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CBUS I - CARTRIDGE BACK-UP SYSTEM FOR THE COMMODORE 64
1. Introduction

CBUS atands for Cartridge Back-Up System. CBUS I produces
backup copies of cartridges for the Commodore 64. Using CBUS 1
savea wear and tear on the Comaodore 64°’s expansion connector by
tricking the computer into running an image of the cartridge
without having the certridge physicelly present. Up to 17
cartridges can be atored on a single diskette. With CBUS I,
cartridges cen be stored out of harm’s way rather than
cluttering up the work area. CBUS I incorporates @& RESET awitch
allowing you to perform a COLD Start without having to turn the
machine off and on again. This permits study of cartridge
object code, opening up the poseibility of custom modifications.

CBUS I conaists of a printed circuit board, and & series of
programs for taking a “sneapshot® of e cartridge, storing it on
disk and loading the cartridge image back into the Commodore 64.
The basic procedure for backing up a given cartridge is as
follows:

1) determine the classification of the cartridge

2) take a “snapshot" of the cartridge

3) store the "snapshot” on disk or tape

4) wmodify the "snapshot™, if necessary, to form a loadable
image

3) save the loadable image on disk

6) add the name of the loadable image to the directory for
menu-based loading using DISK/CART-I.

The entire method requires about 10 minutes from taking the
anapshot to testing the loedable image. If the cartridge
requires extensive modification (many don’t), it could take
longer. However, once the snapshot is stored on diak,
modifications can then be performed without having the cartridge
phyaically present and in a more leisurely fashion. A true
cartridge amulator, such as CBUS II cen be used to run cartridge
images with even the heaviest of copy-protection achenes.

You will need a disk-based monitor such as Jim Butterfield’s
SUPERNON64 (available on the Commodore Bonus Disk or see
COMPUTE! January, 1983 for details), or the Commodore Busineass
Machine’s MONITORSCOOO (included in their Macro Assenbler
Development System), or the MINI-MONITOR available on the deluxe
version of CBUS. Cartridge-based monitors such as H.E.S.’s
HESMON or Commodore’s 64MON are not appropriate since they
utilize the cartridge slot required by CBUS 1I.

Two program listings, MENGEN end DISK/CART-I, are included.
These provide all the necessary bookkeeping for disk-based
cartridge loading. MENGEN generates a directory file which is
used by DISK/CART-I for convenient menu-based loading.

Cartridge selection is made via the [CRSR UP/DN] key or joystick
(either port) and loading is performed via the [RETURN ] key or
FIRE button.



The appendices contain some useful information concerning the
relocation of SUPERMON64, CBUS I gwitch asttings and theis
effects. Also, more detail is presented as to the varioue
Remory configurationas, RemOry maps and effecta of the [ S¥H
control port. As a bonus, the lateat issue of CRUMt e fa

included. This newsletter describes the exa:t it i@t fane
required to astore certain cartridges onto diak and vet them
running.

2. Theory of operation

The Commodore 64 is a very powerful and flexihle @l rvocomputer.,
It has 20 Kbytes of ROM (Read Only Memory) over layed on top of
64 Kbytes of RAM (Randos Acceas Nemory, aleo known ee Head/Write
Memory). The Commodore 64 alsoc has e nuaber of /0

(Input/Output) devicea which include the VIC (Vida. Interface
Controller), SID (Sound Interface Davice, & true anundg
synthesizer), 2 ClAs (Complex Interface Adapters) ana leaatly, a
PLA (Programmable Logic Array).

It is the PLA which gives the Commodore 64 ite flextbility and
versatility. By menipulating e group of sense linee into the
PLA, the Remory map of the Commodore 64 can be «hanyed into a

series of different organizationa. There are tw: ®senee |ines

available for cartridge reorganization on the enpe on bua,
named GAME and EXRONM. There are also two senas lines available
internally, named LORANM and HIRAM. It ie the sele !ive
activation (grounding, logic 0) of these four sense |ines that
deteraine the operating environsent at any given t jime

Normally, GAME and EXROM float high (logic 1), and the
mjicroprocessor forces LORAM and HIRANM high. Thie ‘outiguretion
Places the KERNAL (operating system) et the upper moat addresses
(E0OO to FFFF, note: all addresses and deta bytes vill he ahown
in their hexadecimal representation), BASIC in the siddle

(addresses A0OOO to BFFF) and RAM below that (add:esees 0002 to
SFFF).

When e cartridge is plugged into the expansion port ot the
Commodore 64, the PLA changes the ROROry map into one of three
configurations. When GAME is tied low, the RON ineide the
cartridge replaces the KERNAL, and BASIC is deactivat ed. The 64
povers up, not as a Commodore 64, but rather as a dedicat e
machine executing the code inside the cartridge. WwWhen EXRUN (a
tied low, the RANM located from 8000 to 9FFF i{s deactiveted and
the PLA allows the cartridge contenta to teke its place. 1t
both EXRON and GAME are tied low, BASIC and the RAN loceted at
addresses 8000 to SFFF are deactivaeted and the PLA pPermits the
aicroprocessor to acceas 16 Kbytes of cartridge ROMNM.

Whenever the Commodore 64 is turned on, one of two things
happens. Either the KERNAL is replaced by a cartridge and the
machine begins to execute the cartridge, or the KERNAL is
activated and searches locations 8000 to 8008 for a particular
Sequences of numbers. If that Sequence is correct, the KERNAL
assumes a cartridge is present and begins execution of that
cartridge. Otherwise, the KERNAL begins execution at the COLD
start vectors found at AOOO and AOO1.
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Fortunately, it is the PLA and not the KERNAL which decidea
whether the KERNAL sees that particular code sequence externally
(in a certridge) or internally (in RAM). Therefore, if the
proper sequence of bytes is present when the KERNAL begins ite’
search, the code in RAM will be executed in a fashion
indistinguishable from that of a cartridge. Alternatively, if
an image of a cartridge is placed in the RAM underneath the
KERNAL (EOOO to FFFF) and the KERNAL is switched off, the 64
will become a dedicated machine executing that code just ss if

a cartridge were in place.

The PLA permita cartridge emulation by manipulating the HIRAM
and LORAM bits which are output lines of the 6510 micro-
processor. LORAN permits BASIC to be awapped in or out as
required, and HIRAM permits the KERNAL to be suppressed if
necessary. The program DISK/CART-1 takes advantage of these
facts to produce the exact memory map required as described
below.

3. Cartridge clessification
a. Description

There are seven types of cartridges. The first two are
fundamentally different from the other five and are referred to
as G-types. The “G" indicates that the GANE sense line is used
to replace the KERNAL. G2-types occupy two 4 Kbyte blocks for a
total of 8 Kbytes and G4-types occupy 16 Kbytes. Both contein a
ROM image that resides at locations EOOO to FFFF. G4-types have
an additional block that resides from 8000 to 9FFF.

The third, fourth and fifth kinds are all referred to as X-types
since they primarily use the EXROM sense line to create an 8
Kbyte or 16 Kbyte hole in the C64’s address space. X-types
leave the KERNAL resident for access to various routines present
there. X-types use the AUTOSTART sequence (see the next
section) to begin execution.

X2-type cartridges occupy two 4 Kbyte blocks for a total of 8
Kbytes located at 8000 to 9FFF. X4-type cartridges occupy a
total of 16 Kbytes and map onto sddresses 8000 to BFFF and
therefore overlay BASIC. When an X4-type cartridge is present,
BASIC is removed by grounding the GAME sense line. When an
X4-type image is used, BASIC is removed by setting LORAM low.

