














































































































































































































































































































































































































































































MACINTOSH C PROGRAMMING BY EXAMPLE 

The interface to these routines is based on the concept of a variant record parameter 
block, implemented with a union in C. You use one of three variants of the parame­
ter block, your selection depending on which File Manager routine you're calling. 
The input requirements are different for each routine. 

The parameter block contains everything you want to know about a volume, file, or 
access path, depending on the variant. Each PB routine has its own set of input and 
output parameters of interest, so you can't work with these routines without a copy 
of Inside Macintosh open on your desk. Even then, you're in deep muck. 

Figure 10-9 is an excerpt from the documentation for the call PBHGetF!nfo, which 
returns file system information about a file in the hierarchical file system. It should 
give you a feel for the low-level documentation. 

OSErr PBHGetFinfo C HParamBlkPtr paramBlock, Boolean asynch ); 

Parameter Block 

--> 12 ioCompletion pointer 
<-- 16 ioResult word 
<-> 18 ioNamePtr pointer 
--> 22 word 
<-- 24 ioFRefNum word 
--> 28 ioFDirlndex word 
<-- 30 ·. ioFlAUrib byte 
<·- 32 i oFl Fndrlnfo 16 bytes 
<-> 48 i oDi rlD long word 
<-- 52 ioFl StBl k word 
<-- 54 i oFlL!}J:,en long word 
<-- 58 ioFlPyLen 1 ong word 
<-- 62 ioFl RStBl k word 
<-- 64 ioFlLgLen long word 
<-- 68 ioFlRPyLen long word 
<-- n 1 oFl CrDat long word 
<-- 76 1oF1MdDat long word 

Figure 10·9. 
PBHGetFinfo documentation excerpted from Inside Macintosh. 

Note the arrows. The ones that point east(-->) specify inputs to the routine. The 
ones that point west (<--) specify outputs. The ones that point both ways (<->) 
specify data that passes in and out of the routine, whatever that means. 
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10: THE MACINTOSH FILE SYSTEM 

Which variant of the parameter block do you use? Notice the Fl in the names of the 
fields ioFIAttrib, ioFlLgLen, ioFlCrDat, and so on. This Fl, and the fact that you're get­
ting file information, is the tip-off that you use the fileParam variant. The other two 
variants are ioParam to access open files and volParam to return volume 
information. 

Look at the numbers column's 12, 16, 18 .... These numbers are offsets of the fields 
from the beginning of the structure, which should tip you off-these calls are for 
assembly language programmers. If you're going to do your work down here, you'd 
better know what you're doing. 

PBHGetF/nfo returns a hodgepodge of data about the file: the open file's number 
and its directory number, data about the file's Finder Information in the ioFlFndrlnfo 
field, the file's data and resource fork sizes and logical and physical end-of-file marks, 
and the file's creation and modification times. 

Our problem with this low-level File Manager interface is that it's really a Device 
Manager interface, and, as proponents of layered design, we believe that applica­
tions should not be mucking around with devices. 

Fortunately, there is an alternative: the high-level interface to the File Manager. For 
most applications, the high-level interface routines are sufficient, and they're easier 
to use. These are the routines that don't begin with PB. Some begin with the prefix 
FS, as in FSOpen, FSRead, and FSWrite. Others are named according to their actions, 
as in Create, GetEOF, and SetVol. 

The high-level interface provides 75 percent of the functionality of the low-level 
interface, and its procedures are easier to understand. The routines are more specific 
and therefore more modular-you won't be getting a lot of data that you won't use. 
For example, GetFinfo, which returns the Finder information data in the Flnfo data 
structure and whose declaration is shown in Figure 10-10, returns the same data 
found in the ioFIFndr!nfo field of the ioParamBlk. 

OSErr GetFinfo < Str255 filename, int volRefNum •. 

typedef struct Flnfo 
{ 

OSType fdtype, 
fdCreator; 

int fdlqags: 
Point fdlocatfon: 

Figure 10·10. 
GetFinfo declaration. 
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Flndl119 the Free Space 111 • YoJ••• 
Sometimes you have to use the low-level File Manager. If your application 
needs to know the amount of available space on a disk, it has tg get ~ 
volume information. The volume record; which resides on block 2 of die 
disk, contains information such as the volume name, the number of files in 
the volume, the block size of the volume, and the number of block$ in ~ 
volume. Access to this data is by means of the PBHGetVIn/o routine, which is 
a low-level File Manager routine. PBHGetVIn/o returns data in a hierarchiQll 
volume information parameter block. The fields ioVFrBlkand ioVAlBlkStzlb. 
the parameter block contain the number of free blocks and the block size. 
You multiply these values to get the total number of free bytes in a volume:~ 
This code fragment shows how to get the available bytes: 

unsigneq long 
HParamBlockRec 
OS Err 

sizeAvail, blkSize, freeBlks: 
bl k: 
err: 

I• initialize parameter block •/ 
blk.volumeParam.ioCompletion = 0L: 
blk.volumeParam.ioNamePtr = 0l: 
blk.volumeParam.ioVRefNum = volRefNum: 
blk.volumeParam.ioVollndex = 0: 

err= PBHGetVInfo C&blk, false): // get the volume information 

I• do everything as long arithmetic •/ 
sizeAvail = 0L: 
if (err == noErr) 
{ 

freeBlks = blk.volumeParam.ioVFrBlk: 
blkSize = blk.volumeParam.ioVA1BlkSiz: 

sizeAvail = freeBlks * blkSize; 

The initialization of the parameter block determines where PBH~tVIn.frl, 
searches for the data. If the value of the toVollndex field is 0, as .it is ttitbe ··~· 
ample we show here, PBHGetVIn/o uses the volume reference number, passec,l 
in io VRefNum, to access the volume. 

Using the File Manager 
Users of most applications will want to create a file, write some data in it, and close 
the file. Later the user will want to read the data in the file. In Figures 10-12 and 10-13, 
we'll show code that performs the basic File Manager routines using the high-level 
interface and the low-level interface. 
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When the user creates a new file, the application still needs to open it in order to 
write the data. In Figure 10-11, createFileFS() uses the high-level interface to the File 
Manager to create a file, open it, and return a file reference number. The file creator 
is 'KWGM', and the file type is 'TEXT'. 

Notice that createFileFS() always checks the return values of the File Manager rou­
tines, which are placed in the local variable err. This error checking is important. 
Many things can go wrong with File Manager calls that create files or that otherwise 
modify data in a volume: The disk could be locked, the volume could be locked, the 
directory could be full, the disk could be full, and so on. We'll present a general pur­
pose File Manager error handler in the next chapter. 

createfileFS--uses high-level File Manager routines to 
create a file specified by fileName and volRefNum, 
open the file, and return a file reference number. 
Returns -1 if failed. 

*' short 
createFileFS (StringPtr fileName, short volRefNum) 
{ 

} 

short fileRefNum: 
OS Err err: 

fileRefNum = -1: 
if (err= Create CffleName, volRefNum, 'KWGM', 'TEXT')) 
{ 

/* process error */ 
} 

else 
{ 

} 

if <err = FSOpen (fileName, volRefNunt, &fHeRefNum)) 
{ 

/* process error *' 
} 

return (fileRefNum); 

Figure IO· 11. 
createFileFS uses the high-level interface to the File Manager routines to 
create a file. 

In Figure 10-12 on the next page, createFilePB() uses the low-level interface to the 
File Manager, which calls for much more code. The parameter block has to be initial­
ized with the file name and the volume reference number that were passed to the 
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function as parameters. We also have to set the function pointer ioCompletion to 
null. If this value were nonzero, the File Manager would treat the value as a function 
pointer and try to execute at this location. 

When we use the low-level interface, we have to explicitly set the file signature data, 
but, before we can set the information, we must get the existing information with 
PBGetF!nfo. This initializes the parameter block so that all values are correct when 
we write it back with PBSetF/nfo. 

createFilePB--uses low-level File Manager routines to 
create a file specified by fileName and volRefNum, 
open the file, and return a file reference number. 
Returns -1 if failed. 

