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Read This First

About This Manual
The TMS320C28x Assembly Language Tools User's Guide explains how to use the following Texas
Instruments Code Generation object file tools:
» Assembler
* Archiver
e Linker
e Library information archiver
* Absolute lister
» Cross-reference lister
» Disassembler
* Object file display utility
* Name utility
e Strip utility
» Hex conversion utility

How to Use This Manual

This book helps you learn how to use the Texas Instruments object file and assembly language tools
designed specifically for the TMS320C28x™ 16-bit devices. This book consists of four parts:

* Introductory information, consisting of Chapter 1 through Chapter 3, gives you an overview of the
object file and assembly language development tools. Chapter 2, in particular, explains object modules
and how they can be managed to help your TMS320C28x application load and run. It is highly
recommended that developers become familiar with what object modules are and how they are used
before using the assembler and linker.

» Assembler description, consisting of Chapter 4 through Chapter 6, contains detailed information
about using the assembler. Chapter 4 and Chapter 5 explain how to invoke the assembler and discuss
source statement format, valid constants and expressions, assembler output, and assembler directives.
Chapter 6 focuses on the macro language.

« Linker and other object file tools description, consisting of Chapter 7 through Chapter 12,
describes in detail each of the tools provided with the assembler to help you create executable object
files. Chapter 7 provides details about using the archiver to create object libraries. Chapter 8 explains
how to invoke the linker, how the linker operates, and how to use linker directives. Chapter 11 provides
a brief overview of some of the object file utilities that can be useful in examining the content of object
files as well as removing symbol and debug information to reduce the size of a given object file.
Chapter 12 explains how to use the hex conversion utility.

» Additional Reference material, consisting of Appendix A through Appendix D, provides
supplementary information including symbolic debugging directives used by the TMS320C28x C/C++
compiler. A description of the XML link information file and a glossary are also provided.
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Notational Conventions

This document uses the following conventions:

» Program listings, program examples, and interactive displays are shown in a special typeface.
Interactive displays use a bold version of the special typeface to distinguish commands that you enter
from items that the system displays (such as prompts, command output, error messages, etc.).

Here is a sample of C code:
#include <stdio.h>

main()
{ printf("hello world\n");
b

* In syntax descriptions, the instruction, command, or directive is in a bold typeface and parameters are
in an italic typeface. Portions of a syntax that are in bold should be entered as shown; portions of a
syntax that are in italics describe the type of information that should be entered.

e Square brackets ([ and ]) identify an optional parameter. If you use an optional parameter, you specify
the information within the brackets. Unless the square brackets are in the bold typeface, do not enter
the brackets themselves. The following is an example of a command that has an optional parameter:

‘cIZOOO [options] [filenames] [--run_linker [link_options] [object files]]

» Braces ({and}) indicate that you must choose one of the parameters within the braces; you do not
enter the braces themselves. This is an example of a command with braces that are not included in the
actual syntax but indicate that you must specify either the --rom_maodel or --ram_model option:

cl2000 --run_linker  {--rom_model | --ram_model} filenames
[--output_file= name.out] --library= libraryname

* In assembler syntax statements, The leftmost character position, column 1, is reserved for the first
character of a label or symbol. If the label or symbol is optional, it is usually not shown. If it is a
required parameter, it is shown starting against the left margin of the box, as in the example below. No
instruction, command, directive, or parameter, other than a symbol or label, can begin in column 1.

‘symbol .usect "section name", size in bytes|, alignment]

» Some directives can have a varying number of parameters. For example, the .byte directive can have
multiple parameters. This syntax is shown as [, ..., parameter].

‘.byte parameter,[, ... , parameter,] ‘

» The TMS320C2800 core is referred to as TMS320C28x or C28x.
» Other symbols and abbreviations used throughout this document include the following:

Symbol Definition

B,b Suffix — binary integer

H, h Suffix — hexadecimal integer
LSB Least significant bit

MSB Most significant bit

0x Prefix — hexadecimal integer
Q,q Suffix — octal integer
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Related Documentation From Texas Instruments

See the following resources for further information about the Tl Code Generation Tools:
* Texas Instruments Wiki: Compiler topics
e Texas Instruments E2E Community: Compiler forum

You can use the following books to supplement this user's guide:

SPRU514 —TMS320C28x Optimizing C/C++ Compiler User's Guide. Describes the TMS320C28x
C/C++ compiler. This C/C++ compiler accepts ANSI standard C/C++ source code and produces
assembly language source code for the TMS320C28x devices.

SPRU127 —TMS320C2xx User's Guide. Discusses the hardware aspects of the TMS320C2xx 16-bit
fixed-point digital signal processors. It describes the architecture, the instruction set, and the on-
chip peripherals.

SPRU430 —TMS320C28x DSP CPU and Instruction Set Reference Guide. Describes the central
processing unit (CPU) and the assembly language instructions of the TMS320C28x fixed-point
CPU. It also describes emulation features available on these devices.

SPRU566 —TMS320x28xx, 28xxx DSP Peripherals Reference Guide. Describes all the peripherals
available for TMS320x28xx and TMS320x28xxx devices.

SPRUEO2 —TMS320C28x Floating Point Unit and Instruction Set Reference Guide. Describes the
CPU architecture, pipeline, instruction set, and interrupts of the C28x floating-point DSP.

SPRAC71— TMS320C28x Embedded Application Binary Interface Application Report. Provides a
specification for the ELF-based Embedded Application Binary Interface (EABI) for the TMS320C28x
family of processors from Texas Instruments. The EABI defines the low-level interface between
programs, program components, and the execution environment, including the operating system if
one is present.

SPRAAO8 — Common Object File Format Application Report. Provides supplementary information on
the internal format of COFF object files. Much of this information pertains to the symbolic
debugging information that is produced by the C compiler.

Trademarks

TMS320C28x is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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Introduction to the Software Development Tools

The TMS320C28x™ is supported by a set of software development tools, which includes an optimizing
C/C++ compiler, an assembler, a linker, and assorted utilities. This chapter provides an overview of these
tools.

The TMS320C28x is supported by the following assembly language development tools:

» Assembler

» Archiver

* Linker

» Library information archiver

» Absolute lister

» Cross-reference lister

» Obiject file display utility

» Disassembler

* Name utility

o Strip utility

e Hex conversion utility

This chapter shows how these tools fit into the general software tools development flow and gives a brief
description of each tool. For convenience, it also summarizes the C/C++ compiler and debugging tools.

For detailed information on the compiler and debugger, and for complete descriptions of the
TMS320C28x, refer to the books listed in Related Documentation From Texas Instruments.
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1.1 Software Development Tools Overview

Figure 1-1 shows the TMS320C28x software development flow. The shaded portion highlights the most
common development path; the other portions are optional. The other portions are peripheral functions
that enhance the development process.

Figure 1-1. TMS320C28x Software Development Flow
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1.2

Tools Descriptions

The following list describes the tools that are shown in Figure 1-1:

The C/C++ compiler accepts C/C++ source code and produces TMS320C28x machine code object
modules. See the TMS320C28x Optimizing C/C++ Compiler User's Guide for more information. A
shell program, an optimizer, and an interlist utility are included in the installation:

— The shell program enables you to compile, assemble, and link source modules in one step.
— The optimizer modifies code to improve the efficiency of C/C++ programs.

— The interlist utility interlists C/C++ source statements with assembly language output to correlate
code produced by the compiler with your source code.

The assembler translates assembly language source files into machine language object modules.
Source files can contain instructions, assembler directives, and macro directives. You can use
assembler directives to control the assembly process, including the source listing format, data
alignment, and section content. See Chapter 4 through Chapter 6. See the TMS320C28x DSP CPU
and Instruction Set Reference Guide for detailed information on the assembly language instruction set.

The linker combines object files into a single executable object module. It performs symbolic relocation
and resolves external references. The linker accepts relocatable object modules (created by the
assembler) as input. It also accepts archiver library members and output modules created by a
previous linker run. Link directives allow you to combine object file sections, bind sections or symbols
to addresses or within memory ranges, and define global symbols. See Chapter 8.

The archiver allows you to collect a group of files into a single archive file, called a library. The most
common use of the archiver is to collect a group of object files into an object library. The linker extracts
object library members to resolve external references during the link. You can also use the archiver to
collect several macros into a macro library. The assembler searches the library and uses the members
that are called as macros by the source file. The archiver allows you to modify a library by deleting,
replacing, extracting, or adding members. See Section 7.1.

The library information archiver allows you to create an index library of several object file library
variants, which is useful when several variants of a library with different options are available. Rather
than refer to a specific library, you can link against the index library, and the linker will choose the best
match from the indexed libraries. See Section 7.5 for more information about using the archiver to
manage the content of a library.

You can use the library-build utility to build your own customized run-time-support library. See the
TMS320C28x Optimizing C/C++ Compiler User's Guide for more information.

The hex conversion utility converts object files to TI-Tagged, ASCII-Hex, Intel, Motorola-S, or
Tektronix object format. Converted files can be downloaded to an EPROM programmer. See
Chapter 12.

The absolute lister uses linked object files to create .abs files. These files can be assembled to
produce a listing of the absolute addresses of object code. See Chapter 9.

The cross-reference lister uses object files to produce a cross-reference listing showing symbols,
their definition, and their references in the linked source files. See Chapter 10.

The main product of this development process is a executable object file that can be executed on a
TMS320C28x device. You can use one of several debugging tools to refine and correct your code.
Available products include:

— An instruction-accurate and clock-accurate software simulator
— An XDS emulator

In addition, the following utilities are provided to help examine or manage the content of a given object file:

The object file display utility prints the contents of object files and object libraries in either human
readable or XML formats. See Section 11.1.

The disassembler decodes the machine code from object modules to show the assembly instructions
that it represents. See Section 11.2.

The name utility prints a list of symbol names for objects and functions defined or referenced in an
object file or object archive. See Section 11.3.

The strip utility removes symbol table and debugging information from object files and object libraries.
See Section 11.4.
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Introduction to Object Modules

The assembler creates object modules from assembly code, and the linker creates executable object files
from object modules. These executable object files can be executed by a TMS320C28x device.

Object modules make modular programming easier because they encourage you to think in terms of
blocks of code and data when you write an assembly language program. These blocks are known as
sections. Both the assembler and the linker provide directives that allow you to create and manipulate
sections.

This chapter focuses on the concept and use of sections in assembly language programs.
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2.1

2.2

2.3

Object File Format Specifications

The Tl Code Generation Tools for C28x support the use of either the COFF ABI or the Embedded
Application Binary Interface (EABI). The ABI used is determined by the --abi command-line option. The
default ABI is COFF.

The object file format generated by the tools differs depending on the ABI used:

* COFF: These object files conform to the Common Object File Format (COFF). See the Common
Object File Format Application Report (SPRAAQS) for details on this format.

» EABI: These object files conform to the ELF (Executable and Linking Format) binary format, which is
used by EABI. See the TMS320C28x Optimizing C/C++ Compiler User's Guide (SPRU514) for
information on using the EABI ABI. The complete EABI specifications can be found in the C28x
Embedded Application Binary Interface Application Report (SPRAC71. The ELF object files conform to
the December 17, 2003 snapshot of the System V generic ABI (or gABI). This specification is currently
maintained by SCO.

