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"somewhat in excess of twenty" to "well over a hundred"; 

(ii) the number of installed central processing 

units increased from 6 to "in excess of one hundred and 

fifty" ; 

(iii) the number of disk drives increased from none 

to approximately 60 (16 IBM 3330 Model lls, 8 IBM 3350s 

and over 40 Data General disk drives), with a total of 

nearly 6.5 billion bytes of storage capacity; 

(iv) total main memory increased from about 

128,000 bytes to approximately 27 million; 

(v) the number of programming applications 

increased from under 50 to approximately 300; and 

(vi) the number of application programs increased 

from 800-900 to about 8,500. (Tr. 78956-58.) 

Third, from a system, in 1963, made up almost exclu-

sive1y of IBM-manufactured products, it has developed into a 

system comprised of the products of more than 25 different 

vendors. (Compare OX 3731 with OX 3729.) In 1963, virtually 

all of the EDP products in Southern Railway's system, with 

the exception of several analog computers, were of IBM manu-

facture. (DX 3731.) In 1978, less than one-fifth of the 

boxes in Southern's system were manufactured by IBM. (See 

DX 3729.) And Southern is spending substantial sums of money 

on the EDP equipmen.t of IBM 1 S competi tors. For example, in 

1972, Southern embarked on a project to install Data General 
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1 computer equipment. In that year it spent $500,000, and 

2 during the period 1978-1980 it will spend an additional $6 

3 million for Data General computer equipment as part of its 

4 on-going project, funded and approved by Southern management, 

5 to install Data General equipment at additional Southern 

6 yards. (Tr. 79995-99, see Tr. 78967-68, 79032-33.) In 

7 addition, Jones has submitted a request for an additional $1 

8 million to purchase a Data General M600. (Tr. 79999.) 

9 Thus, Southern's spending patterns have changed substantially. 

10 While Southern spent $9.8 million on IBM equipment during 

11 the eight-year period 1970-77, it will have spent $7 million 

12 in the three years that followed on equipment from Data 

13 General--a company which was not formed until 1968 and 

14 shipped no products at all until 1969. (See PX 5715; p. 1149 

15 above.) 

16 d. Southern Railway I s "major" acquisitions. As 

17 stated,Jones identified several "major" acquisitions by Southern 

18 Railway in the years since 1963, when he joined the company. 

19 ( See p. 14 3 5 above.) 

20 (i) The 7040/44 Acquisition. In 1963, "there were 

21 three separate and distinct computer systems in place, one of 

22 which was doing the revenue accounting operations of the railroad, 

23 one of which was doing the expenditure accounting operations, and 

24 a third of which was doing some processing in a very elementary 

25 way to support the railroad operations". (Tr. 78953.) Revenue 
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;1 accounting was performed in Atlanta, Georgia by an IBM 705 Model 

2 2 processor, with two 'IBM 1401 processors "which were doing the 

3 peripheral processing for that machine; that is, the card-to-

4 tape, tape-to-print • . . 9perations". Expenditure account-

5 ing was performed in Washington, o. C. by an IBM 1401 processor 

6 and six associated tape drives. (Tr. 78954.) "Elementary" 

7 support of the railroad's operations was performed in Atlanta by 

8 an IBM 7074 processor "and an associated 1401 for the peripheral 

9 work". (Id.; see also DX 3731.) 

lO "[W] ithin the first week or two" that Jones was at 

~1 Southern Railway, he was instructed by the railroad's President 

l2 to do two things: "first of all get on with the job of supporting 

operations by the development • of a real-time system, and 

.4 further, to do this in such a way that the end result was ••• 

. 5 a single general information system for the railroad as opposed 

,6 to what he had right then, which was three segmented systems" • 

.7 (Tr • 78955- 5 6 • ) 

8 To carry out those instructions, in 1963, Jones selected 

,9 IBM 7040/44 processors (with 7740 communications controllers, 

~O 1301 disk files, and 1050 "dumb" terminals) to replace the 70S, 

:1 7074 and one of the l401s. (Tr. 78970, 78980, 79049-50.) When 

2 it "became apparent that [the 7040] processor "was not going to 

3 be of adequate capacity", Southern installed 7044 processors. 

4 Jones testified that the 7044 was a "pure binary machine "--

5 thought by some at the time to typify "scientific" computing--yet 
~ 
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the 7044s were installed by Southern Railway "almost totally" for 

"business data processing": payroll, revenue accounting, accounts 

receivable. (Tr. 78983-84.) 

Jones selected the 7040/44s for three basic reasons. 

For one thing, the new on-line system would have a heavy communica­

tions load and would have to process data "in a very timely way 

and make it available to various parts of the railroad operation 

for taking action". (Tr. 78980-81.) Accordingly, Jones believed 

"it was very important that the hardware and the program support 

in the form of what we now call the operating system support was 

available. The 7040-44 family had that capability already and 

available in terms of its hardware and its software". (~) 

Second, "the 7044 family had in my evaluation the best COBOL 

compiler that was available at that time". (Tr. 78981-82.) 

Finally, because Jones was unsure as to the size and growth rate 

of the new system's workload, he was "very concerned over selecting 

equipment which on one hand was economical and on the other hand 

had the ability or capacity to be expanded, should in fact that 

be required". (Tr. 78983.) 

(ii) The System/360 Model 30 Acquisition. In 1964, 

Southern Railway ordered 3 System/360 Model 30s which, according 

to a Southern Railway evaluation, had ·"twice the memory size, six 

times greater internal speed and twice the printing capacity of 

the present l40ls being replaced in Atlanta". (DX 3726.) It was 

anticipated that the effect of replacing the Atlanta 140ls with 
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; 1 the Model 30s would be to reduce Southern' s monthly rental pay-

2 ments to IBM by $4000; the possibility that the Model 30s would 

3 also replace another 1401 in Washington would save an additional 

4 $4000 - $5000 per month. (Id.) The memorandum, which was based .-
5 on information supplied by Jones, observed: 

6 "Prices of computers have been coming down while the computer 
capacities are being increased tremendously. If IBM does 

7 not bring out new computers at reduced prices, their competi­
tors take the business." (Id.; Tr. 78988.)* 

8 

9 

La 

Ll 

L2 

L3 , 
l4 

l5 

l6 

l7 

l8 

19 

!O 

~1 

!4 

Southern originally leased the 360/305 from IBM 

"because we anticipated that • • • our estimate of the five-year 

life of the 7044 system was probably reasonably accurate, and at 

the end of that term we intended to go out and evaluate all of 

the machines that were available to determine what the best 

choice was". (Tr. 79039.) Subsequently, however, Southern 

entered into a 6-year lease of the Model 30s with Boothe Computer 

Leasing containing a "very stiff" cancellation penalty. (Tr. 

79040.) 

(iii) The System/360 Model 65 and 50 Acquisition. In 

1969, Southern installed two System/360 Model 65 processors, two 

Model 50 processors (which were to perform the "teleprocessing" 

part of the application), seven 2314 disk drives, two 2703 

communications controllers and twenty-four 2420 tape drives 

(Models 5 and 7). (Tr. 78970, 78999; see 79068-70, 79603-05.) 

* In fact, before delivery of the Model 30, and due to cornpeti-
~5 tive pressures, IBM improved its memory performance and reduced 
~ extra shift charges. (See pp. 385-90 above.) 
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1 Subsequently, a million bytes of Ampex-manufactured memory was 

2 added to each of the four processors. (Tr. 79843.) The newly-

3 acquired 360/50 and 65 and the peripheral equipment "replaced the 

4 entire 7044 complex", which consisted at that time of three 

5 7044s, two 7740 communications controllers, four 2302 disk devices 

6 and 16 to 20 tape drives. ( Tr . 78 999. ) 

7 Prior to deciding on the IBM equipment, Southern 

8 "seriously considered and benchmarked" the IBM 360s, Univac 1108, 

9 RCA Spectras and Burroughs 6700 family. (Tr. 79353.) Jones 

10 added that conversion from the IBM 7040/44 equipment to any of 

11 the considered options, including IBM System/360 machines, was 

12 estimated at the time to be "about equal in difficulty". An 

13 exception was a conversion from the 7044s to the Univac 1108, 

14 which he believed would have been "somewhat easier" than any of 

15 the others because both machines were "pure binary" computers. 

16 (Tr. 79043-44.) Southern also considered--but in "much less 

17 detaillf--products offered by CDC, Honeywell, NCR and General 

18 Electric. * (Tr. 79353.) 

19 All of the IBM equipment except the 2703 communications 

20 controllers was purchased "because it was our evaluation that the 

21 size of hardware and the expandability of it • . . would handle 

22 our requirements we felt for approximately eight years". (Tr. 

23 

24 

25 

It 

* Despite the fact that Southern "had been a large customer of 
General Electric in other areas", Jones rejected General Electric 
because he concluded that General Electric was "not a viable com­
petitor" because "there were some serious problems in terms of 
how they were managing (the Computer Division]." (Tr. 79353-54.) 
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·1 79041.) The 2703s were leased "because it was my opinion that 

2 these units, which were hard-wired units, that is, they were not 

3 programmable units--were not the way that this field--that this 

4 was going to develop". (~r. 79041-42.) 

5 (iv) The Burroughs TC-SOO ACquisition. In 1970, 

6 Southern decided to install Burroughs TC 500 terminals in its 

7 system. (Tr. 79044, 79062.) Jones stated that the TC 500 

8 "was the first programmable terminal, the first terminal 
that I was aware of that had in it a processor, a general 

9 purpose processor with memory and input and output, that 
could be programmed to perform in some way as the user 

lO desired as opposed to being hard wired". (Tr. 79045.) 

II Prior to acquiring the TC 500s, Southern had 33 IBM 

l2 1050 hardwired "dumb" terminals installed "for putting data into 

~ the computer for the on-line system". Southern also had 70 to 80 

l4 keypunch and key verifier devices used to enter other data via 

~5 punched cards. (Tr. 79045.) Jones purchased 100 TC 500s "to 

.6 replace both the IBM 1050s and the keypunch machines, because it 

.7 was possible on this terminal to program the Burroughs TC 500 so 

,8 that in one instance it imitated or acted just like a keypunch 

,9 machine or a key verifier and in the other case it could be 

~o programmed to operate from the point of view of the operator just 

~1 like an IBM 1050". (Id.) 

2 Because the TC 5005 used a different internal code from 

:3 that used by the IBM terminals I Southern "had to face the question 

'4 of how do you connect those machines to the 360s which were 

5 already installed". (Tr. 79048.) There were two options: IBM 
I 
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1 could make a "rather extensive hardware change" to its 2703 

2 communications controllers at a cost of $25,000 to $28,000, or 

3 Southern could replace the 2703s with a Burroughs programmable 

4 communications controller, the DC 1800, which "really consisted 

5 of a general purpose computer built by a company named Varian". 

6 (Tr. 79048.) Southern opted for the Varian alternative. Jones 

7 explained: 

8 "The Varian then was programmed in such a way that it 
would communicate with the Burroughs TCSOOs in the language--

9 when I say 'language', I am talking about the controls and 

10 

11 

12 

13 I 

14 r 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

and 

codes and so on that the Burroughs machine required, and would 
translate that to communicate with the 360 into the controls 
and code that the 360 needed. 

"So from the point of view of the 360, it was still 
talking to a 2703, but the fact was, this was a programmable 
control unit that it was talking to." (Tr. 79049.) 

Jones summarized Southern's installation of the TC 500s 

programmable communications controllers this way: 

"I wanted to point out for the Court that this equipment 
was installed in 1970, and that, to my knowledge at least 
particularly on Southern Railway Company, was one of the 
first times that processing began to migrate, I will say, 
out of the main processor into the peripheral devices. For 
example, because of the programmable nature of the Burroughs 
TC 500, there were certain formats and edits which had been 
made and checks previously in the main processor, which we 
now took and moved and put in the Burroughs TC 500 itself. 

"That made eminent good sense, because now, as the 
operator was keying to that device, if an error was made of 
a type of the changes that we had made, the device itself, 
the processor in the TC SOO itsel~ would stop the operator 
and indicate the nature of the error immediately, but long 
before in the prior system the data would have had to go 
through the central processor, be checked, and then sent 
back again. 

"So I wanted to point out this was the start of the 
concept of the distributed process in Southern Railway 
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~ 1 Company, and in fact in this situation we now had four 
computers in tandem: there was a computer in the terminal, 

2 the Burroughs TC 500, there was a computer in the communi­
cations controller, there was a 360/50, and a 360/65, all 

3 in tandem, each doing a part of the processing job. 

4 "I want to make that comment so it would be clear to 
the Court at what time this process of distribution of the 

5 processing started in Southern Railway Company." (Tr. 
79062-63.) 

6 

7 

8 

9 

10 

11 

15 

(v) The Univac OCT 1000 Acquisition. In the early 

1970s, Southern wished to provide its railroad yard and sales 

offices around the southern United States with "an ability to be 

hooked directly to the information system and acquire directly 

from it the information which they required in the conduct of 

their business". (Tr. 79064.) 

To provide.that capability, Southern leased 85 Univac 

DCT 1000 "dumb" terminals. The OCT 1000 was chosen, according to 

Jones, 

"because it was the most economical, in other words, the 
16 least expensive unit which had the capability of receiving a 

quantity of data and holding it and receiving that data at 
17 relatively high speed • • • and then holding it while the 

much slower action of printing that information out on a 
18 character printer occurred locally at the device--all the 

hardwired function." (Tr. 79064.) 
19 

20 

21 

~4 

!5 ,I 
II 
I 
I 

I 
I 

One problem Southern encountered was that the DCT 1000 

"operated in still a different protocol . . . than either the IBM 

equipment or the Burroughs equipment". However," •• with the 

Burroughs programmable communications controller in place, the 

way that problem was resolved was, we merely extended and added 

to the existing program in the Burroughs communications controller 

to add this synchronous communications capability and handle the 
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1 translation of the Univac protocol to the IBM protocol". (Tr. 

2 79065.) 

3 (vi) The System/370 Model 158 Acquisition. In 1974, 

4 Southern made another "major acquisition tt
: a System/370 Model 

5 158 and associated 3330 disks and 3420 tapes.* Jones explained 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

that by 1974, it had become 

"evident that as the volume of particularly the on-line 
system grew but also was providing data in that process 
which was being used as a by-product for many other func­
tions in the company, and as those applications grew, it 
became evident that it was indeed going to be necessary to 
expand the capacity of our at that time 360 network. We had 
very carefully designed the 360 network we beiieved in such 
a way that it was extremely flexible in being expanded and 
upgraded without major reorganization or revision of our 
overall processing scheme. 

"The 158 was installed, and the first one replaced a 
360/50 in terms of the on-line network that was installed. 

"The 360/50 was assigned to some other processing, and 
then at a later time, I believe the next year, a second 158 
was installed and in effect, in terms of its role or posi­
tion in the network, the information system, replaced the 
other 50, and then at that point, instead of using a Model 
50 to handle the teleprocessing part of the application and 
a 65 to handle the main data file handling, we assigned the 
65 to do the work that the 50 had been doing and the 158 to 
do the work that the 65 had been doing. 

"So we by that change greatly upgraded or expanded the 
capacity of our information system without disruption to the 
process, I should say." (Tr. 79068-69.) 

At the tLme Jones testified the 370/l58s were still 

22 installed at Southern's central site in Atlanta. He described 

23 

24 

25 

. 

