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! 360, and personally headed the engineering group which was at that time

i the 360 engineering grcoups. (Case, Tr. 72012, 73238.) In 1964 to
i 1965, Case was Assistant Manager of 0S/360 (Case, Tr. 77966-67;
* DX 3538) and assisted Dr. Frederick Broocks (Manager of 0S/36G) in the

v. IBM'S SYSTEM/360 AND THE 1960S
34. IBM. The 1960s for IBM was an era of great change,
of great risk and difficulty and most of all a decade marked by the 4

phenomenal success of IBM's System/360.* The 360 story begins in

* Several witnesses actively participated in the planning, develop-
ment and execution of the System/360 program. Their testimony
provides us with a useful means of understanding this critical
period in IBM's history.

Erich Bloch was the engineering .manager of Project STRETCH from
October 1958 to April 1961, and "was responsible for the circuit
design and systems organization and implementation”. (E. Bloch, Tr.
91468.) In April 1961, Bloch headed IBM's Advanced Technology Study
Committee, which was established to recommend the appropriate logic
component technology f£or future products. (E. Bloch, Tr. 91452.)
From June 1961 to September 1964, 3loch led IBM's development of
Solid Logic Technology and "was responsible for the development,
design and pilot manufacturing of the SLT family of components and
packaging and their manufacturing". (E. Bloch, Tr. 9146.-139.)

Dr. Frederick P. Brooks, Jr., hired by IBM in 1356 as an engineer,
helped to design the architecture of the STRETCH computer. (Brooks,
Tr. 22650-51.) In 1960, Brooks became Systems Planning Manager of
the Data Systems Division (DSD) and was responsible for developing
"the plans and architecture" for the 8000 series. (Brooks, Tr.
22656-57, 22665.) Brooks served as Manager of IBM's New Product
Line project from 1961 until 1964 and was responsible for "think(ing]l"
through the technological and architectural approach to a total corpo- |
rate-wide product line". (Brooks, Tr. 22656-57, 22666-67.) From
early 1964 to the summer of 1965, Brooks was Manager of Operating
System/360 (Broocks, Tr. 22673-74) and headed the design and develop-
ment activities for System/360's programming support. (Case, Tr.
77966=-67.)

Richard Case, in 1962, was a member of the Advanced Systems
Group which was responsible for the design and development of System/

designing what was announced as the IBM System/360 Mcdel 60. (Case,

Tr. 72010, 73235-38.) During this time frame, Case alsc served on !

IBM's Architecture Committee (Case, Tr. 72008-09; DX 3538), which ;

i was responsible for developing System/360's architecture. (Case, Tr.

72008-09.) Case's function on the Committee was toc represent all of

-269-
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Solid Logic Technology and "was responsible for the development,
design and pilot manufacturing of the SLT family of components and
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helped to design the architecture of the STRETCH computer. (Brooks,
Tr. 22650-51.) In 1960, Brooks became Systems Planning Manager of
the Data Systems Division (DSD) and was responsible for developing
"the plans and architecture" for the 8000 series. (Brooks, Tr.
22656-57, 22665.) Brooks served as Manager of IBM's New Product
Line project from 1961 until 1964 and was responsible for "think(ing]l"
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rate-wide product line". (Brooks, Tr. 22656-57, 22666-67.) From
early 1964 to the summer of 1965, Brooks was Manager of Operating
System/360 (Broocks, Tr. 22673-74) and headed the design and develop-
ment activities for System/360's programming support. (Case, Tr.
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Richard Case, in 1962, was a member of the Advanced Systems
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designing what was announced as the IBM System/360 Mcdel 60. (Case,
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‘the 1960-61 time period. As we have seen, by that time IZM
was marketing more than 15 different processors and at least
seven separate lines of second generation computer systems.
(See above, pp. 126-49.) The architecture of those systems was

"quite dissimilar", as was their programming. (DX 4740, Evans,

p. 3925.) Whatever software compatibility there was existed

only over a very narrow range of processor performance.

i design and develcpment of System/360's programming support. (Case,

Tr. 77966-67, see also Tr. 77977, 77982.) Case was a co-inventor on
the original System/360 patent. (Case, Tr. 71998-99; DX 3538.)

Bob Q. Evans was Director of Systems Development and Planning
for DSD from early 1961 to mid-1962 (Evans, Tr. 101269; DX 8031 (Tr.
101035)), and initially responsible for "personally evaluating . .
the 8000 series"” and deciding whether IBM should pursue the project.
(Evans, Tr. 101269.) During this period, Evans also served as Vice-
Chairman of the SPREAD Ccmmittee. (Evans, Tr. 101270; DX 1404a, p. 3
(App. A to JX 38).) In the 1962 to 1965 time frame, Evans was Vice-
President of Development for DSD (DX 8081 (Tr. 101035)), and assumed
"worldwide responsibility for coordination of the development" of
'System/360. Evans, Tr. 101061.)

i

i
i

17

18

19
\ for the General Products Division (GPD) and was responsible for pro-

20 jecting profitability for and meeting profitability objectives of

21
22
23

25

1
i
|
4

i

i
1

1

!
tin the preparations and discussions that resulted in the System 35
\announcement of April 7, 1964". (Knaplund, Txr. 90474-75.) In the

24 11964 to 1966 time frame, Knaplund assumed further executive respconsi-

1Systems Devalopment and Manufacturing Group, which reguired him "=
ideal with functicnal, pricing and schedule issues”" rslating to Svstan

Paul W. Knaplund was Manager of Systems Marketing for the Data
Processing Division (DPD) in 1960 and was responsible for understand-

iing and informing IBM's product divisions of "the functions and

'prices necessary for IBM products to be economically attractive to
iusers”. (Knaplund, Tr. 90467, see also DX 9033 (Tr. 90438).) In the
latter part of 1960, Knaplund became Manager of Systems Development

various IBM products, including the 1401 and 1620 processors and Iz2M
lunit record equipment. (Rnaplund, Tr. 90464-68; see also DX 9033

i (Tr. 90458).) In 1963 RKnaplund was named Assistant Group Executive,
|Product and Profit Planning for the Data Processing Product Group
! (Knaplund, Tr. 90474; DX 9033 (Tr. 290458)), and "was directly inv

CPD
lved:
0

ibilities as Vice President and Group Executive of the Data Prccessinc

Product Group, and as Vice Prasident and Group Executive of the
c

1360 and other products. (Xnaplund, Tr. 90468, see also DX 9033

i

el 4= A \
1{Tx. 90433:.)
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In addition, the input/output equipment had been develored
"almost uniquely" £for each processor in order to optimize the perfor-
mance of each of the different svstem types. (DX 4740: Evans, Tr.
(Telex) 3925.) The result, of course, was a very limited flexibility
in attachment possibilities. As Evans testified, because peripheral
equipment differed for different families or attached in different
ways to different processors, customérs "had great difficulty in mov-
ing even from one member of a processor in cone family to another, let
alone moving from one family type to another”. (DX 4740: Evans, Tr.
(Telex) 3925-26.) In this regard IBM's computer systems were no dif-
ferent from the computer systems of its competitors. (See pp. 156-70,
203-11, 229-37, above.) The result of this situation was that cus-

tomers generally acquired set systems and had very little flexibility

to change their configurations as business demands changed.

a. 8000 Series and the SPREAD Committee. In the early

|
|
E
319605, IBM's General Products Division (GPD) was respensible for the
?development and manufacture of IBM's small and intermediate systens,
isuch as the 1401 and 1620, as well as IBM's disk drives. (Knaplud,

Tr. 90464-65; DX 13890, pp. 16, 18; see also DX 1404A, p. 10 (App. A
to JX 38).) IBM's Data Systems Division was developing and manufactur-
§ing IBM's larger systems, the 7000 Series, as well as IBM's tape drives.
i(DX 4740: Evans, p. 3919; DX 13890, p. 1l6; see also DX 1404A, p. 10

i(App. A to JX 238).) DSD and GPD were achieving great success in the

imarketplace with their current lines--particularly with the 7090 and

\0

1401. (DX 1404a, pp. 81-82, 85, 86, 89 (Arp. A to JX 38).) In fact,

i -271-
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‘the then current product lines were being developed. At GPD, Engineer;

wnsome vears and was already under construction within DSD when

the 1401, which had been announced in October 1959, was the most suc-
cessful computer system that IBM had ever introduced, with domestic
shipments of more than 1600 by year end 1961. (DX 1404A, p. 75

(App. A to JX 38); DX 2609B, p. 94.)*

Nevertheless, neither of the Divisions was resting on its
laurels; they were planning for the future. If IBM was to continue
to compete successfully, it would have to commit itself to the devel-
opment of even better products. Such a commitment would require large
financial investments by IBM. T. J. Watson, Jr., IBM's Chairman,
fully understood this requirement and reported the following to IBM's
Managers in an April 24, 1961, Management Briefing:

"[OJur competition is getting stiffer all the time . . .

The best way to meet this competition is to keep our prices
competitive. Prices involve costs and earnings . . . . We need
constantly to spend large sums in research and development of
new products which will not produce revenue for some years to
come. Without funds for this vital expense, competition would

eventually surpass IBM." (DX 8886, p. 43.)

Thus, within both divisions, improvements and extensicns to

ing Manager Ernest S. Hughes, Jr. (DX 1399, p. 2 (Tr. 33869)), had
set up two groups of engineers--one to pursue improvements to the
1400 family and another to outline and define a replacement for the
1400 family. (Hughes, Tr. 33915.) At DSD, development was even

further alone. A machine called the 8106 had keen under design for

* We are aware that DX 2609B is not in evidence but we rely on it
because 1t represents a sworn response by an IBM executive which
reflects information taken from IBM's accounting bcoks and records.
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Dr. Frederick P. Brooks, Jr., came to the Division in 196C as Systemﬁ
Planning Manager. Thereafter, IBM began to develop the 8106* into a
series of machines called the 8000 Series. (Broocks, Tr. 22771.) Bv
1961, iBM had spent many millions of dollars c¢n the 8000 Series
development. (Eﬁans, Tr. 101047.)

Despite the relatively advanced state of the 8000 project
and the money IBM had already invested in it, there was "vigorous
debate" within the company over whether the 8000 was the right way to
proceed. (Brooks, Tr. 22663-66.) With the £irst elements of the 8000

nearing announcement, B. 0. Evans, who at that time was Director of

? Systems Development and Planning for DSD, was charged with evaluatin

1 the 8000 to determine whether it was a "leadership" program. (Evans,
4 Tr. 101045-46, 10126%9.) Evans was charged by DSD's Group Executive,
i, v, Learson, to get the 8000 into production if it was the right

Y thing to do or, if Evans thought the 8000 Series was the wrong

1 approach, to do what was right. (Evans, Tr. 101046.) Evans concluded

1 that the 8000 Series was "wrong" for a variety of reasons:

One, the family was based on "contemporary transistor tech-
nology" and would not be "far-reaching encugh". 1In Evans' view,
i1t would have been a "terrible miétake" o build a new family of
machines that could be renderad obsolete by competitive products
incorporating much better transistocr technology that would scon

be available. (Evans, Tr. 101048; see alsoc DX 4773, 2. 3.)

* The 8106 was an outgrowth of the STRETCH program. (Brooks, Tr.
22771.)

-273-
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Two, the 8000 had a "lackluster" plan with respect to
peripherals. (Evans, Tr. 101048-49.)

Three, the 8000 Series was planned to be "a range of five
different machines: a small scientific machine, a small business
machine, a medium to high performance business machine, a higher
speed scientific machine . . . [a] superspeed scientific machine."
(Evans, Tr. 101051.) Evans thought that offering this "collec-
tion of differing machines with kind of loose ties . . . in
their structure" was "a basic mistake from the user's standpoint”.
(Evans, Tr. 101049.)

Although Evans believed that the 8000 Series would be an improvement
over IBM's existing product line and might give IBM a "momentary
advantage" over competition, he recommended its cancellation. (Evans,
Tr. 101049; see also DX 4773, p. 1.) On June 27, 1961, W. B. McWhirter

wrote Learson that IBM's Regional Managers had been apprised of the

i reason why the 8000 was withdrawn:

"[T]he 8000 Series offered insufficient advances to insure .
our competitive position at this time--[it] is being replanned
with new technology to provide a major breakthrough . . . ."

(DX 140585.)

In late 1961, T. V. Learson, then IBM Vice President and

i Group Executive, appointed a task force called the SPREAD Cormittee

1 to develop a new plan for IBM's data processing products during the

1960s. (JX 38, p. 2; see DX 1404A, p. 7 (App. A to JX 38).) 1Its
Chairman was J. W. Haanstra, Vice President of Development £for GPD
and its Vice Chairman was Evans, who had become Director of Svstems

Development and Planning for DSD. (DX 14043, p». 3 (App. A to JX 38);
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DX 8081 (Tr. 101035).) Other members of the SPREAD Committee included
Dr. Brooks and J. W. Fairclough, Manager of Product Development at
IBM's Hursley Laboratory in England,* who had been in charge of yet
anothér processor development, the SCAMP.** (Tr. 71984-85; DX 4779.)
The Committee issued a report of its ﬁecommendations in December
1961. (JX 38, p. 2.) That report is Exhibit A to the System/360
Stipulation of Fact (JX 38) and is also Defendant's Exhibit 1404A.
Thé SPREAD Committee recommended "termination of the prolif-
eration of IBM products and the development of a family of compatible
processors which would employ a common technology (Solid Logic
Technology or SLT), a compatible set of peripherals and a compatible
program operating system". (JX 38, p. 2.) The report and recom-

mendations of the SPREAD Committee were accepted by IBM management

* The remaining members of the SPREAD Committee included D. T.
Spaulding, Group Director of Product Line for the Data Processing
Group; J. D. Aron, Programming and Technology Coordination Manager
for FSD; W. P. Heising, Programming Systems Planning Manager, Develop-

ment for DSD; H. Hellerman, staff member, IBM Research; W. H. Johnson, -

Director of Product Evaluation, Corporate Headquarters; M. J. Kelly,
Senior Engineer and Technical Advisor for GPD; D. V. Newton, Manager,
Mathematics and Programming for DSD; B. G. Oldfield, Manager, Systems
Development for FSD; S. A. Rosen, Data Processing Manager for the
Queens IBM New York Branch Office; and J. Svigals, Manager, Systems
Marketing for DPD. (Tr, 71984-85; DX 1404A, p. 3 (App. A to JX 38).)

** SCAMP was an experimental computer built in 1960 by IBM's Hursley
Laboratory in England. (JX 38, p. 5.) SCAMP's control function was
implemented by the technique of microprogramming. (Id.) Although
the SCAMP project was cancelled in favor of System/360 (DX 4779, pp.
2-3), Fairclough was able to convince the SPREAD Committee of the
benefits of microprogramming, which the Committee adopted as the
principal means of implementing control functions in System/360. In
addition, because microprogramming technigques were better known in
IBM's British lab than in the United States labs at that time, design
of the Model 40--which was the lead System/360 model in development--

| was assigned to Hursley. (Brooks, Tr. 22806-07.) (The importance of

microprogramming is discussed below at pp. 302-03.)
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and the development of the New Product Line (NPL), which ultimately
became System/360,* began in 1962. (JX 38, p. 3.)
The principal alternative course of action, which the

SPREAD Committee considered and rejected, was the addition of improved

L successors to the then existing product lines, rather than develop-

ment of an entirely new line. (Case, Tr. 73571.) The one course of
action that IBM could not afford to take was simply to maintain the
status quo and continue marketing its current products. That much

was plain from the "product survival charts" incorporated in the

| SPREAD Report. (DX 1404A, pp. 73-91 (App. A to JX 38).) Those

charts "showed that all of the existing products in the IBM product
line were estimated to have very short lives, that they would be very

quickly coming out of users' installations . . . [blecause other

it systems manufacturers were developing new and better products and

that the evaluation was that all of the existing product line was

very rapidly heading toward being non-competitive". (Evans, Tr.

1101271-72.)

According to Paul Rnaplund, the "'Product Survival Charts'

* The processors included in the April 7, 1964, System/360 announce-

iment and their NPL designations are set forth below:

System/360 NPL Designation
2030 : 101
2040 250
2050 315
2060 and 2062 400
2070 501 (JX 38, 1 4, p. 3.)
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. . projected displacement of both announced and planned to be
announced IBM central processing units (CPU's) by newer products as
users' needs grew and changed and as new technologies and equipment
features enabled electronic data processing (EDP) suppliers to offer
- improved products.‘ Those charts demonstrated . . . that IBM had to
move rapidly ahead with the development of a new line of CPU's or
else competition would soon displace IBM's EDP business”". (Knaplund,

Tr. 90473.)

The survival chart for the 1401 (DX 1404A, p. 75 (App. A to

' JX 38)) made the point graphically. This most successful of IBM's

| systems, announced only two years earlier, was projected to reach a
ipeak of installations by 1965, with installations declining rapidly
ﬁthereafter. Projections for the rest of the product line were similar.
} The charts indicated that if IBM did not introduce new, improved
products its entire installed base would be replaced by its competitors;
In the face of these projections, the SPREAD Committee stated the

) need for new products to be developed and delivered by 1965. Accord- -
| ingly, they recommended announcement of the first processors in the

| line during the first quarter of 1964. (DX 1404A, p. 537 (App. A to
lox 38).)

)
The SPREAD Report, and the Systems Architescture Group which

Iwas responsible for implementing its recommendations, created a

i . s

i product plan that went far beyond the recognized competitive need for
|

jnew and improved products and set forth a revolutionary concept of a

- future product family. This concept representad a commitment to a

vision of the future development of the industry far more daring and
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far-reaching than any of IBM's competitors ever attemptad. The

concept, subsequently embodied in IBM's System/360, held the potential,
if successfully implemented, f£or enormous business success for I3M |
+ and also for revolutionizing the EDP industry. It sought not just

| competitive success with existing users but a vast expansion of the
number and types of EDP users and uses. At the same time, the magni-
tude of the commitment--the devotion of virtually the entire business

to that concept--carried with it a risk of staggering proportions.

Both internaily and extermnally, the IBM System/360 program came to be
referred to as a "you bet your company" undertaking. (Evans, Tr.

101126; see also Friedman, Tr. 50378; Case, Tr. 73561-62.)

b. The SPREAD Report and S/360. The concept for the New

| Product Line (NPL), which became 360, embodied a number of objectives
including:
(1) the clear assertion of price/performance
and technological leadership;
(ii) the merger of business and scientific capabilities
in a single family of systems (in fact, the attainment of a
series of computer systems that would be an industry leader
in the performance of all applications, hence the origin of the
name "System/360" to denote the full 360 degrees of the circle
(Evans, Tr. 101129));
(1ii) wupward and downward compatibility across a broad
family of processors;
(iv) a comprehensive set of systems software;

(v) compatibility of a wide range of peripherals across
- E™y
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the entire family of CPUs; and

(vi) the substantial user flexibility attainable from the
resulting modularity of the boxes constituting a 360 computer
system. (DX 1404A (App. A to JX 38).)

Each of the objectives held the promise of greater customer
acceptance and a substantial brocadening of the demand for and use of
computers, and each raised its own particular challenges and risks.
The attainment of eacﬂ objective posed obstacles in development,
design and manufacturing, each of which carried with it the possi-
bility of failure. These objectives, and the manner in which IBM

successfully attained them, are discussed in the following pages.

(i) Price/Performance and‘Technological Leadership--

Generallv. The 8000 Series was cancelled because it would not have

been a "leadership" prcduct for a significant period of time,

either technologically or in a price/performance sense. System/360,
its replacement, was clearly intended to be both. In December 1962,
T. V. Learson, IBM Vice-President and Group Executive of the Corporate
Staff, wrote to Evans that IBM's aim was to make the new line "eco-
nomical as hell, simple to operate and the best on the market".

(DX 4795.) 1IBM's Chairman wrote in June 1963 that it was important
for IEM to "make these machines good enough so they will not be just
equal to competition", because IBM expected that once they were
announced IBM's competitors would "immediatelv try to better them"

and "I (Watson] want cur new line to last loug encugh so we do not go

1 in the reg". (DX 4806.)

-279-




PoWwoN e

u

Ww 0w N O,

o

n

(V]
bt

B

)

\J

()

4>

(]
tn

The price/performance of System/360 turned out to be a
spectacular improvement over IBM's earlier product line. (Rooney,
Tr. 12123-24; Welke, Tr. 17079-80, 17304-05; see also Northrop, Tr.
82711; PX 3638.) In a memorandum written to Evans and Kennard just
prior to the System/360 announcement, the Manager of Market Analysis
for the Data Systems Division stated that "[i]t is difficult to
| estimate the competitive jolt NPL will create. Never before has a
éingle announcement obsoleted so much existing equipment at one time"
since "NPL will have an advantage over all existing systems offered
; by major competitors”. (PX 1099A, p. 1l.) 1In particular, the Model 30,
| intended largely to replace the 1401, had "six times greater internal
| speed" than that system. (DX 3726 (Tr. 78990); see also DX 4740:
j Evans, Tr. (Telex) 4034-35; DX 47553.)
The following comparisons at the time of announcement illus-

| trate these improvements:

1401 Model 30
| Rental Price (with maximum memory) $2,680 $3,875
(DX 573, (IJX 38,
p. 6) p. 33)
| Maximum Main Memory Capacity 4,000 65,536
: {(Chars.) (DX 573, (JX 38,
p. 3) p. 32)
! Performance 5,000 30,000
i (instructions/second) (DX 4740: (DX 4740: j
B Evans, Tr. Evans, Tr.
. (Telex) 4034-35; (Telex) 4034~
DX 4755) 35; DX 4755) ;
. Performance/Rental Price 1.87 7.74 g
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7090 Model 75

Rental Price (with maximum memory) $43,500 $§60,300
(DX 572A, (IJX 38,
p. 6) P. 394)
' Maximum main memory capacity 196,608 (6 bit 1,048,576 (8 bit
characters) characters)
(DX 572A, (JX 38,
P. 5) p. 394)
Rental per million characters $100,708 $35,286
(DX 5724, (JX 38,
§ Performance (multiplications/second) 38,200 366,000
f (Case, Tr. (Case, Tr.
74220) 74220)
i Performance/Rental Price .88 6.07

Knaplund testified that just prior to announcement IBM con-

4 sidered 360 price/performance to be superior to the best known

; competitive systems and substantially superior to the best of IBM's

| older computer systems. (Knaplund, Tr. 90503; see also PX 1099A.)

| T. V. Learson wrote in July 1964 that System/360's price/performance
i'had achieved a 30% to 50% improvement over IBM's previous product

f line. (DX 1525.) Morecver, the analytical methods used at the time

é to predict price/performance understated the comparative advantages

+ of System/360 by failing to take into account the benefits to the user
i‘stemminq from the use of disks, the advantages of compatibility, the
?System's improved reliability, the advantages expected to come from its
}software and the availability of large memories. (Knaplund, Tr. 90504-
iOS; see also PX 1099-A, p. 1l; PX 6204, p. 1l.)

The price/performance and other advantages of Systam/360
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§ were recognized ocutside of IBM as well. For example, plaintiff's wit-
; ness Frederic G. Withington of Arthur D. Little reported in October

‘3 1964 that " [w]ith the introduction of their System 360 eguipment, IBM
| established the new price-performance standard for equipment within
the computer industry for the next several years" (PX 4829, p. 16),

| an opinion which he reiterated during his testimony. (Withington,

E Tr. 56591-92.) Withington also testified that System/360, at the

f time of its announcement in 1964, was "regarded as the best in terms

% of incorporating the most recent developments in systems program and
; machine architecture". (Tr. 56590.) Similarly, in a June 1964

| presentation to G. E.'s Executive Office, John Weil called System/360
| an "excellent product line with outstanding peripheral offerings" and

| stated that it was "no longer possible to offer equipment with a

i significant advantage over IBM". (PX 320, pp. 13-14.) Additionally,

PN P N

)
tn

BITIIL S T R Sl

f RCA's June 1964 "Five Year Plan" noted that System/360 "has and will
I have a significant impact on the marketplace and other suppliers are
| obliged to meet its capabilities". (PX 243, pp. 5-6.)

(ii) System/360 Component Technology. In explaining his

;recommendation to cancel the 8000 Séries, Evans had written: "New
) technology 1s essential to a new IBM machine family. Committing a
new family's lot to current technology is openiﬁg IBM to a major
Ecompetitive coup”. (DX 4773, p. 3.) Tﬁe improvements in price/
;performance offered by 360 could not have been achieved without the

+ superior circuit technologv that Evans had envisioned. (Case, Tr.
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73244; Evans, Tr. 101048.) Development of such technology (called
Sclid Logic Technology or SLT) had already begun in IBM when the
SPREAD Committee met. The Committee recommended the use of SLT as

processor componentry because it "promised improved cost/performance

and reliability." (JX 38, p. 5; DX 1404A, p. 7 (App. A to JX 38).)
+ Case testified that "the entire System/360 line . . . was predicated
{ on the availability of the new SLT technoleogy." (Case, Tr. 72303.)*

SLT development, which had begun prior to 1961, was acceler-
| ated in April of that year on the recommendation of IBM's Advanced

1 Technology Study Committee that a "high priority SLT program" be

| established. (JX 38, p. 5.) According to Erich Bloch, who headed

5 the Advanced Technology Study Committee until September 1964, that

# Committee had been charged with recommending the logic component

i technology that IBM should use in its future EDP.equipment and with

| establishing the schedule and cost objectives for its implementation.
E (E. Bloch, Tr. 91468-69, 91492, 91686; see also DX 9117, p. 2.)

The Committee decided that the new technology had to be
Eproducible at half the cost of the then current SMS (Standard Modular
;System) technology and be four times as fast. (E. Bloch, Tr. 91492-
;93.) These performance goals were influenced by both the technology
?performance and computer performance that could be achieved by IBM

! competitors, including both computer manufacturers and component

: * "In fact, in its early states, the System/360 project was known
- jas the SLT family." (Case, Tr. 72303.)
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| manufacturers. According to Bloch, the existence of such competitors

and their introduction of new products and processes since the 1960s

has forced IBM to be alert to their offerings in order to remain

' competitive in terms of cost, performance, reliability and function.

. (Tr. 91690-92.)* As T. V. Learson later put it, prior to the intro-

duction of System/360, "IBM had been in the market for a long time
with the o0ld circuitry . . . . It was time for a change. Competitive
action told us so . . . ." (PX 1900, p. 7.) Because of such
"competitive pressures", the Committee decided that the development
of the new technology had to be accomplished within 18 months and the
delivery of machines incorporating the technology to customers begun
within three years. (E. Bloch, Tr. 91686-87; see also DX 9117, p.
3.)

The Committee considered three courses of action: improve-
ment of the existing technology; development of monolithic technology;
and further development of a hybrid technology (SLT) with discrete
semiconductor components combined with screened circuit elements.

(E. Bloch, Tr. 91492.) SMS was the packaging for discrete cocmponents

used by IBM in its second generation equipment. (Case, Tr. 72265.)

1 It had been designed and developed by IBM for Project STRETCH and was

superior to the discrete component packaging available from outside

suppliers because it was optimized for use in EDP eqguipment. (E. Bloch;

* Bloch included such firms as Texas Instruments, Fairchild,

IMotorola, Intel, Mostek, AMD, Hitachi, Fujitsu, Philips and National
i Semiconductor. (E. Bloch, Tr. 91691-9%2.)
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Tr. 91486-87.) Despite its contribution to IBM's successful line of
second-generation computers, the Committee concluded that SMS tech-
nology had apparently been pushed close to its limits in terms of
cost, performance and reliability and would not yield the desired
performance improvements. (E. Bloch, Tr. 91493; see DX 9117, pp. 4-
S5, 8.)

In order to gain additional information about the feasi-
bility of going directly to monolithic circuitry,* IBM was advised by
other companies, including Fairchild, Texas Instruments and Motorola,
concerning their development activity with monolithic technologies.
(E. Bloch, Tr. 91694-95.) The Committee concluded that while mono-
lithics could meet the performance requirements laid down they could
not be produced in the time or at the cost desired. (E. Bloch, Tr.
91492-94; see also Gibson, Tr. 22625-27; DX 4782.) The Ccmmittee
therefore recommended moving part, but not all of the way to mono-
lithics: the continued development of the "hybrid (SLT) configura-
tien". (E. Bloch, Tr. 91492-94.)

That recommendation was based on several advantages to the

3SLT technology: £irst, it would lend itself well to automation and to

ra fast production buildup; second, it would lend itself "to a product

ispectrum of applications" in processors of all sizes as well as

1

Qinput/output devices; third, it would be capable of providing the

* "[Tlhe total integration of all devices and interconnecting
wiring in a single piece of semiconductor material". (E. Bloch,
Tr. 91492.)
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necessary speeds or performance ranges; and finally, the semiconductor
packaging would accommodate the semiconductor well, provide the needed
electrical characteristics and give the desired packaging densities.
(E. Bloch, Tr. 91699-701.)

These énticipated.advantages were in fact realized and SLT
became a high-performance technology for its day, offering a sub-
stantial increase in speed at a substantial reduction in size.

(Case, Tr. 72301-03; E. Bloch, Tr. 91705; see alsoc PX 3587 (Tr.
25334).) SLT was a "significant advance" in IBM computer technology:
it required less space, power and cooling per circuit than SMS; it had
higher performance and "teﬁ times the reliability" of the earlier
technology--all at a reduced éost. (E. Bloch, Tf. 91496-97; see also
McCarter, Tr. 88380; Evans, Tr. 101132.) Thus,. SLT enabled IBM to
offer "very substantial gains" in price/performance. (Evans, Tr.
101132.) Further, SLT "lent itself to automation" (E. Bloch, Tr.
91705) and IBM took advantage of that fact by investing heavily in the
: development of automatic tools. (Case, Tr. 72298-301.) "IBM :
coordinated the development of tools, the development of a design
automation system and the production andéd testing of components with
the development of the components themselves. Each of the parts of

the technolcgy took into account the other parts." (E. Bloch, Tr.

i 91497-98.)
Such automation enabled IBM to reduce ‘prcduction costs and
improve the reliability of its circuits. (Case, Tr. 72301; E. Bloch,

Tr. 91497.) 1IBM's "substantial investment" in automatic manufacturing

technigques was a very important factor in allowing IBM to make System/
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360 much more powerful for the same price or to be a lot less costly
for the same power. (Case, Tr. 72301l.) From 1965 to 1969 SLT tech-
nology and the automation which accompanied it gave IBM a cost advan-
tage over other component manufacturers who moved their assembly
outside the Unitéd States in order to get a cheaper labor source for
the relatively labor-intensive production processes. (E. Bloch, Tr.
91708.) ©No other computer manufacturer had the equivalent of SLT
technology af the time of System/360's announcement and delivery
(Evans, Tr. 101131), despite the substantial benefits that it held
and despite the fact that SLT was an extension of the existing tran-
sistor technoleogy which was readily available to everyone.

Only with the benefit of hindsight, however, was it obvious
that the SLT decision was the correct one. During the middle 1960s,
up to about the beginning of 1966, criticism of the decision was
expressed within IBM. Critics thought that SLT had been the wrcng
choice, that by being more aggressive IBM could have gone to mono-
lithic circuits and taken a larger jump forward.* (E. Bloch, Tr. .
91695-96.) Implicit in that criticism was the apprehension that IBM
would be the victim of a competitive coup by other ccmpanies moving i
beyond IBM in circuit development.

This failed to happen. Based upon a comparison of the cost

and capabilities of IBM's SLT circuits with competitive monolithic

circuits that became available from the mid-1960s £fcrward, Bloch

* Bloch also tastified that the criticism "died down" when it became .
clear that "SLT met all the goals" set for it in a way that could nct
have been done with monolithics. (Tr. 91696.)
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concluded that SLT had as good a performance as those later developed
products, was "much denser" and was produced at lower cost than the
products which IBM's competitors acquired from outside vendors.
(E. Bldch, Tr. 91704-05; see also Withingtcon, Tr. 56591.) Moreover,
when IBM did convert to monolithic circuits in 1968-1970, it was able
to use a great deal of what had been done in SLT tc ease the transi-
tion into monolithics. (E. Bloch, Tr. 91698; Dunlop, Tr. 93991.)
This planning for the future had been taken into account by the
Advanced Technology Committee and for that reason IBM designed tech-
niques and tools during the SLT development that could be adapted to
the manufacture of monolithic circuitry. (See E. Bloch, Tr. 91500,
91703, 91494 and Case, Tr. 72300-14 for details of the carryover of
SLT development into monolithics.) SLT still is being used by IBM in
secondary circuit functions of newer products. (E. Bloch, Tr. 91499.)
The advantages of automation, of taking an intermediate step
toward monolithics, and of coordinating circuitry, component and

product development could be fully realized only through in-house

; development and manufacture. Accordingly, the Advanced Technology
é Study Committee recommended the establishment of a components division

! which would be able to manufacture SLT on a large scale. (E. Bloch,

Tr. 91562.)

Case called IBM's decision to develop and build its own new

| circuitry "perhaps the riskiest single decision that had to be made by
¢« IBM in the development of System/360". (Tr. 73514.) It required a
! substantial capital investment in a new business--developing and manu-

| facturing transistor components--in which IBM had had little prior
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experience. Not surprisingly, there was considerable debate within
IBM whether components was an "appropriate business" for IBM to get
into, and the decision to establish the Components Division in 1961
continued to be second-guesged well into the 1960s--long after IBM
had committed itself to the point when there was no turning back.
(Case, Tr. 73515.) 1In shbrt, as T. V. Learson put it in 1966: IBM
"had to become, in a very short time, the largest component manufac-
turer in the world". (PX 1900, p. 9.) If IBM were successful, the
potential benefits overrode those risks:

(a) in-house manufacture could help IBM reduce its total
costs by eliminating middle-man profits;

(b) by designing the new circuitry and the new machines
simultanecusly, IBM could get the best new circuitry earliest
because IBM would not have to wait for another firm to finish its
circuit devélopment process and make the circuit available in
order to explore the circuit's potential characteristics and use
in a computer system;

(¢) unlike other manufacturers who were less integrated and
who would have to adapt generalized circuitry to theiﬁ particular
needs, IBM would be able to enhance the price/performance of its
computer systems by tailoring its own circuitry to the regquire-
ments of System/360. (Case, Tr. 73245-48; see also E. Bloch,

Tr. 91563.)
In-house manufacture would also permit IBM to accelerate the training
ﬁ‘of computer engineers in both the characteristics and use of the new |

| circuit technolcgy. According to Case, it was believed that I3M "couldf
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synchronize the development activities between the circuit development

organizations and the computer develorment organizations more effec-
tively if they were in one corporation rather than if they were in
two Oor more corporations." (Case, Tr. 73250.)

Such synchronization was to grow increasingly more impor-
tant. Bloch testified that as the integration level of components
increases, "more and more of a machine is on a single component.

And therefore when one has in mind the designing of a new computer

| one can learn a lot by just looking at the individual components that

gc into it." (Tr. 91929; see also Case, Tr. 73251-52.) As the
degree of component integration increased during the 1960s both
symbiosis in development and confidentiality became increasingly more
important reasons for in-house development.

IBM's Advanced Technology Study Committee took the long
view in 1961. It was building for the future (E. Bloch, Tr. 91929)
and considered the benefits which might be derived later on from a
long-term kind of process worth the risk. (E. Bloch, Tr. 91928.)

That long range planning paid of£f handsomely. Case testi-

fied that IBM achieved the objectives that it set with respect to the

+ design, development and manufacture of SLT (Tr. 73267) ané that
| the ultimate success of System/360 was "in large measure" dependent

1 on the success of that circuit development activity. (Tr. 73233.)

(1ii) Single Family for All Apolications. The SPREAD

; Committee recommended development of a single line of processors to

i "meet the needs of the commercial, scientific, and communications and
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Il necessary for developing user requirements. At the time of the

! above.) EZvans +testified that "more and more” often, the "scientific

control markets". (DX 1404A, p. 12 (App. A to JX 38).) That objec-
tive called for a "fundamental change" in IBM's design emphasis (DX

4740: Evans, Tr. (Telex) 3925-28) but one which was thought to be

SPREAD Report, IBM's product lines were "distinctly either commercial
or scientific in their emphasis". (DX 1404A, p. 13 (App. A to JX
38).) This was true of other vendors' product lines as well. Up to
that time, customers who wanted'to do what had traditionally been
considered both "scientific applications" and "business applications"
generally acquired two computers. (Case, Tr. 73329.)

By the end of the 1950s, however, the distinctions between
business and scientific applications were beginning to blur, and
"customers themselves were not observing [the] lines between scien-
tific and business machines in actual practice". (Case, Tr. 73274-

75; see also Tr. 73276-83, see pp. 81-83, 102, 148, 162, 213-15, 239,

side" of a user's operation needed the data handling capabili-
ties associated with business data processors and the "business side"
needed the arithmetic and logic capabilities associated with scienti-
fic systems. (DX 4740: Evans, Tr. (Telex) 3927-28.) The history of
the 1950s and early 1960s is full of examples of "business" computers
doing "scientific" applications and vice versa. (See above, pp. 15-21}
38-45, 81-83, 102, 138-49, 162-68, 206-15, 242-44.)

That user need fér "dual use" was a major factor in
the SPREAD Committee's thinking. According to Evans, "One of

the premises from the beginning was there would be great
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savings to the users if we could combine in the single machine the
ability to cover the full range of business applications and scien-
tific applications as well. So our concept was a single machine that
would be equally able in either of those areas". (Tr. 101052.)

Although the Committee foresaw the need for separate develog
ment of ruggedized products for military purposes, it stated that
"standard products will satisfy about 32 percent of the available
military market" and that a basic objective should be "to further
penetrate the ultra-reliable portion of the military market with the
SPREAD family". (DX 1404A, p. 44 (App. A to JX 38).)

