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Introductory

Hardware

Multimode Terminal Emulator User's Guide
Multimode Terminal Emulator Reference Manual

This section outlines the contents of these
manuals.

The Installation Guide describes the procedure
for unpacking, cabling, and powering up a system.

The Operator's Guide addresses the needs of the
average user for operating instructions. It
describes the workstation switches and controls,
keyboard function, and floppy disk handling.

The Executive Manual describes the command
interpreter, the program that first interacts
with the user when the system is turned on. It
specifies commands for managing files and
invoking other programs such as the Editor and
the programming language compilers.

The Workstation Hardware Manual describes the
mainframe, keyboard, and video display. It
specifies system architecture, printed circuit
boards (Motherboard, Processor, I/0-Memory, Video
Control, ROM Expansion, and RAM Expansion),
keyboard, video monitor, Multibus interface,
communications interfaces, ©power supply, and
environmental characteristics of the workstation.

The Peripherals Hardware Manual describes the
disk subsystems. It specifies the disk
controller Motherboard, controller boards for the
floppy disk and the Winchester disks, power
supplies, disk drives, and environmental
characteristics.

The AWS-210 Hardware Manual describes the
mainframe, keyboard, and video display of the
AWS-210 workstation. It specifies architecture,
theory of operation of the printed circuit boards
(Motherboard, Deflection, and CPU), keyboard,
video monitor, expansion interface, cluster
communications interface, power  supply, and
environmental characteristics of the workstation.
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The AWS-220, -230, -240 Hardware Manual describes
the mainframe, keyboard, disk controllers, and
video display of the AWS-220, -230, and -240
workstations. It specifies architecture, theory
of operation of the printed circuit boards
(Motherboard, Deflection, 8088 CPU, 8086 CPU,

Floppy Disk Controller, and Hard Disk
Controller), keyboard, video monitor, cluster
communications interface, external interfaces,

power supply, and environmental characteristics
of the workstation.

Operating System

The CTOS™ Operating System Manual describes the
Operating System. It specifies services for
managing processes, messages, memory, exchanges,
tasks, video, disk, keyboard, printer, timer,
communications, and files. In particular, it
specifies the standard file access methods: SAM,
the Sequential Access Method; RSAM, the Record
Sequential Access Method; and DAM, the Direct
Access Method.

The System Programmer's Guide addresses the needs
of the system programmer or system manager for

detailed information on Operating System
structure and system operation. It describes (1)
cluster architecture and operation, (2)

procedures for building a customized Operating
System, and (3) diagnostics.

The System Utilities Manual describes utilities
such as Backup Volume, IVolume, Restore, Change
Volume Name, PLog, Maintain File, Dump, etc.

The Batch Manual describes the Dbatch manager,
which executes batch jobs under control of job
control language (JCL) files.

Programming Languages

The COBOL, FORTRAN, BASIC, Pascal, and Assembly
Language Manuals describe the system's .
programming languages. Each manual specifies
both the language itself and also operating
instructions for that language.

The Pascal Manual is supplemented by a popular
text, Pascal User Manual and Report.
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The Assenbly Language Manual is supplemented by a
text, the Central Processing Unit, which
describes the main processor, the 8086. It
specifies the machine architecture, instruction
set, and programming at the symbolic instruction
level.

Program Development TooOls

Data Management

Text Management

XX

AWS-220,

The Editor Manual describes the text editor.

The Debugger Manual describes the Debugger, which
is designed for use at the symbolic instruction
level. Together with appropriate interlistings,
it can be used for debugging FORTRAN, Pascal, and
assembly language programs. (COBOL and BASIC, in
contrast, are more conveniently debugged using
special facilities described in their respective
manuals.)

The Linker/Librarian Manual describes the Linker,
which 1links together separately compiled object
files, and the Librarian, which builds and
manages libraries of object modules.

Facilities

The ISAM Manual describes the multikey Indexed
Sequential Access Method. It specifies the
procedural interfaces and shows how these
interfaces are called from the various languages.

The Forms Manual describes the Forms facility
that includes (1) the Forms Editor, which is used
to interactively design and edit forms, and (2)
the Forms run time, which is called from an
application program to display forms and accept
user input.

The Sort/Merge Manual describes (1) the Sort and
Merge utilities that run as a subsystem invoked
at the Executive command 1level, and (2) the
Sort/Merge object modules that can be called from
an application program.

Facilities

The Word Processing User's Guide introduces the
Word Processor to the first-time user. It
provides step-by-step lessons that describe basic

-230, -240 Hardware Manual



Communications

word processing operations. The lessons show how
to execute operations and apply them to sample
text.

The Word Processing Reference Manual 1is a
reference tool for users already familiar with
the Word Processor. It describes the Word
Processor keyboard and screen; basic, advanced,
and programmer-specific operations; printer and
print wheel configurations; and hardware
considerations.

