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Energy permits things to exist;
information, to behave purposefully.

Willis Howard Ware, 1997
—The First Law of Information Primacy’

When the events and achievements in this document were unfolding, the centrality of
information in the scheme of things was only vaguely recognized and little discussed.
Today, the role of information in the affairs of society, of organizations, of countries,
of the world, and of the individual is widely recognized, discussed, researched, and

understood. In this document are the earliest beginnings of it in one organization:
the RAND Corporation.

' "The author was led to frame this thought in his consideration of protecting the infrastructure of the United States
against threats of various kinds, in particular against deliberately invoked ones. This statement reflects his judgment of
the priority of energy and information relative to other segments of the infrastructure. See Ware (1998).
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Preface

'This document began as a summary of the computer-science research of the RAND com-
puter department, then morphed into a reasonably comprehensive professional memoir that
records and describes achievements, organizational details, and activities of the RAND
department that supplied the corporation with computing support and conducted a pro-
gram of computer-science research. Variously named over the years, the department’s life
span paralleled the evolution and growth of a commercial computing industry and the
concurrent rise of computer science as an accepted discipline in academia.

While the document describes the computer machinery that RAND researchers and
staff used and the environment in which it operated, it provides no extensive coverage of
the programming side of the department nor of the programmer cadre. The many proj-
ects that they have undertaken are so varied that it would not be possible to even catalog
them, much less to discuss them in detail. A few individuals are mentioned by name, but
there were hundreds of others, many of whom made significant and lasting software con-
tributions. Likewise, there is no discussion of the many who kept the machines running,
funneled punched cards and magnetic tapes into and out of equipment, kept printers
loaded with reams of paper, punched endless IBM® cards, and generally made the com-
puter shop run in an efficient and orderly manner. Theirs is a story unto itself.

The document’s source materials are varied and include both published and
unpublished material, including ephemera. For many topics discussed herein, the princi-
pal published RAND documents are cited. Others are available most readily by browsing
the RAND online bookstore by author.? We have done our best to ensure correct and
working references to any online material, but of course such materials can move or be
deleted without notice at any time, thus rendering those references potentially irretriev-
able, with the concomitant loss of historical material. The department produced its share
of RAND documents, and a small number of these are available online through RAND.
Published documents are available through RAND as well. However, many activities
(especially in the earlier days) were not documented at all, or their content and effect were
reflected in letters, internal memoranda, personal notes, or personal files. Most of the
latter have vanished over the years or rest in boxes stored in garages, attics, or unknown

2 See RAND (2007e).
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other places. For many subjects and projects, there are no known publications—formal or
internal. There are only memories.

The department staff included no historian or archivist. Thanks to the efforts of the
current RAND archivist, Vivian Arterbery, there is some material in the RAND corpo-
rate archives, access to which is open to qualified historians. The materials on which this
work is based—e.g., email messages, documents, downloads—have been deposited with
the RAND archivist and are available to accredited historians on request. A few personal
collections of material or collections of RAND-published documents have been trans-
ferred to archives at the Smithsonian Institution (Jerome and Dorothy Lemelson Center
for the Study of Invention and Innovation at the National Museum of American History
in Washington, D.C.), the Computer History Museum (Santa Clara, California), or the
Charles Babbage Institute Center for the History of Information Technology (University
of Minnesota Institute of Technology, Minneapolis, Minnesota).

RAND, as well as a generous grant by Paul Baran, supported production and publi-
cation of this document.’

Comments and questions should be directed to the compiler and primary author:
Willis H. Ware, RAND Corporation, 1776 Main Street, P.O. Box 2138, Santa Monica,
CA 90407-2138, 310-393-0411 x6432, Willis_Ware@rand.org, http://www.rand.org.

3 The entire initial manuscript was prepared in a simple ASCII editor running in a DOS window under Microsoft®
Windows® 2000 Professional. It is named esp and is a PC/DOS-oriented version of e, a RAND editor. esp was written
by William Rogers, a member of the RAND economics department, whose company (Software Resources) provided
RAND unlimited use of it in exchange for being allowed to use e as a design model. The many DOS files were then
transferred to Microsoft Word® files to be integrated into a single volume, revised, and edited.
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CHAPTER ONE

Introduction

“So very difficult a matter it is to trace and find out the truth of anything in
history.”
—Plutarch, The Life of Pericles

Purpose and Scope

This document describes, in rough chronological order, the achievements of a RAND
department that has been named progressively Math-II, the numerical analysis depart-
ment, the Computer Sciences Department (CSD), and the information sciences depart-
ment. The department’s time span extended from the formation of Project RAND (pre-
decessor to the RAND Corporation) in 1946 through 1990, when all discipline-oriented
departments in RAND were dissolved in favor of a programmatic organization.

From its earliest inception throughout much of its existence, the department had
two missions and was two-pronged organizationally. It not only provided computing
and programming services to the corporation but also conducted research projects that
today would be called computer science. However, as computing—in the largest sense—
evolved and matured, so did the capability to exploit machines by the user base through-
out RAND. Inevitably, the user community developed its own ability to program and
utilize computers. Thus, over time, this led to a decline in the programming activities
within the department.

In the department’s later history, the services and programming functions split off
administratively and organizationally and became a separate function within RAND. By
that time, there was an extensive commercial computing industry, and RAND’s com-
puting support was based almost solely on market products. From its beginning through
1983, the department also included a small but excellent model shop with extensive
mechanical and electronic capabilities.

Many of the efforts described herein were a search for new knowledge with regard to
the sophisticated use and exploitation of computers. Others, however, were very much ori-
ented to the application of computer technology to real-world studies and client problems
associated with policy studies. A few addressed important collateral and less technical issues
of infusing computers and their functional capabilities into an organization—for example,
the proper management approach and techniques for software-development efforts.
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In particular, through much of the department’s history, there were ongoing and sub-
stantial interactions with RAND’s principal client, the U.S. Air Force (USAF). Often,
this would be via participation on advisory groups and committees; at other times, it
was through individual contacts and personal relationships. Topics of the day included
the overall management of computing technology throughout the USAF organizational
structure,! computer-system acquisition for new applications, software-development
issues in major programs (not only in ground-based database installations but also in real-
time weapon-system applications), computer technology in aircraft avionics, and person-
nel training. At the time, such activities were spoken of as “helping the client”; today,
they would likely be called policy studies.?

Beginning somewhat later, approximately 1959, there was also a very close and intense
ongoing relationship with the Advanced Research Projects Agency (ARPA), which sup-
ported much of the computer-science research.

While many projects originated within the department, others originated in other
departments as innovative and often edge-of-the-art utilization of programming tech-
nology and computing power. Projects originating within the department usually pushed
the computer-science frontier. Those originating in other departments usually pushed the
computer-application frontier. Both types of project have been important influences on
the development and evolution of computer science and applications.

The department’s timeline paralleled the evolution of the computer hardware and
software industries and the concurrent widespread utilization of the technology in the
private, academic, and government sectors. It was also a time of growth for the profes-
sional societies and user groups that supported and helped create the field. Many members
of the department’s staft were stalwart participants, leaders, and officers in the new orga-
nizations that were formed and in older ones that were reinvented: notably, the Institute
of Radio Engineers (IRE) and its successor, the Institute of Electrical and Electronics
Engineers (IEEE); the Association for Computing Machinery (ACM); and the Ameri-
can Institute of Electrical Engineers, which joined with the IRE to become the IEEE.3

Since this is a memoir of the computing activities at RAND that emphasizes the
early days, many of RAND’s most profound achievements are not included or mentioned.
In particular, the mathematics department is not treated, although it and the computing
activities were intimately involved during the development of (among other things) linear

1 For example, see Drezner, Shulman, and Ware (1975).

2 One such effort concerned the development phase of the USAF F-16 aircraft, which was among the first of the
software-intensive and software-controlled vehicles. Hyman L. Shulman (of RAND’s engineering department) and
Willis Ware (of the Computer Sciences Department) periodically made joint visits to the USAF System Project Office
(SPO) at Wright-Patterson Air Force Base, Ohio, the contractor (General Dynamics in Fort Worth, Texas), and vari-
ous air-staff offices. They persuaded the SPO director that he needed a full-time software expert on his staff and acted
as an informal liaison and review mechanism to help alert the SPO to threatening or impending software problems.

3 For a fuller discussion of this aspect of department history, see the section on professional societies in Chapter
Seven.
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programming, dynamic programming, game theory, modeling, and simulation.* Nor is
there any discussion of the extensive work of RAND in military logistics, nuclear physics
and atomic weaponry, strategic doctrine and tactics, the international economics of many
countries, or military weaponry and utilization.

'This document does not attempt to fit all the achievements and contributions of the
department into the progress of the external world, nor does it always attempt to assess their
effect and importance. On the other hand, sometimes there are documents or memories
that relate a particular achievement to the world outside or to a particular client. At other
times, there is a positive indicator or indirect feedback that some aspect of the department’s
work had influence or a direct effect. When known, they are identified and included.

For example, many individuals in the computing department achieved national rep-
utations for their work; many went on to larger and more-prominent positions in univer-
sities and the commercial world. Three individuals who were either RAND staff mem-
bers or closely connected consultants became Nobel laureates: William F. Sharpe, Harry
Max Markowitz, and Herbert Alexander (Herb) Simon.> Others were honored by the
National Academy of Engineering (NAE): Paul Baran, Keith William Uncapher, and
Willis Ware. Four others received the ACM A. M. Turing Award, the most prestigious
award in computing science: Allen Newell and Herb Simon (1975), Ivan Sutherland
(1988), and Ed Feigenbaum (1994).

In short, this document augments currently available histories of RAND by captur-
ing and recording a part of the corporation’s achievements that are not elsewhere chron-
icled in detail.

Organization of the Document

'This document basically follows the chronology of events and projects in the department
as they unfolded. The successive topics are often independent and may have little com-
monality. There is no story line or topic that threads them all together neatly, other than
the department itself. Occasionally, topics are clustered with others of mutual relevance.
Since a reader may well choose to pick any topic about which to read, the document is
written so that each section and subsection can stand on its own and not require the
reader to flip back and forth to other sections. To support this flexibility, there is a small
amount of intentional repetition.

To provide context for the department’s activities, the document begins with a brief
history of the RAND Corporation. This is followed by an overview of the computer-
related activities of the first 35 or so years of RAND’s existence. Following the over-
view and keyed to it, there is a collection of individual topics of various kinds. The major

4 Fora short history of RAND’s contributions to mathematics, see Augenstein (1993).

> Herbert Simon, now deceased, was a longtime member of the Carnegie Institute of Technology (now Carnegie
Mellon University) faculty.
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projects or groups of projects are discussed in a series of short essays. Other subsections
describe smaller projects or relate lesser events, even simple incidents or happenings that,
in retrospect, may seemingly have little import but that were significant at the time.
Finally, there are anecdotes, sometimes of an operational nature and sometimes of a
personal nature. The point of including collateral events and anecdotes is in part to enrich
the reader’s understanding of the department; their inclusion also provides insight to the
computing culture of the time, the personalities of people, the attitude of vendors of the
day, the hardware and software state-of-art, and, occasionally, some policy matter that
would later become important to the field at large or to an organization. The hope is to
capture not only the essence of the achievements themselves but also the joie de vivre of
those working so close to the edge of the state of the art of computing in its early years.
'The reader who wants just a “once over lightly” should read Chapter Two, particu-
larly the second major section, “RAND Contributions to the Development of Comput-
ing.” It can serve as an executive summary of the major topics of the entire document.



CHAPTER TWO

The Department

Conceptually, RAND is a technique in synthesis whereby scientific knowledge and

talents are brought to bear upon military problems to aid the Air Force in the for-

mulation of plans and policies. The technique is multi-disciplinary. Diverse skills

and professions are organized to function as a team. It is of general applicability

and can be employed in the analysis and solution of almost any type of complex
problem requiring a scientific approach.!

—H. Rowan Gaither Jr.

then chair of the board of trustees

RAND Corporation

The Genesis of RAND
RAND, the corporation, celebrates its 60th anniversary in 2008.> On May 14, 1948, Project
RAND—an outgrowth of World War II—had separated from the Douglas Aircraft Com-
pany of Santa Monica, California, and became an independent, nonprofit organization. The
new entity was chartered in the state of California to “further and promote scientific, educa-
tional, and charitable purposes for the public welfare and security of the United States.”
Known initially as the RAND Corporation, it quickly developed a unique style of
policy study, blending a scrupulous nonpartisanship posture with rigorous, fact-based
analysis to tackle society’s most pressing problems. Early on, these efforts focused on
national-security questions, including nuclear and atomic issues. Later, the organization

was renamed RAND, but, in 2003, it again became the RAND Corporation. By the

1 This characterization of RAND’s research methodology is from the front matter of a corporate brochure that was
used for general informational purposes and recruiting. It is neither dated nor identified with a document number, but
it was most likely produced in the early 1950s. Today, of course, the phrasing would have to be generalized to read,
“brought to bear upon client problems to aid it—the client—in the formulation of plans and policies.” The document is
quite complete and contains fascinating data. For instance, the personnel manager was Cecil Weihe; the sabbatic vaca-
tion plan is described; a major surgical operation under the Ross-Loos Medical Group plan was $25, and a nighttime
physician house call, $3.50.

2 'The story of RAND?s origin has been written many times in many ways for many occasions. Rather than recreate a
wholly new version, this present one is derived from a brief history of RAND (RAND, 2008a). The abbreviation RAND
is derived from research and development. It was not long before pundits, used to thinking of engineering development as
following scientific research, twisted the meaning to be “research and no development.” The name would sometimes be
confused with similar established corporate names (e.g., Ingersoll-Rand Company, Remington Rand, Sperry Rand); with
another Rand Corporation that existed in Cleveland, Ohio; and even with entertainer Sally Rand. Occasionally, someone
would ask, “Who is Mr. Rand?” The present corporate name—RAND Corporation—is protected by trademark.
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mid- to late 1960s, it was bringing its trademark mode of empirical, nonpartisan, inde-
pendent analysis to the study of urgent domestic social and economic problems as well.
More recently, it has extended its scope of interest to international and foreign issues.

Over time, RAND assembled a unique corps of researchers, notable not only for
individual skills but for interdisciplinary cooperation. Importantly, it also evolved a sup-
porting culture that could sustain and nourish a diverse collection of personalities—many
of them individually strong—while encouraging their collective team performance.

It was rare to find such a wide range of backgrounds within a single organization,
and rarer still for them to collaborate routinely and effectively. At RAND, scientists and
engineers, social scientists from many specialties, humanists, and members of the various
professions collectively addressed the problems and concerns of society and its organiza-
tions locally and around the world.

The essence of RAND is the analytic examination of complex problems, be they
technological, policy, mathematical, social, or some combination of these and possibly
other aspects—and no matter how complicated. Over the years, the studies have become
predominantly policy-based, typically with a mathematical or technological component.
'Thus, from the very beginning and continuing to the present, there has been an empha-
sis on methodology, techniques, and technology to achieve analytic solutions to even the
most demanding and intricate issues of study.

The Need for a New Kind of Organization
World War II had demonstrated to U.S. military and policy planners the importance of
technological research and development for success on the battlefield. It also highlighted
the wide range of scientists and academics outside the defense establishment who made
such development possible. Furthermore, as the war drew to a close, it became apparent
that complete and permanent peace might not be guaranteed. Discussions among people
in what was then the war department, the Office of Scientific Research and Develop-
ment, and industry focused on the need for a private organization to connect military
planning and operations to relevant research and development.

In areport to the secretary of war, commanding general of the U.S. Army Air Forces

(AAF) H. H. [Hap] Arnold wrote,

During this war the Army, Army Air Forces, and the Navy have made unprec-
edented use of scientific and industrial resources. The conclusion is inescapable that
we have not yet established the balance necessary to [ensure] the continuance of
teamwork among the military, other government agencies, industry, and the uni-
versities. Scientific planning must be years in advance of the actual research and
development work.?

3 Arnold (undated).
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From these interactions came the concept of a Project RAND.* In addition to Gen-
eral Arnold, key players were Edward L. Bowles of the Massachusetts Institute of Tech-
nology (MIT), a consultant to the secretary of war; Gen. Lauris Norstad, then assistant
chief of Air Staff, Plans; MG Curtis LeMay; Donald Wills Douglas, president of Doug-
las Aircraft Company; Arthur Emmons Raymond, chief engineer at Douglas; and Frank
Collbohm, Raymond’s assistant. (During the war, Bowles had brought both Raymond
and Collbohm to the Pentagon to work on a special project that analyzed ways to improve
the B-29’s bombing effectiveness.)

The Douglas Years

On October 1, 1945, Arnold, Bowles, Douglas, Raymond, and Collbohm met at Ham-
ilton Field (later Hamilton Air Force Base), California, to set up Project RAND under
a special contract to the Douglas Aircraft Company, then in Santa Monica, California.
Project RAND commenced operations in December 1945, expending a total of $640 in
its first month of operation. That same month, the new office of deputy chief of Air Staff
for Research and Development, to which Project RAND would report, was officially
established, with Major General LeMay as its first appointee. On March 2, 1946, a letter
of contract was executed that put Project RAND under Frank Collbohm’s direction in a
separate area within the Douglas Aircraft plant, physically located at the municipal Clo-
verfield Airport in Santa Monica, California.’

In May 1946, the first RAND report appeared, Preliminary Design of an Experimen-
tal World-Circling Spaceship.® It concerned the potential design, performance, and possible
use of “world-circling spaceships—satellites, as they would now be called. A year later,
Project RAND moved from the Douglas plant to a location in downtown Santa Monica
at 4th Street and Broadway. The building had originally been the site of 7be Evening
Outlook, a Santa Monica newspaper, but has long since been demolished for a commercial
mall and parking structure.

4 There are several books and documents about RAND and its activities, including Bruce L. R. Smith (1966); RAND
(1973); Ware (1976); Merton E. Davies and Harris (1988); Fred Kaplan (1991); Trachtenberg (1991); Hafner and Lyon
(1996); Jardini (1996); and May (1998); Hounshell (1998); Light (1998); and Collins (2002).

There is also a group of partially completed but unpublished documents from a corporate history effort of 1988—
1989. It was undertaken in connection with the RAND 40th-anniversary exhibit. Among other things, it contains a
group of documents that examined the status and performance of federal contract research centers (also called federally
funded research and development centers, or FFRDCs). See Jackson (1989a, 1989b, 1989c¢, 1989d).

5 'The buildings and hangers in the southeast corner of Santa Monica that fronted on Ocean Boulevard and housed the
Douglas Aircraft Company have long been demolished. The area was redeveloped as a contemporary industrial park,
but the airport per se continues to function for light planes and corporate jets.

® Clauser (1946). This document and its supporting analysis were completed in three weeks at the request of Major
General LeMay. Consisting of 21 chapters, each was written by one or more authors. Some of the authors subsequently
became well known in science and defense matters (e.g., Louis Ridenour, David Griggs); others joined RAND (e.g.,
James Lipp, Glenn Harold Peebles, Curtis Victor Sturdevant). The document has been republished.
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By early 1948, Project RAND had grown to 200 staff members, including math-
ematicians, engineers, aerodynamicists, physicists, chemists, economists, and psycholo-
gists. Its second annual report noted that

the complexity of the problems, and the rapid, if uneven, advances in the various
fields call for coordination, balance, and cross-fertilization of effort. Coming from
the laboratories of industry, the seminars of universities, and the offices of admin-
istration, the RAND stafF is very conscious of this need for teamwork.”

An Independent, Private Nonprofit Organization

'The arrangement with Douglas had its pluses and minuses for both parent and offspring.
Among others was the reluctance of other companies to share their corporate secrets
and plans with Douglas—a potential competitor. By late 1947, separation was being dis-
cussed. In February 1948, the chief of staff of the newly created USAF wrote a letter to
Donald Douglas that approved the evolution of Project RAND into a nonprofit corpora-
tion, independent of the Douglas Aircraft Company. Horace Rowan Gaither, a promi-
nent San Francisco attorney who later served as president and then as chair of the board
of the Ford Foundation, was retained as legal counsel to determine the best means of set-
ting up an independent RAND Corporation.

By May, arrangements had been made with the Pacific National Bank, the Wells
Fargo Bank, and the Union Trust Co. for lines of credit, provided that additional capital
or other assets could be secured from other sources.

On May 14, 1948, the RAND Corporation was incorporated as a nonprofit orga-
nization under the laws of the state of California. The articles of incorporation set forth
RAND’s purpose in language that was both remarkably brief and breathtakingly broad:

To further and promote scientific, educational, and charitable purposes, all for the
public welfare and security of the United States of America.?

The three signatories—Collbohm, Gaither, and Lawrence J. (Larry) Henderson Jr.,
RAND?s associate director—together with eight other prominent individuals selected from
academia and industry constituted RAND’s original board of trustees. The other eight were
Charles Dollard, president, Carnegie Corporation of New York; Lee Alvin DuBridge, presi-
dent, California Institute of Technology; John A. Hutcheson, director, research laboratories,
Westinghouse Electric Corporation; Alfred L. Loomis, scientist; Philip M. Morse, physi-
cist, MIT; Frederick Franklin Stephan, professor of sociology and statistics and director,
Office of Survey Research and Statistics, Princeton University; George D. Stoddard, presi-
dent, University of Illinois; and Clyde E. Williams, director, Battelle Memorial Institute.

7 RAND (1948a).
8 RAND (1948b).
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Informal discussions with representatives of the Ford Foundation led to an agree-
ment at the end of July 1948 for an interest-free loan from the foundation and its guar-
antee of a private bank loan to RAND. A total of $1 million was secured for operating
the new corporation. Four years later, an expansion of the foundation’s loan enabled the
establishment of a RAND-sponsored research program, which afforded the staff means
to conduct small nonmilitary research projects. This marked the beginning of the diver-
sification of RAND’s agenda and was the first of many grants to RAND from the Ford
Foundation to support important new research initiatives.

On November 1, 1948, the Project RAND contract was formally transferred from
the Douglas Aircraft Company to the RAND Corporation.

The Nature of RAND’s Contributions

Many of the highlights of RAND’s eatly contributions to policymaking were summa-
rized in a 1996 book commemorating the 50th anniversary of Project RAND, predeces-
sor of the RAND Corporation.” In his doctoral dissertation examining RAND’s early
years and the broadening of its research agenda, historian David R. Jardini of Carnegie
Mellon University compiled an exhaustive list of contributions by RAND researchers
that went far beyond assistance to military decisionmakers.!® They included significant
achievements in space systems, the foundation for the U.S. space program and various
fields of mathematics, and important contributions to digital computing and the branch
of computer science known as artificial intelligence (AI).

Theories and tools for decisionmaking under uncertainty were created, and basic
contributions were made to game theory, linear and dynamic programming, mathemati-
cal modeling and simulation, network theory, cost analysis, and, importantly, computing
technology. Researcher Paul Baran’s work on distributed communications, for example,
undergirds today’s Internet and helped provide the building blocks for it and World Wide
Web technology.

Jardini singled out for special recognition the methodological approach called system
analysis, whose objective was “to provide information to military decision-makers that
would sharpen their judgment and provide the basis for more informed choices.”! As
RAND?’s agenda evolved, Jardini noted, “systems analysis served as the methodological
basis for social policy planning and analysis across such disparate areas as urban decay,
poverty, health care, education, and the efficient operation of municipal services such as
police protection and fire fighting.”?