*f 
short 
createFilePB (StringPtr fileName, short volRefNum) 
{ 

short fileRefNum: 
OSErr err: 
ParamBlockRec filePB; 

fileRefNum = -1; 

filePB.ioParam.ioCompletion = 0L: 
filePB.ioParam.ioNamePtr = fileName; 
filePB.ioParam.ioVRefNum = volRefNum: 
filePB.ioParam;ioVersNum = 0:· 

if (err = PBCreate (&filePB, false)) // create the file 
{ 

else 
{ 

f* process error *f 
return (err); 

filePB. ioParam. ioNamePtr = fileName: 
filePB.ioParam.ioVRefNum = volR~fNum: 
filePB.ioParam.ioVersNum = 0: 
filePB.ioParam.ioCompletion = 0l; 
filePB.ioParam.ioPermssn = fsWrPerm; 
filePB.ioParam.ioMisc = 0L; 

Figure 10·12. (continued) 
createFilePB uses the low-level (parameter block) interface to the File 
Manager routines to create a file. 
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Figure 10·12. continued 

} 

if (err = PBOpen (&filePB, false)) 
{ 

/* process error */ 
return (err); 

I* set up fcb for Finder Info *' 
filePB.fileParam.ioFVersNum = 0: 
filePB.fileParam.ioFDirlndex = 0: 

if (err = PBGetFinfo C&filePB, false)) 
{ 

/* process error */ 
return (err); 

/* set file type and creator */ 
filePB.fileParam.foFlFndrlnfo.fdType = 'TEXT': 
filePB.fileParam.ioFlFndrlnfo.fdCreator = 'KWGM': 
filePB.fileParam.ioFlFndrlnfo.fdFlags = 0: 

if (err = PBSetFinfo C&filePB. false)) 
{ 

} 

I* process error *I 
return Cerr); 

return (fileRefNum>: 

Writing the file is simply a matter of calling PS Write or PB Write using the open file's 
reference number. Figure 10-13 shows how to write the file using the high-level 
i.nterface. 

'* 

*' 

writeFileFS--uses high-level File Manager routines to 
write the size in bytes from the buffer to the file 
referred to by fi 1 eRefNum •. Retu.rns t.he•>number of · 
characters written if OK; eFror if not OK. 

Figure 10·13. (continued) 
Writing data to a file using the high-level interface to the File Manager routines. 
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Figure 10·13. continued 

short 
writeFileFS (short fileRefNum, Ptr buffer, long size) 
{ 

OS Err err: 
1 ong nw: 

nw = size: 

err= FSWrite (fileRefNum, &nw, buffer): 
if Cnw != size II err) 
{ 

I* process error *I 
nw = err: 

return Cnw>: 

Figure 10-14 shows you how to write the file using the low-level interface. 

I* 
writeFilePB--uses low-level File Manager routines to 

write the size in bytes from the buffer to the file 
referred to by fileRefNum. Returns the number of 
characters written if OK: error if not OK. 

*I 
short 
writeFilePB (short fileRefNum, Ptr buffer, long size) 
{ 

OSErr err: 
long nw: 
ParamBlockRec filePB: 

filePB.ioParam.ioCompletion = 0L: 
filePB.ioParam.ioRefNum = fileRefNum: 
filePB.ioParam.ioBuffer =buffer; 
filePB.ioParam.ioReqCount =size: 
filePB.ioParam.ioPosMode = fsFromMark: 
filePB.ioParam.ioPosOffset = 0L: 

Figure 10·14. (continued) 
Writing data to a file using the low-level interface to the File Manager routines. 
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Figure 10·14. continued 

} 

err = PBWrite C&filePB, false): 

if Cfi1ePB.1oParam. ioReqCount I= size II err> 
{ 

} 

I* process error *I 
nw = err: 

return Cnw>: 

There is a third, THINK C, alternative to the low-level interface. The THINK C com­
piler supports the full ANSI C stdio library. This library has more functions than the 
high-level routines and is handy if you want your I/0 modules to maintain com­
patibility with non-Mac systems. These are the routines based on the standard file 
streams. THINK C provides the same interface routines you'd find in a UNIX or MS­
DOS environment, along with source code. Studying the source code is a great way 
to learn about the low-level File Manager interface. 

In the next chapter, we'll look at Browser, a file browser that uses the File Manager 
routines to read files on disk. You'll see examples of how to read both the data fork 
and the resource fork. 
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BROWSER: OUR 
CULMINATING 
APPLICATION 

In the last chapter, we saw how the File Manager interacts with the hardware at one 
end and with programs at the other to create the illusion of the Macintosh's hier­
archical file system. Because of the volume of File Manager information, Chapter 10 
had to have a theoretical slant. In this chapter, we'll put theory into practice, using 
the File Manager to support the foundation of our handy file viewing utility, Browser. 

Browser can open any file in the desktop-even those files represented by the 
generic desktop icon. Browser can open files in two modes: In the text mode, it 
opens ASCII files and displays them using TextEdit; in the binary mode, it opens any 
file, either its data fork or its resource fork, and has a debuggerlike interface. 

Browser is based on the multiple window generic application multiGeneric of Chap­
ter 7 but also uses the scroll bars of Chapter 8 and the Standard File Package de­
scribed in Chapter 9. Browser is the "thesis" application of this book-it combines 
all the skills we've discussed so far into a single application. 

In the beginning of this chapter, we'll revisit the Standard File Package to see how to 
limit SFGetFile's file list to text-only files. Then we'll see how to use the File Manager 
routines in an application. Finally, we'll look at Browser's implementation of the two 
display modes, text and binary. 
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Inside Browser 
Browser 's main task is to display a file's contents. In order to do that, it needs to 

• put up SFGetFile for file selection 

• open the selected file 

• read some of the file data into a document buffer 

• set up a document according to viewing mode and display it in response to an 
update event 

In text mode display, the file's data has no format and appears as it would in any edi­
tor. Figure 11-1 shows text mode output. 

Figure 11-1. 
Browser's text 
mode display. 

D RboutBOH.C 
I* *************************************•*************************************** 
FILE : AboutBox . c 

DESCRIPTION : AboutBox utilities 

AUTHOR : Kurt W. G. t1attbies 

Copyright © 1990 by Kurt W.G. t1atthies, All Rights Reserved. 

Revision History : 

Spring 1991 - Version 1 . O 

¢J 

E!ll 

Browser 's binary mode display is evolved from a long line of file dump utilities: 
UNIX's od, CP/M's DUMP, and MS-DOS's DEBUG. Browser displays 256 bytes, 16 
lines of three columns each, of the file at a time. Figure 11-2 shows an example of 
Browser's binary mode output. 

Figure 11 ·2. 
Browser's binary 
mode display. 
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D RboutBoH.C 
Browser 2 . o Data .fork 3824 bytes 

00000 2F 2A 20 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A I* ************* 
00010 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A ****'*'*********** 
00020 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A **************** 
00030 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A ****"'*********** 
00040 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A **************** 
00050 OD 09 46 49 4C 45 3A 20 09 09 09 41 62 6F 75 74 .. FILE: .. . About 
00060 42 6F 78 2E 63 OD 09 OD 09 44 45 53 43 52 49 50 Box.c. ... DESCRIP 
00070 54 49 4F 4E 3A 20 09 41 62 6F 75 74 42 6F 78 20 TIOll : .About.Box 

00080 75 74 69 6C 69 74 69 65 73 OD OD 09 41 55 54 48 utilities . .. la.tl'l'}( 

00090 4F 52 3A 09 09 09 4B 75 72 74 20 57 2E 47 2E 20 OR: .. . Kurt W. G. 
OOOAO 4D 61 74 74 68 69 65 73 OD 09 09 OD 09 43 6F 70 tfe.tthies. . .. . Cop 
OOOBO 79 72 69 67 68 74 20 A9 20 31 39 39 30 20 62 79 yright 1990 by 
oooco 20 4B 75 72 74 20 57 2E 47 2E 20 4D 61 74 74 68 Kurt W.G. tt.tth 

OOODO 69 65 73 2C 20 41 6C 6C 20 52 69 67 68 74 73 20 ieos , All Rights 
OOOEO 52 65 73 65 72 76 65 64 2E OD OD 09 OD 09 52 65 Res•rved. ..... Re 

OOOFO 76 69 73 69 6F 6E 20 48 69 73 74 6F 72 79 3A OD vision History : . 

=·l 

'"" 
!1':1:m1'1:1' 
,, 
!:; 
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In the far left column in the window, Browser displays the current file offset relative 
to the beginning of the file. To the right of the offset, the file's data is displayed 
twice: In the center column, Browser displays the bytes in hexadecimal format, 16 
characters to a line; on the far right, Browser repeats the line in ASCII form, display­
ing nonprintable characters as dots. 

The underlying scroll engine differs for the two display modes. In text mode, 
Browser scrolls a line at a time, so Browser's curScroll tracks the line number and 
maxScroll contains the total lines of text. In binary mode, Browser scrolls one page 
at a time. Browser's curScroll value therefore tracks the page number, and max­
Scroll contains the total pages. 

Data buffering also differs in the two modes. In text mode, Browser reads all of the 
file's data into a TextEdit structure and stores the corresponding TEHandle in the 
contentHdl field of the Doc structure. 

Using TextEdit for display has a built-in limitation. According to Inside Macintosh, a 
TextEdit structure has a 32,000-character limit. Browser's text mode simply accepts 
this limit: It truncates the file to 32,000 bytes, ignoring any file data that's over the 
limit. Use of Browser's text mode for editing is of course limited to files of the size 
Browser can view in text mode. We'll leave it to you readers to figure out how to ex­
tend the text editing capabilities of Browser. (Hint: Arbitrarily split files into smaller 
chunks, and make separate TextEdit structures for each chunk. Manage the chunks 
so that the seams between them are invisible to the user. Alternatively, rewrite 
Browser's binary mode code so that it uses TextEdit to display a file, a page at a 
time.) 