The Word Processing Quick Reference provides a
concise summary of all word processing operations
and briefly describes the keyboard and commands.

The Font Designer Manual describes the
interactive utility for designing new fonts
(character sets) for the video display.

Multiplan is a financial modeling package

designed for business planning, analysis,
budgeting, and forecasting.

The Asynchronous Terminal Emulator Manual
describes the asynchronous terminal emulator.

The 3270 Terminal Emulator Manual describes the
3270 emulator package.

The 2780/3780 RJE Terminal Emulator Manual
describes the 2780/3780 emulator package.

The X.25 Network CGateway Manual describes the
X.25 Network Gateway, which supports CCITT
Recommendation X.25 communications over a public
data network. There are three levels of access
to the network: packet, X.25 Sequential Access
Method, and the Multimode Terminal Emulator X.25
communications option.

The Multimode Terminal Emulator User's Guide
introduces the Multimode Terminal Emulator to the

first-time wuser. It describes the MTE video
display, keyboard, extended functions (Find,
Substitute, and Print), and preconfigured

functions for the X.25 communications option.

The Multimode Terminal Emulator Reference Manual
is a reference tool for sophisticated users of
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the Multimode Terminal Emulator. It describes
the MTE display memory, communication, escape
sequences, field verification program, and

programmable functions.
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CONVENTIONS AND REFERENCES

CONVENTIONS

Numbers

Signal Names

Numbers are decimal except where suffixed with
"h" for hexadecimal. Thus, 10h = 16 and OFFh =
255.

Signal names use plus (+) and minus (-) suffixes
to distinguish active-high from active-low,
respectively. For example:

Signal Logical Voltage
Name State Level
RD- 0 (active) Low
1 (inactive) High
RD+ 0 (inactive) Low
1 (active) High

Conventions and References xxiii
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The CPU, FDC, and HDC Boards in the AWS-220,
-230, and -240 are heavily dependent upon
programmable LSI circuits to perform their
functions. Since the hardware functions and
software interfaces of the LSI circuits are only
briefly summarized in this Manual, users are
likely to want occasional reference to the
following manufacturers' literature:

The Central Processing Unit Convergent
Technologies, Inc.
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Intel Component Data Catalog
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Signetics 8X300 Reference Manual

8X300 Design Guide, Signetics Corporation
8X330 Floppy Disk Controller, Signetics
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ANSI X3.66, American National Standards
Institute, Inc.
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1 OVERVIEW

This Manual 1is for the engineer who writes
service manuals or tests the AWS-220, -230, or
-240 workstation electronics, or who writes or
modifies system software for use with the
AWS-220, -230, or -240.

It is not, however, documentation to support
modifications of the Thardware. The only
provision for the user to add to the system is
the expansion interface connector on the
Motherboard.

The AWS-220, -230, and -240 are designed to run
application software and operate in a cluster,
minicluster, or as standalone workstations. The
AWS-220, -230, and -240 have their own local mass
storage peripherals, the type and configuration
of which is determined by the model number.
European model numbers are determined by adding
500 to the domestic number, that is, an AWS-220
domestic model is an AWS-720 in its European
form,

o) The AWS-220 can support from 128 to 512
kilobytes of RAM (in increments of 64
kilobytes) and has one 5 1/4-in floppy disk
drive with a formatted storage capacity of
315 kilobytes.

o The AWS-230 is identical to the AWS-220, but
has an additional floppy disk drive. The
total formatted storage capacity of the AWS-
230 is 630 kilobytes.

o The AWS-240 can support from 256 to 512
kilobytes of RAM, in increments of 128
kilobytes. The AWS-240 uses a different disk
controller than the AWS-220 and AWS-230 to
support one 5 1/4-in floppy disk drive and
one 5 1/4-in Winchester hard disk drive. The
total formatted storage capacity of the AWS-
240 is 5.3 megabytes.

The AWS-220, -230, and -240 workstations all have
two RS-232-C communications channels and a
Centronics-compatible parallel printer channel.

The AWS-220, =230, and -240 workstations contain

several programmable peripheral ICs and
registers. These are either initialized to
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AWS-220,

default conditions by the CTOS Operating System
during a manual or power-up reset, or they are
supported with programs that are 1linked to the
user's application programs. In addition, the
Operating System's interrupt service programs
often reinitialize or modify the operation of

this logic. The descriptions in the
"Architecture" section document the interface
between software and hardware. A separate
"External Interfaces” section provides a
collection of both hardware and software
interface information for the RS-232-C
communications and printer ports, and the

keyboard interface.

Figure 1-1 shows the functional blocks of the
AWS-220, =230, and -240. The electronics are
housed in a desktop enclosure. The 98-key
keyboard is housed in a separate enclosure and
connected to the base of the desktop enclosure
through a detachable coiled cord. The CRT
display is in another separate enclosure
connected to the base of the desktop enclosure by
a tilt and swivel mechanism. The rear of the
desktop enclosure has five connectors: two
provide for the connection of the workstation
into a cluster daisy chain, one 1is for the
parallel printer channel, and two are for
RS-232-C Channels A and B.