* In 1975 and 1977, three more 1585 and peripherals were 
acquired, and by 1977 3 million bytes of AMS and IBM memory was 
on one of the 1585. (Tr. 78971, 79067-70, 79481-83.) 
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1 the types of alternatives available to him, should replacement of 

2 the l58s become "desirable". Those alternatives fell into three 

3 categories: 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

(a) install a plug-compatible CPU, available from a . 
number of companies, including Amdahl,· National Semiconductor, 

Magnuson, IPL/Cambridge Memories, and CDC. (Tr. 79311, 

79338-39); 

(b) "install equipment which is of comparable size 

to the 158s but operates not on a plug compatible basis but 

would be to take advantage, then, of our programs being in 

COBOL and translate the COBOL programs similar to the way we 

did from the 7044s to the 360s and translate them to a new 

set of machines, and certainly Univac, CDC, Honeywell, 

Burroughs, as well as some of the larger machines of DEC and 

possibly the M600 from Data General--I think Hewlett-Packard 

has a machine that falls within that category--I think there 

are a number of alternatives that we can look at in that 

class of alternatives, that is the COBOL to COBOL kind of 

conversion. It (Tr. 79312); 

(c) reorganize the system design so as to distribute 

some portion of the processing done by the 158s with, as 

noted earlier, "a very large number of possible combinations" 

including hardware offered by at least 15 or 20 vendors such 

as: Burroughs, NCR, CDC, Univac, Honeywell, IBM, DEC, Data 

General, Modcomp, General Automation, Interdata, Four Phase, 

-1446-



Wang, and Prime. (Tr. 79305-06, 79313-17.) 

(vii) The Four Phase Acquisition. By 1976, Southern's 

3 Burroughs TC 500s were "beginning to have some problems". (Tr. 

4 79073.) After six years of heavy use, their mechanical components 

5 "were beginning to show definite signs of old age". (Id. ) Also, 

6 "the electronics of the device being of the [1970]* vintage were 

7 not as reliable as was desired". (Id.) Moreover, the DC 1800 

8 communications controllers "occupied such a critical position" in 

9 Southern's network--with all communications from remote Burroughs 

10 and Univac terminals to the central site coming through them--

11 

12 Ii 

13/1 
14 i! 

lsi! 
16 1/ 

17 I 
18 I, 

I: 
Ii 

19 I, 
I! 

20 'i 
i 
I 

21 I 

22 I 
I 

23 II 

24 Ii 

25 

that it was "absolutely essential that they be reliable". (Tr. 

79074.) 

Consequently, Jones began to evaluate alternatives to 

replace the Burroughs terminals and controllers. He noted that, 

while in 1970 only Burroughs had, to his knowledge, offered 

programmable terminals, in 1976 there were more alternative 

products available than he could easily evaluate. (Tr. 79074-

75.) While Southern evaluated products offered by Burroughs, 

IBM, Sycor, Datapoint, "a large number of vendors had equipment". 

(Tr. 79075.) Ultimately, Southern chose Four Phase: 

"We took a look at several of them. However, the one 
that best suited the way in which we wanted to design and 
implement this data capture function, had the equipment 
which had demonstrated reliabili~y in terms of several 
hundred installations around the country, had good economics, 
a good price, as far as we were concerned, was the Four 
Phase equipment." (Id.) 

1

;,: * The transcript says "1960" but Jones obviously meant to say 
1970, since elsewhere Jones says the TC 500s were "evaluated in 

Ii 1969" (Tr. 79044) and "installed in 1970". (Tr. 79062, 79074.) 

I' 

-1447-



1 Southern installed approximately 6 Four Phase general 

2 purpose systems which included 100 CRT and keyboard devices. 

3 (Tr • 79075-77.) 

4 (viii) The Data 'General ACquisition. The last "major 

5 acquisition" discussed by Jones was that of Data General computers 

6 and associated peripherals, beginning in 1972 and continuing up 

7 to the time he testified. 

8 In late 1972, Southern installed Data General processors 

9 and related peripherals to function as a control system at 

10 Southern's then recently opened Sheffield Yard, a hump yard.* 

11 (Tr. 79077-79.) A yard control system controls all of the various 

12 devices and information systems used to govern the movement of 

13 railroad cars in the yard and maintain certain information about 

14 them. ** 

15 A company known as General Railway Signal was the 

16 "overall contractor on the control system" at Sheffield and it 

17 supplied the Data General computer equipment "as part of their 

18 contract" . (Tr. 79078-79.) Southern did consider some other 

19 hardware than Data General but in the final analysis selected 

20 

21 * As Jones explained, a "hump yard" moves railroad cars by 
"rolling them over a hump or a hill and letting gravity take 

22 effect" while in a "flat yard" "the switching is done by the 
locomotive shoving each car or set of cars". (Tr. 7908l.) 

23 
** Among the devices, there are power switches, car retarders 

24 (to control car speed), scales (to weigh cars), radar instruments 
(to measure speed) and wind speed detectors. (Tr. 79078.) 

25 
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Data General. (Tr. 79079.) 

The Sheffield installation was more successful than 

anticipated. Southern's management then decided that 

"it was desirable to explore the possibility and in fact do 
an experimental or a pilot installation to determine whether 
or not what we had learned at Sheffield in applying these 
small computers or networks of these small qomputers -- and 
there is in fact a network of five computers at Sheffield 
whether that could be applied to those yards which we 
referred to as flat yards." (Tr. 79080.) 

Southern's flat yard at Savannah, Georgia was selected because it 

"seemed to embody all of the problems that would be encountered 

at almost any other flat yard on our system". (Tr. 79081.) 

Jones and others "developed a plan for implementing a 

system very similar or at least embodying the concepts of Sheffield 

Yard in terms of keeping track of the inventories and controlling 

the flow of work and therefore the flow of the cars in the flat 

yard, with the emphasis being to minimize the manual activities 

that would be required by clerical personnel to keep such a 

system current". (Tr. 79081-82.) 

Southern chose Data General equipment for the Savannah 

pilot project, which began in 1975. DEC and Hewlett-Packard were 

considered, and "[t]here were other vendors asking [Southern] to 

consider their equipment". (Tr. 79082.) Jones found no "signifi-

cant advantage" to DEC or Hewlett-Packard and "no significant 

disadvantage" to Data General, so he chose to continue to use the 

Data General equipment. (Tr. 79083.) 

After the successful Sheffield and Savannah tests, 
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1 

2 

Southern proceeded to implement a distributed network of computing 

facilities at yard locations throughout the Southern Railway 

3 system. By 1978, computer equipment had been installed and was 

4 

5 

6 

functioning at at least 21 distributed network locations (Tr. 

79141), and there were plans to install equipment at a total of 

approximately 140 by late 1979. (Tr. 78967; OX 3725-A.) Under 

7 Southern's distributed processing plan, different levels of 

8 processing capability and different configurations of equipment, 

9 would exist at different locations. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Ca) At 23 sites (so-called "Full TIPS"* locations), 

there would be: 2 Data General S/130 Eclipse processors, 4 

Data General 10 me-;abyte disk drives (or 3 20 megabyte 

drives), a Data General 2 megabyte "fixed head" disk drive, 

5 to 12 Data General CRTs and 5 to 12 Xerox Diablo printers. 

(Tr. 79143-46, 79154-56.) 

(b) At 14 sites (so-called "Small TIPS" locations, see 

pp. 1454-57), there would be: 1 Data General 5/130 Eclipse, 

2 Data General 10 megabyte disk drives (or 2 20 megaby~e 

drives), and a "smaller number" of Data General CRTs and 

Xerox printers. (Tr. 79156-59.) 

(c) At 45 sites (so-called "Standard Waybi1ling" 

locations, see pp. 1456-57), there would be: 1 Data General 

S/130 Eclipse, 1 Data General 10 megabyte disk and a smaller 

number of Data General CRTs and Xerox Diablo printers. (Tr. 

79162-63.) 

* For a discussion of Southern Railway's "TIPS" applications, 
see pp. 1453-59 below. 



1 

2 

3 

4 

(d) At 59 sit.es (so-called "MicroNOVA If locations, see 

o~.1454-571, there would be: 1 Data General MicroNOVA 

processor, 1 Data General lQ meqabyte disk, 1 or 2 Data 

General CRTs and I Xerox Diablo printer. (Tr. 79159-62.) 

5 The installed remote equipment communicated with Southern's 

6 central site 370/158s in Atlanta via IBM 3705 communications 

7 controllers at the central site. When completed, all remote 

8 installations would be similarly linked to Atlanta. (Tr. 79163-

9 69.) The 158s supply the local processors with information each 

10 yard needs to prepare to receive a train. (Tr. 79397-98.) 

11 However, the central computers are "in no way controlling the 

12 local processor[s] other than in the sense that it is providing 

13 it the information it needs prior to the time the train gets 

14 there. But the local processor, the Data General processor, is 

15 completely able to stand alone and do the local processing in 

16 terms of its capability to do so and the central processor in no 

17 way interferes with that process as it is going on locally in the 

18 

19 

20 

Data General computer program". ( Tr • 79398.) 

e. The Implementation of Southern's "TIPS" Applications 

(i) Division of work between the central and remote 

21 sites. In 1978, Southern Railway's 370/158 processors at the 

~ central site were performing "two general categories" of appli-

23 cations. Jones explained: 

24 

25 

"One of the types of processing that is done on the 
158s in Atlanta are what we call the batch processing work, 
and this is the work which is done on a periodic basis. It 
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would include all the accounting type of work, such as 
payroll, revenue accounting, accounts receivable, expenditure 
accounting, a large number of application[s] for the marketing 
and sales forces, support of the mechanical department in 
their repair of cars and locomotives and the billing of 
that, support of the maintenance of way function, support of 
the transportation function in terms of daily status reports 
and all the types of ehings that we categorize as batch 
processing. 

"Then the other major category is what I have described 
as our online system, which is that system which is oriented 
towards continuous operation providing immediate processing 
and support for the operational aspects of our business, 
that is, the transportation function, the job of running the 
railroad. 

"The processing that is done by the online system 
consists of maintaining the large central data files which 
have the information which pertain to the operation of the 
railroad which is of interest to the functions that are 
performed at the location in Atlanta. 

"Atlanta is the operational center of our railroad and 
there are certain offices there which perform some of the 
monitoring, the planning, the evaluating and the refining 
functions of our day to day as well as our longer term 
operating functions, and the central processor keeps that 
data which is pertinent to the overall railroad processing 
and does that processing for the central function." (Tr. 
79309-10.) 

In addition to those two categories, the 158s, in connection with 

the "TIPS" applications, which are described below, take "data 

[that] is originated and presented to it" from remote locations 

in the network, extract "any data that it needs for central 

purpos.es.", and "transmit any of that data which is required at 

2 other locations to those other locations". (Tr. 79310.) In 

3 performing that function, each 158 "really can be described as 

~ nothing more than a switch which brings the data in and . 

5 transmits on that which is required at another location". (Tr. 

79310-11.) 
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(ii) The "TIPS" applications and the distributed 

configuration. The major function of the remote network of Data 

General equipment is what Southern calls the "TIPS" applications: 

Terminal Information Processing System, the word "terminal" there 

referring not to an electronic data processing device, but to a 

railroad terminal location. (Tr. 79143-44.) TIPS is actually a 

large number of individual on-line applications which, as Jones 

stated in the passage quoted above, support the "operational 

aspects" of the railroad's business; the "transportation function, 

the job of running the railroad". (Tr. 79309-10.) 

Southern has chosen a highly distributed computer 

system configuration to handle the data processing necessary to 

move its cars, keep an up-to-date inventory of their whereabouts 

and destinations and prepare various documentation relating to 

them. Jones described the advantages, in his view, to performing 

such work on a distributed system, as opposed to a centralized 

one. For Southern, he rejected the approach of centralizing n a 

process into one very large, very complex system of hardware and 

software which was both complex and critical. . . . If it is 

complex, finding the cause of failure and fixing it may be some-

thing that you cannot do quickly". (Tr. 79324.) He continued: 

"So one could wind up in a situation, and indeed the 
situation I did not want to wind up in is where I had every­
thing in one very large complex set of hardware and software 
and when it failed, the entire system was not operational 
and I had to fix it immediately, and because of its complex­
ity, I could not figure out what was wrong." (Id.) 
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11 Another aspect of the question was, to Jones, his view that "the 

2 old economy of scale argument--which is that the central processor 

3 is indeed the most economical way to go, because for only a 

4 little more money you can· get a lot more processing capability 

5 ••• has been turned upside down by the advent of the many new 

6 vendors making the smaller machines which give you this alternative 

7 of designing the system on· a distributed basis". ( Tr . 793 25 • ) 

8 Jones believes that the "smaller machines" represent a hardware 

9 choice "which indeed is more economical from the point of view of 

LO the total cost and performing that same function in what, again, 

Ll in my view, is a more relia~le, more effective way, a way which 

L2 gives you greater redundancy at low cost". (Id. ) 

l3 Southern's choice of a distributed system design 

l4 "results in taking processing away from the central site, the 

l5 central machines, and moving it out to the distributed processors". 

l6 (Tr. 79989.) According to Jones, that movement of function 

l7 "will have a direct effect on the size and the growth in size of 

.8 

. 9 

~o 

~l 

the central processors" • (Id.) He continued: 

"And in fact, in our particular case, where we, are 
using l58s instead of what many other railroads are using of 
comparable size which are l68s, we very clearly have taken 
some money that was of potential sales to IBM in terms of a 
big or a bigger central site machine and instead spent that 
money buying Data General equipment and putting the process­
ing on that equipment out in the field." (Tr. 79989-90.) 

(iii) The implementation of particular TIPS functions 

~ at Southern Railway. At the "Full TIPS" locations, the Data 

5 General configurations perform a number of discrete TIPS applica-
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tions or functions. At the "Small TIPS", "Standard Waybilling" 

and "MicroNOVA" locations, subsets of the "Full TIPS"-site 

applications are performed. (Tr. 79156-64.) Included among the 

TIPS applications are the following: 

(a) Yard Inventory 

, "This is a complete and total list of all the cars that 

are in the rail yard." (Tr. 79184.) The Data General 

computer equipment is used to perform the yard inventory 

function, which involves tracking "exactly what cars are in 

exactly what sequence" in each portion of the yard. (Tr. 

79187.) 

At Southern's Sheffield Yard, the yard inventory appli-

cation is performed by three interconnected Data General 

Nova 1200 processors and associated peripherals, rather than 

by the Eclipse S/130s. Two other Nova l200s at Sheffield--

identical to the first three--perform a process control 

application of monitoring, controlling and automatically 

switching cars. The "only difference" between the proces-

sors doing inventory and those doing process control is the 

software loaded into them. (Tr. 79277 -79 . ) * 

* By comparison, it may be recalled that Union Carbide performs 
a rail car inventory application to keep track of its transporta­
tion fleet.. For that application, Union Carbide uses a General 
Automation SPC 16/45 processor and associated peripherals to 
collect inventory and location data from various railroads, and 
370/165 and 168 processors and their peripherals to organize and 
store an inventory data base to which remote CRTs inquire for 
rail car information. (See pp. 1409-12.) 
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(b) Terminal Inventory 

This application keeps track of "hundreds and even in 

some cases thousands of cars that are not in the yard but 

••• were switched.in the yard and then were taken out on 

an industry train or a local train and placed at various 

tracks at various industries around the area. n (Tr. 

79187 . ) 

(c) Waybi1ling 

This is the preparation of a document containing "all 

of the information regarding how a particular car is to be 

handled in terms of its routing, its destination, and if 

further it is a loaded car, there would be information as to 

the contents of the car, the weight of the lading, who the 

shipper was" and other information. (Tr. 79160.) 

