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THE TIME FOR ATOMIC AND MOLECULAR DATA BASES IS NOW! 
(AN OVERVIEW OF DATA MANAGEMENT RESEARCH AT LLL) 

Abstract 

We have created two numerical data bases of atomic and molecular 
(A§M) data required for laser induced fusion studies. One file contains 
primarily atomic energy levels and atomic transition data released by 
Charlotte E. Moore in NBS publications. The second file is based on the 
spectroscopic constants for more than 1000 molecular levels of approxi
mately 160 heteronuclear diatomic molecules prepared by S. N. Suahard. 

Additional data bases are contemplated in support of the accelerating 
research activities in these fields. The present paucity of authenti
cated, computer-readable ASM data is not unlike that observed two 
decades ago in nuclear fission research. At that time, emphasis was 
also given to the accurate measurement of physical parameters and to 
reaction rates which eventually led to the ENDF/B series of evaluated 
neutron cross sections. Today, powerful computers have a more dominant 
role in modeling and predicting the results of promising experiments. 
Their effective use, however, depends more than ever before upon the 
availability of comprehensive and accurate files of ASM data. At the 
Lawrence Livermore Laboratory (LLL), these requirements are accentua
ted by the heavy reliance on computers. Also, trends are presently 
becoming apparent among users of the national computer network for 
Magnetic Fusion Energy (MFE), with its center at LLL, to coalesce 
organization-dependent data files into central data bases containing 
bibliographic information and numerical data as a common resource. 
The Data Management Research Project (LLL/DMRP) is collaborating with 
the National Bureau of Standards (NBS/NSRDS) to be able to respond to 
the emerging requirements. This should contribute to a "Public Well" 

of atomic and molecular data, unencumbered by legal or monetary constraints. 

Work performed under the auspices 
of the U.S. Energy Research & 
Development Administration under 
contract No. W-7405Eng-48. 



1. Introduction 

We would l ike to s t a r t by reca l l ing the introductory remarks p re 
pared for the Advisory Group on Atomic and Molecular Data for Fusion at 
the UKAEA Culham Laboratory, l s t -5 th November, 1976: 

Experience with present-day fusion devices has shown a critical 
need for numerical data for the detailed understanding of the 
physical processes which occur in these devices. As the fusion 
research piogrammcs progress toward the design and construction 
of larger experimental devices, serving as prototype facilities for 
full-scale fusion reactors, the data requirements will become more 
severe as other physical processes become important and the 
required level of understanding becomes more advanced. 

Tin's meeting on atomic and molecular data for fusion, convened 
by the International Atomic Energy Agency (IAEA) will be the 
first international meeting on this topic. The goals of the meeting 
are to identify specific data requirements, review the national 
programs, and agree on an international cooperative effort to 
compile and disseminate atomic and molecular data needed in 
fusion research and technology. The advisory group meeting will 
recommend guidelines for international collaboration and specify 
IAEA's role in this effort. 

Bibliographic data bases of c i ta t ions t o the s c i en t i f i c l i t e r a t u r e 
provide a powerful means of finding per t inent publ icat ions . Computer-
aided r e t r i eva l today i s f a s t , and the volume of computerized infor
mation i s l a rge , so that requestors of a l i t e r a t u r e search readi ly 
become deluged with high-speed pr intouts of pert inent reports and 
a r t i c l e s . To manage th i s "successful" r e t r i e v a l , specialized and 
user - ta i lo red bibliographies are needed and are beginning to appear in 
different f i e ld s . An example is a Multiphoton Bibliography now in 
preparation for the laser induced fusion program in collaboration with 
Dr.. J. H, Eberly of the University of Rochester. This col lect ion 
and tha t of Dr. C. F. Barnett in the general area of fusion research 
should piabably be made available to the fusion research community on 
the MFE computer. 
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But this is not enough. In general, what the requestor of a 
literature search really needs in most cases are not bibliographic 
citations, or full-text reports, but rather their numerical contents 
and validity domains for which the text is merely the means of 
communication. Presently, the requestor is thus obliged to obtain 
hard copies of the reports, to read and note the significance of 
measurements, to extract the desired numerical values, to evaluate 
them by comparison with other measurements, and to keyboard the 
data perhaps for ultimate use in his modeling program. This is a 
time-consuming and costly procedure, repeated over and over whenever 
and wherever someone wishes to use the data. In addition, depending 
upon the thoroughness of the individual reviewer, the conclusions and 
evaluations may still be different from case to case. 

Numerical, scientific data bases are needed now.' This refers to both 
experimental and evaluated data, snd to ASM measurements in particular. 
Nevertheless, the research community of this country, and their support
ing federal agencies, are still content with only the Gutenberg printing 
nethod of communication which served so well prior to the advent of the 
computer: You do the research and describe the results in books. Then, 
the results are gradually filtered back into the forefront of research. 
The major federal research organizations are spending today rather large 
funds on experimental and materials research. The National Bureau of 
Standards evaluates data for selected fields, but it also stops in most 
cases with the printing of evaluated information and data in monographs 
and circular-,. Although type is being set for these publications with 
the assistance of instr ictions stored on magnetic tape, the number of 
corresponding computer-readable data bases is small. Data evaluation 
centers throughout the country are still operating on subsistence 
funding. 

* We are told that even these few magnetic tapes are not in high demand. 
We suspect that this is due to their little-known availability,and due 
to the absence of a standard exchange format, requiring the recipient 
to take each file as a special case and to translate it LO the local 
data base management system - if one is available. 



With regard to computer-readable ASM data, we find that 
individual research efforts develop and maintain their own data 
files. The calculational programs of the national laboratories, 
universities and industry appear to favor their time-proven sets, 
often directly embedded in their computer programs. These collect
ions are thus not open to the scrutiny of the scientific community 
and can be shared only with difficulty. 

Experience with the MFE computer network tends to improve 
this situation. As students and professionals change their working 
location, but continue to work on the MFE net, the mutual awareness 
of data files and calculational algorithms for ASM data grows and 
contributes to the refinement and extension of numerical data sets. 
This evolution is being sped up by the rapidly increasing R6D 
activities in magnetic and laser induced fusion energy research. 
However, to direct these developments here and elsewhere into 
desirable, practical and cost-effective paths, timely and innovative 
solutions are needed and steady and appropriate funding for the 
aggregation, evaluation and dissemination of numerical data. 
The design and development of systems to manage the complex 
scientific data is also required and requires a lead time of several 
years. 

