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PREFACE

VAX is DIGITAL's family ot 32-bit minicomputers. This handbook pro-
vides a brief introduction to VAX and detailed descriptions of the VAX
family members: the new VAX-11/730, the VAX-11/750, the VAX-
11/780, and the new VAX-11/782.

PART | introduces the reader to VAX with an overview of the VAX
architecture and the capabilities of the newly enhanced VAX/VMS
operating system. To complete the VAX tamily picture, a hardware
overview of the VAX processors is provided.

For detailed information on the new entry-level VAX, PART |i of this

book describes the VAX-11/730 console subsystem, the central proc-

essing unit, the main memory subsystem, the UNIBUS subsystem, and

the privileged registers.

PART lli covers the VAX-11/750, including the topics listed above and

a chapter on the MASSBUS subsystem.

Both the VAX-11/780 and the VAX-11/782 are discussed in PART IV.

Additional chapters for the VAX-11/780 incilude Chapter 15 on the

Synchronous Backplane Interconnect and Chapter 19 on Intercon-

nects and the VAX-11/782.

PART V details the wide range of dependability features built into VAX

computer systems. These features ware designed to ensure VAX relia-

bility, availability, and maintainability. )

PART Vi of this book contains 13 appendices, a glossary, and an index

for your convenience.

In addition to this handbook, two other VAX Handbooks are available:

e The VAX Architecture Handbook, describing the VAX system archi-
tecture, addressing modes, and the native mode instruction set

e The VAX Software Handbook, describing the VAX/VMS operating
system, its operation, hardware interaction, data structurés,
features, and capabilities

As with all VAX handbooks, a comment card has been placed in the

back of the book. All comments are greatly appreciated, as they help
us make the VAX handbogk set meet your needs.
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Part I Introduction
CHAPTER 1

AN INTRODUCTION TO VAX

~

THE VAX FAMILY

VAX is DIGITAL's family of 82-bit minicomputer systems. The new
family members—the VAX-11/730and the VAX-11/782attached
processor system—together with the VAX-11/750 and VAX-11/780,
make the power of VAX systems available to a wide range of users,
applications and budgets.

All VAX processors implement a 32-bit architecture, an extensive in-
struction set with numerous data types, and a 32-bit bus structure for
high throughput. All VAX system hardware is complemented by the
newly enhanced VAX/VMS operating system, a powerful multipro-
gramming operating system that handles multiuser, realtime and mul-
tistream batch applications, plus online program development.

The newest member of the VAX family, the VAX-11/730, incorporates
bit-slice and Programmed Array Logic (PAL) technology. Like the oth-
er family members, the VAX-11/730 implements the VAX architecture
and runs the VAX/VMS operating system and layered software. With
the VAX-11/730, however, VAX functionality is available at a much
lower price, providing the ability to move VAX power down to the
project or section level. The VAX-11/730 can also be used as a
powerful, remote DECnet node, allowing its users access to higher
performance members of the VAX family when necessary. Connection
to mass storage devices and other peripherals is provided through a
UNIBUS adapter.

The VAX-11/750, the mid-range member of the VAX family, incorpo-
rates many innovations designed to increase performance and to re-
duce the overall cost of ownership. The VAX-11/750 is the first 32-bit
minicomputer to be implemented primarily in custom bipolar LS|
Schottky logic (designed entirely by DIGHAL engineers). One UNIBUS
adapter (integral to the processor) and up to three MASSBUS adap-
ters or one additional UNIBUS and two MASSBUS adapters may be -
used for connection to mass storage devices and other peripherals.

The VAX-11/780 was designed to meet the needs of many users with
large databases and extensive processing needs. Central to its /0
system is a 32-bit wide data and control path that can move up to 13.3
MB of data per second among the system'’s major hardware compo-
nents. Up to four UNIBUS and four MASSBUS adapters may be used
for connection to mass storage devices and other peripherals. The
support of high-performance disks and tapes by the VAX-11/750,

1



introduction to VAX

VAX-11/780 and VAX-11/782, combined with their ability to network
with the other VAX family members provides significant and varied
configuration possibilities.

The VAX-11/782 attached processor computer system is a tightly-
coupled asymmetricdl multiprocessor system ‘that can provide up to
1.8 times the performance of a single VAX-11/780 system for com-
pute-intensive applications. Consisting of two VAX-11/780 CPUs, the
VAX-11/782 attached processor computer system can supportupto 8
MB of MA780 shared memory.

