




























































































































































































































































































































































































































































































































































































































































































































Permission is granted to copy and distribute translations of this chapter into another 
language, under the above conditions for modified versions, except that the section entitled 
"GDB General Public License" may be included in a translation approved by the author 
instead of in the original English. 

Distribution 

GNU software is/ree; this means that everyone is free to use it and free to redistribute it on 
a free basis. GNU software is not in the public domain; it is copyrighted and there are 
restrictions on its distribution, but these restrictions are designed to permit everything that 
a good cooperating citizen would want to do. What is not allowed is to try to prevent others 
from further sharing any version of GNU software that they might get from you. The 
precise conditions are found in the GNU General Public License that appears following 
this section. ' 

You may obtain a complete machine-readable copy of any NeXTSTEP-modified source 
code for Free Software Foundation software under the terms of Free Software foundation's 
general public licenses, without charge except for the cost of media, shipping and handling, 
upon written request to Technical Services at NeXT Computer, Inc. 

When making a request, please specify which GNU software programs you're interested in 
receiving. GNU programs released by NeXT currently include: 

gee 
gdb 
gas 
emaes 

GNU compiler 
GNU debugger 
GNU assembler 
GNU text editor 

If you want an unmodified, verbatim copy of any GNU software (including GNU software 
that's not part of the NeXTSTEP software release), you can order it from the Free Software 
Foundation. Though GNU software itself is free, the distribution service is not. For further 
information, write to: 

Free Software Foundation 
675 Mass. Ave. 
Cambridge, MA 02139 

Income that Free Software Foundation derives from distribution fees goes to support the 
Foundation's purpose: the development of more free software to distribute. 
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GOB General Public License 

The license agreements of most software companies keep you at the mercy of those 
companies. By contrast, our general public license is intended to give everyone the right to 
share GDB. To make sure that you get the rights we want you to have, we need to make 
restrictions that forbid anyone to deny you these rights or to ask you to surrender the rights. 
Hence this license agreement. 

Specifically, we want to make sure that you have the right to give away copies of GDB, that 
you receive source code or else can get it if you want it, that you can change GDB or use 
pieces of it in new free programs, and that you know you can do these things. 

To make sure that everyone has such rights, we have to forbid you to deprive anyone else 
of these rights. For example, if you distribute copies of GDB, you must give the recipients 
all the rights that you have. You must make sure that they, too, receive or can get the source 
code. And you must tell them their rights. 

Also, for our own protection, we must make certain that everyone finds out that there is no 
warranty for GDB. If GDB is modified by someone else and passed on, we want its 
recipients to know that what they have is not what we distributed, so that any problems 
introduced by others will not reflect on our reputation. 

Therefore we (Richard Stallman and the Free Software Foundation, Inc.) make the 
following terms which say what you must do to be allowed to distribute or change GDB. 

Copying Policies 

1. You may copy and distribute verbatim copies of GDB source code as you receive it, in 
any medium, provided that you conspicuously and appropriately publish on each copy 
a valid copyright notice "Copyright (c) 1988 Free Software Foundation, Inc." (or with 
whatever year is appropriate); keep intact the notices on all files that refer to this License 
Agreement and to the absence of any warranty; and give any other recipients of the GDB 
program a copy of this License Agreement along with the program. You may charge a 
distribution fee for the physical act of transferring a copy. 

2. You may modify your copy or copies of GDB or any portion of it, and copy and 
distribute such modifications under the terms of Paragraph 1 above, provided that you 
also do the following: 

• cause the modified files to carry prominent notices stating that you changed the files 
and the date of any change; and 
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• cause the whole of any work that you distribute or publish, that in whole or in part 
contains or is a derivative of GDB or any part thereof, to be licensed at no charge to 
all third parties on terms identical to those contained in this License Agreement 
(except that you may choose to grant more extensive warranty protection to some or 
all third parties, at your option). 

• You may charge a distribution fee for the physical act of transferring a copy, and you 
may at your option offer warranty protection in exchange for a fee. 

Mere aggregation of another unrelated program with this program (or its derivative) on 
a volume of a storage or distribution medium does not bring the other program under the 
scope of these terms. 

3. You may copy and distribute GDB (or a portion or derivative of it, under Paragraph 2) 
in object code or executable form under the terms of Paragraphs 1 and 2 above provided 
that you also do one of the following: 

• accompany it with the complete corresponding machine-readable source code, which 
must be distributed under the terms of Paragraphs 1 and 2 above; or, 

• accompany it with a written offer, valid for at least three years, to give any third party 
free (except for a nominal shipping charge) a complete machine-readable copy of the 
corresponding source code, to be distributed under the terms of Paragraphs 1 and 2 
above; or, 

• accompany it with the information you received as to where the corresponding 
source code may be obtained. (This alternative is allowed only for noncommercial 
distribution and only if you received the program in object code or executable 
form alone.) 

For an executable file, complete source code means all the source code for all modules 
it contains; but, as a special exception, it need not include source code for modules 
which are standard libraries that accompany the operating system on which the 
executable file runs. 

4. You may not copy, sublicense, distribute or transfer GDB except as expressly provided 
under this License Agreement. Any attempt otherwise to copy, sublicense, distribute or 
transfer GDB is void and your rights to use the program under this License agreement 
shall be automatically terminated. However, parties who have received computer 
software programs from you with this License Agreement will not have their licenses 
terminated so long as such parties remain in full compliance. 
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5. If you wish to incorporate parts of GDB into other free programs whose distribution 
conditions are different, write to the Free Software Foundation at 675 Mass. Ave., 
Cambridge, MA 02139. We have not yet worked out a simple rule that can be stated 
here, but we will often permit this. We will be guided by the two goals of preserving the 
free status of all derivatives of our free software and of promoting the sharing and reuse 
of software. 

Your comments and suggestions about our licensing policies and our software are 
welcome! Please contact the Free Software Foundation, Inc., 675 Mass. Ave., Cambridge, 
MA 02139, or call (617)876-3296. 

No Warranty 

BECAUSE GDB IS LICENSED FREE OF CHARGE, WE PROVIDE ABSOLUTELY NO 
WARRANTY, TO THE EXTENT PERMITTED BY APPLICABLE STATE LAW. 
EXCEPT WHEN OTHERWISE STATED IN WRITING, FREE SOFTWARE 
FOUNDATION, INC, RICHARD M. STALLMAN AND/OR OTHER PARTIES 
PROVIDE GDB ''AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER 
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF 
GDB IS WITH YOU. SHOULD GDB PROVE DEFECTIVE, YOU ASSUME THE COST 
OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION. 

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW WILL RICHARD M. 
STALLMAN, THE FREE SOFTWARE FOUNDATION, INC., AND/OR ANY OTHER 
PARTY WHO MAY MODIFY AND REDISTRIBUTE GDB AS PERMITTED ABOVE, 
BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY LOST PROFITS, LOST 
MONIES, OR OTHER SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES 
ARISING OUT OF THE USE OR INABILITY TO USE (INCLUDING BUT NOT 
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR 
LOSSES SUSTAINED BY THIRD PARTIES OR A FAILURE OF THE PROGRAM TO 
OPERATE WITH ANY OTHER PROGRAMS) GDB, EVEN IF YOU HAVE BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY 
ANY OTHER PARTY. 
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Mach Object Files 

This chapter describes the format of Mach object files. This format is used by default, 
rather than the UNIX 4.3BSD a.out format, for object files on NeXTSTEP computers. 

The current Mach object format is still evolving at Carnegie Mellon, and enhancements in 
NeXTSTEP are part of this evolving process. These enhancements refine the design and 
clean up some implementation details. The concepts of the original design are still present, 
but names have been changed for consistency. 

The Mach object file format has two components: 

• A static header containing information common to all files 

• A variable number of load commands that provide information about the structure of 
the file 

The load commands provide the following types of information: 

• The layout of the run-time memory image 
• The symbol table information 
• The initial thread execution state 
• The names of any referenced shared libraries 

The layout of the file is determined by the file type: 

• For types MH_EXECUTE and MH_FVMLIB the segments are padded out and aligned 
on a segment alignment boundary for efficient demand paging. Both these file types also 
have the headers included as part of their first segment. 

• The type MH_OBJECT is a compact format (the ".0" format). It's intended only as 
output of the assembler and input (or possibly output) of the link editor. All sections are 
in one unnamed segment with no padding. 
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• The type MH_PRELOAD is an executable format intended for files that aren't executed 
under the kernel (such as PROMs, standalone programs, and kernels). 

• The type MH_ CORE is for core files. 

The structures of a Mach object file are defined in the header file mach-olloader.h, and are 
described below. The structures and what they're used for are described first, followed by 
a list of what structures make up Mach object files. 

The Mach Header 

The Mach header appears at the beginning of the object file. Only information that's truly 
general to the file is contained in the Mach header. Other information is put in the load 
commands that follow. 

The format of the Mach header is: 

struct mach_header 
unsigned long 
cpu_type_t 
cpu_subtype_t 
unsigned long 
unsigned long 
unsigned long 
unsigned long 

} ; 

{ 

magic; 
cputype; 
cpusubtype; 
filetype; 

ncmdsi 
sizeofcmds; 
flags; 

/* 

/* 

/* 

/* 

/* 

/* 

/* 

Mach magic number identifier */ 

cpu specifier */ 

machine specifier */ 

type of file */ 

number of load commands */ 

size of all load commands */ 

flags */ 

The value for the magic field of the mach_header structure is: 

#define MH_MAGIC Oxfeedface /* the Mach magic number */ 

The values for the cputype and cpusuhtype fields are defined as follows in the header file 
sys/machine.h: 

#define CPU_TYPE_MC680xO ((cpu_type_t) 6) 
#define CPU_SUBTYPE_MC68030 ((cpu_subtype_t) 1) 
#define CPU_SUBTYPE_MC68040 ((cpu_subtype_t) 2) 
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The values for the filetype field are defined as follows in the header file syslloader.h: 

#define MH_OBJECT Oxl /* relocatable object file */ 

#define MH_EXECUTE Ox2 /* executable object file */ 

#define MH_FVMLIB Ox3 /* fixed vm shared library file */ 

#define MH_CORE Ox4 /* core file */ 

#define MH_PRELOAD Ox5 /* preloaded executable file */ 

The ncmds field contains the number of load_command structures that follow the Mach 
header. The load_command structures directly follow the Mach header in the object file. 

The sizeofcmds field contains the total size in bytes of all of the load commands that 
follow it. 

The following constants are used for the flags field: 

#define MH_NOUNDEFS Oxl /* object file has no undefined references; 
can be executed */ 

#define MH_INCRLINK Ox2 /* object file is the output of an 
incremental link against a base file; 
can't be link-edited again */ 

The Load Commands 

The load commands appear directly after the Mach header. They are variable in size. The 
number of load commands and the total size of the commands are given in the ncmds and 
sizeofcmds fields of the mach_header structure. 

All load commands must have as their first two fields cmd and cmdsize: 

• The cmd field contains a constant for that command type. Each command type has a 
specific structure corresponding to it. 

• The cmdsize field is the size in bytes of the particular load_command structure plus 
anything that follows it that's a part of the load command (for example, section 
structures or strings). To advance to the next load command, the value of the cmdsize 
field can be added to the offset or pointer of the current load command. 

The value of the cmdsize field must be a multiple of sizeof(long). This is the maximum 
alignment of any load command. The padded bytes must be zero-filled. Because the file 
will be memory mapped, all tables in the object file must also follow these rules; otherwise 
the pointers to these tables are not guaranteed to work. With all padding zero-filled, like 
objects will compare byte for byte. 
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The following structure is the minimum form of a load command: 

struct load_command { 
unsigned long cmd; 
unsigned long cmdsize; 

} ; 

/* type of load command */ 
/* total size of command in bytes */ 

Constants for the cmd field of the load_command structure are: 

#define LC_SEGMENT Oxl /* file segment to be mapped */ 
#define LC_SYMTAB Ox2 /* link-edit stab symbol table info 

(obsolete) */ 
#define LC_SYMSEG Ox3 /* link-edit gdb symbol table info */ 
#define LC_THREAD Ox4 /* thread */ 
#define LC_UNIXTHREAD Ox5 /* UNIX thread (includes a stack) */ 
#define LC_LOADFVMLIB Ox6 /* load a fixed VM shared library */ 
#define LC_IDFVMLIB Ox7 /* fixed VM shared library id */ 
#define LC_IDENT Ox8 /* object identification information 

(obsolete) */ 
#define LC_FVMFILE Ox9 /* fixed VM file inclusion */ 

A variable-length string in a load command is represented by an Ic_str union. The string 
is stored just after the load_command structure, and the offset is from the start of the 
load_command structure. The size of the string is reflected in the cmdsize field of the load 
command. Any padded bytes to bring the cmdsize field to a multiple of sizeof(long) must 
be zero-filled. 

union lc_str 
unsigned long offset; 
char *ptr; 

} ; 

/* offset to the string */ 
/* pointer to the string */ 

The LC_SEGMENT Load Command 

The LC_SEGMENT load command indicates that a part of this file is to be mapped into the 
task's address space. The size of this segment in memory, vmsize, can be equal to or larger 
than the amount to map frOln this file, filesize. The file, starting at fileoff, is mapped to the 
beginning of the segment in memory at vmaddr. The rest of the memory of the segment, 
if any, is allocated zero-fill on demand. 

14-6 Chapter 14: Mach Object Files 

------------- --------------



struct segment_command { 
unsigned long cmdi 

unsigned long cmdsizei 

} ; 

char segname[16]i 
unsigned long vrnaddri 
unsigned long vrnsizei 
unsigned long fileoffi 
unsigned long filesize; 
vrn-prot_t maxprot; 
vrn-prot_t initprot; 
unsigned long nsects; 
unsigned long flags; 

/* LC_SEGMENT */ 

/* includes size of section 
structures */ 

/* segment's name */ 

/* segment's memory address */ 

/* segment's memory size */ 

/* segment's file offset */ 

/* amount to map from file */ 

/* maximum VM protection */ 

/* initial VM protection */ 

/* number of sections */ 

/* flags */ 

The segment's maximum virtual memory protection and initial virtual memory protection 
are specified by the maxprot and initprot fields. The values for these fields are set to some 
combination of the constants defined in the header file vrnlvm_prot.h: 

#define VM_PROT_NONE ( (vrn-prot_t) OxOO) 
#define VM_PROT_READ ( (vrn-prot_t) OxOl) /* read permission */ 

#define VM_PROT_WRITE ( (vrn-prot_t) Ox02) /* write permission */ 

#define VM_PROT_EXECUTE ( (vrn-prot_t) Ox04) /* execute permission 

/* The default protection for newly created virtual memory */ 

#define VM_PROT_DEFAULT \ 
(VM_PROT_READ I VM_PROT_WRITE I VM_PROT_EXECUTE) 

/* Maximum privileges possible, for parameter checking. */ 

#define VM_PROT_ALL \ 
(VM_PROT_READ I VM_PROT_WRITE I VM_PROT_EXECUTE) 

A segment's address and virtual memory protection are set at link edit time. 

*/ 

The following constants can be used for the flags field of the segment_command structure: 

#define SG_HIGHVM Oxl 
#define SG_FVMLIB Ox2 
#define SG_NORELOC Ox3 

SG_HIGHVM indicates that the file contents for this segment occupy the high part of the 
virtual memory space; the low part is zero-filled (for stacks in core files). SG_FVMLIB 
indicates that the segment is the virtual memory that's allocated by a fixed virtual memory 
library for overlap checking in the link editor. SG_NORELOC indicates that the segment 
has nothing that was relocated in it and nothing relocated to it (that is, it may be safely 
replaced without relocation). 
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A segment is made up of zero or more sections. If the segment contains sections, the 
section structures directly follow the segment command and their size is reflected in the 
cmdsize field. 

If sections have the same section name and are going into the same segment, they're 
combined by the link editor. The resulting section is aligned to the maximum alignment of 
the combined sections and is the new section's alignment. The combined sections are 
aligned to their original alignment in the combined section. Any padded bytes used to get 
the specified alignment are zero-filled. 

Only non-MH_OBJECT files have all their segments with the proper sections in each 
padded to the specified segment alignment. The default segment alignment for the link 
editor is the page size. The first segment of an executable or shared library always contains 
the Mach header and load commands of the object file before its first section. The 
zero-filled sections are always last in their segment, allowing the zeroed segment padding 
to be mapped into memory where zero-filled sections might be. 

struct section { 
char sectname[16]i 
char segname[16]i 

/* section's name */ 

/* segment the section is in */ 

/* section's memory address */ 

/* section's size in bytes */ 

/* section's file offset */ 

/* section's alignment */ 

unsigned long 
unsigned long 
unsigned long 
unsigned long 
unsigned long 
unsigned long 

addri 
size; 
offset; 
align; 
reloff; 
nreloc; 

/* file offset of relocation entries */ 

/* number of relocation entries */ 

} ; 

unsigned long flags; /* flags */ 

unsigned long reservedl; /* reserved */ 

unsigned long reserved2; /* reserved */ 

Flags currently defined for the flags field of a section structure are the following: 

#define S_ZEROFILL Oxl /* zero-filled on demand */ 

#define S_CSTRING_LITERALS Ox2 /* section has only literal C 
strings */ 

#define S_4BYTE_LITERALS Ox2 /* section has only 4-byte literals 
#define S_SBYTE_LITERALS Ox2 /* section has only S-byte literals 
#define S_LITERAL_POINTERS Ox2 /* section has only pointers to 

literals */ 

*/ 

*/ 

S_ZEROFILL is used for the uninitialized data sections; sections with literal flags cause the 
link editor to coalesce redundant literals into sections and perform the proper relocation, 
resulting in a smaller file. 
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The format of the relocation entries referenced by the reloff and nreloc fields is described 
in the header file reloc.h. 

Although the names of segments and sections in them are mostly meaningless to the link 
editor, there are a few things to support traditional UNIX executables that will require the 
link editor and assembler to use some agreed-upon names. 

The link editor will allocate common symbols at the end of the _common section in the 
_DATA segment, creating the section and segment if needed. The _common section 
must be a zero-fill section (marked with S_ZEROFILL). 

The default maxprot and initprot (maximum and initial virtual memory protection) will 
always be read, write, and execute. If there's a _TEXT or _LINKED IT segment its 
initprot won't be writable by default. 

