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ABSTRACT

The technical feasibility of a continental
information network for astronomy has been demonstrated in the course
of a two-month experiment conducted Jjointly by Dearborn Observatory
of Northwestern University and the Stantord University Computation
Center. The experiment simulated a scientific information network
based on a high-level retrieval language of the non-procedural type
named DIRAC. A data-base of astronomical catalogues was maintained 1n
Palec Alto, California, and was queried reamotely by a team of
astronomers in Illinois. The relevant parameters of approximately one
hundred time-sharing sessions were thus reccrded. Analysis of the
experiments in terms of operating system efficiency, user interface
and cost effectiveness supports the idea that the mnetwork concept is
basic to meaningful scientific documentation systems; it also
indicates that generalized software is the key to cost-effective
information retrieval in the environment considered and, by
extension, in a variety of scientific areas that rely on a
combination of bibliographic and catalogued information with a high
degree of internal structure. The article reviews the problems of
astronomicat data structures in their relevance to language design
and to the general problem of scientific information handling, and it
discusses the various factors: administrative, computational and
psychological, that will affect the implexentation of future
networks. (Author)
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This is the second report on the research in progress in the
tnformation Systems group at Stanford University Computation Center.
first report, entitled:

THE DIRAC LANGUAGE: CONCEPTS & FACILITIES

was released in May 1970 and cean be obtained from the author.
The third and final report in this Series will be entitled:

MEDICAL DATA-MANAGEMENT IN TIME-SHARING:
Findings of the DIRAC Project

and is scheduled for release in November 1970.
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INTRODUCT ION

Since the advent of time=-sharing In the mid-sixties, considerable
attention has been devoted to the concept of a documentation service
used simultaneously by many speclialists. Systems of this type have been
designed, and some have been partially implemented, to explore the
feasibility of this concept in such environments as library automation,
medical literature retrieval and social science. Many obstacles have
been identified In this field, and the results to date have been
largely negative, with notable exceptions involving dedicated systems
whose objectives were limited enough to be met by classical software.

There erists a class of users whose need for interactive data
management has been largely ignored by the designhers of these early
systems: in the course of their research activities, professional
scientists do not really need access to literature references as much
as they need the capability to Interact meaningfully with larsge
observational records, standard tables, and private files of
instrumental data. A research physicist, for instance, is a non-typical
user from the point of view of current retrieval philosophies, because
he is constantly consulting and operating on scientific catalogs (such
as tables of standard wavelengths) but is only margirally interested
In literature search, in view of the unreliability of keyword systems
in a fast-changing linguistic environment, and in view of the rapid
obsolescence of the information itself. Large institutions, on the
other hand, are devoted to the preparation, publication and maintenance
of scientific recoras, but they themselves do not have at their disposal
an adequate computing tool of any generality. Clearly this Is an aspect
of data management that lends itself to automation, and yet computing
facilities have so far been unable to respond creatively to these needs.
Computer languages aimed at the scientific user have been deslgned
exclusively with computation in mind, FORTRAN and ALGOL being the most
common examples.

The present study describes an attempt to demonstrate the
feasibility of large-scale data management. in the scientific environment
where llterature search is a secondary rather than a primary task of
the computer, viewed essentially as a research aid. This approach was
based on the idea that the key to cost-effective information systems
can only be found in the development of generalized software; a non-
procedural language named DIRAC was therefore implemented for a 1imited
series of experiments that included the operation for a period of two
months of a network prototype with terminals in the San Francisco area
and in Y1linols, and using a large data-base of astronomical catalogues.



The object of the Report is to present the findings of this
project and to analyze the reactions of the user community at the national
and 'international level. The experiment was conducted in the field of
astronomy, where it could be contrasted usefully with the concept of a
“"National Data Center" currently under consideration by specialists.
However, these findings will be seen to have gereral validity: the
transferability of the features discussed here to other scientific
fields is inherent in the non-procedural concept that allows users to
create, update and query files without programmer Intervention.
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LR A special objective of the study was to identify and measure for
the first time the parameters affecting the performance of a generalized

- retrieval system in the time=sharing environment, covering three main
areas of activity: '

g- 1) Catalogue preparation, data gathering, editing and updating.

2) Interactive retrieval of statistical and individual data about
astronomical objects. \

3) Bibliography search. : \

i
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DIRAC AND ASTRONOMICAL DATA RETRIEVAL

ARSTRACT

The technical feasibility of a continental information network
for astronomy has been demonstrated iIn the course of a two-month
exoeriment conducted jointly by Nearborn Nbservatory of
Morthwestern Unlverslity and the Stanford Unlversity
Computatlion Center. The experfment simulated a scientific information
network hased on a high-level retrieval language of the non-procedural
type named DIRAC. A data-hase of astronomical catalcgues was malintained
In Palo Alto, California, and was queried remotely by a team of
astronomers in [11incls. The relevant parameters of approximately
one hundred time-sharing se<sions were thus recorded, Analysis of the
experiments in terms cf operating system etficliency, user iInterface
and cost effectiveness supports the Idea that the network concept Is
hasfiec to meaningful sclentiflc documentation systems; It also indlicates
that generalized software is the key to cost-effective Information
retrieval In the environment considered and, by'extenslon, In a varlety
of sclentific areas that rély on a combination of hihllographlc and

catalogued informatlon with a high degree of Internal structure.

The article reviews the problems of astronomical data structures
In thelr relevance to language design and to the general problem of
scientiflc Information handling, and lf discusses the various factors:
adminlistrative, computational and psychological, that will affect the

implementation of future networks.
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DIRAC AND ASTRONOMICAIL DATA RETRIEVAL

Jacdgues F.vallee and J.Allen Hynek

1. INTRODUCTION

This article does not present general statements about information
retrieval, automatic documentation, or the potential significance of
infor.nation networks to the work patterns of scientists, although it
touches on these three subjects.. Instead, we take the point of view of
the explorer returning fTrom a previously unknown territory with a little
more technical knowledgze, a greatly increased puz:slieanent and a
considerahle amount of fresh curiosity. ‘

Inn other words, we have not come here to offer any predictions
concerning the future impact of computers on science, but only to
illustrate what happens when information-orizanted software - in this
case, the DIRAC language - is mnade available tc a group of scientific
researchers - professional astroncmers - and is used by then to access
data that previously could only be found in books, catalogzues an-
professiial journals.

This illustration will not take the form of a theorcetical model or an
hypothetical situation, but will be made by reference to an actual
prototype imiplenentation of an astrononical information network, The
paraiieters of this network have been identified and measured during a
six-week on-line experiment between Dearborn Observatory in |11inois and
the stanford Counputatiun Center in California. Both the concept of
scientific information networks and the analysis of the implementation
in terms of computer systems will be discussed in this report. First, we
should describe nore closely the environment of astronomical information
and show why an experiwent in this limited area can have general
valiJdity, and to what extent our observations are relevant in a
discussion of information systens of the next decade.

f1. ASTRONOMICAL DATA STRUCTURES

The information explosion takes a peculiar form in Astronoiiy. An
increasingly large volumne of data is publishe:d every year in papers,
articles, monographs and books. Aimong these data one finds new
measurements of the paramneters of stellar systens, new physical values
affecting current theories and the statistical evaluations upon which
they were based. Unfortunately, no global framnework is available to
integrate this dynamically changing information; publications are
uncoordinated and reflect personal interest rather than a concerted
effor. to gather an homogeneous sample. Treacherous selection effects
are present in all the catalogues, and integration of pertinent units
from various sources is (in extreme cases) made impossible by the lack
of a comwon standard. '

-]~



Vallee/Hynek page 2.

All these remarks hal already been made a century ago by 3inon
Mewconb, who wrote in his 'Reuiniscences of an Astronomer':

The work of all observing astronomers, so far as it

could be used, inust be comhined into a single whole.

But here azain difficulties are met at every step.

There has been, in times past, little or no concert of
action anong astronomers at different obhservatories.

The astronomers of each nation, nerhaps of each observatory,
have gone to work in their own way, using discordant data,
perhaps not always rigidly consistent, even in the data used
in a single establishrent.

To this we must adl an expan:ding ansount of bibliographic information
and sgeneral Jocuaentation. The sources of .1easurements for a given
paraneter st ve clearly identified for a statistical discussion to
have validity. For every adopted physical value, then, one .aust he able
to analyze and to trace through the entire network of previous
Jeterninations = including their authors and the instruwental techniques
they used. A situation is thus createl which lends itself to coaputer
analysis. At the sane tine, inforanation interchange i> :1ade difficult by
two things: the wide gengraphic Jispersion of teans of astronomers; and
the conplexity of the information they use,.

un figure 1 we have attenpted to display graphically the structure of
the physical infornation available for one stellar svystew, the triple
star CASTOR. This naturally excludes all bibliozcraphic inforaation and
shows only currently adopted values. 1t will be seen that the 'atom' of
information can be explored in six main Jirections, each one branchinz
into secondary levels whuse structure mav be a function of numerical
values at higher levels. In order to adequately represent an:d process
such structures, the designer of a retrieval systen nust start froa the
user's own terminology without forcing it a priori into a specific
coding scheie. The miniwun requirenaents for a software systen suppnrting
a file or this type would Include the ahility to handle large guantities
of numeric inforaation in intagral form and in real form, as well as the
ability to search natural-languaze text for keywords: this should he
true at least down to the subfield level, with an unpredictable number
of subfield values in any record. These reguirenants are not satisfied
by the inforiation-handling capabilities of procedural languaszes such as
Fortran, Cobol or PI1-1.

Itl., THE DIRAC LANGUAGE.

The proolea of complex information structures, that we have just
mentioned, has been recognized in other fields and a nuanber of new file
organization techniques is now available to the comnuter scientist. The
new software concept of 'non-procedural languaze' has emerged and is
peginning to receive wide application in Business, Law, Government and
military data processing (2)., However, the data-base systems currently
on the market, and based on this concept, have two major drawbacks when
they are placed in a network environnent:
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Vallee/Hynek page 4

- These systens are generally adapted from seconid-generation file
processing techniques and are difficult to integrate wvithin a remote=-
console, time-sharing situation. '

~ They fail to provide a straightforward interface with text-editors

- and coipilers in their environment.

This places upon the user a new requirewent for a degree of
sophistication which is simply not available in technical personnel
outside conputing centers., In turn, this leads to longer training
periods, decreased user acceptance and consi‘erable costs that cannot be
justified in the scientific research environaent.

ihen the idea of an astronormical network experiment was first
discussed early in 1970, we were engaged in the testing of a language
prototype naaed DIRAC (for DIRect-ACcess and also to the five types of
information that it handles: Date, Intezer, Real, Alphanumeric, Coded).
tle wanted to determine to what degree the non-procedural lancuage
concept (that is prinarily business-oriented) could be extended to
support inforination networks, in particular in the field of science an:l
of library automation, where we felt Jedicate:d systens had generally led
to disappointing performance in spite of their high cost and the
sophistication of their users.

How can we inpledent a truly generalize:d, yet cost-effective
retrieval system ? The priwmary design objectives we proposed were a
straightforward user interface, ani complete integration of the lanzuasge
within a unified coiwiand structure in time-sharing @ode. The resulting
systein can be best illustrated by follouing step by step an actual
interrogation of an astronomical catalogue.

Figure 2 is an exanple of the on-line query of the Supernovae
Catalogue implenented under DINAC~1. The user is an astrononer who
studies supernovae in the Virgo cluster. He first wants to know how many
are false or suspected. The systein finds one, and he displays tke
supernova number and the recession velocity, Vs. It will be noted that
DIRAC processes information in hoth upper and lower case, thus
simplifying the handling of textual data; this requirement is important
in the applications we shall consider.

The user then wants to determine how many true supernovae in Virgo
have a known VYs. The answer is 1G. Restricting the search by use of the
RETAIN comnand, he adds the rule:

1000 kmm/s <= Vs <= 2000 kn/s
The answer is 11. Anong these, the astronomner wants DIRAC to locate a
supernova for which the first article given as reference has "Mt.Wilson"
as its source. DIRAC locates supernova numbher 1901%. The user is now

able to have the velocity, galactic coordinates, and all the literature
about the object typed out on the terminal.

-10~
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I 12 Vallee/Hynek page 5.

QUERY

FILE IDENTIFICATION
: : A010
ACT 1N
: SELECT
SELECTION RULES
[ : Cluster CONTAINS Virgo END

24 RECORDS SELECTED

1
2 XIV Colloque Intern.Astrophys., Paris (1941), 186, 188.
3 Annales Observ.de Paris, 9 (1945) fasc.1, 1G65-179.

4L Astronomie 55 (1941), 78, 106.

5 Astronomie 63 (1949), 68.

6

|
|
|
|
|
|
|
|
|
g | ACTION
| RETAIN
| ACTION
- | SN CONTAINS s END
|
- | 1 RECORDS SELECTED
| ACTION ‘
| | DISPLAY SN Vs Clustear
- |
| SN s1922alpha
" | Vs 1243
. | Cluster Virgo
|
. | 1 RECORDS SELECTED
| ACTION
| RELEASE
i | ACTION
| Cluster CONTAINS Virgo AND SN DOES HOT COMTAIN s END
R | '
| 23 RECORDS SELECTED
- | ACTION
| RETAIN
- | ACTION
. | Vs EXISTS END
|
- | 19 RECORDS SELECTED
| ACTION
o | Vs (<=2000 AND >=1000)END
. |
| 11 RECORDS SELECTED
. | ACTION
) I : Sources(FIRST) CONTAINS "Mt.Wilson" END
. | 1 RECORDS SELECTED
‘ | ACTION
: ; : DISPLAY SN Vs 12 b2 Sources END
: | SN 1901b
‘ | Vs 1617
| 12 271.15 ,
. | b2 76.90
; { Sources Ap.J.,88(1938),285-304~- Contr.Mt.Wilson, 25 (1938) No.600
|
|
|
|
|
|

Figure 2: On-1ine interrogation of an astronomical catalogue

) -11-
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IV, THE CONCEPT OF ASTRONOMICAL INFORMATION METWORK

We now have an astronomical data-base ready, and it is accessible
through a high~level language. How can such a collection of data be made
available to astronomers ? What are their information and documentation
requirements ? These questions can only be answered within the
astronomical community itself.

With the development of large-scale numeric calculations (such as
orbit computation and mathematical modeling) astronomers have hecome
increasingly aware bhoth of the potential usefulness and of the serious
shortcomings of the computing machinery as an information processing
tool. In 1969, the Astronomical Soclety of the Pacific expressed
concern over the problems of data retrieval in astronomy and stated:

The need for a means of recovering various data on individual stars,
galaxies, clusters, or other objects is bhecoming obvious, and
techniques for compiling, storing and distributing such data have
been developed in recent years.

Recommending that such techniques be surveved, the Society appointed
a Committee chaired by Dr.Helmut Abt, to assess their usefulness in the
astronomical environment and " to estimate the needs, procedures and
cost of such a center'.

In its December 1969 issue; the Society published a Special
Announcerient defining riore exactly the role of an astronomical data
center. Such a center would be

a computerized storage, retrieval and distrihution service for
published data on stars, clusters, galaxies and perhaps other
ohjects., .
Initially the catalogues available on cards or tape, hoth of
optical and radio data, would be included: later new catalosgues
or hibliographies would be compiled. When practical the data
itself will be listed. In other cases only bibliographies will
be furnished.
Such a center would provide two services upon request:
l.Listed information and/or sources for specific objects, e.zg.,
the published data on a given star or stars, and
2.Derived data, e.g. the Southern F~type eclipsing stars in visual
systems. (3)

While this study was conducted, Stanford and Northwestern were
engaged in an experiment designed to demonstrate the feasibility of a
different concept: rather than proposing as desirable the creation of a
single organization (the "data center'") having the responsibility to
acqulire and maintain the data and to implement the necessary technology,
we wanted to observe the behavior of professional astronomers placed in
a "network' situation. By this we mean that our users in l1linois could
not only Interrogate a data=base in conversational mede but could also
Insert new files and update existing files In that data=base without any
programmer intervention.

13
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Vallee/Hynek - Figure 3
Scientific Information Network

COMPUTER
AND
DATA-BASE

REMOTE
STATION

D - SUBSCRIBER

— COMPUTING LINK
—————— ADMINISTRATIVE LINK
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According to this concept, one visualizes a network such as the one
shown on Figure 3, based on a small number of basic stations equipped
with remote medium=-speed printers. This network would bhe open on a
subscription basis to additional users who would receive a simple data

terminal connected with a scope. The main advantares of this concept
are:

1. The administration of the network (A) and the center
providing computing power and storasge space () do not
have to be at the same location,

2., Responsibility for the contents of the information in storage
is shared by all the users who have update privileges, bhut
A and B do not receive special treatment.

