
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.: Among. other things, GSA was to consider the "pos-sibility 

2; that additional procurement sources could be cultivated to serve as 
I l: . competitive 'alternatives to the. exc-lus.ive procurement of' equipment 
r 

o£.\ 
• I 

I 

! �I�~�'� 
�~� �~�I� 
�~� \1 

j \1 

directly from manfacture·rs �r�s�i�c�}�'�~� and the "possibility of p.rocurinq 

equipment and software '. as separa'te items If • (DX 4355 I pp. 15-

16.) In addition, the Bureau o·f the· Budget* and GSA encouraged th.e use. 

of' plug-compatible peripherals and the acquisition of EDP equipment 

a: from third party le·asing companies. (DX 4321, p. 1; DX 5212, p. 1;' 
I 

OX 9071, Crone, p. 101; see pp. �7�5�9�-�6�1�~� 782-90, 960-61, 975-76.) 

The' resulting effort was implemented by the GAO, the OMB, 

the National Bureau of Standards and the GSA. The OMB put out ins truc-

tion5 designed to· ensure that the agencies satisfied their EDP needs 

in the most economical manner. The GAO assured that the implementing 

instructions issued by OMB and GSA were adhered to. The Bureau of 

Standards provided technical advice. The operation of these agencies 

�l �~� �~�1�.� in combination could be analogized to the organization of a commercial 
a :1 

17 'I establishment with top management, those responsible for daily opera- . 

t tions and the technical advisers. (See ox 9071, Crone, pp. 50-52.) 
15 :! 

:1 

fQ ·t Three of the programs arising from the Brooks Bill deserve 
... .I 

I additional description. 
za '! 

They are the GSA Reutilization Program, the 

I " ADP Fund, and the ADP Sharing Program • 
.... ., :1 4.:.; 

�~� The GSA Reutilization Program. The Federal government 
22. 'j 

23 
,1, began taking advantage of its size as a user by actively seeking 

I efficiently to reutilize EDP products which it owned. As with leasing 
...... j 
,,- I 

1= .\ * The Bureau of the Budget was renamed the Office of Management and 
I Budget pursuant to Reorganization Plan Z of 1970. i 
.! 
;\ 

-872-



L: companies ~nd used equipm,ent br.okers outside of the government, such 

% 1. efforts lead to older, purchas,ed equipment competing for business 

Z i with the new offerings of EDP manufacturers. 

4. ,. GSA was: responsible for EDP' reutilization in the Federal 
I 

:'1' government. (Plaintiff's Admissions:, Set II, "134 .• 6.> And, DSA 
·1 

t 
,.,.1 

C-: 
, 

7 ;1 

8 [I 

0.' - ; 

j 

1O! 
I 
i 

~il 
lZ il 
T 4- ; 
- i 

\ 

15
j 

(the Defense Supply Agency) worked in close cooperation with the GSA 

wi th respect to, EDP reutilization .. , (Plaintiff's Admissions, Set II, 

'1 134.7.) Within the DSA. the Defense ADPE Reutilization Office (DARO) 

acts- 'tas a marketing type' agency wi th respect to the disposal of 

excess computer equipment within the Department of Defense, and 

through GSA to other Federal agencies and programs. (!h, 11 138.0.) 

Fede'ral 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. (OX 9071, 

Crone, p. 44; Plaintiff's Admissions, Set II, 1r 357.9.> The reutiliza­

tion program involved hundreds of millions of dollars. The acquisition 

cost of government ADP equipment transferred or reutilized· during 

fiscal years 1965-1970 totalled almost $563 million. 

Admissions, Set II, f 371.9.) 

(Plaintiff's 
I 

I 
I 
I 

The increase in reutilization of EDP equipment by the . I 
govern- ! 

ment was boosted, in part, by the increase in the amount of EDP 

equipment purchased, rather than leased, by the government, beginning 

around 1963, when the GAO urged more extepsive 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. (OX 923, p. 19; see P1ain-

tiff's Admissions, Set IV, ~r 215.4.) It was also facilitated by the : ~ 
1 

-873-



L general purpose nature of the equipment, which by de-finition could be 

2. utiliz-ed in many different applications. 

The GSA re-po.rte.d that the government realized cost reduc-

4- . tions through reutilization ·of gover:nment-owned excess EDP equipment 
i 

: I'between 1966 and 19'70,. totaling ove'r $330 million. (Plaintiff f s 
I -

I. 
e ; Admissions, Set II, 1f 371.10.) These· savings, of course, came about 

I 

711 because the reutilized equipme·nt competed successfully with new 
It 

S ! equipment which the government would otherw·ise have acquired. (Se'e 
t 9-! Plain.tiff' s Admiss.ions, Set I.I, 11'1 371.0, 371.1, 371.11.) 
I 

1a \: Excess equipment which could not be reutilized efficiently 
I 

11 1 within the Federal Government was disposed of elsewhere. Surplus 

tZlgovernment-owned equipment has been donated to approved recipients, 
I 
I 

U i such as state and local governments or educational institutions, or 
I 

14- ! sold on the open market. (Plaintiff I s Admissions, Set IV, 1r 228.1.)* 
I 
I 

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

16 ;!the Brooks Bill), GAO recommended legislation to establish an ADP 

17 !!reV01Ving fund, to be available: 
il 

'8 :1 • 'I 

19 [I 

20 :! ,I 
.j ., 

2! :j 

11 (a) for procurement of equipment; 

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

" (c) to facilitate the establishment of service 

;j-----------
22 ill * One example was the Minuteman I guidance computer. Between 
23 1 April 1969 and December 1971, the Department of Defense permitted GSA 

Ito offer 230 Minuteman I computers for reutilization~ All were taken 
24 :Iand as ot December 1971, there were 113 unfilled requests outstanding. 

',(Plaintiff's Admissions, Set II, ,r 539.0-539.3.) 

25 :1 
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L 

%-

1 

4-

!-

7\1 

8 1 

9 

lO 

11 

centers, equipment pools, and time-sharing arrangements." 
(Plaintiff I s Admissions, Set IV, 'f 223.0. > 

The B\rooks Sill aathorized the establishment of such a fund, 

to be _manaqed by- 1:he GSA. The- fund was- "activated"- in fis~ca~ 19-68 

wi-th an initial- ~apitaliza-tion o-f $10- million in approp:riations with 

an additio-nal appropriation- of $-20 million in January 1971. CDX 57-14 r 

p.3; Plaintiff-'s Admissions, Set I.I, 1{ 370.2.> 

GSA wasa-uthorized in May 196,8-, to "acquire exc:ess govern-

ment owned equipmetlt and rent the equipment to agencies through the 

ADP Fund at rates which would ensure the continued solvency of the 

fund but which wou~d be lower than the rates charged by suppliers." 

(Plaintiff's Admissions, Set II, 'f 370.1.> Thus, "[t]he GSA leasing 

of EDP equipment financed by the ADP Fund is sometimes an alterna.tive, 

to the extent of ADP Fund resources, to acquisition of EDP products 

for Government agencies". (Plaintiff's Admissions, Set II, 1r 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 lower 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, ~f 370.9.) In 

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

(OX 5654, Webster, pp. 129-31; DX 5834, Hiniker, pp. 4-5; 
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• i OX 7528, Mahoney, pp. 109-10; see al.so OX 6257, Go·ld, pp. 17-18; OX 

t 11 9071, Crone, pp. 20-21.) 

l ; ~p Sharing' Program. The reutilization program and· the ADP 
I 

~i. Fund. increased the extent to 'which Federal. ag~ncies actively cons-id~red 
I 

f If 
i \r 

r ~I 
11-

! ; 

;. 

J 

old equipment in' competition with new computers they might otherWi$e~ 

have acquired.. Such: competitio·n was further enhanced by the possible 

use of exces:s computer ~ in lieu of hardware acquisition. Indeed, 

whereas through the reutilization program, the GSA acted as an internal 

government compu·ter, broker/d.eal.er and the ADP Fund as an internal 

government leas.inq· company, the sharing. of computer time created 

1.: internal governmen't service bureaus. As with service bureaus outside· 

,; the government, this took two forms: the use of excess time on com-

; ',:,1. puters otherwise utilized by users, and the =eation of data pro-

t cessing centers with computers dedicated to the provisions of time and 

~ II services to a variety of users. 

5 11 Set I I, 11 364 • 1. ) 

(OX 5188, p. 2; Plaintiff's Admissions, 

5 :1 
Such service bureaus provided users with further 

7 :1 alternatives to hardware and software procurement. (See, e.g., 

'f Plaintiff r s Admissions I Set II, 1f 357.8.)· 
S '. 

il 

:i Q ; 
I~ I; 

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

,r Budget stated the following policies regarding "the sharing of elec­
!O! 
· :i 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. 

n(b) The use of sharing is to be considered by 
departments and establishments and their field offices 
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L: 

2: 
I 

3; 
I 

~: 
I 

_I 
:1 

I 
,. I 

as a principal me'ans to perform essential computer work 
for which electronic computer resources are not at hand 
in the·organization. 

". (c) . ~encies are encouraged and are expected" to 
utilize the refe·rral services p·rovided by Computer 
Sharing. Exch-ancges or equ·iva~ent services as may be· 
established;to identify s~urces of assistance available 
for sharingp.urposes. " (OX 5461, pp. 1-2; Plaintiff's 
Admis.sions, Set II, 11 357.9 •. ) 

a. :. 
As with the other EDP-using activities of the government, 

7 iJ il such activities ware systematized under GSA following the Brooks 
a: 
9-

10, 
I 

11 ! 

Bill. 

The program was a success: 

~From fiscal year 1966 through fiscal year 1970, 
cost avoidance by GS·A resulted in the probable avoidance 
of expenditure of the following amounts of money by 
sharing products of Government agencies as an alternative 

IZ! 
1- :, 

~ it 

to acquiring new EDP equipment or services": $250.8 million. 
(Plaintiff's Admissions, Set II, , 368.2, see 'f~ 369. 0-
.18 for specific examples; see also OX 5654, Webster, 

1+; 
pp. 67-69, 106-07.) 

, 

15: 
Separate service bureau operations were also set up. GSA 

I 
1S \\ operated 12 Federal Data Processing Centers (financed through the ADP 

~ :t Fund) which offered the following services to government agencies 
.7 :1 

'{ and contractors: 
~S ., 

computer processing, systems design and programming, 
• :i ,\data conversion, and applications software. (Plaintiff's Admissions, 
19 'j 

'~ Set I I , ,r , 3 54 • 5, 3 6 4 • 3 - • 4 • ) '* 
ZO : :, 

I 

" -----------Zl 'I 
! .: '* In addition to the larger Federal Data Processing Centers, there 

22. '\are a number of "Joint Use Centers ••• in which more than one agency 
"with a data processing requirement joins together to do their work 

Z3 't
l 
ei ther by time-sharing or splitting shifts". (Plaintiff I s Admissions, 

.r Set I I, 'f 366. a • ) ,4 i 
i 
r .... = ! ~ ... ! 
I 

i 
'i 
'f -877-
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:1 
I 

I 
l 

1. \1 55. Planning for New Products. 

2. 1t a. Intro"duction. Even in 19,64, IBM management was deter-

S! mined tha,t the orc;anization would not simply sit back and enjoy the, 
i ~ 

4;.1 fruits' of the succe'ss whi'eh it· was already beg-inning to achieve with 
I 

:-1: Sys,tem/360., IBM 'm&naqement' realized', given the lessons of theviqorO:1its 
I 

I 

a\l 
compe.tition in·. the e'arly 1960's, that however successful 3'60 would turn 

out to be., competition wo,uld not stand still. As Thomas J. Wats·on, 7 il 
a II Jr., wrote in November 19"63: 

9-

t.O. 

Ll 

t,Z! 
I' I 

"I believe tha.t whenever we make a new machine announce­
ment, we should set up a future date at which point we can 
re'asonably assume that a competitor's article of greater 
capability will be, announced. We should then target our own 
d'evelopment program to produce a better machine on or before 
that date.1t (PX 1077, p. 2.) 

Thus, pl'anninq commenced for f~ture g.enerations of equipment 
_i 

~ · even before the System/360 was delivered. 
i 

On October 9, 1964, A. K. 

l~: Watson (IBM Senior Vice President) wrote to Gibson and Piore (both IBM 
i 

15 l Vice Presidents and Group Executives) : 
! 

1 
... II 
Q :1 

1- i\ 
~J it 

18 :[ 
:i 
:\ 

19 !~ 
~i 

" ••• I think it is extremely important that you put 
together a group of enqineers from each of your divisions 
who will now be starting to design the next generation 
machine and do this on a continuinq 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-
za :1 

!tiveness and price/performance advances of IBM's computer systems 
." a 
- j would depend on new peripheral devices as well as processors and 
22. ;\ 

;imemory. IBM's System/360 Compatibility Committee reported in August 
Z3 :1 11964, that: 

.1 
24 'j 

I 
I .-= I 

~I 

! 
'i 
! 

:1 
1 , , 

:\ 
.! 
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! , 

1; 
i 

~I 
I' 

"The heretofore heavy emphasis on processor planning as 
the criterion. for improved price/performance should be 
re-orientaa towards I/O developments. The· across--the-board 
imprQ:vements in pric-e/pe~formance which w-ill be required in 
the, 19-6·7-68 time period will probably be brouqhtabout moore 
~ Unp.ro.ved I/t;) capability than by CPU and memory improvements." 
(n: 3908A., -p. 22; see aJ.so PX 6671, p. 27 •. ) 

! I: In particu~ar, continued improvements in input/ou"t;put equipment were· 
, . 

I e: expected to be needed I'·tO· keep System/360 a viable product line. • • n 

! 

7 ~ (PX 3908A, p •. 22 .. ) As we have seen., rBM did in fact announce greatly· 

improved disk drives (the 2314) and tape drives (the 2401 Mode~s 4, S, 

6 an-d the 24·15) in the two years following the announcement of System! 

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

tual1y 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 introduced products, 

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 products, either by cutting prices or 

introducing product improvements, to obtain a price/performance advan­

tage over IBM's existing computer systems--particu1arly System/360 

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

* See, e.g., McDonald, Tr. 2883-84; Pa1evsky, 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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2: 
I , 
f -, ~ i' 

I 
4. 

I 

- !' :! .' 

OJ 

'i 
:\ 
I 
'I 
I 

;\ 

"rule of thumb" (see R. Bloch, Tr. 7599-601) and was necessarily 

imprecise because of the functional differences between the competitive 

systems and IBM':s systems and the variations in perfo,rm'ance among 

computer systems from application to, application. (Fernbach" Tr. 497-

503;: Sche·rer', Tr: 2482; P'a~evsky, Tr'. 3-27'O'-!-Tl;' McDonald Tr'. 4.1aZ~8:·3;;· 

4195-96, 4207-12; Norris, Tr. 6038-39'; Lacey; Tr •. 6570-72, 6aOO-Ol; 

Beard, Tr. 10091-9:3; Withington, Tr. 56758-60.) 

Most of the, characterizations of those competitive thrusts 

focused primarily on obtaining a throughput per dollar (usually 

labeled "price/performance") advantage. (Pa1evsky, 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/performance 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~ Knap1und, Tr. 90504-05; Evans, Tr. 101132-
34, 101137-38, 101141; PX 1099A; PX 1967, p. 1; PX 4829, pp. 17-18. I 

~he point here is not to criticize the crude attempts to measure price/ i 
performance, as an economic matter, but to recognize that the compe- ! 
titive responses of IBM's competitors (and the resulting IBM responses) I 
and the significance to users of those responses were both more complex ! 
and less clear cut than that single measure could indicate. I 

I 
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In any event, because- System/3'.60 was so overwhelmingly succes:sful and 

Z. i widely accepted,rBM's competitors o·ften aimed their later announced 
I 
I 

3".: and: delivered productsa.t. existing' 360. users·, at.tempting: to of·fer them: 

i 4a! an inc.entive 1:<:)r~e· instaJ..led 3'6o.,s to be replaced with different 

e~i.p~ent.- (MCDCaa1a,'!r. 42'Q5-0'6; R. Bloch, Tr. 759-6-9'7; S'eard, 'Pr. 

10.10.3; . Roon'ey ,. 'rr. 12420.-21; Wright, Tr. 130.83-84.) 

i 
7 II Th.is "leapfrog·qinqrt. nature of competition was, and is, 

S 11 characteristic of the computer industry. (Hindle, Tr. 7447-48: R. 

