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1 About VICE

VICE is the one and only Versatile Commodore Emulator. It provides emulation of the
Commodore C64, C64DTV, C128, VIC20, PET, PLUS4, SCPU64 and CBM-II computers
within a single package. The emulators run as separate programs, but have the same user
interface, share the same settings and support the same file formats.

Important notice: If you have no idea what a Commodore 8-bit computer is, or have
questions about how these machines are used, how the file formats work or anything else
that is not strictly related to VICE, you should read the appropriate FAQs first, as that kind
of information is not available here. See Chapter 20 [Contacts|, page 453. for information
about how to retrieve the FAQs.

All the emulators provide an accurate 6502/6510 emulator, with emulation of all the opcodes
(both documented and undocumented ones) and accurate timing. Unlike other emulators,
VICE aims to be cycle accurate; it tries to emulate chip timings as precisely as possible and
does so efficiently.

Please do not expect the C64DTV, C128, PET, PLUS4, SCPU64 and CBM-II emulators
to be as good as the C64 or VIC20 one, as they are still under construction.

Notice: This documentation is written for the Unix release of VICE, but is slowly being
made universal.

1.1 Emulator features

1.1.1 C64 emulator features

As of version 2.3, two C64 emulators are provided: ‘x64’ (fast) and ‘x64sc’ (accurate). As
of version 3.4 ‘x64’ will no more get built by default and is not contained in the default
binary packages.

The fast C64 emulator, called ‘x64’, features a fairly complete emulation of the VIC-II video
chip: sprites, all registers and all video modes are fully emulated. The emulation has been
fully cycle-accurate since version 0.13.0.

The accurate C64 emulator, called ‘x64sc’, features a cycle-based and pixel-accurate VIC-I1
emulation. This requires a much faster machine than the old ‘x64’.

A rather complete emulation of the SID sound chip is also provided. All the basic features
are implemented as well as most of the complex ones including synchronisation, ring modu-
lation and filters. There are two emulators of the SID chip available: first is the “standard”
VICE emulator, available since VICE 0.12; the second is Dag Lem’s reSID engine. The
reSID engine is a lot more accurate than the standard engine, but it is also a lot slower,
and only suitable for faster machines.

Naturally, also both CIAs (or VIAs, in some cases) are fully emulated and cycle accurate.

1.1.2 C64DTV emulator features

The C64DTV emulator, called ‘x64dtv’, features emulation of C64DTV revisions 2 and
3. The emulator is under construction, but most of the DTV specific features are already
supported (with varying accuracy).
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Video cache is disabled by default as it currently doesn’t work with some of C64DTV’s new
video modes. The new video modes have a simple "fake" video cache implementation that
may give incorrect results and decreased performance.

1.1.3 C128 emulator features

The C128 emulator, called ‘x128’, features a complete emulation of the internal MMU
(Memory Management Unit), 80 column VDC screen, fast IEC bus emulation, 2 MHz
mode, Z80 emulation plus all the features of the C64 emulation.

1.1.4 VIC20 emulator features

The VIC20 emulates all the internal hardware, including the VIA chips. The VIC-I video
chip is fully emulated except NTSC interlace mode, so most graphical effects will work
correctly.

The VIC20 emulator allows the use of the VIC1112 IEEE488 interface. You have to enable
the hardware (by menu, resource, or commandline option) and then load the IEEE488
ROM (see for example http://www.funet.fi/pub/cbm/schematics/cartridges/
vic20/ieee-488/325329-04.bin, but you have to double the size to 4KiB for now). The
IEEE-488 code is then started by SYS45065.

1.1.5 PET emulator features

The PET emulator emulates the 2001, 3032, 4032, 8032, 8096, 8296 and SuperPET (Micro-
MainFrame 9000) models, covering the whole series. The hardware is pretty much the same
in each and that is why one single program is enough to emulate all of them. For more
detailed information about PET hardware please refer to the PETDoc (https://
sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc. txt?
format=raw) file.

Both the 40 column and 80 column CRTC video chips are emulated (from the 4032 onward),
but a few of the features are not implemented yet (numbers of rasterlines per char and lines
per screen). Fortunately, they are not very important for average applications.

The PET 8096 is basically a PET 8032 with a 64KiB extension board which allows remap-
ping the upper 32KiB with RAM. You have to write to a special register at $££f0 to remap
the memory. The PET 8296 is a 8096 but with a completely redesigned motherboard with
128KiB RAM in total. Of the additional 32KiB RAM you can use only some in blocks of
4KiB, but you have to set jumpers on the motherboard for it. VICE uses the command line
options ‘-petram9’ and ‘-petramh’ instead. Also, the video controller can handle a larger
address range. The PET 8x96 model emulations run the Commodore LOS-96 operating
system - basically an improved BASIC 4 version with up to 32KiB for BASIC text and
32KiB for variables. See PETDoc (https://sourceforge.net/p/vice-emu/code/HEAD/
tree/techdocs/PET/PETdoc. txt?format=raw) for more information.

The PET 8296D is an 8296 with built-in 8250 low-profile dual disk drive.

The PET 8296GD is an 8296D with additionally a "HiRes Emulator" (HRE). This is a
cheaper version of a "HRG" hi-res board which was based on Thomson chips. This version
instead uses no additional hardware support apart from some memory mapping tricks. It
has supporting software in the hre-*.bin rom files.

The SuperPET also is a PET 8032 with an expansion board. It can map 4KiB at a time
out of 64KiB into the $9*** area. Also it has an ACIA 6551 for RS232 communication.


http://www.funet.fi/pub/cbm/schematics/cartridges/vic20/ieee-488/325329-04.bin
http://www.funet.fi/pub/cbm/schematics/cartridges/vic20/ieee-488/325329-04.bin
https://sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc.txt?format=raw
https://sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc.txt?format=raw
https://sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc.txt?format=raw
https://sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc.txt?format=raw
https://sourceforge.net/p/vice-emu/code/HEAD/tree/techdocs/PET/PETdoc.txt?format=raw
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The 6809 CPU that is built into the SuperPET is now emulated, since release 2.4, including
the 6702 dongle chip.

The Super-OS-9 MMU expansion, developed by TPUG (Toronto PET Users Group) is also
emulated.

The PET computers came with three major ROM revisions, so-called BASIC 1, 2 and 4,
all of which are provided. The PET 2001 uses the version 1, the PET 3032 uses version 2,
and the others use version 4. The 2001 ROM is horribly broken with respect to IEEF488
(they shipped it before they tested it with the floppy drive, so only tape worked. Therefore
the emulator patches the ROM to fix the IEEE488 routines.

As well as other low-level fixes the 2001 patch obtains the load address for a program file
from the first two bytes of the file. This allows the loading of both PET2001-saved files (that
have $0400 as their load address) and other PET files (that have $0401). The PET2001
saves from $0400 and not from $0401 as other PETs do.

Moreover, the secondary addresses used are now 0 and 1 for load and save, respectively,
and not arbitrary unused secondary addresses.

To select which model to run, specify it on the command line with the -model MODEL option,
where MODEL can be one of a list of PET model numbers, all described in see Section 7.7.1
[PET model], page 196,

1.1.6 CBM-II emulator features

The CBM-II emulator emulates several types of CBM-II models. Those models are known
under different names in the USA and Europe. In the States they have been sold as B128
and B256, in Europe as CBM 610, CBM 620 (low-profile case) or CBM 710 and CBM 720 (high-
profile case with monitor). In addition to that now an experimental C510 emulation is
included. The C510 (also known as P500) is the little brother of the C600/700 machines.
It runs at roughly 1 MHz and, surprise, it has a VIC-II instead of the CRTC. Otherwise
the different line of computers are very similar.

These computers are prepared to take a coprocessor board with an 8088 or Z80 CPU. Indeed
there are models CBM 630 and CBM 730 that supposedly had those processors. However these
models are not emulated.

The basic difference is the amount of RAM these machines have been supplied with. The
B128 and the CBM *10 models had 128KiB RAM, the others 256KiB. This implies some
banking scheme, as the 6502 can only address 64KiB. And indeed those machines use a
6509, that can address 1 MiB of RAM. It has 2 registers at addresses 0 and 1. The indirect
bank register at address 1 determines the bank (0-15) where the opcodes LDA (zp),Y and
STA (zp),Y take the data from. The exec bank register at address 0 determines the bank
where all other read and write addresses take place.

The business line machines (C6xx/7xx) have the RAM in banks 1-2, resp. 1-4. All available
banks are used for BASIC, where program code is separated from all variables, resp. from
normal variables, strings and arrays that are distributed over other banks. The C510 instead
has RAM in banks 0 and 1, and uses bank 1 for program and all variables. Bank 0, though,
can be accessed by the VIC-II to display graphics.

