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% MS™-DOS V2.05 Technical Documentation

Recommended Documents

Contains a list of additional reading materials.

Rainbow MS™-DOS V2.11 Update Notes

These update notes contain information about the MS-DOS Version 2.11 operating system. Use
them in conjunction with the Rainbow MS-DOS V2.05 Programmer’s Guide if you are using the
MS-DOS Version 2.11 operating system.

Rainbow MS™-DOS V2.05 Programmer’s Guide

This programmer’s guide describes the Rainbow computer hardware and firmware. It also de-
scribes the MS-DOS Version 2.05 operating system, and differences between Version 2.01 and
Version 2.05. The guide describes the BIOS, and the additional functions under the MS—-DOS
Version 2.05 operating system.

The appendix lists the Rainbow specifications for on-disk structures, plus additional information
about the MS-DOS Version 2.05 operating system functions.

Rainbow MS™-DOS V2.05 BIOS Listings
These listings contain the MS-DOS V2.05 Basic Input/Output System (BIOS).

Microsoft MS™-DOS Operating System Programmer’s Reference Manual
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calls and interrupts. It covers installation information for device drivers. There is also technical
information about disk allocation, control blocks, work areas, EXE file structure and loading.

Microsoft MS™-DOS Operating System Macro Assembler Manual

This manual describes Microsoft’s utility programs used for developing assembly language pro-
grams. They include the:

e Macro Assembler

e LINK Linker

e LIB Library Manager
e CREF Cross Reference
e DEBUG

Rainbow Guidelines for Producing Translatable Products

This document explains how to design and build software and write text so that they can be easily
translated into other languages.
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The PRINT Command

The first time you use the PRINT command after starting the
MS-DOS operating system, it prompts you for the name of the list
device. Because the default is '"PRN:", (which is the normal
printer port), you just need to press the '"Return" key to
continue.

The FORMAT Utility

If you use the FORMAT wutility to format an MS-DOS disk and
specify a volume identification, you can use the SYS command to
create a new MS-DOS system volume.

Directory Paths

The MS-DOS Version 2.11 operating system supports a feature known
as ''directory paths', which allows you to create and maintain
private areas or ''sub-directories' on the same volume. The
following are some more "hints' on how to use sub-directories and
paths:

1. If you specify a directory path in a command line other than
COPY, TYPE or DIR, it is ignored, because COMMAND.COM does
not process directory paths. COPY, DIR and TYPE process
paths themselves.

2. |If you mistakenly type a '"\" in front of an otherwise
legitimate command (for example, \bin\masm), the MS-DOS
operating system returns immediately to the prompt without
any message being displayed.

Using the EDLIN Editor

When using the EDLIN editor, use the "Interrupt" key to generate
an ‘''escape' <character when required instead of the Escape key
(F11 (ESC)) .

Using the CTTY Command

If you use the "CTTY" command to change the console from device
""CON:" to device "AUX:'", for example, explicit references to
device "CON:" in subsequent commands continue to be honored. For
example, the command ''COPY CON:TEXT.TXT" takes input from device
""CON:" rather than device "AUX:', as expected.



Using the RECOVER Utility Program

The MS-DOS Version 2.11 operating system includes a utility
program called "RECOVER" for recovering ''bad spots' on your
diskettes. It is described in the Chapter 5 of the Rainbow
MS-DOS Version 2.11 Advanced User's Guide contained in your
operating system kit. DIGITAL recommends, however, that you use
this command only as a '"last resort' to recover files from a bad
diskette. This is because RECOVER could misinterpret data that
may NOT be corrupted, which could lead to unpredictable results.

Using the PROMPT Command

When you use the PROMPT command with the SP option, be sure that
you specify an existing drive. Using this option with a
non-existent drive requires that you reset the system.

Interrupt Vectors
The MS-DOS Version 2.11 operating system allows you to get or set
all the MS-DOS interrupt vectors, 20H through 27H, using DBOS
function request 25H and 35H.

Serial 1/0 Functions
The MS-DOS Version 2.11 operating system implements:

1. The serial 1/0 function 14 "Set/Clear Modem Signals."

2. The serial 1/0 function 21 "Program Device Interrupt."

Using Ports

The MS-DOS Version 2.11 operating system supports JM for the
communications port, printer port, and the extended
communications port.

Buffer Overflows

When you use the communication I0CTL functions and the serial
receive buffer overflows, the last character is SUB (1Ah). The
MS-DOS Version 2.11 operating system uses a bit to flag whether
or not a real SUB character has been received or an actual
overflow has occurred. The most significant bit of the character
status byte (CHAR_STAT) is set when the serial receive buffer
overflows.



Device Number

With the MS-DOS Version 2.11 operating system, the device number
for the communication I0CTL functions O, 3, 17, 19, 21, and 23 is
placed into the communication control blocks or the interrupt
service routine description.

10CTL Communication Driver

The MS-DOS Version 2.11 operating system contains a new I[0CTL
communication driver, function 26. Function 26 returns a double
word pointer to a direct high performance entrance into the
communications drivers. It bypasses the normal front end of
MS-D0OS. This direct entrance avoids the overhead of MS-DOS and
the lack of MS-DOS re-entry.

NOTE

This function is not available in previous
versions of the MS-DOS operating system.
Therefore, any application programs using
function 26 will not work under previous versions
of DIGITAL's MS-DOS operating system.

Use function 26 only in situations that require faster re-entry
access to the communications drivers. To use function 26:

ENTRY

AX = LLO2H

BX = File handle
DS:DX = Packet address

FUNCTION in packet = 26
(no other entries used)

Invoke with INT 21H

EXIT
FUNCRET = FFH
BUFFER = Double word pointer to the

entry of the communications driver

NOTE

Call function 26 only once when initializing your
application.



After function 26 gives you the entry address, you use all
other I0OCTL functions by calling the drivers as follows:

ES:DI
DL

Packet

Device number

= Communications port

= Printer port

Extended communications port

NN~

Invoke the function by performing a:
CALL DWORD PTR (buffer)

Where buffer = buffer of the packet returned by
your previous function 26 call

All returns in the packet and actions performed are identical
those functions invoked through MS-DOS INT 21H.

the

to
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PREFACE

INTENDED READERS

This guide is intended for experienced programmers who wish to write
applications and programs for the Rainbow 100, 100+, and 100B
computers. |t provides an overview of the various documents that form
the Rainbow MS-DOS Version 2.05 Technical Documentation Kit.

Readers who wish to learn how to use Microsoft's Macro Assembler
should study the Microsoft MS-DOS Operating System Macro Assembler
Manual contained in this kit.

Guide Organization
Chapter 1 describes the Rainbow's hardware.

Chapter 2 discusses the Rainbow's firmware, (the features provided in
its Read Only Memory (ROM)).

Chapter 3 introduces the MS-DOS operating system: its components, and
how it stores and retrieves disk files. Chapter 3 also mentions some
differences between MS-D0OS Version 2.05 and Version 2.01.

Chapter L describes the MS-DOS BI0OS, and the additional functions
provided in the BIOS of MS-D0OS Version 2.05.

Chapter 5 describes some of the differences between the Rainbow
computer and the [IBM PC. Use this chapter if you want to convert
programs from one system to the other, or if you want to write
programs that will run on either system. This chapter also includes a
list of caveats and some useful programming examples.

Appendix A contains Rainbow specifications for on-disk structures.

Appendix B contains several Microsoft articles relating to MS-DOS
functions.



CHAPTER 1

RAINBOW HARDWARE

1.1 INTRODUCTION

This chapter describes the Rainbow computer hardware, emphasizing
those features of interest to programmers. This chapter assumes that
you know the operation and characteristics of the Rainbow hardware by
studying the manuals shipped with every Rainbow computer.

The Installation Guide provided with each Rainbow computer describes
the system components. The guide illustrates the system unit, monitor
unit and keyboard unit.

This chapter describes the hardware in general. Detailed descriptions
are given for items relevant to programmers. The definitive hardware

specification, however, is the system specification for the Rainbow
computer you are using.

1.2 GENERAL DESCRIPTION

Figure 1-1 shows the Rainbow computer. The base system consists of
three parts:

e System unit
® Keyboard

e Monitor

1-1



RAINBOW HARDWARE

Figure 1-1: Rainbow Computer

The system unit contains the system module, a large printed circuit
board where the logic circuits of the system are located. The Rainbow
100+ computer includes a Winchester hard disk drive. Figures 1-2 and

1-3 show the system block diagrams for the Rainbow 100 and Rainbow
100+/100B computers.
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1.3 PROCESSORS

The Rainbow computer uses dual microprocessors, an 8088 and a Z80A.
These work together to provide the Rainbow computer's functionality.

System functions are divided between the 8088 and Z80A. The Z80A
controls the disk drives, while the 8088 controls the video output,
keyboard, communications input/output (1/0), printer 1/0, and all
optional devices.

Both microprocessors can access certain shared random access memory
(RAM) , and each can also access private memory. The 8088 clock rate
is 4L.815 Mhz, and the Z8BOA clock rate is 4.012 Mhz.

1.4 RANDOM ACCESS MEMORY

The Rainbow 100A contains 6LK bytes of RAM. wWhen DIGITAL first
shipped the Rainbow computer you could increase this RAM by inserting
an optional memory expansion card. This optional RAM card was
available in two sizes: 6LK bytes and 192K bytes for a system total
of either 128K bytes or 256K bytes. A 6LK byte card is not upgradable
to a larger size.

DIGITAL has since announced an adapter card for Rainbow computers that
permits it to wuse the expansion RAM option. This makes it possible
for all Rainbow computers to add a total of 768K bytes of memory.

The basic Rainbow 100B contains 128K bytes of RAM. You can expand the
memory from 192K bytes to 896K bytes in multiples of 64K bytes.

The expansion memory is contained on a printed circuit card that holds
from one to three 'banks'" of nine memory chips each. All chip
positions are socketed so that the chips can be field installed. Each
bank can be filled with nine memory chips yielding either of two
capacities:

e 64K bytes

® 256K bytes
As a result, the card can have any of nine possible configurations -
from 64K bytes to 768K bytes. Table 1-1 shows various configurations.
You can purchase the option in 128K byte or 256K byte configuration.

You can also purchase expansion kits containing nine 64K-bit or nine
256K-bit RAM chips (sufficient for one bank).
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Table 1-1: Rainbow 100B Optional Memory

SI1ZE (K) CHIP SIZES IN
BANK 1 BANK 2 BANK 3

128 (Base Configuration) 6LK bLK -

192 64K 6LK 64K
256 (Base Configuration) 256K - -

320 256K bLK -

384 256K 6LK 64K
512 256K 256K -

576 256K 256K 64K
768 256K 256K 256K

The optional expansion memory contains parity checking circuitry. A
non-maskable interrupt 1is generated if a parity error occurs. |Its
handler (which is in the firmware) normally causes the system to
display an error message, then halt. Should an application program
perform some other form of error trapping, it must '‘take over'" the
interrupt and provide its own handler.

A1l of the memory except for the Z80A's 2K-Private RAM (see next
paragraph) is of the dynamic type. Such memory must be "refreshed"
every few milliseconds to insure that its data is not lost.
Refreshing is done by special circuits that use some of the available
memory access cycles. The 8088, Z80A, direct memory access (DMA) and
refresh circuitry all access this memory independently of one another.
When one device attempts to access memory while another is in the
process of doing so, the attempting device must wait until the memory
is available. This is known as ''contention.'" Notice that such
contention wusually makes it impossibie to program precise timing
loops.

The ZB80OA can address a total of only 6LK bytes, and therefore cannot
access memory locations at addresses greater than OFFFFH.

Both microprocessors can address the 62K bytes of RAM in their address
space of OO800H through OFFFFH. This shared RAM allows the two
microprocessors to pass data to one another, a necessary requirement
of the Rainbow computer's architecture.

Both the 8088 and Z80A have 2K bytes of private RAM in the address
space of 00000 to OO7FFH. The 8088 private RAM is part of the 6LK
dynamic RAM, of which the top 62K is shared. The Z80A private RAM s
of the static type. As such, it neither needs refreshing nor
experiences contention for access cycles with the 8088 or other
devices. This memory should be used for time-critical Z80A routines,
such as programmed diskette reading and writing.
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The extended communications option contains Direct Memory Access
capabilities. Such DMA operations can only be performed to and from
the dynamic RAM in Address space 00000 through OFFFFH.

1.5 NON-VOLATILE MEMORY (NVM)

The Rainbow computer has 256 nibbles of non-volatile memory, which
retains stored values even when you turn the power off. The system
uses this memory to store its Set-Up values. It is located at address
EDOOOH through EDOFFH, but should not be directly accessed by
application programs.

The Rainbow 100B firmware provides a slightly different set of NVM
parameters than the Rainbow 100's NVM parameters. Also, the Rainbow
100B's Set-Up automatically determines and displays the size of
installed RAM, whereas the Rainbow 100's Set-Up simply stores whatever
value you enter there, whether it accurately reflects the size of
installed RAM or not.

Although the NVM is addressed as bytes of data, only the low four bits
of the data have meaning. This is due to the 256 x L organization of
the NVM chip. The four most significant bits of each NVM data byte
are ignored when written, and unpredictable when read.

1.6 VIDEO DISPLAY MEMORY

The video logic can use up to LK bytes of screen RAM and LK bytes of
attribute RAM. Data to be displayed is placed in this RAM by firmware
routines. This memory should not be directly accessed by application
programs. The firmware provides functions for modifying the display
memory. Portions of the Screen and Attribute RAM are also used for
firmware variables, flags, pointers, stack, buffer and so forth.
Accessing these RAM locations can cause a system reset or cause the
system to stop.

1.7 READ ONLY MEMORY

The Rainbow 100 contains 24K bytes, and the Rainbow 100B 32K bytes, of
Read Only Memory (ROM). This ROM contains diagnostic, VT102 terminal
emulation, and VT102 console routines. These routines are also known
as the system firmware.

The diagnostics are described in the manuals you received with vyour
computer. The VT102 terminal emulation is described in the Terminal
Emulation Manual. Read the '"Functional Anomalies' found in the system
specification if you want to program a remote host to work with the
Rainbow computer as a terminal.
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1.8 DISKETTES

The basic Rainbow computers include a dual-disk drive that can store
LOOK bytes of data on each of two 5 1/h4 inch diskettes. You can add a
second dual-disk drive, bringing the total on-line diskette storage
capacity to 1600K bytes, or 1.6 megabytes. A Rainbow computer can
contain either a Winchester type hard disk or the second RX50 drive,
not both. (See '"Hard Disk Option'.) You install the optional disk
drive in the system module housing.