3. Interrogation is conducted on a direct~access hasis without
any administrative or technical interference. :

4. The network offers a highly efficient communication system
among all the users of the data-hase.

Althouzh many people agree that this ohjective is desirahle, the
implementation of such a network raises technical provlewms frow the
point of view of system design. This activity has to he supported in a
time~sharing environment, and several crucial paraneters had never hHeen
previously rmeasured. They included: The expected distribution of
terminal sessions during the training period and during normal use of
the facility; the statistical distribution of hol:dling times; the level
of interaction and growth rates of the files in the data~hase. The
experiment we are now 70ing to descrihe was desisned to measure these
parameters,

V, PROTOTYPE {MPLEMENTATION OF AN ASTRGHOIICAL {IETJORK

An 1D 2741 communication terminal connected to Stanford's 360/67 was
installed at Dearborn Observatory, North of Chicago, from April 2 to
vay 26, 1970. As the psychological reaction of notential users was
expected to he initially nesative, there wias no formal announcement of
the experiment and use was restricted to graduate students and staff
members who had expressed interest and willingness to partcicipate in the
experiment. Previous to the installation of the terminal, several hasic
astronomical catalofues had been converted to machine-reardable form and
stored as DIRAC files at Stanford. These included the Warsaw Catalogue
of 3upernovae shown on figure 2, which was nunched cover-to-cover for
the purpose of the study; an expanded version of the Yale uUricht Star
Catalogue,with a volume of approximately ten million “its; and the
catalogue of Bright Galaxies whose description Is given on fisurae b,

In eight weeks, one hundred and twenty sessians wers loaged, and
their main parameters were recor-ed, leading to the time distribution of
figure 5. The distribution of holding times is displaved on fisure 5,
Eight astronomers were involved In the experiments. Only two of them hai
previous computer experience at the FORTRAN level. tone of them had ever
heen exposed to time-sharing.

Figure 5 shows (dotted Tine) the typlical distribution of sessions on
the Stanford computer, excluding administration and system development,
O (Average of July 1lst and July 10th, when the astronomical data-hase was

Eﬂﬂugnot in use),.

IToxt Provided by ERI
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A DIRAC Status Report: The Galaxy catalogue,
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Vallee/livnek page 11.

From tihese figures, it is possible to make an educated guess of the
expected additional load placed on a time-sharing system by a scientific
documentation service of the type described, for locations with a known
time difference to the computing facility. Of particular interest is the
fact, reflected on figure figure G, that sessions tend to fall into two
categorics: one=-time interrogation series lasting from 20 to 40 minutes,
and long editing and report-generating sessions with a typical duration
of 90 minutes. (In comparison, the average attach time per session for
all terminals connected to Stanford's 300/67, over a one=month period in
late June and ecarly July 18064 was 17.0 minutes). Use of a display scope
and a remote medium-speed printer would obviously have saved nmuch of
that time. However the editing time would have remained considerable,
and we do recommend the use of some local storing facility, possibly
using magnetic card devices, in future systems of this type.

'n terins of CPU time, we found that text-editor usage remained at a
levei of approximately one hour per month while DIRAC cxecution and file
system access required thrce times as much. During a typical 'long'
session of one hour and forty-seven minutes, involving the edition of a
large catalogue, consultation among users by multi-terminal exchange of
messages, and the creation of two new files, text editor usage was 17.72
seconds and DIRAC execution time was 40.26 seconds.

Je learned three major lessons from this experiment,

First, we found that the additional load on the time-sharing system was
quite acceptable even in simulated situations where the astronomical
data-base was interrogated and updated simultaneously by two or three
terminals in addition to the main station at Dearborn QObservatory. Even
when the system was running at its full capacity of 6L terminals
on=line, use of DIRAC on a number of these did not significantly degrade
performance. This seems to show that a network such as the one
hypothesized on figure 3 is quite within the state of the art in terms
of operating system support, even when the environment includes batch
and other time-sharing activities besides data rctrieval.

Second, we could not observe a 'training period' of any significant
duration: the astronomers usually devoted their first session to
learning the basic text-editor and DIRAC commands, and started doing
meaningful rescarch work on the next scssion. This was quite an
unexpected result, and it caused the number of users to expand quite
rapidly beyond our initially very cautious cstimates.

Finally, user acceptance was also better than we had anticipated once
initial skepticism was overcome. The terminal proved to be a valuable
teaching aid, and an astronomy class started to compile a galactic
bibliography in DIRAC format; we had not anticipated this type of
application. In another typical instance, an astronomer (Dr.Wray)
interrogated the galaxy catalogue to extract a sub-list of all irregular
galaxies for which radial velocities were not available, and-used it
that same day to prepare an observing schedule for the observatory's
biinch telescope. This particular use of DIRAC exemplifics best the
advantage that can be drawn from new computing techniques in a research
environment; this particular question, naturally, COULD have been solved
by hand; but in itself, the simple fact that this study has never been
undertaken in spite of the fact that the catalogue inh question had been
on observatory shelves around the world for years, secems to indicate
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that the psychological investment required to initiate interrosations of
this tvpe is much lower under the network concept than it is under the
constraints of a retrieval center operating by mail and, a fortiori,
under the constraints of the isolated astronomer working with pencil and
paper,

Vi. CC3T ANALYSIS

This psychological factor is frequently overlonled when the problem
of information retrieval is discussed among scientists. The question of
cost is always posed = and riahtly so ! = in terms of the ohvious cost
of hardware, and the not-so~ohvious cost of software; hut it is rarely
balanced against the CURRENT costs of missintg information, the cost of
duplication of effort, the cost of slow and inadequate communication
arong researchers, the cost of the time lost in menial tasks Yy cxperts
vho should devote all their attention to data validation and higsh-level
analyses. Very frequently for instance, astronomers will sav: 'The cost
of maintaining the data about a particular star in a direct-access
data~hase cannot he justified when we do not know if this particular
record will he accessed more than once a month'. The answer to this, of
course, is that no astronomer really knows how frequently this
particular record may bYe needed by himself or his collearues. !io
astrononer is even in a position to enumerate all the contexts in which
the data ahout this star might he relevant, and no astronomer can answer
the question: 'How much does it cost NOT TO HAVE the rclevant
information availahle when it is needed ?°'

Assuming now that we work with users who have overcome this riental
block and can grasp the usefulness of the machinerv in the
non=-mathematical area, then the matter of cost-effectiveness can be
settled in fairly simple terms. We have mentioned earlier the type of
inquiry the ASP proposed for the 'data center' they were considering.
Presumably these inquiries would be sent throush the mail, and the
center would operate in a manner similar to "MEDLARS. In contrast to
this, we tried to evaluate the cost of extracting and printing a number
of copies of a significant suhset of the 3rizht Star Catalozue from a
remote ter (inal. The prohlem is to print offline, on a high-speed
printer, a catalogue of all F-type stars that are the primaries of a
Southern visual double., The DIRAC command the astronomer types is:

Delta < 0 AND mul2 ~=0 AND Speluml >= 300 AMD Speluml < LOQ

This command reflects a standard astronomical coding scheme that we have
descrihed elsewhere (G). The retrieval systen found 192 such stars.
Another command will now create an imasge of the catalogue under WYLBUR,
the interactive text-editor with which DIRAC interfaces. This list of
stars, with their parameters, is then avallahle for punching, editing,
or printing off-line. It could also he typed at the terminal or
displayed on a scope. ile generated 25 copies of this special .catalosue
on a high-speed printer with a final unit cost of fifty cents. The total
time spent at the terminal by the astronomer had been six minutes, and
he had spend 1.4 minute of complter time.

13
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The trick in achieving this level of cost-effactivenass, of course,
is that no sroframmer was involved in the interroration. «While the 'data
center' concept would presumably include a lar:e prosranming staff, and
woul-l maintain its own computer, we wanted to point out that a networx
could utilize an existing time=sharing service an:d that roliance on
non=procedural prograaming, as 0lle (9) and others have often pointe-
out, opened the way to a new and much more econoaical type of

user/system interaction.

Dur nain ohservation, then, throughout this experiment and in
Jiscussions with professional astronomers that will he reported
elsewhere (7), is that time-sharing and seneralized pro~ramming conbine
to provide a suitable environment for efficient and cost-efi:ctive
scientific Jocunentation systems. But at the sarnne time we found that the
potential users of these systems were still larcely unaviare of their
feasibhilitv, e cannot escape the conclusion that the develomnent of
inforaation systems as rasearch tools might be dzlaved (with a
correspondinzly hizh expense Jdue to duplication of effort and use of
ohsolescent softwarc techniques in the mean timn) for psycholonical
reasaons. Tlese reasons Wwitl only be remove:d when scientists hecome avuarn
of the availability of very larze=-scale, very cost-effective and very
relia"le business-oriented networks later in this decade,

=19~
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DAfA CENTER OR [INFNRMATION NETWORK ? A SYMPOS|UM

(Transcrint of a meeting of the American Sectlion of the Internatlonal
Astronomica!l! !Inlon Commlittee on Nata Processing, Boulder, Colorado, 13
June 1970.)

if Particinants :

i -Aht Dr.Helmut A.Abt, Kitt Peak Matlonal Observatory (Chalrman)

b -2{xhy : Miss Joan E.Bixhy, U.5,Naval Dhservatory

i ,; -Minnomhe : Dr.Raynor L.Duncomhe, U.S.Maval Ohservatory

Lo ~tynak : Dr.J.AYlen Hynek, Nirector, Nearhorn Nhservatnry

§ ) -Klaffar : Pr.L.d.Kieffer, Jnint Institute for Lahoratory Astrophysics
{ [f Moore : Dr.E1Y1ot Maore, Mew Mexlico Institute of Mining &% Technology
CoL Meff : Dr.John S.Meff, Dept.of Physics and Astronomy, !nwa State

: ~Paman : Dr.Mancy f.Roman, M.A.S.A. Headquarters

: -Qftteriy : Dr, Charlotte Moore-Sitterly, National Rureau of Standards

-Strand : Dr.Ka} Aa.,Strand, 1,S.Maval Observatory
-Yackerling Mr,Llovd R.Yackerling, Astronomy Department, Morthwestern !,

)

Mames preaceded by a minus slgns are those of the participants
i who have returned an edlted version of thelr comments.
)
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DATA CENTER OR INFORMATION NETWORK ? A Symposium

(After presentatlons by Nr.,Aht and Nr.Sitterly Adealing with exlsting
catalonsznes and with the feasihltlity of an astronomical Adata center,
Mr.''ackerling describes the time-sharing exneriment)

- Aht : Well, mayhe It's a gnod time to stop and let Lloyd take over,
hacaiise he has tried exneriments. lLet me say one more thing, and that s,
th!'s Aata center could he operated hy remote consoles, and this Is what
.lovd Is hringing up; hecause it's possihle now to have remote consoles
for a central computer, have thes: consoles In varlous ohservatories and
have essentlally Instant access, An experiment along this line Is what
Llovd has heen talking ahout.

- Yackerlinz : | would 1tke to start by shifting concents, 'le talk ahout
exneriments polnt!ng to the development of a Morth-American astronomical
Aata netwerk, INFNORMATION network 1f you will, The Morthwestern
"ntverstty Nepartment of Astronomy and the Stanford Computation Center
have lust carr’ed out a two-month joint exoeriment for the purpose of
trving to evaluate tn a preliminary sort of way how one goes ahout the
creation and use of a large data-base by sich a pronosed network.

“la used the 360/67 of the Stanford !Iniversity Computation Center's
fampiys Facllity and we put on various catalosues., Created them, !lpdated
them, And auerted them, ! have samnles of the work which we did, which 1
Ald fust on Monday, "“e put on the Reference Catalnsgue of Rright
nalaxles, this Is the ane we worked mnst with. “e nut on the Nearhorn
Nhsarvatory version of the Bright Star "atalogue, we pitt on the arsaw
Prelimtnary Sunernovae Catalogue, and alsn created varlous sarmnle
hthlineraohic files and worked a hit with them,

1 wonld 1lke to teil vnu the scenario we have In mind for the

creatlon of such a network, Nne might think of the estahlishment, over a
neriod 1lke two years or-so, of a sizeahle Aata-hase, and one might
thtn!. of the creation of the data-hase helng carried out hy those peonle
whn are rather small In numher, who are right now, currently maintaining
and nndating sizeahle flles of astronomical data, the Aouble star files,
all the files of the Maval Nhservatory, de VYaucouleurs' galaxy file...
nne can think of several examples. And, at the end of an Inittal period
when a Adata-hase of significant proportions has heen estahlished, one
thinks of making the network hardware and fully-developed software
avallahle to use by peonle at large, and essentlally the entire
Marth-Amerlican astronomical community, '

I would 1ike to glve ynu just a few remarks on the concept of the
network, e want to stress the METWORK concept, with the eventual active
narticination of the entlre accessihle population of astronomers, as
opnosed tn the concept of the slngle data center, the single, large data
FENTER, which Is taking the responsihillty for: acqulrlng, organizing,
valldating, verlfying, and updating the wide variety of astronomical
Aata flles, and also on top of that, the responsthility for supporting
the hardware and Aevelopting the sophisttcated software technology which
wi1l he necessary to make this service avallable to the remote users.
And In thls connection it might he Instructive to have the testimony of
the peonle who are already In the game as to the feaslhlillty of such a
center, Aata center. There are data centers in exlstence, not In
astronomv = thinklng of other flelds, And some people, more
Fnowledgeahle than |, think that there has not heen created a data

~center which has worked, 2:3
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(Some ex'sting data center exoeriments, 11ke MEDLARS and
°P|°F</RALLOTS, are criticallv Alscussed).

- Mackerling : Another polnt Is that the cnncept of reglonal computing
networks 1s one which Is - making use of a large computing faclility - 1Is
one which Is heglinning to he acted on right now Ir the 1',S, You.have the
"miversity of Californla going on a state-wide net, well, It has plans
tn g0 on a state-wide net, and | think there are plans In nther states
tn gn on state-wide computing nets,

- Meff : lowa has had one running for two years and It Is verv successful,
- Nunenmhe : Morth Carolina has had one for at least a vear.

- Yackerling : And | think perhaps the next ten vears will see great
chanses on network lines, and perhaps great changes in tndividual
comnputation centers as we now know them, becawuse there Isn't enough
talent to go .around in maintalning the computation centers, hut
ANVWAY . oo

And finallv | wonder 1f you would 1ike to hear describad the software
nsed, 1'11 try to do that quickly. The concept, then, that we have In
mind, s the estahlishment of a large Adata-base at a central computer
Installation and Its use In an interactive mode In a time-sharlng
environment, from remote locatlions, by anyone interested.

- Paman ¢ Can you he a 11ttle more specliflic as tn what you have In
mind ? | understand all the words, bhut | Adon't understand...

- “ackerline : May | tell you what we used ?
- Aht ¢+ Can you glve an example ?

- Hvnek : Mo, what she means 1s: It's Interactive: what dn you mean,
Interactive ?

- Wackerling : | mean you sit down at a console and vou talk to a
comniter,

- Hynek : And also polint out the fact that the expert In charge at the
Maval Dhservatory for Instance, or whatever thelr responsihility Is,
rould uyndate the Adata-hank, hut only that responsfible center could,

- Yackeritng : | wanted to come to that.
- Hvnek : Well, fine.

- Poman : You say you Interact with 1t., | don't understand In what

wav ynu interact. You ask It for data, and you get data, and then
oresiumabhly vou consider this Is not really what | want, is that what you
mean by Interacting ? Or you ask 1t for data and vou don't 1ike 1t, and
vou tell ft: the data you have In there Is wrong, vou should replace it
hv thus and so. : -

| Bii

Wackeritng : Ves,

Yynek Thaf's right.

Poman : | would conslder that somewhat Aangerous.

Wackeriing : You've got to have update access to t.

t
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- Abt : A1l you're Aolng Is entering In a 1ist to the expert, and the
next time he lanks at that particular group of things that has to hn
ione, vou have gliven him a comment that says: 'Look at the Adata for "D

1554, it's wrong. ' And he'll look, and re-evaluate it.

= Yackarling : But one has the plcture of the dnuhle-star expert ...

= Strand : There we have the prohlem from the very heginning. Peonle
will thin that when thev find a mistake thev can irmedtately correct
tha data In the bank., In regard to the NDouhle Star Catalogs, we have
Insisted on peonle malling us thelr corractlions and these would not he
tncornorated unpll we had an opportunity to verlfy them.

- Yvnek : Exactlv. “ithout that vou're ovening Pandora's hox. It's
fust a chance of all kinds of errnrs coming In.

