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HISTORICAL NAR~.TrvE STA~~NT 
OF RICHARD B. MANCKE, FRANKLIN M. FISHER 

AND J~~S W. McKIE 

Introduction 

The pages which follow represent our attempt to place the 

record of this case into an historical perspective. We believe the 

question whether IBM today possesses or at any time has possessed 

monopoly power in any relevant market can only be assessed by 

reviewing the history of the EDP industry from its birth to the 

present and in so far as the evidence permits into the future as 

well. We therefore have prepared for the Court our analysis of the 

major events in the life of the computer industry over the past 30 

years, as refle~ted in the record of this case. We do not sugge~t 

that we have s~a=ized for the Court i~ ~~is historical nar=ative 

every fact or opinion which appears in the record of this case. We 

have attempted, however, to set for~~ those events which appear to 

us to be the most significant in ~~derstandi~g the development of 

~~e industry, the position of IBM within the industry and the 

reasons for the great success which Ia~ has had with its computer 

products and services. 

In order to avoid duplication and to expedite the massive 

job of culling through .the more than 100,000 pages of trial tran-

script and the many thousands of exhibits and depositions which in 

their totality dwarf even the massive amount of transcript avail-

able, we have divided the task among the three of us. Dr. Mancke 

prepared the initial sect~on of our historical analysis covering 
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1960s. Drs. Fisher and McKie then reviewed and discussed his draft 

and concurred in the final product. In like manner, Drs. Fisher and 

McKie prepared the second and third portions, respectively, of our 

historical analysis covering generally the period from the develop-

ment of IBM's System/360 in 1961 through the end of the 1960s and 

then the 1970s. 

In preparing our historical narrative, we were provided 

with assistance by IBM personnel assigned to work on the litigation 

and by counsel for IBM in this case. Those people obtained from the 

record (and other'sources) material when we requested it, checked 

our citations against the sources we utilized, put the citations 

into a consistent format and proofread ~~d provided necessary edit-

ing, a~~i~istrative and clerical assistance. 

~he historical narrative here presented represents the 

product of our collaborat:on. We believe it accurately and fairly 

reflects the history of the computer i~dust=-I and ZEH's participa-

tion in it as reflected by the record and our ~,de=st~~di~g of t~e 

19 record. Accordingly, we present it to the Court as a part of our 

20 test~ony. 

21 

22 

23 

24 
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1 I. TEE BEGI~I~GS. OF TEE EDP BUSI!reSS: THE 1940s 
I 

2 :1 1. Evolvinq EDP Technologv. Early research anc 
., 

3 
II 
I ., 

:1 
development of computer technology was sponsored in substan-

4 :1 
!I tial part by various branches of ~~e military and related 
Ii 

'1 
5 ~l 

intelligence agencies who had extensive computational a~d 

5 :1 
:1 data processing requirements. During Wo::-1d War II anc 
i 

7 continuing thereafter, the United States gove::-noent was a 

8 

:i 9 :1 

driving force in the EDP field, calling upon organizations 

to build ever more advanced computer products. (DX 280; DX 

10 
iI 
\1 

3420A; DX 10283, pp. 6-7; DX 7528,' Mahoney, pp. 58-59; 
ii 

11 
II 
II 
.j 

Plaintiff's Acimissions, Set IV, ~~~! 23.0, 48.0, 53.0, 20~. 0, 
I 
I 

12 ~ ! 
:j 

221.0.) 

13 ~ I Thus, the first large elect::-onic digital compu~er,* 
;1 

14 
:1 
:l 

the ENIAC, tvas developed during World War I! by a team of 
'! 

15 Ii scientists/engineers, led by J. P::-esper Eckert and John N. 

;1 
,,.'1 Mauchly, at the Universi ty of Pennsylvania's Hoore School 
.0 'I 

17 

18 

19 

20 

21 

23 

24 

25 

of Engineering ~~der contract with the United States A~y. 

* Digital computers are distinguished from analog cornpute::-s 
in that U(a] digital computer operates on discrete qua~tities' 
and essentially counts", whereas "(a]n analog computer operates 
in analogy with some physical phenomenon". (Fernbacn, Tr. 437.) 
That is, an analog computer "solves problems by translating 
physical conditions .such as flow, temperature, pressure, angular 
position, or voltage into =elated mechanical or electrical 
quantities and uses mechanical or electrical equivalent ci=cuits 
as an analog for the physical phenomenon being investigatec. 
!~ general i~ is a computer which uses an analog fo~ eac~ 
variable and produces analogs as output. Thus, a~ analog ccmpute= 
measures conti~uouslv whereas a di=i~al com-;:,uter counts d:'sc:=etelv." 
(DX 5202, p. 263; se~ also Beard, Tr. 10195; JX 1, pp. 8, 39; • 

DX 4992, pp. 5-7; DX 5126, ~~.i-a.) 
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(Fernbach, Tr. 438-40; Eckert, Tr. 730-32; PX 1, p. 2; OX 5476, 

p. 26; OX 5423, Smagorinsky, pp. 8-9; OX 7532, Parten, o. 

11; Plaintiff's Ad.'"I1issions, Set II, ,r 800.0.) ENIAC 

was designed to be used in calculating trajectories for 

field artillery and bombing tables for ~~e u.s. ~Irny 

Ballistics Research Laboratory at the Aberdeen Provinq 

Ground. It "was developed specifically for ~~e ouroose of 

generating firing tables. That was the original ournose 

because, prior to that time • • .t.;'ey had a large number 

of mathematicians who had to sit in rooms wit.~ desk calcu-

1ators, numerically integrating trajectories, and the basic 

reason for developing the digital computer in the ~irst 

place was to speed up ~~e process of ntl.'"Tterical inteqration." 

(OX 7532, Parten, pp. 11-12.)* 

The ENIAC was a physically enormous machine 

(measuring lod feet long, 10 feet high and 3 feet wide, and 

containing about 18,000 vacuum tubes) and was described as 

"one of the most complicated devices in the world". (Eckert, 

Tr. 729, 77li Plaintiff's Admissions, Set II, ~r 800.2.) 

Indeed, it was so complicated that Or. Enrico Fermi reoortedly 

* ENIAC was also used to perform calculations for the 
Atomic Energy Commission at Los Alamos and to develoo and 
test models for "short-range (weather] prediction for the 
Terrestrial Atmosphere". (DX 5423, Srnagorinsky, 00. 8-9: see 
Eckert, Tr. 744-45'; Metropolis, Tr. 1133-34; Plaintif:'s 
Admi s s ion s, Set I I, ~I ~I 5 57 . 4, 8 0 o. 6. ) 
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"doubted if the machine would run =or more th.an five 

minutes at a time". (Eckert, Tr. 771.) In fact, when ~~e 

3 
i 
I ENIAC became operational in 1946, it broke down only about 

4 
I, 

once a day. (Eckert, Tr~ 770.) 

5 ii 
II 

6 ~ I 
'I 

7 II 
I, 
!I 

The ENIAC differed from prior computational 

machines in that prior machines had all been electromechani-

cal--that is, ~~ey performed arithmetical calculations by 
II 

8 !I 

II 9 

using electricity to close mechanical relays. (Fernbach, 

Tr. 438.) ENIAC's use of vacuum tubes rather than electro-

10 
I , 
i 

mechanical relays allowed it to be' -faster than its elect='o-

11 i 
I 
I mechanical predecessors by "at 'least a fac'tor of a hunc.=ed 
I 

12 ! 
j, 

and probably 500.". (Eckert, Tr. 758; see Fernbach, 
" 

13 l! 
:i 

T=. 439.) Nitn the ENIAC, it: TNas possible to 'gerform a wice 

1~ range of previously impracticable or impossible calculations. 
; 

,I 
, . 

" 

15 ., 

:1 
(Plainti== 's Ac.missions, Set !!, ff 800.13.) 

~ ,. " lO T~e ENIAC had to be ?rogr~~ed by setting switcnes--

. -:..; anc whenever t~e ~=og=~~ needed to be changed, ~~e switches, 

18 numbering in the t~cusands, all had to be reset by hand. 

19 (Eckert, Tr. 778; Metropolis, Tr. 1141-44; DX 5423, 
II 

20 " 'I 
:1 

Smagorinsky, pp. 8-9; Plaintiff's Admissions, Set II, 

:1 
21 II 

'. 
~I~I 557.5, 800.7-.11.) This limitation was removed by· t.~e 

\, 

22 !: next major step forward in computing--the development of 
" \I 

23 
II 
:1 electronic stored program digital computers. (Eckert, Tr. 
:1 
'. 

24 " 
:1 776-80; H. Brown, Tr. 82962; Plaintiff's Admissions, Set II, 
ii 

25 ~ i 
~I 80 2. 4. ) 
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!n 1944, while the ENIAC was still under construc-

tion, a group of people located at the Moore School, includ

ing Dr. Herman Goldstine, J. Presper Eckert, Dr. John. Mauchly, 

Dr. Arthur W. Burks, Adele Goldstine, and, after August 1944, 

Dr. John von Neumann, began to meet regularly to develop the 

conceptual design of an internally modifiable stored program 

digital computer that became known as the EDVAC. (Eckert, Tr. 

780-81; PX 5657, p. 2; Plaintiff's Admissions, Set II, 

CJ 802.0-.1.) The "stored program" concept was based on 

~~e realization that computer 'instructions could be repre-

sented as numbers and co~ld be stored in memory wi~ other 

numbers, provided there was a way to identify t..~em as i:lst=uc-

tions • (Plaintiff I s Admissions, Set !I, ~r 802.4.) The 

concept of "internal program modification" recognized that 

inst=uctions stored in memory could be handled and modified 

arithmetically in the same way as other numbers stored in 

memory. * (Plaintiff's Admissions, Set II, '1 802.5; see Hughes, 

* A stored program is a series of instructions to the com
putertelling it what·to do, and usually depends on either 
the results-previously achieved or the conditions existing 
at the time tiie--,~omputations are made. (Plaintiff's Admis
sions, Set IIi,'.."r 782.9.) In computers based on the "stored 
program" concep't, instructions are stored within the machine 
in the sarne fo~ as data. They are capable of being stored 
anywhere in ~~e system, recalled from anywhere with the same 
ease, or modified to the extent of ~~e capability of the 
system. This capability of "computing" or processing parts 
of the control program results in a far more flexible system 
~~an had been known before. (Hughes, Tr. 33881, 33886-87.) 
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Tr. 33881; Hurd, Tr. 86405; Knaplund, Tr. 90461; DX 8988, ?p. 

(Tr . 8 8 2 S 1) • ) 

The EDVAC's stored program concept was developed 

in detail in a series of papers written by, among others, 

von Neumann and Goldstine. (Hurd, Tr. 86 327 - 28 ; OX 44, p. 5 i 

Plaintiff's Admissions, Set II, ,r 802.2-.3.) These papers 

were widely circulated after World War II and were the 

subject of extensive and intense discussion among a "very 

close fraternity of people" in universities, industry, and 

government, working on designing an~ developing computers. 

(OX 13526, Forrest, p. 66.) These persons cornmuni-

·cated actively wi~ each other about new circuits, new 

devices and new co~puting machines by circulating technical 

papers and attending symposia. (Hurd, Tr. 86327-28, 88206; 

DX 5423, Smagorinsky, pp. 11-13; OX 13526, Forrest, p. 67.) 

In 1948 the Association for Computing Machinery was formed 

and quickly became the "premier technical society associated 

with computing". 'The ACM provided an organization (and an 

associated publication) in which "the scholarly and pioneer-

ing work of computing could be laid down and distributed 

into the society at large". (Perlis, Tr. 1853.) 

In the late 1940s, following the initial scien

tific/technical discussion of the EDVAC stored program 

concept, many ur.iversities, government-related laboratories, 

and private firms began to design and develop stored progr~~ 
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computers, f;equently with government funding. A list-

which does not purport to be all-inclusive--of 21 nonorofit 

organizations designing and developing prototyoe stored 

program digital computers in ~~is time frame is set !orth in 

~~e footnote below.* Among the private firms engaqed in 

designing and developing prototype electronic digital stored 

program computers in ~~e late 1940s (often in connection with 

military projects) were American Telephone and Teleqraoh, 

Raytheon, Eckert-Mauchly Corporation, and Engineering Research 

Associates. (Eckert, Tr. 773, 782; R. Bloch, Tr. 7566-70; 

Hurd, Tr. 87662; DX 280.) The activities of these firms in 

~~e la~e 1940s are discussed in some detail below and in the 

company ?rofiles which fo~ a ?art of this testL~ony. 

* The Jniversity of Amsterdam; the University of California 
at Berkeley (CALDIC) i the University of California at Los 
Angeles (as operating agency) (SWAC); Cambridge Oniversi ty 
(EDSAC); the University of Frankfurt; Harvard University 
(Mark III); the Universi ty of Illinois (ORDVAC, ILLIA.C); the 
Institute for Advanced Study at Princeton {lAS ComDuter)i 
the University of Manchester; the University of Michiqan 
(MIDAC); Massachusetts Institute of Technology (Whirlwind); 
the University of Pennsylvania (EDVAC): the University of 
Rome; the University of Vienna; a university in ~weden; the 
Federal High School in Zurich; the Los Alamos Scientific 
Laboratory (MANIAC); Patrick Air Force Base (FLAC); the ~~ 
Corporation (JOHNIAC); the National Bureau of Standards (SEAC); 
and the Naval Research Laboratory. (~, Hurd, Tr. 86324-26; 
see also DX 5423, Smagorinsky, pP. ll~ Plaintiff's Admis
sions. Set II, 11~ 558.0-.6; Plaintiff's Admissions,. Set IV, 
'1 ~f 4 8 , 121.) 
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2. Potential Early Entrants Into EDP. By the 

early 1950s, the knowledge and resources necessary to build 

primitive computer systems were widely held and, therefore, 

many firms were well positioned to develop and supoly com-

puter systems. The most likely participants possessed one 

or more of the following attributes: 

(a) expertise in the relevant electronic and . 
electromechanical technology necessary to build com-

ptlters (e.g., vacuum tubes, relays and transistors); 

(b) experience in obtaining federal research and 

development contracts (typically from ei~~er ~~e 

military or intelligence aqe~cies) to design an= build 

cne-of-a-kind data processing and/or control systems~ 

and 

(c) expertise at selling products to ~~e =a~~er 

small number of sophisticated organizations thoucht 

likely ever to purchase a computer system. 

Examples of firms possessing these attributes included: 

(a) Bendix, Boeing, Douglas, Hughes, North American 

Aviation, Northrop, Raytheon, and Sperry who were high 

technology defense contractors with expertise in 

designing and building sophisticated electronic control 

systems and were consumers of large amounts of comouta-

tional power; 

(b) General Electric, Westinghouse, RCA, and 

-7-



Philco who were large manufacturers of electrical 

equipment and had a broad base in the relevant tech

nologies, in addition to being potentially large data 

processing customers; 

(c) American Telephone and Telegraph, Inter-

national Telephone and Telegraph, and General Teleohone 

and Electronics who had experience in manufacturing and 

consuming communication$ switching equipment; and 

(d) Burroughs, Friden, IBM, Monroe, National Cash 

Register, Remington Rand, Royal, and Underwood who 

produced calculators and/or business machines such as 

typewriters, unit record equipment, and accountinq 

machines. 

AT&T, because of its early involvement in comDu~i~q 

techniques, its huge size, Bell Labs' research caoabilities, 

and western Electric's experience as a defense contractor 

and large-scale producer of electronic and electz-omechanical 

products, was perhaps the best situated of all these companies. 

In addition to the established firms listed above, 

there were a few recently formed, typically much smaller 

firms developing computer systems in the late 1940s and/or 

early 1950s, often for the u.s. government. These included 

Eckert-Mauchly, Engineering Research Associates, Consolidated 

Engineering Corporation, Electronic Computer Corooration, 

and Computer Research Corporation (a spin-off from Nor~~roo 

-8-
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Aircraft Corporation). (Eckert, Tr. 805-08; Norris, Tr. 

5599; Oelman, Tr. 6120-21; Hangen, Tr. 6262; McCollister, 

Tr. 10995-96; Withington, Tr. 55983.; Hurd, Tr. 88028; OX 

280, p. 1; OX 12694.) 

Finally, besides firms of the sort listed above, 

nonprofit, government-funded think tanks (such as the RAND 

Corporation) and the research affiliates of major universities 

(such as Massachusetts Institute of Technology's Lincoln. 

Laboratory) secured substantial federal funding from ~~e 

military and intelligence agencies' -to build prototype 

computer systems. (Crago, Tr.8596l-62, 86008-09; Hurd, Tr. 

'2!! 86324-26, 88089-90, 88156, 88213-15.) In the formative 
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years of the EDP business, when, as we describe later, 

nearly everyone believed that the size of ~~e total market 

was severely lL~ted, these nonprofit organizations posed 

substantial potential competition to their profit-making 

counterparts. 

In sum, many firms were well-positioned to develop 

and supply computer systems and, typically with government 

funding, several had actually been developing compute= 

products. 
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3. Sources of Uncertaintv About the Commercial 

Possibilities of EDP. Though ~~e computer's potential for 

performing large and complex calculations was wide"ly recog-

nized by 1950, and though many companies had the knowledge 

and resources necessary to build computers, great uncertainty 

as to both the size of the potential market and the feasibility 

and costs of producing computer systems caused potential 

entrants to be reluctant about actually investing substantial 

scientific, technical, production, marketing, managerial, 

and financial.resources to become "commercial suppliers of 

computer systems (as opposed to building prototype or one-

of-a-kind computers under contract for ~~e government). The 

belief that there might not be a si"gni£icant market for 

computer systa~s, which is described in more detail in ~~e 

following sections, was deduced from the following premises: 

(a) Only a few customers--primarily the militarj, 

Weather Bureau, intelligence agencies, defense contrac-

tors (especially airplane manufacturers)", the Atomic 

Energy Commission and its subcontractors, and ~~e 

Bureau of the Census--were thought to have computa-

tional needs of sufficient magnitude and complexity to 

fully utilize a computer system as well as be able to 

afford such a system. 

(b) Many of these potential customers, as well as 

several major universities and nonprofit scientific 
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laboratories, were designing and building their own 

computer systems. 

(c) The first computer systems were physically 

enormous, difficult to proqram, required complex cir-

cuit--y that, with the prevailing vacuum tube technol-

ogy, was prone to frequent failure, and were many 

t~es more expensive than the most expensive electro-

mechanical unit record equipment, business and 

accounting machines then on the market. 

(d) Few people had suf~icient training to be able 

to use a computer system. Most people skilled in 

computer programming, utilization and maintenance were 

t...~ose already employed by organizations t.."lat were 

developing computers. Thus, to market ~~eir equipment 

on a commercial basis, ~~e m~~ufacturers t...~emselves 

would have to provide users with most of ~~e program-

ming, education ~~d support needed to operate the 

system •. 

(e) Moreover, since the basic computer technology 

was in the process of being developed, and engineering 

and production feasibility had not been demonstrated, 

it was impossible to predict either costs or product 

performance and reliability with any degree of accu-

racy. 

Hence, though many large firms were well-positioned 
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to develop and supply computer systems. and ~~ough several had 

actually been developing computer products, it is not sur~risinq 

that most hesitated about becoming commercial su~pliers of 

computer systems. Ra~ngton Rand and IBM would be the first 

two established firms to accept the risks and begin to make 

investments of the magnitude necessary to become commercial 

suppliers of computer systems. 
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II. . FIRST ATTEl·1PTS TO COlw~·1ERC~~~IZE COt'f..PtJTER SYSTEMS : THE 

EARLY 1950s 

4. Remington Rand's Entry. In 1950 Reminqton 

Rand was primarily a manufacturer of unit record equipment, 

typewriters, office supplies, filing cabinets and file 

accessories. (OX 7584, Mauchly, p. 37.) Beginning in 1950, 

however, it quickly obtained the leading position in the 

nascent computer field by acquiring two of ~~e most advanced 

firms specializing in the design and manufacture of corn:outer 

systems: the Philadelphia-based E·ckert-?1auchly Comt;:)uter 

Corporation (acquired in 1950) and the Minnea?olis/St. Paul-

based Engineering Research Associates (acquired in 1952). 

(Eckert, Tr. 715, 717, 719, 783, 960-61; Norris, Tr. 5599-601, 

5693; Withington, Tr. 55980: PX 1, p. 2; OX 7597, o. 2: OX 

13526, Forrest, p. 44.) 

(a) Eckert-Mauchly. Shortly after ~orld War II 

(and the completion of their gover~~ent-funded work on 

ENIAC), J .. Presper Eckert and John Mauchly left the Univer-

sity of Pennsylvania's Moore School of Engineering and 

established the Electronic Control Company wi~~ a view toward 

becoming co~~ercial suppliers of computer systems. (Eckert, 

Tr. 715, 772; PX 1, p. 2.) The name Electronic Control was 

originally chosen because Eckert and Mauchly ~~ought the 
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easiest way to get into the business of building cOIn."tlercial 

computing devices was "to build a very small machine that 

could be used in a chemical plant or power station •.• • to 

control some simple problems they had there." Eckert and 

Mauchly soon concluded, however, that the applications they 

had intended the Electronic Control Company to perform were 

far beyond their capability. They then established a new 

company, the Eckert-Mauchly Computer Corporation. After 

doing preliminary design work on what later became the 

UNIVAC (discussed below)", Eckert-Mauchly contracted with 

Northrop Aviation (which in turn had a contract with the 

U .• S. government) to build a one-of-a-kind computer called 

the BINAC ("Binary Automatic Computer") to be used for 

missile navigation. Eckert described the BINAC as "sort of 

an experimental venture" and, in fact, Northrop solved 

this navigational problem with gyroscopes. * (Eckert, Tr. 

772-74, 781-82; PX 1, p. 2.) 

Eckert-Mauchly then made computer history by con-

tracting in 1948 with the Bureau of Standards to build a· 

large scale, fully automatic, general purpose comp~ter 
\ \ ... 

system called the UNIVAC ("Universal .Automatic Com~uter"), 

which was based on the ENIAC develooment, for the United 

* Tl)e BINAC did originate "two new ideas to t.~e computing 
art--namely, the principle of internal self-checking and the 
employment of serial logic". (PX· l, p. 2.) 

-14-

I 

j 

I 
I 

I 
I 

j . 

I 
I 
I 
I 

I 
I 



II ,j 
'; 
I' ,I 

il I. 

II 
:j 

1 il 

2 II 
II 

3i 
I 
I 

States Census Bureau to process data collected in the 1950 

Census. (Eckert, Tr. 782-84, 790, 867; DX 280, p. 2; Plaintiff's 

Admissions, Set II, ~ 804.1.) The UNIVAC was the first 

4 
" 
,I electronic stored program computer system available 
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comme:cially, i.e., it was intended to be a standard machine 

rather ~~an one-of-a-kind and was available for sale to 

anyone desiring to acquire it. (Fernbach, Tr. 460; Perlis, 

Tr. 1854, 1875; Withington, Tr. 55980; J. Jones, Tr. 78716; 

DX69 1 p. 5; Plaintiff's Admissions, Set II, 4J 804.0.) The 

first UNIVACs were beginning to be manufactured at the t~e 

of Eckert-Mauchly's acquisition by Remington Rand. The 

first d~livery was in 1951, to the Census Bureau, at a 
. 

purchase price of approxLmately $1 million. (J. Jones, T=. 

78741; PX 1, p. 2; PX 127, p. 70; DX 280, p. 2; Plaintiff's 

Admissions, Set II, ,r 804.1.) . 
Professor Perlis described the UNIVAC (subsequently 

called the UNIVAC I) as a "creative masterpiece", (Perlis, 

Tr. 1874-75; PX 299) because it demonstrated what he described 

as the "extraordinarily important recognition" that "the 

computer which had been born to carry out ballistics calcula-

tions for the Army (i.e., the ENIAC] was adaptable [and] 

economically useful in the commercial fabric of the nation". 

(Perlis, Tr. 1855.) According to Eckert, the UNIVAC I 

was good at scientific computing and was used by the AEC at 

the Lawrence Livermore Laboratory for seven or eight years. 
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(Eckert, Tr. 790; see also Fernbach, Tr. 464-65; "J. Jones, 

Tr. 78720-29; PX 272.) Eckert also testified that the 

UNIVAC was good at (and, indeed, had been desiqned "primarily" 

for) processing "problems of the type the Census Bureau had, 

where you were mostly processing long chains of data or 

batches of data such as would be found in various government 

enterprises or • • • found in businesses like insurance • • 

things we ordinarily think of as commercial data processinq 

problems today. II (Eckert, Tr .716", 790 i see J • Jones, Tr. 

78720-29: DX 280, p. 2.) According to Eckert: 

" [W]hat we attempted to build in the fi=st UNIVAC was 
a machine which "within the 1L~itations of cost and' 
speed and memory size could be used universally, that 
is to say, could be used for scientific problems or 
could be used for statistical problems such as the 
Bureau of Census had, or could be used for business 
problems, such as a company or insurance company might 
have. " (Tr. 867.) 

Remington Rand and Eckert-Mauchly initially 

?l~'ned to build six UNIVAC Its. (J. Jones, Tr. 78704; see 

DX 7584, Mauchly, pp. 24-25.) Mauchly testified that he 

recalled a forecast for on "the order of 12 of these sY3tems, 

arrived at ostensibly (by] the cost of the system, and the 

number of companies in the u.s. who could afford to buy a 

syste.'ll at that cost." (DX 7584, Mauchly, p. 38.) 

The handful of customers who installed UNIVACs 

between 1951 and 1953 were all government or q"overnment-
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related organizations. (OX 7584, Mauchly, p. 32.)* 

Indeed, according to Mauchly, in 1951-53 it was "a gamble 

• • • whether any UNIVAC system would be sold to a commer-

cial customer". (DX 7597, p. 4.) The first installation of 

a UNIVAC with a private customer explicitly for non-govern-

ment related applications occurred in 1954 at General Electric's 

Louisville "appliance park". (OX 7584, Mauchly, p. 32; OX 9070, 

~eam,p. 33.) Following the GE installation, demand picked up, 

and approximately 40 UNIVAC Its were eventually installed. 

(Eckert, Tr. 783-84; OX 7584, Mauchly, pp. 205-07.) 

It does not diminish Eckert and Mauchly's contri-

bution to stress that the UNIVAC I was a primitive comcuter.** 

It required ra~~er extensive maintenance; initially it could 

only be programmed in machine language; and while "it was 

staggering in speed relative to what we knew at ~~at time, 

.•• it was, indeed, a very slow machine". (J. Jones, Tr. 

78719-20, 79342.) 

(b) Engineering Research Associates (ERA). ERA 

wa$ formed in 1946 by a group of ex-naval officers, includ~ 

* The first five UNIVACs were delivered to the Bureau of 
the Census, the Air Force, the Army, the Navy and AEC's 
Lawrence Livermore Laboratory. (J. Jones, Tr. 78810; OX 7584, 
Mauchly, pp. 31-32;- se& also OX 5043,p. 3.) 

** IBM's first commercially available computer, the 701 
(discussed below), was also described as "a very primitive 

machine" • (Har·t, Tr. 80226.) 
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ing William Norris, who did extensive work on communications 

and computing. techniques during World War II.* At the end 

of the War, agencies of the u.s. government became concerned 

that the naval communications group might be disbanded. To 

prevent this they indicated to some of its members that, if 

they could find sufficient private capital to set up a company 

to carr~ on classified EOP work, the government would consider 

contracting with them in the area of computer research and 

development. (OX 280, pp. 1-2.) The necessary financing was 

obtained,** and ERA was established with the objective of 

serving "Navy requirements for special purpose computing 

machinery in a highly classified enviro~~ent" (id.)--these 

included devices not only for military purposes, bu~ for the 

purposes of deciphering secret information. (Eckert, Tr. 

807-08; Norris, Tr. 5599.) 

In 1946 ERA contracted with the Navy to design, 

develop, and deliver a complete stored program computer 

system. (OX 13526, Forrest, pp. 55-56.) In fulfilling that 

contract (known as Task 13), ERA produced a computer system 

* Much of this research was classified. It was directed 
toward military intelligence rather than more orthodox naval 
applications. (Norris, Tr. 5598-99; DX 280, p. 1.) 

** A substantial portion of ERA's initial capitalization 
was provided by John Parker of the Northwestern Aeronautical 
Corporation, which had been a manufacturer of plywood gliders 
during World War II. (DX 280, p. 2.) 
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called the ATLAS I. (~, pp. 75-77; OX 280, p. 2.) The 

government permitted ERA to seek other customers for ATLAS

type computers. According to Henry Forrest, who marketed 

ERA's computers from 1948-58, "(t]here never was any attitude 

by ~~e Government that that which we developed in full or in 

part through government sponsorship could not be put out 

commercially." (OX 13526, Forrest, p. 78; see OX 280, ? 2.) 

The ATLAS I, renamed the 1101, became ERA's first commercially 

available computer system.* 

The 1101 used vacuum tubes and had a rotating 

magnetic drmn for its main memory. (DX 13526, Forrest, pp. 

45-46; ox 280, p. 3.) First delivery was in 1951, priort:o 

ERA's acquisition by Remington Rand. (Eckert, Tr. 809; DX 

13526, Forrest, p. 55; OX 280, p. 2.) As an offshoot of the 

1101, ERA also developed the 1102 computer system, introduced 

in 1952. (OX 280, p. 2.) According to Forrest, the 1102 had 

a "general purpose machine at the heart of the complex", but 

it had "certain special purpose features (contained in what 

Forrest called ~le "periphery"**] to allow it to be used in an 

instrumentation activity". (DX 13526, Forrest, pp. 46-

* The 1101 was first delivered in December 1950 (OX 280, p. 
2; OX 438, p.2), several months before the first UNIVAC I was 
installed ~t the Bureau of ~~e Census. The UNIVAC I had been 
announced, however, prior to the t~e that the 1101 became 
commercially available. (See OX 13526, Forrest, p. 65; 
OX 7567, p. 212.) 

** Forrest testified that the "power" of a general purpose 
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48.)* Approximately three 1101s and ~~ree 1102s were sold 

to customers. (Id., pp. 46, 53-55, 84; DX 280, p. 2; see also 

Withington, Tr. 57482-83.) 

According to Forrest, ERA did not find "a large 

customer segment" interested in acquiring the 1101: 

"We felt we didn't have the right assemblage of 
components arranged in the right configuration and 
this was evident from the customer response, that 
for those dollars and for the kinds of things the 
customer wanted, they just weren't gOing. to buy the 
thing. Technology and machine architecture and 
organization development was proceeding so fast 
and so much progress was being made • • • (that] 
we withdrew [the 1101]." (OX 13526, Forrest, Dp. 84-85.) 

As early as 1949, ERA began designing a new comDuter 

system, ~~e 1103. The 1103 was markedly superior to the 1101 

"i:1 terms of organization, what it would do for t.~e custome= 

and on a price performance basis." (Id.) The first 1103 was 

delivered in 1953, following ERA's acquisition by Remington 

Rand. (DX 280, p. 2.) ApproxL~ately 20 ll03s were eventually 

computer was its abi~ity "to construct general programming
routines that would work over a class of oroblems" and would 
allow one to "alter his programs to perform ... different 
functions, or new added tasks." In contrast, the s:oecial 
purpose features he described were not susceptible to change 
"except with a soldering iron, or a different set of compo
nents." (OX 13526, Forrest, pp. 47-48.) 

* ERA's 1102 computer system included products obtained by 
ERA from other companies. For example, one ERA 1102 computer 
systa~ acquired by the novernment at a cost of S574,586 con
sisted of an ERA 1102 processor, six Teletype punches, one 
Ferranti paper tape reader, ten Friden Flexowriters and an F.AI 
digital plotter. (Plaintiff's Admissions, Set II, ~f 146.1-.3.) 

-20-

I 

i i • 
I 
I 
! 
i 
i 
1 

I 
I 



I 

I 
I 
I 
1/ 
I 

1 i 
! delivered for both scientific and business applications.* 

2 
I 
i 

3! 
I 

I 

41 
5 il 
6 :1 

11 

7 II 
I 

8! 

9i 
10 II 
11 I 

! 
i 

12 Ir 

I' 
13 !I 

14 Ii 
15 II 

II 
16 il 

;j 
17 II 

11 18 :! 
·r 
II 

19 :j 

11 
20 a 

I; 

21 !I !i 
22 !! 

Ii 
..,~ II 
~ 11 

II 

24 II 
II 

25 il 

Il 

II 

II 
11 
;: 

(~, p. 3; Withington, Tr. 57481.) Some of the features of 

the 1103 were derived from the 1101, but the machines were not 

compatible. (Eckert, T~. 809; OX 280, pp. 2-3; DX 13526, 

Forrest, pp. 87-89.) 

According to Eckert, Remington Rand's acquisition of 

ERA in 1952, wi~~ its approximately 500 employees (DX 280, o. 

3), "represented a substantial increase in the electronic or 

computer ability for the organization". (Eckert, Tr. 808; see 

also DX 5423, Smagorinsky, p. 16.) Indeed, ERA had more ceoole 

involved with computers at the time of the acquisition ~~an did 

Remington Rand (including Eckert-Mauchly). (Eckert, Tr. 808.) .. 
In a letter describing William Norris' involvement 

with computers--first at ERA, and then at Remington (Sperry) 

Rand and CDC--writ~~n in 1969 by John Lacey (with blind 

copies to Norris and several other former ERA/Remington 

Rand employees then at CDC), it was "estimated that by ~"le 

end of 1952 ERA had built and delivered more than 80% of the 

value of electronic computers in existence in the United States 

* By way of example, one customer of the 1103 was ~~e Air 
Force's Aeronautical Systems Division, which in 1956 replaced 
the OARAC, a one-of-a-kind computer built by GE, with an 
1103. (OX 4993, p. 4.). Forrest recalled "40, or more" 
initial sales and leases of the 1103 and 1103A combined. The 
1103A, an improved version of the 1103, was delivered in 1954. 
(DX 13526, Forrest, pp. 90-91; see DX 280, p. 4.) 
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at that time". (DX 280, P • 3.) 

Cc} The Leadership position of the Merged Companies. 

Remington Rand's acquisition of Eckert-Mauchly and ERA, coupled 

with its own corporate resources, gave it the leadershio 

position in the EDP field. Some exa~ples from the record 

illustrate this point. 

(i) Cuthbert Hurd, Director of A~plied Sciences 

at IBM in the early 1950s, test~fied that "Remington 

Rand was the leading company in the EDP industry in 

the early 1950's" with the acquisition of ERA and Eckert

Mauchly, and with the delivery of the t~rvAC: indeed, 

"IBM's first computers were popularly referred to as 

'IBM'S UNIVAC's'".* (Tr. 86423-24.) 

(ii) John L. Jones operated one of ~~e first UN!VAC 

I's when it was installed at ~~e Pentaqon in 1952, and 

wrote (while at the Air FOI:ce) what became the first 

operator's manual for early UNIVAC I users. (J. Jones, 

Tr. 78716-20.) Jones testified that UNIVAC had an 

"initial year to two-year lead . • . by having a machine 

that was available and operational before other machines 

began to appear". (Tr. 79344.) 

* See also DX 105, a 1969 Business Week article entitled 
"UNIVAC Comes in from the Cold Ii : II In tne beginning, TJNIVAC' s 
product lead was so long that their name was better known by 
the general public than the word computer." 
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(iii) Richard Bloch, head of Raytheon'~ computer 

group ~~ough 1955, described UNIVAC, along with 

"probably" Raytheon, as the "leader" in terms of "scope 

of competence" in computers in ~~e early 1950s. (Tr. 

757 0, 773 6 • ) 

(iv) Henry Forrest, who had joined ERA in 1948, 

testified that he stayed on when ERA was acquired by 

Remington Rand in 1952 because "it was a technically 

exciting company ••• probably the leader in digital 

system technology in the country at that time over 

any other company". (OX 13526, Forrest, pp. 44, lOO-Ol.) 

. (v) In Or • Mauchly , s view, Remington Rand had 

an' "immense advantage", a "5-year lead", over IBM in 

1951. "Of course, at t.1.at time we did not know that we 

had a S-year lead, but assumed that we had at least a 

2 or 3-year lead". (OX 7596, p. 1; DX 7597, o. 3.) 

(vi) Wi,lliam Norris, one of the founders of ERA, 

viewed Remington Rand' as facing "emerging competition" 

from IBM in the early 1950s, but believed that at that 

time Remington Rand "had a chance to take over the 

computer market". (Tr. 5722; DX 305, p. 1: see also 

DX 3979, J. Johnson, pp. l5-l6.) 
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5. IBM's Early EDP Involvement. IBM was built by 

Thomas J. Watson, Sr. from a manufacturer of punch card products 

and time recording equipment (such as time clocks) in 1914 to a 

firm with o.s. revenues of approximately $180 million in 1949. 
I 
I 

5 I (Hurd, Tr. 86324; DX 8888, p. 5.) In the 1930s IBM entered the 
i 

6 I! typewriter business and began producing its first electric type-

711 writer. (OX 8888, p. 5; see also Hurd, Tr. 86324.) 
I' 

sj In the 19305 and 19405, IBM had also sponsored research 

9 I in the techniques of electromechanical computation, including the 

10 i MARK I, a project initiated by Harvard's Howard Aiken, and on which 

11 I he and IBM personnel worked together between 1937 and 1944. (Eckert, 

'I 1211 Tr. 760i Metropolis, Tr. 1135, 1204; Hurd, Tr. 86335; Plaintiff's 

1311l~d.'"nissions, Set II, ~f i98.) In addition, in 1944-47 IEM had 

11 develoo_ed and built a one-of-a-kind, partially electronic and 
14 ii 
15 (\ partially electromechanical, stored progra..4l digital computer called 

:1 
Ii 

16 \l the SSEC ("Selective Sequence Electronic Calculator"), which used 
I: 

11, relays, punched paper tape and electronic registers for storing a 
17 I. 

il 
18 H program. 

I~ 

{Hughes, Tr. 33890-92, 33898, 71948-50; Hurd, Tr. 86335; 

19 ii Plaintiff's Admis sions, Set II, '1 801.0.) * The SSEC occupied about 
;1 20 \l 1500 square feet at IEM's World Headquarters in New York City and 
II 

2l II was demonstrated to the public in 1948. 
I. 

(Hughes, Tr. 33889, 33898.) 

22 \1 At ·that time, no other manufacturer had installed and demonstrated 

23 11 

i! 
24 d 

II 
25 ;1 

:! 
.f 

II 
i! 

II 
II 

i! 

* IEM's development work on the SSEC began at about the same 
time as work began on the conceptual design of the EDVAC, cescribed 
above. 
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1 II a stored program computer systeln, and the designers of t!lat computer 

2 II received a significant patent on the machine, including a claim 
II 

3 ! covering the stored program. 

4! 
(Hughes, Tr. 33892-99, 33912~13.) 
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'In the late 1940s, IBM established its Applied Science 

group to probe possible business applications of the evolving 

electronics technology.* IBM's initial interest in electronics, 

however, was tentative; other than a limited amount of electronic 

circuitry incorporated in its unit record equipment, little else 

was done with this new technology. (Hughes, Tr. 33874-76; Hurd, 

Tr. 86335.) 

Events related to the outbreak of the Korean War in 1950 

lee. to IBM's subsequent entry into the manufacture and marketing 

of electronic digital computer systems. At the War's onset IBM's 

chairman, Thomas J. Watson, Sr., wrote President Trw~an offering 

IBM' s services to aid in the war effort. !Ax. ~~atson, Jr., who had 

rejoined IBM in the. late 1940s following his discharge from the 

armed services and who in 1952 had the title of Executive Vice 

President, made it clear to IBM's management that the "offer was 

not limited to IBM's existing products or services and was to be 

a priority undertaking." (Hurd, Tr. 86338; PX 3330A., p. 17; 

Px 6054, pp. 23-24.) 

During the second half of 1950, James Birkenstock, Special 

Assistant to ~..r. Watson, Jr., and Cuthbert Hurd "visited gov'ernment 

* The Applied Science Group was headed by Cuthber~ Hurd, who 
was one of IBM's first PhD's when he was hired in 1949. (Hurd, 
Tr. 86327, 86334.) 
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contractors and spent many days in the Pentagon, knocking on doors 

to ask in what fashion IBM's abilities and resources might best be 

utilized" to. aid the war effort. These visits "verified (Hurd's] 

view that government agencies had problems whose solutions required 

large amounts of processing and calculations."* He concluded that 

all these probla~s could be performed better on the type of "general 

purpose computer" ~~en being discussed within the scientific and 

academic co~~unities. (Hurd, Tr. 86339.) 

Within IBM, however, there developed substantial internal 

resistance to the idea of building. such a computer. Thomas J. 

Watson, Sr., and high level executives in Engineering and Sales 

initially opposed such an effort. They questioned whether there 

would be a demand for computer systems and feared that f~~ds would 

be diverted from R&D for IBM's principal products, unit record 

equipment. (Hurd, Tr. 86333-38: DX 7594, McDowell, pp. 193-94.) 

According to W. W. McDowell, who was IBM Director of 

Engineering at that time (and who retired from IBM in 1968), the 

dispute as to the wisdom of developing a computer system arose 

because: 

"The large majority of our people were not knowledgeable 
in the field of large computers . • •. It required that we 
train and hire people who did have these kind of abilities. 

" 
"We had to get that knowhow and this meant that we had 

to spend considerably more money, for instance, in research 
and development, and that was not an easy decision to make. 

* Those visits also led to IBM's participation in the design 
and manufacture of analog computers used in bomb sights for the 

1 

i 
I 
I 

I 
I • 
I 
! 
I 
i 
I 
i , 
1 
I 

I 
! 

B-S2 bomber. (Wright, Tr. 12789: Hurd, Tr. 86339; PX 5951 (DX 14510):: 
p S; PX 6049, p. 8.) 
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"There were not unlimited funds within the IBM Company." 
(DX 7594, McDowell, pp. 187-88; see·id., pp. 195, 211.) 

Steven Dunwell, then in IEM's Future Demands Department, 3! 
4 I described how the development of computer systa~s technology 

!I required different skills than theretofore present at IBM. 

: II According to Dunwell, the developers of IBM's unit record equipment 

II were "Edisonian" engineers who solved problems "by trial and 
7 il 

,i error rather ~~an by understanding the underlying physical nature 
81 I of the problem." (Tr. 85521.) This group foundered when confronted 

1: I, with electronic rather than electromechanical technology.· 

11 II. Hurd described how "[c 1 ompared with IBM's punched card 

12 II equ1pment, • • • general purpose computers differed in terms of com

" ponents, method of control, ~~ount of human intervention required, 
I . 

13 1! and the oroblems which could be sol vee.. " (Hurd, Tr. 86328.) His 
a -

14 II .. .. . t 1 h . \: aescr~pt~on mer~ s engt.y quotat~on: 

15 II "(a) The components of punched card equipment incluced 
il brushes which would detect the presence of a hole in a punched 

16 1; card and which then produced an electrical signal, commutators 
17 :1 which divided an electrical signal into a number of timing 

18 11-------------------
19 I! 

II 
20 11 

II 
:/ 

21 ,! 
il 22 

* Dunwell testified: 

"Between 1949 and 1951 a '-new group of approximately thirty 
electrical and electronic en.gi-neers was hired. I k."'lOW of 
none of those who had past e~per'ience in punch card equipment. 
Of those thirty, approxi~atel~ eighty percent were hired 
directly out of college. Included in that group were Gene 
Amdahl, CharlesJ. Bashe, Erich Bloch, Werner Buchholz, 
Robert Crago and Lawrence Kanter. In fact, the engineers 
from Endicott (N.Y.] were discouraged from transferring to 
the Poughkeepsie [~~.Y.] electronic group for fear that they 
might cishearten the young electronic engineers". 
(Tr. 85522; see Hughes, Tr. 33874-75.) 
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intervals, relays which opened and closed--much like a light 
switch but which were actuated by magnets, mechanical devices 
for punching holes in cards and mechanical printers. Relays 
could be ooened and closed a few dozen times a second and 
were subject to unreliable operation because ~~ey were 
mechanical and because of dust particles, for example. IBM 
had built a variety of machines using these components, 
including a key punch, verifier, interpreter, reproducer, 
gangpunch, collator, tabulator, sorter and calculator. 

"(b) These devices were controlled by control panels 
or "plug boards". Such a control panel might measure 
three feet by two feet and contain perhaps a ~~ousand holes. 
Each machine type had a different control panel. It was 
desirable to memorize the functions of each of these holes. 
For example, a given hole on the· control panel might corre
spond to Column 1 on a punched card. Using a wire which had 
two metal ends a connection could be made between the readina 
of Column 1 of the card and a particular counter within the ~ 
machine. The wiring and testing of such a control panel 
might require several months from the time the proposed 
connections beaan to be drawn on a picture of the control 
panel,.called -i planning sheet, ~o the time the panel was 
operat~onal. 

"(c) In operation, it was ~ecessa=y to place the 
proper control panel in a particular machine, physically 
pick up a deck of cards, hope that you didn't drop 'them 
and destroy their order, insert the deck in the card reader, 
allow the cards to pass through that machine, wait a few 
minutes, in IrU.1ny cases go around to the other eljd of the 
machine, pick up the deck of cards, •.• possibly make 
a decision to divide that deck of cards into one or more 
packs, .•• carry them to another machine for which 
another control panel had been wired and inserted, put 
them in the card reader of the second machine, etc. 
In order to solve a, particular problem, it might be 
necessary to go from one machine to another a dozen 
or more times. Operators became specialists in a 
particular machine and therefore might hand the output 
deck of cards from one machine to another operator. 
At Los Alamos [where Hurd had been employed] I re..-rne..Tttber 
watching in amaz~ent as Ph.D.s moved from machine to 
machine for hours performing these manual operations on 
the punched card equipment that was installed there to 
solve relatively simple calculations. Their presence 
was necessary because of the decisions that had to be 
made when work was completed on individual machines. 
The scientists also looked for errors before proceeding 
to the next machine. 
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If (d) In the use of punched card equipment, 
manual intervention, as with the Los Alamos Ph.D's, was 
the key and because of· manual intervention and because 
of the mechanical nature of the devices, the results 
were slow and unreliable. Consequently, there was a 

.sharp limit on the size and kind of applications or 
·tasks that could be performed. Thus, although simple 
arithmetic operations and sorting and merging were 
possible, the machine operations were only an elementary 
assistance to individuals, who were responsible for 
coordinating the sequence of simple operations in the 
course of completing the applications. If one of the 
specialized operators in a particular applicatiort was 
absent, it might not be possible to process the application 
at all. 

"(e) By comparison, general purpose computers 
relied on electronic technology. This technology 
utilized vacuum tubes and diodes which • • • were 
thousands of times faster than the electromechanical 
components then being used in punched card equipment. 
Moreover, the electronic technology permitted high 
speed random access storage on cathode ray tubes and 
high speed magnetic recording on media such as tapes 
an~ drums and high speed communication between various 
portions of the machine. 

"(f) Not only were the components different, but 
the method of control was also completely different. 
The concept Qf a modifia~le stored program meant that 
a completely automatic machine could be built. For 
example, a general purpose computer, when ... fed a 
few instructions, can call for more instructions and 
for data from input devices, can assign addresses for 
such instructions and data, can consider a number of 
sub-programs which have been written independently and 
assign addresses for each and assemble them into a 
single program, and can then generate new instructions 
and new data as the processing proceeds, while at the 
same time discarding instructions and data which are no 
longer needed--An Automaton!" {Hurd, Tr. 86328-32; 
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Dunlop, Tr. 93607-08; DX 7594, McDowell, pp. 190-92, 
225-26.)* 

McDowell testified that IBM's decision to develop 

computers 

"~Nasn' t a clear-cut one in the sense many people dis
agreed with this direction of developing a large scale 
computer. They felt strongly that we were--we would be 
foolish to spend the time and the money on that kind of 
effort as comoared to our more--the field in which we 
were primarily, competent, the punched card equipment., 

"This feeling was from the highest level . . . on 
down withi{l the organization. [**] 

*Robert Dunlop, who was a customer engineer for IEM in 
11 11 ea:-ly 1950s, testified concerning the differences between 

I electric accounting machines ("key punch, sorters, repro

the 

12 

13 

14 

1::: .... 
, ,. 
.0 . 

Ii 

18 

20 

21 '. 

22 

Z3 

duci!!g pu.~c!1.es, '~ul tipliers, colla tors It) ar.d one of IBM's 
fi=st cccpu~ers, the 702: 

"':'here are many c.ifferer.ces .. between t!1e IBM 
702 and the equipment I ~ad been servicing as a custc~e= 
engineer, diffe:-ences such as the use of instructions or 
~rocrams as com~ared to a control canel with control 
oanel wires, differences in the cvcle ti~es that were 
contai~ed internally in the machi;es. 

"On the 702 the cycle time was in micro-seconds, 
where on the EAM the cycle time we dealt with was 
milliseconds. 

"T!1e skill levels that I as an individual working 
on the IBM 702 or the programmers or the customers 
were different and recuirec much more understandina of 
electronics as compared to just electrical mechanical 
types of devices." (Tr. 93607.) 

McDowell testified that computers "required a 
com~letelv different aocroach in terms of c~stomers' use 
tl"lan did the r,u.!'lched card equi:nnent", and "c.ifferent kinds 
of peo~le." (OX 7594, !?!'. 190-91.) 

** Indeed, ~=. Watson, Sr., once told F.urc. that the one SSEC 
I3H had built "could solve all 0: the i~'Oor'tant scientific -=rob
le~s in the worle involving calculations:" (Hurd, ~r. 86334.) 
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"And what I am trying to a~phasize by this is that 
it was a tough decision to make, and required--I have 
often used the term 'guts'--to say we were going to 
move ahead with a significant, expensive--expensive 
in the terms of development--computer of the Defense 
Calculator type." (DX 7594, McDowell, p. 189.) 

There was concern that if IBM made the choice to develop a 
5 

computer, it might be u.,able to keep its "bread and butter line", 
6, 

il that is, punch card equipment, "modern". (Id., p. 190; 
iI 

7 Ii see also Hurd, Tr. 86336-38, 86342.) 
II 

8 !I 
'1 Another source of uncertainty t.~at troubled many 

9 i within IEM was the high price customers would have to pay 

10 II for a computer-- "not just the cost of· the machine itself, but 

11 II 
'/ the cost of reorienting the customers' use of the machine." 

12 i.l. 

13 Ii 
(DX 7594, McDowell, p. 191.) The opponents argued that only 

;! a few organizations would ever be willing to pay that price, 
.1 
Ii 

14 ;1 and that, therefore, the product would lead to a dead end. 
ij 15 ,. 
iI (Hurd, Tr. 86336-38, 86342; DX 7594, McDowell, pp. 190-98.) 
II 

16 :~ Dunwell testified that "there was little evidence 
!j 

17 !Ii, that more than a few government agencies and aircraft m~nu-

11 18 \; facturers would ever consider their computing work important 
II 

19 ~ enough to justify the expenditures involved in such a 

20 11 machine." (Tr. 85523.) 
I. 

Ii 
21 i! Hurd described his conversations with IBMers who 

22 I; opposed developing a computer: 
23 :' il 

\, 

~ ! 24 

25 
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"[T]hey told me that they believed that general 
purpose computers would not be used.in great numbers 
by· IBM's customers and would not contribute siqni
ficantly to IBM's profitability. They also told ree 
that in their opinion,. general purpose computers had 
nothing whatsoever to do with IEM or IBM's main line 
of equipment and profitability,IEM's customers 
or the problems those customers wished to solve. 
They told me that they could not imagine that 
enouqh problems or applications could ever be 
prepared by IEM's potential customers to keep a 
computer busy because such machines were to have the 
capability of performing several thousand operations 
a second and that, therefore, customers in industry 
would never spend the money to acquire such a machine. 
They told me that they believed that magnetic tape 
could not be used as a reliable input/output or 
storage device because, unlike punched cards, it 
could not be checked manually to verify the accuracy 
of the data it contained." (Tr. 86336-37.) 

Ey mid-year 1950, while the debate within IBM was 

underway, Eckert-Mauchly, ERA, and Raytheon had announced 

~~eir intention to build co~nercially available, general 

purpose.computers, but none had yet been delivered. In addition, 

none of the one-of-a-kind computers being developed by univer-

sities and research organizations, described earlier, were 

operational on a regular basis. (Hurd, Tr. 86326.) Dunwell 

testified that there was 

"no evidence that a machine of such complexity could,be 
made to work reliably or could be maintained in working 
condition. • . . No one had ever programmed a machine 
of that kind except on paper, and even such questions 
as how to get the machine started taxed our imagination. 
Every single instruction used by the machine had to be 
written by hand and an error of a single bit in a program 
was sufficient to make the entire process inoperative." 
( Tr. 8 552 2 - 2 3 • ) 
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Moreover, the construction of such a computer 

required "the development of high-speed circuitry, a new 

form of high-speed storage, and major sub-systems such as 

magnetic drums and magnetic tapes which IBM had not delivered 

in any machine". (Hurd, T:. 86343.) 

a. The Defense Calculator or IBM 701. After 

supstantial internal debate, ~~. Watson, Jr., who was 'then 

36 years old, and who had developed an interest in electronics 

as a result of his wartime experience as a pilot and as a 

result of his 1946 visit to the Moore School from which the 

ENIAC and EDVAC came, eventually authorized the development 

of a high-perfornance computer, initially called the "De::ense 

13 !I Calculator," later renamed the IBM 701.* (Hurd, Tr. 86334, 
i, 

:1 86'341-46; DX 7594, McDowell, pp. 200-02.) 
14 :1 

!I 
22 I; 

II 
23 I! 

!I 
II 

24 :f 
ii 
II 

25 II 

1\ 
I, 
II 
I! 
il 
'I .1, 
.\ 

The initial paper design for the Defense Calculator 

called for a machine that would rent for S8,000/month, and 30 

* The name "Defense Calculator" "helped to ease some of 
the internal IBM opposition to it since it could be viewed 
as a special project (like the bomb sights, rifles, etc., 
which IBM had built during World War II) that was not 
intended to threaten IBM's main product line." (Hurd, Tr. 
86346) 
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letters of intent were received for this proposed product 

from defense and related agencies and companies. However, 

after completing the detailed design work IBM realized that 

although its computer system would be substantially more 

powerful than t~at initially proposed, it would also be much 

more costly than had been anticipated. When IBM raised the 

Defense Calculator's proposed price to $15,000 per month in 

approximately March 1951, all but six letters of intent were 

withdrawn. Nevertheless, IBM's ma~agement made the decision 

to build 19 of these expensive products.* (Hurd, Tr. 86345-46.) 

The first customer installation was made in spring of 1953 

(Hurd, Tr. 87679) and thereafter, IBM began shipping one 

Defense Calcurator, or 701, per month, a production record 

unmatched in that timeframe by any other company. (Hure, 

Tr. 86345-46.) Indeed, the 701 was the first computer to be 

"manufactured on a multiple, identical, assembly-line basis". 

(Hurd, Tr. 86360.) 

IBM described the 701 in the May 1952 announcement 

as an "Electronic Data Processing Machine", a term which had 

* After IBM made the decision to build the 701, this became 
the full-time mission of its Poughkeepsie Laboratory. (Dunwell, 
Tr. 85524.> At the same time IBM began to tear down the SSEC, 
which filled three stories at 590 Madison Avenue, and turned 
that whole staff over to preparation for the 701. (Hurd, Tr. 
87699.) 
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been coined by James Birker.stock.* (Hurd, Tr. 86440.) The IBM 

701, like ~~e UNIVAC I, was a stored program, general purpose 

computer system between 10 and 100 times faster than the ENIAC. 

