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Application Note

In the window at the top right corner, you can
see that when we halted the program, getchar
was being executed because the program was

waiting for an input from the user.

Some functions are called from the C library;
their C source codes aren’t always available. To
take a look at getchar in assembly, press the F3
key.

Now the screen should show the assembly
listing, value of the stack and the registers. Press
F3 again to get back to the original screen.

To see the C source code again, at the XRAY
terminal, type:

restart <CR>

They F5 key invokes the help screen; it contains
brief explantions of each debugger command.
You can press F5 right now and look at some of
the explanations.

All the commands you enter are stored in a last-
in-first-out fashion. F7 retrieves your previous
commands to save some typing.

DEBUGGING

This program calls a subroutine called cpu_init.
Let’s take a look at it. First we will set a break
point at line 17. Type:

b#17 <CR>

Window #25 will appear at the top of the screen,
listing all the break points; we only have one so
far. Now type:

Section

go <CR>

We now see line #98 instead of #17. Line #98 is
the beginning of cpu_init; that’s why the
program stops at line #98.

Another useful function key is the F9 key. Press
F9 now to allow XRAY to execute one line.
Press F9 two more times to finish cpu_init.

Now line #19 is highlighted, not line #18
because line #18 is only a label, not an
instruction.

F9 performs single stepping. The F10 key is
similar, but it doesn’t take you into each
subroutine. Press F10 now, and line #19 will be
executed.

Let’s keep track of all the variables as we debug
this program. Type:

monitor song,counter,delay <CR>

The values of these variables are listed in the
top-left window. Let’s set another break point at
line #42. Type:

b#42 <CR>

If we start the program again, it should stop
executing right after we make our song selection
on the program screen. Type:

go <CR>

HITACHI
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Again we see the title message and the request
for input. At the program terminal, type:

a <CR>

Nothing happens on the program terminal
because XRAY encountered another break point
and halted execution. Now, if we look at the
value of “song,” we see 0x000a. We can also
print the value of a variable without monitoring

it. Type:

[ p song <CR>

Looking at the source code, if we start the
program again, we’d expect the Stranger in the
Night message, accompanied by a couple of
question marks dancing across the screen. But,
one powerful feature of XRAY allows us to
“cheat.” We can execute C code on the spot.

Type:

<CR>

l c song=5

The command “C,” followed by an expression, is
equivalent to an instruction in the C source code.
In the Data window, we can see the value of
“song” has been changed to 5. Let’s start the
program again and see what happens. Type:

go <CR>

The “The way you look tonight” message came
on instead of song number 0x000a. There are
more than one break commands in XRAY; let’s
take a look at them. We’ll stop execution and

HITACHI

start over. Type:

<Ctrl> ¢

restart <CR>

clear <CR>

The clear command clears all break points. If
you wish to clear a specific breakpoint, just type
in the breakpoint number after “clear.” If you
want to see where the breakpoints are, just type:

b <CR>

You should get a blank window at this point
because we’ve cleared all the breakpoints.

breakread: If we enter “br &song,” whenever
the program tries to read the value of song, it
halts.

breakwrite: Similar to breakread, “bw &song”
halts the program whenever it tries to write a
value to "song".

breakaccess: The program halts when there is a

read or write. z
=
Let’s try breakread. Type: ot
br &song <CR> J
Section
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Oops, this give an error message. Since we
restarted the program, it’s not in “main” yet. The
variable “song” is not yet recognized. Window
#4 shows that the variables are not active. Press
the spacebar to keep going. Let’s get in main
first, then set the breakpoint. Type:

The program halts again at line #43 because the
switch statement tried to read “song.”

We can look at functions that-aren’t in the
window. For example, type:

list cpu_init <CR>

b#18 <CR>
g <CR>

;abbreviation for

We can see the listing of subroutine cpu_init.
To get back to where we came from, type:

£0

br &song <CR>
g <CR>

At the program terminal, type:

a <CR>

At line #42, the program tried to print the value
of “song.” The program halted because it tried
to read the value of “song.” Let’s keep going.

Type:

I g <CR> J

list <CR>

We are back to line #43 again. Now press F3 to
debug at the assembly level. Instead of “list,” we
say “disassemble” in this mode. Type:

d 0x0030 <CR>

We see the beginning of the program. To get
back to the original place, type:

d <CR>

Press F3 again to get back into high-level mode.
If you have any macros defined, use “show
<macro-name>" to see the listing of a macro.
Let’s define a macro here for practice.

Let’s try “blocking out” a song. This will be
analogous to locking some channels on cable TV
for certain viewers. Say we don’t want people to
“hear” Strangers in the Night. So, every time
someone chooses Strangers in the Night, we
“play” Fly me to the Moon instead. Type the
following in the XRAY terminal.

restart <CR>

Section V H |TACH|
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clear 2 <CR>

We restarted the program and cleared the
breakread breakpoint.

I g - <CR> J

XRAY halts at line #19. Now, we will define
the macro blck.
Type:

define int bick()

{

if (song==0x000a)
$c¢ song=0x0007$;
return (1);

}

After the macro is defined, the command
window may be expanded, press F4 to shrink/
expand the active window. Now the macro is
defined. Once this macro is invoked, the value
of “song” is changed to 7 if it’s 0x0a. The “$’s”
around the ¢ expression indicate that this line is a
debugger command. When a macro returns a
“1,” the program just continues execution after
the macro; but, if a macros returns a “0,” the
program halts after the macro. When do we
invoke this macro? It will not be a wise idea to
single step and invoke the macro after each step.
How about right after the user inputs the
selection? Type:

| b#az;bick) <CR>

HITACHI

This command tells XRAY to check for value
0x000a after the user inputs his/her selection.
Let’s see how this breakpoints changes the flow
of the program. First we should clear the
breakpoint at line #18. Type:

clear 1 <CR>
g <CR>

The program prints the same welcome message
on the program terminal, asking for input. Let’s
try to “hear” Stranger in the Night. At the
program terminal, type:

| a

<CR> 1

Although we selected Stranger in the Night, Fly
me to the Moon is displayed. One very useful
way to utilize macros is to simulate hardware in
the simulator version XRAY. For example, in
the simulator version, we can set breakpoints and
use macros to update status registers, which are
normally updated by hardware.

Another useful command is gostep; this is
especially useful when you are desperate. Say
for some reason the stack goes out of bounds,
and the program just hangs. We can write a
simple macro that returns a “0”” when the stack
reaches a certain value. Let’s say this macro is
called st_alert(). Let’s assume also we have no
idea how and where the stack goes out of
bounds. We can enter gostep st_alert(). XRAY
will single step through the whole program,
calling the st_alert macro after each step. This is
extremely time consuming, but it will locate the
problem.

SESSION CONTROL

There is a "save" command that only works in
the simulator version; this command saves the
register and memory contents into a file. This
feature is not implemented in the emulator
version because it will take too much time to

Section
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actually save all the memory contents.

However, this does not mean we have to do all
the debugging in one session. Here is an
alternative way:

Before starting to use any XRAY commands,
type:

log on=<filename> <CR>

All the commands you enter from this point on
will be sent to a viewport. When you are done
with the debugging session, type:

[ log off <CR>
This will save all the commands in the file. Next
time XRAY is invoked, type:

include <filename> <CR>

XRAY will then execute all the commands in the
log file. This is not as convenient as "save" and
‘restore,” but it works for both the simulator and

SIMULATED IO

If you are using the simulator version XRAY,
you might want to simulate the actual input/
output terminal. For example, if the serial port is
at address Oxffdb, we can see the output of the

program by typing:

outport [Oxffdb],std <CR>

This command tell XRAY to print the value of
address Oxffdb to the standard I/O window of
XRAY. Instead of "std," you can choose to use
"c." This will cause the messages to be printed
in the command window.

MEMORY

There are also commands to view or change
memory locations. The following commands,
followed by memory addresses or range, can
perform a variety of functions. Please refer to
the XRAYH83 H8/300 Debugger manual for
more details.

emulator versions. O IN Summary
If you wish to record results, as well as the OOMPARE Find difference between two memary blocks
commands, use the "journal" command; it works i
the same way as the "log" command, the 60 2 4 Copy memory block
difference being the journal files contain - - -
command results. Do Display memory tock in
FILL Fill memory block with value(s
Note: The information is not e
automatically saved to a file. Itis SEARCH Search memoty block for pattems of value(s)
necessary to type in "log off" or
"journal off” when you are done with :
the session. SEIMEM Assign values tomemory block
SEIREG Change value(s) of various registers
Section HITACHI
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We have practiced with starting XRAY,
customizing it, monitoring variables and memory
locations, setting breakpoints, defining macros,
and utilizing macros. These are just the basic
commands to get XRAY running. There are
more commands for more detailed analysis.
Please refer to the XRAYHS83 H8/300 Debugger
manual for more commands.

SECTION
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/* T -—x/

/* XRAY DEMO, using H8/325 Flash Board */
/." &/
#include “c:\cstufflioaddr.c” /*Address of I/0 ports*/

#include “c:\mcch83\stdio.h”
#include <stdlib.h>

void cpu_init(); /*Initialize CPU (I/O ports...)*/

main ()

{

unsigned int song; /*The chosen song*/

unsigned int counter; /*generic gounter used for loops*/
unsigned int delay:; /*generic delay counter*/
cpu_init(); /*Initial serial ports*/
beginning: /*Program begins here*/

printf (“\r\n”);
for (counter=0;counter<20;counter++)
{
for (delay=0;delay<50000;delay++)
{
}
printf (“ HITACHI America, Ltd.”);
printf (“\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b”) ;
}
printf (“\r\n”);
for (counter=0;counter<20;counter++)
{
for (delay=0;delay<50000;delay++)
{
}
printf (™ Applications Engineering”);
printf (“\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b”) ;
}
printf (“\r\n\nThis Program Simulates a Jukebox, with no sound.\r\n”);
printf (“\r\nEnter song number in hex : “);
iscanf (“%x”, &song); /*input stored as variable “song” */
printf (“\r\nYou have chosen the %x th song\r\n\n”,song);
switch (song)

case 0x07: printf (“Fly me to the moon /=1 \r\n”);
printf (% 0 /_1 | \r\n”);
printf (% I | \r\n”);
printf (™ / ooo0oo0o000O0OO I \r\n”);
printf (“ | HAL Air | \r\n”);
printf (® | | \r\n”);
printf (“ | | \r\n”);
printf (% / | \r\n”);
break;

case 0x0a: printf (“Strangers in the Night \r\n”);

for (counter=0;counter<30;counter++)

{
for (delay=0;delay<50000;delay++)
{

’

Listing 1 Frank.c

Section HITACHI
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}
printf (™ 22 “);
printf (“\b\b\b”);

}
printf (“:)\r\n”);
break;
case 0x12: for (counter=0;counter<20;counter++)
{
printf (™ New York, New York “);
printf (“\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b”);
}
printf (“\r\n”);
break:;
case 0x05: printf (“The way you look tonight \r\n”);
printf (“Some “);
for (counter=0; counter<5000; counter++)
{

.
’

}
printf (“day \r\n”):;
printf (“When I am feeling low \r\n”);
printf (“When the world seems cold \r\n”);
printf (“And I feel a glow just thinking of \r\n”);

printf (% Yy y 00000
u u\r\n”);

printf (“ Yy Y o o
u u\r\n”);

printf (“ vy o °
u u\r\n”);

printf (% vy ) o
u u\r\n”);

printf (™ Yy 00000

uuuuuu\r\n\n¥);
printf (“And the way you look tonight\r\n”);
break;
default: printf (“Song number not in selection!!\n\r”);
break;
}
goto beginning;
}
void cpu_init ()
{
/*Initialize SCI port*/
* (unsigned char *)sciO_smr=0x00;
* (unsigned char *)sciO_brr=31;
* (unsigned char *)sciO_scr=0x30;

Listing 1 cont'd

SECTION

HITACHI Section
Hitachi America, Ltd. » San Francisco Center ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 7 1 .




XRAY Application Note

Linker command file:

start $0030

sect code = $0030

LISTMAP CROSSREF, INTERNALS, PUBLICS

load mainadr

sect mainvec= $0000

sect zerovars=$fb80

order code,const, strings, __ INITDATA, heap, zerovars

DOS batch file:

mcch83 -g -¢ -0 %$1.0bj %1.c
1nkh83 -c pt.cmd -o %$l.abs -m>%l.map %1.0bj iscanf.obj h8325.1lib

Section HITACH'
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MRI Tools H8/300 Tutorial

Application Note

Software Development from C Source to Executable Files

Paul Yiu

INTRODUCTION

The MRI/Hitachi Toolkit , (consisting of the
Compiler, Assembler, Linker, and Librarian) is
capable of processing C source codes to create
executable code. The final code can then be
debugged using XRAY. This paper will serve as
a tutorial to demonstrate the process software
"development, using the Hitachi/MRI Toolkit.

THE SAMPLE ROUTINE

A very basic routine, called Sinatra, (listing #10
at the end of this document) will be used to
demonstrate the process. Using the H8/325 as an
example, the program prints a menu on the
screen, then the user makes his choice. After the
choice is made, the program outputs a
corresponding message on the screen. The
difficulty does not lie in programming, but
setting up the standard I/O, registers, and
different sections in memory. Fortunately, the
set-up only has to be done once. Most of the
command files and modules can be used for

other programs.
SETTING UP

10

The source codes for s_write.c and iscanf.c need
to be slightly modified to fit the hardware.
Basically, we need to assign the correct serial
ports for the read/write routines. These source
codes are then compiled, assembled and put into
a customized library. For further information
please refer to Application Note #AE-0028
H8/325 Standard 1/0.

