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Controller”

rtord A EEE R EERELEEE NS REE TR I T T T Ty o NPT TR )
A R r AR R e o e L T e L T D L

3
}
+

i
>
3

o

o e
e e ;“"H’#ﬁﬁ/ ;
afg%%f A ,

:'i"._..! r

i“ A T !
p -': o i LA o J“r".'?.:-'.f": o [ J"'"l"‘:'
O s f,;’f'ﬁ o s

¢ I_p' -':1:::'::1". - T, " _i: i a) i"r:f:'; ol
) B BB e,
R A R T "ﬁ"/ e
e i ""l,/.-l':" s Jr:"‘.'""': (e .{:ﬁ/&"f.fr s A AR
‘;:iﬁ{fﬁﬁ??ﬁ o LA R
: f’;,rf/,: f/.r - z !%ﬁf,.ﬁ:ffv g /g

A T 7
’ r"' i
e A e R o A o Bl
AT &f,fyﬁﬁfﬁ_,aﬁ_!:{rﬂ; S R
S
i Er o Tt ffﬁ

o i

L A e P T o _ T
R e S L A
S e G A e
R e P P e b R s em E L TRk W P,
S fﬁa:-"*?"'-‘;:;, R

e e
A s B I g S i e
S e e S :
Ty e A Sl e A 2
e S
R e L o
s T e e
e et e A e il P i uE e
B s T
*fﬁﬁ;?,/f;,—',.r'?'
e e Sty

1‘ 'l - ) J-J‘ o r
B T

gt a

Colin
Christensen

I I
| ]

Asgard Software

P.O. Box 10306 - Rockville, MD 20850




HARDMASTER

by Col Chnistensen

HARDMASTER 1s a sector editor and manager for use with the Myarc Hard-
Floppy Disk Controller (HFDC) card. Two versions (2.04 and 2.08) are provid-
ed - they differ in that thie latter runs on an 80 column screen while the former
uses the 40 column screen.

This program is the most capable and complete program of its type for use with
the HFDC. However, it is not for the faint of heart and requures at least a curso-
ry knowledge of how disks are used by the computer. If you don't have this
knowledge, however, you shouldn't attempt to use this type of program anyway
because of the potential danger to your data.

ON READING THIS MANUAL

This manual is arranged in four parts. The first part is devoted to the use of this
program, it's specific functions, and on using disk sector editors in general. The
second part 1s devoted to an explanation of how the HFDC stores data on a
hard-drive. Part three provides a complete overview of floppy disk storage tech-
nmiques. Finally, the last section provides information for programmers and hard-
ware enthusiasts on how disk drives are interfaced to the 99/4 A in general and
the HFDC 1n particular.

When reading this manual, all words that are underhined are command key
presses used by this program, When the key suggested is pressed a command 15
executed. Any text in italics before a command key should be typed prior to
pressing the command key for the action described.

GETTING STARTED

HARDMASTER is program-image assembly program that loads quickly using
Editor/Assembler option 5 type loaders. To use the program one needs an
expanded T1 system or 9640 Geneve, the Myarc Hard Floppy Disk Controller
Card and at least one hard drive or floppy drive. A printer is useful but not nec-

essary.,

LOADING
On the TI-99/4A

Place one of the following modu]e.-s in 'the carmdge port, turn on your computer,
and follow the instnictions below. .
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From Editor/Assembler:

Place the program disk in drive one, select Option #5 (Run Program File) from
the main menu, enter the filename DSKI . HM and press ENTER.

From TI1-Writer:

After placing the program disk in drive one select the Ultility option of TI-Wniter
(Option #3), type the filename DSK/ .HM and press ENTER.

. The program can be stored on hard disk or RAM-disk and loaded speedily by
any of the above loaders or from 2 ROS menu or a FunnelWeb loader screen

option.

On the Myarc Geneve 9640

Before you can load the program you have to turm on your compuier and boot
M-DOS. After M-DOS is up and running, you have a variety of loading options.
Geneve users also have the option of using an 80-column version also provided
on the program disk. This version may function on a TI-99/4A with an 80-col-

umn card, but it is not guaranteed.
From EXEC:

The easiest way 10 1oad the program is with EXEC, by Barry Boone. Place a
disk containing EXEC in one drive (say on drive A), and the program disk n
another (drive B). Typce the following:

A> FXEC B:HM ENTER

The program will automatically Ioad and run. The 80-column version of
HARDMASTER may also be loaded in this fashion, except the program file-
name is HM80 and not HM.

From the GPL Interpreter:

Load the GPL Interpreter from the M-DOS command line. Either load the
Editor/Assembler or TI-Writer modules, and follow the instructions above 1n the
TI-99/4 A section. Again, the 80-column version may be used in the GPL mode

by using the program HMS80 instead of HM.

USING HARDMASTER

HARDMASTER, unlike many disk sector editors, is command and not menu-
driven. Instead of selecting an option by pressing a key (for instance), you type
a command and the program performs it. This may seem to be a little “less

friendly” than some programs, but allows for more capable programs.

On loading the program, you'll be asked to eniter the number of the hard drive
you wish to access. If you haven't yet purchased your hard drive and are using
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floppy drives (and/or RAM-disks) with your HFDC, then enter . You will then
be given the opportunity 1o input a floppy drive number instead.

After that drive is checked to be valid and available, a list of command options
s displayed (as shown below) on the screen. At the completion of any com-
mand on the 40 column version, this list of options will be reprinted on the
screen making it gnnecessary 1o have to remember the commands and the
paramelers each needs. On the 80 column version, the list of commands avail-
able 1s histed on lines 25 and 26 at the bottom of the screen.

EDit s PRints s QUads DIrectory
Findssw/$ PAcksb ASciis s MAp
HD n FDn COssn OutDevy TRee  EXit

As you will note, many of the commands expect additional information (or post
scnipt data). The postscript, “s™, stands for sector, the *“w” for word of 2 bytes,
the “b” tar byte, the “$” for Ascii string and the “n” for number. This informa-
tion must be included with the command so that it functions. For example, to
edit sector hexadecimal 100 (decimal 256) you'd type:

ED 100 ENTER

Command inputs all must begin with a 2-letter command name and followed, in
most cases by parameter numbers mn hexadecimal but do not use the “>” sign
before the numbers. The command and each parameter must be separated by
ONE SPACE character.

