














































































































































































































































































































Aztec C68k/ROM LINKER

can appear on the command line more than once, and in any order.
The arguments are processed in the order in which they are read, as
always.

The -T option

The -T option causes the linker to write the program’s symbol table
to a file. This file lists each of the program’s symbols and its address.
The file is organized into four sections:

1. Symbols in the code section (preceded by the line "Segment:
00 Hunk: 00);

2. Symbols in the initialized data section (preceded by the line
"Segment: 00 Hunk: 01);

3. Symbols in the uninitialized data section, (preceded by the
line "Segment: 00 Hunk: 02);

4. Values of the program s constant symbols (STKS/Z is the size
of the program’s stack area, and __ stkorg is the initial stack
pointer).

The symbol table file will have the same name as that of the file
containing the executable program, with extension changed to .sym.

There are several special symbols which will appear in the table.
They are defined later in this chapter, in the Programmer Information
section,

The +R option

The +R option defines the address register that will be used in
support of modules that use the small code and/or small data memory
model. It has the format +r dd, where dd is the number of the address
register.

For éxamplc, the following command tells the program to use
address register A4 as the small model support register:

In68 +r 4 main.r -1c68
If this option isn’t specified, address register A5 is used.

If any of a program’s modules use small code and/or small data, the
small model support register points into the program’s data sections.
When a small data module attempts to access a variable that’s in a data
section, the variable’s address is specified as a displacement from the
small model support register. When a small code module calls a
function that is more than 32k away from the call instruction, the
linker will generate a jump instruction to the target function, place the
instruction in the program’s data area, and change the PC-relative call
to a call of the generated jump instruction; the converted call will
specify the address of the jump instruction as a displacement from the
small model support register.
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For more information about memory models, see the Programmer
Information section of the Compiler chapter.

Options for positioning a program’s sections

The linker organizes a program into three sections: code, initialized
data, and uninitialized data. You can define the starting addresses of
these sections using the +C, +D, and +U options; an option is followed
by the hex value of the desired starting address.

By default, the code section begins at address 0, the initialized data
section immediately after the code section, and the uninitialized data
section immediately after the initialized.

For example, the following command creates the program prog
whose code section. begins at address 0, initialized data at 0x8000, and
uninitialized data at 0x10000:

In68 +d 8000 +u 10000 prog.o -Ic68
-Stack options

Two options affect a program’s stack +J and +S. The +J option
defines the location at which the program’s stack register initially
points. The address in hex of this location follows the +J.  For
example, the following command creates a program whose stack
register initially points at 0x20000:

In68 +j 20000 prog.r -1c68

If the +J option isn’t specified, the stack register will initially point
to a location that follows the program’s uninitialized data section. You
can specify the distance between this location and the end of the
uninitialized data section with the +S option. The hex value of the
distance follows the +S. For example, the following command creates
a program whose stack register initially points to a location that is
0x1000 bytes above the end of its uninitialized data section:

In68 +s 1000 prog.r -1c68

The default value of the +S option is 2k; this means that when you
specify neither the +S nor +J options, the program’s stack register will
point to a location that is 2k bytes beyond the end of its uninitialized
data section.

The linker creates two stack-related symbols: _ Storg_, whose
value is the address initially pointed at by the linked program’s stack
register; and STKSI/Z, whose value is the explicitly- or implicitly-
defined value of the +S option. The standard startup routine uses
__Storg__ to set up the stack register; it doesn’t use STKS/Z.
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4. Programmer information

This section contains bits of information about the linker that you
may find useful.

4.1 Program format

The linker creates a program that’s in CP/M-68k format, with no
relocation records.

4.2 Spedal linker-created symbols

When the linker creates a program, it defines several global
symbols. These are:

_HO_organd _HO__end
Beginning and ending addresses of program’s code
section.

_Hl_organd _HIl_end
Beginning and ending addresses of program’s
initialized data section.

_H2 organd _H2 end
Beginning and ending addresses of program’s
uninitialized data section. :

Storg__ Initial contents of program’s stack pointer.

STKSIZ Size of program’s stack area (used when -J option isn’t

used).

4.3 Entry points

If a program has an "entry point", i.e. 2 symbol that’s specified with
the assembly language entry directive, and if the entry point isn’t at the
beginning of the program’s code section, the linker will automatically
create a jump to it at the beginning of the program’s code section. Use
of this feature can simplify the command line that passes instructions
to the linker. However, this feature can’t be used by programs whose
code begins at location 0, since the first two words in memory must
contain special information.

- If you don’t use this feature, you must explicitly define the startup
routine’s object module file to the linker, listing it first so that it is
placed at the beginning of the program’s code section. You must also
explicitly use the -O option to define the name of the file to which the
linker will write the created program, and not aliow the linker to select
the name (it would do so by taking the name of the first specified
object module file and deleting its extension, which would result in all
linked programs having the same name). Thus, if you don’t use this
feature, the simplest command line to the linker would be something
like this:

In68 -0 prog /c68/lib/startup.r prog.r -1c68
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If (1) you use this feature, (2) your entry point is-also defined in a
public directive, and (3) if your entry point is named .begin, you can
place the startup routine’s object module in a library, allowing the
command line to the linker to be as simple as:

In68 prog.r -1c68

Here’s why the entry point must be named .begin and must be
specified in a public directive: (1) when a module is compiled, the
compiler automatically generates a reference to .begin; (2) when the
linker is searching a library, these references are matched with the
startup routine’s definition of .begin in a public directive, and cause the
linker to include the startup routine in the program. The presence of
an entry directive in a library module doesn’t cause the linker to
automatically include that module in a program; it just identifies the
specified symbol as being the entry point.
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Utility Programs
for 68k/ROM Target Systems

This chapter describes the 68k/ROM-specific utility programs that
are provided with this package. The host-specific utility programs are
described in a separate chapter.
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NAME

c¢nm68 - display object file info
SYNOPSIS

cnm68 [-sol] file [file ...]
DESCRIPTION

cnmo68 displays the size and symbols of its object file arguments.
The files can be object modules created by the Manx assembler,
libraries of object modules created by the /b librarian, and, when
applicable, ’rsm’ files created by the Manx linker during the linking of
an overlay root.

For example, the following displays the size and symbols for the
object module subl.o and the library c.lb:

cnmé68 subl.o c.lib

By default, the information is sent to the console. It can be
redirected to a file or device in the normal way. For example, the
following commands send information about subl.o to the display and
to the file dispfile:

cnmé68 subl.o
cnmé68 subl.o > dispfile

The first line listed by cnm68 for an object module has the
following format:

file (module): code: cc data: dd udata: uu total: tt (Oxhh)
where

* file is the name of the file containing the module,

* module is the name of the module; if the module is unnamed,
this field and its surrounding parentheses aren’t printed;

* cc is the number of bytes in the module’s code segment, in
decimal;

* dd is the number of bytes in the module’s initialized data
segment, in decimal;

* uu is the number of bytes in the module’s uninitialized data
segment, in decimal;

* 1t is the total number of bytes in the module’s three segments,
in decimal;

* hh is the total number of bytes in the module’s three
segments, in hexadecimal

If ¢cnm68 displays information about more than one module, it
displays four totals just before it finishes, listing the sum of the sizes
of the modules’ code segments, initialized data segments, and
uninitialized data segments, and the sum of the sizes of all segments of
all modules. Each sum is in decimal; the total of all segments is also
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given in hexadecimal

The -s option tells cnm68 to display just the sizes of the object
modules. If this option isn’t specified, cnm68 also displays information
about each named symbol in the object modules.

When cnm68 displays information about the modules’ named
symbols, the -/ option tells cnm68 to display each symbol’s information
on a separate line and to display all of the characters in a symbol's
name; if this option isn’t used, cnm68 displays the information about
several symbols on a line and only displays the first eight characters of
a symbol’s name.

The -0 option tells cnm68 to prefix each line generated for an
object module with the name of the file containing the module and the
module name in parentheses (if the module is named). If this option
isn’t specified, this information is listed just once for each module:
prefixed to the first line generated for the module.

The -0 option is useful when using cnm68 in combination with
grep. For example, the following commands will display all
information about the module perror in the library c.lb:

cnmé68 -o c.lib >tmp
grep perror tmp

cnm68 displays information about an module’s *named’ symbols;
that is, about the symbols that begin with something other than a
period followed by a digit. For example, the symbol quad is named, so
information about it would be displayed; the symbol .0/23 is unnamed,
so information about it would not be displayed.

