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New-generation computers, such as
Honeywell's Series 200, offer more
computing power per dollar than any
previously available data processing
systems. It is not uncommon for mem-
bers of Series 200 to operate at speeds
four to six times faster than those of
their second-generation counterparts.
Yet in evaluating a move up to a new
computer, data processing manage-
ment must realize that more computing
power per dollar is not the whole story.
The ability to compute six times faster
does not, by any stretch of the imagina-
tion, guarantee that a data processing
workload can be processed in one-
sixth the time. While technological ad-
vances have made significant contribu-
tions to improving computer perform-
ance, the time required to perform
manual operations has remained un-
changed. In effect, technology can do
very little to improve manual speed. As
computers get faster, the time required
to perform manual operations assumes
an increasingly large percentage of
total processing time.

As the name implies, operating sys-
tems have evolved from the essential
need to automate manual procedures
wherever possible — to delegate much
of the responsibility of running the
computer installation to the computer
itself. Human intervention wastes a tre-
mendous amount of processing time
due to the disparity in operating speeds
between the computer and its human
operator. Thus, the first objective of an
operating system is to automate the
steps involved in job-to-job transition
and in setting up for a specific job. By
automating manual procedures wher-
ever possible, or at least overlapping
manual procedures with other process-
ing when automation is not possible,
an operating system acts as a pro-
grammed computer operator. It per-
forms all of the supervisory functions
necessary to handle the scheduling
and processing of all jobs for which the
computer is used, and it performs these

functions at electronic speeds. In terms
of improving computer operating ef-
fectiveness, this means that the mea-
sure of computer idle time can be re-
duced from minutes to fractions of a
second.

When properly designed and imple-
mented, an operating system can play
a significant role in harnessing the full
potential of a data processing system.
This report explores operating systems
from several different viewpoints in
order to describe what operating sys-
tems are, how they work, and the bene-
fits that can be derived from them.

E FACINCG Two ap-
proaches to computer control. At top
left, the operating system approach
maximizes throughput by providing
automatic job-to-job transition for con-
tinuous nonstop operation. At botiom
left, manual operations between jobs
waste valuable processing time due to
the tremendous disparity in operating
speeds between the computer and the
human operator.



Advantages of

Operating System Control

Operating systems are aimed at one
major goal: improving computer oper-
ating effectiveness. They can provide a
number of distinct advantages in terms
of better system performance, wider
application, and reduction in man-
power costs. Therefore any evaluation
of a new computer should include a
careful analysis of how closely the ser-
vices offered by the computer’s operat-
ing system meet the requirements of
the user’s installation. Such an analysis
will indicate the degree to which the
user's major data processing objec-
tives will benefit from the use of an
operating system. The following de-
scriptions indicate some of the poten-
tial benefits that can come from using
a well designed operating system.

Efficient Program Testing

One of the first contributions that oper-
ating systems made to improved com-
puter operating effectiveness was in
the area of program testing. Operating
systems provide standard program test-
ing facilities which make it possible to
perform program checkout by remote
conirol. These testing facilities can
perform sequential checkout of several
stacked programs, automatically pro-
ducing detailed documentation with
which to evaluate the programs being
. tested. This approach to program test-
ing makes it possible to avoid the time-
consuming and costly technique of
testing programs one at a time using
the computer console as the source of
program status information.

Increased Throughput

One of the best measures of the value
of an operating system is its ability to
maximize the throughput of a data
processing system. Throughput — the
total amount of work which the system
can perform in a given amount of time
— depends on many factors. For ex-
ample, it depends on the ability of the
system to process jobs in a continuous
stream without interruption. An operat-
ing system provides this ability by auto-
mating the transition from one job to
another. The operating system main-
tains a schedule of the jobs to be per-
formed and the equipment required by
each. It monitors the progress of each
job so that upon completion of one
job, another can be started automati-
cally without delay. Furthermore, the
operating system can schedule neces-
sary manual intervention, such as
mounting of tape reels, so that these
activities are overlapped with the proc-
essing of other jobs.