Generally, Data General 5/130 Eclipse processors handle 

waybilling in addition to other TIPS applications. At 

Southern's "MicroNOVA" locations, Data General MicroNOVA 

computers perform the same waybilling functions that the 

S/130s perform elsewhere, but those are the only applica-

tions that equipment performs. (Tr. 79159-62.) 

For Southern's Inman Yard, waybilling is performed on 

one of the 370/158 processors in Atlanta. As of 1978, 

Southern plans to remove the waybilling processing for that 

yard from the 158 and put it on Data General equipment. 

( Tr • 7954 6 • ) 
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IBM proposed a centralized approach as a result of the 

1972 IBM/Southern Railroad joint study which would have 

required Southern to install 370/l68s at its central site 

instead of the 158s it has. Southern's view, however, was 

that "the best approach was to, in effect, off-load that 

processing out of the central site and put it at the local 

site on these processors". (Tr. 79085-86.) 

(iv)' Implementation of TIPS applications at other 

railroads. Other railroads with which Jones is personally 

familiar.perform all or some of the same TIPS applications 

performed by Southern on Data General computers by means of 

different types of data processing configurations and 

equipment. For example: 

(a) Santa Fe 

Jones described the use of an IBM System/370 Model 145 

at Santa Fe's Argentine Yard: 

" .•. I think it is fair to characterize it to 
say that they are doing the same function there at the 
Argentine Yard on the 370/145 as we are doing with the 
Nova machines, the five Nova machines, at Sheffield 
Yard." (Tr. 79281.) 

Jones also described Santa Fe's use of a Univac 1106 

computer for its Corwith yard: 

ft ••• at that yard, they are doing these func­
tions [that is, the inventory functions done by 3 
Nova 1200's at Sheffield] supported by a UNIVAC 
1106, which is in Topeka, and in that instance, 
then, they have all of the CRTs and printers which 
are physically in the yard at Corwith Yard near 
Chicago, connected by communications lines to the 
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1106 in Topeka, and the processing is actually 
done on that 1106, UNIVAC 1106, in Topeka, and all 
the information is shuttled back and forth over 
the communications lines." (Tr. 79281-82.) 

(b) Seaboard Coastline 

Seaboard is using Modcomp equipment at three yards to 

perform the same range of functions as Southern is performing 

with its Data General network. (Tr. 79282-83.) 

(e) Illinois Central Gulf 

Illinois Central Gulf is using General Automation 

equipment at their Baton Rouge yard to perform the same 

functions as Southern's Data General equipment performs. 

(Tr. 79283.) 

(d) Missouri Pacific and Union Pacific 

The Missouri Pacific is using DEC equipment at yard 

offices, and the Union Pacific is using DEC equipment at a 

combination of regional o.r divisional offices and larger 

yards to perform the same TIPS functions as are done by 

Southern's Data General equipment. (Tr. 79283-84.) 

In addition, the Missouri Pacific is "doing the exact 

same function with their waybilling function that [Southern 

is] doing". However, Southern uses its Data General equip-

ment and the Missouri Pacific has implemented the applica­

tion on a central site 370/168 with CRTs and printers at 

approximately 87 remote locations, linked by communications 

lines. In both instances, "the function is exactly the 

same". (Tr. 79285-87.) 
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(e) Southern Pacific 

At the time of Mr. Jones' testimony, the Southern 

Pacific was "still studying how they want to implement the 

waybilling function". (Tr. 79288.) Although their "orienta­

tion" had traditionally been toward "the single large 

centralized system", they had "begun to do some things which 

would indicate that they are beginning to look at some 

distribution of this process. " (Id. ) However, the 

Southern Pacific had not "yet completely decided whether 

.they would follow the Missouri Pacific style or whether they 

would follow [Southern's] style or whether they would follow 

some one of the almost unlimited combinations in between 

those two styles • • II (Tr. 79288-89.) 

As for the yard inventory function, the Southern Pacific 

performs that, for all but the West Colton Yard, on a 

centralized basis, using two central 370/l68s and remote 

"dumb" IBM 1050 terminals with card. punches. * For its West 

Colton Yard, it decided to "offload" the yard inventory 

application from the 168 to a separate 370/145 which is 

located in San Francisco and communicates with terminals at 

the yard via communications lines. (Tr. 79289-95.) 

24 * The centralized system at Southern Pacific is called TOPS 
(Total Operations Processing System) and was "designed by a joint 

25 effort of IBM and Southern Pacific". (Tr. 79289.) 
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81. General Motors 

a. OVerview of Computing at General Motors. Donald E. 

3 Hart, at the time of his test~ony in September and October of 1978, 

4 had been Head of the Computer Science Department of General Motors 

5 Research Laboratories ("GMR") for over 17 years." The Computer 

6 Science Department has been a "leading edge" user of computers 

7 throughout its existence, and in the 1960s it was one of the "Inner 

8 Six" companies that led the 'way in the development of modern time 

9 sharing. (Wright, Tr. 12905-08; McCarter, Tr. 88415; Hart, Tr. 

10 80293.) Hart belongs to·several professional associations, includ-

11 ing the Association for Computing Machinery, the Institute of 

12 Electrical and Electronic Engineers, SHARE (of which he is a found-

13 ing member), the Society of Automotive Engineers and the American , 

L4 Federation of Information Processing Societies. Hart has also 

L5 authored more than 40 speeches and publications on computers or 

l6 computer related topics. (Tr. 80122-28; DX 3752.) 

l7 As we have said above (.p t 501, upon joining General 

~8 Motors, Hart participated in the development pf the corporation's 
I 

~9 first computer, SAMJAC, which stood for "Slow as Mo1lasses in January 

~o 

!1 * The Computer Science Department at General Motors Research 
Laboratories was known as the Computer Technology Department from 

2 May 1961 to October 1971 and prior to that time was called the Data 
Processing Group in the Special Problems Department. (Tr. 80152.) 

~ As a matter of convenience, the term "Computer Science Department" 
was used to describe both that organization and its predecessors 

:4 during the witness's testimony. (Tr. 80152-53.) Unless otherwise 
indicated, all citations to the transcript in this section refer to 

5 Hart I s tes timony . 
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Automatic Computer". (Tr. 80158-59.) That computer was developed 

as an in-house project because "for the amount of money that Researc] 

Laboratories was prepared to budget at that point there was no 

equipment that was available that we could go out and procure in the 

marketplace". (Tr. 80159-60.) 

sometime later, GMR went to the outside and acquired an 

IBM 701. (Tr. 80203-06; OX 3753; Tr. 80186.) In 1956 GMR acquired 

an IBM 704 (Tr. 80207; OX 3753 (Tr. 80186», and in 1962 it acquired 

an IBM 7090, which was later upgraded to a 7094. (OX 3753 (Tr. 

80l86}.) In 1965 GMR installed a General Electric 225, which was 

upgraded a number of times and eventually transferred to another 

part of General Motors in 1976. (Tr. 80209, 80322-23.) In addition I 

GMR installed a 360/50 in 1966, a 360/67 in 1966, a 360/65 in 1968, 

a CDC STAR I-B in 1971" a 37Q,Ilfi.'i in 1971, ~.nt:'th.er 360/57 in 1972, 

and several 370/168s in the 1970s. (Tr. 80297-98, 80304-05, 80318-

19, 80321, 80599; DX 3753 (Tr. 80186-87).) Each of those computers 

'Alas used primarily for scientific and engineering applications, 

al thouqh each ,.,as also usea for a variety of .coTIur.ercial applications, 

(Tr. 80206-07 1 .80353-66.)* 

* Each fell within HartIs definition of a "general purpose 
electronic digital computer system" which he described as Ifessen­
tially a problem-solving system which consists of a collection of 
computer hardware and related software which is capable of solving a 
variety of problems" and "which executes a stored program". (Tr. 
80200, 80203, 80210.) Hart testified further that his understanding 
of that term had not changed over time and that it represents "the 
understanding of those people who are practitioners in this field". 
(Tr. 80201.) Hart also testified that a computer "system" includes 
"terminals and remote job entry stations, other satellite computer 
systems, and so on" which are not necessarily located in the com­
puter room. (Tr. '80329-30.) 
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~ 1 b. Development of Computer Aided Design for Automobiles 

2 at GMR. In 1957 GMR began to investigate the possibility of using 

3 computers to assist in the process of designing automobiles. After 

4 preparing a feasibility demonstration in late 1958 or early 1959 . 
5 (Tr. 80228~30), GMR entered into a joint development agreement with 

6 IBM to develop a graphics terminal which could be used in the design 

7 of automobiles--a process that "at that point took nominally three 

8 years ft • (Tr. 80239-40.) The agreement provided that GMR would 

9 develop the specifications and the software while IBM was to develop 

10 the hardware. (Tr. 80240, 80252.) In developing this software, 

11 which was, run on an IBM 7090, GMR designed its own multiprogramming 

12 capability that enabled the design programs and the programs of 

13 other users to reside in memory at the same time. (Tr. 80250-51, 
~ 
L4 80257-58.) 

L5 This system became operational in 1963 and was called the 

L6 DAC-l, where ftDAC" stood for "Design Augmented by Computers". (Tr. 

l7 80256, 80260.) The DAC project demonstrated that it was possible to 

l8 use computers to achieve a reduction in the man hours required to 

19 design a car, but GMR realized that "we could only make a small dent 
, 

~ on that total process with one design console". {Tr. 80261-62.} So 

U. the next step was "to design a follow-on system with multiple 

~ graphics consoles so they could be used by many draftsmen or 

~ designers simultaneously". (Id.) The follow-on system was called 

~4 CADANCE, .which stood for Computerized Design and Numerical Control 

~5 Effort (Tr. 80266-67), and GMR entered into another joint study 
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1 agreement with IBM for two reasons: first, to make the DAC system 

2 more maintainable, and second, "to explore what kind of computer 

3 system would be required" and "to determine what kind of graphic 

4 consoles they ought to be". (Tr. 80262-63.) 

5 In the course of the joint study IBM disclosed to GMR som~ 

6 of its plans with respect to what became System/360. Hart testifie( 

7 that GMR needed this kind of information because it could not desigl 

8 its CADANCE programming system "without having in mind a particular 

9 computer configuration and software support configuration for the 

10 target computer that we planned to use". (Tr. 80267.) 

11 GMR's reaction to the System/360 as announced in April 

12 1964 was that it did not have the kind of advanced time sharing 

13 capability that GMR felt it needed to support the multiple, graphics 

14 console of the CADANCE system. Hart testified that the general 

15 state of the art with respect to time sharing at the time was not 

16 sufficiently developed to support GMR's needs (Tr. 80465-70) and 

17 that GMR "vigorously provided" input to IBM and other companies on 

18 what its needs were. (Tr. 80278.) Ultimately, GMR sent out a 

19 request for proposal to IBM, GE, Univac, CDC and Burroughs for a 

20 system that would meet its needs. (Tr. 80282-83.) IBM and GE were 

21 the only firms that came back with proposals that GMR believed were 

22 responsive (Tr. 80284-86), and GMR ultimately ordered what became 
• 

23 the 360/67 from IBM. * 

24 

25 * GMR's experience with the TSS software that was developed for 
the 360/67 is described in the section relating to the 1960s and 
will not be repeated here. (See pp. 424-36 above.) 
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~1 Initially, GMR put its CADANCE application on an 360/50 

2 and later moved it to the 360/67 when it was delivered in late 1966. 

3 (Tr. 80297-98. )GMR and IBM jointly developed an operating system 

4 for the CADANCE application called "Interim Timesharing System" or 

5 "ITSS". (Tr. 80297.)· 

6 c. The Competition Between IBM and CDC at GMR for Its 

7 Automobile Design Application. By the late 19605 GMR concluded that 

8 ITSS was not adequate to support a sufficient number of graphics 

9 consoles and decided to develop its own operating system, which it 

10 called the Multi Console Timesharing System or MCTS. (Tr. 80301-

11 02.) At first, GMR planned to build MCTS for the 360/67, but CDC 

12 then "approached us and revealed to us that they were developing a 

~3 computer called STAR, and that that STAR computer would have consid­

L4 erably more power than the 360 Model 67, and that it incorporated 

lS time sharing hardware which would allow us to implement our virtual 

l6 memory time sharing system". (Tr. 80302-03.) * 
l7 After comparing the proposed STAR 100 with IBM's 360/67, 

.8 GMR chose the STAR 100 (Tr. 80301-04) and installed an interim 

.9 1 computer, the STAR lB, for use in program development. (Tr. 80304-

~o 05.) Some of the initial program development for the STAR was done 

~l on the 360/67 with a compiler that was modified to produce machine 

2 code for the STAR 100 "so we could compile programs on the 360/67 

3 

4 * At the time GMR had those discussions with CDC, only "(h] alf 
the design [of the STAR] had been completed". (Tr. 80308.) 

5 
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l which were then substi tutable on the ST~...a.-q,". (Tr. 80313-14.) Among 

2 ! the applications planned for the STAR, in addition to CADANCE, were 

3.1 analysis of the physical phenomena relating to General Motors' 

4- products, FORTRAN applications and commercial applications using the 
I 

51 vector processing capabilities of the machine. (Tr. 80310-13.) 

6 I Approximately six to nine months after GMR had entered 

7 ~into the agreement with CDC for the STAR, CDC began to experience 
I 

8 I problems in the development and eventually it became clear that the 

~ delivery would be delayed by a year to a year and a half. (Tr. 

10 80306-07.) GMR then "looked more and more deeply into the kind of 

11 problems that they were incurring in producing that hardware, con-

12 cluded that they had made some fundamental design errors; in particu-

13 lar, we discovered much later than we should have that they had not 

14. I done 

15 1 they 

16 ,I ~n a 
" 

171 

any simulation studies to verify the logic of their design, and 

were running into difficulties operating the high speed hardwarE 

time sharing environment". (Tr. 80307.)* 

In late'June or early July of 1972 GMR decided not to go 

IS I forward with the STAR project, and in September of that year GMR 
II 

19 l'formallY terminated its agreement with CDC for the STAR 100 and 

20 ~returned the STAR lB, which it had leased. (Tr. 80307, 80309; see 

21 \Ip~ 5766.) At about the same time, GMR installed a second 360/67 and 

~ 
22. I '. 

23/ * The first STAR was scheduled for delivery to Lawrence Livermore 
1 Laboratories in California. It was delayed beyond the year to year-

24 \ and-a~half delay that existed at the time GMR terminated its agree­
\ment with CDC. When it was eventually delivered, the STAR'S per-

2S I formance for scalar calculations, which had been part of GMR's ! "basic plans", was degraded. (Tr. 80314-16.) . 

\ 

II 
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~ 
1 began running TSS on the system in a duplexed configuration. (Tr. 

2 80318.) 

3 In August 1972, IBM announced the 370/168 and GMR per-

4 formed a study comparing the 370/168, the STAR 6S and the STAR 100. 
4 

5 The results of that study are summarized in PX 5766, a memorandum to 

6 Hart from Dr. George Dodd, Assistant Head of the Computer Science 

7 Department: 

8 "The preliminary results of the study • • • indicate that the 
IBM 370/168 running TSS is the most cost effective alternative. 

9 
"Why is STAR less cost effective than the 370/1681 A study 

10 into this situation yielded an analysis of cost of the major 
components in each computer system • • • • Although the STAR 

11 has a slightly less expensive central computer, the memory, 
drums and disks account for more than 40% of the cost of the 

12 STAR for which STAR prices are 2-3 times higher than IBM prices. 
·The high cost of STAR peripheral devices is the major factor 

13 contributing to the higher STAR prices. 

~4 " ••• Unless significant changes occur, it is apparent that 
the IBM 370/168 is a better computer for the CADANCE system. 

