KillControls AD56 
GetEOF AOII GlobalToLocal AC71 KillIO AOO6 
GetFilelnfo AOOC GrafDevice AC72 KillPicture ACF5 
GetFNum ADOO GrowWindow AD2B KillPoly ACCD 
GetFontlnfo AC8B HandAndHand ADE4 Launch ADF2 
Ge t Fon tName ACFF HandleZone A026 Line AC92 
GetFPos AOl8 HandToHand ADEI LineTo AC91 
GetHandleSize A025 HideControl An58 LoadResource ADA2 
Get Icon ADBB HideCursor AC52 LoadScrap ADFB 
GetlndResource AD9D HidePen AC96 LoadSeg ADFO 
GetlndType AD9F HideWindow ADl6 LocalToGlobal AC70 
Getltem AD46 HiliteControl ADSD LongMul AC67 
Getltemlcon AD3F HiliteMenu AD38 LoWord AC6B 
GetltemMark AD43 HiliteWindow ADIC MapPoly ACFC 
GetltemStyle AD41 HiWord AC6A MapPt ACF9 
GetIText AD90 HLock A029 MapRect ACFA 
.GetKeys AD76 HNoPurge A04A MapRgn ACFB 
GetMenu ADBF HomeResFile ADA4 MaxMem AOID 
GetMenuBar AD3B HPurge A049 MenuKey AD3E 
GetMHandle AD49 HUnlock A02A MenuSelect AD3D 
GetMouse AD72 InfoScrap ADF9 ModalDialog AD91 
GetNamedResourc ADAI InitApplZone A02C Moov AC94 
GetNewControl ADBE InitCursor AC50 MoreMasters A036 
GetNewDialog AD7C InitDialogs AD7B MountVol AOOF 
GetNewMBar ADCO InitFonts ACFE MoveControl AD59 
GetNewWindow ADBD InttGraf AC6E MovePortTo AC77 
GetNextEvent AD70 InitMath ADE6 MoveTo AC93 
GetOSEvent A031 lnitMenus AD30 MoveWlndow ADIB 
GetPattern ADB8 InitPack ADE5 Munger ADEO 
GetPen AC9A InitPort AC6D NewControl AD54 
GetPenState AC98 InitResources AD95 NewDialog AD7D 
GetPicture ADBC lnitUtil A03F NewMenu AD31 
GetPixel AC65 InitWindows ADl2 NewPtr AOlE 
GetPort AC74 InitZone AOl9 NewRgn ACD8 
GetPtrSize A021 InsertMenu AD35 NewString AD06 
GetResAttrs ADA6 InsertResMenu AD51 NewWindow ADl3 
GetResFileAttrs ADF6 InsetRect ACA9 NoteAlert AD87 
GetReslnfo ADA8 InsetRgn ACE I NWHandle A022 
GetResource ADAO InstallRDri vers A04F ObscureCursor AC56 
GetScrap ADFD InvalRect AD28 OffLine A035 
GetString ADBA InvalRgn AD27 OffsetPoly ACCE 
GetTrapAddress A046 lnvertArc ACCI OffsetRect ACA8 
GetVol AOl4 InvertOval ACBA OffsetRgn ACEO 
GetVollnfo AOO7 lnvertPoly ACC9 Open AOOO 
GetWindowPic AD2F lnvertRect ACA4 OpenDeskAcc ADB6 
GetWMgrPort ADIO InvertRgn ACD5 OpenPicture ACF3 
GetWRefCon ADl7 lnve r tRound Rec t ACB3 OpenPoly ACCB 