? RAND (1996).
10 Jardini (1996).

n Jardini (1996, p. 13). In the taxonomy of today, the phrase policy analysis has come to replace system analysis as the
top-level methodological label for analytic studies of policy issues. As such, RAND now regards itself to be a policy-
analysis house and structures its doctrine and culture in that image.

12 Jardini (1996, p. 13).
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U.S. priorities have always shaped RAND’s research agenda. With roots in the Cold
War competition with the Soviet Union, the early defense-related agenda evolved—in
concert with U.S. attention—to encompass such diverse subject areas as space, economic,
social, and political affairs overseas and the direct role of government in social and eco-
nomic problem-solving at home.

RAND Contributions to the Development of Computing

Project RAND—renamed Project AIR FORCE in 1978—has a historic record of
achievement in the development of computing: RAND staff designed and built one
of the earliest computers, developed an early online, interactive, terminal-based com-
puter system, conceived the telecommunication technique that has become the basis for
modern computer networks, and, very significantly, contributed to the evolution and sub-
stance of modern-day software technology.'

In the Beginning

When Project RAND began within the Douglas Aircraft Company, the automated tools
of analysis were punched-card electric accounting machines (EAMs) and mechanical
desktop calculators for numerical calculation and, for simulation, analog computers.

In 1948, Project RAND acquired an early model Reeves Electronic Analog Computer
(REAC) and almost immediately made a number of significant improvements to it, many
of which were quickly absorbed by the tiny postwar analog computing industry. REAC®
supported many of the early studies on missile trajectories, air-to-air combat maneuvers,
and earth-to-moon orbits—the last far in advance of national attention to the subject.

Numerical calculations were carried out by hand, using large worksheets to organize
the flow of the computational algorithm and its data, plus groups of people with March-
ant, Friden, and Monroe calculators to do the arithmetic.!®

The mechanized computational devices of the day were punched-card equipment—
key punches, sorters, card punches, card readers, tabulators. The “problem solutions” of the
time were evidenced in plugboards of various sizes, whose wiring sequenced events within
the attached card device, numerous trays of 5,000 cards each, rows of file cabinets full of
cards, paper printouts, and the rhythmic sounds of mechanical equipment at work.

13 "This overview is derived from an essay prepared by Willis Ware for a special publication honoring the 50th anni-
versary of the RAND-Air Force relationship (RAND, 1996). It has been supplemented by historical facts assembled
from many sources, including extensive email interactions with RAND alumni. Much of this material is not elsewhere
documented or published in a cohesive collection.

14 Bijt Gunning was the leader in this work.

15 Tndividuals associated with the REAC include Edwin W. (Ed) Paxson Jr., Edward Del.and, Calvin Nissen, and
Arnold Stifel Mengel.

16 Many of the so-called calculator operators were, in fact, trained mathematicians. Among others would be Ber-
nice B. Brown and Lucille Sollberg. Although the punched-card operation was centralized within the NAD of the
mathematics division, the so-called hand calculators were distributed among the several other analytic departments.
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As quickly as new models of equipment became available, Project RAND ordered
them: the IBM 407 Accounting Machine, a cube-shaped “ice box” that stored ten 10-digit
numbers; the IBM Card-Programmed Electronic Calculator (CPEC); the IBM 609 elec-
tronic calculator, and improved key punches.

Punched-card devices are programmed by making electrical connections among the
parts through wiring on removable plugboards. Innovative RAND analysts!” created
large and complex plugboards in a continuing effort to create the most general-purpose
calculating environment possible. The plugboards were the software of the day; the pro-
cedure writers, the programmers of the day.'

An Early Computing Success

Analytic demand for truly random numbers for modeling studies led to the construction
of a special electronic mechanism to generate random numbers and punch them onto
cards.”” Eventually, this became the well-known A4 Million Random Digits and 100,000
Normal Deviates published in 1955. Still in demand, this collection has been available on
magnetic tape, floppy disks, CD-ROM, and now online. The original book has recently
been reprinted.?°

The Move to Electronic Machines

'The demand for solutions to complex analytic studies has always taxed, even outstripped,
the computing power of the moment. In 1949, a team (John Williams, George Brown,
and Bill Gunning) visited major potential vendors of electronic computers to assess their
future intentions. As John Williams noted in a summary memo of the trip, “It was a
dismal scene.” There was no electronic-computer industry, nor were there plans anywhere
for electronic machines.

Eminent mathematician John von Neumann, as a result of his wartime experiences,
had initiated a project at the Institute for Advanced Study (IAS) in Princeton, New Jer-
sey, to build a computer to his specifications. RAND opted, as did five other organiza-
tions, to piggyback on the work and build its own machine. With USAF encouragement
and support, such a hardware project was commenced in the early 1950s in the basement
of the building at 4th and Broadway in Santa Monica, RAND’s first home away from
Douglas.”

17 Foremost among people associated with the punched-card operations would be Paul Armer (later to become the head
of the NAD), John Donald (Don) Madden, Wes Melahn, Robert (Bob) Nash, and Julian J. (Goodie) Goodpasture.

18 At one point, RAND persuaded IBM (the supplier of its punched-card equipment) to provide special double-sized
plugboards to increase the number of steps that could be scheduled within a machine. When fully wired and with a
protective cover in place, a large board could weigh 20-25 pounds.

Y Bill Gunning and Cecil Hastings were the leaders in the project.
20 RAND (2001).

2! Individuals associated with the early phases of the RAND computer included Keith Uncapher, Louis Richard
(Dick) Mockbee, Richard (Dick) Stahl, Bill Gunning, Roy Fry, Gardner E. Johnson, Mal Davis, Thomas O. (Tom)
Ellis, Ray Clewett, and Willis Ware.
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Significantly, the efforts in the several organizations associated with the “Princeton
family of machines” were primarily hardware ones. At the time, there was little software
research, but RAND inaugurated an internal series of symposia and lectures to acquaint
its future users with this new device, including, importantly, discussion of technical and
mathematical issues. The series commenced with the most basic of topics: the binary
number system.??

When RAND moved into its building at 1700 Main Street in Santa Monica, the
computer effort was well under way. A completed machine became operational in 1955,
completely financed under the USAF contract, and named JOHNNIAC.?

The JOHNNIAC was intended from the beginning to be a production workhorse,
not an R&D test bed or a tinkerer’s toy. Accordingly, its presence stimulated an in-house
educational and software-development effort to make the machine efficient and conve-
nient for users.>*

Software had to be built for things that users of contemporary desktop personal
computers and workstations take for granted and largely do not even think about—e.g,
software needed to start a machine on a problem, for managing databases, for managing
memory resources, for handling peripherals (such as printers), for interfacing to the user.
'The modern desktop machine is a superb luxury compared to that of the early 1950s, not
only in the hardware sense but also in the enormously varied and broad software base.

Each programming project was essentially a research effort to determine and develop
appropriate mathematical methods and algorithms and then implement them in soft-
ware.?> The programmer had to handle every detail every time; memory had to be man-
aged and efficiently conserved, punched cards had to be read in, the application had to
punch cards and deliver output to the printer, the flow of computations had to be con-
trolled, error bounds had to be estimated, and restart arrangements had to be provided
in case of a hardware or software failure. There was never enough memory; machines
were never fast enough; secondary storage devices—magnetic drums were a favorite
of the day—were always too small. All of this led to very innovative and imaginative
software development and clever tricks, as well as evolution of ingenious mathematical

22 A lead contributor to these activities was Cecil Hastings, a mathematician by training. Other participants included
Don Madden, Wes Melahn, and Paul Armer—each bringing a heritage of punched-card experience.

2 Computers need names, and it was universally felt that it should be in honor of John von Neumann: the John von
Neumann Numerical Integrator and Automatic Computer, or JOHNNIAC. When von Neumann heard of this, he
modestly protested, but John Williams quickly overcame his reticence with this quip: “But, John, there are lots of
things [i.e., restroom “johns”] in the world named after you, and you can’t do anything about them.”

24 Early JOHNNIAC programmers, especially at the so-called system and utility levels, included Morton I. (Mort)
Bernstein, John Clifford (Cliff) Shaw, Shirley L. Marks, and Leola Cutler.

% Early application-oriented programmers included Mort Bernstein, Don Madden, Wes Melahn, Irwin (Irv) Green-
wald, Gene Jacobs, Cecil Hastings, and Oliver Gross. There apparently was a de facto decision (probably carrying
over from the centralized punched-card operations) to keep the programming group for the electronic machine also
centralized. This arrangement came to be called closed-shop programming but eventually gave way to an open-shop
environment, with skilled programmers spread among several departments.
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algorithms—all done under existing contracts with the USAF and also (by that time) the
U.S. Atomic Energy Commission (AEC).

Calculation of mathematical functions was a trying problem in early computing, espe-
cially so because of scarce memory. The basic requirement led to the development of numer-
ical approximations, published in a well-known book: Approximations for Digital Comput-
ers.¢ Paul Armer once estimated that the Approximations saved enough machine time and
memory (measured in dollar value) to have financed Project RAND for 15 years.

Concurrently, internal software development produced a variety of tools—loaders,
assemblers, print routines, special programming languages for small problems, binary-
decimal and decimal-binary converters—which collectively simplified the task of the pro-
fessional programming staff, which functioned in a closed-shop environment. This implied
that the customer (the person with the problem) described his or her needs to a professional

Keith Uncapher at the console of the JOHNNIAC. A photograph of the computer’s eponym, John von
Neumann, hangs on the wall to the left.

26 Hastings (1955).
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programmer, who was then responsible for creating computer programs and code, manag-
ing the running of the programs, and delivering completed results to the customer.

'The evolving mathematical demands of analytic studies led to the development of
new approaches to problems and, importantly, to associated software that would perform
the necessary calculations.

Among them were linear programming for optimization problems and the associated
simplex method (and software) for calculation,?” dynamic programming for sequential
decisionmaking situations and its associated programs,?® later the so-called information-
processing languages,? which were the basis for subsequent Al and expert-system (rule-
based) software,* the application of such techniques to important USAF problems (such
as in logistics),®! special languages (e.g., SIMSCRIPT®) for simulation and modeling*?
and matrix-based calculations. Significantly, RAND shared such software with the out-
side world, and its descendants are still in use. Some of it even became the basis of com-
mercial companies.*

In the 1950s, there was little understanding of generalizing programming, and the
notion of reusable software had not evolved except for collections of packages for com-
monly used calculations (called libraries) and so-called utilities, such as loaders, matrix
arithmetic, printer control, scaling algorithms, and input-output (I/O) schemes.

The Middle Years

Concurrently with RAND’s in-house effort, a commercial industry was developing, and,
during the early 1950s, RAND had received (by a DC-6 air freighter) and installed
serial number 11 of the IBM 701 Defense Calculator, as it had been initially called. It
came with rudimentary programming-support tools, such as an assembler and a software
library. While the concept of a monitor** to control the flow of problems through a com-
puter had been suggested, an operating system (OS), as the term is now known and used,
was not available.

'The user protocol of the day called for the user to sign up for and take hands-on
possession of a machine at a specified time and for a specified period. At the end of the
assigned slot, the programmer would normally take away a printout and a memory dump
(via a card deck) for examination at his or her desk. If the run were to crash or otherwise

27 George Dantzig (not in the NAD), William (Bill) Orchard-Hays, and Leola Cutler.
28 Richard (Dick) Bellman, Phillip (Phil) Wolfe, and Stuart (Stu) E. Dreyfus.

29 The well-known team of “NSS” consisted of Allen Newell, Cliff Shaw, and Herbert Simon. Of these three, Shaw
was at RAND; the other two, at Carnegie Mellon University.

30 Fred M. Tonge and Ed Feigenbaum. Later, Bob Anderson, Henry A. Sowizral, Philip (Phil) Klahr, and Donald
(Don) Waterman.

31 Murray Geissler and Irving K. Cohen (neither in the computing department).
32 Harry Markowitz.

33 Computer Analysis Corporation, which became CACI.

34 Ascribed to Bruce Moncreif, not of RAND.
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behave peculiarly, the procedure was to provide the programmer with as much informa-
tion as possible so that he or she could (ideally) identify—and repair—the fault.

A production (as opposed to a test or debug) run also had to include a “procedure
sheet” to describe to the operator on duty how to conduct the run and what to do if it did
not go as expected.

There was a minimum of standardization at the time. For example, the RAND 701
ran with at least four different assemblers and their associated software libraries; each had
unique features of particular relevance for certain problems. The programmer would select
the one best suited to the task at hand. To help minimize the inefficiency and inconve-
nience of this situation, RAND, together with other 701 users in the Southern California
area, initiated a cooperative effort to produce common-use software® and participated vig-
orously in the Digital Computer Association, an early and local professional society.

Commercial machines evolved much more rapidly than it was feasible to upgrade
the JOHNNIAC, which nonetheless was the basis of a continuing series of engineering
advances, each making important contributions to the art of the time.3* Among them
were the first commercially produced magnetic core memory, which, for a while, was the
largest in existence;*” a transistor-based adder and logic which caused the JOHNNIAC to
become a hybrid transistor-vacuum tube device; the first high-speed impact printer 140
columns wide (manufactured by Anderson-Nichols, an engineering contracting firm);
and the first machine with extensive trouble-diagnostic capability from the operating
console.

The JOHNNIAC Open-Shop System

Even though JOHNNIAC had been upgraded and improved as just noted, it fell behind
the progress in the commercial fields, notably that of IBM. The decision not to add
magnetic-tape units to the machine due to cost considerations effectively signaled the end
of the machine’s growth and tenure as a production vehicle. It was therefore turned to an
R&D role for several projects.

Of particular importance was the JOHNNIAC open-shop system (JOSS®),3® a spe-
cialized, remote-access, time-shared, JOHNNIAC-based software system that led the
state of the art in putting tens of users concurrently in an interactive problem-solution
environment on one machine. Initially, the system could support just 10 users scattered

through the RAND buildings. Later, a production-engineered JOSS-2 was implemented

35 This effort centered on Paul Armer, Irv Greenwald, Charles L. (Chuck) Baker, and John I. Derr. See Melahn (1956)
and Baker (1956).

36 These efforts centered on Keith Uncapher, Mal Davis, and Tom Ellis, supported by the electronic and mechanical
shops.

37 1ts size was 4,096 40-bit words—large for its day but minuscule by contemporary standards. Other 4,096-word core
memories currently in development were 36-bit word length.

38 JOSS, or, as it was later renamed, JOSS-1, was conceived and functionally designed and its software implemented
by Cliff Shaw and supported by engineers Tom Ellis and Mal Davis and the mechanical and electrical shops.
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on a Digital Equipment Corporation (DEC) Programmed Data Processor (PDP)-6
machine. It supported not only 30 internal terminals but also a limited number of external
ones within the USAF. Connectivity utilized dial-up commercial telephone circuits.*

'The JOSS work came at a time when other organizations were also developing time-
sharing remote-access systems, and it influenced some dozen or so of these other subse-
quent efforts elsewhere. A note in Cliff Shaw’s own handwriting was posted on his door
listing the other systems that (he believed) had been influenced by his JOSS work.*°

There was also a JOSS-3, programmed by an IBM west coast facility, intended to
run under IBM’s OS/360 software. However, because RAND had trademarked the label
JOSS and was reluctant to have it used by other organizations, the IBM version was never
widely used.

The Tablet

JOHNNIAC also supported the initial development phase
of the first operational digitizing tablet, a 10-inch—by-10-
inch flat surface over which a free-pen stylus could be man-
ually moved to put arbitrary hand motions digitally into a
computer.”! Later (under ARPA funding), a printed-circuit
version was completed that was 36 inches by 36 inches.
Under ARPA funding, approximately a dozen of the large
models were made in house and supplied to various ARPA-
funded research facilities.

Videographic System

Aspartofan ARPA-inspired interest in the human-machine
symbiotic environment, RAND entered into a cooperative
arrangement with an IBM facility at Los Altos, California,
to develop a videographic system that would blend computer-
produced digital information with television video images
derived from a camera. The TV images were stored on a
very large vertical magnetic disk, which was synchronized

Bob Anderson using the . . "
RAND tablet and video-  With the flow of information from a computer.*?

graphic system. With the technology of the day, it was a remarkable

achievement to both store and synchronously display video

and digital images on a single CRT display. What was dif-

39 Chuck Baker led the JOSS-2 design team, which included Ed Bryan, Joe Smith, and Irv Greenwald.
a Reproduced in Chapter Six.

41 "This effort centered on Keith Uncapher, Tom Ellis, and Mal Davis, supported by the electronic and mechanical
shops.

42 The videographic effort also centered on the Uncapher/Ellis/Davis team.
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ficult then would, with today’s magnetic hard-drive technology and very sophisticated
desktop-computer video cards that store images in digital form, be a rather straight-
forward task.

A few—half dozen or so—videographic terminals were constructed that combined
a tablet, a keyboard, a display, audio speaker and microphone, and flat work surface. The
audio features were never exploited, but the video features, supported by the videographic
systems, spawned several fascinating research projects.

One was the annotation of maps, a chore that military cartographers then did manu-
ally. It was possible to display a map in video form and overlay it with typed annotations,
arrows highlighting features, boxes, and circles to identify areas, and the other symbolic
artifacts that were in use by cartographers. It was not necessary to save the final image for
future use; rather, the sequence of user actions would be stored and used to reconstruct
the desired combined image on demand.* Interestingly, this is the same technique that is
embodied in the basic structure of the modern World Wide Web—namely, a site trans-
mits to a local browser the “recipe” for constructing a page (e.g., fonts, format, colors) plus
the “ingredients” (text, images). It does not transmit completed page displays.

Another project was the dictionary lookup of hand-drawn Chinese characters and
words. The sequence in which the strokes of an ideograph are drawn indicates something
about its meaning and was used by the software behind the videographic terminal to
guide its dictionary search.*

Yet another project was BIOMOD, which used videographics to provide a graphical
environment in which to construct biological models.*

The Later Years

By 1966, when JOHNNIAC was retired, a large commercial industry had evolved, and
there was extensive software for every machine. RAND, as all other places, shifted entirely
to commercial sources. Fortunately, many of the early Project RAND applications had
been done on commercial machines and were exported to USAF organizations concerned
with such issues as force planning, logistics research, basic research, and weapon effects
and phenomenology. RAND’s software was exported to the world at large also, notable
the linear-programming simplex system, the various components for dynamic program-
ming and game theory studies, and the SIMSCRIPT simulation language.

Within RAND, programming gradually became more and more application oriented
(based on commercial software systems and languages) and less and less R&D in nature.
Correspondingly, end users became more facile with programming languages and proce-
dures, with the result that the closed shop transitioned into open-shop programming—
the end users did their own.

43 The principal researcher was Gabe Groner.
44 The principal researcher was Gabe Groner.

45 Ed DeLand and Thomas (Tom) L. Lincoln.
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By its 50th anniversary, just before the turn of the millennium, RAND had become
workstation based with everything networked in contemporary manner. Programming
efforts today center on using commercial software (e.g., for statistical analysis, model
building) and on developing applications with well-established, commercially available
programming languages.

RAND and the USAF Computing Evolution

In this same interval of the 1950-1960s, the USAF was absorbing computer technol-
ogy into its structure. Many RAND stafters supported and guided the USAF on policy
and institutional matters. Among the last were assistance in establishing the career path
for computer specialists (initially the 51xx Air Force Specialty Code [AFSC] series of
career-path identifiers), software and programmatic issues of the Advanced Logistics
System (ALS), participation in the USAF Scientific Advisory Board and its many stud-
ies, informal and quick support on project reviews and similar matters, design of the
curriculum and actual instruction for the U.S. Department of Defense (DoD) Com-
puter Institute, participation on formal study groups and committees sponsored by USAF
headquarters, and advice and guidance on software aspects of weapon-system designs
and procurement.*

Of particular impact was a major computer-resource management study conducted
in 1974-1975 to advise the USAF on charting its long-term course for the acquisition,
management, and operation of its computers, software, information systems, and related
personnel.*” Conducted directly for the USAF chief of staff, Gen. David Jones, it helped
the USAF structure the oversight and management within the Air Staff and major com-
mands of the new computing technology.

In the 1980s, USAF support—now conducted through the renamed Project AIR
FORCE—continued its computer-science work with the development of programming
languages tailored especially to battlefield and other military simulations and incorporat-
ing both rule-based and object-oriented constructs—such languages as the Rule-Oriented
Simulation System (ROSS), Simulating Warfare in the ROSS Language (SWIRL), and
Tactical Warfare in the ROSS Language (TWIRL).“8 By the 1990s, work for the USAF
became directed largely to studies on force planning and utilization, logistics issues, per-
sonnel issues, and similar operational matters. Computer work became focused primarily
on modeling and simulation, statistical analysis, database analysis, and similar support
functions. Although a modest professional programming staff still existed, a great deal
of the computer support was done directly by the research staff via a contemporary, fully
networked workstation-and-server environment.

46 Many individuals helped the USAF on a variety of matters. Among them were Paul Armer, Willis Ware, Keith
Uncapher, Bob Patrick, James (Jim) D. Tupac, and Pat Haverty.

47 See Drezner, Shulman, and Ware (1975) and Drezner et al. (1976).

48 The development of ROSS, an English-like, object-oriented simulation language, SWIRL, and TWIRL is dis-
cussed in Chapter Six.
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The Bottom Line
With primarily USAF funding, encouragement, and concurrence, but later also support
from the AEC and ARPA, the computing cadre of Project RAND and the RAND

Corporation

helped lay the foundation for modern-day computing and the professional societies
that support the field

designed and built an outstanding computer for that time

innovated much of the support software to facilitate programming and make com-
puter usage efficient and convenient for all users

pioneered the application of computer- and mathematics-based approaches to ana-
lytic studies

was the first to exploit many mathematical techniques for real-world USAF (and
others’) problems

evolved a close-knit in-house mathematical and computer-science staft to jointly
handle increasingly complex problems, e.g., war games, simulations, battle models
conducted a computer-science R&D effort focused on the needs of computer users
and the real problems of the USAF and other clients

developed the first online, interactive, terminal-based computer system to which a
number of USAF users had remote access via telephone connections

handed off these achievements to USAF centers as they materialized and developed
helped USAF to move facilely into the emerging field of analytic studies based on
extensive computing hardware and software as well as into a computer infrastructure
for the operational and support forces

handed off to the emerging discipline of computer science and to the computer users
of the world much knowledge and intellectual advances to computer-based problem-
solving—Tlargely in the form of innovative and operational software packages, usu-
ally complete with relevant end-user documentation

supported a wide range of RAND policy studies with computer-based know-how
made significant contributions to important national policy issues, sometimes in a
direct manner (e.g., information security, personal privacy), sometimes in a support-
ing role.






CHAPTER THREE

RAND’s First Computer People

Who were the people who came first and helped shape the computing environment at
the RAND Corporation? And, for that matter, in the evolving field of computing? The
history of an organization is more than the sober presentation of such things as major
accomplishments, key decisions, changes in corporate name, physical locations, and cli-
ents served.! While each is important in its own right, the people who made them happen
have their own importance and place in history.?

A few organizations and various wartime relationships were of high relevance in
building the initial Project RAND and later RAND Corporation staff. Predominantly,
they were the Douglas Aircraft Company, Harvard University, MIT and its Radiation
Laboratory, and Princeton University.

The Legacy of Wartime Collaboration

During World War II, many academics had become involved with various problems of
the military. They were organized in many ways, but one of the significant groups was the
war department’s® National Defense Research Committee (NDRC),* which functioned
under the Office of Scientific Research and Development and acted as a conduit to bring
scientific, engineering, and academic personnel into contact with defense problems. Out

of the personal relationships that the NDRC stimulated came a significant part of the
initial cadre of the RAND research staff.’

