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GUIDE TO TECHNICAL DOCUMENTATION
This Manual is one of a series that documents the
Convergent™ Family of Information Processing
Systems. The series includes:
o} Technical Summary
o Workstation Hardware Manual
o) Peripherals Hardware Manual
o Central Processing Unit
o CTOS™ Operating System Manual
o Executive Manual
o Editor Manual
o BASIC Manual
o FORTRAN Manual
o COBOL Manual
o Pascal Manual
o Assembly Language Manual
(o) Debugger Manual
o) Utilities Manual
o Data Base Management System Manual
o 3270 Emulator Manual
o System Programmer's Guide
o Operator's Guide

This section outlines the contents of these
manuals.

The Technical Summary briefly describes the
hardware and software of the Convergent Family of
Information Processing Systems. It summarizes
the other manuals in one volume. It may be
helpful to read this overview before reading the
other manuals.
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The Workstation Hardware Manual describes the
mainframe, keyboard, and video display. It
specifies system architecture, printed circuit
boards (motherboard, processor, I/O-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 Central Processing Unit describes the main
processor, the 8086. It specifies the machine
architecture, instruction set, and programming at
the symbolic instruction level.

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.

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 languages.

The Editor Manual describes the text editor.

The BASIC, FORTRAN, COBOL, Pascal, and Assembly

Language Manuals describe the system's
programming languages. Each mannual specifies
both the language 1itself and also operating
instructions for that language. For Pascal, the

manual is supplemented by a popular text, Pascal
User Manual and Report.

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. (BASIC and COBOL, in
contrast, are more conveniently debugged using
special facilities described in their respective
manuals.)
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The Utilities Manual describes miscellaneous
programs such as the Linker, which links together
separately <compiled object files, and the
Asynchronous Terminal Emulator.

The Data Base Management System Manual describes
the data base management system. It specifies
(1) the data definition language, which defines
the logical structure of data bases and
separately defines their physical organization,
(2) the host language interfaces for accessing
data bases from each of the system's programming
languages, and (3) the utilities for creating,
loading, unloading, and reorganizing data bases.

The 3270 Emulator Manual describes the 3270
emulator package.

The System Programmer's Guide addresses the needs
of the system programmer or system manager for
detailed information on operaating system
structure and system operation. It describes (1)
diagnostics, (2) procedures for customizing the
operating system, and (3) system utilities
normally used only by a system programmer or
manager, for example, Initialize Volume, Backup,
and Restore.

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.
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PREFACE

INTENDED AUDIENCE

The Workstation Hardware Manual deals with the
mainframe (processing, memory and I/0-control portions
of the system), the keyboard and the video subsystem
for a workstation configuration of the system. The
Peripherals Hardware Manual deals with the mass
storage (floppy disk and Winchester disk) portions of
the system.

The manual is intended for OEM engineers who will test
or service the system electronics. It 1is not,
however, intended as documentation of production-level
testing nor is it designed to support modifications of
the hardware. Convergent Technologies does not
support modifications to its boards other than those
predetermined by design, such as jumper options; the
only provision for user additions to the system are
through the Multibus¥* interface slots on the mainframe
and through the conventional serial and parallel I/0
connectors on the mainframe.

SOFTWARE CONTENT

The system contains several programmable peripheral
ICs and registers. All of these are either
initialized to default conditions by the standard
operating system during power-up/Reset and/or they are
supported with preprogrammed routines in the system
library that can be bound to user's application
programs. In addition, the operating system's
interrupt service processes often reinitialize or
modify the operation of this circuitry.

The descriptions given under the "Software Interface"
sections of certain chapters document the interface
between these software events and the hardware. With
this exception, the manual concentrates exclusively on
hardware.
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CONVENTIONS

All numbering of bits in a word, bits on a bus line
and I/0-port addresses is done in hexidecimal
notation, with decimal equivalents included in
parentheses for reference to CT software manuals. For
example, the 20 bits in an address are numbered from
0, the least significant bit, to 13 (19 decimal), most
significant bit; the signal lines on 16-bit data
buses are numbered from 0 to F (0 to 15, decimal).

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

Signal Logical Voltage
Name State Level
RD- 0 (active) Low

1 (inactive) High
RD+ 0 (inactive) Low
1 (active) High

# Multibus is a trademark of 1Intel Corporation.
Throughout this manual the name is used as a
synonym for the IEEE 796 Microcomputer System Bus
Standard, which is derived from the Multibus.

The convention usad here corresponds to the Multibus
convention as follows:

CT Multibus IEEE 796
Convention Convention Convention
RD=- RD/ RD#

RD+ RD RD

In all other respects, our convention is the same as
the Multibus convention.

REFERENCES

There 1is a reference section at the end of most
chapters in this manual. These sections contain a
variety of lists summarizing hardware-related
functions. The appendices at the end of the manual
contain additional reference material.

Since the system contains several programmable devices

whose hardware functions and software interfaces are
only briefly summarized in this manual, readers are
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likely to want occassional reference to the following
manufacturer's literature:

Intel 8086 Family User's Manual
Intel Component Data Catalog
Zilog Z80A-SI0O Technical Manual

Several new terms are introduced in the course of this
manual. Generally, they are explained when first used
but the Glossary at the end of the manual gives
explanations of these terms.
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OVERVIEW

1. SYSTEM ARCHITECTURE

The workstation system supports interactive
single-job, multi-task data processing. It can
be operated in either a stand-alone or multi-drop
(distributed) environment.

The configuration has many similarities with
larger mainframe computers: substantial main
memory is available (up to 1 megabyte), hard disk
storage is available either directly to the user
or through a shared-disk cluster, and rapid pro-
cessing and I/0 are possible.

The system is dissimilar to larger mainframes,
however, in that the system operator is usually
the principal user; a high-resolution CRT moni-
tor and a keyboard with programmable functions
are integral parts of the operator's interface.
Moreover, a convenient and widely-used bus struc-
ture (Multibus) 1is provided in the dual-bus
architecture for the addition of user-designed
hardware.

