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END USER LICENSE AGREEMENT BETWEEN THE “LICENSEE” AND SN SYSTEMSLTD “LICENSOR”

LICENSE: SN SystemsLtd (SN Systems) hereby grant the Licensee a non-transferable, non-exclusive right to use the
Licensor’s software product Tools on any single computer, provided that the Software isin use on only one computer at a
timein return for the license fee.

USE OF THE SYSTEM: Y ou may use the Software and associated User Documentation on any single computer fitted
with Cartridge Hardware. Y ou may also copy the Software for archival purposes, provided that any copy contains all the
proprietary notices for the original Software.

Y ou may not:

Permit other individuals to use the Software except under the terms listed above;

Modify, translate, reverse engineer, decompile, disassemble (except to the extent applicable laws specifically prohibit such
restriction) or create derivative works based on the Software;

Copy the Software (except for backup purposes);

Rent, lease, transfer or otherwise transfer rights to the Software;

Remove any proprietary notices or labels on the Software

TITLE: Title, ownership rights and intellectual property rights in and to the software shall remain in SN Systems L td.

COPYRIGHT: The Software is owned by the Licensor. The Licensee may not copy the manual (s) or any other written
materials accompanying the Software.

LIMITED WARRANTY: The Licensor warrants that the Software will perform substantially in accordance with the
accompanying manual (s) for a period of 30 days from the date of receipt PROVIDED that the failure of the Software has no
resulted from accident, abuse or misapplication.

CUSTOMER REMEDIES The Licensor’s entire liability and the Licensee’'s exclusive remedy shall at the Licensor’s
option, either be:

Q) return of the license fee paid or

(2) repair or replacement of the Software that does not meet the Licensor’s Limited Warranty outlined above.

DISCLAIMER OF WARRANTY: THE SOFTWARE, ACCOMPANYING MANUAL (S) AND ANY SUPPORT
FROM SN SYSTEM S ARE PROVIDED “AS 1S’ AND WITHOUT ANY OTHER EXPRESSED OR IMPLIED
WARRANTY, INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTIESOF MERCHANTABILITY
AND FITNESSFOR A PARTICULAR PURPOSE. IN NO EVENT WILL SN SYSTEMSBE LIABLE FOR ANY
DAMAGES, INCLUDING LOST PROFITS, LOST SAVINGSOR OTHER INCIDENTAL OR CONSEQUENTIAL
DAMAGES, EVEN IF SN SYSTEMSISADVISED OF THE POSSIBILITY OF SUCH DAMAGES OR FOR ANY
CLAIM BY YOU OR ANY THIRD PARTY. THISDISCLAIMER OF WARRANTY CONSTITUTESAN
ESSENTIAL PART OF THE AGREEMENT.

SN Systems' liahility under this Agreement whether in contract, tort (including negligence) or otherwise shall be limited to
the Fee paid by the Licensee.

TERMINATION: Thislicense will terminate automatically if you fail to comply with the limitations described above or if
after thirty (30) days written notice to SN Systems, you terminate it. On termination you must destroy all copies of the
Software, in whole or in part, in any form and cease all use of the Software.



Please note that asthis softwareis constantly being updated, it is quite likely that this manual
may contain some inaccurate or out-of-date r efer ences and some featur es of newly updated
softwar e may not be fully covered.

For thisreason, if you experience any difficulties with this documentation, updates are
available for download via the SN Systems BBS.

We recommend that you make regular use of this service and quickly take advantage of any
new features added to the software, report or download ‘bug’ reports, gain answersto
guestionsthat may be causing you difficulty and keep up-to-date on news concerning the
development industry.

If you experience any difficulties, please do not hesitate to contact our Technical Support at
SN Systems:

Tel:  +44(0)117 929 9733
Fax: +44 (0)117 929 9251

This device complieswith part 15 of FCC Rules. Operation issubject to the following two
conditions:

1) Thisdevice may not cause harmful interference

2) Thisdevice must accept any interference that may bereceived, including interference that
may cause undesired oper ation.

O 1996, 1997 SN Systems Software Ltd. All rightsreserved.
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| ntroduction

This system is afast PC based cross development systefor producing and testing
mixed C and/or assembler programs for the Nintendo 64 games console.
Thisversion of the system features:

High performance SCSI interface card for host PC

Compact Nintendo 64 adapter cartridge this includes 32 Mbytes of cartridge
emulation RAM

All the software you need:-

A RISC R4300 assemblercompatible with standard C compilers including the
popular Freeware Gnu-C.

Fast R4300 assembler with numerous directives.
High Speed Linkerand Librarian, with extensive link-time options.
A powerful Source Level Debugger whichllows the programmer to step,

trace and set breakpoints directly in the source code.

Additional hardwar e required

Host 386/486/Pentium PC with hard disk drivet least 16 M egabytes of
memoryand 1 free 16 bit ISA slot.

Nintendo 64 and avalid games cartridge.

Additional software required

Windows 95 with Microsoft Internet Explorer.
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About This System

This systemhas been developed bySN Systems L td who have many years
experience of development software and developers' needs. It represents the next
generation of development systems, backed up by a commitment to continual
enhancement, development and technical support.

The systemincludes two industry-standard Assemblers, aLinker, a Debugger and
aC and C++ compiler The Assemblers are extremely fast, and fully compatible
with other popular development systems.

It offers Source Level Debugging. This allows you to step, trace, set breakpoints,
etc. in your original C or Assembler source code. The system automatically and
invisibly, handles multiple text files.

It provides a high-speed genuine SCSI parallel lildetween the Host PC and
target system, with a data transfer rate of over 1 Megabytes per second. The
system supports up to 7 connected target devices
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The System for Nintendo 64

The target interfaceis a compact cartridgethat plugs into the cartridge portof the
Nintendo 64.

Adapter firmwareprovides diagnostics and self-test facilities. Also included are
assorted functions for useful run-time control of the development environment, as
well as extensive fileserver facilitieghich allow the target to manipulate files on the
host PC.
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| ssue Infor mation

Compatibledevelopment systemsre available for avariety of other platforms:

Sony PlayStation

SEGA Saturn

SEGA 32X

SEGA MegaDrive/Genesis
SEGA Mega-CD

Nintendo Super NES
Commaodore Amiga 1200 and 600
Williams Phoenix Arcade Board

Nintendo Development Software

The software for Nintendo 64 comes on four@“ HD disks. Disk 1 and 2 contain all
the System software, including the R4300 Assembler, Debugger etc. Disk 3 and 4
contain an archive of the * Freeware’ GNU C compiler.

Note: A number of Nintendo 64 specific Libraries are provided by Nintendo.
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CHAPTER 1

| nstallation

The development system consists of the following physical components:

PC Board

Target Interface

SCSI Connecting Cable

Mains Connecting Cable

Software

Universal Power Supply - IEC Socket, rating 100-250v a.c.,47-63 Hz

Warning For the Nintendo 64 Development Cartridge you musinly use the
supplied 5V regulated power pack. Use of any other type will cause
serious damage to the Unit.

Installation is, therefore, arelatively straightforward procedure, and is described in
this chapter under the following headings:

Installation The Hardware

Installing The PC Interface

Installing The PC Software

Installing The GNU C Software

Checking TheInstallation And First Time Use Of The System
Requirements For Debugging Cartridge Software

Additional Notes

Elfconv - Library Converter Program
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Installing The Hardware

1. Check the configuration of the SCSI Cardnd install in the host PC; seelater in
this chapter for full installation details.

Note: Ensure that you record thed O Addressand IRQ value as these will be
required when you install the software.

2. Plug a standard Nintendo 64 game cartridgée.g. Mario64 or Pilotwings64) into
the through connector at the back of the unit, so that the cartridge is front face up
when the interface s inserted in the Nintendo 64. The cartridge is required to
provide the security chipand the 4k boot header block Y ou should also be able
to make use of any additional hardwaren the cartridge, e.g. game save memory.

3. Plug the interface into the Nintendo 64; the LE®should be towards the front.

Note: Ensure that the Nintendo 64 is switcheff at this point.

4. Connect the SCSI cableto the PC.
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Power LED
Current Activity LED

/ Fower Suply

Yalid N64 Game Cartridoe

Psv-0) Nintendo 64 Interface

SCSI Card Connector

Nintendo 64 Console

5. Plug the power supplyinto the side of the interface. The power LED (the top
one) should come on and the lower LED should flash. Check the hardware if the
lower LED is not flashing.

Note: At this point the Nintendo 64 shouldtill be switched off.
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Installing the PC Interface

The PC Interface boardshould be fitted in to an empty 16 bit slain the host PC. The

host must be an IBM PC-AT or compatible, running under MSDOS 3ot better.

Prior to fitting, the 3 banks of dip switcheshould be checked and configured as
required. Itislikely, however, that the factory setting will suffice. They are described

below.
SCSI
Controller
on Dip on Dip on Dip
12345678 (12345678 |12345678

|
]

2 Active
Termination
Resistors

The PC Interface Board

1

50 Pin High
Density SCSI
Connector

CAUTION: This board is sensitive to static electricity; hold by the metal support bracket wher

handling.

\
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DIP SWITCHES

DMA

The PC card is configured by altering the three dip switddanks on the card. These

switches alter:

DMA

IRQ

SCSI Termination Power

IO Address

SCSI 1D for the card (normally on ID 7)

FUNCTION DEFAULT
DMA 7 On, On
DMA 6 Off, Off
DMA 5 Off, Off
IRQ 15 On

IRQ 12 Off
IRQ 11 Off
IRQ 10 Off
IRQ7 Off
IRQ 5 Off

Not Used Off, Off
SCSI Termination Power On

IO Address- A3 - A8

Off, On, On, On, On, Off

Card SCSI ID

On, On, On

DMA or Direct Memory Access, is a mechanism for the fast and efficient transfer of
data (in either direction) between the SCSI card and the PC’s memory.

This transference occurs viaDMA channels 6 or 7.

Only one channel can be used per card; if more than one card isin use a different

DMA channel must be used for each one.

Note Data transfermay be interrupted if the same channel is used for more than one

card.

A channel is selected by switching the pair of adjacent dip switches@m and the

remaining pairs taOff.
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IRQ

The default setting is7; thisisachieved asfollows:

DMA 7-0n,0n
DMA 6 - Off, Off
DMA 5 - Off, Off

Note: In each pair, both switches must be set to the same value.

Note: If all DMA dip switches are set to Off, the transfer of datawill be slower
because this process will instead be carried out by the PC Processor

An Interrupt Request (IRQ) number can be assigned to each attached device so that
it can quickly interrupt the PC Processor with arequest.

When the PC receives an Interrupt Request it goes to alook-up table and ascertains
the purpose of the sub-routine attached to the IRQ number; it then processes this
sub-routine as soon as possible.

The SCSI Card offers the following IRQ numbers.

15,12,11,10,7,5

Select the required number from thislist by switching the adjacent dip switchQa.

Note: You cannot use an IRQ number which is being used by another device. The
following procedures will list those currently in use:

From the Start menu select theSettings option.

Select Control Panel.

Double-click the Systems icon.

Select the Device Manager tab.

Select theProperties button.

Select the Interruptrequest (IRQ) button.

The IRQ numbers currently in use will be displayed.

ouplrwbdpE

Note The default IRQ setting for the SCSI Card i45.

Note It is possible to disable the IRQ number by removing all the jumpers but this
may result in an impaired performance.

Note: The SCSI card setting must match that which will be later specified for the
software.
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Note If you use a PCl Mother Board it may be necessary to make the IRQ available
to the ISA Devicein thebi os. Seethe Mother Board documentation for
further information.

SCSI Termination Power
The SCSI Termination Powerswitch determines whether SCSI termination is
supplied on the card. Correctly applied termination minimises electrical interference
without it the communication between the devices would become erratic.

The SCSI devices are connected in a chain structure. Termination isonly required by
the devices at each end of the chain.

The default setting for this configuration i®n.
In normal operation this shoulahot be changed.

IO Address The IO Addressprovides a channel of communication between the SCSI card and the
PC.

Y ou must first set the card to a hardware |O Address and then set the software to
access it at that address.

Note: If the hardware address does not match the software setting, a message will
indicate that the card is not found at that address.

The card offers avery large range of 10 addresses fro200,6 t0 3f8,5 in increments
of 8. The address is changed by altering the 6 dip switches labeled A3 to A8.

A8isthe most significant bit, and 3 is the least.
An addressline is selected by switching it tOff.

The default setting is308; thisis set asfollows:

IO Address A3 - A8 - Off, On, On, On, On, Off
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SCSI 1D

Some examples are shown in the following table:

A8 A7 A6 A5 A4 A3
240 On On Off On On On
2A0 | On Off On Off On On
300 Off On On On On On
308 Off On On On On Off
310 Off On On On Off On
318 Off On On On Off Off
380 Off Off On On On On
388 Off Off On On On Off
390 Off Off On On Off On
3E0 | Off Off Off Off On On

Note: Y ou must not choose an address which ithe same as or withinthe range of
addresses occupied by another card as this would cause unpredictable results.

Use the following procedures to list those currently in use:

ouprwbdpE

From the Start menu select theSettings option.
Select Control Panel.
Double-click the Systems icon.
Select the Device Manager tab.
Select theProperties button.

Select the Inputbutput (1/0) button.
The currently used addresses will be displayed.

Each attached device has its owrSCSI | D which uniquely identifies it on the SCSI

bus

The last three switches are used to alter th&CSl | D.

The default setting is7; thisis set asfollows:

Card SCSI ID - On, On, On

Note: Y ou are advised not to change this setting (or re-use it for another card) as it
has been pre-allocated in order to minimise any conflict with other internal
boards. Any SCSI ID duplicatiorcould result in unpredictable results.
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Installing the PC Software

The installation discs contain programs to perform the following functions:

Assembling

Linking

Debugging

Other Windows and miscellaneous tasks

Toinstall the Development Tools:

Note: The tools must be installedbefor ethe GNU C Compiler.

1. Insert the first development toolsdisc inthe ‘A’ drive.

2. Double-click the‘A’ drive icon on your desktop and select the .exefile.

3. Selectl ] to view the installation help file oo to

continue with the installation.

4. Select. 9% to confirm the Licence Agreement oﬂ| to abort
the installation.

5. The Select Components To Install dialog will be displayed. A tick will be shown
alongside the Tools and the Debugger. Selec. %% toinstall both items.

6. From the Select Destination Directory Dialog, sele. 9% to confirm that
you wish to place the Tools in the displayed directory or browse and select an
alternative from the directory listing if required.

7. Toautomatically set-up PSYQ_PATH in autoexec.bat, sel @l ot
the Edit Autoexec dialog.

8. From the Select Destination Directory Dialog, sele. %% to confirm that
you wish to place the Debugger in the displayed directory or browse and select an
alternative from the directory listing if required.

Note: At this point you willalso be required to specify a directory (or accept the
default) for the GNU C Compiler.

9. Insert the second tools disc and selec. 9K

10. Select L It insert a short-cut for the Debugger on the Start menu.
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11. Set the required values for the SCSI card as follows:

Enter a 3 or 4-digit hexadecimal number to thBort Addressand specify anlRQ
value by clicking on the down arrow and selecting as appropriate.

Note: The values specified here must match those already specified on the
hardware.

lor LI at the Verify Values dialog.

13. Select . "% to restart your PC to complete the installation.

12. Select L

The Tools and Debugger are now installed.
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Installing the GNU ‘C’ Software

After you have installed the toolgn their own directory on your hard diskyou are
ready to install the popular GNU ‘C’ N64 Compiler

The disk contains all of the files provided by GNU for the N64 ‘C’ Compiler. For
Nintendo 64 software development you may require components that can only be
obtained directly from Nintendo. These include a number of useful Libraries and their
C Header files which are specific to the Nintendo 64 environment. If you do not
already have this software, you should contact Nintendo directly.

Toinstall the GNU C Compiler:

1. Insert thefirst GNU C Compiler disc to the ‘A’ drive.
2. Double-click the‘A’ driveicon on your desktop.

3. Sedlect the .exefile.

Cancel

4. Select. 9% if you agree to the Licence Agreement o to exit

the installation.

5. The Select Directory For GNU C Compiler dialog will be displayed. Select

_ BK " to confirm the displayed directory or browse and select an alternative
directory in which to place the GNU C Compiler.

6. Insert the second disc and selec. 2k

Theinstallation is now complete.

Note: The library from Nintendo will have to be converted froehf format to the
System’sformat See theslfconv documentation below for further details
about this process.
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Checking The lInstallation and First-Time Use Of The System

Checking the I nstallation:

Note: Before proceeding with your installation check read the README file for any
last minute changes or final release notes. Thiswill be called
README.HTM or README.RTF and will be found in thesyq-win
directory.

1. At this point the Nintendo 64 should be switched off and the Target Adapter and
game cartridge should be connected to it. The power should be on for the
Adapter and the bottom LED should be flashingowly, indicating that thebi os
has not yet been loaded.

Note: If the LED isflashing quickly thisindicates that the Nintendo 64 is
switched on and nobi os isloaded. Thisisan error whicimust be rectified by
switching the Nintendo 64ff.

2. Run the File Server by selecting the Debugger File Server from the Start menu.

3. Thiswill attempt to connect to the Nintendo 64 console. If the connection is
successful the File Server will download the bios; the bottom LED will go out
and the following text will be output from the File Server:

Psy-Q File and M essage Server, Copyright 1996, 1997, SN SystemsLtd
Version 2.0 (January 1997)
Release 10, Patch Level 3

Target Found: BusID =0,SCSI ID=0

New Downloader - Reading profile information...
Profileread for Nintendo 64 (no bios)

OK

Rebooting the Nintendo 64 (no bios)...

Getting thetarget'sID...

ID isN64-NO-BIOS PLEASE LOAD

biosl...

sleep .5 sec...

bios2...

sleep .5 sec...

New Downloader - Reading profile information...
Profileread for Nintendo 64
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If this has occurred communication will have been established between the PC
and the Nintendo 64.

4. Now you are ready to download atest cartridge image into the cartridge RAM.
Proceed as follows:

5. From the File Server select thdools menu.

6. Select theUploader option.

7. Click theDownload radio button and change th®ownload Addressto
0xB0000000 .

8. ClickBrowse and select thefild est . bi n from thepsyg-win\examples\n64
directory.

9. Click OK.
The downloaded image is now in the cartridge RAM.

10. Switch on the Nintendo 64. The system will boot the image and stop at a
breakpoint at the start of the program.

11. Run the Debugger from the Start menu.

12. You are now ready to begin debugging.

Note: To convert the Nintendo 64 object files use thElfconv converter program;
thisis described below.
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Requirements for Debugging Cartridge Software

In order to be able to debug your own program you must link in the debug stub code
This consists of two object modulesccupying approximately 8k of ram. These are
PSYQ.0OBJ and PSYQDBG.OBJ. They contain only one entry point
“init_debug which must be called at the start of the program. The entry point
will hook the debug vectorat $80000180 . The programs will pass any
interrupts/exceptions that they do not know how to handle to the previous address in
thisvector; therefore' i nit _debug’ should not be called until this vector has
been initialised, i.e. contains avalid address. The debug stub will not function until
“init_debug hasbeen called; therefore any exceptions occurring before this
will not be handled.

Further details can be found in the test program’s Sourand Linker Control Files

If the MIPS chip in the Nintendo 64 stops communicating with the microcontrolier
the cartridge for any reason (e.g. the power is off or the program crashes badly), then
the microcontroller will inform the Debugger (or any other program running on the
PC and trying to communicate with the target) that the Nintendo is not responding
and the error message Tar get Unit IsBusy’ will be displayed. If the target
recovers or you reset it, the message will go away and the Debugger will continue to
run.

The interface uses a hardware interrupto force the MIPS chip in the Nintendo 64 to
enter the debug stub. This means that it will not normally be necessary to add ‘ poll
calls to your program unless you need to break in at points where interrupts are
disabled.
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Additional Notes

The system has 32 Mbytes of ram fitted for cartridge emulation but the top 128k
(OxB1FEOOOO - OxB1FFFFFF) isreserved for debug purposes.

Note: Do not load anything into this area or it will be erased.

After you produce the cartridge image and before you load the games program
into the Nintendo system, the program set csum exe’  will set the load/entry
point of your program and the required checksum values he minimum size for
acartridge is 1IMbytet+4Kbytes; if your code is smaller than thisit will be padded
to thislength. Thefirst 4k of the game images a boot block. Most of the data

in this block is shadowed through at Nintendo 64 boot up from the datain the
cartridge you have plugged into the interfaceSet csum exe will set any other
required values so all you need do is have a 4k block of Os at the start of your
cartridge image.

Note See the test programin psyg-win\examples\n64for an example of this.

The debug stub disables all interrupts while it is executing.

Although the Assemblers and Linker support the use of the instructions for
manipulating 64 bit datde.g. 1d, sd etc), they still only contain a 32 bit
expression evaluatorso 64 bit constants cannot be used.

The debug stub does not support the use of memory mapping the region
0x00000000 - Ox7FFFFFFF or 0xCD000000 - OxFFFFFFFF  via
the TLB. Only00s will be seen in these areas at the moment.
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ELFCONYV - Library Converter Program

The Nintendo 64 librariesupplied by Nintendo contain object files afile format
known as ELE These files must be converted to SN System’s object file format if
the libraries are to be used with SN development softwareElfconvis a utility
programwhich performs this conversion.

Toconvert alibrary

1. Three programs are required; one for each of the three stages of conversion:

A library toolwhich understands ELF librariesthis will extract the object
filesfrom an ELF format library, creating one or more fileswith a
extension.

Elfcony, thiscan convert all. o filesfound in the current directory, asingle
file or al files matching a given pattern. The output from elfconv is one or
more fileswith a obj extension.

SN System’s PSYLIB librarian progragnthis will combine one or more

. obj filesinto an SN format library, suitable for linking with PSY LINK

2. The Nintendo 64 libraries are supplied for the SGI workstatiprthe first program
should therefore be the SGI’ s standard ‘ar’ library tool. On the SGI workstation,
locate the library file(s) you wish to convert and type the following to extract all
the object files from each library:

ar X libraryname

Thiswill create one or more .o files in the current directory, reflecting the
contents of that library.

3. Copy thesefilesto your PC.

4. AsElfconv’s operation on each file is automatic, you only need to tell it which
filesto convert via one of the following methods:.

elfconvinput output
elfconvinput
elfconv /a

For the first method elfconv will search for the file with nam®ut and convert it
to afile namedoutput.
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If you specify only an input file, elfconv will convert the relevant file and create
an output file with the same name but withbj suffixed to its extension.

For the third method all fileswith o extensions will be converted as per the
second method.

Thus:

elfconv filel.o filel. obj Convertsfil el. o intofil el. obj
elfconv filel.o Convertsfil el. o intofil el. obj
el fconv /a Convertsall. o fil es inthecurrent

directory into. obj files

Elfconv will report the following kinds of errars

A missing input file

Aninput file which is not recognisable as an ELF object file.

Inability to create the output fil¢usually if there is no disk space).

Fatal and non-fatal errorsduring conversion of thefile; these start with! ! ” for
fatal and “>>" for non-fatal errors.

Note: Y ou should not receive any fatal or non-fatal errorsif elfconv is working
correctly and you are converting agenuine N64 library file. If you do
receive any errors, contact SN Systems for support.

After you have converted your object files, use PSY LIB to create an SN format
library. Seethe PSYLIB chapter for further details.
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CHAPTER 2

The ASMN64 Assembler

The ASMN64 Assembler can assemble source code at over 1 million lines per

minute. Executable image or binary object code can be downloaded by the Assembler
itself, to run in the target machine immediately, or later, by tR&N utility.

This chapter discusses how to run an assembly session, under the following headings:

Assembler Command Line
Assembler and Target Errors
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Assembler Command Line

Syntax

Switches

During the normal development cycléSM N64 may be:
run in stand alone mode
launched from an editing environment such as Brief - see later in thtsapter
invoked as part of theM ake utility - see The Psymake Utility chapter.

When the Nintendo 64 Assembler is run independently, the command line takes the
following form:

ASM N64 /switchlist sour ceobject,symbolslistingstempdata
or
ASMN64 @commandfile

If the first character on the command line is a@ sign, the string following it signifies
acommand filecontaining alist of Assembler commands.

The assembly is controlled by inclusion of a set of switches, each preceded by a
“forward slash (/)”. The “/o” switch introduces a string of assembler options; these
can also be defined in the source code, using 8DPT directive. Assembler options
are described in detail in chapter 9, the available switches are listed below:

Ic Produce list of code in unsuccessful conditions

/d Set Debug mode - if the object code is sentio the target
machine, do not start it.

le n=x Assigns the valuex to the symboln.

/g9 Non-global symbolswill be output directly to the linker
object file.
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/] pathname Nominate a search path fol NCLUDE files.

Ik Permits the inclusion of pre-defined foreign conditionals,
such asIFND - see alsoM ACROS, chapter 5.

/ Output afile for the Psylink Linker.

/m Expand all macros encountered.

/o options Specify Assembler options - see chapter 9 for
afull description of the available options.

Ip Output pure binary object code, instead of an executable
image in cpeformat - see also RUN.EXE chapter 2.

Ips Output ASCII representation of binary filein Motorola
s-recordformat

Iw Output EQUATE statements to the Psylink file.

Iz Output line numbers to the Psylink file.

/zd Generate source level Debug information.

Source The file containing the source code; if an extensios not specified, the default is n64
. If this parameter is omitted, the Assembler outputsel p in the form of alist of
switches.

Object The destination file to which object code is written.

Symbols The file to which symbol information is written, for use by the Debugger.

Listings Thefileto contain listings generated by assembly.

Tempdata This parameter nominates afile to be placed on tHRAM disk for faster access. If

the name is omitted, the default iasm.tmp; note that the temporary file is always
deleted after assembly is complete.
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Remarks
If any of the above parameters are omitted, the dividing comma must still be
included on the command line, unlessiit follows the last parameter.

The Assembler run may be prematurely terminated by any of the following
methods:

PressingControl-C.

PressingControl-Break (recognised more quickly because it does not require
aDOS operation to spot it).

PressingEsc.

The Assembler checks for an environment variabtalledASM N64. This can
contain default options, switches and file specifications, (in the form of a
command line), including terminating commas for unspecified parameters.
Defaults can be overridden in the runtime command line.

Examples asm64 / zd / o ae+,w scode, tO:, scode. sym

This command will initiate the assembly of the R3400 source code contained in afile
calledscode. n64, with the following active options:

source level debug informatiorio be generated

automatic alignmentenabl ed

warningmessages to be suppressed

the resultant object codeto be transferred directly to thearget machine SCSI
deviceO

symbol informationto be output to afile calledscode.sym

assembly listingto be suppressed

ASM\64 @ane. pcf

will recognise the preceding @ sign and take its command line from a command file
called GAME. PCF .
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Assembly Errors

During the assembly process, errors may be generated as follows:

By the assembler itself, as it encounters error conditions in the source code.