1 This particular sentence was prompted by a similar one from a document in the RAND archives (Bornet, 1962).
The interview of Dick Mockbee is one of a series that Bornet undertook to capture the early history of some RAND
people. Of this author’s 18 documents in the RAND library, nine are interviews; two are about computer people. The
Bornet collection is a fascinating source of information and, to some extent, the politics of early Project RAND and its
transition from Douglas.

2 Because this document concerns only the computer and information technology (IT) people of RAND, many
important individuals associated with early RAND are not included.

3 Now, of course, the U.S. Department of Defense.
4 On the NDRC, see Bush (1970) and Stewart (1948, especially chapters 2 and 4).

> Many of the details in this discussion came from a personal interview of John Williams by Vaughn Bornet in
1962 (Bornet, 1969), an excellent, in-depth source of many details of early Project RAND. Another source is Jobn
Williams—A Memoriam (1964).
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Arthur Raymond (vice president and chief engineer of Douglas Aircraft) and Frank
Collbohm (his assistant and later assistant to Donald Douglas) had been brought into
the war department by the secretary of war via his chief scientist and consultant Edward
Bowles of MIT. They were wanted to help analyze the effectiveness of B-29 bombing
campaigns and ballistic problems. Vannevar Bush (chair of the NDRC and also from
MIT) provided analytic support via the NDRC/Applied Mathematics Panel. That panel
happened to include John Williams, a theoretical astronomer from the University of Ari-
zona who had been trained in the mathematics department of Princeton University and
retained extensive ties there.

Early RAND Leaders

Most of RAND’s early corporate leadership came from Douglas Aircraft. After the war,
Donald Douglas approached the AAF in January 1946 with a plan for government and
industry to work together on long-range strategic planning.® His action reflected the suc-
cessful interactions during World War II between the national military establishment
and commercial or private organizations. The proposal eventuated in the creation of Proj-
ect RAND, which was contracted with the Douglas Aircraft Company in Santa Monica,
California.’

Responsibility for the project was vested in Arthur Raymond who, at the time, was vice
president of engineering, a position to which he rose after starting with Douglas as a metal
worker. A graduate of Harvard University in 1920, he subsequently completed a master’s
degree in aeronautical engineering at MIT. After a lifetime career with Douglas, he retired
in June 1960 and, among other things, became a consultant to the RAND Corporation.®

Raymond assigned the Project RAND directorship to Frank Collbohm, who, at the
time, had become a special assistant to both Douglas and Raymond. Trained as an electri-
cal engineer at the University of Wisconsin, he joined Douglas as an engineer in 1928. He
became a leading flight-test pilot and engineer for the Douglas DC-1, DC-2, and DC-3
aircraft programs.” During World War II, he participated in several military projects for

® 'The available documentation is conflicting in regard to the genesis of a study organization. Some attribute the idea
to Donald Douglas, as stated here, but others attribute it to General Arnold. In all likelihood, the idea arose from
conversations among various individuals; the statement here could be interpreted as a response by Douglas to an AAF
expression of interest.

7 An unidentified item in the RAND archives but seemingly a draft brief obituary for Arthur Raymond credits him
with the concept of the abbreviation RAND (from research and developmen?), but Frank Collbohm’s obituary in the Los
Angeles Times credits it to General Arnold.

8 From biographical material in the RAND archives and Smithsonian oral-history archives.

?  As an indication of Collbohm’s stature and reputation in the aircraft industry, the DC-3 is regarded as “one of the
most influential aircraft in the history of aviation and is . . . ranked as one of the top-10 most important aircraft of all
time” (“New Monument to Take Flight,” 2004). It made air travel widely accessible and affordable to the public, as well
as contributing to the AAF during World War II as the C-47. Beginning in 1935, some 13,000 of them were built—
largely in the Santa Monica facility of the Douglas Company.



RAND’s First Computer People 23

which he worked closely with MIT. In addition, he had an informal position in the Office
of Scientific Research and Development of the war department and was a consultant to
Secretary of War Robert Patterson. As a result of these relationships, he met many impor-
tant people in applied-science fields—people who later would either join RAND, become
a consultant to it, or become a pipeline for recruiting promising science and engineering
graduates and, in some instances, their faculty. In particular, he met Edward Wells, the
chief engineer of Boeing Aircraft Company. Raymond, Collbohm, and Wells together are
credited with formulating the AAF program known as Project RAND.

In 1948, the project split from Douglas to become the RAND Corporation. The
story goes that, after an unsuccessful search for presidential candidates, Frank Collbohm
became RAND’s founding president, a position he held through his retirement in 1967.1°

To assist Collbohm in administering Project RAND, Dick Goldstein was appointed
associate director (presumably chosen by Arthur Raymond, possibly with Collbohm’s
and Douglas’s concurrence). Graduated from the University of Rochester as a mechanical
engineer in 1932, he went on to attain a master’s degree in mechanical and aeronautical
engineering at the California Institute of Technology (Caltech) in 1934. Joining Douglas
Aircraft in 1934 as research engineer, he became director of the Douglas Research Labo-
ratory in 1946. In this regard, he would have been a natural candidate to provide leader-
ship to the new Project RAND. When the RAND Corporation was formed, he became
its associate director, a position that, in 1956, was renamed senior vice president and then
executive vice president. He retired in January 1974.1

The third Douglas executive to join Project RAND was Scott King, whom Dick
Goldstein persuaded to join RAND. Graduated with a B.A. in economics from Cor-
nell University in 1939, he then received an M.B.A. from Harvard Business School. He
joined Douglas in 1942, was in the U.S. Naval Reserve from 1944 to 1946, and was then
assigned as contract administrator to Project RAND. Initially, he was the assistant trea-
surer for the RAND Corporation but became its treasurer in 1949, a position that he held
until retirement in 1980.!2 He brought with him from Douglas Crawford Thompson,
who became RAND’s assistant treasurer.

The corporate secretary, Steve Jeffries was recruited from the Safeway grocery
chain. Graduated from Pomona College and the University of Southern California with
a degree in political science, he returned to Harvard Business School for an M.B.A.
During World War II, he worked for Lockheed Overseas Corporation in Northern
Ireland and later for MIT’s radiation laboratory branch in Malvern, UK. Postwar, he

10 From biographical material in the RAND archives plus obituaries in the Los Angeles Times (Oliver, 1990) and The
New York Times (“F. R. Collbohm,” 1990) and from Swain (undated). The latter’s bibliography notes several books and
documents in which information about RAND and Frank Collbohm can be found. It also mentions an oral history
that Martin Collins and Joseph Tatarewicz conducted (1987).

1 From biographical materials in the RAND archives—in particular, an unidentified biography dated January 1961
and a self-written biographical form dated June 30, 1970.

12 From biographical materials in the RAND archives—in particular, a biography dated March 1972 that was appar-
ently written for the board of trustees, plus a brief obituary in the October 1996 RAND Items.
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returned to the radiation laboratory in Cambridge and then joined the Safeway Stores in
labor relations.’®* One day, he received a phone call from Goldstein inviting him to join
a company of which he had never heard—namely, RAND—which he joined in 1949.
Almost certainly, the link that brought him to RAND would have involved the people
whom both he and RAND’s management knew at MIT’s radiation lab.

Project RAND decided to open an office near Washington, D.C., that would be
the connecting link to the USAF and provide the final approval authority for briefings
and documents delivered to the USAF. It would also handle administrative matters that
might arise.

To run the Washington office, Larry Henderson was recruited in 1947. During the
war, he had worked with the MIT radiation laboratory and with the secretary of war.
This background was appropriate for the RAND assignment.'

Vada Mary Baldwin, who had been a secretary to Donald Douglas, was also assigned
to Project RAND and transferred to the RAND Corporation when it formed. She held
various secretarial positions, including that to Collbohm!® and, later, to Paul Armer when

he was head of the NAD.

Early Technical Staff

'The first computerniks at RAND were of various disciplinary and work backgrounds.
‘There were several threads of hiring: one thread of hires from Douglas, where Proj-
ect RAND had first been situated; one from wartime relationships; one from university
relationships; and one from recruiting. This section introduces key members of the early

computing technical staft; where available, their own words describing their early work
at RAND are provided.

The Douglas Thread

Arnold Mengel:'” Arnold graduated from MIT as an electrical engineer in 1941 and then
joined the U.S. Navy for the duration. He returned to MIT in 1945 to complete a master’s
degree also in electrical engineering, and then joined Project RAND in 1946. In 1948, he
persuaded RAND to send him to Harvard, where he earned a master’s degree in applied
mathematics under Howard Aiken. Returning to RAND in 1949, he participated in

13 From biographical material in the RAND archives; the corporate press obituary; obituary in the Santa Monica
(Calif,) Evening Outlook for January 12, 1988; and an internal biography.

14 From the October 1956 RANDom News, reprinted for internal System Development Corporation (SDC) use.
15 Material in the Smithsonian oral histories.

16 The secretarial assignment to Frank Collbohm is believed to be correct, although no documentary evidence has been
discovered.

17 Unless otherwise indicated, the words in these personal biovignettes are those of the individuals themselves trans-
mitted via email to the author during the course of research for this document. In some cases, minor editing has been
done or supplementary information from other sources has been added.



various studies, particularly those that involved modeling
on the analog computer. From 1955 onward, he served in
various administrative positions.'

Bill Gunning: Bill wrote of his early years at RAND:

I was involved in a project to determine the tempera-
ture distribution in an aircraft windshield as it flew into
icing conditions. We built an electronic model consisting
of resistors, capacitors, switches, and sensors. This was a
special case of the passive component model technique
pushed to a very useful state by Gilbert McCann at Cal
Tech. This sort of approach was used to predict the behav-
ior of the electric power grid under transient stress condi-
tions. Douglas bought one of the McCann type systems.

Another example of the state of awareness of the Douglas
flight-test lab people (who moved over to Project RAND)
was the design, construction and use of a special purpose
measurement/computation instrument that computed
dynamic displacement based on signals from a collection
of accelerometers which were mounted on a full size air-
plane that was subjected to drop tests in a giant hanger at

Wright Field.

Dick Mockbee: Dick was originally with Douglas
in the field testing of the Nike missile system. He heard
about RAND through Bill Gunning, a close friend, while
working on the random-number generator. He chose to
join Project RAND because of personal friendships with
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Arnold Mengel studied com-
puting at Harvard University
and was an initial user of
the Reeves Electronic Analog
Computer.

Gunning and Dick Goldstein. He officially “moved over” in September 1948; his initial
assignments were the random-number generator machine and later the installation of the

REAL.

Don Madden: Don transferred to Project RAND before it left Douglas:

My recollection of the 1940s is pretty hazy, especially the dates. I barely got my
bachelor’s degree before having to go into the Army in mid-43. In late-46 when
I was getting out of the Army a friend at Douglas Aircraft told me that Douglas
planned to do engineering calculations on punched cards machines. This sounded
interesting to me so I took a job at Douglas in the Factory Tabulating Dept. The
department had a room full of Remington-Rand punched card equipment.

18 From biographical materials in the RAND archives: a brief biography (March 1972) prepared for a board meeting
and a self-written biographical form that RAND assembled from its staff in June 1970.
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'The difficulty was that they never got to the engineering calculations. I grew impa-
tient with the situation as 1947 wore on and looked around Douglas for some other
position. I discovered something called Project RAND that seemed to be doing
work that interested me. After interviews with several people (including John Wil-
liams), I was transferred to Project RAND in October or November of 47.

William P. Myers: William joined Project RAND from the “tab room” at Douglas.
Tab room was a common name for the area that contained punched-card equipment—
e.g., tabulators, key punches, card sorters.

Gan Baker and Gardner Johnson are thought to have come from Douglas, but the
record is not clear.

The Wartime Thread

John Williams: John had accepted a position as chief statistician at the Naval Ordnance
Test Station (NOT'S) in Inyoken, California, after World War II, having decided to stop
investigating meteor matters and continue work similar to what he had done during the
war. Collbohm, who had become acquainted with Williams via the NDRC Mathematics
Panel, phoned and persuaded the latter to join the new Project RAND effort at Douglas
as chief of the mathematics division.

Williams, in turn, had persuaded two of his wartime staff to join him at NOTS:
Cecil Hastings, who had gone to Brown University to be in charge of computing matters
there, and Olaf Helmer, who had gone to Europe to instruct at a military university. As
John put it,

I had them all signed up for NOTS; when I changed horses myself, these poor
fellows would have been orphans up there. And I wanted them with me. So I sent
them telegrams saying that it was Project RAND and the Air Force that we were
working for—and not the Naval Ordnance Test Station."

Later, Williams was to observe that “Princeton University is a remarkable training
ground for outstanding statisticians.”

Ed Paxson: Ed was a skilled mathematician who was noted for his imaginative
approach to solving problems. For example, in the late 1970s, when handheld calcula-
tors had become commonplace, he put together a package of programs for the HP-67/97
machines titled, Hand Calculator Programs for Staff Officers.?° The package included many
calculations—some very complex (military modeling and simulation, orbital mechanics),
others very simple (mathematical functions, geographic calculations)—that military staff
did in the normal course of their jobs.

19 Bornet (1969, p. 15).
20 Paxson (1978).
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Frank Collbohm (left) and John Williams (center) listening to an explanation by George Dietrich

Cecil Hastings: During World War II, Cecil had been the leader in computing for the
statistical research group at Princeton University (SRGP). John Williams headed one of
its subgroups; he was trained as an astronomer and later joined RAND, initially as head
of the mathematics division. Other members of the SRGP included Sam Wilkes, Fred
Mosteller, Jimmy Savage, and Olaf Helmer; all were later to be a part of RAND, either
as consultants or as resident staff. This chain of events was also the beginning of a long,
productive relationship between John Williams, other mathematicians of RAND, and
the mathematics groups at Princeton. RAND recruited many top-quality individuals via
John Williams and his personal friendships.

At the time, the computing activities over which Cecil presided were, of course, pri-
marily pen-and-paper processes supported by mechanical calculators.

In January 1994, Cecil wrote in a personal letter as follows:

When the war ended, I went to Brown University and headed the Advanced
Mechanics computing group. At the end of about a year, I got word from John
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Williams that a Project RAND had begun at the Douglas Company in Santa
Monica. I quit my job at Brown and rode the train to California. . . . Elaine (his
wife) tells me that I acquired Mim Mack as secretary at the Douglas Company.
Beth Ludwife and Yvonne Claeys already worked there. We acquired quite a num-
ber of the Douglas people.

Cecil died early in 2001 at the age of 81 from complications arising from Alzheimer’s
disease.

The University Thread

George Brown: Like many other mathematicians, George was a consultant to Project
RAND in the summer of 1947. He joined Project RAND in the summer of 1948 as a
Douglas employee. He then became chief of the NAD (also known as Math-II) within
the mathematics division that John Williams headed. Brown had been at Princeton and
shared these memories of John Williams:

I can possibly add something about our early acquaintance (1938-39) with J. D.
Williams when we had a bridge foursome at Princeton with Mosteller, [Alexan-
der McFarlane (Alex)] Mood, [George] Brown, and Williams, all four graduate
students of Sam [Wilkes]. That acquaintance led to Brown and Mood spending
summer consulting at RAND (then still Douglas) just before the separation from
Douglas and formation of RAND Corporation.

I knew JDW from his year as a special student with Princeton’s Math depart-
ment, playing bridge regularly with John, Alex Mood, and Fred Mosteller. Prob-
ably at John’s instigation Alex and I were invited to spend a month as consultants at
RAND in the summer of 1947, together with many distinguished mathematicians
and economists. I was immediately captivated by RAND’s early work on Theory
of Games. During the next academic year Alex and I were recruited by JDW for
the Math Division at RAND and joined RAND, [and in the] summer of 1948,
RAND [was] still under Douglas. My bio probably showed Macy’s research Divi-
sion my first job and an association with [John von Neumann] when I was at RCA
Labs later. Just about the time of joining RAND or very soon after, I played a dual
role, [in] the Math Division doing active research, and Chief of what was then the
Numerical Analysis Department (NAD). NAD was busy doing work for other
RAND divisions, as well [as] for itself, such as computer developments, Cecil’s
approximations, random number tables, etc.

Wes Melahn: Wes described how he came to RAND from Harvard to work on com-
puter science:

When I received my AB in Engineering Science and Applied Physics from Har-
vard University, Professor Howard Aiken was recruiting people for a new Masters
degree program having to do with design and application of computers, computer
science we would call it today. Aiken had just moved the Mark I into a new com-
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puter building on campus and was busy “chomping out” books of Bessel functions
and determined to prove that a complicated machine like the [Mark] I could be
made to operate reliably.

I say “chomping out” because the computer was controlled by a program punched
into a roll of IBM card stock, 80 columns wide and as long as needed. The huge
sequencing device stepped ahead one line at a time sensing the 80 columns simul-
taneously. It was noisy and seemed to shake the whole building. I am not sure
Professor Aiken ever conceded that an internally stored computer program was a
good idea.

'The Masters Degree program was new and sounded interesting; so I switched to it
from Applied Mathematics that I had been planning to take.

Arnold Mengel had convinced the Project RAND people to send him to Harvard
to participate in this program. We became friends and Arnold had good things to
say about opportunities at Project RAND. Professor Fred Mosteller whom How-
ard Aiken had enlisted to teach the statistics courses in his program, also influ-
enced my decision to go to work for Project RAND. Mosteller was a consultant to
Project RAND and he found it to be a stimulating place.

Because I had been going to school around-the-calendar since completing four
years of military service in WW II, he suggested it might be good for me to take
a break and get some real world working experience before proceeding with more
studies toward a PhD degree. As it turned out, my application was accepted and I
went to work for Project RAND at Douglas Aircraft Company. I got lots of inter-
esting and demanding real world experience, but I never found time to return to
class at Harvard.

John Matousek: John described how he came to RAND from UCLA:

I'was discharged from the US Army in March 1946 and entered UCLA that fall to
complete my bachelor’s degree in mathematics. I graduated in 1949 and continued
on in graduate school specializing in mathematical statistics.

In my second year of graduate school, George Brown was one of my instructors. As
I neared completion and began job hunting, George suggested that I interview at
RAND. As I recall, I was interviewed by both Paul Armer and Don Madden and
was offered a job in the Numerical Analysis Department as a procedure writer. I
worked on many different projects in support of other RAND divisions. Only one
I really remember was an atomic implosion study that had to be programmed to
run on a computer at the Aberdeen Proving Ground—it wasn’t the EDVAC [Elec-
tronic Discrete Variable Automatic Computer] but some similar name as I recall.

Had to program in base 16 machine language. For the numbers 10 thru 15 we
used KSNJFL—we used the expression “King Sized Numbers Just For Laughs” to
remember the sequence. Shortly thereafter, I was assigned to start preparing the
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simulated inputs for the then developing STP [the system training program] lab
and worked on system training for both the manual and SAGE [semiautomatic
ground environment] systems.

When we became System Development Corporation21 in the spin-off in 1957, 1
continued with the system training programs. In 1961, I was asked to relocate to
Lexington, MA to be program manager for the new 425L program—the NORAD
[North American Aerospace Defense Command] Combat Operations Center to
be built in Cheyenne Mountain [Air Force Station]. I spent three years in Lexing-
ton as program manager [and] moved to Colorado Springs in 1964 for the instal-
lation of the system in the computers in the mountain. Returned to Santa Monica
in 1967 and held several different positions as VP for Applied Systems Div., Com-
mercial Systems Div. and finally back to the old Air Defense Div. as many old tim-
ers were leaving in the wake of Wes’s departure [as outgoing president] and George
Mueller’s arrival [as incoming president].

The Recruiting Thread
Paul Armer:??> Paul graduated from UCLA as a meteorologist and served in that capacity
during the war. In 1951, he succeeded George Brown as chief of the NAD in the math-
ematics division.

In his own words, here is how Paul made his way to RAND:

As a graduate, I went to [UCLA’s] “Bureau of Occupations.” After they inter-
viewed me, they said, “Have we got the place for you!” I was told that it was a part
of Douglas, which was looking for people with a mathematical background. [Proj-
ect] RAND was the only prospect they presented to me. I told them I didn’t want
any others; if this one didn’t work out I could always come back to them. I was
interviewed at RAND by Cecil Hastings and introduced to George W. Brown. 1
started, I think, the next Monday. After a short time of running a desk calculator,
I was offered the chance to learn about punched card machinery.

[Initially, the RAND contingent had been using the Douglas machines at its Santa
Monica plant on second and third shifts.] I worked on swing shift in the machine
room. [After Project RAND moved to its first corporate headquarters at 4th and
Broadway in Santa Monica,] we got [our own machines,] and I worked the swing
shift. The swing shift supervisor had a name like Fred Snipe; and the supervisor of
the machine operation was Julian J. Goodpasture. Cecil was writing all the proce-
dures for the machine room. At times on swing shift we would have wired up all
the plug boards we had in advance for forthcoming steps. At that point, there was
nothing for the operators to do other than take the cards out of machine “#A” for
step “7” and put them into machine “#B” for step “8.” Cecil was working very long

21 For background on the SDC, see Baum (1981). For background on its predecessor—the system-development divi-
sion of the RAND Corporation, see Chapter Two.

22 On government forms that employees were required to complete as part of being processed for a security clearance,
no question could be left unanswered. The instructions for middle initial were to enter NMI if the candidate had none.
Some jokester began referring to Paul Armer as Paul NMI Armer.
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hours (he averaged more than 80 hours per week) writing all the procedures that
got carried out in the machine room.

So, one night when there was nothing for me to do, I went into Cecil’s office and
asked him why [he didn’t] let me do some of the procedure writing for him. He
agreed and a few weeks later he suggested that I move to day shift so that I could
work face to face with the problem originators.

Roy Fry: Roy described how he came to RAND from North American Aviation (NAA):

My early interest in RAND was the [analog computer] REAC. I was working on
the REAC at North American Aviation in Downey [California]. The drive from
Santa Monica [to Downey] got to be too arduous (no freeways) so I was casting
about for something closer. I believe it was the REAC people [at NAA] who sug-
gested that RAND was looking for someone with REAC experience. So, I put

RESENTS

Paul Armer (left) passed the management baton to Willis Ware, who succeeded him as head of the
Computer Sciences Department.
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in an application and was accepted. After some time there, the JOHNNIAC was
conceived, and I migrated to that project. The rest of my time at RAND for that
session was on that program.

My second session at RAND was on [the JOHNNIAC project] . . . until I was
recruited to take over the computer center and the mathematics department at the
Atomics International division of North American.

Bill Sibley: Bill earned a degree at UCLA and came to
RAND via the Lockheed company. He described it as a

winding route:

I graduated from UCLA in mathematics. In fact, as 1
remember, I was a Teaching Assistant [TA] at the same time
Gene Jacobs was a TA in the Math Dept. I got my Master’s
in math along with a California General Secondary Cre-
dential and eventually a Lifetime California Community
College Instructors’ Credential in math and computers.

While waiting for the Los Angeles City school system’s
hiring cycle—I was prepared to be the “Mr. Chips” of the
LA secondary and community college system—I went to
work for Lockheed in Burbank. It was mostly involved
with flight test data reduction and engineering comput-
ing (punch card and IBM 701). If my memory serves me,
Lockheed Burbank had the first IBM 701 on the West
Coast. One of my lasting memories is extracting eigen-
values from large flutter matrices on IBM 604/519/sorter/
collator equipment.

