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BAG OF TRICKS
A Super Disk Utility by the Authors of Beneath Apple DOS

$39.95

If you find BENEATH APPLE DOS useful, you should also find BAG OF TRICKS an important
help in examining and patching up your diskettes.

i i d the
BAG OF TRICKS is a package of four machine language subroutines which go far beyon
example programs in Appendix A of this book. User friendly and well da{_:umented. this disk
utility package is undoubtedly the best one available for the Apple 1, especially at the low price
of $39.95
The four programs and their functions are:

| A TH.A% ggmps and examines a raw track, either 13-sector or 16-sector, displays the internal
Apple diskette formatting information, and flags exceptions to standard formats.

2. INIT will reformat one or more tracks on diskette, while attempting to preserve any dataon
them. Both 13-sector and 16-sector formats are supported.

3. ZAP provides the basic capability to read, display, and update diskette sectors. More than
50 commands are available to assist the user in locating, comparing, and changing the data
on the diskette. Printer support, too. You won't believe how many useful options ZAP has.

4. FIXCAT automates the process of recovering a damaged catalog track. The diskette can be
searched for track sector lists, then the user can assign a name to !llu found by FIXCA
and restore them to the catalog. Entire catalogs may be restored in this way.

il i
If you have ever had a disk crash, you know what a good disk utility is worth. Beginners wi
ap‘;)raclale the "hand-holding” tutorials that will assist him in repairing his damaged diskettes,
and the experienced user will appreciate how fast and easily he can perform analysis and
repairs
BAG OF TRICKS requires a 48K Apple Il or Apple Il Plus.

CHAPTER 1
INTRODUCTION

Beneath Apple DOS is intended to serve as a companion to
Apple's DOS Manual, providing additional information for the
advanced programmer or the novice Apple user who wants to
know more about the structure of diskettes. It is not the
intent of this manual to replace the documentation provided
by Apple Computer Inc. Although, for the sake of
continuity, some of the material covered in the Apple manual
is also covered here, it will be assumed that the reader is
reasonably familiar with the contents of the DOS Manual.
Since all chapters presented here may not be of use to each
Apple owner, each has been written to stand on its own.

The information presented here is a result of intensive
disassembly and annotation of various versions of DOS by the
authors and by other experienced systems programmers. It
also draws from application notes, articles, and discussions
with knowledgeable people. This manual was not prepared
with the assistance of Apple Computer Inc. Although no
guarantee can be made concerning the accuracy of the
information presented here, all of the material included in
Beneath Apple DOS has been thoroughly researched and

tested,

There were several reasons for writing Beneath Apple DOS:

To show direct assembly language access to DOS.

To help you to fix clobbered diskettes.

To correct errors and omissions in the Apple documentation,
To allow you to customize DOS to fit your needs.

To provide complete information on diskette formatting,

kIO
-

WERE SEVERAL REASONS FOR WRITING “BENEATH APPLE DOS”....
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When Apple Computer Inc. introduced its Disk Operating
System (DOS) wversion 3 in 1978 to support the new DISK II
drive, very little documentation was provided. Later, when
DOS 3.2 was released, a 178 page instructional and reference
manual became available covering the use of DOS from BASIC
in depth and even touched upon some of the internal workings
of DOS. With the advent of DOS 3.3, the old 3.2 manual was
updated but the body of information in it remained
essentially intact. Beyond these Apple manuals, there have
been no significant additions to the documentation on DOS,
apart from a few articles in APPLE user group magazines and
newsletters. This manual takes up where the Disk Operating
System Manual leaves off.

Throughout this manual, discussion centers primarily on DOS
version 3.3. The reasons for this are that 3.3 was the most
recent release of DOS at the time of this writing and that
it differs less from DOS 3.2 than one would imagine.
Wherever there is a major difference betwcen the various DOS
releases in a given topic, each release vill be covered.

In addition to the DOS dependent information provided, many
of the discussions also apply to other operating systems on
the Apple II and Apple III. For example, disk formatting at
the track and sector level is, for the most part, the same.
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CHAPTER 2
THE EVOLUTION OF DOS

Since its introduction, Apple DOS has gone through three
major versions. All of these versions look very much the
same on the surface. All commands supported by DOS 3.3 are
also supported in 3.2 and 3.1. The need for additional
versions has been more to fix errors in DOS and to make
minor enhancements than to provide additional
functionality. Only DOS 3.3 has offered any major
improvement in function; an increase in the number of
sectors that will fit on a track from 13 to 16.

DOS 3 - 29 June 1978
DOS 3.1 - 20 July 1978

The first release of DOS was apparently a victim of a rush
at Apple to introduce the DISK II. As such, it had a number
of bugs. With the movement towards the APPLE II PLUS and the
introduction of the AUTOSTART ROM, a new release was

needed.

DOS 3.2 - 16 February 1979

Although DOS 3.2 embodied more changes from its predecessor

than any other release of DOS, 90% of the basic structure of
DOS 3.1 was retained. The major differences between DOS 3.1

and 3.2 and later versions of DOS are listed below:

- NOMON C,I,0 is the initial default under DOS 3.2.
C,1,0 was the default under DOS 3.1.

- Input prompts (>,],*) are echoed when MON O is in
not under MON I as was the case under 3.1.

- When a DOS command was entered from the keyboard, DOS
executed it and then passed a blank followed by a carriage
return to BASIC under 3.1. Under 3.2 only a carriage
return is passed.

= Under 3.2, certain commands may not be entered from the
keyboard but may only be used within a BASIC program
(READ, WRITE, POSITION, OPEN, APPEND).

- Under 3.2, when LOADing an APPLESOFT program, DOS
automatically converts from APPLESOFT ROM format to
APPLESOFT RAM format if the RAM version of BASIC is in use
and vice versa.

= DOS 3.1 could not read lower case characters from a text
file; DOS 3.2 can.

MON

effect,
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DOS 3.3 - 25 August 1980

Introduced in mid 1980 as a hardware/software upgrade from
DOS 3.2.1, the DOS 3.3 package includes new bootstrap and
mtate ROM chips for the disk controller card which provide
the capability to format, read, and write a diskette with 16
sectors, (These ROMs are the same ones used with the
LANGUAGE SYSTEM.) This improvement represents almost a 25%
increase in available disk space over the old 13 sector
format., Also included in the 3.3 package is an updated
version of the DOS manual, a BASICS diskette (for 13 sector
boots) , and a master diskette. Although the RWTS portion of
DOS was almost totally rewritten, the rest of DOS was not
reassembled and only received a few patches:

W
DosS 3
1978

DOS 3.
1979

THE EVOLUTION OF APPLE DOS .

thers
DOS commands are allowed to create a new file, o
:??g not. Under DOS 3.1, any reference to a file that

idn' i caused it to be created. This forced DOS 3.1
géd:h:neséﬁgée it if a new file was not desired. (LOAD XYZ
under 3.1 if XYz did not exist, created XYz, deleted xgz.
and then printed the file not found error message.) Under
3.2, OPEN is allowed to create a file if one does not

i but LOAD may not.
E:;::'3.1, exitingyto the monitor required that the
monitor status register location ($48) be set to zero
before reentering DOS. Under DOS 3.2 this is no longer

necessary.
- The Read?ﬂrite—Track/Sector (RWTS) section of DOS disabl;:
interrupts while it is executing. Under 3.1, RWTS could

interrupted by a peripheral while writing to a disk,
destroying the disk.
The default for the B (byte offset) keywo
3.2.

f its
DOS was reassembled for 3.2 causing most o
interesting locations and routines to move_slightly. This
played havoc with user programs and utilities which had
DOS addresses built into them.
Additional file types (beyond T, I, A, and B) are defiqad
within DOS 3.2, although no commands yet suspgrt them. 'The
new t s are S, R, a new A, and a new B. as
subseggzntly been used by the DOS TOOLKIT for relocatable
object module assembler files. At present, no other use
is made of these extra file types.
Support was added under 3.2 for the AUTOSTART ROM,
All files open when a disk full condition occurs are
closed by DOS 3.2.

" -
- As with each new release of DOS, several new programs wer

added to the master diskette for 3.2. Among these was

UPDATE 3.2, a replacement for MASTER CREATE, the utility

for creating master diskettes. UPDATE 3.2 converts a slave

into a master and allows the HELLO file to be renamed.
DOS 3.2.1 - 31 July 1979

" " of DOS
.2.1 was essentially a "maintenance release" © _

g?g.s Minor patches were made to RWTS and the COPY program

rd is 0 under

done.
to correct a timing problem when a dual drive copy was
Additional delays were added following a switch between
drives.