Remarks
Appendix A gives afull list of Assembler error messages.
plus

Abort, Retry or Bus Reset
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CHAPTER 3

Syntax of Assembler Statements

In order to control the running of an Assembler, source code traditionally contains a
number of additional statements and functions. These allow the programmer to direct
the flow and operation of the Assembler as each section of code is analysed and
translated into a machine-readable format. Normally, the format of Assembler
statements will mirror the format of the host language, and ASMN64 follows this

convention.

This chapter discusses the presentation and syntax of Assembler statements, as
follows:

Format of Statements
Format of Names and L abels
Constants

Functions

Operators

RADIX

ALIASand DISABLE
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Format of Statements

Assembler statements are formatted as follows:
Nameor Label Directive Operand
The following syntactical rules apply:

Individual fields are delimited by spaces or tabs.

Overlong lines can be split by adding an ampersand Y&he next line is then
taken as a continuation

Lines with an equals (=) sign as the first character are considered to be the case
options of aCASE statement - see Flow Control, chapter 4.

Comment Lines
comments normally follow the operand, and start with a semicoloi.(;
lines which consist of space or tab characters are treated as comments.

a complete line containing characters other than space or tabsis treated as
acomment, if it starts with a semicolon or asterisk.
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Format of Names and L abels

Names and Labels consist of standard alpha-numeric symbols, including upper-case
letters, lower-case |etters and numeric digits:

AtoZ,atoz 0to9
In addition, the following characters can occur:

Colon (3) Can be used at the end of a name or label when defined, but not
when referenced.

Question Mark (9, Underscore (), Dot (.)
These three characters are often used to improve the overall
readability

AT sign @ Indicates the start of alocal label - see chapter. Note
that, by using the Assembler optiofin, the local label symbol can
be changed to a character other than @.

The following usage rules apply throughout:

Numeric digits and Question Marks must not be the first character of a name.

Labels normally start in column 1. However, if they start elsewhere, there must be
no characters preceding the name, except space or tab, and the last character
must be a colon.

If aproblem in interpretation is caused by the inclusion of a non-alphanumeric
character in aName or Label, that character can be replaced by a backslash, or
the entire Name or Label surrounded by brackets.
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Format of Constants

The Assembler supports the following constant types:
Character Constants

A character string enclosed in quote marks is a character constant and is evaluated as
its ASCII value. Character constants may contain up to 4 characters, to give a 32 bit

value. Thus;

"A" =65 =65

"AB" = (65*256) + 66 = 16706
"ABC" = (65*65536) + (66*256) + 67 = 4276803

"ABCD" = (65* 16777216)+ (66* 65536) + (67*256) + 68 = 1094861636

Integer Constants

Integer constants are normally evaluated as decimal, the default base, unless one of
the following is used:

The RADI X directive changes the base - see chapter 3.

If % $ or Ox precede anindividual integer, it signifies that the integer value
will be evaluated as binary or hex:

% - Indicates that the base is binary, e.g2d. 001
$ - Indicatesthat the baseis hex, e.g$45af 3921
Ox - Indicates that the base is hex, e.g.0x45af 3921

Two possible characters are provided for base hex because optior+ (either/ or
+ on the command line oiopt  r + in the source), will allow thé& prefixed
versions ofrregister names to be used but will disable the use ofs to prefix hex
constants. TheOx prefix however, can still be used with this option, e.g:

opt r-

lw a0, $14 (t0) ;or  lwal, 0x14 (t0)
;or  lwal, 20 (tO0)

This operation takes the address in registet 0, adds the 14 (hexadecimal) value
to it and then takes the value at that address and putsit intaO.

This code is equivalent to:

opt r+
lw $4, 0x14 ($8) ;or lw $4, 20 ($8)
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If acharacter is preceded by a backslash and up arrow (\the corresponding
control character is substituted.

The AN Assembler option allows numbers to be defined as Intel and Zilog
integers. That is, the number must start with a numeric character and end with
one of:

D for Decimal;H for Hexadecimal B for Binary
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Special Constants

Remarks

Example

The following pre-defined constants are available in ASMN64.

_year Asatwo digit number, e.g. 95
_month 1 = January; 12 = December
_day 1 = 1st day of month
_weekday 0= Sunday; 6 = Saturday
_hours 00- 23

_minutes 00 - 59
_seconds 00 - 59

* Contains the current value of the Location Counter.
@ Contains the actual PC value at which the current value will be
stored - see below.

narg Contains the number of parameters in the current macro argument -
see chapter 5 for further details.

_rs Contains the current value of RS Counter - see chapter 4 for
further details.

_filename A pre-defined string containing the name of the primary file
undergoing assembly.

Timeand Date Constants:

Time and Date constants are set to the start of assembly; they are not updated during
the assembly process.

RunTi me db\# hours:\# mnutes: &
\# seconds"

this expands to the formhh:mmss, as follows

RunTi e db "21:08: 49"

Note: This example uses the special macro parameter, \#, which is described in
Chapter 5.
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L ocation Counter constants:

The current value of the program pointer can be used as a constant. To substitute the
value of the location counter at the current position, an asterisk (*) is used:

section Bss, g_bss
Firstbss equ *

Since * gives the address of the start of the line,

org $100
dw *,*1*

defines $100 three times.

An @, when used on its own as a constant, substitutes the value of the location
counter, pointing to an address at which the current value will be stored.

org $100
dw @@@

defines $100,$104,$108.
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Assembler Functions

ASMNG64 offers many functions to ease the programmer’s task. These are listed
below; amore detailed explanation of their usage can be found later in this chapter.
In addition, there are other specialised functions which are described in the following

pages.
Name Action

def(a) Returnstrueif a has been defined

ref(a) Returnstrueif a has been referenced
type(a) Returns the data type ofa

sgrt(a) Returns the square root ofa

strlen(text) Returns the length of string in characters

strcmp(textatextb)  Returnstrueif strings match
instr([start,]txa,txb) Locate substringain stringb

sect(a) Returns the base address of sectiora
offset(a) Returns the offset into sectiora
sectoff(a) Equivalent to offset

group(a) Returns the base addres of groupa
groupoff(@) Returns the offset into groupa
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Special Functions
filesize(" filename")

Returns the length of a specified file, or -1 if it does not exist.
groupsize(X) Returnsthe current (not final) size of grougX.

grouporg(X) returnstheORG address of groupX or the group in whichX is defined ifX isa
symbol or section name.

groupend(X) Returnsthe end address of groupX.
sectend(X)  Returnsthe end address of sectiorX.
sectsize(X)  Returnsthe current (not final) size of sectioiX.

alignment(X) Givesthe alignment of previously defined symh¥l This value depends upon the
base alignment of the section in whicK is defined, as follows:

Wordaligned - valueinrangeO -3
Halfordaligned- valueinrange O -1
Bytealigned - valueawysO
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Assembler Operators

The Assembler makes use of the following expression operators:

Symbol Type Usage Action

O Primary €)] Brackets of Parenthesis

+ Unary +a aispositive

- Unary -a ais negative (see Notd)

= Binary a=b Assign or equateb to a

+ Binary at+b Incrementa by b
Binary a-b Decrementa by b

* Binary a*b Multiplya by b

/ Binary a/b Divide a by b, giving the quotient

% Binary a%b Dividea by b, giving the modulus

<< Binary a<<b Shifta to the left, b times

>> Binary a>>b Shifta to the right, b times

~ Unary ~a Logical compliment oNOT a

& Binary a&b aislogicallyANDed by b

A Binary arb aisexclusivelyORed by b

! Binary alb aisinclusivelyORed by b
Binary alb Actsthe same as &b

<> Binary a<>b aisunequal tob

< Binay a<b aislessthanb

> Binary a>b aisgreater thanb

<= Binary a<=b aislessthan or equal®

>= Binary a>=b aisgreater than or equals

Notel Since the Assembler will evaluate 32-bit expressions, the negation bit is

Bit 31. Therefore, $FFFFFF and $FFFFFFF are positive hex numbers, $FFFFFFFF is
a negative number

Note2 If acomparison evaluates asrue, the result is returned as-1; if it evaluates as
false, the result is returned a0.
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Hierarchy of Operators

Expressions in the Assembler are evaluated using the following precedence rules:

Parentheses form the primary level of hierarchy and force precedence - their
contents are performed first;

Without the aid of parentheses, operators are performed in the order dictated by
the hierarchy table;

Operators with similar precedence are performed in the direction of their
associativity - normally, from left to right, except unary operators.

Operator Direction Description
@) - Primary
.- ® Unary

<<, >> ® Shift

& LN ® L ogical

* L% ® Multiplicative
+, - ® Additive

>, <, <=, >= ® Relational

=, <> ® Equality
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RADIX

Description TheRADIX directive is used to change the default base of integer values appearing
in source code (base 10), by over-riding the default with whatever base you specify.

Syntax RADIX newbase
Examples varl dw 17
r adi x 8
var 2 dw 17
r adi x 16
var 3 dw 17
var 4 dw 94001
Notes:

var 1l isavaueof 17 (decimal)

var 2 contains avalue of 15 (decimal)
var 3 contains avalue of 23 (decimal)
var 4 containsavalue of 17 (decimal)

Remarks
Acceptable values for the new base are in the range of 2 to 16.

Whatever the current default, the operand of thRADI X directive is evaluated to
adecimal base.

The AN assembler option (see chapter 9) will not be put into effect if the default
RADIX is greater than 10, since the signifierB and D are used as digitsin
hexadecimal notation.
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ALIASand DISABLE

Description These directives allow the programmer to avoid a conflict between the reserved
system names of constants and functions and the programmer's own symbols.
Symbols can be renamed by thA& L | ASdirective and the original names
DISABLE'd, rendering them usable by the programmer.

Syntax newname ALIAS name
DISABLE name

Remarks Symbolic names currently known to the Assembler may Bé | ASed and
DISABL Ed. However, these directives must not be used to disable Assembler

directives.
Examples O fset alias of f set
di sabl e of f set
_COfset  dh _COff set (Lab)
of f set dh *- poi nt er
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CHAPTER 4

General Assembler Directives

The Assembler provides a variety of functions and directives to control assembly of
the source code and its layout in the target machine.

This chapter documents the Assembler directives which allow the programmer to
control the processes of assembly, grouped as follows:

Assignment Directives

Data Definition

Controlling Program Execution
Include Files

Controlling Assembly
Target-related Directives
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Assignment Directives

The directives in this section are used to assign avalue to a symbolic name. The value
may be a constant, variable or string.

EQU

SET (and =)
EQUS
EQUR
Rsize
RSSET
RSRESET
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EQU

Description Assigns the result of the expression, as a constant value, to the preceding symbolic
name.

Syntax symbol name EQU expression

See Also SET, EQUS

Remarks
The Assembler allows the assigned expression to contain forward references. If
an EQU cannot be evaluated asit is currently defined, the expression will be
saved and substituted in any future references to the equate (see Note below).
It is possible to include an equate at assembly time, on the Assembler command
line. Thisis useful for specifying major options of conditional assembly, such as
test mode- see Assembler switches, chapter 2..
Assigning a value to a symbol witBQU is absolute; an attempt at secondary
assignment will produce an error. However, it is permissible to re-assign the
currentvalue to an existing symbol; typically, this occurs when subsidiary code
redefines constants already used by the master segment.
Examples Length equ 4
Wdt h equ 8
Dept h equ 12
Vol urre equ Lengt h* W dt h* Dept h
DraH gh equ $f f f f 8609
DhraM d equ DnaH gh+2
Note Li st equ Lastentry-Firstentry

if Firstentry, Lastentrynot yet defined, then:

dw Li st +2

will be treated as

dw (Lastentry-Firstentry)+2

the equated expression isimplicitly bracketed.
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SET
Description Assigns the result of the expression, as aariable, to the preceding symbolic name.
Syntax symbol name SET expression
symbol name = expression
See Also EQU
Remarks
SET and equals (39 are interchangeable
Values assigned by a SET directive may be re-assigned at any time.
The Assembler does not allow the assigned expression inSET directive to
contain forward references. If &ET cannot be evaluated as it is currently
defined, an error is generated.
If the symbol itself is used beforeit is defined, awarning is generated, and it is
assigned the value determined by the preliminary pass of the Assembler.
The symbol in &SET directive does not assume the type of the operand. It is,
therefore, better suited to setting local values, such asin macros, rather than in
code with arelative start position, such as a SECTIONMonstruct, which may
cause an error - seeExamples.
Examples  Loopcount set 0
G andTotal = SubTot al A+SubTot al B
xdi m set Bsi ze<<SC
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The following example will encrypt the string passed as the macro parameter.

cbb nacro string
lc = 0
r ept strlien(\string)
cc substr I c+1, I c+1,\string;
db "\ cc' M $ASH ¢)
lc = [ c+l
endr
endm

extract one
char act er
| abel cc
encrypt the
character stored
in cc and define

into

I n menory
i ncrement counter
do for all chars
in string
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EQUS
Description Assigns atext or string variable to a symbol.

Syntax symbol name EQUS "text"
symbol name EQUS 'text’
symbol name EQUS symbol name

See Also EQU, SET

Remarks
Textual operands are delimited by double or single quotes. If it isrequired to
include a double quote in the text string, delimit with single quotes or two double
guotes; similarly, to include a single quote in the text, delimit with double quotes
or two single quotes - see examples below.

If delimiters are omitted, the Assembler assumes the operand to be the symbol
name of a previously defined string variable, the value of which is assigned to the
new symbol name.

Point brackets, { and }, are special delimiters used in Macros - sésl ACRO
directive specification, chapter 5.

Symbols equated with thdaQUS directive can appear at any point in the code,
included as part of another text string. If there is the possibility of confusion with
the surrounding text, a backslash (\) may be used before the symbol name and if
necessary, after it, to ensure the expression is expanded correctly. See examples
below.

Examples

Sinquote equs ‘Wat''s the point? ’
Sinquote equs “Wat’s the point? ”

Doubquote equs “Say” “Hello” “and go”
Doubquote equs ‘Say “Hello” and go’

Program equs “ABSv 1.2”
Q ex equs “Wiat’'s the score? ”
db “Renmenber to assenbl e
\ filenane ", 0
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Z equs “123”
dw z + 4
converts to
dw 123 + 4

whereas the foll owi ng expression needs backsl ashes to be
expanded correctly

dw  nunber\z\a
converts to

dw  nunber123a

SA equs ‘StartAddress’

dw \SA4
converts to
dw St ar t Addr ess4
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EQUR
Description Defines asymbol as an alternative for aregister.
Syntax symbol name EQURTregister name

See Also REG

Remarks
The major use of theEQUR directive isto improve the overall readability of the
source code.
In order that the Assembler can evaluate the expression correctly, dots are not
allowed as part of the symbol name of aBQUR (see example below).

Examples lw t1, R&inds(a2)

This could be re-written usingcEQUR's, as follows:

Red equr tl
G een equr a2

| w Red, RG&Bi nds( G een)
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Rsize

Description Assigns the value of the RS variable to the symbol, and advances thes counter by
the number of bytes, half-words or words, specified oount.
Syntax symbol name Rsize count
wheresizeis b byte (8 bits)
h half word (16 bits)
w word (32 bits)

(if sizeis not specified,w is assumed)

See Also RSSET, RSRESET

Remarks
This directive, together with the following two associated directives, operate on
or with the Assembler variable, RS, which contains the current offset.
Examples rsreset

| con_no rb
Dropcode rh
Act code rh
Act namre rb
(bj pos rw
Artlen rb

ORRRRR
o

After each of thefirst fivdRS equates, the RS pointer is advanced; the values for
each equate are as follows:
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| con_no 0 (set to zero by RSRESET)

Dropcode 1

Act code 4 (Automatic Alignment set, advances the pointer to Alignment
boundary)

Act name 6

oj pos 16

Artl en 20

The lastrb does not advance the RS pointer, since a count of zero is equivalent to
an EQUATE tothe __ RSvariable.

RSSET

Description Assigns the specified value to_RSvariable.

Syntax RSSET value

See Also Rsize, RSRESET

Remarks This directive is normally used when the offsets are to start at a value other than zero.

Examples  SeetheRsizedirective
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RSRESET

Description Setsthe_ RSvariable to zero.

Syntax RSRESET [value]

See Also Rsize, RSSET

Remarks
Using this directive is the normal way to initialise the RS counter at the start of
anew data structure.

The optional parameter is provided for compatibility with other assemblers; if
present, RSRESET behaves like theRESET directive.

Examples  SeetheRsizedirective
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Data Definition

The directives in this section are used to define data and reserve space.

Dsize
DCsize
DSsize
HEX
DATA
DATASIZE
|[EEE32
|EEE64
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Dsize

Description This directive evaluates the expressions in the operand field, and assigns the results to
the preceding symbol, in the format specified by the size parameter. Argument
expressions may be numeric values, strings or symbols.

Syntax symbol name Dsize expression,..,expression
where.sizeis b byte (8 bits)
h half word
w word

See Also DCsize

Remarks
Textual operands are delimited by double or single quotes. If it isrequired to
include a double quote in the text string, delimit with single quotes or two double
guotes; similarly, to include a single quote in the text, delimit with double quotes
or two single quotes - see examples below. If delimiters are omitted, the
Assembler assumes the operand to be the symbol name of a previously defined
string variable, the value of which is assigned to the new symbol name.

When the Automatic Alignmenassembler option (/AE) isin force, directives for
half wordand wordensure that the program counter is aligned to the next word
boundary.

Examples  Hexval s dh  $80d, $a08, 0, $80d, 0
Coor ds dw - 15, 46
Poi nters dw St art Mar ker , EndMar ker
ErrorMes db "File Error", 0

Notes If the Assembler encounters a parameter that is out-of-range, an error is flagged; the
following statements will produce errors:

db 257

db -129
dh 66000
dh - 33000
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DCsize
Description This directive generates a block of memory of the specified length, containing the
specified value.
Syntax DCsizdength,value
wheresizeis b byte (8 bits)
h halfword (16 bits)
w word
See Also Dsize
Remarks When the Automatic Alignmenassembler option (/AE) isin force, DCB directives
for half word and word ensure that the program counter is aligned to the next word
boundary.
Examples dcb 256, $7F ; generates 256 bytes containing $7F
dcw 64, $12345678 ; generates 54 words contai ni ng
$12345678
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Dssize

Description

Syntax

See Also

Remarks

Examples

Allocates memory to thesymbol of the specifiedlengthand initialises it to zero.

symbol name DSsizelength
wheresizeis b byte (8 bits)
h half word (16 bits)
w word

Dsize, DCsize

When the Automatic Alignmenassembler option (/AE) isin forceDS directives
for wordand long wordensure that the program counter is aligned to the next
wordboundary.

If this directive is used to allocate memory in@roup/Section with theBSS

attribute, the reserved area will not be initialised - s&&roups and Sections,
chapter 8.

Li st dsw 64

reserves an area 64 words long, and setsit to zero.

Buf f er dsb 1024

reserves a 1k bytes area, and sets it to zero.
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HEX

Description Thisdirective takes alist of hex digits as an argument and assigns the resulting value
to the preceding symbol. It isintended as a quick way of inputting small hex
expressions.

Syntax symbol name HEX hexlist

See Also INCBIN

Remarks Data stored asHEX is difficult to read, less memory-efficient and causes more work
for the Assembler. Therefore, it is suggested that th EX statement is used for
comparatively minor data definitions only. To load larger quantities of data, itis
recommended that the data is stored in afile, to be INCLUDEd as a binary file at
runtime - seel nclude Files, chapter 4.

Examples  HexStr hex 100204FF0128

is another way of writing

HexStr db $10, $02, $04, $FF, $01, $28
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DATASIZEand DATA

Description Together, these directives allow the programmer to define values between 1 and 256
bytes long (8 to 2048 bits). The size of th®ATA items must first be defined by a
DATASIZE directive.

Syntax DATASIZE size
DATA value, value
wherevalueis a numeric string, in hex or decimal, optionally preceded by a minus
sign.

See Also |IEEE32, IEEE64

Remarks If avaluespecified in theDATA directive converts to a value greater than can be
held insize specified byDATASI ZE, the Assembler flags an error.

Examples datasize 8
dat a $123456789ABCDEFD
dat a - 1, $FFFFFFFFFFFF

|[EEE32 and |[EEE6G4

Description These directives allow 32 and 64 bit floating point numbers to be defined EEE
format.

Syntax |EEE32 fp.value
|EEE6G4 fp.value

See Also DATA, DATASIZE

Examples i eee32 1. 23, 34e10

i eee64 123456. 7654321e- 2
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Controlling Program Execution

The directives in this section are used to alter the state of the program counter and
control the execution of the Assembler.

ORG
CNOP
OBJ
OBJEND
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ORG

Description The ORG directive informs the Assembler of the location of the code in the target
machine.

Syntax ORG address[,parameter]

whereaddressis a previously-defined symbol, or a hex or decimal value, optionally
preceded by a question mark (J?and followed by a (target-specific) numeric
parameter.

See Also OBJ, OBJEND, GROUP, SECTION

Remarks
If alink fileis output, th@ORG directive must not be used - sed€sroups and
Sections, chapter 8.
If the program containsSSECTIONSs, asingleORG is allowed, and it must
precede all SECTION directives. If the program does not utilise th8ECTION
construct, it may contain multipl©RG's.
Examples org $100
Begi n nove. w sr, - (A7)
Program equ $4000
6.r g Program
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CNOP

Description Resets the program counter to a specifieaffset from the specifiedsize boundary.

Syntax CNOP offset,size boundary

Remarks In code containingSECT I ONs, the Assembler does not allow the program counter
to be reset to a size boundary greater than the alignmeraiready set for that section.
Therefore, aCNOP statement with a size boundary of 2 is not allowed in a section
that is byte-aligned.

Examples section prime
Firstoff = 512
Firstsize = 2
éhbp Firstoff, Firstsize

sets the program counter to 512 bytes above the next word boundary.
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OBJ and OBJEND

Description OBJ forces the code following it to be assembled asif it were at the specified
address, although it will still appear following on from the previous code.

OBJEND terminates this process and returns to th©RG'd address value.

Syntax OoBJ address

OBJEND

See Also ORG

Remarks
The OBJ - OBJEND construct is useful for code that must be assembled at one
address (for instance, in aROM cartridge), but will be run at a different address,
after being copied there.
Code blocks delimited byDBJ - OBJEND cannot be nested.
Examples org $100
dw *
dw *
obj $200
dw *
dw *
obj end
dw *
dw *

The above code will generate the following sequence of words, starting at address
$100:

$100
$104
$200
$204
$110
$114
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Include Files

The source code for most non-trivial programs istoo large to be handled as a single
file. It isnormal for a program to be constructed of subsidiary files, which are called
together during the assembly process.

The directives in this section are used to collect together the separate source files and
control their usage; also discussed are operators to aid the control of code to be
assembled from NCLUDEd files.

INCLUDE
INCBIN
DEF

REF
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INCLUDE

Description Asthe source code for most no-trivial programsistoo large to be handled as a single
file, it isnormal for a program to be constructed of subsidiary files, which are called
together during the assembly process. This directive tells the Assembler to draw in
and process another source file, before resuming the processing of the current file.

Syntax INCLUDE filename
wherefilenameis the name of the source file to be processed, including drive and

path identifiers - seeNote. Thefilenamemay be surrounded by quotes, but they will
be ignored.

See Also INCBIN

Remarks

Traditionally, there will be one main file of source code, which contalMCL UDE's
for al the other files.

The /j switch can be used to specify a search path foNCL UDEd files - see
Assembler Options chapter 9.

Examples A typical start to a program may be:

section shortl

codestart jnp ent rypoi nt
db _hours, _m nutes
db _day, _nonth
dh _year

i ncl ude varsl.s
section short 2
i ncl ude vars2.s
section code

i ncl ude graphl.s
i ncl ude graph2.s
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i ncl ude mat hs. s
i ncl ude trees.s
i ncl ude tactics.s

entrypoint |i to, 8
| w ao, fred

Note: Since a path name contains backslashes, the text in the operand of an
INCLUDE statement may be confused with the usage of text previously
defined by an EQUS directive. To avoid this, a second backslash may be used
or the backslash may be replaced by aforward slash.
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INCBIN

Description

Syntax

See Also

Remarks

Examples

Informs the Assembler to draw in and process binary data held in another source file,
before resuming the processing of the current file.

symbol INCBIN filename[ ,start,length]

filenameis the name of the source file to be processed, including drive and path
identifiers Optionally, the filename may be surrounded by quotes, which will be
ignored;

start and length are optional values, allowing selected portions of the specified
file to be included.

INCLUDE, HEX

This directive allows quantities of binary datato be maintained in a separate file
and pulled into the main program at assembly time; typically, such data might be
character movement strings, or location co-ordinates. The Assembler is passed no
information concerning the type and layout of the incoming data. Therefore,
labeling and modifying thENCBINed data is the responsibility of the
programmer.

The/j switch can be used to specify a search path fdiNCL UDEd files - see
Assembler Options, chapter 9.

Charnove inchin d:\source\charnov. bin

Note: Since a path name contains backslashes, the text in the operand of an INCBIN
statement may be confused with the usage of text previously defined by an
EQUS directive. To avoid this, a second backslash may be used or the
backslash may be replaced by aforward slash.

Thus, include f:\source\charnov. bin

may be re-written as

i ncl ude d:\\source\\charnov. bin or

i ncl ude d:/ source/ char nov. bi n
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Note The nominated file may be accesses:lectively, by specifying a position in the file,
from which to start reading, and &ength. Note that:

if start isomitted, the INCBIN commences at the beginning of thefile;
if the length is omitted, the INCBIN continues to the end of thefile;
if bothstart and length are omitted, the entire file i$SNCBI Ned.

REF

Description REF isaspecial operator to allow the programmer to determine which segments of
code are to bel NCLUDEUC.

Syntax [~]REF(symbol)

The optional preceding tilde (~) is synonymous withOT.

Remarks REF istrueif areference has previously been encountered for the symbol in the

brackets.
Examples i f r ef (Li nks)
Li nks | w r1, 8(ao)
jir ra
endi f

TheLinksroutine will be assembled if areference to it has already been encountered.
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DEF

Description Like theREF operator, DEF is a special function. It allows the programmer to
determine which segments of code have already beéhNCL UDEd.

Syntax [~]DEF(symbol)

The optional preceding tilde (~) is synonymous withOT.

Remarks DEF istrueif the symbol in the brackets has previously been defined.

Examples i f ~def (| oadadr)
| oadadr equ $1000
execadr equ $1000
rel ocadr equ $80000- $300
endc

The address equates will be assembled if load_addr has not already been defined.
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Controlling Assembly

The following directives give instructions to the Assembler during the assembly
process. They allow the programmer to select and repeat sections of code:

END

IF
ELSE
ELSEIF
ENDIF
CASE
ENDCASE
REPT
ENDR
WHILE
ENDW
DO
UNTIL
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END

Description TheEND directive informs the Assembler to cease its assembly of the source code.

Syntax END [address|

See Also REGS

Remarks
Theinclusion of this directive is mostly cosmetic, since the Assembler will cease
processing when the input source code is exhausted.
The optional parameter specifies an initial address for the program. See also the
REGS statement, in the section -T ar get-Related Dir ectives,chapter 4.
Example startrel | w t0, (a0)
addu r3,r2,rl
ir ra
end

|F, ELSE, ELSEIF, ENDIF, ENDC

Description These conditional directives allow the programmer to select code for assembly.