Executable Object Files

The linker can be used to produce static executable object modules. An executable object module has the
same format as object files that are used as linker input. The sections in an executable object module,
however, have been combined and placed in target memory, and the relocations are all resolved.

To run a program, the data in the executable object module must be transferred, or loaded, into target
system memory. See Chapter 3 for details about loading and running programs.

Introduction to Sections

The smallest unit of an object file is a section. A section is a block of code or data that occupies
contiguous space in the memory map. Each section of an object file is separate and distinct.

COFF format executable object files contain sections.

ELF format executable object files contain segments. An ELF segment is a meta-section. It represents a
contiguous region of target memory. It is a collection of sections that have the same property, such as
writeable or readable. An ELF loader needs the segment information, but does not need the section
information. The ELF standard allows the linker to omit ELF section information entirely from the
executable object file.

Object files usually contain three default sections:

.text section Contains executable code @
.data section Usually contains initialized data
.ebss section (for COFF) Usually reserves space for uninitialized variables

.bss section (for EABI)

Note that the .data section is used mainly for EABI. For COFF, the compiler generates .cinit sections that
are used to initialize the .ebss section. The assembler can be used to place initialized data in the .data
section for both COFF and EABI.

The assembler and linker allow you to create, name, and link other kinds of sections. The .text, .data, and
.ebss or .bss sections are archetypes for how sections are handled.

There are two basic types of sections:

Initialized sections Contain data or code. The .text and .data sections are initialized; user-
named sections created with the .sect assembler directive are also
initialized.

Uninitialized sections Reserve space in the memory map for uninitialized data. The .ebss or .bss

section is uninitialized; user-named sections created with the .usect
assembler directive are also uninitialized.

@ Some targets allow content other than text, such as constants, in .text sections.
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Several assembler directives allow you to associate various portions of code and data with the appropriate
sections. The assembler builds these sections during the assembly process, creating an object file
organized as shown in Figure 2-1.

One of the linker's functions is to relocate sections into the target system's memory map; this function is
called placement. Because most systems contain several types of memory, using sections can help you
use target memory more efficiently. All sections are independently relocatable; you can place any section
into any allocated block of target memory. For example, you can define a section that contains an
initialization routine and then allocate the routine in a portion of the memory map that contains ROM. For
information on section placement, see the "Specifying Where to Allocate Sections in Memory" section of
the TMS320C28x Optimizing C/C++ Compiler User's Guide.

Figure 2-1 shows an example of the relationship between sections in an object file and a hypothetical
target memory. (This figure shows COFF sections. For EABI, the .ebss section would be .bss.) ROM may
be EEPROM, FLASH or some other type of physical memory in an actual system.

Figure 2-1. Partitioning Memory Into Logical Blocks

Object file Target memory
.bss g RAM
.data L RAM

L4
1

text
\—' ROM

2.3.1 Special Section Names

You can use the .sect and .usect directives to create any section name you like, but certain sections are
treated in a special manner by the linker and the compiler's run-time support library. If you create a section
with the same name as a special section, you should take care to follow the rules for that special section.

A few common special sections are:

e .text -- Used for program code.

» .data -- Used for initialized non-const objects (global variables). (Used mainly with EABI)
.ebss (COFF) or .bss (EABI) -- Used for uninitialized objects (global variables).

.econst (COFF) or .const (EABI) -- Used for initialized const objects (string constants, variables
declared const).

e .cinit -- Used to initialize C global variables at startup.
» .stack -- Used for the function call stack.
e .esysmem (COFF) or .sysmem (EABI) - Used for the dynamic memory allocation pool.

For more information on sections, see the "Specifying Where to Allocate Sections in Memory" section of
the TMS320C28x Optimizing C/C++ Compiler User's Guide.
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How the Assembler Handles Sections

The assembler identifies the portions of an assembly language program that belong in a given section.
The assembler has the following directives that support this function:

e .bss

e .data
e .sect
e .text

« .usect

The .bss and .usect directives create uninitialized sections; the .text, .data, and .sect directives create
initialized sections.

You can create subsections of any section to give you tighter control of the memory map. Subsections are
created using the .sect and .usect directives. Subsections are identified with the base section name and a
subsection name separated by a colon; see Section 2.4.6.

NOTE: If you do not use a section directive, the assembler assembles everything into the .text
section.

Uninitialized Sections

Uninitialized sections reserve space in TMS320C28x memory; they are usually placed in RAM. These
sections have no actual contents in the object file; they simply reserve memory. A program can use this
space at run time for creating and storing variables.

Uninitialized data areas are built by using the following assembler directives.

» The .bss directive reserves space in the .bss section.

» The .usect directive reserves space in a specific uninitialized user-named section.

Each time you invoke the .bss or .usect directive, the assembler reserves additional space in the .bss or
the user-named section. The syntax is:

.bss symbol, size in words][, blocking flag[, alignment flag] ]
symbol .usect "section name", size in words], blocking flag[, alignment flag] ]

symbol points to the first word reserved by this invocation of the .usect directive. The symbol
corresponds to the name of the variable for which you are reserving space. It can be
referenced by any other section and can also be declared as a global symbol (with the
.global directive).

size in words is an absolute expression (see Section 4.9). The .usect directive reserves size in
words words in section name. You must specify a size; there is no default value.

blocking flag is an optional parameter. If you specify a value greater than O for this parameter, the
assembler allocates size in words contiguously. This means the allocated space does
not cross a page boundary unless its size is greater than a page, in which case the
allocated space starts a page boundary. By default, the compiler causes this flag to be
set to 0 so that DP load optimization is used. The compiler provides the "blocked" and
"noblocked" variable attributes for controlling blocking on a per-variable basis. For
examples of DP load optimization, see the Tools Insider blog in TlI's E2E community.

alignment flag is an optional parameter. It causes the assembler to allocate the specified size in
words on long word boundaries. The resulting alignment will be on a boundary that is 2
to the power of the specified alignment flag. For example, an alignment flag of 5 gives
an alignment of 2**5, which is 32 words.

section name specifies the user-named section in which to reserve space. See Section 2.4.3.
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Initialized section directives (.text, .data, and .sect) change which section is considered the current section
(see Section 2.4.4). However, the .bss and .usect directives do not change the current section; they simply
escape from the current section temporarily. Immediately after a .bss or .usect directive, the assembler
resumes assembling into whatever the current section was before the directive. The .bss and .usect
directives can appear anywhere in an initialized section without affecting its contents. For an example, see
Section 2.4.7.

The .usect directive can also be used to create uninitialized subsections. See Section 2.4.6 for more
information on creating subsections.

The .common directive (EABI only) is similar to directives that create uninitialized data sections, except
that common symbols are created by the linker instead.

2.4.2 |Initialized Sections
Initialized sections contain executable code or initialized data. The contents of these sections are stored in
the object file and placed in TMS320C28x memory when the program is loaded. Each initialized section is
independently relocatable and may reference symbols that are defined in other sections. The linker
automatically resolves these references. The following directives tell the assembler to place code or data
into a section. The syntaxes for these directives are:
text
.data
.sect "section name"
The .sect directive can also be used to create initialized subsections. See Section 2.4.6, for more
information on creating subsections.
2.4.3 User-Named Sections
User-named sections are sections that you create. You can use them like the default .text, .data, and
.ebss or .bss sections, but each section with a distinct name is kept distinct during assembly.
For example, repeated use of the .text directive builds up a single .text section in the object file. This .text
section is allocated in memory as a single unit. Suppose there is a portion of executable code (perhaps an
initialization routine) that you want the linker to place in a different location than the rest of .text. If you
assemble this segment of code into a user-named section, it is assembled separately from .text, and you
can use the linker to allocate it into memory separately. You can also assemble initialized data that is
separate from the .data section, and you can reserve space for uninitialized variables that is separate from
the .ebss or .bss section.
These directives let you create user-named sections:
» The .usect directive creates uninitialized sections that are used like the .ebss or .bss section. These
sections reserve space in RAM for variables.
» The .sect directive creates initialized sections, like the default .text and .data sections, that can contain
code or data. The .sect directive creates user-named sections with relocatable addresses.
The syntaxes for these directives are:
symbol .usect "section name", size in words], blocking flag[, alignment flag ] ]
.sect "section name"
When using COFF, you can create up to 32,767 distinct named sections. When using EABI, the maximum
number of sections is 2%2-1 (4294967295).
The section name parameter is the name of the section. For the .usect and .sect directives, a section
name can refer to a subsection; see Section 2.4.6 for details.
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2.4.6

Each time you invoke one of these directives with a new name, you create a new user-named section.
Each time you invoke one of these directives with a name that was already used, the assembler resumes
assembling code or data (or reserves space) into the section with that name. You cannot use the same
names with different directives. That is, you cannot create a section with the .usect directive and then try
to use the same section with .sect.

Current Section

The assembler adds code or data to one section at a time. The section the assembler is currently filling is
the current section. The .text, .data, and .sect directives change which section is considered the current
section. When the assembler encounters one of these directives, it stops assembling into the current
section (acting as an implied end of current section command). The assembler sets the designated
section as the current section and assembles subsequent code into the designated section until it
encounters another .text, .data, or .sect directive.

If one of these directives sets the current section to a section that already has code or data in it from
earlier in the file, the assembler resumes adding to the end of that section. The assembler generates only
one contiguous section for each given section name. This section is formed by concatenating all of the
code or data which was placed in that section.

Section Program Counters

The assembler maintains a separate program counter for each section. These program counters are
known as section program counters, or SPCs.

An SPC represents the current address within a section of code or data. Initially, the assembler sets each
SPC to 0. As the assembler fills a section with code or data, it increments the appropriate SPC. If you
resume assembling into a section, the assembler remembers the appropriate SPC's previous value and
continues incrementing the SPC from that value.

The assembler treats each section as if it began at address 0; the linker relocates the symbols in each
section according to the final address of the section in which that symbol is defined. See Section 2.7 for
information on relocation.

Subsections

A subsection is created by creating a section with a colon in its name. Subsections are logical subdivisions
of larger sections. Subsections are themselves sections and can be manipulated by the assembler and
linker.

The assembler has no concept of subsections; to the assembler, the colon in the name is not special. The
subsection .text:rts would be considered completely unrelated to its parent section .text, and the
assembler will not combine subsections with their parent sections.

Subsections are used to keep parts of a section as distinct sections so that they can be separately
manipulated. For instance, by placing each function and object in a uniquely-named subsection, the linker
gets a finer-grained view of the section for memory placement and unused-function elimination.

By default, when the linker sees a SECTION directive in the linker command file like ".text", it will gather
.text and all subsections of .text into one large output section named ".text". You can instead use the
SECTION directive to control the subsection independently. See Section 8.5.5.1 for an example.

You can create subsections in the same way you create other user-named sections: by using the .sect or
.usect directive.