For each named symbol in a module, cnm68 displays its name, a
two-character code specifying its type, and an associated value. The
value displayed depends on the type of the symbol.

If the first character of a symbol’s type code is lower case, the
symbol can only be accessed by the module; that is, it’s local to the
module. If this character is upper case, the symbol is global to the
module: cither the module has defined the symbol and is allowing
other modules to access it or the module needs to access the symbol,
which must be defined as a global or public symbol in another module.
The type codes are:

ab The symbol was defined using the assembler’s EQU
directive. The value listed is the equated value of its
symbol

The compiler doesn’t generate symbols of this type.

pg - The symbol is in the code segment. The value is the
offset of the symbol within the code segment.
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dt

oy

un

bs

Aztec Utility Program CNM68

The compiler generates this type symbol for function
names. Static functions are local to the function, and
so have type pg; all other functions are global, that is,
callable from other programs, and hence have type Pg.

The symbol is in the initialized data segment. The
value is the offset of the symbol from the start of the
data segment.

The compiler generates symbols of this type for
initialized variables which are declared outside any
function. Static variables are local to the program and
so have type dt, all other variables are global, that is,
accessable from other programs, and hence have type
Dt.

When an overlay is being linked and that overlay itself
calls another overlay, this type of symbol can appear
in the rsm file for the overlay that is being linked. It
indicates that the symbol is defined in the program
that is going to call the overlay that is being linked.

The value is the offset of the symbol from the
beginning of the physical segment that contains it.

The symbol is used but not defined within the
program. The value has no meaning.

In assembly language terms, a type of Un (the U is
capitalized) indicates that the symbol is the operand of
a public directive and that it is perhaps referenced in
the operand field of some statements, but that the
program didn’t create the symbol in a statement’s label
field.

The compiler generates Un symbols for functions that
are called but not defined within the program, for
variables that are declared to be extern and that are
actually used within the program, and for
uninitialized, global dimensionless arrays. Variables
which are declared to be extern but which are not used
within the program aren’t mentioned in the assembly
language source file generated by the compiler and
hence don’t appear in the object file.

The symbol is in the uninitalized data segment. The
value is the space reserved for the symbol.

The compiler generates bs symbols for static,
uninitialized variables which are declared outside all
functions and which aren’t dimensionless arrays.

- util68k.6 -



CNMs68

Gl

Aztec Utility Program CNMé8

The assembler generates bs symbols for symbols
defined using the bss assembler directive.

The symbol is in the uninitialized data segment. The
value is the space reserved for the symbol.

The compiler generates Gl symbols for non-static,
uninitialized variables which are declared outside all
functions and which aren’t dimensionless arrays.

The assembler generates GI! symbols for variables
declared using the global directive which have a non-
Zero size.
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NAME

hex68 - Intel hex code generator
SYNOPSIS

hex68 [-options] prog
DESCRIPTION

hex68 translates the program that’s in the file named prog, and that
was generated by the Aztec C68k/ROM linker, into Intel hex code.
The program can then be burned into ROM by feeding the hex code
into a ROM programmer. The hex code is written to one or more.
files, each of which contains the hex code for one ROM chip.

The ROM chips that are generated from the hex68 output files will
contain the program’s code, followed by a copy of its initialized data.

Note: when a ROM system is started, its RAM contains random values;
the Aztec C68k/ROM startup routine sets up its initialized data area,.
using the copy that’s in ROM.

hex68 assumes that the size of each ROM chip is 2 kb. You can
explicitly define the size of each ROM using hex68’s -P option.

The output files: even- and odd-addressed bytes in the same chips

hex68 can optionally generate hex code so that the program’s even-
addressed bytes are in one set of ROM chips, and its odd-addressed
bytes are in another. We’ll discuss this option below. In this section
we discuss the output files that are created when this option isn’t used;
i.e. when a program’s even- and odd-addressed bytes are in the same
set of ROM chips.

When neither -E nor -O is specified, hex68 derives the name of
each output file from that of the input file, by appending an extension
of the form .hnn, where nn is a number. For example, if the name of
the linker-generated file is prog, then the names of the output files
generated by hex68 are prog.h00, prog.h0l, and so on, where the .A00
file contains the hex code for the lowest-addressed ROM, .h0! the hex
code for the next ROM, etc.

For example, suppose that hex68 is creating Intel hex code for a
program whose code and copy of initialized data will reside in three
2-kb ROMs  that begin at location 0. Then hex68 will create the
following files:

prog.h00 Contains the Intel hex code for the ROM chip that
occupies addresses 0-0x7ff;

prog.h01 Contains the hex code for the ROM that occupies
0x800-0x(fff;
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prog.h02 Contains the hex code for the ROM that occupies
0x1000-0x17f¥.

The output files: even- and odd-addressed bytes in separate chips

To place a program’s even-addressed bytes in one set of ROM chips
and its odd-addressed bytes in another, you must run hex68 twice:
once using the -E option to gencrate the hex code for the chips that
contain the even-addressed bytes, and once using the -O option to
generate hex code for the chips that contain the odd-addressed bytes.

When either -E or -O is specified, hex68 generates one or more
files, each of which contains the Intel hex code for one ROM chip. By
default, the size of each chip is 2k bytes, but you can use the -P option
to explicitly define the chip size.

When the -E option is specified, the extension of the files are of
the form .enn, where nn is a decimal number. The .e00 file contains
the hex code for the first of the ROM chips that contain even-
addressed bytes, the .0/ file contains the hex code for the second
ROM chip, and so on.

When the -O option is specified, the extension of the files are of
the form .onn, where nn is a decimal number. The .000 file contains
the Intel hex code for the first of the ROM chips that contain odd-
addressed bytes, the .001 file contains the hex code bytes for the
second ROM chip, and so on.

The options ,
hex68 supports the following options:

-Bx ‘The program begins x bytes into the first ROM chip,
where x is a hexadecimal number. If this option isn’t
specified, the program begins at the bcgmmng of the
first ROM chip.

-E Output hex code for the program’s even-addressed
bytes.

-0 Output hex code for the program’s odd-addressed
bytes. .

-Pn The size of each ROM is n k-bytes, where n is a

decimal number. If this option isn’t specified, the size
defaults to 2kb. For example, the following command
specifies that each ROM chip is 64kb long:

hex68 -p64 exmpl
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NAME

1b68 - object file librarian
SYNOPSIS

1b68 library [options] [modl mod2 ...]
DESCRIPTION

Ib68 is a program that creates and manipulates libraries of object
modules. The modules must be created by the Manx assembler.

This description of 568 is divided into three sections: the first
describes briefly /b68’s arguments and options, the second b68’s basic
features, and the third the rest of /b68's features.

1. The arguments to [b68
1.1 The library argament

When started, /668 acts upon a single library file. The first
argument to /b68 (library, in the synopsis) is the name of this file. The
filename extension for library is optional; if not specified, it’s assumed
to be .lb.

1.2 The options argument

There are two types of options argument: function code options, and
qualifier options. These options will be summarized in the following
paragraphs, and then described in detail below.

1.2.1 Function code options

When [b68 is started, it performs one function on the specified
library, as defined by the options argument The functions that /b68
can perform, and their corresponding option codes, are:

Sfunction code
create a library (no code)
add modules to a library -a, -i, -b
list library modules -t
move modules within a library -m
replace modules -r
delete modules -d
extract modules -X
ensure module uniqueness -u
define module extension -€
help -h

In the synopsis, the options argument is surrounded by square
brackets. This indicates that the argument is optional; if a code isn’t
specified, [b68 assumes that a library is to be created.
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1.2.2 Qualifier options

In addition to a function code, the options argument can optionally
specify a qualifier, that modifies /568’s behavior as it is performing the
requested function. The qualifiers and their codes are:

verbose -v
silent -s

The qualifier can be included in the same argument as the function
code, or as a separate argument. For example, to cause /h68 to append
modules to a library, and be silent when doing it, any of the following
option arguments could be specified:

-as
~sa
-a -§
-S -a

1.3 The mod arguments

The arguments modl, mod2, etc. are the names of the object
modules, or the files containing these modules, that /668 is to use. For
some functions, /b68 requires an object module name, and for others it
requires the name of a file containing an object module. In the latter
case, the file’s extension is optional; if not specified, the /68 that’s
supplied with native Aztec C systems assumes that it’s .o, and the 68
that’s supplied with cross development versions of Aztec C assumes
that the extension is .~. You can explicitly define the default module
extension using the -e option.