Bloch, Tr. 7761-62; R .• Jones, Tr •. · 8866-67; McCollister, Tr. 969-7, 
9-. 

, 110.69-74; Beard, Tr. 10.10.3-0.5-; Hanqen, Tr. 10.414-15, 10.423-24; Butters, 
1(1 i 

!' Tr. 4944-9-50.;. With~qton, Tr. 56459-60., PX 353, p. 23; OX 426, pp. 
11 : 

I 

: 7 -8. ) 
tti 

As we have seen, IBM was as mindful of the need to outstrip its 

!l 
I competitors as they were of the requirement to be better than IBM, and 

13\ 
i 

repeatedly, IBM was forced to come out with improved products or lower 
r~ r 
~. : 

; prices in order to r~ain competitive. (Knaplund, Tr. 90.519-20., 
15: 

~ 90.50.3; Evans, Tr. 10.1045-49; PX 10.45; PX 1077; PX 10.90; PX 1o.99Ai PX 
15 if 

I,·!' 2990., pp. 1-4; PX· 4256, p. 2; PX 4565; PX 4830, pp. 20-22; ox 1525; 
11" : 

:[ ox 4773, pp. 3, 6; OX 4795;' OX 4806; OX 8886, p. 43.) Neither IBM nor 
rs : 
· ;1 its competitors could have been successful for very long had they done 
19: 

;r otherwise. * That "leapfroggingn competitive interaction presented 
ZO' "l 

. ·1 

.i ----------------------Zl :l J * Hindle, Tr. 7447-49; R. Jones, Tr. 8865; Hangen, Tr. 10.431, 
Z2 '\ Currie, Tr. 15751-53; Brooks, Tr. 22704-0.6; Withington, Tr. 56522-25, 

:t 56540., 56556-57, 56560, 56565; J. Jones, Tr. 78990-91, 78995-97; 
Z3:i Knap1und, Tr. 90473; Evans, Tr. 101271-72; DX 426, pp. 7-8: OX 1404A, 

! pp. 73-90 (App. A to JX 38); ox 3726; PX 1079; PX l194A, pp. 1-3: PX 
24 ;\ 1214; PX 1256 (OX 14504); PX 2964A, pp. 4-6, 26-30 . 

. 1 ,c: 'I 
- 1 I 

I 
I 

'I 
'{ 

I 
I 

" 

I 
~ f 

:1 
" I 
I 
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III awesome challenges to the industry participants: they were compelled 

2.: to strive fot' a. sufficient lead w·ith each product to withstand the 
i 

!.; competi ti ve res.·ponses destined to follow·. Thomas J.. Wa tS'on, Jr." 
I 

"- l express'ed that challenge in· mid-l963, as· the announcement of Sys·tem/3'50. 
, I 

,0 \ 
I 

a:pproached : 

"I 'think it important to note, however, since we seem 
to have suffered for a few' months· or even years becaus:e our 
machines predated theef'fective competitive machines now in· 
the marketplac.e, that we' now make these machines good enough 
so they will not be just equal to competition, for I am sure 
that once ~"'ey. are announced, our competitors wil~ 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." (OX 4806.) 

~ ! As Watson predicted, competitors closed the lead that 

zit System/360 had given IBM and put IBM to the test again in the latter 

l part of the 1960s. By then those competitors included, in addition to 
:3 :t 

:1 the systems manufacturers, vigorous and rapidly growing groups of 
.. 4- ; 

I ?CMs, offering simple box-far-box replacements for IBM equipment, and 
~' 

I leasing companies, offering individual boxes and configured systems 
,1* it 
.c " 

:t" in competition with IBM. Moreover, service bureaus and software 
!7 : . :\ 

',', houses had proliferated and grown enormously over the decade, assuming 
~S 

~ i :, roles of increasing competitive importance in the EOP industry. IBM 
L9 

I, responded to the competitive challenges with a new line of improved 
20 

.! equipment which became System/370. 
U. ;\ 

.j Design planning for what would become System/370 began in 1965, 
Z2. .~ 

::d.nd Lhe engineering work began "in earnest in 1966". (OX 4740: Evans, .. - ., 
~ I 

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

i the planning for the new systems, described the objectives for the 
.. - i, 

~= I 
I 
I 

I 

I 
I 
! 
'I 
:1 
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L development of System/370 a·s follows: IBM was to develop its own 

Z inteqrated logic circ'uits''''-MST, i.e., MOnolithic Systems Technology 

1 (see E. Bloch# Tr. 91SQ·l-02)--and integrated memory c·ircuits. It was· 

4-- nto eXtend the' a-rchit.ecture 0·£ System/3.6.0 in- order to make S:ystem/370 
f 

I 
!! more valuable to 'users and, there-fore·, more attractive to them". 

I 
I 

a~ 
System/370 was to be upward~ compatible from System/360. Dynamic 

1 

7 if Address Transla.tion·i· deveJ.oped in the Model 67, and related. systems 
r a! so·ftware were to be' added to support virtual memory. Various othe-r 

improvements, related to program control facilities, reliability and 

availability', were also to be included. All of these features, of 

I 
I 
I 

I 

I 

course, contributed toward an overall objectfve: nIt was our objective' 

in designinqSystem/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. ) 
15: 

I 

I Such new levels of price/performance for central processing 
16' ;1 
17 1 units were to be accompanied (as would be required if system perfor-

15 ,I mance were not to be limited by input/output performance) by improved 

:t price/performance in peripheral equipment. 
19 !i 

;1 .. Similarly, we had an obj ecti ve to make available 
20 -f new technology and new circuitry to achieve new levels 

:\ of price/performance for the auxiliary storage devices, 
Zl .! that is, for the direct access storage devices and for the 

j magnetic tape devices." (Case, Tr. 73732-34.) 
2.2 'i 
~_ ;1 In addition to the new disk drives and tape drives, there 
~ .1 I were to be fixed head file devices (Case, Tr. 73734-35), block multi-
". A ~I 
,- I I plexer channels (Case, Tr. 73695-99), new terminals (Case, Tr. 73737-
25 i I 

;! 
'! 
'j 

:1 
I 

:1 
I 
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i· 
I 

1.. i 41), a 3705 communications cont-rol unit (Case, Tr. 73741-

z; 4-7), a mas·s sto.rage system which Case des'cribed as an "ance'storn. of 

I .a ; 
l 

J.I 
! 
I 

:21 
! , 

u! 
! 

r J;. ; 
•. I 

the 38:50 (Cas~.,- Tr-. 73747-48), and a new. high speed printer, the- 3211 

(OX 14~3 7) • 

Fifteen months prior to' announcement of the first System/370' 

models, the plarm·inq.- goals- were discussed by the Management Committee·: 

"'Kennard~ [Vice-President, O-eve1opment, SDD] summarized 
the inte-nt of the meeting as being to review- basic NS objec­
tives and strategy, terminal-oriented and data base computing 
system-s,NS plans, and marketing plans as they relate to the 
NS systems:. The bas-ic NS objectives are to allow customers­
and IBM to mee-t market requirements on an evolutionary basis._ 
Kennard- de~icted the marketplace of 1970-75 as moving towards 
communica.tions 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 
O?U'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/O device's, . such as tape, terminals, displays, printers, 
and conversational compilers with associated control programs." 
( PX 2 399, p. 1.) 

~ i The strategy for the new systems, however, was "evolution not I 
L6 il revolution". (PX 5621, p. 17.) 

L7 :1 In addition, based upon the experience with System/360, IBM I 

Ls:1 planned to stagger the announcements,of its next generation of CPUs to I 
19 'I avoid the excessive strains and demands which the simultaneous announce-I 

20 :1 ment of the entire 360 line had placed on the business. Since the I 

:: I 
U :! con.cept of compatible families was now well established, this approach, I 

.i 
Z2 'j unlike the situation at the announcement of System/360, would not 

13 ,I subject the customer to unnecessary uncertainties. The new processors 
I 

z.! 'i were to be announced "one or two at a time at approximately six month 
I 

.... _,,_11: l intervals" starting with the largest two models in the summer of 1969. 
:\ 
·1 
I 
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L (Cary, Tr. 101359-361.) 

Z As we shall see, the design for and development of the new 

3: systems were to involve a complex in·teraction among the development 

4- and applicat.ion of new technologies fO'r memory, logic circuitry, disk 

:: i drives and tape drives and the. achievement of advances in operating 
i 

I 

systems architecture. Although some of these pieces constitute stories a :1 

- :l 
I tl 

in and of themselves, they each played a crucial role in the ultimate 

8; 

9-

announcements· of System/370 and in the achievement of the basic goals 

for the next gener.ation: the attainment of a substantial price/p.erf:o·r-

Mance improveme·nt over System/360, the extension of the System/360 La I 

i 11! architecture, the maintenance of upward compatibility from System/360 

and the addition of improved capabilities and function--to respond to 

13 J competitive developments, to meet the changing demands of users, and 
i 

to foster continued expansion of the use of EDP products and services. 
!.4- ; 

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

., 1965-66, after its announcement of the 2401 and 2415 tape drives, IBM 
~ ,.1 I 
:; J began a longer range program to develop new and superior tape drives . I 

it to supplant the ones just announced. That development led first to I 

! 
I 15 Ii 

:i 
~ I 

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

:t ment as PRIME, HATS and Aspen. (OX 4740: Evans, Tr. (Telex) 4122-24; 
20 :l 

'I Aweida,' Tr. 49617-22; DX 2158; Cooley, Tr. 31942; OX 7751, pp. 3-7.)* 
Zl :1 

.i 
Z2 ~\ -----------------------

'\ * In the mid-1960s, IBM's "development focus" was on the System/360. 
~ I IBM "in essence took development monies away from magnetic tapes . . • 

I (and] other technology areas" and concentrated on System/360. "As the 
2~ i development bulge of Systern/360 began to pass", however, IBM reassigned 

;1 development resources to "programs of technical excellence . . . that 
Z: .1 led to • • • the development of what became the 2420 and later the 3420 

'1 tape subsystem family". (Evans, Tr. 101294-96.) 
:1 
d 

.1 
:j. -885-

I 

! 



I 

I 

I 
I 

\ 
The 2420. Development of the 2420 (known in development as I 

; 'I'· .! 
! 

~ :·1 r : . 
I 

~ II " ., 
~ ~~ 
r ~I 

1 

the "D30R")· was· review.ed in late 1966: 

Itwe started.- e~rlyin' 1965 to develop a· truly superio.r tape 
(bive "tha.t uses the late.-st technology to achieve imp·roved: relia­
l)'iIity and 'faster thrUput while staying· compa·tible with the 24€H) 
line. Th'e 1;echno.log:ies. cho-sen provided increased tape speed, 
faster acce·ss time and' linear rewind characteristics far superio-r 
to any known drive. These cha:racteristics substantially improve' 
the· thruput of our Medium and Large scale Systems/36.Q.n (DX 
7751, p. 3.) 

Among the. features of·that new tape drive technology were 
S 'I 

:1 automatic threading (id., pp .• 3-4), the use of a single capstan to 
~: 

enhance reliability (id.·, p. 5), the use of SLT technology throughout 
I : 

i (id., p. 6) and the use' of fewer components leading to greater relia-
I l I , 

bility and serviceability. (~) It was anticipated that the D30R 
I 

, i 
-\' drive with these advantages could be manufactured at the same or even 
.. ' 

~ ~ less cost than the 240X. (OX 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 

! 

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

7 ~i 'I advantages. (DX 7752, p. 1.) 
:1 S .j The need for such improved tape drives was even more apparent 
:1 

9·i by the time they were announced. In December 1967, the Management 
.f 
:1 

.0 '\ Coromi ttee reported to the Management Review Cornmi ttee that, al though 
I :11 the DP Group analysis of "peripheral equipment exposures and related 
~I 

2 ! action programs" indicated that IBM's peripheral products were superior 
I 

~ .\ to competitive alternatives in most areas, tape drives faced at least 
I 

~! ,t a potential threat: 
I .! 
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"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 1,00-0 drives, 
since· at the announcement of the D-30-R in January we will re-
-El's-tablis'h' tecilnical snp-eriority and inclicate to the market that 
our en-tire t;ape- line will be renovated. 

n' . . . .' 
"In retrospect, it is recognized that our strategy in tapes, 

whi.ch stretched old' technology too far, too long, created the 
threa·t we: are now expe·riencing. Conversely, because of our tech­
nical superiori.ty in the file area, we are able to react and keep 
ahead. The Group is cotmn'itted to avoid this problem in the 
future. It _ (PX 2152A, pp. l-2.) 

Q 
On April 15, 196,8, C .. B. Rogers, Jr. (Vice President, Marketing, Data 

1 I 

I II f Processing Division) wrote to F. G. Rodgers (President, Data Processing 
! 
, Division): "The competitive tape unit market is moving fast .and we 

!.2. 
anticipate even greater acceleration in the future", pointing out the 

agreement by which Potter and MAI would market Potter tape drives. 
14- ; 

I 

-r= I (PX 3958, p. 1.) -- i The IEM 2420 Model 7 was announced on January 30, 1968, for 
16 a 
l7 II use with the System/360 Models 50, 65, 75 and 85. It incorporated a 

lS 
:,., single capstan drive, 200 inch per second tape speed, automatic 

:i threading, cartridge loading and compatibility with all IEM 1600 bpi 
19 'i 

a phase encoded tapes. * (JX 38, p. 840.) 
20 '! 

:1 
:1 

111 
Meanwhile, plans were being implemented to extend the D30R. 

.I technology to slower speed tape drives (DiOX program) for use with the 
Z2 ;l 

23 ·l--------
\ * The single capstan drive was directly coupled to a unique high 

24 :\torque, low inertia motor developed at IBM. The characteristics of the 
I motor helped to make the 2.0 millisecond access time possible. (DX 

2S 'j 7751, p. 5; see also DX 12689, p. 9.) 
I -, 
'r 'f 
!I 
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.. -: 360/30 and up. (D"X 7710, pp. 5-6.) Because of its high data rate, the 
i 

~.: 2420 Model 7 could not be use4 with systems smaller then the 360/50, 
I 

I 

t ; but other as.peets of its technol.oqical advances were desirable fo·r the 
• 

f 

~ \. us-ers of those smal1.er rBMsystems. ("See' DX 5155 , Gruver,*' pp. 42-43; 
I 

£ il see also DX 783'S,- p. 3.) That p.rogram was given a "kick o-ff" meet.ing 

i! on January 5, 1968. (QX 7710, pp. 1, 4.) By February, it was reported 
:1 

i;1 that "Boulder is makinq r-e-al progress on the slower speed 030R-like 

~ !II drives". (OX 7669 .. ). Important goals of the pro gram- were improveme-nts· 

;;' in reliability and serviceability as well as cost reduction. (Id.; OX 

:l i17698. ) 

1- In July 19-68, the Management Committee received a presenta-
i 

" : tion on periphe-rals. 
-' 

It was told that "the 2401 Models, one through six 
,I 

3 ]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 

._ !l technology" • The DPG strategy "to com~ete in the competitive compatible I 

.= 'I I 
;, products area" was, among other things, to "[m] aintain technical 

,0. ' 
,7 'Isuperiority ". (PX 2267B, p. 1.) The pla=ed schedule of a=ouncement . 

'1 for the new technology IBM tape drives was also reviewed. (Id.) The 
.S ~i 
, !,Management Committee reported to the Management Review Committee: 
.9 :i ., 

I 
~a ! ., 

I 
u,' 

I 

~ ,., ;i 
-! 

"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 

,_ -t 

~ 11-----------
~ 

z~ ~ * Howard Gruver, at the time of his testimony, was Vice President of 
!Engineering for Peripheral Development at the Telex Corporation. (DX 

25 -5155, Gruver, p. 3.) 
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7 

basis. DPG is actively working on strategies to combat 
this· exposure but in the Me I s opinion,· we are, at best, 
in a weak posture in this area today. 

"''Bas·ed en t.he: e*tende.d capa.city of the competitive 
manufacturers, we stand to lose a sig.nificant amount of 
highly .pro·fi.table· bu:siness. unless a plan· can be implemElnted 
topluq~ the dike. D'PG: has been as.ked to report back' to the 
Me by S'ep-1:elitber with a validated- forecast of expected 
impact of competitors" and their plans to respond to this 
threat. It. (PX 3086.) 

IBM~ ~ad caught up and was pushing ahead in its technological 

development o·f tape drives. A presentation to the Management Commi.ttee 

in mid-October 1968, stated that "while we were behind in technological 

i development in the tape drive area in 1965 and 1966, the increased 
10 i 

i 
U t 

lJ.. !\ .- . 