NOTE
Specific information on the VAX-11/782 attached
processor system is contained in Chapter 19, Inter-
connects and the VAX-11/782. Unless otherwise
specified, most of the VAX-11/780 features in this
chapter apply to the VAX-11/782.

Application Performance

VAX hardware and software were designed to complement each oth-
er. Hardware implementation combined with the VAX/VMS operating
system, 32-bit addressing, a 4 billion byte virtual memory, an address
translation buffer, a prefetch instruction buffer, an optional floating
point accelerator, and the powerful VAX instruction set, give VAX sys-
tems their impressive performance.

The impressive CPU power and throughput, plus the high perform-
ance-to-cost ratio, make VAX systems ideal for interactive applica-
tions. The high computational ability and large program size mean
VAX systems can handle tough realtime applications as well.
Furthermore, the VAX/VMS operating system provides extensive fa-
cilities for good batch performance—including job control, multi-
stream, spooled input and output, operator control, conditional com-
mand branching, and accounting functions. A choice of options such
as additional physical memory, user control store, and additional peri-
pheral equipment interfaces, allow even greater flexibility in
configuring systems to optimize performance for specific applications.

Ease of Use

VAX systems are user-oriented systems designed for easy operation.
The DIGITAL Command Language (DCL) interface used by YAX/VMS
is easy to learn and is suitable for both interactive and batch environ-
ments. The software compatibility of VAX systems allows software
developed for one VAX system to run on another VAX system without
modification. Because VAX systems use the same instruction set, it

2



introduction to VAX

also means that users need not learn a new series of instructions to
take full advantage of another VAX system’s capabilities.

VAX/VMS provides extensive system management facilities, giving
system managers and operators the tools necessary to control the
system configuration and the operations of system users for maximum
efficiency. Users will appreciate the extensive HELP commands and
complete multiuser security. The VAX family processors also imple-
ment a PDP-11 Compatibility Mode which recognizes almost all PDP-
11 instructions. This allows users to execute code written for the PDP-
11 with few modifications.

The VAX console subsystem also contributes to ease of use. A sepa-
rate console terminal replaces the traditional toggle switches and
lights, and a carefully designed console command language lets the
user perform operations such as EXAMINEs and DEPOSITs, or boot
the system, using simple commands. This console terminal also pro-
vides a hardcopy record for complete documentation of console
transactions. Furthermore, switches on the front panel of the CPU can
be set up to reboot the system automatically, with no operator inter-
vention, in the event of a power failure or system crash.

Additionally, VAX systems are designed to facilitate rapid, low-cost
applications development. With the complete set of VAX/VMS devel-
opment tools, file system features, optional information management
products, and other software packages, applications are easier to de-
velop and require far less debugging time. DIGITAL's extensive edu-
cational services are also available to train and assist users in
exploiting the wide and varied capabilities of VAX systems.

Easy Installation and Maintenance

A variety of system configurations is available so customers can pur-
chase exactly what is required. VAX systems are easily tuned and
adapted allowing additional peripherals and options to be interfaced
at any time. Customers may choose froma wide variety of peripherais
and packaging options to configure a VAX system to suit their require-
menis—whether the site is an office, a laboratory, or an industrial
setting.

Once the system is installed, extensive reliability, availability, and
maintainability features (discussed in Part V of this book) in both the
hardware and the software ensure data integrity and increase system
uptime. Features such as ECC (Error Correcting Code) memory, on-
line error logging, and a complete range of online and stand-alone
diagnostics verify system integrity and help ensure proper gystem
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operation. The Remote Diagnosis option for the VAX-11/750 and VAX-
11/780 allows a customer to be directly linked to a DIGITAL Diagnostic
Center for diagnosis of hardware and software failures. For VAX-
11/730 users, customer runnable diagnostics allow a system user the
capability of verifying proper hardware operation and the quick isola-
tion of system failures to the subsystem or device level. The Remote
Support option, utilizing Remote Diagnosis technology, provides the
DIGITAL service engineer with a further level of technical resources.

Sound Long-Term investment

The features of the VAX series described above, together with the
many other features described in the chapters that follow, make VAX
systems a sound long-term investment. The new VAX-11/730 and
VAX-11/782 systems are a reflection of DIGITAL's ongoing commit-
ment to the VAX family of 32-bit minicomputers and further proof that
the VAX family exemplifies the architecture of the 1980s. The wide
range of systems possible with the VAX-11/730, VAX-11/750, VAX-
11/780,and VAX-11/782 ensures that these systems can be tailored to
individual application requirements and can be easily reconfigured if
those needs should change in the fulure—an important consideration
for customers involved in long-term projects and implementations.