1.4 Reading arguments from another file

668 has a special argument, -f filename, that causes it to read
command line arguments from the specified file. When done, it
continues reading arguments from the command line. Arguments can
be read from more than one file, but the file specified in a -f filename
argument can’t itself contain a -f filename argument.

2. Basic features of /568

In this section we want to describe the basic features of /h68. With
this knowledge in hand, you can start using /b68, and then read about
the rest of the features of /668 at your leisure.

- The basic things you need to know about /68, and which thus are
described in this section, are:

* How to create a library -
* How to list the names of modules in a library
* How modules get their names
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* Order of modules in a library
* Getting /b68 arguments from a file

Thus, with the information presented in this section you can create
libraries and get a list of the modules in libraries. The third section of
this description shows you how to modify selected modules within a
library.

2.1 Creating a Library

A library is created by starting /668 with a command line that
specifies the name of the library file to be created and the names of
the files whose object modules are to be copied into the library. It
doesn’t contain a function code, and it’s this absence of a function
code that tells /668 that it is to create a library.

For example, the following command creates the library exmpl.lib,
copying into it the object modules that are in the files 0bjl.o and
obj2.0.

1b68 exmpllib objl.o obj2.0

Making use of /b68’s assumptions about file names for which no
extension is specified, the following command is equivalent to the
above command:

1b68 exmpl objl obj2

An object module file from which modules are read into a new
library can itself be a library created by /b68. In this case, all the
modules in the input library are copied into the new library.

2.1.1 The temporary library

When [b68 creates a library or modifies an existing library, it first
creates a new library with a temporary name. If the function was
successfully performed, /b68 erases the file having the same name as
the specified library, and then renames the new library, giving it the
name of the specified library. Thus, /668 makes sure it can create a
library before erasing an existing one.

Note that there must be room on the disk for both the old library
and the new. '

2.2 Getting the table of contents for a library

To list the names of the modules in a library, use /b68’s -¢ option.
For example, the following command lists the modules that are in
exmpl lib.

1b68 exmpl -t

The list will include some **DIR** entrics. These identify blocks
within the library that contain control information. They are created
and deleted automatically as needed, and cannot be changed by you.
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2.3 How modules get their names

When a module is copied into a library from a file containing a
single object module (that is, from an object module generated by the
Manx assembler), the name of the module within the library is derived
from the name of the input file by deleting the input file’s volume,
path, and extension components.

For example, in the example given above, the names of the object
modules in exmpllib are objl and obj2.

An input file can itself be a library. In this case, a module’s name
in the new library is the same as its name in the input library.

2.4 Order in a library

The order of modules in a library is important, since the linker
makes only a single pass through a library when it is searching for
modules. For a discussion of this, see the tutorial section of the
Linker chapter.

When /568 creates a library, it places modules in the library in the
order in which it reads them. Thus, in the example given above, the
modules will be in the library in the following order:

objl obj2

As another example, suppose that the library oldlib.lib contains the
following modaules, in the order specified:

subl sub2 sub3

If the library newlib.lib is created with the command
1b68 newlib modl1 oldlib.lib mod2 mod3

the contents of the newly-created newlib.lib will be:
modl subl sub2 subld mod2 mod3

The ord utility program can be used to create a library whose
modules are optimally sorted. For information, see its description later
in this chapter.

2.5 Getting [b68 arguments from a file

For libraries containing many modules, it is frequently
inconvenient, if not impossible, to enter all the arguments to /668 on a
single command line. In this case, [b68’s -f filename feature can be of
use: when [b68 finds this option, it opens the specified file and starts
reading command arguments from it. After finishing the file, it
continues to scan the command line.

For example, suppose the file build contains the line
exmpl objl obj2
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Then entering the command
1b68 -f build

causes /b68 to get its arguments from the file build, which causes /b6é
to create the library exmpl.lib containing 0bj! and 0b 2.

Arguments in a -f file can be separated by any sequence of
whitespace characters ("whitespace’ being blanks, tabs, and newlines).
Thus, arguments in a -f file can be on separate lines, if desired.

The [b68 command line can contain multiple -f arguments, allowing
1b68 arguments to be read from several files. For example, if some of
the object modules that are to be placed in exmpllib are defined in
-arith.inc, input.inc, and output.inc, then the following command could be
used to create exmpl.lib:

1b68 exmpl -f arith.inc -f input.inc -f output.inc
A -f file can contain any valid /568 argument, except for another -f.
That is, -f files can’t be nested.
3. Advanced /b68 features

In this section we describe the rest of the functions that /568 can
perform. These primarily involve manipulating selected modules
within a library.

3.1 Adding modules to a library

1b68 allows you to add modules to an existing library. The modules
can be added before or after a specified module in the library or can
be added to the beginning or end of the library.

The options that select /b68’s add function are:

option Sfunction
-b target add modules before the module target
-1 target same as -b target
-a target add modules after the module target
-b+ add modules to the beginning of the library
-i+ same as -b+
-at add modules to the end of the library

In an /b68 command that selects the add function, the names of the
files containing modules to be added follows the add option code (and
the target module name, when appropriate). A file can contain a single
module or a library of modules.

Modules are added in the order that they are specified. If a library
is t0 be added, its modules are added in the order they occur in the
input library.
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}.1.1 Adding modules before an existing module

As an example of the addition of modules before a selected module,
suppose that the library exmpl.lib contains the modules

objl obj2 obj3
The command
1b68 exmpl -i 0bj2 modl mod2

adds the modules in the files modl.0 and mod2.0 to exmpllib, placing
them before the module 0bj2. The resultant exmpl.lib looking like this:

obji modl mod2 obj2 obj3

Note that in the /568 command we didn’t need to specify the
extension of either the file containing the library to which modules
were to be added or the extension of the files containing the modules
to be added. [b68 assumed that the extension of the file containing the
target library was ./ib, and that the extension of the other files was .o.

As an example of the addition of one library to another, suppose
that the library mylib.lib contains the modules

modl mod2 mod3

and that the library exmpl.lib contains
objl obj2 obj3

Then the command
1668 -b obj2 mylib.lib

adds the modules in myliblib to exmpllib, resulting in exmpllib
containing

objl modl mod2 mod3 obj2 obj3

Note that in this example, we had to specify the extension of the
input file mylib.lib. If we hadn’t included it, /68 would have assumed
that the file was named mylib.o.

3.1.2 Adding mddules after an existing module

As an example of adding modules after a specified module, the
command

1b68 exmpl -a objl modl mod2

will insert mod! and mod2 after objl in the hbrary exmpllib. 1f
exmpl lib originally contained

objl obj2  obj3
then after the addition, it contains
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objl modl mod2 obj2 obj3
3.1.3 Adding modules at the beginning or end of a library

The options -b+ and -a+ tell /668 to add the modules whose names
follow the option to the beginning or end of a library, respectively.
Unlike the -i and -a options, these options aren’t followed by the name
of an existing module in the library.

For example, given the library exmpllib containing
objl obj2

the following command will add the modules mod! and mod2 to the
beginning of exmpl.lib:

1b68 exmpl -i+ mod]l mod2
resulting in exmpl.lib containing
modl mod2 objl obj2

The following command will add the same modules to the end of
. the library:

1b68 exmpl -a+ modl mod2
resulting in exmpl.lib containing

objl obj2 modl mod2
3.2 Moving modules within a library

Modules which already exist in a library can be easily moved about,
using the move option, -m.

As with the options for adding modules to an existing library, there
are several forms of move functions:

option meaning
-mb target move modules before the module target
-ma target move modules after the module rarget
-mb+ move modules to the beginning of the library
-ma+ move modules to the end of the library

In the /668 command, the names of the modules to be moved
follows the *move’ option code.

The modules are moved in the order in which they are found in
the original library, not in the order in which they are listed in the
1b68 command.