I worked with the RAND group who had left there to set
Bill Sibley codeveloped the ~ up the Lockheed operation. I worked with Bob Bemer
RAND videographic system  who had come from RAND with Julian Goodpasture

and the RAND tablet. ~ and Bob [Bosak]. He and [Bosak] put together some truly

magnificent IBM 407 boards. He was also instrumental
in developing FLOP (Floating Octal Point) and I have
a vague recollection that he or Bob invented the IBM 604 program step expander.

RAND sounded like the promised land so I applied in 1954 and started out work-
ing with Gene Jacobs.

cliff Shaw: Cliff graduated from UCLA in mathematics and was initially an insur-
ance actuary. During World War II, he was a navigator in the bomber fleet. According to
some, Paul Armer interviewed him and was not impressed by his academic record, but,
since people with programming and mathematical skills were hard to find, Armer hired
him anyway.
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There is a humorous story told about Cliff at the expense of programmers every-
where. After he had become a super world-class gold-star computer-science research pro-
grammer years later, his responses to a series of questions that a team of psychologists
prepared to identify promising programmer candidates were used as a template to screen
applicants. There was just one problem—namely, Shaw’s skills were somewhat weak in
writing. Thus—the anecdote concludes—a lot of people became good programmers but
could not write program documentation at all well.

Gene Jacobs: Gene came to RAND after being a graduate student in mathematics

at UCLA:

George Brown was teaching part time at UCLA. The Bureau of Standards had a

computer group on campus and I learned how to wire punch card plug boards.

I asked Dr. Brown about RAND and he suggested I send in an application to the
Math department, which I did. I was interviewed by Olaf Helmer, Paul Armer and
Don Madden. I got an offer from RAND from the Numerical Analysis Depart-
ment in the summer of 1951, probably because I already knew something about
punch cards. I went to work for Paul Armer writing procedures.

[I became] Don Madden’s assistant. When Madden transferred to SDC in 1954, I
became manager of Programming Services [at RAND].

Mort Bernstein: After graduating from the University of Pittsburgh with an M.S. in
statistics, Mort first worked at the Pentagon on a University of Pittsburgh research proj-
ect for the U.S. Army and then moved on to the Atlantic Research Corporation in Alex-
andria, Virginia. His widow, Maureen, provided the following information:

In 1954, Mort found a notice in the Washington Post offering interviews for com-
puter programming jobs at RAND in Santa Monica CA. So on a Sunday after-
noon, after spending two hours with Paul Armer, Mort was convinced that he
wanted to work at RAND. He told me Paul was one of the smartest, funniest peo-
ple he had ever met. Earlier that year he had taken a government sponsored course
taught by Grace Hopper (the someday Admiral Grace Hopper) who was even then
a well respected and knowledgeable teacher of computer programming. That may

have helped Mort get a job offer at RAND.

Ray Clewett: Ray related these memories of his first days at RAND in an article from
the RAND Alumni Bulletin,?® excerpted here:

When I first came to RAND in 1951, it had graduated from an Air Force Proj-
ect, to a non-profit Corporation, but it still had many characteristics of its original
military beginnings. We worked out of an old two story poured concrete building

23 Clewett (2002).



34 RAND and the Information Evolution: A History in Essays and Vignettes

at the southwest corner of Fourth and Broadway in Santa
Monica—the current location of the “Santa Monica
Place” parking structure. The building was rather drab,
and looked much like any of the other commercial build-
ings in the area. It had originally been the home of the
Santa Monica Evening Outlook newspaper.

'The RAND Corporation was not a very impressive estab-
lishment. There were no signs on the building, or other
indications to show that the old newspaper office had
become a “Top Secret” government research facility. The
only identification was an unpretentious sign on the glass

doors at the front of the building reading “The RAND

Corporation” in small gold letters.

RAND was a new experience for me. Before coming to
RAND, I had always worked in an aircraft factory, or a
machine shop. Here I was working in a sophisticated office
environment where everyone was clean, well educated, and
very professional. At least half of the RAND staff had a
Ph.D. degree. I had a high school diploma. At RAND, 1
worked in the Mathematics Department. In school I had
barely passed my high school algebra classes.

Ray Clewett was the chief
machinist and head of the
mechanical laboratory.

Security was tight.?* The entire building was a Classified
Facility. For the first few months, until their Air Force
Security Clearance came through, even new employ-
ees were escorted at all times (including to the Rest Rooms!). The building was
patrolled by armed guards 24 hours a day and was never closed, or the doors locked.
'The guns the guards carried were not just for show. Twice each year each guard had
to report to the Santa Monica Police Pistol Range to “Fire for Qualification.” With
my non-academic background, it was a little surprising that I would be hired by an
organization as sophisticated as RAND. Fortunately, there were a number of fac-
tors involved that I knew nothing about.

For some time I had been dissatisfied with my job at Lear Avia, where I had been work-
ing, since leaving Douglas Aircraft at the end of the war. I had heard about RAND
from a friend, who knew that another friend from Douglas, was now employed at
RAND. I phoned that friend, and made an appointment for an interview.

I didn’t find out until much later that my timing couldn’t have been better. RAND
was just starting construction of its new JOHNNIAC Computer. RAND wanted

24 For many years, every member of the RAND guard force could recognize all employees and call them by name.
Indeed, entry access to the building included one such guard recording names into a machine whose storage mecha-
nism was a round plastic disc roughly 8 inches in diameter.
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a more powerful computer for their Air Force research, and was just starting con-
struction of the first electronic modules for one of these new machines.

RAND had planned to build its new machine in a small computer maintenance shop,
where a small group [of] electronic engineers and technicians had been modifying
RAND?’s old REAC computer. But they had no one to design, or tools to make, any
mechanical parts. The original plan had been that any mechanical or metal parts they
might need for the new machine, could be purchased, or made to order by outside
vendors. Design and assembly had progressed to the point where it was becoming
very clear that it was not going to be practical to depend on outside vendors to design
and manufacture all the special mechanical parts that would be required. If they were
going to build this new computer, they were going to need an in-house metal shop
that could make parts for power supplies, electronic modules, fuse panels, mounting
brackets, frame structure, and an external housing for the machine. I was hired to
buy machinery, organize, and manage, a small machine shop that would be able to
design and fabricate all the mechanical parts that would be needed to build JOHN-
NIAC. JOHNNIAC was completed, and went into service at RAND in 1953. At
about the same time IBM brought out their first commercial, “701 Main Frame
Computer.” JOHNNIAC was in continuous use at RAND from 1953 until 1966,
when it was retired, and donated to the Los Angeles County Museum.

Keith Uncapher: Keith came to RAND after graduat-
ing from the California Polytechnic Institute (at San Luis
Obispo) in mathematics. He wrote,

My initial interview at RAND was prompted by the repu-
tation RAND had at the time. In part the reputation came
from my interview at Douglas. My interview at RAND was
with Dr. George Brown and Paul Armer. At the time Paul
told me that George wanted to hire me and if that didn’t
happen he wanted to hire me. I really wanted a hardware
assignment and was hired and assigned to Bill Gunning.
This was around July 4th 1950. I remain forever grateful to
George Brown and Paul Armer for their faith in me. I still
often remark to friends that the first twenty years at RAND
I imagined was like going to work in Heaven each day. 1
truly believe RAND at the time was the most exciting place
for an IT technologist or I'T scientist to be in the US.

Willis Ware: Willis came to RAND after moving from
Princeton to southern California to work for NAA: Keith Uncapher, trained as a
mathematician at California
Polytechnic Institute at San
Luis Obispo, became a prom-
inent electronics engineer.

I had met Gunning and maybe others when they vis-
ited the Institute for Advanced Study [IAS, in Prince-
ton, New Jersey] to talk about our machine [for John von
Neumann]. So when I came west in August 1951, it was
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natural to retain the contact; also the local computer group met monthly on the
UCLA campus in Harry Huskey’s [wartime] temporary building—Institute for
Numerical Analysis.

The JOHNNIAC was underway by 1952. Bill Gunning went skiing and broke
his leg. RAND (namely George Brown) suddenly realized that RAND had all its
JOHNNIAC eggs in one person and would be vulnerable if something more seri-
ous were to happen to Bill. Some insurance seemed like a valuable asset to have.

I had gotten disillusioned with the environment at North American Aviation to
which I had come from IAS. I'm not sure how the link got established but I imag-
ine that Bill/I talked about my coming to RAND. I filled out the paper work, had

an interview with George Brown and was hired.?5

Pat Haverty: Pat came to RAND in late December 1953 after being discharged from
the Navy:

I was stationed at Arlington Hall where I was fortunate enough to be assigned to
the newly arrived IBM 701. I had previously applied and was accepted at RAND
in 1951 (Paul Armer and Don Madden interviewed me but elected to finish up my
reserve commitment; I was in a Navy reserve unit specializing in cryptography).
Both RAND and I were delighted to rejoin each other with 701 experience under
my belt!!

Irv Greenwald: Like several others, Irv came to RAND from UCLA:

'The Bureau of Occupations at UCLA sent me to RAND, which I had never heard
of before. I was running out of GI Bill [benefits] and needed a job. I started in June
of 1950 in the Outlook building.

Departmental Growth
'The department grew quickly in size and in complexity, changing its name several times
as it evolved.

An organization chart dated January 1, 1950 (Figure 3.1) shows the structure of the
mathematics division and its groups. One, the NAD, already numbered 36: the electronics
group (eight people) and the punched-card and hand-computing components (28 people).

By October 1, 1951, the NAD component had grown to 48 people and its laboratory
group (formerly the electronics group) to 13. At that point, in line with John Williams’
philosophy of maintaining extensive contacts throughout the mathematics community,
the mathematics division had a roster of 65 consultants.

25 Digby (2001). See also Digby (2005) and Ware (2005). See also LeLevier (2006) and Ware (2006).
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By May 1, 1962, the NAD had become the Computer Sciences Department with a
dozen discipline-oriented programming teams, a computer-operations group, a computer-
system group (formerly the electronics group), a computer-system research group, a pro-
gramming R&D group, and various administrative, staff, and special-assignment groups
(Figure 3.2). The department maintained a roster of 32 consultants. Growth continued
through the following years (Figures 3.3 through 3.7) at which point the department had
attained its maximum size.

From its inception as the NAD, Paul Armer was its head. Somewhere between 1962
and 1964, he decided that he preferred to address issues other than administrative obliga-
tions. Accordingly, he arranged to exchange jobs with the associate head of engineering,
Willis Ware, who then became head (see photo on page 31). Armer referred to the action
as “the hat trick.”

By the mid-1970s, the previously unified Computer Sciences Department—one part
to conduct research and the other to provide computer services to the corporation—had
split. Keith Uncapher and his group had left to form the Information Sciences Insti-
tute at the University of Southern California. The remnants of the research activity in
the Computer Sciences Department were not organized into a specific group, although
Bruce S. Borden organized a few of them into an information-system laboratory (ISL) to
support the computer-science research. Later, Michael L. Wahrman, James D. Guyton,
and James J. Gillogly successively became the heads of the ISL. The programming people
and the machine-service people became the Computer Services Department (CSD), also
called the RAND Computation Center.

'The people who came earliest, the people listed in the organizational charts, those
mentioned elsewhere in this document, and their colleagues who joined the department
later, individually and collectively made the RAND computer-oriented department—
whatever its name and organization—a force in the world, in the professional societies of

the computing field, and in the RAND research program.



Figure 3.1. Personnel of the Mathematics Division, January 1, 1950

0.

H.
R.
N.
M.
T.
0.
E.
J.

Mathematics

Helmer

Ansoff
Belzer
Dalkey
Dresher
Edwards
Gross
Quade
Robinson
Snow
Specht
Wagner
J. Edwards
M. Langjahr

PERSONNEL OF THE MATHEMATICS DIVISION
J. D. Williams

Statistics
A. Mood
B. Brown
T. Harris
J. Walsh
R. Burns

Hand Computing
P. Armer

E. Broderick

H. Hunter
H. MacGrath
E. Pond

W. Smith

J. Thompson

On leave of absence

J. McKinsey
L. Shapley

Numerical Analysis
G. Brown

C. Hastings

V. Baldwin
L. Solberg

IBM
J. Goodpasture

R. Bemer
B. Chiapinelli
G. Kellman

J. MacIntosh
R. Middleton

D. Lindberg
B. Moats

E. Myer

W. Myers

R. Nash

R. Rumsey
F. Sipe

J. Van Paddenburg

Procedures Staff
R. Bosak

J. Hall
J. Madden

RAND Projects
H. Germond

B. Himes
M. McLaurie
E. Chase

E. Paxson
V. Dudley
R. McDermott

Electronics
W. Gunning

G. Baker
B. Fry

G. Johnson
W. Melahn
R. Mengal
L. Mockbee

D. Slaughter

1-1-50

Sa11ouBIA pue sAess3 ul AI01SIH V :UOIINJOAT UONBWIOU| 8U] pue ANVY 8€



Figure 3.2. Personnel of the NAD, May 1, 1962
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Figure 3.3. Personnel of CSD, March 1964

Senlor Research Staff
M. L. Juncosa

M. E. Maron

N. Z. Shapiro

J. C. Shaw

P, Wolfe

Air Force OQfficer
Lt. Col. R, C, Alvestad

Department Assignments
C. L. Baker
G. E, Bryan
1. D. Greenwald
J. W, Smith
F. J. Gruenberger
J. P. Haverty
R. N. Reinstedt

Publications
W. B, Holland
L. Colbert

Research Assistanc
B. C. Hammidi

R. Heirschfeldt
A, Paul
M. Westfall

Administrative Services

Helen Snell

Secretaries
Sherry Chester
Dorothy Crabb
Marie Grace
Jessie Gutteridge
Charlene Klink
Carol Moore
Joan Pederson
Helen Sadlon
Sharon Stalder
Edith Wolfe

Document Center
Vada Baldwin

Program Library
Lora Steele

COMPUTER SCIENCES DEPARIMENT

March 1964
W. H, Ware
P, Armer--Assoc. Dept, Head
R, H, Blechen~--Admin. Ass't.
Computer Systems Computing Services
K. W. Uncapher J. D. Tupac
P, Baran Systems
;’ g. g:;a,iﬁd J.BD. Babcock
T. 0. Ellis 3. Hawsner
J. F. Heafner R' A wa acez
G. D. Hormbuckle . A. Wagner
‘;’ L. gi::;ey Programming Operations
M‘ Warshaw Special Assign. Economics Engineering
- B, W. Boehm G. W. Armerding* J. L. Carlstedt W. P, Myers
M, R. Davis S. E. Dreyfus G. B. Benedict s. Belcher J. T. Butler
R. W. Clewett D. R. Langfield G, D. Brown N. D, Cohen D. F. Caraway
G, W, Dietrich D. T. Rumford M. Buchanan M. Fujisaki T. C. Dorsey
G. N. Lucas C. H. Bush K. Harris K. L. Early
R. Stahl Corporate Data Proc, R. J. Eggleton W. C. Hollis D. T. Gatley
G. W. Armerding* F. W. Finnegan, Jr. S. Glaseman
R. 1. Yoshimura H. 0. Oku R. J. Moulenbelt Math & CSD R. L. Kevershan
g’ g‘ ﬁi? T. K. Sawtelle A, H. Rosenthal J. I. Derr C. J. Kirchner
A T. E. Wold R. J. Young S. P. Azen D. R. Lahmeyer
N. B. Winston R. J. Clasen D. A, Lightfoot
Physics ALDP L. Cutler C. L. Mason
I. L. Finkle T. W. Ziehe E, M. Fairbrother E. McCullough
R. 8. Grote S. L. Marks N. L. Gilbreath B. N. Pepper
G. R. Levesque H, Noguni D. L. Hatch H. Pierson
H. L. Scantlin A. B. Nelson E. K. Renner
M. A, Shea
B. C. Southard
B. F. Stone
E. Tolnai
C. L. Weihe
Consultants
M, Balinski H. Dreyfus R. K. Lindsay W. R. Reitman
R. Balzer R. A, Dupchak J. D, Little J. J. Robinson
B, H., Bloom G. W. Ermnst D. D. MeCracken H. A, Simon
G. J. Bloom E. A. Feigenbaum D. M. McKay E. Stefferud
D. G. Bobrow J. Feldman M. L. Minsky F. M. Tonge, Jr.
8. ' Boehm B Gordon A, Newell R, D. Tschirgi
G. B. Bradham B. F. Green, Jr. E. J. 0'Connell, Jr. L. Uhr
N. B. Brooks A. W. Holt R. L. Patrick T. A, VanWormer
D. D, Butler D. S. Hopp A. J. Perlis R. W. Watson
R. W. Cottle G. Jaffray B. Raphael M. B, Wolf
B, A, Davwkins K. E., Rnight P. A. Reich

*Dual Assignment
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Figure 3.4. Personnel of CSD, May 15, 1966

Senior Research Staff
M. L. Juncosa

Computer Systems
K. W. Uncapher

W. H. Ware

P. Armer - Assoc, Dept. Head
R. H. Blechen - Admin, Ass't,

Computing Services

5-15-66

M. E, Ma P Ba J. D. Tupac
N' z' shgoniro L. 3 Crl;:!g‘ Programming Systems & Operations
J' C. Shaf: E. C‘ DeLand Special Assign, Economics J. L, Carlstedt
- E. M. DuBois S. E. Dreyfus I. L, Finkle Systems %gerations
Air Force Officer T 0. Ellis J. L. Kuhns C. H. Bush G. D. Brown . P. Myers
Tt ol R. ¢ Alvestad G. F- Groner D. R. Langfield F. W. Finnegan, Jr. E. M. Fairbrother R. L. Kevershan
. Lob. Kb J' F' Heafner D. T. Rumford D, Goldman A. W. Frederick W. B. Allen
s 'y B. Hausner H. L. Scantlin R. K. Coock
Department Aselgnments oe 0. Hormbuckle Math/CSD R. J. Moulembelt T. E. Wold R. J. Davis
¢ b Bryan W 1 Sibley 3. 1. Derr A. H. Rosenthal K. L. Early
I‘ D' GrZ nwald R. . Turn y S. P, Azen H. J, Shukiar S. Glaseman
A. C‘ Luc:to * R. J. Clasen B. F, Stone B. L. Holmes
J' w' Smith M. R, Davis N, D, Cohen R, C, Villanueva J. R. Hurd
J,-P.‘Haverty R w Clowett L. Cutler T. D. Wisniewski D. A. Lightfoot
R. N. Reinstedt G. W. Dietrich N. L. Gilbreath R. J. Young R. E. M:;Kenz
o G. N. Lucas D, L. Hatch H. L. Pierson
. N. i i . K. Shul
Publications D. A. Malan G. Levite gngéne;;:%ﬁ’hyslcs g g glngk
JI: Téo?.sg:k R. A, Macthews ALDP K. G. Brown E. Tolnai
: R. I. Yoshimura T. W. Ziehe M. C., Fujisaki E. K. Renner
Cybernetics Data Research N. B. Winston g i gﬁi{zs § " MH:;:ﬁ BBd N ;dn;rarek
" Béx*égila“d H. A, Noguni R. L. Mobley B. C. Eastwood
M. Westfall F. D. Valadez A. B. Nelson B. C. Southard
. or J. Rice C. L. Weihe
Corporate Data Proc, H. J. Richardson E. Yum
Research As.ssistance T. K. Sawtelle 3. E. Rieber
S. A, Harrison R. J. Eggleton
R. M. Heirschfeldt 5o o
M. L. Rapp o
Administrative Services Consultants
H. A. Snell N. S. Assall E. A. Feigenbaum G. E. Lindstrom V. G. Ruhlig
. M. Balinski B. A. Gordon M. A. Melkanoff W. F. Sharpe
. Secretaries ie Harrinet R. M. Balzer F. J. Gruenberger E. G. Mesthene H. A. Simon
Sheila Banish ’ﬁa‘l‘ﬁ . Mc?mg on G. G. Bloom B.  Hammidi M. L. Minsky P. L. Stephan
Florence Bennett J“ "P der‘;e: G. B. Bradham A. W. Holt A.  Newell F. M. Tonge, Jr,
Joan Berglund HZ?.Iel ga dlog N. B. Brooks A. D. Inselberg R. L. Patrick R. A. Wagner
Terri C°°Pe§b Cha ‘1‘ tte West R.  Cahn R. W. Jonas M. Penington M. B. Wolf
Dorothy Cra Nty R. A, DiPaoli T. H. Kirschbaum L.  Rossi S. B. Yuan
Muriel Cullison uey son J. Economos R. K. Lindsay F. J. W. Roughton
Janet Dorrough : 24

Document Control
Carol Moore

Computer Program Librarian
Pearl Leonhardt

*Leave of Absence
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Figure 3.5. Personnel of CSD, May 15, 1968

Senior Research Computer Svatems
Staff K, ¥. Uncapher

COMPUTER BCIENCES DEPARTMENT
W. H. Ware

P, Armer -~ Assoc., Dept, Head

R. H. Blechen = Adwmin, Ass't,

Computer Services
J. P. Haverty

G, W, drmerding, Assoc,

M. L. Juncosa R, M., Balzer
WL E B, comuter Systems
T Foo Analysis
E, ¢. Deland —
5 s B. W. Boehm
Dapartment T. 0. Ellis F. W, Blackwell
Assignments B, J. Farber 3' C‘ Clayton
M. L. Rapp I. D. Greenwald 3’ A' ?aryuhar
R. N. Reinstedt ¢, ¥. Groner K’ * Hargis
J. ¥, Beafper v, R. Laub
Cybernekics Data W, H, Josephs R
Research H., E. Petersen
W. B, Holland W. L. Sibley
8. M Breit R. Turn
P. J. Hays :
D. J. MeDonald M, K. Davis ¥idea Graphics Froi.
3. J. Schneider . W. Clewett G. W. Armexding
M. Westfall . W. Dherriceh ;3 ii fiu“»?l‘i rodt
. Erskine , L. Gariste
J. Beononos Herrick c. Levitt

. Lucas
. Matthews
. Yoshimura

.

FRONLOR
e KR

o

pecisl Assipnments
Cohen

D.

L. Kuhns

B, Langfield
R,

T.

¥.

