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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,




Data Acquisition and Control

Interface capabilities are the keys to
data acquisition and controls system de-

TABLE 2. DATA ACQUISITION AND CONTROL SYSTEM

CONFIGURATION CONSIDERATIONS

sign. The systems themselves may vary

; ) Consideration
from the simple recording of many data

Requirement

measurement devices to the sophisticated Processor?
use of the minicomputer in order to ac-
quire data, test its status against some

In a control application, the processor should pos-
sess extended accumulator capabilities and high-
speed addressing capabilities, especially indexing.

norm, and branch to control instruction
that would direct further actions by the
procedure under computer control, The
possibilities are only limited by the num-
ber of procedures that exist in industrial,
and governmental applications.

Peripherals?

The peripherals associated with a data acquisition
and control system should provide economy and a
good balance of bulk storage, input, and output
devices in addition to the Process 1/O Subsystem
described below.

Bulk Storage?

With a choice between fixed and moving head disks
or magnetic tape, the considerations are these:

— Fixed head disks provide high speed access and
relatively low capacity capabilities.

— Moving head disks, on the other hand, provide
a high storage capacity with a slower access
time.

— Useful where storage follows some fixed se-
quencing order, magnetic tape devices are even
less expensive than disk devices.

Input?

Input peripherals include paper tape and punched
card devices. Paper tape devices are usually less ex-
pensive, more difficult to change once a program
tape has been prepared. The more expensive punched
card devices permit the simplest program patching.

Output?

For printed output, the quantity determines an
application’s need for a high-speed line printer,
In every case, a teletypewriter should be specified
because of its usefulness as a control device,

Process Input/Output
Subsystem?

The process input/output subsystem:

1. Selects and conditions input and output signals
from the interfaces.

2. Buffers and times the signals.

3, Protects the central processor from excessive
voltage intake from the various control devices.

Analog Inputs?

The choice of high and low level analog inputs rests
on the requirements of the specific system being
designed. Input modules are available to take prac-
tically any mix of thermocouple, control signal
levels and outputs from process sensors such as flow-
meters, pressure tranducers and others, with full
scale ranges from plus or minus a few millivolts, up
to 115 Vac, or current ranges.




TABLE 2. DATA ACQUISITION AND CONTROL SYSTEM
CONFIGURATION CONSIDERATIONS (Cont.)

Consideration

Requirement

Digital Inputs?

offs)

— status (on or off, etc.)

— count (the number of ons and offs)

The digital inputs to a process control system can
be used to inform the processor of:

— asynchronous (a condition of many ons and

Digital Output?

The processor can direct a flip/flop (set/reset) signal
or a single-shot signal to the process being controlled.

Digital/ Analog Converter?

Often as a cost consideration, the output of a digital/
analog converter will be multiplexed so that no more
than one converter will be required.

PAPER 1/0
TAPE TYPER TYPER
PROCESSOR OPERATOR’S
CONSOLE
e "'i PROCESS 1/0 SUBSYSTEM :' - T ';
A/D
| 1 l 1 DiA 1
THERMOCOUPLES LIMIT SWITCH LIGHTS I/P — VALVE
RTDS TACHOMETER RELAYS CONTROL STATIONS
FLOW FLOW STARTERS (SET POINTS)
PRESSURE LEVEL (VALVE POSITION)
VOLTS

Figure 4. Typical Process Control Computer

System




Computer Time Sharing
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-
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MAGMETIC
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CONTROLLER

Figure 5. Typical Time Sharing System

Time sharing, both a communications
and a control application because it in-
volves the control of computer time as
shared by a number of remotely located
users, is a rapidly growing area of mini-
computer application. In its earliest
usage, time sharing involved only large-
scale computer systems.

Now, this is changing. Some of the ad-
vantages these systems offer include:

B Computer access is virtually simulta-
neous with demand and therefore, for
all intents and purposes, the com-
puter is your own,

B Remote access is usually, but not al-
ways, performed on an easy-to-use
keyboard; this replaces bulky and
unfamiliar punched cards.

B Problems are solved in an interactive
mode as opposed to the batch mode
used by most in-house shops.
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MAGHNETIC TAPE UNITS

A.

B The concept of time-sharing is ideally
suited to the rapidly growing field of
data base management.

Time sharing, in fact, is an already ac-
cepted solution to the problem many
business-oriented organizations face
when their employees interface with the
computer. In many cases, the users pay
for this ““man/machine rapport” in ever-
increasing monthly fees; sometimes
these fees are higher than the cost of a
wholly-owned batch system. Where this
important economic factor is true and
the user still desires the convenience
and capabilities of time sharing, a solu-
tion even more economical than the
batch system, 16-bit minicomputers,

is available. With a well-designed mini-
computer-based time sharing system,
many manufacturing, governmental,
and educational users can retain the ad-

vantages of the time sharing service

while gaining:

B A system specialized to specific com-
pany needs instead of a system that
satisfies the needs of an entire net-
work.

B A wide choice of processing capa-
bilities.

B Proprietary information never leaves
the company.

H |nteraction with the organization’s
batch system, if there is one, is easier
if a time sharing system is also in-house.

B There is only one price; fees do not
vary depending upon the number of
time sharing services used by the
organization,



Traditionally, time sharing is considered
a system suited to educational and re-
search facilities. In fact, time sharing is
an economical answer to problems in any
organization that needs the advantages
mentioned above. Time sharing is cur-
rently utilized in a wide number of in-
dustries and applications areas, includ-
ing manufacturing, printing and pub-
lishing, engineering, management science,
financial management, personnel, and
administration.

Many time sharing systems utilize a sin-
gle minicomputer; more advanced sys-
tems use up to three separate central
processors and still provide a price/
performance break when compared with
batch computer systems programmed,
rather than designed, to provide time
sharing. Again, as with control and com-
munications applications, the determin-
ing factors, when specifying the caliber
of time sharing system needed in your
installation, are the specifications de-
sired, the degree of reliability required,
the number of users served, the budget
restrictions, and support provisions.

Figure 5 illustrates a larger mini-com-
puter system that services up to 64
simultaneous (others non-simultaneous)
terminal users with programming capa-
bilities limited only by the type of soft-
ware the user chooses or chooses to
develop.

Terminal input is handled immediately
by a 16-bit processor with 4K main
memory. The machine transfers char-
acters to and from the terminals, pro-
vides echoback for transmission verifi-
cation, provides some buffering, and
enters characters one at a time into the
control processor. The control processor
and the job processor both share moving
head disk files for data interchange;
these two processes exchange/control
information through an ICCU. The con-
trol processor, essentially the executive
of the system, provides the normal in-
teraction between the user, his programs,
and data files that are held on the disks.

The user may build up programs and data
files upon the disks and when he requests

that these programs be run, the control

processor will queue his request for exe-
cution on the job processor. When the
job processor is ready to execute the
program, it will read the necessary files
from the disks and input any required
system programs from the system disk.
Then, it will clock time, for a prede-
termined period; and if the job has not
been completed, output the unfinished
job to the system disk.

In this minicomputer application, the
tasks have been divided evenly between
the three processors. There is consider-
able difference in the computing power
of the machines, each machine being
matched reasonably well to the task re-
quired of it. The communications pro-
cessor is a short cycle time, small mem-
oty, 16-bit processor, while the control
and job processors are both large core
capacity processors. The use of the mul-
tiple processor configuration has con-
siderably increased the power of this
system over an equally priced processor
designed originally for batch data pro-
cessing. Its design has simplified the
task of implementing the software and
of adding modifications, important fac-
tors in a growing installation.

As a simple example of the indepen-
dent usage of the processors, the con-
trol and job processors can be isolated
from the normal time sharing function
and used for software development by
the systems programmers, while the
front end communications processors
remains on-line to terminal users.
Clearly the terminal users cannot do
their normal computation, but when
they attempt to sign on, the communi-
cations computer can reply with a stan-
dard message informing them of the
state of the system.
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THE TOOLS, THEMSELVES

The ability of the Series 16 to solve
difficult control or communications
problems is well documented. Aboard
ship, in flight, in line, in real-time —
the buzz words of tomorrow’s appli-
cations — are design factors in Series
16 application today. This is no acci-
dent, the Series 16 is suited by heredity
and environment to the problems of
the future,

The Honeywell Series 16 includes sys-
tems components, tools, of each type:

® Central Processors

B |nput/Mass Storage/Control /Output
Subsystems

®On-Line Interface

® Software Systems

In addition, Honeywell supplies sup-
port that the rest of the minicomputer
manufacturers can only envy. Its ele-
ments include:

B Education facilities from the only
minicomputer manufacturer who is in
the computer education field,
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B Complete documentation, hardware
and software, to support system de-
sign, installation, operation, and
maintenance.

B A wide-area systems analysis and
field service organization.

Most importantly, the Series 16 allows
different modes of solution, including,
on one hand, complete applications
systems that save both time and
money and, on the other, individual
DATA-PAC products from which an
entire system could be custom built,
piece-by-piece. More specifically:

® “building blocks” — systems com-
ponents, completely checked out,
from which a system designer can,
with confidence, assemble a solution
best suited to his particular problem.

or

B “‘total solutions” — complete appli-
cations systems, answers to well de-
fined and often-confronted prob-
lems for which the Series 16 is an
excellent solution.

Like the selling features of the Series
16 many products, the choice of a
kind of solution, associated with the
Series 16, is an example of the Series
16’s greatest asset: THE SERIES 16 1S
A PRODUCT OF THE REAL WORLD.

What Are the Tools?

PROCESSORS

Honeywell's latest Series 16 products
include two general-purpose, integrat-
ed circuit, digital central processors,
the Models 316 and 516. Each features
design and specification characteristics,
as well as a price tag, that makes them
suitable to similar, yet specifically dif-
ferent, minicomputer applications. The
low-priced Model 316 offers the sys-
tems designer the economy features
that make many applications viable;

as well as offering full Honeywell sup-
port. The Model 516, with a faster
cycle time and increased peripheral
throughput capabilities, also offers

full support capabilities and a price as
attractive as its advanced performance
specifications.



TABLE 3, HEREDITY/ENVIRONMENT .., SUITED TO TODAY'S PROBLEMS

Heredity

Environment

B Descendants of the 116, the indus-
try’s first 16-bit computer.

B Born of the best components pro-
duced by people who began pro-
ducing components,

B Featuring technical refinement and
reliability standards that are second
to-none

B “Total" Honeywell support
embraces all Series 16 products.

B Used extensively by Honeywell,
the world’s leading automation

company, in internal applications.

INPUT/STORAGE/CONTROL/
OUTPUT

The second element, the Series 16
peripheral complement, is one of the
most complete in the minicomputer
field. No matter what an application
demands in terms of data input con-
trol, mass storage, or output, the
Series 16 features a peripheral that
suits the requirements. Input devices
available include: card readers, paper
tape readers, and console keyboards.
The console, as well as the teletype-
writer and visual information projec-
tion (VIP) options featured in the
Series 16, are also useful control de-
vices. Disk devices, with both fixed
and moving heads, are available for di-
rect access mass storage and the more
economical magnetic tape subsystems
enable mass storage where a sequential
processing mode is established. Out-
put devices include a paper tape punch,
card reader/punch, and a line printer.
All Series 16 peripherals are supported
by the Series 16 software systems and
each features peripheral overlap and
error checking controls that reflect
the design status of the Series 16
processors,

INTERFACES

On-line interfaces, the modules that
enable the Series 16 to be effective in

all types of specific control and com-
munications areas, including hybrid or
one-time applications, also make the
Series 16 a leading choice for the sys-
tems designer. Interfaces available:

®Data Acqusition and Control Sub-
systems — two complete families of
compatible products permit inter-
face with various voltage levels and
signal types.

® Communications Controllers — three
general speeds and from one to 128
lines can be controlled by an assort-
ment of single-line, multi-line, and
programmed multi-line controllers; an
assortment of other features permitted.

EDATA-PAC Family — using the DATA-
PAC family, the designer can build his
own interface (as well as his own com-
plete computer system, if he desires)
from a completely compatible choice
of components.

SOFTWARE

Sophisticated software, including both

effective operating systems and powerful

program languages, is an important

Series 16 component. The operating sys-

tems feature the kind of effective control

that reduces operator intervention and

increases the system’s efficiency, The

available compilers give the Series 16 user

the programming flexibility that ensures

maximum utilization of the hardware. As

with the other Series 16 components,

software solutions are available in both

general problem areas — control and com-

munications, For programming the Series

16:

m An efficient, easy-to-use assembly
language, DAP-16

® The industry standard, Fortran IV, use-
ful in scientific applications.

m BASIC, TEACH, and SOLVE, three
language systems suited to time sharing’s
simplicity requirements,

All software includes techniques neces-
sary for sectorizing and loading in a small
core memory processor. Unless noted, all
hardware configurations are supported

by the software; a Series 16 user is never
forced to buy devices he otherwise doesn’t
need.

13



TABLE 4. SERIES 16 COURSE AVAILABILITY

Length Title Objectives

Logic/Maintenance Courses

1 week Basic Computer Theory Provide “building blocks” understand-
ing.

5 weeks | Series 16 (Models 316/516) Provide student with working knowl-

Logic/Maintenance edge of Series 16 hardware, diagnos-

tic programming, and computer oper-
ations.

Programming Courses

1 week Introduction to Programming | Introduce programming concepts.

Series 16 Programming Provide working knowledge of:

a. DAP-16 Assembler

2 weeks | (Standard) b. Loaders

1 week (Accelerated) c. Utility routines
d. Fortran IV Compiler
e. Checkout routines
f. Libraries

2weeks | OLERT Teach Fortran programmers how to
use OLERT.

1 week OP-16 Teach Series 16 user how to utilize
OP-16

1 week Series 16 Fortran Provide sophisticated training in

Fortran IV

Peripheral and Interface Courses

2 weeks | Series 16 Real-Time Interface

8 days Honeywell/CDC Magnetic
Tape (7- and 9-track) and
(VLC)

6 days Honeywell Card Reader

10 days Honeywell Line Printer

8 days Honeywell Card Reader/

Card Punch
Type 273 Disk Moving
Head Disk File

Working knowledge (operation,
programming, and maintenance) of

RTI

Knowledge of device and control
logic and electromechanics, and pro-
gramming techniques.

Other Courses

1 week Series 16 Interface
1 week Series 16 Systems
1 week Series 16 Communications

Present in-depth discussion of the
Series 16 architecture

In-depth discussion of the Series 16
capabilities; suited for management
and design personnel

An overview of communication
techniques,
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Support

The cohesive factor in systems structure,
a factor that tends to hold a system to-
gether, support is one of Series 16's
strongest facets. Featuring Education,
Data Centers, Systems Support, Field
Maintenance, Publications, Honeywell
offers wide ranging and on-going support
for all a system designers objectives.
Specifically:

EDUCATION

To assist customers during both the plan-
ning and implementation phases of sys-
tems design, Honeywell offers a full array
of programming and maintenance courses,
The facing table lists the courses offered
and notes their prerequisites; as always,
other pertinent information is available
from your Honeywell representative.
Two training centers, one in Framingham,
Mass., and the other in Sherman Oaks
(Los Angeles), California, offer the same
high quality educational atmosphere and
teaching philosophy. The needs of some
specific customers are met by the DSO
Education Center in Arlington, Virgina.

If you wish to enroll in any of the courses
listed here or would merely like more in-
formation concerning them, indicate your
interest on the Systems Designer Reply
Card in the rear of this description,

PUBLICATIONS

A complete and up-to-date documenta-
tion package supports the installation
and design of every Series 16 product
or system. Both engineer-oriented and
programmer-oriented documents on the
following products:

B Processor and internal options.

B Peripheral devices.

B Operating systems and other software.
B Any special packages.

Most importantly, you get clear concise
answers about many of the problems
particular to systems design or you get
only the documentation needed to sup-
port your particular installation; it’s
your choice.



TABLE 5. SERIES 16 FEATURES

Communications

Control

Watchdog Timer — an optional capa-
bility that causes a program con-
trolled interrupt if occurrence is
monitored.

Direct Multiplex Control — Direct
Memory Access — these optional in-
put/output modes enable processing
concurrent with direct data flow to
and from the controller.,

Fast Internal Cycle Time — ensures
complete message processing even
with the highest throughput rates.

Interrupt Facilities — allows branch-
ing, as necessary, between main pro-
gram flow, and real-time service
routine,

Multilevel Code Handling — translates,

under program control, codes of up
to 8 levels.

Cathode Ray Tube (CRT) Devices —
together with the teletypewriter, ex-
cellent man/machine interface de-
vices,

On-Line Interfaces — a complete
selection of data acquisition and
control as well as custom-designed
interfaces permit certain control
over a wider range of analog and
digital inputs and outputs.

High Internal Cycle Time — ensures
speedy response to external events,

DATA CENTERS

Honeywell maintains Series 16 Data Cen-
ters throughout the United States. Each
contains a typical Series 16 configuration
and serves the needs for all of our cus-
tomers for a program development system
prior to system delivery. Usually, there

is no charge. For more extensive work,
machine time is available on a per-hour-
charge basis. Either way, the design of
the Series 16 assures the user that pro-
grams designed to run on one Series 16
system will run on most similar systems
without any drastic changes.

SYSTEMS SUPPORT SERVICE

For every Honeywell salesman, more
than ten other professionals are in reserve
ensuring the user of complete support.
Some of these support professionals, in-
clude the field service engineers who
maintain installed Series 16 systems. Dur-
ing the design and implementation phase
of systems design, support analysts and
engineers are available for consultation
on general and specific tasks. Or, if you
desire, specific tasks will be completed

by the engineers on a fee basis with or
without user assistance,

FIELD MAINTENANCE

Maximum up-time is the result of
Honeywell’s extensive field support
capability for the Series 16. This field
maintenance organization allows
Honeywell to insure reliability and
maximum performance for the one
monthly rental. And every product,
whether it is a single-component or an
entire system, gets exactly the amount
of maintenance it requires.

What Can the Tools Do?

Several features of the Series 16 hard-
ware complement make it especially
suited to the two major minicomputer
application areas, The table below defines
these factors. Some, though keys to the
Series 16 application in one area, are
actually general parameters, important

in all.
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SERIES 16'S TOTAL
SOLUTIONS

Total solutions save time and money,
For the project or company under
severe budgetary constraints, a Series 16
Application System might spell the dif-
ference between this year and next.
Even for designers with the budgetary
and personnel resources to implement
their own solutions, the Series 16
applications systems:

B Pyt a project on-the-air sooner than
otherwise possible.
B Free available manpower for other
projects.
® Permit budget allocation flexibility
in terms of both
— present or proposed systems
expansion, and
— new systems development.

The Series 16 Application Systems are
complete hardware/software/support
packages combined to solve a variety
of well-defined problems for which
the Series 16 is an especially useful
solution. Their easy and economical
implementation and efficient opera-
tion combine to give a user the basic
tools needed to perform the most
complex functions.

Each package contains the Series 16
central processor that best does the
required job in terms of computing
power and economy. That is, just as
an independent consultant or a staff
designer would do, the Honeywell
systems personnel have carefully
weighed the capabilities and costs
of the Models 316 and 516, and
chosen, in each case, the hardware
configuration best suited to the ap-
plication.

Furthermore, each package utilizes the
same flexible software systems avail-
able on all Series 16 processors. Not

only does this factor ensure quality
programming and the best application
of the hardware's capabilities but it
also enables the user to expand systems
software at his own pace.

Finally, the complete maintenance

and support structure of Honeywell
backs the user of the Series 16 appli-
cation systems, Included is the training
required to fully implement each system
and the on-going maintenance required
to ensure maximum system up-time.

As discussed earlier, the Series 16 is
especially suited to applications in the
control and communications environ-
ments, In answering internal Honeywell
(remember that the other half of the
The Other Computer Company is the
world’s foremost automation company)
or specific customer demands,
Honeywell systems designers have
developed applications sytems for the
following environments:

B Data Acquisition and Control
— the Models 1602, 1603,
and 1605.
B Remote Message Concentrators
— the Models 1621 and 1622.
B Time-Sharing Systems
— the Models 1642 through
1648A.
B Clinical Laboratory Systems
— from Honeywell Data Systems
Operations.
B Ruggedized Systems
— the Models 316R, 516R,
and 1602R.

The development of systems in these
and other categories is an on-going
objective of the Series 16 design team.
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DATA ACQUISITION AND CONTROL
SYSTEMS

While the fully-developed data acquisi-
tion and control systems meet separate
capability requirements, each contains
three basic components:

1. Series 16 hardware — the central
processor and peripherals needed to
process and report on the acquired
data.

2. Real-Time Interface — the specialized
hardware required to easily interface
with a wide variety of data acquisi-
tion devices; e.g., sensors, logic
signals, control elements, displays.

3. Series 16 software — the operating
system best suited to the application’s
need for data acquisition and con-
trol coordination,

Depending on the application, the data
and control systems use either a stan-
dard or ruggedized 316 or 516 central
processor. The Real Time Interface
(RTI) regulates all signals between the
monitoring and control elements of
the external devices and the central
processor. Each RTI:

B Decodes input and output instruc-
tions from the central processor
and connects the selected input and
output lines for data transfer.

B Conditions input signals.

B Converts analog input signals to
digital form and digital outputs to
analog form,

B Provides additional typewriters for
logging data and alarm messages.

B Converts signals from computer
levels to easily usable voltages and
currents.

B Protects the CPU, the common or
time-shared portion of the RTI, and
related equipment from high-voltage
faults in the field wiring between the
customer plant and the RTI.

The features that apply to the Model
1602, 1603, and 1605 Data Acquisi-
tion and Control systems, design
features found in few manufacturer’s
product lines, include:
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TABLE 6. SUMMARY OF SERIES 1600 CAPABILITIES

1602 1603 1605

Central

Processor 316 316 516

Memory Sizes 4,8,12,16, 24, or 32K

Maximum

Analog Inputs 64 2048 2048

Maximum

Digital Inputs 256 4096 4096

Other Basic Real-time Clock, interface adapter, hi-boy cabinet,

Capabilities choice of cabinets interface adapter,
RTIl master cab-
inet

Optional All Model 316 options All Model 516

Capabilities options

4, 8 Vs)

converters.

® Variable voltage modules
B RTD Network
B Many other digital capabilities

B Digital and analog customer connection terminals
B Analog input — digital input/output
B Subsystem test modules (8, 40, 80 mV, 0.8,

B Basic differential, differential with filter, and single-
ended hi-level MUX PACs

® 10, 50, 100 mVs, 1, 5, 10 Vs amplifiers, A/D

CENTRAL
PROCESSOR

INTERFACE
ADAPTER

DIGITAL
1/0
SUBSYSTEM
(DIOS)

Figure 7. Data Acquisition and Control System

SUBSYSTEM(S)

ANALOG
INPUT

(AIS)




B |6-bit, stored-program, single-address,
binary-parallel, central processor

B Jp to: 125 analog inputs per second,
using relay multiplexer or 20,000
analog inputs per second, with solid-
state multiplexer

B Digital input and output system

B Wide variety of signal-conditioning
modules

B Modular construction

B Circuit protection for signal inputs
and outputs

B Maximum use of integrated circuits

B Customer terminal connectors

Organization
A data acquisition and control system
normally includes:

B General-purpose central processor
with 8,192 words of memory,

W |nterface adapter,

B Real-time clock,

B Digital 1/O and/or Analog Input
Subsystems,

in a cabinet specific to the model num-
ber. With the insertion of the customer-
specified plug-in, digital input/output
modules, the data acquisition and con-
trol system becomes operational. Sys-
tem expansion requires additional digi-
tal modules and/or an analog subsystem,

DIGITAL INPUT/OUTPUT SUB-
SYSTEM (DIOS)

The self-contained digital input/output
subsystem enables the system's central
processor to accept and transfer digital
data to and from external devices. Each
master digital page accommodates a
maximum of 16 input/output options.
With additional pages (maximum of six-
teen), a data acquisition and control
system accommodates up to 256 input/
output options. The options them-
selves accommodate from one to sixteen
input/output points; for example, the
digital/analog converter accounts for only
one point while the status input option
accounts for sixteen. Digital input
options include:

B Status inputs used for central pro-
cessor-initiated input of contact or

voltage status.

B Asynchronous inputs used where an
interrupt is initiated due to change in
status,

B 8- or 16-bit counters to record status
changes.

Digital output options available:

B Single-shot or flip/flop output capable
of “sinking” current from field com-
mon and providing source current in
the opposite direction,

B Power flip/flop or single-shot outputs
capable of switching up to 500 mA at
48 Vdc,

B [solated relays that can switch 100 VA
under the direction of the power flip/
flop or single-shot outputs.

m Digital-to-analog conversion capabili-
ties under central processor directoin.

ANALOG INPUT SUBSYSTEM (AIS)
The AIS, also self-contained, has an in-
put capability only. Subdivided into
master pages, each with a maximum
capability of 128 multiplexer points,

an AlS converts analog information into
digital pulses, meaningful to the pro-
cessor. Expansion beyond 128 points re-
quires the addition of slave pages, each
of which also accommodates 128 multi-
plexer points, Total in a fully expanded
analog input subsystem -- 1024 multi-
plexer points.

On the Models 1603 or 1605, two analog

input subsystems (A and B), with a total
of 2048 points, are permitted. In such a
configuration, each subsystem contains
independent power supplies, addressing
logic, converter, and control logic. There
is no time-sharing of components. As

required, Subsystem B can operate under

the central processor’s Direct Multiplex
Control facilities.

Each page of a subsystem accommodates

one of three multiplexers and each
multiplexer accommodates a different
number of points. The only require-
ments are those stated above -- 128
points per page. The available options:

B 3 [ow-level relay multiplexer.
B 3 [ow-level solid-state multiplexer.
B 3 high-level solid-state multiplexer.

Each is provided in groups of eight
channels; this submultiplexing concept
minimizes analog bus and capacitance
leakage.

The initiation of analog/digital conver-
sion and the transfer of the converted
value to the central processor occurs
over the standard input/output facilities
under the control of a stored program.
In addition, where provided, the Direct
Multiplex Control facilities can be uti-
lized for block transfer of information
via Subsystem B.

Standard signal-conditioning options in-
clude current-to-voltage, T/C isothermal
compensation, open-circuit thermocouple
detection, and resistance/thermometer
bridges.

W RS BOR ARA BAR BEL B

A0 ms i b B
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SERIES 1620 REMOTE MESSAGE
CONCENTRATOR SYSTEMS

The Models 1621 and 1622 Remote
Message Concentrators (RMC) are com-
prehensive, stored-program communi-
cation systems that reduce communica-
tions line costs and host-facility loading.
A combination of hardware and soft-
ware elements concentrate many low-
speed data-communication lines onto a
medium-speed data-communication line
for transmission to a host facility.

The RMC’s versatile hardware interfaces
up to 128 full-duplex low-speed lines
and up to 4 medium-speed output lines.
Unattended operation is reinforced by
the following:
B Power failure detect
B Automatic restart
B |n conjunction with the software
executive: down-line loading of
operational programs triggered by
a watchdog timer,
B High system reliability

The RMC software package provides a
complete means of controlling the low-
speed lines, both leased or switched. The
medium-speed link to the host facility
operates in a variety of line disciplines
including:

1. A standard ASCII full-duplex line
procedure,

2. IBM-360-compatible binary syn-
chronous communications pro-
cedure in either ASCII or EBCDIC,
both supporting full transparency.

Other outstanding features of the
Models 1621 and 1622:

B Up to 128 FDX asynchronous low-
speed lines

® Up to 300 baud

B Up to four medium-speed data lines

B Power failure detect/automatic
restart

B Complete operational software
package

B Plug-in turnkey installation

B Reconfigurable software
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® Hardware bisynchronous cyclic
redundancy check

B Easily expanded

B Efficient use of medium-speed line
bandwidth

B Multispeed

B Message buffering

B Multicode

B Code conversion

® Down-line loading of operational
programs.

B |[BM bisynchronous compatibility

e
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Figure 8, Typical Model 1622 Application,




TIME-SHARING SYSTEMS

The compatible members of Honeywell’s
new Series 1640 family of time-sharing
systems are the Models 1642, 1644,
1646, and 1648 A. The four are dedi-
cated, conversational, problem-solving
systems — based on the first time-sharing
system ever built solely by a computer
manufacturer, Honeywell. Series 16
processors and peripherals form the
heart of the Series 1640. Starting with
the Model 1642, a user can grow to the
top of the line as needs increase.

The software, the important element
of a time-sharing system, features:

Field Proven

Sixteen months were spent designing
and implementing the time-sharing
software — compilers, command lan-
guage, and operating systems, Now there
is a continually growing library of more
than 200 utility, scientific, and appli-
cations packages. Countless thousands
of hours have been logged in actual
operation. Honeywell has invested
heavily in time-sharing; and has planned
a continuous software development, im
provement, and enhancement program.

Easy to Use

Even users that do not understand
computer concepts, compiler languages,
or syntax, can solve problems with
Series 1640 after only a few minutes’
experience, All that is needed to com-
pose, test, and execute solutions are 15
commands — for user identification, file
maintenance, and language processor
execution. For users already using a
time-sharing service — don't be con-
cerned about the move to Series 1640,
The effort is straightforward and fully
supported.