Thus, in accordance with these recommendations, it became
an objective to design the NPL architecture for the "broadest possible
range of applications . . . equally well suited" to what had pre-
viously been considered scientific or business computing. An
instruction set and processing capabilities were to be designed to
be "equally suitable to both of those classes cf applications and
indeed well suited to the broadest possible range of applications
that one could think of" (Case, Tr. 73268-69), including process
control applications and communications control applications. (Case,
Tr. 73321). Evans testified that the name "System/360" was chosen
for the new line to indicate the "full circle of the applications
ability of the machine". ( Tr. 101129.)

The combining of capability to do the whole range cf applica
tions in a single machine prcomised great savings to users and great

returns to IBM. It was far from clear, however, that the objective
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of designing "dual purpose" computers could be accomplished without
a degradation of either performance in business applications or per-
formance in scientific applications or, indeed, in all the applica-
tion areas. Evans testified that this risk was perceived by IBM
management and "haunted" them.* (Tr. 101052, 101129.)
"The gquestion was whether we could build machines that in their
own right as a scientific performer would be the best and also
had the ability to do the business kind of a problem, or in so
doing would we really be building mediocrity and someone could
come along and optimize as the industry had done before and build
better scientific machines, better business data processors, and
in the process negate our plans and our aspirations." (Tr.
101052; see also Case, Tr. 73538-39.)
The risk that competitors might specialize and, in so doing,

outdistance a line of products aimed at a wide variety of applications

iwas compounded by the risk that, even if 360 was as powerful as more

specialized competitive machines in their specialties, customers might
reject System/360 because they just "might not see it that way".

(Case, Tr. 73538-39.) 1In the face of these risks, some people in IBM

?became proponents of continuing work on the pre-existing "scientific"
tand "business" product lines. During 1962 and 1963 there was continued
ia project to build a scientific computer compatible with and as a

!successor to the 7094 (Brooks, Tr. 22843-44; Case, Tr. 74574); and

as late as December l963-January 1964, a group in the General Products

© iDivision led by John Haanstra opposed development of the 360/30 in
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* Case testified that IBM management "freguently” inquired of the
360 design group whether the performance objectives for System/360
were being met for both business and scientific use. (Tr. 73539.)
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favor of extending the 1401 line in its place. (Evans, Tr. 101187-88,

101275-76; Hughes, Tr. 33970-71.)

Such fears were not unfounded. As we shall see, competitors

did attempt to offer more specialized systems* to meet the needs of

certain users and were successful in competing against System/360
where customers wanted such relative specialization rather than the
more generalized range of functions which System/360 offered. Some of
l the history of the latter part of the 1960s is the history of IBM's

attempts to respond to such competition.

0 Despite the risks, the concept proposed by SPREAD was

ipursued. System/360 was designed to be a machine equally powerful in

|scientific and business applications and with facilities for real-

time applicationé, which "machines of that age had not been able to
gaddress before System/360 with real power and versatility". (Evans,
|Tr. 101144.)

4 Weil testified that the distinction between scientific and
écommercial processing was "erased" "([iln a practical sense, with the
jannouncement of the IBM 360". (Tr. 7189; see also Beard, Tr. 10342;

éFriedman, Tr. 50378; O'Neill, Tr. 76194-96.)** That testimony was

|

; * The "specializaticn" offered by competitors was a matter of
idegree~-many "specialized" competitive offerings could be and were
!used to perform a range of applicaticns, but were marketed as more
ﬁ"tailored" machines to attract certain users. For example, G.E.
rinitially targeted its 600 series primarily for engineering and
iscientific applications (Weil, Tr. 7026-27) and CDC originally de-
signed its 6000 series to perform scientific applicatiuvas. (Norris,
iTr. 5617, 5618, 5629; see pp. 423-24, 672-80, 690, below.)

Il ** Weil also testified that "Since the early sixties, it really

-l PR—

hasn't been economically important to design a computer system only
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consistent with Weil's assessment of 360 in June 1964:

". . . System/360 integrates into a single set of eguipment the
data communications, and process control. It seems clear that

and processing system.". (PX 320, p. 13.)

 System/360's ability to "do the 360 degrees of the circle" resulted

in acceptance by users who could not get the same range of perfor-
mance from other architectures. (Evans, Tr. 101132-33.)* Its broad
range of applications helped simplify customers' acquisition deci-
sions, enabled them to achieve economies of scale by acquiring one
large-capacity, rather than two smaller-capacity, machines and
permitted them to reduce the required training and improve the
efficiency of their EDP staffs. (Case, Tr. 73327-28; see also Weil,
Tr. 7059-60.) The combination of business, scientific, and other
applications in the same line also helped reduce IBM's costs. It

enabled IBM to concentrate on a single machine type with fewer sets

y Of program support and software and with a single set of training and
: education for customers and IBM personnel. (Case, Tr. 73328-29,

i see also Tr. 73387-89.)

| Some of the benefits associated with the "erasure" of the

t business~-scientific distinction and some of the techniques used to

°~

1 for business or only for scientific applications, except at the

; extreme ends of this spectrum, where you are trying to do as much
I scientific calculation as you possibly can within the limits of the
i technology". (Tr. 7190.)

* The diversity of applications to which users applied System/360
‘are described in more detail in the Appendix to this section.
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effect it were also associated with the achievement of another objec-
tive of the SPREAD Committee. This was the objective of having a
single compatible line of processors with compatibility extending oven
a wide performance range. Compatibility in this sense meant that
programs written for one processor in the line could be run on a
second processor, provided that the second processor had at least the

minimum memory capacity and complement of input/output and auxiliary

| storage devices required by the program, and that successful execution

of the program did not depend on the speed of the CPU.* (Case, Tr.
73368-69; see also Brooks, Tr. 22681-82.)

(iv) System/360 Compatibility. The SPREAD Committee recom-

mended the development of a new family of compatible processors by

IBM:

"IBM custcomers' needs for general-purpose processors can be most
profitably met by a single compatible family extending f£rom the
smallest stored-program core-memory machine to the machine for
customers growing beyond the 7094 and 7030. There are proces-
sor needs above and below this range-it is not yet evident

that these can be compatible with the new processor family."

(DX 1404A, p. 8 (App. A to JX 38).)

|The new family was to consist of at least five CPUs--those five to be

%upward and downward compatible with one another. (DX 1404A, pp. 16,

25 (App. A to JX 38).) According to Evans, this concept of compati-

bility envisaged by the SPREAD Committee and implemented in System/360

1

was "just a mile apart from the rest of the world". (Tr. 101141.)

* These three reguirements are satisfiable in 90 to 99 percent of

lall the programs that normal businesses execute, according to Case.

(Tr. 73368-59.)
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Prior to the introduction of System/360, it was generally
true that the computer lines of a particular manufacturer were not
compatible with one another. (Welke, Tr. 19193.) Although both IBM

and a number of its competitors had achieved upward compatibility

over a "very narrow performance range" covered by two or three machines,

no one had achieved the full upward and downward compatibility over
the "very substantial" systems performance range of System/360.
(Evans, Tr. 101140-41.) Thus, several months after System/360 was
announced, Withington wrote that "the degree of upward and downward
compatibility that is achieved with System 360 . . . is certainly by
far the greatest to date". (PX 4829, pp. 17-18; see also Case, Tr.
73406-10.)

The SPREAD Committee viewed compatibility for an entire

gfamily as a "major advance" that would appeal to customers and "sell
| more processors". (DX 1404A, p. 35 (App. A to JX 38).) From the
| customer’'s perspective, the Committee regarded compatibility as a

f"powerful selling ' tool" because it would

(1) protect his programming investment;

(2) permit phased growth;

(3) minimize his investment in personnel training;

(4) expand the available labor market of personnel trained
to operate in his environment;

(3) simplify the adaptation of his applications to several

Processors;

(6) permit him to transfer applications among installations;
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and thus
(7) provide an incentive for him to convert to System/360

from non-compatible families. (Id., pp. 35-40.)

ISuch benefits did, in fact, accrue to customers. For example, John

Jones, Vice-President, Management Information Services at Southern
Railway testified that compatibility was of "very great benefit" to
him as a user because
"it provides me the option of changing or upgrading the capa-
cities and capabilities of my installed network and gives me
an alternative which under some circumstances is a very
attractive one in that I do not have to do reprogramming if I
chocse not to do it." (Tr. 80007-08; see alsc McCollister,
Tr. 11068; Friedman, Tr. 50377; Case, Tr. 73427-28; Knaplund,
Tr. 90507-08; PX 1215, p. 1l.)
Since System/360 was compatible over a far broader range of précessor
capacities than any previous EDP line, those advantages of compati-
bility were made available "to a great many users of all sizes"--from

the large, multiple-location user who would be able to reduce his

jtraining, system development and programming costs to the small first-

time user who could plan to grow rapidly without incurring reprogram-
ming costs. (Rnaplund, Tr. 90507-08.) Of course, this meant that a

"great many users" would be attracted to System/360. As Brooks

testified:

"We believed the compatibility would make it possible to
make machines a lot easier to use, that it would serve the
customers better, and that it would permit IBM to furnish a
better level of customer support. . . . [M]laking a machine more
usable makes it more marketable." (Brooks, Tr. 22692; see
also Case, Tr. 73427-28.)

Joseph Rooney, who held a position as an IBM Branch Manacer

and later became the President of RCA's Data Processing Division,
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testified that there was a "high degree of program compatibility"”
within System/360, which provided an advantage to IBM in that
"Their clients could grow from a smaller system to a larger
system, or if the economic situations were such that they wanted
to go to a lower system, they could do so without having to
reinvest in their software. It also was an advantage if you had
a multi-faceted organization that had large computers and small
computers, and some commonality of applications that they wanted
to use on both types of systems. It gave the client the advan-
tage of nct having to modify his software to do so". (Rooney,
Tr. 12550-51; see also Spangle, Tr. 5026; Beard, Tr. 10325.)
Withington testified that "[t]lhere is an advantage to a
manufacturer in standardizing on a single system set of programs
because that minimizes his total cost of development, maintenance and
customer support of such systems programs”. (Tr. 56612.) In addition
to the tremendous competitive advantage* that IBM would derive from
offering users a compatible family, the SPREAD Committee recognized
that compatibility was "clearly advantageous to [IBM's] development
and manufacturing”". (DX 1404A, p. 8 (App. A to JX 38).) Commonality

in processor logic and programming were anticipated to provide IBM

with economies in training of field personnel, development of program-

* The SPREAD Committee anticipated that this advantage was one

i that competitors would not be able to overccme during the rest of the

decade unless they adopted new approaches to the achievement cf
compatibility:

"Competitors appear to be relying heavily on common programming
languages to achieve compatibility. The new processor family
guarantees to IBM a compatibility level which will not be pos-
sible, in the 1965-1970 period for a non-compatible family of
processors relying on common programming lancuages." (DX 14043,
p. 40 (App. A to JX 28).)

iAs we discuss later in the testimony concerning specific companies

(see pp. 383-84, 480-82, 619, 623, 644, 660-61, 696, 705, below), a
number of IBM's competitors did just that, albeit several years after
IBM.
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ming and standardization of installation and maintenance procedures.
(DX 1404A, pp. 36-41 (App. A to JX 38); see also PX 1215, p. 2.)
System/360 compatibility permitted IBM to realize these and other
benefits. Case testified that training of programmers, salesmen and
systems engineeré was made "considerably easier" because they had to
be trained for one group of machines instead of for different incom-
patible machines. (Tr. 73387-88.) 1IBM also achieved cost reductions
in manufacturing because of the ability to share parts among the
various models of System/360 and to provide common training to manu-
facturing personnel.  (Case, Tr. 73388.) Finally, IBM had to develop
fewer operating systems than it would have for incompatible proceésors,
and the design of the individual models was facilitated because
commonality of design permitted the various engineering groups to
comﬁunicate effectively and assist in one another's design efforts.
(Case, Tr. 73388-89.)

The decision to provide a compatible line over a large
| performance range was recognized within IBM as a risky one. From
a competitive standpoint, thé SPREAD Committee anticivated that a
single compatible line could be marketed against by competitive
salesmen who would be able to develop "knock-offs" applicable to the
i entire family. It would also provide a more nearly unitary target
aéainst which competitors might react more effectively with their own
| product and price moves. (DX 1404A, p. 40 (App. A to JX 38).) Perhaps
most importantly, it would "encourage competition to be compatible

with [IBM] in order to tap [IBM's] support efforts”. (DX 14044,
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819-26, below.)

According to Evans, the "real challenge" of System/360 from an archi-

p. 40 (App. A to JX 38).) That latter possibility was one that IBM
plainly foresaw throughout the 1960s and one that came to fruition in
different ways in the latter half of the 1960s and in the 1970s with
the explosive growth of leasing companies and the advent of plug-

compatible peripheral and CPU suppliers. (See pp. 750-96, 807-14,

The compatibility objective presented risks from a technicall
standpoint as well. Just as the attempt to combine business, scienti-
fic and other applications in the same line raised the possibility
that the new system would do none cof them as well as a more specialize
machine, so too the attempt to achieve compatibility between very fast
processors and relatively slower ones raised the possibility that none
of them would be truly optimal. Case testified that

"It was thought prior to System/360 that having one machine

architecture for both the fastest and the slowest machines in a
product line and, in fact, all places in between, could not ke
right because either the fast machines would be unnecessarily
restricted in the amount of function and capability that they
could provide . . . or alternatively, that the slowest and cheap-
est machines would be far too expensive by virtue of having to

provide the richness of the instruction set that was provided by

the larger and more expensive machines in the product line."
(Tr. 73520.)

tectural standpoint was to build a compatible family with a perfcrmanc
range of 1 to 100 from the smallest machine in the family to the

largest--it was "something that had never been done before".* (Evans,

{a performance range of 50 to 1. Evans called this a "conservative
tstatement" ané stated that the performance range was 100 to 1 at
announcement and had since been expanded to nearly 1,000 to 1. (Tr.
1101177-78.) Evans testified that IBM successfully met its challenge
jand that System/360's "performance range, unprecedented in the indus-
Htry", was a major factor in attracting customers to the 360. (Tr.
#101144.) '

* The 360 announcement letter stated that the processors covered

-
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| fied that downward compatibility was achieved for System/360 through

+tion of microprog:amming or "firmware". (Id.)

7
iUniversity in 1951. (JX 38, p. 5.) Case testified that IBM was the

tfirst computer manufacturer to use firmware in the building of computers.
: 1

ia new design "discipline". (Case, Tr. 7352l.) |

11960 (JX 38, p. 5) ané continued with System/360. IBM continued its
'innovations in "firmware" later in the decade with the invention of

Tr. 101057-58.) The difficulty of this undertaking was clearly

recognized by the SPREAD Committee:

"It is not evident that downward compatibility can be attained
through the whole product range. The group recommends, how-
ever, that the design requirement for downward compatibility
be stated as a firm ground rule and that development proceed
on this basis until the Phase I review. If, at that time, it
appears that economically competitive downward compatibility
cannot be achieved across the whole processor range, then the
range shall be broken into two segments with downward com-
patibility to be achieved within each segment." (DX 14043,

p. 17 (App. A to JX 38).)

Enfield, President of The Computer Software Company and

former IBM Product Administrator for the DOS operating system, testi-

the Model 25. (Tr. 19977; see also Case, Tr. 73520-24.) For IBM to
achieve that level of compatibility without incurring unacceptable
expense or performance penalties at the low end of the line required a
"technological change in the way computer systems were built . . . in

IZM". (Case, Tr. 73520.) That technological change was the introduc-

Microprogramming was invented by M. V. Wilkes of Cambridge

: i
(Tr. 73222.)* Its use required the application by IBM of "new technical!

i
components"” (such as transformer and capacitor read-only storage) and

* That use began with the experimental SCAMP built at Hurslev in
the floopv disk. (Case, Tr. 73223.) ?
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ware) IBM was able to achieve a number of the design trade-offs which
System/360 required.* It was the "technical device . . . most
responsible"” for the fact that IBM System/360 computers were able to
be designed effiéiently for both business and scientific applications
(C;se, Tr., 73225; see also Evans, Tr. 101142-43), as well as the

method by which IBM was able to achieve full upward and downward

menting the architectural objectives laid down for System/360 may be
gleaned from the longevity of that architecture. Compatibility and
applicability to a wide range of applications were characteristics

(assuming that they were effectively implemented) that would undoubt-

be extendable, which would be useful not only for the machines
that were going to be announced in 1964, but also for subsegquent

machines as far into the future as we could plan for. . . . We
were thinking in terms of 15-20 years . . . and we would like to
have had that last even longer if that were possible." (Tr.
73347.)#

lcompatibility.**

iedly be desirable in future systems. Accordingly, Case testified:

Through the use of firmware (rather than hardware or soft-

Some measure of the success that IBM achieved in imple-

"We tried to develop tihe computer architecture which would

* The need for such trade-offs was understood by the SPREAD Com-
mittee, which imposed as an "engineering ground rule" the use of
microprogramming controls unless "conventional" control systems could
provide a cost/performance improvement of better than one-third. (DX
114044,
System/360 processor models 2020, 2030, 2040, 2050, 2065, 2067 and

2085,

38, 9 8, pp. 5, 6.)

**A

enabled

7 T
u

group chose a memory addressing structure that provided for the eventual

S

Q

p. 20 (App. A to JX 38).) Microprogramming was used in the

It was not used in the 2044, 2075, 2091, 2095 and 2195. (J

”~

we explain later, it was also the means by which System/360
users to run programs written for earlier IBM computer systems

lengthen the life of the 360 architecture, the 360 design
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| The architecture of System/360 lasted through the 370 into the 303X

and 43XX lines and continues to the present time. (Evans, Tr. 101133;

3§ see also H. Brown, Tr. 82972; PX 4505, p. 1l; PX 4531, p. 1l; DX 860,
4 p. A; DX 9405, pp. 552, 1013.)

(v) Emulation. Withington called IBM's introduction of

the System/360 "a substantial risk" for two main reasons:

"One, IBM adopted a new machine architecture and a dependence on
systems programs to cause the machine to be usable to the users.
This was a large step in terms of the evolution of machine
architecture and design, and it was not immediately certain
either whether it would work well or whether the users would
accept it.

; "The second primary area of risk was the lack of compati-
; bility between the 360s as announced and the predecessor IBM
machines.

"It was immediately obvious that the willingness of the
customers to reprogram from the older machines to the 360s was a

; major question relating to its probable degree of success.”

(Tr. 56592-93.)

The disadvantage of offering a new incompatible line was

i clearly recognized by the SPREAD Committee. It was, however, a
fdisadvantage that ‘had to be overcome rather than avoided if the

QCommittge's concept for the new line was to be instituted. As the

tattachment of 16 million bytes of main memory without modification and
iabout 2 billion bytes with only a "small" modification. That eliminated
one of the "major reasons" that previous architectures had been short-
21 jlived: the limitation on the amount of main memory that could he effec-

itively used with those architectures. (Case, Tr. 73347-49.) The 8-bit
ibyte was another factor which gave System/360 architecture greater
1longevity than previous systems. It permitted the use of 360 in appli-
cations that required character sets which made those applications
difficult to achieve on the 6-bit byte and 7-bit byte computers which
ioreceded System/360. (Case, Tr. 73349-50.)
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SPREAD Report noted, "Since [the new] processors must have capabili-

f ties not now present in any IBM processor product, the new family of

| products will not be compatible with our existing processors." (DX

ﬁ 1404A,‘p. 12 (App. A to JX 38)', emphasis in original;)

§' The SPREAD Committee anticipated that the new capabilities

; provided by System/360 would induce many users to switch to System/360
despite the need to convert their programming. Indeed, for many of
these users,-the very fact that they wanted to implement new functions

rendered the entire question of conversion moot:

. « «» While incompatibilities are a marketing disadvantage,
it should be noted that systems reprogramming will, in many
cases, be required, independent of the processor used. This will

i occur whenever the user wishes to obtain the benefits of any of
the following:

"a. Random access rather than batch processing
"b. The integration of communication facilities
‘ "c. The simultaneous coperation of multiple processors

"d. Multiprogramming to achieve efficient on-line operation."

(Id., p. 12; see also Currie, Tr. 15184-85; Withington, Tr.
57683-84.)

In "many cases", therefore, the reprogramming effort involved

‘;in switching to System/360 would ke no more than a "natural outgrowth”

Lof the systems improvements that the user wished to achieve--improve-
i

» ‘ments that would require a new programming effort whether or not that

4
tuser switched to an incompatible processor. (DX 1404A, p. 12 (App. A
{to JX 38).) However, the Committee also recognized that "[s]ome
jcustomers [would] be dissatisfied unless an alternative [was] provided
1

ito permit utilization of [their] prior machine investment". (Id.,

-305-




m

m

>

tn

FR IR S LSS S-S - -

e

j P. 39.) IBM provided customers with that alternative in the form of
! emulators.*

Other manufacturers of computer systems also recognized the
desirability of facilitating conversion and provided users a number of
. aids, such as simulators** and translators,f to ease the transition
between incompatible systems.”” As late as August 1963, IBM was still
working on software simulation as a means of’providing System/360
compatibility with prior systems. However, work on providing con-
version through emulation had commenced within IBEM prior to that time.
(Hughes, Tr. 34047-48.) On August 1, 1963, D. H. Furth, Corporate
Director of Programming, sent a memorandum to Evans expressing the
view that it was "feasible" to use read only‘memory control (micro-

programming) to achieve compatibility. He wrote:

* An emulator is a combination of hardware and software that
permits one computer system to execute programs written for another
system. (JX 1, p. 45.)

** A simulator performs the same function as an emulator, but is
implemented entirely in software. (Goetz, Tr. 17654.)

# A translator is a computer program that takes as input the source
programs of a particular computer and translates them as closely as
possible to an equal program in the same or a different language that
would run on the egquipment to which conversion is desired. (King, Tr.
14769-70.)

. ##% GE offered a 1401 simulator which permitted programs written for
a 1401 to be run on its 400 line and a 7090 simulator which permitted
programs written for the 7090 or 7094 to'‘be run on GE's 600 line.

(Weil, Tr. 7029-32.) RCA developed a simulator that allcowed programs
s written for IBM's 650 computer to run unchanged on the RCA 301. (DX
561, p. 13.) Honeywell offered a LIBERATOR program which translated

IBM 1400 Series programs into programs usable on the Honeywell 200.
! (R. Bloch, Tr. 7578, 7588-89, 7605-06, 7886-89; Goetz, Tr. 17652-54,
1 18822-23; Enfield, Tr. 20052-54; DX 6661, p. 6.)
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t "Since such a hardware simulation would appear to be very
economical from the customer's point of view and since it would
eliminate some half dozen simulators from an already mountainous
Programming Systems load, it would appear reasonable to pursue
the realization of this feasibility as part of the overall NPL
program."” (DX 2872.)

rBy October that recommendation had been accepted, and Brooks wrote

| that "We are hopeful that microprogrammed simulation can add substan-

tially to the bag of tools for aiding conversion”". (DX 2900.)

During 1964, IBM announced microprogram-based compatibility
i features on System/360 for the 1401, 1410, 1440, 1460, 1620, 709,
Z 7010, 7040, 7044, 7070, 7074, 7080, 7090, 7094, and 7094 II proces-
sors.* (JX 38, pp. 30, 289, 292, 334, 526; DX 14305.) Withington
testified that System/360 was "the first major use of microprogramming
for purposes of establishing backward compatibility."** (Tr. 56606.)
He also testified that
i "implementation of emulation using control store and micropro-
| grams, while it is more expensive [than software emulation], is
regarded by users as preferable in most cases because it is so
much faster". (Tr. 56371-72; see also DX 2900.)

The provision of emulators on System/360 afforded users a

thardware alternative to conversion. (PX 449, p. 9.) It permitted

| * Case estimated IBM's cost of developing the 1401 compatibility
1feature on the Model 30 as $200 thousand and the cost of developing

1the 7090 emulator on the Model 65 as one-half million dollars. (Tr.
174557-62.)

** Withington defined "backward compatibility" as "the use of
jemulation . . . for the purpose of allowing programs written for a
imanufacturer's prior computers with different instruction sets to be
texecuted on the newer computers". (Tr. 56606.)

|
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(JX 38, p. 30.)

Although programs run in emulation generally ran slower
than they would have if rewritten to run in native mode on the new
systems,* they could be run effectively enough to permit users to.
forego reprogramming if they chose to do so. (Beard, Tr. 9057-58,
9956-57, 10029-30, 10318-19; see also R. Bloch, Tr. 7608~09, 7614-15,
7881~82; McCollister, Tr. 11287-89; Rooney, Tr. 11853, 12395-96.)
Goetz testified that emulators were generally considered an "effective
means of running programs from one computer system on another”.

(Tr. 17655, 18778.)

Because 360 was incompatible with IBM's second generation
equipment the conversion from IBM's second generation equipment to
360 involved as large a task for users as would converting to
i another vendor's systems. (Beard, Tr. 9058-59, 9953-60, 10324-25;
McCollister, Tr. 11069; Goetz, Tr. 18935-36; Enfield, Tr. 20020-21.)
Indeed, in some instances conversion to non-IBM equipment would have
| been easier than convérsion to 360. Weil testified that GE was
initially "overjoyed" with the announcement of System/360 because GE
i had introduced a system "designed to displace" IBﬁ's 7090s and
t 7094s and believed that "it would be easier . . . to convert from

the 7090/7094 to the 600 series" than to 360. (Tr. 7060-61.)

* Of course, such programs might very well run faster in emulation
mode than they had in native mode on the eguipment for which they were
written. For example, Enfield testified that a 360/30 operating in
emulation mode could execute 1401 programs 3 to 3 1/2 times faster
than a 1401. (Tr. 20263.)
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% Jones testified that Southern Railway ran benchmarks which showed
that conversion from an IBM 7000 Series system to an IBM 360 was
"about equal in difficulty" to conversion to an RCA or Burroughs
:-machiné, but not as easy as coenversion to a Univac 1108. (Tr. 79042~
43; see also Hart, Tr. 81936.) |

Nevertheless, IBM was successful in getting users to

.1 convert to System/360 from IBM second generation systems. (Withington,
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‘é Tr. S7680-81Q)* One reason for that success was, undoubtedly, the
| benefits that users were able to derive from System/360's improved
E price/performance and new capabilities. As Withington agreed,
"if [users] perceive it to be in their economic interest,
(they] will absorb the cost of conversion for the future benefit
that they expect to receive from [a] newly acquired computer
system". (Tr. 57677; see also Hart, Tr. 80222-24.)

Hart, head of the Computer Science'Department of the General
AE Motors Research Laboratories, testified that his department went from
1a 701 to a 704 td a 7090/94 to a System/360. (Tr. 81938-39.) Several
; years after these changes, Hart wrote "conversion costs must be taken
i into account when.changing computers; however, in retrospect, the
é value of each of the above changes far exceeded the costs incurred".
(DX 3753 (Tr. 80193).) He explained that improvements in sheer computer

tspeed, reduced computation costs, and the availability of "new kinds

1 of capabilities"’were all reasons for changing computer systems. To

* It should be noted that IBM's success in getting users to convert
iwas not unique. According to Withington, between 1964 and 1970, some
90% of second generation equipment users converted to a non-compati-
b
(

ble computer system of either the same or a different manufacturer.
Tr. 57677-83.)
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i decide whether conversion is justified, "you take into account the
costs of making the change, the benefits which are going to result
from the change, [and] determine whether the henefits exceed the

, costs.” (Tr. 80222-24.)

% A similar cost/benefit analyéis was performed by NASA,

c? circa 1965. NASA had just made a "large purchase" of second genera-
i tion machines to lower its operating costs, when a "new series of

i} equipments"* became available with multiprogramming capabilities, I/O

flexibility, memory sizes, program logic and the ability to use
i remote I/O devices that made it

§ "possible to effect a consolidation of [NASA's] ADP resources
i « « « into a powerful central complex without compromising

! availability, quality or power available to any user. At the
5 same time the cost per computation of these newer machines was
: considerably lower than their old second generation equiva-
lents". (DX 5440, pp. 2-3.)

NASA decided to convert "at the earliest possible time". (Id.)

I NASA's analysis of the conversion difficulties was:
"This conversion has created a considerable workload and has
resulted in overlapping of older and newer equipments with its
attendant increased rental costs during the conversion period."
(DX 5440, p. 9.) , v

t concluded, however,
"The benefits from the more complex software and the flexibility

of the new machines far outweigh any conversion cost we may
incur." (Id.)

| Despite the powerful incentives that users had to incor-
i

;porate System/360's new capabilities, it Seems clear that 360 would

: * The new equipments included IBM 360s, Univac, CDC and GE computers.i
(DX 5440, p. 5.) ;
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have been far less successful without emulators. Xerox's Competitive
Reference manual noted the success of IBM's emulation approach to
converting second generation users to 360 kPX 449, p. 9), and
McCollister testified that it was a "very widespread practice" in the
late 1960s for IBM users to choose thé option of emulation on 360.
(Tr. 11287-88.) An IBM Corporate Pro;ramming Study based on a
November 1967 customer survey estimated that "more than half of the
systems houré now being used by oué Models 30, 40, S50 and 65 are being

used in emulator mode". (PX 2161, p. 3.)

(vi) System/360 Software. Prior to the advent of operating

systems, each programmer had to write instructions that would schedule
his tasks and control the various equipments he required for his
particular jobs. As computer systems became faster and more complex,
it became increasingly important to manage efficiently the resources
they provided. Operating system software relieved programmers of the
need to incorporate scheduling instructions in each program they

wrote and, ‘in effect, turned over the job of scheduling to the computer
itself. According to Dr. Perlis, operating systems enabled users to
"take advantage" of a computer's total processing power, including

its multiprogramming and multiprocessing capabilities.(Tr. 1848-49;
see also Welke, Tr. 17113; Goetz, Tr. 17476-77; Enfield, Tr. 20737- .

38; Case, Tr. 73443.)

Given the complex "new market demands" and modes of use at

! which System/360 was being aimed--i.e., "multi-terminal, on-line,

; real-time, multiprogramming operation" (DX 1404A, pp. 7, 8, 9, 54

(App. A to JX 38))--it was imperative that IBM automate as much as
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possible the system's resource management task. IBM embarked on the
creation of a set of operating systems of varying complexity.* The
most complex of these, 0S/360, was part;cularly ambitious.

0S/360 was designed to let customers "make the maximum
. possible use of the relatively greatef speed of the . . . System/360
central processing units". (Case, Tr. 73438.) Since multiprbgram-
ming was anticipated to be a "normal" mode of use, facilities (such
as an interrﬁption mechanism) were to be included to make multi-
programming "easier, straight forward and efficient". (Case, Tr.
73438-39.) In addition, 0S/360 was to contain facilities that would
i permit programmers to develop applications more efficiently, optimize
| the utilization of peripherals and simplify maintenance. (Case, Tr.
,;‘73438-41.)
Within IBM, it was recognized that "no one [had] ever
! undertaken a programming task of [0S/360's] magnitude". (PX 1092, p.
4; PX 1900, p. 8.) Dr. Perlis called 0S/360 a "really major effort",
1 one which "geheralized every aspect of operating systems known at the
' time and tried to in a sense build a system that would be all things
5 to all men". (Tr. 1887.) Mr. Welke, President of International
? Computer Programs, called 0S/360 "a major programming effort" which
ranked "along with . . . the great undertakings of mankind”. (Tr.

;17313; see also Rooney, Tr. 12576.)

* To account for the varying degrees of speed and complexity of
operation that users might desire, IBM provided with 360 a "spectrum
lof operating systems . . . each of which offered a different memory/
function trade off for the customer”. (Brooks, Tr. 22759.)
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So ambitious an undertaking entailed significant risk, and
as we shall see, 0S/360 was gquite costly and difficult to perfect.
Apart from the difficulty of constructing the operating system at

 all, there was the additional.risk that users would reject the multi-

*f programming environment--an environment that was most often not used

in earlier generation systems. (Case, Tr. 73526.) That would mean

1 that IBM's investment in ;he hardware and software needed to permit
; multiprogramming would be reflected in System/360's prices and would
g have accomplished little more than to make the systems less competi-

f tive. In addition, 0S/360's "extensive" resource management, data

E management, languages, aids to program development and error recovery
Etechniques did not come "without a price". (Case, Tr. 73527-29.)
iThe use of those capabilities would take up auxiliary sﬁorage space,
1main memory space and time on the CPU--an "operating system over-

! head". (Case, Tr. 73529.) There was a significant risk that users
éwould be unwilling to accept such "overhead" for the richness of

{ function provided by 0S/360. (Case, Tr. 73528-30.)

0S/360 did, in fact, run into "difficulties in design, in
Scorrectness [and] in completion".* (Perlis, Tr. 1887.) However,
g"when the system finally worked it had properties that were beyond
}about any other operating system around”. (Id.; see also Palevsky,

jTr. 3180; Rooney, Tr. 12576; Currie, Tr. 15186; Welke, Tr. 17308412.)

| * Many other computer systems suppliers experienced similar diffi-
culties in designing complex operating svstems during the 1960s.
(See discussion below, pp. 364-66, 479, 502, 568-72.)

; -313-

;It must be remembered that 0S/360 was only one of five general program-



P N

)

Ww o N n

» - U R B &

t

ming packages that IBM announced in 1964 for use with System/360.
(Brooks, Tr. 22759; McCarter, Tr. 88388; JX 38, ¢ 9, é. 6.) The
others--Basic Programming Support (BPS), Basic Operating System
(BOS), Disk Operating System (DOS) and Tape Operating System (TOS)

' were less complex sets of systems software. These operating systems
"worked reasonably well from the start"” and were well accepted by
customers. (Withington, Tr. 58596-600; Enfield, Tr.420947—52, 21120;
Brooks, Tr. 22853-54, 22862-63; McCarter, Tr. 88388; DX 1410; PX 6217,
pp. 3-4.)DOS in particular, which was less complex than 0S/360 but
still 25 to 50 times as complex as the systems software provided with
the 1401, was highly rated by users and widely used. (Enfield, Tr.

20299-300, 20741-42, 20088-89, 20943-48.) Case testified that "if it

1 had not been for the operating systems for System/360 . . . the value

of that egquipment to users would have been considerably less than it
was and . . . the orders and acceptance for that equipment would have
been a lot less than they otherwise were". (Tr. 73443-44.)

(vii) System/360 Peripherals. Case testified that one of

} the design objectives for System/360 was to provide "a wide variety

jof peripheral equipment that could be combined in a very wide range

}of configurations". (Tr. 73416.) Prior to announcement, the "breadth"

Eof 360's peripherals were viewed within IBM as a prime motivation for

;uéers to re-systemize their applications and convert to 360. Thus,

;in January 1964, Brooks wrote: '

"Even though present applicaticns can be simply mapped onto
System/360, many new system concepts will offer substantial
incentive for the customer to re-plan his application. These

bulk stores, etc." (DX 1172, p. 1l.)
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The April 7, 1964, 360 announcement contained "many features
different from those previously offered by IBM". Included in the
announcement were "direct access storage devices {including the 2311
. disk drive, the 2321 data cell and the 2301 drum storage device);
| control units, high performaﬁce tape drives (including the 2400 series
and the 7340 Hypertape drive Model 3); visual display units (includ-
ing the 2250); 7770/7772 audio response units; communication and data
acquisition équipment (including the 1070 process communication
system); and a printer, the 1403-N1". (IJX 38, 9 6, p. 4.) IBM also
announced numerous additional peripheral devices for use with System/

360 subsequent to the April 7 announcement--including the 2314 disk

t drive, new terminals, additional models of the 2400 tape drive, the

2420 tape drives and optical character recognition equipment. (Id.)
/
The 360 announcement letters describe some of these peri-
| pherals as follows:

1015 Inguiry Display Terminal: "Used to interrogate and

 receive visually displayed replies from a System/360, mdl 30, 40 or
150." (Jx 38, p. 43.)

"a

1070 Process Communication Svstem: A Tele-processing System

1 designed for two-way data communication between remote process loca-

1 tions and a central data processing area.’

4

gof oil fields, petroleum and natural gas pipelines, utility distri-

Applications include "control

ibution systems; data collection in refineries, chemical plants, steel

mills, and manufacturing processes . . . . The 1070 forms a complete

ki
i

| tele-processing system when attached to . . . System/360, via a 2701
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Data Adapter or 2702 Transmission Control". (Id., p. 39.)

1403 Model N1 Printer (originally announced as 2201 Mod. 3):

"[plrinted output for a System/360, model 30, 40 and 50. . . . maximum
speed, 1,100 lpm". (Id., pp. 84, 198.)

1418 Optical Character Reader: "Optically reads data from

printer card or paper documents. . . ." (Id., p. 70.)

1419 Magnetic Character Reader: "Reads magnetically

inscribed data from card and paper documents. . . . Documents read at
maximum rate of 1600 documents a minute." (Id., p. 71.)

2250 Display Unit: "A cathode ray tube unit for displaying

output in alphameric and graphic form for System/360. . . .. An
input/output unit which offers increased speed and flexibility for

file inquiry, inventory control and dynamic monitoring of computer

operations and continuous process control." (Id., p. 85.)
2301 Drum Storage: "High performance random access storage
for a System/360, mdl 50, 60, 62 or 70. . . . [Dlesigned for

applications such as main memory extension, programming system resi-

dence and table or index storage." (JX 38, p. 86.)

2311 Disk Storage Drive: "For fast, flexible access . . .
85 millisecond average access speed . . . 156 KC/312 KD data rate . . .
7.25 million character or 14.5 million digit capacity". (Id., p. 31.)
‘ 2701 Data Adapter Unit: "For attachment of remote and

local input/output devices operating via.various customer or common
carrier facilities to a System/360. . . . Accommodates a variety of

data communication and data acquisition operations. . . . Specific
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adapters enable the 2701 to communicate . . . with the following
terminals:

"1060 Data Communication System . . . .