P~

Pt

Martins
Rumford
Sawtelle

Hgg:auz

Corporate Data

Processing
B, H. Fairbrother

R. J. Eggleton

5. €. Hilfman
#*Leave of Absence I. A, Jolissaint™
**pPart Time g M. Maul

Mo, /Day =~ Start Time . B. MacInnes

Applications Propramming . Systems and Operations
1. L. Finkle ) T. E. Wold
W. P, Myers, Staff ass't.
Math/Statisties/ Systems Operations
Phys. Science G. B, Brown Shi
J. I. Derr R, A, Berman W ak
8. P. Azen s, Glaseman v De SLEP
: W, ¥. Canillas
J. L. gastel P, L. Love D, F. Carawe
R. J. Clasen 3, E. Rieber - Ee b 24
J, R, Hurd
L Gutler ) 3. ¥, Rulp
M. C. Fajisaki Program Libravisn D‘ A Lightfoot
R. H. Mayall Pearl Leonhardt W B: Montgomery
R. L. Mobley H. L. Pigrson
A. B, Nelson M. T. Surlin
E. Tolmal
File Man 114 JR8s Support
Syatens R, L. Clark 3
o T A, C. Lucero Night Shifts
F. W. Finnegan $., L. Mavrks 'D .L Afgen
D. T. Getley R, K' Cvosk
W, H. Hamilton ® 3‘ Devis
D, L. Hateh c - .
8. Ok B. €. Southard
K. J. Young
Simulation
& Models
1. L. Finkle
B. Hausner®
L. A, tittleton
R, J. Houlenbelt
3‘, J. Shukiar Kev Punch
¥, D, valadez -—L*-‘-'—“h B Renner
R. £, Villaoueva -
T. D. Wisniewski First Shift Second Shift
B. ¥, Dyer Y. C. Holmes
P, €. Eastwood B. Yum
Staff Assignment M. A, Hartford
&, H, Rosenthal €. L. Weihe

5-15-68

Bupport Services

R,

H. Blechen

Publications

J. L. Stuxak
€. L. Fleming
R, A, Ladd

Research Assistance

S. A, Harrisom <

R. M. Helrschfeld:

Administrative
Sgxvices
H, A, Snell

Serretaries
Flovence Benneft
Jerry Brenden
Doroihy Crabb
Janet Dorrough
Mary Harris
Skip Hendricks
Mona Lankford
Rosemary Rhoades
Helen Sinois
Alice Stear

Intelligence
Facility
Marilyn Covum

Porument Control
Mary Jaynne Glaseman

Technical Typlst
Joan Pederson

S8)18UBIA pue SABSST Ul AJ0ISIH Y :UOIIN|OAT UOIRBULIOM| DY) PUB ANYY 2t



Figure 3.6. Personnel of CSD, December 15, 1969

COMPUTER SCIENCES DEPARTMENT
W. H, Ware, Head

12-15-69

K. W. Uncapher, Assoc. Head J. P. Haverty, Assoc. Head

E. J. Savage, Dept, Administrator

Senior Staff Computer Systems Ean; C;zz:;:;io;ggenter
ML Tuncos p J. P. 331 igr.
M. L. Juncosa K. W. Uncapher, Mgr. ¢. u. Armetd;ng Assoc. Mgr.
N, Z. Shapiro T. 0. Ellis, Assoc. Mgr. >
I C. Shaw %' ﬁ' Q‘;‘}:f,i"“ Computer Systems Applied Programming Systems & Operations
T Analysis T. E. Wold G. D. Brown
e o P A S
oL Rapp R L. Clark T. E. Bell Math/Statisties/ Data Management
R. N. Reinstedt E. C. DeLand F. W. Blackwell Physical Science Systems Systems Operations
G. F. Groner 3= & Claykon T b G, g levite H. 0. Casali R. J. Davis
- . ohen “a u . . ewar S. Glaseman
A ¥ jarelem 3. A. Farquhar M. €. Fujisaki T. D. Wisniewski ¥ R. Hamiiron Daw Shift
S ST W H qencner K.  Harris K. J. Ball B.  Yormark P L. Love Lug b L2 Amgell
P. 3. Hays R. A. Kost:r R. &, Heiser R. H. Mayall R. D. Lutze M. V. Byrne
J. B. Kelley H. E. Petersen I. M. Iwashita S§. D. Oman Simulation & R. J. Moulenbelt J. S. Hackett
o Rudins W. L. Sibley D. W. Kosy D. S. Pass Models J. E. Rieber J. A. Hoepner
: R‘ : Turn R. A. Watson M. Roublow H. J. Shukiar A. C. Shetler J. F. Xulp
Support Services ’ M. B. Berman A. R. White A. L. Manuel
E—£§~—§;;z—3~—~* M. R. Davis Video Graphics Data Management G. M. Carter P. F. Nielsen
- g H. B :oo:h groiec: S Services - z~ i- g:lei . Program Librarian J. D. Rowe
T . W. Armerding T. K. Sawtelle . Al ttleton J. A, Saindon 1. 1. Simac
Administrative R. W. Clewett R. L. Bisbhey W. H. Allen M. G. Samaniego M. H. Sammons B. C. Southard
Services G. W. Dietrich C. H. Bush C. M. Dodd . B g - Lo
H. A. Smell g‘ E 2rskine : J. L. Carlstedt F. W. Finnegan Climate Project JOSS Support Night Shift
Publicati c. A Harzz k K. D. Gorham J. M. Clark A. C. Lucero D. L. Allen
SE*E*£§;~£E% G. N' Lert ¢ Special Assignments D. L. Hatech R, E. Hoffman S. L. Marks P. R. Campbell
LA H“;‘ 14 oAl M“C:: 7. Held*k €. N. Johnson R. L. Mobley W, 3. milligan
DL Peeoe R 1 vatiioe D. R. Langfield g,  Oku A. B. Nelson Keypunch b, I, Montgomery
+ L. Fruse roshimura G. R. Martins A. H. Rosenthal E. K. Renner 1. H. Pierce
Technical Typist Research Assistants ?' T. gxmigrd R, J. Young ) M. P. Rushf
J. M. Pederson R, M. Heirschfeldt - Shi“esy" 1st Shift G. C. Williams*
J. E. Nakamura S e M. L, Bednarek* A. M. Way
Document Contrel 5. Y. Su g. é. geLeon ¥. L. Zachary
€. A. Taylor Intelligence Facility . +« Dyer
Processing 2. T. Funford L paspood
Yrocessing C. L. Wei
SecTetaries . M. Falrbrother P. E, Brown* e
Toni Clark B. J. Cronk M. Corum*  ens
Dorothy Crabb A D. A. Lightfoot 2nd Shift
Helen Dodds R. J. Eggleton S. M. Shelton
Ann Harper A Fox Secretaries Y. C. Shelton*
per. J. L. Frederick Secretaries £ v
Helen Sinnis P. K. Gowen Rosemary Rhoades . um
Alice Stear J' F‘ Groves Jerry Brenden
Ty Muriel Cullison
K. V. Hamilton
Skip Hendricks
J. A. Lockett :
A. B. Maclnnes Carol Hendrix
* Part Time E. 1. Rhodes N Susan Jackson
**x N, Y. Office B' M' S:eac; loria Smelser
F. D, Valadez
C. M. Wharton
V. M, Uood
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Figure 3.7. Personnel of CSD, January 4, 1971

COMPUTER SCIENCES DEPARTMENT 1-4-71
W. H. Ware, Head
K. W. Uncapher, Associate Head J. P. Haverty, Associate Head
R. N. Reinstedt, Deputy

H. A. Sn2ll, Administrative Assistant
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Senior Staff Computer Systems Rand Computation Center, J. P. Haverty, Mgr.
M. L. Juncosa X. W. Uncapher, Mgr.
N. Z, Shapiro T. 0. Bllis, Assoc, . ~TTTTTTIToC o R —— ———— e
J. C. Shaw R. H. Anderson Computer Systams Applied Programming Systems & Operations
R. M. Balzer BAnalysis T. E. Wold G. D. Brown
. A B. W. Boehnm W. P. Myers, Staff
pecial Projects R. A. Berman o, ’
ﬁeg% Rapp R. L. Clark T. E, Bell Math/Statistics/ Data Management Assistant
) E. C. DeLand F. W. Blackwell Physical Science Systems . .
TP Geenn i Systems Operations
4 G. F. G N. D. Cohen J. I. Derr G. Levitt . Uperations
Cybernetics © R opeondt J. A. F h 1 H. 0. Casali R. J. Davis
Data Research E. F. Harslem . A. Farquhar L. Cutler D. H. Stewart W M. ALl
e i ; . H, en
P. J. Hays J. F. Heafner K. Harris K. J. Hall T. D. Wisniewski s 61
B. Kell W. H. Josephs R. S. Heiser ' $. D. Oman B. Yormark . aseman Ist Shift
J. B. Kelley . H. ep ¥. R. Hamilton P, F. Nielsen
W. L. Sibley I. M, Iwashita D. S. Pass 3 "

Publications R, Turn D. W. Kosy M. Roublow Simulations and + A, Hoepner C. B. BAngell
. J. Horgan* R. A. Watson Models R. J. Moulenbelt D. Ballantyne
i, L Prusoff M. R. Davis Data Management H. J. Shukiar A. g Shetler J. S. Hackett

b Sapriel H. E. Booth Special Projects Services M. B. Berman 2' by ;‘;ﬁ’,‘ Buelow  J. F, Kulp
R. W. Clewett C. H. Bus T. K. Sawtelle G. M. Carter - R. White A. L. Manuel
Technical Typist G. W. Dietrich D. Hollingworth C. M. Dodd L. A. Littleton P Lib J. D. Rowe
J. M. Pederson 0. E. Garza R. J. Eggleton M, G. Samaniego W .
T G A. Herrick Special Assignmente F. W. Finnegan v 8 ardice  2nd shift
Document Control N. A. Johnson £. M. Fairbrother M, C. Fujisaki Climate Proiject - #i. Sammons D. L. Allen
B, E. Brown# G. N. Lucas D. R. Langfield C. N. Johnson J. M, Clark 2088 © D. R, Campbell
H. Sammons* R. A. Matthews G. R. Martins A. H. Rosenthal R, BE. Hoffman i;......‘EEPEEE J. J. Simac
Y R. H. Parker I. Nesbit R. J. Young R. L. Mobley + €. Lucero A, M. Way
Secretaries R. 1. Yoshimura D. T. Rumford A. B. Nelson S. L. Marks G. €. Williams
Dorothy Crabb
Helen bodds Research Assistants g§‘§°r:§e Data e S K-E-X.—__.? K}.’ug:lx:ner mérdﬂfh;if;rce
Ann Harper R. M, Helrschfeldt ?“9‘5—8%%‘“‘ Intelligence Facility %. V. Byrne
Helen Schroeder J. E. Nakamura L. Re D. T. Rumford ist snift W. L. Zachary
Toni Sharp P. K. Gowen P. E. Brown* =7 W. L. Zachary
o B . 1. ecn
Helen Sinnis J. F. Groves M. C. Corum* B. N. Dyer Producti : 1
D. L. Hatch -« N. e roduction Contro
R. §. Heiser** €. L. Weihe
J. A. Lockett Secretaries N.Y. Rand Institute ist Shife
A. B. MacInnes Rosemary Rhoades  D. T. Rumford nd shift B. C. Southard
C. M. Wharton Jerry Brenden B. J. Hausner e i elton ,
V. M. Wood Muriel Cullison J. Held : um ‘%——-——q-—"d\"sl’;‘fil,
Skip Hendricks C. E. Shanesy « J. Miiliigan
Suzi Jackson
* part Time Ginny Kelsey

** Temporary Assignment Gloria Smelser
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CHAPTER FOUR

RAND’s Early Computers

Mid-20th Century Computation
At its inception in 1946, RAND drew on the established techniques and methodology that
various branches of science and engineering had evolved over the years. These were predom-
inantly labor-intensive hand methods that depended on spreadsheets to organize the flow
of a numeric solution and were supported by desktop mechanical machines that could do
arithmetic (calculators) or by calculations involving mathematical functions (the slide rule).
‘Three companies, producing machines under the trade names of Marchant, Friden, and
Monroe, dominated the small industry producing desktop mechanical calculators. There
were also specialized mechanical machines intended primarily for the financial industry
of the time and the corresponding recordkeeping of businesses: e.g., the Felt and Tarrant
Comptometer and other bookkeeping machines that Burroughs Corporation marketed.
RAND was also drawing on and contributing to the emerging analog and digital
computing techniques and methodologies. A moderately advanced analog-computer art
had started in mechanical form prior to World War II' and had been pushed during
the war into an electronic manifestation.? Though there was a tiny commercial analog-
computer industry, there was no commercial digital-computer industry when Project
RAND was inaugurated. Prior to the war, Bell Telephone Laboratories had built some
experimental digital machines; John Atanasoff had designed and built a small-scale digi-
tal computer at the University of Iowa; and the U.S. Army had funded the construction
of the Electronic Numerical Integrator and Computer (ENIAC) at the Moore School of
Electrical Engineering at the University of Pennsylvania. During the closing phase of
World War 1I, the military services had become interested in simulating the full six-
degree-of-freedom? flight of an aircraft and the U.S. Navy funded three major projects,
all nicknamed after storms: Project Typhoon (analog) at the RCA Laboratories, Prince-
ton, New Jersey; Project Cyclone (digital) at the Raytheon Company in Massachusetts;
and Project Whirlwind (digital) at MIT.

! The mechanical differential analyzer that Vannevar Bush pioneered at MIT and replicated in a few other places,
including the Moore School of Electrical Engineering at the University of Pennsylvania; the General Electric Com-
pany at Schenectady, New York; and the University of California, Los Angeles.

2 Notably, a machine built by the Reeves Instrument Company to solve differential equations.

3 The three spatial coordinates of the vehicle’s center of gravity plus the vehicle’s three angular coordinates with
respect to its center of gravity.

45



46 RAND and the Information Evolution: A History in Essays and Vignettes

Finally, there was a well-developed punched-card industry centered on IBM
and Remington-Rand. IBM technology used rectangular holes in the punched cards;
Remington-Rand, round holes. Thus, the two product lines were sometimes referred to as
square-hole or round-hole equipment. The card formats were different, as was the encod-
ing of alphabetic and numeric data on the card. An IBM card contained 80 alphanumeric
characters; a Remington-Rand* card, 90.

From this mix, RAND’s early use of computational equipment was the desktop
calculators, the slide rule, and (of course) EAM punched-card machinery. In this last
regard, RAND got started by using the card installation at Douglas Aircraft on the
graveyard shift.

Keypunch operators created duplicate stacks of punched cards for each program, comparing them
to ensure accuracy.

4 RAND had no relation to Remington-Rand (or, for that matter, Rand McNally).
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Reeves Electronic Analog Computer
On his return from Harvard for an advanced degree, Arnold Mengel wrote a memoran-
dum outlining his views on the acquisition of an analog computer.®

September 22, 1947

To: E. W. Paxson

From: A. S. Mengel

Subject: ANALOGUE COMPUTERS
Purpose

This report will outline the information obtained during a brief
survey of the digital computer art. While only ONR [Office of Naval
Research] Special Devices Center and Reeves Instrument Company have
been visited, these contacts plus a survey of pertinent reports at
ONR have provided considerable information. Included in this report
will be a discussion of the Reeves Computer, a list of concerns work-
ing on analogue computers, and a list of sources of error in DC
[direct-current] operational circuits.

Summary

A modified version of the computer outlined in the pamphlet, “Reeves
Electronic Analogue Computer,” can be obtained in three-five months

for about $24,000 f.o.b. [free on board.] It is recommended that such
a unit be obtained for RAND.

Reeves Computer

Two copies of the pamphlet mentioned above have been sent to you. As
outlined in our telephone conversation, the prices of the units (as
quoted by their vice-president, C. B. Dewey) are

e Computer (with no DC amplifiers, power supply, etc.) C101

$10,730.00
e Servo Unit (10 servos and resolver) S101 $22,710.00
® Recorder R101 $3,773.00

The servo unit cost can be cut by $3,500 by removing the resolver,
which requires complex modulating and demodulating equipment. The
chief engineer, H. D. Belock, and the project engineer, S. Godet,
agree with my opinion that 5 servos should be sufficient for use
with seven integrators. A servo unit with no resolver and five ser-
vos instead of ten, would cost $9,600, or a total cost for all three
units of $24,103. A conventional Brush recorder could be obtained for
about $1,000, but I doubt if the savings would be worth it, for their
recorder is much more convenient to use.

I think you are unduly concerned over the non-linear function poten-
tiometers, which I believe are described in Cyclone Report #2 and can

Mengel (1947). The information in this section draws largely on Mengel and Melahn (1950).



48 RAND and the Information Evolution: A History in Essays and Vignettes

(between cases 2 and 3). Although they now use rather elaborate cut-
ting techniques, they previously set-up the potentioimeter drums by
hand with an accuracy better than 2% and in a very short period of
time.

They have had no experience with [integral] £f(x,t)dx but offer two
solutions. An additional unit using mechanical integration can be

[integrallf(x,t) dx/dt dt. The computer uses no differentiating cir-
cuits because of the noise and hum troubles inherent with such DC

used for differentiating, so the above scheme is feasible.

Three models are in the process of being built for BulAer [Bureau of
Aeronautics] and Dewey is now having a fourth one constructed along
an extra model-we have given it to him and there is absolutely no
obligation on our part at all.

Delivery on the computer and recorder can be made in three months,
but five months will be required for the servo unit. A man can
install the model and instruct a staff on operation at additional
charge, but I don’t feel instruction will be necessary as a mainte-
nance and operation manual will be included.

I was quite impressed by the machine. Its flexibility, ease of set-

linear overload lights, etc. seem to be all that can be asked for.

diode limiters will be necessary for problems some of John Williams’
group have, in which variable cannot go negative.

Analogue Computer Development Program

The following is a list of concerns involved in analogue computer
developments (as outlined by Perry Crawford):
1. General Purpose

tial analyzers)

b) Reeves Instrument Company

c) George A. Philbrick [Researches], Boston, Mass. has a computer
for sale, similar to [Gilbert] McCann’s, but using DC opera-
tional amplifiers rather than TLC [transfer logic celll]
circuits.

d) M.I.T. Electrical Laboratories

e) Columbia, [John R. Ragazinni] and [Frederick A. Russell]

2. Special Purpose

a) Missile programs
Reeves and RCA for the Navy
A. C. Hall at M.I.T.—simulator tester for Navy

be seen in the pamphlet in the picture under REAC servo Units heading

obtained or (as suggested by Bell Labs. to them) use your proposal of

operational amplifiers, but each servo has a tachometer which can be

with them for us if we so desire, or for a floor model for themselves
if we do not purchase it. He has been waiting for an excuse to build

ting parameters and initial conditions, the automatic balancing, non-

The method of mounting should make maintenance simply and quick. The

a) M.I.T. (2), Moore School, G.E., A.P.G., UCLA (mechanical differen-
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Shranstad of BuStan [Bureau of Standards]
Bell Laboratories—NIKE
G. E.—tester—program now extinct

b) Franklin Institute for Navy
M.I.T. Instrument Lab. under [Robert C.] Seamans for AAF

c) Network Analyzers—many of which McCann’s is a good example.

d) Raytheon has built small a model for linear equations up to
fourth order.

e) Sperry has built one for themselves under [the guidance of]
Harris [at Reeves] and have done research on electronic differ-
ential analyzers as a subcontractor to Republic Aviation.

f) Simple models have been developed by G. E., Martin, Hughes,
North American, Curtiss and others.

Sources of Errors

The primary sources of errors in DC operational circuits are:
Finite input and output impedances

Stray input voltages

Changes in amplifier gain

Capacitor leakage

Finite amplifier gain

Drift

(o)W ©; B SN UV I SR

Number 5 was treated briefly in my previous letter to you. To expe-
dite the delivery of this report, an analysis of the above effects
will be discussed in a subsequent report, which will show that none
of them (except possibly 6) contribute more than 0.2% error.

Obviously, the errors can be reduced by use of short computing
times, high gain, high leakage resistance, and long integrator time
constant.

There is usually a limit of about 2 minutes in computing time, since
certain errors in DC analogue computers have a tendency to increase
6

with time.

Other than punched-card devices and mechanical calculators, there were no elec-
tronic devices that would support the calculations that RAND intended to pursue. The
company did accept Mengel’s recommendation, and a REAC arrived. An electronic
analog computer was essentially an Erector Set whose pieces are electronic or electro-
mechanical parts. The flow of the problem being solved was implemented in the pattern
of interconnections among the basic parts. Thus, problem setup was detailed and tedious,
requiring, among other things, teardown of the prior problem. The original REAC was
not, in current parlance, user friendly.

Almost immediately, RAND made many improvements in the machine. The fol-
lowing sections describe the major ones.

Gunning and Mengel (1949).
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Eddie Hatten at the console of the Reeves Electronic Analog Computer

Plug-Board Interconnections

Given its experience with the plug boards of punched-card electronic accounting
machines, it was natural for RAND to imagine one as the problem-input device for
the REAC. IBM was persuaded to make special boards and mounts—long and rela-
tively narrow—that were large enough to accommodate all the connection points in the
machine proper. Thus, problem setup consisted of plugging the appropriate wires into
the board and mounting it in the holder. The problem-solver could concentrate on the
problem instead of the machine’s mechanisms. Thus, retaining the plugged-up boards
could save problems, and simply inserting a new board could quickly change problems.

Chopper-Stabilized Amplifiers

In an electronic analog computer, the machine must be able to handle variables that do
not change for long periods or that change very slowly. This implies that the operational
amplifiers in the machine must have a frequency response down to O cycles per second—
i.e., an input of 0 volts must produce an output of 0 volts. Unfortunately, electronic ampli-
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fiers of the day were not stable; a fixed input voltage would produce an output that varied
uncontrollably over time as a result of thermal effects, stray electrical currents, and other
effects. As Mengel noted in his memorandum, problem times of only a few minutes were
feasible. The procedure was to balance all amplifiers—a tedious manual chore—and then
quickly make the problem run.’

At the time, “the use of contact modulators (also called vibrators, converters, chop-
pers) [were effective] as a means to stabilize d-c amplifiers . . . is well known.”® Moreover,
“the ingenious application of this technique to stabilize a wide-band feedback amplifier
is believed to have been first used by A. W. Vance in connection with Project Typhoon™
and therefore called the “Vance drift correction system.” All the amplifiers in RAND’s
REAC were accordingly modified®® and problem-solution times of minutes to hours
became feasible.

Arbitrary Function Input
'This device consisted of a metallic cylinder roughly 8 inches in diameter and 15 inches
long (the input drum—see photo, next page). There were fastenings for holding a piece of
paper to the drum. The drum was driven by a servo motor angularly. Above it, in contact
with the surface axially, was a linear resistor that could touch the surface. Thus, a voltage
applied across the resistor would vary linearly from —100 volts at one end to the maximum
of 100 volts at the other end.
'The procedure for an arbitrary function input was as follows:
1. On a piece of 11-by-17-inch cross-section paper, plot the desired function with the
independent axis along the 17-inch dimension.
2. Glue a piece of copper wire to the paper following the plot of the function.
3. Fasten the paper around the drum with the 17-inch dimension around the
circumference.
4. Lower the linear resistor into contact with the wire on the drum surface.

'The independent axis of the variable was then the angular position of the drum, and
voltage on the wire (glued to the paper) would be the value of the function. As the prob-
lem demand rotated the drum back and forth, the wire voltage (through its contact with
the linear resistor) varied according to the plot of the function.

'These three major improvements together with upgraded potentiometers, a larger
array of precision resistors and capacitors, elimination of stray ground currents between
cabinets, and other changes made the REAC into a stable workhouse machine for a wide

7 Ttis believed that one of the assignments for the newly hired Keith Uncapher was balancing the amplifiers prior to
each problem run.

8 Liston et al. (1946, p. 194).
% Serrell (1949).

10 Mal Davis modified and maintained the amplifiers. He and Ed DeLand trained at UCLA on the mechanical dif-
ferential analyzer.
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The REAC used function-input drums (above) and problem-input boards (below).

array of scientific and engineering problems. Among them was the study of intercon-
tinental ballistic missile (ICBM)—intercept schemes, modeling of human physiological
and neural systems (e.g., the internal and external respiratory systems), aircraft and aero-
dynamic studies, nonlinear economics, transient hydraulics, Prandt-number heat stud-
ies, bang-bang—control systems, pharmaceutical-drug distribution in the human body,
heat-transfer effects, and—well ahead of its time—exploration of the energy demands for
earth-moon trajectories.

At one point, the REAC was refurbished and a small contest held to select a new
name—the winner being simply TRAC, the RAND analog computer.

