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PREFACE

The AUERBACH Buyers’ Guide to Minicomputers is a one volume, loose-
leaf guide to minicomputers produced and/or marketed in the United
States. It is intended to direct the prudent buyer, analyst, or producer of
minicomputers through the large number of machines available on the
market.

The volume contains information in chart, tutorial, and report format. In
chart form look for complete specifications on microprocessors, and central
processor and working storage specifications for over 85 minicomputers. In
tutorial form there is a complete Introduction to Minicomputers that outlines
their history, applications, technological design, and selection criteria. In
report form, the major, currently marketed minicomputers are covered in
depth. The product reports provide management-oriented overviews, com-
petitive information, hardware and software specifications, reactions from,
end-users, and configuration guidelines.

To help in the final selection or analysis of the minicomputer, the
volume provides a full list of EDP suppliers and their addresses and phone
numbers.
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MINICOMPUTERS

Figure A. Digital Equipment TC/D (Terminal
Control Enhancement): up to 80 devices
can connect to four such secondary TC/D
processors; the secondary connects to

the host processor at left

OVERVIEW

The revolution is over. Long live the revolution. The
impact of the minicomputer has indeed been revolu-
tionary. As problem-solving tools, their impact has been
dramatic. But the torrent has matured to a broad.
sweeping river. Indeed, so varied are the options facing
the designer today that the very term “minicomputer™ is
in danger of losing its meaning.

While the range of solutions now spans a complete
spectrum — from smallest microprocessor to the grandest
minicomputer facility, the fundamental truth remains.
The minicomputer represents the fruitful, joyful conjunc-
tion of technician and user. The technician can achicve
perceptible  goals  within  perceptible time: the user
acquires a viable mechanism at reasonable cost.

(© 1977 AUERBACH Pubiishers Inc.

This paper describes the carly days, the frenetic growth,
coming finally to a review of present technology. It
describes applications that are well suited to this technolo-
gy, and, by example, the advantages and disadvantages of
using a particular technology. Some notes and methodolo-
gy are presented to help the potential user survive the haz-
ards of selecting a vendor. In applying technology, the
problem is to choose from gradations of performance and
variations in types of technology delivery: service burcau
vs system supplier vs computer vendor.

Finally, in the last section, the broad trends that have
influenced small-machine development in the past are
cataloged and extrapolated into the future.

The word “minicomputer™ became popular in 1968, to
categorize a growing number of small. general-purpose
computers. These machines were introduced initially to
bring software solutions for the limited processing tasks of
data acquisition and communications. These vintage
machines, many from new vendors, generally conformed
to the foliowing descriptions:!

® Basic system configurations cost $25,000 or less.

® 4.096- or 8.192-word core memory.

@ Programmed in Assembly language(and less often in

FORTRAN).

e Computer peripherals often restricted to Teletype

and paper tape.

e Usually supported customer hardware

communications lines, and control lines).

(sensors,

The scope of this report, however. is more than just
“those processors that cost less than $25.000.” Today,
minicomputer is less a description of a black box than a
philosophic approach to problem solving:

“Give me just the right amount of hardware and soft-
ware to solve my problem.™

The technology today is broad. It is bounded by the
$1.,500 “system™ based on the Intel computer-on-a-chip
(or three chips), and a vast PDP 11/45 network from
Digital worth a quarter million dollars including termi-
nals, peripherals, and discs. With such scope it is clear
why the application environment is boundless.

AUERBACH
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Figure B. First Tabletop Digital PDP-8 Computer System

HISTORY

The computer industry dates from about 1954, Only
then did the number of machines extant warrant the
name “industry.” In the first decade the trade boomed.
Initially. reliability was obtained only at great expense,
but transistor logic solved the problem of costs. As busi-
ness organizations became acquainted with computing.
configuration sizes grew. and the process was still very
expensive. Operating systems were invented to harness
the larger number of hardware units. and languages were
put in the ficld to speed problem solution. Both caused
operation inefticiencics. so faster. larger machines were
required. The computing resource became centralized
and vital to the organization, so time had to be sched-
uled. Batch operations were the standard, and closed
shops the rule. If a task could not be made to conform to
this mold, only two alternatives were available: do the
Job manually or design special hardware to do it.

Upon this scene. in 1962, came Computer Control
Corporaton? and Digital Equipment Corporation with
small machines for laboratory applications. Digital opted

for a 12-bit word machine that balanced the high cost of

memory (a function of word size) against popular trans-
ducer resolution (1 part in 1,000, sometimes with a sign).
Digital has prospered from that time to now. but devel-
opment of this avenue of computing has always been ser-
vant to hardwarce advances. The introduction of tran-
sistor logic in the carly 60's made small computers pos-

AUERBACH
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sible. but the use of integrated circuits in 1968 opened
the flood gates of small machine activity,

The hands-on scientist with ill-conditioned data. the
small user with limited budget. the executive with un-
timely reports, all found a new alternative for centralized

Figure C. The PDP-8/A, Digital’s Smallest PDP-8:
made up of two modules

AUERBACH Computer Technology Reports
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Figure D. Alpha/LSI| and Naked Mini/LSI

computing. New minicomputer manufacturers entered
the lists monthly until 1970. when the number of
vendors stabilized to between 40 and 50 and new prod-
uct emphasis shifted to low-cost, modest-performance
peripherals. Also during this period a large number of
small systems houses sprang up. They took the very
modular. low-cost components and welded them into
systems with software. It took only a modest bankroll to
become a minicomputer manufacturer and even less to
become a hardware-software shop providing turnkey
service.?

More recently. other developments have accelerated
the production and use of small computers:

® Availability of cconomical peripherals.

o Large-Scale Integration (1.SD) of logic functions.

e Dramatic decline in memory costs (1973-74).

® Accumulation of system software.

e Advances in packaging techniques.
The improved hardware and software have significantly
increased speed and reliability. The net effect is a better
product at a lower price. With each quantum step of im-
provement, “minis™ have gained wider acceptance and a
broader range of applications.

7“4—308

Figure E. Reality Speaks ENGLISH

The following table shows how two models of the
Nova minicomputer from Data General Corporation
compare with Univac 1* the first electronic commercial
processor.

Add
Date CPU Time Memory Cost
(usec) (words x bits)
1952 Univac 1 4 1,000x48 $750.000
1972 Nova 1200 1.2 4,096x16 $5.200
1975 Nova 2/10 0.8 4,096x16 $3.800

In the carly 70%s. the path of development was to extend
the market upward by offering “bundled” operating
systems and language processors. FORTRAN was avail-
able from practically all vendors. ALGOL. and COBOL

derivatives came later — but they came. Disc-based
operating system software was so pervasive by 1974 that
Computer Automation — ever an OEM  supplier —

provided onc. Entering the last half of the decade.
vendors were supplying machines that spoke ENGI.ISH?
and employed some of the optimizing features of the
very large systems:
e From IBM 360/85, circa 1968, comes the “cache™
memory now on the Data General ECLIPSE.
e From the B5000. circa 1962, comes the “stack™ ar-
chitecture of the HP3000.
e From the IBM-360. circa 1963, comes the “dynamic
control store™ of the Varian V70 Series and Hewlett
Packard 2100M X.

Figure F. Hewlett-Packard HP 3000

At the other end of the scale. LSI allows a computer
(with reasonable performance) to be built on very few
chips for $300 and yet have a mean time between fail-
ures (MTBF) approaching 50.000 hours. Thus, today’s
minicomputer range is so broad that equipped with a va-
ricty of peripherals. it can be fitted for applications with
budgets ranging from $10.000 to several millions of
dollars. The unifying notions are no longer size or price.
The term “minicomputer”™ now denotes modular con-
struction and task-oriented system design.

MINICOMPUTER TECHNOLOGY

The “mini” in minicomputer acknowledges that these
units have generally been associated with limited size.

© 1977 AUERBACH Publishers Inc.
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limited price, limited performance, and limited support
from the manufacturer. Manufacturers are removing the
“limitations™ previously associated with minicomputers
as fast as they can; superior performance and software are
now available — at a price. Discussion will be anchored
on middle-line minis, while the extremes of micros com-
puters and mini-facility configurations are spotlighted.

Design Philosophy

Minicomputers are designed as general-purpose com-
puters with a mix of logical, arithmetic, and input/output
(I/O) functions. These features are complemented with
packaging that permits easy build-up from small configu-
rations. Processor options, memory, and peripherals can,
in general, be added by plugging-in circuit boards to
prewired spare connectors in the computer chassis.

Minicomputer chassis are usually made of light sheet
metal, which is satisfactory for practically all commer-
cial installations. If the computer will be moved
frequently, a specially ruggedized model might be
selected. Recent packaging trends have been toward
large circuit boards, which reduce the number of
mechanical connections and make the units more reli-
able. For example, the entire Nova computer is con-
tained on a single 15-inch-square circuit board; the In-
terdata 7/32 on two 15-inch boards.

Manufacturing economies are often effected by using
power supplies of questionable merit. More than one
manufacturer has had greater difficulty with the system’s
power supply design than with the processor.

Figure G. Interdata Models 7/16 and 7/32

The computer design can be shaded towards a broad
applications market. A manufacturer can include many
features as standard if the intended market requires those
options. Machines intended for word-processing or ac-
counting applications generally use shorter word lengths
with multiple word instructions, and they implement
hardware decimal arithmetic. Machines intended for sci-

4 AUERBACH
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entific calculation or process control applications gener-
ally use long word lengths and frequently hardware for
floating-point arithmetic.

Table 1 summarizes the general characteristics of
minicomputers. The “average™ column presents a picture
of the middle-of-the-line mini. Minimum and maximum
columns indicate the range from very small, single task
computers to very large, facility-oriented machines. A

Table 1. Minicomputer Characteristics

Minicomputer Size

Characteristics Minimum Average Maximum
Memory
Word length (bits) 8 16 32
Type Core or Core Mixed
semicon-
ductor
Size (bits) 2564,096 To065536 To 262,000
Increment size 256 8,192, 16,384,
{words) 16,384 32,768
Cycle time (usec) 8 0.75-1.75 0.64to0 .3
Parity check No Opt Std
Memory protect No Opt Std
Direct addressing +128 5124,096 All of
{words) memory
Indirect addressing No Yes Multilevel
Sub-word addressing No Byte, half-  Byte, bit
Central Processor word
General-purpose 1,2 24 To 64
registers
Index registers 0 14 15
Hardware multiply/ Opt Std Std
divide
Floating-point No Opt Std
hardware
Double-word No Opt Std
instructions
Input/Output
Programmed 1/0 Yes Yes Yes
channel
1/0 word size (bits) 8 8/16 8/16
Priority interrupt 1 1 std, up 4 std, up to
lines to 64 256
Direct memory Opt Std Std
access
1/0 maximum trans- 125,000 To/Million To5.0 x 10°
fer rate, DMA
(words/sec)
Other Features
Real-time clock Opt Yes Yes
Power fail/restart Opt Yes Yes
Largest disc 4.8 9 85
(megawords)
Assembler Yes (not Yes Yes (macro)
macro)
Compiler BASIC, BASIC, BASIC,
FORTRAN FORTRAN, FORTRAN,
COBOL COBOL,
subset ALGOL
Operating system Yes: cassette Yes: disc, Real-time,
or core- tape, or foreground/
based core-based  background,
cassette time sharing
Percentage of Units 38 60
Installed
Purchase Price* $1,000 $8,000 $22,000
Est. Annual Growth +100% +30% +200%

*Purchase price is for the average computer in its class without
peripherals.

AUERBACH Computer Technology Reports
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“maximum” mini would be supported with many periph-
erals, an operating system, and, probably, a large staff.