The situation today in the field of atomic and molecular data 
if reminiscent of events several decades ago when the U.S. Atomic 
Energy Commission was charged with the responsibility of harnessing 
fission energy. At that time, data banks of neutron cross sections 
and their processing codes were urgently needed to predict by machine 
the energy release and time behavior of nuclear reactors. Whatever 
the forthcoming solutions might be for fusion under the aegis of the 
present U.S. Energy Research and Development Administration, or a 
future Department of Energy, they will depend upon the availability 
of comprehensive and accurate sets of evaluated computer-readable 
data. 
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2. Overview of Data Management Research at LLL 

Data Bases are becoming an exceedingly important part of com
puter utilization. They provide the input to calculations and do 
the bookkeeping and comparing of results. Intimately associated 
are Data Base Management Systems that provide the desired rapid 
access and manipulative power for the growing volime of scientific 
textual information and numerical data. Finally, data bases and 
their management systems are relatively useless unless they are 
shared with others in a controlled manner, e.g., as Geographically 

Distributed Resources over Computer Networks. 

DATA BASES 
We are presently funded to establish a number of technological 

and scientific data bases. These demands arise primarily from 
energy and environmentally related research, where the expanding 
use of computers in application programs and in modeling is placing 
increasing demands upon the availability of authenticated, evaluated 
data of physical and chemical properties. Without these primary 
sources of factual data it is progressively more difficult to inter-
compare calculated results and to judge the efficiency claims of 
energy conversion and energy storage systems now under development. 

There is a profound difference between scientific data and the 
customary numerical data now necessarily used in technological and 
scientific work. In fact, the difference is sufficiently pronounced 
to have discouraged the production of 'scientific' data bases because 
of their complexity: Physicists, chemists and biologists are accustomed 
to about two dozen attributes by which a numerical value is necessarily 
qualified: 
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ATTRIi TBS OF SCIENTIFIC DATA: 

1. Value 
2. Uncertainty (symmetric or assymetric) 
3. Units of Measurement 
4. normalization 
5. Validity Domain 
6. Method of Measurement 
7. Conditions s Constraints 
8. Type of Data (vector, matrix, array...) 
9. Source of Data 

10. Bibliographic References 
11. Comments of experimenter or evaluator 
12. Proprietary Status, Classification, etc. 

Without these and additional attributes, the numerical value, or datum, 
is often without meaning. And, because of the difficulty to retain and 
to display these attributes by conventional and business-like data base 
management systems, truly scientific numerical data bases are infrequent * and comparatively small in size. 

At the Lawrence Livermore Laboratory, wo have interdisciplinary 
requirements for the creation and use of scientific data bases. These 
range from the data contained in f , i e Table of Isotopes,1 gamma-ray 2 _ s 

transitions, properties of atomic and molecular data for potential use 
in laser research, and biomedical data quantifying human organs and 
tissues?" Material properties of energy storage materials and the 
ecological study of the San Bernardino Forest in the Los Angeles area 
pose similar problems of complexity, requiring in the latter case some 
600 different data descriptors to store biological and environmental 
variables. 

An exception are the immense collections of measured and evaluated 
data neutron cross sections, reaction rates of charged particles, 
and similar dats aggregated during the past three decades by the 
international community in support of nuclear research and fission 
reactors. However, in context, we would classify these as techno*-
logical data bases, being narrow in scope and hence requiring fewer 
attributes. 



DATA BASE MANAGEMENT SYSTEMS 
The primary charter of the DATA MANAGEMENT RESEARCH PROJECT at LLL, 

formerly known as the INFORMATION RESEARCH GROUP, is the design and 
development of data base management systems that can cope with the 
different types of data required in support of LLL and ERDA programs. 
We have thus been designers, implementors and users of the MASTER CONTROL 
Program (MCP), a generalized data base management system,^"-^and are pre
sently laying the foundation for an advanced system for scientific data. 
To gain experience with state-of-the-art systems and to judge their poten
tial relevance for scientific needs, we are also working with the ADBMS 
system based on CODASYL specifications, and with INGRESJ- S~ 2 \n. advanced 
relational system. Finally, we have studied the SET-THEORETIC 2 4~ 2 6 

approach to data management. 

Of these systems, MASTER CONTROL is written in LRLTRAN, 2 7 an advanced 
version of FORTRAN, and depends upon the Livermore Time Sharing System 
(LTSS), 2 S developed at LLL for the OCTOPUS network of CDC-6600/7600 2 9 - 3 0 

computers shown in Fig. 2-1. ADBMS, underdevelopment at the University 
of Michigan, is written in FORTRAN and has been installed on several main
frame computers. INGRES is written in "C" and is used in combination 
with UNIX, an operating system under ongoing development by Bell Telephone 
Laboratories for the Digital Equipment Corporation PDP-11/40/45/70 mini
computers. INGRES is a rather sophsiticated research system of the 
Electronics Research Laboratory of the College of Engineering at the 
University of California, Berkeley. We have experimented with it on 
a PDP-11/45 at LLL and are going to use it with the PDP-11/70 machine, 
which is one of the host computers of the ARPAnet node at LLL. 
The SET-THEORETIC system is proprietary and is being marketed by the 
Set-Theoretic Information System Corporation (STIS) at Ann Arbor, Michigan. 
It has been available to us by contractual arrangements at Hayne State Univ. 

Most of our experience to date has been with the MASTER CONTROL 
system. It has been in use at LLL since 1969 and at the Los Alamos 
Scientific Laboratory (LASL) since 1973, when the Livermore Time Sharing 
System was transferred to become the secure computer network at LASL. 



MASTF.R CONTROL is used now at LLL by 17 Divisions and a much larger 
number of users for highly diversified programmatic tasks. A total of 
more than 250 hours of CDC-7600 equivalent time was expended last year. 
The program has been substantially improved in recent years through 
segmentation and dynamic dimensioning. New features were added that 
permit a variety of arithmetic and functional operations. In addition 
to FORTRAN relations, the user may use any of 50 different functions 
in an interactive manner. These range from conventional trigonometric 
and exponential relations, to functions that permit unique operations, 
e.g., the conversion of units, identifications of the smallest or largest 
arguments of a set, replacement of vector elements, and the translation 
of character strings into numerals and vice versa. The user may define 
a relation from his terminal and in the very next command he may already 
employ this newly defined variable as a search criterion for editing. 
All functions may be multiply subscripted and may be embedded within each 
other to 58 levels. We have really just begun to explore the flexibility 
and power of this functional, virtual capability. We have also addsd 
improved features for the creation of multi-term concordances and user-
definable dictionary options for the compaction of scientific data and 
their attributes.31 Refer to Fig. 2-2. 

