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ABOUT THIS GUIDE

Purpose

We've designed this 8086 Programmer's Guide
to provide the information you need to know
in order to write application software to run
on 8086-family microcomputers under the

TurboDOS operating system. This document
explains the theory of operation of each
internal facility of TurboDOS. It also

describes in detail each TurboDOS function
that may be called by an application program.

Assumptions

In writing this guide, we've assumed that you
are an experienced assembly-language program-
mer writing application programs for the 8086
TurboDOS environment. We've also assumed you
have read the TurboDOS 1.4 User's Guide, and
are therefore familiar with the commands and
external features of TurboDOS.

Organization

This guide starts with a section that
describes the fundamentals of the TurboDOS
environment, with emphasis on the organiza-
tion of memory and the interface and flow of
control between application programs and the
operating system.

The next two sections explain TurboDOS inter-
nals in more detail. One describes the file
system, and the other describes serial I/0.

There are two reference sections that explain
each TurboDOS function call in detail. One
section describes CP/M-compatible functions
supported by TurboDOS, while the other
describes functions unique to TurboDOS.

Appendices describe the TurboDOS 8086 assem-
bler, linker, debugger, and PC-DOS emulator.
The document concludes with a summary of
function calls, and an alphabetical index.
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Related Documents In addition to this guide, vyou might be
interested in four other related documents:

. JurboDOS 1.4 User's Guide

Turbo0OS 1.4 8086 Implementor's Guide

. TurboDOS 1.4

I~

80 Programmer's Guide

N

TurboDOS 1.4 280 Implementor’'s Guide

You should read the User's Guide before you
start into this document. It introduces the
external features and facilities of TurboDOS,
and describes each TurboDOS command in de-
tail.

You'll need the 8086 Implementor's Guide if
you are adapting TurboDOS to a new hardware
configuration. It explains the system gene-
ration and OEM distribution procedures, and
also describes how to implement hardware-
dependent driver modules.

You'll need the 280 guides if you are pro-
gramming or configuring a TurboDOS system
that uses 280 microprocessors-.
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FUNDAMENTALS

This section introduces you to the TurboDOS
environment. Emphasis is given to the orga-
nization of memory, and to the interface and
flow of control between application programs
and the operating system. Subsequent sec-
tions describe the file system and other
facilities in detail.

Memory Organization

The resident portion of TurboDOS may be
anywhere 1in the one-megabyte address space
supported by an 8086-family CPU. Usually, it
is loaded at 1location 0040:0000 hex,
immediately above the lower 1K reserved by
the 8086 architecture for interrupt vectors.
Immediately following the TurboDOS resident
is an area of memory reserved for disk
buffers and other dynamic working storage.
The remaining memory space available for wuse
by commands and application programs is known
as the "Transient Program Area” (TPA).

I_

I-

I~

I_ Transient
I_ Program
I_ Area

Disk Buffers

|

|

|

|

| _—__Dypamic Space
! .

]

|

|

!
64K
TurboDOS max
0040:0000 1
0000:0000 Interrupt Yectors 1K

Under 8086 TurboDOS, several transient pro-
grams may be loaded into the TPA at one time
(although only one may be in execution).
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Execution Models Transient programs are stored in files of
type .CMD, preceded by a header record which
defines the segmentation and memory alloca-
tion requirements of the program. Transient
programs may be written as a single group
with intermixed code and data ("8080 Model"),
with separate code and data groups ("Small
Model”), or with up to eight separate groups:
code, data, extra, stack, and up to four
auxilliary groups ("Compact Model”).

8080 Model If the .CMD header defines only a code group,
then it is assumed that the code and data
portions of the program are intermixed.
TurboDOS allocates a TPA segment sufficient
to contain the code group. The first 256
bytes of the code group is assumed to be a
Base Page reserved for communications between
the operating system and the program.

|

|

| Intermixed
| Code and Data
|
|
|

€S$:0100 _ j<--1p
DS:0000 Base Page |<--CS,DS,ES
] 96-Byte Stack Area |<--SP
| TurboD0S Resident |
40:0000 | |<--§S

For this "8080 Model", TurboDOS initializes
the CS, ©0S, and ES segment registers to
address the single code group. The IP regis-
ter is set to 0x0100 so that execution starts
immediately following the Base Page. The SS
and SP registers initially point to a 96-byte
stack area provided within TurboDOS.
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Small Model If the .CMD header defines both a code group
and a data group, then it is assumed that the
code and data portions of the program are
separate and independent. In this case,
TurboDOS allocates separate TPA segments for
the code group and the data group. The two
allocated segments are not necessarily con-
tiguous. The Base Page is assumed to occupy
the first 256 bytes of the data group.