- Yeff : The securlitv of your system, that puts some constralnts on your
hardware, ~

- "ackerling : The system In existence nprovides thrre levels of access
tn the data-hase, which 1'11 come to shortly. So anyway, one envistons
At every remote locatlion a terminal and a scone for extraction of data,
The machine we run on Is a 3A0/R7, It uses NS/36N-HASP as an operating
svstem, ''e use the Stanford time-sharing submonitor, which Is named
APUVL, and the submonitor is relied on by the language which we use,
which fs called NIRAC. NIRAC was daveloped hy Dr.Jacques Yallee, who was
at Morthwestern, he Is currently manager of Information systems at
Stanford, NIPAC Interfaces with and Is driven by Stanford's Interactive
text-editor, which Is named “WVLBU?, and ynu also have avallahle a
terminal-to-terminal communication under a system named MILTEN, that fis,
anv ona signed on to the network can talk to anvone else stgned on to
the network. You also have the use of a language named ALTAIR, whinh has
heen dascrihed by Hynek and Vallee In P,A.%,P, some years ago, which
answers questlons put to It In a kind of Fnglish, | know you would 1ike
to say 'Fnglish',,, It's aoproximately Fnglish., This answers quastions
on nronertles nf stars, hright stars at the moment.

- ? : tan vou glve an example of conversation ?

- Aht : VYou can just quote 1t,

- Yvynek : If vou want just an examnle of question, vou could certainly
ask: 'Nf all stars hrighter than a certaln magnituda, and earlier than
75, how manv are members of visual binary systems whose space veloclities
are greater than fifty kilometers ner second 2' VYnu could do that,

= ? : Uould you ask the question In exactly that form ?

- Hynek : Just about.

- Yackerling : And ALTAIR would come hack and tell you If it Atdn't
recognize any of the words.

= Hynek : | forget now whether you would use the word 'double' or
'himarv', hut obviously...

- Aht : It would bhe possihle to have a language such that the computer
would recongnlze the word 'douhle' or 'hinary'.

Q. dvnek : That's a later editton, but i ' £
IERJ!: . er e ’ N ALTAIRN 1t didn't. If you sald
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'Winarv' and 1t only knew the word 'doubhle', then 1t would come back and
say : MNNN UMKMOUN, '

- Akt ' N¥, so vou talk to It In Fnglish,

~ Hynek : Ynu talk to it In Fngllish,

- Akt : And 1t replies in English.

- Hypnek : The whnle polnt, however, In an advanced svstem, fIs
essentiallv not to have the astronomer relv on a nrogrammer to phrase the
ntestion. He gets Aown there and tynes out the thing, and the system
essentlally NONSTRUCTS THE PRNARRAM to answer that aunestlion,

- Aht : Recause It's a type of aquestion vou ask that is fundamentally
sn simole; hecause you're stating a magnltude or a Alstance, and ynu're
asklne 1s it greater than, or less than...

- Yvnek : Ves, the ALTAIR system mave you nimhers an-d ratlos and
oarcentages, things 1tke that. |f vou wanted to prepare an ohserving
115t nf things, vou Just made onut the,,., It spnils It, In a sense !

- “ackerling ¢+ In the examole | showed vou when | loaded DIRAC, |.sald
! wanted to query the galaxy flle, and then | asked It - this wuas,
theldentally, Yauconleurs'reference catalongue of Rright falaxies - |
asked 1t for all the galaxles for which a VYerkes tvne existed, In one

of Margan's rtwn 1lsts, It extracted these; | sald, 'retaln that sample,
! want ton ask more questtons', . | then asked for all the A or F-tvpe
ralaxies of Irregular form, and It picked up those, and | then sald, for
how manv does a radlal velnclty not exlst, and It plcked uo those, then
| sald, 'nrint me out the Yerkes typoes', and whatever data | wanted to
extract, | forget what theyv werea, but this Is the kind of thing that one
can dn, | have more examoles wlth me, which 1'11 show vou.

- ? ¢+ MYow long Ald all this take ?
- ""ackerling + 0h, that particular one, that teank part of an afternoon.
= Hvnel: : VWell, for the whole thing, hut the actual scanning ?

- “ackerllng : Oh, the galaxyv catalogue is a rather slzahle flle, The
tima 1t takes tn scan it varles depending on how the current use Is on
the machline, but typically, Aurlng oerlods of 1ight nse, nerhans three
minutes to scan the file., NDuring nerlods of heavyv use In the Paclflc
afternonon, 1t took, oh, nerhaps twlce as much,

(Machline stze and storage capacltv are dlscussed, as well
as the cost of perlpheral hardware),

- Meff : let me ask you, if | wanted to ask ahout a star that Is known as
Alpha lyrae, how would | ask 1t ?

- Wackerllng : There Is one thing that | Aldn't say and that Helmut
hrought un, Flle number NME should he a flle of names of astronomical
nhiects., That's somethlng we can start to work on tnday, ynu go Into the
flle, you say the name fleld contains 'Alpha Lyrae', and, hang ! Vou get
the names of Alpha lLyrae, and number 2 glves vou the pname that you would
inse In querylng the system,

? 3+ Rut 1t {Increases the slze ?) of yonur 11ttle system.

-25-



1]
- Mackerling : | created a sample one from the Messier Catalogue,
- Aht : This Is what | mean. For instance, in looking at the old
Yttarature, you find a 1ot of lLalande numhers, «which are no longer used,

fne of the first things vou have to do Is cross-referance all these
catalnnues,

Strand ¢ And how ahott 'olf nimhers ?

Aht : They should he cross-referenced too.
- Maff : Have you heen trying to ook up Yolf numher 59 ? (laughter)

= Aht : If you wanted identification, vnu might automatically 1ist the
comman rdestegnations for stars, such as the 1P pumher, the BN or CN number,
nON nymhear, the HD number, the name and nerhans the NC numher, A more
extenslive list, such as "il1son and 'In1f and Pnss numbers, could he
nrinted hv request,

~ Ctpand ¢+ That's a hlg file rlaht there, the identifications alone !
‘*"hich, incidentally, 1| would 1ike to have a copy of,

- Yynek : Mayhe we should start...
- Paman : Vo need some of the old'thlngs.

- Aht :  Sp that, anvything vou do along thesa lines, 1f vou onlv stnpped
at Intercomnaring the catalogues, and printed out what Mount U/f1son
nimhar corresnponds to what BN pnumher, you've alreadv done smmething
nsefiyl,

- Waeckeriine : Snmehodv mentioned the organization ...

- Strand : It's goling to create a big center hut not very many great
astronomers, yott know. The astronomers are golng to relv on centers for
evervthing.

- Ylackerling : The astronomers will be relying on themselves to
matntaln the data-=hase,

- Hynek : The whole Is not greater than some of Its narts !

- Ppman ¢ It seams to me that all ynu've heen talking abhout is how
vou'd have a nice, convenient access to the Aata center, versus sendling
a anastlon and getting hack an answer some time later. | don't see how
mucz vour're golng to get out of the data center unless ynu have data nut
tn flrst,

-~ MMackerllng : 1t's the PEOPLE who make the data center. 1've been
talking the way ! Ao hecause of things 1've heen hearing and the things
1've heen reading, especlally the CNSAT! reprint.

- Poman : | Adon't understand how vou avold the Aata center In your
systaem, : ‘

- Yaeckerling : The Aata center 1s a machine, It's not a staff of people.
- Yynek : That's the difference.

Q
JERJKT Poman : Somebhody has to put the information In.
E— ~26~-
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- ® ¢+ Somewhere on this computer there has to he a set of Alisk nacks,
§. or 1€ they are not on soemehody has to put them on,

- Hvnek : Let's sunpose that Nhservatory N is resnonsihle for.. douhle
stars, let's say. They're a staff of professional people located in
Nshlknsh or some place, Thev are the ones who are respnnsihle, and only
thav, for undating this thing, Mow, on thelr terminal thev create the
. catalnmue at the data center, hut the center Is not people, it Is a

- machine. In other words, the douhle star experts don't have tn he
housed in thls center. That would get terrlibly top-heavy.

- Poman : That's a trivial nrohlem.

- Hynek : Yhat ? To have all the Aouble star experts, all the galaxy
axperts, all the..,.

{ - "sman : Mo, where vou house ynur exoerts s a trivial prohlem,
Vot have to have a central file of iInformation,

i - Yynek : That's the machine, the Alsk.

= PAaman ¢ Rut haw do vou compile your Aata ?

: - Mynek : That's the resnonsthility of the pneaple who have that,
2unnnse the 1A Aecldes that astronomer Z and hls groun are responsihle

) far radin-snurces, Then nnly the peonle resnnnsthle, atven that

[ v;snnns!hllftv, have the right and access to the central data-hank. And

z they, ..

- "ackerling : In update.

- Hynek : In updating tt, ves, In that categnry. They could not come In
ani mess up, say, vour double star catalogue,

J - ? ¢« What happens If the ohbservatory responsible for upndating the
dathle star catalogue decides they Aon't want to do it ?

{ - ARt : That has happened In the past, but vou zive It to another
nhservatory, such as the transfer nf the Jeffers double~star catalongue

from the LL1ck Nhservatory to the " ,S,Maval Nhservatory.

L - Hynel (Yo Miss Roman): | think it's a matter of semantlcs,
Mancv, really, what you mean by 'Canter' here.

- Abht : | would 1ike to onen a blg Alscusslon. | detect there s a 1ot
of questlons here you'd 1ike tn ask.

- Strand : | think vou should allow NDr.%uncombe to say a few words
here, since we have had such a center longer than most.

i” - Uynek ¢ That's trie.

- Aht : All right, may | Interrupt thls and ask Ray to make any
comments he'd 1ike.

1. - Nuncomhe : Thank you, Helmut. "e've had some experience In this, over
the last few vears, In the rnle of a data center In certaln aspects of
Aata. “e have tried to assemble star catalogues In machline-readabhle form,

L these data heing distrihuted In Furope by the Astronomical Rechen=-Institute

nf Heldelherg, fermany, and by Her Majesty's Mautical Almanac Offlce,
'[:R\K: Sussex, England. In cooperation with COSPAR, we hope to estahlish a data
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exchanre center, probahly located In Parls, for ephemerldes for space

resaarch, star catalosgues, and obhservatlonal data generated hy the
varlous lahoratorlies Invelved,

- Akt : You told me, | think, of two, | thoucht they were senarate.
fne was a catalogue of catalngues avallahle on tape or cards, and the
nthar Is a cooneration between 1Al CommPsston 4 and CNSPAR for a
Cormittee of which vou're rhatrman, formed to constder a catalogue for
space ohservatlon, which Is mostly short-1ived ohjects. Is that wrong ?

- Duncomhe : | think something slinoped in the Interpretatlion,

- Aht : Then there Is another thing here, in which there Is a proposa)l
for a center In Paris which would Adirect Interasted peonle to where Aata
~an he ohtalned,

- Myinecomhe @ This Is exactly the nalnt 1'm speaking tn,

- Aht : Rut, this center wonuld not necessarlly stnre the Adata Itself,
- Nuncomhe : Thils Is preciselv the nolnt,

- AWt : Alright,

- Nincomhe ¢ This Center would act as an Informatlion center to dlrect
nsars to the Adata zroups that are generating the data, or that already
have the 4data avallahle, In other words, the group, the offlce In Parls,
would MOT store all the data, 1t would merely act as a clearinghonse for
reaiiests for Aata, or requests for ohservations ann refer them dlrectly
to the groups who have the expertise In elther makling the ohservatlons
Ar analvzing them, and so forth,

-~ Aht ¢ MHow doas this dAiffer from just an updated verslon of vour
flrcular 11k ?

- Niuncomhe ¢ In Gircular 114 we refer onlvy to the data that ll,S.Maval
Nhservatorv has.

- Aht ¢ 0h, Put 1t could he expanded to say that these are the known
catalogues avatlahle on cards or tape, and they can he ohtalned from -
a glven ohservatory.

- NDuncomhe : Exactly.

= Yynek : How ahout compatlhllityv of such data ? Suppose | wrlte to
Parls and want a certaln catalogue. Pon't | have tn have the proper
comniuting machine so that the data, the format Is compatlhle ? Or can
that all be stralghtened out ?

- Duncomhe : You get a format of the data right along with the Aata,
(Compatihilltyv and expnrtablility of data are discussed)

- Aht : | could see difficulties, In the sense that fdentiflcation may
he Atfferent, you mav run Into ldentiflication problems.

- Nuncomhe ¢ The polint I'm trying to make ts this. "le refer people to
the narticular group that has expertise In that area. Here ynu are
assuming that all of those varlous groups are going to Introduce thefr
data Into one large data~bank, for V0N, and MAINTAIM It for vou, so that
peonle can go to one place to get the data. But vou're making more work
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for the neople who are the axnerts In varlous areas, in putting the
hitrden on them to keep vnur Aata-hank up-tn-date. !t brcomes thelr
resonnsthiltty, not vours,

- Hynek : A1l right, don't thev have that burden richt now ?
- Yackerlling : They have it already.

- Nuncomhe : Thev have this burden right now bhut tno a limiterl extent.
“"hen somenne asks me tn send a copv of some particular catalogue, |

1 tell them, "A'l right, | have a version, and | know there are errors

In 1+, hut you're welcome to It under thase clrcumstances'". How are we
anlnpg to warn the user of this data hank ? He goes tn that and he assumes
he 1s getting the most uo-to-Adate, cnrrect Information avallable,

- Yvnek : That would alsn have to he Indicated,
- Niincomhe ¢ Well, all rieht, thls 1s a varlation on what vou proposed.

- Yynek : Yes, of course | should pnint ont, as Lloyd pointed out, that
this thine works on one cnontlnent, the Marth American continent, | dan't
sea how vou'd have a terminal In Paris connected to a unliversal data
hank some place,

- Nuncnmhe @ 0h no, this Is perfectlv true, but this Ts an ohiaction that
might he ralsed. '

- Strand : The process of vertfylng the data will he slow, Ry the time
thts s done the user might no langer he Intarested,

- Poman : | fust want a clariflcatlion: Is this a place where you

ronld send a 1ist of a hundred stars and, sav, thev glve vou the
nhatnamatric ohservatlions of these stars, or would they only glve von all
the nlaces that had photmmetric Aata ?

- NMiuncomhe : | helleve that Inttltally, all they will do s tell you
where the photometric data Is.

- Pamzn ¢ Which s not really very much heln,

Niincomhe ¢ That's the prohlem,

Paman (laughing) : As you know !

= Nincomhe ¢ The second objectlive, | belleve, of this

assemhlage of Aata, In one place, is that the user can duery It and get
all o¥f the photometric data on a particilar nhiect.

- Aht : MNow, what you've heen talkling ahout and what lloyd has heen
talking ahout are complementary, because Lloyd has heen talking mostly
ahont this, and you've been...

- Bunenmhe : Yes, hut let me proceed: | see no difference as far as
ohlimctlve one Is concerned, hetween what you're proposing and MIAT WE DN
MAK amAans centers of exnertise...

- Uynek : TIME Is perhaps the Aifferance.

- Puncomhe ¢ Fxcept that vaou're putting a greater hurden nn the peonle
who sunnly the corrections of all the matertal, in order to keep your
data=bank up-to-date. Your second ohjective to have all of the data
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avallahle for Interpretation ls excellent, but how much
s It eolng to cost you ? How much Adoes It cost vou, for Instance, to
- keep one ltem of Information on a star, In storage, and have It
. accessed, sav once every two years ? HHow much Is It golng to cost vou
“- to retrleve that ANE BIT of Information, and how much does it cost you
ta analyze data ? | have had HOARRENDNUS experlence running throuch
flles of star catalogues to try to find differe t deslgnatlions for the
same star, among star catalogues. It takes a TERRIFIC amount of time to
4o thls tvpe of analysls.

S

- Aht : DNnce vou've done It for a star, why should somehody else have
to Ao {1t for the same star azaln In three months? There Is a question
In the bhack...

