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Minicomputers, from Digital Equipment Corporation, are changing your
world—in banks and hospitals, supermarkets and factories. Everywhere
people are realizing that computers don’t have to be large and expen-
sive to get the job done. A Computer is no longer a multi-million dollar
giant that can only survive in spotlessly clean rooms. Minicomputers
are going where the job is, because they are rugged, dependable, and
inexpensive.

You should know about minicomputers. The PDP-8/E Story shows our
computers at work; designing, producing and testing new computers,
saving time and money. Other industries, such as oil refineries and
automobile manufacturers, are also using the power and speed of com-
puters to produce better products. Minicomputers are not just for big
business; hospitals, schools, laboratories and factories are using minis
just as effectively. New and old companies are exploring minicomputers.

How large a computer should you buy? Most enterprises begin small,
After the computer requirements are completely defined, a decision is
then made to either continue with the existing system or to expand. The
basic PDP-8/E can be expanded without having to sacrifice your initial
investment.

Right now, there are more than 30,000 minicomputers serving in almost
every field of endeavor and embracing every discipline known to man.
The PDP-8/E and PDP-8/M are DEC’s newest models of the PDP-8 fam-
ily. We invite you to explore the advantages of owning this small ma-
chine with big ideas.

This edition of the Small Computer Handbook presents all the infor-
mation you will want to help verify that a PDP-8/E computer system
provides the optimum solution to your data processing problem. Chapter
2 is a PDP-8/E system introduction that describes the unique internal
design and packaging scheme of the PDP-8/E and presents a representa-
tive selection of supported software products. Chapters 3 and 4 are a
definitive machine language programming reference that affords com-
plete instructions for programming the processor and performing data
input/output. Chapters 5, 6 and 7 describe the wide variety of PDP-8/E
peripherals and options. Chapter 8 presents information and suggestions
intended to facilitate site preparation and installation planning, while
Chapters 9 and 10 offer detailed technical information on-interfacing and
logic design to assist the digital engineer in developing custom hard-
ware for new applications.
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THE COMPANY

In a little over thirteen years, Digital has become a major force in the
electronics industry. The company has grown from three employees and
8,500 square feet of production floor space in a converted woolen mill
in Maynard, Massachusetts, to an international corporation employing
more than 11,000 people with well over two million square feet of floor
space in more than 60 manufacturing, sales, and service facilities around
the world. In addition to the corporate headquarters in Maynard, Massa-
chusetts, other manufacturing facilities are located in Westfield and
Westminster, Massachusetts. Internationally and outside the continental
United States, Digital has manufacturing plants in England, Canada and
Puerto Rico.

From its beginnings as a manufacturer of digital modules, the company
has now grown to the point where it is the world’s largest manufacturing
supplier of logic modules and the third largest computer-manufacturer,

- by number of installations, in the industry. Digital's rise as a leader in

the electronics industry began in 1957 with the introduction of the
company'’s line of electronic circuit modules. These solid-state modules
were used to build and test other manufacturers’ computers. Two years
later, Digital introduced its first computer, the PDP-1. The PDP-1
heralded a new concept for the industry—the small, on-line computer.

~ And the PDP-1 was inexpensive—it sold for $120,000 while competitive

machines with similar capabilities were selling ‘at over $1 million. But
the PDP-1 was more than a data processor; more than just a tool to
manipulate data. It was a system that could be connected to all types
of instrumentation and equipment for on-line, real-time monitoring
control, and analysis. It was a system with which people and machines
could interact.

Also, in 1958, Digital introduced the Systems Modules, high-quality,
low-cost, solid-state, digital logic circuits on a single printed circuit card.

Today, electronic modules like the ones Digital introduced are used in
most electronic equipment, from computers to television sets.

In 1965, Digital announced the first of the FLIP CHIP® module lines.
These highly reliable modules include cards for internal computer logic,
interfacing, control and analog-to-digital conversion.

In 1963, Digital Equipment Corporation introduced the PDP-5 computer,
predecessor of the PDP-8 series. This was followed by the first PDP-8
in 1964, and since that time DEC has added the PDP-8/S, the PDP-8/I,
and PDP-8/L. Over this seven year period, considerable improvement has
been made, many options have been developed, over 60 peripherals and
a variety of programs developed. As each new application need arises,
Digital Equipment engineering responds with new equipment; each time
further increasing the capability of the PDP 8 Family and making availa-

. ble a wider range of equipment.

