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LEGAL NOTICE 

This book was prepared as an account of work 
sponsored by an agency of the United States 
Government. Neither the United States Govern
ment nor any agency thereof, nor any of their 
employees, makes any warranty, express or im
plied, or assumes any legal liability or responsibility 
for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process 
disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein 
to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, 
or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favor
ing by the United States Government or any agency 
thereof. The views and opinions of authors ex
pressed herein do not necessarily state or reflect 
those of the United States Government or any 
agency thereof. 
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LAWRENCE BERKELEY LABORATORY 
_Room:~)15 __ ~ldg.: 50 Ext.: 4764 

May 7, 1980 

TO: DOE San Francisco Operations Office 

FROM: Robert J. Harvey 

SUBJECT: LBL ADP Long Range Plan 

Enclosed is the current ADP Long Range Plan for our Laboratory. 

Basically it is an incremental approach to replacing obsolete ADP 
equipment on a functional basis while at the same time providing for the 
changing Laboratory computing requirements. The Plan has the added advan
tage of permitting flexibility during a period when computer technology is 
undergoing rapid development. 

When relating the ADP Plan to the Institutional Plan one should take 
into account the fact that computing requirements depend far more upon the 
nature of the work undertaken than upon the number of people in the program. 
An outstanding example of this ;s the Geothermal Energy (AM) Program. Dur
ing the period addressed in this LRP t~at program will undergo a pronounced 
shift in emphasis from field work to analytical modelling. Field work is 
highly people- and equipment-intensive, whereas modelling is highly com
puting-intensive. Thus, even though we expect a personnel reduction of 
nearly one-third in that program, we expect the computing load to grow to 
the maximum amount which can be sustained by the available funding, and we 
expect the program, in fact, could be constrained by computing facili·ties 
inadequate to its needs. 

While the Geothermal example is particularly dramatic, it is also 
true that to some extent all Laboratory programs are placing greater demand 
on computer facilities. This is a consequence of the continuing shift to 
a more interactive computing style, to increasing use of computer-assisted 
text-processing, to increased requirements for computer-driven graphic 
facilities, and to the increasing complexity of the problems being addressed 
by the Laboratory. 

Robert J. Harvey 
Section Head for Computing 

RJH/my 

UNIVERSITY OF CALIFORNIA~ (Letterhead for interdepartmental use) 
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SECTION A. SITE OVERVIEW 

The Role of the Laboratory 

In charting the difficult but inevitable transition from dependence 
on fossil fuels to an era of sustainable energy sources, the nation will 
need to rely heavily on research aimed at increasing the efficiency of 
energy use and the supplies of domestic energy resources during the 
transition period, and at building an adequate scientific foundation 
for development of the nation's energy system for the long-term future. 
The Department of Energy has the chief responsibility for coordinating 
the R&D effort and must use the resources of the national laboratories, 
universities, industry and other institutions to achieve its purposes. 
The national laboratories plaY'a vital role because of their immense 
technical and managerial capability built up over many decades. The 
physical plant, the advanced - and, in many cases unique - facil,ities 
and the impressive professional and technical staffs give the labora
tories the tools to handle complex technical problems at all stages of 
research and engineering development. The laboratories constitute an 
exceedingly important national resource not only for the conduct of 
R&D projects but for planning and technical advice to the Department 
of Energy and for cooperative efforts with industries and universities. 

The Lawrence Berkeley Laboratory is the oldest of the national 
laboratories and is unique because of its proximity and complex 
interactive connection with a major university. It thus combines the 
advantages of the university campus with the access to leading scholars 
in a wide variety of disciplines and the technical strengths of a national 
laboratory. This unique breadth allows the Laboratory to contribute to 
the Department's mission in many important ways. 

The Laboratory focuses on the research phase of the DOE mission, 
although highly technical development work is done in areas where there 
is unusual or unique LBL capability. The laboratory pursues research of 
the following types: 

1. Fundamental research in the energy-related basic sciences, 
including nuclear and high-energy physics, and the chemical, 
materials, biological, and biomedical sciences. Much of this 
research is done with large experimental facilities. 

2. Background research using bas{c science techniques and concepts 
devoted to specific energy supply and demand problems within 
the DOE mission. Examples are geochemical studies related to 
nuclear waste management, catalysis studies related to synthetic 
fuels production, atmospheric studies related to environmental 
effluent standards, and energy end-use analyses related to the 
national energy conservation program; 
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3~ Applied research in important areas of the DOE, mission. Exam
ples are laboratory studies of conversion of biomass to alcohol 
or oil, field engineering studies of geothermal power systems, 
field study of geological aspects of nuc'lear waste isolation, 
and research in development of energy-efficient buildings, 
ventilation, and lighting systems. 

4. Technological development programs, such as LBL's design and 
construction of neutral-beam injector systems for the national 

. magnetic confinement fusion test program. 

The Laboratory's programs have been molded by a strong tradition of 
excellence in basic scientific research and in the engineering of complex 
systems. Today, the program is a coherent mix of basic science and 
engineering development, and emphasizes the building of a solid scientific 
base of understanding as a prerequisite to the development of economic 
energy technologies and the efficient end-use of energy, which our nation 
requires for the years ahead. 

Looking forward, Lawrence Berlteley Laboratory will continue to build 
upon this, tradition of excellence as it both pursues fundamental research 
and involves its large and diverse research program in contributing to 
solving 'the nadon's energy problems. As in the past, thespeci;ics of LBL's 
program will evolve to meet changing national goals, but our commitment to 
innovation and excellenc,e in the pursuit of knowledge will not change. 

Background 

Bearing the name of Ernest'O. Lawrence, the great pioneer of nuclear 
science and inventor of the cyclotron" the Lawrence Berkeley Laboratory 
has, for over four decades, carried out multidisciplinary research in 
the fields of nuclear and related sciences. In forming his Radiation 
Laboratory in 1931, Lawrence brought outstanding faculty researchers in 
physics and chemistry together with,creative engineers. They built 
cyclotrons and exploited the properties of nuclear particle beams and 
radioactive isotopes for pioneering research in nuclear physics, 
nuclear chemistry, new element synthesis, nuclear medicine,' and the 

'application of nuclear techniques to many scientific and industrial 
problems. Lawrence's Radiation Laboratory showed the power of multi
disciplinary research organized around major experimental facilities~ 
In the 1930s it was the most active nuclear research establishment in 
the world. In these and subsequent years, members of the Laboratory 
achieved world renown and received a total of seven Nobel Prizes. Upon 
the death of Ernest Lawrence in 1958, the Laboratory was renamed Lawrence 
Radiation Laboratory, and in 1971 it was separated administratively from 
its daughter laboratory in Livermore and renamed the Lawrence Berkeley 
Laboratory. 

After making a major contribution to the World War II effort, 
the Laboratory became a national research center of the Atomic Energy 
Commission for the rapidly developing basic nuclear and fundamental 
particle sciences. The design and construction of advanced nuclear 
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particle accelerators in the 1940s and 1950s- stimulated the blossoming 
of high-energy physics throughout the world and, in particular, at LBL 
during this period. There followed spectacular discoveries of funda
mental particles, including the antiproton, the antineutron, and most 
of the strange particles. The nuclear sciences also reached maturity, 
with LBL continuing to play a leading role in the understanding of the 
structure of nuclei and being involved in the synthesis of everyone of 
twelve new transuranic elements. The unexpected continues to happen in' 
particle physics, as for example the re.cent SLAC-LBL discoveries of the 
1jJ, X, and "charmed" parti.cles. 

The Laboratory has carried on accelerator physics research since 
its earliest days. Most recently this program contributed to the design 
of the high-energy positron-electron colliding beam accelerator, known 
as PEP, now nearing completion at the Stanford Linear Accelerator 
Laboratory (SLAC). The same technological expertise and resources that 
were built up at LBL for accelerator research played ~ pioneering role 
in developing magnetic confinement fusion science. The Laboratory now 
occupies an important position in DOE's magnetic confinement program 
by designing and supplying neutral beam injector systems for larg~-scale 
experimental fusion devices and by exploring alternative confinement 
schemes. As the development of inertial confinement fusion science and 
technology continues to grow nationwide, LBL is assuming an important 
role in the investigation of heavy-ion accelerators as drivers for pellet 
fusion. 

Even" in the earliest days of the Laboratory, John Lawrence, brother 
of the cyclotron's inventor, developed a productive,relationship between 
biomedical sciences from the UC Berkeley faculty and the various nuclear
related sciences of the Laboratory. Important contributions to basic 
biologic science and to diagnostic and therapeutic medicine continue to 
be made by the synthesis of these skills and research techniques at LBL. 

One of the most important unsolved problems of biological science 
at the end of World War II was the mechanism of photosynthesis. By 
bringing together faculty researchers from chemistry, biology, and 
nuclear science, LBL was able to make unique contributions to the solu
tion of this problem. The skills developed in this work at LBL have 
subsequently been applied to a number of related problems. Currently 
these include research into more efficient food production, photochemical 
production of fuels from solar energy', and basic biology related to 
understanding the causes of cancer . 

. In the early 1960s, the Laboratory developed a new program in 
materials sciences., The Berkeley Campus had long been the home of out
standing expertise in various aspects of materials sciences, located 
in a number of. campus departments. LBL recognized that the solution of 
many important and difficult problems in materials sciences could be 
facilitated by bringing together these skills into a laboratory milieu 
that would provide a focus and a high level of research support. Impor
tant contributions have been made to basic understanding of materials 
properties, and unique new materials have been developed. Today .these 
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skills are being applied increasingly to'materials problems related to 
the'development of new energy technologies,for example, the fundame'ntal 
study of catalyst' materials for'synthetic fuel production. New electron 
microscope facilities and other advanced instrumentation greatly 
strengthen the capabilities of this 'program~ 

"'J • I 

With the ,em~rgE!UCe', of consciousness' about environmental problems 
in'the late 1960s, LBL recognized that progress toward understanding 
many significant environmental impacts'was constrained by a lack of 
adequate analytical techniques ,for precise mea~urement of 'environmental 
variables. It was evident that many of the ,techniques LBL developed 
for the basic nuclear sciences could be applied systematically to 
environmental problems. Thisappiication has been straightforward 
and often enormously effective, with some LBL techniques now utilized 
n-ationwid'e for environmental or research monitoring. Currently novel 

\ physical chemistry techniques are, being applied at LBL toward obtaining 
a fundamental understanding of the atmospheric chemistry involved in 
atmospheric particulate formation from fo'ssil fuel combustion. The 
level of analytical skill LBL will~ontinu~ ~o bring to the ~tudy of 
thes'e .. problems exi~ts at few, if any, other places. 

~ Since 1971, the Laboratory has devoted increasing attention to 
research in the earth sciences, which are central to the economic 
devel~pment of most energy resources. Many of t~e technical problems 
with geothermal energy" for example, arise from our lack of fundamental 
scientific knowledge of subsurface geologic media. The same areas of 
earth and chemical science are relevant to deve,lopinga sufficient 
understanding of geologic media required for the safe storage of nuclear 
wastes. Many earth:"science related disciplines have long resided on the 
Berkeley Campus, but without a unified research focus. LBL has brought 
eminent faculty members together with LBL staff and res,ources to-provide 
a unique national capability for the study of energy-related subsurface 
problems. LBL is app~ying this capability to problems associated with 
geothermal energy technology and aquifer storage of heat,as well as to 
research aimed, at establishment ofa sound scientific basis for geo~ogic 
disposal of nuclear wastes. 

Characteristics 

LBL derives a unique,character from its location in the immediate 
~icinity of a major university campus abd because of the opportunity for' 
faculty and students to work closely with the distinguished staff of 
scientists and engineers at LBL. Many faculty members in the physical, 
biological and engineering departments of the UC Berkeley campus hold 
key positions of programmatic and administrative responsibility in LBL, 
including Associate Director status. Dozens of others supervise impor
tant research activities, and over 400 graduate students from 'many campus 
departments are heavily involved in LBL research.- Several programs at ' 
LBL involve faculty from the social sciences and the professional schools. 
LBL has a large population of post-doctoral appointeesfrom"American' and 
foreign universities. About 200 foreign PhD scientists are participating 
guests or regular short-term employees. 
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Thus, the Laboratory combines the best features of a major national 
research facil1ty with the diversity of a great university. The extensive 
involvement of staff, faculty, students, post-doctoral appointees and 
foreign visitors creates an atmosphere of vitality and renewal in which 
creativity flourishes. This vitality is illustrated by Fig. I-I, which 
shows the very favorable age distribution of the LBL professional staff. 
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'Among government laboratories, LBL's role in the educational process 
has, in fact, been unique. Through four decades more than a thousand 
PhD degrees in the basic energy sciences have been grant~d by the Univer
sity as the result of research done at the Laboratory, and currently more 
than 400 graduate students are employed at the Laboratory while working 
towards advanced degrees. LBL expects to continue to be a major supplier 
of expertise for the natio,n' s growing energy community. 

Current LBL Program 

A quick overview of the Lawrence Berkeley Laboratory at this stage 
of its 48-year history is provided by Fig. 1-2 and Table 1-1 which give 
LBL budget f.iguresfor FY 1979 organized byOOE Assistant Secretary. 

Energy Research (ER) 
42%$54.7M 

Energy 

Technology (ET) 

Environment (EV) 

10% $i3.8 M 

Conser'vation and 
Solar Applications (CS) 
6% $8.7M 

Defense Projects (DP) 
1% $ 1.2 M 

Work for Other Federal Agencies 
and All Other 9% $12.5 M 

Work for other DOE Contractors 
12% $17.0M 

Fig. 1-2. Distribution of LBL Funding for FY 1979 by Assistant Secretary. 
Dollar figures include Operating (BO) and Capital Equipment 
(BA). 
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Table 1-1. Laboratory DOE Funding for FY 1979. a (continued) 

DOE FY 1979 Total % of 
Asst. Secty. Program ($ mill ions) ($ millions) Total 

ER Nuclear Sciences 2.1 
Materials Sciences 4.9 
Chemical Sciencesb 4.9 
Engineering, Math., 

Geosciences 1.6 
Bio-energy Conversion/ 

Conservation 0.6 
High Energy Physics 10.1 
Nuclear Physics 16.2 

40.4 47 

EV Environmental Research 
and Development 6.5 

Life Sciences Research and 
Biomedical Applications 6.0 

12.5 14 

ET Coal 0.8 
Petroleum 0.5 
Solar 1.5 
Geothermal 8.1 
Magnetic Fusion 8.7 
Energy Conservation and 

Storage 1.6 
Other (Isotope Separation/ 

Biomass) 0.9 
22.1 26 

CS Solar 2.0 
Residential/Commercial 

Systems 6.0 
Other (Industrial/Transport) 0.3 

8.3 10 

EIA Data Validation 1.6 
1.6 2 

DP Inertial Confinement 1.1 
l.1 

IR Information Services 0.4 
0.4 1 

TOTAL 86.4 

aThis is a summary table of Operations Budget only, excluding equipment 
and construction. Complete data appear in the Appendices. 

bIncludes National Resource for Computation in Chemistry. 
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One unmistakable feature is that LBL is a major contributor to physical 
science research including heavy-ion nuclear physics, nuclear chemistry, 
high energy physics, materials sciences, physical and inorganic chemistry, 
engineering research and mathematics. These activities were supported 
at a sum total of $40.4 M in FY 1979. Objectives, special character
istics, and future directions of these programs are summarized in the 
succeeding sections of this section describing the activities of four 
divisions of LBL; namely, the Nuclear Science Division, the Accelerator 
and Fusion Research Division, the Physics, Computer Sciences and Mathe
matics Division, and the Materials and Molecular Research Division. 

Building on its tradition of leadership in nuclear and high energy 
physics, LBL has become the world's foremost heavy-ion laboratory, with 
an outstanding trio of heavy-ion accelerators, the 88~Inch Cyclotron, 
the SuperHlLAC, and the Bevatron/Bevalac. Jointly with Stanford Linear 
Accelerator Center, the Laboratory has constructed PEP, which is scheduled 
for completion in early 1980. This positron-electron accelerator is 
the nation's newest high-energy physics facility. The continuation 
of this development is seen in the conception.of VENUS as an advanced 
relativistic heavy ion synchrotron and storage ring for the future of 
nuclear physics. 

The LBL computer center is among the nation's best, particularly 
because of its software system, designed to assist the user whatever 
his scientific, engineering or other needs and wherever his location 
in LBL or in the nation. The central CDC 7600 computer is assisted 
by a CDC 6600, CDC 6400 and mass .storage system, plus a battery of 
peripheral equipment. LBL maintains important data bases for energy 
research and technology. 

LBL is also an important contributor to biological and environmental 
research, health-effects research on biological systems, life-sciences 
research and biomedical applications. LBL is a major center for the 
study of nature's photosynthesis processes and the possible exploitation 
of this information for practical energy applications in synthetic or 
modified natural systems •. The Laboratory is contributing significant ly 
to the understanding of basic chemical and biological changes in the 
pass age of pollutants from the source to the biosphere, and of the 
effects of these pollutants on ecological and animal systems. ·LBL is 
a major institution for development of high performance instrumentation 
for study of energy-related pollutants •. The LBL activities supported by 
the DOE Assistant Secretary for Environment total $12.5 M in FY 1979. 
LBL conducted these activities in its Biology and Medicine Division, 
its Chemical Biodynamics Division, and its Energy and Environment 
Division. 

The Laboratory carries programs. of applied research coupled to 
specific energy technologies, particularly in areas where the appli
cations rest on a sophisticated understanding of the frontiers of the 
supporting science. An example is LBL's contributions to fusion research. 
As the result of the Laboratory's development of neutral beam injector 
systems for devices exploring the magnetic confinement and heating 
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of plasmas, LBL has been give'n responsibility for multimillion dollar 
engineering developments coupled to DOE's Tokamak and Doublet III pro
jects. FY 1979 total operating funding from DOE's Office of Magnetic 
Fusion Energy was $8.7 M. Furthermore, LBL is a participant in the ex
ploration of a new concept of inertial fusion employing accelerated 
heavy nuclear particles. The operating amount for heavy-ion inertial 
fusion, which in the future will be provided by the Assistant Secretary 
for Defense Programs, was $1.1 M, but, depending on successful development 
and policy, this could increase substantially at some budget year past 
1979. (LBL activities in fusion energy are described below under the 
Accelerator and Fusion Research Division and the Engineering and Technical 
Services Division.) 