| |
| |
| Code |
| |
| |

€S:0000 <--CS,IP
| |
| |
| Data |
| |

0s:0100 | |

DS:0000 | Base Page |<--DS,ES
| 96-Byte Stack Area |[<--SP
| TurboDOS Resident |

40:0000 | |<--sS

For this “"Small Model”™, TurboDOS initializes
the CS register to the base of the code
group, and initializes the DS and ES regis-
ters to address the base of the data group.
The IP register is set to zero. The SS and
SP registers initially point to a 96-byte
stack area provided within TurboDOS.
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Compact Model If the .CMD header defines a code group, a

data group, and one or more additional groups
(extra, stack, or auxilliary), then TurboDOS
allocates separate TPA segments (not neces-
sarily contiguous) for each of the groups.
The Base Page is assumed to occupy the first
256 bytes of the data group.

|
| Code |
€s:0000 | |<--CS,IP
| |
| Data |
0S:0100 | |
DS:0000 | Base Page |<--DS
| |
| Extra Data |
ES: 0000 | |<--ES
| |
| Stack/Aux Group(s) |
| |<--Base Pg.
| 96-Byte Stack Area |<--SP
TurboDOS Resident |
40:0000 | |<--S$S

For this "Compact Model"”, TurboDOS initial-
izes the CS and DS registers to the base of
the code and data groups, respectively. ES
is set to the base of the extra group if
nresent, otherwise to the data group. The IP
register 1is set to zero. The SS and SP
registers initially point to a 96-byte stack
area provided within TurboDOS. The stack and
auxilliary groups may be located via pointers
in the Base Page.
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Command Files

A transient command file (type .CMD) always
starts with a 128-byte header record that
defines the segment structure and allocation
requirements of the transient program. The
header record contains from one to eight
"group descriptors”, each nine bytes long.
The balance of the 128 bytes is zero-filled.

(St 128 Byteg ------------- L-=)
|_6D1 | 6D2 | . | GDn | ¢---- zerces ---> |

Each 9-byte group descriptor has this format:

| 6-Type | G6-Size | G-Abs | 6-Min | G-Max |
|_(byte) | (word) | (wrd) ] (word) | (word) |

The G-Type field designates the group type:

G-Type ] Group Type

1 or 9 Code Group

2 Data Group
Extra Group
Stack Group
Aux-1 Group
Aux-2 Group
Aux-3 Group
Aux-4 Group

|
|
|
|
|
|
|
I
!

o ~ o = W

The G-Size field specifies the number of
paragraphs of loadable memory-image data to
be read from the .CMD file for this group.

The G-Abs field specifies an absolute base
paragraph address for this group. The G-Min
and G-Max fields specify the minimum and
maximum number of paragraphs to be allocated
for this group. Each of these three fields
is ignored if zero.

Following the header record, the command file
contains the loadable portion of each group
in memory-image format, in the same order as
the group descriptors in the header record.
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Program Interface

TurboDOS supports 119 different functions
that may be invoked by an application
program. Functions are provided for file
management, memory management, console
input/output, printing and spooling, and
various other TurboDOS facilities. The last
half of this guide is largely devoted to
describing each of these functions in detail.

Functions supported by TurboDOS fall into two
categories: CP/M-compatible functions, and
TurboDOS-unique functions. We will refer to
them as "C-functions” and “T-functions”,
respectively. TurboDOS supports 76 C-func-
tions and 43 T-Functions.

C-Functions

To invoke a C-function, a program executes an
interrupt instruction INT 224 (or INT OxEO)
with a function number in the CL-register.
TurboDOS supports all CP/M-86 BDOS functions:

J System Reset 20 Read Sequential
1 Console Input 21 Write Sequential
2 Console Output 22 Make File

3*Raw Console Input 23 Rename File
4*Raw Console Output 24 Return Login Vector

5 List Output 25 Return Current Disk
6 Direct Console I/0 26 Set- DMA Address

7 Get I/0 Byte 27*Get ALV Address

8 Set I/0 Byte 28 Write Protect Disk
9 Print String 29 Get R/0 Vector

10 Read Cons. Buffer 30 Set File Attributes
11 Get Console Status 31 Get DPB Address

12 Return Version 32 Get/Set User Number
13 Reset Disk System 33 Read Random

14 Select Disk 34 Write Random

15 Open File 35 Compute File Size
16 Close File 36 Set Random Record
17 Search for First 37 Reset Drive

18 Search for Next (38-39 reserved)

19 Delete File 40*Write Random 0-Fill
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C-Functions 50 Direct BIOS Call 55 Allocate Memory
(Continued) 51 Set DMA Base 56 Allocate Abs Memory
52 Get DMA Base 57 Free Memory