-230, -240 Hardware Manual
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MAJOR COMPONENTS
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AWS-220,

The

major components of the AWS-220, -230, and

-240 workstations are:

O

-230,

a mainframe enclosure that contains every-
thing except the keyboard and video display,

a keyboard enclosure,

a 98-station microprocessor-based keyboard
with eight LED indicators,

a single CPU Board that includes an 8088 or
8086 host CPU, up to 512 kilobytes of parity-
protected RAM, and input/output logic,

a single FDC (Floppy Disk Controller) Board
for the AWS-220 and AWS-230 or a single HDC
(Hard Disk Controller) Board for the AWS-
240. The controller boards both include two
RS-232-C communications channels, a parallel
printer interface channel, and interrupt and
bus control logic.

a Motherboard that connects the CPU Board to
the input/output panel at the rear of the
mainframe enclosure, the keyboard connector,
and the power supply,

a 137-W switching power supply, and

a 19.8 MHz etched-faceplate CRT monitor in a
tilt-and-swivel enclosure.

-240 Hardware Manual



CLUSTER ARCHITECTURE

A cluster 1is a collection of workstations
connected by a data communications line. Each
workstation includes the memory and processing
ability required for the workstation operator.
This type of configuration, called distributed
processing, allows the processing capabilities of
the system to grow uniformly with the number of
users.

Cluster workstations are connected by a high-
speed (usually 307 kilobaud) RS-422 differential
data communications line composed of two twisted

pairs of wires: one for data and one for
clock. This allows for multidrop, half-duplex
operation. A wvariant of +the Advanced Data
Communications Control Procedures (ApCCP)
protocol is used TDbetween workstations for
communications.

A cluster is configured to have one master
workstation, which polls the other workstations
on the cluster. All communications pass between
the master workstation and a cluster workstation;
communication cannot occur directly Dbetween
cluster workstations. The cluster workstations
share the peripheral devices of the master
workstation. The AWS-220 and -230 have their own
mass storage peripherals and can either stand
alone or share peripherals with the master
workstation. Because of its greater mass storage
features, the AWS-240 can operate as a master
workstation.

Mechanically, the cluster is linked in a daisy-

chain configuration. Each cluster workstation
has two 9-pin female connectors connected to have
parallel electrical 1lines. Cluster <cables

~onsist of two 9-pin male connectors joined by a
cable consisting of two twisted pairs of wires
and a ground shield.

The daisy chain consists of cluster workstations
each having one 9-pin connector with a cable that
leads to the master workstation (or to the
cluster workstation between it and the master
workstation) and one cable that leads away from
the master workstation to the next cluster
workstation. Cluster workstations at the end of
the daisy chain have a special termination
connector in place of the cable.

Overview 1-5






2 ARCHITECTURE

INTRODUCTION

This section addresses the needs of the system
programmer who must understand the AWS-220, =230,
and -240 workstation hardware at a functional
block 1level and must understand how to program
the various LSI devices within it.

Figure 2-1 shows the functional blocks of the
logic in the AWS-220, -230, and -240. Each block
in Figure 2-1 is discussed in relation to the
programmable LSI device or devices performing
that function in the workstation. Each
subsection describes the nature of the function
and how it is implemented. Next, specific status
and command registers are examined. Also,
several annotated programming examples are
provided, which can be used as gquides for
understanding how certain devices are operated in
the workstation. Finally, a summary of all of
the input/output ports is given at the end of
this section wunder "Workstation Input/Output
Address Summary."
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8088 AND 8086 CPU BOARDS

Two CPU Boards are available for the AWS-220,
-230, and -240: a standard 8088-based CPU Board,
and an optional 8086-based CPU Board.

The 8088 CPU Board for the AWS-220, =230, and
-240 uses an Intel 8088 microprocessor operating
at 5 MHz with one wait state. The 8088 1is a
cross between an 8-bit microprocessor, such as
the 8085, and a 16-bit one, such as the Intel
8086. Like the 8086, the 8088 has internal
operations and registers that are 16 bits in
length. Unlike the 8086, which has an external
interface that is 16 bits in length, the 8088 has
an external interface to the CPU Board logic that
is 8 bits in length, which allows simpler data
buses and control logic. Strapped to operate in
the minimum mode, the 8088's bus control lines
are similar to those of an 8085.

The 8086 CPU Board is identical in function to
the 8088 CPU Board but uses an 8-MHz Intel 8086
microprocessor. Like the 8088, the 8086 |is
strapped to operate in the minimum mode. The
8086 inserts one wait state during a RAM write
operation and eight during an input/output read
operation. The 8086 CPU Board can also
accommodate additional boards to enhance its
video display capabilities. These advanced video
boards are connected to the 8086 CPU Board
through the J3 connector.