* The term "electronic data processing" (EDP) has since 
been used by industry participants to mean the same thing 
as processing with computers or computer systems. (Dubrowski, 
Tr. 84288-89, 84456-57; see Hangen, Tr. 6246; Lacey, Tr. 6560-
61; Beard, Tr. 8708; McCollister, Tr. 9475-76, 9491-94; Butters, 
Tr. 43834; Welch, Tr. 74681; O'Neill, Tr. 75709, 75777; J. Jones, 
Tr. 78709-10; JX 1, p. 44; DX 1256, p. 42; DX 1783, p. 40; 
DX 3129, p. 53; Plaintiff's Admissions, Set II, "774.0.) The 1956 
Consent Decree in u. s. v. IBM (Civil Action 72-344) defined an 
electronic data processing system" as: 

"any machine or group of automatically intercormnunicating 
machine units capable of entering, receiving, storing, 
classifying, computing and/or recording alphabetic and/or 
numeric accounting and/or statistical data wit~out inter
mediate use of tabulating cards, which system includes 
one or more central data processing facilites and one or 
more storage facilities, and has either 

"(1) the ability to receive and retain in the 
. storage facilities at least some of the instructions 
for the data processing operations required, or 

"(2) means, in association with storage, 
inherently capable of receiving and utilizing the 
alphabetic and/or numeric representation of either 
the location or the identifying na~e or number of 
data in storage to control access to such data, or 

"(3) storage capacity for 1,000 or more alpha
betic and/or decimal numeric characters or the 
equivalent thereof." 

It also defined an "electronic data processing machine" as 
"a machine or device and attachments therefor used primarily 
in or with an electronic data processing system." (Consent 
Decree, Jan. 25, 1956, p. 3.) 
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1 I (Hart, Tr. 80203-04; Hurd., Tr. 86352, 86905, 87679; Plaintiff's 
I 

2 !I Admissions, Set II, ,r 557.8.) It included a central processing 
1 

3 I unit (CPU), ca~d reader, card punch, magnetic tape unit, and 
I 

4 i magnetic drum. (Hart, Tr. 80204 i DX 8952.) The 701' s' basic 

!',I 5 circuitry was an "8-tube pluggable unit" t."lat "eliminated a 

!I lot of wiring on the back panels of the computers, and •.. 
6 il 
7 II led to more efficient and lower cost manufacturing techniques 

!.II 8 I and provided for easier maintenance or replacement of failing 
I 

9 ! components in: ~he field". (Case, Tr. 72248; see Crago, Tr. 
! 

10 i 86175; Hurd, Tr. 86357.) The 701 was the first computer to be 

11 !I packaged .. in boxes' in such fashion that all,Y_-.!JOX \17ould fit in 

"

I 12 !I a standard size elevator and go through a standard size door and 

13 1i fit on a standard size c.olly. n Thus, it was the first general 
:, 
~I purpose computer that c.id not have to be buil t, or rebuil t, in 

14 :1 

15 jl 

:1 16 Ij 

~"le customer's computer room. (Hurd, Tr. 86411; see J. Jones, 

Tr. 78717.) 

In certain respects the 701 was initially less 

capable or flexible than the Univac I. For ~~ample the 

UNIVAC I had the ability in its hardware to handle directly 

both numeric and alphabetic characters, whereas the 701 

hardware did not have "the ability directly to handle 

alphabetic characters." In 1953, however, after first 

delivery of the 701, IBM provided utility programs or software 

"which made the 701 able to handle alphabetic characters by 

conversion under program control." (Hurd, Tr. 86407.) 
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On the other hand, the 701 was superior to the 1 II 
1,1 2 ! UNIVAC I in a n~~er of respects. For example, the IEM 726 
i 3 ~ tape drive, a peripheral for the 701, used plastic tape and 
i 
i 

4 i a vacuum column drive. In contrast, the UNIVAC I tape drive 
t 

5 I used metal tape and mechanical rollers. The introduction 
I 

6 ; of plastic tape enabled the IBM tape drive to be operated 
11 

7 I! more quickly: 
'I 

il 
8 II 

911 

10 II 
11 , 

I 

"[It] could be started and stopped with less 
mechanical energy because it had less inertia, and 
the vacuum column provided a significant advance 
over the previous mechanical rollers that had been 
used on the UNIVAC I." (Case, Tr. 72655. See also 
Withington, Tr. 56488-89; Hurd, Tr. 86355-56; DX 
4740: Evans, Tr. (Telex) 4032.)* 

I The 726 tape drive also used the NRZI recording method, which 12 I 
I 
'I 

13 II improved the reliabil~ ty of recordi!'lg information and then 
!, 

14 :1 checked t!le information recorded. (Case, Tr. 72660; Hurd, 
;, 

15 !I Tr. 8 6 3 56 • ) In addition, the 701 used a Williams tube random 

16 II ----------------------
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* Today, virtually all tape drives use plastic tape and 
vacuum columns. (Aweida, Tr. 49061-63; ~'lithington, Tr. 
56488-89; Case, Tr. 72652.) 

From the beginning, peripheral devices played a signifi
cant role in customer procurements. For example, in 1953 
the Joint Numerical Weather Prediction Unit (a joint effort 
between the Weather Bureau, Air Force and Navy) selected 'an IEM 
701 in preference to an ERA 1103 "because (the 701's] 
input/output devices were more effective in meeting JNWP's 
operating requirements." (Plaintiff's Admissions, Set II, 
~r ~r 559- 560 • ) The JNWP then so Id some computer time on its 
701 to the Weather Bureau's General Circulation Research 
Section for "exploratory workn in the circulation of the 
atmosphere, the dynamics of climate and long-range weather 
prediction. (Id.) 
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1 1 access main ma~o=y with a capacity of 1,024 bits.* (Case, 
i 

2 I Tr. 72337; E. Bloch, Tr. 91519.) The UNIVAC I' s main memory 
I 

31 was an acoustic delay line which allowed only serial (or 

4-1 non-random) access. (Hurd, Tr. 86533-36; Fernbach, Tr-. 
! 

! I 442.) Hurd testified that the 70l's introduction of a Williams 
I 

I 
5: tube random memory gave it a competitive advantage.** (Tr. 

'\ 
7 Ir 86533-36.) 

8 ! Although the 701 was initially thought to be 

91 oriented more toward performing "scientific" applications 

10 I for defense contractors involving complex numerical calcu
I 

II I lations (as evidenced by the initial lack of a d~ect capa-

IZ I bility to handle alphabetic characters) r it was also used to 
!. 
I 

13 i perform business applications (e.g., accounting). (Hart, 
I 
I 14.1 Tr. 80205-06 (GM); Hurd, Tr. 86352-54; DX 9070, Ream, pp. 

15 I 20, 30-31 (Lockheed)f.)- Indeed, Wi~~ington estLmated that 
I 16!! some users of the 701 employed that machine for business 
I 17! applications as much as 50% of the time. (Tr. 56885, 56893-

i 
18 I 94.) Hurd recalled several applications IBM personnel wrote 

1911 for 701 customers: 

20 I! 
il 
11 * The Williams tube was invented prior to that time by 

21 1, F.C. Williams at Manchester University in England. (Hurd, 
22 ~'Tr. 86354; see also Fernbach, Tr. 450; Case, Tr. 72336-40.) 

23 II ** The 701 incorporated many hardware, software, manuiactur
II inq and educational innovations. (See, e. g., Hurd, Tr. 

24 \1 86354-61.) 
i 
I 

25 f Indeed, Lockheed installed a 701 instead of a UNIVAC I 
in 1953-54 because it believed the 701 would better handle 
"both our scientific and our business work loads". (DX 
90 70, Re am , p. 33.) 
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(i) programs to assemble financial data and 

prepare quarterly financial reports (for Monsanto 

Chemical) ; 

(ii) programs to do sta~istical analysis 0: seismic 

and well logging data for oil companies; and 

(iii) a program to analyze returns during the 1956 

election. (Hurd, Tr. 86352-54.) 

GM used its 701 not only for Ita wide variety of engineering 

and scientific computations," but also to prepare actuarial 

reports relating to p'ension plans for use in labor negotiations. 

(Hart, Tr. 80205-06.) North }~erican Aviation started work on 

a payroll application ·u~ing the 701. (Hurd, Tr. 86354.) 

b. The IBM 650 By late Fall 1952, prior to even 

the first customer delivery of the 701, IBM's Applied Science 

group began pushing for a corporate cornmit:nent to manufacture 

a second, smaller computer systa~ (which was later called the 

IBM 650). (Hurd, Tr. 86362.) According to Hurd, the number 

of firm 701 orders was increasing at that time from a low of 

six, and persons in Applied Science began to feel that "there 

was a need for a medium-priced general purpose computer", "in 

the rental range of $3,000 to $4,000 a month". They b~lieved 

such a computer "could be marketed in quantities which were 

large when compared to the 701" and that it could be made 

"so easy to u~e that individuals from many different depart-

ments of a customer's organization would begin to wish to 
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apply such a machine to the solution of their problems". (Tr. 

86362.) 

The proposal to build the 650 provoked great con-

.troversy within IBM, with the opposition being "even stronger 

than the opposition prior to the decision to build the 701". 

6 (Hurd, Tr. 86362.) The opposition was such within IBM that 

the 650 program "was stopped a few times, delayed a few times". 

(Hughes, Tr. 33904.) An estimate made "early in the program" 

was that IBM "might build 50" 650s. (Hughes, Tr. 33904; see 

also McCollister" Tr. 11017.) The momentum generated by a 

desire to aid the Korean War effort had passed by this t~e 

and the large-scale commercial feasibility of computers still 

had not been demonstrated: 

"Messrs. Roberts, Bury [Manager, of Product Planning 
and Assistant Sales Manager, respectively, in the 
Electric Accounting Machines Division] and, perhaps, 
Rubidge (also from the Product Planning Department] 
continued to make statements such as 'You can never 
sell a machine except to scientists which rents for 
more than $1,000 a month'. Individuals from the 
Engineering Department • . . were arguing for the 
development of more powerful punched card machines. 
At a week-long engineering meeting at the Harriman 
estate, the debate continued without resolution 
twentY,hours a day." (Hurd, Tr. 86362-63; see also' 
Hughes,' T~. 33902-04.) 

\\, -", 

HoweVer, in the Spring of 1953, Thomas J. Watson, 
\. 

Jr., at the urg{ng of McDowell and Hurd, approved a plan for 

anno~~cing the IBM 650. (Hurd, Tr.86363-64.) In establishing 

a price for the 650, forecasts were developed by the Sales, 

Product Planning, and Applied Science Departments. 
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"[F]orecasts from Sales and Product Planning were 
zero because the machine • • . could not be pro
duced for Sl,OOO a month and, therefore, in their 
opinion, no customers other than Defense Calculator
like customers would buy it". (Hurd, Tr. 86363.) 

the other hand, the forecast from Applied Science was 

"200 machines at $3,500 a month wi~~ the bulk of the 
machines to be used by scientists and engineers". (Id.) 

Fifty more machines were forecast by the Washington Federal 

office for defense supply related applications--a type of 

business application. Based on a total estimate of 250 

machines, a rental price was established of "$3,250 a Month 

for the 650 Modell with 1000 words of storage and S3,750 a 

month for the 650 Model 2 with 2000 words of storage". 

(Hurd, Tr. 86363~64.) 

The IBL"1 650 "magnetic drum calculator" was 

announced in early 1953 and first delivered to customers in 

1954 wi~~ two models of a rotating magnetic drum main memory 

having a capacity of either 10,000 or 20,000 decimal digits. 

(Hughes, Tr. 34073; Hurd, Tr. 86364; DX 1402, pp. 1-2; 

Plaintiff's Admissions, Set II, '1807.4.) * The 650 

announcement stated that the "flexibility inherent in its 

stored program control makes [the 650] adaptable to both 

commercial and scientific applications". ( DX 14 0 2, t;'. 2 • ) 

In contrast to IBM's projection of 250 orders for 

the 650, approximately 1,800 were in fact produced and 

25 ;\ * For a list of the innovations introduced by IBM wi th 
;1 the 650, see Hurd, Tr. 86365-68. 
1! 
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delivered to customers. (Hughes, Tr. 33905; McCollister, 

Tr. 11016-17; PX 1900, p. 6.) No other computer system at 

that time had been produced in anything like that quantity. 

The 650 accordingly was described by Hurd as computing's 

"Model-Tn because it was the first general purpose computer 

system to be mass produced on such a scale. (Hurd, Tr. 

864381 see also McCollister, Tr. 11278.) 

IBM planners were also wrong in projecting that 

the 650's pr;~cipal use would be for scientific applications. 

The 650, in fact, was used by customers for both business 

and scientific ,applications. Indeed, in Withington's opinion, 

it was used more frequently for business applications, in 

part because of its high-performance input/output peripherals. 

(Withington, Tr. 56901-02; Hughes, Tr. 33902, 33906-07, 

34058-60, 71892-93: see also Case,' Tr. 73192-94, 73273-80.) 

Chrysler Corporation's use of the 650 illustrates 

its versatility. Chrysler installed three IBM 650s--two in 

its research department and one in its accounting depar~~ent. 

The two research department 650s were used in "the support 
19 :i 

:i of the engineers in their calculations". Examples of these 
20 

calculations included design study of gas turbine impellers 
21 

for Chrysler's gas turbine engine, and the modeling of 
22 " 

ij 
Ii suspension systems, engine mounting systa~s and drive shaft 

23 ii systems. Chrysler's accounting department used its 650 to 
24 

perform "standard accounting operations" such as payroll and 
25 ,I 
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cost accounting distribution. (J. Jones, Tr. 78763-64.) 

Other customers used IEM 650s to do inventory 

control (Caterpillar Tractor); administrative applications 

such as payroll, inventory, purchasing and planning (DuPont's 

Savannah River Laboratory); statistical applications (Stanford 

University); College Ac~issions (MIT); and scientific 

applications (Purdue University) . (Hurd, Tr. 86431-34; H. 

Brown, Tr. 82963-65, 82967-69.) 

Among the reasons for the 650's unexpected success 

were the system's flexibility for both scientific and com-

mercial applications, its reliability, its ease of installa-

tion and operation, its relatively low price, and its compact 

size. (Eughes, Tr. 33905-07; Hurd, Tr. 86436-37.) In 

addition, after its introduction IBM introcuced several 

improvements to the 650. These included the addition of 

alphabetical capabiliti~~, a printer, tape drives, the ~~C 

disk drive (described below) and the So~~ assembler.* 

* Welke testified that SOAP (Symbolic Optimization Assembly 
Program) made it "easier . . . to write a program, because 
rather than use the actual machine instructions, ... ,you 
could use a symbolic representation, which made it easier to 
write the instructions". "rTJhe instructions were a little 
bit closer to being intelligible to human beings ..•. n 

In addition to offering enhanced intelligibility, SOAP 
decreased the amount of time necessary for programmer 
productivity because "with SOAP you could write a list of 
instructions . . . and . . . then . . • have the machine do 
the optimizing of the sequence of those instructions. .. " 
"SOAP took that second step and did it rather than having a 
human do it." (Tr. 17294-98; see also J. Jones, Tr. 78764-
65.) 

-43-



. } 

!I 
II 

II 
II 
:1 
iI 

l! (Hurd, Tr. 86366-67, 86436-38~ Perlis, Tr. 1334-35; Welke 
! 

Tr. 17065, 17294-98.) As a result of the 650'5 flexibility 

and the introduction of the enhancements listed above, 

customers began to add more and more applications to their 

650 systems--according to Hughes "they began to trust it 

more, and the more they trusteq it, the more they used it, 

and I think it just grew like that". (Tr. 33906-07.) 

In discussing the unexpected demand for the 650, 

McCollister said that it illustrated that 

"in the early days of the industry in all companies, 
there was really no clear understanding as to what 
the potential was for this class of equipment and 
how it would evolve or how rapidly it would evolve. 
. . • I think there was a solidly based understand-
ing . . . that this was an important new tool that had 
very considerable potential, but I don't think anyone 
visualized how large this business would b~come, nor 
the great variety of ways and types of organizations in 
which and by whom it would be used." (Tr. 11017.) 

c. The IEM 702. The 702, IBM's next general 

purpose computer, was announced in September 1953 and first 

delivered in early 1955. (Hurd, Tr. 86368; Plaintiff's Admissions, 

Set II, • 807.5.) Fourteen 702s were installed during the 

mid-1950s. (Hurd, Tr. 86368.) 

The 702 util~zed the same type of circuit com-

ponents, memory, pluggable unit design, and input/output as 

22 the 701. According to Hurd, most of the innovations which 

23 had been incorporated in the 701 were improved and carried 

24 over into the 702, and additional innovations were intro-

25 duced. (Hurd, Tr. 86369.) However, the 702 was organized 
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differently at the character level. (~) Specifically, its 

designers believed that by putting into the hardware of the 

computer itself, as contrasted to the software, "a facility 

for representing [directly] decimal digits • . • and alpha

betical characters . . . the machine would be much more 

useful to businessmen. II (Hurd, Tr. 87982.) 

The 702 was used for a variety of commercial and 

scientific applications. For example, at the Atomic Energy 

Commission's Hanford facility, a 702 was used for inventory 

control as well as by engineers designing new equipment; at 

Chrysler, a 702 was used primarily to keep track of spare 

parts, but was also used for vibration analysis in designing 

new cars; at Prudential the primary application was maintaining 

life insurance policy files, but the 702 was also used for 

actuarial calculations; at Corr~onwealth Edison the primary 

purpose was to prepare bills and do associated acco'Jnting, 

but the 702 was also used by the Engineering Depar~~ent to 

aid in designing power plants; and at General Elect=ic, a 702 

was used both for inventory control and for the design of 

turbine generators. (Hurd, Tr. 86459-60; 87649-50.) 
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1 il 6. Other Earlv Entrants Marketing Comouters 

2!1 Commerciallv. In addition to IBM and Remington Rand, several 

3 11 other companies began marketing computers commercially in 
i 

4 I ~~e early 1950s. Those companies, described in more detail 
, 

5 
!I 
II elsewhere, included: 

6 il --Computer Research Corporation, "a small spin-off 

11 of the Northrop Aircraft Corporation" (-subsequently acquired 7 il 
Ii 

H by NCR) (Oelman, Tr . 6121) , which was marketing the CRC 107, 
8 I 

I 

! 9 i 105 and CADAC 102-A. (Withington, Tr. 55983; DX 12655.) 

il --Consolidated Engineering Corporation, which soon 
10 i 

'I spun off its computer division as Electrodata Corpora:tion 
11 !, 
12 II (subsequently acquired by Burroughs), was developing the 

ii, Datatron 203/04. 
13 ! 

;1 --Raytheon (whose commercial com~_uter operations 
14 11 

15 II were subsequently acquired by Honeywell) had developed the 

II RAYDAC and was working on the RAYCOM. 
16 iI ,; 

!j --Bendix (whose commercial computer operations 
17 :, 

II were later acquired by CDC) was working on the G-15. 
il 18 iI 
:1 --RCA was working on the BIZMAC. 

19 ~I 
Ii --AT&T was working on the TRADIC (a transistorized 

20 :1 
!I 

21 lj 
!: 

i! 
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25 ;: 
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11 
'I 
~ i 

computer) . 

In May 1954, John W. Mauchly wrote to Remington 

Rand personnel who had requested Ita list of companies in the 

electronic computer field, arranged in rough order of 

probable importance with regard to patent matters". (DX 7604.) 
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Mauchly responded with the following list: 

AT&T and Bell Telephone 
IBM 
RCA 
General Electric 
International Telemeter Corp. 
Nat'l. cash Register and'Computer Research Corp. 
Raytheon 
Underwood and Elect=onic Computer Corp. 
Ferranti 
IT&T 
Burroughs 
Hughes 
Logistic Research Corp. 
Consolidated Engr. Corp. and Electro Data, Inc. 
Bendix 
Northrup 
Librascope and Minnesota Electronic Corp. 
Jacobs Instrument Company 
Monroe Calculator 
Marchant Calculator 
Clary Multiplier Corp. 
Friden Calculator 
General Mills (1)* 

Mauchly added that the names of aircraft companies, 

such as "Boeing, Lockheed, Douglas~ Consolidated Vultee, 

etc. 1t should "possibly" also be included, and that patents 

"may show up" from such research centers as the Rand CO.rpora-

tion, MIT, the University of Michigan, "or wherever computers 

are being built under government contract", and that other 

companies "might well be quite important", including Westing-

house, Telecomputing C9rp., Potter Instrument Co., MacDonald 

Electronic, Intelligent Machines Research Corp., and Federal 

Tel. & Tel. Mauchly also noted that foreign companies (in 

* The question mark appears on Mauchly's list. 

-47-



. J 

'\ 
'I 
II 
II, 
'I 
11 

1 B 
11 

2 !I 

addition to Ferranti) were working on computers (for example, 

Elliot Bros. and Lyons Limited), and ,that Remington Rand 

3 
i 
, might be interested "in components or devices emanating from 
I 
t 

41 smaller places" such as Reeves Instrument. (Id.; see also 
'I 

5 I PX 1, p. 2.) 

6 it 
II 

7 II 
Ii 
:1 
11 

8 1 
; 
I' 
I 

9 l 

Ii 10 

I 11 I 

12 
Ii ,! 
:J 
" 

13 !I 
'I 
'I 

14 
,I 
!I 
i! 

15 ii 
II 
!! 

16 
~ : 
il 

,I 
:1 

17 'j I, 
:1 

18 :1 
I! 
!I 

19 :1 
;j 
it 

20 :t 
il 

21 II 
ij 

22 I; 
II ;1 

23 !I 

II 
,I 

24 II 
il 
:i 

25 :1 

II 
il 
" ;1 
II 
!I 

I! 
il 
II 

Of all the companies active in computers in the 

early 19505, however, none made inves~~ents'to develop and 

market computers commercially that were comparable in scope 

to those made: by Remington Rand and IBM. 
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7. Customer Ignorance, Uncertainty, and Fear. In the 

early and mid-1950s, potential EDP customers (with the exception of 

certain research or defense-oriented departments in the government, 

large industrial corporations, universities, and national 1abora-

tories) had little knowledge about what computers were, how they 

worked, and what applications they could usefully perform. As 

Eckert expressed it, businessmen were "afraid of this strange new 

beast." (Tr. 905.) 

Our reading of the record shows that early customers 

for computer systa~s faced at least five types of uncertainty: 

(a) aLmost every customer was a first-time user and for most of 

~~em the computer was an unknown and exotic tool; (b) acquisition 

of a computer entailed an investment several times larger than the 

most expensive electromechanical business machinesi* (c) there was 

doubt as to whether t.~e computer could perform the applications for 

which i~ was being acquired reliably over an extended period of 

time: (d) there was uncertainty as to the types of applications t~e 

computer could perform, and (e) there was a shortage of people 

qualified to program and operate computers. 

Donald Hart, for example, described the situation at 

* For example, IBM's 704 was announced with a monthly rent of 
$15,500 and the 705 with a monthly rent of $14,000 for the CPUs 
alone. (DX 8955, p. 1; DX 8956, p. 1.) The 709 had a purchase 
price of $600,000. (DX 569-A, p. 3.) 
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General Motors.* Hart testified that in the early 1950s: 

"There was very little knowledge of computers anywhere 
within General Motors. I would say in 1952 there were 
perhaps three or four smaller groups within General Motors 
who really knew anything about computers other,than what 
one might find in the newspapers at that period of time." 
(Tr. 80164.) 

One of Hart I s responsibilities at that time, as a member of G.'1' s 

research department, was to make "tutorial" presentations throughout 

the corporation designed "to explain what a computer was, and how 

a computer was used for the solution of engineering and scientific 

problems, and to give some feeling for the way in which'computers 

might be used by these various industries within the corporation for 

the solution of their engineering and scientific problems". (Tr. 

80163.) Hart characterized his listeners' reactions as ranging 

"from general interest to great skepticism to an occasional reaction 

of enthusiasm". (Tr. 80166.) When asked to explain ~~e reasons 

for the skeptical reaction, he replied: 

"Well, this was a new kind of de;'ice, a new approach to 
problem-solving, and many of the engineering groups that 
we talked to felt quite competent to deal with their jobs 
in the manner that they had been doing without these com
puters. And they failed to believe that computers were 
going to be of any value to them in carrying out their 
work, and to some extent I think it was looked uoon as 
a scientific curiosity and perhaps a passing fad"." . (Tr. 
80166-67.) 

',\ 

\ 

* Hart first became involved with computers at the General Motors 
Research Department in 1951, when he helped build GM's first com
puter--a one-of-a-kind computer dubbed the SAMJAC (for "Slow as 
Molasses in January Automatic Computer") . (Hart, Tr. 80158-60; 
DX 3753 (Tr. 80186).) In 1954, the Research Department installed a,n 
IBM 701. (Hart, Tr. 80186.) 
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Hart beli'eved that in the early to rnid-1950s, "most of us who were 

working in the computer field, particularly within an industrial 

environment, were in about the same boat; namely, that we were a 

small island of expertise in a large organization that knew very 

little, if anything, about ~~is field. So we all tended to look 

upon ourselves as missionaries."· (Tr. 80169.) Among the companies 

Hart identified as being in a position similar to GM's (that is, 

having at least some familiarity with computers) were other auto-

mobile manufacturers, aircraft companies, chemical companies and 

government laboratories. (Tr.80170.) 

For most potential or'first-time users of computer equip

ment in the earliest years ,th.e question was "Should we use a 

computer at all?" (Withington, Tr'. 55521; see also ~cCollister, 

Tr. 11019.) Welke, who was an !BM systems engineer in the 1950s 

(Tr. 17004-05), described the uncertainty facing first-t~e computer 

users as follows: 

ttI think for some people~ if not all of them, getting 
their first computer was a rather traumatic experience for 
them. There was a lot of uncertainty. It was the first 
time that they had ever been doing anything like this. 
And it was a large financial commitment on their part as 

* Richard Bloch testified in a similar way about the uncertainty 
facing computer customers, whom he characterized as "pioneers": 

"In the earlier part of this period [the fifties and sixties], 
it had not been demonstrated conclusively that what we now 
know today as being an obvious major element in our society 
wonld ever even come to fruition, and that is the use of 
these machines to do all aspects, practically all aspects, 
of business processing and more." (Tr. 7753.) 

-51-



II 
I 
I . 
i 
i 
'I 

1 !. 
i 
i 

2l 
I 

31 
I 
I 

4i 
:' 
I 

5 ! 
I 

! 
6, 

il 
7 I! 

II 
8i 

91 
10 II 
11 I 
12 

well, not just for ~~e equipment but to change all of 
their procedures in order to accommodate the equipment. 

"So, yes, there was a lot of uncertainty, a lot of 
apprehension, a lot of nervousness. Certainly much more 
so then, you know, than now. 

ttI can remember when my customers qot their first 
computer, we would be out there at the loading dock, or 
the unloading dock, the receiving dock, watching it, you 
know, come off the truck, helping to push it down the 
corridor, et cetera •••• 

" (T]he second, third or fourth computer is no longer 
that much of a trauma, it does not cause that much of a 
trauma." (Tr. 17378-79; see also R. Bloch, Tr. 7751-54; 
Welke, Tr. 17327-30, 17377-81; Goetz, Tr. 18537-38.) 
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8. E~anding the Market for EDP Products and Services. 

In addition to introducing many hardware and software advances 

in its early computers, IBM also used two marketing. practices 

that proved to be especially valuable to technically unsophisti-

cated computer customers, and that contributed substantially to 

the growth in demand for EDP products and services and to the 

success IBM achieved through participation in that growth. 

a. Short-Term Leases. IBM and other suppliers 

used short-term leases to market computer systems, thereby 

shifting to themselves a large portion of the economic risk 

of investment in computer equipment at a time when computer 

technology was both new an~ rapidly changing. Leasing 

offered many customers three benefits: 

First, short-term leases helped customers avoid 

the risks of acquiring a computer systa~ that did not 

satisfy their needs either because it did not work 

properly or because it did not meet the operational 

needs of the business. Specifically, short-term leas

ing offered customers the flexibility of disposing of 

or reconfiguring their computer systems. "[Ilf the 

user was not satisfied with the equipment or services 

provided by the vendor, he could demand ~~at the equip-

ment be removed at once." (Hurd, Tr. 86415; see R. 

Bloch, Tr. 7675-76; McCollister Tr. 11088-89; Rooney, 

Tr. 12126-27; Welke, Tr. 17345-46; Withington, Tr. 55737, 
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55886-89: J. Jones, Tr. 78818; Spain, Tr. 88725.) One 

result was that leasing "fostered a relationship" in 

w~ich a supplier "was required to respond rapidly to 

user needs" and. was under constant pressure to keep 

its users satisfied. (Hurd, Tr. 86415: see Rooney, 

Tr. 12125-28: Beard, Tr. 8546-47: Welke, Tr. 19619; 

J. Jones, Tr. 79037-40; Spain, Tr. 88725-26.) 

Second, short-term leases reduc~d the magnitude of 
. 

the initial investment necessary to acquire the computer 

system and shifted that capital requirement to the 

manufacturer. (Norris, Tr. 6049-50; R. Bloch, Tr. 

·7675-76: Welke, Tr. 19619: J. Jones, Tr. 78818; 

H. Brown, Tr. 83139-40; Hurd, Tr. 86414: PX 1983, p. 3; 

DX 3909, pp~ 3, 9, 13.) 

Third, short-term leases he~ped customers avoid 

~~e risks of technological obsolescence, and enabled 

them to take full advantage of technological improve-

ments in computer systems. (Norris, Tr. 6049-50; R. Bloch, 

Tr. 7675-76: J. Jones, Tr. 79036-37: H. Brown, Tr. 83137; 

Hurd, Tr. 86414; Spain, Tr. 88725: JX 3, p. 2; DX 3909, 

21 !! p. 17.) This was especially significant to customers 
ii 
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because the EDP industry, from its inception, 

experienced rapid technological change. (Withington, 

Tr. 56637-40 , 56459-60: Hurd, Tr. 86414; JX 3, p. 2; 

DX 7528, p. 17.) 
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H. Dean Brown testified about the benefits leasing 

offered customers: "Wi t." t.~e option to lease he may acquire 

a machine·that he would not otherwise acquire under any 

terms". (Tr. 83138-39.) Brown added that it was his opinion that 

leasing "has increased the use of computer systems (because it] 

has made computers available to users who would not otherwise 

acquire them". (Tr • 8 3139 • ) 

John L. Jones, who. ·was responsible for the computers 
I 
II installed at Chrysler from 1956-58 and at the Air Force Logistics 

10 II 
11 Ii Command from 1959-63, testified that in the 1950s, "leasing was 

12 11 ~onsidered to be a good way of acquiring [EDP] equipment because 

II it did not represent the long-term commitment that was implied by 
13 II 

;1 a purchase." (Tr. 78818.) In addition, the AFLC (one of the 
14 11 

ii largest goverr .. ~ent users) leased all of the computer systems 

15 1\ 

16 !I 
installed when Jones was there because "t."ere were no capital 

dollars available to purchase this equipment".* (Id.; see Norris, :i 
17 il 

~l Tr. 6049; Rooney, Tr. 12498-99; H. Brown, Tr. 83139-40.) 
IS il 

;1,' !ndeed, although LlNlvACs were initially sold and 
19 i ;! were not offered for lease, pressure from potential users forced 

20 II 
l\---------

21 II * This does not mean that leasing was th.e only desirable way of 
Z2 I! acquiring EDP equipment. Certain customers were, from time to time, 

1\ more favorably disposed towards purchase. For example, Fernbach, 
23 I who was in charge of one of the most sophisticated computer 

II installations in the United States, testified that It (vl ery early 
24 i! in time we, the laboratory (La't-lrence Livermore], recognized iJla t 

il there was great virtue in purchasing over leasing. The cost over 
25 1, a period of even five years was less, the overall cost was less 

II to the laboratory by purchasing." (Tr. 555) 
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Remington Rand to change its policy and offer UNIVACs for lease. 

(Eckert, Tr. 912-13.)* 

b. Customer SUDcort. During the 1950s, users and 

potential users demanded that manufacturers and suppliers of 

computer systems provide certain software, as well as customer 

education and training, and systems engineering support.** (E.g., 

R. Bloch, Tr. 7603-05, 7751-54; Beard, Tr. 10090, 10094; McCollister; II 

Tr. 11041-43, 11370; R. Pfeiffer, Tr. 16008-09; Withington, 56782-86, 

56789, J. Jones, Tr. 78797, 78802-09, 78816-17; Hurd, Tr. 86416; 

Spain, Tr. 88722; OX 4730, Goetz, p. 26.} McCollister, for example, 

testified about the need for suppliers of computer :equipment to 

offer services and software support if they were to market their 

products successfully: 

"My recollection is that in the early installations of 
computers, which would have been the m~IVAC I and the IBM 
701, that both of these manufacturers offered support 
to ~ne degree or another to the users of these equip
ments, and both of these manufacturers offered what 
software was available at that time, which would 
have been such basic items of software as assemblers, 
utility routines, sort routines, and so on. 

"I think that this was a matter of necessity and that 
both of these manufacturers did this at that point in 
time. II (Tr. 11042.) 

* NCR and CDC encountered similar customer demand, leading 
them to lease their computer equipment as well. (Norris, 
Tr. 5641-42; Oelman, Tr. 6155-56, 6159-60; OX 402, p. 3.) 

** IBM's systems engineers assisted both the IBM salesman and 
the customer in understanding how a computer system could be 
utilized in meeting the customer's data processing needs and 
helped in the design of the system, its installation, and the 
customer's initial use. (Welke, Tr. 17007-11, 17069-70, 
17372-73.) 
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And Hurd testified about the same period: 

was a 

"At the time IBM delivered the 701 in 1953, very 
few people in the United States had any experience wi~~ 
general purpose computers. The Applied Science Depart
ment therefore began a program of educating customers 
on how to use the 7'01 hardware and software and how to 
recruit and train personnel in-house." (Tr. 86361.) 

McCollister believed that offering such support 

necessity for a supplier of computer systems because: 

"(the] people who were going to use the products in 
some cases certainly did not have that much experience 
or knowledge. Both the user and the manufacturer to 
a certain extent were pione~ring, and therefore, this 

'condition existed." (Tr. 11043, see Tr. 9341-42.) 

As described by Ralph Gomory, IBM's Director of Research: 

"[t]he customers in those days had no sophistication. 
The people dealing with thjs problem were people like fore
men in a paper mill, had no understanding usually of 
computers". (Tr. 98164.) 

Similarly, according to IBM's Ralph Pfeiffer: 

"In 1956, the industry was obviously much younger, 
less sophisticated, computers were on the scene for only 
a matter of several years, depending on which one we are 
talking about, and the customers, in that time frame, 
needed to be educated, and needed to be supported in 
getting the total operation under way in a way ~~at they 
don't need to be supported today." (Tr. 16008-09.) 

John Mauchly, writing in approximately 1954 and 1955, 

expressed his concern with the shortage of people knowledgeable 

in computers: 

"[M]y conviction (is] that the market for large 
electronic office equipment is limited chiefly by ~~e 
lack of education and information as to how such equip
ment could be used. There is lack of that information 
and experience wi~~in our company as well as among 
potential customers." (DX 7596, p. 1; see DX 7597, 
p. 10.) 
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"It is everywhere recognized that there is a shortage 
of trained personnel for the application of electronic 
computers to the problems of business and industry. • • • 

"Everyone of us who has any contact with ~~is situation 
is all too familiar with the distressing results of such a 
pe~sonnel shortage. The operating history of some of our 
[Remington Rand's] industrial installations might have been 
quite different, had there been a better supply of properly 
trained people." (OX 7597, pp. 1-2.) 

Mauchly, indeed, thought that the shortage of trained personnel 

was going to get worse: 

"Let us suppose now that the IBM 650 machines • • • 
are to appear in the numbers indicated and at the times 
indicated by IBM. • • • Even if Remington Rand does 
not make another computer in the-UNIVAC series for ~~e 
next two years, ~~e demand for programmers who are 
capable of setting up large problems on the 650 and 
other internally stored program machines, such as 
ElectroOata and others are getting out, will accentuate 
and sharpen the present shortage." (OX 7597, p. 14.)* 

John Jones agreed that "the ~~owledge of the user of 

computers at this time (was] ••• not extensive and broad," 

either with regard to "technicp.l knowledge" of the computer 

or "the best way to organize applications for the computers". 

(Tr. 78816-17.) The vendors, he said, were "generally believed 

to have considerable expertise and knowledge in how to apply the 

computers to various applications", and users "demanded" support 

services from systems vendors to obtain "some expertise, or some 

assistance not easily or commonly available to the user." 

(Tr. 78816-17; see also ·Spain,Tr. 88722; OX 5413, Beutel, pp. 7-8.) 

* Withington testified ~~at at most times during ~~e history of 
the industry "demand for trained people has exceeded supply". 
( Tr • 5 6 7 9 a • ) 
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"0 Do you have a judgment as to the degree of signifi
cance of IBM's educational efforts in training -this early 
group of persons knowledgeable in computers? Bow important 
was it? 

"A Again, in retrospect, it was very important. The 
entire proliferation of computers seemed to have depended on 
that education, on that dissemination of information about it. 

"Certainly the users, the prospects were not in a posi
tion of knowing how to profitably use that computer without 
education. They had to be educated as to the use of it. It 
was an unknown tool. 

"Q And was creating -this base of knowledge a pre
requisite to IBM being able to-lease computer equipment to 
people in that position? 

."A Yes. Not only to place it on lease, but to keep 
on lease." (Tr. 17344-45.) 

it 

Richard Bloch testified that users in the 1950s and early 

14 !! 19605 demanded that manufacturers provide "total comnetence"--a 
jl ~ 

15 ~ "total data processing system", including the mainframe, the 

16 !!peripherals, "system support, software, and even assistance in 

17 II 1 . . " " I h' 1 h i! app ~ed proqramnu.:nq: t was at t1: at tl.me a tota competence tat 

18 I! had to be offered." (Tr. 7577, 7751-55.) 
ii 
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Bloch said users "demanded" "total competence" because: 

"[T]hey were taking quite a risk as it was in picking 
up equipment in the first place. • • • And these customers, 
if I were in their shoes, I would have insisted upon every
thing they did insist upon, because they were pioneers and 
they had to have these elements to have any chance whatso
ever of even doing ~~eir pioneering in the early days." 
(Tr. 7753.) 

24 !I According to Bloch, the elements "were not available 
I, 

25 ;1 elsewhere, and they had better be available from ~~e manufacturer 
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of the central equipment, otherwise the application would be doomed 

to failure". (Tr. 7751-52.) 

In addition to meeting user demand, computer manufacturers 

found it to be in their interest to provide technical assistance and 

support to their users. By providing this support, computer manu

facturers could enable customers to use their equipment properly, 

and to make more effective use of that equipment, which led to 

enhanced user satisfaction and more rapid growth in the use of 

electronic data processing. (McCollister, Tr. 9341-42, 11041-47, 

11369-70; Welke, Tr. 17380-81.) As Mauchly wrote in 1955: 

"[I]t is a well-recognized principle, followed by 
Remington Rand as well as IBM, that expert assistance 
must be given to any customer to' ensure that his equip
ment is properly utilized." (Dx 75~6, p. 2.)* 

* Mauchly also recognized that a larger number of trained 
personnel would not only increase customer demand for EDP 
products but might reduce the labor cost of the computer 
manufacturers: 

"[W]e cannot hope that we shall be able to get the 
people we want at lower salaries unless the demand 
slackens, or the supply increases. The last thing in 
the world which we would want to happen, is to have the 
d~~and slacken, since this would mean a saturation of 
the market for computers. Consequently, the only way 
that we can ever hope to avoid paying higher and higher 
salaries for computer personnel, is to increase the 
supply to the point where it. meets the demand. This 
is exactly the reason why Dr. Hurd and ~~e IBM Organization 
feel that it is to the interest of their organization 
to promote in every way possible the training of people 
in applied math~~atics and computer programming." (DX 
7597, p. 15) 

One way in which both IBM and Remington Rand addressed the probl~~ 
described by Mauchly was to make computers available to educatior.al 
institutions at reduced rates to facilitate t=aining of students in 
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Goetz testified that manufacturers "wanted to provide as much soft

ware and as many facilities, whether'it be programmers, or software 

packages, as quickly as possible to get a satisfied customer." 

(DX 4730, Goetz, p. 40.) 

Norris testified that in the fifties and early sixties, 

many or most potential users of computers were unfamiliar with 

that equipment and it was "necessary to provide (such] users and 

potential users with training and education in the uses of elec-

tronic data processing equipment in order for manufacturers to 

market [their] equipment". (Tr. 6058.) "For a time", CDC success'-
-

fully marketed ~~e 1604 (its first computer system, announced in 
. 

1958 (Tr. 5608») with only "limited tf software to "tb.a t limited 

class of users who could substantially write their own software"; 

however, that policy did not persist, because CDC wanted to market 

more systems, and for the remainder of 1604 users obtained by CDC, 

"it was necessary in order to market to them a system to supply 

their use. IBM's program of educational allowances is discussed 
below a,t pages 437-50. 

Mauchly explained why Remington Rand gave computers to 
universities: 

"It was believed, and I believed this, incidentally, that 
the more you had the general public and business men aware 
of what you could do with these computers, ~~e more you 
enhanced the market, as we were saying, and that part of 
the good that we all wanted to accomplish was to get more 
people using more computers which in turn might benefit 
everyone, including the computer users as well as the 
computer vendors. 

"This is a process in which everybody benefits." (DX 7584, 
Mauchly, p. 160.) 
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them both with control programs and with a substantial amount of 

application software". Moreover., it was necessary to do t.."lat "on 

a continuous basis in order to expand • the customer's use of 

the machine" and "to induce the customer to purchase or lease 

additional and better fo~s of elect=onic data processing equip-

ment" • (Norris, Tr. 6061.) 

According to Goetz, 

"Manufacturers made a concentrated effort to hire 
and train programmers beginning as early as 1953. When 
a computer sale was made, the computer manufacturer would 
1) initially train the customer's own personnel in pro
gramming, and 2} provide c'ontinuing on-site programming 
assistance after delivery of the computer. The sale 
itself, however, was considered the 'computer hardware,' 
while all other services provided were specified simply 
as support for ~"le 'sale.' The cpmputer hardware business 
which ~~erged during the 1950's and gained momentum ·in 
the 1960's was soon recognized as a major and growing 
industry. -IBM acquired a reputation as a marketing-oriented 
firm which wouldn't desert. a customer after a sale was 
finalized. Thus 'providing programming assistance' became 
an important sales asset to IBU as well as all other manu
facturers. Another fact which fostered customer assistance 
was that many companies frequently would not pay rent on 
their equipment until their particular applications were 
programmed. The capability for providing extensive 'pro
gramming assistance,' ~"lerefore, became a significant 
criterion for evaluating competitive computer manufacturers' 
proposals." (OX 1096, p. 1.) 

According to Jacqueline Johnson, chief executive of 

Computer Generation and an employee of Sperry Rand and GE in the 

1950s and 1960s, IBM "achieved its position of leadership" in EDP 

in part due to its enphasis on the provision of needed customer 

support: 

"The difference in IB~1's marketing approach and those of 
competing vendors could be correlated to that of the 
chicken and ~~e egg. The two critical aspects of success 
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were sale of the equipment and support of the equipment. 
Most vendors sold the equipment and then attempted to 
support it. IBM took the approach that they supported 
the equipment and then attempted to sell it. IBM created 
a strong customer following by so doing and a greater sense 
of customer loyalty than other vendors." (DX 3979, p. 16.) 

During the 1950s, most computer vendors provided educa-

tion, support, and certain software at no separate charge for their 
II 

7 II equipment. 
!I 

This practice came to be called bundling. Bundling, 

8 i indeed, began at the "very start" of the computer industry: 
I 

9 I Univac included the cost of software, systems engineering, and 

I education in its hardware prices from the time of 'its entry. 
10 II 

11 I (Welke, Tr. 17111; see McDonald, Tr. 392~-25, 4196-97; McCollister, 

During the remainder of the 19505, virtually ftall the I I 12 ! Tr. 11041-42.) 
It 

13 'I computer manufacturers marketed on a bundled basis". This "was 

III 14 ;' standard practice It and applied to companies such as Univac, IBM, 
.. II 

15 11 Honeywell, RCA, and CDC. (Spangle, Tr. 5092 ; Norris, Tr. 6066; 

16 II R. Bloch, Tr. 7604;·McCol1ister, Tr. 11041-44; Goetz, Tr. 17500-01; 
\' 

17 )! OX 4730, Goetz, pp. 26-28, 35-36, 38-44; Plaintiff's Admissions, 
II 

18 ii Set IV, ~ 238.) 

19 li The prov~s~on of necessary support at no additional 

20 :1 charge beyond the price of the hardware was in response to customer 

21 :! demands because customers were not),nterested in acquiring computer 

22 1\ hardware alone, but rather in acqh±~ing a data processing service 

23 II or capabi1i ty. Thus r users were iess interested in the price of tb.e 

2 
!Ihardware than in the total cost of getting their jobs done reliably 

4 II 

;1 and consistently. (R. Bloch, Tr. 7577, 7603-04, 7751-55 (quoted 

25 iearlier); J. Jones4 ~. 78796-97, 78808~09, 78815-17; OX 4088, 

1\ 

\1 
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Schelling, pp. 14-15; DX 8182, Bramson, pp. 12-13.) Hence, accordin 

to Welke, bundling offered users two kinds of advantages: 

"On the one hand, it gave the users a predictable cost 
that they could budget against. They knew that their system 
would cost them "X' number of dollars a year or per month, 
and they could budget that amount and predict it. And by 
the same token, they also knew that the undefined problems 
that existed in data processing, in their computing world, 
would be covered as well. I. (Tr. 19225-26.) 

"It made it easier for [customers] to deal with [the] 
new technology •••• It made it easier for them to use 
computers." (Tr. 17371.) 

Welke explained how bundling made a user's costs more predictable: 

"[I]f I know that education, maintenance, the various 
support services are mine for the asking • • • that in what
ever quantity I might need them they will be made available, 
then I have a predictable cost that I can allocate to computing 
I can say that, you know, my "installation, my computer is
going to cost me, you know, $15,000 a month or whatever it 
might be, 'x' number of dollars a month, and all of these 
things are included. It will be an operating systa~. You 
know, it will do my job for me. It is the solution to that 
data processing problem." (Tr. 19228.) 

In a similar ve~n Withington testified: 

"Users, knowing they would have to pay for any and all 
assistance they received, would probably have been signifi
cantly more reluctant to undertake their initial experiment 
with data processing systems, general purpose ones, than 
they were, because as things stood at the t~e, they could 
all be sure of obtaining whatever support they needed or 
at least have a hope of doing so wi~~out having an 
unknown liability for future costs." (Tr. 56783.) 

Withington testified thac the provision of assistance 

without separate charge to computer users could "fairly be said" 

to have contributed to the growth of the computer industry. (Tr. 

56782-83.) Welke testified that both the availability of support 
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services from manufacturers, as well as ~~eir provision without 

separate charge, contributed to ~~e growth of the EDP industry in 

the 1950s. (Tr. 17345, 17371-72, 19336.) Similarly, McCollister 

testi'fied that "certainly in the early years of the computer indus-

try, ••• the practice of the manufacturers of providing assistance 

to the users at no charge was of benefit to the users" of computers 

and "contributed to the further development of the industry itself" 

(Tr. 11369-70) and "to the enormous position of strength il that the 

United States developed in the computer field. (Tr. 11058-63; see 

Tr. 11041-51.) According to McCollister, separate pricing of the 

components of the bundled package: 

"might have tended to slow down somewhat the 
acceptance of equipment in the early years because 
it would have increased the cost to the end user, 
and in the early years it was a somewhat marginal 
situation at best in terms of cost savings that 
were effected through the use of computer systems 
as opposed to methods that were being used previ
ously, because, keep in mind, this was before the 
technology had made computer systems equipment as 
cost effective as it subsequently became. 

"So, it might have reade the'installation of a 
computer system somewhat more marginal in the early 
years in a cost sense and therefore slowed down to 
some degree the introduction of equipment~" 
(Tr. 11280-81) 

During this period no one considered progr~ing proprie-

tary, and software was freely exchanged among users and manufac-
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turers. * (See, e.g., DX 699, pp. 18-19.) Had manufacturers not 

made software available at no separate charge, users and the 

industry would have been denied considerable benefits. Writing 

in 1966, Donald Turner, then Assistant Attorney General in charge 

of the Antitrust Division, described how 

"growth in the software portion of the computer 
industry (had1 been facilitated by a remarkably 
free and easy exchange of ideas, concepts, and 
programs. One of the notable features of the 
programming industry, indeed, has been the wide
spread e~tab1ishment, sponsorship, and universal 
acceptance" of joint user groups to facilitate the 
exchange of programs and algorithms. As a result, 
for the past twenty years, almost all basic ideas 
in computer programming have been available openly 
to all computer users." (DX 9110, p-. 1.) 

According to, Turner, the "free interchange of programs" led to "an 

extraordinarily efficient use of scarce prqgramming talent and has 

kept needless duplication of existing programs and techniques to a 

minimum." (Id., pp. 1-2; see also Perlis, Tr. 1997; DX 1096, 

pp. 1-2.)** 

* According to Goetz: 

"In the 1950's, programs were freely interchanged, 
since they were not viewed as property. Free programming 
support, free programs, and free user education became 
expected clauses to any hardware leasing or contractual 
arrangement." (DX 1096, pp. 1-2.) 

** Similarly, the GAO stated in 1971 that the practice of 
manufacturers distributing their programs to users and serving 
as clearing houses for computer programs developed by others has 
"contributed to r~e relatively free dissemination of computer 
software and was undoubtedly a substantial factor in the growth 
of the computer industry". (Plaintiff's Admissions, Set IV, 
,[ 236.1.) 
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Im1, more ~~an Remington Rand or any other supplier in 

this timefrarne, committed itself to growing the market for computers 

by educating customers and potential customers, as well as substantial 

numbers of people wi~~in IBM, about computers. In 1954, for example, 

John Mauchly wrote that 

"[Remington Rand] just [isn't] match [inq] the man
power which I~ is putting in the field to help 
their customers program problems and study appli
cations on their equipment." (DX 7597, p. 11.) 
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III. IEM' S COMH!T!··1ENT TO THE EDP BUS!NESS: 
tEE MID-1950s 

9. SAGE: IBM's Role and the Effect on IBM's 

Position in ~~e EDP Industrv. In 1952, shortly after the Soviet 

Onion successfully demonstrated its first nuclear weapon, the Air 

Force moved to develop and implement a computer-based air defense 

system for the continental United States. That system, called SAGE 

(Semi-Automatic Grou."'lc Environment) ,. was intended to provide ea.=l:-

warning of a Soviet air attack by tracking airplanes automatically 

as they travelled across Nor~~ America and causing the dispatch of 

fighters in case of unauthorized ent--y. (Crago, Tr. 85956, 85962; 

see Hurd, Tr. 86371; Case, Tr. 7225Q-5l.) SAGE was called "Semi-

. , 
13 ;, Automatic" because the design left to hu..~an operators certain tasks 

II 

H such as tactical decisions about weapons deployment and com.T:tit.-nent. 
14 :i 

li (Crago, Tr. 85956.) 15 Ii 
ji 
!l 

16 ii Onder ~~e SAGE plan, the Onited States was to be divided 
" 

:i into 24 radar-monitored sectors. 
17 ;i 

" 

Each sector contained a SAGE 

18 
direction center, with a computer installation capable of moni-

19 " toring that section's air space by processing radar input. (Crago, 
:! 

, 
I 
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I· 
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I 
i 

I 
I 
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I 
I 
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I 
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I • 
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I 

20 ., Tr. 85956.) The computers at each direction center, together with 
!: ! ' 

2l :: input/output equipment, were to beea part of the larger air defense 

22 system, which included additional SAGE computers and input/output 

23 equipment at three central "combat centers". (Crago, Tr. 85956, 

24 85960.) The SAGE plan required the development of a large n~~er 

25 of highly complex, interrelated devices, including sensors, cOIrJnuni-

-68-

, 
i ' 
I 
I 

! 



11 
I, 
II .I 
II 

1 I cation links, displays, consoles, and computers. (Hurd, Tr. 86371-

2 I 72.) 
I 

3 I The SAGE concept grew out of work performed from 1945 
I 

4 ! through 1951 by MIT's Lincoln Laboratory under an Air Force contract. 
I 

! 
5 I Lincoln Laboratory designed and built the Whirlwind, a one-of-a-

I 

I 

6 ~,kind, experimental digital computer system ~~at used magnetic core 
il 

7 II memory (for the first time) and was a real-tL~e digital computer 
" . 
I 

: i :!:~~~~~::~~~!:!~~~;-::~:~:~;:!:~ d::r::~;:~1.::;::~:~:~::, t~:~ 
10 II 85961.) In 1951, the Whirlwind was tested in an experimental air 

11 II defense system called the Cape Cod System. (Crago, Tr. 85961, 
I 

12 I 8 6 01 0, 8 6 0 2 3 • ) 

1311· In 1952, the Air Force authorized Lincoln !.aboratory to 

14 :1 discuss proposals from a nlll!lber of companies to design and imple-
!. 

15 I ment the SAGE computer system. (Crago, Tr. 85962.) To develop and 

16 ! manufacture the actual SAGE computers, it would be necessary to 

17 I! move from the Whirlwind prototype, which had been "designed so that 

18 !! it pri~arily could be experimented with, changed, modified and so 
II 

19 i! on" (J. Jones, Tr. 78745-46), "·to a reliable, repeatable, ?ractical 

;1 20 :1 design and to manufacture, install and maintain several dozens of I 
:1 

21 1! the systems--syste.'1lS of unprecedented complexity which e.1'!\ployed I ' 

22 II heretofore unproved technologies". (Crago, Tr. 85962.) 
tl 
I' ~~ jl MIT recogn~zed that the talents of a major industrial 

~!t 
24 II company were required for this transition from the Whir:wind pro-

;! 25 il totype to the complete, operational system. After initiating 
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" -69-:1 

il 
I, 
t 



II 
I 

II 
II 

1 I 

2\ 
3! 

I 
41 , 

it 
5· !I 

I' 

6 ~I 
'I 
il 

7 il 
I, 
:1 
! 

8 1 

inquiries with several firms, MIT chose to pursue discussion with a 

smaller group. These included RCA, Raytheon, R~~ington Rand, 

Sylvania and IBM. (Crago, Tr. 85962; Hurd, Tr. 86463-64.) 

After conducting detailed discussions with each.of these 

firms, MIT selected IBM, in October 1952, to work with Lincoln 

Laboratory on the preliminary design specification of the digital 

computer for the SAGE system. In April 1953, ~~e Air Force awarded 

IBM a p~~e contract to develop more detailed design specifications 

9 for SAGE's digital computer. Shortly thereafter, IEM purchased and 

10 i 

11 I 

12 !I :j 
I, 
III 13 
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converted an old necktie factory in Poughkeepsie, New York, to 

undertake the SAGE development activity.* It also began an in ten-

sive collaboration with MIT's engineers, who commuted by air on a 

daily basis between Poughkeepsie and the Lincoln Laboratory near 

Boston. (Crago, Tr. 85962-63.) 

