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companies zand used equipment brokers outside of the government, such
efforts lead to older, purchased equipment competing for business
with the new offerings of EDP manufacturers.

GSA was responsible for EDP reutilization in the Federal
government. (Plaintiff's AdmissionsQ'Set IT, ¢ 134.6.) And, DSA
(the Defense Supply Agency) wofked in close cooperation with the GSa
with respect to EDP reutilization. (Plaintiff's Admissions, Set II,
4 134.7.) Within the DSA the Defense ADPE Reutilization Office (DARQ)
acts "as a marketing type agency with respect to the disposal of
excess computer eguipment within the Department of Defense, and
through GSA to other Federal agencies and programs. (Id., ¥ 138.0.)

Federal agencies were expected to determine whether their
needs could be met either by utilizing excess EDP equipment or by
sharing installed equipment before seeking new acquisitions. (DX 9071,
Crone, p. 44; Plaintiff's Admissions, Set II, ¢ 357.9.) The reutiliza-
tion program involved hundreds of millions of dollars. The acquisition
cost of gocvernment ADP equipment transferred or reutilized. during
fiscal years 1965-1970 totalled almost $563 million. (Plaintiff's
Admissions, Set II, ¢ 371.9.)

The increase in reutilization of EDP equipment by the govern-
ment was boosted, in part, by the increase in the amount of EDP
équipment purchased, rather than leased, by the government, beginning

around 1963, when the GAO urged more extensive purchasing of EDP equip-§

. ment by the government. The percent of government-installed computer

equipment that was purchased rose from 17.0 percent in 1962, to 21.3

* percent in 1963; to 59.8 percent in 1969. (DX 923, p. 19; see Plain-

E tiff's Admissions, Set IV, ¢ 215.4.) It was also facilitated by the
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general purpose nature of the equipment, which by definition could be
utilized in many different applicaticns.

The GSA.repo:ted that the government realized cost reduc-
- tions ihrcugh reutilization of government-owned excess EDP equipment
' between 1966 and 1970, totaling over $330 million. (Plainﬁiff's
Admissions, Set II, ¢ 371.10.) Theée-savings, of course, came about
because the reutilized equipment competed successfully with new
equipment which the government would otherwise have acquired. (See
Plaintiff's Admissions, Set II, 4% 371.0, 371.1, 371.1l1l.)

Excess equipment which could not be reutilized efficiently

filwithin the Federal Government was disposed of elsewhere. Surplus

government-owned equipment has been donated to approved recipients,

such as state and local governments or educational institutions, or

sold on the open market. (Plaintiff's Admissions, Set IV, ¢ 228.1l.)*

The ADP Fund. In its 1965 Report to Congress (which led to

'the Brooks Bill), GAO recommended legislation to establish an ADP

revolving fund, to be available:
"(a) for procurement of equipment;

"(b) <for procurement of ADP contracted services
when needed; and

i "(c)  to facilitate the establishment of service

* One example was the Minuteman I guidance computer. Between
April 1969 and December 1971, the Department of Defense permitted GSA
to offer 230 Minuteman I computers for reutilization. All were taken

jand as ot December 1971, there were 113 unfilled requests outstanding.
j(Plaintiff's Admissions, Set II, ¢ 539.0-539.3.)
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centers, equipment poals, and time-sharing arrangements."
(Plaintiff's Admissions, Set IV, ¢ 223.0.)

The Brooks Bill authorized the establishment of such a fund,

to be managed by the GSA. The fund was "activated"™ in fiscal 1968

with an initial capitalization of $10 million in appropriations with
an additional appropriation of $20 million in January 1971. (DX 5714,
P. 3; Plaintiff's Admissions, Set II, % 370.2.)

GSA was authorized in May 1968, to "acquire excess govern-

} ment owned equipment and rent the equipment to agencies through the

ADP Fund at rates which wouid ensure the continued éolvency of the
fund but which would be lower than the rates charged by suppliers.”
(Plaintiff's Admissions, Set II, ¢ 370.1.) Thus, "[t]he GSA leasing
of EDP equipment financed by the ADP Fund is sometimes an alternative,
to the extent of ADP Fund resources, to acquisition of EDP products
for Government agencies". (Plaintiff's Admissions, Set II, ¢ 370.4.)
One of the ways in which the ADP Fund increased the alter-
natives open to government agencies was by allowing them to take advan-
tage of the lowe£ rentals offered in long-term lease plans. The ADP .
Fund was established without fiscal year limitation, and accordingly,
could be used by certain Federal agencies to enter into long-term
leases for EDP equipment (instead of either short-term rentals or
purchases), where their own budgetary/statutory constraints would
prevent them from entering into a lease with a term beyond one year.

(See DX 4355, p. 15; Plaintiff's Admissions, Set II, ¥ 370.9.) 1In

i addition, the ADP Fund functions like a leasing company for government

i agencies. (DX 5654, Webster, pp. 129-31; DX 5834, Hiniker, pp. 4-5;
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DX 7528, Mahoney, pp. 109-10; see also DX 6257, Gold, pp. 17-18; DX
9071, Crone, pp. 20-21.)

ADP Sharing Program. The reutilization program and the ADP

! Fund increased the extent to which Federal agencies actively considered |

0ld equipment in;com@etition with new computers they might otherwise
have acquired. Such competition was further enhanced by the possible

use of excess computer time in lieu of hardware acquisition. Indeed,

- whereas throﬁqh the reutilization program, the GSA acted as an internal

government cbmputertbrdker/dealer and the ADP Fund as an internal
government leasing‘company, the sharing of computer time created
internal government service bureaus. As with service bureaus outside
the government, this took two forms: the use of excess time on com-
puters otherwise utilized by users, and the creation of data pro-
cessing centers with computers dedicated to the provisions of time and
services to a variety of users. (DX 5188, p. 2; Plaintiff's Admissions,
Set II, ¢ 364.1.) Such service bureaus provided users with further
alternatives to hardware and software procurement. (See, e.g., .
Plaintiff's Admissions, Set II, { 357.8.)

In 1964, even before the Brooks Bill, the Bureau of the

Budget stated the following policies regarding "the sharing of elec-

tronic computer time and related services" among government agencies:

"(a) The practice of offering available electronic
computer time and related services for use within and among
agencies of the Federal Government is to be followed as a means
of increasing the utilization of equipment.

"(b) The use of sharing is to be considered by
departments and establishments and their field offices
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as a principal means to perform essential computer work

for which electronic computer resources are not at hand
in the organization.

"(c) Agencies are encouraged and are expected to
utilize the referral services provided by Computer
Sharing Exchanges or equivalent services as may be

- established to identify sources of assistance available
for sharing purposes." (DX 5461, pp. l-2; Plaintiff's
Admissions, Set II, % 357.9.)

As with the other EDP-using activities of the government,
such activities were systematized under GSA following the Brooks
Bill.

The program was a success:

"From fiscal year 1966 through fiscal year 1970,

cost avoidance by GSA resulted in the probable avoidance

of expenditure of the following amounts of money by

sharing products of Government agencies as an alternative

to acquiring new EDP equipment or services": $250.8 million.
(Plaintiff's Admissions, Set II, ¥ 368.2, see Y4 369.0-

.18 for specific examples; see also DX 5654, Webster,
pp. 67-69, 106=-07.)

Separate service bureau operations were also set up. GSA

% operated 12 Federal Data Processing Centers (finaﬁced through the ADP

E‘Fund) which offered the following services to government agencies

? and contractors: computer processing, systems design and programming,
; data conversion, and applications software. (Plaintiff's Admissions,

v Set II, Y9 354.5, 364.3-.4.)*

* In addition to the larger Federal Data Processing Centers, there
are a number of "Joint Use Centers . . . in which more than one agency
!with a data processing requirement joins together to do their work
‘{either by time-sharing or splitting shifts". (Plaintiff's Admissions,

Set II, ¢ 366.0.)
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55. Planning for New Products.

a. Introduction. Even in 1964, IBM management was deter-

mined that the organization Qould not simply sit back and enjoy the

fruits of the success whieh it was already beginning to achieve with

competition in the early'lséﬁs,'that however successful 360 would turn

ocut to be, competition would@ not stand still. As Thomas J. Watsom,
Jr., wrote in November 1963:

"I believe that whenever we make a new machine announce-
ment, 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, p. 2.)

Thus, planning commenced for future generations of equipment
1 even before the System/360 was delivered. On October 9, 1964, A. XK.

Watson (IBM Senior Vice President) wrote to Gibson and Piore (both IBM

Vice Presidents and Group Executives):

". « « I think it is extremely important that you put
together a group of engineers from each of your divisions
who will now be starting to design the next generation
machine and do this on a continuing basis, taking advantage
of possible improvements in monolithics technology, any new
memory technology, printing, etc." (DX 14394,)

It was also recognized within IBM that the future competi-

itiveness and price/performance advances of IBM's computer systems
;wéuld depend on new peripheral devices as well as processors and
imemory. IBM's System/360 Compatibility Committee reported in August
il964, that:

-878~
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"The herestofore heavy emphasis on processor planning as

the criterion. for improved price/performance 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 period will probably be brought about more

by improved I/O capability than by CPU and memory improvements."

(PX 3903&, p. 22; see also PX 6671, p. 27.)
In particular, continued improvements'in input/output equipment were
expected to be needed "to keep System/360 a viable product line. . . ."
(PX 3908a, p. 22.) As we have seen, IBM did in fact announce greatly
improved disk drives (the 2314) and tape drives (the 2401 Models 4, 5,
6 and the 2415) in the two years following the announcement of System/

360. (See pp. 393-95 above.) Peripheral developments were also even-

" tually to contribute significantly to the next generation of computer

systems.

The history of System/360, as we have discussed to this
point, reveals an on-going pattern in which IBM introducedvproducts,
competitors responded with lower prices or improved products, and then
IBM responded again with lower prices and/or improved products of its
own. This pattern was captured at least in part by the testimony of a.
number of IBM's competitors who testified, in conclusory terms, that
they attempted to price their ptoducts, either by cutting prices or
introducing product improvements, to obtain a price/performance advan-
tage over IBM's existing computer systems--particularly System/360

éystems.* As one would expect, that goal represented only a rough

* See, e.g., McDonald, Tr. 2883-84; Palevsky, Tr. 3149-50, 3176;
Norris, Tr. 5653-54; Hangen, Tr. 6350-51, 10861-62; R. Bloch, Tr.
7598-99, 7601-02; Beard, Tr. 8492-94; Rooney, Tr. 11826; Wright, Tr.
13082~-84; Currie, Tr. 15175-76,
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"rule of thumb" (see R. Bloch, Tr. 7599-60l1) and was necessarily
imprecise because of the functional differences between the competitive
systems and IBM"s systems and the variations in performance among |
qoﬁpﬁter systems from applicatioh to application. (Fernbach, Tr. 497- f
503; Scherer, Tr. 2482; Palevsky, Tr. 3270-71; McDonald Tr. 4182-83,
4195-96, 4207-12; ﬁorris, Tr. 6038-39; Lacey, Tr. 6570-72, 6800-01;
Beard, Tr. 10091693; Wwithington, Tr. 56758-60.)

Most of the characterizations of those competitive thrusts
focused primarily on obtaining a throughput per dollar (usually
labeled "price/performance") advantage. (Palevsky, Tr. 3270-71;
McDonald, Tr. 4188—90; Norris, Tr. 6038-39; Lacey, Tr. 6570-72; Beard,
Tr. 10084-88, 10097-102; Hangen, Tr. 10837; Rooney, Tr. 12129-30.)

Of course, important elements of value to users were not captured by
the price/pérfOrmance eQuation, and many of these elements were

advantages of System/360 that competitors were unable to match.*

* Such as the disk drives and printers, the breadth of peripherals,.
software, service and other features. See Perlis, Tr. 1977-78;
Norris, Tr. 6040-41; Lacey, Tr. 6708-10; Hindle, Tr. 7448-51;
McCollister, Tr. 9370; Beard, Tr. 9048-49, 10088-95, 10276, 10322-23,
10325; Rooney, Tr. 12048-49, 12055-57, 12122, 12135-37, 12190-94,
12550-51; Currie, Tr. 15459; Butters, Tr. 46450; Withington, Tr.
55898, 56218-19, 56240-41, 56250-52, 56591-92, 56764-72, 56800~
02, Case, Tr. 72881, 73428; Knaplund, Tr. 90504-05; Evans, Tr. 101132~
34, 101137-38, 101141; PX 1099A; PX 1967, p. 1l; PX 4829, pp. 17-18.
The point here is not to criticize the crude attempts to measure price/

i titive responses of IBM's competitors (and the resulting IBM responses)

and the significance to users of those responses were both more complex !

and less clear cut than that single measure could indicate. |
t
i
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In any event, because System/360 was so overwhelmingly successful and

widely accepted, IBM's competitors often aimed their later announced

?pan incentive t6~remcvq installed 360s to be replaced with different
| equipment. (McDemald, Tr. 4205-06; R. Bloch, Tr. 7596-97; Beard, Tr.
i 10103; Rooney, Tr..12420b21; Wright, Tr. 13083-84.)

This "leapfrogging" nature of competition was, and is,
characteristic of the computer industry. (Hindle, Tr. 7447-48; R.
Bloch, Tr. 776;—62: R. Jones, Tr. 8866-67; McCollister, Tr. 9697,
11069-74; Beard, Tr. 10103-05; Hangen, Tr. 10414-15, 10423-24; Butteré,
Tr. 49449-50; Withington, Tr. 56459-60, PX 353, p. 23; DX 426, pp.
7-8.) As we have seen, IBM was as mindful of the need to outstrip its
|| competitors as they were of the requirement to be better than IBM, and
repeatedly, IBM was forced to come out with improved products or lower
i prices in order to remain competitive. (Knaplund, Tr. 90519-20,
§ 90503; Evans, Tr. 101045-49; PX 1045; PX 1077; PX 1090; PX 1099A; PX
1 2990, pp. 1-4; PX 4256, p. 2; PX 4565; PX 4830, pp. 20-22; DX 1525;

+ DX 4773, pp. 3, 6; DX 4795; DX 4806; DX 8886, p. 43,) Neither IBM nor
i 1ts competitors could have been successful for very long had they done

y otherwise.* That "leapfrogging" competitive interaction presented

* Hindle, Tr. 7447-49; R. Jones, Tr. 8865; Hangen, Tr. 10431,
i Currie, Tr. 15751-53; Brooks, Tr. 22704-05; Withington, Tr. 56522-25,
5156540, 56556-57, 56560, 56565; J. Jones, Tr. 78990-91, 78995-97;
?{Knaplund, Tr. 90473; Evans, Tr. 101271-72; DX 426, pp. 7-8; DX 14043,

! pp. 73-90 (App. A to JX 38); DX 3726; PX 1079; PX 1194a, pp. 1-3; PX
i§1214; PX 125€ (DX 14504); PX 2964A, pp. 4-6, 26-30.

-881-

and delivered products at existing 360 users, attempting to offer them |




W oW r

(41}

W N B w 0 -

'S

tn

m

awesome challenges to the industry participants: they were compelled
to strive for a sufficient lead with each product to withstand the
competitive responses destined to follow. Thomas J. Watson, Jr.,
expressed that challenge in mid-1963, as the announcement of System/360
approached:

"I think it important to note, however, since we seem

to have suffered for a few months or even years because our
machines predated the effective competitive machines now in
the marketplace, that we now make these machines good enough
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 enough so
we do not go into the red." (DX 4806.)