The syntaxes for a subsection name are:

symbol .usect "section_name:subsection_name",size in words[,blocking flag[,alignment flag] ]
.sect "section_name:subsection_name"

SPRU513S—-August 2001 —-Revised June 2019 Introduction to Object Modules 23
Submit Documentation Feedback

Copyright © 2001-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRU513S

13 TEXAS
INSTRUMENTS

How the Assembler Handles Sections www.ti.com

A subsection is identified by the base section name followed by a colon and the name of the subsection.
The subsection name may not contain any spaces.

A subsection can be allocated separately or grouped with other sections using the same base name. For
example, you create a subsection called _func within the .text section:

.sect ".text:_func"

Using the linker's SECTIONS directive, you can allocate .text._func separately, or with all the .text
sections.

You can create two types of subsections:
« Initialized subsections are created using the .sect directive. See Section 2.4.2.
» Uninitialized subsections are created using the .usect directive. See Section 2.4.1.

Subsections are placed in the same manner as sections. See Section 8.5.5 for information on the
SECTIONS directive.

2.4.7 Using Sections Directives
Figure 2-2 shows how you can build sections incrementally, using the sections directives to swap back
and forth between the different sections. You can use sections directives to begin assembling into a
section for the first time, or to continue assembling into a section that already contains code. In the latter
case, the assembler simply appends the new code to the code that is already in the section.
The format in Figure 2-2 is a listing file. Figure 2-2 shows how the SPCs are modified during assembly. A
line in a listing file has four fields:
Field 1 contains the source code line counter.
Field 2 contains the section program counter.
Field 3 contains the object code.
Field 4 contains the original source statement.
See Section 4.12 for more information on interpreting the fields in a source listing.
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Figure 2-2. Using Sections Directives Example
1 dhkdkEFkkkhkddEhkdbhkhkddohdbrdddrhbdbdddEhbbdrrddrorbrbdbdddt b hdbddh
2 ** Assemble an initialized table into .data. ke
3 EE R L 2 R Rt RS LRSS EEEEEEEEEEEE ST S]]
4 00000000 .data
5 00000000 0011 coeff word 011k, 022h, 033h
poo00001 0022
00000002 0033
6
':||' S A R EE SRR LRSS S S LSS S S SRR EE S S SR RS E S LR EE S LR L EEE SRR
8 *% Reserve space in .ebss for a wvariable. *
9 T E R R R L L R R R R E R R LS R R R R L R R R R R R R LI EL SRR R LSRR
10 00000000 .bss buffer, 10
11
12 S E R EE SRR LRSS SR RS E S S SRR EE S S S SRS S S S LR EEEEEEE SRR
13 & Still in .data LA
14 tE S R A R R AL R L RS EE R LR R R Rl EERE LR EEEE SRRt R RERSE R
15 00000003 0123 ptr .word 0123h
16
1'}' S A R EE SRR LRSS SRR S E S S SRR EE SRS SR A S S S LR E RS LR EEE SRR
18 *& Assemble code into the .text section. * &
19 A S A R EEE LR A EE S S SRR RS LSRR EE RS SRR RS SRR EEE LR SRS TR E]
20 00000000 text
21 00000000 2841 add: mov arl, #0Fh
poo00001 Q000F
22 00000002 0BAl aloop: dec arl
23 00000003 0009 banz aloop, arl——
poo000004 FFFF
24
25 AR A EF A AR R T T RAA R AT RAAA AT AR ERAAR I AT EAA AR FA A AAFT R AL AR FRER
26 * % Another initialized table into .data * ok
2'}' S A R EEE LR A EE S SRR R RS S SRR EE RS SRR RS SRR R EEE L RN E SRS REE]
28 00000004 .data
29 00000004 00AR ivals .word O0AAh, O0BBh, 0CCh
poo00005 00BB
poo000006 gocc
30
31 s e o o o e e ok S o ol o ok o b o o ol o ok o o o o o ol e o o o ol o e Y o e o ol o o e o o o e e b e e e
3z ** Define another section for more wvariables. **
33 22 RS2 RS SRR SRS EEEE SR RES SRR RS YR LSS XS

34 00000000

35 00000001

36

37

38

39

40 00000005

41 00000005
oooooo06

42 00000007

43 00000008
ooooooo09

44 0000000a

45 0000000b

"_v_l' \_U,_."
Field1 Field 2

varz .usect "newvars”, 1
inbuf .usect "newvars®, 7

kkkEkhkkhk kbbb dkdd b db bt d o hddb it rrdddbrrrrdd bt dad

ok Assemble more code into .text. ok
R R R RS L RS R R EEEEE R E RS E R L AR EEEEEEEEEEEREEEESEE]
.text

28A1 end mpy: mov arl, #0ah

000A

33A1 mloop: mpy p,t,arl

28AC mov t, #0Ah

000A

3FAl mov arl, p

6BFA sb end mpy, OV

—_ v
Field 3 Field 4
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As Figure 2-3 shows, the example code in Figure 2-2 creates four sections:

text contains twelve 16-bit words of object code.
.data contains seven 16-bit words of initialized data.
.bss reserves ten 16-bit words in memory.
newvars is a user-named section created with the .usect directive; it contains eight 16-bit words
in memory.

The second column shows the object code that is assembled into these sections; the first column shows
the source statements that generated the object code.

Figure 2-3. Object Code Generated by the File in Figure 2-2

Line number Object code Section
5 0011 .data
5 0022
5 0033
15 0123
29 00AA
29 00BB
29 00CC
21 28A1 dext
21 000F
22 0BA1
23 0009
23 EERE
41 28A1
41 000A
42 J3A1
43 28AC
43 000A
44 JFA1
45 GBFB
10 Mo data .bss
10 words
preserved
34 No data newvars
35 8 words
preserved
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How the Linker Handles Sections

The linker has two main functions related to sections. First, the linker uses the sections in object files as
building blocks; it combines input sections to create output sections in an executable output module.
Second, the linker chooses memory addresses for the output sections; this is called placement. Two linker
directives support these functions:

 The MEMORY directive allows you to define the memory map of a target system. You can name
portions of memory and specify their starting addresses and their lengths.

» The SECTIONS directive tells the linker how to combine input sections into output sections and where
to place these output sections in memory.

Subsections let you manipulate the placement of sections with greater precision. You can specify the
location of each subsection with the linker's SECTIONS directive. If you do not specify a subsection, the
subsection is combined with the other sections with the same base section nhame. See Section 8.5.5.1.

It is not always necessary to use linker directives. If you do not use them, the linker uses the target
processor's default placement algorithm described in Section 8.7. When you do use linker directives, you
must specify them in a linker command file.

Refer to the following sections for more information about linker command files and linker directives:
e Section 8.5, Linker Command Files

» Section 8.5.4, The MEMORY Directive

» Section 8.5.5, The SECTIONS Directive

e Section 8.7, Default Placement Algorithm

Combining Input Sections
Figure 2-4 provides a simplified example of the process of linking two files together.

Note that this is a simplified example, so it does not show all the sections that will be created or the actual
sequence of the sections. See Section 8.7 for the actual default memory placement map for
TMS320C28x. (The following figure shows sections used by COFF. For EABI, change the .ebss section to
.bss.)
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25.2

Figure 2-4. Combining Input Sections to Form an Executable Object Module

file1.obj
Executable
text object module Memory map
file1
.ebss
(.text) Executable
A—l e code
data file2 (.text)
; (text)
Init - file -
(named section) = B n N (.data) Im?jaltl;ﬂd
EEEEEEEN e =
g file2 (.data)
(.data)
file1
file2.0bj L] N (.ebss) Epgce for
AT T T T T T T variables
oxt [] file2 (.ebss)
' (.ebss)
.ebss . Init Init
.data > Tables Tables
Tables
(named section)

In Figure 2-4, filel.obj and file2.0bj have been assembled to be used as linker input. Each contains the
.text, .data, and .ebss default sections; in addition, each contains a user-named section. The executable
object module shows the combined sections. The linker combines the .text section from filel.obj and the
.text section from file2.obj to form one .text section, then combines the two .data sections and the two
.ebss sections, and finally places the user-named sections at the end. The memory map shows the
combined sections to be placed into memory.

Placing Sections

Figure 2-4 illustrates the linker's default method for combining sections. Sometimes you may not want to
use the default setup. For example, you may not want all of the .text sections to be combined into a single
.text section. Or you may want a user-named section placed where the .data section would normally be
allocated. Most memory maps contain various types of memory (RAM, ROM, EEPROM, FLASH, etc.) in
varying amounts; you may want to place a section in a specific type of memory.

For further explanation of section placement within the memory map, see the discussions in Section 8.5.4
and Section 8.5.5. See Section 8.7 for the actual default memory allocation map for TMS320C28x.
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2.6

26.1

Symbols

An object file contains a symbol table that stores information about symbols in the object file. The linker
uses this table when it performs relocation. See Section 2.7.

An object file symbol is a named 32-bit integer value, usually representing an address. A symbol can
represent such things as the starting address of a function, variable, section, or an absolute integer (such
as the size of the stack).

Symbols are defined in assembly by adding a label or a directive such as .set .equ .bss, or .usect.

Symbols have a binding, which is similar to the C concept of linkage. Both COFF and ELF file formats
may contain symbols bound locally and globally. ELF also binds symbols as weak symbols.

» Global symbols are visible to the entire program. The linker does not allow more than one global
definition of a particular symbol; it issues a multiple-definition error if a global symbol is defined more
than once. (The assembler can provide a similar multiple-definition error for local symbols.) A reference
to a global symbol from any object file refers to the one and only allowed global definition of that
symbol. Assembly code must explicitly make a symbol global by adding a .def, .ref, or .global directive.
(See Section 2.6.1.)

» Local symbols are visible only within one object file; each object file that uses a symbol needs its own
local definition. References to local symbols in an object file are entirely unrelated to local symbols of
the same name in another object file. By default, a symbol is local. (See Section 2.6.2.)

* Weak symbols (EABI only) are symbols that may be used but not defined in the current module. They
may or may not be defined in another module. A weak symbol is intended to be overridden by a strong
(non-weak) global symbol definition of the same name in another object file. If a strong definition is
available, the weak symbol is replaced by the strong symbol. If no definition is available (that is, if the
weak symbol is unresolved), no error is generated, but the weak variable's address is considered to be
null (0). For this reason, application code that accesses a weak variable must check that its address is
not zero before attempting to access the variable. (See Section 2.6.3.)

Absolute symbols are symbols that have a numeric value. They may be constants. To the linker, such
symbols are unsigned values, but the integer may be treated as signed or unsigned depending on how it
is used. The range of legal values for an absolute integer is 0 to 2732-1 for unsigned treatment and -2/31
to 2731-1 for signed treatment.

In general, common symbols (see .common directive) are preferred over weak symbols.

See Section 4.8 for information about assembler symbols.

Global (External) Symbols

Global symbols are symbols that are either accessed in the current module but defined in another (an
external symbol) or defined in the current module and accessed in another. Such symbols are visible
across object modules. You must use the .def, .ref, or .global directive to identify a symbol as external:

.def The symbol is defined in the current file and may be used in another file.
.ref The symbol is referenced in the current file, but defined in another file.