15 In view of these results the July 5, 1972 decision by GMR 
management that the CDC STAR-I00 contract should be terminated 

16 continues to appear valid. The announcement and performance of 
the IBM 370/168 is such that I now recommend that we substitute 

17 this equipment with TSS for design console support." (PX 5766, 
p. 2; see Tr. 80621-24; see also PX 5748.) 

18 

19 

~O 

~l 

In the fall of 1973, General Motors replaced the two Model' 

67s with an IBM System 370/168, which ran TSS.* (Tr. 80321.) GMR 

also acquired an IBM 370/165 in 1971, which was upgraded to a 

370/168 in 1974. ( I d • ) 

~4 * At the time Hart testified, GMR still used the IBM TSS operat-
ing system in conjunction with the CADANCE application. (Tr. 

~5 8 0 3 21-2 2 • ) 
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1 d. Organization and Purpose of GMR's Computer Science 

2 Department at the Time of Hart's Testimony. At the time of Hart's 

3 testimony, the Computer Science Department was one of a number of 

4 professional technical departments within the General Motors Resear< 

5 Laboratories. It employed 90 persons, all of whom worked under 

6 Hart, and served two purposes: to conduct research and development 

7 "in the art or science of computing" and to "operate a large-scale 

8 engineering and scientific computing service which serves the needs 

9 of the Research Laboratories • • • and also other staffs and divi-

10 sions wi thin the General Motors Corporation". (Tr. 80l54-56.) 

11 e. Computer Applications Performed at GMR's Computer 

12 Science Department at the Time of Hart's Testimony. Hart divided 

13 the applications performed at the Computer Science Department into 

14 three classes: "engineering", "scientific" and "other" (DX 3769A): 

15 (i)" "Engineering" is primarily product engineering, 

16 

17 

18 

19 

20 

21 

22 

23 

including the design of necessary tools to make the ultimate 

product as well as the design of the ultimate product itself. 

Computer aided design, as implemented, for example, by General 

Motors' own CADANCE system, is included in this "engineering" 

class, as is structural analysis, which uses the program 

NASTRAN* to determine the structural strength of sheet metal 

components, the non-graphic design of automobile components anc . 

24 * NASTRAN was originally developed by NASA for use on Control 
Data Model 6600 or 7600 equipment, converted for use on IBM equip-

25 ment, and is leased by GMR from a software house named MacNeal 
Schwendler. (Tr. 80356, 81942-43.) 
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3 

the control and testing of the engineering process and testing. 

(Tr. 80353-56; ox 3769A.) 

(ii) "Scientific" involves engineering, physics, mathe-

4 matics (including the. application of mathematics to business 

5 problems), traffic design, societal analysis and various 

6 projects in research and development, including a project in 

7 "machine perception" which involves the use of television 

8 cameras to provide visual input to the computer and the use of 

9 

10 

computers to control robots. (Tr. 80357-63; OX 3769A.) 

(iii) "Other" includes miscellaneous applications that do 

11 not fall into the other two classes, such as marketing, 

12 accounting, personnel, payroll and warranty claims validation. 

13 (Tr. 80363-66 i OX 3769A.) 
f 

L4 f. Computer Equipment Installed at GMR's Computer Science 

15 Department at the Time of Hart's Testimony. At the time of Hart's 

16 testimony, the Computer Science Department had installed two IBM 

L7 370/168 attached processor systems and a single 370/168, as well as 

l8 Memorex 3675 disk drives, IBM 3420 tape drives, IBM 3350 disk drives, 

19 Comten 3650 and Memorex 1270 communication controllers, Bell and 

~ non-Bell modems, four megabytes of additional memory manufactured by 

~l AMS and leased from CDC, IBM and DEC graphics consoles, IBM 1403 

~ printers, T-bar switching devices, DEC PDP l~/34 and 1~/40 CPUs that 

~ controlled the DEC graphics consoles, an FR 80 CRT plotter manufac-

~4 tured by Information International, and other and "various kinds of 

~5 terminal devices which are used by the users of this equipment on an 
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1 interactive basis for solving problems". (Tr. 80332, 80400-15; DX 

2 3768.) 

3 Hart testified that GMR rents the single IBM 370/168 

4 processor from IBM on a month-by-month basis, and both 370/168 

5 attached processor systems are rented from leasing companies on one-

6 year leases. (Tr. 80343-44.) Hart also testified that he intended 

7 to replace all of the Computer Science Department's 370/1689 with 

8 four IBM 30339 beginning in the end of 1978. (Tr. 81900.) He 

9 stated that he planned to acquire the 3033s from third-party leasing 

10 companies, and that he had requested proposals from vendors on 

11 leases ranging from one to three years. He added that General 

12 Motors already had a specific proposal for a short-term lease from a 

13 subsidiary of the General Motors Corporation. (Tr. 80344-45.) 

14 g. GMR's Computer Procurement Procedure. General Motors 

15 Corporation maintains a general pr~cedure for the procurement of 

16 equipment. The local unit which wants equipment prepares a request, 

17" including a description of the equipment, a proposed method of 

18 financing, the total cost, and the expected benefit of acquiring the 

19 equipment. If the equipment cost is less than $100,000, either on a 

20 purchase or three-year lease basis, approval for acquisition of the 

21 equipment can come from local management. If that cost exceeds 

22 $100,000, additional corporate approv~l is required. (Tr. 80345-46. 

23 For the Computer Science Department, requests for equip-

24 ment with a cost of less than $100,000 are reviewed by the Vice 

25 President in charge of General Motors Research Laboratories. 
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_ 1 Requests for equipment with a cost exceeding $100,000 are reviewed 

2 by the General Motors Information Systems and Communication Activity, 

3 and if that equipment is to be used for enqineering purposes, it is 

4 also reviewed by the General Motors Engineering Computer Coordina-
• 

5 tion Activity. (Tr. 80346-47.) 

6 Hart, as Head of the Computer Science Department, is 

7 responsible for deciding whether to request procurement of computer 

8 equipment for the Department. Hart's decisions are based on recom-

9 mendations from his staff, which has the responsibility of assessing 

10 the expected demand on the Department by users as well as the 

11 responsibility of evaluating the alternatives for satisfying that 

12 demand. Approximately ten people within the Department fulfill 

.13 those responsibilities on a full-time basis, and between 45 and 50 
~ . 

14 people within the Department make such assessments and evaluations 

15 at least part-time. (Tr. 80347-50.) 

16 

17 

18 

19 

20 

21 

Hart testified about the purpose of those evaluations: 

"[O]ur objective is to provide the kinds of. capabilities that 
our users require in order to solve their problems. It is to 
provide sufficient capacity so that they can get their problems 
solved with reasonable response time or turn-around time. And 
it is also assuring that we are providinq to our users cost­
effective tools for the solution of their problems." (Tr. 
80350.) 

Hart defined the term "cost-effective" as I'providing the 

22 maximwn capability at the minimum cost. I. (Tr.8035l.) Hart also 

~ testified that he considered reliability an important factor in 

24 determining the cost-effectiveness of a system. (Tr. 80368-69.) 

25 
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1 h. Cost Effectiveness of Computing Alternatives 

2 Selected by GMR' s Computer Science Department. Hart testified that _ 

3 he believes the c.omputer Science Department offers a service to 

4 users within the corporation that is a "cost-effective computing 

5 service through the current time". (Tr. 80370.) When asked the 

6 basis for that opinion, Hart stated: 

7 "Well, maybe the most telling basis is the fact that our 
computing service activity is set up as a separate accounting 

8 center in which all of the costs associated with running a com­
puter -- it includes the computer rent itself or whatever, the 

9 renting of the space, the cost of the utilities, the salaries 
of the people who operate it and maintain the software for it 

10 are included within that accounting center. We established 
rates for the charge for our services that are designed to' 

11 recover totally the cost of that operation. We have in fact 
done that. We have each year recovered the cost of operating 

12 that computer system. 

13 "This means that the users have had to judge whether or 
not they are spending their money wisely, and during' the period 

14 when we have been doing that, the use of our computer activi­
ties has increased at the rate of about 40 percent a year." 

15 (Tr. 80370-71.) 

16 Users have been charged for General Motors Computer Science Depart-

17 ment computers" [s] ince about 1960". (Tr. 80371.) As of the time 

18 Hart testified, those users were all groups within the General 

19 I Motors Corporation (id.) who were "free to go elsewhere outside the 

20 Computer Science Department to obtain that computer service" (Tr. 

21 80371-72) and who were not required by General Motors' management 

22 If in any sense to obtain the computer s.ervice that they are getting" 

23 from the Computer Science Department. (Tr. 80372.) Generai Motors' 

24 users have "in fact gone away from the Computer Science Department 

25 from time to time", but the overall utilization of the Computer 

-1471-



~ Science Department's computer equipment "has increased at the rate 

2 of about 40 percent a year". (Tr. 80371-72.) 

3 In addition to the willingness of GM users to pay the full 

~I cost of operating the Compu~er Science Department's computers, and 

his ability to employ "some very high quality people most of whom 

participated in the process of evaluating alternatives and making 

7 selections" (Tr. 80374), Hart identified an important other way in 
I 
I 

8 : which the cost-effectiveness of the computing service offered by his 

9 

,0 

1 

2., 

Department is assessed: 

"[01ne is to get feedback from our user community as to 
whether or not they believe that we are operating a good com­
puting service at a reasonable price, and there are clearly two 
aspects of the cost effectiveness. 

"There is the effectiveness question and there is the cost 
question. And in order to assist us in this interaction with 
the user community, so-called technical advisory committees 
have been established for each of the computers running under 
the two operating systems, MVS and TSS, which include repre­
sentatives from our major customer environments. 

"This qr,oup is chaired by an individual outside the 
Computer Sci.ence Department. The meetings are held everyone 
or two months for the purpose of reviewing the services we are 
providing, to discuss possible new offerings, to discuss new 
user requirements, to discuss the methods for changing from one 
kind of equipment to another, and so that provides us with a 
very effective feedback from the users which helps us to deter­
mine and provide the kinds of services which they want." (Tr. 
,80372-73. ) 

i. Computing Alternatives Evaluated by the Computer 

Science Department. Hart testified about the various alternative 

means of providing computer service which have been evaluated by 

persons within the Computer Science Department: 

(i) One set of alternatives evaluated is the method "by 

which you obtain the computing horsepower required to carry out 
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the calculations". The alternative sources for computing power 

include central processing unit vendors, leasing companies, 

other GM computers and service bureaus, and it can be leased or 

purchased, new or used. (Tr. 80376-78; ox 3770A.) 

(ii) The alternative sources for peripherals include the 

CPU vendor, leasing companies, PCMs, elsewhere in GM and ser-

vice bureaus. Another possibility considered by Hart is having 

the peripherals specially built, either within the corporation 

or contracted out to an outside company. (Tr. 80378-79; OX 

3770A.) Again, peripherals can be obtained under various 

. financial alternatives. (Tr.80378.) 

(iii) Another set of alternatives discussed by Hart involves 

software, which "comes in multiple flavors", including operating 

systems, programming languages and compilers, data base manage-

ment systems, access methods, utilities, general purpose tools 

and 'general purpose application packages. These different 

"flavors" of" software can be acquired from a variety of sources t, 

including the CPU vendor, software houses, university grou~s 

and user groups. Hart added that "[iJt is possible to build 

your own." (Tr. 80379-82.; OX 3770A.) 

(iv) Hart testified that n[aJn alternative that has to be, 

considered relative to this combination of computing hardware • 

and software is .•• the mode of operation". possible modes 

of operation include batch processing, interactive processing, 

data base management systems. Alternative programming languages 

have also been available, including FORTR&~, PLII, COBOL, BASIC 
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(v) Hart testified that there are also alternate sources 

of terminal equipment including local terminals, remote job 

entry stations--which can include a card reader and a printer 

and operate over a dedicated wire or over dial-up telephone 

circuits--teletypes, CRTs, graphic terminals. Hart testified 

that these devices are available from the CPU vendor and "many 

others as well". (Tr. 80387-89.) He also testified that 

terminals can be either "dumb or smart": 

"The difference is whether the control unit as a part of 
that terminal has some hardware logic or whether it 
includes a small general purpose digital computer as the 
control unit, [f]or if they include the small general purpose 
digital computer, then some of the work can be offloaded 
from the large central computer out into the terminal so 
it can do more of the work to serve the needs of the user, 
and will require less movement of data back and forth 
between the terminal and the CPU." (Tr. 80389-90.) 

(vi) Finally, in describing the great variety of alterna­

tives available today, Hart contrasted that situation to the 

state of affairs that existed in the days of the 701 when: 

"about the only source of the computing power was the CPU 

vendor itself" (Tr. 80382); 

"there were really two vendors that I am aware of, IBM 

with the 701 and Remington Rand with the UNIVAC" (Tr. 

80383); 

~'there were fewer (peripheral] options available from the 

CPU vendors and there were fewer alternate sources beyond 

the CPU vendor" (Tr. 80384); 

"there wasn't much software at all" (id.) i 
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"[tlhere were no operating systems" (~); 

nthere were no access methods" (~); 

" [t]here were no data base management systems" (id.); and 

"[a]~ost nothing [was] available in the way of [software 

for use as] general purpose tools or general purpose 

applications". (Tr. 80385.) 

7 Commencing with IBM's first commercially available com-

8 puter, the 701, General Motors' Computer Science Department, as 

9 previously described, has used a substantial quantity of successive 

10 models of IBM computer equipment and was planning, at the time of 

11 Hart's testimony, to install four of the newest and largest central 

12 processing units manufactured by IBM, the System/370 Model 3033. 

13 Asked for his "business judgment concerning the performance of the 

14 ~BM general purpose electronic digital computer systems which have 

15 been installed in the General Motors Research Laboratories over the 

16 period of time that • • • [he] worked there", Hart testified: 

17 "Overall we have been highly satisfied with the hardware, 
software, and maintenance services which have been supplied to 

18 us by IBM. In fact, I think I sort of commented earlier in my 
testimony that if we had "not been satisfied with the quality of 

19 service and equipment, software and services, that we would 
have been seeking those from somebody else. In fact, in one 

20 instance, as I pointed out, we did go off and search for, and 
attempt to, move to alternative equipment supplied by Control 

21 Data. 

22 "As I indicated, our end-goal is to provide a cost effec-
tive computing service to our users and we believe we have been 

23 successful in doing that with the IBM equipment which we have 
installed." (Tr. 81962-63.) 

24 

25 
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j. Hart's View of the Performance of the Computer 

2 Industry--Past, Present and Future. Hart, whose experience in the 

3 field of computer.s has been discussed, described his perspective of 

4 the history and future of the EDP industry in a paper he prepared 
• 

5 for presentation to the annual meeting of the General Motors Commit-

6 tee on Engineering Computations in 1971. According to Hart, the 

7 "focus" of this meeting, attended by about 300 or 350 people, "was 

8 how computers could be used to reduce cost or to increase the 

9 effectiveness with which General Motors could solve its problems. If 

10 (Tr. 80176-77.) 

11 Hart began his 1971 presentation as follows: 

12 "20 years ago, GM didn't have any computers--now there are 
nearly 500 computers in GM--for which the annual rental is 

~3 about $100 million." (DX 3753 (Tr. 80186).) 

14 He continued by describing the "revolutionary changes" in computing 

15 which had occurred at General Motors Research Laboratories: 

16 "The changes which occurred in the 14 years between the 
701 in 1954 and the 360/65 in 1968 can only be described as 

17 revolutionary. I'd like to highlight a few of the changes that 
have taken place. 