As Watson predicted, competitors closed the lead that
System/360 had given IBM and put IBM to the test again in the latter
part of the 1960s. By then those competitors included, in addition to
the systems manufacturers, vigorous and rapidly growing groups of
PCMs, offering simple box-for-box replacements for IBM equipment, and
leasing companies, offering individual boxes and configured systems
in competition with IBM. Moreover, service bureaus and software
f houses had proliferated and grown enormously over the decade, assuming
: roles of increasing competitive importance in the EDP industry. IBM
‘ responded to the competitive challenges with a new line of improved
' equipment which became System/370.

Design planning for what would become System/370 began in 1965,
“ and the engineering work began "in earnest in 1966". (DX 4740: Evans,

(Telex) Tr. 3937.) Case, who was Director of Architecture at IBM during

the planning for the new systems, described the objectives for the

-882-~




L N L I

Ww W N M

[N
[2N

n

"N

development of System/370 as follows: IBM was to develop its own
integrated logic circuits--MST, i.e., Monolithic Systems Technology
(see E. Bloch, Tr. 91501—02)--and.integrated.memory circuits. It was
"to extend the‘arehiﬁecture of System/366 in order to make System/370
more valuable to'users and, therefore, more attractive'to them".
System/370 was to be u@waxd:compatible from System/360. Dynamic
Address Translation, developed in the Model 67, and related:systeﬁs
software were to be added to Support virtual memory. Variocus other
improvements, related to pfogramfcontrol facilities, reliability and
availability, were also to be included. All of these features, of
course, contributed toward an overall objective: "It was our objective
in designing System/370 to design . . . a new family of central
processing units utilizing new circuitry and new technology to achieve
new levels of price performance for the user." (Case, Tr. 73609-13,
73732.)

Such new levels of price/performance for central processing
| units were to be accompanied (as would be required if system perfor-
'+ mance were not to be limited by input/ocutput performance) by improved

i price/performance in peripheral equipment.

"Similarly, we had an objective to make available
new technology and new circuitry to achieve new levels
of price/performance for the auxiliary storage devices,
that is, for the direct access storage devices and for the
magnetic tape devices." (Case, Tr. 73732-34.)
In addition to the new disk drives and tape drives, there
were to be fixed head file devices (Case, Tr. 73734-35), block multi-

plexer channels (Case, Tr. 73695-99), new terminals (Case, Tr. 73737~
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- 41), a 3705 communications control unit (Case, Tr. 73741-
47), a mass storage system which Case described as an "ancestor" of
the 3850 (Case, Tr. 73747-48), and a new high speed printer, the 32Il
(DX 1437). | '
Pifteen months prior to announcement of the first System/370
modéls, the planning"goals'were'discussed by the Management Committee:
"Kennard [Vice-President, Development, SDD] summarized
the intent of the meeting as being to review basic NS objec-
tives and strategy, terminal-oriented and data base computing
systems, NS plans, and marketing plans as they relate to the
NS systems. The basic NS objectives are to allow customers
and IBM to meet market requirements on an evolutionary basis.
Kennard depicted the marketplace of 1970-75 as moving towards
communications oriented, on-line usage. He enumerated the
basic functions which would have to be improved, increased or
added to satisfy this demand. Improvements are required in
CPU's and channels, availability, access methods and front-end
tie-ins. Increased function is required in memory size,
channels, and on-line data files. New functions are required
in I/0 devices, ‘such as tape, terminals, displays, printers,
and conversational compilers with associated control programs."”
(PX 2399, p. 1.)
The stratégy for the new systems, however, was "evolution not
} revolution”. (PX 5621, p. 17.)
| In addition, based upon the experience with System/360, IBM
Z planned to stagger the announcements of its next generation of CPUs to
i avoid the excessive strains and demands which the simultaneous announce-
% ment of the entire 360 line had placed on the business. Since the
1 concept of compatible families was now well establlshed this approach,
f’unlike the situation at the announcement of System/360, would not
’subject the customer to unnecessary uncertainties. The new processors
1 were to be announced "one or two at a time at approximately six month

iintervals" starting with the largest two models in the summer of 1963.
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(Cary, Tr. 101359-361.)

As we shall see, the design for and development of the new
systems were to involve a complex interaction among the development
and aéplication of new technologies for memory, logic circuitry, disk
drives and tape drives and the achievement of advances in operating
systems architecture. Although some of these pieces constitute stories
in and of themselves, they each played a crucial role in the ultimafe
announcementévof System/370 and in the achievement of the basic goals
for the next generation: the attainment of a substantial price/perfor-
mance improvement over System/360, the extension of the System/360
architecture, the maintenance of upward compatibility from System/360
and the addition of improved capabilities and function--to respond to
competitive developments, to meet the changing demands of users, and
to foster continued expansion of the use of EDP products and services.

b. Tape Drive Developments: The 2420 and 3420 (Aspen). In

1965-66, after its announcement of the 2401 and 2415 tape drives, IBM
began a longer range program to develop new and superior tape drives
to supplant the ones just announced. That development led first to

the 2420 and later to the 3420, known in various stages of its develop-

i ment as PRIME, HATS and Aspen. (DX 4740: Evans, Tr. (Telex) 4122-24;

1 Aweida, Tr. 49617-22; DX 2158; Cooley, Tr. 31942; DX 7751, pp. 3-7.)*

* In the mid-1960s, IBM's "development focus" was on the System/360.
IBM "in essence took development monies away from magnetic tapes . . .
[and] other technology areas" and concentrated on System/360. "As the

development bulge of System/360 began to pass", however, IBM reassigned

development resources to "programs of technical excellence . . . that
led to . . . the development of what became the 2420 and later the 3420
tape subsystem family". (Evans, Tr. 101294-96.)
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The 2420. Development of the 2420 (known in development as
the "D30R") was reviewed in late 1966:

"We started early in 1965 to develop a truly superior tape
drive that uses the latést technology to achieve improved relia-
bility and faster thruput while staying compatible with the 2400
line. The technologies chosen provided increased tape speed,

faster access time and linear rewind characteristics far superior

to any known drive. These characteristics substantially improve
the thruput of our Medium and Large scale Systems/360." (DX
7751, p. 3.)

Among the features of that new tape drive technology were
automatic threading (id., pp. 3-4), the use of a single capstan to
enhance reliability (id., p. 5), the use of SLT technology throughout
(id., p. 6) and thevus¢~of fewer components leading to greater relia-
bility and sérviceability. (Id.) It was anticipated that the 530R
drive with these advantages could be manufactured at the same or even
less cost than the 240X. (DX 7752, p. 3.) It was also proposed in
late 1966, that a new tape drive (later called the "D30X") utilizing

the D30R mechanism be introduced to supersede the existing 240X drives

! for "small and medium system users", in order to give them the same

advantages. (DX 7752, p. l.)

The need for such improved tape drives was even more apparent
i by the time they were announced. In December 1967, the Management

i Committee reported to the Management Review Committee that, although

the DP Group analysis of "peripheral equipment exposures and related

action programs" indicated that IBM's peripheral products were superior
! to competitive alternatives in most areas, tape drives faced at least

' a potential threat:
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T;téchnology to slower speed tape drives (D30X program) for use with the 5

? threading, cartridge loading and compatibility with all IBM 1600 bpi

i+ phase encoded tapes.* (JX 38, p. 840.) |

i
]

"Frank Cary recognizes an immediate exposure, especially in the
tape drive area, which stems mainly from an improving marketing
and service capability, and the attention the trade is giving to
these obviously better performing tape drives. Frank feels this
exposure can be contained at the level of about 1,000 drives,
since at the announcement of the D30R in January we will re-
‘establish technical superiority and indicate to the market that
our entire tape line will be renovated.

" .
L 4 L L4 L 4

"In retrospect, it is recognized that our strategy in tapes,
which stretched old technology too far, tco long, created the
threat we are now experiencing. Conversely, because of our tech-
nical superiority in the file area, we are able to react and keep
ahead. The Group is committed to avoid this problem in the

On April 15, 1968, C. B. Rogers, Jr. (Vice President, Marketing, Data
Processing Division) wrote to F. G. Rodgers (President, Data Processing
Division): "The competitive tape unit market is moving fast and we
anticipate even greater acceleration in the future", pointing out the
agreement by which Potter and MAI would market Potter tape drives.
(PX 3958, p. 1l.)

The IBM 2420 Model 7 was announced on January 30, 1968, for
use with the System/360 Models 50, 65, 75 and 85. It incorporated a

single capstan drive, 200 inch per second tape speed, automatic

Meanwhile, plans were being implemented to extend the D30R.

* The single capstan drive was directly coupled to a unigue high

i torque, low inertia motor developed at IBM. The characteristics of the |
| motor helped to make the 2.0 millisecond access time possible. (DX
£ 17751, p. 5; see also DX 12689, p. 9.) 5
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'{ 360/30 and up. (DX 7710, pp. 5-6.) Because of its high data rate, the
f 2420 Model 7 could not be used with systems smaller then the 360/50Q,

| but other aspects of its technological advances were desirable for the
. | users of those smaller IBﬁ-systems. (see DX 5155, Gruver,* pp. 42~43}
j'see also DX 7838,'9- 3.) That program‘was given a_"kick off"‘meetingv

| on January 5, 1968. (DX 7710, pp. 1, 4.) By February, it was reported
i that "Boulder is making real progress on the slower speed D30R-like |
drives”, (Dxi7669.) Important goals of the program were improvements
in reliability and serviceability as well as cost reduction. (Id.: DX
7698.)

In July 1968, the Management Committee received a presenta-
tion on peripherals. It was told that "the 2401 Models, one through sixj
are the most vulnerable to the competitive compatible products in that
they are roughly half the price of our products and are of a newer
technology”. The DPG strategy "to comﬁete in the competitive compatible

products-area" was, among other things, to "[m]aintain technical

jsuperiority”. (PX 2267B, p. l.) The planned schedule of announcement

ffor the new technology IBM tape drives was also reviewed. (Id.) The

Management Committee reported to the Management Review Committee:

o v N o

"We have announced a tape drive which is technically equal

in the high performance area, and have plans to announce
technically competitive products in the other capacity

ranges in October 1968 and June 1970. At those periods

of time we will be equal in technical performance. We

will be technically equal, but not equal in price/performance

z * Howard Gruver, at the time of his testimony, was Vice President of
Engineering for Peripheral Development at the Telex Corporation. (DX
5155, Gruver, p. 3.)
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basis. DPG is actively working on strategies to combat
this exposure but in the MC's opinion, we are, at best,
in a weak posture in this area today.

"Based cn the extended capacity of the competitive

manufacturers, we stand to lose a significant amount of
highly profitable business unless a plan can be implemented
to plug the dike. DPG has been asked to report back to the
MC by September with a validated forecast of expected
impact of competitors' and their plans to respond to this
threat.™ (PX 3086.)

IBM had caught up and was pushing ahead in its technological
development of tape drives. A presentation to the Management Committee
in mid-October 1968, stated that "while we were behind in technological
development in the tape drive area in 1965 and 1966, the increased
investment in tape drive engineering in 1967 and 1968 had produced
products which are technically superior to the competitive offerings”.
(PX 3096A, p. 3; see also PX 3104, p. 2.) In November 1968, Cary (IBM
Senior Vice President ‘and General Manager, Data Processing Group) wrote
to Watson (IBM Chairman of the Board) concerning tape drives and dis-
cussing competition from Telex and MAI who were "actively marketing
direct replacement of IBM's 2400 Series drives". He stated:

"Our tape strategy is to compete with superior
technology and function, and not price alone. . . .

"We believe the new 2420 single capstan technology
« « « Will narrow the price differential between us and
the other manufacturers, increase customer satisfaction,
and regain technical leadership for IBM. . . .

"Our next move is the planned announcement of the
second model of our new technology tape drive, the 2420
Model 5, which is scheduled within the next 30 days."
(PX 2343.)

The 2420 Model 5 was announced on December 2, 1968, Accord-

ing to the announcement, it was attachable to System/360 models from
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s éarts~of the earlier Model 7 (see DX 7710, p. 2), the Model 5 embodied

'7; but had half the speed of the 2420 Model 7. (JX 38, p. 932.)

'development. A memorandum written by three engineers of The Telex

the Model 30 through the Model 91; offered a format compatible with the

2400 .and the 2415 series Models 4, 5 and 6, as well as the 2420 Model
Although the éomponent parts 'of the Mcdel 5 differed largely from the

most of the adVantageé of design that the Model 7 had introduced,
including automatic threading and cartridge loading capability. (JX
38, p. 932.) The goal had been to "cost reduce [the Model 7] to make
it a more manufacturable machine" and that was accomplished by changes
in the organization and packaging of the machine. (See Aweida, Tr.
49091-94; DX 5155, Gruver, pp. 38-40.) The 2420 Model 5 was offered at
a substantially lower price than the 2420 Model 7. (See JX 38, pp. 841, 932.

Outside IBM, the 2420 Mcdel 5 was perceived as an important

Corporation stated:

"The [IBM 2420] Mod 5 is a very well planned, designed,
engineered, and production-designed machine, taking advan-
tage of high. production type tooling. It has been cost
reduced far better than any IBM drive I have seen.

"
. . . .

"The IBM 2420 Model 5 is a completely different tape
drive from the IBM 2420 Model 7. It is very apparent that

the Mod 5 is the drive that they have spent the greatest
amount of time and money on. It has been cost-reduced
and highly styled." (DX 1769, pp. 1=-2.)

The 3420 (Aspen). Around 1967, a new, more ambitious program

1 emerged from the development effort that had produced the 2420 Models 7

1and 5. That program, first known within IBM as PRIME and then as HATS
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and then, in 1968, as Aspen, resulted in the 3420, announced in
November 1970 as part of the System/370 announcements. (See Aweida,
Tr. 49617-22; DX 2158; Cooley, Tr. 31942; DX 4740: Evans, Tr. (Telex)
4122-24; JX 38, p. 98Ll.)

In Augﬁst 1967, a Phase Review of the project, then called
HATS (High Availability Tape Subsystem), set forth as objectives the
improvement of availability, price/performance, reliability and service-
ability with the use of one-half inch compatible tape. Drives were
planned for 3200 and 1600 bits per inch, and were to have 360 program-
ming compatibility and incorporate NS (System/370) architecture. They
were to have a much higher data rate than any existing IBM drive,
including the D30R (2420 Model 7). Announcement was planned for
September 1969. (DX 3116, pp. 1, 2, 3, 6, 13, 28.)

A year later, in September 1968, the name of the project had
been changed to Aspen. The goals remained generally the same, but
announcement was scheduled for June 1971. (DX 3087, pp. 1, 2, 5, 7, 9.)

That 1971 announcement was one piece of a multi-part strategy.

The strategy, which included the announcement of the 2420 Model 5 and

the first customer shipment of the 2420 Model 7 in 1968, was to go on

4 in 1970 with the announcement of a mass storage device and then to the

1 announcement of the first Aspen drive in 1971. (See PX 2343.)

That time table proved too slow. By October 1969, activity
by leasing companies and peripheral manufacturers was expected to
increase. It was reported in IBM that while the 2420 was "currently

competitive", competition was "expected to equal or exceed the capa-
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bilities" thereof with rental or purchase prices lower or comparable to
IBM's. (PX 4033, p. 28.)
In order to accelerate the development effort, the Aspen

program was divided into‘two‘parts, Aspen Intermediate and Aspen

" Advanced, to be announced in September 1970 and June 1973, respec-

tively. (EQ;, P. 20.) "The Aspen Intermediate Program is currently
targeted to meet the OEM cémpetitive pressures that are increasing in
the field today. « « " With the Aspen program concentrating only on
Aspen Advahced, "[i]lt has become apparent that this product by itself
would not stop erosion of our tape products inventory. . . . To meet
thé competition then, the Aspen 'Intermediate' Program has been intro-

duced to supplemeht the Aspen 'advanced' high performance plan". (PX

5360, pp. 1-2.) Aspen Intermediate was planned to have a density of 1600

bits per inch; Aspen Advanced, a density of 6400 bits per inch. Aspen
Intermediate was to have tape speeds of 50, 100 or 200 inches per

second; Aspen Advanced, tape speeds of 100 or 200 inches per second.

t As a result, Aspen Intermediate would have a data rate ranging from 80 .