A high level of throughput also depends
on the efficient utilization of the com-
puter’s resources. This can be accom-
plished by the use of multiprogram-
ming, a scheme whereby several pro-
grams concurrently time-share and
space-share the storage, input/output,
and control facilities of the system. The
operating system keeps as much of the
system busy doing productive work as
much of the time as possible. It de-
termines the individual requirements of
each program in terms of memory
space and input/output equipment. It
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determines the logical dependence re-
lationships which may exist between
programs, as well as the relative ur-
gency of each individual job.

Reduced Turnaround Time
Turnaround time is the interval between
the submittal of a job for processing
and the delivery of the results. This
interval has three components: pro-
ductive time, during which the com-
puter’s electronic speed is applied to
creating the desired results; nonpro-
ductive time, during which the com-
puter performs input/output media-con-
version operations; and idle time, dur-
ing which the computer waits for an
operator to perform various manual
tasks.

An operating system can not only en-
hance the utilization of the computer’s
resources during productive time, it
can significantly reduce costly non-
productive and idle time as well. By
limiting and controlling the amount of
human participation in the data proc-
essing operation and by providing more
direct communication between the job
and the computer, an operating sys-
tem can eliminate many of the delays
caused by human intervention between
jobs. By handling input/output media
conversions, such as converting data
from punched cards to magnetic tape,
concurrently with other job processing,
an operating system can eliminate non-
productive overhead from job turn-
around time.
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Standardization

An operating system is a powerful man-
agement tool because it imparts a high
degree of standardization to both pro-
gramming and operating procedures.
Since an operating system is the inter-
mediary through which programmer
and operator communicate with the
computer, it can superimpose a highly
efficient and uniform communication
scheme on all data processing activi-
ties. This scheme assists the program-
mer by providing fast and simplified
access to frequently used routines and
programs; facilities for efficiently stor-
ing, testing, modifying, and retrieving
programs and data; and a control sys-
tem that monitors and responds to sta-
tus changes within the computing sys-
tem.

Assistance to the operator is provided
by such features as uniform and un-
ambiguous operating instructions; au-
tomatic handling of file label checking,
error detection, and recovery; and au-
tomatic logging of system performance.

Simplified Program

Preparation and Maintenance
The language processing, program ed-
iting, and program maintenance func-
tions provided by an operating system
can reduce the time, training, expense,
and manpower required to plan, pre-
pare, and maintain problem programs
and applications. Language processing
functions are handled by language

translators, that is, programs which
translate the user's definition of a
problem solution into a language ac-
ceptable to the computer. By offering a
variety of language translators which
produce object programs in a standard
format, an operating system can insure
that the user will be able to express the
solution to a problem in the language
best suited to his needs. For example,
problem solutions can be expressed
in the mathematical notation of Fortran,
the concise business-oriented language
of COBOL, or the flexible symbology
of assembly language. Furthermore,
portions of a problem solution can be
written in different languages and then
automatically combined by the operat-
ing system to form a single program.

Processes such as storing, modifying,
and maintaining programs come under
the heading of program editing and
maintenance functions. Operating sys-
tem control reduces the time and ex-
pense associated with filing, altering,
and rearranging programs. Further-
more, programs can be selected from
the library and ordered in a sequence
best suited to the requirements of a
specific job, again under automatic
operating system control.

Flexible and Orderly Growth
As data processing requirements in-
crease, an operating system can pro-
vide the basis for orderly expansion of
performance and application. By pro-
viding a standard system of communi-
cation and control, the operating sys-
tem makes it possible to incorporate
new computing and input/output facili-
ties without destroying compatibility
with existing programs and applica-
tions. New applications can utilize ex-
isting data files and can communicate
with existing programs without regard
to specific changes in equipment.
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Structure of an
Operating System
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An operating system is a framework
within which all of the user's data proc-
essing jobs can be scheduled and per-
formed. The following is a brief de-
scription of the basic components of
. this framework, using the Honeywell
Series 200 Operating System — Mod 2

as an example.