18 
"The first revolution was the 701 itself--it was 100 times 

19 I as fast as the CPC [the IBM Card Programmed Calculator] and 
only cost 10 times as much--therefore problem solving cost was 

ro decreased by a factor of 10. 

~l " . . . . 
"For $20,000 [the monthly rental price of the IBM 7011 you 

can now purchase a whole minicomputer[*] which could run 

* "The minicomputer in my mind, or particularly at that point, 
~5 represented a small computer which again was a general purpose 

digital computer system, so 'mini' referred to the size of the 
machine and there were a class of these smaller machines referred to 
by this term 'minicomputer.'" (Tr. 80212.) 
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rings around the 701. It is interesting to note, during the 
past 20 years, starting with CPC, while computing cost has gone 
down by a factor of 1000, cost of engineers and scientists has 
tripled. 

"These improvements from 701 to 360 have largely come 
about from revolutionary changes in computer hardware tech­
nology. 

" . . . . 
"There ha.s also been a revolution in software technology 

7 which has helped to make more efficient use of computers [hard~ 
ware*]--this is the operating system (currently typified by 

8 IBM's OS/360).n (DX 3753 (Tr. 80187-88).) 

9 Hart attributed an increase in manpower productivity to 

10 "the revolution in progranuning languages", including FORTRAN and 

11 PL/l (DX 3753 (Tr. 80189», which were developed by IBM. (Tr. 

12 80214-15, 80217-18.) Hart stated that "the latest revolution is 

13 interactive computing--which is often loosely referred to as time 

14 sharing. Time-sharing is what makes it possible for many users to 

15 share the computer's resources at the same time". (DX 3753 (Tr. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

80189) .) 

"From our own experience and discussions with others who 
have solved problems both ways, interactive and batch, we 
conclude that problem solving time is reduced by from 3/1 to as 
much as 10/1, with a good average being 5/1. Since people 
don't usually make very good use of their wait time in a batch 
mode, the increase in engineer's productivity is nearly that 
large. And there does not appear to be any significant 
increase in computer cost--for solving the same problem. 

" 
"If it sounds like I am promoting interactive computing, 

it's because I am. I believe it represents a revolutionary new 

25 * This and subsequent bracketed insertions of text in the speech 
represent handwritten notations made by Hart prior to presenting the 
paper. (Tr. 80179-86.) 
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way of using computers to solve problems, and we are only 
beginning to understand what it means." (DX 3753 (Tr. 80189-
91) .) 

Those "revolutionary changes"--the 701, the System/360's 

computer hardware technology, the software technology in operating 

systems typified by IBM's 05/360, high level programming languages 

6 and interactive comp~ting~-were not easy to make. As Hart stated in 

7 his 1971 speech: 

8 "I've been telling you how wonderful these revolutions 
have been, but they also cause problems. Revolution means 

9 change, and change costs time and money--in the form of 
retraining and program conversion. 

1Q 
"Consider the engineer who was happily getting his answers 

11 printed out on the CPC at 100 LPM.[*] Then we traded it in for 
a 701. He just got nicely settled there, and along came the 

12 704. Then came FORTRAN I, II, and IV; 7090's and 360's. This 
pioneer has more than his share of arrows, but fortunately he's 

13 in the minority! 

l4 "While he was groaning, his roommate was cheering because 

L5 

l6 

l7 

he could now solve his problem faster, cheaper--or at all! (**] 

* "LPM" means lines per minute. (Tr. 80221.) 

** By the ability to solve problems "at all" Hart testified that 
l8 he meant that 

19 "there were a number of problems that wi thout computers could 
not be solved by analytical methods. 

~o 

~l 
"[A mathematician] could write the equation which describe 

a particular physical situation which you wanted to study, but 
the equations were of sufficient complexity or the process of 
evaluating them was of sufficient complexity such that within 
any reasonable period of time no individual on a desk calcula­
tor, for- example, could carry out those calculations. 

"That meant that in order- to apply analytical techniques 
at all to many kinds of computer problems, the computer was a 
necessity. If (Tr. 80221-22.) 
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1 And many new users were attracted by new capabilities--all of 
the users of the 701 represent less than 1% of current users. 

2 The overall benefits [to the Computing Community] from each 
change have overshadowed the conversion costs required." 

3 (OX 3753 (Tr. 80191-92).) 

4 In short, as Hart told the GM Committee on Engineering Computations, 

5 "Conversion costs must be taken into account when changing 
computers; however, in retrospect, the value of each of the 

6 above changes far exceeded the cost(s incurred]." (Tr. 80193.)' 

7 

8 * Hart was referring to conversions from IBM equipment to IBM 
equipment, from IBM equipment to other equipment, and from other 

9 equipment to IBM equipment. (Tr. 80417-18, 81933-44.) For example, 
in 1976 a Honeywell computer system was moved from the Computer 

10 Science Department to another section of GM. At first all the 
applications that had been performed on that system moved with the 

11 system, but some of those applications returned to the Computer 
Science Department. That conversion "wasn't a big effort". (Tr. 

12 80323-25.) According to Hart, very little was required "other than 
recompiling those FORTRAN programs on the IBM equipment and then 

13 adding to the job control language necessary to operate it in the· 
IBM environment". (Tr. 80325.) Hart testified: 

14 
"There is a great deal of variability in programming, from 

15 one program to another, but I am aware of the specific instance~ 
where an individual had a program running on the Honeywell 

16 equipment, moved that program over to the IBM equipment, and 
had it operating within the space of a day or two." (Tr. 

17 80326.) 

18 Similarly, conversion from the IBM System/360 Model 65 to the 
IBM System/370 Model 165 "was very straightforward" (Tr. 81937), but 

19 there was a "conversion problem" in going from the IBM System/370 
Model 165 to the IBM System/370 Model 168 because the difference in 

20 the operating systems utilized "took us the better part of a year to 
complete the convers ion If • (Id. ) 

21 
So it was in the past. The Computer Science Department's 

22 planned conversion from the IBM Systern/360 Model 67 to the CDC STAR-
100 involved "making a great deal of investment in the basic soft-

23 ware of the {CDC] machine in order to minimize the eventual conver­
sion of the applications" (Tr. 81937-38); the conversion from the 

24 IBM 701 to the IBM 704 "was a difficult conversion since the pro­
gramming process was different with those machines" (Tr. 81935); the 

25 conversion from the IBM 7094 to the IBM System/360 "was a difficult 
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Just as Hart found in 1971 that "problem solving cost has 

decreased by 100:1" since General Motors acquired the IBM 701 

(DX 3753 (Tr. 80188); Tr. 80219) without any adjustment for inflation 

(Tr. 80211) I Hart predicteq there would be "another 100/1 decrease 

in problem solving cost" over the next 20 years.· (DX 3753 (Tr. 

80196-98).) 

Asked why he was attempting to assess for General Motors 

what computer technology and costs will be in the future, Hart 

responded: 

nClearly, technology is driving this business, where we 
have been involved in a business which has had rapidly changing 
technology from which we can conclude that the· kind of comput­
ing capabilities which will be available to us ten years from 
now will be different from the kind of computer capabilities 
that we have available to us now, and that was true ten years 
ago, it was true twenty years ago, and it is still true today. 

"So, again, if we are going to provide a service for our 
users which provides them with modern tools and cost-effective 
tools, then we have to be able to assess the technological 
developments. 

nIn addition, as far as our research and development 
l7 activity is concerned, it is important that we pick areas for 

research and development which are based on reasonable tech-
l8 nological growth. If we do research in an area where the tech-

19 I 
I ____________________ __ 

I 

~O I conversion because we were going to a completely different machine 
architecture" (Tr. 81936) I but at that time when Hart "had looked 

~l very seriously at the GE-600 family of computers" as "alternative 
hardware" to the IBM System/360, he testified that "[o]ur assessment 

2 was that conversion to the GE equipment (from the IBM 7094] would 
have been easier [than conversion to the IBM System/360] at that 

~ point because the GE equipment was also a 36-bit word machine, much 
like the IBM 7094 that we were converting from". (Id.) This, of 

~4 course, was GE I S assessment also and was the reason GE was "over­
joyed" at the announcement of the IBM System/360. (See pp. 380-81 

:5 above.) 
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nology is not going to change, then it may not be worthwhile. 
If we can see in an area that the technology is going to change, 
that the cost is going to go down, we can start research in an 
application area now which, with current equipment, would not 
be cost-effective in competition with the current things going 
on in General Motors but which, if our assessment about the 
future is correct, will become in fact cost-effective two years 
from now or f~ve years from now or ten years from now. 

"And if we deter.mine that correctly, then we have new 
6 kinds of tools, new kinds of capabilities available when the 

economics are there that make it usable by the corporation." 
7 (Tr. 80394-95.) 

8 Bart testified in 1978 that he believed that his 1971 

9 projections about the future 100-to-l decrease in problem-solving 

10 cost "were quite accurate" based on "what has happened over the last 

11 seven years and what I perceive as potentially happening over the 

12 next thirteen years''". (Tr.80397-98.)* Costs to computer users 

13 have come down while improvements have continued to increase for two 

14 reasons, in Hart's opinion: 

15 "One, by providing lower cost computers, it has been possible 
to have more customers, more people can afford a machine of 

16 lower cost than they can of higher cost, or in general, when 
the cost of computation goes down, there are more people who 

17 can afford to have them. 

18 "The other has been that the pressures have come from 
various groups within the industry, very competitive pressures 

19 such that each one -- each manufacturer has strived to put out 
a machine which would provide a useful computer for the custo-

20 mers and so provide a reasonable profit for the manufacturer. n 

21 

22 

(Tr. 80227.) 

* The trend Mr. Hart was discussing· involved a comparison of the 
23 3033 to the 360 Model 65. Based upon public information and bench­

marks run by the General Motors Computer Science Department, Hart 
24 testified that the 3033 has seven times the speed of the 360/65 and 

ten times the memory capacity, while the cost per problem dropped 
25 from $10 on the 360/65 to $2 on the 3033. (Tr. 80398.) 
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~ 1 The source of that "very competitive pressure" is "vendors supplying 

2 computers". (Tr. 80227-28.) 
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82. Firestone 

a. Introduction. Richard P. Case has been one of 

3 IBM's computer architects since the early 1960s. (Tr. 72015; 

4 see p. 269 above.) 

5 Case testified at some length about the computer design 

6 and equipment alternatives considered by the Firestone Tire & Rubber 

7 Company, a customer with whom he had had personal discussions in 

8 1977-1978 concerning that subject. (Tr. 73848-49.) Case noted that 

9 the "alternatives available to Firestone were representative of the 

10 alternatives that are available to very many customers". (Tr. 73881.: 

11 Specifically, he estimated the number of customers for whom all or 

12 part of the "offline and online", "centralized and decentralized and 

~ network kind of alternatives" considered by Firestone would be 

14 reasonable alternatives: 

15 "If you take the 'number of customers for which all of 
those alternatives are applicable, then you have first custo-

16 mers that have multiple locations, because a customer without . 
multiple locations would not have a networking alternative that 

17 is reasonably applicable to him, and probably if you talk about 
the way in which I described Firestone and the network of 

18 regional and metropolitan centers, you are talking about a 
customer with locations over a reasonable geographical area, 

19 maybe not over the entire nation but over the Northeast or 
something like that. 

20 

21 

22 

23 

24 

25 

"The number of such customers has got to be in the hun­
dreds if not thousands that fall in that category. 

"If we include -- if we eliminate the networking situation 
with regional centers and so forth and just talk about the 
various offline alternatives that I talked about plus the 
centralized or decentralized approach to the online situation, 
then the number of such enterprises increases, and I would say 
there are several thousand at least such enterprises. 

"If we go to the alternatives of online or offline and 
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all of the things that I talked about except not decentralized 
but online and offline alternatives in a centralized mode and 
in the changes in equipment configurations and changes in 
memory sizes and the CPU speeds and either separating or 
combining computers in one installation, all of those alterna­
tives would apply to customers who have just one location, one 
or a few closely located locations, and depending upon how you 
count such customers and what the minimum of employees is, it 
goes into the hundreds of thousands of enterprises that fall 
into that category." (Tr. 73887-89.) 

b. Firestone's EDP Installation: 1977. As of 1977, 

Firestone had a "large computer center" in its home office in 

Akron, Ohio, as well as computers in all of its manufacturing 

plants and in several of its warehouses. At the time, the com­

pany was also Wjust in the beginning of the process of installing 

remote terminal equipment in a large number of the company-owned 

retail stores and they were experimenting with different ways of 

delivering computing services directly to their retail stores". 

(Tr. 73849 • ) 

Over the preceding ten years, Firestone had experienced a 

"rapid increase" in "the demands of the management • • • for 

greater and greater computing services". (Tr. 73850.) And the 

company expected that in the next five to ten years, "the total 

number of boxes and the total amount of computing equipment would 

double It • (Id.) Firestone had "both IBM computing equipment and 

non-IBM computing equipment installed • • • in their various 

installations", and "many if not most of the installations were 

from mixed manufacturers". (Tr. 73869.) 

Case's discussions with Firestone's representatives took 

place in the context of their evaluation of "several alternatives 
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for accommodating t~e increase in capacity which they saw·'. (Tr. 

73850.) Case understood that his discussions with Firestone data 

processing executives were part of their effort of "going around to 

different suppliers and different computer manufacturers and trying 

to see how they could get parts of the systems that they were 

considering installing from different manufacturers at the lowest 

possible cost~. (Tr. 73869.) They were engaged "in an effort to 

just make sure that they really knew all. the possibilities that 

were available, and then to pick the ones that they felt were best 

for Firestone". (~) 

c. Alternatives Available to Firestone. For purposes 

of his discussion of the alternatives available to Firestone, Case 

divided the applications Firestone was processing and attempting to 

process into two categories: "off-linen or batch applications and 

"on-linell applications. He first described the alternatives under 

consideration for handling the increased computing capability 

needed to process Firestone's batch applications. They included 

the following: 

(i) The option "to increase the number or speed of 

attached peripheral units on a central processing unit, for 

example, to increase the number of spindles of disk storage or 

to increase the number of tape drives or the speed of the tape 

drives that were installed in order that the execution of the 

jobs could proceed more rapidly and more work could be done in 

the day". (Tr. 73853.) 
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(ii) "[TJhe possibility of increasing main memory size on 

the installed CPUs in order to get the higher speed that the 

main memory size would enable the system to operate at." 

(Id. ) 

(iii) They were "very seriously" considering "changes' in 

software to use with their computing systems". {~) Case 

explained that some of Firestone's computers were "virtual 

memory configurations" and some were not. They were "seri-

ously considering adding virtual memory software to the 

systems that did not already have it in order to get both the 

functional and speed advantages that that would be able to 

l2 provide" • (Tr. 73853-54.) 

r3 (iv) Firestone was also considering both of what Case 

;14 called "two rather opposite alternatives": "First. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

~5 

~ 

putting in the same room· with [an] existing computer install-

ation another compute~ system • • • sort of side-by-side • 

and splitting the workload"; and second--"with respect to 

other of their installations • where they already had two 

or more computing systems installed to replace both of those 

computing systems with one larger computing system and 

consolidate the workload". (Tr • 73854 - 5 5 • ) 

(v) Another alternative being considered was to install 

an IBM 3850 mass storage system in Firestone's Akron head­

quarters "to get the additional functional and response time 

characteristics that the 3850 mass storage system would be 
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1 able to deliver to them and in order to reduce the number of 

2 magnetic tape drives that they had installed on that system 

3 

4 

presently". (Tr. 73855.) 