A separate card containing a Western Digital 1793 Disk Controller
chip, and related logic circuits provides control of the diskettes.
This diskette controller card is part of the basic system.

You must format diskettes before can write on them. DIGITAL-type
RX50K diskettes have been preformatted for ten 512-byte sectors per
track and can be used immediately. Non-DIGITAL diskettes (and those
that have lost format data) must be formatted for the Rainbow computer
before you can use them.

The MS-DOS operating system also requires that diskettes be !'soft"
formatted for its use. This is a different operation than the
physical formatting required by the hardware. The MS-D0OS Version 2.05
operating system contains a special format utility (FORMAT) that you
can use to physically and '"soft" format your diskettes.

The 1793 Disk Controller chip has been hard-wired to read and write
only in double-density mode. The RX50 accesses 80 tracks spaced at 96
tracks per inch (96 TPI). The RX50 can also read 48 TPI diskettes
with proper software, as can diskettes having different numbers of
sectors (for example, IBM 8 and 9 sector diskettes).

1.9 KEYBOARD

The keyboard communicates with the system module through an 8251A
Universal Asynchronous Receiver Transmitter (UART) by means of a
cable. The cable attaches to the monitor module, using a modular
telephone connector. The keyboard signals then pass through the
monitor's cable to the system unit.

Pressing a key causes a single uniquely coded byte to be serially
transmitted to the system unit where it generates an interrupt 26H.
The normal interrupt handler is contained in the firmware. |t places
the incoming keycode into a buffer, from which it can be obtained by
the application software. This routine is complex and is used by both
the Terminal mode and Console mode firmware. Applications should NOT
attempt to do keyboard processing, but should use the functions
provided in the firmware for accessing keyboard characters.
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1.10 INTERRUPTS

Both the 8088 and Z80A microprocessors have interrupt capabilities.
Hardware signals or software instructions can generate 8088
interrupts. You can program each processor to interrupt the other.

The Rainbow computer's operating system always treats one of the
processors as a ''master' and the other as a ''slave.' When the master
requires the slave to perform a function, it notifies the slave by
generating an interrupt to it. The original slave then becomes a
master and the original master becomes a slave.

The Rainbow 100B hardware interrupts can be assigned two sets of
interrupt vectors under software control. The Rainbow 100B's firmware
provides routines to move the interrupt vectors from one location to
another. This is necessary because the Rainbow computer's hardware
and MS-DOS operating system both use some of the same interrupts. The
firmware relocation function is intended only for use by the MS-D0S
operating system. |If you try to <change vectors from within an
application you cannot use MS-DOS. If you access the hardware
directly instead of by the firmware the keyboard-related access
capabilities are destroyed.

The system module generates a vertical frequency interrupt either 50
or 60 times per second, determined by a Set-Up parameter. The
firmware video display refresh routines use this interrupt. These
refresh routines include a software interrupt A4hH call that the
operating systems use. They, in turn, generate an interrupt 6L4H, as a
source of real-time signals for application use.

The MS-D0OS operating system moves many interrupt vectors to alternate
locations wupon being loaded. Applications must always wuse the
switched values. Tables 1-2 and 1-3 show the hardware-generated
interrupts and addresses.
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Table 1-2: 8088 iInterrupt Types
Hardware Generated
Priority Interrupt Source Type No. (Hex) Address (Hex)
Norm/Relocated Norm/Relocated

Highest 2 Parity error 02 08

| 2 Vert Freq Interrupt 20/A0 80/280

| 6 7201 (Ext Comm Int 1) 21/A1 8L/28L

| 2 Graphics Option 22/A2 88/288

| 2,6 DMA (Ext Comm Opt) 23/A3 8c/28cC

| 3 7201 (Comm/Printer) 2L/AL 90/290

| 2,6 7201 (Ext Comm Int O) 25/A5 9L4/294

| (or Winchester cantrolled)

| 2 82514 (Keyboard) 26/A6 98/298
Lowest Z80A 27/A7 9c/29C

Software Generated

5 Firmware Functions 18 60

2 0/S Clock Tic 2C/AC BO/2BO

4 MS-DOS 20 80

k MS-DOS System Functions 21 8L

4 MS-DOS 22 88

k MS-DOS 23 8c

4 MS-DOS 24 90

L MS-DOS 25 94

4 MS-DOS 26 98

L MS-DOS 27 9C

Appl. Clock Tic 6L 190
NOTES

1. Relocated interrupt codes and addresses are only
applicable to the Rainbow 100+ and 100B computers.

2. lInitialized by INT 18H Function OCH.

3. Reset/disabled by INT 18H Function 16H.

L, MS-DOS reserves all interrupts 20H through 3FH for
its own use.

5. MS-DOS remaps Int 28H (normal Firmware entry) to
18H for a applications use during its startup
operation.

6. There are signal path names to the Extended

Communications Option connector. The Extended
Communications Option only uses 23H and 25H, but
other devices can use all three types.
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Table 1-3: Z80A Interrupt Type

Only 8088 RST 6 30H

1.11 VIDEO MONITOR

The video control logic controls the data displayed on the video
moni tor. The DCO11 and DCO12 DIGITAL chips are used for the control
logic. The system specification explains the operation of the video
control logic.

1.12 /0 CONTROL PORTS

The 8088 and ZB0A processors each send and receive data and control
information to |/0 devices through ports. Special In and Out
instructions of the microprocessor access these ports (Addresses).
Figures 1-4 and 1-5 show the addresses (port numbers) at which the
several |/0 devices are accessed. These figures also show bit use.
Most of the ports are latches; that is, they hold the data placed in
them until it is changed. Input and output ports are independent of
one another. Output ports can only be written into, while input ports
can only be read.

NOTE

Data sent to an output port is generally NOT readable
by an Input instruction to the same port address.
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Z80 PORTS
INPUT (READ) OUTPUT (WRITE)
HEX PORT
ADDRESS: *
CLEAR INT. OF Z80 BY 8088 ox INTERRUPT 8088
(ANY VALUE) (ANY VALUE)
FLOPPY DIAGNOSTIC READ REG. FLOPPY DIAGNOSTIC WRITE REG
STEP | WG | w55 | sme | ROY | wes |ver3msl| 555 (200) | = | = | = T USED
2| Do | v | T | BRE | mo¥ | W |iNTze0| R - ZFoP | 6D | ed | ED NOT Us
0 = RESET = OUT 20 = INVERTED = Z80 RESET
1 = SET = OUT 21 = NORMAL
GENERAL FLOPPY STATUS REG ‘GENERAL FLOPPY COMMAND REG. *
SIDE | MOTOR | MOTOR == DRIVE pre | pre [ o [moronmotor] DRIVE
ora | ma |seLect| on oN - SELECTED 40n comp | comp | S on | on | FORC SELECT
© | co | a® 0011 1 [ co | aB 00-11
1793 STATUS REG 1793 COMMAND REG
SEE 1793 DATA SHEET 60m SEE 1793 DATA SHEET
1793 TRACK REG. 1793 TRACK REG
CURRENT TRACK # 61w (NOT NORMALLY USED, BUT 1S
USED TO FOOL 1793 FOR VT-180 DISKS)
1793 SECTOR REG 1793 SECTOR REG.
LAST SECTOR LOADED, 62m - NEXT
TRACK # FROM READ HEADER OP. SECTOR FOR NEXT R/W
1793 DATA REGISTER 1793 DATA REG.
DATA OUT,
DATAIN 83n TRACK # FOR SEEK
* EACH PORT ADDRESS SHOWN IS ALSO ACTIVATED BY THREE SHADOW ADDRESSES; E.G. X, 1X, 8X & 9X ALL INTERRUPT THE 8088.
BU-2239

Figure 1-L:

280 Ports
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8088 PORTS
# INPUT
(HEX) 7 6 5 4 3 2 1 0 - BIT -
0 CLEAR 8088 INTERRUPT
(ANY VALUE)
GEN. COMM. STATUS REG
NT NT | MAFU
02 | | Ao | crs | osm | 2 | comm
7ao | @oes | ENBL SCF R
04
06
MAINTENANCE PORT
0A |RECALL| PROG :gg; L%ﬁ_ o o 0 280
) NVM | NVM | gack | BACK | (STRAPPED O GND) RESET
oc
OE
KB DATA REG 8251A
10
KB STATUS REG a251A
SYN
1 osR | — FE oE PE | X, a'::::r o~
BAK
20 - 2F EXTENDED COMM OPTION: OPTION SELECT 1
7200
40
DATA IN REG. comm
41 PRINTER
STATUS REG 7201
a2 comm
43 PRINTER
50 - SF EXTENDED GRAPHICS OPTION: OPTION SELECT
60 - 6F EXTENDED COMM OPTION: OPTION SELECT 2

Figure 1-5:

8088 Ports

QUTPUT
7 6 5 4 3 2 1 0
INTERRUPT THE 280
(ANY VALUE)
COMM AND LED REGISTER
| — | == | == | === | sPO
LED LED TED LED RTS DTR SRTS SEL
DC-011 WRITE REG.
COMM BIT RATE REGISTER
TRANSMIT  BIT RATE REC BIT RATE
(SEE_ TABLE) (SEE__TABLE) _
MAINTENANCE PORT
RECALL| prog | COMM | DIAG | g | GRAF. | Bigp | 540
NvM | Nym | LOOP-| LOOP-| rpop | VIDEO| | ecer
BACK | BACK sec | BINK
DC-012 WRITE REGISTER
PRINTER BIT RATE REGISTER
coMM
PORT BIT RATE
cLOCK: (SEE TABLE)
0=INT
ToEXT
KB DATA REG
KB COMMAND REG
SEE  8251A DATA SHEET
DATA OUT REG
COMMAND REGISTER
AN
BU-2240
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1.13 COMMUNICATIONS AND PRINTER INTERFACES

The basic Rainbow computer communicates to external devices through

two interfaces - the communications interface and the printer
interface . These interfaces share a single Intel 8274 (or Nec 7201)
Universal Synchronous  Asynchronous Receiver Transmitter (USART)

Multi-Protocol Serial Controller (MPSC) chip mounted on the system
motherboard.

The Intel data sheet and application notes contained in the Rainbow
100+/100B Technical Documentation Kit, (order number QV069-GZ),
describe the operation of the 8274 chip. Both interfaces use PB25
25-pin connectors mounted on the rear of the system module. The
Communication interface connector is a male (DB-25P), while the
printer connector is a female (DB-25S). The communications port
provides full modem support (in conjunction with 1/0 port 2) for both

asynchronous and bisynchronous modes. It has an RS-423 compatible
interface conforming to CCITT V.21, V.22, and V.23 specifications.
This port supports full- and half-duplex modems and break detection.

The firmware uses the communications port to attach to a host computer
when in terminal mode. The MS-D0OS Version 2.05 operating system
provides an extensive set of system functions for controlling the
communications, printer, and optional communications ports.

The printer port also has an RS-423 interface, which 1is compatible
with both DIGITAL and non-DIGITAL printers. Both the firmware and the
MS-DOS operating system use the printer port to send asynchronous data
to serial printers such as the DIGITAL LA50, LA100, or LQPO2 printers.
Data Terminal Ready (DTR) is supported for this port and can be used
by software to control printers or other devices that do not support
the XON/XOFF protocol. The Rainbow 100B's terminal mode supports both
XON/XOFF and DTR protocols simultaneously. This means that the device
attached to the Rainbow 100B's printer port must assert DTR, or no
data is sent to the printer, and the system stops.

In console mode under the MS-DOS operating system, two protocols can
be selected for the printer port. The Rainbow computer and the MS-D0S
operating system default to the XON/XOFF protocoi. To enable DTR, the
printer port must be specifically programmed by the application or
utility.

Figure 1-6 shows the signal paths to the communications and printer
ports. Table 1-4 shows baud rates available for both the
communications and printer ports. You initially select these ports by
the Set-Up parameters, but they can also be selected as shown in Table
1-L or by using the special serial |/0 system functions of the MS-D0S
operating system.
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PORT COMM PORT
LOOP BACK CONNECTOR (MALE)
PIN:
i—s \ XMIT DATA
7 —
TxDx |2 OR 2
4 A ROV DATA
RxDa v\[ 3
— | 36 ExT TxC
TxCa 15
BxCx 35 > 17 ExT RxC
xCa
-
. RTS
MPSC
(7201
OR 20 DTR
8274)
19 SRTS
03 | SPEED SEL
ourpuT
6 s PORT
CTSs  Dcow 5 — o— 1
s 39 [LEDJLED|LED [LED]RTS | DTR |sms| SEL—I S1G GND
RxDe CTS» 7
s 7 6 5 4 3 2 1 0
] TxDe .
o s RLSD
o |
DSR
G :
r——°<} 12 |
INPUT RI
PORT 2 l J"<} 22
INT | INT '::;U RLSD| cTs | DSR S%F COR"I"M
PORT 780 | 8088 L
LOOP BACK 7 6 5 4 3 2 1 0

PRINTER PORT

CONNECTOR (FEMALE)

Figure 1-6:

OR 3 | XMIT DATA
vl ’ RCV DATA

) 20 DTR

N 1K

450 A 6 DSR

1K T

+5 O———AAA- 5 crs
o 1 S
_LI ; SIG. GND

Communications and Printer Port Signal Paths
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Table 1-4: Baud Rates Available

Nibble Bit 0-2
Rate Comm Value Printer Value
50 % 0
75 % 1 & 0
110 % 2
134.5 * 3
150 * b % 1
200 * 5
300 P 6 3 2
600 % 7 % 3
1200 * 8 % L
1800 % 9
2000 % A
2400 b B * 5
3600 % C
4800 * D & 6
9600 % E % 7
19200 % F

To set communication port baud rates, transfer a byte with two nibbles
from the above table to port 06H. The high nibble sets the receive
rate, and the low nibble sets the transmit rate.

To set printer baud rates, transfer a byte with bits 0-2 set to the
value from the above table to port OEH. Notice that bit 3 of this
port selects the external clock for the communications port, so use
care when setting printer baud rates.