Many models have been expanded to more than the built-in memory. In fact some machines
have been expanded to the full 1IMiB. Bank 15 is used as system bank, with only little
RAM, and lots of expansion cartridge ROM area, the I/O and the kernal/basic ROMs.
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Some models have been modified to map RAM into the expansion ROM area. Those
modifications can be emulated as well.

The different settings are described in see Section 7.8.1 [CBM-II model|, page 207.

1.1.7 SCPU64 emulator features

The XSCPU64 emulator is a simulation of a C64 equipped with a SuperCPU64 V2B. Fea-
tures:

e 20 MHz asynchronous single cycle 65816 CPU core with proper dummy and invalid
cycle handling.

e 128 KiB static RAM, 0-16 MiB SIMM RAM, 64-512 KiB EPROM emulated and their
respective timing details.

e All RAM optimization configurations supported with write buffer.

e 1/0O area access delays, write through to SRAM implemented.

e Memory mappings including cartridge and boot memory map and kernal shadow.

e Hardware registers and switches implemented.

e Replacement SCPU64 ROM compatible with the original to avoid distribution problems

e It’s using the single cycle VICII core for accurate simulation

Still to do:
e Measure and verify VICII interrupt phase shift
e Measure and verify BA phase shift
e SIMM RAM extra 7.5 cycle refresh delay every 10us missing.
e CPU NMI support for “reset” button

The emulation is quite accurate but not perfect. If you code something timing intensive
using this simulation please always check it on real hardware to avoid bad surprises.

The hardware itself is asynchronous in nature, therefore caution must be taken to not do
long timing loops without synchronization in 20 MHz mode. Also don’t squeeze out the last
remaining cycles without leaving a safety buffer. Synchronization points can be created by
doing I/0O reads or writes and leaving a few hundred cycles left each frame will not hurt.

Otherwise it can happen that the code is running on this version of VICE or my SCPU64
V2+C128D perfectly but nowhere else due to manufacturing variations and frequency drifts.

1.2 The keyboard emulation

There are two fundamentally different ways of emulating the keyboard in VICE, both of
which have their individual shortcomings and strengths:

Symbolic Mapping

The default way (symbolic mapping) is to map every key - as far as possible - in a way that
inside the emulation the symbol that is printed on the host key is produced. For example,
if you press *, which is bound to Shift-8 on a U.S. keyboard, in the C64 emulator, the
emulated machine will have just the unshifted * key pressed (as * is unshifted on the C64
keyboard). Likewise, pressing > on the same U.S. keyboard without any shift key will cause
the combination Shift-7 to be pressed in the emulated C64. This way, it becomes quite
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obvious what keys should be typed to obtain all the symbols. The key printed on the host
keyboard will be pressed in the emulator. (A not so obvious exception to this rule are
keypads attached to the joystick port - since various different devices with different layouts
exist, these are always mapped "positional".)

Note that while these mappings will allow easier typing if you are used to your host keymap,
it might cause various problems in the emulation and not all emulated keys are accessible.
If you encounter such problems, try the positional mapping.

e Some keys really need to be mapped specially regardless (those that do not exist on a
PC keyboard). Some examples are the Commodore key, RUN/STOP, Clear/Home. The
exact mapping depends on your host layout, but should follow mostly the layouts shown
below. If in doubt, you can read the keyboard mapping files.

e the emulator has to "de-shift" (remove the shift modifier) from some keys. For exam-
ple, if you want to get a ":" on a german keyboard, you have to press "." and shift
simulaneously. Then, the emulator sees the events "shift pressed" and ":" pressed. At
the moment you have pressed shift, the emulator does not know what key you are using
next (or even if you are actually going to use another key before releasing shift again),
so it has to deliver this state to the keyboard matrix. If you press ".", then shift, to
achive a ":", the emulator has to take back the shift key although it is still pressed, as
the ":" is an unshifted key in the c64/c128 keyboard matrix.

e A similar problem exists when you press a key that is unshifted on the host keyboard,
and the emulator must "shift" (add the shift modifier) for the emulated keyboard. For
example on a US keyboard the brackets ([,]) are such a case. Unlike what would happen
on the real C64 when typing, VICE “presses” the Shift key together with the key to
shift when the Shift must be forced. In most cases this should work fine, but some
keyboard routines are quite picky (eg x128 in CP/M mode) and tend not to recognize
the shift key because of this. For instance, F6 (which on the real C64 is obtained with
Shift + F5) could be recognized as F5. In that case, use the shift key manually (i.e.,
type Shift + F5 in the example).

Yes, we know this is a bug. Unfortunately it is less than trivial to fix 100%. If you encounter
any problems, please use a positional keymap as a workaround - that should always work
as expected.

PROs:
e Mostly intuitive typing if your muscle memory is conditioned strong to your host key-
board.
CONs:
e Does not preserve the position of the keys.
e Due to how the key mapping may add or remove the SHIFT flag from individual keys,
strange side effects may occur (see above).
e SHIFT/LOCK is added to the emulated keys - which may give unexpected results
depending on your host OS and keymap (It is really emulating the SHIFT-LOCK key
and not working as a CAPS-LOCK like in your host OS anymore).

Positional Mapping

For the positional mappings first all keys are mapped at their exact positions, as far as
possible, and then the remaining few (usually 2 or 3) will be mapped to other, yet unused,
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keys. This is the recommended mapping for playing games or other programs that require
keys+modifiers (shift/control/cbm) to work exactly like on the emulated machine. This
way the keyboard is more comfortable to use in those programs (such as some games) that
require the keys to be in the correct positions. On the other hand it can be quite confusing
if you are not very familiar with the original emulated keyboards. Also not all keys can
be mapped exactly this way either, which means some of them still need to be mapped to
other keys (see further down).

One perhaps not so obvious exception to the above is the mapping of the cursor-up (mapped
to arrow-up) and cursor-left (mapped to arrow-left) keys. These are still mapped "symbolic"
- which means the virtual shift might lead to odd unexpected behaviour. Because of this, if
you require the shift keys to work exactly like on the real hardware, please use shift+arrow-
down and shift+arrow-right - just like you would do on the real thing.

Like with symbolic mapping, some keys really need to be mapped specially regardless (eg
RUN/STOP). The exact mapping depends on your host layout, but should follow mostly the
layouts shown below. If in doubt, you can read the keyboard mapping files.

PROs:

e Mostly intuitive typing if your muscle memory is conditioned strong to your (eg) C64
keyboard.

e Does preserve the position of (most of) the keys.
e Natural SHIFT and SHIFT/LOCK behaviour

CONs:
e Weird to use if you are not familiar with the emulated (eg) C64 keyboard.

Notes

We depend a lot on your support to improve the keyboard maps, as we can not test all
emulators in all possible configurations and using all host keyboard mappings. Please report
any problems to us so we can fix them!

If you experience problems with ’accent’ keys such as acute, grave, tilde, circumflex, diaresis
(and possibly more/other, depending on your host keyboard layout) try switching to a "no
deadkeys" layout in your OS. Note that currently SDL requires using a "no deadkeys"
keyboard layout! In any case, please also report these problems so we can fix them!

For more information on making your own keymaps (or helping to fix/update the existing
ones), see see Section 3.2 [Keymap files|, page 32.

1.2.1 C64 & VIC20 Keyboard Map

! D # 5 % & ( + B £ cltR [ INsT F1
‘ - |lBLK 2WHT | 3RED | 4cYN | 5PUR | 6GRN | 7 BLU | 8 YEL ch\aﬁ og\éﬁ ﬂmlﬂl]] 73] 4] HOMEHIDEL F2

ctrl |8 w £ R T M v ! o P @ . ! RESTORE P
(R |HIO | AHE || O | OO0 | M4 | b | =0 DO O NS Fa4

§0p EHEd ] A S b F G H J K L [ ! = RETURN F
(M@ (AW WA | = | OO0 O | OM | DF ] - : F6

CBM || SHIFT z X C v B N M < > ? SE crsr | crsr F
208 Rl Bl ™1 A AU 7 O N O . / U = Fe

‘ SPACE ’
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This mapping applies to the C64, SCPU, VIC20 and DTV emulators.