.global The symbol can be either of the above. The assembler chooses either .def or .ref as
appropriate for each symbol.

The following code fragment illustrates these definitions.

.def X
-ref y
-global z
-global g

X: ADD AR1, #56h
B y, UNC

q: ADD AR1, #56h
B z, UNC
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2.6.2

2.6.3

In this example, the .def definition of x says that it is an external symbol defined in this file and that other
files can reference x. The .ref definition of y says that it is an undefined symbol that is defined in another
file. The .global definition of z says that it is defined in some file and available in this file. The .global
definition of q says that it is defined in this file and that other files can reference qg.

The assembler places X, y, z, and q in the object file's symbol table. When the file is linked with other
object files, the entries for x and q resolve references to x and g in other files. The entries for y and z
cause the linker to look through the symbol tables of other files for y's and z's definitions.

The linker attempts to match all references with corresponding definitions. If the linker cannot find a
symbol's definition, it prints an error message about the unresolved reference. This type of error prevents
the linker from creating an executable object module.

An error also occurs if the same symbol is defined more than once.

Local Symbols

Local symbols are visible within a single object file. Each object file may have its own local definition for a
particular symbol. References to local symbols in an object file are entirely unrelated to local symbols of
the same name in another object file.

By default, a symbol is local.

Weak Symbols
Weak symbols are symbols that may or may not be defined.

NOTE: Weak symbols are supported only in EABI mode.

The linker processes symbols that are defined with a "weak" binding differently from symbols that are
defined with global binding. Instead of including a weak symbol in the object file's symbol table (as it would
for a global symbol), the linker only includes a weak symbol in the output of a "final" link if the symbol is
required to resolve an otherwise unresolved reference.

This allows the linker to minimize the number of symbols it includes in the output file's symbol table by
omitting those that are not needed to resolve references. Reducing the size of the output file's symbol
table reduces the time required to link, especially if there are a large number of pre-loaded symbols to link
against. This feature is particularly helpful for OpenCL applications.

You can define a weak symbol using either the .weak assembly directive or the weak operator in the linker
command file.

e Using Assembly: To define a weak symbol in an input object file, the source file can be written in
assembly. Use the .weak and .set directives in combination as shown in the following example, which
defines a weak symbol "ext_addr_sym":

.weak ext_addr_sym
ext_addr_sym .set 0x12345678

Assemble the source file that defines weak symbols, and include the resulting object file in the link.
The "ext_addr_sym" in this example is available as a weak symbol in a final link. It is a candidate for
removal if the symbol is not referenced elsewhere in the application. See .weak directive.

* Using the Linker Command File: To define a weak symbol in a linker command file, use the "weak"
operator in an assignment expression to designate that the symbol as eligible for removal from the
output file's symbol table if it is not referenced. In a linker command file, an assignment expression
outside a MEMORY or SECTIONS directive can be used to define a weak linker-defined symbol. For
example, you can define "ext_addr_sym" as follows:

weak(ext_addr_sym) = 0x12345678;
If the linker command file is used to perform the final link, then "ext_addr_sym" is presented to the

linker as a weak symbol; it will not be included in the resulting output file if the symbol is not
referenced. See Section 8.6.2.

» Using C/C++ code: See information about the WEAK pragma and weak GCC-style variable attribute
in the TMS320C28x Optimizing C/C++ Compiler User's Guide.
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2.6.4

2.7

If there are multiple definitions of the same symbol, the linker uses certain rules to determine which
definition takes precedence. Some definitions may have weak binding and others may have strong
binding. "Strong" in this context means that the symbol has not been given a weak binding by either of the
two methods described above. Some definitions may come from an input object file (that is, using
assembly directives) and others may come from an assignment statement in a linker command file.

The linker uses the following guidelines to determine which definition is used when resolving references to
a symbol:

» A strongly bound symbol always takes precedence over a weakly bound symbol.

e If two symbols are both strongly bound or both weakly bound, a symbol defined in a linker command
file takes precedence over a symbol defined in an input object file.

» If two symbols are both strongly bound and both are defined in an input object file, the linker provides a
symbol redefinition error and halts the link process.

The Symbol Table

The assembler generates entries with global (external) binding in the symbol table for each of the
following:

» Each .ref, .def, or .global directive (see Section 2.6.1)
* The beginning of each section

The assembler generates entries with local binding for each locally-available function.
For informational purposes, there are also entries in the symbol table for each symbol in a program.

Symbolic Relocations

The assembler treats each section as if it began at address 0. Of course, all sections cannot actually
begin at address 0 in memory, so the linker must relocate sections. For COFF, all relocations are relative
to address 0 in their sections. For EABI, relocations are symbol-relative rather than section-relative.

The linker can relocate sections by:

» Allocating them into the memory map so that they begin at the appropriate address as defined with the
linker's MEMORY directive

» Adjusting symbol values to correspond to the new section addresses

» Adjusting references to relocated symbols to reflect the adjusted symbol values

The linker uses relocation entries to adjust references to symbol values. The assembler creates a
relocation entry each time a relocatable symbol is referenced. The linker then uses these entries to patch

the references after the symbols are relocated. Example 2-1 contains a code fragment for a TMS320C28x
device for which the assembler generates relocation entries.

Example 2-1. Code That Generates Relocation Entries

1 -global X

2 00000000 -text

3 00000000 0080* LC Y ; Generates a relocation entry
00000001 0004

4 00000002 28A1! MoV AR1,#X ; Generates a relocation entry
00000003 0000

5 00000004 7621 Y: IDLE

271

Expressions With Multiple Relocatable Symbols (COFF Only)

Sometimes an expression contains more than one relocatable symbol, or cannot be evaluated at
assembly time. In this case, the assembler encodes the entire expression in the object file. After
determining the addresses of the symbols, the linker computes the value of the expression.
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Expression Cannot Be Larger Than Space Reserved

NOTE: If the value of an expression is larger, in bits, than the space reserved for it, you will receive
an error message from the linker.

Each section in an object module has a table of relocation entries. The table contains one relocation entry
for each relocatable reference in the section. The linker usually removes relocation entries after it uses
them. This prevents the output file from being relocated again (if it is relinked or when it is loaded). A file
that contains no relocation entries is an absolute file (all its addresses are absolute addresses, which are
addresses known at assembly time). If you want the linker to retain relocation entries, invoke the linker
with the --relocatable option (see Section 8.4.3.2).

In Example 2-1, both symbols X and Y are relocatable. Y is defined in the .text section of this module; X is
defined in another module. When the code is assembled, X has a value of 0 (the assembler assumes all
undefined external symbols have values of 0), and Y has a value of 4 (relative to address 0 in the .text
section). The assembler generates two relocation entries: one for X and one for Y. The reference to X is
an external reference (indicated by the ! character in the listing). The reference to Y is to an internally
defined relocatable symbol (indicated by the ' character in the listing).

After the code is linked, suppose that X is relocated to address 0x7100. Suppose also that the .text
section is relocated to begin at address 0x7200; Y now has a relocated value of 0x7204. The linker uses
the two relocation entries to patch the two references in the object code:

Sometimes an expression contains more than one relocatable symbol, or cannot be evaluated at
assembly time. In this case, the assembler encodes the entire expression in the object file. After
determining the addresses of the symbols, the linker computes the value of the expression as shown in
Example 2-2.

Example 2-2. Simple Assembler Listing

1 -global syml, sym2

2

3 00000000 FF20% MoV ACC, #(sym2-syml)
00000001 0000

The symbols sym1 and sym2 are both externally defined. Therefore, the assembler cannot evaluate the
expression sym2 - syml, so it encodes the expression in the object file. The '%' listing character indicates
a relocation expression. Suppose the linker relocates sym2 to 300h and sym1 to 200h. Then the linker
computes the value of the expression to be 300h - 200h = 100h. Thus the MOV instruction is patched to:

00000000 FF20 MOV ACC, #(sym2-syml)
00000001 0100

2.8 Loading a Program

The linker creates an executable object file which can be loaded in several ways, depending on your
execution environment. These methods include using Code Composer Studio or the hex conversion utility.
For details, see Section 3.1.
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Even after a program is written, compiled, and linked into an executable object file, there are still many
tasks that need to be performed before the program does its job. The program must be loaded onto the
target, memory and registers must be initialized, and the program must be set to running.

Some of these tasks need to be built into the program itself. Bootstrapping is the process of a program
performing some of its own initialization. Many of the necessary tasks are handled for you by the compiler
and linker, but if you need more control over these tasks, it helps to understand how the pieces are
expected to fit together.

This chapter will introduce you to the concepts involved in program loading, initialization, and startup.
This chapter does not cover dynamic loading.

This chapter currently provides examples for the C6000 device family. Refer to your device documentation
for various device-specific aspects of bootstrapping.
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3.1

3.11

Loading

A program needs to be placed into the target device's memory before it may be executed. Loading is the
process of preparing a program for execution by initializing device memory with the program's code and
data. A loader might be another program on the device, an external agent (for example, a debugger), or
the device might initialize itself after power-on, which is known as bootstrap loading, or bootloading.

The loader is responsible for constructing the load image in memory before the program starts. The load
image is the program's code and data in memory before execution. What exactly constitutes loading
depends on the environment, such as whether an operating system is present. This section describes
several loading schemes for bare-metal devices. This section is not exhaustive. Additionally, with the
COFF RAM maodel, the loader is responsible for parsing the .cinit section and performing the initializations
encoded therein at load time.

A program may be loaded in the following ways:

» A debugger running on a connected host workstation. In a typical embedded development setup,
the device is subordinate to a host running a debugger such as Code Composer Studio (CCS). The
device is connected with a communication channel such as a JTAG interface. CCS reads the program
and writes the load image directly to target memory through the communications interface.

e "Burning" the load image onto an EPROM module. The hex converter (hex2000) can assist with
this by converting the executable object file into a format suitable for input to an EPROM programmer.
The EPROM is placed onto the device itself and becomes a part of the device's memory. See
Chapter 12 for details.

» Bootstrap loading from a dedicated peripheral, such as an I2C peripheral. The device may require
a small program called a bootloader to perform the loading from the peripheral. The hex converter can
assist in creating a bootloader.

* Another program running on the device. The running program can create the load image and
transfer control to the loaded program. If an operating system is present, it may have the ability to load
and run programs.

Load and Run Addresses

Consider an embedded device for which the program's load image is burned onto EPROM/ROM. Variable
data in the program must be writable, and so must be located in writable memory, typically RAM.
However, RAM is volatile, meaning it will lose its contents when the power goes out. If this data must have
an initial value, that initial value must be stored somewhere else in the load image, or it would be lost
when power is cycled. The initial value must be copied from the non-volatile ROM to its run-time location
in RAM before it is used. See Section 8.8 for ways this is done.

The load address is the location of an object in the load image.
The run address is the location of the object as it exists during program execution.
An object is a chunk of memory. It represents a section, segment, function, or data.