The following are constants for the conventional segment and section names: 

#define SEG_PAGEZERO 

#define SEG_TEXT 
#define SECT_TEXT 

_PAGEZERO" /* pagezero segment; has no 
protections; catches NULL 
references for MH_EXECUTE 
files */ 

_TEXT" /* traditional UNIX text segment */ 

_text" /* real text part of the text 
section; no headers and 
padding */ 

#define SECT_FVMLIB_INITO" fvmlib_initO" /* fvmlib initialization 
section */ 

#define SECT_FVMLIB_INITl "_fvmlib_initl" /* the section following 
the fvmlib 

#define SEG_DATA 
#define SECT_DATA 

#define SECT_BSS 

#define SECT_COMMON 

#define SEG_OBJC 

initialization 
section */ 

_DATA" /* traditional UNIX data segment */ 

_data" /* real initialized data section; 
no padding, no bss overlap */ 

_bss" /* real uninitialized data 
section; no padding */ 

_common" /* the section common symbols 
are allocated in by the link 
editor */ 

#define SECT OBJC_SYMBOLS "_symbol_table" 
/* run-time segment */ 

/* symbol table */ 

#define SECT_OBJC_MODULES "_module_info" /* (obsolete!) */ 

#define SECT_OBJC_STRINGS "_selector_strs" /* string table */ 

#define SECT_OBJC_REFS 
#define SEG_ICON 
#define SECT_I CON_HEADER 
#define SECT_ICON_TIFF 

selector_refs" /* string table */ 

_ICON" /* NeXT icon segment */ 

_header" /* icon headers */ 

_tiff" /* icons in TIFF format */ 
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The LC_SYMTAB Load Command 

The LC_SYMTAB command specifies the location and size of the symbol table 
information created by the compiler used for link editing and debugging. This 
UNIX 4.3BSD stab-style symbol table information is defined in the header files nlist.h 
and stabs.h: 

struct symtab_command 
unsigned long cmdi /* LC - SYMTAB */ 

unsigned long cmdsizei /* sizeof(struct symtab_command) */ 

unsigned long symoffi /* symbol table offset */ 

unsigned long nsymsi /* number of symbol table entries */ 

unsigned long stroffi /* string table offset */ 

unsigned long strsizei /* string table size in bytes */ 

} i 

The LC_SYMTAB command contains the offsets for both the symbol table entries and the 
string table used by those entries. This format is different from the UNIX 4.3BSD a.out 
format: The string table offset and size are explicitly defined, and the symbol table and 
string tables are located at the end of the file (not after the LC_SYMTAB command). 

The fonnat of a symbol table entry is defined in the header file n1ist.h: 

struct nlist 
union { 

} i 

char 
long 

} n_uni 
unsigned char 
unsigned char 
short 
unsigned 

*n_namei /* 

n_strxi /* 

n_typei /* 

n_secti /* 

n_desci /* 

n_valuei /* 

for use when in-core */ 

index into file string table */ 

type flagi see below */ 

section number or NO_SECT */ 

see the header file stab.h */ 

value of this symbol table entry 
(or stab offset) */ 

Symbols with an index into the string table of zero (n_un.n_strx == 0) are defined to 
have a null ("") name. Therefore, all string indexes to non-null names must not have a zero 
string length. 

In the file, a symbol's n_un.n_strx field gives an index into the string table. An n_strx 
value of 0 indicates that no name is associated with a particular symbol table entry. The 
field n_un.n_name can be used to refer to the symbol name only if the program sets this 
up using D_strx and appropriate data from the string table. 
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The flag values that distinguish symbol types are defined in the header file DUst.h. The 
D_type field actually contains three fields, and if declared as such would be: 

unsigned char N_STAB:3, 
N_TYPE:4, 
N_EXT:li 

These fields are used by specifying the following masks: 

#define N_STAB OxeO /* if any bits are set, this is a symbolic 
debugging entry */ 

#define N_TYPE Oxle /* mask for the type bits */ 

#define N_EXT OxOl /* external symbol bit; set for external 
symbols */ 

Some of the N_STAB bits will be set if and only if the entry is a symbolic debugging entry 
(an stab )-in this case, the values for the N_ TYPE bits of the D_type field (the entire field) 
are as shown in the header file stab.h. Normal values for the N_TYPE bits of the D_type 
field are: 

#define N_UNDF OxO /* undefined; n - sect == NO_SECT */ 

#define N_ABS Ox2 /* absolute; n_sect == NO - SECT */ 

#define N_SECT Oxe /* defined in section number n_ sect */ 

#define N_INDR Oxa /* indirect */ 

If the type is N_SECT, the D_sect field contains an ordinal of the section the symbol is 
defined in. The sections are numbered from 1 and refer to sections in the order in which 
they appear in the load commands for the file they're in. Therefore the same ordinal may 
refer to different sections in different files. This is the most common type of symbol. 

If the type is N_INDR, the symbol is defined to be the same as another symbol. In this case 
the D_ value field is an index into the string table of the other symbol's name. When the 
other symbol is defined, they both take on the defined type and value. 

The D_value field for all symbol table entries (including N_STABs) gets updated by the 
link editor based on the value of the D_sect field and where the section's D_sect references 
get relocated. If the value of the D_sect field is NO_SECT, its D_ value field isn't relocated 
by the link editor. 

#define NO_SECT 0 
#define MAX_SECT 255 

/* the symbol isn't in any section */ 

/* 1 through 255 inclusive */ 

Common symbols are represented by undefined (N_ UNDF) external (N_EXT) types 
whose values (D_value) are nonzero. In this case the value of the D_value field is the size 
in bytes of the common symbol, and the value of the D_sect field is NO_SECT. 
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The LC_ THREAD and LC_UNIXTHREAD Load 
Commands 

Thread commands contain machine-specific data structures suitable for use in the thread 
state primitives. The machine-specific data structures follow the struct thread_command 
or struct unixthread_command as follows: Each flavor of machine-specific data structure 
is preceded by an unsigned long constant for the flavor of that data structure and an 
unsigned long that's the count of longs of the size of the state data structure, and then the 
state data structure follows that. This triple may be repeated for many flavors. 

The constants for the flavor, count, and state data structure definitions are expected to be 
in the header file machine/thread_status.h; these machine-specific data structure sizes 
must be multiples of sizeof(long). The cmdsize reflects the total size of the 
thread_command structure and all of the sizes of the constants for the flavor, count, and 
state data structures. 

struct thread_command 
unsigned long cmd; 
unsigned long cmdsize; 
/* unsigned long flavor 
/* unsigned long count 

/* LC_THREAD or LC_UNIXTHREAD */ 

/* sizeof(struct thread_command) .*/ 
flavor of thread state */ 

/* struct XXX_thread_state state 

/* . . . * / 

count of longs in thread state */ 

flavor's thread state */ 

} ; 

The LC_UNIXTHREAD command specifies an initial thread execution state for a UNIX 
process. For an executable object that's a UNIX process, there's one 
unixthread_command created by the link editor. A stack is created based on the UNIX 
rlimit for the stack. This stack will contain the command arguments and environment 
variables when the program is executed. The entry point is placed in the program counter 
in the thread state. The stack address is placed in the stack pointer by the kernel when this 
program is executed. The stack is created as a zero-fill on demand region when the object 
is launched. Then the command line and environment arguments are placed on the stack 
and the stack pointer in the thread state is modified. 
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The LC_LOADFVMLIB and LC~IDFVMLIB Commands 

A fixed virtual shared library has the file type MH_FVMLIB in the Mach header, and 
contains the fvmlib_command LC_IDFVMLIB to identify the library. An object that uses 
a fixed virtual shared library contains the fvmlib_command LC_LOADFVMLIB for each 
library it uses: 

struct fvmlib_command { 
unsigned long cmd; 
unsigned long cmdsize; 
struct fvmlib fvmlib; 

/* LC_IDFVMLIB or LC_LOADFVMLIB */ 

/* includes pathname string */ 

/* the library identification */ 

} ; 

Fixed virtual memory shared libraries are identified by the target pathname (the name of 
the library as found for execution) and the minor version number: 

struct fvmlib { 
union lc_str name; 
unsigned long minor_version; 

} ; 

/* library's target pathname */ 

/* library's minor version 
number */ 

The LC_LOADFVMFILE Command 

The LC_LOADFVMFILE command contains a reference to a file to be loaded at the 
specified virtual address: 

struct fvmfile_command 
unsigned long cmd; 
unsigned long cmdsize 
union lc_str name; 
unsigned long header_addr; 

} ; 

/* LC_FVMFILE */ . 

/* includes pathname string */ 

/* files pathname */ 

/* files virtual address */ 
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Relocation Information 

The value of a byte in a section that isn't a portion of a reference to an undefined external 
symbol is exactly the value that will appear in memory when the file is executed. If a byte 
in a section involves a reference to an undefined external symbol, as indicated by the 
relocation information, the value stored in the file is an offset from the associated external 
symbol. When the file is processed by the link editor and the external symbol becomes 
defined, the value of the symbol will be added to the bytes in the file. 

If relocation information is present, it amounts to eight bytes for each relocatable entry. 
The structure of a relocation entry as given in the header file reloc.h is as follows: 

struct relocation_info { 
int /* offset in the section to what is 

being relocated */ 

unsigned r_symbolnum:24, /* symbol index if r_extern == 1 or 

} ; 

r-pcrel:l, 
r_length:2, 
r_extern:l, 

r_reserved:4; 

section ordinal if r_extern == 0 */ 

/* was relocated pc-relative already */ 

/* O=byte, l=word, 2=long */ 

/* doesn't include value of symbol 
referenced */ 

/* reserved */ 

#define R_ABS 0 /* absolute relocation type for Mach-O files */ 

The r_address is an offset rather than an address. For Mach-O object files this offset is 
from the start of the section the relocation entry is for. 

If r_extem is 0, r_symbolnum is an ordinal representing the section that contains the 
symbol being relocated. These ordinals refer to the sections in the object file in the order 
in which their section structures appear in the headers of the object file they're in. The first 
section has the ordinal 1, the second has the ordinal 2, and so on. Therefore the same 
ordinal in two different object files could refer to two different sections. Furthermore, the 
ordinals could change when combined by the link editor. The value.R_ABS is used for 
relocation entries of absolute symbols that need no further relocation. 

To make scattered loading by the link editor work correctly, "local" relocation entries can't 
be used when the item to be relocated is the value of a symbol plus an offset (where the 
resulting expression is outside the block the link editor is moving, blocks are divided at 
symbol addresses). If the item is a symbol value plus offset, the link editor needs to know 
more than just the section in which the symbol was defined. What is needed is the actual 
value of the symbol without the offset, so the link editor can do the relocation correctly 
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based on where the value of the symbol got relocated to, not the value of the expression 
(with the offset added to the symbol value). For Release 2.0, no "local" relocation entries 
are ever used when there is a nonzero offset added to a symbol. The "external" and "local" 
relocation entries remain unchanged. 

It's assumed that a section will never be bigger than 2**24 - 1 (OxOOffffff or 16,777,215) 
bytes. This assumption allows the r_address (which is really an offset) to fit into 24 bits, 
and for the high bit of the r _address field in the relocation_info structure to indicate that 
it's really a scattered_relocation_info structure. Since these are only used in places where 
"local" relocation entries are used and not where "external" relocation entries are used, the 
r_extern field has been removed. 

#define R_SCATTERED Ox80000000 /* mask to be applied to r_address 
field of a relocation_info struct 
to tell that it is really a 
scattered_relocation_info struct */ 

struct scattered_relocation_info 
unsigned int r_scattered:l, /* l=scattered, O=non-scattered */ 

long 

} ; 

r-pcrel:l, /* was relocated pc relative already */ 

r_length:2, /* O=byte, l=word, 2=long */ 
r_reserved:4, /* reserved */ 

r_address:24; /* offset in the section to what is 
being relocated */ 

/* the value the item to be relocated 
refers to (with no offset added) */ 

The MaD(eulJ) of lEl{eclJl'8:able Object Files 

A typical executable (that is, with the filetype MH_EXECUTE) Mach-O object file 
produced by the link editor would contain the following components, in the order 
shown here: 

• A Mach header 

• An LC_SEGMENT load command for the _PAGEZERO segment 

• An LC_SEGMENT load command for the _TEXT segment, followed by section 
headers for the sections in that segment. These section headers could include _text, 
_fvmlib_initO, _fvmlib_initl, _const, _string, _literalS, and _literaI4. 
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• An LC_SEGMENT load command for the _DATA segment, followed by the section 
headers for the sections in that segment. These section headers could include _data, 
_bss, and _common. 

• An LC_SEGMENT load command for the _OBJC segment, followed by the section 
headers for the sections in that segment. These section headers could include _class, 
_meta_class, _cat_inst_meth, _els_meth, _inst_meth, _message_refs, 
_symbols, _category, _cIass_vars, _module_info, and _selector_strs. 

• An LC_SEGMENT load command for the _LINKEDIT segment 

• An LC_SYMTAB load command 

• An LC_UNIXTHREAD load command 

• An LC_LOADFMVLIB load command for each shared library it uses 

• The _TEXT segment rounded out to the segment alignment 

• The _DATA segment rounded out to the segment alignment 

• The _OBJC segment rounded out to the segment alignment 

• All the relocation entries, if saved (normally not saved) 

• All the stab symbol and string tables, if not stripped 

You can use the otool command to print the contents of object files· and libraries that are in 
Mach-O format or in UNIX 4.3BSD a.out format. Various options allow you to specify 
certain portions of the Mach-O file. For example: 

-h Print the Mach header 
-I Print the load commands 
-t Print the contents of the text section 

(used with the -v flag, this disassembles the text; 
with the -V flag it also symbolically disassembles the operands) 

-d Print the contents of the _data section 
-r Print the relocation entries 

Complete documentation for the otool command is contained in a UNIX manual page, 
which you can access through the Digital Librarian. 

14-16 Chapter 14: Mach Object Files 



Additional information related to the Mach-O file format is contained in section 1 
(commands), section 3 (subroutines), and section 5 (file formats and conventions) of the 
UNIX manual pages. You can use the following list and the Digital Librarian to find the 
documentation you need: 

atom(1) 
gdb(l) 
Id(l) 
nm(1) 
otool(1) 
size(l) 
strip(1) 
getmachheaders(3 ) 
getsectbyname(3) 
getsegbyname(3) 
nlist(3) 
Mach-O(5) 
stab(5) 

Converts an object file from a.out to Mach-O format 
Debugs using the GNU debugger 
Links using the link editor 
Prints a symbol table 
Prints parts of an object file or library 
Prints the size of an object file 
Removes symbols and relocation bits 
Gets the Mach headers for an executable 
Gets the section information for a section 
Gets the segment command for a segment 
Gets entries from a name list 
Describes Mach-O assembler and link editor output 
Describes symbol table types 
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Building a Simple Application 

Even the simplest application that presents the user with a graphic interface represents a 
staggering amount of programming effort. If each developer had to begin at the beginning, 
few applications would make it to completion. Fortunately, NeXTSTEP-through its 
integrated software kits and programming tools-dramatically reduces your workload in 
creating such applications. 

NeXTSTEP's object-oriented software kits let your application benefit from numerous 
years of software development and testing, providing you with the elements (windows, 
buttons, text- and image-handling objects, and so on) that most applications require. 
Interface Builder dramatically simplifies the task of assembling and interconnecting these 
elements and helps you create new, reusable elements of your own. Overseeing the entire 
development process is Project Builder. Project Builder keeps track of the elements that 
make up your application, gives you access to other development tools, builds your 
application, and helps you with many other details. 

The proj ect presented in this chapter will give you a taste of application development using 
NeXT STEP. You'll create a complete, though content-free, application using Interface 
Builder to assemble "off-the-shelf' objects from the Application Kit and then build the 
application using Project Builder. The objectives of this project are twofold: 

• To introduce NeXTSTEP's main development tools: Interface Builder and 
Project Builder. 

• To give you an understanding of your part in the application-development process 
by showing you which parts can be done entirely with Project Builder and 
Interface Builder. 
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Creating a Project 

The first step in building any NeXTSTEP application is to use Project Builder to create a 
project. A project is a directory of files under the control of Project Builder. 

Start Project Builder from the Workspace Manager, either from its location in 
/NextDeveloper/AppslProjectBuilder or from the dock, if its icon is there. When the 
application starts, it displays its main menu. 

Choose New from the Project menu. The Open panel that appears has two points of 
interest. First is the Name field, which suggests "PB.project". This is the standard project 
file that Project Builder uses to record the elements and dependencies within a project. 
Second is the pop-up list that indicates that the type of project being built is an application. 

For clarity, a new project should be created in its own directory, so let's create a directory 
for this project. Enter "Simple" in the Name field-overwriting "PB.project"-and press 
Return. (You don't have to specify PB.project. By default Project Builder adds this file to 
a new project directory.) 

A Project window titled "Simple" appears. 

II.iI - Simple - --- - - -- - -- ~ 

ders 
Other Sources 
Interfaces 
Images 
Other Resources 
SubproJects' 
Supporting File,s 
Llblali~$' " , '-

Figure 15-1. The Project Window 
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The five buttons at the top of the window give you access to Project Builder's main 
commands and displays. The buttons have these functions: 

r~rl l3EJ 
"[ 
Debug 

~ 
i~ 

Builder 

Builds the application (if necessary) and then runs it. 

Builds the application (if necessary) and then runs it in debugging mode 
using GDB and Edit. 

Shows the Attributes display, which lets you set the application's name, 
associated icon, installation directory, and other attributes. 

Shows the Files display, which gives you access to the files that make up 
the project. 

Shows the Builder display. This display lets you specify compiler and 
linker options and view messages generated during the build process. 

Let's take a look at the three different displays. 
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Click the Attributes button. This display lets you set some of the global attributes of your 
project, such as its name, the icon the application displays in the workspace, where the 
finished application will be installed in the file system, and other features: 

addresses 
bundle 
chunk 
clr 
compressed 

Figure 15-2. Project Builder's Attributes Display 

You'll learn more about the Attributes display during the course of this project and the 
others in the following chapters. 

Click the Files button. The Files display gives you an organized view of the files that make 
up your application. (See Figure 15-1 above for an illustration.) The left column lists the 
types of source files, and, for a selected type, the right column (or columns) displays the 
names of any files of that type that your project contains. 