The system is presently used with more than 200 different data bases. 
These range from personnel-related administrative files to the large 
bibliographic holdings of the scientific literature, and uith programmatic 
numerical data files. Some 1,500 interest profiles are processed each 
month against an influx of ca. 35,000 citations from different sources 
to alert researchers about new work being done in their field. This 
Selective Dissemination of Information (SDI) covers the major large 
bibliographic data bases of the professional literature. Retrospective 
searching, in contrast to SDI, is being carried out at LLL under contract 
from remote terminals at LLL by the Staff of the Technical Information 
Department with access to the large data banks of Lockheed, SDC, Medline, 
Toxline, DDC, and others. Some bibliographic and numerical, scientific data 
bases available through MASTER CONTROL at LLL are shown in Fig. 2-3 
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The ADBMS data base management system, opeiational at LLL on the 
CDC-7600 since October 1976, is being used primarily for the Safeguards 

program of the Nuclear Regulatory Commission (NRCj at ILL. 

The INGRES relational system with its innate hierarchial capabilities 
is being tested against personnel related data bases of the Data Processing 
Services Division (DPS1. Here, a PDP-11/45 is being used. When the 
PDP-11/70 computer on the LLL ARPAnet node becomes operational in 1977, 
we intend to use INGRES for the technological data bases of the ERDA 
Energy Storage Systems Division and for scientific data. 

The SET-THEORETIC data base system has been used for the processing 
of the large CAB Flight Segment data base of nearly two million records 
at Wayne State University where each commercial flight of U.S. carriers 
during the past four years is described by some 97 parameters. This 
work is being done under contract with the Information Division of the 
Transportation Systems Center for the U.S. Department of Transportation, 
DOT/TSC. The Set-Theoretic system was investigated as a potential 
solution to handling their large data bases. 

The source programs of MASTER CONTROL, ADBMS and INGRES are avail
able to us. By themselves, none of these programs are adequate to meet 
the near-term and/or far-term programmatic requirements for the manipu
lation of technological and scientific data. However, our experience 
with these systems and their unique concepts is proving valuable in 
defining and implementing an advanced system for interdisciplinary, 
scientific work. Here, of course, we are mindful of the availability 
of commercial systems. To date, those that we did examine are strongly 
business oriented and do not lend themselves readily for adaptation to 
scientific work. There would also be the difficulty of responding 
quickly to ever-changing demands in research when the availability of che 
software, and its dissemination, are controlled by commercial interests. 
If we postulate that the sharing of numerical, scientific data should be 
unencumbered by monetary or legal constraints, we must necessarily also 
conclude that the computer programs for managing the data should be in 
the public domain. The precedent exists in neutron cross section data 
and their computer programs. 



- 10 -

The design and development of a Scientific Data Base Management System 

(SDBMS). capable of handling the more complex atomic and molecular data 
and their customary notations, for example, is a challenging task. 
Fortunatelly, there exist already advanced routines and graphical and 
statistical capabilities that do not have to be reinvented but should 
rather be linked in an integrated manner with the SDBMS to provide the 
user with a total capability, in place of separate programs with their 
own peculiarities and requirements. This does not diminish the challenge 
of the task but defines more clearly where the emphasis has to lie, 
namely in data structures, their interpretation, and primary manipulative 
powers. The evolution of data base management systems at LLL, leading 
toward the SDBMS, is shown below: 

EVOLUTION OF DBMSs AT 'LLC 

'MASTER CONTROL' 
ADBMS 
INGRES - S D B M S . 

Some of the unique features to be made part of the SDBMS are listed 
in Fig. 2-4. Here we wish to point out especially that the Hershey 
character sets are probably indispensable for the display of customary 
scientific notation, especially in ASM data.J- In addition, immediate 
access to tables of the fundamental constants of nature, and to conver
sion coefficients for units of measurement, has to be provided to permit 
the degree of freedom expected for professional use in the sciences. 
Some of these have been prepared by us and were released to the public 
domain. 3 ^ 
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Aside from using a data management system V> create direct input 
to application programs and to calculational models, we find it most 
desirable to give the user the option to store the results of his 
calculations in the data base as well: 

INPUT & OUTPUT 

The effectiveness of this technique has been demonstrated when we 
cculd store the succinct results of Monte Carlo calculations in the 
same data base that provided the input to calculations. In this 
manner direct feedback was established between input and output. 
By storing only the essential calculated results, we could demonstrate 
the power of the technique to automate perturbation and sensitivity 
studies, to process much larger volumes of production calculations 
in a rigorous and dependable manner, and to subject the results 
and their input to graphical interpretation and display without 
manual intervening steps. This procedure proved to be a considerable 
cost and time saving by removing the tedium of keeping track of 
voluminous computer printouts and the manual slow extraction of 
crucial parameters. The totality of the calculated output file was 
actually sent into secondary storage, but could be called back for 
careful and detailed examination whenever warranted by the inspection 
of the more succinct data. The savings in time and paper wr e consi
derable. 
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There exists a universal need for efficient, cost-effective and 
user-oriented syst3ms that can support the growing demands for the 
manipulation of scientific data. Fig. 2-5. 

Here we are not referring to the mammoth collections of air-
and water-quality data, or that communicated by earth observation 
satellites. These will always probably be best served by specialized 
systems uniquely adapted to the large tasks. We find it necessary 
to respond to the emergence of medium-sized files of complex techno
logical and scie: tific data required by the inter-disciplinary end-
user for interactive aggregation of data, and for his personal or 
prograiKiiatic research.34 

The situation faced today with numerical data bases is similar 
to that of a decade ago with bibliographic information files. At 
that time the need arose from engineers' and scientists to find quickly 
from the growing literature pertinent publications. The development 
of highly-efficient bibliographic storage and retrieval systems were 
the result. Today, the same requestors would like to have the option 
to use the corresponding data just as effectively, and directly, 
by computer. The development of numerical systems is now a growing concern. 

The design and implementation of an adequate system for the 
manipulation of scientific data has been under development at LLL for 
some time. We have assembled a staff of 4-5 complementary professionals 
with considerable experience in information science and data management.* 
Talent and know-how is also available elsewhere in the Laboratory where 
similar requirements have fostered the development of specialized 
systems in support of programmatic requirements. This Dertains esDecially 
to graphics, statistics, pattern recognition and system analysis. 

— 
The staff of the Data Management Research Project numbers 16 today. 
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At last, with regard to the computer hardware for data management, 

there seems to exist now a universal concensus that a small, dedicated 
computer of the PDP-11/70 class would serve well for data acquisition, 
interrogation and most I/O operations. Major numerical analyses, and 
the preparation of integrated look-up tables, should best be carried 
out on a larger machine, under direct control of the mini-computer, 
and fully transparent to the user. 