1.14 SYSTEM RESET

You automatically clear the 8088 when you turn on the computer. You
can also clear the 8088 processor at any time by pressing Ctr1/Set-Up
in Set-Up mode. A special watchdog timer can also reset the system in
the event it is not refreshed within a period of 100 milliseconds or
the interrupts are off. The video display routines in the firmware
refresh the circuit. It is important that application programs
disable interrupts for no longer than 100 ms. or this «circuit can
reset the system.

If an application must disable interrupts for a longer period, the
interrupts off circuitry can be temporarily disabled. Such a
procedure can adversely affect the video display and any real-time
dependent system operations.
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The correct procedure for temporarily disabling the interrupts off
circuitry is as follows:

1. Disable interrupts using the CLI instruction

2. Disable the interrupts off detection circuitry by
transferring a OOH to 8088 1/0 port 10CH.

3. Enable interrupts with the STl instruction when ready. The
interrupts off detection circuit is automatically enabled.

1.15 AUTO-START

When you reset the Rainbow system, the system automatically tests
several components. When the tests are completed, a main menu is
displayed that offers a choice of disk drives from which to start the
operating system. (The Rainbow 100B contains a new Set-Up feature
that automatically starts the operating system without requiring you
to press any keys.)

1.16 OPTIONAL |/0 DEVICES

Three optional 1/0 devices are available for the Rainbow series
computers:

® A color graphics option
e An extended communications option

e A hard disk option

1.16.1 Color Graphics Option

This option consists of a printed circuit board containing a special
bit-mapped color video graphics controller chip and related logic that
you mount on the motherboard.

The Rainbow computer can operate in text mode or text and graphics
mode. In text mode (VT100 text mode) , the graphics option video is
disabled and the standard video control logic (DCO11 and DCO12) drives
the monitor. In text and graphics mode, the option's video control
logic drives the monitor. (You need a color monitor to display color
graphics) . Monochrome graphics can also be obtained using the VR201.

The Rainbow Computer Color/Graphics Programmers Reference Guide is

included in the Rainbow 100+/100B Technical Documentation Kit, (order
number QV069-GZ) .
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1.16.2 Extended Communications Option

An extended communications option provides additional communications
capabilities. This , option consists of a printed circuit card that
mounts in two 40-pin connectors on the system module. Its
communication outputs are available on D-subminiature connectors at
the left rear of the system module.

The option provides the Rainbow computer with a separate high-speed
communications port that can support clustering and local area
networking. Asynchronous bit- and byte-synchronous capabilities are
provided. This option wuses a 8274 Multi-Protocol Serial Controller
(MPSC) and a 8273 Direct Memory Access (DMA) controller.

The 8274 MPSC used in the extended communications option is the same
as the MPSC wused by the standard communications/printer ports. The
BIOS of the MS-DOS Version 2.05 operating system includes a full set
of routines for controlling the standard communications/printer ports
and the ports of this option for asynchronous operations. The Rainbow
100 Extended Communications Option Programmer's Reference Guide,
(order number AA-V172A-TV), describes the option. You cannot use this
option if you have a hard disk because both options mount (and use)
the same motherboard connectors.

1.16.3 Hard Disk Option

Two 5-1/L inch diameter Winchester hard disks are optionally available
for the Rainbow 100 and 100B computers. They differ only in the
amount of storage they provide. The RD50 hard disk stores up to 5M
bytes and the RD51 up to 10M bytes of data in fixed-length blocks on §
/4 inch (130mm) diameter rigid magnetic disks. They use what s
called Winchester technology, and are contained in a sealed,
non-removable enclosure. The Rainbow 100+ computer comes with a 10M
byte RD51.

The controller logic is contained in a printed circuit board that
occupies the extended communications option slot on the system module
motherboard. It can control one ST506-interface compatible Winchester
drive. (The ST506 interface is an industry standard interface.)

The MS-DOS Version 2.05 operating system contains B!0S drivers for the
Winchester hard disk option, and the distribution diskette includes a
backup and restore wutility for wuse with the Winchester. Each
Winchester drive comes  with utilities for initializing and
partitioning the disk according to your requirements. Partitioning
assigns logical drive names (for example, E:, F:) to all or part of
the drive, and initializes them for the operating system(s) to be
used.
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The ROM of the Rainbow 100+ and 100B computers contains code so you
can start the system from the Winchester instead of from a diskette.
An upgrade kit is available that permits a Winchester disk to be field
installed in the Rainbow computer. You cannot start the operating
system from the Winchester disk if you upgraded your Rainbow 100A
computer to include this hard disk. This is because its ROM does not
contain the necessary code. The Rainbow can configure the Winchester
disk for either the CP/M-86/80 operating system, the MS-D0OS operating
system, or both.

The MS-DOS Version 2.05 operating system contains drivers for
programming the hard disk, however, so that files and data can be
written and read using the hard disk system functions. Sophisticated
users can us the primitive disk operations contained in the BIOS.
Chapter 3 discusses these operations.

You cannot use this option if you have an extended communications

option because both options mount (and use) the same motherboard
connectors.
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CHAPTER 2

F IRMWARE

2.1 INTRODUCTION

This chapter describes the basic functionality of the ‘''console' as
seen by an application program. It also describes the utility
functions you can use with application programs. To use this chapter,
you should be familiar with:

e The Rainbow system specification for your particular Rainbow
computer

e The video controller chips

2.2 GENERAL
The programs in ROM (firmware) include:
1. Diagnostic routines
2. Terminal and console emulation routines
3. Set-Up routines,
L. 8088 and Z80A routines for loading the operating system

The manuals that come with your Rainbow computer describe diagnostic,
Set-Up and startup routines.

The Rainbow 100+/100B Terminal Emulation Manual (contained in the
Rainbow 100+/1008 Technical Documentation Kit, (order number
QV069-GZ)), which describes terminal mode.

The Rainbow 100+ and 100B computer's firmware includes an auto-start
capability. This lets you start the operating system from one of the
possible disk drives without selecting the drive from the main menu.
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The following list details the functions that are available in the
Rainbow 100+ and 100B ROMs which differ in the Rainbow 100 ROMs:

The BELL character does not cause a hesitation the first time
it "beeps,' but hesitates only for subsequent BELL characters
that occur too close together.

A new Set-Up parameter permits a choice of either Caps-Lock
or Shift-Lock mode for the "Lock' key.

Every ROM set supports all keyboard variations. At startup,
the firmware asks you to select a keyboard if the stored
Set-Up parameters indicate that none had previously been
selected. The NVM then stores the choice.

A new Set-Up parameter allows you to invoke a
National-Replacement-Character set for country-specific use.

The '"Compose' algorithm is implemented. Details are provided
in the manuals that come with your Rainbow computer.

The printer port's BDTR line is monitored when in terminal
mode. If it is not asserted, printing does not occur.

Pressing Ctr1/2 through Ctr1/8 keys generates the proper
control codes.

Ctr1/<symbol> keys are no longer shift-dependent.

The Escape sequences for '"Erase-in-line'" and '"Display" now
accept selective parameters instead of ignoring all after the
first parameter.

A1l Set-Up text and all error messages are displayed in
languages appropriate to the keyboard type you selected and
the language-cluster supported by the installed ROM set.

Single "Shift-2" and '"Shift-3" escape sequences apply only to
the next following graphic character, and are not canceled by
an intervening escape sequence or other non-graphic
character.

The "Print Screen'" key generates an ESC [ 1 2 ~ in console
mode .

Ctr1/xx keys auto-repeat.

Set-Up automatically determines the amount of installed RAM
and displays it.
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Details of the implementation of language-clustering,
national-replacement characters, and so forth, are describes in the
Rainbow 100+/100B System Specification (contained in the Rainbow
100+/100B Technical Documentation Kit, (order number QV069-GZ.))

2.3 UTILITY FUNCTIONS

The console mode of VT102 emulation acts 1like a VT102 console
(although without modem control or local echo). As such, it must
accept characters for display and control, and it must supply
characters entered at the keyboard. These, plus several other utility
functions, are provided for use by programs as follows:

® Send a character to the ‘''console" for display or control
(Console-0ut)

e Obtain a character from the keyboard (Level-2 Console-in)

e Determine if a keyboard key has been depressed (Console-In
Status)

e Level 1 (16 bit) Console-in

e Enable and disable the cursor

e Initialize interrupt vectors

e Return the clock rate

e Set and clear LEDs on the keyboard

e Send a string of data to the screen

e Initialize the Comm/Printer 8274 chip to Set-Up parameters
e Return '"Raw' keyboard data

In addition to the above, the Rainbow 100+ and 100B computers have the
following functions:

® Return ROM version number
® Relocate interrupt vectors
e Ring keyboard bell

® Get/Set character set usage as per NVM

2-3
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For more information, refer to the system specification for vyour
particular Rainbow computer.

You invoke all functions by setting up the desired function number and
other parameters in 8088 registers then executing a software interrupt
18H. Place the desired function code in the DI register and parameter
data in other registers according to the needs of the function. The
application program should save all registers it needs before issuing
the |INT 18H, because the firmware routines save only CS:, SS:, and
DS:.

2.4 FUNCTION OOH CONSOLE OUT

This function sends the character in the AL register to the ‘'console"
where it is displayed. It accepts and processes ASCI| and 8-bit
multi-national characters as a VT102, that is, escape sequences and
control characters are executed

AL = Character to be displayed
EXIT

None

2.5 CONSOLE IN, CONSOLE IN STATUS, AND LEVEL-1 CONSOLE IN

Pressing a keyboard key generates an Interrupt 26H in the 8088
processor. The keyboard's UART passes a one-byte character code
identifying the particular key to the firmware's keyboard interrupt
handler. This code is analyzed to determine whether an action must be
performed (such as entering Set-Up, Lock mode), or whether the key
represents a character to be passed to the application.

If a character is passed to an application, the keycode is stored as
the low-byte of a two byte entry in a 30-byte first-in-first-out raw
key buffer. The high-byte contains three flags that are set according
to whether the Shift, Ctrl, and/or Lock keys were depressed or in
effect. When the character is removed from the raw key buffer, the
keycode is translated to it ASCI| value, or, if a function key, to a
function key number. |If it is a function key, a fourth function key
flag is also set. Figure 2-1 illustrates this.
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Hi Byte Lo Byte
Bit 76543210 76543210
<-Not-> <---Keycode--->
Used

|
|
|_Function key flag. 1=Function key
Shift Flag. 1=Shift key in effect
Control flag. 1=Ctrl key depressed
Caps Lock Flag. 1=Caps lock in effect

||
| 1]
|1
Ll —
b l—
|

NOTE
The function-key flag is added only when a Console-In

function causes the character to be extracted from the
raw key buffer.

Figure 2-1: Level-1 Character Format

Firmware functions can obtain input in either of two levels. Each
16-bit character code stored in the raw key buffer remains there

until:

® A Level-1 Console-In

® A Level-1 raw key function call is made

e one of the Level-2 routines requires a character
The Level-2 Console-In routine also contains a buffer. Whenever you
invoke the Levei-2 Conscle-In function, the next character in its
buffer, if any, is returned to the application. Usually, no character
is present in the buffer, so the routine performs the equivalent of a

Level-1 Console-In call to obtain a character from the raw key buffer.

If a character is available in the raw key buffer, it is removed. I f
it is an ASCI| character, it is placed into the Level-2 buffer.

If the character represents a function key code, an escape sequence
for the key is placed in the Level-2 buffer. That is why the Level-2
buffer is required.

DON'T MIX LEVEL-1 AND LEVEL-2 FUNCTIONS.
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Notice that the Level-2 Console-In Status function also causes a
character to be removed from the raw key buffer in the event the
Level-2 buffer is empty and the raw key buffer is not empty. This can
cause confusion, if you mix Level-1 and Level-2 Console-In and
Console-In Status calls. |If there were a character available in the
Raw Key buffer when you performed a Level-2 Console Status function,
you would be informed that a character was available. But if you then
attempted to obtain that character using the Level-1 Console-In
function, you would not get it, because it had been removed from the
raw key buffer by the Level-2 Console Status function and transferred
into the Level-2 buffer.

Programs should insure that the Level-2 buffer is empty (by repeatedly
testing its status and obtaining and discarding any remaining
characters) before using the Level-1 Console-In function.

The console emulation code can recognize and respond to escape
sequences requesting status, cursor position, or other information.

The responses are ASCI| escape sequences which are placed directly
into the Level-2 buffer.

2.6 FUNCTION O2H CONSOLE IN (LEVEL-2)

This function fetches a character from the keyboard buffer.

Character from the keyboard buffer (if one was available)
OOH, No character available
FFH, A character was returned in AL

O
—
nnan

NOTE

This function does NOT wait for a key to be depressed,
if no character is available.
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2.7 FUNCTION OLH CONSOLE IN STATUS (LEVEL-2)

This function determine whether a character is available in the
Level-2 buffer.

Th
bu
be

OOH, No character available
FFH, A character is available in the Level-2 buffer

NOTE
e character, if any, remains in the Level-2 buffer,

t the function may cause the raw key buffer to
come empty.

2.8 FUNCTION O6H CONSOLE IN (LEVEL-1)

This function fetches a 16-bit character from the Raw Key buffer.

The two
placed

01
su
fu

by
in

16-bit character from Raw Key buffer

OOH, if no character is available

OlH, if any characters remain in the Level-2 buffer from a
previous Level-2 call, whether or not characters are in the
Raw Key buffer

FFH, if a character is available (returned in AX)

NOTE
H is returned to remove some of the complexity
rrounding the mixing of Level-1 and Level-2

nctions.

tes representing the character in the raw key buffer are
the AX register after being analyzed and translated (see

Figure 2-1 above).
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For non-function keys, the function key flag is zero, and the low-byte
contains the character code, either ASCI| or 8-bit multinational,
according to the keyboard type being used. The effect of Shift, Ctrl
and Caps-lLock has already been taken into account for the character.
For function keys, the Function key flag is a 1, and the low-byte
contains a number that identifies which function key it is. Your
Rainbow system specifications list these numbers.

2.9 FUNCTION O8H DISABLE CURSOR
2.10 FUNCTION OAH ENABLE CURSOR

These functions make the cursor visible (Enable), and invisible
(Disable) . They insure that the cursor control logic is not disturbed
by Function 14H. They must be used in pairs, preceding and following
the use of function 1L4H. They are '"mested" functions; it takes as
many enables as disables to redisplay the cursor. If enabled when
already visible, a ''ghost' can appear when the cursor is moved.