2-2

The initial DOS bootstrap loader was moved to $800 under
3.3, It was at $300 under 3.2. In addition, as stored on
the diskette (track 0 sector 0) it is nibbilized in the
same way as all other sectors under 3.3.

A bug in APPEND which caused it to position improperly if
the file was a multiple of 256 bytes long was fixed under
3s3s

A VERIFY command is internally executed after every SAVE
or BSAVE under 3.3.

All 4 bytes are used in the Volume Table Of Contents
(VTOC) free sector bit map when keeping track of free
sectors. This allows DOS to handle up to 32 sectors per
track. Of course, RWTS will only handle 16 sectors due to
hardware limitations,

If a LANGUAGE CARD is present, DOS stores a zero on it at
SE000 during bootstrap to force the HELLO program on the
master diskette to reload BASIC.

DOS is read into memory from the top down (backwards)
under 3.3 rather than the bottom up. Its image is still
stored in the same order on the'diskette (tracks 0, 1, and
2) , however.
Additional programs added to the master diskette under 3.3
include FID, a generalized file utility which allows
individual files or groups of files to be copied, MUFFIN,
a conversion copy routine to allow 3.2 files to be moved
to 16 sector 3.3 diskettes, BOOT 13, a program which will
boot a 13 sector diskette, and a new COPY program which
will also support single drive copies.

Under 3.2, speed differences in some drives prevented
their use together with the DOS COPY program. Because the

COPY program was rewritten under 3.3, that restriction no
longer applies.
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CHAPTER 3
DISKETTE FORMATTING

Apple Computer's excellent manual on the Disk Operating
System (DOS) provides only very basic information about how
diskettes are formatted. This chapter will explain in detail
how information is structured on a diskette. The first
gsection will contain a brief introduction to the hardware,
and may be skipped by those already familiar with the DOS
manual.

TRACKS AND SECTORS

For system housekeeping, DOS divides diskettes into tracks
and sectors., This is done during the initialization

process., A track is a physically defined circular path
which is concentric with the hole in the center of the
diskette. Each track is identified by its distance from the
center of the disk. Similar to a phonograph stylus, the
read/write head of the disk drive may be positioned over any
given track. The tracks are similar to the grooves in a
record, but they are not connected in a spiral. Much like
playlng a record, the diskette is spun at a constant speed
while the data is read from or written to its surface with
the read/write head. Apple formats its diskettes into 35
tracks. They are numbered from 0 to 34, track 0 being the
outermost track and track 34 the innermost. Figure 3.1
illustrates the concept of tracks, although they are
invisible to the eye on a real diskette.

WILHHH“WMW

ONE TRACK

FIGURE 3.1
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It should be pointed out, for the sake of accuracy, that the
disk arm can position itself over 70 "phases". To move the o
arm past one track to the next, two phases of the stepper
motor, which moves the arm, must be cycled. This implies
that data might be stored on 70 tracks, rather than 35.
Unfortunately, the resolution of the read/write head and the
accuracy of the stepper motor are such, that attempts to use
these phantom "half" tracks create so much cross-talk that
data is lost or overwritten. Although the standard DOS uses
only even phases, some protected disks use odd phases or
combinations of the two, provided that no two tracks are
closer than two phases from one another. See APPENDIX B for

more information on protection schemes. ‘

A sector is a subdivision of a track. It is the smallest
unit of "updatable" data on the diskette. DOS generally
reads or writes data a sector at a time. This is to avoid
using a large chunk of memory as a buffer to read or write
an entire track. Apple has used two different track formats
to date. One divides the track into 13 sectors, the other,
16 sectors. The sectoring does not use the index hole,
provided on most diskettes, to locate the first sector of
the track. The implication is that the software must be
able to locate any given track and sector with no help from
the hardware. This scheme, known as "soft sectoring", takes
a little more space for storage but allows flexibility, as
evidenced by the recent change from 13 sectors to 16 sectors
per track. The following table catagorizes the amount of
data stored on a diskette under both 13 and 16 sector
formats.

DISK ORGANIZATION

TRACKS
All DOS versionS...veesccnssscss3d

SECTORS PER TRACK
DOS 3.2.1 and earlier..cveeecssal3
DOB I iiviinassvasssssemniasemelt

SECTORS PER DISKETTE
DOS 3.2.1 and earlier....eevs...455
Dos 3l3l.llllllIIIICIUO...‘OOOOSGO

BYTES PER SECTOR
All DOS versions....cesecseesss25b

BYTES PER DISKETTE
pDOS 3.2.1 and earlier.......116480
D08 Fidesumssivasiveansasiee i tIsel

USABLE* SECTORS FOR DATA STORAGE
DOS 3.2.1 and earlier....ee.+..403
DOS 3.3cccsscsssansscsnnscnsessB96

USABLE* BYTES PER DISKETTE
pOS 3.2.1 and earlier.......103168
DOB: 3. 3iicesiiesonanawviesies 09T

3.2 * Excludes DOS, VTOC, and CATALOG

PoT00I0III 1T

TRACK FORMATTING

Up to this point we have broken down the structure of dato
to the track and sector level. To better understand how
data is stored and retrieved, we will start at the bottom
and work up.

As this manual is primarily concerned with software, no
attempt will be made to deal with the specifics of the
hardware. For example, while in fact data is stored as a
continuous stream of analog signals, we will deal with
discrete digital data, i.e. a 0 or a 1. We recognize that
the hardware converts analog data to digital data but how
this is accomplished is beyond the scope of this manual.

Data bits are recorded on the diskette in precise
intervals. For the purposes of this discussion, the
demarcation of these intervals will be depicted by a clock
bit. Using this representation, data written to and read
back from the diskette takes the form shown in Figure 3.2,
The data pattern shown represents a binary value of 101.

BITS ON DISK

P— FIGURE 3.2

[el bl [l oo [cl_ P11 [el
e

As can be seen in Figure 3.3, the clock bits and data bits
(if present) are interleaved. The presence of a data bit
between two clock bits represents a binary 1, the absence of
a data bit between two clock bits represents a binary 0. We
will define a "bit cell" as the period between the leading

;?EQ of one clock bit and the leading edge of the next clock

A BIT CELL
CLOCK BITS

/" oAtamT N\
FIGURE 3.3 [c] l__Jc1

TR

A byte would consist of eight (8) consecutive bit cells.

The most significant bit cell is usually referred to as bit
cell 7 and the least significant bit cell would be bit cell
0. When reference is made to a specific data bit (i.e. data
bit 5), it is with respect to the corresponding bit cell
(bit cell 5). Data is written and read serially, one bit at
a time. Thus, during a write operation, bit cell 7 of each
byte would be written first, with bit cell 0 being written
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last. Correspondingly, when data is being read back from the
diskette, bit cell 7 is read first and bit cell 0 is read
last. The diagram below illustrates the relationship of the
bits within a byte.

L, J. L 4 A J Al L
['-1:,” Tmmn [emeniy | wremis | mremis | swemir | mm'T-ll?.uo
.« pYTE— .
oA A
FIGURE 3.4

E
F a
t a

To graphically show how bits are stored and retrieved, we
must take certain liberties. The diagrams are a
representation of what functionally occurs within the disk
drive. For the purposes of our presentation, the hardware
interface to the diskette will be represented as an eight
bit "data latch". While the hardware involves considerably
more complication, from a software standpoint it is
reasonable to use the data latch, as it accurately embodies
the function of data flow to and from the diskette.

Figure 3.5 shows the three bits, 101, being read from the

diskette data stream into the data latch. Of course another

five bits would be read to fill the latch. As can be seen,

the data is separated from the clock bits. This task is

done by the hardware and is shown more for accuracy than for

its importance to our discussion. E‘

Writing data can be depicted in much the same way (see —
Figure 3.6). The clock bits which were separated from the (=il
data must now be interleaved with the data as it is

written. It should be noted that, while in write mode, a
zeros are being brought into the data latch to replace the

data being written. It is the task of the software to make

sure that the latch is loaded and instructed to write in 32 e‘
cycle intervals. If not, zero bits will continue to be

written every four cycles, which is, in fact, exactly how

self-sync bytes are created. Self-sync bytes will be covered

in detail shortly.