Many Languages

You have your pick of all these problem-
solving languages: BASIC and EXTEND-
ED BASIC — fundamental compiler
languages resembling Fortran but easier
to use; COBOL — an easy-to-learn lan-
guage for commercial applications; full
Fortran IV as specified by ASCII — de-
signed for more sophisticated problem
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TABLE 7. SUMMARY OF SERIES 1640 CAPABILITIES

1642 1644 1646 1648A
User Program Size
[withoutgoverlay} 10K 16K 16K 16K
Number simultaneous users 16-32 16-32 16-32 32-64
ﬁﬁf‘g;’;‘;'m RBERgFa 960 960 960 960
Maximum storage available 3eM 36M 93.6M 115.2M
Random files No No Yes Yes
On-line Tape Files No No Yes Yes
Floating-Point Hardware No No No Yes
Passworded Files No No Yes Yes
110 baud ASCII terminals Yes Yes Yes Yes
134.5 baud selectric No No No Yes
150 baud ASCII terminals Yes Yes Yes No
300 baud ASCII terminals No Yes Yes Yes
BASIC Yes Yes Yes Yes
Fortran IV Yes Yes Yes Yes
DAP-16 Yes Yes Yes Yes
SOLVE Yes Yes Yes Yes
TEACH Yes Yes Yes Yes
EDIT Yes Yes Yes Yes
COBOL No Yes Yes Yes
EXTENDED BASIC No Yes Yes Yes
CHAINING Yes Yes Yes Yes
PROJECT ACCOUNTING No Yes Yes Yes
PUBLIC LIBRARY Yes Yes Yes Yes

JOB CONTROL
PROCESSING PROCESSING SET
[ CONTROLLER [
Mo[;:fws Moc:gfsm EIA INTERFAGE
[ 1| capaciTy
CONTROLLER
| | |
icou ASR33 TEHh:‘I.I?;ETION
TELETYPE UNITS (8]

DEVICE
m— MULTIPLEX —
UMIT

DISK
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]

HIGH CAPACITY
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Figure 9. Model 1642 Time-Sharing System
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solving; TEACH — an interpretive lan-
guage that aids education; EDIT — an

interactive context editor; SOLVE —a
flexible, convenient language for con-

versational use; and DAP-16 — a sym-

bolic assembly program.

For compatibility, the same language
processors are used on all 1640 time-
sharing systems, In addition, block
sizes and linkages of file systems are
identical for source and data files.

Advantages of an In-House System
Having your own time-sharing system is
desirable in many instances — especially
when you need terminals in many lo-
cations. Advantages are:

B Costs are less sensitive to the number
of users accessing the system or the
time they access it

B No extra charge for sophisticated
applications

B No per-character or per-block
storage charges

B | ower operating costs per terminal
passed on to the user

B Dedicated port without an extra
charge

B Configurations molded to your needs

B You control loading and operating
schedules

® Your information files are protected
against misuse

B No worry about access during peak
loads

B Easier data transfers through on-site
high-speed |/O devices

B [ncreased system reliability —
decreased maintenance costs

Multiprocessing for Low System
Overhead

The unique multiprocessor configura-
tions of 1640 systems vastly improve
performance over comparable time-
sharing systems, and result in low sys-
tem overhead. Instead of multiprogram-
ming a single computer to make it a
time-sharer, the tasks are divided among
various Series 16 processors, allowing
each to function with a simple monitor
program,

All systems have a Job Processor (han-
dles the execution of computational re-
quests) and a Control Processor (inter-
prets requests and schedules work). In
addition, the 1648A has a Communica-
tions Processor which acts as a line han-
dler. It receives information from the
users’ terminals and formats it for input
to the other processors; transmits re-
sponses to the users,

Each model offers:

B High-speed arithmetic unit for more
throughput

® Memory lockout permits system in-
tegrity when running unverified
programs

E Restricted mode inhibits the ex-
ecution of certain instructions for
added protection

¥ Protected Section Selection protects
against access of unauthorized
memory

B Priority interrupt for quick response
to proper service routines

B Field-proven hardware and software
reliability

B Extended software: BASIC, EXTEN-
DED BASIC, Fortran 1V, COBOL,
EDIT, TEACH, SOLVE, and DAP

® Off-line batch operating system

B From 16 to 64 simultaneous users

B 960 subscribers

® More than 200 utility, scientific, and
applications programs

B Optional mag tapes, line printers,
card reader, and card reader/punch

W Each user’s time can be tracked

® Multiprocessor configurations
minimize system overhead

B File storage from 7.2 million bytes to
115.2 million characters

® Magnetic tape backup storage (up to
four units)

B Random access files in some
configurations

® | owest operating costs per terminal
of any comparable system

B |deal for in-house use

B Dedicated lines and/or remote con-
nections via telephone coupling

® | owest-cost field expandability

B Floating-point hardware at the top
of the line

B Extensive training

® Thorough documentation
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The Model 1642

The 1642 offers a starting point for
prospects who want a small, capable,
low-cost in-house time-sharing capa-
bility. A simplified, yet powerful com-
mand structure makes the 1642 easy to
learn and use, and yet complete enough
for experienced users who want the
capabilities and features found only on
larger, more expensive models. This
instruction structure also serves as the
basis for all other systems in the 1640
family. As the transition is made from
the 1642 upwards, new commands are
added, extending the facilities available
to the user,

No other time-sharing system in its class
is as expandable as the 1642, It has the
largest data base of any system in its
price range and the largest user memory.
Also, it offers both Fortran and assembly
language for non-time-sharing batch-
processing operations, and is the small-
est system offering on-line BASIC,
Fortran, and editing capabilities.

The Model 1644

On the Model 1644, operating efficiency
is increased by allowing up to three
users with executable jobs to be resi-
dent in the job processor simultaneously,
The result — overlapping of user execu-
tion, while the system is unloading the
last job; greater efficiency and system
utilization; more users using the system
simultaneously. Features on the Model
1644, in addition to those found on the
Model 1642:

B EXTENDED BASIC — string state-
ments and matrix capabilities

B COBOL — a complete package for the
development and execution of business
programs in a time-sharing environ-
ment.

B Up to 16K words of memory for
Fortran programs

B Project Accounting — the ability to
credit portion of a terminal session
against specific project numbers

Other benefits accrue to the 1644 user
who has upgraded his system from a
1642:
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B No user reeducation — system
operations, languages, and programs
learned on the 1642 apply to the
1644

B Proven software

B Greatly increased capability with a
small increase in system price

The Model 1646

The 1646 offers increased power and
efficiency at a minimal increase in cost.
The use of larger processors permits
better systems utilization and expanded
capabilities, Features of the 1646 in-
clude those of the 1642 and 1644 plus:

B Random file capability — for faster
information access from storage or
data base.

B Expanded user file storage — up to
93.6 million bytes of information may
be sorted on-line

B High-speed terminal capability

B Double file protection — passwords
may be added to storage file names

B Active tape files during time-sharing

The Model 1648A

The Model 1648A — fastest, most
capable, most versatile member of the
1640 family, has these additional
features:

B Optional floating-point arithmetic
hardware — for speed and efficiency
of processing

W | arge storage capacity — up to
115.2 million bytes

B Up to 960 identifiable users

B Front-end communications
hardware — for increased throughput

Up to 64 lines can be connected to the
communications interface within the
processor complex. Remote terminals
are routed to the communications
interface generally through low-speed,
full duplex lines to multiplexers
located at strategic concentration
points, and from here to the com-
munications interface via telephone
lines.




Figure 10. Model 1648A Time-Sharing System
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COMPUTER-ASSISTED CLINICAL
LABORATORY SYSTEM

As one of the world's oldest and

largest suppliers of precision instrumen-
tation, Honeywell is aware of the re-
sponsibility placed on medical data
processing systems. All Honeywell
clinical laboratory equipment has been
designed with that responsibility clearly
in mind, and our experience with hos-
pital data management, biomedical
systems, and many types of manage-
ment information systems is our assur-
ance of full system reliability.

In addition to a number of products
designed specifically for the medical
profession, Honeywell's wide selection
of data processing equipment offers an
almost limitless selection of system
possibilities to satisfy the requirements
of any clinical laboratory or research
facility.

Although equipment may be supplied
by any one of several specialized
Honeywell divisions, the company’s
Data Systems Operations has sole re-
sponsibility for clinical laboratory
systems. This assures the user that he
is working with people who are expert
in the unique requirements of the hos-
pital laboratory, and are directly re-
sponsive to his needs.

In every case, Honeywell's objective

is to implement the system to the exact
requirements and specifications of the
user. Honeywell provides the technical
knowledge, the instrumentation, and the
experience in designing systems. We
provide the assurance that the system
will operate efficiently and compatibly.
But the user specifies what the system

is expected to do, and for all intents and
purposes, it is Ais system; designed for
his exact requirements and no other.

ldeally, a centralized data system should
have three characteristics:

® |t should have complete system com-
patibility, with all equipment opera-
ting in harmony.
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B There should be enough standardiza-
tion to satisfy normal requirements at
minimal cost, but with some design
flexibility to handle most unusual
needs when necessary.

B The system should be modular
enough to allow for expansion or
modification later.

In response to these requirements,
Honeywell has developed systems that
are-compatible with either free-standing
or shared-time operation, combine high-
volume computer capabilities with
modular “building block™ techniques,
and satisfy clinical laboratory data
processing needs. The approach com-
bines a variety of initial options with
ample provision for revising or expand-
ing the system later as the need arises.

Following are some characteristics
of the Honeywell approach:

B Complete compatibility and efficiency
of all equipment, including equip-
ment not manufactured by Honeywell

but specified as part of the Honeywell-

designed system.

B Provision for later expansion or mod-
ification, incorporated in the
“modular system’ approach.

® Standardization of routine equip-
ment, to reduce costs of systems that
require only normal processing
functions,

B On-line and real-time functions where
desired, to allow moment-to-moment
test readouts and immediate analog/
digital monitoring information.

B Quality control capabilities, including
test verification by professionals
where needed, and computer-initiated
alerts on out-of-limit readings.

B Ability to accept data directly, using

special techniques that bypass punched

card procedures where desirable,

B |nformation safeguard provisions, in-
cluding verification codes and proce-
dures to prevent unauthorized per-
sonnel from feeding information into,
or reading it out of, the system.

A well-engineered computer-assisted
system should, of course, offer the user
a number of advantages over the older

methods and clerical bookkeeping.
Here are some of the advantages that
Honeywell offers:

B Ability to handle large volumes of
information, an ever-increasing neces-
sity as hospital plans proliferate and
third-party reimbursements change
the older hospital work loads.

B Relate and categorize stored data.
Computerized data can be broken
down, categorized, annotated in an
almost limitless number of ways,
without upsetting the system routine.
This simplifies many special studies
and projects that might have been
almost impossible with human re-
cording.

B Permit more objective evaluation of
data. The physician or other qualified
evaluator receives data that is totally
objective, never “weighted” by human
data handlers.

B Provide fast, easy updating of infor-
mation, Certain computer storage
methods, such as optical reading
forms or punched cards, provide a
perfect way to handle current
records that are subject to change.
Magnetic tape and disk pack memory
can also be revised as needed without
encumbering the system.

B Reduces boredom and human error.
Routine tasks cause fatigue and re-
sult in costly human mistakes. The
computer frees people for the more
valuable functions of supervision,
critical analysis, professional train-
ing utilization and results verification.

B Reduces personnel costs. By re-
ducing the number of clerical tasks
necessary, the computerized system
reduces operating costs; and by
making the system more efficient,
it reduces profit loss caused by
duplication of effort, redundant
transcriptions and repeated query
responses,

B Provide a more dependable refer-
ence bank. The computer can
store and retrieve information
much more efficiently than
clerical recording; can put entire
libraries on fast recall.



RUGGEDIZED SYSTEMS

And where the application merits, ruggedized Series 16 systems have been developed to meet the most stringent military and
industrial specifications. Ruggedized Series 16 systems include the Models 3T6R, 516R, and 1602R. Each ruggedized system
features the same outstanding processing and throughput capabilities as its standard equivalent; in addition, each system has
been tested to ensure its ability to withstand specified levels of punishment.

The Model 516R

The ruggedized version of the Model
516 general-purpose computer con-
forms, in general, with applicable
military and shipboard specifications
geared to meeting severe operational
and environmental conditions. Certi-
fication procedures were conducted
at an independent research and test-
ing laboratory of Avco Corporation.

Certification came after the computer
was shaken, shocked, rocked side to
side, frozen, baked, swept to a 10,000-
foot altitude, and bombarded with
sudden changes in power supply,
voltage, and frequency. It approaches
a practically nonresonant system,
(below 500 Hz) to satisfy long-term
vibration specifications.

The same organization and characteris-
tics which make the standard Model 516
so much in demand in numerous sys-
tems applications also make the rugged-
ized version exceptionally desirable for
the wide range of configurations and
uses in military and other special en-
vironments. The design approach used
in the 516 closely parallels the require-
ments of a MIL-SPEC computer. For
example, MIL-Q-9858 quality control
practices are standard.

For installations where electro-magnetic
interference (EMI) suppression is re-
quired, the Ruggedized 516 meets
MIL-STD-826A. Modifications include
an enclosure to provide shielding for
the cabinet penetrations (input/output
lines as well as air intake and exhaust),
and incorporation of power line filters.
The control panel configuration is also
EMI compatible during all operational
modes. These EMI suppression features
are now standard in the Ruggedized
516,

The Ruggedized 516 is already in wide-
spread use, both military and commer-

cial. For example, it has been selected
for installation on 39 U.S. Coast Guard
ocean-station cutters to gather data for
weather forecasting and airborne target
tracking.

MANY OUTSTANDING FEATURES

All the capabilities of the standard com-

mercial 516 are incorporated in the rug-
gedized system; field-proven design, re-
liability, flexibility, full software selec-
tion, modular options, plus spare parts
provisioning and full service support.
Wiring portion and logic cards, heart

of the computer, remain the same,

The compact low-cost, high-
performance 16-bit binary 516 has

a standard memory capacity of 4,096
words (expandable to 32,768) and a
960-nanosecond cycle time. Its
extremely high computation and

1/O speeds ideally qualify it for real-
time on-line systems applications.

Other Model 516R features:

B Front-access cabinet doors simplify
maintenance.

B Controls for normal operations are
externally located.

B Major assemblies are removable, and
convenient test points are located in
the integral backboard wiring to aid
in diagnostic procedures.

® Diagnostic routines allow trained
technical personnel to achieve a
mean-time-to-repair of less than
20 minutes.

B Power supply is easily accessible,
and replacement of any logic card
can be made in less than two
minutes.

Reliability and small physical size are
the great advantages of this powerful
machine which can be used in remote
locations or where space is restricted.
The Ruggedized 516 has the same
MTBF of 10,000 hours as the standard

computer. The compact cabinet, oc-
cupying approximately 28 cubic feet,
can easily pass through most shipboard
hatchways and aircraft or van doors.

B Certified to MIL specs for ruggediza-
tion, environment, and EMI/RFI.

The Model 316R

The Model 316R ruggedized general-
purpose computer is a member of the
growing Honeywell Series 16 family of
on-line, real-time, 16-bit systems. All
capabilities and features of the standard
Model 316 are incorporated in the rug-
gedized version, which has been certified
to MIL environmental and EMI specifi-
cations. Smaller than the standard 316,
it is a compact, low-cost/high-perform-
ance machine which has standard
memory of 4,096 words (expandable
to 32,768) with 1.6 microsecond

cycle time,

The Ruggedized 316 meets the severe
environmental requirements demanded
by military and industrial applications.
A rack-mountable and a table model
are available for shipboard, van, air-
craft, oil and gas rig, ground station,
and industrial installations. Both
models provide EMI/RFI protection.
The Ruggedized 316 parallels the
requirements of the “MIL-SPEC"”
computer,

The Ruggedized 316 uses the same
standard connector planes, function
boards, and logic cards as the standard
models. The central processing unit,
integral 50-to-400 Hz power supply,
4,096 to 16,384 words of main mem-
ory in 4K modules, and several stan-
dard 316 options can be contained

in the basic unit. Additional memory
and options are accommaodated in an
expansion drawer which is mechanical-
ly identical to the basic unit. The en-
closures for the basic unit and expan-
sions are EMI/RFI-shielded structures
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with removable top and bottom
covers that provide access to circuit
modules and power supply. A front
control panel contains the operation
switches and displays. A keylock
switch on the control panel disables
the logic functions on the panel
from unauthorized operation. All
connections are made at the rear
panel through MIL connectors/
mates. The standard rack-mountable
model is supplied with slides; the
optional (no charge) table model has
side plates that can accommodate
hard or shock mounting.

Standard 316 documentation includes
much of the information required by
MIL SPECS. Provisioning documenta-
tion for supply depots can also be
provided.

The Model 316’s characteristics and
organization make it desirable for the
wide range of configurations and uses
in military, industrial, and other en-
vironments where ruggedization is
necessary.

FEATURES

B Certified to MIL SPECS, for rug-
gedization, environment, and EMI/
RFL.

B Compact and portable for movement
between installations.

B Standard rack-mountable and optional

(at no charge) table model for instal-
lation flexibility.

B EMI/RFI suppression provided as
standard feature.

B Standard keylock switch disables the
logic functions on the control panel
from unauthorized operation.

® 22.% inch diagonal dimension allows
submarine-hatch entry.

® Qccupies less than 2.9 cubic feet.
B Weighs less than 90 pounds.
B All major assemblies are removable.

B A standard ruggedized power supply
allows input power frequency of 50
to 400 Hz,

B All capabilities and advantages of the
standard Model 316 are maintained.
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B Compatible with all Series 16 com-
puters, peripherals, and software.

B Modular, to simplify future expan-
sion.

The Model 1602R

The Ruggedized Model 1602 is an EMI-
protected Data Acquisition and Control
System consisting of a 316 central pro-
cessor, peripherals, and a Real Time
Interface (RTI) for digital and analog
signals. The system is ideally suited for
applications in hostile environments
where expansion beyond 256 digital
inputs/foutputs and 64 analog inputs
are not required. It is fully supported
by the OLERT operating system (see
Data Acquisition and Control). The
RTI regulates all signals between the
monitoring and control elements of
the external devices and the 316. It

is used for ground support equipment,
mobile applications, and laboratory
systems. The RTI:

B Decodes input and output instruc-
tions from the central processor and
connects the selected input and out-
put lines for data transfer,

B Conditions input signals.

B Converts analog input signals to
digital form and digital outputs
to analog form.

B Provides additional typewriters
for logging data and alarm mes-
sages.

B Converts signals from computer
levels to easily usable voltages
and currents.

B Protects the CPU, the common or
time-shared portion of the RTI, and
related equipment from high-voltage
faults in the field wiring between the
customer plant and the RTI.

The system meets the MIL Specs listed
under GENERAL SPECIFICATIONS.
However for full EMI protection,
optional adaptors must be used. Also,
in order to meet some hostile industrial
requirements, the environmental option
— which provides a pressurized purged
system and a heat exchanger — should
be used.

FEATURES

B Ruggedized system with EMI pro-
tection

B ]6-bit, stored-program, single-
address, binary-parallel, central
processor

B 1 6-(s memory cycle time

B | 6-bit series computer peripherals

B Up to: 125 analog inputs per second,
using relay multiplexer or 20,000
analog inputs per second, with solid-
state multiplexer

B Digital input and output system

B Wide variety of signal-conditioning
modules

B Modular construction

B Circuit protection for signal inputs
and outputs

B Maximum use of integrated circuits

B Terminations for real world connec-
tions (optional)



TABLE 8. SUMMARY OF RUGGEDIZED SYSTEMS SPECIFICATIONS

GENERAL 316R 516R 1602R
Dimensions Rack-Mountable Model — 12-4"H = 19"W Vertical cabinet (hi-boy): 72"H x 24"W x 30"D
(16-3"1D) x 24-4"'D with connectors T2'H x 24"W x 28D
Table Model — 13%"H x 19"'W x 24-4"D Horizontal cabinet (lo-boy):
with connectors 42"H x 24"W x 28"D
Weight Less than 90 pounds Vertical cabinet: 557 to 792 lbs,
Horizontal cabinet: 487 to 560 bs,
Power 115 VAC, 50-400 Hz, 5.3 A, 475 W (max.} Permissible voltage perturbations at 1135 Vac, 50-60 Hz, 5.5 A, 500 W (nominal)
60 Hz £5% are 115 Vac £10%. It hasa
transient voltage capability of +30%,
— 15%, for 2 maximum of two seconds.
Mormal power consumption is 1400 W,
Colon Gray, Federal Standard 595, Chip #26622 Finishes are to military specifications Gray, Federal Standard 595 to match Chip #26492
Black, Federal Standard 595, Chip #27038 for cabinet and exposed metals,
Other TEST CERTIFICATION MATERIALS

The 316R table model, table model/fisolators

and rack-mountable models have been

certified, to the MIL specs listed under Environ-
mental Specifications, at the Raytheon Environ-
mental Test Labs, Detailed information on test
procedures, equipment, and results is available

in Honeywell 316R. Qualification Report:

Volume |, Intreduction and Environmental Test
Report; Volume 11, EMI Test Report; and Volume
111, Detailed Failure Reports and Test Procedures,

Flame retardant printed circuit boards,
nonfungus nutritive materials, non-
toxic material, nonfragile materials or
other materials listed in MIL-E-16400,
Paragraph 3.5.3.4,

ALTITUDE

Operating:
Up to 10,000 feet,

Nonoperating:
Up to 50,000 feet,

EMI SUPPRESSION
Per MIL-STD-826A

ENVIRONMENTAL

Shock Operating: Operating: Operating:
MIL-STD-810B, Method 5186, Procedure | 0 to 5g to 0 in 11ms perpendicular to MIL-STD-810B, Method 516, Procedure 1 (madified
MIL-E-5400, Par. 3.2.21.6.1 t‘r_le base, 0 to 2g to 0in 11ms, perpen- to 5g peak acceleration)
MIL-T-21200, Par. 3.2.16.5.1 dicular to the side at the base, {a]  5g, half sine wave, 11ms duration, perpendicular
- n : : B to the base.
15g, half sine wave, 11-ms duration, 18 impact Nonoperating: {b)  Sg, half sine wave, 11ms duration perpendicular
shacks, three shocks in opposite directions along Oto15gto 0in 11ms. to the sides at the base.
¢ach of the three perpendicular axes.
MNonoperating:
MIL-STD-810B, Method 516, Procedure 1
(a)  15g, half sine wave, 11ms duration, perpendicular
to the base.
{b)  13g, half sine wave, 11ms duration, perpendicular
to the sides at the base.
{c) Three shocks in opposite directions along each of
the three perpendicular axes (total, 18 shocks).
Vibration Operating: Vibration per MIL-STD-167 over the Operating:

MIL-STD-810B, Method 514, Procedure |
MIL-E-16400, Par, 4,5.14.1 (MIL-5TD-167, Type I)
MIL-T-21200, Par, 3.2.16.4, Class |l and [11

5-15 Hz at 060" £.012" D.A,
16-25 Hz at 040" £ .008" D.A,
26-33 Hz at .020" £ .044" D.A,
34-40 Hz at 010" £ 002" D.A.
41.55 Hz at .006" + 001" D.A.

Five minutes at each discrete frequency per axis.
AIRCRAFT AND HELICOPTER

Operating:

MIL-STD-810B, Method 514, Pracedure |,

Curve 2, 10g

MIL-E-54000, Par. 3.2.31.5.1, Curve IV, 10g
MIL-T-21200, Par, 3,2,16.4, Class I, MIL-T-5422,
Curve 1V, 10g

5-20 Hz at 10" D, AL
2033 Hzat £ 2g
33-74 Hz at .036" D.A.
74-500 Hz at £10g

Sweep time 5-500-5 Hz — 15 minutes, 3 cycles
(45 minutes) of vibration performed in each of three

mutually perpendicular axes, Thirty minute dwell at

each resonance.

following range of frequency and
amplitude.

Frequency (cfs) Amplitude (inches)

5-15 0.030 0006
16 -25 0.020 0,004
26-33 0.010 £0.002

MIL-T-21200H, Par. 3.2.19.4, Class 2, 3; MIL-STD-167,

Type 1

{a}  Frequency 5 to 15 Hz, table amplitude (*+ or =)
-]

0.030 £0.006 in,
(b)  Frequency 16 1o 25 Hz, table amplitude (+ or
0,020 £0.004 in.

(¢} Frequency 26 to 55 Hz, table amplitude (+ or -)

0.010 £0.002 in,
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TABLE 8, SUMMARY OF RUGGEDIZED SYSTEMS SPECIFICATIONS (Cont.)

EMNVIRONMENTAL 316R 516R 1602R
Inclination Operating: Operating: Operating/Nonoperating:
MIL-E-16400, Par, 4.5.14.2 Up to 45° from vertical in any direction. | MIL-E-16400F, Par. 4.5.14.2.
45° or; eit?esr[sid; of tlhe computer vefrt‘lcat axis The unit must be inclinable up to 45° on either side of
at a rate of o 7 cycles per minute, for a the computer vertical axis.
period of 30 minutes in the horizontal and
horizontal transverse axes,
Temperature Operating: Operating: Operating:
g‘I.IL—SdTDASImB, Methods 501 and 502, 0°C 1o 50°C MIL: STD 8103 Method 501, Procedure 1 and Method
rocedure 502 — 0° to 55°C
MIL-T-21200, Class |11 MNonoperating:
0°C 10 +55°C -55°C to +80°C Monoperating:
) MIL- STD-BIOB Methcd 501, Procedure 1 and Method
Monoperating: 502, -55" to +85°C
MIL-STD-810B, Methods 501 and 502,
Procedure |
MIL-T-21200, Class |
MIL-E-5400, Class |
-62°C 10 +85°C
Altitude Operating: Operating:
MIL-STD-8108, Methed 500, Procedure | MIL-T-21200H, Par. 3.2.19.1, Class Il and Ill, and
MIL-T-21200, Class 111 MIL-STD-810B, Method 500, Procedure |,
20,000 feet (13.8" Hg), 0°C 10 +55°C a) 10,000 ft, (20,6 Hg)
N b) Standard ambient temperature (23°C £10%)
onoperating:
MIL-STD-810B, Method 500, Procedure | Nongperating:
MIL-T-21200, Class 1, 11, and 111 MIL-T-21200H, Par. 3.2.19.1, Class I, 11, and 111, and
50,000 feet (3.4" Hg), 62°C to +85°C MIL-STD-8108, Method SUOJ Procedure |,
{a) 50,000 fi. (3.44" H
(b) Standard ambient lemperalurt (23°C £10%)
Humidity Operating: Operating/Monoperating: Operating:
MIL STD@IGB Method 507, Pracedure | Up to 95% with no condensation. MIL-STD-810B, Method 507, Procedure 1V (Modified
95% RH, 30°C 1o 55°C, five days per Par, 3,4.8.2),
Nonoperating: E;% gggfoR;oc
MIL-STD-m‘QB, Meothod 507, Procedure | [¢) Mo condensation
95% HR, 30" to 71°C, five days
Electrical Operating: Electrical specifications meet the follow- | Operating:
. P y ! ing paragraphs of MIL-E-16400 (no E.
ML 1640 P 454 sy sl | O ens | MIE1040F, P33
frequency. is required): Steady
2 State
Paragraph 3.9.1, Primary Power Supply . i
S;e;tdey Line Voltage and Frequency — The Nominal Change  Transient
. : computer will meet the performance :
Nominal ~Change  Transicnt limits of operation over the steady state Fﬁi?!‘mnw gg g; 23 :g
tolerance of £10% in voltage and 5% ¥ 4
Flfleq!"en“ gg g;gg }g :z in frequency from nominal values il e 10
(Hz): : 8 Hz specified. Voltage s 103127 23
400 380420  120Hz (Vac)
Voltage: 115 103127 *23VACRMS | Paragraph 3.9.1.1, Transient Voliage — Time (s)  continu- continuows 2
Time(s)  continu- continu- Fski, The computer is capable of standing otis
ous ous a voltage transient of 220% of the nom-
inal from any point within the 10%
steady state tolerance band within two
seconds, Momentary impairment of
operation during the transient does not
cause failure of any part nor prevent the
resumptlon of normal operation, nor does
it require the equipment to be recycled
when the transient has ceased.
Paragraph 3.9.1.2, Transfent Frequency
— The computer is capable of operation
during frequency transients of 3% of
which not more than 1% is outside the
steady state tolerance band of 5%, The
transient is recoverable to a point within
the steady state tolerance band within
Lwo secands.,
Electromagnetic MIL-STD-461, 462, 463 MIL-STD-461, 462, 463
Interference {a) Conducted interference — 30 Hz to 50 MHz

(a) Conducted Emission
CEO3 20 KHz to 50 MHz, power leads
(b} Conducted Susceptibility
€501 30 Hz to 50 KHz, power leads
€502, 50 KHz to 400 MHz, power leads
CSO6 Spike, power leads
{c) Radiated Emission
REO1 30 Hz to 30 KHz, magnetic field
REO2 14 KHz to 1.0 GHz, electric field
{d) Radiated Susceptibility
RSO1 30 Hz to 30 KHz, magnetic field
RS02 magnetic induction field
RSO3 14 KHz to 1 GHz, electric field

(b} Conducted susceptibility — 30 Hz to 400 MHz

(¢} Radiated emission — 30 Hz to 50 KHz (magnetic);
14 Hz to 1 GHz (electric)

(d) Radiated susceptibility — 30 Hz to 30 KHz
(magnetic); 30 Hz 1o 150 KHz (magnetic induction)
14 Hz to | GHz (electric)
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SERIES 16'S
BUILDING BLOCKS

Depending on an application’s require-
ments, the extensive array of system
components available within the Series
16 may be a better choice than one of
the total solutions. Choose one or all of
the components from Honeywell
(Honeywell offers more of a choice

than any other manufacturer) and be
assured of the same kind of support that
Honeywell places behind entire packages
and products, Series 16’s building
blocks have applications in all depart-
ments and companies where a designer
can succinctly state his control or
communication problems and define
their required solutions,

Because Honeywell designs every com-
ponent as part of a complete, integral,
compatible scheme, only logic design

is needed before use, Therefore, the
user avoids the problems that often
cripple a systems implementation
effort. With Honeywell building blocks
serving in all, or part of a system, per-
formance is sure, certain, and on-time.
Available components:

® Central processors — the Models 316
and 516 — that have proven them-
selves in test after test and applica-
tion after application.

B On-line interfaces — built, or build
them yourself — for a variety of con-
trol, communication, and hybrid
applications.