XRAY

The emulator version of XRAY require some
set-up when used for the first time. The default
baud rate can be changed, as well as the display
mode. Please refer to Tech Note #TN-0021
Starting up Emulator version XRAY for details.

Stack

The stack should be set at address OxFF80 before
any instructions begin. Listed below is file
stack_ini.c.

#pragma asm
.SECTION stack_ini, TEXT, ALIGN=2
mov.w #h’ ££80, sp
#pragma endasm
Listing 1: stack_ini.c

There is a very good reason these lines of code
are not put inside main. The compiler, at the
start of every routine, puts the value of R6 on the
stack. If we put “mov.w #h’ff80,sp” in the first
line of main, we would get:

_main:
push r6
mov.w sp,r6
mov.w #h’££80, sp
Listing 2: uninitialized stack

This would mess up the statk. Writing a value
on an unknown location could give
undetermined results.

SECTION

There is a routine, called s_start.c that
automatically gets called when the program gets
linked. This routine sets up the stack for XRAY.
However, this routine is not actually a part of the
program. For this program to work without the
emulator (i.e. on the chip), the stack needs to be

~ HITACHI Section
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initialized by the program itself.

Yectors 4 )
The first several address spaces are reserved for :
. . program
the .vect9r table, Wthh- contains addresses of ' resotvec
various interrupt functions. The reset vector is at stack_ini
address 0x0000. It should contain the address of

need another file, called resetvec.c, to manipulate
the correct address. It is listed below.

[ ]
/*Reset vector. To be put at address 0%/ C0m1

void (*mainvec[])()=(unsigned int
*)0x0030;

Listing 3: resetvec.c

This routine simply defines a dummy pointer to Assembly
point to address 0x0030. We will put this Code
pointer at address 0 with the Linker, later.

We don’t have to specify a particular address for
the pointer to point to. Say we have a function Noeoy :)l

called delay_10 somewhere in the program. If \ \ q
we write another file, called delayl0.c. It will

look like this:
extern void delay_10(void); Object
void (*vecl0[])()={delay_10}; Modules
/*function delay_10 can be anywhere*/

Listing 4: delay10.c

Here, a dummy pointer points to the function
“delay_10." We can assign this pointer to any s .
address; this is useful for interrupt routines. I—lbranan

USING MRI TOOLS
It is a good idea to include the-MRI tool Executable
directories in the autoexec.bat file. Also, create Code

another directory to store all the programs.
Figure 1 shows how the tools work together to
create executable codes.

Before we go any further with the program, let’s L Figure 1 MRITools
take a brief look at each tool. /

Section H |TAC H l
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Compiler

As far as the user is concerned, the compiler
simply “turns” C code into Assembly code. The
main'subject of interest is the long list of
command options. All of these command-line
options are useful, but only a few are discussed
here, for the sake of brevity.

To invoke the compiler, type:

mcch83 [optionl option2 option3........ ]
source_filename <CR>

The "mcch83" command invokes more than just
the compiler; this command behaves like a DOS
batch file. If the user does not tell the software
how far to process the program, it will go all the
way and create an absolute file. The
intermediary files, xxxx.src and xxxx.obj, will
not be available. Itis better to specify how far
we want the software to process with some
command-line options. These options are listed
below.

How far:

-S The .c file gets compiled to create
Assembly, a .src file

- The .c files gets compiled and
assembled to create an object
module, a .obj file.

None | The .c file gets processed all the
way to create executable code, a
.abs file

Table 1: Compiler Options

Debugging inf tion:

-g Line numbers and trace
information are created. This
option is extremely important for

debugging in XRAY. Use this
option almost always.

-Fsm | C source code is mixed into the
assembly code as comments.

Table 2: Compiler Options

-0 This option, followed by a
filename, will name the ouput
file(s). If this option is not used,
the default names (xxxx.src or
xxxx.obj) will be used.

-l This option, followed by a
filename, will create a listing file
containing the C source code and
any errors/warning during
compilation,

Table 3: Compiler Options

Naming the secti

-NIname | Thevariable section is renamed to
whatever the user entered for
|lnamell.

-NCname | The constant section is renamed to
whatever the user entered for
"name". ’

SECTION

Table 4: Compiler Options

The significance of the options will become clear
later. Refer to the Hitachi MCCH83 H8/300 C
Compiler maual for more compiler options.

HITACHI Section
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Assembler Librarian
The assembler takes the assembly code and
generates an object module. Most of the time
the C source code is processed directly to the
object module, so the assembler command-line
“options are not used very often.

The librarian provides a mechanism to create,
delete, and edit libraries, which are just
collections of object modules. The standard
library contains functions like printf, getchar,
etc. We can make a custom library for the
H8325. Please refer to Application Note #AE-
0028 H8/325 Standard I/0 for more information.
To invoke the librarian, type:

To invoke the assembler, type:

asmh83 [option] option2.....] source-

filename <CR> 1ibh83 [option] [obj-filename] lib-

filename <CR>

or
libh83 < cmd-filename
<CR>

One very useful option is the “-I > filename.”
This option generates a listing that contains all
the errors and warning during assembly. Refer to
the Hitachi ASMH83 H8/300 Assembler manual

for more assembler options. . .
erop Listed below are some librarian command

options.

Linker - :
-a Adds modules to the designated library.

The linker links all the modules together and put

in the appropriate places in memory. To invoke -d I?eletes modules from the designated
the linker, type: : library.
Inkh83 [option] option2......] object- -e Extracts modules from the library and
filename <CR> " | generates ".obj" files.
Some important command-line options are listed -l Generates a librarian listing.
here.
-r Replaces a module in the library with a

".obj" file module.

-c filename |The command file contains
the linker commands.

Table 6: Librarian Options

-m> | The map file shows the
filename locations of various
modules, variable tables, MAKING EXECUTABLE CODE
and cross-reference tables.
Table 5: Linker Options 1) First we want to compile and assemble
Section HITACHI
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the program. Type:
mcch83 -g -c sinatra.c <CR>

We will get a sinatra.obj file, with debugging
information.

2) Next we want to compile and assemble
the auxiliary source codes. Type:
mcch83 -g -c -NImainvec resetvec.c
<CR>
mcch83 -g -c stack_ini.c
<CR>

We will get files resetvec.obj and stack_ini.obyj,
with debugging information. Since our reset
vector is a variable, an “init-vars” section will be
created in the resetvec module (.obj file). Using
"-NImainvec" renames the init-vars section
mainvec, so it won’t be confused with the init-
vars section of the main program.

3) Before the modules are linked together,
we need to create a command file for the linker,

telling the linker how to put modules in memory.

This is what the command file, sinatra.cmd,
looks like.

start $0030

LISTMAP
CROSSREF,INTERNALS,PUBLICS

load resetvec

load stack_ini

sect mainvec= $0000

sect stack_ini=$0030

sect zerovars=${bg0 )
order stack_ini,code,const,strings+

__INITDATA heap,zerovars

Listing 5: Linker Command File

HITACHI
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The first 0x30 bytes of the ROM are reserved for

interrupt vectors. To leave the first 0x30
memory addresses alone, we tell the linker to
start at address 0x30.

The second line adds a cross-reference table in
the map. We will take a look at the map later.

The third and fourth lines simply load the
modules and combine them with the program.

The “sect” commands puts sections in absolute
addresses. We put the reset vector (0x0030) at
address 0x0000, stack_ini code at address
0x0030, and variables at top of RAM. All of the
program, with the exception of variables, sit in
ROM.

NOTE: The format of the executable
code will be IEEE. To generate s-record, just
add “format s” in the command file. The
ASE machine takes s-record format, while
XRAY accepts IEEE format.

The final step is to use the linker. Type:

Inkh83 -c sinatra.cmd -m>sinatra.map -
o0 sinatra.abs sinatra.obj h8325
<CR>

We used "-c sinatra.cmd" to tell the linker to
receive commands from the sinatra.cmd file.
We get a map file that lists the locations of
various modules by typing "-m>sinatra.map."

The final product, sinatra.abs, is executable
code, and it can be used for debugging. To
download the program, we'll need to generate S
record output. This would be accomplished by
adding "format s" in the command file. Let’s
take a look at the sinatra.map file on page 7
(listing 6) and see where the sections went.

Section
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Listing #6 on page 7 shows the sections all went
to the right places. We generated a cross-
reference table and put it in the map file. Let’s
take a look at part of the cross-reference table.
(listing #7 page 7)

The cross-reference table shows all the functions
and variables, as well as the functions that called
them.

There is also a module section in the map file; it
lists all the modules, either user-defined or from
the library, as well their sizes. Part of the

module section is shown in listing #8, on page 7.

Some of the steps taken to generate executable
code from C source may seem tedious, but they
only have to be done once. Only minor
modifications need to be done for different
programs. For example, we can create a DOS
batch file, called mk_code.bat. For the future
programs, we only have to type:

mk_code program_name

<CR>
to create executable code.

This is what a mk_code.bat file might look like:

cch83 -g -c -0 %1.0bj -1 %1.Ist %1.c

nkh83 -c h8325.cmd -0 %1.abs -m>%1.map
%1.0bj h8325.lib

Listing9 mk_code.bat

The file h8325.cmd will probably look very
much like sinatra.cmd. H8325.1ib includes user-
defined I/O routines. During execution, the
symbol "%1" will be replaced by parameter
"program_name." Basically, this batch file
performs all the work in one command.

Application Note
SUMMARY:
1) When compiling the C source code ,
use the -g and -1 command-line options.
2) Create a separate module to set up the
stack pointer; this module can be re-used
by different programs.
3) Process all C codes with the -c

command-line options to create object
modules; then, use the linker to link all

the modules together.

4) Create a command file for the linker.
The command file can place modules in
desired order.

5) " When debugging with XRAY, use

IEEE format output. For debugging with
the ASE machine alone, use S record
format output.

Section HITACHI
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SECTION SUMMARY

SECTION ATTRIBUTE START END LENGTH ALIGN
mainvec NORMAL DATA 0000 0001 0002 2 (WORD)
stack_ini NORMAL CODE 0030 0033 0004 2 (WORD)
code - NORMAL CODE 0034 19C1 198E 2 (WORD)
const NORMAL CODE 19C2 1B6A 01Aa9 2 (WORD)
strings NORMAL CODE 1B6C 1D2B 01CO0 2 (WORD)
__INITDATA
NORMAL DATA 1D2C 1D2C 0000 2 (WORD)
heap NORMAL DATA 1D2C 1D2D 0002 2 (WORD)
zerovars NORMAL DATA FB80 FDOB 018C 2 (WORD)
Listing 6: sinatra.map
_getNuml0 code 0558 iscanf
_getNumlé6 code 0668 iscanf
_getchar code 1950 getchar
_hcsr const 1246 pt
_ler const 19EC pt
_iscanf code 0186 iscanf
_iscr const
Listing 7: cross-reference table
MODULE SUMMARY
|MODULE SECTION:START SECTION:END FILE
pt const:194E const:19D7 C:\XHIH83\PROGRAM\pt3.obj
strings:1AF8 strings:1BB7
code:0030 code:0137
iscanf zerovars:FB80 zerovars:FB9B C:\XHIH83\PROGRAM\iscanf.obj
code:0138 code:07B9
ctype const:19D8 const:1AD8 C:\XHIH83\PROGRAM\h8325.1ib L
fakftoa const:1ADA const:1AF6 C:\XHIH83\PROGRAM\h8325.1ib L
code:07BA code:07F7
flsbuf code:07F8 code:090F C:\XHIH83\PROGRAM\h8325.1ib L
ltostr code:0910 code:09C5 C:\XHIH83\PROGRAM\h8325.1ib L
malloc zerovars:FB9C zerovars:FB9C C:\XHIH83\PROGRAM\h8325.1ib L

Hitachi America, Ltd. » San Francisco Center » 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300

Listing 8: modules
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/* */
/* Program: Sinatra.c */
/* */

#include “c:\cstuff\ioaddr.c” /*Address of I/0 ports*/
#include “c:\mcch83\stdio.h”
#include <stdlib.h>

void cpu_init(); /*Initialize CPU (I/0 ports...)*/
main ()

{

unsigned int song:; /*The chosen song*/
cpu_init(): .
beginning:

printf (“\r\nEnter song number in hex : “);
iscanf (“%x”, &song);
printf (“\r\nYou have chosen the %x th song\r\n\n”, song) ;
switch (song)
{

case 0x07: printf (“Fly me to the moon /=1 \r\n");
printf (™ O /_1 1 \r\n”);
printf (" | | \r\n"):;
printf (% / o0o000O0OO0COO I \r\n”);
printf (“ | HAL Air | \r\n”):
printf (™ | | \r\n  %);
printf (“ | | \r\n”);
printf (* / | \r\n”);
break;

case 0x0a: printf (“Strangers in the Night \r\n”);
break;

case 0x12: printf (“New York, New York \r\n”):;
break;

case 0x05: printf (“The way you look tonight \r\n”):
break;

default: printf (“What? Not on this CD!!\n\r”);
break;

}

goto beginning;

}
void cpu_init ()
{
¥/
/*set for address outputs*/
[/
/*Initialize SCI port*/
* (unsigned char *)sci0O_smr=0x00;
* (unsigned char *)sciO_brr=31;
* (unsigned char *)sci0_scr=0x30;

Listing 10 Sinatra.c

Section HITACHI
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Assembler instructions, after the linker.