A second major area of applied research is in nuclear waste manage
ment and geothermal energy. These activities are carried out by the LBL 
Earth Sciences Division under the direction of recognized authorities in 
geophysics, geochemistry, rock mechanics, hydrogeology and engineering. 
LBL specializes in hydrothermal resource definition and assessment includ
ing surveys, field testing and reservoir modeling. It is involved 1n 
unique underground experiments to assess nonsalt crystalline media for. 
burial of nuclear waste. FY 1979 operating funding for geothermal re
search was $8.1 M, and for the Nuclear Waste Storage Program $5.2 M. 
(Details appear under ,Earth Sciences Division below.) 

The Laboratory i~ making significant contributions to the DOE 
Conservation and Solar Energy programs, with LBL activities in FY 1979 
totalling $8.3 M. LBL's innovative research in energy conservation in 
buildings is pointing the way to cost-effective investments in energy 
efficiency, with paybacks far exceeding those from similar investments 
in new energy supply. The Laboratory's extensive capacity for computer 
simulation and modeling ~as been applied to the development of DOE-~, 
a computer model that'has been selected by the Department of Energy for 
establishing the energy budgets of .it range of building designs. The 
imaginative approach of LSL physicists has also been applied to long 
neglected energy-engineering problems of buildings, windows, and lighting. 
These programs have the potential to have a substantial impact on the 
national effort to reduce the growth rate of its energy consumption. 
(These programs are discussed below under Energy and Environment Division.) 

Planning for Future Programs 

The Lawrence Berkeley Laboratory will continue to focus its intel
lectual and technical resources on research related to the nation's 
energy future. It will maintai~ a program balance about equally divided 
between basic physical, biological and engineering research and applied 
science and technology development. The Laboratory will work increasingly 
at the interface between the basic and applied sciences so as to make the 
fullest application of new ideas and results emanating from its basic 
research. Crucial new directions that must be taken tomorrow in the 
development of economic energy technologies, for the long-term future may 
well depend upon having the best possible input today from the basic 
SC1ences. 
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The future mix of LBL programs will evolve as the result of a 
constant process of weighing and sifting among many interesting new 
avenues of research proposed by Laboratory staff. The Laboratory will 
present to the funding agency for review and possible support only 
those research ideas ,that meet, or show good potential to meet, the 
following three criteria: . 

1. The research is of significant importance to the nation, either 
in contributing to the solution of short-to-intermediate.-term 
energy-related problems or to the establishment of a fundamental 
scientific base for long-term energy technology deve.10pment; 

. 2. The Laboratory can make a highly significant, or unique, 
contribution to the subject; 

3. The research is of the high calibre appropriate to a laboratory 
based on the campus of a major university, with the participation 
of distin~ished faculty members and irtternationallyred)gnized . 

" scientists and engineers. . 

Because of the great diversity of the Laboratory's program, the 
planning and review process is highly decentralized. Each division has 
~n internal planning mechanism, often the senior staff committee, as 
well as an external review committee that meets once per year to· advise 
~he division head and LBL Director on progress, quality and directions 
of the diyision's program. 

At the Laboratory management level, several mechanisms of program 
planning and review operate. At the time of the annual budget submission, 
all programs are reviewed by the Laboratory Associate Directors and ulti
mately' by the Director. This provides a periodic opportunity to assess 
the program's overall thrust and balance, as well as to monitor growth. 
The Associate Directors also meet regularly throughout the.ye~r and assist 
the Director to develop policy and specific requirements for manpower and 
space, as well as for technical support including computers, engineering 
and shop facilities. 

The Director makes use of an appointed Scientific Program Council 
consisting of active scientists and engineers from throughout the 
Laboratory. The Council members, who are neither Associate Directors 
nor representatives of divisions, render. critical judgments of ongoing 
and proposed Laboratory programs. The Laboratory also has an external 
review committee which advises the President of the University on the 
status of the Laboratory and also provides guidance to the Laboratory 
pirector on general Laboratory go~ls and directions. . 

At present, the Laboratory is contributing substantively to the 
Department of Energy's programs in geothermal energy, fusion energy, and 
energy conservation, and it expects to maintain major applied technology 
programs in these areas as well as to develop new basic research related 
to them. Responding to national need, the Laboratory has recently been 
developing a comprehensive program in nuclear waste management, and it 
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expects this to continue in the future. In the crucial area of fossil 
energy research, the Laboratory has great potential to contribute to the 
Department's mission by developing new applied programs out of the LBL 
basic research on catalysis, surface science, combustion, and chemical 
engineering. This capability in fossil fuels is underutilized at present. 

LBL has unique capabilities to assist DOE in analysis and assessment 
studies and data system development because of its expertise in informa
tion systems, its powerful comput~r facilities, and its ready access 
to the intellectual talents of the University of California faculty in 
economics, social sciences, systems engineering and policy analysis. 
This capability is being used in a variety of data compilation, analysis, 
and modeling projects, and we anticipate further commitments of this type. 

We envisage a continuing partnership of LBL with the Berkeley 
faculty. In combination with LBL's capable engineers and scientists, 
this partnership has given the Laboratory its present programmatic 
excellence and breadth and, as in the past, will continue to provide an 
unusual degree of flexibility.to investigate important new problems and 
research possibilities by calling upon appropriate expertise residing 
in the Berkeley faculty. By its heavy involvement of faculty, students, 
and post-doctoral fellows, LBL expects to continue to be a major supplier 
of trained personnel for the needs of industry, government, and other 
laboratories and universities. 

The nation's energy problem cannot be solved quickly or easily. 
A substantial commitment of resources for research will be required, 
but this cost will be small in comparison with the total national invest
ment required to commercialize the new energy supply and conservation 
technologies. The Laboratory has traditionally responded to requests 
from government for assistance in research, and we believe that it will 
be even more in the national interest for us to continue to do so in the 
future. Such response may necessitate modest growth in manpower and 
funding. 

The question of the character of the Laboratory is very much in the 
thinking of LBL's leaders as they plan for the future. The Laboratory 
is in a mature state and does not seek growth for its own sake. Most 
particularly, LBL seeks to maintain its tradition of high-quality 
science and engineering. Although development of new programs will 
undoubtedly continue to occur as the Laboratory responds to agency 
requests, both this response and the Laboratory's own initiation of new 
programs will be selective, depending on their appropriateness to LBL, 
as determined by the three above-mentioned criteria, and on support 
from the Department of Energy. 
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SECTION B. INSTALLED SYSTEMS 

B1. Computing Systems 

Scientific/Engineering Systems. The central computing facility is based 

upon a Hyperchannel network containing a DEC PDP-11/70, three large-scale 

CDC computers (a 7600, a 6600, and a 6400), and a DEC PDP-11/34 for access 

to other systems. The storage facilities include 6800 megabytes of disk 

storage plus an Automatic Tape Library containing 2500 reels of 6250 BPI 

tape. The network services more than 650 remote batch and interactive 

ports (see Figure LBL-1). 

The system has developed in an evolutionary fashion from the (for its time) 

powerful but primitive initial configuration (6600 + 6411) installed in 

December, 1965. The principal emphasis until 1979, in both hardware 

acquisitions and software development, was the provision of consistent, 

high-quality batch service to the Laboratory, with a minimum of 

catastrophic discontinuities. (It is the effort to avoid discontinuities 

which led us to do our own software development.) Since 1979 the intent 

has been to improve our interactive service without degrading our batch 

capabilities. 

The operating systems in use on the large computers were developed by LBL 

from early Control Data systems. They provide the usual amenities plus 

access to LBL's mass storage systems, on-line documentation, a selection of 

compilers, cross-compilers, and subroutine libraries. Details may be found 

in Figure LBL-12. The 11/70 is dedicated to text processing, and utilizes 

the UNIX@ system. (The 11/34 is not accessible to users.) 

LBL-3/Feb 80 



Figure LBL-l.l 

• 
The lBl Central Computing Facility 

Hyperchanne 1 

3308.688 meQabytes 

'-----------TYNtIET 

J----- t-tAGNETIC TAPE (200/556 /800/1600/6250} 

...... -----RJE (99 PORTS. UP T o 9600 BPS} 

I-...;...----TTY (576 PORTS, UP TO 9600 BPS} 

I-------COM (24 x 98 x FICHE, 35 mm, 16 mm} 

1-------- AUT0/1ATIC TAPE LI BRARY (ATl) 

~ ______ Unit Record Equip 
(Printers, Reader 

ment 
s, Punches} 

Unit Record Equipm 
(Printers, Reader, 
Punch, Plotters) 

ent 

LBL-4/Feb80 

I"'" 

I-



PDP 11/34 
NAM 

CDC 
3350Z AZ 

1 
Cache 

NET 

Figure LBL-l.2 

The lBl Central Computing Facility 

CDC 6600 
131 K 

20 PPU 

HYPERCHANNEL 

CDC 7600 
65K SCM 512K LCM 

~ j'"u\. 8 0'1'11 
t---Spindles---t 

'--"" 
CDC 
3350Z AZ 
3 

CDC 
841 
8 spindles 

CDC 6400 
131K 

20 PPU 

Cal Camp 565 
4 olotters 

lrm'I'TTTmn~ 87 RJE ports 
(to 9600 bps) 1---.... 

COPE 
...... ..-r~-.I 12 RJE ports 

(to 9600 bps) t---, 

(TTY ASCII. "1IJ!lIllIIlrnmrrrd 576 ports 
" to 9600 bps) 

Tymnet 

CDC 607 
6 drives 

ATl 

CDC/lBM 
Adapter 

STC 
14 drives 

105mm 16mm 35mm 

Unit Record Equipment 

Unit. Record 
Equipment 

2'- CDC 512 printers' 
1 - CDC 405 reader 
1 - CDC 415 punch 

5-IBM 1403 printer; 3-CDC 405 card readers; 1-CDC 415 card punch 

LBL-5/Feb 80 



LBL ADP LONG RANGE PLAN 

A number of smailer scientific sy~tems are being developed by other 

departments within the Laboratory. The first of these systems is being 

developed by the Computer Science and Applied Mathe1l!-atics Department (CSAM). 

as part of a joint research effort between DOE and DOL in the area of 

networking • The first elements of this system were acquired late in FY7B. 

. The network now includes three DEC computers (a PDP+lI/70 and two 

VAX-ll/7BO's) and their associated peripheral equipment. Tljle configuration 

is shown in Figure LBL-2. 

A second small system is being developed by the Laboratory of Chemical 

Biodynamics (LCB) to support biology and biophysics experimentation in the 

.areas of human interface, experiment control, data acquisition, storage and 

retrieval, and interactive graphical analysis. The real-time aspects of 

the system are implemented in LS1-II/PDP-II memory only network nodes 

attached to the VAX-II/7BO. The VAX supplies system and task download and 

data storage and retrieval services to the network nodes. Interactive 

graphical analysis of the collected data is beirig implemented in the VAX. 

The configuration is shown in Figure LBL-3. 

A third small system is being developed for the TPC (Time Projection 

Chamber) detector at PEP. Like the CSAM system mentioned above it utilizes 

a two level computer structure consisting of a DEC PDP-II/70 and a DEC 

VAX-ll/7BOat SLAC, plus, eventually, a second VAX at LBL. The PDP-ll/70 

will connect to TPC primarily by low data rate CAMAC instrumentation 

interfaces to allow monitoring and control of TPC. It will be dedicated to 

control of the experiment and do no general purpose computing. The 
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VAX-ll/780 at SLAC will connect to TPC primarily by specially designed 

high-speed event collecting semiconductor memories to allow a first level 

on-line physics analysis and to.save the data on 6250 BPI magnetic tape for 

off-line bulk processing at LBL. Communication to LBL will be via an 

existing microwave link, as well as via tape transfer. The LBL end of the 

microwave link will communicate with the second TPC VAX, which will in turn 

be connected to the central facility via the DECNET connection. This 

configuration will allow processing to be done on either the TPC VAX or the 

7600. (See Figure LBL-4.) 

The other small scientific system now in use is a VAX 11/780 in the NRCC. 

This system is used for program development and verification for programs 

designed for use at individual university small installations. 

Business Systems. About half of the Laboratory's administrative computing 

is done on the Scientific/Engineering System described in Section Bl. The 

rest of it (318 NSU's in FY78) is done at the administrative computing 

facility at LLL. For historical reasons the master personnel and 

accounting data bases reside at LLL; reproducing them at LBL and 

transferring the work would be more costly than the present system. 

Other Systems. LBL has two other systems which have been in continuous use 

for more than ten years. Both use locally-developed software. 

(1) On-line data analysis. An IBM 7044 system connected directly to 

several scanning/measuring devices for bubble-chamber film. 
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(2) ·Miscellaneous support. An IBM 1401 system, operated by' the 

. users themselves', to provide various ancillary services: 

'card-to-tape; tape' copy';. tape-to-printer; tape dump;' label 

printing; 'etc. 
" 

,No development is being done on these systems. Maintenance will be 

continued as long as it is justified by use and performance. None of the 

work done on either of these systems is included in projections of 

requirements or capacity. 

\ 
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Figure LBL-4 
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B2. Data Communications Systems 

1. ComputerCenter?ystems 

The piIrpose of 'the present communications facilities is to front end 

the. CDC 6000 and 7000 large computer systems and the UNIX@ text 

processor system. Most of the communications systems are not 

exclusively on site or off site by·.our interpretation of the Section F 

definition. The systems group logically into mostly local asynchronous 
" 

access (Figure LBL-5) and mostly synchronous access (Figure LBL-6). 

The following 'descriptions are of the individual systems. 

RECC. RECC is anLBL designed and built front end processor which has 

evolved over the past' 10 years to the present configuration. It 

consists of' two PDP-8E's ,each with DMA connections to 6000 'channe1 

adaptors on both·the· CDC 6600 and 6400 machines. Each PDP-8 supports 7' 

32 port multiplexers. The total capacity is 448 po.r~s. There are 

presently 303 ports utilized. 

There are presently 56 direct dial-up connections at various speeds 

from 110 BPS through 1200 BPS. There are 175 dedicated ports to local 

terminals and points within the Berkeley area. These are all- D.C. 

copper 2 pair facilities conforming to PUB 43401 parameters. RECC 

presently supports 48 host ports to Gandalf'Dataswitch and 24 host 

. ports to Deve1con Dataswitch. 

GANDALF DATASWITCH. This is a standardPACX-2 switch allowing 254 

terminal ports to contend for 118 host ports. It has heen very 

successful in allowing users access to many machines. It was saturated 
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only a year after installation. It is being replaced in the central 

Computer Center by Develcon Datawitch which has greater connectivity. 

Gandalf will probably be relocated in Building 46, replacing a severely 

overloaded manual switch. 

DEVELCON DATASWITCH. DevelconDataswitch offers flexibility and 

greater connectivity. There is no differentiation in hardware between 

terminal and host ports--both are known as subscribers. There is a 

total connectivity of 2048 subscribers. We expect the final 

configuration to grow to approximately 500 host ports supporting 1500 

terminals. An ultimate goal would be to have any Laboratory terminal 

able to access any Laboratory host computer. 

ARPANET. The network facility is connected to the CDC 6600 and CSAM 

PDP-ll/70. The network is accessible to any terminal connected to the 

Dataswitches or RECC. It provides access to many universities and DOE 

facilities. 

DECNET NAM. The DECNET Network Access Machine provides an access node 

for computers capable of DECNET protocol. Its first connection is to 

support a remote job entry site at Donner Laboratory. It may sometime 

support a 230.4 KBS path over the SLAC/LBL microwave link. 

HYPERCHANNEL. Hyperchannel, manufactured by Network Systems 

Corporation, is a coaxial broadcast network operating at 50 

megabits/second. Nodes presently exist at the five machines shown in 

Figure LBL-5. It is planned to be the machine-to-machine local network. 

within the Center. 
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COPE. COPE is a Harris Communications RJE controller providing access 

to the CDC 6000 machines. It is', presently . connected to only 8 

dedicated and dial-up lines. The dedicated lines run Harris 

proprietary COPE mod·e protocol •. ~he dial~up": is 1004 protocol. 

COKE I, 2 & 3. COKE 200UT'controllers were designed and built at LBL 

several years ago to unload the'then saturated COPE controller. They 

are based on Computer Automation minis with LBL-built synchronous modem 

controller cards. Each COKE can handle 29 synchronous dial-up or 

dedicated lines in any combina~i9n~ The origin of the name is "Things 

go better with Coke". 

MICROWAVE LINK. The microwave link uses ... Lenkurt 778C radios and a 

9120A 4 channel T-l multiplexer. to "provide 4 FDX 1.544 megabits/second 

T 1 channels betweenLBL and SLAC.· , Lenkuri9004A .channel banks accept 

three innova'tive circuit cards d~veloped at LBL. One type of card can 

provide 24 19.2 KBS asynchronous channels per Tl line. Another type 

can provide 24 56 KBS or less channels per Tl line. The third type, 

grouped in sets of 4 cards, can provide 6 230.4·' KBS channels per Tl 

line. Major hardware installation is complete and debug is beginning. 

The link will be used to provide end-to-end computer links, to, remote 

Develcon terminal ports to SLAC, and to remote SLAC computer host ports 

to the Develcon switch. 

LBL-14/Feb 80 



TYMNET 

Other LBL 
Host Computer 
Ports and Microwave 
Link to SLAC 

r-
0:1 
r
-I 

t11 ......... 

" (J) 
0" 

co o 

Figure LBL 5 On-Site LBL Central Computer Center Data Communications Facilities 

RECC 

Dial-Up (56) 
110 BPS (6) 
150 BPS (1) 
300 BPS (35) 
1200/150 (6) 
1200 BPS (8) 

Dedicated 
178 Ports 

34 Sp/110 
3 Sp/1200 

13 Sp/300 
8 Sp/2400 
1 Sp/48 

See Figure LBL-7 
for Locations 

--

Dial-Up 
300 BPS (~ Lines) 

1200 BPS (4 Lines) 

Dedicated 
78 Ports 

See Figure LBL-9 
for Locations 

Dedicated 
175 Ports 

UNIX 
PDP-11/70 

Dial-Up 
300 BPS (9) 

See Figure LBL-8 
for Locations 

Hyperchanne1 

I 

+ 
To SLAC/LBL 
Mi crowave Link 

Building 1 
Donner Lab 
PDP-11/34 



r
eo 
r
I 

0\ -" CD 
0-

00 a 

6400 

C 

Harris 
COPE 

Controller 

Dial-Up 
1004 

1 Line 

Synch ronous 
Dedicated Lines 

3 @ 4800 BPS 
5 @ 9600 BPS 

See Figure LBL-10 
for Locations 

7600 

Figure LBL-6 

Off-Site LBL Central Computer Center Data Communications Facilities 

Hyperchanne 1 -:Jf 1-2 T1 Chs 

6600 
B 

1.5 MBS T1 Chs 

COKE 1 
200 UT 
(29) 

COKE 2 
200 UT 
(29) 

Synchronous 
Dial-Up 

9 @ 2000 BPS 
16 @ 4800 BPS 

COKE 3 
200 UT 
(29) . 