Figure 1-1 gives an overview of the system ar-
chitecture. A high-performance 16-bit 8086 mi-
croprocessor forms the heart of the system and
ultimately controls al% activity. The internal
bus (called the CT-BUS'™ or "local bus") for the
workstation system supports the following re-
sources:

o video control and high-resolution CRT
video display monitor.

o 8086 central processor, with optional
8087 coprocessor for hardware floating-
point operations.
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THE MAINFRAME

o ROM or PROM, up to 144 kilobytes.
o Dynamic RAM, up to 992 kilobytes.

o Disk control interface, to external hard
and floppy mass storage subsystems.

o DMA controller, for high-speed I/0 1in
transfers involving video, disk and com-
munications, and Multibus.

0 Interfacing for two serial communications
channels, one of which can be controlled
by the DMA logic.

o Keyboard interface and keyboard.

o Centronics-compatible parallel printer
interface.

0 A programmable interval timer.

o Interrupt control for local and Multibus
interrupts to the 8086 CPU.

o A standard IEEE 796 (Multibus) interface
for two or four user-supplied boards.

The local bus, which operates asynchronously with
and is electrically separate from the Multibus,
has its own high-speed protocol for access by the
local resources it supports. The memory is the
only local-bus resources accessible from the
Multibus.

The workstation configuration includes an opera-
tor's keyboard and CRT monitor. Other configura-
tions of the system may not include the keyboard
or CRT.

Figure 1-2 illustrates the mainframe for a work-
station configuration. It is a set of hardware
components that includes a processor (CPU) board,
an I/0-memory board, a motherboard (backplane), a
video control board, a console (system switches),
a power supply and a fan. The mainframe may
optionally control a RAM expansion board, a ROM
expansion board, and two or four Multibus
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MEMORY

boards. If both the RAM and ROM expansion boards
are installed, they are stacked onto one main-
frame motherboard connector. All boards in the
mainframe are contained in a single physical
enclosure, although different types of enclosures
are used in different mainframe configurations.

The processor board includes the following pro-
grammable integrated circuits:

o 8086 central processing unit (5 MHz,
standard; 8 MHz, optional).

o 8087 numeric data processor (optional)
for high-speed arithmetic operations.

o ROM or PROM, up to 16 kilobytes.

o A four-channel DMA controller (8237-2 or
9517.

o An 8259A eight-level interrupt controller
for maskable interrupts from the 1local
bus or the Multibus.

The I/0-memory board includes these integrated
circuits:

o Dynamic RAM, up to 512 kilobytes.

o Z-80 SIO/2 serial 1I/0 controller for
dual-channel communication interfacing.

o 8253 interval timer, for communications
baud-rate generation and wuser applica-
tion.

o 8251A UART for asynchronous interfacing
to the operator's keyboard.

Figure 1-3 illustrates the system's memory-ad-
dress space. The maximum 1-megabyte (1024-kilo-
byte) space is illustrated, although many systems
will have only a portion of this space populated
with memory chips.

RAM memory occupies the low addresses and can
expand to higher addresses in a variety of incre-
ments. The 1lowest space in RAM contains the
interrupt table, the operating system, and the
I/0 buffers.
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ROM memory occupies the high addresses and can
expand to 1lower addresses in various incre-
ments. The highest space in ROM contains the
bootstrap program.

The term "main" ROM or RAM in Figure 1-3 refers
to memory chips physically located on one of the
two required boards in the mainframe: the pro-
cessor board for ROM and the I/0-memory board for
RAM. The term "expansion™ ROM or RAM refers to
chips located on one of the optional memory ex-
pansion boards.
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INPUT/OUTPUT

While the 8086 ultimately controls all activity
on the local bus (and, optionally, on the Multi-
bus), much of the I/0 associated with the 1local
bus is controlled by the 8237-2 DMA logic.

The following table presents an overview of how
data transfers are controlled. The terms "CPU"
and "DMA" refer to the 8086 and 8237-2 chips on
the local bus.

Data
Transfer Method
Video DMA
Hard Disk DMA
Floppy Disk DMA
Communications DMA or CPU
Keyboard CPU
Printer CPU

Of the two communication channels (A and B), only
channel A can be configured to use DMA service;
this channel can have either an RS-232 or an RS-

422 interface.

MULTIBUS INTERFACE

Information in memory can be accessed across the
Multibus interface within various memory-address
ranges (windows), as depicted in Figure 1-4. The
windows are selected by switches on the mainframe
boards and they are different, depending on the
direction in which the transfer are made: there
are three choices for cases in which the local
8086 is controlling the transfer, and four
choices for cases in which a Multibus CPU or DMA
is controlling the transfer.

The I/0 resources supported by the local bus are
dedicated, in the sense that they can only be
accessed by a local master (i.e., the 8086 CPU or
the 8237-2 DMA controller). Multibus devices
cannot directly access the local I/0 resources;
they are limited to accessing local memory. The
local 8086 CPU, however, can access Multibus I/O
resources.
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2. FUNCTIONS AND INTERFACES (Processor andéd I/0-Memory Boards)

This chapter describes the functions of the major
buses, 1logic Dblocks, and hardware interfaces
provided on the processor and I/0-memory
boards. Software interfaces for the programmable
chips and registers on these boards are also
described. The video control boards, disk con-
trol boards and other components of the system
are not covered in this Chapter; their functions
and software interfaces are described in other
chapters.

DUAL BUS ORGANIZATION

In its most basic configuration, the mainframe
for the system consists of a processor board, an
I/0-memory board, and a motherboard. The main-
frame contains the primary bus structure for the
system, a structure which incorporates two sets
of buses as illustrated at the top of Figure 2-
1:

0 Local Bus: This is the bus that links the
entire mainframe. It includes a 20-bit
local address bus (LAO to LA13, hex), a
16-bit local data bus (MEMO to MEMF, hex)
and an 8-bit local I/0 bus (IOBO to IOBT7),
plus several control lines. The local bus
also includes as a subset the processor
bus, a collection of 20 time-multiplexed
address/data lines (ADO to AD13, hex) plus
several control lines.

o Multibus: This is the standard IEEE 796
86-pin microcomputer system bus provided
for user-supplied boards. It is not used
for CT boards, but Multibus board slots
are provided on the mainframe motherboard
gnd these slots interface to the 1local

us.