Central Processor Unit (CPU)

The central processors are usually single-address, bi-
nary units with negative numbers expressed in two’s
complement form. Central processors vary most in the
number of accessible registers, instruction sets
implemented, instruction decoding technique, interrupt
handling capability, and 1/O facilitics.

Arithmetic and logical operations are performed on
data brought to the CPU from memory. The data is held
and transferred between registers during these opera-
tions. A register is merely an assemblage of electronic
components (flip-flops) that contain the data word while
it is being processed. Some registers arc accumulators (of
data).

The elements of the computer are connected by buses
over which data and instructions move. Generally two
buses are used: one for transfers between memory and
CPU and another for transfers between the CPU and its
peripherals (the outside world).

Most processors use one-word instructions with the
following format: 4 to 6 bits for operation code, 2 to 4
bits for modification ficld, and 8 or 9 bits for the address
field. Most of the operation codes are used for memory
referencing instructions. Non-memory referencing in-
structions use additional bits of the instruction word to
define the operation code; thus, the number of instruc-
tions can be quite large. Most have an instruction sct of
64 to 100 instructions; some have many more, over 200.
The modification field further defines the instruction,
usually specifying an addressing mode (indexing, indircct
addressing, or both) and a literal (immediate) address; or
specifying a two-word instruction. The address ficld
provides an address increment or a literal. The effective
address is calculated in accordance with the address
mode; usually the contents of the program counter speci-
fy the base address and the address ficld specifics an
increment or the core address within a page. Some minis
have page registers that can be loaded with the page
number of the core area from which operands arc being
extracted. Two-word instructions allow direct addressing
of large memories — a common method of extending
the addressing capability for large minis. The Interdata
7/32, for example, can address 1 million bytes of
memory.

The basic instruction set usually includes the arithmet-
ic operations of fixed-point add and subtract; multiply
and divide are implemented by subroutine but usually
are available with optional hardware.

Double-precision operations are sometimes provided.
Most larger minis offer floating-point hardware as an op-
tion, but this feature is usually expensive. All offer some
form of logical, compare, and shift opcrations. Many
also offer byte and bit manipulation instructions. The
1/O instruction is usually very general. It transfers con-
trol, status, and data words between the peripheral
devices and the processor’s accumulator. Commonly, the

1/O instruction also provides control of optional features.
They arc addressed as external devices.

Classical CPU design includes a program counter, an
accumulator, an accumulator extension register, and one
or more index registers. Newer designs provide a number
of general registers that can be used as accumulators or
index registers. Sometimes a condition register keeps
track of processor status with respect to overflow, opcra-
tion mode, or the result of a comparison.

Some newer systems, such as the Digital PDP-11, fea-
ture two-address instructions that specify source and
destination addresses calculated using the contents of
general registers. This architecture lends itself to real-
time processing and multiprogramming because the gen-
eral registers can operate as stack pointers for stack ma-
nipulation and context switching.

Unfortunately, many manufacturers are stuck with old
processor designs because of the large investment in soft-
ware. Microcoding, however, has allowed some freedom;
the processor can utilize modern design but emulate
older systems in microcode for software compatibility.
This need for compatibility places many restrictions on
system design, but it does protect the users’ investment in
software.

Memory

Memory technology has advanced rapidly. In the carly
seventies, many people predicted that ferrite cores as
CPU local memory would be replaced with solid-state
memory. The decline in the cost of core, however, has
kept core the standard for minicomputer memory. Semi-
conductor memory is faster, but it forgets when power is
removed. A third type is Read Only Memory (ROM). As
its name implies, it can only be read, not written. This
restriction has two attributes: it is nominally twice as fast
as a read/write memory having the same clock rate. and
it is secure from inadvertent modification. Thercfore,
fixed. unchanging data or code can be located in ROM.
Often all three types are offered by a manufacturer and
can be mixed on a system.

Computer memory can be functionally divided into
program storage and data storage. The CPU accesses a
program instruction and then, based upon the instruction,
recovers or replaces data. Besides communicating with
the CPU. memory usually can communicate with 1/O
devices via direct-memory access (DM A) facilities. Thus,
both the CPU and 1/O devices share the memory bus.

Memory size can range from a few words for a small,
fixed process to hundreds of thousands of words for a
time-constrained major activity.® The addressing tech-
niques used by the instruction set arc often supplemented
by special memory “mapping” hardware for very large
memorics. The mapping hardware provides selection of a
particular block of physical memory. Memory is usually
subdivided into modules of 4K, 8K or 16K words; some
vendors, such as Modular Computer and PRIME Com-
puter. have 32K-word boards. More elegant memories
have multiple ports of entry so that a module can be

© 1977 AUERBACH Publishers Inc. AueRBACK 5
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shared by two or more CPUs. or by a CPU and a DMA

device. Multiple ports can double or triple throughput if

data in one memory module can be processed while data
is transfered between other memory modules and periph-
cral devices.

Memory word size can be extended to include
provision for error recognition and correction. Simple
detection is afforded by adding a parity bit. If several
more bits arc added to each word, special hardware can
not only recognize crrors but also correct them.

Memory protection can be accomplished word-by-
word by adding a protect bit to each word. Arca protec-
tion, using separate logic that establishes upper and
lower bounds for protected memory, is much more
common.

74—405

Figure H. MODCOMP 11/12 with Two 32K-Word
Memory Boards

Core memory construction is very much a manual
process: fine wires must be strung through the ferrite
doughnuts. Consequently. memories are made in places
where labor costs are low — gencerally outside the
United States. This construction method also makes it
very expensive to thread tiny ferrite cores. and faster
memory speeds are obtained by making the cores smaller.
Thus, there is a natural price break for core memory with
a cycle time of about I microsecond.

instruction Set

The computer’s instruction set defines the most primi-
tive functions that are available to the programmer.
When these operations are given mnemonic names (such
as ADD for addition operator, BEQ for branch if regis-
ters equal) and combined with the rules for instruction
use. the result is the machine’s Assembly language.

A minicomputer’s vocabulary usually consists of from
70 to 200 different operations. including memory refer-
ence, logical register manipulations. comparisons, and
transfer instructions. The computer word has ficlds com-
mitted to define an operator. a memory address. and

AUERBACH
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maodifications to operator or address ficlds. Modifica-
tions to instructions may specity variations on a basic
operator; modification of addresses defines indirect or
indexing functions.

The computer’s instruction set is usually determined
by fixed wiring of clectronic components within the
machine. Most recent designs however, cmploy a con-
cept first advanced by M. V. Wilkes in 1951.7 Wilkes
proposed that a program. that is, a sequentially executed
procedure, could be brought inside the CPU and used to
define the instruction set of the machine. An ADD in-
struction, a single operation as seen by the programmer.,
would actually be effected inside the CPU by a subrou-
tine of microinstructions. Each microstep would deal
with intrinsic computer operations that are more primi-
tive than the Assembly language.

This approach. called firmware or microcode,
provides a means of making changes in a computer’s in-
struction set without scrapping the hardware design.
This facility is of limited value to the user except for
special circumstances. such as emulation or specialized.
time critical instructions. 1t does permit the manufac-
turer. however, to extend or purify the computer’s design
with minimum pain. Firmware is of negative value if this
approach reduces computer throughput. Within the past
few years. the increased speed of Togic circuits has made
the technique practical. Earty Interdata machines. for
example the Model 3. used firmware but were slower
than comparable hard-wired machines. ROM was used
for its speed and security. Today. a number of manufac-
turers — Varian, Hewlett Packard, Prime — have

Figure I. Varian Data Machines V-72,
Second in V70 Series

AUERBACH Computer Technology Reports
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74267 ~
Figure J. Hewlett-Packard 21MX Computers

relaxed the read-only constraint and provide writable
control store (WCS) for their systems. The speed of
solid-state memory makes WCS practical. Now, for some
systems, the instruction set can be modified or extended
dynamically while the machine is operating.

Input/Output

Two basic means of /O are available: programmed
and automatic. The processor’s data channel (or bus) is
generally one word wide (16 bits for a 16-bit word pro-
cessor). The channel transfers control and status informa-
tion as well as data. For programmed 1O, all information
is passed as a result of executing programmed instructions.
For automatic I/O, control information is passed to a
device controller specifying the mode of operation. the
memory arca involved in the transfer, and the amount of
data to be passed. Once the transter operation begins. it
proceeds to completion using the DMA facility without
further intervention by the program. Often, the comple-
tion of a block transter causes an interrupt from the device
controller to signal that the device is available for another
transfer.

Fast devices such as tapes. dises, and drums require
automatic block 1/O. Slower devices can operate under
cither regime. Since hardware controllers for doing
block /O arc relatively expensive. control information
governing automatic block transters can reside in special
memory locations associated with one or more data
channels, or it can reside in the device controllers.

Most minicomputer vendors provide controllers for
industry standard 1/O devices: high-speed  paper tape
units. punched card readers and punches, line printers.
magnetic tape transports. plotters. displays. and Teletype
units. Almost all manufacturers provide mass storage
devices such as disc. drum, or tape for their products.
Magnetic tape cassettes and floppy discs are among the
latest offerings from the vendors. In addition. a number
of independent firms offer peripherals with controllers
and controller software for the popular minicomputers.®

Interrupt Function

The interrupt facility allows the computer to recog-
nize the occurrence of an asynchronous external event.
Then, the CPU pauses in its processing to scrvice that
event. Software analysis of the interrupt is required on
the simpler minis to identify what to do. More sophis-
ticated schemes provide a transfer vector and interrupt
prioritics or levels.

MINICOMPUTERS
Interrupts include both external — outside world
events — and internal — machine-generated events. In-

ternal interrupts, sometimes called traps, include power
failure sensing, iflegal instructions. memory parity, mem-
ory protect. and real-time clock events.

When an interrupt is recognized. processor control is
transferred to an interrupt processing routine. At this
point. it is usually necessary to save the current status of
all registers that will be used by the interrupt processor
so they can be restored when the interrupt routine is
finished. This status-saving/restoring is done automati-
cally on a number of computers.

External interrupts are under program control and can
usually be individually disabled or inhibited. A disabled
interrupt level ignores an interrupt signal. An inhibited
interrupt level stores the signal but does not cause an in-
terrupt until the inhibition has been removed.

A hardwarce provision blocks out all interrupts until the
interrupt servicing subroutine has stored the status of the
processor: the contents of the accumulators. index regis-
ters. program counter, and overflow. In addition, hard-
ware also blocks out all interrupt levels of an equal or
lower priority than the one currently being serviced.

When cach interrupt condition is connected to a unique
interrupt level, the source is identitied immediately. When
several interrupt conditions are connected to a single in-
terrupt level, additional processing is required. Some
systems have a hardware provision for reading the address
of the highest-priority device with a single 1/O instruction.
Others require a separate 1/O instruction to test cach
device status flag. Most minis provide multiple interrupt
levels; thus devices that require a fast response time can
connect to unique interrupt levels, while several devices
that can tolerate a longer response time are multiplexed
into a lowcer-priority interrupt level. Some interrupt
systems automatically inhibit the interrupt system from
the time an interrupt is granted until the system is released
by instruction. Others have hold-and-release interrupt
instructions.

The cfficiency of an interrupt system is determined by
the time required for the overhead functions: to identify
the interrupt source, to inhibit further interrupts until pre-
liminary servicing is finished. and to initiate the interrupt
service routine. These operations can be performed by
hardware, software, or a combination of the two.

Software

All manufacturers supply “system software™ to assist
the user in developing applications programs. The
minimum level of support includes a text editor, as-
sembler, loader, and utility subroutine package. Most
vendors also supply FORTRAN and BASIC language
processors  together with an  operating system that
permits their use. Such systems generally require at least
16,000 words of local memory and some form of high-
speed data entry (disc. magnetic tape, or fast paper tape).