I 
I 
I ,---

I TPCI 
I 
I t VAX I 

T-I- I JiO~4i 
I 
I 

I 50-230.4 KBS 
'. ------'1 
I __ ~-~O.,:j E3S ..... _I I 

I " --~---r __ ..... 1 

... '. 

Synchronous 
Dedicated Lines 

1 @ 2000 BPS 

Synchronous I " ~30 @0-19.2KBS 
Dedicated Lines V 
. 3'@ 4800.BPS To Deve1con ~ 

2 @ 9600 * Dataswi tch .. 
1 @ 2400 BPS 

15 @ 4800 BPS 
11 @ 9600 BPS 

See Figure LBL-10 
for Locations 

See Figure LBL-10 See On-Site 
for Locations Figure LBL-5 

~ Split Streamed 
to Two Ports ~

TO RECC 
TYMNET 

4.8 KBS 



LBL ADP LONG RANGE PLAN 

Figure LBL-7 RECC Ports 
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Figure LBL-8 Gandalf Ports 
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Figure LBL-9 Develcon Ports 
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Figure LBL-IO Central Computer:"Center Off-Site 
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2. Other Systems. 

Several small internal data communication systems are used by users of 

some of the Laboratory minicomputers. In addition, there is one 

external network for the users of the SEEDIS DOE/DOL project. These 

are described as follows: 

DEC Users System. The Real Time Systems Group (RTSG) provides hardware 

and software support to various users of Digital Equipment Corporation 

computers. A PDP-ll/45 with tape, disk, and other facilities can be 

accessed through terminals by users requiring facilities. A switch is 

used by RTSG to connect individual terminals to DEC CPU's in the 

system. Internal telephone signal channels between buildings are used 

for these connections. 

Biomedical Users System. Users of three PDP-ll/34 computers and one 

PDP-ll/45 computer in the Biology and Medicine Division can share 

facilities by connecting and switching terminals among the CPU's. 

These computers are located in the Bevatron area and connections use 

telephone signal channels. 

Accelerator Control System. RTSG maintains a ModComp IV computer 

system for backup support to the various Modular Computer Systems used 

for accelerator control at the Laboratory. Access by users is through 

terminals connected by telephone signal channels. 

SEEDIS Network. The Computer Science and Applied Mathematics 

Department has established a communications network linking users 

participating in the Socio-Economic Environmental Demographic 
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Information System. These users operat~DEG VAX-ll/780 computers and 

are linked with Bell System TELPAK lines as shown in FigureLBL-ll. 
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" . 

• GENERAL MANAGEMENT 
ClASSIFICA nON 

4 '$ 178 4 $ 70 5 $ 80 
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TOTAL 81 . . $3,809' 28 $370 30 $430 
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SECTION D. COMPUTING ENVIRONMENT 

The Lawrence Berkeley Laboratory operates a computing center in which the 

principal computers are CDC 7600, 6600 and 6400 and DEC PDP-ll/70 and 11/34 

machines. The 6000 machines support input-output processing for the 7600 

in addition to simultaneous independent operation. The 11/70 is primarily 

devoted to text-processing. The 11/34 serves as a g~teway into a high 

speed network now being developed to interconnect principal computers of 

the Center. A considerable variety of on-line storage is currently 

available to all CDC machines, and eventually will be accessible by all 

machines of the Center. This on-line storage includes disks and a CalComp 

Automatic Tape Library (ATL) holding about 2500 reels of magnetic tape. 

Additional separate disk storage is available for the 11/70. 

The workload of the Center consists of about 3350 widely diversified jobs 

each day. These represent a broad spectrum of DOE and related users at the 

Laboratory and in the university and contractor communities across the 

nation. The workload is mainly scientific computation, having many 

problems of such size or complexity as to require a computing engine of the 

capability of the 7600. While some jobs require more than an hour of 7600 

processing time, most are quite small; jobs in the largest 10% by size 

account for half of the total work, while those in the smallest 50% account 

for less than 10% of the total work. Increasing use is made of the GSS 

tape storage system for data files, principally accessed by use of the ATL. 

Application programming is entirely open shop, with assistance provided by 

consultants. Documentation describing how to use the computer systems, and 

a library of mathematical packages are maintained by the Center. 
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The Center is in continuous operation;, with' the principal computer" 

available to general-purpose users 93.0% of the year 1979. Availability of 

at least one of the 6000 front-end machines was more than 99%. 

Substantially less reliability was displayed by the older mass storage 

devices, the IBM 2321 Data Cells, and CDC 817 disks for the 7600. Use of, 

these was abandoned at the close of 1979, and replaced by newer CDC 33502 

disks and 819 disks for the, two functions by January 1980. Because 

maintenance was no longer available, the IBM 1360 Photodigital Mass Store 

was also retired. Maintenance of the major computer and storage components 

is by vendor service engineers; most of the equipment of the 

communications interface and the minicomput~rs are maintained ,by Laboratory 

personnel. 

The Center uses a locally developed operating system, BKY, for the CDC 

machines .' This was required initia~ly by the advanced requirements for 

scientific computation support, a field in which LBL has been at the 

forefront since the earliest years of computing. More recently the BKY 

system has been required by the diversity of storage devices and 

communications interfaces inco~porated' into the system. Intermixed batch 

and interactive processing are supported on, the 6000 machines, which· also 

handle I/O staging for the 7600. Because of the very high degree of 

computing power possessed by the 7600, only b~tch processing is performed 

with this computer. Somewhat less than halfof'the total work of ,the 

Center (40% of the jobs, 39% of the workload units) is submitted by means 

of remote batch facilities. CDC 200UT and Harris COPE proto,cols are 

currently supported; DECNET and BISYNC protocols are being implemented. 

There are 55 RJE port~ in active use, with an average of 41 connected 
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during workday hours. The 11/70 operates under the UNIX@ operating system 

to provide an environment most suited to text-processing. 

Interactive processing now accounts for about 16% of the total workload 

(18% of jobs). Access is provided by means of ARPANET and TYMNET, .and by 

direct dial facilities. There are 448 ports in dedicated or dial-up use, 

together with 12 virtual ports used to support ARPA network connections. 

During workday hours an average of 46 interactive jobs is simultaneously 

connected to the BKY system. A maximum of 70 jobs can be handled by the 

6000 hardware configuration, with memory limitation being the most severe 

constraint. An average of 21 users is connected to the UNIX@ system during 

workdays, with an upper limit of 45. 

The BKY interactive system has reached the saturation point, as evidenced 

by a backlog of users unable to log into the 6600, the machine of choice 

for interactive users. This log-in queue averages about 5-6 in length 

during normal working hours, which under normal circumstances translates 

into an average delay of about 10 minutes before a user can get access to 

the system. 

The major software systems used by the LBL Computer Center are tabulated in 

Figure LBL-12. Because of the open-shop environment, application programs 

fall within the purview of the users, and are not included here. 
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Figure LBL~12: Software at the"LBL'Computer Center 

.; \,. 

1. Operating syste.ms:, Two locally-developed multi-programming systems 
(named BKY) , one for the 6000 machines, one for the 
7600., ',Both ; systems fea,ture automatic Job...;recovery 
procedures; sophisticated pre-emptive scheduling; 
automatic memory management; and a simple and flexible 
job-control language. The 6000 system also supports 
shared files ~bnseveral 'devices, shared access . to the 
remote subsystems, and supports several forms of 
interactive computing. Insofar as is practical" the 
systems for the two types of ~achines are 
user-compatible. 

A nearly standard UNIX@ system (level 6) for the PDP-ll/70. 
RSX-llH (version 3.1), for the PDP-ll!34. , 

2. Assembler: COMPASS 
MAC RO-ll 

3. Compilers: Fortran: FTN version 4 (ANSI66 extended) and 5 (ANSI77) 
COBOL version 3 
BLIMP (a systems programming language) 
SNOBOL (an interpreter) 

I 

4. Cross-assembiers: for HIS 516; PDP 8 and 9; MODCOMP I, II, III; NOVA; 
INTEL 8080; ALPHA' 18 5/2; 'Motorola" 6800 

5. Editors: UPDATE (the 'standard ,CDC source-library editing facility) 
MODIFY (similar to UPDATE) 
NETED (ARPANET interactive editor); POE (an ,iextension) 
LIBEDIT (the standard CDC object-library editing facility) 
EX (UNIX@line editor) " ~'. 
VI (UNIX@ page editor) 

6. Subroutine libraries and packages: 
IMSL, SPSS, BMD, EISPAC (math and statistics packages) 
SACl, ALTRAN (symbolic algebra) 
MIMIC (continuous system simulation) 
MINUIT{function minimization) 
GRAFPAC, IDDS (graphics packages) 
CAM, CARTE (cartography packages.) ,;' 
CHART (display and'analysis of tabular data) 
NROFF (text format preparation) 

7. File Storage Systems: 
PSS (disk program storage system) 
GSS (tape file storage manager) 

8. Data-base management systems: 
SYSTEM 2000 (a proprietary data base system) 
BDMS (a semi-experimental local product) 
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SECTION E. ADP PLAN 

El. ADP Planning Process 

Organization: ADP functions exist within many groups at LBL, but there are 

four departments whose primary responsibilities lie within the areas of 

ADP: the Computer Science and Applied Mathematics Department (CSAM) (in 

the Division of Physics, Computer Science, and Applied Mathematics); and 

the Computer Center, Software Applications Department, and the Real Time 

Systems Group (RTSG) (all in the Division of Engineering and Technical 

Services) • 

,'. 

The Computer Center maintains and operates the central computing facility, 

through which passes essentially all of the general-purpose computation for 

the Laboratory. Computer Center staff numbers about 100, of whom roughly 

half are involved in computer operations activities; the balance of the 

staff supports departmental administration, software product installation 

and development, operating systems programming, system consulting, 

accounting, performance analysis, and the supervisory portion of a small 

hardware development effort. (The design and fabrication engineers 

utilized by this effort belong to the Laboratory pool, not to the Computer 

Center.) 

CSAM is primarily a research and development group in computer science and 

applied mathematics. In the course of these research efforts, particularly 

in the graphics and networking areas, CSAM operates some 

mini~computer-based stand-alone and front-end systems. CSAM staff numbers 

about SO. 
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The Software Applications Department, about 30in",nuDib~r, hand.le 

application!,! programming projects for all of the scientific and .support 

divisions of the Laboratory. Their services are offered on a contrac,t 

basis. 

RTSG provides, a wide range of services, especially in ,the areas of-data 

acquisition and real-time control, toa number of the Laboratory's research 

and engineering projects. They also. provide. much 'of thein-.house, 

maintenance of ADP equipment performed at LBL •. RTSG's work is strongly 

mini~computer oriented, and they use the central facility primarily to 

support their small computer installations. The RTSG staff numbers. 'about' 

125, and includes hardware and software specialists, maintenance personnel, 

and documentors. 

Workload Projection: Workload projections for continuing programs are 

based upon historical tr,ends, tempered with the most current available 

information on 

considerations. 

new/proposed programmatic developments and budgetary 
~' . 

Each of the ADP departments prepares the projections for 

the systems for which it is responsible • Estimates origi,nate with program 

'personnel, but are frequently modified by ADP personnel in the light of , ' , 

past experience. 
j; 

Workload projections for new programs are based upon comparisons with, 

familiar programs which have similar requirements. 

Plan Development: Much of the planning for stand-alone. mi~li-computer 

sys1:ems is ad hoc, the intention being to devise and implement an optimum 

, ' 
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solution to a specific problem. It is believed that the amount of planning 

effort expended in an area should be proportionate with the total size of 

the project. 

The development of the plan for the central facility, on the other hand, is 

a relatively formal process. The Computer Center is the principal 

architect of the plan, but input, counsel, and consent are sought from 

RTSG, Software Applications, and CSAM before the plan is submitted for 

review. The principal elements of the present plan were derived from a 

series of personal interviews between Computer Center and program 

personnel, focussing as much upon direction (style of computing, kinds of 

applications) as upon quantity of computing necessary. A distillation of 

the results of this process will be found in Section G. The information in 

Section E4 (Narrative) was furnished directly by program personnel. 

Plan Review: Various elements of the plan, including workload projections, 

are reviewed by Departmental and Divisional management. The plan as a 

whole is reviewed, first by the Computer Advisory Committee (which includes 

representatives of the maj or LBL computer users), then by Laboratory 

management, and finally, by the San Francisco Operations Office (SAN). All 

acquisitions envisaged by the plan are coordinated by the Laboratory's 

Budget Office. 

Implementation: Most elements of LBL's ADP plan are implemented wholly by 

the ADP department most directly concerned, but many are joint efforts. 

Implementation normally consists of the following steps: 
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1) Mitigation: It generally happens that saturation outruns _ : the, 
~ 

" 
acquisition procesl?' .In these cases sev,eral ,different ;tec,l:miques 

, . . ., ~ 

are used to prevent total system collapse. Aniong the most ,common 

are 
t, 

• allocation, apportionment, and rationing . 
• selec tive price adj ustments 

. , . . 
• alternative approaches, methods, and sources 

:. 
• postponement of programmatic objectives 

2)" Evaluation:: In examining the P?Ssible alternatives in any given 

situation, the following factors are considered;. the weight given 

to each of these~varies from case to case: 

'. urgency and duration of the r:equirerilent 
.. ' 

• applicable"' local experience 

,. applicable experience at other installations 

• availability of suitable packages or .. services 

• 'reput:9-tion and responsiveness of various, manufacturers 

and ,yendors (including those in-house), ;. t 

3) and· 4) ',Selection and Development/Installation: . 

In these areas a· policy of minimum impact is followed,~ where 

."impact" includes, in additio'n to raw. cost, such factors 'as 

consistency, continuity, timeliness, usability, flexibility,. 

expandability, and reliability. FollOWing installation and 

acceptance all elements of the complex become subject. to 

continuing informal review, aimed at detecting shortcomings and 

limitations. As these are uncovered, encountered, or created (by 

changing workload), the process begins anew. 
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E2. Capacity. Schedule B lists the ADP capacity for LBL general purpose 

scientific computer systems. We chose to make no distinction between 

nominal, theoretical, and practical capacities for the existing 

7600/6600/6400 system. The planned replacement of the CDC 6600 and CDC 

6400 will cause a gradual increase in capacity as the small interactive 

front-end computers (of the class of the DEC VAX-II/780) ~re acquired and 

the CDC 7600 support functions currently being accomplished by the 6000's 

are moved over to the new front-ends. The drop in practical capacity in 

FY82 is the result of the release of the CDC 6600. The gap between 

practical and theoretical capacity results from the expected strong 

dominance of interactive use for the front-end computers. 

CSAM VAXes. The CSAM VAXes are being acquired 
\ 

support research, 

development, and demonstration projects. They are not intended to replace 

the use of the LBL Computer Center for batch production jobs, for which the 

Computer Center has much larger machines. Two machines are now installed; 

one of these matches the standard configuration, but the second is limited 

to half the nominal capacity by small memory, no fast floating point, and 

the presence of only one--medium speed--tape drive. It will be upgraded, 

and a third machine installed, in FY81. The lag in practical capacity 

indicates the relative dominance of development work early in the life 

cycle. 

LCB VAX. The FY79 theoretical capacity is downrated from the DOE nominal 

rated capacity due to factors such as reduced disk and tape capacity and 

limited user memory. The theoretical capacity was increased during FY79 

with the addition of one disk. Since the LCB VAX configuration in FY79 is 
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a development-only configuration, the practical capacity is estimated at 
\ 

less than 10% of theoretical capacity. Real time response requi~ements to 

network nodes and interactive response requirements preclude utilization in 

FY80 above 50% of theoretical capacity. The increasing sophistication of 

biological and biophysical experimentation imply growing use of real-time, 

and interactive computing technology within the Laboratory. As the amount 

and maturity of experimental support software grows, practical capacity 

will approach 50% of theoretical capacity; thus, growth is predicted in 

both theoreti~al and practical capacity over the period FY81-85, but growth 

in practical capacity will be greater. 

PEP-4 and TPC VAXes. The PEP-4 computer system's primary purpose is ,the 

real time control of data collection/filtering for the TPC detector. The 

theoretical capacity'of the PDP-ii/70 is not included because its practical 

capacity is zero due to its very limited configuration and the constant 

monitoring and diagnostic engineering functions it must perform,for TPC. 

The theoretical capacity of the VAX-ii/780 is downrated to a factor of .75 

of the DOE nominal rated capacity due to reduced tape and disk capacity. 