File: ToolBox Names Page 3 
Report: TrapList Feb 8, 1984 
Selection: Value/Trap: equals AOOO 

through Value/Trap: equals AFFF 
Value/ Name: Fields: 
----- --------------- ---------------------------------~---------------------------
AD28 InvalRect ADSA GetCRefCon AD8D GetDltem 
AD29 ValidRgn ADSB SetCRefCon AD8E SetDltem 
AD2A ValidRect ADSC SizeControl AD8F SetIText 
AD2B GrowWindow ADSD HiliteControl AD90 GetIText 
AD2C FindWindow ADSE GetCTitle AD9l ModalDialog 
AD2D Close Window ADSF SetCTitle AD92 DetachResouce 
AD2E SetWindowPic AD60 GetCtlValue AD93 SetResPurge 
AD2F GetWindowPic AD6l GetCtlMin AD94 CurResFile 
AD30 InitMenus AD62 GetCtlHax AD9S InitResources 
AD31 NewMenu AD63 SetCtlValue AD96 RsrcZonelnit 
AD32 DisposeMenu AD64 SetCtlMin AD97 OpenResFile 
AD33 AppendMenu AD6S SetCtlMax AD98 UseResFile 
AD34 ClearMenuBar AD66 TestControl AD99 UpdateResFile 
AD3S InsertMenu AD67 DragControl AD9A Close Res Fi Ie 
AD36 DeleteMenu AD68 TrackControl AD9B SetResLoad 
AD37 DrawMenuBar AD69 DrawControls AD9C CountResources 
AD38 HiliteMenu AD6A GetCtlAction AD9D GetlndResource 
AD39 Enableltem AD6B SetCtlAction AD9E CountTypes 
AD3A Disableltem AD6C FindControl AD9F GetlndType 
AD3B GetMenuBar AD6E DeQueue ADAO GetResource 
AD3C SetMenuBar AD6F EnQueue ADAl GetNamedResourc 
AD3D MenuSelect AD70 GetNextEvent ADA2 LoadResource 
AD3E MenuKey AD7l EventAvail ADAJ ReleaseResource 
AD3F Getltemlcon AD72 GetMouse ADA4 HomeResFile 
AD40 Setltemlcon AD73 StillDown ADAS SizeRsrc 
AD41 GetltemStyle AD74 Button ADA6 GetResAttrs 
AD42 SetltemStyle AD7S TickCount ADA7 Se t Re s At t r s 
AD43 GetltemMark AD76 GetKeys ADAS GetReslnfo 
AD44 Set ItemMark AD77 WaitMouseUp ADA9 SetReslnfo 
AD4S Checkltem AD79 CouldDialog ADAA ChangedResData 
AD46 Getltem AD7A FreeDialog ADAB AddResource 
AD47 Setltem AD7B InitDialogs ADAC AddReference 
AD48 CalcMenuSize AD7C GetNewDialog ADAD RmveResource 
AD49 GetMHandle AD7D NewDialog ADAE RmveReference 
AD4A SetMenuFlash AD7E SetIText ADAF ResError 
AD4B Plotlcon AD7F ISDialogEvent ADBO WriteResource 
AD4C FlashMenuBar AD80 DialogSelect ADBl CreateResFile 
AD4D Add ResMenu AD8l DrawDialog ADB2 SystemEvent 
AD4E PinRect AD82 CloseDialog ADB3 SystemClick 
AD4F DeltaPoint AD83 DisposeDialog ADB4 SystemTask 
ADSO CountMItems AD8S Alert ADBS SystemMenu 
ADSl InsertResMenu AD86 StopAlert ADB6 OpenDeskAcc 
ADS4 NewControl AD87 NoteAlert ADB7 CloseDeskAcc 
ADSS DisposeControl AD88 CautionAlert ADB8 GetPattern 
ADS 6 KillControls AD89 CouldAlert ADB9 GetCursor 
ADS7 ShowControl AD8A FreeAlert ADBA GetString 
ADS8 HideControl AD8B ParamText ADBB Get Icon 
ADS9 MoveControl AD8C ErrorSound ADBC GetPicture 