The framework provided by an operat-
ing system can be viewed in terms of
three functional units: Job Control,
Data Control, and Program Preparation
and Maintenance. Each unit contains a
number of program modules which can

be combined in a variety of configura-
tions to meet a user's specific oper-
ating requirements. Working together
as a team, these program modules pro-
vide a highly efficient means of auto-
mating the management of the com-
puter system.

The most familiar program preparation
function is language processing. Pro-
grams written in Fortran, COBOL or
assembly language are translated to
machine-language program modules.
These program modules are relocata-
ble in the computer's memory and can
be combined with other modules to
form a variety of complete programs.

An equally important program prepara-
tion function is the creation of com-
plete programs by selecting existing
program modules, providing linkages
between the modules, and assigning

actual storage addresses to each mod-
ule.

Program maintenance functions in-
clude those activities associated with
adding, deleting, and modifying pro-
gram modules in the user's program
file. Standard maintenance routines
handle all the clerical operations nec-
essary to keep programs up to date.

The primary function of job control is
to automate the steps involved in job-
to-job transition. Job Controlis handled
by program modules called monitors.
The Mod 2 Operating System uses two
monitors; one resides in the comput-
er's memory at all times, while the
other is called in periodically to assist
in the automatic transition process.
Job Control automatically handles such
procedures as collecting the output
produced by the previous program,
locating the next program to be exe-
cuted and loading it into memory, and
coordinating input/output device as-

signments. The user prepares various
control cards which describe to the
monitor how the transition from pro-
gram to program should be accom-
plished.

In addition to reducing the idle time
between program executions, Job Con-
trol can also dramatically reduce total
job time. Simply stated, a job is a col-
lection of related programs. To speed
up the processing of a job, Job Control
provides for automatic ‘‘stacked-job
processing.” Under stacked-job proc-
essing, any number of processing func-
tions such as compilation, mainte-

nance, and execution may be succes-
sively applied to the same job. In other
words, each job in a stack of jobs can
be processed to completion before the
next job is started.

A third function of Job Control is to
serve as a communication link between
operator and system. Job Control can
provide messages to the operator ad-
vising him on the status of various op-
erations or requesting necessary oper-
ator actions. Similarly, the operator can
alter the operation of the system or
request specific information by issuing
commands to Job Control.

Data Control provides facilities for
managing all functions related to the
creation and maintenance of the data
base, that is, the entire collection of
information which enters or leaves the
computer memory. These facilities
achieve efficient storage, flow, and re-
trieval of all data within the system.
Data Control handles the physical ex-
change of data between computer mem-
ory and unit record, magnetic tape,
mass storage, and communication
equipment. Associated with data trans-
fer are other functions such as error

# detection and correction, data buffer-

ing, data blocking and unblocking, dy-
namic scheduling of input/output facili-
ties, and overlapping of input/output
operations with computing. Data Con-
trol performs all of these functions
automatically.

In addition to managing the physical
exchange of data between the com-
puter and peripheral devices, the Data
Control function also includes manage-
ment of logical data files at a level
which is independent of the physical
characteristics of the files and their
storage devices. Symbolic names can
be assigned to files. The operating sys-

tem maintains a symbolic file catalog
which is similar to a library catalog.
When a file is requested by its sym-
bolic classification, the operating sys-
tem can consult the file catalog to
determine the physical identity and lo-
cation of the file so that it may be re-
trieved.




Some Ciriteria for

Evaluating Operating Systems

The fact that operating systems in gen-
eral are directed toward the same goal
of improving computer operating effi-
ciency should not imply that all operat-
ing systems are equally successful in
attaining that goal. The design of an
operating system has a direct influence
on how effective it will be in automating
the management of your computer.
When the services provided by an oper-
ating system are carefully attuned to
those activities performed by your com-
puter most of the time, you can expect
highly favorable answers to the fol-
lowing important questions.