® A wide array of peripheral devices,

B Software — operating and program-
ming systems — that ensure the
efficient and on-going operation of
the hardware according to the
designer’s specifications.

CENTRAL PROCESSORS

Four compatible central processors are
included in the past and present Series
16. The Model 116, the industry’s first
16-bit minicomputer, and the Model 416
both now unavailable, are predecessors
of the current offerings:

B Model 316
B Model 516

Each processor offers the designer the
internal speed, memory size, and
throughput capability best suited to his
application, Unless noted, all interfaces,
peripherals, and software systems are
compatible with both processors. Table
9 indicates the components available on
the Series 16 central processors; their
mutual capabilities include:

B The flexibility of design; for example,
the processor’s 16-bit architecture
permits halfword, single-precision, or
double-precision manipulation.

B The modular construction; for example,
micro-PAC construction permits
exactly the configuration that best
suits a particular budget and applica-
tion, Series 16 modularity extends
across the processor’s architecture —
memory, input/output facility,
arithmetic capabilities.

B Systems simplicity; for example, the
completeness of the instruction
repertoire permits easy application of
the Series 16 processor to the given
application.

Organization

A Series 16 central processor is logically,
as well as functionally, divided into
four parts: (see Figure 11)

B memory
B the control register
B the arithmetic registers

® the input/output facilities.

In addition, the arithmetic and control
registers share an adder (not shown).
Normal peripheral data transfer occurs
in parallel over the inputf/output bus.
Controls for all peripheral devices and
interfaces used in most Series 16
applications are upacs within the
central processor cabinetry, but are
not functionally a part of the central
processor.

MEMORY

In a Series 16 processor, a memory
location contains 16 bits; this 16-bit

MEMORY CONTROL
REGISTERS
INPUT
e e Ve e
W‘W FACILITIES
o ARITHMETIC -

[ S e, L
SERIES 16 MEMORY WORD | I
A T O (N T S N (NN [

L1
|

Figure 11. Logical Division of a Series 16 Central Processor
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location is termed a “word.” There are
4,096 words in a memory module;
Series 16 central processors have a
maximum storage capacity of 32,768
words. Both program instructions

and the data to be manipulated by

the program reside in memory during

a program operation. As a key to
programming capabilities, every word

is identified by a unique numeric address
(Figure 12). This allows the program to
reference the exact memory location
containing needed data,

Except for double-precision arithmetic
information, each unit of data and each
instruction occupies one, fixed, 16-bit
location, Each of the 16 bits within a
location is individually magnetized to
represent a ‘‘one’ or a “‘zero.” Depend-
ing on whether the location contains an
instruction or data, the format of the
16 bits varies.

Memory parity (see Table 9 for ordering
information) adds a seventeenth bit to
each memory location. This parity bit,
used in connection with logic gating,
performs an automatic error-detection
operation known as parity checking
(“automatic™ in that it occurs without
a specific program instruction). Detec-
tion of a parity error sets an indicator
that can be tested under program con-
trol and used to initiate an interrupt.

The time interval required by the pro-
cessor to read and restore the contents
of a memory location is a basic unit of
computer systems performance measure-
ment — memory cycle time. The cycle
times associated with the Series 16
processors (1.6 microseconds for the
Model 316; 0.96 microseconds for the
Model 516) are key elements in their
ability to perform the many applications
assigned them.

Priority access to memory is a final
capability important to the real-time
power of the Series 16, The various
functions and capabilities of the
processing logic are executed in a
priority sequence, if two or more are
accessing memory simultaneously. The
priorities are:
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00000 01777
01000  — 02777
02000 - 03777
CONTROL
G000 — 04777 REGISTERS
05000 - 05777
06000 - 06777 INPUT
word
A A A FACILITIES
MEMORY -
WWAW QUTPUT
" ARITHMETIC
wal REGISTERS
40000 - 47777

Figure 12, Address and Contents in a Series 16 Memory

1. Direct Memory Access (Feature — 21
Break

2. Direct Multiplex Control (Feature —
20) Break
3. Power Failure Interrupt

4. Real-Time Clock (Feature — 12)
Break

5. Memory Lockout Violation
(Feature — 08(00)) Interrupt

6. Input/Output Interrupt

7. Memory Increment Break
8. Priority Interrupt
9.

Program Execution

Addressing

For addressing purposes, memory is
divided into 512-word sectors of which
any 1024 are directly addressable.

As illustrated below, the Flag (F), Tag
(T), and Sector (S) bits of a memory
reference instruction determine the
addressing mode:

F'T S

00
00
01
01

Direct to base sector
Direct to current sector
Direct to base sector, indexed

Direct to current sector,
indexed

-t D = D

1 0 0 Indirect through the base sector

1 0 1 Indirect through current sector

1 1 0 Indirect through base sector,
pre-indexed

1 1 1 Indirect through current sector,
pre-indexed

Multilevel, to 16K core, can be pre- or
post-indexed., This method adds 1.6 us
per level to instruction execution time.
When indirect addressing is required,
the effective address is assumed to be
in the location specified by the address
portion of the instruction and the
selected sector address, However, if
this location also calls for indirect ad-
dressing, another cycle is initialed. For
all instructions which permit indirect
addressing, the chain can continue
indefinitely.

When the index bit of an instruction is
set, the contents of the index register
is added to the effective address of the
instruction to produce a new effective
address. If indexing is specified in a
given instruction, it occurs before any
indirect addressing; if specified in an
indirect address, it occurs before any
further indirect addressing. Most im-
portantly no additional cycles are re-
quired for instruction execution when
indexing.



TABLE 9, CONFIGURING A SERIES 16 SYSTEM

Model 316 Model 516 )
Type No. Description Type No. Description ..
316-01 Model 316 computer, 4K memory, rack- 516-01 DDP-516 general-purpose digital comptter
mountable configuration, includes with 4,096 words of core memory
control panel and power supply 516-02 Same as 516-01 with 8,192 words of
316-02 Additional 4K memory core memory ’
316-0601 | Extended-mode operation for Model 316 516-03 Same as 516-01 with 12,288 words of
316-0602 | Expansion package for greater than core memory
16K core 516-04 Same as 516-01 with 16,384 words of
316-0701 | Parity for first 4K of core core memory
316-0702 | Parity for each additional 4K of core 516-05 Same as 516-01 with 24,576 words of
316-0800 | Base sector relocation core memory
316-0801 | Memory lockout for first 8K of core 516-06 Same as 516-01 with 32,768 words of
316-0802 | Memory lockout for each additional 8K core memacry
of core 516-07-1 | Parity for 4K memory module
316-11 High-speed arithmetic package 516-07-2 | Parity for 8K memory module
316-12 Real-time clock 516-08 Memory-lockout system for first 8K
316-20 Direct multiplex control (DMC) unit, of memory
controls 16 devices 516-08-1 | Memory-lockout system for each
316-21 High-speed DMC, controls 16 devices additional 8K
316-25 Group of four priority interrupt lines 516-11 High-speed arithmetic package
316-25-1 | Additional group of four priority 516-12 Real-time clock
interrupt lines 516-20 Direct multiplex control unit (DMC)
316-26 Memory counter modification for 516-21 Direct memory access control unit (DMA)
group of four priority interrupt lines and one channel
316-29 16 SKS and 16 OCP lines 516-21-1 | Additional DMA channel
516-25 Group of four priority interrupt lines
516-25-1 | Additional groups of four priority
interrupt lines
516-26 Memory counter modification for group of
four priority interrupt lines
516-29 16 SKS and 16 OCP lines
516-32 Parallel input channel
516-33 Parallel output channel
516-34 Buffered parallel 1O channel
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TABLE 10, SUMMARY OF PROCESSING REGISTERS

Register Function Mnemonic
Control Registers
Program 16-bit register containing the location of the P
Counter next instruction to be executed.
Memory 16-bit register used to transfer information M
Register to and from memory,
Address 16-bit register containing the location in Y
Register memory to or from which information is
being transferred.
Index 16-bit register used in address modification. X
Register
Arithmetic Registers
Primary 16-bit register in which all arithmetic and A
Arithmetic logical bit manipulation occurs,
Register
Secondary 16-bit register used in conjunction with A B
Arithmetic when arithmetic operands exceed one word
Register in length.
Overflow 1-bit register used to indicate an overflow C
Bit status in the arithmetic register,
Adder logic gating, which performs all arithmetic * -
operations.
CONTROL
MEMORY REGISTERS
stored instruction - sector ] instruction
P M
{ {\r
value in memory - effective address i -
T
ARITHMETIC
REGISTERS

Figure 13. Typical Series 16 Control Register Activity
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CONTROL REGISTERS

There are four processing control
registers. These registers (see Table 10)
normally contain the addresses of in-
structions and data being processed
during a program run. For example
one such register, the address register
(Y register), contains the location in
memory to which information is being
transferred or from which it is being
retrieved. The operation in which the
value of this location is established is
called “effective address formation.”
Figure 13 illustrates this typical control
unit function. In the illustration, an
instruction stored in memory is loaded
in the memory register (M register).
After the address portion of this
instruction is added to the portion of
the program counter (P register) that
designates the memory sector, the
result is stored in the Y register as the
instruction is executed.

On both Series 16 processors control
registers can be displayed at the
operator's control console. For instance,
the operator can interrogate the program
counter to determine the exact location
at which a program has halted. A regis-
ter is addressed from the control panel
by pressing the appropriate push buttons;
the contents will appear in an ‘‘on” or
“off” status on the 16 control panel
indicators that represent a memory
location.

The Index register (X register), if
indexed addressing is specified, is
utilized in address formation and
modification.



MEMORY

@ VALUE

CONTROL REGISTER

INPUT

ARITHMETIC REGISTERS

'

3. The resultant sum is stored in the primary arithmetic register,

1. The contents of the primary arithmetic register (A register) are routed to the adder,

FACILITIES

OUTPUT

2. The contents of the effective address are routed through the control unit to the adder,

Figure 14. Typical Series 16 Arithmetic Registers Function

ARITHMETIC REGISTERS

Arithmetic and logical operations are
performed in the adder and in a series
of arithmetic registers (Table 10).
Including a primary arithmetic register
(A register), a secondary arithmetic
register (B register), and an overflow
indicator (C bit), the arithmetic registers
give the processors the great comput-
ing flexibility so important to process
and bit manipulation applications.

Figure 14 illustrates a typical arith-
metic function — an add operation.
3efore this operation begins, the con-
trol registers have established the
“effective address” in memory and
the nature of the operation to be
performed has been stored.” Acting under
these established facts, the control
directs the addition operation. If the
programmer desires to return the sum
to a location in memory, another in-
struction is required.

The functioning of the other arithmetic
registers, the B register and the C bit,
depends on the nature of the instruc-
tions being executed.

The arithmetic registers are accessible
from the control console, as well as by
programmed instruction. An operator
can change their contents.

Both the control and the arithmetic
registers function under the control of a
clocking system that enables the pro-
cessor to rapidly select, interpret, and
execute all instructions in a stored
program. This clocking system also
coordinates the various activities of
receiving data from input devices and
transferring data to output devices.

INPUT/OUTPUT FACILITIES

The inputfoutput facilities consist of
external control and sense lines, 16-bit
input lines, 16-bit output lines, a 10-bit
device address line, and an interrupt
capability that utilizes these lines. The
Direct Multiplexor Control (DMC) and
the Direct Memory Access (DMA)
features are extensions of the input/
output facilities.
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B Single-Word Transfer Without Interrupt

The first type of data transfer operation, NT d

single word without interrupt, is illus- MEMRSY reciTeRs L JSene

trated in Figure 15. In the example, the - cls L @
sense lines establish contact with a u [-@ Address
peripheral’s control logic; then, control @ =

lines carry control characters, data, and B CONTROL
responses to and from the control. These

pulses define the meaning of the infor- “R“.E‘ET‘S"#EE;? o
mation on the input/output bus. @

Basically, the processor asks the peri- L—-@:

pheral device whether or not it is busy;

if it is not busy, data transfer begins,

Five instructions are used in conjunction
with peripheral data transfer. One of
these, Skip if Ready Line Set (SKS)

is the instruction that asks the control if
it is busy. Two other instructions,
Input Data to A (INA) and Data Output

Control unit asks peripheral control if device is busy.

Control says device is free,

Device and function codes are sent to peripheral control over address lines,
Input begins — 16-bit word.

‘Word fills A register,

Additional instruction necessary to store data,

I

from A (OTA), are then used to transfer
the data.

Figure 15. Single-Word Transfer Without Interrupt
In the example the choice of data
transfer mode (input or output) was
previously established by an Qutput
Control Pulse (OCP) instruction. A
final instruction, Set Mask (SMK), is
used in conjunction with the next
mode of data transfer, single-word
transfer with interrupt,

Once the SKS instruction has estab-
lished contact with the peripheral con-
trol, the device and operation codes,
stored in the memory register, proceed
to the control over the address lines.
Data returns over the input lines to
the control registers, which route all
data in this mode, one word at a time,
to the primary arithmetic unit (A).
Once the data is in the arithmetic
registers, input is complete. The
programmer must then specify a mem-
ory reference instruction in order to
place the data in a memory location.

Output in this mode also involves the
sensing of the peripheral control by

the central processor. Once the SKS
instruction has established that the
peripheral control is free (in the manner
described above), output from the
arithmetic register can begin, one word
at a time,



B Single-Word Transfer with Interrupt

One of the control lines of the input/
output facility is an interrupt line. All
peripheral devices are connected to the
interrupt line. When any peripheral
device is ready to transmit information,
and other interrupt conditions are met,
an interrupt signal reaches the central
processor.

This procedure saves the processor the
trouble of continually sensing the trans-
mit status of the peripheral devices.

All interrupts are stored until they are
serviced, and service begins at the end of
any instruction if the interrupt has
priority access to memory.

An interrupt demand causes the program
to branch to an interrupt routine, This
routine determines the device that is
causing the interrupt, re-establishes
higher priority interrupts, and begins
data transfer, Data transfer then
occurs in the same manner as in single-
word transfer without interrupt except
that the single-word transfer is under
the control of the interrupt routine
instead of the main body of the
program. Both processors have the
capability for 16 individually maskable
priority interrupts. Up to 48 priority
interrupt lines are permitted on the
Model 516.

B DMC Data Transfer

A Direct Multiplex Control (DMC)
permits the peripheral data transfer of
blocks of data directly to memory; that
is, the data being transferred bypasses
the arithmetic register. Typical multi-
plexor channel input is illustrated in
Figure 16. The DMC is required with
high-speed devices, such as magnetic
tape units and disk pack drives.

In the example, a peripheral device
makes a request for service to the
multiplexor channel. When the request
is honored, the beginning and ending
addresses of the data transmission are
retrieved from their dedicated locations
in memory (where they had been stored
previously) and placed in the DMC.

Data transfer begins from the point
indicated by the starting address and
occurs until the ending address is
reached. Computation can occur
simultaneously with this mode of
transfer; that is, an instruction can be
executed in the time between the
transfer of one word and the peripheral
device or communication controller’s

next request signal. Because this transfer

avoids the arithmetic register, transfer
speeds reach 156K words per second.

B Direct Memory Access (DMA)
Available only on the Model 516, this
channel provides an alternate path to
memory. 1/O transfers are processed

on a cycle stealing basis. Up to four
subchannels, each with its own address
and range registers, may be multiplexed
into the DM A channel. In the time-
shared mode, DMA interrupts processing
for 0.96 ps per word. Maximum
response time from data request until
transfer complete is 1.92 us on input,
2.64 on output. In the block transfer
mode, with program processing sus-
pended, DMA 1/O rates exceed one
million 16-bit words per second.

MEMORY

starting address

ending address

bmc

@...

1. Peripheral device transmits DMC request,
2. Atend of next instruction, demand is honored,

in DMC
4. Data block twansfer begins over input line,

3. Starting and ending addresses, which have been stored in memory by program, are stored

Multiplexor returns current address to address register when transfer terminates.
6.  Processing continues if nothing with higher priority is accessing memory

PERIPHERAL
CONTROL

Figure 16. Direct Multiplex Control Input
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Operation

Series 16 Processors provide high per-
formance and simple, direct operation
characteristics. Operator control speci-
fications have been engineered for flexi-
bility and are augmented by extensive
information display. Design features
include built-in power failure protection
and enable ease of maintenance.

The standard remote console contains
binary displays in octal representation,
run status displays, and all operator
controls. By pressing the appropriate
select switch, the operator can display
register contents, and memory infor-
mation as well as internal counters and
flip-flop status,

Registers can be cleared and/or altered
from the panel and the contents of
memory locations can be displayed or
changed. (Memory locations 1-15
contain program load instructions and
can be loaded manually only,)

Other control panel functions include
selection of operation mode (memory
access, single instruction, continuous
run) four sense switches for control of
programs, and a power failure interrupt
inhibit switch,

In addition to a control panel, Series 16
processors utilize a teletypewriter key-
board unit with paper tape reader and
punch. When used in conjunction

with software checkout functions, this
1/O device becomes the primary control
for breakpointing programs, changing
memory contents, displaying memory,
and related functions. It can also be
used off-line for preparation, duplica-
tion, or listing of program tapes.

Programs are executed sequentially with
the contents of the program counter
(P register) incrementing by one upon
the execution of each instruction, Cer-
tain instructions (SKIPS, COMPARE,
1/0) conditionally increment the pro-
gram counter by an additional one or
two, thereby causing a skip. Others
(JUMP, JUMP-STORE) uncondition-
ally load the program counter with a
new effective address, thereby causing
a branch in the program.
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MEMORY-ACCESS PRIORITY
CAPABILITY

Only one function can have access to
memory at any given time, The various
functions that the computer performs
are executed in a priority sequence if
two or more functions are trying to ac-
cess memory simultaneously. The fol-
lowing shows the relative priorities be-
tween the program and breaks and
interrupts.

Breaks

Certain operations may occur between
instructions without affecting the con-
tents of the program counter. When the
operations are complete, the program
resumes, These actions are called
“breaks” and include the operation of
transferring data via direct multiplex
control and incrementing the real-time
clock.

It may be noted that the program being
executed and other operations are al-
ways computing and vying for access to
memory. Only one function at any giv-
en time can have access to memory and
that is either the program, the interrupt
demand function, the real-time clock,
or the multiplexor channel.

[nterrupts

A 2-level interrupt facility provides
simple, but efficient, supervision of pro-
cessing involving combinations of input/
output and computihg. This facility al-
lows branching as necessary between a
main program and servicing routines for
all input/output devices, It eliminates
the need for programmed tests to detect
the completion of input/output opera-
tions. A flexible interrupt capability has
important applications in the field of
data communications and other real-
time areas, but it is equally applicable
to the supervision of operations as uni-
versal as reading and punching cards or
reading and writing magnetic tape.

The first interrupt level (highest) is for
a power failure, The second interrupt

level is for all other interrupts, The
second level provides a multilevel pri-
ority interrupt structure under pro-
gram control.

A program interrupt occurs whenever a
peripheral device has completed an in-
put/output operation. For example, an
interrupt occurs at the end of data
transmission in a tape read or write
operation. Likewise the receipt of a
character from a remote station by a
communication control may be sig-
nalled by a program interrupt. Inter-
rupts from a particular peripheral
control can be allowed or inhibited

by a program as necessary.

A program interrupt is accompanied by:
(1) automatic storage of the interrupted
program’s location and (2) automatic
branching to a routine whose address
was previously loaded by program into
a dedicated memory location, This rou-
tine can then proceed to determine the
number and source of existing interrupts
and to process the corresponding input/
output demands according to whatever
priority was specified by the program-
mer.

Series 16 processors feature a repertoire
of instructions which, with tremendous
flexibility and power, can handle all
arithmetic, logical, control, and input/
output functions necessary for control
and communication processing. Also
included in the processors are instruc-
tions dealing with peripherals and
communications interrupts and for
handling data in 5- to 8-level codes.
Instructions available with the proces-
sors are shown in Table 11,



TABLE 11. SERIES 16 INSTRUCTION REPERTOIRE

Name of Operation Mnemonic | Name of Operation Mnemonic
Arithmetic Instructions Data-Handling Instructions
Add ADD Load A LDA
Subtract SUB Store A STA
Add One to A AOA Clear A CRA
Twos Complement TCA Interchange A and B |AB
Add Cto A ACA Interchange Memory and A IMA
Input Keys INK
Logical Instructions Output Keys OTK
And to A ANA Load Index LDX
Exclusive OR to A ERA Store Index STX
Copy Sign and Set _Sign Plus CSA Shift Instructions
Complement the Signof A CHS | | 5011 eft Rotate ALR
Complement the A Register CMA s ]
Set Sign Minus SSM Lo_gmal R_|ght RotaFe ARR
Set Sign Plus SSp Arithmetic Left Shift ALS
Arithmetic Right Shift ARS
Control Instructions Logical Left Shift LGL
Compare CAS Logical Right Shift ) LGR
Increment, Replace, and Long Left Logical Shift LL:E
Skip IRS Long Right Logical Shift LRL
Enable Interrupt ENB Long Left Rotate LLR
Disable Interrupt INH | LengRight Rotuts LER
No Operation NOP Long Arithmetic Left Shift LLS
Halt HLT Long Arithmetic Right Shift LRS
Unconditional Jump JMP Byte-Handling Instructions
Jumpand Store Location ~ JST | Interchange Charactersin A ICA
Reset C bit RCB Interchange and Clear Left
Set C bit SCB Half of A IEL
Unconditional Skip SKP Interchange and Clear Right ICR
Skip if Low order bit One SLN Half of A ICR
Skip if Low-order bit Zero SLZ Clear A, Left Half CAL
Skip if A Minus SMI Clear A, Right Half CAR
gt:s :: i ::::::i T 22"2 Input/Output Instructions
Skip if A Zero S7E OU.‘ID!.II Control Pulse OCP
Skip if SENSE Switch #n Skip if Set SKS
is Reset: SR1 Input to A INA
SR?2 QOutput from A OTA
SR3 Set Mask SMK
SR4 Feature -11, High-Speed
Skip if SENSE Switch #n Arithmetic Instructions
is Set: SS1 Double-precision Add DAD
552 Double-precision Subtract DSB
SS3 Multiply MPY
SS4 Divide DIV
Skip if C Set SSC Normalize NRM
Skip if C Reset SRC Shift Count to A SCA
Skip if Any SENSE Switch Enter Double-precision DBL
Set SSR Enter Single-precision SGL
Skip if No SENSE Switch Double-precision Load A DLD
Set SSS Double-precision Store A DST
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Word Formats

The hardware and software aspect of
word formatting in the Series 16 pro-
cessors depends on the type of word,
data or instruction, The processor trans-
fers data between memory and the A
register in units of 16 information bits.
Depending on the internal timing of the
processor, these bits can be interpreted
as being a data word or an instruction
word.

Both data- and instruction-word for-
mats are divided into four types:

DATA WORD

Sixteen unsigned bits are used to ex-
press a logical data word; for example,
the condition of sixteen binary indi-
cators. These words are treated logi-
cally by the central processor.

BYTE WORD

Data can also be formatted as two 8-

bit bytes. Such a word is used by the
Series 16 central processor in half-word
operations; especially, in communications
routines,

SINGLE-PRECISION NUMBER

Single-precision numbers contain a sign
bit plus fifteen magnitude bits. The low-
order bit is the sign bit. Single-precision
numbers can represent an integer with

a numerical range of +213 or £32,768.
They can also represent a fraction in
which the decimal point is fixed; that
is, the point is fixed by the program-
mer somewhere within the number.

DOUBLE-PRECISION NUMBER

A double-precision number contains a
sign bit and thirty magnitude bits, en-
compassing two memory words. Dou-
ble-precision numbers can represent
integers or fixed-point fractions. As
an integer, the numerical range is
+230 or +1,073,741,824.

The first word of a double-precision
number contains the sign bit plus the
fifteen most significant bits, The sec-
ond word contains the fifteen least
significant bits of the number, The
low-order bit of the second memory
word is ignored.
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Double-precision numbers are used by
the processor to express the product
of multiplication, as well as in all high-
speed arithmetic operations.

MEMORY REFERENCE INSTRUCTION

Instructions that involve storing or re-
trieving data from memory are class-
ified as memory reference instructions,
The memory reference instructions are
identified by the format shown.

Bit 1, the F bit, denotes indirect ad-
dressing; bit 2, the T bit, denotes index-
ing. Bits 3 through 6 contain the oper-
ation code that defines the function to
be performed. For ease of communica-
tion, operation codes are generally ex-
pressed either in octal or as a mnemonic.
“Subtract,” for example, which has an
operation code bit configuration of
0111, is referenced in machine language
as (07g) and has a mnemonic of SUB.
Instructions available with the proces-
sors are shown in Table 1. The mem-
ory sector bit (S) indicates whether

the base or currently executing sector

is being referenced,

INPUT/OUTPUT INSTRUCTION

Instructions that involve the control of
or the data transfer to input/output de-
vices are input/output instructions. In
the input/output instruction word for-
mat shown, bits 1 through 6 specify
the particular input/output instruction
and bits 11 through 16 specify the
device that is being addressed. Bits

7 through 10 define the specific
function to be performed by the
instruction.

SHIFT INSTRUCTION

Instructions that involve the movement
of data in the A and B registers are class-
ified as shift instructions, The shift in-
struction word format is illustrated be-
low. Bits 1 through 10 specify the type
of shift and bits 11 through 16 define
the number of shifts to be performed.

In machine language format, the num-
ber of shifts is expressed in twos-comple-
ment form. However, the programmer
codes this number in decimal and the
software makes the translation.

GENERIC INSTRUCTION

All other instructions (clears, skips,
halts, etc.) are referred to as generic.
Generic instructions are identified by

a word format as shown below. Bits

1 through 16 denote the operation code.
An example of a generic instruction is
Clear the A Register (CRA),
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Figure 17, Series 16 Word Formats
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Other Capabilities

HIGH-SPEED ARITHMETIC
INSTRUCTIONS

The high-speed arithmetic instructions
enhance the arithmetic capability of
the processor by providing hardware
implementation of multiply, divide,
and normalize. They also provide a
hardware double-precision load, store,
add, and subtract function (see Table
11). All multiply, divide, and normalize
functions are performed on data in the
double-precision format.

REAL-TIME CLOCK

The real-time clock permits the pro-
grammer to keep track of real time by
automatically incrementing a memory
location (00061 )8 by one at some time
increment, The increment rate can be
preselected from 4 to 20 milliseconds.
The increment rate is set for 16,67
milliseconds unless a different rate is
selected, When memory location
(00061)g overflows from (177777)g

to (00000)3, the real-time clock causes
a program interrupt by means of the
standard interrupt line. By processing

a suitable interrupt subroutine, the pro-
gram can keep track of time by moni-
toring and counting the interrupts gen-
erated by the clock. A typical applica-
tion would be keeping track of elapsed
time in minutes after a particular action
has been initiated by the computer,
Overflow from (177777)g to (000000)g
does not inhibit incrementation, Incre-
mentation can be turned on or off under
program control, The real-time clock can
also be used as an elapsed-time counter.
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PRIORITY INTERRUPT, MEMORY
INCREMENT

In addition to the standard priority in-
terrupt system to which all peripherals
and certain internal options are con-
nected, external interrupts are available
in groups of four up to a total of 48
lines. Each line can be individually en-
abled or disabled, and has its own cell
in memory containing the address of
the interrupt subroutine. As a further
option, groups of four interrupt lines
can be converted to memory increment
lines. Here the associated location in
memory is incremented by one on each
interrupt request,

MEMORY LOCKOUT

Hardware protection of operating pro-
grams from undebugged programs
that may be in memory at the same
time is provided by this option. There
are two modes of operation; normal,
which permits all operations; and
restricted, in which certain operations
are considered illegal and cause a pro-
gram interrupt. This option also
enhances multiprogramming by
providing the capability for private
base sectors.

EXTENDED ADDRESSING

Systems with 24K or 32K word mem-
ories are equipped with bank-switching
logic, whereby an extend mode is in-
cluded. When in this mode, the indirect
address format includes 15 address bits
in order to access 32K; indexing is
specified in the instruction and is applied
after indirect addressing.

ON-LINE INTERFACES

Interface with the real world — in real
time — is the test of a true control or
communications system. With the Series
16, the facilities for capturing data or
controlling data transmission are fully de-
veloped. And with the Series 16 DATA-
PAC Line, a systems designer can specify,
from a full array of compatible compo-
nents, the precise interface that’s needed.

The Series 16 includes the industry’s
widest complement of off-the-shelf
interfaces for the following applica-
tions:

B Data Acquisition and Control
B Communications Systems,
® Hybrid Systems.

Data Acquisition and Control
Subsystems
Two distinctly applicable product lines
are available for data acquisition inter-
face. For small to medium-size needs
{up to 96 analog input; 256-512 digital
input/output), the Model 8000 Subsys-
tem features high-performance specifica-
tions and a low price. The Real Time
Interface products associated with the
Models 1602, 1603, and 1605 Appli-
cations are also available separately for
a wide range of small to large (up to
2048 analog input; up to 4096 digital
input/output) applications. Together
the two products feature:
B The flexibility that designers have con-
sistently demanded.
B The compatibility that various appli-
cations and hardware require.
® The support that only Honeywell,

among minicomputer manufacturers,
can deliver.



MODEL 8000

The Model 8000 Data Acquisition and
Control Subsystem (DACS) is a modular
real-time interface for use with Series 16
computer systems., DACS features a line
of options that allow both analog and
discrete input and output points to be
configured. Configurations meeting the
special requirements of any user are
achieved modularly with a minimum of
fixed hardware overhead. Honeywell’s
field-proven experience in data acquisi-
tion and control systems make DACS
an industry leader.

A basic analog DACS interface can han-
dle up to 48 analog inputs; a basic digital
interface accepts up to 128 digital input
or output points. Expanded versions of
either interface handle twice that num-
ber, By substituting a single-point analog-
output module for a 16-point digital
module in a digital DACS interface, the

user provides an analog output capability.