In September 1953, the Air Force asked IBM to design, 

fabricate, support and maintain two prototype computers for the 

SAGE system. Finally, in February 1954, IBM was awarded the contract 

to "design, fabricate and maintain the digital computer systems for 

t.1.e SAGE system on a production bas is" . (Crago, Tr. 85962.) MIT 

had the responsibility for the overall systems design. (Hurd, Tr. 

86370.) Western Electric had the responsibility for coordinating 

the activities of the pr£me contractors, as well as for designing 

* The factory was on High Street and the SAGE Project 
became k..,'j,own as "Project High" within IEM. (Crago, Tr. 8-5·954, 
85963. ) 
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and building the SAGE centers, and scheduling, budgeting and 

testing the various parts of ~~e SAGE system. (Crago, Tr. 85965.) 

Based on a conversation with MIT's Professor Jay Forrester, 

head of the ~ihirlwind Project and a ma~er of its Selection Com-

mittee (Morse, Tr. 30963; Hurd Tr. 86464), Hurd testified that the 

primary reason for IBM' s selection was that MIT believed "IB~1 could 

mass-produce a high-quality reliable system tl
• (Hurd, Tr. 86465.)* 

According to Hurd, IBM's selection "was based primarily on [t.he] 
,. c:,.:.:- ", :: ....... ~.: C:looo"": ~ P"', ....... _ ...,~ ';" - '.' ... ~: ~ •.• .• - ,'~' ...... ,.. ~.. • •. 

assembly line kind of concept for quantity production and [on] the 

quality of [IBM I s1 people" •. (Hurd, Tr. 86466.) 

IBM had three principal responsibilities on SAGE: first, 

to design, engineer, and manufacture the SAGE computer systems; 

second, to install and maintain (for round-the-clock operation) 

those computer systems at SAGE sites ~~oughout the United States; 

~~ird, to provide Air Force personnel wi~~ the training and manuals 

they needed to operate the SAGE computer systems. (Crago, Tr. 

85960-61; Hurd, Tr. 86371.) 

In February 1954, when IBM was awarded the contract to 

mass produce the SAGE computers, IBM purchased 200 acres of land 

and began construction of the necessary facility in Kingston, New 

York. Many.engineers working on the IBM 701 and 702 were trans-

* Recall ~~at as of mid to late 1953, IBM was producing one 701 
a month and was getting ready to produce and deliver the first of 
what was expected to be at least several hundred IBM 650 computer 
systems. (Hurd, Tr. 86345, 86363-64, 86435-36, 87183.) 
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ferred to work on SAGE. Also, a field engineering training course 

of approx~ately six months' duration was set up to facilitate 

SAGE's eventual installation and maintenance. The first trainees 

were experienced customer engineers; they then became instructors 

for newly hired employees and transferees from other IBM customer 

engineering assignments. At the peak of its activities on SAGE, 

IBM employed seven to eight thousand people on the SAGE project. 

8 ! '{era:go~,:' Tr";" 8'5'9"6"3-6'4"~') 
I 

91 SAGE was an enormous undertaking. In addition to IBM, 

10 I there were numerous. subcontractors, including the Hazeltine Cor-

11 i poration, which made CRT displays (designed by !BM) for the SAGE 
I 

12 I. terminals;* Bendix, which made the Long-Range Radar Input units 
II 

13 II . (also designed by IBM), as well as "GAP Filler Input Mapper 
II 

14 11 Consoles", used to eliminate irrelevant radar information before 
lj 
p 

15 II such information could be entered into the SAGE computer; ~~e 
II 

16 II System Development Division of the RAND Corporation, which 
I: 
if 

li 'i r,efined the air defense application programs initially written 
I. 

18 I! by MIT;** AT&T's Western Electric subsidiary, which coordinated 

19 !I the activities of other contractors, designed and built the 
II 

20 il SAGE centers and produced modems for the SAGE ccmo ... uter 
\1 

2l il 
II 

22 II * Hazeltine was chosen over companies such as ITT, Bendix, 
'I' and Raytheon. (Crago, Tr. 85964.) 

23! 

2411 
!i 

2S ; 
i 

! 

I _ 

** That division of the ruu~D Corporation grew so large while 
working on programming for SAGE that it was spun off in 1956 as 
a separate company known as the System Development Corporat"ion. 
(Crago, Tr. 85964-65.) 
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1 II system;* and Burrouqhs, which produced the Radar Data Coordinate 

2 II Tr~~smitters--hard-wired computers that processed data collected by 
II 

3 I radar units for transmission over phone lines to the SAGE direction 
I 

4 I centers. (Crago, Tr. 85964-65.) 
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As finally installed, each of the 24 SAGE direction 

centers contained two IBM-manufactured &~/FSQ-7 SAGE computers** 

and related input/output equipment. Each SAGE processor "was 

capable of s~ultaneously driving over 100 display consoles, 

accepting data from over 100 on-line operators and 12 remote sites, 

and providing output data to the same sites plus 25 teletypes". 

(Crago, Tr. 85956-57, 85959-60.) 

In addition to ~~e 24 direction centers, "each of the 

three 11 comba t centers ". contained two IB!-~-manufactured AN/FSQ- 8 SAGE 

computers and related input/output equipment. (Crago, Tr. 85956.) 

The two computers at each combat center had far fewer display 

consoles and much less inpQt processing equ~pment than-did the 
I: 
ii 

17 II -------------------
:1 

18 
* Modems convert computer digital signals into analog 

signals that can be transmitted over telephone lines and recon-
vert those signals into digital signals which can be processed 

19 il by a computer. MIT designed the modems and Western Electric 

20 
Ii produced them. (Crago, Tr. 85965, 85994.) IBM decided not-
~I to manufacture the modems itself and asked AT&T to do this. 
it According to Crago, the decision was a "reluctant" one because 

21 I! he believed IE~would benefit greatly from manufacturing the 
ij modems itself. (Crago, Tr. 85992-93, 85997-98.) Crago testi-

22 II fied that AT&T and Western Electric "benefited tremendously" 
_ II from this undertaking. (Crago, Tr. 85994-99.)· 

2~ Ii 
-I ** The "cer.tral computer" of the AN/FSQ-7 system was describec 

24 1,1 
I" in one article by three Lincoln Lab technicians as a "general 
l purpose, binary, parallel, single-address macn1ne with 32-bit word 

25 I 1enqth and a maqnetic core memory of .. 8192 words". (OX 5 G 60, p. 5.) 

II 
II 
I: 
r 
II 
II. 
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direction center computers, because the "combat centers received 

data which had been already processed and transmitted by ~~e 

direction centers. The function of the combat centers was to 

combine, summarize and display air defense information supplied to 

them by the direction centers over which they had supervisory 

control." (Crago, Tr. 85957-58.) 

SAGE represented IBM's largest undertaking through the 

mid-l950s. (Hurd, Tr. 86372.) Hurd desc=ibed the substanti,al 

risks IBM incurred by undertaking SAGE: 

"Many of the concepts had been tried only in a laboratory. 
There was no guarantee IBM could hire the numbers of people 
that would be needed to carry out its responsibilities. 
Failure to deliver the computers successfully, because the 
project was so massive, could have led to adverse financial 
repercussions and damage to IBM's reputation. ~~. Wi11i~~s 
(IBM Vice President and Treasurer], for example, asked if a 

.mistake in computation might result in the accidental destruc
tion of one of our country's own airplanes, with the resultant 
financial exposure and publicity such an accident might 
entail. All of us were concerned in 1953 about the diversion 
of key engineering and systems persons and Applied Science 
persons who were barely completing the design of the 650, 701, 
and 702. Moreover, IBM would need to construct a completely 
new factory to build the SAGE computers and all of us in the 
highest management group wondered what would happen if the 
contract were cancelled in midstream." (Hurd, Tr. 86372-73; 
see Crago, Tr. 85970-72, 86059-60.) 

Despite these risks, IBM expected. to obtain substantial 

benefits from its involvement in the SAGE program and therefore 

undertook the commitment. Crago and his predecessor as Manager of 

IBM's SAGE program concluded in a 1954 analysis (OX 8948) that the 

benefits to IBM from SAGE were of three principal types: 

(a) SAGE would directly contribute to IBM r s c'u=:rent and 

planned commercial computer products, 
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(b) SAGE would obviate or reduce IBM's future expendi-

tuxes on research and design work for its commercial computer 

products, and 

(c) because of research and development done for SAGE, 

IBM would gain an economic advantage over competitors in 

marketing computer products. (Crago, Tr. 85980-81, 85985-87; 

DX 8948, pp. 2-15.) 

involvement, 

"IBM will be recognized as the undisputed leader in the large 
scale, high speed, general purpose, digital computer field. 
If a competitor were performing on this contract, that com
petitor might gain enough advantage to force IBM into a 
relativ.ely secondary position. If (DX 8948,. p .. 15.) 

In fact, SAGE did yield substantial technical, manu-

facturing, and educational benefits to IBM because IBM was able to 

effect the "successful integration into actual production computers 

of many of the most advanced concepts, designs and technologies 

known at that time". (Crago, Tr. 85966.) IBM's SAGE innovations 

are described in detail in the trial record. (See Case, Tr. 72251-

54; Crago, Tr. 85966-79; Hurd, Tr. 86374-76; McCarter, Tr. 88357-60; 

E:-' B1och, __ .';t'r. 91525-28, 91848-50; OX 5005, p. 9. OX 8939, OX 8940, OX 

8946 and DX \B.94-7 illustrate some of the patents received by IBM 
\\ 

for this work.l. Three of these advances are described as follows: 

(a) SAGE was the first production-line computer 

to incorporate core memory. This represented a major 

advance because core ma~ories provided a highly reliable 
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and inexpensive means of storage. According to Eric Bloch, 

who was working on !BM's commercial core memory program at the 

t~e of the SAGE program: 

"Cores could be inexpensively fabricated, tested and 
assembled into core arrays, and the ability to access 
cores in multiple dimensions permitted a relatively small 
number of devices to access a large capacity memory 
thereby reducing costs and increasing reliability. The 
speed of magnetic core memories (was] much faster than 
the speed of Williams tube and magnetic drum memo-
ries • • • . Magnetic core memories also consumed less 
power and were more reliable than Williams tube and 

" magnetic- drum memories and could be assembled·· in l·arge= 
capacities than Williams tube memories." (E. Bloch, Tr. 
91466-67, 91526; see also Fernbach, Tr. 451; Plaintiff's 
Admissions, Set II, 'J,r 808.0- .1.) 

In manufacturing its SAGE computers, IBM developed a method of 

manufacturing uniform, high speed, reliable, and inexpensive 

core memory. These manufacturing techniques allowed IBM to 

make millions of cores wi~~ uniform electronic character-

istics. IBM developed devices which partially automated the 

stringing of core planes, and it developed semiautomatic core 

testing equipment. (Crago, Tr. 85967-68; Hurd, Tr. 86374; 

see E. Bloch, Tr. 91527-28, 91530-33, 93299-300.) Core 

memories proved so successful they were used in virtually 

every computer system manufactured until they were replaced by 

semiconductor memories in the 1970s.* (Andreini, Tr. 48451-

55; Case, Tr. 72346.) 

(b) The SAGE system was designed to be extremely 

I· 
11 * For a list of IBM computers that used core memories, 

25 il see E. Bloch, Tr. 91525. 
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reliable. Each computer was duplexed to prevent system 

failure-~that is, at all times one of the computers actively 

performed air defense surveillance while the other was in a 

stand-by mode: 

"IBM took many new measures to assure that the extreme 
reliability and continuous operation requirements for 
SAGE were met. To assure continuous operation, any part 
of the computer system whose failure might bring down the 
system was duplexed. Every SAGE direction center was 
equipped with two complete computers. At all times, one 
of the computers was active in air defense surveillance 
.whil·e·~t..~e;.,.:o:t.her ... <w.a.s_ in a. . ..stan~l?y mod.e.:.re.a>Cy~ .to~ .. l?e~ §)ol-i:t.~::ed 
over into the active mode within seconds. The active 
computer continuously transmitted changes in the air 
situation data to the stand-by computer • • . so that the 
air situation picture would not have to be regenerated 
when switchover occurred." (Crago, Tr. 85970-71; see 
also Case, Tr. 72251-53; Hurd, Tr. 86375.) 

Real-time comme~eial systems L~?lemented after SAGE often used 

~~e duplexing technique to guard against system failure. 

(Crago, Tr. 86048-50, 85975.) 

(c) "SAGE was the first large, geographically dispersed 

real-time computer system". (Crago, Tr. 85975.) It was a 

precursor to dispersed real-time systems such as SABRE, ~~e 

first successful airline passenger name reservation system 

(discussed later) I motel and hotel reservation systems, auto 

reservation systems and "other types of systems where imme-

diate response to the waiting customer is vital". (Id. ) * 

* As Weil testified, the military was "very often concerned with 
controlling some external event, so ~~at earlier than commercial 
computers, although commercial computers learned how to do this, 
too, the original consideration of developing ~~e technology for 
handling what was referred to as real-time events, was derived from 
some of these specific military computer applications". (Tr. 
7044.) . 
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In addition to the technical and production advances IBM 

realized from SAGE, 

n(tlhe several ~~ousand engineering and programming and 
maintenance personnel who were hired to work on SAGE added 
greatly to the company's store of technical knowledge and 
expertise. These persons worked on developing and maintaining 
many of IBM's subsequent general purpose computer systems." 
(Hurd, Tr. 86377; see Crago, Tr. 85979-80.) 

During the 1950s, more than one-half of IBM's domestic 

EDP revenues came from a combination of SAGE and the B-52 program 

* We understand that DX 2609A has not yet been received in 
evidence. We rely on it because it represents IBM's sworn response 
to Court-ordered questions and ~~ere is every reason to believe it 
accurately reflects the information called for. 
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10. The IBM 704 and 705. In 1954, building on its work 

on SAGE, IBM announced the 704 and 705, substantially improved suc

cessors for the 701 and 702 respectively. At that time, al~~ough 

several 701s had been built and installed, deliveries of the 702 

(announced in September 1953) had not yet even begun. 

The IBM 704, announced in May 1954 and first delivered in 

1955, was approximately t·..ro to three times as fast as t.~e 701.* 

TT "'-1 

~ 561.1; Plaintiff r s Admissions, Set IV, ~r 52.1.) The 705, 

announced in October 1954 and first delivered in 1956, was between 

two and three times as fast as the 702 depending on the application. 

(Hurd, Tr. 86378; DX 8956.) 

Taking advantage of its work on SAGE,-!BM used magnetic 

core memories in both the 704 and 705. (Hurd, Tr. 86377, 86529-

32; E. Bloch, Tr. 91850.) In announcing ~~e 704, IBM described 

it as "the first large scale commercially available computer" 

to employ magnetic core main memory.** (DX 8955, p. 3.) 

* The 704 represented an approximately 20-to-l speed improva~ent 
over the UNIVAC I. (Plaintiff's Admissions, Set IV, ~r 65.1.) 

** As discussed above, the first use of large scale magnetic core 
memory.was on SAGE, which became operational in early 1955. (Hurd, 
Tr. 88171-72, 88212.) By the time of the 704, some other computers 
used (or were announced with) small-scale core memories. For 
example, MIT' s one-of-a kind Whirlwind and the RAND Corporation"' s 
one-of-a-kind JOHNIAC had some core memory, as did RCA's BIZMAC 
computer, which was first delivered to a customer in 1956, the year 
after the 704 was first delivered. (Beard, Tr. 8657-58, 8700-01; 
Morse, Tr. 30963; Crago, Tr. 85961; Hurd, Tr. 86374, 88156, 88169, 
88li1-72, 88213; PX 6088, p. 5) However, none of those computers 
had core memory of the capacity eventually available on ~~e IBM 
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Hart described the 704, with its use of core memory, as a 

"major technological improvement." lDX 3753 -(Tr. 80192).) Perlis 

characterized the 704 as a "creative masterpiece" (PX 299): 

"The 704 welded together some separate technologies, magnetic 
core tecynology [sic], vacuum tube technology [and] me~hanical 
hardware for peri~herals into one very excellent computer that 
in effect brought several important segments of Americall 
industry into the computer world: the aircraft industry, the 
oil producers, some of the chemical firms all came into com
puting at about the same time via the 704, and they all de-

~ --veloped ,together, -they developed .... -•. -. cer·~i-n .:..s·ta·ndard ,ap
proaches to using computers together that had an enormous irn,act 
on the entire field." (Perlis, Tr. 1876.) 

According to Professor Perlis, the 704 

"represented the first introduction of magnetic core technology 
into a commercial machine, to the best of my knowledge anyhow, 
and it provided a machine for that time of great speed that 
could be used in science and engineering problems. It seemed 
to fit very nicely into the use patterns and needs of an 
extremely large segment of the user population at that time and 
in effect, it defined pretty well what one meant by scientific 
and engineering computations in the United States in ~~e period 
of years,when it came out in the middle fifties and on." ('7r. 
1997-98; see also Case, Tr. 72345-47.) 

The 704 and 705 continued a bifurcation in IBM's 700 

series product line between computers, like the 701 and 704, thought 

to be oriented more towards scientific applications, and ~~e 702 and 

705, thought to be oriented more towards business applications. 

704, which had one million bits of core. (Hurd, Tr. 88216; 
E. Bloch, Tr. 91529.) In 1953 Jan A. Rajchrnan, an RCA scientist 
who did considerable research on core memories in the early 1950s, 
wrote that the step from small-scale core memories (with tens of 
thousands of bits) to core memories with a million bits would 
"require great innovations in construction techniques and still 
further L~provements in magnetic switching". (PX 6091, p. 16.) 
IBM manufactured all the cores used in the 704 and 705. (E. Bloc~, 
Tr. 91529.) 
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(PX 5952 (Tr. 85606-07).) Both the 704 and 705, however, could 

handle bo~~ business and scientific applications and were used for 

bo~~ by customers. Withington, for example, estimated that some 

customers used the 704 up to 50 percent of the time to perform 

business applications, despite its "scientific" orientation. (Tr. 

56894; see also Case, Tr. 72375-76, 78191-92.) Some examples from 

the record show the diversity of applications for which ~~e 704 was 

used: ~- "." -- """ ~ , .- --- - -'". - " • .. •• ' •. .. _ __ .::: ... .:"" ~ ....... ..:.. .... _J' "'. ...._. 

(a) North American used a 704 for payroll and cost 

accounting applications, as well as for making scientific 

engineering calculations in connection with ~~e design of a 

new aircraft. (Hurd, Tr. 86543-49.) 

(b) General Elec~ric's "Turbine Division used a 704 to 

aid in turbine design, as well as for inventory control of 

turbine parts. 

(c) John Jones testified that CEIR acquired a '704 for 

its service bureau operation, and ~~at one of his jobs had 

been to develop subroutines "which made it quite easy to get 

decimal and alphanumeric information (generally associated 

with "business" applications] into and out of the machine". 

It became "obvious" to him at that time t.~at a binary machine, 

thought to have a scientific orientation, could handle decimal 

and alphanumeric information "perfectly well" . (Tr. 78731-33.) 

(d) General Uotors used a 704 primarily for a wide 

variety of engineering and scientific computations, but it 
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was also used,by its operations research group to develop 

prototype systems for the solution of business probla~s. 

(Hart, Tr. 80206-07.) 

(e) The Savannah River Laboratory used a 704 to do both 

scientific and administrative applications, including "reactor 

calculations, experimental physics, criticality calculations 

and a library processing application." (H. Brown, Tr. 82968.) 

(f) Union Carbide's Nuclear Division, which operated 

the Oak Ridge National Laboratory for the AEC, computerized 

some of the "business functions" of the Carbide General 

Accounting & Finance Division on an IBM 704 in the late 19505 

and in the 1960s added material management, payroll, accounting 

and general ledger. (Plaintiff's Ac.rnissions, Set IV, ~ 140.0-.1.)1 

(g) The White Sands 11issile Range used an IBM 704, along 

with two Electronic Associates analog computers, to make one 

of the first large scale hybrid computers ever built. (Plain-

tiff's Admissions, Set II, ~ 765.9-.11.) 

{h) The u.S. Weather Bureau's General Circulation 

Research Section bought time on IBM 7045 installed at the 

Joint Numerical Weather P~ediction Unit and the National 

Bureau of Standards to run "primitive equation models" for 

~eteorological studies. (Plaintiff's JI.Cmissions, Set II, 

~r 561.2-.7.) 

The 705 was also used for ~ variety of business and 

scientific applications: 
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(a) Westinghouse used a 705 for "the engineering design 

of transformers, and from the engineering design exploded the 

application into bills of material preparation which instructed 

the shop floor people how to manufacture a transformer .. " 

(Rodgers, Tr. 16844.) In addition, Westinghouse used the 705 

for payroll, cost accounting, check processing, inventory 

control and accounts payable and receivable applications. 

(Rodgers, Tr. 16844-45.) 

(b) Harvard used a 705 to perform financial calculations 

for the administrative department and to perform calculations 

in the fi~ld of particle physics. (Hurd, Tr. 86547.) 

(c) The Air Force Logistics Command-used 705s (deci~al 

machines) and Univac 1105s (binary machines) to perform the 

same principal application--"inventory control". (J. Jones, 

Tr. 78733, 78773-75; see also Case, Tr. 72375-76.) 

The IBM 704 and 705, like other computers marketed in ~~e 

mid-1950s, did not have operating systems. Donald Hart of General 

Motors described the problems of using computers in the early 1950s 

before operating systems were developed: 

"[W]ith the 701 it was necessary to schedule people to the 
computer one at a time to read in the cards at the card 
reader, wait for the computation to comple.te, 'print out the 
results, and then log off and let the next person approach 
the machine to repeat that process. 

"There was an inefficiency involved in ~~at because 
the speed of the machine far exceeded ~~e spe~d of the person 
who was trying to use it." (Tr. 80213.) 

To deal wi~~ this problem, efforts were undertaken to develop an 
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"operating systemre which would provide rean automatic mechanism via 

software for executing one job after another without operator inter-

vention". (Hart, Tr. 80213; see Perlis, Tr. 1848.) General Motors 

and North American Aviation jointly developed one of the first 

operating systems for use on their IBM 7045. (Hart, Tr. 80213-14.) 

Their operating system "quadrupled the throughput of the 704 com-

puter by eliminating several steps of manual handling". (Id. ) * 

. 
* In the mid-1950s users of IBM 704 computers formed one of 

the first users groups, SHARE. SHARE's goal was "to provide a 
forum by which these people could get together and engage in 
joint planning and to share the process of preparing for this 
new equipment". (Hart, Tr. 80134.) Through SHARE, IBM users 
influenced IBM's product development. For example, in the 
late 1950s, SHARE members began jointly to develop an operating 
system called 50S, for "SHARE Operating System". (Weil, Tr. 7220j 
Case, Tr. 73152.) At SHARE's request, IBM took over further 
development of SOS and in the early 1960s released IBSYS, 
an operating system for the 7090/7094 series of computer systems. 
(Weil, Tr. 7220; Case, Tr. 73l52.) 

The Department of Justice itself has recognized the 
importance of user groups in the growth .of the computer industry. 
Writing in 1966, Donald Turner, head of the Antitrust Division, 
took note of the "widespread establishment, sponsorship and 
universal acceptance of joint user groups to facilitate the 
exchange of programs and algoritruns"in the 1950s and early 
1960s~ He said that those groups had contributed to making 
"almost all basic ideas in computer programming • . . available 
openly to all computer users". (DX 9110.) Other user groups 
formed in the 1950s included Guide (Welke, Tr. 17360) and 
USE. (Welke, Tr. 17361; Schmidt, Tr. 27223.) 
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FORTRAN. John Backus of IBM was responsible for 11. 

2 I the development of FORTRAN, an algebraic, high level programming 
I 

3 I language developed initially for the 704 and a~ed at the solution 
I 
I 

4 I of engineering and scientific problems.* (Fernbach, Tr. 519-20; 
t . 

5 I McCollis·ter, Tr. 11040; Case, Tr. 72963-64, 72973-74; Hart, Tr. 80189 
I 

6 i (DX ~7S3), 80214-17; Hurd, Tr. 86378-79; Plaintiff's Adm~ssions, Set 

Introduced in 1957 (Plaintiff's Admissions, Set II t 7 \1 II, 11 8 3 6 • 0 • ) 
i 

8 ! 1r 836.1), FORTRAN was the first high level language compiler to be 
, 

9 I produced (Case, Tr. 73021-23) I and has been described as an 
! 

10 I "extraordinarily important development" and a "major advance" 
j' 

11 11·---------
I' 

12 II .* There are three ·levels of programm~ng languages: mac~ine level, 
I! assembly level, and higher level. Mach~ne level language loS "the 

13 1\' very basic language of the computer, basic one~ ax;d zeroes, and it 
',is the instruction level of ~he computer when lot ~s re~dy to exe-

14 :,cute the programs". "There loS a one-to-one re1atl.onshl.p between 
: machine level and assembly level, but (assembly level] is a more 

15 
!I convenient langt .. age for describing the instructions that you want 
lithe computer to process". (Goetz, Tr. 17651.) "Assembler (sic] 
!, language is a mnemonic language representing on a one-far-one basis 

16 !! the machine language itself. The language that ~~e computer exe-
il cutes is machine language. Assembler is a programming language It • 

17 il (Enfield, Tr. 19948-49.) A high level language is a programming 
!I language which is more like English than is machine language, but 

18 11 is not directly executable by a computer •. A program written in a 
ilhiqh level language is translated by a special.program called a 

19 ;icompiler into machine instructions that the compute~ then uses to 
lidO its work. (Perlis, Tr. 1349,1352; Spangle, Tr:~'."S·124; Case, Tr. 

20! 72957; Hurd, Tr. 86408.) High level languages are\a,lso called 
!.machine independent languages since, given suitable.comoilers, 

21 II programs written in those languages can be run on machines of 
Ii different designs and different architectures and built by dif-

22 :!ferent manufacturers. (Case, Tr. 73016, 73019.) Withington 
II testified that: 

23 l: 
!! 

24 :1 
It 

25 il 

II 

I! 

"70 to 80 percent of all the programming, or, mere speci
fically, lines of code for programs, are written in higher 
level languages." (Tr. 576i6-77.) 
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(Perlis, Tr. 1857, 1973), an "enormous contribution" (Gomory, Tr. 

98322-23), a "major technological improvement" (DX 3753 (Tr. 80192», 

"an important innovation" (McCollister, Tr. 9401), an "outstanding 

contribution" and an· "enormous advance". * (Palevsky, Tr. 3259,. 

3262.) "l1r. Backus has been given many industry awards for ~~at 

innovation" (Case, Tr. 73021~22), including the National Medal of 

Science from President Ford. (Gomory, Tr. 98322-23.) 

FORTRAN·was an "enormous advance" in a-number·of ways: 

First, FORTRAN made programming easier and enabled many 

more people to use computers. For example, prior .. to FORTRAN, 
l 

General Motors Research Laboratories 

"had be·en attempting to have engineers and scientists 
learn to write programs, their own programs for discussion 
[sic] on the computer. With the types of programs that 
were available on the 701 ~i initially on the 704, ~~is 
was difficult. We are dealing with some form of an 
Assembly language or an interpretive system which required 
a great deal of attention to detail, it required pretty 
much that the person writing the program become a computer 
expert. · 

"A few of our users managed to do this, but many 
others found that this was too difficult a hurdle to get 
over and required the services of a professional progr~~er 
to write their programs. 

"We were looking for a way by which we could in 
fact move this program development process more out 
into the hands of the users and FORTRAN provided us 

* Professor Perlis described the development of FORTRAN, a 
"creative masterpiece" (PX 299), as requiring a "major effort": 

"FORTRAN, its 25,000 lines of code when it was built, ·...ras an 
immense system, and the fact that it worked was a real tribute 
to the people who built it." (Perlis, Tr. 1887.) 
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wi th t.lo].e potential opportunity to do this." (Hart, Tr. 
80215-16.) 

McCollister testified that FORTRAN 

"made it easier for the person with a problem to solve to 
write down the solution which he wished the computer to 
make of that problem, it saved t~e and effort on the part 
of the person who was writing the program in FORTRAN." 
(Tr. 11040.) 

Professor Per1is testified that with the development of FORTRAN, 

as wel-las -other ·programming- l·ariguages devel'oped- later ;-the 

size of the population competent to use computers was increased 

by "an enormous factor." (Per1is, Tr. 1999-2000.) FORTRAN, he 

said, provided engineers and scientists "with a language that 

was directly attuned to their abilities in the way tney thought 

about 'problem-solving"; "they found FORTRA...~ to be just what they 

wanted for expressing the problems that t-1-).ey had in mind". 

(Per1is, Tr. 1857.) FORTRAN, toge~~er with early operating 

systems, facilitated the development of an "open shop", where 

a computer user could "do his own program independent of the 

professional programmers associated with the computer instal-

lation" . (Hart, Tr. 80216) The user could "begin using 

computer services without the necessity of becoming a trained 

computer programmer". (Case, Tr. 73023.) 

Second, by making programming faster and easier, FORT~~ 

made it less expensive. At General Motors, for example, 

" FORT:?.AN • decreased programming time by a factor of 5". 

(DX 3753 (Tr. 80189).) 

Third, FORTRAN facilitated cooperation and info~ation 
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exchange among computer users. According to Professor Perlis: 

"(FORTRAN] formed a kind of glue that brought together 
large numbers of people from different industries who used 
the computer for different purposes, who now in a sense 
could almost speak to each other in common language. 

"Al though they didn't speak to each ot.~er in FORTRA.i.~, 
they spoke to each other about what they did in FORT~~, and 
also, I think, FORTRAN .•• gave an enormous impetus to 
IBM, because FORTRAN, when it came in in 1956 was associated 
with IBM and with IEM computers." (Tr.- 1857.) 

Altl?-ough _ ~9RTRAN_V!as originally. intended for scientists 
S! 

I and engineers, Case testified that 
9\ 

II 10 I 
11 I 

I 

I 
U! 

13\1 
I 

14 ! 
! 

"other people have used the FORTRAN language for a wide variety 
of applications. There are payroll programs written in FORTRAN, 
there are accounts receivable programs written in FORTRAN, 
there are process control programs written in FORTRAN, indeed, 
I am not aware of any maj,or application or any significant 
application area which has not had application programs for 
that area written in the FORTRAN language •... [T]oday more 
FORTRAN programs are written for business-oriented applications 
than are written for science and engineering kinds of applica
tions." (Tr. 72973-76, 72985-86.)* 

15 I FORTRAN was widely accepted by users, and beginning in 

16 !!apprOXimatelY 1958, other computer manufacturers began to develop 
I: 
i!FORTRAN compilers.** (Perlis, Tr. 1973, 2000; McCollister, Tr. 

17 ! 

1111309; Case, Tr. 72974.) 
18 il 

That development had a further benefit for 

19 !I-----------
1\ 

* Professor Perlis testified: 
~,-'20 · 

I' 
21 II 

Ii 
22 Il 

~~ II 
~ II 

"I think in many areas FORTRAN is used • • • as the 
language vehicle for writing every program in any area whatso
ever. • •• It depends on the particular installation but 
[FORTRAN] certainly • • . has been used for all past aspects 
of computing, including artificial intelligence, business 
processing, et cet~ra." (Tr. 2000-01.) 

24 Ii ** FORTRAN was so widely accepted and used that it became the first 
25 i\na;tional standard programming language in 1966. (DX 13656; DX 13655.) 
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I 
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1 ! users in that they could then take a FORTR&~ program running on an 
i 

2~ IaM 704, for example, and transfer it to a different computer (made 

3 either by IBM or one of its competitors) with, in many cases, very 

4 little difficulty.. (Case, Tr. 72971-72.) FORTRAN is still one of 

5 the most widely used higher level languages. (Per1is, Tr. 1973, 

6! 2000-01; Case, Tr. 72974; Hart, Tr. 80216-17.)** 
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i 

8! 
I 
I 
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I 

12. As Hurd testified, the "development and installation 
.... ¥ • ••• ot.; ... .... 

of the 704, 705 and 650 finally ended the IBM debate ..• as to 

10! * Weil testified, for example, that GE was "relatively successful 
h in converting user programs from the [IBM] 7094 and 7090 to [GE's] 

11 II 600 line" in the mid-1960s: 
I II-12 'I "[G]enerally speaking, the users with what software aids ..• 
Ii we provided them were able to convert their applications. 

13 If !I "Now we !yere helped in this by a very deliberate making of 
14 \I our FORTRAN compiler compatible with the FORTRAN language on 

;1 the 7090 and 7094 and FORTRAN was very widely used in this 
15 11 class of application at that time. 

16 !! "So FORTRAN's applications were recompiled and executed on 
~I'II' our system with relatively little difficulty". (Weil, 

17 Tr. 7037, 7015.) 
II • 
il ** Following ~~e development of FORTRAN, IBM began to develop 

18 llCOMTRAN, a higher-level language which would be oriented toward 
19 !Ibusiness, rather than scientific problems. (Wi~~ington, Tr. 

:156512-16.) At about the same time, however, a group of users, 
!I led by the Department of Defense, decided to develop a problem-

20 II oriented, but machine-independent co~on language for business 
21 ~.problems. (DX 3717, p. 1.) The proJect was sponsored by the 

:;Department of Defense, and in May 1959, the Department convened 
22 II a conference to develop such a language. Although many manufacturers 

Ii attended that conference, mo~e than half of those attending were 
23 !! users or consultants. (DX 3727, pp. 4-5.) The group adopted a 

Iiname, CODASYL (the £ommi~tee on £ata~stems Languages) (DX 3717, 
iip· 1), and developed a h~gher level ~anguage called COBOL (Common 

24 !IBusiness Oriented Language). COBOL specifications were pubIrshed 
25 :, by the Department of Defense in 1960 and again (wi th clarifications 

;1 and corrections) in 1961. (J. J~nes, Tr. 78856-57, 78864-65; DX 
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1 il whether IBM ·should enter the computer business". T. Vincent Lea=son, 

'I 2 :, who was named IEM' s first Director of Electronic Data Processing 

311' Machines in 1954 to ·coordinate the development of the 705, was 

4 I, appointed IEM Vice President of Sales, reporting to the company's 
if 

5 :1 Executive Vice President, Mr. La.l\1otte, in 1955. Hurd replaced 

6 ~Learson as Director of Electronic Data Processing Machines. (Hurd, 
!i 

i II Tr. 86379.) Thomas Wa tson, Jr., who had become I3M' s Pres iden 't in 
H 
il 

8 1'1-1952 (Tr. 258_:4~), assumed the responsibilities of Chief Executive 

9 ~. Officer in 1956. 

10 I! il -----------
11 113719; DX 3720.) COBOL specifications "could be used by any user 

:1 t9 write his programs for his applications" and by vendors to develop 
12 !: compilers that would trans la te "common language program [s J ·in to the 

;1 specif ic machine language for t!1e var;ious classes of machines". (J • 
13 ;1 Jones, Tr. 78868.) 

!, 
14 li COBOL became one of the most widely used programming languages 

il in the world; it became a national standard in 1968. (3. Jones, Tr. 
15 j! 78870-71, 79681-82; PX 3594A.) User demand for COBOL compelled 

il IBM to abandon its work on COMTRAN. (Withington, Tr. 56512-16.) 
16 :! 
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13. The IBM 305 ~~C. In September 1956 IBM 

announced the 305 RAMAC which it characterized as "a revolu-

tionary new 'in-line' data processing system". (Hurd, 

Tr. 81274-78; PX 6072.) * The 305 R.ZU1AC was first delivered 

in 1957. (Hurd, Tr. 86380, 87276; Haughton, Tr. 94861.) It 

was the first computer system to incorporate a disk drive--

one of the most significant innovations introduced into the 

EDP industry. (McCollister, Tr. 9592; Spitters, Tr. 54313; 

Withington, Tr. 56494; Case, Tr. 72675-76, i2693-95; Hurd, Tr. 

86380-81.) Indeed, the heart of the 305 RAMAC was the 350 disk 

drive, which could store a total of five million alphanumeric 

characters. (PX 6072, p. 1.)** 

The disk drive was a major innovation because it 

introduced a new technology that allowed rapid, random 

access to large amounts of data, thereby making the computer 

a more effective tool for performing a wide variety of 

customer applications requiring "LLUnediate access". (McCollister, 

Tr. 9591; Spitters, Tr. 54313.) Prior to the introduction 

of the disk drive, tape drives and magnetic drums had been 

* The 305 was a general purpose computer used primarily 
for business purposes. For example, an Air Force base used 
~ZU1AC for supply problems and Caterpillar Tractor used it 
for inventory control of the parts used in the manufacture 
of their tractors. (Hurd, Tr. 86380, 86552, 86554, 87275-78.) 

** The 350 disk drive was subsequently attached to other IBM 
computers, including ~~e 650, 7070, and 7074. (Hurd, Tr. 
86557-58; PX 1002, p. 2; PX 3982, p. 1349; DX 4769.) 
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the two principal methods of electromechanical data storage. 

Drums permitted random access to data, but data could only 

be stored on the outer surface of the drum's cylinder. By 

contrast, disk drives increased substantially the "vol~~etric 

efficiency" of data storage because data could be stored on 

the many disks that were, in effect, slices of a drum. 

(Haughton, Tr. 94862, see also Tr. 94806-07, 94968-69.) Tape 

drives, of course, permitted only sequential access to data. 

The 350 disk drive's average access time was 200 times 

faster than the average access time of tape drives available 

at that time; where a tape drive would take perhaps a minute 

to find some particular data, ~~e disk file would access it 

in a fraction of a second. (Hurd, Tr. 86558-61, 86568-69; 

see also Rooney, Tr. 12142-44; Navas, Tr. 39674-75.) 

In the 350 disk file, data was recorded on and 

read from fifty disks that were not removable from the disk 

file structure except perhaps by a customer engineer. Each 

disk in the 350 measured two feet in diameter, and the whole 

stack of disks stood two feet high. Recording and reading was 

performed by means of two heads, one for either side of one 

disk. The heads were moved from disk to disk by retracting 

them outside the array of disks and moved linearly along the 

array until reaching the disk with the desired data and there 

"inserted into the disk stack. (Haughton, Tr. 94807-08, 

94859-60.) The heads were moved in these two dimensions by 
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an electromechanical actuator, an IEM innovation. (Haughton, 

Tr. 94833, '94862.) A single motor drove ~~e pulleys and clutches 

that controlled the actuator. (Haughton, Tr. 94833, 94892-94.) 

'Because the RAMAC disk revolved so fast, ~~e head 

would damage the disk media if ~~e two came in contact. 

(Haughton, Tr. 94822.) To prevent this, IEM successfully reduced 

to practice an innovative scheme by which air pressure from a 

compressor was pumped into ~~e space between the head and ·the 

disk to maintain a constant distance ("flying height") between 

the two. (Haughton, Tr. 94809-10, 94822, 95098.) To illustrate 

~~e problem IEM had to overcome, Haughton analogized it to trying 

to, maintain a distance of only fo~ inches between a football field 

and a two-mile wide disk revolving underneath it. (Tr. 94875-77.) 

. Metropolis, ~~en Director of the Institute for 

Computer Research at the University of Chicago, wrote to IEM 

in 1963 that the 

"development of disk files represents a real triumph 
for IEM in the computer field. By solving the problem 
of very large storage capacity with fast access times, 
IBM has succeeded in combining the virtues of both 
magnetic tapes and drums and has thus provided a new 
dimension of possibilities in coping with the ever 
increasing demands in modern computing." (DX 25.) 

Withington described how IBM's disk efforts gave it a compe

titive advantage over its competitors: 

"(Prior to 1963], alternatives (to disks] were 
being experimented wit~, such as particularlv maanetic 
card devices, and also I think no one realized the 
degree to which the transaction processing mode of '..lse 
was going to prove popular. I believe only IEM among 
the major competitors at the time offered analter~ative 
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between magnetic card devices and disk drives, with 
developments proceeding along both lines. A number of 
the other manufacturers committed themselves almost 
entirely to the magnetic card devices, sometimes also 
using magnetic drums. 

"When it became apparent that the class of magnetic 
card devices was not going to be successful in the 
marketplace, for reasons of reliability, and that the 
disk drive was a critical product, many of IBM's competi
tors were left for a while without a satisfactory option."* 
(Tr. 56240-41.) 

IBM was the leader in developing disk drive technology 

in"Cth~;:'i950s,-** "and it was not until "several years after t.."le 

* As described later, during and after the" period of the 
announcement and initial delivery of RAMAC, other companies 
developed and marketed different kinds of random access 
auxiliary·storage devices. For example, RCA offered a 
device called RACE, which utilized short strips of magnetic 
taoe, NCR offered a aevice called CRAM, which recorded 
information on magnetic cards, and Sperry Rand offered a 
large magnetic drum called FASTRAND. (E.g., McCollister, 
Tr. 9593-94; Withington, Tr. 56469, 56487, 56511; Case, Tr. 
72788-89; Hurd, Tr. 86561-64.) IBM itself developed and 
marketed the 2321 Data Cell Drive in 1964, which contained 
up to 10 interchangeable data cells, each containing 200 
plastic strips which could be extracted mechanically and 
wrapped around a cylinder to be accessed like a magnetic 
drum. (Withington, Tr. 56468; Case, Tr. 72786-88; DX 912-A, pp.I,2,.9.~ 
Ultimately, none of these products was commer~ially successful, I 

in part because of poor reliability. (Withington, Tr. 55958; I 
Case, Tr. 73536; Hurd, Tr. 86561-64.) Withington testified I 

that Data Cell, RACE and CRAM were major product failures. 
(Tr. 56468-69, 56511, 58534.) He testified that if he had 
been advising Sperry in the early 1960s, he would have advised 
Sperry to "(d]rop (FAST~~D] and get on with competitive 
magnetic disk drives as fast as possible". (Tr. 56487.) 
Withington believed that Sperry's not moving immediately to 
disks had a substantial effect on Sperry's marketing of general 
purpose computer systems. (~) 

** Although there was other exper£mentation with r~~dom 
access disk devices, none was marketed commercially in this 
timeframe. (Haughton, Tr. 95109-12, 95132-33.) 
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4 discussed later, IBM had introduced additional improvements 

5 to the disk drive, including the first removable disk pack.** 
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Prior to the introduction of the disk drive, real 

time applications were only feasible on computer systems such 

as SAGE, which would not have been a practical or effective 

answer for the ordinary user. (Beard, Tr. 8996-97.) The disk 

drive--especially a=ter innovations which IBM introduced with 

its second generation disk drives--made transaction and other 

types of on-line processing feasible for EOP customers. 

(McCollister, Tr. 9591; Withington, Tr. 56246-47, 56253-54.) 

* In fact, it could be said that IBM's competition did not 
even match RAMAC. Bryant was the second company to de~iver a 
disk drive. (Ashbridge, Tr. 34865.) It, like RAMAC, was a 
fixed disk. (Ashbridge, Tr. 34866.) But it had "severe 
problems"; users had the problem, for example, of poor 
reliability. (Beard, Tr. 9009-10; Withington, Tr. 56494-95.) 

** IBM has been from the start the technological leader in 
disks. (Hindle, Tr. 7452; Case, Tr. 72764-65; Haughton, Tr. 
95088-89.) 
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14. IEM's 1956 Consent Decree. On January 25, 1956 IBM 

consented to t.lj,e entry of a Final Judgment "before any testimony has 

been taken • and without trial or adjudication of any issues of 

facts or law" in an action commenced by the United States on January 

5 21, 1952. The Final Judqrnent provided, in part: 

(a) Users and prospective users of IBM tabulating and EDP 

machines offered by IEM for lease and sale were to be given "an 

for such machines" (Part IV, ~ (a»; 

(b) IBM was to o·ffer "(i) to sell to the lessee of any IBM 

tabulating or EDP machine that machine at a formula price which 

would decline with each year of the machine's age (Part IV, ,r 

(c) (1»; (ii) to sell new standard tabulating and EDP machines 

ma~ufactured and offered for lease or sale at a price having "a 

commercially reasonable relationship to the lease charges for 

such machine" (Part IV, " (c) (2» i and (iii) to sell any new 

special purpose tabulating or EDP machine to the user for whom 

was designed and produced by IBM at a price having "a conuner

cially reasonable relationship to the lease charges for such 

machine" (id.) i 

I 

~l 
I 

(c) IEM was enjoined from·acquiring any used IBM tabulatinp 

r-
or EDP machine otherwise than as a trade-in or a credit against I' 

an account receivable (Part V, ~r (a» and was ordered "to 

! 
I 
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11 

1 ! solicit • • . from dealers in second-hand business machines 

2 orders for the purchase of any [such] used IBM" machines so 

3 i 
I 

41 
I 

5 II 
!I 

6 il 

7 11 
II 
! 8: 
I 

9! 
10 ! 

i 
11 'I I· 
12 II 

\! 
13 \ 

I 
I 

14 ! 
\1 

15 ·1 
II 

16 ,I 

li 
17 ij 

II 
II 

18 ,I 

19 ii 
:t 

20 il 

21 II 

acquired, subject to a price limitation (Part V, ,r (b»; 

(d) IBM was (i) "to offer to render, without separate 

charge, to purchasers from it of tabulating or electronic data 

processing machines the same type of services, other ~~an main-

tenance and repair services, which it renders without separate 

cha~ge~ .. ~.t.O .. ,.lesse.es .of.· ~t..~e s~~. t.ypes. ~o,.f machines~·" :.(Part· VI~', ~1r·.:.. .. "-
..... -' ... ~ --• .,;.. ".. - ... ~ ¥' ," ...~ .... .,.. .... .... ~ .. ~, -

(a»; (ii) "to offer ••. to maintain and repair at reasonable 

and nondiscriminatory prices and terms IBM tabulating and elec-

tronic data processing machines for the owners of such machines"* 

(Part VI, , (b)); and (iii) to offer.to sell repair and 

replacement parts to owners of, or persons engaged in 'maintaining 

and repairing, IBM tabulating or EDP machines (Part VI, ,r 

(c) ) ; 

(e) IBM was enjoined for 10 years from entering into any 

lease for a standard tabulating or electronic data processing 

machine for a period longer than one year, unless the lease was 

terminable after one year by the lessee upon no more than three 

months' notice (Part VII, ~r (a»; 

(f) IBM was enjoined from "requiring any purchaser of an 

IBM tabulating or electronic data processing machine to have it !i 
22\: 
23 ,1 _______ _ 

:\ * IBM was not, however, required to maintain such machines if tlley 
24 l:had been altered or connected by mechanical or electronic means to 

~!another machine "in such manner as to render maintenance imnractical". 
25 II (Part VI, 11 (b).) -

'I II 
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41 
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I 
5 I 

6 

7 II 
" 
1/ 

81 
i 

9\ 
10 II 

11 I 
I 
I 

12 I 
! 

13 il 
14 !I 

a 
I' 

15 \I 

II 
16 ;! ,. 

il 
II 

17 !\ 

18 ;\ 
'\ I' 

19 " !I 
!I 
If 

20 :! 
!! 

21 !1 
i 
:i 22 Ii 

li 
.,~ !f 
~ \\ 

24 ii ,I 
II 

25 rl 

il 
!I 
I' 

I! 
II 

11 
\: 
11 

1\ .. -

repaired or maintained by IBM or to pu=chase parts and sub-

assemblies from IBM" (Part VII, 4J (c»; 

(g) IBM was enjoined from requiring any lessee or pur-

chaser to purchase tabulating cards from IEM (Part VII, ,r 

(d) (1) ) ; 

(h) IBM was enjoined from "engaging in the service bureau 

business except on a nondiscr~inatory basis for the Service 

Bureau Corporation and for service bureaus operated by ,other 

persons" (Part VIII, 4J (a»; 

(i) ,for five years from the date of the Final Judgment IBM 

was to provide an opportunity to obtain training in repair and 

maintenance to anyone (other than employees of other equipment, 

manufacturers) engaged or proposing to engage in the repair and 

maintenance or distribution of IBM tabulating or EDP machines 

(Part IX, fJ (a»; 

(j) IBM was. to grant "unrestricted, non-exclusive 

licensers] to make, have made, use and vend tabulating cards, 

tabulating card machinery, tabulating machines or systems, or 

electronic data processing machines or systems under, and for the 

full unexpired term' of, _any, some or all IBM existing and future 

patents" (Part XI, ~ (a»: \\ -....... ............ , 

\. 

(k) IBM was enjoined from suing "any person for acts of 

infringement of existing patents alleged to have occurred prior 

to the ~ntry of [the] Final Judgment except by way of counter

claim in any action brought by any person against IBM" (Part 

XII); 
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5 !I 

6 il 
iI 

7 II 
II 

8! 

9 1 

10 ! 
11 II 

II 
II 

12 II 
II 

13 II 
,t 

14 11 

15
11 
" 16 II 

(1) IBM was enjoined from engaging in any agreement or pla 

with any other manufacturer, seller, distributor or repairer of 

tabulating and EDP machines or systems to divide sales or 

manufacturing terr,i tories, allocate markets among manufacturers 

or limit import or export of tabulating or EDP machines or 

systems (Part XV, " (a»; and 

(m) IBM was enjoined from conditioning the sale or lease 

of any standard tabulating or EDP machine upon the purchase or 

lease of any other standard tabulating or EDP machine {Part 

XV,11 (b». {u.s. v. IBM, 1956 CCH Trade Cases, , 68,245 

(S.D.N.Y. 1956» 

In light of the presen~ l~tigation, two parts of t~e 1956 

consent decree are of particular inuerest. First, apparently 

recognizing the value of the customer education, software and 

related support which IBM provided without separate charge to 

lessees, the Department of Justice required IBM to provide the s'ame 
i; 
'i types of services, also without separate charge, to purchasers. 

17 II 
:1 Second, the requirement that IBM sell its EDP products as well as 

18 ii 
il lease them led later to the growth of the computer leasing com-

19 ii 
11 panies.* (See Friedman, Tr. 50384-85.) 

20 'i 
:1 

p 
it 

21 !I 

22 :: 

2~ II 
~ !I 

d 
'I 24 ;I 

ij 
1/ 

25 il 

I 
I 
I. 
I' 
" II 

Ii 
II 
!! 

* The record also discloses that the olaintiff does not assert that 
IBM has violated the consent decree. (Tr: 13037; Tr. 36957-59.) 
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1 i! 15. The IEM 709. The IBM 709 electronic data 
'I !I 

2 :!processing system was announced on January 2, 1957 and was 
I 

3 \ first delivered to customers in 1958. (Hurd, Tr. 86382-83; 
I . 

4 I,PX 4714.) The announcement described the 709 as having 

5 il "speed and flexibility· which made it "outstanding in the 

6 ilpr~ceSSing of large-scale scientific, engineering, management, 
if 

7 !!and business problems". (PX 4714, p. 1.) The 709 was approxi-
!I 

8 : mate1y t..~ree times faster than its predecessor, the 704. , 
9 ! (Case, Tr. 72526-27.) It was also program compatible with , 

10 lithe 704; "existing 704 programs" could "be run on the 709 

11 '\ without alteration, except for changes in input·-output 

12 II routines and floating point overflow-un4erflow". (PX 4714, 
i: . 

In addition, the 709 offered magnetic tape interchange-13 II p. :2.) 

14 liability with the tape equipment used on the 704. (~) 
:t 
I' 

15 II The 709 was the first computer to use a channel, a 

16 11 device. IEM patented. * (Pe~lis, Tr. 1844, 1998-99 i Case, Tr. 
;1 

17 ii723Sl, 72704; Hurd, Tr. 86408.) Channels were described by 

18 ~IPer1is as devices "for linking together the main core storage 
il I, 

19 ~!or memory storage of the computer with the auxiliary storage 
'I 

1lof the machine". (Tr. 1998.) Channels allow If input-output 20 ·1 
:1 
I! . 

21 Ii and computing to proceed in parallel". (Perlis, Tr. 1844 i 

'I 22 i: PX 4714, p. 4.) According to Case, a 
II 

23 11---------
II * "The SAGE computer used an i::.put/output break system, 

24 :\ which was a forerunner of the modern-day channel." 
!i ( Cr a go, Tr. 85 9 78 . ). 

25 II 

II 
ii 
!I 
H 
'I 
Ii 
it 
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511 

"channel, together with the main memory ~~at it works 
with, is something like a staging device that enables 
the relatively slower peripheral devices to put infor
mation into main memory which is not yet going to be 
used by the processing element but later will be needed 
by the processing element. The channel allows that 
relatively slow transfer to occur at the same time that 
the CPU is processing other work which has previously been 
transferred into main memory.1t (Tr. 72381.) 

6 liThe channel was described by Perlis as being "to all intents 

7 I! and purposes a computer ll (Tr. 1998); it performed proces s'ing 
i 

8 I that previously had been performed by the main cpu. 
1 

(Enfield, 
i 

9 ! 'Ir. 20797; J •. Jones, Tr. 78714-16, 79055-61; OX 854, p. 2.) 

10 t The channel increased the speed with which applications 
I 

11 ! could be performed. (Hurd, Tr. 86382.) Because the channel 
I 

·12 i allowed the '709 to read, write and process data simultaneously, 

13 \1 it cut in half the time necessary to perform typical file 
I 

14 I! maintenance applications (PX 4714, p. 4); this encouraged, 
II 

l5 II and made more desirable, the development of operating systems 

16 lito schedule and coordinate the parallel operations. (Perlis, 

17 !ITr. 1844, 1846-49.) Because channels greatly increase the 

18 jjefficiency with which a computer can be used, they are a 
H . 

;1 part of most modern computer systems. 
19 . 

~case, Tr. 72704.) 
20 .. 

(Perlis, Tr. 1848-49; 

!I 
21 il The 729 magnetic tape unit was another innovative 

I, 
'I 

!!product introduced with the 709. The i29 allowed for the 
22 ,I 

2~ ijfirst time in EDP applications nearly immediate validity 
oJ ;i 

II checking of data wri tten on the magnetic tape. This was 
24 i' 

:\ accomplished by means of a two-gap head which ,'lrote in the 

25 II 
il 
II 
I, 

Ii 
j: 
II 
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1 llfirst position and read in the second. (Hurd, T:r. 86382; 

2' :PX 4714, p. 1; see also Plaintiff's Admis~ions, Set II, 
I 

I 
3 i 1f,r 810. 3, 923.1.) Acco:rding to Hurd, "(p] rior to the first 

4';ldeliVery of the 729 in 1958, in all tape drives. it had 

5 jbeen necessary to stop the tape and backspace for ~~e purpose 
I 

6 lof checking or to rerun the whole tape. The dual reading/ 
i 

7 !Iwriting capability of the 729 greatly increased the effective 
I 

8 ! speed ,_~~d ",J;'~~iabi,lity ,of tape operations." (Tr. 86382.) 

9 I Other ~eatures announced with the 709 included a 

10 I large capacity magnetic core storage that had the ability 

11 j to store the equivalent of 327,000 decimal digits, th=ee 
I 

12 ! index registers, which gave the 709 automatic indexing 
i. 

13 II facili ties, a larger and more powerful instruction set, high
;1 

14 ilspeed arithmetic, allowing arithmetic and logic instructions 

15 j'to be executed at approximately 42,000 per second, and auto
II 

16 ;!matic floating point ari~~etic. (PX 4714, pp. 1-2.) 
;1 
" 17 '; I, 

Withington testified that even though IBM's 709 
:, 

18 .;systems had a "scientific" orientation, they were employed 
I! 