} to 320 kilobytes per second; and Aspen Advanced, from 640 to 1,280

kilobytes per second. Aspen Intermediate was seen as "protecting our
tape investment” on 360/40s and 50s and early A48s (subsequently

announced as the 370/155), while Aspen Advanced, to which Aspen Inter-
mediate was "a more logical step", was seen as a way of insuring long
term system price/performance. (Id., PP. 2-3.) Competition to which

the strategy was addressed included both systems companies that had by

1969 announced tape subsystems equal to or better than the 2400 line
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| and were expected to match the 2420 in the near future, as well as
leasing companies and peripheral‘manufacturers. (PX 4033, pp. 28, 33;
' see also PX 5360.)

' There were pressures within IBM to speed up delivery of the -
Aspen.Intermediate‘and the announcement of Aspen Advanced. (PX 5564;
see also PX 5360; DX 14388.) Indeed, Corporate Marketing expressed
doubts that the entire strategy would be in time or would be sufficient.|
In early Octbber 1969, R. A. Pfeiffer (IBM Director of Mérketing) wrote
to W. D. Winger (Product Manager, Tape Devices, SDD) concerning the

Tape Devices Strategic Plan:

"Corporate Marketing disagrees with the subject strategy
for the following reasons:

"l. The strategy does not address critical require-
ments in the 1/2 inch tape marketplace identified by
market requirements statements and increasing competitive
penetration of IBM's tape drive base.

"
e = [ -

"3. The strategy does not positively indicate that
IBM will regain and maintain price/performance superiority
over competitive manufacturers. . .

"4, The risks of insufficient advanced technology
efforts are identified in your strategy, but resolution
is not addressed.” (PX 4212, p. 1l.)

1 In particular:

"The growth of the OEM installed/on-order position,
coupled with their projected production capability,
requires immediate IBM response to protect and grow our
market." (Id., p. 2.)

Further, with reference to price/performance comparisons:

"Inclusion of OEM plug-compatible units shows !
IBM price/performance deficient in the critical Inter- :
mediate and Large Systems areas. ;
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"We d&o not see positive assurance that IBM will
regain price/performance superiority from competitive
manufacturers.”" (Id., p. 3.)

Winger replied on October 30:

“IkbelieVQ-this has been answered by the funding.
of Aspen Intermediate to permit announcement 9/70."

Aspen-Intermediate‘wasrtcvbe announced for both System/360 and the-new
systems. (PX 5563, p. 1l.) It was "price competitive with system
manufacturers and OEM at their lowest quote prices"™ but the long range|

strategy called for *additional functions and improved performance".

(Id.«, po 20-)
However, these efforts presented

"a problem of adequate resources to bring out a burst of
products while at the same time building a technology base
for future products and product enhancements. The alter-
natives are to add resources or to accept the risks or to cut
out product programs. I have listed the choices in order
of my preference. This is an SDD funding issue." (Id.,
P. 2.)

Pfeiffer replied in mid-November, saying: "The first custo-
mer shipment date and delivery schedules for Aspen Intermediate drives
should be improved. . . . The lack of advanced product technology
efforts has not been resolved." (PX 5564, p. l.) In particular, "in
light of current OEM strength, first customer shipment [of Aspen
Intermediate] should be reduced to 9-12 months after announcement to
maximize competitiveness of the new drives". Also, while it was
understood that advanced technology efforts were "primarily a funding
issue, ([w]e are not satisfied that acceptance of the risks involved
with insufficient new product technology development is a proper

| strategy". (Id., p. 2.) That debate had occurred repeatedly over the
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years between IBM's staff and line organizations: how best to fund the |
expenditures and absorb the riské involved in the rapid technological
development demanded by the competitive race.*
Aspen Intermediate was announced as tha 3420 tape drive, .
- Models 3, 5 and T;'on ﬁovember_s, 1970, with first customer shipment
scheduled for October 1971. As announced, the drives were attachable
to all 360 mo@els above the Model 20 and to all models of System/370.
(JX 38, pp. 981, 983.) The three models had tape speeds of 75, 125 and
200 inches per second and provided format compatibility with all IBM
§ 240X and 2420 tape drives through the ability to accept both NRZI and
; phase encoded tapes. (JX 38, pp. 981-3, 985.)

Although IBM capitalized on the basic design of the 2420 in

tits development of Aspen (PX 4033, p. 48), the end result was a signi¥
-

.e-‘

tn

[N ] m '3

4>

ny
"

| £icantly improved tape drive and control unit. Some of the differences
E between the 2420 and its control unit (the 2803) and the 3420 and its
fcontrol unit (the 3803) were:

(i) The 3420 provided a wider choice of recording formats,
densities andbtape speeds than the 2420. This gave the user
greater flexibility in configuring a tape subsystem to meet his
requirements. (JX 38, pp. 840, 932, 982, 985; DX 7619: Winger, Tr.

Telex) 5709-10.)
(ii) The 3420 achieved on the 9rder of 20 percent improvement

in access time over previous tape drives. (DX 7619: Winger, Tr.

* IBM had spent more than $10 million on Aspen by the time it was
:shlpped (DX 7619: Winger, Tr. (Telex) 5695.)
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(Telex) 5714-15.)*

(1ii) The 3420 achieved a 25 percent improvement in rewind
time over the 2420. (DX 7619: Winger, Tr. (Telex) 57L6.)**

C tiw {Tne'3420 simpiified maintenance. No adjustméﬁts in.th&‘f
basic read/Wtite circuitry were required (DX 4253, p. 6), and a
number of manual pneumatic adjustments were-eliminated (DX 4253,
P. ¥. "[Alnnoutsténding development in Boulder Lab [was] a
pneumatic device which automatically adjusts and controls the
pneumaticsbpiped to various portions of the drive, making a
rultitude of individual adjustments, that appeared in the 2426,
unnecessary." —(Cooley, Tr. 31941.)

(v) The built-in programmable diagnostic capability of the

3803 controller also contributed to Aspen's maintainability.
Aspen was able to detect and identify problems in the tape sub-
system as they occurred. (PX 3784B, p. 36; PX 3962, p. 8; DX
2137, p. 6; DX 4253, pp. 17-22; DX 5155, Gruver, pp. 62-64, 73,
96-97; DX 7619: Wiﬁger, Tr. (Telex) 5706-08, 5713.)

(vi) Use of monolithic circuitryvy in the 3420 drive and 3803
controller provided for more logic capability on fewer cards and
in a smaller space with a resulting improvement of more than 25%

in reliability over the 2420 family. As a result of the reduction

_ * "Improved access time was achieved by positioning the readhead i

gap closer to the data, thereby reducing the access time interval in !
subsequent reads." (DX 2137, p. 1l.) DX 2137 is an article by three IBM:
| employees at the IBM Systems Development Division Laboratory in Boulder,i
} Colorado, which discusses what those individuals believed to be the :
1 "design innovations"” of the IBM 3803/3420 Magnetic Tape Subsystem. :
i ** "Improved rewind time was achieved by more positive control over
i the tape as it enters the vacuum columns, and the control was obtained
iwith a new configuration of tachometers for high-resolution tape speed
information." (DX 2137, p. 1.)
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in space requirements, the 3803 controller was only half the size
of the 2803, and the switching circuitry (which in the 2420/2803
was contained in-a standalone box) could be included under the
covers of the-3803;* (JX 38, pp. 981, 985; DX 4253, p. 7; DX
'4740: Bvans, Tr. (Telex) 4129~31; DX 5155, Gruver, pp. 59-60 ,
65-67, 89, 94} DX 7619: Winger, Tr. (Telex) 5698.)

(vii) The 3420 offered a new method of attaching the tape
drive to the tape control unit--a radial attachment with the
control unit at the center and drives attached as the spokes of a
wheel are, rather than as a "daisy chain" attachment, with a whole
string of drives attached at one end to the control unit. Whereas
in the "daisy chain" attachment the failure of one tape drive
would mean the failure of the whole string, radial attachment
meant that "if a tape unit malfunctions it could be worked on
while the rest of the tapes were on line". (DX 4740: Evans, Tr.
(Telex) 4130; see also PX 3962, p. 8; DX 2137, p. 5.) 1In addition, the
radial attachment increased users' flexibility in the physical

arrangement of the computer installation. (Case, Tr. 73735-36.)

* ", . . [Clircuitry changes were made in the 3420 tape drives

i which had the effect of putting some of the very critical circuits

1 associated with reading and writing on the magnetic tape itself

1 actually in the tape drive rather than in the control unit where they
i, had been before. Putting those circuits actually in the tape drive

i rather than in the control unit where they had been before improved
the reliability of the signals transmitted from the tape drive to
the control unit when the magnetic tape was read; and it also allowed

|

| for longer cable lengths between the tape drive and the control unit,

4 i because the signals were more thoroughly conditioned and were capable

| of being sent without distortion down longer lengths of cable." (Case,
Tr.

73736.)
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1 ment of the 370 line was held up for almost a year because the Merlin

(viii) Finally, the 3420 included a new digital interface
between the tape drive and the controller; the 2803/2402 had used
an- analog interface. “The'Siqnificant difference is in thevfast
that the,higher voltaquof thé digital interface»gives better
noise rejection chéracteriétics." (DX 2137, pp. 4-5; see also
Cooley, Tr. 31940-41;- DX 5155, Gruver, pp. 91-92.)

The 3420, with the faster rewind and faster mounting and
dismountiné*of fape reels, provided higher thruput than the 2420. (DX
4740: Evans, Tr. (Telex) 4135-37.) In addition, it had considerably
lower manufacturing costs than the 2420 Model 7. (DX 4740: Evans, Tr.
(Telex) 4139-43.) The advantages of the 3420 were widely acknowledged. |
(DX 3119, pp. 1-4; DX 4201, pp. l-6; DX 4421, pp. l-2.)

¢. Disk Drive Developments: The 3330 (Merlin), 2319 and

3340 (Winchester). With System/360, IBM had placed disk drives in a

position of central importance. By the late 1960s, disk drives had
proved a major competitive success and IBM again planned its 370
systems around new, high performance disk drives, including the Merlin.

and the Winchester.

"{Ilt was important for the whole System/370 family
that the new disk storage capabilities be made available,
because the relative speed and cost of the central
processing unit was such that they really demanded
improved speed and cost characteristics in the direct
access storage devices if the system was to remain
reasonably balanced; that is, if it was not to be held
back by the lack of available technology and disk storage."
(Case, Tr. 73734.)

(1) The 3330 (Merlin). So important was the Merlin file

perceived to be to the success of System/370, that the initial announce-

1
'
i
1

|
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file (also known as the 2314B) was not ready at the planned announce-

Y

ment time of late 1969. (Cary, Tr. 101360-63; see also Case, Tr.
73732-34; PX 2399, p. 4; PX 24683, p. 2; PX 2474B, p. l; PX 2502B, p.
- 3.) ' '

e

Despite the work progressing on Merlin, there was concern

within IBM about the adequacy of technological development in the disk

drive area, which was felt to be critical to IBM's continued technical

superiority;i On March 5, 1969, Erich Bloch (Director of the Poughkeep-

sie Laboratory, SDD) wrote to Al Shugart (Product Manager, Direct

@ Access Storage Products, SDD), concerning that development effort:

It "In summary, let me make a general observation about the

: DASD product area. Our systems are competing across an

; increasing spectrum of performance and applications against

§ improving competition. At the same time DASD devices are :
5 becoming more important to good system balance and performance.
| In this environment it is important that IBM market a full

? set of DASD products in order to fit the right combination

; of cost, capacity and performance to the application. . . .

It is important that you understand and recognize this need

; so that you can plan for a broader and more flexible DASD
product line than the very limited one we now have." (DX 13442,
ppo 2'3-)

The delay in the announcement of Merlin was seen as serious,

) not only because it was needed to make 370 systems competitive but also

because of the increasing pressure from plug~-compatible disk drive
! competition. For example, in April 1969, T. V. Learson (President),
wrote to F. T. Cary (then Senior Vice President), concerning a recent

]
b
I
|
t
|
]
iy ISS* disk announcement: '

* ISS was a PCM formed in 1967, by 12 former IBM employees who had
been working at the IBM San Jose facility--some of them specifically
: ;on the 3330 development. (See above, p. 7753.)

&
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"You have read of the ISS 70l1. I am quite alarmed
that it has been announced prior to and at superior
specifications to our 2314A-3., They have moved to the
new electromagnetic actuator which we are postponing
until announcement of the Merlin file. ' Their average
access time is one half the speed that we are planning
on the 2314A-3 and is 25% faster than the :Merlin file.

"I realize that we have more capacity planned, but
there is nothing to stop them from adding capacity."*
(DX 12115.)

The actuator involved was the voice coil actuator (or high speed elec-

tromagnetic actuator (see DX 1437, p. 3)), which was considerably
faster than the hydraulic actuator used on the 2314 (see Haughton, Tr.
94857) and the development of which was responsible for some of the
3330 delays. (PX 2474B, p. l.)

By July of 1969, a number of competitors had announced

equipment comparable to IBM's 2314, which was first delivered in

1967. (PX 2474B, p. l.) By January 1970, an evaluation of the "file
facility environment" in connection with Merlin Phase III level fore-
cast assumptions, stated:

"From the announcement of the 2314 in 1965 until
late 1968 IBM had significant competitive advantages in
this product area, as no competitor could offer a .
direct access device with the price, capacity, perfor-
mance, and interchangeability characteristics of the
IBM 2314. The situation today, however, has changed
radically as most system manufacturers now have announced
devices which are virtually identical in specifications
to the IBM 2314." (DX 7858, p. 2.)

* Cary wrote back to Learson, explaining that the electromagnetic
actuator that Learson had written about was "not itself applicable to
the 2314", that it would take about a year to develop such an actuator

t+ for the 2314, and that it was "impractical" to begin such a program so
late in the life of the 2314. Moreover, Cary added, the Merlin as then

planned would give IBM a "significant edge" in "both technology and

' product performance” over "all the competition”. (DX 12116.)
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ISS and Memorex were expected to announce in late 1970 or
early 1971, "modular Merlin-Type drives at 10% to 15% below the IBM
equivalent price and no extra shift charges"; first customer ship of
those devices was expected by late 1972. By 1973, Merlin-type
announcements were expected from major systems manufacturers, with
first customer shib anticipated late in 1974, by which time it was
expected that "plug-compatible devices of the Merlin-Type will be in

heavy production". (DX 7858, pp. 4-5.)

Thus, even before the announcement of Merlin, competitive

responses were expected:

"MERLIN competition will be from both plug-compatible
and system vendors. The key point here is the timing
of this competition. It is our opinion that the signi-
ficance of the MERLIN release will force the data
processing industry to react faster than the assumptions
predict. This reaction will probably be in two areas--
MERLIN equivalents and 2314 price cutting and/or enhance-
ments. We expect the latter to be the key competitor

to MERLIN initially and improved MERLIN equivalents in
the 73 timeframe. . . . Experience has shown that

the competition is not limited to direct plug-compatible
devices.

". . . We, therefore, see the MERLIN competition
in two categories:

"System Vendors--Must offer MERLIN price performance
as soon as possible to be competitive.