Syntax IF [~]expression
ELSE
ELSEIF [~]expression
ENDIF
ENDC

See Also CASE
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Remarks
The ENDC and ENDIF directives are interchangeabl e.
If theEL SEIF directive is used without a following expression, it acts the same
as an EL SE directive.
The optional tilde, preceding the operand expression, is synonymous WNIOT.
Its use normally necessitates the prudent use of brackets to preserve the sense of
expression.
Examples i f N ntendo 1
sec_dir equ 2
el sei f Tar get
sec_dir equ 1
el se
sec_dir equ 3
endi f
i f ~usesquar e
round nacr o
addu \1,\2,\3
endm
el sei f
round nacr o
endm
endc
| di rm nacr o dest, i mm
if (\i me-
32768) &\ i mmx32768 )
addi u \dest, r0,\imm
el se lui \dest, (\imm)>>16
if (\imm) &Bffff
ori \dest,\det, (\inm) &ffff
endi f
endi f
endm
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CASE and ENDCASE

Description The CASE directive is used to select code in a multiple-choice situation. TREASE
argument defines the expression to be evaluated; if the argument(s) after tbguals
sign aretrue, the code that follows is assembled. Thequals-questionmark caseis
selected if no previous case i$rue.

Syntax CASE expression
=expression[,expression]
=?
ENDCASE
See Also | F conditionals
Remarks In the absence of aequals-question mark(="?) case, if the existing cases are

unsuccessful, the case-defined code is not assembled.

Examples  Thefollowing is an aternative for the example listed under the directive - see

chapter 4.
Tar get equ N ntendol
case Target
=N nt endol
sec_dir equ 2
=N nt endo2
sec_dir equ 1
=? db "New Version", 0
sec_dir equ 3

endcase
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REPT, ENDR

Description These directives allow the programmer to repeat the code between tHREPT and
ENDR statements. The number of repetitions is determined by the value cbunt.

Syntax REPT count

ENDR
See Also DO, WHILE

Remarks When used in aMacroREPT is frequently associated with th&dARG function.

Examples r ept 12
dh 0,0,0,0
endr
cbb nacro string
lc = 0
r ept strlien(\string)
cc substr [ c+1,lc+l,\string
db  "\cc"~($A5+ c)
lc = [ c+l
endr
endm

© SN SystemsLtd



Nintendo 64 General Assembler Directives Page 4-33

WHILE, ENDW

Description These directives allow the programmer to repeat the code between the WHILE and
ENDW statements, as long as the expression in the operand hol tisue.

Syntax WHILE expression

ENDW
See Also REPT, DO

Remarks Currently, any string equate substitutions in thé&/HIL E expression take place once
only, when theWHILE loop isfirst encountered - sedNote below for the
ramifications of this.

Examples Ml tP equ 16
I ndi c = Ml tP
whi | e | ndi c>1
| w rl, tern(a0)
I ndi c = | ndic-1
endw

Note: Because string equates are only evaluated at the start of thé&/HILE loop, the
following will not work:

S equs " X"
whi | e strlen("\s") < 4
dchb "\s",0

S equs "\ s\ x"
endw
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To avoid this, set a variable each time round the loop to indicate that looping should

continue:

S equs "X

| oopi ng = -1
whi | e | oopi ng
db "\s",0

S equs "\ s\ x"

| oopi ng = strlien("\s") <4
endw

DO, UNTIL

Description These directives allow the programmer to repeat the code between tH2O and
UNTIL statements, until the specified expression becomésue.

Syntax DO

UNTIL expression
See Also REPT, WHILE

Remarks Unlike theWHILE directive, string equatesin atUNTIL expression will be re-
evaluated each time round the loop.

Examples MiltP equ 16
I ndi c = Ml tP
do
| w rl, tern(a0)
I ndi c = Indic-1
unti | | ndi c<=1

© SN SystemsLtd



Nintendo 64 General Assembler Directives Page 4-35

Target-Related Directive

The following directive allows the programmer to specify certain initial parametersin
the target machine:

REGS
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REGS

Description This directive allows the programmer to specify certain initial parameters in the target
machine. If aCPEfileis produced or object code output is directed to the target, the
REGS directive specifies the contents of the registers at the start of code execution.

Syntax REGS regcode= expression[,regcode=expression]
whereregcodeis the mnemonic name of aregister, such asl, PC.

Remarks This directive is not available for relocatable code which is specific to the target or
pure binary code.

Example regs pc = _ SN ENTRY_PQ NT

Register assigns can be declared on one line, separated by commas.
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CHAPTER 5

M acr os

The Assembler provides extensive macro facilities; these allow the programmer to
assign names to complete code sequences. They may then be used in the main
program like existing assembler directives.

This chapter discusses the following topics, directives and functions:

MACRO, ENDM
MEXIT

M acro Parameters
SHIFT, NARG
MACROS
PUSHP, POPP
PURGE

TYPE
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MACRO, ENDM, MEXIT

The Assembler provides extensive macro facilities; these allow the programmer to
assign names to complete code sequences. They may then be used in the main
program like existing assembler directives.

Description A macroconsists of the source lines and parameter place markers between the
MACRO directive and theENDM. The label field is the symbolic name by which the
macro is invoked; the operand allows the entry of a string of parameter data names.
When the assembler encounters a directive consisting of thabel and optional
parameters, the source lines are pulled into the main program and expanded by

substituting the place markers with the invocation parameters. The expansion of the
macro is stopped immediately if the assembler encounterddEXIT directive.

Syntax Label MACRO [symbol,..symbol]
MEXIT

ENDM

See Also MACROS

Remarks
Note that the invocation parameter string effectively starts at the character after
the macro name, that is, thedot (.) character. Text strings, as well asb, .w and .|
are permissible parameters - se®ar ameter sbelow.
Control structures within macros must be complete. Structures started in the
macro must finish before th&ENDM; similarly, a structure started externally must
not be terminated within the macro. To imitate a simple control structure
from another assembler, a short macro might be used - séd ACROS below.
Examples renove nmacr o
dh -2,0,0
endm
Form nmacr o
i f strecnp("\1','0")
dh 0
el se
dh \ 1- For mBase
endi f
endm
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M acro Parameters

Parameters Macro parameters obey the following rules:

The parameters listed on the macro invocation line may appear at any point in the
code declared between thal ACRO and ENDM statements. Each parameter is
introduced by abackslash(\); where this may be confused with text from an
EQUS, a backslash may also follow the parameter.

Up to thirty two different parametersre allowed, numbered0 to \31.\Oisa
special parameter which gives the contents of theze field of the macro directive
when it was invoked, that is, the text after the point symbol (.) Thisincludes not
only.b, .h or .w, but also any text:

Example zed nacr o
\0
endm

zed. nop
will generate a NOP instruction.

Instead of the\O to \31 format, parameters can be given symbolic names, by their
inclusion as operands to thevl ACRO directive. The precedingackslash(\) is not
mandatory; however, if there is the possibility of confusion with the surrounding text,
a backslashmay be used before and after the symbol name to ensure the expression is
expanded correctly:

Example Position nmacro A B, C Pos, Ti ne
dh \ Ti me* (\ A*\ Pos+\ B*\ Pos+\ C*\ Pos)
endm

Surrounding the operand of an invoked macro witlyeater thanand less thansigns
(<...>), alows the use of comma and space characters.
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Example Oedits nacro
dh \1,\2
db \3
db 0
even
endm
Cedits 11, 10, <ABS, from Jones>
Continuation Lines when invoking a macro, it is possible that the parameter list
will become overlong. As with any directive statement, the line can be terminated
by anampersand(&) and continued on the next line to improve readability.
Example chstr nacr o
rept narg
db k \1
shi ft
endr
db 0
even
endm
cheatstr chstr i,c,a,nb,ar,el,y &
s,t,a,n,d,i,t
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Special Parameters

There are a number of special parameter formats available in macros, as follows:

Converting Integersto Text

The parameters \#and \$ replace the decimal (¥ or hex ($ value of the symbol
following them, with their character representation. Commonly, this technique is used
to accessRun Dateand Time

Example
RunTi me db "\'# hours:\# mnutes: &
\# seconds"

this expands to the form hh:mm:ss, as follows

RunTi e db "21:08: 49"

Generating Unique L abels

The parameter\@ can be used as the last characters of alabel name in a macro.
When the macro is invoked, this will be expanded to an underscore followed by a
decimal number; this number is increased on each subsequent invocation to give a

unique label.
Example Slots nacr o

add r1,r0,r0
| w ri,\1
beq r11,r0,1

next\ @ addi u f3,r0,1
bgt

dun\ @
endm
Si 6t S freeobl, nunsl ot 1

Each time theSotsmacro is used, new labels in the form next_001 and dun_001 will
be generated.
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Entire Parameter

If the special parameten_ (backslash underscore) is encountered in a macro, it is
expanded to the complete argument specified on the macro invocation statement.

Examples Al nacro
db \_
endm
Al 1,2,3,4
will generate
db 1,2,3,4

Control Characters

The parameter\x, wherex denotes a control character, will generate the specified
control character.

Using the Macro L abel

The label heading the invocation line can be used in the macro, by specifying the first
name in the symbol list of th&1 ACRO directive to be an asterisk (3, and

substituting\* for the label itself. However, the resultant |abel is not defined at the
current program location. Therefore, the label remainsdefinedunless the
programmer givesit avalue.

Extended Parameters
The Assembler accepts a set of elements, enclosed in curly brackets §{ }o be

passed to a macro parameter. TheNARG function andSHIFT directive can then be
used to handle the list:

Example cnd nacr o
cc equs {\ 1}
r ept nar g( cc)
\cc

shift cc
endr
endm
jr ra
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SHIFT, NARG

Description These directives cater for a macro having a variable parameter list as its operand. The
NARG symbol isthe number of arguments on the macro invocation line; thil I FT
directive shifts all the arguments one place to the left, losing the leftmost argument.

Syntax directive NARG
SHIFT

whereNARG is areserved, predefined symbol.
See Also Extended Parameters

Examples routes nmacr o
r ept narg
i f strcnmp('\1','0")
dh 0
el se
dh \ 1- r out ebase
endi f
shi ft
endr
endm

'rbth es 0, gosouth_1

This example goes through the list of parameters given to the macro and defines a
half word of $0000 if the argument is zero or a 16 bit offset into the ‘routebase’ table
of the given label.
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MACROS

Description TheMACROSdirective allows the entry of asingle line of code as a macro, with no

Syntax

See Also

Remarks

Examples

associatedENDM directive. The single line of code can be a control structure
directive.

Label MACROS [symbol,..symbol

MACRO

The M ACROSdirective may be used to stand in for asingle, complex code line.
Often, the short macro allows the programmer to synthesise a directive from another
assembler. Including thel{ option on the command line will cause several macros
emulating foreign directives to be generated.

a = 0 ;a=0 do expl osi on
a=1 do offset cal culation
i f 0
boom nmacr os
j al expl os\ 1
el se
boom nmacr os
| w r1, bl owup-tactbase(\1
endi f
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PUSHP, POPP

Description These directives allow text to be pushed into, and then popped from, a string
variable.

Syntax PUSHP string

POPP string

Remarks There is no requirement for thé?USH and correspondingPOPP directives to appear
in the same macro.

Examples  nakefrane macr o st ksi ze
pushp \ st ksi ze
sub sp, \stksi ze\l
endm

freefrane macro

popp st ksi ze
add sp, \ st ksi ze
endm

This means the user does not have to specifgt ksi ze when using freeframe. The
user must ensure that calls to makeframe and freeframe are balanced.
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PURGE

Description The PURGE directive removes an expanded macro from the internal tables and
releases the memory it occupied.

Syntax PURGE macroname

Remarks It you need to redefine a macro, it is not necessary to purge it first asthisis done by
the Assembler.

Examples  HugeM nmacr o
dh \1
dh \2
dh \31
endm
HugeM paral, 103, faul tl evel , &
o 40, 50, par a3l
pur ge HugeM
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TYPE

Description TYPE isafunction used to provide information about a symbol. It is frequently used
with a macro to determine the nature of its parameters. The value is returned as a
word; the meanings of the bit settings are given below.

Syntax TY PE(symbol)

The reply word can be interpreted as follows:

Bit O Symbol has an absolute value

Bit 1 Symbol isrelative to the start of the Section
Bit 2 Symbol was defined usinGET

Bit 3 Symbol isaMacro

Bit 4 Symbol is a String Equate EQUYS)

Bit 5 Symbol was defined usingeQU

Bit 6 Symbol appeared in alKREF statement
Bit 7 Symbol appeared in atKDEF statement
Bit 8 Symbol is a Function

Bit 9 Symbol is a Group Name

Bit 10 Symbol is aMacro parameter

Bit 11 Symbol is ashort Macro iMACROYS)
Bit 12 Symbol is a Section Name

Bit 14 Symbol is a Register Eqate (EQUR)
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CHAPTER 6

String M anipulation Functions

To enhance the Macro structure, the Assembler includes powerful functions for string
manipulation. These enable the programmer to compare strings, examine text and
prepare subsets.

This chapter covers the following string handling functions and directive:

STRLEN
STRCMP
INSTR
SUBSTR
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STRLEN

Description A function which returns the length of the text specified in the brackets.

Syntax STRLEN(string)

See Also STRCMP

Remarks The STRLEN function is available at any point in the operand.

Examples  Numov nmacr o
r ept strlen(\1)
| w r3, (a0
add ao, 4
sw r3, (al)
add al, 4
endr
endm

NIy 12345

The number of charactersin the string is used as the extent of the loop.
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STRCMP

Description A function which compares two text strings in the brackets, and returtizieif they
match, otherwise it returndalse.

Syntax STRCMP(stringl,string2)

See Also STRLEN

Remarks When comparing two text strings, th&T RCM P function starts numbering the
charactersin the target texts from one.

Examples  Vers equ "Acs"
i f strcnp("\Vers", "Sal es")
I h v0, Sall nd (a0)
el se
i f strcnp("\Vers", "Acs")
| h v0, Aclnd (a0)
el se
i f strcnp("\Vers", "Test")
I h v0, Tstind (a0)
endi f
endi f
endi f

© SN SystemsLtd



Page6-4 String M anipulation Functions Nintendo 64

INSTR

Description  This function searches a text string for a specified sub-string. If the string does not
contain the sub-string, the result of zero is returned; if the sub-string is present, the
result is the location of the sub-string from the start of the target text. It isalso
possible to specify an alternate start point within the string via an optional parameter.

Syntax INSTR ([start,]string, sub-string)

See Also SUBSTR

Examples  Mess equs "Deno for Sales Dept”
i f instr("\Mess","Sal es")
lw v0, Sallnd (a0
el se
lw vO0, Aclnd (a0)
endi f

Note: When returning the offset of alocated sub-string, tHé&NSTR function starts
numbering the characters in the target text from one.
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SUBSTR

Description Thisdirective assigns avalue to a symbol; the value is a sub-string of a previously
specified text string, defined by thetart and end parameters. Thestart and end
parameters will default to the start and end of the string, if omitted.

Syntax symbol SUBSTR [start],[end],string

See Also INSTR, EQUS

Remarks When assigning a sub-string to a symbol, tf8UBSTR directive starts numbering the
charactersin the source text from one.

Examples  Message equs "A short Sanple String"
Part1 substr 9, 14, "\ Message"
Part 2 substr 16, , "\ Message”
Part 3 substr , 7, "\ Message”
Part 4 substr ,,» "\ Message”

where Partl equalsSample
Part2 equalsString
Part3 equal sA short

The last statement is equivalent to aleQUS assigning the whole of the original
string to Part4.

Cobb nacr o string
cc = 0
r ept strlien(\string)
cc substr [ c+1,lc+l,\string
db “\cc’ M($A5+1c)
[ c+l
endr
endm

Again, thisis an example of encryption of astring.
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CHAPTER 7

L ocal Labels

As a program develops, finding label names that are both unique and definitive

becomes increasingly difficult. Local Labels ease this situation by allowing
meaningful label names to be re-used.

This chapter covers the following topics and directives:
Local Label Syntax and Scope

MODULE and MODEND
LOCAL
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Syntax and Scope

Syntax
Local Labels are preceded by alocal label signifier. By default, thisis@wsign;
however, any other character may be declared by using theption in anOPT
directive or on the Assembler command line - sé&&ssembler Options chapter 9.
Local label names follow the general label rules, as specified in chapter 3.
Local labels are not de-scoped by the expansion of a macro.

Scope The region of code within which aLocal Label is effective is called$®pe Outside
this area, the label name can be re-used. There are three methods of defining the
scope of aLocal Label:

The scopeof alocal label isimplicitly defined between two non-local labels.
Setting a variable, defining an equate or RS value does not de-scope current local
labels, unless the d option has been used in an OPT directive or on the Assembler
command line - see Assembler Options, chapter 9..
The scope of aLocal Label can also, and more normally, be defined by the
directives MODULE and MODEND - see chapter 7.
To define labels (or any other sytol type) for local use in a macro, the LOCAL
directive can be used - see chapter 7..
Examples plot2 I'b t0,loc(tl)
nop
subi u t0,t2
bne zero, t0, @hkl
nop
j al | col or
nop
b set pl ot
nop
@hk1
Set pl ot set *
M ot3 ---
b @hk1
nop
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MODULE and MODEND

Description Code occurring after avi ODUL E statement, and up to and including th&41 ODEND
statement, is considered to be anodule Local labels defined in anodulecan be re-
used, but cannot be referenced outside thenodulés scope. A Local label defined
elsewhere cannot be referenced within theurrent module

Syntax MODULE

MODEND
See Also LOCAL
Remarks
M odules can be nested.

The M ODULE statement itself is effectively a non-local label and will de-scope
any currently active default scoping.

Macros can contain modules or be contained in a ndale. A local label occurring
in amodule can be referred to by a macro residing anywhere within the module.
A module contained within a macro can effectively provide labels local to that
macro.

Examples nystrcnp nodul e

move t2,a0

move vO, zero
@p | bu t0,0(t2)

addi t2,t2,1

| bu t1, 0(a2)

addi u a2,a2, 1

bne t0,t1, @i ff

nop

bnez t0, @p

nop

li vO, 1 ;true
@i ff jr ra

nop

nodend ; nystrcnp
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LOCAL

Description TheLOCAL directive is used to declare a set of macro-specific labels.

Syntax LOCAL symbol,..,symbol

See Also MODULE

Remarks
The scope of symbols declared using theOCAL directive is restricted to the
host macro.
The LOCAL directive does not force a type on the symbol set that makes up its
operand. In practice, therefore, such symbols can be used as equates, string
equates or any other type, as well as labels.
Examples  print nacro string
| ocal nyl abel
j al stri ngprint
nop
db \string, 0O
cnop 0,4
nyl abel
endm
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CHAPTER 8

Structuring the Program

Normally, the organisation of the memory of the target machine does not match the
layout of the source files. The Assembler however, uses Groups and Sections to
create a structured target memoryand relocatable program sections.

This chapter covers the following topics and directives:

SECTION

GROUP

PUSHS and POPS
SECT and OFFSET
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GROUP

Description This directive declares a group with up to seven group attributes.

Syntax GroupName GROUP [Attribute..Attributg
where an attribute is one of the following - see below for descriptions:

WORD

BSS

ORG(addresy

FIL E(filename)
OBJ(addresy
SIZE(size)
OVER(GroupName

See Also SECTION

Remarks Group Attributes are interpreted as follows:
WORD - the group may be accessed using absolute word addressing. Note that this
will only have an effect if thew+ parameter has been used to allow optimisation to
occur.

Example G oupl group wor d

BSS- noinitialised data to be declared in thigroup.

Example G oupl group bss

ORG - setsthe ORG address of thegroup, without reference to the othergroup
addresses. If this attribute is omitted, thgroupwill be placed in memory, following
on from the end of the previougroup.
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Example org $100
Gl gr oup
@ gr oup or g( $400)
& gr oup

will place the groups in the sequence G1,G2,G3
FILE - outputs agroup, such as an overlay, to aits own binary file; other groups will
be output to the declared file.

Example G oupl group or g($400), fil e("charov. bin")

OBJ - setsthe group'sOBJ address. Code is assembled asif it isrunning at tf@BJ
address but is placed at the group'©RG address. If no address is specified then the
OBJ value is the same as the group'®RG address.

Examples QG oupl gr oup or g( $400) , obj ( $1000)
Q oup2 gr oup or g($800), obj ()
SIZE - specifies the maximum allowable size of tlygoup. If the size exceeds the

specified size, the assembler reports an error.
Example G oupl group si ze(32768)
OVER - overlays thisgroup on the specifiedgroup. Code at the start of the second

group is assembled at the same address as the start of the first group. The largest of
the overlaid groups' sizesis used as the size of each group.

Note: It isnecessary to use theFI L E attribute to force different overlays to be
written to different output files.

Example QG oup2 group over (G oupl)
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SECTION

Description Thisdirective declares alogical code section.

Syntax SECTIONSsize SectionNam¢,Group|
SectionName SECTIONsize[Attribute..Attributd

The second format is a special case, designed to allow definition of a section with
group attributes - see below for a description.

See Also GROUP

Remarks
Unless the section has been previously assigned, the section will be placed in an
unnamed default group, if th&&ROUP name is omitted
It is possible to define a section with group attributes. The assembler will
automatically create a group with the section name preceded by atilde) (@and
place the section in it.

Example Sectl section bss

definesSectl, with theBSS attribute, in a group called Sectl

The size parameter can beb, h or w; if the parameter is omitted, the default size
isword. When asize is specified on a section directive, alignmeiatthat sizeis
forced at that point The start of the section is aligned on a boundary based on
the largest size on any of the entries to that section - in all modules in the case of
linked code.

Note: If asection issized as byte, you cannot use thEVEN directive in the
section. Furthermore, theCNOP directive cannot be used to re-align the
Program Counter to a value greater than the alignment of the host section
- See chapter 4.

© SN SystemsLtd



Nintendo 64 Structuring the Program Page 8-5

If sections are used to structure application code, only asingl@RG directive
can be used; this must precede all section definitions. Groups and Sections may
have ORG attributes to position them.

No ORG directives or attributes are permitted when producing linkable output.
Within a group, sections are ordered in the sequence that the Linker encounters
the section definitions.

Example

Sectionb one
db 1,2,3

section t wo
db 10, 11, 12

sectionb one
db 4,5

section t wo
db 13, 14

Will produce the following sections and bytes:

one 1,2,3,4,5
two 10, 11, 12, 0, 13, 14
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PUSHSand POPS

Description These directives allow the programmer to open a new, temporary section then return
to the original section.,PUSH S saves the current sectionPOPSrestores it.

Syntax PUSHS
POPS

Examples plotconp |w t0,8(tl)

passdl equ *

pushs
section dol i ght
dw passdl
pops

This example showd?USH S and POPS being used to pass system information
between sections, in the form of the location counter.
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SECT and OFFSET

Description The SECT function returns the address of the section in which the symbol in the
bracketsis defined. Thé®OFFSET function returns the offset value from the
beginning of the section.

Syntax SECT (expression

OFFSET (expression

Remarks
If alink is being performed, th€ECT function is evaluated when it is linked; if
thereisno link it will be evaluated when the second pass has finished.
Likewise, if alink isbeing performed, tt@FFSET function is evaluated when it
islinked; however, if thereisno link th@FFSET will be evaluated during the
first pass.
Examples dh sect ( Tabl el)
dh sect ( Tabl e2)
dh of fset (*)
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CHAPTER 9

Options, Listingsand Errors

This chapter completes the discussion of the Assembler and its facilities. It covers
methods of determining run-time Assembler options, producing listings and error-
handling, as well as passing information to the Linker:

OPT

Assembler Options
PUSHO and POPO

LIST and NOLIST
INFORM

FAIL

XREF, XDEF and PUBLIC
GLOBAL
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OPT

Description Thisdirective allows Assembler options to be enabled or disabled in the application
code. See‘Assembler Options' below for afull listing.

Syntax OPT option,..option
See Also PUSHO, POPO
Remarks
An option is turned on and off by the character following the option code:

+ (plus sign) = ON

- (minus sign) = OFF

Options may also be enabled or disabled by using th® switch on the Assembler
command line - see Command Line Syntax, chapter 2.

Examples opt an+, 1 :, e-
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Assembler Options

The following reference list shows the default settings for the various options and
optimisations available during assembly. More detailed descriptions are given below.

Option Description Default
AE Enable Automatic Alignment Mode On
AN Enable Alternate Numeric mode Off
AT Allow Assembler to use temporary Register On
C Activate/ Suppress Case sensitivity Off
D Allow EQU or SET to descope local labels Off
E Print lines containing errors On
H Automatic hazard removal (insert NOP) Off
Lx Substitute x for Local Label signifier Off
M Enable/disable macro instructions On
N Insert NOP in branch delay slots Off
R Allow $ prefixed register names Off
S Handle equated names as labels Off
T Automatically truncate values in db/dh/dw statements  Off
\% Write Local Labelsto symbol file Off
\W Print warning messages On
WS Operands may contain white space Off
X AssumeXREFs in defined section Off
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Option Descriptions

AE - Automatic Alignment
When using the word and long word forms dDC, DCB, DS and RS, enabling this
option forces the program counter to the following boundary prior to execution. The
default setting for this option iAAE+.

AN - Alternate Numeric
The default setting for this option i®\N- but setting it toAN+ allows the inclusion of
numeric constants in Zilogr Intel format, i.e. followed byH, D or B to signifyHex,
Decimal or Binary, e.g. 0F123H = $F123 See also the section on theRADI X
directive - chapter 3.

AT - Alternate Assembler to use Temporary Register
Within MIPS standard format code, some instructions are not actually instructions
but macros, for example:

swtO, fred

when assembled will produce the following:

Lui at, fred>>16
sw t0, fred&ffff(at)

Thistrashesthe AT Register.

Warnings will be generated when the AT Register is used if this option is setAd +
but errorswill beinserted if it isset téAT-.
The default setting iISAT +.

C - Case Sensitivity
When this option is set taC+, the case of the letters in alabel's name is significant;
for instance, SHOWSTATS ShowStats and showstats would all belegal. The
default setting isC-.

D - Descope Local L abels
The default setting for this option i®- but if it is set toD+, local labels will be
descoped if anEQU or SET directive is encountered.

E - Error Text Printing
If this option is enabled, the text of the line which caused an Assembler error will be
printed together with the host file name and line number. The default setting for this
option isE+.
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H - Automatic Hazard Removal
If this option is set to the defaulH-, the Assembler will warn the user of any pipline
hazards. If itisset toH+, it will insert an NOP into the code. Note that this does
not apply to instructions following returns at the end of subroutines.

L- Local Label Signifier
Local labels are signified by a preceding AT sigri@ ). This option allows the use of
the character following the option letter as the signifier. Thus; would change the
local label character to acolon:(). L+ and L - are special formats that toggle the
character between adot (+) and an@ sign(-). The default setting id-.

M - Enable/Disable Macro Instruction
Set this option toM - and errors will be given on macro instructions, e.g. the
following code:

[ r2, $587329

will expand to the following sequence:

| ui r2, $58
ori r2, $7329

Set it to the defaultM + and the same code will generate an error.