Morc claborate operating systems supporting time-
sharing and rcal-time operations are available from most

®© 1977 AUERBACH Publishers Inc.
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vendors. ALGOL, COBOL, and subsets of these lan-
guages are also available for some systems. At this level,

diagnostics, debugging aids, and useful subroutine
libraries are common.
Training

The major vendors conduct maintenance and

programming courses for their customers. Typically an
arrangement is made with the salesman when a customer
wants to attend these sessions. Detailed reference materi-
al defining hardware and software products is generally
available free from all manufacturers.

Successful minicomputer user groups that share soft-
ware and product expertise arc a rarity. [DECUS (Digi-
tal Equipment User's Society) is a notable exception.]
Because machines are often dedicated to a single task.
there has been no great pressure from users to maintain
communication with each other. The impetus for such
activity has been an off-again, on-again interest of the
manufacturers. The trend to facility-oriented, big minis
may change this situation.

APPLICATIONS

Appropriate applications for minicomputers are as
numerous as leaves on a tree. The key attributes of a task
to make it a candidate for solution with today’s small
computer technology are as follows:

® It requires computation or logical testing.

® Process is repetitive — frequently or cyclically per-

formed.

® Manual method is either too slow or too inaccurate.

® Requirements change with time.

e Expenditure must be modest.

@ Process must operate unattended.

Application areas for which minicomputers are used
are so broad that whole ficlds of specialization develop
within them. Process control applications, for example,
can range from the control of a small, simple laboratory
experiment to the control of a large oil refinery or chem-
ical plant. Automating the laboratory process aftfects
little outside the laboratory involved. Automating an oil
refinery or chemical plant, however, has ramifications
far beyond the computer site and can-affect hundreds of
people and pieces of equipment. In fact, the personnel
problems in setting up a large process control center arc
so great that most books on the subject devote large por-
tions of the text to ways of handling them.

Small computer applications can be divided into five
broad categories, as shown in Table 2. For each applica-
tion, special equipment and software have been devel-
oped and applied, depending on the size of the task in
hand. Each satisfies one or more of the attributes iden-
tified previously. For further reference, the bibliography
has been organized to reflect the breakdown shown in
Table 2. Regardless of the nature of the task, the preemi-
nent requirements for successful computer application

AUERBACH
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Table 2. Applications of Minicomputers

Computation
Accounting Functions
Sales Analysis
Order Entry
Inventory
Production Scheduling
Bill of Materials
Engineering, Scientific Computation
Time Sharing
Word Processing
Key to Disc, Tape
Text Editing
Typesetting, Photo Composition
Computer-Aided Design
Computer-Aided Instruction
Communications
Remote Batch Terminal
Line Concentrator
Front-End Processor
Message Switching
Data Acquisition
Telemetry Decommutation
Data Reduction
Data Conversion
Laboratory Experiment Control
Medical Test Analysis
Process Control
Automatic Testing
Numerical Tool Control
Traffic Management

are that management understand the task and make a
solid commitment to the computer-based solution.

Because of their low cost, minicomputers tend to be
located close to the hands of the user. Thus, minicom-
puter systems design must be very attentive to the human
engincering of hardware and software.

Rather than look at the uses of a minicomputer from
the point of view of a specific application, or vertical in-
dustry, one can look at the different ways the computer
is used regardless of application. Viewed thus, minicom-
puters are used in the following ways:

® As stand-alone computer systems.

® As dedicated computers performing the same opera-

tion day after day.

® As modules in a hierarchical system.

As a stand-alone processing system, the computer per-
forms a variety of functions depending on its programs.
The stand-alone system can be a simple one, with small
memory and a single typewriter station with slow paper
tape for I/O. Software can include an assembler; a
loader; 1/O handlers; editing, debugging, and diagnostic
routines; and some math subroutines.

On the other hand, the stand-alone system can be large
and comprehensive. It could include a large internal
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memory, a disc for external storage, and multiple 1/O
devices, such as key-entry stations, paper tape, magnetic
tape, and printers. Software can include a disc operating
system with control for several real-time processes in the
foreground, and priority-selected batch processing facili-
ties for programs written in an Assembler language,
FORTRAN, or ALGOL. in the background.

Dedicated processors can be used as an extension of
the operator, who can do the job better, as in product or
environmental testing, process monitoring, and data
acquisition.? The computer interfaces directly to control
or monitoring equipment and is programmed for interac-
tion with the operator. Parameters for the function per-
formed can be provided by the operator or by sensors.
The computer acquires data, analyzes it in relationship
to the parameters, and communicates the results to the
operator or to equipment that it controls. In addition,
the computer can prepare and maintain statistical
records on data received.

A minicomputer can also function as one module in a
large computer system, preprocessing data for the larger
computer, handling communications among many termi-
nals, or performing most functions on its own and calling
on the large computer only when problems are too large
or too complex for it to handle. These systems can be very
efficient with each component performing those functions
for which it is best suited.

There is a trend to decentralized systems that operate
both as stand-alone computer centers and as terminalsto a
central facility. In this situation, a minicomputer (or
smaller microprocessor) may be located at the remote sites
while a larger minicomputer or maxi time-sharing system
operates as the parent at the central site. This configura-
tion is attractive to organizations with many remote of-
fices. Large central files need to be maintained, and they
are updated from the field offices periodically. Computa-
tion needs of both central and remote offices are per-
formed by the on-site processors.

ADVANTAGES AND DISADVANTAGES
OF MINICOMPUTERS

The greatest advantage of the minicomputer, in com-
parison to large computer systems, is that a user can buy
the specific amount of computer power required for a job.
The minicomputer is general-purpose and can be used to
perform any function, within its size limitation, for which
a program has been written. Because the overall cost is
low, the minicomputer tends to be located at the problem
site rather than in a computer center, and users can in-
teract with it directly. It can be dedicated to a single
problem or related set of problems. It can be fine-tuned to
solve a problem as the problem should be solved. A gener-
al solution need not be adopted; a task-efficient approach
is acceptable.

Generally, minicomputers are compact and rugged and
do not require specialized environments. In addition,

most minicomputers are as fast as, in some cases even
faster than, their larger counterparts and can provide in-
stantaneous response to an external request for service.
Because a minicomputer is used by a smaller group of peo-
ple, the effect of a computer malfunction is not as
catastrophic as it is in a larger system. Indeed, hardware
redundancy can be structured at moderate cost.

The greatest disadvantage of minicomputers to date has
been the difficulty of programming because of the limited
amount of software supplied with a system. This difficulty
is gradually being overcome, especially for older designs.
Vendors are commonly supplying operating systems that
allow program development concurrent with on-line
tasks.® Various manufacturers now supply ALGOL,
FORTRAN, BASIC, and COBOL-subset language
processors.

The other major disadvantage is the availability of
field engineering and spare parts. This problem is en-
demic and not necessarily confined to new or small man-
ufacturers. As the industry matures, more systems are
being based on vendor-supplied operating systems and
languages, and system software support is an important
factor.

The very reliability occasioned by the move to large
boards and wire-free packaging has created a spares
problem. When the PDP-8 had 60 circuit boards of nine
types, a spares kit could be obtained for a reasonable
price. However, a spare for the Nova CPU is another
complete CPU.

Other disadvantages relate to manufacturers’ attempts
to reduce costs. These items tend to be irritating rather
than serious: switch toggles that break, lamp sockets
poorly made, or inaccessible fuses and lamps. These
problems tend to vary from manufacturer to
manufacturer.

SELECTING A MINICOMPUTER

There is no best computer on the market, no computer
has the lowest overall price/performance ratio, and no
one can guarantee which computer is the best for a partic-
ular user application. On the other hand, many good com-
puters are available, many computers have good
price/performance ratios, and several computers can
probably do a particular job well. The problem is to iden-
tify those computers.

Unfortunately, selecting a computer for a specific job
is not easy. Still, if done without panic and without rush,
the rewards of the search can include raising the staff’s
technical competence, understanding the individual
application better, and building a firm foundation for the
decision-making that will accompany future develop-
ments within the application.

The wise selection of a computer depends on the
selector(s) fully understanding the application. A number

ot
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of people can be involved, but cooperation among the ul-
timate users is essential. The group of end users must de-
velop a set of criteria for selecting a suitable computer;
and these criteria must reflect the needs of each user’s
application area. Expressing these criteria in computer
terms is a non-trivial task that must be accomplished,
and should involve someone with a computer
background. Because it is human nature for cach to con-
sider his personal needs most important, some member
of the selecting group must have responsibility for
leading the group toward satisfactory compromises. Such
compromises might be expressed as weights applied to
the selection criteria.

Developing the weighted selection criteria is an educa-
tional process and is the hardest part of the selection
procedure. Application areas must be viewed in terms of
what is now done, what can be done better by com-
puters, and what can be expected in the future. Each
person in the group must appreciate what computers can
do from the functional point of view; each must discern
that computers vary in architecture and capability; and
each must understand that, whatever the hardware capa-
bility, the viability of the system is dependent on suc-
cessful software.

The goal in any selection procedure is to choose a
vendor or vendors that present the best combination of
technical solution and system cost. Depending on the
size of the project, the procedure for selection will be
quite detailed or accomplished in an afternoon (with the
back of an envelope for notes).

This procedure can be adjusted as necessary to suit
large or small projects. The following algorithm is appro-
priate for selection:

e Establish minimum performance and maximum cost

standards.

® Determine performance criteria, note thresholds or

minimum performance levels, for example band
width and speed.

® Relate performance criteria to computer and periph-

eral characteristics.

® Determine vendor characteristics that are important

to the project.

® Assign numerical values to the quantifiable hard-

ware and vendor characteristics.

® Rank the various characteristics and weight them. if

necessary.

® Determine total cost of proposed solution — cost of

vendor proposal plus cost of internal cngincering,
management, and programming for the proposed
solution.

® Map the performance and price data developed.

® Make a subjective decision based on the clear under-

standing of cost and performance trade-offs
provided by the objective data.

Objectivity can be maintained by setting up important
criteria in advance of evaluation. Ranking or weight as-
signment is done before seeking vendor proposals. Ob-

jectivity is guaranteed by using measurable, quantifiable
characteristics.

Cost-effectiveness requires considering all elements of
a project that contribute to its cost. These factors include
training, supplics, and spare parts. Note that even the
FORTRAN programmer must relearn the language and
the new compiler control mechanisms when moving to
new hardware. An inexpensive printer that uses expen-
sive, treated paper may not be a bargain over the
system’s lifetime.

The final decision is based on solid information. Sub-
Jective considerations are restricted to evaluating the im-
portance of adequate cost and performance margins,
based on maximum cost and minimum performance ini-
tially established. Observe that selection cannot be based
on the notion of an absolute performance/cost evalua-
tion. Many criteria, such as personnel experience, are
situation- and time-dependent.

The difficult step in this algorithm is the conversion
from task specification to computer characteristics. The
selection criteria must be expressed in computer terms,
and the weight applied to each criterion reflects the im-
portance of that parameter to the particular application.

The following clements of computer systems usually
form the basis for selection criteria:

o Central processor.

® Memory.

® [/O structure and channels.

® Interrupt system.

e Standard peripheral devices.

o Software.

® Manufacturer.

Central Processor and Memory

The central processor and memory determine to a
large extent the computing power of a computer system.
Important memory characteristics are word length, cycle
time, and size. Ideally, the word length should corre-
spond to the data precision required by the application.
The cycle time determines the speed of the computer,
but the user must bewarc of considering cycle time
alonc. How cfficient is the instruction set for the specific
application? For cxample, fast instruction execution may
not offset a communications interface that requires sev-
cral instructions for cach /O operation.

The memory size determines the complexity and size
of programs the computer can run and the type of soft-
warc that can be supported. Additional memory features
that are often important are memory parity and memory
protection.