"1050 Data Communicgtions System . . . .

"1033v§:inter . e o .

"1031 Input Station . . . .

"1070 Process Communication System . . . .

"1653 Printer . . . .

"AT&T 83B2 Selective Calling Terminals . . . .

"Western Union Plan 115A Outstations . . . .

"Common Carrier TWX Stations . . . .

"1009 Data Transmission Units, 1013 Card Transmission

Terminals, 7702 Magnetic Tape Transmission Terminals or 7740

Communication Control Systems . . . .

"7701 Magnetic Tape Transmission Terminals or 7750
Programmed Transmission Control Units . . . .

"7710 Data Communication Units, 7711 Data Communication
Units, or another System/360. . . ." (Id., p. 90.)

2702 Transmission Control: "For on-line attachment of

various asynchronous input/output devices via private or commercial

common carrier transmission facilities to a System/360. . . . [A]

! modular unit with a variety of features to meet a customer's data

; communication needs with a System/360". (Id., p. 93.)

| Multiplexor Channel: " [P]lermits simultaneous operation of

¥

,11/0 units on time-sharing principle . . . primarily designed to
i handle multiple terminals and low speed I/0 units." (Id., p. 31.)

-

The combination of those and other peripheral product
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announcements and the announcement of six central processing units
with a wide range of memory options was "unprecedented in the
industry". (Evans, Tr. 101134; JX 38, pp. 14-25; see also PX
4829,'pp. 16-18.)* This range of peripherals was important to
customers when cbnsidering System/360 against competitive systems
because it greatly expanded their ability to change or add to their
systems as their requirements changed and "played a large part" in
customer decisions to go to 360.** (Evans, Tr. 101134; see also PX
4829, p. 18; Withington, Tr. 56770-71.)

The broad range of peripherals announced with 360 promoted
two of the SPREAD Committee's primary objectives--the creation of a
single system able to perform all applications and one that would
address increasingly important new applications (i.e., multi-terminal,
on-line, real time applications). The announcement of new disk drives,

tape drives, communication controllers, card and printer I/0O, ter-

: "[Tlhere has never been a time when any of the general purpose

1 competitors to IBM have offered more variations on peripheral equip-
ment, the total breadth of applications and systems program functions
and the total number of alternative processors" being offered by

IBM. (Withington, Tr. 56770.)

** We do not mean to imply here that all of the peripherals announced
with 360 were successful. A number were soundly rejected by users.
For example, the 2321 data cell was a "major product failure” which
failed to achieve success because of unreliability; IBM had to super-
sede the 1015 terminal with the improved 2260 because the 1015 was
simply not competitive; and Hypertape turned out to be a "failure" even
though it was judged within IBM to be technically superior to com- ?

petitive offerings. (Case, Tr. 74205-06, 72787-88; Withington, Tr. i
58534, 56475-76; JX 38, op. 346-47; PX 6671, pp. 15, 26; PX 2990, p. R33;
DX 13949.) As we discuss below, I3M acted gquickly to shore up areas

in the product line which were not judged to be superior to competitive;
offerings. (See below, pp. 390-95.) *
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minals, audio response equipment, magnetic and optical character
readers and paper tape and process control units meant. that users
could build configurations specifically tailored to their applicaticn

‘requirements--whatever those requirements. Dr. Gibson testified that

7

' one of the features of 360 that permiﬁted it to be used for both
scientific and business applications and "erase the previous distinc-
tion" was "the very wide range of input/output equipment easily
attachable through a common interface, . . . [which] made it relatively

simple to configure a commercial system . . . or one. optimized for

i scientific computing”. (Tr. 2948-49; see alsc JX 38, p. 28; PX 3638,

p. 1l; PX 4829, p. 18.)

In addition, the variety of remote I/O and communications
equipment offered with System/360 underscored 360's emphasis on new
applications. Weil of GE wrote that System/360 "has major strength
in a variety of new mass storage devices and a whole new array of
%remote terminal equipment . . . . It has many of the features which will
| make possible its - application in direct access systems." (PX 320, p. -
#13.) Displays, remote data collection equipment, remote process

control equipment, communications controllers, data communications

P

jequipment and on-line banking equipment were all made available to

}permit users to bring the power of 360 to bear at the point of trans-
!

jaction-—in real time. The ability of a System/360 to communicate
i

}with other computers or terminals "opened up a whole new gamut of
applications in industries, airline reservations industries, modern

f
)
14

lbusiness, so that remote stations could have access to the enormous
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data in a central computer and do so in real time". (Evans, Tr.

41 101136.) The ability to do such applications resulted in sales of
systems that otherwise would not have been sold. (Evans, Tr. 101135.)
! ' The importance of System/360's peripherals to the success
'of the product line cannot be overestimated. As Mr. Norris of CDC
testified, the speed, performance and price of peripherals are "impor-
tant considerations'in determining to acquire one system or another".

1 (Tr. 6019-20;'see Withington, Tr. 56239, 56246-47.) Thus, even a

.Esingle peripheral device--such as a disk drive, terminal or printer--

Ewhich is sufficiently better than competitive offerings can swing the
total system decision. (Id.; Currie, Tr. 15495-96; Rooney:kTr.
12048-49; DX 13949.) 1In this respect, of all the peripherals offered
with System/360, the 1403 N1 printer and the 2311 and 2314 disk
fdrives were most critical to 360's success.

1403 N1 Printer. We discussed earlier the importance of

the 1403 printer to the success of IBM's 1401 computer system, and
thow that printer gave IBM a "tremendous advantage" in the marketing
Yof systems until competitors began to offer "satisfactory alternatives"”

jby 1963 or 1964. (See above, p. 143.) In 1964, IBM announced

tthe 1403 N1 Printer for use with System/360. The 1403 N1 ran at
1almost twice the speed of its predecessor (1100 lines per minute
gcdmpared to 600 for the 1403) and cost only about 15% more than the
31403. (Evans, Tr. lbll37; DX 3617; see also Enfield, Tr. 20266; JX
38, p. 207; DX 573, wp. 4, 6.) At the time of its introduction IBM's

jcompetitors did not offer a printer that matched the 1403 Nl in print
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i quality, price and speed. (Evans, Tr. 101137; see also Case, Tr.

72881.) 1IBM's competitors recognized and acknowledged the excellence
of IBM's printers. Beard (former Chief Engineer of RCA's Computer

| System Division) testified that RCA began offering the 1403 with its
| Spectra Series because there wére applications for which customers
desired print quality "of a very high standard". Such customers
"insisted" on "1403 chain printer type gquality" and "after resisting
these requests some period of time" RCA acquiesced and "put the 1403
into the RCA compuﬁer line". (Tr. 10322-23.)

The 1403 N1 was particularly important to System/360Q0's
ability to perform certain business applications. For a customer with
applications such as payroll, billing, accounts receivable and inven-
tory contrel, the ability of a computer system to do his work is
determined "in large measure" by the speed, quality and reliability
of the printer. (Evans, Tr. 101137; see also Currie, Tr. 14971-72;
Withington, Tr. 56253.)

Currie testified that XDS was at a "disadvantage" to IBM

?with respect to its line printer for customers that wanted to do "any

significant amount of business data processing”. (Tr. 15459.) As

jlate as 1969, XDS was only "marginally competitive" in peripherals and

!its line printers "were not acceptable to some of our users". Those

|
1
fprinters lacked the range of "speed/performance”" that some customers

|wanted and did not precduce as high a gquality print as a chain printer

lor a train printer. (Currie, Tr. 15006-08.)

CDC also experienced "substantial problems" in marketing some
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of its computer systems because they incorporated printers that "lacked
sufficient reliability to meet normal customer expectations" and had

"a poor print quality, in terms of wavy print". To help solve these

 problems CDC acquired the Printer Division of Holly Carburetor in 1966.

. (G. Brown, Tr. 51528-29.) CDC ultimatély developed a "1403N-1 type"”

printer of its own, but it had to be "reworked and re-developed" in.
the 1969-70 time frame in order to effect reliability improvements.
The changes resulted in a design that was "more like the original IBM
design". (G. Brown, Tr. 51541-46.)

While CDC attempted to copy the 1403 N1 design and RCA simply
incorporated it into RCA's product line, Grumman Data Systems took
advantage of the 1403 Nl's superiority by offering to attach it to a
number of non-IBM computer systems. As late as 1975, an advertisement
for Grumman Data systems stated:

"For years people have been trying to imitate the IBM
1403. Unsuccessfully. Now, with the Grumman Printer Controller
you can connect your present computer to an IBM 1403 and give
yourself the best printing in the business.

"The IBM 1403 has built an extraordinary record. Highly
reliable, high speed operation. Unusually consistent, clearly
readable printouts. (No wavy lines so typical of drum printers.)
Type fonts your operator can readily interchange. And, of course,
it handles form changes easily.

"With the Grumman Printer Controller you can improve your
printing quality, speed, and reliability. All at an attractive,.
and perhaps, money-saving price. Speaking of price, you can buy

i our controller or rent it. We provide maintenance of course.

.

"With our printer controller yod can connect the IBM 1403
to your present DEC, Xerox, GE, or CDC computer. We'd like to

hear from Burroughs, Univac and the other computer users, too."
(DX 94B.)

Grumman later offered the 1403 N1 for attachment to Burroughs, Data
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General, Digital Scientific and Univac computers. (DX 2782A; DX 7984.)
The 1403 N1 was also offered with Computer Machinery Corporation
computers. (DX 11665.)

' Gordon Brown testified that the quality and reliability of a
printer is "an ext:emely important criterion in the selection of a
computer system". (Tr. 51528-29.) The 1403 N1 was a real boon to
the acceptance of 360.

System/360 Disk Drives. As we discussed earlier, IBM's

| superiority in direct access storage technology during the 1950s and

early 1960s contributed greatly to the success of IBM's first and
second generation systems. (See above, pp. 9I-95, 14%-53.) IEM maintained
that superiority with the disk drives introduced for use with System/

360. Both the 2311 and 2314 were substantial improvements over IBM's

) earlier disk drives and both proved critically important to the

success of System/360. These disk drives were more than just superior

to competitive offerings, they were unigue in the industry: there

| simply were no similar competitive offerings for several years after -
| their introduction. Thus, they gave IBM a competitive advantage in
i the marketing of 360 systems that competitors were unable to match

juntil the late 1960s, and even then, competitors were able to do so

only by adopting, in one way or another, IBM's disk technology.
IBM announced the Model 2311 disk drive on April 7, 1964.

The 2311 had approximately twice the access speed, twice the data

jrate and two and one-half times the storage capacity cf the 1311.

1 (Case, Tr. 72741-42; JX 38, p. 86; PX 4252, p. 1l; DX 35354D; see also
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tmately 28 million bytes as compared with 7 1/4 million bytes in an
tearlier model". (Tr. 9597.) Withington agreed that both the 2311
1and 2314 were unmatched by comparable competitive products during the

linitial years in which they were marketed. (Tr. 58800, 56240-41.)

IBM Vice President Knaplund testified:

Enfield, Tr. 20264-65; Haughton, Tr. 94998.)
IBM announced the 2314 disk drive on April 22, 1965. The
2314 had a faster access speed, double the data rate and almost four
| times the storage capacity per spindle of the 2311. (Case, Tr.
72742-43; JX 38, pp. 86, 439; DX 3554D; see also Haughton, Tr. 94998.)
Beard tesiified that the 2311 represented a "technological
advance" over prior random access storage methods. "It Qrovided not
only . . . fast access time but it provided . . . for the first time, th§
degree of reliability that was required of random access devices
« « « « [I1t was really the first very reliable disk file that . . .
was offered by anyone". (Tr. 9048-49.) Beard also called the 2314
an "advance over prior random access devices", adding that his comments
on the 2311 applied "perhaps more importantly"” to the 2314 because
the 2314 offered greater storage capacity and a more "practical cost"
for random access storage than did the 2311. McCollister testified
that the 2314 was "[v]ery definitely" an advance over prior disk

drives because, for example, "it had a capacity in a pack of approxi-

IBM foresaw and depended upcn the widespread acceptance of

tdisk drives as a key factor in the ultimate success of System/360. »

"An important element of the System 360 forecast was the antici-
pation that disk files would be used extensively, both in applica-
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tions that had historically utilized magnetic tape or punched
card storage and in the development of new communications
oriented--or 'teleprocessing'--applications." (Tr. 90506.)
However, the demand for the 2314 disk drive "turned out to be very
-surpriéing in the rate that customers found use for it". (Case, Tr.

572743.) IBM "totally underestimated the demand for such devices" and

"we [in IBM] found ourselves hard pressed to deliver the devices as

fast as customers were demanding them". (Id.) It is important to
note that the use of disk drives was not common on second generation
computing systems. According to Case, fewer than twenty percent of

computer systems prior to 1964 used direct access storage devices.

i(Tr. 73527.) Nevertheless, IBM "gambled" that System/360 would be
widely used in "operational-type" applications (as opposed to batch-
type applications) and that disks would play a "pivotal role" in such
applications. (Evans, Tr. 101139.) System/360's more advanced
operating systems were designed in a way that required a direct
paccess storage device for their successful operation. The higher
?performance and greater function necessary to achieve such operation

| could not have been provided with magnetic tapes and the use of drums
;would simply have made the cost of storage tco expensive. (Case, Tr.
j73451-53.) IBM was therefore betting that users would be willing to
?trade—off the expense of disk drives for the increased efficiency of
5operation and the additional function that a disk-based system wculd

ibe able to provide*--that users would accept widely an approach to

* The "significance" of the disk drive was that it provided a
functional capability of having information on-line and readily
tavailable. (Rooney, Tr. 12142.) The random access capability of
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L§ computing that had not been widely accepted before.
i
2§ In hindsight, that bet was a good one. As Case testified,
3§ today "nobody thinks of developing a wide range of computing equipment
% ,
& or a family of computer systems without having a direct access storage
sgédevice as a preregquisite for the operatinq systems". (Case, Tr.
" .
5? 73452-53.) Back in 1964, however, nobody but IBM had that thought or
7% acted upon it as forcefully.* As a consequence, the tremendous
| .
8! acceptance of IBM's disk drives swept before it all of the other
§§ approaches to random access storage then being offered:
%_ "During that period the entire industry and the users began
U3§ to appreciate the importance that disk drives were going to play
i in the great majority of general purpose computer systems.

113 Before that time, alternatives were being experimented with, such
: as particularly magnetic card devices, and also I think no one
EZE realized the degree to which the transaction processing mode of

- use was going to prove popular. I believe only IBM among the
14{ major competitors at the time offered an alternative between
o magnetic card devices and disk drives, with developments pro-
L‘; ceeding along both lines. A number of the other manufacturers
o committed themselves almost entirely to the magnetic card devices,
I sometimes also using magnetic drums.
15;_ "When it became apparent that the class of magnetic card
; devices was not going to be successful in the marketplace, for
17 reasons of reliability, and that the disk drive was a critical
& product, many of IBM's competitors were left for a while without
18 - a satisfactory option." (Withington, Tr. 56240-41.)
}
18 |
ggﬁ disks "permitted a new and more effective approach to doing customers'
lwork", particularly in real-time applications such as those performed
Zl'!bY banks and airlines. (McCollister, Tr. 9591.) System/360's empha-
jSis on disk drives made possible more efficient use of CPU, main
22 jmemory and peripherals; increased the range of functions and services
ithat could be provided by the operating system; and made possible a
53 | "more valuable" mode of operation (random processing of transactions)
than the sequential access mode of processing that was common prior
24 (O the emphasis on disk drives. (Case, Tr. 73468-70.)

fn

* As we discuss below NCR, Burroughs, Sperry Rand, Honeywell and

1RCA all offered different approaches to random access storage, and
1all of those approaches failed in the face of the tremendous user
jacceptance of disk drives. (See below, pp. 94, 383, 473-74, 549-50,
1639.)
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Both the level of performance and the attractiveness of
System/360 were substantially dependent on the 2311 and 2314 disk
drives. (McCollister, Tr. 9370, 9591-92; Roéney Tr. 12122; Knaplund,
L Tr. 90506-07; Evans, Tr. 101138.) The 2311 was "far more" important

L to the marketing of System/360 than the 1311 had been for IBM's earlier

systems, because the 2311 "offered an improved price/performance . . .
wés supported to a greater degree by systems programs . . . and,
therefore, was easier to use, and . . . was more reliable". (Withing-
ton, Tr. 56246-49.) And the 2314 was, if anything, even more impor-
tant. It provided "a functional capability very much needed in terms
%of price/performance in the competitive marketplace and without that
icapability you were in a weak competitive situation against IBM".

1 (Rooney, Tr. 12193.) Within IBM the 2314 was recognized as a "catalyst
ftc make many systems sales for previously undeveloped application use

of computers" and as a "door opener that beats competition". (PX 1967,

zuse of disk drives with System/360 contributed to the objective of
fgrowing the market for IBM products in particular and computer system
iproducts in general. (Tr. 73468-70.)

Not surprisingly, other systems suppliers wanted the kind

{of "catalyst" for systems sales that IBM already had. Eventually, they
o

jeither acquired them from OEMs or £rom IBM itself or they undertook to
imanufacture them themselves. As we discuss below, the acceptance of

360 spurred the growth of peripheral equipment manufacturers, some of

Iwhom supplied IBM 2311 and 2314 type disk drives directly to IBM end
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users. During the latter part of the 1960s, however, these manufac-
turers served as a prime source of disk drives for many systems
suppliers. (See pp. 753-59, below.)

| Memorex was the first of the PCMs to offer IBM plug-compatible
t disk drives, in 1968. (See p. 770, below.) During tﬁe years
1 1967-70, Memorex hired almost 600 former IBM employees, three of whom
é became Memorex Vice-Presidents. (JX 34, pp. 1-2.) 1In 1967, Memorex hired
} a number of disk drive engineers from IBM, including Roy Applequist,
% who had designed IBM's voice colil actuator. (Guzy, Tr. 32858-64;
% Gardner, Tr. 38585, 39143.) Applequist designed the voice coil
é actuator for Memorex's 630 disk drive, which, according to an indepen-
12% dent engineering assessment, was "directly derived" from IBM's 2314B
(3330) and "not the result of coincidence". (Gardner, Tr. 39143; DX
1418, p. 151; see also.Spitters, Tr. 5525%-61; DX 2572.) D. J. Guzy,
former Executive Vice President of Memorex, testified that the hiring

1of Applequist and other IBM eﬁgineers was important to the success

\‘

%that Memorex achieved with the 630; and that the 630 and 660* were
,styled and intended to be, respectively, 23ll-type and 2314-type disk
¢ drives. (Tr. 32316, 32776, 32899.) Memorex marketed the 630 and 660

3not only directly to IBM end users, but also to a number of different !

1 | systems manufacturers, including RCA, Univac, DEC, Burroughs, Honeywell,

SEL, Hewlett-Packard, Siemens, Phillips and ICL. (Guzy, Tr. 33168;

i
'px 1302, pp. 1-3; DX 1308, p. 1.) |

* Memorex did not begin volume production of the 660 until the
isecond guarter of 1969. (DX 1268, ». 17.)

>
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ISS was formed in December 1967 by twelve former IBM employ-
ees who had resigned from the San Jose Laboratory, where they were
responsible for disk drive development. A number of this so-called
"dirty dozen" had worked on IBM's Merlin‘(3330) program. (Whitcomb,
Tr. 34555-56; DX 4756B, p. 9&; DX 4739: Wilmer, Tr. (Telex) 4266; DX
4741: Yang, Tr. (Telex) 6116.) Like Memorex, ISS manufactured 2311l-
type and 231l4-type disk drives, the 701 and 714, which were marketed
by Telex to IBM end users beginning in 1969. (PX 4732aA, p. 12; DX
4242, p. 8; DX 4250, p. 7; DX 4756A, pp. 36, 72.) 1ISS also marketed
disks OEM to Hewlett-Packard, Itel and Storage Technology Corporation.
(DX 86A, p. 2; DX 4113: Terry, Tr. (Telex) 3310-12.) The ISS 2311l-
type drive was similar to IBM's 2311 except for the addition of a
voice coil actuator, and the ISS 23l4-type drive was functionally
equivalent to IBM's 2314, again except for the addition of a voice
cdil actuator. (Page, Tr. 33072-73; Ashbridge, Tr. 34812-13.) 1ISS
was eventually acquired by Sperry Rand (in 1973) for its advanced
disk technology, technical capabilities, highly qualified personnel,
plant facilities and highly profitable OEM custcmer base. (DX 864,
pp. 1, 4, 5; DX 87, p. 12.) After the acgquisition, ISS became the
developer and manufacturer of disk subsystems for use in Univac
systems, but continued marketing 231l4-type disk drives to IBM users
and to OEM customers. (Eckert, Tr. 988-89; McDonald, Tr. 4060-63.)

CalComp also offered 231l-type and 2314-type disk drives,
manufactured by Century Data Systems, to end users and on an OEM
basis. (DX 10735, pp. 10-11l; see pp. 776-777, belcw.) CalComp

shipped its first plug-compatible (231l-type) disk drive in June 1969
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(PX 5324, p. 46; DX 4756A, p. 8), and later became the "first company
to produce and ship a 2314 equivalent". (PX 3707A, p. 38; DX 10735,
p. 10.) Century Data marketed these disk drives to leasing companies
such as Randolph and to other systems suppliers such as Nixdorf,
Burroughs and Univac (PX 3146A, p. 1; PX 5581, p. 10; PX 5582, p. 7;
DX 1886, p. 7: va12194.)

Similarly CDC manufactured and marketed 2311~ and 2314-type
disk drives, both end-user and OEM. CDC's OEM customers included
Honeywell, GE, Siemens, RCA, XDS, ICL, SAAB, CII, Burroughs and
:_ Telex. (G. Bréwn, Tr. 51056-57, 51080-81, 51095-96; see pp. 682-84,
1074-77, below.)

RCA did not even wait for PCM's to copy IBM's technology, but
went directly to the source. "It was apparent [to RCA] that this
capability which was offered by IBM was going to be regquired by RCA
in order to successfully market its prcducts."

"This capability at the time was not available from any other
source. So, therefore, when we announced the Spectra 70 family
or series, which came out about eight months after the IBM 360
announcement, we announced as a part of the RCA product line this
particular Model 2311 disk pack file capability and we obtained
these files by buying them from IBM, the same as any other
customer would buy them from IBM." (McCollister, Tr. 9370.)

Although RCA had its own disk drive development program, RCA
subsequently contracted with Memorex to supply disk drives for use with
RCA computer systems because Memorex' development program was further
ahead than RCA's "which was going to be ébout a year later than
Memorex's". (Beard, Tr. 8575.) RCA went to Memorex at a time "when

we had in parallel our own development going on" because RCA was "under

a handicap in selling the Spectra 70 Systems" due to lack of "a com-
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parable product to the IBM 2314 at the time". RCA "couldn't afford
in the marketplace to wait that additional year" necessary for RCA's
development program to produce the required disk drives " [b]ecause
we were losing too many sales for the lack of it" to IBM. (Id.)

GE, on the other hand, attempted to build an IBM plug-
compatible 231l-type drive. (Ashbridge, Tr. 34812-13; G. Brown, Tr.
51536-37; Spain, Tr. 90227.) But "it met with limited success and
arrived to the marketplace much too late to meet market, or customer
requirements”. (C. Brown, Tr. 51536.) GE entered into an exclusive
contract with Greyhound Computer Corporation to sell the device, but
Greyhound ended up having to take a significanﬁ write-off on its
investment in the GE equipment and even sued GE. (Spain, Tr. 88753,
88755.)

Not until the very end of the 1960s had IBM's disk tech-
noiogy been sufficiently spread around the industry for some of
IBM's systems competitors to have pulled even. Thus, ﬁhe January 5,
1970 Phase III Level Forecast Assumptions for IBM's soon-to-be

announced Merlin* disk drive reported:

"System Manufacturers

"From the announcement of the 2314 in 1965 until late in 1968

IBM had significant competitive advantages in this product area,
as no competitor could offer a direct access device with the ,
price, capacity, performance, and interchangeability character-

istics of the IBM 2314. The situation tcday, however, has changed
radically as most system manufacturers now have announced devices

which are virtually identical in specifications to the IBM 2314.
The chart belcw tabulates the status of the ten major system

* As we shall see, the Merlin (3330) drive put IBM right back in

| the lead in disks. (See below, pp. 898-902 .)
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manufacturers in this regard.

Marketed By Mfg. By 2314 Type Media Status
Burroughs Burroughs No Fixed Disc Delivered
CDC CDC Yes 2316 Announced FCS 2Q70
DEC Memorex Yes 2316 Imminent Delivery
GE IBM Yes 2316 Announced
Honeywell ~ Honeywell Yes 2316 Announced FCS 2Q70
IBM -IBM Yes 2316 Delivered FCS 1Q67
NCR NCR No Strip Delivered
RCA RCA Yes 2316 Announced FCS 1Q70
SDS © Memorex/CDC Yes 2316 Imminent Delivery
Univac Univac Yes 2316 Announced FCS 1Q70

"The rental prices offered by CDC, GE, Honeywell, RCA, and Univac
are within a few percentage points of the IBM 2314. (CDC and
Honeywell discount by approximately 10% for three to five-year
leases.) Burroughs and NCR use radically different approaches
and price comparisons cannot be weighed properly due to the

lower performance levels of their devices. To date, competitive
system manufacturers have not had any significant price advan-
tage in the file facility environment." (DX 7858, p. 2.)

(viii) Standard Interface/Modularity. IBM adopted a

"standard interface" for the peripherals in the compatible 360 line.

This meant that (with some exceptions*) the same peripherals would

* Such exceptions as existed came about as a result of design
trade-offs. Some peripherals such as the 2301 and 2303 drums with
high speeds, for example, were not made attachable to the slower
models of System/360 (such as the Models 20, 22, 25 and 30) because
those smaller CPUs could not accept the high data rates of these
peripherals. (Case, Tr. 73449-50.)

In some instances (such as with the 360/25) peripherals were
attached directly to the CPU rather than through the standard inter-
face because designing a "native attachment, closely integrated with
the computer", provided "somewhat greater performance at somewhat
lesser cost". (Hughes, Tr. 71941; Case, Tr. 73450; see also PX
22094, pp. 15, 17.) 1In such cases, of course, the cost/performance
improvements were achieved at the expense of some of the configuration
flexibility that was afforded by the standard interface. (Hughes,
Tr. 71941-42, 71995.) The dilemma of when to make such trade-offs
was a difficult one both during the development stages of System/360
(see Gardner, Tr. 38387-88, 38958-61, 39110-13; DX 1656, DX 1657,

DX 1658, DX 1659) and thereafter. (See Haughton, Tr. 95019-24;
DX 1662.)
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attach to all processors in the line and would do so in the same
way. The standard interface, together with compatibility, helped
maximize the benefits that customers could derive from the broad
range'of peripherals offered with 360 and the compatibility across
the entire line. It helped give System/360 a configurability that
was unmatched by competitors and permitted customers the utmost
flexibility to optimize their data processing systems by piecemeal or
modular changes. At the same time, it enabled IBM to reduce costs
through economies in development and manufacturing. Others
undoubtedly recognized these benefits and also moved toward more
modular product lines--but not until well after IBM had done so.
(Case, Tr. 73446, 73474-75, 73523.)
The requirement for a standard interface for the New Product

Line was implied by two of the architectural and engineering "ground
rules" set out in the SPREAD Report--i.e., that "all channels shall
appear identical" to any I/0 device type and that ."the I/0 gear shall
not need to be changed" when one processor is substituted for a
slower one. (DX 1404A, pp. 19-20 (App. A to JX 38).) Case and
Hughes testified that the standard interface became a "design objec-
tive" for System/360. (Hughes, Tr. 34102-03; Case, Tr. 73446.) Case
explained:

"[Wle had as an objective to design a number of different peri-

pheral devices that would each be able to plug into central

processing units of the whole System/360 family. We wanted to

do this in a way which would maximize the degree of choice that

customers would have in selecting peripheral devices to go with

central processing unit models, and to do it in a way which
would minimize IBM's development expenses in designing those
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peripheral devices, and do it in a way which would help us to
reduce our manufacturing costs of the peripheral devices by
achieving as large as possible a production run of each par-
ticular device.

_ "The technigque that we chose to accomplish these objectives
was called the System/360 channel to control unit interface,
often abbreviated with the words 'standard interface'". (Case,
Tr. 73446.)%*

The standard interface, together with compatibility, provided
)

IBM with a number of development and manufacturing advantages. "It
reduced the design time of many groups" who would otherwise have
spent time designing their "own pet means of attachments". (Hughes,
Tr. 71939.) Instead, the CPU and peripherals designers were able to
concentrate on building "the best products they knew how" and on
"advancing the state of their art as far as possible". (Case, Tr.
73447.)

The standard interface, together with compatibility, also

helped IBM reduce development costs by reducing the number of circuits

that had to be designed to permit each peripheral to attach to each
CPU. Prior to System/360, peripherals that attached to the central
processing unit did so by means of a unigue interface. As a result,
a separate design effort and set of circuitry was required for each
such attachment to the central processing unit. With much of System/

360, only a single design effort and set of circuits was required

* The control unit to peripheral device interface was not stan-
dardized, however, which meant that each device reguired its own con-
trol unit. The objective of the New Attachment Strategy in the 1970s
was to standardize the device to control unit level interface and
thereby achieve benefits similar to what had keen obtained with the

standardization of the control unit to channel interface in Svstem/360.

(Case,‘Tr. 74079-83; Haughton, Tr. 95010-32.)
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because of the standardization of the interface between the contrcel
unit and the channel of the central processing unit. (Case, Tr.
73446-48.)

The standard interface, together with compatibility, helped
simplify and cost reduce IBM's manufacturing process. "[I]lt led to
higher quantity pfoduction runs of the peripheral devices since the
same peripheral device and the same attachment, or plug-in circuitry,
was associated with the interface to any of the CPU models". (Hughes,

Tr. 71939-40; Case, Tr. 73448.) Because of this commonality, similar

economies were achieved in the testing process. That was particularly

important to IBM in getting 360 ready for announcement. Hughes

testified that
"since we had a multitude of I/0O devices and a prescribed time
to get it done, [compatibility and the standard interface] helped
us a great deal in both our engineering and all aspects of
testing . . . to get the total job done". (Tr. 71939-40; see
also Case, Tr. 73533.)
Case testified that a related objective of the 360 Advanced
Systems Group was to develop "elements of a computer system which
could be put together, or configured in a wide variety of ways".
(Tr. 73416.) That objective, which Case called "modularity", was
promoted by the standard interface because it allowed users to plug
any peripheral device into different 360 central processing units
"without changes in the central processing unit". (Case, Tr. 73448;
see also Hughes, Tr. 34109.)
Not only did IBM achieve the modularity objective set for
Svstem/360 (Case, Tr. 73420), it did so toc an extent that other manu-

facturers were unable to match fcr almost a decade. Among the manu-
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facturers and marketers of computer systems from 1964 to 1972,

"IBM was the leader in providing . . . modularity.([*] With the
announcement of the System/360, IBM provided the first line
offering anything like the degree of modularity which has since
become available from all the major manufacturers.

"During the 1960's, all of the manufacturers, including IBM,
evolved their product lines further in the direction of making
them more modular, but . . . it is fair to say that throughout
the period . . . IBM's product line remained the most modular
of all the general purpose product lines available". (Withington,
Tr. 58268-69.)

Accordingly, System/360's modularity provided benefits to users that
were unavailable from ccmpetitors and provided an incentive to acguire
360s that did not exist with respect to competitive systems. As Case
testified:
"The achievement of the modularity objective was . . . very
helpful to IBM in enabling the computer products produced by
IBM to be chosen by customers in a way that would optimize
the price/performance of their installation, and in a way which
would provide for convenience and small accepted changes in
the installation as the requirements of the enterprise changed.
"That is an important benefit to customers £or two reasons:
"First, . . . they can most accurately adjust the capabili-

ties of their computing installation and, hence, the cost to
them of their computing installation to their real needs.

"Second, . . . they are able to change the performance or the
capabilities of their configuration to match their changing
requirements . . . without changing the entire installation, but
just adding or subtracting parts, or boxes from the installation."”
(Tr. 73427-28; see alsc Navas, Tr. 41394-95; Withington, Tr.
56193.)

* "[A] modular line of computer systeﬁs is one in which every element!

of the system, including processor, storage, peripheral equipment, and
systems programs can pbe independently exchanged for a compatible larger
or successor module in such a manner that over time the installed com-
puter system may evolve to a much different or a much larger or a much

i
|

more capable one without any particular point in time being identifiable!

as one in which the entire system was converted from one to another."
(Withington, Tr. 58268, see also Tr. 58269-76.)
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IBM's achievement of modularity for System/360 "helped

to remove limitations on the use of computing equipment that had pre-
viously existed" because it relieved users of the need to make "system"
changes. (Case, Tr. 73435-37.) 1IBM, more than any other firm,*
reaped the benefits of user demand for modular acquisition alterna-
tives:

"Because the achievement of the modularity objective was useful

for customers, it was of benefit to IBM in that it tended to

increase the value of IBM products as compared to the products

of others, and with an increased value, our sales tended to

increase and that was important in the achievement of the total

success, or the total order rate for System/360 computers and

the peripheral devices that were part of those computlng systems."

(Case, Tr. 73428.)

There were, however, risks associated with modularity and

the standard interface. The design trade-offs necessary to create a
system which could be assembled in a wide range of configurations,
might have resulted in a design that was not optimal for any particular
configuration, at a cost higher than it need otherwise have been.
Development of the standard interface entailed a similar risk "that

no one attachment or no one plug-in capability [would be] optimal for

* Other companies followed IBM's lead in making their prcduct lines
more modular, but were not as advanced or fast moving. For example,

a) Modularity "was beginning to appear” in Honeywell's line
by approximately 1966, but it "was still far less than
available in the IBM line" and did not "span the range
of available modular options that IBM's line did" through
the 1960s;

b) By 1977, Univac's line was "probably still deficient”
compared to IBM; and

c) "Burroughs' modularity was restricted by the narrowness of

its product line . . . through most of the 1960s".
(Withington, Tr. 58271-75.)
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the particular device involved". (Case, Tr. 73531-32.) Thus, the
question of separate control units versus native attachment of peri-
pherals became a matter of some controversy within IBM, involving
importént dissenters (such as Haanstra) from the stand-alone control
unit method of aﬁtachment which was finally adopted for most of 360.
(See DX 1656; DX 1657; DX 1658; DX 1659.)

There was risk to IBM of another type as well. 360's
standard interface and modularity of design, together with its wide-
ranging compatibility, presented an attractive target for competitors.
The new, modular environment in which 360 would be offered created
the prospect that other manufacturers would produce "modules" that
would be marketed in direct competition with comparable IBM products.
The standard interface cf System/360 offered others the same advan-
tages it gave IBM*--and more. As Case testified,

"It reduces their design costs as it did for IBM, and it allows
them to achieve higher production runs as it did for IBM, and
it allows users to conveniently plug in peripheral devices of

their manufacture just as it allows the convenient plug-in

of devices of IBM manufacture". (Tr. 73474-75; see also Navas,
Tr. 41395=96.)

Moreover, such competitors would have the further advantage

i * That was particularly true because IBM published a number of manu-
tals which were readily available "at a nominal charge of a couple of
tdollars" and which described the mechanical, electrical and logical

i characteristics of IBM's interfaces in a way that permitted manufac-

}turers of peripheral devices to design "workable and safe" attachments

of their devices to an IBM channel and which permitted CPU manufac-
,turers to attach IBM peripherals to their own CPUs in a like manner.
(Shoemaker, Tr. 30867; Case, Tr. 74125-50; Peterman, Tr. 99441-43; DX
;7590 Perkins, pp. 21, 24; DX 7591, Hilyer, p. 15.) IBM's OEMI
9(Or1g1nal Equipment Manufacturers Information) Manual for System/360
jwas first made available in 1965. (Case, Tr. 74145.)
\ .
1
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of being able to copy IBM's designs and use IBM's software without
having to invest in developing either. As a consequence they could
be expected to have lower costs than IBM and to offer their products
at lower prices than IBM initjally charged. (Case, Tr. 73523; Cary,
Tr. 101333-37, 101339, 101374, 101629-31; see also Wright, Tr.
13236-38; Enfield, Tr. 20765-68; G. Brown, Tr. 51812; Powers, Tr. |
95376-89, 95412-13, 95475-82; PX 3312A, p. R14; PX 3594A, pp. 4, 26, 36,
40; PX 368lA, p. R-1l; PX 4880, p. 3.)

The prospect that others would be able to "éap" IBM's
support and offer compatible products in competition with IBM was
foreseen by the SPREAD Committee and others within IBM prior to 360's
announcement. (Knaplund, Tr. 90497-98; DX 1404A, p. 40 (App. to
JX 38); see also PX 3908A.) That prospect became a reality in the
late 1960s and in the 1970s--with numbers of competitors offering

replacements for each and every box in IBM's systems. IBM could not

| keep to itself the advantages of compatibility, modularity and the

standard interface.* On the other hand, IBM really had little -

* John Navas of Memorex explained the benefits for a manufacturer

jof plug-compatible products in being able to attach a single disk
tdrive model to a variety of 360 processors:

"From the standpoint of a company such as Memorex, it would
tend to reduce product cost to minimize the number of models of
a given type of disk drive which we would be producing. That
would result in a higher production volume for each type of
unit, and would result in less development expense associated
with develcoping the various models . . . .