How Much Will the

Operating System Cost?
Although an operating system can pro-
vide several benefits to the user, it is
important to take note of how much
these benefits are going to cost. In
order for an operating system to per-
form its many functions it requires
space in the computer memory, certain
peripheral devices, and processing
time. Collectively, these requirements
represent operating system overhead.
In order for the user to tolerate the cost
of this overhead, it is imperative that
the operating system yield significant
advantages which could not otherwise
be attained.

Realizing that a single operating sys-
tem design applied to all of the re-
quirements of all Series 200 users would
create intolerable overhead costs for
those users least able to afford them,
Honeywell has developed an operating
system which is divided into three mod-
els. Each model is designed to fit a
specific range of core memory and
system environment features. This ap-
proach allows the smaller user to avoid
major operating system overhead by
using an operating system model more
closely suited to his requirements. Sim-
ilarly this approach does not limit the
user of a larger system such as a
Model 4200 to an operating system de-
signed to service the needs of a Model
120.

The following table lists the equipment
requirements for the various operating
system models as an indication of what
it costs to use them.



Is the Operating System

Easy to Use and Maintain?

An operating system is supposed to
simplify computer operations, not com-
plicate them. Therefore the means of
communicating with and maintaining
an operating system are important con-
siderations. The value of an operating
system is diminished appreciably if
communication between user and op-
erating system is error prone due to
the need for complex and lengthy pa-
rameters with which to initiate operat-
ing system functions. Also, the value of
an operating system is diminished if
maintenance is an overly time-consum-
ing task.

As an example of how easy itis to main-
tain a Honeywell operating system,
consider the time required to generate
a typical business-oriented version of
the Mod 2 Operating System. Unlike
some operating systems which require
a series of complex, time-consuming
programs for initial generation, the Mod
2 Operating System uses the same sin-
gle-phase component which updates
the system files to create a working
version of the operating system itself.
System generation is both selective and
efficient. A specialized operating sys-
tem is tailored to the user's specific
needs by incorporating only those
modules necessary to service his
needs. In general this can be done in
less than 15 minutes. Minor changes
can later be made to the operating sys-
tem without having to regenerate it
completely.

Can the Operating System
Utilize Existing Programs?

An integral part of the Series 200
Operating System are Honeywell’'s re-
nowned Liberator programs. These pro-
grams make it possible for users of
IBM 1400 series equipment to translate
existing program libraries automati-
cally into fully compatible Series 200
programs. By providing what is essen-
tially an automated reprogramming fa-
cility, Liberator programs dramatically
reduce the time and expense normally
associated with converting from one
computer to another.

In addition to automating the conver-
sion to Series 200 computers, the Lib-
erator programs automatically improve
the performance of converted pro-
grams by:

1. building input/output/compute sim-
ultaneity into each program,

2. creating programs which operate
under control of the Series 200 Op-
erating System.

Specifically, 1401, 1440, and 1460 pro-

grams are automatically translated into

Series 200 programs which operate un-

der control of the Mod 1 Operating

System. Programs written for the 1410

can be translated to operate under con-

trol of the Mod 2 Operating System.

Translated programs can be combined

with new Series 200 programs, allowing

the user complete flexibility in select-
ing programs to perform a particular
job.

Is the Operating System
Modular in Design?

A modular design can insure an eco-
nomical solution to the operating re-
quirements of many different installa-
tions. The Series 200 Operating Sys-
tem is divided into three models to
insure that at all levels of installation
size and complexity there is an operat-
ing system which affords the user a full
complement of operating functions with
minimal equipment overhead require-
ments.

For the small-to-medium-scale system,
Mod 1 keeps overhead to a minimum
by providing decentralization of such
functions as input/output control. Un-
der this approach, source-program re-
quests for input/output operations are
replaced by specialized control rou-
tines at program assembly or compila-
tion time.

For the medium-to-large-scale user,
throughput efficiency is maximized by
centralizing all input/output control.
The same input/output requests can be
written in the source program without
modification, but in this case they are
specialized at program execution time.