Finally, click the Builder button. 
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Figure 15-3. Project Builder's Builder Display 

You use this display to control how your application is built. For example, using the Args 
field, you can specify whether a debugging or an optimized version of the application will 
be built. Using the Host field, you can specify that the application be compiled and linked 
on some other computer on the network, thus reducing the load on your computer. 

Return to the Files display by clicking the Files button. If you click the different entries in 
the Files display, you'll notice that Project Builder has already created these files for the 
Simple project: 

Type 

Other Sources 
Interfaces 
Supporting Files 

File 

Simple_main.m 
Simple.nib 
Makefile 

In addition, the standard shared libraries, Media_s and NeXT_s, are listed under Libraries. 
Their entries are listed in gray since you can't remove them. 

Simple_main.m is the project's main program file, the source file that contains the entry 
point (that is, the mainO function) for the Simple application. You can open this (or any) 
file listed in the Files display by double-clicking the file name in the browser. Double-click 
Simple_main.m in the browser to see how this works. Leave the file unchanged, however, 
since Project Builder maintains it for you. When you're through viewing the file, close the 
Edit window. 
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Simple.nib is a template interface file that Project Builder has added to the project. In 
"Creating the User Interface" below, we'll examine and edit this file, so don't open it yet. 
The flag image next to the file's name indicates that its contents may require "localization," 
that is, adaptation of its text, images, and sounds for speakers of different languages. 
Project Builder helps you create and maintain localized versions of your application. 

Finally, Makefile, a specification file for the UNIX make utility, lists the files and 
dependencies for building your project. As with Simple_main.m, don't modify the 
contents of this file; Project Builder maintains it for you. 

With this short introduction to Project Builder's main features, you are ready to move on to 
the next step: assembling your application's user interface. 

Creating the User Interface 

As a starting point for an application's userinterface, Project Builder supplies new projects 
with a template user interface file. In our case, this file is listed as Simple.nib under the 
Interfaces entry of Project Builder's Files display. You use Interface Builder to modify the 
contents of this file. 

Switch to Project Builder's Files display and double-click Simple.nib to start Interface 
Builder. Interface Builder starts and displays several windows. Before beginning work on 
the interface, let's take a short look at Interface Builder itself. 

As an application that helps you build applications, Interface Builder displays both its own 
windows and those of the application under construction. In this case, the window titled 
"My Window" and the menu titled "Simple" belong to your application; the other windows 
are Interface Builder's. At the upper left of the screen is Interface Builder's main menu, at 
the upper right is the Palettes window, and at the lower left is a window titled "Simple.nib". 
This last window is referred to as the File window, since it has the title of the nib file and it 
gives you access to the contents of that file. 
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Figure 15-4. The File Window 

A File window's title displays the name of the nib file and its directory location. Below the 
title is a row of icons. These icons correspond to the objects and resources in the nib file. 
The four icons give you access to these displays: 

Display 

Objects 

Images 

Sounds 

Classes 

Use 

Shows the top-level objects within your application 

Displays the image resources available to your application. 

Displays the sound resources available to your application. 

Displays a hierarchical listing of the classes available to your 
application. 

Initially, the first icon is highlighted, indicating that the File window shows the Objects 
display. In the upper left corner of the display is an icon representing the nib file's owner. 
The two objects named "MainMenu" and "MyWindow" correspond to the Menu and 
Window objects in the nib file. The object titled "First Responder" represents the object 
that at run time has first responder status within MyWindow. 

Within the File window, you can edit an object's name by selecting the object and then 
clicking its name. Only object names that are displayed in black can be edited, however. 
Changing an object's name has no effect on the object's class; it only changes the name 
Interface Builder uses to keep track of the various objects within your application. For now, 
however, leave the default names. 
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Adding and Editing Objects 

Perhaps the easiest operation in Interface Builder is adding objects to an application: You 
simply drag the object from the Palettes window to the desired destination in your 
application. Before beginning, let's look at some features of the Palettes window. 

The Palettes window by default has four distinct displays, represented by the four buttons 
near the top. (Note, however, that more palettes can be loaded into the Palettes window­
see Chapter 18 for more information.) The left button gives you access to Menus and 
MenuCells, the next to Windows, the next to Basic Views, and the last to Scrolling Views: 

Palettes 

Figure 15-5. Menu Palette 

Palettes 

Window object :;Window Panel 
11 

Figure 15-6. Window Palette 
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TextField objects 
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-
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Field 1:1 ) 
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NXColorWell 
object 

Slider 
objects 

Figure 15-7. Basic Views Palette 

PopUpList object 

Form object 

CustomViewobject 

NXBrowser object -+--+-~- ;'-1-- ScoliView containing 
a Text object 

Figure 15-8. Scrolling Views Palette 

Let's add some objects to the application. First, make sure the Basic Views palette is 
displayed. Drag a Button object from the Palettes window into your application's 
standard window. 
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Figure 15-9. Adding a Button to Your Application 

Notice that as you drag the button over the destination window, the cursor changes to the 
copy cursor, indicating that if you release the mouse button, the object will be copied into 
the window. Release the mouse button, and the Button object drops into the window. Eight 
small gray squares, or control points, appear around the button. These control points 
indicate that the button is selected. You can manipulate these points to change the object's 
shape and size. Dragging a corner control point adjusts the object's width and height 
simultaneously. Dragging a side control point adjusts only its width or height, depending 
on the point. 

Grab its edge drag it and release 

Figure 15-10. Resizing an Object 

To move the entire object, press the mouse button while the cursor is within the rectangular 
area delimited by the object's control points and drag-taking care not to drag one of the 
control points. You can constrain the object to move only vertically or horizontally by 
Command-dragging it. If you start Command-dragging vertically, for example, no 
horizontal motion is possible until you release the mouse button and begin dragging again. 
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Let's add another button to the window. You could drag a second button from the Palettes 
window, but instead, try copying and pasting the existing button. First make sure the button 
is selected (its control points should be visible) and then choose the Copy and then Paste 
commands from the Edit menu. A second button appears overlapping the first. Notice that 
the second button is now selected and the first is not. Drag the second button to one side of 
the first. 

When you select one object within the window, its control points appear and the previously 
selected object's control points disappear. To select all the objects in a window, use the 
Select All command in the Edit menu. You can also select a group of objects in a window 
by "rubberbanding," dragging out a rectangular area that includes or intersects the objects. 

Button 

.~. 

Rubberband the objects then release the mouse button 

Figure 15-11. Selecting Objects by Rubberbanding 

Selected objects can be moved as a group by moving anyone of them, and they can be cut, 
copied, or pasted by using the corresponding commands in the Edit menu. The Cut, Copy, 
and Paste commands work within a single window, between windows in the same project, 
and even between windows in different projects. 

You can edit the text displayed by an object by double-clicking the text. Edit the title of 
one button to read "On". 

Double-click the title then type the new title 

Figure 15-12. Editing an Object's Text 

To edit an object's attributes that can't be easily manipulated graphically, Interface Builder 
provides an Inspector panel for the particular object. The Button Inspector, for example, 
lets you set the type and appearance of a button, among other things. 
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To display the Button Inspector, first make sure the On button is selected and then choose 
the Inspector command from the Tools menu. The Inspector panel appears. This panel's 
title changes to reflect the object that is being inspected; it reads "B utton Inspector" since 
the button is selected. The Inspector panel has multiple displays accessed by the pop-up 
list at the top of the panel. The other displays will be discussed in this and later chapters; 
for now, let's work with the Attributes display. 

Using the Button Inspector, let's configure the On button to be a button that toggles between 
two states labeled "On" and "Off'. 

Figure 15-13. The Button Inspector 

In the Inspector panel, type "Off' in the text field labeled "Alt. Title" (Alternate Title). 
Next, set the button type by pressing the Type pop-up list and dragging to the Toggle option. 
You can check the operation of this button in a moment when you test the interface. 
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Before leaving the Inspector panel, let's use it to change the title of the application's 
standard window. Select the window titled "MyWindow" (by clicking anywhere within its 
boundaries or by double-clicking its icon in the File window). The display in the Inspector 
panel changes from the Button Inspector to the Window Inspector. Notice that the Window 
Inspector (as shown in Figure 15-13) lets you set the window's title, class, and 
other attributes. 

.,. \Ilindow hlSI)ector ~-
";~~1Jt., _ ""","_.~'--_"""'" ~ _______ ......... _ ~_.. _ •• 

Attributes ...hI 

Title: I Jvly Win dov.}, ____________ . ___ ._.J 

U 
Backing - C Controls -

r ... Nonretained Miniaturize id 
r Retained Close Jd 
n Buffered Resize bar id 

r------- Options -...,.---------.,. 

Free when closed.:j 
Hide on deactivate.:J 

Visible at launch time1d 
DeferrediiJ 
One shot.:J 

Dynamic depth dimit.:j 

Wants to be color.:J 

Figure 15-14. The Window Inspector 

Change the window's title to "Test Window" or another title of your choice. Notice that 
when you begin to alter the window's title, the Inspector panel's close button changes to 
display a partially drawn "X," indicating that your changes haven't yet been applied to your 
application's window. When you press Return, Interface Builder applies the changes to the 
window's title. 

Before continuing, choose the Save command from the Document menu to save the work 
you've done so far to the nib file, Simple.nib. 

Adding and Editing Objects 15-15 



Laying Out the Interface 

You can arrange the top-level components of your application-its windows and panels­
through direct manipulation. For example, to specify where a window will appear at run 
time, simply drag it to that position within Interface Builder. (Menus don't obey this 
system, however. No matter where you place the menu during development, wh~n the 
application runs, the menu follows the NeXT user interface guidelines by appearing at the 
upper left comer of the screen-unless the user specifies a different location using the 
Preferences application.) To change a window's size, you use one of two methods, based 
on whether the window will be resizable when the program runs. If it will be, resize it with 
the resize bar as you normally would. If at run time its size is fixed (as with an application's 
Info panel), you have to make it temporarily resizable within Interface Builder by clicking 
the resize button [!J in the title bar. 

Interface Builder provides a large selection of layout tools to help you arrange objects 
within your application's windows. To experiment with these tools, arrange the two buttons 
in your application's window so that one partially covers the other, and then open the 
Layout menu (choose Format from the main menu, and then choose Layout). Select one 
button and then alternately select Bring to Front and Send to Back to see what these 
commands do. Next, choose Size to Fit. This command resizes an object so that it just 
accommodates it contents. 

Select both buttons (you could "rubberband" them or click one button and then hold down 
Shift while you click the other) and choose Same Size. One button is resized to match the 
other button. (The object you select last is resized to match the size of the object that's 
selected first, unless this would cause it to be resized to less than its minimum size.) 

Now, with both buttons selected, choose Group: This command has two effects: It visually 
groups selected objects by surrounding them with a box, and it makes the selected objects 
subviews oft~e surrounding box. Notice that if you move the surrounding box, the buttons, 
being subviews, move with it whether or not they're selected. To move a button within the 
box, double-click within the box. A gray border appears indicating that the editing focus 
is now within the box. Once the focus is on the box's contents, you can manipulate the 
individual buttons as you normally would. This is the pattern for editing grouped objects. 
For example, if a button is grouped in a box that in tum is grouped within another box, you 
can edit the button's title by double-clicking the outer box, then the inner box, and then the 
button itself. To remove a surrounding box without destroying its contents, select the box 
and then choose the Ungroup command. 

You can also group objects within a ScrollView. Select both buttons again and choose the 
Group in ScrollView command from the Layout menu. A ScrollView appears around the 
two buttons; however, no scroll knobs are visible. Again, double-clicking within the 
ScrollView allows you to manipulate the grouped objects individually. 
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Double-clicking within the ScrollView changes the editing focus to the ScrollView's 
document view within the ScrollView. Once the focus is on the document view, you can 
manipulate the grouped objects individually and you can resize the document view. Notice 
that as you move the cursor toward the top or right side of the ScrollView, the cursor's 
image changes to that of the resizing cursor. When this cursor image is displayed, you can 
press the mouse button and drag the side of the document view to change the view's size. 
Experiment with this feature and notice how resizing the document view affects the sized 
of the scroll knobs. 

The Make Rowand Make Column commands align a series of selected objects vertically 
or horizontally. If you select several objects and then click Make Row, the objects form a 
row to the right of the object that was nearest the left edge of the window. Similarly, 
clicking Make Column causes the objects to line up under the object that was nearest the 
top edge of the window. Add three or four switches from the Palettes window to your 
application's window and experiment with these commands. 

The Tum Grid On command turns on an alignment feature in all your application's 
windows, making it easier to create pleasing layouts. Choose the Tum Grid On command 
and then drag one of the switches. Notice that the switch moves in small increments both 
vertically and horizontally. Click Show Grid to make the alignment grid visible as a 
rectangular pattern of gray dots. You'll notice that when you move an object, the object's 
lower left comer jumps from dot to dot. The grid is visible only while you're building the 
application. It has no effect on your application's appearance in test mode or at run time. 
Both of these commands toggle, so a second click turns the feature off. 

The Alignment command opens a panel that affects how the alignment commands in the 
Layout menu work. 

Align . ~ .... 'j' o Left edges I Bottom edge es·. . 
r Centers .. 
r Right edges I Top edges 

r------- Grid . 
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: : : : : : : : : : : : : : : : : : :~ ~ 
••••••••••••• ' ••. • i" 
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Figure 15-15. The Alignment Panel 

The radio buttons let you set the part of an object's frame rectangle that's used as the 
reference point by the Make Column and Make Row commands. By default, objects are 
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aligned according to their lower left comers. However, by clicking one of the other choices, 
you can align them according to their centers or their top right comers. Using the slider in 
the Grid group, you can set the spacing of the alignment grid. Experiment with these 
controls, if you wish. 

Any of the Controls in the Views palette-in other words, the Slider, TextField, and Button 
objects-can be made into matrices of objects by holding down Alternate while dragging 
one of the object's control points. For example, drag a Button into the window. While 
holding Alternate down, drag one of the comer control points diagonally across the 
window. When you've dragged the point far enough to make room for more Buttons, these 
objects appear. Try dragging the point vertically and then horizontally. In this way, you 
can make a row, column, or two-dimensional array of buttons. You can manipulate a Slider 
or TextField in the same way, but you can drag a Form only into a column. If you need a 
row or two-dimensional configuration of a Form object, you must create it 
programmatically. 

The objects in a matrix act as a unit: Dragging one drags the entire matrix. To eliminate 
one or more objects from a matrix, hold down Alternate and resize the matrix so that the 
object or objects you want to eliminate fall outside the new limits of the matrix. 

The spacing between objects in a matrix can be controlled by dragging a control point of a 
matrix while holding Command down. Experiment by dragging out a column of buttons 
and then stretching the matrix by holding down Command and dragging a control point. 

To select one of the objects in a matrix, double-click the object. The object's highlighting 
indicates that it's selected. By double-clicking a second time, you can edit the text 
displayed in the object. 

Editing the text in each of the objects in a matrix is made easier by the use of Tab to move 
from object to object. For example, edit the text in one button in the matrix of buttons. 
Press Tab, and you can immediately edit the text of the next button in the matrix. By 
repeatedly pressing Tab, you can access each of the objects in the matrix. Shift-Tab 
reverses the direction of motion so that the selection moves to the previous object. 

Add examples of the other Application Kit objects from the Basic Views palette, but don't 
add a CustomView. The CustomView object is a proxy for a View subclass you write. By 
supplying this proxy, Interface Builder lets you specify the size, placement, and other 
parameters of a View subclass you'll supply. A later project will demonstrate the use of a 
CustomViewobject. Also for now, don't take anything from the other palettes; you'll use 
these palettes in the later projects. 

Note: Remember that you can remove an object from the application's window by 
selecting it and choosing the Cut command. 
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Testing the Interface 

To run the application in test mode, choose the Test Interface command from the Document 
menu. All of Interface Builder's windows disappear, leaving your application's windows 
on the screen. To indicate that it's in test mode, Interface Builder's application icon changes 
to display a large switch. Finally, your application's main menu moves to the upper left 
comer of the screen. 

Your application's interface can now be tested. Even though it's running under Interface 
Builder, it should behave-with two small exceptions-as if it were a stand-alone program. 

The exceptions are in the way the Hide and Quit menu commands operate. When your 
application is running in test mode, it doesn't display its application icon. Consequently, 
after you choose the Hide command, there's no way to recall your application's windows 
to the screen. To make your application's windows visible again, double-click Interface 
Builder's application icon. This restores your application to the screen and exits test mode. 
The Quit command, rather than quitting your application, exits test mode. 

In all other respects, your application's interface operates normally. Buttons highlight 
when you click them, text in text fields can be edited, radio buttons work as you 
would expect. 

In the normal course of application development, you'll probably pass through the build 
and test modes several times until you're sure your application's interface is perfect. After 
that, you'll write the code for any custom objects your application requires, compile the 
application, and then run it. In the next section, you'll see how to compile and run this 
sample application. 

Before going on, choose the Save command from the Document menu to save your work. 
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Preparing to Compile the Application 

Before compiling the application, let's take a look at the pieces Project Builder has 
provided. If you look in the project directory, you'll see these entries: 

• language.lproj(A directory where language is English, French, or another language.) 
• Makefile 
• PB.gdbinit 
• PB.project 
• Simple.iconheader 
• Simple_main.m 

The" .lproj' , directory contains files that are specific to a particular language or cultural 
context. In the case of the Simple application, only its nib file, Simple.nib, has elements 
(menu commands and button titles, for instance) that would have to change if the 
application were to be in a different language environment. Thus, this directory contains 
only the nib file. (It may also contain a backup file. A backup file is marked with a trailing 
tilde character ( -) and contains the previous version of the file. For example, the backup 
file for Simple.nib is Simple.nib-.) 

Makefile, the file that coordinates the compilation process, is constructed from information 
in PB.project. Don't make changes to this file; Project Builder maintains this file for you. 
(However, by adding a Makefile.preamble or Makefile.postamble file, you can 
supplement the instructions in the standard makefile.) 

PB.gdbinit contains initialization commands for the debugger, GDB. Again, don't alter 
this file since Project Builder maintains it for you. 

PB.project contains a simple ASCII listing of your project's attributes, such as its name, 
installation directory, and source files. Project Builder uses this information to construct 
the makefile, among other things. 

Simple.iconheader contains information that the Workspace Manager will use to relate 
icons with the application and its documents. 

The last file, Simple_main.m, is the main program file. This file contains the mainO 
function, the entry point for execution. You may, on occasion, need to edit this file directly. 