"OEM Peripherals--Active development of MERLIN
equivalents with 2314 price cuts and enhancements in
the short term." (DX 4237, pp. 2-3.)

The 3330 disk drive and associated 3830 control unit were

'

! announced on June 30, 1970, with the initial processors of the 370

line. It was announced for use with System/370 and with the 360

i Models 85 and 195. (DX 1437, p. 1l; see also PX 4505.) The 3330 was a
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very substantial advance in IBM disk drives. It offered disk capacity
up to 800 million bytes in a single facility. It had almost double the
number of tracks and the density, and over three times the capacity of

the 2314. Its data rate was 2-1/2 times that of the 2314; its average

- access time with the high speed electromagnetic actuator was half that

of the 2314. (PX 6414A, p. 6; DX 1437, pp. 1, 3.)

The 3330 was also recognized ocutside IBM as a significant
innovation and advance. Rooney of RCA listed it as a "significant
innovation" which "brought to the users significantly improved price/
performance, capability of storing and retriewving data on disks at much
faster speeds than we had hitherto". He agreed that, "to the extent
that it was better, it made it very difficult for other people who
wished to compete with IBM systems to compete with those systems".
(Rooney, Tr. 12048-49; see also Wright, Tr. 13131-33; Currie, Tr.
15495-501; Withington, Tr. 56250-51.)

(ii) The 2319 and 3340 (Winchester). While the 3330 was the

{ most important disk drive development planned for the System/370, it

! was not the only one. (See Case, Tr. 73733-34.) The need for a

broader line of disk drives had been stressed by Erich Bloch in March
1969. (DX 13442.) It was evident that Merlin would not provide "the

right combination of cost, capacity and performance" (DX 13442, p. 2)

] for the lower end of the 370 line, that is, for processors from the

{1 370/145 down. (Haughton, Tr. 94913-14; PX 3696A, p. 5.)

After unsuccessful attempts to create a program for such a

disk drive, and with 370 processor development far along, those respon-

i gible for intermediate and small systems were beginning to think in
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terms of an alternate, interim solution--the attachment of the existing
2314 drives to the new processors. E. F. Wheeler, Systems Manager for
Intermediate Systems, wrote to Shugart, in April 1969, concerning "DASD

Support for Intermediate Systems":

"For the past year we have been unsuccessful in
obtaining a firm committed program for Intermediate
Systems future systems.

"Attempts by ourselves and Small Commercial
Systems to negotiate a file program for the low end
of the line have resulted in several iterations
starting with Clover, Shamrock and finally Zen.

"The delay to evaluate yet another technical
solution coupled with the uncertainty of funding and
manpower has left me no choice but to proceed with a
2314A file attachment for the C86.

. - L3 -

"Accordingly I am removing references to Clover/
Zen from the base case of the current S68/C86 (370
Models 145 and 135] Forecast Assumptions. If at some
future date firm committed schedules can be laid in
to support a new file program, we will be happy to
negotiate an alternate case to measure its effect on
systems acceptances." (DX 1456.)

In 1969, Haughton, an IBM Senior Engineer, was attempting to.
develop a low-cost, low-end file, by looking at "new technology"”,
rather than the heads and disks developed for Merlin or the 2314.
After a number of iterations, "by mid-summer we had come up with a
rathér revolutionary new approach", which would involve the removabi-

lity not only of the disk pack itself but of an entire disk "module" in§

1 which the heads as well as the pack would be contained. This develop-

ment was to become Winchester. (Haughton, Tr. 94912-21; PX 3696A, pp.
1, 5, 8; PX 4538, p. 1l.)

Mid-1969 was very late, however. The announcement of the
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first processors of the System/370 line, 370/155 and 165, had already
been delayed from mid-1969 to mid-1970, because of the lateness of the

Merlin program. It was evident that Winchester would not be ready for

; the planned announcements of the 145 (S68), 135 (C86) and 125 (TS5)

i processors, announcements éxpected to begin in the fall of 1970. (DX

4740: Evans, Tr. (Telex) 4010-1l; PX 4143; PX 4149.)

As a result, the Data Processing Division wanted to announce
attachment of the 2314 to those processors as an interim step. At the
end of July 1970, J. J. Keil, Director of Systems Marketing, wrote to
M. J. Kelly, New Product Manager for Direct Access Storage Products,
SDD, that the plan to attach 2314-type devices to System/37C was

"solely due to the lack of a timely new DASD technology for the low-end

370 CPU's". (PX 4143.)

IBM faced a dilemma. On the one hand, it could not do

| without a relatively low cost disk drive for the low-end processors.
1 As C. T. Carter, Product Marketing Manager for Intermediate Systems,

| wrote to Keil, in April 1970, the attachment of a 2314-type device was.

believed to be

"needed to enhance the NS systems price in the 1970-1973
time frame. It is in this period that we must maximize

our competitive posture in the Model 20/25/30 marketplace.
The competition in this market will include not only
today's NCR 100/200, MH [Minneapolis Honeywell] 115,

and UN ([Univac] 9200/9300 but new competitive announcements
as well as discounted leasing companies 360's." (PX 4138,
p. 2.)

On the other hand, plug-compatible manufacturers were already
replacing IBM 2314s. To use the 2314 as the disk drive of choice until

Winchester was ready meant continued exposure to replacement by PCM
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competition. Moreover, customers, once having acquired these 2314s
from IBM or 23l4-type devices from PCMs, might be reluctant to move up
to Winchester or Merlin--moves which would be necessary if they were to
expand iheir'usage of data processing to take advantage of the full
capacity of the 370 line. (See, e.g., PX 5343.)

The 23145 that had been marketed for Séstem/360 were at this
time "coming back almost bf the trainload" because the competition was
displacing those devices. (DX 4740: Evans, Tr. (Telex) 401l.) The attach-
ment of the 2314 at its current prices to the new processors was, of
course, out of the question. It would simply invite a flood of
replacements by plug-compatible manufacturers already supplying 2314-
type disk drives. (See, e.g., PX 4214.) Moreover, it would not £ill
the need for a low-cost disk device and would raise the 370 systems"
prices to unacceptable levels. Therefore, a new, low=-priced disk drive
of the 23l4-type was the chosen solution. The result was the 2319.
Even though it was recognized that the low price of the attachment
would put " ([plressure on Winchester Price/Performance Improvements"

(DX 9374, p. 6), Group Finance took the position in the financial
analysis of the 2319 in September 1970, that IBM should announce it at
"the low-price assumption" of the "$1000 price in that this price level

assures maximum revenue and profit to IBM". (Id., pp. S, 7, emphasis

in original; see also Powers, Tr. 95336-40.)

The new, low-priced 2319 disk drive was achieved through a
combination of factors. IBM employed a re-use program for the 2314
spindles that were being returned to IBM as a result of competitive

displacements, incorporating those spindles into the 2319. (Whitcomb,
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Tr. 34505-07; DX 4740: Evans, Tr. (Telex) 4012, 4023-25; see also
! Dunlop, Tr. 93812-13.) In addition, the 2319 was announced with
"native attachment" to the CPU, meaning that an entire box--the con-
trol unit--had been eliminated by the incorporation of its functions
into the disk drive and into an integrated file adapter in the CPU.
The use of new, more compact MST technology (as opposed to SLT) facil:
itated the integration of that function in a cost-effective way.
(Haughton, Tr. 95021-22; DX 4740: Evané, Tr. (Telex) 4023-25, 4076-77.]
The native attachment represented a long recognized approach
to cost reduction: minimization of the number of boxes. (Hurd, Tr.
86622-23; DX 1656; DX 1657; DX 1658; DX 7630, Herzfeld, pp. 21-22.)
Analyses conducted within IBM indicated that such attachment was a
feasible approach for the 2319 and that it would provide significant
cost-saving benefits both to IBM and to users. (PX 4132, p. 1l; DX
7619: Winger, Tr. (Telex) 5686-87; see also DX 1662.) Native attachment for

System/370 was first announced as the optional Integrated File Adapter

(IFA) for attachment of the 2319 to the 370/145 in September 1970 (PX
§4527, pp. 1, 3) and the 370/135 in March 1971 (PX 4528, pp. 1, 3). -
gIt constituted a prodﬁct improvement, as well as a cost savings. (See
DX 4740: Evans, Tr. (Telex) 4023-25, 4084; DX 4742, Kevill, pp. 523-26.)
: Winchester itself was eventually announced as the 3340

Direct Access Storage Facility in March 1973. (PX 4538; Case, Tr.

"73734.) It was a highly innovative and successful product and has
been widely copied by others. (See the discussion below, pp. 1055-56,

1105, 1300.)
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d. New Processor Planning (NS and System/3). Coincident

with IBM's planning and development of improved peripherals, particu-

larly tape drives and disk drives, its strategy for the development of

a new generation of CPUs and memories was formed and implemented.

(i) - Monolithic Logic and Memory. During the development of

SLT from 1961 -to 1966, IBM laid the groundwork for the eventual use of

monolithic semiconductor circuits. The same substrates and tooling
used to manufacture SLT were applicable to the assembly of monolithic
circuitry. (E. Bloch, Tr. 91500-501.)*

.IBM's work on development of monolithic semiconductor memo-
ries (of which the two principal types are bipolar and FET memories)
began around 1964 "in an attempt to find a memory technology which

could overcome the speed, cost and size limitations of magnetic core

technology.”

"IBM undertook the development work on monolithic semi-
conductor memories . . . because of the potential of
monolithic semiconductor memories to be faster, cheaper,
smaller and more reliable than magnetic core memories.
The potential advantages of monolithic semiconductor
memories were based on projections that they would be
denser, would require fewer external connections, less
power and less cooling and would be fabricated using existing
semiconductor processes and would avoid duplication by
using the same technology and packaging as monolithic
semiconductor logic circuitry." (E. Bloch, Tr. 91537-38.)

Thus, it was hoped that in addition to the performance advantages of
the new technology, IBM would be able to achieve economies of produc-

tion and packaging by utilizing a single integrated technology for

* Since 1963 Erich Bloch has held a variety of executive positions
in connection with the development of IBM's processors, memories and
memory and logic components. (DX 9116.)
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logic and memory across a family. (See E. Bloch, Tr. 91563; PX 4401;
PX 6312, p. 3.)*
Logic technology moved to MST:

"As of 1968 the development of monolithic semiconductor
circuitry at IBM had reached the point where major perfor-
mance and cost improvements could be achieved by using
monolithic semiconductor instead of SLT circuits in logic
circuitry. IBM first used monolithic semiconductor logic
circuitry in the 360/85 and the System/3 Model 10 computers,
which were announced in January 1968 and July 1969, respec-
tively. The particular family of circuitry used in the
360/85 and System/3 Model 10 computers was Monolithic System
Technology ('™™ST')." (E. Bloch, Tr. 91501.)

The MST modules, cards and boards used the same packaging techniques as
those used with SLT modules, cards and boards, which. provided cost-
savings advantages. (E. Bloch, Tr. 91502; see DX 3564.) Other advan-

tages were greater density, a higher level of integration and a sub-

-stantial increase in reliability (by a factor of 10 over SLT). (E.

Bloch, Tr. 91502.) Monolithic semiconductor circuitry was used for

logic circuitry and buffer storage in the 370/155 and 165, announced in

1 1970. (PX 4505, pp. 2, 4.)

IBM's first use of monolithic semiconductor memory was in the
storage protect memory of the 360/91 and 360/95, the first of which was
delivered in October 1967. (E. Bloch, Tr. 91539-40.) The experience

gained with design and development of monolithic semiconductor

* Erich Bloch testified that another goal and potential benefit of
the new technology was the integration of memories into the CPUs, with

. the resulting benefits of improved performance and reliability as well

as cost=-savings. (Tr. 93324-26, see also Tr. 91548-51.) That goal

1 could not be achieved with the 370/155 and 165 because of IBM's inabi-

lity to produce sufficient components. (E. Bloch, Tr. 93325-26.)
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memories by 1968 "led IBM's memory designers and developers in the
Components Division . . . to conclude that it would be feasible in the
near future for IBM to utilize only monolithic semiconductor memories™.
(E. Bloch, Tr. 91541.) That view was accepted at the highest level

within IBM. "On January 25, 1968, IBM's Management Review Committee

decided to abandon any further magnetic core memory development and it
was decided that from that point on, IBM would develop only monolithic

i memories." (E. Bloch, Tr. 91541; PX 2177A, pp. 3-4; Cary, Tr. 101428~

Ww 0 ~ o

' 29; DX 8056.) That switch in technologies represented the new applica-
i tion to memories of an éxisting logic technology. (E. Bloch, Tr.
|

91874.) Cary testified:

; "We made a decision way back in January of 1968, that
f core memories . . . were not going .to be the memories
: of the future; that semiconductor memories were going
; to be the important memories of the future and we

! stopped development of core memories completely. We
took a tremendous risk in doing this, because a lot
of people continued to cost reduce and improve core
memories. We stopped our development on them and we
went full bore into the development of semiconductor
memories.” (Tr. 101428.)

(1))

-

j As in other areas, competition was increasing and certainly
1

| was not going to stand still. By July 1969, J. A. Haddad (IBM Vice

}

|

:;President) wrote to G. E. Jones (IBM Senior Vice President), to nominate
t

' corporate memory strategy as a key corporate strategic issue:
4
|

"The last year has seen a drastic increase in competition
in memory, with every indication that we shall soon be
facing major inrocads to both installed and on-order
memory as well as increasing price competition in all
phases of the memory market. We must have a strategy to
lesad the competition (we no longer possess our previous
lead position), rather than to be pushed around by it.

. . . .
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42, 3959-63; PX 31307, pp. 2-3; PX 4324; PX 4400, pp. 2, 4.)

i shortly non-competitive in the sense of the availability of semicon-

"e « o Memory is central to our products, processors,
and profits. Memory profit is a major factor in processor
profitability as well as the key new factor in performance.
In large systems we are lagging in speed and price, and in
very small systems we are non-competitive in both price and
speed. Memory prices affect memory size, which affect
programming requirements, I/0 and storage requirements,
and total systems thruput.” (PX 4565.)

As the announcement date for the first 370 processors
approached, however, it was apparent that IBM would not be ready to
produce monolithic memories in adequate quantity and it was decided to
announce the 155 and the 165 with core memory. The smaller 145 (which
was announced a few months later) was to have bipolar monolithic memory
derived from SLT (see E. Bloch, Tr. 92294); although by that time, FET
memory was preferred but could not be readied in time. (E. Bloch, Tr.

92910~-12, 91542; Cary, Tr. 101412-13; DX 4740: Evans, Tr. (Telex) 3937-

It was recognized that the memories announced with the 155

and the 165 were "very old technology" and "were going to go very

ductor memories". (Cary, Tr. 101403-04.) Cary testified:

"[Wle knew that they did not have long life and that if we
didn't get competitive technology in the marketplace that

we wouldn't be competitive either with the plug compatible
type of manufacturer or with the other systems manufacturers.
Everyone was going this way just as hard as they could

go." (Tr. 101429.)

1
a
i
Nevertheless, monolithic circuitry was utilized in the !

iprocessor logic and the buffer storage for the 370/155 and 165 announced!
;in June 1970. Despite the use of the old, slow core memory, the new
| processors were two to five times as fast as the earlier 360/50 and 65,

ibecause of the use of the new monolithic circuitry. (DX 4505, pp. 2, 4J§
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1ful processors. (JX 38, ¢4 2, pp. 2-3.) As we have seen, IBM's

iThis was the first of several such low-end IBM systems.

il
i
K

i
!