~li 
l5 .\ 

17 :1 

lS '{ 
!I 

'9 ;1 

• J 
..,,., :f 
~,t ,I 

.1 
2l :! 

·i 
Z2 '\ 
~_ ;t 
'-I 

I 

24. 'I 
I 

2: ~I 
i :, 

,! 
:! 
·1 

I . 
• j 
·1 , 
:! 
i 

inves~~ent 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 I 

Senior Vice President 'and General Manager, Data Processing Group) wrote f 

to Watson (IBM Chairman of the Board) concerning tape drives and dis- I 
cussing competition from Telex and MAl 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 
ModelS, 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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.. 

the ~..odel 30 through the Model 91; offered a format compatible with the I 

2400 .and the 24·15 serieS Models 4, 5 and 6, as well a·s the 2420 Model 

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

I 

-I Al though the component parts ·o·f the Medel 5 differed larg.ely from the-
I. 

rlf parts of the earlier Model.7 (see DX 7710, p. 2), the Model 5 embodied 

~:I most of the advantages of design· that the Model 7 had introduced, 

r;1 including automatic threading and cartridge loading capability. (JX 

;} 
38, p. 932.)' The goal had been to "cost reduce [the Model 7J to make 

~ ; 
pi it a more manufacturable machine" and that was accomp~ished by changes 

l' ~ in the organization and packaging of the machine. (See Aweida, Tr .. 

I 
r ; 49091-94~ OX 5155, Gruver, pp. 38-40.) The 2420 Model 5 was offered at 
- : 

,: a substa..",tially lower price than the 2420 Model 7. 

- i, 
(See JX 38, ~D. 841, 932.) 

i 

~. : 

;; 
I 

Outside IBM, the 2420 Model 5 ~vas perceived as an important 

development. A memorandum written by three engineers of The Telex 

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 th~n 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." (OX 1769, pp. 1-2.) 

2. :. 

31emerged 

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

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

'.4 :1 and 5. 
,. 1 

:j 
I 

'c: I 
,~ :! 

That program, first known within IBM as PRIME and then as HATS 
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L and then, in 1968, as Aspen, resulted in the 3420, announced in 

2 i November 1970 as part of the System/370 announcements. (See Aweida, 

l Tr. 49617-22; OX 2158; Cooley, Tr. 31942; DX 4740: Evans, Tr. (Telex) 

+ 4122-241 JX 38, p. 981.) 
I 

! I' In August 1967, a Phase Review of the project, then called 

· \1 HATS (High Availability Tape Subsystem), set forth as objectives the 
a )t 
7 ii improvement of availability, price/performance, reliability and service 

a il ability with the use of one-half inch compatible tape. Drives were 

9! planned for 320.0 and 1600 bits per inch, and were to have 360 program-

.. 0 
minq compatibility and incorporate NS (System/370) architecture. 

were to have a much hiqher data rate than any existing IBM drive, 

~.~! includinq the D30R (2420 Model 7). Announcement was planned for 
-- f 

:3 If September 1969. (DX 3116, pp. 1, 2, 3, 6, 13, 28.) 
!-

They 

I 

. .to ' A year later, in September 1968, the name of the project had 
-. i 

1 been changed to Aspen. .:; ~ 

- I I 

The goals remained generally the same, but 

I 

I 
t 

, '\ announcement 
'S I 

was scheduled for June 1971. (OX 3087, pp. 1, 2, 5, 7, 9.) I 
I ~7 il That 1971 announcement was one piece of a multi-part strategy. I 

included the announcement of the 2420 Model 5 and i , ;( The strategy, which 
~S It il the first customer shipment of the 2420 Model 7 in 1968, was to go on 
f9 " 
~ ;1 in 1970 with the announcement of a mass storage device and then to the 
ao :, 
'1 ~t announcement of the first Aspen drive in 1971. (See PX 2343.) 
-.1 . 

~ That time table proved too s1ow~ By October 1969, activity 
,-, l\ 
-- JbY leasing companies and peripheral manufacturers was expected to 
2S l' 

1 increase. It was reported in IBM that while the 2420 was "currently 
Z~ it 

;' competitive", competition was "expected to equal or exceed the capa­
I 'c ' ..... ; 

;1 

il 
I 

:1 
'I 
'I 
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I 
I 
I 

I 

I 
! 
I 
I 

l. bilities·n thereof with rental or purchase prices I-ower or comparable 
I to I 

I , : IBM's. (PX 4'033', p. 28 •. } 

i : In order to accelerate the development e·ffort, the Aspen 
i 

$.\ program was divided into. two parts, Aspen Intermediate and Aspen. 

l· 

:=\ 
I 
I 
I ., !, 

:l J 

~ 

ill 
a; 

; 

;.: 

Advanced, to be announced in Se-ptembe·r 1970 and June 1973, respec­

tively. (Id-., p .. 20.) "The As.pen Intermediate Program is currently 

targeted to meet the. OEM competitive pressur'es that are increasing in 

the field today. It With the Aspen program concentrating only on . . . 
Aspen Advanced, "Li]t has become apparent that this product by itself 

:J ! would not s·top erosion of our tape products inventory. • • • To me.et 

1 1 the competition then, the Aspen 'Intermediate' Program has been intro-

2j, duced to supplement the Aspen 'advanced' high performance plan". (PX 

3 :1 5360 , pp. 1-2.) Aspen Intermediate was planned to have a density of 1600 

:t bits per inch; Aspen Advanced, a density of 6400 bits per inch. Aspen 
4.' ,. i 

5: 
Intermediate was to have tape speeds of 50, 100 or 200 inches per 

_ 11 second; Aspen Advanced; tape speeds of 100 or 200 inches per second. 
o J 

:t As a result, Aspen Intermediate would have a data rate ranging from 80 -
,7 :' 

'1 

S :I to 320kilobyt~s per second; and Aspen Advanced, from 640 to 1,280 

:tl kilobytes per second. Aspen Intermediate was seen as "protecting our 
Q " 

,. ! tape investment" on 360/40s and 50s and early A48s (subsequently 
~a :: 

·1 i announced as the 370/155), while Aspen Advanced, to which Aspen Inter-
~·I . 

jmediate was "a more logical step", was seen as a way of insuring long 
~'i 
._ '! term system price/performance. (Id., pp. 2 - 3 • ) Competition to which 
'.,. 
- I lthe strategy was addressed included both systems companie5 that had by 
~~I 

!1969 announced tape subsystems equal to or better than the 2400 line 
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it 
I 
I 
I 

! 
L i. and were expected to match the 2420 in the near future, as well as 

j 

2; leasing companies and peripheral manufacturers. (PX 4033, pp. 28, 33; 
j 

1, : : see also PX 53;60:.) 
t 

4;.. There. were' pressure·s· within IBM to speed up delivery of the. 
I 

:. f.' As·pen Intermediate and the announcement of Aspen Advanced. (PX 5-564:: . 
I 

I 

a :1 
7 ~i 

s 

9 

La 
II 

11 

! 
) 

::1 
L4- : 

i 
lS: 

I 
:t 

16 !I 

11 :1 

l8 :r 
:a 
:l 

19 .~ 

see also PX 536'0;- OX 14388.) Indeed, Corporate Marketing expressed 

do·ubt·s that the 'entire stra·teqy wo.uld be in time· or would be sufficient.· 

In early October 1969, R. A. Pfeiffer (IBM Director of Marketing) wrote 

to w.. D. Winger (Product Manager, Tape Devices, SOD) concerning the 

Tape Devices Strategic Plan: 

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

ttl. 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. 

" 

"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. 1.) 

J In particular: 
za :1 

:I "The growth of. the OEM installed/on-order position, 
Zll coupled with their projected production capability, 

:\ requires immediate IBM response to p.rotect and grow our 
22 :\ market. .. ( Id., P . 2.) 

..,~ il F h . h ft' / f . ~ .'\ urt er, w~ t re erence 0 pr~ce per orrnance cornpar~sons: 

24 :{ 
,j 

Z5 :1 

, ., 
.j 
./ 
'I 
I 

:1 
il 

"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 do not see positi.ve assurance that IBM will 
regain price/performance superiority from competitive 
manufaetur·ers." (Id.~ p .. 3.) 

W:inqer replied o:n' Oc·tober 30: 

It'I believe· this has' been answered by the funding 
of As:pen Intermed·i.ate- top.ermit·announcement 9/70." 

Aspen Intermediate was. to be announced for' both System/!60 and the new 

systems. (PX. 5·5:63', p •. 1.) I.t was '''price competitive with system 

I 
I 
I 

~ 

manufacturers and OEM at their lowes·t quote prices n· but the lo-ng range 

strategy called for "'additional functions and improved performance". 

(Id .. , p. 2 .. ) 

Howev~r, 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 SOD 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. 1.) In particular, "in 

light of current OEJ.\1 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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I 
i 
I 

I 
I 

1..; years between IaM' s staff and line organizations: how best to fund the i 
2. i expenditures and absorb the risks involved in the rapid technological 

1 

40.-
I _ j: 

= I· 
I 

I 
.. I a; 

\1 
- :I , :1 

!i 
I 

~l 

developm.en·t demanded by the competitive race. '* 
As.pen. Intermediate was announced as the 3420 tape drive, 

Models 3, 5 and 7', . on November 5,. 1970, wi.th first customer shipment 

scheduled for October 1971. As announced, the drives were attachab~e 

to all 3-60 models above. the Mode'l 20 and to all model.s 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 
LO ; 

I 

i phase encoded tapes. 
II ~ 

(JX 38, pp. 981-3, 985.) 

! 
I Although IBM capitalized on the basic design of the 2420 in 

T'" i -- :, 
t its development of Aspen (PX 4033, p. 48), the end result was a signi-

13' 
! ficantl.y improved tape drive and control unit. Some of the differences 

1. 
;I between the 2420 and its control unit (the 2803) and the 3420 and its 

15ilcontrol unit (the 3803) were: 
16<1 
17 \1 
J. :1 

18.t 
;1 

19 ;! 
j 

2.0 : 
I 

:1 
2! :\ 

(i) The 3420 provided a wider choice of recording formats, 

densities and tape 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; OX 7619: Winger, 

(Telex) 5709-10.) 

Tr. 

i 

~i 
Z2 :i 

(ii) The 3420 achieved on the order of 20 percent improvement 

~_ it 
~ ! 

\ 

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

1----________________ _ 

14. '\ 
,i * IBM had spent more than $10 million on Aspen by the time it was 

25 :lshipped. (OX 76l9~ Winger, Tr. (Telex) 5695.) 
I ., 

;1 
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1.1 (Telexl 5714-15 .. ) * 

(iii). The 342.0 ·achi.eved a 25 percent imp:rovement in rewind 

i 1·; time· over the 2420. (DX 1619t W'ingerrTr. (Telex) 57·16·.).~*· 
~ . 

I 

~~ 
e \i 

7jl 

8; 

c· - , I 

{iv:}'. . 'rhe· 3420 S'imp~.ified main·tenance.. No adjus.tments in. th4: 

basic read/Write circUitry were required (OX· 425·3, p.o"), and a 

ntllUer of manual pne:U1ltatic adjustments were eliminated (DX 42.53, . 

p .. 9'). n CA] n Qutstand·ing development in Boulder Lab [was] a 

pneuma.tic. device which a.u.tomatically adjusts and controls the 

pneumatics piped to various. portions of the drive, making a 

mu~ "t,i:t.ucie: of individual adjustments, that appe.ared in the· 24ZO: I' 

unnecessary." (Cooley, Tr .• 31941.) 

(v) The built-in proqrammablediagnostic 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; OX 

.s ;~ 
2137 r p. 6; OX 4253, pp •. 17-22; DX 5155, Gruver, pp. 62-64, 73, 

J I 96-97~ DX 7619: Winger, Tr. (Telex) 5706-08, 5713.) I 

'[ (vi) Use of monolithic circuitry in the 3420 drive and 3803 I 
~S :. I :1 

., controller provided for more logic capability on fe·wer cards and I 

~91:;1' 1\ ~ in a smaller space with a resulting improvement of more than 25% 
~O ;\ I 

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

U. ;1 I 
, I 
~ I,,; ,., '\ 

- '1 * "Improved access time was achieved by positioning the readhead i 
23 'I gap closer to the data, thereby reducing the access time interval in ! 

I subsequent reads." (OX 2137, p. 1.) OX 2137 is an article by three IBM: 
24 .\ employees at the IBM Systems Development Division Laboratory in Boulder, 1 

.1 Colorado, which discusses what those individuals believed to be the . 
,: .\ "design innovations" of the IBM 3803/3420 Magnetic Tape Subsystem • 
.... ! 

.1 **" Improved rewind time tN'as achieved by more posi ti ve control over 
lthe tape as it enters the vacuum columns, and the control was obtained 
:\with a new configuration of tachometers for high-re~~~tttion tape speed 
:\ infonnation. II (DX 2137, p. 1.) 



:1 : I 
i 
l 
I 
I 
I 

L in space requirements, the 3803 controller was only half the size 1 

! I: 
I 

i 

all 
7 \1 

a: 
; 

9~ 
I 
i 

lO.( 
u! 

I2.l, 
13 !f 

, 

t~: 
! 
I 

1- ; 

~Il 
16 a 

of the. 2803, and the sw·i tching circuitry (which in the 2420/28,03 

was contained in' a standalon,e box) could be included under the 

'4'74'Q~:: mvans·,. ,'1'r. ('re-lex), 4129'-ll.; ox· 5155, Gruver,. pp. 59·-6,0, 

65.~67, 8:-9;, ~4; ox 76·19: . Winger , Tr It- (Telex) 5·698.) 

(vii) The 3420 offered a n.ew method of attaching the tape 

drive to the tape control unit--a radial attachment with the 

control u.n:it at the center and drives attached as the spokes of a 

wheel. are', rather than as a "daisy chain" attachment, with a whol.e 

string of drives attached at one end to the control unit. Whereas 

in the "daisy chain" attachment the failure of one tape dr:ive 

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". (OX 4740: Evans, Tr. 

(Telex) 4130; seealsoPX3962, p. 8; OX 2137, p. 5.) In addition, the 

r 

I 
i 

17 ,I 

18 :1 

radial attachment increased users' flexibility in the physical - I 
arrangement of the computer installation. (Case, Tr. 73735-36.) 

:t ---------19: 
'f *" ••• [el ircuitry changes were made in the 3420 tape drives 

20 ':which had the effect of putting some of the very critical circuits 
I associated with reading and writing on the magnetic tape itself 

21 :! actually in the tape drive rather than in the control unit where they 
:.: had been before. Putting those circuits actually in the tape drive 

.,-, 'i rather than in the control unit where th~y had been be'fore improved --:i the reliability of the signals transmitted from the tape drive to 
Z3 :\' the control unit when the magnetic tape was read; and it also allowed 

for longer cable lengths betv/een the tape drive and the control uni t, 
Z~ '\because the signals were more thoroughly conditioned and were capable 

,I of being sent without distortion down longer lengths of cable." (Case, 
25 i Tr. 7 37 3 6 • ) 

'I 
I 

" 

i 

·1 
I 

I 

:1 
:\ 
:! 
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(viii) Finally, the 3420 included a new digital inte·rface 

between the tape drive and the controller; the 2803/2402 had used 

an' ana·log interf:ace.. '''The significant difference is in the faczt 

that the- hig-hEg' voltage. 'of the digital interface gives better 

!' noise rejection characteristics." (OX 2137, pp. 4-5; see' a~so 

Cooley; Tr •. 3l94(}-4·1i OX 5155, Gruver, pp •. 91-92.) . 
it ~I The 3420., with the faste.r rewind and faster mounting and 

if dismounting of tape reels,.. provided higher thruput than the 2420.. (DX 

4740: Rvans, Tr. (Tel-ex) '4135-37 •. ) In addition, it had considerably 

lower manufacturing costs than the· 2420 Model 7. (DX 4740:, Evans, Tr. 

r , . 
~ I 

l ;1 

(Telex) 4139-43.) The advanta,ges of the 3420 were widely acknowledged. 

(OX JL1~, pp. 1-4; OX 4201, pp. 1-6; OX 4421, pp. 1-2.) 

Disk Drive Developments: 
• 

The 3330 (Merlin), 2319 and c. 

3340 (Winchester). With 5ystem/360, IBM had placed disk drive,s in a 

position of central importance. r : By the late 1960s, disk drives had 

.:1 proved a major competitive success and IBM again planned its 370 
~ I 

;1 
r :1 

:j 
'I 

) ;1 
:1 

.. '\ 
'1 'j 

" 

I 
" .. . 

oJ ,j 

~ I 
'i 

T I 
• '! 