Eventually, the large, mainframe digital computers and their mathematical-modeling
capability outran the REAC’s ability. Moreover, RAND needed the REAC’s space to
accommodate an enlarged machine room for the digital equipment. Since the REAC
was technically the property of the USALF, it was shipped in 1961 to the Air Academy at
Colorado Springs for reinstallation and a few more years of productive work. It is believed
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that the machine later made its way to a small midwestern
college and finally into the recycle bin.

While analog technology is still used in many places
(e.g., as controllers for devices of many kinds), the large,

general-purpose analog computer is a thing of the past.
As noted by Ed DeLand—father of RAND’s REAC/
TRAC for more than a decade,

'The difference between directly watching a highly instru-
mented (with sensors) real system operate [on an ana-
log machine] vs. waiting while each individual piece
and component [of the system is] calculated [on a digital
machine] certainly [suggests that] it would be useful to
have such a powerful tool now when simulations of com-
plex systems in every field of endeavor are so common.
'The analog machine is now an anachronism, but it cer-
tainly was a brilliant invention and served [science and
engineering] well.

The JOHNNIAC Digital Computer

In 1949 and 1950, RAND rented from IBM and oper-
ated a pair of CPECs and some 604s." In 1950, a need for
more computing power was felt, and the issue of larger and
faster equipment arose. Should RAND attempt to build a
machine for its needs or buy—and if buy, buy what?

Ed DelLand was known as
the father of RAND’s Reeves

Electronic Analog Computer
,]:lle team OfJOhn Williams, George BrOWn, and Bill and as an innovative user.

Gunning set out on a tour of the country to see what might

be possible. They visited IBM at Poughkeepsie, the

University of Illinois, the Moore School, and Eckert-Mauchly Computer Cor-
poration. What they found was discouraging. Bill summed it up: “They were
doing all kinds of tweaky things to circuits to make them work. It was all too whimsical.”
'The only bright spot was the Princeton development at IAS, and thus it was that a work-
ing alliance between RAND and IAS came into being. RAND would build a machine
patterned in the likeness of the Princeton one. So JOHNNIAC came from an illustrious
ancestor—the so-called von Neumann machine developed at Princeton’s IAS.12

1 This section is a lightly modified version of a talk that Willis Ware gave at the decommissioning ceremony for
the JOHNNIAC computer held at RAND on February 18, 1966. The talk was published (Ware, 1966). See also
Gruenberger (1968), a very complete history of the project, including background material from von Neumann’s origi-
nal writing on the subject of the electronic computer.

121AS is an independent organization situated in Princeton, New Jersey. It is not a part of Princeton University,
though there are close collegial and research ties between them.
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As part of his preparation for the trial to come, Bill spent three days a week working
at UCLA on the Standards Western Automatic Computer (SWAC) machine being built
there by BuStan. It is interesting to review a document of October 1950—from the same
team of Brown, Gunning, and Williams to Frank Collbohm:

It is difficult at this stage to make sharp estimates of the sums
that will be needed during the fiscal years 1951 and 1952. The fol-
lowing, therefore, are deliberately conservative:

Total [estimated cost] 54,000 [FY51]; 63,000 [FY52]

In addition, the technicians, engineers, and programmers who will be
required for the project are currently available, with one exception:
we shall require a first-rate mechanical engineer for about 1 man-
year.

The personnel have been acquired and trained over the past three
years with this end in view. They have been occupied till now in
training activity and in design and construction work on other RAND
equipment, such as the random digit generator, the coverage machine
[Paxson’s bombing simulator], the REAC, etc.

So far as operating personnel is concerned, we now have approxi-
mately the planned number. The actual total number needed to operate
the machines of Numerical Analysis may increase, say by two or three,
because of the recent improvements made in the REAC, which will be
much more voracious of problems than when originally obtained.

'The total construction cost of the unnamed machine was estimated to be $150,000,
with a construction period of two years.

Several of the decisions about JOHNNIAC were noteworthy for 1950:

* 'The design goal was to improve markedly the reliability of the Princeton machine. A
minimum increase in reliability by a factor of 10 was to be achieved.

* Punched cards, not the teletypewriters of other machines of the day, were to be the
JOHNNIAC’s I/0O media.

* 'The machine was to be designed as an operational equipment, not a laboratory exper-
iment. It was intended to be used and to be maintained.

* 'The main store of the machine was to be the special electrostatic tube that Radio
Corporation of America (RCA) developed under the name “selective electrostatic
storage tube.”

And so work commenced.

In 1952, Cecil Hastings reported as follows:

Discussions are in progress with regard to the console. Several schemes and meth-
ods for entering numbers into the machine are being considered. Probably there
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will be an operator’s console presenting to him only as much as he needs to play the
machine, and a maintenance console [that] reveals the deepest secrets of the whole
JOHNNIAC. No other machine can make this statement: Our console is human
engineered.

JOHNNIAC will definitely be the most completely protected machine ever devised.
The present plans for supervisory control will take care of the machine in event of
voltage failure, refrigeration failure, fuse burnout, and all else. In addition to shut-
ting down the machine, an alarm will be sounded and a tell-tale light will tell who
do-ed it. The precise nature of this alarm is not yet settled; many diabolical devices,
all directed toward the best interests of the operator, are being considered.

As is fairly evident to anyone who goes by the zoo,'3 the main frame for the
JOHNNIAC is ready to receive registers. Bob Rumsey, who has been working with
Mike Stobin to wire the filament transformers [that] supply power to heat vacuum
tubes, has formed a private operation outside where he is holding down floor space
vacated by IBM files. We promise to have this auxiliary activity (you might call it
Rumsey’s Rump Session) replaced by bona fide JOHNNIAC ventilation.

Gan Baker has been given the awesome responsibility of Chief Inspector. What
this means in essence—we know where to point the finger—anything that goes
wrong is, of course, Gan’s fault. Under Gan’s direction, the shop has produced
all of the chassis of the adder, the digit resolver, the accumulator and the MQ_
[multiplier-quotient register].! Two memory registers are completed; two more will
be completed in two weeks. Two clear and gate drivers have been completed. What
all this adds up to is, that if Mike Stobin and Willis Ware who have been dealing
with the ventilation engineers can come through with the ventilating equipment
in time, it is very likely that we can have a smoke test of the arithmetic unit on the

JOHNNIAC main frame in October [of 1952].

The goal of the test will be to connect the A [accumulator register] and MQ_for
end-around shifting (7.5 order)!® and let the machine shift a set of digits all day
while we hammer on the frame and wiggle wires. Applications for wire wigglers
are now open.

What Cecil did not report, nor did anyone know at the time, was that RAND nearly
built the proverbial “boat in a basement.” Not until it was time to move JOHNNIAC’s main-
frame assembly from the old building to the one at 1700 Main Street (in Santa Monica—see

13 The “200” was a special part of the basement in RAND’s former building at 4th and Broadway in Santa Monica.
Chicken wire set it off from the rest of the building, an arrangement having to do with security clearance and the neces-
sity of keeping people separated.

14 The MQ was the register holding the multiplier during multiplication or the quotient in division.

15 A1l JOHNNIAC instructions—or “orders”—had a numerical designator. One of the machine’s attributes was that
g

its complete instruction repertoire could be typed on a single side of one sheet of paper. This aspect became a boastful

inside joke in view of the voluminous user manuals for commercial machines of the time.
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Chapter Five) did anyone appreciate that it would not go onto the elevator. The assembly
was finally nudged up the elevator shaft but without use of the elevator. Concurrently with
construction of the large machine, RAND was also building the so-called Junior version, a
precise copy of one-fourth of the large one.

Early in 1953, all action moved into this building, and shortly thereafter, Junior
was in operation as the engineering prototype to prove the designs. As John Williams
proudly boasted in 1954, “During the time it was tested, something over a billion opera-
tions were carried out without a single error.” Concurrently with the hardware activity,
programmers-to-be conducted regular seminars. Sample problems were coded and ana-
lyzed, and gradually the difference between stored-program electronic computers and the
previous card- and plug board—programmed machines came to be appreciated.

Among the important people at these seminars were Paul Armer, Bob Bosak, Robert
(Bob) Bremer, Irv Greenwald, Jean Hall, Cecil Hastings, Gene Jacobs, Dave Langfield,
Don Madden, John Matousek, Wes Melahn, Arnold Mengel, Ellis Myer, Bill Orchard-
Hays, Bob Rumsey, Cliff Shaw, and Jack van Paddenberg.

All during JOHNNIAC construction, George Brown spent much of his time wor-
rying about skiers (e.g., Bill Gunning) and airplane pilots (e.g., Roy Fry). George had
visions of a large part of his project know-how winding up in the hospital.’®

Early in the JOHNNIAC project, Bill Gunning decided that a “big switch” of some
sort would be necessary to turn the power on or off to the machine. Accordingly, he asked
Gardner Johnson to find something appropriate. Shortly, Johnson returned with a Auge
switch. It was one of the vertical switch-box controllers used in older trolley cars to handle
the heavy current demand of the traction motors—the kind at which the motor operator
stands and rotates a handle on the top. Needless to say, it exceeded Gunning’s expectations.
But it had come from a surplus shop, so discarding it was not financially painful.

JOHNNIAC became operational during the first half of 1953, and it computed its
first prime number. Needless to say, during its earliest days of shakedown and operation,
there was much maintenance and troubleshooting, and thereby unfolds another tale.

It had early been decided that the machine was to have a closed-cycle air-conditioning
system. Cool—really, cold—air was to be pumped up the center of the frame, returned
along the outside of the frame, and recooled in the basement. The air-conditioning instal-
lation designed for JOHNNIAC may never have an equal—lots of cold water to make
cold air, duplication of equipment to give reliability, and a temperature-control system to
end all. Most equipment items in the cooling system had a corresponding neighbor with
which they could exchange jobs, and thus it was that there evolved a maze of plumbing
and valves second to none. To keep the machine clean, a double set of filters was installed.
Going all out, it was decided to use a filter called the Cambridge filter, guaranteed to
take everything out of the air. However, these filters were never installed. Somehow, they
stopped seeming necessary.

16 Tt was this concern that led to Willis Ware joining RAND. His experience with construction and design of the von
Neumann machine at IAS made him an ideal match.
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When it came time to service the machine, someone had to open a door. It was like
standing in the deep freeze, and everyone was soon wearing ski jackets—with hoods. The
machine also acquired one of its early names—the Pneumoniac.

There is another noteworthy aspect of JOHNNIACs early life having to do with the
RCA Selectron tube. RCA regarded this tube, which was the machine’s store (i.e., mem-
ory) at the time, as experimental, and thus guarantee did not cover it. However, at $800
each, it was a little hard not to argue with RCA about defective tubes. Many remember,
especially Keith Uncapher, the long, almost-daily arguments about bad Selectron tubes;
generally, Keith won his agreement to return the defective tube.

Later in 1953, a contract was let with the International Telemeter Corporation to
produce a magnetic-core store for JOHNNIAC. 'This company was a venture into elec-
tronics by Paramount Pictures.!”

JOHNNIAC initially used a 256-word Selectron high-speed memory.

17 Paramount’s intention was to create a market and equipment for paid television. The contract with RAND was a
way to retain the staff team of Bill Gunning (from RAND), Milton Rosenberg (from RCA, Princeton), and Raymond

y g g y
Stewart-Williams (from the UK) that Paramount had assembled.
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At that time, core stores had been built only on an experimental basis at MIT. To
maintain the reliability that had been designed into the rest of the machine, an extra-
ordinarily detailed and tight specification was written for the work. It described a new
level of design philosophy and required reliability, something at that time quite unfamiliar
to the industrial world. For the next two years, the engineers at Telemeter found them-
selves boxed between RAND’s engineering group, with its ever-present specification, and
profit-minded Paramount Pictures.

Early in 1955, the Telemeter magnetic-core store was installed on JOHNNIAC. It was
the first commercially available magnetic-core store, and, for a short while, it was the largest
one in operation.’® JOHNNIAC then settled into its computing load. In 1955, a 12,000-
word magnetic drum was added. Inadvertently, RAND did some of the earliest research
in running magnetic drums with the heads in contact with the surface, where they were
not supposed to be. In 1954, an online printer had been added, and, in 1958, an improved
model replaced it; the online plotter was also added in 1958. Finally, in 1963, a special piece
of hardware called a magnetic targeted carrier (MTC) was added for the JOSS work."

During JOHNNIAC’s operational life, things occasionally happened to enliven the
daily routine. For instance, in 1958, there was a small fire in one of the room—air-conditioning
units. Damage was minor, but the high spots of the incident are best described in a memo
from Keith Uncapher:

There were no open flames and the damage was localized to the extent that the
RAND people on hand could easily cope with the situation.

So far, this incident sounds almost uneventful; however, the entire incident was
plagued with unusual happenings [that] border on the humorous. For instance,
while Frank McGee was operating a 10-lb. [carbon-dioxide, or CO,] bottle, the
flexible hose from the supply tank to the nozzle on the unit burst, disabling the unit.
Another 5-Ib unit, normally stored near the $1.2 [million JOHNNIAC] failed to
operate, since it had lost its charge (or never had one!). By this time another 10-Ib.
unit was pressed into service until its hose also blew open.

In parallel, Matt Miller was operating a 50-Ib. [CO,] cart unit from a ladder.
It turns out that the nozzle of such a large unit builds up a large static electrical
charge which accidentally was discharged through Matt Miller. This unbalanced
Matt enough to tip the step-ladder on which he was standing, and Matt found
himself on the floor.

A replacement [person] then took the large nozzle in hand and proceeded to the top
of the same stepladder. Upon reaching the next-to-the-top step the ladder broke in
two pieces and once again, the nozzle and operator were airborne temporarily.

18 Because of its 40-bit (vs. 36-bit) word length.

19 Today, this device would be called a “swapping magnetic drum.”
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JOHNNIAC used a 140-column, rotating-drum, high-speed impact printer built by Anderson-Nichols.

By this time, it was discovered that the 50-1b. [CO,] unit had developed a leak at
the supply end of the hose. The tank valve was closed immediately and the unit was
removed from the service. A more severe leak could have resulted in injury, since
the entire tank probably would have discharged in seconds.

In light of the ever present possibility of fire, I should like to suggest that an imme-
diate and extensive investigation of the [CO,] units be made. One only need con-
sider that 4 of 6 units failed during the incident reported herein, to realize the

importance of the situation.

For much of its life, JOHNNIAC operated more than one shift. Its nighttime opera-
tions were under the control of the same people who operated the other computers.?’ On

5 Typically, these other machine runs were for corporate payroll.
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lengthy computations, the operator would start the machine, switch off the room light,
and go away—to come back later for the completed work. On many such occasions, it
was noticed that machine errors were made, and, eventually, the story got around that
JOHNNIAC was afraid of the dark.

So it turned out to be. On investigation, certain small neon tubes in the machine
were found to be sensitive to light and required the presence of light for reliable operation.
So a row of fluorescent lights was installed just inside the doors.

JOHNNIAC spanned an important period in the development of the computing
field. During its 13 years and 50,000 hours of operation, perhaps 25,000 to 30,000 other
computers have been built and installed; the industry has grown from nothing to $2 bil-
lion to $3 billion. For the time at which JOHNNIAC was built, it had many important
features:

* a wonderfully complete instruction set with several innovations, such as the Display
and the Hoot*
* a new order of reliability in performance—in early 1956, for example, it was consis-

tently better than the IBM 701

* a sophisticated operating console with the ability to monitor every toggle in the
machine and to execute instructions one by one or step by step

* complete marginal checking

* wired-in test routines for the store

* punched-card I/0

* the capability to measure, from one central place, the heater-cathode leakage of
groups of tubes

* the only successful Selectron store ever built and operated

* the first commercial magnetic-core store

* the most skillfully engineered and operationally oriented machine of the Princeton
family of machines

* the most protected machine ever built—no other machine can claim so many fuses,
meters, and protective devices.

In the earliest days of 1954, most programming was done in machine language and in
absolute octal. In 1955, Jules Schwartz wrote the first assembly routine for JOHNNIAC,
and Cliff Shaw produced a revised assembler in 1956. Then came QUAD, an interpretive
programming system, and SMAC, a small compiler.

Each was noted for being foolproof. The nonprofessional programmer could use these
systems comfortably; the machine would report errors to him or her in great detail. There
were other significant contributions to the programming art as well; among them were

21 Hoot refers to a noise that the machine could make to signal the operator. In 1957, Mort Bernstein wrote an assem-
bler so that he could program music to be played using the Hoot. The first song he programmed for the JOHNNIAC
was “The Flight of the Bumblebee”; the assembler later became available to other staff (Mort Bernstein et al., 1998).
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JOHNNIAC’s end doors opened to reveal variable transformers (dials), “grasshopper” fuses (center
panel), and meters (right panel) to monitor electrical currents.
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items with such names as EASY FOX, CLEM, JBL-4, J-100, MORTRAN (by Mort
Bernstein), and Load-and-Go.

In the late 1950s, the nature of JOHNNIACs task changed. The rental equipment
from IBM carried most of the computing load from the RAND staff. JOHNNIAC became
a free good; its time was available for research use. The cost of operation was sufficiently low
that one need not be concerned about using large amounts of machine time. Research con-
sumed much of its time on the general questions of Al, and the initials NSS (Allen Newell,
Clift Shaw, and Herb Simon) came to be closely associated with JOHNNIAC. Newell,
Shaw, and Simon used the machine extensively for research.

During this period came such achievements as the following:

* list structures, list-processing techniques, and their embodiment in such languages

as IPL-2, -3, and -4

* chess-playing routines, such as CP-1 and -2

* theorem-proving routines, such as LT—the Logic Theorist
* the general problem solver—GPS

* the assembly-line balancer of Fred Tonge.

Subsequently, JOHNNIAC was the research tool that made possible two of RAND’s
high spots in computer research: the RAND tablet and JOSS (both described in Chapter
Seven). The successful development of the RAND tablet came from the initial experi-
ments on graphical I/O terminals that were done on JOHNNIAC. JOHNNIAC has
made JOSS possible, an early system that provided each of its time-shared users with a
typewriter connection from office to machine. Those who knew JOSS and perceived the
friendliness of its help and reaction feel strongly that such systems represented one of
the prominent ways of computing for the future.

JOHNNIAC was also the research tool that made possible a flowering of mathemat-
ical research at RAND. In his short history of RAND’s contributions to mathematics,
Bruno Augenstein made these observations:

[Dluring the JOHNNIAC era an unprecedented symbiosis arose between the
machine and RAND mathematics. The machine was pursued to allow computa-
tions on a large enough scale to test a number of mathematical applications notions;
in turn, the presence of the machine inspired mathematicians to pose, formulate,
and test mathematical applications concepts [that] would have been irrelevant and

not pursuable in the absence of 2 machine of JOHNNIAC power.??

Certainly, it was fitting that a machine with JOHNNIAC’s stature should have
completed its career as a research vehicle, dedicated to improving and extending the tech-
nology and art that it helped inaugurate.

22 Augenstein (1993, p. 6).



RAND’s Early Computers 63

A small ceremony was held to turn off the machine. It was appropriate that Cliff
Shaw, creator of JOSS, and Bill Gunning, chief engineer of JOHNNIAC's construction,
had the honor. Cliff programmed JOSS so that it executed a 60-second countdown and
then stopped the machine; Bill had the privilege of disconnecting the power on the final
shutdown.

JOHNNIAC’s “Obituary”

JOHNNIAC’s demise was announced in a RAND press
release from February 18, 1966, written by Shirley Marks
in the style of a mock obituary:

JOHNNIAC
1953-1966

Friday, February 11, 1966, as it must to all
men—and machines—the end came to JOHNNIAC, mem-
ber of a distinguished family of computers known
as Princeton-type machines. This noble line of
electronic brains was sired by the human brain
of mathematician John von Neumann, for whom
JOHNNIAC was affectionately named.

The end came to JOHNNIAC in the same room at
The RAND Corporation in which, more than twelve
years earlier, its neons first flickered into
life. JOHNNIAC had entered a world [that] saw
the computer only as a mechanical extension of
man’s hand on the keyboard of a desk calculator.
With the brashness of youth, with the knowledge
of its uniqueness, with the spirit of a pioneer,
JOHNNIAC has been credited with leading the way
to the modern concept of the computer as an
information processor—an electronic extension of
man’s mind, helping him to design, to plan, to

Shirley Marks was a senior programmer.

judge, to decide, to learn.

As the end came, from nearby rooms was heard the busy chatter of
JOHNNIAC’s sophisticated descendants. Absorbed in the wonder of their
mass-produced cores and graphic displays, of their systems and lan-
guages, they seemed unaware of the drama drawing to a close, of a
memory fading, a pulse unsteady. And finally, power failure; JOHNNIAC
had been unplugged.

Friday, February 18, 1966, final ceremonies were held for JOHNNIAC.
Many friends of the early days gathered, but not to grieve. There
were no flowers, only coffee, cake, and memories.

Enshrinement will be in the Los Angeles County Museum.
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IBM Mainframes

Until minicomputers came into the commercial market, RAND was exclusively an IBM
shop—the “big iron” mainframes and all ancillary equipment. At that time, everything
was rented from IBM, but no records of details and dates have been discovered. Accord-
ingly, the following listing has been compiled from the memories of several people, in
particular, Ronald W. (Ron) Shell of RAND and Bob Patrick.”® The computers are
grouped into five categories (see Table 4.1): production machines in support of the corpo-
ration and its staff; R&D machines in support of the computer-science research projects;
text-processor machines; special machines for either R&D or special corporate needs;
and analog machines.

Bob Kevershan at the console of RAND’s IBM 704

23 Robert L. Patrick has a special place in the history of computing at RAND. At one point, Paul Armer tried to hire
him for RAND. Patrick declined saying he wanted to be a consultant but that if it failed, he would join RAND. Armer
signed him on as a consultant in 1959, a role he retained for 33 years. He was, so to speak, truly an “outside insider.”



RAND'’s Early Computers 65

Table 4.1. Five Categories of Computers That RAND Used

Type

Description?

Production

Punched-card EAM. RAND had one or more of each of these: type 024 keypunch, type
082 sorter, type 402 tabulator, and type 407 tabulator cabled to a type 521 summary
punch.

IBM CPEC. Each had three ice-box storage units, each of which held ten 10-digit numbers.

IBM 701. Originally named the defense calculator. Standard configuration was a card
reader, a printer (a 407 without the counters), a 521 summary punch, a magnetic drum,
four magnetic tapes, a central processing unit (CPU) with Williams Tube electrostatic
storage of 2,048 36-bit words, and no standard OS software. The time was 1953.

IBM 704. Rented in early 1956, this had the same architecture as that of a 701. The
tapes were faster, the memory was magnetic core,” and up to 32,000 words were
available.

IBM 1401/7090.¢ These used tape coupled via manual exchange of magnetic tapes. The
new wrinkle was the 1403 chain printer on the 1401. It provided excellent print quality,
and the operator could change the chain cartridge. When a cartridge with both upper and
lower cases was offered, primitive word processing became possible.

IBM 7040/7044, loosely coupled via manual switching of tape units

IBM 7040 operated as a stand-alone machine.