The only user-noticeable difference between the
two boards is that the 8086 CPU Board executes
instructions faster than the 8088 CPU Board. The
increase in execution speed for the 8086 comes
both from its higher clock frequency and also
from its ability to read or write 16 bits of data
in one memory cycle (the 8088 requires two memory
cycles). See Chapters 2 and 4 of The 8086 Family

User's Manual (available from the Intel
Corporation) for more information on the 8086 and
8088. Throughout this section, when it is

unnecessary to distinguish between the 8088 and
the 8086, the microprocessor is referred to as
"the CPU."

8088 and 8086 Instruction Set
The 8088 and the 8086 are machine-language

compatible. The instruction set (see Appendix A)
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Figure 2-1. Workstation Logic.
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is the same for Dboth microprocessors. Two

publications available from Convergent
Technologies, The Central Processing Unit and the
Assembly Language Manual, provide full

explanations on programming the 8088.
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RAM,

PARITY,

AND THE BOOTSTRAP ROM

The RAM array on the CPU Board is Dbased on
dynamic RAM chips, which are 64 kilobits (kb) by
1 bit. The RAM array is arranged in up to eight
rows, with each row containing 64 kilobytes.
Physically, each row has nine 64-kb chips: one
for each of the eight data bits plus one for a
parity bit.

The number of rows of RAM installed on the 8088
or 8086 CPU Boards can vary. In the minimum
configuration, the CPU Board in the AWS-220 and
-230 has only two rows of RAM, providing a total
of 128 kilobytes; the AWS-240 has a minimum of
four rows of RAM, providing 256 kilobytes. In
the maximum configuration, the CPU Board has all
eight rows installed, providing 512 kilobytes.

As shown in Figure 2-2 below, RAM addressing
starts at location O in the address space and
ascends to a maximum address of 7FFFFh when all
eight banks are populated. If a program reads a
RAM location that does not have RAM chips
installed, a value of FFh 1is returned and a
parity error occurs.

The RAM array is accessible by the CPU or an 8257
Direct Memory Access (DMA) controller. When
either device performs a write operation to the
RAM array, a parity bit is stored along with the
eight data bits. If parity detection is enabled
by the CPU (by reading Port FOh) and a RAM
location is read, the nine bits are checked for

proper parity. If an error is detected, the
status of the address bus 1is saved in the
input/output registers, and a nonmaskable
interrupt to the CPU occurs. The nonmaskable
interrupt causes the CPU to branch to the address
contained in 1locations 8, 9, A, and B: the

starting address of error-recovery software. This
starting address uses the Parity Error Register
to determine the error address. The parity error
condition is cleared by reading Port F4h, which
disables parity detection. Parity detection 1is
also disabled when the AWS-220, =230, and =240
are reset, either by a manual or power-up reset.
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0000h
Bank 0 64 kilobytes
FFFFhpb—o — — — — — — — —
1
1FFFFh )
2 128 kilobytes
- ___| (Minimum Configuration for
2FFFFh ; AWS-220 and -230)
3FFFFh +
4 256 kilobytes
AFFFFR L ___} (Minimum Configuration
5 for AWS-240)
5FFFFh
6 384 kilobytes
6FFFFh b— — — — — — — — —]
7 \
7FFFFh !
512 kilobytes
(Maximum Configuration)
Reserved
— for —
-1 Expansion -
BF00Oh
FDC or HDC Note: Each 16-bit
BFFFFh Board Bootstrap ROM word for the 8086
CPU Board is com-
— Reserved — posed of an odd
for byte from an
—_— Expansion e even-numbered
bank and an even
byte from an odd-
numbered bank.
FFOOOh
CPU Board Bootstrap ROM
FFFFFh

Figure 2-2. RAM and ROM Memory Space.

Parity Control Ports and Parity Status Ports

Port F4h

Reading Port F4h disables parity error detection
and clears existing parity error conditions.
Once a parity error occurs, it must be cleared
before another can be detected. The data read
from Port F4h are always FFh.
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Port FOh

Port EOh

Port E4h

Port E8h

Reading Port FOh enables parity error detection
and nonmaskable interrupts. The data read from
Port FOh are always FFh.

Port EOh contains the low-order, 8-bit memory
address of the most recent parity error. If no
error has occurred since the workstation was
powered up, Port EOh is random; it is only
updated when a nonmaskable interrupt occurs. For
Port EOh to be updated, parity detection must be
enabled and previous errors must be cleared.

Register AL

Bit (CPU) Read Information
0-7 0-7

Port E4h is identical to Port EOh except that it
contains bits 8h-Fh of the error address.

Register AL

Bit (CPU) Read Information
0-7 8-F

Port E8h is identical to Port EOh except that it
contains bits 10h-13h of the error address and a
single bit indicating whether DMA was in progress
when the error occurred.