53 Alloc Max Memory 58 Free All Memory
54 Alloc Abs Max Mem 59 Program Load

These C-functions are compatible with the
corresponding CP/M-86 functions except for
the four functions marked with an asterisk.
C-functions 3 and 4 are compatible with MP/M-
86 rather than CP/M-86. C-function 40 is
synonymous with 34. C-function 27 performs no
operation, but affects only the STAT utility
of CP/M-86 which is not used with TurboDOS.

TurboDOS also supports certain functions of
MP/M-86 and Concurrent CP/M-86:

42 Lock Record 136 Delete Queue

43 Unlock Record 137 Read Queue

44 Set Multi-Sector 138 Cond. Read Queue
46 Get Free Space 139 Write Queue

47 Chain to Program 140 Cond. Write Queue
104 Set Date/Time 141 Delay

105 Get Date/Time 142 Dispatch

107 Return Serial No. 143 Terminate Process

108 Get/Set Rtn Code 152 Parse Filename
110 Get/Set Delimiter 153 Get Console No.

111 Print Block 155 Get Date/Time
112 List Block 160 Set List
134 Maxke Queue 161 Cond. Attach List

135 Open Queue

However, the following rarely-used functions
are not implemented in 8086 TurboDOS:

41 Test and Write 100 Set Dir. Label
45 Set Error Mode 101 Get Dir. Label
48 Flush Buffers 102 Read Passw'd Mode
49 Get/Set SCB 103 Write File XFCB
60 Call RSX 106 Set Def. Passw'd
98 Free Blocks 109 Get/Set Cons Mode

99 Truncate File
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T-Functions

To invoke a T-function,
interrupt instruction
with a function number
different entrypoint

avoid conflict with

a program executes an
INT 223 (or INT OxDF)
in the CL-register. A
interrupt is wused to

C-function numbers.

TurboDOS supports the following T-functions:

0 Reset 0/S 22 Phys Disk Access
1 Create Process 23 Set Buffer Parms
2 Delay Process 24 Get Buffer Parms
3 Allocate Memory 25 Lock/Unlock Drive
4 Deallocate Memory 26 Flush/Free Buffers
5 Send Message 27 Get/Set Print Mode
6 Receive Message 28 Sig End-of-Print
7 Set Error Address 29 Get/Set Despl Mode
8 Set Abort Address 30 Queue a Print File
9 Set Date/Time 31 Flush List Buffer
10 Get Date/Time 32 Network List Out

11 Rebuild Disk Map 33 Remote Console I/0
12 Get TurboDOS S/N 34 Get Comm Status

13 Set Compat. Flags 35 Comm Input

14 Log-0On/Log-0ff 36 Comm Output

15 Load File 37 Set Comm Baud Rate
16 Activate Do-File 38 Get Comm Baud Rate
17 Autoload On/Off 39 Set Modem Controls
18 Send Command Line 40 Get Modem Status

19 Get Alloc Info 41 User-Defined Func.
20 Get Phys Disk Info 42 Reorg Disk Directory

21 Get/Set Drv Status

Termination

A program may terminate by invoking C-func-

tion 0 (System Reset),

or alternatively by

executing a far-return instruction “RETF"
(provided the original values of the SS and

SP registers are intact).

entirely equivalent,
terminate the program
the next command.

nate by invoking C-function 47

Program), which allows

Both methods are
and cause TurboDOS to
in TPA and prompt for

A program may also termi-

(Chain to
the program to specify

the next command to be executed after the

program terminates.
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Command Processing A TurboDOS command always identifies a pro-
gram file residing on disk, and causes that
program to be loaded into memory (TPA) and
executed. TurboDOS has no "built-in" com-
mands.

TurboDOS comes with mere than 30 standard
command programs (described in detail in the
User's Guide). You can expand the vocabulary
of commands simply by storing additional
programs on disk. Programs are usually kept
in .CMD files.

Command Prompt TurboDOS displays a command prompt on the
console whenever 1t 1is ready to accept a
command. The command prompt is composed of

the current user number, the current drive
letter, and the } prompt symbol.

