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1. The advent of the HARVEST equipment will confront MPRO with a great
challenge. The HOPS system, which is,briefly described in the enclosed write-up ’

is our plan to realize the potentialities of HARVEST.

2. A system as far—rea.ching and complex as HOPS will require a great deal
of time and effort before it is operating smoothly. It is essential that the
procedures and standards be in effect from the time that operations start on
the machine, in order to avoid a chaotic and costly changeover. However, some
special provisions may be required during the period when stand-by programs are
needed to supplement the programs prepared by auto programming methods .

3. To make possible the prompt and orderly installation of the HOPS proce-

dures, careful planning and preparation will have to be done. Because of the
intimate relation between the components of the HARVEST programming system and

the operating procedures under HOPS, MPRO-06 will be responsible for reviewing
the detailed procedures to verify that they are consistent and compatible with
the programs being prepared under the IBM contract. MPRO-03 will be responsible
for developing and assembling the procedures, with the assistance of the MPRO
Divisions, and under the requirement of consistency and compatibility. :
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HOPS - The HARVEST Operational System

Introduction

The Nationa.l‘.’ Security 'Agenéy is expecting to instgll the HARVEST computing
system late in 1960, and to begin shifting much of its deta Processing effort
to the new equipment during 1961. This systém is considerably faster than
currently operating computers, but it is correspondingly more complex both to
program end to operate.

The potential contribution of the new system to Agency problems is large.
To insure that the complexities of HARVEST do not hinder this. potential, MPRO
will have to chenge its way of working in some importent respects. It is the
purpose of this paper to explein the changes in operation, and to indicate why
they are necessary.

Present plans for HARVEST call for it to teke over much of the work now
being handled by the different general purpose ei;uipments in MPRO. Therefore,
in designing the system of operation the principal attention must be given to
doing present types of work better than is now being done. The use of HARVEST

to handle problems which are too big to €0 on present equipment is secondary

- in importence to the improvement of current operations,

Goals for HARVEST

The high-speed digital computer has had a revolutionary :qupwct on the
work of the Agency. Nevertheless, there is no room for complacency ebout
what we have done. It tekes much too long to program a Job of any complexity.
Even worse, the elapsed time to get a problem done by a program which is

operational is much too great.




'It must be recognized that with the great bulk of Agency applications,
the time a problem spends on the computer is a small part of the elapsed time.
If the great speed of HARVEST can be used only to reduce this smell part a
little further, the poteﬁ%ial contribution of HARVEST will not be realized.

It is also clear that MPRO camnot hope to deal with the greate: com-
'.plexity of HARVEST, both in programming end in operating, by a large overall
increase in staff. Therefore, it must go over to methods of programming and
operating that are more efficient in their use of people, end especially of
the people with the scarcest skills. .

A new operational system is required. This system must accomplish the
following three goals:

a) It must considerably reduce the time neceséary to prepare a valid
program initially.

b) It must aim for quicker service on operational programs - overnight
results on all:but the largest problems.

¢) It must stendardize and simplify the work so that these imprévements
can be realized without a large perménent increase in the size of the MPRO
staff.

These goals imply that there must be a considerable increase in produc-
tivity, even though the MPRO staff is already working as herd aﬁdlas loyally
as it can within the present-dgy system. The greater efficiency of the new
system will be based on a clearer understanding of the complex processes in=-
volved in getting work done successfully on the computer, so that steps wasteful
of time or effort can be eliminated or rearranged. Also, the new system will

require increessed cooperstion and improved problem definition from the sponsoring

offices, in order to meke possible a greatly improved service to them.
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It should be emphasized that these goals are established not merely
becausé MPRO desires to :merove' its output and increase its achievements.
The new system is reﬁuired 1f NSA (and in particuler PROD) is to keep up with
the téchnological advances affecting the capability of NSA to accomplish its
mission. The HAI?_VEST equipment is very éomplicated to program and to opereate.
With present methods of opération manual compilation of HARVEST program in-
structions would teke much longer tha.p is now required for existing computers,
end a substantial increase in programming steff would be necessary. Operation

ﬂth pr_eéent methods would result in little improvement except in the ebility

‘to run somewhat longer problems. To use the machine in this way would mean

8 tragic waste of its capebilities.

The system being developed in order to attain the stateci goals is called
HOPS -~ The HARVEST Operational S&stem. 'J.'hé remainder of the paper will be
devoted to an explanation of the system and of i_ts relation to the three goals.
Tt must be emphesized thst HOPS is little more then an outline at present, snd
that a great deal of planning and development will be required to expend this

outline into the desired smoothly-running system.