All output 1o the screen or printer use the hexadecimal format with one excep-
tion. That is in the record length of fixed or variable files (e. g. D/V 80). We
are used to seeing them as decimal numbers in all common directory listings
and for convenience, this has been maintained.

A status line 1s displayed at the bottom of the screen during most phases of
operation of the program. The status line shows which drive has been selecied,
the diskname, the disk size and the sector number being accessed. The status
Iine 1s continually being updated as different sectors are being read.

The running of some functions can be interrupted by pressing a key to pause
and press again to resume. Those functions with a pause facility aiso have been
provided with the opportunity for the user to BREAK altogether, To do this
press FECTN 4, FCTN 9 or CTRL C. If output is going through the RS232 card
and you press FCTN 4, the DSR routine in the RS232 will detect this keypress,
perform a break, and give an error code which will appear on the screen as
“Device error”. In this case the printer file is not closed and information may
sull remain 1n the printer buffer. The next time the printer is used, the first part
of the printout may not be formatied as it should be. This is no fault of HARD-
MASTER and can be prevented by BREAKing a priniout with the FCTN 9 or
CIRL C combination that HARDMASTER looks for.

Lastly, most commands in this program are used to read the contents of disk
sectors. The program does not allow you to change any of the contents of a disk
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unless you specifically tell it to do so. Only a few commands allow changes to
the disk but, before this happens, you must consciously change the defanlt input
fromN1oY,

THE COMMANDS

Each command listed below 1s followed by the information it expects in the
command string. The code in parenthesis refers to the type the data should be
in. Again, the postscript, “'s”, stands for sector, the “w” for word of 2 bytes, the
“b” for byte, the “$” for Ascu string and the “n” for number.

HD number (n)
FD number (n)

The HD and FD options allow you to change the dnve numbers the program
will access when a command is executed. The HD command sets the current
Hard-dnve, and the FD sets the floppy dnive.

The HD command allows numbers from 1 to 3 while, FD allows for drives 1-9
as well as A-Z. The latter are included in anticipation of future RAM-disk par-
titioning with the new version of ROS. If you have a DSK1 emulation file on
the hard disk and the HFDC card at >1100, this can be accessed as FD 1, and
the first mechamical floppy drive would be DSK2. Honzon RAM-disks setio
any drive number up to 9 and any CRU address can be accessed. The order of
CRU polling by the DSRILINK is from >1200 to >2000 then >1000 and >1100.

ED sector (s)

The EDit s command is the most versatile and will be the most used. When you
suffix the £D command with a sector number (note must be in hexadecimal)
and press the ENTER key, the contents of the sector will be displayed in hex-
adecimal on the screen together with instructions on key usage. The CTRL key
1s used 1n combination with W to Window from hexadecimal to ASCII, with B
to go Back one sector, with N for Next sector higher and with { for esCape to
command mode.

The ECTN 5, 6, 4 and 9 keys are also active (being more convenient 10 use on
the Geneve). In EDit you can skim the cursor over the sector display with the
FCTN and arrow keys (E,X,S, and D) or you can type over the conients on
either the hexadecumal or ASCII window. On the hexadecimal window, you are
allowed to type only hexadecimal digits.

The only ways out of this command are CTRL C, the escape keystroke or
FCTN 9, the BACK key combination. If you have previously typed over any of
the sector contents on the screen purposely or accidentally, you will be given
the option to save or not to save the changes to disk.

Sector number inputs when using the hard dnve:cmbe from one to five digits
up to FFFFF and for the floppy drives up to 4 digits. In either case trying to
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access a sector number greater than the disk size as shown on the status line at
the bottom of the screen will result in an error message.

PR start_sector end_sector (S s)

PRint will print out 10 the ontput device whose name is in memary the contents
of the sectors from the start sector 10 the end sector. You get a printout of both
the hexadecimal contents and also its ASCII representation. Of course some
values m hex have no ASCII counterpart so a dot is printed instead.

OD

OutDevice allows you to change the output device name from the default of
P10O. This command needs no parameters. After typing OD, and pressing
ENTER, you are asked to type in the name of the device to which you want the
output to go. This can be through the RS232 card or wherever you wish.

QU sector (s)

QUad 1s based on the FORTH system of displaying 4 sectors at a time on the
screen. You can step through sectors quite quickly this way if you are searching
for some known visual characieristic of a disk sector. In the 40-column version
the contents of four sectors won't fit onto the screen, so horizontal windowing is
employed. No windowing is necded in the 80 column version as the whole sec-
tor 1s displayed on the screen. The same CTRL keys as for EDit command are
active 1n QUad, including the ECTN 4, 5, 6 and 9 keys as well,

DI

The DiIrectory command gives you a listing of the files on the cumrently active
hard or floppy dnive. The report contains quite a bit of information, including:
the filename; the number of sectors that the file occupies; the file type abbrevi-
ated 1o 3 characters; length of record (if applicable - and the only numeral in the
program shown in decimal notation); the sector number that the File Descriptor
Record (FDR) is stored on; and the secior clusters where the actual file is
stored on the disk. If the file on the disk is fractured, more than one cluster is
shown.

If a hard-drive based file is severely fractured, then the pointers to its sector
clusters may spill over onto another FDR called an offspring FDR. These clus-
ters will also be reported by HARDMASTER,

Dlreciory is a multi-purpose routine. It automatically categorizes your disk into
one of three types. In all cases you will first have to indicate whether you want
the ontput to go to the screen or 1o the printer. If you have changed the printer
device name default (with the OD command above) from PIO 1o a disk file-
name, then all information will go there. What the routine does varies according

!

to the circumstances in which it is used: \

1. With a hard drive. You will have 1o type the full path name of the directory
on the hard drive you wish 10 catalog. The hard drive caters for a root directory
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as well as sub-directories, each of which has pointers to more sub-directories.
To access the root directory, just type the path name, ROOT. To access a sub-
directory such as ADYV, type the full path name (e.g. T.GAMES.ADV) placing
a period between each, but no period at the end even though the last entry 1s a
sub-directory. Including the device name in the path name is not required.

2. With a floppy drive formatted by Myarc Disk Manager 5. This format, a Iit-
tie like the hard drive, has a root directory and can have also up to three subdi-
rectories. When using the command, DI, with this type of disk, HARDMAS-
TER checks the disk and if there are sub-directones as well as the root directory,
presents an option list from which to choose. If no sub-directortes are found,
then the root directory is antomatcally processed.

3. With a floppy drive initialized TI-style. When you want a directory of this
type of disk, the program simply shows the listing of files on the disk.