For the user of Honeywell's super-sys-
tem, the Model 8200, Mod 8 insures
optimum utilization of the system’s ex-
tensive multiprogramming/multiproces-
sing capabilities.
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Available in either a magnetic tape or
amass-storage version, Mod 1 provides
a powerful computer management sys-
tem for users of Model 120, 200, 1200,
and 2200 computers. The tape-resident
version operates on a computer having
a core memory capacity of from 12K to
128K characters and from one to six
tape drives. Flexible design of the op-
erating system permits efficient use of
random-access files, data communica-
tion, punched paper tape, and card de-
vices in both independent and semi-
centralized operations.

The mass-storage-resident version of
Mod 1 operates on computers having a
random-access device and as little as
8,192 characters of core memory. The
system permits use of magnetic tape,
punched card, and paper tape devices,
as well as additional random-access
units.

Mod 1 offers the user the following im-

portant advantages:

B Relieves the operator of detailed
and burdensome execution supervi-
sion.

B Permits operation with only the
needed functions and features.

B Provides execution of stacked jobs
without operator intervention.

B Assures maximum use of the cen-
tral processor and peripheral units
through multiprogramming of data
conversion or real-time applications
and a major data processing job.

B Assures program compatibility as
system grows.

B Allows tailoring and specialization
of precoded, fully tested library
routines.

8K 16K 32K

Mod 2 provides the interface between
the user and Honeywell's Model 1200,
2200, and 4200 computers. The operat-
ing system utilizes the following mini-
mum equipment configuration:

1. A central processor equipped with
49,192 characters of memory and
the Optional Instruction Feature.

2. Five magnetic tape units or three
magnetic tape units and one ran-
dom-access storage unit.

3. One card reader or an additional
tape unit.

4, One printer.

5. One console.

From the perspective of the data proc-
essing manager, the convenience and
modularity of the Mod 2 Operating Sys-
tem is reflected and amplified in the
over-all efficiency and reliability of the
hardware/software complex. Standard-
ized programming and operating pro-
cedures provide the most efficient path
from initial formulation of a program-
ming problem to final utilization of
the solution. Total hardware utilization
through multiprogramming and re-
duced idle time because of automatic
job-to-job transition increase through-
put under the Mod 2 Operating System.
In addition, stacked-job processing pro-
vides comprehensive software service
with minimal turnaround time. Long-
range planners can count on the mod-
ular construction of Mod 2 to support
growth into applications such as real-
time and total management information
systems.

64K 128K

The Mod 8 Operating System is a multi-
programming/multiprocessing software
system which provides integrated op-
eration control, program preparation,
system support, and special application
functions for the Model 8200 computer.
Mod 8 can control the simultaneous
execution of up to nine programs by
harnessing the computer’s built-in mul-
tiprogram control functions and its ca-
pability for simultaneous processing of
both word- and character-oriented pro-
grams.

Both production and checkout pro-
grams may be executed simultaneously
without danger of interference. A com-
prehensive system of “locks” and
“keys” limits the access and storage
activities of each program to its desig-
nated file and memory space.

Within the multiprogramming/multi-
processing capability of the Mod 8
Operating System, the user can incor-
porate “multitask” operations in his
programs. This technique makes it pos-
sible to execute interdependent sub-
program operations in parallel. The
mechanics of multitask processing,
which include recognizing and resolv-
ing all time and resource interdepen-
dencies, are automatically handled by
the Mod 8 Operating System.

512K

2’



Three Generations of

Operating Experience
C

Since the earliest days of commercial
data processing, computer users and
manufacturers alike have sought ways
to improve the efficiency of computer
operations. By reducing the need for
human intervention, by making more

productive use of available processing

time, and by using all of the computer’s TnnAY
resources to maximum advantage, op- Series 200
erating systems have steadily pro- Operaling Sys!em

gressed toward this goal. Honeywell
has consistently played a leading role
in developing operating systems to
help users obtain the greatest payoff
from their investment in data proces-
sing equipment. The experience gained
from three generations of operating
system development has enabled
Honeywell to offer users at all levels a
full complement of automatic operating
services with truly minimal equipment
requirements.
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