File: ToolBox Names 
Report: TrapList 
Selection: Value/Trap: 

through Value/Trap: 
Value/ Name: 
------ --------------
ADBD GetNewWindow 
ADBE GetNewControl 
ADBF GetMenu 
ADCO GetNewMBar 
ADCl UniqueID 
ADC2 SystemEdit 
ADC8 SystemBeep 
ADC9 SystemError 
ADCA Putlcon 
ADCB TeGetText 
ADCC TElnit 
ADCD TEDispose 
ADCE TextBox 
ADCF TESetText 
ADOO TECalText 
ADDI TESetSelect 
ADD2 TENew 
ADD3 TEUpdate 
ADD4 TEClick 
ADDS TECopy 
ADD6 TECut 
ADD7 TEDelete 
ADD8 TEActivate 
ADD9 TEDeactivate 
ADDA TEldle 
ADDB TEPaste 
ADDC TEKey 
ADDD TEScroll 
ADDE TEInsert 
ADDF TESetJust 
ADEO Munger 
ADEI Hand To Hand 
ADE2 PtrToXHand 

·ADE3 PtrToHand 
ADE4 Hand And Hand 
ADES InitPack 
ADE6 InitMath 
ADE7 PackO 
ADE8 Packl 
ADE9 Pack2 
ADEA Pack3 
ADEB Pack4 
ADEC PackS 
ADED Pack6 
ADEE Pack7 
ADEF PtrAndHand 
ADFO LoadSeg 
ADFI UnLoadSeg 

equals AOOO 
equals AFFF 
Fields: 

ADF2 Launch 
ADF3 Chain 
ADF4 ExitToShell 
ADF5 GetAppParms 
ADF6 GetResFileAttrs 
ADF7 SetResFileAttrs 
ADF9 InfoScrap 
AD FA UnloadScrap 
ADFB LoadScrap 
ADFC ZeroScrap 
ADFD GetScrap 
ADFE PutScrap 

P.age 4 
Feb 8.1984 



ROM 7.0 MacsBug Summary 

To use MacsBug, include it on your Mac diskette. The system will say 'MacsBug 
installed' when the diskette is booted. You may also include the Disassembler 
in the same manner. 

The Mac's modem port should be connected to another computer or terminal 
running at 9600 baud, no parity. Press the interrupt switch after booting the 
disk. The mouse should freeze and no error message should appear. On the 
terminal, a register dump should appear, and an asterisk '*' prompt. 

Commands available: 

DM Di splay Memory DM 100 
SM Set Memory SM 0 1 

011 Display /Set data register II 
All Di'splay/Set address register II 
SR Display /Set status register 
PC Display/Set program counter 
US Display/Set user stack 
SS Display/Set supervisor stack 

BR Display/Set break points 
(up to eight) 

A Display all address registers 
D Display all data registers 
TD Display all registers 

CV Convert between base 10 and 16 
(all arithmetic is 32 bit) 

100 
23456 

(normally A7 ) 
(normally A7 ) 

To do hexidecimal addition, use CV $num1,num2 

DM RA7,-10 20 
SM 0 'ABCDE' 

DO OOOOFFFF 
AO 

BR 
BR 4Doo 552A 
BR CLEAR 

CV $FDEF 
CV &65536 

To do hexidecimal subtraction, use CV $numl,-num2 
To do hexidecimal negation, use CV $-num1 

G Go 

T Trace 

AT Trace Traps 

(continue) 
(start at 4400) 
(continue until PC = 55EA) 

(traces all traps) 
(trace GetNextEvent) 
(trace all Bit Traps) 
(trace GetNextEvent in code 
block at 5000 - 53FF) 

(trace all Bit Traps in code 
block at 5000 - 53FF) 

G 
G 4400 
G TILL 55EA 

T 17 

AT 
AT 170 
AT 158 15F 

AT 170 5000 53FF 

AT 158 15F 5000 53FF 



AB 

HD 

AD 

AX 

IL 

10 

/ 

, 
RAil 
RD/I 

AH 

Break Traps same as AT, but breaks before executing trap 

Handle Display lists all allocated handles HD 

Data Break AD 158 lSF 5000 53FF 

A simple checksum is calculated for the specified memory range. 
As each Trap is encountered, the checksum is recalculated. 
If the checksum differs, the debugger breaks. This call must 
be made with all four arguments. 