F1 start_sector end_sector word_string_to_search_for (s s w/§)

When the FInd command is executed, a search of the disk is made from the
starting sector (the first “s™), to the ending sector (the second “s™), for the 2-
byte word or the ASCII string that is entered. The ASCII string can be of any
length, and must contain a “$” character (as in MY TEXT ) as its first character,
The two byte word or string is looked for at both even and odd addresses and
the search can even detect a match formed by bridging the last of one sector and
the beginning of the next. The results of a search can be directed to either the
screen oOr a printer (or other output device specified).

TR

The TRee command is a unique function of HARDMASTER, and one which
you'll most likely find very useful. If works as a sort of extended Dlrectory
command.

TRee needs no parameters, but after entering the command you have the option
of selecting whether to access the DIRECTORIES or DIRECTORIES AND
FILENAMES. If you select the former, then a list of directory pathnames and
the DDR (Directory Description Record) sector numbers of each are output.
For the other option, directory pathnames and\their DDRs, as well as lists of
their filenames and FDRs (File Descriptor Records) are produced. The results
can be directed to the screen or printer. When sending the output to the printer,
the printout is tabbed over to start with a left margin of 10 by using the printer
code of <27>"1"<10>. This margin makes the printout more suitable for filing
in a ring binder or similar folder.

AS start_sector end_sector (s s)

The AScii command gives you an ASCII prnintout \',E)f the range of sectors speci-
fied in your command string. The two parameters following the AS command
represent the first and last sectors of the ones to be accessed. Only the ASCII

. representable characters will be printed - each sector consisting of 4 lines of 64
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characters. Byte values below 32 and above 127 are printed as spaces.

A printout of this information can be very useful - one day you may not be able
1o access a text data file in its entirety. Using this command, however, you can
print out most of the accessible sectors and so recover on paper or disk much of
the file. The disk file can then be edited with T1-Writer,

MA

The MAp command directs 1o the output device (or to screen in the 80 column
version) the sector allocation table or bit-map of the disk n the current drive.
This command works intelligently - it takes mnto consideraton the big differ-
ences in the bit-maps of hard drives and floppy drives, and automancally selects
the form of printout suitable for the parucular kind of drive you are accessing.

The floppy drive printout will show each sector on the disk and whether it is
marked off as used or free. One thing to be aware of in interpreting the printout
is that the bytes on sector O that represent used and free seciors are bi-reversed
from the order of the sector usage on the disk. e¢.g. the byte 3F (00111111) on
sector O will indicate the following series of sectors 1o be used (X) and free (-)
with XXXXXX--,

It is not practical to show the sector allocation table of a hard drive as mndividual
sectors because of the immense amount of paper and ime needed 1o print it
The printout has been confined 1o listing the hexadecimal bytes of the bit-map
plotted against the sector numbers that they represent. Remember 1n mnterpret-
ing the table to take into account the number of sectors your hard drive allocates
for each AU (Allocation Unat). Unlike the TI bit-map, each byie representing 8
AUs 1s NOT bat-reversed.

Note that the MAp procedure for the hard drive begins by reading the bit-map
sectors from >1F backwards towards sector 1 until it comes 10 a SECIOT COnlain-
ing non-zero byies. It then assumes (well this author does anyway) that this is
the last of the used bit-map, and pnnts out the aliocaton table from sector 1
onwards i1l the end of this sector. Very good in theory but unfortunately your
hard drive may have contained bad sectors when it was formatied, and parts of
the bit-map towards the logical end of the dnve accordingly could have been
marked off as used. If MAp prints out the allocauon table past the obvious end
of used bit-map, then it can be interrupted with FCTN 9 or CTRL C.

PA sector byte_to_pack (;J:Sj

PAck s b will not have a great deal of use but can be handy when rewntung a
bad directory by first-packing the DDR sector with zeros. The first argument of
the command, the *“s”, is the sector which is (o be packed, and the *b” is the
byie to be written inio each of the >100 (256} places within that sector, Before
this command is executed, you must confirm your intention by changing the
default option from N to Y. If you need 10 f1ll a group of sectors with the same
‘byte, first PAck the lowest sector number, then use the COpy command to copy
that sector to the next one above a given number of umes.
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CO source_sector destination_sector number (s s 1)

This command allows you to copy one sector to another (or to more then one
other) on the current drive's disk. Take care when using this command and

make sure your command arguments are as you intend. As a precaution, you
will be asked to confirm the command before the program allows you to pro-
ceed by changing the default input from N 1o Y.

" The source sector is where the copy will start from, the destination sector is
where the copy source sectors will be copied to, and number 1s how many con-
secutive sectors to copy.

The hard drive keeps a copy of the sector 0 VIB (and the bit-map that 1s on sec-
tors 1 to 1F) on sectors 20 to 3F but only during initalization. Neither of these
higher storages are updated as files are added or deleted from the disk. Using
the CO command you can regularly and often make an up to date copy of these
vital sectors by selecting the hard drive then typing:

CO 02020 ENTER

If the data on sector 0 becomes somehow corrupted in the foture, then it 1s an
easy matier to restore it. Using this command to move masses of sectors might
' not be advisable, as the routine copies sector by sector and quite an amount of

. head stepping would take place.

FBb

The FB b command, which is not listed on the screen with the other commands,
allows you to simultaneously set the foreground and background colors of the
screen. The byte “b” contains both colors - with the first nibble representing the
foreground color and the second the background color. To change the color to
black text on a gray background, for instance, you would type:

FB 1E ENTER

" The colors, which are also listed in the Editor/Assembler manual, are as fol-
lows:

0 Transparent 8 Medium red
1 Black 9 Lightred

2  Medium green A Dark yellow
3 Light green B Light yellow
4  Dark blue C Dark green
5 Light blue D Magenta

6 Darkred E Gray

7 Cyan F  Whte

~ The default colors are F4, with F the white foreground and 4 the blue back-
ground.

EX
- EXit is provided as an “out” - or a way to quit from the program. This is
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because the normal quit key has been disabled. If yon entered HARDMASTER
from FUNNELWERB then this program keeps FWEB's colors and on exit it
returns 10 FWEB. This feature makes it a suitable program to run through
FWEB's load option screens.