The load and run addresses for an object may be the same. This is commonly the case for program code
and read-only data, such as the .econst section. In this case, the program can read the data directly from
the load address. Sections that have no initial value, such as the .ebss section, do not have load data and
are considered to have load and run addresses that are the same. If you specify different load and run
addresses for an uninitialized section, the linker provides a warning and ignores the load address.

The load and run addresses for an object may be different. This is commonly the case for writable data,
such as the .data section. The .data section's starting contents are placed in ROM and copied to RAM.
This often occurs during program startup, but depending on the needs of the object, it may be deferred to
sometime later in the program as described in Section 3.5.

Symbols in assembly code and object files almost always refer to the run address. When you look at an
address in the program, you are almost always looking at the run address. The load address is rarely
used for anything but initialization.

The load and run addresses for a section are controlled by the linker command file and are recorded in
the object file metadata.
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The load address determines where a loader places the raw data for the section. Any references to the
section (such as references to labels in it) refer to its run address. The application must copy the section
from its load address to its run address before the first reference of the symbol is encountered at run time;
this does not happen automatically simply because you specify a separate run address. For examples that
specify load and run addresses, see Section 8.5.6.1.

For an example that illustrates how to move a block of code at run time, see Example 8-10. To create a
symbol that lets you refer to the load-time address, rather than the run-time address, see the .label
directive. To use copy tables to copy objects from load-space to run-space at boot time, see Section 8.8.

ELF format executable object files contain segments. See Section 2.3 for information about sections and
segments. COFF format executable object files contain sections.

3.1.2 Bootstrap Loading

The details of bootstrap loading (bootloading) vary a great deal between devices. Not every device
supports every bootloading mode, and using the bootloader is optional. This section discusses various
bootloading schemes to help you understand how they work. Refer to your device's data sheet to see
which bootloading schemes are available and how to use them.

A typical embedded system uses bootloading to initialize the device. The program code and data may be
stored in ROM or FLASH memory. At power-on, an on-chip bootloader (the primary bootloader) built into
the device hardware starts automatically.

Figure 3-1. Bootloading Sequence (Simplified)

Power On

Device Reset:
on-chip bootloader

Entry point:
( _c_int00 by default)

main

The primary bootloader is typically very small and copies a limited amount of memory from a dedicated
location in ROM to a dedicated location in RAM. (Some bootloaders support copying the program from an
I/O peripheral.) After the copy is completed, it transfers control to the program.

For many programs, the primary bootloader is not capable of loading the entire program, so these
programs supply a more capable secondary bootloader. The primary bootloader loads the secondary
bootloader and transfers control to it. Then, the secondary bootloader loads the rest of the program and
transfers control to it. There can be any number of layers of bootloaders, each loading a more capable
bootloader to which it transfers control.
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Figure 3-2. Bootloading Sequence with Secondary Bootloader

Power On

Device Reset:
on-chip bootloader

CPU Reset

Secondary Bootloader

Entry point:
(_c_int00 by default)

main

3.1.2.1 Boot, Load, and Run Addresses
The boot address of a bootloaded object is where its raw data exists in ROM before power-on.

The boot, load, and run addresses for an object may all be the same; this is commonly the case for .const
data. If they are different, the object's contents must be copied to the correct location before the object
may be used.

The boot address may be different than the load address. The bootloader is responsible for copying the
raw data to the load address.

The boot address is not controlled by the linker command file or recorded in the object file; it is strictly a
convention shared by the bootloader and the program.
3.1.2.2 Primary Bootloader
The detailed operation of the primary bootloader is device-specific. Some devices have complex
capabilities such as booting from an 1/O peripheral or configuring memory controller parameters.
3.1.2.3 Secondary Bootloader

The hex converter assumes the secondary bootloader is of a particular format. The hex converter's model
bootloader uses a boot table. You can use whatever format you want, but if you follow this model, the hex
converter can create the boot table automatically.
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3.1.2.4 Boot Table

The input for the model secondary bootloader is the boot table. The boot table contains records that
instruct the secondary bootloader to copy blocks of data contained in the table to specified destination
addresses. The hex conversion utility automatically builds the boot table for the secondary bootloader.
Using the utility, you specify the sections you want to initialize, the boot table location, and the name of the
section containing the secondary bootloader routine and where it should be located. The hex conversion
utility builds a complete image of the table and adds it to the program.

The boot table is target-specific. For C6000, the format of the boot table is simple. A header record
contains a 4-byte field that indicates where the boot loader should branch after it has completed copying
data. After the header, each section that is to be included in the boot table has the following contents:

» 4-byte field containing the size of the section

e 4-byte field containing the destination address for the copy

» the raw data

» 0 to 3 bytes of trailing padding to make the next field aligned to 4 bytes

More than one section can be entered; a termination block containing an all-zero 4-byte field follows the
last section.

See Section 12.11.2 for details about the boot table format.

3.1.2.5 Bootloader Routine

The bootloader routine is a normal function, except that it executes before the C environment is set up.
For this reason, it can't use the C stack, and it can't call any functions that have yet to be loaded!

The following sample code is for C6000 and is from Creating a Second-Level Bootloader for FLASH
Bootloading on TMS320C6000 Platform With Code Composer Studio (SPRA999).

Example 3-1. Sample Secondary Bootloader Routine

; global EMIF symbols defined for the c671x family
-include boot_c671x.h62
.sect ".boot_load"”
-global _boot

_boot:

;* DEBUG LOOP - COMMENT OUT B FOR NORMAL OPERATION

zero Bl

_myloop: ; [!B1] B _myloop
nop 5

_myloopend: nop

;* CONFIGURE EMIF

; *EMIF_GCTL = EMIF_GCTL_V;

mvkl EMIF_GCTL,A4
11 mvkl EMIF_GCTL_V,B4
mvkh EMIF_GCTL,A4
11 mvkh EMIF_GCTL_V,B4
stw B4,*A4

; *EMIF_CEO = EMIF_CEO_V

mvkl EMIF_CEO,A4

1 mvkl EMIF_CEO_V,B4
mvkh EMIF_CEO,A4

T mvkh EMIF_CEO_V,B4
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Example 3-1. Sample Secondary Bootloader Routine (continued)

stw

B4 ,*A4

*EMIF_CE1 = EMIF_CE1_V (setup for 8-bit async)

mvkl
11 mvkl
mvkh
11 mvkh
stw

EMIF_CE1,A4
EMIF_CE1_V,B4
EMIF_CE1,A4
EMIF_CE1_V,B4
B4,*A4

*EMIF_CE2 = EMIF_CE2_V (setup for 32-bit async)

mvkl
11 mvkl
mvkh
11 mvkh
stw

EMIF_CE2,A4
EMIF_CE2_V,B4
EMIF_CE2,A4
EMIF_CE2_V,B4
B4,*Ad

*EMIF_CE3 = EMIF_CE3_V (setup for 32-bit async)

11 mvkl
11 mvkl
mvkh
11 mvkh
stw

EMIF_CE3,A4
EMIF_CE3_V,B4
EMIF_CE3,A4
EMIF_CE3_V,B4
B4,*Ad

*EMIF_SDRAMCTL = EMIF_SDRAMCTL_V

mvkl
mvkl
mvkh
11 mvkh
stw

EMIF_SDRAMCTL ,A4

EMIF_SDRAMCTL_V,B4 ;

EMIF_SDRAMCTL ,A4

EMIF_SDRAMCTL_V,B4

B4,*A4

*EMIF_SDRAMTIM = EMIF_SDRAMTIM_V

11 mvkl
11 mvkl
mvkh
11 mvkh
stw

EMIF_SDRAMTIM,A4

EMIF_SDRAMTIM_V,B4 ;

EMIF_SDRAMTIM, A4

EMIF_SDRAMTIM_V,B4

B4,*A4

*EMIF_SDRAMEXT = EMIF_SDRAMEXT_V

11 mvkl
11 mvkl
mvkh
11 mvkh
stw

EMIF_SDRAMEXT ,A4

EMIF_SDRAMEXT_V,B4 ;

EMIF_SDRAMEXT ,A4

EMIF_SDRAMEXT_V,B4

B4,*A4

copy sections

load table pointer

Load entry point

byte count
ram start address

have we copied all sections?

decrement counter

38

mvkl COPY_TABLE, a3 ;
mvkh COPY_TABLE, a3
ldw  *a3++, bl ;
copy_section_top:
Idw  *a3++, b0 ;
ldw  *a3++, a4 ;
nop 3
[bO] b copy_done ;
nop 5
copy_loop:
Idb  *a3++,b5
sub  b0,1,b0 ;
Program Loading and Running
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Example 3-1. Sample Secondary Bootloader Routine (continued)

[ bo]
['b0]

[1b0]

[1b0]
[ al]

b copy_loop ; setup branch if not done
b copy_section_top
zero al

and 3,a3,al
stb  b5,*ad++
and -4,a3,a5 ; round address up to next multiple of 4
add 4,a5,a3 ; round address up to next multiple of 4

; jump to entry point

copy_done:

b .S2 bl
nop 5
3.2 Entry Point

The entry point is the address at which the execution of the program begins. This is the address of the
startup routine. The startup routine is responsible for initializing and calling the rest of the program. For a
C/C++ program, the startup routine is usually named _c_int00 (see Section 3.3.1). After the program is
loaded, the value of the entry point is placed in the PC register and the CPU is allowed to run.

The object file has an entry point field. For a C/C++ program, the linker will fill in _c_int00 by default. You
can select a custom entry point; see Section 8.4.13. The device itself cannot read the entry point field from
the object file, so it has to be encoded in the program somewhere.

» If you are using a bootloader, the boot table includes an entry point field. When it finishes running, the
bootloader branches to the entry point.

« If you are using an interrupt vector, the entry point is installed as the RESET interrupt handler. When
RESET is applied, the startup routine will be invoked.

» If you are using a hosted debugger, such as CCS, the debugger may explicitly set the program counter
(PC) to the value of the entry point.

3.3 Run-Time Initialization
After the load image is in place, the program can run. The subsections that follow describe bootstrap
initialization of a C/C++ program. An assembly-only program may not need to perform all of these steps.
3.3.1 The c_int00 Function
The function _c_int00 is the startup routine (also called the boot routine) for C/C++ programs. It performs
all the steps necessary for a C/C++ program to initialize itself.
The name _c_int00 means that it is the interrupt handler for interrupt number 0, RESET, and that it sets
up the C environment. Its name need not be exactly _c_int00, but the linker sets _c_int00 as the entry
point for C programs by default. The compiler's run-time-support library provides a default implementation
of _c_int0O.
The startup routine is responsible for performing the following actions:
1. Set up status and configuration registers
2. Set up the stack
3. Process the .cinit run-time initialization table to autoinitialize global variables (when using the --
rom_model option)
4. Call all global object constructors in .init_array (for EABI) .pinit (for COFF)
5. Call the function main
6. Call exit when main returns
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3.3.2 RAM Model vs. ROM Model

Choose a startup model based on the needs of your application. The ROM model performs more work
during the boot routine. The RAM model performs more work while loading the application.