3.2.1 Moving modules before an existing module

As an example of the movement of modules to a position before an
existing module in a library, suppose that the library exmpl.lib contains
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objl obj2 obj3 ob4 obj5 obj
The following command moves ob;3 before obj2:
; 1668 exmpl -mb ob;2 obj3
putting the modules in the order:
objl obj3 obj2 objd obj5 obj6

And, given the library in the original order again, the following
command moves 0bj6, obj2, and objl before obj3:

1b68 exmpl -mb 0bj3 0bj6 obj2 objl
putting the library in the order:
objl obj2 ob} obj3 objid obj5

As an example of the movement of modules to a position after an
existing module, suppose that the library exmpllib is back in its
original order. Then the command

1b68 exmpl -ma obj4 obj3 obj2
moves obj3 and obj2 after obj4, resulting in the library
objl obMd obj2 obj3 obj5 obj6
3.2.2 Moving modules to the beginning or end of a library

The options for moving modules to the beginning or end of a
library are -mb+ and -ma+, respectively.

For example, given the library exmpllib with contents
objl obj2 obj3 obid obj5 obj6

the following command will move 0bj3 and 0bj5 to the beginning of
the library:

1b68 exmpl -mb+ obj5 obj3
resulting in exmpllib having the order
obj3 obj5 objl obj2 obid obj6

And the following command will move 0bj2 to the end of the
library:

1b68 exmpl -ma+ obj2
3.3 Deleting Modules

Modules can be deleted from a library using /b68’s -d option. The
command for deletion has the form

1b68 libname -d mod! mod2 ...
where modl, mod2, ... are the names of the modules to be deleted.
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For example, suppose that exmpl.lib contains
objl obj2 obj3 obd obj5 obj¥
The following command deletes 0bj3 and obj5 from this library:
1b68 exmpl -d obj3 obj5
3.4 Replacing Modules

The Ib68 option ’replace’ is used to replace one module in a library
with one or more other modules.

The ’replace’ option has the form -r target, where target is the name
of the module being replaced In a command that uses the 'replace’
option, the names of the files whose modules are to replace the target
module follow the ’replace’ option and its associated target module.
Such a file can contain a single module or a library of modules.

Thus, an b68 command to replace a module has the form:
1b68 library -r target modl mod2 ...

For example, suppose that the library exmpl.lib looks like this:
objl obj2 obj3 obj4

Then to replace obj3 with the modules in the files modl.0 and mod2.0,
the following command could be used:

1b68 exmpl -r obj3 modl mod2
resulting in exmpl.lib containing

objl ob2 modl mod2 obyM
3.5 Uniqueness

Ib68 allows libraries to be created containing duplicate modules,
where one module is a duplicate of another if it has the same name.

The option -u causes /b68 to delete duplicate modules in a library,
resulting in a library in which each module name is unique. In
particular, the -u option causes /b68 to scan through a library, looking
at module names. Any modules found that are duplicates of previous
modules are deleted.

For example, suppose that the library exmpllib contains the
following:

objl obj2 obj3 objl obj3
The command
1b68 exmpl -u

will delete the second copies of the modules 0bjl and 0bj2, leaving the
library looking like this:
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objl obj2 obj3
3.6 Extracting modules from a Library

The Ib68 option -x extracts modules from a library and puts them
in separate files, without modifying the library.

The names of the modules to be extracted follows the -x option. If
no modules are specified, all modules in the library are extracted.

When a module is extracted, it’s written to a new file; the file has
same name as the module and extension .o.

For example, given the library exmpl.lib containing the modules
objl obj2 obj3
The command
1b68 exmpl -x

extracts all modules from the library, writing objl to objl.o, obj2 to
obj2.0, and 0bj3 to obj3.o.

And the command
1b68 exmpl -x obj2
extracts just obj2 from the library.
3.7 The ’verbose’ option

The ’verbose’ option, -v, causes /b68 to be verbose; that is, to tell
you what it’s doing,

This option can be specified as part of another option, or all by
itself, For example, the following command creates a library in a
chatty manner:

1668 exmpl -v mod! mod2 mod3

And the following equivalent commands cause /b68 to remove some
modules and to be verbose:

1668 exmpl -dv modl mod2
1668 exmpl -d -v mod1 mod2

3.8 The ’silence’ option
The ’silence’ option, -s, tells /668 not to display its signon message.

This option is especially useful when redirecting the output of a list
command to a disk file, as described below.

39 Rebuilding a library

The following commands provide a convenient way to rebuild a
library:

- util68k.19 -



LB68 Object file librarian LB6

1b68 exmpl -st > tfil
1668 exmpl -f tfil

The first command writes the names of the modules in exmpllib t
the file ¢fil. The second command then rebuilds the library, using a
arguments the listing generated by the first command.

The -s option to the first command prevents /568 from sendin
information to ¢fil that would foul up the second command. Th
names sent to ¢fil include entries for the directory blocks, **D/R**, bu
these are ignored by /b68.

3.10 Defining the default module extension.

Specification of the extension of an object module file is optional
the /b68 that comes with native development versions of Aztec (
assumes that the extension is .0, and the /568 that comes with cros
development versions of Aztec C assumes that it's .~ You cal
explicitly define the default extension using the -e option. This optio!
has the form

-¢ .cxt

For example, the following command creates a library; th
extension of the input object module files is .i.

1b68 my.lib -¢ .i mod]l mod2 mod3
3.11 Help '

The -h option is provided for brief lapses of memory, and wil
generate a summary of /68 functions and options.
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NAME
obd68 - list object code
SYNOPSIS ;
- 0bd68 <objfile>
DESCRIPTION

obd68 lists the loader items in an object file. It has a single
parameter, which is the name of the object file.
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NAME

ord68 - sort object module list
SYNOPSIS

ord68 [-v] [infile [outfile]]
DESCRIPTION

ord68 sorts a list of object file names. A library of the object
modules that is generated from the sorted list by the Manx object
module librarian will have a minimum number of ’backward
references’; that is, global symbols that are defined in one module and
referenced in a later module.

Since the specification of a library to the linker causes it to search
the library just once, a library having no backward references need be
specified just once when linking a program, and a library having
backward references may need to be specified multiple times.

infile is the name of a file containing an unordered list of file
names. These files contain the object modules that are to be put into a
library. If infile isn't specified, this list is read from ord68’s standard
input. The file names can be separated by space, tab, or newline
characters.

outfile is the name of the file to which the sorted list is written. If
it’s not specified, the list is written to ord68’s standard output. outfile
can only be specified if infile is also specified.

The -v option causes ord68 to be verbose, sending messages to its
standard error device as it proceeds.
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NAME

srec68 - Motorola S-record generator
SYNOPSIS

srec68 [-options] prog
DESCRIPTION

srec68 translates the program that’s in the file named prog, and that
was generated by the Aztec C68k/ROM linker, into Motorola S-
records The program can then be burned into ROM by feeding the S-
records into a ROM programmer. The S-records are written to one or
more files, each of which contains the hex code for one ROM chip.

The ROM chips that are generated from the srec68 output files will
contain the program’s code, followed by a copy of its initialized data.

Note: when a ROM system is started, its RAM contains random values;
the Aztec C68k/ROM startup routine sets up its initialized data area,
using the copy that’s in ROM.

srec68 assumes that the size of each ROM chip is 2 kb. You can
explicitly define the size of each ROM using srec68’s -P option.

The output files: even- and odd-addressed bytes in the same chips

srec68 can optionally generate S-records so that the program’s
even-addressed bytes are in one set of ROM chips, and its odd-
addressed bytes are in another. We’ll discuss this option below. In this
section we discuss the output files that are created when this option
isn’t used; i.c. when a program’s even- and odd-addressed bytes are in
the same set of ROM chips.

When neither -E nor -O is specified, srec68 derives the name of
each output file from that of the input file, by appending an extension
of the form .nmn, where nn is a number. For example, if the name of
the linker-generated file is prog, then the names of the output files
generated by srec68 are prog.m00, prog.m0l1, and so on, where the .m00
file contains the S-records for the lowest-addressed ROM, .m0! the S-
records for the next ROM, etc.

For example, suppose that srec68 is creating S-records for a
program whose code and copy of initialized data will reside in three
2-kb ROMs that begin at location 0. Then srec68 will create the
following files:

prog.m00 Contains the S-records for the ROM chip that
occupies addresses 0-0x7fT;

prog.m01 Contains the S-records for the ROM that occupies
0x800-0xfTT;
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prog.m02 Contains the S-records for the ROM that occupies
0x1000-0x17fT.

The output files: even- and odd-addressed bytes in separate chips

To place a program’s even-addressed bytes in one set of ROM chips
and its odd-addressed bytes in another, you must run srec68 twice:
once using the -E option to gencrate the S-records for the chips that
contain the even-addressed bytes, and once using the -O option tg
generate S-records for the chips that contain the odd-addressed bytes.