The other X-type cartridge is referred to ss an XL-type. Thias
is a 16 Kbyte ROM (8000 - BFFF) which requires some of the

nt in BASIC. Therefore, it requires a latch

of XL) to swap between the upper half (A0O0 -
BFFF) of the cartridge and BASIC. 1In XL-type cartridges, there
is actueally a £flip-flop which “remeabers"” whether BASIC or the
upper half of the cartridge ROM is aupposed to be present. In
XL-type images, the LORAM bit is used for the same purpose.

The last two styles of cartridges are called the B-types. Here
“B" refers to a BASIC raplacement. The B-type cartridges do not
contain the AUTOSTART sequence but rather provide an alternate
COLD start vector at AOOO and AOO1l.
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B2-typea occupy 8 Kbytes from AOOO to BFFF by grounding EXROM
and GAME and then turning LORAM low to recover the RAX from 8000
to 9FFF. A B2-type cartridge image would already have thie RAN
available. Bd-type cCartridges occupy the same renge s x4 types
but do not contain the AUTOSTART sequence. B4 type images would
be loaded in the same way as X4-type images but would he atarted
using the COLD start vector at AOOO and AOO1 rethe: than the
AUTOSTART sequence.

b. Determining cartridge clessification

It {s & simple matter to deteraine a certridge’s claseiftication.
With the power off, carefully insert CBUS | into the expension
port of the Commodore 64. Set the DIPawitch to poatt ton AA by
putting switches 1, 3, S end 7 to on and 2, 4, & and A to off.
See Appendix b. for a further description of DIPvawiton settings.
This configuration allows all signels to pesa throuyh and
should permit the cartridge under examinat ion to perform
norsally. Insert the cartridge into the CBU% | Connector go

that the top of the cartridge faces you. Avply power to the Cedq
and confirm that the cartridge e operating normaelly. It not,
turn power off and reseat CBUS I and the cart tdye Do not

Proceed until the cartridge operates pormally with the DIPawitch
in position AA.

Now turn all switches to off and flip ewitches / end & to on,
Yielding pattern 06. Press the RESET awitch. 1If the cartridge
operates normally, then it must be an X2 type. 1€ this ia the
case, proceed to section 4 for taking a anapshot

If the certridge is not en X2-type, then turn avit.hee / and 6
to off and flip switches 1 eand 4 to on, Yielding pattern 90,
Press the RESET awitch. If the cartridge operates noimel ly,
then it must be an G2-type. If thie ia the case. proceed to
section 4 for taking a snapshot.

If the certridge is neither an X2- or G2-type, then proceed
with pattern 92. Press RESET. MNormel operstion indicates a
G4-type cartridge. Pattern 94 confirss @ B2-typa.

1f the cartridge is none of the above, then more work must be
done to determine itas classification. MNormasl operet ton under
pattern 96 indicates either an X4- or B4-type certridge. The
only way to distinguish between these two types is to examine
locations 8004 to 8008.

To do so, put the DIPswitch in Position O4 and press REIET.
This switch setting creates a “hole" at addressea 8000 to 9rrf.
The power-on Ressage should read 30719 BASIC BYTES FREE. Now
load in either a machine language monitor such as SUPERNONG4 or
the MINI-MONITOR found on the CBUS deluxe digk. Once the
monitor is operating, flip switch 7 on, yielding pattern 06.
Now exeamine locations 8004 to 8008. A typical syntax might be:

N 8004 8008 [RETURNM]

For the NINI-MONITOR, set the WINDOW sterting at locetion 8000.
If the following pattern (called the CBM8O autostart sequence)
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ia found, then the cartridge is an X4-type. Otherwise it ias
a B4-type.

Address 8004 8003 8006 8007 8008
Data Cc3 Cc2 CcD 38 30 (indicetes X4-type)

1f the cartridge fails to operate properly for any of the above
patterna (06, 90, 92, 94 or 96) then it must be an XL-type
cartridge. This can be confirmed by putting the DIPawitch to
pattern A6. This permits the GAME line to controlled by the
cartridge itself, & necessity for XL-types.

If the cartridge still does not operate correctly, then go back
end start agsin as any cartridge which operastes correctly under
pattern AA sust work with one of the other 6 pestterns.

To review, first confirm proper operation with the DIPswitch in
pattern AA. Then set the DIPswitch to each of the following
patterns and press RESET. Correct operation indicetes the
corrasponding cartridge type. Except for distinguishing between
X4- and B4-types, this is all that is necessary for clessifying
e given cartridge.

DIPawitch Cartridge

pattern classification
AA all
06 X2
90 G2
92 G4
94 B2
96 X4 (CBM80) or B4 (no CBMS8O)
A6 XL

c. Summary of cartridge classifications

The following table summarizes the seven typea of cartridges
including their CBUS prefix, number of Kbytes, location where
the code normally resides, location for disk loading and
distinguishing characteristic. Note that the load addreas
differs from the execution address only in the caae of G-type
cartridges.

Prefix Kbytes Exec. location Load location Features

G2 8 EOOO to FFFF 2000 to 3FFF Replaces KERNAL
G4 16 8000 to 9FFF 2000 to 3FFF Replaces KERNAL
EOOO to FFFF 4000 to SFFF
X2 8 8000 to 9FFF 8000 to 9FFF CBM80 autostart
X4 16 8000 to BFFF 8000 to BFFF CBM8O autostart
XL 16 8000 to BFFF 8000 to BFFF CBM8O autostart,
hardware latch
B2 8 AOOO to BFFF ACOO to BFFF Replacesa BASIC
B4 16 8000 to BFFF 8000 to BFFF Replaces BASIC



4. Taking e snapshot of a cartridge
e. G2-types

G2-type cartridges noraally reside from EOOO to FFFF in Place of
the KERNAL. DISK/CART-I contains e small machine language
loader that takes a G2 imege residing from 2000 to 3FFF and
POKEs it under the KERNAL then switches the KERNAL off. It then
Jumps to the certridge RESET vector and execution begins.
Therefore, all that haa to be done with o G2-type cartridge is
to copy the image to the range from 2000 to 3FFF.

To copy a G2-type cartridge, put the CBUS I DIPawitch into
configuretion 0S. This maps the ROM normally found at EOOO0 to
FFFF down to 8000 - 9FFF. Using your monitor’s transfer
command, copy all bytes from 8000 - 9FFF to 2000 (- 3FFF). A
typical syntex might be:

T 8000 SFFF 2000
To save this imnage to disk, use the save command, e.g.:
] “G2cartname", 08, 2000, 4000

Note the ending address is one greater than expected. Moat
monitors save up to but not including the last location
specified.

b. G4-types

G4-type certridges consist of two halves. The lower half
resides from 8000 to 9FFF end the upper half normally resides
from EOOO to FFFF in Place of the KERNAL. DISK/CART-1 requires
that the image be loaded initially to locations 2000 - SFFF. It
will first POKE the lower half to 8000 - 9FFF. Then the upper
half is POKEd under the KERNAL and then the KERNAL ia awitched
off. DISK/CART-I then Jumps to the cartridge RESET vector and
execution begins. Therefore, a G4-type cartridge has to be
copied in two halvea to the range from 2000 to SFFF.