"If Memorex had had to produce unigue models of its 630 for
each of the various mocdels of IBM System/360 . . . it would have
probably increased the development expense, caused an increase
in manufacturing costs, and increased the difficulty and adminis-
trative expense associated with lease base management". (Tr.
41395-96.)
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alternative but to provide such features if 360 was to succeed. It
was a matter of responding to "a competitive necessity". Because of
user demand, "the manufacturers attempting to compete were forced to
maintain continuous developments of different modular types of equip-
ment that could Be configured together". (Withington, Tr. 56174.)
However, the great modularity of System/360 meant that IBM
would have to'pfice each and every box in the system carefully.*
According to Knaplund, IBM had to make those prices attractive on a
box-by-box basis because users made box-by-box performance comparisons
between IBM and its competitors; because System/360 was susceptible to
such a wide range of configurations that a single box price that was
out of line could make the whole system unattractive; and because
competition was anticipated from suppliers of plug-compatible peri-
pherals and CPU's who would attempt to replace IBM's products on a
box-by-box basis. (Xnaplund, Tr. 904°96-98.) That last reason, in

é,particular, made competitive box prices for System/360 "critical”.

(1d.)

* IBM has always priced its products on a box basis, with each unit
1 of EDP hardware (such as a CPU, tape drive, disk drive or terminal)

| offerad at a consistent price regardless of the type or number of

! boxes that a user combined to configure his system. (Knaplund, Tr.
_290495-500; Akers, Tr. 96665, 96675-76; Cary, Tr. 101386-87.)
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Appendix
Examples of System/360 Uses

The following are some of the diverse applications for
which System/360s have been ysed:

By a French research and cdnsulting firm to study ways of
increasing the power output of large hydroelectric dams (DX 13677,
p. 16);

By a petroleum exploration company to prepare seismic
reports (id., p. 14);

By a manufacturer of animal feed concentrates for feed
formulization (DX 13678, p. 9);

By the Deutsches Elektronen Synchrontron in Hamburg,
Cermany, to evaluate photographs of bubble traces left by invisible
elementary particles in an electron accelerator (DX 13679, p. 20);

By a Japanese steelmaker for automatic control of the
steel manufacturing process (id.):;

By Swissair for automated message switching and automatic
passenger check-in and weight-and-balance calculating (id.);

By a paint manufacturer to signal corrections for
deviations in ingredients and production cycle (id., p. 10);

By scientists in New England to simulate and study the life
cycle of lobsters (id.)s

By African Ivory Coast harbor authorities to compile and
analyze statistics on tropical wood exports (id., p. 13);

By a Swiss chemical manufacturer to coperate an automated
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warehouse (DX 13680, p. 28);

By BOAC to calculate tariffs, management statistics and

flight plans (id.);

T S

L ' By Japan's national broadcasting company to maintain
- schedules and budgets for 640 television shows and 1,200 radio

proérams, and to control actual broadcasts (id., p. 16);

By IBM's Field Engineering Division for computer assisted

instruction (DX 3364, p. 9);

By an air freight company for instantareous tracking of

L]

% daily shipments (id., p. 22);

By the architectural department of a county council in

i England to design municipal buildings (id., p. 24);

By a supermarket chain to calculate unit prices (PX 5767,

1p. 13); |
By American Airlines (360/65) for airline reservations

(Welch, Tr. 75385-86), field maintenance reliability applications

(O'Neill, Tr. 75848-53), crew gqualification and takeoff power assist

(id., Tr. 75909-10), flight planning (id., Tr. 75928), and calcula-

0

iition of estimated time of arrival (id., Tr. 75976);

By Aspen Computype, Inc. (360/40) for typesetting

t (DX 6078, McCaffery, p. 9):
By Autocomp, Inc., (360/40 and 360/50) for typesetting
(DX 4039, Kendall, pp. 7-8): '

By AVCO Computer Serwices in Wilmington, Massachusetts,

1 (360/75)
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drafting applications

FORTRAN flowcharting

geometric design

mathematical functions

frequency distributions

structural ring and
frame analysis

antenna pattern
prediction

communication link
analysis

plasma attenuatiocn
analysis

drag coefficient

analysis

movie making aerodynamic heating

analysis

w 0 N o

perspective plotting

trajectory analysis

heat transfer
analysis

thermochemical

n)
[&]

N

(8]
N
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equilibrium analysis

financial analysis flow field analysis

production control boundary layer
analysis
statistical analysis penetration aids
analysis
mathematical analysis decoy model analysis

radar cross section
. analysis

applied statistics

structural load analysis finance applications

NI

structural shell analysis manufacturing
applications
(DX 6816, pp. 3, 10, 12, 13);:
By Bowne Timesharing, Inc., (360/40 and 360/50) for time-

o

:fsharing text editing (DX 6090, Abrams, pp. 9-10)}:;

By Carnation Corporation (360/40) for telecommunication
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applications and linear programming (Navas, Tr. 39177-78);

By Computone Systems, Inc., (360/50) for architectural

\design and mathematical modeling (DX 4069, Robeson, pp. 16-17):;

By Continental Illinois National Bank & Trust (360/50) for
fon-line credit authorization (DX 4756, p. 7);

By DP&W, Inc., (360/30) for business and engineering

applications (DX 4076, DiPietro, pp. 8-9);

By the San Francisco Federal Reserve Bank (360/50) for

Ww 0 N

%message switching (Withington, Tr. 57540; DX 2667, p. 3);

By the Fluor Corporation (360/50) for project planning and
lcontrol, process simulation, process analysis, refinery simulation,
istructural design, piping design, electrical design and mechanical
idesign (DX 4023, Neher, pp. l1-12, 17);:

By General Motors Research (360/50) for timesharing (Hart,
lrr. 80505-08); |
% By the New York Police Department (360/40) for automated
idispatch and identification of police vehicles (DX 4756A, p. 358);

By the Orange Coast College District in Costa Mesa,
fbalifornia (360/50) for computer assisted iﬁstruction, grade report-

éing and student registration (King, Tr. 14761-62);

By Pacific Southwest Airlines (360/65) for passenger service
applications (0'Neill, Tr. 76019);

By Proprietary Computer Systems, Inc., (360/63) for:

-4 -

e e T e e e o = o s e it




i D e D b i e o S i+ e & e e

banking services thermal analysis

accounting linear programming
manufacturing control CPM analysis
'three-dimensional COGO PERT analysis
stress analysis ' Monte Carlo analysis
digital signal processing Markov analysis
reiiability calculationé integration
electrical engineering differentiation
fastlfourier transforms non-linear equations
matrix analysis regression analysis
chemical engineering descriptive statistics

graph plotting

transducer calibration
(DX 3960, Barancik, pp. 11-12);

By Pyramid Industries, Inc., (360/40) for time sharing
(DX 4756D, p. 23):

By Southern Railway (360/50 and 360/65) for on-line
monitoring of railroad cars (DX 4756D, p. 42), (360/50) for peripheral
processing (J. Jones, Tr. 79848, 79413-14), (360/30) for card to tape,
tape to card, and tape to print processiné, and peripheral processing
(id., Tr. 72843);

' By TBS Computer Centers Corporation (360/30 and 360/40)
for data communication, remote teleprocessing, accounting reports and
statistics, inventory, cost analysis, market research, production

control, accounts receivable and payable, traffic studies and order
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analysis (DX 7134);

By Union Carbide (360/30) for message switching (McGrew,
Tr. 77271).

O I S

System/360's uses within the Federal government alone
| illustrate graphically the broad rangé of applications performed by
360 users. For example, 360s have been used:

By the Héadquarters, U.S. Marine Corps (350/20), for
"Automated Communications Processing System" (DX 2992,* pp. 619,

1 1123-1125);

w 00 N o

By the Veterans Administrafion, Austin, Texas (360/20),

for "Patient Care" (DX 2992, pp. 1073, 1158);

By the Veterans Administration, Washington, D.C. (360/20),
for "Facility Planning and Construction" and "Fiscal Accounting”

(DX 2992, pp. 1078, 1158);

.P.

it By the Veterans Administration, Philadelphia (360/20), for
h "Insurance" (DX 2992, pp. 1076, 1158);

i By the Defense Nuclear Agency, Headgquarters, Field Command
(360/20), for "Logistics = Supply”" and "Stockpile Management" (DX

3 2992, pp. 546, 1121; DX 4593, p. 133);

| By the Department of Air Force, Air Force Systems Command,

1
|

Los Angeles, California (360/20), for "Telecommunications" and

% "Command and Control" (DX 2992, pp. 452, 1120; DX 4593, pp. 103, 104);

* DX 2992 is the Stipulation and Amended Response of Plaintiff to
1 IBM's Interrogatory S(e). Examples of applications taken from DX

| 2992 are described here in the same terms in which they are describked
i in DX 2992,
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By the Atomic Energy Commission, Division of Technical
Information (360/20) for "Operations Control and Support" (DX 2992,
pp. 118, 1113; DX 4593, p. 72);

By the Atomic Energy Commission, Oak Ridge Office (360/20),
for "Scientific and Engineering" (DX 2992, pp. 91, 1113; DX 4593,

p. 61); |

By the Department of Commerce, Office of the Secretary
(360/20), for "General Administration" (DX 2992, pp. 149, 1117;

DX 4593, p. 74);

By the Department of Commerce, Bureau of the Census (360/20),

for "Statistical Programs" (DX 2992, pp. 157, 1117; DX 4593, p. 77):

By the Department of Air Force, Air Force Systems Command,
Eglin AFB (360/20), for "Research, Engineering" (DX 2992, pp. 442,
1120; DX 4593, p. 101);

By the Department of Air Force, Air Force Communications
Service, Offutt AFB (360/20), for "Weather, Environment" (DX 2992,
pp. 411, 1120; DX 4593, p. 94);

By the Marine Corps Headquarters, FMFLANT (360/20), for
"Automated Communications Processing System" (DX 2992, pp. 631,
1123-25);

By the Department of Navy, Naval Intelligence Command

(360/20), for "Intelligence Data Handling System" (DX 2992, pp. 733,

1123-25; DX 4593, p. 156);
By the Department of Navy, Naval Research Laboratory

(360/20), for "Laboratory Support Systems" (DX 2992, pp. 610, 1123-25);
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By the Department of Navy, Commander Naval Reserve
(360/20), for "Navy Manpower and Personnel Management Information
System" (DX 2992, pp. 657, 1123-25; DX 4593, p. 138);
' By the Department of Navy, Pacific Fleet'Commander in
Chief (360/20), for "Air Logistics Support Systems" (DX 2992, pp.
722, 1123-25; DX 4593, p. 152);

By the Defense Supply Agency, Lemoncove, California
(360/20), for "Communications" (DX 2992, pp. 802, 1126);

By the Export/Import Bank of the U.S. (360/20), for
"Payroll and Personnel"”, "Accounting" and "General Administration”
(DX 2992, pp. 818, 1127);

By the National Aeronautics and Space Administration,
Goddard Space Flight Center, Greenbelt, Md. (360/20), for
"Scientific" and "Engineering" (DX 2992, pp. 907, 908, 1144);

By the National Aeronautics and Space Administration, Jet
Propulsion Laboratory, Pasadena, California (360/20), for "Business-
Commercial" (DX 2992, pp. 937, 1144);

By the Department of Treasury, Office of Treasurer (360/20)
for "Administration of Government Finances" (DX 2992, pp. 1066, 1135;
DX 4593, p. 194);

By the U.S. Defense Communication Agency (360/20 and
360/30), for communication control and as terminals (DX 7524,
Levine, pp. 34-36, 57);

By the Atomic Energy Commission, Brookhaven National

Laboratory (360/30), for "Personnel Management" and "Operations
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Control and Support" (DX 2992, pp. 6, 1113);

By the Civil Aeronautics Board (360/30) for "Traffic
Capacity", "World Benefit Study", "Air Cargo" and "Payroll, Manpcower
Distribution" (DX 2992, pp. 134, 1116);

By the Department ;f Army, Air Defense Bocard (360/30),
for "Research, Engineering" (DX 2992, pp. 174, 1120);

By the Department of Air Force, Air Force Finance Center
(360/30), for "Finance, Accounting”, and "Payroll, Benefits" (DX 2992,
PpP. 279, 1120);

By ﬁhe Department of Air Force, Air Force Systems Command
(360/30), for "Research, Engineering" (DX 2992, pp. 433, 1120;

DX 4593, p. 99):

By the Defense Communications Agency, European Area
(360/30), for "Communications Contrcl and Management" (DX 2992, pp.
550, 1122; DX 4593, p. 133);

By the Defense Nuclear Agency, Headquarters Field Command
(360/30), for "Test Command", "Accounting and Finance", "Communica-
tions Processing” and "Data Automation”" (DX 2992, pp. 546-47, 1121;
DX 4593, p. 133);

By the Department of Labor, Bureau of Labor Statistics
(360/30), for "Statistical and Economic Survey Appl." (DX 2992,
pp. 884, 1142; DX 4593, p. 175);

| By the National Aeronautics and Space Administration,
Johnson Space Center (360/30), for "Scientific" and "Business-

Commercial" (DX 2992, pp. 971, 1144);
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By the National:Aeronautics and Space Administration,
Goddard Space Flight Center (360/30), for "Mission Control" and "Data
Reduction" (DX 2992, pp. 907-8, 1144);

By thg Tennessee Valley Authority, Computing Center Branch
(360/30), for "Power Supply and Use", "Fertilizer and Munitions
Development", "Financial Management" and "Personnel Management” (DX
2992, pp. 1068, 1156; DX 4593, p. 194):

By the Securities and Exchange Commission, Office of Data
Processing (360/30), for "Mass Information Storage and Retrieval",
"Statistical and Economic Analyses" and "Administrative Processing
(Personnel, Payroll, etec.)" (DX 2992, pp. 1025, 1151, DX 4593, p. 191);

By the Department of Transportation, Transportation Systems
Center (360/30), for "Financial Administratidn", "Inventory, Supply
and Logistics" and "Planning, R and D" (DX 2992; pp. 1034, 1154;

DX 4593, p. 165);

By the Social Security Administration (360/30) for real
time claims tracking and real time tape libfary control (DX 5792,
pp. 17-18);

By the Department of Navy, Marine Corps - COMCAB West
(360/30), for "Automated Communications Processing System" (DX 2992,
pp. 571, 1123-25);

By the Department of Navy, Chief of Naval Operation (360/30),
for "Space Surveillance System" (DX 2993, pp. 669, 1123-25; DX 4593,
o. 141);

-

By the Department of Navy, Ordnance Systems Command (360/30),
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for "Ordnance Support System" (DX 2992, pp. 694, 1123-25; DX 4593,

e

p. 145);

By the Defense Supply Agency, Assistant Director of Plans
(360/30), for "Logistics = Depot Level" and "Communications" (DX 2992,
pp. 812, 1126; DX 4593, p. 135);

By the befense Supply Agency, Assistant Director of Plans
(360/30), for "Headquarters Management" (DX 2992, pp. 815, 1126;

DX 4593, p. 136); '

By the Federal Deposit Insurance Corpcration, Division of
Research (360/30), for "Economic Research", "Fiscal Accounting”,
"Bank Liquidation" and "Bank Statistics" (DX 2992, pp. 823, 1130;

DX 4593, p. 171):

By the Department of Health, Education, & Welfare, Food and
Drug Administraticn (360/30), for "Disease Prevention and Contrcl"” and
"Consumer Protection" (DX 2992, pp. 855, 1137; DX 4593, p. 173);

By the Atomic Energy Commission, Albuguerque Office
(360/40) , for "Material Management", "Facilities Management”,
"Operations Control and Support" and "Scientific and Engineering”

(DX 2992, pp. 35, 1113; DX 4593, p. 46);

By the Department of Commerce, National Oceanic and
Atmospheric Administration (360/40), for "Mapping, Charting and
Marine Description" (DX 2992, pp. 148, 1117; DX 4593, p. 74):

By the Department of Commerce, National Oceanic and
Atmosphere Administration (360/40), for "Environmental Prediction

and Warning" (DX 2992, po. 150, 1117; DX 4593, p. 74);
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5 By the Department of Commerce, QOffice of Administration
f Domestic International Business (360/40), for "Statistical Programs",

"Economic Analysis" and "Industrial Mobilization" (DX 2992, pp. 157,

$ W M r

| 1117; DX 4592, p. 46);

By the bepartment of Army, U.S. Army Munitions Command
(360/40), for "Research, Engineering" (DX 2992, pp. 169, 1120; DX 4593,
ip. 126);

| By the Department of Air Force, Air Force Logistics Command

(VoS SN '

2(360/40), for "Supply, Inventory Control, Cataloging” (DX 2992, pp. 273,

51120; DX 4593, p. 87);

: By the Department of Air Force, Aerospace Defense Command

(360/40), for "Telecommunications", "Command and Control",

"Intelligence" and "Tracking" (DX 2992, pp.418, 1120; DX 4593, p. 96):;
By the Department of Air Force, Air Force Systems Command

1(360/40), for "Research, Engineering” (DX 2992, pp. 428, 1120; DX 4593,

ip. 98) ;

By the Department of Transportation, FFD Aviation Administra--

ltion (360/40), for "Inventory, Supply and Logistics", "Mission

3Support, Operations" and "Planning, R and D" (DX 2992, pp. 1039, 1154;
i
iDX 4593, p. 166);

By the Office of Economic Opportunity, Cffice cf the

H

Cdmptroller (360/40), for "Payroll Accounting”, "Personnel Accounting”

4

and "Research and Development" (DX 2992, pp. 1015, 1146; DX 4593,
p. 191);

By the Securities and Exchange Commission, Office of Data
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Processing (360/40), for "Mass Information Storage and Retrieval",
"Statistical and Economic Analyses" and "Administrative Processing
(Personnel, Payrcll, etc.)" (DX 2992, pp. 1025, 1151; DX 4593, p. 191)

By the Veterans Administration, Department of Data Manage-
ment (360/40), for "Loan Guaranty" and "Facility Planning and
Construction" (DX 2992, pp. 1073, 1158; DX 4593, p. 195):

By the Veterans Administration, Department of Data Manage-
ment (360/40), for "Patient Care" (DX 2992, pp. 1078, 1158; DX 4593,
p. 196);

By the Department of Navy, Director of Naval Laboratories
(360/40), for “Labbratory Support Systems" (DX 2992, pp. 685, 1123-25;
| DX 4593, p. 143);

By the Department of Navy, Air Systems Command (360/40),
for "Air Logistics Support Systems" (DX 2992, pp. 565, 1123-25;
DX 4593, p. 139);

By the Federal Deposit Insurance Corporation, Division of

+ Research (360/40), for "Economic Research", "Fiscal Accounting” and

N

(A8
(8] k

"Bank Statistics" (DX 2992, pp. 823, 1130; DX 4593, p. 171);

By the Government Printing Office, Assistant Public Printer
(360/40), for "Inventory Accounting and Control" and "Electronic
i Printing" (DX 2992, pp. 834, 1135; DX 4593, p. 171):
By the Department of Health, Education and Welfare, Food
! and Drug Administration (360/40), £for "Disease Prevention and Control"
(DX 2992, pp. 855, 1137; DX 4593, p. 173):

By the Defense Nuclear Agency, Headquarters, Field Command
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(360/40) , for "Accounting and Finance", "Nuclear Weapons Materiel Con-
trol", "Stockpile Management" and "Test Command" (DX 2992, pp. 546,
1121; DX 4593, p. 133);

By the Department of Navy, Marine Corps (360/40), for
"Manpower Management System" (DX 2992, pp. 615, 1123-25; DX 4593,

p. 159);

By the Department of Navy, Pacific Commander—xn-Chlef
(360/40), for "Intelligence Data Handling System" (DX 2992, pp. 753,
1123-25; DX 4593, p. 163);

By the Air Force Aeromed Installation (360/40) to simulate
bombing equations, radar signal acquisition and airborne computers
(DX 5640, Mayer, p. 34);

By the Army (van-mounted 360/40s) for maintaining a running
account in the field of supply and demand of field support services
(Wright, Tr. 13394-95; DX 913);

By the U.S. Army Strategic Communications Command (360/40)
for message switching (Wright, Tr. 13412-13);

By the Atomic Energy Commission, Chicago Office (360/44),
for "Material Management”, "Financial Management" and "Scientific and
Engineering”" (DX 2992, pp. 84, 1113; DX 4593, p. 60);

By the Departﬁent of Air Force, Air Force Systems Command
(360/44), for "Research, Engineering” (DX 2992, pp. 284, 1120);

By the Department of Air Force; Strategic Air Command
(360/44) for "Command and Control" (DX 2992, pp. 319, 1120; DX 4593,
p. 80);
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By the National Aeronautics and Space Administration, Office
of Manned Space Flight (360/44), for "Simulation" (DX 2992, pp. 984,
1144; DX 4593, p. 188);

By the National Aeronautics and Space Admihistration,
Advanced Reéeazch’and Techniéal Qffice (360/44), for "Test Data
Acqguisition" (DX 2992, pp. 904, 1144; DX 4593,'p. 177);

By the Naticnal Aeronautics and Space Administration, Flight
, Research Center, Edwards Air Force Base, California (360/50), for
f "Scientific", "Engineering", "Data Reduction" and "Business Commercial"
(DX 2992, pp. 905, 1144);

By the Railrocad Retirement Board, Data Processing and
{ Accounts Bureau (360/50), for "Research and Actuarial Services",
1 "Process of Unemployment and Sickness Benefits" (Dx 2992, pp. 1021,
11149; DX 4593, p. 191);

By the Tennesseé Valley Authority, Computing Center Branch
(360/50), for "Resource Development and Management", "Power Supply and
i Use", "Fertilizer .and Munitions Development" and "Personnel Management".
(DX 2992, pp. 1068, 1156; DX 4593, p. 194);

- By the Department of Transportation, Federal Highway Adminis-

+ tration (360/50), for "Inventory, Supply and Logistics", "Planning,

o u

1R and D" and "Mission Support, Operations" (DX 2992, pp. 1050, 1154;
iDX 4593, p. 170);

By NASA's Flight Research Center in Edwards, California

(360/50), for reduction and analysis of flight data, scientific

theoretical calculations and administrative data processing (DX 5308,

;
i
o, 1);
i
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By NASA's Kennedy Space Center (360/50) for real time
inventory management, integrated launch vehicle modification status,
payroll and remote file inquiry (DX 5256, pp. 6, 63); .

‘ By the U.S. Coast Guard and Geodetic Survey Office (360/50)
| for developing aeronautical charts, analyzing satellite data, provid-
ing tidal data, locating earthquakes and assisting in geomagnetic
1 studies (Wright, Tr. 13410-12; DX 13678, p. 9):

By duPont's Savannah River Laboratory Plant (360/50) for
neutron thermalization and reactor kinetics (H. Brown, Tr. 83244-49);

By the Department of Navy, Commander-in-Chief Pacific Fleet
;(360/50), for "Intelligence Data Handling System" and "CINCPAC Support
Information System" (DX 2992, pp. 752, 1123-25; DX 4593, p. 1l62);

By the Department of Navy, Commander-in-Chief Pacific Fleet
5(360/50), for "Material Management Information System" (DX 2992,
ipp. 714, 1123-25; DX 4593, p. 148);

By the Department of Navy, Facilities Engineering Command
1(360/50), for "Ordnance Support Systems" (DX 2992, pp. 717, 1123-25;
%Dx 4593, p. 148);

By the Department of Navy, Air Systems Command (360/56),

{for "Air Logistics Support Systems" (DX 2992, pp. 6538, 1123-25;

iDx 4593, p. 138);
By the Federal Deposit Insurance Corporation,
fDivision of Research (360/50), for "Economic Research",

"Bank Merger Analysis" and “Fiscal Accounting" (DX 2992, pp.
1823, 1130; DX 4593, p. 171);
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By the Government Printing Office, Assistant Public>Printer
(360/50), for "Payroll, Earnings and Leave Accounting", "Electronic
Printing" and "Inventory Accounting and Control" (DX 2992, pp. 834,
1 1135; DX 4593, p. 171);
By the Department oé Health,vEducation and Welfare, Food

and Drug Administration (360/50), for "Disease Prevention and Control"”

;and "Consumer Protection" (DX 2992, pp. 855, 1137; DX 4593, p. 173);

By the Atomic Energy Commission, Albuquerque Office (360/50),

| for “Facilities Management", "Operations Control and Support" and
E"Scientific and Engineering” (DX 2992, pp. 35, 1113; DX 4593, p. 46);

j By the Department of Army, White Sands Missile Range, New

tMexico (360/50), for "Research, Engineering" (DX 2992, pp. 177, 1120);
By the Defense Communication Agency, NMCS Support Ceﬁter
5(360/50), for "Gaming, Modeling, and Systems Development", "Command
gand Control" and "Damage Assessment" (DX 2992, pp. 551, 1122; DX

4593, p. 133);

By the Department of Air Force, Sacramento Air Material
Area, McClellan Air Force Base, California (360/50), for "Personnel"
jand "Education" (DX 2992, pp. 273, 1120);
By the Department of Air Force, Aeronautical Systems Division,

’Wright Patterson Air Force Base, Ohio (360/50), for "Research, Engineer-

iing" (DX 2992, pp. 282, 1120);

i By the Department of Air Force, Pacific Air Force (360/50),
{for "Command and Control"‘(DX 2992, pp. 456, 1120; DX 4593, p. 105);
By the Department of Air Force, Strategic Air Command

1(360/50), for "Intelligence" (DX 2992, pp. 322, 1129; DX 4593, p. 80);

1 -Al7-
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By the Atomic Energy Commission, Savannah River Office
: (360/65), for "Material Management", "Financial Management” and
k "Scientific and Engineering" (DX 2992, pp. 115, 1113; DX 4593, p. 71);:
) - By the Department of Army, Safeguard, Whippany, N.J.
1 (360/65), for "Research, Engineering" (DX 2992, pp. 165, 1120);
i B? the Department of Air Force Ogden Air Material Area,
Ogden, Utah (360/65), for "Payroll, Benefits", "Procurement, Contract
a EAdministration“ and "Law Enforcement" (DX 2992, pp. 275, 1120):;
gé By thg Department of Air Force, Air Force Systems Command
i(360/65), for "Research, Engineering” (DX 2992, pp. 438, 1120; DX
4592, p. 67);
j By the Department of Air Force, Aerospace Defense Command
(360/65), for "Command and Control" (DX 2992, pp. 418, llZO;VDX 4?93,
1P. 96);
By the Department of Air Force, Air Force Systems Command
%(360/65), for "Intelligence" (DX 2992, pp. 428, 1120; DX 4593, p. 97);
i By the Defense Communications Agency, NMCS Support Center
%(360/65), for "Gaming, Modeling, and Systems Development”, "Command
%and Control" and "Damage Assessment"” (DX 2992, pp. 551, 1122; DX 4593,
ip. 133);

| By the Department of Navy, Marine Corps Automated Service
]
ipenter, Kansas City, Missouri (360/65), for "Manpower Management

iSystem" and "Personnel Accounting System"' (DX 2992, pp. 628, 1123-25);
E By the Department of Navy, Naval Air Develorment Center,
4
.?arminster, Pennsylvania (360/65), for "Laboratory 3upport Systems'

i

1(DX 2992, po. 568, 1123-25);
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By the Deéartment of Interior, Geological Survey (360/65),
for "Recreation Use and Preservation" (DX 2992, pp. 877, 1140;
DX 4593, p. 174);

- By the Department ¢f Labor, Departmental Data Processing
"Center (360/65),'fqr "Accounting and éayroll Services" and for
"Statistical Data Gathering" (DX 2992, pp. 883, 1142; DX 4593, p. 175);

By the National Aeronautics and Space Administration,
% Goddard Spacé Flight Center (360/65), for "Scientific" and "Engineer-
1 ing" (DX 2992, pp. 908, 1144);

By the National Aeronautics and Space Administration,

1! Goddard Space Flight Center (360/65), for "Data Reduction" (DX 2992,
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! pp. 907, 1144);
By the National Aeronautics and Space Administration,
; Joﬁnson Space Center (360/65), for "Simulation" (DX 2992, pp. 983,
% 984, 1144);
l By the Tennessee Valley Authority, Computing Center Branch
E.(360/6S), for "Power Supply and Use", for "Fertilizer and Munitions
| Development" and for "Employee Health and Safety" (DX 2992, pp. 1068,
1156; DX 4593, p. 19%4);
By NASA's Johnson Space Center (360/65) for Skylab

simulation (DX 7536, Wo§dling, pp. 23-24);

| By the Navy Computer Sciences Department in San Diego
(360/65) for processing complex scientific and management type data
and for time sharing (DX 5100, pp. 17, 28);

By the Air Force Eastern Test Range (360/65) for mechanized
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range scheduling, radar data reduction, trajectory measurement, optical
infrared system data reduction (DX 5023, pp. 1-4);:

By the California Institute of Technology's Jet Propulsion
Laboratory (360/75) for real time mission control, simula-
tion and real time.telemetry (DX 5296, pp. 4, 6, 7);

By the Naval Electronics Laboratory Center in San Diego
(360/65) for interactive time sharing (DX 4334, pp. 1, 5);

By‘the Department of Air Force, Air Force Systems Command
(360/67), for "Telecommunications" and "Command and Control" (DX 2992,
pp. 451, 1120, DX 4593, p. 103);

By the Defense Communications Agency, NMCS Support Center
(360/67), for "Command and Control" and "Damage Assessment"” (DX 2992,
pp. 551, 1122; DX 4593, p. 133);

By the Department of Navy, Post Graduate School (360/67),
for "Management Information System for Education and Training” (DX
2992, pp. 588, 1123-25);

By the National Aeronautics and Space Administration,
Ames Research Center (360/67), for "Scientific" and "Business-
Commercial" (DX 2992, pp. 888, 11l44);

By the Atomic Energy Commission, Idaho Office (360/75), for
"Material Management", "Financial Management", "Personnel Management"
| and "Operations" (DX 2992, pp. 77, 1113; DX 4593, p. 58);

By the National Aeronautics and Space Administration,
Goddard Space Flight Center (360/75), for "Scientific", "Engineering"

| and "Mission Control" (DX 2992, pp. 907, 908, 1144);
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By the National Aercnautics and Space Administration, Jet
Propulsion Laboratory (360/75), for "Data Reduction" (DX 2992, pp.
946, 1144);
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35. The System/360 Commitment. System/360 was a "fantastiq

undertaking" involving "fantastic risks". (cary, Tr. 101359; see
also Brooks, Tr. 22868; Case, Tr. 73561; Evans, Tr. 101126.) 360 was
"vastly different" from anything IBM had previously undertaken in
terms of "magnitude, complexity and functional characteristics", and
was "fundamentally new and different" compared to competitors' EDP
offerings as well. (Knaplund, Tr. 90515; Evans, Tr. 101126; PX 1092
p. 1; DX 1172, pp.l-2.) It was clear from the outset that no half-
way measures would suffice to carry out the SPREAD Committee's plans-1
and‘non was taken. IBM committed more "skill and energy" and
"corporate resources” to the successful implementation of System/360
than to any previous undertaking in its history. (PX 1900, p. 4.)
Virtually the whole IBM's EDP operations were involved in
the development and manufacture of System/360. The scope and magni-
tude of the undertaking required a worldwide, interdivisional effort
on IBM's part. "From its inception, System 360 was designed, dev-
eloped and tested for worldwide use, and was in fact used worldwide".

(McCarter, Tr. 88377; DX 1404A, p. 8 (App. A to JX 38).)*

*The 360/30 was developed in Endicott and was manufactured in
Endicott, Sindelfingen, Germany, and Mainz, Germany. (Dunlop, Tr.
93647.) The 360/40 was developed in Hursley, England, and manufac-
tured in Poughkeepsie, Essones, France, and Montpellier, France.

(Id.; Hughes, Tr. 33921-22.) The 360/50 was developed in Poughkeepsig

and manufactured (assembled) in Poughkeepsie, Essonnes, and Mont-

pellier. (Dunlop, Tr. 93649.) The 360/20 was developed in Boeblin-
gen, Germany and manufactured (assembled) in Sindelfingen, Vimercate,
Italy, Sar. Jose, and Boca Ratan. (Id.; Hughes, Tr. 71942-43.) System

360's SLT circuit packaging was designed in Endicott and East Fishkil]
and manufacturered in East Fishkill, Endicott, Essones and Sindel-
fingen. (Dunlop, Tr. 93649-50.) The 2401 tape subsystem was dev-
eloped in Poughkeepsie, and manufactured (assembled) in Poucghkeepsie,
Essones, Montpellier and Boulder. (Dunlop, Tr.

7T
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Within IBM, it was recognized that achievement of SPREAD's

| recommendations would require "great'effort" to "control and

coordinate the work of several divisions and that of the IBM World Trade
LCorporation". (Knaplund, Tr.'90470-71.) At the time of SPREAD there
were 15-20 engineering'groups generatihg processor products in IBM.

(DX 14047, p. 7 (Apﬁ, A to JX 38).) These groups resided in four
iprincipal areas--DSD, GPD, FSD (Federal Systems Division) and WTC (World
Trade Corporation). (DX 1404A, p. 49 (App. A to JX 38).) 1If a single
compatible line of processors was to be achieved, design control had to
be centralized in a single location.* Accordingly, the SPREAD Committee
recommended the establishment of a systems architecture group that would
ibe charged with formalizing the design objectives for NPL and providing
logical specifications for the hardware and software. (DX 14042, p. 49
(App. A to JX 38).) Such a group--the NPL Architecture Committee--was

|formed in early 1962, and served in the role of "advisor" to the various

7 193650.) The 1403N1l printer was developed in Endicott and manufactured
tin Endicott, Raleigh, Sindelfingen and Vallingby, Sweden. (Dunlop,
1Tr. 93650-51.) The 2311 was developed in San Jose and manufactured in
+San Jose and Sindelfingen. (Dunlop, Tr. 93651.) The 2671 paper tape
‘recorder was developed in LaGaude, France, and manufactured in Essonnes
iand Montpellier. (Dunlop, Tr. 93651.)

, * Centralized control of worldwide development efforts made good
'sense from ancther standpoint as well. The SPREAD Report projected

;a very rapid increase in the growth of computer usage outside the United
'States during the 1960s; whereas the average domestic growth rate was
iprojected to be 15%, the foreign rate was projected at 37%. (DX 14043,
ip. 11 (App. A to JX 38).) So large an element of demand obviously
lcould not be ignored in the development of new products, and the
{Committee recommended that the needs of users worldwide be taken 1into
account in all phases of NPL development. (DX 1404A, p. 49 (App. A

‘to JX 38).)
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| NPL engineering groups. (Case, Tr. 74487-88, 74492-9 .) They held

% "dozens if not a hundred or more meetings" relating to NPL. (Case, Tr.

| 74469.)

pPowoN P

d
i .
IF On the manufacturing side, too, a number of disciplines were
[l .

It imposed to assure that there were no major discrepancies among the

, _

|

*products produced on either side of the Atlantic. IBM's plants

jwarked "very closely" together to develop "worldwide manufacture

plans” and employee training plans. (Dunlop, Tr. 93651-52.) IBM also

| introduced, for the first time with System/360, the concept of

"single engineering control". (Dunlop, Tr. 93641, 93646.) Under this

335‘000\0_"\

concept any laboratory responsible for designing a part, component or
product was also responsible for releasing that design to all the
plants, worldwide, that were going to manufacture that part, component

or product. (Dunlop, Tr. 93641l.) By introducing this concept, IBM

was able to:

; (a) achieve a "high level of confidence" that all parts,

wherever in the world produced, would perform in a comparable

—
\.

it fashion;
z (b) achieve the ability to exchange parts or assemblies
or products aﬁéng manufacturing locations in times of tech-
nological difficulty or great demand;

(¢) avoid duplication of engineering effort, since there
was no need to design the same product or component twice in
two different places. (Dunlop, Tc. 93642-43, 93645.)

Apart from the need to impose new disciplines, it was
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iof 1964. (Knaplund, Tr. 90471.) Brooks testified that the original
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apparent that a "substantial" segment of IBM's "new product develop-
ment resources in the electronic data processing (EDP) area"

would be required to announce the New Product Line in the first quarter

-estimate for 360 programming was between $100 and $200 million.

(Tr. 22706.) Thattestimate was exceeded by better than $25 million.
(Id.) Brooks' staff in DSD alone grew from "20 or 30" in June 1961
to "several hundred" by February 1964. (Brooks, Tr. 22669.) A presenta-

tion made to IBM Chairman, T. J. Watson, Jr., in November 1964 showed

that IBM's annual research and development expenditures rosé from

approximately $175 million per year in 1961 to $275 million per year in

1964. (PX 6671, p. 6.)*

More investment still was needed to meet the requirements

lfor SLT components. The 1961 decision to manufacture SLT in-house

required a rapid buildup in manufacturing facilities and resources.

;mnaplund, Tr. 90546; E. Bloch, Tr. 91562.) To meet the projected volumes
?for 360, IBM had to become "in a very short time, the largest component.
Emanufacturer in the world". (PX 1900, p. 9.) 1In 1961, IBM established
fa Components Division to "focus all of its resources in terms of both

imanufacturing and development on that goal of making SLT components."

" * It is interesting to note that, in the 1959-64 period, IBM's
iresearch and development (R&D) expenses were not only absolutely higher
ithan some of its major competitors (Burroughs, NCR, Sperry Rand and
ICDC), but were more than double the expenditures as a percentage of
revenue for Burroughs or NCR or Sperry Rand. Each ~f their ratios
©f R&D to revenue remained about level over that period. Among the
four, only CDC, which was developing the highly successful 6600,
ishowed an increasing R&D to revenue ratio. (PX 6671, pp. 5-6.)
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(E. Bloch, Tr. 91562, 91891-92.) In 1963, the Components Division

: opened a new plant in East Fishkill, New York as a manufacturing

| development site for System/360 components. (E. Bloch, Tr. 91563,

- people” and "started to build additional buildings" in order to meet the

|
j
;;91891-92.) Prior to the 360 announcement, IBM hired "a large number of
|
|

+ anticipated SLT requirements. In addition, IBM's Endicott location was

enlarged to help produce packages for mounting SLT modules (E. Bloch,
' Tr. 91892) and part of a plant in Essonnes, France, was converted into a
"component facility" to help meet "worldwide requirement(s]". (E. Bloch,

Tr. 91893, 91563-64.)

