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TI-99/4 DISK PERIPHERAL ‘ INTRODUCTION

SECTION ¢
INTRODUCTION

This document is intendad to give a final operational
specification of the ROM based software for the TI-99/4 Disk
Peripheral. This ROM based sofiware is also ctalled the disk
Device Service Routine (DSR).

The hardware design features a Western Digital 1771 Floppy
Disk Controller. The disk controller has been designed to
support any 5. 25" floppy disk drive with a minimum step time of
20 milliseconds. More hardware details can be found in the Home
Computer Disk Controller Product Specification. Beware that
“disk controller” is sometimes used to refer to the software and
sometimes to the hardwarse.

The disk peripheral software is ROM-based. The ROM code is
executed by the TMS 9900 located in the TI-99/4 main console.
Access to the disk peripheral software is facilitated through the
file management system: as specified in the File Management
Specification for the TI-99/4 Home Computer.

TI PROPRIETARY -1 Software Specification
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SECTIUON 2
APPLICABLE DOCUMENTS

File Management Specification for the TI-99/4 Home Computer
(Version 2. 3, Revised 25 February 1983)

Home Computer BASIC Language 8pecification
(Ravision 4.1, 12 April 1979

Home Computer Disk Peripheral Hardware Specification

Functional Specification for the $9/4 Disk Peripheral
{Version 3.0, Revised 28 March 1983}

GPL Interface Specification for the 99/4 Disk Peripheral
(Version 2.0, Revised 28 March 1783)
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BECTION 3
SOFTWARE DESIGN CONSIDERATIONS
The disk peripheral software has been designed to support
all options facilitated by the file management system, except for
the SCRATCH RECORD option. The supported options include:
# Bequential and Relative record (random access) files
# Fixed and Variable length records

# INTERNAL and DISPLAY #ile types

#  OUTPUT, INPUT, UPDATE, and APPEND access modes

# Program LOAD and SAVE functions
Aside from these functions, a separate disk wutility
cartridge, the Disk Manager, supports the following ptility
programs:
# 8Single disk backup
- # Disk—to~disk copy/backup

# Disk initialization/formatting

# Disk catalog
# Disk vename

¥ Disk %tests

# File copy
# File rvename
# File protection status
# Selective £ile deletion
The above mentioned utilities are accessable through menus,
similar ta the standard program selection menu featured by the

TI-99/4 console. The vitilities are currently available in three
languages, ENGLISH, FRENCH, and GERMAN. Provisions are taken for

TI PROPRIETARY a3-1 Software Specification
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future expansion of these language capabilities.

! More information about the Disk Manager is provided in the
Texas Instruments Home Computer Disk Memory System manual.

TI PROFPRIETARY I-2 Software Specification
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SECTION 4
FUNCTIONAL DOVERVIEW

This section will provide a quick sketch of the.functions of
the disk peripheral software in each of ifs implementation
levels. Each level uses the features implemented in a lower
level: and builds new features with the building blocks provided
by the lower levels.

4,1 Level 1 Features

# Digk formatting functions

# Record vead/write funcitions

# Soft error correction functions

# Communication with the FR1771 chip

tevel 1 is the only level that must be familiar with the
hardware, thus this implementation level allows for abstraction
from the disk hardware. Every higher level will only know the
disk as a linear storage device, addressed by physical record-
number, disk unit-number, and read or write operation. For test
purposes this level wutilizes a DXIO relative record file, each
record of which represents one disk sector. This allows for DX10
simulation of the disk peripheral software without a need for
availability of the actual harduware. A full disk simulation is
operational under the DXI0 system GPL simulator (also called a
GPL debugger).

Future disk products that may wish to use the current disk
software, such as the SAZ0D design, generally only need to
replace this part of the disk software. All the higher levels
have been designed to be independent of the actual physical disk
structure known at this level, except for the sector size. which
is assumed to be 256 bytes. Smaller sector sizes can be easily
supported by blocking the physical sectors in such a way that the
total still adds up to 254 bytes. For a single density 128 bytes
sector design, the blocking factor would be 2, i.e. gvery sector
as seen from the higher levels take up 2 sectors at Level 1.

TI PROPRIETARY J-1 Software Specification
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4 2 Level 2 Features

# A1l Level 1 features, plus:

# Data access by filename and physical record displacement
# File creation and deletion

# Mixed hybrid file format

# Dynamically extendable file allocation

Thies level creates the actual file concept. Each file is
known by its name and the displacement of <the physical record
within the file. Fach physical record is defined as one disk
sector (256 bytes).