3-4

READING DATA FROM DISKETTE

DATA LATCH
WEE D =
o i~ ~
T O D
A i~ 0 B
e R e R
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FLEL Rl e FL O M
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FIGURE 3.5
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WRITING DATA TO DISKETTE
DATA LATCH

[1]of ]of+]ofr]o]}
/

[1To] o[ 1fofs]o]
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/
= [ Y oo Jcl

[rlof+]ofs]ofo]o]

Ek

ML EL L e
[of+1]of1]ofo]ofo]e—no

AR e a5l
[o]1]o]1[o]o]o]e]

A e gl

FIGURE 3.6

A "field" is made up of a group of consecutive bytes. The
number of bytes varies, depending upon the nature of the
field., The two types of fields present on a diskette are
the Address Field and the Data Field. They are similar in
that they both contain a prologue, a data area, a checksum,
and an epilogue. Each field on a track is separated from
adjacent fields by a number of bytes. These areas of
separation are called "gaps" and are provided for two
reasons, One, they allow the updating of one field without
affecting adjacent fields (on the Apple, only data fields
are updated). Secondly, they allow the computer time to
decode the address field before the corresponding data field
can pass beneath the read/write head.

All gaps are primarily alike in content, consisting of
self-sync hexadecimal FF's, and vary only in the number of
bytes they contain. Figure 3.7 is a diagram of a portion of
a typical track, broken into its major components.

TRACK FORMAT

o aar 1 aar 3 | DaTA LD | Gars GAP3 | BATAMELD | oar3 aary | oarareo | cass
LD Lo FiELD:
\r‘h - 0 - " 7 L

v an [0 a— w s e —d
w— o wecTos £y oo o
- nats

- - - T SYTES T
T - TYRCALLY 59 ALY Y

FIGURE 3.7

Self-sync or auto-sync bytes are special bytes that make up
the three different types of gaps on a track. They are so
named because of their ability to automatically bring the
hardware into synchronization with data bytes on the disk.
The difficulty in doing this lies in the fact that the
hardware reads bits and the data must be stored as eight bit
bytes. It has been mentioned that a track is literally a
continuous stream of data bits. In fact, at the bit level,
there is no way to determine where a byte starts or ends,
because each bit cell is exactly the same, written in
precise intervals with its neighbors. When the drive is
instructed to read data, it will start wherever it happens
to be on a particular track. That could be anywhere among
the 50,000 or so bits on a track. Distinguishing clock bits
from data bits, the hardware finds the first bit cell with
data in it and proceeds to read the following seven data
bits into the eight bit latch. 1In effect, it assumes that
it had started at the beginning of a data byte, Of course,
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in reality, the odds of its having started at the begihning
of a byte are only one in eight. Pictured in Figure 3.8 is
a small portion of a track. The clock bits have been
stripped out and 0's and 1's have been used for clarity.

AN EXAMPLE BIT STREAM ON THE DISK

0110101110101100111101101110101
FIGURE 3.8

There is no way from looking at the data to tell what bytes
are represented, because we don't know where to start, This
is exactly the problem that self-sync bytes overcome.

A self-sync byte is defined to be a hexadecimal FF with a
special difference. It is, in fact, a 10 bit byte rather
than an eight bit byte. Its two extra bits are zeros.
Figure 3.9 shows the difference between a normal data hex FF
that might be found elsewhere on the disk and a self-sync
hex FF byte.

SELF-SYNC BYTE HEX FF

K1 K1 K1 K1 K1 K1 K Kl ) Y

NORMAL BYTE HEX FF

Llolofofofofe]e]

=

E @
-
E o

-

FIGURE 3.9

A self-sync is generated by using a 40 cycle (micro-second)
loop while writing an FF. A bit is written every four
cycles, so two of the zero bits brought into the data latch
while the FF was being written are also written to the disk,
making the 10 bit byte. (DOS 3.2.1 and earlier versions use
a nine bit byte due to the hardware's inability to always
detect two consecutive zero bits.) It can be shown, using
Figure 3.10, that five self-sync bytes are sufficient to
guarantee that the hardware is reading valid data. The
reason for this is that the hardware requires the first bit
of a byte to be a 1. Pictured at the top of the figure is a
stream of five auto-sync bytes. Each row below that
demonstrates what the hardware will read should it start
reading at any given bit in the first byte. In each case,
by the time the five sync bytes have passed beneath the
read/write head, the hardware will be "synched" to read the
data bytes that follow. As long as the disk is left in read
mode, it will continue to correctly interpret the data
unless there is an error on the track.

3-8

5 AUTOSYNC BYTES
111119111001 111111100111111110011111111001111111100
1
11111111003111111100111111110011111111001111111100
1111111000111 111100111111110011111111001111111100
111111110011 1111110011111 1

11 11100111111110031111111100
1911111110011 19111100311111110011111111003111111100
111131110091 39111100311 111110011111111001111111100

| T e T e i 1111111
90 1100111111110021111111001111111100
111111110011 111111001 1.1111110011111111001111111100

— T T Bl Bl

i%a:ar 1 1
10011 1111110011131111001.1111111001111111100
111111110021 111111100111111110011111111001111111100

FIGURE 3.10

We can now discuss the particular portions of a track in
detail. The three gaps will be covered first, Unlike some
other disk formats, the size of the three gap types will
vary from drive to drive and even from track to track.
Puring the initialization process, DOS will start with large
gaps and keep making them smaller until an entire track can
be written without overlapping itself. A minimum of five
self-sync bytes must be maintained for each gap type (as
discussed earlier). The result is fairly uniform gap sizes
within each particular track.
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is the first data written to a track during
gzgt}aiization. Its purpose is twofold. The gap originally
consists of 128 bytes of self-sync, a large engugh area to
insure that all portions of a tracg will contain data.
Since the speed of a particular drive may vary, the total
length of the track in bytes is uncertain, anq the
percentage occupied by data is unknown. The xqitlallzation
process is set up, however, so thgt even on dr1?es of
differing speeds, the last data field written will overlap
Gap 1, providing continuity over the entire p@ysical track.
Care is taken to make sure the remaining portion of Gap 1 is
at least as long as a typical Gap 3 (in practice its length
is usually more than 40 sync bytes), enabling it to serve as
a Gap 3 type for Address Field number 0 (See Figure 3.7 for
clarity).

Gap 2 appears after each Address Field and before each Data
Field. Its length varies from five to ten bytes on a normal
drive. The primary purpose of Gap 2 is to provide time for
the information in an Address Field to be decoded by the
computer before a read or write takes place. If the gap were
too short, the beginning of the Data Field might spin past
while DOS was still determining if this was the sector to be
read. The 240 odd cycles that six self-sync bytes provide
seems ample time to decode an address field. When a Data
Field is written there is no guarantee that the write will
occur in exactly the same spot each time. This is due to
the fact that the drive which is rewriting the Data Field
may not be the one which originally INITed or wrote it.
Since the speed of the drives can vary, ig is possible that
the write could start in mid-byte. (See Figure 3.11) This is
not a problem as long as the difference in positioning is
not great. To insure the integrity of Gap 2, when writing a
data field, five self-sync bytes are written prior to
writing the Data Field itself. This serves two purposes.
Since relatively little time is spent decoding an address
field, the five bytes help place the Data Field near its

NEW
DATA
FIELD

ADDRESS GAP 2 CURRENT GAP3

FIELD DATA g
FIELD

#—m

NEW
DATA
FIELD

FIGURE 3.11
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original position. Secondly, and more importantly, the five
self-sync bytes are the minimum number required to guarantee
read-synchronization. It is probable that, in writing a
Data Field, at least one sync byte will be destroyed. This
is because, just as in reading bits on the track, the write
may not begin on a byte boundary, thus altering an existing
byte. Figure 3,12 illustrates this.