0030 7907 FF80 mov.w #H'FF80:16, sp

0032 FF80 mov.b #H/80:8,spl
0034 6DF6 push.w ré6
0036 O0D76 mov.w sp, r6
0038 7900 0006 mov.w #6,r0
003A 0006 nop
003C 1907 sub.w r0, sp
003E 6DF2 push.w r2
0040 6DF3 push.w 3
0042 5E00 OOFA Jjsr Qcpu_init:16
0044 O0OFA nop
0046 7900 0001 mov.w #mainvec+l, r0
0048 0001 nop
004A 6FE(Q FFFA mov.w r0,@(-6:16,r6)
004C FFFA mov.b #H'FA:8,spl
004E 1900 sub.w r0, x0
0050 6FEO FFFC mov.w r0,Q@(-4:16,r6)
0052 FFFC mov.b #H'FC:8,spl
0054 1922 sub.w r2,r2
0056 F801 mov.b #mainvec+l, r0l
0058 6EA8 FC64 mov.b r01,@(-924:16,r2)
005A FC64 mov.b #H'64:8,r4l
005C 0BO2 adds.w  #1,r2
005E 7900 0011 mov.w #H’11:16, x0
0060 0011 nop
0062 1D02 cmp . w r0,r2
0064 4DFO blt H'FO0 ; =>56
0066 1922 sub.w r2,r2
0068 6E28 FC64 mov.b @(-924:16,r2),r01
006A FC64 mov.b #H' 64:8,r4l
006C 474C beq H’4C ; =>BA
006E 0D20 mov.w r2,r0
0070 0900 add.w r0,r0
0072 0BS8O adds.w  #2,r0
0074 0BOO adds.w  #1,r0
0076 6FEO FFFE mov.w r0,@(-2:16,r6)
0078 FFFE mov.b #H'FE:8, spl
007a 0DO3 mov.w r0,r3
007C 0923 add.w r2,r3
007E 400C bra H'C ; =>8C
0080 F800 mov.b #0,r01
0082 6EB8 FC64 mov.b r01l,@(-924:16,r3)
0084 FCo64 mov.b #H’64:8,r4l
0086 6F60 FFFE mov.w @(-2:16,x6),x0
0088 FFFE mov.b #H'FE: 8, spl
Listing 11 disassembled code
HITACHI Section
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008A 0903 add.w r0,r3

008C 7900 0011 mov.w #H'11:16,x0
008E 0011 nop
0090 1D03 cmp . w r0,r3
0092 4DEC blt H’EC ; =>80
0094 6F60 FFFC mov.w @(-4:16,1r6),r0
0096 FFFC mov.b #H'FC:8,spl
0098 0BOO adds.w  #1,r0
009A 6FEQ FFFC mov.w r0,@(-4:16,xr6)
009C FFFC mov.b #H'FC:8,spl
009E 6F60 FFFE mov.w @(-2:16,r6),r0
00A0 FFFE mov.b #H'FE:8, spl
00A2 6DF0 push.w r0
00A4 6F60 FFFC mov.w @(-4:16,1r6),r0
00A6 FFFC mov.b #H'FC:8,spl
00A8 6DFO push.w r0 :
00AA 7900 1AFA mov.w #H’' 1AFA:16,x0
00AC 1AFA dec.b r2l
00AE 6DF0 push.w r0
00BO 5E00 0BC4 Jsr @printf:16
00B2 O0BC4 adds.w #2,r4
00B4 7904 0006 mov.w #6,r4
00B6 0006 nop
00B8 0947 add.w r4,sp
00BA 0B02 adds.w  #1,r2
00BC 7900 0011 mov.w #H711:16,x0
00BE 0011 nop
00CO0 1D02 cmp.w r0,xr2
00C2 4DA4 blt H'A4 ; =>68
00C4 6F60 FFFA mov.w @(-6:16,r6),r0
00C6 FFFA mov.b #H'FA:8,spl
00C8 0BOO adds.w  #1,r0
00CA 6FEOQ FFFA mov.w r0,@(-6:16,r6)
00CC FFFA mov.b #H'FA:8,spl
00CE 7901 0001 mov.w #mainvec+l, rl
00DO 0001 nop
00D2 1D10 cmp .w rl, x0
00D4 4E04 bgt H'4 ; =>DA
00D6 5A00 004E Ijmp @H’4E:16
00D8 004E nop
0ODA 6F60 FFFC mov.w @(-4:16,r6),r0
00DC FFFC mov.b #H'FC:8,spl
00DE 6DFO0 push.w r0
00E0 7900 1BOB mov.w #H’ 1BOB:16, r0
00E2 1BOB subs.w  #1,r3
00E4 6DFO push.w 0
00E6 ©5E00 OBC4 jsr @printf:16
00E8 0BC4 adds.w #2,r4
00EA 0B87 adds.w  #2,sp

Listing 11 cont'd
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00EC 0B87 adds.w  #2,sp

00EE 0180 sleep

00F0 6D73 pop.w r3

00F2 6D72 pop.w r2

00F4 0D67 mov.w r6, sp

00F6 6D76 pop.w ré

00F8 5470 rts

O00FA 6B00 19B6 mov.w @sciO_smr:16, r0

00FC 19B6 sub.w r3,r6

00FE F900 mov.b #0,rl1l

0100 6889 mov.b rll,@r0

0102 6B00 19B8 mov.w @sci0_brr:16,r0

0104 198BS sub.w r3,r0

0106 F91F mov.b #H'1F:8,rll

0108 6889 mov.b rll,@r0

010A 6B00 19BA mov.w @sci0O_scr:16,r0

010C 19BA sub.w r3,r2

010E F930 mov.b #H'30:8,r1l

0110 6889 mov.b rll,@r0

0112 5470 rts

END of listing 11
z
[©)
o
]
HITACHI © Section
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H8/325 Standard I/O

March, 1992

Paul Yiu

INTRODUCTION

The MRI/Hitachi toolkit for the H8/300 is
supplied with standard I/O routines; however,
these routines were written to simulate I/O on the
PC terminal. This means the user serial I[/O
interface goes through the debugging terminal,
not the serial ports of the CPU. To have a “real”
user I/O interface, we need to change some
source code, compile it, and put it in the correct
library module as replacement routines.

The two most important I/O functions are printf
and iscanf. Printf outputs variables and strings
to the screen, while iscanf takes user’s input or
commands.

Code Operation

Figure 1 shows how printf works. We only need
to change s_write.c to change the printf routine.

]

Figure 1: printfroutine

Parts of the original s_write.c are listed here.

Jor (i=nbyte;i!=0;i--)
_simulated_output=*buffer++;
return (nbyte);

Listing 1: s_write.c (original)

The output is sent to the variable
_simulated_output, which is displayed on the
XRAY debugging output screen. To make the

HITACHI
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output go to a serial port, we only need to
replace the variable with the serial port address.

The modified s_write.c is listed below.

/*sciO_ssr and sciO_tdr are defined*/
/*as constants in another file*/
extern int const sci0_ssr;

extern int const sci0_tdr;

/*function write*/

int write (int f£d, char *buffer,
unsigned nbyte)

{

unsigned int i;

for (i = nbyte; i != 0; i--)
while ( (*(unsigned char *)sci(_ssr)
< 0x80)
{
;/*wait till ready to transmit#*/|
}
* (unsigned char *)sci(_tdr=*buffer++;
* (unsigned char *)scilO_ssr =
((* (unsigned char *)sci(_ssr)&0x7f) ;

return (nbyte);
}

Listing 2: s_write.c

The two variables, sci0_tdr and sciO_ssr are
defined as constants. To cast the variables into
addresses, we put "(unsigned char *)" in front of
the variables. Another "*" in front accesses the
content of a specific address. Please refer to
Technote #TN-0020 Direct Memory Addressing
with C Pointers for more details on pointers and
casting.

The code in bold and italic are modified for the
HB8/325. Bit 7 of sci0_ssr (Serial Status
Register) , when set to 1, indicates that Transmit

Section
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Data Register (TDR) is empty; this means
"ready to transmit." SciO_tdr is the address of
the TDR, where data goes to be output. After
the data is sent to the data register, we clear bit 7
of the Serial Status Register because the TDR is
now full. The hardware will set bit 7 of Serial
Status Register after the data is transmitted to the
shift register. Now the CPU is ready to transmit
another byte of data.

Input

The standard input routine is iscanf. The source
code of iscanf is available in the package.
Iscanf calls the macro "get_port," which in turn
calls "getchar." Getchar can be used as a
macro or a function. In iscanf.c, getchar the
macro is used, but it is much more convenient to
redefine the function, so we won't have to deal
with the stdio.h file. Listed below is part of the
supplied iscanf.c source code:

port. What we will do is to write a getchar.c
routine, compile and assembile it, then put it in
the library, so each time gefchar is called, our
modified function will be used. Listed below is
the custom-made getchar routine:

#define GET_PORT() (sf_len++, getchar())
#define UNGET_PORT(c) (sf_len--,ungetc(c,
stdin))

/* Function prototypes */

extern int const sciO_ssr;
extern int const sciO_rdr;

unsigned char getchar()
{
unsigned char c;
while (((*(unsigned char *)sci0O_ssr) |
0xbf) == 0xbf)
{
;/*loop till character a
vailable*/
}
c=* (unsigned char *) sciO_rdr:;
* (unsigned char *)sci0_ssr=((* (unsigned
char *)sci0_ssr) &0xbf) ;
printf (“%c”,c); /*echo input on the
screen*/
return (c);

}

Listing 3: iscanf.c (partial)

To call the function instead of the macro, we just
add parenthesis around "getchar."
So, the new iscanf code contains the following:

#define GET_PORT() (sf_len++, (getchar) ())
#define UNGET_PORT(c) (sf_len--,ungetc(c,
stdin))

/* Function prototypes */

2% 7

Listing 4: iscanf.c (partial)

The original getchar routine tries to get input
from the debugging terminal. We need to
modify it to accept characters from the serial

Listing 5: getchar.c

Compilation of source codes

Now there are three new C source codes,
iscanf.c, s_write.c, and getchar.c. These
routines need to be compiled, assembled, and
linked into the library for future use. Instead of
modifying the original library, we should make a
copy of the original and modify the second copy.
The library is located in ¢:\whih83Nib directory;
it's called ch83emec.lib. First, we'll make a copy
of it, called h8325.1ib. This library is just a
collection of all the modules of standard
functions, such as printf, scanf, getchar, putchar,
etc. Included in the MRI Toolkit is a librarian
utility; we'll use the librarian to modify our
H8325.1ib file. The librarian utility is a "module
manager." The librarian can create, edit, add, or

Section H lTACHl
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Old Modules

H8325.14ib
New Modules - Library

> Executable
Code

Figure2: Standard I/O Modules

dele te libraries that contain often-used functions.

For more information on the librarian, please
refer to Application Note AE-0029, Software
Development from C source to S record.

First we want to take out the old s_write and
getchar modules from the library.

c\> libh83 -e s_write h8325.lib
c\> libh83 -e getchar h8325.1ib

The "-e" flag extracts these modules. Now there
are two .obj files called s_write.obj and
getchar.obj. These files should be renamed, so
they are not confused with our new modules.
We'll rename them as s_write.old and
getchar.old. Now we want to delete these two
modules from the library.

c\> libh83 -d s_write h8325.1ib
c\> libh83 -d getchar h8325.1ib

The "-d" flag deletes modules from the library.

The next step is to compile and assemble our
new source codes.

¢:\> mcch83 -c¢ s_write.c
¢\> mcch83 -c getchar.c
¢\> mcch83 -c iscanf.c

The "-c" flag tells the compiler to make .0bj files
with the source, without creating executable
files. Now, there should be .c, .obj, and .old

files. The last thing is to put our new modules

into the library.

¢\> libh83 -a s_write.obj h8325.1ib
c\> libh83 -a getchar.obj h8325.1ib
¢\> libh83 -a iscanf.obj h8325.1ib

The "-a" flag adds modules to the library.

The h8325.1ib file now contains the updated I/O
routines for future use. The h8325.1ib file should
be linked in when creating executable files. For
more information on the linker and its command
line options, please refer to Application Note
AE-0029, Software Development from C source
to S record.

SECTION

HITACHI Section
Hitachi America, Ltd. ¢ San Francisco Center ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 7 27




Section HITACHI
28 7 Hitachi America, Ltd. » San Francisco Center ¢ 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 « (415) 589-8300



May, 1991

HD61830B/LLM200

Tutorial

Forth Display Routine Demonstration

Marnie Mar

Introduction

Replacing a debug monitor with a Forth interpreter gives
hardware and software developers new options in developing
and debugging designs. This Tutorial demonstrates the use of
a Forth interpreter through the writing of test and application
programs for an LCD display system.

Forth interpreters are now available for use with Hitachi’s H8/
532 and H8/330 microcontroller evaluation boards. The
interpreters are available in object code form to be pro-
grammed into EPROM.

This Tutorial assumes some knowledge of Forth, and/or
access to a Forth reference document. While the Forth
examples shown here apply to an H8/532-based LCD display
system, the ideas used apply to other microcontroller-based
system developments.

Adetailed description of this LCD Display system is available
in a Tutorial on the HD61830B and LM200. This Tutorial is
document number AE150, available from your local Field
Application Engineer. Please refer to this document for
system details.

Forth Simplifies Debug Monitor Functions

Using a Forth interpreter speeds up microprocessor-based
hardware checkout by allowing users to exercise the circuitry
without generating native object code. Hardware designers
can test circuitry by using Forth commands for interactively
writing to and reading from memory locations and hardware
registers in the memory or I/O map.

Memory interfaces can be tested by writing to memory
locations and reading back to see that data was written.
Peripheral device interfaces are tested similarly, and periph-
eral functions are tested by initializing control registers and

the monitor to provide a line assembler, which requires the
user to type assembly commands line by line. The third
method requires an editor and a cross-assembler running on a
PC, which are used to generate an object code file that must
then be downloaded to target memory.

The Forth interpreter eliminates these steps by allowing the
user to enter high-level commands which control the system.
These commands are executed (interpreted) with each car-
riage return.