A directory and a bitmap are maintained on every disk *to
allow for file and data-record manasgement (creation and
daeletion). The file format available at this level is a mixture
af contiguous and non—contiguous file formats, called the mixed
hybrid format. Non—contiguous files (fragmented) carry a lot of
averhead in the form of pointers to the leocation of sach data—
record of the fils, in case relative access is required. In
order tu combine the advantage of the flexihle allocation of non—-

contiguous files with the low overhead and easy access of .

contiguous files, the files on +this level are allocated in

clusters of contiguous rTecords. These clusters are expanded ig

possible:, whenever nesw data-records are requested. I+ 8 cluster
cannot be expanded any more, & new cluster is started.

4.3 Levél 3 Features

# All Level 2 features, plus:
# Fixed and VYariable record formats
# Relstive and Sequential access methods
# Program and data files
# Internal and ASCII data types
The addition of relative/sequential access methods and fixed

and variable record formats completes the disk management
software. The software at this level takes care of the blocking

TI PROPRIETARY f- Software SBpecification
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L of one or more logical records inte a physical record. For

Coh relative access files it computes the physical rtecord in which

i the logical record is located, updates that record. and passes
the physical record back to the Level 2 file update routines.

4 4 yUtility Rouytines

The ROM—code also provides the subprograms for special
wtility routines which do not use the standard file I/0 system
These subprograms: which are provided through the GPL subprogram
mechanism, are:

# Direct Level 2 file access
# Logical sector/Allocatable Unit (AU) access
# File rename
# File protection modification
#* Disk formatting
The subprograms will be provided in the form of GPL
subprograms: i.e. assembly language routines located in ROM

These GPL. subpragrams are specitied in the GPL Interface
Specification for the 99/4 Disk Peripheral.

TI PROPRIETARY 4-3 Software Specification
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SECTION S5
DETAILED OPERATIONAL SPECIFICATICONS

This section will go into the operational specifications in
more detail. Record formabts and access methods, as well as file
type will be discussed.

5.1 Regcgrd Formats

A file attribute specified at time of creation is the record
format. This attribute describes the logical organization of the
#ile. Two such formats are currently supported by the disk
softwara:

i. WYariable length records

2. Fixed length records

S5 1.1 Variable Lenath Records.

in applications which must store data structures of
unpredictable length, the variable length record format provides
an economical way to use the disk space. Since the length of the
records is variable, the length of each individual record must be
recorded together with the data. This can be done by providing
each record with a pointer to the next record, or equivalently,
by providing each record with a header byte indicat¥ting the number
of bytes required to represent the data structure.

Variable length records can alsc be used to record fixed
length data structures in which repeated character sfrings are
expected {i.e, trailing blanks). Such a fixed length structure
can become variable by virtue of data compression. However, the
current implementation of the disk peripheral software does not
perform any data compression.

5. 1.2 Fixed Length Recovds.

Records of fixed (constant) length can be used if relative
access %o particular records is degired, When the informatian

T1 PROPRIETARY 5-1 Software Specification



TI-99/4 DISK PERIPHERAL DETAILED OPERATIONAL SPECIFICATIONS

structures to be recorded are almost or exactly equal in length
to the record size, fixed length records are appropriate., since
there is no overhead associated with record headers or
compression indicators. The records consist of an unmodified
copy of the data as presented in the user’s data buffer. This is
obviously a more efficient use of bulk storage devices where
relative access is sypported by the medium

As we shall see in the next section, firxed length records
are also very convenient for relative access, since their length
is a known quantity.

5 2 Access Methods

Several methods of accessing data in files are supported.
These methods are:

* Physical I/0
# Sequential access

# Relative access

5.2.1 Physical 1s0.

In the physical I/0 access method, the data on fthe disk is
considered by the disk software to be organized in blocks of 256
bytes each. Each byte contains any of the 256 possible 8-bit
combinations, with no attempt to interpret at data transfer time.
Any existance of records or files is completely ignored when this
access method is being used. '

The rest of the disk software reduces all access methods teo
physical I/0, by converting logical record numbers ¢o physical
track/sector datar which can be used to specify the disk sector
that is to be transferved by the physical /0 software. Physical
1/0 has been made available to GPL software only in the form of
an azsembly language subprogram.

