
UNCLASSIFIED

AD29 _7

ARMED SERVICES TECHNICAL INFOMATI- ON AGENCY
ARLING1) HALL STAT[ON
ARLIN=F( 12, VIRGINIA

U N CLASSIFIED



NOTICE: When goverment or other -dawings, speci-
fications or other data are used for ay purpse
other than in connection with a definitely related
government proculent operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have foML~ated, furnished, or in an way
SUPplied the said dzawngs, specifications, or other
data is not to be regarded by implication or other-

wise as in any manner licensing the holder or anyother person or corporation, or conveying a rights
or perilssion to manufacture, use or sell any
patented invention that may in Any way be related
thereto.



IS AN APP UED RESEARCH PROG RAM OF

INTE LUGENCE DATA HAND UNG

C'~ I 0 UARTERLY REPORT NOi 1

I j May 1, 1961 -July 31, 19,61

Alr CCContract AF 19 (626)-lO

Submitted

to

k' Electronic Systems Division

caq Air Force Systems Com mand
Laurence G. Hans-com Field \'*

Bedford, Massachusetts

CL

by

INTERNATIONAL BUSINESS MACH INES CORPORATION

Thomas J. Watson Research Center

P.O., Box 218

Yorktown Heights, New York



AN APPLIED RESEARCH PROGRAM OF

INTELLIGENCE DATA HAND LING

QUARTERLY REPORT NO. 1

Task 1 - AutomaticPrint Reading

A contin.uing ttionitorinig effort is being maintained with re-
spect to any auto matic print reading devices or methods which may
prove to be worthy of incorporation into a data handling system. No
funding support has been requested from the Air Force for this
monitoring effort. Personnel concerned with this effort are as follows.

M. Clayton Andrews
L. P. Horwitz
G. W. King
Glenn Shelton, Jr.

Task 2 - Storage and Addre sing

The method of integration of the 7090 and the AN/GSQ- 16
Photostore should be both economical and practical. From the design
point of view, the most economical and practical way of achieving
this integration would be through the use of the standard interface
channel. A standard interface would be put into the photostore. The
photostore could then be connected to any 7090 that had a standard
interface channel.

Any method of integrating these two units must be examined
not only from an engineering point of view, but from an operational
point of view as welL Some of the hardware and how it is connected
depends upon how the photostore is to be operated. For example;

All of the search logic of the present photostore would not be retained.
The amount of search logic retained, if any, would depend upon how
the photostore was to be operated.

The operation of the photostore with various levels of search
logic is under investigation. As more is learned about the type of
data to be stored on the disc and how this data is to be used, then the
exact manner of operation can be determined.

Personnel presently performing full-time on this task are:

F. E. Franklin



Other personnel being assigned to this task are

D. Caplan 1/4 time
E. P. Clarke 1/4 time
W. B. Strohm 1/4 time
R. D. Villani 1/4 time
Miss Janet Andreess 1/4 time

Task 3 - Multiple Interrogation

A brief discussion will ensue indicating the general concepts of
the supervisory and r-ontrol prograff. In particular the activity flow
and the prime executive section of this prograa will be described,
There exist many critical areas in which information is quite scanty,
hence a brief telephone conversation with Lt, E. Morenoff had trans-
pired Wednesday, August 16i 1961. As a result of this conversation,
a definite ne-eting was established for Friday, September 1, 1961, to
convene at IBM Research. Hopefully, many of the problem gaps may
be clarified.

I would like to state what we mean by multiprocessing and
multiprogramming within the frame-work of computer jargon:

Multiprocessing is the simultaneous.execution of two or more
usually independent and predetermined sequence of tasks, performed
within a well defined organizational environment.

Multiprogramming can be, ideally considered as the concurrent
activity of two or more sequences of instructions by and within com-
puter environment, in which the respective flow of activities do not
jeopardize any other within this environment.