1.2.1.1 Symbolic (US)

RUN
STOP

F1 F2 F3 F4
F2 F4
! @ # $ %

F5
F6
&

T
@

j
)

... ) EED

; rvs | ' Rus DEL HOME | restone
18k | 2wHT | arep [ acvn [ spur | 6ern | 7 BLu | 8 vEL | 9 on | o OFF | - =
CBM Q W E R T v u 0 P [ 1 £ DEL n Joy 1 1 Joy
[FW |(HO | BT AL (OO0 | O | Bd | =wbl | =0 | S0 2] ] . ([ el uy Ml gk
SHIET A s D F G H J K L : RETURN = 2
E (@ |LE | U= | 00| D00 | DF | O0 ) Isft right
SHIFT z x c v B N M < > 2 SHIFT 0 oy || oy (I1 oy |[IFire 3
M| FE | | x| SO O3 | ON| / left [ right
CTRL ’ ’ ’ ‘ ] T Fire Fire 2
SPACE crsk | crsr
1.2.1.2 Positional (US)
CL - L]
STOP nearang
F2 Fa F6 r8
= ‘ ' F : ® & ‘ : ) rusl]| rus || . DE" INST | B | resrore
1 8Lk | 2wHT | 3ReD | acyn | sPur | scrRy | 7BLU | B YEL]| 9 on | oorF | ERHR | E1D
CTRL Q W E R T v u I 0 3 @ * 1 DEL | & - oy ([0 Joy
B (A | R[5 | HE | OO |00 | [ | b | =0 S0 00| M-« P iei uy I gk
SHIET A s D F G H J K L [ 1 RETURN = =
(W (™| WE | = | O | D0 | 00 | 0F |0 : et right
SHIFT z X c v B N M < > ? SHIFT T o [ oy I oy Tf1Fire 3
M| FE | (S | x| S| A ON / Teft [ right
il | D
SPACE orsh | crsm
1.2.1.3 Symbolic (DE)
CL e L]
sTOP e—
F2 Fa F6 r8
E O $ % / INST | CLR
HOME RESTORE
2wHT | 3RED | 4CYN
CBM Q @|w E R T z u I 0 P @ * /| ReTRN| [ DEL Joy ([ Joy
[Hw | HIO] | SO | | O | M® | Fld | mib] | =0 0O O]+ - iekt uy I gk
SHES A s D F G H J K L [ ] : - =
(A% | AW | WE | = | D00 D00 | 0S| 0P O - : # et right
SHFT [ > £y X S v B N M O SHIFT B oy || Jox I1 o |[IFire 3
< (o [ ) el e ol ™ T AL 7 O ) 8 - left I right
CTRL ’ ’ ‘ ’ ] f Fire Fire 2
SPACE CRSR | CRSR
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1.2.1.4 Positional (DE)

RUN F1 F2 F3 F4 F5 6 F7 F8
sTOP [eem—
F2 Fa F6 F8

)
@

- ‘ ' i s * & ‘ d ) rvsl]| rus BET LR i) —
1 8LK | 2wHT | 3ReD | acyn | spur | 6GRu | 7 BLU [ 8 vEL | o ON | 0 OFF EE EI]] }
CTRL Q w E R T Y U I o P 3 RETURN | | DEL | 1 Joy f @ Joy
[ | Ael | 5 | mE OO0 (mE | =k (=0 =0 EII:I h [=] n ek || up [ dghe
SHIET A s D F G H J K L [ ] 5 & =
(A | AW | 5| ]S | D00 OO0 0S| OP | O - et right
SHIFT || £ z X c v B N M < > ] SHIFT v gor | doy [ dov [ Fire 3
kel P | TS0 | P | | T | | DA | AN / left v ||| right
CBM I I ‘ I ] . Fire Fire 2
SPACE CR“SR CRSR

1.2.2 C128 Keyboard Map

CAPS Lne | soeo ([ No F1 F3 F5 F7
ESC TAB ALT lock HELP || feed Display | Scroll T U = =
F2 F4 Fis F8
I ) F § » & ‘ d D rvs | rs | . E fione | BET 7 ] ]
A
= 18wk 2wrr | 3ren | acyn | spur|| sern | 7eLu | 8 vEL | o onl| oorF | EREE | B0 | B P
ol |2 = - R T M v ! 0 i @ . ! RESTORE 4 5 ]
(BE® | O (AHE | AL | OO (A0 M | b | & D0 OO NS
&0 EoEd| A S D F G H J K L [ ! = RETURN 1 2 3
@ || &EE | 8| DD 0Om | OM |0 a ‘
Enter
CBM || SHIFT Z X Cc v B N M < > ? SHIFT T ==
crsr | crsr 0
(S| FE | (S M | S N / u =
SPACE

This mapping applies to the C128 emulator. It is for a large part identical with the respective
C64 mapping, plus the added function- and extra keys.

Note that to use the numpad, you will have to disable the "allow keyset joysticks" setting.

1.2.2.1 Symbolic (US)

RUN F1 F2 F3 F4 5 F7
STOP CAPS CAPS
F2 Fa F6 Fi

)
@
o

= ! @ # 5 % 1 & g ( I:I + ST \NST| | 400 | MO
RVS RVS EL HOME | restore ECTN JE=C -
1 BLK/| 2WHT | 3RED /| 4CYN | 5PUR | 6GRN | 7 BLU | 8 YEL | 9 ON/| 0 OFF B
CBM Q w E R T Y u \ 0 P £ DeL | HEP | LiNE) f . .
[Hw | /O | BSE|HE OO (OO | Bd | b =0 O ] 7] 4]
o
SHIET A s D F G H J K L : RETURN . . .
(A | AW | {5 | wl= | D00 | OO0 | 06 |09 Ol : ’
SHIFT z X E v B N M < > ? SHIFT T . . 5 || Enter
(4 | EEA | T | 0 RO | C1eA | AN : /
SPACE CRSR CRSR 0 .
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1.2.2.2 Positional (US)

RUN F1 S =R = Heee [ une | aors0 | no
STOP Feed Display Scroll ESC TAB ALT CAPS CAPS
rz| Fa| e r8
" # $ o & '

= ‘ ¢ ) rusi| rus!| i %VESLT L SERME ResTORE +
1 8Lk | 2wHT | 3ReD | acyn | sPur | 6GrRy | 7 BLu | 8 veL | o on | corF | EEER | &1
CTRL Q w E R T ¥ u I [¢] P @ * 1 DEL | £ _ ; . .
(0 =1C N L= 0 e = 0 0B =10 ™= o ) Y . V=0 ]
EE‘EFIJ A S D F G H J K L [ 1 RETURN n . .
(W (™| WE | = | O | D0 | 00 | 0F |0 7
SHIFT z X c v B N M < > 2 SHIFT T o a a Enter
M| FE | (S | x| S| A ON . /

=] | | [ LI ”

SPACE CRSR | CRSR :

1.2.2.3 Symbolic (DE)

)

RUN F1 F2 F3 Fa 5 3 F7 F8
STOP ESC TAB ALT CAPS CAPS
F2 Fa F6 r8
E 4 § % & /

n ! [ (T | (e 13 INS T INST | CLR ] 400 | MO
RV s DEL HOME | restore mspLay | | scrol -
il 1 BLK/| 2WHT | 3RED /| 4CYN|| 5PUR|| 6GRN | 7 BLU | 8 YEL | 9 ON | O OFF | ~ BE
CBM Q @|w |[[E R T z u ! 0 P @ |[+ -|[ remrn] [oer | rere | une S . .
W |0 | BE | EL OO0 | B®| B4 | =] | =00 | O
-
SHIET A s D F G H J K L [ 1 ‘ R 5 5
(A | ™| W5 | S| OO | O | 08 (0P| 0] : 4
stiFT [ > e X c v B N M ; : O | swFr r ) ) N B
< om0 A A ] ™ T (P T (oY O . :
il ([
SPACE CRSR | CRSR 0 ‘

1.2.2.4 Positional (DE)

RUN F1 S I I HeLr [ une [ aors0 [ no
STOP Feed Display Scroll ESC TAB ALT CAPS CAPS
rz| Fa| e r8
3 O 5 % & d

- ‘ g D rus!| rus | . BE" INST | E6e | eesrone +
1 8Lk | 2wHT | 3Rep | acyn | spur | 6GrRy | 7 BLu | 8 veL | o on | corF | EEHR | &1
CTRL Q w E R T Y U | o) P @ * RETURN DEL 1 o 9 3
[Hw | HIO] | SO | | O | O | Bl | mib] | =0 O O N n
SHIET A s D F G H J K L I 1 = 4 5 6
(A% | AW | WE | = | D00 | D00 | 0S| 0P O - :
SHIFT £ z X c v B N M < > 2 SHIFT T 1 0 3 Enter
kel P | (Y | FIEE | (S | M| B | A | LI /

=1 | D O I 52 =2

SPACE CRSR | CRSR ,
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1.2.3 C16 & Plus4 Keyboard Map

[ F1 F:l] [ F2 e ] [ F3 | [rEe ]
ESC ! ' * ’ * & I : }RVS "rus| . - r%nﬁe '[r)\lESLT
1 BLK | l2wHT|| 3rED || 4cyn|| sPur | serRn | 7BLU | 8 yEL | 9 onl| oorF | ERER| BIM | n
L Q w E R T Y u | 0] P @ £ = L
1 2C 208 L= IAC=20H < = P2 ™ ) o o ) B [=
8506 PoeK | 2 S D F G H J K L [ ] RETURN
MH || WE | = 0D Om O 08 O : ; R
CBM | SHIFT z X E % B N M < > 2 SHIFT T
M| HE|ME | R & O ON [ = = ]
SPACE U