Various IBM System 360 machines, from model 20 through model 65

Various IBM System 370 machines, from model 158 through models 3032 and 3033 and
ending with model 4381

Various Sun machines

R&D

JOHNNIAC; also served as a production machine initially

IBM 1620, used largely by Fred Gruenberger

IBM 1130 as part of the videographic system

DEC PDP-10 running under TENEX and DEC 20 running under TOPS-20

DEC PDP-11/70 for graphics research and program development

DEC PDP-6, host machine for JOSS-2 development; subsequently, a production machine
at the personal, in-office level

Text processors

DEC PDP-11/45, initial text processor

DEC PDP-11/70

DEC virtual address extension (VAX)-11/780

DEC VAX-11/785, final text processor

Special

Stromberg-Carlson 4060 tape-to—35-mm film for plotting

DEC 2060

Universal automatic computer (UNIVAC) in the early 1970s

Data General Systems (two models: Nova and Eclipse) in the mid-1980s for CLINFO¢

Evans and Sutherland Picture System for graphics

Silicon Graphics (SGlI) for classified computing

JOSS-3 on the IBM 370/158, where it was retired

Analog

REAC (later TRAC)

@ Where two machines are listed, the first acted as problem-preparation input or output for the second.

b IBM’s early magnetic-core units were very temperature sensitive. The following incident is accurate, although it may
have pertained to the 7090’s initial core memory rather than the 704’s: The first ones immersed the core planes in
tanks of temperature-controlled heated oil. The customer engineers had a special, movable hoist that lifted the plane
from the tank. The first step in servicing a plane was to let it hang on the hoist until the oil dripped free. Air-cooled
planes appeared very soon after the oil units.

¢ Generally, the IBM mainframes accepted input as card decks, magnetic tapes, or operator console-switch actions.
4 CLINFO is discussed in Chapter Seven in the section on the RAND tablet, videographics, and related projects.




66 RAND and the Information Evolution: A History in Essays and Vignettes

RAND was among the earliest institutions to place an IBM defense calculator—the
machine to be later renamed the IBM 701—on order. In line with its policy of never accept-
ing serial number 1 of any new machine, RAND placed its order for serial number 11.2*

In the early 1950s, there was not yet much experience with shipping delicate elec-
tronic equipment by truck, especially over long distances through variable weather con-
ditions. IBM chose to air freight the delivery. It was felt that in-transit shocks would be
correspondingly less, and it had the advantage that the system would be installed and “on
rental” a week or more sooner.

The 701 was RAND’s first venture into the world of commercially produced elec-
tronic digital computers, and, as such, its delivery was a major event. On the day of
expected arrival, a number of individuals drove to nearby Santa Monica’s Cloverfield
Airport to await the arrival.

On schedule, the air freighter approached touchdown but with one wing high.
Accordingly, it bounced on one side of the landing gear before settling onto the runway.
'The watchers on the flight line flinched at the unexpected shock to the load.

'The computer equipment was transferred to a truck and driven the few miles to the
RAND facility. Fortunately, no in-transit damage had occurred and the IBM customer
engineers and field personnel readily proceeded with installation.

Other Machinery
* RAND purchased the first commercially available license for UNIX®.

* The RAND tablet coupled with an IBM 1800 and videographic terminals supported
early experimentation with commercially available PCs other than IBM—the Xerox
Dolphin.

* RAND was an early adopter and innovator of port-contention devices (automatic
line selector) to handle terminal connections to a central machine.

* RAND?s first remote-access widely used terminal device was from Ann Arbor.

* RAND used the IBM MTST (magnetic tape to Selectric typewriter) for a period.

* RAND experimented with optical character reading on a custom device to scan
12-pitch Prestige Elite® typed material.

* RAND was an eatly customer of Sun Microsystems (Sun 1 machine).

24 Ttwasa policy of Paul Armer never to order the first of a new line of machines on the belief that early models off the
production line would probably have mistakes and problems.



CHAPTER FIVE

A Building for People with
Computers

RAND?s plans to integrate analog and digital computers into its examination of complex
problems affected its design of a new building to accommodate its growth.

When RAND was considering construction of a new building, there was a lively
debate about the “topology” that it should have. In particular, John Williams argued that
the design should be such that it would encourage the random meeting of individuals
because (he asserted that) such encounters and fortuitous conversations would encourage
new and innovative ideas and solutions to client problems. He concluded that the pre-
ferred footprint would be a more-or-less square of offices surrounding an open interior
court. He would have preferred a one-floor structure, but, due to space limitations on the
property, he reluctantly accepted the fact that a big enough structure for RAND needs
would have to be a two-story structure.!

In September 1951,2 RAND had purchased from the City of Santa Monica an unde-
veloped property of approximately 8 acres® that, during World War II, had been the site
for an anti-aircraft gun battery together with the temporary wooden barracks and support
buildings for the military troops and officers.* At that time, the northern edge of the RAND
site was a street (subsequently abandoned by the city) named Seaside Terrace that ran from
Main Street (of Santa Monica) to Ocean Avenue. Between it and the present Santa Monica
Freeway (Interstate 10) was a property that had provided rental sites for mobile homes dur-

1 John Williams wrote a memorandum summarizing his views and recommendations (Williams, 1950).
2 Donn Williams of RAND’s facilities and services department provided the dates and other real-estate data.

3 A fact sheet distributed at a communitywide open house in February 1953 states that the price of the site was
$250,000 and a size of “8+ acres.” Over the succeeding several decades, RAND acquired several adjoining properties
along Ocean Avenue. In particular, in July 1958 and July 1960, it acquired an old trailer court and the intervening
abandoned city street; together, they became the site for building 2 and the north parking lot. Eventually, the corpora-
tion held approximately 15 acres. In November 1999, it sold 11.3 acres to the City of Santa Monica for $53 million and
held the remaining 3.7 acres at the south end for the construction of a new headquarters building, which it occupied
in the latter months of 2004. Robert E. Yoder, who was one of the first 25 people to transfer from Douglas Aircraft to
the RAND Corporation, with which he remained for 40 years, either verified or provided some of these facts. Cecil
Weihe was first on the list of transferees and had charge of the various service and support functions—e.g., dispensary,
purchasing, travel. His first task was to move 25 people from the Douglas plant at Cloverfield Airport (at the eastern
edge of Santa Monica) across town to a building formerly occupied by the local newspaper, The Evening Outlook (at 4th
Street and Broadway in the downtown section at the western edge of town).

* The revetted and partially underground gun sites occupied roughly the part of the site on which RAND’s building 1
was constructed.

67
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ing World War I1.° The initial RAND property was bounded on the east by Main Street,
on the north by Seaside Terrace, and on the west and south by an alley that proceeded from
Seaside Terrace south for several hundred feet and turned east onto Main Street.

A New Building and Campus

Conforming to the Williams argument, the building’s design was based on a series of
roughly square modules that were hollow in the center—creating patios—and surrounded
on all four sides by two rows of offices separated by an interior aisle. In each module, one
set of offices faced onto the patio; the second set, onto an exterior wall of the building or
onto the patio of an adjoining module.

The initially constructed platform was a linear row of three juxtaposed and con-
nected modules (running north/south) parallel to Santa Monica’s Main Street and fac-
ing eastward toward the city hall. At the north end of the three linear modules was an
additional module facing westward. At the south end, there was only a half module. The
resulting design was thus U-shaped, with the open side facing west along the alley toward
Ocean Avenue and the Pacific Ocean. Thus, there were originally four patios, numbered
north to south 1 through 3 and the northwest one, 4. The building occupied the northerly
half (roughly) of the site; a surface parking lot, the southerly part.

Following occupancy of the building in January 1953 and shortly thereafter, it was real-
ized that there was no conference room that could accommodate large meetings. Accord-
ingly, in 1955, a two-story, T-shaped wing filled in the open side of the U to complete the
westerly perimeter. A large conference room was included in the basement (known simply
as the main conference room, or “the main” for short),® and above it was a corresponding
area that changed from being a large commons room into offices and back again several
times over the years. With the addition of the T, two new patios were created (numbers 5
and 6) to bring the number to six, and the building became a complete rectangle.

Later, in 1957, the pressure for additional space led to a two-story, E-shaped addition
at the south end of the building. It followed the same arrangement, with two stories of
office space but also included a below-grade area for the library. Two more patios (7 and
8) emerged as a result of the addition, bringing the total to eight. The eight patios served
many purposes—for social gatherings, for receptions and luncheons, and for informal
discussions and lunches among staff members. For a brief period, the easterly patio just

5 The story is that an elderly Greek man, who signed the papers of sale with an X, owned this property, which became
RAND’s north parking lot and site for a five-story second building called building 2. Some of the larger mobile homes
were parked at the very edge of the property such that their rear portions hung in midair out over the depressed road-
way that ran through McClure Tunnel under Ocean Avenue to the Pacific Coast Highway and later became the Santa
Monica Freeway (Interstate 10).

6 At that time, the RAND staff included an acoustic expert, Ludwig W. (Sep) Sepmeyer, whose advice was that, for
optimum sound performance, the walls of the room must be tilted inward by 11 degrees from true vertical. His require-
ment carried forward to a second large conference room (the administrative conference room, called “the admin” for
short). It became an inside quip that the tilt of the walls must be 11 degrees—not 10, not 12, only 11 would do.
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£

7 “T addition in 1955 8

Extra wide on first floor
for “machine room”

RAND'’s headquarters at 1700 Main Street was constructed in stages, embodying John Williams’
conception of a space networked to maximize chance encounters.

south of the main entrance (called patio 2) was converted to a golf putting green, and the
southeasterly patio (called patio 3) had shuffleboard courts (visible in the photo above).”

There was discussion of incorporating a several-floor tower of office space—or pos-
sibly additional floors—to the E-shaped addition, but the idea was abandoned as not
being really required. However, there was an unusual two-level feature. RAND under-
took a research effort for the USAF Logistics Command that required the construction
of a logistic simulation laboratory (LSL). This “Log Lab” structure was built (1978) in
the southwest patio 7 of building 1. To achieve the necessary height, part of the structure
was underground and part above ground level. The space was later used as an electronic
laboratory for computer-science research and, eventually, by the library.?®

For an analysis of RAND’s building as a seminal exemplar of architectural “mat discourse,” see Kubo (2006). More-
famous later examples include the Humanities and Social Sciences Center of the Freie Universitit Berlin.

8 RAND had prior experience using two-level structures as research laboratories. In a warehouse at 4th and Broadwa:
2 P g y

in Santa Monica, RAND had innovated a group of techniques for training an organization as a whole at the system

level (as opposed to skill training of individual components of the system), and, for this purpose, a two-floor facility was
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Mathematician Ed Paxson (in foreground) and other staff on the putting green in one of the patios of
the headquarters
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A

Subjects in experiments in the lower level of the logistic simulation laboratory were observed from a
balcony overhead (not shown).

To complete the story of the RAND-owned buildings prior to 2006, growing space
needs led to the 1961 construction of a five-story building 2 with a Z-shaped floor plan,
situated at the northwest corner of the campus and connected by walkways on both floors
to the original building 1 at its northwest corner.’

Finally, in 1986, a temporary two-floor structure was added at the southwest corner
of the building to complete the original RAND campus.

In 2006, all these buildings were demolished after RAND constructed a second
new building on the site of what had been a large parking lot on the southern half of

required. The upper level was for the training officials and observers; the lower level, for the participants in the training
exercise. This work culminated in the evolution and spin-off of the SDC for its work on behalf of the Air Defense Com-
mand of the USAF. More information regarding this laboratory and a photograph appear in Chapter Six.

’ To hedge the possibility that such another two-level area like that in building 1 might again be needed for some
future task, RAND’s management was persuaded to construct the fifth floor of the Z-shaped building 2 with a double-
height ceiling so that an upper deck could be constructed if needed. The dialog leading to this decision was between
Willis Ware (of NAD) and Steve Jeffries (the corporate secretary). The feature was never used.
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the campus. The northern half of the property, on which had stood the original three
RAND-owned buildings, was sold to the City of Santa Monica.

The Machine Room

As RAND planned for the so-called new building (1700 Main Street) that would become
its home after having been in a rented facility at 4th and Broadway in Santa Monica, it
was a given that space for a variety of computer and calculating machines would have to
be provided. Accordingly, the first floor and basement of the building’s northwest corner
was made much wider than the sides of the hollow rectangles that formed the footprint
of the building everywhere else (see the aerial photo on p. 69).

At the time, the public saw RAND as an ultrasecret organization that worked for
the federal government on military matters. As such, there was no desire or need to
have the equipment in an exhibition installation that would allow the public to observe
operations through windows.® In fact, a natural place to have put the machine room was
underground beneath (what came to be) the north parking lot. To have done so would
have incurred substantial additional cost, but there was also a genuine concern that the
public might interpret such a move as RAND building a bomb shelter for its people
because it knows something secret about the nature and likelihood of nuclear attack. The
time in question was the early 1950s, when the threat of attacks from atomic weaponry
was very real, and homeowners were building bomb shelters in back yards.

Two-Story Installation

RAND knew that it would be installing a variety of punched-card machinery, an elec-
tronic analog computer (the REAC) and its own custom-built digital computer (the
JOHNNIAC). Since RAND built the latter machine for its own use, it could be designed
as a single, large cabinet without extensive intercabling to other boxes.™ It had been decided
during the design of the building that the JOHNNIAC would be a two-story machine.
Its electronics—central processor and memory—would be contained in a single cabinet
suspended in a large (approximately 4 by 12 foot) hole in the floor.!? Around it, on the first
floor, would be ancillary equipment, such as card readers and punches, printers, console,
test equipment, and storage cabinets. Beneath it, in the basement, would be power-supply
equipment; ancillary devices, such as the magnetic drum; and air-chilling equipment.

10 "This is what IBM did to display an early 701 machine at its world headquarters in New York City. This machine was
also made available to customers to use in preparation for the arrival and installation of their own computers.

11" As noted earlier, the detailed design of the JOHNNIAC cabinetry was under the supervision of Ray Clewett, but
Charles Eames Company, under contract with RAND, did the overall styling.

12 During building planning, in anticipation that a second JOHNNIAC machine might be built, a second hole of
similar size and displaced several feet to the east of the first hole was provided. However, it was floored over with a
removable wooden structure and never utilized.
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REAC Installation

'The analog computer consisted of several cabinets with connecting cables. Since it was
uncertain how the machine would be arranged or how it might be changed, in its area, a
pattern of round holes with rectangular cover plates were cast into the floor as access holes
for cableways between cabinets.

Raised-Floor Installation

When IBM introduced its first large-scale commercial machine—the IBM 701 patterned
architecturally after the von Neumann machine being built at the IAS—it was packaged in
many cabinets—e.g., the memory cabinet, the magnetic-tape cabinets, the central-processor
cabinet. Such an arrangement facilitated the marketing of the machine and afforded flex-
ibility in configuring the system to suit various customers’ needs. However, the arrange-
ment of multiple cabinets connected with cables also created problems. Since the intercon-
necting cables contained many conductors in an outer sheath, they were large in diameter. If
simply laid on the floor between cabinets, they would be a risk to people walking around the

Cliff Shaw examining the installation of the JOHNNIAC
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machine and an impediment to wheeled carts. Moreover, there was also the risk of damage
to the cable itself and the detriment to the aesthetics of the installation.

At IBM’s showcase installation of the machine behind large glass windows at its
corporate headquarters in New York City, IBM displayed a solution to the cable prob-
lem: The various cabinets of the machine were placed on a raised floor high enough to
provide room beneath for the cables that connected the various boxes together. Therefore,
customers—as did RAND—generally adopted the IBM scheme of a raised floor. This
arrangement of many cabinets connected by cables implied that the customer layout had
to be furnished to IBM in advance of the delivery of the machine in order that cable
lengths could be customized to the planned installation.

Commercial raised flooring was not available at that time, so RAND constructed its
own design from wooden timbers.” The supporting piers were 12-inch cubes of treated lum-
ber; they were generally arranged in a rectangular grid except for special places influenced by
the arrangement and shape of computer cabinets. The lateral stringers between blocks were
4-inch by 6-inch treated material; the decking—cut to match the outlines of the stringer pat-
tern of the overall floor—was 1.5-inch laminated plywood faced with commercial sheet floor-
ing. Holes were cut in the decking as required to match the cable paths among cabinets.

Air Conditioning

In the two-story arrangement, a huge blower in the basement delivered chilled air into
the center of the JOHNNIAC above (on the ground floor) and along its entire length.
'The air flowed upward through the center of the machine, where the heat of the 2,000
vacuum tubes was concentrated, was turned around in the top of the cabinet, and flowed
downward between the outside of the electronics and the cabinet doors. It was then fil-
tered (in the basement section), chilled, and recirculated in a closed loop.

To provide flexibility, it had been decided to provide all computer equipment with
cooling from a central plant that produced chilled water that could be routed to water-
to-air handlers wherever needed. This concentrated the equipment noise primarily in one
room and provided operational efficiency.

In keeping with the design philosophy of the JOHNNIAC system, all components
likely to fail—such as the refrigeration units to produce chilled water and the water
pumps—were duplicated. Interpiping arrangements were provided so that connectivity
among system components could be changed to permit removal of a failed unit for main-
tenance and repair. In addition, all equipment was sized to handle the total heat load so
that component failures would not interfere with computer operations.

In the raised-floor arrangement, the first IBM machines were intended to discharge
their heat load into the room and its air-cooling system. Commonly, a cabinet contained
blowers, air filters, and intakes at the bottom and air discharges on the top surface. To

13 Bob Bremer, the department’s design drafter at the time, set the structural details of the floor design, and Ray

Clewett oversaw its construction. Clewett also directed the activities of the mechanical shop and did the detailed
mechanical design of many other things, notably RAND’s JOHNNIAC computer.



A Building for People with Computers 75

accommodate the concentrated heat exiting cabinets, the room temperature had to be
maintained quite low. It quickly became evident that this was an uncomfortable environ-
ment for operators and others who had to be in a chilly machine room.

Accordingly, when the IBM 704 replaced the IBM 701, it was decided to use the
under-floor space as a big air plenum to deliver chilled air directly to each cabinet.™
Similarly, the space above the ceiling was also a plenum to collect the exiting air from the
many cabinets. Holes and grills were placed in the floor and in the ceiling to match each
cabinet’s position and its air intake and discharge. A separately controlled air system kept
the room itself comfortable.

Since the punched-card equipment did not generate significant heat, there was no need
for special treatment of its heat burden. It could be discharged into the room directly.

Configurations of the Machine Room

'The configuration of the machine room as RAND moved into its new building is shown
in the top diagram on the next page. Areas for both the REAC and the JOHNNIAC
were set aside and special provisions made for them. Areas were also identified for an
electrical laboratory, a mechanical laboratory, and a machine shop to support construc-
tion of the digital computer.”> When it arrived later, the IBM 701 was installed as in
the center-left diagram on the next page. Later, as new equipment came into place, the
machine room was enlarged to become an L-shaped area. The IBM 704 was installed
as in the center-right diagram. Eventually, as the amount of equipment increased, the
keypunch area was moved out of the machine room, and later, the mechanical shop was
relocated to the basement. The 1401/7090 was installed as in the bottom-left diagram
and later, the 7044 as in the bottom-right diagram.

Open House

As RAND moved into its newly built headquarters in the fall of 1952, the manage-
ment decided to host an open house for the public and local dignitaries. This action was
sparked partly by the close relationship already existing between its officials’® and vari-

14 It is believed that this idea originated with RAND, although that view is based on memories, not on documentary
evidence. Charles C. Porter, refrigeration engineer and representative of the Stanley Feuer Company (RAND’s air-
conditioning contractor at the time), may have suggested it to RAND.

15 The electronic shop, supervised by Dick Mockbee, was at its peak during the construction of the JOHNNIAC
machine and for some time thereafter. Gradually, as hardware projects completed and no new ones commenced, it
attrited to zero. The mechanical shop, in addition to supporting JOHNNIAC and other hardware efforts, also sup-
ported the corporation in general with a variety of repairs and innovative solutions to minor problems. It essentially
stopped operations with the retirement of Ray Clewett, who had been in charge of it from the beginning but retired in
1983. The equipment, most of which had been acquired from the “previously owned” market, was sold or retained for
ongoing corporate use.

16 Among others, the corporate secretary (Steve Jeffries), who was a member of the board of directors of the local Santa
Monica Bank, and the corporate treasurer (Scott King), who held membership in local business-service organizations.
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Figure 5.1 Early Configurations of the Machine Room
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ous community organizations but also as a general “good-neighbor” move to dispel the
locally held view of an ultrasecret organization whose activities might affect local resi-
dents negatively. Since RAND’s mission was to perform analytic studies and its output
would be reports and briefings, there was little to show except offices with furniture and
related accoutrements; there would be no laboratories, physical things to demonstrate, or
machinery in operation—except for its computing installation.

Accordingly, the NAD—as it was then named—was asked to organize a demonstra-
tion of its facilities. An open-house committee'” was appointed, and, on Friday evening,
February 13, 1953, and again on Sunday afternoon, February 15, the RAND facility and
its people were on show to the public and invited guests.

Upon entering, guests were given a fact sheet below!® that characterized the physical
features of the structure and were directed toward the machine room with its collection
of punched-card equipment, its analog computer, and the beginnings of RAND’s self-
built digital computer. A guest would register with a keypunch operator, who prepared
an IBM card with the individual’s name and birth date. Later on, this card would be used
to print a personalized certificate welcoming the guest and acknowledging the occasion,
and, at another station, the card was used to calculate the day of the week on which the
person had been born. In addition, a guest could play tic-tac-toe against a computer,
watch a card sorter manipulate colored card decks, or have a computer calculate, based on
one’s birth date, the day of the week on which one was born. In short, the demonstrations
were the ones commonly used to show off a punched-card installation but supplemented
by the opportunity to watch the analog computer draw various figures.

RAND Fact Sheet, February 13, 1953

1. The building is constructed or reinforced concrete throughout; it
is entirely fire-resistant.

2. There are 115,000 sguare feet in the building, of which 15,000
square feet are basement space.

3. There are 365 offices in the building, plus 8 conference rooms,
library commons room, etc.

Parking lot accommodates 320 cars.

Architect: H. Roy Kelley, F.A.I.A. (Fellow, Amer. Inst. of Arch.)
Building contractor: The William Simpson Construction Company
Landscaping: Evans and Reeves

Total cost: Approximately $1,650,000

Building financed by: Aetna Life Insurance Co.

10. Size of site: 8 acres plus

W o g o6 U

Douglas Aircraft, of course, was already well known in Santa Monica, but RAND was to become one of the largest
employers in the city.

17 Bob Nash, Willis Ware, and Don Madden.

18 The surviving copies of this item are not annotated as to source. Probably, based on memories only, the NAD created
it as part of its preparation. Undoubtedly, there would have been facts provided by various corporate offices.
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Almost certainly, there were static displays of slide rules and calculators, possibly being
demonstrated. Guests were more than likely ushered past the air-conditioning equipment and
the huge motor generators in the basement—they were impressive and noisy machines.”

The open houses were a smashing success, and, on February 19, a memo from presi-
dent Frank Collbohm noted NAD’s contribution.

TO: Numerical Analysis Staff 19 February 1953
FROM: F. R. Collbohm M-748
SUBJECT: SHOW STEALING

At long last, the elite of Santa Monica now look upon RAND as an
electronic brain surrounded by miscellaneous care-takers. This is an
improvement over reputations we have had in the past!

Seriously, any one with eyes to see could not fail to be impressed
with the way you stole the show last Friday night and Sunday after-
noon. Your preliminary preparations, from setting up special problems
to converting yourselves into hucksters everyone, impressed your fel-
low workers no end. When we need a Sales Department, we will know
where to start recruiting. Thanks for a job well done.

Framk,

F. R. Collbohm

'The same day, the open-house committee, with its own memorandum, congratulated
NAD members on their success.