- Kleffer : | Aon't want to interrunt, !'m somewhat of an outsider,
hnt | have the distlinet feellng that you're all golng down a very
strange nath, You're very concerned ahout computers and comnuter
nse, and vet { don't think that vou really know exactly what you want to Ao
with them, let me sav thls about that sort of prohlem. | onerate a center
whieh has gone Aown this road in a modest way, and there are three serfou
ornhlems, "'n to thls polint, as far as | know, larse data-hase systems have al
falled, The reason that thev have fafled (these are nnt my nartlcular
reasons) are flrst of all, gnals are not well-defined and they change.
cecond, changes In hardware, and flnallyv changes In saftware, Mow, A1l
three of these thlngs seem to combhline, to ahsolutelv SINK large
Aata~-hase svstems. These prohlems should be carefully analyzed for the
system var're pronostng., 1f vou really understand what the haslc
: Infarmatlon s that vou have stared I'n the data=-bhase, and exactly what people
1 want to know ahout 1t, lt's ahsolutely MIICH RETTER tn print 1t out and
send 't tn people rather than have every one continually query your
computer, 1t's FXTPEMELY expenslive. My understanding is that you are
naneratineg on very modest hudgets. You ought tn recognlize that from the
baeginntineg, and not snln your wheels concerning very sophlsticated
= hardware and software, | have a very good ldea of what software costs,
/ hecAatse we have to generate a lot of our own, for a miuch simpler system.

- Abt : VYes, that Is a good polnt., In defense, | can say the
i astronomers have heen outting together catalngues for hundreds of vyears,
{ and they have a 1ot of exnerlence, and i{t's nnt necessarlly expnenslve, |
o could suess how how much 1t ensts...

[5 (Niscusslon of the amount of work Involved In
- catalnegue preoaratiori, Nr.Aht points out It has not
heen a very large exnense In the past)

$ - Vinffar : | Aldn't say that. "hat |I'm saylng Is that 1€ vou really
- want to use a sonhlstlcated commiter system, vnu really are maklng an
nrdar-of-magnltide jump from the kind of thing vou're talking about,
| which Is, | think, st?11 the best wav to do things, In manv ways...

- Akt : You're saving, thls 1s exnenslve,

} " = Kleffer :+ No, |'m saylng that Instead of producing a hard-hound

o copy NMCFE for people, vou have thls data all stored, etther on

. : Alsk, tape or whatever, and contlnually search that tn get

i 1ittle bits of informatlon, that's -something that 's orders of magnltude
more exoensive, and that's what | gather we have been talkling ahout.

(The cost of the Stanford/Morthwestern experiment Is dlscussed,
| o but the cost analysls was not vet avallahle. It Is presented helow’
IERJ(j In the sectlon 'Analysls of an exper!ment with dlrect-access
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astronomical catalogues')

~ Hynek : Well, the gentleman In the back of the room sald that even
hafore a hard cover Is out, 1t's out of date, and vou can't undate,

"o vou know of anv catalogue that Is perfect ? And Adoeasn't need updating
as soon as It Is out ?

"oan :  Yes, hut vou're golng to have that trnouhle anvway,
- 2+ Continually, You're continually updating catalagies,

~ Hynek : It's a 1ot easter to update the data hank than It 1s to print
A new cAatalngue,

- ARt : | coul” see...

~ Strand : Ye're golng awav from the subject, of how much It ts golng
to cost, this Is what 1'd 11ke to know RIGHT NnW.

- Hynek : Wall, we don't know the answer tn that as vet.

- Strand : Yell, then don't pronose someathing unless vynu want to have
't, unless vou have some kind of an answer of what the cost will bhe.

Nn the haslis of this, let astronomy In the tnited States decide whether
MSF should snend, for Instance, twn million 4cllars on such an
astronnmical data netwnrk, or whather the monev should be spent on
research, This 1s what It comes Aown to.

- lynek : You're ahsolutely right, this Is what It Anes come down to.
- "gyhcomhe ¢ This Is what It really comes down to,

- Hynelt ¢+ And 1| think that Is where the nhilosnphy of this thing has tn
come In, MSF Is sunporting a fantastic amount of matertal for data
ARATHFPING, NMow, shouldn't there also he an AI'RA for the Aata processing
and Adata use ?» | mean, what's the nnlnt of putting mil11ions of Aollars
Intn getttng more and more and more data, If It becomes Increastngly
A1Fficult tn use It ? This Is what we ara faced wlth.

= ? ¢+ VYou woui! have to Aemonstrate that that's the case. VYou have to
Aamaonstrate that a typlcal astronomer Is missing data he should nse iIn
snlving whatever the problem is,..

- Aht : Y“all, | can think of a very good example of a prohlem which
suddenly hecame urgent ahout flfteen vyears ago and the data center would
have answered instantly or In a matter of minutes, and that Is: what
canphefds are known to be In open clusters ? Because the realization
that there are cephelds In open clusters had qulte an ‘Impact on
astronomv ahout flfteen vears ago, and that could very easlily have heen
answerad,

- RPaman : That probablv Is still not beyond the reasonahle
canabllity of answering bv hand with an existing catalogue.

- Abt ¢ Mell, 1t was done by hand, but It teok months te do.

- Poman : A more serlous questlon is ton take a 1ist of elghth
magnlturde stars and look for thelr spectral types or thetlr photometry...

- Uynek ¢ 0Or thelr space mottons.
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- Abht : Can anyhody glve an example of reallv urge.t nrobhlems that may
have a hig Imnact on astronomy hut cannot he done by hand, prohahly 1lke
asking the number of cephelds In clusters., Snmething vou really have to
dAn with a comniater ?

(The dlscusston turns to other retrieval systems)

- Abt : VYell, the astronomers of the world now turn out somethlng 1lke
1509 and mavhe 2011 papers oer vear. It's Increasing over time. Yow many
nf thase things, how manv of these paners can any one person read, or
scan, nr even remember, and even In a relatively narrow nart of
astronnmvy ?

-2 That's what the AJR (Astronomisches .Jahreshericht. Fd.) Center...

- Aht : VYas, hnt the A4R s very ponorly set up to racover all the data,
hecatise you have to look in every single volume. If you want to flind
nut what's known ahout HD=-so-and-so, do you want to slt dovn and look
throieh saventy volumes nf the Jahreshericht %

- Rixhv : When ynu consltder the cnst of malntalning a computer terminal
which vnu'ra parhaps using once a mnanth to ask about
HN-gsomething-or-other, as comonared to the cost of sttting Aown with the
dahreshericht, there Is just no comparison ! ‘

- Aht : Ryt the point 1s, nennle Ann't do 1t, and therafore the...
- %Ixhv ¢ Rut they do It !

- Aht ¢+ They Ao It ? Well, yes, In part, hut It's more 11kely that
thev overlanok oast things. And ! think our research will gradually
datertorate hecause peonle wlill not he aware, fnr Instance, of the fact
that when they work on a star, 1t may be a douhle star svstem and
therefnre mav have a composfte spectrum.

- Bman ¢ The maln thing Is, ynu can't fInd out what's known on
HN-gnmething-or-other unless HD-somethlng-or-other was suffliclently
Important to have a paper all to Iltself., If it was just one of a hundred
stars In the naper vau're not golng to find It In the Jahreshericht.

- Hvnek : Yes, that is a good nolnt.

- Aht : Pay, vou...?

- Muncomhe : | vas about to say: THERE 1S NN SHRSTITUTE FOR DILIREMCE
AND | MDIISTRY,

- Hynelk : Hear, hear !

- Nuncombe : Even your pronosed astronomlcal Aata hank won't do It.

- Qltterly ¢ The EXPERT cannot he maved out, | think this 1s very
imnortant In all ynur plans, Yis careful planning is reaguired for the
suyccess of any data center. Rellahllity of Aata given out to an
Tnqulirer Is the Important factor.

- Hynelk : 0Oh no; you're ahsolutely right, vou don't... Rut the point

Is: 1s astronomy going to he left in the rear, and the medical
nrofaession Is dolng thls, the legal prnfession Is...

- Sitterly ¢ But they aren't sunccessful.
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- HYynek : Mayhe at the present, all right; now does that mean that ten
vears from now they won't he dolng 1t successfully ? Mayhe we should
nrofit from thelr mistakes !

- Abht : No vou think it's ton early to do this ?

- Qiftterlv : | do., More groundwork 1s needed.

- Aht s Yoy think we should wait ten years or so ?

~ Maff : | think a minimum thing that could bhe started, In which | take
therm was a cnnsensus, would he a star Index: Just a simple-minded star
Index. '

~ Aht ¢ Like Lloyd In |I1)1inols starts...

- Maff ' You know, where you have all the names...

- 'lvnelz : A1l the names.

~ Maff . A1l the names of the stars known, and what 1s the Informat'!on
that's avallahle,

Paman : And right ascenslion and declinatton.

- "'vnek : ves. |

~ Aht : How far would you go ?

~ Maff : Wall, anv star that haé a name nught to he In 1t,

- Paman : Name or number.

- Strand : “e have names of stars as faint as twenty-first magnitude,
- 2 : If anyhody has bothered to name It, It should be In the Index.

~ Meff : Mayhe 1'm not posing the questlon correctly, bhut it seems to me
there was A consensus that a star Index of some form wonuld be valuable.

- Yvnek : Yes, hut it's one of these things where there's a hig dltch,
vouu can't tumn a quarter of the way. You have to make the tntal jump,

and vou elther have a total Aata system that will be ysed for all sorts
nf things, or vou don't have a data system.

- Rixhy : Can't vou start small, bv having, say, a continuation of what's
alreadv done with star catalogs In a more organized form: Nne group Is
workine with star catalogues, and another group is working with spectral
tvpesS...”

- Mynek : That's exactly what we've proposed., AND “E UAMT TN COMNECT
THFEM RV A METUNRK,

~ Rixby : Yes, but this...
- Poman ¢ It would encompass the whole world ?
~ Hvnek : N, no, no, well.,.

~ Strand : You can do us a favor. ‘e need ldentifications of stars from
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vartous catalngues, and an astrngraphic catalogue, would vou like to Ao
that for us ?

- “ypnek : Why, sure !

- Strand : That would save us a 1ot of money.

- Aht : That's a hig prohlem, hecause Alfferent catalogues have
nnsltions that are not the same equinox. You can't just take a

colnclidence, you have to glve a tnlerance tn the colnclidence, and even
then 1t's nnt rellable... (laughter)

- ¢tpand : Ye know all about that. ‘e have dlscussed 1t at the Maryland
Astrometric Conference.

- Maff : | think that | would 1tke to propnse that we start with something

we can Ao, prefarahly somathing small, as a ollnt nroject, then, keeo a
rareful accounting of what 1t costs...

- Akt : VYes but, John, can you bhe a little more specific, because we
iust had a ollot prolect,

(Confuston)

- Nincombe : Look, 1'm not trving to sledgehammer thls, all | will say
s, vou can make a computer do anything, It's how much It costs you tn
An 1t '

- ARt : And also, how much Ao you galn out of 1t ?

- Pyneombe @ Just get the halance: The heneflt to you, agalnst how much
It's costing, and how manv other Aemands there are for the same dnllar.
Yy miych research,.

- Paman : And the same expertlse,

- ARt : Now, that will come iIn the proposal, bhecause presumahly there
will he a pronnsal from Hvnek anA '"!ackerlling and Jacques Yallee or
snmehady else, and thevy will estimate costs. Then the MSF or “ASA or
whnaavar 1s the rectplent of this proposal will have to decide: Do we
want to snend a certaln fractlon of money to do thils, or fund

some other projects. Rut, the only thing that we should discuss s the

canahillitlas and astronomical posslihilitles of an astronomical data center,

how Important they are. <o, |f you have anv suggestions, some
addtt1onal ones, 1'4 be glad tn hear them, because thls Committee is
anlng tn termlinate, and it will Adepend on the Initiative of somebody to
Ao the next thing. Any other comments ? Well, it's time to stop.
Thanl:'s verv much for your time,

(Many peonnle leave the rnom, The discussion continues among a
small group)

- Aht : Me've learned two things here: You've got to get some cost
astimates, and the other 1s, vnu have to solve this problem yet.

= Mackerltng ¢ | dlsagree, we certalnly Ao have In mind that prohblem
axactly. That's one thing )} wanted to remark, there Is a catalogue...

- Aht : Litke the planetarv nehulae °
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i - Yackerliny : That's the format, that's very much the format that one
thints of, | Ald indeerd tyce a samnle of the planetary nebulae
catalngue, tn see what It l1ooked 11ke,

- - Yvnek : Well, the polnt Is, 1t's 1tke the old PIV1shury Flour

' advertlsement: "Eventuallv.,. why not now ?" Eventnally, some much more
efflclant way has got to he found to handle the astronomical data. Mow,
this mav nnt he the wav to Ao It, hut anyway we've started thinking

]. (Niscussinon of hudgetary levels tn Astronomy)

;‘ ahnout 1t, that's the Important point. Somehody will come up with a

'é” r“’.a'”V...

Ij - Wackerling : Trouble Is, there are needs for this tvpe of thing right
! nnw,

- Yvnek : See, If we have a cnnsnle at the NDhservatorv, and | want to
: gat a certaln star, | can rat the finder fleld with precessed positlions.
e Vou wouldn't want to have a comnuter just for that, but...

i - Pixhv : It would be nice,,, | wouldn't see that vou would use It just
for access,..

. - Y'vnelk : Ynu prohablv wouldn't he usling It as much as some of. the

l nennle at the !'Inlversitv of “isconsin, It could be that some of the
L nennle whn are generating the data In that narticular fleld would not
nenrd 1+, hacause they got 1t there.

- Ptchy ¢ veas,

- 2 : Mow If you suddenly Adevelnp an Interest In radlo-sources, now yo'
might want to have access to...

- Rixhv : In soma ways It might seem useful tn coov the entlre
catalog and to work with your own computer. It might he more
economlieally feaslhle and easler to adant to a partfcular appllicatlion
than tn trv tn work th 'anugh a consonle.

{f - Hvnek : 0On the other hand, that thing may get tn the polnt where
- It was chean to have It,

(N1scusslion of hardware avallable at Maval Nhservatory)

- Yynek : YWell of course, she hrings out an Important thing, that they
are sneclalized, so speclallzed in thelr dat> that they are the ones who
are gatherling 1t and USING {t, thev don't have any need to go and query
a 4data bank for Aata thev've already got.

i - "ackerling : Right. But one envislions the 'aval 0Ohservatory as
. hefnz a 'nmartlcinant' In the final...

- Pixhy : The way things are run at the moment, we are generating data,
1? and we are giving people coples. There have heen times when It has heen
' a hurden on npeople to get a corrected copvy of the data requested
nrepared for someone, This makes me wonrder If a researcher would he willing
L{ ‘ tn ston for three or four months to help set up a data bank. That's three
{ ar four months lost from the research. .

. = “ackerling : That's right, but people are dAnling this, Arne Slettehak
ll dors maintalin a flle of stellar rotatlional veloclitles, you malntaln
hundreds of records, and 1f this was presented to you as a too!, and It
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were useful teo yon In vour Aata compllation and your data undating,
thiz Is how one would hone tn make It useful to VO, vou see ?

- Rixhy : Yes,

- Yackerling :. But, as | say, we have to make our case very much more
~lear.

- Rixhy ¢ Also, there Is a certain element of trust that

vorl have to have In the system. So far when presented wlth compilatlions
nf Aata most neonle generally try to do some checking or COMPLETELY
rheck to see that that's a comnlete V!st and, well, many tlmes ynu find
t2's not, and this kind nof a svstem...

- Mackerling : But on the other hand, evervone does take Arne

Rlettebak's word that thls ts Indeed the hest stellar rotattonal velocity
for blah hlah hlah, and if it's certified hy A,Sletterbak Movemher 10th,
1971, one pnerhans trusts the Adata.,

- Hynelk ¢+ Ryt this Is something that covers the whnle waterfront, |
mean no matter...

= Y"ackerling : This Is the pointc, you need CRITICAL data evaluatlion, a
£11e nf criticallv evaluated data,

- Yynek ¢+ Take anv catalongue, take that supernovae catalogue that came
from Yarsaw, hnw Ao we know what Its critltcal accuracy ls ?

Pt 1¥ we were In closer communicatlon with them, we could find out and
test it, and check (¢, And heaven knows, even in the Rright Star
tatalogne ... ‘lell, we'll see what the orehlem wlll he... Can voa't Aron
me onver at the TraveloﬂPe ?
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AMALVSIS NF AM FEXPERIMENT

MITH NIPECT-ACCESS ASTPONAMIGAL CATALOANES

J.Vallnme

This reonrt discusses the technical and economlical aspects of an
exneriment with a protntvpe sclentiflc network, which has heen descrlibed
ahove In tarms of the contents of 1ts data hase and 1ts user Interface.