This mapping applies to the Plus4 emulator

1.2.3.1 Symbolic (US)

RUN F1 rz [r3 [ra F5 6 [r7 [HELP
STOP ESC
Fal Fs| Fe F7
@ # $ % &

T

[»—y‘—y—m—r—y—y*—y(—y)—ym—r—yﬁ INST | LR ]
. RVS RVS DEL HOME ESC
1BLK | 2WHT | 3RED | 4CYN | SPUR | 6GRN | 7 BLU | 8 YEL | 9 ON | 0 OFF | - =
CBM Q w E R T Y U I [¢] P [ 1 £ DEL n Joy |[1 1 Joy
W | He | BE|EE | O0(CO |2 | =k | =020 =) 4} i e ||y | ghe
SHIET A s D F G H J K L . RETURN = =
(A |AI™ | WS | wI= | O | O | O | 0P| Q| et right
SHIFT z X c v B N M < > 2 SHIFT 1 Joy [ oy I oy [ Fire 3
5 el ™ [ O 07§ s : / Isit i || ight
SPACE CR“'SFE CRSR

1.2.3.2 Positional (US)

RUN F1 Fz [r3 [Fa F5 6 [F7 || HELP
STOP
F4 F6 F1
: 4 5 % & d

)

ESC ‘ g D rus || Trvs || . BT - HovE
1 8Lk | 2wHT | 3Rep | acyn | spur | 6GrRy | 7 BLu | 8 veL | o on | corF | EEHR | &1 e
CTRL Q w E R T Y U | o) P @ £ d * Juoy Jll Juoy
[Hw | HIO] | SO | | O | O | Fld | mib] | =0 DO OO | B N M= Ie uy I nch:
EE“CFQ A S D F G H J K L [ 1 RETURN J= J=
(A% | AW | WE | = | D00 | D00 | 0S| 0P O - ; Istt right
SHIFT z X c v B N M < > ? SHIFT fr E!JW E!JW GJW Fire 3
() Ll B ol ™ T AL 7 N ) 8 / el i A7
CBM ‘ ’ ’ ‘ ’ ‘ ] . f Fire Fire 2
SPACE CRSR | CRSR
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1.2.3.3 Symbolic (DE)

HELP
STOP
F7

NST | Beve | esc
CBM Q @[w |[E R T z u ! ) P @ |[* RETURN | [ DEL 3 N B
(Hw [HIO (A | e | O MO | b | =0 S0 DA+ - Ie el ||
SHIET A s D F G H J K L [ 1 ‘ E E
(A | AW | WE | k]S DD O OF | Ol ; # et righ
SHIFT |[> £ X C v B N Mo SHIFT T uo% Lo |7 2oy f|Fie 3
< O | P | (Y| e | M| LA | AN - I Tight
CTRL ’ ’ ‘ ’ ] Fire Fire 2
SPACE CRSR CRSR
1.2.3.4 Positional (DE)
sTop
F4 F6
ESC ¢ ) RVS RVS H)\JLT = ﬁlﬁ)’:le\‘\E
1 BLK | 2wHT | 3RED [ 4cyn | 5PUR | 6GRN | 7 BLU |8 YEL | 9 ON | 0 OFF EE EI]]
CTRL Q W ||E R T % U ! RETURN| [ * o [ [ oo
(=1 T == Y R 1 M= 10 EE DEI EII:I Qﬂ N= it || u | dghe
SHET A s D F G H J K L [ 1 . E B
(A (™ | &8 | o= | DD | DO | 06 | 0P| Q)| - : b |=] et rght
SHIFT || = z X C v B N M < > 2 SHIFT " donn H soen M) omer JA7e 3
n~ |MEE|FE| S| NN | RO O | ON | . ! left U | gt
CBM ’ ’ ’ ] . Fire Fire 2
SPACE CR“SR CRSR
1.2.4 PET Graphics Keyboard Map
The PET2001 uses the original graphics keyboard made from "chiclet" keys:
! * ’ * “ ! : : = ﬁg?\-‘lE CR"SR CI;SR |I:|l)\|ES|_T
L el O | L | 27| El Ee) F | ! =
Q w E R T Y (] | (0] P 1 7 8 9 !
w) e 8| &) O ) 4] &Aif O O m 5 = =i O
A S D F G H J K L 4 b i3 *
Hl Hf DO m)p ™~ = g 39 O U ol O
Return
z X C v B ] M . ? 1 2 3 +
| = =] W D W N M ] N == = Bl [E
SHIFRRSE 1@ T seace || |7 | Stoe | SHFT(1° =
== H [ | [l (el Rl L] =l
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The 3032 and 4032 use "real" graphics keyboard, which is based on the same keyboard
matrix and looks like this:

@ : " # J % I & L ( ) [ ] Sbﬁv‘! E CRﬂSR C R:S R E‘IESL-r
= [ 1 =] O O O | =] £l kel b | H M I -

ggg Q W E R T Y u | o] P 1 < = T 8 9 !
m| @ 5 = o] o] @ = O Al o« = = 5 = @ O

Eglgg A s D F G H J K L : E_lrJSlp o 4 5 i *
Hl =l m| m| ® =] ol g o ol ol O

SHIFT Z X C v B N M ? SHIFT 1 A 3 +
# Bl ® m] @ §| G| = = Bl 85| @] E

0 =
‘ SPACE = &l g E

For practical reasons, there is no extra keymap for the chiclet keyboard - any attempt to
somehow reproduce that would end up too similar to what we are using now for the graphics
keyboard anyway:

1.2.4.1 Symbolic (US)

ENENEEENEEEEEEE

T O 3 T e e ) e
W @ H| Q| O O [ &Il O] 3O H| M Bl N|n B = =
Lotk a s D F G H ’ K t Cd) - RETURN N § ¢
= My Onf Np A D) &l O [ [ a| EH
SHIFT X c v B N < > M| > /g sHrT
™

I SPACE

1.2.4.2 Positional (US)

EEED E
5TOP
@ " # § % ! &

ggg Q W E R T Y ] | 0 P 1 S B DEL * 7 8 9 +
W @ 5| A O O @[ &I O] O n|l ™ ol L=} | 5 8 4
Egg(r & s o e F G H ! K - . E_lchr’\l P Return { ¢ ’ s
Bl = My oy N Fp O @ O o o) [H

SHIFT z X C v B N M
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1.2.4.3 Symbolic (DE)

EEED L) G

™ d E u # D 5 D % D & E ! D { Q ) ﬂ = E E INST INST ﬁIE)FIe\AE ! * -
i 15253@4E5E5|]7E|8[E|9]EI0|3k\l! o) a L]
RYS Q @fw E R T Y U ! ) P @ O rewmn | [oRe | 7 8 B 5
W @ 85| G| O O [ & B} af g|«.m® N 5| = @
SHIET A s D F G H J K L [ 1 o & 5 d
B My o Mf A QO | )= O O o o] @
sHFT [> m|z X c v B N M S Ol - SHIFT @ L 2 3 By
<M H| ®| M| A N| @] &) ™ B = @
0 .
I e I 0 2 = e

1.2.4.4 Positional (DE)

SNSN EEEN EEEN

INST R | 1 | = |msT
el o crsh | crsk | DEL
RvS Q w E R T ¥ u I 0 P 1 < DEL * 7 8 9 5
w| @O 8| &) DO Of [ &) B O wl [ . L=} | 5 5 =i
eturn
SHIET A s D F G H J K L : run I 5 5
Bl = ) mp Nf Ff QO J E] U [u a| [H
SHIFT z X c v B N M , : > SHIFT T 2 3 =
L] Hl X ] A N| W] k| HE = 1
[ I SPACE I ‘ I ] . CRSR ’ o H

1.2.5 PET Business Keyboard Map

This Layout is used for the "big" PET models, like the 8032. The matrix is not compatible
to the graphics keyboard:

! ¥ $ % & ( ) . = = [ run 7 8 9
- 1 || crsr|| sToP
1 2 3 4 5 6 7 8 9 0 =
.. Q w E R T Y U I 0 P [ \ crer [ BT 4 5 6
L] @ B [ I 1 (A Al m| a 1
ESC ESICFKF 2 3 B 3 & o d A L M @ ] Return ! z !
= =] 11 1l ™ | O
RvS [ sHIFT z X C \Y B N M < > 2 SHIFT Repeat |[jcLR 0
L] = ) 21 m il N ; /
SPACE
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1.2.5.1 Symbolic (US)

RUN RVS T
sToP Esc | oFF
- | @ & 5 % f & - ( C B INST nsT [ cir | Rvs ] « 5
, DEL HOME | OFF
1 2 3 4 5 5 7 ] 9 0 s =

e Q w E R T ¥ u I [¢] P [ 1 \ DEL gt B 9 +
W @ F5) Q| O M) [ & O] O
SHIFT A s D F G H J K L RETURN 5 6
Bl = M oy Ny A O
SHIFT z SHIFT

[ 2 3 Enter

CRSR CRSR !