19 11 for business data processing "as high as half the time If • 

20 ;! (Tr. 56891-92.) Hurd testified, for example, that at Oak 
!i 

21 "Ridge, a 709 installed in the accounting department was used 

22 li for accounting and clerical applications. That same 709 was 

23 llalso used to simUlate gaseous diffusion plants. (Tr. 86576-
;1 

24 i! 77; see also Case, Tr. 72375-77.) 
Ii 

In 1958, shortly after ~~e 709 was first delivere1, 
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1 II, transistorized computer systems became widely available. 

(Norris, Tr. 5611-13, 5733-37; see below.) As a result, ~~e 

3 I 709 was competitive for only a short period, promptinq 

4 I Withinqton to classify it as a major product failure "in 

5 I financial terms n . (Tr. 56465.) He reached this conclusion 
I 

6 I because, nwhile the 709 was a good design, it was built 

7 I employing vacuum tubes for at least most of its logic at a 

8 I time when the transistor was rapidly becoming u~able, and 

-9 I· IBM' wa:s~ f'ore ed-- "to-replace'" the' 7 09" qui te quickly wi th the 7090, 

10 which was a transistor machine". (Withington, Tr. 56465; 

11 see also E. Bloch, Tr. 91677-80.) The 7090 obsoleted the 

12 709 within two years of the 709's first delivery. (Withington, 
I 

13 I' Tr. 56466.) 
I 

14 16. By 1955-57, IBM was well on ~~e way to trans-

15 forming itself from a manufacturer and vendor of unit record 

16 II equipment to a manufacturer and vendor of computer products 
I' 

17 II and services. IBM recognized the importance of computers 

18 ! and decided to concentrate principally on them roughly 10 

19 II years before any of the other firms (including Remington 

20 Rand) who had been similarly situated in the early 1950s. 

21 IBM's U.S. EDP revenues in 1952 were $30,838,000. 

22 In 1957, they were $353,367,000 and by 1963, they had risen 

23 to $1,244,161,000. (DX 3811.) 

24 

25 
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17. Remington/Soerrv Rand. The story of how 

Remington Rand* failed to capitalize on its early preeminent 

position in EDP is a tale that centers on ~~e lack of direction 

and attention management gave to the computer business. 

Remington Rand's management failures were, at bottom, attri-

butable to two errors. First, Remington Rand's management 

refused to commit, and to risk, sufficient resources in ~~e 

computer business; and second, to the extent ~~at Remington 

Rand did commit resources, those resources were often poorly 

managed and only modestly effective. 

a. Remingtor. Rand Lacked Coromi tInen t to EDP. 

The principals of Eckert-Mauchly and ERA had-agreed to be 

* On June 30, 1955, Remington Rand merged wit.~ the Sperry 
Corporation and became the Sperry Rand Corporation. The 
combined revenues of ~~e merged companies were $699 million 
in fiscal year 1955. (DX 60, p. F-l5.) Following the 
merger, Sperry Rand was in the following businesses, in 
addition to the computer business: 

(a) military equipment for ships, including gyro
scopes, instruments, etc.; 

(b) radar devices for military purposes; 

(c) hydraulic equipment; 

(d) farm machinery; 

(e) shaving equipment; 

(f) typewriters; 

(g) office machinery and office equipment; and 

(h) microwave equipment. (Eckert, Tr. 966-67.) 
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i 
1 1 at: quirec.. by Remington Rand because t."ey felt that it had both 

2 !I the resources and ~~e desire to commercialize (i.e., produce 
II 

3 I and market) ~~eir early EDP products and to push forward with 
I 

4 I the design, production and marketing of new products. (DX 280, 
I 

5 II p. 3; DX 7584, Mauchly, pp. 37-38.) In short, they believed that 

II. d ld 6 /I R~ngton Ran wou be able to capitalize on its early leader-
11 

7 II ship position in EDP. 
II 

8 !I 
i 

- -,.'" - ~~ccordin9" to-William Norris t' who joined: Reming·tori· .. 

9 I Rand when it acquired ERA: 

10 I 

II !i 

12 !I 
II 

13 11 

"Remington Rand faltered at the crucial time when it 
had a chance to take over the computer market. The 
hesitation was ~~e result of Jim Rand [who was head 
of Remington Rand in the early and mid 1950s] being 
too old to be able to carry ~~ough on a great oppor
tunity" ... (OX 305, p. 1.)* 

II ___________ _ 

14 il * John W. Lacey, Vice President for Corporate Development 
15 'II of CDC, described James H. Rand as "an autocratic, iron

willed manager" who "never really understood t.~e business It • 

16 II He also complained of Rand's "lack of adequate financial 
:! support". He continued: 
il 

17 II 
18 :1 

i! 

19 I! 
II 
H 

20 ~I 

11 

21 ;1 
~! 

!! 
22 ii 
Z3 II 

2411 
II 

25 i , 

I 
I) 
II 
II 

II 
II 

"Around the middle of.1955 Jim Rand was about to 
retire and he sold out the business of Remington Rand 
to the Sperry Gyroscope Corporation whose President was 
Mr. Vickers. Shortly after the acquisition Jim Rand 
retired and Marcel Rand, his son, became the President 
of the old Remington Rand organization within Sperry. 
Marcel Rand was inadequate to the task and never gained 

. enough self-confidence to be an effective manager." 
(DX 280, pp. 3-4.) 
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1 ill In his testimony Norris agreed that Remington/ Sperry Rand 

2 I was "unable to recognize 1:..1.e extent of the commitment t..i1at 
I 

3 ! was necessary to the computer systems business to make it 
i 

4 I successful", failed to make the "financial commitment that 
I 

5 I was necessary," and failed to "commit the time of the senior 
I 

6 i management of the Corporation in order to solve t..1.e problems 

7 II that were involved in designing and manufacturing and market-
I. 

8 !' ing compute~,J1Y§t~ at that. time". (Tr. 5721-22.). In 

9 I addition, Sperry was handicapped further by an "unwilling-
I. 

10 !Iness to take risks" in 1:..1.eir EDP business (Norris, Tr. 5846-

11 r 47), a course which Norris stated could mean (as it did 

12·1 here) "being too late in the marketplace with a new product". 
I. ../! 

13 II (DX 284, pp. 4-5.) In NorrJ..s' view, IBM was ".ortunate" and 

:1 "luck[y]" that Sperry "faltered" when it did and "didn't do 
14 !I 

jl 

15 !!enough H to respond to emerging competition from IEM. 

16 il p. 1; Tr. 5722 - 23 • ) 

(DX 305, 

ij 
1. Henry Forrest who, like Norris, joined Remington 

17 11 
18 ilRand when ERA was acquired by it (DX 13526, Forrest, pp. 43-44) 

I. 
!Iand who was its liaison representative with customers in 

19 lj 
I. 

20 
lithe Washington, D.C., area and who was involved with Reming-
~ . 

21 ijton's (earlier, ERA's) 1100 series computers (Id., pp. 43-
I· 
1145), testified that, while the 1103 and its successor, the 

22 it 
II 

23 111103-A, met wi 1:..1. success in the marketplace "to the extent 

2 
!Ithat the company supported it", there "could have been a 

4 II 
if 

25 II more resounding s\:ccess had there been more properly supported 
a 
·f 

II 
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!I 
1 1 facilities, more investment in marketing and more over-all 

2 ! support of the program to cause more machines to be sold". 
I 

3 I (~, pp. 90-91.) Forrest testified that Remington Rand 

4i , 
II 

5 II 
6 !I 

II 
" 

"did not mount an adequate sales effort, and did not 
choose to create the kind of organization t..~at [had] 
all t..~e parts--such as support people, the manu
facturing facilities--to meet ~~e market that then 
existed for that class of high technology machine". 
(Id., p. 91.) 

7 !iMoreover, Remington Rand failed to provide available resources 
i 

8 i " '. ". 
: for ongoing research and development work; it failed ato 

9\ invest in the market, if you will, and plan ahead for the 
10 I 

(Id., pp. 98-Illkind of market th.at. was then clearly evident". 
11 I !199.) * According to Forrest, in the 1950s "you had to keep 

12 !'puShing away at research and development expense, engineering 

13 II exp~nse , and as socia te~ cos ts ", because the s ta te of the art 

14 \!was constantly expanding; a computer such as the 1103 or 

15 illl03-A (which Forrest thought were "the world I s best machines" 

16 f!when they were introduced in the early 1950s (id., p. 98}) 

17 :IWOUld soon be obsoleted by some~~ing else. (Id., pp. 100-
II -----

18 1101.) According to Forrest, it was not because of lack of 
10 il - II available resources that Remington Rand did not support 

20 11 :1------------
21 'I * Forrest described evidence of the "market" t..~en evolving 

I! as comprising not just "isolated conversations, ones and 
22 Ii twos, but ••• a groundswell of computer using need generally 

_ ,I ... certainly in the Government and it would appear at 
23 ,I that time a need in the industria~ and comm7rcial areas that 
24 llwould follow ••• we had no stra~n ~n sell~ng our wares". 

II (DX 13526, Forrest, pp. 98-99.) 

25 l' 
I 
I 

i 
I, 

I 

I 
I 
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:1 
1';1 its computer business: " [T] hey had the re.sources to do t.~e 

i 2: kind of respectful program t..~at I would have wanted them to 

! 3
1 
I 

4! 
!I 

5 ' ! , 
I 

6 if 
Ii 
'I 7 Ii 
11 

5! 
I 

9 1 

10 il 
111 
12 II 
13 II 
1411 

I 

I 

:: II 
;j 

17 I. 

-8 II 
J. II 

1/ 
19 II 

il 
20 !I 

iI a 
2l \I 

ji 

I! 22 I. 

ij 
..,~ I. 
~ !I 

:1 
24 !I 

iI 
2S l 

I 

il I. :, 
'I !t 
II 
II 

do" but "they chose not to put proper moneys in the Onivac 

Divisi~n". (Id., Ope 101, 103-04.) - -
In Forrest's view, Remington Rand "should have 

made a t~ely go decision at the same time that IBM did and 

should have supported it"--but they did not. (Id., ~. 104.) 

Dissatisfaction with Remington/Sperry Rand's 

management, and its lack of commitment to EOP, was not 

confined to the Minneapolis/St. Paul, ERA-related qroup. In 

Philadelphia, within ~~e Eckert-Mauchly group, Dr. John 

Mauchly was complaining about Ra~ington Rand's failure to 

capitalize on the UNIVAC I. Mauchly, who wrote that in 1951-53 

it was "a gamble • • • whether any UNIVAC System would ever be 

sold to a conunercial customer", noted that Remington Rand exer-

cised "extreme caution in expenditures for UNIVAC sales and 

promotion." (DX 7597, p. 4.) Discussing the shortage 

of qualified personnel in Remington Rand's computer division, 

Mauchly stated: 

"Back of almost any superficial reason seems to be the 
fundamental one that Remington Rand has not been 
willing to pay sufficient expenditure for any ohase of 
the electronic computer sales program." (OX 7597, p. 2.) 

Similarly, Mauchly wrote in approximately 1954: 

"Month after month, from 1950 up to the oresent, there have 
been countless problems which have reinforced the basic. 
theme, that we are suffering serious losses of eff:"::::iency 
and consequently not giving IBM all the competitio~ we 
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3! 
41 
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should give them, as a result of all sorts of efforts which 
try to save a dollar and result in wasting a hundred 
dollars." Id., p. 6.) - . 

As to whether there was a commitment by Remington Rand to 

expanding the market~ng of computers, Mauchly later testified: 

"I think I saw a lot of effort from time to time, 
but I'm not sure I could describe them as a commitment. 
In ot.'1er words, the efforts were not well coordina'ted or 
definitely stated as the goal which was beinq pursued 
in a rather sensible way, instead it seemed as if they 
were random thrusts." (OX 7584, Mauchly, p. 34.) 

'1G.;dh~a:' ~Bloch, who" was' "he-ad' of Raytheon's computer 

division through 1955, attributed Remington Rand's loss of 

EDP leadership to IBM in the 1953-55 timeframe to management. 

Ra~ington Rand was less dedicated to the EDP industry than 

IBM, and-it was less effective in organizing those resources 

it chose to apply. (R. Bloch, Tr. 7742-43.) 

H. Dean Brown described DuPont's (Savannah River 

Laboratory) choice between UNIVAC and IBM equipm~nt in 1956 

as follows: 

"The first general purpose electronic digita.l 
computer system installed at Savannah River was the IBM 
650, which was installed in 1956 •••• I was oart of 
an evaluation group of four people who selected [that 
system] 

" The evaluation group rejected UNIVAC for three 
reasons: 

(a) -the performance of the IBM computer systems 
we were considering was better in terms of oroqramrninq 
ease, reliability and the maintenance ~~at IBM provided; 

(b) UNIVAC as an organization lacked comndtment 
to the computer business; and 

-109-



4 
I 

51 
6, ;, 

I. 
7 I! 

II 
8! 

I 

9! 
10 I 
II II 

1211 
13 II 

1411 
il 

:: !I 
ij 

1711 
II 18 I' 

19 i! 

20 II 
I. 
iI 

21 II 
ii 

22 II 

23 I! 
il 
il 

24 n 
! 
I 

25 I 
it 

I 
II _ 

(c) we at SRL [Savannah River Laboratory] wanted 
to make use of the ability of IEM representatives, who 
impressed us with their understanding of our problems 
and their willingness to work with us. My contacts with 
those IBM employees were the basis of my conviction that 
IBM had the commitment to computers which UNIVAC lacked." 
(Tr. 82963-65; see also J. Jones, Tr. 79344).) 

Examples of the ways in which Remington Rand's 

lack of commitment to support its EDP operations restricted 

its grow~~ include: its failure to support the marketing of 

its EDP products, its failure to support adequately the 

development of new products and its failure to hire and 

retain qualified employees. 

(i) Inadeauate Marketing .. Just after Remington 

Rand bought Eckert-Mauchly, a small group that included John 

Mauchly drew up a plan for training sales personnel in 

electronic computer equipment. Mauchly described the 

subsequent events as follows: 

"We wanted to have about a dozen persons with sales and 
business systems background selected and trained . • . 
as a nucleus for an expanding sales program. If this 
had been done, then we would have been ready in 1951, 
when the Census Bureau UNIVAC was in operation and 
others were being made ready for delivery, to capitalize 
on the five-year lead which we then had over IBM. . . . 
However, our plan for training a sales staff at that 
time was brushed aside with one comment--this would be 
entirely too expensive." (DX 7597, pp. 2-3.) 

Mauchly estimated that Remington Rand might have been able 

to sell an additional lS UNIVAC I's (at approximately $1 

million each) if it had spent the $300,000 necessary to.:.: 

implement this training- program--"a quite reasonable price 
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II 

1 !I 
I to pay for the immense lead which this would represent over 

2! I our competitor". (!£.:.~ * 

Remington Rand also failed to retrain its punch 3! 
I 

4 I, card salesmen to market ONIVACs. Instead, Rand set up a 

5 i marketinq force that Mauchly thouqht was neither ·proper" 
! 

6 ! nor "effective" and that was understaffed. (DX 7584, 
i 

7 !'MaUChlY, pp. 27-28.) Moreover, punch card salesmen got 
! 

8 ! no remuneration "if they somehow sold a UNIVAC. Indeed, 

9 i they would lose connnissions if a UNIVAC displaced Remington 

10 11 Rand's unit record equipment. In short, Reminqton Rand's 

11 II punch card machine salesmen were qi ven OI neqa ti ve incentive [s 1 " 

12 II to sell ONIVACs. (DX 7584, Mauchly, pp. 101-03.) A poten-
,: 

13 ,I tially valuable marketing resource was thereby dissipated. 
!I 

14 II 

15 ~ 
16 II 

II 
17 II 
18 :~ 

:j 
19 !l 

II 
:I 
~ I 

20 il 
21 II 

Mauchly testified: 

'~ didn't feel that the Remington Rand management ••• 
had a very good understanding of what kind of a 
business they had acquired and • • • of how to market 
any product 'which might emmanate [sic] from that business, 
nor how to manage the business most effectively so as to 
cause it to answer the needs of a market even if they 
identified that market. 

" 
". • ~- --[Tlhe IBM Company was doing what I would call an 
aggressiv.e"-job, both in marketing and in development of 
the thinq\s\ to market, and I felt that the Remington 
Rand Company was losing a position which Wi.3.S in their 

22 
Ii II __________ _ 

I' 
23 11 * Indeed, after UNIVAC I passed the Census Bureau's 

:1 acceptance test, no advertising campaign took advantge of that 
24 i! fact. Instead, the company took an ad in the Scientific 

ll. American which told (presumably scientific readers) "how 
25 :\ wonderful the UNIVAC I.was for commercial business problems n • 

1, (DX 7584, Mauchly, pp. 99-101; for the advertisement, see 
I, DX 12610.) . 

'I 
II 
I, 
It 
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favot: by being unwilling to do some of th.e t.~ings which 
seemed obvious to us should be done, and sometime [sicJ 
doing things which seemed obvious to us should not be 
done. • • • II ( Id., pp • 97-99 • ) 

John Jones, of the Southern Railway Company, 

added: 

II [T]here was not, in my view and the view of many 
others at that time, a strong marketing effort put on 
by Univac to try and expand and increase this market." 
( Tr. 79 3 4 4 • ) 

8 \1....,,- ___ .JacCJ:uelin~. ~ohnson, President .of computer Generation, 

9 il~~o ;~;k~d'~~univa~ and GE d=ing the 1950s and 19605, testi-

10 II fied that Univac lost its position as industry leader because 

11 !I it "lacked the ability to market the products that it manu-

II· factured It and Itlac~ed the management skills to be able to 
12 II 
13 II implement the prop.er marketing programs II • (DX 3979, Johnson, 

14 \1 pp. 15-16.) 

15 !I Remington Rand's lack of support for education of 

16 I! both its own employees and customers in the application of EDP 
Ii 
i! products led John Mauchly to write in 1955: 

17 'I 
11 

18 ~l 
'I 

nThe immense advantage which Remington Rand had 
over IBM in 1951 has gradually been lost. We are not 
losing the battle of hardware but the battle of appli
cations research and education." (DX 7596, p. 1.) 19

11 

il 
20 ;IMauchly was critical of Remington Rand's efforts to train 

;! 

21 il its own employees and said a "conspicuous difference between 
'I 

22 1: the IBM training plans and those of Remington Rand" had long 
il 

23 II been evident: 

24 II 
it ,I 

25 11 

I. 

!I 
!I 
II 
H 

"IBM has tried to train people in all its branches by 
sending ~~em to their courses at Poughkeepsie along 
with customers. We occasionally have representatives 
from branches attend initial seminars, but so far as : 
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81 , 

know, we have done almost nothing to provide a large 
staff of branch-based people who are familiar with 
UNIVAC applications and able to advise potential 
customers, or help actual customers. We have considered 
this 'too expensive' or 'impractical'. During the last 
few years IBM has made an intensive effort to provide 
not one but several representatives in each of their 
major branches, and they are, in general, requiring 
persons of mathematics or engineering background, 
preferring people with advanced degrees. The IBM branch 
in Philadelphia is hoping to get five or six such people 
for this area. The men already here in Philadelphia 
are competent mathematicians who are able to deal with 
a variety of applications intelligently." (Id., pp. 2-3.) 

i Elsewhere Mauchly elaborated on the theme that Remington Rand 
9 1 

10 I
i was ~l.osing:· . Qu:t_ to. IBM on the broad educational thought It: 

11 II 
II 12 :1 

13 !I 

14 il 
I 
I 

"While we look with a somewhat vacant stare at a mathe
matician ~~d wonder whe~~er or not he would be useful 
to us, IBM is hiring mathematicians and scientists .• 
and giving them 'carte blanche to work on any~~ing ~~ey 
find interesting. When an engineer at MIT does a 
master's thesis on a problem involving engineering" 
computations, IBM hires hLm. We don't even know the 
computational application exists." (DX 7597, p. 7.) 

IS \ Mauchly was also critical of Remington Rand's lack of efforts 

16 1I to. expand the computer market by educating potential customers. 

17 :1 He made the following comments about a speech by IBM's 

18 I! Cuthbert Hurd in approximately 1954: 

19 1\ 
I. 

20 1I 
:1 
:I 

21 il 

" 22!l 

23 !I 
II 

'24 !\ 
!I 

25 ! 
I 
I 
I 
i 
II 
II 
\ . .t 
II 

" [Dr. Hurd said that] IEM recognizes ~~e need for 
them to contribute f~,ds toward educational programs 
in the computer field. • • • 

"He went on to say that universities should be 
trusted to run their training in the best interests 
of all. • •• He spoke against too much pressure 
from the industry for vocational courses and in favor 
of a broad and liberal education. 

n[S]uch words mean nothing if not followed up by 
deeds. However, we know that IBM does follow such 
words by deeds. In fact, through ~~e Watson_?~~~~ti=ic 
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8 
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10 

11 

Computing Bureau, established many years ago, they have 
been practicing long .in advance of this particular 
preaching. • •• I reported to you not so long ago 
the talks now going on between the University of Pen
nsylvania and IBM, aimed at providing better University 
training in l\pplied Mathematics. • • • IBM would not 
expect any specific commitment from the University in 
return. The graduates of this Applied Mathematics 
Department would not be required to do anything for 
IBM. • • • [However,] a greater demand for computing 
equipment and a corps of en~~usiastic exponents for 
enlarging the scope for computing activities would 
automatically be built up. It will make little differ
ence whether all of these graduates insist on using IBM 
equipment. The main thing is to swell the number of 
persons who are not only active in the use of computers I 

but who in turn infect o~~ers with the possibilities of 
application and hence enlarge t..~e computer market. If 
(DX 7597, pp. 17-19; emphasis in original.) 

(ii) Lack of Product Develo~ments. Remington 

12 Rand's failure to commit adequate resources to its computer 

13 busL~ess m~~ifested itself in its slowness in developing new 

14 and improved EDP products. An examp~e of this shortcoming 

15 

16 

17 I 

lsi 
I 

was t..~e delay in producing a successor to the UNIVAC I. 

Soon aft~r first delivery of the UNIVAC I, it 

"became clear to the engineers" that the UNIVAC I would be 

greatly speeded up if it had a faster memory. {J. Jones, 

19 Tr. 79342; DX 7598, pp. 1-2.) Although the UNIVAC I began 

20 to face competitive pressures from IBM computer systems, 

21 Remington Rand felt that it could not spare the resources 

22 neces sary to develop enhancements for the UNIVAC I. Instead, 

23 it directed its efforts toward developing a successor system. 

24 (DX 7598, p. 1.) As described by Jones, "it was a long time 

25 [1957] before the UNIVAC II came out. By t.."la t time already 
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,il 1 more advanced machines were on the market, such as • • .• 

2 initial models of the (IEM] 705 and the 704 ". The 

3 

4 
I 

5 !I 

II 6 I, 
ij 

7 Ii II 

! , 
8 1 

1 

9! 
I 

10 i 
I 

11 '1, 

12 ! 
I 
! 

13 II 
! 

14 [I 

15 II 
II 

16 I! ,. 
./ 

17 II 
" :1 

18 1! 
II 

19 Ii 
20 I! 

11 
Ii 

21 ;1 

!/ 
22 !; 

!I 
'I 

23 :' ,I 
1\ 

24 ii 
i! 

25 

i 

i 

II 
II 
Ii 

"initial year to two-year lead Univac had by having a machine 

that was available and operational before other machines 

began to appear no longer was a lead. • • • I would say 

in my view it was many years before Univac really again 

caught up in the sense of having machines which were of 

comparable power available to the competition." (Tr. 79344.)* 

Richard Bloch believed that by 1953 or 1954, and 

certainly by 1955, technological leadership in the computer 

industry had passed from Sperry Rand to IBM. (Tr. 7742.) 

In addition to a successor for the UNIVAC I, ~~e 

Eckert-Mauchly Division also wanted to produce a small .. 
computer aimed at a larger number of customers. According 

to Mauchly, "a lot of the effort [of] Eckert and others in 

the Philadelphia area was occupied in trying to get a recog-

nition of the fact that smaller computers meeting a larger 

market was a very important endeavor for the Remington 

Rand organization". (DX 7584, Mauchly, p. 55.) Rand's 

management did not strongly support this request. (Id.) 

Rand's hesitation contrasts unfavorably with IBM's decision 

* Henry Forrest similarly testified that the UNIVAC II was 
not "a good cost performance ••• machine. I don't think 
it had the best features of what was required and what was 
sold then in the market ••• [such as IEM's] 700 series 
machines." (DX l3S26, Forrest, p. 95.) 
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11 

1 i! to back the 65·0 even before t.1.e first 701 had been delivered. 
i 2! (See "The IBM 650" above.) 

3 ! In 1956--two years after first delivery of the IBM 
I 

4 i 650--Sperry Rand did deliver a small computer (the File 
I 

5 Computer) about which Mauchly testified: 

6 "[N]O one in Philadelphia had either proposed such 
il a device, or was asked whether such a device should be 

7 il built, but there were elements in the Remington Rand 
~I management who decided that that device was something 
I 8 j that they would like to have for the punch card sales 

" 

people to sell because they were not allowed to sell· 
9 I UNIVAC eq.uj"pment." (DX 7584, Mauchly, p. 62.) 

10 II The File Computer, developed in Minneapolis/St. Paul (id.l, 

11 I ;a; ~~ ~edium-priced magnetic drum machine comparable in 

12 I. general nature to [Electrodata] Datatron 205 and the IBM 650". 
!I 

13 Ii (Withington, Tr. 56479.) According to Withington, the File 
II 

14 i' Computer was a "major product failure" because it was "deficient 

15 II in price performance • • • partly because its primary file 

1611 storage device was • Cal magnetic drum" and "also because 

:1 at least part of its programs ••• had to be on external 
17 :. II. 

il plug boards, which was inconvenient for the users". (Wi ~'ling-
18 d 

I, 

il ton, Tr. 56478-79.) A third shortcoming of the File Computer 
19 ;, 

l! (as well as other Rand computer systems through ~"e mid-
20 i, 

1! 1950s)· was that the tape drives used metal rather than 
21 'I 
22 I(Plastic tape, even ~~ough "it became evident as early as 

_ 111954 or 1955 that the plastic tape was superior". Metal 
2.:) Ii 

II tapes were the only ones available for the File Computer 
24 ;1 

il 
:j through 1958. (Withington, Tr. 56488-89.) Mauchly testified 

25 il 
q 

Il.1 

11 
!I 
'I 
II 
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1 I that Sperry Ra.."'ld received "something like 200 orders" for 

2 /the File Computer. However, it was his belief ~~at there 

3 lcame a time when "they tried to reverse the process, get rid 

4 10f some of these orders· and therefore only about 100 File 
I 

5 Ilcomputers were actually delivered. (DX 7584, Mauchly, p. 

6 :165.) 
711 Sperry's failure to produce new products extended 

ell to so:{~a,re a!:! well as .t,ardware. In 1955 Dr. Mauchly wrote 

9 IconCerninq problems in proqramminq: 

i 
10 II 

11 'I 

12 !I 

13 :1 

! 
14 ! 

j 

15 i 
16 II 

17 il I, 

18 II 
II 

"Before Remington Rand purchased Eckert-Mauchly, a 
considerable fraction of' the programming activities. at 
Eckert-Mauchly were in the nature of research. [*] In 
the early years, it had to be so, because such research 
was necessary for the development of the UNIVAC System. 
Unfortunately, the first attempts at a simplified 
automatic coding system' • • • were 'put aside because of 
the pressure brought about by the need for various 
specific demonstrations to potential customers. The 
partially completed system, known as the short-order
code, has been used by our engineers, but has never 
been properly exploited or provided with a satisfactory 
manual which would enable others to use it easily. For 
five years I have maintained that the completion of the 
original plans would be of great benefit to us." 
(DX 7596, pp. 6-7.) 

(iii) Loss of Key Emplovees. It was widely recog-
II 

19 ilnized in 1954-55 that because of the complexity of the early 

20 !!computers, the "market for computers (was] limited more by 
:1 

21 lithe inability to qet trained people than it [was 1 by the 
22 !, 

II 
23 ,'---------

,I * According to Mauchly, in "the computer business • 
24 !Iresearch is a gamble; but it is a necessary gamble, in order 

i to have any reasonable possibility of keeping ahead of one1s 
25 i competitors". (DX 7596, p. 6.) 

II 

II 
II 
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1 !inability to manufacture the equipment". (OX 7597, p. 10.) 

2 ilYet, ~~roughout the mid-1950s, key Sperry Rand employees 
I 

3 ! were leaving to start their own companies or to go with 

41 competitors or users. According to a 1969 Business Week 
I 

5 I article nheedless budget-cutting, managerial infighting, and 

6 1 a series of wrong-headed decisions forced many of the company's 
.1 

7 ,!key people to leave. Middle management was gutted, competition 
II 

8 1 "stI;.~~gt.l-:l~:q,edf. aIlct .mC!J+Y "Rl;'q~~ing marjl;eting and. pl;'oduct . 
I 

9 I development projects slowed or stopped. II (DX 105.) 

William Norris testified that Sperry's failure to 
10 ! 
11 I' focus its concentration and efforts on the EDP business was 

I 

" one of the reasons he left in 1957 to form CDC. 
12 II 

(Tr. 6010.) 

~13 jlNorris believed that a fi= was more likely to be $uccessful 

: in the computer business if it concentrated its resources in 
14 ! 

Norris had other reasons 15 I ~~at business (as CDC did*) • 

16 !Ifor leaving Sperry as well, arising in part out of the 
,; 

:Ioersistent conflict and lack of coordination among t.l1.e 
17 \,. 

:1 Eckert-Mauchly group in Philadelphia, the ERA group in 
18 II .. 

:!Minneapolis/St. Paul and top management, described more 
19 ji 

,II fully below. 
20 i 

I 

Ii Norris was not alone in leaving Sperry Rand because 

21. II of dissatisfaction with the management of its EDP business. 
22 Ii 

23 11---------------------
il * As described in some detail below, CDC almost immediately 

24 !!began to earn profits and grew rapidly in the EDP business. 
II 

25.!1 
II 
I 

i 
I 
it 

II U _ 
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Describing this period several years later John Lacey (who was 

Vice President for Corporate Development at CDC) wrote: 
i 

3 1 

I 
41 

I 

"The creative and scientific people of ERA who had 
participated in the earliest stages of the development 
of the computer industry and who had such high hopes 
for their own personal and professional futures became 

5 l extremely frustrated. A£ter five years with Remington 
I Rand and Sperry Rand and after giving it every bit of 

6 ! professional and management effort that they could 
II muster during that entire period, Norris, Mullaney, 

7 II Cray, Keye, et al decided to leave Sperry Rand·and 
II started Control Data Corporation." (OX 280, p. 4.) 

8 j Henry Forr'est,"" who "also 'left "Sperry Rand to join CDC, recalled 

9 I, that around this time, people he worked with at Sperry "were 

10 II talking about trying to still seize an opport~~ity in the 

11 1\ computer business, and when I heard th.i,s opportuni ty talked 

l~ ~ about, I express~d interest in it". (OX 13526,- Forrest, .. 
13 il p. 115 • 1 Indeed, he said, the idea of seizing such an 

I 

14 ! opportunity "was a common ~~ought of anybody who was concerned 
I 

15 I about Remington Rand I S lack of forceful position and approach 
I 

16 ;!to the computer business". (~, pp. 115-16.) 
Ii 

The problem of qualified people leaving Sperry 
17 \\ 
18 a Rand's computer business extended to levels beneath top 

:1 
19 ilmanagement. John Mauchly complained about his inability to 

20 [I keep or retain qU~lifie~ people re:ponsible for "pioneer [ing] 

21 !.developments in automat~c progra.mm~ng • envied by [Remington 

22 !i Rand' s 1 competitors". (DX 7595, p. 3.l In 1954 he wrote: 
~~ 11 

~:l 

24 :1 

!! 
25 I 

I 
I 
i 
! 

I 
I 

I 
i 
II 
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" [Slome of the members of [Dr. Hopper's·l staff have 
already left for positions with users of IBM equipment, 
and those of her staff who still remain are now 
expecting attractive offers from outside sources •••• 
The Eckert-Mauchly Division has not, however, been able 
to make offers sufficiently soon enough, or good enough, 
to prevent the depletion of her staff,. because ~~ere is 
no budget allowance in the Eckert-Mauchly Division for 
such personnel." (OX 7595, p. 1; see OX 7584, Mauchly, 
p. 71.) 

On the shortage of qualified ?eople within Remington 
7 II 

:1 Rand, Mauchly wrote in 1955: 
!I 

81 
-, 9, 
i 

10 I 

111 
12 I 

13 !I 

'.00'" .,~." [Il t.,~is-- a well-recognized principle, followed by 
Remington Rand as well as IBM, that expert assistance 
must be given to any customer to ensure that his equip
ment is properly utilized. Remington Rand has been 
rendering such assistance, but its ability to do so has 
been seriously hampered by the lack of well-trained and 
very experienced personnel. Whenever I have been given 
the opportunity to comment, I have stated that the 
Electronic Computer Department has been struggling 
valiantly to do the best job it could wi~~ an extreme 
scarcity of qualified people." (OX 7596, p.2.) 

14 i 
! And: 
I 

15 I 
!t 

16 ~! 
a 
.1 

17 ii 
it 

'. :1 18 !! 

"Our own Electronic Computers Department has keenly 
!elt this problem which has been accentuated because 
some of those who are most experienced. and best able to 
train others have been absorbed by companies who have 
bought UNIVAC Systems and need topnotch people to 
ensure efficient operation." (OX 7597, p. 1.) 

19 ilMauchly felt that persons in his division were not adequately 

20 
ilcompe~sated and that Sperry's salaries were low compared to 

21 11---------
Ii • Dr. Grace Hopper headed a group working on automatic 

22 ,!coding and program compiling techniques in the Engineering 
23 I:Depar~~ent of the Eckert-Mauchly Laboratories. (OX 7597, 

II p. 8.) She had a "world reputation" for her work. (Id. , 
24 !IP. 9.) She is now a captain in the United States Navy. 

ii (J. Jones, Tr. 79342.) 

25 ii 
!I 
i, 
It 

-I I, 
ii 
'I 
!/ 

II 
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I 

41 
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I 

I 
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"industry standards", making it difficult to recruit and 

keep personnel. (OX 7584, Mauchly, pp. 71-73, 112-113; OX 7597, 

pp. 9-10.) 

b. Conflict Among Remington/Sperry Rand's 

Oivisions. Throughout the 1950s Sperry Rand did not integrate 

its two principal computer efforts (i.e., Eckert-Mauchly and 

ERA).* They both att~~pted to pursue the sa~e areas and 

develop similar products. (OX 280, pp. 3-4.) It also resulted 
~. -po ::- ... ".~ - .... . --

in unnecessary duplication of research, engineering, product 

development, manufacturing and marketing expenditures which, 

in turn, raised EDP's demands on the corporation's financial 

and technical resources. (See DX 8; DX 7584, Mauchly, 

pp. 18-23.) Mauchly testified about the lack of interaction 

between Sperry's Philadelphia and Minneapolis computer 

groups: 

n [F] ron· our point of view . • • we would have 
helped them more than they could have helped us, but 
I'm afraid they had the same type point of view. They 
••• didn't want to pay much attention to what we had 
to say." (OX 7584, Mauchly, p. 21.) 

The effort at integration was "not as effective as it 

should have been". (Id., p. 19.) As Ma'Uch1y testified: . 

\\ .................... , 

\ '. 
~ \, 

* Sperry Rand actually had three competing cent~r~ of 
computer development. The third, based at Norwalk, Connecticut, 
was an outgrowth of Remington Rand's business machine 
operations. (DX 7584, Mauch1y, pp. 16-17, 23: OX 280, o. 3.) 
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I 

: "Well, Eckert and I and other oeoole in the Phila-
2 I delphia Division made some trips to-Mi~neapolis, and 

I people from Minneapolis and/or Saint Paul came to 
3 I Philadelphia, but the information exchanged was not as 

I great as it could have been, and the use that was made 
4 I 0 f the information was pretty minimal." ( Id., p. 20.) 

I 

5. I Norris described the situation leading up to his 1957 depar
I 

6 I ture as follows: 
II 

7 II 
I 
I 

81 

ItI left Sperry-Rand because of turmoil. This tur
moil was made up of confusion, indecision, conflicting 
orders, organization line breaches, constant organiza
tional change, fighting and unbridled competition 
between divisions." (DX 272, p. 2; see Norris, Tr. 
5707-09.) 

91 
10 I 

I
I And Lacey added: 

11 

12 
i 
I. 
;! 

13 II 
II 
II 

14 II 
I' 

15 II 
16 il 

lj 

17 Ii 
II 

18 il 
11 

19 il 

"Rand now had three laboratories in Norwalk, Philadelphia 
and St. Paul all attempting, essentially, to pursue the 
same markets and develop similar products .•.• And 
throughout the years 1953, 1954 and part of 1955 the 
whole activity with respect to computing in Reming~on 
Rand was extremely uncoordinated. 

"During this period Eckert-Mauchly developed the Univac 
I and Univac II Computers. The Norwalk Laboratories 
while they· competed heavily !or the necessary financial 
resources, were not very successful in producing computer 
products. Constant battles ensued between Philadelphia 
and St. Paul and these were never really adequately 
solved." (DX 280, p. 3.) 

Sperry Rand's "political" battles continued even 
~ I 

20 II after Norris and his associates left to form CDC. Indeed, 

21 !!ECkert believed that as late as 1963 "different diverse 

22 " ilgroups of Univac act(ing] to protect their own political 

23 Ilinterestsn prevented UNIVAC from developing its product line 

24 II. 1 ) ii effect~vely. (DX 10, p. • 

25 'j!!1 The evidence in this case offers overwhelming 

II support for the conclusion t...~at Sper=y Rand lost its ea=2~y 
iI 
II 
I' 

II 
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1 preeminent position in the EDP market because of repeated 

2 managerial hesitation and incompetence. In describing this 

3 t period of Sperry's EDP history, it has been said that Sperry 

4! ·sna.tched defeat from the jaws of victory". (DX lOS (a 
!I 

5 il Business Week article dated November 22, 1969); see also 

6 il:, McDonald, Tr. 3813; J. Jones, Tr. 79339-44.) The performance 
'I . 

7 I! of IBM's management was superlative in comparison to the 
~ . 

8 !I manage.tnent_. of .. Sperry .. " Rand.... ..--." ,-.. ~--~. -.- ,- - . 

9 !I 

10 II 

11 II 
1I 

12 !l 
13 II 
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I 
I 

!I 
1 ;1 18 • Other Companies. The =ecord of this case 

"'\ 2 i establishes tha t the extent and depth of IBM's cornmi bent to t.~e 

3! EDP business was unique in the mid-1950s. For example, as des-
i 

4 I cribed in more detail below: 

5 

6 

I' , 

iI 
7 II \, 

:! 

(a) Honeywell's Datarnatic Division designed and 

delivered only one computer system prior to 1958, t.~e D-IOOO. 

It produced and marketed approximately 10 of these systems. 

.8 i .. _.~. __ -... ',,~., ~ ~ (_b);. _ .~;:~_neral Electric had only one major involvement in 
. I 

t 

9! 
I 

10 Ii 

11 I 
h 

12 II 
.1 
II 

13 il 
:1 

14 :: 
:1 
'I 

15 :1 
!I 

16 ;! 
'I 
:1 

17 II 
18 Il 

:,.1, 19 
ti 

20 II 
\ ""', 1! 

,21 :1 
" I' 
'. ii 

, 22 ;; 
\I 

23 I! 
II 

24 II 
'I 
!! 

25 ;, 
i 
i 
! 
i 
I! 
ij 

Ii 
II 

the EDP business prior to 1960--ERMA, commissioned in 1956 by 

the Bank of America to perform a variety of retail bankina 

applications. GE itself recognized late~ that it failed to 

capitalize on its ER~ ~xperience. 

(c) NCR acquired CRC in 1953 but failed to deliver a 

new computer system between 1954 and 1959. 

(d) RCA's first digital computer, the BIZMAC, was 

commissioned by the Army and first delivered in 1956, RCA 

installed only six BIZ~~Cs and did not deliver another 

computer system until 1959. 

(e) Philco delivered several one-of-a-kind com~uter 

systems during 1955-57 but failed to announce a commercial 

computer until 1958. 

(f) Burroughs acquired Electrodata in 1956 and by 1957 

cumulative installations of Burroughs' small E-101 and the 

Datatron 205 computer system (comparable to the IBM 650) 

approximated 200. In addition, Burroughs developed its 
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capacity to produce several computer systems for the militarv. 

(g) Bendix built only two commercially available com

puter models, the G-1S an~ G-20, in ~~e 1950s and 1960s. Its 

computer business was acquired by CDC in 1963. 

With the exception of IBM and Ra~ington/Soerry 

Rand, the preceding companies were the most active manufac-

turers and vendors of commercial computer systems in the mid-

19505. The brief sketches suffice to establish ~~at as of 

1957 none had made a commitment to EDP that ca~e even close 

to approaching the commitment made by IBM. 
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1 IV . TE SECOND GENERATION 

2 
I 

31 
I 
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19. STRETCH. In the early 1950s !~~ had undertaken 

projects to develop advanced computers at the request of the 

federal government. SAGE was one such project; another had been 

NaRC, a one-of-a-kind vacuum tube computer which, when it was 

delivered in Nova~er 1954-to the Naval Ordnance Research Depart-

ment, was the most powerful computer in the world. (Hurd, Tr. 

86385-86, Case, T.~". 72255.--:.5.6; DX 7257, Walker, pp. 15-16.) At the 
. "' .... ';.. ......... ~ ~,~ ': .. ~ ~.. -.. . _.. .. ..- - .. 

NaRC dedication ceremonies in December 1954, Dr. John von Neumann 

gave a speech describing the importance of NaRC and efforts like 

it to build the most advanced computer possible: 

"The last thing I want to mention can be said in 
a few words, but it is nonetheless very L~portant. It 
is this: In planning new compu~ing machines, in fact, 
in planning anything new, in trying to enlarge the 
number of parameters with which one can work, it is 
customary and very proper to consider what the demand 
is, what the price is, whether it will be more profit
able to do it in a bold way or in a cautious way, and 
so on. This type of consideration is certainly 
necessary. Things would very quickly go to pieces if 
these rules were not observed in ninety-nine cases 
out of a hundred. 

"It is very important, however, that there should 
be one case in a hundred where it is done differently 
and where one uses the definition of terms that Mr. 
Havens quoted a little while ago. That is, to do 
sometLmes what the United States Navy did in this case, 
and what IBM did in this case: to write specifications 
simply calling for the most advanced machine which is 
possible in the present state of the art. I hope that 
this will be done again soon and that it will never be 
forgotten."* 

* We recognize that Dr. von Ne~~ann's speech was not =eceived 
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1 I In 1954 the Atomic Energy Commission's Lawrence Livermore 

2 Laboratory requested bids to build ano~~er advanced, high-speed 

3. computer. (Dunwell, Tr. 85528-29, 85555.) IEM was interested in 
I 

4 I Livermore's request because it wanted to develop a computer which 
I, 

5 I would n stretch the technology and the skills of the IBM company". 
I 

6:, (Brooks, Tr. 22717.) IBM and Remington Rand were ~~e only firms 

" 
7 II to submit proposals .to Livermore. The Remington Rand proposal was 

,I 8 chosen, pr~arily because of its early delivery date. (Dunwell, 

Tr. 85528-29, 85555.) To satisfy this contract, Remington Rand 

ultimately built and delivered its LARC computer. (Fernbach, Tr. 

509-10.)* 

In 1955, the AEC's Los Alamos Laboratory also expressed. 

an interest in acquiring a high-speed computer. IBM responded by 

bidding essentially ·the same computer it had previously proposed to 

Livermore. This time, in November 1956, its proposal was accepted. 

The contract called for IBM and Los Alamos to share in ~~e design 

of the computer, which became known as STRETCH, and subsequently 

was renamed the IBM 7030. (Dunwell, Tr. 85530-31; Hurd, Tr. 

86386-87; see also Fernbach, Tr. 509-10.) 

in evidence in this case. Typed and printed copies were marked as 
DX 8989 and 8963, respectively, and were offered but not received. 
We nonetheless rely on the speech because it is a contemporaneous 
statement by a respected pioneer of the computer business who was 
familiar with.the NORC project. (See also Case, Tr. 72255-56; 
Hurd, Tr. 86601-02.) 

* Ironically, LARC was delivered 27 months late. (Ecke.:::t, Tr. 
974; Plaintiff's Admissions, Set IV, ~r 53.4, 82.0(d).) 
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IBM's goal in designing STRETCH was to "stretch" the 

state of the art, to produce ~~e best computer possible with the 

technology and knowledge then available, and "to build the fastest 

possible machine". (Case, Tr. 7459liOunwell, Tr. 85736; Hurd, 

Tr. 86387.) According to Ounwell, the STRETCH design team worked 

"against the abilities of the IBM Corporation [and] against the 

abilities of technology" (Tr. 85736): 

"The STRETCH Project involved exploring the unknown and 
rethinking and redesigning a~ost every aspect of earlier 
IBM computer systems." (Tr. 85536-37.) 

Among the STRETCH project's specific objectives which had never 

before been achieved in a general purpose computer were: (a) to 

offer performance 100 times faster than IBM's then most powerful 

commercial computer, the i04;* r.b) to be equally capable at both 

data manipulation and computation; (c) to use transistors rather 

than vacuum tubes;** and (d) to utilize computer-aided design as a 

development tool. (Hurd, Tr. 86388-90.) 

* Dunwell testified that though IBM had established the goal to 
improve computer performance one hundredfold, it "had chosen this as 
a round number, not knowing whether the result would prove to be 
somewhat less or somewhat more. Our goal related only to the speed 
with which given problems could be solved . • • not merely arith
metic speed." (Tr. 85538.) 

** Shockley, Bardeen and Brattain of Bell Telephone Laboratories 
invented the transistor in 1947-48. For their accomplishment, 
they received the 1952 Nobel Prize in Physics. 

Bendix, Fairchild, GE, General Transistor, IBM, Motorola, 
Pacific Semiconductor, Philco, RCA, Raytheon, Texas Instruments, 
Transistron and Westinghouse were among the early companies that 
licensed Bell's transistor patents. (Fernbach, Tr. 469-70; Case, 
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The shift from vacuum tubes to transistors marked ~~e 

beginning of the "second generation" of computer products. (Fern-

bach, Tr. 459; Case, Tr. 72244-45, 72281; Sart, Tr. 80224; E. Bloch, 

Tr. 91480-82: Plaintiff's Admissions, ·Set II, ~'r 807, 809.) This 

transition was expected to be especially di:ficult because engineers 

would be forced to redirect their thinking away from the more 

traditional vacuum tube technology. (Dunwell, Tr. 85536.)* Never-

theless, IBM (along with several other companies at about the sarne 

time) thought it was essential to make the switch to transistors 

because, according to Dunwell: 

"[T]he development of vacuum tube machines [had been 
carried] about as far as it could go •••. [L]arger and 
more complex machines were required for the solution of 
the problems presented to IBM-by its customers, but .•• 
those machines could not be built at a cost that was 
acceptable to those customers using vacuum tube machines. 
• • • IBM laboratory leaders • • • recognized that ~~e 
transistor was faster, smaller, used less power, avoided 
cooling problems, was more reliable and was inherently 
less costly. It was evident to me that a transistor 
machine would be physically different in every way from 

Tr. 72258: E. Bloch, Tr. 91485-86.) Nevertheless, a great deal of 
work remained to be done before transistors could be used in computer 
equipment. As Bloch testified: 

"By 1953 transistors had been used in hearing aids 
and radios, but not in EDP equipment. The work necessary 
to design transistor circuits to perform the switching 
·function previously performed by vacuum tubes had not been 
done, nor were transistors then capable of being suitably 
packaged and produced in quantity at a low enough cost and 
high enough reliability to make them a cost-effective sub
stitute for vacuum tubes." (Tr.·9l485.) 

* Indeed, IBM ultimately prohibited its engineers from coing any 
work with vacuum tubes, instructing them to use transistor technology 
exclusively. (Dunwell, Tr. 85528-50; E. Bloch, Tr. 91889.) . 
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early vacuum machines." (Tr. 85527; see also Fernbach, 
Tr. 470-71; E. Bloch, Tr. 91482, 91678-80; Plaintiff's -
Admissions, Set II, ~ 809.3, 809.4.) 

IBM recognized that the "cost of' developing transistor technology 

4 would be enormous". (Dunwell, Tr. 85527.) It chose to enter into 
I 

5 I contracts with Los Alamos and the National Security Agency in part 
I 

! 6 i to receive some independent financing for these high costs and in 
i 

7 ;1 part to work with a partner who would help "define the character-

II 8 i istics for a high-speed general purpose computer based on the 

9 I problems which that partner wished to solve."* (Hurd, Tr. 86387; 

I 10 ;1 see Dunwell, Tr. 85527-28.) In fact, as c.1iscussed below, STRETCH 
Ij 

11 II did "set the standard" for IBM's transistorized 7000 series of 

II 12 1! computers announced beginning in late 1958 as well as contribute 

13 Ii to the 36,0 family' of 'computers announced in 1964 (as will be 
il 

14 11 discussed later in more detail). 

15 il IBM accepted significant risks when it signed the STRETCH 

;1 contract. Specifically, the Los Alamos contract was for only $3.5 16 It 

:i million whereas the projected engineering cost of STRETCH was $15 
17 Ii 
18 :1 million and the estimated cost of building the first STRETCH 

19 :1 machine was an additional $4.5 million. (Hurd, Tr. 86630.) IBM 
II 

20 ;1 senior management initially objected to the idea of making STRETCH 
II 
;1 
ii 21 '! ____________________ _ 
i. 
II I: 22 II * The NSA wanted a computer to perform large-scale cryptography 
1; applications. (Hurd, Tr. 86388.) After completing work on an NSA 

23 ;, contract to develop computer components, IBM received a contract 
" for a STRETCH system that also included two one-of-a-ki~d devices 

24 ;\ labelled Harvest and Tractor. (Dunwell, Tr. 85535-36., 85656-57; 
;! DX 8924.) The NSA's STRETCH computer system was installed in 1961 

25 ~i or 1962. (Hurd, Tr. 86388; see Dunwell, Tr. 85939.) 
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for Los Alamos at a $3.5 million price. Hurd obtained au~~oriza-

tion to proceed after pointing out ~~at: 

"Livermore had entered into a contract with Univac • • • 
for ••• LARC and that machine, although in rtrj opinion 
[it] would not be as powerful as STRETCH, was priced at 
$3-1/2 million •. And I thought it would be extremely 
difficult, since Livermore and Los Alamos were two 
sister laboratories within the AEC, to obtain much more 
than the $3-1/2 million and [I] also reminded [IBM 
manag~~ent] that under [an] agreement given before[,] 
I had had preliminary [discussions] with Los Alamos about 
the $3-1/2 million." (Tr. 86632.) 

Hurd favored acceptance of this contract because he believed that 

if STRETCH could be produced successfully, IBM would be able to 

sell between 20 and 30 machines. (Tr. 86631.) 

IBM delivered its first STRETCH co~puter system to Los 

Alamos in April 1961. (Dunwell, Tr. 85537.) STRETCH was subject 

to various types ot criticism after it was first delivered. For 

example, some IBM employees thought the machine failed to meet its 

design goals (Dunwell, Tr. 85555-56) and IBM even cut the contract . 
price in half for that reason. (Fernbach, Tr. 510-11.) In par-

ticular, there was dispute as to whether STRETCH was actually 100 

times faster than the IBM 704. (Hurd, Tr. 86390; 86642-51.) * 

Another criticism of STRETCH from within IBM was that it 

cost too much to build. (Dunwell, Tr. 85555-56.) STRETCH, in 

* Dunwell, however, testified that STRETCH did meet its per
formance goal. He testified that critics misunderstood the goal 
because they focused on the arithmetic speed of the CPU rather 
~~an upon the speed at which problems could actually be solved 
on a STRETCH computer system. (Dunwell, Tr. 85552, 85740-45, 
85797-99, 85883-86.) In 1966, at an IBM Awards Dinner, Thomas 
J. Watson, Jr. apologized to Mr. Dunwell for earlier criticisms 
of STRETCH. (Tr. 85831-33.) 
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1 11 1959, was estimated to have cost $25.4 million to develop and one 

2 II source suggests ~~at IBM's financial losses totaled $40.7 million. 
I 

3! (DX 4767, pp. 31, 33; PX 5942.) Such losses appear to -have arisen 
I 
I 

4 I in part from the fact that: 
I 

5 i 
I 
I 6, 
I 

7 II 
!I 
I 

8; 
I 

91 
10 i 

111 
I 

"IBM was developing componentry ~~at had not previously 
been used in IBM computers, and at the same t~e IBM 
was developing a system design that was different from 
those of earlier IBM computers. Good system design 
requires a thorough knowledge of the components which 
will be used. . • • As [the STRETCH] engineers • • • 
got into the STRETCH system design [they realized] that 
the performance of the transistor components would fall 
below [their] expectations. That was eventually 
overcome by modifications to the system design, but 
those modifications made the system_design more complex 
than had originally been anticipated. II (Dunwell, Tr. 
85550. ) 

12 I According to Withington, STRETCH taught the c.omputer industry that 
I 

13 il the complexity of components "was becoming so great as the computers 

14 II evolved that it was necessary to be more cautious than had been 

15 !I necessary in earlier years in designing and delivering complex 

16 ! central processing units". (Tr. 56464-65.) 
I: 

Despite these criticisms, there is no dispute that STRETCH 
17 II 
18 ilwas responsible for many advances in the state of the art of com-

19 i!puter technology. Fernbach testified: 
II 

20 jl. 
II 
;1 

21 I! 
ii 
I' 

22 ij 

23 [I 
I, 
.1 

24 :i 
:1 

25 j;H. 
i 
I 
I 

I 

"It was highly parallel in structure, in architecture, 
so that many operations could be performed simultaneously, 
thus speeding up the machine. . 

"It set a standard for the entire 7000 series of 
computers for memory. It had a disk that was extra
ordinary, that was a very high performance disk drive. 
The peripherals were far advanced over what had been 
available at that time." (Tr. 515-16.) 

Brown testified that: 
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1 II "STRETCH is one of the most capable and reliable 
i machines that I have ever had t..1.e eXperience to work on." 

2 I (Tr. 82970; see also Dunwell, Tr. 85741-43.) 
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IBM reaped substantial technological fallout from STRETCH in terms 

of bo~~ how to organize large-scale machines and how.todevelop 

components and incorporate new manufacturing .techniques. (Case, 

Tr. 73606-08; Dunwe.ll, Tr. 85539-49, .85894; Hurd, Tr. 86592-96; 

E. Bloch, Tr. 91485-89; DX 31.71.) Among STRETCH developments 

incorporated subsequently in IBM's second generation computer 

systems were SMS component technology, printed circuit cards, and 

~proved back panel wiring. Erich Bloch, Vice President of the 

Data Systems Division and General Manager of IBM's East Fishkill 

plant, described IBM's efforts to understand and manufacture. 

semiconductor components in considerable detail. IBM worked not 

14 1 only "to understand semiconductor technologies • • • but also to 
I 

15 II' tool for the manufacture of these devices If in order to improve the 

16 !I reliability and reduce the costs of what "was at that time a novel 

ii technology": 
17 il 

18 11 
i! 
:1 
il 

19 II 

" 20 !I 
;! 
" 

21 i! 
22 i! 