When cither -E or -O is specified, srec68 generates one or more
files, each of which contains the S-records for one ROM chip. By
default, the size of each chip is 2k bytes, but you can use the -P option
to explicitly define the chip size.

When the -E option is specified, the extension of the files are of
the form .enn, where nn is a decimal number. The .00 file contains
the S-records for the first of the ROM chips that contain even-
~ addressed bytes, the .e0/ file contains the S-records for the second
ROM chip, and so on.

When the -O option is specified, the extension of the files are of
the form .onn, where nn is a decimal number. The .000 file contains
the S-records for the first of the ROM chips that contain odd-addressed

bytes, the .00! file contains the S-records for the second ROM chip,
and so on.

The options
srec68 supports the following options:

-An The size of an S-record’s address field is n bytes,
where (following Motorola specifications) n can be 2,
3, or 4. If this option isn’t specified, the field size
defaults to 2 bytes.

-Bx The program begins x bytes into the first ROM chip,
where x i1s a hexadecimal number. If this option isn’t
specified, the program begins at the beginning of the

first ROM chip.

-E Output S-records for the program’s even-addressed
bytes.

-0 Output S-records for the program’s odd-addressed
bytes.

-Pn The size of each ROM is n k-bytes, where n is a

decimal number. If this option isn’t specified, the size
defaults to 2kb. For example, the following command
specifies that each ROM chip is 64kb long:

- util68k.24 -



SREC68 Motorola S-record Generator SREC6S

srec68 -p64 exmpl
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Library Generation

The Aztec C68k/ROM functions are provided in source form.
Jefore you can create programs that use them, you must make any
1ecessary modifications to the library functions, and then create object
nodule libraries of them.

We assume that you have installed Aztec C68k/ROM in a set of
ubdirectories, as directed in the Tutorial chapter. We also assume that
rour system has a make program maintenance program that is UNIX
ompatible; this program, under direction of "makefiles” provided with
\ztec C68k/ROM, will control the compilation and assembly of library
nodules and the generation of the libraries. For systems whose
tandard software doesn’t include make, we will provide the Aztec
nake with your Aztec C68k/ROM package, if one is available;
itherwise, the release document will describe the procedure for
rreating the libraries.

The first section of this chapter discusses changes that you might
nake to the library functxons. The second section discusses generation
if the libraries.

The calling sequences (passed parameters, return values, error
'odes, etc) of most functions described in the first section are
resented in the System Independent Functions chapter. The calling
equences for the other functions are appended to this chapter.

. Modifying the functions

Many of the functions provided with this package will run, without
nodification, on any 68000-based system. Some, however, may need to
e modified for use on your system.

The functions that may need to be rewritten are:

a. The startup function;

b. The unbuffered i/o functions;

¢. The standard i/o functions agetc and aputc,

d. The low-level heap allocation functions brk and sbrk;
¢. The exit functions exit and __exit.

[.1 The startup function

A program’s startup routine is executed when the program is
tarted. It performs program initialization and then calls the program’s
nain function.

The source for the startup routine that is provided with Aztec
~68k/ROM is in the file rom68.a68, in the rom68.arc archive, The
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supplied version of this routine makes the following assumptions about
a program that contains it, and about a system that contains the
program:

* The system’s startup/reset vectors and interrupt vector table
are in ROM.

* The program is the "startup program" of the system containing
it That is, the program will gain control on system startup or
reset.

* The program’s code and a copy of its initialized data are in
ROM. It's the startup routine’s duty to set up the program’s
initialized data area in RAM from the ROM copy.

* The startup routine is at the beginning of the program’s code
segment.

* The system doesn’t support interrupts.

If these assumptions aren’t satisfied by your system, you will have
to modify the startup routine. The following paragraphs discuss
changes that can be made for several types of programs and systems.

1.1.1 Startup routines for ROM-based ’startup programs’ on interrupt-
driven systems

Since a system’s mcmory must begin with startup vectors and be
followed by the table of interrupt vectors, the above assumptions mean
that the startup module must contain assembly language statements that
pre-initialize these vectors. In fact, the supplied startup routine does
contain statements that pre-initialize the startup vectors: the stack
vector points to the top of the area that’s reserved for the stack, and
the code vector points to the .begin label in the startup module.

However, the supplied startup routine can’t pre-initialize the
interrupt vector table, since that's system dependent. The supplied
startup routine simply reserves space for the table.

Thus, if a program that satisfies all the above assumptions is to be
placed on a system that supports interrupts, you must modify the
startup routine, replacing the statement that reserves space for the
interrupt table with statements that pre-initialize the vectors for
supported interrupts.

1.1.2 Startup routines for ROM-based, non-startup programs

If the startup routine will be included in programs that will be
burned into ROM but that won’t be a system’s startup program, you
can remove the statements in the startup routine that pre-initialize the
system startup vectors and that reserve space for the interrupt table.

Most of the code in a program’s startup routine needs to be
executed just once. For example, its initialized data area in RAM
needs to be set up from the copy in ROM just once; and its
uninitialized data area needs to be cleared just once. So if a program
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will be called more than once, you could design your startup routine so
that this special startup code is executed just once. The advantages to
this are (1) it speeds up interprogram calls, (2) variables are preserved
between interprogram calls.

To do this, you could have a second entry point into a program, in
addition to the standard entry point. The first call is made to the
standard entry point, and all subsequent calls are made to the
secondary entry point. ‘

The secondary entry point performs just those operations that need
to be done on each entry to the program. For example, if the program
uses the small code or small data memory model, the secondary entry
point would save the contents of the small model support register and
set it up for the called program.

To implement the two entry points, you could add two jump
instructions to the beginning of the program’s startup routine: the first
jumps to the startup routine’s .begin label; the second jumps to the
secondary entry point code.

1.1.3 Startup routines for systems whose interrupt table is in RAM

The interrupt vector table of some 68k systems must reside in
RAM, to enable the program to dynamically set up and change the
vectors. Since this table is normally in ROM, this requires special
hardware and corresponding changes to the startup routine.

In this section first we describe why the interrupt table normally
resides in ROM. We then present two hardware techniques used to
place the table in RAM and the corresponding changes that must be
made to the startup routine.

1.1.3.1 Why the interrupt table is normally in ROM

On a 68k system, the startup vectors occupy the first eight bytes of
memory and the interrupt table follows. If the system uses a standard
configuration (i.e. a typical microcomputer system configuration that
doesn’t use special hardware), then the startup vectors must be in
ROM, so that they will be already initialized when the system is turned
on or reset. Since the smallest ROM chip is about 2K bytes, this in
turn means that the interrupt table of a standard 68k system must also
be in ROM.

1.1.3.2 Solution one: move the startup vectors

One way to allow the interrupt table to reside in RAM is to move
the startup vectors away from the interrupt table:

a. Put RAM in the lowest-addressed section of memory, so that
it extends at least from location 0 through the end of the
intcmxpt table;
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b. Include the startup vectors in the code section of the system’s
startup program, at a fixed offset from the beginning of the
program’s ROM;

c. Insert special hardware on the address bus between the
processor and memory. On powerup or system reset, this
hardware intercepts the processor’s first two accesses of
memory, which are requests by the processor for the startup
vectors, and translates the accompanying addresses (i.e.
locations 0 and 4) to those of the fields within ROM that
actually contain the startup vectors.

To support this hardware configuration, you should remove the
statement in the startup module that reserves space for the interrupt
table and add executable code that initializes the table. To put the
startup vectors at a fixed place in ROM memory, to which the special
hardware can redirect attempts by the processor to access them, you
could leave the statements that define the startup vectors in the startup
routine and then link the startup routine as the program’s first module.
The startup vectors will then be in ROM, in the first eight bytes of the
startup program’s code section.

1.1.3.3 Solution 2: move the interrupt table

Another way to put the interrupt table in RAM is to move the
interrupt table away from the startup vectors:

a. Put the RAM for the interrupt table in an unused section of
the system’s memory space, a section that is not near the low
end of memory.

b. Put the ROM that contains the code for the system’s startup
program in memory, beginning at location 0. The startup
routine should be at the beginning of the program’s code
section; the only changes that it needs are executable
statements that initialize the interrupt table.

c. Put a programmable logic array on the address bus, between
memory and the processor. This will intercept requests to
access an interrupt vector (i.e. accesses of memory between
locations 8 and 0x400) and translate the accompanying address
to the address in RAM at which the vector is actually located.