Such capabilities are flexibility highlights
of the DACS product offering.

The maximum DACS configuration with
a single Series 16 central processor is

96 analog and 256 digital points,
utilizing one type each of the available
expansion options, A maximum of 512
points is available in a digital-only mode.

Some of the features of DACS include:

B |{s modular construction permits
easy field expansion.

B Single-ended or differential analog
input multiplexer units.

B Choice of 10- or 13-bit analog-to-
digital (A/D) converter,

® 1 0-bit digital-to-analog (D/A) con-
verter.,

B [nput buffer amplifier or optional
sample-and-hold amplifier.

B Sampling rates up to 30 kHz.

B Sequential and random addressing
modes with a configuration that in-
cludes the Direct Multiplex
Control.

B External interrupt capabiiity.

B Contact closure inputs, solid-state
switching outputs, and logic level
inputfoutputs available.

B |nternal £24V, 6A power supply
for external loads.

A typical DACS configuration includes a
digital input/output subsystem and an
analog input subsystem,

Digital 1/O Subsystem — The basic

digital 1/O subsystem, a 4 x 3 u-BLOC
assembly, can hold up to eight modules
which may consist of any mix of digital
inputs (16 points/module), digital out-
puts (16 points/m.odule), or analog out-
puts (one point/module). The digital
subsystem, like the analog unit, is avail-
able in an expanded 6 x 3 U-BLOC
version which accepts up to 16 modules
providing up to 256 digital 1/O points, A
digital subsystem may operate alone with
an analog subsystem or (unlike the ana-
log interfaces) with a second digital inter-
face to form a digital-only subsystem with
amaximum capacity of 512 1/O points.

The digital subsystem contains all logic re-
quired to interface with the standard
computer 1/O bus, eliminating the need
for spearate adapter logic. Priority in-
terrupt hardware is available as an option.

Analog Input Subsystem — The basic ana-
log input subsystem, a 4 x 3 u-BLOC assem-
bly, holds up to six input modules, each
capable of handling eight analog points. An
alternate expanded version, a 6 x3 u-BLOC,
permits up to 12 input modules. Either ver-
sion provides space for additional options.

The basic or expanded versions will ac-
cept either single-ended or differential
multiplexer (MUX) modules up to the
unit’s capacity. Available plug-in options
include:

1 3-bit A/D converter,
B common sample and hold amplifier,

B direct multiplex control (DMC) for
either random or sequential operation,
and

® qutomatic switching DMC.

Field connections are made via cables, with
eight analog input points attached to each
cable-PAC plugging into the interface.

Subsystem Interface (Basic — Model 8006,
Expanded — Model 8007) — Is available
with a maximum capacity of 128 or 256
1/O channels. The backplane of the in-
terface is prewired to accept the follow-
ing plug-in options and modules:

Digital Inputs (Models 8031 and 8032)—
Model 8031, 16 contact-closure inputs,
and Model 8032, 16 logic-level inputs,
are used for the computer-initiated
transfer of data from the user’s de-
vices to the computer, These modules
include filtering circuits for each of the
16 inputs as well as gating logic. The
input cables must be made up from
twisted-pair wires to prevent inter-
ference or interaction with other cir-
cuits, Cable length from the signal
source should not exceed 100 feet for
Model 8032 or 1000 feet for Model
8031. Ground side of the signal or
contact must have the same ground
potential as the interface.

13-Bit A/D Converter (Model 8011) —
Can be substituted for the 10-bit A/D
converter,

Sample and Hold Amplifier (Model
8013) — Can be substituted for the
buffer amplifier,

DMC Subchannel (Model 8014) —
Consists of u-PACs and the necessary
I/O cables. Allows either random (two
subchannels) or sequential (one sub-
channel) DMC control.

Automatic Switching DMC (Model
8015) — Allows either random (four
subchannels) or sequential {two sub-
channels) auto-switching DMC contraol.

Single-Ended Multiplexer (Models
8041 and 8043) — Will switch eight
analog channels to the common buffer
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amplifier, All eight channels of a module
have the same ground potential con-
nection, Model 8043 has additional
noise rejection filtering.

Differential Multiplexer (Models 8042
and 8044) — Will switch eight analog
channels to the common buffer ampli-
fier with all eight channels having dif-
ferent ground potential connections.
Model 8044 has additional noise re-
jection filtering,

Cable, u-PAC to Open-End, Eight-Pair
(Models 9106 and 9108) — Consists of
eight-shielded, twisted-pair wires con-
nected to a cable-PAC which plugs into
the DACS interface, The pairs on the
field end are tagged and left open for
connections as the system requires.
Model 9106 cables are 20 feet long.
Model 9108 cables are custom-cut to
specified lengths up to 50 feet, One
cable is required for each MUX module
in the subsystem.

Digital Outputs (Models 8021 and
8022) — Model 8021, 16 logic-level out-
puts, and Model 8022, 16 power out-
puts, are used for the computer-initiated
transfer of signals from the computer to
the output cables to drive logic loads

or operate relays, lamps, etc. These
modules include gating logic, 16 flip-
flops, and 16 output drivers, The user
must supply the power to operate ex-
ternal loads, Twisted-pair wiring must
be used in the output cables to prevent
interference of interaction with other
circuits, Cable length should not exceed
100 feet for Model 8021 or 500 feet for
Model 8022, Ground side of the user’'s
system must have the same ground
potential as the digital interface.

Analog Output Model (Model 8061) — Is

used to produce a single analog voltage
per module, specified by the binary
number from the central processor. Each
analog output module contains an in-
tegral storage register, reference supply,
precision switches, resistor ladder net-
work, and output amplifier.

Priority Interrupt Option (Model 8035)—

Includes two separate timing chain in-
terrupts that cover the delay range of 1
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ms to 1.0 s, Also included are two ad-

ditional interrupt channels that can be
activated from external signals or from
digital 1/O options having an interrupt-
generation capability.

Cable u-PAC to Open-End, 32-Pair
(Models 9105 and 9107) — Consists of
32 twisted-pair wires connected to a
double-sided cable-PAC on one end
which plugs into the DACS interface to
provide two digital 1/O modules with a
signal-carrying medium between them
and the field. The pairs on the field end
are tagged and left open for connections
as the system requires. Model 9105
cables are 20 feet long; Model 9107
cables are custom-cut to specified
lengths up to 50 feet,

Cable-PAC (Model 9103) — Is a plug-
in connector card which allows the user
to supply his own cables for carrying
field signals between the subsystem and
his devices.
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Communications Interfaces

The communications equipment offer-
ed on the Series 16 meets the specifi-
cations of any communication applica-
tion, Depending on the application’s
size and the user’s budget requirements,
three types of communications inter-
faces are available for design:

® Data Line Controllers (DLC)
® Multi-Line Controller (MLC)

B Multi-Line Programmed Controller
(MLPC)

Communication interfaces include, in
turn, central processor interfaces, the
controllers themselves, and line inter-
faces. The complexity of the communi-
cations controllér varies from inde-
pendent character buffers per line for
DLCs to multiline programmed con-
trollers with a single gate per receive
line and a single buffer per transmit
line. The different controllers may be
used by themselves or in conjunction
with others,
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DATA-LINE CONTROLLERS

Some of the outstanding features of the
data line controllers:

B Two-way simultaneous operation,

B [ntegrated-circuit design for reliability,
compact packaging, and low cost.

B Nodular construction for field up-
grading and addition of options.

B Hardware parity error detection for
receive characters.

B Operation in character mode on /O
bus or message mode using optional
DMC subchannels,

B | ess than 3% transmit distortion per
character,

B Up to 45% receive distortion per
character.

B Up to four controllers on one com-
puter,

B Full range of options to meet all data
speed, data codes and communica-
tions facility requirements.

B Provision for automatic dialing and
automatic answering.

B \ersatile software package for
general applications,

Synchronous Controllers

Model 6000 provides a full-duplex (two-
way simultaneous) computer interface
for operation with the Bell System 201B
or equivalent data set over a dedicated
voice-grade data circuit. The controller
handles eight bit codes at the trans-
mission speed set by the clock in the as-
sociated data set. Odd parity checking
of receive characters is standard.

Model 6020 provides computer inter-
face for full- or half-duplex operation

of Bell System 201 A or 201B data sets,
or Western Union 2241-B with 12275-A
synchronizer data sets used in data trans-
mission over the switched telephone net-
work. The option provides an interface
to the data set for control of signals such
as Clear to Send, Data Terminal Ready,
and Data Set Ready. Incoming calls from
the switched network are detected and
answered under computer program or
manual control,

Model 6030 provides a full-or half-
duplex computer interface for operation
with the Bell System 301B or equivalent
wide band data sets used on dedicated
circuits, When used with the 301B data
sets, bit speeds of 40,800 bits/second are
accommodated. This option will hormal-
ly be used when interfacing to the Bell
System 303 data set. However, since
there are several modes of operation
available with the 303 data set, the user
should state requirements and request
technical support in selection of the
proper option.

Model 6080 provides the facility for
Controller Option 6020 to interface to
the Bell System 801 or Western Union
12405-A Automatic Calling Unit. With
the combination of options, associated
data set and ACU, the computer can dial
any telephone number in the switched
telephone network.

Model 6091 is required when a specified
synchronous controller is to be oper-
ated using six-level codes (including
parity if any). The character bit pattern
used for data sync is 010110, When
Option 6098 is specified, the sync pat-
tern is 110110,

Model 6092 is required when a specified
synchronous controller is to be operated
using seven-level codes (including parity
if any). The character bit pattern used
for data sync is 0010110, When Option
6098 is specified, the sync pattern is
1010110,

Model 6098 specifies even parity de-
tection (for eight-level codes the char-
acter bit pattern used for data sync is
10010110). Standard parity error de-
tection provided in the controller is
odd.



TABLE 12. MAJOR DATA LINE CONTROLLER (DLC) MODELS

DLC
Model Prerequisite Data Set Speed Terminals Notes
Synchronous

6000 201B 2,400 bps Series 16 computers, For medium-speed syn-
Honeywell Series 200 chronous communica-
computers, Other tions over dedicated
computers or medium two-point networks.
speed terminals,

6020 20TA 2,000 bps Same as Model 6000 For operation over the
switched telephone
network,

6030 301B 40,800 bps Same as Model 6000

6080 6020 201A 2,000 bps Same as Model 6000 Provides facility for

801ACU computer origination
of dialed calls,
Asynchronous
6100 103F 30-300 bps Model 28, 33, 35, 37 For asynchronous

teletypewriters, 1BM communications over

1050 dedicated two-point
networks.

Kleinschmidt 300

Series

Other low speed

terminals

6101 103F 30-300 bps Same as Model 6100 For multipoint dedi-
cated networks.

6110 103A 30-200 bps Same as Model 6100 For operation aver
the switched tele-
phone network.

6111 811B 45-110 bps TWX

6120 202D 1,800 bps Series 16 computers, For medium-speed

other computers, asynchronous com-

selected CRT munications over dedi-

displays cated two-point net-
works.

6121 202C 1,200 bps Same as Model 6120 For operation over the
switched telephone
network.

6180 6110, 801ACU - Any low or medium Provides facility for

6111 or speed asynchronous computer origination
6121 terminal capable of of dialed calls.
switched network
operation
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Asynchronous Controllers

Model 6100 provides a full-duplex com-
puter interface for operation with the
Bell System 103F or equivalent data set
over a two-point dedicated voice-grade
circuit. The controller is designed to ac-
commodate an eleven-unit code consist-
ing of seven data bits, one parity bit, one
start bit, and two stop bits at a trans-
mission speed of 110 bits per second,

Model 6101 is identical to Model 6100
except that in multipoint network it is
necessary for the computer to control
the data set transmit/receive frequencies.
This is accomplished by providing an
interface to the “CY" lead of the data
set,

Model 6110 provides a full-duplex or
half-duplex computer interface for oper-
ation with the Bell System 103A or
Western Union 1601-B switched net-
work data set. The controller accom-
modates an eleven-unit code consisting
of eight data bits, one start bit, and two
stop bits at a transmission speed of 110
bits per second.

Maodel 6111 provides a half-duplex com-
puter interface to let the computer com-
municate with standard Bell System tele-
typewriter stations on the TWX network.
The Data Auxiliary Set (DAS) 811B
provides the necessary interface to con-
nect the controller to one TWX line. This
model is designed for four-row (ASCII)
TWX service but may be adapted for
three row operation by specifying

Model 6190, 6196, and 6197 specified
for 45,55 bits per second. Automatic
answering of incoming TWX calls is ac-
commodated by this model. When auto-
matic dialing of outgoing TWX calls is
required, Model 6180 is also needed.

Model 6120 provides a full-duplex com-
puter interface for operation with the
Bell System 202D or equivalent data set
over a dedicated voice-grade circuit. The
controller accommodates an eleven-unit
code consisting of eight data bits, one
start bit, and two stop bits at a transmis-
sion speed of 1,800 bits per second. Half-
dyplex operation of the data set is ac-
complished by the controller generating
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a Request to Send signal and monitoring
the data set Clear to Send signal.

Model 6121 provides a full or half-
duplex computer interface for operation
with the Bell System 202C, Western
Union 2121-B, or Western Union 2241-B
data sets over switched telephone net-
work. The controller accommaodates an
eleven-unit code consisting of seven data
bits, one parity bit, one start bit, and
two stop bits at a transmission speed of
1,200 bits per second.

Model 6180 provides the facility for any
controller designed for operation of
switched network data sets to interface
to the Bell System 801 Automatic Call-
ing Unit, With this combination of
options, associated data set and 801
ACU, the computer can dial any tele-
phone number in the switched telephone
network.

Model 6190 is required when a specified
asynchronous controller is to be oper-
ated using five level codes (including
parity if any).

Model 6191 is required when a specified
asynchronous controller is to be oper-
ated using six level codes (including
parity if any).

Model 6192 is required when a specified
asynchronous controller is to be oper-
ated using seven level codes (including
parity if any).

Model 6195 provides for asynchronous
communications using one start bit and
one stop bit.

Model 6196 provides for asynchronous
communications using one start bit and
one and one-half stop bits. This option
is also used in code frames using 1.42
stop bits.

Model 6197 provides for specified data
speed:

Model 6198 provides for odd parity de-
tection. Standard parity in the asyn-
controller is even,

DMC Interface Options

Model 6006 (synchronous) provides the
controller DMC sub-channels required
for full-duplex interfacing to the Direct
Multiplex Control option of the Series
16 computers. Two independent sub-
channels are provided, one for transmit
and one for receive.

Model 6106 (asynchronous) provides the
controller DMC subchannels required
for full-duplex interfacing to the Direct
Multiplex Control option of the Series
16 computers, Two independent sub-
channels are provided, one for transmit
and one for receive,

6120 OR 6121 WITH 6197
(BITS PER SECOND)

4800
3600
2400
1800
1600
1200

900

ALL OTHERS WITH 6197
(BITS PER SECOND)

4800 180
3600 150
2400 134.5
1800 110
1600 75
1200 74.2
900 66.7
800 61.1
600 56.8
400 50
300 45.5
200 30




MULTI-LINE CONTROLLERS

Systems requiring many lines become
expensive and would consume a large
amount of space if implemented with
data line controllers. The multi-line con-
trollers feature a lower cost per line,
smaller space requirements and ease of
future field expansion. This is made pos-
sible by reducing the per line loading,
since character assembly and disassembly
are accomplished in the control unit. The
Series 16 offers several multi-line con-
trollers capable of handling up to 128
full duplex lines. The low capacity con-
troller handles up to 64 full duplex lines
while the high capacity controllers han-
dle up to 128 full duplex lines.

Model 670A — Each controller, Model
No. 670A, contains a recirculating
serial memory which provides single
character buffering for each line. Also
included is the timing, decoding, pro-
vision for mixed codes, and control
for accommodating up to 64 full du-
plex line termination units. Also in-
cluded in the MLC are the LTU trans-
mit clocks. Field expansions up to 64
full duplex lines are easily accommo-
dated. The controller interfaces to the
computer via the DMCC.

Model 680A — Each controller, Model
No. 680A, contains multiple synchro-
nized serial memories which are used
for bit sampling, detection, and to pro-
vide single character buffering for each
line. Also included is the timing, decod-
ing, and control for connecting up to
128 low speed full duplex line termina-
tion units. Each line interface has been
simplified to a single gate for receive
and a single bit buffer for transmit. All
the clocking and control is located in
the controller. Field expansion up to
128 full duplex lines is easily accom-
modated. A controller interfaces to

the computer via the DMCC.
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MULTI-LINE PROGRAMMED
CONTROLLER

The Multi-Line Programmed Control-

ler (MLPC) is a hardware/software sys-
tem which provides an interface between
a Honeywell Series 16 computer and up
to 128 low-speed data communications
lines.

A minimal hardware interface is used
to link the data lines to the central pro-
cessor, Software routines are provided
to perform bit/character transforma-
tions, monitor line status, and control
data flow.

The MLPC may be configured to suit
the individual requirements of each sys-
tem relative to different line speed,
mixed dedicated/switched lines, and
mixed codes. The MLPC features:

® Integrated hardware/software package.

® [nterfacing for up to 128 low speed
lines.

® Two way simultaneous operation over
dedicated or switched lines.

® Modular construction for field upgrad-
ing and addition of lines.

m Typically less than 2% transmit distor-
tion.

m Over 40% receive distortion.

m Data set interface including automatic
answering.

m Up to 4 different line speeds.

m Choice of 3 line sampling rates to in-
crease line handling capacity in low
distortion environment,

The Multi-Line Programmed Controller
(MLPC) is used for data concentrator or
similar applications which interface
large numbers of low-speed lines where
computer loading is relatively low. By
utilizing low-cost line modules and pro-
gram sampling software, it is capable of
controlling the flow of data between
the processors and up to 128 full
duplex asynchronous low-speed lines.

The MLPC provides facilities for sensing
and generating the necessary control and
data lines for interfacing to dedicated or
switched communications facilities pro-

vided by the common carrier. The sys-
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tem may be configured to suit the indi-
vidual requirements relative to different
line speeds, mixing dedicated and switched

lines, etc.

SYSTEM SPECIFICATIONS

Type of Operation
Maximum Bit Rate

Clocking

Code
Interface to Computer
Interface to Data Set

Physical Connection to Data Set

Maximum Number of Different
Speeds

Maximum Number of Lines

Distortion

Receive:
Sampling rate
Distortion tolerated
Transmit

Program Size

Physical Characteristics:
Size

Power

Option
Environmental requirements

Full duplex/half duplex
300 baud

Asynchronous, supplied by software
sampling function

Software configurable
Input/output bus
RS 232C

30-foot cable with EIA RS5-232 com-
patible 25-pin connector

4

128

Dependent upon sampling rate which is
program configurable (see text)

7 5 3
40.7% 38% 31.3%
2% Typical

1.5 sectors. An additional %> sector per
16 line groups

The MLPC occupies one 2 x 3. Dedi-
cated lines occupy one 2 x 3 for 32
lines. Switched lines occupy one 2 x 3
for 16 lines.

Sufficient power is provided by the
associated option bay power supply
Relocatable

Same as CPU




Custom Built Interfaces

If none of the interfaces already de-
scribed meets your application’s needs,
the Series 16 DATA-PAC Line permits
custom design and construction, The de-
signed interface can be as simple or com-
plex as you require because DATA-PAC
includes every necessary component,
from simple circuit boards to core mem-
ory packages, Specifically:

® Core Memory Systems

m Digital Logic Modules

B Analog Interface Modules

B Mounting Hardware

B Power Supplies and Accessories

The DATA-PAC familty offers these
benefits . . . a complete and compatible
line of digital products that helps the
designer produce his system — quickly,
easily, and economically.

Because interfaces to other devices are
expensive on a do-it-yourself basis, you
will find the Honeywell DATA-PAC
family a means of savings through pre-
engineered, prepackaged, and predocu-
mented components, They enable the
newest, or most experienced designer
to construct a system — practically with
his bare hands.

Users benefit from continually im-
proved, compatible DATA-PAC prod-
ucts, These result from an evolutionary
approach to product design.

Today’s DATA-PAC familty represents
an enlargement in the scope of what de-
signers have traditionally throught of as
a “PAC”. Honeywell has enlarged the
meaning of this word to encompass
modular subsystems.

Today’s designers want compatible core
memories, controllers, computers, ana-
log interface modules, and other sub-
systems. Each family member described
in this brochure is modular, expandable,
flexible, compatible and reliable.

CORE MEMORY SYSTEMS

More than a decade of experience in de-
sign and production is behind Honey-
well’s integrated-circuit (1/C) core mem-
ory systems: the ICM-40, -42, -500, and
-160. They meet the most exacting re-
quirements — fast operating speeds and
a wide range of storage capacities.

ICM-40 — First memory to use 1/Cs; first
of its capacity to be packaged in 5/4"”
high x 19” rack mounting. This compact,
one-is full cycle, magnetic core mem-
ory provides reliable operation as a high-
speed random-access store. Basic ICM-
40 has up to 16K words, 14 bits. ICM-
40E has capacities up to 32K words, 39
bits.

ICM-42 — First buffer memory system

to use 1/Cs. For moderate-to-high data
rates requiring buffering of 1,024 to
2,048 words of eight and 12 bits per
word, Cycle times: 1.5 us full, 900 ns
half. Access time is 700 ns, Packaged

for use in a drawer of digital logic cir-
cuits, or as a self-contained rack-mounted
unit.

ICM-160 — Smallest (234" x 5" x 97),
fastest, lowest-cost memory in the
DATA-PAC family. Calculated MTBF
is 50,000 hours. Modular construction
makes this memory easy to maintain
and update, Core stack and all neces-
sary electronic circuitry are packaged
on removable printed circuit modules
for ease of access, Capacity is 4K
words with eight, 12, or 16 bits per wor
word; cycle time is 1.6 Us.

DIGITAL LOGIC MODULES

B Over 100 types of circuit boards

® 5- 10+, and 25-MHz switching
frequencies

®m High noise protection

m Low power consumption

m 100% dynamically tested

B Universally accepted NAND logic

m High packaging density

Millions of u-PAC logic modules are
now working iri a variety of digital sys-
tems applications. Combining the low
price, compact size, and high reliability
of silicon monolithic integrated circuits,
these PACs retain the straightforward
logic design and flexibility of Honey-
well’s long established discrete-com-
ponent product lines.

These static, asynchronous modules
use diode transistor logic for superior
noise rejection and good speed capa-
bilities. In addition, circuit designs
provide for input gate expansion (high
fan-in), high fan-out, and low propa-
gation delays.

Individual integrated-circuit assemblies,
in 14-lead flat packs and dual in-line
packages, are soldered to copper-etched,
glass-impregnated epoxy cards.

M-PACs are backed by more than 18
years' experience in logic modules. They
are fully documented by technical bul-
letins, application notes, wiring and
assembly notes, schematics, parts lists,
and logic design aids.

ANALOG INTERFACE MODULES

B Mechanical and electrical compatibility
with other DATA-PAC product lines

m Eight-, ten-, and 13-bit A/D conversion

® Eight-, and ten-bit D/A conversion

m Single-ended or differential multiplex-
ing

B Preengineered multiplexer addressing
logic

m Parallel or serial A/D output

All Analog Interface Modules (AIM)

building-block units are logically, elec-

tronically, and mechanically compat-

ible with each other, and with the other

DATA-PAC family members.
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This is a complete and easily applied
line of preengineered and prepackaged
interface modules and hardware. It al-
lows precise configuration of analog
interface systems with no additional
expenditure of engineering effort for
logic design or mechanical packaging.

Circuit modules, 1/O compatible with
all standard logic circuitry (DTL and
TTL), perform analog interface func-
tions such as A/D and D/A conversion,
Sample and Hold, and Multiplexing.

Prewired, Pretested Backplanes — Sin-
gle, double, or triple Omni-BLOC back-
planes, in various prewired configura-
tions, house all AIM circuit modules.

Modular Power Supply — The three
regulated voltages required for the
AlIM line are available in a single
modular power supply.

Mechanical Packaging Components —
Compatible Omni-BLOC housings al-
low vertical or slide/tilt drawer rack
mounting with natural convection or
forced air cooling,

HARDWARE, POWER SUPPLIES
AND ACCESSORIES

Flexibility of system design is assured
through a carefully coordinated line of
backplanes, mounting hardware, hous-
ings, power supplies, supplementary
U-PACs, and other accessories, With
these units, precise configurations are
possible without the need of custom
mechanical interface design.

Backplanes — Both Omni-BLOC and
U-BLOC backplanes accept all combina-
tions of u-PACs, and provide for solder-
less-wrap, taper-pin, or TERMIPOINT
interconnection wiring. In addition,
they provide maximum flexibility,
without sacrificing packaging density.
The prewired dc power distribution
system results in ease of assembly and
maximum noise suppression. BLOCs
can be direct-rack-mounted, or
mounted in housings and slide/tilt
drawer units.

Mounting Hardware and Housings —
Housings and slide/tilt drawers accept
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any combination of Omni-BLOC back-
planes and modular power supplies. A
single tilt-drawer unit with integral cool-
ing, can be used to mount up to 12
Omni-BLOCs (288 solderless-wrap
u-PAC connectors).

Power Supplies — Modular and rack-
mounted power supplies are available
for the required DATA-PAC operating
voltages. Capacities range from 1.75A
to 25A.

Accessories — A complete line of acces-
sories, including extender PACs, blank
PACs, indicator lamps, solderless-wrap
tools, taper pin insertion tools, jumper
lead sets and logic symbol sheets for all
M-PAC products, provides the require-
ments for field assembly and test.

PERIPHERALS

The Series 16 peripheral array meets
all the requirements associated with a
minicomputer system’s likely applica-
tions.

Man/machine interface is a major re-
quirement of control applications. The
complete line of teletypewriter and
graphic display subsystems available

on both Series 16 central processors,
answers the systems designer’s demand
for an effective means of implementing
this important system factor. Other
peripherals fullfill the need for effective
reporting of control situations.

A major requirement of many communi-

cations applications, such as those in-
volving inquiry and message switching,
is the fast access to information that has
been placed in storage. Of course, core
memory provides the fastest access pos-
sible. But, when dealing with large files,
core memory becomes too expensive.
To fill this need for economical storage,
Series 16 includes two magnetic tape
subsystems and the direct access de-
vices described below. The magnetic
tape subsystems, 7- or 9-track, are avail-
able with the speed and recording den-
sities listed in Table 13; this medium is
sufficiently fast for many applications,
especially those where files are accessed
in some predetermined sequence. For

faster access to randomly stored data,
Series 16 offers a choice of direct ac-
cess devices,

Disk Devices

The Type 4650 Dual Spindle Moving
Head Disk Store option provides a flex-
ible, low cost bulk storage system. It is

a two-spindle, four-surface device, and
each spindle has a capacity of 756K 16-
bit words. The device can also be ob-
tained with only a single spindle, because
each spindle is functionally independent
with its own control and recording
electronics.

The spindle access mechanism consists
of two arms, with a noncontact read/
write head mounted on the end of each
arm. Both arms move linearly and simul-
taneously in a horizontal direction to
gain access to the recording tracks.

One spindle module is capable of per-
forming a seek operation while the other
spindle is performing either a seek, read,
or write operation.

A peripheral control provides the re-

quired interface between the compu-

ter and the storage device, It can

operate up to two devices, with two

spindles in each device, giving a total

storage capacity of 3.02 million

16-bit words.

Features

B Removable spindle (disk) cartridges
allow the disk store to operate with
different packs as on-line system re-
quirements change.

Type 4561 Disk Drive



TABLE 13. DIRECT ACCESS CAPABILITIES

4650 4651
Type 465X / Single Spindle  Dual Spindle Type 470X

Capacity Capacity
Words per track (1 record) 1890 1890 Words per track 1890
Tracks per surface 200 200 (1 record)
Surfaces per disk pack 2 2 Tracks per surface 200
Words per disk pack 756K 756K Surfaces per disk pack 20
Words per disk storage device 756K 1.51 million Words per disk pack 7.5 million
Disk storage devices per 1/option 2 Disk storage units,

controller, max. max. 8
Words per option — 3.02 million Words per option, max. 60.0 million
Speed/Rates Speed/Rates
Seek Time Seek Time

1 track, max. 20 ms 1 track, max. 20 ms

Average seek {100 ms Average seek (55 ms

200 tracks, max. 200 ms 200 tracks, max. 110 ms
Average rotational latency time 17.65 ms Average rotational latency time ~ 12.5 ms
Data transfer rate 55,312 wps Data transfer rate 78,125 wps
Environment Environment
Temperature range 60 to 90°F Temperature range 60 to 90°F
Relative Humidity 10 to 80% Relative humidity 10 to 80%
Power Power
Voltage 115 £ 10% Vac, Voltage 115/208 £ 10% Vac,

Power consumption

single phase, 60 £ 0.5 Hz
500 W, 0.85 pF

three-phase, five-wire.
60 % 0.5 Hz

Power consumption 0.66 kW, 0.82 pF

Physical Characteristics

Cabinet dimensions
Weight

39" H x 35%” W x 30" D
300 Ib.

Physical Characteristics
39%"H x 24"W x 33D
550 Ib.

Cabinet dimensions
Weight

Mounting

The Dual Spindle Moving Head Disk Store is mounted in a free-
standing console that allows convenient access to all controls.
The storage medium (disk pack) is a self-contained assembly
that is removable for off-line storage. The interface logic (con-
troller) is packaged in a relocatable 5 x 3 connecior plane.

Mounting

The disk storage units are mounted in a free-
standing cabinet that also houses the disk storage
drive, power supply, and cooling unit.