Register AL

Bit (CPU) Read Information
0 10
1 11
2 12
3 13
4 If 1, DMA was active when

the error occurred.
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Bootstrap ROM Firmware
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The bootstrap ROM firmware on the CPU Board is
executed when the workstation receives a manual
or power-up reset, or when the program running in
RAM enters it. The firmware features include:

o Automatic self-test of both hardware and
memory. Any errors are reported to the user
by either an audible alarm and the display of
a unique error code on the keyboard LEDs, Or
the display of a unique error code on the
video display.

o Operating System or diagnostic bootstrap from
a local disk drive, or from (by explicit
selection or if an error occurs) the master
workstation.

o Option menu. Options include loading special
System Image files (such as diagnostics),
dumping the content of RAM to the local disk
drive or the master workstation, testing
communications or repetitive testing of
memory, and running the panel debugger
routine.

Upon entry, the bootstrap ROM tests the hardware,
and checks and tests the amount of memory,
displaying a "*" for every 64 kilobytes tested.
Next, the bootstrap ROM loads the System Image
from the local disk drive or master workstation,
displaying a "." for every sector transferred.

The bootstrap ROM in the AWS-220 or =230 first
attempts to load <Sys>SysImage.Sys from the local
floppy disk drive O. If an error occurs Or a
floppy disk is not inserted, the bootstrap ROM
attempts to load [Sysl<Sys>WS254>SysImage.Sys
from the master workstation over the cluster
communications line.

The bootstrap ROM in the AWS-240 first attempts
to load <Sys>SysImage.Sys from the floppy disk

drive (drive 0). If not successful, the
bootstrap ROM attempts to load <Sys>SysImage.Sys
from the hard disk drive (drive 1). If still

unsuccessful, the bootstrap ROM attempts to load
[Sys]<Sys>WS253>SysImage.Sys from the master
workstation over the cluster communications line.
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Menu Mode

If the bootstrap ROM is unsuccessful at finding a
System Image file at the master workstation,
error B3h occurs (see "Error Codes" below).

When the System Image is being loaded, the video
display shows the message:

T
* %

Leceeeeeeesnaaes (etc.)

If more than 128 kilobytes of RAM are being
tested on the CPU Board, more "*" characters are

displayed. Similarly, a typical System Image
file (CTOS Operating System or diagnostic)
displays several lines of "." characters.

If any key is held down while the bootstrap ROM
is 1initializing, the sequence described above
does not occur. Instead, the Dbootstrap ROM
enters the menu mode, in which the user can
change the type of Operating System, dump the
content of RAM to the 1local disk drive or a
master workstation, run diagnostic tests, or use
the panel debugger (see "Menu Mode" below).

Since the bootstrap ROM uses a variable
identification mode of cluster protocol

(described below under "Cluster Protocol") it
cannot work properly if IWS cluster workstations
on the communications 1line are using a fixed
identification mode.

The bootstrap ROM enters the menu mode when the
user holds down any key while pressing the reset
button on the workstation's Dback panel. The
video display is then initialized, and the
following message appears:

V x.y
Bl CI DI L: M' P, T
where

X.y is the version number of the
bootstrap ROM.

Architecture 2-9



2-10

AWS-220,

An option is selected when the user presses the
appropriate character without using the SHIFT or

RETURN key. The keyboard input routine of the
bootstrap ROM uses the keyboard codes directly
(that is, it does not translate them). Thus,

keys such as SHIFT, CODE, and those on the
numeric keyboard are interpreted as invalid

characters and should not be used. Also, in the
panel debugger routine, the "::" key is used
without the SHIFT key to get the ":" character.

The menu options are: B for bootstrap, C for

communications test, D for dump, L for load, M
for memory test, P for panel debugger, and T for
the type of Operating System.

B Boot. The bootstrap ROM RAM loads the System
Image file. If the T (type of Operating System)
option 1is not selected, the Dbootstrap ROM
attempts to load the System Image file from the
following sources, in order, just as if the reset
button were pressed:

1. 1local floppy disk drive O,
2. 1local hard disk drive 1 (AWS-240 only),
3. [Sys]<Sys>WSnnn>SysImage.Sys (where nnn

equals 254 for the AWS-220 and AWS-230 or 253
for the AWS-240) at the master workstation.

4. [Sys]l<Sys>WS>SysImage.Sys, the default System
Image file, at the master workstation.

If the bootstrap ROM does not find a System Image
file at the master workstation, error B3h occurs
(see "Error Codes" below).

Note that if the T option is selected, the local
disks are not checked for the presence of a valid
System Image file. Instead, the System Image is
loaded from the specified System Image at the
master workstation (see "T Type of Operating
System" below).