This approach is proving very useful in several existing and 
planned computer networks. A cogent example is the Magnetic Fusion 
Energy computer network and its ongoing development. Our present work 
with the PDP-11/70 node at LLL on the ARPAnet, and an additional PDP-11/70 
expected later this year for the National Uraniu • Resources Evaluation 
Program (NUKE) all have in comman a mini-maxi computer combination. 
Considerable work is required to fully develop and automate these 
concepts and to cause them to function reliably in the research 
environment. 

NETWORKING AND THE SHARING OF RESOURCES 
We are going to limit our discussions only to the research in 

networking and the use of distributed resources as it pertains to the 
work being done by the DATA MANAGEMENT RESEARCH PROJECT (DMRP) with the 

PDP-11/45/70 computers on the LLL ARPAnet node, Fig.2-6 . The LLL OCTOPUS 

operating system has been described conceptually in the literature. 29-30 

An up-to-date summary of the Magnetic Fusions Energy (MFE) computer 
and its national network (cf. Fig. 2-7) is contained in Appendix-I 
of this report as an extract from the forthcoming December issue of 
Energy and Technology Review with permission of its author John M. Fitzgerald. •*'• 

Suffice it to say at this time that the throughput of bits for the MFE 
computer network is expected to exceed that of the whole ARPA net 3 6 i n 

February, 1977. 

* Note added during proofreading of this report: The MFE national 
computer network has indeed exceeded in late February, 1977, the 
total number of bits transmitted on the average by the ARPAnet. 
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A major breakthrough in computer resource sharing has been 
accomplished by the novel techniques of the Distributed Capability 
Computing System (DCCS). The DCCS system permits the shari.ig of 
resources between computer systems regardless of the resource type. 
It accomplishes in one extendable mechanism the tasks performed by 
the emerging plethora of computer resource sharing protocols. 

The concepts of the DCCS have been reported in the literature 3 7 ~ 3 S 

and discussed with experts familiar with the issues involved. 
A prototype system, embodying some of the principal techniques, 
is operational and is undergoing development for the U.S.Department 
of Transportation (DOT/TSC). The DCCS is innately suitable for the 
standardization and utilization of such diverse processes as: 

* Hierarchical display of available resources, local and remote. 

* Access to distributed data bases. 

* Access to distributed calculational resources, e.g., models. 

* Monitoring of secure and controlled access. 

* Interconnection of computer networks. 

* Automatic dial-up and execution of remote processes. 

* Accounting of transactions. 

Previous work that most closely resembles the DCCS is tiie Resource 
Sharing Executive System (RSEXEC), developed by Bolt, Beranek and 
Neuman for the TENEX operating system. Both systems, DCCS and RSEXEC, 
address themselves to the problem of making available resources on 
remote systems to local programs exactly as if they were local resources. 
The major differences are: 

1. The RSEXEC can share only files. The DCCS can share resources, 
e.g. files, directories, terminals, processes, etc. 

2. The RSEXEC mechanism must monitor and interpret specific operating 
system calls. The DCCS is entered through a single invocation 
mechanism and is, therefore, much simpler in its function. 

3. The RSEXEC protocol is very specific to TENEX. 
The DCCS is system independent! 
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Development and prol^t/ping oC the Distributed Capability Computing 
System (DCCS) are currently funded by the Information Division of DOT/TSC 
at Cambridge, Mass. It is anticipated that the DCCS concept will alleviate 
substantially the tedium now faced by DOT/TSC analysts in accessing a mul
titude of DOT data bases for statistical purposes and prognosis. Unlike 
ERDA, DOT collects and interprets by congressional mandate a large 
number of geographically distributed data bases that document the movement 
of people and freight by ship, barge, aircraft, trains and trucks, in 
addition to the accounting of interstate transfers of oil and gas. 
Presently, the analysts are obliged to familiarize themselves^with each 
data base and calculational resource to be used, they must learn the 
peculiarities of computer centers and operating systems on which these 
resources reside, and have to employ from their offices separate voice 
and data telephones in making and maintaining viable connections with 
remote computer networks. All of the steps must be executed as a variety 
of dissimilar processes manually. 

To automate these routine and tedious operations, we have extended 
the RATS operating system,^0 developed at LLL under a two-year ARPA 
contract to advance the Research In Secure Operating Systems (RISOS), 
by inclusion of the DCCS concepts in the prototyping of a Monitor Of 

Distributed Data Systems. (MODUS) for DOT/TSC. During a demonstration 
in June of 1976 it took only 15-45 seconds to establish direct 
terminal connection with a number of remote computer centers, down to 
the execution level, by specifying simply the objective to be reached, 
e.g.: 

@ WAYNE Indiana University 
@ DOT DOT/TSC Center at Cambridge, Mass. 
@ CTR CTR-Computer at LLL, California, (Now known as WE) 
@ TYMNET Connection to open net, different hosts. 
@ ARPA Connection to open net, different hosts. 
@ INFONET Chicago computer facility. 

The rest was done by the MODDS, automatically. Fig. 2-8 through 2-11. 
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Differences in connect time resulted due to automated dial-up 
of computer link requirements when the optimum path was selected by 
the prototype MODDS, establishing the access by giving all required 
entry information, inclusive of commands and passwords. This permitted 
the transfer of files from one net to another with subsequent processing 
elsewhere. Crossover among computer networks today is generally not 
encouraged by commercial networks. The ramifications of this capability 
are still to be explored. 

At some future date, we envision the requirement to translate 
protocols and data bases, as well as computational resources, from 
computer net to computer net. Generalized Software for translating 
data has been und-jr development for some time.-18 

Our research to work effectively with technological data for 
DOT/TSC as distributed resources will become especially pertinent for 
ERDA in 1-3 years when scientific data and scientific computational 
programs will necessarily have to be shared in larger measure than 
today. 

Here it is pertinent to note that the ERDA Interlaboratory Working 

Group for Data Exchange (If/GDE), under sponsorship of the ERDA Division 
of Biological and Environmental Research (ERDA/DBER), has formulated 
an exchange standard for numerical data on magnetic tape 4 2 that is expected 
to be adopted as a natural extension and utilization of the following 
American National Standards: 

* American National Standard Code for Information Interchange,-
X3.4-1968. 

* American National Standard Recorded Magnetic Tape for Information 
Exchange (800 CPI, NRZI) X3.22-1967. 

* American National Standard Magnetic Tape Labels for Information 
Interchange, X3.27-1969, including its proposal revision, 
X3L5/506T (9-18-75), if adopted. 
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3. Programmatic Applications 

The San Francesco Bay Area Pollution Model emloys MASTER CONTROL 
(MCP) as the central depository of information and data from a dozen 

'" jnt sources and organizations. The int-grated data is then 
ted to analytical models for simulation and prediction. Fig. 3-1,2. 