Cancel Break 

Clears the current AT, AB, AR, AC, or HS command 

Disassembler Calls 

List 
lists the next 20 instructions 

List One 
lists one instruction 

Command Separator 
Last Address 
(for OM jj SM, IL, 10) 
Offset 
Address Register 
Data Register 

Heap Break 

Debugger Notation 

Advanced Debugger Calls 

AX 

IL 4DOO 
IL 

10 4000 
10 

SM PC 4E71 

OM • 100 

/ G 

OM .,100 100 
OM RA7,-10 20 
SM RAO, RD2 

AH 158 lSF 

A heap check is made as each specified Trap is encountered. 
If $1A3E8 = a then the applzone is checked. (default) 
If $lA3E8 <> a then SysZone is checked. The trap range must 
be greater than $2E. 

An error returns: Bad Heap at Al A2 where: 
Al = the previous block pointer 
A2 = the bad block pointer 



He Heap Check HC 

This call checks the heap as described in AR. An error is 
returned if any of the following conditions are true: 

HS 

MR 

The block size is past the top of memory 
The block size is odd 
For tree blocks, the next link is negative or past the top of memory 
For tree blocks, the previous link is negative or past the top of memory 
For reI. blocks, the back pointer is odd 
The heap base + back pointer is past the top of memory 
The heap base + back pointer do not point to the right master pointer. 

Heap Scramble HS 

If the traps NewPtr, SetPtrSize, NewHandle, SetHandleSize, HandleZone or 
ReAllocHandle are encountered, the heap is scrambled before executing 
the trap. It also preforms a heap check before scrambling on all traps 
> 30. 

Magic Return MR 

This assumes the first word on the stack is a return address generated 
by a BSR or JSR. It substitutes a break point for the return address. 
The execution continues until a break occurs. Then, SR is restored. 

This is not nestable. All other break point commands are still active. 

Known Problems 

It is a good idea to initialize DM and IL. DM 0, and ID PC, for 
example. 

DM RA5, as example, intermittently generates an address error. 
To fix, explicitly type the address in register. 

SM PC 4E71, for example, makes the system respond unreliably if 
a trap or breakpoint was set at that location. 

AT, as example, returns a Line 1111 exception. To fix, reboot. 



Pascal Program Debug Strategy 

Use DM to determine where the program is in memory. Seven letters of each 
procedure and function will appear in the ASCII columns. (The first letter 
has its high bit set.) The user program usually starts about 4DDO. The 
mainline procedures and functions are first, followed by the units and 
external procedures and functions in the order that you link them. Each 
procedure or function name suceeds the procedure or function code. To make 
life easier, link your own units before linking ToolTraps, MemTraps and 
MacPasLib. 

If the program doesn't appear to work at all, find the address of the start 
of the program. It will be immediately after the name of the last procedure 
or function. 

If you disassemble at that address, you will see a LINK instruction for A6 and 
a LINK instruction for AS. These address registers are used by Pascal to 
locate all variables and procedural parameters. Global variables are 
referenced negatively off AS. Local variables are referenced negatively off 
A6. Procedural parameters are referenced with a positive offset from A6. 

ToolBox calls and other calls to unit-resident procedures and functions are 
made through JSR *+addr instructions. The table ToolTraps is linked to your 
program, and contains all of the actual calls themselves. 

If you are writing a Pascal program that uses the ToolBox, the first thing 
you probably do is: 

InitGraf (@thePort); 

This assembles into: 

LEA 
MOVE.L 
JSR 

$FF1E(AS),AO 
AO,A7 
*+addr 

You should see this shortly after the LINK instructions. This establishes 
the beginning of your program. 

To find out where this program fails, interrupt the Finder. Set G TILL addr 
where addr is the beginning of your program. Restart your program. If the 
program breaks sucessfully at that point, continue to use G TILL to selectly 
execute your program until it fails more spectacularly, or locks up. 