If your application is likely to need frequent RESETS or is a standalone application, the ROM model may
be a better choice, because the boot routine will have all the data it needs to initialize RAM variables.
However, for a system with an operating system, it may be better to use the RAM model.

In the COFF RAM model, the loader is first responsible for processing the .cinit section. The .cinit section
is a NOLOAD section, which means it does not get allocated to target memory. Instead, the loader is
responsible for parsing the .cinit section and performing the initializations encoded therein at load time.

In both the COFF ROM and EABI ROM models, the C boot routine copies data from the .cinit section to
the run-time location of the variables to be initialized.

In the EABI RAM model, no .cinit records are generated at startup.

3.3.2.1 Autoinitializing Variables at Run Time (--rom_model)

Autoinitializing variables at run time is the default method of autoinitialization. To use this method, invoke
the linker with the --rom_model option.

The ROM model allows initialization data to be stored in slow non-volatile memory and copied to fast
memory each time the program is reset. Use this method if your application runs from code burned into
slow memory or needs to survive a reset.

For the ROM model with EABI, the .cinit section is loaded into memory along with all the other initialized
sections. The linker defines a special symbol called __TI_CINIT_Base that points to the beginning of the
initialization tables in memory. When the program begins running, the C boot routine copies data from the
tables (pointed to by .cinit) into the run-time location of the variables.

For the ROM model with COFF, the .cinit section is loaded into memory along with all the other initialized
sections. The linker defines a special symbol called cinit that points to the beginning of the initialization
tables in memory. When the program begins running, the C boot routine copies data from the tables
(pointed to by .cinit) into the specified variables in the .ebss or user-defined section.

Figure 3-3 illustrates autoinitialization at run time for the COFF ABI using the ROM model.

Figure 3-3. Autoinitialization at Run Time
Obiject file Memory

cinit| Initialization
» Loader S tables
(EXT_MEM)

.cinit
section

Boot
routine

.ebss
section 4
(D_MEM)

3.3.2.2 Initializing Variables at Load Time (--ram_model)

The RAM model Initializes variables at load time. To use this method, invoke the linker with the --
ram_model option.

This model may reduce boot time and save memory used by the initialization tables.

40
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When you use the --ram_model linker option, the linker sets the STYP_COPY bit in the .cinit section's
header. This tells the loader not to load the .cinit section into memory. (The .cinit section occupies no
space in the memory map.)

For COFF, the linker also sets the cinit symbol to -1 (normally, cinit points to the beginning of the
initialization tables). This indicates to the boot routine that the initialization tables are not present in
memory; accordingly, no run-time initialization is performed at boot time.

For EABI, the linker sets Tl _CINIT_Base equal to __ TI_CINIT_Limit to indicate there are no .cinit
records.

A COFF loader must be able to perform the following tasks to use initialization at load time:
» Detect the presence of the .cinit section in the object file.

» Determine that STYP_COPY is set in the .cinit section header, so that it knows not to copy the .cinit
section into memory.

» Understand the format of the initialization tables.
For EABI, the loader copies values directly from the .data section to memory.

Figure 3-4 illustrates the initialization of variables at load time for the COFF ABI..

Figure 3-4. Initialization at Load Time
Object file Memory

.cinit Loader

A

E—— .ebss

3.3.2.3 The --rom_model and --ram_model Linker Options

The following list outlines what happens when you invoke the linker with the --ram_model or --rom_model

option.

» The symbol _c_int00 is defined as the program entry point. The _c_int00 symbol is the start of the C
boot routine in boot.c.obj. Referencing _c_int00 ensures that boot.c.obj is automatically linked in from
the appropriate run-time-support library.

e For COFF, the .cinit output section is padded with a termination record to tell the boot routine
(autoinitialize at run time) or the loader (initialize at load time) when to stop reading initialization tables.

*  When you use the RAM model to initialize at load time (--ram_model option):

— For COFF, the linker sets cinit to -1. This indicates that the initialization tables are not in memory,
S0 no initialization is performed at run time.

— For EABI, the linker defines a special symbol called __TI_CINIT_Base that points to the beginning
of the initialization tables in memory. When the program begins running, the C boot routine copies
data from the tables (pointed to by .cinit) into the run-time location of the variables.

— For COFF, the linker sets the STYP_COPY flag (0010h) in the .cinit section header. STYP_COPY
is a special attribute that tells the loader to perform initialization directly and not to load the .cinit
section into memory. The linker does not allocate space in memory for the .cinit section.

* When you use the ROM model to autoinitialize at run time (--rom_model option):
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— For COFF, the linker defines cinit as the starting address of the .cinit section. The C boot routine
uses this symbol as the starting point for autoinitialization.

— For EABI, the linker sets __ TI_CINIT_Base equal to __TI_CINIT_Limit to indicate there are no .cinit
records.

Loader

NOTE: A loader is not included as part of the TMS320C28x C/C++ compiler tools. Use Code
Composer Studio as a loader.

3.3.3 About Linker-Generated Copy Tables

The RTS function copy_in can be used at run-time to move code and data around, usually from its load
address to its run address. This function reads size and location information from copy tables. The linker
automatically generates several kinds of copy tables. Refer to Section 8.8.

You can create and control code overlays with copy tables. See Section 8.8.4 for details and examples.

Copy tables can be used by the linker to implement run-time relocations as described in Section 3.5,
however copy tables require a specific table format.

3.3.3.1 BINIT

The BINIT (boot-time initialization) copy table is special in that the target will automatically perform the
copying at auto-initialization time. Refer to Section 8.8.4.2 for more about the BINIT copy table name. The
BINIT copy table is copied before .cinit processing.

3.3.3.2 CINIT

EABI .cinit tables are special kinds of copy tables. Refer to Section 3.3.2.1 for more about using the .cinit
section with the ROM model and Section 3.3.2.2 for more using it with the RAM model.

COFF .cinit tables can be used to provide copy table functionality. See Section 8.8 for more information.

3.4 Arguments to main
Some programs expect arguments to main (argc, argv) to be valid. Normally this isn't possible for an
embedded program, but the TI runtime does provide a way to do it. The user must allocate an .args
section of an appropriate size using the --args linker option. It is the responsibility of the loader to populate
the .args section. It is not specified how the loader determines which arguments to pass to the target. The
format of the arguments is the same as an array of pointers to char on the target.
See Section 8.4.4 for information about allocating memory for argument passing.

3.5 Run-Time Relocation
At times you may want to load code into one area of memory and move it to another area before running
it. For example, you may have performance-critical code in an external-memory-based system. The code
must be loaded into external memory, but it would run faster in internal memory. Because internal memory
is limited, you might swap in different speed-critical functions at different times.
The linker provides a way to handle this. Using the SECTIONS directive, you can optionally direct the
linker to allocate a section twice: first to set its load address and again to set its run address. Use the load
keyword for the load address and the run keyword for the run address. See Section 3.1.1 for more about
load and run addresses. If a section is assigned two addresses at link time, all labels defined in the
section are relocated to refer to the run-time address so that references to the section (such as branches)
are correct when the code runs.
If you provide only one allocation (either load or run) for a section, the section is allocated only once and
loads and runs at the same address. If you provide both allocations, the section is actually allocated as if it
were two separate sections. The two sections are the same size if the load section is not compressed.
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Uninitialized sections (such as .ebss or .bss) are not loaded, so the only significant address is the run
address. The linker allocates uninitialized sections only once; if you specify both run and load addresses,
the linker warns you and ignores the load address.

For a complete description of run-time relocation, see Section 8.5.6.

3.6 Additional Information
See the following sections and documents for additional information:
Section 8.4.4, "Allocate Memory for Use by the Loader to Pass Arguments (--arg_size Option)"
Section 8.4.13, "Define an Entry Point (--entry_point Option)"
Section 8.5.6.1 ,"Specifying Load and Run Addresses"
Section 8.8, "Linker-Generated Copy Tables"
Section 8.11.1, "Run-Time Initialization"
Chapter 12, "Hex Conversion Utility Description"

"Run-Time Initialization" and "System Initialization" sections in the TMS320C28x Optimizing C/C++
Compiler User's Guide
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The TMS320C28x assembler translates assembly language source files into machine language object
files. These files are object modules, which are discussed in Chapter 2. Source files can contain the
following assembly language elements:

Assembler directives described in Chapter 5
Macro directives described in Chapter 6
Assembly language instructions described in the TMS320C28x DSP CPU and Instruction Set

Reference Guide.
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Assembler Overview

41 Assembler Overview

The 2-pass assembler does the following:

Processes the source statements in a text file to produce a relocatable object file
Produces a source listing (if requested) and provides you with control over this listing

Allows you to divide your code into sections and maintain a section program counter (SPC) for each
section of object code

Defines and references global symbols and appends a cross-reference listing to the source listing (if
requested)

Allows conditional assembly
Supports macros, allowing you to define macros inline or in a library
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4.2 The Assembler's Role in the Software Development Flow

Figure 4-1 illustrates the assembler's role in the software development flow. The shaded portion highlights
the most common assembler development path. The assembler accepts assembly language source files
as input, both those you create and those created by the TMS320C28x C/C++ compiler.

Figure 4-1. The Assembler in the TMS320C28x Software Development Flow
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Invoking the Assembler

4.3 Invoking the Assembler

To invoke the assembler, enter the following:

¢12000 input file [options]

¢l2000 is the command that invokes the assembler through the compiler. The compiler considers
any file with an .asm extension to be an assembly file and invokes the assembler.

input file names the assembly language source file.

options identify the assembler options that you want to use. Options are case sensitive and can

appear anywhere on the command line following the command. Precede each option with
one or two hyphens as shown.

The valid assembler options are listed in Table 4-1.

Table 4-1. TMS320C28x Assembler Options

Option

Alias

Description

--absolute_listing

--asm_define=name[=def]

--asm_dependency

--asm_includes

--asm_listing
--asm_listing_cross_reference

--asm_undefine=name

--cla_support[=cla0|clal|cla2]

--cmd_file=filename

--float_support={ fpu32 | fpu64 }
--include_file=filename

--include_path=pathname

--quiet

--symdebug:dwarf or
--symdebug:none

-aa

-ad

-apd

-api

-ahi

Creates an absolute listing. When you use --absolute_listing, the assembler does not produce
an object file. The --absolute_listing option is used in conjunction with the absolute lister.

Sets the name symbol. This is equivalent to defining name with a .set directive in the case of a
numeric value or with an .asg directive otherwise. If value is omitted, the symbol is set to 1.
See Section 4.8.5.

Performs preprocessing for assembly files, but instead of writing preprocessed output, writes a
list of dependency lines suitable for input to a standard make utility. The list is written to a file
with the same name as the source file but with a .ppa extension.

Performs preprocessing for assembly files, but instead of writing preprocessed output, writes a
list of files included with the .include directive. The list is written to a file with the same name
as the source file but with a .ppa extension.

Produces a listing file with the same name as the input file with a .Ist extension.

Produces a cross-reference table and appends it to the end of the listing file; it also adds
cross-reference information to the object file for use by the cross-reference utility. If you do not
request a listing file but use the --asm_listing_cross_reference option, the assembler creates a
listing file automatically, naming it with the same name as the input file with a .Ist extension.