If you are using an ML monitor such as SUPERMONG64 then you can
use the speed method for tranafer. If you are uaing a BASIC
monitor such as the MINI-MONITOR, then You must use the block
procedurae.

G4 SPEED METHOD: Put awitch 6 to on (pattern 04>, then flip
switches 1, 4 and 7 (pattern 96). This maps the entire
cartridge from the range 8000 to BFFF. Transfer down to 2000
using a syntex similar to:

T 8000 BFFF 2000
G4 BLOCK METHOD: Put the CBUS DIPawitch into configuration 06.
This enables the lower half from locations 8000 to 9FFF,
Transfer this range down to 2000, e.g.:

T 8000 SFFF 2000



Now change the DIPswitch to pattern 05. This maps the ROM
normally found at EOOO to FFFF down to 8000 - SFFF. Copy this
upper half to lower RAM uaing a syntax similar to:

T 8000 SFFF 4000

Whether you used the speed method or the two-step method, you
will now have a 16 Kbyte image residing from 2000 to SFFF. Save
this image to disk using the save coamand, e.g.:

S *“G4cartnama',08,2000,6000
Note again thet the ending address is one greater than expected.
c. X2-types

Saving an X2-type cartridge to disk is simplicity itself. Put
the CBUS I DIPswitch to configuration 06 (activates ROM from
8000 to 9FFF) and save, e.g:

S “X2cartname™,08,8000,A000
d. B2-types

If you are using an ML monitor, use the speed method. If you
are using a BASIC type monitor such as the MINI-MONITOR, then
use the block method.

B2 SPEED METHOD: Put the DIPswitch to psttern 96. This opens
up the entire 16 Kbyte block from 8000 to BFFF, even though the
cartridge only reasides from AOOO to BFFF. Now save to diak:

S *"B2cartname*,08, A000,C000

B2 BLOCK METHOD: Put the DIPawitch to pattern 05. This mapse
the ROM normally found from AOOO to BFFF down to 8000 - 9FFF.
Transfer the range froa 8000 to 9FFF back to the RAM underneath
BASIC, namely to AOOO (to BFFF). Save the image from A0OO to
BFFF (remeaber to add an extra byte) using a B2 prefix.

@. X4-, B4- and XL-types

1If you are using an Nl monitor, use the speed mathod. I£f you
are using a BASIC type monitor such as the MINI-MONITOR, then
use the block method.

X4 SPEED METHOD: Put switch 6 to on (pattern O4), then flip
switches 1, 4 and 7 (pattern 96). This maps the entire
cartridge from the range 8000 to BFFF. Save the cartridge image
to disk. For example:

S “X4cartname',08,8000,C000 for an X4-type or
S *“B4cartname’,08,8000,C000 for a B4-type or
S “XLcartname*”,08,8000,C000 for an XL-type.



X4 BLOCK METHOD: First put the DIPswitch to pattern 06.
Transfer the bytes from 8000 to 9FFF down to 2000. Now flip
switch 7 off and 8 on, vielding pattern 05. Thias remaps the
upper ROM, normally residing from AOOO to BFFF down to 8000 -
9FFF. Transfer thias 8 Kbyte block down to 4000 - SFFF. Flip
switch 8 off again and transfer the entire 16 Kbyte block from
locations 2000 - SFFF to 8000 (- BFFF). Now save the range froa
8000 to BFFF to disk using the appropriate prefix.

f. Summary

The following is a aummary of the steps necessary to produce a
snapshot of the various cartridge typea.

G2-types:

1. Insert cartridge and confirm normal operation.
2. Put DIPswitch into configuration 0S.

3. Trensfer 8000 - 9FFF to 2000.

4. Save from 2000 to 3FFF(+1) using G2-prefix.

G4-types:
1. 1Insert cartridge and confira norasal operation.

G4 SPEED METHOD:

2. Put DIPswitch to pattern 96.

3. Trensfer 8000 - BFFF to 2000.

4. Save from 2000 to SFFF(+1) using G4-prefix.

G4 BLOCK METHOD:

2. Put DIPswitch to pattern 06.

3. Tranafer from 8000 - 9FFF to 2000.

4. Put DIPawitch to pattern 0S.

S. Tranafer from 8000 - 9FFF to 4000,

6. Save from 2000 to SFFF(+1) using G4-prefix.

X2-types:

1. Insert cartridge and confirm normal operastion.
2. Put DIPawitch into configuration 06,
3. Save fros 8000 to 9FFF(+1) using X2-prefix.

B2-types:
1. Insert cartridge and confirm normal operation.

B2 SPEED METHOD:
2. Put DIPswitch to pattern 96.
3. Save from A0OO to BFFF(+1) using B2-prefix.

B2 BLOCK METHOD:

2. Put DIPawitch to pattern 0S5,

3. Tranafer from 8000 - 9FFF to A000.

4. Save from A0OO to BFFF(+1) using B2-prefix.



X4-, B4- and XL-types:
1. Insert cartridge and confirm normal operation.

X4 SPEED METHOD:

2. Put DIPswitch to pattern 96.

3. Save from 8000 to BFFF(+1) using the asppropriate
prefix

X4 BLOCK METHOD:

2. Put DIPswitch into configuration 0O6.

3. Transfer 8000 - 9FFF to 2000.

4. Put DIPswitch into configuration 03.

S. Trenafer 8000 - 9FFF to 4000.

6. Put DIPswitch into configuration O4.

7. Tranafer 2000 - SFFF to 8000.

8. Save from 8000 to BFFF(+1) with appropriate prefix

S. A note to CBUS II users

If you are using CBUS I to meke copies of cartridge images for
use with CBUS II, then you should NOT make any changes to the
cartridge images. This will interfere with proper operation.
CBUS 1I eliminates the need for changing the cartridge image
aince it is a true cartridge emulator. Proceed with the
instructions found in the CBUS II manual. Skip the next section
or use it for informational purposes only.

6. MNModifying snapshots to produce a loadable image

Many cartridges require no changes whatscever. With the power
off, remove the cartridge from CBUS I and set all awitchea to
off. The RESET pushbutton is available to force a COLD

start, if the machine hangs up. Load in DISK/CART-I but instead
of typing RUN, type in RUN 100. This bypeassea the normal
directory lookup and allows direct entry of the cartridge name.
Enter the name of the cartridge image to be tested. Be sure to
include the CBUS prefix. If the cartridge loads and runs
normally, add it to the directory by running MENGEN and that’s
itt Otherwise, see below.

a. G2-types

Of all the G2-type cartridges studied so far, 75X required no
changes. Of the 25% remaining, all required the change of juat
one single byte. This is because DISK/CART-I loads the G2-image
under the KERNAL then swaps the KERNAL out and begins execution.
Certain programmers, following good, conservative programming
practice, sttempt to initialize all registers, including the one
DISK/CART-I used to swap the KERNAL out. The result is the PLA
tries to bring the KERNAL back in. When the cartridge is in
place, this has no effect, since GAME is still grounded, but
when the image is in RANM, it gets undone. Therefore, the byte
used to reinitialize that regiaster must be altered to leave the
RAM image intact. Loed the cartridge image back into locations
2000 - 3FFF and then use the hunt command.
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Load the file in using (typical) monitor syntax:
L “G2certneme™,08

Now hunt for the sequence STA 01 which tranalates to 8% Ot:
H 2000 3FFF 8% 01

The monitor will return all addresses where this occurs. Say
there is only one occurrance and it e et address 2066.
Typically, if you disessenmble the code from 2064 to 2067, you
will see something like this:

32064 A9 E7 LDA #sSE?7
32066 83 01 STA 01

It would be a good idea to read the section entitled “Memory
Management on the Commodore 64" in the Coamodore 64 Programser’s
Reference Guide (Copyright 1982 by Coamodore Business Machines,
Inc.) to see what the various bits in location 0001 do. In this
case the E7 indicates that the programmser wanted to turn the
KERNAL back on. Change this byte to ES and then save the
corrected image uaing a new nase:

- "Gznowcnrtn.nc",08.2000,4000

When you have a working veraion of thias cartridge, you can use
the rename function (RO:) to change back to the old name.