Important central processor characteristics are the in-
struction set, addressing capability, speed of instruction
execution, number and kind of program accessible regis-
ters, number of internal interrupts, and optional featurces.

10 AUERBACH
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If the instruction set does not include a required func-
tion such as floating-point arithmetic, software routines
must perform the operation. These routines occupy
memory storage space. Execution time is longer than for
a comparable hardware operation. Some minicomputers
have control stores (either writable or read-only) that can
implement new, specialized instructions. Additional,
pluggable hardwarc can be added to perform the
required function. Floating point and fast Fourier trans-
form processors are examples.

Memory organization can have a profound effect on
the way in which software is developed. For example.,
the most successful mini, the PDP-8. has memory
allocated in 256-word pages. An instruction can directly
reference only those addresses within its page (or a base
page). When working in a higher level language, the
programmer is masked from such considerations. but
inefficient execution times may result if program size
passes certain thresholds.

The speed of instruction execution is usually a func-
tion of memory cycle time. Each instruction must be
fetched from memory, and many instructions require
another memory operation for data.

The number, size, and arrangement of index registers
and accumulators affect the time required to do a job
and the memory space required by the program. Index
registers save memory references to software index regis-
ters set up in memory and thus cut down on the number
of indirect references made. They can make the
programmer’s job casicer for loop control and linking to
subroutines. The number of accumulators also deter-
mines the precision of arithmetic operations. the case
with which precision can be increased. and. generally.
the efficiency of the processor.

The number of internal interrupts and number of op-
tional features offered are factors in determining the
flexibility of the processor for a particular application.
The selection criteria should specity all optional features
required.

1/O Structure

Small computers are often tied to sensor- or operator-
based systems, and the 1/O structure is a major factor in
evaluation. The most common /O facility for minicom-
puters is a programmed party-linc channel to which pe-
ripheral device controllers interface for transferring data,
status information, and commands. The number of
devices the channel can support and the maximum al-
lowable length of the bus vary from CPU to CPU.
Channel performance is determined by the number and
kind of /O instructions and the facilities for determining
which device requires service.

1/O transfer rates are affected by the memory address-

ing techniques, the instructions provided for controlling
and testing counters, and other factors such as the cle-
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gance of the 1/O instructions. Most minicomputers have a
generalized [fO instruction that is used to transfer data
control words or status words between the accumulator
and a peripheral device controller. The instruction set
should be examined to determine how casily the processor
identifies a device requiring service.

Most minicomputer systems include a direct memory
access (DMA) channel to allow high-speed data transfers
between peripheral devices and memory, with the data
transfers under control of the channel.

Processor time devoted to 1/O operations is a function
of the number of peripheral devices in the system, their
frequency of use, and the execution time of the software
1/0 routines. Requircments for the application must be
carefully analyzed and the criteria defined to eliminate
from consideration all computer systems that do not have
minimum performance. Vendor proposals should note the
number and kind of 1/O channels supplied and the costs
for extending these.

Interrupt System

The function of an interrupt system is to signal the
processor that an untimed (untimely) event has occurred.
A priority interrupt system establishes a hicrarchy of im-
portance for the attention-getting signals.

A simple interrupt configuration includes one line to
which all devices interface. Software analysis is required
to determine which device has caused the interrupt and
what action to take. The Nova and PDP-8 machines use
this scheme. The order in which interrupt servicing rou-
tines test the status of devices that can cause the inter-
rupt establishes the priority of the devices.

A true priority interrupt system provides a number of
interrupt lines, with a memory location dedicated to
cach line to select the interrupt servicing routine appro-
priate to the interrupt signal. This setup signilicantly
decreases the response time of the processor to interrupt
signals.

The priority of interrupt lines can be hardwired and
fixed. or controlled by bits set in one or more program-
mable interrupt control registers. Programmable regis-
ters make the interrupt system more flexible — impor-
tant if the various peripheral devices assume different
prioritics from program to program.

Normally, the instruction sct includes a provision for
blocking out all interrupts so that crucial processing can
proceed, such as a routine to load or store the interrupt
control registers. In addition, the interrupt system can
block out all interrupts except those of a higher priority
until an interrupt scrvicing routine is finished. The in-
struction set also includes some means of restoring the
interrupt system to its state prior to the beginning of the
interrupt servicing routine.
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When a program is interrupted, the volatile CPU reg-
isters must be saved. This overhcad may be handled in
hardware or software. The method should be noted in
the evaluation.

Standard Peripheral Devices

Vendor-offered peripheral devices and their delivery
times may eliminate many minicomputers from consid-
eration by the selection group. Most minicomputer man-
ufacturers do not make all of their own peripheral
devices. Instead. they buy standard devices and provide
the controllers for a particular computer. Generally. the
cost for peripheral devices is relatively higher than that
for a processor. Recently, many new products have en-
tered the marketplace. Costs have been dropping for two
principal rcasons:

® Performance standards have been moderated.

® Large minicomputer sales have permitted volume

sales of peripherals.

The alphanumeric CRT/display with keyboard is a
good example of how prices have been reduced.

Price
Year Performance (interfaced) Vendor
1967 250.000 cps $40.,000  CDC
1972 1.000 cps 3,000  Hazeltine
1975 100 cps 1.800  Digilog

The dilemma faced by the minicomputer manufac-
turer is which of the many new products to offer with the
computer. The dilemma faced by the buyer is how many
different vendors to use.

Today, the CPU manufacturer generally offers a wide
varicty of peripherals, but not necessarily the latest or
best. The manufacturer also tends to develop and
produce some peripherals, such as Hewlett Packard car-
tridge discs, Digital DECtapes, Data General cassettes
and fixed-head discs.

Meanwhile. the popular computers are supported by
many independent vendors who  can supply  plug-
compatible devices. Often. as with a disc. significant
software comes from the vendor. These peripheral
vendors often are credible though some arc not. In the
arca of peripheral cvaluation, much greater emphasis
should be on the device's performance in a benchmark
situation since only a few devices fit the particular needs
of a given project.

Interfaces Available

A majority of minicomputer manufacturers provide
interfaces to standard data communications devices, to
analogfdigital and digitalfanalog devices, and to sense
and signal modules. Some manufacturers specialize in
these applications and have extensive hardware options
as well as the software to support the equipment.

If the application requires interfaces to special-pur-
pose devices, the selection criteria should include inter-
face requirements. The cost of designing special-purpose
interfaces can become a significant fraction of the total
project cost.

Software

Onc of the most important components of a new com-
puter is its software. It is critical to performance and is the
most frequently underestimated, misunderstood item in
the system budget. Because the cost of minicomputers is
small, many minicomputers do not have extensive system
software. The selection criteria  should include the
required software, with weights applied to the desired fea-
tures for future as well as current needs. In fact, the system
software supplicd by the vendor controls the case and
speed of applications program development.

If the manufacturer writes off software production
costs in the hardware price, the system cost increases as
more system software is included. On the other hand, if
the user needs system software not produced by the manu-
facturer of the system he buys, the cost for its develop-
ment must be added to the price of his computer. This cost
will be much higher than if the manufacturer distributed
the software charge over many computers. In other words,
well-conceived system software that is needed for an indi-
vidual application is much cheaper for the user to buy
from the manutacturer than to develop. and the selection
criteria should reflect this view.

The user must determine the software selection criteria.
Because software needs are tied to an application arca as
closely as hardware needs. eriteria can vary from applica-
tion to application. Despite the previous disclaimers, cer-
tain general software characteristics should be included in
the software criteria.

Generally. the cost per line of software developed is in-
versely proportional to the investment in hardware. In
other words, the less expensive the hardware, the more ex-
pensive it is to program. It is uneconomical, for example,
for the programmer to do clerical chores such as loading a
succession of paper tapes or stepping through a compiler
process. If the system does not support program develop-
ment. then an alternative must be identified and its cost.

System software universally includes an editor and an
assembler. A varicty of conventional and special-purpose
compilers are available — not all from the same vendor.

Manufacturers emphasize the following features of
their assemblers and compilers:

e Number of passes of the source code.

® Memory required.

® Quality of syntax checking.

® Pscudo-operation codes.

e Absolute or relocatable output code.

® Uscr-defined macros in the Assembly language.

® [ibrary calls and in-line Assembly code provided.
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The selection committee must consider the ease and
speed with which applications programs can be coded,
debugged. and run on the system. An initial decision is
what language should serve as a basis for development.
The fundamental considerations are as follows:

e Compiler languages are superior because programs
can be developed faster, documentation is better,
and larger pools of trained programmers arc avail-
able.

e Assembler languages produce more efficient code.

e Some languages will not be available on otherwise
superior cquipment.

e Compilers require operating systems for support.
Larger, more elegant languages often arc not accept-
able in the user cnvironment until many months
after their first release (caveat emptor).

Most assemblers require a minimum of two passes of
the source code to produce an assembled program, and a
so-called one-pass assembler either leaves many refer-
ences to be resolved by a loader or is a two-pass as-
sembler, which does not require the source code to be
read from an input device twice. The first pass checks
the source code for syntactic crrors and builds the
symbol table in memory. The second pass completes the
assembly and tags unresolved references for the loader.
The language compiler adds one translation pass at the
front end of this process.

Utility routines should be supplied for arithmetic and
data conversion and for source code debugging. 1/O
handlers should be provided. loaders should be fur-
nished for all software supplied with the system and all
applications programs.

System software should include diagnostic routines for
system maintenance. Tests should be provided to check
the operation of every unit in the system and to diagnose
malfunctions within those units supplied as sparc parts.
Many manufacturers provide softwarc on a modular
basis. Each module requires a specific minimum hard-
ware configuration. number of memory locations, op-
tional features, interrupt lines. mass storage. and periph-
eral devices.

Operating systems for minicomputers are becoming
increasingly important, particularly for systems that
include mass storage devices. Most operating systems are
of the foreground/background type: one or more real-
time programs can be executed in the foreground and
one batch program can be executed in the background.
Batch background programs are sometimes priority-
oriented. Time-sharing operating systems for minicom-
puters are also available from major minicomputer man-
ufacturers and some independent vendors.!?

Foreground/background —operating  systems — make
minicomputers suitable for real-time control applica-
tions, and increase the cfficiency of the overall com-
puting system. Real-time programs are incorporated into
the operating system and are executed in the foreground,
while batch programs can be executed during leftover

processor time in the background. The important feature
of these systems for control applications is that new real-
time programs can be debugged and prepared for incor-
poration in the operating system without closing down
the system.

Time-sharing operating systems are a variation of the
foreground/background operating systems. Instead of
real-time control programs being cxccuted in  the
foreground, all time-sharing users are in the foreground.

Operating systems vary in complexity, depending on
the kinds of applications for which they were designed.
Most manufacturers who include operating systems in
their software packages offer modular systems with more
features available as the hardware configuration
increases in size. Operating systems handle the following
functions:

e Communication between the operator and the

system.

e [/O.

e Scrvicing of the interrupt system.

e File definition and manipulation.

® Processor status.

e Initiation of program exccution.

e Corc assignment.

User programs have access to the preceeding facilitics
only through the operating system to ensure against inad-
vertent destruction of the programs in core.

System generation permits tailoring the opcrating
system to a particular hardware configuration. Only those
modules required by the application are incorporated into
the operating system for that application. For example, if
the hardware configuration includes no magnetic tape
units. no magnetic tape handler programs arc loaded.
System generation occurs only once for an installation
unless new equipment is added.

Organization of the operating system depends on the
type of system. Foreground/background real-time systems
execute programs on a priority basis: the priority of cach
program application is assigned on the basis of the
required response time. The execution time of real-time
programs is usually short, and any long calculations are
performed by background programs. Background pro-
grams can be exccuted in the order reccived by the
operating  system, or programs can be executed in
accordance with an assigned priority that can be changed
by the operator via the console or control cards.