~ 
z. 'I 
.. Ii 
~ '; 

I 

systems around new, high performance disk drives, including the Merlin. 

and the Winchester. 

"(I1t 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.) 

(i) The 3330 (Merlin). 50 important was the Merlin file 

I' 
I 
I 
I 
I 

'I t 

~ I 1 _ I perceived to be to the success of System/370 , that the initial announce-' 

... 'I ment of the 370 line was held up for almost a year because the Merlin 
! 
I 
i 

'i 
'i 
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l.; file (also known as the. 231.45) wa.s not ready at the planned announce­

a.! ment time of late 19:6·9. (Cary, Tr'. 101360-63; see also Case, Tr. 
i 

3; 
I 

73732 .... 3:~; PX 23:9'9', p. 4; l'X '24'6S"A; p. 2.; PX 2474B, p. 1; PX 25028, p. 

3. ) 

Oespi,te the wo:rk. pro~ressinq on Melilin, there was concern 

within IBM aJDout the adequacy- of' te:chnoloqical development in the disk­

drive area" wnick was fe'lt to be critical to IBM's continued technical 

8 ; superiority.. On March 5", 19:69, Erich Bloch (Director of the Pouqhkeep-

9- sie La-boratory" SDD') wrote to Al S'huqart (Product Manag.er, Direct 

Access Storage Products, SOD), concerning that development effort: la, 

, 
12.1 

i 

13; 

14. ; 
! 

r.s: 
l 

16 ;! 

17 :1 

"In summary, let me make a general observation about the 
DAS:D product area. OUr systems are competing across an 
increasing spectrum of performance and applications aqainst 
improving competition. At the same time DASD devices are 
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 fle-xible DASD 
product line than the very limited one we now have." (OX 13442, 
pp. 2-3.) 

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

18 ,I not only because it was needed to make 370 systems competitive but also 

19 I} because of the increasing pressure from plug-compatible disk drive 
:1 
~ 

za '1 competition. 
" 

I 

For example, in April 1969, T. V. Learson (President), 

Zl ,I wrote to F. T. Cary (then Senior Vice President), concerning a recent 
'.j 

Z2 ~i ISS* disk announcement: 
A_ :\ 

~ t 
I--------~-----------
I 

Z! '\ * ISS was a PCM formed in 1967, by 12 former IBM employees who had 
I been working at the IBM San Jose facility--some of them specifically 

2.5 .\ on the 3330 development. (See above, p. 775.) 

I 
'i 
" 

.j 
i 
i 

~ I 
:1 
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~- : 
i 
I 

- i 
.j 

... (. 
~ ! 

I 

I 
t : 

"You have read of the ISS 701. I am quite alanned 
that it has· been announced prior to and at superior 
specifieations to our 2314·A-3. They have moved to the 
new. electro'magnetic actuator which we a·re postponing 
until announcement o-·f the: Merlin fi~e. ,Their ave-rage 
a,<::c:ess time"is' one hatlf .the. speed that we are planning 
o·nthe 2,3'14A-3·. and is- 25',\ faster' than the· ~Merlin file. 

"I rea-lize- that we have mQre capac'ity planned, but 
there i.snothing .. to stop them from adding capacity."* 
(DX 12115.) 

! r:' The actuator involved was the voice coil actuator (or high s'peed elec-
-;1 

l ;' tromagnetic actuator (s'ee' ox 14.37, p. 3», which was conside-rably 

r f faster than the hydraulic actuator used on the 2314 (see Haughton,. Tr. 

1 ~ 94857) and the development of which was responsible for some of the 

L i 3330 delays. (PX 2474B, p. 1.) 

, II By July of 196·9, a number of competitors had announced 
-U . 

~l equ~pment comparable to IBM's 2314, which was first delivered in 
i. I . 

~ 1967. (PX 2474B, p. 1.) By January 1970, an evaluation of the "file 
;., 

facility environment" in connection with Merlin Phase III level fore-
5"; 

~ cast assumptions, stated: 
5 :1 

7 :1 

s J 
:1 

;t 
Q ,i 
... 'f 

:i 
r"!i 
.... 'I 

I 
! :! 

"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.) 

~---------------------:2. '\ 
:t * Cary wrote back to Learson, explaining that the electromagnetic 

3 !actuator that Learson had written about was "not itself applicable to 
!the 2314", that it would take about a year to develop such an actuat..;r 

~4 '\ for the 2314, and that it was "impractical" to begin such a program so 
ilate in the life of the 2314. Moreover, Cary added, the Merlin as then 

= [planned would give IBH a "significant edge" in "both technology and 
.- 'I product performance" over "all the competi tion" . (DX 12116.) 

I 

• 'I 

:i 
I 

; , 
'! 
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I 

l( ISS and Memorex were expected to announce in late 1970 or 

2: early 1971, "modular Merlin-Type drives at 10% to 15% below the IBM 
I 

equivalent price and no extra shift charges"; first customer ship of 
I 

4- i those devices was expected by late 1972. By 1973, Merlin-type 
I 

~ II 
a tl 

7 ~f 

!i s; 
9: 

I 

10 : 
l 

U: 
I , 

!2! 
~ 

l3; 
i 

., ,f ' 

... f 

.~ . 

~ \1 

10 ~I 

17 .I 
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~s :1 
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'I 
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:1 
.j 

Z!. :! 
J 

Z!J 
't 

,-: t 
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announcements we·re expected from major systems manufacturers , with 

first customer ship anticipated late in 1974, by which time it was 

expected that "plug-compatible devices of the Merlin-Type will be in 

heavy product.ion". (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 t-IERLIN competi tion 
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 

Models 85 and 195. (DX 1437, p. 1; see also PX 4505.) The 3330 was a 
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li 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 

i f number of tracks and the dens·i ty, and over three times the capacity of 

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

! i' 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 outside IBM as a significant 

innovation and advance. Rooney of RCA listed it as a "significant 

a: innovation" which "brought to the users significantly improved price/ ... 
a \ performance, capability of storing and retrieving data on disks at much 

i l! 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 
--~ 

4-: • ! 

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.) -~ - ; 

.S :~ 
;1 

.7 ;1 

(ii) The 2319 and 3340 (Winchester). 
I 

While the 3330 was the I 
most important disk drive development planned for the System/370, it 

.S J was not the only one. (See Case, Tr. 73733-34.) The need for a 
:1 

.,.. :1 - ., 
broader line of disk drives had been stressed by Erich Bloch in March 

•• :1 
·1 196 9 • (OX 13442.) It was evident that Merlin would not provide "the 

aa: 
:1 right combination of cost, capacity and performance" (DX 13442, p. 2} 

U. :1 
~ for the lower end of the 370 line, that is, for processors from the 

..... ' 
"" I - :j 370/145 down. ,-: . (Haughton, Tr. 94913-14; PX 3696A, p. 5.) 

-I After unsuccessful attempts to create a program for such a 

I . I 
I 
I 

I 
I 
I 
i 

..... ,! 
,,- i 

i disk drive, and with 370 processor development far along, those respon-
! _. 

~ 
1 sible for intermediate and small systems were beginning to think in 
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terms of an alternate, interim solution--the attachment of the existingi 

2314 drives to the new processors. E. F. Wheeler, Systems Manager for I 
Intermediate Systems, wro·te to Shugart., in April 1969, concerning: "DASD 

Support for Intermediate Systems":' 

"For tfte past year we have been unsuccessful in 
obtaining a f'irm 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 
23l4A file attachment for the Ca6. 

" . . . . 
"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." (OX 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 

rather revolutionary new approach", which would involve the removabi­

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

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

ment was to becorn~ Winchester. (Haughton, Tr. 94912-21; PX 3696A, pp. 

1 , 5, 8; PX 4 538, P • 1 • ) 

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 Winches'ter would not be ready for 
~ . ; . 
• ;' the planned announcements of the 145 (568), 135 (e86) and 125 (T55) 

,t 
rl processors, annoUncements expected to begin in the fall of 1970. (OX 

I 

i i;, 4740: Evans, Tr. (Telex) 4010-11; P-X 4143; PX 4149.) 
" 

r J 
:i s . 

As a result, the Data Processing Division wanted to announc'e 

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 

l' M. J. Kelly, New Product Manager for Direct Access Storage Products, 
I 

T 1 SDD, that the plan to attach 2314-type devices to System/370 was . , 
! ,; "solely due to the lack of a timely new DASD technology fo.r the low-end -;, 
1370 CPU's". (PX 4143.) 

S : 
f 

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

without a relatively low cost disk drive for the low-end processors. 
5~ 

I 

6 :! 

7 :1 

I 
S :1 

,j 

9 :\ 
:1 

'rr. 'j 
.u .1 

I 
~~ ! 
..- "T 

i 

~ 
~'! 

! 
-- :! 
~t , 

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 23145. To use the 2314 as the disk drive of choice until 

~ Winchester was ready ~eant continued exposure to replacement by PCM 
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, 
I Li competition. Moreover, customers, once having acquired these 2314s 
j 
i Z; 

1 

~. 

I 

: it 
5 :1 
7 ;, 

1i 
8· j 

9 

lO 
i. 
I 

II ! 

r= ; _. 

from IBM or 2314·-type devices from PCMs, might be reluctant to move up 

to Winchester or Merlin--moves which would be necessary if they were to 

expand their usage of data processing to take advantage of' th.e full 

capacity of the 370 line. (See, e.g., PX 5343.) 

The 2314s that had been marketed for System/360 were at this 

time "coming back almost by the trainload" because' the competition was 

displacing those devices. (DX 4740: Evans, Tr. (Telex) 4011.) The attach-

ment of the 2314 at its current prices to the new processors was, o.f 

course·, out of the question.. rt 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 fill 

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 2314-type was the chosen solution. The result was the 2319. 

Even though it was recognized that the low price of the attachment 

would put n(p]ressure 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". (~, pp. ~, 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-IJ.se 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; OX 474-0: 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-

tro1 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 n-ew, more compact MST technology (as opposed to SLT) facilt 

itated the integration of that function in a cost-effective way. 

(Haughton, Tr. 95021-22; OX 4740: Evans, 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; OX 1656; OX 1657; OX 1658; OX 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 

14 Ii cost-saving benefits both to IBM and to users. (PX 4132, p. 1; _OX 
II 

15 11 7619: Winger, Tr. (Telex) 5686-87; see also ox 1662.) Native attachmsnt for 
!i 

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

17 i! (IFA) for attachment of the 2319 to the 370/145 in September 1970 (PX 
I-

18 114527 I pp. 1, 3) and the 370/135 in March 1971 (PX 4528, pp. 1, 3) ... 
!! 

19 iiIt constituted a product improvement, as well as a cost savings. (See 
! 

20 i ox 4740: Evans, Tr. (Telex) 4023-25, 4084; OX 4742, Kevill, pp. 523-26.) 
I 
I 

21 : 
I 

Winchester itself was eventually announced as the 3340 

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

23 Ii 73734.) It was a highly innovative and successful product and has 
:j 

24 II been widely 

25 Il ll05 , l300.) 

copied by others. (See the discussion below, pp. 1055-56, 
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L: d. New Processor Planning (NS and System/3). Coincident 
1 

2; wi th IBM's planning and development of improved peripherals, particu-
! 

3'! larly t'ape drives and disk drives, its strategy for the development of 
, 

4. : a new 'generation of CPUs and memories was formed and implemen·ted. . I 

(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. 
9-; 

(E. Bloch, Tr. 91500-501.)* 

10 

U' 

12 il 
13:1 
. 't 
l~ : 

!.5: 
! 

! 
l6 ~I 

17 :1 
:1 

lS .! 
" :\ 

19 :i 

·f 

IBM r S WQ·rk 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 potentia~ 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. 9l537-38.) 

'0 ! 
- ~I Thus, it was hoped that in addition to the performance advantages of 

.\ 
.,1 I 

-- ,; the new technology, IBM would be able to achieve economies of produc-.\ . ... ., " 
"""" '\ tion and packaging by utilizing a single integrated technology for 
2:3. 

1 _____ ------
z .. ,! 
.. \ * Since 1963 Erich Bloch has held a variety of executive positions 

zs i in connection with the develooment of IBM's processors, memories and 
I memory and logic components. .. (DX 9116.) 
, 
'I 
t 

,I .. 
.i 
I 
f 

r 

,I 
~ i 

-907-



I,! 

I 

r" 

i 

I 

~i 

logic and memory across a family. (See E. Bloch, Tr. 91563; PX 4401; 

PX 6312, p. 3.)*' 

Logic technology moved to MST: 

"'As- of 19-6:g the de';elopme'nt of monolithic semiconductor 
circ~itry a~ I'BM had reached the point where major 2erfor­
Mance and cost improvements c.ould be achi.eved 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 ("MST')." (E .. , Bloch, Tr. 91501.) 

J : \ The MST modules, cards 'and boards used the same packaging techniques as 
I 

1; those used with SLT modules, cards and boards, which_provided cost-

l : savings advantages. (E. Bloch, Tr. 91502; see OX 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 

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 l 
,0 :i gained with design and development of monolithic semiconductor 

'I 
I 

2 :1 
.j '., ; 

- :j 
;3\ 

I 
i 

~ ~.I 
.~ I 

,=! 
-I 

* 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 
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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1\ memories by 1968 "led IBM's memory designers and developers in the 

2 it Components Division • • • to conclude that it would be feasible in the 

I 

= :1-i 
I 

: :1 

7J 
[I 

8 1 

9 

near futur'e for IBM to utilize only monolithic semiconductor memorie-s". 

(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 monolithi.c 

memories." (E. Bloch, Tr. 91541; PX 2l77A, pp. 3-4; Cary, Tr. 101428-

29; ox 8056.) That switch in technologies represented the new applica-

tion to memories of an existing logic technology. (E. Bloch, Tr. 
to . 
11i 91874.l Cary testified: 

16 :! 

17 :l 
,I 

"We made a decision way back in January of 1968, that 
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.) 

As in other areas, competition was increasing and certainly 
,t 

13 ,!was not going to stand still. By July 1969, J. A. Haddad (IBM Vice 
~ l 

I 
I 
l 
I 

I 

19 JPresident) wrote to G. E. Jones (IBM Senior Vice President), to nominate 
r 
I 
J 

ZO 1 corporate memory strategy as a key corporate strategic issue: 
·f 
i 

201 '! 

.,~ --

.! 
I 

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

" 

-909-



ti --. 

!. : 

: ;, 

7 ~ 
a: 

II .._ Memory is central to our products, processors, 
and profits. Memory profit is a majo·r factor in processor 
profi.tability as wel~ as the key new factor in performance. 
In large systems we a;re lagging in speed and price, and in 
very small systems. we are non-competitive in both price and. 
speed. Mem0ry prices affect memory size,. which affect 
procgramminq requirements, I/O' and storage requirements, 
and total sys-tems thruput." (PX' 4·S65.) 

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 

~~ i was announced a few months later) was to have bipolar monolithic memory 

a .~ I derived from SI"T (see E. B'loch, Tr. 92294); although by that time, FET 

.1 ! memory was preferred but could not be readied in time. (E. Bloch, Tr. 
I 

Z l 92910-12, 91542: Cary, Tr. 101412-13; OX 4740: Evans, Tr. (Telex) 3937-

311 42 , 3959-63; PX 3130A, pp. 2-3; PX 4324; PX 4400, ?p. 2, 4.) 

It was recognized that the memories announced with the 155 

'.5j and the 165 were "very old technology" and "were going to go very 

l6 J shortly non-competitive in the sense of the availability of semicon­

I 
I , 
I 

l7l! ductor memories". (Cary, Tr. 101403-04.) Cary testified: 
. I 

• 
~S :\ 

;1 

TQ :1 . .., ;~ ., 
. ! 

2Q t 
.J 
'I 

II ·1 
j 

"[W]e 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.) 

Nevertheless, monolithic circuitry was utilized in the 
.,? -\ 

-- :\processor logic and the buffer storage for the 370/155 and 165 announced 
23i 

.! in June 1970. 
"'Al ,,~ , 

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, 
15' 

:! because of the use of the new monolithic circuitry. (DX 4505, pp. 2, 4.) 
I 

'I ,I 
.\ 

'\ ., 
:J 
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II 
II 
jj 
tl I: 

1 :/ Monoli thic logic and memory circui try, including FET Memory, 
I, 

2 I!were to be utilized in subsequent products when available. (PX 3256C; I 
p 

:1 3 l'see also E. Bloch, ,Tr. 91501; Cary, Tr. 101430.) That goal was 

4 ' achieved. (OX 9'157A; see also E. Bloch, Tr. 91543-45, 91550-51.) 