Let's take a closer look at Makefile and the main program file. 
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Makefile 

IVIakefile controls the compilation and linking of the elements that make up your 
application. Project Builder generates the makefile and fills in the names of your 
application's source files in the appropriate spots: 

# 
# Generated by the NeXT Project Builder. 

# 
# NOTE: Do NOT change this file -- Project Builder maintains it. 

# 
# Put all of your customizations in files called Makefile.prearnble 
# and Makefile.postarnble (both optional), and Makefile will 

# include them. 

# 

NAME = Simple 

PROJECTVERSION = 1.1 
LANGUAGE = English 

LOCAL_RESOURCES = Simple.nib 

MFILES = Simple_main.m 

OTHERSRCS = Makefile 

MAKEFILEDIR = /NextDeveloper/Makefiles/app 

INSTALLDIR = $(HOME)/Apps 
INSTALLFLAGS = -c -s -m 755 

SOURCEMODE = 444 

ICONSECTIONS = -sectcreate __ ICON app 
/usr/lib/NextStep/Workspace.app/application.tiff 

LIBS = -lMedia_s -lNeXT_s 

DEBUG_LIBS = $(LIBS) 
PROF_LIBS = $(LIBS) 

-include Makefile.prearnble 

include $(MAKEFILEDIR)/app.make 

-include Makefile.postarnble 
-include Makefile.dependencies 
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You shouldn't alter this makefile; Project Builder maintains it for you. Notice that it lists 
the name of your application and the source files that are specific to it. It lists the libraries 
that the linker uses to create the finished application, and it defines the Apps directory 
(within your home directory) as the installation directory for the finished application. 

The last four lines let this makefile include as many as four other files: 

• Makefile.preamble 
• app.make 
• Makefile.postamble 
• Makefile.dependencies 

app.make is always included; the other files are included only if they're present. No error 
occurs if they're not. app.make is the standard NeXT makefile. The ability to include 
other files lets you add additional rules to this standard makefile. 

Simple_main.m 

This file contains your application's mainO function: 

/* Generated by the NeXT Project Builder 

NOTE: Do NOT change this file -- Project Builder maintains it. 
*/ 

#import <appkit/Application.h> 

void main(int argc, char *argv[]) 
[Application new] ; 

if ([NXApp loadNibSection:"Simple.nib" owner:NXApp withNames:NO) 
[NXApp run]; 

[NXApp free]; 
exit (0) ; 

This file starts by importing appkitl Application.h for its declaration of the Application 
class and the NXApp global variable, which refers to the Application object. 

Note: A fast way to determine where a specific constant, function, or method is declared 
is to use Digital Librarian to search the files in lNextDeveloperlHeaders. 
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It then creates a new Application object and sends a loadNibSection:owner:withNames: 
message to it to load the nib file. The loadNibSection:owner:withNames: method locates 
the correct nib file based on the user's current language preference. (See the Application 
class description for more information.) Assuming the nib file is found, the objects 
archived in it are loaded, and then the Application object is sent a run message. At this point 
the application becomes responsive to the user. When the user chooses the Quit command, 
the event loop terminates and the final message is sent, freeing the application's objects. 
The last statement calls exitO, a standard C library function that terminates the process. 

Compiling the Application 

Compiling the application is the next step. You can compile and run the application in one 
step by clicking Project Builder's Run button. 

When you click the Run button, Project Builder switches to the Builder display and begins 
building your application. While the build proceeds, its progress is reflected in various 
ways, as indicated in Figure 15-16. 
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source file at the appropriate line. 

cc -g -0 -Wall -c Simple_main.m -0 objiSimple_main.o 
cc -g -0 -Wall -ObjC -sectcreate _ICON _header Simple.iconheader -segprot 

r r -sectcreate _ICON app 
lusr/lib/NextStep/Workspace.app/application.tiff -0 Simple.app/Simple 
obj/Simple_main.o -IMedia_s -INeXT_s 

Figure 15-16. Building Simple.app 

----,.;+- Lists each command executed 
during the build process. 
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Running the Application 

When the building process is finished, your application begins running. When your 
application's windows appear, you can verify its operation. 

Although limited in scope, this simple application incorporates many of the attributes of a 
larger program. It responds to mouse and keyboard input and allows simple text editing. 
In addition, its window can be dragged and resized, and the application can hide itself when 
the user chooses the Hide command. 

Before going on to the next project, you might try altering the interface and then rebuilding 
the application. Rebuilding will take little time, since changing the interface alters only the 
nib file, not any files that must be recompiled. 
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Building a One-Button 
Calculator 

This chapter describes how to build a simple calculator using many of the techniques 
introduced in the previous chapter. In addition, it shows how to define a custom object, 
Calculator, for the application and connect the interface to this object. The calculator's 
abilities will grow over the course of this project, but its first task will be to convert Celsius 
temperatures to Fahrenheit. As a temperature converter, the application's calculator 
window looks like this: 

[
------------- --- - - ---- ---- - -

IiA~" '" ' '. ~ , ,. , _ "Y,!iversaJ caJcul!ltny ~ 

Input 
celsius: L~~J 

Figure 16-1. The Universal Calculator 

The user enters a Celsius temperature in the left text field, then presses Return or clicks the 
Calculate button, and the Fahrenheit equivalent appears in the right field. What happens 
internally is that when the user signals that the input is complete, the Calculator object takes 
the input value from the left TextField object, performs the calculation, and then sends a 
message to the right TextField object to set its value to the result. 

Creating the Interface 

As you did in the first project, create a new project by choosing New from Project Builder's 
Project menu. Name this new project "Calculator" and save it in your home directory. 
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When the project window appears, double-click Calculator. nib to open the interface file. 
(Calculator.nib is listed under Interfaces in Project Builder's Files display.) 

Interface Builder becomes active and opens the template file for this new project. If the 
interface file for the previous project is still open you'll notice that Calculator's File window 
opens and overlaps the File window for Simple. By allowing multiple nib files to be open 
at the same time, Interface Builder makes it easy to copy and paste objects from one to 
the other. 

Clicking a File window-or any application window that has an icon in that File window­
makes the nib file associated with the File window the current nib file. In Interface Builder, 
commands such as Save or Close operate on the current nib file. 

Since Simple's nib file is finished, close it by making it current and then choosing the Close 
command from the File menu. 

Next, drag the interface objects shown in Figure 16-1 above from the Basic Views palette to 
the application's standard window. (You'll find it easier to align the different objects if you 
first turn on the grid.) You'll be using only two types of objects-Buttons and TextFields­
although the TextFields will be configured as both titles and editable text fields: 

Title text field 

Editable text field 

Since the input and output fields are nearly identical, it's fastest to configure one first, then 
duplicate it and modify the copy to create the other field. Drag an editable text field into 
the window and stretch it a bit horizontally. Delete the word "Text" by double-clicking it 
and pressing the Delete key. Now drag in two title text fields and place one above and the 
other to the left of the editable text field. Edit the titles to match those in Figure 16-1 by 
double-clicking them in turn. You can also change their fonts and sizes using the Font 
panel, which is accessible through Interface Builder's Format menu. 

Resize the window so that it resembles the window in Figure 16-1 above. Now open the 
Window Inspector by dragging to Attributes in the Inspector panel's pop-up list. Change 
the window's title to "Universal Calculator." 

With the exception of the Return icon in the Calculate button, the Universal Calculator 
window in your application should look identical to the one in the figure above. To add the 
icon, open the Images display (shown in Figure 16-2) by clicking the Images button in the 
File window. 
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Figure 16-2. The Images Display of the File Window 

This display shows the images that are used throughout the Application Kit and lets you 
add new images by dragging them in from the File Viewer. Once an image is displayed in 
this window, you can drag it onto Button objects in your application. 

Drag an NXretumSign image from the File window to the Calculate button in the Universal 
Calculator. When the cursor intersects some part of the button, it changes to the link cursor, 
indicating that releasing the mouse button will assign the image to the button. Release the 
mouse button and notice that the button resizes to accommodate the title and the icon. 

The Button Inspector now lists the name of the button's icon. You can alter the position of 
the icon in relation to the button's text by using the buttons that are grouped in the Icon 
Position cluster. Try several different placements if you ljke. If you place the icon above 
or below the title, the Calculate button grows so that both the icon and the title are visible. 
It doesn't shrink, however, if the extra area is no longer needed. In that case, you have to 
resize it by hand or use the Size to Fit command. 

\Defining the Calculator Class 

The Calculator object is this application's control center. The Calculate button in the 
interface sends a message to the Calculator object to perform the calculation; in other 
words, the Calculator object is the target of the Button's action method. The Calculator 
object must then send messages to the two TextField objects to ascertain the input value and 
set the output value. We'll use the Classes display of the File window to design the 
Calculator class to handle these tasks. Click the Classes icon at the top of the File window. 
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Figure 16-3. The Classes Display 

This display shows a hierarchy of the classes available to your application. With the 
exception of the First Responder entry, class names are displayed in gray, indicating that 
these classes can't be edited. (First Responder, as mentioned previously, is not a particular 
class, but the class of an object that has first-responder status in a window.) 

Notice that the Inspector panel that you opened previously now displays the Class 
Inspector. With this inspector, you can examine (and edit, for classes you build) the outlets 
and action methods of the class. 

Returning to the File window, select the Application class entry. (A quick way to locate a 
class is to type its name in the Find ,field and press Return.) Its superclass, Responder, is 
displayed as the title of one browser column. 

With the Application class selected in the Classes window, the Class Inspector displays an 
Application object's outlet (delegate) and action methods (such as hide: and terminate:). 
Again, these entries are displayed in gray since they aren't editable. 

U sing the File window and the Class Inspector, you can define the class name, superclass, 
action methods, and outlet instance variables of a custom object. You start defining the 
new class by selecting where it will go in the class hierarchy. Since a Calculator object has 
very limited functionality and won't be displayed, we'll make the Calculator class a 
subclass of Object. 

Scroll the browser in the File window to the extreme left so that the Object class appears. 
Click Object, making sure that only this class is selected. The class you define will become 
a subclass of Object. Now, drag to the Subclass button in the pull-down list. When you 
release the mouse button, a new class called "MyObject" appears in the right column. The 
class name also appears in the text field in the Class inspector. Edit this field to read 
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"Calculator" and press Return. Notice that the File window now displays the name of the 
new class in its proper position in the class hierarchy. The name is in black since this class 
is editable. 

Warning: Always check that the intended superclass is selected before you add a subclass. It's easy 
to inherit from the wrong class. 

The next step in defining the Calculator class is to add two outlets corresponding to the 
TextField objects a Calculator object sends messages to. Make sure the Outlets button in 
the Class Inspector is highlighted and then enter "inputField" in the text field below the 
button. Click the Add Outlet button; the new outlet appears in the Outlets list. Again, it's 
in black, indicating that you can rename or remove this outlet. In the same way add an 
outlet named "outputField". 

A Calculator object also needs to respond to an action message from the Calculate button 
in the application. Let's specify this new action method. Click the Actions radio button so 
that it is highlighted and then enter "calculate:" in the text field at the bottom of the panel. 
Click Add Action to add this method name to those displayed in the Actions list. (Since all 
action methods take one argument, the id of the sender, the method name mu~t end with a 
colon. If you forget to add a colon, Interface Builder will add one for you.) 

This completes the definition of the Calculator class. The Class Inspector should look 
like this: 

Attributes ~I 

r Outlets 

inputField 
outputField 

C Actions 

Figure 16-4. Calculator Class Interface 
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Interface Builder can now create Objective-C interface and implementation files for the 
Calculator class. These files will only be templates; we'll fill them in shortly. 

In the File window, drag to the Unparse button in the pull-down list. A panel opens asking 
if you want to create CaIcuIator.[hm] (a shorthand for CalcuIator.h and CaIculator.m). 
Confirm that you do, and the template files are written into the project directory. Another 
panel opens asking if you want to add CaIcuIator.[hm] to the project. Again, confirm that 
you do. Project Builder's window comes forward and shows you that the Calculator class 
has been added to the project. 

In this project, you defined a class and had Interface Builder write template files for it. 
Interface Builder's File window can also be·used to import the class declaration from class 
files that already exist. Although we won't try this here, you'd simply drag the icon for the 
class's interface file from the File Viewer into the File window. Interface Builder then 
parses the file and adds the name of the class in the appropriate position in the class 
hierarchy. If the new class conflicts with an existing one, Interface Builder gives you the 
choice of replacing the existing one or canceling the operation. If you want to make this 
new class part of the project, you must also drag the class files into the Files display of 
Project Builder's project window. 

Warning: Once you've edited a template file, don't use Unparse again for that class unless you want 
to overwrite the edited file with a new template file. Interface Builder will warn you before 
carrying out such an operation. 

Now that the Calculator class is defined, you can create an instance of this class-a 
Calculator object. Verify that the Calculator class is selected in Interface Builder's File 
window and then drag to the Instantiate button in the pull-down list. When you release the 
mouse button, the File window switches to the Objects display, and a new object appears. 
This icon, titled "Calculator," represents your application's Calculator object. In the next 
section, you'll use this icon to make connections between interface objects and the 
Calculator object. 
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Connec1l:ong the Objects 

After gathering the interface objects and creating a Calculator object, you need to 
interconnect them. To gain an understanding of how objects are interconnected in Interface 
Builder, let's first look at one of the predefined connections. 

When a user chooses the Hide command, an application removes all but its application icon 
from the screen. The MenuCell titled "Hide" sends the message and the Application 
object's hide: method performs the operation. To see this connection, click the Hide 
command in Calculator's main menu. Drag to Connections in the Inspector panel's pop-up 
list to reveal the Connections display for a MenuCell: 

Connections ...1;1 
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terminate: 
unhide: 
unhideWithoulAc 

Figure 16-5. The Connections Display 

The left column shows the MenuCell's sole outlet, target. The right column lists the 
action messages that the target object-in this case an Application object-recognizes. 
Notice that the entry hide: is highlighted and is marked with a small dimple. The dimple 
indicates that a connection using this action message has been previously established. The 
list titled "Connections" near the bottom of the panel summarizes the connections for the 
inspected object. 
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To see a graphic depiction of the connection, click the entry in the Connections list. The 
connection is displayed in the workspace by a black line drawn between the MenuCell that 
sends the action message and the File's Owner. Figure 16-6 shows this connection. 

Sounds 

First F:esponder MyWindow 

Figure 16-6. Displaying a Connection 

Warning: A single click in the Connections displays shows the connection; a double-click removes 
the connection. Be careful not to remove a connection that you only want to display. 

Now that you've seen how connections are indicated, let's create some in the calculator 
application. First, let's connect the Celsius TextField to the Calculate button so that when 
the user presses Return after entering a Celsius value, the button will act as if it had been 
clicked. Control-drag from the Celsius TextField toward the Calculate button. You'll 
notice that a black line trails from the cursor. When the cursor overlaps the Calculate 
button, a box appears around the button. Release the mouse button. The source and 
destination of the connection are now identified, and the TextField Inspector lists the 
TextField's outlets and the action messages that a Button object responds to. Select the 
target outlet in the first column and the performClick: action method in the second 
column. Finally, click the Connect button to establish the connection. The new connection 
is listed in the lower part of the Inspector panel. 
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When the user clicks the Calculate button (or it receives a performClick: message), the 
Calculator object should receive a calculate: message. To identify the source and 
destination of this connection, Control-drag a connecting line from the Calculate button to 
the Calculator icon in the File window. In the Button Inspector, establish that the Button's 
target receives a calculate: action message. 

Next, you have to connect the Calculator object's outlets to the appropriate TextField 
objects. Control-drag a line from the Calculator icon in the File window toward the Celsius 
TextField object. 

The CustomObject Inspector shows a Calculator object's two outlets, inputField and 
outputField. Select inputField and click Connect. Notice that a dimple appears next to 
the inputField listing in the Inspector panel, indicating that the connection has been made. 

Following the same steps, connect the outputField outlet to the Fahrenheit TextField. 

If you want to review the target/action connections within your application, select a Control 
object and then, in the Connections display, click the action message that's marked with a 
dimple. Connection lines will appear on the screen to identify the object that will receive 
this message. To review outlet assignments, select the object whose outlets you want to 
review and click the outlet names in the Connections display. Again, lines will appear on 
the screen for each connection that's been established. 

Save the nib file by choosing the Save command from the File menu. You can now test the 
interface by choosing the Test Interface command in the File menu. The controls should 
operate correctly (for example, pressing Return after you enter a number in the Celsius field 
highlights the Calculate button), but of course no calculation takes place. For that, we have 
to define the Calculator class and then compile the application. 

Wra1l:ing tDle Calculator Class Definition Files 

Interface Builder has given you template files for the Calculator class; now you can add the 
code that converts from one temperature scale to the other. To open the files, return to 
Project Builder and double-click Calculator.h and Calculator.m, which you'll find in the 
Files display under Header and Classes. The Edit application opens these files. The 
Calculator class template files and the alterations you need to make to them are described 
in the next sections. 
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Calculator.h 

The interface to the Calculator class is defined in Calculator.h: 

#import <appkit/appkit.h> 

@interface Calculator:Object 
{ 

id inputField; 
id outputField; 

- calculate: sender; 

@end 

Calculator is a subclass of Object. As you specified in the class editor, a Calculator object 
has two instance variables that can be used to store the ids of the calculator window's input 
and output TextFields. Also, as listed in the class editor, a Calculator object declares the 
calculate: action method. 

Calculator.m 

Calculator.m will contain the implementation of ~e Calculator class: 

#import "Calculator.h" 

@implementation Calculator 

- calculate:sender 

return self; 

@end 

The calculate: method must send a message to the object referred to by its inputField 
variable to retrieve the Celsius value, calculate the Fahrenheit equivalent, and then send a 
message to the object referred to by its outputField variable to set the value it displays. 
One implementation of this method looks like this: 
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- calculate:sender 

float degreesF; 

[inputField selectText:self]; 
degreesF = ((9.0 * [inputField floatValue])/ 5.0) + 32.0; 
[outputField setFloatValue:degreesF]; 
return self; 

The first message in this method implementation selects the text in the input field. We 
select the text so that the user can immediately enter a new value after finishing a previous 
calculation. The function of the next two lines should be self-evident. (These lines could 
be combined into one message, eliminating the degreesF variable, but are broken out into 
two lines for clarity.) 

Edit the Calculator.m file to include this method implementation. Finally, save the file. 
You're now ready to compile and test the application. 