In Figure 2-1, the mainframe consists of all the
blocks except the shaded drawings of peripheral
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devices (the CRT, keyboard, printer, disk control
and disk); the video control logic is omitted
from the mainframe in certain configurations.

Only address and data buses are shown here;
control lines are not included in this diagranm.

The processor bus subset of the local bus ser-
vices only the 8086 CPU and the optional 8087
Numeric Data Processor (NDP). Both of these
processors have nearly identical pinouts which
are tied together by their shared bus. The chips
use address/data multiplexing, and it 1is the
function of the local bus interface to demulti-
plex and latch these lines for convenient use by
other devices attached to the local bus and the
Multibus.

The remainder of the local bus services all of
the memory and I/0 peripherals provided by CT.

The 20-bit local address bus, LAO0O-LA13 in Figure
2-1, carries addresses from the local CPU (8086),
the local DMA chip (8237-2), or a Multibus mas-
ter. The addresses reach all of the memory-re-
lated resources, including the local ROM, RAM and
video control logic. Through the Multibus inter-
face, addresses placed on this bus by the local
CPU that are within certain switch-selectable
memory ranges (windows) can be directed to the
Multibus. Similarly, Multibus masters can ad-
dress 1local-bus memory resources within another
set of switch-selectable ranges.

The ROM and RAM logic blocks shown in this figure
represent both main ROM and RAM (i.e., memory
chips installed on the processor or I/0-memory
board) as well as expansion memory (i.e., memory
chips 1installed in the ROM or RAM expansion
boards). The video control logic is physically
contained on its own board which plugs into the
nainframe motherboard, and a cable connects the
motherboard to the external CRT.

The 16-bit local data bus, MEMO-MEMF in Figure
2-1, connects the demultiplexed processor data
bus with the local ROM, RAM, video control, disk
control interface, printer control and local I/0
bus interface, as well as being buffered through
to the Multibus. Note that the disk control
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interface and the printer interface connect to
this bus instead of to the local I/0O bus. The
disk control board(s), to which the disk control
interface logic connects, are located with the
disk drives themselves. The printer-interface
logic constitutes the entire printer interface
(Centronics compatible) provided on the CT sys-
tem,

The 8-bit local I/0 bus, IOB0-IOB7 in Figure 2-1,
is buffered off of the local data bus to service
the DMA logic, interrupt control, keyboard inter-
face, interval timer and communications inter-
faces. The keyboard contains its own micropro-
cessor and is attached to the 8251-based keyboard
interface 1logic through a serial cable. The
communications control block includes cable con-
nectors on the mainframe enclosure to which
standard RS-232 and RS-422 cables can be attach-
ed; two separate channels, A and B, are avail-
able. The entire local I/0 bus is strictly re-
served for local resources in the sense that it
has no interface with the Multibus and cannot be

addressed by a Multibus master. The two serial
communications channels on the mainframe provide
access to and from external devices.

The processor bus and the rest of the local bus
operate in an intimately linked protocol. The
local bus and Multibus, by contrast, operate
asynchronously. .

Word accesses by the CPU may have even or odd
addresses on either the local bus or Multibus;
the only distinction is that odd-addressed word
accesses cause two bus cycles instead of one.
For DMA transfers on the local bus, however, only
word transfers are made; the LAO line on the
local address bus is always forced to O. For
transfers from the local data bus to the local
I/0 bus, only the lower byte is seen by the lat-
ter bus.

Local and Multibus Separation

The separation of processor bus from local bus is
almost a necessity, given the fact that the mul-
tiplexed processor lines need to be demultiplexed
before they can be used conveniently. The asyn-
chronous separation between local bus and Multi-
bus, however, is not imposed by design restric-
tions but rather results from a conscious effort

to achieve three objectives:
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o Speed: Local bus masters (the 8086, 8087
and 8237-2) can optimize their access to
the local bus because they use a bus-ar-
bitration protocol that is more efficient
for their well=-defined environment than
the bus=request/bus-acknowledge protocol
used on Multibus.

o Protection: By controlling the access of
Multibus signals to the local bus (a task
handled by the local DMA logic) the local
bus can protect itself and its memory re-
sources from unauthorized or electrically
anomalous interaction with the Multibus.

o0 Parallel Processing: Because the 1local
bus is electrically separate from the
Multibus, connected only through buffers
that can be controlled from the local bus,
both buses can operate simultaneously but
separately. That is, the local CPU and a
Multibus CPU can operate simultaneously as
long as they do not require access to
resources on the opposite side of the
Multibus interface.

The local bus appears as simply another Multibus
module to Multibus masters trying to gain access
to local resources. In order to gain access to
those portions of local memory that are open to
them through the switch-selectable memory-space
windows, Multibus masters must go through their
standard protocol of raising their bus-request
(BREQ/) 1line and awaiting a bus-priority-in
(BPRN/) signal through the priority-resolving
network.

Local bus masters, on the other hand, have faster
and more direct priority-resolving methods for
access to their own bus. On one hand, both the
8086 and 8087 watch the same instruction stream
being fetched from memory and they execute a
mutually exclusive set of instructions; more-
over, they have a request/grant handshake that it
synchronized by their shared clock. On the other
hand, the DMA logic watches status lines from the
CPU and is able to anticipate when the bus will
become free before the CPU has finished executing
an instruction. This results in faster access to
local memory than is possible for Multibus mas-
ters.

2=5



Either the DMA chip or a Multibus master can use
the local bus between CPU bus cycles, during non-
bus CPU cycles or when the CPU is waiting for
permission to use Multibus slave resources.

Local Bus Interface

The logic block in Figure 2-1 that represents the
interface between the processor bus and the re-
mainder of the local bus (local bus interface)
includes several functions beyond the demulti-
plexing and latching of the processor's ad-
dress/data bus. It also includes the bus control
logic (organized around an 8288 bus controller
chip), the processor address decode logic, and
the local I/0 address decode logic.