1.1.4 Defining the heap

The startup routine initializes variables that define the boundaries
of a program’s heap, so that the heap occupies the 2k-byte areca of
memory that’s just above the program’s stack area. If your system’s
heap space isn’t in this area, you will have to change these
initializations.

These variables, which are used by the sbrk and brk functions, are:
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_mbot  Points at the bottom of the heap.
_mtop  Points at the top of the heap.
mcur  Points at the top of allocated heap space.

These are the names that a C-language module uses to access the
sariables; an assembly language module uses these names, with an
idditional prepended underscore (e.g. mbot).

L.1.S ROM-based initialized data

The startup routine contains statements that set up a program’s
nitialized data segment in RAM from its copy in ROM. Remove
‘hese statement if the program’s initialized data is to remain in ROM;
.. if you linked the program without using the linker’s -D option.

.1.6 Startup routines for RAM-based programs

If you are creating programs that won’t be put into ROM (for
:xample, programs that will run on a system that uses the CP/M-68k
»perating system), here are some changes you may want to make to
‘he startup routine:

* Remove the code that initializes the startup vectors and that
reserves space for the interrupt table.

* Change the code that sets up the stack register. The operating
system probably defines the area reserved for a program’s
stack (for example, on entry the stack register. may already be
initialized). If it doesn’t, you could, for example, define space
for the stack in the uninitialized data area, and point the stack
register at the top of this area.

* Remove the code that moves the copy of initialized data from
ROM to RAM.

* Change the code that initializes the pointers to heap space.

* The startup routine jumps directly to the main function. If
you want your system to support the passing of arguments to
the main function, you may want to have the startup routine
call a C-language function, which gets the arguments (for
example, getting them from the console) and then calls main.

1.2 The Unbuffered i/o0 functions

There are two classes of UNIX-compatible i/0 functions: standard
ind unbuffered. The unbuffered i/o functions are system dependent,
ind the standard i/o functions call the unbuffered. The unbuffered i/o
‘unctions that are in the Aztec C68k package are merely stubs; so you
nust write those that your functions call, and those that are called by
‘he standard i/o functions that your functions call.

The unbuffered i/o functions are:
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open creat close read write
Iseek rename unlink ioctl isatty

Descriptions of the unbuffered i/o functions are in the "System
Independent Functions” and "Library Functions Overview” chapters.
The following paragraphs present additional information that may be
of use when writing your own versions of these functions.

1.2.1 File descriptors

Associated with each file or device that is open for unbuffered i/o
is a positive integer called a “file descriptor”. A file descriptor is one
of the parameters that is passed to an unbuffered i/o function; it
defines the file or device on which the i/o is to be performed. There's
usually a limited number of file descriptors, which of course limits the
number of files and/or devices that can be simultaneously open for
i/o.
1.2.1.1 When there’s lots of files and devices...

If a system supports disk files and/or supports more devices than
file descriptors, the file descriptors must be dynamically allocated.
That is, before i/o with a file or device can begin, a function must be
called that assigns a file descriptor to it; and when the i/o is done
another function must be called to de-assign the file descriptor. In this
case, a table is usually provided that has entries defining the status of
each file descriptor and that is accessible to all the unbuffered i/o

functions. Here’s how the unbuffered i/o functions make use of the
table:

* open and creat prepare a file or device for unbuffered i/o.
They scan the table for an unused entry, and initialize the
entry with information about the file or device. For example,
the entry for an open device might contain the device’s
address; that for an open file might contain the file’s current
position and access mode. As the file descriptor for the
opened file or device, open and creat return the entry’s index
into the table.

read, write, Iseek, ioctl, and isatty perform operations on, and
determine the status of, an open file or device. The file
descriptor of the file or device is one of the parameters passed
to them. They examine the file descriptor’s table entry for
information about the file or device.

* close completes i/o to the open file or device having a
specified file descriptor. Most of the operations that close
performs depend on the particular file or device; but it always
marks the descriptor’s table entry as being unused.

* wunlink and rename don’t use the file descriptor table at all.
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1.2.1.2 When only devices are supported...

If programs access just devices (i.e. not files), if there are fewer
devices than file descriptors, and if your programs make limited use of
the standard i/o functions (as defined below), you can simplify the
unbuffered i/o functions by doing away with the file descriptor table,
hard-coding the assignment of devices and file descriptors into the
unbuffered i/o functions, and leaving open, creat, and close as mere
stubs that simply return when called.

For example, you could code into the write function the fact that
file descriptor 5 is associated with a printer at a certain address. Then
to write to the printer, a program could simply issue a call to write,
telling it to write to file descriptor 5. It wouldn’t have to first call open
or subsequently call close.

1.2.1.3 Pre-assigned file descriptors

By convention, file descriptors 0, 1, and 2 are pre-assigned to the
system console, even when all other file descriptors are dynamically
assigned. To perform an unbuffered i/o operation on the console, a
program simply calls the appropriate function, specifying one of these -
file descriptors; it need not first call open or subsequently call close.

Some systems allow the operator to redirect file descriptors 0 and 1
to other files and/or devices, by specifying special operands on the
command line that starts a program. This is done by inserting a special
function between the startup routine and the user’s main function. If
any redirection operands are found in the command line, this special
function closes the specified file descriptor by calling close and reopens
it to the new file or device by calling open. By convention, the
command line operand to redirect file descriptor 0 consists of "<"
followed by the file or device name. The command line operand to
redirect file descriptor 1 consists of ">" or ">>" followed by the file or
device name. ">" causes a new file to be created. ">>" causes a file to
be appended to, if it already exists, or to be created, if it doesn’t exist.

1.2.2 Interaction of the standard i/0 and unbuffered i/o functions

The standard i/o functions call the unbuffered i/o functions.
Because of this, the standard i/o operations that a program will
perform places implementation requirements on the unbuffered i/o
functions. This section discusses those requirements, after first
presenting general information on standard i/o file pointers and their
relationship to unbuffered i/o file descriptors.

Before standard i/o can be performed on a file or device, an
unbuffered i/o file descriptor must be assigned to it, and a standard
i/o "file pointer" must be assigned to the file descriptor. The
assignment of a file pointer and file descriptor can be done
dynamically, by calling the standard i/o fopen function. Three file
pointers, named stdin, stdout, and stderr, are pre-assigned to file
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descriptors 0, 1, and 2; these file dcscnptors in turn are pre-assigned to
the console.

When a program calls a standard i/o function, it often must pass a
file pointer, which identifies the file or device on which i/o is to be
performed. There are a special set of standard i/o functions for
accessing stdin, stdout, and stderr: for these, the file pointer isn’t
passed, since the functions know what file pointer is being accessed.

1.22.1 Supporting the standanl i/0 fopen and fclose functions

The dynamic assignment of a file pointer and file descriptor to a
file or device is done by the fopen function. This function selects a
file pointer for the file or device and then calls the unbuffered i/o
open function, which sclects a file descriptor.

If programs call fopen, you must implement the unbuffcrcd i/o
open function, and open must return the file descriptor that’s associated
with the file or device. This requirement (for a functional open when
fopen is called) must be met even if file descriptors are pre-assigned to
‘devices; open in this case could be very simple, just searching a table
for a device name and returning the associated file descriptor.

Conversely, the use of the standard i/o functions to access those
devices that don't first have to be fopened (i.e. stdin, stdout, and
stderr) places no requirements on open. In particular, if file
descriptors are pre-assigned to devices and open simply returns when
called, programs can still call the standard i/o functions to access the
devices associated with the stdin, stdout, and stderr file pointers.

The standard i/o function fclose calls the unbuffered i/o function
close. Thus, if programs call fclose, you must implement a close
function. If assignments of devices to file descriptors is hard-coded,
close can usually just return the value 0, since nothing special (such as -
calling the operating system to close an open file or deallocating a file
descriptor) needs to be done.

1.2.2.2 Supporting the standard i/o input and output functions

If programs call any of the standard i/0 input functions, you must
implement the unbuffered i/0 read function. And if they call any of
the standard i/o output functions, you must implement the write
function. y

1.22.3 Supporting the standard i/o fseek function

If programs will call the standard i/o fseek function, you must
implement the unbuffered i/o Iseek function, since fseek calls Iseek.

1.22.4 Standard i/o and the isatty function

If programs call any standard i/o functions, you must implement
the unbuffered i/o function isatty. The standard i/o functions call this
function to decide whether their i/o to a file or device should be
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buffered or unbuffered.