Browser's binary mode has no such character limit. In binary mode, Browser buffers 
a screen of characters-256 at a time. When the user scrolls the document forward, 
Browser reads the next 256 characters according to the scrolled document's position. 
As the user scrolls the document backward, Browser reads the previous 256 charac­
ters. The buffering process is quick, and, because the buffer is small, the binary 
mode requires only a little space for each open document. 

Selecting File Types: File Signatures 
In binary mode, Browser can open either fork of any file. In text mode, Browser 
opens only the data fork of an ASCII file. 

The file system maintains file identification data-called the file signature-for 
each file in a directory. The data consists of the file's creator and the file's type. The 
file creator value identifies the application that created the file; the file type value 
identifies the kind of data the file contains. This information binds an icon to the file. 
Finder keeps the information for every file in the desktop. In System 7.0, the informa­
tion is kept in the "desktop database." 
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The signature data is of type OSType, which is 4 characters packed into two words, 
defined in THINK C as a long. An OSType string of characters does not have a count 
byte, as do Pascal formed strings, nor is it null terminated, as C strings are (called 
ASCIIZ strings in MS-DOS documentation). You can define an OSType token string 
with the THINK C compiler by using the single quotation mark('), as in 

'KWGM' 

which the compiler translates into the 32-bit hexadecimal long word 

0x4B57474D 

You would declare a null-terminated C string with double quotation marks, as in 

"KWGM" 

This string translates into the 5-byte, null-terminated hexadecimal sequence 

0x4B 
0x57 
0x47 
0x4D 
0x00 

Reglsterln9 Fiie Sl9natures 
An application developer must register his or her application's file creat()t 
and type with Apple, who makes sure that no two applications share the 
same combination of file creator and type. You can express these values in all 
uppercase characters or in a combination of uppercase and lowercase chat., 
acters. File signatures expressed in all lowercase characters are reserved for 
Apple's use. Examples of some standard file types and signatures are shown 
in the table below. 

Application file Creator fileJYpe 

System MACS ZSYS 
Finder MACS FNDR 
MacWrite MACA APPL 
MacPaint MPNT 
MS Word MSWD 
PageMakeP AID3 
Tycho T~ble Maker Tyco 

and later 

Common file signatures. 
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You declare a Pascal string with double quotation marks and the \ p token, as in 

"\pKWGM" 

and this string translates into the 5-byte sequence 

0x04 
0x4B 
0x57 
0x47 
0x4D 

When it's in text mode, Browser is interested in files of type 'TEXT'-text or ASCII 
files. Browser doesn't care who the creator of the file is. The file creator value simply 
identifies the application that created and therefore "owns" the file. The Finder uses 
the file creator value to launch a file's associated application when you double-click 
on a data file's icon. 

Selecting a File-Revisitecl 
In Chapter 9, we used the Standard File Package to put up the familiar Open dialog 
box that enables the user to navigate the file system and select a file. Browser also 
uses the SFGetFile dialog box, which appears as a result of the SFGetFile routine. 

Chapter 9's Loser required some modifications in the SFGetFile dialog box for its two 
radio buttons. Browser will use the same modified radio buttons for the user's selec­
tion of its text and binary display modes. Browser will use the result of the button 
mode selection to filter the file names that will appear in the dialog box's list box. 

In text mode, Browser is interested only in 'TEXT' files and therefore displays only 
'TEXT' files in its list box. This file filtering behavior is typical of all Macintosh appli­
cations. Our Tycho Table Maker application is interested only in its native table file 
type, 'Tabl' files; Microsoft Word can open its native file type (type 'WDBN'), Mac­
Write files (type 'WORD'), and MacPaint files (type 'PNTG'). 

The SFGetFile routine supports file filtering by type through its typelist argument. 
You tell the SFGetFile routine which file types you're interested in, and the Standard 
File Package displays file names of only that type in the SFGetFile list box. Here's 
how it's done: 

SFTypelist 
short 

typelist; 
numTypes: 

typelist [0] = 'TEXT'; II TEXT type 
numTypes = 1: II one type only (can be up to 4) 

SFGetFile CaPt, promptStr, 0L, numTypes, typelist, ... 

Browser therefore has no need of the file filter hook proc, as Loser did in Chapter 9. 
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Opening a Fiie 
Once the user has selected a file in the Browser SFGetFile dialog box, Browser's next 
step is to use the File Manager to get the file's data, or "read" the file. But remember 
from Chapter lO's discussion of the File Manager that, before you can read a file's 
data, you must first open the file, which sets up an access path to the file. 

When the user selects the Open button in the SFGetFile dialog box, SFGetFile fills an 
SFReply record with the name and the volume reference number of the selected file. 
Browser uses this information to open the file. 

Regardless of whether you're using the MFS (unlikely, but it's always a good idea to 
support the widest user base possible) or the HFS, the values returned in the SFReply 
record are all that the application needs to open the file. We've mentioned this 
before, in Chapter 10, but it's important enough to repeat: In the MFS, the volume ref­
erence number is a true volume reference number; in the HFS, the volume reference 
number is a working directory reference number. Both kinds of references, when 
used with the partial pathname returned in the fName field of the SFReply structure, 
specify a file in a volume. 

Browser uses the function openFile() in the source file FileUtil.c to open either file 
fork-the resource fork or the data fork-for reading. Called from the Open menu 
command, openFtle() is passed a pointer to a FileParams structure. 

Browser uses the FileParams structure to pass information into and out of the File 
Manager utility routines such as openFile(). On entry to openFtle(), FileParams con­
tains the partial pathname and volume reference number that were acquired from 
the SFReply structure. On exit, FileParams contains the open file reference number 
and the file length. 

openFile() performs three standard file system tasks: 

1. First, it opens either the resource fork or the data fork of the file. Browser's 
user interface routine, doGetFile(), sets a bit in the attributes field of the Doc­
Params, based on the user selection. openFile() checks this bit and calls either 
FSOpen, which opens the file's data fork, or OpenRF, which opens the file's 
resource fork. 

2. Once the access path is established, openFile() gets the file's size with GetEOF 
and stores the size in the FtleParams structure. GetEOF is a File Manager rou­
tine that returns the logical end-of-file position. 

3. Finally, openFile() sets the file mark to the beginning of the file with FSSetFPos, 
the File Manager routine that changes the position of the file mark. Figure 11-3 
shows the code for openFile(). 
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*' 

openFile--opens a file, gets the file size, seeks to the 
beginning of the file, and return1 the file 
reference number 6.20.90kwgm 

OS Err 
openFile CDocParamsPtr docParams) 
{ 

OS Err 
long 
short 
Str64 

err: 
fSize: 
vRefNum; 
vol Name: 

Fi 1 eParams 'l<fi 1 eParams: 

fileParams = &docParams->fileParams: 

I* open the file *f 
if (docParams->attributes & kDocDataFork) 
{ 

} 

if (err = FSOpen (fileParams->fileName, fileParams->volRefNum, 
&fileParams->openFileRefNum)) 

doFileCantAlert (fileParams->fileName, kOpen, err, 
kNulPascalStr>: 

return (err>: 

else II resource fork 
{ 

} 

if (err= OpenRF (fileParams->fileName, fileParams->volRefNum, 
&fileParams- >open Fi 1 eRefNum)) 

do Fil eCantA 1 ert ( fil eParams->fileName, kOpen, err, 
kNulPascalStr): 

return {err): 

I• get the file size *' 
if (err = GetEOF (fileParams->fileRefNum, 

&fileParams->fileSize)) 
{ 

doFileCantAlert (fileParams->fileName, kOpen, err, 
kNul PascalStr): 

Figure 1 1 .3. (continued) 
openFile() from FileUtil.c. 
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Figure 11 ·3. continued 

FSClose CfileParams->fileRefNum): 
return Cerrl: 

/* set the mark to the beginning of the file */ 
if (err = SetFPos CfileParams->fileRefNum, fsFromStart, 0L)) 
{ 

} 

doFileCantAlert (fileParams->fileName, kOpen, err, 
kNulPascalStrl: 

FSClose (fileParams->fileRefNuml: 
return (errl: 

return (noErrl: 

I* openFile */ 

Error Handling 
We hope that you noticed the calls to doFileCantAlert(), which openFile() calls 
whenever it detects a File Manager error-that is, whenever the return value of a 
File Manager routine is nonzero. Checking the return value of File Manager routines 
is good, defensive programming-so many things can and do go wrong. 

File errors during a file open come in various kinds: damaged medium errors, bad 
directories, too many files open, errors in name or number, and a host of other prob­
lems. If you ignore these errors, you'll create a chain of bugs that will eventually 
cause your program to crash. If you program defensively by checking the result code 
of each File Manager routine, your program can notify the user of the error and back 
out of the problem gracefully. 