PART II -

HARD DISK INFORMATION
by Garry J. Christensen

Myarc did well with the manual that accompanies the Hard/Floppy Disk
Controller Card, giving instructions for the use of MDMS, interfacing with
Basic, hardware specifications and low level access. It is this final point that
wish 10 concenirate on here. -

Unlike the documentation that accompanied much of the TI equipment, Myarc
have provided considerable detail about accessing the hard disk with assembly
language. The manual lists the parameters required and the addresses 10 be
used when ntilizing the on-board subprograms. It also details the layout of the
data in the important sectors on the hard drive.

While this data is supplied, it must be considered as the “minimum necessary™,
If you intend 10 make any use of the data, there is some investigation left 1o be
done. With this in mind, I have writien this article to save hard disk users some
work.,

Before I go any further I must mention something called an Allocation Unit
(AU). An allocation unit is a block of conseculive sectors. There may be up 1o
16 sectors in one allocation unit. The disk is considered as a series of aliocation
units, the size of each being determined by the size of the disk.

All pointers are one word so the maximum number of allocation unit's on the
disk 1s >FFFF. If it has a large storage capacity, there is a larger number of sec-
tors/allocanon unit.

Allocation unit’s are only used to find a file. All directory descriptor records
(DDR) and file descriptor records (FDR) are located on the first sector of an
allocation unit. The remainder of the allocation unit is rarely used. All files

start at the first sector in an allocation unit and use consecutive SeCtors, unless
the file is fractured.

Yolume Information Block and
Directory Descriptor Records.

OK, let’s go through sector 0. Refer 1o page 62 in the manual for this section.
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wWDS1 HD S2e>13380 Sec>0
Addr 01 23 45 67 89 AB CD EF

00 4844 2020 2020 2020 2020 99C0O 2020 0000 HD .. .
10 1300 13AS5 B24F 2907 ©020 020C 003D 0083 _l)...=

20  0ODD 0105 01D8 OIEE 0313 0000 0000 0000 oo )
30 0000 0000 0000 0000 0000 0000 0000 0000 oo
40 0000 0000 0000 0000 0000eic. oo

The first 10 bytes are set aside for the name of the hard disk, that much is obvi-
ous. - -

The word at >0A is the total number of allocation units on the disk. Remember
that the number of sectors on the disk is this number multiphed by the number
of sectors per allocation unit (more about that in a minute).

Byte >0C is the number of sectors per track.

The following three bytes are a mystery. The manual says that they should be
“WIN" but this is not the case. They have been used to store some data neces-

sary for the operation of the disk.

Bytes >10 and >11 are also formatting parameters. These are listed in the man-
ual. However only one part is of interest to us. The first nibble 1s the number

of sectors per allocation unit minus 1.

Look at the example above. You will see that the word is >1300. The first 1
means that I have 2 sectors per allocation unit (1+1). All pointers and values
must be multiplied by 2. If you have a calculator that will do hexadecimal
arithmetic, get it out now. If you don't, here's a great chance to practice on

paper.

You will see that I have >99C0 AU's on the disk and 2 sectors per AU. A 1otal
of >13380 sectors (78720 decumal).

The next two words, at >12 TO >15, contain the date and time of creation. The
time is first. Write the value down in binary notation. The first 5 bits are the
number of hours (24 hour clock), the next 6 are the minutes and the final 5 is
the seconds divided by 2. When you catalogue your disk you will see that the
seconds are always even.

Do the same with the date. The first 7 represent the year, the next 4 are the
month and the final 5, the day.

In the printout of my sector 0 the words >13A5,>B24F are the time and date.
Breaking them into binary gives 0001 0011 1010 0101, 1011 0010 0100 1111.
When split they look like this:

00010 2 Hours
011101 29 Minutes
00101 - 10 Seconds (x2)

1011001 89 Year
HardMaster - Asgard Software - Page 10




0010 2 Month
01111 15 Date

Byte >16 1s the number of files in this directory and byte >17 is the number of
subdirectories. I doubt that this needs any further description.

There 1s no room in this secior 10 siore the pointers to all the files that may be
under this directory. Another sector 1s used just to store these pointers, called
the hile descnptor index record (FDIR). The word starting at byte >18 is the
AU of thus ist. Remember that this number must by multiplied by the number
of sectors/AU 10 get the physical sector number,

Check your disk and have a look at the FDIR. It should look something like
this:

WDS1 HD Sze>13380 Sec>29E

Addr 01 23 45 67 89 AB CD EF

00 026D 0267 01B4 01B5> 01B6 OiB7 01B9 0085 P.o........
10 0215 0216 0217 0218 0219 0085 0021 OIBB ...
20 0000 0000 0000 0000 0000 0000 0000 0000

Each word is the AU of the file descriptor record (FDR) for each file. We will
come o0 FDR's shorily. All entries are sorted into alphabetical order. When a
new file 1s added, it must be placed in the correct place in this chain of pointers.
The 128th entry 1n this record always points back to the DDR that it belongs to,

sector () 1n this case.

As you are aware, the hard disk can emulate DSK1 in a number of ways. One
method is called DSK1 file emulation. In this method, the entire floppy disk is
copied sector by sector and is used on the hard disk just as it would be on a

floppy.

The word at byte number >1A is the pointer 1o the emulaie file that is active.
The actual value given is the AU of the file descriptor record. If it is >0000,
there 1s no file active.

Fmally, from >1C onwards there is the list of pointers to the file descriptor
records (DDR's) of all the subdirectories. Each pointer gives the AU of the
DDR. In the example of the volume information tlock above, the first entry
points 1o the first directory, and so on until a 0 is reached. These entries are also

sorted m alphabetical order.

The DDR's are the same format as sector O (the volume information block)
except that “DIR” s present at OD to OF and the emulate pointer is replaced
with a pointer to the parent DDR. The parent DDR is the directory that contains
this drectory. Following this path of pointers will lead back to the VIB.

Sector Usage - the Bit Map.
All disks must keep record of which sectors are used. The hard disk is no dif-
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- ferent. The bit map staris on sector 1 and is quite simple to follow. Each bit

represents an allocanon unit. If the bitis 1, the AU is used. The bits are taken
in order from most significant to least significant. To calculate the actual sector
number represenied there 1s a little math to do.

Take the sector number (S) that you are looking at and subtract 1. Multiply this
number by >100 and add the number of the byle (B). Multply that by 8. The
result 1s the AU represented by the first bit in that byte. By means of an exam-
ple, on sector 5 the >50th byte in the sector may be >80.

( ((5-1)*>100+>50)*8 = >2280

In this way you can calculate the position of any used or unused sector on the
disk. Look for the end of your bit map, calculate the sector number and have a
look to see if you are nght.