(vi) Finally, " [tlhey were considering the alternative for 

5 some part of their workload of obtaining services from a 

6 service bureau • • • with remote terminals that were attached 

7 to another company's computers that were in the business of 

8 providing service to others" •. (Tr. 73857.) * 

9 The second category of Firestone applications that Case 

10 discussed was that of "on-linen applications. He explained that,·by 

11 late 1977, Firestone had implemented "some pilot installations" to 

12 provide "some data processing services directly at the site of the 

13 retail stores that Firestone maintained". (Tr. 73858.) The purpose 

14 was to give the retail stores "the capability of using data process-

15 inq for credit collection, for customer billing, and for inventory 

16 control tt • (Tr. 73859.) 

17 Prior to implementing the "pilot" installations at some 

18 stores, all of that work had been done either on a manual basis· or 

19 jon a "remote" computing basis--"paper forms filled out in the 

20 retail store were filled out and mailed or carried to a data pro-

21 cessing center, and then keypunched onto cards or floppy disks, and 

22 then later entered into a computer, and printed reports would come . 
23 

24 

25 

* At other locations, Firestone was considering moving in-house 
computing work then being done by outside service organizations. 
(Tr. 73858.) 
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~ 1 back in a few days or a week to the retail store". (Tr. 73859.) 

2 Firestone's management believed that they would gain a 

3 number of advantages from implementing some form of on-line pro-

4 cessing for the retail stores. For one thing, they would achieve 

5 "much more acc~~ate control over the current stores' inventory", 

6 which would "reduce the total amount of capital 1:}lat was tied up in 

7 inventory". Also, they would "experience fewer product outages and 

8 hence lose fewer" customers because of product outages at the store"". 

9 (Tr. 73860.) Another "big advantage" Firestone anticipated was the 

10 ability "to respond immediately to a customer who came up and 

11 wanted to know the balance" in his account or to make payment of the" 

12 account up to date". (Tr. 73860-61.) This would reduce the size 

L5 

L6 

l7 

l8 

19 

~o 

~l 

~5 

I~ 

of Firestone's "credit losses" and would improve customer relations. 

(Tr. 73861.) 

At the time of Case's discussions with Firestone's data 

processing management, they were considering a "number of different 

ways" to implement on-line computing capability at their retail 

stores: 

(i) One possibility was a "centralized" system, with "a 

terminal located in each store that was connected online to a 

central data processing center and have essentially all of the 

programs and all of the data kept at the central processing 

center, and inquiries and messages go from the terminal in the 

store back to the data processing center for every trans- " 

action". (Tr. 73861.) 
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(ii) Another option was what Case called a "decentralized~ 

approach (Tr. 73864): "to have a computer installed at every 

store that was capable of keeping the records about that 

store's inventory and capable of keeping the records about the 

customers of that store at that physical location". (Tr. 

73862.) Under that approach, "there would be a somewhat 

larger computer at every store than just the terminal" that 

would be used in the centralized configuration. However, in 

the decentralized configuration "there would be less need for 

central data processing services". (Id.) 

Onder the decentralized approach, Firestone was also 

considering two alternative ways "for collecting the statis­

tics that they'wanted to from a company point of view" from 

the individual systems at each of the stores. One way 

"involved just mailing some recording media like a floppy disk 

from the computer at the store to headquarters every week". 

(Tr. 73862.) The other possibility was to establish a tele-

phone line connection between the store site computers and the 

central site "so that the central computer would every night • 

•• dial up all the branch stores' computers and get the 

information about the day's transactions, and then do a daily 

summary report". (Tr. 73862-63.) . 
(iii) An alternative to the "centralized" and ndecen-

tralized" configurations was a "network approach". (Tr. 

73863-64.) Under that option, Firestone "would have a com-
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~ 1 puter in every city where they had stores; and the computer in 

2 the city where they had stores would be connected by telephone 

3 lines to the various different retail stores in that city or in 

4 that metropolitan arep, and then the computers in the different 

5 cities would in turn be connected together with the home office 

6 or the regional office and then the home office computers". 

7 

8 

9 

10 

11 

12 

13 

~14 
15 

16 

(Tr. 73863.) So there would be a central computer site, four 

or five regional data centers, installations in each major city 

where Firestone has retail stores, and terminals in each of the 

retail stores--"with all of these computer installations 

connected together by telephone lines and exchanging information 

between them in order to accomplish the mi.ssion of serving the 

retail store". (!!!:) 

Case also explained that, however Firestone chose to 

configure its on-line retail store system (in a centralized, decen-

tralized or network approach) it had to make a further design 

17 choice: "how the computing installations were going t? attach the 

18 terminals in the retail stores, either how the central installation 

19 was going to do that in the centralized case or how the metropolitan 

20 installations would do that in the network case". (Tr • 738 66 • ) One 

21 choice was "to have the terminals come through a communications 

22 control unit like the 3705 communications control unit, and then the 

23 information into the central processing unit, and have the central 

~4 processing uni~ essentially do the processing with respect to each 

25 of the transactions that came in from the terminal". 

-1490-



1 (Id. ) 

2 Another option was to add a "front end computer" to the 

3 system. It would "do the processing on the routine transactions 

4 that came from those terminals, and have only the exceptional 

5 conditions transmitted on from that front end computer into the 

6 central processing unit computer at that same installation". (Tr. 

7 

8 
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10 
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73866-67.) 

Case summarized the probable results of Firestone's 

overall evaluation process: 

"Now, I have to say that there was also -- we were talking 
about the • • • potential advantages and disadvantages of each 
of these three approaches to doing the retail store application, 
but I was clear that in actuality probably the final design of 
the system to serve all the retail stores would be not one of 
those pure three approaches but that would be some combination. 

"In other words, probably it would be true that some of 
the retail stores would have a computer themselves, some of the 
retail stores would have only a terminal connected to a metro­
politan area installation, and other retail stores would have 
only a terminal connected to the central installation because 
there was no closeby metropolitan area installation. 

"So that when the -- eventually when we got all the 
hundreds of retail stores in the coun t %11' that Firestone has 
connected to this system, that it would be partly centralized 
and partly decentralized and partly network." (Tr. 73a6S.) 
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1 83. Federal Government. The preceding discussion has 

2 focused on the selection and use of EDP products and services by 

3 users in the "private sector". The Federal Government is the 

4 largest user of electronic data processing products and services 

5 in the world (Wright, Tr. 13551; Shoemaker, Tr. 30702-03; OX 

6 4355, p. 11; DX 7569, p. 5; OX 13459, p. 3) and is no different 

7 from other users in terms of the alternatives available to it, or 

8 its efforts to satisfy its data processing needs. There is 

9 substantial evidence in the record concerning the government's 

10 selection and use of computer equipment. 

11 Each year, the General Services Administration (GSA) pub-

12 lishes an inventory of automatic data processing equipment--"ADP"* 

13 --in use by federal agencies.** The data show: 
~ 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

'24 

25 , 

* The 1978 GSA'Inventory defines ADP equipment as "electronic 
data processing equipment (EDPE) and punch card accounting machines 
(PCAM.)." (OX 7634, p. 3.) It goes on to define EOP equipment as "A 
machine or group of interconnected machines consisting of input, 
arithmetic, storage, output, and control devices which use elec­
tronic circuitry, operate on discrete data, and perform computa­
tions and logical operations automatically by means of internally 
stored or externally controlled programmed instructions. All 
peripheral, or off-line data processing equipment in support of 
EDPE, except PCAM, is included." (!£:.,) 

** Included in the GSA Inventory are "general purpose commercially 
available, mass produced automatic data processing components and 
the equipment systems created from them regardless of use, size, 
capacity, or price, that are designed to be applied to the solution 
or processing of a variety of problems or applications arid are not 
specially designed (not configured) for any specific applica;ion." 
(DX 5703, p. 11; see OX 5201, pp. 3, 9.) 

-1492-
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2 

3 

(i) In 1970, the total number of computers* in use 

* The 1978 GSA Inventory defines computer as synonymous with 
4 "CPU": "A unit of a computer system that has circuits for 

controlling the interpretation and execution of instructions." 
5 (DX 7634, p. 3.) . 

6 The Inventory also defines "computer system" : 

7 "A configuration of ADP equipment which includes one 
or more CPU's. A system can include CPU's by ·more than one 

8 manufacturer. The changing complexity of the technology 
.makes it possib~e to interconnect CPU's and related com-

9 ponents in a variety of ways. The following is a descrip­
tion of the various types of systems referred to in this 

10 document. 

11 "Single CPU (Central Processing Unit): 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

"A. - One CPU and no remote equipment. 

fiB. - One CPU and remote equipment. 

"Multiple CPU's (Central Processing Unit): 

"c. - One CPU as the main processor/and one or more 
other CPU's (and their associated machines) 
as full-time peripherals or input/output (I/O) 
processors. 

"D. - One CPU as the main processor and one or more 
other CPU's (and their associated machines) 
as part-time peripherals and as part-time 
independent computer systems. 

fiE. - Cable-connected CPU's as independent processors 
with shared memory and peripherals. 

"F. - Cable-connected CPU's as independent processors 
and other remote CPU's (with their associated 
machines) as full-time peripherals or I/O 
processors. 

fiG. - Cable-connected CPU's as independent processors, 
with remote CPU's (and their associated machines) 
as part-time peripherals and as part-time inde­
pendent systems. 
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, 1 wi thin the government was 5,277. In 1975, there were 

2 8,649; by 1978, the last year for which the GSA Inventory 

3 is available, the total had grown to 12,190. (OX 7634, 

4 p. 18.) 

5 (ii) In 1970, the total number of manufacturers of 

6 computers in use within the government w~s about 45. In 

7 1975, there were about 130 manufacturers; by 1978, the 

. 8 total number of computer manufacturers had climbed to 

; 9 more than 175. (OX 4582; OX 4587; OX 7633.) * 
10 (iii) In 1970, the total number of manufacturers and 

11 suppliers of computers in use within the government was 

12 not less than 45.** In 1975, there were about 240 

,13 manufacturers and suppliers; by 1978, the total number had 

,14 grown to more than 340. (DX 4582; DX 4587; DX 7633.) 

(iv) In 1970, the total number of manufacturers of EDP 

16 equipment in use within the government was about 165. 

17 

18 

19 

20 

21 

22 

23 

24 

25 , 

"H. - Two or more computer systems with one system as 
the main system and with the other one or more 
separate systems as I/O processors, all under 
the direction of a single operational manager. 

"I. - Two or more computer systems physically separate 
but functioning as an entity under a single oper­
ational manager, with unified input, job flow, 
dispatch, and control." (Id., pp. 3-4.) 

* All of these statistics have been taken from the GSA Inventory 
tapes which may include as a separately identified manufacturer or 
supplier companies which have been acquired by other manufacturers 
or suppliers. Thus, the absolute numbers may not be precise. We 
use these numbers not so much for the absolute level but to show the 
substantial growth of suppliers to the Federal Government. 

** In 1970 the GSA Inventory did not include the names of non­
manufacturing suppliers. 



1 In 1975, there were more than 530 manufacturers; by 1978, the 

2 total had grown to over 700. (DX 4582; DX 4587; DX 7633.) 

3 (v) In 1970, the total number of manufacturers and 

4 suppliers of EDP equipment in use within the government was 

5 not less than 165. In 1975, there were more than 650 manu-

6 facturers and suppliers; by 1978, the total had grown to over 

7 875. (DX 4582; DX 4587; DX 7633.) 

8 The GSA Inventory also shows how individual suppliers 

9 have successfully increased their marketing activities to the 

10 government. For example: 

11 (i) In 1970, there were 499 DEC computers reported 

12 in use .at various federal agencies. By 1978, the total 

13 number of DEC computers had increased to 2,992, almost six 

14 times as many. (DX 4591, p. 18; DX 7634, p. 21.) Since 

15 1975, DEC has had more computers installed in the Federal 

16 Government than any other supplier. (DX 924, p. 6; DX 4596, 

17 p. 6; DX 4729, p. 21; DX 7634, p. 21.) 

18 (ii) Honeywell had 299 computers reported in use at 

19 federal agencies in 1970. In 1978 there were a total of 891 

20 Honeywell computers, almost three times as many. (DX 4591, 

21 p. 18; DX 7634, p. 21.) 

~ 

23 

(iii) Univac had 1,198* computers reported in use at . 

24 * This number includes 184 RCA computers installed in the 
government in 1970. (DX 4591, p. 18; DX 7634, p. 21.) We include 

25 these in Univac's numbers for 1970 because some may have been 
included in the' 1978 Univac numbers reported by GSA. 

-1495-



, 1 federal agencies for 1970. In 1978 the number of Univac 

2 computers was 1,749, an increase of more than 45%. 

3 (iv) Burroughs had 204 computers reported in use at 

4 federal agencies in 1970. By 1978, there were a total of . 
5 272 Burroughs computers, a 33% increase. (DX 4591, p. 18; 

6 DX 7634, p. 21.) 

7 (v) CDC had 404 computers reported in use with federal 

8 agencies in 1970. In 1978 there were a total of 492 CDC 

9 computers, an increase of 22%. (OX 4591, p. 18; DX 7634, p. 

10 21.) 

11 There are also companies which had only a few or no 

12 computers in federal agencies in 1970, but which, by 1978, had a 

13 large number of computers in use. 

-14 

For example: 

15 

16 

17 

(i) Data General had seven computers in use within 

the government in 1970. By 1978, the government had 891 

Data General computers. (DX 4591, p. 173; DX 7634, p. 21.) 

(ii) Hewlett-Packard had 41 computers in use within 

18 the government in 1970. By 1978, the government was using 

19 814 Hewlett-Packard computers. (DX 4591, pp. 184-85; DX 

20 

21 

76 3 4 " P • 21.) 

(iii) Modular Computer Systems, Inc. had no computers 

22 in use within the government in 1970. In 1978, the 

23 

24 

25 

government was using 359 Modular Computer Systems computers. 

(DX 4591, p. 219; DX 7634, p. 21.) 

The Inventory sho'ws that IBM was somewhat less 
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1 successful in its marketing activities to the government. For 

2 example: 

3 (i) The number of IBM-manufactured computers in 

4 use within the government declined during the 1970s. 

5 In 1970, there were 1,397 IBM computers in use within 

6 the federal government; by 1978, the number had declined 

7 to 1,179, a decrease of more than 15%. (OX 4591, p. 

8 18; OX 7634, p. 21.) 

9 (ii) The percentage of the total number of computers 

10 in use within the government which were manufactured by 

11 IBM declined during the 1970s. In 1970, it was 26.4%; 

12 by 1978, it had fallen to 9.7%, as compared to 24.5% 

13 for DEC and 14.4% for Univac. (OX 7634, p. 21.) 

14 

15 

(iii) The percentage by value of computers in use 

within the government which were manufactured by IBM 

16 also declined during the 1970s. In 1974 (the first 

17 year these data were available), it was 33%; by 1978, 

18 it had fallen to 28%. (OX 4595, p. 19; OX 7634, p. 

19 33. ) 

20 (iv) The percentage by value of "storage units", "input/ 

'21 output units" and "conununications terminals" in use within 

22 the government which were manufactured by IBM declined . 
23 during the 1970s. In 1974, it was 39%; by 1978, it had 

24 fallen to 26%. (DX 4595, p. 19; DX 7634, p. 33.) 

25 tv) The percentage by value of all computer equipment in 
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t 1 use within the government which was manufactured by IBM 

2 declined during the 1970s. In 1974, it was 37%; by 1978, it 

3 had dropped to 27%. (DX 4595, p. 19; OX 7634, p. 33.) 