The functions of the File Manager return an OSErr value, which is typed as a short 
integer. This numeric value is a token that represents a file system error. The File 
Manager returns noErr, which is equal to 0, at the successful completion of a rou­
tine, but a host of negative values are possible when things go bad. Symantec ships 
the OSErr tokens as values in the header file Files.h. Figure 11-4 shows some errors 
an application could encounter during an open operation. 

We've developed a set of routines that deal with file system errors. You'll find them 
in the source file FileErr.c. The function doFileCantAlert() is the programming inter­
face to these utility routines. They work in conjunction with a string list resource 
(STR# 104) in the application's resource file. get/OErrStr() in FileErr.c translates a File 
Manager error number to one of these strings. doFileCantAlert() calls get!OErrStr() 
to map the error value returned by a File Manager routine into a string. 

244 



11: BROWSER: OUR CULMINATING APPLICATION 

Tole en 

dirFulErr 

dskFulErr 

nsvErr 

ioErr 

tmfoErr 

wPrErr 

tLckdErr 

vLckdErr 

volOftLinErr 

permErr 

Figure 11·4. 

Value 

-33 
-34 
-35 
-36 
-42 

-44 
-45 
-46 
-53 
-54 

Description 

Directory is full 

Disk is full 

No such volume 

Miscellaneous I/0 error 

Too many files are open 

Disk is write protected 

File is locked 

Volume is locked 

Volume is offline 

No permission to open 

File Manager OSErr token values and their meanings. 

Using the doFileCantAlertO interface involves calling a single function that accepts 
four arguments: 

1. You pass the name of the file in which the error occurred as the first argument. 

2. You pass a token that describes what operation was attempted as the second 
argument. The tokens, defined in the header file StrRsrcDefs.h, come from the 
list kOpen, kClose, kRead, kWrite, and kControl. 

3. You pass the error token returned by the File Manager routine as the third 
argument. 

4. You pass a pointer to any additional string that you want to display to the user 
as the fourth argument. You might put the name of the calling function in this 
argument as a way of tracing program flow, for example. If you don't want to 
use this argument, pass the empty pascal string pointer, "\p". Be advised: This 
is not the null pointer, OL, but a string whose first element is equal to 0. 

The doFileCantAlert() routine translates the four arguments into the four ParamText 
values: 

AO The operation string gets displayed. doFileCantAlert() translates its second argu­
ment into a string that describes the operation. 

AJ The first argument,.fileName, gets displayed. 

/\2 The error string gets displayed. doFileCantAlert() calls get/OErrStr(), which digs 
a string out of the STR# 104 resource that describes the File Manager error value. 

/\ 3 Your discretionary string gets displayed. 

Figure 11-5 on page 247 shows the code for doFileCantAlert(). 
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Using Paraml'ext in a Dialog Box 
The doFileCantAlert() dialog box takes advantage of the Dialog Manager 's 
parameter-text substitution utility. In a process similar to the one UNIX shell 
programmers know as "parameter substitution," this feature of the Dialog 
Manager allows your program to change the usually static text strings in a 
dialog box. You initialize the strings with the routine ParamText. 

ParamText works this way: If any of a dialog box's text items contains the 
string AO, Al, /\2, or "3, the Dialog Manager replaces that string with one 
specified by ParamText. The order of the arguments to ParamText defines 
how the strings are substituted: The Dialog Manager substitutes ParamText's 
first argument in place of the AO string, its second argument in place of the "l 
string, its third argument in place of the /\2 string, and its fourth argument in 
place of the "3 string. This substitution is shown below. 

i§D;; Dill "10 Eff" ID= 1001 from Browsenr. -

A\. Can't ' O the file: 

ill ' 1 

Reason: 

' 2 ' 3 

• 

;;O;; Dill "ID Err" ID= 1001 from Browsern. ==== 
A\. Can't Open the file: 

ill Foo 

Reason: 

File not found. 
openFile 

Parameter substitution with ParamText. 

The second screen is derived from the first after your program calls 

ParamText ("\pOpen", "\pFoo", "\pFile not found", "\popenFile"l; 
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< */ 
void 

dofileCantAlert--puts up the can't open/close/readadvisory: prints 
other relevant information if supplied: passes null 
pstri ngs for fi 1 eName: i nfoStr if n.ot used 

5.28.90kwgm 

doF1leCantAlert CfileName, whatOp, reason, infoStr) 
StringPtr fileName, infoStr: 

{ 
short whatOp, reason: 

DialogPtr 
Str255 
short 
Graf Ptr 
Handle 
Re ct 

theDialog: 
errStr, whatStr: 
theltem, id, itemType: 
savePort: 
buttonHdl: 
box: 

GetPort C&savePort): 

I* get the operation string •/ 
GetlndString CwhatStr, kIOMsgStrID. whatOp); 

if (theDialog = GetNewDialog CkIOErrDLOG, 0L, -ll)) 
{ 

Sys Beep C 1): 
GetDitem Cthe01alog, kOutl1neButton, &1temType, &buttonHdl, &box): 
SetDitem Cthe01alog, kOut11neButton, 1temType, buttonProc, &box);. 

} 

I• build error string •/ 
getIOErrStr (errStr, reason): 
ParamText CwhatStr. fileName. errStr, 1nfoStr): 
centerWindow CtheDialog): 
ShowHide CtheDialog, true): 

· Moda1D1alog C0L, &theltem): 

DisposDialog CtheD1alog): 

SetPort{savePort>: 

I• doFileCantAlert •/ 

Figure n-s. 
doFileCantAlertO is called when a File Manager error is detected. 
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Mapping the Fiie Manager error to a string 
fmErr2AppReason() contains the switch statement that performs the mapping of a 
File Manager error to a string defined in the STR# 104 resource in Browser's resource 
file. getIOStr() calls this routine whenever doFileCantAlert() requests a File Manager 
error value translation and formats the string. 

A string list resource of type STR# contains an indexed list of strings. Each string can 
be as many as 255 characters long. Using a STR# resource is a great way to organize 
strings in a Macintosh application. Then you don't have to mess with defining a static 
array of strings in your program; and, because the strings are in a resource, your pro­
gram is easier to "localize" into another language. 

You access each string by its resource ID and index, using the Resource Manager 
routine GetlndString, which returns a pascal string from the contents of the 
resource. Here's an example of how to access the third string in the STR# 104 
resource: 

Str255 buf; 
GetlndString (buf, 104, 3); 

You create the strings in ResEdit, in a window similar to the one in Figure 11-6. 

Figure 11 ·6. 
ResEdit's STR# edit 
window open on 
Browser's resource 
file. 

I[~ sm# "10 Msgs" ID; 104 from Browser11.rsrc ~~ 

HumStrings 32 ~ 

1) ***** 11 .mu 
The string I open I l!ih1 ,h11 

rl'i! 2) ***** ilil!i 
The string jcioslng I il1!1 

I.I.I 

3) ***** :11111 

The string jRead I i~I' 4) ***** ,1.1 
m!il 

The string jsaue I ~ 5) ***** 

In order to illustrate how the doFileCantAlert() set of routines works, we'll modify 
Browser so that it recognizes a new File Manager error code, volO.fflineErr. This 
means that we'll also have to add a new string to the STR# 104 resource in Browser's 
resource file. Using ResEdit, adding a string to the resource is as simple as scrolling 
to the bottom of the window, selecting the last ••••• marker, and selecting Insert New 
Field(s) from the Resource menu (or using the keyboard shortcut, Command-K). A 
new edit box opens in the dialog box so that we can type in the string, as shown in 
Figure 11-7. 
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Figure 11·7. 
Addinga new 
string to a STR# 
resource, using 
ResEdit. 

;;o~ STR# "ID Msgs" ID= 104 from BrowsenJ.rsrc ~ 

The string [Cannot initial lze because of thej ~' 
fo I I ow Ing : •·•·•· 

il!i! 
31) ***** 
The string 

32) ***** 
The string 

33) ***** 
The string 

34) ***** 

I select a file to browse 

[
The system can't open another 
file. Try closing some 
documents. ] 
I Uo I ume is off I i ne. I nsert disk. I 

111111 

~ 
'O 
~ 

After we've added the new string to the resource file, we need to modify the pro­
gram source code so that it recognizes the new error value. First, we'll need to define 
a new index constant for the new string. ResEdit tells us, as you can see in Figure 
11-7, that the string's index is 33. Now, in THINK C, we'll open Browser's header file, 
StrRsrcDefs.h, and define a new constant, kVolO!fline, with the value 33. We'll put 
this definition right after the definition of kTooManyOpenFiles, which is index 32. 