[
wd
m
<
b
=]
z
N
=
A

-

‘ I pace I I ‘

1.2.5.2 Positional (US)

RUN RVS
STOP ESC OFF

TAB Q i E R T M u ! e F ! ; pE PR Repeat ’ ’ ¥
W @ F5) QA O M) [ &1 O] O
ESH A S D F G H J K L + @ . 4 5 6
Bl = M o Ny P O
SHIFT Z X C v B N M < >

|
i

- o e

] —

1.2.5.3 Symbolic (DE)

RUN RVS
5TOP ESC OFF
i ] " # § % & ! ( ) = ? INST INST CLR RVS ! * s
DEL HOME | OFF
il 1 2 3 4 5 6 7 8[ 9] 0 ~\
7

=1 Q @|w E R T z u I o] P @ P Return DEL Repea) g 8 +
L] L] ] = 1] [ [d Bl ] [ | + o
LT A s D F G H J K L [ 1 ' 4 5 §
H =] myj mj ™y P | |} #
SHIFT || > Y

[ 1 2 3 Enter

0 .
CRSR CRSR

A
=
2]
m

<
b2
=
=
N
=
A
2
T

]
b3
(@]
m
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1.2.5.4 Positional (DE)

RUN RVS
STOP OFF

INST

%

T

16

Retumn

DEL

- [

toek G (GO (I (GG (N (CE (S (S (S | (I 5 [¢
Bl = M oy Ny A O
SHIFT E‘,’:’E z X C v B N M < > ? SHIFT u 2 3
Bl X M A Ny /
[ | smace I I ] :

1.2.6 CBM2 Keyboard Map
This Layout is used for all CBM2 machines:

Return

‘ | ‘ CLR off | norm | RUN
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 u 1 = - HOME | Rvs | GRaPH | STOP
= ! @ # 3 % * { + £ I\S.JESLT ? CE * !
1 Oz mf: Of4 Ofs Ofs Of7 Bifs allfo o G| ™M(=P]-™ ol = 9 O
— Q w E R T Y U | o] P [ ] CED 7 8 [
[ =] | [ [l 1 [d hl N a W | [l [ 1 i | N}
SHIET A s D F G H J K L n 4 5 6 +
i =10 Y 0 O 10 MO = A~ -3 ) =l = =H| [
SHIFT z X C \Y B N M < > ? SHIFT CBM 1 2 3
L] H H| My M|y Nj. A / H| RI| = .
nter
0
‘ CTRL | SPACE ‘ ‘ m @

1.2.6.1 Symbolic (US)

RUN
ESC F1 F2 F3 F4 F5 F6 Fr STOP

CLR RUN

. ‘ J & ' % L & * ! ) M BET HOME | sTOP f )
1I|ZEIEEI4EI5D6D7EIEEISEDI] ™=m o O
148 Q W E R T Y u | 0 P [ 1 £ CE S\F/g GNSAH;;I_{ 7 8 9 +
L] L] B = 1] i [d Bl O [ | [ | af- ™ [m O u |
SHIET A s D F G H J K L : E RETURN 5 6
Bl H W ) 8 Py X BT b = 1l H
SHIFT z X S v B N M < > ? SHIFT . 2 3
=] E=f = H| M mj Nj. Af. /O | = E
nter
CTRL SPACE CBM
=]
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1.2.6.2 Positional (US)

17

aaRpran j aRnaE EED
STOP F1 F2 F3 F4 F5 F& F RVS GRAPH
1 * ( + INST CLR fce [+« |/
=0 ml: @l: al: als ol: al- =2l: ol: = [ |] - |t — EI r = —D]
e @ W E R T ¥ U I o P i ] n ] £ + 7 8 :
m| @ 8| g Of mf [ s Of o Qf Qa 2 -M| E O O
SHET A s o F G H J K L = ReTURN ] [ a 5
Bl =] mj ) €] Py Ky Elf. kl =2 = a
SHIFT z X c v B N M < > B SHIFT 1 2
B 8| m| m| =f @ | ’ ' [ Cj - Erter
] | | Enr °
L]
1.2.6.3 Symbolic (DE)
F6 7

[

Enter

1.2.6.4 Positional (DE)

[ ‘ ’ B $ i & / C 0y - INST cr | Run ||

s Q @|wW E R T z u | o] P @ * CE E\EE S.Z’m 7 [
w B 8 &G O @ [4f &f O O + P _— Ol o

SHET A s D F G H J K L [ : a 5
Bl = M} Pl M| O #kd [ =Bl =

sHIFT || > Y X c v B N M : : SHIFT [1 2
< | =] B o 0 &Ny @AY EIj- ™ El &

CTRL ’ SPACE ’ ’

[I-1-1-] [ ] a0 EE
sTOP F1 F2 F3 F4 F5 F6& Fr RVS GRAPH
ESC L * ¢ * I‘)ELT SOME cE i
1 |2 W3 O O O Of7 Efs &) & I]I]:ﬂ m] = )
—_— Q W E R T Y U ] o P [ 1 w | £ + 7 8 -
W @ 5| & O ) [ & B} af Q) Q I -M| ® O O
EEIICFE A S D F G H J K L " m 4 5
Bl = M ) & ) =) Ej. k| B Bl =H a
SHIFT z X G v B N M < > [ SHIFT 1 1 2
H H| mj m| Nj. @Af. / B & ;
nter
I

CTRL ’ SPACE

CBM

1.3 The joystick emulation

Joysticks can be emulated both via the keyboard and via a real joystick connected to the

host machine.

There are two keyboard layouts for joystick use, known as numpad and custom.

The numpad layout uses the numeric keypad keys, i.e., the numbers 1. .

all the directions including the diagonal ones; 0 emulates the fire button.

.9 which emulate
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The custom layout is configurable to your liking.

For some of the emulators there can be extra joysticks besides the built-in joystick ports,
the following list provides the mappings for the currently supported joystick/joypad ports:

The internal joystick port 1 [x64/xscpu64/x64dtv/x128/xvic/xplusd/xcbm5x0] is mapped
to joystick device #1.

The internal joystick port 2 [x64/xscpu64/x64dtv/x128 /xplus4 /xcbmbx0] is mapped to joy-
stick device #2.

The CGA userport joystick adapter ports 1 and 2 (x64/xscpu64/x128/xvic/xpet/xcbm?2)
are mapped to extra joystick devices #1 & #2 respectively.

The PET userport joystick adapter ports 1 and 2 (x64/xscpu64/x128/xvic/xplus4/xpet /xcbm2)
are mapped to extra joystick devices #1 & #2 respectively.

The C64DTV HUMMER userport joystick adapter port (x64/xscpu64/x128/xvic/xplusd/xpet/xcbm?2)
is mapped to extra joystick device #1.

The OEM userport joystick adapter port (x64/xscpu64/x128/xvic/xplusd/xpet/xcbm?2) is
mapped to extra joystick device #1.

The HIT userport joystick adapter ports 1 & 2 (x64/xscpu64/x128) are mapped to extra
joystick devices #1 & #2 respectively.

The KingSoft userport joystick adapter ports 1 & 2 (x64/xscpu64/x128) are mapped to
extra joystick devices #1 & #2 respectively.

The StarByte userport joystick adapter ports 1 & 2 (x64/xscpu64/x128) are mapped to
extra joystick devices #1 & #2 respectively.

The Petscii userport SNES pad adapter port (x64/xscpu64/x128/xvic/xcbm2) is mapped
to extra joystick device #1.

The Superpad64 userport SNES pad adapter ports 1, 2, 3, 4, 5, 6, 7 & 8
(x64/xscpub4/x128 /xvic/xcbm?2) are mapped to extra joystick devices #1, #2, #3, #4,
#5, #6, #7 & #8 respectively.

The Inception joystick adapter ports 1, 2, 3, 4, 5, 6, 7 & 8 (x64 /x64sc /xscpu64 /x64dtv/x128 /xcbmbx0/xvic)
are mapped to extra joystick devices #1, #2, #3, #4, #5, #6, #7 & #8 respectively.

The MultiJoy joystick adapter ports 1, 2, 3,4, 5, 6, 7 & 8 (x64/x64sc/xscpub4/x64dtv /x128 /xcbm5x0)
are mapped to extra joystick devices #1, #2, #3, #4, #5, #6, #7 & #8 respectively.

The SpaceBalls joystick adapter ports 1, 2, 3, 4, 5, 6, 7 & 8 (x64/x64sc/xscpu64 /x64dtv/x128 /xcbmb5x0)
are mapped to extra joystick devices #1, #2, #3, #4, #5, #6, #7 & #8 respectively.