You will find that the 68000 code that the Pascal compiler produces is 
reasonably readable, and that the compiler produces smart code. 



To complement the debugger information, you may want to add debugging code. 
in your program itself. One easy way to do so is to do WRITE s or WRITELN s 
to the .BOUT port. This information will appear on your debugging terminal. 
The code fragments required look like: 

VAR debug : TEXT; 

REWRITE (debug, '.BOUT'); 

WRITELN (debug, chr(10) {linefeed}, 'This is a test', 12345); 

WRITE and WRITELN support strings, chars, packed array of chars, integers, 
and booleans. 



The MtJcP22int Document Form22t 
by B111 Atkinson 

MacPaint documents are easy to read and write, and have become a 
standard Interchange format for full-page bitmap Images on Macintosh. 
Their Internal format Is described here to aid program developers .In 
generating and reading MacPalnt documents. 

MacPalnt documents use only the data fork of the file system; the resource 
fork Is not used and may be Ignored. The data fork contains a 512 byte 
header and then the compressed data representing a single bitmap of 576 
pixels wide by 720 pixels tall. At 72 pixels per Inch, this bitmap occupies 
the full 8 by 10 Inch printable area of the Imagewriter printer page. 

HEADER: 

The first 512 bytes of the document form a header with a 4 byte version 
number (default • 2), then 38-8 • 304 bytes of patterns, then 204 unused 
bytes reserved for future expansion. I f the version number is zero. the 
rest of the header block is ignored and default patterns are used, so 
programs generating MacPalnt documents can simply write out 512 bytes 
of zero as the document header. Most programs which read MacPaint 
documents can simply skip over the header when reading. 

BITMAP: 

Following the header are 720 compressed scanllnes of data which form the 
576 wide by 720 taU bitmap. Without compreSSion, this bitmap would 
occupy 51840 bytes and chew up disk space pretty fast; typical MacPalnt 
documents compress to about 10 Kbytes using the PackBlts procedure In 
the Macintosh ROM to compress runs of equal bytes within each scan line. 
The bitmap part of 8 MacPalnt document Is simply 720 times the output of 
PackB Its with 72 bytes Input. 



READING SAMPLE: 

CONST srcBJocks = 2; (at least 2, bigger makes It faster) 
srcSlze - 1024; (512· srcBlocks ) 

TYPE dtskBlock· PACKED ARRAY[ 1 .. 512) OF QOByte; 
VAR srcBuf: ARRAY[ 1 .. srcBlocks] OF dtskBlock; 

srcPtr,dstPtr: aOPtr; 

( skip the header) 
ReadOata(srcFlle,osrcBuf,512); 

(prime srcBuf ) 
ReadOata(srcF I Ie, osrcBuf ,srcS Ize); 

( unpack each scanl1ne Into dstBtts, reading more source as needed) 
srcPtr :. ttsrcBuf; 
dstPtr:- dstBtts.baseAddr; 
FOR scanL Ine:- 1 to 720 00 

BEGIN 
UnPackBtts(srcPtr,dstPtr,72); ( bumps both ptrs ) 
( time to read next chunk of packed source ? J 
IF ORO(srcPtr) ) ORO(t'srcBuf) + srcSlze - 512 THEN 

BEGIN 
srcBuf[ 1] :- srcBuf[srcBJocks]; ( move up last block) 
ReadOata(srcFiJe,t'srcBuf[2],srcSlze-SI2); 
srcPtr:- Polnter(ORO(srcPtr) - srcSize + 512); 

END· , 
END-• 



WRITING SAMPLE: 

To write out a 576 by 720 bitmap which is contained in memory, the 
following fragment of code could be used: 

TYPE dlskBlock-
V AR srcPtr,dstPtr: 

dstBuf: 
dstBytes: 

PACKED ARRAY[ 1 .. 512] OF OOByte; 
OOPtr; 
diskBlock; 
INTEGER·· , 

( write the header, ai' zeros) 
FOR t :- 1 to 512 00 dstBuf[t] :- 0; 
WrtteOata(dstFi le,odstBuf,512); 