The supervisory and control program will be a collection of

subprograms, most of which will reside in cores, and will be the
heart of the proposed IBM 7090 multiprocessing system. This program
will perform a great many tasks and the following functions necessary
to achieve a satisfactory solution as indicated and desired by the terms
of the contract. These functions consist of:

1. Memory allocation schemes (implied relocation and
memory protectio..

2. The formation and resolution of priority work queues.

3. Investigations, initiation and control of all 1-0 request
and interrupts

4. Procedural time acc¢ounting of respeqtive tasks
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5. ftter-computer communication and linkages

6. Ascertain degree of diagnostic evaluation

7. Development of desired statistical information.

To perform most of the functions stated above, it is apparent
that the fundarnental task of the supervisor is to direct and maintain
an orderly process, by which various tasks may be performed by
operational programs and computer components (especially input
output). This process can be easily administered by means of
several chained hsts. We will define a lst as a collection of items
which possess a defined successor or predecessor or both relationship.
Each list will have a name. An item is defined as a sequential block
of core storage or elements. The elements are either data or program
directives. The optimum size of an item will be determined and fixed
when, a more comprehensive notion is attained concerning the overall
system parameters and requirements. Some items will be utilized
to retain IQ0 data and/or operational programs. Other items will be
e mployed to serve as inter computer coimunication center linkages.

It is evident that additions to any of the list are initiated and
imposed by input-output demands as dictated by operational and control
programs. Conversely, items are deleted from lists upon completion
and satisfaction of an operational program or the te rmination of anyoutput component, activity. Hence, the control or supervisor program

must have the ability of directing activities according to some pre-
determine hierarchy of priorities and to effectively create the proper
implem, entation, upon an interpretive scheme, additions and deletions
to the various lists. Briefly this implies the development of set of
macros, which will at compile time describe a set of parameters
indicating some intelligible action to be rendered. An example may
be , take I1 T K which may be interpreted as an assignment of N-item
blocks.

Since it is assumed, that the collection of operational
programs will far exceed the capacity of the 7090 system, means
will be provided to have them placed on a high capacity, quick access
file (Photo-disc store or 1301 fi le). Consequently, a programming
philo sophy must be revolved, so that programmers utilizing the
system may be guided and adhere to restrictions and requirements
so specified. Programs are on an external storage device that can
be easily and quickly called upon request. One has several means
by which to read them into high speed m emory. Programs can be
compiled in either absolute or relocatable form. Since program
areas may be assigned anywhere in available high speed memory
it is assumed that all programs will be compiled in relocatable form.
Also, to avoid an enorm ous time delay penalty in program relocation,
there must be a suitable hardware relocation scheme devised to
undertake this task automatically.
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A memory protection scheme should be considered, IBM
product line has such a schem-e, for various block item size, which
will be investigated.

A time accounting procedure is to be formalized as to the
method of time sharing costs, while operating in the m-ultiprocessing
state, There are several viewpoints con cerning this concept which
will be iivestigated.

Notes, diagrams and flowcharts concerning the general
planning of the IBM 7090 niultiprocessirig system for this contract
are being maintained and updated. These will be illustrated and
aired at the September 1., 1961 meeting with Lt. E. Morenoff.
Hopefully, with the acquisition of additional information an:d distillation
of primary goals, a more concise and direct presentation of the system
will evolve.

Personnel assigned to this task are as follows t

R. D. Villani 3/4 time
Miss Janet Andress 3/4 time

Tas4k 4-- Correlation Techniques

1. Classification and Distribution of Data.

Suppose that it is required to assign an object, characterized
by the values of p measurements, to one of m classes. For the case
where the p measurements are continuous random variables, and
the m p-dimensional distributions corresponding to these classesare known, the Neyman-Pearson lemma applies, and rules for assign-
ing an object to a class have been e.xp1citly stated and programmed by
P.D. Welch. (1960). if the in distributions are each assumed to be
multivariate normal, both with and without equal covariance matrices,
procedures for estimating the population means and using these for
classifying the object have been obtained.