The interface logic (DCU) is packaged in a relo-
catable 5 x 3 connector plane, Expansion to control
eight disk storage units requires an extra 1 x 3 u-
BLOC. Communication between the DCU and the
disc storage unit is effected via a standard twisted-
pair cable that does not exceed 50 feet in length.
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B Direct seek is standard. This permits
track-to-track head movement without
returning to the base position.

B A seek-complete interrupt prevents
loss of processing time during the
seek operation.

B Up to four spindles can be connected
to a single controller, permitting
modular expansion of the system,

B Variable track format permits the
storage of records of variable length.,

B A write lockout capability protects
the areas of bulk storage.

B Central-processor-finished indication
permits on-line disk pack removal in
multidrive systems.

The Type 4700 High Capacity Moving
Head Disk Store option provides a com-
bination of high storage capacity and
low access time, High capacity is
achieved through the use of disk packs
containing a total of 20 recording sur-
faces, This capacity can be expanded
even further by interchanging disk packs
in 2 manner similar to changing mag-
netic tape, Low access time results from
the use of 20 read/write heads mounted
on a movable access arm that is posi-
tioned under program control,

Type 4700 Disk Store
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The basic disk control unit (DCU) can
be connected to as many as four disk
storage units. The DCU can be expanded
to handle a total of eight disk storage
units,

Total storage capacity with a full com-
plement of eight disk storage units is
60.0 million 16-bit words. The Type
4722 disk pack stores 7.5 million 16-
bit words. Each pack is enclosed in a
plastic cover which protects the pack
during shelf storage and houses the
mechanism for removing and installing
the pack in this option.

Features

®m Removable disk packs allow the disk
store to operate with different packs
as on line system requirements change.

m Direct seek is standard. This permits
track-to-track head movement without
returning to the base position.

B A single seek command positions the
read/write heads to operate with up
to 36K words stored on 20 tracks.

B A seek-complete interrupt prevents
loss of processing time during the seek
operation.

| Program-controlled tests for data trans-

fer or transfer setup errors are available.

B Up to eight disk storage units can be
connected, permitting modular expan-
sion of the system.

® Variable track formats permit the
storage of records of variable length.

B A write lockout capability protects
the areas of bulk storage.

B Central-processor-finished indication
permits on-line disc pack removal in
multidrive systems.,

Magnetic Tape Units

7-TRACK TAPE UNITS

The Series 16 Magnetic Tape systems
consist of a full range of magnetic tape
transports (MTT’s) and associated con-
trollers which allow operation at speeds
of 26, 36, or 80 ips at standard record-
ing densities of 200, 556, or 800 bpi.
The eight tape drives offered are fully
software-compatible with each other as
well as |BM-code-compatible in their
two-character-per-word mode of opera-
tion.

Each system can be connected to the
computer through a Direct Multiplex
Control (DMC) option or {except Types
4140-4142) through the input/output
(1/O) bus. Types 4130-4132 and 4140-
4142 can also operate with the faster
Direct Memory Access (DMA).

Two tape control units (TCU's), each
controlling up to four tape transports,
can be included in a single Series 16
computer system.

Features

B Nonrecoverable error rate will not
exceed 1 in 109 bits.

B Data rates up to 64,000 characters
per second.

® Parity for each character written on
tape.

B Multiple transport rewind.

® Program selectable BCD or binary word
word formats.,

B Compatible with all systems which
satisfy |BM requirement for NRZI
recording.

B Format and amplitudes compatible
with IBM 729 series tape transports.



TABLE 14. MAGNETIC TAPE CAPABILITIES

T-Track Tape Subsystems

9-Track Tape Subsystems

Program Timing

Transfer rate — The character transfer period in micro-
seconds is as follows:

800 bpi 556 bpi 200 bpi
80 ips 15.6 22.5 62.5
36 ips 34.7 50 139
26 ips 48.0 69.2 192.3

Data requests will occur at a nominal period of two or
three times the values in the table for two- or three-
character-per-word modes.

Start-Stop Timing — Where T-start is the period between
the time of a “write one record” OCP and the time that
writing begins, and T-stop is the period between the time
of arrival from the central processor of the last word to be
written and the time when the next OCP may be issued,

Rewind Time (minutes)

T-Start (ms) T-Stop (ms)  (for full reel of tape)

80 ips 6.1 3.5 2.0
36 ips 13.6 1.9 4,5
26 ips 18.2 15.0 6.2
Power

120 Vac *5%, single-phase, three-wire; 60 Hz £ 1%

Power Consumption

Models 4130-4132 and 4140-4142 2100 W
Model 4021 (less TCU) 750 W
Model 4022 480 W
Heat Gain
Models 4021, 4130-4132, and 4140-4142 2000 Btu/hr
Model 4022 1300 Btu/hr
Physical Characteristics

Models 4130-4132  Model Model

and 4140-4142 4021 4022

Height 60-% in. 42 in. 42in.
Width 27 in. 31 in. 31in.
Depth 28-Y in. 18-% in. 18-%2 in.
Weight 900 Ib 400 Ib 300 Ib
Mounting

The magnetic tape option is in two parts: the transport and
the controller. The transport is housed in a free-standing
cabinet, the dimensions of which appear above. It is con-
nected by a 50-foot cable to its controller. The controller
is 2 L-BLOC connector assembly (4 x 3 for Types 4021
and 4022 and 5 x 3 for Models 4130-4132 and 4140-4142)
which can be installed in an option drawer, main frame
tilt-out cabinet, or 1/O tilt-out cabinet as space permits.
Tape

Honeywell or IBM certified, heavy duty Mylar (1-% mils),
2 in. wide magnetic tape on 10-}: in, reels, with IBM com-
patible hub (file protect ring for Models 4130-4132 and
4140-4142).

Character Transfer Rates (bytes/second)

Type 800 bpi (density)
4150/4153 28.8K
4154/4155 64.0K
Operational Characteristics
Model
4150/4153  4154/4155

Tape speed (forward and
reverse) (ips) 36 80

Start time (to within
+5% of nominal speed)

(ms) 6.0 6.0
Stop time (maximum
bidirectional) (ms) 6.0 6.0

Rewind time (min) and

speed (ips) (full reel) 45,108 2.0, 240

Power
120 Vac * 6V, single-phase, three-wire, 60 Hz * 0.6 Hz

Power Consumption
2.1 kVA

Heat Dissipation
2000 Btu/hr

Environmental

Temperature: 60 to 90°F
Relative Humidity: 30 to 80%

Physical Characteristics

Size: 60%" H, 27" W, 38" D
Weight: 900 Ib

Mounting

The magnetic tape transports are self-contained and
mounted in a free-standing cabinet containing all the nec-
essary read/write electronics, power supplies, cooling units,
tape deck, pneumatic equipment and operator controls.
Interface control logic is mounted in the computer option
drawer or expansion cabinet. Type 4150 and 4154

MTCUs are housed in a relocatable 6 x 3 p-BLOC option
module. Communication between the option and the con-
trol logic is effected via cable not to exceed 50 feet,

Tape

Honeywell- or IBM-certified, heavy-duty Mylar (1.5 mils),
half-inch magnetic tape on 10.5" reels with |BM-com-
patible hub.
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7-Track Tape Unit
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9-Track Tape Unit

9-TRACK TAPE UNIT

The Series 16 Nine-Track Magnetic
Tape options are magnetic tape trans-
ports (MTT’s) and associated control-
lers which allow operation at speeds of
36 or 80 ips at a standard recording den-
sity of 800 bpi. The two tape drives of-
fered are software-compatible with each
other as well as IBM-code-compatible.
Data is recorded using the NRZI
method,

These transports employ a motion-con-
trol concept, pioneered by Honeywell,
which utilizes dual contra-rotating
vacuum capstans. Also, vacuum me-
thods are used for uniform tape-tension
control and tape braking. These con-
cepts are proven industry standards;
more than 11,000 Honeywell tape
transports of this type are now in use.

Types 4150 and 4153 (36 ips), and
316/516-4154 and 4155 (80 ips)

are higher-performance offerings, well
suited to small computer applications
requiring multiple drives. See photo-
graph for physical characteristics.

Two magnetic tape control units
(MTCUs), each controlling up to four
tape transports, can be included in a
single Series 16 computer system.

Features

B Wide range of data-transfer rates
available.

B Excellent reliability.

B Compatible with all systems which
satisfy IBM requirements for NRZI
recording.

® High performance, with excellent
start/stop times, smooth accelera-
tions and decelerations.

B Manually selected capability for pro-
tecting hardware data.

B Write-enable ring allows writing on
tape.

B Read-after-write error checking,
lateral and longitudinal parity, cyclic
redundancy character.

H Priority interrupt operation for real-
time environment usage.



LINE PRINTERS

Types 5520 through 5525 Line Printers
are fully buffered printed-copy, output
devices. The printers operate at speeds
of 300, 650, or 950 lines per minute with
line widths to 120 or 132 characters.
Each model is capable of operating in
the 1/O bus, direct multiplex control
(DMC), or direct memory access (DMA)
mode. They provide a wide selection of
high performance/cost data printout de-
vices, designed to satisfy a wide range
of individual requirements.

Each option consists of a free-standing
printing device and a controller (contain-
ing the computer interface logic and buf-
fer memory) which is housed in the com-
puter mainframe or expansion drawer.
The buffer memory element is a solid-
state, sequential access, random-time
unit utilizing metal-oxide-semiconductor
field-effect transistors (MOSFET) it is
mounted on conventional u-PAC
modules in the controller.

Two types of printers are available: the
300 Ipm units (Types 5520 and 5521)
and the 650 or 950 Ipm units (Types
5522-5525).

B Position servo paper feed system in-
creases reliability by eliminating the
common clutch system which is prone
to wear.

Features

® High performance — 300, 650, or 950
lines per minute,

B Rotating print drum contains full set
of 63 symbols (plus blank) to be printed ™Controller utilizes 120 or 132-char-
in any of the 120 or 132 positions ina  acter MOSFET buffer memory for
line. data transfer.

B Proven reliability with complete solid-
state control circuitry.

B Swingaway print drum facilitates form
and ribbon loading,

8 Hardened steel print drum eliminates
type wear and ensures sharp, clear
printing.

B |ntegral maintenance panels and off-
line test modes ease check-out and
servicing operations.

Types 5522-5525 Printers

Types 5520, 5521 Printers
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Display Devices

TYPE 7210

The Type 7210 Alphanumeric Display
Terminal is a manually controlled input/
output device permitting communica-
tions between an operator and a central
processor. Up to 16 lines of 64 alpha-
numeric characters — a maximum of
1024 characters — can be presented on
the 5 x 10" CRT screen. A keyboard
is used to enter data or compose a re-
trieval request on the screen where the
message may be visually verified or cor-
rected. When prepared, the message is
transmitted to the central processor via
direct coupler or data modem.

Data outputs from the central proces-
sor are also displayed on the screen.
Since the processor has the highest
system priority, messages from it will
override the keyboard mode.

The terminal contains a memory big
enough to store locally generated data,
received data, control data for the mov-
able cursor, and protected field data. A
movable cursor is provided to indicate
the location of the next keyboard- or
processor-generated character. The
tabular function (TAB key) feature of
the keyboard facilitates forms manage-
ment, Depressing the TAB key moves
the cursor to the position previously
entered into the memory by the TAB
SET key. The cursor controls and tab
functions are linked to the protected
data features of the terminal.

The central processor can be pro-
grammed to send a protected “‘form”
to the display. The operator can enter
data into the unprotected areas but can-
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not alter the protected characters. On
transmission, only the non-protected
characters are sent to the processor
thereby reducing communications chan-
nel usage.

Features

® Rectangular CRT screen with P-31
phosphor for brightness

® Full display of up to 1024 charac-
ters — 64 characters in 16 lines — on
a 5" x 10" screen

B Computer-program-generated formats
protected against alteration

B Characters generated by digital
closed-stroke technique

B Display characters continually re-
freshed, at line frequency, from
terminal core memory

B Entire display or selected portions of
data transmitted to central processor

B Movable cursor for indicating position
of next character to be displayed

B [ull set of 64 ASCII alphanumeric and
symbol characters

B Special function, editing, and display
control keys on keyboard

B Optional 1/O interface for auxiliary
devices such as badge reader or hard-
copy printout units

TYPE 7205, 6,7

The Type 7205 Storage Tube Display
Option provides low-cost output capa-
bility for combined alphanumeric and
graphic information. Visual displays
can be computer-generated in a real-
time experimental environment. Honey-
well Types 7206 and 7207 (Tektronix
Types 601 and 611) bi-stable CRT dis-
play tubes are interfaced with Honey-
well Series 16 computers to accomplish

this function.

These devices are used in R&D labora-
tories as an integral part of instrumenta-
tion and data acquisition packages. Visual
presentation and data acquisition pack-
ages. Visual presentation of data facili-
tates iterative-type experiments and
helps to optimize results. The devices

are well-suited for displaying business
charts, engineering curves, and geo-
metric designs for review and analysis.

Features
m Bi-stable storage CRT eliminates re-
fresh problem

Type 7210

m High information density without flick-
er and drift

® Excellent resolution, 1024 x 1024
raster count

B Two screen sizes: 5-inch and 11-inch
(diagonal)

B Convenient scaling with automatic
step and deflect mode

B Hard-copy photographic equipment
available

B Plotting rates up to 25K dots per
second

® Alphanumeric character set, vector,
and dot-plotting software

These devices are used in R&D labora-
tories as an integral part of instrumenta-
tion and data acquisition packages. Visual
presentation of data facilitates iterative-
type experiments and helps to optimize
results, The devices are well-suited for
displaying business charts, engineering
curves, and geometric designs for review
and analysis.



OPERATOR’S CONSOLE

The Honeywell Operator’s Console is
designed for use on data acquisition or
direct digital control systems using a
Model 516 computer, The console con-
sists of (1) one of two display devices
which provide a visual indication of
requested information via rear-projec-
tion-type readouts, and (2) one of two
keyboard devices through which a
trained operator can request displays
and enter information.

The Type 8182 display has 11 read-
outs; Type 8184, 18 readouts. The
Type 8191 keyboard has 24 keys;
Type 8194, 54 keys.

Type 7205,6,7

The basic display and keyboard are
relay-rack or panel mountable, but
table mounting cases are available,
The operator’s console communi-
cates with the computer through the
Real-Time Interface (RTI) modules.

Features

® Hermetically sealed switches give pro-
tection from corrosive atmospheres.

® Front access or display electronics
facilitates maintenance,

B Driver programs are compatible with
OLERT*,

® Keylock setting can be read as a
digital input and used by application
programs to control accessibility of
console functions.

® Modularity of functions — keys are
individually coded to allow frequently
used functions to be initiated.

B Remote mounting — up to 500 feet
from RTI.

® Multiple consoles — up to four per
system.

B Oriented to process operation —
familiar display, decimal indications.

B Modularity of housings — keyboard
can be separate from display or
placed next to it: either device can
be rack mounted, table mounted, or
panel mounted.

*OLERT is the On-line Executive for Real

Time.

Card Equipment

TYPE 5121

Type 5121 Card Reader is a high-speed
input device capable of a maximum rate
of 800 cards per minute, Data sensing

is accomplished by a photoelectric sys-
tem which reads either alphanumeric or
binary punched cards on a column-by-
column basis. The reader is completely
buffered with a 12-bit register which
holds all data from one column in either
data mode.

In the alphanumeric mode, the reader
accepts cards punched in conventional
Hollerith Code. Automatic code con-
version produces a six-bit BCD repre-
sentation of the data in each column
(see Table 1). In binary mode, all 12
rows of a column are read as a 12-bit
word.

Features
B Reads punched cards containing either

alphanumeric or binary data upon pro-

grammed command,
B End-feed, column-by-column reading.

Type 5121

B Reads cards photoelectrically, 800
cards per minute maximum.

B Automatic hardware code conversion
in alphanumeric mode, Hollerith to
six-bit BCD code.

B Demand feeding simplifies program
timing consideration.

B Error cards can be identified by offset
stacking under program control.

B [nterrupt operation provided for
real-time environment.

B Full set of operator controls and
indicators for major functions of the
device.
sentation of the data in each column.

In binary mode, all 12 rows of a column
are read as a 12-bit word.

TYPE 5140

Type 5140 Card Reader/Punch permits
the use of standard punched cards as in-
put and output media for Series 16
computers. It reads or punches at speeds
up to 400 cards per minute. The reader/
punch is completely buffered with a 12-
bit register which holds all data for one
column in either mode.

Data sensing is accomplished by a pho-
toelectric system which reads either
alphanumeric or binary punched cards
on a column-by-column basis. In the
alphanumeric mode, the reader accepts
cards punched in the conventional
Hollerith code, Automatic hardware
code conversion produces a six-bit
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BCD representation of the data in each
column. In the binary mode, all 12
rows of a column are read as a 12-bit
word.

The punch mechanism operates in a
binary mode to output data, column-
by-column, on the cards, The punch
speed, 100 to 400 cards per minute, is
dependent upon the number of columns
being punched.

Features
B Reading and punching capabilities in
a single device.

®mData can be read and additional data
punched on same card in one pass.

B Alphanumeric or binary data read on
programmed command.

®Hardware code conversion from
Hollerith to six-bit BCD code.
B Error cards can be identified by offset
stacking under program control,
®Program controlled card punching,
100 to 400 cards per minute.

B Dual card punching mechanism in-
creases card throughput.

B High-speed skip available to in-
crease punching throughput.

B nterrupt operation for real-time
environment.

B Error detection via interrupt, status
word, and test commands.

B Full complement of operator con-
trols and major function indicators.

Type 5140
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Paper Tape Equipment

TYPE 50, PAPER TAPE READER

Type 50 Paper Tape Reader option al-
lows the Series 16 general purpose com-
puter to input data which has been
punched on paper tape. Reading at 300
characters per second, the reader pro-
vides a high-speed input device for load-
ing source programs, object programs,
and data,

Included is a perforated tape reader and
an interface control unit linking the
reader to the computer. The one-inch-
wide tape can be paper, mylar, or a
combination of the two. Space is pro-
vided in the cabinet to house the com-
panion Paper Tape Punch Type 52.

Features

B Maximum transfer rate of 300 char-
acters per second.

B Separate cabinet can be located up to
50 feet from computer.

B |ntegrated-circuit interface logic is
compatible with main frame logic.

B Priority-interrupt line permits the
reader to interrupt the computer pro-
gram when reader requires service,
thus using less than 1% of computer
operating time.

B Single-character start-stop control al-
lows variable input block size and
gapless blocks.

B Software support library.

TYPE 52 PAPER TAPE PUNCH

The Type 52 Paper Tape Punch option
allows the Series 16 general purpose
computer to record information at high
speed on punched paper tape. The
punch not only provides a means of
recording data blocks for later process-
ing, but also prepares program tapes
for computer operation and mainte-
nance. Included is an interface con-
trol unit which links the punch to the
computer.

Space is provided in the electrical
equipment cabinet to house the com-
panion Paper Tape Reader Type 50.

Features

B Tape spindle capacity of 960 feet
holds up to 117,000 8-bit charac-
ters.

B Maximum transfer rate is 110 char-
acters per second.

B Uses 8-level 1-inch wide paper tape
and any code combination,

B [nterface logic is constructed of in-
tegrated circuits which are compati-
ble with main frame logic.

B Priority-interrupt line permits inter-
rupting computer program when
punch requires service, thus using
less than 1% of computer operating
time,

B Single character start-stop control
allows variable output block size and
gapless blocks.

B Software support library.

TELETYPEWRITERS

Two teletypewriters are available as
standard 1/O options for Series 16
computer, Type 53 (ASR-33) and
Type 55 (ASR-35) are similar in both
operation and specifications,

The teletypewriter prints data from
the computer or transmits data to the
computer via the keyboard at the rate
of ten characters per second, It can
also read and punch paper tape at the
same rate. In the local mode the unit
can be used for off-line paper tape
preparation, reproduction, or listing.



Features

B Versatile device can be used as reader,
punch, or printer — in both on-line
and off-line modes.

B Estimated service life for ASR-33 ex-
ceeds, 4,500 hours; for ASR-35
20,000 hours.

B Integrated-circuit interface logic is
compatible with main frame logic.

B Priority-interrupt line enables the
teletypewriter to interrupt the pro-
gram only when it requires service,

® Complete software support library.

Mechanical Accessories

The Series 16 computers come with a
complete assortment of mechanical sup-
port accessories, Those accessories are
fully compatible and provide the sys-
tems user with the required flexibility
to mount and position the system com-
ponents according to his specific needs.

The accessories consist of many items,
the most important of which are listed
below:

B Option Cabinets Hi-Boy and Lo-Boy
configuration

mTilt Out drawer assemblies

B Mounting blocks of DATA-PACs

® Equipment tables

B |/O Cables

H Cable PACs

® Power Supplies

Terminals

Terminals, and the variety of termi-
nals available, are the key to the success
of many Series 16 applications. Inter-
facing the various communication
services, and indirectly the communi-
cations interfaces described above, the
terminals available to the Series 16
(see Figure 19 and Table 15) enable
great flexibility and subsequent econ-
omy in the design of a solution.
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REMOTE TERMINALS,
DEWICES AND/OR

EQUIPMENT

SERVICE AND
COMMUNICATION LINES

COMMUNICATION
INTERFACE

DIGITAL PROCESSING EQUIPMENT
(PROGRAMMABLE COMPUTER)

TE

LEPRINTER SYSTEMS
Keyboards

Page Printers

Tape Printers

Paper Tape Readers and Punches
(Perforators and Reperforators)
Punched Card Equipment

DATA SETS

Bell System Data Sets Series 100,
200, 300, 400, and 800
Western Union Data Sets

Common Carrier Switched Circuit
Services

Store and Foreword Switching
Systems

Auto-Polling Devices and Systems

HONEYWELL

Data Stations

Processors

Keytype Communicators
Audio Response Systems
VIP Systems

Banking Teller Systems
Series 200 Systems

1BM

1009 — IBM Data Transmission Unit

1013 — Card Transmission Terminal

7701 — Mag Tape Transmission Term
[75-150 Char./Sec.)

7702 — Mag Tape Transmission Term
(180, 250 or 300 CPS)

Paper Tape Readers and Punches

Printers, Mag Tape

Inquiry-Response

Common Carrier
Transmission
Facilities

Telephone Company

TWX and Dataphone

Switched Circuit
Services

Western Union
Telex

Telephone Company and
Western Union
Leased Private
Teleprinter and
Narrow Bands Lines

Telephone Company and
Western Union
Broadband Switched
Circuit Services

Telephone Company and
Western Union
Leased Private
Voice-Grade
Lines

D.C. Metallic Loop

60, 75, or 100 Speed TTY

Voice Grade

Radio Link

Microwave Link

Figure 19. Series 16 Communications Capabilities
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Series 8000/6100 - Data Line
Controller

Series 6250 — Programmed
Multiline Controller

Series 670 — Low-Capacity
Multiline Controller

Series 680 — High-Capacity
Single Speed Multiline
Controller

Series 16

1BM
Series 360



TABLE 15, SELECTED TERMINALS USED WITH DATA LINE CONTROLLERS

Controller

Terminal Speed Data Set*| Operation Model Options Required
Model 28 60-100 Words/Min 103F FDX 6100 6190, 6196, 6197
Teletypewriter T103A FDX or HDX 6100 6190, 6196, 6197
Model 33/35 60-100 Words/Min 103F FDX 6100 None
Teletypewriter 103A FDX or HDX 6110 6197 if other than 100 wpm
Model 37 150 Words/Min T103F FDX 6100 6195, 6197
Teletypewriter 103A FDX or HDX 6110 6195, 6197
Kleinschmidt Up to 136 Words/Min | 103A FDX or HDX 6110 6197
311/321 Up to 272 Words/Min | 103F FDX 6100 6197
(ASCII Models)
IBM 1050 14.8 Char/Sec 103A/F | HDX 6110 6192, 6195, 6197, 6198
Honeywell Data 120 Char/Sec 202C HDX 6121 6197
Station 180 Char/Sec 202D HDX 6120 None
Honeywell 120 Char/Sec 202C HDX 6121 6122
Keytape 180 Char/Sec 202D HDX 6121 None
Raytheon 120 Char/Sec 202C HDX 6121 None
DIDS-400 300 Char/Sec 201B HDX 6120 None
Sanders 720 Data | 250 Char/Sec 201A HDX 6020 None
Display System 300 Char/Sec 201B FDX 6000 None
Honeywell
Series 200 250 Char/Sec 20TA HDX 6020 None
Computer with
281 Controls 300 Char/Sec 201B HDX 6020 None
IBM 360 with 300 Char/Sec 201B HDX 6020 6098
2701 Synchronous
Adapter Type 1

*Model numbers listed are Bell System. Equivalent Data Sets can be interfaced.






SYSTEMS SOFTWARE

Operating Programs

The operating programs to complete
your computer automation requirements
consist of monitors, compilers, assem-
blers, utilities, and test maintenance
routines.

Honeywell offers two on-line monitors.
One, OP-16, is ideal for dedicated sys-
tems. The other, OLERT, is more sophis-
ticated and can operate in a general pur-
pose multiprogramming environment.
OP-16 is lean and efficient. OLERT is
complete and easy to use.

Honeywell also offers a disk operating
program, DOP; Fortran IV and BASIC
compilers; an assembler, DAP-16; and
a complete offering of utility, test and
maintenance routines,

OLERT (ON-LINE EXECUTIVE FGR
REAL-TIME)

OLERT is a software package which
forms the basis for real-time multipro-
gramming on the Series 16 computers.
OLERT provides scheduling, memory
allocation input-output and other func-
tions required for real-time multipro-
gramming operation. Programs can be
written for OLERT using either the
DAP-16 assembly language or Real-
Time Fortran 1V, Source programs can
be assembled or compiled in the off-
line mode or, as a background function,
under the control of OLERT using the
on-line versions of DAP-16 and Real-
Time Fortran IV. The object programs
are linked and converted to OLERT
format and may be added to the system
using either the on-line or off-line ver-
sion of the OLERT system loader.

Features

Fortran Compatibility — the user can
write all of his programs in Fortran,
including real-time input/output inter-
rupt response and time sequencing.
Memory Efficiency — Re-entrant pro-
grams need appear in core only once,
for all users, They can be interrupted
while being used by one program and
then re-entered for use by other pro-
grams.

Multiprogramming Capability — OLERT
can handle many concurrent real-time
and background programs. The number
is limited only by the memory capacity
of the computer and peripheral devices.

Independent Multi-User Concept — The
hardware protection features, the group-
ing of programs into trees, and OLERT
management of core, disc, and /O de-
vices ensures that each user is fully pro-
tected from other users in the system.

On-Line Program Development — OLERT
permits compilation, assembly, or load-
ing and linking of programs and subrou-
tines on-line. The operator can restruc-
ture the user software and can start and
stop programs while other programs are
being executed. On-line debugging is
performed using the TRACE feature

of Fortran 1V,

Interrupt Handling — Higher priority
interrupts are recognized and serviced
during the servicing of lower priority
interrupts. This insures rapid response
to emergency conditions. Adaptability
to changing process conditions is pro-
vided by the ability to change inter-
rupt action during execution.

Executive Control — OLERT schedules
the execution of programs by priority
according to: interrupt response, time,
program requests, operator requests.
OLERT provides bulk and core mem-
ory management.

Input/Output — OLERT controls and
executes all input and output opera-
tions. Editing is provided for all data
formats (floating point, integer, ASCII
etc.) used with Fortran IV 1/O state-
ments. Devices are referred to sym-
bolically, permitting check-out of
special 1/O standard devices without
reprogramming.

System Protection — OLERT uses the
hardware protection features of Series
16 computer to prevent program errors
from upsetting the entire computer sys-
tem. Memory protection prevents a pro-
gram error from altering the memory
assigned to a protected program.
Modularity — Only those portions of
OLERT which are necessary for a par-
ticular system need be included. This
reduces memory requirements for

those applications which do not re-
quire all the features of OLERT.

OP-16 OPERATING SYSTEM

OP-16 satisfies the needs of users for

a small, efficient software package to

implement a real-time data acquisition
and control system.

On-line routines include a Real Time
Executive (RTX) for computer re-
source management, a full comple-
ment of on-line peripheral device
drivers, and a related complement of
on-line device test routines. On-line
and off-line trace routines along with
an executive simulator provide pro-
gram and system checkout capability.

Available manuals include the OP-16
Users’ Guide (a manual which de-
scribes system operation, system con-
figuration, and program formats) and
a series of software support manuals
which describe the operational char-
acteristics and configuration param-
eters required by the device drivers
and device/driver test routines,

Features

B Multiprogramming capability

B Priority scheduling of system pro-
grams on a demand andfor a time-
interval basis

B Centralized control of peripheral
input/output operations and associ-
ated interrupt processing

B Coordination of programs requiring
common core areas, common subrou-
tines, and input/output devices

B Communication between user pro-
grams

B Modular organization allowing con-
figuration to suit unique application
requirements

B A complete set of utility, support,
debug, and peripheral-device test
programs

69



DISK OPERATING PROGRAM (DOP)
Disk Operating Program (DOP), a power-
ful data processing tool for Honeywell
Series 16 computers, provides maximum
flexibility in programming while retain-
ing simplicity in operation. With DOP,
the user can easily and efficiently use
the mass storage devices available with
Honeywell Series 16 computers. Avail-
able in two versions, DOP and DOP-L,
the Disk Operating Program enhances
the capability of the DAP-16 assem-
bler and the Fortran IV compiler to
perform disk-to-disk language transla-
tions. The new program also supports
the object-text loader to allow object
programs as well as submoutine librar-
ies to be disk resident or mixed among
several 1/O devices. DOP is able to store
and retrieve core-image information on
disk in either nonrelocatable programs
or data.

Features

B Recognizes four forms of user-allocated
files on disk.

B Provides keyboard interface.
B Allows user-program control.

Languages

FORTRAN IV

Fortran IV is a general-purpose, higher
level programming language closely re-
sembling the symbolic language of
mathematics. It is procedure-oriented,
problem-oriented, problem-solving.