The following sections in this chapter will introduce the reader to a
variety of VAX family architectural and software features, as well as to
many of the important hardware features of the various VAX im-
plementations. Appendix A in the back of this book contains a table of
commonly used VAX family mnemonics.

ARCHITECTURE OVERVIEW

The VAX family architecture is characterized by a powerful and com-
plete instruction set of 304 instructions (see Appendix B), a wide range
of data types, an efficient set of addressing modes, full demand pag-
ing memory management, and a very large virtual address space of
over 4 billion bytes.

The VAX Native Instruction Set is an extension of the PDP-11
instruction set. Instructions can be grouped into classes based on
their functions and uses:

1. Instructions to manipulate arithmeticand logical data'types.
These include integer, floating point, packed decimal, character
string, and bit field instructions.

The data type identifies how many stored bits are to be treated as
a unit and how the unit is to be interpreted. Data types that may be
used are:
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Data Type Represented As

Integer Byte (8 bits), word (16 bits), longword
(32 bits}, quadword (64 bits)

Floating point 4-byte F_floating, 8-byte D_floating, 8-
byte G_floating, 16-byte H_floating

Packed decimal String of bytes (up to 31 decimal digits,
2 digits per byte)

Character string String of bytes interpreted as character

codes (up to 64 KB); a numeric string is
a character string of codes for decimal
numbers (up to 31 digits)

Bits and bit-fields Field fength is arbitrary and is detined
by the programmer (0 to 32 bits in
length)

Integer, floating point, packed decimal, and character data are
stored starting on an arbitrary byte boundary. Bitand bit field data
start on an arbitrary bit boundary. A collection of data structures
can be packed together to use less storage space.
Instructions to manipulate special kinds of data. These include
queue manipulation instructions (i.e., those that insert and re-
move queue entries), address manipulation instructions, and
user-programmed general register ioad and save instructions.
These instructions are used extensively by the VAX/VMS operat-
ing system.
Instructions to control basic program flow. These inciude
BRANCH, JUMP, and CASE instructions, subroutine CALL in-
structions, and procedure CALL instructions.
Instructions to perform special operating system functions quick-
ly. These include process control instructions (such as two special
context switching instructions which allow process context vari-
ables to be loaded and saved using only one instruction for each
operation), and the FIND FIRST instruction which {among other
uses) allows the operating system to locate the highest priority’
executable process. These instructions contribute to rapid and
efficient rescheduting.
Instructions provided specifically for high-level language con-
structs. During the design of the VAX family architecture, special
* attention was glven to implementing frequently-used, high-level
language constructs as single VAX instructions. These
instructions contribute to decreased program size and increased

£
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execution speed. Some of the constructs which nave become sin-

gle VAXinstructions include:

— The FORTRAN-computed GOTO statement (translates into
the CASE instruction).

— The loop construct (e.g., add, compare, and branch trans-
lates into the ACB instruction).

— An extensive CALL facitity (which aligns the stack on a long-
word boundary, saves user-specified registers, and cleans up
the stack on return); the CALL facility is used compatibly
among all native mode languages and operating system ser-
vices.

VAX instructions and data are variable in length. They need not be

aligned on-Yongword boundaries in physical memory, but may begin at

any odd or even byte address. Therefore, instructions not requiring

arguments use only one byte, while other instructions may take two,

three. or up to 54 bytes depending on the number of arguments and

their addressing modes. The advantage of byte alignment is that

instruction streams and data structures can be stored in much less

- physical memory.

The VAX processors offer several addressing modes. Eleven of these

use the general registers to identify the operand location and operate

similarly to the PDP-11 addressing modes. The names of the modes

are:

¢ Register

® Register deferred

e Autoincrement

e Autoincrement deferred -

® Autodecrement

e Byte, word and longword displacement (similar to the PDP-11 index
mode)

® Byte, woFd, and longword displacement deferred (similar to the
PDP-11 Index deferred mode)

The two additional addressing modes implemented by VAX family

processors are:

o Indexed

e Literal

Because the VAX instruction set is so tlexible, maost functions require

tewer instructions and less storage than on non-VAX processors. The

resulttis more compact and efficient programs, faster program execu-
tion, faster context switching, more precise and faster math functions,
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