'I 
II 

2~ :, 
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24 :: 
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25 11 

11 

II 
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"Second-generation EDP equipment manufactured by 
IBM utilized packaging for discrete components (i.e., 
transistors, diodes, resistors and capacitors) called 
Standard !1od1.l1ar Systems ("SMS"). A complete circuit' 
consisted of discrete componerits packaged together on 
standardized cards (lfSMS cards"). SMS cards were manu
factured by IBM in a standard size and had printed 
circuit patterns on which the discrete components were 
mounted. • . • 

"SMS packaging was • • . designed at IBM. • • • 
Discrete component packaging available from other 
supp~iers • • • at the time was not as satisfactory 
because it had not been optimized for use in EDP equip
ment. EDP equipment required higher reliability than 
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consu.'1ler products using similar or .t.~e same components. 
It required a high rate of production with exact 
replication and tolerances .••• 

"Among the improvements which resulted from IBM's 
development and use of SMS packaqing were in ~~e areas 
of uniformity, reliability, serviceability and ease of 
manufacture. Uniformity of SMS components resulted in 
savings in engineering design, recordkeeping, cost of 
purchased and manuf'actured components and cost of 
stocking spare parts. Reliability improvements resulted 
from controlling ~~e manufacturing process for individual 
SMS circuits, t~e manufacturing process of assembly and 
the precise use of ~~e components. Serviceability 
improvements came about because service personnel were 
able to 'b~come familiar quickly with the limited number 
of SMS circuits~ During the period 1957 to 1960, IBM's 
SMS innovations in automation of manufacture included 
the ability to put printed wiring on ~~e circuit card 
(fully automated by photograph and chemical process 
steps), automatically to insert components into holes 
in the card, automatically to solder components to 
printed wiring (by passing t.~e card over molten solder) 
and automatically to interconnect socket pins on back 
panels (by the then recently developed Bell Labora
tories technique k..."'lown as wire-wrap) ." (Tr. 91485-89; 
see also Case, Tr. 72268-69; Hurd, Tr. 86394, 86594-98.) 

In addition to improved componentry STRETCH contained 

architectural features which were forerunners of featll:as incluced 

, in the System 360--8-bit byte, emphasis on alphabetic characters, 
li 

13 

19 

20 

21 

22 

23 

25 

a co~~ination of decimal and binary arithmetic, the coobinacion of 

fixed and variable word length operation', a common met!1od, of 

attaching peripherals, and advances in magnetic tape recording and 
\' .... 

\ 

handling tecnnology.* (Case, Tr .• 73606-08.) 

* Indeed, STRETCH proved that the artificial distinction 
between "scientific" and "co~'"Ilercialn cooputers no longer needed 
to be oer~etuated, thus clearing the wav for t~e 360. (Case, Tr. 
74591;-Dunwell, Tr. 85545; Hurd, Tr. 36394, 86408, 86648-49, 
87986-8i.) For a discussion of ~~e tecb~oloqical in~ova-
tions introduced ~it~ ST~ETCH, i~cl~ding cany which were 
later incorporated in System 360, see Dunwell, Tr. 85539-49: 
DX 3171; DX 4767. 
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1 Many of IBM's engineering/scientLfic employees believed 

2 that the fallout from STRETCH was of far greater value than any 

3 financial loss. (Gibson, Tr. 22593; Case, Tr. 73606-08; Dunwell, 

4 I 'I'r. 85549-50, 85791-92; 'Hurd, Tr. 86595-98; JX 10, p. 2.) In 
I 
i 

5 I addition, Joseph Smagorinsky, Director of the National Oceano-
I 
I 

6 : graphic and Atmospheric Administration's Geophysical Fluid Dynamics 
II 

7 !! Laboratory, testified to the value of STRETCH's technological 

8! fallout: 

91 
10 II 

11 II 

1211 
I, 

13 I! 
,. II 

14 !I 

"0 

"A 

"IBM has been screaming that they lost money on 
STRETCH, but that is a downright lie •••• Yes, 
here's an example of where if IBM does cost account
ing on the STRETCH itself they are absolutely right. 
If they do cost accounting across the company and 
learn what STRETCH did for .them on other parts of 
their line which were money-makers--

You're saying that STRETCH was not a loser because 
if you view it realistically, the technologic~l 
fallout was so beneficial to IBM that it was a 
winner? 

Yes. " (DX 5423, Smagorinsky, p. 94) 
15

11 

16 :1 
Ii Smagorinsky added that the 7090 and the 1400 series came completely 

17 I' "Even the very low part of the [IBM] line benefited 
18 1,1" from STRETCH: 

from STRETCH technology." (!£., p. 94) 
Ii 

19 Ii 
" 1\ 20 ;1 
ii 

21 il 
i ~ 
II 

22 il 
23 ii 
24 ;! 

!I 
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20. IBM's Second Generation Commercially Available 

Computer Systems. By the late 1950s, IBM and its competitors i~tro-

duced their second generation, or transistorized, computers. 

Norris claimed t.~at the CDC 1604 was t.i.e "first solid-

state, large-scale computer" when it was announced in April, 1958.* 

(Norris, Tr. 5608, 5611, 5916; see also Fernbach, Tr. 471; JX 24.) 

Philco ~~o~~ced a large-scale transistorized computer, the TRANSAC 

2000, in 1958, which it claimed was t.~e first transistorized com-

puter. (OX 13683, p. 13; see also Fernbach, Tr. 471.) RCA announced 

its transistorized 501 computer system in December, 1958 (which was 

also claimed to be the "first completely transistorized" computer 

(PX 343, p. 1), followed by the 301 and'the 601 in 1960. (?X 344A.) 

NCR annou..Tlced its 304, (manufactured by GE), which Hangen called t.'1e 

"industry's first all-solid-state system". (OX 372, ? 2; see Weil, 

Tr. 7172-73.) Honeywell announced its transistorized M-800 

computer system in late 1958, followed by its smaller 400 in 

1960. (OX 13674, pp. 10-11.) 

These machines rapidly replaced vacuum tube machines. As 

19 .1 Wi thing-ton testified, the Burroughs Datatron 220, "the last vacuum 

20 , 
~ 

21 

22 
" 

23 : ~ ., 

,..'" ,~ 

25 

tube computer ever announced", "came to a sudden and permanent end" 

with the introduction of transistorized computers, which offered 

* Norris agreed, however, ~~at IEM delivered its 7090 
transistorized computer prior to first delivery of t.~e 1604. 
('=r. 5737, 5923.) 
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"sharply superior" price/performance.* (Withington, Tr. 55918, 

56500; see also Case, Tr. 72258, 72261.) 

a. IBM's 7000 Series. The 7070 and 7090, annSlunced in 

September and December 1958, respectively, were IBM's first second 

generation computers. (DX 571-A; DX 572-A.) 

The 7090 was initially developed in response to an Air 

Force request for computers to be used in the DEWLINE air defense 

system. (Dunwell, Tr. 85536; Hurd., Tr. 86394-95.) Four 7090s were 

delivered to the Air Force in November and December, 1959 (Hurd, Tr. 

86395; see also Plaintiff's Admissions, -Set II, ,r 838.1), making the 

7090 the first large transistorized computer system to be delivered 

commercially. (Norris, Tr. 5737.) 

The 7090 "became the vehicle by which the comp.onent::y of 

the STRETCH system [including transistors, circuits, pluggable 

units, cards, frames, power supplies an~ memories] became a part of 

* In March 1963 the General Accounting Office noted in a report 
to Congress that: 

"Transistors are but a fraction of the size of vacuum tubes, 
require less power, generate less heat, and are generally 
more reliable. The diminutive size of transistors has led 
to miniaturization of circuitry so that whole circuits can 
be placed on small card forms. In contrast to the vacuum 
tube systems, the solid-state systems are more compact, 
require less floor space and reinforced flooring, require 
less special power and air-conditioning facilities, are 
more easily maintained, and operate at faster speeds and 
with greater versatility. Today, suppliers offer a broad 
range of solid-state equipment that can be applied to many 
operations throughout Goverr~ent, as well as business and 
industry." (DX 7566, pp. 10-11.) 
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the IEM product line". In fact, most of the components used in the 

first 7090s came directly from the supply of parts being collected 

to produce the first STRETCH, and engineers wo~king on STRETCH we~e 

diverted to the 7090 development program. (D~~well, Tr. 85536; 

Hurd, Tr. 86395; see also E. Bloch, Tr. 91682, 91862.) 

Indeed, Smagorinsky stated that the 7090 carne completely from 

STRETCH technology. (OX 5423, p. 94.) 

The 7090 used the system design of ~~e 709 and was ?rogr~~ 

compatible with it (and also had a compatibility feature for 704 

programs) . (Hart, Tr~ 81935; Dunwell, Tr. 85536; DX 572-A, p. 1.) 

It offered five times ~~e computing speed of the 709, eight I/O 

d~ta channels, automatic priority processing, new high speed core 

13 l! storage and FORTR.?ili. 
I 

(DX 572-A.) Because of these L~provements, 

14 :!. the 709 was rendered obsolete almost immediately. * 
d 

(Wit!"lington, Tr. 

15 11 
ij 
iI 

18 :1 

56465-66.) 

Beard, who (at RCA) was involved in evaluating computer 

systems for use in BMEWS ("Ballistic Missile Early ~var:ling Syster:1") 

described the 7090 as "a leading scientific computer", anc "very 

I 
I 
I 
I 

I 
I 

.. ! 

I 

I 
I 
i , 
I 
i 

I 
1 
I 

i 
19' successful", and the 7090 was in fact used in 3~.EWS. (Tr. 8450, I 

8709 ; ! 

20 see Weil, Tr. 7026-27.) The 7090, however, was not limited to 

21 "scientific" applications. For example, in 1963 &~erican Airlines 

23 

24 

* !n discussing IEM's second genera~ion computer systems, 
,; Withington "..;as asked: "What happens ... in the compute::- industry 

if a rnanu!acturer does not supersece.existing procucts wi~~ new 
;1 ones i~corporating later technology:" He replied: "He will :ail 

~o att=ac~ new custome~s and, af~e::- a while, will slowly lose his 
ex i s t i:1 g 0 n e s. " ( T r. 5 6 5 2 2 • ) 
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1 ! used two 7090s to implement the first airline on-line passenger name 
I 

2 I reservation system (developed jointly by IBM and American Airlines) • 
I 

31 (Welke, Tr. 17314; Case, Tr. 73278-79;. 0 'Neill, Tr. 76005-08; DX 

4 I 4109: Welch, 'h". (Telex) 2921;) ~ding to' O'Neill, t.;at,~, called 
I 

5 I SABRE (" Semi-Automatic Business Research Environment"), was one of 
I , 

6 1 the first real time commercial applications, with terminals spread 
,I 
II 

7 jlacross the nation, and because of this "the term SABRE became generic 

S I with ~ • • real time processing".* (Tr. 76005-06; see Crago, Tr. 
I 
I 

9 186152.) Development of SABRE was a "very extensive effort", involv-

10 !Iing an estimated 1000 man-years, in whicn both American Airlines and 

11 II IBM played "major roles". (0 'Neill Tr. 76005-08, 76231, 76776.) 
[I 

12 li Somet~e thereafter. Pan Am (with IBM) developed a similar system 

"'13 Ii utilizing an IBM 7080 and, later, Delta Airlines (also with IBM) 

II . 
'4 ;1 developed a system using IBM 7074s. (O'Neill, Tr. 76007; see DX 
• 'I 

15 II 5154:· Heinznan, Tr • lTelex) 3343-47.) Sl\BRE was based in significant part 

16 !! on SAGE (the first large real-time system) and had many characteristic 

17 II in common with it. 

18 ;1 ----------------------

(Hurd, Tr. 86537-40; see Crago, T=. 86152-53.)** 

II 19:, * Welke characterized SABRE as "one of t..~e great undertakings of 
'I mankind". (Tr. 17313.) Portions of it are today in the Smithsonian 

20 I Institute. (O'Neill, Tr. 76007-08.) 
I 
! 

21 jl ** "(SABRE and SAGE] were analogous in the sense that each 
Ii one of them used remote terminals and each of them used tele-

22 ;1 phone wires to communicate from those remote terminals to the 
il central processor which did its processing and then sent back 

23 'I the results over the telephone wires." (Crago, Tr. 86152 i 
l Hurd, Tr. 86537-39.) 

24 i 
II Bot.~ systems had a general systems design referred to as "Command 

25 and Control" I and the software used in SABRE was s Lrnilar to that 
I used in SAGE. (Hurd, Tr. 86537-38.) 
i 

II 

II 
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The IBM 7070 was the second IEM second generation computeri 

system to be delivered. It offered both variable and fixed-word . I 
logic as well as automatic floating decima~ arithmetic. (OX 57l-A.)! 

Like ~~e 7090, it used STRETCH components. (Ounwell, Tr. 85894.) 

The 7070 was considered to be "business oriented". 

(Withington, Tr. 56500.) The IEM 7074, announced in 

1960, was an improvement over the 7070. Compared to the 7070, the 

7074 had six times faster internal processing speeds, two times 

faster through-put for most applications, and ten to twenty times 

faster scientific computing. The 7074- was a truly modular system 

and offered complete compatibility. Every applied program w=it~en 

I 
I 

I 
I 

I 
i 

for a 7070 could be used on a 7074 wit~out reprogrammi~g and without: 
! 

loss of efficiency. (OX 4769,. p. 1.) 

IBM also introduced the 1080 (delivered in 1961), a 

transistorized version of the 70S and compatible with it, and the 

7040 and 7044 (delivered in 1963). (Norris, Tr. 5923-24; J. Jones, 

Tr. 78804-05, 79625J The 7080, like its predecessor'the 705, was 

thought to have a business orientation, whereas the 7040 and 7044 

were thought to have a scientific orientation. (Case, Tr. 73276, 

73282.) Nevertheless, the 7080 was sometL~es used for scientific or: 

engineering applications (Case, Tr. 73282, 73327), and the 7040 and 

7044 were sometimes used for business applications, in part because 

of their excellent COBOL compiler, which Jones labeled "the best 

COBOL compiler, that was available at t~at time".* (J. Jones, Tr. 

* The development of COBOL, a business-oriented higher level pro
gramming language, was discussed above at pages 89-90. 
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1;1 78982.) Case testified that several customers used the 7040 and 

2 11 7044 for "no purpose other than business or [commercial] ••• 
I 3! computing." (Case, Tr. 73277, see also Tr. 74258-59, 74594; J. 
i 

4 Jones, Tr. 78984.) The 7040 and 7044 were hardware and program 
.: 
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25 

compatible, so that a user could readily move from the 7040 to ~~e 

larger 7044. However, those machines were not compatible with the 

earlier 705, so that the conversion from a 705 to a 7044 could 

require a substantial effort. (See J. Jones, Tr. 79008.) Jones 

made such a conversion because of the advantages he anticipated his 

company would reap by using the 7040. (J. Jones, Tr. 78980-83.) 

In 1962 IBM introduced the 7094 and, later, the 7094-II 

as compatible upgrades to the 7090. (Hart, Tr. 80208.) According 

to Withingto~, the CDC 1604 and the UNIVAC 1105 were among the 

computer systems competitive with the 7094. (Tr. 56904.) 

Weil testified t.1j.at General Electric "carefully targeted 

as one of the markets for the GE 600 system ~~e installed base of 

IBM 7090' s and 7094' s", in part because t.ij,ey were "at that time by 

far the leading scientific and engineering computer[s] in t.1j.e 

field". (Tr. 7026.) 

b. IBM's 1400 Computer Series. The IBM 1401, announced 

in October 1959 (DX 573), was an extremely popular computer. The 

total number of 1401 installations, between 15,000 and 20,000, 
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dwarfed that of all earlier machines.* (Hurd, Tr. 86383.) Indeed, 

Wi thinqton testified that al t."1ough the 1401 "became obsolete, as 
"', 

far as new sales were concerned, approximately at the time of the 

announcement of the System/360 because the Model 30 of ~~at system 

competed against it," the 1401's "popularity was so great that 

it continued in manufacture for some time after that". (Tr. 

57339.) According to Jack James, President of Telex Computer 

Products, who was an IBM salesman in Buffalo in the late 1950s, the 

1401 

"provided a major breakthrough, from a price/performance 
standpoint, in that it brought the-entry point ••• I mean 
the lowest [priced] configuration that a customer (could] 
order and practically install. It brought that • • • entry 
po~nt down. significantly lower than had existed in prior 
systems that were available, and ultimately proved to be one 
of the large volume computer systems that were marketed in the 
early 1960' s. " (Tr. 35017-18; see also Beard, Tr. 8708-09.) 

The 1401 was the successor to, but was not compatible 

with, the 6.~O. However, according to Withington, the 1401 "was a 

much better product",** and was "very successful". (Tr. 55 916; see 

James, Tr. 35017.) As i t evolved in t.he marketplace,. the 1401 ~'became 

available in at least. dozens of different models with at least dozens 

of different peripheral equipment options". (Withington,. Tr. 56171.) 

* To put ~"1is feat in context, the GSA has estimated that 
~~rough the end ofl960, only 6,000 general purpose computers had 
been installed in ~~e United States (531 of which were installed in 
the federal government). (DX 925, p. 13; DX 4589, p. 7; DX 4590, p. 
17. ) 

** The 1401 could execute seven times as many instructions per 
second as the 650. (P 1aintiff I s Ac..rnissions, Set II, ~I 928.3.) 
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1 11 IBM introduced a number of CPUs compatible to the 1401 CPU, enabling 
I' 

2 11 users to upgrade their CPUs without changing their peripheral equip-
II 

l 1! mente Such modularity had not been possible with the 650. 

4!1 (Withington, Tr. 56173-74.)· 

5 :i Certainly one reason for the 1401's popularity was the IBM 

6 II 1403 printer introduced with it. The 1403, which Fernbach described 
Ii 

7 !I as a "very fine If product (Tr. 547-4 7A), was a high speed chain printer 
! 

8 ! that operated at 600 lines per minute {compared with a typical speed 
I 

9 ! of 150 lines per minute for prior machines (Plaintiff's Admissions, 

10 !I Set II, 11 931.1)) and "was generally accepted as the highest quality 
II 

11 Ii printer in the industry for years." (Case, tr. 72861, 72923-24; 
II 

12 !1 see Hurd, Tr. 86384-85.) Withington testified that the 1403 

13 If "represented a very large step forward in the functionality and 
\I 

14 11 price/performance of high speed printers available for computer 
;1 

1= l! systems". (Tr. 56251.) He believed the 1403 gave IBM "a tremendous 
W il 

II 

16 11 advantage" which gradually waned by 1963 or 1964 as competitors 
; ~ 

it began to offer "satisfactory alternatives to it". ** (Tr. 56252.) 
17 I; 

'I 
'_8 :i !: ------------

Ii 
'1 * Withington believed that manufacturers of computer systems 

19 :\ such as IEM were "responding to a competitive necessity" when they 
i; developed "different modular types of equipment that could be 

20 f! configured together into models offered to the user". (Tr. 56174.) 
" 

21 11 ** In 1964 Control Data started developing a printer patterned 
22 after the design concept that IBM had introduced with its 1403. CDC 

I: completed initial development of this product in approximately mid-
23 ;1 1968, almost 10 years after IEM had delivered its first 1403 printer. 

;\ (G. Brown, Tr. 52634.) Ne"<Tertheless, CDC experienced significant 
2~ ~j problems getting its printer to work reliably. (G. Brown, Tr • 

. :: 52635-36; See DX 1709; DX 4733, Justice, p. 292; DX 4742, Kevill, 
25 :j pp. 366 - 6 9. ) 
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He testified that the 1403 

"introduced a new basic printing technology, that of the 
chain printer, in which the characters move laterally 
across the line of print on a chain. This proved' markedly 
superior to ~~e other technologies in use at ~~e time in 
that higher quality print was produced and the cost of 
printing at what was then considered a high speed was 
lower using ~~is technology.[*] 

"In addition, the 1403 also had some attractive 
features in terms of carriage control, forms feeding and 
the like." (Tr. 56253; see also Hurd, Tr. 86384-85; 
Plaintiff's Admissions, Set II, ~r 810.1, 839.1.) 

O'Neill testified~ 

"When most manufacturers were developing and selling 
drum type high speed pril"lters, IBM ~ad developed and sold 
the chain printer [the 1403] which was a perceptibly 

- better quality printer than the other manufacturers". 
(Tr. 76227.) 

O'Neill believed the 1403 made IBM a "technological leader" 

in impact printer products. (~) The 1403 was so successful that 

it was a major factor causing sales of 1400 computer systems to far 

exceed IBM's expectations. (Case, Tr. 72929.) . 
The 1401 was used in numerous applications. 

"[In addition to being] used by customers as a stand-alone 
computer system[, t]he 1401 was also used, as early as 
1960, as part of an off-line tape-to-print facility in 
computer installations containing (7000 series machines] I 

which were larger than the 1401. By 1961, the 1401 was 
being used to communicate between machines such as the 
7090, 7080, 7010, 7040 and 7044, which were larger than 
the 1401, and high speed input/output devices." (Hurd, 
Tr. 86383-84.) 

For example, Weil testified that a "1401 might be used as an offline 
23 !I Ii _________ _ 
24 Ii 

:1 
I, 

25 ii 
'I II 
'I 
II 

!i 
!I 
I, 
I 

" 

;; 
Ii 
II 
" 

* The 1403 eliminated ~1.e "wavy line" problem associated wit!! 
earlier printers. (Case, Tr. 72922-24; Hurd, Tr. 86384.) 
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I 
1 I editing and printing station in conjunction with the 7090 or 7094. 

I 
2 i [The 1401] was by far the most widely used systa~ associated wi~~ a 

I 
I 

3! 7090 or 7094 as an auxiliary." (Tr.7035.) Fernbach testified 
I 

4 I that when Livermore acquired its first 7090 it also purchased two 
i 

51 
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6; 
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7 II 
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1401s. One of these was used essentially as "a card-to-tape conver

ter, as a peripheral device to the 7090". After several years this 

1401 was no longer needed to perform this task, so it was used by 

Livermore's Data Processing Services Group primarily as a printer 

controller. (Fernbach, Tr. 547-48.) Jones testified that the 

Southern Railway did its revenue and accounting work on an IBM 705 

with two 1401s that did "peripheral processing" for the· 705 i i. e. , 

the 1401s did card-to-tape' and tape-to-print operations. (Tr. 

78953.) The Southern Railway used another 1401 in stand-alone 

mode, wi~~ six associated tape drives, to perform accounting work, 

and another 1401 to do peripheral work for an IBM 70~4. (J. Jones, . 
Tr. 78954.) Indication of the 1401's great popularity is offered 

by the fact t..'1at in 1972 American Airlines was still using two 

1401s as part of an installation perfo'rming accounting and financial 

work. * (O'Neill, Tr. 76269.) 

IBM's competitors recognized that the 1401 offered com

petition to most of their computer systems, both large and small . 

For example, a December 1959 business review prepared by RCA's 

electronic data processing division stated: 

* In addition to ~~e 1401s, that American Airlines installation 
had an IEM 360/30, an IBM 7074 and an IBM 360/65. (O'Neill, 
Tr. 76269.) 
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"The introduction of ~~e IBM 1401, in particular, has 
been important since it has had the'effect of making ~~e 
7070 computer more competitive, and it has also given IBM 
a substantial amount of business in the small computer 
area which we have not yet entered. • • • 

It . . . . 
"A major competitive move developed in the announce

ment by IBM of their 1401. This low level system was 
announced as an independent low-cost system as well as 
a direct coupled adjunct to the IBM 7070. Significant 
L~provements in performance per dollar cost on card 
reading-punching and printing highlight the system. • • 

" .-:. ~ . . . . 
"Early reaction to the IBM 7070 was not as favorable 

as originally anticipated. However, the range of this 
system was substantially enhanced by the October 5 [, 1959] 
announcement of the IBM 1401. The 1401 as an adjunct to 
the 7070 permits ooth a price reduction and an increase in 
perfonnance. The IBM 7070 with the 1401 is now offering a 
stronger level of competition in the $20,000 to $25,000 
mon~~ly rental range. 

"The 1401 standing alone is also a stronger competi
tor in the $3,000 to $10,000 range and competes with the 
Rem-Rand Solid-State 8090 as well as ~~e RCA 502. Com
petitive marketing strategy calling for 'doubling up' on 
these systems at a single site is noted. In other words, 
an IBM proposal to use two 1401's presents a problem in 
the low end of our 500 series." (PX 114, pp. 4, 25, 27.) 

Eckert testified that the UNIVAC III faced competition 

from smaller IBM 1400 Series computers, because a customer "could 

probably use several of these 1400 machines to do ~~e work of a 

UNIVAC III, and if this was the choice of a customer to do it that 

way, it could be regarded as a competitor." (Tr. 838.)* 

The 1401 proved so successful that Honeywell developed ~~e 

* See also Withington, Tr. 55506 (1401 an "effective competitor" 
to the smaller Datatrons). 
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1 il Honeywell 200 computer system, which was ."incompatible with Honey-

2 ;1 well's earlier products" but "which was compatibl re] wit.~ IBM 

3 I equipment, in particular, the very wide~y used IBM 1401. • •• The 

4 I Honeywell 200 system was designed to appeal to present users of IBM 
!i 

5 I 1401 computer systems and to be compatible with ~~eir programs so 
I 

6 ~I that users could convert with minimal effort to Honeywe1l."* 
II 

7 II (Withington, Tr. 55866-67.) 

il , '1 ., s I s~~ ar1y, GE targeted ~ts 400 ser~es (announced in 1963) 

9 I at the 1400 family because 

10 II 
I 

11 ! 
I 
I 

12 ! 
It 

"it was our belief ~~at this was the most widely installed 
small business machine at that time. and, hence', ret)resented 
the largest user base for us to attempt to convert:" (Weil, 
Tr. 7035, 7181.)** 

Other members of the 1400 series included the 1410 and 
13 II 

~ !I the 7010, which James Hewitt, IBM Vice President of Information 
14 ~ 

II Systems who was an IBM salesman in ~~e late 1950s, described as 
15 \ 

II " [g] eneral purpose data processing 
16 II Ij (Hewitt, Tr. 2250, 2253.) The 1410 was 2 1/2 times as powerful as 

17 I! the 1401 and was upward compatible with it. (Hughes, Tr. 34024.) 
18 !I 

!l The 70LO was "the largE?st machine in the 1400 line". 
19 i! ' 
20 II Tr. 57341.)" 

(Withington, 

iI !. 

:1 , \ 

21 il * Honeywell'offered a conversion program for the 200 called the 
i! "LIBERATOR" which provided the "ability to convert [1401] programs 

22 Ii automatically or under the machine control • . • so that they could 
2- 11 run on the 200". (Spangle, Tr. 5021-23; see R. Bloch, Tr. 7605-06; 
~ il McCollister, Tr. 11237.) 

,I 
24 \1 ** GE offered a 1401 simulator (a combination of hardware and 

r' software) which "permitted programs from IBM 1401 either to be rlln 
25 :1 to be converted easily to tl1e 400". (Weil, Tr. 7031-32.) 

" i! 
:1 

ji 

.1 
II 
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c. The IBM 1620 Comouter. Tne IBM 1620 was a small 

I 
2 I 

1 

31 
computer that was lower in price, had less capacity and was slower 

than IBM's 7080 or 7090.* (Hurd, Tr. 87431; see Navas, Tr. 39167; 
I 
1 

4 I G. Brown, Tr. 50993; O'Neill, Tr. 76265; DX 8962, p. 1.) It could 
I: 

5! "be used alone or to support IBM 650, 700/7000, or other systems tt. 
i 
I 

6 il (DX 8962, p. 1.) Hurd recommended that IBM produce such a computer 
i! 

7 I! on the basis of "a series of joint studies with customers looking 
:1 

!\ 8 I toward the field of process control".** (Tr. 87432.) Based on his 
I 

9 I contact with potential customers, Hurd recognized that IEM did not 

10 '\ have a computer of the appropriate size and capability and ~~erefore 
I· 11 l.suggested that the 1620 be built. (Hurd, Tr. 87428-32.) The 1620 
I 

12 I. was used by colleges and universities to perform a variety of 
II • 

13 1 business and scientific apPlications.. (Brueck, Tr. 220031 Teti, 

14 : Tr. 36374-75; Navas, Tr. 39163-65; l?X 1322 (Tr. 29750); PX 1396, 

I 
d II p. 2.) • 

16 II In 1961 IBM announced that the 1620 CPU would be employed 
ii 
'I 17 II as part of its 1710 computer. (l?X 6125, p. 1.) In addition to the 

. tl 18 il 1620, the 1710 included an interrupt feature incorporated in 

19 \1 1'-----------
"0 !l * The 1620 was "about as powerful as the ENIAC" but required 
- II only "about one-eighteenth as much floor space and required 
21 il approximately one per~ent of the power". (Plaintiff t s Admissions, 

li Set II, ~ 568.2.) 
22 1; . 

Ii ** These customers included Standard Oil of California, Standard 
~ II Oil of Indiana, Inland Steel and DuPont. (Hurd, Tr. 87432.) 

;!Computers used in process control are intended "to improve the 
24 :iefficiency of production processes rin factories of various kinds] 

i! and to assist in preventing malfunctions or even disasters". (Hurd, 
25 1\ Tr. 86 39 7 . ) 

:1 
iI 

!I 
!! 

II 
II 
\1 
II 
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1 hardware and a. device connecting to analog measuring devices. 

2 (Hurd, Tr. 86399; PX 6125, p. 1.) According to Hurd, some customers 

3 of ~~e 1710 who had acquired this computer system to perform process 
; 

4 '1 • f . control applications also used it to perform account~ng unct~ons 
~ I 

5 such as preparing data for payroll applications and for engineering 

6 and manufacturin~ applications. 
11 ~ 

(Tr. 86400.) 

:1 7 I. 
il 

81 
I 

91 
i 

10 i 
11 I 

12 II 
'I 

13'1'1 
"'14 !, 

I 
15 ' I 

I 
16 ~l 

l' Id 
18 \! 

I. 

:1 

19 il 
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22(; 
il 

23 
II 
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II 24 q 
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25 'I 
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II 

In comparison with IEM's first generation computers, its 

second generation computers occupied less space, required less air 

conditioning, consumed less power (see ox 57l-A, p. 1), and offered 

greatly improved price/performance, grea~er speed and throughput and 

substantially more functionality. (Welke, Tr. 17305, 19298; Andreini, 

Tr. 47728-33.) Moreover, IBM started to introduce modular peripherals 

and CPUs which allowed ~~e customer to configure a substantial number 

of computer systems. (See, e.g., Withington, Tr. 56173-75.) In 

addition, some of these computers were compatible with a correspond-

ing first generation product and wi~~ some of the other second 

generation computers. (OX 572-A, DX 4769, DX 4774.) Nevertheless, 

as the 1960s progressed, one deficiericy became increasingly apparent: 

IBM's computer systems were not compatible over a broad range of 

size and speed categories. (E.g., JX 38, pp. 2-3.) 

d. IBM's Second Generation Disk Drives. The two new 

disk drives introduced with IBM's second generation computer systems--

the 1301 a~d the 131l--embodied fundamental innovations that main-

tained and, indeed, enhanced IBM's superiority in direct access 

storage technology, a superiority that greatly contributed to the 
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II 
I 
I 
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I 
I 
I 

1 ;1 

2 11 
I 

competitiveness of IEM's second generation computer systems in ~~e. 

early 1960s and that laid the fo~~dation for the critical contribu-

3 ! tion of disk storage to the success of System 360. 
I 

4 i In June 1961 IBM announced the 1301, which had four times 
I, 

5 II 
6 II 

iI 
7 II 

II 
8: 

I 

91 
10 !I 

11 II 

1211 
II 13 jl 

14 
I 

15 I 
i 

16 !I 
': 

17 :1 

I! 
18 il 

d 
:1 

19 :j 
II 

20 :1 
11 

faster access speed, five t~es greater bit density, two and a half 

times greater track density, ten times greater total storage capacity 

and more than seven times faster data transfer rate than the 350 

RAMAC disk file. (Haughton, Tr. 94824, 94829; DX 3554-D.) 

Two principal innovations were embodied in IBM's 1301: 

(a) The 1301 was the first commercially available disk 

file wi~~ hydrodynamic slider bearings to maintain ~~e spacing 
"-

between the head and the disk recording media.* This "very 

significant innovation" (Haughton, Tr. 94863) el~inated ~~e 

need for the external air supply used in the 350 RAMAC disk to 

maintain the spacing between the disk head and the recording 

media.** (Houghton, Tr. 94853.) The RAMAC disk drive had a 

"fairly extensive compressor system" that was "roughly the 

size of a home washing machine" in order to maintain the spac-

ing between the ~ heads of the RAMAC over ~~e recording 

media of fifty disks. . (Haughton, Tr. 94854.) In contrast, 

:/ 

2l II -------------------
H 

22!t 
Ii 

..,~ II 
~:I 

il 

* The Autonetics Division of North American Aviation also did 
research on slider bearing technology, but did not deliver 
commercially any machines embodying that technology. Haughton, 
Tr. 95126-27, 95133.) 

24 i! 
'I ** Elimination of the air 

25 ~j disk design and thus reduced 
II 94828.) 

compressor system also simplified the 
manufacturing costs. (Haughton, Tr. 

tl 
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II 
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the 1301 disk drive had one head per recording surface, 100 

heads in all. (Haughton, Tr. 94875.) Without the slider 

bearing technology, it would have taken Ita courtroom full of 

air compressors to supply enough air to keep [the 1301 heads at 

~~e right distance over the disk surfaces]". (Haughton, Tr. 

94828-29.) 

Not only did the slider bearing technology make practical 

having one head per recording surface, it also permitted a 

nearly fourfold reduction in the height at which the disk 

head "flew" over the disk recording surface. (Haughton, Tr. 

94875~76.) This was important because "the key to dense 

magnetic recording is to get the magnetic recording element 

• • • as close as possible to the media that" you want to 

record on or retrieve data from". (Haughton, Tr. 94877.) 

Thus, the engineering advances that precipitated lowering the 

disk head flying height on the 1301 permitted greater disk 

and track densities and increased disk capacity. (Haughton, 

Tr. 94877, see Tr. 94823-25, 94875-78.) 

(b) The 1301 was the first commercially available disk 

file with an hydraulic actuator. (Case, Tr. 72737; Haughton, 

Tr. 94856.) The ~~c had a mechanical actuator that was 

designed to retract the head from one disk, move along the 

axis of the disks, and go in on another one of the fifty disks. 

In contrast, the 1301 hydraulic actuator only needed to move 

the arms holding L~e heads in and out since there was a head 
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for every recording surface. (Haughton, Tr. 94826-28; see 

Case, Tr. 72738.) As a result, ~~e access speed of the 1301 

was substantially faster than RAMAC. (Case, Tr. 72738.) 

The configuration of one disk head per recording surface 

with an hydraulic actuator created a "comb" effect of one arm 

per space between disks. The "comb" effect afforded higher 

access speeds and greater precision in positioning. (Haughton, 

Tr. 94825-29.) By electronic switching, the 1301 heads could 

be employed in a serial fashion, so that simply by moving from 

head to head without moving the disk actuator, large blocks of 

data could be read sequentially in a continuous stream similar 

to tape drives •. (Haughton, Tr. 94830-31, 94863~64; see Case, 

Tr. 72830-35.) 

Announced in October 1962, the IBM 1311 disk drive was a 

"smaller capacity, lower entry cost device" than IBM's orevious disk 

drive products and featured ~~e first removable (and interchangeable) 

disk pack. (Haught~n, Tr. 94834, 94864; see Case, Tr. 72739; PX 

4252, p. 1.) The removability feature "was a great step forward for 

the business at that point in time". (Haughton, Tr. 94864.) Accord-

ing to Case, 

"[t]he value of [the removable disk pack] was that the cost of 
storage was substantially reduced because just the disk pack 
could be removed and put on a shelf for long-term storage; 
whereas, in prior devices since the disks could not be removed 
if' the information was going to stay there a long time, it was 
associated also with the electrical and mech~nical parts of 
the disk drive". (Tr. 72740.) 

Withington testified that the removable pack was a benefit to users 
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" [b]ecause it permitted computer system users to run ~n 
application for some period of time· for which the programs 
and files were stored on one or more removable packs and 
then upon completion of that application's operations, to 
remove ~~e packs, put them in storage, put other packs on, 
and proceed to another application." (Tr. 56247-48.) 

!I The 1311 combined the disk drive's fast random access capability 5! 
I wi~~ the tape drive's advantage of permitting data to be transported 

6 ;1 
it from one system to another and extra packs to be stored on ~,.e 

7 II 
I, 

ij shelf, resulting in lower cost storage. (Haughton, Tr. 94864, 
Sl 
9 i 94874-75, 94943; OX 421, p. 9.) According to Laurence Spitters, I 

10 II former President of Memorex, "the first replaceable disk storage file 

I was a just outstanding technological development in the computer 
11 I 

i industry". 
I 

(Tr. 54313.) Its value would be fully realized when IBM 
12 !I 

I, introduced the System 360. 
13 ! 

i 
i 

14 II 

:: II 
" II 

17 Ii 
II 

Disk pack removability raised many substantial engineering 

and manufacturing difficulties.* Nevertheless, IBM not only solved 

these problems but was able to introduce a product that had fi~cr 

tolerances than any of its predecessors. (Haughton, Tr. 94875-77.) 

The 1311 disk drive proved to be of great conunercial value because 

I 
I 
I 
I 18 ~I 

I! 

19 1! 

it was affordable for use on IBM's smaller second generation com- I 

puter systems, including the 1400 series and ~~e 1620. (PX 4252, p. 1, II 

20 !I 

21 II 
Ii 22 I; 

~~ II 
~ 11 

il 

24 ii 

25 
I' 
tl, 

Ii 
;1 
·1 

II 
II 
Ij 
II 

Ii 

see also Withington, Tr. 56245.) The 1311 and its removable pack 

"turned out to be very popular among users". (Withington, Tr. 56247.) 

* These problems included increased contamination exposure, 
increased spindle precision require~ents, increased pack precision 
requirements, aggravated thermal expansion problems, actuator 
accuracy, increased head alignment problems and increased vibration 
tolerances. (Haughton, Tr. 94833-42, 94864-72: OX 9340-A.) 
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21. Sperry Rand. In ~~e late1950s and early 19605 Sperry 

2 I Rand participated in ~~e remarkable growth ~f the computer business.* 

3 II However, the record confirms that Sperry continued to suffer from 

4 I many of the managerial and organizational difficulties previously 

5 II described. Thus, even though Sperry expanded its product line to 

6 II include smaller computers, introduced new UNIVAC and 1100 series 
il 

7 il computer systems, produced a new real time computer system, and 
il 

8 I produced several special-bid computer systems for scientific 
I 

9 I customers and the military, Sperry Rand's rela ti ve standing among 

10 ilEDP companies continued to deteriorate. -Despite the expansion of 

11 1\ Sperry Rand's product line, Withington testified that between 1955 
I • 

12 III and 1963 the company was II slow to introduce successor or i~proved 
.. II 

13 II models ft at the time technology was changing fastest, and "middle-

"14 jlrange Univac customers" left Univac "for IBM or some other supplier 

15 \ offering substantially more modern products". (Tr. 57678-79.) As 

16 il a prelude to discussing Sperry Rand's product introductions, it is 
:i 

17 iluseful to assess the source of many of its post-merger managerial 

18 !,problems. 
II 

19 II 
20 i!--*-A-s-r-e-p-o-r-t-e-d-i-n-census II, Sperry Rand's u. S. EDP revenues from 

!11957 to 1963 were as follows: 
!I 

21 !I 
I! 
II 

22 \1 

23 II 
I. 
" 24 :j 

1957 
1958 
1959 
1960 
1961 
1962 
1963 i! 

25
11 (DX 822 4, p. 6:2 4 • ) 

" 
II 
I 

I 
I. 

$ 45,665,000 
62,393,000 
80,554,000 

106,625,000 
140,161,000 
120,236,000 
145,480,000 
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Sperry Rand was one of the first conglomerate firms in 

the United States. (See Eckert, Tr. 966-67; PX 6119.) Conglom-

erates have had a mixed record of business performance within the 

United States. Virtually all conglomerates have discovered that 

the only way to manage organizations that engage in highly disparate 

and dynamically changing businesses is to set up individual profit 

centers. 

Sperry Rand, however, had no computer-related profit 

center from approx~tely 1959 or 1960 through 1964.* Instead, 

Sperry divided the principal line components of the corporation 

according to function (e.g., marketing, finance and production) 

rather than product segments (such as computers) .. (McDonald, Tr. 

3787-91.) For example, the person in charge of manufacturing 

computers was also in charge of manufacturing "office products such 

as typewriters and equipment, filing cabinets and general business 

products". (McDonald, Tr. 3788-90.) A different person "headed up 

all of the marketing activities for computers and office equipment". 

(McDonald, Tr. 3791.) According to Robert McDonald (who was General 

Manager of the Univac Military Department in the early 19605 and who 

became pre5~dent of a consolidated Univac Division in 1966): 

* In 1964 Sperry reorganized its computer business on a profit 
center basis. (McDonald, Tr. 3791-93.) 

-155-

I 
I 
I : 
I I 

1 



I 
I 
I 
I 
I 

i 
! 
i 

1 \1 

211 
! 
I 

31 
I 
I 

4i 

5 il 
6 !1 I, 

it 
7 !I 

! 
81 

I 

91. 
il· 10 I 

11 II 

12 II 

13\1 
.. II 

14 \1 

15
11 

16 iI 
Ii 

17 !I 
lj 

is i: 
;\ 

19 II 
20 il 

'I I. 
iI 

2.1 Ii 
Ii 

22 Ii 
1.1' 

2-.; 
oJ i\ 

~ I 

2 I! 
4 i~ 

II 

2SI[ 
il 
il 
II 

II 
1\ 
l! 
I! 

II (T]he corporation (in the period 1960-63] was set up on 
an engineering basis with a manufacturing head in charge 
of the manufacturing activities and a marketing man in 
charge of ~~e marketing activities. 

"Now, that is not a computer company." (Tr. 3787.) 

Throughout the early 1960s, Sperry Rand's computer opera-

tions also experienced rapid turnover in senior management. (Eckert, 

Tr. 1008-13; McDonald, Tr. 3785-88; PX 4829, p. 20.) According to 

Wi~~L~gton, that turnover was one of Sperry Rand's "two great draw-

backs" in the early 1960~: 

"The first of these is the lack of a consistent product 
policy. Successive computers, although often technically 
advanced, rarely complemented one another or provided 
reasonable successors to obsolescent products .•.• 

"The second problem has been an inability to assemble 
a smoothly working, reasonably permanent management team. 
The turnover has always been high". (PX 4829, p. 20.) 

a. LARC (the "Livermore Advanced Research Computer") . 

In 19:~-55, Remington Rand won a competition with IBM to obtain a 

contract with ~~e AEC's Livermore Laboratory to "make a leap ahead 

in using advanced components" to build a computer with "as much 

power as possible." (F~rnbach, Tr. 508-09; Eckert, Tr. 825-27.)* 

The purchase price of t.ltat first LARC was $ 3.5 million. . (Fernbach, 

Tr. 508-09, 511.)** 

* This is also discussed above in connection with IBM's STRETCH. 

** When the LARC was later offered to other potential customers, 
the pric~ was twice as high, $7 million. The reason for the higher 
price was that "in ordering the first of a kind, one often gets a 
price break." (Fernbach, Tr. 511.) 
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Sperrr Rand did not deliver LARC until 1960, approxi

mately 27 months behind schedule. (Plaintiff's Admissions, Set IV, 

'111 53.4, 82.0(d).) One reason for that delay was that in 1956-57 

Sperry Rand decided to t:ansfer engineers off LARC to help solve 

problems that were delaying the design and manufacture of the UNIVAC 

II, Sperry Rand's successor to the u~IVAC I. According to Eckert: 

"There had been some difficulty with the UNIVAC 
II, and we had to make a decision as to whether to 
delay LARC and put the manpower we had on LARC over to 
correct the problem of UNIVAC II, or ••• whether to 
leave the manpower remain on LARC so it wouldn't be 
delayed and let the UNIVAC II schedule be delayed. 

"Dr. Fry made a decision to delay LARC, and push 
harder on UNIVAC II." (Tr. 974.) 

Sperry, in dealing with the AEC, reported that the 27-mon~~ delay 

was caused by: 

"1. disappointment by Sperry Rand in the per
formance of production run components furnished by its 
suppliers, which in many cases failed to meet the 
exacting require'I,ents of LARC; 

"2. underest£mation by Sperry Rand of the 
engineering and other technical complexities involved; 
and 

"3. the institution by Sperry Rand of a budgetary 
curtailment on LARC which was imposed as the result of. 
impairment of working capital, the ~957-1958 recession 
and the large monthly losses incurred on the- -LARC 
project. " (Plaintiff's Admissions, Set IV, ,r \,92.0 (d) .) 

, \ 

Apparently only one other LARC was produced.* (Eckert, 

Tr. 827.) The 27-month delay of LARC, in Eckert's view, 

* Eckert testified that Remington Rand had other customers "who I 
were interested in buying LARC's for commercial use, one of ~~em being l 
one of the large insurance companies". (Tr. 836.) In addition, other I 
sales had also been possible to Livermore iteslf. {Fernbach, Tr. 511_ 1 

I 
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cost Sperry Rand LARC sales; writing in 1961 about "[lJoss of LARC 

sales", Eckert stated: 

"We had no nerve on this. After the great setbacks due 
to Fry's dragout policy and Dr. Teller's anger a~ the 
delays produced, plus no gut on the corporation's part, 
we flunked." (DX 8, p. 2.)* 

Sperry Rand lost "several million dollars" on LARC. 

(Eckert, Tr. 1101.) Withington testified that LARC "developed a 

very poor reputation for reliability", agreed it was a major 

product fail~~ (Tr. 56477) and added that LARC's "concentration 

on magnetic drums, after it had become apparent to the rest of the 

industry that magnetic disks were· superior," contributed to its 

failure. (Tr. 56454-55.) 

Fernbach testified, however, that LARC did adv~~ce the 

state of the art:** 

"[LARC] had parallel features. It was not quite as 
advanced in that respect as the· STRETCH was. But it did 
have some very fine feature!. other than that. It really 
consisted of two processors. One, the central processor, 
operated on the arithmetic portion of the problem, whereas 
the I/O processor, took care of all the requirements for 
input and output while the operations were going on in 
the central processor, so in a sense it was a dual machine 
using a common memory to carry out its work. 

* Shifting resources away from LARC not only hurt LARC, but also 
failed to solve the basic problem with the UNIVAC II described 
earlier: it was too late in getting to the marketplace. 

** Sperry Rand developed principally hardware for LARC. It did 
write certain "I/O processor" software for !ARC, but the AEC was not 
satisfied with it and rewrote it. In fact, the Livermore Laboratory 
wrote all of the applications software and much of the rest of the 
LARC software. (Fernbach, Tr. 518.) 

-158-



"It also had a fixed read-only memory for the I/O 
processor. 

"It also had some advanced peripheral devices such 
a$ its drums, which were designed in such a way there 
was essentially no lost time in accessing information 
on a drum that had to be fed into central memory." 
(Tr. 516-17.) 

Eckert described how work done for LARC benefited Sperry 

,I 

: 1\ 
il 
II 10 H 
I' 

11 II 
'I 

12 I! 
'I 

13 II 
!! 

Rand's other EDP products: 

"The circuit development ideas of LARC found their 
way into a machine called the UNIVAC III [delivered in 
1962], which followed LARC. Not only just ~~e circuits 
themselves, which were improved somewhat, with somewhat 
better transistors, but the modular board construction 
and the sockets and plugs, and many of the things that 
we learned about LARC enabled us to build a much better 
UNIVAC III than we would have been able to construct. 

"Also some of the things that we learned about 
improving tape units went into even further improvements 
in the tape units for UNIVAC III." (Tr. 836-37, see 
also Tr. 1100-01.) 

'I 
14 H 

\1 
b. The "Solid State Comouter". As described earlie=, 

15 ii 
:t in 1956 Sperry Rand first delivered a low cost ~omputer known as 

16 a ;; the File Computer, developed by ~l-).e Minneapolis/St. Paul group. 
:1 

17 II About that same time, the Philadelphia group was developing its own 

18 ~I 
i. II low-cost" computer, called the Solid State Computer. * (Eckert, 
d 

19 'I Tr. 817-18.) 
20 il 

il 
:j 

The Solid State Computer was marketed commercially 
21 jl 

;! Europe, but not in the United States, beginning in 1957-58. ;: 
I 

22 i: (Withington, Tr. 56480; DX 14221-A, p. 6.) 
,:j .,

-.:) 

Customers in the 

in 

24 * The Solid State Computer was not fully transistorized. Instead 
its circuits were made from a combination of transistors and magnetic , ... 

_:l i: core amplifiers. (DX l4221-A, p. 6.) 
!I 
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II I, 

United States were aware of the Solid State Computer and t=ied to get 

Sperry to make it available in the United States. Sperry, however, 

withheld it from the domestic market for a year or more, according to 

Withington, to protect its base of installed equipment. (Wi~~ington, 

Tr. 56479-81.) Withington testified ~~at: 

"I can reme.wer users explicitly saying that they 
wanted it, and that the company refused to give it to 
them." (Tr. 56481.) 

In 1957-58, the Solid State Computer compared favorably 

to the IBM 650, which had been on the market since 1953. (Hughes, 

Tr. 33902-03; OX 1402.) Although IBM had introduced enhanced 

peripherals for 650 attachment (Hurd, Tr. 86436-37), the CPU was 

nearly obsolete. When Sperry Rand finally started marketing.the 

Solid State Computer as the 55-80 in ~~e United States, it had lost 

its competitive advantage, because its principal competition was 

not the 650, but the IBM 1401, announced in 1959. According '';'0 

Withington, "most" of the people who would have been customers 

earlier for the Solid State Computer ordered IBM 14015 instead. 

(Tr. 56481-82.)* 

In 1960 and 1961, Sperry ·tried or considered various 

means of making the Solid State Computer more competitive with 

* Even with the delay in marketing the 55-80 in the United 
States, the 55-80 was still, according to Withington, Sperry 
Rand's "most successful computer" in the late 19505 and early 
19605, with "about 600 installations at one time." (PX 4829, 
P.I 20.) 
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I 
I 
I 
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I 
;1 

1 i the IBM 1401. For example, Sperry attached a random access device 
j 

21 
I 

(the RANDEX II) to the Solid State Computer, but did so "ineptly". 

31 Eckert wrote in 1961: 

4 I "Randex II stores 200,000,000 pulses. We ineptly 
hooked it to U.S.S.C. [Univac Solid State Computer] 

5 I and lost 75,000,000 of the 200,000,000 pulses. No 
I accessor speed Lmprovement in the last 20 months. 

6 ; No cost reduction, thus high rent. Result - almost 
li no sales. I.B.M. now is cheaper, faster, for same 

7 " storage. A lead was possible but we dropped the ball." 
!. 
~I (DX 8, p. 5.) 
!1 

8 ! Univac also considered speeding up the memory available for the 

9\ 
10 I 

Solid State Computer, but by April 1961, that had not been done: 

11 I' 
I 

l2 \1 · 

13 ito 

14 \1 

15 11 
II 

16 n 

17 ii 

18 II 

"Core Memory for U.S.S.C. This was investigated at 
least three times in the last 1 1/2 years, by Sales, 
Engineering, and Product Planning. Now at this late 
date we have decided to do something. We now face 
whether at this late date it is worth doing • • • • 

"There is (also] no adequate t~pe speed up program 
to match tb.e core memory speed up for the U. S • S . c. I 
have been scrambling around this last two weeks trying 
to make up for this failure of Engineering and Product 
Planning. I have found some very good things that 
can be done. in time and at rather low engineering 
cost to help round out the U.S.S.C. This is, however, 
the 'last drop' that can be squeezed from the U.S.S.C. 
and we must not lose sight of this." (DX 8, p. 2, 
emphasis in original.) 

19 jlln 1964, Withington wrote that Sperry Rand "did not and still has 
I 

20 I not" "provide Cd] successors [to the 55-80] convenient in both 
i 

21 II programming compatibility and price," with the result that "the 
I' 

~~ i!nurnber of 5580 installations must have shrunk considerably, with 
~II 
~~ ,Imost lost to competitors." (PX 4829, p. 20.) 
~ll 
24 11 

II 
II 

25 ; 
I 

! 
i 
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II 
II 

-16l-



c. 1105. In 1958 Sperry Rand's Minneapolis organization 

2 completed development of its 1105 "Scientific Model" (an expansion 
, 

3 : of the ll03-A), first delivered in early 1959. (PX 6119, p. 35; 
1 
I 

4 I OX 14221-A., p. 9.) The 1105 was expected to be used on 

5 Ii "enqineerinq and scientific applications" invo1vinq "larqe-vo1ume 

6 ;1 data handling problems". 
il 

(PX 6119, pp. 35, 37.) Customers, 

7 11 however, used the 1105s for other types of applications as well. :, 
!I 

8 ~I For example, the Air Force Logistics Command used four 1105s to do 

9 II principally inventory control applications (J. Jones, Tr. 78732-33, 

10 1178780-81); and the Bureau of the Cen,.us installed two 1105s "to 

11 II handle the vastly increased volume of requests for special surveys 
I! 

12 II and business statistics, and to provide • . · analyses of [the 1960 J 
;1 

13 1! decennial census." (OX l422l-A, p. 9'.) 
I' 
:/ 

14 II d. 
, -

New Large Scale ComDuters and Related Peripherals. 
'I 

15 liAS early as 1955 individuals within Remington Rand recognized 

16 ii that: 
;i 
" 

17 ;\ 
, 

" 

18 

19 il 

20 :: 
~ I 

21 ~I 
Ii 

22 ,J 

I! 

"(C]ustomers for electronic data-processing equipment 
are interested in what is loosely known as 'compat
ibility'. As time goes on we are going to get more 
and more pointed questions regarding the compatibil
ity of various units in our UNIVAC line. Even 
though. compatibility is not well defined, we should,' 
as a part of our long-range planning, strive toward 
more compatibility of our various units." (DX 7608, 
p. 1, emphasis in original.) 

In approximately 1958 or 1959, Eckert unsuccessfully 

2~ :; attempted to get Sperry Rand to consolidate its overlapping, 
-- :1 

24 [!non-cornpatible product lines and to develop only one large-scale 
II 

25 :~ computer system. According to Eckert: 

II 
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1 I nBack when Mr. Schnackel was president of 
i Univac [some time in 1958-59], it was proposed 

2 I that we build a 490, a UNIVAC III and an 1107. 
I I strongly opposed this idea and told Mr. 

3 i Schnackel ~~at I didn't care which of the three 

I 

we built (although the UNIVAC III was my proposal) , 
4 but that a real time I-O system and floating point 

I should be available on whatever we build and that 
5 I' because of the engineering and software problems, 

I we should certainly build no more than one large 
6 ,: scale com~uter. My feelings of course, were the 

II same as those that must have developed later in 
7 il IBM and produced for IBM a more or less unified 

'I 360-370 line. Unfortunately, the political 
8 I nature of Univac prevented a resolution of this 

'I problem and we went ahead and built three logically 
911 unrelated machines." (DX 10, p. 1, emphasis in 

original; Eckert, Tr. 1018-19.) 