Obtaining Forth

The object code files for the Forth interpreters (and the
demonstration files used here) are available on the HAL
Application Engineering Bulletin Board system. Please
contact your local FAE for information on accessing this
bulletin board and obtaining these files.

Installing Forth

The Forth object code should be programmed into an
HN27C256 or HN27512 EPROM by downloading the S-type
or binary format object code into a device programmer. If an
HN27512 device is used for the H8/532 board, program the
Forth object code starting at device address 8000h. Other-
wise, program the object code starting at address Oh.

Once programmed, the Forth EPROM replaces the debug
monitor EPROM on the H8/330 Evaluation Board
(US338EVBO1H) or the H8/532 Evaluation Board
(USS38EVB21H). Both boards use the shipping switch
configurations with the following exception: on the H8/330
Evaluation Board, jumper W2 should be set for the EPROM
size used.

Starting Forth

After installing the Forth EPROM and confirming jumperé
placement, connect a terminal or a PC running terminal &5
emulation software to the evaluation board. Configure the &

checking for the expected operation.

When using a debug monitor, the user is required to perform

many steps just to get a test program into memory. One
method is to hand enter machine code into memory to be
executed using monitorcommands. Another methodrelieson

terminal for 9600 baud, no parity, one stop bit. Apply power
tothe board, and aForth sign-on message followed by the “ok”
prompt should appear.
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Stack prior to EC! Stack following EC!
bit bit
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top of stack
XXFO ECI
bit bit
7FFF L —— 15 0
top of stack
* Stack is accessed 16 bits *
b atatime - ®
o "XX" is a don't care byte L4
Memory after EC!
[ ]
[ ]
[
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7FF2
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7FF0 | FF
7FEF
[
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Figure 1 - EC! Stack and Memory Operation

Using Forth

Following the “ok” prompt, type VLIST (note that all Forth
words are defined in capital letters, and text entries are case
sensitive). This lists all words defined in the Forth dictionary.
Some of these words are standard Forth commands and should
be described in your Forth reference document. Other words
are recognizable as constant names defined for on-chip pe-
ripheral register locations. ' :

At this point, Forth commands can be entered, and values can
be placed on the stack. How are values placed on the stack?
‘When a user types in information following the “ok” prompt,
Forth first determines if the typed value is the name of an

operation currently defined in the dictionary (either part of the
kernel or defined by the user). If so, the defined operation is
carried out. If not, Forth assumes this is a value to be placed
on the stack.

Toview the contents of the stack, use ".S". Thisdisplays stack
contents without changing the stack. "." displays the value on
the top of the stack and also removes the value fromt he stack.

Testing an interface
The first task is to determine if the H8/532 to HD61830B

interface is performing properly. To check this interface,
values can be written to registers in the device, then read back

Section
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for verification. This is accomplished in H8 Forth using the
operators EC! (to write to an address) and EC@ (to read from
an address).

EC! and EC@ were defined for H8 Forth based on the standard
Forth operators C! and C@. The H8 microcontroller instruc-
tion set includes instructionsthat synchronize data transfers to
and from peripheral addresses using E clock timing. C! and
C@ are based on reads and writes using standard H8 bus
timing, while EC! and EC@ are based on reads and writes
using the E clock timing.

Forth is a stack-based language that takes input parameters for
an operation off the stack, and places operation results back
on the stack. For EC!, Forth pops the word value on the top
of the stack and accepts it as amemory address. The next byte
on the stack is popped as a value, which is written to the
popped address. This operation stores no results to the stack.
See Figure 1 for a diagram of this operation.

The EC@ operation reads a value from an address. The
address is popped from the top of the stack. A byteisread from
this address, and is pushed onto the stack to be used by Forth
operations to be executed in the future.

Documenting Forth
Listings of Forth operations are commented using a descrip-
tion of what is popped from the stack and whatis pushed to the
stack. Forinstance, in the case of EC!, the listing would show:
EC! ( address value — )
EC! isthe operation performed. The opening parensignals the
Forth interpreter thata comment follows. It mustbe followed
by a space. EC! pops first an address, then a value. The “—
” separates what is popped from what is pushed. In this
example, no data is pushed back on the stack, so none is
shown. The closing paren terminates the comment.
Similarly, EC@ would be commented as follows:
EC@ ( address — value )

showing that EC@ pops an address from the stack, and places
the value read from the address on the stack following the
operation.

Testing a peripheral interface

The following sequence can be used to test the interface

between the microcontroller and an E clock peripheral with a
read/write register at address 8000h:

HEX ( all numerical values are hex )
FF 8000 EC! ( write FFh to 8000h )
8000 EC@ ( read location 8000h, place value
on stack )
( remove top stack value and display )

The word HEX causes all further numerical inputs to be
recognized as hex values. These commands are typed in
response to the “ok” prompt. When the value read from the
register is displayed, the user can see if the it is FFh as
expected. Other write values can be tested in the same way.

Testing the HD61830B interface

Testing the interface between the H8/532 and the HD61830B
is not as simple as performing a write and a read, since this
device does not have directly addressed registers. To access
aregister, the user must first write the address of the register
to the device’s instruction register, then either read or write
data in a data holding register.

Labels canbe used in place of the numerical register addresses
and register numbers. The registers and register numbers can
be defined for the HD61830B as follows:

7FF1 CONSTANT INSTREG
7FF0 CONSTANT WRITREG
7FF1 CONSTANT BFLAG
CONSTANT MODEREG
CONSTANT CHARPITCH
CONSTANT NUMCHAR
CONSTANT NUMTIMES
CONSTANT CURPOS
CONSTANT DSTARTLO
CONSTANT DSTARTHI
CONSTANT CURSLO
CONSTANT CURSHI
CONSTANT WRTDSP
CONSTANT RDDISP
CONSTANT CLRBIT
CONSTANT SETBIT

HMEOQWPORSWNHO

Each line would be entered followed by a carriage return, and Z
the interpreter would respond with “ok” as the constant is 5

accepted.

Once the register addresses have been defined as constants,
writing of data can be simplified usingaForth colon definition
called WRITVAL:

HITACHI
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: WRITVAL

INSTREG EC! ( write to INSTREG )
WRITREG EC! ( write to WRITREG )
BEGIN

BFLAG EC@ ( read BFLAG )

80 AND ( AND with 80h )

80 <> ( loop until not equal )
UNTIL ( CONDITION — )

’

A colon definition defines a new operation, which becomes
part of the Forth dictionary. Whenever WRITVAL is typed
followed by a carriage return, this operation is carried out. A
colon definition is terminated by a semicolon. When such a
definition is entered to a Forth interpreter, the “ok” prompt is
not displayed until the entire definition has been entered, and
the semicolon terminator has been received. During defini-
tion (between the ":" and the ";") no execution takes place.
The defined word must be entered as a command in order for
the defined function to take place.

As shown in the comment on the first line of WRITVAL, this
operation takes a register value and a register number off the
stack, and places no data back on the stack. In other words,
when the WRITVAL operation is requested, the user must
make sure that these two values are on the stack, or an error
will occur.

To write a value the value 12h into the mode register, use the
following sequence (output from interpreter is underlined):

place 12h on the stack:
ok 12

place the register number on the stack:
ok MODEREG

execute WRITVAL:
ok WRITVAL

The function is complete when the "ok" prompt is returned.

The HD63810B should not be accessed again until the re-
quested operation (write to the mode register) has completed.
The device sets the most significant bit of the BFLAGregister
when it is busy, and clears this bit when the operation has
completed. The second half of the WRITVAL colon defini-
tion takes care of this.

The BEGIN— UNTIL sequenceisalooping construct. When
the UNTIL is reached, Forth pops the value at the top of the

stack. A value of zerois afalse condition, which causes aloop
back to BEGIN. A non-zero value is taken to be a true
condition, which terminates the loop.

The busy flag is checked by first reading the BFLAG register,
ANDing the value with 80h, then comparing the value with
80h. If the value is equal, a busy condition exists, and the loop
should continue. Otherwise, the loop ends.

Writing and Reading Display RAM

Since the HD61830B lacks read/write registers, a write then
read back test cannot be performed. An alternative method
of testing is to cause the HD61830B to write to display RAM,
thenread back the written value. To write to thedisplay RAM,
the HD61830B must be initialized as to operating mode,
display RAM start location, and cursor start location. The
cursor moves forward with each display RAM access, so to
read the same location that was written, the cursor must be
backed-up. The operation is as follows:

initialize mode

initialize display RAM start address
initialize cursor location

write to display memory

move cursor back

read from display memory

compare read and written values

A sequence of Forth commands to perform this operation is
shown in Appendix A.

Writing display demonstrations

Once the interface has been tested, Forth can be used to write
display programs for demonstration. Rather than enter each
program line by line to the interpreter, it is possible to combine
Forth operations and colon definitions into a text file. These
files can then be downloaded from a PC to the user system
using the file transfer capabilities of a terminal emulator
program. The Forth interpreter accepts these inputs as if they
were inputs from the keyboard.

The interpreter interprets Forth operations line by line. There-
fore, there may be a delay between the time a line of your file
is accepted, and the time the interpreter is ready for the next
line. If the next line is sent by the PC too soon, the Forth
interpreter will miss characters.

To minimize the chance of missed characters, a feature of the
terminal emulation package is used to cause a pause between

Section \ H |TACH |
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download of a carriage return and the following line, This
pause can be adjusted to suit the file being downloaded.

The four demonstration files perform the following tasks:

- initialize the LCD controller in character mode, and display
the full character set available on the HD61830B device

- initialize the LCD controller in graphics mode, and display
a checkerboard pattern

- initialize the LCD controller in graphics mode, and tile the
display with different tile patterns

- initialize the LCD controller in graphics mode, prompt the
user for an eight byte tile pattern (8 dot x 8 dot tile), and tile
the display with this pattern.

The Forth files required to run these programs are listed in
Appendix B.

Running the demonstration programs

Running the demonstration programs requires an LCD Soft-
ware Development Station (available from Hitachi America,
Ltd.), a Forth EPROM for the H8/532 evaluation board, aPC,
the demonstration Forth files and a terminal emulation soft-
ware package. PROCOMM Plus, available from Datastorm
Technologies, Inc. was used during development.

The terminal emulation software should be set up to provide
a delay following each line downloaded. PROCOMM Plus
can be setup to perform this line pacing by accessing the line
pacing parameter in the ASCII Transfer Options Setup screen.
The demonstrations shown here were transferred with 30
second pauses between lines. This parameter should be length-
ened if necessary so that no missed characters occur between

the time that a Forth command is sent and the time that the
interpreter is ready to receive another command.

When the “ok” prompt is on the screen, initiate the download
using the file transfer features of the terminal emulation
package. Lines of the file will be displayed, followed by "ok".
The Forth interpreter executes the commands as if they were
typed from the keyboard by the user. Watch the LCD display
for the program results.

When the download is completed, remember that the colon
definitions of the file have been loaded to the dictionary and
can beentered at the keyboard and used for further demonstra-
tion. Forinstance, following the download of the pattern tiling
file, the pattern names defined can be entered to cause these
patterns to display on the LCD.

Since each file redefines the CONSTANT values, the H8/532
board of the Software Station should be reset prior to down-
loading the another demonstration file.

Summary

A Forth interpreter replacing the debug monitor on an H8/532
or H8/330 evaluation board can be used to test hardware
interfaces and generate hardware test programs. These pro- -
grams can be stored in ASCII file format for downloading for
future execution. Once downloaded, colon definitions de-
fined in the file can be used as Forth commands to the
interpreter.

The hardware-friendly interface of Forth minimizes the time

and code generation required to test system circuitry. Writing :
application software in any language is greatly simplified i
when the hardware has been well tested with Forth routines.

For more information on any of the hardware or software tools

described in tutorial, please contact the Field Application
Engineer in your local Hitachi Field Sales office.

SECTION

applying the descriptions in this Tutorial.

The information in this Tutorial has been carefully checked; however, the contents of this Tutorial may be changed and modified
without notice. The company shall assume no responsibility for inaccuracies, or any problem involving a patent caused when

HITACHI
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Appendix A - RAM write and read through HD61830B

( Forth commands to test writing then reading of
( Display RAM using the HD61830B in character mode )

( values to be entered in hexadecimal )
HEX

( define HD61830B register address constants )
7FF1 CONSTANT INSTREG

7FF0 CONSTANT WRITREG

7FF0 CONSTANT RDREG

define HD63180B register number constants )
CONSTANT MODEREG

CONSTANT CURPOS

CONSTANT DSTARTLO

CONSTANT DSTARTHI

CONSTANT CURSLO

CONSTANT CURSHI

CONSTANT WRTDISP

CONSTANT RDDISP

DOWHO®e 0~

MODEREG INSTREG EC!
1C WRITREG EC!

-~

write reg # to INSTREG )
write mode )

-~

DSTARTLO INSTREG EC!
00 WRITREG EC!

—~

load Disp RAM start addr 1lo)

DSTARTHI INSTREG EC!
00 WRITREG EC!

—~

load disp RAM start addr hi)

CURSLO INSTREG EC!
00 WRITREG EC!

—~

initialize cursor)

CURSHI INSTREG EC!
00 WRITREG EC!

—~

initialize cursor)

WRTDISP INSTREG EC!
AA WRITREG EC!

—~

write AA to display RAM )

CURSLO INSTREG EC!
00 WRITREG EC!

-~

move cursor back - write to RAM automatically moves it forward)

CURSHI INSTREG EC! :
00 WRITREG EC! ( move cursor back )

RDDISP INSTREG EC1 ( read RAM and display )
RDREG EC@

( value displayed should equal value written )

Section HlTACH'
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Appendix B - Forth Demonstration Files

( Demonstration Program for H8/532 and HD61830B system )
( Demonstrates character display mode )

( values to be entered in hexadecimal )
HEX

( define HD61830B register address constants )
7FF1 CONSTANT INSTREG

7FF0 CONSTANT WRITREG

TFF1 CONSTANT BFLAG

define HD63180B register number constants )

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

MEOQWM» OO dWNKHO~

for Busy
WRITVAL

e~ o~

INSTREG EC!
WRITREG EC!