The 8288, which handles 1local bus control by

watching the CPU's status 1lines, also has an

interface to the Multibus through a trans-
ceiver. This arrangement puts read/write com-

mands on the Multibus when the local CPU is the

Multibus master.

The processor address decode 1logic determines
what logic block (on the processor board, I/0-
memory board, or user-installed Multibus boards)
a CPU instruction refers to. It thereby deter-
mines whether the local bus should connect to the
Multibus. This logic also connects to the local
I1/0 address decode logic, to the 8086, the op-
tional 8087 and the 8237-2 DMA chip.

The buffers on the local bus interface are bi-
polar (TTL-type) in order to achieve high speed
and drive. Similarly, the buffers that interface
the local address (LA) and local data (MEM) buses
to the many devices attached to these buses use
bipolar buffering for the same reason. This is
in contrast to the devices on the local 1I/0 bus,
which have only internal MOS buffering and are
much slower.

Local I/0 Bus Interface

The local I/0O bus interface consists entirely of
a TTL transceiver connecting the local data (MEM)
bus and the local I/0 bus. The devices attached
to the local I/0 bus are all 8-bit MOS devices
with no additional buffering beyond their inter-
nal pin buffering, and their drive capacity is
limited to the devices on the local I/0 bus with
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which they interact. Because these devices in-
herently operate more slowly than those on the
local data bus, they require three additional
clock cycles (Wait states) beyond the read/write-
cycle specifications given in the 8086 data
sheet.

Multibus Interface

As mentioned above, the Multibus interface pro-
vides standard Multibus slots for user-installed
boards. A later chapter defines the standard
interface by reference to the related IEEE docu-
ment.

The Multibus is interfaced electrically to the
local bus through bipolar transceivers which are
controlled by the local DMA logic. In addition
to this buffering, the Multibus interface con-
tains the Multibus control logic (rebuffered from
the 8288 in the local bus interface), the Multi-
bus address-decode 1logic for determining which
memory and I/0 addresses are meant for it, and
the arbitration 1logic (primarily and 8289) for
determining when the local masters can get the
Multibus.

The local bus can generate a 10 MHz bus clock for
the Multibus or it can receive clocking from the
Multibuss this option is switch-selectable.

Interprocessor communication between the 1local
bus and the Multibus is supported by the standard
LOCK prefix for 8086 instructions, which can be
used to implement test-and-set semaphores or
other synchronization primitives in software.

Interaction between the local bus and the Multi-
bus can take place in both directions; i.e., it
can occur with the 1local CPU acting as master
(called a "Multibus master access") or with a
Multibus board acting as master (called a "Multi=-
bus slave access").

Multibus Master Access

When the local CPU is master of the Multibus,
hardware switches on the processor board deter-
mine which memory-address ranges, if any, refer
to memory resources located on the Multibus
rather than the local bus. A 96-kilobyte or 352-
kilobyte range within the total 1-Megabyte ad-



Priorities

dress space can be selected for these accesses.
For local CPU access to Multibus 1/0 devices,
whenever an I/0 address does not pertain to a
local bus device, Multibus I/0O devices will be
accessed.

Multibus Slave Access

Hardware switches on the processor board and
software-programmable bits in the local DMA logic
control whether a Multibus board can become mas-
ter of the local bus and, if so, to what areas of
memory. The range of local address space ac-
cessible to a Multibus master can be set at 16
kilobytes or 512 kilobytes. Only memory accesses
(including the video buffer in memory) are per-
mitted.

Memory accesses from a Multibus master may be
either byte or word aligned. As in conventional
8086 usage, if word accesses have odd addresses
they will take two bus cycles instead of one.

Priorities for access to the local bus, from
highest to lowest, are as follows:

1. Multibus-master accesses to local memory,
in which the local DMA logic arbitrates
access but the Multibus master generates
addresses.

2. Channel A communications access to and
from local memory, in which the local DMA
chip generates addresses. (Channel B com-
munications are not serviced by the DMA
logic and have a priority of 5, since it
uses the CPU for transfer control).

3. Disk accesses (floppy or hard disk) to and
from local memory, in which the local DMA
chip generates addresses.

4, Video-refresh accesses from local memory,
in which the 1local DMA chip generates
addresses.

5. 8086/8087 use of the local bus, in which
the 8086 or 8087 generates addresses.
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Bus Timeout

When 1local bus usage involves memory there are
two 1levels of contention involved: the first
level of contention is for the bus itself, as
described above, The second level is for the
memory. At this second level, memory refresh
always has priority over bus masters.

Access by the 8086 and 8087 is given equal prior-
ity. These two devices compete with each other
for the local bus with a request/grant handshake
that is synchronized to their shared clock.

The system causes a 6-millisecond bus timeout if
a memory location or I/0 port does not respond
when it is addressed. The timeout will affect
accesses of local-bus masters to local-bus
slaves, local-bus masters to Multibus slaves, and
Multibus masters to local-bus slaves. Timeouts
between Multibus masters must be provided
independently of the local timeout.

The enabling/disabling of the timeout function
interrupt is done with a bit in the I/0 Control
Register (IOCR); a non-maskable interrupt is
caused whenever the memory or I1/0 device does not
respond within the allotted time. The mechanism
is designed to protect the local bus's functions
ageinst faulty or non-existent slave devices,
unplugged cables, faulty programs, or other un-
forseen problems.
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THE 8086 AND 8087 PROCESSORS

The 8086 CPU

The CPU for the system is an Intel 8086. A 5-MHz
version is standard but an 8-MHz version is of-
fered as an option. The chip is operated in its
Maximum Mode.

The 8086 achieves high performance in part
through pipelined architecture. This architec-
ture combines a 16-bit internal data path with
prefetch registers which permit instructions to
be fetched from memory and queued for execution
during bus cycles that would otherwise go unused.

The 16=-bit registers include four registers used
to store and update base addresses for memory.
Figure 2-2 illustrates the manner in which the
contents of two 16=-bit registers are manipulated
to obtain 20-bit addresses, allowing a 1-megbyte
address space. The segment register, one of the
four registers referred to above, holds the base
address for a given logical segment of memory.
The offset for the address is obtained from one
of the 8086's general-purpose registers or from
memory. Whenever memory is accessed, a physical
address is obtained from a 1logical address by
shifting the segment base four bits to the left
and adding the offset.