The exnerlment Itself tonk nplace from Anrll 2 to May 726, 1470. An |RM
77h1 Communtcattons Terminal owned bv the Stanford fomputatton Center
was shinped tn Fvanston and Installed at the Dearhorn Nhservatory for
nse with a datanhone cnuoler. Three¢ major catalogies were created and
stnred on Adlrect-access Alsk nacks at Stanford. The '!'arsaw catalngue of
siunernnvae was converted ton machine-readahle form in NIRAC
1ahelleAd-1tnnut format for the nurpose of the exneriment. The Nearhorn
Nhservatnryv verslon of the Rright Star Catalosue was created dlirectly
from the ex'sting tape through NIRAC's poslitional Input processor, and
sn was the Reference fatalneue of Rright Nalaxles ohtalned from the.
"mivarslitv of Texas. Fmnhasls was then placed on the creatlion o7
aoornximatelv ten more exnerimental flles reflecting the personal
tnterasts of iLhe users: These Inclnuded a Messtaer catalogue, a galactlce
hithltnzraohv, etc.

Throughout the experiment, a careful account was kept of the
“nllowing data: :

1. The narameters of each sesslon, 2?2, The compiter tlme and service
charses, hroken down by categsory. 3. The teleohnne 1lne charges. 4.
The varlons other exnenses such as travel and training.

The ohject nf this effort was to ldentify aualitatively and
auantitatively the parameters of the Interactlon hetween a group of
sclentists, non=-programmers, located far away from a computling center,
and a Asta-<hase with which thev could only communicate through the
reneral lzad software itself.

It was of particular Interest tn chserve the dlstribution of the
sesslons and the nature of the work accompllished; to analyze the
Atstrthntlion of holding times; to stiudv the causes of the fallures that
nceurred; to hreak down the const of the experiment according to Its maln
cnmnnnents: and flnally to try and form a pleture of the economics of a
F11lv=-Imnlemented network. e propose to study these ltems In turn.

I. ANALYSIS NDF THF MAN/SVYSTEM IMTERACTINM,

A large ttme=sharlng system, such as the nne running at Stanford,
davelons a well=defined pattern of behav'tor as a functfon of tim¢,
numbher nf users and mix of Jjohs In lts various partitions. Refore the
dAavalonment of NIRAC earlv In 1970, informatlon retrieval applicatlions
had only minimal Impact on this environment, and when It occurred this
Interact!on was not measured. The release of NDIRAC or of some similar
tnnl tn a notenttally large user pooulatlion would have repercussions on
the system, and It was Imoortant to understand thls phenomenon. This
provided the maln mottvation for Stanford's support of a 1Imlted
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4ata=-hase exneriment,

To he meanlngful, the exoeriment had ton Invnlve remote users with a
cstenlficant time Alfference to the central computer, 1t was also of
'nterest tn select an aoblication area that represented a new type of
acttvity at Stanford, Thus, Dearhorn Nhservatory, wlth Its two-hour time
At ffarance to Callfornla, its expertlse In astronomical catalogues, and
'ts Interest In computer appllicatlons In Astronomy, was an fdeal
randtdate,

Mast nf the actital work of sunervisling the creatinn of the data-hase
and tralnlng newcomers In the use of “YLB!ID and NIPAC was done hy
vr.11ayd "Mackerltng, Nther astronomers = notahlv Mr,J.Mack and
"e.lamas “lray = Aevoted cons'derahle t'me to the exneriment. A total of
aleht astronomers tonk part tn the two=month study, all of tnem from
Marthwestern., (Stanford ''nlversttv has no Astronomy Department).

Ane hunArad and twentv sesslions ware lngged, !lsers weare asked tn
tdant!€y avary sesslon, tn record the Aate, starting time (PST), total
Auyration, cPU utilizatton, editing time; tn additinn, they recorded .the
mnda nf termination (Marmal/Abnormal), the name of the user, the systems
ngad, and thefr remarks., (Same nf these parameters are orinted out hy
the svster, Auring normal terminatton, but users do not usually save them
as they relv on the monthly statement thev recetve from the accounting
nfftee), This Information is reconrded in Tabla | below,

Ja have presentad elsewhare an analysis of the Alstrihution of
holdine times and of the Alstrlbution of sesslions Aduring the Aday, Ve
have alsn Aiscussed the diffarances that ars anparent hetween these
eranhs and the tvnlcal distributions ohserved on the ~“tanford system for
nther users, Flgure 1 dlisplays the Aistrthutlon of the sessinns of
knnawn Auration for each Aday of the exneriment.

The duration of the sesslons and the amounts of computer time used
reflact the natitre nf the waork that was performed: the svstem was
ntt1fzad essentlally at three levels: for communication and consnltatlion
among nsers, for editing of the primarv data sets (in WYLRIIR) that were
nsad 1n eenerating the NIRAC flles both In creatfon and iIn updating; and
~mostly, of course, In querving the resulting flles,

1. AMALVSII OF SYSTEM FAILIDES,

Racause none nf the users had exnerlience In the noeratlng svstem, and
hacatise Aaccess tn nrogramming languages other than NIPAC was not glven
tn them, a sltuation was created that made fallures esneclally critical,
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TABLE I
: vk session . logon durat CPOU time (sec) ¢t Systems
: no date  hr:a hr:am ORVYL EBditing LJ D
' ] 1 1 21v 10:00 0:15 4,74 4,10 ™ X
¢ { 2 2 IV. 10:57 0327 S.81 9.8 W X X
. - "3 2 IV B8:21 1:47 40.26 17.72 W X ¢
& 8 27TV 20:41 1:24 5.08 - 16.27 N X X
i 1 S 2 IV 22:08 0:13 0.00 0.38 N X
: ﬁ 6 3 IV 10:01 0:21 0.00 0.05 & X
{ ’ 7 3 IV 11:43 0343 0.00 22.51 X
- 8 3 IV 1i2:57 0:43 0.02 4.72 N X
I 9 3 IV 18:37 0:39 13,76 12,70 ¥ % ¢
: ' 10 3 IV 19:37 2:59 221.51 76.48 ¥ X 4
{ < 11 8 IV 11:35 0:58 59.05 29..5 . W X X
: 12 8 IV 14:00 2:11 329.56 - 48,92 N X X
r = 13 S5 IV 1441 2 ? ? A, X X
; g 18 5 IV 15:38 0:24 8.28 4,52 N X ¢
5 '
P 215 61V 9:18 1:09 4.35 8.91 W X
{ 3 16 6 IV 11347 2 ? ? A X X
: i 17 5 IV 13:57 1:09 7 2.37 ¢ X
- 18 6 IV 15:42 0:27 0.51 4.28 .§ X
19 7.IV 12:10 0:36 65.76 4.39 N X
- 20 7 IV 14:40 0:15 0.06 0.18 N 4
i { 21 7 IV 19:38 1:19 2 .119.90 A X x
M 22 8 IV  9:45 0:20 ? 65.57 A X X
23 8 IV 11:16 1:28 238.79 252.59 N X X
. 28 2 TV ? ? ? ? " X X
! 25 9 IV 14:23 2 ? ? A X
¢ 26 9 IV 1440 2 ? ? A X
27 10 IV 9:00 1:43 208.88 33.70 W X X
' . 28 10 IV 11:27 2:04 ? 2 A X b 4
¢
}i |
329 13 IV  8:48 1:35 6.90 6.53 N X X
. 30 13 IV 11:48 3:09 240.98 63.16 N X X
I( .31 14 IV 19348 1:45 61.68 26.85 N ¢ X
A 32 15 1v  8:24 2:06 228.32 41.32 % X X
33 15 1V ? 32:81  73.07 S50.28 N X X
» " 38 16 IV 8:22 2 ? ? N .. X
{ 35 17 IV 11:11 #1:20 ? ? A X
i 36 17 IV 12:40 2:48 261.25 55.53 N X X
37 17 1Iv  18:57 2:02 30.92 19.23 X X X
. 38 18 IV 12:18 #0:25 ?7 . ? A X
39 18 IV 12:49 2 ? S A X
j " 80 18 IV 15:07 0:01 0.00 0.00 N X
) 81 19 IV 18:01 0:5% 25%.86 10.21 N X X
8 82 20 IV 8:21- 1267 40.26 17.71 N X X
83 20 IV 11:24 1353 8.08 7.57 W X X
848 20 IV 19:57 1:39 0.16 4.02 ¥ X
: 85 21 IV  8:17 1:49 320.61 44,808 N. X X
86 21 IV 11:21 3:41 0.18 .89 N ) S
ji , 87 22 IV 8:44 0:33 180.36 12.45 N X
88 22 IV 10:59 ? ? 2 ? X
_ 89 22 IV 13:10 2:13 339.95 33.87 W X
"3 ' S0 22 1V 18:07 0:43 73.67 13.62 N X
\ t - 51 22 1V ? ? ? ? N X
. . 52 23'IV  9:16 0:35 63.01 4.56 N X
53 23 IV 11:07 1:29 336.36 10.24 # X
. 58 23 TV ? ? ? ? A X
L} 55 23 IV 19:53 1:12 607.56  4.26 N x
56 24 IV ?  #1:00 #360.00 2 A X
57 24 IV 10:19 1234 152,33 30.46 N b
. $8 24 IV 11s54 2 - #40.00 2 . A X X
3& _ 59 25 IV . 11:13 $0:35 ? ? Ac X
60 25 TV 11:48 2 ? . ] :
. o 61 25 I¥ 11:49 0:30 176.18 8.30 N X
{ Q PR 62 26 IV 17:48 0:37 99.99 10.81 N X
’[fRJﬂ:” . - 63 26 Xv 20:28 0:52 216.80 8.65 ¥ X
. ommmm o C . R . -39-
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TABLE I
I ¥k session logon durat CPU time (sec) t Systeas -
- ' no date  hr:am hr:a ORVYL Editing ¥ D
- 5 648 27 IV  R:27 0:57 376.27 4.89 ¥ X
! 65 27 IV 11:43 1:16 369,46 9.87 N X X
. 66 28 IV 11:08 ? ? ? R X
67 28 IV 12:58 #2:00 ? ? A X X
. 68 28 IV 15:00 0:08 0.22 0.53 N 3
; 69 28 IV 20:04 1:34 256.32 22.31 N X X
I 70 29 IV 8:18 3:44 139,34 22.04 N X X
7129 IV 12:05 3:11 237.63 13.83 N X X
7229 IV 20:12 2:14 481.26 13.91 N , x
{ 73 30 IV 8:25 1:20 20.35 43.09 N X X
B ' 74 30 . IV 13:32 1:53 318.66 20.90 N X X
75 30 IV 19:37 2:69 22.66 13.86 N X X
. 76 1’V 8:00 2:09 364.71 15.62 N X X
; 77 1 v 11:52 1:07 78.47 28.60 - N X
: 78 2V 10:27 0:19 126,22 4,78 N X
. 79 3V 10:25 2:36 880.80 13.35 N X
{ 6 80 4%V 8:10 2:01 3%7.93 32,70 N X X
i 81 4V 10:21 0:12 48.97 . 4.70 N X
82 4 ¥V  12:26 #1:46 #120.00 ? A X X
] 83 4V 14213 0:16 0.18 0.16 N X
i 8K &V 14:33 0:12 0.19 0.16 K X
! 85 4 v 16:04 ? ? 2 A X
- - 86 S5 V¥ 9:37 0:09  10.92 9.75 N X
R 87 5V 12:35 2:39 ? 6.95 N X
i 88 6 V 11326 1:05 227.17 10.28 W X
; <o 89 71V 8:41 0:28  84.04 4.2 N X
- 90 7V 12:17 0:05 5.93 .78 N X
91 7TV 12:32 3:04 84.62 113.46 N X X
{ g 92 8 v 8:68 1:50 326.48 157.90 W X X
- 79311 W 2:09 0:07 ? ? A X
93 11 v 9:19 0:05 0.17 0.16 X X
] 95 11 v 11:37 0:05 0.00 0.01 ¥ X
! 96 11 Vv  12:41 0:03 0.00 0.00 ¥ X
L 97 11 v 20:35 0:03 0.00 0.00 A - X
- 98 11V 20:39 0:4% 104,10 26.66 N X
99 12 v  12:38 1:36 69.72 18.75 W X
100 12 v 20:36 #0:20 #15.00 - ? A X
101 12 v 21:37 1:59 48S5.24 25.78 N X
102 13 vV 12:05 #2:10 ? ? A X
103 13 v 14:16 1:13  33.26 43.07 K X X
108 13 v 20:44 2:23 #180.00 23.18 N . X
105 14 ¥ 8229 1:43 282.56 82.28 N X X
106 14 v 11:483 0:27 0.16 S52.25 W X
107 14 v 13:03 1:34 ? 41.32 ® X . X
108 15 V 8238 1:38 3u41.60 15.86 N X
109 15 v 11:32 #0:20 ? ? A 3
110 15 v 11:55 3:21 #7.15 50.23 W X X
i 8 11118V 8:248 1:30 328.99 14,39 W X X
R ' 112 18 v 12:21 #2:05  #5.00 ? A X X
113 18 v ° 14233 1:01 156.60 8.9 8 . X
118 18V 19:05 #0305 ? ? A X
19518 ¥ 19:12  2:29  416.52 8.59 N X X
116 19 ¥ 8:28 1:37 2043.38 .79 N X
- 117 19 v 11:83 2:07 313.25 5.35 N X
_ 118 20 ¥ 18:43 0:29 0.18 0.38 N X
! . 119 21 v 11338 0:48 26,27 - 7.65 N X
= 120 25 V' 10:54 0:42 59.31 5.22 W X
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Ynwever, this afforded a gond test of the ab!llty of sclentific nsers tn
solve technical problems oertaintng to recovery of thelr data, and also
Yad tn useful supgegestions to the system desligners. In general, system
fallures A4 not cause major psvchologlcal prohlems, except Adurlng twn
or three Adavs when 2 malor flaw exlisted within the flle system Itself,
and during one perfod in Aprll when Arum errors were fraquent.

Nyt nf 75 sesslons In Anril, seventeen termlnated ahnormally. |n May,
there wara ntne abnormal terminations for 45 sessions. The major cause
of fallure appeared to the users as a lass of communicatfon .

Nn nnly one occasion Ald HYLRUR (tself Ale and cause termination. 0On
another nccaston, a telephone oneratnr's mlstake was responsthle for the
fatinre, In the remalning cases the terminal 'hung' tn NPYYL or whille
attemntine tn 1oad NIRALC, A few sesslons showed prohlems due to
experimantatinn with NRYYI flles at Stanford,

N€ those sesslions that eventually terminated normally, some had
csarinys nrnhlems Auring which It vwas necessarv to re-1o0ad the system,
ttndar sinech clrcumstances the flles and data-sets are not Adastroved and
the users are advised tn save and elther logoff or awalt recovery. Such
prohlems are naturally unavoldabhle even In a stahle system, and the
axneriment shnwed the users resonnding nerfectly tn the messages
hraadcast from the consnle, There was no 1oss of any sizahle data-set
Anna tn gystam fatluyre or to user mistake during the entlire exoeriment, a
varv ramarkahle fact Indeed. Yuch of the time hetween fallures and
racovaries was spent In consultatian through the terminal-to-termlnal
rommmication system, which remainaed open in most cases.

fanarally speaking, the major cause of fallure was the comhlinatlion of
the Yarge-scale testling of the NIRAC protntvpe and of the
experimantation that was stil1l takling nlace with the file system on
which NIRAC ralled., However, these fallures made it possihle to correct
the sftinatton mich faster bv praoviding a wider scope of flald tests, and
the f1l1e system reached a stahla state In May,

¢nhme of the fallures resulted In toss of accounting Informatton,
raflactaed tn the auestton marks In some cnlumns of table V.

111, CNST AMALYSIS OF T'E EXPEPIMENT,

The total cost of the exoeriment was anoroximately $10,000 - a flgure
that Anes nnt provide a true Indlcation of the aconomfcs of running a
fill=scale Infarmatlon netwark, for varlous reasons that will ha studled

helmy, It Anes provide constderable tnstght Intn thls slttuatlon,
howaver,

Tahle 1! shows the actual expenses charged to the network experiment
hyv the Accounting offlice. Although these costs were sunported out of the
4avelooment hudget for DIRAC, a specfal account numher had heen ohtalned
sno that senarate accounting could he shown. Nf sneclal interest 'n Table
1] 1s the contrast between the terminal access time and the actual
amaunt of computer time used, Also of Interest are the ratlo of editing
tima to ORYYL time, and the rate of growth of the Aata hase hetveen
Aprll and May, from 2122 tracks/Aav to 4AR11 tracks/day. These flgures
are nrohahly a falrly good IndicatVion of the actual! parameters In a
fi'l=scale network. “e polnt them nut with speclal emphasls hecause most
nropnsals for the creatlon of such systems under-estitmate these
parameters and thelr rate of growth.