BEGIN
BFLAG EC@
80 AND

MODEREG
CHARPITCH
NUMCHAR
NUMTIMES
CURPOS
DSTARTLO
DSTARTHI
CURSLO
CURSHI
WRTDISP
RDDISP
CLRBIT
SETBIT

WRITVAL writes a word to an HD61830B register, then waits

condition to clear)
( REGVAL REGNUM - )
( REGNUM — )
( REGVAL - )

( — FLAG )
( FLAG — BIT7 TEST)

80 <> ( BIT7 TEST — CONDITION )
UNTIL ( CONDITION - )

( CLEARSCREEN moves the cursor to the starting position and
( write 20h to screen to display spaces )

: CLEARSCREEN

00 CURSLO WRITVAL

00 CURSHI WRITVAL

1FF 0 DO

20 WRTDISP WRITVAL

LOOP

’

( continued on next page )

Character Mode Demonstration

SECTION
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Appendix B - Forth Demonstration Files - continued

(

HD61830B Initialization commands)

1C MODEREG WRITVAL ( char mode, display off)
95 CHARPITCH WRITVAL ( 10 x 6 block char )

27 NUMCHAR WRITVAL

1F NUMTIMES WRITVAL

08 CURPOS WRITVAL ( display cursor at line 9)
00 DSTARTLO WRITVAL

00 DSTARTHI WRITVAL

CLEARSCREEN
3C MODEREG WRITVAL ( turn on display )

(
(

DISPSCREEN loops from 20h to FFh, displaying the
character corresponding to the loop variable )

: DISPSCREEN

(

00 CURSLO WRITVAL
00 CURSHI WRITVAL
FF 20 DO

I WRTDISP WRITVAL
LOOP

DISPLAY CHARACTER SET )

DISPSCREEN

Character Mode Demonstration
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Appendix B - Forth Demonstration Files - continued

Checkerboard Demonstration

( Forth commands to display a checkerboard pattern on )
( LCD panel using HD61830B graphics mode )

( all following numeric entries in hexadecimal )
HEX

( define HD61830B register address constants )
7FF1 CONSTANT INSTREG

7FF0 CONSTANT WRITREG

7FF1 CONSTANT BFLAG

define HD63180B register number constants )

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

MEUQWM» OoSWNHEO~

MODEREG
CHARPITCH
NUMCHAR
NUMTIMES
CURPOS
DSTARTLO
DSTARTHI
CURSLO
CURSHI
WRTDISP
RDDISP
CLRBIT
SETBIT

( WRITVAL writes a word to an HD61830B register, then waits

( for Busy
: WRITVAL

condition to clear)
( REGVAL REGNUM -— )

INSTREG EC! ( REGNUM — )
WRITREG EC! ( REGVAL - )

BEGIN

BFLAG EC@ ( — FLAG )

80 AND ( FLAG — BIT7 TEST)
80 <> ( BIT7 TEST — CONDITION )
UNTIL ( CONDITION — )

CLEARSCREEN moves the cursor to the starting position and
write 20h to screen to display spaces )
CLEARSCREEN
00 CURSLO WRITVAL
00 CURSHI WRITVAL
A00 0 DO
00 WRTDISP WRITVAL
LOOP

e~ o~

SECTION

~

( continued on next page )
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Appendix B - Forth Demonstration Files - continued

( HD61830B Initialization commands)

12 MODEREG WRITVAL ( graphics mode, display off)
07 CHARPITCH WRITVAL ( 8 bits per byte storage)

1D NUMCHAR WRITVAL

1F NUMTIMES WRITVAL

00 DSTARTLO WRITVAL

00 DSTARTHI WRITVAL

CLEARSCREEN

( move cursor back to start position )
00 CURSLO WRITVAL

00 CURSHI WRITVAL

32 MODEREG WRITVAL ( TURN ON DISPLAY )

-~

BLACKROW displays a row of checkerboard pattern starting
with black square)
: BLACKROW
OF 00 DO
FF WRTDISP WRITVAL
00 WRTDISP WRITVAL
LOOP

P

( WHITEROW displays a row of checkerboard pattern starting
( with white square)
: WHITEROW
OF 00 DO
00 WRTDISP WRITVAL
FF WRTDISP WRITVAL
LOOP

checkerboard pattern)
CHECKBD
04 00 DO
08 00 DO
WHITEROW
LOOP
08 00 DO
BLACKROW
LOOP
LOOP
’
( DRAW CHECKERBOARD PATTERN )
CHECKBD

( CHECKBD uses WHITEROW and BLACKROW to display the
(

Checkerboard Demonstration

Section H |TACH |
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Appendix B - Forth Demonstration Files - continued

(
(
(

(

Tiles the LCD display with an 8 bit x 8 bit pattern.
LOADWHEEL, LOADDIAMOND, LOADTHATCH, LOADWEAVE, and
LOADK fill the array with a preset pattern )

all values following accepted as hexadecimal )

HEX

(

register address definitions for HD61830B )

TFF1 CONSTANT INSTREG
7FF0 CONSTANT WRITREG
7FF1 CONSTANT BFLAG

HMEOQWM» O0DWNEFE O~

~

~

register number definitions for HD61830B )
CONSTANT MODEREG
CONSTANT CHARPITCH
CONSTANT NUMCHAR
CONSTANT NUMTIMES
CONSTANT CURPOS
CONSTANT DSTARTLO
CONSTANT DSTARTHI
CONSTANT CURSLO
CONSTANT CURSHI
CONSTANT WRTDISP
CONSTANT RDDISP
CONSTANT CLRBIT
CONSTANT SETBIT

writes a byte value to a register )
WRITVAL ( REGVAL REGNUM — )
INSTREG EC! ( REGNUM - )

WRITREG EC! ( REGVAL — )

BEGIN

BFLAG EC@ ( — FLAG )

80 AND ( FLAG — BIT7 TEST)

80 <> ( BIT7 TEST — CONDITION )

UNTIL ( CONDITION — )

Clears the screen by writing 00h to each display byte )
CLEARSCREEN
00 CURSLO WRITVAL
00 CURSHI WRITVAL
AQO0 0 DO
00 WRTDISP WRITVAL'
LOOP

( continued on next page )

Tiled Pattern Demonstration

HITACHI
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Appendix B - Forth Demonstration Files - continued

Tiled Pattern Demonstration

( Moves cursor position to upper left corner )
: CURINIT

00 CURSLO WRITVAL

00 CURSHI WRITVAL

’

( Initialization for character write mode )

12 MODEREG WRITVAL ( 1C TO mode register)
07 CHARPITCH WRITVAL ( 95 to char pitch register)
1D NUMCHAR WRITVAL ( 27 TO number of chars reg)

1F NUMTIMES WRITVAL ( 1F to number of times reg)
00 DSTARTLO WRITVAL
00 DSTARTHI WRITVAL

CLEARSCREEN

( Return cursor to start position )
CURINIT

32 MODEREG WRITVAL ( TURN ON DISPLAY )

( Array definitions for tiling routine )
0 VARIABLE BYTEARRAY 8 ALLOT

0 VARIABLE BYTESTORE 2 ALLOT

( Tiles one row with the 8 bytes in BYTEARRAY )
: TILEROW
08 0 DO

1E 0 DO

BYTEARRAY J + C@

WRTDISP WRITVAL

LOOP
LOOP
( continued on next page )
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Appendix B - Forth Demonstration Files - continued

_ Tiled Pattern Demonstration
( Tiles display using TILEROW )

: TILE 15 BYTEARRAY 5 + C!

10 0 DO 22 BYTEARRAY 6 + C!
TILEROW 51 BYTEARRAY 7 + C!

LOOP CURINIT

; TILE

: LOADWHEEL
14 BYTEARRAY 0 + C! ¢ LOADWEAVE
0C BYTEARRAY 1 + C! F8 BYTEARRAY 0 + C!
C8 BYTEARRAY 2 + C! 74 BYTEARRAY 1 + C!
79 BYTEARRAY 3 + C! 22 BYTEARRAY 2 + C!
9E BYTEARRAY 4 + C! 47 BYTEARRAY 3 + C!
13 BYTEARRAY 5 + C! 8F BYTEARRAY 4 + C!
30 BYTEARRAY 6 + C! 17 BYTEARRAY 5 + C!
28 BYTEARRAY 7 + C! 22 BYTEARRAY 6 + C!
CURINIT 71 BYTEARRAY 7 + C!
TILE CURINIT

; TILE

: LOADDIAMOND
20 BYTEARRAY 0 + C! ¢ LOADK
50 BYTEARRAY 1 + C! 11 BYTEARRAY 0 + C!
88 BYTEARRAY 2 + C! 09 BYTEARRAY 1 + C!
50 BYTEARRAY 3 + C! 05 BYTEARRAY 2 + C!
20 BYTEARRAY 4 + C! 03 BYTEARRAY 3 + C!
00 BYTEARRAY 5 + C! 05 BYTEARRAY 4 + C!
00 BYTEARRAY 6 + C! 09 BYTEARRAY 5 + C!
00 BYTEARRAY 7 + C! 11 BYTEARRAY 6 + C!
CURINIT 00 BYTEARRAY 7 + C!
TILE CURINIT

; TILE

. LOADTHATCH ( type LOADWHEEL, LOADWEAVE, LOADTHATCH,
88 BYTEARRAY 0 + C! LOADDIAMOND, LOADK
54 BYTEARRAY 1 + C! ( to see these patterns drawn )
22 BYTEARRAY 2 + C!
45 BYTEARRAY 3 + C!
88 BYTEARRAY 4 + C!

HITACHI Section
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Appendix B - Forth Demonstration Files - continued Interactive Tiling Demonstration

( Tiles the LCD display with an 8 bit x 8 bit pattern.
( ASK requests 8 bytes for the pattern and stores

( these into an array

( TILE tiles the display with these patterns

( all values following accepted as hexadecimal )
HEX

( register address definitions for HD61830B )
7FF1 CONSTANT INSTREG

7FF0 CONSTANT WRITREG

7TFF1 CONSTANT BFLAG

register number definitions for HD61830B )
CONSTANT MODEREG
CONSTANT CHARPITCH
CONSTANT NUMCHAR
CONSTANT NUMTIMES
CONSTANT CURPOS
CONSTANT DSTARTLO
CONSTANT DSTARTHI
CONSTANT CURSLO
CONSTANT CURSHI
CONSTANT WRTDISP
CONSTANT RDDISP
CONSTANT CLRBIT
CONSTANT SETBIT

MEHUQWEP» OO WNER O~

( writes a byte value to a register )
: WRITVAL ( REGVAL REGNUM - )

INSTREG EC! ( REGNUM — )
WRITREG EC! ( REGVAL — )
BEGIN
BFLAG EC@ ( — FLAG )
80 AND ( FLAG — BIT7 TEST)
80 <> ( BIT7 TEST — CONDITION )

UNTIL ( CONDITION — )

~

( Clears the screen by writing 00h to each display byte )
: CLEARSCREEN

00 CURSLO WRITVAL

00 CURSHI WRITVAL

A00 0 DO
00 WRTDISP WRITVAL
LOOP
( continued on next page )
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Appendix B - Forth Demonstration Files - continued Interactive Tiling Demonstration
( Moves cursor position to upper left corner )
: CURINIT

00 CURSLO WRITVAL
00 CURSHI WRITVAL

’

( Initialization for character write mode )

12 MODEREG WRITVAL ( 1C TO mode register)

07 CHARPITCH WRITVAL ( 95 to char pitch register)
1D NUMCHAR WRITVAL ( 27 TO number of chars regq)
1F NUMTIMES WRITVAL ( 1F to number of times regq)
00 DSTARTLO WRITVAL

00 DSTARTHI WRITVAL

CLEARSCREEN

( Return cursor to start position )
CURINIT

32 MODEREG WRITVAL ( TURN ON DISPLAY )

( Array definitions for tiling routine )
0 VARIABLE BYTEARRAY 8 ALLOT

0 VARIABLE BYTESTORE 2 ALLOT

( Gets a byte of data from keyboard and converts to hex )

: GETBYTE

KEY ( -- Key_valuel )

DUP ( -- Key_valuel )

BYTESTORE 0 + C! ( place valuel in array([0] )
EMIT ( Key_valuel -- )

KEY ( -- Key_value2 )

DUP ( -- Key_value2 )

BYTESTORE 1 + C! ( place value2 in array(1l] )
EMIT ( Key_value2 -- )

’

( Converts two ASCII bytes into a hex byte )

: CONVERTER .
BYTESTORE 0 + C@ ( -- Key valuel ) o]
30 - ( Key_valuel -- hexl ) 'é
DUP - ( == hexl) ]
9 > ( hexl -- condition)

( continued on next page )
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Appendix B - Forth Demonstration Files - continued Interactive Tiling Demonstration
IF 7 - ( condition hex -- newhex)

ELSE

THEN

10 * ( Hex -- HexMSN): generate Most Significant Nibble in HEX
BYTESTORE 1 + C@ (== Value2)

30 - ( Value2 -- hexLSN )

DUP ( -- hexLSN )

9 > ( hexLSN -- condition )

IF 7 - ( condition -- hexLSN )

ELSE

THEN

+ ( hexLSN hexMSN -- hex equivalent )

’

( Prompts user for 8 hex bytes to be tiled)
: ASK

CR

8 0 DO .