N - Generate an NOP in Branch Delay Slots
The default setting for this option i®- but set it to N+ and an NOP will be
automatically inserted after all branch instructions.

R - Allow $ prefixed register names
R+ will allow the $ prefixed versions of the register names to be used but will disable
the use of $ to prefix hexadecimal constants.

S- Treat Equated Symbolsas L abels
The default setting for this option i§&- but set it to S+ and disassembly will treat
eguates as labels rather than just values.

W - Print war ning messages
When this option is set to the default setting dfV+, the Assembler will identify
various instances where a warning message would be printed but assembly will
continue. Disabling th&V option will suppress the reporting of warning messages.

WS - Allow white spaces
The default setting for this option i8VS- but if it is set toW S+, operands may
contain white spaces. Thus, the statement:

dc. | 1+ 2

defines alongwordof value 1 withW S set Off, and alongwordof value 3 withiW'S
set to On.
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X - XREFsin defined section
The default setting for this option iX- but if it is set toX+, XREFs are assumed to
be in the section in which they are defined. This allows optimisation to absolute word
addressing to be performed provided that the section is defined with tiéORD
attribute or isin aGroup with theWORD attribute.
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PUSHO and POPO

Description ThePUSHO directive saves the current state of all the assembler optionBOPO
restores the options to their previous state. They are used to make a temporary
alteration to the state of one or more options.

Syntax PUSHO

POPO

See Also OPT

Examples pusho ; save options state
opt ws+, c+ ; change options state
SetAts = hei ght * tinme
SETALTS dh 256 * SetAlts
popo ;restore previous state

LIST and NOLIST

Description TheNOLIST directive turns off listing generation; thie1 ST directive turns on the
listing.
Syntax NOLIST
LIST indicator

where indicator isaplus sign (+) or aminussign (-).
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Remarks
If alist fileis nominated, either by itsinclusion on the Assembler command line,
or in the Assembler’s environment variahla listing will be produced during the
first pass.

The Assembler maintains aurrentlisting statusvariable, which is originally set
to zero. List output is only generated when this variable is zero or positive. The
listing directives affect the listing variable as follows:

NOLIST setsitto-1;

LIST, with no parameter, zeroisesit;
LIST + adds 1;

LIST - subtracts 1.

Examples  Directive Status Listing produced?

nol i st -1 no
list - -2 no
l'ist 0 yes
list - -1 no
list - -2 no
list + -1 no
[ist + 0 yes

Note: The Assembler automatically suppresses production of listings during macro expansion
and/or for unassembled code because of afailed conditional.

These actions can be overridden by:

including the /M option on the Assembler command line to list expanding
macros,

including the /C option on the Assembler command line to list conditionally
ignored code - see Command Line Syntax, chapter 2.
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INFORM and FAIL

Description ThelNFORM directive displays an error message contained in text which may
optionally contain parameters to be substituted by the contents of expressions after
evaluation. Further Assembler action is based upon the state of severity. TRAIL
directive is a pre-defined statement, included for compatibility with other Assemblers.
It generates an “Assembly Failed” message and halts assembly.

Syntax INFORM severitytext[ ,expression$

FAIL

Remarks
These directives allow thgrogrammer to display an appropriate message if an
error condition is encountered which the Assembler does not recognise.

Severity isin the range 0 to 3, with the following effects:

0 : the Assembler simply displays the text;

1 : the Assembler displays the text and issues a warning;

2 : the Assembler displays the text and raises an error;

3: the Assembler displays the text, raises afatal error and halts the assembly.

Text may contain the parameter8od, % h and %s They will be substituted by
the decimal, hex or string values of the following expressions.

Examples  Tabl eSi ze equ Tabl eEnd- Tabl eSt ar t
MaxTabl e  equ 512
i f Tabl eSi ze>MVaxTabl e
i nform 0,"Table starts at % and&

is % bytes |long", &

Tabl eSt art, Tabl eSi ze
inform 3,"Table Limt Violation"
endi f
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XDEF, XREF and PUBLIC

Description If several sub-programs are being linked, us€DEF, XREF and PUBL I C to refer to
symbolsin a sub-program which are defined in another sub-program.

Syntax XDEF symbol[,symbol]
XREF symbol[,symbol]

PUBLIC on
PUBLIC off

Remarks
In the sub-program where symbols are initially defined, tXDEF directiveis
used to declare them as externals.

In the sub-program which refers the symbols, théREF directive is used to
indicate that the symbols are in another sub-program.

The Assembler does not completely evaluate an expression containing an
XREFed symbol; however, resolution will be effected by the linker.

The PUBLIC directive allows the programmer to declare a number of symbols as

externals. With a parameter of on, it tells the Assembler that all further symbols
should be automaticallyXDEFed, until aPUBL | C off is encountered.

Examples  Sub-programA contains the following declarations :
xdef Scor es, Scorers

The corresponding declarations in sub-prograB are:

xdef Poi nt sTabl e
xr ef Scores, Scorers
public on
Qigin = Mai nChar
For ce dh Speed*origin
Rebound dh 45*angl e

public of f
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GLOBAL

Description The GLOBAL directive allows a symbol to be defined which will be treated as either
an XDEF or an XREF. If asymbol isdefined a&SL OBAL and is later defined as a
label, it will be treated as aaXDEF. If the symbol is never defined, it will be treated
asan XREF.

Syntax GLOBAL symbol[ ,symbol]

See Also XREF, XDEF, PUBLIC

Remarks Thisisuseful in header files because it allows all separately assembled sub-programs
to share one header file, defining all global symbols. Any of these symbols |ater
defined in a sub-program will b DEFed, the others will be treated asX REFs.
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CHAPTER 10

Debugger for Windows 95

Introduction

The Debugger for Windows 95 takes advantage of the new range of 32-bit operating
systems available for PCs; it provides full source level aswell as traditional symbolic
debugging and supports and enhances all the power of the DOS-based version plus
the advantages of a multi-tasking GUI environment.

It helps you to detect, diagnose and correct errors in your programs viathe step and
trace facilities, with which you can examine local and global variables, registers and
memory.

Breakpoints can be set wherever you need them at C and Assembler level and if
required, these breaks can be made conditional on an expression. Additionally,
selected breakpoints can be disabled for particular runs.

The Debugger employs drop-down menus, tool buttons, keyboard shortcuts and pop-
up menus to help you debug quickly and intuitively.

Projects

The Debugger uses Projects to group together details of Files, Targets, Units, Views
and other settings and preferences. All thisinformation is saved and made available
for your next debugging session.

Views

The Debugger offers the functionality of splitting the screen into a number of Panes,
each displaying discreet or linked information. This information is available within a
View, or document window (MDI Child). Each View can be split horizontally or
vertically into the number of Panes you require and each Pane can be set to show a
specific type of information.

Y ou can have as many combinations of either tiled Panes or overlapping Views as
you choose.

Y our choice of Views depends on the level at which you are debugging. For
example, it is appropriate to use a Register Pane for assembler debugging and a L ocal
Pane when debugging in C.
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Individual Views can be saved on disk for subsequent use in other Projects.
However, when you close the Debugger and then re-start a session, your previous
screen set-up will initially be displayed automatically.

Colour Schemes

To aid identification, aepar atecolour scheme can be allocated to the Views used by
each Unit that you reference. Alternatively, the same colour can be all ocatedaid
Views.

Files

The Symbol Files you require are located and loaded by the Debugger and the
relevant CPE and Binary Files are downloaded to the Target. Where a multi-unit
system isin use you must also specify the Unit where Symbol and Binary Files are to
be loaded.

Dynamic Update

Changes in memory are highlighted on each display update, showing which areas of
memory are being altered as the Target is being run and you are stepping and tracing
your code.

The following topics are discussed in this chapter:

On-line Help

Installing the Debugger

L aunching the Debugger

The File Server

Connecting the Target and Unit
Plug-1n Components

Project Management

Debugger Productivity Features
Views

Panes

Debugging Options

Closing the Debugger
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On-line Help Available For The Debugger

Help text describing the features covered in this chapter, can also be accessed on-line
viatheHelp menu on the main menu.

Selecting these options will result in the following:

Contents will display the Contents page of the help system in the left-hand side of
the screen. Clicking any of the underlined topics will provide further information
about the relevant subject.

Pane Types and the required Pane will directly access relevant text for the chosen
Pane.

Installation will display installation procedures.

About will provide the Version Number.

Within the on-line help system, clicking text withdmtted underline will display a
pop-up description but double-clicking text withsolid underline will display another
(linked) help page.

The buttons at the top of the help text window can be used to facilitate the following:

Search and/orFind to locate a particular word or topic.
Back to re-display the previous page.

<< and>> to display the previous and next page in the browse sequence, as
outlined in the Table Of Contents. (See below).

Glossary to display an alphabetic listing of terms found in the help system. Click
on any topic to obtain a pop-up definition.

As well as accessing information via the Contents page, on-line help can also be
located viathe Table Of Contents in the right-hand area of the screen. This
represents the subject areas of the help system as book icons. Double-click any icon
to display titles of the individual pages which compose each ‘book’. Double-click
any of these pages and the text will be displayed in the left-hand side of the screen.
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Installing The Debugger

A Set-up program is used to install the Debugger; thisisdistributed via either of the
following methods:

Full Release Files

M aintenance Patch Files

Both methods are described in more detail below the Directory Structure.

Directory Structure

All the Files relating to the Windows software live in one directory tree. Thistree
can reside anywhere but it is probably easier to locate it on the root of alocal drive.

The default directory nameis:
‘C:\PsyQ_WinV\’

and it isrecommendedthat you follow this convention.  Set-up aso installs several
Filesin the Windows System directory and adds two keys to the Registry.

These keys are:

[HKEY_LOCAL_MACHINE\SOFTWARE\SN Systems] (hardware settings)
[HKEY_CURRENT_USER\Software\SN Systems] (configuration information)

Set-up also registers the File typespsy (Project), .pgx (plug-in) and.cpe and adds
some programs to the Start menu.

IMPORTANT: Do not install the program on a server and execute it across a
network. For un-installation advice, please contact SN Systems.
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Obtaining Releases And Patches

Releases and patches are available directly from SN Systems' BBS and ftp sites. In
order to access these sites you will need an account with the necessary permissions.

To apply for an account telephone SN Systems or contact them via
Support@snsys.com.

Note: Membersof the Windows-Users mailing list will be notified of releases and
patches as they become available.

Determining The Latest Releases And Patches

Thisis achieved via any of the following methods:

Contact John@snsys.com
Look in one of the File sites for the latest Files and information

See http://www.snsys.com

Mailing Lists

SN Systems maintain a number of mailing lists for different purposes. For further
information see http://www.snsys.com.

Addresses for SN Systems’ ftp, web and BBS sites

ftp://bbs.snsys.com
http://www.snsys.com
BBS - +44 (0)117 9299 796 and +44 (0)117 9299 798
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Beta Test Scheme

SN Systems maintain a separate scheme for beta testing new versions of the
Debugger.

The benefits of this are as follows:

Y ou will receive new versions of the Debugger before any other user

Y ou will have a prioritorised chance to supply feedback to the Debugger’s authors

If you are amember of this scheme, you don’t need to install release versions of the
Debugger.

For more information, contact John@snsys.com.
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Installing A Full Release

A Full Release File contains an archive of several Files and a Set-up program that can
be used to install the Debugger automatically.

4 To install the release;

1. Obtain the latest full release from SN Systems.
2. Read Readme.txt which contains last-minute install ation instructions.

3. If thereleaseis on afloppy, launcBetup.exestraight-away. If however, the
releaseisin azip File, you must unzip the File into a temporary directory and
then launch Setup from that temporary directory.

4. If thisisthefirst full installation of the Debugger, confirm the displayed license
conditions.

5. Specify or confirm the directory in which you wish to install the Debugger.
6. The Fileswill beinstalled and the Registry will be updated.

7. Depending on the type of installation, specify the settings for the DEX Board or
SCSI Card. (SeeConfiguring Your Dex Board/SCSI Car dbelow).

8. Once the dialogue has been completed the installation is complete.

Note: This method can be used for the first installation of the Debugger and also for
subsequent upgrades if you do not wish to use Maintenance Patches. See
Upgrading Your Systembelow.
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Upgrading Your System

From time to time, SN Systems will provide updates to the Debugger that introduce
bug fixes and new features. For your convenience, updates are supplied as full
installationsand as maintenance patches.

A Maintenance Patch contains only the difference between Files so it is much smaller.
This makes it quicker to download and apply. However, patches can only be applied
over certain previous versions.

4 To apply a Maintenance Patch:

1. Determine your current release by reading tha&bout box for the Debugger.

2. Obtain the Maintenance Patch from SN Systems. Instructions will be provided so
you can determine which patch must be applied.

3. Apply the patch according to the instructions.
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Configuring Your SCSI Card

If you areinstalling a Full Release for a SCSI Target, you must specify the settings
for the SCSI Card.
Enter appropriate values to the dialogue box displayed duringe Set-up program

-1 SCSI card settings |

Choose theze setings to match the onez on
your 5C51 board.

Port Addrezs [hex): 200 j

IRQ: ] =l

SCSl Card Settings Dialogue Box

1. Specify aPort Addressand IRQ value by clicking on the down arrows and
selecting as appropriate.

2. click %]

The installation is now complete.

IMPORTANT: Port Addressand I RQ values must be correct for the Debugger tq
work. If they are incorrect or another device is configured to use
similar settings, the programs will not work.

Note: The IRQ value can be set td) to run without interrupts. Thiswill help with
trouble shooting and will only impair the performance of the system if you
make a lot of use of file or message serving.
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Testing The Installation

1

Once the Debugger has been installed, you should test the installation as follows:

Ensure that the Nintendo 64 is switched off and that the Target Adapter and
game cartridge are connected to it. The power should be on for the Adapter and
the bottom LED should be flashinglowly, indicating that thebi os has not yet
been loaded..

Run the File Server by selecting the Debugger File Server from the Start menu.

This will attempt to connect to the Nintendo 64 console. If the connection is
successful the File Server will download the bios; the bottom LED will go out
and the following text will be output from the File Server:

Psy-Q File and M essage Server, Copyright 1996, 1997, SN SystemsLtd
Version 2.0 (January 1997)
Release 10, Patch Level 3

Target Found: BusID =0,SCSI ID=0

New Downloader - Reading profile information...
Profileread for Nintendo 64 (no bios)

OK

Rebooting the Nintendo 64 (no bios)...

Getting thetarget'sID...

ID isN64-NO-BIOS PLEASE LOAD

biosl...

sleep .5 sec...

bios2...

sleep .5 sec...

New Downloader - Reading profile information...
Profileread for Nintendo 64

If this has occurred communication will have been established between the PC
and the Nintendo 64.

Now you are ready to download a test cartridge image into the cartridge RAM.
Proceed as follows:

From the File Server select thd ools menu.

Select theUploader option.

Click theDownload radio button and change th®ownload Addressto
0xB0000000 .
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8. ClickBrowse and select thefild est . bi n from thepsyg-win\examples\n64
directory.

9. Click OK.
The downloaded image is now in the cartridge RAM.

10. Switch on the Nintendo 64. The system will boot the image and stop at a
breakpoint at the start of the program.

11. Run the Debugger from the Start menu.

12. You are now ready to begin debugging.
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Documentation

If you experience problems during installation, the following documents provide
useful information:

README.HTM
README.RTF
README.N64
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Using The Check System Diagnostic T ool

The Check System Diagnostic Tool is aPlug-In which is used to check for faultsin
the Debugger installation or hardware and if any are found and a compatible Email
program isin use, to automatically generate a report of them to SN Systems Support.

There are two ways to access the Diagnostic Tool:

1. Either, first select the Debugger group from the Program menu and then the
Check System for Error soption.

Alternatively, selectSystem Diagnostic T ool from the mainTools menu.

Psy O Diagnostic Tool |

Bun Diagnostic Check.

— Inztalled Pluging

Statuz:
Ehesilon Met Checked
W Includs in Diagnostic Check Detais... |
— Wiindows System
Statuz:
Bl (e {2 [o] @ 8= =T

¥ Include in Diagnostic Check ﬂl
— Reqgiztry
Statuz;
Check Mow | Mot Checked

‘

¥ Include in Diagnostic Check WEtas

— Target Connection
Skatus:

Check Mow Mot Checked

f

¥ Include in Diagnostic Check ﬂl
— Syztem Files
Status:
Check Mow | Mat Checked
¥ Include in Diagnostic Check ﬂl

Email 5M Systems Support Isuppnrt@snsys.cnm

Cloze |
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. Click the

Viathe displayed Diagnostic Tool Dialog you can check the following areas:

Plug-Ins- That the required Plug-Ins are installed and that files are
actually present for registered Plug-Ins.

Windows System- That the required DLLs are present and are the correct
size and version.

Registry - That the registry settings are correct.
Target Connection- That the Target is communicating with the PC.
System Files- That alist of the installed Psy-Win files has been printed.

The results of any previous diagnostic checks will be shown for each group.

. By default, the diagnostic process will includgl the above groups. To exclude a

particular check or checks from the run, de-seledinclude in Diagnostic Check
for each relevant group.

Fun Diagnostic Check,
. button.

If any errors are detected you will be prompted to mail SN Systems support.

. Provided that you have a MAPI compatible Email program and it is currently

running, click d and your email window will appear. Each attached
file to be sent to SN Systems support contains error information for one of the
checks.

Note Click the requiredﬂl button on the Diagnostic Tool Dialog to
examine these details yourself.

. Enter adescription of the error(s) and send the mail as normal.

. Click the appropriateMl button to repeat any particular check.

. If no errors are detected but you still suspect problems, click the

i Email SM Spstems Suppart

d button to re-run the diagnostic checks and manually
access the email program. Send a message as required.
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L aunching The Debugger

There are several ways of launching the Debugger under Windows 95.

A simple way is as follows

Select theStart menu from Windows 95.
Choose thePrograms option from the list displayed.
Select thePsy-Q folder from the list of programs.

A W NP

Select Debugger from the folder.

Y ou can also launch the Debugger from the desktop or folders or through Explorer
in Windows 95.

When you close the Debugger, it will remember the current working directory and
restore thiswhen it is re-opened.

The Debugger will also remember the current state of the flashing caret when itis
loaded. If you turn the flashing off, it will remain off until you close the Debugger,
when it will be restored. If you then re-open the Debugger, the caret flashing will be
stopped again.

Note: Switching away from the Debugger will not re-start the caret flashing.

With the drag and drop facility you can drop a Debugger Project File (extension
.PSY) onto the icon of the Debugger and the selected Project is launched.

Alternatively, asfile type .PSY has been registered with the Windows 95 shell, you
can right-click on a Project File, seleddebug from the menu and the Debugger will
be launched with the selected Project.

Note: While the Debugger is still running, you can openreew Project by following
the procedure described in the previous paragraph.

When you launch the Debugger it scans for recognised Units and if none are found a
dialogue box prompts you to eitheRepoll or Quit. If Repoll does not work you are
advised to start troubleshooting.
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The File Server

The primary function of the File Server isto provide the PC Open and PC Read
functions for your program.

When the File Server is running, the icon and name of the application appear on the
Task bar of Windows 95.

Y ou can view the messages appended into the message window of the File Server
during debugging by clicking on thisicon.

51 Pzy-Q File Server M= E3

Command  “iew Toolz Help

Psy-Q Message Server -]
Psy-Q File Server

Hebooting the Nintendo NG64 [no bios]...
Getting the target's Id...
Id is N64-NO-BIOS PLEASE-LOAD

Mew Downloader - Reading profile information...
Profile read for Nintendo NG4

AN

File Server Message Window

If you wish the message window to be permanently displayed on top of other
windows, select Always orT op from theView menu.

When the Debugger or File server experiences a communication error, the screens
will go blank. PresCtr| + U to re-attempt the connection.
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File Server Menu Commands
In addition, the following options are available from the File Serv@éommand menu:

Run Project - Not currently in use

Debug Project - Not currently in use..

Download CPE File to the Target.

Run CPE runsthe Target after the CPE File has been downloaded.
Ping determines the current status of the Target

Halt provides the option to stop the Target if it is running.

Start causes the Target to start running.

Clear Window removes any File Server messages.

Reboot Tar get reboots the Target.

Reset Target will attempt a hardware reset if supported by the Target.
Eile Serving determines whether file and message serving are available.

Telnet Server determines whether the Telnet Server is accessible.

Note: Resetting the Target while the Debugger is running may cause unpredictable
results.

Note: The Reset option is aso available from the System menu of the File server.

Note: When you close the File Server, it will remember the current working
directory and restore thiswhen it is re-opened.
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Connecting The Target and Unit

The Debugger automatically checks your system when you launch it, identifies any
Targets that are connected and according to whether you are running a single or
multi-Unit system, automatically connects to the relevant Unit(s).

The Unit toolbarappears at the far right of the Main Menu bar. The last icon in the
toolbar has a pictogram of the Target known as the Unit button.

There will be a Unit toolbar and unique button for each Unit identified. Click on the
button to display the Unit menu. This menu allows you to download and load (as

relevant) foreign CPE and foreign Symbol Files and download non-foreign CPE and
Binary Files.

The Unit button menu options are:

Download CPE
Download Binary
Load Symbols

Each toolbar contains a set of debugging icons which represent:

Starting programs

Stopping a program running
Stepping into a subroutine
Stepping over a subroutine

Stepping out of a subroutine

Note: Note that these actions operate only in respect of the relevant Unit; therefore,

where a multi-Unit system isin use they will not necessarily operate in respect
of the Active View.

Note: The File Server window displays any output from the Target whileitis
running.
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Plug-ln Components

The Debugger provides two types of Plug-In components; these provide additional
functionality or extend the Debugger in some way and are installed separately. They
are categorised as follows:

Tool Based Plug-Ins
Pane Based Plug-Ins

To install or remove a Plug-1n component:
1. Select the Plug-In Manager from thd ools menu.

v Pey-0 Plugins |
Plagin Categor. TRREG— - |

These are the Psy-0 Pluging of the zelected wpe(s]
currently inztalled on this machine

— Pluging &svailable

Hame | Werzion |
Pay-0 Uploader 0.0.0

Pzu-0 Dizazzemble Memaory 1.0.0

Pzu-0 Breakpaint Manager Dialog 1.0.1

Fay-0 Breakpoint ManagerRane 184 -
Flugin Manager 1.0.0

Pzu- CallStack Dizplay 1.0.0

— Dezcription

Install... I Femove Cloze

Plug-1n Manager Installation/Removal Mode

2. Thisdialog allows you to install or remove all the Plug-Ins currently available on
your machine. If you wish to restrict the display to Tool-based or Pane-based
versions only, select the relevant group from thelug-1n Category pull-down
menu.

3. Select asrequired and click ISt o [ERemoke | as necessary.

Y ou will now be able to access the installed Plug-Ins.
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Tool Based Plug-Ins
The following facilities are available:

Plug-In Manager

Check System Diagnostics
Upload/Download Memory
Disassemble Memory
View and editBreakpoints

> To access a Tools-based Plug-1n component:
From the main Tools menu, select the required option.
A relevant dialog box will be provided for the entry and inspection of information.
Pane Based Plug-Ins
The following facilities are available:
Plug-In Manager
Breakpoint Manager
Call-Stack Display
4

To access a Pane based Plug-In:

1. Right-click in arelevant Pane.
2. Select ChangePane.

3. Select Other or Ctrl + Shift + O.

4. The Plug-In Manager will display the currently available Pane Plug-Ins.
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v Pey-0 Plugins |

Flugin Categony:  ((=iaj =

Select a pane from the lisk

— Pluging &svailable

Hame | Werzion |
Fay-0 Breakpoint Manager Pane 1.01
Pzu- CallStack Dizplay 1.0.0

— Dezcription

] I Bemave Cloze

Plug-1n Manager When Switching Between Panes

5. Select asrequired and click. 9%

Information from the selected option will be displayed in the Pane.

Note: The functionality of the Breakpoint Manager Pane is the same as for the
Tool based Breakpoint Dialog.

6. To switch to another Pane based Plug-In, repeat steps to 5.
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Using The Disassemble Memory Dialog

The Disassemble Memory Dialog is a Tools based Plug-In which is used to produce
amachine code disassembly of a specified area of memory, similar to that which
appears in the Disassembly Pane.

The area to be disassembled can be specified as an address range, as a number of
bytes or as a number of instructions. The output can be copied to afile on your PC

or it can be sent to the Windows clipboard to be pasted directly into another
Windows program.

To access the Disassemble Memory Dialog:

1. From the mainTools menu select the Disassemble Memory option.

Dizassemble Memory ] |
— Output
File: IE:'\ps_l,lq_win'xe:-:amples'mEd"atest.ps_u j
[T Save to Cliphoard Erowsze... |
— Stark Stop
Addiess [D00000000 =] || Stopvalue: [000000000 =] | | T
Stop with: I.-“-‘-.I:Idress [Hex] j
Cancel | Help |

2. Specify where the disassembled memory is to be output.

Where it isto be output to afile the name and path can be explicitly entered or
clickm and select as required.

Alternatively, to save to the Windows clipboard check tt#ave to Clipboard
box.

3. Specify the Start Address, i.e. the address on the Target’s memory from where to
start the disassembly. Thisvalueisawaysin hexadecimal. Click on the adjacent

= button to call up the Expression Manager; from here you can specify an
expression to be used as the start address.
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4. Specify aStop Value If theStop With entry is an address, the Stop Value must
be inhexadecimal. If the entry to Stop With isanumber of bytes or instructions
however, the Stop Value must be irdecimal.

When the Stop Value is specified as anddr ess the Expression Manager is
available via the_ button.

5. Click when the values have been specified.
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Using The Upload/Download M emory T ool
The Upload/Download Memory Dialog is a Tools based Plug-In which allows you
to:

Upload a portion of memory from the target machine to a file on the host
machine

or
Download a portion of memory from the host machine to the target machine

It is then possible to save and restore the state that a machine’s memory was in prior
to an exception occurring.

To access the Uploader/Download Memory Dialog:
1. From the mainTools menu, select the Upload/Download Memory option.

2. Select the required mode from the relevant/pload/Download M emor yradio
buttons.

Pzy-0 Uploader I

% Upload image [target to host} " Download image [host ta tanget]

Erarm: To Tic

[ox00000000 -] .| [oxoo000000 | .| [oxo0000000 -] _ |

[T Length

l j Browse .. |
F. I Cancel | Help |

|' Binary File Mame

Upload/Download Dialog With Upload Image Selected.
Only one option can be selected at atime and the default modelpload.
WhenUpload Image is selected you must specify thierom and To positions of

the required imageor check theL ength box andonly specify aFrom position if
you wish this to represent the length of a block of memory.
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WhenDownload Image is selected you only need to specify tfieo addressas
the memory to be downloaded is calculated from the size of the file from which
memory is being downloaded.

Note: Clicking the_— button will invoke the Expression Manager via which
you can search for and specify particular addresses.

. Enter aname to the Binary File box; this can be the complete name and path or

click E’”Ll and select as appropriate.