The practical capacity of the VAX-li/780 will be li~ited by its use online 

to TPC and use for further development to support TPC online or for site 

considerations. This is computed as follows: 8760 hours per year (365 

days x 24 hours) -2000 hours online per year -2000 hours development and 

site use/8760 x 800 = 435 NSU. The practical capacity figure for FY80 is 

based on a mid-FY80 startup of TPC. The TPC VAX t'o be installed at LBL is 

expected to have nominal theoretical and practical capacity. 
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NRCC VAX. The NRCC VAX was acquired late in FY79, and has a somewhat 

substandard configuration. The lag in practical capacity is caused by the 

early predominance of development work and the continuing dominance of 

interactive work. 
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ADP CAPACITY (NSU's) · 

SITE Lawrence' Berkeley Laboratory - LBL 

UNITI PAST CURRENT BUDGET 
SYSTEM ADP SYSTEM 

NO. FY 1979 Fy 1980 FY 1981 

1701-04 Computer Center Theoretical 13450 14000 16000 
Practical 13450 14000 15000 

1701-C9 CSA~1 Theoretical ·1800 1800 3600 
Practical 900 1800 2800 

1701- D1 LCB Theoretical 120 480 600 
Practical 50 200 200 

1701-C8 PEP/TPC . Theoretical 800 1600 
Practical 250 500 

1701-C7 NRCC Theoretical 400 800 1000 
Practical 100 500 800 

N.A. Others Theoretical 1000 
Practical 500 

TOTAL Theoretical 15770 17880 23800 
Practkal 14500 167~50 19800 

-- ----~~-

SECTION E2 SCHEDULE B 

PLAN OUT-YEARS 

FY 1982 FY 1983 FY 1984 FY 1985 FY 1986 

16100 . 19000 22000 25000 ' 28000 
14500 16000 18000 20000 22000 

3600' 3600 3600 3600 3600 
3600 3600 3600 3600 3600 

700 800 900 1000 1000 
300 400 450 500 550 

2000 '2000 2000 2000 2000 
1000 1200 1250 1250 1250 

1000 1000 1000 1000 1000 
800 800 800 800 800 

2000 3000 4000 5000 6000 
1000 1500 2000 2500 3000 

25400 29400 33500 ,37600 41600 
2·1200. 23500 26100 . 28650 31200 -

--_._-_._-- --- - ---- _._-
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UNCONSTRAINED ADP REQUIREMENTS (NSU'S) 

SITE Lawrence Berkeley Laboratory - LBL 

--~ ~--

BSIR PAST CURRENT BUDGET PLAN 
PROGRAM , 

CODE 
FY 1979 FY 1980 FY 1981 FY 1982 

AM Geothermal 1000 1500 2000 2500 

EA Solar Applications 100 200 300 500 

EC Bldgs & Community Systems 600 1000 1250 1500 
HA Environmental R&D 600 800 1000 1250 

HB Life Sci. Res. & Biomed. Appl: 150 200 400 600 

KA High Energy Physics 1500 2000 2500 3000 
KB -Nuclear Physics 1000 1500 2000 2500 

KC Basic Energy Sciences 1500 2750 3500 4000 

Misc. 
(AA,AB ,AC , ) 
AG05,AL, ~N, ) 
AT05 ,AT~ 0, ) 600 1000 1350 1800 
CM, EE,H , ) 
GA,LA, H ,TC ) 

Program Requirements 7050 10950 14300 17650 

Genera 1 Support 2500 3000 3500 4000 

Non-DOE LBL 1000 1500 2000 2500 

TOTAL 10550 15450 19800 24150 

- - ---

-IDENTIFIES PROGRAMS WITH AN NSU INCREASE IN EXCESS OF 20% OVER THE PREVIOUS YEAR. 

SECTION E3 SCHEDULE C-1 

OUT-YEARS 

FY 1983 FY 1984 FY 1985 FY 1986 

3000 4000 5000 6000 
I 

600 750 1000 1500 I 

1800 2000 2250 2500 

1500 1800 .2200 2500 
i 

750 1000 1250 1500 

3500 4000 5000 6000 

3000 3500 4000 5000 

5000 6000 7000 8000 I 

2250 2750 3300 3700 

21400 25800 31000 36700 

5000 5500 6000 6500 

3000 3500 4000 . 4500 

29400 34800 41000 ' 47700 
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CONSTRAINED AOP'REaUJREM~NTS (NSU'S) 

SITE Lawrence Berkeley Laboratory - LBL 

B&R PAST CURRENT BUDGET PLAN 

CODE 
PROGRAM 

FY 1979 FY 1980 FY 1981 FY 1982 

AM ' {jeotherma 1 284 500 650 BOO 
EA Solar Applications 80 125 200 250 
EC Bldgs & Community Systems 285 400 500 600 
HA Environmental R&D 557 750 1000 1200 
HB Life Sci. Res. & Biomed. Appl. 149 175 200 400 
KA Hi gh Energy Physics 1082 1500 2000 2250 
KB Nuclear Physics 502 750 1000 1250 
KC Basic Energy Sciences 1308 2500 3000 3500 " 
Misc. 
(AA,AB,J C ) 
AG05,AL AN, ) 
AHJ5,AT~ 0, ) 259 350 450 600 . 
CM, EE:, H , ) 
GA,LA,1I ,TC ) 

General 'Support 2105 2500 3000 ' 3500 
Non-DOE LBL 637 750 - 800 850 
Non-LBL DOE 3667 3500 3000 3000 
DOE Related 1815 2000 2000 2000 
Others 2553 1500 500 250 

Program' Requirements 4506 7050 9000 10850 
General Support 2105 2500 3000 3500 
Reimbursables 8672 7750 6300 6100 

TOTAL 15283 17300 18300 20450 
'; 

~--

"IDENTIFIES PROGRAMS WITH AN NSU INCREASE IN EXCESS OF 20% OVER THE PREVIOUS YEAR. 

t .. 

SECTION E3 SCHEDULE C-2 

OUT-YEARS 

FY 1983 FY 1984 FY 1985 FY 1986 

1000 12!:>0 1500 18UU 

300 375 450 550 
700 850 1000 1100 

1350 1500 1700 1850 
550 625 700 800 

2500 2800 3000 3200 
1500 1800 2000 2200 
4000 ' 4500 5000 5500 

800 1000 1250 1500 

4000 4500 5000 5500 
900 950 1000 1000 . 

3000 3000 3000 3000 
2000 2000 2000 2000 
0 0 0 ,0 

12700 14700 16600 18500 
4000 4500 5000 5500 
5900 '5950 6000 6000 

22600 25150 27600 30000 
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CONSTRAINED ADP REQUIREMENTS (PERCENTAGE DISPLAY) 

SITE Lawrence Berkeley Laboratory - LBL 

B&R PAST CURRENT BUDGET PLAN 

CODE 
PROGRAM 

FY 1979 FY 1980 FY 1981 FY 1982 FY 1983 

AM Geothermal 1.86 2.89 3~55 3.91 4.42 
EA Solar Applications .52 .72 1.09 1.22 1. 33 
EC Bldgs & Community Systems 1.86 2.31 2.73 2.93 3.10 
HA Environmental R&D 3.64 4.34 5.46 5.87 5.97 
HB Life Sci. Res. & Biomed. Appl. .97 1. 01 1.09 1. 96 2.43 
KA High Energy Physics 7.08 8.67 10.93 11.00 11.06 
KB Nuclear Physics 3.28 4.34 5.46 6.11 6.64 
KC Basic Energy Sciences 8.56 14.45 16.39 17.11 17.70 
Misc. 
(AA,AB,A ) 
AG05,AL, N, ) 
AT05,AT2 ) 1. 69 2.02 2.46 2.93 3.54 
CM,EE,EG ) 
GA,LA,TA TC ) 

General Support 13.77 14.45 16.39 17.11 17.70 
Non-DOE LBL 4.17 4.34 4.37 4.16 3.98 
Non-LBL DOE 23.99 20.23 16.39 14.67 13.27 
DOE Related 11.88 11.56 10.93 9.78 8.85 
Others 16.70 8.67 2.73 1. 22 0 

Program Requirements 29.48 40.75 49.18 53.06 56.19 
General Support 13.77 14.45 16.39 17. 11 17.70 
Reimbursables 56.74 44.80 34.43 29.83 26.11 

---- - -------

*IDENTIFIES PROGRAMS WITH AN INCREASE IN EXCESS OF 20% OVER THE PREVIOUS YEAR. 

SECTION E3 SCHEDULE C-3 

OUT-YEARS 

FY 1984 FY 1985 FY 1986 

4.97 5.43 6.00 
1.49 1.63 1.83 
3.38 3.62 3.67 
5.96 6.16 6.17 
2;49 2.54 2.67 

11.13 10.87 10.67 
7.16 7.24 7.33 

17.89 18.12 18.33 

3.98 4.53 5.00 

17.89 18.12 18-: 33 
3.78 3.62 3.33 

11'.93 10.87 10.00 
7.95 7.25 6.67 
0 0 0 

58.45 60.14 61.67 
17.89 18.12 18.33 
23.66 21.74 20.00 
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E4. Narrative 

Energy and Environment Division coal researchers are located on campus, and 

therefore primarily use the campus computing .facilities. Occasional use is 

made of theLBL facilities,totalling about 4 NSU/year. 
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AM Geothermal 

The Earth Sciences Division is engaged in numerous projects connected with 

geothermal energy research and development. These projects include 

research in geophysical exploration techniques and analysis, theoretical 

investigation of geothermal reservoir dynamics, geological and reservoir 

engineering work at several present and potential geothermal reservoirs 

(for both geothermal electric and direct thermal applications), and 

numerical modelling of geothermal power plant performance. Computer usage 

by these projects generally falls into one of three categories. These are: 

mathematical modelling of hydrothermal, geophysical, and other phenomena; 

collection, storage and manipulation of geological and geophysical data; 

and analysis, comparison and display of data and results. Total computer 

usage by these projects is approximately 400 NSU per year, essentially all 

of which is on the LBL Computer Center's system. 

Numerical Modeling: Numerical modelling accounts for more than half of the 

total geothermal-related computer usage. The three groups most heavily 

engaged in modelling are the Reservoir Engineering (85 NSU), Geophysical 

Exploration Technology (50 NSU), and Energy Utilization Technology (85 NSU) 

groups. The cost of computing is the principal constraint for all three of 

these programs. One group--Geophysica1 Exploration Techno1ogy--is now in 

the position of not being able to afford to apply the models they have 

developed to the solution of realistic three-dimensional problems. 

Given the present equipment, rate structure and funding expectations these 

groups will probably increase their computation by about 10 to 20 percent 

per year for the next five years. If the cost constraints were removed 
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this increase would be much greater, since the amount of computing that 

could constructively be done in these projects is at least ten times the 

present usage. 

The memory size on the 7600 has· alsobeeri a major constraint 'on the 

" 

reE!ervoir engineering and geophysical models. To adequately model some 

presently interesting problems (most notably the Cerro Prieto ,geothermal 

field) we would need a memory 'at least eight ti~es as large as that on the 

7600. Since the memory on the 7600 cannot be expanded, this would requir'e 
, 

ariother computer, .probably one with a virtual memo~yoperating system. 

Data Storage and Manipulation: Geological, hydrothermal, and 'geophysical 

research frequently involves handling immense. quantities of information.' 

These data are normally stored on magnetic 'tape and processed using the LBL 
, ' ' 

computer system. Since much of this work must be done interactively, the 

poor interactive response on the LBLsystemhas been a major problem. 

Also, the lack of adequate disk space necessitates the use of magnetic tape 

even for temporary or interim storage--which is both time consuming and 

inefficient • The Automatic Tape Library has helped this problem so~ewhat, 

. but further improvement is still needed. 

While this area is very, important to our work it uses comparatively little 

computer time--approximately 65 NSU per year. This figure is likely to 

increase somewhat in the future, at a ra~e of 10 to 20 percent per year if 

present plans and funding continue, and would not be very sensitive to 

decreases in cost. 
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Ana!ysis and Display: The analysis and display of geological and 

geophysical data through computer graphics and other methods is an 

essential- tool in our research. Computer graphics is esp~cially useful in 

the earth sciences because of the very large quantities~of data involved, 

which make understanding and analysis almost impossible without some sort 

of picture of the data available. The Earth Sciences Division presently 

uses about 100 NSU for these and related activities. This figure will 

probably increase by at least 50 percent per year for the next two years, 

and somewhat more slowly thereafter. Because the cost of this activity is 

comparatively small compared to its importance the amount of computing done 

would be relatively insensitive to price changes. However, other 

constraints, notably the poor interactive response, lack of good 

interactive graphics hardware--especially at Building 90--and the lengthy 

turnaround for batch jobs in general and graphics jobs in particular have 

had a very strong negative effect on the amount and type of computing done. 

Interactive computing for data analysis and display (especially 

manipulative interactive graphics) is a tool of immense potential 

usefulness in the earth sciences. Interactive methods allow a researcher 

to change or add to a planned course of action, to follow up interesting 

leads, modify a plot or display, etc. in minutes rather than in hours or 

days. The added flexibility and "friendliness" possible with interactive 

software make it easier for a researcher to deal directly with the data, 

and would bring the computer closer to its ideal role as a "mind 

amplifier". The ESD is just beginning to move into this area with the 

recent purchase of the PETROS interactive well-log analysis software 

package. 
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Unfortunately; no' very great 

part is possible without a 

commitment to interactive computing on our 

considerable improvement in interactive 

computing facilities and equipment. Specifically, a very great improvement 

in interactive response time--especially during the· normal working 

hours--is needed. (It does very lit·tle good to enable a researcher to 

interact with. an executing 'program if the time between interactions is 20 

minutes--as is not uncommon on the LBL system.) in adqition, better 

interactive graphics hardware and software, fast hard-copy graphics 

(preferably at Building 90), much more disk capacity, and a good 

interactive data-base· management system are needed. Given all of these 

requirements, a very large increase in this category of computing--on the 

order of threefold--could be expected. 
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AN Solar Technology 

1) Chemical Biodynamics Division: Hydrocarbons and Energy from Plants 

This research is exploring the feasibility of extracting reduced 

photosynthetic materials, such as hydrocarbons, terpenoids, steroids, 

etc. from the latex of Euphorbia for direct use as fuels or for 

chemical feedstocks. Two species of this plant are now being used in 

field trials designed to develop optimum growing and harvesting 

conditions. In the laboratory, solvent extraction methods are being 

explored; in addition, improved analytical techniques, such as GCMS, 

are being used to characterize the chemical nature of the extracts and 

its dependence on various field variables. 

Computer facilites are used mainly for interactive modelling of a few 

specific codes on the 6600 machine; these are large memory jobs and 

poor interactive response is a problem. Usage is expected to be about 

constant over the next few years. 

2) Energy and Environment Division 

Solar research at LBL includes a variety of projects. 

facilities are used to: 

Computing 

(1) analyze data on solar hardware, solar radiation, and ocean 

properties 

(2) model solar-powered systems 

(3) model transmission through the atmosphere 

(4) process applications in the Appropriate Technology program 

(5) model passive, high thermal mass, buildings. 

LBL-47/Feb 80 



LBL ADP LONG 'RANGE PLAN 

Both batch and interactive modes are used (about 70% batch). ,There is 

a nee4 for both large central memory capabilities. and for' mass storage. 

Slow inte,ra.ctive turnaround time . is a . frequ~ntly ,encountered 

difficulty. Present use is around 25 NSU per year. 

Experiments are and will be controlled by dedicated microcomputers. 

These are ideally suited for control and data acquisition together with 

limited data processing. 

There is a need for more graphic capabilities, especially more 

conveniently .located, graphic output facilities,. The local peripheral 

output station is totally inadequate; it frequently is down, and ' when 

up it is always overloaded. 

" 

" 

LBL-48/Feb 80 



LBL ADP LONG RANGE PLAN 

AS Spent Nuclear Fuel 

The Earth Sciences Division at LBL is carrying out several projects in 

support of the Office of Nuclear Waste Isolation's geological storage 

programs. Computer usage by these projects falls into three principal 

categories. 

The first category of computer usage is in the acquisition, storage, 

conversion and manipulation of field data, such as the measurements now 

being taken of thermal and mechanical properties at the Stripa mine in 

Sweden. Data acquisition for these projects is normally by small on-site 

real time systems. The data so acquired are then transferred to the LBL 

computer system for storage, disaggregation and conversion. This process 

requires handling, storing, and keeping track of immense quantities of 

information; and much of this work must be done interactively. The poor 

interac tive respo.nse, inadequate disk capacity, and lack· of adequate 

dgta-base management software on the 6000's have gr~atly impeded this 

effort. These activities presently use about 50 NSU per year on the LBL 

system, and this figure is likely to increase somewhat in the future. 

The second category of computer ~sage is in the numerical modelling of 

thermomechanical and hydrological phenomena in nuclear waste repositories. 

The object of these calculations is to predict the probable future behavior 

of a nuclear waste repository, and thus to assess its safety and 

suitability. Numerical modelling presently accounts for about 85 NSU per 

year. If present conditions continue, this amount will probably increase 

to about 170 NSU per year within two years, and thereafter at about 20% 

annually. 
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This figure is only a small fraction of the amount of computing which could 
" " 

actually" "be" used for these p;"ojects. Funding constraints and the 

inadequate memory space available on the 7600 have required that most of 

our model,ling .be done by using two,-dimensional' approximations for 

three-dimensional problems. This approach is less accurate than true 

three-dimensional modelling, and cannot be applied to some classes of 

inherently three-dimensional problems; but it requires much less memory and 

vastly less computer time than three-dimensional modelling using the same 
, " 

level of detail. If adequate funds and sufficient memory capacity to run 

true three-dimensional models of these problems were available, we could 

productively increase our computation by at least one thousandfold. 

The third· category of computer usage, is in the preparation and construction 

of the numerical models, and in the analysis and comparison of the results 

from these models with the ,actual field data. Computer graphic and 

analytical codes are often used in this process to reduce the very large 

quantities 
I 

understood of. data involved to something which can be by a human 

analyst. This category of 'computation presently consumes about 40 NSU, all 

of it on the LBL system. 

This portion of the work has been tremendously impeded by the deficiencies 

of the present LBL computer system. Presently, most data reduction, model 

generation, and data analysis must be done very inefficiently--using batch 

computation or handcalculation--because of the very poor interactive 

", 

service on the LBL computers. Existing software for the interactive 

construction 
/ 

of nu~erical m~dels, and the interactive display and analysis 

of the results, cannot be implemented on "the present system because of its 
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large memory requirements and the poor interactive response these would 

engender, and because of the lack of suitable graphics hardware. An 

adequate computing facility--one which included adequate disk capacity, ? 

good interactive data-base management system, interactive graphic software 

and hardware, and better interactive response time in general--would 

improve this situation immensely. 
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AT 10 Confinement Systems 

1) Two major R&D construction projects in neutral beam. development for 

fusion reactor sources are the responsibility of the Eng'ineering. and 

Technical Services Division. These are the NBSTF project for the 

Princeton TFTR and the Neutral Beam Injector ,for the General Atomic 

Doublet III. These projects have required extension of existing 

project management and control facilities, including CPM. The E&TS 

Division is investigating th~ practicality of developing a distributed 

intelligence systems approach to the general problem area of project 

and construction management, which would utilize micro-computer-based 

intelligent terminals to replace the st'lmdard keyboard/video terminals 

,now used. This investigation is expected to continue with applications 

testing through FY79 and into FY80. 

2) All administrative data processing (cost accounting and project 

management and c·ontrol systems) for the NBSTF Project are provided by 

the BKY Computer Center. These activities amount to about 15-20 NSU 

per year. 

Additional projects of similar nature are expected in the future, which 

would cause a steady increase in computer operations in support of 

project administration activities. (13 NSU/project-year.) 

A further comment is that the above support is preferably (almost 

necessarily) accessed interactively, and any system or facility which 

would improve the present interactive access to the Computer Center is 

strongly recommended. Possible approaches which appear to be 
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~cceptable to me include priority access in specified time blocks, or 

distributed processing of data input ·to the Computer Center. 