.” ENTER BYTE ™

I.
GETBYTE

CR

CONVERTER
BYTEARRAY I + C!
LOOP

’

( Tiles one row with the 8 bytes in BYTEARRAY )
: TILEROW
08 0 DO
1E 0 DO
BYTEARRAY J + C@
WRTDISP WRITVAL
LOOP
LOOP

( Tiles display using TILEROW )
: TILE
10 0 DO
TILEROW
LOOP

~

—~

type ASK, enter bytes, then type CURINIT to initialize
( cursor, then TILE to display pattern

( this sequence can be performed repeatedly )

Section HITACHI ,
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Hitachi Emulators

Applications Guide

Emulator to PC Interface Guide

Marnie Mar

Introduction

Designers using Hitachi microcontrollers can simplify system
implementation by using a PC for all development steps from
code generation and hardware testing to system integration
and debugging.

Using a PC and cross software tools available from Hitachi
and third party vendors, users can compile, assemble, and link
code destined to run on their target processor. The object file
resulting from this process is ready to be tested for proper
operation using software simulators or hardware emulators.

‘When using a software simulator that also runs on the PC, this
object file is simply read by the simulator program, and
debugging begins. However, when the debugging environ-
ment is a separate piece of hardware for emulation, the
transfer of object information is less trivial.

This guide describes how to interface Hitachi emulators to a
PC, so that object code can be transferred and debugging
sessions can be carried out using the PC's keyboard and
display as the user interface. Four types of emulators will be
discussed, giving details on interface cable specifications,
software required and where to obtain it, emulator features,
and tips on using the emulator.

The following Hitachi emulators will be covered:

- H Series Adaptive System Evaluator (ASE)

- 64180 Family Adaptive System Evaluator (ASE)
- 63xx Family Emulators )
- 400 Series Device Emulators

This guideb assumes the user has access to the following:

- A PC with unused COM1: or COM2: serial port. If the PC
is not an IBM PC/XT or AT, compare the serial port pin-out
of your machine with those shown in diagrams in this docu-
ment to ensure that the recommended cables will provide the
proper connections.

- Cross software for the processor to be emulated which will
generate an object format accepiable to the emulator (accept-
able formats are shown for each emulator type).

- Emulator and User's Manual for the processor to be emu-
lated.

- An RS-232C breakout box or equipment to build the
recommended cables as shown in this guide (in some cases,
the cables shipped with the emulators will not operate cor-
rectly when connected to the PC).

- Hitachi America, Ltd.'s Application Engineering Bulletin
Board System for downloading files. For more information
contact your local Field Application Engineer.

- A terminal emulation and file transfer program, such as
Procomm, Crosstalk, PC-Talk, or many others running on the
PC (required for some 64180 interface configurations).

The following abbreviations are used throughout this guide:

ASE - Adaptive System Evaluator: a hardware development
tool which emulates device operation

HAL - Hitachi America, Ltd.

MRI - Microtec Research Inc.

HINT - H-Series Interface Software

BBS - HAL Application Engineering Bulletin Board System

For more information on Hitachi products, please contact .

your local Field Sales Office.

For information on Microtec Research, Inc. tools, call 1-800-
950-5554.

HITACHI
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H Series ASE Interface

Hitachi provides emulation capability for users of H Series devices in the form of the ASE, or Adaptive System Evaluator. An
ASE consists of a main station common to all H Series devices, a buffer box specific to the device being emulated, and a target

probe determined by the package type being designed in.
System Configuration:

PC Software: HINT from HAL BBS

PC/XT or AT ——

PC to H Series ASE Cable - see Figures 1 and 2

\-

To user system<

H Series ASE {rear view)

i Buffer Box

ASE Part Number:
HS640ASTO1H

Interface Software:

HINT from HAL BBS. Download file named HINT22A.EXE
from area O: Special Function Programs. This is a self-
extracting file that will unarchive itself when executed.

Interface Cables:

See Figure 1 or 2, depending on whether PC/XT or AT
computer is used. The HINT program assumes communica-
tions through COML1: of the PC.

ASE Communications:

Execute the H Series Interface program HINT22. EXE. The
user communicates with the ASE debug monitor through the
CRT port using XON/XOFF flow control supported by both
the HINT program and the ASE operating system. The ASE
ignores any input on the CTS pin (pin 4). The RTS output is
always high, so this signal can be input to the PC CTS signal
to ensure that the PC always detects a Clear To Send condi-
tion.

HINT assumes a communications speed of 9600 bits per
second, with 8 bit data, 1 stop bit, no parity. The ASE CRT

port is configured for this speed at shipping. Refer to the
User's Manual for more information on configuring this port.

Object Code File Transfers:

Object code information can be uploaded and downloaded
through either the ASE HOST or CRT port. In order to use the
CRT port (and remove the need for an additional terminal or
PC), the ASE must be booted in the proper mode. To do this,
turn the ASE on without the floppy disk latched into the drive.
This causes the ASE to prompt for an operation. Select the I
command, to use an ASE interface.

If the ASE is started with the floppy disk in the drive, the ASE

system will automatically load from the floppy, and the ASE
will assume that uploads and downloads will take place
through the HOST port. This would result in a configuration
similar to the two-display configuration shown for the 64180
ASE, and is not reccommended.

The ASE performs object file transfers using software hand-
shaking. This additional handshaking is provided by the
HINT program, and is described in the ASE User’s Manual.
The handshaking method is specific to these emulators, and
is not supported by common terminal emulator/file transfer
software packages.

Section
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H Series ASE Interface (continued)
Cable - ASE to IBM-PC/AT type
XON/XOFF communications
ASE CRT port: IBM-PC/AT port:
DB-258 DB-9S
T™@D |3 2| RxD
RXD |2 3| TxD
GND |7 s| GND
CTs |4 4 DTR
RTS |5 8| cTs
DTR |6 6| DsR
1] DcD
Figure 1
Cable - ASE to IBM-PC/XT type
XON/XOFF Communications
ASE-side IBM-PC/XT-side:
DB-25S DB-25S
™D |3 3| RXD
RXD |2 2| ™D
GND |7 7] GND
CTs |4 20| DTR
RTS |5 5| cTs
DTR |8 6| DSR
pDco |8 8 | DcD
Figure 2
Object File Formats: to the ASE from a symbol and S-record output file using a
S records special feature of the HINT interface program.
Intel Hex records

ASClIsymbol and S-record files generated by HAL cross-
software tools

Symbol Capability:

The ASE provides the capability of referring to addresses by
associated symbol name. Symbol names are assigned to
addresses at link time, and are based on the symbol names
defined at assembly time. These are user-defined in the
assembler source, or compiler-defined when the compiler
generates the assembly listing.

For HAL cross software tools, symbolic information is loaded

Notes on use of the H Series ASE:

A buffer box and end user cable defined by the device begin
emulated must be purchased separately. Some devices are
supported by buffer boxes which allow additional memory to
be added to expand the user memory space for larger code size
applications. These add-on memory boards fitinto the buffer
box.

The ASE must be used with a buffer box attached. The ASE
main station operating system software is contained ona disk
that comes with each buffer box, and is specific to that buffer
box. No software disks are shipped with the ASE alone.

HITACHI
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64180 Family ASE Interface

Emulation of the 64180 family of devices is performed using an ASE, or Adaptive System Evaluator. An ASE consists of a main
station common to all 64180 devices, a buffer box specific to the device being emulated, and a target probe determined by the

package type being designed in.
Dual Display System Configuration:

PC Software: LOAD/SAVE routines
from HAL BBS

PC Software: Procomm or

Terminal or
PC

other terminal emulation package

PC to 64180 ASE CRT
Cable - see Figures 7 and 8

< PC/XT or AT —

PC to 64180 ASE Host Cable - see
Figures 3, 4, 5and 6

7~ 64180 ASE
— —

{ Buffer Box

To user system

ASE Part Number:
HS180ASTO1H (also H1I80AS01)

Interface Software

LOAD and SAVE available by downloading file
ASECOMM.EXE from Area O: Special Function Programs
of the BBS

Terminal Emulator/File Transfer software package

- Dual Display System:

LOAD and SA VE programs to runon PC connected to HOST
port of ASE (COMI: port of PC must be used) -OR-
Terminal emulator and File Transfer software to run on PC
connected to HOST port of ASE

If a PC is connected to the CRT port; terminal emulation
software must be used to communicate with the ASE debug
monitor through the CRT port.

In the dual display configuration, one display (connected to
HOST port) must be associated with a PC and is used to
initiate file transfers for upload and download. The other
display can be a terminal or PC running terminal emulation

software and is used to communicate with the ASE debug
monitor through the CRT port.

- Single Display System:
PROCOMM(/other terminal emulator to run on a PC con-
nected to both HOST and CRT port of ASE using Y connector.

Interface Cables: .
Select the cable configuration from Figures 3 through 9,
depending on the type of system you plan to use. Configure
the cables required for your system as shown. The cables to
use depend on the type of PC being interfaced, which software
package is used, and whether XON/XOFF or RTS/CTS data
flow control is used.

Note that the Y connector requires -12V level for proper
operation. This can be provided by external power supply, or
from the user system. See Figure 9 for this cable configura-
tion.

Interface Communications - CRT Port:
The 64180 ASE CRT port requires that the CTS and DTR
inputs to the ASE be active before transmission of data can

Section H |TACH |
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HOST Cable - 180 ASE to IBM-PC/AT type

HOST Cable - 180 ASE to IBM-PC/XT type
for RTS/CTS communications,
ALSO for use with LOAD/SAVE routines

ASE-side: : IBM-PC/XT-side:
DB-258 DB-258
™D |2 3| RxD
RXD |3 2| TXD
GND |7 7] GND
cTs |s 4| RTs
RTS |4 s| cTs
DSR |6 [€&— DTR
DTR 6| DsR
Figure 4

HOST Cable - 180 ASE to IBM-PC/XT type
for XON/XOFF communications

for RTS/CTS communications
ASE-side: IBM-PC/AT-side:
DB-25S DB-25S8
™D |2 2| RXD
RXD |3 3] ™D
GND |7 5| GND
CTS 5 7 RTS
RTS |4 8 CTs
psR |6 |€&—— 4| om
DTR 6 DSR
Figure 1
HOST Cable - 180 ASE to IBM-PC/AT type
for XON/XOFF communications
ASE-side: IBM-PC/AT-side:
DB-25S DB-25S
2 2 RXD
3 3 TXD
7 5| GND
5
b |
Figure §
CRT Cable - 180 ASE to IBM-PC/AT type
ASE assumes RTS/CTS control
ASE CRT port: IBM-PC/AT port:
DB-25S DB-9S
TXD 3 2| RXxD
RXD 2 3] ™D
GND |7 5| GND
cts |4la&——— 7| RTS
RTS 5 8| cTs
DTR |6|——>»1s| oDsr
pco |8 1 DCcoD
DSR 4 DTR
heecnd
Figure 7

ASE-side: IBM-PC/XT-side:
DB-258 DB-25S
™D |2 3| RXD
RXD |3 2| T
GND |7 7] GND
cTs |5
s i
Figure 6
CRT Cable - 180 ASE to IBM-PC/XT type
ASE assumes RTS/CTS control
ASE CRT port: IBM-PC/XT port:
DB-258 DB-258
™0 [3 3] RXD
RXD |2 2| ™™D
GND |7 7] GND
cTs |4 4| RTs
RTS |5 s| cTs
oTR |6 ———=»]6¢| osr
pco |8 8| obco
DSR |2g DTR
Figure 8

HITACHI
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64180 Family ASE Interface (continued)
Single Display System Configuration:
Software: Procomm or
other terminal emulation package
PC to 64180 ASE
"Y" cable - see Figure 9
PC/XT or AT —]
< D l__\' !J__'641 80 ASE
—
CRT HOST .
To user system {_Buffer Box 1

occur. The CTS signal controls the flow of data transmitted
from the ASE to the CRT. The RTS line output from the ASE
CRT port is always high, since flow control from the CRT
device is not critical (keyboard input).

Operating speed of the CRT port can be selected by setting the
switches of the ASE control board as shown in the ASE User's
Manual. These switchesare settoaninvalid codeat shipping.
The data format is 8 data bits, 1 start bit, 1 stop bit, no parity.
After the speed has been selected on the ASE, set up the
terminal or terminal emulator software accordingly.

Interface Communications - HOST port:

The 64180 HOST port can be software configured for RTS/
CTS (hardware) or XON/XOFF (software) data flow control.
Thi selection is made by executing the ASE's HOST com-
mand. The LOAD/SAVE programs assume RTS/CTS control
is used. When PROCOMM or another terminal emulation
package is used, either XON/XOFF or RTS/CTS control can
be selected, with the software package and the ASE config-
ured accordingly.

is used to specify the parameters of HOST port commmuni-
cations, including baud rate and XON/XOFF or RTS/CTS
handshaking.

Object File Transfers:

In the Dual Display configuration, either the LOAD/SAVE

routines from the BBS or a terminal emulation/file transfer

program can be used to transfer files to and from the ASE's

HOST port. If the LOAD/SAVE routines are used, see the
 User's Guide information archieved with these files on the

BBS.

If terminal emulation software is used, the procedure is
similar to that for the Single Display configuration. The
LOAD, VERIFY or SAVE command should be issued to the
ASE. After this is done, execute the steps necessary to cause
an ASClII file transfer asrequired by the software package you
are using. Once the ASE has received a LOAD or VERIFY
command, it will wait for a file to be received through the
HOST port. If the ASE receives a SAVE command, it will
begin sending data to the HOST port.