5 (ii). Sys'tem/3. In designing the 360, IBM produced an 

6 architecture that was to last for a long time. It was an architecture 

7 which, as the SPREAD Report (DX 1404A (App. A to JX 38) had predicted 

8 was suitable for processors in the range initially announced on April 

9 1 7 , 1964. However, as the report had also indicated, "it was not yet 

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

11 ',fUl proqessors. (JX 38, 11 2, pp. 2-3.) As we have seen, IBM's 

12 ljattempt in this direction, the 360/20, resulted in a system only 
I, 

13 "partlY compatible with the rest of the line. (JX 38, p. 297; see also 
I 
I 

14 Icase, Tr. 73370-71.) In 1969, IBM announced a small, low-cost system 

15 Iithat departed from System/360 architecture: the System/3. (OX 8073.) 

II 
16 ilThis was the first of several such low-end IBM systems. 

:t 

17 11 IBM was able to introduce its low-cost system in July 1969 . 
h 
i! 

18 ;ipart because "[a] s of 1968 the development of monolithic semiconductor 

19 ilcircuitry at IBM had reached a point where major performance and cost 
I' • 20 ;Iimprovements could be achieved by using monolithic sem~conductors 

'I / 21 i\instead of SLT circuits and logic circuitry". The System 3 Model 10 

22 llwas one of the first two IBM computers to use Monolithic System Tech-
,; 

23 ,:nology (MST). 
:1 

(E. Bloch, Tr. 91501.) 

'I 

24 \1 
The System/3 annol.~ncement was not merely the announcement of 

25 !Ia new processor. It also involved "new families of disk files and 
I 
!printers, 
I 
I 
i 
j 
i 
! 

a keyboard and console typew~iters, and unique progra~ing 
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:j 
I 

I 

I 
I 
I 

I 
capabilities". * (PX 2459, p. 7.) The System/3 "was a new, low entry I 

computer system • that was aimed at bringing total computer capa-

I bility to the small user at the thousand dollar a month rental price, 

~ approximately, having full c~pability of I/O function and programming 

l~ supportlf. (Jame's, Tr. 35037.) ** The initial announcement (the Model 

~( 

\\ 
ii 
! 

I 

10) offered both a card-oriented and a disk-oriented system. (DX 

8073.) The card was of particular interest because If(t]he focal point 

of System/3 'is a new 96-column card lf • This card was "about 1/3 the 

size" of earlier cards but could contain 30 per cent more information. 

This meant Ifless space ~~d 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 

"l",I' card made it possible for System/3 to become the economical, high 

'performance system that it is." (PX 2459, p. 9.) 
• I 1 

\ ~he system was designed as a "low entry" system. Some fore-
i \ 

i casts within IBM indicated discontinuance of 40 per cent of the 
• :I I t !I 

· Ii accounts using leased unit record equipment. "Without System/3, it wa:;1 

a 
't 

~ :1 
il 

:l , " 

~ ;1 
:t 
,I , '/ 

, ,I 
" 

:1 
~ J 

~ , II 

- ~t 
i .I 
~ " 

:i 
: ;I 

:1 
! 
'I 
~ I 
I 

i 
'i 

estimated that 50% of these discontinuances wou~d go to competition 

(Univac 9200, Honeywell 110, GE 105/115, NCR C-IOO). System/3 will 

allow the company to save approximately one-half of these losses". 

(~, 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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i 
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i 

11 : - . 

"AI though it was designed pr'imarily for small business, 
it is also expected to find application in· large firms that 
wish to decentralize their data processing capabilitie·s. tt 
(OX 3 364 , P • 8 .. ) 

To manufacture and develop System/3 enhancements and other 

products not· us~g. the· System/36 0 architecture, IBM formed the General 

Systems Division within the Oata Processing Group in early November 

1969. (OX 8072.) Thi.s "was done in order to have a mana.qement 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 

capability was provided in the General Systems Division five years 

later. (Akers, Tr. 97401-03.) 

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

lS l p. 8i see Withington, Tr. 58435.) By the end of 1970, its first year 
I 

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

1.7 J (DX 2609B, p. Ul.5.) 
,I 

~s ,I (iii) Virtual Memory. As we have already seen (pp. 431-35 
• ;j 

'I 19;j above), IBM developed Dynamic A4dress Translation (OAT) as a hardware 
·1 
'I 

20 ! device in the 360/Model 67, combining it with systems software to 
I 

Zl I enhance the system's time-sharing capabilities. That effort had proven 
J . 

Zl .; difficult and expensive and, despite earlier plans to include those 

23\ features with the new systems, by 1969 the plans were proceeding, with 

.... ,. ,I OAT (or relocate) not to be included in the initial 370 line. (OX 4740: 
"'~ , 

./ 
25 'I Evans, Tr. (Telex) 4184; PX 6672, c. 2; PX 2500, po. 1-2.) However, at 

.i 
t 
\ 

'\ 

:i 
I 

I 

:, 
I 

i 
I :: 
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:1 I 
I 

I 
I 
I 

that time, it had been L~plemented successfully in the Model 67. (See \ 

if pp. 435-36 above.) . B. O. Evans, on returning as President o~ the 
i 

I 
I 

Systems Development Division from the Federal Systems Division in 1969, 

a\ was "quite surprised" to dis~over th~t omission on the night before 

r ' , I 

l ; 
I : 

i 
t 

1 i 
I 
I 

r i 

assuming his new office. He considered it to be "fundamentally wrong" 

(OX 4740: Evans, Tr. (Telex) 3938, 4184-85; see Evans, Tr. l0129~-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-t~e immediately and get 
me a plan for virtual memory on System/370." (OX 4740: Evans, 
Tr. (Telex) 3941.) 

Evans understood th~advantages of virtual memo~J, which 

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

~I his disposal, and facilitating multiprogramming and communications 

! :/ oriented applications. That understanding began at the time of the MIT 

~1 Project MAC procurement and grew through his work in the Federal 
1 

\ 
I 

:; 
~ ; Systems Division with various government programs. (OX 4740: Evans, Tr.l 

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

i ~ the absence of the relocate feature and virtual memory in the plans for 

S 1f the 370 was an awareness of the growing importance of time sharing and 
II 

g !I communications-oriented processing. The System/360 had, indeed, I 
a :1 been built in part on the belief that communications-oriented process- i 

~I I 

1 ~ ing would grow in importance. The initial planning for the new systems I 
~ :l I 
~ ~I * Evans' surprise was natural. He had been sent out to the Federal 1 

. Systems Division as Ita little punishment" precisely because the "very [ 
:~ II demanding IBM management" viewed it as a "fundamental mistake" in 

:1 System/360 architecture that Dynamic Address Translation had not been 
~: ;1 included. (DX 4.740: Evans, Tr. (Telex) 3950-51.) 

j 
:1 
;\ 
I 

: 
;1 

l 
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l; recognized the demand for more and more on-line usage and toward multi- l 

2 pIe users acces·sing the computer from remote locations. 
I 

1 : That need was discussed at a meeting of the Management 

4. t· Conuni ttee in March of 19'6·9. (PX 2399, p. 1.) 
I 

!: 11 Several days later, the Management Committee reported to the 

5:1 Management Review COll1lllittee that "[t] he cOll1lllunication based data 

7:1 processing market is large and rapidly increasing". About 30 percent 

s: of that "market" represented "the true remote terminal time sharing· 

9 [ market tl including in-house time sharing and service bureaus. IBMts 
i 

10 1 position in this area was fe~t to be weak with IBM "behind in both 
I 

ll! hardware and software". (DX 14201, pp. 5-7; see also PX 2399, p. 2.) 

1 

IZi 
The need for virtual memory was being felt by others in IBM. 

13[1 
.1 

In June 1969, C. B. Rogers, Jr. (Vice President of Marketing and 

J Development, OPD) , wrote to C. E. Branscomb (President of SOD), stating 

1.4- il the Data Processing Division's view that "progress has been unsatis-
15 \(. 

16 ;1 

~7 ;1 
J. II ., 
lS ,I 

:l 

'I 
19 ~i :, , 
zo .! -, 

i 
'1" ! .... i 

~i 
Z2. .; 

I 
..,~ '~ 
...:-\ 

f 
I ...... ,- i 

.1 

.r 

z: I 

of 

f 
I 

.1 

I 
I 

:1 
I , 

., 
'I -, 

factory" toward the production of "a viable NS announcement plan". He 

stated: 

"Market requirements are not being met with SOD'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. 
li see also PX 4272.) 

The anticipated solution was a phased introduction of the 
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,I 

iI 

relocate hardware, with the initial machines designed to utilize it 

,it when it was available. But, that plan entailed development costs and 

difficulties. (See PX 239'9, Pit- 1.) Spe.cifically for time sharing, a 

proposed answerwa·s "an interim plan" involving increased funding for .. ~. 

I 

r II time sharin.g·under DOS and as operating systems and a re-emphasis of 

r ~I the· TSS time-sharing operating system. The long range plan consis.ted 
~ " 

;1 
~ :1 

:1 , : 
of two parts, the first, the new NS operating system and a new DOS 

ope·rating 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; OX 14201, p. 6; see PX 2399, 9. 2.) 

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

~ i, timing questions: Could the initial 370 announcements be made in 1970 
; 

I· 

I 
I 
I 
I 

I 

i : 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-
I 

i 

:' 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 
canrt support it until then is unsatisfactory. We think 
TSS could be modified to acconunodate the '67 scheme on NS." 
(PX 4270, p. 4.) 

The mark.et, 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. 

J • ., " 13 I PX 4233.) 
-j 

3 
-\ - By late 1969, it was too late to get relocate into the first 

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

_ [Evans considered delaying those announcements or shipments until the 
_ i 

i 

.. , . 
:1 
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L; design of Dynamic Address Translation was finished and the monolithic 
l 

2.; memory technology· was available, but that delay would have left IBM at . 
i 

l an even more subs·tantial competitive disadvantage: 

~ 

s:l 
I 
I -' c::t! 

7~ 
a; 

"But the situation. was·. • • that System 360 had been out 
in the fielc;l for about six ye·ars· and competition had become,. 
since, 360's announcement, with ever-improving components 
and systems· I and so, competitively speaking, the System 360 
was out of gas, and when we looked at the users' requ~rem.ents, 
as we saw them in late 1969, that delaying System 370 another 
two years· or more to get dynamic address translation, et ce.tera, 
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." (OX 4740: 
Evans" Tr. ('l'e~~x) 3961-·52; see also PX 4324 j. PX 4421, p. 2-; p;x 
32S·6B,pp. 1-2; Cary, T"r. 101394-95 •. ) 

IBM also sought to improve its offerings for remote computing 

in other ways. In December 1969, it announced new software: the 

1'.;.: Interactive Terminal Facility (ITF) , "a new low-entry timesharing 
te t 15: system" which provided "timesharing power for System/360 

I 
t 

under 05 or DOS" (OX 14335), and the 05/360 Time Sharina. 
16 ; 
17 II Option (TSO) which was "intended to support the terminal-oriented 

'J requirements of a wide range of users" under 05/360. (DX 1091, p. 1.) 
15 : 
• :i 

II The 370/155 and 165 were announced in June 1970 on a schedule 

19 :1 that had been already delayed because of the unavailability of the 
za'l 

:1 Merlin disk drive. (PX 4505.) Relocate and virtual storage were not 
-1 ·1 
~:! 

~ announced with the initial System/370 announcements in 1970j the first 
22:, 
.,

_ ;t announcement of virtual storage for System/370 was made in August 
~i 

.1 1972, when IEi .. '! announced the 370 Models 158 and 168, containing Dynamic 
Z.! .j 

! Address Translation. IBM also announced at that time that DAT could be 
25 . 

'I purchased to implement virtual storage on the 370/155 and 165, and was 
:1 
II 
i 

ii -917-
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I 

I 

! 
i 

, I 
; 

I 

available on the 370/145 (announced in September 1970) and 370/135 

(announced in March 19'-11) Ttlithotlt additiona·l charge. (DX- 1639; D-X 

1640. ) . 
By ntid-19~72,. the principal goals of System/370 had been 

(Case·~ Tr.- 73749 ... -5·1 •. ) if attained. 

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

il , ~f 

iI 
~ f 

i , 
! : 

i 

developments impacted the planning for almost all parts of the new 

systems, influencing with respect to most parts, the technology 

employed, the capabilities souqh~and the development and announcement 

schedules used. All 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-. : 
l :1 

:1 
~: 

" . ,; . 

tion.* 

The Commercial Analysis Department of the Data Processing 

Division, in its Quarterly Product Line Assessment of February 1969, 

reported that: I 
"When NSO (370/135] and NSl [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. 

. I 

~ 
2. ;\ 

t _ :i 
~ \ 

: 
A .! ,- i 
= ~ -

"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 ItI expect some other companies would have had 
to lower their prices to some extent as well .•. [b]ecause 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, tvould lose lease base". (Tr. 
15752-53.) 
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1. : "Honeywell is expected to announce a new series in 1970. 

z: 
I 

i· 
l! 

I. 

I 

*1 
! 

=1 , 
I 

a: 
'1 

1 'I 
81 
g.: 

10 

!.2t 

Thus, they could once again be a formidable competitor •.•• 

" .' . .. ... 

"In World Trade, Ame·rica·n or American-associated companies 
should be the prime competitors. However, ICL will continue 
strong; P'hilips may have gotten a fOQthold with their PICOO 
seri.es~· and· ·S·iemens may have introduced a new series. In addi­
tion competition may come from Japanes·e companies such as Fujitsu 
offering their products outside of Japan. 

"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 NSl with competitive price/perfo·rmance. 

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

The report went on to compare the price/performance (on a monthly lease 

price basis} of those new systems configurations with the lease prices 13 11 

1.4-1 then expected to the "best of competition",* concluding that "NSO and 
:1 

t 

J 

I 
15 l NSl are rated superior to competition · · · ." That conclusion \..,as based I 
1S J upon the assumption of "no significant price changes". (PX 2388, p. I 
17;1121, see pp. 125-128.) Similar conclusions were expressed with respect I 

t 1\ lS 
j I 

19 :1 * John Akers, IBM Vice President and Group Executive, explained that l 
J the "QPLAs 11 represented reports from "the salesmen I s critical perspec- ! 

za: tive how our product line compared" with IInot all competition" but "the I 
lbest of competition". (Akers, Tr. 96584,96587-88.) ! 

""1 
- ;.1 Over the planning period, IBM management regularly compared the 
Z2.; price/performance (of which "price" is obviously an important element) 

:.\ and capabilities of competitive announcements with the planned charac­
Z3 ',teristics of the new systems. (See, e.g., DX 14199, concerning the 

I RCA Spectra 70/46; DX 13864, concerning the Oki-Univac 9400, announced 
24. !l in Japan; OX 14317, concernl.ng the CDC 7600; DX 14200, concerning the 

:i GE 655.) 
~.-

~= 

., 
,I 
a 
I 
I 

,I 
:j 
I 
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,I to the price/performance of the NS2 (370/155) and the 553 (370/165), 

assuming the availability of the Merlin disk drive. (PX 23·88, pp •. 48, 

68. ) 

As of March 1969-·, it appeared that the price/performance of 

:! the NS systems (5ystem/3·70). would repre·sen·t an improvement on an 

· I. average of 1. 8· times over System/3 60. Wi th the exc'eption 0 f the 

: :1 dramatic change from the 1401 to the 360/30 "this is not too dissimilar 

1;1 from the historic past". (PX·Z.39'9, p. 3; see al.~o OX 14201,9.2.; PX 
I : 

2502B, .p. 2.) However, that meant that System/360s owned by leasing 

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

! addition, "(t] here is an added unknown in the possible merger of 
· , 

! OEMfs, software houses and leasing companies" (OX 142~1, p. 2), with , ; .. ~ 

!l the possible marketing of 360 CPUs enhanced in price/performance by 
t I . 

~ plug-compatible peripherals and independent software. (See, e.g., PX 

~ ~ 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 · :, 
:l :1 

.,. ~tcompete on an equal basis with NS by discounting the 360 30%". (OX 

, " 

~ :114201, p. 4.) 