Honeywell’s Series 16 Fortran IV sub-
system consists of a compiler, an input/
output supervisor (10S), drivers, a run-
time /O library, and a mathematical
subroutine library. It conforms to ANSI
Fortran standards and is substantially
the same Fortran language as that avail-
able on all large computers. Thus it can
draw on an extensive reservoir of exist-
ing routines,

When the characteristics of Fortran are
exploited, the costs of programming
can be significantly reduced. For ex-
ample, Fortran enjoys several advan-
tages over machine (assembly) lan-
guages. One Fortran statement requires
translation into a number of machine
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language instructions, The Fortran code
is more concise, more readily under-
stood, more quickly mastered than as-
sembly language, and to some extent
self-documenting. Other advantages of
Fortran over assembly language pro-
gramming are a shorter elapsed time to
job completion, a singificant reduction
in debugging time, a doubling of ma-
chine productivity, the feasibility of
investigating mathematical models, and
a greatly simplified input/output pro-
cedure,

Features

® ASCI| Fortran Specifications: all the
advantages of a standardized language.

B One-Pass Compiler: greater operational
efficiency than compilers requiring two
or more passes, especially for paper tape
programs.

B Run-Time Trace Capability: faster,
easier debugging.

® Compiler Options: source program list-
ing, object program listing, object text
output, binary code output.

B |/O Device Selection: during compila-
tion, all 1/O is accomplished through
the 105, and devices can be selectable,
1/O statements use symbolic device
assignments.

B Check-Sum Generation in Object Pro-
gram; guarantees correct program
loading.

B Program-Chaining: an overlay capability
to accommodate programs too large
for the main memory of the computer.
Allows the programmer to segment his
program in such a way that only one
segment is core-resident at any one
time.

m Operating System Support: OLERT
Fortran, OP-16 Fortran (Late 1971),
BOS Fortran.

m Fortran Subroutines CALL from
BASIC Programs: advantages of
BASIC and Fortran are combined.

B Large Library of Mathematical Subrou-
tines: many frequently used subrou-
tines are available, so the programmer
need not write them,

BASIC Interpreter

The Honeywell Series 16 BASIC Inter-
preter provides an interactive environ-
ment in which a user can compose, edit,
and execute programs written in the
BASIC language. He may assemble an
entire program and call for its execution,
or may enter statements to be executed
immediately. Statements are only
checked for errors when they are exe-
cuted. Therefore, an error in a state-
ment which is never executed, is never
detected.

The Honeywell BASIC language is a
superset of Dartmouth BASIC. Addi-
tional features include multiple state-
ments per line, immediate execution of
statements and commands, n-dimension-
al arrays, no restrictions on array sub-
script expressions, and the ability to

call DAP or Fortran subroutines from
BASIC programs.

DAP-16 MOD2 Assembler

The DAP-16 MOD2 Assembler simpli-
fies programming and minimizes opera-
tor tasks by translating a symbolic pro-
gram into machine language code.
DAP-16 MOD?2 enables symbolic pro-
gramming while maintaining the char-
acteristics, flexibility, speed, and pre-
cision of machine language program-
ming while maintaining the character-
istics, flexibility, speed, and precision
of machine language programming.
Operating in either a one- or two-pass
mode, DAP-16 MOD?2 assembles pro-
grams on the Model 316 and 516 com-
puters for use on either Series 16 com-
puter, and provides numerous pseudo-
operations which conveniently offer
programmer-defined assembly and
loader controls, data definitions, and
program linkages.

FEATURES

B Allows alphanumeric literals

B Prints and assigns storage for unde-
fined symbols

B Flags illegal instructions and coding
errors

® Permits compound expressions in the
variable field



B Enables single- or double-precision,
fixed- or floating-point constants

® Employs an inputfoutput selector
(10S)

B Facilitates Fortran-like common
storage in upper memory

B Provides direct addressing in source
language of up to 32K memory

® Conditional assembly
® Map of symbols and addresses

PROGRAM CHARACTERISTICS

DAP-16 MOD2 operates in two basic
modes: LOAD and DESECTORIZING.
When operating in the LOAD mode,
DAP-16 MOD2 operand addresses must
be within the same sector as the instruc-
tion or in sector zero; otherwise an error
flag is generated. The user must be aware
of an operand’s location in respect to
sector boundaries, Programs assembled
in the LOAD mode are always absolute.

When operating in the DESECTORIZ-
ING mode, DAP-16 MOD2 treats Series
16 computers as if all memory is directly
addressable. The format of a memory
reference instruction features a nine-bit
address and a sector bit. Since memory is
divided into sectors of 512 words, such
aninstruction references either the cur-
rent sector containing it or the base sec-
tor of memory, depending on whether
the sector bit is set or reset.

To access an arbitrary location, an indi-
rect memory link is used. The address
of the desired location is stored as the
contents of a cell in either the current
or base sector. This latter cell is then
referenced by an instruction with its
indirect-addressing bit set. Indirect
memory links are supplied by the user.
As an alternative, the DESECTORIZ-
ING facility of DAP-16 MOD?2 pro-
vides the necessary links.

The user may ignore sector boundaries,
thus permitting the assembler to pro-
duce instructions containing up to 15
address bits. When the instruction is
processed by the loader, this address

is reduced to nine bits and is checked
to determine if either the current or

the base sector is being referenced. If
50, the sector bit is appropriately
handled. If not, the loader constructs
an indirect memory link in sector zero
to provide access to the desired address.

DEBUG Program — A compact relocat-
able program which can:

B Type memory in octal

B Type corrections into memory

® Enter a breakpoint into memory and
start at a specfied location

B Return to breakpoint and continue
with program being debugged

B Clear memory to zero within limits

B Search memory for an address within
specified limits

B Start at a location and print the con-
tents of any or all of the following
when one of several dynamic options
is chosen: A register, B register, index
register, and C bit,

Dump — This compact, completely
modular relocatable program enables
the user to obtain memory dumps in
octal or mnemonic instruction format,
Each function is provided in subroutine
format; i.e., if the user desires only an
octal memory dump, he need only carry
the coding necessary to perform this
function. The DUMP can communicate
with any output equipment available in
the system through the inputfoutput
selector program.

Symbolic Source Update Program
(SSUP — Facilitates the deletion, in-
sertion, or replacement of source pro-
gram statements located on paper tape
and whose output is on either paper or
magnetic tape. A listing of the modified
tape is optionally available as an output.

Input/Output Library — Made up of a set
of subroutines for each 1/O device, each
1/O routine permits the user to specify
the data format most convenient for his
application. Any necessary code conver-
sion is handled by the /O routine, Com-
plete error checking and, where possible,
recovery procedures are included.

Verification and Test Programs — An
extensive package of programs is pro-

vided with the Series 16, which in-
cludes routines for verifying the opera-
tion of the control unit, arithmetic unit,
core memory, and the available input/
output devices. These routines gener-
ate indicative information reflecting the
operational status of the equipment
being verified.

UTILITY PROGRAMS

More than 500 programs are available
to Series 16 users, including the follow-
ing programming software:

Input/Output Selector (I0S) — This
program is used in conjunction with
major programs supplied with the Series
16 to establish the inputfoutput com-
munication link with the input/output
equipment. Users with varying com-
plements of peripheral equipment are
readily accommodated by the modular
design of 10S.

Desectorizing Loader — This relocatable
program loads memory with octal in-
formation in absolute or relocatable
format. It is capable of loading the

main program and subroutines called

by it or by other subroutines, and com-
pletes the transfer vector linkage be-
tween the main program and external
subroutines. Also included is the capa-
bility to generate special indirect address
links in sector zero based on addressing
information generated by the assembly
program or compiler.

Subroutine Library — An extensive
assortment of subroutines aid the pro-
grammer in performing mathematical
operations and functions, conversions,
and input-output operations.

Mathematical routines are available for
single and double precision, fixed and
floating point, and complex calculations,

Conversion routines are available for
ASCII to fixed point, floating point, and
complex; fixed point, floating point, and
complex to ASCII; fixed point to float-
ing point; floating point to fixed point;
and complex to floating point.
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Test and Maintenance Routines

With each Series 16 purchase, Honey-
well provides complete backup services.
These include a full set of customer-
oriented Test and Maintenance (T&M)
routines. They either identify problem
areas and localize incorrect operation
or verify correct operation of the cen-
tral processor, its options, and periph-
eral devices. The routines exhibit actual
operational characteristics so as to es-
tablish levels of performance and facili-
tate normal adjustments. They exercise
recognized potential failure modes and
furnish specific evidence of error-free
completion for use in preventive main-
tenance,

Most of these routines apply to the en-
tire range of available options (a few
options need special routines if the
memory is limited to 4K). None re-
quire an operating system, All are sup-
plied as self-loading paper tapes (a
permanent loader is stored in lower
core) for use on ASR teletypewriters
or high-speed readers.

PROGRAM CHARACTERISTICS

T&M routines test circuit logic, device
functions, and equipment performance
levels,

Programs verify the correct operation
of logic circuits by isolating and exercis-
ing the logic functions they perform. A
small program segment helps detect
logic circuit failures by looping when

it finds an error. During logic testing,
mechanical support is minimized or
excluded.

Tests on 1/O devices require that all con-
trol functions and data paths be opera-
tional. Wherever possible, closed-loop
tests are performed to verify correct
operation automatically. Device tests
identify failing contro! functions to the
maintenance engineer and indicate fail-
ing data by bit position.

All tests operate for a specific period
of time to establish a level of equip-
ment performance, Tests for devices
requiring periodic adjustment contain
repetitive sections so that adjustments
may be accomplished easily.
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173 00036 0 11 00373 CAS PIC?2 TEST FOR E!

174 00037 000004 04 oCT 4 NEVER CAN
175 00040 0 01 00055 JMP SRTS END OF RLOI
176 00041 0 01 00026 JMP SRT1 MORF SYMBO|
177 #

178 00042 0 04 00373 SRT3I STA PIC2 PIC2 + ADDI
179 00043 0 10 00204 JST LCHK

180 00044 0 01 00050 JMP SRT?

181 00045 0 10 00127 JST GRIT FETCH CURR|
182 00046 101040 SNZ SKIP IF SF
183 00047 0 01 00105 JMP SWAP INTERCHANG!
184 00050 0 02 00373 SRT2 LDA PIC2 TRY NEXT L.
185 00051 0 07 00377 SUB 03 !
186 00052 0 11 00372 CAS PIC1 TEST FOR C!
187 00053 0 01 00042 JMP SRT3 NO = TEST
188 00054 0 04 00373 STA PIC2 YFS = UPDA
189 00055 0 02 00373 SRTS LDA PIC2 DROP RLONOCK
190 00056 1 04 00000 STA 7237,1

191 00057 1 13 00000 IMA T136,1

192 00040 1 04 00000 STA T137,1

193 00061 0 12 00000 IRS 0 INCREMENT |
194 00042 0 01 00017 JMP SRT7 GO SORY ON
195 00063 0 02 00402 LDA  MQ1 SFARCH FOR
19¢ 000¢4 100000 SKP |
197 00045 0 02 00000 SRT6& LDA 0 DFCREMENT !
198 00066 0 07 00401 SUB 01

199 00067 0 04 00000 STA 0 REPLACE PO
200 00070 0 07 00376 SUB M36 TFSY FOR c!
201 00671 100400 SPL Sx1P IF NO
202 00072 0 01 00216 JMP DUMP SORT COMPL|
203 00073 1 02 00000 LDA T13691 FFTCH BLOCI
204 00074 100400 SPL SKIP IF UN!
205 00075 0 01 00065 JMP SRT6 SORTED = Ct
206 00076 1 04 00000 STA 7T137,1 SET

207 00077 140500 SSM MARK 1Y AS
208 00100 1 04 00000 STA T136,1 AND DROP I°
209 00101 1 02 00000 LDA T236,1

210 00102 1 04 00000 STA 1237,1

211 00103 0 12 00000 IRS 0 SFT BIY INI
212 00104 0 01 00017 JMP SRT7 GO SORY THi
213 2

214 00105 0 02 00372 SWAP LDA PIC1 HERE TD IN-
215 00106 141206 ADA

216 00107 0 04 00374 STA PIC3

217 00110 0 02 00373 LDA PIC2

218 00111 141206 ADA

219 00112 0 04 00375 STA PICA4

220 00113 -0 02 00372 LDA® PIC1 SWAP F1IRST

-~ AAd4 4 a . .. b 4

a @ au M



APPENDIX

PROCRAMMING
the SERIES 16

Below, the actual program execution in-
structions found in the Series 16 assembly
language are categorized by function:

B Data-handling.

B Arithmetic.

B | ogic.

B Shift,

® Byte-handling.

E Control,

B [nput/Output.

In addition to these standard instruction
tions, the instructions that comprise the
high-speed arithmetic capability and
memory parity feature, are included in
this section,

75



MNEMONIC

FORMAT:
1. As it would appear on coding form.

2. As it would appear in memory.

FUNCTION:

Description of the function directed by
the instruction.

TIMING:

Total Model 316 and 516 execution
time of instruction in microseconds.

NOTES:

Items that may be of interest to the pro-
grammer but are not obvious from the
above information,

EXAMPLE:

Simple textual and illustrative descrip-
tion of a typical instruction execution.
The instruction is given as it would ap-
pear on the coding form and as the in-
volved central processor units would
appear BEFORE and AFTER execu-
tion,
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TABLE 16. 5YMBOLOGY

SYMBOL

MEANING

NSC

nsc

=1

Initial (BEFORE) value has no effect on instruction execution; value will be changed by instruction,

Final (AFTER) value of register will not be affected by instruction execution; value will be same as
initial (BEFORE).

Memory location specified by effective address
Primary arithmetic register

Secondary arithmetic register

Overflow indicator, C bit

Initial (BEFORE) contents of A

Initial (BEFORE) contents of B

0 = no overflow
0 = overflow

Initial (BEFORE) contents of EA

Initial (BEFORE) contents of C

Index register

Initial (BEFORE) contents of X
Normalize shift counter

Initial (BEFORE) contents of NSC
Complement of n e.g., if ¢=0, thenc =1
Program counter, also called P register
Contents of P

Arithmetic precision indicator

Contents of DP
0 = positive

Sign of numerical value _ _ :
1 = negative

Programmer's coding option
Specifies indirect addressing
Specifies indexed addressing
Boundaries between central processor units; e,g., between memory and control unit
Initial (BEFORE) contents of a half-word
n = 1(bits 1 - 8 of register)
n = 2(bits 9 - 16 of register)
Register contents shifted to right
Register contents shifted to left
Bits discarded

Boundaries between central processor and other system units; e,g., between arithmetic unit and
device control,
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DATA HANDLING

The Series 16 instructions set includes
nine ““data handling" instructions, so
named because they manipulate the A,
B, and X registers, the most frequently
used in Series 16 programming. With
these instructions, the Series 16 user
can draw 16-bits of information from
and to memory and the input/output
lines as well as set up an indexing value
for this important capability in memory
addressing.

78

LDA

Load the A Register

FORMAT:
1. LOCATION
Symbol
OPERATION
LDA (*)
ADDRESS, X
Address (,1)
Z, 1 2 7 16
FIT 028 S| Address
FUNCTION:

The control unit is directed to load the
contents of the memory location, spec-
ified by the effective address, into the A
register.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

If the base location, 000008, is addressed
by an LDA instruction, the contents of
the index register are loaded into the A
register.

STA
Store the A Register

FORMAT:

1. LOCATION
Symbol

OPERATION
STA ()

ADDRESS, X
Address (,1)

2, 1 2 7 16
1T 048 S

Address

FUNCTION:

The contral unit is directed to store

the contents of the A register in the
memory location specified by the effec-
tive address.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

If the base location, 000008. is
addressed by the STA instruction, the
contents of the A register are stored in
the index register (X}, as well as the base
location,



[ pare | raze oF
FAOGRAM I CHARGE
TocaTion [B] orimAToN @] AGoRiE X CE— G|
i & %l ha = il -
LPA | | |MEM . ;
1. Assume that the value 176543, is stored in a location MEM.
2. The LDA instruction directs the control unit to load the contents of MEM
into the A register.
MEMORY ,' ARITHMETIC UNIT
12 16 11 16
1
serore: ] e ] ; AN
1
MEM i - A ”
GO e e 765138 [
PROGRANMER [ oare | race of
FROGRAM | esamce
(COcaTion [B] OFURATION ooREEE o] o e eeation
L] L] ] T g
5Th, | [MEM ' ;
1. Assume that the value, 176543g, has been loaded into the A register by an LDA instruction,
2. The STA instruction directs the arithmetic unit to store the contents of the A register ima
lecation, MEM,
MEMORY ARITHMETIC UNIT
1 16 1 16
BEFORE: m\‘& NN | 176543 ]
MEM A
AFTER: | 1765433 | | T
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CRA

Clear the A Register

FORMAT:

I.

LOCATION
Symbol

OPERATION
CRA

ADDRESS, X
Not Applicable

1

140040

8

FUNCTION:

The control unit is directed to replace

the contents of the A register with

ZEeros.

TIMING:

1.6 (316), 0.96 (516) microseconds.
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IAB
Interchange A and B

FORMAT:

1. LOCATION
Symbol

OPERATION
IAB

ADDRESS, X
Not Applicable

2. 1

{J'IZI201§S

FUNCTION:

The control unit is directed to inter-

change the contents of the A and B
arithmetic registers.

TIMING:

1.6 (316); 0.96 (516) microseconds.

IMA
Interchange Memory and A

FORMAT:

1. LOCATION
Symbol
OPERATION
IMA (*)
ADDRESS, X
Address (,1)

2 12 7 16

FIT 138 S| Address

FUNCTION:

The control unit is directed to inter-
change the contents of the memory
location specified by the effective
address with the contents of the A
register.

TIMING:
3.2 (316), 1.92 (516) microseconds.



PROGAAMMER [ oare | race oF
PROGAAM | emunse
wecation [o] cmanow [@] Acemis x o comenTs B enncanon |
a il s i8] | » rln L
CRA :
PP i TR S
T
e Lien PR O
™
ias FPRT . MR
P L PR
T
e PR

1. Assume that the value 00213g, has been loaded into the A register by an LDA instruction,

2, The CRA instruction directs the arithmetic unit to clear the A register; that is, replace the
current value with zeros. This prepares the A register for further program utilization.

1 16
BEFORE: | 00213 |
A
AFTER: FJ :i
FROGRAMMER | eare | rage oF
ROGRAM | cuance
LoCATIoN TRRATION ADCEE % o] T )
1 Ll L3 wl v = nin L
T
i | |kl . i
1. Assume that the contents of the A register is 031245, and the contents of the B register is
076543g.
2. The lAB instruction directs the control to interchange the contents of the two registers; therefore,
the A register now contains 0?65433 and the B regisier contains 031 2458‘
1 16 1 16
BEFORE: | 0 312454 l | 0 165435 ]
A B
AFTER: | 0 765435 | r i] 32454 ‘
ARITHMETIC UNIT
Fite] RAMBE [ oare | race oF
FROGRAM CHARGE i
mﬂw ] B R mennreeanion
0 - . |l o 2l g
IMA_, | [MEM '
Lkt Lo
TR, LLoss A b A i A 4 &

contains 123456 and the A register is loaded with 0134568,

1. Assume that the contents of the location MEM is 013456g and that the contents of A is | 234568,

2. The IMA instruction directs the control unit to interchange the two values; therefore, MEM now

| 6 1 16

BEFORE: [ 0 134565 E | [ 234565 ]
MEM i A

AFTER: | 1 234364 BEE 134568 |
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INK OTK

Input Keys Output Keys
FORMAT: FORMAT:
1. LOCATION 1. LOCATION
Symbol Symbol
OPERATION OPERATION
INK OTK
ADDRESS, X ADDRESS, X
Not Applicable Not Applicable
7 16 2. 1 16
000434 1710204
FUNCTION: FUNCTION:
The control unit is directed to store the  The control unit is directed to store the
contents of the C bit (overflow indica- contents of the sign (high-order) bit of
tor) in the sign (high-order) position of A in the C bit; the second bit of A is
A; the mode of arithmetic precision stored in the DP indicator; and the
(0 = single-precision, , 1 = double-pre- twelfth through the sixteenth bits of A
cision) is stored in the second position are stored in the Normalize Shift Counter.

of A; the third through the eleventh
bits contain zeros; the contents of the TIMING:

NOrma[iZe Shift COUnter are stored in 1.6 (31 6) 0.96 (51 6) microseconds.
the twelfth through the sixteenth posi- i

tions of A.

TIMING:
1.6 (316), 0.96 (516) microseconds

NOTES:

1. This instruction allows the program-
mer to store processor status during
an interrupt routine; however, it
should be done immediately upon

entering the routine in order to be Ly | oirs [ 2

sure that the Normalize Shift Count B f et i Bl WEm— -

is correct. The following example STRd| IsTa . | |ME STORE CONTENTS OF A "
illustrates the coding of an INK co LMK LoAD A WITH STATUS s g ey
instruction immediately upon enter- SAI FEM SIORE_STATVS :
ing an interrupt routine: |

This is necessary because any arith-
metic or shift instruction will clear
the Normalize Shift Counter.

2. C and DP are displayed on the con-
trol panel at the eighth and thirteenth
lamps, respectively, if the OP push
button is pressed.
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FROGR AMMER [ oare [ race oF

b= | oance
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1. Assume that the most recent arithmetic operation caused no overflow; that the computer is in the
double-precision mode; and that the most recent normalize operation required 7 shifts,

2. The INK instruction directs the control unit to load this information in the A register.

wron: ] gHR R

NSC C A

op |
AFTER: r:l ifa||| w0 0 0 [ oo 1 |

PROGRAMMER | pate | race oF

PROGRAM | cusnce

Litatidn [ OMRATIGN AbGREE ® o cosmenTs IDENTHICATION

0 . . L (] = " ﬂ
Ig T

e | IOTE "

arithmetic unit.

oP NSC

BEFORE: s & ‘\Q

11

1. Assume that an interrupt routine has completed service of a given device and that an LDA instruction
has retrieved processor status from memory,

2. The OTK instruction directs the control unit 1o store this information in its proper place in the

16

_—0

111|

PLTe

A

] [
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LDX STX

Load Index Register Store Index Register
FORMAT: FORMAT:
1. LOCATION 1. LOCATION
Symbol Symbol
OPERATION OPERATION
LDX (*) STX (*)
ADDRESS, X ADDRESS, X
Address Address
2. 1 7 16 2. 1 7 16
Fl1 155 |S| Address FIO 15g|S| Address
FUNCTION: FUNCTION:

The control unit is directed to store the The control unit is directed to store the

contents of the location, specified by the contents of the X register in the memory

effective address, in the X register. location specified by the effective
address.

TIMING:

4.8 (316), 2.88 (516) microseconds. TIMING:

3.2 (316), 1.92 (516) microseconds.

NOTES:

1. Note that the operation code in this NOTE:
instruction is contained in bits 2 Note that the operation code is con-
through 6; therefore, this instruction  tained in bits 2 through 6; therefore,
cannot be indexed. However, if in- this instruction cannot be indexed.
direct addressing is specified However, if indirect addressing is
(1 bit = 1), the indirect address specified (F = 1), the indirect
location can specify indexing in address location can be indexed in
the usual manner, the usual manner,

2. Whenever an LDX instruction is exe-
cuted, the value loaded into the index
register (X), is also loaded into the
location in memory, 000008.
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PROGRAMMIR | oare [ race oF
PROGAAM ] CHARGE -1
BEaTson [(p] cMimAnON T ] s W
u L) =l L) L2) » L] £ g
san L ILDX | IN
FEPETH [ VTN : s iuas
P k T S L
Lay P S TR Al P
1. Assume that a location, IN, contains a value, -5, expressed as 177772,
2. The LDX instruction directs the control unit to load the contents of IN in the X register,
1 16
BEFORE: | 1777728 | :
IN :
AFTER: | | | I 1777728 —|
MEMORY CONTROL UNIT
PROGRAMAMER [ oare | ragx o
FROGRAM | cHance
[ ORERATION ADORISE X OI U e
! o e | | » n|n
s LISTA || MEM . L
Eg I . i
n L . L
L1 gy it

1. Assume that the value 01000y is loaded into the X register.

2. The STX instruction directs the control unit to store the value 01000y in the location MEM.

|
BEFORE: N ! [o 01000g |
MEM | X
| ;
AFTER: |n 01000g | - [ - _Q.I
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ARITHMETIC ADD
The basic Series 16 arithmetic instruc-
tions enable simple computation with Add
overflow.
FORMAT:
1. LOCATION
Symbol
OPERATION
ADD (*)
ADDRESS, X

Address (,1)
x .2 7 16

T|F 06g |S| Address

FUNCTION:

The control unit is directed to add, alge-
braically, the contents of the A register
to the contents of the memory location
specified by the effective address. The
operation takes place in the adder and
the result is stored in the A register.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTES:

1. If overflow occurs, (overflow can
occur only when adding quantities
with the same sign) the overflow in-
dicator (C bit) is set.

2. Negative numbers are expressed in
twos-complement notation.
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TCA

Twos-Complement A

FORMAT:
1. LOCATION
Symbol
OPERATION
TCA
ADDRESS, X
Not Applicable
2 1 16
141407
FUNCTION:

The control unit is directed to comple-
ment the value of the A register and to
increase the result by the binary value 1,
in order to derive the twos comple-
ment of the original contents of the A
register.

TIMING:
2.4 (316), 1.44 (516) microseconds.

NOTE:

The twos complement of any number is
obtained by deriving the ones comple-
ment {change all 0's to 1'sand all 1’s

to 0’s) and increasing the result by one

(1).



PROGRAMME R | mare [ race oF

FROGRAM | onamce

Wl o] comsnTs. em

3 al s sl g = nin '—'5
T

oo | JADD, , | IMEM i e

i P Logenigg

00762g, is stored in location MEM.

algebraically combined; then, they are stored in the A register.

1. Assume that the decimal value 50 is stored in the A register, expressed as 00062g and that the value,

2. The ADD instruction directs the control unit to route the two values to the adder where they are

, 6 12 18
BEFORE:F 007625 r | [° s |
MEM : A
I
aTER: LB | 1P i |

[ | bare | raae o
PROGRAM | cuance
LOCATiom CURATION ACCRE X B comtnTs. W
0 al s el iz = nln =l
L ) TEA . s

A register,

BEFORE:'O o010 10 111 umi

AFTER: |1 000 101 001 000 111J

1. Assume that the value 0 111 010 110 111 0019 is loaded in the A register,

2, The TCA instruction directs the control unit to derive its twos complement and store the result in the
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ACA
Add Overflow Bit To A

FORMAT:

1. LOCATION
Symbol

OPERATION
ACA

ADDRESS, X
Not Applicable

2 1 16
1412168

FUNCTION:

The control unit is directed to add, alge-

braically, the contents of the overflow
bit (C bit) to the low-order bit of the A
register with the result being stored in
the A register.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:

1. This instruction can be used to test
overflow status after an arithmetic
operation.

2. This instruction can be used in
double-precision program subrou-
tines to carry overflow from the
least significant word to the low-
order bit of the most significant
word.
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AOA
Add One to A

FORMAT:

1. LOCATION
Symbol

OPERATION
AOA

ADDRESS, X
Not Applicable

2 1 16
1412064

FUNCTION:

The control unit is directed to add, alge-

braically, the binary value 1 to the least
significant bit of the A register. The re-
sult is stored in the A register. An over-
flow causes the setting of the overflow
indicator (C bit),

TIMING:
1.6 (316), 0.96 (516) microseconds.

SUB
Subtract

FORMAT:

1. LOCATION
Symbol

OPERATION
SUB (*)

ADDRESS, X
Address (,1)

2. 1 2 7 16
0?8 S| Address

FUNCTION:

The control unit is directed to subtract
the contents of the memory location
specified by the effective address from
the contents of the A register; the re-
sult is stored in the A register,

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTES:

1. If the signs of the minuend and sub-
trahend are the same, the C bit is
inhibited.

2. If the signs of the minuend and the sub-
trahend are different, overflow is
allowed.
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1. Assurme that the program has instructed the addition of the low-order word of a multiprecision
constant; this addition has caused an overflow (C bit),

2. The program then stores the low-order result and loads the A register with the high-order addend.

3. The ACA instrustion directs the control unit to add the overflow bit to the low-order bit of the A

register.
1 16
BEFORE: m | o m m 0 o1 m I
Chit A REGISTER

AFTER: D

|0 o1 o1 100 ouol

[ reocrassen [ eare FADE oF
FROGRAM | crianas

ToEkTon |3 CPAATIoN [B] ADGRE X D G
U a . wl k] il ki) |
o oA : : :

PR

PR PR

register now contains the value 177777g.

1. Assume that the value 177776 is loaded into the A register.

i
BEFORE: § l1 momoan
L

C A

16
11 Hcl .
1

2. The AQA instruction directs the control unit to add one (1) to the A register; therefore, the A

AFTER: El |'l moo1moan 111 1
| oare | ract oF
FROGRAM | crance
LOCATION ORERATION ADORES X D= ]
' af Jo ol | = ln

in a location iNP,

1. Assume that the value 00775g is stored in the A register and that the value 000075g is stored

2, The SUB instruction directs the contrel unit to subtract INP from A to derive the value 0007004 in A,

132 . 16
BEFORE: Iol 00075g | : jcl 00775g ]
L ;
1
aer: ! 007005 ]




LOGIC ANA
The logical operations, key to any com-
puter program'’s decision-making cap- Logical And to A

ability, are enabled by this set of seven
Series 16 instructions. Both key opera-= FORMAT:

tions, ANDing and ORing, are included. 1. LOCATION
Symbol
OPERATION
ANA (*)
ADDRESS, X
Address (,1)
2. 12 7 16

FIT 038 S| Address

FUNCTION:

The control unit is directed to perform
a Logical AND operation on the con-
tents of the memory location specified
by the effective address and the con-
tents of the A register, on a bit-by-bit

basis, according to the AND truth table:

Bit valuein“a” [0 | 1 011

Bitvaluein“m” | 0 | O 1 1
“a’ AND “m" 0|0 0| 1

The result of this logical comparison
is stored in the A register.