!
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TABLE 11: ONMPUTER CNSTS

Terminal CPI time Disk Total
) I ) Q ,
Access 0 L jJediting WYLBU&O';,an Py
(minutes)] (min. )} (min.) _|(tracks/Adav) $¢¢
Anril 1970] 8364 20%°.,3% .6h,. 3 . 2122 3,620,614
May 1170 4851 159.9 52.0 4611 2,956 ,3F
vaTAaL | 13215 |36R.2 | 116.3 £,577.00

Tha evolutlion of these costs from the first tn the second manth
raflacts the fact that, while the s'ze of the AdAata-bhase gravw
rantdly, the actual use of the terminal was verv miuch reduced, withont
as Yarge a Aecrease In terms of N2YVL and WYLRUD time. This shows that
Aurine the second month, users made hetter use of the system at thelr
Alsnasal and that the ratto of P! time to holding time evolved in a
mnre aconomical directton. The experiment, howaver, was ton short tn
estahllish the trend, ‘

A falrly sizahle travel hurdget had to he associated with the
exnariment. A nreliminarv meettng had taken place In December 1969 jn
Rtanford, In Fehruary, Messrs,."ackerling and Mack spent two days at
Qtanford famlltarizing themselves with the verv flrst DIRAC prototvpe,
and offered sugeestions that were Imnlemented hefore the experiment
hagan, Ratween Anril 7th and Apri) 11th, | visited Fvanston to revisw
the earlv results and demonstrate new features of the system. later,
Nr.44vnek and Mr, “ackerYing traveled to other unlversities to ohtaln
comments and suggestlons from astranomers ahout the project. A final
review meeting was held in Fvanston on Julv 2% and 9, The total travel
and trailning exnense (adding the contributtons of hoth !'Inifversities)
thus amounts to approximately 18% of the total cost, and It Is unlikelv
tn he much lower In a full=scale network of this tvoe, although the
Allocat!inn tn travel itself would prohahlv he smaller comnpared tn the
tratning hudget,

1V, FENNAMIC CAMSINERATIONS IN A FULL-SCALE NETWORK,

“ithin the scope of this study, we mean hy 'full=~scale network' an
extenston of the user population of thils prototvpe exneriment to Include
four or flve other locatlions for which a pattern of hehavior can be
nredicted, Presumabhly this populatton woutd Include most of the
catalngne experts in Morth-American astronomy, or would be organized so
as to serve thelr needs according to the concept of Aistrihuted
responsihility over the files that will be .accimulated, This Is In
contrast to the predictions one might be tempted to make concerning &
verv large network offering subscriptions to universities and collesges
as wall as to research estahllshments, that could reach over one hundred
nsers, The concept of such a network Is certainly feasihle, but It could
he hest considered as a second step, after the accumulation of a
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maan!ngful Aata-hase hv a team of exnerts.

TABLE 111 weekly averages

Wkl no. |comn. duratln% NRYYL[FATt Huratlon|[NRYVYL| EALt] £PD | CPIT| %EAdT ¢
hr:min| sec | sec min sec sec| sec

14 13 | 12:ht 708,7[255,5 58,7 54.5119,.41 74,0

1 2.1 26
2 |1n B 5:38 518.41300.0[ 56.3 86.4)150,0]13A,0{ 4,0 37
3113 9 17:58 11154,91273,1}119.6 128.3130,3(159.0} 2.2 19
h 172 15 21:07 12614,51209,3 8L.5 139.5|13,9]153.0{ 3.0 9
5 11R 14 25:17 13672.61227.2| 108.4 262.3|1R,2|27R8.0| b,2 f
A 113 19 9:22 |1145,7(338.3| 5A.2 114.6133,8 18R, 0/ 4,3 23
7 (18 13 15:11 |1504,%|33R,2| 70,0 115.7126.0142.0[ 3.3 A
2 |19 8 10:43 11540.5( 47,3 20,3 192.6] 5.9(199.0] 4.1 3

Tahla 111l ahove summarizes the stat!stlcal data for the elsht
weaks of the experiment, slving for 2ach week the numher of sesslions,
the numher of sasstnns for which complete statistlcal data were
avallahle, the total termlinal connect time, the tntal NRVYYL and
a1lting times, and the average time ner session for these categorles.
Also mziven Is the percentage of Pl time per sesslion, and the
narcentase of editing time ner session., It Is of Interest tno examine
thase Adata on the following granhs, It hecomes annarent that, while
the average session duratlon fluctuated more or less randomly, the
nercentage of computer ttme tended to rise, At the same time, that
€ract!on of CPU t'me devoted to text editing tended to Aocreassa.
1¥£ it Is true that thls hehavlor can he extranalated to a long-term
network nerformance, then certaln steps could he taken to dnacrease
the onerating costs. e shall now review a few tentative }deas along
thesa 1ines,

1. Locatlion of central comnuter.

‘e assume that onlv ona comouter s avallahle; glven the current
Atstributlion of astronomers, 1t wonuld be Yorlical to locate thls faclility
In the eastern states (posstbly In the Indiana/Nhin reglon) unless the
svstam can take advantage of some ex!stlng co—nuter network.,

Pur experiment shows that astranomers do not Alffer signtflcantly from
the average user populatlion In terms of session dlistrinution., The load
nn the svstem Adurling the day can therefore he predicted with some Adegree
nf accuracv.

7, Hardware,

The central comnuter will use a large storase device, such as a 2314
Atsk untt (posslhly only half of 1t helng used the flrst vear) for the
“4ata hase. Pamote statlons wlll use a terminal, an alnhanumeric scope,
and a madlum=-speed printer. Mo card or tane unlt wonld he required as all
'arga undates would he done centrally upon request. The nature of astro-
nnmical . Informatlion ts suck that on-11ne update with full recovery is MNT
a mandatory requirement of the system. The emnhaslis wll1l he on Interactive
'molnt-hy=-point' update and on fast Interactlve query. !!nder these
coritittons, the recovery capahlittles of the current Star.ford system
have nrnved adequate and the same level of rellahlillity can bhe achleved
aelsewhere without any speclal hardware., (See ahove, analysls of system
fallures). A local storage faclllty might he nsed In connection with

-%5-
45



46

SESSION 120 1
DURATION
WEEKLY 60 -
AVERAGE IN
MINUTES
Week:
4 |
CPU 3
PERCENTAGE
OF DURATION
. 2 ]
1 -t
Week:
30 -
EDITING
PERCENTAGE

OF CPUTIME  ,q |

10 1

Week:

-45=



~

tha tarminal, however, 'n the case of medium-size updates and catalogued
tnterrngations, Such a device might he experimented with at one of the
ramnte stattons.

3. Software,

ia fael onr exneriment has heen most successful In showing that a text
adltar could he made tn Interface with a powerful retrleval languarce to
achieve conslAarahle flexihility In the Implementation of a larae,
potenttallyv unltimited data-hase, The network presumabhly would rely on a
comhination sImilar to WYLRUR/DIRAC to achlteva the same ohjective. Rnth
svstems wonld he re-entrant suhprncessors In a time-sharing envirenment.
(In onur exneriment, DIRAC was a FNPTRAN prototvoe and was non-raentrant).

rfonclustions

'ndar these assumptions, the ma]nr fractlon of the operating cost
worild ha spant on nure ratrleval actfvities (thls flegure was 4?% In our
axpariment). 't Is unllkely that performance Improvement would Aecrease
this overall cost, glven the capaclty of astronomlical research to
ahsnrh immadtatalv all the retrleval power it will ha allowed to use,
The same wlll he true nf the text-edit'ng CPl} cnost and of the storage
casts, Ffommuntcations and hnlding time are the twn !tams that could he
mada mare cost-effective in the full netwnrk, as comoaread with our
axparimant, although the himndal dlistribhution of holding times that we
have ahserved mav well nrove tynlcal In any npdate/aquery environemnt
nstne sctantifle catalogues, -

47
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APPENDI X
AND BACKGROUND INFORMATION

"An Automatic Question=-Answering System for Stellar Astronomy"
By J.F.Vallee and J.A.Hynek. Reprinted from P.A.S.P. Vol.78,
no.463, August 1966. Dearborn Observatory Contributions, no.37.

U.S.Naval Observatory Circular no.11l4., By Solomon Elvove,
16 January 1967,

U.S.Naval Observatory Circular no.1l0k. By Victoria Meiller,
30 October 1964,

“"The Henry Draper Catalogue on Magnetic Tape", note
by D.Gottlieb and D.Hoffleit.

Correspondence between J.A.Hynek and P,Armer, 5 June 1970.
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AN AUTOMATIC QUESTION-ANSWERING SYSTEM
FOR STELLAR ASTRONOMY®

]ACQUES F. VALLEE AND J. ALLEN HYNEK
Technological Institute and Lindheimer Astronomical
Rescarch Center, Northwestern University

Received February 14, 1968

Questions of a technical nature pertaining to the field of stellar evolution
have been answered entirely by automatic means. In the rescarch deseribed, an
English text submitted by the astonomer, consisting of a serics of questions in
machine-readable form, is scanned by a CDC 3400 data-processing machine and
analyzed semantically. An information retricval system automatically triggered
by this analysis initiales a scarch through a star catalog and gives a numerical
answer, ,

Introduction

In the last decades, the problem of storage and retrieval of large
amounts of information has become a central one in many scientific
disciplines, particularly those where heavy reliance is placed on
statistical data. In stellar astronomy, for instance, the situation fre-
“quently ariscs in which catalogs need to be addressed at high speed.
The Dearborn: Observatory version (1965) of the Bright Star Cata-
logue, which contains space velocities both relative to the sun and
tn the local standard of rest, and which is available in machine-
readable form, is a case in point. One might wish to use such a
catalog to answer questions like the following:

How many binary systems have common proper motion com-
ponents?

What is the proportion of spectroscopic binaries among all main-
sequence stars which have only one visual component and
whose total space velocity is less than 50 km/scc?

What is the percentage of giants later than F8 whose speed is
below 70 km/sec? . :

What is the number of binariés in the Bright Star Catalogue
whose primary is earlier than A3?

How many bright stars are double-line spectroscopic binaries?

Ordinarily, scrting schemes or separate programming would be

necessary tc extract this information (Weller 1964 ). In the research

® Dearborn Obscreatory Contribuiions No. 37.
[’}
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to be discussed in this paper, we have designed a computer system
that processes descriptive English questions such as the above and
provides the corresponding answers at the average rate of cight
guestions per minute.

To achicve this result, we have first developed a compact code
to express with only four characters the position of a star on the HR
diagram, its spectral type, its multiplicity configuration, and its
total space velocity. Next, we designed an information retrieval
system capable of recognizing search strategies specified by “re-
trieval formulae,” i.e. logical expressions which indicate without
ambiguity the properties of the stars to be extracted from the Cuta-
logue. Finally, a language processor was created which would ac-
cept natural language inputs and translate them into search strate-
gies. 3

Algorithms for Converting the Characteristics
of Stellar Systeins into Codes

The multiplicity code of a stellar system is a standardized Je-
scription of its configuration by an integer where each digit repre-
sents one gomponent. In 1962, when the Dearborn version of the
Bright Star Catalogue was converted to punched cards, a three-digit
multiplicity code, where cach system was considered as a potential

. visual triple, was defined (Table I).

Using this code, we can now cxpress in logical terms the zonfig-
uration of any system, as defincd. In the following we shall call the
configuration index of a stellar system a symbol expressing the

TABLE I
Muvpricity Cone
A B
First Component Sccond Component Third Component
None None
Single star . Single sta Single star
Single-line sp. bin. - Single-line sp. bin. Single-line sp. bin.
Double-line sp. bin. Doukble-line sp. bin. Double-line sp. bin.
Close companion Close companion
Triple spectre, syst.  CPM, close pair - CPM, close pair .
Composite spectrum CPM, double-line sp. b. CPM, double-line sp. b.
CPM, single-line sp. b, CPM, single-line sp. b.
Astromcetric binary  CPM, single star CPM, single star
Single star, no RV None None
A=Y
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gravitational relationships observed between its members, by refer-
ence to an cnumeration of all possible configurations. If (ABC) is
the multiplicity code of a star, we can partition the sct of values
assigned to A, B, and C by dcfining the logical statements aund the
correspondences between system configurations and logical repre-

- sentations listed in Table 1.

It will be noted that configurations 10 and 11 are rare, peculiar
systems. In the following we simply denote ail triple systems by the
synmibol T. This leaves only ten non-triple configurations, which can
be thus denoted by a single digit between 0 and 9.

Now, let ¢ be the configuration index defined above. Let hand s
be symbols of the HR region of the star and its spectral range,
respectively, as shown in Table I11. Let V be the total space vclocity
of the system with respeet to the centroid of mass of ncarby stars®
and expressed in kilometers per second. :

We define the “velocily index” of a star, and denote it by the
symbol o, as follows:

v =10 if V is unknown
v=n if 10(n—1) <V=10(n)
v=90if V>80
TABLL II
DermvirioNn or SysteM CONFICURATIONS
Logical  No. of

Logical Propositions ¢ GSystem  Representation Syslems

Pl: A=l or 9. “anary is single” 0 0 Pl and Q1 6248
Ql: B=0 or 9 ..."No secondary’ 1 . non-P1 and Q1 1172
Q2: B=1 or 4 ..."Second. is smgle 2 00 Pl and Q2 770
Q3: B=2 or 3 ... “Sec. is spee. bin.” 3 «0 non-P1 and Q2 140
Q4: B=8 “Sec. is CPM, single” 4 0-¢ Pland Q3 15
Q5: B=6 or 7. "Scc is CPM, sp. bin" 5 e non-P1 and Q3 16
Ri: C=0Q or 9 . Systcm not tuple 6 0-0 Pl and Q4 334
Q6: B= “Sec. is vnsual bin” 7 -0 non-Pl and Q4 83
Symbols: 8 0—e P1 and Q5 7
0 is a single star 9 non-P1 and Q5°~ 4
» is a spectroscopic binary 10 0-0-0 Pl and QG 2
0-0 is a visual pair 11 «~0-0 non-Pl1 and QG 1
© 0—0 is a CPM pair 12 TRIPLE non-R1 141

* Space velocity components were computed by the Cracovian method
(Przybylski 1962} for 5175 stellar systems.

04
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TABLE 111
HR InpeEx AnDp SerctraL Rance

' MK Speetral Center
HR Region h  Class range  Spectral classes
Unknown o - s=a carlicr than B2 —B0
' b B3 — B7 B5
Dwaf 1 v c B8 — A2 A0
d A3 — A7 AS
Giant 2 I e A8 — F2. FO
: f F3 — F7 F¥5
Supergiant 3 LI i F8 — G2 GO
G3 — G7 G5
Subgiant 4 1V i G8 — K2 Ko
. . i K3 — K7 K5
Hertzsprung Gap 5 K8 — M2 MO
o I later than M2 M5—
Subdwarf 6 VI

The word of information ¢(S) = hscv is called the “signature” of
a stellar systcm 8.
ihe ¢ sxgnatuxe is of value in providing a compact, mnemonic

. summary of the outstandmg characieristics of a stcliar system. For

instance, we sce that 1c02 is the signature of a main-sequence star
whose spcctrum is in the range BS to A2 and whose space velocity
is between 10 and 20 km/scc. Similarly, 2k30 refers to a two-
component system where the brightest star is a late K or early M
giant and a spectroscopic binary, while the secondary is a single
star, the space motion of the system being unknown.

Retrieval Formulae

In the context of this paper, any question regarding the character-
istics of a stellar population can be of one of two types: one cither
asks for a number, namely the cardinality of a certain subset of the
Catalogue, or the percentage or fraction of objects having certain
properties among a certain sub-population whose cardmahty may
or may not have been previously determined.

We recognize the importance of this difference between the two
types of questions by calling them “questions of type n,” “questions
of type p,” respectively. '

Example of a question of type n:

“What is the number of stellar systemns whose space velocity is

inferior to 20 km/sec?”
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According to the velocily code we have defined (fourth digit of the
“signature”) we need the number of code-words which have as their
last digit either a onc (1) or a two (2). The answer is the sum of
the cardinalily of two subscls and the retricval formula will reflect
this observation.

-Example of a question of type p:

“What is the proportion of spectroscopic binaries among all main-
sequence systems which have only one component and whose
total space velccity is less than 50 km/sec?”

This question calls for two main operations. If we had to find the
answer by manual sorting of cards, we would:
a) Decide to neglect the second digit of the signature, since the
question does not involve the spectral types.

b) Reject from the Catalogue all codes which do not begin with a
one (1) since we are only concerned with the main scquence (sece
Table IIT). .
¢) Reject all codes whicl do not have cither a zero (0) or 2 one (1)
as configuration ipduy;, since we want systems with one visual com-
ponent only (Table II). '
d) Select all codes whose: last digit is 1, 2, 3, 4, or 5 (sec definition
of the velocity index).