4 As we have discussed earlier, on February 2, 1970, the 

5 Bureau of the Budget (later renamed the Office of Management and 

6 Budget) issued Bulletin No. 70-9, which required federal agencies 

7 to review all leased peripheral equipment in use within the govern­

S ment to deter.mine which products should be replaced by less expen-

! 9 sive equipment from independent peripheral manufacturers or other 

10 sources. A substantial number of IBM peripherals were replaced as 

11 a result of this directive. (See, e.g., OX 6257, Gold, pp. 

12 113-14, 130-31; OX 4555.) For example: 

13 

t~ 

15 

16 

17 

18 

19 

(i) By 1971, more than 550 IBM disk and tape drives 

were replaced with competitive equipment in various federal 

departments and agencies, including the Army, Air Force, 

GSA, National Oceanic and Atmospheric Agency, Railroad 

Retirement Board, Office of Economic Opportunity, SEC, 

Commerce Department, Government Printing Office, Defense 

Communications Agency, Library of Congress and Social 

20 Security Administration. (DX 4417, pp. 31-35.) 

21 (ii) Also by 1971, the Navy replaced more than 1000 IBM 

22 disk and tape drives, reportedly saving approximately 13 

23 million dollars over the following three years. (OX 5127.) 

24 More than 60 different companies had received requests 

25 for proposals from the Navy, and 14 responded. (OX 5136, pp. 
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! 1 1-2,13.) 

2 During the 1970s, the government's increased use 

3 of plug-to-plug compatible peripheral equipment, the increasing 

4 success of new and established suppliers in marketing to the 

5 government, and the GSA's emphasis, beginning in 1971, on 

6 soliciting multi-year EDP leases with discounts (see Cary, Tr. 

7 101671-73; DX 4381, p. 1; DX 5136, p. 2; see pp. 

8 above), led to the Federal Government's increased use of "mixed 

9 systems". Various federal agencies which had systems entirely 

10 comprised of IBM equipment in 1970, had switched to mixed systems 

11 by 1978. For example: 

12 (i) The Administrative Division of the F.B.I. had an 

13 IBM System/360 Model 40 and an IBM System/360 Model 50 in 

14 1970. Both CPUs had associated peripherals supplied 

15 entirely by IBM. (DX 4582, pp. 2029-30.) 

16 

17 

By 1978, the Administrative Division had three IBM 

360/65s, but all were supplied by a leas~ng company. 

18 Moreover, the Division's systems used peripherals, including 

19 tape drives, disk drives, drums, terminals and other input/ 

20 output devices, supplied by several companies. They included 

21 Storage Technology, CalComp, Telex, Itel, Univac and IBM. 

22 (DX 7633, pp. 4844-49.) 

23 (ii) In 1970, the Headquarters of the Marine Corps in 

24 the Department of the Navy had an IBM System/360 Model 65 

25 with peripherals supplied entirely by IBM. (DX 4582, pp. 
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, 1 1724-26. ) 

2 By 1978, the Marine Corps still had a Model 65, 

3 . but with a larger number of peripheral units, supplied by 

4 various vendors, including CalComp, Itel, Ampex, Telex, 

5 Mohawk, Memorex and IBM. (OX 7633, pp. 4025-27.) 

6 (iii) The Office of Assistant Secretary for Adminis-

7 tration, Data Processing Center, Department of Labor, 

8 had in 1970 an IBM System/360 Model 65 and peripherals, 

9 all supplied by IBM. (OX 4582, pp. 2034-35.) 

10 By 1978, the Data Processing Center still had a 

11 Model 65, but it was supplied by a third party. Further, 

12 there were many more peripheral units, supplied by 

U a number of vendors, including IBM, Ampex, Storage 
~ 
14 Technology, CalComp, Itel and leasing companies. (OX 7633, 

15 

.16 

pp • 491 7-2 0 • ) 

(iv) In 1970, the Railroad Retirement Board had 

17 two IBM System/360 Model 50s, with peripherals supplied 

18 entirely by IBM. (DX 4582, pp. 2269-70.) 

19 By 1978, the Railroad Retirement Board had an IBM 

20 System/370 Model 155, along with a larger number of peripher-

21 als, supplied by IBM, Storage Technology, CDC, Itel, Memorex, 

22 Ampex and others. (DX 7633, pp. 5449-51.) 

23 In addition to the proliferation of mixed systems 

24 during the 1970s, those responsible for procurement of EDP 

25 products and services for federal agencies recognized the increasing 
~ 
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capabilities of "minicomputers" for handling the government's EDP 

requirements. For example: 

(i) Clark R. Renninger of the Institute for Computer 

Science and Technology of the National Bureau of Standards, 

in a speech before the 7th Conference, Intergovernmental 

Council for ADP in Ottawa, Canada, in 1973, stated: 

"Advancements in computer technology have con­
siderably altered the pattern of computer use; and 
the widespread popularity of minicomputers, the 
impact of teleprocessing, and other developments 
are now forcing an examination of the best way to 
deploy our data processing resources." (DX 5369, 
p~ 1;' see DX 5422, pp. 220-223.) 

(ii) Mr. Renninger's supervisor, Dr. Ruth M. Davis, the 

Director of the Institute for Computer Science and Technology, 

stated that, by 1973, minicomputers were an increasinqly 

important alternative considered by the government: 

"As the focal point for computer technology in the 
federal government, we in the Institute for Computer 
Sciences and Technology have a special interest in 
minicomputers. • •• We have seen minicomputers 
expand their utility from dedicated applications to 
general purpose systems to systems components in 
large-scale computer networks. We have seen the 
federal procurement of minicomputers grow to the 
point where 48% of the systems acquired in the past 
fiscal year [1972] were minis (as compared with 38% 
in the previous year). We have seen the minicomputer 
market grow to its present level of $400-500 million 
per year, with more than 50,000 minis installed 
worldwide. We have seen new firms enter the mini­
computer field--and a few leave--so that there are 
new [sic] now about 50 different companies manufacturing 
minicomputer main frames." (DX 5346, pp. 1-2.) 

(iii) Douglas A. Crone, Deputy Director of ADP Procurement 

for the GSA, testified in 1973 that minicomputers were 
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~ 1 an important. alternative for the GSA to consider when it 

2 procured computer equipment. He stated: 

3 

4 

.: 5 

6 

7 

8 

9 

10 

11 leasing 

"there's a wider range of computer capability 
available, and you use, now, the capability that 
matches what you.need. In some instances, it's more 
economical to provide a mini-computer at a number of 
or several mini-computers at a number of locations 
rather than have a centralized, large system. • • • 
Other times, even today, it's better to have a 
centralized system with terminals. I mean, a lot 
depends on your applications. • •• It has opened up 
the choice of 'Shall you have one big system, or a 
number of systems with terminals,' or 'Do you want to 
decentralize to small systems'." (DX 9071, Crone, 
pp. 130-31.) 

The alternatives of plug-compatible peripheral equipment, 

company-supplied equipment and minicomputers are among 

12~ a much larger number of options which the government considers in 

13 making EDP procurement decisions. For example, the procurement 

~14 policies of the Atomic Energy Commission illustrate the breadth 

15 of alternative sources for EDP products and services available 

16 to, and considered by, federal agencies: 

17 

18 
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23 

24 

25 

~ 

"Generally, AEC ADP procurement decisions are and 
have been made, in the best judgment of responsible AEC and 
contractor officials, on the basis of which ADP equipment 
me'ets the requirements at the lowest overall cost." 

.. . . . . 
"The general ADP alternatives considered by AEC include: 

"(a) utilization of excess equipment: 

"(b) sharing of existing equipment in AEC and 
other Government agencies; 

"(c) purchase or lease; and 

"(d) use of commercial ADP services." 
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"ADP suppliers considered by AEC as sources for some 
of these general alternatives include: 

"(a)· suppliers of ADP equipment for purchase or 
lease, including: 

-1. firms selling or leasing new equipment; 

"2. firms selling or leasing used equipment; 

"3. to a very limited extent, firms leasing a 
manufacturer's equipment at lease rates lower than 
those obtainable from the manufacturer; 

-4. suppliers of ADP equipment for purchase 
or lease which is to form part of a system with 
ADP equipment to be supplied by another firm(s) at 
about the same time or which becomes· part of a 
system by adding to or replacing ADP equipment 
previously supplied by another firm{s), including: 

"(i) suppliers of peripheral ADP equip­
ment 'plug-compatible' to another manufactur­
er's equipment; 

"(ii) suppliers of ADP equipment which 
becomes part of an ADP system, other partes) 
of which are manufactured by another manu­
facturer. 

"Cb) suppliers of ADP services, including: 

"1. AEC suppliers; 

"2. other United States government suppliers; 
and 

·'3. private sources." (Plaintiff I s Admissions, 
Set IV, ~~ 14.1, 15.2, 15.3.) 

Elliot Gold, Acting Director of the ADP Procurement 

Division of GSA, testified in 1974 concerning the various alter­

natives considered by the GSA in making EDP procurement decisions. 

(DX 6257, Gold, pp. 1-2.) Gold testified that before the GSA 

decides to acquire computer equipment from a vendor, "all alterna-
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tive sources of supply" are considered, including peripheral equip­

ment manufacturers, system~ manufacturers, leasing companies, the 

government's excess equipment, time sharing firms and brokerage 

4 firms. <&' pp. 108-09; see DX 5369, pp. 1-2; OX 5708; OX 7528, 
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, 
Mahoney, pp. 104-06; ox 9071, Crone, pp. 43-44, 48-50, 59, 147-48.) 

Similarly, the plaintiff has admitted that GSA and other 

government agencies "usually consider a variety of alternatives 

before they make a procurement determination", and take the follow­

ing into consideration: 

(a) "Prior to acquiring EOP products or services, 
GSA or Government agencies usually consider whether 
their needs can be met by using EOP products and 
services owned or controlled by the Federal Govern­
ment." 

(b) "Government agencies sometimes consider time 
sharing services offered by GSA or private companies 
and service bureaus as an alternative to installing 
their own computer system." 

(c) "Federal procurement regulations and policies 
require Government agencies [to] consider as alternatives 
EOP products and services from Government excess inventory 
and joint use centers." 

(d) "Government agencies sometimes consider as 
alternatives EDP products and services from leasing 
companies, used equipment brokers and dealers." 

(e) "Government agencies consider acquiring EOP 
products and services which comprise complete systems 
and consider individual devices which can be used with 
EDP products currently in use at the agency." 

(f) "A number of EDP suppliers market EDP devices 
which can be used with the EOP equipment of other 
manufacturers including IBM." 

(g) "Government agencies consider acquiring 
software from the manufacturers of the hardware or 
from vendors of software." 
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(h) "Government agencies consider acqu~r~ng 
maintenance services from the manufacturer of the EDP 
equipment or from firms engaged in servicing equipment 
and consider using Government personnel to perform 
that service." 

(i) "There are many courses of action that GSA 
and Government agencies pursue to reduce the cost of 
EDP operations." 

(j) "Usually there is a variety of EDP products 
available to perfor.m a data processing application." 

(k) "In some instances, the user has, among 
others, a choice of one big system, a larger number 
of smaller systems with terminals or an even larger 
number of small systems using smaller computers." 

(1) "There are a number of EDP hardware products which 
can be configured to do the same applications in different 
ways and with different costs." 

(m) "In some instances reprogramming existing 
EDP equipment has avoided the need for acquiring 
additional hardware." 

(n) "Operating systems which give better 
utilization of hardware can improve processing 
efficiency and avoid the need for additional hard­
ware capacity."' (Plaintiff's Admissions, Set II, 
tt 357.7-358.5, ~58.7.) 
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~ 1 84. IBM Account Studies. Several IBM memoranda from 

2 the mid- and late 1970s, about which John Akers, IBM Vice President 

3 and Group Executive of the Data Processing Marketing Group, 

4 testified, complement the testimony by the computer users dis-

S cussed above concerning the data processing options available to 

6 them and others. 

7 a. "Large Systems Product Plans". Defendant's Exhibit 

8 9399 is a copy of a 1975 presentation, entitled "Large Systems 

9 Product Plans", whic.h was made to Akers when he was President of 

10 IBM I S Data Processing Division by his· Systems Marketing 

11 staff "regarding their perspective of the product plans for 

12 large systems I large processors It • (Tr. 96873.) The purpose 

13 of the presentation was to provide Akers with his staff's 

\4. 1 "assessment of those plans and update [him] regarding the 

15 work that they had performed in an effort to communicate as 

16 effectively as po~sible regarding what [IBM'-s] Da1:~ Proces,sing. 
, . 

17 Division felt those plans should be". (Tr. 96873-74.) 

18 Akers was evaluating IBM's large system plans in 1975 

19 I because the company was then "experiencing substantial competition 
I 

20 from a number of areas, including plug-compatible processor compet-

21 ition 'which was being shipped now for the first time in the United 

22 States, [and] including small systems competition. . .. (Tr . . . 
23 96875.) 

24 Part of the presentation dealt with the results of a "very 

25 detailed review of one hundred or more accounts" visited in the 
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1 course of the study, during which the customers' "data processing 
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plans" were reviewed. (Tr. 96874.) Akers testified: 

"As a result of their visits with those one hundred 
customer~--one hundred nineteen, to be exact--they found 64% 
••• were currently considering offloading •••• 

" 
"The net • • • is that two-thirds of one hundred of the 

largest users of IBM's large processors were actively consid­
ering alternatives to doing their work other than with large 
processors •••• " (Tr. 96886-87.) 

Akers added that the customers were considering three types of 

off-loading: 

(i) "new applica1;ions that currently are not on those 

gentral site processors"; 

(ii) "the removing of workload from the processors to.the 

communications controllers, and that's what 'front-ending' 

means"; and 

(iii) "the decentralization or the removal of some or all 

of the applications that were being performed on those large 

processors" . (Tr. 96887.) 

Akers explained the effect of' off-loading on the equipment 

utilization of the customer's large computer system: 

"If work is removed from a large computer system, the 
utilization of that computer system is reduced. And much of 
the examples we are talking about here, that's exactly the 
drive, to reduce the amount of utilization that the processors 
centrally are experiencing, or the utilization of the proces­
sors are significantly high that additional work couldn't be 
added without adding additional resource, that is, more 
processor capability and more input/output equipment. 

"And as the customer gets to the point where his resource 
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is full, the alternative of more resource in that approach, or 
alternative resource in small processors, as we are discussing 
here, are obviously one of the things they are considering." 
(Tr • 96902 - 03 • ) 

The Large Systems study identified examples of customers 

who were considering off-loading: Marine Midland Bank; Time, 

Incorporated; Chemical Bank (who, it is said, "will switch to 

intelligent front ends"--as, of course, Chemical did with the 

installation of its Collins C-900 configuration, see pp. 1349-50); 

Los Angeles County; the Social Security Administration; the CIA; 

Merrill Lynch; Rockwell; Combustion Engineering; the State of 

Kentucky; Hercules; Shell Oil; and Hartford Group Insurance. (OX 

9399, P ~ 12.) 

Akers explained the situation at several of the customer 

accounts. For Marine Midland Bank, the study reports it "will go 

DEC like B of A and Security Pacific did". (Id.) Akers explained: 

"Marine Midland Bank in New York was planning at this 
time, considering doing part of their work in the way in which 
both B of A, the Bank of America, and Security Pacific National 
Bank had already made decisions, and that is, those two 
situations were the following:-

"Those two banks were performing work on large IBM 
processors as part of their 370 systems, our 168 processors, to 
be specific. 

"They wished to add more work to that which was already 
being done. 

"They considered, among the alternatives, 168 processors 
from IBM and the aggregation of multiple small processors from 
IBM and from other people. 