( Compress each scanltne and write it ) 
srcptr:- srcBtts.baseAddr; 
FOR scanL ine:- 1 to 720 00 

BEGIN 
dstPtr :- .dstBur; 
PackBits(srcPtr,dstPtr,72); 
dstBytes :- ORO(dstPtr) - ORD( OdstBuf); 
WrlteData(dstFtle,t'dstBur,dstBytes); 

END; 

( bumps both ptrs) 
( calc packed size) 
( wri te packed data ) 



December 8, 1983 

TO ~t~CINTOSH SOFTWARE DEVEWPERS: 

We hope that this letter finds all of yru busy at work 00 yrur applicaticn for Macintosh. 
We at Apple are very excited to have yru as a software developer and look forward to 
seeing yoor product 00 Macintosh. 

The p..1rpose of this letter is to inform yoo that with 00 incremental effort, yoor 
applicatim will also run 00. the Lisa system. We will provide a Macintosh envirmment for 
the Lisa which allows Macintosh software to run standalone al the Lisa withoo t any 
modificatim. Specifically, we will be marketing a single diskette which will boot the Lisa 
into a Macintosh environment and allow the Lisa to use the extentsive software base we 
expect to be offered for Macintosh. 

From a user's perspective, using Macintosh software 00 the Lisa wruld work as follows: 

• The user wruld boot the Lisa from a 3-1/2" microfloppy diskette using a 
microfloppy drive supplied for the Lisa. 

• By then inserting their Macintosh applicatim dis kette, they are ready to 
work. 

In additicn to just being able to run Macintosh software, the user will also be able to take 
advantage of the additirnal memory in the Lisa as well as the larger screen. At some point 
in the future we also plan to have this envirmment support Lisa's hard disk. 

So by following some simple rules in writing yoor Macintosh software (see attached), yru 
will be able to leverage your efforts over both machines. We already have a substantial 
installed base of Lisa's which is growing daily. These Lisa users are anxioos for the 
types of applicatiens which yru are developing for Macintosh and thus represent a sizable 
market to you. 

I wruld strcngly urge yoo to following the attached directicns in writing yoor Macintosh 
applicaticns. Not enly will they insure yrur current ability to sell ycur software en the 
Lisa, but will also make it much more likely that yrur software will run CJ1 future 
Macintosh products. Additicnally, I can provide yru with informatiCJ1 al cq:>y protecticn 
implementaticns which will insure that ycur software is viable al both the Lisa as well as 
Macintosh. 

If ycu have any questiens, please either ¢ve me a call or doo't hesitate to call Burt 
OJmmings in the Lisa grrup. We are both here to help yru succeed and are very excited 
aboot the prospects for the software yru have underway. 

Sincerely, 

/~I ( 1/1 
Mike Boich 
Apple Complter, Inc. 



Notes for applications concerned with LisaMac 
compatibili ty 

Date: Decemoer 5,1983 

The fOllowIng Is a compendIum of suggestions Intenaed to help guIde anyone WhO wants 
to write software tnat wIll run on OOtrl Maclntostl, and LIsa 2. 

(1) The sIze Of trle screen, or rowbytes, shOuld never be assumed. AA appl1cation can 
always determ1ne tne sIze Of tne screen by lOOKIng at tne 't>OUl"lOs" field of the 
QulcKDraw glObal vartaole "ScreenS I ts". 

In Pascal this mlgnt lOOK l1ke: 

thisSereenSlze :- ScreenBI ts.Oounos 

wtlere U11ssereenslze Is of TYPE ReeL 

In Assembly U1Is mIght looK llKe: 

MOVE.L bOUncJs(AO)AAO) 
MOVE.L(AO). AA1)· 
I'1OVE.L(AO)· AA1)· 

; get start of screenbl ts.OoundS 
; copy topLeft 
; copy oottomRlgtlt 

where AO Is the aOdress of the QulcKDraw glooal ·Screen81ts" ... and Al points to 
our screen size. 

