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E0) Asm
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a6 —_ Relocatable object
10110 10110 module with symbol
LIl o10M] ~  table information
MacTraps.D YWindow .Rel
?oou%l 1 Listing of assembled
oioll S\ files, if requested
ToolEqu.D o= Window Lst
List of errors
encountered during
Window.Asm Window Err assembly
Traps, Equates, and
source files are given
as input to the Assembler
>
KAl [y

Figure 12-6 Possible outputs of MDS assembler. (From Macintosh 68000 Development
System User’s Manual, copyright 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).

& File Options Transfer

Copy of OPEN ... {3

fssembie | !
|

& ( cancel ]

Figure 12-7 Assembler screen showing menu bar and dialog box for selecting file to

assemble.
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vNo Listing
List to File
Select file List to Display
Quit
vNormal Output
Filter by Time Derbose OQutput

(a) (b)

Figure 12-8 Assembler screen menus: (@) 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.

E(E—————— link
)
Relocatable object ol
module with symbol |o||o Executable «
table information L object file
ion!

Window Rel Window (an application!)
Linker control Symbol table
file. Specifies ———o@-—o and listing,

listing on or off

Source file
used if listing

is requested
eriow Asm

if requested

Window .Link Link Yindow .Map
List of errors

from linking
\hndow LErr

1

K]

=

)

Figure 12-9 Possible outputs of MDS linker. (From Macintosh 68000 Development System

User’s Manual, copyright 1984, by permission of Apple Computer, Inc.)
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the applications and
9 their input files
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d
Asm
S 4
Exec.Job Exec Link Yhen done, control
3 returns to Exec
Choose Execute
Exec.Job from the D
Execute Menu
RMaker
1
| [

Figure 12-10 Executive inputs and outputs. (From 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.

Source File Window R

Outpul File MDS2 Window Rsrc

StaticText
“115 20 36 300
This sample program was writ

StaticText
35 20 S6 300

Data Size: 334
ten Map Size: 134
Total Size: 468

. {Just to prove it could be done!

* UIND Resource *1 specifies the
* for the window 1n which editir
* call to GetNewWindow.

Type HIND
Rl
A Sample

S0 40 300 450
Uisible NoGoRway
0

X

TR e

R P A TS T

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, i.e., 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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Input-Output and the
User-Interface Toolbox

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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Alert boxes:
design of, 117-118
use of, 20
Arrays:
display of, 90-91
working with, 105-107
Assembly-language programming:
and other languages, 2, 7, 136, 137
with 68000 development system, 139,
206-214
Aztec C version of C programming
language, 136, 192-194, 198

BASIC programming language:
with Macintosh BASIC (see Macintosh
BASIC)
with Microsoft BASIC (see Microsoft
BASIC)
and other languages, 2, 7, 136, 137
in overview, 137-138, 149
with True BASIC (see True BASIC)
Benchmarks, programming language,
140-141
Boxes, check (see Symbolic control
devices)
Buttons (see Symbolic control devices)

C programming language:
general characteristics of, 192-194
input-output and Toolbox access with,
198
and other languages, 2, 7, 136, 137
in overview, 138-139, 192
program-development environments
for, 194-198
Calculator, Macintosh, 25
Certified developer, Apple, 10
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Check boxes (see Symbolic control
devices)
Clicking with mouse, 99
COBOL programming language, 2, 136,
137
Command key combinations, reserved,
109
(See also Menus)
Command syntax, menu, 109-110
(See also Menus)
Consistency in design, 84
Control Manager (see Toolbox, Macintosh)
Conventions, design, 87—88
human-factors guidelines as, 126—
129
(See also Human-factors guidelines)
for Macintosh: for information display,
89-96
for program control, 107-118
for user input, 97-107