The National Uranium Resources Evaluation Program (NURE) employs MCP 
for the aggregation and manipulation of a historic data bank that is 
expected to contain some 100,000,000 data items in time. 4 5 The present 
data base, considerably smaller in size after two years of operation, 
has contributed to the discovery of potential uranium deposits in the 
Walker Lake region in Utah. NURE is a 5-year program involving other 
ERDA Laboratories und universities and is expected to alleviate the 
shortage of fissile materials by 1980. A PDP-11/70 dedicated computer 
complex will be used later in 1977 for the acquisition and manipulation 
of the data. Some of the data bases in MCP are coupled PATTER,4 

a pattern recognition program of powerful algorithms capable of establi
shing correlations among large sets of phenomenological data. 4 7 

The Laser Fusion Programs at LLL employ MCP for the storage of experimen
tal data, and for the orderly accounting and scheduling of their multi-
million dollar inventory of expensive laser components.48 MCP is also 
used as the primary data base system for the aggregation of specialized 
bibliographies and numerical data of physical and chemical properties 
for materials of interest to the ERDA Energy Storage System research 
and development projects. LLL has been designated as the Lead Laboratory 
and collaborates with the National Bureau of Standards (NBS/NSRDS) in 
establishing the data bases and preparing them for transfer into the 
public domain. For the ERDA Division of Biological and Environmental 
Research, we are using MCP for the aggregation of The National Index of 

Energy and Environmentally Related Data Bases and Models. The 1976 Edition 
of this Index contains some 4,000 data bases and approximately the same 
number of models. This unique collection of holdings from the major 
federal agencies is now being updated for transfer to the public domain. 
It is already accessible over the ERDA/REC0N national information network. 
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With reference to the production of numerical data bases, we 
are collaborating with NBS/NSRDS and have transferred funds for the 
evaluation of material properties by recognized data evaluation centers 
under their auspices. Drs. David Lide and Lew Gevantman are monitoring 
the progress of this collaborative venture. The resultant data bases 
of properties on molten salts for batteries and thermal storage systems, 
for fiber composits of flywheels, and many others, will be made available 
on the PDP-11/70 computer over the ARPAnet, by telephone dial-up and on 
magnetic tape from the Argonne Code Center. Succinct results will also 
be published in the NBS journals of standard reference data. NBS is 
presently providing this assistance free to LLL and ERDA. Fi?- 3-3. 

Here we are glad to announce that we have reached apparent agreement 
with some of the evaluation centers to provide ERDA and the public with 
evaluated material properties data free of subsequent monetary or legal 
constraints. This is in contrast to earlier requests where royalties 
were asked for the use of numerical data and where dissemination to 
non-ERDA users was prohibited or severely constrained by demands for 
royalties. The procedure by which we believe that data can be obtained 
in general for free and unencumbered use is: 

Evaluation centers ar-e asked to evaluate properties in light 
of the up-to-date literature. For some materials and properties 
this may have to be carried out ab initio; 

for others, the examination of the recent literature may not 
affect a previous evaluation. In either case, the evaluation 
process is being carried out under full government support, 
causing the resultant data to be in the public domain. 

We are mindful, that the evaluation costs may necessarily have to 
be somewhat higher under these arrangements to provide evaluation centers 
with some surplus of funds to sustain their research posture and profes
sional competence. 
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In a related activity, supported by programmatic work at LLL in 
laser-induced fusion research, we have created scientific data bases 
of atomic and molecular parameters, as mentioned earlier. 
The release procedures of these data bases through the ANL Code 
Center, the National Technical Information Service (NTIS), the 
normalization of units of measurement and standard notations are 
presently being discussed and prepared with NBS/NSRDS. 

Earlier last year, the power of interactive access to numerical 
scientific data bases was demonstrated when we searched interactively 
some 30,000 gamma-ray transitions by machine, employing Boolean ljgic 
on their numerical values and qualifying attributes, to identify only 
some 20 potential transitions as candidates for a gently-pumped X-ray 
laser device. The resulcs were published at the recent laser conference 
at Coral Gables and at Novosibirsk.si~S2 

In collaboration with Dr. Mike Lederer of the Lawrence Berkeley 
Laboratory (LBLJ, we have written processors and translators that 
should permit the creation of a numerical data base next year as a 
machine-readable analogue to the forthcoming 1977 Edition of the 
Table of Isotopes. 

Clearly, these are only beginnings and will require endorsement 
and support for timely completion of a small font of public knowledge. 



- 20 -

4. Let us Create a "Public Well" of Scientific Data. 

Programmatic requirements for accurate data in the physical sciences 
and in engineering are clearly apparent from the increasing number of 
requests received, a diversity of specific national and international 
efforts, and from the preponderance of committees that try to cope 
with the escalating situation. 

These demands are a direct consequence to the decreasing costs of 
computing, data storage and communication. Equally important as a 
driving motive is the growing emphasis on interdisciplinary programs, 
a greater social awareness in our work, and the requirement for opti
mization of complex solutions in a highly competitive research community. 
The scarcity of pure research funds and long lead times of major national 
programs all contribute to the necessity for the use of the best data 
in an open manner for cost/risk/benefit analyses and decision making. 

These demands are difficult to meet. Authenticated bodies of 
accurate data often do not exist for new materials or new operating 
conditions. Where they do exist, they are not computer-readable. 
Even data for traditional materials and operating conditions are locked 
in tables of printed books, or are contained in data files that are an 
innate part of some computer program and thus inaccessible for scrutiny 
and sharing. Finally, in the absence of a well funded national program 
for numerical, evaluated data we observe the emergence of a growing 
number of individual commercial efforts which offer unqualified data 
of material properties for sale with legal constraints on their use 
under the copyright umbrella. 

We seem to forget that most of the research in physical and chemical 
properties of nature has been supported, in the United States and abroad, 
by public funds and should be available for free and unencumbered use. 
Progress in our civilization has been based on this tenet. 
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What then has changed? As long as researchers copied numbers by 
hand from journals and books, as long as they assembled them laboriously 
in orderly tables, and leyboarded them perhaps as input to their 
computer programs - nobody objected. When the monetary value of 
computer-readable data became apparent, and when the efficiency and 
time-saving of identifying, extracting and displaying dat by machine be 
demonstrated - unexpected difficulties arose. Originators of data files 
started to attach legal and/or monetary constraints upon their use. 
Recipients or buyers of such ô -ta could then no longer freely combine 
these data with other data, not even their own, especially if they in
tended to transmit the integrated files to coworkers or students outside 
the physical and/or legal constraints of their research cti-anization. 

