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FOREWORD

The Series 16 Models 316 and 516 Sum-
mary Description is intended for those
having a general familiarity with data
processing. Machine characteristics and
programming aids are described in terms
that should aid comparisons between
these systems and competitive equip-
ment. The equipment characteristics
reported herein remain subject to re-
vision in order that design improve-
ments may be incorporated.

Section 1 discusses many of the prob-
lems faced by the minicomputer sys-
tem designer and introduces the an-
swers provided by the Series 16. Sec-
tion 2 contains a detailed description

of the Series 16, 1600, 1620, and 1640
packaged solutions. All of the individual
components that comprise the Series 16
are discussed in Section 3. Finally, the
appendix to this summary illustrates and
describes the Series 16 instruction set,
one of the primary reasons that the
Series 16 is such an excellent answer

to many control and communications
problems,
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MINICOMPUTERS
and INFORMATION
PROCESSING

For the government, industrial, or edu-
cational analyst, consultant, and/or data
processing manager, the 16-bit minicom-
puter is rapidly becoming a versatile,
multipurpose answer to a host of infor-
mation processing demands. Long recog-
nized as an excellent tool in the process
control environment (with tool the key
word), its possibilities in a wider range
of information processing applications
(e.g., Data Communications, Computer
System Timesharing, and even Batch
Processing) have been recognized only
recently.

Despite many claims, the “computer”
is merely a tool, useful in information
processing and control. Minicomputer
users, from owners to operators, have
long recognized that fact. Realizing that
even in this era of instant answers, the
rules of systems design (see insert be-
low) are as valid as they were in the late
days of patchboards and vacuum tubes,
the minicomputer systems designer has
consistently followed this formula:

KNOW A TOOL'S CAPABILITIES
BEFORE ATTEMPTING TO USE IT,

For many reasons, quite the opposite
has occurred in the data processing-
oriented segment of computer system
manufacturing, Analysts and manufac-
turers have developed many stock, and
therefore reasonably economical, an-
swers to varied business processing
problems; general accounting, and in-
ventory control, among others. For the
most part, such an approach to control

and communications problems was im-
possible, But, once the control andfor
communication problems are outlined
and certain general prerequisites con-
cerning the capabilities of minicom-
puters are met, the solutions are avail-
able, economical, and often better, qual-
itatively, than those utilizing larger com-
puters with a more general purpose,

Basically, the tools available (processors,
interfaces, inputf/output subsystems, and
the software that controls all three)
merely manipulate data, Add it. Sub-
tract it. Store it. Transfer it. To what
advantage? Advantages include:

B The manipulation is fast.

® |n comparison with human efforts, the
manipulation is error free.

B The concept of the manipulation is
easy to understand.

In fact, it is the simplicity of the 16-bit
minicomputer design — its easy applica-
tion to any problem — that is the mini-
computer’s strongest advantage. For this
reason, especially in hard-to-pin-down

process and communication applications,
many consider the minicomputer a likely

tool in implementing a solution. But re-

member, the tool is just one of the con-

siderations, other factors in systems

design are:

B Cost, and its cousin, time.

| Reliability among other specification
requirements.

B Support provisions.

B The applications or procedures
needing computerization.

Read and discuss these problem areas.
Note and expand on the areas that most
affect your situation. Then, discover the

features and specifications that make the

Honeywell Series 16 an excellent answer
to many demands of the control and/or
communications environment. Honey-
well invites you to investigate this claim;
your organization will demand it.

. Understand the capabilities

of available tools.

. Understand those procedures

requiring control or processing.

. State the objectives of the con-

trol or processing project to
be undertaken.

. Consider changes to the en-

tire procedure as well as the
application of a computer
system,

. Design the solution,




MONEY MATTERS

Whether you are in charge of budgeting
a computer implementation effort or
merely hamstrung by its budgetary con-
straints, you know that money matters.
Every solution or application is a sum of
parts, components, and despite claims to
the contrary, each and every component
has a cost. If you have to finish a project
with a budget in mind, you had better
peg that cost.

In budgeting total expenses, there's a
tendency to overemphasize hardware
prices. While there’s no doubting main-
frame and peripheral charges, the key
parameters in implementing a minicom-
puter application as budgeted, involve:
B Software — design and development
B |nterfaces of all sorts,

W Support — no matter who supplies it.
H People,

As the bar graph illustrates:

1. Mainframe costs represent about
one-half of total hardware costs.

2. Mainframe costs represent about
one-half of software costs.

3. Mainframe costs represent only about
one-fourth of total first year invest-
ment.

4. Mainframe costs represent only one-
eighth of the total cost of a five-year
project.

And, unlike hardware costs, which are
relatively fixed by competition in the
market and the cost of production, the
prices charged for software, support, and
personnel, can vary widely.