'I On March 13, 1969, Cary wrote to Branscomb, listing issues 
; i 

:l concerning NS strategy to be discussed at the next General Managers' 
:J '1 

!meeting. Those issues included "competitiveness of our purchase 
I 

., ! 

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

tconcern was that high purchase prices and high maintenance charges 
:3 

!would cost IBM sales of System/370 CPUs, with many of the losses being 
A .i 
,- Ito leasing companies and other owners offering discounted System/360 

I - ; - !CPUs for sale or lease. 
i 
i 
.i 
,j 

I 

.j 
.! 
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L That concern continued through early 1970 (]?X 2468A, p. 2; 

2 I PX 2S02B, p. 2; PX 255a.S, p. R2l; PX 4.233), and, as announced in June 
~ . 

11 1970, the purchase prices on th-e' 370/155 and 165, as well as on the 
l 4.T 3360 p·roces.sor storag.e-., were lowered: subs·tantially from the planning 
, . 

:- I' assump.t±ons.. (S.ee PX 4-5'05·, pp. 3, 5-6 .. ) 
i 

a II The substantial differential between 360 and 370 maintenance 

7lf prices contributed to the competitive exposure as we·ll. The planned 

a ~maint.enance charge for the NS2 (370/155) was $4,930, although cost 

reduction actions were expected to reduce it to $2,620. (PX 23'99,p. 

lCl! 4.) The differential was due in part to the fact that mainte·nance 

. prices for the 360 were felt to be too low "probably by half" (PX 
11 

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 
14- : 

I 

15 : experience with the new software and hardware. (DX 14201, pp. 2-3.) 

f As had been forecast, by the time of announcement substantial 
15 ;1 

11 :1 improvement had been made in reducing costs and thus prices of NS 

15:f maintenance. (PX 2399, p. 4; PX 3256C, p. 2.) Thus, at the time of 

• Ii 'f announcementl. the monthly maintenance charges on the 155 were about 

19 'I $2, 200--less than one-half those contemplated by planning assumptions. 
Ze! I 

'r (PX 2399, p. 4; PX 4505, p. 3.) Moreover, IBH decreased the effective 
Z!. ·1 I 

J maintenance price of System/370 still further by increasing the warranty! 
22:\ 

J time on purchased CPUs, channels and memories to 12 months from the ... _ J 
";" , 
- 't 

I three-month warranties on System/360. (PX 3256C, p. 2; PX 4505, ~. 1.) 
... ,.4 .t 
,- I 

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

151 
:1 System/370 units, IBM announced further reductions in maintenance 
i 

:[ -, 

'I 
!! 
iI 

.1 
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1 charges on those machines amounting to, for example, about 15% on the 

2 ! 155 processor. This made monthly maintenance charges on the 155 

3 ! about ,$1,750.. (DX 13521, p. 2.) Adjusted for inflation, the 
I 

4 I decrease was even greater. , , 

51 e. Conclus-ion. Notwithstanding the enormous success- of 

61 IBM's System/360 as announced in 1964, and IBM's continued techno-

7 logical. improvements thereafter, by 1969 IBM confronted serious 

8 I compe-titive- challenqes to its position of technological leadership , 
9 I and price/performance superiority. The state of technological 

10 11:\development and implementation for the new products being planned 

11 I in the face of those challenges caused consternation among IBM top 
I 

12 'management. Pressures were exerted throughout the organization by 

13 the insistence that the new products had to be better and announced 
I 

14 ljand delivered sooner. The organization responded, but IBM was unable 

15 lito announce on schedule the range of product capabilities that manage 

16 I!ment felt necessary to sustain IBM's superiority. Consequently, IBM 
Ii 

17 !\entered the 1970s engaged in a struggle to achieve the ambitious 
II 

18 !igOalS it had established in response to competition for its next 

19 i, generation of systems. 

20 I 
I 

21 ! 
II 

22 !I 

:: 11 

il 
25 tl 

-922-
I 

1 
I 

I 
I 

I 

II 



1 : 56. Growth of the EDP Industry. One fact about the EDP 

Z II industry is so clear and unequivocal that its significance c'an be 

3: it ea-sily overlooked. That fact is the extraordinary growth in the use 
;1 
l' 

4-1-Of computers over the first 2.0. years of -the EDP industry's existence--a 
i 

~ I:phenomenon that continued unabated over the next decade. 
I 

I 
Descriptions from a wide range of sources attest to the a ;l 

7:ldynamism and unprecedented growth of the industry over this period. 
I a !FOr example, Donald F. Turner in 1966, while- Assistant Attorney General 

Sf I in the Antitrust Division of the Department of Justice, wrote: 
I 

10/ 
I 

111 
! 
; 

12! 
I 

"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." (OX 9110, p. 1.) 

The General Accounting Office (GAO) stated in a 1971 report 

13 lito Congress that "[t] he automatic data processing industry is very 

l~iyoung and the industry grew at a tremendous rate from the late 1950s to 

15 i 1971" • (Plaintiff' s Admissions, Set IV, 11 231. 0.) Lacey, Vice 

15 l,president, Corporate Development, CDC, reported to new CDC employees 
I' 

17 I in 1969 that the industry "is unique in industrial history in the 

!,. rapidity of its growth since its birth little more than twenty years 
18 ii 

19 it ago" · (OX 438, p. 1.) The GE APL Master Plan of 1970 reported that 

20 ll"[t]he computer industry is one of the fastest growing segments of 
:1 

21 ;!b~th the U.S. and overseas economies". (PX 353, p. 18.) And Butters, 

2Z ;!in his "Computer Industry Review" of 1970, wrote that- n[t]he computer 

""~. 1\ industry has been considered the fastest growing major industry in 
~:\ 
24. 1\ the wor ld" . (DX 1553A, p. 2.) 

-j 

11 

:1 

:1 
iI 

The Department of Justice stated in 1968 
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1. submitted to the Federal Communications Commission's Computer Inquiry 

2: 
, 
I 

1 
I 
I 
I 

} 

4-\ 
5 \. 

! 
I e, I 

; . 

711· 
:1 
11 

S! 

I (Docket No. 16979): 

"Although only 20-odd years old, the computer industry 
app.ears· 1ik.ely to become one of the world IS larges·t industries 
within the next 10-15 years. 

"The g.rowt.h o·f the computer industry has been startling. 

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

The' growth in the use of computers is evidenced by es·timates 
I 

;:1 
lof the numbers of computers installed and also by estimates of the 

1Q !. 
I value of EDP e.quipment.shipped by the manufacturers. For example, the 
I 

l1 l1972 Census of Manufacturers (prepared by the Bureau of the Census of 
l2.1 

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

13j all producers of "electronic computing equipment" (Standard Industry 
1 I 

-~iClassification Code 3573) grew from $4,048.8 million in 1967 to 
! 

1- . 

~ iS6,l08.0 million in 1972. (DX 14310, p. 35F-1S.) Other Federal 
• -- !I 
~Q i:government estimates are comparable. The Comptroller General of the 

17~lunited States, in'a report to Congress in June 1969, estimated that 

'8 ! • :ithe computer industry had grown from "a few experimental computers" in 
;i 

19 ;Ithe late 1940s I to "400 computers installed in the ani ted States" in 

20 iil955, to "approximate (ly] II 6,000 in 1960, to "installations" in 
~ i 

2' ;1 • ;lexcess of 67,000 in 1968. He stated: "The computer hardware market 
~ 22. 'I 

_ liS believed to have reached a value of about $7.2 billion during 1968 

23iand is expected to grow at a 15 to 20 percent annual rate over the 

Z ... Ii 
.. :Inext 5 years." (DX 7568, pp. 13-14.) 

25 :\ 
., 
'\ 
;1 
I , 

:1 
'1 
il 
;1 
;i 
! 

" 

The magnitude of and the rate of the growth in the use of 
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1. computers are also reflected in the results of the jOint deposition 

a program of suppliers of BOP products and services over the period l~52 

1 through 1972 ("Cen,sus II").. (See DX 3811; DX 822.4.) Of the 618 

4a. companies reporting U.S. EDP revenue in 1972, only 9 had s'uch r'evenue· 
r 
I, = I in 1952; 75 in 196'0 and 18·8 in 19-64. The total U. s. EDP revenues 
I, 

9i 
i 

10 : 

U l 
12. 1 

11 

u il 
14- ~ 

I 
I , 
1 

T:: : 
...... I 

i 
: 

l6 a 
~ 1 ;[ 
J. :1 

lS :r 
:\ 

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 1912. 

(Id.) These revenues grew at a compound growth rate of 33.5% over 

that period. . (!£. ) 

This phenomenal growth indicated by these aggregate statistics 

consisted of the following parts: 

(i) The number of users of computers continually increasedr 

(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/performance of computer products and the ease -

of their use continually improved.* 

:1 
19t --------------~------., 

'I 
ZQ :l ., 

l 
" ·i --- :~ 

. j 
22 'i 

.,~ :\ 
~ '\ 

I 

! 
24. I 

.I 
,r 

'5 ! -, 
., 

'\ 
'I 

.1 
I 

;1 
! 

* In October 1964, ~ithington 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 ~n the nU!wer of persons engaged in 

making use of computers. 
"Constant improvement of cost-performance that causes 

users to replace old 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 industry and.,'· in· retrospect, called, as. in the quota·tions. aho-Ye, 

"startling", "un-ique It,. ana "tremendous If. . (DX 5504, p. 8;- see also 

. j- OX 5476, pp. 6-7.) 

i 
I 

'I rnc~ea-se in the Number of Us-ers of' Computers . Withington a. 
!l 

. ~I wrote in 196-4, after the announcemen·t of System/360, that: 

il 
;1 

I 

t·The single most important factor in the historic 
growth of the: computer market has been the increasing 
ntllt1ber of computer users. This increase has been made 
possible by con·stant reduction of the minimum cost of 
computers and greater understanding of how computers might 
be used." (PX' 4829, p. 8.) 

But, h.e went on to project, "new users will become increasingly hard 

~ 1 to find in the United States". He reasoned that "there are approxi-
\ 

t i mately 25,000' companies with net worth of over one million dollars. 

~' I In general, it is fair to assume that any company smaller than ~~at 
;-. · i 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. 
J r :1 8.) 

$ :t 
:\ 

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

.. !i . d d -: :~ m~n. He state : 
·1 
:t .., , 

.. :I 
I 

'T ;I 
- 'r 

~ 
2,1 

t 
'1 

3 i 
J 

,~ I 
.! 

= I ,_ I 

:j 

i 
'! 
:! 
\ 

.i 
1 
I 

-I ., 
:1 
'I 
:1 

"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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1. had been in 1964: 

2: 

3: I 
I 

4-
i 

!1. 
• I 

5: 
11 

7[1 
;( 

8·: 
I 

9-! 
i 

"[T]he 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 
continue, and by the end of 1971 there should be many 
thousands of new· computer- users who do not now have machines." 
( l?X 4:8 32, 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 rema~n extremely rapid." (PX 4832, p. 6.) 

Withington's observations that the number of users continued 
I 

lO ! to expand were repeated in 1968 and 1969. (PX 4833, p. 10; PX 4834, 
I 

i ul p. 14.) 
I 
! 

12t T~e continued importance of new users to the growth of the 
\I 

13- i industry and to the expansion of the business of individual suppliers 
I 

l~[ was just as clearly recognized by the EDP companies at the end of the 
I , 

IS ! decade. For example, in its "Master Plan" of January 1970, GE stated 
I 

.. (:! :1 that: 
J..... , 

1711 
18 II 

Il 19 ;' 

za 11 :, 
;j 

"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 

21 llusers of its new APL system would be "new users" of computer equip-
1I 

~ il ment . (~., p. 54) Similariy , Ray Macd?nald of Burroughs testified 

2S :\when asked whether the number of users for data processing equipment 
.I 

Z~ ;1 had increased or decreased over the ten years from 1964 to 1974: 
I; 

25 ij 
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3" 

~l 
i 

5'\ 
I 

I 

5( 
1 

7 il 
i 
I 

81 
i 

9-1 

1Q I 
II ! 

! Also, , 
12.! 

\' 20 in 
13; 

! users 
I 

"Well,. I think two phenomena have taken place. I 
think that we have a very conside'rable 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 
a.qo. 

"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 sto'red 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 rate·s 
for stor'ed 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.) 

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

1964 and the System/3 in 1969 I an important goal was to attrast new I 
of computers and to compete with other manufacturers' efforts 

14- ; 
- Ito do so--a goal that was to continue to motivate IBM product announce-
15 ! 

I ments in the 1970s. 
16 II 

~. b. Expansion by Existing Computer Users. Of course, 
i 

17 ~substantial contribution to the growth of'the industry came from the 
18 1 

!talmost insatiable demand for additional computing power from existing 

19 :i . h l!users of computers. That demand was clearly recognJ.zed by t e manu-
20 :, 

:!facturers. (See, e.g., Macdonald, Tr. 6926-30; PX 353, p. 18.) 
.j 

21;1 . 
iiHart, from General Motors Research, stated that through 1970, the 
!I 

22. il . li rtdemand for computJ.ng power supplied by GMR • • • doubled eyery year 
23 'I 

:land a half since we installed the 701 in 1954". He continued, "We 
;i 

24 JfUI1Y expect this growth to continue over the next 20 years". (DX 

"5 Ii 
- :13753 (Tr. 80198).) 

.j 

.\ 
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1 

I 
I-
I 

i 
An important example of the trend in computer usage in 

2': general was the increasing use of computers by the United States 
, 
I 3-: government, the world'-s largest us:er of computers. (OX 4355, p. 6: see 
i 

4-1, als'c' DX 1"5,&6;,- pp: •. 1~:,_: :tS-;,P:laintiff's- Admissio-ns, Set IV, 'If V- 2{)6.0,: 2--~.O-.. 
, 

! I·That growth obviou~l.y refleets the expansion by existing users as w.ell 
I 

6- : as the introduction of- new agencies to the use of computers. Accord-
I 

7 tI ing to reports by the Comptroller General and by the General Services 
a 

a : Administration, the numb-er o-f computers installed in the Federal 

9 ! government went from five in 1952, to 531 in 1960, to 1, 862 in 1964, 

10 Ito 5,277 in 1970, and kept on growing. (OX 923, pp. 11-17; OX 9-24, 
I . 

11 IPP. 2,596-97; OX 7568, pp. 13-14.) Indeed, according to the Depart-
i 

LZ!ment of Justice's 1968 submission to the Federal Communications Com-
! . . 

13 i m~ssJ.on: 
I 
! 

l~ \ 
I 

lSi 
i 
f 

l5 n 

11 II 
!I 

18 " 
11 

19 :1 

20 :1 ., 

"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 
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, 
Set II, ~, 312.8-312.10.) 

c. Explosion of New Applications of Computers. The initial 

21 !Id~velopment of computer applications consisted of applying computers 

~to perform jobs that had been previously performed by other means. 
22. -I 

ltThereafter, comouters were increasingly- applied to perform jobs that 23 :, .. 

Jcould not previously have been performed without computers. 
24 .\ 

:l 
25 il 

Thus, for example, Knaplund testified that when Consolidated 

:!Vu1 tee, later Convair, the aircraft company, first acquired an IBM 701 
:1 
:1 
.\ 
;i 
I. 
f! 

il 
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1 i in the early 1950s, the work that was undertaken "was in part a 
I 
I 

2.i transfer of· work from unit record equipment, but it was very largely, 
I 

i· 
l ; and I would say within· a mattez: of months predominantly, work of the 

I 
i 4.1· type that could not have.' been done, in the same form or perhaps at a'll 
i 

! I' on unit record equipment". (Tr. 9061.3, 9062'0-22.) Hurd testified 
i 
I 

~ ~ that computers could "perform problems which punched card equipment 
~ II 
7 !I simply could no·t perform·'. For example, General Motors and North 

8 ! American Aviation "were processing data which involved a totalit.y of 
l 

9-\ applications such as order entry, checking the validity of orders, 

1Q ! placing requirements on the factory, scheduling production, controllin'g 
I 

II ! inventory, and controlling manufacturing, all in a single, integrated 
i 

lZ!operation and ~i.th no human intervention". Oak Ridge Laboratories "was 
i 

U : using computers to sL~ulate a diffusion plant, the purpose of which 
; 

14- r was to enrich uranium" '. And various "property, casual ty and life 

~ I insurance companies were using computers to maintain and update on a 
I 

16 lldailY or weekly basis files which, in the case of large companies, 

17 jcontinued millions and even tens of millions of policies". (Hurd, 

18 :,Tr. 86347-50; see also Hart, Tr. 80221-22.) 
:\ 

Indeed, the General Accounting Office, in a report to 
19 :' 
20 ilcongress in 1960, stated that the "[p]rogress achieved in the develop­

., 
21 'lment and application of . . . automatic information processing systems 

:ihave borne out earlier predictions" that computers will cause "a 
22. :; 
A_ lisecond industrial revolution." (Plaintiff's Admissions, Set IV, ~f 
~., 

I j205.0; see also DX 44, p. 5.) 
24 I 

?= ·1 
However, by the early 19605, although more and more ways in 

-- 'I 
.jwhich computers could be applied were being conceived, only the first 

'I 
.1 
'f ,I 
;j 
:1 
'I 

:i 
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7 li 
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81 
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steps ~owa.rd realizing such applications had been taken. Withington 

stated in 1964: 

"In the p·a·stdecade, most compu·te·rs were sold to do 
s.imple· jobs. -- payrolls and sc.ientif·ic applications. Mos:t 
compute;rs today a·re sti~l doing simple' tasks. The exotic 
computer applic'ations that abound in the literature are 
the exception, not the rule. 