The last step is to map the File Manager value volO.ffLinErr to the string index 
kVolO.ffline in the switch statement in fmErr2AppReason(). (For the curious: 
volO.fjLinErrcorresponds to -53. We don't need to know this-the value is defined 
in Files.h, a THINK C header file.) 

case tmfoErr: 
reason = kTooManyOpenFiles; 
break; 

I* 111111 kwgm- -added new File Manager error code */ 
case volOfflinErr: 

reason = kVolOffline: 
break; 

I* 111111 kwgm *I 

default: 

Error handling is a vital part of using the File Manager. Whether you use our set of 
utilities to report errors to your users or simply beep at them when an error occurs, 
it's always important to have your application check for errors and take appropriate 
action when it receives notification of one. 
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Reading the File 
Reading the file is a matter of transferring some of the file to a local buffer. Browser 
uses the high-level File Manager routine FSRead to this end. Reading a file mini­
mally requires three items of data: 

1. from where-the file reference number 

2. how much-a byte count 

3. to where-the buffer address 

FSRead accepts this data in three arguments-the file reference number, a pointer 
to a long word that contains the number of bytes to read, and a pointer to the buffer 
in which the read will place those bytes: 

FSRead (short fileRefNumber, long* byteCount. Ptr buffer); 

FSRead returns the number of bytes read in the same long word that held the re­
quested number of bytes. FSRead generally returns the number of bytes you re­
quested, but when your program reaches the end of the file, the number of bytes 
read will be fewer than the number requested. This is not an error condition but a 
natural result of reading data into a buffer, so the application has to handle this case 
gracefully. The readBuf function shown in Figure 11-8 illustrates this type of pro­
cessing. It reads the file and detects an end-of-file mark. If the error is a real File 
Manager error, readBuf() returns the error number. If the "error" detected is reach­
ing the end of the file before the requested number of bytes has been read, read­
Buf() returns noErr. 

'* 
*' 

readBuf--reads from file to local buffer 
7.20.90kwgm 

readBuf (short fileRef, long *len. char •buf) 
{ 

1 ong nRead: 

nRead = •len; 
if (err = FSRead (fileRef, len, buffer)) 
{ 

II read the file 

if (err == eofErr) 
err = noErr; II not an error at eof 

} 

return (result); 
} 

Figure 11·8. 
Reading the file and checking the result. 
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One outstanding issue in Browser remains: how much of the file to read at a time, 
which dictates the buffer size. We could deal with the answer simplistically, reading 
the entire file at one time. Of course, if the file the user is interested in is 10 
megabytes and only 512K is left in the heap, he or she would be out of luck. The 
function in Figure 11-9 demonstrates this infinite memory approach. 

readFile--reads an entire file into a file buffer: returns handle to 
buffer in data argument; returns true if successful 

Boolean 
readFi1e (FileParamsPtr fpp, Handle lfldata) 
{ 

Handle 
long 
Boolean 

dataHdl: 
dataSize; 
result: 

result = false: 
"'data "' 0L; 

if ((err= openFile (fpp)) == noErr) 
{ 

dataSize = fpp->fflelen; .. 
'"' allocate memory to fit file' data •/ 
if (dataHdl = NewHandle (dataSize)) 
{ 

Hlock (dataHdl); 
if (err = readBuf (fppc>fjleRefNum, &dataSize. •dataHdl)) 
{ 

else 
{ 

I• read failed: Notify user, close file, 
dispose of handle •/ 
doFileCantAlert {fpp->fileName, kRead, err, "\p"); 
FSClose (fpp->fileRef~um); 
di sposeHdl (dataHdl); 

I• read succeeded: set up for return of data •/ 
HUnlock (•dataHdlJ; 
•data= dataHdl: 
result = true; 

Figure 11 ·9. (continued) 
Allocating a buffer for the entire file. 
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Figure 11 -9. continued 

else 
dofileCantAlert Cfpp->fileName, kOpen, err, "\p"): 

return (result): 

} /* read File */ 

doFileCantAlert() is called if either the open or the read fails. Also note from this ex­
ample that the buffer is a relocatable object and that because readBuf(), ~hich calls 
FSRead, has the potential to move objects around in the heap, we lock the object 
before passing the master pointer to readBuf(). (And don't forget to unlock it after 
the read.) 

Notice the order of operations in Figure 11-9: 

1. open file 

2. allocate buffer 

3. read file 

This order flows naturally from the requirements: There's no need to allocate the 
buffer unless you can first open the file, and you have to allocate the memory before 
you try to read the file into it. 

In text mode, Browser buffers the entire file in the TextEdit structure. In text mode, 
Browser therefore respects the 32,000-byte limit of the TextEdit structure. In binary 
mode, Browser reads one screenful of data (256 bytes) at a time. 

Text Mode 
Browser's text mode uses TextEdit for its display mechanism. We had a brief encoun­
ter with TextEdit in Chapter 8: Generic App used TextEdit to display the contents of a 
TEXT resource. Browser uses a similar technique. 

TextEdit revolves around the TERecord, the TextEdit data structure that contains all 
necessary text data. You create an empty TERecord structure with the TextEdit rou­
tine TENew. Browser encapsulates TENew in the makeTERec() function excerpted 
here in Figure 11-10. The makeTERec() function creates a TERecord that encom­
passes an entire window by calling makeFrameRect() and returns a handle to the 
structure. 
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TEHandle 
makeTERec.(OocPtr theDoc) 
{ 

} 

TEHandle teh: 
Rect viewRect, destRect; 

makeFrameRect (theDoc, &v.iewRect>: 
destRect = viewRect: 

return (teh = TENew (&destRect, &vi ewJlectJ>: 

Fl9ure 11·10. , 
Creating the TERecord with TENew. 

Displaying the text in Browser's text mode is identical to what we did in Chapter 8's 
Generic App. Browser's drawDocText() routine offsets the TERecord structure's 
destination rectangle by the current scroll value before calling TEUpdate. Look at 
the discussion in Chapter 8 if you need a refresher on how to manage scrolling using 
TextEdit. 

Binary Mocle 
Browser's text mode is limited to 32,000-byte files. Its binary mode is memory effi­
cient and can handle any file size because, in this mode, Browser reads only one 
screenful of data, 256 bytes, of the file at a time and stores this data on the heap in a 
relocatable object. The handle to the data is in the contentHdl field of the document 
structure. 

Buffer management in binary mode is surprisingly simple. Browser keeps track of 
which 256 bytes of the file it's displaying by managing the file offset, which it stores 
in the .fileO!Jset field of the document structure. When Browser opens a document in 
binary mode, it reads the first 256 bytes of the file and sets .fi/eO!fset to 0. For each 
screen forward that the user scrolls, Browser bumps fileO!fset by 256, seeks to that 
new file off set, and reads the next 256 characters. If the user scrolls backward, 
Browser subtracts 256 from .fileO!fset and reads at that new offset. After each scroll, 
Browser invalidates the current window, which invokes the update mechanism. 

Browser's binary mode display routine, drawByteIF(), is excerpted here in Figure 
11-11. It displays the 256-byte buffer as 16 lines of 16 characters each, constructing 
each line of the display in the three parts we've shown in Figure 11-2 on page 238: an 
offset, the data in hexadecimal format, and the data in ASCII format. 
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*I 

drawByteIF- -draws a 256-byte screen at the current scroll 
9.20.90kwgm 

static void 
drawByteIF CtheDoc) 

DocPtr theDoc; 

register char *P: 
register short v. line, i, c; 
short lineHeight, hOffset, hHex, hAscii; 
Si ze fileOffset , fileSize; 
char offsetbuf [16], hexbuf [64), 

asci i buf [64). tmpbuf [24): 
Font Info finfo; 
Handle fileBufHdl; 

fileOffset = theDoc->fileOffset: 
fileSize = theDoc->fileSize; 

if (fileBufHdl = theDoc->contentHd l ) 
{ 

Hlock (fileBufHdl); 
p = *fileBufHdl: 

printBrowserHdr (theDoc); 

GetFontinfo C&finfo); 

II we will move memory here 
II pointer to file data 

II print a file header 

lineHeight = finfo.ascent + finfo.descent + flnfo.leading; 

v = lineHeight * 3: II leave a space at top of screen 

I* print the file data one line at a t ime */ 
for (line= 1; line <= 16 ; line++) 
{ 

I* build file offset string and increment *I 
sprintf (offsetbuf. "%051X", fileOffset); 
fileOffset += 16; 

I* build hex and ASCII strings, one character at a time *! 
hexbuf [0] = 0x00; 
asciibuf [0] = 0x00: 
for Ci = 0 : i < 16 ; i++) 

Figure 11•11. (continued) 
Browser's binary mode display routine, drawByteIF(). 
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Figure 11·11. continued 

{ 

if Ci + fileOffset < fileSize> 
c = *P++ & 0x00FF: // mask upper byte 

else 
c = 255: II print box char after eof 

I* hex format *I 
sprintf (tmpbuf, "%02X ", c): 
strcat Chexbuf, tmpbuf); // add to hex. string 