Time-sharing systems can assume all users have equal
priority and allocate a time slice to each one. Alterna-
tively. the time-sharing system can assume that some users
have higher priority than others: and the programs of
high-priority users are permitted to run to completion.

Communication between the operator and the system
can be via a Teletype keyboard/printer, card or tape
reader and punch, and/or line printer. The opcrating
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system includes an interpreter routine that decodes mes-
sages from and generates messages to the operator. The
communications codes provided limit an operator's con-
trol over the system.

Operating systems handle all 1/O for the system; users
specify their I/O via logical unit numbers. The operating
system maintains queues for the use of 1/O devices and
overlaps 1/O operations with processing.

The manufacturer designing the operating system
makes various assumptions on which to base the system.
These assumptions or system parameters are based on the
hardware and the application for which the hardware will
be used; they include such factors as the average core
storage required by a foreground or background problem,
the maximum number of foreground problems, the max-
imum number of priority levels allowed, the type of pro-
grams that can be run in the foreground and background,
and the system software a user can utilize. Thus, a particu-
lar operating system can be too big and complex. too small
and simpleminded, or about right for a particular applica-
tion, depending on the parameters used in the system
design. The selection criteria must spell out the minimum
facilities required of the operating system.

The structures of various files are based on the antici-
pated needs of the applications for which the system was
designed. The means for addressing, changing, and adding
to files should be examined in the light of the file use for
an application.

The operating system allocates memory for all pro-
grams executed. Normally, the memory map includes
three main areas; one area is assigned to the resident por-
tion of the operating system, another arca is assigned to
the resident applications programs, and the third area is
assigned for temporary use by all other executing pro-
grams — whether system or user. The amount of memory
devoted to resident applications programs and to tempo-
rary programs determines the size of programs that can be
run. If the temporary storage area is too small for applica-
tions programs or for the required systems programs, then
more memory must be added.

Manufacturers also emphasize the system software
packages that can run under the operating system., the case
of inserting programs into the batch stream, the protec-
tion safeguards for users files, and the facilitics for seg-
menting large programs into a size that can be handled by
the system.

In general, when considering operating systems, the
Jjudgement criteria are not very different from those used
in evaluating operating systems of larger computers.
Usually, the small computer system must respond to new
requirements, however. Some insight into operating
system organization or methods for making additions —
specifically in the 1/O area — is desirable.

Qualifications of the Manufacturer

The characteristics attributed to the manufacturer
supplying the system arc important in selecting a system
because users require many services from this manufac-
turer. Consideration should also be given to the follow-
ing factors:

® Reputation of the sales personnel.

® Declivery schedules and reputation for meeting them.

® Maintenance, distance of computer site from manu-

facturer or service center, and quality of the ficld en-
gineering staff,

® Softwarce support available for applications program-

ming.

® Number of systems delivered.

® Quality of documentation on hardware and soft-

ware.

® Training provided.

® General reputation of the hardware and software.

® Financial health of the vendor.

Settling on a System

At this point, the selection criteria should include only
those features that are relevant to the application. Some
criteria are critical; these must be identified, and all
computers without the critical features should be ig-
nored. From the selection criteria, the selection coms-
mittee should make up a hardware list and. using
AUERBACH reports or other computer surveys, select a
group of manufacturers that can do the job.

The committee can calculate hardware costs from
price lists or seek bids from the manufacturers of accept-
able computers. Seeking bids is preferable if special
equipment, special services, or a competitive bid is
required.

The first step is to solicit the “long list,” which
describes the functional requirements and requests a
response of qualification and interest in bidding. From
this information the “short list™ of three to six vendors
will do; these arc asked for a formal proposal.

Using the performance criteria described previously,
the next step is to calculate the system performance for
all acceptable computers:

N
Pe = 2: Wi 8
i =1
where P = system performance
¢ = aparticular computer system

i = asclection criterion for an
application

N = the total number of selection
criteria for that application

W = criterion weight

S = implementation scale factor. !

A unique performance number (P) can now be as-
sociated with each acceptable computer system.

2t
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When the proposals for the computer hardware are
received, the selection committee can compute a total
system price. This price includes the manufacturer’s
system price plus the estimated in-house costs for
programming, hardware, and operations. Once the total
system costs for all proposed systems arc obtained, the
price/performance ratios are calculated for cach by
dividing total system cost by the performance number.

Logically, using this method, the selection committee
selects the computer with the lowest price/performance
ratio (PPR). Other factors, however. can dictate
selecting some other system. The total system cost in rela-
tionship to the computer budget, for example. might force
the selection of a lower-priced computer with a higher
price/performance ratio. If two computers arc roughly
equivalent, the committee might select one over the other
because of delivery schedules. Having performed the anal-
ysis described in the preceding paragraphs, the selection
committee can make decisions on a sound analytical basis,
and that is the main advantage of this approach.

FUTURE DEVELOPMENTS

The rise of minicomputer technology has been
explosive. The diversification of equipment and applica-
tions has been dramatic since 1968. Viewed from the
standpoint of the problem to be solved, the history of
computing technology can be described as follows:

Pre-history Mechanical computing: abacus to
Hollerith.

50's Widespread computation, but
unreliable and expensive.

60’s Centralized large computers with
languages and operating systems:
problems forced to conform to batch
processing regimes.

70's Decentralized task-oriented processing.
using language and processors scaled
to the task.

Beyond Further melding of hardware and

software techniques, with highly
individual designs extending into the
CPU itself.

It is a fact that minicomputer manufacturcrs are
selling larger average systems. One minicomputer manu-
facturer spokesman notes that the avcrage system now
shipped is valued at $37,000. Four years ago it was only
$14,000. More system software and more peripherals are
available. The basic small computer is still very much
the big seller; but it has larger cousins now. The genealo-
gy can be observed by looking at Data General as an ex-
ample of the industry trend maker: first the Nova, then
the Supernova; the line was subsequently filled out with
Nova 800 and Nova 1200, then the “hairy” (big) 840; all
software compatible; followed by the tiny Nova 2/4 and
2/10; now the much grander ECLIPSE. Another ¢x-
ample is Varian: first came the simple 620A, then the
fast 620F, next the economical 1.100. and finally the
V70 Series; all software upward compatible.

75—12

Figure K. Data General Nova 2/4 and 2/10

The glamour and promotion are concentrated on the
maxi-mini and the new compilers. but this rising scale of
grandeur is deceptive. At the other end of the spectrum,
history is repeating itself. As the mini has challenged
large computer designers, now the microprocessor
challenges the established minicomputers. The bur-
geoning activity centers on a new set of suppliers — the
computer-on-a-chip vendors who are producing scaled-
down minicomputers. The decade ahead should see far
greater cmphasis on system engineering, task-oriented
design than was ever true for minicomputer design. The
fortunate user can now choose from an almost complete
spectrum of solutions for a problem and truly find just
the right amount of hardware and software to do the job.

i 74—381

Figure L. Data General ECLIPSE® Computer
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SPECIFICATION CHART

Microprocessors—Microcomputers

AUERBACH Buyer's Guide to . . .
MINICOMPUTERS

MANUFACTURER American Microsystems  Applied Computing Applied Computing Applied Data Applied Systems Corp
Inc. Technology Technology Communications
Model Number AMI 6800 UMPS-4 PPS-4MP 70-100 ASC/8
PHYSICAL PACKAGE
Number of boards - 2 7 1 3 minimum
Dimensions — 5x7" 5x7" 16 x 15" Depend on opts
Number of chips 1 4 Variable - 1
Nurriber of pins/chip 40 42 42 - 40
Power Supply (std, opt) +5V opt Opt Std Opt Std/opt
Console (std, opt) No Opt Std Opt Opt
Cabinet (std, opt) No Std Std Opt Rugged opt
PROCESSOR
Manufacturer Motorola Rockwell Rockwell Intel Intet
Model Number 6800 PPS-4 PPS-4 8080 8080
Technology Used (n/pMOS, bipolar) nMOS pMOS pMOS nMOS nMOS
Word size
Data, bits 8 4 4 8 8
Instruction, bits 8,16 8 8 8/16/24 8/16/24
Clock frequency, KHz 100 200 200 2000 2000
Add Time, reg to reg, usec 2 4.0 (4-bit wd) 4.0 (4-bit wd) 2 2
Number of instructions 72 50 50 74 74
Number of registers 6 internal 2 (12-biy) 2 (12-bit) — =
uprogrammed No Yes es No No
Fixed-point Arithmetic {+, -, X, )
Implementation (binary, BCD); (std, opt) Yes Binary, BCD Binary; BCD Std Std
MEMORY
Types — {(ROM/RAM/PROM)
ROM
Technology {n/pMOS, bipoiar) nMOS pMOS pMOS NA nMOS
Word size, bits 8 8 8 8
Capacity, words 1K 16K 16K 32K
Cycle time, usec 0.575 1.26 1.25
RAM (std, opt) Opt
Technology nMOS pMOS pMOS nMOS
Word size, bits 8 4 4 8 8
Capacity, words 128 4K 4K 16K CPU; 64K system 64K
Cycle Time, usec 1.0 1.25 1.25 - -
PROM
Technology - pMOS pMOS - nMOS
How programmed? — UV erasable UV erasable UV reprogrammable Elect.
Word size, bits - 8 8 8 8
Capacity, words - 16K 16K 4K CPU; 64K system 64K
Cycle time, usec — 1.0 1.0 - -
INPUT/OUTPUT
1/0 word size, bits 8 Three 4-bit groups Three 4-bit groups 8/32 8/32
Number of device addresses 10 max 16 16 To 2K To 2048
Programmed 1/0 No Yes Yes Yes Yes
Direct Memory Access Yes Yes Yes Opt Opt
Type of interrupt system Vectored NA NA Vectored Vectored
1/0 rate, wds/sec - 4K 4K 500K 500K

Device interfaces available - ( List)

General purpose com-
munications interface;
peripheral interface
adapter; async commu-
nications interface adapter
modem; universal sync
receiver xmitter

Keyboard; display;
printer; teletype; RS-232;
paper tape reader; Sitent
700

Keyboard display;
printer; teletype RS-232;
paper tape reader; Silent
700

IBM compatible floppy
disc; 3M tape cartridge;
9-track tape; GP 1/0 card;
ROM programmer; mem
ory expansion; real-time
clock; RS-232 and current
loop; sync or async com-
munications controller

T2L; EIA Communications;
teletype; printer; graphic;
CRT; disc; keyboard; A/D

SOFTWARE
Assembler Yes Yes Yes Yes
Cross assembly {what system?) Yes FORTRAN IV FORTRAN IV - FORTRAN; (I{BM 370)
Simulators (For what) 360/370 1BM Time share Time share - Yes
Languages FORTRAN IV No No - Basic; PL/M
Operating System No No Yes ADC micro Exec* Yes
Software (bundled?) No Yes Yes - Opt
APPLICATIONS
Replace Hard-wired logic Yes Yes Yes Yes Yes
Commercial processing Yes Yes Yes Opt
Data acquisition Yes Yes Yes Yes Yes
Terminals Yes Yes Yes Yes Yes
Device controllers Yes Yes Yes Yes Yes
Process control Yes Yes Yes Yes Yes
Any others? Prototypes small Stand-alone development  Stand-alone small business Communications controller
production systems system for Rockwell system; word processing;  for IBM bi-sync protocol
PPS-4 microcomputer communication system to multiple async terminals
set
First Delivery 12/74 12/73 4/73 4/75 1974
Number delivered - 60 70 - -

STANDARD SYSTEM

PRICE, $

Other Features

Single quantities/69

© 1977 AUERBACH Publishers Inc.