,was one of the first two IBM computers to use Monolithic System Tech-

‘nology (MST). (E. Bloch, Tr. 9150l.)

Monolithic logic and memory circuitry, including FET Memory,
were to be utilized in subsequent products when available. (PX 3256C;
see also E. Bloch, Tr. 91501; Cary, Tr. 101430.) That goal was
achieved. (DX 9157A; see also E. Bloch, Tr. 91543-45, 91550-51.)

(ii) System/3. 1In designing the 360, IBM produced an
architecture that was to last for a lpgg time. It was an architecture
which, as the SPREAD Report (DX 1404A (App. A to JX 38)) had predicted,
was suitable for processors in the range initially announced on April
7, 1964. However, as the report had also indicated, "it was not yet

evident" that compatibility could be extended downward to less power-

attempt in this direction, the 360/20, resulted in a system only
partly compatible with the rest of the line. (JX 38, p. 297; see also
Case, Tr. 73370-71.) 1In 1969, IBM announced a small, low-cost system

that departed from System/360 architecture: the System/3. (DX 8073.)

IBM was able to introduce its low-cost system in July 1969 in
part because "[als of 1968 the development of monolithic semiconductor
circuitry at IBM had reached a point where major performance and cost
improvements could be achieved by using monoclithic semiconductors

instead of SLT circuits and logic circuitry". The System/3 Model 10

The System/3 announcement was not merely the announcement of
a new processor. It also involved "new families of disk files and

printers, a keyboard and console typewriters, and unigque programming
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capabilities".* (PX 2459, p. 7.) The System/3 "was é new, low entry
computer system . . . that was aimed at bringing total computer capa-
bility to the small user at the thousand dollar a month rental price,
approximately, having full capability of I/O function and programming
support”. (James, Tr. 35037.)** The initial announcement (the Model
10) offered both a card-oriented and a disk-oriented system. (DX
8073.) The card was of particular interest because "[t]lhe focal point
of System/3 is a new 96-column card". This card was "about 1/3 the
size" of earlier cards but could contain 30 per cent more information.
This meant "less space and storage requirements, easier handling,
reduced mechancical [sic] loads, smaller sized machines for processing
the cards and, therefore, a lower cost system. Hence, the 96-column

card made it possible for System/3 to become the economical, high

‘performance system that it is." (PX 2459, p. 9.)

The system was designed as a "low entry" system. Some fore-
casts within IBM indicated discontinuance of 40 per cent of the
accounts using leased‘unit record equipment. "Without System/3, it was
estimated that 50% of these discontinuances would go to competition
(Univac 9200, Honeywell 110, GE 105/115, NCR C-100). System/3 will
allow the company to save approximately one-half of these losses".
(Id., p. 16.) But, it was not a system intended merely for small

users. As IBM's 1969 Annual Report stated:

* The 5445 disk drive for the System/3 utilized the 2314-type spin-
dles that were also used in the 2319. (Gardner, Tr. 37456.)

** Jack James was President of Telex Computer Products, Inc., at the
time of his testimony. (Tr. 35012.)
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B Y 1ater. (Akers, Tr. 97401-03.)
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"Although it was designed primarily for small business,
it is also expected to find application in large firms that
wish to decentralize their data processing capabilities.”™
(DX 3364, p. 8.)

To manufacture and develop System/3 enhancements and other
products not using the System/360 architecture, IBM formed the General
Systems Division within the Data Processing Group in early November
1969. (DX 8072.) This "was done in order to have a management focus

on the product line that was currently in development and to . . . do

a better job in the plans for improving the product line that was
transferred to General Systems Division . . . and to do a better job in
enhancement in follow-on plans for the products that remained in the

Data Processing Product Group". A dedicated marketing and service

Customer reaction to System/3 was "enthusiastic". (DX 3364,

pP. 8; see Withington, Tr. 58435.) By the end of 1970, its first year

1 of deliveries, more than 1,600 had been installed in the United States.

(DX 26098, p. 1£5.) N

(iii) Virtual Memory. As we have already seen (pp. 431-35

i above), IBM developed Dynamic Address Translation (DAT) as a hardware
| device in the 360/Model 67, combining it with systems software to

| enhance the system's time-sharing capabilities. That effort had proven

7;difficult and expensive and, despite earlier plans to include those

!

ifeatures with the new systems, by 1969 the plans were proceeding, with

i DAT (or relocate) not to be included in the initial 370 line. (DX 4740:

{ Evans, Tr. (Telex) 4184; PX 6672, n. 2; PX 2500, po. 1-2.) However, at
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that time, it had been implemented successfully in the Model 67. (See
Pp. 435-36 above.) B. O. Evans, on returning as President of the
Systems Development Division f£from the Federal Systems Division in 1969,
was "quite surprised" to discover that omission on the night before
assuming his new office. He considered it to be "fundamentally wrong"
(DX 4740: Evans, Tr. (Telex) 3938, 4184-85; see Evans, Tr. 101299-301) *:

"I felt so intensely about Dynamic Address Translation and the

advantages of virtual memory that within the first hour that I

was in my new job I hand-picked several professionals from across

the development team to go to work full-time immediately and get

me a plan for virtual memory on System/370." (DX 4740: Evans,

Tr. (Telex) 3941.)

Evans understood the advantages of virtual memory, which

would give the appearance to the user of having a very large memory at

his disposal, and facilitating multiprogramming and communications

i oriented applications. That understanding began at the time of the MIT

Project MAC procurement and grew through his work in the Federal

Systems Division with various government programs. (DX 4740: Evans, Tr.

(Telex) 3942-52; see Evans, Tr. 101300-01.) The reason for concern aboult

the absence of the relocate feature and virtual memory in the plans for
the 370 was an awareness of the growing importance of time sharing and

communications~oriented processing. The System/360 had, indeed,

been built in part on the belief that communications-oriented process-

ing would grow in importance. The initial planning for the new systéms

* Evans' surprise was natural. He had been sent out to the Federal
Systems Division as "a little punishment" precisely because the "very
demanding IBM management" viewed it as a "fundamental mistake" in
System/360 architecture that Dynamic Address Translation had not been
included. (DX 4740: Evans, Tr. (Telex) 3950-51.) ‘
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recognized the demand for more and more on-line usage and toward multi-
ple users accessing the computer from remote locations.

That need was discussed at a meeting of the Management
| Committee in March of 1969. (PX 2399, p. 1.)

Several days later, the-Manégement Committee reported to the
Management Review Committee that "[t]he communication based data
processing market is large and rapidly increasing". About 30 percent
of that "market" represented "the true remote terminal time sharing
market" including in-house time sharing and service bureaus. IBM's
position in this area was felt to be weak with IBM "behind in both
hardware and software". (DX 14201, pp. 5-7; see also PX 2399, p. 2.)

The need for virtual memory was being felt by others in IBM,
In June 1969, C. B. Rogers, Jr. (Vice President of Marketing énd
Development, DPD), wrote to C. E. Branscomb (President of SDD), stating
the Data Processing Division's view that "progress has been unsatis-
E‘factory" toward the production of "a wviable NS announcement plan". He

| stated:

"Market requirements are not being met with SDD's current
announcement and support plan. The CPU's provide improved
price/performance for doing today's processing, but do

not offer significant new function for continued growth.

"Implementation of the virtual memory concept ==
with functional compatibility throughout the NS line,
combined with multiprocessing == can extend NS's price/
performance range dramatically. We view virtual memory
implementation as necessary and fundamental to meeting
market requirements in the early 1970's." (PX 4270, p.
1; see also PX 4272.)

The anticipated solution was a phased introduction of the

-915~




"e

e

w

[Ye)

- oouw N -

in

w

(]

relocate hardware, with the initial machines designed to utilize it
when it was available. But, that plan entailed development costs and
difficulties. (See PX 2399, p. l.) Specifically for time sharing, a
proposed answer was "an interim plan" involving increased funding for
time sharingunder DOS and OS operating systems and a re-emphasis of
the TSS time-sharing operating system. The long range plan consisted
of two parts, the first, the new NS operating system and a new DOS
operating system both "designed to enhance time sharing” and,
"[t]he second, and equally important part of the strategy, is the
relocation hardware necessary to really do this job. This is
scheduled for announcement in 1973 with installations in 1974."
(PX 2412; p. 3; DX 14201, p. 6; see PX 2399, p. 2.)

That plan was adequate in concept, if attainable; but, it had two

timing questions: Could the initial 370 announcements be made in 1970

| with provision for relocate and virtual memory? When could relocate be

ready? The plan said mid-1973 or 1974 in response to the second ques-
tion. That was too late according to C. B. Rogers, Jr.:
"Not having relocation support until 6/73 or 1/74

is totally wrong. It's too far out. The logic that we

can't support it until then is unsatisfactory. We think

TSS could be modified to accommodate the '67 scheme on NS."

(PX 4270, p. 4.)
The market, trending toward remote computing, would not wait on the
IBM development effort. The need for relocate was a matter of increas-
ing concern through the fall of 1969. (PX 2487A, p. 2; PX 4033, p.
13; PX 4233.)

- By late 1969, it was too late to get relocate into the first

System/370 announcements, scheduled for mid-1970. (PX 2502B, p. 3.)

! Evans considered delaying those announcements or shipments until the
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design of Dynamic Address Translation was finished and the monolithic
memory technology was available, but that delay would have left IBM at
~an even more substantial competitive disadvantage:
"But the situation was . . . that System 360 had been out
in the field for about six years and competition had become,
since. 360's announcement, with ever-improving components
and systems, and so, competitively speaking, the System 360
was out of gas, and when we looked at the users' requirements,
as we saw them in late 1969, that delaying System 370 another
two years or more to get dynamic address translation, et cetera,
into the machines, didn't seem reasonable.

"So we made a thoughtful decision to proceed with the

155 and the 165 and the so-called vanilla version of the
System 370 phasing in dynamic address translation and semi-
conductor memory technology as quick as we could." (DX 4740:
Evans., Tr. (Telex) 3961-62; see also PX 4324; PX 4421, p. 2; PX
3256B, pp. 1=-2; Cary, Tr. 101394-95.)

IBM also sought to improve its offerings for remote computing
in other ways. In December 1969, it announced new software: the
Interactive Terminal Facility (ITF), "a new low=-entry timesharing
system"” which provided "timesharing power for System/360
under 0S or DOS" (DX 14335), and the 0S/360 Time Sharing
Option (TSO) which was "intended to support the terminal-oriented
requirements of a wide range of users" under 0S/360. (DX 1091, p. 1l.)

The 370/155 and 165 were announced in June 1970 on a schedule
that had been already delayed because of the unavailability of the
Merlin disk drive. (PX 4505.) Relocate and virtual storage were not

énnounced with the initial System/370 announcements in 1970; the first

| announcement of virtual storage for System/370 was made in August

' 1972, when IBii announced the 370 Models 158 and 168, containing Dynamic

Address Translation. IBM also announced at that time that DAT could be

| purchased to implement virtual storage on the 370/155 and 165, and was
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available on the 370/145 (announced in September 1970) and 370/135
(announced 1n March- 1971) wzthout additional charge. (DX 1639; DX
1640.)

By mid-1972, the'pfincipal goals of System/370 had been
attained. (Case, Tr. 73749-51.) -

(iv) NS Prices. We have already seen how competitive

developments impacted the planning for almdst all parts of the new
systems, influencing with respect to most parts, the technology
employed, the capabilities sought, and the development and announcement
schedules used. 2ll of those things, of course, plus the prices of
competitive products and services affected the price that the user was
willing to pay for IBM's offering when compared to that of the competi-
tion.* .

The Commercial Analysis Department of the Data Processing
Division, in its Quarterly Product Line Assessment of February 1969,
reported that:

"When NSO [370/135] and NS1 ([370/145] are announced, IBM
will be faced with competition from three sources: (1) other
computer vendors, (2) owners of IBM computer systems, and (3)
computer-oriented service companies.

"It is expected that Burroughs, NCR, and Sperry Rand will be

our strongest competition in respect to marketable products when
NS is introduced. . . .

* For example, Currie of Xerox, testified that if IBM had lowered
its prices in 1970, then "I expect some other companies would have had
to lower their prices to some extent as well . . . [blecause I think
that computers are selected based upon price/performance . . . and if
IBM lowered its price that would give it a more favorable price/perfor-
mance." (Tr. 15694-95.) Also, if, in the 1970 time frame, IBM were to
raise its prices, "IBM would lose orders, would lose lease base". (Tr.
15752-53.)
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"Honeywell is expected to announce a new series in 1970.
Thus, they could once again be a formidable competitor.

L]
. e e o

“In World Trade, American or American-associated companles
should be the prime competitors. However, ICL will continue
strong; Philips may have gotten a foothold with their P1000
series; and Siemens may have introduced a new series. In addi-
tion competition may come from Japanese companies such as Fujitsu
offering their products outside of Japan.

s

"Competition from owners of IBM computer systems will come
primarily from leasing companies and from System/360 purchase
customers who sell their used systems. Both of these sources
could make lower-priced System/360's available to compete with
NSO and NS1 with competitive price/performance.

"Computer-oriented service company competition will come
from time-sharing companies and service bureaus. Both offer
services which may substitute for additional computer function
and/or capacity." (PX 2388, p. 117.)

i The report went on to compare the price/performance (on a monthly lease
4 price basis) of those new systems configurations with the lease prices
!kthen expected to the "best of competition",* concluding that "NSO and

| NS1 are rated supericr to competition . . . ." That conclusion was based
t upon the assumption of "no significant price changes". (PX 2388, p.

1121, see pp. 125-128.,) Similar conclusions were expressed with reSpecé

* John Akers, IBM Vice President and Group Executive, explained that
1 the "QPLAs" represented reports from "the salesmen's critical perspec-
i tive how our product line compared" with "not all competition" but "the
| best of competition". (Akers, Tr. 96584, 96587-88.)

. Over the planning period, IBM management regularly compared the

| price/performance (of which "price" is obviously an important element)
1 and capabllltles of competitive announcements with the planned charac-
: teristics of the new systems. (See, e.g., DX 14199, concerning the
zRCA Spectra 70/46; DX 13864, concerning the Oki-Univac 9400, announced

4in Japan; DX 14317, concerning the CDC 7600; DX 14200, concerning the
| GE 655.)
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to the price/performance of the NS2 (370/155) and the 553 (370/165),

? assuming the availability of the Merlin disk drive. (PX 2388, pp. 48,
| 68.)

jr ' As of March 196%, it appeared that the price/performance of
.| the NS systems (System/370) would represent an improvement on an

.; average of l.8»timés over System/360. With the exception of the

.E dramatic change from the 1401 to the 360/30 "this is not too dissimilar
f from the historic past". (PX 2399, ©. 3; see also DX 14201, p. 2; PX '
1 2502B, p. 2.) However, that meant that System/360s owned by leasing

% companies and users would "remain a major competitive product". In

? addition, "[tlhere is an added unknown in the possible merger of

; OEM's, softwaie houses and leasing companies" (DX 142¢1, p. 2), with

) the possible marketing of 360 CPUs enhanced in price/performance by

! élug-compatible peripherals and independent software. (See, e.g., PX

i 2388, pp. 119-120.) It appeared to IBM management as of March 1969,

1 that with the planned prices for the NS CPUs, "a leasing company can

} compete on an equal basis with NS by discounting the 360 30%". (DX

114201, p. 4.)

k On March 13, 1969, Cary wrote to Branscomb, listing issues

iconcerning NS strategy to be discussed at the next General Managers'

i
}meeting. Those issues included "competitiveness of our purchase
i

jprices" and "high maintenance costs". (DX 14479.) The principal

jconcern was that high purchase prices and high maintenance charges

%would cost IBM sales of System/370 CPUs, with many of the losses being
4

ito leasing companies and other cwners offering discounted System/360

ECPUS for sale or lease.
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That concern continued through early 1970 (PX 2468A, p. 2;
- PX 2502B, p. 2; PX 2558B, p.R2l; PX 4233), and, as announced in June
1970, the purchase prices on the 370/155 and 165, as well as on the
3360 processor storaga; were lowered substantially from the planning
assumptions. (See PX 4505, pp. 3, 5-6.)