"We be-lieve that the next wave of computer applications 
is jus·t beginning. If the first generation of computer 
applications cOI'lsis.ted mainly of record keepin.g and scientific 
computation-s, the second generation will consist of automatic 
decisio·n rules (for inventory control, credit, etc.) and 
de·sign 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, 
11 i 

! the General Accounting Office gave a "partial listing" of the appli-

!2.\ ; cations in which computers were then being used by the.government. 
13 ~I 

i These included: 

n(a) air traffic control; (b) automatic production recording; 
(c) business and management control systems; (d) communication 
systems; (e) engineering and scientific research; (f) information 
retrieval systems; (q) intelligence activities; (h) linguistics; 
(i) mathematics; (j) medical research; (k) military surveillance 
systems; (l)' military tactical operations; (m) statistical studies; 
and (n) weather forecasting." (Plaintiff's Admissions, Set IV, 
'f 207.0.) 

The GAO noted: 

n(A]pplications 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." 
(lli, 11 211.3.) 

In the 1960s, real-time systems were increasing in impor­

tance. SDS, 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. 693-96.) 
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Others saw real-time- applications in terms of interaction between man 

and computer. In June 1964-, Weil, in a presentation to GEts executive 

office, stated: 

- "'l'hesinqle- mos-t impQrtant trend in the information 
p.rocessinq ~arket today is that we are moving away from 
batch. p'roce-ssing, where- information is collected for a far­
flung o·rqanization by fundamentally manual methods and then 
processed in a batch through a computer system. . • . 

"The informa-tio-n 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 us-er, frequently all in a matter 
of s-eco.nds. Prototypes of this kind can be found in the 
airline rese-rvations systems, in military command and control 
systems and in process computer installations. 

It 

"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 todayts market, will continue to exist but will 
playa 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 tha't the company had put a lot of effort into learning 
to' use the computers. in accounting, but where the business 
of the· railroad really was, where the big money was really 
made. and spent, wa's in operations. And so he gave me a 
t W9-fold charqa, which wa·s to first of all get on with. the 
job of supporting operations by the development in his 
werds:,·o·f a· real-time' sys;tem, and further', to do this in 
such: a way that the end result was ..• -a single general 
informa:tion 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: 

nNewuses for computers- are continually being developed, 
but the rate of d.evelopment 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 direct 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." 

" 

how 

"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 

l8 l!computers. President Johnson, in June 1966, urged the Federal govern-
it 

19 :Iment to do the same. 

20 :lexp1ore and apply all possible means" to "use the electronic computer 

He directed the head of every Federal agency lito 

:t 
2I (Ito do a better job" and to "manage computer activity at the lowest 

~ ilpossible cost". He went on to state: 

23 '.i "The electronic computer is having a greater impact on 
,I what the Government does and how it does it than any other 

24 ~I product of modern technology. 
I 

"The computer is making it possible to 

"-- send men and satellites into space 

il 
II -933-
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"_- make significant strides in medical research 

1._- add several billi:ons of dollars to our revenue 
through improved tax administration 

fI __ adminis-te.r the huge and complex Social Security 
an,a Medicare progr'ams 

"-- manage a multi-bill,ion dO'llar defense logistics 
sys,tem. . 

"-- speed the is-.suan-ce- of G.I. insuran.ce dividends, 
at much less cost 

It __ soave lives through better s.earch 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 benefi ts which a decade ago were beyond our gras,p. 

"The technology is available. Its potential for good 
has been amply de·monstrated, 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 ne.w ways in which the electronic computer might 
be used •.•• " (OX 5377, pp. 1-2.) 

~9 .1 By the date of this memorandum (June 1966) the Federal ;. 

ao !f government was reported to use 2600 computers, employ 71,000 people 
~ I 

U. ;1 in computing activity and to spend "over $2 billion annually to acquire 
i 

~ 
~., 'i and operate this equipment, including special rnili tary type computers." 
-:j 

~ Z3 i (Id., P • 2.) 

z!\ The Department of Justice reviewed the growth of the 
I 

_,_~ :industrv in its submission to the Federal Communications Co~~ission's I . 
I 

! 
f ,I 

" 

I 

! 
i 
I 
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1 I computer inquiry in 1968. After commenting on the n startling" 
i 

2./growth of the "rapidly evolving, highly competitive data processing 

l: I:indu,stry'" (Plaintiff's Admis·sions, Set II, ,t1f' 312.4- .10), the 
I 

4-\'Justice' Depactment stated:; 
i' 

5 I' 
I 

I 
I!!! , t 

~1 
I 

"'The qrowth of computational capa'bility has· been 
accompanied by a rapid growth in the diversity of 
computer applications, •. 

7' if tf (One source listed over] l, 200 computer applications 
11 in such diverse fields as business, government, manufacturing, 

8 , educat'ion, law, medicine, sports, science, engineering, 
I 
I natio·nal defense, social welfare, music, and language." 

9-1 (!!h, 1111 312.11- .12.) 

'10 ! The Department of Justice identified quite clearly the 

11 ! increasing importance of communications processing and on-line 

I . 
l2. I computJ.ng • 

I 
13i 

i 
I 

l~\ 
lS! 

"The number and variety of remote access data 
processing systems, both real-time and batch processing 
time, is already very large and rapidly growing." 
(Plaintiff's Admissions, Set II, ,r 312.23.) 

The Department of Justice gave examples of the uses of I 
l6 a :' remote access computing: 

17 I 
18 II 

19 1l 

zcr 11 ., 
a 

21 !f 
[1 

22. !t 

231\ 

Z4 il 

Z5 ;1 

II 
:1 

11 
li 
II 

"The following categorization of existing applications 
is sufficient to underscore the commercial and practical 
importance of the entire remote access computer industry: 

"(a) Conversational time-sharing systems (always 
real-time) -- these involve the simultaneous sharing 
of a central computer among a group of users located 
at remote terminals and connected to the central 
computer by communications circuits. . 

"(b) Inquiry systems (usually 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; 
the system enables remote users to query a frequently 
updated central store of information. 

" (c) Remote batch processing systems -- these 
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systems permit the central processing of tasks that 
originated at and are transmitted from distant 
locations. 

It 

•• (fJ In£o·rma,1:·ion distr'ibution systems -- these­
systems, capabl.e or operating on either real-time 
orba,tch basis, o·ften operate like inquiry and 
docume-nt-produ:ction systems without the need for 
specific-, repeated customer inquiry. 

"(g) As information relevant to the needs of 
a particular subscriber is received by a centr·a·l 
computer of 'such a system, the information is automatically 
and sele'ctively transmitted to the subscriber via 
communications lines. 

"(h) The distribution of railroad freight traffic 
information to railroad traffic age·nts, shippers, 
and consignees is an example of such a system." 
(Id., 1f 312.24.) 

The variety of new applications and the changes in the types 

of uses were highly interrelated with the EDP suppliers' de.velopment 

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

:. System/360 to facilitate communications-oriented processing (see above, 
.. it 
::;~ pp. 290-94, 311, 314-20, 324-26, 417}: and the-perceived growing impor-

7 
] 
;1 tance of r'emote computing and time sharing heavily influenced the 360 ., 

S ;\ Model 67 and then the System/370 planning. (See above, pp. 419-31, 913-
Q ~, 
.. ;; 18.) Similarly, these were the years of the Proj ect MAC development and 

'I 
·t 

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

1. :\ Technological advances and improved capabilities. implemented by EDP sup-
~ 

2 :! ?liers facilitated the expansion of computer a~plications. At the sa~e 

~ 1 ~ime, individual suppliers had to tailor their development efforts to 

~~ .\ satisfy the changing demands of the users. 
I 

~ ! As stated in GE's APL "Master Plan" in January 1970: 
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"This unusual- gro-wth rate [of the computer indust-ryJ stems­
from high customer accep-tance and his exploitation of the 
computer I· s . abi-li ty as well a·s the industry 1 s ability to 
con-st·an-t;~y imp-cove the p.rice/performance capability and 
system adaptal:i·ili.ty. The shift of customer usa.ge from 
batch:· to., di.ref:t access, the greater use 0 f communications, 
and· the eve-r-e~di;nqs,e:t of a1?p·li:cat~ons -- all indicate 
the· dynamic"# g~rGwinq nature of the· industry and, in fact, 
provide the basis for the growth- which must be in tune 
with these moves-by the customer. It (PX 353, p. 18.) 

d. Il!lP·l:oved Price/Performance a·nd Ease of Use. The 

increase in the ~ay.s. in-- whi.ch computers were used were made possible 

by- sharp price/performance improvements, increases in computer capabili 

ities,- and, in particular, by increasing ease of use.. These change-s 
to; 

I both increased computer usage by existing users and produced a large 
il i 

I influx of new users in the period 1963-1970. , 
!.2.! 

I 

lZ ! ... 1 
, 

l4- : 
! , 

Similarly, Perlis testified that as the "price/performance 

of the hardware- side- of the computer" improved, "our appetites as 

users of the computers" increased. II (C]omputers 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, 
I 

I 
I 

I 

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-

- I 

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

OX 3753 (Tr. 80193).) 

Withington wrote in 1965 that "[t]he 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." (P"X 
4832, p. S.) 

i In 196$: 
i 

~I 
i 

s:f 
i 
I 

61 
I 

7 !I 
I • 

·"As the costs' of complete computer systems decline, 
thousands· 0'£: new llS:eI:S appear and marginal applications 
0-£ existi!lg us_ers bec:ome' justified." (EX 4833, p. 10.) 

The computer was becoming more familiar and, in particu·l.ar, 

i eas·l;.er for human beings to use. A good deal of this was due to the' 
! . 

a! 
j improvement in software .. 
i 

Highe·r level languages had made it possible 

~ I to program in languages more readily accessible to human beings than 

10 i' the ones and zeros which characterized machin.e languages.· Also, 
I 

II I advancing operating systems made it possible to program without the , 
tt! !r annoyance of having to keep track of memory addresses or do hexadeci-

01 mal arithmetic. 

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

16 [J 
I 
1 

17 l 
I 

I 

1a !. 
II 

191' 
"'0 it 
~ il 

:1 
21 II 

n[CJurrent 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." (OX 9110, p. 3.) 

This was an important feature, because. programming talent 

22. !t was "scarce". (~, p. 2) * 

2310perating systems and other 

Given such shortage, the improvement of 

sophisticated programs became more and 

Z~ :\--------­
;1 

25 'I 

I 

11 
'I 

il 

* Similarly, Withington wrote in 1965: 

"[T]he productivity of the individual computer programmer is 
increasing. Until recently, it was necessary to prepare all 
computer programs in the specific language of the computer and to 
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% specialized in providing such programs to users. (See above, p~. 851-
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53; PX 4832, pp. 10-11; 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 programmirig 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 quickly. • • . 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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ItIf it sounds like I am promoting interactive computing, 
it's because ~ a·m.. I believe it represents a revolutionary 
new way of using computers to solve problems, and we are 
only beginning to understand what it means." (OX 3753 (Tr. 
8019·1).} 

Computer E'J::ice/performance was also improving very rapidly 

5. I~ in quantifiable way-sa Hart, w·riting in 1971, wrote that "[t] he 
i 
I 

a! changes which' occu.rred in the 14 years between the 701 in 1954 and the 
I 

t 

7 i1360/65 in 1968 can only be described as revolutionary." The cost per 
! , 

8~! problem had improved by a factor of 100. "For $20,000 you can now 
1 9'-! purchase a whole minicomputer which could run rings a-round~the 701. It 

10 ! This, of course, enabled more efficient use of increasingly expens·ive 

11 i scientific personnel. "It is interesting to note, during the past 20 
i 
i IZ.! years • • • while computing cost has gone down by a factor of 1,000, 

13 11 costs of engineers and scientists has tripled." These improvements 
! 

l~! "have largely come about from revolutionary changes in computer hard­
i 

15 : ware technology", however, "[t] here has also been a revolution in 
I 
I 

16 ~!software technology which has helped to make more efficient use of 

17 !I computer hardware':'-this is the operating system (currently typified by' 

18 :1 IBM's 05/360).· (DX 3753 (Tr. 80187-88).) 

19 il Other witnesses also attested to the improvement in price/ I 
za:lperformance. For example, Frank Heinzmann of Eastern Airlines observed I 

J 
21 iIi? 1973 that "there has been a fairly dramatic improvement in the 

2.2. l!price/performance, particularly over the last six or seven years". 

23 :1 (DX 5l54~ Heinzmann, pp. 3387-88.) William Terry of Hewlett-Packard 
:1 

24 :jexp1ained in 1973: 
:I 
:! "[I]t 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 [~n 1966], the 2116 was 
a very large box, hea·vy, ho,t, with 8,000 words of memory 
and sold for something like- $28,000. Seven years later I. 

3: 
I 

~i' 
j 

5"1 
I 

I 
5; 

[1973] we offer an improved machine, in almost every 
r~spect fo-r sottlet-hing· like $-5, 000.' That is an illustration 
from my own company of how ra-pidLy this change has been 
taking place." (DX 4113 ~ Terry, pp. 33l4~-lS.) 

The statistical evidence of the price/performance improve-

i ments is dramatic. Some e-xamples' for IBM products make the point. 
7 11 

:1 The IBM 65'0 process-or, announced in 1953, was able to proces-s 700 
!f 

S'l . . 
! ~nstruct~ons per second; the 1401 processor, announced in 1959, was· 
i 

9-1 able to process 5,000 instructions per second; the 360/Model 30 

10., processor, announc-ed in 196-4, was able to process 30,000 instructions 

11 ! \ per second, a 4·0 times increase in speed over about ten years. 
I 

Max~um main memory increased from 10,000 bytes on LZ I (OX 4755.) 
I 

13 I / / (14 2 I the 650 to 65,536 bytes on the 360 30, or by 6-1 2 times. DX 0, 

The rental price of the 360/30 at announcement, 14.1 p. 11 ; D X 911, p. 5.) 
lSi I however, was about equal to the rental price of the 650 at announce--

16 a Ii ment. (OX 1402, p. 3; OX 911, p. 6.) Welke testified that with 

17 llrespect to the cost of the central processing unit's operation "from 

18 ;,one generation to the next on computers, if you speak of the IBM line 
:1 

19 11 0f equipment, the second generation being a quantum step lower than 

20 :, the first • . 
tl 

Taking the first generation as one, the second 

21 It generation was ten times as fast or 1/10 the cost. The third genera­
~ 

~ lltion would be ten times that or 1/100 of the first." (Tr. 

Z3 J17304-05.) In addition, progress in memory components has meant that 
;1 

24 J "not only have the components been improved in their efficiency, in 
I, 

25 ! their ability to perform reliably, but the space or the sizes that 

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

2: one in 1948, [has gone] down to one thousandth of that in 196'8, and 

3: hopefully down to a millio·nth of that in 1988." (PX 289;: Perlis, 

40-. Tr. l829.) 

Similar improvements were achieved in peripheral devices. 

6 For example, IBM's 350 magnetic disk drive, announced in 195-6, had a 

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

a milliseconds and a capacity per spindle of 4.4 million characters. 