* After this series of operations, we would be left with a subsct of
*he Catalogue, containing signatures of the following types:

1.01 1.02 1.03 104 105
111 112 113 114 115

We have used a period (.) to indicate that the sccond digit
(spectral range) was to be ignored. In order to answer the question
we now have to evaluate the cardinality of the ten subscts defined
by these formulae, then eliminate all ccdes that do not have a
one (1) as third digit, kéeping only the spectroscopic binaries.
The final answer is the ratio of the number of systems in the latter
set to the preceding number. .

The procedure that we follow in. establishing this sortmg scheme
can be clarified by the following notation: We shall denote by ¥ =
(abed) the cardinality of the subset of the Tatalogue defined by
considering only those stellar systems whose signature is abed. The

o4
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two questions used as cxamples can now be restated in terms of
this notation.
Y = (..1) + (..2) answers the question “What is the number of
steilar systems whose space velocity is inferior to 20 km/sec?” while
= (..1.)/((101) 4 (L02) 4 (LO3) 4 (1.04) 4 (1.05)

+ (111) 4 (L12} 4 (L13)4-(L14) + (L15))
defines the solution to the question we have just discussed in
detail. »

Such expressions are called retricval formulae. It is natural to

have a computer process these formulae and carry out the corres-

ponding numerical manipulations, which are defined now without
ambiguity. In this sense, retrieval formulae are a device for the
mathematical representation of search sti ategies. An adequate form-
alism for the treatment of this problem is found in the theory of
pushdown-store automata (to be pubhshcd elsewhere by G. K.
Krulee and Vallee).

K The Linguistic Proulem

In translating astronomical questions, expressed in ordinary Eng-

lish, into retrieval formulae, the dificulties we encounter arc con-
_siderably smaller than those found in the gencral problem of

machine translation. In our case, the object of language processing
is to construet associations between dcscriptions of physical situa-
tions (expressed in the technical language of astronomy) and a
machine configuration that extracts from the input statements
formalized elements to be used in subsequent logieal manipulations.
The purpose of these manipulations is twofold:

1) To search for elements having certain properties, which should

be extracted from the available records. _

2) To perform certain operations on these subsets in order to

answer a specific question:

Our solution to this problem is a programn called ALtam (Auto-
matic Logical Translation And Information Retrieval), where the
input set of verbal statements has limitations which are ordinary in
systems of this type. The operators and, or, not are prohibited, with
the exception that the operator and may be used in ArTAm within
the list of attributes of a certain subset. Similarly, terms such as
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. Cumulative Execution
Problenss and solutions Time (minutes)

COMPUTE THE NUMBER OF SYSTEMS HAVING THE
HR REGION UNKNOWN. Y=(0..)).
THIS NUMBER 1S 2298

Q@ WHAT IS THE PROPORTION OF SYSTEMS HAVING

A
0.

A

Q.

/.
. REQUEST ALL STARS BETWEEN F3 AND F7 HAVING

STARS.
8933 STARS OUT OF 8933, OR 100.0 PERCENT

REQUEST ALL STARS REDDER THAN F8 AMONG
MAIN SEQUENCE SYSTEMS.

QUESTION.NOT COMPATIBLE WITH CURRENT CODING
SYSTEM AND/OR SEMANTICALLY INCORRECT

REQUEST ALL MAIN SEQUENCE SYSTEMS REDDER
THAN F8.

Y={ (18- H (I HIK)HIL) )
THIS ‘NUMBER IS 331

SPEED ABOVE FORTY.
Y=({F.5)4[F.6)--(.F. 7} F.8)14-(F.9) )

. THIS NUMBER IS 80
. WHAT IS THE PROPORTION OF STARS HAVING

A SPEED ABOVE 46 KM/SEC AMONG THE SYSTEMS
WHOSE SPECTRAL TYPE IS BETWEEN F3 AMD F7.

Y= {8 bl ) B L9 VLF)

. 80 STARS OUT OF 534, OR  {5.0 PERCENT
. COMPUTE THE NUMBER OF STARS OF MK CLASS

Il WHOSE SPECTRAL TYPE FALLS BETWEEN F3 AND K2.
Y=( (2F. )+ (26.J+(2H. -+ )

. THIS NUMBER [S 1463
- WHAT IS THE PROPORTION OF SUBGIANTS AMONG |

THOSE 'STARS WHICH ARE OF SPECTRAL TYPE
EARLIER THAN F7.

Y=(t.)/ (A4 C-HDIHEJHLF])

A-9
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0.00

0.04

0.04

0.04

0.25

043’

0.49

0.63
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A. 333 STARS OUT OF 4812, OR 6.9 PERCENT

Q. HOW MANY SYSTEMS OF MK CLASS IV ARE 0.88
INCLUDED. IN THE BRIGHT STAR CATALOGUE.

A. QUESTION NOT COMPATIBLE WITH CURRENT CODING
SYSTEM. AND/OR SEMANTICALLY INCORRECT

. HCW MANY MULTIPLE STARS ARE DOUBLE. 0.88
Y={ (243 ) A4 ( 56 (70894 T))

. THIS NUMBER IS 1513

. HOW MANY STELLAR SYSTEMS HAVE PRIMARIES. .22
Y=(....

. THIS NUMBER IS 8933

. WHAT IS, THE PROPORTION OF SYSTEMS HAVING 1.29
A VELOCITY IN EXCESS OF 80 KM/SEC AMONG
ALL STARS WHICH HAVE A COMMON PROPER
MOTION COMPANION.
Y=L /[ (-6) (- 7)+[-8)(.99)
. 8 STARS OUT OF 428, OR 1.9 PERCENT

Q. FIND THE PERCENTAGE OF VISUAL PAIRS AMONG 1.44
ALL STELLAR SYSTEMS WHERE THE PRIMARY IS
REDDER THAN F3 AND WHOSE VELOCITY IS BELOW

- 20 KM/SEC.

A. RETRIEVAL FORMULA LENGTH EXCEEDED

>

most or highes: are prohibited. Such restrictions, as pointed out by
the developers of pasEBALL are minor ones and can easily be re-
moved at a later stage of refincment of the technique. In artam,
however, the input sentence is not restricted to the form of a single-
clause question since it was designed specifically to process ques-
tions of type p.

We give as illustration in Table IV a series of questions of the "
tvpe considered in this article, as well as the answers given by
artar. The language processor is capable of generating retricval

* formulae from English statements at the ayerage rate of 250 formu-

lae per minute. The searching time through the Catalogue, however,
is longer, and the resulting performance of the program is about
eight answers per minute. We have purposcly included some ques-

A-10
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tions that were irrclevant to the problem context and were accord-
ingly rejected by the program. Note that the queslions were ad-
dressed to the Dearborn revised Bright Star Catalogue and were
verified by reference to conventional sorting procedures.

As a linguistic processor, ALTAI is still, of course, at an experi-
mental stage. Implementation of the system requires access to a
large computer, and our current tests are run on 2 CDC 3400. For
most practical purposes, however, those wishing to take advantage
of the flexibility of the scheme of retrieval formulac could very
easily implement our method on practically any computer available
on the market, by addressing directly the searching automaton,
This would imply abandoning the idea of direct access in natural
language and assumes that user has been trained to write retrieval
formulac. The 'same scheme conld readily be applied to any astro-
nom’cal catalog by defining an appropriate system of codes similar
to our system of “signatures.”

Conclusion

We have tried.'to demonstrate the feasibility of an inquiry system
driven by questions in ordinary English. It gives the astronomer
dircct acenss to Cat'lloguc data and f| ces him from the necessity of
wording his questions in the language of a particular data-process-
ing system. Because of the large computer required, such a system
will find its greatest efficiency in a time-sharing environment.

This research is supported as part of an interdisciplinary project
conducted jointly by the astronomy department and the department
of industrial engincering and management scicnce at Northwestern
University. The wrilers are indebted to Professor Gilbert X. Xrulec
for his encouragement and valuable guidance in designing this
system.
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UNITED STATES NAVAL OBSERVATORY

CIRCULAR NO. 114

- U. S. Naval Observatory, Washington, D. C. 20390 ~ lanvary 16, 1967

ASTRONOMICAL DATA IN MACHINE READABLE FORM

by '.

*Solomon Elvove

This Circalar supersedes Circular 111, 14 Janvary 1966. It contains a revised fist, with occasional
changes in item number of the astionomical data avallable in machine readable form from the U S. Naval Observatory.
Duplicates of these data, on punched cards or magnetlc tape, will be made in response to requests from astronomical
observatories or other scientific laboratories. Inquiries relative to procurement ol'copies should be directed to the

Superintendent, U. S. Naval Qbservatory, VWashington, D. C. 20330.
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~ (1) The American Ephemeris aI‘l(l Nautical Almanac

(a) Through 1980: Daily values al Oh E. T. of: apparent right ascension and declination,
radius vector, semidiameler. Equation of time through 1967; ephemeris transit beginning
1968 (365 cards per year). -

(b) 1968-c0: Daily values at 0° E. T. of: longilude (mean equinox of year), redutdon to
apparent longitude, latilude (ecliptic of 1950.0, vear, anu date), horizontal parallax,
precession in longitude, nutation in iongilude and obliquity of ecliptic (365 cards per
year). ) B

(c) Ephemeris for physical observalions, through 1970 (365 cards per - ear’.

(2) Astronomical Papers, Vol. XIV

(a) left hand pages: spherical and rectangular coordinales of the Earth—Moon barycenter
referred to 1950.0, 1800—-200C (23,000 cards); lapes available in 4, 10, and 20 day
intervals.

(b) right hand pages: geocentric spherical (iaferred lo date) and rectangular (referred
to 1950.0) coordinates nf the Sun, 1800-2000 (19,000 cards).

(3) Geocentric equatorial reclangular coordinates in .units of Earth's radius

(2) referred to mean equinox of nearest beginning of yeai, every 2 days, 1957 December 16
through 1971 January 13 (2400 cards),

(b) reterred to 1950.0, every 2 days, 1957 December 15 through 1971 January 12 (2400 cards),

(c) referred to 1963.0, daily, 1959 January | thiough 1971 January 12 (4800 cards).

(4) Apparent longitude, referred to true equinox of date
(a) for every 10 days, 100 B. C. ~ A. D. 1800 (7,000 cards),
(v) daily, 1856 - 2000. Magnetic tape only.
(5) Publications of the U. S. Naval Dbservatory
Positidns of the sun, moon and planets observed with the Six-Inch Transit Circle

(a) Vol. XvI
(1) Part !, 1925 - 194} (7,615 cards).
(2) Part i1, 1941- 1949 (2,565 cards).
~(b) Vol. XIX
(1) Part !, 1949 - 1956 (3,043 cards).

(6) L. S. Naval Observatory Circulars Nos. 103, 105 and 108

Positions of thé sun, moon and planets,observed with the Six—Inch Transit Circle belween
1956 and 24 December 1964 (4,220 cards).

Also see Miscetlaneous: The Nautical Almanac. right hand pages and The Air Almanac.
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(1) The American Ephemerts and Nautical Almanac and Improved Lunar Ephemeris. 1952-1959

(a) Apparent longitude and latitude, semidiameter, horizontal paraliax, ephemeris transit, for every
half day through 1971. Includes nutation and aberration (730 catds pet year).

(b) Apparent right ascension and declination, horizontal parallax, hourly through 1971 (8,800 cards
per year). Also available on magnetic {ape, blocked 24 per record.

(¢} Ephemeris for physical observations, through 1970 (365 cards per year).

(2) The Nautical Almanac, right hand pages: Greenwich hour angle, apparent dec||nat|on horizontal
_parallax, sidereal tlme hourly through 1968 (8,800 cards per year).

(3) Geocentric equatorial rectangular coordinates in units of Earth's radius for every half day,
1952 January | through 1971 July 4

(a) refened to mean equinox of neares! beginning of year, as published in U. S. Nawal Observatory
Circular No. 91, Rectangular Coordinates of the Moon, 1952-1971 (730 cards per year),

{by referred o 1950.0 (730 cards per yearn,

(c) referred to 1963.0 (730 cards per year).

(4) Longitude, lalilude, horizontal paraliax, refersed lo mean equinox of date for every half day
through 1971. Includes aberration except for the term, +07 018 cos (/ — 202) + 07007 cos 2D
of the aberyation (730 cards per year).

(5 Longltude latitude, horizonta! paraltax, semidiameter, obliguily, nutation in longitude, nutation
in obliquity, refened 1o mean equinox of date for every half day,-1850~1999, inclusive. Includes
aberration. On magnetic tape only, six reels: (a) 1850-1874, (b) 1875-1899, (c) 1900~ 1924,
(d) 1925~1949, (e) 1950-1974.(f) 1975-1999. In preparat!on
— . :
(6) Apparent longitude and latitude, referred 10" true equinox of date, daily, 300 B. C. - A. D. 2074.
Magnetic tape only.

(1) Publications of the U. 8. Naval Obscrvatory

Positions of the su., moon and planets observed with the Six—Inch Transit Circle

(a) Vol. XVi
(1) Partl, 1925 ~ 1941 (7, 615 cards).
(2) Part lll 1941 — 1949 (2,565 cards).
(b} Vol. XIX
(1) Part 1, 1943 — 1956 (3,043 cards).

(8) L. 8. Naval Observatory Cirenlars Nos. 103, 105 and 108

Positions of the sun, moon and planets observed with the Six—Inch Transit Circle between
1956 and 24 December 1964 {4,220 cards).

Alse see Miscellaneous: The Nautical Almanac. tight hand pages and The dir Almanac.
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" (1) The American Ephemeris and Nautical Almanac

Planets

. »

(a) Apparent right ascension and declination, semidiameter, horizontal parallax, true distance from
Earth, ephemeris transit, daily through 1967. All planets except Pluto (365 cards per yeal per planet).
(b) Apparent right ascension and declination, true distance from Earth and ephemeris transit, daily,
1968--1980, inciusive. All nianets except Pluto (365 cards per year per planet).
(c) Astrometric right ascension and declination, horizontal parallax, true distance from Earth, ephemeris
transit of Pluto, for every 4 days through 1971 (92 cards per year).
(d) Heliocentric longitude and lahtude radius vector, orbital longitude, daily motion of orbllal longitude
- of Jupiter and Saturn, referred 1o mean equinox and ecliptic of date, for every 10 days, 1960 May 7
through 1982 January 31 (801 cards per planet).
(e) Heliocentric fongitude and latitude, radius vector, orbital fongitude, daily motion of orbital fongitude
of Uranus, Neptune and Pluto, referred to mean equinox and ecliplic of date, for every 40 days,
"1959 December 16 through 1982 (205 cards per planet).
(f) Ephemeris for physical observations of Mercury, Venus, Mars, Jupiter and Saturn through 1970,

(2} Astronomical Papers, Vol. XIl, Coordinates of the Five Outer Plancts, 1653-2060

(a) 40-day values (3,721 cards per planet).
(b) 10-day values, subtabulated from 40~day coordinates, by date and planet. Magnetic tape only,
(c) 40-day values, by date and planet. Magnetic tape only,

(3) Astronomical Papers, Vol. XV, Part i, /Ic[l'bc‘clnlrir Coordinates of Venus, 1800-2000

(a) 4-day values (41,000 cards).

(b) 4-day vaiues, blocked 10 to a record. Magnetic tape only.
(c) 10-day values, unblocked. Magnelic tape only.

(d) 20 day values, biocked 10 to a record. Magnehc tape only.

(8) U. S. Naval Observatory Circulars Nos. 80 and 95

(5 7.

Provisional ephemeris of Mars based on Clcmence's theory. Heliocentric equalorial rectangular coordinates,
referred to mean equinox and equator 0f 1950.0, for evety & days (a) 1800-1350 (tade only), (b) 1950-2000

(2,350 cards).
S. Naval Observatory Circular No. 96

Geocentric distance and velecity of Venus referred 1o 1950.0, daily, 1960-1970, inclusive
(365 cards per year). '

(6) U. S. Naval Observatory Circular No. 98

Physical ephemeris of Mars based on a position of the north pole of « = 316°55 + 0°005533 (¢ - 1905.0),
6= +52°85 + 02003542 (¢ - 1905.0), computed at a two day interval for sixty days centered at each
opposition from 1877-1967 (5,246 caids).

(7Y Planetary Co—ordinates, 1960-1980

fa) Heliocentric equatorial rectangular coordinates of Mercury, referred to 1950.0, for every 5 days
(365 cards). '

{b) Longitude, latitude, 1adius vector and equatorial reclangular coosdinates of Venus, Earth and
Mars, referred to 1950.0, for every 10 days (769 cards per planet).
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Planets

’

b

(8) Heliocenlric cquatorial rectangular coordinates and first derivatives of Venus and Earth-Moon barycenler,
referred to 1950.0 daily, 1360-1970, inclusive .