The Ninja SNES pad adapter ports 1, 2 & 3 (x64/x64sc/xscpu64/x64dtv/x128 /xcbmb5x0/xplusd)
are mapped to extra joystick devices #1, #2 & #3 respectively.

The Stupid Pet Tricks joystick adapter port (x64/x64sc/xscpu64/x128/xcbm2/xpet/xvic)
is mapped to port extra joystick device #3.

The ProtoPad SNES pad adapter port is mapped to the same port it is attached to.
The Trap-Them SNES pad adapter port is mapped to the same port it is attached to.
The MicroFlyte analog joystick is mapped to the same port it is attached to.

The SID cartridge joystick port (xplus4) is mapped to extra joystick device #9.
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1.4 The disk drive emulation

All the emulators support up to 4 external disk drives as devices 8, 9, 10 and 11. Each of
these devices can emulate virtual Commodore 1541, 1541-11, 1571, 1581, 2031, 2040, 3040,
4040, 1001, 8050, 8250, and D9090/60 drives in one of the following ways:

e using disk images, i.e., files that contain a dump of all the blocks contained in a real
floppy disk;

e accessing file system directories, thus giving you the use of files without having to copy
them to disk images; this also allows you to read and write files in the POO format.

e accessing a real device connected to the host machine. This works using the OpenCBM
library. You can get it from https://spiro.trikaliotis.net/opencbm. Make sure
to pick the right library (32 or 64bit) for your system.

e To use it in the emulators, go to the drive tab in the settings and choose either
"Virtual Device" or "IEC Device" and "Real Drive (OpenCBM)". Note that this
will not work with all emulators right now. Also note that using the real drives
like this provides only very limited compatibility in practise - it is recommended
to transfer the disks to images and use the images with an emulated drive in the
emulator.

e If you want to use OpenCBM with c1541:
e Use "openchbm" as filename (instead of the disk image name).

e With older linux drivers, that provide a device file, use that device file as
filename (eg /dev/cbm).

When using disk images there are two available types of drive emulation. One of them the
virtual drive emulation. It does not really emulate the serial line, but patches the kernal
ROM (with the so-called kernal traps) so that serial line operations can be emulated via
C language routines. This emulation is very fast, but only allows use of standard DOS
functions (and not even all of them). For real device access it is required to enable this type
of emulation.

The IEEEA488 drives (2031, 2040, 3040, 4040, 1001, 8050, 8250, and D9090/60) do not use
kernal traps. Instead the IEEE488 interface lines are monitored and the data is passed to
the drive emulation. To use them on the C64, you need to enable the IEEEA488 interface
emulation. Only if the IEEE488 emulation is enabled, those drives can be selected.

The other alternative is a true drive emulation. The Commodore disk drives are provided
with their own CPU (a 6502 as the VIC20 and the PETSs) and their own RAM and ROM.
So, in order to more closely emulate its features, a complete emulation of this hardware
must be provided and that is what the hardware level emulation does. When the hardware
level emulation is used, the kernal routines remain unpatched and the serial line is fully
emulated. The problem with this emulation is that it needs a lot of processing power,
mainly because the emulator has to emulate two CPUs instead of one.

The PETs do not use a serial IEC bus to communicate with the floppy drive but instead
use the parallel IEEE488 bus. This does byte by byte transfers, as opposed to the bit by bit
transfers of the C64 and VIC20, so making it feasible to emulate the parallel line completely
while emulating the drive at DOS level only. The IEEE488 line interpreter maps the drives
8-11 (as described above) to the IEEE488 disk units, and no kernal traps are needed. The
same emulation of the Commodore IEEE488 bus interface is available for the C64 and the


https://spiro.trikaliotis.net/opencbm
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VIC20. With IEEE488 drives you can have true 2031 emulation at unit #8, and still have
filesystem access at units #10 or #11, because monitoring the IEEE488 lines does not
interfere with the true drive emulation.

The IEEE488 disk units 2040, 3040, 4040, 8050 and 8250 are Dual Drive Floppy Disks.
This means that these devices handle two disks. The drives are numbered 0 and 1.

The Commodore 2040, 3040, 4040, 1001, 8050, 8250, and D9090/60 drives are so-called
"old-style" disk drives. Their architecture includes not one, but two processors of the 6502
type, namely a 6502 for the file handling and communication with the PET (IP), and a 6504
(which is a 6502 with reduced address space) for the drive handling (FDC). Both processors
communicate over a shared memory area. The IP writes commands to read/write blocks to
this area and the FDC executes them. To make the emulation feasible, the FDC processor is
not emulated cycle-exactly as a 6504, but simply by checking the commands and executing
them on the host. This provides a fast FDC emulation, but disallows the sending the FDC
processor commands to execute code. Applications where this is necessary are believed to
be rather seldom. Only the format command uses this feature, but this is checked for.

The dual disk drive 2040 emulates one of the very first CBM disk drives. This drive has
DOS version 1. DOS1 uses an own disk type, that is closely related to the 1541 disk image.
Only on tracks 18-24 DOS1 disks have a sector more than 1541 disks. DOS1 disk images
have the extension .d67.

The dual disk drives 3040 and 4040 use the same logical disk format as the VC1541 and
the 2031. In fact, the 4040 was the first disk with DOS version 2. The 3040 emulated here
originally was the same as 2040, only for the european 30xx PET series. As many of the
original DOS1 disk drives were upgraded (a simple ROM upgrade!) to DOS2, I use the 3040
number for a DOS 2.0 disk drive, and 4040 for a revised DOS 2 disk drive. It is, however,
not yet clear whether the disks here are write compatible to the 1541, as rumors exist that
the write gap between sectors is different. But read compatible they are. As VICE emulates
the FDC processor in C and not as 6504 emulation, this does not matter in VICE.

The drives 1001, 8050 and 8250 do actually have the very same DOS ROM. Only the code
in the FDC is different, which is taken care of by VICE. So for all three of those disk drives,
only dos1001 is needed. The DOS version used is 2.7.

The D9090/60 is the only Commodore branded hard drive produced for the PET series
computers, and were often used by C64 and C128 users for their significant storage capacity
(29162/19441 free blocks). Just like the other IEEE drives before it, it uses a separate CPU
as the FDC which in turn communicates with the SASI-to-ST506 bridge (which is controlled
by an AM2910). The hardware design is very similar to the 8050/8250 drive.

Creative Micro Designs (CMD) produced the last drives for the Commodore 8-bit systems.
They first released the hard drive (HD) line, and later the floppy drive (FD) line. The CMD
HD series can support up to 4 GiB HDs with 255 separate partitions, while the CMD FD
series can support up to 3.3 MB extended density floppy disks with 31 separate partitions.
The FD series are also backwards compatible with 1581 media. The DOS for the FD series
is stored on a ROM (dos2000 and dos4000, the latest versions being 1.40).

The CMD HD uses a small boot ROM (dosCMDHD, the latest version is 2.80) which loads
the primary DOS (latest is 1.92) off the HD itself. This allows for easy upgrades and
expandability. This is also the only drive to use the front panel buttons to control the
mode of the drive on reset. There are three modes of operation: normal, configuration,
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and installation. VICE supports placing the drive in either of these modes through the
"Reset" sub-menu on the status bar for the GTK3 interface, and the "Reset" menu in the
SDL interface. When creating a new DHD image, simply create an EMPTY file and VICE
will automatically place the drive in installation mode. The DOS will detect the drive as
the size specified by "Drive#FixedSize" (or "-drive#tfixedsize") which is 8GB by default.
To use a specific sized disk, set this value to the maximum size, or set this value to "0"
and set the image file on disk to the desired size (it should be a multiple of 512 bytes).
Once the DOS is installed, the CMD "hd-tools" program can be used to configure various
settings and partition the drive; this is done in configuration mode for safety. When in
either configuration or installation mode, the device number is set to 30. Therefore, it
is not suggested to place two or more CMD HDs in either of these modes on the same
bus at the same time. When migrating from real CMD hardware, use any HDD imaging
software ("dd" or GNU "ddrescue" on Linux) to copy the raw contents of a device to a
file. The destination file should have a "DHD" extension. For those users with multiple
disks, SCSI ID 0, LUN 0 should have the extension "DHD", but any other drives should
have ".S<ID><LUN>" where <ID> is the SCSI ID and <LUN> is the LUN or logical unit.
Place all the files in the same folder when attaching to the "DHD™" file. The other files
will automatically be scanned for and connected as well. The CMD HD boot ROM is used
for partition management, and ALL versions have a known bug which corrupts data when
deleting paritions across multiple SCSI drives. To avoid this scenario, it is highly suggested
that another full DHD image be created in VICE (on another unit) and all the files be
copied over from multi-disk configurations, using CMD "fcopy" for example, to the new
unit. This will allow the user to take advantage of all the CMD HD features without the
potential for data loss.