Programming of New Problems

The first aspect of HOPS is its use of an autoprogramming system celled

 ALPHA (Advanced Lenguage Processor for HARVEST) in order to shorten the time

required to write new programs. It is intended that all new programs be
written first in ALPHA. The resulting programs will inevitably have poor '
efficiency in terms of running time. However, this inefficiency will be of
trivial weight in comparison to the saving in elapsed time, for three reasons:




a) The majority of programs are modified substahtially after they have
completed one or two valid runs.

b) For most programs, the total savings in running time, through more
efficient programming tham would be possible with ALfHA, will not justify
the extra time and effort of such programming.

¢) The decision that a program does Justify reprogramming for running-
time efficiency can be made after a valid run has been obtained. This
procedure will not involve any waste in effort. In fact, the deferring of
the investigation of specié.l programming techniques until the problem has
been firmly defined by some preliminary runs is likely to be the most
economical way to use the scarce skills of the expert progremmer. |

In eddition to the advanced language, there will also be a symbolic
languege using HAP (HARVEST Assembly Program). This will be used primarily
to extend end improve ALPHA, and also for reprogramming problems where these
verrant the effort to improve running tiﬁe. |

The complexities of programming for HARVEST have 'made it necessary to
include a supervisory program HASP (HARVEST Supervisory Program) in the pro-
gramming system. This is inténded to simplify certain aspects of the programmer's

Job that are common to most or all programs.

k. Running Progremmed Problems

The objective of overnight service has been mentioned for work using
operational programs. For this to be possible, job requests and data must be

dealt with in a completely new way.



There are two completely distinct parts to a job involving an existing
program. First, the data input to the problem must be asse:hbled in correct
form and mede accessible to the computer. Second, the program must be applied
to the data in the_actusl computer run. Under present .operation_s if the spon-
sor properly anticipates his needs and gets the data preparation largely com-

- pleted before the formal Job request is submitted, elapsed time is likely to
bg shoi't. If he does not, and the Jo‘_o request 1nit1ate§ the data preparation,
elapsed time is almost certain to be  long.

Under HOPS, dste preparation must be completed by the time the formal Job
request is made. However, a special system of handling data will make it rela-
tively easy to get ready ahead of time. This will involve the establishment of
a set of active files on TRACTOR tape, "TRACTOR" referring to the high-gpeed
tape system which is subject to the control of the HARVEST computer.

During production runs on HARVEST, all date must be located in the TRACTOR
files. TIf the necessary information is not on TRACTOR tape when a production
run is desired, a file preparation run will be made before the production run
can proceed‘.

This system will have some importent advantages for the sponsor end for
MPRO: . v

a) It will meke overnight service possible by encouraging accurate data
preparation in advance.

b) It will reduce the volume of data processing by elimiha.ting the need
for multiple forms of the seme data.

c) It will meke record-keeping and routine analysis of data much simpler

and more systematic.




5.

Standardizing Operations

If HARVEST is to take over the work now handled by a diversity of present
equipments, & considerable simplification of procedures, date formats, operat- |
ing rules, etc. will be possible. This standardization will at the seme time
be vitelly necessary in order to pemmit efficient, largely automatic operation.

The nsme "turnpike cohcept" has been given to the operational'procedure
which is planned. This neme refers to a limited-access type of operation, in
which problems are prepared in batches and fed in to the computer at standard
intervals ; mesnwhile, the computer continues to run using the data and progrems
stored in its internally controlled TRACTOR files. Console direction of oper-
ations occurs only during breskdowns or other emergency 'situations.

The standard interval of operation would be broken up into several periods,
each ha.ndling a sepearate type of »work. For example, one period might do all
straight processing of data, enother might compile progrems and assemble data
for the produétion periqd, which might constitute the third period, and a fourth |
might be set aside for program debugging; these would follow automatiéally in
turn. Results obtained might feed out continuously, or be held for the next

deta-processing period, as appropriate.

System Improvement and Evaluation

A system as coinplex and many-gided as HOPS will require much time and
effort in order to bring it to a stage of smooth and satisfactory perfo.fma.nce.
Initially some elements of the system will be in a preliminary or interim form;
the ALPHA programming system in particular will require expansion and improve-

ment. Defects in planning will have to be spotted and corrected.
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A means of evaluating and improving performance must therefore be considered
an essential part of HOPS. A systems engineering staff will be responsible for
approving and instituting all changes to HQPS. Evaluation will be provided on

a continuing basis through a reguler review of work done on HARVEST as well as

of progremming for HARVEST.