TIMING:
3.2 (316), 1.92 (516) microseconds

CSA
Copy Sign and Set Sign Plus

FORMAT:

1. LOCATION
Symbol

OPERATION
CSA

ADDRESS, X
Not Applicable

2. 16
1403204

FUNCTION:

The control unit is directed to store
the sign (high-order bit) of the A re-
gister in the overflow indicator (C
bit) and to place zero (plus) in the
high-order position of A.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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1. Assume that you could see only the two low-order and two high-order bits of the A register and
a location, MEM.

2. The ANA instruction directs the control unit to perform a logical AND operation on these two
values, The result is stored in A,

1.2 141516 12 141516
BEFORE: SEU sels]
MEM ; A
| Colol]
AFTER: D | uun
MEMORY | ARITHMETIC UNIT
PROGRAMMER | oam oF
PROGRAM
Lecation (o] onanos [a] scoms = o] ot [
i . & L = prd sl
T
e SR _ ,
P Liaa A

P PR

PETSTarY

1. Assume that the value 176543g is loaded into the A register,

€ plus {plus a zero in C).

2

BEFORE: § l: | 765435

C A

2, The CSA instruction directs the control unit to store the sign (high-order bit) of A in C and to set
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CHS

Complement the Sign of A

FORMAT:

1. LOCATION
Symbol

OPERATION
CHS

ADDRESS, X

Not Applicable
2. 1 16
1400248

FUNCTION:

The control unit is directed to replace
the high-order bit of A with its com-
plement.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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CMA
Complement the A Register

FORMAT:

1. LOCATION
Symbol

OPERATION
CMA

ADDRESS, X
Not Applicable

2. 1 16
140401¢

FUNCTION:

The control unit is directed to replace
the contents of the A register with its
ones complement.

TIMING:
1.6 (316), 0.96 (516) microseconds,

NOTES:

1. This operation is termed ones com-
plementing, in contrast to the
twos-complementing operation re-
ferred to earlier,

2. To form the ones complement, re-
place all zeros with ones, and all
ones with zeros.

ERA
Exclusive Or to A

FORMAT:

1. LOCATION
Symbol

OPERATION
ERA (*)

ADDRESS, X
Address (,1)

2.1 2 7 16
FIT 058 Address

W

FUNCTION:

The control unit is directed to per-
form the Exclusive OR operation on
the contents of the memory location
specified by the effective address and
the contents of the A register, on a bit-
by-bit basis, according to the Exclusive
OR truth table,

Bit Valueina” |0 ] 0 1

Bit Value in “m” |0 [ 1 0

3" ExOR “*m" 011 1

The result of the logical comparison is
stored in A.

TIMING:
3.2 (316), 1.92 (516) microseconds,



[ oate 1 ace oF
FROGRAM [ evarce
ocation [3] oFiAATION 3] ADORTE X o] T 7 Caa
1 4l I8 Wl e = nin %
T
o | ICHS, | : L APk A
L Frara . PP
e Ly FRF L ST
AL, i
- bttt
" L i popgeny

1. Assume that the value 1777665 is loaded

2. The CHS instruction directs the control unit to replace the sign of A (1) with its complement (0).

into the A register,

1.2 16
BEFORE: lll T7766 |
A
arter: o |
[ oare | mace oF
PROGRAM | cranas
LOCA T O RATION ACORESS X ﬂﬁ—l‘ull 9 TG RTIF IS ATION
" 4 L] 1) " k. nin
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2

Assume that the value 1234565 is loaded into the A register.

The CMA instruction directs the control unit to perform a ones-complement operation on the
contents of the A register; therefore, the A register now contains the value, 054321g.

12 16

BEFORE: |1 010 011 100 101 110 ]

AFTER: |U 101 100 011 010 00 J

PROGRAMMER [ pame [ race of
PROGRAM CHARGE
TocaTion @] GAAATION [0] *oowim X C et B[N
i s wf i = ali )
ERA . [ IMEM i
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visible,

two values. The result is stored in A.

1.2 15 16 1 2

BEFORE:

AFTER:

MEM

1. Assume that the two low-order and high-order bits of the A register and a location, MEM, are

2. The ERA instruction directs the control unit to perform a logical Exclusive OR operation on thest

1516

|
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SSM
Set Sign Minus
FORMAT:
1. LOCATION
Symbol
OPERATION
SSM
ADDRESS, X
Not Applicable
2, 1 16
1405004
FUNCTION:

The control unit is directed to replace

the high-order bit of the A register
with a one,

TIMING:

1.6 (316), 0.96 (516) microseconds.
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SSP
Set Sign Plus

FORMAT:

1. LOCATION
Symbol

OPERATION
SSP

ADDRESS, X

Not Applicable
2 1 16
1401 008

FUNCTION:

The control unit is directed to replace
the high-order bit of the A register
with a zero,

TIMING:
1.6 (316), 0.96 (516) microseconds.
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T, Assume that the value 012345z is loaded into the A register,

2. The SSM instruction directs the contral unit to place a one in the high-order position of A; therefore,
A now contains the value of 112345g,

1 2 16
BEFORE: |4}‘ 123454 |
A
AFTER: [1[ |
FROGR AMMER [ oame [ race oF
FROGRAM | cnance
[ FERATION Do % B commnrs | AT EATION
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contains the value 0123455,

12 16
BEFORE: H 123454 ]
AFTER: o] |

1. Assume that the value 112345 is loaded into the A register,

2. The SSP instruction directs the cantrol unit to replace the sign of A (1) with a zero; therefore, A now
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SHIFT

A series of twelve “shift” instruc-
tions enable data manipulation at the
bit level and ensure an even more
economical utilization of Series 16
memory in applications where para-
meters can be reduced to simple yesses
and nos.
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ALR
Logical Left Rotate

FORMAT:

1. LOCATION
Symbol

OPERATION
ALR

ADDRESS, X
Number of Shifts

2 10 11 16
0416 | Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to rotate
the contents of the A register to the
left as many positions as specified. The
high-order bit is shifted to the low-
order bit and the C bit. The C bit re-
tains the value of the last bit shifted
into the low-order bit of A.

TIMING:

1.6 (316), 0,96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to twos-complement nota-
tion.

ARR
Logical Right Rotate

FORMAT:

1. LOCATION
Symbol
OPERATION
ARR

ADDRESS, X
Number of Shifts

2 1 10 11 16

04064 Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to rotate
the contents of the A register to the
right as many places as specified. The
low-order bit is shifted to the high-
order bit, and the C bit. The C bit re-
tains the value of the last bit shifted
out of the low-order bit of A,

TIMING:

1.6 (316), 0.96 (526) plus 0.8 N
microseconds. N = number of shifts,

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes
the conversion to twos-complement
notation.
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1. Assume that the value © 000 000 111 111 111g is loaded into the A register,

2. The ALR instruction dirécts the control unit to rotate the contents of the A register 9 places to the
left. The C bit retains the value of 1, the last bit shifted into the low-order of A,

1 16
BEFORE: |o 000 000 111 111 111 |
b
C A
AFTER: D I] 11 111 000 000 011 ]
FROGRAMMER [ pate | raze oF
PROGIAM | enance
ToCaTion GRERATION ATORIE X T CommtnTs 6||ﬁk’|’|l‘nl|m
' o s " [u: = r =
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1. Assume that the value 0 000 000 111 111 111y isloaded into the A register.

2. The ARR instruction directs the control unit to rotate the contents of the A register 2 places ta the
right. The C bit retains the value of 1, the last bit shifted from the low-order bit.

1 16
BEFORE: [07000 000 111 111 m |
c

A

AFTER: B F“}U 000 001 111 I !
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ALS
Arightmetic Left Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
ALS

ADDRESS, X
Number of Shifts

21 10 11 16

Shifts*

0415¢

*In twos-complement notation

FUNCTION:

The control unit is directed to shift the
contents of the A register to the left as
many places as specified. If this shift
causes the sign (high-order) bit to
change, the C bit is set (C=1). If the
sign does not change, the C bit re-
mains 0,

TIMING:

16(316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes
the conversion to twos-complement
notation.
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ARS
Arithmetic Right Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
ARS

ADDRESS, X
Number of Shifts

2.1 10 11 16

Shifts*

0405¢

*In twos-complement notation

FUNCTION:

The control unit is directed to shift
the contents of the A register to the
right as many places as specified. The
sign value is shifted into the vacated
high-order position. The low-order
bit is shifted to C; then C is dis-
carded. C retains the value of the last
bit shifted when all shifts are com-
pleted.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of
shifts.

NOTES:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to twos-complement
notation.

LGL
Logical Left Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
LGL

ADDRESS, X
Number of Shifts

2. 1 10 11 16

Shifts*

0414

*In twos-complement notation

FUNCTION:

The control unit is directed to shift the
contents of the A register to the left as
many places as specified. Zeros replace
the vacated low-order bits of A, The C
bit retains the value of the last bit
shifted from the high-order bit of A.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTES:

1. The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes
the conversion to twos-comple-
ment notation.

2. After 16 or more shifts, the A re-
gister contains zeros.
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1. Assume that the value 0 000 000 111 111 111g is loaded into the A register,

2, The ALS instruction directs the control unit to shift the contents of the A register 15 plages to the
left. The C bit retains the value of 1, because the original sign, 0, changed value,

BEFORE:

AFTER:

[

16

|o 000 000 111 111 111 |

A

|1moomoooomooo—l
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1. Assumne that the value 0 000 D00 111 111 111g is loaded into the A register.

2, The ARS instruction directs the control unit 1o shift the contents of the A register 3 places to the
right. The C bit retains the value of 1, the last bit shifted from A,

S 2 16

BEFORE: |0 000 000 111 111 111 |

AFTER: D lO 000 000 000 111 111 ]
PROGHAMMER [ oare | race o
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1. Assume that the value 0 000 000 111 111 1115 is loaded into the A register,
2. The LGL instruction directs the control unit to shift the contents of the A register 16 places to the
left. The C bit retains the value of 1, the last bit shifted from A,

1 16
|0 000 00O 011 111 111 |

BEFORE:

A

|0000000000W3000 |




LGR
Logical Right Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
SSP

ADDRESS, X
Not Applicable

2. 1 1011 16

04044 Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to shift the
contents of the A register to the right as
many places as specified. Zeros replace
the vacated high-order positions of A.
The C bit retains the value of the last
bit shifted from A.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTES:

1. The number of shifts desired is
expressed in decimal notation on
the coding form. The assembler
makes the conversion to twos-
complement notation.

2. After 16 or more shifts, the A
register contains zeros,
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LRS
Long Arithmetic Right Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
LRS

ADDRESS, X
Number of Shifts

2.1 1011 16

0401

8 Shifts*

#In twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 31-bit register
with A the most significant. The con-
tents of this register are shifted to the
right as many places as specified. The
sign value is shifted into the vacated
high-order positions. Bits are shifted
from the low-order position of A to
the second position of B. The C bit
takes the value of the last bit shifted
from the B register.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts,

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to twos-complement nota-
tion.

LLS
Long Arithmetic Left Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
LLS

ADDRESS, X
Number of Shifts

2 1 1011 16

0411 Shifts*

8

*In twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 31-bit register
with A the most significant. The con-
tents of this register are shifted to the
left as many places as specified. Zeros
are shifted into the vacated low-order
positions, Bits are shifted from the
second position of B to the low-order
position of A. The C bit takes the value
of 1, if the “S" bit changes value.
“Arithmetic" indicates that the high-
order bit of B is ignored.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to twos-complement nota-
tion.
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1. Assume that the value 0 000 000 111 111 111g is leaded into the A register.

2. The LGR instruction directs the control unit to shift the contents of the A register 1 place 1o the
right. The C bit retains the value of 1, the last bit shifted from A

I 6
|o 000 000 111 111 111 |

A

IU 000 000 01T 111 1 J
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1. Assume that the value, 0
arithmetic registers.

places as specified.

TIT 107 190 117 000 0 000 000 000 111 1119, is leaded into the

2, The LES instruction directs the control unit to shift the contents of the A and B registers as many

m o DDD‘ LIDDD 000 000 111 |

BEFORE: [0 " o
C

A B

AFTER: @|0 000 000 000 111 Illl Illll 1 000 000 000 |

PROGIAMMER | oare | race af
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T
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arithmetic registers,

places as specified.

2

1. Assume that the value, 0 111 117 111 111 000 0 000 000 000 111 1119, is loaded into the

2, The LLS instruction directs the control unit 1o shift the contents of the A and B registers as many

16

BEFORE: |rI:|2||| REREITEERE oooml unoo 000 000 111 111 |

AFTER: B |'I_[III 000 000 000 000 l | |H] T 000 000 000 |
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LRL
Long Right Logical Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
LR

ADDRESS, X
Number of Shifts

2 1 1011 16

04008 Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 32-bit register
with A the most significant. The con-
tents of this register are shifted to the
right as many places as specified. Zeros
are shifted into the vacated high-order
positions. Bits are shifted from the low-
order position of A to the high-order
position of B, The C bit takes the

value of the last bit shifted from the

B register,

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to lwos-complement nota-
tion.
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LLL
Long Left Logical Shift

FORMAT:

1. LOCATION
Symbol

OPERATION
LLL

ADDRESS
Number of Shifts

2L 1011 16

04]08 Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 32-bit register
with A the most significant. The con-
tents of this register are shifted to the
left as many places as specified. Zeros
are shifted into the vacated low-order
positions. Bits are shifted from the
high-order position of B to the low-
order position of A. The C bit takes
the value of the last bit shifted from
A.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes the
conversion to twos-complement nota-
tion.

LLR
Long Left Rotate

FORMAT:

1. LOCATION
Symbol
OPERATION
LLR

ADDRESS, X
Number of Shifts

2 1011 16

141 28 Shifts*

*n twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 32-bit register
with A the most significant. The con-
tents of this register are rotated to the
left as many places as specified. Bits
are shifted from the high-order posi-
tion of B to the low-order position of
A. The C bit takes the value of the last
bit shifted into the B register,

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes
the conversion to twos-complement
notation,
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1. Assume that the value, O 111 101 110 111 000 O 000 000 000 111 1119, is loaded into the

arithmetic registers,

The LRL instruction dirécts the control unit to shift the contents of the A and B registers as many
places as specified.

|ﬂ 000 000 000 111 1n —l

B

|I 1M 110 000 000 UUOJ
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1. Assume that the value, 0 111 117 111 111 000 0 000 00D Q00 111 1113, is loaded into
the arithmetic registers,

2. The LLL instruction directs the control unit to shift the contents of the A and B registers as many
places as specified.

111 111 000 J |Lm0 000 000 1 H'I—l
A B

BEFORE: lﬂ mroan
C

AFTER: |I||: 111 000 000 000 000 | [o 1m 111 000 000 000 |
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1. Assume that the value, 0 111 101 111 111 000 0 000 00O 000 111 1119, is loaded into the
arithmetic registers,

2. The LLR instruction dirccts the control unit to rotate the contents of the A and B registers as many
places as specified.

16

; 16
BEFORE: [o v v oo

|_ouoo 000 000 111 ||||

A

B

c
AFTER: |I| I] 1

000000000000'

|0 1M e o1 i [
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LRR
Long Right Rotate

FORMAT:

1. LOCATION
Symbol

OPERATION
LRR

ADDRESS, X
Number of Shifts

2.1 1011 16

0402g Shifts*

*In twos-complement notation

FUNCTION:

The control unit is directed to treat the
A and B registers as one 32-bit register
with A the most significant. The con-
tents of this register are rotated to the
right as many places as specified. Bits
are shifted from the low-order posi-
tion of B to the high-order position

of A. The C bit takes the value of the
last bit shifted from the B register.

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds. N = number of shifts.

NOTE:

The number of shifts desired is ex-
pressed in decimal notation on the
coding form. The assembler makes
the conversion to twos-complement
notation,
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BYTE-HANDLING CAL
In those cases, where data is encoded in
6- or 8-bit codes, the Series 16 instruc- Clear Left Half of A
tions set provides five “byte-handling”
instructions that also save on memory FORMAT:
requirements, 1. LOCATION
Symbol
OPERATION
CAL
ADDRESS, X
Not Applicable
2.1 16
141 USUS
FUNCTION:

The control unit is directed to replace
the contents of the first half of the
arithmetic register with zeros; the
second half of the register is un-
changed.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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1. Assume that the value, O 111 171 111 111 000 O ODO 000 000 111 1114, i loaded into the
arithmetic registers.,

2. The LRR instruction directs the control unit to rotate the contents of the A and B registers as many
places as specified,

BEFORE: |0 m o nr o 0o | |D 000 000 000 111 I I

C A B

AFTER: E |0 oot 11 1o 1moan | [l 11 110 000 00 000]
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with zeros; the second half of the A register remains the same.

1 89 16
A
AFTER: [0 o0 oo of |

1. Assume thevalue 0 111 111 101 101 1119 is loaded into the A register.

2. The CAL instruction directs the control unit to replace the high-order eight bits of the A register

105



CAR

Clear Right Half of A

FORMAT:
1. LOCATION
Symbol
OPERATION
CAR
ADDRESS, X
Not Applicable
2.
1410444
FUNCTION:

The control unit is directed to replace
the contents of the low-order eight bits
with zeros.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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ICA
Interchange Characters in A

FORMAT:

1. LOCATION
Symbol

OPERATION
ICA

ADDRESS, X
Not Applicable

2.1 16

141 3408

FUNCTION:

The control unit is directed to inter-
change the high-order eight bits of
the arithmetic register with the low-
order eight bits of the arithmetic
register. The high-order bit changes
position with the ninth bit; the
second bit changes position with
the tenth bit; etc., until the eighth
bit changes position with the low-
order bit,

TIMING:
1.6 (316), 0.96 (516) microseconds.

ICL

Interchange and Clear Left Half of A

FORMAT:

1. LOCATION
Symbol

OPERATION
ICL

ADDRESS, X
Not Applicable

2.1 16

141140g

FUNCTION:

The control unit is directed to store
the high-order eight bits of the arith-
metic register in the low-order eight
positions; the low-order eight bits
are discarded; the high-order eight
positions are filled with zeros.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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1. Assume thevalue 0 117 111 110 010 11713 to be loaded in the A register.

2. The CAR instruction directs the arithmetic unit to replace the low-order ecight bits of the A register
with zeros; the high-order bits remain the same.

1 39
BEFORE: |a m oo §\\w
A
AFTER: | [ oo o0 o0
PROGAAMMER [ oare | race o
PROGAAK [unlcl
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cight bits,
1 a9 16
BEFORE: | 1 1m 11 |DD 000 mal
A
AFTER: |D 000 000D UPII 11 II1|

ARITHMETIC UNIT

Lo Assime that the value 1 11T 111 100 000 0004 is loaded in the A register.

2. The ICA instruction directs the control unit to interchange the high-arder cight bits with the low-order

PROGRAMMER | pare [ race as
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1101 001 111 000 107,

bits are discarded,

BEFORE:

AFTER:

1. Assume that the USASCII characters "'SE" are loaded inta the A register in their binary form,

2. The ICL instruction directs the cantral unit to store the first eight bits in the low-order cight
positions and to replace the high-order eight positions with zeros. The ariginal low-order eight
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ICR CONTROL
The Series 16 control instructions,
Interchange and Clear Right Half of A especially the Compare (CAS) and
interrupt-related commands, give
FORMAT: the Series 16 important real-time
1. LOCATION capabilities.
Symbol
OPERATION
ICR

ADDRESS, X
Not Applicable

2.1 16

1 412408

FUNCTION:

The control unit is directed to store
the low-order eight bits of the arith-
metic register in the high-order eight
positions; the low-order positions are
filled with zeros; the high-order eight
bits are discarded.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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CAS

Compare

FORMAT:

1. LOCATION
Symbol

OPERATION
CAS (*)

ADDRESS, X
Address (,1)

2. 12 7 16

FIT] 1 S| Address

FUNCTION:

The control unit is directed to compare,
algebraically, the contents of the A
register with the contents of the loca-
tion in memory specified by the effec-
tive address.

2

If the contents of the A register are
greater than the contents of the
memory location, the program ex-
ecutes the next instruction.

. If the contents of the A register are

equal to the contents of the mem-
ory location, the program skips the
next instruction.

. If the contents of the A register are

less than the contents of the mem-
ory location, the program skips the
next two instructions.

TIMING:
4.8 (316), 2.88 (516) microseconds,
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1. Assume that the USASCII characters “SE" are stored in the A register as
1101 001 111 000 1013,

2. The ICR instruction directs the control unit to store the low-order cight bits (E) in the high-order eight
positions. The high-order eight bits are discarded, The law-order ¢ight positions are filled with

2eros.
9 16
BEFORE: 1 000 000]
A
AFTER: [l 100 010 1|00 000 000]
| oare [ race oF
FROGRAR T
[LocaTion |@] orimation ToOREE X o] cin B[ oenTicaTan
1 . - ) 3 = pidgE]
GO, | CAS, | |MEM ;
0.1, | HEK | if a >MEM
02, | KK, if_a = MEM e
Fs,s, e | i a < MEM i

in the A register.

next instruction. The instruction at GO2 is executed.

MEMORY ARITHMETIC UNIT

1. Assume that the value 0 000 000 000 000 00]2:'5 stored in the location MEM, and is loaded

2. The CAS instruction directs the control unit 1o compare the two values algebraically, Bec_ause
they are equal, the program counter was increased by two, and the program effectively skips the

CONTROL UNIT

BEFORE: l 00001 J I_ 000014

AFTER:
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IRS
Increment, Replace, and Skip

FORMAT:

1. LOCATION
Symbol

OPERATION
IRS (*)

ADDRESS, X
Address (,1)

2. T2 7

16

FIT 128 S| Address

FUNCTION:

The control unit is directed to route
the contents of the memory location
specified by the effective address to
the adder. The value of the contents
is increased by one and returned to
the specified memory location.

1. If the result is not equal to zero,
execute the next instruction.

2. If the result is zero, skip the next
instruction,

TIMING:
4.8 (316), 2.88 (516) microseconds.
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ENB
Enable Interrupt

FORMAT:

1. LOCATION
Symbol

OPERATION
ENB

ADDRESS, X
Not Applicable

2.1 16

000401 ¢

FUNCTION:

The control unit is directed to permit
interruption of the program execution.

TIMING:
1.6 (316), 0.96 (516) microseconds,

NOTES:

1. The permit interrupt status does
not take effect until the com-
pletion of the instruction follow-
ing the ENB instruction.

2. This has no effect on the power-
failure level of interrupt,

INH
Inhibit Interrupt
FORMAT:
1. LOCATION
Symbol
OPERATION
INH
ADDRESS, X
Not Applicable
2. 1 16
001 0018
FUNCTION:

The control unit is directed to pro-
hibit the interruption of program
execution. This is accomplished by
resetting the System Interrupt function
in the control unit.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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1. Assume that the value T 111 117 111 171 1114 is stored in the location MEM,

2, The IRS instruction directs the control unit to route the contents of MEM to the adder where
it is increased by one. The result is stored in MEM; the result is zero, therefore the P register
is increased by two; that is, the next instruction is skipped.

1
BEFORE: i T ! I I ot |
1
|
MEM 1 P
1
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HLT
Halt

FORMAT:

1. LOCATION
Symbol

OPERATION
HLT

ADDRESS, X

Not Applicable
2. 16
0000008

FUNCTION:

The control unit is directed to stop
program execution,

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:

1. The program begins execution at the
point at which it was halted only
after the START button on the
panel is pressed.

2. Because of the nature of this in-
struction, no generalized descrip-
tion of central processor activity
is necessary,
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NOP
MNo Operation

FORMAT:

1. LOCATION
Symbol
OPERATION
NOP

ADDRESS, X
Not Applicable

2, 1 16

1010004

FUNCTION:

The control unit is directed to perform
no program operation. The program
proceeds to the next instruction.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

The programmer finds this instruction
useful at the end of a logical block of
instructions. The NOP instruction can
be used to patch in instructions or to
fulfill timing requirements.

JMP
Unconditional Jump

FORMAT:

1. LOCATION
Symbol

OPERATION
JMP (¥)

ADDRESS, X
Address (,1)

212 7 16

FIT 018 S| Address

FUNCTION:

The control unit is directed to store
the effective address, found in the
Y register, in the P register,

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

In order to branch from the present or
the base sector, an indirect or indexed
JMP instruction can be used.



PROGRAMMER | oate [ race oF

PROGRAM | enamce
lmﬂmﬁ CHRATION ﬁr ADeME = D] | BT
1 o ls 0] ha » mln =

STRT| [¥A¥

LooPl WMP | [STRT i

PR S R

1. Assume that the instruction located at LOOP in the program is being executed and that that
location cantains a |MP instruction,

2. The JMPinstruction directs the control unit to store the effective address STRT in the P register
the instruction at STRT would be executed next.

i 16

BEFORE: | LOOP |
P

AFTER: L STRT [
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JST
Jump and Store Location

FORMAT:

1. LOCATION
Symbol
OPERATION
JST (%)
ADDRESS, X
Address (,1)

2. 12 7 16

FIT| 10 Address

w

8

FUNCTION:

The control unit is directed to store
the contents of the P register in the
location specified by the effective
address. The effective address, found
in the Y register, is increased by one
and routed to the P register.

TIMING:
4.8 (316), 2.88 (516) microseconds.

NOTES:

1. The high-order bits of the P register
are not affected by the operation.

2. The JST instruction is used exten-
sively in subroutine linkages; that is,
a |ST instruction in the main pro-
gram will cause the program to
branch to some subroutine begin-
ning at a location one higher than
the effective address. The pro-
grammer stores the point in the
main program to which he wishes
to return at the location specified
by the effective address.
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RCB

Reset C Bit
FORMAT:
1. LOCATION
Symbol
OPERATION
RCB
ADDRESS, X
Not Applicable
2, 1 16
1402008
FUNCTION:

The control unit is directed to replace
the value in the C bit with a zero.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Because of the nature of this instruc-
tion, no generalized description of
central processor activity is necessary.

SCB
Set C Bit

FORMAT:

1. LOCATION
Symbol

OPERATION
SCB

ADDRESS, X
Not Applicable

2.1 16
140600¢

FUNCTION

The control unit is directed to replace
the value in the C bit with a one,

TIMING:
1.6 (316), 0.96 (516) microseconds.



PROGRAMMER | oate | raoe oF

PROCRAM | euanox

WOCA Teow. O A TN ADORESE X Q} O W TE e ADRATIN A ToON

o alde el la - aln

STRT| A% i ;
AU I ) iy
oW | [5T. . [[STRT ' G

1. Assume that in program exccution, the address of an instruction located at NOW, is in the
P register. The instruction is a JST instruction,

2, The JST instruction directs the contral unit to store the point in the program to which it
wishes 1o return [NOW + 1) at location STRT and o continue program execution at a point
in the program one higher than the point at which NOW + 1 is stored.

-
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SKP
Unconditional Skip
FORMAT:
1. LOCATION
Symbol
OPERATION
SKP
ADDRESS, X
Not Applicable
2. 1 16
1000008
FUNCTION:

The control unit is directed to skip the
next instruction under all conditions.

TIMING:
1.6 (316), 0.96 (516) microseconds.
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SLN
Skip if Low-order Bit One
FORMAT:
1. LOCATION
Symbol
OPERATION
SLN
ADDRESS, X
Not Applicable
2= 1 16
101 100g
FUNCTION:

The control unit is instructed to increase
the P register by two if the low-order bit
of the A register is one.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Because of the nature of the instruction,
no generalized description of central
processor activity is necessary. Program
action is described below:

Condition Program Action
a1 = 0 Execute next instruction
a1 = 1 Skip next instruction

SLZ
Skip if Low-order Bit Zero

FORMAT:

1. LOCATION
Symbol

OPERATION
SLZ

ADDRESS, X

Not Applicable
2.1 16
100100g

FUNCTION:

The control unit is instructed to increase
the P register by two if the low-order bit
of the A register is zero.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Because of the nature of the instruction,
no generalized description of central
processor activity is necessary. Program
action is described below:

Condition Program Action
Low-order Skip next instruction
bit=0

Low-order Execute next instruction
bit=1



FROGRAMMER | oare | raae oF
FROGAAM | cuange
LocaTion |3 cramation ADOREE 3 O o £ nTiricaTion
i + L) ) 7] = ralr L
gel | |SKE , :
Goz, | #¥¥ ' iy,
603, | hedk :
P A . PSP ST
il i
1. Assumne the program to be executing an instruction located at “GO" in memory.
2. The SKIP instruction at that location directs the control unit ta skip the next instruction,
located at “GO2" and exccute the instruction at “GO3,"
1 16
I
BEFORE: | [#a)] |
I
I
i F
11 16
1
AFTER: | L GO3 |
| oare | race oF
PROGAAM | enanas
Leanion @] DMAATON || aoonEss ® o coumiaTE @'umumm
' al la wl |wr = rdir] E‘
G0l [SLN ' :
Goz, | X% | i Ap=2 R
6,03, | XK if Ag=1 AR

1. Assume that 012345 is loaded in A.

the next instruction,

2. The SLN instruction directs the control unit to increase the P register by Lwo; that is, to skip

1 61
BEFORE: |0 001 010 011 100 101—| ! | Gol |
A : [
I
AFTER: | | 't | GO3 -l
ARITHMETICUNIT | CONTROL UNIT

| oare [ race oF
FROGRAM | enam
LoCATion |3 CPERATION [B] Acomim x ] cosstnTs érmumnm
. L) & ey g = nin -
Gol | SLZ i :
T T
oz, | K | if 3,5=1 R
503, | FHK if 31p=2 i ;
FEPRY L i s .
1. Assume that 012345 is loaded into the A register,
2,  The SLZ instruction directs the control unit to increase the P register by one tam =1);

AFTER:

that is, executle next instruction.