3) LBL's computer facilities are used extensively by Scientists/Engineers 

and Project Administrators on the Doublet III Neutral Beam Injector 

System Project. Programs dealing with molecular gas-flow conductance, 

pressure distributions, particle power densities and magnetic fields 

are used to model and analyze portions of the injector system. The 

scientific calculations and data provided by these computer codes aid 

the Engineer in executing the system design. 

Project Management uses many different types of computer output 

concerning cost accounting and procurement cdata to collect project 

costs, control, and monitor the project's work schedule. A new 

computer program utilizing Critical Path Management techniques has been 

instituted on the project. This program gives a detailed analysis of 

project completion status as well as budgetary information. 

The Project's computer usage time is increasing, thus adding to the 

problem of slow "turnaround time" for a computer run. Presently, over 

1/3 of the Doublet III work force directly uses the computer-generated 

output. Use of the computer facilities will increase as more 

sophisticated and applicable scientific computer programs are 

developed. Project management will also require more computer time as 

schedule and budgetary requirements become more stringent. 

Computer usage is an integral part of both project control and the 

dev,elopment of the Neutral Beam Inj ector System. 
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It is' expected that the. neutral beam prototypes will be completed 

before FY 1981. 
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EA Solar Applications 

This program uses only a modest amount of computing (less than 10 NSU 

annually), mostly for simulation and modelling. It is constrained by 

operational difficulties (access and turnaround) and the lack of good 

graphics facilities more than by cost. 

LBL-55/Feb 80 



LBL ADP LONG RANGE PLAN 

EC Buildings and Community Systems 

Research in this area covers heat transfer in residential and commercial 

buildings, ventilation and air infiltration, and windows and lighting. 

The largest demand on computing facilities comes from the DOE-l (formerly 

Cal-ERDA) building energy analysis program. This is a public domain 

program, devised at LBL, which analyzes energy usage in buildings. This 

program uses both batch and interactive facilities. It is severely 

handicapped by the lack of a good set of tools for software development. 

Research on windows and lighting at LBL utilizes computers for engineering 

analysis of window systems, analyses of data from demonstration buildings, 

and for studying the economics of various window and lighting systems. 

Both batch and interactive modes are used'. Researchers in this area have 

not needed large amounts of computer memory; nor have difficulties arisen 

in running programs • 

. Tracer gas experiments are utilized to study air infiltration through 

. building envelopes. Presently computer facilities are used to provide 

background data processing for an experimental house in a nearby suburb. 

Equal use is made of batch processing and interactive usage (for submission 

of editing and batch needs). Long turnaround times with the interactive 

system is the major complaint of researchers in infiltration. 

Researchers on ventilation use computing facilities for data analysis and 

ventilation data'base development and implementation. 

interactive modes are used. 

Both batch and 
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Research is also undertaken on educational facilities and hospitals. 

Computing is done to evaluate the effects of modifications on the 

facilities. 

These programs use in the aggregate about 540 NSU at the central facility, 

with about 10% of that being use of the UNIX@ text processing system, and 

the rest on the main computers. Another 20-30 NSU are used off-site. Use 

of the principal LBL computers is expected to grow at a rate of 20-25% per 

year, with UNIX@ use growing somewhat faster, especially in the next year 

or so. 

In addition to the lack of good software development tools noted above, 

these programs are constrained by inadequate facilities in three other 

areas: 

• the lack of an interactive data management system 

• poor graphics facilities 

• the lack of an effective mechanism for the transfer of data into 

the central facility via cassette or floppy disk 

Were all constraints, including computing costs, to be removed, computing 

for these programs could be expected to double. 
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EE Transporation Energy Conservation .. 
I 

Members of the Engineering Sciences Department are using the LBL central 

computer facilities for projects and programs in the .Transporation Energy 

Conservation field. These include the remote facilities in Building 90 as 

well as the Building 50 facilities. Current usage is about 35 NSU per year 

of CDC 7600 time. The loss of easy access to such facilities would 

seriously hamper these programs. 

" 

" 
, .' 
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GA Inertial Confinement Fusion, 

Annual usage of Computer Center facilities for the above programs is 

estimated below: 

PEP 
Magnetic Fusion Energy 
Heavy Ion Fusion 
Accelerator Theory 

18 NSU 
67 NSU 
46 NSU 
.9 NSU 

For the above programs, calculations are performed for analytical, design 

and theoretical studies. A small amount of computer time is used in 

management activities. Very long runs are rare, but fast turnaround, 

reliability, easy access and fairly large memory requirements are most 

important and should be improved. The computing needs of the above 

programs are not expected to increase, but at present they are somewhat 

inhibited by the heavy workload and frequent interruptions at the Computer 

Center. 

For the magnetic fusion energy program, the bulk of data acquisition and 

anaysis is done with the group's three minicomputer systems. Additional 

design work, data analysis and theoretical studies are done on the NMFECC 

Network. In some cases, use of the Computer Center may decrease as work is 

shifted to minicomputer systems and NMFECC. 

Word processing for all of these programs is being handled with stand-alone 

word processing units (and the NMFECC). 
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HA Environmental Research and Development 

1) Energy and Environment Division 

Epidemiological studies on the effects of environmental pollution, and 

on the incidence of cancer, are the major computer uSers, in this 

program category • Populations at Risk to Environmental Pollution, an 

. extension of an earlier study, requires large amounts of computer 

.memory and mass store. The interactive mode is primarily used, as are 

the graphic capabilities .of the LBL computers. Maj or difficulties are 

the long intera~ti~e turnaround time, and the disk track limit on 

interactive jobs. Usage should be around 76 NSU per year during 1979 

and 1980. 

The PAREP study uses a 300 megabyte on-line disk storage. This is 

obtained by using the VAX computer, rather than the machine previously 

used. A Tektronix 4014 graphics terminal was recently purchased 

(15K$). 

The Atmospheric Aerosol group at LBL uses computing facilities for 

archiving data on pollution, producing graphs and histograms, and 

modelling dispersive processes in the atmosphere. Batch processing is 

primarily used. Future applications may require large memory and mass 

store. The long time lag to receive an 8-1/2 x 11 inch printout is one 

difficulty noted by the investigators. Present usage is on the. order 

of 5 NSU per year; this could go up to 8 NSU per year over a five year 

period. 

Combustion researchers use facilities to model combustion processes. 

Present usage at LBL is around 15 NSU per year. This could double over 

a five year period. 
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The Gas Chromatograph/Mass Spectrometer researchers use computing 

facilities to archive data, r~ statistical analyses, design 

subsystems, and interactively collect data from the Gas Chromatograph. 

Both batch and interactive modes are used. The CACHE storage system is 

needed. Long turnaround times are a problem for users. Present usage 
J 

is 11 NSU per year, which could grow to 14 NSU per year in five years. 

Researchers on eco-system stability utilize the computing facility to 

solve equations, store data, make correlations, and produce graphics. 

The interactive mode is used, despite its very slow turnaround time. 

Present use is less than 3 NSU per year. 

Researchers studying energy use utilize computing facilities to analyze 

the economic and environmental impacts of energy development. Program 

development is done in the interactive mode, with production runs using 

the batch mode. A large core storage and mass store facilities are 

required. Difficulties encountered include slow interactive turnaround 

time, lack of easily available graphic facilities, and the inability of 

compilers to access all of the memory in the 7600 system (thus making 

use of large matrices difficult). Present use is 42 NSU, and will 

increase 20% per year over the next five years. 

Researchers in the area of shale oil utilize the Computer Center for 

general computations, and for execution of complex groundwater flow and 

chemical equilibria models. Usage in 1979 will be about 5 NSU. This 

will double in FY 1980 and thereafter remain roughly constant. 
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No use is made of LBL computing facilities by groups doing research on 

applied laser spectroscopy, and on surveying instruments for 

environmental analysis. 

2) Computer Science and Applied Mathematics 

SEEDIS 

The Computer Science and Applied Mathematics Department is developing 

the Socio-Economic Environmental Demographic Information System 

(SEEDIS) to provide data management, analysis and display capability in 

support of energy-related environmental research programs. The 

objective of the, SEEDIS project is to establish a comprehensive, 

computer-based _ information system for energy policy analysis, 

environmental impact studies -and other socio-economic analysis 

applications. 
I 

Under a Memorandum of Understanding between DOE and the 

Department of Labor Employment Training Administration 
'\ 

(DOL-ETA) 

.development and demonstration of SEEDIS is supported jointly by DOE and 

DOL. 

SEEDIS requires relatively rapid access to a large amount of on-line 

information. Current SEEDIS databases (including 1970 Census of 

Population and Housing, 1960 Census of Population, 1949-1974 Census of 

Agriculture, 1972 and 1977 Economic Censuses and 1962-1976 County 

Business Patterns) total more than 10 billion bytes. This is expected 

to double in size with the addition of the 1980 Census. This data has, 

in the past, been managed with the IBM 1360 photodigital chip store. 

The size and access requirements of SEEDIS dictate the investigation of 

mass storage tech~ology to identify archival, random access storage 
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systems available in the near future. A prototype mass store system 

will be acquired during FY80, with SEEDIS providing an investigative 

and developmental application for the prototype system. 

A critical facet of SEEDIS is the effective display of information in a 

variety of graphic forms--including' maps and charts. High quality 

graphic devices are used extensively at LBL and there is an increasing 

demand for color display hardware (e.g. color terminals, color hardcopy 

devices, and color film recorders) and new display techniques. 

A prototype network linking VAX-II/780 systems will be established in 

FY80 serving as the focus of research in the application of distributed 

information systems technology for SEEDIS. 

PAREP 

The Populations at Risk to Environmental Pollution (PAREP) project is a 

continuation and expansion of research initially begun in collaboration 

with the Environmental Protection Agency. PAREP is a collaboration 

between researchers in LBL's Energy and Environment Division and the 

Computer Science and Applied Mathematics Department demonstrating the 

utility and applicability of SEEDIS concepts and techniques. During 

FY80, the principal computer activity in the PAREP project will 

involve: 

(a) acquisition of additional data files relating to mortality, 

cancer incidence, industrial activity, and environmental 

pollution; 
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(b) conversion of those files to a standard format, and 

installation in SEEDIS, the LBL Socio-Economic Environmental 

Demographic Information System; 

(c) use of SEEDIS to produce maps and reports as requested by DBER 
./ 

and other agencies; 

(d) statistical analysis of both new and· existing data files, in an 

effort to determine possible correlations betwee.n environmental 

conditions and human health. 

Computational resources to support this work include the central 

facility.at LBL, the SEEDIS VAX-11/780 research system, ,and systems at 

Brookhaven National Laboratory and EPA. Levels of c0t9-puting for FY80 

and subsequent years are estimated at 100 NSU's. ~omputer system 

capabilities required by. the PAREP program include archival mass 

storage, rapid access storage, analytical software including powerful 

statistical routines, and color mapping in both batch and interactive 

modes. 

3).Chemical Biodynamics Division: Chemical Mutagenesis and Carcinogenesis 

and Plant Biochemistry 

These two areas· of research may be described as follows: 

(a) The mutagenesis and carcinogenesis research will undoubtedly 

have a number of medical and scientific consequences. 

First, it will reveal how environmental factors influence 

the normal functions of cells. Mutations produced by 

environmental chemicals are a rapidly increasing cause of 

cancer. We propose to learn how chemicals cause mutation 
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and what· role this process has i? the neoplastic 

transformation of mammalian cells. 

This project makes use of approximately 27 NSU of 7600/6600 

computer time per year, mostly for data analysis. 

(b) Plant biochemistry research is concerned with the 

biochemistry of photosynthesis and biosynthesis in green 

plants, and ranges from biochemical structures of the 

membrane responsible for light conversion to the elucidation 

of biosynthetic pathways leading to end products such as 

sugars, proteins, alkaloids, hydrocarbons, toxins, etc. 

formed in plants. 

compounds to H(2) 

investigated. 

Bacterial conversion of plant organic 

and other useful substances is 
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HB Life Sciences Research and Biomedical . Applications ,... 'Chemical 

Biodynamics Division 

This effort comprises many basic research projects in the areas of 

molecular and cellular biology, organic and photochemistry, and biophysical 

chemistry. Major ex~mples of this work are'tp.e mechanisms of chemical and' 

viral transformations of living cells,' 'chemical. evolution, the role of 

biological' structure in the 'energy 'conversion processes,of green-pi'ant 

photosynthesis, and the applications of the newest biophysical,. techniques 

(such as NMR, X--ray spectroscopy and X-ray'diffractionJ to ~tudy 

fundamental processes in nucleic acids, proteins, membranes. and nerves. 

This project makes use of approximately 27 NSU of 7600/6600 computer time 

per year, mostly for data analysis. 
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KA High Energy Physics 

The high energy physics program is a comprehensive research effort with two 

basic thrusts: experimental and theoretical particle physics, and efforts 

in advanced accelerator design and construction. 

The bulk of REP computation is devoted to experimental design, data 

reduction and analysis, and the development of the programs which support 

those activities. Program development demands both a good interactive 

facility (for program creation and modification) and a fast-batch 

capability (for rapid turnaround of test runs). The other activities 

depend heavily upon the brute-force capabilities of the configuration: the 

very large storage capacity and the very fast CPU. The analYsis phase in 

particular features complex simulations, including kinematic 

reconstructions, and sophisticated pattern recognition procedures applied 

to large amounts of data; graphical output is essential. 

Experimental high-energy physics is centered around the large accelerators 

at SLAC and FNAL, with the major part of the future program being destined 

for PEP. The three proposals in which LBL plays a key role are the Time 

Projection Chamber (TPC), the Mark II Magnetic Detector, and the search for 
j' 

quarks. 

Computers at LBL will be used for off-line analysis of TPC data, and Monte 

Carlo generation and analysis of events for comparison. In addition, mass 

storage facilities will be needed to provide access to a large data base of 

analyzed data which will be used locally by LBL scientists and remotely, 

either' by RJE or interactively, by University collaborators. The 

maintenance of a data base at LBL is extremely important to the 
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effectivenesS of the TPC group. A microwave link between LBL and SLAC will 

be used to obtain real .time response on about 10% of the data taken at PEP. 

Some estimated numbers for.TPC.requirements are: 

400-800 NSU in FY80, witq some data and extensive reanalysis; on-line 
programs may not be as advanced as in the steady state; 

400-800 NSU per year in FY81 and bey()nd when this program has reached a 
, steady state • 

Increasing use will be made of text processing capabilities for job 

preparation and document preparation; for the latter, usage, is estimated at 
'"" . " . 

about 1 tilE~sis/month and 1 ... ·2 papers/month for scieiltific journals. 

High priority items for REP use of the Computer Center include mass storage 

fa~ilities to maintain.collaborations ~ith many outside groups, 6250 BPI 

tap.es . (part:i.cularly for the TPC group), and interactive facilities. 

The Trilling/Goldhaber group effort is devoted to the. study of the 

interactions.occurring in the electron-positron collisions in. the energy 

region 3-8 GeV. This work is done in the large magnetic detector at SPEAR 

in .collaboration with two groups at· SLAC "and several· other people at 

Berkeley. This work has opened up a.new particle spectroscopy, culminating 

in the discovery of particles carrying the new quantum number, charm. Also 

in collaboration with SLAC groups, the Trilling/Goldhaber group has 

designed a new and much improved magnetic detector facility,! Mark It, which 

will permit much deeper study of the new spectroscopy at SPE:AR. Estimated 

computer usage is 108 NSU per year over the next five years. 

The l<erth Physics Group, in addition to· its commitment .to ·the ,+PC 

experiment, is inv·olved· in a long range' program. of muon experiments. at 
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FNAL, in collaboration with groups from Princeton University and Fermilab. 

The construction of a new muon spectrometer was completed at FNAL in FY78; 

the first data run was finished in May 1978, and additional running time is 

expected in FY80 and FY82. Almost all off-line computing for the 

experiment is done on the 7600, with the raw data stored on 6250 BPI tapes. 

A common data base for programs, raw data and analyzed data is essential to 

the coordination of the anaysis effort. The data reduction depends heavily 

on the speed and size of the 7600, the various storage systems available, 

the interactive capability, and the micrographic and microfiche facilities. 

PEP will have the potential to generate about 850 NSU's per month (i.e. 

about four times the computational load generated by the Mark I detector at 

SPEAR), but the actual load will be subject to the vicissitudes of the 

budgetary process. The REP workload projections in Schedule C are in fact 

limited by budgetary considerations; they could reasonably be expected to 

double were these constraints to be removed. 
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KB Nuclear Physics 

1) Nuclear Science Division 

This program is currently dependent upon massive ADP support for three' 

separate and distinct activities: 

(1) Scientific calculations of a theoretical nature. This work 

requires very high computing speeds, long word length and 

large program storage c~pability. Many calculations are of 

extr.eme complexity requiring the availability of very 

sophisticated programming techniques. 

(2) Data analysis (batch jobs). 

(3) 'Interactive computing for budget management. 

Usage is expected to be on the order of 400-500 NSU per year throughout 

the period addressed in' this Plan. 

Computing in this area of Nuclear Science is constrained not so much by 

\ costas by the lack of the proper kind of computing facility,' i.e. an 
. 

extremely powerful computer combined with fast, user-fr,iendly, flexible 

interactive access. Such an interactive facility would be required to 
" 

process or analyze 5 million 16-bit words in 20 seconds and present the 

results in·the form of interactive graphic displays (histograms, etc.). 

A proposal to develop a suitable facility has been submitted (see 

Appendix A). 

2) Accelerator. and Fusion Research Division 

At the Bevatron/Bevalac and the SuperHlLAC, use of Computer Center 

facilities amounts to 30 NSU and 6 NSU, respectively, in annual 
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charges. Most of the use is interactive for such functions as beamline 

optics calculations, statistical management and analysis of accelerator 

operations and calculations of parameters for advanced accelerator 

devices. Computing requirements for both on-line and batch work are 

expected to increase 10-15% over the next five years. 

Word processing is being approached with a single stand-alone unit, 

with the expectation of the addition of more units to offices within 

the Division. UNIX@ word processing is also used at the Bevatron. 

Some additional computing will be carried out as a side benefit of the 

installation of control computers at the. Bevatron. 

Administrative data processing for the Division is being done on the 

7600. 
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KC Basic Energy Sciertces 

1) National, Resource for Computation ,in Chemistry, . , , 

"TheL'BL Computet Center. 1sof utmost importa:nce :to ,the National 

Resource for> Computation in Chemistiy~ (NRCC); 'ni fact it is one of the 

principa.1.rea,sons for, NRCC's presence at LBL. 