Similerly, some pProgramsers store a 57 into location 0001. 1f
this is the case, change the 57 to a 55. Likewise, 1f a 53 ia
being stored, change this to a S1. The Justificetion for these
changes will be found in the Programmer’s Reference Guide in the
section on memory managesent. The following table summarizes
what to change whenever the indicated sequences are found.

0ld sequence New sequence
A9 E7 83 01 AS ES 85 01
A9 E3 85 o0t A9 E1 85 01
A9 37 85 o1 A9 335 85 01
A9 53 8% 01 A9 51 85 01
A9 37 8% 01 A3 35 85 01
A9 33 85 ot A9 31 85 01

Appendix e. summarizes the effects of these changes when both
EXROM and GAME are high. Appendix c. shows all the posasible
organizations when all four sense bits are manipulated.

b. G4-types

G4-type cartridges are vulnerable to changes in location 0001 in
the same wvay as G2-types. Therefore, the method and cure is the
aame as for G2-types. Follow the table shown above. Whenever
the sequence on the left is found, change it to the seqguence on
the right.
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c. X2-types

0f all the X2-type cartridges studied, only one was found to
require any changea. In this particular case, the cartridge was
e machine language monitor and the authors had an elaborate
procedure for the prograa writing over itself. As long aa the
program raesided in RON, no hara was done. As soon as the image
was transferred to RAM and run, the program destroyed itself.

Mo further exploration was done on this particuler cartridge.

d. B2-types

Since B2-types replace BASIC, you must guard ageinst any attempt
to bring the BASIC ROM set in. DISK/CART-I will set location
0001 to %6 to diseble BASIC. When the code does not execute
correctly, exemine the cartridge image for the sequences and
change accordingly:

0ld sequence New sequence
A9 E7 83 01 A9 E6 85 01
A9 57 85 01 A9 56 83 01
A9 37 85 01 A9 36 85 01

See Appendix e. for more details.
e@. X4- and B4-types

Most of the 16 Kbyte cartridges studied required minor
modifications. Two required no changes whatsoever. Another
required a change identical to that described for G2-type
cartridgea. Specifically, there wves a saguence that eattempted
to put a 37 into location 0001. When this byte was changed to a
%%, evarything worked fine. Another cartridge had a call to the
KERNAL subroutine at FDA3 which disturbs location 0001.

Changing the low byte of the call to FF (i.s. JSR FDA3 beconmes
JSR FDFF) eliminated this probles since FDFF is an RTS.

Other cartridges required aore work. The concept of brsakpoint
programming is of particular use since RAN-bssed monitors do
not allow real-time debugging of interrupt-driven prograss.

I1f a program does not work using DISK/CART-I, the procedure
would be to reenter the monitor and load in the file manually,
e.g.:

L “X4cartname®”,08 or
L *“Bd4cartname™,08

Once the file has been loaded, BASIC must be disabled by
changing location 0001 from a 37 to a 36, The cartridge COLD
Start vector is found at sddresses 8000 and 8001 for X4-type
cartridges and at AOOO and AOOl1l for Bd-types. Take the exanmple
of an X4-type certridge. Say the contents of locationa 8000 and
8001 indicated a COLD Start st 8037. By inserting the command
JNP 8037 at various points, the ragion where the image hangs up
can be traced to a very small number of instructions. Another
method might be to let the program hang up and then flip switch
6 on CBUS I to on. By hitting RESET, you can preserve the image
and at the same time gain control of the 64.

11



After reentering the monitor, flip switch 6 off again, turn
BASIC off by setting location 0001 to 36, and transfer the image
from 8000 - BFFF to 2000. Then load in a fresh image of the
cartridge and compare the two. DMNote: some monitors require
BASIC to be present to do a load. 1In thia case, turn BASIC on
by putting a 37 into location 0001, loed in the fresh image,
then turn BASIC off again. Compare by using the (typical)
ayntax:

C 2000 SFFF 8000

The monitor will respond with all locations where the two images
differ. This might yield some clue as to where the program is
modifying itself. Somatimes this is intentional on the part of
the author to foil such backup procedures. Other times it is a
flaw in the program overlocked since ROMas can’t be altered. In
either case, breakpoint programming will eventually narrow down
the offending code to juat a few lines.

f. XL-types

The latch in XL-type cartridges is an integrated circuit. A
software aquivalent must be substituted for a RAM-based XL-type
cartridge to succeed. Typically, the sequence 8D 00 DE is used
to turn BASIC off, and the sequence AD OO DE is used to turn
BASIC on. The software equivalent would be to toggle the LORAM
bit appropriately. Wherever these sequences appear, they must be
altered to perform a JSR to a new toggle routine. A amall
section of the image is required to hold the new routine which
consists simply of the following (say the code at 9F00 ia
available):

turn BASIC off

3 9F00 48 PHA save accum.
39F01 AS 01 LDA sO0O1 get control port image
39F03 29 FE " AND MSFE turn off LORAN
;9F0S 83 01 STA #$01 and BASIC is now off
3 9F07 68 PLA recover accum.
;s 9F08 60 RTS and return
turn BASIC on
39F00 48 PHA save accua.
39F01 AS 01 LDA s01 get control port image
39F03 09 01 ORA #801 turn on LORAN
39FO0% 8% 01 STA #01 and BASIC is now on
39F07 68 PLA recover accum.
39F08 60 RTS and return

If this doesn’t solve it, again use breakpoint prograaming to
pinpoint the code which causes the machine to hang up or the
code to overwrite itself. Flipping the DIPawitch to pattern

04 then resetting the 64 will preserve the code at 8000 to 9FFF
which can then be examined with a monitor whan the DIPswitch is
put back to position 0O.



7. Using the two utility programs

The next secotion contains two listings. The first, MENGEN,
creates a directory of cartridges for DISK/CART-1 to load {n.

To create a directory for the firat time, just run MENGEN. It
will prompt you to insert the diskette containing the cartridge
images. After this is done, just hit any key. To add & name to
the directory for DISK/CART-I, just rerun MENGEN. It will
perform the necessary bookkeaping functions automatically end
then return control to BASIC. To load and run a cartridge-isage
from diak, use DISK/CART-I. It performs all necessary
relocation and memory-map modificationa. Use the [CRSR UP/DN]
key or joystick (either port) until the desired selection is
highlighted then press [RETURN] or hit the FIRE button.
DISK/CART-I will automatically load and run the program desired.
Please type in the programs and get them running before making
any modifications.