WRITING OUT OF SYNC
Before
cl o cl Jol Jcl Jo]| Je c ol e
‘\\\\Udhohﬂbhu‘
After
cldoldcllec olJc D c cldol e
FIGURE 3.12

Gap 3 appears after each Data Field and before each Address
Field. It is longer than Gap 2 and generally ranges from 14
to 24 bytes in length. It is quite similar in purpose to
Gap 2. Gap 3 allows the additional time needed to
manipulate the data that has been read before the next
sector is to be read. The length of Gap 3 is not as
critical as that of Gap 2. 1If the following Address Field
is missed, DOS can always wait for the next time it spins
around under the read/write head, at most one revolution of
the disk. Since Address Fields are never rewritten, there
is no problem with this gap providing synchronization, since
only the first part of the gap can be overwritten or
damaged. (See Figure 3,11 for clarity)

An examination of the contents of the two types of fields is
in order. The Address Field contains the "address" or
identifying information about the Data Field which follows
it. The volume, track, and sector number of any given
sector can be thought of as its "address", much like a
country, city, and street number might identify a house. As
shown previously in Figure 3.7, there are a number of
components which make up the Address Field. A more detailed
illustration is given in Figure 3.13.
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ADDRESS FIELD

PROLOGUE VOLUME TRACK SECTOR CHECKSUM EPILOGUE

[DS MQOIXX ‘I’Yll! YYlXX 'l"l’[!l VYlDEMEBI

ODD-EVEN ENCODED

DATA BYTE —D:DsDsDsD:D2D1 Do
XX —1Dr1Ds1D21D
YY —1Ds1D«1D21Do

FIGURE 3.13

The prologue consists of three bytes which form a unique
sequence, found in no other component of the track. This
fact enables DOS to locate an Address Field with almost no
possibility of error. The three bytes are $D5, $AA, and
$96. The $D5 and $AA are reserved (never written as data)
thus insuring the uniqueness of the prologue. The $96,
following this unique string, indicates that the data
following constitutes an Address Field (as opposed to a Data
Field). The address information follows next, consisting of
the volume, track, and sector number and a checksum. This
information is absolutely essential for DOS to know where it
is positioned on a particular diskette. The checksum is
computed by exclusive-ORing the first three pieces of
information, and is used to verify its integrity. Lastly
follows the epilogue, which contains the three bytes $DE,
SAA and SEB. 0Oddly, the $EB is always written during
initialization but is never verified when an Address Field
is read. The epilogue bytes are sometimes referred to as
"bit-slip marks", which provide added assurance that the
drive is still in sync with the bytes on the disk. These
bytes are probably unnecessary, but do provide a means of
double checking.

DATA FIELD
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The other field type is the Data Field. Much like the
Address Field, it consists of a prologue, data, checksum,
and an epilogue. (Refer to Figure 3.14) The prologue is
different only in the third byte. The bytes are $D5, $AA,
and $AD, which again form a unique sequence, enabling DOS to
locate the beginning of the sector data. The data consists
of 342 bytes of encoded data. The encoding scheme used will
be discussed in the next section. The data is followed by a
checksum byte, used to verify the inteqrity of the data just
read. The epilogue portion of the Data Field is absolutely

identical to the epilogue in the Address Field and it serves
the same function.

DATA FIELD

PROLOGUE USER DATA CHECKSUM EPILOGUE

|os aa ap| 342 BYTES DATA | xx [DE AA EB]
— —

SIX AND TWO
ENCODED

FIGURE 3.14

DATA FIELD ENCODING

Due to Apple's hardware, it is not possible to read all 256
possible byte values from a diskette. This is not a great
problem, but it does require that the data written to the
disk be encoded. Three different techniques have been
used. The first one, which is currently used in Address
Fields, involves writing a data byte as two disk bytes, one
containing the odd bits, and the other containing the even
bits. It would thus require 512 "disk" bytes for each 256
byte sector of data. Had this technique been used for
sector data, no more than 10 sectors would have fit on a
track. This amounts to about 8BK of data per diskette, or
roughly 72K of space available to the user; typical for

5 1/4 single density drives.
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Fortunately, a second technique for writing data to diskette
was devised that allows 13 sectors per track. This new
method involved a "5 and 3" split of the data bits, versus
the "4 and 4" mentioned earlier. Each byte written to the
disk contains five valid bits rather than four. This
requires 410 "disk" bytes to store a 256 byte sector. This
latter density allows the now well known 13 sectors per
track format used by DOS 3 through DOS 3.2.1. The "5 and L
scheme represented a hefty 33% increase over comparable
drives of the day.

Currently, of course, DOS 3.3 features 16 sectors per track
and provides a 23% increase in disk storage over the 13
sector format. This was made possible by a hardware
modification (the P6 PROM on the disk controller card) which
allowed a "6 and 2" split of the data. The change was to
the logic of the "state machine" in the P6 PROM, now
allowing two consecutive zero bits in data bytes.

These three different encoding techniques will now be
covered in some detail. The hardware for DOS 3.2.1 (and
earlier versions of DOS) imposed a number of restrictions
upon how data could be stored and retrieved. It required
that a disk byte have the high bit set and, in addition, no
two consecutive bits could be zero. The odd-even "4 and 4"
technigque meets these requirements. Each data byte is
represented as two bytes, one containing the even data bits
and the other the odd data bits. Figure 3.15 illustrates
this transformation. It should be noted that the unused
bits are all set to one to guarantee meeting the two
requirements.

1D1Ds1Ds1Dy
DATA BYTE D’DtDsD-DaD:DtDn<
1Ds1D41D21D0

FIGURE 3.15

No matter what value the original data data byte has, this
technique insures that the high bit is set and that there
can not be two consecutive zero bits. The "4 and 4"
technique is used to store the information (volume, track,
sector, checksum) contained in the Address Field. 1It is
quite easy to decode the data, since the byte with the odd
bits is simply shifted left and logically ANDed with the
byte containing the even bits. This is illustrated in Figure
3.16.

Dr1Ds1Da1 D11 (shifted left)

AND 1De1Ds1Dz21Do
D:DsDsD4D3D:2D1 Do

FIGURE 3.16
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It is important that the least significant bit contain a 1

when the odd-bits byte is left shifted. The entire

gg.ration is carried out in the RDADR subroutine at $B944 in
8 (48K).

The major difficulty with the above technique is that it
takes up a lot of room on the track. To overcome this
deficiency the "5 and 3" encoding technique was developed.
It is so named because, instead of splitting the bytes in
half, as in the odd-even technique, they are split five and
three. A byte would have the form 000XXXXX, where X is a
valid data bit. The above byte could range in value from
$00 to $1F, a total of 32 different values. It so happens
that there are 34 valid "disk" bytes, ranging from S$AA up to
$FF, which meet the two requirements (high bit set, no
gonsecutive zero bits). Two bytes, $D5 and $AA, were chosen
an reserved bytes, thus leaving an exact mapping between
five bit data bytes and eight bit "disk" bytes. The process
of converting eight bit data bytes to eight bit "disk"
?y;:s, then, is twofold. An overview is diagrammed in Figure

PRIMARY
USER DATA
ain [ ("hoummie) | otrrin
PAGE

SECONDARY
DATA
BUFFER
WRITE
TRANSLATE
TABLE
FIGURE 3.17

FPirst, the 256 bytes that will make up a sector must be
translated to five bit bytes. This is 'done by the
“prenibble" routine at $B800. It is a fairly involved
grocess. involving a good deal of bit rearrangement., Figure

.18 shows the before and after of prenibbilizing. On the
left is a buffer of eight bit data bytes, as passed to the
RWTS subroutine package by DOS. Each byte in this buffer is
represented by a letter (A, B, C, etc.) and each bit by a
number (7 through 0). On the right side are the results of
the transformation. The primary buffer contains five
distinct areas of five bit bytes (the top three bits of the
elight bit bytes zero-filled) and the secondary buffer
e::t;&nl three areas, graphically illustrating the name "5
a .
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“5 and 3" PRENIBBILIZING
BB00
SECTOR
DATA
BUFFER BB33 00 0 A AAAA

ArAc A A ACA A
B/B«B+B.«B:B:B Be
CrCaCsCaCaC:CrCo
D:DsD:D«D:D: D+ De

E'E«E:E«E:E:E Er BB66 00 08 B«8:8.8)

BB99 0 0 0CCuCsCiCs

BBCcC 0 0 0 D/DeDsD:«Ds

BCOO 000EEEEE

BC33 00 0 A:A AD:E:

ADDRESS WITHIN RWTS BUFFERS (48K SYSTEM)

BCB6 0 0 0B:B:B:DE

BCo99 0 0 0C:CiCoDuEs

FIGURE 3.18

A total of 410 bytes are needed to store the original 256.
This can be calculated by finding the total bits of data
(256 x 8 = 2048) and dividing that by the number of bits per
byte (2048 / 5 = 409.6). (two bits are not used) Once this
process is completed, the data is further transformed to
make it valid "disk" bytes, meeting the disk's

requirements. This is much easier, involving a one to one
look-up in the table given in Figure 3.19.