Testing the Application 

To compile and run the calculator application, click Run in Project Builder's project 
window. 

If any errors are detected while the application is being built, they will be listed in the 
summary view of the Project window. Click an entry and Edit opens the file to the 
appropriate line, making it convenient to correct the problem. (You may want to introduce 
an error, just to see how this works!) 

Once the application has been successfully compiled and linked, it begins to run. Test its 
features to verify that they all work properly. 

Modifying the Calculator 

So far, the Universal Calculator can handle any calculation-as long as it's converting 
degrees Celsius to Fahrenheit. The rest of this chapter describes how to add to the 
calculator's functionality and, in passing, introduces several features concerning menus and 
submenus. The final sections of this project demonstrate how to add icons and sounds to 
an application. 
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Adding a Submenu 

Since the calculator has only one button, extending its functionality beyond temperature 
conversion means redefining the meaning of the button. (Of course, you could add buttons, 
but that would be too easy-and wouldn't require a submenu!) The modified calculator 
application will allow the user to select the type of calculation-either temperature 
conversion or square root calculation-from a submenu. The titles of the input and output 
fields will change to reflect the type of calculation selected. 

Click the menu button at the top of the Palettes window to display the menu palette. Drag 
the menu item titled "Submenu" from the Palettes window to the main menu of your 
application and release the mouse button. The menu item inserts itself within the list of 
other menu items, and the menu resizes to accommodate the width of the new item. You 
can reposition a menu item by dragging it vertically within the menu. A submenu 
containing one menu item appears to the side of the main menu. 

MenuCell selection is indicated by highlighting: black text on a white background. 
Selected MenuCells can be cut, copied, and pasted within a menu or between menus using 
the standard editing commands. 

You can edit the text a MenuCell displays by double-clicking it. Similarly, you can edit the 
keyboard equivalent for the item by double-clicking the right part of the MenuCell. A 
square appears indicating that a keyboard equivalent can be added or edited. 

Edit the text in the new main menu item so that it reads "Calculations" and press Return. 
The main menu resizes to accommodate the menu item's text, and the submenu's title 
changes to match the text. Now add another item to the submenu by dragging the MenuCell 
titled "Item" from the Palettes window to your application's submenu. 

Finally, edit the text of the submenu's two items to read "Temperature" and "Square Root". 
The finished menus should look like those shown in Figure 16-7. 

Figure 16-7. The Menu and Submenu 
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Now, select the Calculator class in the Classes display of the File window. To edit the class 
definition, open the Class Inspector (by choosing the Inspector command from Interface 
Builder's Tools menu). The revised Calculator object must respond to action messages 
from the new submenu, so let's add convertToTemp: and convertToSqRoot: methods. It 
will also need to send messages to the TextFields that titles the input and output fields, so 
let's add inputTitle and outputTitle outlets. Figure 16-8 shows how the Class Inspector 
should look after you make these changes to the Calculator class interface. 

"Attributes ..,JJI 

n Outlets (' Actions 

Figure 16-8. Revising the Calculator Class Description 

Next, establish the connections from the submenu items to the Calculator object. While 
holding down Control, drag the cursor from the Temperature submenu item to the 
Calculator object in the Objects display of the File window. Double-click the 
convertToTemp: entry in the Inspector panel to establish the connection. Likewise, 
specify that the Square Root submenu item sends a convertToSqRoot: message to the 
Calculator object. 

Now, connect the Calculator's inputTitle and outputTitle outlets to the proper TextFields 
in the Calculator window. (The Calculator object will send messages to these objects to 
change their text from "Celsius" and "Fahrenheit" to "x" and "sqrt(x)", as the user picks 
one or the other type of calculation.) Control-drag from the Calculator object in the File 
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window to the TextField that reads "Celsius". Double-click inputTitle in the Connections 
inspector to establish the connection. Follow the same process to connect the outputTitle 
outlet to the TextField currently titled "Fahrenheit". 

Finally, use the TextField inspector's alignment buttons to specify that the text in these 
fields is right aligned. In this way, although a title's text may change from "Celsius" to "x", 
it will stay visually associated with the input field it labels. 

The revised interface is complete; the only changes that remain affect the Calculator class 
files. The next two sections describe the changes you need to make. 

Modifying Calculator.h 

The new calculator is designed either to convert temperatures or to calculate square roots; 
in other words, the calculator has two states. One way to keep track of the current state of 
the calculator is to add an instance variable that can have either of two values. We'll add 
the integer variable calcType for this purpose. For convenience, let's also define the 
constants TEMP and SQROOT to correspond to the two states. The inputTitie and 
outputTitie instance variables also need to be declared. These changes add eight lines to 
the Calculator.h file. The lines you need to add are shown in bold: 

#irnport <appkit/appkit.h> 

#define TEMP 1 
#define SQROOT 2 

@interface Calculator Object 

id inputField; 

id outputField; 
id inputTitle; 
id outputTitle; 

int calcType; 

- init; 
- calculate:sender; 

- convertToTemp:sender; 

- convertToSqRoot:sender; 

@end 
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Modifying Calculator.m 

The implementation file must be modified in three ways. It needs an initialization method 
to establish the value of the calcType instance variable (and thus the calculator's initial 
state). The init method below handles this initialization. When the calculator first appears, 
it will be configured to perform temperature conversions. It also must be modified so that 
the calculate: method performs the proper calculation according to the calculator's current 
state. Finally, it needs to implement the convertToTemp: and convertToSqRoot: action 
methods. These methods set the value of calcType and change the titles of the input and 
output fields. 

Make these changes to the Calculator.m file. As before, each line you need to add or alter 
is shown in bold. 

#import "Calculator.h" 

@implementation Calculator 

- init 

[super init] i 
calcType = TEMPi 

return self; 

- calculate:sender 

[inputField selectText:self]; 
if (calcType == TEMP) { 

float degreesF; 
degreesF = «9.0 * [inputField floatValue])/S.O} + 32.0; 
[outputField setFloatValue:degreesF]; 

} else if (calcType == SQROOT) { 
double sqRoot; 
sqRoot = sqrt([inputField doubleValue]); 
[outputField setDoubleValue:sqRoot]; 

} 

return self; 
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- convertToTemp:sender 

} 

calcType = TEMP; 

[inputTitle setStringValue:"Celsius:"]; 

[outputTitle setStringValue:"Fahrenheit:"]; 

[outputField setStringValue:" II
]; 

[inputField selectText: s.elf] ; 

return self; 

- convertToSqRoot:sender 
{ 

@end 

calcType = SQROOT; 

[inputTitle setStringValue:"x:"]; 

[outputTitle setStringvalue:"sqrt(x) :"]; 
[outputField setStringValue:""]; 

[inputField selectText:self]; 

return self; 

After you edit and save these files, compile the application. Watch for error messages from 
the compiler. In most cases, they will signal typographical errors in the source code. Make 
the necessary corrections and recompile the application. Finally, run the application and 
test its new features. 

Note: If the application fails at run time, the problem is probably caused by an 
inconsistency between the method and instance variable names you declared in the Class 
inspector and those in the Calculator class definition files. Use Interface Builder to check 
the method and variable names in the Class Inspector panel against those in Calculator.h 
and Calculator.m. 
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Adding an Icon 

With the Images display of the File window, you can access existing system images, as 
illustrated earlier in this project, or you can create images from data in either TIFF (Tag 
Image File Format) or EPS (Encapsulated PostScript) file format. Once you import the 
image, it can be assigned to Button objects in your application. Figure 16-9 shows some 
examples of buttons that display icons. 
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Figure 16-9. Icons and Buttons 

To see how this works, click the Images suitcase in the File window to display a variety of 
icons used in the Application Kit. The titles under the icons are displayed in gray to 
indicate that these icons can't be deleted nor can their names be edited. However, you can 
copy and paste any icon that appears in this window. 

Let's add an image to this window. Using the File Viewer, switch to 
lNextLibrarylDocumentationINextDevlExampleslIBThtoriaIlImages. You'll notice 
that this directory contains the TIFF file willy. tiff. Drag the file icon from the File Viewer 
to Interface Builder's File window. When you release the mouse button, Interface Builder 
displays a panel asking if you want to add willy. tiff to the project. Click Yes, and Project 
Builder's window comes forward to show you that the file has been added under Images in 
the Files browser. 

(In general, it's best to add TIFF or EPS format files to a project rather than use them to 
create local images. By adding the image file to the project you make one copy of the image 
data available to all nib files in the project. If, on the other hand, you ask Interface Builder 
to create an image with the data, the image data is copied from the image file into the 
nib file. Thus, each nib file that requires the image would have to have a separate copy 
of the data.) 
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If the image that you add to the File window is no larger than 48 by 48 pixels, the Images 
display shows the actual image. Larger images (as in this case) are displayed by Interface 
Builder's Image Inspector. 

The Image Inspector has two uses: It gives you the dimensions of the image in pixels, and 
it lets you see the actual icon image even for icons larger than 48 by 48 pixels. Figure 16-10 
shows a detail of the Image Inspector. 

Figure 16-10. The Image Inspector 

To place the image on a button in your application, simply drag the icon from the File 
window to a Button object in your application's window. (The cursor must be over the 
button when you release the mouse button; otherwise, the image isn't transferred.) 
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Adding Sound 

To manipulate the sounds in your application, Interface Builder provides two tools, the 
Sounds display of the File window and the Sound Inspector. The Sounds display is the 
repository for your application's sound resources. By dragging a sound icon from the 
Sounds display onto a Button object in your application, you can associate a sound with 
that object. The Sound Inspector lets you play sounds from sound files on disk and lets you 
record your own sounds. It also gives you a graphic display of the sound and allows you 
basic editing capability. 

Open the Sounds display by clicking the Sounds suitcase in the File window. Each of the 
icons in the Sounds window represents a sound. The gray titles indicate that these sounds 
can't be edited since they are system sounds. You select a sound by clicking its icon. A 
selected sound can be copied, pasted, and (except for system sounds) deleted. In fact, it's 
common to create a new sound for editing by copying an existing sound. 

Make a copy of the Basso sound in the Sound window. The new sound icon is labeled 
"Sound." Now, open the Sound Inspector by double-clicking the new sound's icon. 

The Sound Inspector shows a graphic representation of the selected sound's wavefonn. The 
graph plots the change of the sound's amplitude over time. You can play the entire sound 
by clicking the Play button, or you can select and play only a portion of the displayed sound. 
For a demonstration, drag horizontally across a portion of the graph and click Play. Notice 
that the sound meter below the wavefonn shows the instantaneous and peak volumes for 
the sound that's played. 

Using your computer's microphone, you can replace the selection in the Sound Inspector 
with sound you record. Click the Record button to start recording. When you're through 
recording, click Stop to end the recording session and display the wavefonn. Clicking 
Pause halts the recording until the next time Pause is clicked. 

You can add sounds to the Sounds window by dragging the sounds file icon from the File 
Viewer to the File window. Interface Builder will ask if you want to add the sound file to 
the project. 

U sing the File Viewer, switch to the 
lNextLibrarylDocumentationINextDevlExampleslIBThtoriallSounds directory. 
Within this directory there are three sound files: druml.snd, drum2.snd, and drum3.snd. 
Drag druml.snd into the Sounds window. The graph in the Sound Inspector shows the 
sound's wavefonn. Click Play to hear the sound. 
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Now, let's create a sound for the Calculate button in the Calculator application. Select a 
portion of the drum sound. For example, you might find that the decay portion of one of 
the louder drum beats, as shown in Figure 16-11, makes a satisfying button-click sound. 

Sound Inspect{)r f!'i 

Figure 16-11. The Sound Inspector 

Once you've found a portion of the waveform that you want for the Calculate button, select 
and then delete the portions that precede and follow it. Click OK to save the modified 
sound. 

Let's associate the sound with the Calculate button. Drag the sound icon from the Sounds 
window to the Calculate button and release the mouse button. The sound is played and the 
button becomes selected to confirm that the sound has been assigned to the button. If you 
look at the button's attributes in the Button Inspector, you'll see that drum! is listed. By 
deleting this name, you can remove the association of the sound with the button. You can 
check the operation of the button by putting Interface Builder in test mode and then clicking 
Calculate. 

This ends the Universal Calculator project. Save the project and then compile and run the 
application to test its operation. You might try adding other features to the calculator to test 
your understanding of the concepts introduced so far. 
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Building a Text Editor Using 
Multiple Nib Files 

Most larger applications benefit from storing different parts of their interface in separate nib 
files. The primary elements of the interface-the main menu and perhaps a window or 
two-are contained in one nib file, and the other parts of the interface are contained in one 
or more auxiliary nib files. When the application starts, its primary interface objects are 
created immediately. Objects specified in its auxiliary nib files are created only on demand, 
as when a user requests an Info panel. 

This program design is a consequence of the way nib files are accessed by an application. 
As you've seen in the earlier projects, all objects described in a nib file are created at the 
same time: 

[NXApp loadNibSection: I Interface.nib" owner:NXApp]; 

There's no way to load a subset of a nib file's objects. However, the same functionality can 
be gained by using multiple nib files. 

Using multiple nib files can improve your application's perceived performance. If at 
start-up time, an application creates only those objects a user will need immediately, the 
time it takes to start the application can be reduced. Of course, when users attempt to access 
other parts of the application, they will experience small delays as new objects are created 
from the auxiliary nib files. However, these delays are minimal and are incurred only when 
a user requests a specific part of the interface, rather than being imposed indiscriminately 
on all users when the application starts. 

An equally important reason to have more than one nib file is to let an application replicate 
a piece of its interface any number of times. The document windows in Edit provide a good 
example. Since it can't be predicted how many document windows a user might need, the 
application must offer a way to create an unlimited number of them. By putting the 
document window interface in a separate nib file, each time a user requests another window, 
a new set of objects can be created from the file. 
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This project demonstrates how to use multiple nib files in an application. Before tackling 
the more advanced problem of using auxiliary nib files to replicate a piece of an 
application's interface, let's see how to use such a nib file to store an infrequently accessed 
user-interface object, the Info panel. 

Adding an Info Panel to Your Application 

An Info panel is an important component of your application's user interface; however, in 
practice users rarely access it. By putting the Info panel in a separate nib file, you can 
reduce your application's start-up time and memory usage. Let's see how this is done. 

Close any other projects you may still have open and then choose the New command from 
Project Builder's Project menu. Save the new project in your home directory under the 
name "TextEditor". In Project Builder's Files display, locate the entry for the interface file 
TextEditor.nib and double-click it to start Interface Builder. When Interface Builder starts, 
the new application's main menu and standard window appear. For now, these two 
components will constitute the application's primary user interface. 

Next, let's create a class, the Distributor class, that defines an object to manage the 
Info panel. A Distributor object will be the target of an action message from the Info menu 
item. When it receives the Info item's message, the Distributor object will load the Info 
panel's interface. 

To create the Distributor class, switch to the Classes display of Interface Builder's File 
window and scroll to the left to reveal the Object class. Click the Object class so it's the 
only class that's selected in the browser. Now, create a subclass of Object by dragging to 
Subclass in the pull-down list. When you release the mouse button, a new class is inserted 
in the class hierarchy. U sing the Class Inspector, change the name of this class to 
"Distributor" . 

The next step is to declare the Distributor class's single outlet and action method. Make 
sure the Outlets button in the Class Inspector is highlighted and then enter infoPanel in the 
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text field. Click Add Outlet. Next, click the Actions button and then enter showlnfoPanel: 
in the text field. Click Add Action. The Attributes display should now look like this: 

Attributes .",1.\ 

Class: I Distributor ,H., .•. 

C Outlets r Actions 

infoPanel showlnfoPanel: 

~.N. 

L" ... 
i\dd 

Figure 17-1. Attributes Display for the Distributor Class 

To create template source code files for the Distributor class, drag to Unparse in the File 
window's pull-down list. Two panels open in succession: The first asks you to confirm that 
you want to create these class files, and the second asks whether these class files should be 
added to the project. Click OK in each panel. If you look at the Files display in the Project 
Inspector, you'll notice that Distributor.h is listed under Headers and Distributor.m is 
listed under Classes. We'll defer writing the showlnfoPanel: method until the nib file that 
contains the Info panel has been created. 

Now, let's create an object of the Distributor class and make it the target of the Info 
command. With the Distributor class selected in the File window, drag to Instantiate 
in the pull-down list. When you release the mouse button, the File window switches 
to the Objects display to display the icon for the new custom object. This icon is 
titled "Distributor". 

Control-drag a connection from the Info command in your application's main menu to the 
Distributor icon. The Inspector panel shows the Connections display for the MenuCell 
Inspector. Double-click the showlnfoPanel: action to make the connection. Now, 
whenever the user chooses the Info command, a showlnfoPanel: action message will be 
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sent to the Distributor object. The Distributor object will then have to load the auxiliary nib 
file that contains the Info panel. Save the TextEditor nib file before proceeding. 

To build the auxiliary nib file (which is known as a "module"), choose the New Module 
command from the Document menu. This command opens a submenu of module types. 
Choose the New Info Panel command. A new File window opens and a template Info 
panel appears. 

I~ .. ._- --~ - . Info - -. - --- ~:------- --:--~ 

My Application. 
by .. ; 

Figure 17-2. Info Panel Template 

Customize the text in the panel by changing the application name to "TextEditor" and by 
adding your name to the byline. Save the interface you've created in a file named Info.nib, 
in the same directory that holds TextEditor.nib. (For example, if your language preference 
is set to English, this directory will be .... rrextEditorlEnglish.lproj). Answer Yes to the 
panel that asks whether you want to add this nib file to the project. 

The auxiliary nib file is complete except for connecting the user interface it provides to a 
Distributor object, the owner of this interface. Before we can connect these two, we must 
make the Distributor class known within the Info nib file. (So far, the interface to the 
Distributor class is known only within the TextEditor nib file, where it was declared.) 

To make the interface to the Distributor class known within the Info nib file, Interface 
Builder must parse the class interface file, Distributor.h. Switch to the Classes display in 
the File window for Info.nib. Drag to Parse in the pull-down list. In the Open panel that 
appears, select Distributor.h and click OK. The class appears in its proper place in the File 
window's class hierarchy, and you can view its interface using the Class Inspector. 

Now that the Distributor class is known, you can make a Distributor object the owner of the 
Info nib file. Switch to the Objects display of the File window and select the File's Owner 
object. The File's Owner Inspector reveals that the file's owner is an instance of the Object 
class. To reassign the class of the file's owner, click the Distributor entry in the inspector. 