5.2.2 Egequentiasl Access.

When data records in a file asre accessed strictly in the
srder of increasimwg addresses on the medium, the records are said
to be sequentially accessed. This is typically the access method
associated with magnetic tape and other linear storage media.
The data transfer parameters do not specify a physical record

TI PROPRIETARY b R Software Specification
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number. It is implied that +the logical record currently
indicated in same data transfer pointer, is the one desired. |
Rewind/Restore operations are implicitly or explicitly done, %o
set such pointers to the beginning of the file, prior to the
firgst data transfer. As esach logical record is transferred. the
pointer moves to the first byte of tha following one (possibly
the length indicator}. : :

5 2.3 Relative Access.

This access method. alse called random access, allows data
refarence by logical record number. Logical data records may be
accessed in any sequence:. without regard to the order in which
they were writfen, or their relative position in the $ile.

Since the disk software must be able to locate & record
based solely on its number, relative access can be supported on
indexed +files or on fixed length record files only. Indexed
files are not supported in this implementation, so the relative
access method is supported for fixed length record files only.

5 3 Libraru Organization

The libravry organization implemented in the disk software .
only supports a single level library. This implies that no filel
can be of %he catalog type (a file pointing to obther files).
Each file can be identified by & sinagle name, for example:

DEKL. filename

which specifies a file called "filename" on the diskette in disk
drive 1.

Since this approach prohibits access of a catalog file as
such, a semi-catalog file has been created. This file is of the
fixed length, relative access type. I+ eontaing 128 records,
each containing information about the associated catalog entry.
The semi-cataleg file, which will be described in more detail in
section B, tan be sccessed as:

DEKl. or DEK. volname,.
as 3 general file, miéh an empty +filename.
Motice that not all general #file operations have been

dafined for the catalog file. Only the standard OPEN, READ, and
CLOSE calls are supported. A1l the other operations, such as

TI PROPRIETARY 53 Software Specification
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DELETE, REBTORE. WRITE. and EOF, are illegal, and will cause an
error to be Tetfurnsed.

5 4 Intermal Data Structure Overview

This section describes the internal data structure
implemented on the disk peripheral. A description of the
external data structure can be found in the File Management
Specification for the TI-99/4 Home Computer.

5. 4.1 Physjical Device Format.

The physical device is logically subdivided into Allocatable
Units (AUs). An AU iz defined to be an integral number of
physical records on the device. The total number of AUs on any
deviee should be less than 4096 (i.e. . each AU can be addressed
in » 12-bit word). AUs are numbered with zero origin, (i, e. the
first AU is number 0O).

The physical record length is the block of data read from or
written to the device at one time. For the disk peripheral, both
the AU and the physical record are currently equivalent to one
diskette sector (256 bytes]).

5. 4.2 VYolume Information Block.

The VYolumse Information Block (VIB} is located at AU number
0. I# this AU is bad. the entire device will be considered bad.
This block contains configuration data as required by the disk
software, such asz available number of AlUs, volume identification
field: and format information.

A major part of the VIB has been allocated for the
Allocation Bit Map.

$5.4.3 Allocation Bit Map.

The Allocation Bit Map is used to indicete the availability
of individual allocation units. A binery 1 in a bit position
indicates that the allocation unit associated with that bit has
been allocated. The first bit (bit O} is associated with
allocation unit ¢, the second bit (bit 1) with allocation unit 1.
etec. During disk iniftialization, bits corresponding %o system-—
reserved AUs, non~existing AUs., and bad AUs, are set to 1. All
other bits are set to zero.

T1 PROPRIETARY 54 . GQoftware Specification
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5 4.4 File Degeriptor Record.

The File Descriptor Record (FDR) is used to map +Filenames
into physical locations of the files on the disk. Each entry
contains information swuch as filename, file type, record type.
data type, location, and size information for the file.

5.4.% File Contrel Blegk.

The File Contrel Bloeck (FCB} is a copy of the File
Descriptor Record that is maintained in memory while the file is
open. In addition to the FDR information, the FLB contains some
up—to—date file information.

5. 4. 4 File Descriptor Index Record.

The File Descriptor Index Record enables the system to keep
track of the location of each file descriptor record on the disk.
It contains alphabetically gsogrted pointers to each File
Descriptor Record.