Time Is Money

A final monetary consideration: time is
money, too. Carefully weigh project
costs and benefits as they relate to a
time line. For example, once the bene-
fits of early installation and implementa-
tion are converted to the balance sheet,
a solution that seems expensive on the
surface is often less expensive than one
requiring lengthy installation and check-
out,

Figure 1, Ratio of Project Cost Factors



RELIABILITY;
SPECIFICATIONS, IN GENERAL;
THE REAL WORLD

Because of either space age technology
or the trend toward consumerism, or
both, product reliability is a growing de-
mand, No where is this more true than
in the computer industry. But, ina
cliche-ridden industry, “reliability’ has
been ridden into the ground. The fact
that all manufacturers advertise their
equipment’s reliability is no reason to
assume that one product is as reliable as
the next. Such an assumption could
prove disastrous in real-time applications
like control or communications,

Engineers, specializing in this field, de-
fine product reliability as:

‘. .. the probability that a given
piece of equipment will perform

a specified function, without fail-
ure, within a given period of opera-
tion, under given environmental
conditions.”

This is meaty material; not the stuff
about which catchy jingles are gener-
ated. When, in careful systems design,
objectives are stated, note the necessity
and degree of required reliability. If it
amazes you that there are degrees of
reliability, be prepared to watch months
of planning disintegrate during a brown-
out, In fact, to anticipate modes of fail-
ure is to increase the probability of a
system’s success.

Systems are a sum of many basically
simple parts. They interact in a complex
set of relationships in order to perform
certain tasks. This is as true inside the
processor and other hardware compon-
ents as it is for the procedures them-
selves, If you're responsible for specify-
ing these interrelationships, consider the
reliability of such parts as the communi-
cations lines, the valves to be controlled,
the people who’ll enter control data, etc.
Then, consider the reliability factor of
the tools (components) to be used.

Many other specifications are involved
in systems design. The analyst lists and
relists the electrical, physical, and envi-
ronmental conditions under which he

expects his equipment to function. Again,
as with reliability, there are degrees of
ruggedization; remember that the rug-
geder the environment specified, the
higher the cost. This relationship be-
tween performance and cost can’t be
stressed too much.

For example, computer systems used

in many large, batch-oriented applica-
tions are so sensitive that they require
temperature and humidity measurements
of minimal fluctuation. Other systems
are tough enough to withstand great
changes in temperature, humidity, alti-
tude, barometric pressure, and even sus-
tained shock. If you need special per-
formance capabilities in any of these
specification areas, the tools are available.

Finally, other specifications are specific
to the application:

In control applications, parameters like
voltage, hydraulic flow, and decibels
may require measurement. Unless care is
taken to match processor and interface
capabilities to the capabilities of the
measuring devices, even the most exten-
sive data acquisition and control system
is in for trouble,

In a minicomputer communications ap-
plication, many factors affect final speci-
fications: the terminals feeding the pro-
cessor, the lines they can or must utilize,
the choice of controller type, the input/
output mode, and most importantly, the
nature of the application. Within each
one of these areas, a wide degree of per-
formance specifications are available.

If this sounds confusing — to some degree
— the confusion is intentional. By con-
sidering randomly so many of the per-
formance/problem areas that exist in de-
signing solutions, you can’t help but be
aware of the great complexity of it all.
But the fact is, while there are real-world
restraints like a budget and performance
capabilities, there are also means of over-
coming these problems. They include:

B Available support,

B Your knowledge of the applications,
and

B The tools themselves.



SYSTEMS SUPPORT

SUPPORT
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Figure 2. A System’s Components,

Support can become a two-edged
sword. Just as you can’t con-
fidently pretend to design, imple-
ment, and operate a minicomputer
application without assistance, you
must exercise full planning and
implementation control over the
implementation of a “turnkey”
solution to one of your organi-
zation’s processing problems.
Probably, the greatest asset you pos-
sess is your knowledge of the pro-
cedure requiring computerization,
This knowledge when combined with
the kind of support you can and
should seek from qualified consul-
tants, computer manufacturers, and
your own management, leads to suc-
cessful application. The types of sup-
port available:

B Design support.
B Implementation support.
B Post-installation support.

All three are required in order to fully
realize the potential of a project. All
three are available in varying degrees
and in, your systems design, the
amount you expect should be speci-
fied.