Similar results for the case where some of this p rneasure-
ments in the m populations are discrete random variables have been
found in the classical statistical literature and investigated for applica-
tion to the classification problem. For example, an optimum rule
for qualitative classification was found, the effect of initial sarpe
size and of p on the misclassification probability was computed. All
of these results are for the special case of m = 2.
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IBM 7090 test programs which take as input repeated sam, ples
six measurements on spoken vowels, have in storage some statistical
data about the various distributions, and as output, signal the
classification of a sound, These programs can handle up to 50 variables
for any object bvut an unlimited number of observations. In 8 minutes
of computer running time, 1 6 out of 20 objects were correctly
classified. This program has been generalized and is complete now.

These results and the underlying techniques are presented
in detail in Appendix C of "Classification Program For Aerospace
Intelligence Data System", 31 March 1961, IBM FSD report, by
C. Abraham.

SiRce March 31, 1961 the following research has been
accomplished,

1. Reduction of variables by step-wise regression and we
can prove that this procedure gives an optimum rule
for reduction of variables in classification,

2. If in the mixed variable situation, the categorical
variables are dicotomons in nature and their effect
on the continuous variables is simply a shift in the
mean value, then the point~biscerial correlations
between the two types of variables can be defined and
optimum classification procedures obtained.

3. In the multivariate case, the effect of correlation on
the "distance function" has been investigated and some
general principles for inclusion or exclusion of in-
dividual variables have been obtained.

4. A classification procedure without a strictly defined
hypothesis about population parameters is under
inve stigation.

These results are being written up as a technical report.

2. Lattice Theory Studies (An Experimental System for the Exchange
of Scientific Information- DICO)

Since the last report, the following progress connected with
DICO can be reported. A paper describing the entire system, in-
corporating its design, the theoretical considerations und erlying it
and some preliminary experimental results was written and is being
submitted for publication (Kochen and Wong), A copy of this paper
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is enclosed as an appendix. Considerabie thought has been given to
an improved definition, procedure for testing and use of a person's
professional in terests as the fundamental variable in this system,.
Recomrmendations concerning new sampling m~ethods as wel1 as
sorme deeper pertinent sociological considerations are forthcoming
shortly. Consultation by R. Walker, a professional sociologist).
Some novel ideas for moditying and extending work on DIGO were
proposed and analyzed in a preliminary way by M. Flood (Consultant).

3i Searching Mode Is

inf computer applications involving the storage of a large
volume of information, frequent use is made of storage units
characterized by one or both of the following restrictions-

1. immediate access in the strict sense is not possible.

2. The precise address of an arbitrary itein in storage
is not specified a priori.

Fundamental to the operations of such memories are good
strategies of search. As an initial step in the study of optimum
search strategies, an one-dimensional meodeI has been constructed
and the search problem form.ulated. While the similarity between
this theoretical model and the magnetic tape operations suggests
itself immediately, the results apply as well to one of the dimen-
sions of multidimensional storage devices, e. g., track search for
magnetic and photo disks.

Assuming that the basic operations available are continuous
search and skip, a class of search- strategies have been obtained.
The average time of search for these strategies is always less than
that of continucas search (sequential reading) of the storage unit
from beginning to end.

Recent developments include a re-formulation of the
problem using dynamic programming techniques. One major result

of this reformulation has been the proof that the class of strategies
mentioned in the lst paragraph are not optimal in the true sense,
in that they only yield a lower bound of the mean search time and

not the minimum.

Starting with the equations for optimization -in the dynamic
programming formulation present plans call for the following studies
in the immediate future:



1. to obtain~ proof for some general theorems on the
natu re of optimum solutions, e. g. i conditions for
exisqtence and uniqueness, etc.

2. to obtain the optimftum solutions in somhe specific
cases, e. g.,i uniform distribution.

3. failing in the analytical approach, to solve the
optimization problem recursivelyi for which the
dynamnic programmnitg approach is ideally suited.
Such recursgive operatiotis are naturally adapted
for use on the read-only memories, of which the
photo-store is the major example.

The following personnelI have been assigned to various
projects under this Task on a part-time basis:

C. T. Abraham
M. Kochen
Miss P. Reisner
E. Wong

The following personnel will also contribute to srnie of
these projects but will not be charged to the contracto

Miss P. B. flaxendale
B. Dunhamn
G. W. King
R. W. Moss
A. L. Samnuel