The File Descriptor Index Record is located at Al number 1.
If €his AU is bad, the entire disk ig considered to be bad.

TI PROPRIETARY -5 Software Specification
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SECTION &
DETAILED DISKETTE FORMAT SPECIFICATION

The disketts used on the Home Computer Disk Peripheral has
the following specifications:

# Capacity 2160 bytes per disk
2304 bytes per track

254 bhytes per sector

9 sectors per track

¥ Encoding method FM Bingle Density Recording
# Mini diskette type 84 104 {(ANSI standard 5.25%")

The specified diskette contains a total of 360 sectors of
256 bytes each. In the remasinder of this chapter esach sector
will be addressed as if the diskette was a linear medium, i.e.
track O sector O will be designated "sector O": track 3% sector B
equals "sector 359%.

The +following section contains a description of the logical
structure on each diskebtte in terms of rTecords.

b.1 Physical Digskette Format

The general diskette format wuvsed in the TI-99/4 Disk
Peripheral is the following:

Sector O contains the Volume Infoarmation Block (VIB}. This
block contains general information about the
diskette like:

Volume Name

Number of available AUs
Numbeyr of ssctors/itrack
Allocation Bit Map

¥ % Kk %

Sector 1 contains pointers to file descriptor records.

Sector 2 thru 359 contain File Descriptor Recoards and data
blocks.

Tl PROPRIETARY &-1 Softuare Specification
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The File Descriptor Rerurds contain general
information abhout the file, such as:

# File name

# File status data
# File data access blocks

4. 1.1 Volume Information Block.

As mentioned previously, this block contains general
information about the diskette. A more detailed description of
each entry and its contents will be given in this section.

L — e - - e —
o1 H 1
2 | } 3
4 i DI SK VIOLUME NaAaME i 3
b i ! 7
8 i H 9
- — - e — *
10 | TOTAL NUMBER g F AU s P11
B o - - *
12 ¢ # SECTORS /7 TRACK H o P13
S B harans & B s
1 4 = 1] s " : it K i : 1 s
* - ———t e — -
14 | YPROTECTION"Y H # TRACKS / SIDE P17
% — — - -
8 i # OF SIDES H DENSITY P19
e ————— - - -3
20 1 P21
™ RESERWVED ~
54 i HE I
o e e e i s B e S bt S s e - %
S | ¢ 57
S8 | ALLOCATION -
™ B IT ~
252 | M AP i #2853
254 | 258
Hooerm R s - et e e e
Bytes 0—-9 contain the volume name of the diskette. The
volume name can be any combination of ten AECII characters.
except for the space or periad (". ") characters and the null

character (ASCII code 0).' The name is space filled %o the right
in case of less than 10 characters. The volume name must contain
at least one nen-space character.
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Bytes 10~11 give the total number of allocation units (AUs)
on the volume. This datum should match the allocation bit map.

Byte 12 indicates the number of sectors per track.

Bytes 13-15 contain the ABCII code for "DEK", which is used
by the disk manager software to check if the diskette has been
initialized. ‘

Byte 1& <contains the ABCII code for "P" if the diskette is
protected (a protected disk is also called a proprietary disk).
otherwise this byte contains a >20.

Byte 17 indicates the number of tracks per side.

Byte 18 indicates +the number of Formatted sides on the
diskatte.

Byte 12 indicates the density of the diskette.

Bytes 20-55 are reserved for future expansions like date and
time of creation. In the current version of the disk software
these bytes are set to zero.

Bytes 56-255 contain the allocation bit map. This 200 byte
map can control up to 14600 254-byte records {(total <controllable
storage capacity = 400K bytes), which make if useable for a
douhle density, double sided diskette. The disk allocation
system uses & conventional method of allocating disk space called
Bit Maps. Each bit in the bit maps represents one sector on the
disk. A logical one in the bit maps means that the corresponding
sector has been allocated. A zero means that the sector is still
available,

The volume name can be used as an alternative %o the actual
disk drive name, i.e. the wuser can specify a disk drive in
gither of the following ways:

DSK. volname. filename or DSK1. filename

If the volume is specified, rather than the gphysical drive
number, the system will look in sequence on every drive in the
system, wuntil it finds the specified volume. I+ more than ons
vaolume of the same name exists., the drive with the lowest drive
identification number will be.assigned.