The two program listings, MENGEN and DISK/CART-1 were generated
using a serial interface adapter. Therefore, instead of the
Commodore symbols for cursor up/down, screen clear and the like,
an abbreviation of the command such as <C/UP> or <CLR> is used,
vyielding somewhat more readable code. The following table
provides & translation of some of the lesa obvious codes. Shown
are the abbreviations and what to type. Wwhere two keys are
shown, both must be pressed simultaneocusly. For example, both
the [CHDR] (Commodore) key and the 7 key must be pressed to
produce the code for LBLU (light blue).

Abbrev. Type Abbrev. Type

BLK (CTRL1 1 C/UpP {SHIFT3 (CRSR UP/DN)

WHT [CTRL] 2 C/DN [CRSR UP/DN]

BLUE {CTRL] 7 C/LF [SHIFT] [CRSR LEFT/RIGHT]
RVON [CTRL] 9 C/RT [CRSR LEFT/RIGHT]
RVOF {CTRL] O CLR [SHIFT] [CLR/HOME]

LGRN (CHEDR] 6 HONME (CLR/HONE ]

LBLU [CHDR] 7
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8. PROGRAN LISTINGS
A. MENGEN V1.2

3 RER

40 REN MENU GENERATOR (DIRECTORY)

50 REN FOR DISK/CART-I AND CART/DISK-II
60 RENM R. J. BRACHNAN ASSOCIATES, INC.
70 REM p. LEWIS, M. L. BRACHMAN, PH.D.
80 REN NANY THANKS TO DOM HUTTON

90 REM -------=--=--=---=sTosTsooTIIOOS

100 REM

110 LI.-”“:FORI'ITO‘O:LIC’LI"”-ﬁ:IEXTI
120 LS‘-“"!FORI'lTOlO:LS.ILSOO” “:NEXTI
130 DIN TBS(100)

140 PRINT “(CLR)(BLUE)“:!POK553280,14:POKE53281,14
130 PﬁIlTCHR'(l‘Z):DRIIT"(RVOI)(UHT)“:LS‘;

160 PRINT " (RVOW) R. J. BRACHNAN ASSOCIATES, INC. "
170 PRINT® (RVON) "3 LY8
180 PRINT" cBUS MENU GENERATOR™

190 PRIIT“(.LUE)“ILII:PRIIT

210 PRINT »INSERT DISKETTE THAT REQUIRES MEW MENU"

220 PRINT:PRINT” HIT ANY KEY WHEN READY *:

240 RENM PUTS UP BLINKING BLOCK AND GETS ONE CHARACTER

250 POKE198,0:PRINT * (WHT) (RVON) (C/LF)*™;

255 FOR I-ITOSO:GETA.:IFA.()“"THEIZSS

260 MEXT I

265 PRINT » (RVOF) (C/LF)™3

270 FOR I-lTO‘O:GETAﬂ:IFA'()“"THEIZGS

280 MEXTI:GOT0230

285 PRINT *(RVOF) (C/LF)(BLUS)':PRIIT:PRINTLI‘

300 PRINT™ READING DIRECTORY *:DI=8

310 OPEIB.DI.O.“‘O":FORC-ITOG:GET‘O,A.:lEXT:C'l:DN-'"' FORC=1TO16
320 GET.B,A'!Dﬂ"DI“A‘:lEXT:GET’B,Al:GET.S,AI:DII-DI.'“ »sGET#8,AS
330 DI.-DI.0A.:GETOB,AI:Dﬂ.-DIUOA':GETOG,AO:GETNS,A.:D“'-DI"" “eAN
340 G!TIO,Al:DN"DI.’A.:GET.O.A‘:C-l

3%0 FORA'ITO‘:GET'B,A':HEXT:PN‘-“”:TY‘-”"

360 GET..,A.:IFST<>OTHEI450

370 IFAS=""THEN430

380 IFASC(A-)(>34THEI360

390 GETOO,AO:IFASC(A')()34THB!PI‘-PNOOA.:GOT0390

400 GET.O,A':lFASC(A.)-SZTHEI(OO

410 TY'-TY-~A.:GETOB,A':IFA‘<>"”THE”410

420 IFLIFTI(TY..3)<)“PRG"TREN350

430 IFLEFTS (PNS,1)=" “THEN350

440 TIC(C)-PNOZC‘CQIEIFST-OTHEI350

450 CLOSEB:OPEI15.DI,15,"SO: DIRECTORY »:CLOSE1S

455 PRINT:PRINT * WRITING DIRECTORY (BLUE)}™

460 2‘-“000000‘00’000000”:OPEIG,DI,G,": DIRECTORY ,8,0“:PRlﬂT'8,Dl‘
470 FORA-lTDC-l!C’-Z.:FORB-ITOC'I

475 1IF RIGHT'(C‘.LE'(C')-2)<RIGHT‘(TB‘(!),LEﬂ(TB‘(l))'2) THEN 490
480 Ce=TBS(B) :D=B

490 MEXT

500 PRIITOG,C.:T!.(D)'ZQ:NEXT:CLOSEQ

820 PRINT

330 PRINT » (RVON) (WHT)? NEW MENU GEWERATED! "

340 PRIIT“(LBLU)":POKES3201.6:EID
14



B. DISK/CART-I v2.1

3 REN

10 REM CBUS 1 CARTRIDGE LOADER PROGRANM
20 REM R. J. BRACHMAN ASSOCIATES, INC.
30 REN AUTHOR: M. L. BRACHMAN, PH.D.
40 REM MANY THANKS TO: DON LEWIS

30 REM AND DON HUTTON

60 REM -----c-ccceoc oo
61 REN

63 POKES6,16:IFGF=OTHENSSO

70 FOR J=1TO1000:NEXTJ:PRINTTAB(28) ;" (LGRN) (C/UP) (RVON)} OK (RVOF)"
71 FOR J=1TO1000:NEXTJ:RENM TIME-OUT

7% CLOSE1S

80 IF GF=1 OR GF=2 THEN 270

83 IF GF=3 THEN SYS64738

90 IF GF>=4 THEN 440

100 REX -------~---ceeo- R et L DT
105 REN

110 REM MANUAL LOAD OPTION

120 REM BYPASSES NEED TO GENERATE MENU
130 REM

140 POKE 33280,14:POKE 53281,14:PRINT" (BLUE)"
145 GOSUB 1100

150 PRINT *(CLR} (RVON) CBUS I CARTRIDGE LOAD AND RUN (RVOF)“
1355 PRINT

160 PRINT "“NAME:";

165 INPUT CS:PRINT:PRINT"(C/UP}";

170 P#=LEFTS(C8,2)

175 C#=RIGHT®(CS,LEN(CS)-2)

180 REM -~-------cmcmcmmm e
185 REN

190 REM SEARCH FOR LEGAL CART TYPE

195 FOR I=1 TO 7

200 IF PS=CN#$(I) THEN 230

210 NEXT 1

215 PRINT:PRINT “CBUS PREFIX MISSING!"
220 STOP

223 REM ---cr-ccmmcmm e mc e e oo
230 RENM

233 REN CBUS PREFIX OK!?

240 GF=I

243 LOAD Ps$+Cs,8,1

230 REM --------mmeccc e e cceee e
255 REM

260 REM NORMAL G-TYPE LOADER HERE

270 NB=828

273 FOR J=0 TO S1

280 READ K

283 POKE NB+J,K

290 NEXT J

300 IF GF=1 THEN POKE 835,32

375 SYS NB:REM TRANSFER AND RUN

380 DATA 169,00,133,02,133,04,169,64
383 DATA 160,224,133,03,132,0%5,162, 31
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390
395
400
405
410
420
425
430
435
440
445
430
460
465
470
480
500
510
520
3530
540
S44
545