(a) Coordinates (365 cards per year).
{b) Derivatives (365 cards per year).

9 Lor‘\gitude, latitude and radius vector of Mercury, Venus and Mars, daily through 1380 (365 cards per year per
planet). '

(10) (a) Heliocentric equalorial rectangular coordinates of all planets except Mercury, referred 1o 1950.0, by dal:
and planef; for every 10 days 1800 January 4.5 through 2000 December 2.0. Venus, same as 3(c); Earth--
Moon barycenter, same as Sun, 2 (a); Mars, unpubli<hed Hergel integration; outer planets, same as 2 (b).
" Magnetic tape only. o

(b) Same as 10(a) but in reverse chronological order. Magnehc tape only.

(11) Publications of the li. S. Naval Observatory
Positions of the sun, moon and plancts observed with the Six—Inch Transit Circle

(a) Vol. XV}
(1) Part!, 1925 - 1941 (7,615 cards).
(2) Part1l), 1941 - 1949 (2,565 cards).
(b) Vol. XIX .
(1) Partl, 1949 ~ 1956 (3,043 cards).

(12) U. S. Naval Obsorvatory Circulars  Nos. 103, 105 an'd 108

Positions of the sur, moon and planels observe f with the Six~Inch Transit Circle between
1956 and 24 December 1964 (4,220 cards).

(13) U. S. Naval Obsecrvatary Circular No. 106

Rectanguiar co~ordinates of Mercury, 1800-2000. Magnetic tape only.

Also see Miscellaneous: The Nautical Almanae, left hand pages and The Air Almanac,

Minor Planets

(1) The American Ephemeris and Nautical Almanac

Astrometric right ascension and declination, true distance from Earth, ephemeris transit of Cerec Pallas
Juno, Vesta, daily through 1971 (365 cards per year per planet).

(2) Astronomical Papers, Vol. Xi, Part Iv and Vol. XVI, Part Iif

Heliocentric equatorial reclangular coordinales ef Ceres, Pallas, Juno and Vesla, referred to 1950.0 for
every 20 days, 1929—1960 {770 cards per planet); for every 10 days, 19601980 (770 cards per planet).
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Star Catalogues,
4

Available

(1} Publications af the United Stutes Naval Observatory

"(2) Vol. Vi1 (1,201 caids).
(b) Vol. IX
(1) Part1(4,526 caids).
(2) Part IV (196 caids).
(c) Vol. X, Part1 (368 cads).
(d) Vol. Xt
(1) Catalogue of 215 Stais (215 catds).
(2) Catalogue of 2,499 Stats (2,499 cards).
(e) Vol. X1
(1) (10,571 cards).
(2) Appendix Il (818 cards).
() Vol. Xiv
(1) Part 1(3,520 cards).
(2) Part 11 (1,248 cards).
(3) Part 111 (2,094 cards).
(g) Vol. XV, Parl V (5.446 cards).
(h) Vol. XVI -
(1) Part |
(a) Stars for 1925.0 (2,383 cards).
(b) Stars for 1956.0 (1,536 caids). -
(2) Part I1i (5,216 cards).
(i) Vol. XIX, Part | (5965 cards).

(2) Astronomical Papers, Nol. X1, Part 1), N30 (5,268 cards).
(3) Boss, 'U/m.u)‘ C('m'm( Catalogue {33,342 cads).

(4) Cross References:

(a) Boss Catalogue star number, Henry Draper star number (3,335 cards).

(b) Boss Calalogue siar number, Henry Draper star number, FK3 star
number, Durchmysterung number (33,342 cards).

(c) Same as 4 (b) but in order of Henry Draper number. Magnetic tape only.

(5 Yate Qbservatory Calalogues

Declinations Cards Declinations Cards
[+ o [»] [o] .
+55 {0 +60 8,164 -~ 21t + 1 5,583
+50 to +55° 8,380 -~ 21t - 6 8,108
- 6t -10 8,248
. +25 to +30 10,358 ~10 to - 14 8,101
. +20 to +25 8,703 ~14to - 18 8,563
+15 te + 20 9,092 ~18 to - 20 4,553
+10 to +15 8,967 ~20 to -22 4,292
+ 9t +10 1,906 ~22 to - 27 15,110
+ 5+ 9 9,060 =21t - 30 9,455
+ 1to+ 5 7,996 .




(6}

(n
(3

9N
(101

(D
12y
{13
(14)

{15)

(16)
an.
(18
(19)
(20
(21)

Star Catalogues

>
s

Avaitable

Yale Calalogue of Bright Stars (Third Revised Edition, 1964). Magnetic tape only.

Yilson, General Catalvgue of Stelfar Rudial T eloerties, 1953 (15,106 cards).

FK3

{a) Right ascension (1,591 cards).
(5} Declination (1,59} cards).

FK4 (1,535 cards).

AGK?
Declinations Cards Declinations Cards
o] o . O o]

+70 to +89 11,801 +25 to +29 14,367
+60 to +69 13,064 +20 to +24 12,992
+55 to + 59 8,535 +15 to +19 12,857
+ 90 to + 54 9,168 110 to +14 14,330
+45 to + 49 10,915 + S5to+ 9 16,770
+ 40 to 4+ 44 11,806 - 0 to + 4 15,094
+35 to +139 12,337 0to - 25 7,157
+30 to +24 12,395

Geschichte des Fixstemhimmels. & 0 to 4997 for 1875 (tape only).
Kustner, Catalogue of 10,663 Stats. Bonn, Val. 10,5 0 tv +51°(10,563 cards).
Beriin, Vot. 55, AGK2A (13,747 cards),

Cape Zome Catalogue for 1900

{a) 5 —407 lo -527(20,843 caids).
(b) Also precessed to 1950.0 (20,843 cards).

Cape Photographic Catalogue for 1950

Declination‘gs Cards Dectlinations Cards
[s] Il ) ° 4] [

-30 to - 35 12,846 -5 1o ~60 1,657

.—35 to - 40 12,115 ~ 60 to - 64. 7,053

-5 to - 56 9,215 ' '

f‘ilst Cape Catalogue for 1925'(4,569 cards).

Second Cape Catalogue for 1925.(11,667 cards).

Third Cape Catalogue for 1925, ~ 07 to ~30°(6,597 cards).

First Cape Clatalogue for 1950 {5.070 cards). _
Semirol, Bordeaux Meridian Circle Observations, & +11° to +18°(2:024 cards).

Fayet, Meridian Circie at Nice, % +57 to +157(964 cards).
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(22)

o

(24)

(25

(26)

@

(28)

(29)

- (30)

(3h

32)
(33)
(34)
(35)

Star.Catalogues
Fd

~ In Preparation

Second Washington Catalogue for 1875 (5,429 cards).
Yale, General Catalvgue of Trigommetric Stellar Parallaxes, 1952 (6,080 cards).

Publications of Pulkova Observatory, Vol. LXI

{(a) Left hand pages (587 cards).
{b) Right hand pages (587 cards).

Kukarkin, General Catalogué of Variable Stars

{a) Second caition (14,708 cards).

{b) First s:cplement to the sccond edition:
(1) (1,047 cards).
(2) (796 caids).

Albany Catalogue for 1910.0 (20.811 cards).
Appendix . (1,125 cards).
Boss, Preliminary General Catalogue of 6,188 Sears for 1900 (6,188 cards).

Cape Photographic Catalogne for 1950

Declinations ' Cards
(o] [a]

-76 to --80 . 2,934

~72 to -7 - 3,764

-68 to -72 4,503

-&4 to -68 5.398

Boss, Sau Luis Catalogue for 1910 (15,333 cards).
Cordoba Fundamental General Catalogue for 1950.0 (761 cards).

Astronomical Papers
{a) Vol. Vill

(V) Part i (1,596 cards).
(2} Part 111 (1,607 cards).

(b) Vol. X {1,504 cards).

Cupe Fundemental Catalogue for 1900 (1,293 cards). v
Second Cape Fundamental Catalogue for 1900 (1,846 cards).
Cape General Catalogue for 1500 (4,464 cards).

Cape Catalogue of 1680 Stars for 1300 (1,680 cards).
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- (1) Sidereal Time, through 1980 (366 cards per year).

Miscellaneous

>

I

(2) Equation of Time for Oh U. T., 1965~1970 (62 cards per year).
(3) N.utatiqn in longitude and obliquity, 1949 March 25 through 2009 June 18 (365 ca‘lﬂs per year).

(4) Busselian and Independent Day Numbers, 19601971

(2) referred o equinox of 1950.0 (365 cards per year).
(b) referred to nearest beginning of a year (365 cards per year).

(5) The Nautical Almanac, 1964 through 1969

(a) Left hand pages: Greenwich hour angle and declination of Venus, Mars, Jupiler and
Saturn, hourly; sidereal hour angle and declination of 57 stars for every third day
(9,000 cards per year).
(by Righthand pages: Greenwich hour angle and declination of Sun and Moon, hourly,; -
sunrise~sunset, civil and nautical twilight, moonrise-moonset (9,000 cards per year).

(6) The Air Almanac, 19641968 (53,000 cards per year).
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- Coordinates

Geocenlric equatorial spherical
Sun (1a) (53) (5b) (6)
Moon (1b) (73) (7b) (8) _
Planets (1a) (1b) (1c) (11a)Y (11BY (12)
Minor-Planets (1)
“The Nautical Almanac [Miscellancous (4a) (4b)]
The Air Almanac [Miscellaneous_(S)]

Geocentric equalotial rectangular
Sun (2b) (32) (3b) (3¢)
Moon (3a) (3b) (3¢)
Geacentric eclip!vic spherical
Sun (1b) (2b)
Moon (1a) (4) (5)
Heliocentric equatorial reclangular

Earth-Moon barycenter [Sun (2a)]
Planets (2a) (2b) (2¢) (3b) (3¢) (3d) (4)
(7a) (7b) (8a) (8b) (10a) (lpb) (13)

Heliocentric ecliptic spherical

Earth-Moon barycenter [Sun (2a)] -
Planets (1d)11e)(3a) (7b) (9)
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UNITED STATES NAVAL OBSERVATORY
: ' T - SRR

".'CIRCUL'AR NO. 104

U. S. Naval Obszrvatory, Viashington, D. C. 20390 - October 30, 1364

DURCHMUSTERUNG AND HENRY DRAPER NUMBERS OF
| ALBANY GENERAL CATALOG STARS

Gy

Victoria Meiller

This zorrelation of Henry Diaper and Bonner, Cape, o Cordcba Durchmusterung Siar Numbers with the stars of
% Albany Gencral Catalng has been produced as part of the cooperative Star Catalog Project of the Yale
.Universily Observatory and the Nautical Aimanac Office, U. S. Naval Qbservatory. The Henry Draper Numbers

were provided as a result of information furnished by the Astronomischen Rechen—Institut.

This correlation is arranged in the order of the Albany General Catalog Nurﬁber.,ﬁ\,similar correlation in the )

'o—rdel of-the Henry Draper Number is a\)ailable on'mame!ic.tape nd listings will be furnished upon request. A
. comrefation of Afbany General Catalog and Bonner, Cape, or Cordoba Durchmusterung Star Numbers with FK3 Star

Numbers is given in U. S. Naval Observatory Circular No.93.

o | = CA-22 | | :
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O

ERIC

Aruitoxt provided by Eic:

The Henry Draper Catalogue on Magnetic Tape

N extensive progrim to punch the fenry Draper Catidogue (A7 ], Cannon and 12,
C. Pickering 1918-24, Ann. Astron. Obs. Harvard Coll. 91-99) and its Extension
(A.J. Cannon 1925-36, Ann. Astron. Obs. Harzard Coll. 100) on cards, was instituted
by D. Hoflleit at Yale University in 1962, The project was completed in 1966, and
the cards read onto tape (unblocked, low density). During the preparation of the
punched cards, some 400 errors in the printed catalogues were corrected. The ma-
jority of these had been reported by Mrs, Marget Walton Mayall (at one time
Miss Caunon’s chief assistant) ; about 100 others were detected in the course of the
key-punching and subsequent usage of the eards, Al of this waork was accomplished
under U. S Naval Observatory contract NONR 609 (1) for a joint Yale=U. S. Naval
Obscrvatory project for putting major stellir catadagues on punch cards,

A copy of the catalogue, at this poiut occupying nine 2-H00-f¢ tapes, was sent to the
University of Maryland. ere, the nine tapes werd consalidated onto once by blocking

- 126 stars together and using high density. In addition, 1 small number of sequencing

errors were corrected. The final tape now contains eight quantities per star: The HD
nvnther, the BD number, the right ascension and declination (1900.0) in degrecs, the

photometric "and photographic magnitude, a nummu.xl coxle for the spectral type,

and a word of data indicating pccuhntlcs

This tape is in order of 11D number (thus increasing right ascension) ; another tape
is available where the catalogue has been rearranged into declination zones. There

" are 18 such zonces, each 12° wide, allm\mg fora 1° overk W hetween zones. Within thc

dcdm‘mon zone, the catalogue is in order of right ascension,

A third tape contains similar data for the first volume of the IHenry Draper Exten-
sion, in order to right ascension. (The second valume of the Fxten.ion, Harvard Anu.
112, was not punched because the data are available only on star charts.)

All three tapes are readable on IBM 7094%s using 1ocs, and on other machines
using simiple assembly language programs. or persons not lnving adequate comput-
ing or programming facilities, we are willing to gCncntc printouts of the HD for
specialized groups of stars. ‘

Further details, and the tapes themselves, are available at a cost to cover thc
expense of duplication from the Astronomy Program, University of Maryland,
College Park, Maryland 20742.

D. GorTLEIB, lr'nfvcr:city of Maryland
_ D. HosrLEtT, Yale University Observatory
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G Valler

NORTHWESTERN UNIVERSITY
EVANSTON, ILLINOIS 60201

DEPARTMENT OF ASTRONOMY LINDHEIMER ASTRONOMICAL RESEARCH CENTER

Dr. Paul Armer, Director 5 June 1970
Computation Center :

Stanford University

Palo Alto, California 94305

Dear Dr. Armer:

Now that the Stanford-Northwestern joint experiment in the testing of
WYLBUR/DIRAC is over, I want to thank you and your colleagues, on beshalf of the
Department of Astronomy and myself personally, for making this effort possible.
We certainly have profited from it; it was especially important for us to have
had this experience in the use of a sophisticated time sharing system. We
hope, too, that our use of the Stanford systems served to provide you with some
idea of the ways in which scientists will work with such systeme in the future,
even though all patterns of use surely cannot be foreseen clearly.

I think that the field of astronomy is a particularly good ome in which
to have performed this experiment, since in astronomical data gathering there
are such a vast number of data points. Every star in the sky is the potential
source of literally hundreds of data points, and the old-fashioned methods of
compiling astronomical catalogues of the many types of data are literally
beginning to fall down under their own weight. The present system is cumbersome
‘and constitutes a growing obstacle to further piogress. Clearly the astronomi-
cal fraternity would do well to adopt a system similar to that which we have
been testing. '

It may be of interest for you to know that at the forthcoming meetings
of the American Astronomical Society in Boulder, Colorado, I will be meeting
with the American section of the International Astronomical Union Committee on
Astronomical Data Processing and will present, with Lloyd Wackerling, a syn-
opsis of the Stanford-Northwestern Experiment. Later this summer a similar
synopsis will be presented to the International Astronomical Union at its
Triennjal Meeting in Brighton, England., Certainly the experience we have gained
will be invaluable in discussing with interested colleagues the best means of
presenting a proposal to supporting agencies for the continuation of this type
of work. We recognize that the current economic stringencies may entail some
delays in putting the ideas of Dr. Vallee and those of my colleagues into im-
mediate effect, but despite these restrictions, we continue to receive encour=-
aging remarks from other colleagues cn the possibility of their, at least, moral
support for these new concepts of astronomical data processing.
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I will keep you informed through Dr, Vallee of the results of our talks

in Boulder and later on at Brighton.
astronomers to meet with us to discuss the proposed system.

At both places we have asked interested

Once again, may I extend my personal thanks and those of my colieagues
for your kindness and zooperation in having made our joint experiment a success.
I was actually surprised personally by the number of our staff and studeats
who actively used the terminal and profited greatly therefrom.

JAH:wpr

Dr, .Paul Armer
Page 2
6-5-70

Sincerely yours,

(/—~J. Allen Hynek
Director '

/%,u/& |
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