This use of the word "unbuffered" in describing standard i/o might
be a little confusing, since the use of the expression "unbuffered i/o
functions” to describe one set of i/o functions implies that the other
set, the "standard i/o functions”, are buffered. Nevertheless, a standard
i/o stream can be either buffered or unbuffered: if buffered, data
that's exchanged between user-written functions and the unbuffered
i/o functions passes through a buffer; if unbuffered, data doesn’t pass
through a buffer.

For a given file descriptor, isatty should return non-zero if standard
i/o to the device associated with the file descriptor is to be buffered,
and zero if it is to be unbuffered.

For example, isatty should probably return non-zero for a file
descriptor that’s associated with the system console and zero for file
descriptors associated with files; it could return either zero or non-zero
for other devices, such as printers, depending on your system’s
requirements.

1.2.3 Error codes

We’ve presented most of the factors you should consider when
writing your unbuffered i/o functions. In this section we want to list
error codes that the functions could return in the global int errmo.

open error codes:

ENOENT File does not exist and O__CREAT wasn’t specified.
EEXIST File exists, and O_ CREAT+O EXCL was specified
EMFILE Invalid file descriptor passed to open.

close error codes:

EBADF Bad file descriptor passed to close.
creat error codes:

EMFILE All file descriptors are in use.
Iseek error codes:

EBADF Invalid file descriptor
EINVAL Offset parameter is invalid, or the requested position
is before the beginning of the file.

read error codes:
EBADF Invalid file descriptor
write error codes:

EBADF Invalid file descriptor
EINVAL Invalid operation; i.e. writing not allowed.

- libgen.11 -



LIBGEN Aztec C68k/ROM

1.3 The standard i/o functions ageic and apuic

The characters used to terminate lines of text differ from system to
system. On UNIX, it’s the newline (lincfeed) character, *\n’. On the
Apple //, it’s carriage return, "\r’. On CPM, it’s carriage return-line
feed. In order to allow programs to access files of text in a system-
independent manner, the standard i/o functions ageic and aputc are
provided: agetc reads a character from the standard input channel,
translating the line termination sequence into °'\n'. gpuic writes a
character to the standard output channel, translating '\n’ to the line
termination sequence.

The following standard i/o functions call agetc and aputc:

scanf fscanf printf fprintf
getchar gets fgets
putchar puts fputs

The ROM versions of agetc and aputc assume that "\n’ separates lines
of text; if this isn’t the case for your system, you may need to modify
agetc and aputc.

The source for these functions are in the files agetc.c and aputc.c,
within the stdio.arc archive. If you followed our recommendations for
installing Aztec C68k/ROM, dearchived versions are also in the
STDIO subdirectory of the LIB directory.

L4 The sbrk and brk heap management functions

sbrk and brk provide an clementary means of allocating and
deallocating space from a program’s heap. sbrk is called by the more
sophisticated heap-allocation functions (malloc, etc), and malloc is
called by the standard i/o functions; thus, if your programs call malloc
or the other high-level heap management functions, or if they call the
standard i/0 functions, you will need to write an sbrk function.

Descriptions of the calling sequences for sbrk and brk are appended
to this chapter.

You probably won’t have to modify sbrk or brk, since the most
system-dependent code (which defines the boundaries of the heap) is
in the startup routine. But if you do, here are some things you should
consider:

* A buffer allocated by sbrk should be on a quad-byte boundary
(Le. the address of its first byte should be divisible by four),
since words on-a 68000 or 68010 must be on an even-byte
boundary and since long words on a 68020 can be most
efficiently accessed if they’re on a quad-word boundary.

* malloc assumes that the heap is a single, contiguous section of
memory: when told to allocate a large block of memory,
malloc makes repeated calls to sbrk for small blocks of
memory, and then attempts to coalesce the small blocks into
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one large block.
1.5 The exit and _ exit functions
exit and exit are called to terminate the execution of a program,

They aren’t usually called by ROM-based programs, since such
programs usually don’t terminate.

They are called, however, by RAM-based programs that are
running in an operating system environment, since these programs
usually do terminate.

When these functions are needed, you will have to modify _exi,
since it must return to the operating system. But you can probably use
exit as is, since it closes open files and devices in a system-independent

way and then calls __exit.

Descriptions of the calling sequences to exit and __exit are
appended to this chapter.

2. Building the libraries

Once you’ve made modifications to the supplied library functions,
you can build your libraries. We’ve provided makefiles (which give
directions to the make program) and /668 command files that will make
this task easier; they will make the following libraries:

c68.lib General purpose functions (small code, small data
memory model);

c68ILlib  General purpose functions (large code, large data);

m68.lib  Floating point functions (small code, small data);

mé68lLlib  Floating point functions (large code, large data);

If you followed our recommendations for installing Aztec
C68k/ROM, each of the LIB directory’s subdirectories contains a
makefile -that causes make to compile and assemble the subdirectory’s
source files. There is a makefile in the LIB directory that will have

mizilgat}rst generate each subdirectory’s object modules and then make
a y. :

Before you can generate the libraries, you must do several things:

a  In each makefile, modify the rules that define how to convert
a C source file to an object module, so that the command that
starts the compiler uses the options that correctly define
register usage on your system;

b. If you've written your own unbuffered i/o modules, you‘ll
probably need to modify the makefile that’s in the ROM68
directory;

c. In the LIB directory are the files c68.bld and m68.bld, each of
which tells /668 how to create a library. ¢68.bld is used for
generating c68.lib and c68/Llib. modify these files if necessary.
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d. The environment variable INCL68 must be set to the name of
the INCLUDE directory; that is, to the name of the directory
that contains the include files. The command to do this varies
from system to system; on PCDQS, it’s the set command.

e. If you have a RAM disk, you can speed up the library-
generation process by defining it using the CCTEMP
environment variable. For more information, see the
description of CCTEMP in the Compiler chapter.

You are now ready to create the libraries. Set the default or
current directory to the LIB directory and start make, passing to it the
name of the library you want created. For example, to create c68./ib,
you would enter: ‘

make ¢68.1ib

Once started, make will activate several other copies of make, each of
which will compile and assemble the files in one of LIB’s
subdirectories; it will then start 568, which will make the specified
library from the object modules that are in the subdirectories, as
directed by the appropriate .bid file.

At times during library generation, there will be two copies of
make in memory, and another program. If your system doesn’t have
enough memory to hold all of these programs (in this case, make will
abort with the message "EXEC failure"), it may still have enough to
hold one copy of make and another program. In this case, you can
- create and execute batch files that will make the libraries. For each
subdirectory, the batch file will first make that subdirectory the default
or current directory; it will then activate make, using either the
command make (to make small code, small data modules), or the
command make big (to make large code, large data modules). The
batch file will then activate [b68, passing to it the name of the
appropriate .bld file.

3. Function descriptions

The System Independent Functions chapter presents the calling
sequences of most of the functions that are discussed in this chapter.
The remainder of this chapter presents the calling sequences of the
other functions.
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NAME
sbrk, brk

’YNOPSIS
brk(ptr)
void *ptr;

vold *sbrk(size)

JESCRIPTION
sbrk and brk provide an elementary means of allocatmg and
deallocating space from the heap. More sophisticated buffer
management schemes can be built using these functions; for
example, the standard functions malloc, free, etc call sbrk to get
heap space, which they then manage for the calling functions.

sbrk increments a pointer, called the ’heap pointer’, by size
bytes, and, if successful, returns the value that the pointer had
on entry. Initially, the heap pointer points to the base of the
heap. size is a signed int; if it is negative, the heap pointer is
decremented by the specified amount and the value that it had
on entry is returned. Thus, you must be careful when calling
sbrk: if you try to pass it a value greater than 32K, sbrk will
interpret it as a negative number, and decrement the heap
pointer instead of incrementing it.

brk sets the heap pointer to ptr, and returns 0 if successful.

SEE ALSO
The functions mulloc, free, etc, implement a dynamic buffer-
allocation scheme using the sbrk function. See the Dynamic
Buffer Allocation section of the Library Functions Overview
chapter for more information.

The standard i/o functions usually call malloc and free to allocate
and release buffers for use by i/o streams. This is discussed in
the Standard 1/0 section of the Library Functions Overview.