The substantiai differential between 360 and 370 maintenance
prices contributed to the competitive exposure as well. The planned
;.maintenance charge for the NS2 (370/155) was $4,930, although cost
| reduction actions were expected to reduce it to $2,620. (PX 2399, p.
4.,) The differential was due in part to the fact that maintenance
" prices for the 360 were felt to be too low "probably by half" (PX
2399, p. 4), and to the cost of the "increased inventory of mainte-
nance parts, brought about in part by integrated circuitry" for the
new machines and to the time necessary for field engineers to gain
| experience with the new software and hardware. (DX 14201, pp. 2-3.)

As had been forecast, by the time of announcement substantial
improvement had been made in reducing costs and thus prices of NS
? maintenance. (PX 2399, p. 4; PX 3256C, p. 2.) Thus, at the time of
% announcement, the monthly maintenance charges on the 155 were about
$2,200--less than one-half those contemplated by planning assumptions.
(PX 2399, p. 4; PX 4505, p. 3.) Moreover, IBM decreased the effective
i maintenance price of System/370 still further by increasing the warranty
: time on purchased CPUs, channels and memories to 12 months from the
three-month warranties on System/360. (PX 3256C, p. 2; PX 4505, 5. 1.)

Later, in 1972, as warranties began to expire on the purchased

1 System/370 units, IBM announced further reductions in maintenance
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iment felt necessary to sustain IBM's superiority. Consequently, IBM

hgoals it had established in response to competition for its next

charges on those machines amounting to, for example, about 15% on the
155 processor. This made monthly maintenance charges on the 155
about $1,750. (DX 13521, p. 2.) Adjusted for inflation, the
decrease was even greater. .

e. Conclusion. Notwithstanding the enormous success of

IBM's System/360 as announced in 1964, and IBM's continued techno-
logicaL improvements thereafter, by 1969 IBM confronted serious
competitive challenges to its position of technological leadership
and price/performance superiority. The state of technological
development and implementation for the new products being planned

in the face of those chailenges caused consternation among IBM top
management. Pressures were exerted throughout the organization by
the insistence that the new products had to be better and announced
and delivered sooner. The organization responded, but IBM was unable

to announce on schedule the range of product capabilities that manage-
entered the 1970s engaged in a struggle to achieve the ambitious

generation of systems.
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56. Growth of the EDP Industry. One fact about the EDP

industry is so clear and unequivocal that its significance can be

easily overlooked. That fact is the exfraordinary growth in the use
of compﬁters over the first 20 years of the EDP industry's existence--a
-phenomenon that continued unabated over the next decade.

Descriptions from a wide range of sources attest to the

dynamism and unprecedented growth of the industry over this period.

For example, Donald F. Turner in 1966, while Assistant Attorney General
in the Antitrust Division of the Department of Justice, wroter
"The computer industry is one of the most dynamic in the :
American economy, in terms of absolute as well as relative growth,
and further rapid expansion is anticipated.” (DX 9110, p. l.)
The General Accounting Office (GAO) stated in a 1971 report
to Congress that "[tlhe automatic data processing industry is very

tyvoung and the industry grew at a tremendous rate from the late 1950s to

1971". (Plaintiff's Admissions, Set IV, ¢ 231.0.) Lacey, Vice

;President, Corporate Development, CDC, reported to new CDC employees
éin 1969 that the industry "is unique in industrial history in the
rapidity of its growth since its birth little more than twenty years
tago". (DX 438, p. l1.) The GE APL Master Plan of 1970 reported that
"[tlhe computer industry is one of the fastest growing segments of
%both the U.S. and overseas economies". (PX 353, p. 18.) And Butters,
in his "Computer Industry Review" of 1970, wrote that "[t]he computer
industry has been considered the fastest growing major industry in
jthe world". (DX 1553A, p. 2.)

. The Department of Justice stated in 1968 in a "response”
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{submitted to the Federal Communications Commission's Computer Inguiry

I (Docket No. 16979):

"Although only 20-odd years old, the computer industry
appears likely to become one of the world's largest industries
within the next 10-1l5 years.

"The growth of the computer industry has been startling.

: "In 1950, only a handful of cohputers were in use while
today it is estimated that 60,000 computers are in use and
25,000 more are on order." (Plaintiff's Admissions, Set II, %4
312.5-7.)

The growth in the use of computers is evidenced by estimates

of the numbers of computers installed and also by estimates of the
value of EDP equipment shipped by the manufacturers. For example, the
11972 Census of Manufacturers (prepared by the Bureau of the Census of

the Department of Commerce) reported that the value of shipments by

ijall producers of "electronic computing equipment"” (Standard Industry

IClassification Code 3573) grew from $4,048.8 million in 1967 to
%56,108.0 million in 1972. (DX 14310, p. 35F-15.) Other Federal
ggovernment estimates are comparable. The Cohptroller General of the
United States, in a report to Congress in June 1969, estimated that
the computer industry had grown from "a few experimental computers" in
;the late 1940s, to "400 computers installed in the United States” in
51955, to "approximate(lyl]" 6,000 in 1960, to "installations" in
%excess of 67,000 in 1968. He stated: "The computer hardware market‘
?is believed to have reached a value of about $7.2 billion during 1968

tand is expected to grow at a 15 to 20 percent annual rate over the

inext 5 years." (DX 7568, pp. 13-14.)

The magnitude of and the rate of the growth in the use of
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computers are also reflected in the results of the joint deposition
program of suppliers of EDP products and services over the period 1952
through 1972 ("Census II"). (See DX 3811l; DX 8224.) Of the 618
companies reporting U.S. EDP revenue in 1972, only 9 had such revenue
in 1952, 75 in 1960 and 188 in 1964. The total U.S. EDP revenues
reported by those~companies grew from $39.5 million in 1952, to §1.3
billion in 1960, to $3.2 billion in 1964, to $12.8 billion in 1972.
(Id.) These'revenues grew at a compound growth rate of 33.5% over
that period. (Id.)
This phenomenal growth indicated by these aggregate statistics
consisted of the following parts:
(i) The number of users of computers continually increased;
(ii) The number of uses (applications) of computers continu;
ally increased;
(iii) Existing users of computers continually increased the
computational power that they utilized; and
(iv) The price/perfofmance of computer products and the ease -

of their use continually improved.*

* In October 1964, Withington wrote:

"We believe that the major factors in the development of
the computer market have been:
"Constant increase in the number of computer users.
"Constant development of new computer applications.
"Constant increase in the number of persons engaged in
making use of computers.
"Constant improvement of cost-performance that causes
users to replace o0ld equipment with new." (PX 4829, p. 8.)
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Moreover, the rate of growth in the demand for computers was
continually underestimated by most participants in and observers of
the industfy and, in retrospect, called, as in the gquotations. ahove,
"startling", "unigue", and "tremendous". (DX 5504, p. 8; see also

DX 5476, pp. 6-7.)

a. Increase in the Number of Users of Computers. Withington

wrote in 1964, after the announcement of System/360, that:
"The single most important factor in the historic

growth of the computer market has been the increasing

number of computer users. This increase has been made

possible by constant reduction of the minimum cost of

computers and greater understanding of how computers might

be used." (PX 4829, p. 8.):
But, he went on to project, "new users will become increasingly hard
to find in the United States". He reasoned that "there are approxi-
mately 25,000 companies with net worth of over one million dollars.

Inkgeneral, it is fair to assume that any company smaller than that

1 is not likely to‘acquire a computer: in fact, many firms with a net

worth of five million dollars do not use a computer." (PX 4829, p.
8.)

By the very next year, however, Withington had changed his

i mind. He stated:

"The number of organizations using computers continues
to increase rapidly, primarily because computer systems with
complete capabilities are becoming available at steadily
lower costs. Thus they come withih the reach of organiza-
tions that could not previously afford such computer systems:
for example, the IBM 360/20 and 1440, the Honeywell 120,
and the Univac 1004. More than 2,000 such machines were
installed during 1965, representing shipments of considerable
dollar value to the manufacturers." (PX 4830, p. 8.)

By 1967, it had become apparent to Withington how wrong he
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had been in 1964:

"[Tlhe experience of recent years has shown that, as
the costs of small computer systems decline, great numbers
of new users enter the market. We expect this trend will
cantinue, and by the end of 1971 there should be many
thousands of new computer users who do not now have machines.”
(PX 4832, p. 8.) '

' * * *

"The situation is becoming more dynamic rather than
less so, and the only safe prediction at this point is that
pace of change, and the growth of the industry as a whole,
will remain extremely rapid." (PX 4832, p. 6.)

Withington's observations that the number of users continued
to expand were repeated in 1968 and 1969. (PX 4833, p. 10; PX 4834,
p. 14.)

The continued importance of new users to the growth of the
industry and to the expansion of the business of individual suppliers
was just as clearly recognized by the EDP companies at the end of the
decade. For example, in its "Master Plan" of January 1970, GE stated
that: -

"The computer industry has grown and will continue

to grow at a rapid rate. The influx of customers new to
computing, combined with the expansion of present customers
to more powerful systems and more sophisticated applications,
provide a growth thrust that is discernible well into the
1970's." (PX 353, p. 18.)

Indeed, in that Master Plan GE predicted that 30% of the

lusers of its new APL system would be "new users" of computer equip-

ment. (Id., p. 54) Similariy, Ray Macdonald of Burroughs testified
when asked whether the number of users for data processing equipment

had increased or decreased over the ten years from 1964 to 1974:
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"Well, I think two phenomena have taken place. I
think that we have a very considerable number of new users,
and I think we have much more extensive use of data processing
equipment by those that were already using it ten years
ago. :

"I would think that (the trend of users switching
from electromechanical methods of data handling to computers]
will continue because the cost of stored program computers,
very small stored program computers, is continually declining
and will be offered -- is being offered and will be offered
in many of these applications at more cost-effective rates
for stored program equipment than for the prior types of
equipment, and I think also we are finding new applications.
I think they are the two effects. The replacement of older
applications that have been identified with older types of
equipment, and I think that we are also finding many new
applications." (Tr. 6926-30.)

tAlso, as we have seen (pp. 395-400, 911-13), when IBM announced its 360/

20 in 1964 and the System/3 in 1969, an important goal was to attamm’maw

tusers of computers and to compete with other manufacturers' efforts

to do so--a goal that was to continue to motivate IBM product announce-
ments in the 1970s.

b. Expansion by Existing Computer Users. Of course,

substantial contribution to the growth of the industry came from the

almost insatiable demand for additional computing power from existing

jusers of computers. That demand was clearly recognized by the manu-
'facturers. (See, e.g., Macdonald, Tr. 6926-30; PX 353, p. 18.)

‘Hart, from General Motors Research, stated that through 1970, the

"demand for computing power supplied by GMR . . . doubled every year
land a half since we installed the 701 in 1954". He continued, "We
i1fully expect this growth to continue over the next 20 years". (DX

13753 (Tr. 80198).)
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An important example ¢f the trend in computer usage in
general was the increasing use of computers by the United States
government, the world 'S largest user of computers. (DX 4355, p. 6; see€
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as the introduction of new agencies to the use of computers. Accord-
ing to reports by the Comptroller General and by the General Services
Administration, the number of computers installed in the Federal
government went from five in 1952, to 531 in 1960, to 1,862 in 1964,
to 5,277 in 1970, and kept on growing. (DX 923, pp. 11-17; DX 924,
pp. 2, 596-97; DX 7568, pp. 13-14.) Indeed, according to the Depart-
ment of Justice's 1968 submission to the Federal Cbmmunications Com-
mission:
"There was approximately a four-fold increase in
the use of computers by the U.S. Government, the computer

industry's largest customer, between 1962 and 1967.

"This four-fold increase in the use of the number

i of computers understates the actual increase in computer

capability.

"One dollar bought about four times as much computational
power in 1966 as it did in 1962." (Plaintiff's Admissions,

i Set II, %Y 312.8-312.10.)

%development of computer applications consisted of applying computers

éto perform jobs that had been previously performed by other means.
i

3Thereafter, computers were increasingly. applied to perform jobs that
icould not previously have been performed without computers.
Thus, for example, Xnaplund testified that when Consolidated

iVultee, later Convair, the aircraft company, first acquired an IBM 701

=929~
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in the early 1950s, the work that was undertaken "was in part a
transfer of work from unit record equipment, but it was very largely,
:and I would say within a matter of months predominantly, work of the
-type that céuld not have been done in the same form or perhaps at all
;on unit record eqnipment"._ (Tr. 90613, 90620-22.) Hurd testified
that computers could "peffcrm problems which punched card equipment
%simply could not perform". For example, General Motors and North
American Aviation "were processing data which involved a totality of

applications such as order entry, checking the validity of orders,

placing requirements on the factory, scheduling production, controlling
inventory, and controlling manufacturing, all in a single, integrated

operation and with no human intervention". Oak Ridge Laboratories "was

using computeré to simulate a diffusion plant, the purpose of which
was to enrich uranium”". And various "property, casualty and life
insurance companies were using computers to maintain and update on a
1daily or weekly basis files which, in the case of large companies,
?continued millions and even tens of millions of policies". (Hurd,
gTr. 86347-50; see also Hart, Tr. 80221-22.)

Indeed, the General Accounting Office, in a report to

yCongress in 1960, stated that the "([plrogress achieved in the develop-
iment and application of . . . automatic information processing systems
ihéve borne out earlier predictions" that computers will cause "a
Esecond industrial reveolution." (Plaintiff's Admissions, Set IV, ¢
;205.0; see also DX 44, p. 5.)

However, by the early 1960s, although more and more ways in

|which computers could be applied were being conceived, only the first
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steps toward realizing such applications had been taken. Withington'

stated in 1964:

"In the past decade, most computers were sold to do
simple jobs. — payrolls and scientific applications. Most
computers today are still doing simple tasks. The exotic
computer applications that abound in the literature are
the exception, not the rule.

"We believe that the next wave of computer applications
is just beginning. If the first generation of computer
applications consisted mainly of record keeping and scientific
computations, the second generation will consist of automatic
decision rules (for inventory control, credit, etc.) and
design automation. Third-generation applications will
-involve real-time systems. . . . No one has begun to define
the limits of computer technology." (PX 4829, p. 9.)

Similarly, in its 1960 report to Congress on computers,
the General Accounting Office gave a "partial listing" of the appli-
cations in which computers were then being used by the government.
These included:
"(a) air traffic control; (b) automatic production recording:
(¢) business and management control systems; (d) communication
systems; (e) engineering and scientific research; (£f) information
retrieval systems; (g) intelligence activities; (h) linguistics;
(i) mathematics; (3j) medical research; (k) military surveillance
systems; (1) military tactical operations; (m) statistical studies;
and (n) weather forecasting." (Plaintiff's Admissions, Set 1V,
¢ 207.0.) ‘
The GAOQO noted:
"[Alpplications in several of [those] fields . . . were in their
infancy, but that some of the techniques which had proved
useful in one field were being carried over to other fields."
(Id., ¢ 211.3.)
In the 1960s, real-time systems were increasing in impor-
tance. ¢DS, perceiving this trend early, capitalized on it by building
on the uses of computers for real-time applications such as process

control to achieve an impressive success. (See above, pp. 633-96.)
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" "The single most important trend in the information
processing market today is that we are moving away from
batch processing, where information is collected for a far-
flung organization by fundamentally manual methods and then
processed in a batch through a computer system. . . .