DATA 160,00,177,02,145,04.200,208
DATA 249.230,03,230,05,202,16,240
DATA 165,03,201,96.208.06,169,32
DATA 160,128,203,222,120,169.5'133
DATA 1,108,252,255

REM ----=--=--"="""7777TT -

REN

REM X4,XL,B2,B4 LOADER
REN

FOR J=0 TO %1 ;: READK : NEXT

RER

NB=828:REN ML KERNAL-KOPY FOR 16 KBYTE AND B2-TYPES
FOR J=0 TO 30:READK

POKE MB+J,K:INEXT J

IF GF=6 OR GF=7 THEN POKE 858,160

REM

sYS NB:REN EXECUTE KERNAL-KOPY AND RUN
DATA 159.00,133,02.169,221,133,03

DATA 160.00,177.02,145,02,200

DATA 209,249.230,03.208.265.169.229

DATA 141.211.253,133.01,108,00:128

RENM

REM --------"""""777 R it

546 RE

550
553
360
565
570
380
590
595
600
603
608
610
611
615
620
625
630
635
640
645
650

]
REMN LOAD IN DIRECTORY FOR MENU
REN
POKE53280,14:POK553281,14:0!!18-(80):PRINT"(CLR)(BLUE)":C'l
GOSuUB 1100
OPEN8,8,8,": DIRECTORY “:OPEllﬁ,S,15:INPUT'lS,ECl,EHO,Tﬂ,Sﬁ
IIPUTOS,DN.:IFEC‘(>"OO"THENCLOSE6:CLOSElS:GOTO 900
INPUTWE, TBS(C)
IF ST=66 THEN 640
IFASC(LEFT.(TB‘(C),I))'IOTHENTBI(C)-RIGHT.(TB'(C),LEN(TB'(C))-I):GOTO 600
Zl-LEFT‘(TBl(C),Z)
RENM
pe RS
REN
REM ONLY SHOW CBUS PREFIXED FILES
FOR I-lTO?:IFZ‘-CH‘(I) THEN 630
NEXT 1:GOTO 390
C=C+1:GOTO 590
CLOSEG:CLOSEX5:H-C-1:TB'(C)-""
D'C-l:POK5198,0:REH CLEAR KBD BUFFER
PRINT “ (WHTICBUS 1 CARTRIDGE LOADER  (RVON) VOLUME 1 (RVOF)(BLUE)":PRINT
DP.'"(HOKE)(C/DN)(CIDN)(C/DN)(C/DN](C/DN)(C/DN)(C/DN)(C/DN)(C/DN)(C/DN)(CM

)lC/Dﬂ)(C/Dﬂ)(C/Dﬂ)(C/Dﬂ)(C/DN](C/DN)(C/DN)(C/DN)“

655
660
665
670
675
680
685
690
694

FOR LP=1 TO D

GOSUB 920:REM PRINT NORMAL NAME

NEXT:PRINT

PRINT " (BLK) (RVON) CRSR (RVOF) (WHT) OR JOYSTICK SELECTS" :PRINT
PRINT * (BLK) (RVON) RETURN (RVOF) (WHT) OR FIRE BUTTON LOADS";
PRINT *(BLUE}"

LP=1

CoSUB 930:REM PRINT REVERSE NANE

WEM —-—-mmmmmmmmmmmTmmTIITIIIIIT
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695 RENM

700 REM CHECK PORT 1, PORT 2 AND KEYBOARD
705 M=PEEK(56321)AND19:RENM PORT1

710 IF M=19 THEN 735

715 IF M=18 THEN AS=CHR#$(145)

720 IF M=17 THEN AS=CHR$(17)

725 IF N< 4 THEN AS=CHRS(13)

730 GOTO 785

735 M=PEEK(56320)AND19:REN PORT2

740 IF M=19 THEN 770

745 IF M=18 THEN A®=CHRS$(1435)

750 IF M=17 THEN AS=CHRS$(17)

755 IF M< 4 THEN A#®=CHR$(13)

760 GOTO 783

770 REM KEYBOARD ENTRY LAST

780 GET AS:IF As='"" THEN 703

785 K=ASC(AS)

790 IF K<>17 AND K<>143 AND K<>13 THEN 705
795 IF K=13 THEN GOTO 820

800 GOSUB 920:REM REPRINT NORMAL

805 IF K=17 THEN LP=LP+1:IF LP>D THEN LP=1
810 IF K=1435 THEN LP=LP-1:1F LP<1 THEN LP=D
815 GOTO 690

820 PRINT LEFTS(DP$,LP+3);:"(RVON} LOADING"
830 G=LP

840 CS=RIGHT#(TB#(G),LEN(TB#$(G))-2)
850 PS=LEFTS(TBS(G),2)

860 FOR I=1TO7:IFP#=CN#(I) THEN 880
870 NEXT 1

875 PRINT “ILLEGAL PREFIX":STOP

880 GF=1I

890 GOTO 245

900 PRINT *“NO DIRECTORY, USE MENGEN"
910 STOP

920 REM SUB PRINTS NORNAL NANE

930 NOs=" *

940 GOTO 970

950 REM SUB PRINTS REVERSED NANE

960 NOS='"(RVON) "

970 PRINT LEFTS(DPS,LP+3);

980 GL®=RIGHTS(TBS(LP),LEN(TBS(LP))-2)
990 GLS=GL#+" *

1000 PRINT * *3NOS;GLs

1010 RETURN

1030 END

1100 DIN CN$(7):REM SET UP CART TYPES
1110 CNS(1)="G2"

1120 CNS(2)="Ga4"

1130 CNS(3)="X2"

1140 CNS(4)="X4"

1150 CNS(S)="XL"

1160 CNs(6)="B2"

1170 CNS(7)="B4"

1180 RETURN

6000 SAVE "@O:BDISK/CART-1",8
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Appendix
a. Relocating SUPERNONG64

SUPERMONG64 is & machine language monitor for the Commodore 64.
SUPERNONG64 was written by Jim Butterfield and originally
appesred in COMPUTE!, January, 1983, pgs- 162-169. Corrections
and comments .ppoar.d in COMPUTE!?, March, 1983, p9: 268 and
COMPUTE!, June, 1983, pgs- 185-186. SUPERNON64 18 also
available on the Commodore BONUS DISK.

SUPERMON64 is @& relocatable progran. 1t builds jtself from the
top of user aenory down. Normally, this means that SUPERNONG64
exists from 97ED to 9FFF. Wwhile this is fine for most
npplic.tion-. it is not suitable for CBUS activities. More
convenient locations would be from 77ED to 7FFF or C7ED to CFFF.
SUPERMONG4 loceted at the latter addresses is espacially useful,
since the RAN from COOO to CFFF 18 unavailable to BASIC.
Described below is & method for relocating SUPERNON64 toO either
address range. This description refers -pocif&cnlly to the
version supplied on the BONUS pISK, but should work with the
version from COMPUTE! .