Perhaps as significant as the magnitude of IBM's investment

win 360 was the fact that all of those resources were being put into a

single project: IBM was "putting a lot of eggs in one basket . .

'and the success of the company was in many ways to be determined by

| the success of that one project". (Case, Tr. 73561l; Evans, Tr.

101128.) 1If 360 were rejected by customers there would be few alterna-

ltives around for IBM to offer and none that was thoroughly funded or
tcovered a very large part of the product line. (Case, Tr. 73562.)
1Thus, once the die had been cast and the decision made to go forward

iwith the SPREADFCommittee's recommendations, IBM's fortunes became

i

\)
L]

[N
[

i

SR S

‘IBM and without, the 360 project came to be known as the "you bet

'Evans, Tr. 101126.) If that venture had failed, IBM would have

|
‘business”". (Evans, Tr. 101128.)

] ‘ -345-

1"inextricably tied up with the NPL project". (Case, Tr. 73562.) Within

jyour company" venture. (Friedman, Tr. 50378; Case, Tr. 73561-62;

i

gbecome a "radically different company, if even in the computer
!
i
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Despite the risk, IBM decided to develop the 360 line

5 because "[v]ethought that the System/360 development was the best way
2 to more rapidly grow the market, more rapidly expand demand for our
fproducts". (Case, Tr. 73606.) It was the sort of risk that IBM was
' forced to take by competition if it was to succeed. Seemingly safer
alternatives to 360 continued to be advanced within IBM right up to
| the time that 360 was announced. (See, e.g., Case Tr. 73589-92; PX 1074;
5PX 1090.) As‘they had rejected the 8000 series, IBM management rejected
Ethose alternatives because they would not have given IBM the kind of
;long range solutions that it needed in the competitive environment of

, |the day. (Evans, Tr. 101277; see also DX 4806.)

System/360 represented a price/performance improvement over
%IBM's existing equipment which Learson described as "a price reduction
%of 30-50%." (DX 1525.) Within IBM, it was recognized that no "single
%announcement" had ever "obsoleted so much existing equipment at one
%time". (PX 1099A.) 1IBM was forced to make such an announcement.

gThe SPREAD Committee had set as an objective the creation of a plan
Ethat would "optimize the conflicting demands" of "market need” on the
jone hand and "impact on present installed processors" on the other

?(DX 1404A, p. 7 (App. A to JX 38))=--but IBM had to impact its own line

ior stand by and watch others do so.

J In an effort to blunt the impact of System/360 on IBM's
iexisting product line, IBM Treasurer K. N. Davis recommended that 360 be
loffered for sale only. Davis made the suggestion because technology and

price/performance were "changing and improving so rapidly" that
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he believed it might be in IBM's interest to transfer to customers '

; some of the risk of technological obsolescence. 1In addition, System/

| 360's price/performance on a rental basis was so superior to existing
;;IBM systems on rent that customers would rapidly displace those
E;systems with 360s. (Knaplund, Tr. 90511-12.) The recommendation

| was rejected becauée "IBM had to continue to offer a rental option

in order to remain competitive": competitors offered that option and
customers found it desirable. (Knaplund, Tr. 90512-13.) 1In this
respect, IBM's experience was no different from its competitors. For

i example, McCollister testified that RCA offered its systems on a lease
basis because the customers insisted upon it and because all other
manufacturers in the industry offered it. (McCollister, Tr. 9298-300;
| see also Palevsky, Tr. 3145-46; Spangle, Tr. 5531; Oelman, Tr. 6160.)
Indeed, customers as well as IBM could perceive that technology was

il changing and would not have been willing to accept the risk of obsoles-
| cence. Competition ensured that they did not have to do so.

As Withington agreed, IBM had to introduce a product line

t comparable in performance and function to System/360 if it wanted to
stay in business because its existing line would have become "obsolete"

{and unmarketable. (Tr. 56524, 56539.) Thus, IBM Vice President and

1 Group Executive Learson wrote to C. J. Bashe, Manager of Technical

NS}

: Development, GPD, and T. C. Papes, Manager of Systems Development, GPD,

in July 1963: '

"The 101 [announced as the System/360 Model 30] must be
engineered and planned to impact solidly the 1401.

"I know your reluctance to do this, but corporate policy
is that you do it. It is obvious that in 1967 the 1401 will
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! through the management chain to emphasize the importance of the 360/
: 30 program and the company's policy with respect to that program. He

. understood that the 360/30 would make the 1400 family obsolete--and

- ceived that "[i]f we didn't obsolete it and replace it, someone else
j would". (Hughes, Tr. 33962-63, 33965; see also Tr. 34062.) That

' same view was echoed in a letter written by a Staff Vice President tc

be as dead as a Dodo bird.[*] Let's stop fighting this."
(DX 1406.)

Hughes testified that this letter was passed down to him

had to do so. (Tr. 33965-66, 33972-73.) Despite the fact that by
1964 IB!" had shipped thousands of 1401 systems, of which 75-80

percent were still owned by IBI! and on lease to customers, it was per-

E™y

the President of Scuthern Railway in April 1964, recormending the

acquisition of 360/30s to replace Southern's 1404s:

"This will reduce the IBM rentals by $4,000 a month in
Atlanta. There is also a good possibility that we will be
able to eliminate the 1401 computer in Washington, using
computers in Atlanta by tape to tape control from Washington.
This would also save us $4,000 to $5,000 per month rental in
Washington. Prices of computers have kteen coming down while
the computer capacities are being increased tremendously.

If IBM does not bring out new computers at reduced prices,
their competitors take the business.”

According to John Jones of Southern Railway who helped draft that
letter, it reflected his view of competition in 1964--i.e., that if
IBM and others did not bring out new products to meet ccompetition, com

petitors would take their business away--the kind of competition which

*By yvear-end 1966, IBM had installed over 10,000 140ls, far and
awav the largest number of any system tyme that IBM had ever shipoed
at that time. (PX 1900, ». 7.)

-348-

A




m oW

w 0w N W

BN Ry

[N}
»

and

éprediction that IBM's highly successful second generation line would be

|
1

had increased "tremendously" since then. (J. Jones, Tr. 78991-97.)

It was a view that was shared by IBM's competitors as well:

"There is no looking backward in our industry [(the com-
puter business] as you undoubtedly know. If one stops to
ponder the past and be self-satisfied, the more aggressive
competitors will quickly charge past." (Hindle (DEC), Tr. 7447;
DX 517, p. 21

"It was our finding that the life of a family of com-
puters was quite limited . . . and that you did not bring
out a family of products that simply met the price/perform-
ance characteristics of the then existing competition. You
had to bring out something that would exceed the price/
performance of the existing competition because you knew
full well that they were going to be moving ahead of you.
It is a constant leap frogging game." (R. Jones (GE), Tr. 8867)

* % *

One gets "to a point in which the price/performance is
so improved over equipment of days of yore that it is
clear that . . . users are going to move to new equipment,
and either [one is] going to provide that new eguipment
or [one's] competitors are going to provide it". (R. Bloch
(Honeywell/GE) ,Tr. 7761-62; see also Hindle (DEC), Tr. 7448;
R. Jones (GE), Tr. 8865; Hangen (NCR), Tr. 10423-24, 10431;

Currie (XDS) Tr. 15175-76; Brooks, Tr. 22705, 22795-96; Withinaton,

Tr. 56560, 56565; DX 426, pp. 7-8.)

As we have already discussed, it was the recognition that

icompetitors would supplant IBM's installed base if IBM took no action,
ﬁas reflected in the SPREAD Report's "product survival charts", which

}had triggered the NPL project to begin with. The SPREAD Committee's

superseded by competition starting in about 1965, turned out to be

'accurate as to substance, but overly optimistic as to time. As
1

i
'

|

|

i
)
i
i
|
|
r
|
b
!
t
?

_'hent during the period 1956 through 1964", with "new technologies

-349-

‘Withington testified, the industry was in a state of "technological fer-

1
i



"o

(VY]

(2 1] -y

~3

Q w w

by = W PN

m

o v W

Q

SR

~p
N

w U

>

[AS ]

’5 new types of ccmponents . . . [and] significant software products . . .
| being invented and employed at a rapid rate" and new models of computer
; systems superseding older computer systems at a "rapid rate" and

" achieving "relatively rapid success in the marketplace". (Tr. 56459-60.

*

t In 1963 and early.l964, the "leapfrogging" which was "characteristic"
§of the computer industry (R. Jones, Tr. 8846) had occurred. In July
%of 1963 Learson could say that "in 1967 the 1401 will be as dead as a
loodo bird" (DX 1406) because it was already being surpassed by newer
Emodels of computer systems.

Indeed, at the highest level within IBM there was concern

! that the System/360 might not be enough of an improvement to recover
its costs. Thus Watson, writing to Learson in June 1963, stated
concerning the New Product Line:

"I think it important to note, however, since we seem
to have suffered for a few months or even years because our
machines pradated the effective competitive machines now in
. the marketplace, that we now make these [System/360] machines
it good enocugh so they will not be just equal to competition,
for I am sure that once they are announced our competitors
will immediately try to better them. This is all to the good
and I am for competition, but I want our new line to last
long enocugh so we do not go into the red." (DX 4806.)

jSimilarly, writing in November 1963 to a group of IBM executives,

IWatson said:

‘ "There is a great deal of running about and extra effort

being expended in all areas of the IBM company now because

i once again we have allowed ourselves to become somewhat non-

' competitive without recognizing one simple obvious fact. 1In

bringing new machines and devices to the marketplace, our

t competitors in today's market are simply not going to stand
still. We should recognize tha% in every area, they will

take the best we have and immediately start working in a

tough, hard-minded fashion to produce something better.

"We find ourselves in cur present position because we
seem to assume our competitors will stand still in certailn
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areas after we announce a superior product . . . .
"I believe that whenever we make a new machine

announcement, we should set up a future date at which point

we can reasonably assume that a competitor's article of

greater capability will be announced. We should then

target our own development program to produce a better

machine on or before that date." (PX 1077, pp. 1-2.)

Charts-érepared by DSD Market Evaluation Manager, J. C.

Wick, comparing the price/performance of the New Product Line to com-
petitive products in February 1964, showed that 360's price/performance
éwas superior to that of recently announced machines from RCA,
-gBurroughs, CDC, Honeywell, Univac and GE, but also showed quite clearly
l1that those competitive machines had a price/performance advantage over
tthe earlier announced IBM ﬁachines of the 1400 and 7000 series. (PX
;1099A, pp. R2-R3.) We discuss some of the competitive announcements
:which created this situation in the histories of these competitors
%during the early 1960s. However, some of the announcements merit
:particular attention here. |
In October 1963, DSD President G. F. Kennard wrote to T. J.
{Watson, Jr., and A. L. Williams: "RCA has recently announced the
§3301. . . . Initial performance specifications indicate that the 3301
;has about 50 percent better processing capabilities than the IBM 7010"
?at a comparable price. (PX 2952.) In November, 1963, it was
jreported within IBM that GE was discussing in public a new series of
%machines planned for announcement before the end of the year. "In one

jcase GE stated, system cost would be apprbximately the same as the

IBM 1410 but would be 40% faster." (PX 3624, p. 4.) GE announced the
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400 Series in December 1963,* and at the same press conference revealed

the future availability of its 600 family.** (Weil, Tr. 7181; DX 488;

DX 490.) The 400 series offered a 1401 simulator which permitted IBM

| 1401 pfograms to be run on or converted "easily" to the 400. It was
aimed at 1401 users. (Weil, Tr. 7031-34.)

The CDC 6600, which CDC began discussing with customers
before announcement (Norris, Tr. 5937-38) in 1962 (JX 10, ¢ 4), caused
| IBM Chairman Watson to ask "why we have lost our industry leadership
; position by letting someone else offer the world's most powerful
% computer". (PX 1045.) CDC's 3600, which had been announced in May
1962, was viewed within IBM as "technically superior to the 7094".

(PX 1026A.) By April 1963, O. M. Scott, IBM Vice President and Group
Executive, was reporting to Watson and others that "3600-type com-
petition" was creating a "serious situation" and that such competition
(from CDC's 3600 and 6600 and from Philco's 212) was able to offer
"one-and-a-half to two times the performance of the 7094 at a lower
;price". (PX 1025.) Scott added that the 501 (360/70), as planned, -
?would enable IBM "to favorably compete with the CDC 3600". (Id.) On
iApril 23, 1963, Watson determined to "just sit tight" and stay with
%the 501 approach "unless the roof falls in", but wrote that IBM had an

}active program in DSD called the "7094 B prime™ which was sufficiently

;advanced to be announced in June 1963. (PX 2807.) Within two weeks,

N

* GE announced the Models 425, 435, 455 and 465. The 455 and 465
lwere never delivered. (Weil, Tr. 7181; DX 490, pp. 1-3.)

) ** The 600 family was actually anncunced in the summer oI 1964
{{Weil, Tr. 7197-98; DX 491, p. 1) and was aimed at IBM 7090 and 7094

{users. (Weil, Tr. 7033-38.)
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icascading losses to CDC's 3600 caused a reevaluation of that decision,
gand Watson asked Scott to advise him when the situtation got "out of
control”. (PX 3619.) One week later, Scott reported back that IBM
was repeatedly "being beaten" by CDC's 3600, 6600 and 1604, Philco's
212 and Remington Rand's 1107. He recommended announcement of the
7094-B' "at the eariiest possible date". (PX 3620.) IBM announced

ithe 7094 Mod. II on May 16, 1963 (DX 13958), but this extension of the
é7090 series still "could not meet either the performancg lsve; or the
iprice of a comparable CDC 3600." (PX 320, p. 15.) As a result, CDC's
success with the 3600 continued unabated. (PX 320, p. 15.) With
%virtually all of IBM's development resources tied up on 360, IBM was
ésimply unable to respond effectively at that time--all of IBM's eggs
gwere indeed in the 360 basket.* (See Case, Tr. 73589, 73561l; Evans,

|Tr. 101128.) In the meantime, CDC was able to achieve success "by

concentrating on an area of IBM price weakness, and by showing a major

iprice performance advantage to potential customers”. (PX 320, p. 15.)**

Perhaps most important of all, however, was the announcement

* At just about this same time CDC's chief development engineer
ifor the 6000 Series, Vice President Seymour Cray, at CDC's June 1963
lcorporate planning meeting, urged that CDC announce the 6600 and a
isuccessor in order to "slug" IBM because he speculated that IBM had

i "madea mistake in putting all [its] eggs in an integrated circuit
‘basket". (DX 13526, Forrest, pp. 748-50.)

, ** No competitor was able to offer such an advantage once 360 was
!announced. (PX 320, pp. 4-14 )

4
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?of the Honeywell 200 in early December 1963. (McCollister, Tr. 11367;
EPX 1079; DX 167) This machine offered substantially improved price/
Eperformanceover the 1401. (McCollister, Tr. 11237; Knaplund,

Tr. 90475; Evans, Tr. lOllBS;ODX 167.) It also offered a conversion
program called the "LIBERATOR“ which made the H-200 to a considerable
i1degree compatible Qith IBM's 1401. (R. Bloch, Tr. 7605-06; McCollister,
1Tr. 11237; Goetz, Tr. 17652; DX 167; DX 488.)

Within IBM the H-200 announcement was viewed as "even more
difficult than we anticipated". (PX 1079.) Within two days of the
announcement, Learson wrote to T. J. Watson and A. L. Williams that
the 101 (360/30) would have to be announced "as soon as possible"* and
ipriced at its "lowest projection" in order to be competitive. (Id.)
%IBM's marketing force regarded the H-200 as a real challenge (Evans,
éTr. 101186) and at least one person in‘IBM called it "the most severe
_Pithreat to IBM in our history". (PX 3912.) By February of 1964, the
%Sales Division was "reeling from losses" to the Honeywell 200 and
?"wanting a more competitive answer". (Evans, Tr. 101196.) Because of

tthe H-200, IBM's Data Processing Division continued and intensified

fits pressure for the earliest possible announcement of System/360,
}earlier still than even the then-planned mid-March announcement date.

{ (knaplund, Tr. 90475; JX 38, ¢ 16; PX 1095; DX 2983.)

As competitive pressure mounted, the debate whether to go

4

}forward with 360 as planned or to announce extensions to the existing

; * The target announcement date at that point in time was March 1964. |
1+ (PX 1079.)
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5 | their existing aéplications programs. In November 1963, IBM's

&; Corporate Staff advanced the position that "new marketing developments"*
7% required a change in IBM's processor strategies. They recommended

3% the announcement in May-June 1964 of "several improved current line

9% systems--such as the 7074X, 7010X and 7094X". In their scheme of
lcgtthiﬁgs the NPL anncuncement was to be put off for 6 to 12 months.

11% (PX 1074, pp. 2-3.)

in The Honeywell 200 announcement provided perhaps the sharpest
ESE temptation to depart from the System/360 plan. 1In early 1963, IBM had

+4 4@ 1401 built out of SLT circuitry to establish the feasibility of using

PwoN e

product lines was rekindled. The latter approach would be safer and
easier: it would not be as "revolutionary” as 360 and would therefore
- run a lower risk of user rejection. (See, e.g.,Case, Tr. 73590, 73512;

i
4
| Evans, Tr. 101127.) Moreover, it would not regquire users to convert
1
i
1

SLT in the New Processor Line. (Hughes, Tr. 33952-53; McCarter,

4 Tr. 88394; JX 38, ¢ 7; DX 4800.) The Honeywell 200 prompted

| sharp debate within IBM whether a new technology (SLT) version of the

11401 (called the 1401S) should be brought out and the 360/30 announce-
}ment delayed or cancelled. (Hughes, Tr. 33953-54; Evans, Tr. 101188,

2101195.) The chief proponent of this new plan was GPD President John

tHaanstra, who had been Chairman of the SPREAD Committee. Haanstra
]

N ]

* Th2se new developments included the announcement of competitive

‘processors offering easy conversion to IBM customers and
D
E

i
i

o : ; , other new com-
etitive offerings with improved price/performance as well as "the

lcontinuing unattractiveness of programming conversion and associated ?
lexpense Lo our customers”. (PX 1074, p. 2.)

o J
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believed that the 1401 was a "fundamentally sound" approach to meeting
user needs and that the 360/30 approach was "improper" because it
created the exposure of requiring customers to convert:

"We must have a position which sticks to the 1401 as a
fundamentally sound andproper [sic] method for commercial datsz
processing. I do not believe that we should in the GP small
machine area imply in any fashion whatsoever that the 1401
approach to problem solving is out of date and that people
must change.

". . . [I]ln the final analysis we must sustain a oposition
of 1401 as a right programming approach now and into the
future. An approach which implies that we must convert is
basically improper." (PX 3913.)

The Data Processing Division, however, regarded the 1401S as
1 only a fallback position in the event that the 360/30 was not ready
soon enough or was not good enough:
"The best solution . . . is a 101-H machine with a
competitive price to the H-200 and a performance equal to
or greater than the H-200, ready for announcement by mid-
February. . . . This system would not only compete head
on with the H-200 but offer the customer the opportunity
to grow in the NPL line, which is the direction we want
them to take.
"The 1401S machine, which has been discussed, is a
second choice to the system described above and has been
supported by us only because we have not received a
commitment that the 101-H machine could achieve the per-
formance desired or meet an early announcement schedule.”
(PX 1090.)

i Evans was sure that it was a mistake to produce the 1401S instead of
+ the 360/30, and that it would not make sense to do both. As early as
September 1963 he had inveighed against "continual competition with

temporary machines" because they would "only dilute [IBM's] already

{overcommitted resourcss and ability to meet the NPL challenge". (DX

| -356-




m powoN

(4]}

0w o -

PO VI N & R,

~n

"~

in

2983.) 1In his view, if the 1401S had proceeded, it would have "delayed
if not killed" the 360/30 and "wreaked havoc with the costs of the rest
of the System/360 line". (Evans, Tr. 101195-96.) 1In addition, Evans
.regarded a decision to~pr6duce the 1401ls as relegating the NPL more to
‘the scientific area and signalling "a discrete scientific line, probably
along the 7090 philbsophy particularly if competition does the H 200
1type of thing to the 7090 family". He felt this would erode the basis
{ for NPL and lead to a processor policy of "discrete 1400-type commercial,
%discrete 7090—typ§ scientific, plus various custom units for new
iapplication areas", as "the inevitable conclusion". (Evans, Tr. 101275-
176; PX 6668 (DX 14514).) As we shall see below (pp. 379-81), GE

‘Ewas in fact attempting to do "the H 200 type of thing to the 7090 familv.
ﬁEVans was right.

Although contingency plans were laid for a possible February
11964 announcement (PX 6202), IBM decided not to proceed with the
%14013. Evans testified that the 1401lS was ultimately rejected

: " [b]ecause the evaluations and conclusions of senior management
were that it was not an advanced system that would solve the
applications of the future as we then saw them--that . . . it

: was a machine that would not have long life and would not be

H comgetitive fgr more thag a short period, and that the ;60

i family plan with all of its advanced features and functions

and capability and the unusual power it brought the users was

a substantially better plan". (Tr. 101277.)
4

1In short, the 360/30 was expected to be "a better overall performing
?system than the 1401 had been or could have been, had we extended its

life". (Hughes, Tr. 33953-54.)

a. Preparation for Announcement. It was clear by the end

lof 1963 that announcement of System/360 was required for IBM to remain
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5 competitive. (Knaplund, Tr. 90475.) We have already discussed how,
beginning in 1961, IBM began applying massive resources to the NPL
project. Evans testified that the "whole 360 program had been on a
crash basis . . . since almost inception" and that by the latter part
of 1963 it had become an"eno}mous program with its own inertia".

(Tr. 101190, 101198~99.) In December of 1963, development of the line
' was "on or ahead of the schedule called for two years earlier in the

i SPREAD report” (Knaplund, Tr. 90477),* and ‘two of the prime movers of

! the project, Evans and Brooks, were recommending announcement of the

entire family in the first part of 1964.**

* A PERT chart (DX 1405), prepared by Ernest Hughes in October 1962,
laid out the job to be done in order to accomplish the Model 30
program. (Hughes, Tr. 33933-34, 33947.) The chart showed that the
Model 30 would be ready for first customer shipment on August 1, 1965,
if the sequence of events identified on the chart were "successfully
completed". (DX 1405; Hughes, Tr. 33947.) According to Hughes, all
of those tasks were completed "close" to the dates projected for their
completion back in 1962, and the first 360/30 was actually shipped in
June 1965. (Tr. 33947-49; see also JX 38, ¢ 24.) This was so despite
the fact that IBM's Product Test organlzatlon was of the view that the
System/360 Model 30 central processing unit was farther behind in their
testing procedure than any of the other System/360 central processing
units announced in April 1964. (PX 1107, p. 7.) .

, ** By the time 360 was announced, engineering models of all the
tprocessors had been built (Brooks, Tr. 22695-96); full instruction set
compatibility across the five processors had been achieved (Brooks,
iTr. 22785); a complete processor had bheen built using SLT tech-

1aology and demonstrated to establish the feasibilitv _of_ the
new circuitry (Hughes, Tr. 33952-55; JX 38, ¥ 7, p. 5; DX 4800);

imany thousands of SLT modules had already been produced (DX 4796, p. 8);
imost of the processors and some of the peripheral eguipment were in

ithe early stage of product test (McCarter, Tr. 88383; JX 38, ¢ 19);

all, or almost all, the memories had undergone technlcal evaluation
itesting (Brooks, Tr. 22699); microprogramming and multiprogramming had
been tested on the Model 40 (McCarter, Tr. 88382-83); and four esti-
mating, forecasting and pricing cycles had been completed (DX 1172, p.
12). Product Test had been involved with the development £rom the
beginning (McCarter, Tr. 88375; DX 1165): by the time of announcement,
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In September of 1963, Evans wrote to DSD President Kennard:

"NPL is good--it is simple and powerful--it is ready enough

--proven enough. IBM should go forward with . . . full
announcement in the first or second quarter of 1964 with .
programming systems committed."™ (DX 2983.)

' ?Although the SPRBAD Report had not recommended announcing the entire
~%NPL family at once, by December 1963 it was plain that there were
épowerful reasons for doing so. On December 27, 1963, Evans proposed
Ethat the NPL ﬁamily be announced as a group in March 1964:

"[Tlhe customers must better understand the abilities
of the architecture and conversions necessary. It would
be unwise of us to announce systems sporadically in an
effort to optimize market penetration or profit. It is
proper that IBM announce all the systems in a group so
that our customers have the benefit of the family and
can properly plan." (DX 4815; see also Evans, Tr.
101072-75.)

;Less than one month later, Brooks wrote to Gibson, Haanstra and
iKennard, stating that the equipment was "technically ready for
lannouncement" and recommending announcement on April 7. (DX 1172.)
|He emphasized that System/360 "must be announced at one time" (id.,
ip. 3):

"Piecemeal announcement would utterly confuse and misguide
the customer in his planning. He could not make the best
selection from the available models until all the models

are announced." (Id.; see also Knaplund, Tr. 90486-88;
Brooks, Tr. 22782-84.)

ithousands of tests had been made and "literally hundreds of problems
‘and potential problems" had been identified and resolved. The compon-
ientry, systems and product testing program already completed was more
extensive than the entire program IBM had previously undertaken for
any system. (McCarter, Tr. 88390-93; Evans, Tr. 101065-66, 101082;
iDX 1172, pp. 2, 5; see also DX 4815.)

|
i

_ RCA, Honeywell and GE all announced systems that were, by com-
iparison, in an embryonic stage of development. (See Spangle, Tr.
14997-99; Weil, Tr. 7232-35; McCollister, Tr. 9635-41l.)
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Knaplund testified that he "understood that simultaneous announce-
iment . . . would place an unprecedented load on the development of
'Emanufacturing resources of the product divisions". However, the

| N .
-t advantages outweighed the risks. Since IBM was unquestionably

customers as to the full compatible range, including prices and

(%1

fgcing to produce a compatible line, only by fully informing

rifunctional specifications, could they evaluate properly IBM's
5‘ioffering. "It was my business judgment that partial announcement
%by IBM would result in customer confusicn, superseding orders
ifollowing subsequent IBM announcements, and churning of the order
ébacklog in IBM's production schedules." (Rnaplund, Tr. 90486-88.)

The March or April announcement dates recommended by

[N

tEvans and Brooks were virtually mandated by the first shipment

(7]

;dates planned for the 360 processors, which ranged from June

11965 for the 2030 to January 1966 for the 2070. (See JX 38,

Ly

+11 24.) It was "generally industry practice on most computer systems
%at that time to announce a system at least a year, and frequently as

Emuch as two years, ahead of the actual first delivery".* (Weil, Tr.

w N m

E7064; see McCollister, Tr. 9635, 9641, 9646; Hangen, Tr. 1l0761-62;

ip

éKnaplund, Tr. 90483-84; PX 355, pp. 33-36; PX 2226A,pp. 13, 19, 27;

5

'PX 2432, pp. 19, 22, 28; DX 573; DX 4769; DX 4774; DX 8962.)

~z
o)

“

K

_ * There were "practical reasons" for this procedure from both the
imanufacturer's and the customer's viewpoint, each of whom needed time
{to prepare for delivery and installation. (Weil, Tr. 7064-65;
iWwithington, Tr. 58738-46; J. Jones, Tr. 79034-36; Akers, Tr. 96537-40;
DX 3726.)

]
]

[\ ]
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Such lead time was particularly important in the case of

System/360. Thus, Brooks wrote in January 1964: "The breadth of
System/360 and the number of innovations, particularly in gross
systems concept, will require substantial lead time between announce-

. ment and proper installation-" (DX 1172, p. 1l; see also DX 3726;

g

DX 4815.) That time would be necessary to:

(1) permit customers to replan their applications and take
aanntage of 360's new concepts such as file orientation,
communications facilities and large memories;

(2) permit customers to assimilate the "sheer amount of new
abilities, new options, new specifications, and new prices”
that 360 would provide and select the best configuration of

; equipment to perform their applications;
3{ (3) permit IBM and customers to educate their personnel and
| .

prepare them for proper installation and maintenance

‘ of 360;

1 (4) permit IBM to avoid deferreé installations and conse- .
quential inventory build-ups:;

i - (5) permit customers to determine the need for and submit

RPQs for special requirements; and

(6) permit customers to prepare their physical sites for 360

installation.
| (Withington, Tr. 58738-46; J. Jones, Tr. 79034-36; XKnaplund, Tr. 90483~ |
188; Akers, Tr. 96537-41; DX 1172, pp. 1-2; DX 3726; DX 4815.) As

éSouthern Railway's President was advised by his EDP staff in 1964,
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ri "there is always a year to 18 month delivery lag from’ordering to

E delivery. This amount of time is usually . . . required for planning
| and programming”. (DX 3726.)

i ' Over the course of the NPL development, there were numerous
- proposed announcement dates considered by various IBM personnel,
ranging from mid-l§63 to mid-1965. (Brooks, Tr. 22796; JX 38, ¢ 15,

i pP. 8; PX 1079; PX 1092; DX 1404A, pp. 57, 70, 119 (App. A to JX 38);

| DX 4782; DX 4786; DX 4790; DX 48l4; DX 4815.) In December 1963, Paul

Knaplund was assigned responsibility for assembling the technical
Eevaluations, forecasts, cost analyses and profit projections that IBM
Etop management would need to address the 360 announcement decision.

Beginning in January 1964, he conducted weekly meetings with IBM line

and staff management to identify and assess the magnitude of outstand-
ing problems and outline programs to solve those problems, so that he
and they would be prepared to make judgments and advise top management

on the advisability of proceeding with the 360 announcement. (Knaplund,

iTr. 90474-77.)
On March 18, 1964, IBM Chairman T. J. Watson, Jr. made the
ifinal decision to announce all of the models of the new line simul-

%taneously on April 7, 1964. 1IBM's Product Test Department did not

isupport the April 7 announcement--all other departments whose effort

‘was required to provide the products, features and services offered in

Lom s

;the Svstem/360 announcement did support it. (Gibson, Tr. 22648;

EBrook:, Tr. 22799-800; Hughes, Tr. 34003; Knaplund, Tr. 20483, 90493;

}

'E. Bloch, Tr. 93311; JX 38, ¢4 18, 22; DX 1165; DX 9161.)
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Evans, Brooks and McCarter explained the organization and

role of the Product Test Department, in addition to all the other
.~ testing that was done at the time within IBM; how IBM management
used the Product Test position to isolate problems and challenge

the product deveiopment personnel to determine how they would solve

g ——

those problems; and how Product Test, after it took its non-support

position, later supported the shipment of System/360 to IBM's

customers. {McCarter, Tr. 22568-70, 88362-93, 88434-55; Brooks, Tr.

22786-88, 22850-53; Evans, Tr. 101065-66, 101083-95, 101174-78;

B w 0 v & wm p v pop

PX 2126, pp. 2-5, 35-37; PX 4005; DX 1165; DX 1172, pp. 2, 5; DX 1409; -

DX 4815; DX 8083.) As G. B. McCarter* testified,
"It did not follow from Product Test's non-support of
March 16, 1964, that IBM could not or would not deliver what
it committed to customers. . . . To the contrary, Product
Test's input was one of the mechanisms, like internal targets,
designed to ensure that it would." (Tr. 88404.)**
In fact, the processors announced on April 7, 1964, were
1 all shipped on or before the dates estimated for shipment at
announcement, except that the 2060 and 2062 on the one hand, and

the 2070 on the other, were superseded by faster memory versions

* McCarter was DSD Manager of Product Test, and was the person who
i presented the position of the Product Test organization for all IBM

fgdivisions to IBM management prior to System/360 announcement. (McCarter!
1 Tr. 88373, 88380-81l.)

** Prior to 360, there had been numerous occasions on which IBM

{ announced products without Product Test support, including the 1403
iprinter; 1302 disk £ile; the 709, 7090 and 7074 systems; and more than
two dozen software programs. (McCarter, Tr. 88371-72, 88602-05; Evans,
tTr. 101093-94; DX 4768; DX 7680; DX 900S5.)
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called the 2065 and 2075, respectively, which were deliveréd on or
before the dates planned for their predecessor processors in April
1964. (JX 38, 4 24.) Those first shipped systems, as planned, were
made available with the simpler operating systems offered with 360.
(Brooks, Tr. 22853.) However, as we mentioned earlier, there were
"significant schedule slippages in 0S/360 software", (the most ad-
vanced operating system for 360) which meant that some customers
"received the full annocunced capabilities laéer than originally
planned". (JX 38, ¢ 25; DX 4740: Evans, Tr. (Telex) 3933-34; Welke,
Tr. 19410, 19631; see also Enfield, Tr. 20947-48; PX 4834, p. 23.)
The problems with 0S/360 occurred even though Product Test "cumula-
tively did more testing of 0S/360 than we ever had before for any
set of programs for a particular system" (McCarter, Tr. 88390-93),
and despite the fact that IBM's programmers believed prior to April
7, 1964 that they could produce 0S/360 "in the way that it was ori-
ginally intended". (McCarter, Tr. 88390-93; Evans, Tr. 101119; DX
5609.) 1IBM, like the rest of the industry,* misjudged the "enormous
complexity" of developing complex operating systems. (Perlis, Tr.
1320, 2001-03; Spangle, Tr. 4997-99; Weil, Tr. 7215-21; McCollister,
9696-98; Welke, Tr. 19281-82; Brocks, Tr. 22762-63; Withington, Tr.

55914, 56729-30; McCarter, Tr. 88390-92; Evans, Tr. 101119.)

*Wwithington testified that "all manufacturers attempting the most
advanced systems programs in that time had difficulties”. (TR 567294

30.) For example:

(2) Burroughs announced but never delivered the B8500 and
B7500, in part because of software problems. (Perlis,
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System/360, which made hardware testing easier, as already discussed

In a way, the modularity and standard interface of the

(b)

(c)

(d)

(e)

(£)

Tr. 1320-21, 2001-03; Withington, Tr. 56599-600.)

Univac was compelled to dela¥ the introduction of
its EXEC 8 operating system for two to three

years. (Perlis, Tr. 2001-03.) Earlier, Lawrence
Livermore Laboratory was compelled to rewrite "com-
pletely" the software that Univac had provided with
the LARC computer because the Laboratory was "not
satisfied with it". (Fernbach, Tr. 517-18.)

Xerox "had difficulty producing the UTS [operating]
system that [it] had announced". UTS was delayed

for several years, costing XDS several millions of
dollars in revenue. (Perlis, Tr. 2001-03; Currie, Tr.
15303, 15352-54.) XDS also experienced delays

in its X0S operating system. (Currie, Tr. 15704.)

The MULTICS operating system was never delivered
by GE, even though GE, MIT and Bell Labs believed
it could be feasibly designed. Honeywell finally
completed the development three years behind the
original schedule. (Weil, Tr. 7232-35; Wright, Tr.
13373-76; Withington, Tr. 56730-31l.) GE also

had difficulty in making GECOS perform to their
customers' satisfaction. Three different versions
were eventually constructed, and none ever met the
advertised capabilities. Because of those diffi-
culties GE withdrew its Models 625 and 635 from
the market for a year or two in late 1966 or early
1967. (Weil, Tr. 7215-21; Withington, Tr.
56730-31.)

The Honeywell 8200 was unsuccessful, in part,
because of software development difficulties.
Honeywell had to spend "large amounts of money,
more than we had planned" to develop the soft-

ware. (Spangle, Tr. 4997-99.) ' Honeywell also

took longer than anticipated to develop its
Series 60 line because of "difficulties in

developing software and microprogramming”.

(Spangle, Tr. 5008.)

RCA's TSOS was delayed "on the order of six to
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;(see above, pp. 360-62), made software testing harder. It allowed
;?customers great flexibility in the range of configurations which they
;gcould choose, and that, coupled with the wide variety of ways in which

ﬂOS/360 could be used, led to "a very complex hardware-software system"

r

;whiqh was literally impossible to test adequately. (McCarter, Tr.
188544-45.) As Enfield testified:

E "Systems software by its nature cannot be adequately tested

rf in a single environment but must in fact be tested . . .
3§ in a user environment in order to establish the many
: different types of configurations, the many different types
; of generation options, the many different types of operat-
3{ ing environments. '
g
!
lf "If you were to take the various permutations of the
i options available to the user, the number of different
2! tests that would have to be performed [in testing systems

software] would exceed the time available for testing.

. I am talking about millions of different permutations and

: combinations of features that can be selected by the users.
& To test in each of those environments would preclude the
issuance of first release of any operating system . . .