C Communications Test. The bootstrap ROM tests
the RS-422 communications channel and DMA
hardware; error codes appear on the video
display. The cluster cables on the workstation
must be disconnected before the communications
test is run.
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D Dump. The content of RAM is dumped to the
local disk drive, or, if an error occurs (such as
if no disk is present), to the master
workstation. The bootstrap ROM will attempt to
dump to the following files, in order:

1. <Sys>CrashDump.Sys at the local floppy disk
drive 0,

2. <Sys>CrashDump.Sys at the 1local hard disk
drive 1 (AWS-240 only),

3. [Sys]<sys>WSnnn>CrashDump.Sys (where nnn is
the workstation number, not type, between 1
and 15) at the master workstation,

4. [Sys]<Sys>WS>CrashDump.Sys, the default
System Image file, at the master workstation.

If neither CrashDump file exists at the master,
error ADh occurs (see "Error Codes" below).

L Load. The bootstrap ROM 1loads the System
Image file from the local disk drive or master
workstation, as described above under "Boot."
However, instead of jumping to the first location
of the System Image, the bootstrap ROM enters the
panel debugger. As soon as the panel debugger is
exited, the System Image executes (see "Panel
Debugger Routine," below).

M Memory Test. The Dbootstrap ROM repeatedly
tests the RAM array. The test is terminated when
the user presses the reset button on the back
panel of the workstation. Any errors cause the
memory test to halt and the appropriate error
code and message to appear on the video display.

P Panel Debugger. This test is entered and
exited as described below in "Panel Debugger
Routine."

T Type of Operating System. When the bootstrap
ROM prompts with "0S:," +the user enters the
number of the desired System Image at the master
workstation and presses RETURN. The file to be
loaded is [Sys]<Sys>WSnnn>SysImage.Sys where nnn
is the numeric code entered in response. Only
the digit keys on the typewriter pad of the
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keyboard should be used, not the keys on the
numeric keypad. The T option influences the
operation of subsequent B and L options.

Panel Debugger Routine
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The bootstrap ROM includes a panel (virtual
console). The panel debugger routine 1is of
limited use as a general software debugger, but
it is useful when the workstation cannot
successfully run the Operating System.

The panel debugger routine is entered when the
bootstrap ROM is in the menu mode and the user
presses P. When the panel debugger routine is
entered, the address of the instruction that
caused it to be entered is displayed in CS:IP
format (see "Register Structure" in The Central
Processing Unit). Next, the panel debugger

routine prompts the user with a "+" character and
waits for a command to be keyed in (as described
below) .

All numbers in the panel debugger routine are
hexadecimal words (never bytes). Addresses are
entered in the format SA:RA, where SA (Segment
Base Address) and RA (Relative Address, that is,
the number of Dbytes from the beginning of the
segment pointed to Dby SA) are entered in
hexadecimal format. The first digit must be
numeric (for example, the wuser enters OFFFF
rather than FFFF). Only the last four digits of
any word are used, although more can be keyed
in. Because it is always remembered by the panel
debugger routine (initially, the SA is FFOOh),
the SA does not have to be keyed in every time.
Thus, an address can be specified by SA:RA, or
just RA. If an input/ output port is specified,
RA is used by the panel debugger routine as the
port address.

Upon entry to the panel debugger routine, the

twelve CPU Word Registers, the 1Instruction
Pointer, and the Flag Register are saved on the
user stack. The RAM location of each register

can be addressed Dby keying in the name of the
register.

The names of the registers (in the order in which
they are located in memory) are: SP, SS, ES, DS,
BP, DI, DX, CX, BX, AX, SI, IP, CS, and FL. The
Byte Registers cannot be specified explicitly,
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since the panel debugger routine does not support
byte memory operations. Note that, due to the
characteristics of the 8086/8088 family of
microprocessors, the AX Register is composed of
the AL and AH Registers, the BX Register is
composed of BL and BH Registers, etc.

The panel debugger routine recognizes the
characters RETURN, NEXT, ";" (printed as ":"),
"/", 0 to 9, and A to Z. Typing other characters

causes the audible alarm to sound and the current

command to terminate without executing. In the
examples given below, the panel debugger routine
displays ‘"xxxx", "=", and the address at the

beginning of those lines that do not begin with
ll+ll .

The panel debugger routine has five commands:

Open/Modify RAM,

Open/Modify Register,
Input/Output from or to a Port,
Set Haltpoint, and

Proceed/Go.

0Oo00O0O

In the Open/Modify RAM command, an address,
followed Dby a "/" character is keyed in to

examine a RAM location. The content of the RAM
location can be either modified or 1left as 1is
(and the next sequential RAM location

examined). The Open/Modify command can also be
terminated without changing the RAM location.

To modify the word at RAM location F00:3Ch to
contain 701h, enter:

+0F00:3C/ xxxX 701<RETURN>
+

To modify words at 0:0 and 0:4 to contain 3FOh
and 23h, respectively, and to examine words at
0:2 and 0:6 without modification, enter:

+0:0/ xxxx 3FO<NEXT>
0000:0002 xxxxX<NEXT>
0000:0004 xxxx 23<NEXT>
0000:0006 xxxx<RETURN>
+

To use the Open/Modify Register command, a
register name is keyed in in response to the "+"
prompt. A "/" character is not required.
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To change the content of the DX Register to
contain AO3h, enter:

+DX xxxx OAO3<RETURN>
+

(Note that OAO3h must be keyed in instead of
AO3h.)