TI PROPRIETARY &3 Software Specification
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&. 1.2 File Descriptor Index Record.

The File Descriptor Index Record contains up to 127 two byte
entries, each pointing %o a file descriptor record. These
pointers are alphabetically sorted according to the filename in
the associated file descriptor record. The pointer 1list starts
at the beginning of this block, and ends with a zero entry.

Since the file descriptors are alphabetically sorted in this
block: a binary search method can be used to find any given
filename. limiting the marximum number of disk searches *o 7 if
more than 63 files are defined. In general if between 2##(N-1)
and 2#%N files are defined, a file search will take at most N
disk searches. To obtain faster directory search response times,
the system will prefer to allocate data blocks in the area above
AU number 34. Only if no AU can be allocated in that area will
the disk data block allocator start allocating blocks in the AU
aresa 233,

Ti PROPRIETARY &4 Software Specification
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6.1.2 File Descrintor Records.

The File Descriptor Record (FDR) contains general
information about the associated file. All the information the
system needs to know to access and update the file has to be
contained within the file descriptor record.

The physical layout of an FDR is:

e o s s s e e e e e et e o e e b s e e e e %

(s 3 i 1

2 t 3

4 i F I LE NAME ' S5

& | : 7

8 ! 5 ?
* e - - -3k

1¢ ¢ RESERVETD i 11
- - P . -

12 | File Status Flags ! Number Records /7 AU H 13
Yo o -3

i4a | # of Level 2 records currently sllocated H i3
s e ot i o et e o e o et e e s e o o i . o e *

14 ¢ End of File UOffset ! Legical Record Size H 17
% et e e e S it i S *

18 | # of Level 3 records currently allocated i 19
S oo e s st e - - -3

20 1 ; 21

22 RESERWVETD ! 23

24 | : 25

24 1 ; 27
% ~ — - e -— -3

28 | H 29
~ Data Chain Pointer Blocks i

252 | {253

254 | i 253
# e -

Bytes 0~% contain a filename up to ten characters in length.

Bytes 10-ii are reserved for future extension of the number
0¥ data chain pointers through linkage to a date chain pointer
block chain. In the current version these bytes are always O

$
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Byte 12 containg the file status flags. Thess flags are to
he interpreted as follows (hit O is the least significant bit):

Bit # Description

——

O rogram/data file indicator.
Data file

Program file

iR

P
O
1
1aty/ASCII data

ASCII data (DISPLAY file)
Binary data (INTERNAL or program file)

o

Bi
G
i

2 Reserved for future data type expansion

3 PROTECT +1lag
O = Not protected
i = Protected

4~& Reserved for future expansion

7 FIXED/VARIABLE #lag
0 = Fixed length records
i = Variable length records

Byte 13 contains the number of logical records per AU

Bytes 14-1% contain the number of logical records allocated
on Level 2 (256 byte records).

Byte 16 contains the EOF offset within the highest physical
AU for variable length record files and program files.

Byte 17 contains the logical record size in bytes. In case
of wvariable length records, this entry will indicate the maximum
allowable record size.

Bytes 18-19 contain the number of records allocated on Level
3. Fer variable length records, this entry is raplaced with the
number of Level 2 records actually used. {NDTE: The bytes in
this entry are in reverse order. )

Bytes 20-27 have heen:reserved for fulture =xpansion. They
will be +fixed to O in this implementation of disk peripheral
software.

Bytes 2B-255% contain three byte blocks indicating the
clusters +that have been allocated for the filae. The first 12

Ti PROPRIETARY & Software Specification
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bits in each entry indicate the address of the first Al in the
cluster. The second 12 bits indicate the highest logical record
offset in the cluster of contiguous records. This indication has
been chosen. rather than the number of data-records in the chain,
since it reduces the amount of computation required for relative
record file atcess.

The +#ollowing diagram shows how each three byte entry
relates to the address of the first AU and the highest logical
record offset in the cluster.