One of the· primary , NRCC, mi'ssions' is to serve as a focal point' for, 

developing codes for. a ,broad spectrum of co~putatiohal chemistry 

.. 
,research that utilizes high speed, computers like the CDC 7600 and 

minicomputers like the VAX. 11/780. Some of the subdisciplines' of 

chemistry in which-the NRCC, .will be active are chemical' kinetics, 

crystallography, quantum chemistry, statistical mechanics, and physical 

organic chemistry. Specifically, NRCC will be, focusing .. its attention 

on the development and refinement of ,codes used by computational 

chemists in carrying out .cotnplexcalcula'tions on computers. Many of 

these codes have not been readily available to the general chemistry 

community.' This effort will involve taking codes that may be 

inefficient, poorly documented~ machine specific, or bug-ridden and 

turning them into efficient, well-documented" transportable bug-free 

codes. Finally, information on these and other codes are disseminated 

throughout the chemistry community. 

The first phase of NRCC's ~evelopment is funded through fiscal year 

1981. NRCC's budget plan for LBL computer time through Phase I is: " 

Totals 

FY79 
(NSU's) 

528 

FY80 
(NSU's) 

531 

FY81 
(NSU's) 

721 
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NRCC has also acquired a VAX-II/780. It is used by the NRCC staff and 

selected outside users for the development of a variety of mini-based 

codes. The VAX currently operates in a stand-alone mode, but it is 

planned to provide access to the central facility via DECNET. 

There are several areas of research where computer-generated graphics 

are of value to researchers. Crystallography is a good example. At 

the present time the NRCC staff is in the process of defining the type 

of graphics system that will be best suited for their needs. Several 

types of systems are being investigated. These include basic graphics 

terminals such as the Tektronix and Hewlett-Packard terminals and also 

microprocessor-based stand alone systems. Color systems are also being 

considered. NRCC also plans to utilize Livermore's Dicomed system. 

NRCC has begun a program to evaluate the potential of very large 

machines (such as the Cyber' 203 and the CRAY 1) for large problems in 

the chemical sciences. 

Current problems encountered by NRCC are: extremely slow interactive 

respo?se time, making it impossible to use the system for code 

development or production jobs; slow PSS access, prohibitive down 

times, and lack of permanent file space, for which the use of GSS tapes 

is only a partial alternative. 

2) Solar Energy Utilization Based on Photosynthesis 

This research is directed towards developing methods, based on research 

in green plant photosynthesis, for the economic utilization of solar 

energy. Its major components are~ 
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. -(a) Sensitized photodecomposition of water. 

This wo.rk is a study of model systems ofsyrithetic molecules 

that are part of· donor-acceptor pairs; their electron 

transfers' may be driven by light,' leading to the oxidation 

and reduction pf water. 

(b) Sensitized photovoltaic devices. 

Based on knowledge we have obtained on pho~oconversion by 

single crystal semiconductor electrodes sensitized by 

adsorbed dyes, we will continue investigiations in two 

directions. Using dyes covalently bonded to a pellet of 

powdered semiconductor, 'we hope to make considerable 

improvements in both stability and efficiency of these 

cheaper electrolyte-electrode systems. We are also 

developing a novel 

solar cell that 

dry,dye-sensitized Schottky barrier 

should also operate well with 

polycrystalline materials easy to fabricate. 

(c) Microbiological solar energy conversion. 

The biochemical mechanism of H(2) evolution by wild type and 

mutant photosynthetic bacteria is being evaluated to 

determine conditions for efficient' H(2) generation from 

organic compounds and agricultural wastes. 

3) Low Energy Nuclear Science 

. This program requires ADP support for three separate and distinct 

purposes: 
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(1) Scientific calculations of a mainly theoretical nature. 

This batch-processing work requires a computer with high 

speed, long word length and large core memory, such as the 

LBL CDC 7600. 

(2) Nuclear data compilation and evaluation. This project 

requires both batch and interactive processing, coupled with 

a very high-reliability mass storage system and 

publication-quality text and graphics output devices. 

Interactive computing and database management will grow 

relative to batch processing and computation, the extent 

depending on system responsiveness and the availability of 

adequate software. An interactive database management 

system would be a great advantage to the project. 

(3) Interactive computing for budget management. It is expected 

that this system will soon expand to include manpower data. 

A current limitation is the saturation of the interactive facilities, 

which impacts especially task (2), and artificially inflates computing 

costs. These tasks require about 50 NSU per year. 

4) Earth Sciences 

The Geosciences Group in the Earth Sciences Division is presently using 

the LBL 7600 to develop and run large numerical models of geochemical 

processes. These models are being applied to investigations of 

radionuclide migration in ground-water and to simulation of chemical 

processes in geothermal reservoirs. Presently this modelling program 
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uses about 35 NSU per year, almos~ entirely on the 7600. In the 

future, these modelling activities are expected to increase by about 50 

percent -per year over the next few years, and by about: 20 percent per 

year thereafter. In addition, the analysis of data from nuclear 

quadrupole resonance studies will probably require about 10-15 NSU per 

year, beginning this year. 

Except for the poor interactive response on the 6000's (which greatly 

hampers program development) the present LBLservice is generally 

satisfactory, and the present rate structure is satisfactory.' Even if 

computing were to become essentially free the Geosciences Group's usage 

would probably increase by only 20 to 30 percent. 

In the future, however, the comparatively small memory capacity of the 

7600 is likely to become a limiting factor in the development of the 

very large combination heat and fluid flow and geochemical codes which 

are presently being contemplated. These codes--when they are 
,-

developed--will probably require a very large addressable memory (on 

the order. of 30 megabytes) and a very great deal of processor time .It 

would probably be worthwhile to consider the purchase of a specialized 

computer (or computer-array processor combinatiop) in order to develop 

and run these and similar codes. 

5) Computer Science and Applied Mathematics 

Applied Mathematics Research 

Research programs in applied analysis, computational mathematics, and 

numerical methods for partial differential equations emphasize 
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numerical studies and techniques applicable to computational fluid 

dynamics, in particular combustion modelling. The combustion studies 

are directed towards the construction of realistic models that are 

suitable for comparison with experiments and are capable of being used 

for design purposes. Large-scale scientific computing capabilities are 

inherently required by research of this type. Anticipated growth of 

these research programs will require continued and expanding use of 

large-scale computational resources. These research programs used 

around 60 NSU in FY 1979. Comparable levels of computing are done at 

collaborating facilities •. It is anticipated that up to 100 NSU will be 

required for the next year or two, increasing to several hundred NSU in 

five years--mostly for combustion research. 

The development effort is facilitated by highly interactive systems. 

The complexity of program and model results calls for high quality 

graphics and development of sophisticated information display 

techniques, including computer generated movies and extensive use of 

color media. Resource sharing and networking research and development 

efforts have proven extremely useful in this research area. For 

example, researchers frequently share programs or access unique 

computational resources at other sites via the ARPANET. 

Teleconferencing and electronic mail systems are utilized for exchange 

of administrative information and to facilitate communications between 

researchers at various sites. Advanced computer systems of potential 

applicability include array processors. 
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Computer Science Research 

The research program is part of the DOE-wide focal point for advancing 

the state-of-the-art in computer science and information systems. The 

. maj or areas of .. develo.pment include data management, information display 

and analysis, distributed systems .and software engineering. Data 

manag~m~ntresearch provides methods for organizing, accessing and 

manipulating large, complex d~ta collections; including environmental, 

social- economic, physical properties, and -energy resource and 

supply~demand data, and multi-parameter models. The investigation of 

. evolving mass-storage technologies is an important element of data 

management R&D. Information display and analysis research addresses 

methods for making graphics, data .management and analysis tools more 

unified and easier to use. Distributed computing research .centers on 

integrated approaches to inter-site and intra-site linking of computer 

systems and the role of "personalized resources" (local minicomputers 

oriented to the needs of small groups but with access to remote 

large-scale facilities). Software engineering provides techniques for 

the synthesis of ,reliable software systems from standard, quality 

modules, and the creation of tools to increase the productivity of 

software systems designers, implementors, and users. 

The LBL Computer Center and several large-scale minicomputer systems, 

including DEC VAX-ll/,780 and PDP-ll/70 systems, provide test-bed and 

computational facilities for the research program. Computer system 

capabilities" that are required include highly interactive systems, 

electronic.mail and teleconferencing· software, high-level graphics and 

ARPANET access. During FY80, experimental network links to several 
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additional DOE university and laboratory sites will provide the 

framework for in-depth investigation of distributed processing concepts 

and techniques, networking capabilities and resource sharing potential. 

6) ~nergy and Environment 

Combustion, researchers use the Computer Center for batch processing of 

complex problems in fluid mechanics and chemical kinetics. Present 

usage is about 36 NSU per year per month of time on the CDC 7600 

computer. Researchers are beginning to take data using a PDP-II 

computer in the laboratory. There is a need for a way to transmit this 

data, in batch form, to the CDC 7600 for processing. 

7) Actinide Chemistry Group (MMRDL 

The actinide group program consists in the synthesis and measurement of 

the physical and chemical properties of compounds of the actinide and 

lanthanide elements, and the development of sequestering agents for 

plutonium. The computer facilities are used in (1) crystal structure 

determinations from X-ray diffraction methods, ( 2) calculating 

formation constants from potentiometric titration data in the Pu 

sequestering project, (3) atomic structure analyses of optical spectra 

using Hartree-Fock calculations, arid (4) parametric analysis of optical 

data. 

All of the above work enters the computer via batch mode. Graphics 

facilities, primarily CalComp, are required and used by the crystal 

structure and potentiometric programs. Very large matrices in the work 

of the analysis of optical spectra requires the large core memory of 
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the 7.600. The crystal .structure ,determination of ·large. molecules also 

requires the use of a large core to store :large matrices. Much of the 

group's.work; hpwever;could be 'doneon smaller.and cheaper computers. 

A reliable and cheap method for transferring moderate amounts of data 
I 

. from our data collecting systems to the computer would !be I desirable • 
.' 

Largemagneti~ tape units are too expensive for small slcale projects. 

Magnetic tape .cassettes or floppy ~isks could b~ an alternative. 

The amount of computing we would anticipate for the next five years is 

strongly coupled to the cost of computing~ If the rate remains 

constant we would anticipate a 10% growth rate per, year; .should the 

rate decrease significantly we would anticipate a 25% growth tate. 

8) Materials Science (MMR,D) 
" 

The . current level of use of the LBL computer facilities by 

investigators supported by the Materials Science .Division of BES is 

'about15 NSU/month. The bulk of this usage is concentrated in fo'ur 

research groups. The first of-these is'cortcerned with the computation 

of the fundamental physical properties of metals and semiconductors and 

their surfaces~ largely through the use of pseudopotential models. The 

second concentrates 'upon the direct simulation of phase transformations 

and mechanical behavior in idealized solids, which particularly address 

the kinetics of those processes at finite temperature. The other two 

most computationally oriented groups are concerned with the structural 

analysis of crystals and defects, and surfaces, through the analysis of 

electron diffraction data. The remaining Materials Science usage is 
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spread over a large number of smaller efforts and principally involves 

data analysis and routine computation-. 

One can safely predict that the level of computer usage in Materials 

Science will increase substantially over the next decade. The trend of 

our field, particularly in metallurgy and ceramics, is toward an 

increasing recognition of the value of numerical computation and 

6 
simulation as a theoretical tool. 

LBL-81/Feb 80 



LBL ADP LONG RANGE I PLAN 
..- I _. 

LA' Technical Information Services 

The Information Methodology Research, Project (IMRP) conducts 

state-of-"'the-art research in several computer science fields including 

artificial 
• t " . ~,~ 

intelligence, expert systems " continuous . decision system 

modelling, fuzzy sets, information • space graphics, and the management, 

construction and. mapping of ,bibliographic and numeric'al/fact databases. 

The project utilizes ma~y facets of 
, . the Computer Center in its work. 

. . .'i) . , 

including various .FORTRAN processing facilities, data storage and 

manipulation devices, the ARPANET hookups, graphical proc~ssing pac~ages, 

special device handlers, database management systems, and· critical path 
. . 

management systems. Via' ARPANET,' the project also' uses computing 

facilities at SRI and Argonne National Laboratory.' In the past year IMRP 

has acquired several microp.rocessor-based intelligent terminals and many 

program operations are now done in a distributed multiprocesso~ 
" 

f 

environment. 

IMRP will benefit· from the Computer Center's planned improvements in the 

areas of interactive response time, implementation of UNIX@ document 

processing and program editing facilities, and increased graphical display 
." 

device support. Additional improvem,Emts that would benefit this proj ect 

include' (1) implementation of block.. or page-oriented communication to 
. " 

allow more efficient utilization of the microprocessor-based intelligent 

, 
,terminals and microcomputers; (2) acquisition of versatile, truly 

interactive database management software; and (3) implementation of a 

powerful interactive LISt Processng (LISP) capability to support 

transportability of artificial intelligence programs. between ,BKY and the 

remain<;ler of the artificial intelligence community. 
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ADP SYSTEM RESOURCE SHARING AND RELATED COMMUNICATIONS (NSU'S AND COST) 
(Dollars in Thousands) 

SITE Lawrence Berkeley Laboratory - LBL 
SECTION E5.1 SCHEDULE D 

'PROGRAM IDENTIFICATION OF SHARING PAST CURRENT BUDGET PLAN OUT-YEARS 
B&R PARTNER(TVPE OF SERVICEI 

CODE ADP SYSTEM FV 1979 FV 1980 FV 1981 FV 1982 FV 1983 FV 1984 FV 1985 FV 1986 

SHARIN REQU I RE~1ENTS 

SLAC 150 200 250 300 325 350 375 400 

LLL 432 500 500 500 500 500 500 500 

SHARIN COm~ITMENTS 

Richland, Washington 330 200 200 200 200 200 200 200 

GE Sunnyvale 716 750 750 750 750 750 750 750 

LLL 319 300 300 300 300 300 300 300 

Cal Tech 354 275 100 100 100 100 100 100 

UC 845 1000 1000 1000 1000 1000 1000 1000 

Other Universities 133 100 100 100 100 100 100 100 

NRCC 180 200 225 250 275 300 3-75 400 

Misc. DOE 820 500 500 500 500 500 500 500 

EPRI 636 700 700 750 750 750 750 750 

.-~-.--- -
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ADP COMMERCIAL SERVICES (NSU;S AND COSTS) 

. (Dollars-in Thousands) 

SITE Lawrence Berkeley Laboratory - LBL 

PROGRAM IDENTIFICATION OF VENDORI PAST CURRENT BUDGET PLAN 
B&R TYPE OF SERVICE/ADP 

CODE SYSTEM FY 1979 FY 1980 - FY 1981 FY1982 

National CSS, Inc. 60 80 

Control Data C6rpo~ation 15 15 --

, 

University of Chicago 15 15 

Bolt Beranek and Newman 30 30 , 

Univ. of California, Berkeley 10 10 . 

.. 

-

" .. -. , .. ' ••••• n 

SECTION ES.2 SCHEDULE E 

OUT-YEARS 

FY 1983 FY 1984 FY 1985 FY1986 

. 

~ 



PLANNED ACQUISITIONS/LEASE CONTINUATIONS 

MAJOR ITEMS OF EQUIPMENT (MIE) 

SITE: Lawrence Berkeley Laboratory - LBL SECTION E7 SCHEDULE F 
MIE NO. PROGRAM B&R CODE: _____ _ 
PROGRAM NAME: 
MIE DESCRIPTION-: ------------------------

None 

PROPOSED DATE OF ACQUISITION (MO/YR): ____ _ 

CAPITAL 

LEASE 

MAINTENANCE 

CONSTRUCTION 

OTHER 

TOTAL 

'OFFSETS 

NET 

FUNDING PROFILE ($000) 

FY79 FY80 FY81 FY82 FY83 FY84 FY85 FY86 

PURCHASE EQUIVALENT COST OF LEASED EQUIPMENT: 
PROPOSED DATE OF CONVERSION TO PURCHASE (Me-/VR): _________ _ 
ACQUISITION STRATEGY: . I 

MI LESTONES: IMPLEMENTATION PLAN 
SOLICITATION RELEASE 
CONTRACT AWARD 

JUSTIFICATION: (CONTINUE ON SUBSEQUENT PAGE) 
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ADPE MAINTENANCE AND PLANNED ACQUISITION OF NON-MAJOR 
ITEMS OF ADPE SUBJECT TO GSA COGNIZANCE 

I Not Applicable to GOCO Activities) 

(Dollars in Thousands) 

SITE Lawrence Berkeley Laboratory - LBL 

ACQUISITION PROGRAM , ITEM DESCRIPTION 
STRATEGY 

N/A 

-

r-

.. 
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SECTION E7 SCHEDULE G 

CURRENT BUDGET PLAN 

FY 1980 FY 1981 FY 1982 
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SITE 

UNIT/ 
SYSTEM NO. 

1701-04 

ADPE SYSTEM REUTILIZATION OPPORTUNITIES 

Lawrence Berkeley Laboratory - LBL SECTION Ea SCHEDULE H 

ESTIMATED 
ADP SYSTEM/MAJOR SUBSYSTEM RELEASE COMMENTS 

DATE 

CDC 6600 - 20 PPUs 10/1/81 

I 

---- -- ~-~-- ~ - L.. ------ -- - ----
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E9. Cost Recovery 

The Computer Center recovers all of its operational costs by billing all 

users directly for the services used. The charge-back algorithm is based 

upon the Computing Unit, a synthesis of CPU and I/O usage and memory 

occupancy. There are additional costs for access, tape and disk storage, 

and output processing and handling. In addition there are three levels of 

priority, with associated factors of 0.75, 1.0, and 2.0 times the nominal 

charge, and a set of reduced rates for weekend usage. (A complete listing 

of the Computer Center charging algorithm is attached to 'this Plan as 

Appendix B.) Laboratory overhead is assessed on all of these charges. 
\ 

The costs of all other cqmputers are abso:rbed by the operat~ng departments 

or divisions. 

" 
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SECTION F. DATA COMMUNICATIONS PLAN 

Fl. Data Communications Processors 

It is presently planned to gradually replace older large mainframe CPU's 

with many smaller, less expensive to maintain CPU's and peripherals. This 

implies a user demand to access many CPU's. This goal is best met by ~ 

front-end switch, Develcon Dataswitch, with great connectivity capacity. 

The Dataswitch will allow approximately 1500 terminals to contend for 500 

computer ports. 