To use the Input/Output from or to a Port command
to input a byte from a port, the user keys in the
address (in the format SA:RA; SA 1is ignored),
followed by the command I. A byte is input from
the port, the byte is displayed, and the command
is terminated.

To use the Input/Output from or to a Port command
to output a byte to a port, the user keys in the
address, followed by the command O. The panel

then displays a "=" character. The user then
keys 1in the byte to be output to the port,
followed by a RETURN. Note that the output

command does not input from the port. This is to
accommodate input/output controllers that change
state when their input/output port is read. Also
note that port operations on the AWS-220, -230,
and -240 are Dbyte, not word, operations. The
workstation input/output ports are 1listed in
Table 2-1 at the end of the "Architecture"
section.

To input the content of Port AOh, enter:

+0A0I xXx
+

To output 7Ah to Port Alh, enter:

+0A10=7A<RETURN>
+

The Set Haltpoint command sets a haltpoint when
the user keys in the RAM address, followed by the
command H. This sets an internal panel debugger
routine flag and stores the address for later
use. When the panel debugger routine is exited,
by pressing G (Go) or P (Proceed), the haltpoint
is inserted in RAM at the specified address.
Only one haltpoint can be set at a time; if more
than one is specified, the one set most recently
is used.
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When the haltpoint is executed, the original
instruction is restored and can be executed using
the command P. The panel debugger routine
remembers the existence and location of a
haltpoint by storing information in the 16 bytes
reserved at 0000:01FOh.

To avoid conflict with the the single-byte INT 3
instruction of the Operating System Debugger, the
haltpoint is a 2-byte instruction (INT 7Ch). If
the haltpoint is set as a single-byte
instruction, and there is a jump to the next
instruction, the result is unpredictable. A
haltpoint cannot be set in ROM.

Setting a haltpoint at the current CS:IP causes
the panel debugger routine to Dbe reentered
immediately if the user presses the command P. A
haltpoint at the same address is reestablished by
setting the haltpoint at the next instruction,
proceeding, setting the haltpoint at the desired
address, and proceeding again.

To set a haltpdint at 1E21:C3H, enter:

+1E21:0C3H
+

To reestablish the haltpoint at 1E21:C3h after it
is encountered, enter:

1E21:00C3

+E21:0CxH (address of next instruction,
not the next byte)

+P

1E21:00Cx

+1E21:0C3H

+P

The panel debugger routine is exited either when
the user presses the command P (Proceed), or keys
in an address, followed by the command G (Go).
In the first case, execution is resumed at the
current CS:IP, which is saved on the stack. 1In
the second case, execution 1is resumed at the
specified address.
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To proceed from the current CS:IP, enter:
+P
To go from 1E43:90h, enter:

+1E43:90G

Firmware Functional Description
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Cluster Protocol. Cluster architecture 1is
discussed in detail in the System Programmer's
Guide. The general protocol o<¢f the Operating
System dictates that the master workstation poll
the cluster workstations, and the master
workstation and the cluster workstations exchange
messages. The protocol requires that every
workstation on the cluster communications line
(or all workstations in a minicluster) have a
unique workstation identification number.

The master workstation initiates all
communications; a cluster workstation recognizes
messages intended for it by the workstation
identification number. The cluster workstation
picks a workstation identification number by (1)
monitoring the c¢luster communications 1line to
find an unused one, (2) taking an unused number,
and then (3) monitoring the cluster
communications line again to see if it Thas
collided with another workstation that may have
picked the same number. If a collision occurs,
both workstations wait a random time interval
before restarting the search for another
identification number.

The workstation identification number can be
between 1 and 15, the largest number of cluster
workstations allowed on a single cluster
communications line. Identification numbers are
not the same as user numbers. User numbers are
assigned to cluster workstations by the Operating
System of the master workstation and are
different for every workstation in a cluster.
Identification numbers are determined by the
cluster workstations and are duplicated on the
different cluster communications 1lines of a
cluster, since a cluster can have up to four
separate communications lines.

