




























































































































































































































































































































































































































































210 Programming the Macintosh User Interface 

bly source file), .Files (list of assemblies to be performed), .Link (Linker control 
file), .Job (Executive control file), or .R (Resource compiler source file). (See 
Figure 12-5.) 

Assembler 

The assembler converts the source file into relocatable code along with symbol 
table and error information (Figure 12-6). The assembler permits instructions to 
be grouped into macros, is able to modify instructions so that a given program can 
access other relocatable segments, and allows conditional assemble instructions 
that permit multiple versions of a program to be generated from one source file. 
During assembly, errors are written to an error file , which may be examined. 

Once a source file has been created with the editor, it may be assembled with 
the assembler. The assembler may be invoked from the editor via the Transfer 
menu (see Figure 12-4h); from the Finder, by selecting up to four files and then 
opening the Asm application (see Figure 12-1); or with an Executive control file. 
Assume that Asm is selected from the Finder without preselecting files to be 
assembled. In this case, the Assembler screen (Figure 12-7) appears, with an 
open file-selection dialog box from which the files to be assembled are selected. 
The menu bar includes four menus: Apple , File, Options, and Transfer. The File 
menu (Figure 12-8a) includes options to Select File, Quit, and Filter By Time; the 
final option is used to pare down the list of fil es by listing only those that have 
been modified since last assembled. The Options menu (Figure 12-8b) is used to 
select listing options-Le., none, to file, or to display-and amount of output, 
normal or verbose. Normal output produces the minimum amount of output; 
Verbose produces more output, and allows a Linker listing to be generated. 

The assembler produces a file (with the .Rel suffix) containing relocatable code 
and a symbol table. Errors encountered during assembly are written to a separate 
.Err file (Asm inputs and outputs are shown in Figure 12-6). 

Various assembler directives can be included in a source or executive file to 
control assembly; the directives include assembly control directives (INCLUDE, 

Edit 
is to 

create ... 

Edit 

[[] 
Winaow .Asm 

[[] 
'tt'indoW' .Link 

[[] 
Window .Job 

[[] 
W'indow .R 

Assembly lan9ua9eo 
source files 

Llnk•r control 
files 

Executive control 
files 

Resource Compiler 
source files 

Figure 12-5 Possible outputs of MDS editor. (From Macintosh 68000 Development System 
User's Manual, copyright 1984, by permission of Apple Computer, Inc.) 
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- --Asm 

Rt locatable objfct ,;,·, ~ F ~"i ;;:~·:;:::;;;;,'" 
M•c::~:sD j:ffi._ ll'in;•l Listin9 of assembltd 

01011 ~ ~ files, ifrtquest•d 

To~-~-~·· _r ~- ~-~-~"' '"' °' """ 
~ ~ encountered durin9 

'vlirir.low .Asm Window .Err .unmbly 

Traps, Equates, and 
source flles ar-e given 
u input to the AssPmbler 

Figure 12-6 Possible outputs of MDS assembler. (From Macintosh 68000 Development 
System User's Manual, capyright 1984, by permission of Apple Computer, Inc.) 

STRING_FORMAT, IF .. ELSE..ENDIF, MACRO, END, .DUMP), symbol defini­
tion directives (EQU, SET, REG, .TRAP), data allocation directives (DC, DS, 
DCB, .ALIGN), linker control directives (XDEF, XREF, RESOURCE), and print­
ing control directives (.NoList, .ListToFile, .ListToDisp, .Verbose, .NoVerbose) . 

., 

Copy of OPEN ... ~ 
MDSl 

Eject 

Cancel Driue 

Figure 12-7 Assembler screen showing menu bar and dialog box for selecting file to 
assemble. 
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S(Jl<H t HlcJ 
Quit 

Filter by Time 

(a) 

./No listing 
List to File 
List to Display 

./Normal output 
Uerbose Output 

(b) 

Figure 12-8 Assembler screen menus: (a) File and (b) Options. (Apple and Transfer menus 
are shown in Figure 12-4.) 

Linker 

The linker is used to link the files created by the assembler into an application 
file . A symbol table and listing may be generated, if desired. Linking errors will be 
recorded in a separate .LErr file. The inputs and outputs of linking are shown in 
Figure 12-9. 

Files are linked by using the editor to define a Linker control file and then 
invoking the linker. The control file contains relevant linker commands, sets the 
global storage area, and specifies the output file. It may also be used to add 
resources and data to code. 

The linker may be invoked from the editor via the Transfer menu (see Figure 
12-4h); from the Finder, by selecting and opening the Link application (see 
Figure 12-1); or with an Executive control file. 