Command Format Each TurboDOS command consists of the file
name of the program to be executed, possibly
followed by an optional command tail of up to
126 characters. A command may be entered in
upper- or lower-case letters, but is conver-
ted to upper-case by TurboDOS.

The program name may have an explicit file
type, but wusually doesn't (TurboDOS assumes
.CMD). It may also have a user/drive prefix
(like "10:", "B:", or "5C:") to indicate that
the program is under a particular user number
or on a particular drive. You will get an
error message if the program file cannot be
found on disk, or if the available TPA is not
big enough to hold the program.

A special kind of command is used to change
the current wuser number and/or drive. It
consists of a user/drive prefix (like ~10:",
“B:", or "5C:") with nc program name.
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Tail Parsing The format of a command tail is determined by
the particular program 1involved. TurboDOS
passes the command tail to the program by
saving the length of the tail (in characters)
at location DS:0080 of the Base Page, and
saving the text of the tail (up to 126 char-
acters) starting at location DS:0081.
TurboDOS also stores a null (zero byte)
immediately following the last character of
the command tail. The tail includes all
characters following the program name, inclu-
ding leading spaces. If no tail is given in
the command, the length stored at DS:0080 is
zero.

If the command tail consists of one or two
filenames of the form:

{uud:}filename{.typ}

then TurboDOS parses each into File Control
Block (FCB) format. The first parsed FCB is
saved at location DS:005C of the Base Page,
and the second parsed FCB is saved at 1loca-
tion DS:006C. Parsing is done following the
procedure described for C-function 152 (Parse
Filename).

Command Strings TurboDOS also accepts strings of commands
separated by the character \ (backslant). A
command string may not exceed the size of the
command buffer, which is normally big enough
to accomodate two lines of text.

TurboDOS executes each command of the command

string in sequence. Normally, TurboDOS re-
displays each command but the first as it is
executed. However, the re-display is sup-

pressed if the command string starts with a
leading \ character.

1-10
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Batch Processing

TurboDOS supports a batch processing mode in
which execution 1is controlled by a pre-
defined sequence of commands stored in a "do-
file® on disk. A do-file is a text file
(usually type .DO), each line of which con-
tains a valid TurboDOS command or command
string. A do-file may be activated with a DO
command, or by invoking T-function 16 (Acti-
vate Do-File). A do-file may contain any
number of embedded DO commands, and nesting
is supported to any reasonable depth.

Automatic Loading

TurboDOS provides a facility for loading any
program or executing any command sequence

automatically at initial start-up (cold
start) or whenever a program terminates (warm
start). Autoload at cold-start takes place

only if a file named COLDSTRT.AUT is present
on the start-up disk. Autoload at warm-start
takes place only if a file named WARMSTRT.AUT
is present on the current disk. The AUTOLOAD
command is the usual way to create these .AUT
files.

Alternatively, a program (.CMD file) may be
autoloaded by renaming it as COLDSTRT.AUT or
WARMSTRT.AUT. In this case, however, the
autoloaded program must not rely on the
contents of the Base Page FCB (at DS:005C)
and buffer (at DS:0080), because they will be
left uninitialized after the autoload.
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Base Page Layout The Base Page is the 256-byte memory region
from DS:0000 to DS:00FF. The Base Page 1is
initialized by TurboDOS whenever a transient
program is loaded, and is used for communica-
tion between TurboDOS and the transient pro-
gram. The organization of the Base Page is
shown below:

Hex Addr | Description

0000-0002 Length of code group in
bytes. Stored as a 24-bit
number, least-significant
byte first.

0003-000+4 Base paragraph address of
code group.

0005 8080 Model flag, set to 1
if 8080 Model, 0 otherwise.

0006-0008 Length of data group in
bytes, 24 bits, LSB first.

data group.
0008 (Unused, reserved.)
000C-000E Length of extra group in

bytes, 24 bits, LSB first.

000F-0010 Base paragraph address of
~extra group.

0011 (Unused, reserved.)

0012-0014 Length of stack group in

bytes, 24 bits, LSB first.