Now, connect the Distributor object (the File's Owner object) in the File window to the Info 
panel. Control-drag a connection from the file's owner to the title bar of the Info panel. In 
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the Connections display of the File's Owner Inspector, double-click the infoPanel outlet to 
establish the connection .. Save Info.nib. 

The graphic part of the interface is done; let's write the showInfoPanel: method for the 
Distributor class. Open Distributor.m. (You can do this by double-clicking the class's 
entry in Interface Builder's class hierarchy browser.) In Distributor.m, make the changes 
that are listed in bold below: 

#import <appkit/appkit.h> 
#import "Distributor.h" 

@implementation Distributor 

- showlnfoPanel:sender 

if (! infoPanel) 

[NXApp loadNibSection:"Info.nib" owner:self]; 

[infoPanel makeKeyAndOrderFront:self]; 

return self; 

@end 

The showInfoPanel: method above checks whether an Info panel has already been created. 
If not, a new one is unarchived from the Info.nib file. As the Info panel and the objects are 
unarchived from the nib file, the Application Kit initializes the Distributor object's 
infoPanel outlet to the id of the new Info panel. Finally, this method sends a message to 
the Info panel (through the infoPanel instance variable) to become the key window and 
order itself to the front of its window tier. 

After you save the Distributor.m file, the program is ready to compile and test. Click the 
Run button in Project Builder's project window. When the application begins running, 
check the operation of the Info command. Notice that the first time you choose the Info 
command, there's a slight pause before the Info panel appears. However, if you close the 
panel and choose the Info command a second time, the panel appears instantly. The 
first time you summon the panel, it must be unarchived from the nib file; thereafter, the 
panel is simply being ordered on and off the screen list. (If the Info panel doesn't appear 
when you choose the Info command, quit the program and recheck the connections in 
Interface Builder.) 

So far, this project has demonstrated how to isolate rarely used interface objects in a nib file 
of their own. The following sections expand on the program to show how to use a separate 
nib file as a source of document windows for the text editor. Let's take a look at the design 
of the text editor. 
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The Text Editor's Design 

The text editor has a simple user interface: Through the application's Document menu, a 
user can open any number of document windows. Text entered in a document window can 
be cut, copied, and pasted using the Edit menu. With one document window open, the 
application presents this interface: 

Figure 17-3. The Text Editor 

The interface you see in Figure 17-3 is created using two nib files. The main nib file 
contains the specification for the application's main menu and its submenus. An auxiliary 
nib file contains the specification for a document window and its scrolling text area. The 
two interfaces are linked by two custom objects (one of the Distributor class and one of the 
Document class), as shown in Figure 17-4. 
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When the application starts, the primary interface objects are created from the specification 
in TextEditor.nib and connected to their owner, NXApp. An object of the Distributor class 
is also created. So far, only the main menu appears on the screen, although the objects that 
make up the submenus have also been created. When a user clicks the New command in 
the Document menu, a createDocument: action message is sent to the Distributor object. 
As you can see in the figure, this object in tum creates and initializes a new object of the 
Document class, a class you'll define in the process of building this application. 

The init method in the Document class contains these lines: 

- init 

[super init); 

[NXApp loadNibSection: I Document.nib" owner:self); 

return self; 

Each Document object, as it's initialized, is made the owner of a set of objects specified in 
the Document.nib file. Thus, each time the user clicks the New command, a new 
Document object along with a new window and scrolling text area are created. 

The design introduced here is common for applications that replicate pieces of their user 
interface. The application's core has its own interface. Similarly, each module minimally 
consists of a custom object and its interface. When a new module is required, an object 
within the application's core creates the module's custom object, which loads its own 
interface. In this way, a module can be independent of the application's core objects, 
storing any pertinent state information in its owner. If the application needs information 
about a module's state, it can query the module's owner. 

In contrast, recall how the Info panel is implemented. With the Info panel, an object within 
the application's core, the Distributor object, loads the auxiliary nib file. However, the 
interface module isn't designed to be replicated (in fact, quite the opposite) nor is there any 
state information that needs to be retained by the module. 
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Modifying the Application's Interface 

Let's implement the design described above by modifying the TextEditor application 
created so far. First, since the Info nib file is no longer needed, close it by selecting the File 
window titled "Info.nib" and choosing the Close command in Interface Builder's 
Document menu. 

Next, modify the TextEditor nib file by removing the window object. As explained 
previously, the application's main nib file doesn't include a document window-document 
windows are provided by the auxiliary nib file. Remove the window by selecting it (either 
by clicking it or by selecting its icon in the File window) and then choosing the Cut 
command. Since most applications have at least one standard window, a panel opens asking 
if you really want to remove this window. Confirm that you do. 

Now, let's add some commands to the main menu. Click the menu button in the Palettes 
window and drag a Document menu item to your application's main menu. Position this 
item immediately above Edit. The Document menu that opens displays more commands 
than you'll need in this project. Cut all but the New and Close commands from the menu. 

This completes the visible part of the interface for the application's core. Save the nib file. 
Next, we'll modify the Distributor class. 

Modifying the Distributor Class 

The Distributor class must be modified so that new document windows are created 
whenever a user chooses the New command from the application's Window menu. When 
a Distributor object creates each new document window module, it temporarily stores the 
identity of the module's owner. In a more robust application, the Distributor object would 
keep track of each module's owner so that it could later "distribute" messages from the 
application's core objects to anyone of the modules. 

To modify the Distributor class, switch to the Classes display of the File window and select 
the Distributor class. Next, open the Class Inspector, if it isn't open already. Now, add 
another action message by clicking the Actions button in the Class Inspector and then 
entering createDocument: in the text field. Click Add Action. Now that the new method 
has been declared in the nib file, you must add it to the class files. 
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Editing the Class Files 

Double-click the Distributor entry in the Files window to open both Distributor.h and 
Distributor.m. Add the lines that appear in bold in the listings below. An explanation of 
these additions follows the listings. 

Make these changes to the class interface file, Distributor.h: 

#import <appkit/appkit.h> 

@interface Distributor:Object 

id infoPanel; 

id newDocument; 

- showInfoPanel:sender; 

- createDocument:sender; 

@end 

Also, make these changes to the class implementation file, Distributor.m: 

#import "Distributor.h" 

#import "Document.h" 

@implementation Distributor 

- showInfoPanel:sender 

if (! infoPanel) 

[NXApp loadNibSection:"Info.nib" owner:self]; 

[infoPanel makeKeyAndOrderFront:self]; 

return self; 

- createDocument:sender 
{ 

newDocument = [[Document alloc] init]; 
[newDocument show:self]; 

return self; 

@end 
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Each time a Distributor object receives a createDocument: message, it creates a new 
Document object (the owner of the document window module) and stores the object's id in 
its newDocument variable. Next, it sends a show: message to the new Document object. 
As you'll see when you define the Document class, this message brings the module's 
document window to the front of its tier on the screen and makes it the key window. 

As suggested earlier, in a more complex application, the Distributor object might keep track 
of each Document object it creates so that it can send messages to anyone of them. For 
example, it might use an object of the List or HashTable class to record the ids of each of 
the Document objects it creates. 

After you've made these changes to the class files, save them and close the Edit windows. 

Connecting the Objects 

Now, let's connect the New command to the Distributor object. First, notice that the New 
command is disabled.:...-its title is in gray. Interface Builder disables menu items from the 
menu palette that aren't already connected to some target. To enable the New item, select 
it and switch to the Attributes Inspector. Click the button titled "Disabled" to remove the 
check mark. The New command is now displayed in black. 

Next, in the File window, switch to the Objects display. Control-drag a connection from 
the New command in your application's Document menu to the Distributor object in the 
File window. The Inspector panel shows the Connections display for the MenuCell 
Inspector. Make sure the target outlet and the createDocument: action are selected and 
click Connect. Now, whenever. the user chooses New, a createDocument: action message 
will be sent to the Distributor object. 

This completes the main nib file; next you'll create the application's document module. 
Before going on, save your work and, if you like, clean up the workspace by closing the 
TextEditor.nib file. (Choose Close from the Document menu.) You can also close the 
Inspector panel. 
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Creating the Module's Interface 

A module consists of a window, a scrolling text area, and a custom object that owns this 
interface. The custom object will be of the Document class, a subclass of Object that you'll 
define shortly. 

Choose the New Module command from the Document menu. From the New Module 
menu that appears, choose New Empty. This command produces a nib file containing only 
the most basic components. You can see from the File window that appears that this 
module consists only of an owner object and a First Responder. 

Drag a window from the Palettes window into the workspace and open the Window 
Inspector. Change the title of the window to "Document". Now, drag a ScrollView from 
the Scrolling Views display of the Palettes window into the document window and resize it 
so that it covers most of the window's area. Save the nib file you've created so far in a file 
named Document.nib. Also, in the attention panel that appears, confirm that this file 
should be added to the TextEditor project. 

The visible portion of the module's interface is complete; the next job is to define the 
owner object. 

Defining the Document Class 

In the File window, switch to the Classes display. Create a new subclass of Object by 
selecting the Object entry and dragging to the Subclass command in the pull-down list. 
Using the Class Inspector, name this new class the "Document" class. 

The next step is to define the outlets and actions of the Document class. Following the same 
general steps you took with the Distributor class, give the Document class a my Window 
outlet and a show: action method. Create class definition files for the Document (that is, 
drag to the Unparse button in the File window) and add these files to the project. 
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Editing the Class Files 

As before, edit the class interface file Document.h by adding the line that appears in bold: 

#import <appkit/appkit.h> 

@interface Document:Object 

id my Window; 

- init; 

- show: sender; 

@end 

Also, make these changes to the class implementation file Document.m: 

#import <appkit/appkit.h> 

#import "Document.h" 

@implementation Document 

- init 
{ 

[super init]; 

[NXApp loadNibSection:"Document.nib" owner:self]; 

return self; 
} 

- show:sender 

@end 

[myWindow makeKeyAndOrderFront:self]; 

return self; 

The init method initializes a new Document object and makes it the owner of the module's 
interface. The show: method sends a makeKey AndOrderFront: message to the window 
in the interface through the Document's my Window outlet. 
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Connecting the Objects 

A Document object owns the user-interface objects that are unarchived from 
Document.nib. Before you can connect the owner to its interface, you must specify that 
the owner is of the Document class. Switch to the Objects display in the File window and 
select the File's Owner object. Using the Inspector panel, click "Document" to assign the 
class of the owner object. 

The owner object is connected to the other objects in the application in two ways: through 
the show: action message that it will receive from the Distributor object and through the 
my Window outlet that will be initialized to the id of the window in the module's interface. 
You've already written the code in Distributor.m that sends the show: message to a 
Document object; that connection is complete. 

Connect the owner object's my Window outlet by Control-dragging a connection from the 
owner's icon in the File window to the title bar of the document window. Select 
my Window in the Inspector panel's Connections display and click Connect. Finally, save 
the finished nib file. 

Now that the pieces are in place and the connections are established, it's time to compile 
and test the application. Before you do, you may want to clean up the workspace by closing 
any of Interface Builder's windows you no longer need. 

Compiling and Running the Application 

Click Run in Project Builder's project window. If the project file needs to be saved, Project 
Builder asks if you want to save it before proceeding. 

When that application begins running, test its operation. Each time you choose the New 
command, a new window opens directly on top of the old one. If you click in the scrolling 
text area, a blinking vertical bar appears, marking the insertion point. 

Check other features such as text entry and editing, pasting text between windows of this 
application (and between this and other applications), and window resizing. 

Although this completes the text editor project, this application provides a good basis for 
exploring other features of the Application Kit. Perhaps the easiest improvement would be 
to add a Font command to the main menu. You could also, for example, implement the 
Close command or the Document commands that you previously deleted, such as Open and 
Save. Or you might make it so each new Document window opens in a location offset from 
the previous one so that old windows aren't obscured by new ones. 
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Building a Custom Palette 

As you've seen, Interface Builder gives you convenient access to objects defined in the 
Application Kit: You can drag objects directly from the Palettes window into your 
application. Through custom palettes, Interface Builder lets you extend this pattern of 
access to classes of your own design. 

A custom palette is a display that can be added to Interface Builder's Palettes window. Each 
custom palette is represented by its own button at the top of the Palettes window. When the 
button is clicked, the palette's object or objects appear in the lower portion of the window. 
Custom palettes can contain subclasses of: 

Class 

View 
Object 
Window 
MenuCell 

Comment 

Must be dragged into a window 
Must be dragged to the File window 
Can be dragged and dropped anywhere 
Must be dragged into a menu 

You can manipulate these objects just as you would the objects on the standard palettes. 
They can be dragged into the application under construction, resized and relocated through 
direct mouse actions (if they are View or Window objects), and inspected using the 
Inspector panel. When Interface Builder is put in test mode, objects from custom palettes 
are fully functional. For example, View objects draw themselves and react to mouse events 
just as they would in a real application. (This is in contrast to Custom Views, as described 
in more detail later in this project.) 
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Custom palettes let you tailor your development environment to suit your needs. They 
also provide a convenient way to distribute classes to other developers. It's important to 
note, however, that only classes that meet the following criteria are good candidates for 
custom palettes. 

• The class should be designed for reusability. That is, it should be easily adapted for use 
in a wide range of applications. An object that must be the delegate of the Application 
object, for example, will be difficult to accommodate in many applications. 

• The class should define objects that are useful in a variety of applications. There's little 
advantage in creating a custom palette for an object that will be used infrequently. 

• The class should be thoroughly debugged. The best approach to creating a custom 
palette for a new class is to first debug the class by building test applications and then, 
when it's debugged, build the custom palette. 

This project first describes how to create a simple custom palette and then shows you how 
to add an inspector for the custom object that the palette contains. Before starting, let's look 
at how custom palettes fit into the overall structure of Interface Builder. 

Custom Palettes and Interface Builder 

The previous projects have demonstrated that you build a NeXTSTEP application by 
designing its interface, defining your own classes as needed, connecting the components, 
and then compiling the application. This creates an application that consists of executable 
code and archived data. At run time, some objects are instantiated directly (such as the 
Application object) and others are un archived from nib files. 

Interface Builder is no different in the way it is constructed. For example, the first time you 
click the Scrolling Views button in the Palettes window, Interface Builder loads a bundle 
containing executable code and archived data for the appropriate objects and displays these 
objects in the Palettes window. (For information on bundles, see the class specification for 
NXBundle, a common class.) 
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Adding a new palette to the Palettes window, then, involves creating a type of bundle 
that Interface Builder can load into itself at run time. This bundle is called a palette file 
and has a ".palette" extension. Palette files contain archived versions of the objects to be 
displayed in the Palette window and compiled code to support these objects. A palette 
file can also contain archived data and object modules for the Inspector associated with 
a custom palette object. 

Custom palettes are loaded into Interface Builder dynamically. That is, when a user 
chooses the Load Palette command from the Tools menu and specifies a palette file, 
Interface Builder opens the palette file, loads the object modules it contains and then 
unarchives the objects that will appear in the Palette window. Thereafter, the classes of 
these custom objects are known to Interface Builder: Their names appear in the proper 
places in the Classes window, their outlets and actions appear in the Connections Inspector, 
and Interface Builder can create new objects of these classes as needed. Using Interface 
Builder's Preferences panel you can have one or more custom palettes loaded automatically 
whenever Interface Builder is launched. 

The Custom Olbjecit's fOesign 

The palette we'll create in this project contains a single custom objeCt, a ProgressView. A 
ProgressView reflects the progress of a long-running operation by filling with dark gray an 
ever increasing proportion of its horizontal extent: 
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Figure 18-1. Progress View, Box, and TextField Objects 

You could use such an object to inform the user of the status of a long-running calculation, 
file operation, or other process. A ProgressView responds to an increment: message 
by increasing the length of the gray bar a predetermined amount. We'll take a closer 
look at the implementation of the Progress View class after creating the interface for the 
custom palette. 
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Creating the Inte,rface 

The primary component of a custom palette project is a nib file. This file contains the 
archived object (or objects) that will appear in the palette and a TIFF image that will be used 
for the button at the top of the Palettes window. 

To begin the palette project, start Project Builder and, from the Project menu, choose New. 
In the panel that appears, drag to Palette in the Project Type pop-up list. Give the project 
the name "ProgressPalette" and save it in your home directory. The Project window for this 
project appears. 

If you browse the Files display of the Project window, you'll find that Project Builder has 
added these files: 

File 

ProgressPalette. [hm] 

ProgressPalette.nib 

palette. table 

Makefile 

Description 

Subclass of IBPalette (which is declared in 
/NextDeveloperlHeaders/Apps). For palettes that contain 
only View objects, nothing must be done to these files. For 
other types of palettes, one or more methods must be 
implemented. 

Interface archive for the palette project. You'll use Interface 
Builder to modify this template file by adding the objects that 
will be part of your palette. 

Loading instructions for Interface Builder. This file becomes 
part of the palette file package. It tells Interface Builder which 
icon to display for the palette and which classes to add to the 
Classes display of the File window, among other things. 

Standard makefile for palette projects. Project Builder 
maintains this file; you shouldn't change its contents directly. 

Double-click the ProgressPalette.nib entry. Interface Builder starts and displays the 
contents of this template file: a File's Owner object, the first responder, and a window titled 
"Palette View". Using Interface Builder's Inspector window, you can verify that the File's 
Owner object in the File window is an object of the ProgressPalette class. If you switch to 
the Connections display, you'll see that the originalWindow outlet, which the File's Owner 
inherits from its parent class, is already attached to the panel. When Interface Builder loads 
a palette file, it uses this connection to find the View objects that it must extract from the 
nib file and position within the Palette window. 
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The next step is to put a Progress View object in this panel; however, at this point the 
ProgressView class is unknown to Interface Builder. Interface Builder provides a generic 
View, the Custom View object, for these situations. A Custom View object records the 
location, width, height, and class of a View of your own design. At run time, when objects 
are unarchived from the nib file, an object of the class you specified is created in place of 
the CustomView. The View that's created is positioned and resized to match the position 
and dimensions of the Custom View in the nib file, and its drawS elf: : method is invoked to 
cause it to display itself. 