10 II In 1960, by which time Sperry Rand's comput'er operations had been 

11 11 fragmented and organized with other unrelated businesses under 
II 

12 11 functional headings, such as "manufacturing" and "marketing", Sperry 

13 1
1

1

/' Rand announced UNIV~C III, the UNIVAC 1107, and the 490 Real-Time 
II 

14 ~!.I1 System. (McDonald, Tr. 3787-93; DX 60, pp. 5-6, 9; DX 14222, p. 19.) 

15 ','I 
I, In e~r1y 1961, Eckert described in some detail the adverse con-
II 

16 Ii sequences of that decision: 

17 II 
q 

18 :! 
H 
I. 

19 ii 
" ~ : 20 ;, 

21 II ,. 
22 11 

II 
23

11 
11 

24 II-

il 
25 ;1 

I' 

II 
il 
II 

il 
I, _ 

"[We are building] [tJhree machines where one 
(with a choice of two arithmetic units) would have done 
the job. The Univac III, the 490, and the 1107. 

"A single 'speed up' of circuits would have later 
been possible for LARC, Univac III, and its variations. 
The way things have been managed four projects would 
be needed to up date these machines •••• 

"1. Three 4 microsecond memories have been 
designed, a 27 bit (Univac III), a 32 bit (490), 
and a 36 pit (1107). The last two have no checking -
a horrible omission. 

"2. We have three types of new circuits and circuit 
cards, all uselessly different from LARC. This means 
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different card testers, production set ups, backboard 
wiring routines, and all the rest. 

"3. We have three different casework designs -
you know about this - in spite of Philadelphia using a 
former St. Paul man to do the work. 

"4. We have two complete sets of synchronizers 
for all the peripheral equipment under way. 

"5. We have three complete sets of "software" 
under way. / 

"A loss of 10 months in Univac III delivery -
three months due to foolish redesign of ~~e LARC 
circuits _:-.7 months due to· trying for final test at the 
factory • ~ •• In any case 4 microsecond memories are 
obsolete before we deliver anything, even when we stand 
advised on them. IBM already had 2 microsecond memories. II 
(DX 8, p. 2.) 

In a description of other "Engineering Shortcomings" 

mostly incurred in 1959-61 and "~elieved to be Avoidable", Eckert 

described the "Horrible Peripheral Mess c::t Norwalk" as causing Sperry 

to have five printers where "one printer frame and case, with 2 

actuator assa~li=s would have handled all this at half or less of 

the cost of what we have and are doing." (DX 8, pp. 2-3.) The same 

situation existed for card readers (wi~~ six of s~ven projects 

described as "a waste") and punches ("I would say Remington Rand has 

wasted at least 2 to 3 millions of dollars on unworkable or unfinishe 

punches"), as well as mass storage. (DX 8, p. 4.) 

With respect to disk drives, Eckert described how Sperry 

had started to develop a "disc unit, much like I.E.M.'s Ramac"; that 

device had "[w]orked but was given up as too intricate in comparison 
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to present drum approach." (OX 8, p. 5.) In 1959-61 St. Paul 

made several more attempts but finally "dropped" much of its disk 

work. (~) Withington testified that Sperry Rand marketed its 

large FASTRAND drum memory beginning in 1960 and for four or five 

years thereafter to compete with disk drives offered by o~~er 

manufacturers. (Tr. 56486-87.) In Wi~~ington's view, Sperry's 

marketing of its computer systems was substantially affected by its 

lack of competitive disk drives. (Tr., 56487-88.) * 

Eckert also described how little "real exploratory work" 

was being "pushed" at Sperry in 19'6-1 with the exception o:f thin f i1m 

memory, and even that was being done in Ita crazy hap-hazzard [sic] 

way''': there were five groups working on thin film memory at St. Paul 

and two more at Philadelphia but t."1.ey "usually don't believe each 

other and will not usually use samedesiqn of test equipment." (OX 

8, p. 6.) With respect to circuitry, no "real progress" was being 

made.** 

* Withington testified that he would have advised Sperry to "drop 
it [FASTRANO] and get on with competitive magnetic disk drives as 
fast as possible." (Tr. 56487.) 

** Manufacturing costs were also not being controlled. Eckert 
described how, as a result of "a rush ill considered standard
ization and partly due to poor lay technicians at both Norwalk 
and St. Paul", Sperry was using unnecessarily expensive compon
ents. (OX 8, p.4.) These problems persisted. In 1965, Sperry's 
Product Line Task Force reported: 

"UNIVAC cannot manufacture ~quipment at costs as low 
as can be achieved by IBM . . . . Our manufacturing 
cost situation is in bad shape compared to IBM". 
(OX 15, pp . 2 - 3 • ) 
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"This is really sad since three fourths of our large 
machines and almost one half of our small machines 
costs are in logic circuits, etc. We have the people 
but no overall guidance, no program. We just do the 
simple next obvious step stuff .the whole way and never 
really get ahead." (DX 8, p. 6·.) 

The new computer systems Univac began to deliver in 1962 

and 1963 can be described as follows: 

(i) The UNIVAC III was not compatible with either 

of its predecessors, the UNIVAC II or ~~e UNIVAC I, nor 

was it compatible with the 1100 series computers or the 

new 490. (Eckert, Tr. 902, 905-06; McDonald, Tr. 3801.) 

In its 1962 Annual Report'. Sperry Rand compared the 

UNIVAC III to the UNIVAC I as follows: 

"Though remarkable in their day, ENIAC and the 
UNIVAC -I computer seem primitive in comparison 
with the equipment that Sperry Rand is now 
introducing. The first UNIVAC .. -III System, a 
large solid-state computer, is scheduled for 
delivery in July • • • • It will be 60 times 
as fast as the UNIVAC I System and will have 32 
times as much memory. But so rapidly has the 
comouter art advanced, that the UNIVAC III 
system rents for less than the early machines." 
(DX 69, p. 5.) 

Customers ultimately installed approximately 100 UNIVAC Ill's. 

(Eckert, Tr. 1021; DX 10, p. 1.) 

(ii) UNIVAC 1107. Sperry described the UNIVAC 1107 "Thin-

Film Memory Computer" '. delivered first in 1963, as "the first 

commercially available EDP system utilizing magnetic thin-film 

memory", with "one of the largest total ~~mory capacities ever 

delivered to a commercial user". (DX 13912, p. 2i.) Al though 
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Sperry's 1100 series computers were described as "scientific", 

in its 1962 Annual Report (PX 6119, p.. 35), Sperry added: 

"Computer programming techniques--characterized as 
software--have made significant advances in keeping 
pace with the technological improvements in computer 
hardware •••• [Bly utilizing sophisticated 
programming in the new computers, interchange
ability between scientific and business type 
computers may be achieved". (OX 69, p. 6; see 
also Plaintiff's Admissions, Set II, ,r 502.1.) * 

NASA's Goddard Space Flight Center used an 1107 to ?rocess 

data received from satellites and rockets. Those data 

were recorded initially in analog f'orm on magnetic 

tapes at remote data acquisition stations. They were then 

converted into digital form by the Goddard Space Fliqht 

Center STARS lines, which began operation in November 1960. 

The digital tapes from the STARS lines were processed on a 

UNIVAC 1107 and also on IBM 1401 and 7010 general purpose 

digital computers. (Plaintiff's Admissions, Set I, ~r~r 206.0-

* Similarly, Eckert testified that the "natural evolution of the 
hardware develooments were such as to blunt some of the differences 
that we saw historically" with respect to computers oriented towards 
"business" or "scientific" applications. 

"We began to see lower costs and more reliable forms 
of logic which came about through solid state device[s], 
magnetic amplifiers, transistors, and so on. That meant that 
one could afford more logic in the machine, at a aiven orice 
level, so that the question of whether we had a little extra 
logic in there to be able to do both the things you like 
for business and • . . for scientific and • . • for statisti
cal purposes, for all these different purposes, it became 
possible to put enough in there to perhaps satisfy everybod.y." 
(Eckert, Tr. 863-65.) 
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206.14.) (Both IBM and UNIVAC tape drives were used for digital 

output on the STARS line. In 1964 Goddard demonstrated 

that when running the STARS output tape performance of the 

!BM tape drives "was superior to that of the UNIVAC tape 

drives on the UNIVAC 1107 computer". (Plaintiff's Admissions, 

Set I, ,r,r 206.16-.21.)) The Bureau of the Census and other 

commercial users also used 1107s. (DX 13912, p. 21.) 

Eckert testified that much of ~~e 1107's development 

expense had been paid by the government, since "the 

prel~inary developments on the 1100 line starting with 

the 1103, 1105" were paid for by the government and 

"(c]ertainly [much of] ~e background and training of 

all the people that developed (the 1107) originally came 

from Government expense" and "taking the 1100 line as 

a whole • . • ~~ere were substantial contributions 

from the Government." (Eckert, Tr. 1019-23.) 

(iii) UNIVAC 490. Sperry Rand's UNIVAC 490 "Real-

Time System" was based on what Sperry described as its 

"military counterpart", the UNIVAC 1206 "Military Real-

Time Computer." (Eckert, Tr. 1024-25; DX 14222, pp. 19-20.) 

According to Sperry, the 1206 ~nd the 490 were 

developed "to meet the needs of industry and government 

for a computer that can solve problems or answer questions 
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virtually as soon as they are posed, or in 'real-time'''. 

(OX 14222, pp. 19-20.) The UNIVAC 1206, for example, was 

intended to be used (among other t.~ings) to "record all 

the information that is sent from a rocket in flight and 

(to] send guidance signals back to the rocket". (OX 14222, 

p. 20.) The commercially available 490 performed bot.~ 

"business" and "scientific" applications. (OX 59, ,r 6.) 

Eastern Airlines, for example, used the 490 to perfo~ 

an early reservations application, and Westinghouse 

Electric used it to perform message-switching applications. 

(DX 13912, p. 20.) Both the 490 and the 1206 were binary 

machines. (Eckert, Tr. 1024-25.) 

e. Militarv projects. Sperry Rand supplied many com-
II 

14 llPuters to the military, including both its commercially available 

15 Ilcom~uters and a number of computers ruggedized or made radiation-

16 ilres~stant in accordance with military needs.* Henry Forrest, 

ii 
17 jl---------
18 il * Examples of computers developed by Sperry 

ii military include: 
especially for the 
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(1) A ground-based computer system, developed for 
the Army i~ conjunction with Bell Laboratories for use in 
the Nike-Zeus anti-missile program, and described by 
Sperry as "general purpose". (PX 6119, p. 16i OX 69, p. 11.) 

(2) The UNIVAC 1218, a successor to the 1206, described 
by Sperry in its 1963 Annual Report (DX 13912 , p. 21) as 
"a medium-scale, general purpose unit, designed to meet stringent 
land-based and shipborne military specifications". The w~IVAC 
418 is the commercial version of the "hardened" ONDlAC 1218. 
(OX 5654, Webster, pp. 348-50: see also OX 9088.) 
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1 who left Sperry in 1957, testified that ~~e computer ~roducts ~~at 
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Sperry developec for the military were "significant" and "contri

butory" to other Sper::y computer products. * (OX 13526, Forrest, 

p. 97.) 

f. Gemini Committee. In 1963, Eckert became chairman 

of Sperry's "Ga'Uini Committee" and once more tried unsuccessfully 

·to get Sperry to deal with the probla'Us created by the prolifera-

tion of non-compatible, overlapping product lines. 

Tr. 1013-17.'-=- . According to Eckert: 

(Eckert, 

"Again the groups from the different diverse grouos of 
Univac acted to protect their own political interests 
and the only thing that really haooened was that no 
successor to the UNIVAC III was develo~ed (where we had 
about 100 customers at the time)." (OX ·10, :0. 1.) 

By cont::ast, as described below, IBM manaqernent, as ·early as March, 

14! 1961, addressed head-on the probla~ of proliferatinq, non-comoatible 

15
11 

16 II 
;i 
11 

~: II 
11 

19 Ii 

20 II 

21 II 
22 II 

23 II 

24 il 
iI 
;! 

2S !' 

product lines. (See, e.g., DX 4773, p. 3.) The result was ~~e 

December 28, 1961 SPREAD Report (DX 1404A, (App. A to JX 38»), 

which led to the April 1964 announcement of System 360. 

* A government analysis of Sperry's UNIVAC 1218, 418 and 500 com
puters, which were described, respectively, as Ita small general 
purpose militarized computer", "a small general purpose com-
puter .•• used primarily as a communications processor", and a 
computer "utilized for industrial control", concluded: 

" An eXamination of the detailed block diagram of these 
three machines will reveal immediately that they are, in 
fact, identical in design. The main frames of these machines 
do not vary at all. There are differences in the inout/outDut 
sections with 1218 being the larger of ~~e qroup. It is 
obvious ~~at Univac develo~ed this one basic design and then 
made minor alterations on it to fulfill additional require
ments." (DX 9088.) 
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1 :1 22. Other Companies. Set for-..h below are profiles 

2 :, describing in some detail the EDP activities of the following 
II 

,3 I firms through the late 1950s and early 1960s: American 
i 

4 I Telephone a."ld Telegraph, Raytheon/Honeywell, RCA, General Elect=ic, 
I 

5 jlElectrodata, Burroughs, National Cash Register, Philco, and Control 
I 

6 ! Data. 
I 
II 7 iI These profiles e'stablish that during the early and 
It 

8 \!mid-1950S several firms, in addition to IEM and Sperry Rand, 

9 Ilei~~er extended their prior involvement in EDP or entered 

10 lithe business for the first time. Contracts with the O.S. 
!. 
;11 government often provided the principal sti.~ulus. Howev:er, 

11 r 

12 !Inone of the firms which had been in existence prior to the 

13 il mid-1950s made substantial commitments of their own resources 

!I to EDP in that time::rame. Hence, as of the mid-1950s none 
14 ;1 

'\ of t.1.ese firms was able to proj ect itself on a sustained 
15 I 

11 basis as a maj or EDP supplier. 
16 ;1 

11 
:1 In the late 1950s and early 1960s the importance 

17 II 
:Iof other firms in the EDE' indu,stry began to change rapidly. 

, S n 
- ~lsome large, established firms chose to limit or reduce their 
19 01 

:, EDP acti vi ties; others finally made the decision to commit 
20 tl 

~! sufficient resources to establish a sustained presence in 
21 I! 

.11 the market and a few newly-formed, small firms dedicated to 
22 !i 
23 ii t..1.e computer busines;s laid the foundation necessary to 

~! become successful ::omputer companies. For example: 
24 a 

i! 
25 it 

a 
1 

'I 
;1 
1\ 
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II 
Ii 
Ii 
II 
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--American Telephone and Telegraph was favorably situated 

to enter the EDP busL~ess at the start of the 1950s--Bell Labora-

tories L~sured that it would be a technical leader and Western 

Electric was the nation's largest manufacturer of electronic 

products. However, in 1956 the Department of Justice and AT&T 

signed a consent decree partially restricting its subsequent 

participation in the EDP industry. 

--Raytheon, as a result of work for the o.s. goverr~ent, 

was "one of the prime centers of [EDP] technological development" 

in the early 1950s. (R.' Bloch, Tr~ 7570.) However, because it did 

not wish to risk its corporate funds to develop its EDP potential, 

Ray~~eon had exited the business by 1957.* 

--Honeywell entered the EDP business by acquiring Ray

theon's EDP operations. In the late 1950s Honeywell developed a 

sizeable range of compatible computer systems. 

--Burroughs was "propelled • • • into electronics and 

t...i.ence • • into data processing" by "[e]xperience with military 

contracts" during and following World War !I. (DX 10283, p. 1.) 

* By 1960, Ray~~eon had re-entered the computer L~dustry with 
the purchase of Gar1ynn Engineering Company which produced "a 
variety of peripheral equipment for computers and data processing 
equipment". (DX 10901, pp. 16-17.) In 1964, Raytheon acquired 
t...~e Packard-Bell Computer Division. (Plaintiff's Admissions, 
Set II, ~ 973.0(e).) Raytheon remains active in the EDP business 
today with subsidiaries such as Raytheon Data Systems Company 
(manufacturers of data terminals and distributed processing systems) 
and Raytheon Service Company (an equipment maintenance supplier). 
(DX 12379, pp. 9,23.) 
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Alt...i.ough it had a substantial and sustained commitment to t..~e 

military ~~oughout t...i.e 1950s and early 1960s, and acquired in 1956 

an important independent manufacturer of commercially available 

computer systems, Electrodata, Burroughs was slow in introducing 

transistorized computers and as a result "effectively left" t...~e 

commercial EDP business for a period in the early 1960s. (With-

;ngton, Tr. 55918-19.) 

--National Cash Register acquired "one of t..~e earliest 

manufacturers of medium-priced general pu-~ose systems" in 1953. 

(Withington, Tr. 55983.) However, NCR failed to deli~er a major 

new computer system until 1959. 

--RCA had an early start in ~~e computer business, but 

delivered only nL,e computer systems commercially prior to 1960. 

--Control Data Corporation was formed in 1957 by dis

gruntled Sper~ Rand employees. In 1960 CDC delivered, pr~arily 

to government laboratories and agencies, the first of a line of 

transistorized, high-performance computer systems. CDC was a well-

established supplier of computer systems by 1963. 
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23. American Tele~hone & Telearaph. !n 1950 

American Telephone and Telegraph Company, with assets 

~~ceedinq $11 billion (OX 14208, ? 24), was ~~e largest 

firm in the United States. L~ addition to its eno~ous size 

and financial resources, AT&T owned Western Electric Company 

and Bell Telephone Laboratories. (Id., p. 34.) Western 

Electric was in its own right one of ~~e largest indust=ial 

companies i;'1 t..~e Oni ted States with sales of over S758 million 

(id., p. 17) and the manufactu:er of most of ~~e telephone 

equipment used by the Bell System operatinq companies as 

well as e~~ipment sold to o~~er orqaniza~ions, includin~ ~~e 

United States government. (Id., ~o. 17-18.) Bell ~eleohone - --
Laboratories was considered to be ~~e premier ?rivately 

owned scientific organization in the On"'ited States at ~~at 

time wit..~ a commitment to ~asic research in ~~e physical, 

mathematical and behavioral sciences ·to support its a?~lied 

17 development efforts. 

18 AT&T had lonq been involved in t~e development of 

19 electromechanical computing equipment and during the course 

20 

21 

23 

25 i 

of t.~at work had "made significant. contri~utions to t.~e 

computer field." 

"T!'le earliest large electrical computers were built 
at Bell Telephone Laboratories. The first larqe 
digital computer, for e~ample, was completed in 1940 
f=om comoonents and tec~niaues normallv used in dial 
switchi~q systa~s. It was·da~onst=ated ~~at year 
to ma~~ematicians at Dar~~ou~~ College using a da~a 
cornmunicatior.s li~ ~etween E~~over, New Eamoshire 
and the computer locatec in New York City. .;nalo~ 
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I 

1 ! computers designed by Bell Telephone Laboratories were 
it used to control and direct the fire of anti-ai:-craft 

2 II batteries early in World War II. During the 1943-47 
~ I! perio'd, the Bell System supplied several digital com-
w puters to variousaqencies of the Federal Government." 

! (OX l0448, p. 14;* see also OX 688S, pp. 3, 4, l20-22; 
4 I ex 10447, p. 6; Plaintiff's Admissions, Set II, "r 799.,0, 

!I 799.2. ) 
51 
6 11 Bavinq ~~e greatest expertise on the reliability of relays, plugs and 

I connectors, the company was consulted L~ connection with the design 
7 II 

Ii of ~~e ENIAC. (Eckert, Tr. 767-69.) In adcition, AT&T did substantial 
81 , 

i research in electronic logic and has claimed that it "produced more 
9 1 

II than half of all the large (electric~lly operated digital computers] 
10 I • il made" prior to 1950. (DX 10447, p. 6.) ** 
1111 Thus (in 1968), AT&T's Chairman described the "nationwide 
12 II • -

~l dial system" as being "like a giant computer. . •. Our common 

13 II l' h . · b . .. 1 40 \1 contro SWl. tc long systems, l.n log Cl. tJ.es, .. ~ear y years ago, were 
14 f 

l probably the first exemplars of real:-time data processing." 
15

11 (DX 10447, p. 3; see DX 10448, p. 19.) f ':ne techniques of message 

16 !i 
:i-----------;I 

17 ii * We are aware that OX 10448 has not been received in evidence; 
18 llhowever, we believe that it is reliable evidence for the propo

~Isition that Bell Telephone Laboratories was deeply involved in 
19 ;/the development of computers in the 1940s and 1950s because 

1\ it is a formal statement submitted to t.~e Federal Corr.rnu.~ications 
20 !tCommission (FCC) by the Bell System in response to an FCC 

il Notice of Inquiry (Computer Inquiry I). 
'I 

21 11 ** The Langley Research Center, for example, procured a "Bell 
!!relay computer prior to 1950" to be used "to provide results of 

22 i; theoretical studies". (Plaintiff's Admissions, Set IV, ~f ~r 325.0- .1. ) 
:1 

23 Ii f 
24 11 

:1 

25 Ii 
II :, 
!I 
1/ 
II 

Ii 
'I I. 
II 
If 
I! 
II 

"Circuit switching is a technique that has been used 
practically since the beginning of telephony. The 
nationwide Direct Distance Dialinq (DOD) network is made up 
of all of the existing dialing systems, long ~istance and 
exchange, forming a huge circuit switching network. It is, in 
effect, a giant computer, containing all of the elements of a 
computer, i.e., control, processing, memory, input and output 
uni ts ." (DX 1044 8, P • 19.) 
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"arranged. 

'-13 II ..-~I;':~0!;;(~~.>;;~dl ~S~loyee~ in~ented the transis,tor 

~t ~~~:888. 
§~~iil'~~':~;;t;~~~4~~~~;;*r:i!!~~;~~~:~~~~~~:;:f~~~~{'' •. 

;' Prize.' As described by AT&T: 
17 i 

i . . "Probably the most dramatic contribution to . 
.. 18 it .,.-;.;·,.·,,:.~.~i2.;: ~omputert'echnology hpwever, was the invention of 

'1::···ij·~:";:;';.::·F~'~~~,:the. transistor in 1947 at Bel~ Teleohone Laboratories. 
;::·19 !1.:.~ti);:0,';<lr \.trntil then •. thelimitations of the vacuum tube . . ,,' 

~.,",,:'.:,";'.'~".:;'~'.: .. :.,: .. ::/ .•. <.;.'~~,,:::,.';.~~':;,: ... '.,.:.'.' .• "'~':."::r.'.'.:.'~'~'.";'~"·':"·':i~,·.~:· .•.. :.· .•. ·.•.· .. ·.·.·; ..• ·.~I.i'.l'I' ..• ~ ....... , .... ~ .. , ... ,:;, .... :.:.:~~>~j~~;~~;:~~:!'4 ·:appea.re~"1:0~be.,;theprac:tical.deterrentto the evol.n . ..:. '::, ~ ::::~.~;~;t"{;;/i. . ·on.:'o£.,:largescale c:omputers .... ::'::'.(DX.·l.044!,,: p • . ~4'.) . 
~fif;i,~~~i~~A~':' . . .. ·~<:.~~rf;!;~~:~:;~;~:(~::,;:6:~>:;::·;~>~:;)\J:·~~~~~~~);.~:~:~::}"c:;·.::~:~::';~!.~::,.\;~,;!;J);·::;·~ :. " 

, .. ,~~···iJ:~~:~:' ~':~·):)~gan~reqUl.~_ p;'oduct~on .. pf ... tr~.~isto;-s i~ .~952.:.: :-; '··':;·;:;;;<~~i!:~~·· 

:~:;' 23 1···:';>'·':f'A'7~. '~"'(b)::'/:As;' s'tated:J.nazi 'article listinq Bell System '" '··?":.:;.;5-;~:2fi?h 

. :',"" . .. ~ . . '~:::';'i':~:~;:~::;~ :jf;:'1;9?:~!§~:)I:;;i: ::.}' ~'~:i., :~: ;)5~}'::'~~::",""';:': '.' .. ~: ,:; .. :\., .:. ,.:t,<.:~...· .' ..... .' . . ' .... . . :~2;iZ~\:;> 
24 ;1 ., . '. innovations,' in 1954 AT&T demonstrated TRADIC, which it ' '. 

~ . 

. 2S II described as the "first general purpose transistorized 
.\ 

/I 

II 
If 

d~qital computer". (DX 6888, p. 121.) 
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(c) AT&T is credited with having operated the first 

time-sharing system around 1950. (DX 5333, p. 6.) 

In 1956 a final judgment settled the antitrust suit 

the u.s. government had brought against AT&T in 1949. The decree 

provided, in part: 

"The defendants [AT&T and Western Electric] are each 
enjoined and restrained from commencing, and after three (3) 
years from the date of this Final Judgment from continuing, 
directly or indirectly, to manufacture for sale or lease any 
equipment which is of a type not sold or leased or intended 

'to be sold or leased to Companies of the Bell System, for use 
in furnishing common carrier communications services, except 
equipment used in the manufacture or installation of equipment 
which is of a type so sold or leased or intended to be so sold 
or leased: provided, however, that this Section s~all not apply 
to ••• equipment'manufactured for the [United States], or for 
[the United States'] prime or sub-contractors for the perform
ance· of contracts with [~~e United States1 or sub-contracts 
thereunder. 

"After three (3) years from the date of ~~is Final 
Judgment, the defendant Western [Electric] is enjoined and 
restrained from engagin~either directly or indirectly, in 
any business not of a character or type engaged in by 
Western or its subsidiaries for Companies of the Bell System, 
other than (1) businesses in which defendant AT&T may engage 
under [the next] Section ..• hereof, ••• and (3) any 
business engaged in for [~~e United States] or any agency 
thereof. 

II 

il 
19:i /' " ••• AT'T is enjoined and restrained from engaging, 

either directly', or indirectly through its subsidiaries 
other ~~n Western and Western's subsidiaries, in any 
busines's other than the furnishing of common carrier 
communications services: provided, however, that this 
shall not,' apply to (a) furnishing services or facilities 

~ i 
20 !l 

!t 
.1 

li 
21 !! 

!, 

22 If 

23 II 
;1 
01 
;1 

24 i! 
i! 
:i 25 

I 

11 

il 
II 
jl 

for the [United States] or any agency ~,ereof, (b) experiments 
for ~~e purposes of testing or developing new common carrier 
communica~ions services, ..• or (g) businesses or services 
incidental to the furnishing by AT&T or such subsidiaries 
of common carrier communications services." (U.S. v. Western 
Electric Co., [1956J Trade Reg. Rep. (CCE) ~r 68,246 (D.N.J. 
1956).) 
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The consent decree limited AT&T's ability to compete in 

certain parts of ~~e computer business. However, AT&T continued to 

manufacture computer products for the- United States government, for 

use in "common carrier communications services" (id.) for the Bell 

operating companies, and through its Teletype subsidiary to co~~ercial 

customers as well. AT&T's products included computer systems, 

terminals, modems, and data sets.* 

9 I * Examples of AT&T's post-consent decree EDP research activities 
I are found in OX 6888, pp. 3-4, 99, 107, 111-17, 120-22, 123-30. 

10 1

1

'\ "Modems convert computer digital signals into analog 
signals that can be transmitted over telephone lines and 

11 -1!1 reconvert those analog signals coming off telephone lines to 

12 
-/:,1 digital signals which can be processed ~y a computer." (Crago, 

Tr. 85965.) Modems are "central to the operation of geog=aph-
13 II ically dispersed ·computer systems". (Crago, Tr •. 85976.) 

'/ A data set " [m]akes possible centralized data processing opera-
14 III tions (by] reduc[ing] the need for separate data processing equipment 

I at other locations ••. (and] (oJffers an economical means to 
15 II operate data communications. • • ." (DX 6890, p. 3.) A data set 

i "(t]ransmits and receives business machine codes over regular tele-
16 i! phone lines or private lines" and ~~ereby facilitates numerous 

:i functions including: 
17 II 

II -18 II 

19 Ii 
11 

20 11 

21 II 
ii 

22 :1 
\1 

.,-: !I 
-...J I' 

i! 
24 

I! 
25 l' 

1 
! 

il 
I. 

II 
II 
1\ 
" -

"direct two-w~y communications between many 
types of business machines • . • 

" 
If ••• direct computer-to-computer operation . . . 

n 

" .•. rapid, direct, low-cost data communi
cations between separate business locations • 

"Make: possible centralized data processing 
operations--

"increases ~~e efficiency of existing business 
machine operations. "(DX 6893, pp. 2-3.) 
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By the early 1960s Bell had announced the development 

of "#1 Electronic Switching System (*1 ESS) • • • a stored 

program control system which has been developed to handle a 

variety of switching jobs". (DX 10448, p. 18.) No.1 ES5 

5 was a "real-time" electronic system and introduced to the 

6 telephone switching field "the control philosophy, which 
I 7 il utilizes a stored prog:ram". (DX 6884, p. 2; OX 6886, p. 1.) 
:1 
I 

8! 
I 

91 
I 

10 I 
11 II 
12 !I 

:1 
II 

\" 13- .1 

"A system employing a sto:red program is 
one which- ~onsists of memories for storing both 
inst--uctions and data, and a logic unit which 
monitors and controls peripheral equipment by 
performing a set of operations dictated by a 
sequence of program instructions. The stored 
program philosophy permitted the designers [of 
ES5] to use centralized logic circuitry and 
large-capacity'memory units as a means of attaining 
flexibility and over-all economy in the system." . (DX 
6886, p •. 1.) 

As described by AT&T, No. 1 ES5 had "primary II 
14 :1 

I' 
15 !\ inputs f:rom (telephone] lines and trunks via scanners, 

16 !I and outputs to the network and signal distributor, with 

;1' teletypewriters as administrative input-output devices and , 
17 II 

;1 with a magnetic tape for automatic message accounting · · · 
18 II 

-!I output". 
19 Ii 

The memory units in the No. 1 ESS could be expanded 
II 

20 II over a wide range to accommodate the largest office. (OX 

~l 6 8 8 6, P • 2.) 
21 !! 

ft[Tlhe central processor contains two types of 

I, memory: a semipermanent memory system (program store) 
22 II 

\! for storing programs and a high-speed readable and writable 
2-- I 

~ 11 memory (call store) for sto:::ing [telephone] call progress 
24 'I 

il As discussed below, the first No. 1 ESS was 25 ;1 data n. 

II installed in 1965. 

II 
II 

(OX 14210. p. 7.) 

II 

II 
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AT&T's U. S. EDP revenues rose from $770,000 in 1952 

to more ~~an $97 million in 1963. (OX 8224, p. 133.) Those 

3! revenues can be further broken down, ~y beginning and ending years 
I 

4 for the period 1950-1963, as reported in OX 5945, as follows: 

5 

6 
I! 

7 II 
I. 

!I 
I S I 

I 
I 

9 1 
I 

I 
10 ! 

11 I 

121 
i 

13 II 'j 

14 il 

15 il 
16 II 

II 
d 

17 Ii 
il 

18 1: 

'l9 II 

20 !I 
It 

21 II 
" 22 I! 
Ii 

~~ il 
~ I. 

II 
24 II 

il 
25 il 

il 
II 

'I 
i 

Ca) Sale's by Western Electric to the Bell System 

Operating Companies of stored proq~am electronic digital 

central data processors and related equipment and software--

pp. 7-8)7 

(b) 

Cc) 

1962 

1963 

Sales 

1961 

1963 

Sales 

1952 

1963 

by 

by 

$263,000 

$407 ,000 (OX 5945, -Dunnaville, 

Western, Electric of data sets--

$1 , 15 9' , 00 0 

$3,579,000 (id. , pp. 9-10); 

Teletype Corporation of EDP produc.:ts--

$770,000 

$61,444,000 (id., pp. 10-11, 

as amended by Letter, Dunnavi11e to Deutsch, February 27, 

1975, included as a part of DX 5945); 

(d) Sales of computer systems manufactured by AT&T 

or its subsidiaries to the United States Government--

1952-1954 

1963 

$263,000 

$31,963,000 Cid., pp. 11-12). 
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24. Raytheon/Honevwell. Raytheon rose to promi

nence during W~rld War II primarily as a manufacturer of 

radar and other electronic equipment for the military. 

Raytheon was involved in developing and producing computers 

as early as 1947 when it began work on the Raytheon Digital 

Automatic Computer (RAYDAC) under the sponsorship of the 

Bureau of Standards and later the Office of Naval Research. 

(R. Bloch, Tr. 7570, 7575; see Hurd, Tr. 86326~) The 

RAYDAC was first delivered in approximately 1951. (R. Bloch, 

Tr. 7570; DX l3684-A, p. 8.) In the late 19405 and early 

1950s Raytheon also developed certain other computers "under 

code names that went to top security agencies". (R. Bloch, 

Tr. 7570; see also Hurd, Tr. 87661-63.) 
.. In the early 1950s, 

Raytheon also manufactured various electronic components, 

including transistors, triodes, rectifiers, and Klystron 

tubes. (E.g., DX l3684-A, p. 27.)* 

Raytheon during this time period funded its computer 

operations entirely by government contracts and marketed its 

computers exclusively to u.s. gover~~ent agencies. (R. 

Bloch, Tr. 7567-70, 7572-73.) 

Richard Bloch, who joined Raytheon in 1947 as head 

of its Analytical Department and later became General 

* For its fiscal year ending Hay 31, 1952, Raytheon had 
total revenues .of $111,287,000. (OX 13684-A, p. 3.) 
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I! Manager of its Computer Division, described Raytheon in the 
i 

2! early 1950s as "one of the prime centers of technological 
I 

3! development at that time, and probably [aJ leader roughly 
I 

i 
4 I parallel with the Univac operation in terms of scope of 

I 
I 

51 
I 

6 i: 
7 [I 

q 
I 

Si 
I 
I 

I 

9j 

10 I 
11 II 

r 
12 II II 

I. 
13 II" 

I 
I 

14 l I 
i 

15 I 
I 

16 II 
I; 
I 

11 ! 
1 
! 

18 ;! 
ji 

19 ii 
20 11 

:I 
H 

21 II 

Ii 
"..., II 
~II 
~~ !I 
~\I 

24 il 
il 

25 ~i 

!i 

II 

II ,. 
II 

competence". CR. Bloch, Tr. 7570, 7736.)* Indeed, in 1952 

Raytheon was one of several companies (including RCA, 

Remington Rand and IBM) with which M.I.T. ' s Lincoln Labs 

conducted detailed discussions concerning proposals for 

designing the SAGE computer system. (Crago, Tr. 85962; 

Burd, Tr. 86463-64.) 

By 1953 or 1954, Raytheon had begun development of 

a computer known as .the RAYCOM, a "general purpo~e .com

mercially oriented ••• digital computer, which was a 

takeoff of work [Raytheon] had done on the .RAYDAC". CR. Bloch, 

Tr. 7570, 7739.) Raytheon, however, ultimately decided not 

to pursue a commercially-oriented computer: 

"The primary reason was that Raytheon at ~~at time 
was primarily a Government-funded corporation, very 
heavily so; they did not attack commercial activities 
in other fields very effectively, [**] and had no 

* For reasons summarized previously in this text, Bloch 
testified that technical leadership in computer development 
passed to IBM "in the area of 1953 or '54, and certainly by 
1955". (Tr. 7742.) 

** In 1956, Raytheon totally withdrew from a different 
"commercial activity"--the manufacture and sale of television 
and radio sets--by selling ~~at business to the Admiral 
Corporation. (DX 13686, p. 5.) Raytheon at that time told 
its stockholders it could not "compete profitably" in that 
business. (Id.) 
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desire to make a move into this commercial field. 
Furthermore, and probably most L~portantly, they did 
not' have the funds that would be required. They were 
accustomed to being funded by Government· contract, and 
this required funding from the [corporate] exchequer." 
CR. Bloch, Tr. 7573, 7575.) 

Nevertheless, Raytheon had "in existence an ex~ra~ely 

capable group" working in computers. (R. Bloch, Tr. 7571-

72.) Rather than disperse them, Raytheon, in 1955, entered 

into a joint venture, called the Datamatic Corporation, with 

the Minneapolis-Honeywell Regulator Company (hereafter 

Honeywell) to "design, develop' and produce large scale 

computer systems" for business data processing, based on 

Raytheon's work on the RAYCOM. (Binger, Tr. 4502-03; R. 

Bloch# Tr. 7571; PX 318, p. 33 • .> 'At the time of the joint 

venture, Honeywell was one of the United States' largest 

manufacturers of automatic control equipment for home, 

commercial, military, and industrial applications. 

(DX 13670, pp. 5, 7-11.) 

Raytheon, wi~~ a 40 percent interest in the 

Datamatic joint 'lenture, contributed essentially all of the 

"computer ~~ow-how". (Binger, Tr. 4502; R. Bloch, Tr. 7573, 

7739-40.) 
I 

Indeed, Bloch testified that the group he headed 

at Raytheon, which had designed the RAYDAC and worked on the 

RAYCOM, was subsequently responsible for developing the 

Datamatic-1000 (based on the RAYCOM), as well as the later 

Honeywell 800 and 400 computer systems, and "had an i.1t1portant 
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role to play" in developing ~~e 200 computer system. (Tr. 

7741-42.) Honeywell's "major contribution was money and 

management"·. (R. Bloch, Tr. 7740.) 

Bloch testified he believed it was a mistake for 

Raytheon not to pursue the RAYCOM development. (Tr. 7746.) 

He thought that if his group at Ray~~eon had pursued the 

development of the RAYCOM it would have been successful: 

"Some of this I must say is a question of an inunodest 
belie"f that we would marshal the necessary forces to do 
the job, but remembering that we had a strong technical 
group, I feel that we would have developed, with time, 
~~e necessary marketing force, and so on. 

"This was an early time in the field. The most 
important thing at this time, certainly, was technical 
competence in terms of being able to develop any product 
that made sense. And that we had. II (Tr. 7748-4'9.) 

From Honeywell's point of view, the purpose of the 

Oa;amatic joint venture was "to bring them into, overnight 

as it were, an important position, certainly technologically, 

in the then infant computer field". (R. Bloch, Tr. 7571-

72.) According to James Binger, Honeywell's chairman, 

Honeywell "looked upon the move as a very natural extension 

of (its] existing automation business". Indeed Binger stated 

in 1973: "[Honeywell] never regarded [the computer business] 

as a separate business, and we are more convinced today of 

its synergism with our control systems than we were in 1955." 

(OX 130, p. 12.) 
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In 1955, when the Oatamatic joint venture began, 

Honeywell had sales' of $244 million, net income before taxes 

of $40 million and total asse~s of $164 million (DX 13670, 

pp. 5, 16); Raytheon had sales of $182 million (fiscal year 

ending May 31,1955), net earnings before taxes of $9 million, 

and total assets exceeding $82 million. (OX 13685, pp. 4, 

18. ) 

Oatamatic's first product was the 0-1000, a large

scale, first generation, vacuum tube computer system first 

shipped in late 1957 at a price of approximately $2 million. 

(Binger, Tr. 4502; OX 13671, p. 16; OX 13888" p. 37; OX 

10552, pp. 7-8; PX 318,·p. 34.) Honeywell manufactured the 

D-IOOO's CPU and tape drives but obtained other peripheral 

products from several suppliers, including printers from 

Anal ex , card readers and various kinds of tabulating equip-

ment from IBM, and large magnetic rotary files from a machine 

tool business located in New England. (Binger, Tr. 4512-13, 

4549-50.) 

Honeywell had "approximately 8 or 10" customers 

for its 0-1000, including the Michigan Hospital Service 

(Blue Cross-Blue Shielq), the First National Bank of Boston, 

the B&O Railroad, the u.s. Treasury (Savings Bond Division), 

the Bureau of Public Debt, and the County of Los Angeles. 

(Binger, Tr. 4503-04; DX 13672, p. 40.) The 0-1000 was used 

primarily for processing business data, "largely of an 
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accounting nature". (Binger, Tr. 4504.) 

In 1957 Honeywell acqui=ed Raytheon's 40 percent 

share of Datamatic for about $4 million. (Binger, Tr. 4504-

OS; R. Bloch, Tr. 7574.) Raytheon reported that 

nsubstan~ial additional investments will be required to 
develop Oatamatic's full potential. In view of Raytheon's 
growing cash requirements, it was decided to dispose of 
our interest in Datamatic and'to concentrate all available 
funds on our own business."· (DX 13855, p. 7.) 

rapidly. Its revenues rose to nearly $260 million for 

calendar year 1957, and rose again to $375 million for 

calendar year 1958. (OX 13855, p. 7; OX 13688, p. 6.) 

--- _ .. ~ ..;. 

Prior to selling its Datamatic equity to HoneyWell, 

Raytheon had approached Lockheed. According to Norman Ream, 

Corporate Director of Systems Planning at Lockheed from 1953 

to 1965, Lockheed was initially interested because "in the 

1956-57 era • • • the aerospace companies were branching out 

into electronics and • • • [Lockheed] looked upon ~~is as a 

possibility of getting some advanced electronic techniques--or 

* Raytheon currently offers n~te11iqent terminals, 
minicomputers and telecommunications systems" (DX 7961; see 
also Hangen, Tr. 6424-25; McCollister, Tr. 11159-61; O'Neill, 
Tr. 75729-31) and is 'in the business of maintaining IBM 
computer products and IBM plug-compatible computer products. 
(Vaughan, Tr. 21397, 21414-16, 21887.) 
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technical knowledge." (OX 9070, Ream, p. 37.) Ream testified 

that in 1957, Datamatic had delivered about nine OATAMATIC 1000s 

and was "estimating the sale of a very large number of their , 
OATAMATIC 1000 Systems". (~, p. 36.) Ream, after studying 

Oatamatic, "did not believe that [estimate]"; his own study 

indicated that Oatamatic would not "sell another machine (1000]--

and they did not"--because Oatamatic "had not advanced the state 

e~<w~t~~~a"""l:;~'knee~-:,:-a-ccord{nq-YY,::-~Eic::(ded;:·~rii:ft.-:~tio" 'acquire 

Raytheon's interest in Oatamatic. (!£:..) * 
At year-end 195-S Honeywell announced the transis-

torized Honeywell SOO, which it described as its first "medium-

scale computer", for delivery in the third quarter of 1960. It 

described the Honeywell SOO as a fully transistorized; small in 

size, but "extremely high speed" and efficient computer that could 

"be expanded in small ecooomical increments to meet a growing 

data processing requirement--business and scientific". (OX 13672, 

pp. S-9; see Binger, Tr. 4550.) 

In 1959 Honeywell's Oatamatic Division announced 

another new product, the H-290, a digital computer developed 

"for use in the public utility field and to control continuous 

processes in the chemical, petroleum and other industries". 

(OX 13673, pp. 27-28, 43.) 

* Shortly thereafter Lockheed purchased another organiza
tion that became the basis for its Electronics Division. 
(OX 9070, Ream, pp. 37-3S.) 

-187-



51 
I 

6j 
i 

7! 
I 

81 
I 
I 9: 
i 

10 I 
11 I 

12. !I 
13 II 

1411 
151

1 
16 I! 

I; 

17 :1 
i 

18 l 
I 
I 
j 

19 ii 

20 11 
I 

21 /1 

22 
Ii 
II 

.,~ II 
~Ii 

II 
24 11 

jl 
25

1 
I 
I 

i 
I 

I 

' .. '., .. ;.' 

In December 1960 Honeywell actually delivered the 

first of its 800 systems to the Associated Hospitals of New 

York and the American Mutual Liability Insurance Company of 

Boston. (DX 13674, pp. 45-46.) It also announced the 

Honeywell 400--a computer system fully compatible with the 

Honeywell 800--priced at about half the price of the 800 and 

delivered in the latter part of 1961. Taken together, these 

"t110 ,system,s ,co.vered "a sizeable range in solid-st::;,t2 el;;:c~' 
,~~- .... ~~ :::: ...... ;" • ~-........ '." ~-.'" ... ... -, ... - .... <~. - •• 

tronic data processing systems", with prices ranging "from 

approximately $400,000 to several million dollars". (Binger, 

Tr. 4550~ DX 13674, pp.10-ll;DX 13675, pp. 35-36.) Honeywell 

described the ·400 as a "full-scale data processing system" 

that included magnet.ic tape and "diverse 'input/output capa-' 

bilities" , that could be used independently or in conjunc

tion with the 800. (DX' 13675, p. 36.) 

Honeywell also, throughout 1961, operated a service 

bureau using a Honeyw~ll 800. (DX 13675, p. 35.) 

In 1961 Honeywell introduced a "FACT" compiler for 

use on its 800 computer systems. (Spangle, Tr. 5092-93; OX 

13675, p. 37.) Like IBM's COMTRAN, FACT (which had been 

developed for Honeywell by Computer Sciences Corporation 

(Spangle, Tr. 5092-93» was "a programming language based 

on English", and a "compiler to develop machine programs 

from programs written in that language". (Withington, Tr. 

565l6.) Honeywell described FACT as perhaps "the most 
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complete and powerful program for compiling business appli-

cations" • (OX 13675 I p. 37.) Although Honeywell claimed 

that its FACT programming language was superior to both 

COMTRAN and COBOL, Honeywell ultimately abandoned FACT in 

favor of COBOL, "th,ereby losing its investment" just as IBM 

had been forced to abandon COMTRAN. (Withington, Tr. 

56512-16.) 

-,,~ £:' ~':;'~::In ;:;1'9:6~i~Hon~~ellan~oUn~'~d tl1"e ~Honi~~~fi:'=18~66;: 

describing it as "an extremely powerful computer capable of 

handling both business and scientific applications". (OX 

13676, p. 29.) Honeywell also concluded an agreement with 

the Nippon Electric Company under which Nippon, on a royalty 

basis, would "produce and market, in the Far East, computers 

incorporating Honeywell designs and features". (OX 13676, 

p. 31.) 

In 1963 Honeywell announced the 1400 as "a ready 

means of expansion to Honeywell 400 customers who desire to 

move to a larger system without reprogramming" and as having 

"unique real time capability in the field of computer-

communication systems". (DX 198, p. 25.) Honeywell also 

announced its 200 system in December 1963. (OX 167.) The . 
200 was intended to be a "powerful, low-priced magnetic tape 

system designed for the smaller user, and thus is directed 

toward that part of the EDP market that represents the 

largest dollar volume". (OX 167; OX 198, p. 26.) 
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contained an "automatic program conversion package, 

called 'Liberator'lt. (DX 198, p. 26.) Liberator was 

designed to automatically convert "instruction programs 

written for ~~ree competitive systems, thus eliminating 

major reprogramming costs". (Id.) 

Honeywell's o.s. EDP revenues grew from $1 

million in 1958 to $27 million in 1963. (DX 8631, pp. 31, 37; 

DX 14484, p. R1.) In 1963, Honeywell's total corporate reve~1~~S 
c. ... I ~ • 

were $648 million. (DX 198, p. 4.) 
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25. RCA. Radio Corporation of America, with 1952 

revenues of nearly $694 million, was another large, technically 

sophisticated company well situated to enter the computer busi-

ness durinq the early 1950s.* McCollister testified he believed 

that throuqhout the 1950s, RCA's revenues exceeded those of IBM. 

(Tr. 9553.) 

a. RCA's Earlv Com~uter-Related Activities. Before . -

and during the early 1950s, RCA gained experience in computer-

related /activities in three areas: Computing devices, vacuum .. : •. 
tubes and transistors, and core memories. 

Scientists at RCA Laboratories "began a study of 

electronic computing devices as far back as 1935" (PX 344A, p. 

1) and in the early 1940s, RCA "'pi~~eer[ed] in electronic data 

processing'" with its "' systems. for anti-aircraft fire control' It. 

(PX 343, p. 3.) RCA produced its first computer in 1947 at the 

request of the U.S~ Navy. (PX 344A, p. 1.) This computer, the 

Typhoon, "was a very large analog computer, one of the most 

sophisticated for its time, and it was used primarily for simulation 

studies". (Beard, Tr. 8652.) 

* At that time RCA operated in five divisions. Nearly 
three quarters of its total revenue, or $507 million, came 
from the manufacture and distribution of RCA Victor products 
--phonographs, records, radios, televisions, etc.--and from 
RCA Laboratories; the National Broadcasting Company had 
revenues of $162.5 million~ ,RCA Communications had revenues 
of $17.5 million, and RCA's Radiornarine Corporation had 
revenues of $11.9 million. (DX 658, p. 6.) 
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By 1950 RCA had undertaken an "exploratory investigation 

of a digital computer for commercial applications". (Eeard, Tr. 

8651. ) 

By 1952 RCA reported that a "substantial part of (its] 

Laboratories Division activity • • • was devoted to research on 

classified Government projects in such fields as electronic 

computers". (DX 658, p. 17.) MIT selected RCA as one of the 

finalists in the competition to produce SAGE computer systems. 

(Crago, Tr. 85962; Hurd, Tr. 86463.)* 

By the early 1950s, as a result of its involvement in 

the manufacture of radios and televisions, RCA was' one of the 

nation's major manufacturers of vacuum tub~s. (DX 658 1 pp. 19-

23.) Th~ designers of the ENIAC consulted RCA's engineers in an 

effort to develop "ultra reliable"' tubes for the ENIAC computer. 

(Eckert, Tr. 768.) Following the invention of the transistor, 

RCA began research on possible transistor applications, recognizing 

as early as 1952 that "substitution of transistors" for vacuum 

tubes would permit the construction of computers "of greater 

versatility and utilitYI as well as reducing their size and power 

consumption. " (OX 658, p. 1/3":'-'-
RCA also pursued the develo~ent of core memory during 

\ \ . 

the early 1950s. In 1953 RCA employeeS \'wrote: " [r] ecently 
\ 

ferrite materials have been developed which are suitable for use 

* RCA continued to work on classified military projects 
to develop electronic computers during the 19505. (E.g. I DX 
659, p. 20 ~ DX 661, pp •. 34-35.) 
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as memory elements for large-scale electronic computers. A 

me~ory unit capable of storing ten thousand bits of information 

has been dev~loped by RCA." (DX 659, p. 16.)* 

Against that background it is plain, as Mr. Beard 

acknowledged, that "in the early 1950's ..• RCA. had the finan

cial and technical capabilities successfully to develop, manu-

facture and market computers for commercial application". 

(Beard, Tr. 8652.) 

b. RCA Com~uter Develooments 1956-1959. RCA did not 

deliver a digital computer until 1956. (PX 344A, pp. 1-2.) In 

that year, it delivered the BIZMAC, which was "a data-processing 

giant" (PX 343,.p. 3) with a purchase price of $4 million. (DX 

661, p. 21.) It had a small amount of core memory: .~pproximately 
-." .':" ".: .. " .,.:" . 

28,000 cores. (Hurd, Tr. 88213.). 

RCA developed BIZMAC for the Army and intended it to be 

used for bu:~ness-type applications: "stock control of replace

ment parts for military combat and transport vehicles". (DX 661, 

p. 21,) It was intended to "provide speedy and accurate infor

mation on inventories, to determine in minutes the current supply 

of any item at any Ordnance depot in the nation, and to compute 

forecasts of future requirements." (Id.; see Beard, Tr. 8449-50 • .) 

* In 1953 Dr. Rajchman of RCA realized that, having made a 
10,000 core memory, the next important step would be a core 
memory comprising "millions" of cores. To accomplish that goal 
would "require great innovations in construction techniques and 
still further improvements in magnetic switching." (PX 6091, p. 
16.) 
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The BIZMAC took RCA "a lot of time and money to develop." 

(McCollister, Tr. 9254-55.) 

RCA shipped approx~ateiy six BI~Cs during the 

1950s.* (Beard, Tr. 8710-11.) Withington testified that the 

BIZMAC worked "relatively poorly" and classified the product as a 

"failure" • (Tr. 56507-08.) 

Because of its size, the BIZMAC program kept RCA 

"pretty well occupied up through the middle fifties and maybe 

9 1956, 1957". (McCollister, Tr. 9255.) In 1958 RCA began work on 
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the 501. (Id.) 

The 501 was, according to RCA's management, "the first 

completely transistorized, genera~ purpose el~ctronic data 

p~ocessing system". (PX 343~ p. 1.) It was announced in December 

1958** (id.), and first delivered in mid- to late 1959.f (PX 

114, p. 18.) It was Mr. Beard's understanding that only three 

501s were delivered to cu~tomers outside of RCA during the 1950s. 

* Customers included: Travelers' Insurance, New York Life, 
Higbee Department Stores and The ~I.my Tank and Automotive Command. 
(Beard, Tr. 8658; McCollister, Tr. 9254; DX 662, p. 20; DX 664, 
p. 18.) 

** "The 501 is the fifth of six new products which Mr. Burns 
(RCA's President] said last May would be announced by RCA in 
1958. The first four were a tape cartridge to provide stereophonic 
music in the home, a line of stereo tape and record players, the 
'Wireless Wizard' remote control for black-and-white and color 
television receivers, and a two-way belt radio which transforms 
'the wearer into a ~walking radio station.'" (PX 343, p. 2.) 

fRCA received orders for the 501 prior to its announcement. 
( PX 34 3, P • 2.) 
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(Tr. 87-11.) 

While McCollister believed the 501 was a "competitive 

system" and that it was "well designed by the standards of the 

time" (Tr. 954'2), RCA experienced difficulties with some peripherals 

The card reader and card punch equipment were "slow" and "un-

reliable", and the line printer "required a lot of maintenance"; 

its "print quality wasn't particularly good". (McCollister, Tr. 

9542-43.)* 

As of December 1959 RCA reported "commitments for 

41" of its 501 systems. (PX 114, p. 5.) Nevertheless, because 

~~e computer division had "optimistically scheduled production in 

excess of what th~y were able to sell", more 501s were built than 

were marketed. (McCollister, Tr. 9541-42.) .', 
In the late 1950s, RCA was chosen as program manager _ 

for the BMEWS project, a computer system commissioned by the 

North American Air Defense Command to pI~vide early warning of 

any ballistic missile attack. (Beard, Tr. 8450-51, 8676.) Among 

RCAts BMEWS subcontractors were IBM (which provided the main 

CPUs--IBM 7090s), General Electric and Sylvania. (Beard, Tr. 

8676.) RCA also developed computers of its own for the BMEWS 

system, and RCA's subsequent commercial products made use of the 

* The Social Security Administration was not satisifed with 
the 501, and transferred its workload to an IBM 7080. (DX 5793, 
p. 9: DX 7539, pp. 31-32.) 
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advances introduced in the BMEWS.* 

During the late 1950s, RCA announced its third computer, 

the 110 Industrial Control Computer. (Beard, Tr. 8660; PX 114, 

p. 37.) RCA's Electronic Data Processing Division performed 

the development work on the 110. (Beard,Tr. 9027-28.) According 

to Beard the 110 differed from RCA's other computers in that it 

was supplied with less software and was designed to operate in a 

"more severe environment". (Tr. 8565-66.) The ,110 was offered 

different functions and could be "supplied with a wide variety of 

optional functions". (PX 114, p. 37.)** 

Despite its substantial technological capabilities at 

the beginning of the 1950s, RCA, by the end of the 19505, had not 
,. . ,', 

succeeded in establishing a sub~tantial presence in the computer 

industry. As late as December 1959, in a business review of 

RCA's Electronic Data Processing Division, the company stated 

that it was just "beginning to overcome the major obstacle which 

* For example, the RCA 3301 computers used an improved version 
of the electronic circuitry developed and designed for BMEWSi it 
used some of the electrical packaging features of the EMEWS 
computers. Also, the RCA 4100 used similar packaging and a 
somewhat improved circuitry over that which had been used in . 
BMEWS; the 4100 was used by United Airlines to provide communica
tions functions as part of an airlines reservations system. 
(Beard, Tr. 8684-86, 8983-84.) 