TheTe are those who argue that the commercialization of the measured 
and evaluated properties of nature is not different from the time-tested 
analogue of the public water well: "Anyone, lifting water from a 

public well, placing it into container's and carrying it to places of 
demand, can charge for the water whatever the market can bear. " 

We submit that it is in the interest of the scientific community 
to establish a "Public Well" for technological and scientific dat J 

for anyone to use as he sees fit. 

Most of us will agree that users of data in universities, at 
national laboratories and at research centers, should have the freedom 
of choice to draw needed data from the public domain, if possible, or 
from commercial vendors. 

The National Bureau of Standards (NBS/NSRDS) is mandated to 
aggregate and evaluate physical and chemical properties, especially 
also atomic and molecular data. It would seem appropriate that NSRDS 
have a key role in the computerization and dissemination of these data 
to assure their validity and consistency. 

Some refer to a well as a hole in the ground. We prefer to call it a 
spring. 
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F i g . 2 - 1 : The OCTOPUS Computer Network a t LLL, 1975 £ 1980. 



E X T R A C T F R O M C O M P U T E R - G E N E R A T E D F L Y W H E E L B I B L I O G R A P H Y 
Accession Number Lookup: 

BATTERY, BATTERIES 
1974 Battery-Powered Vehicle Drive 
1974 Superflywheel; The Battery that Spins 
1975 Energy Storage for Wind Energy Conversion Systems 
1975 Energy Storage 
1975 AC/DC Power Conditioning and Control Equipment for Advanced 

Conversion and Storage Technology 
1975 An Evaluation of the Future Role of Energy Storage Techniques 

in Electric Power Technology 
1976 Energy Storage - Summaries, Feb-29 March 1 Meeting 
1976 Energy Storage 
1976 Energy Storage 

BATTERY CHARGING 
1971 Electric Road Vehicle 

BATTERY POWERED VEHICLE 
1974 Battery-Powered Vehicle Drive 

BATTERY-FLYWHEEL 
1976 Battery-Flywheel Hybrid Electric Power System for Near-Term 

Applications, Vol. 1 (System Description), Vol. 2 (System Design) 
BATTERY-STORED ENERGY 

1974 Mechanical and Batter-Stored Energy Systems for Meeting Comeau, G. E. 134 
Uninterruptable and Buffered Electric Power Needs 

BAXTER, J. W. 
1974 Kinetic Energy Systems for Moving People Baxter, J. W., Lawson, L. J. 1123 

BEACHLEY. N. H. 
1969 Wobble-Spin Technique for Spacecraft Inversion and Earth Beachley, N. H.; Uicker, C. W. 1175 

Photography 
1975 Increased Fuel Economy in Transportation Systems by Use of Beachley, N. H.; Frank, A. A. 159 

Energy Management 

Fig. 2-2: Multi-term Concordance created with MASTER CONTROL for the ERDA Division of Energy Storage. 

Deane, C. T. 142 
Lampe, D. 1136 
Zlotnick, M. 101 
Kalhammer, F. R.; Cooper, V. R. 102 
Wood, P.; Pelly, B. R. 1199 

Pezdirtz, G. F. 103 

American Nuclear Society Mtg. 1198 
Casazza, J . A.; Schneider, T.R. 1196 
Kalhammer, F. R.; Schneider, 1198 

Union Carbide Corporation 144 

Deane, C. T. 142 

Davis, D. D. 1182/83 
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SCIENTIFIC BIBLIOGRAPHIC DATA BASES 
1. NUCLEAR SCIENCE ABSTRACTS 

2 . CHEMICAL TITLES 
3. ENGINEERING INDEX 
1. SEARCHABLE PHYSICS INFORMATION NOTICES 
5. NUCLEAR CONSTANTS 
6. INTEGRAL NEUTRON EXPERIMENTS 
7. LASERS 
8. COMPUTER SCIENCE 
9. THERHDPHYSICAL PROPERTIES (TPRC) 

10. GAMMA-RAY TRANSITIONS 
1 1 . G E O T H E R W L PHENOMENA 
32. 1NSPEC, BIOSIS, Arauc 8 FIOLECULAR DATA, ETC. 

SCIENTIFIC NUMERIC DATA BASES 
1 . 8-PEAK MASS SPECTROSCOPIC DATA 
2. Low RESOLUTION tes SPECTROSCOPIC DATA 
3. NUCLEAR CONSTANTS 
!). ATTOSPIERIC KiriETic DATA, 

5. SOLAR SYSTEM POSITION VECTORS 
6. GA'T-W-IV.Y TRANSITIONS 
7. ATOMIC MUSSES, Q-VALUES, ETC, 
8. RADIO-ACTIVE DECAY GAIV-'AS 

9. TABLE OF ISOTOPES DATA 
ID. ATOMIC S I'OLECULAR TRANSITIONS, LASERS 
i l . PROPERTIES OF FIATERIALS FCP ENERGY RESEARCH 

Fig. 2-3: Bibliographic and Numeric Scientific Rata Bases at LLL 
in the MASTER CONTROL data base management system. 



Unique Features of the 'SDBMS' 

1. SCIENTIFIC, FUNCTIONAL ANALYSIS BY INTEGRATING GRAPHICS 
STATISTICS 
PATTERN RECOGNITION 
SYSTEMS ANALYSIS 

2. SCIENTIFIC NOTATION 8 HERSHEY CHARACTER SETS; " 3 O S NOT VSOB 
3 . SCIENTIFIC ATTRIBUTES TO DATA: Value, Uncertainty, Units, Normalization, eta. 

4. BUILT-IN LOOKUP TABLES OF FUNDAMENTAL CONSTANTS 8 PROPERTIES 
5. AUTOMATIC CONVERSION OF UNITS OF MEASUREMENT, Yours, si, or both. 
6. FLOATING POINT, COMPLEX 8 DOUBLE PRECISION 
7. INTERFACE TO APPLICATION PROGRAMS 
8. INTERFACE TO PROGRAMMING LANGUAGES, e-g- FORTRAN, LLLTRAN 

9. RELATIONAL 8 NETWORK VIEW CF DATA 
10. AUTOMATIC VALIDATION, RECOVERY, SECURITY 8 AUDIT TRAILS 
11. USER-ORIENTED, SIMPLE 8 EXTENDABLE COMMAND LANGUAGE 
12. EASY 8 EFFICIENT TO USE 

Fig. 2-4: Unique Features of a Scientific Data Base Management System. MASTER CONTROL, ADBMS 5 INGRES 
do not meet all of these requirements. 
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EVOLUTION OF DATA BASE 
SYSTEMS TOTALS 

KNOWLEDGE Dist 

SCIENTIFIC Functional 

BIBLIOGRAPHIC Interactive On-Line Searching 

BUSINE-S Batch Processing 
BUDS 

1965 1970 1 9 7 5 1980 

Fig. 2-5: Conceptual Evolution of Data Base Management Systems. 