I* ASCII format *I 
spri ntf ( tmpbuf, "%c", i sprint ( c) ? c : ' . '): 
strcat (asciibuf, tmpbuf); II add to ASCII string 

#define kleftMargin 10 II left screen margin 

} 

} 

I* draw a line *I 
MoveTo CkleftMargin + theDoc->curScroll.h, v); 
CtoPst~ (offsetbuf); 
Drawstring Coffsetbuf): 

Move Cfinfo.widMax << 1, 0); 
CtoPstr (hexbuf); 
Drawstring Chexbuf): 

Move (flnfo.widMax << l, 0): 
CtoPstr {asciibuf): 
Drawstring (asciibuf): 

I* double-space for next line *' 
v += lineHeight + flnfo.leading * 2: 

HUn 1 ock CfiTeBufHdl): 

} /* drawBytelF *I 

drawByteJF() loops through each line, creating the three parts of the display and 
drawing them at the bottom of the loop. At the heart of the routine are the three 
buffers-ofjsetbuf, bexbuf, and asciibuf-that hold the corresponding strings 
derived from the data for each line. drawByteJF() uses the C function library utility 
sprint/() to format the three buffers. 
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The routine creates the contents of offsetbuf from a local copy of the file offset. 
drawByteJF() computes the offset value for each displayed line from the initial file 
offset of the buffer and bumps this offset by 16 for each line. 

drawByte!F() creates the hex and ASCII buffers on a character-by-character basis. 
Within this inner character loop, drawByte!F() formats each character as both a 
hexadecimal string and an ASCII string and concatenates the resulting string to bex­
buf and asciibuf with the C function library routine, strcat(). It does some addi­
tional processing for the ASCII string: If the character fails the isprint() test, which 
checks that the character falls within the range of printable ASCII characters, 
drawByteJF() substitutes a dot for the character. 

drawByteJF() manipulates these line buffers as C strings, so it converts them to pas­
cal strings with CtoPstr just before displaying them with Drawstring (which re­
quires a pascal string). 

The Complete Browser 
That's Browser. If you've come this far and aren't completely baffled, congratula­
tions! You're a Macintosh programmer! If you've made it this far and are still 
stumped, our apologies-perhaps we were unclear about something or you didn't 
catch some of the points we made in passing. For these folks (not many, we hope), 
we have a few suggestions: 

• Check to be sure that you've used the examples we've presented and that 
you've compiled them. Try changing pieces of the examples-string names, 
starting and ending values, and so on-recompile, and see what the new 
results are. 

• Use the debugger to single-step through the programs. Note in particular the 
initialization that must be done before the actual program actions start, that 
the program keeps returning to an event processing loop through which all 
control is passed to subsections of the program, and how ROM Toolbox calls 
are used. 

• Check out the aids available to Macintosh programmers: Read magazines like 
MacTutor and APDALog; try out programs that build applications automati­
cally, like Prototyper and AppMaker; study code others have written by down­
loading examples from CompuServe or Genie. 

If you've made it through Browser and want to do more, we have a few suggestions 
for you: 

• Become a certified Apple developer. You'll receive Apple's Developer Notes, 
CD-ROMs containing example code, HyperCard help stacks, and access to 
much, much more. 
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• Get active in the CompuServe MAUG programmer's forum, where you'll meet 
other Macintosh programmers and have a chance to ask and answer questions 
interactively. Type 

go macdev 

at any ! prompt. Be sure to download code examples and study them carefully. 
Again, compiling and running new code through the debugger is an excellent 
way to get a feel for how an application is managing itself. 

• Check out your local bookstore. Besides the Apple-sponsored books, you'll 
find other exceptional books that will expand your knowledge of Macintosh 
programming, including such classics as Scott Knaster's How to Write Mac­
intosh Software (1986). 

• Subscribe to MacTutor, and consider getting the CD-ROM version of the back 
issues, which contains all the text and code examples from previous years (five 
years to date) and makes it easy to search by concepts or by individual routine 
names. 

• Look carefully at how popular Macintosh programs implement the user inter­
face, and try to guess what they have to do to provide the kinds of options they 
do. Many programs use palettes or option bars, for example, which are, in es­
sence, custom controls. How do you think they were created? Try program­
ming one of your own. 

Finally, support programming in general. Let others know what you're up to and let 
the Macintosh magazines and book publishers know that you're interested in learn­
ing more. Buy good programming products, and let the companies that made them 
know what you did and didn't like about them so that future versions will be better. 
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Appendix 

SYSTEM7.0 
COMPATIBILITY 

The release of Apple's System version 7.0 has created a lot of excitement. This new 
version of the Macintosh OS, touted as a giant leap for Mac-kind, promises to revolu­
tionize the way we compute. 

Even if you're not running System 7.0 yet, you're probably aware of its new features 
from press reports: interapplication communication, virtual memory, outline fonts, 
and an improved Finder interface. As a reader with a technical bent, you probably 
also know about the more esoteric details of this release, such as built-in database 
support, Balloon help, and 1-gigabyte addressing. This is great stuff, but at the same 
time, we programmers are apprehensive about such a major change in system soft­
ware. Precedents in the PC world fuel our insecurity. 

As a PC application developer, you have to target MS-DOS, Windows, or OS/2 as 
your host operating system or environment and then adjust your application to ac­
commodate the special characteristics of that environment. Only a handful of high­
end developers can afford the overhead of coding and maintaining three separate 
versions so that programs will run under all systems. As a result, the user can be 
forced to choose an application on the basis of which operating system or environ­
ment it runs under. 

We don't want to see Macintosh applications go the way of PC applications. For the 
next few years, until System 7.0 and its offspring gain widespread acceptance, we 
envision a user population made up of both version 6.0 and version 7.0 users. If you 
want your application to be available to all Mac users, running in either environment, 
you'll have to ensure that the code you write is compatible with both versions. 

In your zeal to make your application System 7.0 compatible, don't make it System 
7.0 dependent. The dependent program needs System 7.0 to run and crashes under 
System 6.0. The dependent program is poorly conceived because it assumes too 
much about the running environment. Compatible programs reflect the best of both 
worlds: They support features of the new system, but they don't necessarily rely on 
those features in order to operate. 
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Sounding for 7.0 
Your first step to compatibility is discovering which system version your application 
is running under. Apple tells us to call the routine SysEnvirons to determine the sys­
tem version. SysEnvirons returns assorted pieces of information about the machine 
as well, such as whether it supports color or has a floating point coprocessor. Figure 
A-1 demonstrates how to use SysEnvirons to get the system version number. System 
7.0 supports SysEnvirons, so you can use this method to figure out whether an appli­
cation is running with the new system. 

short 
getSystemVersion () 
{ 

} 

SysEnvRec 
short 

version = 0: 

sysEnv; 
version: 

if ( !SysEnvirons (1, &sysEnv)) 
version = sysEnv.systemVersion » 8: 

return (version>: 

Fl9ureA•1. 
Testing for the system version. The function returns the system version number 
as a short integer. 

The Gestalt Manager, a more powerful utility for testing for specific environmental 
features, shipped in later releases of System 6 (6.0.4 and later) and is available in Sys­
tem 7.0. We anticipate that the Gestalt routine will eventually supplant the less infor­
mative SysEnvirons, but to maintain compatibility with most machines out there 
now, we recommend that you continue to use SysEnvirons to find the system type. 
In System 7.0, SysEnvirons calls the Gestalt routine. 

You use the Gestalt routine to query the system about environment attributes by 
passing it a selector token that tells the routine what information you're interested in. 
The Gestalt routine returns the requested information in a long value, which you 
pass by reference to the routine. For example, say you have a multimedia application 
and you're interested in the sound and video capabilities supported by your hard­
ware. Here are the appropriate calls to Gestalt: 

Boolean 

OS Err 
1 ong 
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gestaltAvail = TrapAvailable ($AlAD); 
has32bitVideo =false; 

II check for Gestalt 

if (gestaltAvail) 
{ 

if (!(err= Gestalt (gestaltQuickdrawVersion, &result))) 
has32bitVideo = result & gestalt32BitQD; 

else 
II do error stuff 

hasStereo =false; 
if (!(err= Gestalt (gestaltSoundAttr, &result))) 

hasStereo = result & gestaltStereoMixing; 
else 

II do error stuff 

You'll find the documentation for Gestalt, its selectors, and its result codes in Inside 
Macintosh, Volume VI. 

Paraclig1111 Lost 
"32-bit clean" is the watchword for System 7.0 compatibility. (What we say here also 
applies to getting your Macintosh programs to run with A/UX, Apple's implementa­
tion of UNIX.) This "cleanliness" is nothing more than an application's regard for all 
32 bits of an address. In earlier versions of the system, only the lower 24 bits of a 32-
bit address are significant. In System 7.0, a new 32-bit Memory Manager can take ad­
vantage of a full 32-bit address. 