0015-0016 Base paragraph address of

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 0009-000A Base paragraph address of
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| stack group.
|
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Base Page Layout |_Hex Addr | Description |
(Continued) | |
| o017 (Unused, reserved.) |
| |
| 0018-001A Length of aux-1 group in |
| bytes, 24 bits, LSB first. |
| |
| 0018-001C Base paragraph address of |
| aux-1 group. |
| |
| oo1D (Unused, reserved.) |
| |
| 001E-0020 Length of aux-2 group in |
| bytes, 24 bits, LSB first. |
| |
| 0021-0022 Base paragraph address of |
| aux-2 group. |
| : |
| 0023 (Unused, reserved.) |
| |
| 0024-0026 Length of aux-3 group in |
| bytes, 24 bits, LSB first. |
| |
| oo027-0028 Base paragraph address of |
| aux-3 group. |
| |
| 0029 (Unused, reserved.) |
| |
| 002A-002C Length of aux-4 group in |
| bytes, 24 bits, LSB first. |
| |
| 0020-002€ Base paragraph address of |
| aux-4 group. |
| |
| 002F-0058B (Unused, reserved.) |
| |
| 005C-0068 Default FCB part 1. The |
| |
| |
| |
| |
| |
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Base Page Layout

(Continued)

This area receives the com-
mand tail length in 0x0080,
and the command tail text
(up to 126 characters plus
a null terminator) in loca-
tions 0x0081-0x00FF.

|_Hex Addr | Description

|

| oo6Cc-0078 Default FCB part 2. The

| second filename argument in
| a command tail is parsed

| into this 16-byte area, and
| must be moved to another

| location before making use

| of the default FCB.

|

| 6o7¢C Default FCB current record.
|

| 007D-007F Default FCB random record.

I

| 0080-00FF Default 128-byte buffer.

|

|

|

|

|

|

|
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System Start-Up To get TurboDOS started, it is necessary to
read a copy of the operating system from disk
into memory, a process known as “cold start”.
The exact cold-start procedure depends on the
particular hardware involved.

Most TurboDOS implementations use this three-
step cold-start procedure:

1. When the computer is turned on or reset,
it executes the TurboDOS bootstrap from
read-only memory (ROM). (In some imple-
mentations, the bootstrap may be loaded
from reserved tracks on disk.) The
bootstrap scans all disk drives from A
to P, searching the directory of each
ready drive for a file named OSLOAD.CMD
which contains the TurboDOS loader.
When this file is found, the bootstrap
loads it into the TPA and executes it.

2. The TurboDOS loader scans all disk
drives from A to P, searching for a file
named OSMASTER.SYS which contains the
master operating system. When this file
is found, the loader proceeds to load
the operating system into memory, then
transfers control to it. The drive from
which the OSMASTER.SYS file was 1loaded
becomes the "system disk".

3. The master downloads a slave bootstrap
routine into each slave processor. The
master then locates a file named
OSSLAVE.SYS on the system disk which
contains the slave operating system, and
downloads it into each slave processor.

During network operation, it is helpful if
the system disk is always on-line. If a
fixed disk is available, it should be used as
the system disk.
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Summary This section has introduced the fundamentals
of the TurboDOS environment. You have

learned how memory is organized, how programs
may be segmented into various execution
models, and how .CMD files are formatted.
You wunderstand the TurboDOS program inter-
face, including C-functions, T-functions, and
direct BIOS calls. You know how TurboDOS
parses and processes commands, command
strings, and do-files, and how it communi-
cates with programs via the Base Page.

Next, we examine the TurboDOS file system in
considerable detail.
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FILE SYSTEM

This section describes the TurboDOS file
system in detail. It covers the structure of
disks and files, the facilities provided to
manage files, and the procedures for calling
these facilities from application programs.

Disk Capacity

The TurboDOS file system can support up to
sixteen logical drives per processor, identi-
fied by the letters A through P. Drives may
be local to the processor, or may be attached
to another processor and accessed by means of
networking.

TurboDOS accomodates any combination of
drives from mini-floppies to large hard disks
in excess of a gigabyte. Allocation block
size may be chosen individually for each
drive, and affects maximum drive capacity as
follows:

Alloc. Block Size | Max. Drive Capacity

] |
| |
| 1K 256 Kilobytes |
| 2K 128 Megabytes |
| 4K 256 Megabytes |
| 8K 512 Megabytes |
| 16K 1,024 Megabytes |
| |

Because these limits are so big, it is almost
never necessary to partition a physical drive
into smaller logical drives under TurboDOS.
However, such partitioning is sometimes done
for wuser convenience when using large fixed
disks.