R e o oo o e 3 * 3% 3 e e e e #
Byte 1 | N2 | N1 3} Byte 2 | M1 | N3 | Byte 3 | M3 | M2 |
o o o e s # # # e m e e o e 3

* +#

First &aU H T N3 | N2 TN

3 e e ™

Highest Offged | PM3 L M2 1 M1

: e ™

4.2 Data File Allocabion

A data-file is built out of clusters of contiguous data
records. Each data—-file can contain up to 76 of those data
record clusters. Each data cluster can contain at least one
record. The disk software will allocate as many contiguous
records as possible upon reguest. I# &3 new record is requested,
and no more records can be added to the «current conbtiguous
cluster, & new cluster of contiguous records is started. If 76
of those clusters have been allocated, and a new cluster is
requasted, the data-records on the disk have become too
scattered, and the write-operation is aboried. Warst <case this
scheme still allows for a minimum of 19K bytes per file (76 # 238
bybesh.

An additional advantage of this scheme is that each physical
record within the file can be accessed at random, without any
need for big areas of contiguous disk space. This means that as
long as the logical records within a file have a fixed length.
the file can be accessed either segquentially or at random
Therasfore the disk software does not make any distinction between
relative rtecord or sequential files. Note that this has some
implicatians for sequential fixed length record access. since now
the record number is being used, rather than the current record
number amnd offset.
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For variable 1length records, the length of the logical

record will be stored together with the record iftsel#f, This
means that. since we do not cross physical rTecord boundaries for
any file— or record-type. the maximum record length for a

variable length record file is limited to 254 bytes. The end of
_an AU with variable length records will be marked with an "all
ones” byte. :

&3 Program File Allocation

The allocation of & program +file is identical f£o the
allocation of a data #ile. The program segment is blocked into
2%6-byte vecords which are stored as a standard data-file
However, the disk software will mark a program file as such., and
will not allow data access to program files and vice versa.

To avoid any problems with VDP memory wrap—-around, the disk
suoftware will also note the actual number of bytes wused in the
last data record and it will return exactly as many bytes as have
been stored originally, even if this number is not a multiple of
256,

T PROPRIETARY &8 Software Bpecification



TI-99/4 DIEK PERIPHERAL : MEMORY UBAGE

SECTION 7
MEMORY USBAGE

Since the disk peripheral software will have to use buffer
areas to buffer control information, the disk software will
allocate part of VDP memory for its internal vusage. This memory
is continuously allocated and cannot be wused by application
programs, although its size can be changed with a GPL ufility
routine.

The allocated VDP memory can rtoughly be subdivided into
three usage categories:

i. Drive control information
2. File allocation information

3. Data buffering

Each of these categories will be discussed in more detail in
the next sections.

7.1 Drive Control Information

In arder to be able to control the disk drive hardware. the
software has to know what the current status of each disk drive
is before it can access it. All of this information 1is readily
available, some through checking the actual current status of the
drive.

The power wup routine for the disk peripheral also takes
initializing the internal track registers to -1. Whenever a
drive 1s accessed, the internal track register will be loaded
into the FD1771 chip, unless this value is ~1, in which case the
head is being restored %o track O, which also re-initializes the
FD1771 controllesr to track O
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7.2 File Allacation Information

The file allocation information is maintained in the File
Control Blocks (FCBs!. Esch "open" #ile has an FCB associated
with it.

The information maintained in the FCB is identical %o the
FDR information described in section & 1.3 In addition, the
disk software also maintains some dynamic information about each
file, Thie information is stored in front of the standard FDR
information {(i.e. the FDR starts at FDB location &3, The foctal
length of an FDB is therefore 512 + & = 518 bytes, including its
256 byte data buffer (see next section).

The format of the FDR extension is outlined below.

Hrmom e - - ——t

- & | Current Logical Record Offset on Level 2 P~ 5
B o s o o s s sl o 4 A, . S T T S S i e *

- 4 | Physical Record Location of FDR i o~ 3
e - - - - -t

- 2 { Logical Record Offset | Drive ID |
3 - - -t

The meaning of each entry in this additional information
block is:

Drive ID ~ Conkains &the drive number {(1-3) of the drive on
whith the associated file resides. 1+ the highest bit
of this entry is set, the current data block has been
modified and will have to be written back to the disk
before closing the +file, or accessing a new data
block.

t.ogical Record Offset — This entry contains ¢he offset af
the next logical record in %he current physical
record, 1#, during READ operations., this enfry points
to a byte count of OFF, this will indicate an end of
record for the current physical record.

This entry is only wvsed for variable length

recordg. For fixed length record access, the actual
position AU and the position within that AU is
vecomputed before bvery I/0 operation. The logical
record offset byte is therefore superfluous in this
case.

During WRITE operations, this offsat always
paoints +to the first free byte in the physi