Why did the earlier Mac Operating Systems use only 75 percent of the available ad­
dress bits? After all, 24 out of 32 bits is only a fraction of the total addressable range. 
To understand this parsimony, we need to look to the 1980s computer engineering 
paradigm, in which 24 bits were more than enough for any microcomputer address. 

At the core of the early Macs is the Motorola 68000. This processor, although 
possessing a 32-bit program counter register (the register responsible for pointing to 
the next machine level instruction), is internally limited to a 24-bit address space: It 
ignores the upper 8 bits of an address. Starting to sound familiar? 

In 1980, a 24-bit address space, which maps to a 16-megabyte addressable range of 
memory, seemed huge, almost infinite, to system designers. This addressable range 
was as large as an IBM 370 mainframe's. 

As technology advanced, the 24-bit limit went away-the 68020 and 68030 have 
true 32-bit addressing-but the damage was done: The Macintosh team had de­
signed the 68000 addressing limitation smack-dab in the middle of the Mac's 
Memory Manager. 

Even so, restricting an address to 24 bits would have had little effect on our applica­
tions today if not for another decision made so long ago. Someone in the Apple sys­
tem's group got a bright idea about reusing the high bytes of each address. 
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You have to understand the plight of systems programmers, the engineers who make 
their living writing operating system software. This miserly group of coders are 
forever space constrained. Their code has to fit in some small area of ROM, with 
little or no room for overrun. No wonder they tend to be bit-stingy. 

In their never-ending efforts to write "tight" code, systems programmers like to take 
clever advantage of free bits here and there as flags and placeholders or for tempo­
rary data storage. That's what happened in the Memory Manager-someone in the 
Apple OS group chose to take advantage of the unused high byte in a handle. In the 
24-bit Memory Manager, the high byte in every handle contains the corresponding 
relocatable block's status information. We've illustrated the layout of an old-style 32-
bit handle in Figure A-2. 

These bits are used to 
flag block status. 

31 23 

111111111 

Flags conflict with true 
32-bit address. 

FlgureA·2. 

These bits are used as the 24-bit address. 

0 

I 

The format of a 32-bit handle in the 24-bit Memory Manager. In the old 
Memory Manager, handles are inherently 32-bit dirty. · 

In the light of a reasonable speculation that Apple surely had plans at the time to 
someday support 32-bit addressing, you might call this a gutsy decision. Remember 
that in a 128K Mac, every byte saved in the System software could be used for an ap­
plication. The saving grace is that, as a hedge against future enhancement, Apple 
supplied a set of Memory Manager routines for setting and clearing the high byte's 
status bits: HLock, HUnlock, HPurge, and HNoPurge. And Apple always told devel­
opers to use System routines to change values in System data structures if at all pos­
sible. To maintain compatibility with future systems, you should always follow this 
fundamental principle. The two code fragments that follow are an example of what 
we mean. Both code fragments return the re/Con field of a WindowRec structure. 
There's a Toolbox routine to return the value of this structure member, so the right 
way to get its value is to use the routine. The wrong way is to access the member 
directly. 

The right way: 

Handle refCon; 
WindowPeek theWindow; 
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refCon = GetWRefCon (theWindow); 

The wrong way: 

Handle refCon; 
WindowPeek theWindow; 

refCon = theWindow->refCon; 

Most developers got the message and had the good sense to use HLock to lock a 
handle, instead of directly bit-twiddling the upper byte of a handle. But a few devel­
opers saw the opportunity to save a few processor cycles by eliminating the over­
head of a system call and set or cleared the handle's status bits directly. Their 
applications are not 32-bit clean and will crash when run under System 7.0. 

Here's the bottom line on 32-bit cleanliness: If you already use the Memory Manager 
routines as Apple recommends, you're home free; if, on the other hand, you've gone 
out of your way to save a few machine cycles by setting or clearing these bits di­
rectly, you've got your work cut out for you. 

Don't Forget the CD/EF ancl the WD/EF 
Using HLock is not the last word in 32-bit Memory Manager compatibility. A similar 
problem exists in the interface to custom definition procedures. If your application 
contains either a control definition function (a code resource of type CDEF) or a 
window definition function (a code resource of type WDEF), you've got a few more 
minor modifications to make. 

Before System 7.0, there was really no way for a CDEF to be 32-bit clean. The Con­
trol Manager expects your CDEF to clear the high byte of a region handle when the 
CDEF receives the calcCRgns message from the Control Manager. Under 32-bit 
Memory Manager rules, you can't clear the upper byte of an address without corrupt­
ing that address. You're damned if you do, and damned if you don't. Even if you've 
followed Apple's rules to the letter, your application still isn't 32-bit clean. 

The problem with the WDEF arises from the fact that the Window Manager uses the 
high byte of the WDEF handle to store the window variant code in the older system 
software. This situation is remedied in System 7.0. 

Making the WDEF compatible with System 7.0 is trivial. First, you have a problem 
only if your WDEF supports variations. If it does, remember that the variant isn't 
stored in the handle anymore. Don't worry about where it's stored-the System rou­
tine GetWVariant will return the value. By the way, GetWVariant has been around 
since System 5.0. 
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Fixing the CDEF requires a little more from you because you have to support two 
new messages, calcCntlRgn and calcThumbRgn. Here's where you have to ensure 
that you're System 7.0 compatible, not dependent. Your CDEF still needs to support 
the old calcCRgns message. System 7.0 won't send this message-only System 6.0 
and its predecessors will-so your CDEF is still free to clear the upper byte of the 
handle when it receives calcCRgns. When System 7.0 is running in 32-bit mode, it 
will send either of the two new messages, calcCntlRgn or calcThumbRgn. You still 
calculate the appropriate regions for these new messages, but you don't clear the up­
per byte of the handle when you return it. 

StripTease 
What if you're running in 24-bit mode and you want to compare the values of two 
master pointers? In 24-bit mode, the Memory Manager changes flags in the upper 
byte of a master pointer, so your program should use only the lower 24 bits of the 
pointers during the comparison. But in 32-bit mode, all of the address bits are signifi­
cant, so you'll want to compare all 32 bits. 

The answer is to call the Memory Manager routine StripAddress on the pointers 
before comparing them. StripAddress returns a pointer's significant value, based on 
the current Memory Manager mode. Passed a pointer when the Mac is in 24·bit 
mode, for example, StripAddress will mask the upper byte in the returned address; 
but in 32-bit mode, StripAddress will return the address unchanged. 

You'll rarely find the need to use StripAddress. Don't call it every time you use an ad­
dress-that would choke your application. Use it only when you need to compare 
two master pointers (a practice of questionable merit) or in the rare event that your 
application switches the machine from 24-bit mode to 32-bit mode. 

Vlrtual Memory Compatllllllty 
After all you've read about what has to be done to support the new 32-bit 
Memory Manager, the good news is that you don't have to change a thing in 
order to support virtual memory. But you might encounter a situation in 
which you'll need to be wary of the virtual environment. Remember how vir­
tual memory works: Unbeknownst to your application, some of your code or 
data might be out on the hard disk instead of in RAM. The system brings the 
code or data back into RAM just before your progr~needs it, ,Now, hard 
disk access is approximately 1000 times slow~rthan RAM access:·Ifyour pro­
gram is executing certain time-critical operations, such as the· animation of 
graphical images, your users can experience a· perceptible delay if some of 
that data first needs to be broughtfrom dislfinto RA.M .. To ensµrefor th¢se 
time.:critical operations that your data is in RAM, you can use the new System 
7.0 routines that lock data into physical memory. See the chapter onthe 
Memory Manager in Inside Maci'ritosh, Vol';lme VI, for detail~ on th~e 
routines. 

-
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If you follow the techniques we've talked about so far, you've met System 7.0 half­
way. Your application might not support any of the features unique to the new 
release, but it won't embarrass you by displaying the ubiquitous bomb alert box to 
your users. You can call your application "System 7.0 friendly." 

The final step, bringing your application from friendly to compatible, is to support 
the features that are the hallmarks of System 7.0. Two of the most important features 
exclusive to the new system are outline fonts and high-level events. 

Outline Fonts 
One of the most visible changes in System 7.0-outline fonts-involves the Font 
Manager. Outline fonts produce an effect similar to Adobe Type Manager's: 
QuickDraw displays text drawn in an outline font, using the maximum available 
resolution of the output device. Outline fonts can be displayed at any point size 
without the jagged appearance typical of a bitmap font. 

Bitmap fonts, also called screen fonts, have been around since the Mac's inception. 
You're probably familiar with the way they're organized: A bitmap font matches the 
resolution of the screen (72 pixels per inch) because the font designer carefully 
places each pixel for each character in a bitmap and defines the bitmaps in multiple 
sizes. This accounts for the fact that when you use a font in a defined size, you get 
high-quality output. But, when you select a font size that's not defined in the bit­
maps, the output appears jagged and distorted. 

Font publishers ship a number of point sizes so that their users can do high-quality 
work. Thom ships his Palo Alto font in point sizes 9, 10, 12, 14, 18, 24, 36, 48, and 72, 
for example. 