For more background on the 8086, see the Intel
8086 Family User's Manual.

The 8087 Numeric Data Processor

The optional 8087 numeric data processor (NDP) is
a coprocessor which can improve system throughput
dramatically in some applications. Coprocessing
is a special case of multiprocessing, one in
which both processors execute from a single in-
struction stream.



SEGMENT
REGISTERS

8086

REGISTER
M |
| I .
| (0022 | Offset—b 10022 (10,240%)
: | ~base —» [12 3 4[0] (1,239 )
I
| | st
l ' 12362 ‘—-(HEXIDECIMAL) (11’479 )
| |
|
12334 :
|
1
I
1
L 1

* Fffective when shifted
right 4, 640 x 16 = 10,240.

Figure 2-2. 8086 Address Generation



In the 8086-8087 combination, both processors
operate in unison. They monitor the same in-
struction stream and execute selected instruc-
tions from it. For example, while the 8086 deals
with memory segmentation, calculating the addres-
ses of operands in memory, the 8087 can perform
complex arithmetic and 1logic operations that
would otherwise take the 8086 much longer to
compute.

The 8087 can filter out its own instructions as
they appear on the bus that it shares with the
8086. The 8086 calculates the memory address for
the initial operand, if any, and puts that on the
bus. The 8087 1latches this address, reads the
operand, and begins to execute the required nu-
merical operation, leaving the 8086 free to pro-
cess non-numeric commands. The 8087 takes con-
trol of the bus only when necessary, to load and
store operands.

The 8087 can be viewed as an architectural ex-
tension of the 8086. It in effect extends the
register resources and instruction set of the
CPU. Programming the 8086-8087 combination is
essentially the same as programming a lone
8086. From the programmer's standpoint the 8087
simply provides 68 new instructions and data
types (seven in all) on top of those provided by
the 8086.
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Software Interface
8086 CPU

The 8086 uses the full instruction set, which is
summarized in Figures 2-3 and 2-4.

To fully understand the programming of the 8086,
the following publications are recommended:

o Convergent Technologies Central Processing
Unit
o Convergent Technologies Assembler Manual

Descriptions of the 8086 memory and I/0 inter-
faces are given later in this chapter. The mem-
ory address space accessible to the 8086 depends
not only on the amount and location of physical
memory chips installed in the system but also
upon the jumper-selected windows between local-
bus and Multibus address spaces.

8086 addressing of I/0 ports can be affected by
the setting of bit C in the I/0 Control Register
(IOCR), which is described under the "Interrupts"

section of this chapter.



BATA TRANSFER

ROV - Howe:

Registed imemory 10/1:0m register
Wnmadiaie (0 18Q13ier imemory
Emmediate 10 register

Hemory 10 dccumulator
Accumulator 10 memory

Aegister /memory 10 segment regisier
Segment cegisier 10 tegister memory

PUSK  Push.
Register /memory
Ragrstec

Segment reqisier

POP - Pop
Ragrster /memory
Ragister
Segment register

ZCKE + Exchange.
Register /memory with regrster
Rggaster with accumutaton

= lnput from
Funed port
Vorabie port

OUY = Qumput to.

Fraed port

Varubie port

RULAT: Transiste byte 10 AL
LEA=Load A to tegister
B3 -Load pormer to 0S
LES-Load pomter to ES
LABF L o2d AN enth flags
BANF - Siore AN io flags
PUSHF =Push Nags

POPE - Pop tlags

ABITHMETIC

200 - Age:

Rag Imemory wiih regrsiar 19 either
nmediate 10 register/memory
tmmediaie 1o accumuiator

ABC - Agd with carry:

ey /mamory wih register 1o erher
Bnmediate 10 register /memory
mmediste o accumuidtor

€ - imcroment:
Regestar/memory

Register

AM~ASCH adjust tor add
BAR-Decimal adpst for 86

BUS - Bubirset:

Rog /momory dnd 10gs1ar 10 erthar
nmaduate irom rogiter/memory
Iamedente from accumutstorn

888 « Bubtroct with borrew

Rog /msmory and regrster 1o either
immotiste om 1egister /memory
Immediste rom accumutater

76843210 18043210 78843213 PERA3N10
[100010¢w]moa g /m

110001 1w m6000 +m [ st w 1]
1011w teg 0ala 0213 w 1

1010000 3001 10w 3001 high

101000 1w 200" tow 3001 -high

10001110 ImodOreg 1/m

10001100 |moobreg 1im

TI11 1101 [mod 110 rm |

01010 reg

000reg 110

1000111 Tmog000 ivm |

01011 reg |

000:"'!"

[*oo000 v almes g vm |

10010 reg

[trio010w] oot )

Illlono"

111001 1w port )