3-16

“5 and 3"
WRITE TRANSLATE TABLE

00 = AB 10 = DD
01 = AD 11 = DE
02 = AE 12 = DF
03 = AF 13 = EA
04 = B5 14 = EB
05 = B6 15 = ED
06 = B7 16 = EE
07 = BA 17 = EF
08 = BB 18 = F5
09 = BD 19 = F6
0A = BE 1A = F7
0B = BF 1B = FA
0C = D6 1C = FB
0D = D7 1D = FD
0E = DA 1E = FE
OF = DB 1F = FF

AA
D5 I Reserved Bytes

FIGURE 3.19

The Data Field has a checksum much like the one in the
Address Field, used to verify the integrity of the data. It
also involves exclusive-ORing the information, but, due to
time constraints during reading bytes, it is implemented

differently. The data is exclusive-ORed in pairs before

being transformed by the look-up table in Figqurg 3.19. This
can best be illustrated by Figure 3.20 on the following

page .*

The reason for this transformation can be better understood
by examining how the information is retrieved from the
disk. The read routine must read a byte, transform it, and
store it -- all in under 32 cycles (the time taken to write
a byte) or the information will be lost. By using the
checksum computation to decode data, the transformation
shown in Figure 3.20 greatly facilitates the time
constraint, As the data is being read from a sector the
accumulator contains the cumulative result of all previous
bytes, exclusive-ORed together. The value of the
accumulator after any exclusive-OR operation is the actual
data byte for that point in the series. This process is
diagrammed in Figure 3.21.*

#Pigures 3.20 and 3.21 present the nibblizing process used
by the "6 and 2" encoding technique. However, the concept
is the same for the "5 and 3" technique.
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WRITING TO DISKETTE, DOS 3.3

Primary & READING FROM DISKETTE, DOS 3.3
Secondary
Butfers
Nibblized WRITE
Data TRTMOI.ATI DISK
ABLE DATA
0
READ PRIMARY &
EOR —_— ——— Byte 0 Disk Byte TRANSLATE EFFECTIVE SECONDARY
BCSS TABLE ACTION BUFFERS
BCS5 Byte 0 —» —» EORO —= $BCS5
’ EOR — — Byte 1 Byte 1 —» —+» EOR $BC55 —» $BCS4
BCS54 Byte 2 —» —+» EORSBC54 —» $BCS3
BC54
} EOR —_— —> Byte 2
BCS3
BCO1
Byte 85 —% —+ EORS$BCO1 —* $BCOO
EOR —_— —————+ Byte 85
DO ] Byte 86 — —» EOR$BC0O0 —* $BB0O
Byte 87 —» — EOR $BB00 —* S$BBO1
BCOO
l F : Byte 88 —» —+» EOR $BB01 —* $BBO2
EOR —_— ———» Byle 86
BBOO
Bml E l%
EOR [— ————p Byte 87
8801 E "
BBO1 E .
] EOR — . ————» Byte 88 ;
BB02 !
E- Byle 340 —» —+ EOR $BBFD —+ $BBFE
E? _& Byle 341 — —» EOR $BBFE —» S$BBFF
1' Byle 342 —» —+» EORSBBFF —& 0 If data s valid
} =4 . v e | FIGURE 3.21
BBFE
BBFE E
} EOR —_ ————»  Byte 341
BBFF E"
BBFF “checksum™ ————# ————=# Byle 342
FIGURE 3.20
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The third encoding technique, currently used by DOS 3.3, is
similar to the "5 and 3". It was made possible by a change
in the hardware which eased the requirements for valid data
somewhat. The high bit must still be set, but now the byte
may contain one (and only one) pair of consecutive zero
bits. This allows a greater number of valid bytes and
permits the use of a "6 and 2" encoding technique., A six
bit byte would have the form 00XXXXXX and has values from
$00 to $3F for a total of 64 different values. With the
new, relaxed requirements for valid "disk" bytes there are
69 different bytes ranging in value from $96 up to S$FF.
After removing the two reserved bytes, $AA and $D5, there
are still 67 "disk" bytes with only 64 needed. An

410 by s A2

3.3 sactor

additional requirement was introduced to force the mapping

to be one to one, namely, that there must be at least two
adjacent bits set, excluding bit 7. This produces exactly 64
valid "disk" values. The initial transformation is done by
the prenibble routine (still located at $B800) and its
results are shown in Figure 3,22,

umber of
“6 and 2" PRENIBBILIZING

bits (256 x 8

f bits per byte (2048 / 6 3 t :
rom the six bit bytes to valid data bytes is again
ser formed by a one to one mapping shown in Figure 3.23.

-

'S QUITE. SIMPLE, - *6anp2” 15 LESS THAN “5am3"

A total of 342 bytes are needed, shown by finding the total

2048) and dividing by the number

341.33).

Once again, the stream of data bytes written to

BBOO 0 O ArAsfs A Az A ]
0 0 BrBeB:B.B:B: —"
SECTOR 0 0 CrCeCsC4CsCs s"‘
DATA 0 0 D:DvDsD«DsD:
BUFFER J

0 0 ErEsEsE«E:Er

A A A AcA A A A
B:B«8.8.B8:8.8:B
C:G.C:C.CsC:CHC
D:D«D»D: DsD:0: D
E-E«E:E«E:E:EE
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FIGURE 3.22
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WRITE TRANSLATE TABLE

00 = 96 10
01 = 97 1
02 = 9A 12
03 = 98B 13
04 = 9D 14
05 = 9E 15
06 = 9F 16
07 = AB 17
08 = A7 18
09 = AB 19
0A = AC 1A
0B = AD 1B
0C = AE 1C
0D = AF 1D
0E = B2 1E
OF = B3 1F

AA
Dslaemnmdawes

(T I T TR

= BS

“6 and 2"
B4 20
21

B6 22
B7 23
B9 24
BA 25
BB 26
BC 27
8D 28
BE 29
BF 2A
CB 28
cD 2C
CE 2D
CF 2E
D3 2F
FIGURE 3.23
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are a product of exclusive-ORs, exactly as with
* technique discussed earlier.
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SECTOR INTERLEAVING

Sector interleaving, or skewing, is the staggering of
sectors on a track to maximize access speed. There is
usually a delay between the time DOS reads or writes a
sector and the time it is ready to read or write another,
This delay depends upon the application program using the

COMPARISON OF SECTOR SKEWING
LOGICAL SECTOR

disk and can vary greatly. If sectors were stored on the
track in sequential order, it would usually be necessary to

:
E

:

wait a full revolution of the diskette before the next
sector could be accessed. Ordering the sectors non-
sequentially (skewing them) can provide improved access
speeds.

On DOS 3.2.1 and earlier versions, the 13 sectors are
physically skewed on the diskette. During the boot
operation, sectors are loaded from the diskette in ascending
sequential order. However, files generally are loaded in
descending sequential order. As a result, no single skewin
scheme works well for both booting and sequentially
accessing a file.

A different approach has been used in DOS 3.3 in an attempt
to maximize performance. The skewing is now done in
software. The 16 physical sectors are numbered in ascending
order (0, 1, 2, ... , 15) and are not physically skewed at
all. A look-up table is used to translate a logical or soft
sector number used by RWTS into the physical sector number .
found on the diskette. For example, if the logical sector E
number were a 2, this would be translated into the physical
sector number 11 ($0B). Thus, RWTS treats physical sector E A
11 ($0B) as sector 2 for all intents and purposes. This
presents no problem if RWTS is used for disk access, but
would become a consideration if access were made without E
RWTS. DOS 3.3 uses what we refer to as a "2 descending" '
skew.

ﬂﬂﬂWM)uthUUOMﬂQE

n"Tm OO D > @ @ N O O &8 N = O
m N Mmoo D o0 & D WP 0D == o O

FIGURE 3.24

In an attempt to eliminate the access differences between
booting and reading files, another change was made to DOS lE
3.3. During the boot process, DOS is loaded backwards in
descending sequential order into memory, just as files are
accessed. However, due to differences in the delays for
booting and reading files, no single skewing scheme is
optimal. For a detailed discussion of this subject refer to
HOW SECTOR SKEWING CAN AFFECT DISK PERFORMANCE in the
documentation for BAG OF TRICKS*.

It is interesting to point out that Pascal, Fortran, and E
CP/M diskettes all use software skewing also. However, each
uses a different sector order. Pascal and Fortran use a 2
ascending skew and CP/M diskettes use a 3 ascending skew. A
comparison of these differences is presented in Figure 3.24.

* see the page opposite page 1-1 for a description of BAG OF
TRICKS.
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CHAPTER 4
DISKETTE ORGANIZATION

A8 was described in CHAPTER 3, a 16 sector diskette consists
of 560 data areas of 256 bytes each, called sectors. These
sectors are arranged on the diskette in 35 concentric rings
or tracks of 16 sectors each. The way DOS allocates these
tracks of sectors is the subject of this chapter.

A file (be it APPLESOFT, INTEGER, BINARY, or TEXT type)
consists of one or more sectors containing data. Since the
sector is the smallest unit of allocatable space on a
diskette, a file will use up at least one sector even if it
is less than 256 bytes long; the remainder of the sector is
wasted. Thus, a file containing 400 characters (or bytes)
of data will occupy one entire sector and 144 bytes of
another with 112 bytes wasted. Knowing these facts, one
would expect to be able to use up to 16 times 35 times 256
or 143,360 bytes of space on a diskette for files. Actually,
the largest file that can be stored is about 126,000 bytes
long. The reason for this is that some of the sectors on the
diskette must be used for what is called "overhead".