ARPANET LOGICAL MAP,. AUGUST 1976 
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(PLEASE NOTE THAT WHILE THIS MAP SHOWS THE HOST POPULATION OF THE NETWORK ACC0R0IN5 TO THE BEST 
INFORMATION OBTAINABLE,NO CLAIM CAN BE MADE FOR ITS ACCURACY) 

Fig. 2-6: The Logical Map of the ARPA network, taken from Ref. 36. 



CTR COMPUTER NETWORK - FY 1976 m 

Stanford University 
' University of California, Berkeley 
i / Lawrence Livermore Laboratory 

UCLA\ 

s; 
University o f , 

"Iowa 

Los Alamos 
Scientific 

J-aboratory 

Legend: 
• CTR Computer Center (CCC) 
A User Service Center (USC) 
A Mini JSC 
O Remote Job Entry Terminal (RJET) 

University v ,• 
of Texas 1 *•-

h. 
University of 
Wisconsin 

.Oak Ridge 
National 
Laboratory 

_ Princeton Plasma 
"Physics Laboratory 

Naval 
Research 

. Laboratory 

Fig. 2-7: The Magnetic Fusion Energy (MFC) Computer Network, formerly the Controlled 
Thermonuclear Research (CTR) network. 
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c 

LLL 
DMRP PDP-11/70 
MFE CDC-7600 
"G" CDC-6600 

Data Management Research Project. 
PDP-11/70 is the primary host on the ARPAnet, 
with connections to the MFE and "G" machines. 

MFE = Magnetic Fusion Energy program. 
CDC-7600 is the primary host on the MFEnet. 

Fig. 2-8 



CURRENT MANUAL MODE OF OPERATION 13 
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Fig. 2-9 



SOLUTIONS TO CURRENT PROBLEMS IS 

Problem 

1. Difficult to identify available resources 

2. Cumbersome to use 

3. Difficult to control and monitor use 

4. Difficult to account for usage 

5. Inefficient, non-optimum use of 
resources 

Solution 

Directory of available resources 

Automated, standard operating 
procedures 

Access control through central monitor 

Central monitor keeps log and statistics 

Optimization based on resources and 
usage 

"Monitor of Distributed Data Systems" 

(MODDS) * 

•Under Development for the Department of Transportation 
(DOT/TSC). 

-10 



CONCEPTUAL USER VIEW SUPPORTED BY THE "MODDS' m 
(The complex distributed computers appea/ to analyst as ONE powerful machine) 

Data bases > 

Files 
Data analysis programs 
Program compilers 
Data display routines 

Monitor of 
distributed 

data systems 

"MODDS" 

CRT 

Terminal 

Other terminals 

DOT/TSC 
analysts 

Fig. 2-11 
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Field observations 

Fig. 3-1: Flow Chart of Data Processing Techniques for the San Prancisco 
Bay Area Pollution Kodel carried out by the Atmospheric and 
Geophysics Research Division at LLL. Cf Ref. 43. 
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Bay Area Pollution Model, employing a MASTER CONTROL data base. 



MATERIAL PROPERTIES DATA BASE 

-LLL 

LLL Reports 
Remote Computer Access 

ANL Code Center 
NT IS 

NBS 

NBS Reports 

EVALUATION 
CENTERS 

Molten Salts Data Center 
Alloy Data Center 
NBS, Boulder, Colorado 
Plastics Technical Eval. 
University of Utah 

etc. 

USERS 
I-RDA Laboratories 
Federal Agencies 
State Q Local Agencies 
Industry 
Universities 
General Public 

3 - 3 : P r o d u c t i o n of M a t e r i a l P r o p e r t i e s Data B a s e s . 



- 41 

A P P E N D I X - I 



- 42 -

NATIONAL MFE COMPUTER CENTER: 1976 UPDATE 

ADVANCED ENERGY SYSTEMS 

The national magnetic-fusion-energy (MFE) 
computer center at Uvermore, operational since the 
fall of 1974, expanded its data communication 
network and improved its software and hardware 
during 1976. The network now includes seven user 
service centers across the country (including (wo at 
LLL) connected by SO 000-bit/s transmission lines to 
the MFE center. The most recent addition is a service 
center at Science Applications, Inc. in La Jolla, 
California. Among the major developments this past 
year is a high-speed channel that standardizes the 
process of interfacing computers of various 
manufacturers. FILEM, a versatile fife-management 
system for remote users, was also significantly 
improved and will include a 500-billion-bit mass 
storage facility later this year. Demand for 
computational support in the MFE community 
continues to outstrip the center's capacity, requiring 
us to plan for a second CDC 7600 at Livcrmore and 
spurring interest in a next-generation computer as a 
third processing unit. 

In 1974, LLL was selected as the sile for a na
tional magnetic-fusion-energy computer center 
(MFECC). Compulional studies at the center were to 
be keyed to the research needs of the three principal 
MFE confinement schemes: low-density closed systems 
(mainly tokamaks), lugh-̂  systems (mainly the theta 
pinch), and open systems (magnetic mirrors). Major 
MFE research siles and scientists at universities with 
ERDA-sponsored MFE projects were to have access to 
the national center. 

In the fall of 1974, the center went online to users 
via voice-grade telephone lines with a CDC 6600 as 
the central computer and a remote job entry terminal 
at the Princeton Plasma Physics Laboratory. One year 
later, a CDC 7600 replaced the 6600, inaugurating 
large-scale computational su; port to the MM: 
community. High-speed (50 000-bit/s) transmission 
lines were operational by mid-1976 to four user service 
centers: Los Alamos Scientific Laboratory. Princeton 
Plasma Physics Laboratory, Oak Ridge National 
Laboratory, and General Atomic Co.. San Diego, 
California. The advent of these transmission lines 

Contact John M. l-'it;<u.rald //:".«. 3961j for further 
information on this aitit.h'. 

marked the start of a national wideband 
communications network. 

The idea behind a national MFE computer center 
is lo provide large-scale computer capability in addilion 
to local capability at various remote locations 
according to research priorities and anticipated 
computational demand. The CDC 7600 central 
computer, available to the entire MFE community, has 
64 000 words of small semiconductor memory, 
500 000 words of large-core memory, and disk storage. 
The national center also has a PDP-ll/50 central 
communications control processor, a PDP-11 (SO 
network control station, and a CDC 6400 file 
management computer that stores files and maintains 
indices for information retrieval. 