For maximum capacity and performance, floppy
disks wused with TurboDOS are generally for-
matted with large sector sizes (512 or 1024
bytes), no interleave, and no reserved
tracks. However, TurboDOS also accomodates
standard CP/M floppy disk formats.
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Disk Organization

Each disk is organized into five areas:

1= -
- =l
I- =l
I- -

|_ File Storage _l

Directory

-
|
|
|
|

|
|
|
|__Allocation Map |
|_____Yolume Label |
| __Reserved Tracks |

Reserved tracks are required by certain hard-
ware configurations to support cold-start,

but are not otherwise used by TurboDOS. The
volume label permits a name to be given to
each disk. The allocation map contains one

bit for each allocation block on the disk,
and is used by TurboDOS to keep track of
which disk blocks are occupied and which are
free. The directory is a table of contents
which identifies all files stored on the
disk. The remainder of the disk (most of it)
is available for file storage.

CP/M does not maintain a volume label or
allocation map on the disks it creates. When
a CP/M disk is first accessed by TurboDOS,
the first few CP/M directory entries are
automatically relocated to the end of the
directory in order to make room for the label
and map. When a TurboDOS disk is accessed by
CP/M, the label and map appear to be ordinary
deleted directory entries. Thus, disks can
be moved freely between CP/M and TurboDOS
in spite of the differences in organization.
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Directory Formats

TurboD0S supports two alternative directory
formats: linear and hashed. A flag bit in
the directory label indicates which format is
in use on a particular disk.

The standard linear format is compatible with
CP/M, and is searched sequentially. Conse-
quently, look-up speed deteriorates with
increasing directory size, and can get pain-
fully slow on large disks with many files.

The optional hashed directory format uses a
hashing algorithm to make look-up in large
directories much faster, A hashed directory
may be used on any disk, but is especially
suited for use on hard disks with many files.
Hashed directories are not media-compatible
with CP/M, but -'may be converted to linear
format whenever exporting to CP/M is needed.

Whether the directory is linear or hashed,
searches involving “wild cards” have to be
done 1linearly. Such wild-card searches are
typically slower if the directory is hashed.

File Organization

A file «contains a sequence of 128-byte
records, and may be up to 134 megabytes
(1,048,576 records) long. The records of a
file may be read and written sequentially or
randomly (by relative record number). Up to
128 records (16K) may be read or written in a
single operation. A file may be extended by
writing beyond the end of file. TurboDOS
automatically allocates disk space when a
file is extended, and deallocates it when a
file is deleted.

Text files are in ASCII with a RETURN (0x0D)
and LINEFEED (0x0A) at the end of each line
of text. Text lines are variable length and
may span records. The end of a text file is
marked by the character SUB (Ox1A).
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File Operations About half of the C-functions supported by
TurboD0S are connected with the file system.
These functions support the operations needed
to manipulate files, directories, and disks.

The following functions provide the basic
facilities for sequential file access:

C-Fcn | Function Name

|

|

| 15 Open File

| 16 Close File

| 20 Read Sequential
| 21 Write Sequential
| 22 Make File

|

These additional functions are necessary to
support random access and file sharing:

C-Fcn | Function Name

|
|
| 33 Read Random

| 34 Write Random

| 35 Compute File Size
| 36 Set Random Record
| 42 Lock Record

| 43 Unlock Record

|

Directory functions include:

C-Fcn | Function Name

|

|

| 17 Search for First

| 18 Search for Next

| 19 Delete File

| 23 Rename File

| 30 Set File Attributes
|
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File Operations Drive-oriented functions are:
(Continued)

C-Fcn Function Name

14 Select Disk

| |
| I
| |
| 24 Return Login Vector

] 25 Return Current Disk |
| 28 Write Protect Disk |
| 29 Get R/O0 Vector |
| 31 Get DPB Address |
| 37 Reset Orive |
| 46 Get Free Space |
| |

Finally, some other functions connected with
the file system include:

C-Fen | . Function Name

|

|

| 13 Reset Disk System

| 26 Set DMA Address

| 32 Set/Get User Number

| 44 Set Multi-Sector Count
| 47 Chain to Program
|

|

|

|

|

51 Set DMA Base
52 Get DMA Address
59 Program Load
152 Parse Filename

Each of these file system C-functions 1is
described in detail later in this document.
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Naming Files TurboDOS keeps track of files by name, main-
taining a directory of files on each disk. A
file is identified uniquely by four fields:

. user number (0-31)

. drive letter (A-P)
file name (up to 8 characters)
file type (up to 3 characters)

The user number specifies one of 32 logical
file libraries on each disk. These libraries
allow files to be conveniently segregated by
user or application. Generally, wuser 0 1is
reserved for global files and user 31 1is
reserved for log-on security, leaving 1-30
for general use. If no user number is given,
the current wuser number is assumed by
default.