Executive 

The executive may be used to automate program assembly, linking, and resource 
compilation. The editor is used to create an Executive control file, which tells 
what application to execute; following execution, control returns to the Executive 
file. Executive inputs and outputs are shown in Figure 12-10. 

=0 link 

Relocatable object 0001 ~ 

W'indow Rel 'w'mdow (an appl1ca l1on•) 

modu le with symbol 10110 \ Executable " 
table inform~tion OIO ll r ObJeCt file 

~:,:kers~;~:~i~~ [IJ-@V\ ITT :;~:lbq'~:'~~:dl• 
listing on or of( J ~ 
Sourc• fil• WmlJ~==-~-ow L mk Link 'w'mdow Map 

used if li sting ~ ITT List of errors 
is reque-sted ~ from hnkmg 

\rtindow .Asm Window .LErr 

Figure 12-9 Possible outputs of MDS linker. (From Macintosh 68000 Development System 
User's Manual, copyright 1984, by pennission of Apple Compute1~ Inc.) 
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the applications and 

f1 their input files 
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' 
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[IJ-~ @ii) ...... 
Exec J ob Ex ec Link 'w'hen done, control 

.j. returns to Exec 
Choose Execute 

~ Exec .Job from the 
E>< ecute Menu 

RMaker 

L 

~ 
~I 1¢1'21 

Flgure·12-10 Executive inputs and outputs. (Fram Macintosh 68000 Development System 
User's Manual, copyright 1984, by permission of Apple Computer, Inc.) 

The executive may be invoked from the editor via the Transfer menu (see 
Figure 12-4h); from the Finder, by selecting and opening the Exec application 
(see Figure 12-1); or with an Executive control file. 

Resource Compiler (RMaker) 

RMaker is used to compile an application's resource file. The file is created with 
the editor, and then RMaker is used to compile it. The form of a typical RMaker 
display is shown in Figure 12-11. Resources are defined in the input file as lines 
of text that define dialog and alert boxes; symbolic control devices ; menus; win­
dows; and custom, user-designed resources. 

-- Resource Compiler -==-- _ 

So urce File Window R 
Stot 1cText 
15 20 36 300 
This somp I e pro9ro1t1 wos 111 r i l ten 

Sto lic: Texl 
JS 20 56 300 
JUSl to prove i l could be done! 

• U I tlO Res ource •I spec: if i es ll"u 
• for the window 1n wh ich edi l i1 
• ca! I to GetNewU 1ndow 

Out ut File r-1052 Window Rs rc 

Dntn Size : 334 
Hap Size : 134 
Tolol Size : 468 

Figure 12-11 Typical RMaker display. (From Macintosh 68000 Development System User's 
Manual, copyright 1984, by permission of Apple Computer, Inc. ) 
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Figure 12-12 Typical MacDB display. (From Macintosh 68000 Development System User's 
Manual, copyright 1984, by permission of Apple Computer, Inc.) 

Debuggers 

The development system includes two sets of debuggers: MacDB , and MacsBug. 
The most powerful is MacDB , which requires two machines, Le., two Macin­
toshes, or a Macintosh and a Lisa (with MacWorks). MacsBug works on one 
machine. Capabilities of the two debuggers are similar, but MacDB has smaller 
memory requirements , may be used to debug larger programs, and provides more 
readily available information during debugging. 

To use MacDB , two machines are connected with a serial cable, and a program 
called Nub is run on the same machine as the application ; the second machine 
runs MacDB. The Nub program locates itself in the system heap, sets pointers to 
itself, and awaits one of its predefined "exception events ," e.g., bus error, address 
error, illegal instruction , etc. When such an event is detected, the Nub sends an 
interrupt to the second machine; the main program may then be either continued 
or terminated. During debugging, windows on the second machine may be ac­
cessed to display information concerning memory, registers, the heap, linked 
lists, and traps. MacDB also allows the setting of breakpoints, single-stepping, 
pattern search of memory , and tracing. The appearance of a typical MacDB 
display is shown in Figure 12-12. 

MacsBug, the single-machine debugger, comes in five separate versions: Macs­
Bug, for 128K Macintosh , which uses 10 lines of the application's screen to 
display debugging information ; MaxBug, for 512K Macintosh , which can display 
up to 40 lines of debugging information and may be turned off to restore the 
application's screen ; TermBugA and TermBugB, which display debugging infor­
mation on an external terminal; and LisaBug, which works like MaxBug but runs 
on a Lisa with Macworks. Though the convenience of using the different debug­
gers varies, all can be used to display memory, set bytes of memory, and disas­
semble memory; check the heap; display and set registers ; set breakpoints; moni­
tor traps; trace; and single-step. 
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The Macintosh 68000 development system enables the development of applica­
tions that exercise all of the features of the standard Macintosh user interface. 
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