Design Support

In the planning stages of a project,
time is the one supporting ingredi-
ent which your management can

supply. Because careful planning and
the setting of objectives are so import-
tant when an organization begins to
tread on new ground (either the use of
a computer system for the first time
or the implementation of a new appli-
cation on a currently installed com-
puter system) every objective of the
system must be carefully specified.
This is accomplished by:

1. Defining requirements; specifying
the people needing the processed
output or the device needing
control.

2. Defining input methods; volumes,
forms, formats — digital, analog.

3. Defining communication methods
(if any); traffic, redundancy, ter-
minals, tests,

4, Defining data storage specifica-
tions; devices, file organizations,
accessing methods.

5. Defining processing methods; pro-
gramming systems, operator actions,
available routines.

6. Defining a control of the control
system itself, and finally...

7. Defining the plan under which im-
plementation and post-installation
will proceed.

As Figure 2, illustrates, support is the
non-component factor that holds the

systems components (processor, input/
output subsystems, interfaces, and soft-
ware) together. Like an adhesive, it
must be applied over the entire sur-
face of the solution but not so heavy
as to prevent their interaction. During
planning the best source of support
from consultants is the purchase of a
study of your processing needs. When
done properly, this is a worthwhile in-
vestment in your project’s success.

Computer manufacturers offer exten-
sive planning support, including many
general and specific publications, and
some excellent fee-charged and non-fee
courses and seminars. When all three
elements are combined, the designer

is assured of having the proper knowl-
edge of the problems he faces and the
tools available.

Implementation Support
Implementation (or pre-installation)
support, including software modules,
systems analysis time, specific and
often no-charge education, helps the
organization over the rough period
while new equipment is being installed
and old systems are phasing out.



Post-Installation Support

Once installed, every system requires
on-going user and manufacturer sup-
port to ensure the fulfillment of the
performance and reliability objectives
stated during the planning phase. Un-
less you're one of the “iron" organi-
zations of the industrial community or
the governmental superstructure, this
type of on-going support will be a
major concern, The best solution: a
regular maintenance program of
troubleshooting and systems test plus
immediate response to down-time sit-
uations.

THE APPLICATIONS THEMSELVES

As tools, 16-bit minicomputers have
special usefulness in the control and
communications environments. Be-
cause of their size, cost, specification
flexibility, and advantages (fast, accu-
rate, design simplicity), minicomputer
systems are limited only by the
number of related problems your
organization faces,

Generally, minicomputer applications
are real-time, rather than batch,
oriented. More specific indicators of
minicomputer usefulness include:

® Problems that, though exceedingly
complex in their entirety, can be
reduced to small manageable com-
ponents,

B The actual or possible overloading
of a large-scale central computer,

B A requirement for uncomplicated,
high-speed peripheral or interface
throughput.

B Fast response to changing environ-
mental conditions.

® A |imited calculation application.

Remember, before going any further,
that a minicomputer system is not an
answer for all your information pro-
cessing problems; not even for all your
small information processing pro-
blems. Commercially-oriented
systems designed to process large
batches of related data at one time
have superior characteristics (periph-
eral overlap, large main memory) in
problem areas where the need for
them exists and where the resources
required for successful implementa-
tion are available. But, minicomputer
systems with their special size and
throughput characteristics meet the
demands in the problem area (process
control) for which many of them were
designed. They are paradoxically, gen-
eral-purpose systems that can be ded-
icated to one need while retaining a
general nature.

Data Communications

The choice of the correct communi-
cations equipment in a particular

application hinges on both cost and
specifications. As in all other mini-
computer configurations, the com-
ponents include processor, input/
output subsystems, interfaces, and
software; in particular, the interfaces
will be communications line control-
lers, and the system itself will be a
remotely-located peripheral of a
central computer.

In many instances, 16-bit minicom-
puters have proven extremely effec-
tive in accomplishing communications
tasks for which only large computer-
systems were suggested in the past.
Message switching is one example. In
the illustration on page 7 the two
computers are handling the switching
of messages between as many as 128
low-speed communications lines. Be-
cause their cost is so low, and the
amount of actual calculation is small,
the 16-bit computers used in the ex-
ample offer the best solution to the
budgetary problem faced in the ex-
ample shown. Performance charac-
teristics that make the minicom-
puter a useful tool:

B [ xtensive character manipulation.
B Character string checking.
® Real-time housekeeping.