1K wds ROM; 1K wds
RAM

855/695

AUERBACH

®

1K wds ROM; 1K wds
RAM

2495; 2495

Prom programmer; high
speed tape reader; RS-232
interface as options

CCPC board with RS232/
TTY controller; 1K bytes
ROM; 4K RAM

1300

*also ADC Micro DOS,
floppy disc in same
enclosure opt expandable
to8

1K wds ROM/1K wds
RAM

1,000

Optional communications
terminal control features
for ASCII/EBCDIC con-
version; buffering and
multiplexing
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SPECIFICATION CHART — MICROCOMPUTERS — MICROPROCESSORS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt)
PROCESSOR
Manufacturer
Model Number
Technology Used {n/pMOS, bipolar)
Word size
Data, bits
Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic (+, -, X, +)
Implementation (binary, BCD); (std, opt}

MEMORY
Types — (ROM/RAM/PROM)
ROM

Technology (n/pMOS, bipolar)
Word size, bits
Capacity, words
Cycle time, usec
RAM (std, opt)
Technology

Word size, bits
Capacity, words

Cycle Time, usec
PROM

Technology

How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/QUTPUT
1/0 word size, bits
Number of device addresses
Programmed /0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available-{List)

SOFTWARE
Assembler
Cross assembly {what system?)
Simulators (For what)
Languages

Operating System
Software {bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

20

Cramer Electronics

CRAMERKIT 1

25
Various
Opt
Std

Opt

Intel/T.l./Motorola/ AMD
8080A/8080/6800/9080
nMOS

Std
nMOS
8
1024
0.45

FAmOS!!
Pgmr avail as kit

8
1024
0.45

8

8

Yes

Yes

1 interrupt

RS-232; TTY; audio
cassette

Avail 1st qtr 1976

Yes
Yes

Yes
Yes
Yes
Yes

9/75
With 1K wds ROM and
1K RAM

495

(1) Floating gate
Avalanche MOS

Control Logic

L Series

3 minimum
3" x 45"
25
Variable
Opt

Opt

Opt

Intel
8008-1
pMOS

8
8/16/24
250
125

48

7
No

Binary std

NA

Opt
pMOS

8
1K/board

15
Opt

pMOS
UV Erasable; FAMOS

8
512/board
1.0

8

32

Yes

Opt

Vectored; 8 levels

13K

TTY; EIA RS 232C;
generat serial; general
parallel; high speed paper
tape reader and punch;
CRT,; floppy disc; PROM
programmer

Yes

PDP-8

N/A

L Series Assembly

oDT
Bundled or separate

Yes
Yes
Yes
Yes
Yes
Yes
Simulation

4/73
2,250 L and M

With 1K wds ROM/with
1K wds RAM

569/460

L.DS series development
series contains processor;
4K bytes RAM; Monitor/
debugger loader; parallel
1/0 interfacing; TTY inter-
face; console; powered
enclosure; assembler;
editor; PROM programmer
for 2.340

AUERBACH

®

Control Logic

M Series

3 minimum
3" x4.5"
23
Variable
Opt

Opt

Opt

Intel
8080
nMOS

8
8/16/24
2000
20+
78

8
No

8CD & Binary; std

NA

Opt
pMOS

8
1K/board

15

Opt

pMOS

UV Erasable; FAMOS

8
512/board
1.0

8

256 in/256 out
Yes;

Opt

Vectored; 8 levels

43K

TTY; EIA RS-232C;
general serial; general
parallel; high speed paper
tape reader; high speed
punch; CRT; floppy disc;
PROM programmer

Yes

PDP-8

N/A

M Series Assembly

onT
Bundled or separate

Yes
Yes
Yes
Yes
Yes
Yes
Simulation

9/74
2,250 Land M

With 1K wds ROM/
with 1K wds RAM

729/620

MDS-M Series develop-
ment system includes
processor; 5K RAM;
Monitor/debugger/loader;

parallel 1/0 interface; TTY
interface; console; powered

Data Architects

CMm101

1
13.1x6.1x2
92

Opt
Opt
Opt

Intel
4004-4040
pMOS

4
8/16
636
12.6
45
17
No

BCD & Binary std

Any std
8

4K banks
1.1
Any std

4
4K banks

11
Std
FAMOs! 1)
Electrically

8
256 or 512
1.0

4

32

Yes; std
No

No; uses polling
20K

TTY; 4-bit parallel;
8-bit parallel; time of
day; gp serial interfaces
all on same board as
processor

Yes

Tymshare
Tymshare
Assembler

Custom
No

Yes
Yes
Yes
Yes
Yes
Yes
Communications controller

With 1K words ROM

1,740

(1) Floating gate
Avalanche MOS

enclosure; assembier; editor;

PROM programmer costs

$2,340

Data Numerics

DL8A

1
16" x 8"

Varies
Opt
Opt
Opt

intel
8080

| | oo

All

8

64K
Various
All

8

64K

Various
Ali

Electrically

8
8
Various

8
Various
Yes
Yes
8-level

To TM Hertz
Mag tape; cassette;

cartridge; TTY; CRT
paper tape; keyboarc

Yes
PDP-8/PDP-11

Yes
Yes
Yes

Yes
Yes

1976
25+

1K ROM/1K RAM

950/850
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MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt}
PROCESSOR
Manufacturer
Model Number

Technology Used {n/pMOS, bipolar}

Word size

Data, bits

Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic (+, -, X

, =)
Implementation (binary, BCD); (std, opt)

MEMORY
Types — (ROM/RAM/PROM)
ROM

Technology (n/pMOS, bipolar)
Word size, bits
Capacity, words
Cycle time, usec
RAM (std, opt)
Technology

Word size, bits
Capacity, words

Cycle Time, usec
PROM

Technology

How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/QUTPUT
1/0 word size, bits
Number of device addresses
Programmed 1/0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available -(List)

SOFTWARE
Assembler
Cross assembly {what system?}
Simulators {For what}
Languages

Operating System
Software (bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

Digital Equipment

LSI-11

1
10.5 x 8.6
55

16

Opt
Opt
Opt

Digital Equipment
LSI-11
nMOS

16

16

833

35

Over 400
8

Yes

Opt

nMOS
16
28K
0.5

nMOS and Core
16

28K

05;1.2

MOS
Fusible link

16
28K
0.7

16

4K

Yes

Yes

Single-line; vectored
833K wds/sec

For serial devices

Yes

BASIC; FORTRAN;
FOCAL

RT-11
Unbundled

General purpose mini-

computer

4/75

4K words RAM

990

®© 1977 AUERBACH Publishers Inc.

Digital Equipment

MPS System

1
85x10x05
50

18
Std
Std
Std
Intel
8008
pMOS
8

8
500K
20.0
48

Yes

nMOS opt
8
4K/board
1.1

Opt

8
4K/board
1.0

Full duplex serial
interface

1974

AUERBACH

®

Digital Laboratories
PB 96

1

9x 15"

72

14/16

Opt

Opt

Opt

Digital Labs

PBYBP
TTL

8
8/16
9600

MOS/pROM
8

1K
1.2

Opt

8

64K
5.6
1702A

1024
1.2

8
12
Yes
Opt

Opt
2.9 usec/byte

RS$232C; TTY; punch
tape; card reader; floppy

disc; keyboard; Burroughs

self-scan

Yes, pass
PDP-8 pass
PDP-8
None

Editor
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Word processing; large
bufter/controller; com-
munications buffer; pro-
grammable calculator
interface

3/74

With 1K wds ROM/
With 1K wds RAM

295/275

Architecture oriented to-

wards use of large serial
working memory {CCDS
or ather shift registers).

Made of TTL IC’s readily

available. Licensing ar-
ranged for most users
if desired.

Fabritek
MP12

2
16.3 x 9.5
130

14/16

Opt {(+6VDC)
Std

Opt

Fabritek
MP-12
Bipolar

12

12

12,000

3.0

28

Single accumulator
No

Binary

Bipolar
12
2K
15

Core
12
4K
15

Bipolar
FL

12
2K
1.5 usec

12

63

Yes

Single channel

Single channel

P10 66KHX/DMA 666KHz

Async communication;
high speed paper tape;
RDR/PCH; TTY; cassette
tape; line printer; char
printer; digital input/
output; D to A; IBM
compatible mag tape;
extension data store

Yes

1BM 360/370

NA

PDP-8 compatible

Real-time exec
Yes

Yes
No

Yes
Yes
Yes
Yes

With 4K words RAM;
power supply; chassis
and 12-bit microcomputer

2395

Fairchild Semiconductor

F8S-simboard

1
12x6"

5/12
Std

Fairchild
3850
nMOS

8
8
2000
5

60
67
Yes

Bipolar
Fused link

8
2K
5

»oo

Vectored

Yes
FORTRAN
F8

Debug

Yes
Yes
Yes
Yes
Yes
Yes

6/75
15

NA
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SPECIFICATION CHART — MICROCOMPUTERS — MICROPROCESSORS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt)
PROCESSOR
Manufacturer
Model Number
Technology Used (n/pMOS, bipolar}
Word size
Data, bits
Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic (+, -, X, )
Implementation (binary, BCD); {std, opt}

MEMORY
Types — {ROM/RAM/PROM)
ROM
Technology (n/pMOS, bipolar}
Word size, bits
Capacity, words
Cycle time, psec
RAM (std, opt)
Technology

Word size, bits
Capacity, words
Cycle Time, usec
ROM

Technology
How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/QUTPUT
1/0 word size, bits
Number of device addresses
Programmed /0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available - (List)

SOFTWARE
Assembler
Cross assembly (what system?)
Simulators (For what)
L.anguages

Operating System
Software {(bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

22

Fairchild Semiconductor

F8-C

7

6 x 8"
5/12
Std
Std
Std
Fairchild
3850
nMOS
8

8
2000
5

60
67
Yes

5

Bipolar
Fused link

8
4K
5

8
4 per board

Option
Vector

Yes
FORTRAN
8

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

9/75
5

N/A

General Automation

GA-16/110

1
7-3/4x 11"
2

48
Opt (plug in)
Std

Opt
GA
nMOS

16

16

12.6

2.0

91 std; 120 opt
16

Yes

Binary std

Bipolar
16

64K
05

nMOS
16-18 opt
64K

0.5

Bipolar
Fusible link

16
64K
05

16

64

Std

Std

Vectored priority
PI1Q 200K; DMA 2M

DIO; AC in; AC out;
Analog out; threshhold in;
async comm; sync; bisync;
SDLC; TTY, CRT; paper
tape reader/punch; plotter;
line printer; cassette;
cartridge; floppy disc;
magtape; disc

SPC-16 & GA 16/330
SPC-16/GA-16/330
FORTRAN, COBOL,
BASIC

RTX

No

Yes
Yes
Yes
Yes
Yes
Yes
Communications buffer

Compatible with SPC-16
software and 1/O; PF/AR;

RTC port; integral displays;

General Automation

GA-16/220

2
7-3/4 x 117
2

48
Opt (plug-in}
Std

Opt

GA

nMOS

16

16

2.0

91 std; 120 opt
16

Yes

Binary std

Bipolar
16

64K
05

nMOS
16-18 opt
64K

05

Bipolar
Fusible link

16
64K
0.5

16

64

Std

Yes

3-level vectored

P10 200K; DMA 2M

TTY; CRT; paper tape;
card reader/punch; plotter
line printer; cassette;
cartridge; floppy; magtape;
disc

Yes

SPC-16 & GA-16/330
SPC-16 & GA-16/330
FORTRAN; COBOL;