Your program can safely mix calls to the malloc functions, the
standard i/o functions, and the sbrk and brk functions, as long as
the calls to sbrk and brk don’t decrement the heap pointer.
Mixing sbrk and drk calls that decrement the heap pointer with
calls to the malloc functions and/or the standard i/o functions is
dangerous and probably shouldn’t be done by normal programs.

ERRORS
If an sbrk or brk call is made that would result in the heap
pointer passing beyond the end of the heap, sbrk and brk return

-1, after setting the global integer errmo to the symbolic value
ENOMEM.
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NAME
exit, __ exit

SYNOPSIS
exit(code)

__exit(code)

DESCRIPTION

These functions cause a program to terminate and control to be
returned to the operating system.

code is returned to the operating system, as the program’s
termination code.

exit and _ exit differ in that exit closes all files opened for
standard and unbuffered i/o, while __exit doesn’t.
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Technical Information

This chapter discusses topics that couldn’t be conveniently discussed
:Isewhere.

It’s divided into the following sections:
1. Assembly-language functions;
2. C-language interrupt routines.
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1. Assembler Functions

This section discusses assembly-language functions that can be
called by, and themselves call, C-language functions. It first discusses
the conventions that such functions must follow, and then discusses the
in-line placement of assembler statements within C functions.

1.1 Conventions for C-callable, assembly-language functions

A C-callable, assembly-language function must obey the
conventions that are described in the following paragraphs.

1.1.1 Names of global variables and functions

By default, the names by which assembly-language modules and C-
language modules refer to global variables and functions differ slightly:
the assembler name is generated from the C name by prepending an
underscore character.

Consider, for example, the following C module:

int var;
main()

func(var);

}

The names by which an assembler module would by default refer to
these global variables and functions are _ var, __main, and __func.

You can define an alternate naming convention using the
compiler’s +RUx option. x defines how assembler names are derived
from C names:

* If x is negative, assembly names are derived by prepending an
underscore to C names;

* If x is zero, assembler names are the same as C names;

* If x is positive, assembler names are derived by appending an
underscore to C names.

~ In the following paragraphs, we assume that assembler names are
derived from C names by prepending an underscore.

1.1.2 Global variables

A C module’s global variables are in either the uninitialized data
segment or the initialized data segment.

An assembler module can create an uninitialized variable that can
be accessed by a C function, using the global directive. For example,
the following code creates the global variable _ var, which can be
accessed as an array by a C function, and reserves 8 bytes of storage
for it.

- techd -



Aztec C68k/ROM Assembler Functions TECH INFO

global __ var,8

A C function that wants to access _ var could have the following
declaration:

extern short var{};

To create an initialized variable that can be accessed by a C
function, an assembler module can use the public and dc directives.
For example, the following code creates the public variable _ ptr that
initially contains a pointer to the symbol str, and that can be accessed
as a char pointer by a C function:

dseg
public _ ptr
_ptr dcl  str
To access __ptr, a C function could use the following declaration:
extern char *ptr;

An assembler module can access global initialized or uninitialized
variables that are created in C modules by defining the variables with a
public directive within the dseg segment. For example, suppose a C
module creates a global, uninitialized short named count and a global,
initialized short named ftotal using the statement:

short count, total=1;

An assembler module can access these variables by using the following
directives:

dseg
_public __count, __ total

1.1.3 Names of external functions and variables

The compiler translates the name of a function or variable to
assembly language by truncating the name to 31 characters and
optionally adding an underscore to the name (as defined by the +RUx
option). Thus, to be accessible from C modules or to access C
modules, assembler modules must obey this convention.

For example, the folowing C module calls the function dmp, which
simply adds 10 to the global short count. A C module refers to this
function as bmp, and an assembler module refers to it as _ bmp.

int count;
main()

bmp();
)

An assembler version of __bmp could be:
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dseg
public __count
cseg
public __bmp
__bmp:
addw #10,__count
rts
end

» 1.1.4 Function calls and returns

The assembler code generated by the compiler for a C call to
_ another function pushes the arguments onto the stack, in the reverse
order in which they were specified in the call’s argument list, and then
calls the function.

An assembler function returns to a C function caller by issuing a rts
instruction, and leaving the caller’s arguments on the stack. The caller
then removes the arguments from the stack.

A function returns an integer or pointer in register DO. Floating
point values are returned in registers DO and D1.

For example, consider the following assembler function, __sub, that
takes two short arguments that are passed to it on the stack, subtracts
them, and returns the difference as the function value. A C function
will refer to this function using the name sub.

cseg
public _ sub
_ sub:
mov  4(sp),d0 ;get first argument
sub 6(sp),d0 ;subtract second from first
rts

The following C function calls sub to subtract b from a, and stores
the difference in ¢

main()
short a,b,c;
c= sub(a,b);
}

L1.5 Register usage

An assembler function that is called by a C function must preserve
all registers it uses, except for those that the calling function uses for
temporary values.

The registers that a module uses for temporary values are defined
when the module is compiled, with the +RT option; by default, these
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are data registers DO-D3 and address registers A0-A2.
1.2 Embedded Assembler Source

Assembler statements can be embedded in a C module by
surrounding them with #asm and #endasm statements. The pound sign
(#) must be the first character on the line, and the letters must be
lower case.

Embedded assembler code must preserve the contents of all
registers it uses, except for those used for temporary values.

"It should make no assumptions about the contents of the registers,
since the code that the compiler currently generates for C statements
may change in the future.

To be safe, a #asm statement should be preceded by a semicolon.
This avoids problems in which the compiler mistakenly puts a label
that is the target of a jump statement after, rather than before, in-line
assembly code.

In general, it is safest to contain assembly code in a separate
assembler module rather than embedding it in C source.
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2. Interrupt Handlers

An interrupt handler can be written in C, with the following
provisos: it must have a small assembly language routine that performs
the initial and final processing of an interrupt; and it must restrict its
use of the library functions. These provisos are discussed in the
following paragraphs.

2.1 The Assembly langnage routine

When the assembly language front-end to a C interrupt handler is
activated by an interrupt, it must do the following:

* Save on the stack the registers that the C routine uses. for
holding temporary values;

* If the C routine uses a small memory model, the assembly
language routine must save the small memory model support
register and set in it the value __ HI _org+32766.

___HI_org is a linker-created symbol whose value is the
starting address of the interrupt handler’s initialized data
segment. In case you can’t tell, H1_org begins with two
~ underscores, and has one in the mc,

* jsr to the C routine.

It's not necessary for the assembly language routine to save other
registers (ie. registers used for holding the C routine’s register
variables or the frame pointer register); this will automatically be done
by the C routine.

The C routine should return in the usual way; i.e. by executing a
return instruction or by executing its last instruction. The assembly
language routine should then restore all registers that it saved and issue
an rte instruction. )

Here is a sample assembly language routine named _ intbegin. It
saves the default temporary registers D0-D3 and A0-A2; saves and
initializes the default small model support register AS; and calls the C
language routine whose C name is intfunc:

public __intbegin, _intfunc,___H1_ org
__intbegin

movem.l d0-d3/a0-a2/a5,-(sp)

move.l #  HIl_ org+32766,as

jsr _intfunc
movem.l (sp)+,d0-d3/a0-a2/a5
rte

2.2 Use of library functions by C-language interrupt routines

A C interrupt routine can call the reentrant library functions that
are provided with Aztec C68k/ROM; it usually shouldn’t call the non-
reentrant library functions. A function is reentrant if it doesn’t access
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global or static variables, and is non-reentrant if it does.
The non-reentrant library functions are these:
* The high-level buffer-allocation functions malloc, free, etc.
* sprintf,
* sscanf,
* The standard i/0 functions, usually;
* The unbuffered i/o functions, usually.

The standard i/o functions are not reentrant, because they have
global control blocks and because they call the non-reentrant malloc
and free functions. An interrupt routine can call the standard i/o
functions if those calls meet certain requirements: the calls can’t
modify control block fields that may be accessed by the standard i/o
calls of an interrupted process, and they can’t call malloc or free. For
example, an interrupt routine can issue standard i/o calls to pre-
opened streams whose standard i/o operations are unbuffered. It can
also issue standard i/o calls to pre-opened buffered streams, if the
buffer has been preallocated, and if it only accesses those streams.

The unbuffered i/o functions (which you must write) are usually
not reentrant, because they usually have a global table. But an
interrupt routine can call the unbuffered i/o functions if those calls
don’t modify fields that may be accessed by the calls of an interrupted
process.
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