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DIGITAL GROUP Z-80 OBJECT CODE RELOCATOR

So who needs an "object code relocator" and, anyway,

what is it? Well, let's start with "object code", which is

the machine code which feeds your marvelous Z-80 monster-pet,
ZORK. There is a lot of code around, but it seems that every
time you stuff some of this food down its throat, ZORK gets a
bad case of indigestion! The Relocator described herein is the

computerniks way of spelling R-E-L-I-E-F.

You see, the problem with machine language is that it
normally will execute successfully only in the specific memory
locations for which the program was originally assembled. This
is no problem if you have that area of memory available, but
since when has this ever happened? All that neat 8080 and Z-80
stuff in the computer magazines is always either too low or too
high to fit ZORK's memory with all the other goodies you already

have there.

So, what can be done to prevent mayhem? Well, if you have
a computer-ready source code that ZORK can read, you have no
problem--all you do is feed the tape to your assembler using the
appropriate starting address. What if you don't have a tape
of the source code? You can always key it in, if a listing is
available, but for programs of any length this can be a bore.
(Of course, if you want to make some changes, you practically

must use source code.)



If the routine is satisfactory except for location, you
are in luck! By learning how to use the Relocator, you can
easily modify the routine to run where you need it. The
Relocator is also useful when you have large programs which
must be assembled in several parts; the Relocator can probably
handle it in one pass. When you need to move everything up a
page or two (g;g;, to accommodate a 64-character TV buffer), it
is much easier to do so using the Relocator rather than the

Assembler.

Now that you are convinced ybu need to use the Relocator,
let's get down to the business of what it is and how it works.
The Z-80 object code Relocator is an assembly language program
designed to examine each byte of 8080 or z-80 object code in the
program you want relocated, adjusting all jumps, calls, etc.,
as necessary to make the program fully operational (provided,
of course, that the original program was a working one! You
didn't expect miracles, did you?). Let us first compare the

Z-80 instruction set with that of the 8080.

Z-80 vs 8080

Unlike relocators designed for the 8080 instruction set
only, this program can handle the much larger Z-80 code as
well as the 8080 code. The 8080 has a straightforward set of

machine codes in that



(1) All 3-byte and 2-byte instructions are uniquely deter-

mined by the lst byte;

(2) All 3-byte instructions have an address or 16 bits of
data as the 2nd and 3rd bytes, and all may require change

after relocation.

The Z-80 with its more powerful instruction set has 3
types of special commands beginning with DD, FD, or ED (hex)
that can be either 2, 3 or 4 bytes in length. The DD and FD
commands are similar, with DD beginning instructions for the
index register IX and FD starting the corresponding instructions
for the index register IY. (These index registers are not even

present in the 8080!)

When the above special cases are encountered, the 2nd byte
must be tested to determine the instruction length. For 4
byte DD and FD instructions, the 3rd and 4th bytes contain
an address or 16 bit data which must be inspected for possible
change. For 3 byte DD and FD instructions, the last byte
contains data not requiring change. The ED commands consist
of instructions such as 16 bit load, addition and subtraction,
block transfer, block searches, block input and output, etc.,
and all that good stuff that makes the Z-80 so great. These
ED commands may be either 2 bytes or 4 bytes in length, with
the 2-byte instructions requiring no change, while the 4-byte

instructions may or may not require change.



Overview of Relocation Algorithm

The program uses a table-lookup procedure to determine
instruction lengths. Initially it tests the first byte for the
3 special cases of DD, FD, and ED instructions; if it is one of
these the program further tests the 2nd byte as discussed
above, and makes appropriate changes if necessary. If not,
the byte is checked to see if it is the beginning of a 3-
byte instruction that might need address adjustment.

Otherwise it is compared to the 2-byte instruction table.

If it has not been found in any of the tables, it is
assumed to be a l-byte instruction. Then, the next byte is

brought in and the search starts again.

Features of the Relocator

The Relocator operates on either a resident object
file, or an object file read in from audio casette. It
allows 3 different tasks: 0 for move only, 1 for fix
references only, 2 for fix references followed by move. At
completion of any of these, you have the option to save the
relocated code out on audio cassette. After references have
been fixed, the program gives a memory dump of the relocated

program.



Keying in a ctrl X at any time during the dump causes it
to be aborted. To get a hardcopy of the dump, use option 8

instead of 7 when selecting from the menu.

In the discussion which follows, as well as in the
attached source code, several mnemonics are used which should

be described at this time:

STSORC and NDSORC refer to the start and end, respectively,

of the original code generated by the assembler. They are the
addresses where the routines you want to relocate are presently

designed to operate.

STDEST and NDDEST are the starting and ending addresses,

respectively, where you want the program to operate. Using the
relocator, all references will be modified (if necessary) so
that routines designed originally to operate in memory locations

STSORC to NDSORC will now operate between STDEST and NDDEST.

STRESD and NDRESD are the starting and ending addresses,

respectively, where the object code is actually residing in
memory at the time you want the Relocator to alter it. (This

can be anywhere in memory not occupied by the Relocator itself.)
STRESD and NDRESD need not coincide with either the corresponding
STSORC and NDSORC or STDEST and NDDEST. For example, it may be
convenient to place a routine into memory starting at 0100H and
you want to relocate it to start at OBOOH. STRESD and NDRESD

give you complete flexibility in this respect.