. If you are uploading memory you will be asked to supply afilename to which the

portion of memory should be saved. If you are downloading memory, you must
specify the name of the file from which the memory will be taken.

Note: If you click on the downward arrow adjacent to each edit box, alist of
previously used addresses or files (as relevant) will be displayed. The most
recently used items will appear at the top of the list.

. Click and an attempt is made to upload or download the memory.

Errorsresulting from this action will be displayed in the File Server window.
Click =™ |0 exit the dialog without uploading or downloading memory.
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Projects

A Projectis a combination of the elements and settings associated with a specific
development project.

It consists of any or all of the following:

Units to be debugged
Screen layout

CPE Files

Symbol Files

Binary Files
Breakpoints

Other settings and preferences.

This set of information is used by the Debugger to track the debugging process.
When you save a Project this includes all the Views, colour schemes and breakpoints
already specified for it. These settings are reinstated when the Project is next
opened.

Setting Up And Managing Projects

1.

To create a new Project youcan either:

Open the default Project by selectinflew from theProject menu.

2. Save and name the Project.

or

. As 1) above.

Select files for the Project and add them to the file list.
Set file properties for executable files.

Save and name the Project

Re-open the Project with the filesin thefile list.
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Selecting FilesFor Your Project

The Debugger uses files that are output from the build process. Three types of file
may be included in the Project; these are:

CPE Executable Files

Symbol Files

Binary Files

Adding Files To The List Of Project Files

Thisis achieved as follows

Select theProject menu from the Menu bar.
ChooseFiles from the menu; the Files dialog appears.

1.

2.

3. CIickﬁ to insert them into your file list.

4. Select CPE, Binary or Symbol Files from théiles of Type' drop-down list.

Locate the file and clicL.

6. When you add afile to thefile list arelevant dialog box requests you to set the
file properties. For CPE and Binary Files these will determine the downloading
of filesto the Target. Additionally, for Binary and Symbol Files, they determine
the Unit to which they will be loaded. See thdJnder standing File Properties
sections below.

o

Note: It isnot necessary to specify the Unit to which a CPE File should be loaded
asthisinformation is held within the file itself.

7. Repeat the operation until all the files you require appear in the list. To remove a
file from the list, highlight it and clic_Bemove

8. CIick when you have added all the files you require.

The CPE and Binary Files will be downloaded in the order shown in thefile list.
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Note: Asfiletype .CPE has been registered with the Windows 95 shell, you can
run a program directly from the shell by double-clicking on the relevant
CPE File. Alternatively, if you wish to download the file to the Target
without running it, right-click the relevant file and seleBtownload from
the menu.

Note: When you add Binary and Symbol Files to a Project they are not loaded
until the Project is saved and re-opened.

Changing The Order Of FilesIn TheFileList

If you have multiple CPE and Binary Files within your Project, the order in which
they are loaded during debugging is determined by the position you placed them in
the Filelist.

To change the file sequence

1. Select theProject menu from the Menu bar.
2. ChooseFiles from the menu.

3. Highlight afile.
4

Promote Demote

. Use |or |to alter the position of thefilein the list.

Repeat the process until the files are in the required order.

Note: Thisoptionisonly useful if you have multiple CPE and Binary Filesin your
Project and the load order is important.
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Specifying CPE File Properties

When you select a CPE File to include in your Project, a dialogue box requests that
you set the properties for thisfile.

These properties allow you to control the downloading of files to the Target. The
options are:

Download when Project starts- This causes the CPE File to be downloaded
when the Project is opened or reopened.

Run after CPE has been downloaded- This causes the Unit to start running the
code after downloading the file.

Y ou may select either or both of these properties for any CPE File in the Project.

If you do not set the properties of at |east one CPE File, the Debugger will not
download any files to the Target when the Project is opened.

To change CPE File properties:

1. Select theProject menu from the Menu bar.
2. ChooseFiles from the menu.
3. Select the CPE File to change.

4. Click Properties... |

5. Usethe check boxesto apply the properties.

6. Clickl_Close |
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Specifying Symbol File Properties

When you select a Symbol File to include in your Project, a dialogue box requests
that you confirm or specify the Unit to which the file should be loaded.

To change Symbol File properties

1. If therequired Unit is not already displayed, click the down arrow until it
appears.
2. Highlight the required Unit.

3. click %]
4. Clickl_Close |
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Specifying Binary File Properties

When you select aBinary File to include in your Project, you must complete the
following dialogue box:

= Binary Properties |
Binary Properties:

v Download when project is started
Address: | 0x8000F000 |

Unit: |n, R3000  SONY_PSXS. -

Ok Help |

Binary File Properties Dialogue Box

These properties allow you to control the downloading of files to the Target:

Download when Project starts- If thisis selected the Binary File will be
downloaded when the Project is opened or reopened.

Downloaded to a specified address The files will be downloaded to the address
specified. Thisshould bein OX notation for hexadecimal numbers. The default
address will be zero.

Specify the Unit wherethe Fileisto beloaded- Click on the down arrow to
display further Units.

If you do not set the first option for at least one Binary File, the File Server will not
download any Binary Filesto the Target when the Project is opened. However, all
Binary Filesin the Project will be available on the relevant Unit menu.

4 To change Binary File properties

1.
2.

Select the Project menu from the Menu bar.
Choose Files from the menu.

3. Select the Binary File to change and cIicml.

4. Select theDownload when Project startsoption if required and/or enter a

relevantaddr ess
Confirm or specify the Unit where the File isto be loaded.

cliok[ %]
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Saving Your Project

Once the files have been selected, the new Project must be saved and re-loaded
before debugging can begin.

Thisis achieved as follows

Select theProject menu from the Menu bar.
Choose theSave option from the menu.
Give aname and path to your Project.

Sl R A

File names in Windows 95 are up to 250 characters long and can contain spaces.
Debugger Project Files must be saved with the default File extension.BiSY .

5. Clickl__=ave

Note: For anew Project you can choose the Résre rather than theSave option.
Regore prompts you to save the Project before reloading it.

Note: The Saveor SaveAs options can be used to save an existing Project.

Re-opening A Project

After saving a new Project you must re-open it before working with the files which
have been added to the file list.

Thisis achieved as follows

1. Select theProject menu from the Menu bar.
2. Choose theRe-open option from the menu.

Note: Ctrl + R or the Re-open icon on the tool ba]ﬁ can also be used to re-open
a Project.

Note: When you close the Debugger it will remember the current working directory
and restore thiswhen it is opened.
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Saving A Project Under A New Name

The SaveAs option on the Project menu is used to save changes made to an existing
Project, under a new name.

The default File extension for a Debugger Project iBSY. When you save Project
Files you must use this extension.

To save a Project under a new name

1. Select theProject menu from the Menu bar.
2. Choose the SaveAs option from the menu.

3. Give aname and path to the renamed Project.
4

. Click|__=ave

Restoring A Project

The Regore option on the Project menu is used to re-load a Project in the state in
which it was last saved, abandoning any changes made since the last save.

To restore a Project

1. Select theProject menu from the Menu bar.
2. Choose the Regore option from the menu.
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Opening An Existing Proj ect

When you launch the Debugger, the last Project you worked on will be loaded
automatically.

To open adifferent Project:

1. Select theProject menu from the Menu bar.
2. Choose theOpen option from the menu.

3. Select the Project (.PSY) you require.
4

. Click| een |
Or

From theProject menu select the required Project from the Project File history
listing..

Note: An existing Project can also be opened via the Open Project ic found
on the toolbar.

Note: AsFiletype .PSY has been registered with the Windows 95 shell, you can run
a Project by double-clicking on the relevant .PSY File within the shell.
Alternatively, if you only wish to load the Project into the Debugger, right-
click the relevant file and seledDebug from the menu.
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Manually Loading FilesInto A Project

External Files can be downloaded at any time; they are not saved with the Project.
4 External CPE Files aredownloaded to the Target as follows:

Click on the Unit menu at the base of the Debugger screen.
Choose theDownload CPE option from the menu.
Choose the External File option.

Sl R A

Browse and select the required CPE File.

5. click %]

Note: Y ou can also download a CPE File by double/clicking it within the shell.

4 Symbol Files can beloaded into the Debugger as follows:

1. Click on therelevant Unit menu at the base of the Debugger window.
2. Choose theLoad Symbols option from the menu.
3. Browse and select the required Symbol File.

2. clic %]

Note: An error message will be displayed if you attempt to load Symbol Files with
overlays. Thisfacility will be supported in alater version of the software.
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The Debugger Productivity Features

To enable you to work faster and more efficiently when using the Debugger, the
following two features speed up your control of the debugging runs.

Toolbar Icons

Hot Keys

Toolbar |Icons

The toolbar contains the group of icons shown above. Icons provide a quicker means
of activating commands and setting properties.

From left to right they represent the following actions:

Open a Project File

Save and then reopen the current Project
Open anew View

Switch to the next View

Split the Active Pane horizontally

Split the Active Pane vertically

Delete the Active Pane

Set the default colour scheme

The Show Toobar option on theProject menu is used to toggle the menu bar on and
off. When the option is ticked the toolbar is displayed.

To toggle the toolbar

1. Select theProject menu from the Menu bar.
2. Choose the Show Toobar / Hide Toolbar option from the menu.

Note: Every Pane type hasits own, additional toolbar which is appended to the
main toolbar when that Pane is made Active.

Note: Double-click to customise atoolbar or uséIt+Dragto move buttons around
the toolbar or delete them.
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Hot Keys

The following Hot Keys can be used instead of the Debugger menu options:

F2

F3

F4

F5

F6

F7

F8

F9

F12
Esc
Ctrl + A
Ctrl + B

Ctrl + L

Ctrl + M

Ctrl + R

Ctrl + Shift + D
Ctrl + Shift + L
Ctrl + Shift + M
Ctrl + Shift + R
Ctrl + Shift + S
Ctrl + Shift + T
Ctrl+T

Ctrl + Shift + W

Ctrl + Shift + number
Ctrl + number

Shift + Arrow Keys
Shift + Ctrl + F10

Ins

Alt + Shift + number
Alt + number

Split Horizontal.

Split Vertical.

Delete current Pane.

Toggle breakpoint on and off.

Run to cursor.

Step into a subroutine.

Step over a subroutine.

Run a program.

Step out of a subroutine.

Stop a program running.

Add awatch to a Watch Pane.

Add horizontal scroll bars to Expression, Disassembly
and Source Panes.

Addlocalsto aWatch Pane. This command adds all
locals to the watch but when the watch goes out of
scope it will not delete them asin aLocal Pane.
Toggle the stepping mode between Source and
Disassembly

To Re-open.

Change Pane to Disassembly Pane.

Change Pane to Local Pane.

Change Pane toMemory Pane.

Change Pane to Register Pane.

Change Pane to Source Pane.

Toggle between hexadecimal and decimal globally.
Change the mode of a single expression from hex to
decimal or vice versa.

Change Pane to Watch Pane.

Assign an identifying number to each View.

Switch between Views.

Activate adjacent Pane in the specified direction.
Where more than one, the current caret position
determines the Pane to be made Active.

Set the width to match the size of the window in the
Memory Pane.

New View or add awatch in aWatch Pane or add a
breakpoint in the Breakpoint Manager.

Assign an identifying number to each Plug-I1n Pane.
Switch between Plug-1n Panes.

Note: These keyswill all operate in respect of thactive Pane.
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Views

A View appears in the main window of the Debugger; it isused to display debugging
information according to your requirements and to control step and trace actions
during debugging.

When a Project isfirst created it has a default Pane layout.

Views can be split into as many Panes as you wish. These can be of the same or
different types.

Only oneis Active at any time; it will be displayed in a different colour scheme to the
others.

Notes. Having created a View of different Panes you can save thisasaView File
either in, or independent of, the Project. Further information about Panes
can be found inWorking With Panesand Selecting A Pane Type
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Creating A View

Within a Project you can create as many Views as required; in turn, each View can
be split into as many Panes as you need.

When you open a new Project, one View is displayed for each Unit connected.

7] test.psy - Psp-Q Debugger _ (O] =]

Project Wiew Debug Begster Tool: Window Help
|| e m B [ S| ¢ |sel @] 15[1e] 12|52 13 c3|
L N64DefaultView 0 mEEE

0 a0 t0 FFFFF?FE ! DI! 1l : Z_ : 1 20 1@ i} ] 11

el e T e T

0.000a0 oo
L 147944E-041

Default View
To create anew View:

Select theView menu from the Menu bar.
Choose theNew option from the menu.

From the Choose Unit box specify the Unit for which you wish to create a new
View.

Note: The Choose Unit box will not appear when you are connected tosngle
Unit.

© SN SystemsLtd



Page 10-40 Windows 95 Debugger Nintendo 64

Y ou can also use the New View icon on the tool szEﬂ to create anew View or
use the Hot Keylnsert.

Alternatively, you can open anew View from the relevant Unit button, in which case
you won’'t be prompted for the required Unit.

Note: A new View issupplied with thetitle ‘Default View’. Th@ew Name option
in the View menu should be used to give it atitle.

Note: Views can be saved either inside or outside of Projects.

Cycling between Views

If you have more than one View open within a Project you can cycle between them
asfollows:

1. Select theView menu from the Menu bar.
2. Choose the NextView option.

The Views are cycled around until you see the one you require. All Views appear on
the View list regardless of the Unit for which they have been specified.

Alternatively, the Next View icon on the toolb , the Hot KeysCtrl + F6or
Ctrl + TAB can be used to cycle between Views.

Up to ten Views can each be assigned an identifying number from 0to 9; the number
of the assignment will appear in thetitle bar of the View. Y ou can then use the
number to quickly switch between Views. Sele@trl + Shift + number to assign

the number andCtrl + number to access the View. If the destination View is
minimised, it will be restored or maximised according to the state of the current
View.

Note These assignments are preserved in Projects and in saved Views.
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Saving Your Views

Any number of Views can be saved within a Project.

All open Views will automatically be saved when you save the Project and will be
opened when the Project is re-opened.

View Files can also be saved independently of Projects using the Sa&s command
on the View menu.

Thisis achieved as follows:

Arrange the Panes as you require.

Select theView menu from the Menu bar.
Choose the SaveAs option from the menu.
Give the View aname and path.

o ~ w DR

Click|.__ =ave

Note: Thenameyou givethe View Fileis not displayed on the View. To givea
View atitle use theView Name option on theView menu.

Naming A View

Because you can use many Views within a Project, it is helpful to give each View an
individual title.

1. Select the View menu from the Menu bar.
2. Choose the View Name option from the menu.
3. Enter the View name in the edit box.

4. Click . The name appears at the top of the View.

Note: Thisisnot the name of the File. See the note iBaving Y our Viewsabove
for further details.
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Changing Colour SchemesIn Views

To change the colours for a particular Unit

1. Activate a View/Pane on the Unit that you wish to set colours for.
2. Select theView menu from the Menu bar.
Choose Set Default Colours... from the menu.

The following areas may be changed for the Active Unit:

I nactive Pane background colour
Inactive Pane text colour

Active Pane background colour
Active Pane text colour

PC text colour

Changed information colour
Breakpoint background colour

Breakpoint text colour

4. Click on the box representing the area you wish to amend.

A standard Windows dialogue box allows you to choose from a range of standard
or customised colours.

12 Set Default Colours [x] |
~Colours:

- Background - Active Background

|:| Text |:| Active Text

|:| PC - Breakpoint
- Changed - Breakpoint Text

Cancel | Help |

Set Default Colours Dialogue Box
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5. Select the required colour(s).
The selected colour scheme will be displayed for al visible Views.

6. Select to retain the revised colours orﬂl to

revert to the original scheme.

Unit colours can aso be amended by clicking on the Set Colour i on the
toolbar.
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Working With Panes

When a Project isfirst set up, the default View contains a default Pane layout for
each Unit connected. However, this View can be split into as many Panes as you
wish. These can be of the same or different types. Only one of the Panesis Active;
it will be displayed in adifferent colour scheme to the others.

A Pane can be made Active via any of thellowing methods:

Clicking on it

Changing the Active/iew and the first Pane created for that View will become
Active

Using Shift and the appropriatear row key to Activate the Pane in the specified
direction

Clicking the right mouse button on the required Pane and selecting from the
displayed menu

Splitting Panes

A View can be divided into as many Panes as you wish. Click on the one you wish to
split to make it Active, then

1. Select theView menu from the Menu bar.
2. Choose either SplitVertical or SplitHorizontal from the menu.

The Active Pane is split in half, either vertically or horizontally, depending on your
choice.

Y ou can also split a Pane horizontally or vertically viathe icons on the toolbar
E"!_+!I or by using the hot key$=2 to split horizontally o3 to split vertically.

Note: When you split a Pane the two halves will both be of the same type as the
original. The font for the new Pane will also match that of the original.
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Changing Pane Sizes

To change the size of Panes:

Drag the splitter bar between the Panes with the mouse.

The size and position of the Panes is saved when you save the View or the Project.

Note: Splitter bars only control the areas between the Panes. If you wish to change
the size of the Debugger window you have to use the borders of the window
itself.

Deleting A Pane

The Delete Pane option on the View menu is used to delete a Pane within aView, as
follows:

1. Click on the required Pane to make it Active.
2. Sdlect theView menu from the Menu bar.
3. ChooseDelete Pane from the menu.

Alternatively, the Delete Pane icon on the tool b or the hot key F4 can be used
to delete the Active Pane.
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Changing Fonts I n Panes

4 If required, the SetFont command can be used to change the display of text within a
Pane, as follows

1. Make the required Pane Active.
2. Select theView menu from the menu bar.
3. Choose Set Font from the menu.

A standard Windows dialogue box allows you to select from the available fonts.

Note: When you split a Pane, the new Pane will be displayed in the same font as the
original one.

IMPORTANT: You will only be able to use non proportional fonts, e.g. Courier,
New Courier, Fixed Sys, Terminal..

See Also:

Changing Colour SchemesIn Views
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Scrolling Within A Pane

Many Panes are unable to display the full set of information that is available to the
Debugger in the small screen area shown. Therefore, the Debugger puts scroll bars
onto Panes where there is more information than can be displayed on that part of the
screen.

To see this additional information drag the thumb within the scroll bar or click on the
arrows at either end of the scroll bar.

Note: Horizontal scroll bars are not automatically included in Expression,
Disassembly or Source Panes but they can be added vizr| + B.

Y ou can also scroll to the region you want by clicking on the required Pane to make
it Active and then clicking and holding the left mouse button before dragging it to the
top or bottom of the Pane.

See Also:

Changing Pane Sizes
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Selecting A Pane Type

There are six types of Pane and you may display any number and combination.

A menu that allows you to change Pane properties is accessed via the Pane menu on
the Menu bar or by right clicking the mouse on arelevant Pane. These menus are
unique to the type of Pane that is Active but all the menus have the opti@hange
Panethat allows you to switch between the different types.

Additionally, icons representing each type of Pane appeadjacent to the main
toolbar.

Registers Pane- Displays the registers of the relevant CPU

Memory Pane- Displays areas of memory within the Target

Sour ce Pane- Displays Source Files associated with program that CPU is running
Disassembly Pane- Displays the code that the CPU is running

Watch Pane- Displays ‘watches or expressions

L ocal Pane- Displays local variables

Click on the relevant icon to change the Active Pane.

Note: You can also use the Hot Keys to switch between Pane types.

© SN SystemsLtd



Nintendo 64 Windows 95 Debugger Page 10-49

|cons representing menu options for the selected Pane are dynamically appended to
thefar right of the main tool bar. For example, if Bisassembly Paneis Active,
Disassembly Paneptionswill be displayed.

Further details about the options for each type of Pane can be found below.

Memory Pane

There are three areas displayed on the Memory Pane: to the left is the memory
address; in the middle is the value at the displayed memory address; and to theright is
an optional ASCII display of the values which can be toggled on or off.

= Pey-0 Debugger for Windows - [Memory|
H Projpct  Wiew [Debug h-'lemnr_l,l WWindow  Help

Memory Pane Display

Y ou cangoto an area of memory by typing the required address over the memory
address or by selectingGoto from the Pane menu and entering a known address or
label name to the dialogue box displayed.

See Also:
Moving To A Known Address Or L abel

Use the scroll bars or thegoto functions described above to move around the display.

The default setting for the Pane is in bytes with the ASCII display set.
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Change this default by selecting the Pane menu and choosing from the options:

Bytes

Words (bytes x 2)

Double words (bytes x 4)

ASCII (Toggle ASCII display on and off)

Set Width (Changes the number of bytes displayed on aline)

i mml 4] 2 Alternatively, clicking on these icons will activate the
options listed above.

Y ou can overtype the hexadecimal or ASCII displaysto alter the content of the
memory. A change to the hexadecimal display will be reflected in the ASCII display
and visa versa.

When you move the mouse pointer over the values, the Status line displays the
Memory Address and one of the following Memory Types:

RAM

ROM

Invalid.

Invalid memory is displayed as question marks instead of hexadecimal values and full
stops instead of ASCII.

The Set Width icon can be used to change the width of the display; click on theicon
and type in the number of bytes to be shown on each line.

Shift + Ctrl + F10can be used to set the width of the Pane to match the
size of the window.

The Active Pane can be made & emory Panevia any one of the following
methods:

Clicking on the Memory Pane icon on the tool b‘ﬁ

Using the Pane Type option from the Pane Menu
Using the Hot KeyCtrl+Shift+M.
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Registers Pane

The Registers Pane shows the registers of the central processing Unit. These can be
overtyped if required.

If the CPU has a Status Register, you can overwrite the individual bits by typidgr
‘R’ toreset thebitorlor ‘S to setit.

The display also shows the disassembled instruction at the Program Counter (PC)
and the address of the instruction which will be executed next.

It also shows the current status and (if relevant) exception of the CPU on the bottom
line of the Pane.

7 Psy-0 Debugger for Windows - [Register]
ﬂ FProject Wiew Debug Henq

hi
1o

SE = 40

PC = 80705708
Sto ju] ]_:lEuj

Registers Pane Display

When you click the right hand mouse button over a Registers Pane or select the Pane
menu on the menu bar, you will see thEhange Pane Typeor Pane Operations
options. Note that these are the only menu options for this type of Pane.

Note: If the current context stack level isiot O, the stack level (number) will appear
in the Registers Pane as a visual warning.

See Also:

Using The Call Stack Display

The Active Pane can be made &egister s Panevia any of the following methods:

Clicking on the Registers Pane icon on the tool b@
Using the Pane Type option from the Pane menu
Using the Hot KeyCtrl+Shift+R
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Disassembly Pane

The Disassembly Pane shows the disassembled code from an area of memory.

Four columns are displayed; the first shows the address or label; the second displays
the values at that location in hexadecimal; the disassembled op code is shown in the
third column and the fourth contains the op code parameters.

= Psy-0 Debugger for Windows - [Disassembly]

ﬂ Project  Wiew [Debug DISESSEI‘I‘Ib|_',-' Window Help _|E|E|

=ubu
addu

ero, 0001

I.E |i:= L:= Disassembly

Disassembly Pane Display

When the cursor is positioned on a particular label on the Disassembly Pane, the
relevant label name and value will be displayed on the Status line.

The Program Counter (PC) is shown on the screen preceded by the marker ‘>,

When you click the right hand mouse button over a Disassembly Pane or select from
the Pane menu on the menu bar you see the following options:

Copy to copy the address that the specified line represents, into the clipboard
Paste to paste the specified address
Properties - Follow PCto anchor the Pane to the Program Counter

Properties - Respond to Goto Breakpointto display breakpointsin all relevant
Panes when you double-click a breakpoint

Properties - Centre on PCto make the Registry global setting an individual
property of the Disassembly Pane

Goto to put the cursor at a known address or label name

Set PC to set the PC to where the cursor is

Toggle breakpointto set and remove breakpoints

Edit breakpoint to disable a breakpoint or make it conditional

Run to cursor to run the Unit to the cursor position.
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These options can also be activated by:

Using the appropriate Hot Keys
Clicking onthese2 L &1 [ & (88 (=]

Note: Ctrl + B can be used to add horizontal scroll bars to the Disassembly Pane.

The Active Pane can become ®isassembly Panevia any one of the following
methods:

Clicking on the Disassembly Pane icon on the tooI
Using the Pane Type option from the Pane menu
Using the Hot KeyCtrl+Shift+D

See Also:

Anchoring Panes To The PC

Moving To A Known Address Or L abel
Setting Breakpoints

Editing Breakpoints
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Sour ce Pane

A Source Pane displays one of the Source Filesincluded in your Project.

= Psy-0 Debugger for Windows - [5ource]

ﬂ Project  Wiew Debug Source 'Window Help

[E |i:= [=| [Source

Source Pane Display

When you click the right hand mouse button over a Source Pane or select from the
Pane menu on the Menu bar you see the following options:

Copy to copy the address that the specified line represents, into the clipboard
Paste to paste the specified address

Properties- Follow PC to anchor the Pane to the Program Counter

Properties - Respond to Goto Breakpointto display breakpointsin all relevant
Panes when you double-click a breakpoint

Properties - Centre on PCto make the Registry global setting an individual
property of the Disassembly Pane

Goto PC (space)

Goto to put the cursor at a known address or label name

Sour ce Filesto swap between the Source Files in the Project
Toggle breakpointto set and remove breakpoints

Edit breakpoint to disable a breakpoint or make it conditional

Run to cursor to run the Unit to the cursor position.

Note: If the Program Counter (PC) is at aline displayed on the Pane it will be
preceded by the PC point line marker *>* and the line will be displayed in a
different colour.

Note: If abreakpoint exists within the Pane it will display in a contrasting colour.
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The options listed above can also be accessed:

By using the appropriate Hot Keys
Byclickingonthegeg Sl VA L] LA,

Note: If the display is not set to follow the Program Counter (PC), the file displayed
may not be the one executing at the PC.

Note: Ctrl + B can be used to add horizontal scroll bars to the Source Pane.

The Active Pane can be made &our ce Panevia any one of the following methods;

Clicking on the Source Pane icon on the toolbd_==

Using the Pane Type option from the Pane menu
Using the Hot KeyCtrl+Shift+S

See Also:

Anchoring Panes To The PC

Moving To A Known Address Or L abel
Setting Breakpoints

Editing Breakpoints

Changing Source Files In The Source Pane

By default, the Source Pane displays the Source File which contains the PC or is
blank if the PC is out of range of your source.

Any of the Project Source Files can be examined in this Pane by using the Source
Files option from the Source Pane menu, as follows:

1. Select the Source Pane menu from the Menu bar.
2. Choose the Source Files option from the menu.
3. Select a Source File from the list displayed.

2. clic %]
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Navigating Source Files In The Source Pane

Each Source Pane stores a history list of the Source Files which have been viewed in
the Pane. The following keys are used to navigate this list:

Ctrl +J To go backwards.

Ctrl +K To go forwards.

Ctrl + Shift +J Shows the previous Source File in the list but deletes the
current Source File from the forward list.

The history list is stored with the Pane in the View or Project. If you insert a new
module into your Project (as opposed to adding one at the end), the history list may
be transposed when you next load the Source Pane.
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L ocal Pane

The Local Pane is used to display all variablesin the current local scope when you
are debuggingin C.