111011V w

11010111

10001Y 101 [moo reg t/m

11000101 {mod reg 1'm

11000100 [mod reg 1/m

1001111

10011110

10011100

10011101

0000000 w|mos reg t/m

1000005 w|mog000 rim daa | Gaadsw0 |
000001 0w daa Gudw |
0001000 w|mog teg t/m

1000003 w|mod010 t/m ou | eudsie0]
0001010w dats catadwt |

11111 1w mod000 o/m |

01000 reg

001101119

00100111

0010100 w|mod reg t/m

1000008 w|modt0) tim G | emaisw0r]
0010110w sa1s data w1 |
0001100 wimod rep ¢/m

1000003 w (mod011 1/m daa | datiswenn]
0001110w dn data Hwel |

BEC  Qacroment 16643210 16543710 185432170 18843219
Begisier ‘memory V11111 1w [mod00Y om |
Register 01001 reg
HE6 Chonge sign 111101 1w mea0tt m |
CHP  Compars
Register Memory ang ragisier Q011100 w!mod reg /m
tmmediate with regisie: -memory 100000s wimog! 1Y o/m 0213 J om@
tmmed.aie with accumulator 0011110w sata data i w V —l
AA8 ASCH adyust for subtract 00111111
84S Decymai adjust 1or subtract 00101111
BUL Multiply funsigned) 111101t w Mmoot 00 (m |
RAUL tnteger multiply 1s1gned) 11110V 1w |mogt Ot em |
AABL ASCH adjust tor mutiply 110Y0100 00001010
81 Divide tunsigned) 11110V v w |mody 10 o m
DIV tnteger Givade isned) 111170V w mogt 1) om
AAD ASCH agjust for vide 11010101 (00001010 |
€8 Conver! byte to word 10011000
CWD Convert word 10 double word 10011001
LOGIC
#OT tnven 11110V w [mod010 rim
SHL/SAL SMitt kogecat.amhmenc feft {1 10100 v w [mod1 00 r'm
SHR SNt togical 1ight 110100vw]mog1 0y rm
SAR Snih arnthmenc 1ight 11010dvwimost iy 1im
0L Rotate teh 110100vw|moo000 ' m
808 Rotaie nght 110100vw |[md00t 1m
BCL Rotate thiough tarry fag lett 110100 w|mod010 1'm
LA Rotate tMOUph Catey gt 1170100vw|me601 1 rom
AND  And.
Rag Imemory an0 tegister 1o either 0010000 w |mod 1eg t/m
Immediate 10 register imemory 1000000w [mog1 00 (m e | e ]
mmadiate 10 dccumuistor 0010010w dan antw |
TEST - And lunctioa ts Nags. me rossil:
Qegrsier/memory 3nd regisier 100001 0w [mod teg erm
immediaie 6312 and regrster /memory [ 1111011 w [mod0 00 /m Gan |  eure: |
tmmediate 0213 an0 accumulator 1010100w aan anadwt |
ea: o
Rog /memory ond 1egisier 10 eidher 0000100 w {mod seg ¢/m
10000000 Jmog0 01 1m g | waren |
tmmediate 10 3ccumolalor 00001 10w da1a gl |
208 - Exclusive o1
Rap Imemory and regisier 10 enher 0011000 w [mog reg t/m
Immediate 10 tegisier Jmemory 1000008 w [mogt 10 im | dmase |
tmmediate o dccumulator 001101 0w dala dana fwit |
STRING MARIPULATION
REP-Repeot 11110017
140 VSstiow byseiword 1010071 0w
CPS:Compare byte/word 101001 1w
SCAS*Scan byte/word 101011 1w
L003=Lood byte/wd 10 AL/AX 101011 0w
SYO0S:Stor byte/wd from AL/A 101010V w

Figure 2-3. ‘8086 Instruction Set
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COATROL TRAMSFER

€L Lot - 70843218 208483210 Feded21d

Dvect m.1nin segment 11101000 €30 low esp g}

ngirec* @ 1hin segment 1YY fmeet t 0 om

Durect intersegment 10611010 iyl low chisel hogh |

3¢9 -tow segigh |

indwect .ntersegment Loy afmeee s oom

JEP  Uncongitional Jump

Durect w thin segment ST10100 ] aspion asp hgh |

Drrect &7 :n segment-short 111010 8isp

Ingwect wthin segment 1111111 lmoe 100 vvm

Duvect =10 segment 11101000 1. oMmetiow oftset hgh |
l__ »;zelso- seqj;nqh j

Ingrect ntersegment [P i Tmee tor om

BET  Return trom CALL

witnin segment 11000011

Wittin Seg 300ing smmeg 10 SP V1060010 cantos | dsamgr

intersegment 110010 Y

Interseg ent agoing mmediate 1o SP[1 100101 0 Qe's tow aatatigh |

3141 Jomp or equal 2010 01110100 Sy

A/Jlﬂ;u.:g.o.n 1855 not gredier 01171100 ot

u/.-s'e:m’nn s 0 gqual-not R esp

2/JnaE 7.m:.on below ‘not above 01110010 0sp

M’“,,;‘,’:gﬂ;m“ or equa. 01110110 050

SP/IPE Jump ON paIly-paIity even 01111010 0159

48: Jump on overliow 01110000 __osp

33 Jump o0 sign 0111'000 0'sp

JNE/JMY Jump 0N NOY £QuaNOt 2810 10 1V Y 1 G 10 Y sy

Jllrﬂ;:.':ﬂ.or not LSS greater |Ll R 1

Jlu:&‘;;:‘.:.on not st O eQuar 'L‘ R osp

Fooinstes:

AL - B-bit accumuiator

AX : 16-Dit accumutator

CX = Count register

DS - Data segment

ES - Extra segment

Above/delow refers 10 unsigned value

Greater - more positive.

Less : less posiive imore negative) signed values
Ao lmen 10 reg f d: 0then “trum™ reg

of w =} then wur@ mstruction; it w - 0 tnen Dyte instiuction

1 /mod = 11 then r/m s treated as a REG field

f mod - 00 then DISP = 0°. disp-1ow ano disp-nigh are absen!
if mod = 01 then DISP - disp-low sign-extenged 10 16-bits Qisp-nigh 15 absent
if mod = 10 then DISP : gisp-high aisp-low

it r/m = 000 then EA = (BX) - (SI) - DISP

# r/m = 001 then EA - (BX) - (DI) - DISP

il r/m = 010 then EA - (BP) - (SI) - DISP

it rim < 011 then EA - (BP) - (DI) - DISP

i rim = 100 then EA - (SI) - DISP

#r/m = 101 then EA = (DI) - DISP

o r/m = 110 then EA = (BP) - DISP*

f r/m = 111 then EA - (BX) - DISP

DISP follows 2nd byte of instruction (before oata if required)

except f mod - 00 and r/m = 110 then EA  disp-high disp-low

Figure 2-4. 8086

76843210 18642218
JMB/JAE Jump On ol Deiow ' 8bove -
o equa’ 0v11p0O L
J4BE/34 Jumg on not beiow o 01101
equd!above
JUP/JPY Jump on nol Dar /D3t 808 [ KEEEX R
0 Jump on ol overtiow 0110001
M Jump on not sigr 01111001
160P toop CX umes 111060010
LBOP2/L00PE Loop while zeto-equal |} 110000
LDBPH2/LOOPNE Loop whie not
1010 equat 11100000 :
20X sump on CX zero 1110001 2. 5
WY sterrupt
Type specitsed V1001100 vt :]
Type 3 11001100
W10 interiypt on overtiow 1100110
Y
RET interrupt reruen Y1001
'
PROCESSOR CONTROL
CLE Ciear canty 11111600
CHC Compiement Cany IBRRERLA
3TC Set canry 1YV 00
CLD Ciar euection [IEEEEEN R
e momomne|