Operating speed of the HOST port is defined to be 9600 bits Object File Formats:
per second if the LOAD/S AVE programs are used, but can be S records
user selected if a terminal emulation package is used for file Hitachi S6 symbol records can be included in S record files
transfer to the HOST port. The HOST command of the ASE Intel Hex records
Section HlTACHl
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"Y" Cable Connector
12y «7x PC/XT to 64180 ASE
N\
> |‘<l—
FG 1 14 g1 Fa
RD 2¢ 24w b2 RD
™ 3 3 a—l 63 TD
CTs 4a 4 a4 CTS
RTS 50 R e a5 RTS
DTR 6a 6 40sR  ——— a6 DR
SG 74 7 48¢@ 47 SG
DCD 8o 8 oo :
DSR 20 20 é,om ;
v v v
DB-25 DB-25° DB-25
pin type socket type pin type
to ASE CRT port to PC serial port to ASE HOST
port
-12v
Figure 9
Symbol Capability:

Symbol names can be assigned to physical address values.
MRI Cross Software Tools generate symbol information
records (S6 records) which can be downloaded to enter
symbol information into memory.

Notes on Emulator Use:

A buffer box and end user cable defined by the device being
emulated must be purchased separately from the ASE. The
ASE comes with 8Kbyte of emulation RAM for user develop-
ment. This RAM space can be increased by purchasing
additional (up to two) 256Kbyte memory boards, which are
placed in the ASE main station.

Hitachi sells an ASE package which consists of the ASE
station (HS180ASTO1H) and a buffer box supporting the

64180R device (HS180ABXO02H) as part number
HS180ASEQ02H. The ASE and this buffer box can also be
purchased separately. Buffer boxes supporting all other
64180 devices are sold separately. For devices with package
type options, end-user target cables are sold separately to
emulate other package types. .

The ASE cannot be used without a buffer box, since at power
up, a check for a buffer box is made. If none is found,
operation will not continue. ASE system software on floppy © o
disk is included with each buffer box. No system software is o
shipped with the ASE alone. b

Older versions of the ASE are marked H180AS01. These
units will work with all 64180 family buffer boxes, and have
the same functionality as the HISOASTO1H.

HITACH' Section
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63xx Family Emulator Interface

Hitachi manufactures and sells emulators which support a specific device or set of devices in the HD63xx micro families. These
emulators have similar capabilities, and each has a serial interface which allows connection to a PC for download and upload of
code, and for communication with the emulator monitor for debugging sessions.

System Configuration:

Software: EML software package
from HAL BBS

PC/XT or AT —

PC to 4/8 bit emulator
cable - see Figures 10 and 11

To user system

Emulator part numbers:
Includes H31MIX2,3,4, H35MIX3,5

Interface Software:

EML interface software, available on the HAL BBS. Down-
load file EML.EXE from area O: Special Function Programs.
This file is a self-extracting archive file which will unarchive
itself when executed.

Interface Cable:

See Figures 11 and 12. Configure a cable for your system as
shown to connect the emulator serial port to either COM1: or
COMS2: serial port of the PC.

Interface Communications:

The interface program comes in two versions which allow the
user to communicate through either COM1: or COM2: serial
port of the PC. Execute either EML1.EXE or EML2.EXE to
communicate through COM1: and COM2:, respectively.

The EML programs operate at 9600 BPS,8 data bits, 1 start
and 1 stop bit, so for proper operation, the emulator must be

configured for operation at this speed. Set SW3 of the
emulator as shown in Figure 10 to allow communications
between the emulator and a PC running EML.

Emulator Switch Settings
© © } BRO
[o o]} sn
one
TTYEPC
TYerTY
o o | Fco
© © | Fet
o o | Fc2
Figure 10
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Cable - 4/8 bit Emulator to IBM-PC/AT type
for RTS/CTS communications
Emulator-side: |BM-PC/AT-side:
DB-25S DB-9S
TXD 2 2 RXD
RXD |3 3 TXD
GND |7 5 GND
CTS 5 7 RTS
RTS 4 8 CTS
‘;‘ 4 DTR
6 DSR
Figure 11

Cable - 4/8 bit Emuiator to IBM-PC/XT type

for RTS/CTS communications
Emulator-side: IBM-PC/XT-side:
DB-25S DB-25S8
TXD 2 3 RXD
RXD |3 2 TXD
GND 7 7 GND
CTsS 5 4 RTS
RTS 4 5 CTS
L: DTR
, 6| DsR

Figure12

Object Code File Transfers:

File transfers require a special software handshaking protocol
unique to these Hitachi emulators, which is supported by
EML. While the various terminal emulation packages avail-
able on the market can be used to communicate with the
emulator debug monitor, these packages do not support this
upload/download handshaking protocol.

The following commands are used to transfer object files
(<CR> represents pressing the Carriage Return or Enter key
on the PC):

Loading object file:

L <filename> <CR>
Verifying object file:

V <filename> <CR>

Saving (punching) new object file:
P <filename> <CR>

The E (End) command followed by <CR> at the prompt will
terminate the interface program and return control to DOS.

Object file format for download:
Motorola S records (S0, S1, S9)
Intel Hex records

Notes on EML Use:

A User's Manual for the EML program is not included in the =z
BBS distribution file, however, the important information =
from this manual (hardware interface, upload/download com- 2
mands) is listed here. @
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4-bit Microcontroller Emulators

System Configuration:
Hitachi emulators for devices in the 400-Series are similar to the 63xx emulators in that they use the same serial interface for
connection to a PC. The EML programs metioned in the 63xx section is also used for communication with these emulators.

Software: EML software package
from HAL BBS

PC/XT or AT ——

PC to 4-bit emulator
cable - see Figures 10 and 11

Emulator part numbers:

HS400EUAO1H /HS400EUAO2H emulator station
H400CMIX2 emulator

Interface Software:

EML interface software available on the HAL BBS. Down-
load file EML.EXE from Area O: Special Function Programs.
This is an archive file which will unarchive automatically
when it is executed.

Interface Details and Object File Transfers:

See information on EML program use in the 63xx Family
Emulators section. For the HS400EUAO1H, configure the
Emulator Operation Selection Switch settings as shown at
right. For the H40OCMIX2, configure as shown in Figure 10.

Object File Format for Download:

S record files -

Hitachi S6 record files (symbol information only) for the
HS400EUAO1H/02H

Intel Hex record files

Symbolic Capabilities:

Symbol names can be assigned to address locations manually
using the monitor SYM command. Symbol files can also be
downloaded to the emulator using the LOAD command.

To user system
— Emulator Switch Settings
© © 1 BRo
BR1
@ BR2
[o o] mrv
[ooll e
o o | Fco
© O | Fct
o o | Fc2
Figure 13

Notes on the 400 Series Emulators:

The HS400EUA01H/02H connects to aseries of target probes
that each allow emulation of a different device in this family.
Each target probe connects toa User Cable whichconnectsthe
target probe to the user system These pieces must be
purchased separately by part number, make sure to get the
correct target probe and user cable as required for your
application. The HS400EUAO1H cannot operate without a
target probe attached.

Section HITACHI
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Application Note
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Symbolic Debugging with the H Series ASE and MRI Tools Marnie Mar

Objective

Designers using the Hitachi Adaptive System Evaluator
(ASE) emulator and Microtec Research, Inc. (MRI) software
development tools can use symbols associated with assem-
bly-level source code to aid in debugging. This note dis-
cusses how to use the MRI tools to generate an object code
file containing symbol information, how to modify this file so
that the information is acceptable to the ASE, and how to load
the modified file information to the ASE from a floppy disk.

Procedure overview

. The MRI linker will generate an S-type linked object file that
contains symbol information. This file can be edited usinga
word processor into two separate files, one containing only S-
record information and the other containing symbol informa-
tion in a form acceptable to the ASE. Once these two files are

file cc.bat - uses an option file to specify compiler
directives. Resulting S record object file containing
symbols will be placed by default in file sieve.abs.

mcch83 ~dcoption.cmp sieve.c

file coption.cmp - compiler options list, includes
. specification of options to the assembler, and a
command file containing linker options

-Fsm

-Vi

-1>test.lst

-Wa,-fde, -1>sieve.lst
—esform.cmd

file sform.cmd - linker option comand file

format s

listmap publics, internals
listabs publics, internals
debug_symbols

extern mri_start

load ch83isc.lib

load ch83isf.lib

end

Figure 1 - Compiling C code to S-type object

file sieveasm.bat - batch file to assemble and link
an application written in assembler. Linker com-
mands are read from a command file. Resulting
linked object and symbol information is placed in
sieve.abs.

asmh83 -fde -l>sieve.lst sieve.sré
1nkh83 -csform.cmd -osieve.abs sieve

file sform.cmd - linker command file to generate S-
type object file.

format s

listmap publics,internals
listabs publics, internals
debug_symbols

extern mri_start

load ch83isc.lib

load ch83isf.lib

end

Figure 2 - Assembling source code to S-type object

available, standard ASE commands can be used to read these
files from the disk.

Generating the S-type linked object file

Figure 1 and Figure 2 show examples of generating S-record
object files with symbol information, for C language sources
and assembler sources, respectively. These batch and com-
mand files assume that the proper ‘‘path’’ statements have
been set up so that the current directory has access to the
Compiler, Assembler, and Linker executable files, as well as
the source and object involved. These figures show examples
only, and the flexibility of the MRI tools allows users to arrive
at similar results using various combinations of command
files, batch files,command line options, and assembler source
file directives.

A useful option to the compiler is the *‘-Fsm’’ option, which
causes the C source code lines to be intermixed as comments
into the resulting assembler source file. The resulting assem-
bler listing file will assist in locating code when debugging
using the ASE. .

HITACHI
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Assembler options are specified to the compiler driver using
the ‘“-Wa...”’ compiler option. These options can also be
included in the assembler command line. Options to note in-
clude the “‘-fde’’ option, which is required to cause symbol
information to be placed in the object file generated by the as-

be preceeded by an exclamation point (!) when they are
defined, and the h' prefix indicates to the ASE that the number
following refers to a hexadecimal value. The lines starting
with "$$" in the MRI generated file are informational only,
and should be delected.

sembler, and the *‘-1 > filename’’ option which
causes a listing to be generated and redirected to
the file filename.

Linker commands can be entered either on the
command line, or in a command file as shown in
the examples. When linking, the ‘‘debug_symbols”
entry in the command file is required to cause the
internal symbols to be output to the resulting S-
type linked object file. These internal symbols
correspond to local labels used in assembler source
files.

The *‘listmap publics.internals’’ command in con-
junction with the ‘‘debug_symbols’’ command
ensures that both global and local symbols are
output to the object file, making them available
for use in debugging.

Editing the MRI S-record linked object file
Excerpts from an linked object file generated
using the command sequences discussed above
are shown in Figure 3. In order to use this file
information with the ASE, a word processor must
be used to divide this symbol and S-record infor-
mation into two separate files. One file contains
only the S-record information, starting with a
record beginning with the characters ‘‘SO’’. The
S record information is acceptable by the ASE
without modification.

The other file, which contains the symbol infor-
mation, must be edited to allow it to be read by the
ASE. The ASE uses two commands that will be
used to load this symbol information into ASE
memory. The Command_Chain, or cc command
is used to read and execute valid ASE commands
from a file in the floppy drive. The Symbol, or Sy
command allows the user to define symbols by
inputting the symbol name followed by the sym-

$$ sieve
__environ $11AC _ com line $11B0 _flags $13BO0
__iob $13c4
$$ sieve
_main $0080 L7001 $0128 L5 $009E L14 $00DA
SO $004C L13 $00CC L1 $0096 L1l $0108
L9 $00B2 S1 $0040
$$ fakftoa
__fltused $115C _ ftoa $0146 __dldd $016E
$$ flsbuf
__flsbuf $0170
$$ imul
__aimul $0298 __imul $0280
$$ land
__axor $02E8 __ not $0302 _ lognot $031E __ aand
$02B4
__neg $030C __aor $02CE
$$

S00600004844521B
$11400400A2564207072696D65730A00207072696D86
S10E005165202564203D2025640A0082
S11400806DF60D767900000619076DF26DF3790000AE

510411680082
S114112A6DF60D766DF26DF36F6300080D3240146F2F
S114113B6000060D010B016FE1000668086A881168EE
S$113114C1B020D2246E80D306D736D726D76547072
S9031036B6

Figure 3 - Excerpts from MRI's linked S-record file

bol address, in the form:
: sy !newsymbol=h’3000<cr>

where newsymbol is the name of the symbol to be defined.
The ““:”’ is the prompt output by the ASE. All symbols must

The editted version of the symbol information is shown in
Figure 4. Each symbol definition must be placed on a
separate line of the file, and the ‘‘!’’ and the *‘="" sign must
be added to each line. The *‘$”’ that is generated by the MRI
tools must be replaced by the ‘‘h’’* address prefix recognized
by the ASE. Global replace features of word processors can
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sy l!environ = h’11AC
sy !com line = h’11B0
sy !_flags = h’13B0
sy !'iob = h’13C4

sy ! _main = h’0080
sy !L7001 = h’0128
sy !L5 = h’009E
sy !L14 = h’00DA

sy !S0 = h’004C

sy !L13 = h’00CC

sy !L1 = h’0096

sy !L11 = h’0108

sy !L9 = h’00B2

sy !S1 = h’0040

sy !fltused = h’115C -
sy !ftoa = h’0146
sy !dldd = h’016E
sy !flsbuf = h’0170
sy !aimul = h’0298
sy !imul = h’0280
sy !axor = h'’02E8
sy !not = h’0302

sy !lognot = h’031E
sy !aand = h’02B4
sy !neg h’030C

sy laor h’ 02CE

Figure 4 - Edited symbol information

be exploited to aid in converting the MRI symbol information
into a file readable by the ASE.

The names of the symbols in this file are used only to assist the
developer with debugging, so it is possible to modify these

names to simplify their use. For instance, leading under-
scores (‘‘_"") generated by the MRI tools to indicate global
symbols can be eliminated, long symbol names can be short-
ened, and names can be made more descriptive.