Dependency on RECC is expected to sharply decrease when the 6600 departs. 

The remaining constant level of connections represent many dedicated 

control functions within the Center. 

Gandalf should be gradually emptied, and relocated in RTSG to replace their 

manual switch. 

Develcon should grow rapidly as the user community realizes the resources 

its connectivity offers. 
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DATA COMMUNICATIONS PROCESSORS 
(FRONT-END, CONCENTRATORS, .. SWITCHES, ETC.' 

SITE Lawrence Berkeley_Laboratory - LBL . 
EQUIPMENT SPECIFICATIONS TERMINAL CONNECTIONS (QUANTITIES) 

THROUGHPUT 
FY 1980· FY 1981 FY 1982 FY 1983 FY 1984 (CPS) 

MAKE/MODELIVERSION 
T A P H P H P H P H P H 

RECC ] and 2 4K 72 234 125 200 125 175 100 120 75 100 
Front-end to CPS 

6000/7600 .. 

Ganda If 113K 20K 254 234 150 200 -0-
PACX-2 CPS CPS Repl a ced b Deve con a d reu ilize 

Develcon ' 240K 200 234 600 200 800 150 1000 75 1200 50 
Dataswitch CPS 

. 

< 

---~---~ --------- --- --- - -- -- ------

CPS - CHARACTERS PER SECOND T - THEORETICAL A - ACTUAL P - PROCESSOR H - HOST 

SECTION F1. SCHEDULE J 

FY 1985 FY 1986 

P H P H 

75 100 75 100 

el se~ here 

1500 50 1500 50 
I 
, 

1 

, 
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F3. Planned Acquisitions 

Data communications plans for FY82-86 include a number of small 

acquisitions to facilitate improved service and ~ access of the central 

computer center to the Laboratory community. These include: 

A. Remote Service Centers 

• Full remote batch entry station 

• Remote printer stations based on Model 40 printers 

B. BNAM (Business-oriented Network Access Machine); i.e., a machine 

providing a Hyperchannel network node and supporting at least 2780, 

3780, and HASP multileaving protocols. 

C. Provide communications channels for Wang and other word processing 

facilities about the Laboratory to the BNAM. 

D. Upgrade the performance of the DNAM by replacing the PDP-11/34 with 

PDP-ll/44. 

E. A logger project to monitor and control connectivity of the Develcon 

Dataswitch. This will ultimately allow relatively secure access to any 

system via dataswitch. 

F. A microprocessor/minicomputer file trqllsfer system is likely to be 

developed. The primary area of support would b~ Digital LSI 11/02 

systems. This is because a typical data logger device can be built for 

under $1500. There are presently about 30 LSI 11/02 users wanting this 

type of service. 

G. Develcon Dataswitch would grow to meet user access requirements. 
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SECTION G. PLAN SUMMARY 

Gl. Deficiencies and Limitations 

Gl.l Inadequate interactive capacity and capability 

Interactive capacity is measured in terms of the number of 

simul tan"eous users the system will support with reasonable response. 

This in turn is primarily a function of the number of programs which 

can reside in main memory at one time, plus the swapping time 

required to bring a program into main memory from secondary memory. 

(It is to a lesser extent also a function of CPU capacity.) Many 

interactive systems utilize a technique known as "paging" to break a 

job up into small pieces, only a few of which need to be in core at 

one time. By making the effective job size smaller, they thus 

increase the capacity of the system in two ways: more jobs can fit 

into memory at once, and the swapping time (which depends upon the 

size of jobs to be moved) is decreased. 

The computers in use at LBL for general-purpose interactive computing 

(CDC 6000 series) do not support paging. There are severe hardware 

and software constraints which limit the number of jobs which can be 

active at once. Furthermore, these machines are not dedicated to 

interactive work but are also required to perform many jobs in 

support of the Center's principal computer, the 7600: jobs which 

take their toll on the total memory, I/O bandwidth, and system table 

space available. The net result of these various limiting factors is 

an effective capacity of 40-50 simultaneous users. That this is 
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insufficient for current demand is evidenced by the existence of a 

"log-on queue" (composed of users who have requested interactive 

access when the system is too full to accept any more jobs) 

throughout normal working hours. Queue length averages about 5 (see 

Figure LBL-15). (Experience shows that queue length measures only a 

small portion of the suppressed demand; most users will not wait in 

the queue, but instead will postpone or abandon the project.) 

Interactive capability is defined by the kinds of work the 

interactive system will allow the user to do in a reasonably 

straightforward, timely, and cost-effective manner. Capabilities 

which are lacking or deficient in the LBL interactive systems include 

the following: 

generalized interactive graphics 

any work requiring large amounts of memory or disk space 

support for upper- and lower-case ASCII 

convenient facilities for saving work fil~s 

interactive debugging aids 

a "HELP", or prompting, facility 

facilities for creating, maintaining and using procedure 

libraries 

generalized database services 
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Gl.2 Database limitations 

LBL currently provides two database management systems, BDMS and 

SYSTEM 2000. BDMS was developed locally to meet the needs of the 

Particle Data Group. Although it does a satisfactory job for the 

original requirements, its development has not kept pace with new 

requirements, which include extended command structure and graphic 

capabilities. System 2000 is a commercial product with a voracious 

appetite for memory; as a result, it is not available at LBL in an 

interactive mode. It is further the case that the severe limitation 

of disk storage at LBL prevents the development of many database 

applications. 

Gl.3 Administrative data processing 

As noted in Section B, about half of LBL's administrative data 

processing is done at LLL, primarily for historical reasons. There 

are a number of influences tending to make that historical link more 

tenuous. Most prominent among them is the installation at Livermore 

of a new primary administrative computing facility which is not 

compatible with any of the computers at LBL, but there is also the 

gradual divergence in requirements and styles that comes with the 

passage of time. The net result is that it is prudent for LBL to 

upgrade its capability and capacity in the administrative area. 

In this we are severely handicapped by the nature of the BKY systems, 

which were developed with just the needs of the Laboratory's 

scientists in mind. Particular manifestations of this strong focus 

on scientific computing are: the absence of an effective, 
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ANSI-compatible COBOL compiler; the inability to handle tapes with 

s.tandard labels; the lack of database competence noted above; and 

a general lack of familiarity with modern solutions to the common 

problems of data administration. 

Gl.4 .Technical limitations 

Despite the presence of a very powerful central facility, LBL suffers 

from significant limitations in several technical areas. 

these are singled out for special mention here. 

a) Graphics 

Three of 

Although LBL has many of the individual pieces which CQuld 

contribute to a suitable capability in graphi~s, they are not 

well integrated or easily accessible. Some forms of problem 

solving 'involving graphics are not now possible, especially those 

involving both interactive access and extensive computing. Our 

complement of graphics output devices is rather limited, in both 

number and power, and 'our graphics input capacity is nearly 

nonexistent. 

b) Address space 

Several of the programs which use the 7600 find even its large 

memory too small to contain all the data necessary. for the 

implementation of straightforward solutions to very large 

problems. This limitation can be addressed in two ways: the use 

of virtual memory (which. allows a program to be structured as 

though ample real memory existed), and total redesign of the 
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solution algorithm, to allow the data to be streamed through the 

program in blocks the mach~ne can handle. 

None of the major computational engines at LBL support virtual 

memory, and the data-streaming approach is extremely costly in 

programmer time (to re-structure the program~) and in computing 

time (because of the increased complexity of the calculations). 

c) On-line data reduction and analysis 

The analysis of experimental data in nuclear science demands the 

intimate involvement of the experimenter. The complexity of the 

events under consider9tion (they contain anywhere from several to 

a few hundred parameters) make this type of work a natural for 

interactive processing, but the number of events (in the tens of 

millions per experiment) and the amount of computation required 

(several hundred milliseconds of 7600 time per event) demand a 

very large computer. At present, at LBL, such work is either 

carried out in batch mode on the 7600 or i~teractively on the 

smaller (but much slower) computers. As a result of either of 

these compromise environments, analysis lags six months to a year 

behind the experiments. 

Gl.5 Obsolete equipment 

This problem is less severe than a year ago, for three of the 

obsolete systems we possessed at that time have been replaced since 

the submission of FY81 LRP. We retain, however, the two 6000 

machines and the 7600, which have a combined maintenance cost of 
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$49K/month (a cost which may rise sharply in the wake of the 

application of the Service Contract Act, if, indeed, maintenance 

service remains available). 

One major item of peripheral equipment--our COM uhit--is .alsowell 

beyond its design age, and has reached a stage where it may literally 

be beyond repair should a major component fail. 
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G2. Goals/Objectives 

G2.1 Interactive computing 

a) To provide good service (i.e. response to text editing operations 

of less than a second) to 100 simultaneous users by the end of 

1980, to 200 by the end of 1981, and to 500 by the end of 1983. 

b) To provide a complete and modern set of interactive utilities, 

with particular emphasis on program development tools, user 

assistance aids, text-processing utilities, and graphic input and 

output. 

G2.2 Database 

To provide interactive access to one or more fully supported database 

management systems which collectively provide user-friendly command 

languages, have ample on-line storage, ca? run with quick interactive 

response, have access to interctive graphics, and can both ac~ess and 

be driven by user-supplied Fortran programs. 

GZ.3 Administrative data processing 

To achieve the capability to accomplish our complete administrative 

data processing workload. 

G2.4 Specific technical areas 

a) Graphics 

To provide a complete, integrate~, and accessible set of graphics 

utilities, includi~g interactive graphics, and encompassing at 

least the ANSI/SIGGRAPH core capabilities. 
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b) Address space and on-line data reduction and analysis 

To provide access to machines capable of processing, conveniently 

and in a straightforward manner,· the problems posed by LBL's 

scientists. 

G2.5 Obsolete equipment 

·To replace the 6600 a~ sOOn as its functions can be assumed by more 

modern. equipment, to retain the 6400 only as a staging machine for 

the 7600, and, eventually, to replace the 6400-7600 combination. 

T6 replace the COM unit as soon as possible •. 
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G3. Strategy 

LBL's overall strategy to eliminate the deficiencies and accomplish the 

goals mentioned above is based upon the establishment of an in~erconnected 

set of functionally independent nodes, capable in the aggregate of 

supporting both those functions currently supported by the 6000's and those 

new functions (such as data base applications and BDP) not now adequately 

supported. The sale exception is staging for the 7600, which is expected 

to remain with the smaller 6000 machine (unless a very inexpensive 

compatible substitute should become available). The principal features of 

this network are: 

'. functional ind~pendence of the nodes 

Each node will be essentially dedicated to a single function. Thus 

we will be able to select in each case equipment which is 

particularly well-suit~~ to the specific function assigned to the 

node. The principal compatibility requirement will be the ability to 

connect to the network to exchange files with other nodes. (Since 

most of the mc1lchines of the class we would be cOltsidering are known 

to have this ability this requirement does not limit our selection.) 

• gradual implementation 

This program actually began in 1976 and is expected to ~ontinue 

throughout the period covered by this plan. The first step was the 

development of a CDC-IBM Channel Adapter to allow us to use IBM 

plug-compatible peripherals. Since then we have taken the following 

additional steps: 
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•• the test installation, and later conversion to production.,use; 
• • . • I • ~! . "'. 

of IBM plug-compatible tape-drives and disks (FY76-79); 

•• the installation of an automatic tape library (ATl) as an 

repiacement 
... '.. , I". ~. I' 

'interim for the chipstore"'(FY7S":79); 

•• the installation of the Hyperchanne'f' (FY7S":79); 

00 the installation of medium-speed terminal switches' to 

(eventually) provide access 
,. ~ ". 

to all' nodes from all terriinals 

(FY79-S0); 
. , 

.. - '( 

•• the acquisition ana' installation of two . special-purpose 

front-end machines, one .for network access and one for text 

pro~~ssing (FY7S-79); 

•• the replacement of the datacells by ,IBM, plug;..compati,b~e disks 

(FYSO); ,and 

•• _ the replacement of the 763,S disks (FYSO). 

Future-:- steps will inClud~ the installation offunctio'na:l hodes in at 
# ;. t' I ~ ; 

least the foilowing areas: 

~. problems requiring large addres~ spac~ 

'.. pro.~ram development for Fortra? users 

•• data base 

•• graphics 
.. 

•• interactive graphics (it may be possible to combine this node 
') ~ 4 • 'l". '~ 

with the preceding one) 

•• on-line data reduction arid analysis 

•• BDP 

•• expans~on of the present text-processing node 
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Gradual implementation will allow us to build upon previous 

experience in a reasonable fashion, and to change our emphasis quite 

easily in response to changes in programmatic emphasis within the 

Laboratory. It will also allow us to achieve and maintain a level of 

technological currency more in keeping with the mission of a National 

Laboratory than we have managed over the past five years. 

• broad acc~ss 

Every terminal at LBL will have convenient, direct access to every 

node. It will also be possible to provide convenient file transfer 

facilities for experimenters with microprocessor-driven data 

collection systems, or for work stations of many sorts which utilize 

floppy disks. 

• reliability and stability 

These arise out of two factors. First, the inherent reliability ot 

modern computing equipment is at least an order of magnitude better 

than that of the existing 6000 machines and the 7600. Second, each 

single component will be a smaller portion of the whole than is now 

the case. Indivi~ual failures will occur less frequently (because of 

more reliable design) and each will impact the users to a lesser 

degree. 

It is expected that all of the nodes, with the exception of the Nuclear 

Science on-line data reduction and analysis node, will be based upon 

standard hardware and software. That node, however, poses problems which 

are beyond the reach of conventional systems. For that reason, it is 

proposed ~hat it be designed and built by LBL, (A brief summary of that 

proposal is attached to this plan as Appendix A.) 
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~1AJOR COMPUTER REQUIREMENTS AND OTHER ADP CAPITAL 
(Dollars in Thousands) 

Site Lawrence Berkeley Laboratory - LBL 

I. General Management Computers - Capital 

A. Major ADPE Items 
B. Other ADPE 

. C. Software 
D. Site Preparation 

TOTAL 

Programmatic Distribution of Catetory 
I Capital 

At~ Geothermal 
EA Solar Applications· 
EC Bldg & Community Systems 
HA Environmental R&D . 
HB Life Sci. Res. & Biomed. App1. 
KA High Energy Physics 
KB Nuclear Physics 
KC Basic Energy Sciences 

Miscellaneous 
General Support 
Non-DOE LBL 
Non-LBL DOE 

. DOE Rel ated 
Others 
TOTAL 

II. Major ADPE Items: None 

FY 1980 

-0-
350 

5 
-0-
355 

8.8 
3.2 
9.6 
5.3 
2.8 

31.6 
13.1 
19.2 
9.9 

20.2 
16.3 
90.5 
47.9 
76.3 

354.7 

FY 1981 FY 1982 FY 1983 

-0- -0- -0-
600 950 1000 
10 15 15 

-0- -0- -0-
610 965 1015 

15.3 24.1 25.4 
5.5 8.7 9.2 

16.5 26; 1 27.4 
9.2 14.5 15.2 
4.9 7.7 8.1 

54.3 85.9 90.3 
22.6 35.7 37.6 
32.9 52.1 54.8 
17.1 27.0 28.4 
34.8 55.0 57.9 
28.1 44.4 46.7 

155.6 246.1 258.8 
. 82.4· 130.3 137.0 
131.. 2 207.5 218.2 
610.4 965.1 1015.0 

SCHEDULE A-l 

FY 1984 FY 1985 FY 1986 

-0- -0- -0-
1200 1400 1500 

20 30 30 
-0- ~O- -0-

1220 1430 1530 

.,. 

30.5 35.8 38.3 
11.0 12.9 13~>8 

32.9 38.6 41.3 . 
18.3 21.5 23.0 
9.8 11. 5 14.6 i 

108.6 127.3 136.2 
45.1 52.9 56.6 
65.9 77 .2 82:6 I 

34.2 40.0 42.8 
69.5 81.5 87:2 I 

56.1 . 65.8 70.4 I 

311 .1 364.7 390.2 
164.7 193.1 207.0 I 

262.3 307.5 '329.0 I 

1220.0 1430.3 1533.0 I 
I 



I 
OJ 
I 
I 

--' 
a 
U1 ........ 
." 
(1) 
0-

00 
a 

ADP OPERATING COSTS ASSOCiATED WITH GENERAL MANAGEMENT COMPUTERS 
(Dollars in Thousands' 

S1te: Lawrence Berkeley Laboratory - lBL 

I. Fund Costs 
A. In-House Personnel 

1. Software 
2. ADPE Operations 
3. ADPE Maintenance 
4. ADP Studies and Other 

Subtotal 

B. Other In-House 

1. ADPE Rentals 
2. Space 
3. Supplies and Other 

Subtotal 

C. Commercial Services 

1. ADPE Time 
2. ADPE Maintenance 
3. ADPE Operations 
4. Software PurchaseslLeases 
5. Software Development/Maintenance 
6. ADP Studies and Other 

Subtotal 

Subtotal of A. B, and C 

D. Allocated Expenses (LBL overhead) 

Total Fund Costs 
(Total of A. B. C. and D) 

SCHEDULE A-2 PAGE 101 2 

FY 1979 I FY 1980 I FY 1981 I FY 1982 I FY 1983 I FY 1984 I FY 1986 I FY 1988 

1050 
1113 
192 
495 

2850 

420 
-0-

1370 
1790 

-0-
806 

30 
20 

-0-
50 

906 

5546 

2187 

7733 

1300 
1122 

259 
680 

3361 

460 
-0-

1650 
2110 

1400 
1180 

290 
710 

3580 

540 
-0-

1800 
2340 

1500 
1240 

320 
750 

3810 

700 
-0-

2000 
2700 

-0- -0- -0-
760 800 900 

30 -0- -0-
20 25 30 

-0- -0- -0-
-0- -0- -0-
810 825 930 

I; 

1\ 

(i'i' /?:,:':i"";:;:.,: "}ii,i,iN: 

I): 

:;::::; 

9900 

)'::: 

:.:::::." 