. [b]lecause as scon as you got around to testing the 999, 000
i somebody would come out with another option and you'd have

L)

in

.5; to go all the way through it again." (Tr. 20294-97; see also

f Perlis, Tr. 1347-48.)
7 '

1 Only by expending "considerable internal efforts" was IEM
8
=

: twelve months, possibly more", and performed poorly
g and unreliably. (McCollister, Tr. 9694-95, 9707-08;

' Rooney, Tr. 12132-34.) RCA's VMOS also experienced
AR delays, which were estimated to constitute a "poten-

i tial problem" of some $2 million in monthly rentals from
M lost accounts plus a loss from delayed installations of
T $3 1/2 million. (Rooney, Tr. 12335-36, 12349-50, 12358;

Conrad, Tr. 14088-89, 14133; DX 872, p. A.) The
difficulties with and instability of TSOS/VMOS
"endangered [RCA's] position with any-customer who
had equipment on order and who planned to use this
operating system". (McCollister, Tr. 9704-05,
9710-11.)
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; able to remedy the problems with 0S/360--but IBM did so and provided
customers a "very sophisticated, very complex software system, a
software system that permitted the customer a great deal of flex-
 ibility . . . the customer could do a great deal with a minimum amount
| of effort”, which in turn caused System/360 "to show steadily in-
creasing performancé relative to competition and remain saleable
longer". (Perlis, Tr. 1887-88; Palevsky, Tr. 3180; Rooney, Tr. 12576;
Currie, Tr. 15186; Welke, Tr. 17308-13; McCarter, Tr. 88389; PX 1900,
Epp. 3-4, 8; PX 4833, p.l6; PX 4834, p. 23.)

b. 360's Success and Impact on IBM. System/360 was

:launched on April 7, 1964, and the internal doubts about its reception
Ewere soon dispelled. (See RKnaplund, Tr. 90515; DX 4740: Evans, Tr.(Telex)
;3932-33.) Orders for the systems "far exceeded IBM's forecasts"

t (Gibson, Tr. 22636-37; Case, Tr. 73258; Knaplund, Tr. 90547; Evans,

' iTr. 101123; Cary, Tr. 101780-81l; JX 38, Y 28; PX 1900, pp. 7, 10;

;DX 9331) and exceeded by thousands IBM's production plans which were
?based on those forecasts:

Estimated and Actual Production Versus

Gross Orders Booked for System/360 Models
Announced on April 7, 1964

n

Gross Orders

Estimated Actual Booked
11965 589 668 4,487
11966 2,897 3,132 - 4,526
11965 & 1966 3,486 3,800 9,013

i (combined)
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(JX 38, ¢ 28.) By October 1966, IBM's 360 order backlocg represented

an income of "almost three times . . . [IBM's then-current,] worldwide,
i annual sales of all products". (PX 1900, p. 10.)

As we discussed<earlier, IBM management authorized sub-
ifstantial increasésAin plant capacity prior to 360's announcement in
order to meet anticipated production and delivery requirements--
including the establishment of an SLT manufacturing plant in East

‘ Fishkill, N.f., and the addition of a new building at IBM's Endicott,
E N.Y., plant site for the manufacture of SLT cards and boards. (See

i above, pp. 344-45,) It was management's judgment that these manufac-

§ turing capacity increases "adequately provided for the cdmponent

E and box production volumes required to support the System/360

} announcement together with planned future announcements". (Gibson, Tr.
% 22635-37; Knaplund, Tr. 90545-46; E. Bloch, Tr. 91895-96; DX 7691,

4 P 4; DX 9333.) However, because the total orders were far beyond

g what was forecast and because larger size processors and more memory
f.and peripherals than anticipated were being ordered, the ﬂemand for

g SLT modules also far exceeded IBM's expectations. (Knaplund, Tr.
2390547; E. Bloch, Tr. 91899-906; Dunlop, Tr. 94774-75; DX 9331; DX
19332; DX 9333; DX 9334.) By May 1964, only a little more than one

1 month after announcement, the projected "pMaximum annual Mdule Re-
3qﬁirements" had increased from 70-90 million to 130-190 million. (DX
19331; see also E. Bloch, Tr. 91899-900, 91905-06; Dunlop, Tr. 94774-
1 75; DX 9332; DX 9333.)

! It was plain that the manufacturing capacity planned at
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i announcement would be insufficient and IBM began moving to meet the

} increased demand. By the third quarter of 1964 additional coméonent

% production capacity was approved as an addition to IBM's Burlington,
"Vermont, plant site, and plans were initiated for additional assembly
 plant locations. By the end of 1964, IBM top management had approved
:expansion of the Federal Systems Division's Owego, N.Y., plant "to
;increase manufacturing capacity for SLT cards and boards"; and in
;the first part of 1965, two new plant sites in Boulder, Colorado,

i and Raleigh, North Carolina, were approved "to increase IBM's
:overall EDP manufacturing capacity". (Knaplund, Tr. 90547-48; E.
Bloch, Tr. 91905-08; Dunlop, Tr. 93670; PX 5771, p. 28; DX 9038.)

In addition, IBM provided special tools and training to Texas Instru-
ments employees so that Texas Instruments might serve as an additonal
,séurce for SLT components. (E. Bloch, Tr. 91908.)

By October 1965, IBM announced that it was "completing more
than three million square feet of new manufacturing space" to meet
?requirements for System/360--including plants in Boulder, Colorado;
%Raleigh, North Carolina; Montpellier, France; Vimercate, Italy; and
iexpansions of existing facilities in Owego, Fishkill and Endicott, New
?York; Burlington, Vermont; and San Jose, California. (DX 9038.) New
'plants were later added in Boca Raton, Florida and Brooklyn, New York.
i (Dunlop, Tr. 93670.)

IBM also began hiring substantial numbers of new employees.
|Between year-end 1964 and year-end 1967 IBM increased its work

force by approximately 50%--adding more than 70,000 new employees.
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(PX 5771, p. 3; DX 13680, pp. 3-4; see also Knaplund, Tr. 90549-50;
Dunlop, Tr. 93670; DX 4740: Evans, Tr. (Telex) 3934.) Evans testi-
fied that it was "an enormous job" to get the supply of parts flowing
hire the people and train them in order to meet 360 commitments.

At one point, IBM "even rented a circus tent to temporarily store
parts" until more permanent facilities could be secured. (Xnaplund,
Tr. 90549-50; DX 4740: Evans, Tr. (Telex) 3934.)

In January 1965, IBM combined all product division manu-
facturing functions in a single manufacturing division. It was
believed that "by unifying responsibility for scheduling and produc-
ing all the principal System 360 equipment, . . . manufacturing effi-
ciency could be increased and information flow accelerated”.
(Rnaplund, Tr. 90548-49.) The Systems Manufacturing Division (SMD)
was thus created, with former GPD President C. E. Frizzell at its
head. (Id.) By June 1965 Frizzell reported to IBM management that
the production buildup would enable IBM to meet product shipments
committed to customers. (Knéplund, Tr. 90550-51; DX 1154; DX 1155;
see also E. Bloch, Tr. 91915; DX 9333.)

Within a few months, however, an "unforeseen" technical
difficulty developed in the production of SLT technology. (Xnaplund,
Tr. 90551-52; E. Block, Tr. 91915-18.) The problem took about three
months to sold, despite intensive efforts by IBM to dc so, and the
delay put IBM several months behind the schedule for SLT production
needed to satisfy existing customer commitments. (KRnaplund, Tr.

90551-52; E. Block, Tr. 91917-19.) This was reported to IBM Chairman
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Watson, who immediately informed IBM's Board of Directors and issued
a public statement advising that "during 1966 most System/360's

will be delivered 60 to 120 days later than originally scheduled”.
(Knaplﬁnd, Tr. 90551-52; DX 9038.) Knaplund testified that, but

it for the unanticiéated production problems, System/360 shipments at
that point "would have continued on the committed plan". (Tr.
90552-53.)* In the end, although many 360 hardware deliveries were
made as scheduled and committed, there were some significant schedule
slippages despite all of IBM's efforts to prevent them. (See
Knaplund, Tr. 90849-54; JX 38, ¢ 25.)

The production, delivery and installation of System/360
required a2 massive effort on IBM's part, which placed a severe
strain on the corporation. (Cary, Tr. 101359-60; PX 1900, pp. 4, 8;
DX 4740 : Evans, Tr. (Telex) 3932-34; DX 8886, pp. 107-08, 1ll: DX 13677,
: . 5; DX 13678, pp. 6-7.) In November 1965, Watson wrote to all
IBL: managers: "We're carrying out an assignment that in many
respects is one of the largest and most complex ever given to an -
industrial electronics organization--almost a complete replacement
; of our principal product line". (DX 8886, p. 107.) It was a task
! that some in IBM likened to "trying to swallow an elephant”.

(Cary, Tr. 101359.)

As we have discussed, IBM had to build new facilities and

.

* Despite the problem, IBM's SLT output for 1965 was higher than
that planned in April 1964; IBM was also able to achieve a 74%
increase of production in 1966 over 1965. (Knaplund, Tr. 90943-46;
i E. Bloch, Tr. 91917.) 1In May 1966, the 2,000th System/360 was
i shipped. (JX 38, ¢ 27, p. 10.)
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hire and train many new employees. The size of the job was com-
pounded by the software difficulties with 0S/360. 1IBM placed a

"top priority" on the solution of those problems and, at its peak,

[
i had over 1000 people working on 0S/360. Some 5000 man-years went

into its design;hconstruction and-docﬁmentation between 1963 and
1966. (PX 468, p. 31; DX 13677, p. 7; see also DX 4740; Evans, Tr.
(Telex) 3932-34.)

Thé breadth and complexity of System/360 together with
the new, advanced applications for which it could be used required
IBM to provide "the most extensive total programming systems support
ever developed". (DX 13677, p. 7.) It also meant that IBM would'
have to provide customers more assistance than ever in installing,
understanding and applying 360 and all its revolutionary new concepts.
(Case, Tr. 73590; Evans, Tr. 101127-28; DX 1172.)

The need to expand gquickly to meet the unforeseen explo-
sion in demand for 360, to hire and train new employees and to
support customers in their installation and use of the new systems
placed "tremendous capital demands" on IBM. (Cary, Tr. 101525-26;
DX 8886, p. 111; DX 13677, p. 5; DX 13678, P. 7.) During 1964 IEM
had prepaid $160 million in debentures and promissory notes. (PX
5771, p. 36) As a result, it did not have sufficient money on hand
éo finance the required expansioh and had to raise it. In 1966 IBM
raised approximately $371 millicn through an equity offering, the
first such offering since 1957. (DX 1383%, p. 20; DX 13678, p. 39.)

IBM Chairman T. J. Watson, Jr., explained to IBM's stockholders:
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"Because of the plant construction program and the

System/360 production build-up, 1966 required a

worldwide investment of approximately $1.6 billion in

rental machines and parts, factory, laboratory and

office equipment, and land and buildings. To help

finance this expansion in our business, additional

capital stock was ocffered to stock holders last June.

$371 million of new capital was raised in this

manner."* (DX 13678, p. 7.)
In 1966 and 1967 IBM raised its lease prices and decreased purchase
prices by 3 percent. (PX 4481A, p. l1.) A "major consideration"
for the change was "to encourage purchase, and thus, increase the
amount of cash needed to finance higher-than-anticipated demands

IBM's multi-billion dollar investment yielded fantastic

rewards, changing the face of IBM and of the computer industry for
all time. Chairman T. J. Watsoh, Jr. called 360, at the time of
announcement, "the most important product announcement in company
history”. (PX 1900, pp. 7-8.) He could not have been more right.
System/360 was a "phenomenal success", perhaps the greatest "in the
history of American industry". (Cary, Tr. 10178l.) As we have
already seen and as IBM's current Chairman, Frank T. Cary, testified,

"customers loved it", and "ordered it in gquantities way beyond

* In 1965, IBM had reported that "the plant expansion program
and System/360 production required a record worldwide investment of
$1.1 billion in 1965 for rental machines and parts, factory and
office equipment, and land and buildings". (DX 13677, pp. 6-7.)
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anything that we had anticipated". (Tr. 10178l.) 360 shipments
exceeded by more than double the estimates made prior to announce-
ment. (Case, Tr. 73258.)

The effect on IBM was profound. At year-end 1963, when
the production buildup for 360 was begun, IBM employed 138,281
people worldwide (PX 5771, p. 3); by year-end 1969, IBM's employ-
ment had nearly doubled--to 258,662. (DX 3364, pp. 3-4.) Over
that same périod, IBM's manufacturing floor space in the United
States climbed from just over six million square feet to more
than fourteen million square feet--more t@an double. (DX 13963
DX 13964 , pp. 1-3.) At year-end 1965, before volume shipment of
360 had begun, IBM had wdrldwide revenues of $3,572,824,719 (DX
13677, p. 5);‘by year-end 1970, IBM's worldwide revenues had
increased more than two times, to $7,503,959,690. (PX 5767,
p.3.) Just prior to the 360 announcement, IBM had approximately
11,000 systems installed in the United States. By the time 370
was announced, that number had tripled to approximately 35,000.

In the interim IBM's corporate growth, revenue and profits were

"way beyond anything that [IBM] had anticipated"”. (Cary, Tr. 1013€0,

101781; DX 4740, Evans, Tr. (Telex) 3934-35.)
These numbers demonstrate the extent to which IBM's
'success, as it stood on the threshhold of the 1970s, was the

result of an overwhelming acceptance by users of System/360 and
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of IBM's ability to put the system into production and install it
in unprecedented and unforeseen numbers. As T. V. Learson wrote
in October 1966:
"Observers have characterized the 360 decision as perhaps
the biggest, in its impact on a company, ever made in
American industry-—far bigger even than Boeing's decision to
go into jets, bigger than Ford's decision to build several
million Mustangs.

"IBM has certainly not been the same since, and never
will be again". (PX 1900, pp. 8-9.)
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36. Initial Competitive Responses to Svstem/360. The

1 System/360 announcement and its subsequent success provoked a host
! of competitive responses from a variety of different sources, including
~systems suppliers, leasing coppanies, peripherais manufacturers and
| software houses. 'As we discuss below, System/360 spurred the rapid
growth of leasing companies, software suppliers and peripherals
suppliers in particular, and each applied increasing pressure on IBM
i @s they grew in strength. In this section, we review the more
immediate actions taken by a number of systems suppliers. (These
actions are discussed in more detail below) pp. 377-84.)

We saw above how, by the time of the System/360 announcement,
IBM's earlier computer lines had been "leapfrogged" by competition,
and how System/360 gave IBM a price/performance advantage over

competitive machines. Indeed, as Knaplund testified, it was understood

that the price/performance advantage of System/360 as measured by

IBM employees understated the true superiority of System/360 compared
;to competitive offerings.* (Tr. 90503-05.) The System/360 announce-
:ment, therefore, forced IBM's competitors to reducevprices or

increase performance in order to remain competitive. Weil of GE

1said in June 1964:

"The entire competitive picture in the information
processing business at this time in 1964 is characterized

} * According to Knaplund, the methods available within IBM at the
lime for making price/performance comparisons could not adequately
tevaluate several advantages of System/360: the use of disks, the
limproved reliability, the factor of compatibility and the software
‘support. (Tr. 90504-05, see Tr. 90506-09.)
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by the impact of the IBM System/360 . . . announcement and
by the reaction to this announcement of ocur competitors.

"
- e . .

A "The System/360 is an excellent product line with out-
standing peripheral offerings." (PX 320, pp. 12-13.)

i The result, according to Weil, was that it was "no longer possible
to offer equipmentvwith a significant advantage over IBM". (Id.,

p. 14.) 1In July 1964, Learson reviewed the price reductions in the
industry that had taken place since the System/360 introduction and

wrote:

"There can be only one conclusion; namely, the cost/
performance of computers today is less than it has been
and . . . the price structure surrounding the main body
of our line is threatened by: (a) Present day costl,]
(b) New technologies, as typified by NPL[.] Perhaps
what we are missing is that NPL was a price reduction of
30-50%, so that competition is forced to come along with
us." (DX 1525.)
And they did, with price reductions, product annocuncements or both.
In order to be cdmpetitive, most companies tried to price their
! products to achieve anywhere from a 5 to as high as a 40 percent
i price/performance advantage over IBM's 360 line. Despite the
i acknowledged difficulties of comparing the performance of systems
(see, e.g., Palevsky, Tr. 3269-71; McDonald, Tr. 4207), such a
: pricing policy was common among competitors, who felt they needed to

; offer something better than IBM to attract customers. (See below, V ‘

fpp. 377-84) IBM monitored these reactioné in some detail, and undertook

? to respond. ' 2
a. RCA. RCA both reduced prices on its current products

| and shaped its planned new announcements in reaction to 360. f
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In approximately May 1964, according to internal IBM reports, RCA
reduced the price of its 3301 between 20 and 35‘percent. (PX 2956,
p. 1; DX 1525; see alsoc PX 4829, p. 19.) Within IBM the price

reductions were seen as "drastic", as "the first significant com~

| petitive reaction to System/§60“ and as making "the 3301 very

competitive in the model 40/50 area". (PX 2956, p. l.)* Withington
wrote that the "primary reason for the price reduction . . . would
seem to be a-requirement for a competitive product during the interim
until RCA announces its 'counter-360' efforts". (PX 4829, p. 19.)
Soon after, RCA announced the Spectra 70 Series, which was

designed to be compatible with the 360 line. (See below, pp. 551-58.)

The preliminary design of that series had started in 1963, with
"[m]ajor design efforts; . « « under way by the latter half of '64".
(Beard, Tr. 8459; see p. 551 below.) The strategy of compatibility
with IBM equipment had been considered prior to the 360 announcement
(Beard, Tr. 9113-14), and was firmly decided "within two weeks,
é'three weeks at the most, after the announcement". (McCollister, Tr.
59630.) By making its Spectra 70 compatible with IBM's System/360,

RCA hoped to be able to persuade 360 users to move to Spectra: it

'was "aimed primarily at the IBM 360 series range of computers".

ﬁ(Beard, Tr. 8459; see pp. 552-58 below for a fuller explanation of
]

j this strategy.)

P

' * In July 1964, Learson interpreted the 3301 price decrease as
something forced upon RCA by the "bad price/performance ratio" of the
{13301 product and its failure to sell. (DX 1525.)

wn
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Within IBM the announcement of Spectra was noted in a
memorandum from C. E. Frizzell, President of GPD, to T. J. Watson,
Jr. Frizzell wrote that the series offered better price/performance
L than IBM in CPU-memeryvspeed, magnetic tapes and high speed printing
' but assured Watson that he was "moving rapidly ﬁo meet this challenge
and expect to respond effectively in the very near future". (DX
960.)
b. GE. Weil testified that at the time of the 360

| announcement, GE assessed 360 as a "very strong and very competent"
%,competitor to its current system, the GE 400. (Tr. 7060.) As
| noted earlier, his own assessment in 1964 was that it was "no longer
% possible to offer equipment with a significant advantage over IBM".
(PX 320, p. 14.) Then he reported at the same time (June 1964) that
_évGE was planning to announce a new series of magnetic tape units
f "which will permit adjustment of our 400 line system prices to
i increase our competitiveness". (Id., p. 16.) IBM sources reported
%'that GE did reduce prices on the 400 in reaction to System/360.
§ Learson wrote in July 1964:
?: "GE has not officially reduced prices, but they
; are selling their 400 line at 18% off. They have also
reduced their extra shift to a 10% charge.

"Further, GE is selling their 635, a competitor to
the 7094, at no extra shift charge." (DX 1525.)

A September 1964 Competitive News Release from the Data
EProcessing Division's Commercial Analysis'Department confirmed

' price reductions of 8%-15% and went on to say, "The price
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reduction gives the GE 400 a price/performance advantage over com-
parable System/360 configurations." (PX 2966, p. 3.) However,
Knaplund felt that the price reductions were necessary for GE to
remain competitive after §ystem/360. (Id., P. Rl; see below, pp.
490-93.) A subsequent nrice/nmerformance evaluation made within IBM
concluded: "While the recent price reductions have improved GE's
position, the System/360 Model 30 retains its price/performance
superiority." (DX 13445.) o

General Electric announced its 600 series in the summer of
1964. Although planned long before the 360 announcement to displace
IBM's 7090 and 7094 computer systems (see below, »p. 493-505), GE
called the 600s a "family . . . for business, scientific and real-
time use". (DX 491, p. 1.) Weil had compared the 600 series against
the 360 line in a June 23, 1964 internal GE presentation and con- ‘
cluded that the 600 is "either just a little more favorable or just
a little less favorable than comparable members of the 360 series.
We are, however, able to deliver our equipment a year earlier than
IBM". (PX 320, p. 16; see below, pp. 493-505.)

GE saw itself as being able to capitalize on one of the
risks IBM had taken with the 360--the risk involved in making the
older lines obsolete. Weil testified that the computer group at GE
Qas "initially at least overjoyed with what had occurred because it
meant right at the time we were introducing a system designed to
displace 7090s and 7094s, IBM had itself abandoned the 7094 and 7090

computer series and brought out an entirely different computer series,
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; and it was our belief at that time that it would be easier, if you
i were a user, to convert from the 7090/7094 to the 600 series than it
would be to convert to IBM's new 360 series. We regarded that as a
é fortuitous occurrence and potentially to our advantage." (Tr. 7060-61.)
§~The user of the 7094 was "forced . . . to either go to a 360 or o
E some other competitive system, and we were sitting there with a system
designed to make that conversion as easy as possible."” (Tr. 7062.)

c. CDC. According to Weil, CDC also reduced prices in
| response to System/360. (PX 320, p. 16.) At IBM, Learson analyzed
CDC's behavior as follows:

i "CDC followed [360's pricing] with a price reduction
5 of their 3600, which was no longer competitive with the

| 360-Model 70. In dropping the price of the 3600, they

! had to keep their deck of cards in order and so moved the
3200 and 3400 downward. Reductions of 20-40% were made.”
(DX 1525.)

And Withington wrote:

i "Control Data's main reliance is on price; apparently
| its intention is to provide a lower cost answer to every
System 360 model. After the System 360 announcement, the
price of every existing Control Data computer was reduced,
and the prices of the later models are still lower. . . .
This should ungquestionably help Control Data's position
because . . . the market is becoming increasingly price-
conscious." (PX 4829, p. 21.)

i Several months later, CDC announced new members of its

current product lines--the 6000 and 3000 series. The formal

announcement of the 6400 (a "scaled down" 6600) and the (never

L R e e o

idelivered) 6800, to go with the existing 6600, was made in mid-
|December 1964. (Norris, Tr. 5626, 5965-67; DX 319, p. 1.) The 3300

(and 3500 were announced in 1965. (PX 355, p. 35.)
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d. Sperry Rand. Sperry Rand came out with new products

in short order after the announcement of System/360. Two weeks
after the 260 announcement, Univac management met to consider the

. Univac Product Line Strategy. They decided to enhance and expand

| the 1050 program to provide a compatible line of systems from the
1004 through the 1050 Mod V. (DX 14, p. l.) Learson reported in

1 July that Sperry was "announcing new models of 1050 and 1004 where
the price/performance ratio is not following the historical trend in
the original announcement, so they are, in effect, using this as a
method of price reduction". (DX 1525.) Univac management also
decided to extend the 1107 program to the 1108 and 1109, which were
i to be program compatible upwards with the 1107, for large scale

fusers. (DX 14, p. l.) 1In mid-1964 Sperry Rand announced its 1108

b

1at a price which Withington described as "impressive when compared to
{ that of the System 360". (PX 4829, p. 20.) Withington wrote that,
h'in terms of price/performance, "IBM's initial offerings in the 360

{ line were inferior to it". (PX 4830, p. 22; see below, PD. 477-80.)

+ (We shall see later IBM's response to this rather quick "leapfrogging”.)

w w4 m

5 By 1965, Univac's Product Line Task Force was contemplating
1 the introduction of an entirely new product line in reaction to

iSystem/360. It faced a dilemma in that two of the three models

funder development were likely to benefit from new technological

- =%

2developments if their development could be delayed, but waiting
lwould have meant that a full family could not be announced at one
!

jtime. (DX 16, p. 2.) Univac finally compromised and announced the
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9200 and 9300 (rather than an entire family). (McDonald, Tr. 3821;
DX 70, p. 9.) These systems "aimed at compatibility" with 360

(Eckert, Tr. 908) but achieved it only in part. (See below, pp. 480-86.

T NI
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e. Burroughs. Burroughs also responded with a new

product introduction. In August 1964 Burroughs announced the B5500

o

a

(PX 2082, p. 95), "a more powerful successor to the earlier B 5000",
7 | and what was to become the first member of the 500 System family.
8 (PX 4829, p. 22.) Withington described the B 5000 family as "incor-

92 porat[ing] very advanced design features, facilitating the use of

i compilers and executive programs", but he concluded that "Burroughs

10 |
lLé apparently has not attempted to answer the System 360 across the
Lzé board". (Id.) By 1966 Burroughs had turned the 500 family into "a

| major new product line" (PX 4832, p. 21), adding the B 6500, 2500
and 3500 to the 5500 and the very large (and never delivered) 8500.
(Id.; DX 10262, p. 8; see below, pp. 644-50.)

f. Honeywell. After the 360 announcement, Honeywell took

iin 1964 with what it termed "the first computer to use monolithic

(N

f6: its successful 200 system and turned it into a compatible "family of
:7% computer systems": the 120, the 1200, the 2200, the 4200 and the
‘sitSZOO. (DX 13849, n. 27; see below, on. 619-29.) Honevwell also
lsE'{abandoned its attempts to develop a mass storage system after the
20;%2311 introduction and began buying disks OEM.
Zl;i ' g. SDS. SDS announced successive new products beginning
ZZE

2

.integrated circuits, the SDS 92" (DX 44, p. 5), and eventually, the

[N
(£

Siqma series, which was announced beginning in 1966. (Palevsky, Tr.

:
!
y
i
1
;
|
{
i

(AN
tn
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3223-24; see below, pp. 703-04.) A nress release at announcement stated

that "Sigma . . . represents the first family of computers with an

.-

? entirely new design since the IBM 360 announcement" (DX 52, p. 1),

L and, as IBM had done with 360, SDS stressed the new line's universal

applicability. (See below, ppn. 704-05.)

(¢}

~

n w w
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37. IBM's Responses (1964-66). With competitors responding

rapidly to the initial System/360 announcements, IBM was soon faced
with the need to respond in turn.or lose the competitive advantage it
had obtained by the introduction of System/360. It chose to respond.
IBM did so by introducing new products, improving existing
products and lowering prices. This section discusses IBM's initial
responses,* particularly IBM's reduction of extra shift charges,
improvement 6f memory speeds, announcement of improved tapes and
disks, introduction of the Model 20, and development of the Models

44, 67 and 90.

a. Reduction of Extra Shift Usage Charges. At the time of

the System/360 announcement, IBM was charging its rental customers a
flat rate for 176 hours of computer use per month-~the Monthly Avail-
ability Charge, or MAC. For use beyond that number of hours, an
additional use cﬁarge was billed at a rate of 40% of the per-hour MAC
rates. (DX 14295, p. 44.)

One of the ways that competitors responded to 360 was by

reducing or eliminating charges to customers for using machines on

{ extra shifts. An IBM Wins and Loss Report for June 1964 cited "erosion

of extra shift" as one of the most significant aspects of competitive

i announcements since System/360. (DX 13824, p. 2.) On July 29, 1964,

{ Learson wrote that GE had reduced its extra shift on the 400 line to

* IBM's planning for its future products is discussed later. (See

! below pp. 878-922.)
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10% and was offering its newly introduced 635, "a competitor of the
7094", with no extra shift charge at all. (DX 1525.) |

IBM reduced its additional use charge from 40% to 30% on
Augusﬁ 11, 1964, effective fetroactively to July 1. (DX 13823.)
It was not enough, and IBM received pressure for additional reductions.
On August 13, 1964, Evans and others in IBM were notified by DSD's

"We are currently £facing severe competition in the
. medium and large scale scientific areas from such machines as
the GE 625, GE 635, PDP-6, etc. A goodly part of this problem
is due to our additional use charges. GE, particularly, is
offering their 600 series on a 24- hour basis. Even in cases
where we are price competitive on a single shift basis, we
rapidly become non-competitive when additional use is involved.

The 30% extra shift charge is good but not nearly encugh."
(DX 13640, p. 1.) '

In addition, IBM was losing orders to the Honeywell 200,
particularly at service bureaus. In Octocber DPD "fought" for a
reduction in extra use charges to 10 percent, this being, as Cary
wrote to T. J. Watson, Jr., in the beginning of December, one of "the
instances where we have 'screamed' for action". (PX 1265, pp. 2, 4.)

On October 14, 1964, IBM announced a further reduction in its

extra shift charge for System/360 to 10%. (DX 14134.)

b. Memory Improvements. Within two months after 360 was

i announced it became clear that the memory speed of certain IBM systems

had been surpassed by newly announced competitive machines.* A June

.* Even before the announcement of System/360, IBM had been seeking
to include faster memories in certain IBM computers. Evans testified

1l that, for the Model 60, a 3/4-microsecond memory, which he called
: "startling in test", had been planned. However:
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1964 Wins & Loss Report cited "the fast memory speeds of [competitors']

new systems”" as one of the "three most significant aspects of competi-
; tive announcements".* In particular, the memory speeds of the
Er Honeyﬁell H=-2200, the NCR 315 RMC, the Univac 1108, the GE 635 and the
| CDC 3800 were mehtioned. (DX 13824, é. 2.)

Haddad, then Director of Technology and Engineering,
addressed this problem further in a July 28, 1964 letter to Vice
3 HPresidéﬁ; énd Groﬁé ﬁxecuéi&e giﬁécn; - -

"I am becoming increasingly concerned over the possibility
i that some of the 360 machines will be technically obsolete

| before they are delivered. With the recent round of price-

i cutting by some of our competitors, it is even more important

| that our machines remain technically superior.

"There is obviously a strong trend toward the use of

faster memories across the board. This is exemplified by

; the Univac 1108 . . . the NCR 315 . . . the CDC 3800 . . . the
H2200 . . . and the RCA 3301l. . . . All of these examples
appear to give the competitor a memory speed advantage at an

i equivalent 360 machine level." (DX 13825.)

The need to improve memory speed, and with it processor

price/performance, was particularly acute for the larger models of

"As we proceeded down the 360 development program, and so
to make certain that we could deliver what we were committing,
we decided in 1963 or early 1964 to use available memories that
were technologies that were proven and memories that had been in
production. And so instead of one Model 60 with three-quarter
microsecond memory, we made 2 models at that performance range.-
A Model 60 with a two microseccond main memory, and a Model 62

: with a one microsecond main memory and that's what we announced.”
h (Tr. 101111.) '

Similarly, the Model 70 was announced with 2 one-microsecond main

memory because the 3/4-microsecond main memory was not yet fully
} tested. (Evans, Tr. 101112.)

: * The other two were the "magnitude of price cuts" and the "erosion
of extra shift". (DX 13824, p. 2.)
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the 360 line, the 60, 62 and 70. An IBM "Wins and Loss Report" for
August 1964 reported that "there have been no credited orders for
Models 60, 62 and 70 since June and only a few in the uncredited
category”. (PX.3630, p. 2.),

Within IBM it was believed that the Models 60, 62 and 70
compared particularly poorly with CDC's new entries. On October 19,
1964, Ralph A. Pfeiffer, Jr., then Vice President and Federal Regioﬁal
Manager for DPD, wrote to Céry cbmpéring IBM's models to the cDe
6800. (The CDC 6800 had not yet been formally annognced and was

never in fact delivered). He stated his belief that "our model 70,

.with a little less than half the performance of the 6600, rents for

approximately the same amount"” and recommended "that DPD request a
100% performance improvement in the Model 70 with no increase in
rental price and not more than a 20% increase in purchase price".
(PX 1214.) On December 1, Cary recommended that the price of the
one-microsecond memory on both the Model 70 and the Model 91 be

reduced "in order to make our bids . . . more competitive from a
price/performance standpoint". (PX 1256) DX 14504).) Those price

reductions were announced on December 23. (JX 38, pp. 329-30; JX 10,

App- A’ .J'x( 3’ 5' PrR. 2-3-)

That day, DSD President Kennard wrote to A. K. Watson:

"As you know, we have undertaken a number of actions to improve
the product line and to provide specific responses to certain
technical requirements. An example of this is time sharing. We
have redesigned the 2362 1 microsecond memory and released new
models reflecting this redesign. The net effect is a lowering
of the rental and purchase price, and lower systems prices on
S/360 Models 62, 70 and 91.

"We have also determined, through analysis of the requirements
for peripheral I/0 devices, that we could achieve substantial
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operating efficiencies and enhance our price performance by
developing a new multiplexor channel. We have done this and
combined the multiplexor function with the already announced
selector channel function. The net result is reflected in a
potential systems price reduction of from $5,000 to $10,000 per
month. When the new higher speed multiplexor selector channel
(2870) is integrated into our plan, it is apparent that the 2860
price for its function had to be re-evaluated. We have completed
this evaluation, and this has resulted in a lowering of the
purchase and rental price. This price adjustment has been

released to DPD along with the 2870 multiplexor channel."
(DX 13827.)

However, these price reductions were not enough. 1In
Deceémber 1964 Kénnard wrote to Watson and A. L. Williams that the
performance of the 6400, as indicated by CDC, would place it between
the Models 62 and 70 while "[f]ield reports indicate a price somewhat
above our Model S0". He reported that steps were being taken to
improve the competitiveness of those machines, including an increase
in the memory speed from one microsecond to three-gquarters of a
microsecond for the Models 62 and 70. This and other improvement
programs for the Model 70 and Models 60/62 were targeted for release
in January 1965. (DX 14322.)

The coﬁpetitive‘advantage of CDC 6400 and 6600 over IBM
models continued to be a concern. On March 10, 1965, C. B. Rogers,
Jr., then Director of Product Programs for DPD, wrote to Learson:

"The CDC 6600 overpowers our 70 . . . for approximately the

same rental. . . . The new entry of the CDC 6400 . . . clearly.
out-performs our Model 62 by a factor of 2 at a substantially
lower price for both purchase and rental. . . . It is accurate

to say we are in trouble." (PX 138%, pp. 1-2.)

By April 1965 IBM was ready to announce a faster memory: i

e

t the 750 nanosecond (3/4 microsecond) memory. On April 22, IBM announced

i the Model 653 and Model 75, each having a memory speed of three- ?
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quarters of a microsecond. The faster performing Model 65 superseded

the Models 60 and 62, and the faster performing Model 75 superseded
the Model 70.* (JX 38, p. 393.)

c. Tape Drive Impgrovements. Soon after its announcement

. of System/360, IEM also recognized the need to improve its peripherals-
in order to maintain the superiority it had achieved in the 1950s. On
August 21, 1964, the System/360 Compatability Committee reported

that because‘of the nature of 360, peripheral manufacturers could be
expected to market compatible replacements for IBM's peripherals:

"(1) I/O manufacturers, whether independent or divisions
of computer manufacturers, are in a position to market devices
of comparable IBM capacities at approximately 20% less price.

"{2) It appears that I1/0 manufacturers will attempt to
sell tape drives and terminals to System/360 customers.

"(3) There will probably be concerted activity £rom
competitors in marketing I/0 devices on System/360 in the
Federal Government." (PX 3908-A, p. 4.)

They stated that:

"The heretofore heavy emphasis on processor planning as
the criterion for improved price/rerformance should be
re-oriented towards I/O developments. The across-the-
board improvements in price/performance which will be
required in the 1967-68 time periocd will probably be
brought about more by improved I/0O capability than by CPU
and memory improvements. As part of the regular develop-
ment effort, such activity will be necessary in any event
to keep System/360 a viable product line . . . ." (Id.,
p. 22.)

* IBM did not limit its memory improvements to its larger models.

: On January 4, 1965, IBM announced that the memory for the Model 30 had
. been improved, from two microseconds to 1l-1/2 microseconds. (See PX

i 1288, p. 2; PX 1637, p. 2; DX 14135.)
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Technological improvement was additionally important, the

Committee reported, because

"competitors will attempt to market I/O devices, with particular
emphasis on tape drives, directly to 360 users." (Id., p. 24.)

’ Tape drives, in particular, were an area that needed improve-
? ment. A presentation to the DP group staff in November 1964 by a
group headed by C. J. Bashe entitled "Group Staff Review of IBM's
Technological Position in the Marketplace" summarized IBM's position
relative to its competitors from the viewpoint of research and
development. That presentation reflected IBM's unparalleled commitment
to R&D and showed that IBM, in comparison to CDC, Burroughs, NCR and
Sperry Rand, had consistently devoted a larger portion of its revenues
to research and development. (PX 6671, p. 5.) Nevertheless, it
i+ showed areas in which IBM was not ahead. The report concluded:
"We are ahead of competition in some but not all of the
technology areas critically important to system performance.
i We do not have an unassailable position of leadership in any

function." (Id., p. 27.)
It recommended attention to "box-by-box superiority" and concluded
: that half-inch compatible tape drives was an area in which IBM was
"inferior". (I4., pp. 15, 26-27.)

A General Managers' meeting was scheduled by Knaplund for

| December 4, 1964, at which technical managers were expected to report

jon action plans to solve the problems in the areas in which "IBM must

L

| take immediate action to attain technical superiority”". One of the

topics was "[a] superior performance 1/2" tape drive to be announced

tin 19653". (PX 1251 (DX 14503), . 1) This was considered necessary

ibecause:
1
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"We're outclassed in half-inch tape and apparently can't sell
one-inch tape equipment. We need a tape drive that is superior
in performance and acceptable." (Id., p. 4.)

A week later, on December 11, a Peripheral Task Force
reported. This group considered the use of small systems to control
peripherals, as in tape-to-printer or card-to-tape applications.
Such applications were common applications for the 1400 series com-
puters and it was expected that the 360 Model 20 and Model 30 would

also be used for such purposes. But the Task Force believed that IBM

had a problem and could "expect to lose approximately 500 systems [in

that application area] by the end of 1965 with the presently announced

product line", with losses expected to continue thereafter. To
minimize such losses, the Task Force recommended the announcement of
the 2400 series tape drives on the Model 20 "immediately" and stated:

"Low Cost Tape should be announced on the Model 20 primarily to
satisfy the longer term problem (after 1965)."