Asyou step and trace, the contents of this Pane will change to display the variablesin
the new scope.

Y ou can expand or collapse variables and traverse array indices.

= Psy-0 Debugger for Windows - [Locals] o =]

ﬂ Project  Wiew Del:uug Wiatch  Window Help

[E |i:= [=| |Locals

Local Pane Display

Variables can be viewed in hexadecimal or decimal modes by right-clicking within the
Pane and ‘toggling’ between Hexadecimal/Decimal (on the displayed menu) as
required. A tick will appear alongside Hexadecimal when this mode is selected.

Note: Ctrl + Shift + T will also toggle themode between hexadecimal and decimal
and Ctrl + T will toggle the mode for aingle expression.

Any Local variable that evaluatesto a‘C’, I-type expression, can be assigned a new
value.

When you select the Local Pane menu or click the right hand mouse button over a
Local Pane you see the following menu:

Expand/Collapse- when the cursor is over a pointer, a structure or an array

I ncrease | ndex- when the cursor is over an array element

Decrease | ndex- when the cursor is over an array element.
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These options can also be activated by:

Using the appropriate Hot Keys

Clicking on these icondz2 Gl 7

Note: Use of the Local Paneisrestricted to debugging in C.

The Active Pane can be made & ocal Panevia any of the following methods:

Clicking on the Local Pane icon on the tool bzlil
Using the Pane Type option from the Pane menu
Using the Hot KeyCtrl+Shift+L

See Also:
Using The Call Stack Display
Watch Pane
Expanding Or Collapsing A Variable

Traversing An Index
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Watch Pane

The Watch Pane is used to evaluate and browse C type expressions.

IZ Psy-Q Debugger for Windows - [Default Yiew]

ﬂ FProject  “iew Debug ‘watch ‘window Help = =] =]

Watch Pane Display

When you select the Watch Pane menu or click the right hand mouse button over a
Watch Pane, the following menu is displayed:

Add Watch

Edit Watch

Delete Watch

Clear All Watches

Expand/Collapse- to view/hide the components of a structure or an array
I ncrease I ndex- to view higher indexed values within an array

Decrease | ndex- to view lower indexed values within an array

Add Locals- to add al local variables

Note The AddLocals command will add all locals to the watch but unlike the Local
Pane, when the watch goes out of scope the local variables will not be del eted.

These options can also be activated by the following methods:

Using the appropriate Hot Keys
Clicking on the appropriate icons

Structures, pointers and arrays can be opened in a Watch Pane.
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If you open astructur ethe members of that structure are displayed.
If you open apointer it is dereferenced.

If you open anarray the first element of the array is displayed.
The contents of the Watch Pane are saved within the View when the Project is saved.
Variables can be viewed in hexadecimal or decimal modes by right-clicking within the

Pane and ‘toggling’ between Hexadecimal/Decimal (on the displayed menu) as
required. A tick will appear alongside Hexadecimal when this mode is selected.

Note: Ctrl + Shift + T will also toggle themode between hexadecimal and decimal
and Ctrl + T will toggle the mode for aingle expression.

Any Watch variable that evaluatesto a‘C’, I-type expression can be assigned a new
value.

Note: The options Expand/Collapse and Increase Index ‘+’ and Decrease Index ‘-’
are only available for arrays, pointers and structures.

See Also:
Using The Call Stack Display
Hot Keys
Assigning Variables
Expanding Or Collapsing AVariable

The Active Pane can be made &Vatch Panevia any one of the following methods:

Clicking on the Watch Pane icon on the tool b
Using the Pane Type option from the Pane menu
Using the Hot KeyCtrl+Shift+W
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C Type Expressions In Watch Pane

Thefollowing ‘C’ type expressions, shown in order of precedence, may be used to
evaluate expressions within the Watch View of a Project:

[1 array subscript
-> record lookup
~-*& unary prefix

* 1% multiplicative
+ - additive

<< >> bitwise shifting
<> <=>= comparatives
=== equalities

& bitwiseand

A bitwise xor

| bitwise or

Note: Asin C, parenthesis can be used to override precedence.
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Assigning Variables
Any variable that evaluatesto a‘C’, |-type expression can be assigned a new value.
For example, in the case of a de-referenced pointer, a new value can be assigned to
the pointer or the de-referenced expression.
4

Variables are assigned as follows

Place the caret over the required expression to make it Active.
Press =’

Enter the new value to the displayed dialogue box; this can be another expression
if required.

2. clic %]

In the example below, this facility was used to assign a new value@{80002000to
the specified pointer. The de-referenced structure changes to reflect the amended
value.

= Psy-0 Debugger for Windows - [Default View] o =]

ﬂ Project  Wiew Debug ‘'watch ‘Window Help _|E|E|

|Step over the current instruction/line

Displayed Structures For Pointer Address
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= Psy-0 Debugger for Windows - [Default View] o =]

ﬂ Project  Wiew Debug ‘'watch ‘Window Help _|E|E|

Amended Structures After Pointer Assigned New Variable

IMPORTANT: The expression that you are assigning and the new valuaust
have compatible types.

Note: Variables can be assigned whilst the Target is running.

Expanding Or Collapsing A Variable

Pointers, structures and arrays are variables which can be expanded or collapsed in
the Local or Watch Panes and the Call Stack Display when you place the caret over
them.

If you expand gpointer aline will be added below for the dereferenced pointer. For
example if the pointer isto an integer, the dereferenced pointer will display that
integer.

An expandedstructurewill display all the elements of that structure below it.

For an expandedar r ay the second line of the display will display the first element of
the array.

To expand or collapse a variable:

1. Select the Pane menu for the Local or Watch Panes.
2. Choose the Expand or Collapse option from the menu.
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When shown in the Watch Pane, expressions which can be expanded or collapsed will
be prefixed as follows:

+ thisindicates an expression that can be expanded

- this indicates that the expression is expanded and can be
closed.

Thisisfollowed by the expression’s type and value.

To edit an expression, Shift +double-click or highlight it and press Return.

Note: Itisalso possibleto expand or collapse an expression by using the expand or
i

collapse icons on the Pane toolbar or pressing SPACE.

Note: Ctrl+SPACE or Ctrl+double-click will expandll the elementsin an array.

Traversing An Index

Y ou can traverse an index if the caret is on an array element in the Local or Watch
Panes.

If an index isincreased, the array will display timext array element.

Decreasing an index causes th@reviousarray element to be displayed.

To increase or decrease an index:

1. Select the Pane menu for the Local or Watch Panes.
2. Choose the Increase Index or Decrease index option from the menu.

Note: Itisalso possible to expand or collapse a variable by using the increase index

or decrease index icon"‘! i on the Pane toolbar.
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Adding A Watch

The Watch Pane is used to evaluate and browse C type expressions.

4 To add awatch or expression

1. Makethe Watch Pane the Active Pane.
2. Select the Watch Pane menu from the Menu bar.
3. Choose the Add Watch option from the menu.

4. Typethe required expression directly into the Add Expression dialog box or click
the down arrow to display expressions which have been used previously.

Add Expression Ed |

Current E=preszion

| =

enable_ints
£
MOvE_roms &
2u2
enable_intz. 10
fill_rarm

E wprezzion Clipboard

Copy Current Pazte Current

s I Cancel | Help

Add Watch Dialogue Box
5. Enter or click the required expression and seI

The Debugger also offers various ‘matching’ facilities whereby you can enter a partial
value and the program will search the current and global scopes for those matching
the specified criteria or browse all available symbols. These are described below in
Using The Expression M anager.
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Note: Itisalso possible to add awatch by clicking on the add watch ic@l on
the Watch Pane toolbar or using the Hot Keynsert.

See Also:

Using The Expression M anager

Editing A Watch

Any of the C type expressions that you can enter into the Watch Pane can be edited
asfollows:

Make the Watch Pane the Active Pane.

Select the Watch Pane menu from the Menu bar.
Choose theEdit Watch option from the menu.
Select the watch to edit.

Sl R A

5. Amend as necessary viathe Edit Expression dialog and cli . History,
browsing and matching facilities are available via this dialogue box.

Note: Itisalso possible to edit awatch by clicking on the Edit Watch ic on
the Watch Pane toolbar.

Note: To view variables in hexadecimal, right-click within the Pane and ‘toggle’
‘Hexadecimal/Decimal’ as necessary. A tick will appear alongside
Hexadecimal when this option has been selectedCtr| + Shift + T can also
be used to toggle the mode displayed. Y ou can also toggle the mode for a
singleexpression viaCtrl + T.

See Also:
Using The Expression M anager

Previously Entered Expressions History List
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Deleting A Watch

Any of the C type expressions entered into the Watch Pane can be deleted as follows:

M ake the Watch Pane the Active Pane.
Select the Watch Pane menu from the Menu bar.
Choose theDelete Watch option from the menu.

H w0 DN PE

Select the watch and press Enter.

Note: Itisalso possible to delete a watch by clicking on the Delete Watch i
on the Watch Pane toolbar or pressing DEL.

Note: You can only delete a Watch at the root of the expression, not on any
expanded part of it.

Clearing All Watches

All of the C type expressions entered into the Watch Pane can be removed in one
action, as follows:

1. Makethe Watch Pane the Active Pane.
2. Select the Watch Pane menu from the menu bar.
3. Choose theClear All Watches option from the menu.

Note: You can also clear all watches by clicking on the Clear All Watches i
on the Watch Pane toolbar.

© SN SystemsLtd



Page 10-68 Windows 95 Debugger Nintendo 64

Debugging Your Program

The Debugger helps you to detect, diagnose and correct errorsin your programs.
Thisis achieved viafacilities which enable you to step and trace through your code in
order to examine local and global variables, registers and memory.

Breakpoints can be set wherever you need them at C and Assembler level and if
required, these breaks can be made conditional on an expression. Additionally,
selected breakpoints can be disabled for particular runs.

Y our choice of Views depends on the level at which you are debugging. For example
it is appropriate to use a Register Pane for assembler debugging and a Local Pane
when debugging in C.
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Specifying The Polling Rate And Continual Update Rate

It is possible to set the rate at which the Debugger checks the exception state of the
Target, i.e. determine the granularity of discovering an exception when the Target is
running.

Note: Even though checking the exception state has zero hit for some Targets, it is
not recommended that you set this value belo®50 ms

It is also possible to specify the rate at which the Debugger updates information while
the Target isrunning. Thisis particularly important for Targets which connect
independently of a pollhost( ) since rapid connection rates may cripple the Target. It
ismeasured in polling ticks, e.g. 250 x 4 ticks = a continual update rate of 1 second.

If required, continual update (not polling) can be turned off altogether.

The rates are set as follows:

1. Select ContinualUpdate Rate from theProject option on the main menu or press
Ctrl+l. A dialogue box displays the current polling rate in milliseconds:

Continual Update Rate E
Paling Rate [ :sgu:untinual Upciste Rate
|V| 1000 ms I 1 palling ticks —‘

Ok Cancel |

Update Rate Dialogue Box

2. If required, enter anew value and selec. Therate is saved between all
debugging sessions and not as part of a Project.

3. The continual update rate is measured in polling ticks; enter a new value if
required.

To turn off the continual update rate:

De-select theContinual Update Rate; only the polling rate will still be active.
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Forcing An Update

During continual update, the information you see in the Debugger windows won’t be
updated until the next connection; therefore, the slower the update rate, the longer it
will be before exceptions can be spotted. However, it is possible to force an update
by pressingCtrl+U, selecting theUpdate option fromDebug on the main menu or

clicking the%_l button on the toolbar.
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Using The Expression M anager
The Expression Manager Dialog is used to enter an expression, for example to add a
watch to the Watch Pane or specify alocation for a breakpoint.
In summary, the Dialog provides the following facilities:
A history list of previous expressions
Name completion
Enhanced browsing features
The ability to select from various groups of symbols

Expression copying and pasting to/from the expression clipboard
Instant expression evaluation

To access the Expression Manager:

The dialog will be displayed whenever you select an option which requires you to
specify an expression. Thetitle bar will reflect the context from which it was called.

Add Expression Ed |

Current E=preszion

Symbol Group: [0 Symbols =] Complete Browss.. |
Evaluate 333 | |NcI Expression

E wprezzion Clipboard
If-‘-.dl:lI:uI:ue

Copy Current Pazte Current

s I Cancel Help

Expression Manager Dialog
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To specify an expression:

1.

Enter text or symbols to theCurrent Expressionbox.

If you do not know the format of the required expression, cli(% (or
pressAlt+B) and theSymbol Browser will display all symbols (and their details)
in the current scope. SedJsing the Symbol Browser below.

A pull-down history list of the most recently entered expressionsis also available
from theCurrent Expression box.

Select or specify as appropriate.

Alternatively, if you know and have entered part of the expression, click

__ Complete | (or pressAlt+C) and use thename completionfacility; thiswill

take the text fragment from the left of the cursor and attempt to match it with the
start of the debugging symbols found in the current scope. Ifssnglematch is
found the text is replaced by the complete symbol. Where more than one match
is found a separate window will show the matching symbolsin alphabetical order.

T |
Current E=preszion
ISet j
+ Matching Symbols
Browsze... |
M ame Type *
CetBa 0 il
SetBlockFil il
SetColort atris il
| SetDatad? ruill
| SetDefDizpE Ay il
SetDefDramE ny il
SetDizph azk il
SetDOA il
SetDOB il
SetDramdrea il b
SetDrawE ny il w
~ | SetDravkode il
SetDrawtove il
[ SefDrawlffset ool Help |
| SetFarCalor rdll
SetGeomifzet il
SetGeomScresn il
SetGraphDebug il
SetGraphueus rdll
SetGraphReverse rll
Setintrtazk, il
SetlR0 il
SetlR123 rdll
SetLighthd atrix rll
SetLinefF2 il =]

Expression Manager Displaying Matching Symbols
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6. Select the symbol to be inserted into the expression; press ESC to cancel the
operation.

7. By default,all available symbols are matched during name completion, however,
you can change this to matctonly symbols of a specific group by selecting an
alternative from theSymbol Grouplist. The selection can be restricted to any of
the following groups:

All Symbols
Globals

L ocals

Functions

Types

Assembler Labels

Note: The group selected here will aso be the first one displayed by tBgmbol
Browser. See point2 above andUsing the Symbol Browser below.

8. Click 9% when your expression is complete; it will be inserted into the
relevant Pane.

To evaluate an expression:

At any time you can attempt to evaluate the current expression by clicking

Evaluate »3> (or pressingAlt+E). If the expression can be evaluated, its memory

address will be displayed in the adjacent window, otherwise a suitable error will be
given.
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Add Expression Ed |

Current E=preszion
Syrmbol Group: Iﬂll Syrnbiols 'I LComplete Browsze. .. |
Evaluate >335 | IIZIHE!EIIHEEEEI
E wprezzion Clipboard
If-‘-.dl:lI:uI:ue
Copy Current Pazte Current
s I Cancel Help

Expression Manager Displaying Evaluated Expression

To use the Expression Clipboard:

1. Click M (or pressAlt+Y) to copy the current expression into the
Debugger’s Expression Clipboard; this can be recalled later within other
Debugger components

Note: The expression text is also copied into the Windows Clipboard to be used
by other Windows applications.

2. The contents of the Expression Clipboard can also be inserted into the current
expression by clicki ngw or pressingAlt+P.
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To use the Symbol Browser:

1. CIick% (or pressAlt+B) and the Symbol Browser will display all
symbols (and their details) in the current scope.

The details are as follows:

Name The name of the symbol as it would appear in your code.

Type For storage variables - type (eg int, float); For functions - return type.

Class ‘C’ class of he symbol, e.g. automatic, static, union, typedef etc.

Location The memory location or position relative to the stack the symbol
refersto, if applicable to the symbol.

Dims The number of dimensions of the symbol if it represents an array ang
also the size of each of its dimensions.

Tag The structure or enumerator tag if applicable.

2. You can restrict the number of symbols which will be displayed by selecting a

Browsze. .

~

particular group of symbols from the pull-down menu and clicki

3. Inaddition, the ‘wildcard’” matching facility can be used in conjunction with the
specified symbol group to restrict the display to particular symbols. Enter
wildcard text in the edit box . A*’ character will match 0 to any number of text
characters, while a? character will match any single text character. All other
characters will only match the equivalent text characterm™ ?n’ will match all
symbolsin the specified symbol group that start witim’, end in ‘'n’ and have at
least one character between, for examplehain’.

By default, all symbols are sorted and displayed in alphabetical name order.
However, if you click on the heading name for any of the details columns, the
symbols will be sorted by the relevant column heading.

4. Click or press RETURN on a symbol name and it will be inserted into the
Current Expressionbox in the Expression Dialog.

5. Click .9 " toinsert the expression in the relevant Pane.
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To specify multiple expressions:

1.

If required, more than one expression and symbol can be entered in the Current
Expression box.

Use the mouse and Ctrl and/or Shift keys to make a specific selection and then
press RETURN to insert it in theCurrent Expressionbox; the expressions will
be represented by appropriate text in angled bracketsMulti 1> and ‘<M ulti
2> as shown below:

Add Expression Ed |
Current E=preszion
[Mulbatri + [<Multi 2> = <Multi 15) =

Symbol Group: Iﬁll Syrnbols 'I Complete Browse...
Evaluate >335 | IIZIHE!EIIHEEEEI

E wprezzion Clipboard
If-‘-.dl:lI:uI:ue
0 e =L Pazte Current
s Cancel Help

Add Expression Dialog Displaying Representation Of Multiple Expressions
Up to three multiple selections can be specified at atime.
Single expressions can be specified alongside multiple groups.

If agroup is deleted in theCurrent Expressionbox, all symbols and expressions
within the group will be removed.

When completed, click- 9% to insert the expression(s) in the relevant
Pane.
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Setting Breakpoints

Breakpoints can be set in Source and Disassembly Panes; they appear in the Pane as
adifferent coloured bar.

A Project can have many breakpoints set and they are saved when the Project is
saved. They are restored relative to Assembler labels wherever possible; this ensures
they are preserved even when you alter the source code and rebuild.

The Debugger supports a Paneand Tool based Breakpoint Plug-In.

The Breakpoint Manager Paneand Breakpoint Manager Dialog allow you to
view all current breakpoints. They also allow you to set breakpoints anywhere in
memory and alter a breakpoint’s type and settings.

There are four types of breakpoint:

Absolute The PC stops when it arrives at the breakpoint.

Counter The counter isincreased by one every time the PC passes the
breakpoint. This does not stop the PC.

Countdown The counter is decreased by one from an initial user-set value every
time the PC passes the breakpoint. When the counter reaches zero the
PC stops at the breakpoint.

Conditional The PC stops at a conditional breakpoint only if a user-specified
expression evaluates as TRUE.

To access the Breakpoint ManagePane

1. Right-click within a Source or Disassembly Pane and seléther from the
displayed sub-menu. Left-click within the empty Pane.

The Plug-In Manager will display the currently installed Plug-Ins.
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v Pey-0 Plugins |

Flugin Categony:  ((=iaj =

Select a pane from the lisk

— Pluging &svailable

Hame | Werzion |
Fay-0 Breakpoint Manager Pane 1.01
Pzu- CallStack Dizplay 1.0.0

— Dezcription

] I Bemave Cloze

Plug-1n Manager

2. Select the Breakpoint Manager Pane and clic. 9%

The selected Pane displays a list of the breakpoints which are currently set.
Where relevant the following information is shown for each one:

Address The memory location of the breakpoint.

L abel The nearest label to the breakpoint.

Expression Any expression used to create a conditional breakpoint.

Count The number of steps since the PC passed the breakpoint or until
the breakpoint is reached.

Type The breakpoint type.

Enabled The current state - Yes or No.

The breakpoint’s type is also reflected in the icon displayed next to its address.
Thisicon changesto a‘triggered’ icon when the breakpoint stops the PC.
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%< Breakpoints [_[o] =]
Enabled |

Breakpoint Manager Pane

To access the operations menu for a breakpoint:
Right-click over the required breakpoint.

A sub-menu is displayed, from which you can carry out the following actions:

> To add a breakpoint:
In the displayed Expression Manager enter the memory address where you wish
the breakpoint to appear. SedJsing The Expression M anagerfor further
details.

> To remove a breakpoint:
Toggle the option for the selected breakpoint.

> To disable a breakpoint:
Toggle the option for the selected breakpoint.

4

To alter breakpoint properties:

1. The Breakpoint Dialog will display the current properties for the selected
breakpoint.

© SN SystemsLtd



Page 10-80 Windows 95 Debugger Nintendo 64

Breakpoint Dialog x| |
Ereakpoint Type
& Bbsolute Breakpoint Address:
 Conmtar 0x80046364
™ Countdown Breakpaint Count:
" Conditional II:I Hesetl
¥ Enabled

Ereal erxpressian; I _I
2k, I Help | Cancel |

2. ChangetheBreakpoint Typeif required. IfCountdownis chosen you must
enter a value to theBreakpoint Count box.

Y ou must specify aBreak expressionif theBreakpoint Typeis

Conditional. Use the adjacent browse button to search for available
symbols.

3. ﬂl can be used to reset the Breakpoint Count to zero whelCounter has
been selected.

4. De-select or select theEnabled box if required. When this check box is set
the breakpoint is enabled and only these will be included in a debugging run.

5. Use ﬂl to leave the dialogue box without saving the changes you
have made.

6. Click_ 9 when the amendments are complete.

Note Thisdialog is also accessible viathe Edit Breakpoint option from the Source
or Disassembly Panes.

To access the Breakpoint ManageDial og:

From the mainTools menu, select the Breakpoint Manager Dialog. This performs
identical functions to the Pane but uses buttons as well as the right-click menu. It
provides a quick means of displaying and amending breakpoint settings without the
necessity of switching Pane types.
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Breakpoint Manager x| |

— Right click on any breakpoint's icon to change settings or statuzs

Addresz | Label | E spression | Eu:uunterl Type | Enabled
| & (R ————— Toct, 0 Condtional  Yes

[ ew Breakpoint | Delete Breakpoint E dit Breakpoint

It is also possible to directly set or edit a breakpoint as follows:

Make a Source or Disassembly Pane Active.

2. Click on theinstruction or line at which you want to set the break or amend an
existing one.

3. Select theSource menu from the Menu bar.
Choose theToggle or Edit breakpoints option from the menu.

Note: AnAbsolutebreakpoint will be inserted by default when the Toggle
breakpoints option is used. Usdedit breakpoints and a relevant selection to
insert any other type.

A breakpoint can be removed by clicking on the colour bar and toggling the menu
option taken to create it.

Note: Breakpoints can also be set and removed via theS key or the set / unset
breakpoint icons on the Pane tool baﬂl.

Note The @(' button on the toolbar will clear all breakpoints, Note however that
if you have upgraded a previous beta version, this button will not be available
unless you have customised the toolbar.
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Any of the following methods can be used to create, remove and edit breakpoints:

TheF5 key

Shift + F5or Shift + Double-click will display the Breakpoint Dialog from which
breakpoints can be edited.

The Breakpoint options from the Source or Disassembly Pane menus

The Breakpoint icons from the Pane tool barM vE |
The View and Edit Breakpoints option from the Tools menu.

Note: Double-clicking on a breakpoint in a Source and Disassembly Pane will goto
that breakpoint. De-selecting thdRespond to breakpoint eventin the
Pane’ s context menu however, will switch this property off. The information
is saved with the View or Project.
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Using The Call-Stack Display

The Call-Stack Display Pane Plug-In allows you to view the whole of the stack and
step up and down it to a particular context.

The benefit of thisisthat it allows you to see the functions being called and where
they were called from. It isalso possible to see the parameter types and values that
were passed to a function.

Note: The Debugger will only provide call stack information when it detects there is
avalid frame pointer and there are symbols available for the current function.

To display the Call Stack:

1. Right-click within any Pane and seleg®ther from the displayed sub-menu. Left-
click within the empty Pane.

The Plug-In Manager will display the currently installed Plug-Ins.

2. Select the Call-Stack Display Plug-Inand clic. %

f1. THRexMew.psy - Psp-0 Debugger - [Untitled]
H Project Wiew Debug Tools ‘window Help ;Jilﬁ

| mE[eE| 5

=R EEE R |

FS| T E B e 2 E |

e OxB002d8a4

= int(] set_cnirl
- e unsigned long frm = 0x00000115

Change Pane 3
Pane Dperations 3
Copy Chrl+C

v AutoE rpand

v Return Type
v Parameter Type

| |sRC

Call-Stack Display

The Call-Stack Display dialog provides a view of the whole stack; anicon (a
green triangle) points to the current context. Other contexts are designated by a
red triangle. Parameter details are highlighted by ared or green circle depending
on whether they are part of the current context or not.
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The Windows 95 tree control functions have been used in this dialog to show
information about the stack. Y ou can therefore quickly see which context the
stack isin and which function calls have been placed on the stack. Y ou can
expand a branch if you wish to view more information about a function call. If
they are available, branches will be shown for function return values, parameter
types or parameter values.

To use the scroll bar:

1. A scroll bar on the right of the tree control allows you to view various portions of
the stack.

2. When you click on a stack context, the pointer will move to that context and
reposition the view on the stack accordingly.

To switch contexts:

1. You can alter the context (machine state) to reflect a previous function call by
clicking on a particular context in the tree control.

2. Thegreenicon will be repositioned to reflect that the machine’s current state has
been changed and other windows will be updated accordingly.

Note: Y ou can customise the tool bar to include the following stack stepping
icons:

*gl - To increase the stack level context.

T_El - To decrease the stack level context.

To expand a branch:
1. Right-click within the Pane.

2. A pop-up menu allows you to display return values, parameter types or parameter
values. Left-click anitem to select it and a check mark will appear alongside it.
L eft-click again to de-select the option.

3. If acrossisshown to the left of displayed parameters, this means that the
parameter is a structure, pointer or an array. Inthe same way that parameters can
be expanded in a watch window, clicking on this cross will also reveal the derived
types and values.

Note. When theautoexpand menu item is selected, parameter details associated
with a context will be displayed, provided that at |east one parameter
detail option is selected.
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> To copy aselection to the Expression Clipboard:
1. Itispossibleto select an item from the Call Stack Display and copy it into the
Expression Clipboard for subsequent use in a different application.
2. Select the item to be copied.
3. PressCtrl + C or right-click and select theCopy option from the displayed pop-
up menu.
Note: The selected expression also appears on the Debugger’ s status bar.
4

To change properties of the Call Stack:

1. Right-click within the Pane.

2. A pop-up menu allows you to display return values, parameter types or parameter
values. Left-click anitem to select it and a check mark will appear alongside it.
Left-click again to de-select the option.

Note Properties selected viathe right-click pop-up menu are saved when the Project
is saved.
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Stepping Into A Subroutine

The Step Into commandallows you to trace the execution of the program one step at
atime and so isolate any bugs that might be present.

When you Step Into a subroutine call, the Program Counter moves to the start of the
subroutine and displays the relevant code. At the end of the subroutine you will be
returned to where it was called from.

At Assembler level adebugging step is the execution of a singhestruction.

At Sourcelevel, oneline at atime will be executed in each step and any subroutines
or calls within that line will be stepped into.