"The information processing business of tomorrow . . .
will have transaction data entered into the system through
communications lines, processed against massive central
files on a random-nonscheduled basis and returned via
communication lines to the user, frequently all in a matter
of seconds. Prototypes of this kind can be found in the
airline reservations systems, in military command and control
systems and in process computer installations.

"

. . . .

"The direct access system . . . will play a large part
in the growth of the computer business in the next few
years. We predict by 1974 80% of the domestic shipment
volume of information processing systems will be serving
the direct access market and almost one-half of this will
be remote terminals. The classic batch system, which
dominates today's market, will continue to exist but will
play a diminishing role in the equipment market." (PX 320,
pp. 9-10.)
Users were active in developing real-time applications.
William Francis, Director, Information Systems Office, of the Depart-
ment of State, testified that "in my work in the State Department
since 1963, . . . almost all of the focus of my activity has been on
developing on-line systems in various subject matter fields." (DX
5416, Francis, pp. 7-8.) John Jones testified that when he joined
Southern Railway in September 1963, D. W. Brosnan, Southern Railway's

President and Chief Executive Officer:

"was quite dissatisfied with the progress that had been
made in learning to use the computer to support rail
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operations, and . . . the view he clearly expressed to me
was that the company had put a lot of effort into learning how
to use the computers in accounting, but where the business
of the railroad really was, where the big money was really
made and spent, was in operations. And so he gave me a

. two-fold charge, which was to first of all get on with the

- job of supporting operations by the development in his

words, of a real-time system, and further, to da this in
- such' a way that the end result was . . . a single general
information system for the railroad as opposed to what he
had right then, which was three segmented systems."

(Tr. 78954-56.)

Surveying the industry in 1965, Withington wrote:

"New uses for computers are continually being developed,
but the rate of development of important new applications
has never been greater than it is now. Because the new
applications are particularly heavy consumers of computer
capacity, their effect on the total market can be very
great. Most of today's important application-development
efforts are concentrated on providing diréct and immediate
service from the computer to the user -- the timesharing
concept, in which all users receive simultaneous and
‘immediate service from a central machine.”

. . . -

"The effect of the proliferation of these systems will be to
expand both the uses to which computers are put and the
demand for computer capacity, and to significantly expand
the total market for computers."” (PX 4830, pp. 10, 14.)

People were exploring and discovering new ways to use

computers. President Johnson, in June 1966, urged the Federal govern-

texplore and apply all possible means" to "use the electronic computer

Eto do a better job" and to "manage computer activity at the lowest

possible cost". He went on to state: .

"The electronic computer is having a greater impact on
what the Government does and how it does it than any other
product of modern technology.

"The computer is meking it possible to

"-- send men and satellites into space
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"-- make significant strides in medical research

"-«~ add several billions of dollars to our revenue
through improved tax administration

"-- administer the huge and complex Social Security
" and Medicare programs

- manaqe a muiti-billion dollar defense logistics
system o

"-- speed the issuance of G.I. insurance dividends,
at much less cost

"-- save lives through better search and rescue
operations

"-- harness atomic energy for peaceful uses

"-- design better but less costly highways and
structures.

"In short, computers are enabling us to achieve progress
and benefits which a decade ago were beyond our grasp.

"The technology is available. Its potential for good
has been amply demonstrated, but it remains to be tapped in
fuller measure. .

"I am determined that we take advantage of this techno-
logy by using it imaginatively to accomplish worthwhile
purposes. .

"I therefore want every agency head to give thorough
study to new ways in which the electronic computer might
be used. . . ." (DX 5377, pp. 1=-2.)

By the date of this memorandum (June 1966) the Federal

: government was reported to use 2600 computers, employ 71,000 people

in computing activity and to spend "over $2 billion annually to acguire

and operate this equipment, including special military type computers.”

(Id., p. 2.)
The Department of Justice reviewed the growth of the

i industry in its submission to the Federal Communications Commission's
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1 jcomputer inquiry in 1968. After commenting on the "startling"
2 |growth of the "rapidly evolving, highly competitive data processing
3::industry" (Plaintiff's Admissions, Set II, 4% 312.4-.10), the
&-Justiceluegamtment stated:
5 "The growth of computational capability has been
accompanied by a rapid growth in the diversity of
8 computer applications..
74 " [One source listed over] 1,200 computer applications
; in such diverse fields as business, government, manufacturing,
g education, law, medicine, sports, science, engineering,
national defense, social welfare, music, and language."
g (Id., *¢ 312.11-.12.)
10 The Department of Justice identified quite clearly the
11 |increasing importance of communications processing and on-line
12 jcomputing.
13 | "The number and variety of remote access data
| processing systems, both real-time and batch processing
14 time, is already very large and rapidly growing."
(Plaintiff's Admissions, Set II, ¢ 312.23.)
15 .
The Department of Justice gave examples of the uses of
16 i ,
iremote access computing:
17‘ "The following categorization of existing applications
183 is sufficient to underscore the commercial and practical
g importance of the entire remote access computer industry:
19? "(a) Conversational time-sharing systems (always
,05 real-time) -- these involve the simultaneous sharing
= of a central computer among a group of users located
21 | at remote terminals and connected to the central
= computer by communications circuits.
22§ "(b) Inguiry systems (uéually real-time) --
| in such systems, typified by stock quotation services,

a large number of terminals are connected to a single

: data processing center by means of communication lines;
245 the system enables remote users to query a fregquently

i updated central store of information.

"(c) Remote batch processing systems =-- these

-935-




[2])

w

-

Ll

in

- ~v

O W w

e b & v i+ e s s e

of uses were highly interrelated with the EDP suppliers' development

i pp. 290-94, 311, 314-20, 324-26, 417y and the perceived growing impor-
| tance of remote computing and time sharing heavily influenced the 360

1 Model 67 and then the System/370 planning. (See above, pp. 419-31, 913-

1 GE's emphasis on time-sharing capabilities. (See above, pp. 505-12.)

1 satisfy the changing demands of the users.

systems permit the central processing of tasks that
originated at and are transmitted from distant
locations.

e

- L2 - -

*(£)y  Information distribution systems -- these
systems, capable of operating on either real-time
or batch basis, often operate like inguiry and
document-production systems without the need for
specific, repeated customer inquiry.

"(g) As information relevant to the needs of
a particular subscriber is received by a central
computer of such a system, the information is automatically
and selectively transmitted to the subscriber via
communications lines.

"(h) The distribution of railroad freight traffic
information to railrocad traffic agents, shippers,
and consignees is an example of such a system."
(Id., ¥ 312.24.)

The variety of new applications and the changes in the types

and planning efforts for new products. As we have seen, IBM designed

System/360 to facilitate communications-oriented processing (see above,

E 18.) Similarly, these were the years of the Project MAC development and

Technological advances and improved capabilities implemented by EDP sup-

pliers facilitated the expansion of computer anplications. At the same

time, individual suppliers had to tailor their development efforts to

As stated in GE's APL "Master Plan" in January 1970:
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"This unusual growth rate [of the computer industry] stems
from high customer acceptance and his exploitation of the
computer's ability as well as the industry's ability to
constantly improve the price/performance capability and
system adaptability. The shift of customer usage from
batch to direct access, the greater use of communications,
and the ever-expanding set of applications -- all indicate
the dynamic, growing nature of the industry and, in fact,
‘provide the basis for the growth which must be in tune
with these moves by the customer." (PX 353, p. 18.)

d. Improved Price/Performance and Ease of Use. The

increase in the ways in which computers were used were made possible
by sharp price/performance improvements, increases in computer capabilit
ities, and, in’particular, by increasing ease of use. These changes
both increased computer usage by existing users and produced a large
influx of new users in the period 1963-1970.

Similarly, Perlis testified that as the "price/performance .
of the hardware side of the computer" improved, "our appetites as
users of the computers" increased. " [C]lomputers are so much more
capable of doing.things than we know how to tell them to do at any
stage, that they represent a reservoir for our wishes, as it were,
and everything seems to indicate that we are just going to continue
to load these computers with more and more software in order to per-

form the tasks that we have in mind. . . ." (Tr. 1830-31l; see also

DX 3753 (Tr. 80193).)

Withington wrote in 1965 that "(t]lhe improved economics

thus make it possible to use computers for previously unprofitable

work. As users discover this, total usage grows." (PX 4830, p. 9.)

Again, in 1967, commenting on improvements in price/performance:

"The most direct effect of this improvement will be
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further growth within existing markets. Present users of
computers will find it economically justified to use
computers for applications not justified before." (PX
4832, p. 8.)

| In 1968:

""As the costs-of‘cbmplete.computer systems decline,
thousands of new users appear and marginal applications
of existing users become justified."™ (PX 4833, p. 10.)
The computer was becoming more familiar and, in particular,
easier for human beings to use. A good deal of this was due to the

improvement in software. Higher level languages had made it possible

to program in languages more readily accessible to human beings than

' the ones and zeros which characterized machine languages.  Also,

advancing operating systems made it possible to program without the
annoyance of having to keep track of memory addresses or do hexadeci-

mal arithmetic.

Donald F. Turner, then Assistant Attorney General for Anti-
trust, stated in 1966:

"[Clurrent practice and trends in programming . . .
remove the programmer further and further from the necessity
of considering the details of computer circuitry, or even
machine language. Programmers increasingly concentrate
on developing algorithms; they spend less and less time
with the details of how the algorithm is handled by the
hardware of the computer. This appears to be the most
efficient use of programming talent." (DX 9110, p. 3.)

This was an important feature, because programming talent

| was "scarce". (Id., p. 2)* Given such shortage, the improvement of

operating systems and other sophisticated programs became more and

* Similarly, Withington wrote in 1965:
"[Tlhe productivity of the individual computer programmer is

increasing. Until recen:tly, it was necessary to prepare all
computer programs in the specific language of the computer and to
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more important. Not surprisingly., software houses developed which

specialized in providing such procgrams to users. (See above, pn. 851-
53; PX 4832, pp. 10-11l; PX 4833, pp. 27-28.)

The increase in interactive computing was interrelated with
the increasing ease of use of computers. Hart of General Motors

wrote in 1971:

"There are two phenomena which we have noticed with
the advent of interactive computing: (1) the threshhold
of complexity--of the difficulty associated with using a
computer--has been lowered significantly. As a result,
the number of new users has increased rapidly during the
past five years. Probably more than half of the 2000 or
so users of our Honeywell (GE) time-sharing system were
previously non-computer users--and would not have become
users of a batch system.

"The other phenomenon has to do with human produc-
tivity. Whereas the average engineer may be able to get
five times as much work done per unit time, the outstanding
creative man may get 10-20 times as much done. With a
batch system, this man was frustrated by turnaround time--
whereas with an interactive system, he can proceed full
speed without the computer getting in his way.

\

carefully design the programs to circumvent the inadequacies of
the machines. Now the computers have fewer limitations for the
programmer, and the use of automatic programming languages
(particularly COBOL) is increasing. A programmer can probably
produce 50% more work per day now than he could five years

ago. . . . The requirements for computer programmers are
generally satisfied rather quickly because retraining takes only
a few months. However, project leaders and systems analysts do
not become available so gquickly. . . . There is already a
shortage of these creative and managerial personnel, particularly
for the development of the newer and more advanced applica-
tions. . . . However, the scarcity will have less effect on the
growth and the use of computers for conventional applications,
for these applications are well established and require minimum
creativity and few top~-level personnel." (PX 4830, pp. 9-10.)
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"If it sounds like I am promoting interactive computing,
it's because I am. I believe it represents a revolutionary
new way of using computers to solve problems, and we are
only beginning to understand what it means." (DX 3753 (Tr.
80191) .)

Computer price/peffcrmance was also improving very rapidly

| in quantifiable ways. Hart, writing in 1971, wrote that "[t]he
changes which occurred in the 14 years between the 701 in 1954 and the
+

360/65 in 1968 can only be described as revolutionary." The cost per

problem had improved by a factor of 100. "For $20,000 you can now

purchase a whole minicomputer which could run rings around the 701."
This, of course, enabled more efficient use of increasingly expensive
scientific personnel. "It is interesting to note, during the past 20
years . . . while computing cost has gone down by a factor of 1,000,
costs of engineers and scientists has tripled." These improvements
"have largely come about from revolutionary changes in computer hard-
ware technology", however, "[t]lhere has also been a revolution in

software technology which has helped to make more efficient use of

%computer hardware--this is the operating system (currently typified by

IBM's 0S/360)." (DX 3753 (Tr. 80187-88).)

Other witnesses also attested to the improvement in price/

| performance. For example, Frank Heinzmann of Eastern Airlines observed

fin 1973 that "there has been a fairly dramatic improvement in the

price/performance, particularly cver the last six or seven years".

(DX 5154: Heinzmann, pp. 3387-88.) WilliamvTerry of Hewlett-Packard

;explained in 1973:

"[Ilt has been my experience there is a continuous inno- |
vation of technology and an almost continuous and very
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rapid degree of change. . . . I have seen it in our own
product line. Our first computer [in 1966], the 2116 was

a very large box, heavy, hot, with 8,000 words of memory
and sold for something like $28,000. Seven years later
[1973] we offer an improved machine, in almost every
respect for something like $5,000. That is an illustration
from my own company of how rapidly this change has been
taking place." (DX 4113: Terry, pp. 3314-15.)

The statistical evidence of the price/performance improve-

ments is dramatic. Some examples for IBM products make the point.

| The IBM 650 processor, announced in 1953, was able to process 700

instructions per second; the 1401 processor, announced in 1959, was

able to process 5,000 instructions per second; the 360/Model 30

processor, announced in 1964, was able to process 30,000 instructions
per second, a 40 times increase in speed over about ten years.

(DX 4755.) Maximum main memory increased from 10,000 bytes on

the 650 to 65,536 bytes on the 360/30, or by 6-1/2 times. (DX 1402,
p. 11; DX 911, p. 5.) The rental price of the 360/30 at announcement,

however, was about equal to the rental price of the 650 at announce-

i respect to the cost of the central processing unit's operation "from
18 jone generation to the next on computers, if you speak of the IBM line

1s lof equipment, the second generation being a quantum step lower than

20 éthe first . . . . Taking the first generation as one, the second

2l Egeneration was ten times as fast or 1/10 the cost. The third genera-
%tion would be ten times that or 1/100 of the first." (Tr.
217304-05.) In addition, progress in memory components has meant that
f"not only have the components been improved in their efficiency, in

étheir ability to perform reliably, but the space or the sizes that

i they occupy has also gone down. . . ." The "number of cubic feet
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taken up by a byte of information, if you will, again normalized to

one in 1948, [has gone] down to one thousandth of that in 1968, and
hopefully down to a millionth of that in 1988." (PX 289; Perlis,
Tr. 1829.) ' :

Similar improvements were achieved in peripheral devices.

For example, IBM's 350 magnetic disk drive, announced in 1956, had a

data rate in characters per second of 8,800, an access time of 600

milliseconds and a capacity per spindle of 4.4 million characters.

(DX 3554D.) The 2314 disk drive, announced in 1965, had a data rate

‘of 312,000 characters per second (over 35 times faster), an access
il
ltime of 75 milliseconds (80 times faster), and a capacity per

spindle of 25.87 million characters (5 times greater). (DX 3554D.)