To relocste SUPERNONG64 toO C7ED-CFFF, type the following:

1. LOAD "SUPERHONSQ.Vl“,a {RETURN]

2. POKE %%5,0:POKE 56,208 (RETURN]

3. RuUN {RETURMN )
SUPERNON64 will be constructed at C7ED to CFFF. Then the
SUPERNON64 lOg-oOn message and the SUPERNONG64 prompt will appear.
fow use SUPERMON64 toO save & COPY of itself to disk using the
following:

4. S “SIOI64.51181“,0&,C7ED,0000 (RETURN]

To load and use the relocated SUPERMON64, just:

5. LOAD “Sl0ﬂ64.51181",8,1 {RETURN ]
6. SYS 51181 [RETURN]

The following steps will creste & SUPERMON64 at 77ED to 7FFF:
1. LOAD “SUPERHONS(.Vi“.e (RETURN]
2. POKE s5,0:POKE 56,128 (RETURN]
3. RuUM [RETURN ]
4. S "SNOISQ.30701",08,7750,&000 (RETURN]

5. LOAD “SHOI64.30701“,6,1 [RETURN)
6. POKE 85,0:POKE %6,119:3YS 30701 [RETURN]
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b. Switch settings for the various cartridge types

CBUS 1 uses a DIPawitch to connect the various sense lines of
the Commodore 64 to the following signals on the cartridge:

Switch position 1 2 3 4 S 6 7 8
Expansion bua ROMH ROMH GAME GAME EXROM EXRON ROML. ROML
Cartridge ROMH n.c. GANE GND EXROM GND ROML ROMH
If the awitches are viewed aa an 8-bit binary number, then the
hexadecimal equivalent providea a convenient notation for the

various switch combinations, i.e.:

Binary weighting 128 64 32 16 8 4 2 1
Switch position 1 2 3 a4 S 6 7 8

The following chart shows the typical switch coambinationa, their
hex notation, their effect, and cartridge confirmation:

Confiras Switch
Hex Cart. Position
Notation Type Effect 12345678
AA Normal, pass through, for testing X X X X
cartridge seating and function o 00 o0
00 All linea disconnected, cartridge
completely disabled 00000000
04 Disablesa cartridge, creates hole x
at 8000 - 9FFF 00000 0O
(o] Maps G2 (normal EOOO - FFFF) or x x
upper half of X4 or XL (normal 00000 ©
AOOO - BFFF) to 8000 - 9FFF
06 X2 Forces EXROM to ground and xX
activation at 8000 - 9FFF only, ©ooocoo o
lower half of X4 or XL also
S0 G2 Forces GAME to ground and allows x x
activation at EO0O - FFFF only oo oocoo
92 G4 Forcea GAME to ground and allows X x x
both 8000 - SFFF and EOOO - FFFF 00 oo o
94 B2 Grounds EXROM and GAME and allows X X x
activation AOOO - BFFF only oo o oo
96 X4, B4 Grounds EXROM and GAME and allows X X XX
activation from 8000 - BFFF co o o
A6 XL Forceas EXROM to ground but allowa x X Xx
cartridge to control GAME o oo o
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c. Commodore 64 nemory conf iguration

The following table suRRarizes all the possible meROTY
configur.tionn uaing the two external senae lines, EXROM and
GAME and the two memory bits, LORAM and HIRAN. Where
.pptopriatc, the cartridge type 18 noted.

HIRAN LORAN EXROM GAME Cartridge Features
1 1 1 1 -- Default mep
KERNAL, BASIC, 40 K RAM
1 1 1 (o] G2, G4 “ULTINAX" map
No KERNAL or BASIC, 32 K RAM
1 1 (o} 1 X2, XLb standard certridge map
KERNAL, BASIC, 32 K RANM
1 1 o (o] X4, XkLc, Large cartridge map
B4 KERNAL, no BASIC, 32 K RANM
1 [} 1 1 -- ML or CP/M map

KERNAL, no BASIC, 32 K RAN

1 o 1 (o] G2, G4 “ULTIMAX"” map
Mo KERNAL or BASIC, 32 K RAM

1 o (] 1 - ML or CP/N map
KERNAL, no BASIC, 52 K RAM

1 o (o] [¢] B2 BASIC r.pluc.l.nt
KERNAL, no BASIC, 40 K RAM

[o] 1 1 1 - New KERNAL nap
RAM at top. 52 K RAM

[e] 1 1 o G2, G4 SULTIMAX™ map
Mo KERNAL or BASIC, 32 K RAM

[¢] 1 o 1 -- New KERNAL map
RAN at top, 52 K RANM

] 1 [¢] o -- No character ROM map
RAN at tOP» 52 K RAN

o] [¢] 1 1 -- 64 Kbytes of contiguous RAN
No KERNAL or BASIC

[} (] 1 o] G2, G4 SULTIMAX™ map
Mo KERNAL or BASIC, 32 K RANM

(o} (o] o] 1 - 64 Kbytes of contiguous RANM
Mo KERNAL or BASIC

o o] o ] -- 64 Kbytes of contiguous RAM
Mo KERNAL or BASIC

20



d. HNemory maps for the various cartridge types

X2-, XLb-types B2-types
FFFF FFFF
8K KERNAL ROM 8K KERNAL RONM
EOOO EOOO
4K 1/0 4K I/O
DOOO DOOO
4K RANM 4K RANM
C000 C000
8K BASIC ROM 8K CARTRIDGE
AOOO AOOO
8K CARTRIDGE 8K RAN
8000 8000
32K RANM 32K RANM
1 1 1 1
0000 0000
X4, B4, XLc-types G2, G4-types
FFFF FFFF
8K KERNAL ROM 8K CARTRIDGE
EOO0O0 EOOO0
4K I/0 4K I/0
DOOO DOOO
4K RAN 4K RANM
CO00 C000
8K UNUSED
16K CARTRIDGE A000
8K CARTRIDGE (G4)
8000 8000
{ 32K RAM J 32K RANM
1 1 1 1
0000 0000

Note: XL-types can swap the upper 8 Kbytes of ROM with BASIC.
When the upper 8 K of the cartridge is activated, it is cealled
the XLc configuration. When BASIC is swapped in, it is referred
to as the XLb configuration.
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e. Menipulating the 6510 control port

The table below shows the various coabinations possible for the
6510 control port, located at memory address 0001. Only the
first three bits are importent in terms of nemory sanagement .
Typicel values for locetion 0001 are X7, X% or X3 where X is
typically 3, 5 or E.

Bit Patterns eand Effect for 64 Nemory Management (port 0001)

weight 4 2

Typical

Bit 2 1 O Game Value Effect
o 0 ©O EO, S0 BASIC out, KERNAL out, Char. ROM in
o O 1 El, S1 BASIC out, KERNAL out, Char. ROM in
o 1 0 E2, 52 BASIC out, KERNAL in, Char. ROM in
o 1 1 E3, 93 BASIC in, KERNAL in, Char. ROM in
1 0 O Ee, 5S4 BASIC out, KERNAL out, 1/0 in
1 0 1 ES, 55 BASIC out, KERNAL out, 1/0 4in
1 1+ O E6, 56 BASIC out, KERNAL in, 1/0 in
1 1 1 E7, 57 BASIC in, KERNAL in, 1/0 in

Note: this table assumes that EXROM and GAME are high

To create an sxecutable cartridge imege that can be joaded and
run throught DISK/CART-I, you must be certain that BASIC is
awitched off by storing the .ppropriato value in location 0001.
Use the hunt commend to search for all occurences of the
instruction STA 01 (85 01). Then change the data apptOpriatoly.
For exsmple, Yyou aight see in dissssembly:

;2049 LDA "eS7
;204B STA $01

This code would turn BASIC and the KERNAL on. Change the 57 to
a 59 to prevant this. In general, the following changes are
-uggootod:

Change 37 or 56 to a 55
Change 33 or %2 to a 31
Leave 54 and S0 alone

More information on specific cartridges 1is contained in the
CBuSter.
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LIRITED WARRANTY

HARDWARE

R. J. Brachman Associates, Inc. (hereafter referred to as BAI)
warrants each instrument and system manufactured by it to be free
of defects in material and workmanship for a period of one year
from date of shipment. The liability of BAI under this warranty
is limited solely to repairing, replacing, or issuing credit (at
BAI’s discretion) for any instruments or systems manufactured by

it and returned by the CUSTOMER during the warranty period
provided that:

A. BAI is promptly notified in writing upon discovery of such
defects by the CUSTOMER.

B. The defective unit is returned to BAI, all shipping charges
prepaid by the CUSTOMER.

C. BAI’s examination of the unit shall disclose, to BAI’s
satisfaction, that such defects have not been caused by
CUSTOMER abuse, misuse, neglect, improper installation,
repair, alteration or accident.