_ 9- I (OX 3554D.) The 2314 disk drive, announc~d in 1965, had a data rate 

10 IOf 312,000 characters per second (over 35 times faster), an acc.ess 
I 

1l ! time of 75 milliseconds (80 times faster) I and a capacity per 
I 

ttl spindle of 25.87 million characters (5 times greater). (OX 35540.) 
i 

IS i The storage capacity per dollar of rental increased from 7,692 charac-
I 

l~!ters to 38,255 characters. (Tr. 94860-61; JX 38, pp. 439-40; PX 6072.) 
i 

15 !IBM magnetic tape drives from the 729-III, announced in 1957, to the 
I 

16112420 Model 7, announced in 1968, achieved a three-fold increase in 

17 ilrecOrding density·and a six-fold increase in data rate per dollar of 

181frenta1. (Case, Tr. 72650-55; JX 38, pp. 840-41; PX 4526, p. 3; 
1\ 

19 1'ox 3553B.) 

2D il Or. Perlis estimated that the price per operation had 
" 
'I 21 !!d~creased "a thousand to one" during the period 1948 to 1968 and 

22 t!prOjected the same decrease for the period 1968 to 1988. (Tr. 1993.) 

~_ ;t - These improvements in ease of use, price/performance and 
~" 
Z~ llcapabilities, attracted new users, enabled existing users to expand 

: their data processing and contributed to the explosion of the uses of 
25 

To take advantage of such improvements, existing users 
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L upgraded and conve'rted their old equipment. Withington testified 

2 that "during the entire eight-year period, 1955 to 1963, something in 

l. the range of: 30. to 40 percen.t of users having acqu.ired one computer 

+-1' sys.temchanged· to a computer system of another manufacturer." 

(Tr. 5,7678.)- Further, "'perhaps 40 to 50 percent of users acquiring an 

initial system from one manuf·ac·turer subsequently converted to a 

no.ncompatible compute:r system of the same manufacturer. II (Tr. 57680-

Such changes generally cost users time and money--personnel 9: 
1 la 1· had to be retrained and programs had to be converted--and customers 
( 

I 

12.1 
13 ;, 

::1 
15 ;1 

11 [I 

lS :r 
:1 

19 :1 

""0 :1 
" r ., 

,I 
-1 '1 
~I! 

'.j ,., .; -., ., 
J 

Z3 'j 

Z'" :i ~, 

i 
I 

ZS .1 
·1 
'\ 

took those costs into account in making procurement decisions. ( See·, 

e.g., J. Jones, Tr. 78771-72; OX 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 a-lso J. Jones, Tr. 78868-69, 

78877-78; OX 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 conversibn costs required." 
( OX 3 7 5 3, ( Tr . 8 0 19 2 . ) . ) 

-943-



57. Conclusion. As we have just discussed, continuous r ; 
~ :1 

innovation in compute'r techniques and technology during th.e 1960s led 

r f to dramatic imp'rovements in the price/pe-rfo'rmance, function and 
I' 
I 

$.; usability of computer systems'. 
I , 

Users, cO\lld do their compu,ting fas,ter" 
, , 

chea:p8'r and easier, and' also do 'a, whole. host of new applications, that 

could' not previously have bee·n done' cost effectively or" perhaps, at 

all., The new wave of applications that emerged--particularly real 

time, on-line, interactive types of applications--permitted users to 

g.: make, computers an integral part of their businesses, rather than 

a \ me~ely fast ac'counting machines to do a f>ayroll or perform statistical 

! calculations. The resultant potential for increased business produc­
~i 

; tivity through the use of computers attracted new users and provided 
Zi 
Z :,:,1' existing users wi th incentives to expand their computing installations 

and apply their computer systems to ever more sophisticated applica­
~. ; 

! tions. 
=~ 

I 
I 

t 

-; 
The histories of individual companies and types of competitors 

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 

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

of hardware and software that users wanted. Such attempts led to a 

s'tretching of the technology and still further performance and cost 
Z2 '; 

;i breakthroughs. 
,_ I 

As that cycle repeated itself, hosts of opportunities 

~ I were created for companies to grab a new or a bigger slice of the 
! Z! ,! i action. Existing suppliers were able to and did expand their operations; 
i ... -

~= j and grow rapidly, and a variety of emerging new suppliers were able to 

I 

i 
i 

.\ 
I 
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1. ( achieve startling success in a. relatively short period of time. 

As the technology and the applications changed, so too did 

3 r. ways in which users acquired and changed their computer systems.. In 
, 
; 

4-1 the 1950s and early 19'60'5, customers installing their first systems 

=- 1--I 

a II 
7 :J 

a 'I 
~l 

typically acquired a complete system from a single system supplier. 

(See O'Neill, Tr. 76243; PX 4.829, p. 34; OX 56-54, 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 computing capability also, typically, acquired 

~ complete, new' systems. (See J. Jones, Tr. 78714; Withington,- Tr. 10; 
l 56170-71.) During that time period, however, "competitive necessity" 

ll~ 

I was ringing in a new order, and manufacturers were being forced to 
T., I 
-ll a make their systems more and more modular: 
13, If 

!i 
!.~ :1 

1S ;1 

16 '( 

;t 

"As users' demands for ••. breadth of hardware 
functionality grew, the manufacturers attempting to compete 
were forced to maintain continuous developm~nts 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.) 

17 'I 
'.tcustomers were interested, for example, in having the option of moving 

15 I 
:;to a larger central processing unit without reprogramming and without 

19 . 
lreplacinq all the other parts of their system: 

2.0 i 
'i 
I 

-'T :1 
~- l 

Z2 

z:3 

., .. --

..--;---

"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 beting replaced in a modular 
fash~on 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." (~vi thington, Tr. 58270-71.) 
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Whether or not a sys-tem offered that flexibility was one factor users 

~: took into account in making procurement decisions. .. -

(See J. Jones, 

t! Tr. 78-98-0-8:3 (Southern Railways selection of IBM 7040/44) i Plaintiff ,- s 

$a i Adm~ssions, Set IV, 1(',- 66 .. Q-.-2 (Knolls and Bettis selection of Philco 

2000 Models 211/212) •. ) 

As we have seen (s-ee pp. 29-6-304, 332-40 above), IB,M, respende 

7-;l first a'nd mOst;.-- for-cafully to this compe~ti tive inrpetus and reaped- t.he 

a ~ gr&atest benefits frellt dining so'. But, as IBM and other systems supplier 

accommodated users by making their product lines more modular (see, 
~~ 
a ~ e.g., Withington, Tr. 56174-75, 58229-3,0), they also created opportuni-

! ties for new compet-i tors to begin marketing boxes directly agains-t the 
1: 

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

If_ which now could be reconfigured at will. Moreover, entry of such box 
:3 If 

! suppliers was facilitated by their ability to tap the software support 
.4. : 

: of the systems suppliers and copy the designs of their products. Thus, 
::' - : 

, as O'Neill of American Airlines testified: 
.5 :t 

:t .7 ;, 

.S :t 
;1 

'Q :t 
.. - "r 

·0 :t 
~I 

'I 
.! 

"(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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1. 

4.. 

5' l-
i 
I , 

.-.' 
c: it 
7 il 

If s: 

i 
10 " 

II 
f 

"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 .. • . • 

"Wba.t that me'ans is that we can qet our data 
p~ocessinq. done. at a lower cost." (Tr. 7624'4-45, 76,242..) 

O'Neill continued: 

"We [American Airlines] tend to buy boxes [rather 
than sy·s terns J • 

" . . ... . 
"We can put together the pieces and pick and choose 

the bes·t boxes at the lowest cost from the various 
manufacturers that are offering those boxes." (Tr. 76249; 
see also J. Jo,nes, 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 

l2.i I systems--box by box. (See, e.g., Withington, Tr. 56026-27.) The 
i, :, 

13 ;[ Federal government and others turned to PCMs for replacement boxes. 
!l 

1+1 (See ox 5212, pp. 1-2; DX 7568; OX 5654, Webster, pp. 248-52; OX 6257, 
I 

15 i Gold, p. 119.) 
I 

16 :1 By 1970 "many acquisitions decisions were already being made 

l7 :1 in a modular fashion" and customers were increasingly "adding computer 

1S :1 products" in lieu of replacing whole systems. (Withington, Tr. 56189-

19 :190; Akers, Tr. 96667-70.) V. O. Wright explained: 

za I "During the time even when I was in IBM, in the late 
.! 1960's, placing that in the time frame of '68- 1 69, there 

2! :\ was developing at that time a change l.n the manner of 
J marketing and in the manner of buying data processing 

22. '\ equi pmen t • 
... _ 'J 
~ '\ 

24. ·1 
I 

2.5/ 
j 
:i 
'r 
i 
'j 

I 
q 
[ 

"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 equipment in the 
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I 
i· 
I , 

:1 
;J 

l 
:1 

, 
I 

federal government because they viewed it from the stand.­
point of its saving the Government money by buying a large 
numbe-r of ma.gne-tic tape units, a large number of disks at 
a quantity price,' in which they were able to get· further 
dis·counts.· anG1 attaching' those 'uni ts to IBM systems. 

"~SO: sp'eeifica:l~y- in. answe·r to your question, in- the 
late ~960' s :the're· was a· new movement underway whi.ch did 
focus much mo·re on' boxes than it did on systems, particularly' 
afte-ra sys'tem was first installed and the advantages might 
be realized· by reducing the cost of those systems by replac­
ing certain 0·£ the boxes in those systems. 

"Q .. D·id. that continue,. sir, during the period of 
time,. that meveme-nt toward boxes, that you were at the RCA 
Corporation,. that is, from the beginning of 1970 until the 
be9inn~ng of 1972? 

"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.) 

'1 Nor did the box competitors limit their focus to IBM. 
il 

• ,!According to Wright, who was Chairman of RCA's Peripheral Task Force 

.. i in 1970, RCA performed a market survey and was both "surprised" at the 

r : amount of non-RCA equipment attached to their systems and "quite 
~ ,f 

r :! shocked" at the number 

· .I non-RCA peripherals to 

of users who expressed an intention to attach 

RCA systems in the future (Wright, Tr. 13554-57; 
.r 

) ;1 ox 862) : 

t .j 
.f 
:I 

l! 
:1 
t 

T :1 . ~ 

~ , .~ 

- ·t 

"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 
3 'i 

: area of systems software as well. That trend coupled with users' 
! :\ 

-.. ... 
!unslakeable thirst for applications programming, triggered an explosion 
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l. 
I 

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

Z (See above, pp. eS3-5S, 8'38-39 .. ) In the meantime, leasinq: c-ompaniQs' and 

1 s,ervice bure·aus were also burgeoning and providin.g a host of new alter-

4.. j natives for users and increa-sinq- competi ti ve pressure on hardware 

=- ~- manufacturers. (See- above, pp-. 807-14-, 8·26-46.) 
i 

6 1 For all of 360' s spectacula·r success, IBM could not match the 

7:1 growth of all these competitors. The expansion of EDP companies during 

a 11 the 1960s, both in number and size, was astounding. We have seen 

~ I already (p.p. 923-26·, abov.e) that the joint depos-ition :oroqra1Tt o-f - : 
10 ! various EDP companie.s (Census II) revealed an exponential growth in the 

• 'T ! number of companies reporting U. S • EDP revenue s over the years 1952 
.1._ ; 

through 1972 and a similar growth in the total u.s. EDP revenues of 
ttl 

! those companies. (Dubrowski, Tr. 84209-10; DX 8224.) From 1961 through 
r- I 

~~ 
I 1970, the number of companies reporting u.s. EDP revenues increased 

!-4- ' , 
from 98 to 582. (DX 8224.) Moreover, from 1961 through 1970, the u.s. 

15: 
~ EDP revenues of those companies, as reported in Census II, exclud~ng 

f6 ~I. • J 

~ J IBM, grew from $796,386,000 to $6,820,225,000 or an amazing compound 
J.7 :i 

:tgrowth rate of 27.1% per year. During those same years, IBM's U.S. EDP 
r S ~ 
- Jrevenues grew at an impressive but lagging compound growth rate of 
19 .i 

:~ 1 7 • 6 % per year. ( OX 3 811. ) 
za '1 

'1 The implications are perfectly clear. Hundreds of new .,r :1 
-- jcompetitors entered the industry. In the.aggregate, the U.S. EDP 

22· 
;\revenues of those companies grew some 55% faster per year than IBM over 

ZS!the entire period. As a result, IBM's share of total U.s. EDP revenues 
.I 

Z;1j 
.Ifell: 
I 

from 1961 to 1970, IBM's share of the reported u.s. EDP revenues 
.,c: ' 
-- ·Idropped dramatically from 51% to 34%. 

I 
(DX 3811; OX 8224.) 

:j 

i 
:! 
-I ., 
: 
:i 
j 
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L Similar trends were evident in the Federal government. In 

2. 1967 the GSA Inventory of gen.eral purpose ADP equipment included hard-

1 ware s·upplied by' 1Q-4· different companies., (DX 4,579.) By- 19'72., that 

4. i·: number 'had risen. to 3·4~O. CD.X;· 4'5'84 •. ) Moreover, between 1960 and 197-2'" 
. I 

~ ~ IBM's share of the number of computers installed in the GSA inventory 
\ 
I • 

e t fell from· 54.8% to 21.2%. (DX 4 593, p. 7.) 

i 

I 

i 

CZ II 
lZ ~J 

" 

"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.) 

1iIn short, one of the results of competition in the computer business was 
~~ :) 
~ j 

l that companies in the industry were constantly forced to come out with 
r.5: , 

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

It and in order to get additional customers. (Hindle, Tr. 744 S -49 i s~e alSi' 
L7 :1 

:tR. Bloch, Tr. 776l-62~ R. Jones, Tr. 8865-67; McCollister, Tr. S697; 
LS ;1 

it Hangen, Tr. 10423-24; Withington, Tr. 56556-58.) i 

19 :i I 

:r The competitors in the industry have attested to the increase I 
za J 1 

:lin competition during the 1960s. McCollister of RCA described the I 
Z1. ,! ' i 

Jappearance of "more prominent and vigorous competition [more sources of \ 
2.2.; 
~_ 1 new product introduction] in the last ten or fifteen years [1960-75] 
~I 

tthan there was at an earlier time •. 
i 

" (McCollister, Tr. 9313.) 
Z~ :\ 

.j Terry of Hewlett-Packard described the "explosion of competitors". (OX 
2: '! i 

\4113: Terry, Tr. (Telex) 3316-17.) Hindle of DEC described the industry: 
t 
i 

'I 
\ 

! 
1 

.1 
t 
I 

:1 
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I. 

Z 

i· 

4. \-: 

ttl 

1- 'I .u . 
; 

t4- ! 
I 

as Ita tough competitive marketplace." (Hindle, Tr. 7448; see also 

R. Jones, Tr. 88·65-67; Hangen, Tr. 10415; Butters, Tr. 46654; 

Oelman., Tr,!, 612:9=-30; p·x 1077; DX 1406; OX 4806; OX 193, pp. 2:.-3.) 

Th .• result of this competition. for the user has been a· 

veritable bonanz·a. Use-rs. have been· rewarded with cons·tant~y be·tter 

products at increasingly lower prices, as the technological advances 

have been pass·ad on to users through the competi ti ve pres-sures of the 

market. (S'ee Withinqton,.· Tr. 56580; Hangen, Tr. 10423-24; R. Bloch, 

Tr. 1761-62; McCollis.ter, Tr .. 9697; PX 376, p. 19 i OX 7523, Farrar, 

pp. 56-57; OX 4321; PX 4·830, p. 29; OX· 9067, Higgins, pp. 104-05; 

OX 7527, Slaughter, 'pp .. 109-110; OX 7528, Mahoney, pp. 17-18.) Comment 

inq 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." (OX 3132, p. 4.) I 

Competitors have been forced to march to the customers' 
I 

tune, I 
As Withington testified, "'the user controls this industry in the 

I 
end' " .1 

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 processinq, or if its price/performance 

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

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

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

mated Data and Telecommunications Service of the General Services 

I 
I 
I 
I 
! 
i 
I 
I 
I 

Administration, wrote, and Elliott Gold, Director of the ADP procurernentj 
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" Division of the GSA, concurred.: 

i 
.. 

" 'The e·ssential point tha.t we wish to convey is that 
the curren-t ADP market is: dynamic and extremely competitive. 
The emergence of new sources of supply offers considerable 
oppo,rt.uni.ty. to. pr'cduce significant economies in the procure-
ment c·f AE}!p. equi·pment .. ' ,. (D:X. 6257: Gold, pp .• 9'6-97 e) 

• 
~ ,. Fo·r the users of 'EDP equipme'nt, thi.ng·s have only gotten better e-

I 
I 

! 
~ ;, 

;1 
~ \, 

l ;1 

:= •• ! 
I 

I 
~ 
! 

I ., , 
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