Conversely you can find the bit-map byte in which a bit represents a particular
AU on the disk. Divide the AU by 8, add >100 and modulo divide by >100.
Any remainder in the division by 8 is the required bit in that byte.

The formulae are:
(((5-1)*>100)+B)*8=AU
(AU/8+>100)/modulo>100=SremB

An extra feature that the hard disk has over and above the floppy drives is a sep-
arate bit map for the DDRs and FDRs. On my disk, all the first sector has been
set aside for DDRs and FDRs. The files do not begin until sector >1000. When
a DDR or FDR i1s created, it is put in this area and the sector marked off in sec-

tor 1. Unless the disk has a large number of files, all the descriptor records are
at the beginning,

Kile Descriptor Record.

If you have followed through this far you will be able to track down any file
descriptor record on the hard disk. The FDR will direct you 1o the file itself.
Refer to page 64 in the manual.

The following is an example of one of the FDRs on my hard disk.

WDS1 HD Sze>13380 Sec>2A0

Addr 01 23 45 67 89 AB CD EF

00 5041 5241 4348 5554 4520 0000 3900 0028 PARACHUTE. . ..{
10 DBO0O 0000 1FOC 2C42 1FOC 2C42 4649 0000 ....B. BFL.

20 0000 0014 O14F 0000 1B68 1B7B 0000 0000 ...O.h{..

30 0000 0000 0000 0000 0000 e,

The first 10 bytes are the name of the file.

Bytes >0A and >0B give the record length if it is greater than 255 bytes. At this
stage there are no programs for the TI99/4 A that will take advantage of this,
however MDOS for the Geneve 9640 does have support for this type of file.
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Byte >0C describes the file attributes. I will not be listing all the functions of
the bits here because they are well described in the manual Please note that in
the manual, bit 0 1s the least significant bit The example above indicates that the
file 1s a program, protected, has been modified since the last back-up and is a
DSK1 emulate file.

Byte >0D indicates the number of records per sector.

Bytes >0E and >0F tell you the number of sectors allocated to the file. A very
large file may have more than FFEF sectors allocated to it so the most signifi-
cant mbble 1S stored in the most significant nibble of the extended information
area. This is the MSN of byte >26.Place this value in front of the value in bytes
>0F and >0F to give the true file length.

The value of byte >26 is (0 and the length is histed as >0028.The total length in
sectors 1s >00028.

The end of file offset is located at byte >10.Variable length and program files
may not necessarily end at the end of a sector.This byte indicates where in the
final sector the EOF marker byte is located. Byte 10 shows >DB, so the final
sector of the file will contain BC bytes relating 1o the file and the EOF marker
byte at >DA.There will be “garbage” in the remaining unused bytes.

The logical record length in byte >11 is set to the record length for fixed length
records, the maximum length of a record for variable length records and O for
program files and the data files that make use of extended record lengths.In the
case of DV80 files, this byte 1s set to 80.

Bytes >12 and >13 and the second nibble in byte >26 indicate the number of
sectors actually used in this file. If you open a file and specify its size, that
number of sectors is allocated for its use. You may not have written to all the
sectors at that stage The value derived from this part of the FDR indicates the
highest sector written to for variable length files and the highest record written
to m the case of fixed length files.

The next 4 words are the date and time that the file was created and last updat-
ed. Ihave covered the encoding of time and date already.

Bytes >1C and >1D are always “FI”.

On a hard disk, frachared files are quite common. Long files may be split into
many fragments. I once assembled a large source code and sent the list file to
disk. The assembler wrote a small portion of object code then some list file,
then some more object code and so on. The resultant object and list files were
tightly interwoven,

To allow for the case where there is not enough space for pointers to all the
parts of the file in one FDR, the controlier creates another FDR in which 1o con-
tinue the table.This is called an offspring and the original is called the parent.
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- Bytes >1E and >1F are the pointer to the AU of the parent FDR.If this is the
parent, this value 15 0. Bytes >20 and >21 point to the AU of the offspring
FDR.This chain of parent and offspring FDRs can continue until the file is
stored or the disk 1s filled.

Where there 1s more than 1 sector per allocation unit, the offspring FDRs may
be placed on any unused sector within the AU. If this is the case, the most sig-
nificant nibble of byte >27 pomts to the sector number within the AU of the par-
ent FDR and the least significant nibble points 1o the secior of the offspring
FDR.

The above example 1s the parent FDR and it has no offspring.

The word starung at byie >22 gives the total number of AU used for the FDRs
for this file and the next word is the pointer 10 the file descriptor index record.
'This record contains pointers to all the FDRs 1n this directory and the pointer to
1t allows the user 1o follow the path back to directory. The example shows that
the file descniptor index record is at AU >014F

The function of the bytes in the extended information area have already been
covered.

Up to this point, there have been few differences from the FDRs on a floppy
disk where the functions are common. The pointers to the file are different. The

hard disk points 10 the AU at the start of the file fragment and points to the last
AU used. These two pointers are called a cluster.

The clusters are 2 words cach and occupy the rest of the sector from byte >28.
The chain of clusters is ended by a 0. Only one cluster is shown in the example.
Thas hle 15 continuous from AU number >1B68 to >1B7B.

With the information above you should be able to follow any valid path from
sector 0 1o the file that you are looking for. You will be able to use a sector edi-
tor 1o repair files that have been corrupted or modify files on the disk directly.

PART 111 -

FLOPPY DISK INFORMATION
by Colin Christensen

Disk Sector Organization

A single-density TI formatted disk has 360 sectors if it 1s one sided and 720 if
1U's double-sided. Double density disks have twice that number of sectors, and
quad density have four imes that number. Each sector has 256 (>100) bytes of
accessible information. The sectors are numbered from >0 10 >167 for SSSD,
>0 to >2CF for DSSD, and >0 10 >59F for DSDD.
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DISK SECTOR PLAN

Sector >0 - Sector >1 . Sect. >2 w0 >21 Sect. >22 —->
Disk Info.  Pointers to Location File Directones File Storage
of FDRs

Sector >0 contains general information about the disk itself.

Sector >1 contains pointer numbers to the sectors that contain the File
Descriptor Records (FDR) that contain information about each file on the disk.

Sectors >2 to >21 are primanly reserved one for each FDR. If the disk already
contains enough FDRs to fill all sectors from >2 to >21, and another file is
saved to the disk, its FDR will be placed on the next available sector on the
disk. That would gencrally be immediately following the sector where the last
file storage ended.