Loading object code to the ASE
Once the S record file and the new symbol file have been
generated, they should be copied to a disk formatted by the
ASE using the 1.2MByte drive ona PC. Toload the S-record
file to the ASE, use the Floppy_Load or FL. command. This
command offers the option of specifying an offset to the load
addresses contained in the object module file, however, if this
offset is used, the symbol table you generated will not match
up with the code downloaded. The object code and associated
symbols can be assigned to a specific start address atlink time
by using the -B or BASE linker option. This command is
executed as follows:

: FL filename <cr>
where filename is the name of the S-record file on the disk in
the ASE floppy drive. .

Loading symbol information to the ASE
The newly generated symbol file is loaded using the
Command_Chain command:

: CC filename <cr>
where filename is the name of the modified symbol file
placed on the disk in the ASE floppy drive.

Conclusion

Itis possible to 1oad both symbol and object code information
into ASE memory using ASE commands. These commands
rely on the availability of object code and symbol information
files that can be generated using MRI tools and any word

processor.

Loading code and symbol information in this matter allows
the user the ability to perform symbolic debug of code, and
eliminates the need for downloading using a serial link from
the development computer.
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February, 1990

HD64180S Development Board

User's Manual Update

Interfacing to the ASE Emulator

Update to #U17

The NPU Development Board (part number
US180EVBO1H) can be used as an in-circuit target for
the Hitachi ASE Emulator and NPU Buffer Box. In order
to do this, however, a medification to the board must be
made.

This modification adjusts the timing of the signals that
access the DRAM module on the NPU Board. Aithough
the access signals are changed, no additional wait states
must be added to access this memory. This modification
will not affect the operation of the board with an NPU
device installed.

The modification consists of adding a 74HCT32 IC,
cutting a trace, and adding jumper wires. The changes
-are shown in Figure 1.

Page 1 of the circuit diagram (on page 56 of the manual)
is affected by these changes. New connections to U8
(DS1005N1500 delay line) , shown on the bottom right of
this page of the circuit diagram, are shown in Figure 2.

This modification results in delaying the leading edge of
the CAS signal that is input to the DRAM module. The
OR gate ensures that the trailing edge of the CAS meets
requirements.

. Cut this trace ‘

- Added jumpers (5)

uz
So0eececovcooceoccocagel
......... _.-._._,‘ bt _}_._;
: 000
'S ¥OO0O0O00000000000000O0000000000O0
o} [oNeN.NeNoNeNoNeNoNeNeNoNeNeNoNoNeNoNeNoNoNeNoNoNoNeNe oo NoNoNe
o] 00d000000000000O000000O00O00000000O0
o-o-boooooooooogvgooo&ooooooooooooo
0000000000000 0000 ENNPRYRo 00000000000
0000000000000 000DO0O0OO0OO0OOODOOOODOOOLOO0OOOO
0000000000000 000DO00O0O0O0DO0DOO0OO0O0OODOOOOO00OOO0OO’
0000000000000 0O0D0O0DILODO0OODODODODODOODOOOOOO0OOO
New 74HCT32
Figure 1 - Board modifications for interface to ASE (non-component side of board)
The information in this Haroware Manual Update has been carefully checked; however, the contents of this Users Manual
Update may be changed and modified without notce. The company shall assume no responsibility for inaccuracies, or any
probiem invoiving a patent caused when applying the descriptions in this Haroware Manual Updame.
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January, 1992

Linker-Generated Disassembled Code

Tech Notes

Application Engineering Paul Yia

Introduction

An assembler generates relocatable modules from assembly source codes; these relocatable
modules are then put into designated addresses by the linker. Though the assembler can produce
a listing, the listed addresses are relative. Using the "-m" command line option can produce a
map file that lists the location of individual modules; however, it is often desirable to have
access to disassembled code that has already been put into their correct addresses.

If the user only wants to look at the disassembled code after linker, he/she only needs to invoke
XRAY, where the source code is listed. We can use the "macro" feature of XRAY to obtain a
hardcopy of the disassembled code.

First, in XRAY, type:
fopen 60,filename.out
This command creates a window #60 and dumps its data in a text file named filename.out.
The lower windows are reserved for default XRAY use. For example, we type in XRAY com-
mands in window #10. Windows 50 to 256 are user-defined.
" Before we write the macro, be sure your linked file is loaded. When invoking XRAY, type:
xhih83 filename
Note: Don't include the filename extension. Please refer to technote #TN-0021

for details on initial baud rate and display if you are using the emulator
version XRAY.

Next we will define a macro in XRAY. This macro takes two arguments that signify the begin-
ning and ending addresses of your listing; the macro then prints the disassembled code to
window #60, which in turn dumps its data into the text file we defined. The macro is listed on
the next page.

SECTION
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Tech Notes Linker-Generated Disassembled Code

: define void outcode(beg,end)

: int beg;

. int end;

H{

: int counter;

: for (counter=beg;counter<=end;counter=counter+2)
{
$fprintf 60, % m\r\n”,counter$;

: }

1}

Let's go through the macro definition line by line.

: define void outcode(beg,end)
This informs XRAY we are starting to define a
macro named outcode,with two arguments,beg and

end.

: int beg;
"Beg" is the starting address of our disas-
sembled code.

: int end;
We can scroll thorugh the screen and find the
end of our code.

{
The macro body starts here.

: int counter;

"Counter"” is a variable in the macro.
: for (counter=beg;counter<=end;counter=counter+2)

This starts a loop, very similar to a "for"
loop in C.

Start of loop.

$fprintf 60,” % m\r\n”’,counter$;
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The "$'s" indicate that fprintf is an XRAY
command.We need to put dollar signs around an
XRAY commands.

End of loop.

End of macro body.

The period tells XRAY your definition is done.

\

Basically, this macro takes two arguments, the beginning and ending addresses of the code we
wish to print. Lines of code are printed to the designated window until the counter reaches the
end of the block.

The next command line in XRAY prints assembly code in the first 100 hex address space.
> macro outcode(0,0x100)
This may seem a bit tedious, to define a whole macro just to take a look at the disassembled

code, but it only has to be done once. The macro can be saved in an include file, which can be
called up each time XRAY is invoked.
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October, 1991

Starting up Emulator Version XRAY

Tech Notes

Application Engineering —

Introduction

The Hitachi/Microtec XRAY for Emulators is designed to allow the ASE machine to communicate
with an IBM-PC or compatible. However, XRAY's default baud rate is 19.2K while the default baud
rate for ASE is 9200. As a result, the first-time user may get the error message "Problem
communicating with the CPU." This is because XRAY and the ASE are communicating at different
speeds. This problem is very simple to correct. Simply add "-e 9600" at the end of the command line
when calling XRAY; this will set the XRAY to communicate at 9600 baud.

C\XHIH83> xhih83 <filename> -e 9600 enter
In XRAY
- Once you are in XRAY, you can use the OPTION command to (/:hange some default settings.
option emulator="9600"  .......... sets default baud rate

startup L. saves option to startup.xry, which is called automati-
cally each time XRAY is called.

Using a monochrome LCD display

Because monochrome LCD displays cannot fully take advantage of allof XRAY's colors and
highlights, it may be difficult for the user to see highlighted material or error messages. Here
is how to fix the problem.

Once the userisinside XRAY, there is an option color command that can change the display.

option color=none ... changes color to white/blue

option highlight=inverse ...... .... when highlight=bright, it's not visible in the no color
mode.

startup 000 saves options to startup.xry

Refer to the XRAY manual, Debuggerb Commands, for more options. Be sure to enter STARTUP
to save the options for future use.
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ASMHS83 Assembler/Linker

Tech Notes
Application Engineering

Carol Jacobson

Using the ASE emulator, system designers can download and execute software routines from either
target memory or emulator on-chip ROM space. Prior to download, source text files containing
address information, assembly instructions and labels must be converted to a hex code format which
can be interpreted by the CPU and system. The three formats accepted by the ASE, SYSROF, Intellec
HEX and S-record (Motorola) are detailed in the ASE 8/3xx Series Users Manual. Hitachi’s
ASMHS83 Assembler translates H8/300 assembly files to S-record hex files containing lines of hex
code with each line preceeded by the address assigned in the source file. Labels are converted to hex
address locations and user comments are removed.

Creating Hex Files
Converting source to hex files requires three steps:.
1. Generating the assembly source file containing H8/300 code, assembler directivés and labels
2. Assembling the source file to produce an object file (*.obj)
3. Linking the object file to produce an absolute hex file in S format (*.abs).
The Source File
The source text file can be created using any basic editor but must have the following format:
Assembler Directives (See ASMHS83 H8/300 Manual)
label: H8/300 opcode operand,operand  ;comments
.end

The Assembler

To start assembly, from a DOS environment, enter the directory containing the ASMH83.EXE file
and type the command line:

ASMHS83 -1 >*.lis [source DOS path] (*.lis = name assigned to listing file)

SECTION

Assembly usualy takes about 10 sec for 400-500 lines. At the end of assembly you will be notified
of errors and warnings and two new files will have been created in the current directory: *.obj and
* lis. If you received error or warning messages, using an editor, review the listing file (*.lis) forerror
information, correct the errors in the source file and re-assemble. All errors must be removed to
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produce a valid hex file.

CAUTION: If you have more than afew hundred lines of code and assembly seems to completein 1 or 2 seconds without
error, verify that a new .obj file was produced. If the .obj file was not produced, the assembler may not have located
the source file or understood the command line as entered. Verify the source location and command format and re-
enter the command.

The Linker

For most purposes the linker performs two critical tasks, it links several sections of code together to
produce one program file and it outputs the program file in an executable form, in this case S-record.
For each program a short command file containing at least the linker format and load instructions
must be created. This is a batch file which always takes the extension .cmd. For example a command
file, PRG.cmd, for linking file PRG.obj, may contain only the lines:

format s (output= S records)
load pgm.obj (load file pgm.obj)
load xxx.obj . (load any other files to be linked with prg.obj)
base 3000 (base offset = h’3000, ie code starts at h’3030)

To invoke the linker, from the directory containing the file LNKH83.EXE enter the command line:
LNKHS83 -c [command file DOS path]

When the linker has finished you will receive a message notifying you of any errors and a file, *.abs
will have been created in the current directory (*.abs is given the same file name as the .cmd file).
The file, *.abs, is the S-record form of the linked files and can be downloaded to the ASE.

The summary given here is by no means complete, but it should be sufficient to get you started. Take
time to look through the ASMH83 H8/300 Assembler manual. There are several options not covered
in this TechNote which may greatly simplify and enhance your code.
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Direct Memory Addressing with C Pointers

Tech Notes
Application Engineering

Paul Yiu

Direct Addressing

In Embedded Programming, the C source code often needs to access memory addresses directly to
drive the hardware peripherals, such as I/O ports, timers, registers, etc.

The best way to demonstrate direct addressing is by example. If we have a timer, called tmr0, at
addressing Oxffc8, and we want to change its value. This is the simplest way:

1 Define tmr0 as a constant:

In C source code:
unsigned int const tmr0 = OxFFCS8;

a) It’s best to define addresses as unsigned numbers, so the compiler won’t mistake 0xffc8
as a negative number.

b) The compiler puts our variable, tmr0, in ROM because it's declared as a constant, thus
freeing up more RAM.

¢) InC, hex numbers are preceded by Ox(zero x).

d) Pointers are extremely tricky, and they take up extra memory space, so we define tmr0
as just an integer. We can cast this number to be a pointer later.

2 Cast this integer as a pointer to a memory address:

In C source code:
*(unsigned char *)tmr0 = 0x12;
" a) (unsigned char *) casts tmr0 to be a pointer to an unsigned character. Now, (unsigned
char *)tmr0 refers to address hex FFC8. Adding a ‘*’ in front of it makes the expression
content of address OxFFCS.

FFCB ROM (code and constants

storage}

SECTION

[O0UT00T0 | Address OxFFC8 [0x12)
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b) If we want to put an integer in address FFC8 and FFC9, we can just change the casting to
(unsigned int *), then if we say *(unsigned int *)tmr0=0x1234;, we will have 0x12 in
FFC8, 0x34 in FFC9. ,

¢) The benefit of defining address as integers instead of pointers is we don’t need to define
this pointer as a character or an integer until we want to put numbers in these addresses.
These integers, ca§ted as pointers, are much more flexible.

Pointers to Strings

In C, the simplest way to define a string is to define a pointer that points to that string.

In C source code:
unsigned char *sinatra="Fly me to the moon.”;
Compiled:
EXPORT _sinatra
_sinatra .DATA.W SO
SECTION strings,TEXT,ALIGN=2
S0 .SDATA “Fly me to the moon”’<0>
a) The compiler will put this string in the strings section. The pointer, “sinatra” refers to the
address of the first character, “F.”
b) *sinatra refers to the character “F.”

Say we have deﬁned another pointer, called ptr.

In C source code:
unsigned char *ptr;
ptr=sinatra;
Compiled:
IMPORT _ptr
.comm _ptr,H’2
mov.w @_sinatra,r0
mov.w r0,@_ptr
a) Here, we first define a pointer, called ptr, not pointed to anything yet. Secondly, we tell
the compiler to let “ptr” point to whatever “sinatra” is pointing to. *ptr now is character
“F.” Since the string is stored in memory in order, if we increment ptr, we get the next
character.
In C source code:
pir++;
Compiled:
adds ~ #1,r0
movw  r0,@_ptr
a) *ptr now is character “ .”
b) ptr corresponds to the address of the letter “1.”
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fﬂwa [in strings section, in ROM)
Fl ly| |me| [t].....
1\ ptr+1 ptr42 ..........
ptr=sinatra
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