2.11 FUNCTION OCH INITIALIZE INTERRUPT VECTORS

Function OCH initializes the following interrupt vectors to point to
their default firmware routines:

Type Number Use
(Hex)
02 NMI for RAM parity error
20 Vertical frequency refresh
22 Graphics controller option
23 Ext Comm Option DMA controller
25 Ext Comm Option 8274
26 Keyboard 8251A
2C Time Tic from Vert Refresh

In addition, the extended communications option and the graphics
option are reset to their disabled states. This function should not
be used by application programs because it destroys the MS-DOS
interrupt structure.
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2.12 FUNCTION OEH RETURN CLOCK RATE

This function determines the current Set-Up clock rate.

AL = OOH, to indicate 60Hz clock
= 0lH, to indicate 50Hz clock

2.13 FUNCTION 10H SET KEYBOARD LEDS
2.14 FUNCTION 12H CLEAR KEYBOARD LEDS

These functions Set and Clear the keyboard 1light emitting diodes
(LEDs) . They do not cause any action that can be implied by the label
of the LED being affected. Firmware normally maintains all but the
"compose'' LED in the proper state. (On Rainbow 100+ and 100B
computers, the compose LED is also handled by the firmware.)

Register AL contains a bit pattern to set (Function 10H), or clear
(Function 1L4H), the LEDs. A 1 in a bit indicates the LED to be set
(by function 10H) or cleared (by function 12H). LEDs whose
corresponding bits are 2zero remain unchanged. Figure 2-2 shows the
keyboard LEDs:

Bits
6543
I
| Compose
|
I

Lock
Hold

21
| | |_wait
} I

MUST BE 1

Figure 2-2: Keyboard LEDs
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2.15 FUNCTION 14H SEND DATA TO SCREEN

This function sends more than one character at a time to the screen.

Entire

strings, up to the length of one line, can be sent, along with

their attributes, in a single function call. Your Rainbow system
specification describes the meaning of characters and attributes.

AX

BH
BL

CX

DX

S

BP

= O0O000H, Characters and attributes

= 0001H, Attributes only

= 0002H, Characters only

= Column number (1 thru 80, or 1 thru 132)
= Line Number (1 thru 2&)

The maximum column number is a function of the screen width
(80/132) and 1line width (single/double). Exceeding the line
length destroys the screen image.

= Number of characters or attributes to transfer

You are responsible for ensuring that the number of characters
does not exceed the end-of-line.

Offset to the start of Attributes relative to the user's DS
register

Offset to the start of Characters relative to the user's DS
register

Copy of user's DS register

Both DX and S| must be relative to the same value of DS.

2.16 FUNCTION 16H INITIALIZE COMMUNICATIONS/PRINTER 8274 TO SET-UP
PARAMETERS

This function:

Initializes the Communications/Printer 8274 to the Set-Up
parameters

Performs a channel reset for both channels A and B
Sets the baud rates

Set the number of bits per character

Sets receive and transmit clock rates

Enables receive and transmit for the Communication and
Printer ports
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A1l this is done according to the Set-Up parameters.
NOTE

When data/parity is 7M or 7S, the 8274 is actually set
for 8N.

2.17 FUNCTION 18H RAW KEYBOARD DATA
This function is provided for diagnostic purposes.

Figure 2-1 (above) indicates that the Shift, Lock and Ctrl keys can
only be read in conjunction with another key by looking at the flag
bits in AH. The Set-Up key is not detectable by a program, but vyou
can look at the screen to determine if you are in Set-Up mode. The
Hold Screen key is not detectable by a program, but the Hold Screen
LED is lit.

An application program can determine whether or not the Rainbow is in
Set-Up mode.

Flag bits and keycode, as contained in the Raw Key buffer
0, no key avaiiable
1, key available

O
—
wonon

NOTE

The character is removed from the buffer

NOTE

The following four functions are not available on the
Rainbow 100.
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2.18 FUNCTION 1AH RETURN ROM VERSION NUMBER

This function returns an ASCI| text string, identifying the version
number of the ROMs, to the user's buffer. The format is:

MM.mm L

MM identifies the major version, mm the minor revision, both expressed
in ASCIl numerals. In general, minor revisions affect only one ROM,
while the major version affects both ROMs. L is the language
variation. mm and L are each followed by a Null (OOH) byte for
delimiting purposes.

Programs or operating systems can use this function to determine the
version and/or language of the ROMs. |If you use this function on a
Rainbow 100 computer, the buffer remains empty, identifying the wunit
as a Rainbow 100 computer. The Rainbow system specification contains
details of version numbers and language |Ds.

DI = 1AH
DX = Offset Address of 8 byte buffer
= Segment address of 8 byte buffer

2.19 FUNCTION 1CH RELOCATE INTERRUPT VECTORS

The Rainbow 100+ and 100B computers provide for changing interrupt
codes 20H through 27H that are associated with the hardware generated
interrupts to AOH through A7H under software control. When this s
done it is also wusually necessary to move the interrupt vectors
associated with each interrupt to its new vector address. Function
1AH provides a convenient way to do this.

ENTRY

AH = Interrupt code into whose vector the first source vector is
relocated. Must be either AOH, OOH (defaults to 20H), or
20H.

AL = Interrupt code whose vector is the first of group to be

relocated. Must be either OOH (defaults to 20H), 20H, or
AOH.

(If AX = OOH, default vectors are simply initialized)
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CX = Number of vectors to be relocated. If zero, 16 is relocated
(the default).

DI = 1CH Function Number

CX = 0, to indicate a successful move
NOTE

This function is provided for use by the MS-DOS
operating system and other operating systems, if
required. Any use by application programs destroys
the operating system's interrupt structure. The
format of the calling process is general, but the only
source and target addresses supported in the Version
05 ROM are 20H to/from AOH.

2.20 FUNCTION 1EH RING THE KEYBOARD BELL

This function rings the keyboard bell. It is a convenience for
programs that use these firmware functions frequently.

2.21 FUNCTION 20H GET/SET DIGITAL 8/7 BIT CHARACTER CODE USAGE IN NVM

This function provides a method of reading or changing the NVM bit(s)
that control character code usage. These can also be set or reset in
Set-Up.

ENTRY
AH = 0, for SET
= 1, for GET
AL = 0, for DIGITAL-8 bit character set
= 1, for 7-bit national replacement character codes
EXIT (GET)

AL = 0, for DIGITAL-8
= 1, for 7-bit national replacement character codes
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2.22 STACK CONSIDERATIONS

Both hardware and software interrupts place three words of addresses
and flags onto whatever stack is currently being used, either the
operating system's, your program's, or the firmware's.

In addition, the firmware's hardware interrupt handlers push their
registers onto the current stack, and can be interrupted in turn by
‘other hardware devices whose handlers push even more on the current
stack. Therefore all application programs should provide a stack with
at least 62 bytes more than are required by the application itself,
which is the worst case possible.

Another stack-related precaution is that application handlers for
hardware interrupts should NOT use either registers or the stack for
passing parameters, because these might get changed by an intervening
interrupt process. Nor should they use a private stack of their own.
The firmware interrupt handlers test to determine whether their own
stack is in place. |If not, one is set up. This can cause problems.
Consider the following situation. A user's hardware interrupt handler
is in place for, say, the Communications port, and the handler sets up
its own stack. |If a character were to be received during execution of
the latter part of the video refresh routine, (when interrupts are
enabled), and the user's interrupt handler had set up its stack, then
a keyboard interrupt was generated. The Firmware's keyboard routine
would find a non-firmware stack in place, so would again set up the
firmware's stack. In doing so it destroys the original video refresh
routine's pushed environment, crashing the system. Software generated
interrupt handlers do not have this problem since they can never
interrupt a hardware handler.

2.23 SYSTEM PARAMETER DATA

The firmware maintains one 16-bit word of flags in Attribute RAM at
location EFFFEH, which describes the system state. These flags are
used primarily by the firmware, but can be wused by application
programs for special purposes. When this word is loaded into a
register, its bits have the following meaning:
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Table 2-1: System Parameter Data Flags

Bit Flag Meaning when:
0 1
0 Emulator: Console Mode Terminal Mode
1 On/0ff Line: On-Line off-Line
2 Set-Up mode: Normal Set-Up mode
3 Hold Screen Normal Hold Scrn in effect
L Scroll |/P: Normal Sm Scroll in process
5 Reserved
6 Reserved
* 7 Print Screen Key: Not Pressed Pressed
8 Comm Opt Present: Present Not present
9 RX50 Ctrl Bd.: Present Not present
10 Graphics Bd.: Present Not present
%*%]] Memory Option: Present Not Present
12 Reserved
13 Reserved
1h Reserved
15 Reserved

% The Print Screen Key flag bit is only in the Rainbow 100+ and
100B computers. The firmware sets this bit whenever you press
the Print Screen Key, but does not reset it. |If an application
tests this bit more than once, it must reset the flag bit after
each test.

%% The memory option bit is only meaningful for Rainbow 100
computers equipped with a Rainbow 100 expansion RAM board.

2.24 LEVEL-1 CONSOLE-IN FUNCTION KEY CODES

The Level-1 (16-bit) Console-In function of the Rainbow computer's
firmware returns a one in bit O of the most significant byte of the
16-bit value if the depressed key is a function key. In this case,
the least significant byte is not the ASCI| value of the character,
but is an arbitrary code used to identify which key was depressed.
The codes generated are shown in Table 2-2.
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Table 2-2: Level-1 Console-In Function Key Codes

Key Level-1 Level-2 Key Level-1 Level-2
Key Esc Seq Key Esc Seq
Code Code
(Hex) (Hex)
Help 0 Esc[28~ Down-Arrow 29 A Esc [ B
Do 1 Esc [ 29~ Right-Arrow 2B A Esc [ C
Compose 2 %xEsc [ 10~ Left-Arrow 2D A Esc [ D
Print Screen 3 + Esc [ 1 2 ~ Keypad 0 2F # 0
Fh 5 Esc [ 14 ~ Keypad 1 32 # 1
F6 7 Esc [ 17~ Keypad 2 35 # 2
F7 9 Esc [ 18~ Keypad 3 38 # 3
F8 B Esc [ 19~ Keypad 4 3B # 4
F9 D Esc [ 20~ Keypad 5 3E #5
F10 F o Esc [ 21 ~ Keypad 6 L1 # 6
Fib 11 Esc [ 26~ Keypad 7 Ly # 7
F17 13 Esc [ 31 ~ Keypad 8 L7 # 8
F18 15 Esc [ 32 ~ Keypad 9 La # 9
F19 17 Esc [ 33 ~ Keypad Dash 4D # -
F20 19 Esc [ 3 4 ~ Keypad Comma 50 # ,
Find 1B Esc [ 1 ~ Keypad Period 53 # .
Insert 1D Esc [ 2 ~ Keypad Enter 56 # (CR)
Remove IF Esc [ 3 ~ Keypad PF1 59 ~ Esc 0 P
Select 21 Esc [ 4 ~ Keypad PF2 5C ~ Esc 0 Q
Prev Screen 23 Esc [ 5 ~ Keypad PF3 BF ~ Esc O R
Next Screen 25 Esc [ 6 ~ Keypad PFh4 62 ~ Esc 0 S
Up-Arrow 27 A Esc [ A Break 65 not ret.
Notes: =% Compose key Esc sequence returned only by Rainbow 100
+ Print Screen key Esc sequence returned only by Rainbow 100+

and 100B
A These depend on Cursor Key mode and ANSI|/VT52 mode
These depend on Keypad mode and ANSI!/VT52 mode
~ These depend on ANSI|/VT52 mode

S

Sequences shown are for ANSI|!| mode



CHAPTER 3

MS-DOS

This chapter contains two parts:

e Part A describes the operation of the MS-DOS operating system
(including its internal and external commands)

e Part B describes the principle parts of the MS-D0OS operating
system

Part A - Operation of MS-DOS

3.1 OVERVIEW

MS-D0OS is an operating system for micro-computers using Intel 8086 and
8088 microprocessors. An operating system is a program that controls
the overall operation of a computer. It provides an environment
within the computer that enables you to easily perform operations such
as:

e Starting a program

e Copying files

e Displaying a directory of files
e Simplifying programming

The MS-DOS operating system provides functions for commonly-used
operations and 1/0 operations that are hardware-independent. Thus,
you can write an application program to run under the MS-D0S operating
system without requiring a detailed knowledge of the computer's
hardware. Such a program runs on any computers that can run the
MS-DOS operating system, as long as the computer has the appropriate
peripherals. The '""DOS" in MS-DOS stands for Disk Operating System,
which means that MS-DOS provides all the logical operations necessary
for writing and reading files to and from disk storage devices.
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3.1.1 MS-DOS Operating System Versions

The MS-DOS operating system has evoived through a number of wversions.
Microsoft's Version 2.0 of the MS-DOS operating system is the basis
for DIGITAL's Version 2.01 and Version 2.05.

The MS-DOS Version 2.01 operating system does not contain Winchester
hard disk support; the MS-D0S Version 2.05 does. Other features were
also added to the BI0S of Version 2.05, and several new utilities were
added to its distribution diskette. Among these are:

e MDRIVE, which lets you use excess RAM to be used as a fast,
logical disk drive

® RDCPM, which reads files from Rainbow CP/M-86/80 diskettes

e MEDIACHK, which permits the checking of media to be disabled,
resulting in faster disk operations

e BACKUP, a utility for making and restoring backup copies of
the Winchester hard disk

Both MS-DCS operating system Version 2.01 and Version 2.05 run on the
Rainbow 100, 100+, and 100B, provided it has at least 128K bytes of
RAM. Only Version 2.05 includes Winchester disk drivers.

Programs written to run under the MS-D0S Version 2.01 operating system
run under the MS-DOS Version 2.05 operating system.

3.2 LOADING THE MS-DCS OPERATING SYSTEM

DIGITAL supplies the MS-DOS operating system on a diskette. Such a

diskette is called a system diskette. A system diskette contains the
system files:

e 10.SYS
e MSDOS.SYS
e COMMAND.COM

These system files contain the MS-DOS operating system code. The
outermost tracks of all MS-DOS-formatted diskettes store a loader
program, and three data areas (for keeping track of files stored on
the diskette). The number of tracks required to store the loader
program and data areas varies according to the capacity of a diskette

track. Rainbow computer diskettes use about three and 1/5 tracks for
this.
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Files are stored on the remainder of the diskette. Non-system
diskettes differ from system diskettes only in that they do not
contain the three system files.