BASIC
RTX; FSOS1DBOS; RTOS
No

Yes
Yes
Yes
Yes
Yes
Yes
Communication buffer

PF/AR; Ims RTC; integral
display; microconsole
ROM:; operations monitor;

operations monitor; remote remote load; 2-board con-

load; single PC board;

figuration; parity (opt);

parity opt; memory protect memory protect {opt);

opt; cold start ROM

AUERBACH
®

cold-start ROM

General Automation

GA-8/55

1
7-3/4 x 11"
1

40
Opt {plug in)
Std

Opt

Intel
8080
nMOS

Binary and decimal
conversion std

Bipolar

8

58K bytes
05

nMOS

8

56K bytes
05

Bipolar
Fusible link

8
56K
05

16

64

Std

Yes

Vectored priority
P10 100K; DMA 2m

Digital In/Out; AC infout
analog in/out; threshold
in; async comm; async
mux; sync comm; bisync;
SDLC; TTY; CRT; paper
tape reader; plotter

No

360/370
360/370
PL/M 360/370

No
No

Yes

Yes

Yes

Yes

Yes

Yes
Communications
machine control

5/75

PF/AR; 1usec RTC;

cold start ROM; integral
operator display; TTY/
CRT, remote load;
operations monitor alarm;
microconsole opt complete
micro on single board

General Instrument

GIC 1600

4
9.75" x 9.25
202

1440
Opt
Std
Std

General Instrument
CP1600
nMOS

16
10
5000
2.4
87

8

No

Std

nMOS
10-16
32K /card
05

nMOS
16
8K/card
05

pMOS; Silicon gate
electrically; UV

16
4K wds/card
15

16
65K
Yes
Yes
Multilevel vectored

TTY; EECO; REMEX or
Tally high speed reader/
punch; EIA interface
devices

Yes

FORTRAN IV, F level,
GIC 1600 or host
Assembly

Resident monitor
On-line bundled

Yes
Yes
Yes
Yes
Yes
Yes
Telecommunications

CPU, 8K memory, console,
ODP firmware, 1/0 and
software

3400
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MINICOMPUTERS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt}
PROCESSOR
Manufacturer
Model Number

Technology Used (n/pMOS, bipolar)

Word size

Data, bits

Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic {+, -, X,

Implementation (binary, BCD); V(

MEMORY
Types - (ROM/RAM/PROM)
ROM

Technology (n/pMOS, bipolar)
Word size, bits

Capacity, words

Cycle time, usec
RAM (std, opt)

Technology

Word size, bits

Capacity, words

Cycle Time, usec
PROM

Technology
How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/OUTPUT
1/0 word size, bits
Number of device addresses
Programmed 1/0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available- (List)

SOFTWARE
Assembler
Cross assembly (what system?)
Simulators (For what)
Languages

Operating System
Software (bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

)
std, opt)

© 1977 AUERBACH Publishers Inc.

General Instrument

GiC 1601

4
9.75" x 9.25"
209

14 to 40
Opt
Std
Std

General Instrument
CP 1600
nMOS

nMOS
10-16
32K/card
0.5

nMOS
16
8K/card
0.5

pMOS; silicon gate
Electrically and UV

16
4K wds/card
1.5

16

65K

Yes

Yes

Multi-level vectored

TTY; EECO; REMEX or
Tally high speed reader/
punch; E1A interface
devices

Yes

F-level FORTRAN |V
GIC 1600 or host
Assembly

Resident monitor
On-line bundled

Yes
Yes
Yes
Yes
Yes
Yes
Telecommunications

7/78
25

CPU, 8K memory, console,

ODP firmware, 1/0 and
software

3500

GTE Information Systems

1S/1011

1 or more
125" x 20"
80 +

Opt+5V, +12V, -12V
Opt
Opt

GTE
15/1011
Bipolar

Binary std

Opt
Bipolar

65K (off board)
0.15

Opt
Bipolar/core

16
1K

0.15

Opt

Bipolar
Fusible link

16
65K
0.15

Buffer memaory; interval
timer, cyclic redundancy
check/generate; code
conversion memory

o
GTE IS 1000
No
No

No
No

Yes
Yes

For hardware debug;

memory units;com-
munications interfaces

1/75

AUERBACH
®

GTE Information Systems

18/1014

1 or more
125" x 20"
80

Std

Opt

Opt

GTE
1S/1014
Bipolar
8or 16
8,16

.06
.2 {GP Reg to accum)
80

16
Yes

Binary Std

Opt
Bipolar
8 16
16K

1

Std

Core {off board)
8

16K

0.756

Opt
Bipolar
Fusible link

8or 16
4K on board
0.1

8

256
Yes
Yes

Cash register; modem
controllers; debug
hardware

No
GTE/IS 1000
No
No

No
No

Yes

11/74

Hollinbeck Enterprises

MP-68

nMOS
8
61K

nMOS

61K
0.8

nMOS
Elec

61K
0.1

8

4096

Std

Std

Vector

45K bytes/sec

Floppy disc RS-232;
modem

Resident
No

No
BASIC
Dos
No

No

Yes
Yes
Yes
Yes
Yes

8/75

With 1K words of ROM

7500

Includes 16KB RAM;

dual floppy disc; assembler;
loader, text editor and
operating system; OEM
discounts available

Hollinbeck Enterprises

MP-11

3
8.5" x 10"

Std
Std
Std

DEC
LSI-11
nMOS

16
1000
2
400
8
Yes

Binary, std

nMOS
8
61K

nMOS

28K
08

nMOS
Elec

16
28K

16

4096

Std

Std

Vector

90K wds/sec

Floppy disc; RS232;
modem

Resident

No

No

BASIC, FORTRAN IV,
COBOL

RT-11

No

No

Yes
Yes
Yes
Yes
Yes

Yes
Floppy disc; RS-232;
modem

12/75
NA

1K words ROM

9,000

Includes 16KB RAM;

dual floppy disc; assemblier;
loader; text editor; and
operation system; OEM
discounts available

23




SPECIFICATION CHART — MICROCOMPUTERS — MICROPROCESSORS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt}
Console (std, opt)
Cabinet (std, opt)
PROCESSOR
Manufacturer
Model Number
Technology Used (n/pMOS, bipolar)
Word size
Data, bits
Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic (+, -, X, )
Implementation (binary, BCD); (std, opt)

MEMORY
Types — {ROM/RAM/PROM)
ROM

Technology (n/pMOS, bipolar)
Word size, bits
Capacity, words
Cycle time, ysec
RAM (std, opt}
Technology

Word size, bits
Capacity, words

Cycle Time, usec
PROM

Technology

How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/QUTPUT
1/0 word size, bits
Number of device addresses
Programmed 1/0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available—(List)

SOFTWARE
Assembler
Cross assembly (what system?)
Simulators (For what)
Languages

Operating System
Software (bundied?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

24

Intel

4004 (MCS-4)

1
6.18 x 8 x .06"

7
16/24
Opt
Opt
Opt

Intel
4004
pMOS

4
8,16
740
10.8
46
16
No

Binary, BCD Std

Std
pMOS
4

1K
Sd
pMOS
4-bits
320

4-bits

No
None

Clock; memory; 1/Q

Yes
Yes
FORTRAN IV

No

Yes
Yes
Yes
Yes
Yes
Yes

National Semiconductor
second source

Intel

4040 (MCS40)
(Inteliec 4)

Binary; Logical BCD Std

Std
pMOS
8

256

Std

Clock, RAM; 1/O

Resident
Yes

Yes
FORTRAN IV

No

Yes
Yes
Yes
Yes
Yes
Yes

AUERBACH
®

Intel

8008

1
40
Opt
No
No

Inte}
8008
pMOS

8

8,16,24

500 to 800
20/125

48

7 8-bit data regs
No

Binary

pMOS, nMOS, Bipolar
8

250-2K
05-1.5

pMOS, nMOS, CMOS
1,4

256-4K

15

pMOS, nMOS, bipolar
Fusible link, FAMOS

8,4
2-8K
051.5

8
256

Vectored 8-level

Resident
FORTRAN IV
FORTRAN IV
PL/M

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Billing, accounting

1971
™

Intel

8080

1

40
Opt
No
No
Intel
8080
nMOS

8

8, 16,24

2080 to 3000
2-1.33

78

7 8-bit data regs
No

Binary, BCD

pMOS, nMOS, bipolar

8
250-2K
05-15

pMOS, nMOS, CMOS
1,4

256-4K

15

pMOS, nMOS, bipoia?

Fusible link, FAMOS(1)

84
2K-8K
0.5-1.5

8
256

Vectored 8-level

Resident
FORTRAN IV
FORTRAN IV
PL/M

No

Yes
Yes
Yes
Yes
Yes
Yes
Avionics

1973

Intel

MDS-800 (8080A}
4 std; 14 more opt

16/24/40

Std

TTY; CRT opt
td

Intel
8080A
nMOS

8
Multipie of 8

72
6 16-bit
No

Binary; BCD Std

All

8

2K or 14K
0.07

Std

nMOS

8
16K
1

nMOS, bipolar
PROM programmer

4/8
12K
0.07

8; 16 DMA
256 expandable
Yes

Yes

8-user mask

RS232 (CRT); TTY;
High speed reader;
Line printer

Yes

Yes FORTRAN IV
Yes FORTRAN 1V
PL/M

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Prototype, development
systems support is prime
target

6/75
300 +

With 2K wds ROM,
16K wds RAM, text editor,
assembler monitor

3950

ICE (In Circuit Emulator)
progcessor boards & cable
with plug to prototype

Dip socket, including all
software support for user
defined break point settling
& debugging

AUERBACH Computer Technology Reports
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MINICOMPUTERS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt)
PROCESSOR
Manufacturer
Model Number
Technology Used {n/pMOS, bipolar)
Word size
Data, bits
Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
uprogrammed
Fixed-point Arithmetic {(+, -, X, +)
Implementation (binary, BCD); (std, opt}

MEMORY
Types — (ROM/RAM/PROM)
ROM

Technology (n/pMOS, bipolar)
Word size, bits

Capacity, words

Cycle time, usec

RAM (std, opt)

Technology

Word size, bits
Capacity, words

Cycle Time, usec
PROM

Technology

How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/QUTPUT
1/0 word size, bits
Number of device addresses
Programmed /0
Direct Memory Access
Type of interrupt system

1/0 rate, wds/sec

Device interfaces available—(List)

SOFTWARE
Assembler
Cross assembly (what system?)
Simulators {For what)
Languages

Operating System
Software (bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

© 1977 AUERBACH Publishers Inc.