All three are ideally handled by a
small processor with a fast cycle time
and high throughput capabilities. The
use of two central processors also
provides a redundancy factor that in-
creases the systems reliability,

The peripherals used in the message
switching application are also impor-
tant factors in this solution’s suc-
cess. A proper balance between the
high-access-time fixed head disks and
the high-capacity moving head disks
provides both immediate intransit and
long term journaling and intercept
storage.

The processor/peripheral array inter-
faces both the more versatile direct
connect and the more economical
switched network lines; such a capa-
bility is an important factor in hold-
ing down the costs of communicat-



ing, a cost element that is only par-
tially affected by the central proces-
sor and peripherals chosen, These
costs are fixed, according to the type
of service, by the government and the
common carriers who supply them.

In operation, the 128 separate lines
feed partially formed characters into
a multi-line controller that also offers
the proper balance of performance
and cost; that is, while meeting line
speed specifications, they are more
economical than separate data line
controllers. The multi-line controller
formats the characters, checks for
parity, and performs other control
functions before passing the charac-
ters on to the processors.

Input to both processors is simul-
taneous and in parallel; because of
this capability, both processors build
identical information on the intransit
fixed head disk devices.

Interprocessor communication util-
izes the ICCU (Intercomputer Com-
munications Unit); this device enables
redundant message processing. An-
other hardware factor, important to
the reliability of the application, is
the watchdog timer (WDT), an inde-
pendent hardware device that moni-
tors the performance of both pro-
cessors and provides an alarm and
switchover if one of the processors
should fail.

Sophisticated software utilizes and
controls the hardware configuration.
It is this software that handles the
constant tasks of blocking, error de-
tection, code conversion, editing and
routing which are the purposes of a
message switcher,

Other communications applications
for which the 16-bit minicomputer is
an economical, reliable solution in-
clude:

® Remote Concentration — A system,
located at a distance from the cen-
tral computer, accepts data con-
currently from multiple low speed
lines and concentrates this data for

TABLE 1. COMMUNICATION SYSTEMS CONFIGURATION CONSIDERATIONS

Consideration

Requirements

Single-, Dual-, or Multi-
Processor?

Dual processors are important where any of these
factors are pre-eminent:

— load sharing
— reliability
— maintainability
Where these requirements are not pre-eminent, a

single-processor control system can be specified with
resulting savings.

Controllers?

Controllers available to the systems designer:
— single line
— high- and low-capacity multi-line
— programmed multi-line

Usually chosen before any other hardware compo-
nent, the choice of controllers is based on the de-
sired mix of line speeds, the need for synchronous
or asynchronous transmission, the use of private
line or the switched network, the types of timing
and direction (simplex, full or half duplex), and
finally, future plans.

Types of Communi-
cations Lines?

Usually your application and the terminals that are
a part of that application will determine lines re-
quired. In general, there are three categories:

— under 300 bps - low speed
— between 300 and 9600 bps - medium
— 9600 bps and above - high speed
The important element for the designer is the con-

figuration of an economical mix of lines within the
requirements of your application,

Processor Interface?

The mode of processor interface (single word,
block transfers of data, direct memory connection)
is an important design consideration. These modes
are normally extra cost items on a processor; first
of all be sure they are available; secondly, be sure
you don’t have to pay extra for a capability your
application doesn't need.

Line Interfaces?

The choice of line interfaces depends on the choice
of terminals. Single line controllers require no inter-
face at all; interface is integral within the controller.
Multi-line controllers have a specified interface
keyed to their specifications.




transmission over a single high speed

line to the central site. This system
is most useful where geographical
distance demands a single low cost

line in place of many high cost lines,

The remote concentrator itself is
located in the approximate center
of the many low speed lines.

B Remote Batch Terminal — The
simplest communications applica-

tion, the remote batch terminal pro-

vides remote input and output of
batches of data over a single com-
munications line; depending on

available software, the use of a mini-

computer, rather than a hard-wired
terminal, gives the user the option

of off-hour data processing.

B Multiplexer — In many cases, the

minicomputer may prove the best
method of performing the same
function performed by the multi-
line controller in the message
switching illustration. Because of
its software capabilities, it is able to
perform intelligent character
assembly/disassembly, transfer, con-
trol recognition, and other tasks as-
sociated with communications
interface.

B Message Controller — In this appli-

cation, the minicomputer or mini-
computers would perform one or

all of the above applications in
association with a central com-
puter. Functions include:

— Terminal polling and ad-
dressing.

— Line buffering.

— Automatic logging and
routing.

— Line and network status
reporting.

— Message security and header
control.

The concept of relieving the central
computer of all communications
functions is the goal.
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Figure 3. A Typical Message Switching System,



















































































































































































































































































































































































