The drive letter specifies the disk on which

the file is located. If no drive letter is
given, the current drive 1is assumed by
default.

The name and type fields are composed of

ASCII characters. The file name may have up
to eight characters, and the file type may
have wup to three. Shorter names and types

are padded on the right with spaces.

It is suggested that file names and file
types be composed from the upper-case letters
A-Z and the digits 0-9. Actually, any ASCII
characters may be used including lower-case
letters, punctuation, and even non-printing
control characters. However, such names may
not be parsed correctly in commands nor dis-
played correctly in directories.

The question mark ? is a special wild-card
character which may be used in file names and
types to match any character in the corre-
sponding position during directory searches.
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Special File Names

TurboDOS gives special meaning to two
reserved file names. "$.DIR" refers to the
directory area of a disk, while ~$.DSK"
refers to the entire contents of the physical
disk volume (up to the maximum file size of

134 megabytes). These special files may be
dumped, patched, or accessed like any ordin-
ary file. However, access is restricted to

privileged log-ons only.

File Control Block

File-oriented C-functions and T-functions are
always called with the address of a File
Control Block (FCB) in the DX-register. The
FCB 1is a data structure 33 bytes 1long (36
bytes for random access operations) organized
as follows:

Offset | Field | Description

0 drive drive code (0-16):
0 -> current drive
1 -> drive A
2 -> drive 8

16 -> drive P

|

]

|

|

|

|

|

|

|

| 1-8 name file name in ASCII

| padded on right with
| spaces, high-order bit
| of each byte reserved
] for attributes f1-f8
|

|

|

|

|

|

|

|

|

|

9-11 type file type in ASCII,
padded on right with
spaces, high-order bit
of each byte reserved
for attributes t1-t3

12 extent least significant five
bits of extent number
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File Control Block |_Offset | Field | Description |

(Continued) | |
| 13 spec1 flag byte (Do Not Use)
| |
| 14 spec2 most significant eight |
| bits of extent number |
| |
| 15 record number of records in |
| count current extent (0-128) |
| |
| 16-31 map allocation map of cur- |
| rent extent |
| |
| 32 current current record number |
| record {0-127) in current ex- |
| tent |
| |
| 33-35 random 20-bit record number |
| record (byte 33 is least sig- |
| |
| |
| |

In general, the application

program must

initialize FCB bytes 0-12 before opening,
making, or searching for a file. It must
also zero FCB byte 32 before reading or writ-

ing a file sequentially from the

When a file is opened,

bytes 0-31 with information from the

tory. Thereafter, the

tory with information from the FCB.

tory entry has the same

entry, however, byte 0

use. Also, byte 13 may contain the

beginning.

TurboDOS fills FCB

direc-

application program
should not modify FCB bytes 0-31. When the
file 1is closed, TurboDOS updates the direc-

A direc-

structure as the
first 32 bytes of an FCB. In a directory
contains the wuser
number 0-31 to which the file belongs, or the
value OxES5 if the directory entry is not

byte count of the last record in the file.

in
exact
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File Attributes File attributes are stored in the high-order
bits of the FCB name field bytes f1-f8 and
type field bytes t1-t3, and are used to con-
trol how a file may be accessed:

|_Attribute | Definition |
| ]
| f1 FIFO file attribute |
| f2-f4 undefined file attributes |
| £5-f8 interface attributes |
| t1 read-only file attribute

| t2 global file attribute

| t3 archived attribute |
| |

The file attribute bits fi1-f4 and t1-t3 are
recorded in the directory, and may be set or
cleared by means'of C-function 30 (Set File
Attributes). For a newly-created file, all
attribute bits are initialized to zero. When
a file is opened, 1its attributes are copied
into the FCB. File attributes may also be
interrogated by means of C-functions 17 and
18 (Search for First/Next).

The read-only attribute (t1) prevents a file
from being written, deleted or renamed. The
global attribute (t2) enables a file saved
under wuser 0 to be accessed from any user
number (it has no effect for files saved
under non-zero user numbers). The archived
attribute (t3) is used for incremental file
backup, and 1s automatically cleared by
TurboDOS whenever a file 1is written or
renamed. The FIFO attribute (f1) causes a
file to be accessed using a special "first-in
first-out”™ access method (described later).