The Rainbow computer contains a small ROM-resident routine that reads
the first sector of the outermost track (track 0) of the diskette in
the startup (BOOT) drive whenever you turn on or reset the system.
This sector contains a small program that reads a loader program from
the remainder of the reserved tracks into RAM and starts it executing.
The loader program reads two '"hidden' system files (MSD0S.SYS, 10.SYS)
plus the file COMMAND.COM, from the diskette into RAM, and starts
execution. This process is known as starting or BOOTing the system.
10.SYS is loaded just above the 8088 interrupt vector space, and
MSDOS.SYS, which contains interrupt handlers, service routines,
buffers, control areas and installed device drivers, 1is loaded
immediately above 10.SYS.

The file COMMAND.COM contains:

e A '"resident" part

e A '"transient' part
The resident part is 1loaded just above MSD0S.SYS and contains
interrupt handlers for those interrupt types used by the MS-DOS
operating system plus code to reload the transient part of the file.
The transient part contains code for all of the internal commands and
the batch file processor. It is loaded in the highest addressed RAM
available in the system. The transient part of COMMAND.COM:

® |ssues the prompt

e Reads the command from the keyboard or batch file

® Executes the command itself (internal commands) or builds a
command-1line

e Loads a program file (external command)
e Starts execution.

The external command is loaded into the lowest available free memory.
The MS-DOS operating system maintains a table of available memory,
which keeps track of where each program is loaded.

Whenever an application or external command finishes execution and
returns control to the MS-DOS operating system, the resident part of
COMMAND.COM determines, by a check-sum process, whether the transient
part needs to be reloaded. |f necessary, it reloads the transient
part before issuing its prompt.
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Application programs are loaded in the area of memory between the
parts of COMMAND.COM.

Figure 3-1 shows an MS-D0OS memory map:

Top of Available RAM

COMMAND .COM
(Transient part -
May be overlaid by
External Commands)

256 Byte User Stack
for .COM programs

External Command (s)
.COM or .EXE files

COMMAND .COM
(Initialization part)

(Overlaid by Ext Cmds)

COMMAND.COM
(Resident part)

| MSDOS.SYS

|

I

| 10.SYS

l
3ffH |

| Interrupt Vectors

i
000H === == oo m e
Figure 3-1: MS-DOS Memory Map
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Displays prompt

Command Interpreter
Gets Cmd from Kbd/.BAT

Builds command line
Loads and Executes

External Commands

Executes Internal Cmds
Processes Batch Files

Contains Auto-Exec code
Inits lowest Segment
Address

Reload Transient part
Int. 23H (Ctrl1/C exit)
Int. 24H (Fat. Err exit)
Error handlers

Buffers
Control Areas
Installed Device Drivers

Interrupt Handlers

Service Routines
(Int 21H Functions)

MS-DOS

two

Interface to Hardware
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3.3 DISTRIBUTION DISKETTE CONTENTS

Table 3-1 lists the MS-DOS operating system files stored on the system
diskettes.

Table 3-1: MS-DOS Operating System Files on System Diskette

Standard MS-DOS Files

File name Function
COMMAND.COM MS-DOS Command Processor
% MSDOS.SYS MS-DOS Operating System
* 10.SYS Hardware-Operating System Interface
EDLIN.COM Line Editor
DEBUG.COM Debugger
LINK.EXE Linker
CHKDSK.COM Checks diskettes
% FORMAT.COM Formats diskettes
SYS.COM Transfers System

DISKCOPY.COM
RECOVER.COM

Copies entire diskettes
Recovers diskettes

PRINT.COM Print Spooler

MORE .COM Reviews Text

SORT.EXE Sorts Text

FIND.EXE Finds a string in a file(s) or std input
EXE2BIN.EXE Converts .EXE files to .COM

FC.EXE Compares files

Non-Standard MS-DOS Files

MASM.EXE
CREF.EXE

Macro Assembler
Cross Reference Utility for MASM

Files only on Rainbow computer MS-DOS V2.05 Diskette

CONFIG.SYS System configuration file (Req'd by MDRIVE)
MDRIVE.SYS Virtual Memory diskette

MDRIVE.COM " " "

BACKUP.EXE Hard disk Backup & Restore Utility
MEDIACHK.EXE Enables/Disables Media Checking function
RDCPM.EXE Reads CP/M Formatted diskette files

README .HLP Addenda and Errata to Rainbow computer

documentation

* Denotes '"hidden' files
% Different levels of functionality in the two
Rainbow computer MS-D0S versions
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3.4 COMMANDS

The MS-DOS operating system uses the term ''command' as both a verb and
a noun. When MS-D0OS issues a prompt such as "A>", it waits for you to
type a command. This is the verb use. The code that performs the
operation is called a command. It is the command processor part of
the MS-DOS operating system that issues the prompt and invokes the
program with the command name you typed.

NOTE

Any program stored as a diskette file 1is called an
external command. This is because such a program is
not internal to the operating system. It is a
command, because its name must be given in response to
the command prompt.

3.4.1 Rainbow MS-DOS Version 2.05 Special Command Caveats

The following section describes some caveats you should keep in mind
as you use the MS-DOS operating system.

FORMAT

There are two formatting processes used with diskettes. The
first, and most general, is physical formatting. This is the
process whereby synchronizing data is placed on a newly
manufactured diskette. This synchronizing data is required in
order for the diskette controller circuits to read and write data
to the diskette. The MS-D0OS operating system, however, uses the
term ''formatting'" to mean an entirely different process. This
process initializes a blank, but physically-formatted diskette,
with an area for storing the diskette directory and a table
called the File Allocation Table (FAT).

Both types of formatting must be done for MS-DOS diskettes.
DIGITAL's RX50 diskettes are already physically formatted, but
diskettes that have been damaged by exposure to magnetic fields
may have to be physically reformatted.

The MS-DOS Version 2.01 formatting program only initializes a
blank diskette and creates the file allocation table (FAT). The
MS-DOS Version 2.05 formatting program physically formats the
diskette and then initializes it. (Use the FORMAT command's /|
switch to format both ways).

The syntax for the FORMAT command is:

FORMAT d:[/S1L[/1]1[/V]
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Also, the MS-DOS Version 2.05 FORMAT command does NOT format a
diskette in the default drive. See the section entitled
“"External Commands' later in this chapter for further
information.

The MS-DOS initialized Winchester disk partitions can also be
MS-DOS formatted but not physically formatted.

If you specify a volume label when the FORMAT program asks for
one, You cannot later make this diskette into a system diskette
using the SYS command. |If you do this, the operating system
displays an error message to the effect that there is no space on
the diskette for system files. To make a system diskette, either
format the diskette with the '"/S" command option (with or without
a volume label) or format the diskette without a volume label,
then use SYS.

The MS-DOS Version 2.05 operating system's FORMAT command also
performs MS-DOS soft formatting on Winchester partitions
previously <created by the partitioning formatting utility
distributed with the Winchester hardware option. However, the
"/1" switch for physically formatting the Winchester disk s
inoperative, and does nothing if invoked. Hard formatting a
Winchester disk can only be done with the above mentioned
partitioning formatting utility.

DISKCOPY

Diskettes receiving the files copied by the DISKCOPY command must
have been previously "physically" formatted, not MS-DOS
formatted. Diskettes that are specially formatted, such as the
Lotus 1-2-3 system diskettes, should NOT be copied using the
DISKCOPY command, because their special features can be
corrupted.

Use a backslash character when using path names.

Pressing Ctr1/C stops a program if the running program notices
the key sequence or if it uses system functions to test for the
key sequence. When BREAK is on, all system functions include
this test.

The command processor can read commands from the disk file as
well as accepting them from the keyboard. This file must have an
extension of .BAT. The file contains several MS-D0OS command
lines, each of which are executed by the command processor once
you type the file name at the prompt.
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The command processor has also been arranged to automatically
search the BOOT disk for a batch file with the name
"AUTOEXEC.BAT" immediately after the BOOT operation. |If one is
found, the file 1is executed as if you had entered the name
AUTCEXEC at the prompt. However, the normal prompts for TIME and
DATE are bypassed. If your system expects to use TIME or DATE
during the session, the AUTOEXEC command file should include
entries for the TIME and DATE commands.

You can use the following commands in command files:

e ECHO

e FOR

e GOTO

e IF

e PAUSE
e REM

e SHIFT

3.4.2 Generic Commands

This sections describes the external MS-D0S commands unique to the
Rainbow computer.

BREAK

Most application programs that expect to use Ctr1/C use the
system function provided for this purpose. |t is not necessary,
in this case, for the operator to first invoke the BREAK OFF
command.

CHKDSK

Do NOT use the CHKDSK command with the /F option for an |IBM
diskette under Rainbow computer's MS-D0OS Version 2.05 operating
system. If the IBM diskette is double-sided, it can be
destroyed.



copy

CTTY

ECHO

MS-DOS

You can use character |/0 device names (such as PRN, AUX) as file
names for the COPY command.

When copying from a serial |/0 device (for example, from another
computer by means of the AUX device (communications port) or the
PRN device (printer port)), the operation does not work as
expected. Instead, <carriage return characters are removed from
the data stream, characters are not echoed to the input device,
and either a single Ctrl/Z or two successive carriage-return
characters ends the COPY operation.

The CTTY command changes the device used for interactive entry by
the operator, but does not change any device names. For example,
the command CTTY AUX causes all operator commands to be expected
from the AUX port. If another terminal, such as a VT100, is
connected to the communications port (AUX), it can be wused for
controlling the Rainbow computer. However, if, while doing this,
you enter the command COPY file name CON, the file 1is displayed
on the Rainbow computer's screen, not on your VT100. Similarly
the command COPY CON file name places whatever is typed on the
Rainbow computer's keyboard into the file, not the VTI00's
keyboard.

OFF

The ECHO OFF command is echoed.

EXE2BIN

GOTO

Use this external command to convert .EXE files into .COM files.
The

A Batch-File label is defined by a leading colon (":"). The
characters following the colon define a label. The characters
following a GOTO must BE a label. They do not define the label.
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RECOV

SORT
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The file using the /C switch, and all file entries following it
in the print queue, are removed from the print queue until you
type a /P switch.

The first time you use the PRINT command after starting the
MS-DOS operating system, it prompts you for the name of the list
device, the default being PRN (also shown in the prompt). Just
press the <Return> key, unless you wish to specify some other
port.

ER

RECOVER attempts to read and process data from a bad diskette.
The data may be bad and can cause unpredictable, or incorrect,
results. DIGITAL recommends, however, that you use this command
only as a last resort to recover files from a bad diskette.

Use the SORT command to sort any text file. Be sure that each
line has the same fixed-length fields. SORT can be pipelined for
multiple-field sorts, such as for DATE and TIME. When performing
multiple-field sorts, the secondary, or least significant sorts,
must be performed first, and the primary, or most significant
sorts, last.

Figure 3-2 shows a diskette DIRectory sorted by both date and
time. The two lines giving the number of files and the voiume
label are included in the sort process. |[f the 1last sort had
been- from column 24 instead of 22, the line containing 40LL48
would have been somewhere within the sorted 1list. The command
was invoked from the B drive because SORT creates temporary files
on the default diskette and the diskette in the A drive was write
protected. The SORT command was on the diskette in the A drive.
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B>DIR A:|A:SORT/+3k|A:SORT/+22

Directory of A:\

|

|

|

| LINK EXE L2368 1-06-83  L:36p
| FIND EXE 5796 1-14-83  6:35p
| MORE coM 436k 1-14-83  6:h2p
| RECOVER COM 2277 2-01-83 2:22p
| EXE2BIN EXE 1649 2-01-83 9:19a
| FC EXE 2553 2-01-83 9:36a
| DEBUG COM 11764 2-01-83 10:13a
| DISKCOPY COM 1419 2-14-83 L:39p
| EDLIN COM LL89 5-17-83 L:31p
| SORT EXE 1360 5-17-83 L:3h4p
| CONFIG SYS 20 9-17-83 6:27p
| PRINT COM 3335 9-18-83 11:58p
| CHKDSK COM 6330 9-19-83 12:00a
| SYS COM 850 9-26-83 5:0Lp
| COMMAND COM 15925 9-26-83 11:21a
| MDR I VE COM 873 9-27-83 10:38p
| MDRIVE SYS 953 9-27-83 11:h4ép
| FORMAT COM 19405 10-07-83 12:27p
| MEDIACHK EXE 1396 10-10-83 9:25a
| MASM EXE 77440  10-12-83 3:36p
| CREF EXE 13824 10-12-83 3:39p
| BACKUP EXE 72534 10-13-83  5:55p
| RDCPM EXE 9194 10-14-83 9:45a
| README HLP 18238 10-17-83 7:L2a
| 2Lk File(s) LOLLB bytes free

|

|

I

I

I

Figure 3-2: Sorted Diskette Directory
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3.4.3 MS-DOS Version 2.05 Additional Commands

RDCPM

The README.HLP file, stored on the MS-DOS Version
distribution diskette, describes the RDCPM command.

RDCPM DIR B:[filename.typ]

This command displays the directory of files on
CP/M-86/80 diskette in drive B: matching the
specification. No default is allowed for the drive.
default file specification is *.%,

RDCPM READ B:[filename.typ] [A:][path]

This command copies all files on the CP/M diskette in d
B: matching the file specification to the direc
described by '"path" on MS-DOS drive A:. No default
allowed for B:. The default file specification is %.%,
default drive is the current MS-DOS default drive.
default path 1is the current directory. If the pat
specified, it must exist.

RDCPM TYPE B:[filename.typ]

This command types the contents of files on the
diskette in drive B: matching the file specification.

default is allowed for B:. The default file specifica
is ®.%,

MED I ACHK

The MS-DOS Version 2.05 operating system BI0S contains code
checks the type of disk media in a disk drive on every read
write operation to that drive. This checking takes time

2.05
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execute, and on large files can slow down operation. MEDIACHK is
a program that disables, or enables, this media checking

function. When disabled, COPY operations proceed faster
when they are enabled.