To: Numerical Analysis Department 2-19-53
From: Bob Nash, Willis Ware, Don Madden M-730
Subject: Open House

Copies to: J. D. Williams, Central Files

We of the Open House Committee would like to express our appreciation
for the cooperation received from everyone in the department on mat-
ters concerning the Open House.

Both shows were overwhelmingly successful. Since every member of
Numerical Analysis effectively placed himself on a larger committee
to make certain that the project would be a success, our job was much
easier.

Bl Den  Willis

(, tos, wonld, like to- erprens may thamhks te cach amd evrvy ene sf, yow.
Pant Apomery

19 There were initially two motor-generator sets. The larger, rated at 312 kilovolt amperes (kVA), was intended to sup-
ply all electronic equipment. The smaller one (150 kVA) was a backup unit to supply selected equipment.
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Later Enhancements

The Camera

At the time of the IBM 701 and similar machines, the programmer generally “ran a
problem” directly, sitting at the console and having sole custody of the entire machine
and its resources. The early machines had no system-level software such as would be
common today. Thus, when a program failed to execute properly, a programmer would
do a “memory dump™ to the card punch or to the printer and jot down the patterns of
the indicator lights?! showing on the console; e.g., the memory location at which the
program had halted the contents of registers. The programmer would then retire to his
or her office with the original card deck, the aborted card deck and printout of memory,
and notes to study the situation and search for programming or other errors. The next
programmer (who had signed up for a time slot on the machine schedule) then took over
the machine.

Eventually, computer-center managers realized that programmer resources could be
more effectively used than having them sit at a console waiting for a problem result. Com-
puter operators came into vogue, and the question became how to provide feedback to the
programmer about the status of the program when it stopped. There evolved a de facto
set of standards and procedures to direct the operator’s handling of the program and any
unusual situations. Typically, the programmer would provide the operator with a set of
instructions, including what to do if the program did not perform properly; e.g., note the
contents of specified memory locations, run other special diagnostic programs.

The memory dump and the status of indicated registers or memory locations were
straightforward to provide, but how could the overall contents of the console display also
be provided back to the programmer?

A camera! But it had to produce a picture that was detailed enough to portray the
state of hundreds of tiny neon lamps on the console panel. An ordinary commercial
camera would not do; it was not acceptable to wait for film processing and printing. A
Polaroid® camera seemed to be an ideal answer, except that such cameras with long focal-
length lenses?? did not exist.

Thus, RAND built a special camera. A swing through the New York City camera
stores yielded a vintage 14-inch (focal length) f4.5 (aperture) lens, a pneumatically oper-
ated shutter, and a Polaroid adapter intended to fit the press cameras of the time—typically

20 There were colorful names for the process. One was to “Ex-Lax the memory,” named after a popular laxative.

21 "The IBM 701 console displayed the 36 binary positions of the three arithmetic registers plus assorted other registers
(e.g., instruction counter) and various status indicators. The state of any or all of them could be essential information
for the programmer.

2 To keep the space around the machine console clear of intruding objects, the camera had to be some feet to the rear
of the operator and over his or her head but reachable. This suggested hanging it from the ceiling, but it also demanded
a long focal-length lens to produce a large enough image.
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a Graflex®?® Designed by Ray Clewett, the camera consisted of a light-tight plywood
box roughly 18 inches on each side. Mounted on the front was the long focal-length lens
and behind it, the shutter plane. Mounted on the back was the Polaroid adapter. Dan-
gling from the front was a rubber tube and squeeze bulb to operate the shutter. The whole
assembly was mounted on a pantograph arrangement that moved it from a storage posi-
tion near the ceiling to the picture-taking position facing the console display.

The camera’s dimensions and its position relative to the console were adjusted to yield
an in-focus full-frame 4-inch by 5-inch Polaroid picture of the console display. Thus, the
operator snapped a picture each time a program aborted and returned it along with a
memory printout and card decks to the programmer.

As system software became available along with various diagnostic tools, the opera-
tor’s actions became more and more routine. The need for the innovative tricks of the

early days gradually disappeared.

Kevershan’s Trough

As its computing needs changed and as various IBM models became available, RAND
changed its installation to meet the demand and, concurrently, to keep costs within
acceptable bounds. One such configuration utilized an IBM 704 as the main processing
system but a minimal-configuration IBM 1401 to prepare input magnetic tapes for it and
to receive output tapes from it. One might say that the 1401 acted as a card-to-tape device
that prepared problems and stacked them on a tape for the 704. In the reverse direction,
it acted as a tape-to-printer or -punch device to print or punch cards with results.

Many feet separated the two machines, and the machine operators soon tired of
walking back and forth. Accordingly, a wooden trough was built between the opera-
tor stations; tapes in their protective covers could then be slid or rolled from machine to
machine. The idea for the trough is attributed to Robert Kevershan, a machine operator
for many years—thus the name.

Programmer-Alert Lights

As programmer-to-machine interaction became more and more routine, the process for
submitting a problem became more procedural and less personalized.?* The in-bound
problem would be the delivery (to the machine room) of one or more card decks (or trays
for large decks) plus written procedural instructions for inputting and running the prob-
lem. There would also be instructions indicating interim output that might occur and
for handling unexpected stops, aborts, or crashes. Instructions for handling anomalous
behavior were particularly important and directed the remedial actions that the opera-
tor was to take; e.g., run some diagnostic program, print out the contents of the memory,
record the status of the control panel. Thus, a programmer might face several walking

23 The author purchased these items during a business trip to New York and brought them back wrapped in clothing
in a big carry-on briefcase.

24 This was long before interactive remote-access time-sharing systems appeared and became commonplace.
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trips daily from office to machine room, especially if the problem was in the debug or
checkout phase. At the time, the RAND telephone system (provided by General Tele-
phone Company through an on-premises mechanical switch) included a red light on each
telephone handset that would illuminate when an incoming call had not been answered.
It was a primitive form of the contemporary “call missed” feature.

Dick Mockbee, in charge of the electrical shop at the time, worked with a phone-
company technician to divert the red lights to a more productive purpose. He decided to
use them to notify programmers that their problem run had completed.?> Accordingly,
they became the programmer-alert light (PAL) system.?

As each job run completed, the machine operators would assemble output materials—
punched cards, printout, notes, messages—and place them all in the programmer’s indi-
vidual mailbox at the service desk. The final action was to turn on the appropriate PAL
to notify the person that work was ready for pickup.

On pickup of the materials, the programmer would then turn off his or her PAL.

25 Eileen Mockbee Martner, Dick Mockbee’s daughter, provided this fact.

26 1t is believed that the PAL system was installed when RAND received its IBM 7090 machine. At the same time, the
machine room was completely overhauled. A long “service counter” was created to separate programmers (and others
in the hallway) from the machines (on a raised floor) and their operators. Beneath the counter to the floor was a group
of individual “programmer mailboxes” to receive completed outgoing work. Incoming work was delivered across the
countertop.






CHAPTER SIX

Project Essays

A large number of major computer-science research projects were undertaken in the
department over its lifetime. Generally, the computer-science research was dominated by
hardware efforts in the early 1950s, progressed into mixed hardware and software efforts
or software projects, and reached its peak in the 1960 and 1970s.! 'This chapter provides
short essays on these projects in rough chronological order. Note that the first few projects
were conducted when RAND was still in an EAM computing environment, before the
advent of digital computing.

Also included are examples of support to RAND clients through fortuitous meet-
ings, personal interactions, advisory participations, committee activities, and the like.?

Approximations
As electronic computers became essential tools for scientific and engineering calculations,
hardware limitations (such as memory size and processing speed) restricted the complex-
ity and quantity of computations (and, therefore, the size and nature of problems) that
could be undertaken.® For electromechanical machines (i.e., punched-card based), relay
and mechanical technology bounded the overall performance. For the earliest electronic
machines (i.e., vacuum-tube technology), performance was significantly better, but there
were still very real limitations on the size of problems that could be attempted. Program-
mers and users became very ingenious at extracting the maximum performance from
whatever computing hardware was available.

The extensive and intensive use of tables of trigonometric, transcendental, and spe-
cial functions and also nonelementary integrals that characterized the hand-calculating*
era was not carried forward into the general-purpose digital-computing era because of the

1 The timeline is based on one published in the RAND Alumni Bulletin (RAND, 2006, p. 1) but augmented by entries
not included therein.

2 For additional stories, see RAND (2006). There is slight duplication between material there and herein.

3 Willis Ware wrote this subsection with contributions from Paul Armer, Bill Gunning, Mario Juncosa, and Jimmy
Wong.

*  Hand calculation (or its variations, such as desktop computing) is a categoric phrase for computational processes car-
ried out by one or more individuals using mechanical desktop calculators, spreadsheets, and pencils. Sometimes, a part
of a hand-calculation process might be carried out on punched-card equipment.

83
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hardware limitations—notably, memory size—mentioned above. It became much more
efficient in terms of computing time and memory to calculate each function or integral
for each value of the argument needed but at the moment it was needed. With only
arithmetic and logical operations available in a digital computer, functional values—or
more precisely, approximations to them—had to be obtained by means of an appropri-
ate algorithm. The issue, of course, had existed before the appearance of the electronic
computer—namely, in the production of the tables used in hand- or desk-calculating pro-
cedures and in hand calculations. The matter also became relevant for built-in functions
often included in certain special-purpose computers.

‘There are many possibilities for appropriate numerical processes: Among them are trun-
cation of infinite series of special polynomials,® truncation of infinite series of special functions
previously tabulated, Fourier series, truncation of infinite continued fractions, finite differenc-
ing, and other schemes. These approaches were all known and used in physical, astronomical,
and other natural-science circles over many years, beginning
in the late 18th century and extending through the mid-1950s.
However, these methods had not become a part of standard
college or university curricula in mathematics.

Consequently, in the late 1940s and very early 1950s,
classically trained engineers and scientists, faced with imme-
diate need for computed results from the newly developing
computers, would base their thinking on their undergradu-
ate calculus courses. Therefore, they would have a tendency
to use truncated Taylor series. Unfortunately, many such
series converge so slowly for values of the argument away
from the center of the expansion that they prove to be unac-
ceptable. Either the number of terms necessary to achieve
a prescribed accuracy could lead to unacceptably long com-
puter run times or the alternative of using only a few terms
could yield intolerable errors. Moreover, when the function
to be approximated had such features (in the argument’s
domain of interest) as a vertical slope, a cusp, an infinity,
or a discontinuous derivative, truncated Taylor series and,
more generally, polynomials are essentially useless.

The pressing requirement for guaranteed maximal

Cecil Hastings was the

lead innovator of function o ) ) )
approximations for use in of minimal storage and numbers of arithmetic and logi-

digital computing. cal operations® led Cecil Hastings to investigate a hand-

error value combined with algorithms efficient in terms

5 For example, Chebyshev, Jacobi, Legendre, Laguerre, Hermite, Fourier, and others.

5 Efficiency was of particular importance in hand calculations. Indeed, the process of (long) division played a unique
role in consideration of efficiency. Early desktop mechanical calculators often did not include automatic division, which
implied that the operator had to step through the process manually, making the hand-executed process even more
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tailored approach to constructing approximations for each specific function needed. The
“tool box” consisted of such things as visual inspection of a plot of the target function to
suggest insights to possible approximating functions, the use of polynomial Chebyshev
methods that have minimum and maximum errors over an interval, and rational func-
tions (the ratio of two polynomials whose coefficients were to be determined).

After creating some 75 such useful approximations and corresponding error bounds
for 24 functions with the assistance of Jimmy Wong and Jeanne Hayward, RAND col-
lected them into a book, Approximations for Digital Computers.” The introductory material
in it described the processes—the tool box—for their derivation. The book proved to be
a must-have item on every early numerical analyst’s shelf. In part, this was because other
available literature on numerical approximations tended to be much older and not attuned
to the special needs of the emerging digital-computer environment. The RAND approxi-
mations filled an important void in the numerical world. The book quickly became known
as the “‘RAND approximations,” or sometimes the “Hastings approximations” after their
originator. Prior to publication, the approximations were known to a limited community
because each had been issued internally as an individual, brief, explanatory document,
and some presentations to technical groups had been given.

There is no recorded history to establish the extent to which the RAND approxima-
tions were used in corporate computing installations, or their effect on the newly evolving
mathematical field of numerical approximations. There was a general conviction that they
had wide application and effect. Paul Armer once estimated that “Cecil’s approximations
[had] saved enough machine cycles [with their corresponding financial value] to under-
write RAND’s Air Force project for fifteen years.”

One military application is known and in part documented: namely, the on-board,
integrated navigation-weapon control system (operational flight program [OFP]) devel-
oped in the mid- to late 1950s for the U.S. Navy’s A-6 fighter-bomber aircraft.® The
A-6 software was designed to run on a magnetic-drum machine.” Although the origi-
nal programming team is not available, one can speculate why the approximations were

tedious and error prone. Moreover, division is the longest arithmetic operation in a digital computer. Consequently,
numerical algorithms that minimized the number of divisions were much to be preferred.

7 Hastings (1955) ($4.00 at the time in hardback). Bob Bremer, a mechanical draftsman in the mathematics division,
prepared the graphs in that publication. The story is that Cecil would hold a final draft drawing horizontally flat and
sight along the curve. If the width of the line was not uniform to the eye, the job was done again.

Bremer subsequently did much of the design and drafting in connection with the building of the JOHNNIAC, and
for other tasks associated with the RAND computing activities. He was succeeded by Nelson Lucas, who did the layout
work (among other things) for the RAND Tablet.

8 This came to light in a brief mention of the application in a short note to an online electronic digest devoted to com-
puter history. Further exchanges of electronic mail with William Earl Boebert (an early programmer and computer
specialist) developed more details but in the context of “maintaining the software.” In the military environment, main-
tenance implies not only correction of software aberrations—bugs—but also the addition of new operational features
for the aircraft and its weapon systems.

% 'The machine was formally known as the AN/ASQ _61 but was also nicknamed Diane.
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likely to have been chosen.!® To optimize a drum machine’s performance, a technique
called “minimum-latency programming” was often used.!! As a consequence, the hard-
ware nature of the machine imposed a time scale on the executing software. A Hastings
approximation performs the same arithmetic steps independently of the argument and
therefore executes in the same time for every argument. It fitted very neatly into the fixed
and rigid time scale of a drum machine.

'The other reason relates to the overall software architecture of the OFP, which must
perform all of its tasks in a time table established by the aircraft, its activity (management
of the flight path and weapon systems), and the crew’s actions in the cockpit. In such a
real-time environment, the computer-based system must keep up with things as they
happen; there is no opportunity to “come back and take care of that later.”!?

Consequently, all required computational tasks typically were organized into a soft-
ware loop that repeated endlessly and was tied to the rotational speed of the drum memory
and also to the real-time activities of the aircraft and its crew. The fixed and known execu-
tion times of the approximations would have made them a natural choice to schedule events
in the OFP architecture and meet the time demands of the operating environment.

'The RAND approximations made profound contributions in many ways:

* 'They filled a void of major importance in the utilization of early electronic digital
computers.

* 'They helped invigorate the nascent field of numerical analysis as a topic within math-
ematics curricula.

* 'They facilitated large-problem computations that would not otherwise have been
feasible.

* 'They made possible some applications that would not have otherwise been possible.

* They contributed to effective error management in extended computations.

10 The original design motivations are not known, but the probable rationale for choosing the approximations can be
inferred from collateral knowledge of eatly airborne systems. The early A-6 software was produced at a time when the
process for creating software was largely in the hands of the implementing programmers and commonly was poorly
documented or if at all. Their decisions influenced other parts of the system as well as established the basic architec-
ture of the program. The cost and complexity of redoing the software in subsequent years was not feasible for many
reasons—e.g., financial requirements, operational impact, elapsed time to complete. Therefore, the initial architecture
and design choices constrained all subsequent reprogramming in maintenance cycles—even though improved hard-
ware and software techniques might have become available.

1 This technique requires that successive instructions of the program be stored at selected (i.e., not sequential) circum-
ferential locations on the drum so that the desired instruction would be under (or, at least, near) the magnetic read-
heads when it was needed.

12 Interrupt-driven hardware architectures were not known when the flight software was initially implemented. Thus,
the earliest OFPs would typically consist of a fixed sequence of computational tasks, each of which had to function in
a given duration. The nature of each task when it executed was collect relevant data, check for cockpit inputs, do neces-
sary calculations, and initiate necessary actions.

An operating system in the nature of contemporary ones (e.g., DOS, OS-360, UNIX, Linux, Windows) did not
then exist and would not have been used with the relatively primitive computing hardware because of the burden
on memory requirements and computing power. Rather, a simple job scheduler or master scheduler, which became
increasingly complex as systems evolved, was the top-level authority in an executing OFP.
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The relevance and usefulness of the approximations to the mathematical, analytic,
and general computing community is reflected by a fifth printing in 1966, 11 years after
initial publication. Some reviews after the second printing include the following:!®

'This book is undoubtedly the book in the growing field of special function approxi-
mations. It is both a necessary reference book for all digital computer centers, and
the best book now available that provides the beginner with an introduction to this
interesting and difficult field.

—Journal of the Association for Computing Machinery

In a new method that combines judgment and intuition with formal mathematics,
this set of approximations surpasses in simplicity, earlier approximations developed
by conventional methods.

—Product Engineering

'The computing world is greatly indebted to Hastings for this tour of his workshop.
—Science

In finding his approximations, the author relies partly upon scientific methods and
partly upon artistic perceptions to obtain simple and elegant formulas. This makes
this collection something unique and remarkable.

—American Scientist

Random Digits and Normal Deviates

In 1955, the Free Press published an unusual volume from RAND that consisted wholly
of two large tables that had been photoreproduced from an IBM 856 Cardatype printout:
one table contained 1 million random digits and the other 100,000 Gaussian deviates.'
'The foreword of the book describes its origin and purpose:

Early in the course of research at The RAND Corporation a demand arose for
random numbers; these were needed to solve problems of various kinds by experi-
mental probability procedures, which have come to be called Monte Carlo meth-
ods. Many of the applications required a large supply of random digits [or] nor-
mal deviates of high quality, and the tables [in this book] were produced to meet
[such] requirements. The numbers have been used extensively by research workers

13 These review excerpts are from the dust jacket of the fifth printing.

14 \Willis Ware wrote this subsection with contributions from Paul Armer, George Brown, Bill Gunning, Don Mad-
den, and Alex Mood. The only known sources of information on the tables in A Million Random Digits are those
included as a foreword and introduction within it, in a few scattered memories and recollections, in a few internal
memoranda, in summaries attached to the book record entry in the RAND library data system and in the RAND
publication index, and three formal but brief papers. The present discussion is based on these sources.
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at RAND, and by many others, in the solution of a wide
range of problems during the past seven years.15

[These tables] were a product of RAND’s computing
power (and patience). They have become a standard refer-
ence in engineering and econometrics textbooks and have
been widely used in gaming and simulations that employ
Monte Carlo trials. Still the largest known source of ran-
dom digits and normal deviates, the work is routinely used
by statisticians, physicists, polltakers, market analysts,
lottery administrators, and quality control engineers.

On numerous RAND problems the largest existing table
[prior to the effort that led to this book] would have had
to be used many times over, with the consequent dangers
of introducing unwanted correlations. The feasibility of
working with as large a table as the present one resulted
from developments in computing machinery [that] made
possible the solving of very complicated distribution prob-
lems in a reasonable time by Monte Carlo methods.

The tables were constructed primarily for use with
punched card machines. With the [development of]
high-speed electronic computers, the storage of such
tables is usually not practical [because of limited memory]
and, in fact, much larger tables than the present one are
often required. [Large-scale electronic] machines have
caused research workers to turn to pseudo-random num-
bers [that] are computed by simple arithmetic processes
directly by the machine as needed.

Bernice Brown, a mathema-
tician, helped test the
randomness of RAND’s
million random digits.

'The random digits in this book were produced by re-randomization of a basic table
generated by an electronic roulette wheel.'® Briefly, a random frequency pulse source
providing on the average about 100,000 pulses per second, was gated about once
per second by a constant frequency pulse. Pulse standardization circuits passed the
pulses through a 5-place binary counter. In principle the machine was a [32-pocket]
roulette wheel [that] made, on the average, about 3000 revolutions per trial and
produced one number per second. A binary-to-decimal converter was used [that]
converted 20 of the 32 numbers (the other twelve were discarded) and retained only
the final digit of two-digit numbers; this final digit was fed into an IBM punch to
produce finally a punched card table of random digits.!”

15 The RAND tables remain useful for smaller-scale work and hand calculations; they are much used in agricultural
research.

16 For additional details, see Brown (1949).

17 RAND (2001, foreword). From the preface: “The following persons participated in the production, testing, and
preparation for publication of the tables of random digits and random normal deviates: Paul Armer, Ernest C. Bower,
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Testing of the machine’s output revealed certain biases
in spite of careful electronic maintenance. Accordingly,
additional processing of the tables was done to correct the
shortfall.’® Half of the 1 million digits were then used to
construct the normal deviates.

The random-digit machine, given the technology of
the time, would have been a vacuum-tube machine. The
Douglas Aircraft Electrical Laboratory built it, and it was
based on a variation of an idea that Cecil Hastings pro-
posed. A gas-discharge voltage-regulator tube—a common
tube widely used in regulated power supplies at the time—
was the source of the random pulses.

'The timeline for the production and testing of random
digits is reported to have been as shown in Table 6.1.

Table 6.1. Timeline for Production and Testing of Random Digits

Date Event

April 29, 1947 Production began

May 21, 1947 First half million completed
July 7, 1947 Full million completed
1948-1949 Randomness tests published

Since the transition of Project RAND to the RAND
Corporation did not occur until November 1, 1948, but the

Mario Juncosa, a computa-
organization had relocated to rented facilities in May 1947,it  tional mathematician,

is not certain where the tables were completed, at the Doug-  provided mathematical
las Aircraft facility or at the RAND Corporation facility at ~ Support to the programming

4th and Broadway. A likely scenario is that the machine was BB

Bernice Brown, George W. Brown, Walter Frantz, Julian J. Goodpasture, William F. Gunning, Cecil Hastings, Olaf
Helmer, Mario L. Juncosa, J. Donald Madden, Alex M. Mood, Robert T. Nash, John D. Williams. These tables were
prepared in connection with analyses done for the United States Air Force.”

The probable role of each in the project is as follows:

IBM processing and machine programming: Paul Armer, Goodie Goodpasture, Don Madden, and Bob Nash

Mathematicians and statisticians: George Brown, Cecil Hastings, Olaf Helmer, Mario Juncosa, and Alex Mood

Engineering (of the machine): Bill Gunning (from Douglas Flight Test Laboratory), Walter Frantz (Douglas Flight
Test Laboratory), and Ernest Bower

Hand calculations and statistical testing: Bernice Brown and John Williams.

George Brown was responsible for the randomization processes needed to remove statistical biases from the original
set of numbers. Bill Gunning and Walter Frantz did the engineering design and implementation of the roulette-wheel
machine, assisted by Dick Mockbee and Ernest Bower.

18 Bernice Brown (1948a, 1948b). Bernice described (1) the frequency test, (2) the poker test, (3) the serial test, and
(4) the run test. It is unclear who suggested the poker test. It consisted of mapping groups of five digits in blocks of
5,000 into (kinds of) poker hands; e.g., bust, one pair, two pairs, three of a kind, full house, four of a kind, and five
of a kind. The outcome was then compared to the corresponding statistical expectations of hands dealt from a poker
deck. Don Madden performed the calculations for this test.
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