Throughout the life span of the PDP-8 Family, DEC has developed more
than 1,000 programs for a wide variety of applications. New programs
are constantly in development by Digital's Programming Department
and the PDP-8 Users. This means that each PDP-8/E user will have a
wide variety of programs immediately available to him. ‘
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This Small Computer Handbook is one volume of a large library of tech-
nical information available free or at nominal cost to assist engineers,
technicians, programmers and managers in developing and maintaining
a minicomputer installation.

The PDP-8/E Maintenance Manual is a detailed hardware reference that
relates each PDP-8/E instruction to the hardware circuitry that executes
the operation. The manual is published in three volumes to show a
clear distinction between the basic system circuitry described in Vol-
ume 1 (DEC-8E-HR1B-D), internal bus options described in Volume 2
(DEC-8E-HR2B-D) and external bus options described in Volume 3 (DEC-
8E-HR3B-D). All three volumes include extensive illustrations from the
PDP-8/E print set-(available separately) as well as flowcharts, timing
diagrams and full functional descriptions of the various logic circuits.
The Maintenance Manual is an indispensable reference for design engi-
neers and programmers who require knowledge of the system archi-
tecture or detailed hardware information.

Introduction to Programming is a companion document to the Small
- Computer Handbook that serves as a textbook covering most areas of
assembly language programming. The 1973 edition of Introduction to
Programming, available in September, includes revised background ma-
terial on number systems, binary/octal arithmetic, floating-point and
ASCII operations, logical processes and flowcharting. Subsequent Chap-
ters introduce PDP-8/E processor, EAE and extended memory instruc-
tions while presenting techniques for implementing common data
processing operations in PAL assembly language. Introduction to Pro-
gramming is suitable for use as a classroom teaching aid or a self-study
text; it assumes no background in computer science.

More than 60 input/output devices may be interfaced with any PDP-8/E.
This handbook contains brief descriptions of most 1/O and processor
options, nearly ali of which may be supplied with the requisite support-
ing software. Users who intend to program their own device handlers
or modify the software drivers for supported options should consult the
appropriate device maintenance manual. Maintenance manuals afford
complete programming instructions as well as hardware descriptions and
full operating instructions. They are updated frequently to reflect engi-
neering changes and incorporate the experience of PDP-8/E users in the
field. Option bulletins and brochures, available without charge from local
DEC sales offices, provide another excellent source of information. Most
option bulletins contain concise, up-to-date specifications and a handy
instruction summary, along with a description of important manual con-
trols and indicators. Print sets and engineering specifications are also
available for most device options.



ERROR REPORTING
If you find any errors in this handbook, or if you have any questions or
comments concerning the clarity or completeness of this handbook,
please direct your remarks to:

Digital Equipment Corporation -
Software Information Service, Building 3-4
Maynard, Massachusetts 01754
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story

The PDP-8/E story is a guided tour, using pictures and descriptions, of
Digital Equipment Corporation. We want you to see the skilled people,
the manufacturing processes, the scores of test stations, and the wide
variety of DEC products—ail of which contribute to produce the finest,
most cost effective computers and related products on the market.

The home office and main manufacturing facilities for DEC, the third
largest computer manufacturer in the world, are located in this mill com-
plex in Maynard, Massachusetts. We have 1,000,000 square feet here,
about 100 times more than when the company started producing digital
modules 14 years ago.
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(1) Design and Production Planning

The experience that DEC has acquired from many years of computer
and peripheral manufacturing goes into DEC’s newest computers and
peripherals. No equipment is manufactured until the prototype has un-
dergone full evaluation by engineering, quality assurance, and field
service.

After evaluation, production planning begins. New test stations to
accommodate high volume testing are designed and produced. DEC's
programming department immediately goes to work on new programs
for all computerized testing.

PURCHASE
DEC PEQUIPMENT COMPONENTS: IO INCOMING
B IN: ION
EXPERIENCE \ ~DESIGN 3 RAW
ENGINEERING proToTYE | | proTOTYPE COMPUTERIZED
DRAWINGS ASSEMBLY checkout [ | e BoAR0

DEC
EXPERIENCE

COMPUTER
DESIGN

\—— DOCUMENTATION L, TO MAINFRAME 8

PERIPHERAL

AND
PROGRAMMING MANUFACTURING

Circuit layouts are finalized by logging the XY coordinates of components
on a GEMS digitizer interfaced to a PDP-8/E. Automated plotting affords
greater precision than traditional hand-taping methods.
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DEC uses a PDP-8 Computer with a Digitizer to prepare for highly accu-
rate automated drilling operations on PDP-8 logic module boards. Drill-
ing coordinates are retrieved from a layout of a module (shown on the
drafting table).The information is stored in core memory, and the com-
puter generates a paper tape that contains digitized information about
the location of the holes to be drilled in the module boards.