MED I ACHK

This command displays the current setting
MED!ACHK ON

This command turns MEDIACHK on
MEDIACHK OFF

This command turns MEDIACHK off
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3.5 DEVICE NAMES

File names beginning with CON, AUX, LST, PRN, and NUL are illegal
because they are used by the MS-DOS operating system to identify the
following character |/0 devices:

AUX - Communications Port

AUX2 - Extended Communications Port

CON - Console Device (Keyboard/Video Monitor)
PRN - Printer Port

When you use these device names, you need only type the name, although
the MS-DOS operating system will also accept them followed by a colon.

3.6 EDITING AND FUNCTION KEYS

The MS-DOS operating system lets you easily edit command 1lines you
have entered at the keyboard. EDLIN, the MS-D0OS line editor, provides
these same editing functions. EDLIN is described in the users manuals
that came with your MS-DOS operating system kit. This section
describes some additional information on EDLIN.

When editing an existing file, EDLIN changes the extension of the
original copy to .BAK. If two files have the same name, it is
difficult to determine which file was the original of the .BAK file.
Therefore, avoid giving files the same file name.

To insert an "ESC" character, use the <Interrupt> key, rather than the
<ESC> key.

The syntax for (C)opy includes a comma between the line number and the
""'C". This is optional.

When in (I)nsert mode, pressing Ctr1/C returns to the EDLIN command
prompt. A Ctrl/Z sometimes also exits the (I)nsert mode. The latter,
however, usually must be followed by pressing the Return key. |If the
Ctr1/Z is immediately followed by other characters before the Return,
the Ctr1/Z code is entered in the text, and (l)nsert is not stopped.
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Part B - Principle Parts

3.7 MS-DOS PROGRAMS AND ROUTINES

The programs and routines that make up the MS-D0S operating system are
divided into three major functional areas:

1.

COMMAND.COM - Command Processor

The file COMMAND.COM is the command processor. It is the
part of the MS-DOS operating system that accepts, interprets,
and acts upon the commands you enter on the console keyboard.
It recognizes and executes the "internal' commands, and loads
"external commands' (programs) and starts execution. It is
also called an MS-DOS ''shell."

DOS - Disk Operating System

DOS, contained in the file MSD0S.SYS, performs logical 1/0
and disk operations, either in response to requests by the
command processor's internal commands, or in response to your
external commands. DOS also contains a number of useful
""'system calls,'" or functions. These functions provide disk
and other |/0 operations to programs through a standardized
access method, making programs transportable from one system
to another, and greatly simplifying their preparation.

BIOS - Basic Input - Output System

The Basic Input - Output System (BI0OS) contains routines that
control the hardware of the computer system. These are
custom written for each system and are contained in the file
10.SYS. Included are routines that:

e Display a character on the logical console device

e Send a character to the logical printing device

® Read a record from a disk

® Write a record to a disk

The DOS routines and system functions access these BIOS
routines to perform all 1/0

Generally, the command processor and DOS portions of every MS-DOS
operating system are byte-for-byte, bit-for-bit identical, as provided
by Microsoft, while the BIOS is customized for the system's particular

hardware.
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3.7.1 Command Processor

After you start the MS-DOS operating system, a prompt is displayed on
your screen, such as "A>"., This tells you that the MS-DOS operating
system is ready to receive a command, and that default disk operations
are to be performed on the A: drive. The command processor displays
the prompt, and either executes, or loads and starts, the command.

3.7.2 Command Execution

When you type a command name at the keyboard, the command processor
evaluates it. First, it determines whether it is an internal command.
If it is an internal command, it is immediately executed. If it is
not, it attempts to find a file having the specified name on the
specified drive, or if no drive was specified, on the default drive.
The command processor expects that the file type associated with the
file name is to be either .COM, .EXE, or .BAT, and searches for them
in that order. If a command file, with the name specified in the
command line, cannot be found, the operating system displays the
message 'Invalid Command,'" and issues another prompt.

When the command processor finds the specified .COM or .EXE file, it
reads the file into RAM. Files of both types are usually loaded into
the lowest available memory.

3.7.3 Program Segment Prefix

After loading an external command file, the command processor
initializes the first 256 bytes of the program segment with several
values for use by the loaded program. These first 256 bytes are
called the Program Segment Prefix (PSP). Therefore, all application
programs must begin at offset 100H. One of the DOS System functions
(EXEC) can also be invoked by an application program to load another
program file, and it, too, has a PSP.

After initializing the Program Segment Prefix, the command processor
starts program execution. Once the external command is started, the
command processor is not used again until the program terminates.

The Microsoft Operating System Programmer's Reference Manual provides
a detailed description of the PSP and its contents. (This manual is
contained in this kit.)
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3.8 DOS
3.8.1 General

The DOS (Disk Operating System) constitutes the heart of the MS-DOS
operating system. It performs all logical disk |/0 operations,
calling on the BIOS routines to read and write. It also provides a
large number of wuseful system functions, which application programs
can call to do disk and other 1/0 operations.

3.8.2 Disk Drives

The MS-DOS operating system can access several disk drives. Each s
identified by a single letter, "A," "B," "C,". Disk drives can be
either actual physical drives, or '"virtual'" or '"logical" drives, such
as portions of one large capacity hard disk.

Hard disks can often store more data than can be accommodated by one
MS-D0OS drive name, so they are subdivided into several partitions.

Each partition can store a portion of the total disk space. Each
partition is then given a '"logical' drive name.

A logical drive can even be a part of RAM. The MS-DOS Version 2.05
operating system includes a utility called MDRIVE that sets up an area
of RAM as a fast access memory disk. Files can be COPYed in and out
of it, as with any other logical drive. MDRIVE is useful when running
programs such as editors. Of course, it is necessary to COPY files
into it before editing and to COPY any that have been modified back to
a physical disk before turning off the power.

3.8.3 Disk Files

Central to the MS-DOS operating system is its method for storing and
accessing data files on disks. The MS-DOS operating system was
originally written to work with diskettes, and it still does.
However, it also works with hard disks.
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3.8.4 Disk Organization

The MS-DOS operating system reserves one or more of the first tracks
of a disk for storing a loader program. These first track are called
the "system tracks.'" You us all remaining tracks for storing files.

System diskettes contain the MS-D0S operating system in three files:
e 10.SYS,
e MS-D0S.SYS
e COMMAND.COM

The two .SYS files are hidden. They are not displayed by the DIR
command.

The MS-DOS operating system writes data to disk files in '"logical"
records, which can be any length, but are usually 128 bytes each.
Data files are written wherever there are empty locations, and there
can be many locations containing portions of a file. Entries are made
in a Directory and a File Aliocation Table for each file on a disk
that tell the MS-D0OS operating system where the file is stored on the
disk.

3.8.5 Clusters

Because even a small diskette can store a great many 128 byte records,
it is impossible to have the directory and File Ailocation Table keep

track of each one. Instead, MS-D0OS divides a disk's capacity into
larger groups, called '"clusters,'" that contain several logical records
each.

The data storage area of each disk is addressed in terms of these
clusters. They are numbered with zero at the beginning of the data
portion of the disk and ‘'spiral'" inward with increasing cluster
numbers through the remainder of the disk. It is the number of
clusters containing a file's data that are stored in the disk's
directory and File Allocation Table.

The first few clusters on each disk are reserved to store its
directory, the number depending upon the capacity of the disk and
cluster size. Disks can have capacities ranging from less than 100K
bytes to many megabytes. Cluster sizes can be 512, 1K, 2K, LK, or 8K
bytes. The Rainbow computer's MS-D0OS RX50 diskettes wuse a cluster
size of 512 bytes, while the Winchester drives use a cluster size of
either 2K or LK bytes, depending on the size of the partition. The
first two <clusters on the Rainbow computer's RX50 diskettes are
reserved for the Directory.
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Each MS-DOS disk contains an ID byte to identify the disk type.
MS-DOS Version 2.05 determines, through this byte, the characteristics
of the disks to be read.

3.8.6 Directory

Figure 3-3 shows the contents of the first eight directory entries for
MS-D0OS Version 2.05 system diskette. These are stored in the first
logical record of the first cluster. The left side of the figure
shows the contents in hex notation, while the right side displays the
same data in ASCII (non-displayable bytes are shown as dots).

Byte Contents (Hex) Contents (ASCII)
(Hex)
0000 L9LF202020202020 5359532700000000 10 SYS'....
0010 00000000000091BA 4807020000300000 ........ H....O0..
0020 4D53LL4F53202020 5359532700000000 MSDOS SYs'....
0030 000000000000864C 3CO71AOO0E6L420000 ....... L <....B..
0040 L434FLDLDLILELL20 L3LFLD200OOOOOO0OO COMMAND COM ....
0050 O000000000000AF5A 3A073CO0353E0000 ...v... Z :.<.5>,
0060 L4D532DLLLF532056 3230350800000000 MS-DOS V 205.....
0070 0000000000006074 LEO7000000000000 ...... ‘t Nevvenoo
0080 L3L4FLELELYLT2020 5359532000000000 CONFIG SYS .
0090 0000000000006CS3 31075C0014000000 ...... 1. T.\.....
O0AO 4DLL524956452020 5359532000000000 MDRIVE SYS
00BO 000000000000D9BD 3BO75D00BS030000 ........ O I
00CO LLL5L425547202020 434FL4D2000000000 DEBUG COM
00DO 000000000000A551 L1065F00FL2D0O000 ....... Q A._..-
OOEO 4348L4BLL53LB2020 L34FLD2000000000 CHKDSK COM
00FO0 0000000000001300 33077600BA180000 ........ 3eVeeons
Figure 3-3: MS-DOS Directory Entries
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3.8.7 Directory Fields

Every file on a disk, whether a hard disk or diskette, has an entry in
either the root directory or a subordinate directory. Subordinate
directories are actually files that have a directory entry in their
"‘parent's'" directory. Each directory entry contains thirty-two bytes.

As illustrated in Figure 3-L, the first byte tells MS-DOS if it s
active or not, that is, whether it contains information about a file.
If not, this byte is either OOH or E5H.

BYTE OFFSET (HEX)
o 1 2 3 4 5 6 7 8 9 A B C D E F

T 10 ‘S |y |'s| 27| 00| 00| 00} 00

l«——  FILENAME ;Il: TYPE———>| l i‘—RESERVED"Fl
r N

—> «— ACTIVITY BYTE

ATTRIBUTES
76543210

00 = DIR ENTRY NEVER USED
2E = ENTRY IS FOR A DIRECTORY

IF SECOND BYTE IS ALSO 2E |HEREER
CLUSTER # IS FOR PARENT DIR.
(0 CLUSTER # INDICATES PARENT IS ROOT.) READ ONLY
E5 = DELETED DIRECTORY L HIDDEN FILE
ALL OTHERS = FIRST LETTER OF FILENAME. L SYSTEM FILE
L VOLUME LABEL
SUB-DIRECTORY

ARCHIVE BIT
NOT USED

BYTE OFFSET (HEX)
10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F

00 | 0O | 00 | OO|OO|OO |91 ]| BA| 48 | O7 | 02 | 00 | OO | 30 | OO | OO

FIRST
TIME DATE CLUS?'ER |« FILE SIZE

CREATED 'CREATED NO. (BYTES)

«——RESERVED ————

NOTE: ALL DATA STORED IN LS, RS SEQUENCE
BU-2290

Figure 3-L: Format of a Directory Entry

When a disk or diskette is newly formatted, all directory entries have
their first byte set to zero to indicate that they have never been
used. When the operating system writes files to the disk or diskette,
the first empty directory entries are always assigned first.
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When the operating system deletes a file, the first byte of its
directory entry 1is changed to an ES5H. This arrangement speeds up
directory search operations.

If a directory entry is encountered whose first byte is zero, the
remainder of the disk or diskette must be empty. This first, or
activity byte, is 2EH if the file is a sub-directory. Further, if its
first two bytes are 2EH, the first cluster field of the directory
entry contains the cluster number where the '"Parent's' Directory s
stored. This value is zero if the parent is the root directory.

If a directory entry is active, the first byte contains the first
letter of the file name.

For active directory entries:

Byte (s) Contents

00-0A File name and file type
0B Attribute flags
0C-15 Reserved by MS-DOS
16-17 Time that the file last written
18-19 Date that the file last written
1A-1B First cluster where file is stored
(contained in least three significant nibbles)
1C-1F Number of bytes in the file

When a file is DELeted, all but the first byte of its directory entry
remains on the disk. A1l file aliocation table entries containing
cluster numbers allocated to the deleted file are reset to zero. This
releases the disk space for use by other files. This also generally
makes it impossible to reclaim a deleted file, unless the file was
small enough to be contained in the single cluster whose address is in
the directory entry. Small files can sometimes be reclaimed because
the number of the first cluster assigned to the file is still in the
deleted directory entry. This is only possible if the directory entry
was not reused for a new file by an intervening COPY or other
file-creating activity.
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3.8.8 File Attributes

You can assign MS-DOS files one or more of six possible attributes,
such as ''"Read-Only" or "Hidden.' Assign these attributes by setting
the appropriate bits of the attribute byte in offset OBH of the

directory entry, using System Function L3H. The meaning for each bit
of OBH follows:

Bit Meaning When Set
7 Not used.
6 Not used.

5 Archive bit. Set '"On'" each time file is written or closed.
L File is a Sub-Directory.

3 Directory Entry is Volume Label, not file. If this bit s
set, all other bits are ignored.

2 File is "System,' does not display in Directory
1 File is "Hidden," does not display in Directory
0 File is Read-Only.

The archive bit is useful for programs that make backup copies of
files. All file write and close operations set this bit to On (1). A
backup, or "archiving" program, should reset it to Off (0) after
successfully copying the file. In this way, the backup program can
determine which of the files have been changed since the last backup
copy was made, and limit its copying to these.

The BACKUP utility on the MS-DOS system diskette has an option that
copies only files with the archive bit set.

3.8.9 File Allocation Table (FAT)

The MS-DOS operating system maintains a special File Allocation Table
(FAT) on each disk. The FAT stores the cluster-numbers allocated to
files on the disk. Generally, disks are arranged with at Jleast two
copies of this table as insurance against accidental loss. |f this
table cannot be read, the files stored on the disk cannot be located,
even though their data may be intact.