(2) Use of souna should be limited to only the routine -SysBeep". Later on it may Oe 
possible to loosen thIs constraInt to Incluae access to tne square wave generating 
capat>ilities of the sound driver. 

(3) The size of memory should not Oe assumed. Memory size can be determineo oy 
using system routines sucn as "FreeMem". 

(4) Most, If not all, attempts to access tlarctware dlrectly (e.g. BTST #3,~tSEXXXXX to 
see if the mouse bUtton is up or down) will result in fatal system errors. 

(5) In general, access to system globals snoula be througt'", system routines. Pemaps 
later on there wUI be tlme to complle a l1st of tnose few glODal variables wtllcn, In 
fact, are not valid. 

(6) Do not use the T p.s (test and set) instruction Of the 68000. A BSET instruction is 
not that mucn slower. 

(7) me screen memory stloulC not be accessec alrecuy. All screen access Should be 
U'lrougt'l QulckDraw. 

(8) The ROM code should not be accessed (I.e. jumped into) directly. 

(9) The address of the dispatch table (used in replacing traps) should not be assumed. 
The address of inaiviaual traps can be determined by using the system routine 
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"Get TrapAddress". 

(10) A program snoula not count on parameter memory being saved across system boots; 
"TIme" wIll be savea hOWever. In tile case of a power lass, all parameter memory 
InclucJlng TIme will be Inl U all Zed. 

(11) Serial port "S" (I.e. one of the two serial ports) wUI not support 19.21< bCU1 

(12) TImIng sensltlve parts Of programs snoula not be Implemented wltn timing loops, or 
otner appl1caUon Internal timIng methOos. Instead, use "ReaaDateTlme" for 1 
secona values or lOOk at tne "TICkSIlt glObal for • 1/60 sec~ values. 

(13) Software protection???????? 
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Date: March 21, 1984 
To : ~le 32 Developers 
From: Jeff Parrish 
Re: Information t.pjate 

Information ~e to developers: 

Your programs need to be able to test Wlether they are 
rtIT1ing on a Macintosh or on a Lisa. 

Byte .OOOO9H FF implies Lisa 

Pos1tive number implies MacintoSh; 

SO, Tst.B $400009 

BtlI lisastuff (label of your choice) 

Beglmlng of Mac COde 



Date: 

To: 

Re: 

3 October 1983 

Mac Developers 

Mac serial connector pinout 

1 - GND 
2 - +5 (may turn into an output handshake line-don't use!) 
3 - GND 
4 - TXD+ 
5 - TXD-
6 - +12 (for detecting power on ONLY!) 
7 - HSK (CTS or TRxC, depending on 8530 mode) 
8 - RXD+ 
9 - RXD-

For more-or-less RS232, use GND, TXD-. RXD-. The TXD+ and RXD+ 
signals provide RS422/423 compatibility. 

The HSK (handshake) line (an input) connects to both CTS and to 
TRxC on the 8530. It can be used either for CTS, or for external 
clock depending on the mode the 8530 is in. As RS232 handshake, 
it usually connects to pin 20 on a DB-25. 

For the Exceedingly Curious ••• 

Signal lines go through a "deglitch" network, which is a "T" 
consisting of 25-50 ohm resistors and 200 pf to ground. 

We use 26L530 and 26LS32 interface chips between the 8530 SCC and 
the outside world. 

The 8530 Data Carrier Detect lines (*DCDA pin 19 and *ncDB pin 21) 
are used as mouse inputs and generate interrupts used to detect 
mouse motion (!!!). 

The Mouse Pinout 

1 - GND 
2 - +5 (Mouse ONLY! ) 
3 - GND 
4 - X2 (to 6522 PB4) 
5 - Xl (to 8530 *DCDA) 
6 - No connect 
7 - *SW (to 6522 PB3) 
8 - Y2 (to 6522 PBS) 
9 - Y1 (to 8530 *DCDB) 

Bob Martin 