CATALOG

DISK VOLUME 001

*I 002 HELLO

A 002 APPLESOPT PROGRAM
T 002 TEXT PILE

B 002 BINARY FILE

TRACK
4 5 8 T B 9 10 1112 13 14 15 16 17 18 19 20 21 22 33 24 35 26 37 28 29 30 3 32 33 M
sEcTOR o v
'
2
5 FREE
4 SECTORS
. c
. A
r FREE T
. SECTORS : fwewo A
. o APPLESOFT PROGRAM !
" L TEXT FiLE |
" ! mmany pie !
" R i
. /
-
"

A TYPICAL 18 SECTOR DISKETTE MAP

FIGURE 4.1



Overhead sectors contain the image of DOS which is le
when booting the diskette, a list of the names and loc
of the files on the diskette, and an accounting of the
sectors which are free for use with new files or expansic
of existing files. An example of the way DOS uses sectorl
given in Figure 4.1.

DISKETTE SPACE ALLOCATION

The map in Figure 4.1 shows that the first three tracks
each diskette are always reserved for the bootstrap in:::T;
DOS. In the exact center track (track 17) is the VTOC
catalog. The reason for placing the catalog here is simple,
Since the greatest delay when using the disk is waiting for
the arm to move from track to track, it is advantageous to .
minimize this arm movement whenever possible. By placing
the catalog in the exact center track of the disk, the arm
need never travel more than 17 tracks to get to the catalog
track. As files are allocated on a diskette, they occupy
the tracks just above the catalog track first. When the
last track, track 34, has been used, track 16, the track
adjacent and below the catalog, is used next, then 15, 14,
13, and so on, moving away from the catalog again, toward
the DOS image tracks. If there are very few files on the
diskette, they will all be clustered, hopefully, near the
catalog and arm movement will be minimized. Additional space
for a file, if it is needed, is first allocated in the same
track occupied by the file. When that track is full,
another track is allocated elsewhere on the disk in the
manner described above.

THE VTOC

The Volume Table Of Contents is the "anchor" of the entire
diskette. On any diskette accessible by any version of DOS,
the VTOC sector is always in the same place; track 17,
sector 0. (Some protected disks have the VTOC at another
location and provide a special DOS which can find it.) Since
files can end up anywhere on the diskette, it is through the
VTOC anchor that DOS is able to find them. The VTOC of a
diskette has the following format (all byte offsets are
given in base 16, hexadecimal):

VOLUME TABLE OF CONTENTS (VTOC) FORMAT

BYTE DESCRIPTION

00 Not used

01 Track number of first catalog sector

02 Sector number of first catalog sector

03 Release number of DOS used to INIT this diskette
04-05 Not used

06 Diskette wvolume number (1-254)

07-26 Not used

27 Maximum number of track/sector pairs which will fit

in one file track/sector list sector (122 for 256
byte sectors)

(T T TSR]

28-2F Not used

o0 Last track where sectors were allocated

31 Direction of track allocation (+1 or -1)
32-33 Not used

34 Number of tracks per diskette (normally 35)
35 Number of sectors per track (13 or 16)
36-37 Number of bytes per sector (LO/HI format)
38-3B Bit map of free sectors in track 0

3C-3F Bit map of free sectors in track 1

40-43 Bit map of free sectors in track 2

BC-BF Bit map of free sectors in track 33

Co-C3 Bit map of free sectors in track 34

C4-FF Bit maps for additional tracks if there are more

than 35 tracks per diskette

BIT MAPS OF FREE SECTORS ON A GIVEN TRACK

A four byte binary string of ones and zeros,
representing free and allocated sectors respectively.
Hexadecimal sector numbers are assigned to bit
positions as follows:

BYTE SECTORS

+0 FEDC BA98

+1 7654 3210

+2 esss ssss (NOt used)

+3 sane weae (DOL used)

Thus, if only sectors E and 8 are free and all

others are allocated, the bit map will be:
41000000
If all sectors are free:
FFFF0000
An example of a VTOC sector is given in Figure 4.2. This

VTOC corresponds to the map of the diskette given in Figure
‘.1.



First CATALOG sector is on track 11 (hex),
" sector OF (hex)

—— DOS 3.3

Volume #1

23 (hex) tracks/disk
10 (hex) sectors/track

0100 (hex) byles/sector

122 T/S pairs NI A |
inaT/S list
Track 0 Is
was 15 (hex). 48 FPFPOOOOFFFPOO0OFFFFO000 __..__..—--  allocated
Next will be 54 PFFPOOOOFFFPOOOOFFFFO000 __ .. .. .- Track 12 Is
1541=16 (hex). 60 PPPPOOOOPFFPOOOOPFFPO000 —+—<"— "+ free
(22 decimal) 6C PPPPOOOOFFFPOO0OFFFFO000 __ .. .. ..
78 FFFFO00000000000BFFFO000 —~~rssz?=::  Only seclors
84 3PFPOO003IPPPOO003FFPO000 7_..7_..7_.. 14 and 15 are
90 FPFPOOCOFPPPOOOOFPPFPO000 __. . .. .. allocated
9C PPPFOOCOFFFPOOCOFFFFO000 __..__..__..  ©On track 18
A8 PPFPOOOOPFFPOOOOFFFFO000 __ .. ...
B4 FPFPOOOOPPPFOOQOPFFPFO000 __ .. .. .. Track 34
co [FFFF000000000000 . is free
CC 000000000000000000000000 . .. . .. . e
D8 000000000000000000000000 .\« vx . R
E4 000000000000000000000000 . .. .ccvvssss
FO 000000000000000000000000 . .. .. .. S Eelve
PC 00000000 .

FIGURE 4.2 — EXAMPLE VTOC
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THE CATALOG

In order for DOS to find a
given file, it must first read
the VTOC to find out where the
first catalog sector is
located. Typically, the
catalog sectors for a diskette
are the remaining sectors on
track 17, following the VTOC
sector. Of course, as long as
a track/sector pointer exists
in the VTOC and the VTOC is
located at track 17, sector 0,
DOS does not really care where
the catalog resides. Figure
4.3 diagrams the catalog
track. The figure shows the
track/sector pointer in the
VTOC at bytes 01 and 02 as an
arrow pointing to track 17 (11
in ‘hexadecimal) sector F. The
last sector in the track is
the first catalog sector and
describes the first seven
files on the diskette. Each
catalog sector has a
track/sector pointer in the
same position (bytes 01 and
02) which points to the next
catalog sector, The last
catalog sector (sector 1) has
a zero pointer to indicate
that there are no more catalog
sectors in the chain,

In each catalog sector up to
seven files may be listed and
described, Thus, on a typical
DOS 3.3 diskette, the catalog
can hold up to 15 times 7, or
105 files. A catalog sector is
formatted as described on the
following page.

FIGURE 4.3 — TRACK 17, THE CATALOG TRACK
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CATALOG SECTOR FORMAT

BYTE DESCRIPTION

00 Not used
01 Track number of next catalog sector (usually 11 hex)
02 Sector number of next catalog sector

03-0A Not used

0B-2D First file descriptive entry
2E-50 Second file descriptive entry
51-73 Third file descriptive entry
74-96 Fourth file descriptive entry
97-B9 Fifth file descriptive entry
BA-DC Sixth file descriptive entry
DD-FF Seventh file descriptive entry

FILE DESCRIPTIVE ENTRY FORMAT

RELATIVE
BYTE DESCRIPTION
00 Track of first track/sector list sector.

If this is a deleted file, this byte contains a hex
FF and the original track number is copied to the
last byte of the file name field (BYTE 20).
If this byte contains a hex 00, the entry is assumed
to never have been used and is available for use,
(This means track 0 can never be used for data even
if the DOS image is "wiped" from the diskette.)
01 Sector of first track/sector list sector
02 File type and flags:
Hex B0+file type - file is locked
00+file type - file is not locked
00 - TEXT file
01 - INTEGER BASIC file
02 - APPLESOFT BASIC file

04 - BINARY file
08 - 5 type file
10 - RELOCATABLE object module file
20 - A type file
40 - B type file

(thus, B84 is a locked BINARY file, and 90 is a
locked R type file)
03-20 File name (30 characters)
21-22 Length of file in sectors (LO/HI format).
The CATALOG command will only format the LO byte of
this length giving 1-255 but a full 65,535 may be
stored here.