810 Set gwection

TEEEEEEE
CLi Ciear snterrupt [EEERY RN
8Yi Sel wtertupt EEERCER
t von e

" wae (123100
Lo e .
E8C EsCave -1c external gevice: Y10 xwa moga v weml
[ et - - -
'

1

LBCK Bus -ocs prétn von

s w=01then 16 bits of )immediate data form the operand

# s w=11then 3n immediale d21a byie 1S Sign extendeo 10
torm the 16-Dit operang

dv=0then count =1 i v=1then ‘count i (CL)

x=don’t care

2 15 used tor sinng primilives for companison with LF £ AG

SEGMENT OVERRIDE PREFIX

REG s ass.gnea according 1o the Tollowing table

88itiw O Segmant
000 AL w ES
001 CL 01 CS
010 Ot 0SS
011 BL n DS
00 AH
101 CH
10 DH
11 BH

Instructions which reference the flag register hile as a 16 bit nbject use the symbol FLAGS to

represent the hie

FLAGS X X X X (OF ) (DF) «IF) (TF) (SF) (ZF) X (AF) X (PFs X (CF

Instruction Set (Continued)
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8087 NDP

The optional 8087 performs arithmetic and logical
operations on a variety of numeric data types.
Users with this option should refer to the Intel
literature. A summary of the instruction set is
given in Figures 2-5 and 2-6.



Data Transfer

FLD = LOAD

Integer/Rest Memory to ST(0)
Long Integer Memory to ST{0)
Temporary Res! Memory 10 ST(0)
BCP Memory to ST(0)

ST(i) to ST{0)

FST = STORE
ST(0) to Integer/Real Memory

ST(0) to ST(i)

FSTP = STORE AND POP

ST(0) to Integer/Real Memory
ST(0) to Long Integer Memory
ST{0) to Temporary Real Memory
ST(0) to BCD Memory

ST(0) 10 SY(i)

FXCH = Exchange ST(i) and ST(0)

Comparison

FCOM = Compare
Integer/Real Memory to ST(0)
ST(i) 10 ST(0)

FGQMP = Compare and Pop
integer/Real Memory 10 ST(0)
ST(1} 10 ST(0)

FCOMPP = Compare ST(1) to ST{0)
and Pop Twice
FTST = Test ST(0)

FXAM = Examsne ST(0)

7654321

0765432107605 4321076543210

[[_escare MF_1] MOD 0 0 0 RM | (DISP-LO) T (DISP-HI) ]
[ Escare 11 1] MOD 1 0 1 RM | (DISP-LO) T (DISP-RI) ]
[ escare 0 1 1] MOD 1 0 1 R/M | (DISP-LO) I (DISP-HI) ]
[ _Eescare 1 1 1] MOD 1 0 0 RM (DISP-LO) 1 (DISP-HI) ]
[ €Escape 0 0 1] 1 1 0 0 0 ST |

[ _Escare MF 1T MOD 0 1 0 RM | (DISP-LO) 1 (DISP-RI) ]
[ “Escare 10 7] 1 1 0 1 0 ST |

[ Escape MF_ 1] MOD 0 1 1 RM | DISPLO) T (DISP-HI) ]
[ escape 1 1 17 MOD 1 1 Y RM ] (DISP-LO) T (DISP-HI) ]
[ gscare 0 17 1] MOD 1 17 1 R/M T (DISP-LO) 1 (DISP-HI ]
—

{ Eescare 1 1 1] MOD 1 1 0 RM ] (DISP-LQ) T (DISP-HI) ]
| ESCAPE 1 0 1 11 0 1 1 st |

{_Eescart 00 1] 1 10 0 1 sTH |

[ Eescare. MF_0] MOD 0 1 0 RM | (DISP-LO) T (DISP-HI) 1
[ Escare 0 0 0] 1 1 0 1 0 ST |

[ Escape MF 0] MOD 0 1 1 RM | (DISP-LO) | (DISP-HI) ]
[ Escape 0 0 0] 1 1 0 1 1 8T

[_€escare T 1 01 101 100 1]

[ esca®re 11 1717001 0 0]

[ Eescare 0 T 11001 0 1]

Figure 2-5.

8087 Instruction Set
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7 6 54 3 2107 65432107 8685432 10786543210

Arithmetic

FADD = Addition

Integer/Real Memory with ST [ ESCAPE MF_ 0 [MOD 0 0 0 A/M i (DISP-LO) T (DISP-HI)
ST() and ST(O) [escare d P oJ1 1 00 0 sty ]

FSUB = Subtraction

Integer/Real Memory with ST(0) [[_Escape MF_0[MOD 1 0 R RA/M I (DISP-LO) | (DISP-HI)
ST() and ST(0) [[_Eescare d P o[t 1 1 0R RM |

FMUL = Multiplication

Integer/Real Memory with ST(O) [ ESCAPE MF_0[MOD 0 0 1 R/M I (DISP-LO) [ (DISP-HI)

ST(i) ang ST(0) [ Escape d P oOJt 1001 ARM_ |

FODIV = Division

Integer/Real Memory with ST(0)  [____ESCAPE MF 0[MOD 1 1 R RM | (DISP-LO) | (DISP-HI) ]

ST(i) ana ST(0) [[_Eescare a POt v 1 1R AM_|

FSQRT = Square Root of ST(0) [[_Eescapre 00 11 1+ 1 110 1 0]
FSCALE - Scale ST(0) by ST(1) [ ESCAPE 00 11 11 g1 10 1]
FPREM = Partial Remainder of