Drag a CustomView (from the Basic Views palette) into the panel and resize it to look 
like this: 

Figure 18-2. Building the Custom Palette 

N ow add a label to this Custom View by dragging a TextField titled "Title" from the Palette 
window into the panel. Change the TextField to read "0%" and use the Font panel to 
decrease the font size. Make a second label by copying and pasting the one you've just 
created and then change the title to read "100%". Position these titles at opposite ends of 
the Custom View. Finally, create a box around the Custom View and the titles by selecting 
the three objects and choosing the Group command from the Layout menu. Change the title 
of the box to read "Progress View". 

Defining the ProgressView Class 

The next step is to reassign the class of the Custom View to the as-yet-unwritten 
Progress View class. To do this, you must first use the Classes display of the File window 
to define the Progress View class. 

Switch to the Classes display and select View in the class hierarchy. Create a subclass of 
View by dragging to Subclass in the Operations pull-down list. A new class titled 
"MyView" appears in the hierarchy. Using the Class inspector, change the name of this 
class to "Progress View" and press Return. 
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A ProgressView responds to a single action method: increment:. Using the Class 
inspector, add this method to those listed under the Actions button. 

Now, let's create template source files for the ProgressView class. Drag to Unparse in the 
Operations pull-down list in the File window. In the first panel that appears, confirm that 
you want to create ProgressView.h and ProgressView.m. In the second panel, confirm that 
you want these files added to the project. We'll fill in these template files later. 

Finally, reassign the class of the Custom View in the panel. Select the Custom View. Note 
that the CustomView is grouped within a Box object (that is, it's within the Box's view 
hierarchy). Clicking the box selects the Box object. To move the focus of selection to the 
objects inside the box, double-click within the box. Now select the Custom View by 
clicking it. Using the Attributes display of the Custom View Inspector, locate Progress View 
in the list of classes it contains. Click this entry, and the label in the Custom View changes 
to "Progress View" . 

Providing An Image for the Palette's Button 

The Progress View custom palette needs an image for its button in the Palettes window. You 
can either use the IconBuilder application (in lNextDeveloper/Apps) to create a new one, 
or you can use ProgressPalette.tiff, which you'll find in 
lNextLibrarylDocumentationINextDevlExampleslIBThtoriallImages. (If you create 
your own image, make sure it's no larger than 48 by 48 pixels and that its background is 
transparent.) 

Drag the image's file icon from the Workspace Manager File Viewer into Project Builder's 
Project window. As you drag the icon into the window, a suitcase opens to accept it. When 
you release the icon, the image is added under Images in the Files display. Now save the 
project. When the project is saved, Interface Builder is alerted to any changes it contains. 
Now if you look in the Images display of Interface Builder's File window, you'll see the 
new image. 

The custom palette's interface is complete. The next step is to write the class definition 
files for the Progress View class. Before continuing to the next step, save the nib file 
you've created. 
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Writing the ProgressView Class Files 

The files that Interface Builder has created for the Progress View class contain only template 
code for the increment: action method. You'll have to finish this method's implementation 
and add the other methods described in this section. (If you're reading an electronic version 
of this tutorial, you can simply copy the code listed below and paste it into the appropriate 
ProgressView source file in your project.) 

ProgressView.h 

This file declares the interface to the Progress View class. 

#import <appkit/appkit.h> 

#define DEFAULTSTEPSIZE 5 

#define MAXSIZE 100 

@interface ProgressView:View 

int total, count, stepSize; 

float ratio; 

- initFrame:(const NXRect *)frameRect; 

- drawSelf:(const NXRect *)rects :(int)rectCount; 

- setStepSize:(int)value; 

- (int)stepSize; 

- setRatio:(float)newRatio; 

- increment:senderi 

- read: (NXTypedStrearn*) stream; 

- write: (NXTypedStream*) stream; 

@end 

The file starts by importing the standard header file for the Application Kit. Then, 
two constants are defined. DEFAULTSTEPSIZE is the value that's added to a running 
total each time an increment: message is received. MAXSIZE is the maximum length 
of the bar. 
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Next, the ProgressView class declares four instance variables: 

Variable 

total 
count 
stepSize 
ratio 

Description 

Total length of bar; MAXSIZE in this example 
Running total; incremented by each increment: message 
Amount to add to count upon receiving an increment: message 
Proportional length of dark gray portion of bar (count/total) 

Finally, ProgressView's methods are declared. These methods are discussed in the 
next section. 

ProgressView.m 

This file contains the implementation of the methods declared in ProgressView.h. 

#import "ProgressView.h" 

@implementation ProgressView 

- initFrame: (const NXRect *)frameRect 

[super initFrame:frameRect]; 
total = MAXSIZE; 

stepSize = DEFAULTSTEPSIZE; 
return self; 

- drawSelf: (const NXRect *)rects : (int)rectCount 

PSsetgray(NX_LTGRAY); 

NXRectFill(&bounds) ; 
if (ratio> 0) { 

NXRect r = bounds; 
r.size.width = bounds.size.width * ratio; 
PSsetgray(NX_DKGRAY) ; 

NXRectFill(&r) ; 

PSsetgray(NX_BLACK) ; 

NXFrameRect(&bounds) ; 

return self; 
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- setStepSize: (int)value 

stepSize = value; 

return self; 

- (int)stepSize 

return stepSize; 

- setRatio: (float)newRatio 

if (newRatio > 1.0) newRatio 1.0; 

if (ratio != newRatio) 

ratio = newRatio; 
[self display]; 

return self; 

- increment:sender 

count += stepSize; 

[self s~tRatio: (float)count/(float)total]; 

return self; 

- read: (NXTypedStream*) stream 

[super read:stream]; 

NXReadTypes(stream, "ii", &total, &stepSize); 

return self; 

- write: (NXTypedStream*) stream 

@end 

[super write: stream] ; 

NXWriteTypes(stream, "ii", &total, &stepSize); 

return self; 
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ProgressView.m starts by importing ProgressView.h for the interface to its own class. The 
rest of the file contains the implementation of ProgressView's methods: 

Method 

initFrame: 

drawSelf:: 

setStepSize: 

stepSize: 

setRatio: 

increment: 

read: 

write: 

Description 

Initializes a newly allocated Progress View by setting the values of its 
total and stepSize variables. Its count and ratio instance variables are 
automatically initialized to O. 

Draws the Progress View by first filling its entire bounds rectangle with 
light gray, determining which portion of the bounds should be filled 
with dark gray and painting that portion, and finally drawing a black 
border around the entire Progress View. 

Sets the amount to be added to count when the Progress View receives 
an increment: message. (This method will be used in the next 
project.) 

Returns the amount to be added to count when the Progress View 
receives an increment: message. (This method will be used in the 
next project.) 

Sets the ratio variable and then redisplays the Progress View (thus 
causing the drawSelf:: method to be invoked). 

Increases the value of the count variable by adding stepSize to it. This 
method then invokes the setRatio: method, using the ratio of count to 
total as the argument. 

Reads the archived values of the total and step Size variables from a 
typed stream. 

Writes the values of the total and stepSize variables to a typed stream. 

At a minimum, a custom palette object must be able to draw, archive, and un archive itself; 
thus, the drawSelf::, write:, and read: methods above. The other methods are peculiar to 
the ProgressView class and aren't required by all custom palette objects. 

The drawS elf: : method is invoked when the palette is first loaded, to draw the 
ProgressView in the Palettes window. It's also invoked when you put Interface Builder in 
test mode and there's a Progress View object in your application's window. Of course, when 
an application that contains a Progress View is run, drawS elf: : is invoked whenever the 
Progress View needs to draw itself, such as after it receives an increment: message. 
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The read: and write: methods are needed so that the Progress View can be archived. When 
you create the custom palette, the Progress View object must archive itself into the palette 
file. When the custom palette is loaded into Interface Builder, the ProgressView is 
unarchived from the palette file. 

The process of unarchiving involves allocating enough memory for the object and then 
sending it a read: message so that it can initialize its variables from the values stored in the 
archive. In unarchiving, the initFrame: method, which would normally establish the 
values of the total and stepSize variables, isn't invoked. Thus, the read: method must 
establish those values. The matching write: method records the values of total and 
stepSize in the archive file when the palette is created. Without these methods, a newly. 
unarchived Progress View would have 0 as the values of total and stepSize. Whenever you 
create a class that you intend to use in a custom palette, remember to implement read: and 
write: methods to archive the variables whose values you want to store along with the 
object. 

Updating the palette.table File 

Before you can compile the palette project, you must update the palette. table file. 
Interface Builder consults this table when it loads a palette file. It uses the information from 
the table to identify and instantiate the nib file's owner, to display the proper image for the 
button in the Palette window, and to insert class names within the Classes display of the File 
window, among other things. 

Locate palette.table under Other Resources in Project Builder's Project window. 
Double-click the entry to reveal the file's contents: 

Class = ProgressPalette; /* (a subclass of IBPalette) */ 

NibFile = ProgressPalette; /* (a nib file name) */ 

/* Icon -, (a tiff/eps file name) */ 

/* ExportClasses = () ; (a list of class names) */ 

/* Export Images (); (a list of icon names) */ 

/* ExportSounds = () ; (a list of sound names) */ 

The first two lines identify the names of the class of the nib file's owner and of the nib file 
itself. The remaining lines can be used to identify other elements of the palette file. For 
this project, you need to specify the name of the image to be used for the Palette window 
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button and to specify the name of the class, ProgressView, that should be added to the 
Classes browser. Make the changes that appear in bold below: 

Class = ProgressPalettej /* (a subclass of IBPalette) */ 

NibFile = ProgressPalettei /* (a nib file name) */ 

Icon = ProgressPalettej /* (a tiff/eps file name) */ 

ExportClasses = (ProgressView) j /* (a list of class names) */ 

/* Exportlmages ()j (a list of icon names) */ 

/* ExportSounds = ()j (a list of sound names) */ 

After you've made these changes, save and close palette.table. 

Compiling and Loading the Palette 

You're now ready to compile the custom palette. Switch to Project Builder's Builder 
display and click the Build button. When the process is finished, a file with the name 
ProgressPalette.palette is added to the project directory. 

To load the custom palette, choose Interface Builder's Load Palette command from its Tools 
menu. In the Open panel that appears, select that palette file and click OK. After a moment, 
Interface Builder's Palette window is updated to show the new palette. 

Figure 18-3. ProgressView Custom Palette 

Notice that a horizontal scroller appears to give you access to palette buttons that no longer 
fit within the Palettes window. 
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Testing the Palette 

Now that a ProgressView is available from within Interface Builder, it's easy to test its 
operation. Close the palette project by closing the Project window for the ProgressPalette 
project. Now, start a new project by choosing New in Project Builder's Project menu. In 
the panel that appears, name the project "Test" and make sure the Project Type button reads 
"Application". Finally, open the nib file. 

In Interface Builder, drag a Progress View object from the Palettes window into the 
application's window. To test the ProgressView's operation, you have to send it increment: 
action messages. Add a button to the window and change its title to "Increment". 
Control-drag a connection from the button to the ProgressView. (Make sure the connection 
is made to the Progress View and not to the Box that surrounds it-check the Connections 
list in the Connections Inspector to confirm the identity of the destination object.) Using 
the Connections Inspector, specify that the Button sends an increment: message to the 
Progress View. 

Finally, test the Progress View by putting Interface Builder in test mode and clicking the 
Increment button. The gray bar should step across the Progress View with each click. If 
nothing happens, quit the test mode, recheck the connection between the button and the 
Progress View, and try again. 

Using Custom Palette Objects in Other Applications 

Building an application using a custom palette object is in most respects identical to 
building one using the standard objects that are available within Interface Builder; the few 
differences are described here. 

You've demonstrated that the Progress View custom object works within Interface Builder's 
test mode. However, if you compile the new application and attempt to run it, this error 
appears in the Workspace Manager Console window: 

> objc: class 'ProgressView' not linked into application 
> An uncaught exception was raised 
> Typed streams library error: class error for 'ProgressView': class 
not loaded 

The problem is that although the application's nib file contains an archived ProgressView 
object, the Progress View class hasn't been linked into the application. Thus, none of the 
ProgressView's methods can be invoked. 
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There are several ways to ensure that the Progress View class is linked into an application. 
The easiest is to add the ProgressView class files (ProgressView.h and ProgressView.m) 
to the list of class files in Project Builder's Files window. For your own applications, this 
is a reasonable solution. If, however, you don't want to distribute source code along with 
the custom palettes you develop, you can either distribute object files (in this case, 
ProgressView.o) or a library containing object modules for your custom classes. The 
object files or library can be added to the appropriate list in Project Builder. 

Another consideration when developing applications using custom palettes concerns the 
editing of nib files. If you create a nib file that contains a custom palette object, that 
interface file can be opened only by a similarly configured Interface Builder application. In 
other words, if the nib file contains a ProgressView, then you will have to load the 
ProgressView palette"before you'll be able to open the nib file. As normally configured, 
Interface Builder won't have access to the class information for the custom object.' 

Adding a ProgressView Inspector 

A palette file can provide Attribute, Connection, Size, and Help inspectors for the custom 
objects it contains. (Custom Connection and Help inspectors are rarely needed, however.) 
For example, when a user attempts to display the Attributes inspector associated with the 
custom object (say, by selecting the object and choosing Inspector from the Tools menu), 
Interface Builder loads the inspector and uses it as the Attributes display of the Inspector 
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window. For example, an Attributes Inspector for the Progress View class might look 
like this: 

r
-- -- --- -------------- ------ -------------------

__ _ '!ogressYie~l/lnsp~ct~r __ ~ 

: Attributes ...tl 

G
St[ijze--

! jrJ] ~ 
o 10 

Figure 18-4. Progress View Inspector 

An Attributes Inspector typically lets a user set an object's characteristics that can't be set 
through direct mouse manipulation. For example, the Progress View Inspector pictured 
above lets the user adjust a ProgressView's stepSize variable, thus determining the amount 
the dark gray bar advances across the Progress View with each increment: message. 

Inspectors can have OK and Revert buttons, although they aren't required. If the user 
adjusts the controls in an inspector and then clicks Revert, the changes are discarded and 
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the previous values are reestablished; if the user clicks OK, the new values are sent to the 
object that's being inspected. 

Interface Builder identifies the appropriate inspector to display for a selected object by 
sending the object one of these messages, depending on the setting of the pop-up list in the 
Inspector window: 

getlnspectorClassName 

getConnectlnspectorClassName 
getSizelnspectorClassName 

getHelplnspectorClassName 

The getInspectorClassName message is sent to determine the name of the class of the 
Attributes inspector. For example, the Progress View class could implement this method 
this way: 

- (const char *)getlnspectorClassName 

return "ProgressViewlnspector"; 

Since each custom object can identify its inspector, a custom palette file can contain 
mUltiple classes of objects, each with its own inspector. 

Another benefit of this system of identifying an object's inspector is that inspectors are 
inherited. Interface Builder provides inspectors for each of the classes represented in the 
Palettes window. If you create a subclass of one of these classes and don't implement the 
inspectorName: method, Interface Builder will display the superclass's inspector 
whenever the custom object is inspected. 

For debugging purposes, it's often better to create the inspector for an object only after the 
object itself has been debugged and placed in a custom palette. This is the approach we 
take in this project. Now that ProgressView objects are available through a custom palette, 
we'll create a simple inspector for the ProgressView class. 
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Designing the ProgressView Inspector 

Creating an inspector for a custom palette object is much like creating the custom palette 
itself. You start by assembling an interface for the custom object inspector. The owner of 
this nib file is an object you define that translates actions taken on this interface into 
messages to send to the object that's being inspected. The class files for the owner object 
and the inspector's nib file are added to the palette project and compiled into the palette file 
along with the custom palette object. Let's start by assembling the inspector's user 
interface. 

Interface Builder provides a New Inspector command for our purposes. Choose the New 
Module command in the Document menu and, in the menu that appears, choose New 
Inspector. A new File window and a panel titled "Inspector" appear. 

Now, let's add some objects to the panel. Drag a horizontal slider into the panel and then 
add labels for each end (as in Figure 18-4 above). Edit the left label to read "0" and the 
right one" 1 0". Calibrate the slider to these values by using the Slider Inspector to set its 
minimum value to 0 and the maximum value to 10. Set the current value to 5 and click OK 
in the Slider Inspector. 

Add an editable text field above the center of the slider. This text field will read out the 
slider's current setting. Resize the text field to accommodate two-digit numbers and then 
edit its contents to read "5". Using the Alignment group of buttons in the TextField 
Inspector, specify that the TextField's display is right aligned: 

Figure 18-5. Setting the Alignment of the TextField 

Finally, select all the objects in the panel and choose the Group command from the Layout 
menu to surround them in a box. Edit the box's title to read "Step Size". 

The interface to the Progress View inspector is complete. Save the interface in a file called 
ProgressViewlnspector.nib-the Open panel will suggest saving the nib file in the proper 
language directory of the ProgressPalette project-and, when the attention panel appears, 
confirm that you want the file added to the proj ect. 
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Designing the ProgressViewlnspector Class 

The interface that you just created will act on a selected object through the intervention of 
a ProgressViewInspector object, which we will now define. 

Inspectors inherit from Interface Builder's IBInspector class, a subclass of Object. (See 
/NextDeveloperlHeaders/appslInterfaceBuilder.h for the class interface to the 
IBInspector class.) The IBInspector class has these important outlets: 

Outlet 

object 
window 
okButton 
revertB utton 

Description 

id of the object that's being inspected 
id of the Panel that contains the inspector's user interface 
id of the OK button, if present 
id of the Revert button, if present 

The IBInspector class adopts the IBInspectors protocol, which declares these methods: 

Method 

ok: 

revert: 

wantsButtons: 

Description 

Sets the inspected object to reflect the user's choices in the 
Inspector panel. 

Cancels any pending changes to the inspected object. This method 
is also invoked when the Inspector is first instantiated. 

Invoked by Interface Builder to determine if OK and Revert 
buttons should be displayed for this inspector. 

Let's create a subclass of IBInspector for our inspector. The IBInspector class is listed 
under Object in Interface Builder's Classes browser. Select this entry and drag to Subclass 
in the Operations pull-down list. In the Class inspector, rename this new class 
"ProgressViewInspector". Note that the Class Inspector reports that the 
Progress ViewInspector class inherits the window outlet and ok: and revert: methods of its 
superclass. A ProgressViewInspector needs two more outlets, which it will use to 
communicate with the slider and text field in its user interface. Add these outlets and name 
them theSlider and theTextField. 