The current stepping mode is indicated b$RC or DI S on the far right of the status
bar; the Debugger will change this to the appropriate mode when either a Source or
Disassembly Pane become active. Y ou can override this however by usdg| + M

to toggle between the two.

Note: If the modeis SRC and a Source level step cannot be performed, a
Disassembly level step will be performed instead.

To Step Into a subroutine during debugging:

1. Select theDebug menu from the Menu bar.
2. Choose the StepInto option from the menu.

Note: Alternative ways of Stepping Into a subroutine are to use the Step Into icon
L=
on the Unit toolbar (at the bottom of the Debugger window,—=1 or to press

F7. Notethat it is possible to use the Step Into icon for anon-Active View.
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Stepping Over A Subroutine

When you use the Step Over commandhe subroutine is executed but not displayed
and the Program Counter moves to the next line of calling routine code.

At Assembler level adebugging step is the execution of a singlestruction.

At Sourcelevel, one line at atime will be executed in each step and any subroutines
or calls within that line will be performed.

The current stepping mode is indicated b$RC or DI S on the far right of the status
bar; the Debugger will change this to the appropriate mode when either a Source or
Disassembly Pane become active. Y ou can override this however by us@g| + M

to toggle between the two.

Note: If the modeis SRC and a Source level step cannot be performed, a
Disassembly level step will be performed instead.

To Step Over a subroutine:

1. Select theDebug menu from the Menu bar.
2. Choose the StepOver option from the menu.

Note: Alternative ways of Stepping Over a subroutine are to use the Step Over icon

by the Unit ment L-= or to pressF8. Note that you can use the Step Over
icon for anon-Active View.
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Stepping Out Of A Subroutine

The Step Out Of command returns you to the command after the statement that
called the current function, i.e. it unpicks the stack one level, calculates the Program
Counter at thislevel, sets atemporary breakpoint at this address, sets the stack level
to 0 and then runs the target.

Note In order to use the Step Out command, the Debugger requires full symbol
information for the function you are in and you must not be executing prolog
or epilog code.

To Step Out of a subroutine:

1. Select the Debug menu from the Menu bar.
2. Choose the Step Ou option from the menu.

Note: Alternative methods of Stepping Out of a subroutine are to click on the Step
Out Of icon on the Pane toolbal b2 | or to use the Hot KeyF12.
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Running To The Current Cursor Position

The Run to Cursor command can be used during debugging within the Source and
Disassembly Panes.

To run to the current cursorposition

1. Make a Source or Disassembly Pane active.

2. Click on the displayed code at the point you want to run to.
3. Select the Source or Disassembly menu from the Menu bar.
4. Choose theRun To Cursor option from the menu.

If the Unit does not reach the cursor position it will continue running.

Note: Alternative methods of running to the cursor are to click on the Run To
Cursor icon on the Pane tool ba@ or to use the Hot KeyF6.

Note: You can use Run To Cursor while the Unit is running to make it stop at the
Ccursor position.

© SN SystemsLtd



Page 10-90 Windows 95 Debugger Nintendo 64

Running Programs

The Run command causes the CPU of the specified Unit to start running.

It will continue until it meets a breakpoint, a processor exception or is stopped by the
Stop or Run To Cursor commands.

During a debugging run the various Panes will show the progress of the run.
To start the program running

1. Select theDebug menu from the menu bar.
2. Choose theGo option from the menu.

Note: Alternative ways to start the run are to click the Start button on the relevant

Unit tool bar l: or to pressF9. F9 will also stop the Target if it is running.

Stopping A Program Running

The Stop command halts the CPU of the specified Unit as soon as possible.

It is specified as follows

1. Select theDebug menu from the Menu bar.
2. Choose theStop option from the menu.

Note: Alternative ways to stop the run are to click the Stop button on the relevant
Unit tool bar or to pressEsc.
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Moving The Program Counter

The program counter (PC) can be set via the Set PC command.

This command moves the program counter to the current cursor position.

It is found on the Pane menus for Source and Disassembly Panes and is set as
follows

Make a Source or Disassembly Pane Active.
Place the caret where you wish the PC to move to.
Click the right hand mouse button to call the Pane menu.

Sl R A

Select theSet PC option from the menu.

With this command, no instructions are executed between the previous and new PC
position.

The opposite command toSet PC isGoto PC which takes the cursor to the position
of the Program Counter.

Note: An alternative way to activate the Set PC command is by using the Hot Key
Shift+Tab.
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Moving TheCaret To The PC

The caret point can be placed at the program counter address via tt@oto PC
command.

Thisisfound on the Pane menus for Source and Disassembly Panes.

4 To Set The PC

1. Make a Source or Disassembly Pane Active.
2. Click the right hand mouse button to call the Pane menu.
3. Select theGoto PC option from the menu.

Goto PC is the opposite command tdet PC which sets the Program Counter to the
value at the current caret position.

Note: Alternatively, pressing the ‘space’ bar witlir ectly place the caret point at
the program counter address.
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Moving To A Known Address Or L abel

The Goto command is available on the Source, Disassembly and Memory Pane
menus. Itisused to put the caret and PC at a known address, label name, register
name or value of a specified C expression as described below:

1. Make the Source, Disassembly or Memory Pane Active.
2. Click the right hand mouse button to call the Pane menu.
3. Select theGoto option from the menu.
4. The Goto Expression dialogue box appears.
T |

Current E=preszion

enable_ints

T

MOvE_roms &

22

enable_intz. 10

fill_rarn

E wprezzion Clipboard

Copy Current Pazte Current
s I Cancel Help

Go To Expression Dialogue Box

5. Type therequired expression directly i@urrent Expressionbox or click the
down arrow to display expressions which have been entered previously. Various
browsing and matching facilities are also available viathis dialog box. Skseng
The Expression Managerfor further details.

6. Enter or select the required expression and cIic. Note that a
hexadecimal address must be prefixed with the string ‘ 0Ox’

AstheGoto action will take you to thevalue of the specified expression, note the
consequences when you enter a name containing C debug informatiaswell as an
Assembler |abel.
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For example, if *_ramsize’ is specified you will be taken to thalue of _ramsize, not
to whereit isdefined. Thisis because the C expression evaluator seesthe C
definition of _ramsize first and then evaluates it. T@oto this address, you must
enter either ‘& _ramsize’ or ‘:_ramsize'.

Alternatively, you couldsoto ‘main’ (as functions evaluate to their address); to
Goto an offset from main, enter: *:main+offset’, ‘& main+offset’ or
‘(int)main+offset’. Thisisbecause ‘main’ by itself has the tyipe () which cannot
be added.

Note: When you have successfully ‘gone to’ an expression in a Memory Pane, the
‘pointed to’ word is enclosed in abox. Thiswill remain until y@oto
something else or anchor the Pane to an expression.

See Also:
Anchoring Memory Panes
Expression Evaluation Features

Using The Expression M anager

Previously Entered Expressions History List

Note: Alternatively, you can activate the Goto command via the Goto icon on the
toolbar L& ] or the Hot KeyCtrl G.
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Expression Evaluation Features
Register Names

Register names can be specified in any dialogue box where expressions can be
entered. By default, the evaluator looks for C symbolsfirst, so any variables which
are the same as register names will be shown instead. If anameisbeing interpreted
as aregister it will be prefixedby a‘$'.

It is recommended that you use this‘$’ prefix wheaentering register names to
explicitly tell the evaluator that it islooking at aregister.

Note: Registers haveaC typeof ‘int’.

Typecasts and Typedefs

Typecasts can be entered to an expression via the usual C syntax.
If you entered ‘ (int*)$fp’ to a Watch Pane you would see the following:

+int* (int*)$fp = 0x8000ff00

Typecasting also works for structure tags;, however, you are not required to enter
the keyword ‘struct’ when casting to a structure tag.

Y ou would expect to see the following when typecasting to a structure (or class):
-Tester* (Tester*)$fp = 0x807ff88
-Tester
+unsigned char* m_pName = 0x00000645
+unsigned char* mpL ongName = OXFFFFFFFF
Y ou can also cast to typedefs; for example, entering ‘ (daddr_t)p’ will produce:

long (daddr_t)p = 0x00003024
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Labels

Labels can also beincluded in a C expression. The evaluator looks for C level
information first and then label information. If it finds alabel it will prefix it with a

It is recommended that you use this prefix wheenteringlabels to explicitly tell the
evaluator that it islooking at alabel.

Note: LabelshaveaC typeofint’.

Functions

If you include a function name in an expression, its value will be the same as its
address. It will appear in a Watch window as follows:

int () main = (...) (Ox80010BFC)

Note: Thisis contrary to C where the value of afunction, iswhat is returned from
the function when it is executed.

Note: Itisrecommended that you access the address of afunction viathe ‘&’
operator or the Assembler label.

Expression Evaluation Name Resolution

In summary, the search order for aname in an expression is as follows:

Escaped Register Names (prefix ‘$')
Escaped Label Names (prefix *:")

C Names

Register Names

Label Names

o~ w DN PRE
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Previously Entered Expressions History List

Once an expression has been specified via an Expression Manager dialogue box, it
will be stored in a history buffer.

When you next access one of these dialogue boxes, click the down arrow to display a
listing of these values.

At this point you can enter a new expression to the dialogue box or select one from
thelist and cIick. The selected expression can also be edited at this point.

Note: The most recent expressions used are held at the top of the list.

Anchoring PanesTo The PC

By default the Source and Disassembly Panes are anchored to the Program Counter
(PC).

This means that whenever possible the instruction or line at the PC is always
displayed in the Pane.

The Follow PC property is toggledgs follows

1. Make a Source or Disassembly Pane Active.
2. Click the right hand mouse button to call the Pane menu.
3. Select theFollow PC option from the menu.

Note: This option is also available from the Source and Disassembly Pane tool bar
|E@ or from the Source or Disassembly menus on the Menu bar.
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Anchoring Memory Panes

Anchoring a Panehas the same function as usingsoto on every Debugger update.

» To anchor the Pane:

1. Select Anchor... from the Pane menu or pres€trl+A when a Memory Paneis
active.

2. Enter an expression.
3. selectl |
The specified expression will appear in an indicator bar on the Pane. If this goes red,
the expression cannot be evaluated in the current scope. Otherwise, the Pane will be
“anchored’ to the value of the expression and a box will be drawn around the anchor
point.
Y ou can edit the expression by clicking the indicator.

>

To turn off anchoring:
1. Call up the Anchor dialogue box.
2. Clear the box.

3. select % |
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| dentifying Changed I nfor mation

Any changes to variables since the last debugging step are displayed in a colour of
your choice on allPanes except for Disassembly and Source.

This colour is set viathe Set DefaulColour option from theView menu.

See Also:

Changing colour schemesin Views

Closing The Debugger Without Saving Your Changes

The Quit option on the Project menu stops the Debugger running but does NOT save
the current Project.

To close the Debugger without saving youthanges:

1. Select theProject menu from the Menu bar.
2. Choose theQuit option from the menu.

Note: When you close the Debugger, it will remember the current working directory
and restore thiswhen it is re-opened.

© SN SystemsLtd



Page 10-100 Windows 95 Debugger Nintendo 64

Closing The Debugger And Saving Your Changes

The Exit option on the Project menu saves the current Project at the latest state and
stops the Debugger running.

To close the Debugger and save your changes

1. Select theProject menu from the Menu bar.
2. Choose the Exit option from the menu.

Note: Itisalso possible to close the Project by clicking on thé icon on the system
menu shown in the top right corner of the Debugger window.

Note: Next time you open the Debugger the last Project you saved will be launched
automatically.

Note: When you close the Debugger, it will remember the current working directory
and restore thiswhen it is re-opened.

See Also:

Saving Your Project

© SN SystemsLtd



Nintendo 64 PSYLINK Linker Page11-1

CHAPTER 11

The PSYLINK Linker

The LinkerPSYLINK isafully-featured linker which works with all processor types.
Y ou can split complex programs into separate, manageabl e sub-programs which can
be recombined byPSY L INK into afinal, single application.

This chapter discusses the linker together with the Librarian utility, under the
following headings:

Command Line Syntax
Linker Command Files
XDEF, XREF and PUBLIC
GLOBAL

The Linker-associated Assembler directives (XDEF, XREF, PUBLIC and GLOBAL)
are repeated here for ease of reference.
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PSYLINK Command Line

Description ThePSYLINK link processis controlled by a series of parameters on the command
line and optionally by the contents of aLinker command file. The syntax for the
command lineis asfollows:

Syntax PSYLINK [switcheg objectfile(s)output,symbolfilemapfilelibraries
If aparameter is omitted, the separating comma must still appear unlessit is the last

parameter of the line.

Switches Switches are preceded by a forward slash)/and are as follows:

/c Tells the linker to link case sensitive; if it is atted, all names
are converted to upper case.

/d Debug Mode - perform link only.

/e symb=value Assigns value to symbol.

h Invokes a window containing Link details.

/I path Specify path to search for library files.

/m Output all external symbols to the map file.

/n maximum Set the maximum number of object files, or library modules,

that can be linked, 1 to 32768; default = 256
Higher values require larger amounts of memory.

/o address Set an address for anORG statement.
Ip Output padded pute binary object codeORGed sections of

code are separated with random data. (equivalent opb
switch on assembler)

Ips Output ASCII representation of binary filein Motorola
s-recordformat.

Is All sections must be in defined groups.

/u number Specify theunit numberin a multi-processor target.

v Enable automaticoverlay recognition by the Debugger
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Iwl Warn of multiple definitionsin libraries.

wm Warn of multiple declarations of the same C variable.
/x address Set address for the pogram to commence execution.
Iz Clear all requested BSS memory sections.

Objectfile(s) A list of object files, output by the Assembler using thleoption. File names are
separated by spaces or plus (+) signs; if the file starts with & sign, it signifies the
name of aLinker command file. See below for a description of the format.

Output The destination file for the linked code; if omitted no output code is produced. If the
output file name isin the format m:, the linked code is directly sent to the target
machine -n specifies the SCSI device number.

Symbolfile  The destination file for the symbol table information used by the Debugger.

M apfile The destination file for map information.

Libraryfiles Library files available - see The PSYLIB Librarian chapter for further information.
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Linker Command Files

Commands

Command files contain instructions for the Linker about source files and how to
organise them. The Linker command file syntax is much like the Assembler syntax,
with the following commands available:

INCLUDE filename Specify name of object file to be read.
INCLIB filename Specify library file to use
INCBIN filename Specify binary file to be included

ORG address SpecifyORG address for output
name EQU value Equate name to value

REGS pc=address Set initial PC value
name GROUP attributes Declare group

name SECTION attributes Declare section with attributes
SECTION namg,group] Declare section, and optonally specify its

Group attributes:

Remarks

group
name ALIAS oldname Specify anALIASfor asymbol name
UNIT unitnum Specify destination unit number; this must
always be 0 for the Nintendo.
BSS group is uninitialised data
ORG(addresy specify group's org address
OBJ(addresy specify group's obj address
OBJ() group's obj address follows on from previous group
OVER(group) overlay specified group
FILE("filenamé’)  write group's contents to specified file
SIZE(maxsize specify maximunallowable size

The directivel NCBIN allows direct inclusion of binary data. The command
formatis:| abel INCBIN file,section[,alignment] eg.

grdata incbin “graphics.bin”,.data

Thiswill put the contents of binary filgr aphi cs. bi n into section .data and
define labelgr dat a to be at the start of this data.

The optional alignment specifies the data’ s alignment as a power of 2, for
example in:

grdata incbin “graphics.bin”,.data, 4

the data will be aligned on a 16 byte boundary.

© SN SystemsLtd



Nintendo 64

PSYLINK Linker Page 11-5

Both INCLUDE and INCLIB statements can specify a prefix to be added to all
the section names specified in amodule/library, for example,

include “11.0bj”,levell

will cause all sections mentioned in thefilel. obj to havel evel 1 prefixed
onto them so. t ext becomesl| evel 1.t ext , etc.

This removes the need to use the previously usedV4, s...option in
ccn64/ccpsx/etc.

If 1 NCLI B has a prefix specified then all used modules from that library will have
the prefix added to their section’s names.

The Linker will now define global labels to allow the user to access the base
address and size of each section and group. Thisis done by prefixing each group
and section name with _ (underscore) and addingobj , _org and_si ze onto
the end of the name to produce three names giving thrabj , org andsi ze of
the group/section respectively. Any .(dot) characters in the name will be
converted to _ (underscore) characters.

For example, the existence of the standard section .text will result in the creation
of thelabels text _obj , text _org and__text_size.

Note: Two leading underscores, one explicitly added and one from converting
the ‘..

To access these names from C, declare the name as an external and then take its
address to get the value, e.g.

nmenset (& bss _obj, 0, (int) & bss_size);
will clear thebss sectiontoO.

Sections within a group are in the order that section definitions are encountered
in the command file or object/library files.

Any sections that are not placed in a specified group will be grouped together at
the beginning of the output.

Groups are output in the order in which they are declared in the Linker command
file or the order in which they are encountered in the object and library files.

Sections which are declared with attributes, (i.e. not in agroup) in either the
object or library files, may be put into a specified group by the appropriate
declaration in the Linker command file.
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Examples i ncl ude
i ncl ude
i ncl ude

org
regs

condat a group
code group
bssdat a group

section
section

section
section

section
section

"inp.obj "
"sort.ob) "
"out. obj "

1024

pc=pr ogst art

wor d

bss

dat al , condat a
dat a2, condat a

codel , code
code2, code

t abl es, bssdat a
buf f er s, bssdat a

Linker Associated Directives.

GLOBAL

Description TheGLOBAL directive allows a symbol to be defined which will be treated as either
an XDEF or an XREF. If asymbol isdefined a&SL OBAL and is later defined as a
label, it will be treated as arXDEF. If the symbol is never defined, it will be treated

as an XREF.

Syntax GLOBAL

See Also XREF, XDEF, PUBLIC

symbol[,symbol]

Remarks Thisisuseful in header files because it allows all separately assembled
modules to share one header file, defining all global symbols. Any of these symbols
later defined in amodule will b DEFed, the others will be treated asK REFs.
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XDEF, XREF and PUBLIC

Description If several sub-programs are being linked, use XDEF, XREF and PUBLIC to refer to
symbolsin a sub-program which are defined in another sub-program.

Syntax XDEF symbol[ ,symbol]
XREF symbol[,symbol]
PUBLIC on

PUBLIC of f

Remarks
In the sub-program where symbols are initially defined, tXDEF directiveis
used to declare them as externals.
In the sub-program which refers the symbols, théREF directive is used to
indicate that the symbols are in another sub-program.
The Assembler does not completely evaluate an expression containing>@REFed
symbol; however, resolution will be effected by the linker.
The PUBLIC directive allows the programmer to declare a number of symbols as
externals. With a parameter of on, it tells the Assembler that all further symbols
should be automaticallyXDEFed, until aPUBL | C off is encountered.

Examples  Sub-program A contains the following declarations :

xdef Scor es, Scorers

The corresponding declarations in sub-program B are:

xdef Poi nt sTabl e
xr ef Scores, Scorers
public on
aigin = Mai nChar
For ce dcw speed*origin
Rebound dcw 45*angl e

public of f

© SN SystemsLtd



Page 11-8

PSYLINK Linker

Nintendo 64

Example Linker Command File for GNU C Program

t ext
bss

inclib

org

group

group

section
section
section
section
section
section
section

i ncl ude
i ncl ude

$80010000
bss

.rdata, text
.text, text
.ctors, text
.dtors, text
.data, text
.sdata, text
. Sbss, bss

obj fil el. obj
obj fil e2. obj

c:\n64\lib\libsn.lib

regs

PC=_ SN ENTRY PO NT

© SN SystemsLtd



Nintendo 64 PSYLIB Librarian Page 12-1

CHAPTER 12

ThePSYLIBLibrarian

If the Linker cannot find a symbol in the files produced by the Assembler, it can be
instructed by a Linker command line option to search one or more object module
Library files.

This chapter discusses Library usage and theSY L I B library maintenance program:

PSYLIB Command Line Syntax
Using theLibrary feature
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PSYLIB Command Line

Description The Library programPSY L IB.EXE, adds to, deletes from, lists and updates
libraries of object modules.
Syntax PSYLIB [switcheg librarymodule..module

where a switch is preceded by a forward slash (/)

See Also PSYLINK

Switches la Add the specified module(s) to the library, replacing any already present
/d Delete the specified module(s) from the library
Nl List the module(s) contained in the library (all will be listed if not specified)
llv List specified library modules including symbols, if changed
lu Update the specified modulesin the library

Ix Extract the specified modules from the library (extracts all modulesif no
module list given)

Note: The/lv switch shows symbolsin the order they’re declared in the modules.
XBSS-type symbols appear with an asterisk before the name, e.d.fouff’.

Library The name of the file to contain the object module library.

Modulelist The object modulesinvolved in the library maintenance.

Using theLibrary feature

To incorporate a Library at link time, specify alibrary file on the Linker command
line - see chapter 12.

If the Linker locates the required external symbol in a nominated library file, the
module is extracted and linked with the object code output by the Assembler.
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CHAPTER 13

The CCN64 Build Utility

CCN64 isabuild utility to execute the C Compiler, Assembler and Linker.
CCN64 makes use of theASN64 Assembler to process the assembly syntax
produced by the GNU C Compiler. It isdiscussed in the following sections:

CCN64 Command Line
Source Files
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CCN64 Command Line

Description

Syntax

Options

CCN64.EXE isautility that simplifies the process of running the separate 'C'
compiler passes and then assembling and linking the compiler output. UsibDGN64
you need only specify the input files and the output format you require, 2BE€N64
itself will execute the tools required to generate the output.

CCN64 [options/ filenamd filename..]]

The command line consists of a sequence of control options and source file names.
Optionsare preceded by a minus sign §; and filenames are separated by commas.

Long command lines can be stored in separate control files. These can then be used

on the command line by using a‘ @’ sign in front of the control file name.

Control
-E

-S
-C

-l path

Debug
-g...

Optimisation
-0O0
-Oor-0O1
-02

-03

General
-W...
-Dname=val

-Uname
-V

-f...
-m...

Pre-process only. If no output file is specified output is send
to the screen.
Compile to assembler source

Compile to object file. If an output fileis specified, then all output is

sent to this file. Otherwise it saved as the source file name with an
.OBJ extension.
Specify extrainclude path for pre-compiler.

Generate debug information for source level debugging

No optimisation (default)

Standard level of optimisation

Full optimisation

Full optimisation and function in-lining.

Suppress all warnings

Define pre-processor symbohame, and optionally to the value
specified.

Undefine the pre-defined symbahame before pre-processing starts
Print all commands before execution

Compiler option

M achine specific option
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Linker
-llibname Include specified libraryibnamewhen linking
-X... Specify linker ofion
-odestin Specify the destination. Either afile (e.g. prog.cpe), or target (e.g.
t0:) can be specified
See GNU C documentation for full description
Example CCPSX -v -g -Xo0$80010000 nain.c -onain.cpe, mai n. sym

This example will execute the compiler to compile the source fMeAIN.C ,then run
ASNG64 to produce the object file and finally will ruASY L INK to produce an
executable and symbol fileM] AIN.CPE and M AIN.SY M respectively)ORGd to
the specified address. Thev switch will causesCCN64 to echo all commands it
executes to stdout. The-g switch will request full debug info in the symbol file.

CCN64 @rai n. cf -omain

Thiswill force CCN64 to use the contents of thi AIN.CF file on the command
line, before the -0 option.
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Source Files

The specified source files can be either C or assembler source files, or object files.
CCNG64 decides how to deal with a source file based on the files extension. The
following table describes how each file extension is processed:

.C Passed through C pre-processor, C compiler, Assembler, Linker

A Passed through C compiler, Assembler, Linker

.CC Passed through C pre-processor, C++ compiler, Assembler, Linker
.cpp Passed through C pre-processor, C++ compiler, Assembler, Linker
i Passed through C++ compiler, Assembler, Linker

ipp Passed through C++ compiler, Assembler, Linker

.asm Passed through C compiler, Assembler, Linker

S Passed through Assembler, Linker

.other Passed through Linker

Remarks
The PC file system is not case sensitive so the case of the extension has no effect.
The UNIX file system is case sensitive so the case of the extension is important.

Various command line switches can stop processing at any stage, eliminating
linking, assembling or compiling.

The -x option can be used to override the automatic selection of action based on
file extension.

Files with extensions that are not recognised are treated as object files and passed
to the linker. ThisincludesOBJ files, the standard object file extension.

Several different source files, which may have different file extensions, may be
placed on the command line.
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CHAPTER 14

The PSYM AKE Utility

PSYMAKE isamake utility which automates the building and rebuilding of
computer programs. It is general purpose and not limited to use with this system. The
utility is discussed under the following headings:

Command Line Syntax
Format of the M akefile
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PSYMAKE Command Line

Description PSYMAKE only rebuilds the components of a system that need rebuilding. Whether
a program needs rebuilding is determined by the file date stamps of the target file and
the source files that it depends on. Generally, if any of the source files are newer than
the target file, the target file will be rebuilt.

Syntax PSYMAKE [switcheg [target fild
or

PSYMAKE @makefilemak

Switches Valid switch options are :

/b Build all, ignoringlates

/d name=string Define name as string

/f filename Specify theM AKE file

/i Always ignore error status

/q Quiet mode; do not print commands before executing them
Ix Do not execute commands - just print them

If no ff option is specified, the default makefile makefile. If no extension is
specified on the makefile nameMAK will be assumed.

If no target is specified, the first target defined in the makefile will be built.
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Contents of the M akefile

The Makefile consists of a series of commands, governed by explicit rules, known as
dependencies, and implicit rules. When atarget file needs to be buR&Y MAKE

will first search for a dependency rule for that specific file. If none can be found,
PSYMAKE will use an implicit rule to build the target file.

Dependencies
A dependency is constructed as follows::

targetfile : [sourcefiles]
[ command

ébﬁmand ]

Thefirst line instructdPSY M AKE that the file targetfilé' depends on the files
listed as "sourcefiles.

If any of the source files are dated |ater than the target file, or the target file does
not exist, PSY M AKE will issue the commands that follow in order to rebuild the
target file.

If no source files are specified, the target file will always be rebuilt.

If any of the source files do not existPSY M AKE will attempt to build them first
before issuing the commands to build the current target file. PISYMAKE

cannot find any rules defining how to build arequired file, it will stop and report
an error.

The target file name must start in the left hand column. The commands to be
executed in order to build the target must all be preceded by white space (either
space or tab characters). The list of commands ends at the next line encountered with
a character in the leftmost column.
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Examples nmain.cpe: main.n64 incl.h inc2.h
asmé64 nai n, mai n
ThistellsPSYMAKE that mai n. cpe depends on the filesrai n. n64, incl.h
andi nc2. h. If any of these files are dated later thamai n. cpe, or mai n. cpe
does not exist, the command "asmn64mai n, mai n " will be executed in order to
create or updatemnai n. cpe.
mai n.cpe: main.n64 incl.h inc2.h
asm64 /| main, mai n, mai n
psylink main, nain
Here, two commands are required in order to rebuildai n. cpe.
Implicit Rules
If no commands are specified®SY M AKE will search for an implicit rule to
determine how to build the target file. An implicit ruleis ageneral rule stating how to
derive files of one type from another type; for instance, how to conveasm files into
.exefiles.
Implicit rules take the form:
. <sour ce extension>. <target extension>:
conmmand
[...
command |
Each <extensiorr isa l, 2 or 3 character sequence specifying the DOS file extension
for a particular class of files.
At least one command must be specified.
Examples .s.bin:

asmé64 /p $*, $*

This states that to create afile of typebi n from afile of typeS, theasmm64
command should be executed. (See below for an explanation of the $* substitutions.)
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Executing commands
Once the commands to execute have been determine®SY M AK E will search for
and invoke the command. Search order is:

current directory;
directories in the path.