** Modified RCA 110s (called 110As) were used by ,NASA as part 
of the Saturn Missile Launch Computer Complex at the Kennedy 
Space Center. (DX 5255, pp. 11-12.) 

-196-

-



I 
i 

.. 1 
. -', '- I 

1 

21 

3 1 

41 
i 

5/' 
61 
7\1 

1 

81 
91 

I 

lO I 
11 1 

I 
121 

I 

I 

' 13 1 

I 
14 I 

I 

:1 
I' 

17 ! 
I 

18 I 
I 

19 \' 

20 II 

21 , 
I 

221 
I 

23 

24 
t 

i 

25

1 
i 

I 

','. " . : ........ , ...... 

plagued us previously; namely, doubts as to RCA's seriousness in 

the EDP business". (PX 114, p. 5.) 

About this time RCA's. management was "faced with a 

decision as to what they should do about being in the computer 

business". (McCollister, Tr. 9255.) Expressing one point of 

view was RCA President John Burns, who felt that "in view of 

RCA's technical capabilities and what appeared to be great growth 

;:oQPpori;u:Q.ities in -the -comp~~~:r; ~ fi,.eld r ::: ,! .... :-. ;., ~- t~i~::...~as a :bu$,in~:~s.. .. :: :. 
_..,.. .. .,.. r - ou- _r.~ . .. ____ ................ ~~.. .... ... ..... ," . --.. '-. . ,- .-, 

RCA should be in". (Id.) ( Pushing in the other direction was 

RCA's desire to develop and commercialize color television. The 

resulting battle for investment money within RCA began during the 

1950s and continued through the 1960s, to the detriment of RCA's 

computer related activities. As Beard testifi~d concerning the 

allocation of RCA's total corpo~ate resources throughout the 

1950s, there was a "greater total effort in television from the 

engineering point of view than there was in the computer". (Tr. 

8717.) 

Production of peripheral products was limited in 

this time frame. Thus, RCA's computer division decided to curtail 

the development of peripherals in the late 19505 or early 19605 

in order 

"(t]o concentrate RCA's investments in areas where 
. they felt they would get the most return and where it would 
be possible to procure such things as printers, card readers, 
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and punchers from other manufacturers who were makina them 
available directly to other manufacturers". (Beard, -Tr. 
8998-99.) 

c. RCA's Computer Developments 1960-1963. On April 

13, 1960, RCA announced two new computer systems, ~~e 601 and the 

301. ( PX 34 4A , P • 1 • ) RCA described the 601 as "an ultra-high 

speed, general purpose EDP system • • . equally efficient for 

massive'business data proc~ssing ~ complex scientific computation" 

tDX-56-~--p::':;;'2; -see~'Bearci; -Tr:; 8958)'; the 30J:-"was "a:~ 11 smal:l--to:;' 

medium size" computer. (Beard, Tr. 8454. ) 

Mccollister described the 601 as a "cisaster" (Tr. 

9622) : 

(1) The manufacturing cost for the 601 turned 
, . 

out to be "very, very substantially higher tha." the original 

cost estimates upon which the pricing had been predicated". 

If RCA had raised the price of the 601 to cover its costs, 

the product would have been "uncompetitive". (l-1cCollister, 

Tr. 9543; Beard, Tr. 8458.) 

(2) RCA had difficulty in providing "some 

of the functional capabilities that had been originally 

announced and specified in that system". For example, RCA 

intended' the 601 to be an "on line" and "mu,ltiprogramming 

type of system". RCA's attempt to make the system operate 

that way was "economically just a t~tallY,impractical thing 

to ,do" and also "there was a big slowdown in being able to I 
accomplish these functions in a technical sense". (11cCollister ,1 
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Tr. 9544.) 

(3) RCA used coaxial cable to improve the per=orrnance 

of the cpu. However, so many cables were used that: 

"it was virtually a physical impossibility to 
interconnect all of the points on the back side 

"of the machine t!lat had to be interconnected". 
(McCol~ister, Tr. 9544.) 

John L. Jones, then employed at the Air Force Logistics 

Command, observed the same probl~~: 

'" ~"i t reqUired:-a large ~ amount -'of special wiri-iig' and -the 
wiring got so ~~ick on the back board, the back plane 
of the machine, that they could no longer get down to 
the pins to attach more wires through this layer of 
wiring and there was still a large number of wire 
connections that needed to be placed, and at that point 
they gave up on deliverL,g the RCA 601 on its original 
schedule and, of course, that L~pacted ~~e decision as 
far as the [Air Force] Logistics Command was concerned. 
And, in fa~t, what they had to do was to go back and 
redesign a new type of very thin coaxial cable in order 
to again come forward ~ith tbe RC.;' 601." (Tr. 79347-
48. ) 

Thus, after marketing the 601 for a short time, RCA 

realized that: 

"there were severe technical problems, both in a functional 
and in a manufacturing sense, and there were also severe 
financial problems, so much so that the company began to 
look for a way ,out of the progr~~.n (McCollister, T=. 9544.) 

In 1962, RCA stopped marketing the 601. At that time 

it decided to honor the "present commitments t..i.at were made to 

customers but not to sell any more". (Beard, Tr. 8457-58.) 

McCollister believes that RCA manufactured only five 60ls and 

delivered only four. (McCollister, Tr. 9545.) 

The aborted 601 program hurt RCA's computer busi~ess in 

several respects. McCollister testi!ied: 
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"[The 601] cost [RCA] money, from which we received no 
worthwhile return, both from the manufacture and the develoo
ment expense, which was quite substantial, and it also lost
us time of engineering people because, while they were 
working on that product, trying to salvage it within the 
.limits that had been established, they were unable to put 
their efforts into the design of products that might have 
had a more important business· future." . (Tr. 9624.) 

The failure of the 601 "embarrassed" RC.;'. (Beard, Tr. 

8723-24.) 

"[I]t hurt [RCA's] reputation very badly, because we had 
placed great public emphasis upon the 601 asa product;. a.nd 
its capabIifties, and-I£-hurtu5 with-several·iinportant· 
customers." (McCollister, Tr. 9623.) 

The failure of the 601 .hurt RCA's ability to market its 

other products because RCA "had counted on the 601 to fill the 

upper end of the compu:cer systems market." (Beard, Tr. 8724.) 

The absence of the 601 "left a void for the 301 customers who 

were looking to move into larger. systems." (Beard, Tr. 8983.)* 

The failure of the 601 cost RCA about "three or four 

years" in development of its computer business. (McCollister, 

Tr. 9362-63.) 

RCA intended the 301 :for "regular data processing type 

work loads". (Beard, Tr. 8955.) It offered an er.hancement to 

the 301 processor, for about a 10% extra charge, that was intended 

to assist the system in performing scien~ific applications. 

Beard considered this "a plus factor" because: 

* In September 1963 RCA announced an interim product, the 3301, 
which was a relatively large computer designed to substitute for 
the withdrawn 601. (Beard, Tr. 8455, 8983; !-1cCollister, Tr. 9629.) 
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"t...'1e machine as used by the customers at that time had 
to be looked at for both their data processing needs, 
which generally were the primary needs, and the secondary 
needs of engineering and scientific calculations". 
(Beard, Tr. 8955.) 

. RCA experienced some success with the 301. ~_ccording 

to McCollister: 

"[T]he 301 system was a successful product program and 
• a strong product program, as the sales results of 

the following years indicated." (Tr. 9622.) 

The 301 System had some problems, particularly 

companies.· For example, RCA used a Bryant disk file on the 

301. When it failed, ~it took a long time to get the necessary 

parts in to get the equipment back on the air, as much as 

six hours or twelve hours". (Beard, Tr. 9009-10.) With:"ngton 

regarded the RCA 361 disk, used .on the 301, as a "major 

product failure" because of reliability problems. (Tr. 

56508-09.) Another example is the printer RCA obtained from 

Anelex, which, "for certain applications • had insufficient 

•. print quality". (Beard, Tr. 10323.) 

RCA "effectively stopped selling" the 301 "somewhere 

in 1964, '65." (Beard, Tr. 8457.) 

By the end of 1961, RCA's EDP division "was in 

considerable trouble. It had grow~ ra~idly and it was incurring 

• The peripheral products RCA purchased from other suppliers 
included IBM card r~aders and punches, Anelex printers, 
Farrington optical scanners and Bryant disk files. 
(McCollister, Tr. 9599-600.) 
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a ~ubstantial operating loss and, worst of all, it was ir. 

severe technical difficulties." (McCollister, Tr. 9245-46.) 

In 1962 RCA decided to resume developing and 

manufacturing its own peripherals. According to Beard this 

was done for two reasons: 

"The first was that our experience ,with some of 
our suppliers had not been entirely satisfactory. 
Secondly, it was felt that resources were available to 
expand the product development to include more work in 
the peripheral area and that as a consequence of this 
we-'wou-l-1i =have- "control over -the "product character'j::stics, 
such things' as reliability, and certainly would be able 
to enjoy a greater contributed value 'in the product, 
and our manufacturing costs we expected to be less than 
the purchase price we were paying to other people". 
(Tr. 9003-04; see Tr. 8451.) 

. Stopping and then restarting its development-of 

peripheral products. hurt RCA's product line: 

"It certainly had an effect on how far 
forward RC~ was able to move in the development of 
peripheral products. • • • 

"But when RCA decided to redevelop its 
products, it had lost the'continuity of the engineering 
effort that had been going on in 'such things as printers 
and essentially had to reestablish its engineering 
skills and manufacturing skills in those areas. So in 
that sense time was lost by the early decision to 
abandon these peripheral developments". (Beard, Tr. 
9004.) 

By the end of 1963 RCA's computer business had not 

made up for its slow development in the la~e 1950s. As 

McCollister testified, IBM made "greater strides" than RCA dur~~g 

the 1950s "in the sense of a wider range of product..s, and a larger 

quantity of products delivered to customers'·. (Tr. 9552-53.) 
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26. General Electric. During ~~e early 1950s, General 

Electric was a large, diversified manufacturer of industrial and 

consumer products, including electrical generating and transmis-

sion equipment, turbines, transformers, jet engines, nuclear 

power apparatus, process control systems, televisions, radios, 

and home appliances. (Weil, Tr. 7174-75; DX 14192.) In 1952, 

GE was "substantially larger than IBM" (R. Bloch, Tr. 7744-45), 

General Electric's first computers were "rather special-

ized" systems directed to ordnance and military applications 

(Weil, Tr. 7012), including the OARAC ("Office of Air Research 

Automatic Compu~er") installed in 1953 at the Air Force's Wright-

Patterson Air Base. The Air Force described OARAC, a one-of-a-kind 

computer, as "quite slow, limited in input/output ca?ability, and 

very unreliable." (DX 4993, p. 4.) 

ERM.~ ("Electronic Recording Method of Accounting"), 

announced in 1956, was GEts first commercially available computer. 

(Weil, Tr. 7012; Withington, Tr. 55979; PX 318, P. 34.) ERMA was 

developed "somewhat on an opportunistic basis" under a larqe con

tract with the Bank of America which called for GE to produce 

"a system basically for reading checks and for doing the accountinq 

* GEls revenues rose to $4.1 billion in 19~5 and to $4.9 billion 
in 1963. (PX 325, pp. 34-35.) 
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within the bank associated wi~~ those checks". (Weil, Tr. 7012-13, 

7155-56; PX 320, p. 4.) Valued at $60 million, ERMA was the 1arqest 

non-governmental computer contract to that time. GE oroduced 30 

ERMA systems under the contract for installation, beqinninq in 

1958, at 13 Bank of America branches in California. (PX 318, o. 34.) 

ERMA gave General Electric "a head start in the ap?lication 

of electronic data processing technology to the banking industry", 

but GE failed to capitalize on that head start. (Weil, Tr. 7157-59: 

. ..:.;,..~ n. ,', ..... ', 
I r'l ~'", "'.; 

generally regarded and often voiced that (ERMAJwas an o~portunity 

that had not been capitalized on, and that was voiced with some 

regret." (Tr. 7158-59.) His own experience in the com-cuter 

division was consistent with that conclusion: 

"I can only speak to what I saw when I joined the 
computer business in 1963 (from another part of GE]. 
What happened prior to that I really don't. know. 

"But as of that time General Electric had become more 
interested in ~~ose markets which were normal to it, the 
kinds of businesses which were typical of General Electric 
and in which General Electric had user's experience. 

"So it was interested in serving the business and 
technical computations of a kind that were more familiar 
than banking was·. GE is not in the banking business n • 

(Tr. 7157-58, 7004.) 

In 1970, in its "Advanced Product Line Master Plan", GE's Advanced 

Systems Division concluded that ERMA had contributed to GE's imaqe 

of "fail (ing] to follow through" in EDP: 

"An enviable image in the banking industry was built 
through the success of the ERMA project and GE's leader
ship in development of Magnetic Ink Character. Recognition 
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standards. This image was subsequently lost due to neglect." 
(PX 353, p. 43.)* 

While building ERMA, GE also began to manufacture under 

contract to NCR a processor NCR had designed. NCR in turn marketed 

that processor to end users as part of the NCR 304 computer system. 

(Weil, Tr. 7l73~ OX 387, p. 12; DX 9097, pp. 14-15.) Weil described 

the 304 as Ita minor offering [for GEl • • . intended primarily for 

use in business data processing, in commercial applications." 
~'.... ~-..,~:;~:~-:.-~;':: "::':..,.' ,.,:;,-------..- .~ ---, .... -,--" .' ~~~ .... ~~=~--.::-:-:.: '":. - _." 

~·(Weri,Tr. 7006.) Only 29 NCR 304s were installed by customers; 

four other 304s were used internally by GE. (DX 401, p. 1.) 

In the late 1950s GE also developed the GE 312, which 

Weil described as a computer intended to perform pr9cess control 

applications. (Weil, Tr. 7166-67.) Using the 312 as the "starting 

point", GE delivered, in 1961, the GE 225, which was based on the 

design features of the 312, including circuit components, word 

length, a similar input/output structure, and a similar instruction 

repertory. (Weil, Tr. 7167-68; see PX 320, p. 4.)** 

* In the late 1950s, GE did announce the 210, a product 
"derivative of the ER..'1A machines" and "aimed at and sold exclu
sivelyto/banking insti tuti.ons. n (Weil, Tr. 7005-06; PX 320, ? 4.) 
However, the GE 2'lO-_was reported to have achieved only 79 installa
tions at its peak. \\P-X, 3448, p. 19.) 

\ \. . 

** GE initially ha~\9ne organization responsible for developing 
computers used for a:variety of applications, including process 
control~ (Weil, Tr. 7166.) However, by 1963, a separate group 
had been established to focus on process control applications. 
(Weil, Tr. 7046-47, 7166-67.) 

According to.Weil, in the early 1960s, there was "in the 
industry" , 

"a common belief that specialization of the interna.l 
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tie!l said t!'la t t.~e 225 was "orig:'nally i:ltendec. as 

a s~4l1 scientifically orientec machi~e, alt~ouqh i~ the end 

it was not sold that way"~ i~s~ead, it was sold "increasingly 

for non-scien~ific commercial and business applications" . 

(Weil, T:. i006-07, 7106.) 

"Some of t."l.e [225' s] characteristics, and t:articula=lv 
the sof~Na=e t.~at was offered on it (including· 

theGECOM business compiler, a "precursor to COBOL"] , 
~de it attractive'to such users (for business ap~lica
tionsl and I am not sure that it was ever in fact 
really sold strongly to t.:'e scientific market t-~at \-las 
its oriqinal intention". (Tr. 7016, see Tr. 71iO-71, 
7262.) 

GE ac.ve:tised t~e 225 for bot~ :usi:less a~c scienti!ic applica-

tions: 

235. 

"1'or the accountant*, the GE 225 is a fast, flexible 
decimal computer; for t.~e engineer, it is a fast, 
"Oower:u1 binarv machine". (OX 486; see toTeil, T=. 
7170-i1.) -

In the fi:st half of 1963 GE i~t=oeucee the 215 ar.c. 

(~X 2 (DX 14501).) T~e 215 was smaller, slower, ana c~ea;er 

i 

-j 
I 

18 .. ~~an ~~e 225. Compared wi~~ t.~e 225, the 235 employed "~ore advanced 

19 

20 

2! 

22 

Z3 

24 

~c:: --

it 
" 
'! 

" 

;j 

:i 
:i 

portions of a computer could make the co~puter better 
aea~ted for certain kinds of a~olications, and there 
was-a for.=at of computer which-people would look at at 
that t~~e and say that is a process control computer. 

"I eight comment that ~~at disti~ction has si~ce 
died, but at least at ~~at t~e in t.~e early sixties, 
that was a relevant distinction". (Weil, Tr. 7046.) 
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electronic circuits, .and, as such, was designed to be a 

higher performance, more cost effective later version of the 

same computing system". (Weil, Tr. 7171.) Weil testified that 

"The 235 • • • was addressed to ~~e same market as the 
225, which by then was largely a commercial market, 
although the additional speed and capability of the 235 
did make it more attractive to oraanizations that had 
scientific computations. So it probably got somewhat 
heavier engineering and scientific use, although in those 
days it was not regarded really as a primary scienti!ic 
computer". (Tr. 7016-17.) 

.. ~ •• ~...... : ~. ..... • •• ;. .:0,. "", -. ........ 

.~. I 

According to Weil, ~~e features of the GE 235 made it suitable 

for both scientific and business applications: 

n[F]irst of all, since it was an upward compatible 
machine with the GE 225 . . . it did all the things that 
the 225 would do. In addition, it had a special high 
performance floating point . . . particularly suited 
for scientific applications. I believe the only way 
in which the 235 would be more appealing to business 
data processing than the 225 may have been in the addi
tional peripheral capability that comes from the 
additional s~eed of the circuits, and the Dual Controller 
Selector". 1Tr. 7171-7:.) 

In 1963, GE also announced the DATANET-30 computer, 

which Richard Bloch described as "a superb machine meant for 

raJ communication enviror~ent"; IBM, he said, had nothing 

comparable. (Tr. 8033; PX 353, p. 43.) GE believed it "assumed 

a leadership position in the area of communication systems and 

communications control concepts" wit..'1 the announcement of the 

DATANET-30. (PX 353, p. 43.) 

GE also offered data processing services to c~stomers 

as early as 1963, using GE-manufactured computer equip~e:1t. 

(Weil, Tr. 7159-60.) 
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II [GE] provided installations of computers to which oeoole 
could bring their problems physicaliy for the computer-to 
provide batch processing servicing for their particular 
problems. It was of the nature of a computer service 
bureau. If (Tr. 7159.) -

Through 1963, GE purchased from outside suppliers 

nquite a substantial share n of the equipment offered as part 

of GE computer systems, because GE did not develop in-house 

electromechanical input/output equipment. (~X 320, p. 4.) 

In the late 19505 and early 1960s, GE did not nmake the 

allocation of resources to the [EDP] business'that were warranted", 

in the view of Reginald Jones, GEts Chief Executive Officer since 

1972. (R. Jones, Tr. 8752, 8874.) According to Jones, 

"I can only say that as early as the 1950~s, if we had 
increased subst~~tially the technical manpower assigned 
to the business, if we had increased at that time the 
financial resources required for the business, they would 
have been much smaller in terms of absolute numbers than 
they would have been, let's say, some fifteen years later." 
(Tr. 8875.) 

Ralph Cordiner, GE's chief executive from the mid-1950s through 

1963, shared that view. Jones testified that Cordiner was once 

asked to identify the most important mistakes GE had made in 

managing its computer systems business, and Cordiner was quoted 

publicly as having said that: 

"General Electric's mistake was that it failed [in the 
1950s and early 1960s] to realize the opportunity and 
therefore made an inadequate allocation of resources, 
both human and physical, to the business." (Tr. 8869, 
8875-76.) 

As early as 1964 Mr. Van Aken, General Manager of GE's 

Computer Department, reported to GE's "executive office": 
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"As a result [of GE's] late start and 1i:nited product 
coverage, General Electric did not participate to any 
great extent in the expansion period of 1960-1964". 
(PX 320, p. 04; Weil, Tr. 7084-85.) 

Weil reported at that meeting that GE, through 1963, had not b.egun 

5 I "to bring its corporate str.ength behind its entry into the informa

tion business". (PX 320, p. 18.)* 
6 

weil contrasted GE's commitment to success in the atomic 
7 

power business wi~~ its relative lack of commitment to the computer 
8 

business in ·t:he·~·ear-ly· 196 Os: 
9 

"Gen-eral Electric was then • • • a very strong supplier 
10 of major equipment to the power generating industry, turbines 

and generators and the like. 
11 

"Nuclea: power, which was a set of equipment that went 
12 to the same customers and into ~~e same plant, was regarded 

as, first of all, an adjunct to that core of business of ~~e 
13 company and, second of all, that if someone should get_in 

the business of supplying central station nuclear power on 
14 a turnkey basis, that perhaps GE would lose some of the busi

ness it enjoyed in turbines and generators, so that was re-
15 garded as a threat to a strong existing business. 

16 "It was clear that the miss':'on of the nuclear power busi-
ness was: We don't know whether there is a business, but if 

17 there will be a nuclear power business, you will be one of 
the leading competitors. 

18 
"That was the charge as I interpreted it to the Atomic 

19 Power Equipment Department. 

20 

21 * Richard Bloch, who was in charge of computer divisions at 
Raytheon and Honeywell in the 19505 and early. 1960s (Bloch, Tr. 7566, 

22 7575-76) {and who was "unim"Oressed" with GE when he was asked 
to and did in fact join GE·in 1968 (Bloch, Tr. 7616», 

23 testified t.1jat L"l the 50s and early 60s it had been his feeling that 
GE's commitment to the EDP business was "tainted with some tentative-

24 ness or speculativeness • • • as a long-term commitment to the field. 
My feeling was that if it turned out to be a great success, the compan 

25 would be delighted; if it turned out not to be a great success, the 
company could extinguish parts or all of its activity in t~le field 
without necessarily any great remorse". (Tr. 7623-24; see Tr. '7616.) 
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"The computer business I don't believe was ever viewed 
as a threat in any st=ong sense to other businesses that 
General Electric was in. And ~~e equivalent charge might 
be: We are sure there will be a computer business, now 
you must demonstrate that you can compet.e. 1t (Weil, 
Tr. 7174-76.)* 

Even though GE failed to commit adequate resources to 

EDP during Cordiner's years as its chief executive, Weil t.estified 

that in the 1963 time frame, GE "had several major advantages which 

could make it a factor, a serious factor, in the computer business". 

"It had a very broad technical basis in the many different 
businesses in which General Electric participated at that 
time.. Many of these technologies would be applicable to 
the computer" business. 

"Second of all, General Electric used computers very 
broadly. They were in fact one of the pioneering users in 
the commercial world of comouters and as such orobablv under
stood how to use the then existing computer technology as well 
as anyone. 

"Thirdly, because of the capital resources of General 
Electric, it could devote, if it wished, enough effort to 
put all this together and become a significant competitor." 
(Tr. 7009-10.) 

Weil added that from a technical standpoint in the early 

1960s, GE had "[m]ixed" competence for developing its computer 

business: 

"Very strong in basic technology and background and expe
rience in using computers; relatively naive when it came 
to the discipline of manufacturing large electronic systems 
or designing them or bringing them to market. II (Tr. 7010.) 

* By 1963, GE had 35 distinct product and service groups con
sisting of approximately 100 departments. Only two of these 
depart.'T!lents were dedicated to the computer industry. (PX 325, 
p. 15; DX 485; see also Weil, Tr. 7153-54.) 
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i In 1963, revenues of GE' s Computer Depart.!nent were less 

2! t."'an 1% of GE' s total corporate revenues. {PX 325, p. 2; DX 8631, 

3! p. 31.) 
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Its United States EDP revenues totalled only $38.6 million 

(DX 8224, p. 6; DX 8631, pp. 33, 37; DX 14484, p. Rl.) 
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27. Electrodata. Electrodata began as a division of 

Consolidated Engineering Corporation (CEC) , Ira company in the tech-

nical cata recording and acquisition field" which made mass 

spectrometers and "a line of scientific instruments [transducers]" 

used "to sense physical phenomena and data and to record the.'!l in one 

form or another during the testing of physical devices such as air-

craft" • (McCollister, Tr. 10995-96, 10998-99; see DX 12674.)* 

McCollister (who left IBM's employ in 1954 to become 

head of marketing at Electrodata (Tr. 9161» testified ~~at in the 

early 1950s CEC viewed computers "as'a new business opportunity" 

and "a logical addition to ~"leir product line": "If you could sense 

data and record data~ the final link in the chain was to process 

data. So, with the aid of a consultant or two, CEC un~ertook the 

development of a digital data processor, ~~e CEC ... Model 202 

or 203 . . • and this is what became the Electrodata Corporation 

Datatron 203/204".** CEC spun off Electrodata in the early part of 

1954: "[F]or reasons, in large part, of financing (CEC] decided to 

set it up as a separate corporation and to sell stock publicly". 

(McCollister, Tr. 10995-96.) Electrodata's initial capitalization 

* CEC reported revenues in its 1952 Annual Report of approx~ately 
$8 million. (DX 14329, p. 3.) 

22:; ** HcCollister testified that in the mid-1950s there were several 
II model numbers of Datatron computer systems, tli.e 203, 204 and 205; 23 j. il however, "the central computer in all these cases was icentical" . 
• 1 (Tr. 9164.) 
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was between $1 and $2 million. (McCollister, Tr. 11001, 11006-07; 

see OX 698, p. 6.) McCollister estimated ~~at Electrodata's 

first computer system, the Datat=on, cost in the neighborhood of 

$300,000 to $500,000 to develop. (Tr. 11001; see OX 700, p. 9.) 

The first Datatron (with a "basic cost of approximately 

$120,000") was shipped in June 1954 to the Jet P~opulsion Laboratory 

in Pasadena; six additional Oatatrons were installed that year by 

the 0. S. Naval J

- Ordna.nce Laboratory, Socony-Vacuum Oil Compa:ny I 

Purdue University, Allstate Insurance Company, the Arma Division 

of American Bosch Arma Corp., and Land-Air, Inc. (located at 

Wright-Patterson Air Force Base) • (DX 698, pp. 4-5; see McCollister, 

Tr. 11000-01.) Electrodata's revenues were just under $1 million in 

1954. (DX 698, p. 7.f 

HcCollister testified that tbe Datatron 

"[i]nitially ••• was sold largely to ~~e engineering 
scientific marketplace. Subsequently it was offered to 
the commercial marketplace due in part to the fact that 
the All State Insurance Company became a major customer 
and this led to our going into the commercial 
marketplace or so-called data processing marketplace as 
well as the scientific. 

II 

IIWe were a small company. The potential business 
with AllState Insurance was so important to us that we 
really couldn't ignore it. 

"We needed the business. We had to get it wherevex: 
we could." This led to our seeking opportunities in the 
commercial marketplace as well as in the scientific, 
engineering marketplace." (Tr. 9164-65.) 
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In its 1954 Annual Report, E1ect=odata stated that the 

n[d]eveloprn~nt of a general-purpose computer opened up a broader 

potential market than was originally anticipated". (DX 698, p. 4; 

see McCollister, Tr. 11016-17.)* McCollister testified that the 

Datatron, "within the limits of its capabilities, its technical 

capabilities, could solve any of a wide range of problems or 

perform tasks bo~~ in the field of engineering computation, technical 

'comput:atidn' :anc:t :fri- 'b-ustnes:s::~lc'co-unting - -record'k'ee~incr' and sta tisti-, - ." 

cal work"--"the list of ways in which it would be used is almost 

infinite". (Tr. 11017-18.) For example, in its 1955 Annual Report, 

Electrodata depicted Datatron computer equipment used by Allstate 

to keep "up-to-the-minute records on th=ee million policyholders", 

as well as Datatron equipment at the Southern California Cooperative 

Wind Tunnel, used to process "in seconds t..'1ousands of test da ta on 

aircraft undergoing supersonic shock" (an application described by 

Electrodata as "high-speed data reduction") . (DX 700, p. 7.) 

Withington, who was initially employed in Electrodata's home office 

marketing support group and became District Manager of Technical 

* Electrodata reported in 1954 that "[als a result of the 
operating success of the installed DATATRON systems and the 
apparent potentialities for future sales, we have more than 
doubled our personnel, begun work on a new plant with twice 
our present production capacity, and undertaken development of 
auxiliary and accessory products to broaden our potential 
market". (DX 698, p. 3.) 
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1 ! Services from 1957-59 (Tr. 55498, 55500), similarly testified ~~at 

the Datatron 205 "was a medium-priced general-purpose computer as 

defined at that time, capable of both business and scientific 

applications and with what was for those days a wide range of 

peripheral equipment t 
•• (Tr. 55499.) He testified that Datatron 

205 customers included Atlantic Mutual Insurance, Michigan Bell 

Telephone, the u.S. Geologic Survey, and Navy and Air Force instal-

la.tions ~ - . (Withington, Tr. 55503-04.) 

McCollister testified that the initial competition for 

the Datatron 203, 204 and 205 

"in the scientific marketplace . 
IBM [the 650]. 

was almost entirely 

"In the commercial marketplace we encountered IBM 
[the 650 and "in a few cases" the larger IBM 705] and 
very, very occasionally the Univac file computer." 
(Tr. 9165-66.) 

Withington testified that he had consid~red the IBM 650 to be the . 
"primary competitor to the Datatron ,205". (Tr. 55506.) 

By March 1956, Electrodata had installed 24 Datatron 

computing systems (some purchased and some leased), with "unfilled 

orders for 19 additional systems". (DX 700, pp. 3-4.)* 

* 'In 1956 two new peripheral products were introduced, the 
"Cardatron" and "Datafile", for use with Datatron computers. 
(DX 10257, p. 5; see DX 700, p. 6.) The Cardatron used 
"individual magnetic storage drums as buffers", and controlled 
the operation of "as many as seven card readers as inputs and 
punches or printers as output". With the Cardatron, all of 

-215-



II 

II 

II 
;1 

d 
2 !I 

I 
31 

I 
41 

I 

51 
6 il 

il 
7 i! 

a il 
91 

i , 
I 

10 il 

11 !I 

12 !I 
" 

13 II 
il 

14 \I 
If 

i 
'15 I 

, 
16 !. 

17 II 
iI 

18 :! 
Ii 

19 II 

!1 20 ;1 

.' 
21 ii 

!i 
22!i 

23 !I 
241! 

il 
25 II 

II 
il 
'/ 
II 
II 

Electrodata was also opel:ating a "contract data processing center" 

in Pasadena, which it described as ~~e oldest and largest such 

facility in the West. (OX 700, p. 3.> With assets exceeding $3 

million, Electrodata's 1955 revenues were $1,845,327. (Id., pp. 3-4, 

8.> According to its 1955 Annual Report, Electrodata entered 1956: 

"equipped with the essential elements to assure profit
able growth. Its long-range plans include manyfold 
increases in staff and facilities, and continued vigor
ous development of new products to take advantage of a 
dynamic market." (DX 700, p. 6.)* 

Electrodata was acquired by ~~e Burroughs Corporation on 

June 29, 1956, in return for 475,465 shares of Burroughs stock valued 

at $20,504,000. (Stipulation of the Parties, Tr. 11036; see DX 700, 

p. 6.) 

that input/output equipment could "operate simultaneously at max~um 
speed", enabling "the computer to do its work of computation contin
uously". 

The Datafile was an auxiliary storage, random access device, 
described by Electrodata as using "short, 250-foot, disconnected 
lengths of magnetic tape housed in static-free metal bins, rather 
than conventional tape reels, [which] substantially shortens ~~e 
tL~e required to locate any record". {DX 10257, p. 5.> Withington 
described the Datafile as a "major product failure" because it was 
"insufficiently reliable, or, put another way, they never worked for 
very long". {Tr. 56470. > 

* In 1955-56, Electrodata again, in response to "market demand 
for Oatatron systems", expanded its production facilities with 
financing provided by its largest customer, Allstate Insurance. 
(OX 700, p. 5.) 
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28. Burroughs. Kenneth Tiffany, a Surroughs Vice 

President, in a speech delivered in 1959, described Burroughs 

at the outset of World War II as a manufacturer of adding 

machines, accounting and bookkeeping machines and cash registers. 

During the War, Burroughs "placed its facilities and know-how 

in precision fabrication at the disposal of government" and 

produced, among other things, the Norden 'Bombsight on a 

large~sc~le~basis~- According to Tiffany, virtually all oi 

Burroughs' war-time business was for the military. (DX 10282, 

p. 2; see also DX 10283, p. 1.) 

At the end of the war, Burrou;hs mounted a substantial 

effort to return to its more traditional businessesi·however, 

as Burroughs president Ray Eppert described in a 1959 speech: 

"World War II propelled Burroughs into other fields 
which ended our preoccupation with purely mechanical 
equipment. Experience with military contracts, and 
management awareness of the new era which technology 
had ushered in, caused the company to move into 
electronics and thence into automation and data 
processing." (DX 10283, p. 1.) 

In 1947, Burroughs decided to begin its own 

electronics research. According to Ray Macdonald, who joined 

Burroughs in 1935 and who became President in 1966 and 

President and Chief Executive Officer in 1967: 

"The decision to begin electronics research, which 
may have been the most important decision to Burroughs 
in the past 30 years, was made by John Coleman, who 
was then our President. He determined that our 
company should develop its own scientific capability 
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and development program i~ ciose association wi~~ ~~e 
great te~~ical universities. 

"That decision represented courage and foresight, 
because in the 1946/1948 period, our revenue averaged 
less than $100 million a year and our net profit was 
as low as $1.9 mil~ion, in 1946. Yet Coleman began 
th.e elect::onic research and development proq:am in 
excess of $1 million per year, rapidly eX?anding to 
$3 mi~lion, because he recognized the importance of 
electronics and of establishing our own capabili ~1. 
A significant portion of our R and D budget was 
allocated to the critical area of applied research. 

~.,2:,::·:-,:-S:::2:. ... ~ "The :,early-research' performed under Coleman 7 s 
direction, and continued and expanded by his successor, 
Ray Eppert--who increased the R and D budget to four 
percent of revenues in spite of modest profit-
produced substantial invention and design. By ~~e 
early 19605, we already had introduced significant 
early data processir.l.g systems." (DX 427, p. 4.) 

According to Macdonald, ~~e ?ost-w~r years also 

marked ~~e end of the "era of traditional m~~agement by ~~e 

founders of Burroughs" wi~~ ~~e selection of Col~~ ("a 

uni versi ty-t:rained manager and caree:!" manager in Burroughs") 

as President. (DX 427, p. 2.) In Macdonald's view: 

"Professional manag~~ent of our company was given strong 
impetus during Coleman' 5 administration, with the 
introduction of a program to attract young university
trained people from many of ~~e count--y's leading schools 
of engineerL~g, science, and business adcinistration. 
Many of these new pet~ple, entering our company in t..~e 
late 1940's ~~d in the 1950's, reached the early levels 
of management and inte~ediate levels by the late 
1950's. By t~e early 1960's, they had 'matured in 
responsibility and some had reached t..~e level of senior 
management. 

"Our company was fortunate in developing ~~is 
professional management, because we were required 
[in the 1960s] to bring about a major t=ansfor:nation 
of our business." (DX 427, p. 2.) 
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In 1953, Burroughs reported that its Philadelphia 

Research Center had "completed a static magnetic memory to 

be used wi~~ the United States Army's ENIAC, first of the 

electronic digital computers," and ~~a t this memory n increas e [d] 

ENIAC's memory six-fold." (DX 10254, p. 12; see also DX 

10255, p. 8.) However, in the same report Burroughs downplayed 

the immediate significance of computers to its office equipment 

business: 

" (D]espite extraordinary advances in new fields of 
technology, the automatic office cannot be expected in 
the near future. 

"New Techniaues Not Yet Practical 

"While a few electronic devices have been aoolied 
to highly specialized office problems, the majority of 
electronic computers now in operation were designed for 
scientific use. In this field the input and output 
problem is relatively simple. The core of the job is 
rather the complex and vast work of computation. But 
in business the arithmetic is usually not difficult. 
It is the feeding of the business machine, item by 
item, and the printing of the result which is both time 
consuming and costly. It would be no advantage to 
speed up the rate of figuring, if input, output and 
other peripheral operations did not keep pace. 

"Other Difficulties 

"There are other difficulties, too, which will 
delay the practical application of electronics to ~~e 
office, not the least of which is the major obstacle of 
cost. The dutlook for electronics in business, then, 
must be summed up in the words 'not yet. '" (DX 10254, 
p. 15.) 

In the early 19505, Burroughs built two models of 

an experimental computer, called the UDEC (Unitized Digital 

Electronic Computer) one of which was installed at Wayne 

-219-



,II 

1 University in Detroit as part of its Computation Laboratory.* 

2 (DX 10255, p. 8.) Bu:roughs reported in 1955 ~~at it was 
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using a redesigned and reassembled ODEC (called UDEC II) 

to solve "complex problems in such fields as design analysis, 

production schedu~ing, cost ana~ysis, inventory cont=ol and 

market forecasts." (DX 10256, p. 8.) 

In 1954, Burroughs introduced its first co~~ercial 

computer, the E-lOl, which it described as nthe first of a 

series of low-cost electronic digital computers for scientific 

~~d business use • • designed for ~~e large volume of 

computations between the problems adap~able to mechanical 

devices and ~~e highly complex problems requiring large-

scale electronic computers." (DX 10256, p. 8.) The E-lOl 

was "desk size" and "employed a modified accounting machine 

for input from the keyboard and output to the printer, and 

its program was provided through an external pI ug board." 

(Wit.~ington, Tr. 56499; DX 5652, Bruns, PP .• 5-6.) Withington 

testified that the E-lOl was "perhaps the very first of the 

small scientific computers," though he/ also testified that 

it was intended for use both by "actuaries and-'other business 
\\ '-"" 

* Burroughs stated t.~at the "[p] rimary pu-~oseot ODEC in 
Wayne's educational program is to help train urgently needed 
personnel for the operation of the country's growing number 
of electronic computers and to seek new developments in the 
field of automatic data processing equipment." (DX 10720, 
p. 2.) 
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mathematicians, and also by scientists having problems small 

enough to be able to fit within the limitations of this 

external plug board." (Tr. 56498-99.)* Burroughs shipped 

the first E-lOls in 1955. (DX 10713, p. lli see Withington, 

Tr. 56499.) According to Withington, the' E-lOl was a major 

product failure: 

"The business market for it never developed, 
perhaps because the things it could do were too 
limited, and the scientific market proved to be of 

.... ---·~imited. _:si:ze for ··the-.same -J:;,ea.son.. The basic ·reason 
~~.,,~.- -for it's' 'fail'tire, then, wasth'at the external plug 

board program provided insufficient versatility to 
handle the problems of users." (Tr. 56499.) 

In 1954, Burroughs reported that it was also 

developing computers for the military and had integrated 

that defense work with its commercial research, development 

and production activities: 

"Because of its strong position in electronics, 
electro-mechanics and magnetics, Burroughs has been 

* In a 1956 speech to security analysts, Kenneth C. Tiffany, 
Burroughs' Vice President of Finance, noted that: 

tI [M]ost of the well-publicized large-scale computers, 
or 'giant brains' as they are popularly called, require 
a sizeable investment. The mere price of these so
called 'giants' has greatly restricted their use. 
Only the larger corporations have been able to afford them. 

"We feel that the ElOland its successors will make 
a profound change in this situation. Its cost--about 
$35,OOO--is low enough to make it a practical tool. 
Moreover, we expect to lease many of them •••• tB]ecause 
of its low cost,. small size, and versatility, we expect 
it to bring electronic computing techniques within the 
reach of a much wider range of users." (DX 10281, pp. 
22-23.) 
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given responsibility for highly specialized work for 
the armed forces, both in research and production. 
Several extensive long-range projects are being carried 
on, including the development of general-purpose and 
special-purpose computers for data-handling systems. 
Involving as it does techniques closely associated with 
the Corporation's work in new type equipment for 
business and industry, ~~e defense program has been 
integrated with Burroughs' commercial research, development 
and production activities". (DX 10256, p. 4.) 

Burroughs used its defense work to bolster its 

efforts to market computer equipment to commercial customers. 

Kenne··th··~C:. ~-~Ti:f~QllY",~Firia'ncial'- Vi-cePresident :d'fBtii~dughs , 

said that Burroughs "began to seek out defense contracts for 

which its facilities and capabilities were best suited and 

which had the greatest potential for commercial systems 

development." (DX 10282, p. 2.) He continued: 

"We did not, however, break into elect=onics with a 
San Juan charge ••• rather, we insinuated ourselves 
into a field that was still unknown and unpredictable, 
testing every step of the way. A major st£mulus was 
our receipt of government contracts involving precision 
computational and data processing equipment in the area 
of fire control, navigation, anti-aircraft battery 
evaluation, and ultimately, the guidance computer for 
the Atlas ballistic missile and the data processing 
systems for the SAGE intercontinental air defense 
network. II (DX 10282, pp. 5-6.) 

During 1955, Burroughs received contracts to 

build equipment for use in the Air Force's SAGE system-

namely, hard-wired computers to process data collected by 

radar units for transmission over phone lines to SAGE direction 

center computers. (OX 107l3,.p. 9: DX 10714, p. 8~ see Crago, 

Tr. 85964-65.) Deliveries of these large-scale compute=s 
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1 I began in 1956. (DX 10257, p. 5.) Burroughs also received 
I 
I 

2' I 
a contract from the Air Force to build computers for the 

3

4 

1,1 ground guidance systa~ of the ATLAS ballistic missiles. 

In its 1957 Annual Report Burroughs reported that it had 
1\ 

5 II "complete responsibility for ~~e concept, design and pro
i 

I 
6i duction" of those computers, which it described as "large-scale" 

7 ill and "general pur:",ose". _ ~ (DX 10714, p. 8; DX 10281, p. 28; see 

ai' also DX 10288, pp. lO-l5.) 

In its 1957 Annual Report, Burroughs disclosed that 

its SAGE orders to that point were nearly $40 million, and 
9 1 

lO I 
I' 11 I its ATLAS contracts totaled $37 million. (DX 10714, p. 8.) 
I 

12 It 
II 

Referring to the SAGE and ATLAS projects, as well 

13 ii as other defense work, Burroughs Vice President Kenneth C .. 
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14 II Tiffany stated in a speech to security analysts in 1956: 
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"The knowledge gained from our research, the develop
ment of original concepts and design ideas, and the 
experience in high precision volume production are also 
invaluable in the design and production of our commercial 
line. 

" [T]his reasoning~-that our defense experience 
will help to accelerate the Company's plans for automatic 
business systems of ~~e future--lies behind most of our 
defense work •••• " (DX 10281, p. 28: see DX 10713, 
p. 9.)* 

\ II * According to Burroughs another example of Burroughs' 
22 'ii defense work was the NADAC, an airborne digital computer 
..,~ 1',1 developed as a result of a 1956 "Burroughs-sponsored study. If 
~ Burroughs described the NADAC as a "high-performance, 

II high-capacity, solid-state, general-purpose, airborne, 
24 11 digital computer" which could "perform, in real-time, essentially 

Ii any computation problem required by modern combat aircrait ll
, 

25 :/ \ i ' 
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:1 

r 
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II 
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1 As already noted, Bu.-roughs ac~~red. Elect=odata L~ 

2 1956 I which cont:'i1;)uted to "greatly st=engthen (ing] the 

3 corporation's competitive position in ~~e growing field of 

4 

5 

6, 
71 

I 

:1 
10 I 
111 
12.1 

13 .11 

14\ 
15 ,I 

1611 
r 

171 
IB II 
19

11 

20 II 
21 I 
22 

23 

24 

25 

e1ectl:'onics". (DX 10257, p. 4.) Indeed, Ray Eppert, Bu--roughs' 

President, said the acquisition I'mac.e Btll:':'ouqhs one of the 

wo:ld's three major producers of electronic data processing 

systems" • (DX 10283, p. 2.) McCollister testified ~~at in 

~~e 1956 to 1960 period, Bur=ouqhs' Elect=odata Division was 

ustill in the scienti£ic marketplace but L~cr~asingly in ~~e 

commercial marketplace because this was the one that ~·urroughs 

as a company tended to have more exposure t..~an in ~1j,e scientific 

market?lace If • (Tr. 9194, see also Tr. 9189.) McCollister 

saia the Datat=ons (L~cluding t..~e Datat=on 220 (cesc=ibed 

below» in ~1j,at ~ime period met IBM in ~1j,e scientific and 

commercial marketplace, and t..~e Honeywell 800, t..1j,e RCA 501, 

and ~~e Univac II (at least on one occasion) "in t..~e commer-

cia1 market II • (Tr. 9182.) 

AccordL~g to a 1957 Bur:oughs news release its 

Electrodata Division began production of ~~e Datatrcn 220 

computer systems for delivery L~ December 1958. (DX 10272, 

and whose capacity was "equivalent to that of ground-based 
computers many times larger and heavier" at that ti..TTte. 
Burroughs reported that the NADAC prototype was accepted by 
~~e Navy in June 1959. (DX 10288, P? 10, 17.) 
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p. 1; see also DX 10288, p. 30.) * The 220 howe"tTer, was a 

vacuum tube machine; it soon faced competition from tran-

sistori:ed computers sucb as ~~e ISM 70iO and 140l (described 

by Withinqton as the 220' s "pri:nary competitor Esl It) 

56500) : 

"[The Datatron 220 was] ~~e last vacuum tube 
computer ever announced. It was superseded TNit...~in two 
years by [the] IBM 7070, which was both a second
generation machine of much -better price/perfo~~ce, 
but also offered the beginnL~gs of improved progr~~g 
tools, and the Datat=on line came to a sudden and 
permanent end. II (Tr. 55918.) 

Accordi."'lg' to Withington, because the 220 was "wrong i.;l 

establishing a set of stanc.a:cis and ways of designing a . 
machine, the comp~~y effectively left ~~e [computer] busi-

ness ~~d re-entered only later". (·T::-. 55918-19.) 

In 1958-59, Bu--roughs was never~~eless workL~g on 

15 developing new computers. Eppert desc:ibed Burroughs' 

16 
Ii 

171 
18 I 

19 I 

20 

21 

22 

23 

24 

25 

research and development at that time as follows: 

"Our research expenditures have been very large 
and they were deliberately made in ~~e belief that this 
action was essential in an exploding technology. We 

* ~ihen t~e 220 was announced, Burroughs' Electrodata 
Division had reportedly installed approximately 200 Datatron 
205 and E-I01 computer systems. (DX 10272, p. 1.) According 
to Burroughs: 

"[Tlhe satellite input-output capabilities 
220 give it its greatest power. One adjunct to 
system, as ;mportant as t~e entire computer, is 
high speed printer system a.l'J..."'lounced last year. It 
10282, p. 7.) 
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chose -to defer profit-ta~ing and dive:t revenues into 
intensive product development as long-range L~surance 
for our competitive position. This action resUlted in 
reduced ea--nings du:ing rec~~t years. (DX 10283, p. 3.) 

Eppe:t noted ~~at defense contracts continued to play an 

important role L~ those resea:ch efforts: 

"There is another im~ortant factor L~ our researc~ 
program--namely, ~~e powerful st~ulus provided by 
military development contracts. As you k...,ow, the 
electronics technology got its initial ~~~st from the 
wartime demand for advanced weapons ,and datar~~uction 

"·systems. '~''S~illc~:f t.~en;' -otit:~defense needs have' "paral:l-Efled 
the mounting pitch of international tension. The 
resul t has been a continui..~g high level of mill ta--y 
awards to indust..ry. 

,. 
"This team effort in researchL~g for new break

~~oughs L~ technology has had the e=fec~ of developing 
scientific and engineering know-how in a fraction of 
the time such new develooments would o~~er~ise have 
consumed. No one private company could afford ~~e 
basic research recuired for manv of ~~e new tec~,icues 
if it: had to' depend entirely on-its results in the
marketplace to repay its efforts. But: the ~~owledge 
qaL~ed by organizations L,volved in ~esearch for new 
military techniques is helping to st=eng~~en total 
competency on commercial products. 

"Burroughs has shared L~ these government-under
wri tten programs. Among our achievements has been the 
guidance computer for the Atlas L~tercontinental 

'missile and data processing systa~ of the SAGE w2-~ing 
ne~~ork for continental defense.(*] 

"The Atlas computer project led to several major 
design breakthroughs in miniaturization, solid-state 

* Burroughs reported ~~at it had a continuL~g substantial 
L~volvement wi~~ SAGE ~~oughout the 1950s; for instance, L~ 
late 1959, it was awarded system management of the SAGE ALRI 
progr~ to build an ai~borne version of the Ml/FST-2 Data 
Processor. (DX 10288, p. 11.) It was reported ~~at by 1959 
Burroughs cont=ac-:.s in cor .... ~ection with. SAGE and ATLAS exceeded 
$220 mil~ion. (DX 10282, p. 4 '.) 
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electronics and human engineering. 

" . . . . 
"This cross fertilization between our military and 

commercial development activities has important impli
cations for the future." (DX 10283, pp. 6-7; see also 
Withington, Tr. 55976-77.) 

By the early 1960s, Burroughs introduced several 

new data processing systems, including "the D 825 computers 

which were designed for government communications management, 

and the-<B· 5.000 and· the ··B·200· general-purpose systems, both 

of which were designed for general commercial use." (DX 

4 2 7, pp • 4 - 5 • ) 

According to Withington, the D-825 "was the 

progenitor" of t.1.e E-5000 (Tr. 58527), which according to 

Burroughs was first delivered in 1963. (DX 10419; DX 

10420.) The E-5000 was "an entirely different product with 

an entirely new type of machine architecture" as compared to 

the 220. "[I]t was in fact military work which provided the 

origin of the B-5000 commercial computer, which in turn was 

the foundation of Burroughs' subsequent successful product 

1ir-e." (Withington, Tr. 55918-19, 55976-77.) 

Despite these new product introductions in the 

early 1960s, Burroughs still had not, in the view ot Ray 

Macdonald, made the "major transforrnation"--from electro-

mechanical office equipment to electronic computer technology--
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it would have to make to survive.* (DX 427, pp. 4-5.) In 

Macdonald's words, 

"The survival of Burroughs required that we 
supplement the precision mechanical technology of the 
earlier office machine industry--at which we excelled-
and establish ourselves as a major force within the 
new~ electronic, data processing industry, which embraced 
an entirely new technology. These two technologies--
and the new and the old 'breeds' of people who repre
sented them--had to be reconciled and coordinated, and 
an entirely new range of products had to be developed 
which would make use of the best of both tec?nologies. 

.. ... ,.... , ... ,- .. 

.. '"The r~6ster of comoanies which have failed when a 
dramatic invention made-their traditional products 
obsolete is long and sad. New inventions and new 
technologies have added significantly to the producti
vity of our industrial society, and they have made 
possible a standard of living beyond the imagination of 
only a few generations ago. But they also have left 
many a proud enterprise in shambles, outdated and 
unable to continue in a competitive environment." 
(DX 427, p. 4.) 

* Burroughs' total revenues rose from $151,326,854 in 1952 
to $390,773,545 in 1963. Its U.S. EDP revenues for 1963 
were $42,145,000. (DX 10254, p. 17; DX 10260, p.28i DX 8224, p. 
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29. National Cash Register. According to John J. 

Hangen, NCR's Vice President of Finance (Hangen, Tr. 6233-6241), 

"[f]rom the 1880's until the early 1920's NCR was a single product 

4 I company--the cash register. In the 1920' s the company entered the 
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accounting machine market, and in 1943 NCR purchased the Allen

Wales Adding Machine Company. It (OX 372, p. ·1; see Oelman, Tr. 

6117-18; OX 7635, Anderson, pp. 12-13.) 

In the late 1930s, NCR began "to experiment-with electron-

ics" and "formed a very small electronic engineering group of only 

two men who • did build a device which through vacuum tubes 

performed all the normal arithmetic functions." (Oelman, Tr. 6120; 

OX 337, p. 24.) During World War II, NCR suspended its commercial 

electronics research, but did "some secret work for the government" 

in its electronics division. (DX 9097, Oe~an, p. 9.)* From the 

end of the war until 1952 NCR resumed research in electronics on a 

small scale. (Oe~, Tr. 6120-21; DX 9097, oelman, p. 9.) During 

that period NCR produced ~~ electro-mechanical Bombing Navigational 

computer described by NCR as "in effect, a giant brain which calcu

lated at such speed that its answers are practically continuous". 
, 

(DX 360, p. 10.) 

In 1953, when NCR's total revenues approximated 

$260 million (DX 481, p. 20), it acquired the Computer Research 

Corporation, "a small spin-off of the Northrop Aircraft 

Corporation" (Oelman, Tr. 6121; Hangen, Tr. 6262), "to expand 

* We understand that the Court has not yet ruled on ~~e a~~s
sibility in evidence of DX 9097. We nevertheless rely on it because 
it is the sworn test~ony of NCR's chief executive officer. 
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manufacturers of medium-priced general purpose systems". 

(Withington, Tr. 55983.) A 1952 CRC ad listed three digital 

computers (the CRC 107, 105 and 102-A) available, for either 

sale or lease, to perform "engineering, science and business" 

applications. (OX 12655.)** NCR paid approximately $1 million 

to acquire eRC and, wi~~in two or three years, had invested 

an additional $4-5 million in ~~e company. (Oelman, Tr. 6121-22.) 

Oelman described NCR's reasons for acquiring CRC as follows: 

"Well, at that time it was becoming quite clear 
I think that ~~e mechanical state of the art, that's 
the state of the art of mech~nical engineering, had 
just about reached its zenith, just about reached its 
peak, and we could see that through electronic tech~ 
nology, you would have a product, the computer, which 
could be sold for general business pu=poses, and we could 
also see that our traditional products, the cash register, 
the accounting machine, that you could apply electronic 
principles to those products and achieve results, hope-

* CRC was "a Hawthorne, California, based organization 
founded in 1950 by five talented missile-guidance systems 
electronic engineers from Northrop Aircraft". (OX 372, p. 1; 
OX 9097, Oelman, p. 10.) "They had set the.1'!lselves up . . . 
as a small producer, mainly of computers for the military." 
(OX 9097, Oe lman, p. 10.) 

** Oelman, NCR'S Executive Vice President in 1963 and 
subsequently Chairman and Chief Executive Officer, took a 
narrower view of CRC's business; CRC, he said, "was engaged 
in the business of building a very few scientific computers, 
which they sold some to the military branches of the government 
and some to air frame companies" to solve, for example, "very 
complicated differential ~quations" or to "determine the location 
of an airplane in flight". (Tr. 6121, 6123; see also DX 9097, 
Oelman, p. 10.) 
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=u~ly, far better than we were able to get through 
mechanical methods and at considerably lower costs. 

"Also, I think another thing is probably true, 
that at that period of time there were -- there was a 
movement throughout the business equipment indust.-y of 
some of the major companies acquiring smaller electronic 
companies. I recall at ~~at time Burroughs Adding Machine 
Company acquired one, Underwood did, Marchant did, and 
NCR did, so it was kind of a general movement of recog
nition of what the state of the art could do for business 
equipment." (Oelman, Tr. 6122-23; see DX 9097, Oelman, 
pp. 11-12.) 

Shortly after the CRe acquisition, NCR introduced the CRC 102D 

computer for what Oelman described as business as well as some 

scientific applications. (Tr. 6124; DX 9097, Oelman, p. 13.) 