1.5 Supported file formats

VICE supports the most popular Commodore file formats:
e X64 or D64 disk image files; Used by the 1541, 2031, 3040, 4040 drives.
e G64 GCR-encoded 1541 disk image files
e P64 lowlevel NRZI flux pulse disk image files
e D67 CBM2040 (DOS1) disk image format
e D71 VC1571 disk image format
e D81 V(1581 disk image format
e D80 CBMS050 disk image format
e D82 CBMS8250/1001 disk image format
e D90 CBM D9090/60 disk image format
e D1M FD2000/FD4000 DD disk image format
e D2M FD2000/FD4000 HD disk image format
e D4M FD4000 ED disk image format
e DHD CMD HD disk image format
e T64 tape container files (read-only)

e TAP lowlevel tape image files

e P00 program files
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e CRT C64 cartridge image files
e TCRT tapecart image files

A utility (c1541, see Chapter 14 [c1541], page 278) is provided to allow transfers and
conversions between these formats.

Notice that the use of the X64 file format is deprecated now.
You can convert an X64 file back into a D64 file with the UNIX dd command:
dd bs=64 skip=1 if=IMAGE.X64 of=IMAGE.D64

See Chapter 17 [File formats], page 292. for a technical description of the supported file
formats.

1.6 Common problems

This section tries to describe the most common known problems with VICE, and how to
resolve them.

1.6.1 Sound problems

VICE should compile and run without major problems on many systems, but there are
some known issues related to the sound driver.

If you are having sound problems, such as skipping, first monitor how much CPU time the
respective emulator is taking on your system. To run smoothly, on a modern system, it
should really never go over 50% or so, except for very short peaks that should also stay well
beyond 90%. If you see it takes more, try disabling some of the most CPU intense features
(disable CRT emulation, use fastsid instead of reSID, disable true drive emulation).

If the CPU usage is ok, try using a different sound driver. You may also try increasing the
sound buffer size (although the default should be ok for modern systems).

All platforms that can run the SDL port (like Amiga, BeOS, etc) should be able to play
sound via SDL.

1.6.2 Video problems

If you don’t get video output, the problem may be that your system has no suitable Open-
GL driver - which is strictly required for the GTK3 port. Have a look at the logfile to see
if this is the problem.

1.6.3 Printer problems

VICE supports the emulation of a printer either on the userport or as IEC device 4-7.
Unfortunately the Commodore IEC routines do not send all commands to the IEC bus. For
example an OPEN 1,4 is not seen on the IEC bus. Also a CLOSE 1 after that is not seen.
VICE can see from printing that there was an OPEN, but it cannot see when the close was.
Also a "finish print job" cannot be seen on the userport device. To flush the printer buffer
(write to print.dump or to the printer) you can manually trigger a form feed in the printer
settings.

1.6.4 PET keyboard problems

If you find that the German keyboard mapping (plus German charset) does not print up-
percase umlauts, then you are right. The umlauts replace the [,\\ and | characters in the
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charset. The keys that make these characters do not have a different entry in the PET
editor ROM tables when shifted. Thus it is not possible to get the uppercase umlauts in
the editor. Nevertheless other programs are reported to change the keyboard mapping table
and thus allow the use of the shifted (uppercase) umlauts.

Anyway, the VICE keyboard mappings are far from being perfect and we are open to any
suggestions.



24

2 Invoking the emulators

The names of the available emulators are:

e vsid, the SID player

e x64, the fast C64 emulator

e x64sc, the accurate C64 emulator

e x64dtv, the C64DTV emulator

e x128, the C128 emulator

e xvic, the VIC20 emulator

e xpet, the PET emulator

e xplus4, the PLUS4 emulator

e xcbm2, the CBM-II emulator (CRTC models)

e xcbmb5x0, the CBM-II emulator (VIC-II models)

e xscpu64, the SCPU64 emulator
You can run each of them by simply typing the name from a shell or by configuring your
window manager for example to use them to open disk images.

If you want to look at the log output run them from a terminal window such as xterm or
rxvt. For example, you could do

xterm -e x64sc

2.1 Command-line options used during initialization

There are several options you can specify on the command line. Some of them are used to
specify emulation settings and will be described in detail later (see Chapter 6 [Settings and
resources|, page 55, for a complete list). The remaining options are used only to give usage
information or to initialize the emulator in some way:

-help
-7 List all the available command-line options and their meaning.

-version Show the program name and version.

-features
List all compile time features

-default Set default resources (see Chapter 6 [Settings and resources|, page 55). This
will override all the settings specified before, but not the settings specified
afterwards on the command line.

-config <filename>
Specify config file (see see Chapter 6 [Settings and resources|, page 55).

—addconfig <filename>
Specify extra config file for loading additional resources. This can be used to
add "patch sets" for various configurations. This file uses the same format as
the regular config file (see see Chapter 6 [Settings and resources|, page 55).
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—dumpconfig <filename>
Write the complete config into file. Normally only resources that have been
changed from their default value would be written to the config file, however
with this option you can see all resources and their current values.

-settings-node <path>
Activate settings dialog at node <path> after starting the emulator (Gtk3 only).
Meant for use during development, the <path> is string pointing to a node in
the settings tree (see src/arch/gtk3/uisettings.c).

-logfile <name>
Specify log file name (LogFileName).

-logtofile
+logtofile
Enable/disable logging to the log file. (LogToFile=1, LogToFile=0).

-logtostdout
+logtostdout
Enable/disable logging to stdout. (LogToStdout=1, LogToStdout=0).

-logtomonitor
+logtomonitor
Enable/disable logging to the monitor. (LogToMonitor=1, LogToMonitor=0).

-logcolorize
+logcolorize
Enable/disable colorizing the log output. (LogColorize=1, LogColorize=0).

-verbose Enable verbose log output. (LogLimit).
-silent  Disable all log output (except errors). (LogLimit).

-loglimit <level>
Set log level. (LogLimit).

-no-redirect-streams
Disable stream redirection on Windows. Stream redirection is used on Windows
to reconnect stdin, stdout and stderr to VICE, so options like -help work as one
would expect on a sane OS. Stream redirection is disabled when running from
an msys2 shell, or when VICE is compiled with —enable-debug.

-seed <value>
Set the random seed (for debugging).

-keybuf <string>
Put the specified string into the keyboard buffer. Note that you can specify
specific keycodes by using C-style escaped hexcodes ("\x0a").

-console Console mode (for music playback, or for running the emulator test programs)

-limitcycles <cycles>
Automatically exit the emulator after a given number of cycles.

—-chdir <directory>
Change the working directory.
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—autostart <name>
Autostart <name> (see Section 2.2 [Command-line autostart], page 27).

—autoload <name>
Attach and autoload tape/disk image <name>

-1 <Name> Attach <Name> as a tape image file.

-2 <Name> Attach <Name> as a tape image file for datasette #2 (PET)

-8 <Name>

-9 <Name>

-10 <Name>

-11 <Name>
Attach <Name> as a disk image to device 8, 9, 10 or 11.

-8d1 <Name>

-9d1 <Name>

-10d1 <Name>

-11d1 <Name>
Attach <Name> as a disk image to the second drive of a dual-drive device 8, 9,
10 or 11.

—attach8ro

—attach9ro

—attach10ro

-attachllro
Attach disk image for drive #8-11 read only (AttachDevice8dOReadonly=1,
AttachDevice9dOReadonly=1, AttachDevicel0dOReadonly=1,
AttachDevicel1dOReadonly=1) (all emulators except vsid).

—attach8diro

—attach9diro

—attach10diro

—attachlldiro
Attach disk image for second drive of a dual-drive #8-11 read
only (AttachDevice8d1Readonly=1, AttachDevice9d1Readonly=1,
AttachDevicelOd1Readonly=1, AttachDevicelld1Readonly=1) (all
emulators except vsid).

—attach8rw

—attach9rw

-attach10rw

-attachllrw
Attach disk image for drive #8-11 read write (if possible)
(AttachDevice8dOReadonly=0, AttachDevice9dOReadonly=0,
AttachDevice10dOReadonly=0, AttachDevicelldOReadonly=0) (all

emulators except vsid).
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—attach8dirw

—attach9dirw

-attach10dirw

-attachlldirw
Attach disk image for second drive of a dual-drive #8-11 read write (if
possible)  (AttachDevice8d1Readonly=0, AttachDevice9d1Readonly=0,
AttachDevice10d1Readonly=0, AttachDevicelld1Readonly=0) (all
emulators except vsid).

—exitscreenshot <name>
Specify name of a screenshot file that will be written when the emulator exits.
(ExitScreenshotName).