ST(0) + ST(1) [[_Eescape 0 0 1[1 1 1 1 100 0]
FRNDINT = Round ST(Q)

10 Integer [_escape 0 0 11t 1 1 1 110 0]
FXTRACT = Extract C

of ST(0) [[_escare 0 0 11 1 1 101 0 0]
FABS : Absolute Value of ST(0) [ escare 00 1J]1 1 700 ¢Co0 1]
FCHS = Change Sign of ST(0) [[_Eescare 00 11 1 10000 0]
Transcendental
FPTAN = Partial Tangent of ST(0) | ESCAPE 00 1[1 1 1 100 1 0]
FPATAN = Partial Arctangent of

ST(0) + ST(1) [ _escape 00 11 1 1+ 100 1 1]
Faxm1 = 2 STIO) [ escare 0 0 1][1 1 1 1 0 00 0]
FYL2X = ST(1) - Lagy [ST(0)] [ Escare Q0 0 1J]1 1 1 1 00 0 1]
FYL2XP1 = ST(1) - Logy [ST() + 1] [ ESCAPE 00 11 1 1 1 100 1]

Constants

FLDZ = LOAD + 00 into ST(0) [ Eescare 00 11 1 1 0 1 1 1 0]
FLDY = LOAD + 1 0into ST(0) [ escare 00 1]t 1 101 00 0]
FLDPI = LOAD = into ST(0) [ Escare 00 11t 1 10 10 1 1]
FLDL2T = LOAD log, 10 into ST(0) [ ESCAPE 0 0 1t 1 10 100 1]
FLDL2E = LOAD logg a nto ST(0) [ ESCAPE 00 1[1 1 101 01 0]
FLDLG2 * LOAD log,g 2 into ST(0) [ ESCAPE 0 0 1]t 1 1 0 1 1 0 0]
FLDLNZ - LOAD 18ge 2 nto ST(0) [ ESCAPE 0 0 i1 1T 10 110 1]
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Processor Control
FINIT = Initiahze NDP [ Escapre 0 1 1]1 1 1000 1 1]
FENI = Enable Interrupts [ Escape 0 1 11 1 10000 0]
FDISI * Disable Interrupts [_Eescape 01 1J1 1 1 0000 1]
FLDCW = Load Control Word [ Escape 0 0 1 fMOD 1 0 1 R'M | (DISP-LO) | (DISP-HI) B
FSTCW = Store Control Word [ ESCAPE 0 0 1 [MOD 1 1 1 RIM | (DISP-LO) 1 (DISP-HI) ]
FSTSW = Store Status Word [ Escape 1 0 1 [MOD 1 1 1 RM_ ] (DISP-LO) T (DISP-HI) ]
FCLEX = Clear Exceptions [ escape 0 1 1J1 1 100 0 1 0]
FSTENV = Store Environment [ escare 0 0 1 [MOD 1 1 0 RM | (DISP-LO) T (DISP-HI) ]
FLDENV = Load Environment [__Escape 0 0 1t [MOD 1 0 0 RM ] (DISP-LO) 1 (DISP-HI) 1
FSAVE - Save State [ Escape 10 1 [MOD 1 1 0 RM ] (DISP-LO) | (DISP-HI) ]
FRSTOR = Restore State [ Eescapre 10 1[MOD 1 0 0 RM ] (DISP-LO) | (DISP-HI) ]
FINCSTP = Increment Stack Pointer | ESCAPE 0 0 Tt J1 1+ 110 1 1 1]
FDECSTP = Decrement Stack Pomnter | ESCAPE 0 0 1J1 1 1 101 1 0]
FFREE = Free ST() [ Escapre 1 0 11 1 000 st |
FNOP = No Operation [ Eescape 00 1]1 1 01000 0]
FWAIT = CPU Wait for NDP [ T 0 0 v 1 0 1 1 ]

FOOTNOTES:

if mod =00 then DISP=0", disp-low and disp-high are absent

if mod=01 then DISP=disp-low sign-extended to 16-bits,
disp-high is absent

if mod = 10 then DISP = disp-high; disp-low

if mod = 11 then r/m is treated as an ST(i) field

if r/m =000 then EA = (BX) + (SI) + DISP

if r/m =001 then EA = (BX) + (DI) +DISP

if r/m =010 then EA = (BP) +(Sl) +DISP

if /m =011 then EA = (BP) + (DI) + DISP

if r/m =100 then EA=(SI) +DISP

if //m =101 then EA = (D!l) + DISP

if /m =110 then EA = (BP) + DISP*

if r/m =111 then EA = (BX) + DISP

“except if mod = 000 and r/m = 110 then EA = disp-high. disp-low.
MF = Memory Format

00 — 32-bit Real
01 — 32-bit Integer
10 — 64-bit Real

11 — 16-bit Integer

Figure 2-6a. 8087
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ST(0)= Current stack top
ST(i)= i register below stack top
d= Destination
0 — Destination is ST(0)
1 — Destination is ST(i)
P= Pop
0 — No pop
1 — Pop ST(0)
R= Reverse

0 — Destination {op) Source
1 — Source (op) Destination

For FSQRT:
For FSCALE:
For F2XM1:
For FYL2X:

-0 < ST(0) < +=

—2'5 < ST(1) < +2'5 and ST(1) integer
0<ST() < 27!

0<ST(0) <=

—o<ST(1) <+

0< IST(0)l < (2-+/2)/2

—0 < ST < =

0 < ST(0) < n/4

0 < ST(0) < ST(1) < +o

For FYL2XP1:

For FPTAN:
For FPATAN:

Instruction Set (Continued)




MEMORY INTERFACE

Address Space

ROM Memory

The 1-Megabyte address space, illustrated 1in
Figure 1-3 of the prior chapter, can be populated
with memory chips in a variety of ways. ROM
occupies the highest addresses and expands down-
ward; RAM occupies the lowest addresses and
expands upward.

Main ROM and RAM are both of variable size, de-
pending on the type and number of chips in-
stalled. Similarly, expansion ROM and RAM can be
of variable size. However, the border 1line
between ma<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>