Undefines the predefined constant name, which overrides any --asm_define options for the
specified constant.

Specifies TMS320C28x Control Law Accelerator (CLA) Type 0, Type 1, or Type 2 support.
This option is used to compile or assemble code written for the CLA. This option does not
need any special library support when linking; the libraries used for C28x with/without FPU
support should be sufficient.

Appends the contents of a file to the command line. You can use this option to avoid limitations
on command line length imposed by the host operating system. Use an asterisk or a
semicolon (* or ;) at the beginning of a line in the command file to include comments.
Comments that begin in any other column must begin with a semicolon. Within the command
file, filenames or option parameters containing embedded spaces or hyphens must be
surrounded with quotation marks. For example: "this-file.asm"

Assembles code for C28x with 32-bit or 64-bit hardware FPU support.

Includes the specified file for the assembly module. The file is included before source file
statements. The included file does not appear in the assembly listing files.

Specifies a directory where the assembler can find files named by the .copy, .include, or .mlib
directives. There is no limit to the number of directories you can specify in this manner; each
pathname must be preceded by the --include_path option. See Section 4.5.1.

Suppresses the banner and progress information (assembler runs in quiet mode).

(DWARF is on by default) Enables assembler source debugging in the C source debugger.
Line information is output to the object module for every line of source in the assembly
language source file. You cannot use this option on assembly code that contains .line
directives. See Section 4.13.
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Table 4-1. TMS320C28x Assembler Options (continued)

Option

Alias Description

--vcu_support[=vcuO|vcu2|vcrc] Specifies support for the Viterbi, Complex Math and CRC Unit (VCU), Type 0 or Type 2. The

default is vcuO. Note that there is no VCU Type 1. This option is useful only if the source is in
assembly code, written for the VCU. The option is ignored for C/C++ code. This option does
not require any special library support from the linker; the libraries used for C28x with/without
VCU support should be sufficient.

4.4

4.5

Controlling Application Binary Interface

An Application Binary Interface (ABI) defines the low level interface between object files, and between an
executable and its execution environment. The ABI exists to allow ABI-compliant object code to link
together, regardless of its source, and allows the resulting executable to run on any system that supports
that ABI.

The C28x Code Generation Tools support both the COFF ABI and the EABI ABI. The ABI used by the
assembler is determined by the --abi command-line option.
» COFF ABI: (--abi=coffabi, the default)

When using the COFF ABI, the output files are in COFF format. See the Common Object File Format
Application Report (SPRAAQOS) for details.

» EABI: (--abi=eabi)

When using EABI, the output files are in Executable and Linking Format (ELF). See the TMS320C28x
Optimizing C/C++ Compiler User's Guide (SPRU514) and the C28x Embedded Application Binary
Interface Application Report (SPRACT71) for information on the EABI ABI.

All object files in an application must be built for the same ABI. The linker detects situations where object
modules conform to different ABIs and generates an error.

Converting an assembly file from the COFF API to EABI requires some changes to the assembly code.
For example, you would typically need to make the following changes when a memory section is
referenced:

e .ebssto .bss

e .esysmem to .sysmem
e .econst to .const

e .pinit to .init_array

The examples in this guide are generally written for the COFF ABI.

Naming Alternate Directories for Assembler Input

The .copy, .include, and .mlib directives tell the assembler to use code from external files. The .copy and
.include directives tell the assembler to read source statements from another file, and the .mlib directive
names a library that contains macro functions. Chapter 5 contains examples of the .copy, .include, and
.mlib directives. The syntax for these directives is:

.copy ["Ifilename["]
.include ["]filename["]
.mlib ["]filename["]

The filename names a copy/include file that the assembler reads statements from or a macro library that
contains macro definitions. If filename begins with a number the double quotes are required. Quotes are
recommended so that there is no issue in dealing with path information that is included in the filename
specification or path names that include white space. The filename may be a complete pathname, a partial
pathname, or a filename with no path information.
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45.2

The assembler searches for the file in the following locations in the order given:

1. The directory that contains the current source file. The current source file is the file being assembled
when the .copy, .include, or .mlib directive is encountered.

2. Any directories named with the --include_path option

3. Any directories named with the C2000_A_DIR environment variable

4. Any directories named with the C2000_C_DIR environment variable

Because of this search hierarchy, you can augment the assembler's directory search algorithm by using
the --include_path option (described in Section 4.5.1) or the C2000_A_DIR environment variable

(described in Section 4.5.2). The C2000_C_DIR environment variable is discussed in the TMS320C28x
Optimizing C/C++ Compiler User's Guide.

Using the --include_path Assembler Option

The --include_path assembler option names an alternate directory that contains copy/include files or
macro libraries. The format of the --include_path option is as follows:

¢l2000 --include_path= pathname source filename [other options] ‘

There is no limit to the number of --include_path options per invocation; each --include_path option names
one pathname. In assembly source, you can use the .copy, .include, or .mlib directive without specifying
path information. If the assembler does not find the file in the directory that contains the current source
file, it searches the paths designated by the --include_path options.

For example, assume that a file called source.asm is in the current directory; source.asm contains the
following directive statement:

.copy '‘copy-.asm"

Assume the following paths for the copy.asm file:

UNIX: ltools/files/copy.asm
Windows: c:\tools\files\copy.asm

You could set up the search path with the commands shown below:

Operating System Enter

UNIX (Bourne shell) cl2000 --include_path=/tools/files source.asm
Windows cl2000 --include_path=c:\tools\files source.asm

The assembler first searches for copy.asm in the current directory because source.asm is in the current
directory. Then the assembler searches in the directory named with the --include_path option.

Using the C2000_A_DIR Environment Variable

An environment variable is a system symbol that you define and assign a string to. The assembler uses
the C2000_A_DIR environment variable to name alternate directories that contain copy/include files or
macro libraries.

The assembler looks for the C2000_A_DIR environment variable and then reads and processes it. If the
assembler does not find the C2000_A_DIR variable, it then searches for C2000_C_DIR. The processor-
specific variables are useful when you are using Texas Instruments tools for different processors at the
same time.

See the TMS320C28x Optimizing C/C++ Compiler User's Guide for details on C2000_C_DIR.
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The command syntax for assigning the environment variable is as follows:

Operating System Enter
UNIX (Bourne Shell) C2000_A_DIR=" pathname, ; pathname, ; . .."; export C2000_A_DIR
Windows set C2000_A_DIR= pathname, ; pathname, ; . ..

The pathnames are directories that contain copy/include files or macro libraries. The pathnames must
follow these constraints:

e Pathnames must be separated with a semicolon.

» Spaces or tabs at the beginning or end of a path are ignored. For example the space before and after
the semicolon in the following is ignored:

set C28X_A DIR= c:\path\one\to\tools ; c:\path\two\to\tools

* Spaces and tabs are allowed within paths to accommodate Windows directories that contain spaces.
For example, the pathnames in the following are valid:

set C28X_A DIR=c:\first path\to\tools;d:\second path\to\tools

In assembly source, you can use the .copy, .include, or .mlib directive without specifying path information.
If the assembler does not find the file in the directory that contains the current source file or in directories
named by the --include_path option, it searches the paths nhamed by the environment variable.

For example, assume that a file called source.asm contains these statements:

.copy '‘copyl.asm™
.copy '‘copy2.asm"

Assume the following paths for the files:

UNIX: ftools/files/copyl.asm and /dsys/copy2.asm
Windows: c:\tools\files\copyl.asm and c:\dsys\copy2.asm

You could set up the search path with the commands shown below:

Operating System Enter
UNIX (Bourne shell) C2000_A DIR="/dsys"; export C2000_A DIR

cl2000 --include_path=/tools/files source.asm
Windows C2000_A _DIR=c:\dsys

cl2000 --include_path=c:\tools\files source.asm

The assembler first searches for copyl.asm and copy2.asm in the current directory because source.asm
is in the current directory. Then the assembler searches in the directory named with the --include_path
option and finds copyl.asm. Finally, the assembler searches the directory named with C2000_A DIR and
finds copy2.asm.

The environment variable remains set until you reboot the system or reset the variable by entering one of
these commands:

Operating System Enter
UNIX (Bourne shell) unset C2000_A DIR
Windows set C2000_A_DIR=
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4.6 Source Statement Format
Each line in a TMS320C28x assembly input file can be empty, a comment, an assembler directive, a
macro invocation, or an assembly instruction.
Assembly language source statements can contain four ordered fields (label, mnemonic, operand list, and
comment). The general syntax for source statements is as follows:
’[Iabel[:] 1[Il mnemonic [operand list] [;comment]
Labels cannot be placed on instructions that have parallel bars.
Following are examples of source statements:
two .set 2 ; Symbol two = 2
Begin: MOV  AR1,#two ; Load AR1 with 2
-word 016h ; Initialize a word with 016h
The C28x assembler reads an unlimited number of characters per line. Source statements that extend
beyond 400 characters in length (including comments) are truncated in the listing file.
Follow these guidelines:
« All statements must begin with a label, a blank, an asterisk, or a semicolon.
» Labels are optional for most statements; if used, they must begin in column 1.
» One or more space or tab characters must separate each field.
* Comments are optional. Comments that begin in column 1 can begin with an asterisk or a semicolon (*
or;), but comments that begin in any other column must begin with a semicolon.
NOTE: A mnemonic cannot begin in column 1 or it will be interpreted as a label. Mnemonic opcodes
and assembler directive names without the . prefix are valid label names. Remember to
always use whitespace before the mnemonic, or the assembler will think the identifier is a
new label definition.
The following sections describe each of the fields.
4.6.1 Label Field
A label must be a legal identifier (see Section 4.8.1) placed in column 1. Every instruction may optionally
have a label. Many directives allow a label, and some require a label.
A label can be followed by a colon (:). The colon is not treated as part of the label name. If you do not use
a label, the first character position must contain a blank, a semicolon, or an asterisk.
When you use a label on an assembly instruction or data directive, an assembler symbol (Section 4.8)
with the same name is created. Its value is the current value of the section program counter (SPC, see
Section 2.4.5). This symbol represents the address of that instruction. In the following example, the .word
directive is used to create an array of 3 words. Because a label was used, the assembly symbol Start
refers to the first word, and the symbol will have the value 40h.
9 - - * Assume some code was assembled
10 000040 000A Start: .word 0Ah,3,7
000044 0003
000048 0007
A label on a line by itself is a valid statement. When a label appears on a line by itself, it points to the
instruction on the next line (the SPC is not incremented):
1 000000 Here:
2 000000 0003 .word 3
A label on a line by itself is equivalent to writing:
Here: .equ $ ; $ provides the current value of the SPC
If you do not use a label, the character in column 1 must be a blank, an asterisk, or a semicolon.
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4.6.2 Mnemonic Field
The mnemonic field follows the label field. The mnemonic field cannot start in column 1; if it does, it is
interpreted as a label. The mnemonic field can begin with pipe symbols (]|) when the previous instruction
is a RPT. Pipe symbols that follow a RPT instruction indicate instructions that are repeated. For example:
RPT
| Inst2 «—— This instruction is repeated.
In the case of C28x with FPU support, the mnemonic field can begin with pipe symbols to indicate
instructions that are to be executed in parallel. For example, in the instance given below, Instl and Inst2
are FPU instructions that execute in parallel:
Instr1
[l Instr2
Next, the mnemonic field contains one of the following items:
e Machine-instruction mnemonic (such as ADD, MOV, or B)
» Assembler directive (such as .data, .list, .equ)
* Macro directive (such as .macro, .var, .mexit)
* Macro invocation
4.6.3 Operand Field
The operand field follows the mnemonic field and contains zero or more comma-separated operands. An
operand can be one of the following:
* an immediate operand (usually a constant or symbol) (see Section 4.7 and Section 4.8)
e aregister operand
e a memory reference operand
» an expression that evaluates to one of the above (see Section 4.9)
An immediate operand is encoded directly in the instruction. The value of an immediate operand must be
a constant expression. Most instructions with an immediate operand require an absolute constant
expression, such as 1234. Some instructions (such as a call instruction) allow a relocatable constant
expression, such as a symbol defined in another file. (See Section 4.9 for details about types of
expressions.)
A register operand is a special pre-defined symbol that represents a CPU register.
A memory reference operand uses one of several memory addressing modes to refer to a location in
memory. Memory reference operands use a special target-specific syntax defined in the appropriate CPU
and Instruction Set Reference Guide.
You must separate operands with commas. Not all operand types are supported for all operands. See the
description of the specific instruction in the CPU and Instruction Set Reference Guide for your device
family.
4.6.4 Comment Field
A comment can begin in any column and extends to the end of the source line. A comment can contain
any ASCII character, including blanks. Comments are printed in the assembly source listing, but they do
not affect the assembly.
A source statement that contains only a comment is valid. If it begins in column 1, it can start with a
semicolon ( ;) or an asterisk ( *). Comments that begin anywhere else on the line must begin with a
semicolon. The asterisk identifies a comment only if it appears in column 1.
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4.7