Attributes f2-f4 are undefined, and available
to the user. Interface attribute bits f5-f8
cannot be wused as file attributes; they
specify options for certain C-functions.
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User Numbers

TurboDOS provides 32 file libraries on each
disk corresponding to wuser numbers 0-31.
Generally, wuser 0 1is reserved for global
files and wuser 31 is reserved for 1log-on
security, leaving 1-30 for general use.

The current user number is established ini-
tially at log-on. For a non-privileged log-
on, the wuser number remains unchanged until
log-off. This restricts file access to the
corresponding file library (plus global files
under user 0). For a privileged log-on, the
user number may be changed without restric-
tion by means of C-function 32 (Set/Get User
Number) .

The current user number is treated as a pre-
fix to file names, thereby allowing each disk
directory to contain wup to 32 libraries.
Most directory functions (make, rename,
delete, search, etc.) are restricted to the
library corresponding to the current user
number. However, files in the user 0 library
which have the global file attribute may be
opened from any user number. This permits
commands, programs, and other common files to
be shared by all users.

File Sharing

In a multi-user TurboDOS system, it is pos-
sible for multiple users to access the same
file at the same time. This can happen 1if
the wusers are logged-on to the same user
number, or accessing the same global file.
TurboDOS supports interlocks to regulate such
file sharing at the file or record level.

TurboDOS file sharing facilities are compa-
tible with MP/M, but provide significant
extensions to alleviate the most serious
deficiencies in MP/M file sharing.



TurboDOS 1.4 8086 FILE SYSTEM
Programmer's Guide
File Sharing

(Continued)
Copyright 1984 by Software 2000, Inc.
All rights reserved.
File Locks File-level interlocks are supported by means

of four distinct modes of opening a file.
The open mode is determined by FCB interface
attributes f5-f6 when the file is opened or
created. The four open modes are called
exclusive, shared, read-only, and permissive.

A file opened in exclusive mode is available
to the opening process exclusively until it
is closed, and may not be opened by any other
process. A file cannot be opened in exclu-
sive mode if the file is currently opened (in
any mode) by another process.

A file may be opened in shared mode by any

number of processes simultaneously. All
processes are allowed to read, write and
extend the file. Record lock and wunlock

functions are honored only for file opened in
shared mode.

A file may be opened in read-only mode by any
number of processes simultaneously. All
processes are allowed to read the file, but
not to write or extend it.

A file may be opened in permissive mode by
any number of processes simultaneously. All
processes are allowed to read the file. 1f
any process writes or extends the file, then
that process gains an exclusive write-lock on
the file, preventing any other process from
writing to the file. The exclusive write-
lock 1is released when the 1locking process
closes the file.

In shared and permissive modes, if a process
extends a file by adding new records at the
end, these records become immediately acces-
sible to other processes that also have the
file open.
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Record Locks Record-level interlocks are controlled by

means of explicit locking and unlocking
requests made by the application program.
This allows concurrent update by multiple
processes.

Record locks are by no means automatic, and
require explicit cooperative participation by
all updating programs. C-functions 42 (Lock
Record) and 43 (Unlock Record) are honored
only for files opened in the shared mode.
Each program must lock a record before read-
ing it, and must unlock the record after
updating it.

If a program attempts to lock a record that
is already locked by another process, the
Lock Record function returns an error code
and the program must try again until it is
successful. Alternatively, the program can
ask TurboDOS to suspend program execution
automatically wuntil the lock request can be
satisfied.

To extend a shared file in a concurrent
update environment, the extending program
should first acquire a lock on record N+1
(where N is the last record in the file).
The program may then safely write record N+1,
and finally unlock N+1.
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Compatibility Modes The file sharing facilities of TurboDOS are
designed to provide compatibility with MP/M,
yet at the same time to alleviate the most
serious 1limitations of MP/M file sharing.
TurboDOS may be instructed to adhere strictly
to MP/M file-sharing rules, or alternatively
to relax some of these rules. To this end,
TurboDOS provides a byte of “compatibility
flags” with the following bit assignments:

|_Bit | Flag Name | Affects |
| |
| 1 permissive default open mode |
| 6 suspend lock conflict action

| s global-write writing global files |
| & mixed-mode mixed file open modes |
I 3 logical record lock validity

| 2-0 (not defined) |
| |

For each compatibility flag, a zero-bit de-
notes strict adherence to the MP/M rule,
while a one-bit signifies a relaxation of
that rule. The initial setting of the com-
patibility flags may be established during
TurboDOS system generation by assigning the
desired