BAT shall not, under any circumstance, be liable to the
CUSTOMER for any loss of profits, loss of use, dasages or

consequential damages of any kind based upon a breach of
warranty.

BAI reserves the right to discontinue particular models without
notice, and to make modifications in design without incurring eny

obligation to make such modifications to wunits previously
delivered.

BAI shall not be liable for any delays in operation or
consequential damages under this warranty. There is no other
obligation expressed or implied.



LINITED WARRANTY

SOFTWARE

The following conditions apply to all software provided to the
CUSTOMER by R. J. Brachmsan Associates, Inc. (hereafter referred
to as BAD)!

Prograss on disk, or printod listings, are providod “as is"
without warranty, sither expressed or implied, including but
not limited to the implied warranties of serchantability and
fitness for 8 particular purpose. shall BAI supplied software
prove defective within 90 days from delivery, it will be
corrected by BAl at no cost to the CUSTOMER.

BAl warrants that it has aode reasonable effort to insure
the proper operation of the software and the accuracy of the
1istings. BAI does NOT warrant that the operation of the
software will be uninterrupted or error free.

The CUSTOMER will not provide or otherwise make available the
software or any part of it in any form to any third party,
without written 1icense fros BAI.

BAI will NOT be liable to the CUSTOMER for any damages,
including any jost profits, lost ssvings Or other incidental
or conl-qu.ntxul_dAlagoa arising out of the use Or inability
to use such software.
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~amyende can e aborted pricr to exscul

seanh pross the [SEIFTI key ang than press the
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itered, then ths detae. Terajlnete SHLr . ®3 LUBing
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ipwd to start an X4-, XL-, B2- or Ba-typs
cartridge. You will be prospted for the atart
This 18 found st 80C0 and BOOY for the
and ACO0 and 4001 for the B-iyprs. This
turns BASIC off and juspa to tha adarens
entered, Viaase nots thet the MIAI-HONITUR
~annot be reentered once chis comsand ie sxecutad.
UYae obhia comeand only aftar & copy of the obiect
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#hichevayr ia BPLropri&atel &3 vos wouid when toAx
Thar use the HUNT command to #svsming the ).
Bequencd of Lytes. Use Lhs &L7EF0 cusnand Lo oHa:
then tranafer baey using wizthar the ¥ or 2 COBRRS oG
tie Lbe amoticn on Taking a anspahorn, BAYE Lne newiv gc
Tode undar s new nsas until it works thaen gcratoh tha o
“#xgion snd rtenasw the worvented £ilae,

Prograsaer s note. tha COpMA INLRTPretear an.d
of the RIZI-MORITCR sre in BAYIT but the sxmcut - o
vericua o BEEE L8 Tes ZOrmes g sechine lengussg. e
HBEDBEBESY Uode is PUEFEYS spowm DATA wtatmmenta BELIYG &
then a FOR-NEXT ioosp te adwsnoe bthe POLnhar Lo the appr
swCLion.  Lliusse Dasr Lk s i mind whae sakisg
Thae BINL-MOHITOR DEQYYSR 3 nA3iq BELE ChBNGER SuCh mo o
Sior ar Ferusti AT L wAte e iERuniny: 5o .
vicus POKED ehould Be cons:dmr eo SPAGIBRLE

tinatlions
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Used o svsrt

~ i [
agked TARNE Yo 3 Lo ne
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e 3FFF. shen POKEH undernsat.
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perforasd and thae RESET VRCLO
locstions FFFC and FFF. AYBLT, the NINT. MONTT
Tannot he resntersd on-e LU UOmaST (8 ey ey

Cixse Allows you to COBEATE L e
HINI-HOKNITOR wili aax
address of the ¢ -
glearting sddrmas -3 Ve reonggd oo
then compsre the LeQ niacks an s LyLe-Ly-byte
hasis, hsiting wihaTmevar a Riamatch
the space bar to STREinue e
I ¢ 1 to sbort,

ERRE R
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pricr to exving an iesge to disk. LG NOT
YOURSELF! This will ceuse the MINI-MONIYD
hang up permanently!

talle)

© w W Spscify the first byte of the 172 byts blosk to be
siaplayed.

T gy Trensfera &11 byiga from 8000 - 9FFF incluaive to
4000 - BFFF

0T 2 Tranmfers a)}! bytoss from - SFFF stnclumive to
200 - 3FFF,

3 Tranafara &1l bDvtes From 2000 - IJFFF inclusive to
2Q0. - BEFE,

ranafasrs all bytes from 2000 - LFFF invlusive to

Anmrts any comsend prior Lo sxecution and ravrites
he window.

The HIW: "R ocan be used to taXe anapshots of all the
rLrisga , make amell modificationa and test those
jocationa, wii frowm & BASIC snvironaent. Below {2 a
v

snot of & Liz-tvpe cartridge for

I v TART/DISK-YI, put the DIPawitch inm position O3.
~swmand Lo transfar the image to ZOCC then SAVE f:ro»
uming the 52 prefix. E.g. if the file is tc ba
sren use the name TR2GANEL.

Larxa & snep

K T Te taxs m snepshol of & G4-type carcridge, you will
5 use the block sethod, described in the CBUS I manusl.

; trha DIPBwitcoh in pattern 06, Use the X command to

Lo teg imsne fvom 8000 - 9FFF to 2000, Then zut tha
5noto pattern 03, Use the T command to tranxfer the

x BGOD -~ 9FFF ipormelly residing et EQGO - FFFF) to

Sw TAVE from 2000 to 6000 using the G4 prefix. E.g. if

‘le 'i'a is to be® called GANEZ, uee tha nems G4GAMER.

wdooypen To Lake & snapshot of an XZ-type cartridge, put the
JIPa<it~h in pattern 06. Use the X cospand then the V ceasmand
v iy the issge back ontc itaelf. This is because the

L ROKITOR turns BASIC coff prior to saving to diak. Un=z
mite wfie »f turning BASIC off is that an sxternal cartridge

imasx iy ignored. Therefore, ycu sust have s cartridge inege
PP ~ tha RAR undernsath the cartridge fros BOO0 - SFFF.
Lo a0 s ditom BO00 to AQOO using the XD praefix (e.g. XZGAWEZR.
L BaR To taka a snapshot of an B2-type cartridge, put ths

in pattarn 09 ilse the T command than the 2 commarnd