Data-entry form, 23-24, 91
Database programs, 66—67
Helix (Odesta), 66—74
DaVinci graphics tools, 45—-49
Design:
consistency in, 84
methods of, 3—5
simplicity in, 83—-84
Design conventions (see Conventions,
design)
Desk Manager (see Toolbox, Macintosh)
Desktop metaphor, 38—39
Dialog boxes:
design of, 116-117
use of, 20
Dialog Manager (see Toolbox, Macintosh)
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Dialogs, human-computer:
computer-initiated versus operator-
initiated types of, 13-16
control versus data-entry types of,
15
definition of, 12-13
design tradeoffs for selecting type of,
14-15
walk through a typical, 21-26
Dials (see Symbolic control devices)
Directories (see Lists and directories)
Disk drives, Macintosh, 7-8
Documentation:
for Macintosh program development,
recommended, 8—9
for user, 5-6, 87
Dragging with mouse, 100
Dvorak keyboard, 77, 78

Editing, text, 101-107
Editors, line, 18, 137
Environment, program-development:
for ExperLisp, 204
as a language-selection factor, 139
for MacFORTH, 199-202
for Macintosh BASIC, 153-156
for Macintosh Pascal, 180-185
for Microsoft BASIC, 161-163
for 68000 development system, 208—
214
for True BASIC, 173-176
for UCSD Pascal, 187-190
for versions of C programming
language, 194-198
Errors:
operator-caused, toleration of, 87
in program, 86
Event-driven programs (see Modeless
interaction)
Event Manager (see Toolbox, Macintosh)
ExperLisp Version of Lisp programming
language, 139, 202-205

FatBits, 45, 47
Font Manager (see Toolbox, Macintosh)
Form, data-entry, 23—-24, 91
FORTH programming language:
MacFORTH version of, 138—-139, 198—
202
and other languages, 2, 136, 137
Fortran programming language, 2, 136,
137

Graphics, use of, 85
Graphics windows, 89-90
(See also Icons; Palettes)
Guided tours to Macintosh programs, 74
Guidelines, human-factors (see Human-
factors guidelines)

Helix database program, 66—74
Hippo-C version of C programming
language, 136, 192—198
Human-computer dialogs (see Dialogs,
human-computer)
Human-computer interface (see User
interface)
Human-factors guidelines:
as conventions, 126-129
for design, importance of, 87—88
for icon design, 123
for language, use of, 119-123
for numeric information presentation,
124-126
for user input, 129-134
Human language, use of, 119-123
Human memory (see Memory, human)
Human pattern recognition, 35—-36

Icons:

design of, 123

and pattern recognition, 36

use of, in programs, 92
Input, user (see Conventions, design)
Inside Macintosh manual, 9, 206
Instructional programs, 74—80

Justification of text, recommendations
for, 120, 121

Keyboard, computer:
versus mouse, 98
with QWERTY versus Dvorak layout,
77,78
use of, 1, 98, 102-105

Language, human, use of, 119-123
Languages, programming:
benchmarks for, 140-141
overview of, 2, 135—-137
selection of, for programming, 139-140
(See also specific programming
language name, e.g.: Microsoft
BASIC)



Learning curve, user (see Power law of
practice)
Line editors, 18, 137
Lisa computer, 7, 29, 137
Lisp programming language:
ExperLisp version of, 139, 202-205
and other languages, 2, 136, 137
Lists and directories, presentation of, 120,
122-123
Logo programming language, 136

MacAdvantage: UCSD Pascal (see UCSD
Pascal)
MacBeams program, 21-26, 36
Mac C version of C programming
language, 136, 193, 198
MacCoach program, 74-77
MacFORTH version of FORTH
programming language, 138-139,
198-202
Macintosh BASIC:
general characteristics of, 150
input-output features and Toolbox
access with, 156—-158
language features of, 150-153
program-development environment of,
153-156
Macintosh Pascal:
general characteristics of, 7, 137, 179,
180
input-output features and Toolbox
access with, 185—-186
program-development environment of,
180-185
Macintosh 68000 development system,
206-215
assembly-language programming with,
139
MacPaint program:
description of, 41-45
as a model Macintosh application, 40
and modeless interaction, 19, 45 -
MacType program, 74, 77—-80
MacWorks programming environment, 7
Man-machine interface (see User
interface)
Map, mental (see Model, cognitive)
MC 68000 microprocessor, 1, 206
Memory, human:
demands on, minimizing, 84—-85
encoding specificity of information in,
33-34
long-term, 33-34, 39