Figure 4.4 is an example of a typical catalog sector. In
this example there are only four files on the entire
diskette, so only one catalog sector was needed to describe
them. There are four entries in use and three entries which
have never been used and contain zeros.

46

;_-

E =
=

=
a

==
m
-

b
-

sector OE (hex)

First track/sector list for this file

File name Is "HELLO"

— Next CATALOG sector is track 11(hex),

Is at track 12 (hex), sector OF (hex)

00 901 10EPQO000000000000GL2] . .. v vunn
x -

- 18 AOAOAOAOAOAOAOAOAOAOAOAD

type file 24 AOAOAOAOAOA

30 [0ZC1D0DOCCCSDICPCEDAAODO . APPLESOPT P
3C D2CPC7D2C1CDAOAOAOAOACAD ROGRAM

48 AOAOAOAOAOROA00Z00140FD0
54 D4ACSDED4AOCE6CICCCSAOAOAD TEXT FILE

FIGURE 4.4 — EXAMPLE CATALOG SECTOR

81 = locked, integer BASIC type file

3
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THE TRACK/SECTOR LIST

Each file has associated with it a "Track/Sector List"
sector. This sector contains a list of track/sector
pairs which sequentially list the data sectors which o wa0E-OF
the file. The file descriptive entry in the catalog M
points to this T/S List sector which, in turn, points
each sector in the file. This concept is diagramed in
4.5.

TRACK 17
SECTOR 0

CATALOG SECTORS

e DATA SECTORS lEE 2
"HELLO"™ -
|
FIGURE 4.5 - PATH DOS MUST FOLLOW TO FIND A FILE E _,‘_’

The format of a Track/Sector List sector is given below.
Note that since even a minimal file requires one T/S Liat E
sector and one data sector, the least number of sectors a ’
non-empty file can have is 2. Also, note that a very large

file, having more than 122 data sectors, will need more thlnE i
one Track/Sector List to hold all the Track/Sector pointer
pairs.

TRACK/SECTOR LIST FORMAT

BYTE DESCRIPTION

00 Not used

01 Track number of next T/S List sector if one was
needed or zero if no more T/S List sectors,

02 Sector number of next T/S List sector (if present).

03-04 Not used

4-8

Sector offset in file of the first sector described

by this list.
Not used

Track and sector of first data sector or zeros
Track and sector of second data sector or zeros

Up to 120 more Track/Sector pairs

There are no additional T/S list
" sectors for this file

T
sassmss e
sass s s
Arssssanr e
srssssarn e
sassssnar s

84

srsassmes e

R

B

3328883288

FIGURE 4.6 — EXAMPLE TRACK/SECTOR LIST
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A sequential file will end when the first zero T/8 Lin
entry is encountered. A random file, however, can
spaces within it which were never allocated and ther
have no data sectors allocated in the T/S List. This
distinction is not always handled correctly by DOS,
VERIFY command, for instance, stops when it gets to
first zero T/S List entry and can not be used to ver
random organization text files,

b

-

An example T/S List sector is given in Figure 4.6. The
example file (HELLO, from our previous examples) has onl
one data sector, since it is less than 256 bytes in le
Counting this data sector and the T/S List sector, HELLO
2 sectors long, and this will be the value shown when

CATALOG command is done.

Following the Track/Sector pointer in the T/S List sector,

we come to the first data sector of the file. As we @
the data sectors, the differences between the file types
become apparent. All files (except, perhaps, a random T
file) are considered to be continuous streams of data,
though they must be broken up into 256 byte chunks to !'f-l
sectors on the diskette. Although these sectors are not |
necessarily contiguous (or next to each other on the y
diskette), by using the Track/Sector List, DOS can read
sector of the file in the correct order so that the 5
programmer need never know that the data was broken up inte
sectors at all,.

TEXT FILES

The TEXT data type is the least complicated file data
structure. It consists of one or more records, separated
from each other by carriage return characters (hex 8D's) .
This structure is diagrammed and an example file is given in
Figure 4.7. Usually, the end of a TEXT file is signaled by
the presence of a hex 00 or the lack of any more data
sectors in the T/S List for the file. As mentioned earlier,
if the file has random organization, there may be hex 00's
imbedded in the data and even missing data sectors in areas
where nothing was ever written. In this case, the only
to find the end of the file is to scan the Track/Sector Lis
for the last non-zero Track/Sector pair. Since carriage
return characters and hex 00's have special meaning in a
TEXT type file, they can not be part of the data itself. Fo
this reason, and to make the data accessible to BASIC, the
data can only contain printable or ASCII characters
(alphabetics, numerics or special characters, see p. B in
the APPLE I1 REFERENCE MANUAL) This restriction makes
processing of a TEXT file slower and less efficient in the
use of disk space than with a BINARY type file, since each
digit must occupy a full byte in the file.

T T T TR

4-10

RECORD 1 @ RECORD 2 RECORD 3

43783383288

A Sequential Text Type File

Record 1 (:) End of file

------------

FIGURE 4.7 — TEXT FILE DATA TYPE




BINARY FILES

The structure of a BINARY type file is shown in Figur
An exact copy of the memory involved is written to the
sector (s), preceded by the memory address where it wi
and the length (a total of four bytes). The address
length (in low order, high order format) are those g
the A and L keywords from the BSAVE command which er
the file. Notice that DOS writes one extra byte to
file. This does not matter too much since BLOAD and ,
will only read the number of bytes given in the length
field. (Of course, if you BSAVE a multiple of 256 bytes,
sector will be wasted because of this error) DOS could b
made to BLOAD or BRUN the binary image at a different
address either by providing the A (address) keyword when &
command is entered, or by changing the address in the fir
two bytes of the file on the diskette.

It

APPLESOFT AND INTEGER FILES

A BASIC program, be it APPLESOFT or INTEGER, is saved to
diskette in a way that is similar to BSAVE. The format of &
APPLESOFT file type is given in Figure 4.9 and that of
INTEGER BASIC in 4.10. When the SAVE command is typed,
determines the location of the BASIC program image in ny=
and its length. Since a BASIC program is always loaded at &
location known to the BASIC interpreter, it is not necessary
to store the address in the file as with a BINARY file. The
length is stored, however, as the first two bytes, and is =
followed by the image from memory. Notice that, again, DOS
incorrectly writes an additional byte, even though it will
be ignored by LOAD. The memory image of the program consists
of program lines in an internal format which is made up of
what are called "tokens". A treatment of the structure of a
BASIC program as it appears in memory is outside the scope
of this manual, but a breakdown of the example INTEGER BASIC
program is given in Figure 4.10.

-

OTHER FILE TYPES (S,R, new A, new B)

Additional file types have been defined within DOS as can be
seen in the file descriptive entry format, shown earlier. No
DOS commands at present use these additional types so their
eventual meaning is anybody's guess. The R file type,
however, has been used with the DOS TOOLKIT assembler for
its output file, a relocatable object module., This file tytl
is used with a special form of BINARY file which can contain
the memory image of a machine language program which may be
relocated anywhere in the machine based on additional
information stored with the image itself. The format for
this type of file is given in the documentation accompanying
the DOS TOOLKIT. It is recommended that if the reader
requires more information about R files he should refer to
that documentation.
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L/H MEMORY IMAGE . . .

3378883288238 822882588

A Binary Type File

— Start address = 03D0 (hex)
Flle length = 0030 (hex)
DOO 49D4ACFD P.0.L?.L..L]

C2AAACCLAAG04CS5 LABEAEA4C B* A" 'LQ( JJL
S59PABF9DIB4CS58FFAC65FFP4C YZ7?7.68LX _Le_L
ssms@mooooooooooooo Q8 P.iicsns

000000000000000000000000 .
000000000000000000000000 .

000000000000000000000000 .
000000000000000000000000 .
00000000 .

R

sessaa e

L

srsssseswan

R N

C N

e

Example Binary File Sector

FIGURE 4.8 — BINARY FILE DATA TYPE
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LH PROGRAM MEMORY IMAGE

An Applesoft Type File

L/H PROGRAM MEMORY IMAGE

10 PRINT “[CTRL-D] OPEN TEXT FILE"
20 PRINT “[CTRL-D]) WRITE TEXT FILE"
30 PRINT "12347

40 PRINT “[CTRL-D] CLOSE TEXT FILE"

An Iinteger Type File

10 END

Program Is SE (hex) byles long
Appiesoft program

Program is 5 bytes long
Length of line (5 bytes)
Line number (hex OA = 10 decimal)

88

51 = END

_L— "V |o1=on¢oum

smosn@asoooooooo ..... Qecenes

AE20544558542046494C4522 N TEXT PILE"
0030081400BA220457524954 .0... 1" . WRIT
4 4520544558542046494C4522 E TEXT FILE"
003FPO81EOOBA22312C322C33 ,?...:"1,2,3
2C34220057082800BA220443 , 4" .W.(.:".C
ACAP534520544550854204649 LOSE TEXT £I
4C4522005D08320080000000) LE".].2.....