-exitscreenshotvicii <name>
Specify name of a screenshot file that will be written when the emulator exits.
(ExitScreenshotNamel). (x128)

2.2 Autostarting programs from the command-line

It is possible to let the emulator autostart a disk or tape image file, by simply specifying
its name as the last argument on the command line, for example

x64sc lovelygame.d64

will start the C64 emulator, attaching lovelygame.d64 as a disk image and running the
first program on it. You can also specify the name of the program on the fisk image by
appending a colon (‘:’) the name itself to the argument; for example

x64sc "lovelygame.d64:run me"

will run the program named run me on lovelygame.d64 instead of the first one.

Using the command-line option —autostart is equivalent; so the same result can be obtained
with

x64sc -—autostart "lovelygame.d64:run me"

Note that if you specify a raw CBM or P00 file, the emulator will load the file, and after
doing so revert all settings to what they were before autostarting.

If you want to allow the started program to access the host file system, you will have to
enable "virtual device traps". If you want the autostart logic to disable true drive emulation
temporarily to speed up the autostart, then enable "handle TDE at autostart.

See Section 4.5 [Disk and tape images], page 50. for more information about images and
autostart.
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3 System files

In order to work properly, the emulators need to load a few system files:

e the system ROMs, raw binary files containing copies of the original ROMs of the
machine you are emulating;

e the keyboard maps, text files describing the keyboard layout;
e the palette files, text files describing the colors of the machine you are emulating.
e the romset files, text files describing the different ROMs to load.
e the hotkey files, text files with keyboard shortcuts.
The place where they will be searched for depends on the value of the Directory resource,

which is a colon (:)-separated search path list, like the UNIX PATH environment variable.
The default value is

$HOME/ .1local/share/vice/EMU:PREFIX/share/vice/EMU: BOOTPATH/EMU

Where PREFIX is the installation prefix (usually /usr/local), EMU is the name of the em-
ulated machine (C64, C64DTV, C128, PET, PLUS4, CBM-II, SCPU64 or VIC20) and BOOTPATH
is the directory where the executable resides. The disk drive ROMs are looked for in a
directory with EMU set to DRIVES. $HOME is the user’s home directory.

For example, if you have the C64 emulator installed in
/usr/local/bin/x64
then the value will be
$HOME/ .local/share/vice/C64: /usr/local/share/vice/C64:/usr/local/bin/C64
And system files will be searched for under the following directories, in the specified order:
1. $HOME/.local/share/vice/C64
2. /usr/local/share/vice/C64
3. /usr/local/bin/C64
System files can still be installed in a different directory if you specify a complete path
instead of just a file name. For example, if you specify ./kernal as the kernal image name,
the kernal image will be loaded from the current directory. This can be done by using

command-line options or by modifying resource values (see Section 6.1 [Resource files],
page 55).

3.1 ROM files
Every emulator requires its own ROM set. For the VIC20 and the C64, the ROM set
consists of the following files:
e kernal, the Kernal ROM (8 KiB)
e basic, the Basic ROM (8 KiB)
e chargen, the character generator ROM (4 KiB)
The C128 needs the following files:
e kernal, the Kernal ROM (8 KiB)
e basic, the Basic + Editor ROM (32 KiB)
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chargen, the character generator ROM (4 KiB)

The C128, VIC20, SCPU64 and C64 emulators also need the following DOS ROMs for the
hardware-level emulation of the 1540, 1541, 1571, 1581, 2000, and 4000 disk drives, as well
as the CMD hard drive:

dos1540-325302+3-01.bin, the 1540 drive ROM (16 KiB) (DOS 2.6 V170, Com-
modore ROM images 325302-01 and 325303-01)

dos1541-325302-01+901229-05.bin, the 1541 drive ROM (16 KiB) (DOS 2.6, Com-
modore ROM images 325302-01 and 901229-05.bin)

dos1541i11-251968-03.bin, the 1541-II drive ROM (16 KiB) (DOS 2.6, Commodore
ROM image 251968-03)

dos1551-318008-01.bin, the 1551 drive ROM (16 KiB) (DOS 2.6 TDISK, Commodore
ROM image 318008-01)

dos1570-315090-01.bin, the 1570 drive ROM (32 KiB) (DOS 3.0, Commodore ROM
image 315090-01)

dos1571-310654-05.bin, the 1571 drive ROM (32 KiB) (DOS 3.0, Commodore ROM
image 310654-05)

dos1571cr-318047-01.bin, the 1571CR drive ROM (32 KiB) (DOS 3.0, Commodore
ROM image 318047-01)

dos1581-318045-02.bin, the 1581 drive ROM (32 KiB) (DOS 10, Commodore ROM
image 318045-02)

dos2000-cs-33cc6f . bin, the CMD FD-2000 drive ROM (32 KiB) (CMD FD DOS
1.4, CMD ROM image cs-33cc6f)

dos4000-£fd-350022.bin, the CMD FD-4000 drive ROM (32 KiB) (CMD FD DOS
1.4, CMD ROM image fd-350022.bin)

bootromCMDHD-v2-80.bin, the CMD HD boot ROM (16 KiB) (Boot ROM V2.80,
CMD ROM image)

In addition to those all emulators can handle a parallel IEEE488 interface (the C64 and
C128 via $df** extension, the VIC20 via VIC1112 emulation) so they also need the DOS
ROM for the IEEE disk drives:

dos2031-901484-03+05.bin, the 2031 drive ROM (16 KiB) (DOS 2.6, Commodore
ROM images 901484-03 and 901484-05)

dos2040-901468-06+07 . bin, the 2040 drive ROM (8 KiB) (DOS 1, Commodore ROM
images 901468-06, 901468-07)

d0s3040-901468-11-13.bin, the 3040 drive ROM (12 KiB) (DOS 2, Commodore
ROM images 901468-11, 901468-12 and 901468-13)

dos4040-901468-14-16.bin, the 4040 drive ROM (12 KiB) (DOS 2, Commodore
ROM images 901468-14, 901468-15 and 901468-16)

dos1001-901887+8-01.bin, the 1001/8050/8250 drive ROM (16 KiB) (DOS 2.7, Com-
modore ROM images 901887-01 and 901888-01)

dos9000-300516+7-revC.bin, the D9090/60 drive ROM (16 KiB) (DOS 3.0, Com-
modore ROM images 300516-RevC and 300517-RevC)
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Note that there are other DOS images on the internet. The DOS 2.5 images might be used
with the 8050, but it cannot handle the double sided drives of the 1001 and 8250 and it is
not supported by VICE.

The PET emulator uses an expanded setup, because there are three major versions of the
Basic and the Kernal, and many versions of the Editor ROM. In addition there are cartridge
ROM sockets.

The Kernal files contain the memory from range $F000-$FFFF, the Basic ROMs either the
range $C000-$DFFF or $B000-$DFFF. To handle the different screen sizes and keyboards,
different so-called “editor-ROMs” for the memory range $E000-$E800 are provided. The
PET ROMs have the following names:

e kernal-1.901439-04-07.bin, the PET2001 Kernal ROM (4 KiB) (Commodore ROM
images 901447-06 and 901447-07, same as 901439-04 and 901439-07)

e kernal-2.901465-03.bin, the PET3032 Kernal ROM (4 KiB) (Commodore ROM
image 901465-03)

e kernal-4.901465-22.bin, the PET4032/8032 Kernal ROM (4 KiB) (Commodore
ROM image 901465-22)

e basic-1.901439-09-05-02-06.bin, the PET2001 Basic 1 ROM (8 KiB) (Commodore
ROM images 901447-09, 901447-02, 901447-03, 901447-04.bin. The -09 ROM is the
revised -01 ROM. Same as images 901439-09, 901439-05, 901439-02, 901439-06. The
-09 ROM is the revised -01 ROM)

e basic-2.901465-01-02.bin, the PET3032 Basic 2 ROM (8 KiB) (Commodore ROM
images 901465-01 and 901465-01)

e basic-4.901465-23-20-21.bin, the PET4032/8032 Basic 4 ROM (12 KiB) (Com-
modore ROM images 901465-23, 901465-20 and 901465-21. The -23 ROM is a revised
-19 ROM)

e edit-1-n.901439-03.bin, the PET2001 editor for graphics keyboards (2 KiB) (Com-
modore ROM image 901447-05, same as 901439-03)

e edit-2-b.901474-01.bin, the PET3032 editor for business keyboards (2 KiB) (Com-
modore ROM image 901474-01)

e edit-2-n.901447-24.bin, the PET3032 editor for graphics keyboards (2 KiB) (Com-
modore ROM image 901447-24)

e edit-4-40-n-50Hz.901498-01.bi, the PET4032 editor for graphics keyboards (2 KiB)
(Commodore ROM image 901498-01)

e edit-4-40-b-50Hz.ts.bin, the PET4032 editor for business keyboards (2 KiB) (Said
to be "901498-01 modified to use a business ke