However, NCR did not pursue the production of CRees existing 

line of what Oelman described as "scientific" computers. (Oelman, 

Tr. 6121, 6124; see DX 337,-p. 24.) Instea~, NCR stated in its 1953 

Annual Report: 

"We have always been associated with recordkeeping 
in the average business up and down Main Street: the 
retail store, the bank, the depart~ent store and many 
others. In this field lies our greatest experience with 
the problems involved and our first responsibility for ~~e 
development of new methods. v1e have, therefore, devoted our 
efforts to applying the advantages of electronics to the 
fields we have always served." (DX 337, p. 24.) 

In 1954-55, NCR worked on the development of a 

computer system called the 303. However,'the 303 was never 

produced, manufactured or delivered. (Hangen, Tr. 6292.) 

Development was discontinued around 1955-56 because, as Hangen 

testified: "it used an earlier technology (vacuum tubes] and . 

in our judgment it would not meet the marketplace in an early 
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enough time frame to make it a viable system". (Tr. 6292-93.) 

NCR redirected its efforts towards designing a transistorized 

computer system called the 30·4. (Hangen, ·Tr. 6292-93; OX 9097, 

Oelman, p. 14.) 

NCR's U.S. EDP revenues rose from approximately $317,000 

in 1953 to $3,102,000 in 1954. In 1955, EDP revenues fell to 

$211,000 and rose only to $308,000 in 1958--a year in which 

:": :,NCR. ~s _.total "corp<?rate revenues were $ 3 9 4. million, apparell tly 

reflecting NCR's sluggish EDP product development during that 

period. (OX 8224, p. 3; OX 400, p. 1.) 

In 1957, NCR finally announced its new solid state 

computer, the 304, designed by its Hawthorne Electronics 

Division and scheduled for delivery in late i959.* (DX 387, 

p. 12; OX 400, p. 14; OX 9097, Oelman, p. 14; see also Hangen, 

Tr. 6293.) It cost "between five to 10 million" dollars to 

develop, and was priced between $750,000 and $1,250,000 

depending on the peripherals selected. (Hangen, Tr. 6294; 

OX 482, p. 14.) The 304 CPU was designed by N~R, but was 

production engineered and manufactured by General Electric 

for NCR, using transistorized computer circuits GE had 

developed. (OX 387, p. 12; OX 9097, Oelman, pp. 14-15; see 

* Hangen claimed the 304 was the "industry's first all
solid-state system". (OX 372, p. 2.) 
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Weil, Tr. 7006, 7172-73.) NCR also obtained certai~ peripherals 

from GE. (DX 400, p. 14; OX 9097, Oelman, p. 15.) NCR "thought 

that General Electric was more experienced in ~~e art at that time 

than NCR was, and that a joint relationship would be helpful and 

profitable to NCR". (DX 9097, Oelman, p. 15.) 

Although Oe~an and Hangen described the 304 as 

NCR's "major entry into general purpose computing systems,"* 

NCR's "(m]arketing strategy was to sell (the 304] to selected 

cU'stom'ers- o':rrly:' :-sinc'e:" 'thi's:': 'produ'ct . was cons idered as an:' expel:" i-

mental entry into the EDP marketplace". (Oelman, Tr. 6127; 
. 

Hangen, Tr. 6293-94; see also OX 401, p. 1.) NCR's original 

plan projected installation of 25 systems; actual,installations 

totaled 33 of which four were used by GE for internal purposes. 

(OX 401, p. 1.) The 304 performed order processing, customer 

billing, inventory control, actuarial studies, and personnel 

records applications. (OX 400, p. 15.) 

In 1960, NCR began marketing the small 310 computer 

manufactured by CDC. (OeLman, Tr. 6158; DX 401, p. 1.) Though 

marketed as the 310 by NCR, the basic computer hardware was 

* Oe1man, in using the term-",~~general purpose computer 
system" said that tI[g]eneral purpose is simply described as 
the function of the computer sys·tem". It is .. an 
adjective describing the type o'f '-system". (Tr. 6132-33.) Hanaen 
used the term "general purpose computer syste.rn" to refer to the 
"type" of computer that "would normally be used on business 
applications tl

• (Tr. 6293.) 
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the CD.C 160 which NCR did not modify. (OeL~an, Tr. 6158; 

Hangen, Tr. 6321-22; DX 331, p. 4-5.) NCR had "an exclusive 

right to sell this CDC equipment in ~~e financial and retail 

market.s of t..~e Oni ted States." (OX 330, p. 2; DX 331, p. 4-

5.) The 310, which NCR viewed as "a rather minor computer 

line II (Oelman, Tr. 6158), was sold by NCR's accounting 

machine salesmen rather than by its EDP salesmen. (DX 401, 

p. 1.) Withington classified it as a major product failure 
.. 
in part because it was one of the last vacuum tube machines. 

(Tr. 56510-11.) 

NCR began operating computer data centers in 1960, 

using first the 3'10, and later the t!CR 315. According to 

Oelman, the data centers performed ~ "variety of types of 

work. For example, wese11 the service to many small ~etailers 

who fu-~ish us information on their sales breakdown and then 

we take that L~for.mation and come up with merchandise reports, 

inventory control reports, that type of work". (Oelman, Tr. 

6163.) NCR continued to expand its data processing centers 

in 1962. The firm's Dayton center processed "several million 

items monthly" at that time. (DX 403, p. 11.) 

In 1960, NCR introduced the 390, a computer developed 

in Dayton (i.e., not by eRC) to offer "moderate-cost" data 

processing "(f]or the small business firm." (Oelman, Tr. 

6130; OX 382, pp. 3~ 12.) 

In 1960, NCR also announced the 315 computer system 
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first shipped in early 1962.* (OX 382, pp. 3, 10.) When NCR 

priced the 315 "in late 1960, it was estimated (NCR] could 

secure 200 orders for delivery over three to four years at ~~e 

rate of five systems per month". (OX 746, p. 1; see Hangen, 

Tr. 10767.) NCR in fact obtained orders for 135 such systems 

by 1962, and by the end of the program had delivered approx-

imately 700 of its 315 systems. (Hangen, Tr. 10762, 10764.) 

In connection with the 315 , NCR developed -its~ -Card 

Random Access:" Memory Unit ("CRAM"). NCR described CRAM as a 

"revolutionary electronic filing unit". (OX 402, p. 12.) 

Hangen testified that the 

"CRAM unit was a magnetic storage device which operated 
on the basis of 256 magnetic cards ~~at were available 
from memory for the recovery of information stored on 
those cards and rewriting of fresh information. It 
provided a capability of being able to access the 
information at a faster speed than that which would be 
available under your normal magnetic tape device, since 
you could rando~ty select the cards, but on a magnetic 
storage device, you had to sequentially search for L~e 
information." (Tr. 6311.) 

Withington classified NCR's CRAM as a major product failure 

because "it too required replacement by disk drives". (Tr. 

56469-70, 56511.) 

* Asked whether the 315 was designed as a replacement for 
the 304, OeIman stated that "[aJIl these successive families 
of computers, they are designed for replacement, but also 
hopefully to accomplish a great deal more at less cost." 
(OX 9097, Oelman, p. 16.) 
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NCR's "315 system was developed as a family of 

products giving NCR a range of computer systems" renting 

from approximately $5,000 per month to S12,000 per month. 

(Hangen, Tr. 6314.) The 315 had both COBOL and FORTRAN 

compilers. (DX 342, at 7.) NCR advertised the 315 with CRAM 

6 !I " 1 II as a genera -purpose computer to handle both your business 
7 II 

I and scientif ic problems". (DX 35 OB; see also OX 38 3B.) , 
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"Typical" NCR-31'S-installatiorls included "those 'of a·large'air-

craft company for part scheduling and control and a motor 

manufacturing company for production control, inventory control, 

and des ign" . ( DX 4 03, p. 8.) 

NCR's strategy was "to sell our traditional customers 

and our traditional equipment in conjunction with ~~e delivery 

of 315 computers in order to satisfy the customer's total 

systems requirements. 1t (Hangen, Tr. 6319.) Thus, NCR 

"developed cash registers which would produce as a by-product 

of the clerk's recording of the transaction, either a punch 

paper tape or sales journal . . . which then could be used to 

provide input to the computer system". (Id.) 

Oelman testified that from ~~e mid-1950s through 

the early 1960s NCR's main competitors in the manufacture and 

marketing of computer systems for business purposes included 

Burroughs, IBM, Univac, RCA, GE, Honeywell, and CDC (t'in 

some cases"). (Tr. 6125 , 6129.) 

NCR's U. S. EDP revenues rose from approximate2,y 
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$308,000 in 1958 to $30,718,000 in 1963. (DX 8224, p. 3.) NCR's 

total revenues in 1963 exceeded $592 million. (DX 344, p. B.) 
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30. Philco. With 1352 revenues of $366 million, 

Philco manufactured industrial, military and consumer elec-

tronics products. (DX 14196, pp. 1-2.) 

In approximately 1955, based on its work to develo~ 

a "surface barrier transistor", Philco won a competitive 

award to develop an airborne computer for the U. S. Air 

Force. (DX 7512, p. 190.) In 1955-56, Philco develooed 

~~ee one-of-a-kind transistorized computers, the C-IOOO 

(described by Philco as an "airborne real-time, general 

purpose parallel • • • computer using surface barrier transis-

tors"), the C-IIOO (a "general purpose" stored oroqra.T!l 

digital computer" occupying only five cubic feet) and the C-

1102 (an "advanced version" of the C-llOO).* (Id.) 

During 1955-56, Philco also began develooinq what 

it described as "the world's first all-transistorized comouter" 

for the National Security Agency: (DX 7512, ~. 190.) That 

work then led to the Philco TRANSAC 5-2000, introduced com-

mercially in 1958. Philco advertised the 5-2000 as the "first 

large-scale transistorized EDP systa~". (DX 7512, p. 20; see 

DX 5421, Davis, pp. 14, 19; DX 5642, Hintze, p. 7.) 

The initial TRANSAC S-2000 was the model 210; follow-on 

* Philco's 1957 Annual Report noted that "Phi1co's air
borne computer, TRANSAC C-II02, is n~w being utilized bv 
a large mid-west manufacturing company, which became the 
first industrial firm to use this ccmouter. Until now, all 
airborne computers produced by the [Indust=ial] Divisic~ 
were for the Armed Forces." (DX 13683, p. 12.) 
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models were developed in 1960 (the 211) and 1961 (the 212). 

(DX 7512,.pp. 190-96.)* Philco advertised t."'at TRANSAC 

could be "selected for commercial, scientific, real-t~e, 

and military applications". (DX 7512, p. 25.) Customers 

included the Atomic Energy Commission, GE,** the California 

Department of Motor Vehicles, United Aircraft, Chrysler, 

System Development Corporation, Ampex, the Government of 

Israel, the University of Wyoming and the Defense Communications 

Agency. (Fernbach, Tr. 513; Weil, Tr. 7072; DX 7512, pp. 

191-92. ) 

Phil co obtained core memory for the 2000 from 

Ampex (PX ~624, p. 2) and contracted with ADR for s~ftw~re, 

. including such things as sort programs and a "simulator" 

that permitted programs written for an IBM 705 to be run on 

the 2000. (Goetz, Tr. 17454-55, 17792-93.)f 

Philco's computers were among the most powerful 

computers of their time, in some ways comparable to LARC and 

. STRETCH. (See, e.g., Fernbach, Tr. 512-13; DX 5642, Hintze, 

pp. 7-8; DX 5374.) Phi1co was one of only four manufac-

* The·2l2 was approximately five times as fast as the 211 
(and approximately 400 times as fast as the UNIVAC I). (OX 
4938.) 

** GE's Atomic Power Equipment Department leased TRANSAC 
20005 in 1961-62 and converted applications from an IBM 704 
and 7090. (Wei1, Tr. 7072.) 

, 
I f ADR also worked wit.'" Phi1co on a proposal for the ~rSA 

2S Ii in the early 19605. Phi1co paid ADR to prepare detaile,: 
designs for software to be used in proposed Phi1co cornp1:~er 

!!I:I systems, and Phil co then incorporated ~"'ese designs in its 
proposal. (Goetz, Tr. 17849, 17854-55.) 
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turers (the o~~ers were IBM, Burroughs and CDC) in 1962 to 

bid a large computer of ~~eir own manufacture for installation 

by NASA at the Johnson Space Center for use in the GEMINI 

Program. (DX 7581.) Even GE and RCA bid third party equip

ment (CDC 3600s and IBM 7044s/7094s, respectively). (DX 

7581, pp. 8, 28.) 

Ford Motor Co. acquired Phi1co in December 1961. 

Arjay Miller, ~~en Vice President of Ford, testified ~~at 

Ford's interest in acquiring Philco "was to get into the 

space and defense business'~. (Tr. 85182-83, 85188.) 

UCI]n the 1960s we were generating excess cash, we 
wanted to get into space and defense. We had a small 
space'and defense business of our own ~~at was not 
growing-fast enough. We saw in the purchase of Philco 
an opportunity to grow in that particular area. It had 
a significant position. It was producing o~~er products, 
and we decided to get out of the other products of 
which the computer business was one." (Tr. 85191-92.) 

l'lt was a phase process that as soon as we could, 
we moved the resources, the computer resources we had, 
into space and defense." (Tr. 85186.) 

Philco's U.S. EDP revenues were $19.8 million in 

1955 and $73,.9 million in 1963. (DX 8387, pp. 1, 6.) 
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31. Control Data Cor~oration (CDC). Control Data 

2 ;1 Corporation was formed in mid-1957 by William Norris along 
i 

3 1 with t~o former colleagues. who had left Sperry Rand and a 

: il: Minneapolis attorney. (Norris, Tr. 5604, 5606-07, 5713; DX 

I 271, p. 7.) CDC's initial capitalization was approximately 
I 

6 II $600,000, of which Norris himself contributed $70,000 in 

7 II return for slightly more than 10 percent of the total equity. , 
~ 

8 i (Norris, Tr. 5:694-05; ox 271, p. 7.) Norris stated that 

9!, Control Data initially conta~plated doing "(pJrimarily 

10 III consulting business and resear,ch and development work, 

11 I, principally for the Government, the plan being that out of 
I . 

12 lithe research and development work, and possibly the consulting 

13 jiwork for business, would come ideas for products which we 

14 ilcould later put on the market." (Tr. 5606.) 

15 Ii Shortly after its formation CDC hired other e!nployees 
'I 
'I 16 ~lwho had previously worked for Sperry Rand, including Seymour Cray 

Ii 
17 ;iand Henry S. Forrest. (Norris, Tr. 5713-15; OX 280, pp. 4, 6.) 

!I 
18 ;\ Led by Cray, CDC (with only 12 employees) started working in a 

" 19 :lMinneapolis warehouse to design what became the 1604 computer 
;1 

20 i! system. (Norris, Tr. 5607-08, 5742-43; OX 271, p. 7.) A 
:1 

21 \\ "l/IO-scale prototype" was in operation by April 1958 when 
Ii 

22 tithe 1604 was announced. (Norris, Tr. 5738; OX 271, p. 7.) 

23 !I Ac.cording to Norris, the 1604 was "the first SOlid-state, 
'I 
II 

24 

25 ij 
il 

II 
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1 I large-scale computer announced". (Tr. 5611.) * In early 1958, 

2 II CDC also began producing missile anc aircraft components for the 
I 

3 i milita~y and developing a special air traffic control inquiry-

4 !,keyboard-disp1ay unit for the Civil Aeronautics Authority. 
I 

5 I (DX 271, p. 7.) In May 1958, CDC received $500,000 in military 
I 

6 i orders, including its first computer research and development 
'I 

7 I! contract. (Id.) CDC obtained additional financing the followi~g 
II - / 

8 !month from the Navy for developing and manufacturing the 1604. 
I 9 I (Norris, Tr. 5608; OX 271, p. 7.) 
I 

10 I When first delivered in January 1960, the 1604 computer 

11 !I system sold for slightly less than $1 million. (Norris, Tr. 5608.) 

12-11 CDC did not initially manufact=e the peripheral products; instead, 
It 

13 II it obtained magnetic tape units from Ampex, printers from Anelex 
,I 
II 

14 I and IBM, card readers from IBM, and paper tape readers from 
i 

. 15 1 Ferranti, an Englj:;h firm. (Norris, Tr. 5609; PX 6066, p. 1.) 
I 

16 II CDC marketed the 1604 primarily to government laboratories 
Ii 

17 Iland agencies "doing a large amount of scientific work", and to 

18 ;!"large companies, corporations, doing military[,] space and nuclear 

19 ji wOrk". (Norris, Tr. 5609.) Subsequently in 1962, CDC offered the 

20 111604-A computer with COBOL capabilities II [b]ecause there were 
II 
'I 21 i!customers who wanted to use the machine also for some BOP pro-

ii .". It h h 22 Ilcess~ng --that ~S, there were cases were t e customer had some 

II . 
23 il·---·-----------------
24 ! * According to Lacey, Cray very early "had become convinced 

il about the possibilities of a solid state, transistorized (i.nstead 
25 II,. o~ va,?uum tube) cc:>mputer which could be. buil t. from complex printed 

ic~rcu~t cards. W~th these as the start~ng· po~nt, a compu~er of 
I almost any size could be made." (OX 280, p. 7.) 
I 

I 
I 

II 
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business data processing requirements that fitted with his total 

business aspect and he wanted to get those done on the same compu-

ter" • (Schmidt, Tr. 27236, 27521; PX 355, pp. 33-34.) 

In Norris' view, at the time CDC began marketing the 

1604, it competed with Philco, Univac and IBM. (Tr. 5611, 5733-37.) 

The 1604 was initially "very successful". (Norris, ~r. 5611.) 

Norris agreed that he expected someone to offer a product competi-

tive with the 1604, either a better product at a lower price or 

the same product at a lower price or a better product at a higher 

price (Norris, Tr. 5925), and subsequently the 1604 did come under 

very "severe competition" from IBM computers, including the IBM 7090 

(announced after the 1604 but delivered one month before the 1604),* 

the 7044 and 7040 and, somewhat later, the 7094. (Norris, Tr. 5613, 

14 II 5 615, 5 9 2 3 - 2 5 . ) 

15 II 
II 

16 :1 1959. 
I; 
II 

CDC announced its second computer, the 160, in December 

(PX 355, p. 33.) The 160 was delivered in May 1960. 
'I ' 

17 ii Norris testified that the 160 was a "small" computer which CDC 

18 :! marketed "primarily for engineering work". (Tr. 5614-15.) CDC 
,I , 

II 
19 Ii also sold 160 computers "on an OEM basis to NCR". 

:1 
(Norri~,I'-' . 

I! 
20 :1 Tr. 59 7 9 . ) Norris described that arrangement, which began in 1960',' " 

\ "~.". :! 
ii 

21 il as follows: 
1; 

22 
!~ 
:J 

Il 
ij 

23 11 

"The sales of the 160 through our own marketing organi
zation are augmented through an arrangement we negotiated 

il ------------24 II 

1! * Norris believes the 7090 was the first large-scale solid-state 
25 i: computer delivered. (Tr. 5737.) 

II 
:' 

" 'I 

Ii 
" Ii 
I! 
!I 
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with the National Cash Register Company. The arrangement 
between Control Data and NCR provides that • • • rNCR] 
has exclusive marketing rights to the Model 160 Computer 
within the 'United States for the banking and retail trade 
areas, and can sell it world~wide on a non-exclusive basis 
in all other fields." (DX 331, pp. 4-5; see also Tr. 5984.) 

5 II CDC said that the 160s could "be used as input-output data pro-
I 6 ;!cessors for the 1604 Computer", they could also be used in a 

7 !, "satellite system" with a 16"04, communicating "directly with the 
J, 
II . 

!f 10'0<4-' s -magnet.ic core memory ". -. -.-: and" all of t.~e 1604 's peripheral 
8· 

9 I equipment". (DX 13666, p. 7; see DX 5421, Davis, pp. 26-31.) 

lO I In 1961 CDC announced a follow-on computer, the l60A, with twice 

11 I the memory capacity of the 160, that sold for approximately 
t 121 $90,000. -(PX 355, p. 33.)· CDC sold more than 275 of its l60As. 
I 

!, 
13 i (Id.) 

I 
I 
I 

14 : 

" 
15 :1 

16 l! 
17 Ii 

I! 
1/ 

18 ~! 

19 Ii 
20 II 

II 

21 11 

:i 
22 I: 

Ii 
23 Ii ., 

Norris described CDC's "initial strategy" as being 

"to build large, scientific computers with a lot more bang 
for the buck. 

"This was achieved primarily by very high performance 
hardware with a relatively small amount of software with the 
customer doing most of his own software. Our business 
took off like a rocket to the moon as our large computers 
made rapid and significant penetration in the education, 
aerospace and large government laboratories markets .... 
With the success of the initial strategy there was also 
early recognition in Control Data that we would need to 
broaden our product line and markets to sustain growth. 

"Our first product diversification was in peripheral 
equipment, back in 1960 -- a ,magnetic tape handler. 
Shortly after that we started to offer data services." 
(DX 284, p. 3.) * 

24 :1-----------------------
~ * Norris testified that CDC was "very successful initia:ly" 

25 :ibecause "we picked out a particular niche in t!1e market" I ::3.mely 
ilwhat he described as the "scientific and engineering par~ o~ 
~ the market", and "met the needs of tb.e particular part ve-::.--( proI ficiently and much more so than any computer then availab':, ell. 

II (Tr. 5611 • ) 
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1 CDC began almost L~ediately to expand by acquisitions. 

2 i (OX 296.) 

3 1 
I its "base as 

CDC's intent in making acquisitions was not to broaden 

• a conglomerate, but rather to buy new computer 
I 

4 ! products and services and markets to spread development costs and 

5 I gain economies of scale as rapidly as possible". 
! 

(OX 284, p. 7.)* 

6 11 This was the case with CDC's first acquisition, of Cedar Engineering 

7 I! (for $ 428 ,200 ) 
!I ' 

(DX 296), just four months after CDC was f:::n;:.:.:.c.ed. 

8 :1 (PX 355, p. 3; DX 280, p. 6.) At the time of the acquisition 
i 

9 I Cedar Engineering did not manufacture computer-related products 
I 

10 '\ but had the "basic skills and facilities to manufacture high, 
I 

11 I performance peripheral products at very competitive costs". 

12 I (D X 284, P . 7 i No rr is, Tr. 5 =7 94 . ) * * 

1311 
I 

CDC opened its first data center in 1960. (DX 284, p. 3.) 
I 

14 i 
i 

That facility used the third 1604 CDC had manufactured. 

15 I believed ,"there would develop an important market consisting of 
l 

CDC 

16 II organizations that could benefit from the power of a large computer 
lj 

17 II to solve large scale problems", but that lacked "either capital or 

18 II h' 1 ff d h rt ( 284 3 4 ) ;1 tee n~ca resources to a or suc a systa~. DX ,pp. -. 

19 ii In 1960, CDC sold time "on a 'service bureau' basis .to universities, 

20 !I scientific and business organizations"; CDC also used its data center 
II 

21 II I. ___________ _ 

'I I. 
22 i: * According to Norris, "Our high PIE ratio stock, or Chinese 

Ii money • · • was used to acquire companies with complementary 
23 II technology, products, services and ~rkets". (DX 284, p. 7.) 

24 ~ ** Cedar Engineering, "organized in 1952, had become a $2 million 
i!business, producing a variety of instrument and control e~vices. 

25 :1 It operated from a 33,000 square foot plant in suburban Mi:.:1neapolis." 
i (DX 280, p. 6.) 
II 
II 

II 
II 
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facilities to perform in-house engineering design and accounting 

applications. (OX13666, p. 7.) COC "proceeded to install data 

centers in most principal cities in ~~e United States"; by 1965, 

CDC had seven data centers. (OX 284, p. 4.) Many years later 

Norris said: "It was a big commitment with high risk for a little 

company to embark on such an ambitious data center program back in 

1960." (OX 284, p. 4.) 

In 1960, COC also "~e:1_~ve.~e_~:_to .. ~~e De~ens~ __ D~!2a:-:-.~n:~nt 

a very large-scale special purpose solid state digital computer 

several times larger than the 1604", which "in fact, use(d] a 

1604 for input/output purposes ll
• (OX 13666, p. 8; see also OX 331, 

p. 5.) That year COC also acquired the Control, Corporation for 

$2,274,814 of CDC stock. (Norris, Tr. 5789; PX 355, p. 3; DX 296.) 

This acquisition allowed CDC "to implement a decision to enter 

the industrial market area of computers for automatic control pur-

poses • • • for electric utilities and gas and oil pipeline 

companies". (OX 331, p. 5.) 

In 1961, Norris delivered an address to the Twin City 

Security Analysts. He described CDC's products as being 
....... 

"at_~he forefront of computer technology. Through aggressive 
rese~~ch,and engineering we intend to have our products in 
front t~mo'rrow. Control Data is the smallest company in 
the indus~ry today selling complete computer systems; 
however, mere numbers don't precisely determine the 
effectiveness of research and engineering. Significant 
technical innovation still springs from the flash of 
genius and again it's -- 'Not how many, it's who.' 
Millions of dollars and massive engineerin~ effort 
without tbose sparks produce only mediocre results. 
Unfortunately, the number of creative engineers in 
the computer ipdustry is woefully small. 
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"Thus, if a small company has creative talent and 
since it has access to the general store of scientific 
knowledge, it can spark computer technology. The hugh 
[sic] government expenditures for research and development 
is the equalizer between large and small companies. 
-Approximately 70% of all basic research done in the 
United States is financed by the government. This 
means that most of the new additions to scientific 
knowledge are just as available to the little company 
as to the large company. Furthermore there is no company 
today with resources sufficiently large that it alone 
can significantly alter the state of the computer art.1t 
(DX 331, p. 9.) 

In the same speech, Norris also described CDC's efforts to design 

a computer "many times more powerful depending on the problem 

be~ng solved" than either CDC's 1604 or IBM's 7090. (DX 331, 

p. 5.) Indeed, p~ior to the time of Norris' speech, CDC was 

discussing this new computer under development in CDC with MITRE 

Corporation and the Lawrence Radiation Lab (Norris, Tr. 5934, 

5938; DX 308; DX 309; DX 310), as well as many other users or 

potential users of this new, unannounced computer. (DX 13526, 

Forrest, pp. 191-97, 205-06, 225-30, 232-42, 245, 504-08, 

570-74, 580-81.) In July 1962, CDC announced this new large-

scale computer, the 6600 (JX 10, p. 2), and announced that 

the Lawrence Livermore Lab had ordered the first one, which 

was delivered in September 1964 (id.) "at a sales price of 

apBroximately $7 million". (PX 355, pp. 34-35.) Norris 

agreed that CDC had far more difficulty designing and building 

its 6600 system than it had anticipated when it began marketing 

that system. (Tr. 5854.) Those problems took substantial 

periods of time to solve, caused delays in delivery schec:11.1es 

-247-



1 

2 

I 
i 

II 
! 
! 

31 

and caused additional expenditures of funds and efforts by CDC 

employees. (Norris, Tr. 5853-54.) 
J 

In June 1958 Control Data employed about 250 people, 

41 " of which approximately 40 were scientists anc. engineers. Sales 

5 ! . for the preceding nine months were approximately $600,000. 
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By March 1961 CDC employed more than 1,000 people, and sales 

as of the middle of the fiscal year were $8. million. As of 

196~ CDC had reported a profit for every year except the 

year it incorporated. (DX 331, p. 1.) 

CDC announced the first of its 3000 Series. computers, 

the Model 3600, in ~~ 1962. (PX 355, p. 34.) The first 3600 

was delivered to Livermore in 1963, "as an interim sys~em to 

(Livermore's] acquisition of the first CDC 6600 system". 

(Plaintiff's Admissions, Set IV, ~ 82.0(f); see PX 355, p. 34.) 

Tne 3600 was more powerful than the 1604 but less powerful than 

the 6600. (Norris, Tr. 5615-16.) Norris testified that CDC developed 

the 3600 because "[w]e were under severe competition -- competitive 

pressure from IBM computers" -- the 7044, the 7040, and the 7094. 

(Tr. 5615.) 

In 1962, CDC also began a joint venture with the Holley 

Carburetor Company "to develop and manufacture medium-speed 

printers" • (Norris, Tr. 5793; PX 355, p. 3.)* 

* CDC acquired 100% ownership of this joint venture in 1964. 
(Norris, Tr. 5793; PX 355, p. 5.) 
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I' 1 i In 1963, CDC made seven acquisitions, principally in 

2 exchange for CDC common stock. (norris, Tr. 5792-93; PX 355, 

3 pp. 3-4; DX 296.) In Withing'ton's view the most significant of 

4 these was the acquisition of BendL~'s computer business.* 

5 (Tr. 55984.> CDC also acquired MEISCON, a company developing 

6 techniques for employing computers to automate industrial and 

7 highway design procedures; Beck's, a designer and manufacturer 

8 of tL.""lique L'1tbedded printed circuits i Electrofact I a r::2:::1.:.:::aC':'t:.::-2,:-

9 and vendor of a "broad line of measuring, recording and control 

10 devices" as well as systems for use in industrial processes; 

11 ~he Oigigraphic system business of Itek, a researcher and 

12 developer of a cathode ray tube/photoelectric pen system for 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

* In 1952, Bendix was a diversified, high technology firm 
producing aviation, automotive, marine, radio and television, 
and other products, many of which were incorporated in military 
systems. ReVenU€3 exceeded $508 million. (DX 13538, pp. 3, 15-21.) 
In that year, Bendix announced it was applying its "years of 
Electronic Leadership" to the development of digital computers: 

"Bendix Aviation Corporation, a world leader in elec
tronics, has established the Bendix Computer Division for 
the development of specialized electronic digital computing 
instruments. 

"The latest engineering knowledge in electronics is 
now being incorporated in a new digital computer." 
(OX 12664.) 

Bendix built two commercially available general purpose 
computer systems, the G-l5 and G-20, in the 1950s and early 1960s 
(Perlis, Tr. 1331; Binger, Tr. 4514; Spangle, Tr. 4938; Norris, Tr. 
5790-91: Schmidt, Tr. 27218), and was also involved in the SAGE pro
ject. (Crago, Tr. 85964.) EDP revenues grew from less than $1 mil
lion in 1958 to nearly $13 million in 1963 (OX 6086, p. 13; OX 8224, 
p. 137), a year in which Bendix's total revenues exceeded $813 
million. (DX 13549, p. 1.) 
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conversion of graphic documents stored in a digital computer; 

the Control Systems Division of Daystrom, a "pioneer and leader 

in the development and installation of advanced electronic 

digital computers for use in power, chemical, petroleum and oil 

industries"; and Eridge, a designer and manufacturer of 

"card punch and reader systems and other computer peripheral 

7!! devices". <'PX 355, pp. 3-4; DX 296.) 

ft::--, :"'-:-"':'~';::'io&o~~i~ >'-~h6 -h~fie~'ed-th~re .is a relifi;5~~h1:p: between a 

911 compaIly "dete=ining to focus all of its resources and concentra
I 
I 

10 I 

11 I 
I 

tion on the computer business as such, or a -substantial part of 

its resources on the computer business as such, and success in 

12 I that business" (Tr. 6010), said that being "willing to take 
I, 
I 

13 II risks" was one of the "key factors" in CDC's record of business 
I' 

14 II success (DX 284, pp. 2, 4; see Norris, Tr. 5846-47): 
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"Our willingness to take risks was in reality probably the 
safest course for a small company with limited resources 
competing in the high and fast-moving technology of compu
ters. Now not every risk can payoff -- nor did they all. 
To have played if {sic] safe would have meant one of two 
things: l} being too late in the marketplace with a new 
product; or 2) having a good marketable new product but 
being unable to capitalize on the demand before our giant 
competitors' moved in with a similar product. Therefore, 
Control Data, while still in the conceptual stage of design
ing a large computer made commitments on production for 
inventory, before the development and testing was completed. 
In those early years this is what is correctly called 'total 
commitment' -- i.e., failure of the product for soma reason 
meant bankruptcy for the company. Some of our people called 
it a 'you bet your company strategy.' Control Data made a 
total commitment three times, once for the 1604, then the 
3600 computer and the third time the 6600 computer. Fortu-
nately- all were very successful particularly the 6600." 
(DX 284, pp. 4-5.) 
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CDC's EDP revenues rose from $2,607,000 in 1958 to 

$84,610,000 in 1963. (OX 298.) Its total assets grew from 

$1,223,311 in 1958 (its first full year of business) to $71,338,765 

as of June 1963. (DX 302.) Between 1958 and 1963 CDC raised more 

than $40 million through equity and long-term debt financings. 

(DX 300.) 
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(a) Withington testified t-i.at "the computer 

indust:y during t...~e period 1956 ~~ough 1964 (was] 

• in a state of technological ferment": 

"new technologies and new me~i.ods, new 
types of components, such as magnetic 
cores, transistors, new devices such as 
magnetic disks, the first significant 
software products, including compilers for 
the FORTRAN language and input/output control 
systems, were being invented and employed at a 
rapid rate, and • • • computer systems we=e being 
superseded by new models of computer systems, 
bot...~ from ~~e present manufacturers and 
from new comoetitors, at a rapid rate, and 
• • • t-i.e new ones were achieving a relatively 
rapid success in the marketplace". (Tr. 56459-60.) 

Wit...~L~gton believed t-i.at the rate of technological 

change in the computer inqust--y had proceeded as 

rapidly as users could absorb. (Tr. 5 6 6 37- 3 8 • ) * 

(b) Harold Seidman, Assistant Director for 

Management and Organization, Bureau of the Budget, 

testified before a House Subcommittee on Census and 

Statistics in 1966 that: 

"The technological progress achieved by the 
computer industry in ~i.e brief 15 years of its 

* On June 9, 1980, Wi~~ington testified ~~at ~~e rate of 
technological innovation in the general purpose computer 
business is "at least as rapid today as at any period in the 
past and more rapid ~~an at some periods". (Tr. 112946.) 
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existence has been nothing short of remarkable. 
Internal speeds, in~tially measured in thousandths 
of a second, then millionths, are now measured in 
billionths of a second. Improved packing tech
niques have increased the number of characters 
which can be stored on an inch of magnetic tape 
from 200 to 1,500. Internal high-speed memory 
capacity has, through miniaturization and improved 
production techniques, increased from 12,000 
characters to over a million, while auxiliary 
addressable memory which did not exist before 1957 
is now virtually unlimited in capacity." (DX 
13451, p. 7.) 

(c) The General Accounting Office (GAO) surveyed 

the use of computers within the Federal Government in 

1957, 1960 and 1963 and reported the results to Congress 

(Plaintiff's Admissions, Set IV, ~~ 189.0, 201.0, 

212.0) : 

(i) In 1957 "the size and complexity of 

Government data processing systems had increased 

rapidly due to advances in technology". 

(Plaintiff's Admissions, Set IV, ,r 198.0.) 

(ii) In 1960 the GAO reported ~~at: 

"[a]s of 1960 new equipment being developed 
had the capability of processing data at 
speeds hundreds of t~es faster than the 
installed machines and some of the newer 
machines were able to perform several jobs at 
the same time" (Plaintiff's Admissions, Set 
IV, ~ 210.0), and that "progress achieved in 
the development and application of automation 
and automatic information processing systems 
have borne out earlier predictions of a 
second industrial revolution." (Plaintiff's 
Admissions, Set IV, 1r 205.0.} 

(iii) By 1963 "developments of new equipment 

had been so rapid that much electronic equ~~~ent 
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had been technologically surpassed by more 

advanced models by the t~e" it was installed." 

(Plainti££'s Admissions, Set IV, ~ 212.1.) 

(d) Edward Mahoney of the GAO testi£ied t...~at 

as of 1962 the EDP industry was "a rapidly expanding 

and dynamic field in which new equipment, new methods, 

and even new concepts" were constantly being introduced. 

(DX 7528, Mahoney, p. 17.) 

(e) Donald Turner, Assistant Attorney General 

for Antitrust, wrote in 1966 that It in the rapidly 

changing computer field, obsolescence is frequently 

measured in months." (DX 9110, p. 2.) 

(f) McCollister said ~~at the technological 

progress in the development and manufacture of EDP 

equipment since the 1950s had "been outstanding both 

in an absolute sense and in comparison with the rate 

of progress that (took] place in most other industries. 

There has been dramatic progress in the electronic 

data processing field • • • a1most throughout its 

entire history." (Tr. 9813.) He added, ""one of the 

.things that no one envisaged [in the early 1950s] is 

how rapidly the computer technology would improve and 

evolve and become increasingly • • • much more cost 

effective, which, of course, gave it a broader market". 

(Tr. 11019.) Among ~~e advances McCollister identified 
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were " [i]mproved capabilities and lower costs of components 

and improvement in capability of ~~e overall system through 

improved engineering design ~nd a greater range of peri

pheral devices available". (Tr. 11019.) 

(g) Welke testified that " [t]aking the first 

generation as one, the second generation was ten 

times as fast or 1/10 the cost". (Tr • 1 7 3 0 5 • ) 

(h) In ';a' 1'959 speech Burroughs' President Ray 

Eppert described office automation as I~the most 

dynamic market of our time." (DX 10283, p. 8.) 

The General Accounting Office summarized the 

12 ! advancements with respect to the computers the Federal 
I 

13 II Government began to receive in the early 19605: 

14 ! "(These] solid state syste.'llS were more compact, 
I required less reinforced flooring and floor space, 

15 I required less special power and air conditioning 
I facilities, were more easily maintained, and operated 

16 II at faster speeds and with greater versatility than 
;'1 their predecessors." (Plaintiff's Admissions, Set 

17 i IV, 11 , 213. 0, 213. 1. ) 

18 !I 
I. 

"Those improvements, in turn, led to substantially 

19 il greater price/performance. In addition, because of their 

20 I greater functionality, reliability, and ease of use, new 
I 
I 

21 II computers could be used more efficiently than their pre-

22 !! decessors and to perform qualitatively different applica
I! 

~~ II tions. (Fernbach, Tr. 470; Perlis, Tr. 1829; Hindle, Tr. 7384-
~II 

;1 
24 II 85; McCollister, Tr. 11019, 11072: Welke, Tr. 17304-05: Butters, 

25 I 

I 
I 

II 

Tr. 46449-50; Withington, Tr. 56578: Hart, Tr. 80189, 802~:,S-16, 

80221-24: PX 289: OX 3553B, OX 35540: OX 3617: OX 13~51.) 
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This technological progress was one of the most 

important factors explaining the rapid g=owth of the computer 

business during the 19505 and early 1960s. 
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33. Reasons for IBM's EDP Success through the early 

1960s. IBM's EDP success in the 1950s and early 1960s can be 

directly traced to its excellent management, which led it to take 

'the risk of making an early, large, eff,ective and sustained 

commitment to EDP unmatched by any of its competitors: 

(a) Unlike many of its competitors, IBM did not obtain 

its EDP expertise by acquisition.* In the early 1950s, 

computer products were so unique and the technical, manu£ac-

turing, and marketing uncertainty so pervasive that it was 

especially vital for a firm's EDP operations to be well 

integrated into the corporate chain of command reporting to 

top management. Because EDP was so different from IBM's 

traditional unit record business, IBM's decision to develop 

its first computer systems aroused considerable corporate 

opposition. Nevertheless, because IBM chose to rely on 

inside resources to develop its computer business and because 

of Thomas J. Watson, Jr.'s personal involvement in that 

business, EDP never became isolated either from the rest of 

the corporation or from top management. Remington Rand's 

problems in integrating Eckert-Mauchly and ERA into its 

mainstream businesses, NCR's delay in introducing successors 

* By contrast, as discussed elsewhere, Remington Rand acquired 
Eckert-Mauchly and ERA, NCR acquired CRC, and Burroughs acquired 
Electrodata. ' 
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to the CRC product line, and ,Burroughs' failure to introduce 

a successor to Electrodata's Datatron 220 contrast unfavorably 

with IBM's accomplishments. 

(b) In the first years of the computer business there 

was enormous uncertainty as to whether it was either techni-

cally or economically feasible to manufacture and market a 

computer system that would be of value to a range of custo-

rfie1r·s ~ .. ::, :·:1&.s ::Ounwe!,l p'ut' i t ~ there was - ff no evidence that' a ' " 

machine of such complexity could be-made to work reliably 

or could be maintained in working condition". (Dunwell, Tr. 

85522-23.) Yet IBM chose to co~t far more of its corporate 

resources to tnis risky business venture than any'other 

firm. 

Richard Bloch, the head of Raytheon's computer division 

through 1955, summarized the reasons 'IBM acquired "technical 

leadership" of the EDP business from Remington Rand between 

1953 and 1955: 

"[IBM made] a sustained effort to be a paramount 
element in the business equipment field, and they 
showed at that t~e st=ong determination to do so, 
allocated the necessary resources to begin to exert 
their power--or attempt to exert their power in the 
field and did a very fine job of it in the beginning in 
that era. (R. Bloch, Tr. 7742-3.) 

When asked to explain, Bloch continued: 

"The· dedication of the company was, to my view, 
greater than the dedication of [Sperry Rand or General 
Electric]. &,d I would say that the organization of 
the resources, aside from the size of the res()urces, 
which atone time were no greater than these ::thers, if 
not smaller--the organization power of the ':'2;:;\.)urces 
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was what I felt was a forte of IBM management". (R. 
Bloch, Tr. 7743.) 

IBM's senior management consistently demonstrated a 

willingness to commit substantial resources on uncertain, 

risky investments. As Rooney testified, IEM "had excellent 

and aggressive management willing to take risks at the right 

time". (Tr. 12385.) Most of these investments proved 

successful and, as a result, IBM reaped economic profits. 
" , 

Indeed-, .Thomas J. Watson, Jr.' s foresight in deciding to 

risk investing resources to develop the 701 and the 650 

must be recognized as one of the most Lmportant decisions in 

the history of American business. 

(c) At approxLma tely the time of Thomas J'. Watson, 

Jr.'s appointment as chief executive officer in the rnid-

1950s, IBM became the first large, established firm to 

conclude that its principal business should be EDP. Because 

of IEM's early commitment, EDP accounted for a much larger 

fraction of IBM's total business than it did for competitors 

such as GE, Sperry Rand, Burroughs, NCR, RCA, and Honeywell. 

Since the EDP business subsequently grew much more rapidly 

than other businesses, this meant that even if IBM's EDP 

business only expanded at the same rate as the total EDP 

business, I~~'s total revenues and profits would grow dis-

proportionately (as comoared to the listed firms) from EDP's 
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subsequent, unexpected, rapid growth.* 

(d) IBM management recognized that to grow the EDP 

market rapidly, it was essential both to increase the range 

of applications worldwide that could be performed cost 

effectively on a computer system and to reduce customer 

uncertainty. IBM achieved these results by offering its 

equipment on short-term leases, working closely with custo-

mers, educating them and providing tha~ with programming 

aids (such as FORTRAN), and by introducing a steady stream 

of more ver'satile, reliable, and maintainable products 

offering substantial improvements in price/performance and 

spanning a large size and price range. 

As Withington testified: 

"I think one of the major factors [that led to the 
current size of IBM's installed base] was IBM's rate of 
innovation during the first decade. The series of 
machines 701, 704, 709, 7090, 7094, appeared within a 
ten-year period for a significant part of the market, 
and with these as leaders, IBM innovated 'aLmost as 
rapidly in its larger volume business machines. No 
other vendor was willing or perhaps able to obsolete 
its own products and innovate at that rate in those 
days." (Tr. 55974; see also McCollister, Tr. 9553.) 

It is evident that such a strong commitment to 

innovation was essential for any firm to have a sustained 

record of success in a market as technically dynamic as EDP. 

However, in EDP's early years IBM's managers faced a 

* Later entrants like SDS, CDC and DEC also conside:'::'~d EDP 
their principal business; like IBM, they benefitted dispropor
tionately from EDP's rapid growth. (OX 8224, pp. 4, Sf 142.) 
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nearly overwhelming temptation to stick with the proven 

technology already embodied in its successful unit record 

and EDP products. McDowell testified that "The large majority 

of our people were not knowledgable in ~~e field of large 

computers" and that to get that know-how meant spending 

considerably more money. He observed that the decision to 

do so was "not an easy decision to make. There were not 

Unlimited funds within the IBM Company." (DX 7594, McDowell, 

pp. 187-88.) The fact that IBM, like "no other vendor", 

resisted the temptation to maximize short-term profits and 

instead constantly introduced new product lines obsoleting 

its still profitable product lines contributed greatly to 

IBM's becoming the world's largest EDP company. 

More quickly.than any of its competitors, IBM recognized 

that EDP customers were not really interested in acquiring 

computer'hardware but rather were interested in acquiring 

data processing capabilities. (Rodgers, Tr. 16842; Spain, 

Tr. 88790; Akers, Tr. 97352; Cary, Tr. 101618.) To perform 

data processing efficiently requires access to a we11-

balanced computer system--not just a high-performance CPU. 

From the beginning of its involvement in EDP, IBM'consistently 

responded to customers' data processing needs by emphasizing 

generalized, highly functional software (Perlis, Tr. 1887; 

O'Neill, Tr. 76225; Hurd, Tr. 86726) and high quality periph

erals. (Beard, Tr. 9048, 10272; O'Neill, Tr. 76224-28.) 
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In the 1950s and 1960s many IBM-manufactured peripherals 

were so well regarded that several IBM competitors sold them 

as part of their computer systems. (Binger, Tr. 4512-13 

(Honeywell); Spangle, Tr. 5102 (Honeywell); Norris, Tr. 

5608-09 (CDC); Beard, Tr. 8999-9000,10207-08,10322 (RCA); 

Currie, Tr. 15064 (Xerox), 15506-07 (SDS); Withington, Tr. 

56510 (Burroughs, Univac).) 

(e) IBM was the first company to reap sizeable 

production economies and reliability gains from producing 

its computers in high volume and on a production line rather 

t.lj,an individually. Throughout i·ts involvement with EDP, IBM 

managa~ent pushed efforts to mechanize production and cut. 

costs. (H~d, Tr. 86345, 86360; E. Bloch, Tr. 91530; 

Dunlop, Tr. 94377-81.) Years later the Boston Consulting 

Group formulated a concept called the "experience curve"* to 

explain why those firms reaping the highest unit sales of 

electronic products will have substantially lower unit 

costs. Long before the concept had been popularized, IBM 

became the first EDP firm to reap "experience curve" economies 

when it began high volume production of the 650. 

* This is sometimes mistakenly referred to as the "learning 
curve", a concept limited to direct labor. 
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(f) The ult~ate orientation of IBM's EDP business has 

always been towards the marketplace.* As IBM's chairman, 

Cary described it, the "orientation of always keeping the 

customer in mind, as I call it, '[t]he customer is king', 

kind of idea ••• has been a very, very ~portant element 

in the success of the IBM Company. It's something that the 

founder of the company drilled into everybody and I think we 

have stayed with it all through these years". (Tr". 101716-

17.) General Electric's chief executive officer, Reginald 

Jones, also recognized the importance of satisfying customers 

if a firm were to achieve succes,s in EDP. Thus, when asked 

his "opinion as to the reasons for IBM's success in the 

business computer systems business", Jones testified: 

"[I]t is my experience that in business you 
succeed when you satisfy a customer and when you do it 
in terms of giving values that are highly satisfactory 
from the standpoint of the customer. And I use 'value' 
in the sense of conveying reasonable price, quality of 
product, features of product and performance, overall 
performance of product." (Tr. 8868; see also Rooney, 
Tr. 12385.) 

John Jones, who has been involved with EDP since 1951,** 

* The fact that Thomas J. Watson, Sr. was a salesman and that 
all of his successors as IBM's chief executive officer had a 
sales background is consistent with the firm's marketplace orien
tation. (Hurd, Tr. 86333, 88177; DX 8058.) 

** Jones, as an Air Force corporal, was trained to maintain and 
operate the first Univac Its at the Eckert-Mauchly/ Remington 
Rand facility in Philadelphia in 1951-1952, and thereafter was 
involved with operating the Univac I at the Pentagon in 1952 and 
from 1954-1957. From 1952-1954 he attended graduate sc~oo1 at 
MIT, where he studied computing, and used the Whirlwi;--~(;" In 
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testified: 

II [F]irst of all, a vendor must have product, whether · 
•• hardware ••• or •.. software, or a combination 
of the two, which is responsive to what is needed by a 
user." (Tr.79335-36.) 

Then, after describing important elements of manufacturer 

responsiveness (e.g., product reliability, service, main-

tainability, balanced systems, and meeting schedules), Jones 

added that IBM's success in manufacturing and marketing EOP 

products was due to its ability to provide those elements: 

"Certainly, in my experience the delivery of the 
equipment, the performance of ~~e equipment in terms of 
its reliability, the service of that equipment and the 
support from [IBM] have been in every case extremely 
good. (Tr. 79337; see also O'Neill, Tr. 76224-28.) 

Jacqueline Johnson, Chief Executive Officer of Computer 

Generation and an employee of Sperry Rand and GE in the 

1950s and 1960s testified that "IEM has achieved its position 

of leadership" in ~he ED? industry: 

"through the excellence of its management and 
marketing. IBM marketing is the best in the world. 
With respect to IBM management decisions, IBM supported 
what they sold. They enhanced their product lines. 
They introduced new products. They kept the state of 
the art and advanced technology well ahead of all 
vendors. They poured large amounts of money into 
research and development, and they developed a marketing 
arm that supported what they manufactured." (OX 3979, 
Johnson, p. 16.) 

1957-1959, he was in charge of technical computing at Chrysler, 
and in 1959-1963, he was in charge of evaluation of and selection 
of computers at the Air Force Logistics Command, one of the 
largest users of computers at tha:t time, with an EOP b~;.dget of 
$26 million. (J. Jones, Tr. 78699-786; OX 3715; ex 37:2; ex 
3723; DX 3721.) 
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(g) Since at least the rnid-1950s, !BM management has 

practiced the contention system of dispute resolution. 

(Liptak, Tr. 84619-21, 84644-46; Miller, Tr. 85046, 

85105-06; McCarter, Tr. 88433-35; Spain" Tr. 89645-47; 

Cary, Tr. 101328-29,,101503-04,101608-13, 101718-19, 

101953-54.) Whenever two parties or orqanizations 

within IBM disagreed on an issue, it was escalated for 

resolu~i?n to the next highest level. IBM management 

strove to resolve conflicts speedily rather than allowing 

them to fester and breed disharmony. Even though speedy 

resolution of conflicts is an obvious principal of good 

management, the record establishes that IEM's principal 

competitor during the early and mid-1950s, Sperry Rand, was 

unable to resolve the managerial disagreements between the 

two warring camps based in Philadelphia and Minneapolis! 

St. Paul and with corporate management. (Eckert, Tr. 1016-

17; Norris; Tr. 5707-09i OX 10i DX 272; DX 280; DX 7584, 

Mauchly, p. 21.) 

Knaplund described how IBM's contention system worked 

in the late 1950s: 

"It "was the responsibility of the product divisions 
to respond to marketing requests wherever it was practi
cal and economic to do so, but to resist those recuests 
and provide acceptable alternatives where necessary in 
order to assure profitable results. . •• It is my 
understanding that IEM top management, that is, Mr. 
Watson, Jr., and Mr. Williams, deliberately established 
the responsibilities of the product and marketing 

• I 

I 
I 

i 
I 

divisions which I have described to inse=t cc~=lict in thei 

I 
i 
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IBM organization structure betwea~ ~~e product divisions, 
on the one hand, and ~~e marketing division, on the 
other, so as to ensure that the IBM Corporation would 
maintain its vitality and responsiveness to the competi
tive requirements of the marketplace •••• (T]his 
conflict in the IBM organization structure was sometimes 
referred to by me and others as the tcontention system I • I. 

(Knaplund, Tr. 90458-69.1 

(h) IBM had a reputation for attracting "capable people lt
• 

(Rooney, Tr. 12385-86; OX 7597, pp. 11, 13.) IBM's treatment 

of its employees undoubtedly played a significant role in its 

success. In addition to its full employment practice with 

the emphasis on retraining and re-education of employees 

(Liptak, Tr. 84618; Miller, Tr. 85058-59) and its "open-door" 

policy assuring every IBM employee ,access to IBM's highest 

management to resolve grievances (Liptak, Tr. 84618-19; OX 8886, 

p. 120; Miller, Tr. 85Q46,' 85092, 85097, 85105-06) I IBM 

encouraged its employees to strive for excellence. (McCarter, 

Tr. 88402-03; OX 8886, pp. 149-51.) 

In IBM's October 29, 1959 Management Briefing, Mr. Watson, 

Jr. gave the following advice to IBM managers: 

"The man most likely to succeed in a corporation 
is not the conformist--the organization man--but the 
man of initiative who crashes through to get ~~ings 
done in spite of risks and obstacles. It (OX 8886, p. 26.) 

Welke eloquently described how this philosophy 

filtered down to the lower rungs of the corporation. 

He said that IBM's salesmen and field technical 

representatives 
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"always took pride in t!le amount of comrnit..~ent, dedica
tion and involvement that we had. . . • It certainly 
wasn't an eight-hour-a-day, 40-hour-a-week type approach 
to life that we had. It was work as long or as hard or 
wherever was necessary to accomplish a job and make the 
project successful. 

" 
"The reasons for the commitment probably stemmed 

in part from the adventure, or •.. the technical 
challenge that we were undertaking . . . . It was the 
interest and the fun of cutting new ground, doing 
things that other people hadn't done before, probably 
coupled "also" by" the " fact that we had a sense at least 
of being awfully good at what we were doing. 

"We knew that we were supported by the company, we 
were trained well, we could see that in our daily 
activity. It's all of the things that cause a winning 
team to be a winning team. , .•. n (Welke, Tr. 17356-
58; see also Hughes, Tr. 34015-16.) 

Welke described the influence of Watson, Sr.: 

HI can see where his philosophies, his way 
of doing business, his commitment in effect pervacea 
the entire organization, and I don't mean, you know, 
the business decisions that he was making because we 
weren't part or party of that down at our level, but 
the total commitment to the job, the demands that he 
made for excellence and perfection, his requirement for 
a 100-percent performance; his entire approach to 
conducting business, I think, was exercised down at 
that level of all of the field people that I worked 
with, salesmen, field tech reps, as well. It became 
a very personalized thing." (Welke, Tr. l7358-59~) 

In conclusion, throughout the 1950s and early 1960s, 

IBM chose to invest far greater resources than any comparably 

situated firm in a market that would become the most important 

new market of the post-World War II period and organized those 

resources more ef~ectively than any of its competitors. 

As Ray Macdonald testified, IBM 
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"has been an extremely well managed company and 
not only has it been extremely well managed but this 
has been over a very long period of time in a rather 
continuous experience which someone remarked doesn't 
allow much room for error on the pa'rt of their com
petitors." (Tr. 6904.) 

As Richard Bloch testified, IBM has been "a splendidly 

managed company" since 1952 with a management far superior to 

most of its competitors. (Tr. 7746; see also Liptak, Tr. 84604; 

Miller, Tr. 85014-15,; J. Pfeiffer,- Tr., 85337; Hurd,,' Tr. 86·7·20-·21: 

Peterman, Tr. 99911; DX 7578; DX 7581, p. 4: DX 9322 (showing an 

article published in Hetal Working Economics): DX 5929, Benscoter, 

:i p. 26.) 
'i 11 " 

12 

13 

14 

~ ! 

i! 

15 i! 
" 
'I 

16 ' 

17 

18 ! 

19 

20 

21 

22 

23 

24 

25 

-268-