Sectors >22 onwards to the capacity of the disk are used to store programs or
files. If however, the disk is otherwise full and no other sectors are free, then
actual files can be written t0 any vacant sectors from >2 to >21.

ALL NUMBERS FROM NOW ON WILL BE EXPRESSED IN HEXADECI-
MAL DIGITS but decimal numbers will be written in words. The term “file”
will be used in a general sense to mean any baich storage of data on disk.

Sector 1
Pointers to File Descriptor Records

Sector 1 contains the pointers to indicate where each file's directory record,
(FDR), 1s stored on the disk. Entering the command:

PR 11 ENTER

would show a printout similar 1o that below.

Drvd RAMDISKS Sze>2E0 Sec>1

01 23 45 67 89 AB CD EF
00 0003 0004 0005 0006 0017 0015 0011 0010
10 0012 0007 0008 0009 0014 0016 OOCA 000B ceeressssiensses
20 000C 0002 0018 001C 000D 0013 0019 O001A ...
30 00iB O0OE OOOF 0000 0000 0000 0000 0000
40 0000 0000 0000 et

The first file listed has its FDR on sector 3, the next is on sector 4, and so on
according to the entries above, until we find that the last file uses sector F for its
FDR.

The individual FDRs for the files on this disk are stored on all sectors from 2 to
1C but they are not listed in numerical order. The disk controller arranges the
files m the alphabetical order of their filenames, hence when a new file 1s added
or deleted from a disk, Sector 1 is updated to conform to the alphabetic order
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. change,

When a file is deleted using the Basic command DELETE “DSK1.xxx” or by
using Disk Manager, the FDR pointer only in Sector 1 is removed but the FDR
itself remains intact. The sectors where the file is actually siored are also
marked as vacant.

Sectors 2 to 21
File Descriptor Records

These sectors are primarily reserved for storage of file descrpior records.They
contain all the information about each particular file.

Suppose we wish to ook at the FDR of an Extended Basic program called
FLIGHT. The easiest way 1s with the directory command, DI. A list of all files
on the disk will be displayed as well as the FDR number for each.

Assume that FILIGHT s FDR is on Sector 14. Type the command

PR 14 14 ENTER

and the following could be a typical printout. (You could have also viewed it on
the screen with the ED command).

Drvl EXBASICS SZE>2D0 Sec>14

01 23 45 67 89 A CD EF
G0 464C 4947 4854 2020 2020 00 0100 0023 FLIGHT...#
10 BAOGO 0000 0000 0000 0000 00 3121 0048 .........11H
20 C101 6A21 0200 0000 0000 OGO 0000 Q000 ..jleeeee.
30 0000 0000 0000 ew..

Bytes 00 10 09, the first ten bytes, show the filename of the file,

Bytes OA and OB show here the record length if it is a data file and has a record
length greater than FF, TI files leave this word unchanged.

OC 1is an indication of the file-type.

01 = PROGRAM

09 = PROGRAM and protection
00 = DIS/FIX

08 = DIS/FIX and protection

80 = DIS/VAR

88 = DIS/VAR and protection
02 = INT/FXD

0A = INT/FXD and protection
82 = INT/VAR

8A = INT/VAR and protection

Byte 0D is the number of records per disk secior (00 here if not applicable to
that type of file).
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Bytes OE and OF are together the number of sectors that the file actually occu-
pies on the disk.

Byte 10 1s the End of File Offset (not applicable for FIXED) in the last sector
of the file. Byte 10 of FLIGHT happened to store the value BA. If we read the
very last sector where FLIGHT is stored, we would find that byte at offset BA
on this sector has the value AA. The EOF marker for program type files is AA
while most other file types use FF.

Byte 11 is the record size. For example, a “DIS/VAR 807 file would show 50
here. This byte 1s >00 if record size is not applicable.

Bytes 12 and 13 show, for fixed length record files, the highest record actually
written to. For variable length files it contains the highest sector actually writ-
ten to. The bytes 1n this word are reversed.

The TI disk controller differs as it stores at 12 and 13 the number of records in
this file.Not applicable for PROGRAM. The two bytes must be divided into 4
nibbies to get the correct number. The order of nibbles to read is 4th nibble, 1st
nibble then 2nd mibble. (Disregard the 3rd one) .e.g. EFO0 becomes 0EF and
AAQ1 becomes 1AA.

Bytes 14 to 17 show the date and time of creation of this file. For more details
on converting the values stored here, see the section, Hard Disk Information.

Bytes 18 to 1B show the date and time of the last update to this file. Please note:
14 to 1B are not used by the T1 disk controller.

Bytes 1C onwards until >0000 occurs are the area that indicates where on the
disk the file is actually stored. Sometimes when files have been deleted from
the disk, previously used sectors become vacant and another program saved to
disk will then occupy the lowest numbered unused sectors first. In this way a
file becomes “fractured” if it is 100 large to fit into a recently vacated area.

Pointers to each section where the file parts are stored are recorded in byte 1C
onwards mn sets of 3 bytes. In FLIGHT these sets are 3121 00, 48 C101 and
6A21 02. Here again one must manipulate the 6 nibbles of each to obtain two
details, the LOCATION on the disk and the SECTOR COUNT of the last con-
secutive sector stored in that part of the disk. Remember the SECTOR COUNT
begins with 0.

To extract the information needed, take the 4th nibble, 1st nibble then the 2nd
nibble to make the LOCATION. Take the 5th, the 6th then the 3rd to get the
SECTOR COUNT.

e.g.

3121 00 becomes 131 002
48 C101 becomes 148 01C
6A21 02 becomes 16A (22.

FLIGHT, starting at a sector-count of 0, is stored beginning at Sector 131 for
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three counts, 0,1,2 then jumps 10 another starting location of 148 to store count
numbers 3 1o 1C and then 10 location 16A from whence count numbers 1D to 22
are stored.

The number of sectors indicated in OE-OF of the FDR shows (0023 sectors being
occupied by FLIGHT. This number tallies with the 0-22 just seen (the 0 and 22
are inclusive). This file also uses one more sector, namely Sector 14, for its
FDR, making a total of 24 or thirty-six, the number that the DISK MANAGER
or a LOAD program would show when reading the disk’s directory.

Sector 0 |
Yolume Information Block

A sample printout of Sector ( follows.

FFFF

Bytes 00 to 09 are the diskname, and occupy ten bytes.