The storage capacity per dollar of rental increased from 7,692 charac-
ters to 38,255 characters. (Tr. 94860-61; JX 38, pp. 439-40; PX 6072.)
IBM magnetic tape drives from the 729-I1I, announced in 1957, to the
2420 Model 7, announced in 1968, achieved a three-fold increase in
érecording density and a six-£fold increase in data rate per dollar of
grental. (Case, Tr. 72650-55; JX 38, pp. 840-41; PX 4526, p. 3;

DX 3553B.)

Dr. Perlis estimated that the price per operation had

?dgcreased "a thousand to one"” during the period 1948 to 1968 and
;prcjected the same decrease for the period 1968 to 1988. (Tr. 1993.)
3 " These improvements in ease of use, price/performance and
gcapabilities, attracted new users, enabled existing users to expand
ltheir data processing and contributed to the explosion of the uses of

icomputers. To take advantage of such improvements, existing users
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upgraded and converted their old equipment. Withington testified
that "during the entire eight-year period, 1955 to 1963, something in
the range of 30 to 40 percent of users having acquired one computer
system changed to a coﬁputer system of another manufacturer."

(Tr. 57678.) PFurther, "perhaps 40 to 50 percent of useré acquiring an
initial system frdm one maﬁufacturer subsequently converted to a
noncompatible computer system of the same manufacturer." (Tr. 57680~
8l.)

Such changes generally cost users time and money--personnel
had to be retrained and programs had to be converted--and customers
took those costs into account in making procurement decisions. (See,
e.g., J. Jones, Tr. 78771-72; DX 3753 (Tr. 80193.).) Generally, the
costs of such conversions are "relatively minor" where the programming
has been done in higher level languages such as COBOL. (Macdonald,
Tr. 6914; J. Jones, Tr. 79689-90; see also J. Jones, Tr. 78868-69,

78877-78; DX 3753 (Tr. 80192-93.).) In any event, customers made

such changes because the conversion costs were less than the resulting

benefits. As Hart informed his colleagues at GM:

"While [a user who disliked having to convert] was
groaning, his roommate was cheering because he could now
solve his problem faster, cheaper--or at all! And many
new users were attracted by new capabilities . . . . The
overall benefits (to the computing community) from each
change have overshadowed the conversion costs required."”
(DX 3753, (Tr. 80192.).)
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1 and apply their computer systems to ever more sophisticated applica-
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57. Conclusion. As we have just discussed, continuous

innovation in computer techniques and technology during the 1960s led
to dramatic improvements in the price/performance, function and

i usability of computer systsm§. Users could do their computing faster, |
| cheaper and easier, and~alsoAdo a whole host of new applications that
could not pre&iousiy have been doné cost effectively or, perhaps, at
all. The new wave of applications that emerged--particularly real
timg,.on-line, interactive types of applications--permitted users to
make computers an integral part of their businesses, rather than
hmeiély fast accounting machines to do a payroll or perform'statistical
calculations. The resultant potential for increased business produc-
tivity through the use of computers attracted new users and provided

- existing users with incentives to expand their computing installations

tions.
The histories of individual companies and types of competitors

i set out above reveal that EDP suppliers perceived--although always

+ underestimated--the extraordinarily rapid growth in the number of

computer users and uses and the insatiable demand for computing power

i and capacity and attempted to satisfy the demand by offering the types

of hardware and software that users wanted. Such attempts led to a
stretching of the technology and still further performance and cost ;
breakthroughs. As that cycle repeated itself, hosts of opportunities
were created for companies to grab a new or a bigger slice gf the

action. Existing suppliers were able to and did expand their operationsf

i
and grow rapidly, and a variety of emerging new suppliers were able to |

i
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| typically acquired a complete system from a single system supplier.

achieve startling success in a relatively short period of time.

As the technology and the applications changed, so too did th&

- ways in which users acquired and changed their computer systems. In

the 1950s and early 1960s, customers installing their first systems

(See O0'Neill, Tr. 76243; PX 4829, p. 34; DX 5654, Webster, pp. 251-52.)
Because of the limited number of options and limited configuration
possibilities of those systems, users who wanted to upgrade or signi-
ficantly expand their coﬁputing capability also, typically, acquired
complete, new systems. (See J. Jones, Tr. 78714; Withington,. Tr.
56170-71.) During that time period, however, "competitive necessity"
was ringing in a new order, and manufacturers were being forced to
make their systems more and-more modular:
"As users' demands for . . . breadth of hardware
functionality grew, the manufacturers attempting to compete

were forced to maintain continuocus developments of different
modular types of equipment that could be configured together
into models offered to the user. . . . This occurred in the

late 1950s . . . perhaps 1958 through 1962." (Withington,
Tr. 56174.)

4 £0 a larger central processing unit without reprogramming and without

replacing all the other parts of their system:

"Through this process [of replacing and adding individual
boxes without a single conversion,] it would have evolved to a
point where the computer system, both in terms of the individual
machine model as entirely replaced, and the modes of use as
changed, and the systems programs be'ing replaced in a modular
fashion along the way as well, has become entirely different.
Thus, the beginning and the end point of the process are totally
distinct, and yet at no one point in time would there have been
a moment at which one could say: At this point the entire system
changed from one to another." (Withingtcon, Tr. 58270-71.)
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i Admissiohs; Set IV, %Y 66.0-.2 (Knolls and Bettis selection of Philco

- 2000 Models 211/212).)

t which now could be reconfigured at will. Moreover, entry of such box
| suppliers was facilitated by their ability to tap the software support
| of the systems suppliers and copy the designs of their products. Thus,

5 as O'Neill of American Airlines testified:

Whether or not a system offered that flexibility was one factor users
took into account in making procurement decisions. (See J. Jones,

Tr. 78980-83 (Southern Railways selection of IBM 7040/44); Plaintiff's

 As we have seen (see pp. 296-304, 332-40 above), IBM responded
first.qnd‘méstfferéefnliy to this competitive impetus and-reapéd~the ;. .
greatest benafits frea!daing so. But, as IBM and other systems su@plierf
accommodated users by making their product lines more modular»(see,
e.g., Withinéﬁﬁé, Tr. 56174-75, 58229-%9), they also created opportuni=-
ties for new competitors to begin marketing boxes directly against the

individual boxes in those new computer systems (see, e.g., DX 2583),

"[In] the latter part of the Sixties and into the
‘ early part of the Seventies, and I will say from about
1966 through about 1973-74, manufacturers, other manufac-
turers other than IBM, started to develop and sell compatible
tape drives, disk drives, printers that would operate with
little conversion, although some conversion was involved,
with little conversion on the IBM processors.

"That doesn't mean to say that the Honeywells and the
Burroughs and the NCRs and the CDCs were not there, because
they were also putting in their systems. But what happened
was more choices became available.

"Ampex was selling memory, for instance; Calcomp was
selling disk drives; Potter was selling tape drives.
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"There were a number of alternatives that one could
evaluate, which meant that they did not have to buy all
their equipment from one manufacturer . . . .

"What that means is that we can get our data
processing done at a lower cost." (Tr. 76244-45, 76248.)

O'Neill continued:

"We [American Airlines] tend to buy boxes [rather
than systems}.

"
. - o o

"We can put together the pieces and pick and choose
the best boxes at the lowest cost from the wvarious
manufacturers that are offering those boxes." (Tr. 76249;
see also J. Jones, Tr. 79036-39, 79044-49, 79622-24, 79880.)

As these new suppliers entered into competition against IBM
and others, users were increasingly willing and able to replace their
systems--box by box. (See, e.g., Withington, Tr. 56026-27.) The
Federal government and others turned to PCMs for replacement boxes.
(See DX 5212, pp. 1l-2; DX 7568; DX 5654, Webster, pp. 248-52; DX 6257,
Gold, p. 119.)

By 1970 "many acquisitions decisions were already being made

1 in a modular fashion" and customers were increasingly "adding computer.
é products" in lieu of replacing whole systems. (Withington, Tr. 56189-

{ 90; Akers, Tr. 96667-70.) V. O. Wright explained:

"During the time even when I was in IBM, in the late
1960's, placing that in the time frame of '68-'69, there
was developing at that time a change in the manner of
marketing and in the manner of buying data processing
equipment. '

"Many new manufacturers had come into existence,
particularly those that were manufacturing plug compatible
equipment that plugged into, was compatible with, IBM
systems, and the federal government took the leadership
in trying to increase the use of such egquipment in the
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federal government because they viewed it from the stand-
point of its saving the Government money by buying a large
- number of magnetic tape units, a large number of disks at
a quantity price, in which they were able to get further
discounts and attaching those units to IBM systems.

"So specifically in answer to your question, in the
late 1960's there was a new movement underway which did
focus much more on boxes than it did on systems, particularly
after a system was first installed and the advantages might
be realized by reducing the cost of those systems by replac-
ing certain of the boxes in those systems.

"Q . ~Did that continue, sir, during the period of
time, that movement toward boxes, that you were at the RCA

Corporation, that is, from the beginning of 1970 until the
beginning of 19722 .

"A Yes, it did. And also while I was in Amdahl and
also while I was in Xerox that same movement continued to
build, and it enlarged and became a more significant factor
in the computer business." (Wright, Tr. 13540-41.)

Nor did the box competitors limit their focus to IBM.
’fAccording to Wright, who was Chairman of RCA's Peripheral Task Force
fin 1970, RCA performed a market survey and was both "surprised" at the
iamount of non-RCA equipment attached to their systems and "quite
ishocked" at the number of users who expressed an intention to attach
{ non-RCA peripherals to RCA systems in the future (Wright, Tr. 13554-57;
1 DX 862):

"This was clearly a continuation of that trend, . . . where
many users who used to be really dependent upon one manufacturer
for all of the boxes comprising a system, had learned that it was
possible for them to achieve certain benefits by procuring and
mixing boxes from different manufacturers in the same system. It
was a continuation of that trend." (Wright, Tr. 13557.)

The increasing trend toward modular replacement permeated the

iarea of systems software as well. That trend coupled with users'

lunslakeable thirst for applications prcgramming, triggered an explosion

1
R
t
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in the number of software suppliers during the latter half of the 1960s.

(See above, pp. 853-55, 838-39.) In the meantime, leasing companies and

| service bureaus were also burgeoning and providing a host of new alter- b

. natives for users and increasing competitive pressure on hardware

| manufacturers. (See above, pp. 807-14, 826-46.)

For all of 360's spectacular success, IBM could not match the

growth of all these competitors. The expansion of EDP companies during

the 1960s, both in number and size, was astounding. We have seen

already (pp. 923-26, above) that the joint deposition obrogram of

‘various EDP companies (Census II) revealed an exponential growth in the

number of companies reporting U.S. EDP revenues over the years 1952

2 through 19§2 and a similar growth in the total U.S. EDP revenues of ,
%those companies. (Dubrowski, Tr. 84209-10; DX 8224,) From 1961 through
i 1970, the number of companies reporting U.S. EDP revenues increased

from 98 to 582. (DX 8224.) Moreover, from 1961 through 1970, the U.S.

1 EDP revenues of those companies, as reported in Census II, excluding

{ IBM, grew from $796,386,000 to $6,820,225,000 or an amazing compound

fgrowth rate of 27.1% per year. During those same years, IBM's U.S. EDP
irevenues grew at an impressive but lagging compound growth rate of

117.6% per year. (DX 381l.)

The implications are perfectly clear. Hundreds cf new

icdmpetitors entered the industry. In the.aggregate, the U.S. EDP
3 : i

irevenues of those companies grew some 55% faster per year than IBM over

the entire period. As a result, IBM's share of total U.S. EDP revenues
jfell: from 1961 to 1970, IBM's share of the reported U.S. EDP revenues

ldropped dramatically from 51% to 34%. (DX 38ll; DX 8224.)
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Similar trends were evident in the Federal government. In

1 1967 the Gsa Inventory of general purpose ADP equipment included hard-
_g“ware~supplied by 104 different companies. (DXF4579.) By 1972, that

i number had risen to 340. (DX 4584.) Moreover, between 1%60 and 1972,

| IBM's share of the number of computers installed in the GSA inventory

| fell from 54.8% to 21.2%. (DX 4593, p. 7.) | :
For IBM and other EDP companies, the influx of competitors

i during the 19605Arequixed constant vigilance and a readiness to respond
; quickly with new and better products. Any other course would have

i amounted to "going out of business". As GE's APL "Master Plan" stated:
"One of the key aspects of technology in the computer

field is its high rate of obsolescence. Never in the

history of technology has the pressure of competition

and the lure of highly rewarding markets created such

a dynamic evolution." (PX 353, p. 23.)

i} In short, one of the results of competition in the computer business was

i . . . .
' that companies in the industry were constantly forced to come out with

new and better products in order to keep the customers that they have

g'and in order to get additional customers. (Hindle, Tr. 7448-49; see also
?R. Bloch, Tr. 7761-62; R. Jones, Tr. 8865-67; McCollister, Tr. 9697;
QHangen, Tr. 10423-24; Withington, Tr. 56556-58.)

The competitors in the industry have attested to the increase

iin competition during the 1960s. McCollister of RCA described the

jappearance of "more prominent and vigorous competition [more sources of

|
inew product introduction] in the last ten or fifteen years [1960-75] :
' t
!
|
|

than there was at an earlier time . . . ." (McCollister, Tr. 9313.)

| Terry of Hewlett-Packard described the "explosion of competitors”. (DX

; i
'4113: Terry, Tr. (Telex) 3316-17.) Hindle of DEC described the industry:
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_ as "a tough competitive marketplace." (Hindle, Tr. 7448; see also

- veritable bonanza. Users have been rewarded with constantly better

i T i g

. DX 7527, Slaughter, pp. 109-110; DX 7528, Mahoney, pp. l17-18.) Comment-

| mated Data and Telecommunications Service of the General Services

R. Jones, Tr. 8865-67; Hangen, Tr. 10415; Butters, Tr. 46654;
‘Oelman, Tr, 6129-30; PX 1077; DX 1406; DX 4806; DX 193, pp. 2=-3.)

The result of this.competition.fOr the user has been a

products at increaéingly lower prices, as the technological advances
have been passed on to users through the competitive pressures of the
market. (See Withington, Tr. 56580; Hangen, Tr. 10423-24; R. Bloch,
Tr.‘7761-62; McCollister, Tr. 9697; PX 376, p. 19; DX 7523, Farrar;
pp. 56-57; DX 4321; PX 4830, p. 29; DX 9067, Higgins, pp. 104-05;

ing on PCM competition in particular, the International Data Corpora=-

tion reported in 1972:

"As the independent peripheral manufactuers strive to £fill
their potential and the mainframe companies react to hold onto
their own business, prices will come down as product performance
and variety improve. &And that's a bonanza from the user's point
of view, since he wins in both cases." (DX 3132, p. 4.)

Competitors have been forced to march to the customers' tune,

As Withington testified, "'the user controls this industry in the end'".
If a user "is offered unsatisfactory products, he will not buy them,
meaning that if a product is not perceived by the user as meeting his

basic requirements for data processing, or if its price/performance

are [sic] in any way unsatisfactory to him, he will cause the product

L]

to fail by refusing to accept it." (Withington, Tr. 58571-72.)

In 1972, Harold S. Trimmer, Jr., Acting Commissioner, Auto-

1 Administration, wrote, and Elliott Gold, Director of the ADP Procuremenﬂ

=951~



Division of the GSA, concurred:

i "'The essential point that we wish to ceonvey is that

| the current ADP market is dynamic and extremely competitive.
1 The emergence of new sources of supply offers considerable
opportunity to produce significant economies in the procure-
ment of ADP- equipment.'"™ (DX 6257: Gold, pp. 96-97.)

| For the users of EDP egquipment, things have only gotten better.
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