Command prefixes
The commands in a dependency or implicit rule command list, may optionally be
prefixed with the following qualifiers:

@ - suppress printing of command before execution
- number - abort if exit status exceeds specified el
- - (without number) ignore exit status (never abort)

Normally, unlessq is specified on the command lind?SYM AK E will print a
command before executing it. If the command is prefixed by @, it will not be
printed.

If acommand is prefixed with a hyphen followed by a numbBSY M AK E will
abort if the command returns an error code greater than the specified number.

If acommand is prefixed with &yphen without a numberPSY M AK E will not
abort if the command returns an error code.

If neither a hyphen or a hyphen+number is specified, and¢ not specified on the
command linePSY M AK E will abort if the command returns an error code other
than 0.
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M acr os A macro is a symbolic name which is equated to a piece of text. A reference to that
name can then be made and will be expanded to the assigned text. Macros take the
form:
name = text
Thetext of the macro starts at the first non-blank character after the equals sign (
=), and ends at the end of the line.
Case is significant in macro names.
Macro names may be redefined at any point.
If amacro definition refers to another macro, expansion takes place at time of
usage.
A macro used in arule is expanded immediaiel
Examples FLAGS =/p /s
.s. bin:

asm64 $(FLAGS) /p $*, $*

The $(FLAGS in theasmn64 command will be replaced withy/ s.

Pre-defined macros

The following pre-defined macros all begin with a dollar sign and are intended to aid
file usage:

$d Defined Test Macro, e.g.:
lif $d( MODEL)
#i1f MDEL is defined ...

$* Base file name with path, eg. C \PSYQ TEST
$<  full file name with path, eg. C\PSYQTEST. S
$: path only, eg. C\PSYQ

$. full file name, no path, eg. TEST.s

$&  basefile name, no path, eg. TEST

The filename pre-defined macros can only be used in command lists of dependency
and implicit rules.
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Directives

Expressions

The following directives are available:

hif expression

lelseif expression

lelse

lendif

These directives allow conditional processing of the text between tife el seif, else
and endif. Any non-zero expression i$rue zero isfalse

lerror message Print the messageand stop.

lundef macroname Undefines a macro name.

Expressions are evaluated to 32 bits, and consist of the following components :

Decimal Constants e.g. 1 10 1234

Hexadecimal e.g. $FF00 $123abc

Monadics -~1

Dyadics +-*1%><&
| && ||
><>:<:::(or:)
I=(or <>)

The operators have the same meanings as they do in the C language, except for = and
<> ,which have been added for convenience.

Value assignment

Note

Macro names can be assigned a calculated value; for instance:
NUVFI LES == $( NUMFI LES) +1
( Notetwo equals signs in value assignment)

This evaluates the right hand side, convertsit to adecimal ascii string and assigns the
result to the name on the left.

In the above example, INUMFILESwas currently "42", it will now be "43".

NUMFI LE = $( NUMFI LES) +1

would have resulted ifNUMFILESbecoming "42+1".
Undefined macro names convert to ‘0" in expressions and null string elsewhere.
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Comments
Comments are introduced by a hash mark {#

nmai n. exe: mnai n. n64 # mai n. exe only depends
# on mai n. n64

# whol e |i ne comrent

Line continuation:
A command too long to fit on one line may be continued on the next by making '\' the
last character on the line, with no following spaces/tabs.

main.exe : nain.n64 il.hi2.h\
i3.hid. h

© SN SystemsLtd



Nintendo 64

APPENDIX A Page A-1

TBIOS2.COM

Description: TBIOS2.COM isaDOST SR program which acts as a driver for the interface board
installed in the host PC

Note: This program is only necessary if you are running DOS software.

Syntax TBIOS2 [switcheg

where each switch is preceded by aforward slaqV ) and separated by spaces.

Switches /a

/b

/d

h

N

/s

/18

Remarks

card address Set card address:
200 - 38

buffer size Spedfy file transfer buffer size
2 to 32 (in kilobytes)

channel Specify DMA channel
5,6, 7; 0= off

intnum Specify IRQ number
5,7, 10, 11, 12, 15; 0= off

filename Specify Fileserver log file; All fileserver
functions will be recorded in the specified
file.

id Override PC Interface SCSI ID jumper
setting Oto 7
Runin 8 bit slot mode

Normally, TBIOS2.COM isloaded in the AUTOEXEC.BATt can safely be
loaded high to free conventional memory.

If TBIOS2 isrun again, with no options, the current image will be removed from
memory. Thisis useful if you wish to change the options without rebooting the
PC.

If the DMA numberis not specified, the TBIOS2 will work without DMA;
however, it will be slower.

The TBIOS2 can drive the interface in 8 binode; however, thisis the slowest
mode of operating the interface.

The buffer sizeoption (/b) sets the size of the buffer used when the target
machine accesses files on PC. A larger buffer will increase the speed of these
accesses; however, more PC memoryvill be consumed. The defaultisal K
buffer.
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Examples TBI 052 /a308 /d7 /i15

Start the driver using the typical settings of:

Card address308
DMA channel7
Interrupt vector 15

Note: The downloaded bios will remain until the interface is powered off. It should
not be necessary to switch it off during the normal course of development. It
is possible to switch the N64 off and on or reset it without affecting the bios
in the interface. The only thing that can cause the interface to lock up isif the
Nintendo 64 saturates accesso the cartridge ram. If this happens switch the
Nintendo off and allow it to recover.

Note: If you are using Windows 95, DO NOT install TBIOS2o0m your
AUTOEXEC.BAT.  Only instal it in one DO%ox.
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RUN.EXE - program downloader

Description  This program downloads runnable object code to the target machine.

Note: TBIOS2 must be loaded in the current DOS box.

Syntax RUN [switcheg file name[[switcheg filename..]
where switches are preceded by a forward slash (/)

Switches /h halt target - that is, download but do not run.
It# use target SCSI 1D number# - always O for the Nintendo.
/u#  usetarget unit number# always O for the Nintendo
Iw#H  retry for ## seconds if target does not respond.

Remarks If run is executed without any runtime parameters, the program will simply attempt
to communicate with the target adapter hardware. If successful, run displays the
target identification; if the attempt fails, an appropriate error message is displayed.

The file to be downloaded may contain:

An executable image, output by the development system, in .chemat. Up to 8
cpe files may be specified
A raw binary image of a cartridge.

For an executable file, execution will begin as indicated in the source code; for a
binary ROM image, execution will begin asif the target machine had been reset with
acartridge in place.

Multiple executable files may be specified. However, only the last executable address
will apply - specified files are read from left to right.

A binary file can be downloaded to a particular address by specifying the address
after the file name, e.q.:

run gane. bi n, bOOO0000

will downloadgane. bi n to addressb0000000 (hex).

Note: The Windows equivalent to this program iggr un .
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Running with Brief

Most programmers prefer to develop programs completely within a single, enabling
environment. Future versions of the software will provide a self-contained
superstructure with a built-in editor, tailored to the requirements of the assembly and
debug sub-systems. For the time being however, these facilities can be found in
Borland's Brief text editor.

Installation in Brief

In order to use Brief you will need to make afew changes to your
AUTOEXEC.BATHfile after you have installed Brief:

Set the BCxxx environment variables These variables take the file extension of a
source file to tell Brief how to Assemble or Compile the file. For example:

set bcn64="asm64 /i /w/d /zd 9%6,t0:, %6, ,"
set bcs="asm64 /i /w/d /zd %6,t0:, %6, ,"
set bcc="ccn64 -v -g - Xo$80010000 %6.c -
098%6. cpe, W6. sym

These will Assemble .N64 source file with ASMNG64, .S source files with the
ASMNG64 assembler (see chapter 2), and Compile .C source fileswith CCN64 (see
The Build Utility chapter).

Set the BFLAGS environment variable, with -mPSY Q appended, to force the macro
file to be loaded on start-up. For example:

set bfl ags=-ai 60Mk2u300p -nrestore -Dega - D10lkey -nPSQ

The variable may look different depending on how Brief was set up.

Finally, copy the file PSY Q.CM, containing macros, into the \BRIEF\M ACROS
directory, or create it from source file PSY Q.CB;
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Note: The standard Brief feature of using\lt-F10 to compile the current file as
instructed by the BGoxx environment variable still works as normal. However,
if you take the time to write a simple make file for each of your projects you
will find the System’s keystrokes much more convenient and powerful.

The brief macros

Ctrl-G  Goto label (locate definition of label under the cursor in loaded source
files)

Ctrl-F  Return from label (undo the above operation)

Ctrl-W  Write out all changed files

Ctrl-V  Evaluate expression under cursor using values from symbol file(s)

Ctrl-F9 Select make file for current project

Ctrl-F10 Make program and enter debugger

Alt-F9  Make program and start it running

F9 Enter the Debugger

If you wish to change any of these key assignments then change to your

\BRIEF\M ACROS directory and edit the file PSY Q.CB. Near the top of thisfile you
will see where the keys are assigned to the various functions and it should be easy to
change the key names and re-compile the macro by pressiAdt-F10.

Note: If you re-assign any of the Brief standard key assignments then you may lose
access to that original Brief function.

Ctrl-F9allows you to select which make file you wish to use. By default, the System
will usethefilein your current directory calldd AKEFILE.MAK. If you do not
wish to use thisfile then us€trl-F9to select the preferred make file.

Ctrl-F10, Alt-F9and F9 work by calling the PSY MAKE program with a suitable
parameter to select which operation to perform. Your System disk includes a simple
make file called MAKEFILE.MAK as an example. If you edit thisfile you will see
that it defines how to do one of three operations:-

Assemble and Run
Assemble but don't Run
Enter Debugger
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It should be easy for you to adapt thisfile to your needs. If you are doing one simple
assembly then all you will have to change is the name of the file that is assembled and
add any other command line options you require.

It does not matter which of your source files you are in when you press one of the
make/debug keys - the make file will specify the commands to the assembler and
debugger.
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Assembler Error M essages

Assembler M essages:

"' cannot be used in an expression
%n will be the name of something like a macro or register

"%' is not a group
Group name required

"%' is not a section
Section name expected but name %n was found

Al'i gnment cannot be guarant eed
Warning of attempt to align that cannot be guaranteed due to the base alignment of
the current section

Alignnment's paraneter nust be a defined nane
In call to alignment( ) function

Assenbly failed
Text of the FAIL statement

Bad size on opcode
E.g. attempt to use .b when only .w is allowed

Branch (% bytes) is out of range
Branch too far

Branch to odd address
Warning of branch to an odd address

Cannot POPP to a | ocal | abel
E.g. POPP @x

Cannot purge - name was never defined

Case choi ce expression cannot be eval uat ed
On case statement

Code generated before first section directive
Code generating statements appeared before first section directive

Coul d not eval uate XDEF' d synbol
XDEF'd symbol was equated to something that could not be evaluated
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Coul d not open file '9'

Dat asi ze has not been specified
Must have aDATASIZE before DATA statement

Dat asi ze value nust be in range 1 to 256
DATASIZE statement

Deci mal nunber illegal in this radix
Specified decimal digit not legal in current radix

DEF' s paraneter nust be a nane
Error in DEF( ) function reference

Di vision by zero

End of file reached wi thout conpletion of % construct
E.g. REPT with no ENDR

ENDMis illegal outside a macro definition

Error closing file
System close file call returned an error status

Error creating output file
Could not open the output file

Error creating tenporary file
Could not create specified temporary file

Error in assenbler options

Error in expression
Similar to syntax error

Error in floating point nunber
In IEEE32 / IEEE64 statement

Error in register list
Error in specification of register list for MOVEM / REG

Error opening list file
System open returned an error status

Error reading file
System read call returned an error status
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Error witing list file
An error occurred while writing to the list file.

Error witing object file
System write call returned an error or disk isfull

Error witing tenporary file
Disk write error, probably disk full

Errors during pass 1 - pass 2 aborted
If pass 1 has errors then pass 2 is not performed

Expanded i nput line too |ong
After string equate replacement, etc. line must be <= 1024 chars

Expected comma after < >
<...> bracketed parameter in MACRO call parameter list

Expected conma after operand
Expect ed comma bet ween oper ands

Expect ed comma bet ween opti ons
In an OPT statement

Expecting '%' at this point
Expecting one of ENDIF/ENDCASE etc. but found another directive

Expecting '+ or '-' after list conmand
InaLIST statement

Expecting '+ or '-' after option
In an OPT statement

Expecting a nunber after /b option
On Command line

Expecting comma between operands in |INSTR
Expecting comma between operands in SUBSTR

Expecting comma or end of line after |ist
In{ ...} list

Expecting ON or OFF after directive
In PUBLIC statement
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Expecting options after /O
On Command line

Expecting quoted string as operand

Expressi on nmust eval uate
Must be evaluated now, not on pass 2

Fatal error - macro exited with unterm nated % | oop
End of macro with unterminated WHILE/REPT/DO loop.
Due to the way the assembler works, this must be treated as a fatal error

Fatal error - stack underflow - PAN C
Assembler internal error - should never occur!

Fil e name nust be quoted
Files may only be specified when producing CPE or pure binary
out put

In FILE attribute of group

Forward reference to redefinabl e synbol
Warning that aforward reference was made to a symbol that was given a number of
valuesin SET or = statements. The value used in the forward reference was the last
value the symbol was set to.

Function only avail abl e when using sections

Goup "%' is too large (% bytes)
Group exceeds value in SIZE attribute

GROUP' s paraneter nust be a defined nane
In GROUP() function call

GROUPEND s paraneter nust be a group name
Error in call to GROUPEND( ) function

GROUPORG s paraneter nmust be a group
In call to GROUPORG( ) function

GROUPSI ZE' s par aneter nust be a group nane
Error in call to GROUPSIZE( ) function

| F does not have matchi ng ENDI F/ ENDC

Il egal addressi ng node
Addressing mode not allowed for current op code
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Il egal character "%' (%) in input
Strange (e.g. control) character in input file

Il egal character "%' in opcode field

Illegal digit in suffixed binary nunber
In alternate number form 101b

Illegal digit in suffixed decimal nunber
In alternate number form 123d

Illegal digit in suffixed hexadeci mal nunber
In alternate number form 1abh

Il egal group nane
Il egal index value in SUBSTR

11 egal | abel
Label in left hand column starts with illegal character

Il egal name for nmacro paraneter
In macro definition

1l egal name in commrand
Target namein ALIAS statement

Il egal name in locals |ist
In LOCAL statement

Il egal name in XDEF/ XREF |i st

Il egal paraneter nunber
Maximum of 32 parameters

11 egal section nane

Il egal size specifier for absolute address
Can only use .w and .| on absolute addressing

Il egal start position/length in I NCBIN

Il egal use of register equate
E.g. using aregister equate in an expression

Il egal value (%)

Il egal value (%) for boundary in CNOP
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Illegal value (%) for offset in CNOP
Il egal value for base in INSTR

Initialised data in BSS section
BSS sections must be uninitialised

| nstructi on noved to even address
Warning that a padding byte was inserted

Label "% nmultiply defined

LOCAL can only be used inside a nmacro
LOCAL statement found outside macro

Local |abels may not be strings
@x EQUS ... isillega

Local synbols cannot be XDEF d/ XREF d
MEXIT illegal outside of nmacros
Mssing '(' in function call

Mssing ')' after function paraneter(s)

Mssing ')’ after file nane
In FILE attribute

M ssing cl osing bracket in expression

M ssing comma in |ist of case options
In =... case selector

M ssing comma in XDEF/ XREF |i st

MODULE has no correspondi ng MODEND

Modul e may not end until macro/l oop expansion is conplete
If aloop / macro call starts inside a module then there must not be a MODEND until
the loop / macro call finishes

Modul e nmust end before end of macro/l oop expansi on - MODEND
i nserted

A module started inside aloop / macro call must end before the loop / macro call
does

More than one | abel specified
Only one label per line (can occur when second label does not start in left column but
endsin'')
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Move wor kspace conmand can only be used when downl oadi ng
In WORK SPA CE statement

Nanmes declared with | ocal nust not start with ' %'
In LOCAL statement

NARG can only be used inside a nmacro
Use of NARG outside macro

NARG s paraneter nust be a nunber or a macro paraneter nane
Illegal operand for NARG( ) function

No cl osing quote on string

No corresponding IF
ENDIF/EL SE without IF

No correspondi ng DO
UNTIL without DO

No correspondi ng REPT
ENDR without REPT

No correspondi ng WHI LE
ENDW without WHILE

No mat chi ng CASE statenment for ENDCASE
ENDCASE without CASE

No source file specified
No source file on command line

Non-bi nary character follow ng %

Non- hexadeci mal character '%' encountered
In HEX statement

Non- hexadeci mal character starting nunber
Expecting 0-9 or A-F after $

Non- nuneri c val ue i n DATA st at enent

OBJ cannot be specified when producing |inkabl e out put
OBJ attribute on group

Qdd nunber of nibbles specified
In HEX statement

OFFSET' s paraneter nust be a defined name
Error in OFFSET () function call
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A d version of % cannot be purged
Only macros can be purged

One string equate can only be equated to another
Attempt to equate to expression, etc.

Only one of /p and /I may be specified
On Command line

Only one ORG may be specified before SECTION directive
Op- code not recogni sed

Option stack is enpty
POPO without PUSHO

Options /1 and /p not avail abl e when downl oadi ng to target
On Command line

ORG ? can only be used when downl oadi ng out put

ORG address cannot be specified when producing |Iinkable
out put
No ORG group attributes when producing linkable output

ORG cannot be used after SECTION directive
ORG cannot be used when produci ng |inkabl e out put

ORG must be specified before first section directive
When using sections only one ORG statement may appear before all section
statements (other than as group attributes)

Qut of nenory, Assenbler aborting
Qut of stack space, possibly due to recursive equates

Assemblers stack is full, possible cause is recursive equates, e.g. X equ y+1,y equ
X*2
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Overfl ow i n DATA val ue
DATA valuetoo big

Overlay cannot be specified when producing |inkable output
No OVER group attributes when producing linkable output

Overlay nmust specify a previously defined group name
Error in OVER group attribute

Paraneter stack is enpty
POPP encountered but nothing to pop

POPP nmust specify a string or undefined nane

Possible infinite loop in string substitution
E.g. reference to x where x is defined as x equs x+1

Previ ous group was not OBJ'd
OBJ() attribute specified but previous group had no obj attribute to follow on from

Psy-Q needs DOD version 3.1 or later.
Purge nust specify a nmacro nane
Radi x nust be in range 2 to 16

REF' s paraneter nust be a nane
Error in REF( ) function reference

Regi ster not recogni sed
Expecting aregister name but did not recognise

Remai nder by zero
Asfor division by 0 but for % (remainder)

Repeat count nust not be negative
REPT statement error

Replicated text too big
Text being replicated in aloop must be buffered in memory but this loop was too big
to fit

Resi dent SCSI drivers not present.

SCSI card not present - assenbly aborted
SECT's parameter must be a defined name
Error in SECT( ) function call
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SECTEND s paraneter nust be a section nane
Error in call to SECTEND( ) function

Section stack is enpty
POPS without PUSHS

Section was previously in a different group
Section assigned to a different group on second invocation

SECTSI ZE' s paraneter nmust be a section nane
Error in call to SECTSIZE( ) function

Seek in output file failed
DOS seek call returned error status

Severity value nust be in range O to 3
In INFORM statement

SHI FT can only be used inside a nmacro
SHIFT statement outside macro

Short macro calls in | oops/macros nust be defined before
| oop/ macr o

Short macros may not contain | abels

Si ze cannot be specified when producing |inkabl e output
SIZE attribute on group

Si ze specified in /b option nust be in range 2 to 64
On command line

Square root of negative nunber

St at enent nust have a | abel
No label on, for example, EQU op

STRCWVP requires constant strings as parameters

String '% " cannot be shifted
String specified in SHIFT statement is not a multi-element string (i.e. { ...} bracketed)
and so cannot be shifted.

STRLEN s operand nust be a quoted string
Synbol ' %' cannot be XDEF d/ XREF' d

Synbol "% is al ready XDEF d/ XREF' d
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Synbol ' %' not defined in this nodule
Undefined name encountered

Syntax error in expression

Ti med out sending data to target
Target did not respond

Too many characters in character constant
Character constants can be from 1 to 4 characters

Too many different sections
There isamaximum of 256 sections

Too many file names specified
On command line

Too many | NCLUDE files
Limit of 512 INCLUDE files

Too many | NCLUDE pat hs specified
Too many INCLUDE pathsin /j options on command line

Too many output files specified
Maximum of 256 output files

Too many paraneters in macro call
Maximum number of parameters (32) exceeded

Too much tenporary data
Assembler limit of 16m bytes of temporary data reached

TYPE s paraneter nust be a nane
Call of TYPE() function

Unabl e to open conmand file
From Command line

Undefi ned nane i n conmand
Target namein ALIAS statement

Unexpect ed case option outside CASE st at enent
Found =... statement outside CASE/ENDCA SE block

Unexpect ed characters at end of Conmand |ine
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Unexpected characters at end of line
End of line expected but there were more characters encountered (other than
comments)

Unexpected end of |ine
Unexpected end of line in macro paraneter

Unexpected end of line in |ist paraneter
In{ ...} list

Unexpect ed MODEND encount er ed
MODEND without preceding MODULE

UNIT can only be specified once
In UNIT statement

UNI T cannot be used when produci ng |inkabl e out put
In UNIT statement

Unknown opti on
In OPT statement

Unknown option /%
Unknown option on Command line

Unrecogni sed attribute in GROUP directive

Unr ecogni sed optim sation switch ' 9%’
In OPT statement or Command line

User pressed Break/Crl-C
Assembly aborted by user

XDEF' d synbol % not defined
Symbol was XDEF'd but never defined

XDEF/ XREF can only be used when producing |inkabl e out put

Zero length I NCBIN - Warning of zero length INCBIN statement
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Psylink Error M essages

Linker Messages:

% 9% redefined as section
New definition of previously defined symbol

% '9%' redefined as group
New definition of previously defined symbol

% '%' redefined as XDEF synbol
New definition of previously defined symbol

Attenpt to switch section to % ' %'
Non-section type symbol referenced in section switch

Attenpt to use % '%' as a section in expression
Section type symbol required

Code in BSS section ' %'
BSS type sections should not contain initialised data

COFF file has incorrect fornmat
COFF format files are those produced by Sierra C cross compiler, etc.

D fferent processor type specified
Object code is for different processor type than target or attempt was made to link
code for different processor types

Di vision by zero

Error closing file
Closefile call returned error status

Error in /e option
On Command line

Error in /o option
On Command line
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Error in /x option
On Command line

Error in comrmand file

Error in Linker options
On Command line

Error in REGS expression

Error reading file %
Read file call returned error status

Error witing object file
Write file call returned error status - probably disk full

Errors during pass 1 - pass 2 aborted
Pass 2 does not take place if there were errors on Pass 1

Expecting a deci mal or hex nunber
/o option on Command line

File % is in out-of-date fornmat
File should be re-built before re-assembling

File % is not a valid library file

File % is not in PsyLink file format

Goup "%' is too large (% bytes)
Group islarger than its size attribute allows
Group '%n' specified with different attributes
Different definitions of a group specify different attributes

Il egal XREF reference to % ' %'
Object file defines xref to symbol which cannot be xref'd, e.g. a Section name

Mul tiple run addresses specified
More than one run address specified

No source files specified
No source file on Command line
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ohject file nmade with out-of-date assenbl er
File should be re-built before re-assembling

Only built in groups can be used when nmaking rel ocatable
out put

When /r command line option is used, only the built in groups can be used, i.e. no
new groups may be defined

Option /p not avail abl e when downl oadi ng to target

Options /p and /r cannot be used together
On Command line

ORG ? can only be used when downl oadi ng out put
Qut of nenory, Linker aborting

Previ ous group was not OBJ'd
Cannot specify OBJ() attribute if previous group did not have obj attribute

Reference to % ' %' in expression
Use of, e.g. a section name in an expression

Ref erence to undefined synbol #%h
Thereisan internal error in the object file

Rel ocat abl e out put cannot be ORG d
Remai nder by zero

Run-tinme patch to odd address
Warning that a run-time longword patch to an odd address will occur which may
cause some Amiga systems to crash

SCSI Card not present - Linking aborted
Could not find SCSI Card

SCS| drivers not | oaded

Section "%' nust be in one of groups code, data or BSS
When producing Amigaformat code
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Section "% placed in non-group synbol #%
Thereisan internal error in the object file

Section "%' placed in non-group synbol ' %'
An attempt was made to place a section in a non-group type symbol

Section "%' placed in tw different groups
Section is placed in different groups

Section "% placed in unknown group synbol #%
Thereisan internal error in the object file

Section "%' nust be in one of groups text, data or BSS
When producing ST format code

Synmbol "% nultiply defined
New definition of previously defined symbol

Synbol ' %' not defined
Undefined symbol

Synbol ' %' placed in non-section synbol #%
Thereisan internal error in the object file

Synbol ' %' placed i n unknown section synbol #%
Thereisan internal error in the object file

Synbol in COFF format file has unrecogni sed cl ass
COFF format files are those produced by Sierra C cross compiler, etc.

Ti med out sending data to target
Target not responding or offline

Too many file names specified
Too many parameters on command line

Too many nodul es to |ink
Maximum of 256 modules may be linked

Too many synbols in COFF format file
COFF format files are those produced by Sierra C cross compiler, etc.

Unabl e to open output file
Could not open specified output file

Undefined synbol in COFF file patch record
COFF format files are those produced by Sierra C cross compiler, etc.

Unit nunber nust be in range 0-127
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Unknown option /%
On Command line

Unknown processor type '%'
Could not recognise target processor type

Unr ecogni sed rel ocat abl e out put format
/r option on command line

User pressed Break/Crl-C
Linking aborted by user

Value (%) out of range in instruction patch
Value to be patched in is out of range

WORKSPACE command can only be used when downl oadi ng out put
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Psylib Error M essages

Librarian Messages:

Cannot add nodule : it already exists
Module may only appear in alibrary once

Coul d not create object file
Error creating object file when extracting

Coul d not create tenporary file
Error creating temporary file

Coul d not open/create
System error opening file

Error reading library file
System error occurred reading file

Error witing library file
System error writing file, probably disk full

Incorrect format in object file
Error in object file format - re-build it

No files matching
No object files matching the specifications were found

No library file specified
No object files specified

No option specified
An action option must be specified on the command line

Unknown option /
On Command line, option not recognised
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