The actual protocol used for cluster
communications 1s a subset of the American
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National Standard for Advanced Data
Communications Control Procedures (ADCCP), as
defined in ANSI X3.66, published by the American
National Standards Institute, Inc. The sequence
used during the dump and bootstrap routines is
illustrated in Figure 2-3 below. The protocol
symbols are:

Symbol Meaning

SNRM Set Normal Response Mode

RIM Request Initialization Mode
SIM Set Initialization Mode

XID Identification Frame (contains

workstation type)

up Unnumbered Poll

UI Unnumbered Data Frame

RD Request Disconnect

DISC Disconnect

UA Unnumbered Acknowledge

UI' Unnumbered Data Frame (with

termination data)

Bootstrap Interface Block. When a program is
loaded, and before execution is transferred to
it, the bootstrap ROM places a 16-byte structure
in memory with a pointer to it at 1location
1FCh. The structure of the bootstrap interface
block is:

BootBlock: RECORD
pProgramStart,
pCtosBuffer: POINTER:
DumpDevice,
BootDevice,
WsType,
DumpWsNumber/DumpErrorCode,
BootWsNumber,
unused,
unused,
unused: BYTE:
END;
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Dump:
Master Workstation Bootstrap ROM
SNRM »
SNRM -
SNRM >
- RIM
SIM -
- XID
up »
- Ul
up >
- Ul
uP .~
-t RD
DISC .
-« UA
Bootstrap:
Master Workstation Bootstrap ROM
SNRM -
SNRM >
SNRM >
- RIM
SIM »
< XID
up -
-t UA
UI -
-« UA
Ul P>
- UA
U1’ >

Figure 2-3. Communications Dump and Bootstrap Protocol.
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The dump and bootstrap device numbers are either
0 (failed), 1 (floppy disk drive 0), 2 (hard disk
drive, on the AWS-240 only) or 3 (communications

line). The workstation type (WsType) is either
253, 254, or some other type selected using the T
option on the menu (see Menu Mode above). Dump

and bootstrap workstation identification numbers
(WsNumbers) are those that the bootstrap ROM
picked during the dump and/or the bootstrap. If
the dump failed, the failing error code is saved
in the DumpWsNumber field.

The CTOS Operating System also examines the ROM
type number, which 1is a word (80h for the
bootstrap ROM) found at location FFFF:0006h. Any
application that wants to access this ROM type
number must do so with parity disabled or a
parity error results.

CTOS Operating System Buffer. The bootstrap ROM
saves a 64-byte buffer for the CTOS Operating
System. The CTOS Operating System has a pointer
to the buffer at location 0000:0240h. The buffer
must lie beyond the first 6 kilobytes of RAM,
which are the Dbootstrap ROM's work area. The
bootstrap ROM copies the buffer into its work
area and sets the pointer (pCtosBuffer) to this
copy in the Bootstrap Interface Block. The CTOS
Operating System uses this pointer to recover the
buffer after it has been bootstrapped.

Bootstrap Errors

When the workstation is bootstrapped, it goes
through diagnostic and bootstrapping routines,
which are resident in the ROM of the CPU. When
an error 1is detected by the bootstrap ROM, the
error code appears on the video display. For EO
and El1 error codes only, the audible alarm is
cycled on and off five times and the error code
appears on the keyboard LEDs.

Errors During Bootstrap or Dump . The
communications bootstrap or dump routines do not
stop to report an error if there is no activity
on the RS-422 cluster communications line. This
can occur when the cable to the master
workstation 1is disconnected, when the master
workstation crashes, or when the master
workstation is disabled by the Disable Cluster
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utility. When the connection with the master
workstation 1is reestablished, the Dbootstrap or
dump routine automatically starts (indicated on
the video display by a "." for every sector
transferred).

Interpreting Keyboard Error Codes. The EOh and
Elh error codes are displayed on the keyboard
LEDs. They are interpreted as follows.

LED Error EOh Error Elh
OVERTYPE on on
LOCK on on
Fl on on
F2 off off
F3 off of £
F8 off of £
Fo of £ off
F10 off on

Error Codes. For most of the error codes listed
in hexadecimal format below, there is also a list
of possible causes for the error (listed with the
most likely cause first).

AWS-220 and -230 Floppy Disk Drive Errors

Error Code

00-02

03

2-20

Message/Meaning/Possible Causes

Unused

Timeout waiting for an interrupt after a seek
command.

The floppy disk controller did not interrupt the
CPU after being issued a seek command.

Check: 1. that the operator did not open
the door of the floppy disk
drive, or

2. the seating of the FDC and CPU
Boards on the Motherboard.

-230, —-240 Hardware Manual



AWS-220 and -230 Floppy Disk Drive Errors

Error Code

Message/Meaning/Possible Causes

04

05

06

07-08

09
OA

Data bit set.

The data input/output bit of the Floppy Main
Status Register (Port 80h bit 6) is continually
set to 1. The CPU cannot issue a command to the
floppy disk controller.

Check: the FDC Board (8272).

Data bit not set.

The request for master bit of the Floppy Main
Status Register (Port 80h bit 7) is never set
to 1. The floppy disk controller can neither
accept a data byte from the bus master nor send a
byte to the bus master.

Check: the FDC Board (8272).

DMA not done.

The Byte Count Register of the 8257 Channel 0
never decremented to 0, which means that the DMA
operaton never finished.

Check: the CPU Board (8257).

Unused

Run file checksum error.
File header invalid.

The System Image file on the floppy disk in drive
0 does not contain a valid run file. Si