Further:
"Low Cost Tape on the Model 30 is required to provide more
competitively priced configurations particularly to those
customers requiring 1401 compatibility." (PX 1271, p. 3,
see pp. 6, 8, 12, 14.)

IBM's fears about its lack of technological superiority in
tapes were made even more immediate by additional actions of its
competitors. On December 11, 1964, the same day the Peripheral Task
Force issued its report, C. E. Frizzell, President of GPD, reported to

T. J. Watson, Jr., on the recent RCA Spectra 70 announcement. He

1
listed among the "significant advantages" of the Spectra 70:
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"One-third higher speed magnetic tape drives at equivalent
rentals compared to IBM. . . . Availability of magnetic tapes on
the Model 15 gives them a magnetic tape system in a price range
where we have no current entry." (PX 1272 (DX 960), p. 2.)
Honeywell, CDC and GE tape drives were also a problem. On
December 22, T. V. Learson wrote to T. J. Watson, Jr., concerning
"out-performed, out-priced market areas". He listed "low cost tape
systems" as one of these and stated: "This is largely the Honeywell
200 story".  He called for "[t]lapes on the 360/20 [to be] immediately
announced". (PX 1288, pp. 1-2; see DX 13955, p. 4.)
IBM improved its tape drives in two steps; The first step
was the announcement of the 2415 tape drive and control unit on
April 5, 1965. (JX 38, p. 377.) The 2415, a lower cost unit for the
Models 20 and 30, solved the tape drive needs of users of those
models. The second and more important step was the announcement on
August 9, 1965, of the 2401 Models 4, 5 and 6 tape drives and control
units. These 240ls incorporated several advantages in tape technology
including: 1600 bit per inch density, phase encoding recording and
twice the data transfer rate of IBM's earlier models. (Id., p.
484.)
For the time being, IBM appeared to have solved its problems
in tapes with the new 2401s and the 2415. (PX 4256; DX 13950, p. 2.)
Soon, however, competition, particularly from PCMs, would push IBM tb

improve its tape drives even more. (See below, pp. 886-90.)

d. Disk Drive Imgrovements. As we have seen, IBM made the I:

| disk drive an integral part of its System/260. (See above, gp. 323-28.);

The 2311 disk drive, announced as part of System/360 (JX 38, p. 86), g‘
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was "the first very reliable disk drive". (Beard, Tr. 9048.) Com-
petitors initially were unable to offer a similar product. (Case,
Tr. 72744; see also Withington, Tr. 56240-41l.)
| For several years prior to introducing the 2311, IBM had
marketed the 2302, which was a drum-like file with very high capacity.
The 2302 was larger than the 2311, but with not as much versatility as
the 231l1. Soon after System/360 was announced IBM found that
"it was beginning to be apparent that customers had a far
greater need for data stored in disk drives than we had
anticipated a year or two earlier when System/360 was under
development and when the 2311 disk drive was first intro-
duced." (Case, Tr. 72742-43.)
Thus, IBM needed a disk drive larger than the 2311 to replace the 2302
and supplement the 2311. (PX 3226A, p. 4.)

Against that background IBM introduced its 2314 for two
reasons: first, since the 2314 would be larger than the 2311 it
would "provide a better relation to competition than the 2302 files".
(Id.) Second, because the improved price/performance of the 2314
would improve the overall system performance of 360 systems on which
it was used, "the 2314 was announced . . . to sell more 360 systems”.
(Id., p. 5.)

IBM announced the 2314 on April 22, 1965. (JX 38, p. 439.)

ﬁ The 2314 "[v]ery definitely" represented an advance over prior disk
i arives. (McCollister, Tr. 9597.) Compared to the 2311, the 2314

i provided an increased capacity of four times per spindle (Case, Tr.
1 72742) , an improvement of two times in data rate (id.), and the

| ability to operate on-line. (PX 1967 (Tr. 35690).) Beard, who then

| worked as Chief Engineer of RCA's computer division, testified that
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while "the 2311 demonstrated the reliability" of random access devices,

"[tlhe 2314 not only offered the reliability but also a practical
cost for the random access user". (Beard, Tr. 9049.)

The superiority of the 2314 provided substantial benefits
to IBM. ‘The 2314 "turned out to be very surprising in the rate that
customers found uée for it". IBM "totally underestimated the demand
for such devices"” and was "hard pressed to deliver the devices as fast
as customers were demanding them". (Case, Tr. 72743.) It also had
the desired effect on systems sales:

"The availability of the 2314 has been the catalyst to make

many systems sales for previously undeveloped application use
of computers." (PX 1967 (Tr. 35690).)

"The 2314 is an example of where the product developed a
market beyond our initial forecast expectations. Every company
should have a door-opener that beats competition--the 2314 is
such a product and will continue to be only if our pricing

policy can stand the challenge of competition." (Id. (Tr. 35692).)

Withington echoed the advantage which the 2314 gave IBM over

its competitors: .

"During that period the entire industry and the users began
to appreciate the importance that disk drives were going to play
in the great majority of general purpose computer systems. . . .
I believe only IBM among the major competitors at the time
offered an alternative between magnetic card devices and disk
drives, with developments proceeding along both lines. . .

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 competitors were left'for awhile without a satis-
factory option." (Tr. 56240-41.)

e. Introduction of the Model 20. IBM's success with its

650 and 1401 had shown that small, low cost computers were important

because they helped grow the market by permitting users who otherwise
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might have been unable to afford them to obtain computer systems. (See

above, pp. 39-44, 141-47.) In the face of that experience, the SPREAL
Committee had recommended that IBM develop a "very small" processor,
even though such a procéssor might not be fully compatible with the
rest of the 360 iine- (DX 1404A, pp. 35-36, 69 (App. A to JX 38).)
The development of such a small processor was assigned to the World
Trade Corporation's German laboratory in Stuttgart. (Hughes. Tr.
71942-43; Rnaplund, Tr. 90478.) In early 1964 that small processor
was judged "not to be as far advanced in development as the Models 30
through 70", and it was therefore not announced with the rest of the
360 line in April 1964. (Knaplund, Tr. 90489.)

The need for a low-cost computer was evident within IBM. A
document of April 15, 1964, entitled "Forecast Assumptions for the
1430N Data Processing System" (the 360/20), stated:

"The 1430N Data Processing System will offer the

advantages of stored programming to customers and
prospects for whom mechanization of data processing

has heretofore been either impracticable or confined to
conventional punched card equipment.

"The 1430N, which will have a subset ¢f the NPL

instruction set, will be the smallest member of the
System/360, and will benefit strongly from the impact

of the recent announcement of the NPL line.

"This system will bring the world of the System/360 down to
the price range the small user can afford.

"For the first time a new technological breakthrough,
like the one realized with SLT for the System/360, will
be made available at lower cost to the small customer at the
same time as to the larger user.

"The 1430N system offers growth within the system and
upward growth into the System/360, Model 30." (DX 13829, p. 1l.)
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Even though, as this suggests, the 360/20 was in large part
expected to be acquired by new users, it was anticipated that a
variety of customers would find it attractive, including:

"(l) Small companies characterized by one accounting
machine installations [sic].

"(2) New customers in this size range.

; "(3) Larger unit record customers who have not yet moved
i to 2 system. In some cases, these customers will use multiple

g 1430N systems. Others will use a 1430 along with some unit
' record egquipment.

0w 0 N o

"(4) Users of large data processing systems who still

; have a considerable amount of unit record equipment installed.
‘ In these cases, -the 1430N would replace some or most of the

i unit record equipment supporting the larger systems.

"(5) The Communications Market. This market will
be characterized by customers having a number of branch
i locations requiring frequent and/or prolonged contact with
: the central data processing center or among each other."
i (Idc' po 20)
i After the announcement of System/360, the need for the
| Model 20 increased. On July 20, 1964, Opel wrote to Learson concerning
§ banking product deficiencies and stated that "[w]e need to have a
| more competitive response to the [Univac] 1004 and other competitive
i small card processing systems"”. (DX 14477.) Writing after the
i announcement of the Model 20, Withington observed that IBM had to

i

j announce "such a computer to protect its position" £rom "the Univac

| :
1004 and 1005, the Honeywell 120 and the GE 115". (PX 4830, p. 20.)

IBM announced the Model 20 on November 18, 1964. (JX 38, p.

i
i
%296.) Because of the need to keep its cost down, the processor did
A ) )
tnot share all the features of the 360 line. First, the Model 20

|

contained only a subset of the 360 instruction set and, hence the

-397-




- 4] v .

-3

<~ {

0 w

NS

™~ )

'

1
(!

Model 20 was not compatible with the rest of System 360 to the
extent that the other members of the System 360 line were compatible
with each other. (Case, Tr. 73575; JX 38, p. 297.) Second, the
360/20 did not use the System/360 standard interface for attaching
peripherals and instead used "native attachment". (Hughes, Tr.
71992; Case, Tr. 74085.) This was done so that IBM could offer the
360/20 at a more competitive price:
"In order to achieve [the lowest possible price], you have to
have the lowest possible cost to the manufacturer, and in order
to achieve that it is sometimes necessary and was in the Model
20 necessary to design a special unigque means of attaching disks
to the Model 20, because using the standard interface for that
purpose on the Model 20 would have been more expensive .and would
have therefore unnecessarily increased the price of the Model
20." (Case, Tr. 74085.)
The Model 20 announcement stated that it was "a System/360
for card processing . . . a stored program approach for smaller
; business needs". (JX 38, p. 296.) As noted above, however, IBM's
forecasts for the Model 20 anticipated many potential users other
! than small users. The 360/20 was in fact used in a variety of ways
? by a variety of users. For example, an IBM Competitive Daily Report
i stated that "[t]lhere are about 600 Model 20's installed with communica-
i tions equipment and 700 installed in large customer accounts”.
if(PX 3773, p. 2.) And Wright testified that a sample configuration of
i @ multiprocessor Model 67 system contemplated the use of 360/20s in
" connection with the Model 67 in various ways including as concentrators

:for terminals. (Wright, Tr. 13348-49.) Similarly, DX 4851, a memo-

irandum on the GUIDE Project on Remote Batch Computing of February
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1966, contemplated a large 360 as "the central facility" of a system
in which "[t]lhe remote terminals may be small typewriter keyboards;
but, more likely, will be Model 20 360's, Model 30's, or even larger
machiﬁes with their own operating systems". (DX 4851, p. 5.) "The
bulk of the terminals planned for use would be small computers(,]
mostly 360's Model 20 or 30." (Id., p. 6.)

As it turned out, the 360/20 was more than merely a good
competitive response; like the 1401 in its day, it became the largest
selling of the 360 systems with more than 7400 installed in the United
States by 1970. (DX 2609B, p. 182.)

In December 1965, Withington suﬁmarized the effect of IBM's

competitive responses:

"Soon after the System 360 line of computers was
announced, it became apparent that despite the basic
soundness in the line there were a few deficiencies and weak
points. IBM, apparently desiring to establish a product position
now that will remain sound for a number of years, has moved very
vigorously to remedy the deficiencies. It has announced new
products to add to the line, improved the price-performance of
the initially announced products, and adjusted marketing policy

in certain respects. :

n
. . . .

"The 360/20 extends the line downward in price, while still
retaining most of the features of a full-scale computer system.
Considering the appearance of the Univac 1004 and 1005, the
Honeywell 120 and the GE 115, one had to expect IBM to announce
such a computer to protect its position in a market area repre-
senting important dollar volume. It should be effective protec-
tion; the 360/20 offers very competitive price-performance
characteristics. . . .

"The 360/65 appeared when it was clear that the initial
360's at the 'top of the line' could be bested by the competition.
The 360/65 cannot, at present; it offers price-performance as
good as anything on the market. . .
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"When pressed by competition, IBM has also made significant
improvements in the previously announced products =--even before
delivery of the first models. The 360/30 initially showed a
price-performance characteristic inferior to those of some of
its competitors, so IBM increased its speed sharply by substi-
tuting a faster memory at no increase in price. The initial
terminals and control devices for remote input-output were too
expensive, so IBM has supplemented the initial offering with a
number of lower-cost devices. Perhaps most important overall,
IBM increased the packing density of all its magnetic tape units
from 800 characters per inch to 1600, at a small increase in
price, by using a new recording technique. This factor is
important to the overall productivity of most computer installa-
tions, so the entire 360 line benefited considerably. The
competitors will be able to match this improvement, but for the
time being IBM's position is improved." (PX 4830, pp. 20-21.)
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£. The Model 90 Program. As we have already discussed,
during the 1950s IBM undertook a ﬁumber of leading edge development
projects designed to advance the computing state—-of-the-art. Each of
those'proqrams (such as the 701, SAGE, NORC, STRETCH and wvarious
projects for NSA*) was a response to the needs and demands of users
(?redominantly government agencies) who required computing capabilities
beyond the most advanced then available. All of the projects advanced
the computing state-of-the~art and, in so doing, substantially
benefited computer users and helped serve the nation. 1In addition
they proved extremely valuable to IBM by serving as training grounds
for future IBM managers and engineers and proving grounds for impor-
tant new concepts that were incorporated into subsequent IBM computer

products (See pp. 68=73, 126-33, above.) With the first STRETCH

| computers commencing shipments in 1961, IBM began work on its next

"super computer". (DX 4775.)

The SPREAD Report contemplated the development of a "very
large processor"” beyond that which could easily be made compatible
with the rest of the line. (Brooks, Tr. 22713-14; Xnaplund, Tr. 90477-
78, 90517; DX 1404A, p. 16 (App. A. to JX 38).) Work on the "high end”
was under way even as the SPREAD Committee was meeting. As Brooks
testified: "at any point in time there was somebody working on a
ﬁachine beyond the fastest one we had; in any project there should be

somebody looking for a successor to it".' (Brooks, Tr. 22844.)

* The NSA projects are discussed at length in the classified NSA
stipulation which is DX 3420A, at 44 79-86, 333-369.
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"In January 1961, a general review was made in IBM of the
state-of-the—-art in components and organizational improvements, with
the goal of making a successor to STRETCH. . . . In August 1961, the
prograh was designated Project X (ten times STRETCH)." (JX 10, ¢ 5.).
A general timetaﬁle for development was decided upon, and deliveries
projected for 1966 or 1967. Responsibility for Project X was given
to the Data Systems Division in October 1961. Development of the
Project X computer, which was later redesignated "Project 604" and
which ultimately became the 360/90 program,* proceeded throuéhout
1961-1963; (JX 10, ¢ 5.) The Model 90 program was an effort to
"push technology" and build "the most powerful computer" possible at
the time. (Knaplund, Tr. 90571-72; PX 1034; PX 1036; PX 1041.)

The impetus for the Model 90 program was much the same as
the impetus for IBM's earlier efforts to "stretch" the state-of-the-
art. Beginning in 1961 and carrying through the Model 90 announce-

ments in 1964 and 1965, an increasing number of "leading-edge"

| customers requiring advanced solutions to complex computing problems
: began "pressing" IBM for systems with higher performance than IBM
| then had available. (Wright, Tr. 12903-94; JX 10, 94 4, 9; PX 1061.)**

1 Not surprisingly, as it had in the 1950s, a good deal of this pressure

* The Model 90 program consisted of the System/360 Models 2092 I,
2092 J, 2091 and 2095. (JX 10, ¢ 1.)

** Such customers included the Atomic Energy Commission (AEC)
facilities, the Weather Bureau, various universities, and the National

1 Security Agency (NSA), as well as private research organizations.
§(JX 10, 44 4, 7,9, 13.)
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came from the Federal government:*

"Because of its need for more and more computer
capability, the government has encouraged EDP suppliers to
advance the state-of-the-art. For example, in the past 20
years, the total computing power within AEC supported
facilities has on the average almost doubled each year.
AEC has encouraged EDP manufacturers to advance the state-
of-the—-art because of its requirements for advanced
computers. Throughout its history, AEC has acquired some
of the most advanced computers available." (JX 10, ¢ 15;
see Knaplund, Tr. 90920-21; PX 1061l; Plaintiff's Admissions,
Set IV, % 37.0, 53.0-.6, 82.0; DX 7518, Mount, pp. 63-64.)

In the clima&e of the early 1%60s, such demands were not taken lightly.

As Dr. Robinson, IBM's Director of Scientific Computing testified:

"At that time in history, the President of the United
States and the people at large had dedicated themselves
towards a substantially higher level of scientific and
engineering and technological achievement than the country
had experienced prior to that time due to a variety of
considerations, including the Russian success in areas of
technology and science, and a national goal had been stated
relative to the need for the country to achieve great leaps
forward in various areas of science and technology."

(Tr. 23049.)

Knaplund testified that in August-September of 1963 "IBM top manage-

: ment was deeply concerned that IBM's efforts had not yet developed a

competitive offering for a number of very large and influential

users, especially the federal government laboratories for atomic

'} energy research, weapons development, space exploration and weather

| research, and defense contractors to the government”.** (Knaplund,

* According to RKnaplund, government ysers and contractors were

i "right in the forefront" of customers who had the "largest and most
1 demanding computational requirements and therefore needed the most
! powerful computing equipment"”. (Tr. 90921.)

** "Mr. T. J. Watson, Jr., and others expressed concern that IBM

lwas not responding adequately to the needs of the United States
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Tr. 90518-19; see Wright, Tr. 12897, 12893-94.)
Development of advanced, state-of-the-art computers was not
cnly in the nation's interest, but in IBM's self-interest as well:
| ggggg; as demand for such capabilities increased, so too
did the:poteﬁtiaivbusiness opportunity in meeting those demands.
Thus, in August 1963, T. V. Learson wrote:

"I am informed that a machine 10 times 7090 has a market

of some 53 machines. If the market is anywhere near this
number we will be committing a very serious crime in not

moving Project X . . . at a more rapid pace”". (PX 1040;

see also Norris, Tr. 5617; Wright, Tr. 12893-94; Brooks,

Tr. 22718-19; Knaplund, Tr. 90920.)

Second, there was promotional value in being able to offer
the world's most powerful computing capabilities to solve the problems
of highly advanced users. As Wright testified:

"[I]f you could take one of those leading edge
customers, or prestige, if you want to use that term, and
get him to use a data processing system to solve a new
problem that other people had not yet solved, then
generally many other people would follow his leadership
and use the data processing system in a similar way to
solve a similar problem." (Tr. 12899-900; see also Dunwell,
Tr. 85840; PX 1041l; PX 1082; PX 1160.)

m

Third, the opportunity to work on projects at the techno-

logical leading edge of the industry offered a powerful incentive for

!

i ’ . .
! Government for advanced EDP systems in connection with the Government's
1 high priority defense and related programs". Thereafter, he ordered

" that IBM inquire of government users directly to make certain that
their needs were being taken into account in IBM's "super computer"”
(Model 90) development, and ordered acceleration of development
efforts on a more powerful computer than even the Project X computer.
(Knaplund, Tr. 90519-20.)
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the best young talent to come to work for companies who undertook
such projects. These projects therefore served as important training
grounds for future employees. IBM's experience on SAGE and STRETCH
had pfovided ample -proof of the benefits to be gained in that respect.
(Dunwell, T=r. 85549-50; Crago, Tr. 85979-80.)

Fourth, "super machine" development held the promise of
substantial future value which would be realized through the incor-
poration of hew learning in later products. (Eckert, Tr. 836-37;
Lacey, Tr. 6657; DX 13526, Forrest, pp. 106-07.) This benefit,
although quite tangible, was difficult to quantify in advance. IBM's
experience on STRETCH had shown that, although high technology pro-
jects might lose money when all the costs of research were allocated
to them,* they could still turn out to be very profitable in terms of
1 "technological fallout". (Gibson, Tr. 22593; Case, Tr. 73606-08;
| Dunwell, Tr. 85791-94, 85880-82; Hurd, Tr. 86595-98.)** "Many of the
technological developments made in the STRETCH program were of sig-
nificant benefit to other IBM programs." (JX 10, ¢ 3; Case, Tr.
73606~-08; Dunwell, Tr. 85538-49; Hurd, Tr. 86592-93; E. Bloch, Tr.
91485-89; DX 3171; DX 8923.)# Thus, T. J. Watson, Jr., writing to I3M

* One of the problems in trying to evaluate the profitability of a
i program like STRETCH is that the value of technological fallout was
| not credited to the program nor were the costs allocated to the
benefited products under IBM's internal method of cost allocation.
(Knaplund, Tr. 90526-27; JX 10, 43.) That value had to be taken

into account in deciding whether to embark on a like program.

** That view was held outside of IBM as well. (See DX 5423,
| Smagorinsky, ». 94; DX 13526, Forrest, pp. 106-07.)

# In a letter written to Thomas J. Watson, Jr., on April 8, 1964,
Stephen Dunwell, who had been Manager of Project STRETCH, called
! System/360 the "image of STRETCH" because of all the 360 features

© which first appeared in STRETCH. (DX 3171.)
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President A. L. Williams in May 1965, stated:

"Although four or five years ago there was some doubt
as to whether or not we should continue to try to lead
in this area because of expense and other considerations,
at some point between two and three years ago, it became
evident that the fallout from the building of such large-
scale machines was so great as to justify their continu-
ance at almost any cost. Therefore, for the past two
years, under Vin Learson and Dick Watson, this subject has
had the highest priority, at least in the upper areas of
the management of the corporation." (PX 1469.)

There were many others within IBM who felt the same way. For example,
Dr. Gibson, then IBM Vice President and Group Executive, testified

that one reason for undertaking the Model 20 program had been that

"the designing, building and operation of such an advanced
computing system had, in the past, and was believed would
continue to provide very valuable experience in programming,
in architecture, in reliability and in technology". (Tzr.
22644.)

And Dr. DeCarlo, IBM Director of Systems Research and Development,

wrote in June 1964 concerning the Model 90 program:

"We can be intuitively sure that the technological benefits
which will flow from this commitment will f£ilter through the
rest of the product line. Surely there can be no doubt the
STRETCH program spawned highly successful financial programs".

(DX 7692, p. 3; see also McCarter, Tr. 88408; DX 114l1.) -

Although these reasons for embarking on the Model 90 program

| antedated the announcement of the CDC 6600,** CDC's announcement

** The CDC 6600 was publicly announced in July 1962 (JX 10, ¢ 4)
1 but was discussed with customers earlier. (Norris, Tr. 5934, 5938;
1 DX 308; DX 309; DX 310; DX 13526, Forrest, pp. 191-97, 205-06, 225-30,
232-42, 245, 504-08, 570-74, 580-81.)
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brought the importance of that program home to IBM management with
greater force. STRETCH had maintained IBM's lead in the large scale,
advanced computer field. (Dunwell, Tr. 85736, 85741-42; see also PX
'1469.) Within IBM, the CDC 6600 caused concern about IBM's industry
leadership in state—-of-the-art computing and about the perception of
IBM's role by its customers. In August 1963, T. J. Watson, Jr., wrote:

"Last week CDC had a press conference during which they

officially announced their 6600 system. I understand that

in the laboratory developing this system there are only 34

people, 'including the janitor.' . . .

"Contrasting this modest effort with our own vast development

activities, I fail to understand why we have lost our industry

leadership position by letting someone else offer the world's

most powerful computer." (PX 1045.)

The matter of computers having very advanced capabilities

was a "top priority" among the subjects discussed at the September 5,

1963, IBM Executive Conference in Jenny Lake, Wyoming. (JX 10, ¢ 7.)

| These discussions included "what actions could be taken by IBM to
catch up to and surpass CDC in the area of very high performance
| computer systems". (Knaplund, Tr. 90519-20.) IBM Research was i

| instructed by IBM's Chairman

"to ensure that IBM does have clear leadership in the computer
field--meaning a computer which is sufficiently far ahead of
any other computer--that it will maintain that position of
leadership and prestige for at least three or four years after
announcement”". (PX 1049.)*

* Watson, himself, wrote one month later:

"As leader in the iadustry, I don't see how we can afford any
other position than having the most powerful machine on the
market. . . . [W]e should promptly commit ourselves to a
machine of sufficient power so that our leadership will be
unguestioned”. (PX 1051.)
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DSD was instructed to move ahead "as fast as possible" with Project X
(which was already planned to have twice the capability of the CDC
6600) and Research was instructed to accelerate its work toward a
machine with ten times the capability of Project X. (JX 10, ¥ 7; see
also Knaplund, fr; 90520; PX 1021; PX 1036; PX 1041.)

While there were reasons independent of CDC for undertaking
the Modcel 9Q program, CDC's growing success spurred IBM to advance
the pace of the program by increasing the time and resources allocated
to it. (JX 10, ¢ 8; PX 1021; PX 1041; PX 1082; PX 1204.) Neverthe-
less, the Model 90 was not announced with the rest of the 360 Series
on April 7, 1964, because Paul Knaplﬁnd (who was responsible for
bringing before IBM management recommendations concerning the number
of processors to be announced with System/360) "did not feel that the
Model 90 had progressed far enough to warrant a general announce-
ment"”. (Knaplund, Tr. 90520-21; see also DX 9080.)* The first Mcdel

90s--the 2092 I and 2092 J--were announced on August 17, 1964.%**

_ * Customers were informed, however, "that the Model 90 develanmen+t
effort was under way. That information was supplied in a footnote to
the System 360 announcement”. (Knaplund, Tr. 90521; JX 10, ¢ 1.)

** No Model 92s were ever delivered. It was superseded by the 91
and 95, which had improved memories. (JX 10, ¢ 31.)
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The Model 2091 was announced in November 1964.* (JX 10, ¥ l.) Each
of the Model 90 systems delivered to customers performed well and to
customers' satisfaction and passed acceptance tests imposed by the
"goverﬁmént where such testing was performed. (McCarter, Tr. 88413;
| ox 3162, Dx 3167, DX 3224, DX 3266.)

The first Model 90 computer was delivered nine months late
because "IBM encountered unexpected, substantial and critical problems
in the Model 90 circuitry (ACPX) in 1965". These circuit problems
were "a major reason for the slippages in the delivery of the Model
90 computers." (JX 10, ¢ 30; see E. Bloch, Tr. 91940-43; JX 10,

4 33.)** The principal problem, known as the "cracked stripe problem",

* Product Test non-supported these announcements because it could
not perform its standard type "announcement testing". (JX 10, 49 17,
21; PX 1177.) McCarter explained:

"To do this [to undertake the Model 90 program] it was
necessary to work closely with customers to understand
their needs. This requirement for customer involvement
meant that public disclosure of intention and negotiation
with individual customers had to precede the development
of a product to a level where Product Test could conduct
announcement testing. Hence, the Model 90 program was
not susceptible to the kind of product testing applied to
other parts of System 360." (McCarter, Tr. 88409.)

According to Knaplund, because of the "very advanced technological
nature of the program" IBM management placed "primary reliance” on the
judgments of IBM's top technical people in proceeding with the
1 announcements. (Knaplund, Tr. 90523-24.) After deciding not to
} announce in April 1964 but before deciding to do so in August 1964,

i IBM management had already received information from the National
Security Agency that the (ACPX) ASLT cirduitry on which the Model 90s

1+ depended was feasible. (See the classified NSA Stipulation, DX 3420a,
Yy 387-415, especially 44 403, 411-415.)

. ** Advanced computers have frequently been delayed because of
! unforeseen problems. (JX 10, ¢ 34.)
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could not have been foreseen because it appeared only when a
sufficiently large number of components had been put together in an
operating machine. (Gibson, Tr. 22640-41; E. Bloch, Tr. 91940.)

That problem-was discovered much earlier than it would otherwise have
been because of ﬁhe high current densities in the Model 90 circuits.
As a result IBM was able to correct the problem on the rest of the
360 line before most had been built and to inform the rest of the
industry aboﬁt the problem before they ran into similar difficulties.
(Case, Tr. 73594-95.)

Discovery and solution of the cracked stripe problem was an
example of the kind of technological fallout expected from the Model
90 program. As that program proceeded, additional fallout resulted
from developments in

- thin film technology (Gomory, Tr. 98273-75; JX 10,
4 32; DX 3164);
- monolithic circuitry (Case, Tr. 73593; JX 10, 4 32;
DX 3164);
- transistor technology (JX 10, 4 32);
- packaging technology (Case, Tr. 73593; JX 10, ¥ 32; DX 3164);
- 1interconnection technology (DX 3164);
- memory technology (PX 3050; DX 3164); and
- machine organization (Case, Tr. 73593:; PX 3050).

Although the anticipated technological fallout from the

| Model 90 program was realized, the 90 series did not fare well

! competitively. Only 153 Model 91s were manufactured (four for internal
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use) and two Model 95s were manufactured "specially for NASA" . *

(J¥ 10, ¢ 35.)

* By contrast, "CDC manufactured 94 Model 6600/6700 computers and
121 additional 6000 Series computers”. (JX 10, ¢4 36.) Mr. Norris,
Chairman of CDC, called the 6600 "particularly" successful. (Tr.
5849-51.) And in 1969, CDC Vice President, J. W. Lacey, speaking to.
a CDC graduate orientation class, said that CDC was widely recognized
to have "a world-wide leading position in large computers"--an area

1 which CDC was able to "dominate"” after delivery of the 6600 in 1964.

(DX 438, p. 7.) According to an IBM offer of proof (DX 1185, po. 3-4.)
CDC's revenues and gross profits between 1964 and 1972 from the sale
and lease of 6600s exceeded CDC's targets, and although DX 1185 was
not received in evidence, we rely on it because it is consistent with
the other evidence more fully set forth below in the CDC history.
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g. The 360/44. As discussed above, one of the risks in

providing a line of computers like System/360 intended to do all
applications equally well was that, for some applications, at least,
. the machines of the family would be less suitable for some customers

than competitive.machines, optimized in their design for such appli-

cations. Additionally, there was a risk that not all customers
would be willing to accept the "overhead" associated with System/360's
highly functional systems software--that some number would attempt
to locate alternatives with less function and better price/perfor-
It mance.¥*
For some (certainly not all) users in such areas, this
turned out to be true. Knaplund testified that:
"In the months following the System 360 announcement,
i marketing personnel began to report that, although many users
§ found the System 360 products adequate for data acquisition and
o data reduction, some felt that a general purpose processor more
; tailored to those specific applications would be required. The
| Data Processing Division urgently requested that the Product
; Group undertake development of a system to meet these needs."
f (Tr. 90539.)
The need for a competitive response became increasingly
! apparent during the latter part of 1964 and into 1965. Learson
wrote to Watson in December 1964 concerning the acceptance of the
Models 40 and 50 in the "Intermediate Scientific Area": "Our position

here since announcement in April, 1964 is that we have won 44, lost

i e B B i &

;44, and have 172 doubtful situations. CDC and SDS have a total of

* In this context price/performance means strict throughput per
ldollar leaving aside gquestions of function, reliability and service.

|
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five machines which out-price, out-perform us by a good margin”.
(PX 1288, p. 2.) This was just one of many cries for a competitive
answer. (See PX 3615; PX 3630; PX 3566; PX 1439A.)

In August 1964, DSD began a program (called the "42s")
| whose objective Was'to develop a processor "within the general
architecture of the System 360 family" but with better price/perfor-
mance than the Models 40 and 50 for "data acquisition, déta reduction
and certain scientific calculations."* (Knaplund, Tr; 90539.) That
program culminated in the announcement of the 360/44 in August 1965.
(PX 1589a.)

The Announcement Letter déscribed the Model 44 as "a power-
ful computer . . . designed specifically for the small to medium-

sized scientific user . . . ideally suited for customers and prospects

# who want raw binary speed and high throughput to solve a wide range

% of scientific problems, including high speed data acquisition jobs".
(PX 1589A, p. l; see also Knaplund, Tr. 90539.) To reduce costs and
%‘achieve the "raw binary speed and high throughput" needed for this

' "lean, hard system”", some sacrifice in compatibility with the rest of

* In April 1965, Knaplund wrote that, "The performance needed [in

| the Model 44] approaches the Model 50. The system price required is

B

>
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n
in

i close to that of the Model 30". He went on to say:

"Wherever possible within the framework of our main thrust
price/performance curve . . . we must and will bend every
effort to preserve complete compatibility for marketing, as well
as programming reasons. But when an anomalous performer is
required, we must be prepared at all times to offer lean, hard
systems with slight incompatibilities, if these incompatibilities
help mitigate impact and/or cost.

"Such is the case with the Model 44 . . . ." (PX 1439A.)
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System/360 had to be made.* (Knaplund, Tr. 90540; PX 1439A; PX 1538;

!PX 1589A, p. 1l.) The required cost savings were achieved "by

eliminating read-only storage through the utilization of hard-wired

' logic for the interpretation and execution of stored program instruc-

’

tions, by reducing the number of instructions directly executed by

Ethis hard-wired logic, by simplifying the checking logic and by taking
|advantage of lower component costs". The required performance
lincrease was achieved "by using hard-wired logic in place of read-
'only storage and by including within the processor a single disk
?storage device known as RAMKIT for program residence." (Knaplund, Tr.
I90540.)

Apart from its inability to execute the complete System/360
instruction repertoire,** the 360 Model 44 was "basically the same"
as the other 360 processors. (PX 1541, p. 6; see also PX 1589A.) A

"New Product Programs Status Report on the Model 44 Program”, dated

one month prior to the announcement, even indicated that the 44 would

* The IBM Product Group Policy for Processor Architecture (released
| July 30, 1964) envisaged the need for deviations from compatibility in
order to "keep pace with systems technology and market regquirements”.
Exceptions from the rule of compatibility were permitted only to
achieve cost or performance improvements greater than 10%. (DX 9036.)
The improvement anticipated in this instance "substantially exceeded
i1 10%" and was therefore "consistent" with the Policy. (Knaplund,

i Tr. 90540.)

** Even this difference could be eliminated, albeit at some sacri-
fice in throughput. At announcement, IBM offered as an RPQ an extende
instruction set package (implemented primarily by software) which
il eanbled the Model 44 *o execute the "full range of System 360
| instructions”. (Knaplund, Tr. 90541; PX 15897, p. 1.) In 1968, an
| improved version of this feature was provided. According to the
announcement letter this "Commercial Feature" offered approximately
a 20% improvement in internal performance compared to the prior

RPQ. (PX 3563A.)
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be manufactured in the same facility as the Model 40 and that schedule
restraints would require the substitution of Model 44s for production
of Model 40s "on a one-for-one basis." (PX 1541, on. 4, 6.) This sub-
. stitution never happened because additional manufacturing capacity
- sufficient to meet the demand for both Model 40s and 44s was authorized
prior to the Modell44 announcement. (Knaplund, Tr. 90542; DX 1l154;
DX 1155, p. 2.) ‘

The Model 44 was not particularly successful. It failed by
a wide margin to meet the level of acceptance forecasted at the time
of its announcement. (PX 2163A, p. 4; PX 2419, pp. 6-8.) At least to
some in IBM, it appéared that this was because IBM had learned to meet
| customer needs generally, but had not successfully learned to specialize
; within that talent. Thus, Opel, who at the time was IBM Vice President
; and Assistant Group Executive, Plans and Controls, wrote in 1967:
"Why has this happened? Are we unable to plan, build, and market a
; specialized machine?" (PX 1974.) And again, in August of that year:
[ "It seems to me that when we specify a product for a limited market, it
| fails. Perhaps this is due to the way we sell or, perhaps it is due

! to the realities of market acceptance. I'm not sure which." (PX 2099;

j see also PX 3555.)
In part, however, the Model 44 was unsuccessful because it ?
was relatively quickly ocutperformed by later systems of competitors.
By the end of 1967, at least some in IBM'believed that "hardware per-
formance was excellent at announcement time, but recent competitive

announcements have now bypassed the Model 44". (PX 2125, p. 48.) That
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situation continued to worsen so that by 1970 one group in the

company wrote: "As a result of being consistently outperformed by

» the XDS Sigmé 5, PDP 10 or CDC 3300, the Model 44 is seldom proposed.”

: (PX 2567, p. 93; see PX 2871A.)
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h. The 360/67. he SPREAD Report called for the New

Product Line to be communications-oriented, multiprogramming sYs-
tems that would be capable of performing time sharing.* (Brooks, .
| Tr. 22859-60; DX 1404a, pp. 12, 18, 19, 24, 26, 33 (App. A to JX 38).)
;That objective was met, and 360 as anhounced included time-sharing
capability.** (Brooks, Tr. 22859-60; Knaplund, Tr. 90532-33.)

% However, a number of highly sophisticated customers with advanced

.5 requirements'rejected 360's time-sharing approach and demanded

; * Time sharing refers to "the use of a computer by many people at
| once with each user having the illusion that he is the sole user of
| the computer". (Perlis, Tr. 1862-63; JX 1, p. 1l15.)

L ** This was not the beginning of IBM's involvement in time sharing.
i IBM participated in a number of time-sharing development efforts
| before System/360 was ever announced. For example:

- Both SAGE and SABRE were rudimentary time-sharing systems.
(Wright, Tr. 13664-65; Crago, Tr. 85975-76.)

- In 1960-61, Dr. Gerrit Blauuw of IBM designed a "dynamic
address translation unit" which was a predecessor for the
dynamic relocation hardware (Blauuw Box) used in the Model
67. (Brooks, Tr. 22866; Wright, Tr. 13332.)

- In the "early sixties"”, IBM developed a system that would
execute FORTRAN programs interactively and edit them--one
of the "important efforts" in adapting a batch processing
language to time sharing. (Perlis, Tr. 2042-43.)