Bytes OA and 0B show the number of sectors on the disk. The value 02D0 con-
verts 10 seven hundred and twenty. Single-sided disks would show 0168 equiv-
alent 10 three hundred and sixty.

Drvl EXBASICS Sze>2D0 Sec>(
01 23 45 67 89 CD EF
00 5445 5354 2020 2020 2020 8 0944 534B TEST..DSK
10 2028 0101 0000 0000 0000 O 0000 0000 (.vvoreeeenen
20 0000 0000 0000 O000 0000 O OGO00 0000 ...cvcereeeenens
30 0000 0000 0000 0000 DFOY 0 FCFF FFFF .
40 FFFF C17F 0000 0000 0000 O 0000 0000 ...
50 0000 0000 0000 0000 0000 0 0000 0000 .
60 0000 0000 OOFF FFFF FFFF F FFFF FFFF ...............
70 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF .............
80 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF ...
90 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF ...
A0 FFFF FFFF FFFF FFFF FFFF F FFFF FFEFF
B0 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF .
C0 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF ...
- DO FFFF FFFF FFFF FFFF F¥FFF F FFFF FFFF .
E0 FFFF FFFF FFFF FFFF FFFF F FFFF FFFF ...
FO0 FFFF FFFF FFFF FtrF F FFFF FFFF ................

Byte OC gives the number of sectars per track. Always (9.
Bytes OD 1o OF are always 44 53 4B (DSK).
At byte 10, 50 1s placed here for a protected disk and 20 otherwise.
Byte 11 1s the number of tracks. TI disks are normally 28 (forty).

Byte 12 shows the number of sides. 01 equals single-sided, 02 1s double-sided.
Byte 13 1s the disk density. Again, 01 for single-density, and 02 for double-
density.
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Bytes 14 to 1D show the ASCII equivalent of a sub-directory name (similar to
that stored in bytes 00 to 09).

Bytes 1E and 1F are together a pointer to the FDR-pointer for this sub-directory.
If >0000 is stored here, there are no sub-directories. Explaining further: If, for
example, 0156 is shown here, then sector 156 contains a list of pointers like
those on sector 1. These pointers show which FDRs are accessed through the
path name starting with this sub-directory.

Bytes 20 to 29 are together the name of sub-directory 2.

Bytes 2A and 2B are together a pointer to the FDR-pointer for this sub-directo-
ry. If >0000 then there's no sub-directory 2.

Bytes 2C to 35 are the name of sub-directory 3

Bytes 36 and 37 form a pointer to the FDR-pointer for sub-directory 3. Again, if
>0000 then there is no sub-directory 3.

Note: TI controllers do not use the area from 14 1o 37.

Finally, bytes 38 to 64 are the sector bit-map for a single-sided disk. 38 to 91 is
the sector bit-map for a double-sided disk. Bytes 38 to FB are the sector bit-
map for a double-density, double-sided disk.

Directory and Sector 0 Bit-map

(The MAp command will print out an expanded bit-map showing which indi-
vidual sectors are used and which are free.)

Referring to bytes 38 onwards, the value of each byte (e. g.FF) must be convert-
ed to its binary equivalent 11111111, If the bit is a 1, that sector is used. If it is
a 0, the sector it represents is vacant.

Byte 38 represents the first 8 sectors on the disk from 0 to 7, byte 39 shows
whether Sectors 8 to F are used or free and so on.

Now comes the difficult part. First, the 8 binary bits of each byte must be
reversed end for end. If byte 38 was 1F (0001111 1), then by reversal of the bits
(11111000}, the first five sectors 0 to 4 are used and 5, 6 and 7 are not.

Below is a sample printout of a directory and the sector bit-map effected sepa-
rately by the commands Directory and MAp,

“Clusters™ indicate the starting sector and ending sector where a conti guous
block of data is stored on the disk. If a file is fractured, it will be stored on a
number of clusters. |
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» Diskname=GENEATOGY Free=14 Daad=2E"7
Filename Sze Typ Len FdrNo Clusters
| ~READ-ME- 11 Db/V 80 2 22-31
ABBREV/1 18 D/V 80 3 32-48
APPEND-1 4D D/V 80 4 45-94
’ BEG—GENE 2A D/V 80 5 95-BD
GENE/4GEN 15 D/F B0 & 123-13¢6
GENE/DOC-1 66 D/V 80 Fi BE-122
GENE/PRNT 20 D/F 80 8 137-155
‘ GENEALOGY 40 D/F 80 9 156-194
f TREEDETAIL C D/V 80 A 195-18F
I Sector 0 Bit-map

With reference to MAp's printout, the sectors are marked as Used (X) and Free
(-). Beside and above the map are reference numbers that help to find a particu-

| lar sector. e.g. GENEALOGY, with a cluster of 156-194, has a starting location
beside 140 and below 16 (140+16=156) and the last sector is found on the map
beside 180 and under 14 (180+14=194),

i To the left of the bit-map printed below are shown the sector 0 offset addresses
and the words stored there that represent the used and free seciors. If you are
gomg to adjust the bit-map, then the offset on sector 0 is the place to do it

’ Drvl TI-WRITERZ Sze>2D0 Sec>(
DISK-SECTOR-BIT-MAP X = {sed — = Pree

SECo0 02 04 06 08 OA OC OE 10 12 14 16 18 1A 1C 1E

TOR +—+4—+—d-uted—p—t——t—t—t—f——p—f =g

D00 | OO0 | X000 —--

—

| 38=~FF3F0000

3C=FCFFFFF'F
40=FFFFFFTE
4 4=FFFFFFEFE
48=FFFFFFEFE
4C=FFFFFFEF
50=FFFF0100
54=00000000C
58=00000000
SC=00000000
60=00000000
64=000000C00
68=00000000
eC=00000000
70=00000000
74=00000000
78=00000000
7C=00000000
80=00000000
84=00000000
88=00000000
8C=00000000
30=0000FFFF

The bit-map of a quad density disk will differ from the above.There are more

020
040
060
080
OAQ
0CO

OEO
100
120}
140}
160
180
1A0
1CO
1E0
200
220
240
260
280
2A0
2C0

==X XXX
XXX XXXAXK
19.0.9.0.9.9.6
KXAXAXXKXX
XXX XXX
), 9.0.9.6.0.9.0.¢

). 9.9.9.¢.6.0.¢ ¢
XXX XXX
XXXXAXXX
).6.9.4.0.0.0.¢
XXO000XX

1 0.6.0.0.0 ¢4 ¢
XXX XXX

XXX KKK
XXX AX

) 8.0.8.6.0.0.0 4

$ 0.0.0.0.4.8 4.4

000X K | 0K

S el — —

——

i sh— — — — —. R W

— ——— — — — p— . ———
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sectors on a quad density disk than there are bits available on sector 0. To over-
come this, each bit on sector O is made to represent 2 sectors. Therefore a pair
of sectors is marked used or free by just one bit on the bit-map.