BEFORE: l::l 001 010 011 100 1: | I GOl 1
A P

EEaE [ =
ARITHMETIC UNIT CONTROL UNIT
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SMI
Skip if A Minus

FORMAT:

1. LOCATION
Symbol

OPERATION
SMI

ADDRESS, X
Not Applicable

2 1 16
101400¢

FUNCTION:

The control unit is directed to increase
the P register by two if the sign (low
order bit) of A is one,

TIMING:
1.6 (316}, 0.96 (516) microseconds.

NOTE:

Because of the nature of the instruction,
no generalized description of central
processor activity is necessary. Program
action is described below:

Condition Program Action
Sign (ag) Execute next instruction
of A=0

Sign (aq) Skip next instruction

of A=1
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SPL
Skip if A Plus

FORMAT:

1. LOCATION
Symbol

OPERATION
SPL

ADDRESS, X

Not Applicable
2. 1 16
1004004

FUNCTION:

The control unit is directed to increase
the P register by two if the sign (high-
order) bit of the A register is zero.
TIMING:

1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
Sign (a;) Skip next instruction

of A=0

Sign (a) Execute next instruction
of A=1

SNZ
Skip if A Not Zero

FORMAT:

1. LOCATION
Symbol

OPERATION
SNZ

ADDRESS, X

Not Applicable
. 16
101040¢

FUNCTION:

The control unit is directed to increase
the P register by two if the contents of
the A register is anything other than
zero {0000008).

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition
a= 00000(}8 Execution next instruction
a¥ 000000g Skip next instruction

Program Action



FROGRAMMER [ oate [ race ar
FROGRAM | emance
w ¥ & Coumuts ) ]
1 af s w fi2 = n|n =
{Gel | SML | ' . .
E.a.& RE if As positive ey
03, | BokE if A is negative. anas
1. Assume that 0123458 is loaded into the A register,
2. The SMI instruction directs the control unit Lo increase the P register by one (S = 0);
that is, execute the next instruction,
1 16 I
BEFORE: Ia 12345, I I | Go1 |
1
A 1 P
e o !
AFTER: 1 : = | i i Go2 l
: '
ARITHMETIC UNIT 1 CONTROL UNIT
FROGRAMMER [ oate | rase oF
FROGRAM | cnance
LOCATION O AATION ADOREE X ﬂ COMMENTS 9 NP AT
0 . & wl iz F] | L
Gol | IsPL . J
E,u_z, KHE if sign is negalive A T
03 | WEK if sian is pesitive i
e i . i i
1. Assume that 0123455 is loaded in the A register.
2. The SPL instruction directs the control unit to increase the P register by two (S = 0);
that is, skip the next instruction,
1 16 1
7 |
BEFORE: [0 12345 | i | Goi |
A : P
AFTER: ! Go3
I 1! l
ARITHMETIC UNIT I CONTROL UNIT
G RAMBE R | oate | rame ar
FROGRAM | cHange
LOCATION P RATION AOUALEE K a COmb N T a DN TRFICATION
U “ L] ) LEd = 7|
o1, | |SNZ | : G
[Goz | lexs if a =ocoocog i
03, | [#2X if a7 0000004 S,
Pt 44 x4 Aot

1. Assume that 012343 is loaded into the A register.

2. The SNZ instruction directs the control unit to increase the P register by two; that is,
skip the next instruction,

BEFORE: | 0 1'23453 | : I G0 I
A i P

aver: P E | Go3 |
ARITHMETICUNIT | CONTROL UNIT
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SZE
Skip if A Zero

FORMAT:

1. LOCATION
Symbol

OPERATION
SZE

ADDRESS, X
Not Applicable

2.1 16

1 000408

FUNCTION:

The control unit is directed to increase
the P register by two if the contents of
the A register is 000000g.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
a= 0000008_ Skip next instruction

a¥F 0000008 Execute next instruction
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SRn
Skip if Sense Switch Reset

FORMAT:

1. LOCATION
Symbol

OPERATION
SRn

ADDRESS, X
Not Applicable

2. 1 [ 1=100020g ) 16
2=100010g
3 = 100004¢

(L 4=1000025 .J

n=1,2 3 or4

FUNCTION:

The control unit is directed to increase
the P register by two if the given SENSE
switch is at the OFF position.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
SENSE switch Execute next
nis ON instruction
SENSE switch  Skip next instruction
nis OFF

SSn
Skip if Sense Switch Set

FORMAT:

1. LOCATION
Symbol

OPERATION
SSN

ADDRESS, X
Not Applicable

2 r—1010208=1j 16
101010g =2
101004g =3

( 101002 =4

n=1,23,0r4

FUNCTION:

The control unit is directed to increase
the P register by two if the given SENSE
switch is at the ON position,

TIMING:
1.6 (316}, 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
SENSE switch  Skip next instruction
is ON
SENSE switch  Execute next
is OFF instruction



| oare

| PROGRAMER | race oF
PROGRAM I CHARGE

Location |§] ORRanon |@] soomis x o] oy 3] oammrcaTion

G0, | ISZE '

E:O.E. W if a3+ 0ooooos i
03, | s it 3= ocooooog
P Y
y 1 Assume that 01 ?3453 is lpaded into the A register,

2. The SZE instruction directs the control unit to increase the P register by one; that is,

execute the next instruction.

1 16
BEFORE: |0 12345 | 1 | GO1 I
1
A 1 P
1
e —
AFTER: E.y_-«wg . 4*;| ! f G2 [

FROGRAMMER | oare 1 PAGE oF
PROGRAM | camae
e T e — e BT
Ul 4 8 ) Lt = Rl EE] =)
601, | [SR2 . .
602, | [R¥X if SENSE switch 2 is ON SRR
(603, | XXX, i{ SENSE switch 2 is OFF . ;
1. Assume that the operator has set the No. 2 SENSE switch to the OFF position,
2. The SR2 directs the control unit to increase the P register by two; that is, skip
the next instruction,
PROGRAMMIA Joam ] raae of
PROGRAM | cwance
[ R RATION ApCwms X o[ camdinta emlmlﬂ
3 & 3 wl » |
01, | 582 ' AT
TALTTY if GENSE switch 7 is OFF PR
G03 | ek | if SENSE switch 2 is ON faad

P PR

1. Assume that the operator has set the No. 2 SEMSE switch in the OFF position,

2, The 552 instruction directs the control unit to increase the P register by one; that is,
execute the next instruction,
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S5C
Skip if C Set

FORMAT:

1. LOCATION
Symbol

OPERATION
55C

ADDRESS, X
Not Applicable

2.1 16

101001 8

FUNCTION:

The control unit is directed to increase
the P register by two if the C bit is
equal to one,

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
C=0 Execute next instruction
Cc=1 Skip next instruction
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SRC
Skip if C Reset

FORMAT:

1. LOCATION
Symbol

OPERATION
SRC

ADDRESS, X
Not Applicable

2. 1 16

100001

FUNCTION:

The control unit is directed to increase

the P register by two if the C bit is zero.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
Cc=0 Skip next instruction
c=1 Execute next instruction

SSR
Skip if No Sense Switch Set

FORMAT:

1. LOCATION
Symbol

OPERATION
SSR

ADDRESS, X
Not Applicable

2 1 16

1000364

FUNCTION:

The control unit is directed to increase
the P register by two if no SENSE
switch is at the ON position,

TIMING:
1.6 (316}, 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
No SENSE Skip next instruction
switch ON

Any SENSE  Execute next instruction
switch ON



PROGRAMMER [ oare | race o

PROGRAM | enamue
L DEA T [ mn.-l-et: AZBRiE x BT Q] anTartanon

il a 3 L] 12 k) # g
601, | S5S ' i
602, | prkx #C=0 U
603, | €A% | HC=1 RN

that is, skip the next instruction,

1.2 16
[ A

1. Assume that an addition operation has caused the C bit to be set (1),

2. The 55C instruction directs the control unit to increase the P register by two;

AFTER: GO3
PRADEAAMMER | pare [ race of
PROGRAM | cwance
LOCAToN GRURATION ADORRE W o o ) CRaa
0 al ls w| |u ) n|n |
6ol [ SRS, : AL
oz, | XK ifc=1 "
6,03, | He#x ifc=0
1. Assume that an addition operation has caused the C bit to be set (1),
2. The SRC instruction directs the control unit to increase the P register by one; that is,
execute the next instruction,
1.2 16 "
i 1
BEFORE: Iﬂ o] 123454 | Go1
c A i P
- T T I
AFTER: - o em |
ARITHMETIC UNIT | CONTROL UNIT
PROGAAMMER | cars [ ace oF
FROGRAM | enamoe
Location DRRATION AboM= 1 o comnTs _6| DN TIFICA TN
\ ol s w| | » vl
ol | ISSR ——
2 | ¥ if any SEMSE swifch OW AT
603, | EX | if no SEMSE switch ON T

1. Assume that the operator has switched the Mos. 1 and 3 SENSE switches to the ON position.

2. The S5R instruction directs the control unit to increase the P register by one; that is, execute
the next instruction,
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SSS
Skip if Any Sense Switch Set

FORMAT:

1. LOCATION
Symbol

OPERATION
SSS

ADDRESS, X
Not Applicable

2.1 16

101 0368

FUNCTION:

The control unit is directed to increase
the P register by two if any SENSE
switch is at the ON position.

TIMING:

1.6 (316), 0.96 (516) microseconds.

NOTE:

Program action is described below:

Condition Program Action
No SENSE Execute next instruction
switch ON

Any SENSE  Skip next instruction
switch ON
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INPUT/OUTPUT

Five input/output instructions control
the Series 16 system’s peripheral activi-
ties by both inputting and outputting
data via the A register and enabling in-
terrupts and other optional forms of
data transfer (DMA and DMC).

Output Control Pulse

FORMAT:

1. LOCATION
Symbol

OPERATION
OcCp

ADDRESS, X
1/0 Code

2.1 67 1011 16

]48 Function Device

FUNCTION:

The control unit is directed to generate
a control pulse to the peripheral device
control or communication controller
specified by the device address (bits 11
through 16 of the instruction). The
specific control function is indicated
by the seventh through the tenth bits
of the instruction.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

The specific functions associated with
an OCP instruction are outlined in the
individual device manuals.



next instruction.

PROGRAMMER [ oare | race [
PROGRAM [ CHARGE
LEEATION [(B] DFenATn [ Aoem % o commas él'ﬁnTmum
' | s s lis = nin )
60,1, [ 858, , :
o2 | Bk if no SENSE gwitch ON N
0,3, | EEKE if any SENSE switeh OM o
1. Assume that the operator has switched the Mos, 1 and 3 SENSE switches to the ON position.
2. The 555 instruction directs the control unit to increase the P register by two; that is, skip the

FROGRAMMER | [ race or

PROGRAM | enanae

ocanin 3] GaRATiGN [B] AvoRES of o B[ ennrarion
al Is wl 2 » wn

— [oc? [0k b :

The OCP instruction directs the control unit to enable output (the function indicated by Glsﬂ

to the console (the device specified by 04g).
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SKS
Skip if Set

FORMAT:

1. LOCATION
Symbol

OPERATION
SKS

ADDRESS, X
1/O Code

2. T 67 1011 16

348 Function

Device

FUNCTION:

The control unit is directed to test the
specific function (indicated by bits 7
through 10 of the instruction) in the
peripheral device or communication
control (specified by bits 11 through
16 of the instruction).

If the condition is met, the next instruc-
tion is skipped.

If the condition is not met, the next
instruction is executed.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

The SKS instruction associated with
each individual device control or com-
munication controller is described in the
device’s hardware manual.

Condition Program Activity
Condition Next instruction executed
false

Condition Next instruction skipped
true
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INA
Input to a Register

FORMAT:

1. LOCATION
Symbol
OPERATION
INA

ADDRESS, X
1/O Code

21 67 10 11 16

54g Function | Device

FUNCTION:

The control unit is directed to test the

device to determine if it is ready to trans-

mit data; that is, if the device buffer is
full.

1. If the device is busy, no operation
occurs and the next instruction is
executed.

2. If the device is ready, the seventh
bit of the instruction is inspected
by the inputfoutput unit.

a. If the seventh bit is zero, a
logical OR operation is per-
formed on the contents of the
input line, filled from the de-
vice buffer, and the A register,
The result is stored in the A
register. A logical OR operation
is performed according to this
truth table:

Contents of

Input Bit 11011
Contents of alsk
A, Bit

Result in An

Bit 01111

The next instruction is skipped.

b. If the seventh bit is one, the A
register is cleared (its contents
are replaced with zeros) and the
contents of the device buffer are
stored in the A register via the
input line. The next instruction
is skipped.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTES:

1. The size of the device buffers on the
individual peripheral device controls
and communication controllers vary;
consult the individual hardware
manuals for a more complete descrip-
tion of the functioning of the device
buffer.

2. Because of the skip nature of this
instruction, an INA instruction is
often followed by a JMP instruction
that either directs the program to
jump back one or to jump to some
other routine. On the coding form:



PROGRAMMER | oare | rage oF

PROGRAM B

LGCATION |3 OFIRATION 3] ADGREE X O3 ] oenTrcaTion

v ol |s sl n = n|n =

.| BKS | [[tor04 : L

co o | WMP | R )
R ) e

1,

2

The SKS instruction directs the control unit to test the busy status (the function indicated
by 0133 of the console {the device specified by 048}

I the console is busy, the |MP instruction will be executed; if the console is not busy, the
program skips to some instruction, ***,

[ | pare | rags oF
PROGRAM | esaror
LOGA T CPIRATION ADORESS N o cosans [ e
0 a| Ja | foe = min
.| (LNA | [1005 ;

PR T

MR ET Y

n

La PRI

i dia i

1. Assume that the value 1344g is loaded in the card reader’s buffer.

2. The INA instruction directs that value to be loaded into the cleared A register assuming the
device is ready fo transmil,

e I DEVII.‘:::SFF ER ]
AFTER: In_——-o] I 0 013445 |
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OTA
Output from A Register

FORMAT:

1. LOCATION
Symbol

OPERATION
OTA

ADDRESS, X
1/O Code

21 67 1011 16

Device

748 Function

FUNCTION:

The control unit is directed to test the
device to determine if it is ready to re-
ceive data; that is, if the device buffer
is empty.

1. If the device is busy, no operation
occurs and the next instruction is
executed.

2. If the device is ready, the contents
of the A register are transferred
to the device buffer over the out-
put line. Then, the next instruction
is skipped.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

Because of the skip nature of this
instruction, an OTA is often followed
by a JMP instruction; on the coding
form:

SMK
Set Mask

FORMAT:

1. LOCATION
Symbol

OPERATION
SMK

ADDRESS, X
1/O Code

21 67 1011 16

Device

?48 Function

FUNCTION:

The control unit is directed to store the
contents of the A register, which has
been previously loaded, in the appro-
priate mask functions. The contents of
the A register direct which devices are
to be enabled in the interrupt mode.

TIMING:
3.2 (316), 1.92 (516) microseconds.

NOTE:

The SMK instruction is merely the OTA
instruction especially adapted for the
purpose of setting the Control Interrupt
function in individual peripheral device
controls or communication controllers;
therefore, the two instructions have the
same octal value,

PROGRAMMER | oare PAGE OF

PROGRAM CHARGE

LOCATION |@| OPERATION |@| ADDRESS x @] COMMENTS @ IDENTIFICATION
1 4 & 10 12 30 72|73

L. | [OTA | [*0004 ‘
oL NP [ [%-1 or ROUT JUMP 1F NOT READY —
Lo | R OTA AND CONTINUE, |[F READY TETE
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| cHaraE
AT ApoRiE ¥ o commsnTy 3 [FoeRTmicATION
0 ) ha = nln |
0TA  |[ooo3 :_ : :

Assume that the value 012345¢ is loaded in the A register.

The OTA instruction directs the value to be loaded into the print buffer if the buffer is empty,
Transfer would occur on the output line.

1 16 n

|i 12345, —l b" 12 ]

|
|
I
A H DEVICE BUFFER
I
]
]
]

)

Lo 123454 |

FROGAAMMER | oare [ raae oF
PROGRAM | enanas
LOCATION [ OFiRATION [B] ADOAESS X "B coummnTs 3] roenTe AT
4 ol ls wl | = nln =
— Tlowe, [Joozo ' —
T

1. Assume that the A register is loaded with the value 02]2343
2. The SME instruction directs the control unit to store these values in the appropriate
Control Interrupt functions.
1 H o |2 E
u F
7 T i
P p u N
u
U
BEFORE: T AFTER: T $
1 L . u |
? i | 0
3 N N M
16| 4 E E I 5
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FEATURED CAPABILITES
Other instructions are included with

the feature available on the Series 16,

These include the ten instructions
associated with the Feature — High-
Speed Arithmetic Package Feature —
Memory Party, Feature —, Extended
Addressing, and Feature —, the Re-
stricted Mode Package.
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DBL
Enter Double-Precision Mode

FORMAT:

1. LOCATION
Symbol

OPERATION
DBL

ADDRESS, X
Not Applicable

2.1 16

00007 8

FUNCTION:

This instruction directs the control unit
to execute in the double-precision mode.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:

1. This mode can be deactivated by
either pressing the MSTR CLEAR
button on the control panel or by
an SGL instruction,

2. Effectively, this instruction directs
the control unit to execute LDA,
STA, ADD, and SUB instructions
as DAD, DSB, DLD, and DST
instructions,

SGL

Enter Single-Precision Mode

FORMAT:
1. LOCATION
Symbol
OPERATION
SGL
ADDRESS, X
Not Applicable
2. 1 16
000058
FUNCTION:

This instruction directs the control
unit to return program execution to
single-precision mode,

TIMING:
1.6 (316), 0.96 (516) microseconds.



DLD
Double-Precision Load

FORMAT:

1. LOCATION
Symbol
OPERATION
DLD (*)

ADDRESS, X
Address (, 1)

2. 12 7 16

FT 02 S Address

FUNCTION:

The control unit is directed to load the
contents of the memory location spec-
ified by the effective address in the
primary arithmetic register while load-
ing the contents of the memory loca-
tion one greater than that of the effec-
tive address in the secondary arithme-
tic register.

TIMING:
4.8 (316), 2.88 (516) microseconds.

| oare

LOCA To0M o RATION

1 4l e

0|

ADGRIS X

12

O comsin 5[ Ean e
T

pLy

MEM

1. Assume that the value 0 12345 is stored in a location MEM and that a value 0 12345 is
stared in a location, MEM + 1.

2. The DLD instruction directs the control unit to load the contents of MEM into the A register
while Ipading the contents of MEM + 1 into the B register.

BEFORE: |ﬂ 12345g ‘ |D 12345, I

AFTER: [

il
|
|
MEM MEM+1 i A B
I
N | |c 123usgl 0 123455|
]
MEMORY | ARITHMETICUNIT
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DST
Double-Precision Store

FORMAT:

1. LOCATION
Symbol
OPERATION
DST (*)

ADDRESS, X
Address (, 1)

2. 12 7 16

FIT 04g | S Address

FUNCTION:

The control unit is directed to store
the contents of the primary and
secondary arithmetic registers in the
location specified by the effective
address and in the next higher loca-
tion, respectively.

TIMING:
4.8 (316), 1.88 (516) microseconds.
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DAD
Double Precision Add

FORMAT:

1. LOCATION
Symbol

OPERATION
DAD (*)

ADDRESS, X
Address (, 1)

2. 12 7 16

FIT 06g S| Address

FUNCTION:

The control unit is directed to add,
algebraically, the contents of the A
and B registers to the contents of the
locations in memory specified by the
effective address. The two-word re-
sult is stored in the A and B registers
with the least significant bits stored in
the B register. The C bit would be set
if overflow occurred as a result of this
operation,

TIMING:
4.8 (316), 2.88 (516) microseconds.

NOTE:

If the low-order bit of the second
memory lacation is not equal to the
low-order bit of the B register, the
result is invalid.

DSB
Double Precision Subtract

FORMAT:

1. LOCATION
Symbol

OPERATION
DSB (*)

ADDRESS, X
Address (, 1)

22 12 7 16

1zl

FIT 07g

Address

FUNCTION:

The control unit is directed to sub-
tract, algebraically, the contents of the
memory locations specified by the
effective address, from the contents

of the primary and secondary arithme-
tic registers; the result is stored in the
arithmetic registers,

TIMING:
4.8 (316), 2.88 (516) microseconds.

NOTE:

If the low-order bit of the memory
location one higher than the location
specified by the effective address is
not equal to the low-order bit of the
secondary arithmetic register, the
difference is not correct.
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1. Assume that the value 0 12345 0 12345 is loaded in the A and B registers, .
2. The D5T instruction directs the control unit to store the contents of B in location,
OUT +1 and to store the contents of A in location, OUT,
T |
8 N |
BEFORE: \\m \N i lo 1234 0 12345
N\ [ O | E |
ouT OUT+ ] A B
AFTER: m [o 123455 | : B | [ | |
; ;
|
|
[_rroanamsisn | oare | race oF
FROGHAAN | cnarce
LDCATIoN SFURATION T T @] coaias GANTIFCATION
0 a] e | i = nln sl
Lo | JPAD | MEM : RECR Uil (o
i . .
—— i - P

1. Assume that the value 0 12345 0 12345, is stored in the arithmetic registers and that the
valye 0 00002 O 633304 is stored in lacation, MEM and MEM + 1,

2. The ADD instruction directs the control unit to route the two values 1o the adder where they
are algebraically added; then they are stored in the A and B registers,

) 16 1.2 16 52 16 12 6
BEFORE: [o e33305 | ELamss—l [o] 125 | |
MEM MEM+1 E A B |
AFTER; I —l | | E [o| 1234ﬂ I r ?55?5ﬂ |
MEMORY ! ARITHMETIC UNIT i
PROGRAMMER | oare | race o
FROGRAM | eManoe
LocaToom (3] oMtRATION [B] AOREE T o] commman ﬂ:ﬂawtnﬂnﬂ
(] i & "3 i3 20 nin L
oo | [PSB | | [MEM - . |

Ll PP
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1. Assume that the value 000076 177005 is stored in the A and B registers and that the value
000006 1770004 is stored in Ioﬂationsi‘lEM and MEM + 1, respectively.

2. The DSB instruction directs the control unit to subtract MEM and MEM + 1 from the arithmetic
registers to derive the value 0 00076 100005g in the arithmetic registers,

[ oo ]
A B
|o 000705 | |:'|ooc»::s8

BEFORE: lo 00006 ] l1 770004 } :
MEM MEM+2 E

I

1

1

. [T [
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MPY
Multiply

FORMAT:

1. LOCATION
Symbol

OPERATION
MPY (*)

ADDRESS, X
Address (, 1)

212 7 16

FIT 168 S| Address

FUNCTION:

The control unit is directed to multi-
ply the contents of the location speci-
fied by the effective address by the
contents of the arithmetic register and
the result is stored in the primary and
secondary arithmetic registers, as
necessary.

TIMING:
8.8 (316), 5.28 (516) microseconds.
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DIV
Divide

FORMAT:

1. LOCATION
Symbol

OPERATION
DIV (%)

ADDRESS, X
Address (, 1)

2, 12 7 16

Address

FIT[ 17g [S

FUNCTION:

The control unit is directed to divide
the contents of the primary and
secondary arithmetic registers by the
contents of the location specified by
the effective address; the result is
stored in the primary arithmetic reg-
ister; the remainder is stored in the
secondary arithmetic register, Over-
flow will occur if the initial magni-
tude of the dividend is greater than or
equal to the magnitude of the divisor.

TIMING:
17.6 (316), 10.56 (516) microseconds.

NOTE:

The most significant bits of the
dividend (the contents of A) must
be less than the value in the divi-
sor (the contents of EA) for divi-
sion to take place; if this condi-
tion is not satisfied the overflow
indicator is set.

NRM
Normalize

FORMAT:

1. LOCATION
Symbol

OPERATION
NRM

ADDRESS, X
Not Accepted

2.1 16

000101g

FUNCTION:

The control unit is directed to shift the
contents of the primary and secondary
arithmetic registers to the left; the
low-order position remains the same;
the second position of the arithmetic
register is shifted out and discarded;

the low-order position of the secondary
register is ignored. The shifting of
positions continues until the value of the
low-order bit of the primary arithmetic
register is not equal to the second bit of
the primary arithmetic register. The
vacated high-order positions are filled
with zeros, The number of shifts is
stored in the normalize shift counter,

TIMING:

1.6 (316), 0.96 (516) plus 0.8 N
microseconds.
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The value ???T?E is stored in location MEM by the DEC pseudo-operation.

2. The MPY instruction directs the arithmetic unit to multiply the contents of the A register and
the contents of MEM and 1o store the results in the A and B registers, as necessary.
1
BEFORE: [o] M7 ] o] 00003g | 1] 00000 |
MEM i A B
1
1
AFTER: L _i . |1 00001 I !ni 77177 ]
H ;
PROGRAMMER | pare | race aF
PROGRAM | cuarai
L OCA THON Y RANION ApoRiss 3 & oouEnTS SFIMHI:A.NM
f o ls w6l |m = nln 5|
[ PIV [[men ‘ S

M sk

2

Assume thal the value 0 00003 © 03240 is loaded into the arithmetic registers and that the
walue O 000403 is loaded into the location MEM,

The DIV instruction directs the control pnit to divide the value in the arithmetic registers by
the valug in location MEM, The quotient is stored in A and the remainder is stored in B,

BEFORE: | ag | I: [0 00001 K o3240 |
MEM ! A REG B REG
AFTER: [ | :l |u- 060654 | |o 00000 [
[ oaze [ race o
FROGRAM 1 EHARGE

T’ﬂm T o comsmnTs 1T ]
NAM . > e

i
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1. Assume that the value 0 00077 1 77777g is loaded in the arithmetic registers,

2. The NRM instruction directs the control unit to shift the contents to the left until there isaone
in the second position of A, When this requires 9 shifts, a 9 is placed in the shift counter,

12 16 2 16
BEFORE: |0 000775 17777 J
A B SHIFT
COUNTER
AFTER: [u I, J | 77000 01001
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SCA
Shift Count To A

FORMAT:

1. LOCATION
Symbol

OPERATION
SCA

ADDRESS, X
Not Applicable

2.1 16

00041g

FUNCTION:

The control unit is directed to store
the contents of the normalize shift
counter in the high-order five posi-
tions of the A register. The low-order
positions of A are filled with zeros.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

The normalize shift count is valid
if no I1AB, MPY, DIV, OTK, shift
or double-precision instruction has
been executed since the last NRM
instruction.
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1. Assume that the most recent NRM instruction required 4 shifts,

2. TheSCA imstruction directs the control unit to store that value in tie high-order bits of A,

; 5 i 1112 16
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SPN
Skip if No Parity Error
FORMAT:
1. LOCATION
Ignored
OPERATION
SPN
ADDRESS, X
Not Applicable
2. 1 16
1002008
FUNCTION:

The control unit is directed to skip
the next program instruction if the
memory parity error indicator is re-
set (bit = 0).

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:

1. The following program action is
directed by this instruction.

CONDITION/ACTION

Error indicator set/Execute next
instruction

Error indicator reset/Skip next
instruction

2. A parity error indication can be set
by an error in either an instruc-
tion or a data word.

3. Memory parity is displayed on the
control panel at lamp 15 if the OP
mode is selected.

4, Memory parity can be attached to
the interrupt facility.

SPS
Skip on Memory Parity Error
FORMAT:
1. LOCATION
Ignored
OPERATION
SPS
ADDRESS, X
Not Applicable
2. 1 16
101200g
FUNCTION:

The control unit is directed to skip
the next program instruction if the
memory parity error indicator of the
central processor is set (bit = 1).

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:

1. The following program action is
directed by this instruction.

CONDITION/ACTION

Error indicator set/Skip next
instruction

Error indicator reset/Execute next

instruction

RMP

Reset Memory Parity Error

FORMAT:
1. LOCATION
Ignored
OPERATION
RMP
ADDRESS, X
Not Applicable
2. 1 16
00021g
FUNCTION:

The control unit is directed to reset
{bit = 0) the memory parity error
indicator of the central processor,

TIMING:
1.6 (316), 0.96 (516) microseconds.
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EXA
Enable Extended Addressing

FORMAT:

1. LOCATION
Symbol

OPERATION
EXA

ADDRESS, X
Not Accepted

2.1 16

000013g

FUNCTION:

The control is directed to set the
EXTMD (Extended Mode Indica-
tion); this mode enables the Series

16 processor to utilize memory above

16K.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTES:
The extend mode alters the JST

instruction (page 114) to allow it to
store a 15-bit program counter,

Bit 1 of the memory location
specified by the effective oper-

and address is left unchanged.
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DXA
Disable Extended Addressing

FORMAT:
1 16

000011 8

FUNCTION:

The control is directed to reset the
EXTMD, this action restores the
processor to nhormal mode. See
note.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

The mode change directed by the
DXA instruction is not effective
until a JMP (page 112) instruction,
enabling proper return from an
interrupt routine, has been ex-
ecuted. Any number of other in-
structions can be executed between
the DXA and the JMP instruction.

ERM
Enter Restricted Mode

FORMAT:
1 16

0001401¢

FUNCTION:

The control is directed to enter the
restricted mode of processor opera-
tion and to enable program inter-
rupt.

TIMING:
1.6 (316), 0.96 (516) microseconds.

NOTE:

The processor remains in the re-
stricted mode until a program
interrupt occurs.
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1. Assume that during a given subrouting, a DXA instruction is processed,

2. Upon the return of program control to the main program flows, the Extended Mode Indicator

is reset,

BEFORE: m

EXTMD

e [o0]
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