Index 223

Memory, human (Cont.):
recall versus recognition of information
in, 34
short-term, 31-33, 39
Menu Manager (see Toolbox; Macintosh)
Menus:
in non-Macintosh programs, 13, 23
pull-down: design of, 108-110
standard versions of, 110—-114
use of, 1, 20, 108
Metaphor:
disktop, 38—39
use of, in program, 86
(See also MacBeams program)
Microsoft BASIC:
general characteristics of, 158—-159
input-output features and Toolbox
access with, 163—168
language features of, 159-161
program-development environment of,
161-163
Microsoft Word (word-processing
program), 57—65
Mind-set, Macintosh, 2—4
Modal dialog boxes (see Dialog boxes)
Model, cognitive, 37-38
Modeless dialog boxes (see Dialog boxes)
Modeless interaction, 15, 17-20, 85
Modula 2 programming language, 136,
137
Mouse:
actions with, 99-101
versus keyboard, philosophy of use,
98
and other pointing devices, comparison,
39
and pointer, 98
Multiplan program, 49-57

Negative transfer of training, 37
(See also Operators, computer)
Numeric information, presentation of,
124-126

Odesta Helix database program, 66—74
Operators, computer:
characteristics of, 36—39
documentation for, 5—6, 87
information processing and memory of,
31-35
limitations of, 34
types of, 29-31, 82—83
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Package Manager (see Toolbox,
Macintosh)
Palettes, 92
(See also Icons)
Pascal programming language:
for Lisa computer, 7, 137
and other languages, 2, 7, 136, 137
versions available, overview of, 138, 179
(See also Macintosh Pascal; UCSD
Pascal)
Pattern recognition, human, 35—-36
Pointer (see Mouse)
Power law of practice, 36—37
Pressing with mouse, 99
Program development:
hardware for, 7
on Lisa versus Macintosh, 7
strategies for, 4-5
tools for, 6-10
(See also Environment, program-
development)
Programming languages (see Languages,
programming)
Programs, Macintosh:
good, characteristics of, 26—27, 80—81
organization of, 141-144
unfriendly, characteristics of, 28
(See also specific program name, e.g.:
Multiplan program)

QuickDraw (see Toolbox, Macintosh)
QWERTY keyboard, 77, 78

Radio buttons (see Symbolic control
devices)

Resource Manager (see Toolbox,
Macintosh)

Scrap Manager (see Toolbox, Macintosh)
Simplicity in design, 83—84
Spreadsheet (see Multiplan program)
Symbolic control devices, 114—-116

Template matching (see Pattern
recognition, human)
TextEdit (see Toolbox, Macintosh)
Toolbox, Macintosh:
access to: with C programming
language, 198
with ExperLisp programming
language, 204—-205
as a language-selection factor, 2,
139-140

Toolbox, Macintosh, access to (Cont.):
with MacFORTH programming
language, 202
with Macintosh BASIC, 156-158
with Macintosh Pascal, 185-186
with Microsoft BASIC, 163-168
with 68000 development system, 215
with True BASIC, 176-178
with UCSD Pascal, 190-191
components of, 144-148
use of, in constructing applications,
20
Transfer of training, 37
(See also Operators, computer)
True BASIC:
general characteristics of, 169
input-output features and Toolbox
access with, 176-178
language features of, 169-173
program-development environment of,
173-176

UCSD Pascal:
general characteristics of, 7, 137, 179,
187
input-output features and Toolbox
access with, 190-191
program-development environment of,
187-190 ¥
UNIX line editor, 18, 137
User input (see Conventions, design)
User interface:
definition of, 11-12
design principles for, 82—88
Macintosh: design conventions for, 89—
118
elements of, 20—-21
rationale underlying, 29—-39
Users, computer (see Operators,
computer)

Window Manager (see Toolbox,
Macintosh)
Windows, Macintosh:
design of, conventions for, 89—97
in displaying information, use of, 20
and human short-term memory, 31
role of, in supporting operator, 39
Word, Microsoft (word-processing
program), 57—-65

Xerox Star computer, 29
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