Keronix

IDS 16M

1

7x 107
50

Opt
Opt
Opt

Keronix
iDS 16M
Bipolar

16
16
100
1.5
192
4

No

Std binary

MOS

16
2K
05

16

62

Yes

Yes

Priority

500K one-line

TTY; real-time clock;
paper tape reader and
punch

Yes

BASIC; FORTRAN

Yes
Bundled

Yes
Yes
Yes
Yes
Yes
Yes

10/75

1K words ROM or
1K words RAM

2000
Fully transparent to all

applications for the Data

General Nova

Martin Research

AT 804-3

4
bb6x 7"

16, 18, 20, 24
Opt
Std
Opt

intel
8008; 8008-1
pMOS

16K
0.45

pM
Electric (1702A)

8
2K +
1.0

Single level
31K one-tine

TTY; 5-level TTY
(Baudot); floppy disc;
cassette tape; TV text
(planned); PROM pro-
gramming; multipro-
cessor {planned); ASCII
keyboard (planned);
Okidata 110-cps printer

Yes
Yes
Yes
No

Monitor
No

Yes

Yes

Yes

Yes

Yes

Educational use; OEM
prototyping

5/75
100

256 bytes PROM,
256 bytes RAM

395

Extra RAM available to
bring capacity up to 1K
at $950/256 bytes; 4K

RAM board avail Kit only

price—~$295

AUERBACH
®

Martin Research

AT 811-3

4
55x7"

16, 20, 24, 40
Opt
Std
Opt

Intel/AMD/T1
8080; 8080A

nMOS

8

8, 16,24
2000; 3200
2;1.25

Std

8

No

No

64K
0.45

pMOS
Electric {1702A)

8
2K +
1.0

8

548

Opt

Opt

8-level vectored

12K (P10); 2M (DMA)

TTY; 5-level TTY (baudot);
floppy disc; cassette tape;
TV text {planned); PROM

programming (planned}
multiprocessor interface

planned; Okidata 110 cps

printer {avail); CRT
monitor (planned)

Yes
Yes
Yes
No

Monitor
No

Yes

Yes

Yes

Yes

Yes

Educational use; OEM
prototyping

11/75

256 bytes PROM and
512 bytes RAM

495

Extra RAM available
to bring capacity up to
1K at $950/256 bytes;
kit only price—$445

Micro Computer Machines MICROKIT

MCM/70 8/16
5 4
- 6x8"”
- 29
- 40 max
Std Std
Std Std
Std Std
Intel Intel/AMD/T1
- 8080
— nMOS
- 8
- 8,16,24
- 200
- 2
- 78
- 7

No
- Binary; BCD std
MOs -
8 —
32K -
MOS nMOS
8 8
2K, 4K or 8K 56K

0.48 rd; 0.96 write
- EAROM UV erasable
- Electric
- 8
— 8K
- 0.45
8 8
199 512
Yes Yes
- Yes
- Vectored; priority
120 50K

Printer/plotter; comm:
nications subsystem;
EIA RS 232C; current

u- Keyboard; CRT display;
cassette tape; RS-232C;
real-time clock; 110 cps

loop; APL/ASCII; ASCIL; line printer; 8 bit inter-

IBM correspondence;
any user-defined 5, 6,
or 8-level code

processor port
7

- Resident
- 1BM 370
- 1BM 370
APL -

AVS virtual 0S Yes

Yes Yes

- No

Yes Yes

Yes Yes

Yes Yes

Yes No

Yes Yes

Technical problem solving; Software development;
scientific problem solving  microcomputer product

11/74
100 +

With 32K ROM; 2K
words RAM

6500

testing and text editing

5/75
12
With 1K ROM; 8K RAM

3850

Price includes 100K bytes Complete development
M

virtual cassette storage;
power fail/protect; 1/0

interface; printer/plotter

driver; integral display;
keyboard; virtual opera-
ting system

system; 8K RAM, 2
cassette tape drives;
keyboard; display, real-
time clock interface to
printer and PROM
programmer

25



SPECIFICATION CHART — MICROCOMPUTERS — MICROPROCESSORS

MANUFACTURER
Model Number

PHYSICAL PACKAGE
Number of boards
Dimensions
Number of chips
Number of pins/chip
Power Supply (std, opt)
Console (std, opt)
Cabinet (std, opt)
PROCESSOR
Manufacturer
Model Number
Technology Used (n/pMOS, bipolar)
Word size
Data, bits
Instruction, bits
Clock frequency, KHz
Add Time, reg to reg, usec
Number of instructions
Number of registers
upprogrammed
Fixed-point Arithmetic (+, -, X, =)

Implementation {binary, BCD]’;‘(std, opt)

MEMORY
Types — (ROM/RAM/PROM)
ROM

Technology {n/pMOS, bipolar)
Word size, bits

Capacity, words

Cycle time, usec
RAM (std, opth

Technology

Word size, bits
Capacity, words

Cycle Time, usec
PROM

Technology

How programmed?

Word size, bits
Capacity, words
Cycle time, usec

INPUT/OUTPUT
1/0 word size, bits
Number of device addresses
Programmed 1/0
Direct Memory Access
Type of interrupt system

(/0O rate, wds/sec

Device interfaces available—(List)

SOFTWARE
Assembler
Cross assembly {what system?)
Simulators {For what)
Languages

Operating System
Software (bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

26

MITS
Altair 8800

1to 16
17 x 16"
1

40

Std

Std

Std

intel
8080
nMOS

nMOS

8

4K or 1K
0.47;0.85

MOS
Electric

8
2K
1

8

256
Yes
Yes
8-level

856

Flexible disc drives;

110 char/sec line printer;
ASR-33 TTY; CRT
terminal; audio tape
recorder; cyclops camera;
plus general interfaces
for most peripheral
equipment

Yes

Extended BASIC

DOS-0s
Yes

Yes

Yes

Yes

Yes

Yes

Yes

General purpose
computer

1/75
3500

With 1K words RAM

760/(536 for kit)
Real-time clock

Monolithic Memories

MMI 300

11013

6.6 x 9.6" cards
Various

Various; 14 to 40
Std; 5V

N/A

Opt

Monolithic Memories
MMmI 300
Bipolar

16

16

3300

0.9

36 (expandable)
16

Yes

Bipolar
1to 10
To 10K
100 max

Bipolar; nMOS

64; 2566, 1K bipolar
4K nMOS

4K max
To 200
Bipolar
Fusible link
1to 10
8K

100

16

62

Yes
Yes

microprogrammed

Diagnostic

Nova-type
Custom

Yes
Yes
Yes
Yes
Yes
Yes

With 8K RAM

1,850
Military temp range
devices available

AUERBACH
®

Motorola

6800

6

40, 24
No
No
No

Motorola
MC 6800
nMOS Si-Gate

8

8, 16,24
100 to 1000
2

72
6
No

BCD, std

nMOS SiGate

8
1024
0.575

nMOS SiGate
8

128

0.575

8

4,2

Yes

No
Vectored

30K-bytes; 500Kbps

Madem; clocks; dynamic
RAMS; static ROM; error
pattern reg; fongitudinal
redundancy check, static
character generators; A/D
logic subsystem; bit rate
generator polynomial gen-
erators

Resident/editor

For time share nets
Selected 16-bit minis
FORTRAN IV

EDOS Floppy disc
Both bundied & unbundled

Yes
Yes
Yes
Yes
Yes
Yes

4/74

MPU, 2K RAM, 8K ROM,
2 PIAs + one ACIA, diag-
nostics for debugging; pc
board

149 1-99 Qty

Exorciser evaluation
modules,floppy disc sys-
tem, high speed paper tape
reader, memaory 1/0
modules, software pkged
in various storage media
available

AUERBACH Computer Technology Reports

Mycro-Tek, Inc.

MT 8080 PB

]
136 x7.5"

5V, 3A opt
MT 210 opt
Opt

{ntel
8080
nMOS

8

8
1843
2.7
78

7

No

Std

pMOS/nMOS
8

2K
05
Opt
nMOS

8

1/4K to 8K
0.650
pMOS

8
1K std, 4K opt
0.850

8

256

Opt

Opt

8-level vectored

1M wds/sec

CRT with editor; control
panel with monitor; high
density memory; 32K on
one card; high speed paper
tape reader; line printer,
dual cassette

Yes—MACRO
IBM

18M
PLM/Assembly

Yes
Yes

Yes

Yes

Yes

No

Yes

Yes

Education in micropro-
cessor field; buitd up of
small quantities

4/75
10

With 1K ROM/with 1K
RAM

750/975

Comb. PC poard and

wire wrap on one card.

On card power convertor
eliminates 3 power supplies
aimed at small quantity
prototype build-up

National Semiconductor

PACE

National
IPC-16A/500
pMOS

16
16
2000
8

45

4

No

Binary or BCD

pMOS/bipolar
8,16
512; 1K

nMOS
4
256

pMOS
Stored charge

8
512

16

64K

Yes

Yes

Hardware or software
vectored

60K bytes

16-bit bus transceiver (BTE);
System clock (STE); 16-bit
address latch (ALE/16);
8-bit address latch (ALE/8);
8-bit bidirectional interface
latch {ILE/8); 16-bit bi-
directional interface latch
(ILE/16)

Yes
GE; Tymshare

ASMB

Most

Yes
Yes
Yes
Yes
Yes
Yes

4/75

8 or 16-bit data handling:
5-level vectored priority
interrupts
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MINICOMPUTERS
MANUFACTURER National Semiconductor ~ PCS PCS Plessey Microsystems Pro-Log
Model Number {MP-16 MICROPAC 80 MICROPAC 80/A MIPROC-16 PLS-401
PHYSICAL PACKAGE
Number of boards - 5 5 3 1
Dimensions — - - 10” x 19" 45 x6.5"
Number of chips 5 - - 44 -
Number of pins/chip 24 — - N/A -
Power Supply (std, opt) +5,-12 Std Std +5V Std +5V and -10V
Console (std, opt) — Std Std Std -
Cabinet (std, opt) - Std Std Std -
PROCESSOR
Manufacturer National Intel Intel - Intel, National
Model Number IMP-16A/500 8080 8080 - 4004
Technology Used (n/pMQS, bipolar) pMOS nMOS nMOS Bipolar pMOS
Word size
Data, bits 16 8 8 16 4
{nstruction, bits 16 8-24 8-24 16 8
Clock frequency, KHz 700 2000 2000 3000 714.3
Add Time, reg to reg, usec 4.2 1.5 15 0.35 448
Number of instructions 43-71 78 78 82 44
Number of registers 4 7 7 256 16
uprogrammed Yes No No Yes No
Fixed-point Arithmetic (+, -, X, =
Implementation (binary, BCD); (std, opt) Binary Std Std Binary User-programmed
MEMORY
Types — (ROM/RAM/PROM)
ROM
Technology {n/pMOS, bipolar) pMOS/BIP - — Bipolar —
Word size, bits 8; 16 8 8 16 -
Capacity, words 512; 1K 64K 64K 4K -
Cycle time, usec 1 1 0.075 -
RAM (std, opt)
Technology nMOS - - Bipolar pMOS
Word size, bits 4 - - 16 4
Capacity, words 256 64K 64K 4K 320
Cycle Time, usec 1 1 0.050 1.2
PROM
Technology pMOS - - Bipolar pMOS silicon gate
How programmed? Stored charge - — Fuse link Series 90 PROM programmer
Word size, bits 8 8 — 16 8
Capacity, words 512 64K 64K 4K 1K
Cycle time, usec 0.070 11.2
INPUT/QUTPUT
1/0 word size, bits 16 16 16 16 4
Number of device addresses 64K 256 256 512 4
Programmed 1/0 Yes Std Std —
Direct Memory Access Yes No No No No
Type of interrupt system Hardware or software Vectored Vectored Externally vectored No
vectored
1/0 rate, wds/sec 180K bytes 140K 140K8 3m 190K

Device interfaces available—{List}

SOFTWARE
Assembler
Cross assembly (what system?)
Simulators {For what)
Languages

Operating System
Software (bundled?)

APPLICATIONS
Replace Hard-wired logic
Commercial processing
Data acquisition
Terminals
Device controllers
Process control
Any others?

First Delivery
Number delivered

STANDARD SYSTEM

PRICE, $

Other Features

16-bit bus transceiver
(BTE); System clock
(STE); 16-bit address
latch (ALE/16); 8-bit
address latch (ALE/8);
8-bit bidirectional inter-
face fatch (1LE/8);
16-bit bidirectional
interface latch (ILE/16}

Yes
GE; Tymshare

ASMB; SM/PL

FDOS
Most

Yes
Yes
Yes
Yes
Yes
Yes
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Optional instruction sets

avail; also user micro-
programmable

© 1977 AUERBACH Publishers Inc.

TTL; high and low level
digital and analog; TTY;
RS 232 high speed com-
munications, strain gage,
stepper motor peripheral,
interrupt expander, real-
time clock; battery pack;
PROM programmer

Yes
HP-2100

No
Assembly

BOS 80
Yes

Yes
Yes
Yes
Yes
Yes
Yes

3/74
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With 1K words ROM
2650

Hardware used by almost
all major industries

AUERBACH
®

TTL; high and low speed

analog and digital; TTY;

RS 232; high speed com-

munications; strain gage;

stepper motor; peripheral;

interr