4.7.1

Literal Constants

A literal constant (also known as a literal or in some other documents as an immediate value) is a value
that represents itself, such as 12, 3.14, or "hello".

The assembler supports several types of literals:
* Binary integer literals

* Octal integer literals

« Decimal integer literals

» Hexadecimal integer literals

* Character literals

» Character string literals

* Floating-point literals

Error checking for invalid or incomplete literals is performed.

Integer Literals

The assembler maintains each integer literal internally as a 32-bit signless quantity. Literals are
considered unsigned values, and are not sign extended. For example, the literal 00FFh is equal to O0FF
(base 16) or 255 (base 10); it does not equal -1. which is OFFFFFFFFh (base 16). Note that if you store
OFFh in a .byte location, the bits will be exactly the same as if you had stored -1. It is up to the reader of
that location to interpret the signedness of the bits.

4.7.1.1 Binary Integer Literals

A binary integer literal is a string of up to 32 binary digits (Os and 1s) followed by the suffix B (or b). Binary
literals of the form "0[bB][10]+" are also supported. If fewer than 32 digits are specified, the assembler
right justifies the value and fills the unspecified bits with zeros. These are examples of valid binary literals:

00000000B Literal equal to 0,4 Or 046
0100000b Literal equal to 32,, or 20,4
01b Literal equal to 1,, or 1,4
11111000B Literal equal to 248,, or OF8,4
0b00101010 Literal equal to 42,, or 2A ;4
0B101010 Literal equal to 42,, or 2A

4.7.1.2 Octal Integer Literals

An octal integer literal is a string of up to 11 octal digits (0 through 7) followed by the suffix Q (or q). Octal
literals may also begin with a 0, contain no 8 or 9 digits, and end with no suffix. These are examples of
valid octal literals:

10Q Literal equal to 8,, or 8,4
054321 Literal equal to 22737, or 58D1,;
100000Q Literal equal to 32768, or 8000,
2269 Literal equal to 150, or 96,4
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4.7.1.3 Decimal Integer Literals

A decimal integer literal is a string of decimal digits ranging from -2147 483 648 to 4 294 967 295. These
are examples of valid decimal integer literals:

1000 Literal equal to 1000,, or 3E8,;
-32768 Literal equal to -32 768, or -8000,,
25 Literal equal to 25;, or 19,4

4815162342 Literal equal to 4815162342,, or 11FO18BEG6,;

4.7.1.4 Hexadecimal Integer Literals

A hexadecimal integer literal is a string of up to eight hexadecimal digits followed by the suffix H (or h) or
preceded by 0x. A hexadecimal literal must begin with a decimal value (0-9) if it is indicated by the H or h
suffix.

Hexadecimal digits include the decimal values 0-9 and the letters A-F or a-f. If fewer than eight
hexadecimal digits are specified, the assembler right-justifies the bits.

These are examples of valid hexadecimal literals:

78h Literal equal to 120,, or 0078,
0x78 Literal equal to 120,, or 0078,
OFh Literal equal to 15,, or 000F 4
37ACh Literal equal to 14252, or 37AC;

4,7.1.5 Character Literals

A character literal is a single character enclosed in single quotes. The characters are represented
internally as 8-bit ASCII characters. Two consecutive single quotes are required to represent each single
guote that is part of a character literal. A character literal consisting only of two single quotes is valid and
is assigned the value 0. These are examples of valid character literals:

Defines the character literal a and is represented internally as 61,4
'C' Defines the character literal C and is represented internally as 43,4
Defines the character literal ' and is represented internally as 274
Defines a null character and is represented internally as 00,4

Notice the difference between character literals and character string literals (Section 4.7.2 discusses
character strings). A character literal represents a single integer value; a string is a sequence of
characters.

4.7.2 Character String Literals

A character string is a sequence of characters enclosed in double quotes. Double quotes that are part of
character strings are represented by two consecutive double quotes. The maximum length of a string
varies and is defined for each directive that requires a character string. Characters are represented
internally as 8-bit ASCII characters.

These are examples of valid character strings:

"sample program"  defines the 14-character string sample program.
"PLAN ""C""" defines the 8-character string PLAN "C".
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Character strings are used for the following:

* Filenames, as in .copy "filename"

* Section names, as in .sect "section name"

» Data initialization directives, as in .byte "charstring"
e Operands of .string directives

4.7.3 Floating-Point Literals

A floating-point literal is a string of decimal digits followed by a required decimal point, an optional
fractional portion, and an optional exponent portion. The syntax for a floating-point number is:

[[+-1nnn. [nnn] [EJe [ +]-] nnn] |

Replace nnn with a string of decimal digits. You can precede nnn with a + or a -. You must specify a
decimal point. For example, 3.e5 is valid, but 3e5 is not valid. The exponent indicates a power of 10.
These are examples of valid floating-point literals:

3.0

3.14

3.

-0.314e13

+314.59e-2

The assembler syntax does not support all C89-style float literals nor C99-style hexadecimal constants,
but the $strtod built-in mathematical function supports both. If you want to specify a floating-point literal
using one of those formats, use $strtod. For example:

$strrod(*.3")
$strtod(''0x1.234p-5")

You cannot directly use NaN, Inf, or -Inf as floating-point literals. Instead, use $strtod to express these
values. The "NaN" and "Inf" strings are handled case-insensitively.

$strtod(*'NaN')
$strtod(C'Inf)

4.8 Assembler Symbols

An assembler symbol is a named 32-bit signless integer value, usually representing an address or
absolute integer. A symbol can represent such things as the starting address of a function, variable, or
section. The name of a symbol must be a legal identifier. The identifier becomes a symbolic
representation of the symbol's value, and may be used in subsequent instructions to refer to the symbol's
location or value.

Some assembler symbols become external symbols, and are placed in the object file's symbol table. A
symbol is valid only within the module in which it is defined, unless you use the .global directive or the .def
directive to declare it as an external symbol (see .global directive).

See Section 2.6 for more about symbols and the symbol tables in object files.

4.8.1 Identifiers

Identifiers are names used as labels, registers, symbols, and substitution symbols. An identifier is a string
of alphanumeric characters, the dollar sign, and underscores (A-Z, a-z, 0-9, $, and _). The first character
in an identifier cannot be a number, and identifiers cannot contain embedded blanks. The identifiers you
define are case sensitive; for example, the assembler recognizes ABC, Abc, and abc as three distinct
identifiers.
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4.8.2 Labels
An identifier used as a label becomes an assembler symbol, which represent an address in the program.
Labels within a file must be unique.
NOTE: A mnemonic cannot begin in column 1 or it will be interpreted as a label. Mnemonic opcodes
and assembler directive names without the . prefix are valid label names. Remember to
always use whitespace before the mnemonic, or the assembler will think the identifier is a
new label definition.
Symbols derived from labels can also be used as the operands of .bss, .global, .ref, or .def directives.
-global labell
label2: NOP
ADD  AR1, labell
SB label2, UNC
4.8.3 Local Labels

Local labels are special labels whose scope and effect are temporary. A local label can be defined in two

ways:

e $n, where n is a decimal digit in the range 0-9. For example, $4 and $1 are valid local labels. See
Example 4-1.

* name?, where name is any legal identifier as described above. The assembler replaces the question
mark with a period followed by a uniqgue number. When the source code is expanded, you will not see
the unique number in the listing file. Your label appears with the question mark as it did in the source
definition. See Example 4-2.

You cannot declare these types of labels as global.

Normal labels must be unique (they can be declared only once), and they can be used as constants in the

operand field. Local labels, however, can be undefined and defined again. Local labels cannot be defined

by directives.

A local label can be undefined or reset in one of these ways:

e By using the .newblock directive

* By changing sections (using a .sect, .text, or .data directive)

* By entering an include file (specified by the .include or .copy directive)

* By leaving an include file (specified by the .include or .copy directive)
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Example 4-1. Local Labels of the Form $n

This is an example of code that declares and uses a local label legally:

$1:
ADDB AL, #-7
B $1, GEQ

-newblock ; undefine $1 to use it again.

$1 Mov T, AL
MPYB ACC, T, #7
CMP AL, #1000
B $1, LT

The following code uses a local label illegally:

$1:
ADDB AL, #-7
B $1, GEQ
$1 MoV T, AL ; WRONG - $1 is multiply defined.

MPYB ACC, T, #7
CMP AL, #1000
B $1, LT

The $1 label is not undefined before being reused by the second branch instruction. Therefore, $1 is
redefined, which is illegal.

Local labels are especially useful in macros. If a macro contains a normal label and is called more than
once, the assembler issues a multiple-definition error. If you use a local label and .newblock within a
macro, however, the local label is used and reset each time the macro is expanded.

Up to ten local labels of the $n form can be in effect at one time. Local labels of the form name? are not
limited. After you undefine a local label, you can define it and use it again. Local labels do not appear in
the object code symbol table.
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Example 4-2. Local Labels of the Form name?
** First definition of local label mylab *x
nop
mylab? nop
B mylab?, UNC
** Include file has secon