In the ideal program all data storage areas, message
areas, etc., are located together, completely separate from
the executable code. At least, that is supposedly the ideal.
However, if you are the typical beginning programmer, your
philosophy is to get it working whichever way you can and then
leave well enough alone! (Even you experienced programmers
remember the feeling, don't you? Of course, you would never

be guilty of that now! Oh, yeah?)

The normal result of all this is a patchwork of main
program, data areas, subroutines, messages, etc., in whatever
order they were written. While we do not want to encourage
this, we have enough routines like that described above to
cause us to allow selective relocation of sections of code,
bypassing data storage areas, messages, etc. Each section is
defined by a STADDR and NDADDR pair. You can specify up to
30 STADDR and NDADDR pairs as long as these are within the
boundaries of STSORC and NDSORC. Good programming practice
of putting all data statements at the end of the program will

eliminate all but 1 pair of STADDR and NDADDR addresses.

Now let us look at the tasks the Relocator can perform

for us:



Task 0: This moves the object code from location
between STRESD and NDRESD to STDEST. Any degree of overlap
is permissible, e.g., the code can be moved by only one byte
if you desire. The routine automatically chooses the correct
move routine so that the code integrity is maintained whether

the relocation is to higher memory or lower memory.

Task 1: This fixes references by calculating the
number of bytes of displacement between STSORC and STDEST.
Note that STSORC and/or STDEST may or may not coincide with
STRESD. 1In other words, the object code, which is physically
located at STRESD, is designed to run if located at STSORC,
or at STDEST after completion of Task 1. This is useful to
generate an object program that can eventually be run at
memory locations where the op sys and the relocater are

presently residing.

Task 2: This fixes references, then performs the move

from STRESD to STDEST.

Restrictions

An unavoidable possibility of error arises with the
instruction "LD rp, nn" where rp refers to a register pair
BC, DE, or HL, and nn can either be an address or a 16 bit
value. For example "LD BC, 1000" where 1000 is intended to
be a counter or a value is unambiguous as long as 1000 1lies

outside the limits of STSORC and NDSORC. Otherwise it will



be interpreted as fair game to be adjusted by the displacement.
You will need to unadjust it manually when the program is

finished.

Another possibility of error stems from vector table
addresses such as
VTABL DW Route 1
DW Route 2
DW Route 3
These should be treated as data using the Relocator, then

manually adjusted to reflect the displacement.

A third restriction involves relocating the Relocator
itself. The Relocator first fixes references, then moves the
code (if Option 2 is selected), so anytime the Relocator or a
portion of it is to be relocated, use Option 0 to duplicate it
into another area of memory. Then you can use Option 1 to fix
the references. Another convenient approach if you have an
audio tape of the Relocator is to use the features which will
input the tahpe, perform the reference fixing, and save a new
audio tape. The new audio tape can then be used to load the

Relocator into the new memory area.

How to Use

1. Place the cassette labelled "Z-80 Relocator" in the

cassette recorder. When the low tone begins, push reset.



2, When the data burst ends, the screen should display a

menu for option select.

3. Option 7 (or 8 for hardcopy) begins the Relocator
Program. It is in conversational mode with instructions

to assist in its use.

The following is an example of how the relocator works. The

underlined characters in Figure 1 are the user's response.
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FIGURE 1

Zz-80 RELOCATE PROGRAM

ENTER TASK NUMBER:
0=MOVE ONLY
1=ADJUST REFS ONLY

2=MOVE & ADJUST REFS

]
ENTER ADDRESS MODE (O/H) H
INPUT FROM TAPE? (Y/N) Y

START CASSETTE, THEN PRESS ANY KEY

DEST START = 3000
SOURCE START = O0E00
STADDR = 0E00
NDADDR = 11EE
STADDR = Cr

30 00 21 37 34 CD 9A 32
30 06 CD 69 32 7E E6 OF
30 00 FE 03 30 FO 32 BD
30 12 35 F5 21 9C 34 CD
30 18 9A 32 Cbh 69 32 7E

Etc., for the rest of the dump

DO YOU WISH TO WRITE NEW TAPE? (Y/N) N
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For this example we chose to input an audio tape of
the object code Relocator routine. The object code covers
the area from OEOOH to 13D5H. The source code for the

Relocator is in Appendix I.

We pressed option 7 when the Relocator menu was displayed.
The routine responded by displaying the Task options. We
chose option 2, and then chose the Hex address mode. The

audio tape was then loaded as shown.

We wanted the new starting location (DEST START) to be
3000H. The original starting address (SOURCE START) is OEQOH.
Executable code resides between 0E0O0H and 11EEH, and data
tables, messages, and data storage areas are between 11EFH and
13DSH. We therefore entered 0E00H and 11EEH as our first (and

only) STADDR and NDADDR, respectively.

When the next STADDR was requested, we pressed the carriage
return key. When the task was completed a dump of the relocated
code was given. (To save space only the first part of the dump
is shown.) After the dump was complete or manually aborted
by Ctrl X, the routine asked if we wished a new tape. In this

case we did not, so we said no.
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