Jr 

I 

~ :.::;'::: 

11000 
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AOP OPERATING COSTS ASSOCIATED WITH GENERAL MANAGEMENT COMPUTERS 

(Dollars in Thousands) 

SITE Lawrence Berkeley Laboratory - LBL 

II. Non·Fund Costa 
A. ADPE Depreciation 
B. Software Depreciation 
C. Space 
D. Other (Specify) 

Total Non·Fund Costs 

Total Site Operating Costs 
. (Total I and II) 

III. Distribution of Funded Costs by Program (Less 
Allocated Expenses-Total must equal total of 
I.A., 1.8., and I.C.) , 

AM Geothermal 
EA Solar Applications 
EC B1dgs & Community Systems 
HA Environmental R&D 
HB Life Sci. Res. & Biomed. App1. 
KA High Energy Physics 
KB Nuclear Physics 
KCBas;c Energy Sciences 
Mi sc. (AA ,AB ,AC ,AG05 ,AL ,AN ,AT05 ,AT20;, cr~, 

EE,EG,GA,LA,TA,TC) 
Ge.nera 1 Support 
Non-DOE LBL 
Non-LBL DOE 
DOE Related 
Others 

TOTAL 

FY 1979 

71 
-0-
126 
-0-

197 

7930 

... 
SCHEDULE A·2 PAGE 2 of 2 

FV 1980 .-FY 1981 I FY 1982r FYT983rFY19~)I:':.'~'~'=it';;:~:i < '.; i,.:[j.}I"c: .Iii it} """i\ ..... / { {.f( ii} 
} : YU I' :, •• ",. \{,.,)'<""""" .{., ••• ,\.. •.. {:.:.(..,. 

'" ""',',,,.. . ...•• : ••• :.. t·, '.'" •••... . ....••. ·../[..: .•• ·: •••• Wi.1 }~: :}i{/ "}'.)') 
i}'.:. ••..•.. .{ ii,)}> }.} ••..... .if (i •• ·:i::::;.-·:t 
i ••. :...?: :<: '\(h). '(x 

. Lt:;'! ?' I •• i·} ,:;.:;i:!j··:·i?/·· .. ··· .!,j:jliii··liliil!! 
li n...{ I·Jr· ••• " If>: i·".2"} '1>2 22£ ~ 

FY?979 I FY 1980·1 FY 1981 I FY 1982 1 FY 1983 1 FY1984 I FY 1985 1 FY 1986 

139 
50 

150 
83 . 
44 

494 
205 
300 
155 
316 
255 

1414 
749 

1192 
5546 

157 
57 

170 
94 
50 

559 
232 
339 
176 
358 
289 

1602 
848 

1350 . 
.. 6281 

169 
61 

182 
101 

54 
600 
250 
364 
189 
384 
310 

1720 
911 

1450 
'6745 

186 
67 

201 
112 

60 
662 
275 
402 
208 
424 
3~2 

1897 
1004 
1600 
7440 

205 
74 

221 
123 

66 
730 
303 
443 
230 
467 
377 

2091 
1107 
1763 
8200 

225 
81 

243 
135 

72 
801 
333 
486 
252 

·513 
414 

2295. 
1215 
1935 
9000 

248 
. 89 
267 
149 

79 
881 
366 
535 
277 

564. 
455 

. 2525 
1336 
2129 
9900 

275 
99 

297 
165 
88 

979 
407 
594 
308 
627 
506 

·2805 
1485 
2365 

r1000 



r 
t:O 
r 
I 

--' 
a 
........ 
"
"Tl 
CD 
CT 

ex> 
a 

MAJOR DATA COMMUNICATIONS ACQUISITIONS 
COSTS OVER $1,000,000 
{Dollars in Thousands) 

SITE Lawrence I Berke 1 ey Laboratory - LBL 

SYSTEM DESCRIPTION: 

NONE 

. 

PROGRAM/ITEM IDENTI~ICATION FY 1981 FY 1982 FY 1983 

Capital Investments 

Hardware 

Site 

Other 

Recurring Costs 

Commercial 

FTS 

Other 

TOTAL 

SCHEDULET-1 

FY 1984 FY 1985 FY 1986 

-
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DATA COMMUNICATiONS COST ESTIMATE 
(Dollars in Thousands' 

SITE Lawrence Berkeley Laboratory - LBL 
, 

OBLIGATIONS 
REPORTING CATEGORY 

FY 1980 FY 1981 I FV 1982 FY 1983 

, 

1. Capital Investments , 

A. Hardware ..;0:- -0- ~ -0- o -0-
. . 

.' ~ 

B. Site -'0;.. -0- ..:0- -0-
0 - -. ~ ••• "":",*,, . , - , , ' ~ ~ ~ 

, , 

Total Capital Investments I -0-· -0- -0- -0-

2. Personnel 
<' .' 

' . . . 
A. Compensation. Benefits. Travel 7 7 , 8 9 . ,> 

B. Work Years " .. , .2 .2 '.2 .2 
<, • " 

Total Personnel Costs 7 7 8. 9 

.~ 

3. Equipment leas8. space and other, 
operating costs . . 

~ 
0 " '0 .' - .. - '- . -~ ... , 

A. Hardware 
_.' ~. I < 85 85 ·80 80 

" 

B. Space 
~ .-0-, ' .-0- ., , -0- ..:0-' 

" , : 
" , '16 ': C. Supplies and Other .. ' 

,.13 14 15, --
~ .~ . ~< " ... ~ ~ . 

, 

~-

, SCHEDULE T·2 PAGE 1 of 2 

: 

I 

I 
FV 1984 FY1985 FY1986 

. 
-0- . -0- 0 

-0- I 

-0- -0- -0-, 

, -0-" -0- -0,- . 
,< ... I 

i 
I 
I 

9 10 ' , 10 . 
" 

.2 .2 .2 I 

9 . 10 10 
<'. 

• > 

" .. 
~ .. 

80 80 80 
" 

' . 

-0:- -0- -0-
" 

18 ~ 20 .22 " 

I 
-- -- --------'--, 

.-
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SITE 

DATA COMMUNICATIONS COST ESTIMATE 
(Dol/ars in Thousands' 

Lawrence Berkeley Laboratory - LBL 
I 

OBLIGATIONS 
REPORT1NG CATEGORY 

FY1980 FY 1981 FY 1982 FY 1983 
~ 

Total lease Costs 

4. Commercial Services 

A. leased ADP Communications Services 112 119 126 133 

B. System Engineering Services -0- -0- -0- -0-

C. Studies -0- -0- -0- -0-

D. Other -0- -0- -0- -0-

Total Commercial Services 112 119 126 133 

6. Interagency Services 

A .. Payments 

1. FTS -0- -0- -0- -0-

2. Other 60 65 70 76 

B. Offsetting Collections 

Total (Net' Interagency Services 

SCHEDULE T-2 PAGE 2 of 2 

FY1984 FY1985 FY1986 

- . 

142 150 157 

-0- -0- -0-

-0- -0- -0-

-0- -0- -0-

142 150 157 

-0- -0- -0-

82 88 95 
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SECTION J. CmU,tENTS ANP· POINTS OF CONTACT .. \ 

Jl. General Comments/Critical Issues 

None. 
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J2. Points of Contact 

Eric R. Beals 
User Relations, Computer Center 
Building SOB, Rdom 2232D 
Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Telephone: 415/486-5351 

FTS 451-5351 

David F. Stevens 
Department Head, Computer Center 
Building SOB, Room 2232E 
Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Telephone: 415/486-6363 

FTS 451-6363 

Robert J. Harvey 
Section Head 
Engineering & Technical Services Division 
Building 50, Room 345 
Lawrence Berkeley Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Telephone: 415/486-4764 

FTS 451-4764 
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'APPENDIX A 

The On-line Data Reduction and Analysis Node 

Creve Maples 

It is proposed to develop a specialized computer system specifically 

designed to deal with the problems associated with reduction and analysis 

of experimental data such as are acquired in nuclear science experiments. 

Such a facility would provide a highly interactive, graphics oriented 

environment capable of handling relatively large data bases for each user. 

Although advancing technology has succeeded in making modern computers 

faster and more efficient with respect to processing speeds, one class of 

data processing which has seldom been addressed directly in terms of both 

hardware architecture and system design is the general problem of highly 

interactive data processing. Such problems are typically characterized by 
\ 

potentially requiring arithmetic transformations and many levels of 

conditional testing on each word of the data base, and by the necessity of 

having a person interactively involved with the process in order to 

evaluate the results of each pass over the data base and to determine the 

conditions of the next pass. 

Experimental data normally consist of the measurement of various types of 

information (parameters) associated with detection of a physical occurrence 

(event) • Currently in experimental nuclear science the number of 

parameters per event tends to range from several to a few hundred, although 

new detection systems currently under development will extend this number 

into the thousands. Because of the enormous number of possible 
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correlations and permutations present in such data, it is: necessary for a . ' 

scientist to be intimately involved in the reduction andl analysis process. 

In this way the path of the analysis may be guided at each step by the 

,scientist's intuitive and subjective evaluation of the results up to that 

point. 

Currently the critical path in data analysis is getting the information 

back to the user for evaluation. In a small computer environment this is 

typically limited by CPU processing speeds and the lack of bulk storage 

capability. A large computer facility offers the advantages of large mass 

storage capability and fast processing speeds. Such systems, however, 

basically operate in a batch environment and are, in general, not easy to 

adapt to the high speed, graphics-oriented, interactive environment 

required. Analysis capability in such an environment is therefore 

currently limited by the time between job submittal and execution, and by 

the time necessary to create graphical representations of the results and 

get them to the user. Since data analysis is normally an iterative 

process, any delay in the turnaround of individual stages of analysis tends 

to be highly cumulative. Ultimately, however, the critical path is the 

user himself, and his capability to understand the relevant information 

contained in the complex, multi-dimensional data. 

The problem of data reduction and analysis is already a critical one within 

the Nuclear Science Division. Analysis of the results of a single 

experiment currently may involve between 20 and 100 magnetic tapes of data 

and may require hundreds of hours of processng time on our present 

interactive systems. Other research laboratories, such as LASL, have 
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.estimated that current nuclear physics experiments require between 200 and. 

1000 hours of processing to extract the basic physics results. It is, 

therefore, not uncommon for complete analysis of results to lag six months 

to a year behind experiments. The development of a specialized computing 

system has therefore been proposed to deal with these problems directly. 

The purpose of such a facility would be to provide a highly effective 

interface between the computer and the user, and in this manner to create 

an environment designed to optimize the effectiveness of the user and to 

minimize the real time necessary to complete a given analysis problem. 

,In order to provide an effective interaction from a user's perspective, the 
i 

design goal of the facility is to allow data processing at an average speed 

of approximately four microseconds per word for typical analysis problems. 

This processing would include data retrieval, transformation, correlation 

checking and sorting into final displays. This average speed would 

correspond to processing the equivalent of one magnetic tape of information 

in approximately thirty seconds. 

Initial design studies indicate that an interactive data analysis computer 

with the desired processing and mass storage capability could be developed 

by utilizing state-of-the-art microprocessor tech~ology in a distributed 

and parallel processing environment. It is estimated that a facility 

supporting 2 to 3 interactive users, such as shown in Fig. 1, could be 

constructed for a total capital equipment cost of about $370K. The 

manpower requirement estimated for the development and construction is 18 

FTE (3 FTE software and 3 FTE hardware support for 3 years). For those 

classes of problems involving sequential analysis of data, this proposed 
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facility should have a processing capability approximately equivalent to 

75% of a dedicated CDC 7600. 

The design 

capability 

of the 

beyond 

interactive analysis computer includes expansion 

the basic 2-3 user system initially proposed (Fig. 1). 

The basic design is expandable, as required, up to a 10-12 user 

environment. If fully expanded, the facility would have a processing 

capability (for the class of problems discussed previously) equivalent to 

between 3 and 4 CDC 7600's. Although expansion costs would not increase in 

a linear fashion, an average capital equipment cost to support each 

additional pair of users added to the facility is about $220K. 

In summary, the key features of the proposed data analysis computer system 

are as follows: 

1) Highly interactive - This permits users to deal with graphical 

displays of information in an interactive fashion. A scientist 

would be able to impose analysis criteria interactively, with a 

minimum dependence on typed input, and to be able to rapidly see 

and manipulate the results. 

2) Fast data analysis - The fast analysis of raw data would be 

achieved by utilizing parallel CPU's to process the independent 

events once a given set of analysis conditions were established. 

3) Optimized I/O transfers - Processing delays due to I/O transfers 

would be minimized by utilizing intelligent and independent I/O 

processors and a multiple-bus structure to overlap data transfers 

with processing time. 

LBL-115/Feb 80 



LBL ADP LONG RANGE PLAN 

4) Modular construction - A modular design is utilized to separate 

independent analysis functions in order to minimize the system's 

dependence on anyone device and to facilitate future 

modifications and enhancements as new technology dictates. The 

software architecture will also be modular in nature. By 

dividing analysis problems into two functional parts, interactive 

and batch, and by adopting a relatively straightforward 

master-slave hierarchy within the distributed environment, it 

should be possible to minimize the general problem of 

communication and control and to greatly simplify the overall 

software architecture. 

5) Ease of usage - To enable us~rs to easily utilize the processing 

capability of the system, the parallel processors should be 

directly programmable in Fortran. Further, all user setup and 

control of either the distributed processor system or the 

interactive terminal will be through standard Fortran library 

calls. The actual details of operation of the distributed 

environment should be transparent to the user. 

By separating the problem of data analysiS into two functional parts, 

real-time interactive and repetitive batch calculations, a multi-level 

parallel-processing framework may be used to achieve high-speed data 

processing. This architectural framework, together with the modular 

utilization of intelligent hardware for certain time criti~al functions, 

should permit the proposed facility to develop and adapt to both future 

demands and technological advances. 

LBL-116/Feb 80 



/' 

OUTPUT 
FORMATTER 

APPENDIX A - FIGURE 1 
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Fig.1 Proposed basic layout for a high-speed. interactive computer 
system for reduction and analysis of sC,ientific data. 
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APPENDIX B LAWRENCE BERKEI.E}' LABORATORY· 

COMPUTER CENTER RATE SCHEDULE 

January I, 1980 

(1) Rates 80.04 per Accounting Unit (AU) + LBL Overhead 

Note: This approximates 8225 per hour for the CDC 6600 or 8900 per hour for the CDC 7600. 
Then' is no exact hourly rate available, but for estimation purposes these rates approximatl' 
charges made by a typical job's lise of the facilities. 

(2) A ccoullting Algorithm 

(3) 

(a) A ccoulltillg Ullits (A Us) 

AUs = P*CU+J on weekdays 

= D*((P*CU)+J) on weekends and holidays 

where D = 0.75 for CDC 7600 jobs on nonholiday week ends and midweek holidays 

0.5 for CDC 7600 jobs on holiday weekends* and for Ell CDC 6600 jobs on weekends 
and holidays 
*(Holiday weekends are those ex tended by a holiday on Friday or Monday or both.) 

P = 2.0 for rush jobs 

1.0 for 1I0rmai jobs 
0.75 for deferred jobs Oil weekdays 
0.5 jiJr deferred jobs Oil weekends or !Jolidays 

J = 10 for CDC 7600 job alld 2 for CDC 6600 job 

(b) Computing Units (CUs) 

7600 eus = 3*(CP+SS)+0.5*BLD + ITO + S1:·1GING 
6000 CUs = (M*CP+20*Kl .. 1R)*(1+CM/32768)+(N*MT)+TTY 

where CP = CPU time in seconds used by the job 
SS = CPU time for 7600 jobs' systems tasks 
BI.D = LCM buffer loads 
ITO = Interji'rellce to othas factor 

= (4*MAX(J.2*CP, BLDI3)· (3*CP+BLDI2»" LCMI400000 IO 
I.C,\! = installtallCous LC.\l field lellgth 
MAX = algebraic maximum 

STAGING = staging job's CUs Oil the 6000 computers 
,H = 0.7 for 6600, 0.4 for 6400 
K.HR = lIumber of mOllitor requests for system services (ill thousands) 
C.\I = instantaru'ous field length 
.HT = number of magnetic topes hung 

. N = 10 CU s for non·A TL tapes; 5 CU s for A TL tapes 
TTY = teletype CUs if a teletype is COllllcCtl'd to the job: 

midllight to 6 A.\!: 0.25 CU/conlll'ct minute 
6.'1.\1 to 10 .tIM: 0.50 
10 AM to 6 PM: 1.00 
6 PJl to midnight: 0.50 

plus a surcharge of 3 CUs per teletype CU for interactive connections via ARPANET 
or TYMNET 

Supplies and Handling Charges 

O. lOA U per prin ted page 
0.05 AU per punch cord 
5.00 AU per 105mm fiche 
0.20 AU per 35mm frame 
0.10 AU per 16mm frame 

1.00 AU per 20 inches ofCa/comp plot paper or per 1 minute of plotting time 
35.00 AUs per ZETA plotter frame plus 0.5 AU pcr block (1,024 characters) 

transferred 
5.00 AUs per queued output fileprocessed on weekdays 
2.50 AUs per queued output file processed on weekends or holidays 

(4) Remote Use Charges 

Line Capacity Dial Up Lilli' (/Jell System) 

83.50/hr + LBL overhead 
85.00/hr + LBL overhead 
not ~vailable 

Dedicated I. ill I' 

1150/month + LBI. overhead 
8200/month + LBL overhead 
1275/month + LBL overhead 
8300/month+ LBL overhead 

2000 baud 
4800 baud 
7200 baud 
9600 baud not available 
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(5) Monthly Storage Charges 

Program Storage System: $0.75 per PSS allocation unit (5,500 60-bit words) 

Magnetic Tapes: $0.375 per assigned tape in the active tape library 
$0.175 per tape in the inactive tape library 
$0.075 per tape in the archival tape library 

(6) Magnetic Tape Transaction Charges 

Nonlibrary Tapes: 

$1. 75 per tape entered into the active tape library 
$0.375 per tap'e entered into the inactive tape library 
$0.375 per tape entered into the archival tape library 
$0.375 per tape submitted at the I/O counter for any other action 

Active Library Tapes: 

$0.375 per tape returned to the Computer Center after a temporary withdrawal (seven days or less) 
$1.75 per tape returned to the Computer Center after a permanent withdrawal (more than seven days) 

Inactive Library Tapes: 

$1.75 per tape withdrawn or reactivated in quantities of one hundred or less 
$0.50 per tape withdrawn or reactivated in quantities greater than one hundred 

Archival Library Tapes: 

$5.00 per tape withdrawn, reactivated, or transferred to the inactive tape library in quantities of one and two 
$2.50 per tape in quantities of three through ten 
$1.75 per tape in quantities of eleven through one hundred 
$0.50 per tape in quantities greater than one hundred 

(7) LBL Overhead 

Charges described above are all subject to the current Laboratory overhead charge. 
This is estimated at 40%% for the fiscal year ending 9/30/80 but is subject to monthly fluctuations. 

1/1/80-Revised 
TPH 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California. the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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