N
@

............
............
------------
............

............
------------

............

000000000000000000000000 . ...cosussss
00000000 saes

............

3328833 E8833R8I888

------------

............

3358338288

Exampie Applesoft Flle Sector

Exampile Integer File Sector
FIGURE 4.9 — APPLESOFT BASIC FILE TYPE
FIGURE 4.10 — INTEGER BASIC FILE TYPE
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EMERGENCY REPAIRS

From time to time the information on a diskette can becc 'E
damaged or lost. This can create various symptoms, rlﬂg&:_;
from mild side effects, such as the disk not booting

major problems, such as an input/output (I/0) error i he
catalog. A good understanding of the format of a diskette,
as described previously, and a few program tools can al )
any reasonably sharp APPLE II user to patch up most .rroﬁlnl
on his diskettes,

A first question would be, "how do errors occur". The most
common cause of an error is a worn or physically damaged
diskette. Usually, a diskette will warn you that it is
wearing out by producing "soft errors". Soft errors are 1/0
errors which occur only randomly. You may get an 1/0 error
message when you catalog a disk one time and have it catalog
correctly if you try again, When this happens, the smart
programmer immediately copies the files on the aged diskette
to a brand new one and discards the old one or keeps it as a
backup.

EMERGENCY REPAIRS ARE EASIER IF YOU HAVE A BAGKUP.

Another cause of damaged diskettes is the practice of
hitting the RESET key to abort the execution of a program
which is accessing the diskette, Damage will usually occur
when the RESET signal comes just as data is being written
onto the disk. Powering the machine off just as data is
being written to the disk is also a sure way to clobber a
diskette. Of course, real hardware problems in the disk
drive or controller card and ribbon cable can cause damage

as well.
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I1f the damaged diskette can be cataloged, recovery is much
easier. A damaged DOS image in the first three tracks can
usually be corrected by running the MASTER CREATE program
against the diskette or by copying all the files to another
diskette. If only one file produces an I/0 error when it is
VERIFYed, it may be possible to copy most of the sectors of
the file to another diskette by skipping over the bad sector
with an assembler program which calls RWTS in DOS or with a
BASIC program (if the file is a TEXT file). Indeed, if the
problem is a bad checksum (see CHAPTER 3) it may be possible
to read the bad sector and ignore the error and get most of
the data.

An 1/0 error usually means that one of two conditions has
occurred. Either a bad checksum was detected on the data in a
sector, meaning that one or more bytes is bad; or the
sectoring is clobbered such that the sector no longer even
exists on the diskette. If the latter is the case, the
diskette (or at the wvery least, the track) must be
reformatted, resulting in a massive loss of data. Although
DOS can be patched to format a single track, it is usually
easier to copy all readable sectors from the damaged
diskette to another formatted diskette and then reconstruct
the lost data there.

Disk utilities, such as Quality Software's BAG OF TRICKS,
allow the user to read and display the contents of sectors.
BAG OF TRICKS will also allow you to modify the sector data
and rewrite it to the same or another diskette. If you do
not have BAG OF TRICKS or another commercial disk utility,
you can use the ZAP program in APPENDIX A of this book. The
ZAP program will read any track/sector on an unprotected
diskette into memory, allowing the user to examine it or
modify the data and then, optionally, rewrite it to a
diskette. Using such a program is very important when
learning about diskette formats and when fixing clobbered
data.

Using ZAP, a bad sector within a file can be localized by
reading each track/sector listed in the T/S List sector for
the file. If the bad sector is a catalog sector, the
pointers of up to seven files may be lost. When this occurs,
a search of the diskette can be made to find T/S List
sectors which do not correspond to any files listed in the
remaining "good" catalog sectors. As these sectors are
found, new file descriptive entries can be made in the
damaged sector which point to these T/S Lists. When the
entire catalog is lost, this process can take hours, even
with a good understanding of the format of DOS diskettes.
Such an endeavor should only be undertaken if there is no
other way to recover the data. Of course the best policy is
to create backup copies of important files periodically to
simplify recovery. More information on the above procedures
is given in APPENDIX A.
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A less significant form of diskette clobber, but very
annoying, is the loss of free sectors. Since DOS allocates
an entire track of sectors at a time while a file is open,
hitting RESET can cause these sectors to be marked in use in
the VIOC even though they have not yet been added to any T/8
List. These lost sectors can never be recovered by normal
means, even when the file is deleted, since they are not in
its T/S List. The result is a DISK FULL message before the
diskette is actually full. To reclaim the lost sectors it
is necessary to compare every sector listed in every T/8
List against the VTOC bit map to see if there are any
discrepancies. There are utility programs which will do
this automatically but the best way to solve this problem is
to copy all the files on the diskette to another diskette
(note that FID must be used, not COPY, since COPY copies an
image of the diskette, bad VTOC and all).

If a file is deleted it can usually be recovered, providin?
that additional sector allocations have not occured since it
was deleted. If another file was created after the DELETE
command, DOS might have reused some or all of the sectors of
the old file. The catalog can be quickly ZAPped to move the
track number of the T/S List from byte 20 of the file
descriptive entry to byte 0. The file should then be copied
to another disk and then the original deleted so that the
VTOC freespace bit map will be updated.
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CHAPTER 5

THE STRUCTURE OF DOS

DOS MEMORY USE

DOS is an assembly language program which is loaded into RAM
memory when the user boots his disk. If the diskette booted
is a master diskette, the DOS image is loaded into the last
possible part of RAM memory, dependent upon the size of the
actual machine on which it is run. By doing this, DOS fools
the active BASIC into believing that there is actually less
RAM memory on the machine than there is. On a 48K APPLE II
with DOS active, for instance, BASIC believes that there is
only about 38K of RAM. DOS does this by adjusting HIMEM
after it is loaded to prevent BASIC from using the memory
DOS is occupying. If a slave diskette is booted, DOS is
loaded into whatever RAM it occupied when the slave diskette
was INITialized. If the slave was created on a 16K APPLE,
DOS will be loaded in the 6 to 16K range of RAM, even if the
machine now has 48K. In this case, the APPLE will appear,
for all intents an purposes, to have only 6K of RAM. If the
slave was created on a 48K system, it will not boot on less
than 48K since the RAM DOS occupied does not exist on a
smaller machine.




A diagram of DOS's memory for a 48K APPLE II is given in
Figure 5.1. As can be seen, there are four major divisions
to the memory occupied by DOS. The first 1.75K is used for
file buffers. With the default of MAXFILES 3, there are
three file buffers set aside here. Each buffer occupies 595
bytes and corresponds to one potentially open file., File
buffers are also used by DOS to LOAD and SAVE files, etc. 1f
MAXFILES is changed from 3, the space occupied by the file
buffers also changes. This affects the placement of HIMEM,
moving it up or down with fewer or more buffers
respectively.

The 3.5K above the file buffers is occupied by the main DOS
routines. It is here that DOS's executable machine language
code begins. The main routines are responsible for
initializing DOS, interfacing to BASIC, interpreting
commands, and managing the file buffers. All disk functions
are passed on via subroutine calls to the file manager.

The file manager, occupying about 2.8K, is a collection of
subroutines which perform almost any function needed to
access a disk file. Functions include: OPEN, CLOSE, READ,
WRITE, POSITION, DELETE, CATALOG, LOCK, UNLOCK, RENAME,
INIT, and VERIFY. Although the file manager is a subroutine
of DOS it may also be called by a user written assembly
lanaguage program which is not part of DOS. This interface
is generalized through a group of vectors in page 3 of RAM
and is documented in the next chapter.

The last 2.5K of DOS is the Read/Write Track/Sector (RWTS)
package. RWTS is the next step lower in protocol from the
file manager - in fact it is called as a subroutine by the
file manager., Where the file manager deals with files, RWTS
deals with tracks and sectors on the diskette. A typical
call to RWTS would be to read track 17 sector 0 or to write
256 bytes of data in memory onto track 5 sector E. An
external interface is also provided for access to RWTS from
a user written assembly language program and is described in
the next chapter.

“TOP" OF RAM
RWTS
FILE MANAGER
MAIN DOS ROUTINES
DOS FILE BUFFERS (MAXFILES 3)
HIMEM

%
\”“‘\

FIGURE 5.1 — DOS MEMORY USE (48K APPLE)
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