- In 1963 MIT, working with IBM, implemented CTSS (which
Perlis called "the first example . . . of a general purpose
time sharing system") on IBM 7090 series systems. (Perlis.
Tr. 1881; see also Brooks, Tr. 22739-40; Morse, Tr. 30986.)
CTSS was described by Perlis as, a "creative masterpiece”.
(PX 299.)

pEEELE =Y

1Additional time-sharing work, including work on the design of reloca-
1 tion hardware, was ongoing in various IBM research labs. (See Wright,
Tr. 13325-28; Xnaplund, Tr. 90533; DX 4823.) :

3
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time-sharing facilities not available with System/360, specifically
dynamic relocation hardware.*
In early 1964, Project MAC** at MIT sought proposals for

thevde#elopment of "an extremely advanced timesharing system". (Weil,

' Tr. 7108.) IBM bid a multicomputer configuration of a System/360

Model 50; CDC bid a 6600; RCA bid its 3301; GE bid a 635; and Univac
bid "a complex multiprocessor system” then being designed for a
classified military~weapcns system. Digital Equipment Corporation
bid "a multiprocessor version of its PDP 6 computer" and was "in
among the finishers". The winner was General Electric and, in addi-
tion, "a $1 million PDP-6 was purchased by MAC as a peripheral pro-
cessor". (PX 2961, pp. 1, 3, emphasis omitted.) GE won with a
"modified" version of the 635 and "proposed working jointly with [MIT]
in the development of the software that would reside on that hardware".
(Weil, Tr. 7111-12.) MIT "had determined that System 360 would not
satisfy their needs and that they would accept only a system incor-
porating some form of dynamic relocation hardware". (Knaplund,

Tr. 90533.)

* Dynamic relocation hardware provided a "means for interrupting a
program at an arbitrary point, moving it out of core, proceeding with

| the interruption, bringing the interrupted program back into memory
| at a new location, and starting it again". (PX 1194A, p. 3; see also
Weil, Tr. 7287-88; Wright, Tr. 13331-32; Knaplund, Tr. 90532-33.)

** Project MAC was an advanced research project in time sharing
funded by the Advanced Research Projects Agency (ARPA) of the
Department of Defense. (Wright, Tr. 13288-89; Weil, Tr. 7111;

' DX 5613, pp. 2-3.)
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Shortly thereafter, Bell Labs also ordered a time-sharing
system from GE. (Weil, Tr. 7116-17.) Roonev testified that, after
the MIT and Bell Labs orders, within IBM "there was a great deal of
talk about the need for such a system in our line". (Tr. 11747.)

In mid-August 1964, IBM formed the Time Shared Task Force

"to develop an IBM plan for time shared systems . . . because
of the loss of the MAC account at MIT and other critical
customer situations in the area of real time, time shared
systems requirements". (PX 3502, p. 1l.)
The task force was comprised of individuals in IBM "most knowledge-
able" about remote computing and time sharing, who in turn scheduled
meetings with a number of the leading experts in the field such as
Professor F. J. Corbato (of Project MAC), Dr. J. C. R. Licklider
(of ARPA), Mr. J. Schwartz (of SDC) and Dr. B. Galler (of the
University of Michigan). (PX 3502, pp. 3-7.)

In early September, Nat Rochester, a member of the Task
Force (PX 3502, p. 2) wrote to C. H. Reynolds, the Chairman:

"System/360 has been almost universally rejected by the

leading time sharing investigators. Time sharing systems
are likely to render obsolete systems that are not based on
time sharing. Therefore, there is a legitimate worry that
System/360 may not be a resounding success unless proper
steps are taken." (PX 1194A, p. 1l.)
He stated that "the commonest reason the customers give for rejecting

System/360 for time-sharing is that there is not adequate hardware

support for dynamic relocation”", even though "dynamic relocation is

L

+ not actually required for time sharing". (Id., p. 3.)* IBM was being

* This was also the view of Fred Brocks, chief architect of

1 system/360, who held the opinion that dynamic relocation hardware

"was unnecessary for time-sharing or any other purpose". (Brooks,

| Tr. 22743.) That is why such hardware was omitted from System/360.

(See also Knaplund, Tr. 90532-33.)
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told that

"customers want dynamic relocation. It may be unnecessary and
undesirable but we have not yet proved that this is so. The
technical situation is very unclear and is changing rapidly on
a month by month basis as technology advances." (Id., p. 4.)

Reviewing the "rejection of System/360" by those desiring time
sharing, Rochester concluded:

"There is much more at stake than these few prestige accounts.
What is at stake is essentially all computing business, scienti-
fic and commercial . . . . we may find eventually that many of
the best programmers will refuse to work at an installation

that does not offer timesharing or offers inferior time sharing.”
(PX 1194a, pp. 2-3.)-

He recommended that IBM "proceed with the design, construction and
release of an advanced timesharing system," and that the work be done
in public "so as to benefit from external criticism and so as to have
a favorable sales effect". (Id., p. 1l.)

Two days later, the Research group of the Task Force reached
the same conclusion: "System/360 has been rejected or is about to be
rejected by many of the important large-scale scientific users who are
pioneering novel ways of using computers such as the 'computer util-
ity'. This has been accompanied by a shift of attention to compe-
titive equipment like the GE 635." (PX 2811, p. l.) They also
believed there was "a great deal more at stake":

"The earlier concept of 'time=-sharing' has now naturally led
to the 'computing utility' concept. This means that computing
capacity should be available right at the working place of the
computer user by means of a terminal linked to a powerful
central computer. . . . There is a very strong probability
that the 'computing utility' will be the way of all scientific
computing in a few years, and a good possibility that it will
capture a substantial part of the commercial market as well.
IBM cannot afford to overlook a development of this scope.

We are currentlv in danger of losing all contact with the
Teading developers of this concept." (Id., pp. 2-3.)
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The Research group recommended that "if IBM is to keep its

present competitive position in the marketplace”, IBM must

(a) "immediately undertake a long range study of the -
;computer utility' concept";

(b) "undertake an immediate all-out educational effort
to explain the capabilities of System/360 and its operating
system for the multiprogramming applications involved in mosf
teleprocessing and communications-oriented systems (where
dynamic relocation is not required)";

(c¢) "undertake a project with the objective of offering
and supporting a complex 'utility type' system requiring
multiprogramming, multiprocessing and time-sharing with
System/360"; and

(d) "to make this intent clear”", announce "a multiplexor
channel and hardware-aided dynamic core relocation capability
at once for Models 60, 62 and 70". (PX 2811, pp. 4-5, emphasis
in original;)

It was thought that only by implementing these recommendations would
IBM be able to retain its "position of leadership which threatens

to slip from us as a result of the independent development of the
utility concept to which we have only belatedly directed our atten-
tion". (PX 2811, p. 7.)

v

In mid-September 1964, IBM's Scientific Computing Department

1 reported on "remote scientific computing" to the Task Force:

"There exists in the market place a set of key leader
accounts representative of the scientific market segment.
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These accounts are invariably the innovative and experimentally-
oriented accounts. They are the industry's spokesmen on the
advanced state of the art in computing. They materially

affect computer acquisition decisions in a variety of smaller
establishments--both scientific and commercially oriented. . . .

". . . In general, the accounts in the set number over one
hundred. They consist primarily of AEC computing laboratories,
large University laboratories, large research laboratories of
industrial companies, the independent non-profit laboratories,

and certain aerospace establishments.

"

. . - .

"Today, a subset of this market, led by key university and
certain closely related laboratories, has taken a fancy to the
so-called area of remote computing. . . .

"
L] - . .

"IBM's posture has been one of silence. In the remote
scientific area we have been at a severe disadvantage because
we have not made available sufficient information regarding
our operating system for 360. It has not been stated to what
degree the operating system will support time-sharing. We have
also not stated what additional support, if any, will be avail-
able for time-sharing.

"Our time-sharing prospects require responses to the
specific functions they have posed as requirements. The
balance of the remote scientific community needs to know our
responses in this regard as well as more detailed information
about operating System/360.

"Certain accounts have already been lost. A small set of
key accounts are right now in the process of evaluations leading
to computer acquisition decisions. For every such case, deci-
sions disadvantageous to IBM appear to be in the offering. In
quantity, such losses do not appear to be large. In quality,

they will have a tremendous impact upon a very large market

segment. . . .

"If we do not respond on the time-sharing requirements in
the near future, the time-sharing market will be largely lost
to GE who has responded to this requirement. A large part of
the balance of the remote scientific market will also be in
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jeopardy. . . ." (PX 2964A, pp. 4-6.)*

The report £foresaw that the competitive threat would not

be limited to GE:

\

"We can expect similar emphasis on time-sharing system
design from the other competitors. The experience of Burroughs
with the D 825 and of Remington Rand with the M 490, 1218, and
other special forms of real-time computers designed primarily
for the military, have provided them with the experience
necessary to develop well-honed second generation systems
designed for general-purpose use. CDC has also had experience
in the design of real-time systems. Furthermore, the system
study efforts being conducted by CDC and ITEK at McDonnell
Aircraft, General Dynamics and Lockheed, in the area of
computer-aided design, will ultimately result in the announce-
ment [sic] generally marketable equipment to compete with Alpine
and, to a broader extent, the 2250 and its successors. The
Digital Equipment Corporation is actively marketing the PDP-6
as a time-sharing system at extremely competitive prices.
Although no real manifestation of intent has been made by
RCA and Honeywell, the ultimate gravitation of the market
toward general-purpose time-sharing systems will encourage
all manufacturers to develop a product and support plan.

". . . The growing emphasis in the scientific and engineer-
ing market must ultimately effect [sic] the system selection
process among so-called commercial users. .

&

. - . 3

"The advent of cost-justified, time-~sharing business on
centrally located systems should have an explosive effect on
the service bureau business. This business is characterized
today by the presence of a great many users located remotely
from central facility. To some extent, the current business
in service bureaus is limited by turnaround time. Most service
bureau customers who install their own equipment do so because
of the delays introduced by access to a centralized location
and service." (Id., pp. R28-29.)

.

* As we explain elsewhere, GE was at this time a corporation with
corporate-wide annual revenues in excess of $5 billion--a
"sleeping giant" to be sure, but one with the resources and techno-
logical capability to become a major force in the computer industry.
(See below, pp. 488-90.)
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In sum, the whole market, in all its dimensions, would be affected
by the need for advanced time-shaﬁing capability.*

The conclusions of the Task Force were buttressed by
feedback from the marketpiace.' Por example, Hart testified that |
through the joint study activity which General Motors Research had

with IBM,

"we vigorously provided input to them about what our needs
were and the importance of doing this job right, and what
we believed was the right way to do it. . . . [wle went

to meetings and presented our case, and we, I suspect, did
it loudly and with great conviction. Because, if we were
going to provide a suitable time sharing environment to
support our graphic consoles, then we needed to have certain
capabilities available in order to be able to do that ade-
quately." (Tr. 80278=-79.)

In late 1964 or early 1965, Dr. Ivan Sutherland, Director
of Information Processing Technigques for ARPA, contacted V. 0. Wright
of IBM "eight to twelve" times to discuss the topic ¢cf time sharing:

"He spoke words of encouragement, encouragement in the

* The importance of time sharing to the computer market as a
whole was perceived outside of IBM as well. For example, Project

' MAC and GE both believed that the computer field would evolve toward

"an information utility". (Weil, Tr. 7116.) Various members of the

% computer field within the ARPA network (such as MIT, Stanford, Stanford
i+ Research Institute, Lincoln Laboratories, SDC, Rand Corporation and

the University of California at Santa Barbara) believed that time
sharing "was important" and should be pursued. (Perlis, Tr. 1968-69,
2043-44, 2054-55.) 1In 1965, Withington wrote that the "market for
time-shared computer systems and applications" was "large and growing".
He predicted that, within five years, such systems would represent a
"significant part of the total computer market. In fact . . . the
great bulk of the computer market. . . ." (PX 4830, p. 14.)
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fact that he believed that IBM should pursue development
of the timesharing concept in products and software as

a matter of not only great importance to the United
States government, but also of great importance to

IBM and he simply encouraged and wanted to be kept
aware, sort of as an insider, of how things were

going on the project.

"[I]t was my understanding that his interests were
the fact that he believed providing timesharing facilities
to the Department of Defense contractors in design of new
weapon systems, and use in other things, including health
systems and so on, would, in fact, foster the use of compu-
ters, but more importantly from his standpoint, would assist
in the solving of problems that these people in their research
and development activity were confronted with and the use of
computers would facilitate the solution of those problems at
a more rapid rate and therefore accelerate the advancement
- of technology.

"[I]lt was clear that he felt that two large companies,
such as GE and IBM, pursuing developments in time sharing,
was beneficial to the government, was beneficial to industry
and, therefore, that he thought that was a good situation.”
(Wright, Tr. 13287-92.)*

IBM marketin eople, too, were "raising an increasing
g

amount of clamour, putting an increasing amount of pressure on the

* Sutherland wrote the following on September 4, 1964, shortly

! after GE had been selected over IBM for Project MAC:

"Project MAC's decision in favor of G.E. has generated
a very healthy spirit of competition between MIT/GE and
IBM. In effect, Project MAC has stated publicly that the
IBM product is inadequate and that MIT/G.E. can do better.
MIT/G.E. must produce the best system they can in order
to make good their claim. IBM must expend its best effort
to show that its product can serve the needs of time-sharing.
In fact, IBM has been slow in responding to the needs of
interactive computer users; now we can expect IBM to show
more interest in this field. Competition between IBM and
MIT/G.E. is a good thing; it will stimulate rapid progress
in the time-shared use of cocmputers.
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marketing management of IBM" to provide "a product response that
would let us be more responsive to our customers' requirements

and to our customers' demand". (Wright, Tr. 12799.) By November\
1964 Wfight in the GEM region and others within IBM became concerned
that the time-sharing movement would build "to a great ground swell”,
"impact" IBM's installed base of equipment and result in "a great
deal of churning of the installed base, that is, the return of
products that IBM had installed because of the requirement for a

new capability in a computing system". (Wright, Tr. 12802-07.)
According to Wright, he and his marketing colleagues were "trying

to make sure that IBM was the leading producer, vendor, for data
processing equipment and . . . that IBM did not fall behind".

(Tr. 12807.) A response was needed "to the customers who were
pushing us very hard to provide a product answer to their require-

ments." (Wright, Tr. 12807.) It was clear that others would pro-

' vide that response if IBM did not. (Wright, Tr. 12843-45; PX 29644,

pp. R28-29.)
One of the catalysts for such response was the Lincoln

Labs Request for Proposal which came in November 1964. (Wright,

"ARPA must support Project MAC fully. The MIT personnel
responsible for choosing G.E. equipment have made their best
technical judgment. They are staking their professional
reputations on their choice. In making a decision against
IBM, they have stimulated IBM to new efforts. Were ARPA
to reject the MIT decision, Project MAC would suffer a
blow from which it might never recover, and IBM would
be able to relax." (DX 894.)
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Tr. 12813.) At the same time, an RFP was received from the
University of Michigan for a "central, timesharing facility".

(DX 895.) Watts Humphrey,‘IBM-Director of Time-~Sharing Systems,
- wrote to Learéon on November 15, "[t]he list of accounts who have
" interest in Time Sharing is growing daily. . . . By the end of

the year, I expect that this number will exceed thirty." (PX 1238aA,
1 p. 4.) Company prestige, as well as current and future business,
! was on the line. (PX 1191; PX 1246A.)
The messages from the field were heard by IBM management.
| Knaplund testified that reports from DPD in late fall of 1964
; revealed that a number of "very influential and highly competent
5 users"* agreed with the MIT analysis of System/360 and viewed dynamic
' relocation as being "crucially necessary" to a broad variety of new
and advanced applications--a feature that would "accelerate and

improve the efficiency of their internal system development and

; * These users included MIT's Lincoln Laboratory, General Motors

| Research, the University of Michigan, Carnegie Tech, Bell Labs,

Rand Corporation, Stanford University and Ohio State University.
(Xnaplund, Tr. 90534; PX 2811, p. 1l; PX 1194A, pp. 2-3.) 1IBM

Chairman (then DPD President) Frank Cary testlfled concerning

;. the Model 67 and time sharing:

"{Slome of our very, very best customers wanted it. . . .

". . . I can just tell you that when customers . . . like
AT&T and the Federal Government and the universities and General
Motors Research . . . ask us to respond, we certainly at

least try to respcond to them. And we didn't undertake
that with any thought that we weren't going to be able
to do it." (Tr. 101808-09.)
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programming activities". (Knaplund, Tr. 90534.) Knaplund, Hume,
Learson, A. K. Watson and others concluded that "an intensive
effort was urgently required to review the area of time-sharing
and de#elop a plan for meeting this requirement". (Rnaplund,

Tr. 90534-35;‘Cary, Tr. 101808-09; PX 1246A.)

In November, a group reporting directly to T. V. Learson
and A. K. Watson was set up under the leadership of Watts Humphrey
to try to respond to the time-sharing requirement. V. 0. Wright
(who was made Director of Time Sharing Marketing) was called to
Learson's home on the Saturday after Thanksgiving Day in 1964 and
told to begin work that afternoon. According to Wright, Learson
said that "the resources of the company were available to us for
whatever we needed in order to move this development forward".
(Tr. 12793-95, 12814-15; Knaplund, Tr. 90535; PX 1318.)

Starting in December 1964, IBM made time-sharing proposals
to Lincoln Laboratory and "a limited number of other users in order
to enhance our ability to learn and understand time sharing".
(Wright, Tr. 12842-43,) According to Wright:

"IBM at that point in time was looking at this whole
development as sort of a learning wvehicle or process, if
you would. There were a great many things about time
sharing capability in a computer facility that IBM did
not understand . . . and we went about it on the basis
that we wanted to develop a product that would satisfy
Lincoln Laboratory and perhaps a few other selected
customers, and that . . . development, would be used,
then, as a learning process for IBM to understand what
really a time sharing system ought to be, what the

facilities and capabilities should be, both in hardware
and in scftware." (Tr. 12825-26.)

=
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IBM delivered its system to Lincoln Labs "four to five
months later than had been originally proposed". Although it did
not have all the functions originally proposed and did not perform
as rapidly as had been anticipated, Lincoln Labs was able to use
it as a time-sharing system. (Wright, Tr. 12829-33.) Wright
believed, considering the fact that it was "the first of a develop-
ment program”, that Lincoln Labs was "reasonably satisfied with the
product". They

"ex?résseq some dissatisfaction in the beginning, and a

they continued to work with the product and we gontlnue

to work with them in the product, they became more satisfied
and the expression of dissatisfaction was eliminated".
(Wright, Tr. 12832-33.)

After the Lincoln Labs proposal there was a "great deal
of demand" for IBM to propose similar products to others. (Wright,
Tr. 12842.) Perlis testified that he and others at Carnegie Tech
pressed IBM to provide "the same kind of time sharing service that
MAC was developing" and were telling IBM that time sharing was
"important" and '"that what MIT and General Electric had joined
together to do was the wave of the future". (Tr. 1963-69.)

Others in the ARPA community did the same. (Perlis, Tr. 2054.)

IBM selected certain users who were believed to have "the

capability of using a development system” and agreed to propose to

"a limited number" in order to enhance its time-sharing knowledge.

(Weight, Tr. 12842-43.) From January 1965 forward, IBM worked

i with a group of customers nicknamed the "inner six"--the University

i of Michigan, Lincoln Labs, Bell Labs, SDC, Carnegie Mellon University

and General Motors. These institutions were selected to act as

-429-



"

wm o W

)

W RN~ O w o w N

n

io L

{8

N

~a
)

N
4~

tn

o

"consultant or adviser to the group developing the 67" because
they were "the most knowledgeable and could make the greatest
contribution to [IBM's] designing a product that would f£it the
requiréments of [the] user community". (Wright, Tr. 12905-08;
see also Hart, Tf.v80293.)

Although IBM had originally intended to propose to only
six to eight customers "to enhance [its] expgrience base in the
use of the pfoduct”, that number was increased "because of the
great pressure that built up in demand from users and from the
IBM marketing organization". By October 1965, 63 proposals had
been made.* (Wright, Tr. 12843.)

And IBM was still gquite concerned that its competitors
would steal a march:

"[A] great many users . . . felt that time sharing offered
them some additional capability that they needed. . . .

"In some instances they would contact or write a letter
to one of the IBM top senior executives. In other instances
they would talk to their salesmen in their facilities, and
so on, wanting a proposal, wanting to understand what IBM
could do to satisfy this requirement. :

"And all during this period of time, in general, the
industry was in a state of agitation because time sharing
appeared that it might indeed be a new wave of the future
from the standpoint of computing facilities for a company
or an institution.

* In early 1965, IBM received and responded to requests for

Jproposals from NASA, Lewis and various other government agencies
i (including certain national security agencies). (Wright, Tr.
113316-24; DX 901.)
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"[Tlhere was clearly . . . an understanding that if
IBM for some reason did not respond to this particular
requirement of customers' need, . . . it was very likely
that those customers might very well buy such capability
from somebody else.

LR
. - - .

"[T]lhe significance would be that IBM would lose
business and that part of the installed base that IBM
had at that point in time would dlsappear. (Wright,
Tr. 12843-45.)

In March 1965, IBM announced the System/360 Models 64
and 66 "for limited bidding". (PX 6209.) With the availability
of improved memory for the Model 65 in April, the Models 64 and
66 were withdrawn and replaced by the Model 67,* which was also
released "for limited bidding". (PX 1427.) Wright, who was the
Director of Time Sharing Marketing from November 1964 until fall
1965, agreed that "every time sharing system proposal made by the
IBM Corporaﬁion during that time" received his close personal
supervision. One or more people "with technical qualifications
examined each such proposal . . . to ensure that IBM could provide
those functions" and there was a Review Committee whose approval

was required before the proposals were submitted. (Wright, Tr.

13334-35.)

* The Model 67 was simply a Model 65 CPU, modified by the addi-
tion of a "Blaauw Box" (relocation hardware). (Wright, Tr. 13357;

I DX 898.) The Model 67 could be run as a Model 65 and "many" Model 67
tusers did so by running OS part of the time and TSS the rest of the

time. (Brooks, Tr. 22760; PX 2029, p. 1l.)
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IBM was "very careful to be sure that all of our customers,
the peoplé who had orders, knew in fact the status of the program,
what might be a problem, if it existed at that time, and how we
were pfogreséing;‘ Moreover, because the customers involved were
among the most sophisticated users, they "were able to understand
the technical problems associated with the development effort".
(Wright, Tr. 13336~37.) The customers "understood that the Model
67 was a research and development project and that things would
| change as they went along”, but they were "willing to compromise
! on some of the things that we said would be included in the product
i and give them up if we could not produce them". (Wright, Tr.
12881-84, 13359.)

The Model 67 had its special bid restrictions removed and
4 was announced in August 1965 for delivery in 1966, with the TSS
! operating system scheduled for delivery beginning in June 1967.

(DX 898, p.2.)* The problems of developing TSS were substantially
! greater than IBM or the customers had foreseen. (Perlis, Tr. 1981-82; .
Knaplund, Tr. 90538; see also DX 13448.) Wright testified that when
éhe left his job as Director of Time Sharing Marketing in November

fl965, he believed there was "some" risk of slippage in the software,

Iout "good progress was being made in the development of TSS" and

. * Product Test issued a "formal" non-concurrence with the
announcement, although it believed the program was "in good shape".
The non-concurrence was resolved by management. (Wright, Tr.
113352-54, 13667-68; Knaplund, Tr. 90536-37; McCarter, Tr. 8841l6-17.)
IThe difficulties which the 67 eventually experienced were unrelated
!to Product Test's reasons for non-support. (McCarter, Tr. 88418.)
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"the program would be accomplished . . . as it was described at

the time". (Tr. 13360.) By July 1966, however, the number of lines

of TSS code had "approximately doubled", largely because of "the

fact that the degree of automatic operation of the system and

t particularly its ability to protect users from each other and

from system failures is a great deal more complex than had been

| anticipated". However, the first release was still expected to

be "relatively solid in terms of schedule". (PX 1826, p. 2.)
Problems continued to develop. In August 1966 IBM announced

a delay of 45 days in the release of the initial TSS package. |

(PX 3471.) Further, in the fall of 1966, shortly after learning

' of performance difficulties with the TSS software, IBM made calls on

its 360/67 customers to explain the situation and to inform them that

i certain functions were being decommitted and schedules delayed.

(Wright, Tr. 12876-78, 13363-66; see also DX 897.) Wright testified

? that everybody had been informed and understood that this might occur:

"All the customers understood that it was a development type

of a project, it was a development of a system that was to

some extent breaking new ground, . . . and everybody under-

stood that there might be changes. . . ." (Tr. 12879, see

also Tr. 13364-65.)

E Hart testified that General Motors Research was kept fully informed

" of the problems that IBM was having with TSS. (Tr. 80294.)

| In the meantime, GE was experiencing similar problems.

{ GE's efforts at Project MAC were aimed at developing a software

system called MULTICS, which was to be implemented on an advanced
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version of the 635, called the 645. (Weil, Tr. 7227-28.) GE
announced the 645 to the public in the fall of 1965, when neither
the machine nor the software was in existence. (Weil, Tr.
7232-35.) Before the end of 1966, GE withdrew the 645 from
marketing because it

"began to realize that what we had on our hands was a

research project and not a product. . . . We were attempt-

ing to do something that had never been done before, and,

in principle, we might end up discovering that it was not

feasible. As it turned out, it was hard and slow, but

it was feasible." (Weil, Tr. 7234.) /
Weil described the GE 645 as "being in the research project stage"
until 1969 or 1970. (Tr. 7234-35.) 1In fact, the GE-MIT MULTICS
operating system was never delivered by GE; Honeywell, after the
merger with GE, completed development of the software three years
behind the origimal schedule. (Weil, Tr. 7232-33; Wright, Tr.
13375-76, 13673-74.) These problems arose because "the partici-

pants in the Project MAC effort underestimated the difficulty of

i successfully developing MULTICS". (Weil, Tr. 7232.) As GE's Weil

testified:

"The technical task that was being attempted was extremely

sophisticated and many of the subjects were at the state

of the art as it was then known, and it took a long time

to iron out the details of implementing some of these

important features." (Tr. 7232-33.)

The 645 was never delivered and Project MAC received,

instead, a system designated the "636". (Wright, Tr. 13375-76.)
Rather than providing GE with the "top-of-the-line prestige lustre”

which had been expected, the 645 provided "very little to General
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Electric except a drain on its resources". (Weil, Tr. 7236.)*
IBM did not give up on TSS or the Model 67.** Release 1
of TSS was made available by IBM in October 1967. (DX 3282A.) By

April 1969, IBM had delivered a "substantially improved" version of

| TSS which was "considered to be an excellent software programming

system”. (Wright, Tr. 12842, 13375; DX 905; see also Hart, Tr.
80296-300, 81961-63; Cary, Tr. 101809.)#

The Model 67 was not widely accepted, and by year end 1970,
only 52 Model 67s had been installed by customers. (DX 2609B,
p. 182;## see Cary, Tr. 101809.) However, the experience that IBM
gained with the Model 67 and TSS proved invaluable. Evans testified

that when he returned to SDD from FSD in 1969,4 he launched an effort

* IBM's difficulties with TSS and GE's with MULTICS were hardly
unigque in the industry's development of large operating systems,
particularly for time sharing. GE also encountered problems with
its GECOS operating system. (Weil, Tr. 7215-19; see also Withington,
Tr. 56727-31; below, p®. 501-03.) As we discuss below, so did many

T others. (See pp. 479, 568-72.)

** The magnitude of the task was so great, however, that IBM did
consider withdrawing the Model 67 at one point. (PX 1955 (DX 13866).)

# That view was not universally held. Perlis testified that
"TSS is working today", but that it never delivered the "work load”
that Carnegie "expected that it should". (Perlis, Tr. 2118-19.)

## We are aware that DX 2609B is not in evidence but we rely on
it for the number of Model 67 installations because it is a sworn
statement by an IBM corporate officer based upon IBM's accounting

" books and records. ,

# Evans believed that his being sent to FSD was in some measure
a punishment tor failing to have dynamic address translation hard-
ware incorporated into the design of System/360 from the start.
(DX 4740: Evans, Tr. (Telex) 3950.)
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LE to get dynamic address translation hardware, the hardware which is key
Zi to virtual memory systems,* put into the 370 plan. (PX 2487A, p. R2;
3| DX 4740: Evans, Tr. (Telex) 3937-41.) Evans was successful, and virtual
+} storage capability became a stagle of all 370 systems announced
E¥ after August 2, 1972. (Cary, Tr. 101809-10.) Moreover, virtual

!
g | memory function was incorporated in 370 "in almost exactly the same
Ti-way as the Model 67". (Case, Tr. 73403, 73612-13, 73578-79; Cary.,
32 Tr. 101809-10; see also PX 2487A, p. R2; DX 8066.) Thus, the Model
g? 67 development produced hardware and software that became important
0% elements of IBM's computer systems for the next ten years.

E
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4 * Virtual memory or virtual storage is a combination of hardware
22 | and software which allocates to the machine itself the task of moving
_ jdata into and out of main storage from auxiliary storage. Virtual
rl storage greatly simplifies the programmer's task because it relieves

thim from the burden of having to make sure that his data will fit
24 j into available main memory space at all times. For programming

| purposes, virtual storage gives auxiliary storage the appearance of
25 | being main memory. (DX 4740: Evans, Tr. (Telex) 3943-54.)
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38. Educational Allowances. Universities had played a key

i role in the beginnings of EDP in the 1940s and 1950s ("[t]lhe first
computers were conceived and built at universities . . ."(DX 5504, p.
} 15)), and a close working relationship had arisen between academicians
%and EDP manufacturers.* Also, during the 1950s and 1960s, many
icolleges and universities, supported in part by the National Science
Foundation and other government agencies, greatly expanded their
utilization of computers. (Plaintiff's Admissions, Set II, ¢ 641.2.)**
The number of campus computing centers grew from 40 in 1957 to 400 in

11964 (DX 5504, p. 15), and, as the Rosser Report (DX 5504)# acknowl-

* For example, as noted earlier, Eckert and Mauchly, the developers
;of ENIAC, did their early work at the Moore School of the University
jof Pennsylvanla. (Eckert, Tr. 712-15.) John von Neumann, whose

i papers contributed to the development of the modern stored program
|concept, was a member of the Institute of Advanced Study at Princeton
land later a consultant to IBM. (Hurd, Tr. 85614, 86599-600.) Herman
1Goldstine, one of von Neumann's closest collaborators, joined IBM
}around 1958 (Gomory, Tr. 98154), and became IBM's Director of Math- 1
'ematical Science in IBM's Research Division. (JX 5, p. 57.) In more
‘recent times, Phillip McC. Morse, Director of MIT's Computation
"Center, is a member of CDC's Becard of Directors, and Harold Brown,
iPresident of the California Institute of Technology, is a member of
iIBM's Board of Directors. (PX 5779, p. 33; Morse, Tr. 30961l.)

. ** As early as 1956, the Atomic Energy Commission was giving grants
:to universities in order to suprw»ort the use of computers. (DX 5424,
Pasta, op. 11-13.) By 1963, at least eight government agencies
mcontributed to .ne support of computers in colleges and universities:
.National Science Foundation, National Institutes of Health, Atomic
iEnergy Commission, Advanced Research Projects Agency, NASA, Air Force

.Office of Sc1entlf1c Research, U.S. Army Research Office and Office of !
‘Naval Research. (DX 5504, p. 43.) !

# The Rosser Report, published in 196¢&, was the work of an ad hoc i
committee, the Committee on Uses of Computers, appointed by the {
Naticnal Academy of Sciences. J. Barclay Rosser of the U.S. Army Math-!
‘ematics Research Center of the Universmty of Wisconsin chaired the Com-
mittee. The Report estimated that in 1964, colleges and universities
-had about $250 million worth of computer equipment installed in those
‘400 centers. Universities' annual EDP budgets were comparable tc the
icosts of running their libraries. (DX 5504, p. 15.)

-437-

|
4
4
i
}



w W N MmN

K F o

edged, computers were becoming more and more important on the nation's

campuses:

"Campus computers are used by an increasing number of
students either to do homework or laboratory problems, or to
! learn about the design and operation of computers themselves.

L]

"Campus computers, like laboratory equipment, are needed to
do research. They increase the effectiveness of other scientific
equipment and permit many scientific studies of a scope and depth
heretofore unattainable." (DX 5504, p. 15.)

While in 1957 computer costs represented only 3% of all university

research and development costs, by 1963 the percentage had more than

tripled to 10.04%. (DX 5504; p. 66.)

But government funding was insufficient to support the

growth in computing which universities were experiencing during that

period. Computer equipment was expensive, and universities could not

%afford it without additional help. In 1963, for example, colleges and
universities spent about $97 million on computers. About half of that
tcame from federal sources, and colleges and universities themselves
'were able to pay for about 34%, a shortfall of 16% remained to be
éprovided from other sourées. (DX 5504, pp. 18, 21.)

In order to make up that shortfall, colleges and universities
jturned to computer equipment manufacturers for help. (Mcrse, Tr.

;30965.)* The business equipment manufacturers had historically offered

; * DX 5462, a listing of Requests for Computing Hardware compiled

by the National Science Foundation, lists 366 proposals from 175
‘educational institutions from 1957 to 1967 asking computer manufacturers
for free or discounted eguipment. (DX 5462, p. 20.)
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special discounts to universities,* and that practice was continued.

For example, when asked to explain why Burroughs offered educational

discounts, Macdonald testified:

"Pirst of all, it appears that it's been an industry prac-

tice for a very long time. . . . [Allong with that, the educational
- institutions appear to have grown accustomed to this practice

and remind us of it should we forget, and it is practiced by

our major competitors and it seems to sort of satisfy the general

social pressure that educational institutions should be treated

in a kind of special category as far as pricing is concerned."

(Tr. 6986.)

Thus, the pleas were generally successful:
"In the recent past, operating costs for computer centers. have
increased too rapidly for the usual university financing. . . .
This difficulty has been partly alleviated by the generous educa-
tional contributions offered by some of the manufacturers . . ."
(DX 5504, p. 20.)

Helping universities acquire and use computers was clearly in
the self-interest--or, as DeCarlo of IBM put it, "enlightened self-
interest" (DX 7514, p. 8)**--0f computer manufacturers. The use of
computers at universites was an important means of gaining the wide-
spread acceptance of the new technology. It offered the promise of

overcoming some of the ignorance, fear and uncertainty about computers

* For example, National Cash Register Co. offered educational
discounts on cash registers and accounting machines at least as early
as 1929. (DX 347, p. 2.) Similarly, Raymond Macdonald, chief execu-
tive officer of Burroughs, testified that the educational allowance
"practice was in effect when I joined the business in [the] mid-
1930s." (Tr. 6986.) IBM offered educa?ional discounts in the mid-
1930s on equipment to be used for teaching and research. (JX 28, ¢
11.)

** According to DeCarlo, "The evolving patterns of corporate support
of education predicate corporate giving on the basis of enlightened
self-interest, a concept that serves to illuminate the mutual nature
of corporation-education relationships. The long range interests of
IBM and education coincide in important ways." (DX 7514, p. 8.)
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by training the new generation in their use.

There were more direct potential impacts. The infant
industry was suffering from an acute shortage of people who were
trained in computing: educational discounts would help alleviate that
shortage. According to the Rosser Report:

" [Educational discounts were] first instituted because the
manufacturers realized that they would have trouble selling
computers unless people capable of using them were available. To
encourage the training of such people, manufacturers gave dis-
counts to schools offering courses related to computers; the more.
courses, the greater the discount.™ (DX 5504, p. 44.)

Also, as more and more people became knowledgeable about computing,
additional applications for computers would inevitably be created, and
the market would grow. The Rosser Report described that phenomenon as

follows:

"[Ulniversities can draw upon the talents of their students,
the best minds of each generation, at a time when these minds are
alert, inquisitive, and full of fresh ideas. Because a university
can bring these minds into contact with the computer in an atmos-
phere conducive to research and imaginative thinking, it can
stimulate bold and original ideas for improwving the computer and
making better use of it. There is, therefore, great value in
supporting such activity in universities." (DX 5504, pp. 28-30.) °

In addition, some people believed that computer manufacturers

would derive a positive public relations return from an active program

E in support of higher education. DeCarlo of IBM believed, for example,

| that "beyond fulfillment of 'corporate citizenship' responsibilities-

there is significant potential for public relations return on the

j education support investment”. (DX 7514, p. 6.)*

* Some people thought that such a "public relations return" would

finclude students who, having been trained on computer equipment of a
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For those reasons, IBM and other vendors cffered a variety o

support to educational institutions. IBM offered educational allow-

ances of varying percentages depending on whether the equipment waé to

be used for administrative or instructional purposes, and IBM also

donated computer time to universities under circumstances that would

| ensure that the time would be made available to a wide variety of.
| students.* In addition, manufacturers, especially CDC, offered

} research grants** (Norris, Tr. 5647), "buybacks" of computer time/

particular vendor, would later be inclined to favor that equipment.

, (See, e.g., Hangen, Tr. 10448-49; Rooney, Tr. 11880 ("([W]e felt it was
|| advantageous to have the students in the university become acgquainted

i with computers by first utilizing RCA equipment.").) Other evidence,

Enhowever, suggests that any such advantage was more apparent than real.

|
|

! (See, e.g., Perlis, Tr. 2033; Morse, Tr. 30985; Andreini, Tr. 47880-
182.) As Wright testified:

"If you train a person on the use of a computer, he has an
easy time going to some other manufacturer's computing system and
adapting to that particular computing system. The fact that he
i was trained on an IBM system does not lock him into an IBM system

and he is, therefore, able to handle another system." (Tr. 12910.)

* In the mid-1950s, IBM established data processing centers on the
-campuses of MIT and UCLA on the express condition that any student fron
lany college in the Northeast could apply. for time at the MIT center,
‘and that similarly any student in the West could use the UCLA facility.
i (Hurd, Tr. 86421; see also Morse, Tr. 30965.) Almost 40 colleges and
fiuniversities ultimately participated at the MIT center and over 60
.participated at UCLA. (DX 7514, p. 33.)

. ** Norris of CDC defined a resea