The FAT stores each cluster number in three half-byte '"nibbles.'" This
allows a maximum of 4096 clusters per disk file, because twelve bits
can uniquely identify only L4096 locations. The first byte of the FAT
usually contains a disk identifier.
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Rainbow Disk ldentifiers

v2.01 V2.05
Diskette FC FAH
Winchester Hard - F8H

Disk

Rainbow computer diskettes have been assigned FAH by DIGITAL.
Microsoft has assigned bytes FC,FDH,FEH, and FFH for systems disk
configurations.

The second and third bytes of the FAT are always FFH. They assist in
identifying the FAT, and also insure that the first FAT cluster entry
begins on a byte boundary. Remember that it takes three bytes to
store two FAT entries.

The first two clusters of a Rainbow computer's RX50 diskette are
always assigned to the directory itself, so the first cluster number
assigned to a file is number 02, because cluster numbers begin with
zero.

Figure 3-5 shows the first 128 bytes of the FAT from the same MS-DOS
Version 2.05 system diskette whose directory entries are shown in
Figure 3-3. Notice that the three-nibble cluster entries appear mixed
up. This is the way they appear on the diskette when the FAT is
examined using DEBUG. When the FAT is read by the MS-DOS operating
system, however, they are interpreted as illustrated in Figure 3-6.
When a diskette is initialized by the FORMAT program, all FAT entries
are set to zero to indicate that the cluster location is not assigned
to a file, and that it is suitable for storing data. Any clusters
spanning diskette defects have their FAT entries set to FF7JH. The
MS-D0OS operating system skips over such clusters automatically,
allowing the remainder of the diskette to be used.

Byte Contents (Hex)
(Hex)

0000 FAFFFF0340000560 0007800009A00008B
0010 COOOODEOOOOFO0001 1120011340011560
0020 0117800119FOFF1B COO11DEOO11F0002
0030 2120022340022560 0227800229A00228B
0040 C0022DE0022F0003 3120033340033560
0050 0337800339A0033B FOFF3DEO033FO00L
0060 L412004L3L4L00LL560 OLL7800LLGAOOLLB
0070 COOLLDEOOLLFO005 5120055340055560

Figure 3-5: Beginning of File Allocation Table (FAT)
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Byte Contents (Hex)
(Hex)

0000 FAFFFF0340000560 0007800009A0000B As stored on diskette
0000 FAFFFF0030040050 0600700800900A00 As interpreted

0010 COOOODEOOOOFO001 11200113L0011560 As stored on diskette
0010 BOOCOODOOEOOFO1001101201301401501 As interpreted

Figure 3-6: Interpreted File Allocation Table Entries

The first cluster number assigned to a file is contained in the file's
directory entry. When this <cluster becomes filled with data, the
MS-DOS operating system scans the FAT table from the top wuntil it
finds a table entry of zero, indicating an empty cluster. |t then
places the number of this newly assigned cluster into the FAT location
of the cluster pointed to by the directory entry. Similarliy, whenever
a new cluster is assigned to a file, its number is placed into the FAT
location for the previous cluster. In this way a file is linked from
cluster to cluster. The FAT entry for the last cluster of a file s
set to any value from FF8H through FFFH.

The Microsoft Operating System Programmer's Reference Manual describes
these file and directory operations in detail. (This manual is
contained in this kit.)

3.8.10 Sector Translation

Some computer systems store data on a disk using an interlace, that
is, sectors are written in a non-contiguous sequence around a track.
This is because time is required for computing and getting ready for
the next sector's read or write operation. |f this next sector's data
were to be written to the disk's next physical sector, the latter
might have already passed under the read head, thereby requiring a
full revolution of the disk to access it. To avoid this, the record
is written at a physical sector, separated by one or more intervening
sectors. This interlacing can be accomplished in either of two ways:

e One method is to format the disk with interlaced physical
sector numbers, such as in the sequence 1,3,5,7,9,2,4,6,8,10.

e The other way is to format the physical sectors sequentially

and do a logical translation of the desired sector number
before performing the physical read or write operation.
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e When this method is used, the logical sector number specified
by the MS-DOS operating system to the disk-driver s
translated to obtain the correct physical sector. Files are
written on Rainbow computer RX50 diskettes using this latter
scheme, that is, in the sequence of physical sectors

1,3,5,7,9,2,4,6,8,10.

® For the hard disk drive, the sequence of physical sectors s
1,8,15,6,13,4,11,2,9,0,7,14,5,12,3,10.

3.8.11 File Control Blocks

When a program needs to read or write data to a file, certain
information about the file must be passed to the MS-D0S operating
system so that it can ''open" the file, (locate its directory, and
access its data records.) Such information can be passed to the MS-DO0S
operating system using a File Control Block (FCB).

A FCB consists of a 36 or L3-byte area in memory. It can be located
anywhere the program finds convenient. The command processor sets up
one or two default '"unopened" FCBs in the Program Segment Prefix when
a file is loaded, for the convenience of the programmer.

FCBs are either '"unopened" or ''opened.'" An '"unopened' FCB must be set
up before an 'open' system function is executed. It need only contain
file ID information (drive, file name, and file type). All other
bytes are usually set to zero. The offset relative to DS of a file's
FCB is placed by the program into the DX register prior to invoking
the desired MS-DOS disk function. The '"open' system function locates
the file's directory and copies the remaining FCB fields from it for
use by subsegquent file operations. The FCB thereby becomes an
""opened' FCB.

After all file operations are complete, the application program should
"CLOSE'" the file. The CLOSE operation copies the newly updated data
from the FCB back onto the disk's directory and FAT. Closing is not
necessary if only Read operations were performed, because the
directory and FAT were not changed. If the close operation were
omitted after data had been written to the file, however, the
file-size field of the directory is not updated and would not agree
with the FAT. :
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3.8.12 Extended File Control Blocks

An extended FCB is required when creating or searching for directory
entries of files having special attributes. The extension consists of
a seven byte prefix appended to the FCB.

Byte (s) Contents
FFH

-6 OOH
Attributes (See above)

—_ N~

3.8.13 Wildcards

When the MS-DOS operating system searches the directory of a disk for
a matching file name, it accepts as a match any character in those
positions of the FCB's file name and file type that contain question
marks ("?"). Asterisks are expanded to question marks throughout the
remainder of the file name and/or file type fields by the command
processor and by system function 29H. This "Wild Card'" feature makes
multiple file operations possible.

3.9 BIOS

The BIOS is that part of the MS-DOS operating system that directly
controls the hardware of the system. Each |/0 device is controlled by
a '"driver.'" The standard drivers are contained in the file 10.SYS, one
of the two system files found in all MS-DOS implementations. Certain
features and functions are required by the MS-D0OS operating system,
since the command processor and the MS-DOS operating system use the
1/0 drivers provided in 10.SYS for all 1/0, and they must be able to
properly interface to it.

3.9.1 Serial 1/0

3.9.1.1 Logical and Physical Device Assignments - The generic MS-DOS
operating system communicates with three logical, serial 1/0 devices:

e Console (CON:)
e Auxiliary (AUX:)
e Print (PRN:)
The names in parentheses are the names the MS-DOS operating system

recognizes as logical devices.
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The Rainbow computer's  MS-DOS implementations assign the
keyboard/video monitor as the CON device, the communications port as
the AUX device, and the printer port as the PRN device. In addition,
they provide an additional device driver called AUX2 to the optional
extended communications port.

The generic MS-DOS operating system also includes a CLOCK as one of
its standard devices, for which there is a driver in 10.SYS.

The MS-DOS operating system lets you install additional, or
alternative, device drivers. All that is necessary is for the desired
driver to be on the system diskette as a file, and its name contained
in a batch text file named CONFIG.SYS. When you start the operating
system, it looks to see if the CONFIG.SYS file exists on the diskette,
and if so, loads all drivers named. |f these have the same name as a
default driver, they preempt the latter. In this way special drivers
can be easily loaded for new 1/0 operations.

The Microsoft Operating System Programmer's Reference Manual describes
the rules for writing new device drivers and the operations available
through the CONFIG.SYS file. (This manual is contained in this kit.)

3.9.1.2 Cross CPU Communications - The Z80A handles all diskette 1/0
in the Rainbow computer. Whenever the disk driver of MS-DOS is
called, it calls the Z80OA to perform the actual operation. The
routines for these operations are contained in the ZBOA's private RAM,
having been placed there during the loading operation.

3.9.1.3 |IBM Diskettes - The 1/0 drivers of MS-D0OS Version 2.01 and
Version 2.05 operating systems automatically identify and read RX50,
IBM-8 and IBM-9 sectored single sided diskettes, and VT180 diskettes.
MS-D0OS files from any of the four types of single-sided diskette can
be both read and written. However, data written to IBM diskettes is
usually unreadable by the IBM PC, because the narrow head of the RX50
cannot fully erase the wide data tracks of these diskettes.
Therefore, writing to |IBM diskettes is not recommended. |If it is
absolutely necessary to write to an IBM diskette, try formatting a new
diskette on the IBM drive, and COPY the Rainbow computer file onto it.
Once you are able to read such a file on the IBM PC, COPY it to
another |BM diskette for safekeeping.
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3.9.1.4 MDRIVE - The Rainbow computer's MS-DOS Version 2.05 operating
system includes a new device driver that can utilize some of available
RAM as a logical disk drive. The system diskette contains a program
called '"MDRIVE.COM" You can wuse MDRIVE to set up this logical disk
drive. Memory is assigned in groups of 64K bytes. MS-DOS can read
and write files to this '"disk'" the same as it does to any real disk.
The advantage is that files can be accessed quickly, because they are
already in RAM.

You need at least 196K bytes of RAM to use MDRIVE, in which case you
have one 64K block of RAM used as a logical drive. Files to be
accessed must be COPYed into and out of the MDRIVE before and after
use. MDRIVE stores the number of 64K blocks in MDRIVE.SYS, which is
referenced in CONFIG.SYS through the DEVICE statement. (You must
maintain CONFIG.SYS.) The drive name 1is the next available drive
letter (E - 1). For example, if you have 1 hard disk partition (drive
E:), then MDRIVE is drive F:.

NOTE

You must always configure MDRIVE from the drive that
you are going to start the operating system from.

3.10 SYSTEM FUNCTIONS

In addition to reading and writing disk files, the MS-DOS operating
system provides some 80 different system functions for performing /0
and other tasks. Application programs can use and invoke these system
functions. Generally, the system functions are invoked by loading

parameters into registers and invoking interrupt 21H. Chapter 1 of
the Microsoft MS-DOS 0.S. Programmer's Reference Manual describes
these system functions, and how to invoke them. (This manual s

contained in this kit.)
NOTE

The MS-DOS operating system does not generally
undertake to save any CPU registers when performing
the system functions. Therefore, application programs
must save the contents of those registers that need
preserving BEFORE calling the function, and then
restore them afterwards.
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3.10.1 1/0 Programming

The MS-DOS Version 2.05 operating system includes several additional
system functions that:

e Provide enhanced serial 1/0 control

e Permit application programs to control the ports without the
need for programming at the hardware level

You need to know how the MPSC is programmed as a prerequisite to
understanding the serial 1/0 functions, as they all relate to MPSC
programming. This information is described in:

e The Rainbow CP/M-86/80 V1.0 Tech Doc Kit (order number
QVOL3-GZ) . (This kit contains information about the Rainbow
100 computer.)

e The Rainbow MS-DOS V2.01 Technical Doc Kit (order number

QV025-GZ) . (This kit contains information about the Rainbow
100 computer.)

e The Rainbow 100+/100B Technical Doc‘ Kit (order number
QV069-GZ) . ‘

e The Rainbow Extended Communication Option Programmer's
Reference Guide (order number AA-V172A-TV).

Chapter 5 provides details of these additional System Functions.

3.10.2 Interrupt Types

The 8088 interrupt types used by the MS-DOS operating system include
several that are also used by the Rainbow computer's hardware and
firmware. To resolve this conflict, hardware interrupts 20H through
27H are reassigned to other types. MS-D0OS Version 2.01 includes a
special routine in the interrupt handlers of those interrupts common
to both the hardware and the MS-D0OS operating system. This routine
determines whether the interrupt was generated by the hardware or by

sof tware. If it determines that hardware generated the interrupt, it
issues a software interrupt to the alternate interrupt type. (See
Table 3-2.)
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Table 3-2: Rainbow Computer MS-DOS Interrupt Vector Assignments

Function interrupt Type
(Hex)
v2.01 V2.05
100 100+ 100 100+
100B 1008
8088 Processor
Divide by zero 0 0 0 0]
Single step 1 1 1 ]
NM| used for Memory Parity 2 2 2 2
error or 8087 error
Break point instruction 3 3 3 3
Overflow I k4 L b
Hardware Interrupts
Video refresh Lo Lo Lo AQ
Graphics option L2 42 L2 A2
Ext. Comm. DMA L3 L3 43 A3
Comm/printer 7201 Ly Ly L AL
Ext. Comm. int O L5 L5 45 A5
(or Winchester)
Keyboard L6 L6 L6 A6
Int from Z80A L7 L7 L7 A7
Software Interrupts
50/60 hz timer 64 6k 64 6k
Direct diskette 1/0 65 65 65 65
Firmware functions 18 18 18 18
MS-DOS Interrupts
program terminate 20 20 20 20
function call 21 21 21 21
terminate address 22/FO0 22/FO0 22/FO0 22/FO
Control-Break exit address 23/F1  23/F1 23/F1 23/F1
fatal error address 2L/F2 2L4L/F2 2L/F2 2L/F2
absolute disk read 25 25 25 25
absolute disk write 26 26 26 26
terminate, stay resident 27 27 27 27
Reserved by MS-D0S 28 28 28 28

| ! | l
3F 3F 3F 3F
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The system module used in the Rainbow 100+ and 100B computers includes
circuitry that permits the hardware interrupt types to be set to
either of two values, 20H through 27H, or AOH through A7H.

The firmware of the Rainbow 100+ and 100B computers includes a user
callable function that moves several interrupt vectors from one
location to another. The MS-D0OS Version 2.05 operating system selects
the alternative hardware interrupts and moves their vectors so that no
conflict between hardware and software generated interrupts exists.

During system reset, the Rainbow computer's firmware initializes the
interrupt vector for interrupt 28H (LO decimal) with the address of
its built-in user callable functions. Interrupt 28H is also used by
the operating system, however, so both MS-D0OS Version 2.01 and Version
2.05 move the vector for the firmware functions to interrupt 18H.

Programs that invoke the firmware routines must use software interrupt
18H.