Now, create template source files for the ProgressViewInspector class. Drag to Unparse in 
the Operations pull-down list of the Classes display. In the first panel that appears, confirm 
that you want to create ProgressViewlnspector.h and ProgressViewlnspector.m. In the 
second panel, confirm that you want to add these files to the project. We'll fill in these 
template flIes later. 
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Next, reassign the class of the File's Owner object to the ProgressViewInspector class. 
Select the File's Owner object in the Objects display of the File window. In the File's 
Owner Inspector panel, select ProgressViewInspector. Finally, save the nib file. 

Con.necting the Objects 

The File's Owner, a Progress View Inspector, must be connected to its user interface objects. 
Control-drag a connection from the File's Owner to the Slider and connect the two using 
the theSlider outlet. Similarly, connect the File's Owner to the TextField using the 
theTextField outlet. Notice that Interface Builder has already connected the File's Owner 
and the inspector panel using the window outlet. All inspectors are connected to their user 
interfaces through this outlet. 

The Slider and the TextField must also be connected to the File's Owner so that actions 
taken on these controls are reflected in the object being inspected. Control-drag a 
connection from the Slider to the File's Owner, and using the Connections inspector, make 
the File's Owner the target of an ok: message from the Slider. Similarly, make the 
TextField send an ok: message to its target, the File's Owner. 

These are the only connections you need to make. When the inspector is being used in 
Interface Builder, its object outlet will be set automatically to the id of the object that's 
currently being inspected. When the user clicks OK or Revert in an inspector that has 
these buttons, Interface Builder will send the appropriate message to the 
Progress View Inspector object. 

Editing the ProgressViewlnspector Class Files 

The next step is to fill in the template class files that Interface Builder has added to 
the project. The finished files are listed here. (If you're reading this on-line, you can 
copy the listings into the template files in your project.) A description of the files follows 
each listing. 
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ProgressViewlnspector.h 

This file declares the interface to the ProgressViewInspector class. 

#import <apps/InterfaceBuilder.h> 

@interface ProgressViewInspector:IBInspector <IBInspectors> 

id theSliderj 
id theTextFieldj 

- initj 

@end 

The file starts by importing InterfaceBuilder.h, which contains the declaration of the 
IBInspector class, ProgressViewInspector's superclass. Note that the 
ProgressViewInspector class adopts the IBInspectors protocol, which declares the ok:, 
revert: and wantsButtons: methods. 

This interface file then declares two instance variables, theSlider and theTextField. These 
variables correspond to the two outlets that you added using Interface Builder's Class 
Inspector. Finally, the file declares the init method, which is described in the next section. 

ProgressViewlnspector.m 

This file contains the implementation of the methods declared in 
Progress ViewInspector.h. 

#import "ProgressViewInspector.h" 
#import "ProgressView.h" 

@implementation ProgressViewInspector 
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- init 

char buf[MAXPATHLEN + 1]; 
id bundle; 

[super init]; 

bundle = [NXBundle bundleForClass: [ProgressView class]]; 
[bundle getPath:buf 

forResource:"ProgressViewlnspector" 
of Type : "nib"] ; 

[NXApp loadNibFile:buf 
owner: self 
withNarnes:NO 
frornZone: [self zone]]; 

return self; 

- ok:sender 

if (sender == theSlider) { 
[object setStepSize: [theSlider intValue]]; 
[theTextField setlntValue: [theSlider intValue]]; 

else if (sender == theTextField) { 
[object setStepSize: [theTextField intValue]]; 
[theSlider setlntValue: [theTextField intValue]]; 

return [super ok: sender] ; 

- revert:sender 

int step; 

step = [object stepSize]; 
[theSlider setlntValue:step]; 
[theTextField setlntValue:step]; 
return [super revert:sender]; 

- (BOOL)wantsButtons 

return NO; 
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The init method initializes a newly allocated ProgressViewInspector. As in all init ••. 
methods, the chain of initializations is maintained through a message to the superclass 
(IBInspector) to initialiie itself. 

Next, the inspector's user interface is loaded from the appropriate nib file; however, since 
the palette file could be located anywhere, you have to enlist the services of an NXBundle 
object to find the proper directories to search. The NXBundle object is initialized on the 
directory that provided the code for the ProgressViewInspector class. Given the user's 
language preferences, the nib file will be sought in one of its subdirectories (for example, 
English.lproj, French.lproj, etc.). In contrast, if you were to try to load the nib file by 
sending a loadNibFile: .•. message, Interface Builder's file package would be searched for 
the nib file. (See the NXBundle class specification for more information.) 

When the nib file is loaded, the inspector's theSlider and theTextField outlets are 
automatically initialized to the id's of the appropriate objects from the nib file. (In addition, 
the ProgressViewInspector's object outlet is set to the id of the ProgressView that the user 
has selected.) 

The ok: and revert: methods synchronize the values in the inspector panel with each other 
and with the object being inspected. When a user acts on the slider, for example, an ok: 
message is sent to the ProgressViewInspector. The inspected object's step size is set to the 
value of the Slider object, and then the TextField's value is made to match that of the Slider. 

The revert: method asks the selected Progress View for its current step size and then sends 
messages to the Slider and TextField to reflect this value. The implementation of each 
method ends by invoking the IBInspector class's implementation of the identical method: 

return [super ok: sender] ; 

return [super revert:sender]; 

In the ok: and revert: methods of inspector classes you write, remember to invoke the 
IBInspector class's ok: and revert: methods, as demonstrated here. This is required for the 
correct operation of inspectors. 

Besides being sent when the user clicks Revert, a revert: message is sent to the 
ProgressViewInspector whenever the user selects a ProgressView and the inspector is 
open. This lets the inspector update its controls so that they reflect the state of the 
inspected object. 

Interface Builder sends a wantsButtons: message to the ProgressViewInspector to 
determine if OK and Revert buttons should appear in the Inspector panel. Most Inspectors 
won't need these buttons; rather, a user's actions in the panel will immediately and visibly 
change the state of the inspected object, as in this example. 
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Modifying the ProgressView Class Files 

As mentioned earlier, Interface Builder identifies the inspector for a selected object by 
sending the object an inspectorName message. Since you've created an inspector for 
Progress View objects, it's time to add this method to the Progress View class files. 

In Progress View.h, add this declaration: 

- (canst char *)getlnspectarClassName; 

In Progress View.m, add the implementation of the inspectorN arne method: 

- (canst char *)getlnspectarClassName 

return "PragressViewlnspectar"; 

Compiling and Testing the Inspector 

After saving the class and nib files, use Project Builder's Build command to compile the 
project. When the process is finished, you can load the new palette file, 
ProgressPaiette.paiette. (Remember that only one version of a given palette can be loaded 
at a time. If you already have an older version of the Progress View palette loaded, you'll 
have to restart Interface Builder in order to load the new version.) 

Once the custom palette is loaded, test its operation by creating a new application that 
contains a Progress View and a button, as illustrated here: 

Figure 18-6. Testing the Progress yiew Inspector 
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Use the Progress View Inspector to set the step size, and then put the application in test 
mode to test the ProgressView's operation. 

If the inspector doesn't appear when you attempt to inspect a ProgressView, recheck the 
connections in the ProgressViewInspector nib file. (Especially check that the window 
outlet is connected to the panel that contains the inspector's user interface). 
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expansion 12-13, 12-15 
pitfalls and subtleties 12-24 
predefined 12-17, 12-19 
redefining 12-24 
self-referential 12-28 
simple 12-13 
stringification 12-20 
undefining 12-23 
unsafe 12-27 

macro arguments, C preprocessor 12-15 
concatenation 12-22 
inside string constants 12-32 
separate expansion of 12-29 

Make ASCII command in Edit 4-33 
Make Column command in Interface Builder 3-32 
make GDB command 13-69 
Make Global command in Project Builder 2-23 
Make Localizable command in Project Builder 2-23 
make program 1-6,2-15 

dependencies 11-19 
Make Rich Text command in Edit 4-33 
Make Row command in Interface Builder 3-32 
makefile 1-6, 15-21 

preamble and postamble 2-17, 15-22 
Malloc Inspector in Process Monitor 9-6 
MallocDebug application 8-3 

command reference 8-7 
manifest constants 12-13 
Manual command in Edit 4-37 
margins in Edit 4-20,4-21 
Match command in Edit 4-37 
memory 

examining in GDB 13-44 
finding leaks 8-6 
usage 8-7,9-7 

Model menu in DBModeler 7-10 
models in DB Modeler 7-4 
Monitor menu in Process Monitor 9-9 

Nest command in Edit 4-33 
New Application command in Interface Builder 
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New Attention Panel command in Interface Builder 
3-29 

New command 
in Terminal 5-16 

New command in Project Builder 2-22 
New Empty command in Interface Builder 3-29 
New Info Panel command in Interface Builder 3-29 
New Inspector command in Interface Builder 3-29 
New Layout command in Icon Builder 6-14 
New Module command in Interface Builder 3-28 
New Palette command in Interface Builder 3-29 
New Subproject command in Project Builder 2-22 
Next Field command in Edit 4-38 
next GDB command 13-30 
nexti GDB command 13-31 
nib file 3-4, 3-7 

multiple 17-3 
owner 3-8 
run-time behavior 3-9 

Obese Bits command in Icon Builder 6-15 
object file 14-3 

executable 14-15 
header 14-4 
relocation infonnation 14-14 

Objective-C 
debugging 13-60 

objects in Interface Builder 
adding and editing 15-10 
connecting 16-9 
editing text of 15-13 

Open command 
in MallocDebug 8-8 
in Project Builder 2-22 

Open Folder command in Edit 4-30 
Open in Workspace command in Project Builder 

2-23 
Open Makefile command in Project Builder 2-22 
Open Selection command in Edit 4-30 
openfile shell command 4-12 
optimization 11-15 
orderwindow PostScript operator 10-7 
otool shell command 14-17 

output fonnat in GDB 13-43 
output GDB command 13-68 

Page Layout command 
in Edit 4-32 
in Interface Builder 3-30 

palette project in Project Builder 2-4 
Palettes window in Interface Builder 3-5, 15-10 
Paste and Link command in Edit 4-31 
Paste command in Terminal 5-18 
Paste Ruler command in Edit 4-34 
path environment variable 1-8 
path GDB command 13-15 
pft utility 10-5 
Pipe command in Edit 4-27,4-36 
PostScript code 

debugging 13-59 
Display PostScript Inspector in Process 

Monitor 9-6 
previewing 10-3 

#pragma preprocessor directive 12-38 
preamble file 2-17 
precompiled header files 12-9 

creating 12-10 
troubleshooting 12-11 

Preferences command in Edit 4-5 
C options 4-10 
global options 4-7 
temporary settings 4-8 
text options 4-9 
user options 4-6 

Preferences command in Terminal 5-4 
emulation preferences 5-7 
shell preferences 5-10 
window preferences 5-5 

preprocessor SeeCpreprocessor 
print GDB command 13-41 

extended for Objective C 13-62 
output fonnats 13-43 
value history 13-47 

printf GDB command 13-69 
print-object GDB command 13-41 
printsyms GDB command 13-51 
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process 
10 9-5 
inspecting 9-4 
Mach memory usage 9-5 
monitoring 9-3 
selecting 9-3 

Process Monitor application 9-3 
command reference 9-8 

Processes menu in Process Monitor 9-8 
project 2-3 

building 2-14 
components 15-20 
converting earlier version 2-7 
creating 2-5 
debugging 2-19 
development process 1-4 
directory 2-12 
files, managing 2-11 
Info panel 17-4 
makefile 1-6, 15-21 
opening 2-7 
resource files 1-5 
running 2-19 
See also application 

project attributes 2-8 
application 2-8 
bundle 2-10 
palette 2-11 
subproject 2-10 

Project Builder application 2-3 
build targets 2-15 
command reference 2-22 
preferences, setting 2-17 
project attributes, setting 2-8 
project files, managing 2-11 

Project menu in Project Builder 2-22 
project window in Project Builder 2-6 

Attributes display 2-8 
Builder display 2-14 
Files display 2-11 

properties in OBModeler 7-8 
Property menu in OBModeler 7-10 
prototype, function 11-23 
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ptype GOB command 13-51 
pwd GOB command 13-17 

quit GOB command 13-8 

registers 
in GOB 13-49 

relocation information in object file 14-14 
Remove command in Project Builder 2-23 
Resize Window command in Interface Builder 3-33 
resource files 1-5 
return GOB command 13-66 
reverse-search GOB command 13-40 
Rich Text Format in Edit 4-9, 4-33 
RTF See Rich Text Format in Edit 
ruler in Edit 4-20 
Run Application command in Project Builder 2-23 
run GOB command 13-15 

redirecting input and output 13-18 

Same Size command in Interface Builder 3-31 
Save All command in Edit 4-30 
Save As command in Edit 4-30 
Save command in Edit 4-30 
Save To command in Edit 4-30 
search GOB command 13-40 
Select in Workspace command in Project Builder 

2-23 
select-frame GOB command 13-69 
Send to Back command in Interface Builder 3-31 
set GOB command 13-41, 13-52, 13-63 

args 13-52 
autoload-breakpoints 13-52 
autoload-symbols 13-52 
catch-user-commands-errors 13-52 
complaints 13-52 
confirm 13-52 
editing 13-52 
environment 13-17, 13-52 
history expansion 13-52 
history filename 13-53 
history save 13-53 
history size 13-53 



lazy-read 13-53 
print address 13-53 
print array 13-53 
print asm-demangle 13-53 
print demangle 13-53 
print elements 13-53 
print object 13-53 
print pretty 13-53 
print sevenbit-strings 13-53 
print union 13-53 
print vtbl 13-53 
prompt 13-8, 13-54 
radix 13-54 
unload-symbols 13-54 
variable 13-54 
verbose 13-54 
view-host 13-54 
view-program 13-54 

Set Name command in Interface Builder 3-30 
set-exit-handler GDB command 13-32 
shell GDB command 13-69 
Shell menu in Terminal 5-16 
show GDB command 

args 13-57 
autoload-breakpoints 13-56 
autoload-symbols 13-57 
catch-user-commands-errors 13-57 
commands 13-57 
complaints 13-57 
confirm 13-57 
convenience 13-57 
directories 13-57 
editing 13-57 
environment 13-57 
history expansion 13-57 
history filename 13-58 
history save 13-58 
history size 13-58 
lazy-read 13-58 
paths 13-58 
print address 13-58 
print array 13-58 
print asm-demangle 13-58 

print demangle 13-58 
print elements 13-58 
print object 13-58 
print pretty 13-58 
print sevenbit-strings 13-58 
print union 13-59 
print vtbl 13-59 
prompt 13-59 
radix 13-59 
unload-symbols 13-59 
values 13-59 
verbose 13-59 
version 13-59 
view-host 13-59 
view-program 13-59 

Show Grid command in Interface Builder 3-32 
Show Links command in Edit 4-31 
Show Markers command in Edit 4-34 
Show Non Apps command in Process Monitor 9-3, 

9-8 
Show Ruler command in Edit 4-34 
shownops GDB command 13-60 
showps GDB command 13-60 
signal GDB command 13-22 
signals in GDB 13-20 
silent GDB command 13-28 
Size to Fit command in Interface Builder 3-31 
Sort command in Project Builder 2-23 
sound files in Project Builder 2-12 
Sound Inspector in Interface Builder 16-21 
Sounds window in Interface Builder 16-21 
Source command in Edit 4-36 
source files 

combining 12-39 
examining in GDB 13-37 
searching in GDB 13-40 
specifying directories in GDB 13-40 

source GDB command 13-68 
Spelling command in Edit 4-16,4-31 
stack 

backtrace 13-35 
examining 13-34 
selecting a frame 13-35 
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stack frame 13-34 
information about 13-36 
returning from 13-66 
selecting 13-35 

Start Monitor command in Process Monitor 9-7, 9-9 
startup files for GDB 13-13 
static strings and the C compiler 11-23 
Steal Keys command in Terminal 5-17 
step GDB command 13-30 

extended for Objective C 13-63 
stepi GDB command 13-31 
stepping in GDB 13-30 
string constants and the C compiler 11-23, 11-38 
stringification and macros 12-20 
Structure menu in Edit 4-17,4-35 
subclass, defining in Interface Builder 16-5 
submenu, adding in Interface Builder 16-14 
subproject, project in Project Builder 2-4 
symbol-file GDB command 13-15 
symbol table 

examining in GDB 13-50 
specifying in GDB 13-15 

tabs in Edit 4-22 
tags file 4-28, 4-36 
target GDB command 13-19 

child 13-19 
core 13-20 
exec 13-20 
remote 13-20 

tbreak GDB command 13-23 
Templates command in Edit 4-24 
Terminal application 5-3 

command reference 5-16 
Test Interface command in Interface Builder 3-29, 

15-19 
Text command in Interface Builder 3-30 
Text menu in Edit 4-33 
thread-list GDB command 13-64 
thread-select GDB command 13-64 
Tools menu in Interface Builder 3-33 
tresume GDB command 13-64 
tsuspend GDB command 13-64 
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tty GDB command 13-18 
Tum Grid On command in Interface Builder 3-32 
typedef and type modifiers 11-26 

#Undef preprocessor directive 12-23 
Undelete command in Edit 4-31 
undisplay GDB command 13-47 
Ungroup command in Interface Builder 3-31 
UNIX 

displaying manual pages in Edit 4-37 
piping output into Edit 4-27 
shell 5-4 
using a tags file in Edit 4-28 
utility commands in Edit 4-35 

Unnest command in Edit 4-33 
unset environment GDB command 13-17 
until GDB command 13-31 
unview GDB command 13-37 
up GDB command 13-36 
Update command in Process Monitor 9-4,9-8 
Update Directory command in Edit 4-38 
up-silently GDB command 13-36 
User Commands menu in Edit 4-27,4-36 
User Pipes menu in Edit 4-27,4-36 
Utilities menu in Edit 4-35 

value history in GDB 13-47 
variable attributes 11-31 
variables in GDB 

altering values 13-65 
convenience variables 13-48 
environment variables 13-17 
program variables 13-42 

view GDB command 13-37 
void, pointer to 11-28 
VT100 emulation 5-3 

#Warning preprocessor directive 12-37 
watch GDB command 13-31 
whatis GDB command 13-51 
where GDB command 13-35 
whereis GDB command 13-50 
Window Inspector in Interface Builder 15-15 



window PostScript operator 10-6 
Window Server interface 10-5 
windowdeviceround PostScript operator 10-7 

x GDB command 13-44 

Yap application 10-3 
command reference 10-4 
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