The user service centers have PDP-10 computers 
systems with direct high-speed access to the national 
center through PDP-11/40 remote communications 
control processors Seven service centers are now 
operational: one foi the MFE program at LLL, one 
at the MFE compui.er center, and one each at 
Princeton, Oak Ridge, LASL, General Atomic, and 
Science Applications Inc. (SAI), La Jolla, California. 
The SAI service center, our latest addition, is 
connected to the 50 000-bit/s transmission line that 
terminates at General Atomic. 

Small computation problems are handled locally at 
the user service centers. Large-scale problems are 
routed to the national center and then returned to the 
service centers for final processing. For offnet users, 
the ultimate intent is to provide either mini-service 
centers or remote job entry terminals. Access for these 
users to the national center is currently via leased 
telephone lines. Figure 14 shows the present 
configuration of the MFE computer nctwoik. 

1976 Update 

At the time of our initial article on the computer 
center in December 1975, usei access to the CDC 
7600 was via dial-up voice-grade lines, and the 
50 000-bit/s lines were in the pioccss of being installed 
and checked out. Even at litis early it;ige it was evident 
that the forecasts of MFl' demand for large-scale 
computing were not exaggerated. With the help oi the 
center's procuinmiiig staff, user:* quickly converted 
their codes for operation on the national system, and 
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L1.L (M-Div) 
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control 
processors 

Fig. 14. General arrangement and connections between user service centers and the national Ml-'E computer center (MFLCC). 
The network includes seven user service centers: two at LLL (one for the MFK program and one at the computer cemer), 
and one each at Los Alamos Scientific Laboratory- (LASL), Princctnr. Plasma Physics Laboratory (PPPLI, Oak Ridge National 
Laboratory (ORNL). General Atomic (GA>, and Science Applications Inc. (SAD. IViricclon also hasa remote job entry lerminal 
{RJHTL A 32-line autoanswer modem (shown at upper right) provides offnet users with voice-grade dial-up access to the 
central computer facilities. Ail unshaded equipment is part of the central eompuling facility at Liveniiore. 
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the capacity of the 7600-A machine was saturated 
early in 1976. 

During this past year, we have concentrated on 
software and hardware refinements of the central 
computing system at Livermore and on developing 
improved user access via the data communication 
network. 

Software and Hardware. In February, the capability 
of the CDC 7600 was enhanced by installing four 
high-performance CDC 8J9 disk drives and associated 
controllers. Software and hardware integration of these 
units into the system was accomplished to permit I'icir 
use in early March. 

Another need recognized early by the center's staff 
was a standardized high-speed channel (10 to 
40 million bits/s) to be used for inter processor 
communication. A large computer center needs to 
interconnect many varieties of computers of different 
manufacturers and models. Interconnecting channels 
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Fig. 15. Growth in usci demand for central file storage in 

riLKM, a versa till' ilk'-managi'menl system enabling remote 
uiers to store and retrieve programs and files at tin- MIT 
computer center. 

are sometimes available between models of the same 
manufacturer but rarely between competitors'models, 
such as a CDC 6400 and a DEC PDP-11, At best, one 
would end up with a large array of interconnecting 
channels, eacii unique and incompatible with the 
others, with special designs required when no channel 
was available. Standardization would replace this with 
channels that allow total freedom of choice of inter
connected computer pairs and could be structured to 
minimize custom hardware and software design. 

A computer sr.and.ird interface channel for computer 
intercommunication has been designed. Interfaces 
currently neariug completion include those for a CDC 
7600, CDC 6400, DEC PDP-10, and DEC PDP-11. The 
interface channels will connect any of these machines 
to any other. Additionally, an interface to an HP 2100 
minicomputer has been designed to allow connection 
to the LLL M-Division PDP-10, which will also have 
the standard channel interface. 

Data Communication Network. The ability to move 
files (first alpha-numeric, next graphic, and then 
binary) from the CDC 7600 to our user service centers 
through the # 0 000-bit/s transmission lines was 
accomplished in March and A e Jl . In May we 
inaugurated input file traffic from the service centers 
to the 7600,. and in July we implemented file traffic 
between service centers. Interactive terminal traffic 
over the transmission lines became operational in 
September. Interactive terminal access for nearly all 
sites not served by a user service center has remained 
available via autoanswer modem, which handles 28 
dial-up users at 300 bits/s and 4 users at 1200 bits/s. 

Development continued this past year on F1LEM, 
a highly versatile Hie-management system that allows 
remote users to store and reirievc programs and data 
files at Livermorc for an indefinite time. FILEM was 
designed to accommodate the special needs of users 
at remote sites, and the system has enjoyed excellent 
customer acceptance (Fig. 15). To enhance the E1LEM 
system, we also sciecicd a 500-billion-bit mass storage 
facility — Control Data model 38500 - which was 
approved by URDA in August; estimated delivery of 
the storage facility is December 1977. 

Currently FILEM uses rotating storage (CDC 844 
disk packs) for medium-term file storage. When the 
mass storage facility is online, a file to be stored will 
be transferred to the facility with a copy also written 
onto the FILEM disk system for short-term rapid 
access The urgent need for such a system has requited 
the computer center to temporarily simulate the mass 
storage facility by transferring the data onto 

http://sr.and.ird
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demand conies from a 1976 survey in which users were asked to estimate their requirements by fiseai years. Immediate plans 
call for adding another CDC 7600 in 1977. We are also studying the possibility of adding a class VI (next-generation) computer 
as a third central processing unit in 1978. 

conventional magnetic tape. However, these tapes must 
be manually retrieved, r^ounted, demounted, indexed, 
and stored. 

A FILliM software effon underway during the past 
year has been programming the CDC 6400 to assume 
virtually all of the tasks associated with file 
custodianship, including indexing, storage, retrieval, 
and efficient management and allocation of the file 
storage media. 

Future Growth 
The immediate problem facing the MFE computer 

center is thai the ever-increasing demand for more 
computing lime has oversubscribed the capacity of a 
single 7600. We need at least one more 7600 and are 
also planning to add a class VI (next-generation) 
processor as a third major central processing unit in 
FY 1978. As an interim slop-gap measure, the centei 
is currently acquiring blocks of computer lime from 
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the 7600 at the Lawrence Berkeley Laboratory for 
MFE users. Figure 16 shows anticipated future 
computational demand for the computer center. 

A related development this year was establishing the 
design criteria and selecting an architect-engineering 
firm for our new $5 million computer facility. 
Construction is scheduled to begin in October 1977; 

complete occupancy is slated for December 1978. The 
3700-m facility is designed to accommcdate three 
major computing mainframes and offices for about 87 
people, including center staff and visitors. 

Key Words: fusion research: MFECC; magnetic fusion energy. 