To further understand the workings of the bit-map, make a printout of the con-
tents of one of your disks using the Dlrectory and MAp commands.Then find
on the bit-map where each file and its directory is located. Cross out the posi-
tion on the bit-map where each sector 15 used by the file. Sectors Q and 1 are
always marked off as used"when the disk is being formatted.

PART IV -
HARD DISK, FLOPPY DISK
AND RAMDISK -

MIX AND MATCH
by Garry J Christensen

You may already know that the hard/floppy disk controller (HFDC) will operate
up to 4 floppy drives.What you may not understand 1s that what these drives are

catled will change and those changes are determined by the system configura-
tion.

The HFDCC i1s the first card for the TI that will sense what CRU address it
occupies. This self-awareness allows it to make changes within the the card that

cause it to act according 1o the requirements of the system.

Let me firstly look at the case where the card is at >1100 and the floppy drives
are attached to it. This is the usual address for a disk controller so it will behave
quite normally.The jumpers in the floppy drives set the numbers from 1 to 4 and
they will respond to those names.Then a DSK1 file emulation is made
active.This file on the hard dnve will now be accessed whenever DSK1' is
given as the device name.

At first thought it would appear that floppy drive 115 no longer operable
because all requests go 1o the emulate file on the hard drive. This is not strictly
true because if the file is not found in the hard drive emulation file, it will then

look for 1t on the floppy.

The situation could arise where there is a file of the same name on both but it 1s
the one on the floppy that is needed. No problem.Use the device name
“DSK2”. In this case all the floppy drive numbers have been moved up one,
from drive 2 to drive 5. When the emulate file 15 no longer active the drives
will be returned to numbers 1 t0 4.

Now lets look at the situation when the HFDC is not at >1100. In this position
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it assnmes that it is being used in conjunction with a TI, Myarc or Corcomp
floppy disk controller. The four floppy drives that are attached to it now
become numbered from 5 1o 8, aliowing 1 to 4 for the drives on the other con-
troller card. If you try to use DSK2' and the other controller is not present, you
will get an error.

The following table will summarize what I have said above.
CRU= “>1100

DSK# Emulate
Inactive

Emulate
active

G0 ~J On LA

Now all this is good to know, and if you didn't already, it wouldn't take long to
work it out, but it is vitally important when [ introduce the topic of RAM-disk.
A RAM-disk can be set to any CRU address, and one that will also respond to
the 'DSK#' device name.Selection of the address and drive name (s) MUST take
into account the effect and position of the HFDCC.

Firstly the order in which the cards are looked at'. The orniginal DSRlink rou-
tines (the ones in the console, modules and older programs) started at >1000
and went to >1F00.Since RAM-disks have become popular, most programs now
start polling the CRU at >1200, go to >1F00 then do >1000 and >1100. This
ensures that the floppy drive controiler is checked last Keep the order of
polling in mind when considering the next part.

Use the following system as an example.
FDCC at >1100 (drives 1t04)

HFDCC at >1400 (drives Sto 8)
RAM-disk at >1600

What name can the RAM-disk be called. 1 to 4 are assigned to the FDCC, 5 to
8 are for the HFDCC so that leaves 9. Remember that even though a drive may
not be attached, the name is reserved by the card.

That 1s only if the DSRlink starts at >1000. If the modern version 1s used, the
RAM-disk can also be 1 to 4 but this will block out the floppy dnive of that
name., |

- Now try this one,
HFDCC at >1100 (drive 1 10 4/5)
RAM-disk at >1000

No problems here because the RAM-disk will always be checked first. No
‘problem that 1s provided that you don't want to access the floppy with the same

HardMaster - Asgard Software - Page 22




name. If the RAM-disk is at >1600 there could be a problem. Modem
DSRIlinks will work as before but old ones will look at the HFDCC first. A trap
if the RAM-disk is set at number 5. Sometimes it will work, others not,
depending on the status of the DSK1 emulate file.

I hope by now you are getring the idea and you can see that this argument is
going in circles. I can not tell you what the answer 1s because that answer will
be determined by what hardware you have, how it is set up, and how you intend
10 use it

One obvious solution to the problem of the RAM-disks is to use the new ROS
that allows the use of device names from DSKA to DSKZ as well as 1-9. A
RAM-disk named in this way would always be available, regardless of the CRU
position and the other cards in the system.

When you configure your system, keep these points in mund. If the system is
not operating correctly, use this information to work out what is going on inside
those bits of silicon. Once set up in an appropriate manner the HFDCC pro-
vides an enormously flexible environment for manipulating the floppy drives

Disclaimer

Asgard Software, the sole manufacturer and distributor of this program, hereafier
referred 10 as "the product”, does not guarantee that this program will be free from error,
perform as stated in this manual, or meet the needs or expectations of the user,

Asgard Software is not liable for the use or misuse of this product or any damage that 1s
the result of the improper or proper use thereof - not limited to the proscribed or actual
function of the product. Asgard Software warranties the part of the product consisung of
the diskene for a period not 1o exceed 90 days from the date of purchase, provided this
part is not damaged by improper use, accident, intentional actions, or from any condition
not arising from the quality of the original materals or craftsmanship, Asgard Software
reserves the right to reject for service any retirned materials.

Asgard Software will service free of charge any product that meets these conditions
md:m 50 days of puachase, and for the cost uf retum postage after 90 days up w the life-
time of the product.

This product is provided unprotected so that users can legally create copies for their own
use, This is not a license to distribute this product. This product is copyrighted n the
manner described in this manual, and may not be reproduced by any means for the use of
others. In transferring ownership of this software all copies must by sumilarly transferred
in the same transaction. Omxersh:p of this product carries the responsibility to control its
use and distribution, and users will be liable 10 any damage mcurred to Asgard Software

that may be caused by not carrymg out this responsibility.

Manual: Copyright 1989 - Colin Christensen,
Garry Chistensen & Asgard Software
Program: Copyright 1989 - Colin Christensen
All Rights Reserved
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