Of course, the more point sizes a bitmap font contains, the more disk space it con­
sumes. In Thom's Palo Alto font, bitmap information for each character is repeated 
nine times, once for each point size set in the font. The larger point sizes take up 
the most space: Palo Alto 10-point is described in 2420 bytes; Palo Alto 72 uses up 
30,516 bytes. 

Outline fonts take advantage of a classic trade-off in computer science: trading 
storage space for computational time. If you're willing to put in some computational 
effort, you can generally reduce the storage space requirements of a progrp.m. 

With outline fonts, the information kept for each character is not a bitmap but a de­
scription the Font Manager uses to calculate each character's image. The font 
designer creates a description (an "outline") for each character, at a 1-point size, 
which the Font Manager can scale to any size. Because the images can be created 
"on the fly," at any point size, from the 1-point outline, only that one representation 
per character is needed in an outline font. This saves space: A typical outline font 
uses up 40K. And you get a high-quality rendering of each character, no matter what 
the point size. The font size restriction of 127 points is lifted with outline fonts. 
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Supporting Outline Fonts 
Because System 7.0 implements outline font support on the Font Manager layer, your 
application can take advantage of outline fonts without modification. But bitmap 
fonts have not gone away. System 7.0 supports both outline fonts and bitmap fonts, 
and there will be cases in which a system will contain both an outline font and a bit­
map font for a particular family. The system default will be the bitmap font. In these 
cases, you must explicitly tell the system to use the outline font by calling 
SetOutlinePreferred, the new Font Manager routine that changes the default mode 
from bitmap to outline. 

WARNING: If you use the SetOutlinePreferred routine, your application 
had better be running under System 7.0. System 6.0 doesn't have a 
SetOutlinePreferred call, and calling SetOutlinePreferred under System 6.0 
treats your user to the bomb alert box-something your user would gladly 
forgo. Always check the system version (with SysEnvirons or Gestalt) before 
issuing a call to system-dependent code. 

Because the Font Manager produces outline font images in any size, you need an 
Other item on your font menu. The Other command should produce a dialog box 
that provides your user with an opportunity to enter any positive font size value. 

An Event-full Software Release 
Although the outline fonts are probably the most visible evidence of software 
changes in System 7.0, the most extensive changes in the new system involve event 
processing. The Event Manager has been revamped in System 7.0 to accommodate 
interapplication communication (IAC). 

Rest assured: Your application will still receive an event when the user paws the key­
board or twiddles the mouse button-System 7.0 won't affect those parts of your 
existing application's source code. But IAC brings a new kind of event-the high­
level event-to the system's repertoire. 

High-level events enable communication among multiple applications. 

If you've had any experience with a message-based operating system (MBOS) like 
RSX-11 or CTOS, you should be familiar with the theory behind interapplication 
communication on the Mac. In MBOS lingo, a communication between two applica­
tions is a "message," and, on the Mac, an application sends a message by posting a 
high-level event destined for another application running concurrently on the same 
system. 

Four terms-"client," "server," "request," and "response"-make up the MBOS vo­
cabulary. The application initiating a communication is called the client; the one 
targeted to receive the communication is called the server. Messages are classified 
into requests, which are initiated by the client, and responses, which the server 
posts in response to requests. 
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Receiving High-Level Events 
Your application will receive high-level events just as it receives mouse-down or 
key-down events: by means of the main event loop. Recall that a Macintosh applica­
tion receives events by calling WaitNextEvent in its main event loop. When Wait­
NextEvent returns a valid EventRecord, the event code in the EventRecord 's what 
field identifies the event type. In System 7.0, the what field value is 23 when the ap­
plication receives a high-level event. 

The Event Manager encodes information that identifies the message in the 
EventRecord. The message field of the EventRecord specifies the message class, and 
the where field contains the message ID. Both of these EventRecord fields are long 
integers, which the Event Manager uses to pass an OSType value, so message class 
and ID values are similar to application file signatures. 

The message class in the EventRecord 's message field defines the message origin, 
uniquely identifying the sender of the message in the message field. If your applica­
tion is going to send messages, it's probably a good idea to use the application file 
signature for this value. The message ID in the where field defines the type of mes­
sage within its message class. 

Because of EventRecord size limits, all the data associated with a high-level event 
might not be completely contained in the EventRecord. If your application intends to 
process the high-level event, it should call the new Event Manager routine, Accept­
HighlevelEvent, which retrieves the extra data associated with the event. 

How do you know what extra data, if any, will be sent along with the high-level 
event? If interapplication communication is to live up to its potential, applications­
and application developers-must cooperate. After all, if an application doesn't un­
derstand a message format, it can't take advantage of the data the message contains. 
As IAC evolves, more and more message classes with their associated message for­
mats will be defined. 

But don't look for a world in which message formats are shared freely among applica­
tions-at least not immediately. We expect that the major software vendors will 
keep their message formats to themselves. In its early stages, IAC will probably con­
sist of private transactions among a vendor's applications. Currently; the only IAC 
message format standards come from Apple, and the specification is for what's called 
an AppleEvent. 

AppleEvents 
AppleEvents and their format are described in detail in Inside Macintosh, Volume VI, 
and eventually will provide the framework for a scripting interface to both applica­
tions and the Finder. The minimal set of AppleEvents an application should support 
if it is to be "System 7.0 savvy" is shown in Figure A-3 o~ the next page. 
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Event 

Open Application 

Open Document 

Print 

Quit 

Setup 

Get 

FlgureA-3. 

Action 

Open an application 

Open each specified document 

Print each specified document 

Quit the application 

Update the menu items 

Return a specific property 

Essential AppleEvents if an application is to be "System 7.0 savvy." 

Although the details of supporting AppleEvents are beyond the scope of this book, 
you can do something now that will aid your effort to support AppleEvents. Apple 
calls it "factoring your code." 

Isolating User Interface Code 
The need to factor your code, that is, to isolate those lines of code that manage the 
user interface from those lines that perform the actions, arises from the way Apple­
Events and the eventual command-line interface to Finder will work. 

An example will illustrate what we mean. When the system sends your application 
an Open Document AppleEvent, it will also send the list of documents to be opened. 
(Your application gets the list by calling AcceptHigbleve/Event.) Your application 
doesn't need to put up the SFGetFile dialog box to get file information from the 
user-the system sends the information that your application needs to open the 
documents. You therefore don't want to have the call to SFGetFile (which puts up 
the Open dialog box) in your application's document-opening routine. 

If your application is to support an AppleEvent interface, you'll need to isolate the 
user interface code from the action routines. An action routine is the code that ac­
tually performs an operation. In this example, the action routine is the code that 
opens a document. 

If you've been writing modular code all along, you're probably already isolating user 
interface code from action routines. But, if you've been calling user interface code in 
the middle of your action routines, you've got some work to do. 

The document-opening action routine is particularly instructive because our 
Generic App already supports the factoring concept. Most existing applications can 
open a document in response to either a File menu Open command or the user's 
double-clicking on a document's icon in Finder. If you've written your document­
opening action routine to be called from either of these places in your code, you've 
already factored out the user interface code. 
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You can begin factoring your code right now, without the AppleEvent specification. 
Factor out the Open, Print, and Save action routines. When you have the specifica­
tion, just plug in the code that parses the message data and you'll be off and running 
in System 7.0. 

Note that we recommend that you factor out your Save action procedure, even 
though that isn't required in System 7.0. Just because Apple hasn't told us to do that 
now doesn't mean that Apple won't demand just that in the future. You might as well 
get in the habit of writing factored code now. Try to figure out which other opera­
tions in your code can be factored out from the user interface code. 

Factoring is the logical result of modular programming and leads to the best way to 
implement Undo/Redo in your application. All the action routines in our commercial 
application, Tycho Table Maker, are factored. The input to Tycho's action routines is 
a parameter block that can be built from either the user interface subsection or the 
Redo subsection. But that's a topic for another book .... 
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forums, CompuServe 107, 192, 256-57 
fragmentation, heap 100 
frame pointer 97 
free blocks 99 
free space, finding 230 
PS (File Manager routine prefix) 229 
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isolating user interface code 268-69 
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reasons 1 
reference information 3-4, 5-6, 8, 12-13, 125, 
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ShowPen routine 153-54 
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STR# resources 248-49 
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struct keyword 55 
structure region of windows 154 
structures, data 55-56 
subdirectories 222-23 
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switch statement 62 
Symantex, contacting 107 
symbolic constants 45-46 
symbolic debugger. See Debugger, THINK C 
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THINK C functions 12 
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System 7.0 compatibility 
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event processing 266-69 
Finder 28-29 
high-level events 267 
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overview 259 
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virtual memory compatibility 264 
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system globals 89 
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compatibility (see System 7.0 compatibility) 
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automatic (local) 52-53 
automatic type conversion 47 
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names39-40 
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scope 52-54 
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