The paper tape containing the digitized information is then taken to
another PDP-8 computer for post processing to produce another paper
tape with all of the various control signals to run the drilling machine.
Thus, a PDP-8 Computer is actively involved in producing new PDP-8

Computers.
The X- and Y-coordinate information is first plotted out-on an automatic

plotter to check its accuracy and then post processed in the larger PDP-8
Computer. Next comes a test run on the drilling machine to see the

results.
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DEC uses computers to design more computers.

The PC board layout system (using a PDP-8 Computer, a KV Graphics
. System, and a Digitizer) is another example of computers being used
to design more computers.

The computer is used to design and lay out each circuit board and ob-
tain drilling coordinates.

The system provides the layout of a PC board from hand-drawn sketches
by inputting X- and Y-coordinate information into the computer in digi-
tized form. When the operator wahts a connector to be placed at a par-
ticular location, he locates the digitizer cursor at the starting point and
commands the computer via the Teletype®. The appropriate connector
appears on the graphics display.

This information, in digitized form, is available to lay out the PC board,
drill holes for the various components, operate the computerized com-
ponent insertion machine, and other specialized functions. With this
system, DEC is able to computerize a large part of the process of laying
out and producing printed circuit boards.

® Teletype is a registered trademark of Teletype Corporation.




QUALITY

We have built more than 20,000 computers. Naturally, at DEC com-
puterized testing techniques play a major role. Dynamic testing con-
trolled by computers begins as each component is received at the plant
and continues through most all production phases. As the major com-
ponents of the computer progress through the assembly lines, the
testing becomes more and more complex, and culminates with the final
acceptance test of the finished system. Before a unit progresses to the
next assembly or test station, it must meet the rigid standards im-
posed by DEC. )

Computerized testing is ideal for quality control. Many similar tests are
continually being run. By automating the tests, all results are calculated
the same way and printed out in a standard format, thereby increasing
test reliability and accuracy. The cost of quality control tests is drasti-
cally reduced by cutting manhours required for other test methods. The
computer can control the tests, as well as acquire data and calculate
results, and the system is flexible enough to make real-time ‘‘decisions”
as the test progresses.

The advaptages of using small computers during design, production, and
testing are mainly economical. Small computers are inexpensive and
can be located in the shop, right where the action is.

In manufacturing, computers provide on-the-spot testing. When repeat-
ability of testing is important, computers make certain that all com-
ponents meet the required standards. A computer can do the same task
identically again and again; human variation in performing tests is vir-
tually eliminated. The result is a test that is identical for each com-
ponent being tested. )

A written record of test results is often necessary. In computerized
testing, the record is available the instant the test results are available.
This is particularly important, especially on an assembly line where the
unit must be qualified at one station before .moving on to the next
station. The test operator can press a button and instantly receive a
printout of test results.

DISTRIBUTION
AC & DC STOCK T0
TESTS ROOM PRODUCTION
CENTERS

(2) Incoming Inspection

Inspection, testing and more testing, right from the beginning, is a major
factor in the PDP-8 family success story. All material, components, and
integrated circuits (ICs) must pass rigorous inspections before being
placed in DEC’s stock room.
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All incoming components are 1009, tested. Here, diodes are being
tested automatically.

8 »

IC’s are first given a cold test by placing the IC’s into a bath at 32°F
for 2 minutes. The IC’s are thén cycled into another chamber at a tem-
perature of 212° F to force any possible fault to appear. Then testing
for faults begins. ’
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incoming integrated circuits undergo computer controlied testmg, with
40 dc and 16 ac tests performed in 1.1 seconds. This 100% inspection
speeds production by minimizing the diagnosis of component failures

in module test.
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(3) PC Board Manufacturing Plated-Through Facility

The manufacturing of printed circuit (PC) boards requires a facility that
provides a controlled process and rigorous quality control. DEC is a
world leader in the manufacturing of logic modules. We produce more
than 3,000,000 modules per year and have been producing logic mod-
ules since 1957.

Twenty module boards are drilled simultaneously from a PDP-8 computer-
generated coordinate tape. Other pantograph-controlled machines drill up
to 200 boards simultaneously from a PDP-8 computer-generated tem-
plate.
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AN
Quality of plated-thru holes is checked in our new electrochemical facil-
ity before boards go to the module assembly area.

(4) OMNIBUS Assembly A PCBoard and Connector Block are assembled
here.
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(5) Cabinet Assembly

Cabinets for DEC systems are manufactured in this portion of DEC’s
Westfield, Massachusetts production facility.
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(6) Peripheral Manufacturing

The blossoming of more peripheral assembly lines is a very real indi-
cation of DEC's continual expansion of prod