3.10.3 Modifying Interrupt Vectors

Interrupt 21H, and MS-DOS system functions 25H and 35H, which set and
get interrupt vectors for MS-D0S interrupts 20H through 27H, do not
work for all of the interrupts. Applications which need to change
these interrupt vectors should do so as follows:

® MS-DOS Version 2.05 operating system running on Rainbow .100+
or 100B computers

Vectors for types 20H through 27H may be set and obtained by
interrupt 21H, as well as by functions 25H and 35H.

® MS-DOS Version 2.05 operating system running on the Rainbow
100

Vectors for types 22H, 23H, and 24H may be set or obtained by
interrupt 21H, as well as by functions 25H and 35H.

Vectors for the remaining types must be changed by placing the new
address into specific memory locations. These must be in the usual
double-word format. The memory locations are:

Type # Memory Location

(Hex) (Hex)
20 L0:0294
21 L0:0298
25 L0:02A0
26 LO:02AL
27 LO:02A8
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MS-DOS Version 2.01 operating system running on any Rainbow
Series Computer

Vectors for types 22H, 23H, and 24H may be set or obtained by
interrupt 21H, as well as by functions 25H and 35H.

Vectors for the remaining types must be changed by placing the new

address

into specific memory locations. These must be in the usual

double-word format. The memory locations are:

Type # Memory Location

(Hex) (Hex)
20 L4L0:0228B
21 LO:022F
25 L4L0:0233
26 L0:0237
27 LO:023B

3
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CHAPTER &

MS-DOS VERSION 2.05 EXTENDED DOS FUNCTIONS

L.1 INTRODUCTION

This chapter describes special functions provided by the MS-DOS
Version 2.05 Bi0S.

DOS System Function LLH - 10CTL calls most of these special features
to permit device control operations.

Chapter 2 describes some additional functions of the firmware.

L.2 DEVICE DRIVERS

The MS-DOS operating system requires a BIOS routine for each device on
a system. These are called device drivers. ( The Microsoft MS-DOS
Operating System Programmer's Reference Manual describes how these
drivers routines are constructed, and the functions they provide.)

There are two types of device drivers:
e Serial 1/0 device drivers,
e Disk drivers.

The MS-DOS operating system calls serial devices 'Character' devices
and disk drivers '"Block" drivers. The names reflect the amount of
data handled during one call to the driver. One device driver can
accommodate more than one actual device, as long as the devices are
identical.
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When the MS-DOS operating system reads or writes data to a disk file,
or sends a character to a port, it calls on the driver to perform the
actual read or write operation. The file 10.SYS contains drivers.
Each driver provides the following functions:

e Initialization routines when you start the operating system

® Media checking function (disk drivers only)

e BIOS parameter block building (disk drivers only)

e Optional I10CTL 1/0 control routines

e Input and output routines

e Status routines

e Empty or "flush" routines

The optional I0CTL function is usually provided because some device
characteristics may need to be changed by an application.

The MS-DOS operating system accesses these I0CTL functions through
Function  LLH. The  MS-DOS Version 2.05 operating system has
implemented several [0CTL functions for its serial |/0 ports,
diskettes, and Winchester hard disk. Some of the diskette and
Winchester hard disk functions that would normally be accessed through
Function Lu4H (10CTL), have been implemented through software interrupt
65H.

Various functions provided for each device type in Version 2.05 are
described below.

L.3 SERIAL 1/0 DEVICES

Functions Invoked by Function LLH - |0OCTL

DOS Function L4H invokes all 25 additional serial 1/0 functions.

Most of these provide enhanced serial /0 port control and permit
application programs to control these ports completely without the
need for programming at the hardware level.

To understand these Serial /0 functions, you should be familiar with
the operation of the Multi-Protocol Serial Controller chip (Nec 7201

or Intel 8274 MPSC), because many of the terms and functions relate to
it.
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The Serial 1/0 functions operate with three ports:
e Communication port (PORT A of the MPSC = AUX:)
e Printer port (PORT B of the MPSC = PRN:)

e Extended communications option port (PORT B of the option =
AUX2)

Notice that the ports are not identical, nor are all the functions
appropriate for all ports. Certain baud rates and modem signals are

not available for printer PORT A of the Extended Communications
option.

L.4 FUNCTIONS NOT PROVIDED
The foilowing functions are not provided:
Full modem-control protocols

Synchronous protocols
Extended communication option's PORT A (RS 422)

L.4.,1 PROTOCOLS
Asynchronous Support

Primitive routines are provided to support only asynchronous
protocols.

Limited Modem Control

Limited Modem Control is provided so that application programs do

not need to directly control the hardware. It also gives
application programs a way to determine the state of the signals
corresponding to each incoming and outgoing character.

Characters received are assumed valid only when Receive Line
Signal Detect (RLSD) is asserted, and the receive character is
enabled. Characters are transmitted only when Clear To Send
(CTS) is on.

Data Leads Only

Characters are transmitted and received regardless of the state
of Data Terminal Ready (DTR) and Request To Send (RTS).
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L.4L.2 RECEIVE AUTO XON/XOFF

Auto XON/XOFF is supported at the driver level to handlie receipt
of XON/XOFF. |If this feature is not selected, received XON/XOFF
characters are stored as data in the circular buffer.

L.4L.3 TRANSMIT AUTO XON/XOFF

This option monitors the receive character buffer, and
automatically transmits XON and XOFF characters when the number
of characters in the buffer exceeds <certain limits. For this
option to be effective, the application program must supply a
receive character buffer of adequate size.

L.L.L4 ALTERNATE CONTROL CHARACTERS FOR XON/XOFF PROTOCOL

The application program can specify control characters, other
than DC1(11H) and DC3(13H), to be used for the XON/XOFF protocol.

L.L.5 MODEM SIGNAL CONTROL

The application program can set or clear the modem control
signals without accessing the hardware.

L.L.6 BREAK TRANSMISSION AND DETECTION

Breaks can be sent for any duration, as determined by the
application program. When a break is detected on a receiving
device, a flag is set, which the application program can use as
required.

L.4.7 PROGRAMMING OF PORTS

Ports can easily be programmed without directly accessing the
hardware. The management of the interdependencies of ports is
also provided, thereby relieving the application program of this
difficult task. Application programs pass control and other
information to the routines by a Communication Control Block
(CCB) , as described below.
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L.4.8 RECEIVE CHARACTER AND TRANSMIT BUFFER EMPTY INTERRUPTS

Functions are provided that install and pass control to an
application's interrupt handler upon:

® Receipt of a character
e Detecting that the transmitter buffer is empty

You can program the MPSC to generate interrupts under these two
conditions. Any such interrupt handlers must also be disabled by
the application program before termination. Functions are also
provided to do this.

L.L.9 APPLICATION SUPPLIED BUFFER SIZE AND SPACE

An application can specify its own buffer size and location to be
used for received characters. Each received character occupies
two bytes in the buffer. One byte contains the character, the
other byte contains information about the status of the port at
the time the character was received (buffer overrun, parity
error, break detection).

Applications should specify a buffer of at 1least 512 bytes if

they use the auto transmit XON/XOFF feature. Such applications
must be careful to restore the regular buffer before termination.
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L.L.,10 COMMUNICATION CONTROL BLOCK

MPSC control and setup information is passed between application
programs and the functions through a Communication Control Block
(CCB) . Each cell of the CCB is a byte, except for the address
and length of the optional user-specified buffer.

Notice that not all possible values are appropriate for all three
ports, nor are all combinations of supported features allowed
(for example, only Mark and Space are provided for 7 bits
characters, and some values are included only for future support
(for example, 7200 baud rate).

It is necessary to create or modify a CCB whenever a different
configuration is required for a port. Each field of the CCB must
be filled with the appropriate code for the desired parameter.
Only those parameters that need to be changed must be filled.
Those to remain unchanged must contain zero. When a passed value
is not appropriate, the high order bit of the byte or word
parameter is set to indicate an error.

NOTE

Though some validity checking on passed
parameters is performed, it is not guaranteed.
The application program must insure that the
rules and interfaces specified below are
carefully followed.
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Table L-1: Communications Control Block Format
Offset Offset Contents Possible values
(Hex)
0 Device number 1=communications, 2=printer,
3=extended comm
1 Modem Control 1=data only, 2=1imited modem control
2 Stop bits 1=one, 2=one and one half, 3=two
3 Data bits %% 59 69 79 8’ 75; 7M
L Parity %% Even, 0Odd, None
5 Receive baud 17 values ( no 7200 baud )
[printer cannot split baud rates ]
6 Transmit baud 17 values (no 7200 baud)
7 XON character If alt XON character to be used
8 XOFF character If alt XOFF character to be used
9 RCV XON/XOFF On or Off
A XMT XON/XOFF On or Off
B Alternate If auto XMT XON/XOFF selected, user
| buffer size receive buffer is strongly suggested.
C An error is returned if the user buffer
size is less than default.
D start address This field must have entry if user
| of buffer in buffer size is non-zero.
E offset, segment
| format.
F
I
1

*% Data bits and parity should be specified together. In

all fields

of the CCB, zero means no change is requested

If an alternate
greater

receive

buffer

than 50H must be entered.

is

selected,

a

non-zero value

Otherwise the start address for

the buffer is ignored and the default buffer is used.
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Table 4-2: Communications Control Block Parameter Values

Device Number:

1 2 3
Parameter Values: (AUX) (PRN) (AUX2)

Default Values:

Modem Control:

0 = No Change

1 = Data Leads 1 1 1
2 = Limited Modem Control
Auto XON/XOFF:

0 = No Change

1 = 0n

2 = 0Off RCV: 2 2 2

XMT: 2 2 2

Stop Bits:

0 = No Change

1 = One 1 1 1
2 = one and one-half

3 = two (stop bits)
Data Bits:

0 = No Change Data bits and Parity

1 =5 should be specified

2 =6 together (see note).

3 =17

L =8 L

5 = 7+4+Space 5 5
6 = J+Mark
Parity: :

0 = No change Data bits and Parity

1 = even should be specified

2 = odd together (see note).

3 = none 3 3 3

Note: |f parity is specified without data bits also being specified
for a new configuration, an error might be returned if the
parity specified is odd or even and the data bits previously in
effect were 7M or 7S.

XON character: 11H 11H 11H
XOFF character: 13H 13H 13H
Baud Rate - RCV (See table for values) 10H OEH  10H

- XMT 10H OEH 10H
Buffer Size: (16-bit words) 50H 50H 50H
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3: Baud Rates

50
75
110
134.5
150
200
300
600
1200
1800
2000
2400
3600
L800
7200
9600
19200

<---Hex Value placed in CCB--->

Comm. Ext. Comm. Printer (%)

N

1WOW oo~ 1T U1 )

MOOT>»>0WoONOUNEFEWN —~
1o

m
o

3
S
b

Jo ot
R

ate ot
IR

o
o
— O MO OPI>POWOONOVTIEWN —

R —

11

D Default Setting

% Transmit and Receive Baud rates for the printer port must
be the same.

- Not

%% 7200 Baud is not available for any port.

available

L.5 CALLING PROCESS

Application programs access functions by means of MS-D0OS
function LL4H (10CTL). Entry conditions follow:

NOTE

If the port number specified is invalid, the function
might be ignored or an error condition might be
returned. Application programs must determine whether
a device is installed. This can be done by invoking
the '""Read Device Setup' function

b-9
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FUNCTION L4H - 1/0 CONTROL FOR DEVICES

AH = LLH

AL = Function code
Both 02H and O3H work for either READ or WRITE

BX = Handle number
03H = AUX
O4H = PRN
(AUX2 must be 'Opened'' via MS-DOS to get handle number)

DS:DX = I0CTL Packet Address
EXIT

Returned Data in I0CTL packet

The format of the I0CTL packet is:

Of fset Label Description
0 Function Sub-function Number
1 Func_retC Function return code:
FFH = successful, 0 = unsuccessful
2 Character Character Input or Output
3 Char_Stat Character Status
L to n Buffer Block Buffer

The application program must supply the device number in the
applicable buffer field. Set-up parameters must be passed each time a
different set-up is required. The entry to each parameter either
contains zero, if the parameter is to remain unchanged, or a value
from 1 to the largest applicable number for that parameter. On return
to the caller, the high order bit of the appropriate byte is set, if
the particular option requested is not supported. However, this s
not guaranteed if a value is outside of the range specified.

MODEM SIGNALS - Modem signals that are available are listed below.
Notice that unused bits are undefined. See Functions 13 and 14 below
for full description of their use.
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Incoming signals.

Bit
s et ST TR S S S SR
7161514 ]3]2]1]0]

SRLSD (or SPDI, Bell 212A
speed indicator)

NOTE

SRLSD and SPD! signals are assigned to the same
physical line. It is up to the application program to
determine which one is connected. The remainder of
the specification refers to this physical line as the
signal SRLSD.

Also, control signals sometimes use connector pins
other than those shown so that they can be monitored.
The signals named in this document refer to the
corresponding pin-outs and not the specific signals.

Outgoing signals that can be asserted.

Bits
e e et ST L LR
716154 13]2]1]0]
e T T DR
| | | | | | | | SP (speed select)

A N |
L1 L 1| | | SRTS
I N

I 1 | | D
A
|| I | |RTS

O
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L.6 LOGICAL ASSIGNMENT OF DEVICES, AND DEFAULT SETTINGS
The two ports on the motherboard are assigned as follows:
PORT A to AUX
PORT B to PRN
|

PORT B on the extended communications option is assigned to AUXZ

If the port (device) number is invalid, the function might be ignored
or return an error condition.

It is up to the application program to determine if the device s
installed. Do this by invoking the '"Read Device Setup Values"
function.

FUNCTION O - PROGRAM DEVICE

This function reprograms the indicated device to the values specified
in the CCB. |t has no effect on the state of receiver enable.

ENTRY
(FUNCTION) =0
(BUFFER) = CCB
EXIT

(FUNC_RETC)

FFH, all functions programmed successfully

0 not all functions programmed successfully. The
fields that cannot be programmed in the control
block are marked with high order bit set.

NOTE
RCV interrupts MUST be disabled before invoking this

function, if the start address of the User's Buffer is
changed by this function. Use Function 5 to do this.
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FUNCTION 1 - PROGRAM DEVICE TO DEFAULT NVM SETTINGS

This function reprograms the device to the defauit values specified in
NVM. The optional communications port is set to the same values as
t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>