"Both the Bank of America and-Security Pacific National 
Bank chose to proceed with multiple small processors as opposed 
to the 168 recommendations that the IBM Company had made. 
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"They were both significant competitive losses on the part 
of the Data Processing Division that had occurred just before 
this particular presentation •••• " (Tr. 96887-88.) 

For Merrill Lynch, the study states, "trend established 

4 with 5 Comten installed". (OX 9399, p. 12.) Akers explained: 
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"Well, Merrill Lynch and IBM have done business together 
for a long time and I have met with them from time to time. 

"Comten is the name of a product that is plug compatible 
with communications products offered by the IBM Company, plug 
compatible with the 3705, to be specific, as one example, and 
this indicates that Merrill Lynch has five installed and seems -
very satisfied and is going to do more of that." (Tr. 96897-
98. ) 

For Rockwell, the study indicates, "Will off-load MIPS to 

relieve TSO constraint". (DX 9399, p. 12.) Akers explained: 

"That means that Rockwell International is performing work 
with a software product entitled TSO, which stands for Time 
Sharing Option, which is simply a way of programming the use of 
the computer system. 

"This suggests that the processor is full and more work is 
not possible in that processor, and that Rockwell believes the < 

plans to remove some of that work and perform it not in that 
processor but in alternative processors is the thing that they 
should do." (Tr. 96898.) . 

For Shell Oil, the study states, "Distributed processing 

is attractive form of offloading". (OX 9399, p. 12.) Akers 

explained: 

"That's the same kind of thing we were talking about with 
Security Pacific National Bank where processing in the bank is 
done, some of it, in one location and some of it in other 
locations throughout that enterprise. And Shell is consi­
dering doing processing in multiple locations, and in doing 
that some of the work that is currently being done in the 
location being referenced here would be potentially done in 
other locations." (Tr. 96900-01.) 

For Hercules, the study reports, "Offloading will reduce 
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1 exposure to unavailability. It (DX 9399, p. 12.) Akers explained: 
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" [W]hen an individual terminal requires the computer 
resource to be available to do his work and it is unavailable, 
something is wrong with that resource, whether it be the 
communications lines, or the application program a customer 
wrote, or the hardware or software provided by the vendor is 
not working, and the qomplexity of larger systems often leads 
to the unavailability of that system from time to time to the 
user. 

"This suggests that Hercules believes that an alternative 
to that large system will reduce that unavailability of that 
computing resource to the user." (Tr. 96901.) 

The "Large Systems Product Plans" study also focused on 

plug-compatible processor competition at the selected 119 accounts. 

The study found that 40 percent of the accounts were then consid­

ering the "plug-compatible processor alternative" (Tr. 96905; DX 

9399, p. 13), and there was plug-compatible "sales activity", 

specifically by Amdahl, "in virtually all of [the] 119" accounts. 

(DX 9399, p. 13.) As Akers testified: 

"At this particular time, our customers were enjoying the 
l6 opportunity of large processors available from Amdahl that 

were both better performance and better priced than IBM's 
l7 processors and were enjoying the multiple small systems 

offerings that we have now discussed at some length. • • • And 
l8 so that we were getting severe competition from two very 

distinct and different alternatives, namely, Amdahl and the 
19 alternative of small systems in offloading work as we have been 

discussing now for some time, and that there was substantial 
!o competitive activity in 119 accounts that this team visited." 

(Tr. 96905-06.) 
!l 

b. "Minisystem Highlight Reporting--Account Profiles". 

Another IBM document discussed by Akers was "a compendium of work 

done by representatives of the Data Processing Division during 

1975 that studied the utilization of minicomputers, small computer 

systems, by ten enterprises in the United States". (Tr. 96839.) 
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1 That document is entitled "Minisystem Highlight Reporting--

2 Account Profiles" and a copy is Defendant's Exhibit 9403. 

3 Akers, who was President of the Data Processing Division 

4 at the time and commissioned the work, sent the study to ten 

5 high level IBM executives (see Tr. 96843-44; OX 9403, p. 2) 

6 because it was his 

7 ft ••• strong desire to communicate in detail and specify the 
environment in which small computers were being utilized in 

8 1975 in order to do a better job of communicating my customers" 
needs to the various people in the IBM Company that dealt with 

9 our product line, because I believed we needed to do a number 
of very important things to improve our product line." (Tr. 

10 96839.) 

11 Akers began the project because of "several concerns" he 

12 had at the time: It ••• although we had been studying competition 

of this sort for some time, the level of knowledge that resided 

inside IBM, in my opinion, continued to be superficial"; ... the 

activity that was going on in the marketplace was not being reported 

to any degree at all in the process that the IBM Company was employ. 

17 ing" • Akers was "very disappointed with the progress that was 

18 being made in improving our product line and I wanted to have detail 

19 with which I could communicate and negotiate". (Tr.96840.) 

20 The ten customer accounts discussed in the "Mini-system 

21 Highlight" report "were selected to be representative of the market-

22 place that were institutions of considerable size, that were 

23 customers of the IBM Company, and that had had some considerable 

24 experience in the utilization of small systems". (Tr. 96842-43.) 

25 Akers summarized what the study had found in the ten re-
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1 presentative accounts it had examined. He testified that all of 
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the customers were saying "essentially the same thing": 

It ••• that there are opportunities to use small computers, 
and as those small computers have gained in capability I am 
using them more and more • • • that I am pleased with the 
ease with which I ca~ install them, I can quickly begin to 
get payback, they are easy to operate. I intend to upgrade 
them. I am spending a good deal of money in this project 
today; I intend to spend more tomorrow. And very often and 
usually, the IBM Company's product line has been judged to 
be deficient." (Tr. 96849.) 

Among the specific customer accounts examined in the 

report were the following: 

(i) First National City Bank (Citibank) 

11 According to the study: 

12 "The bank's philosophy with minisystems is to distribute the 
workload now on the central system to each of the 36 bank 

13 'channels' (operating processes). The channels are broken into 
, the smallest business entity, so that each channel can have 
14 - ' tight control of the work process while maintaining a manage­

able unit. Each channel will have its own minisystem which 
15~ will not communicate with a central computer. The bank 

believes that communications between channels will evolve 
16 naturally through improved technology. tt (DX' 9403, p. 29.) * 

17 As of the time of the account review, Ci tibank had 23 "minisystems" 

18 installed and an additional twenty planned. The vendors involved 

19 included: TTI (Scantlin), REI, DEC, Interdata, Data General, 

20 General Automation and Qantel. (~, p. 28.) The applications for 

21 which the various "minisystems" were being'used (or were planned to 

22 be used) at Citibank covered a broad range of banking related activi 

23 

24 

25 
\ 

* As noted, Welch of Chemical Bank gave a similar description of 
Citibank's data processing views. (See p. 1344 ~bove.) 
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1 ties: electronic credit authorization; portions of check processing 

2 communications control; timesharing; automatic message verification; 

3 stock transfer data entry; international money transfer; New York 

4 City tax data entry; securities processing; commercial loan process-

5 ing; and foreign exchange. (Id.) 

6 Citibank's first "minicomputer"-based system, a Scantlin 

7 801, was installed in 1972 as part of an effort to develop a credit 

8 authorization system. By the time of IBM's study, Citibank had 

9 installed approximately 5,000 "Citicard Terminals" in branch bank 

10 and merchant locations, all linked to Scantlin 801 processors. 

11 (Id. ) 

12 In 1973, Citibank installed its first "minisystem" for 

13 "back office" banking automation. According to the study, n[i]t was 

14 used to interface REI [Recognition Equipment, Inc.] check sorters to 

15 the bank I s Burroughs B 3500 check processing system and enabled the" 

16 bank to decentralize the check processing function into those 

17 departments where check input originates". (~) 

18 'In 1974, the year preceding the IBM study, IBM had 38,700 

19 points--that is, dollars of monthly rental--installed at Citibank; 

20 from 1970 to 1974, IBM had averaged about 67,000 pO'ints installed. 

21 (Id., p. 27 •. ) Citibank's installed "minisystems" as of 1975 had 

22 an approximate value of 30,000 points, based on IBM's estimates, 

23 and the planned "minisystems" represented approximately 37,000 

24 additional points. (Id., p. 29.) The study noted tha t "[-a] s a 

25 result of their emphasis on decentralization, Citibank had made 
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1 no major IBM decisions for 18 months." (Id., p. 30.) 
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(ii) J. C. Penney 

Akers summarized the situation of J. C. Penney in 1975: 

" ••• I learned that this very fine IBM customer, and who 
we had been doing business with for years, was using a lot of 
our equipment, a lot df our products and services, was also 
using an enormous number of small computers from other vendors. 
The product line that was being marketed at J. C. Penney, was 
being accepted by them f9r much of their work, was judged by 
them to be not as good as other alternatives that were being 
marketed by IBM competitors. The J. C. Penney Company is in 
the business of merchandising, and to be effective they need to 
manage their store operations in a very careful way, and the 
application of small computers in the thousands of J. C. Penney 
stores across the country was a key part of their business 
strategy, and they were executing that business strategy 
fundamentally without IBM products because they judged other 
alternatives to be better. 

"And that • • • is an excellent example of the great 
frustration I was feeling as the sales leader of the Data 
Processing Division in being unable to get business from J. C. 
Penney because the other fellows in the marketplace were 
marketing products that J. C. Penney thought were better. (Tr • 
96848-49.) 

Specifically, the IBM study reported that users of data 

processing within J. C. Penney believed that the "[u]se of 'dist-

ributed intelligence' allows the processing capability to be located 

where the need and line management responsibility exists". (DX 

9403, p. 33.) Those users saw a number of advantages in the use of 

small processors to distribute intelligence within the system, 

including: "Reduces vulnerability to downtime"; "Relieves some 

operations responsibility from data processing"; and "Allows 

development load to be shared by others (systems integrators/ 

vendors)". (Id.) 
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(iii) Massachusetts General Hospital 

The IBM study also indicated that as of 1975, this hospitaJ 

had competitive "minisystems" installed from DEC, Sanders, Inforex 

and Xerox. (Id., p. 37.) The equipment was used for: medical 

information systems and laboratory support (DEC), control and 

analysis of nuclear brain scans (DEC), intelligent CRT control 

(Sanders), clustered data entry (Inforex) and patient heart monit-

oring (Xerox). (Id.) 

According to the IBM study, after an IBM System/370 Model 

145 was installed in late 1975, replacing two purchased 360/40s, IBM 

equipment at the hospital would have an approximate value of 45,000 

points. (~, p. 36.) The value of the hospital's installed 

"minisystems" was estimated to be about the same, roughly 45,000 

points. (Id., p. 37.) 

(iv) The Equitable Life Assurance Society of the United 

States 

The Equitable began installing "minicomputers" in 1972 for 

processing group health claims. By 1975, it had 195 systems 

installed, working on group health claims as well as: group 

compensation processing, Medicare claims data entry, group premium 

data entry, word processing, computer center data entry, communica­

tions support, remote job entry and investment analysis. (Id., pp. 

52-53.) The customer classified 58 percent of its minicomputer work 

as "commercial processing", 36 percent as "intelligent data entry" 

and 6 percent as "communications". (Id., p. 53.) 
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According to the study, one explanation for the customer's 

rapidly increased use of minicomputers was the fact that: 

" [s]ince 1971, Equitable has been involved in the complex 
hardware/software migration required for moving from an IBM 
7080 to an IBM VS environment. The constant change has had a 
neqative effect on service to user departments, causing them to 
seek alternative so1ut!ons to their problems to get short term 
payback." (~, p. 51.) 

c. "Low End Productivity Analysis". Defendant's 

Exhibit 9409 is a copy of a 1978 IBM account study entitled, 

"Low End Productivity Analysis", which was done by Akers' staff at 

the Data Processing Marketing Group and focused on the "ease of use 

and ease of installation of small systems". (Tr. 96963.> Akers 

explained the reason for the study: 

"The subjects of ease of use and ease of installation and 
amount of work that needs to be done both by the vendor and by 
the customer are subjects of paramount importance to me and to 
our customers. 

"I felt that we were not doing the job that needed to be 
done competitively in the area of ease of installation and ease 
of use and that work was done with that in mind." (Id.) 

The "Low End Productivity Analysis" was "the result of an 

extended piece of work studying the utilization of small systems by, 

40 companies, some of whom have successfully installed IBM small 

systems, some of whom have successfully installed competitors' small , 

systems". (Tr. 96964.) The study was intended to "illuminate" ease 

of use, operation and installation features which could then 

influence IBM's product plans. 

Akers explained the conclusions he drew from the infor-

mation presented in the study: 
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" ••• the customer pursued the alternative of small systems 
for a variety of reasons: 

"To offload his processors .; in order to perform the 
application in a more effective way from the user's point of 
view; in order to gain those improvements faster by the 
installation of small systems as opposed to the installation of 
those applications improved on the central site; that when 
installing competitive equipment the customer usually enjoyed 
productivity over and above that which he had experienced with 
IBM in many cases; that our competitors had been successful in 
making their small systems easy to install, easy to use and, as 
such, the benefits accrued to the customer from that install­
ation happened very rapidly." (Tr. 96966-67.) 

As noted, the Low End Productivity Analysis focused on. 40 

selected customer accounts, including these: 

(i) Southwest Bell Telephone 

Southwest Bell reportedly uses a DEC PDP 11/70 to supply 

central repair bureau employees with the records of customers 

(displayed on CRTs) who call in for repair services. The PDP 11/70 

then communicates to a 370/168 which "puts out a trouble report and 

customer record on a remote printer at the repair bureau". (DX 

9409, p. 90.) IBM had- "proposed a 168 solution with dumb terminals. 

However, Bell Labs said that 168 with dumb terminals couldn't handle 

the workload. Bell Labs • • • decided that the large volumes 

involved could be better handled on a dedicated 'mini'''. (Id.) 

(ii) Dow Chemical 

Dow is said to have installed two General Automation 440s 

to perform "administrative" applications, such as payroll, personnel 

data and cost accounting, on a standalone basis. According to the 

study, n(tlhis installation is typical of the trend within Dow for 
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1 smaller units to have their own DP capability rather than sharing 

2 another unit's larger system". (Id., p. 92.) 

3 The administrative applications were previously done on a 

4 370/155 belonging to anothe~ division of the company. 

5 "Problems' associated with the overloading of this 155 led to 
the creation of a new DP Manager job for the 'guest' division 

6 155 user. The new DP manager, taking his cue from the General 
manager who liked 'minis', decided on a 'mini' approach to 

7 offload from the 'host's' 155 his own major administrative 
applications." (Id.) 
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With respect to the selection of General Automation, the 

study reported that Dow's "prime requirement was the availability of 

ANS COBOL". General Automation offered that capability, its price 

was "the next to lowest of 8 'minis' they looked at", it "promised 

full time on-site software support for 2-3 months"; and "(mlain-

tenance was also readily available through the regional GA office in 

Houston" • (!.£.:.) 

(iii) Procter & Gamble 

Procter & Gamble installed two Hewlett-Packard 3000 

systems--selected from among 20 vendor proposals--as the initial 

stage in a program to distribute data processing functions, such as 

data entry and edit, from Procter & Gamble's central data processing 

site. (Id., pp. 111-12.) Procter & Gamble has chosen to 

use "minicomputers It for functions conunon to many applications. 

"'Any application" requiring the off-loaded functions "is a 

candidate for distributed data processing". (Id., p. Ill.) 

Procter & Gamble is said to have decided on the 
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1 "minicomputer" approach for several reasons: " [llower cost 

2 of DP solutions through distributed data processing"; "[s]implicity 

3 of implementation and operation"; and the fact that "[t]he 

4 number of end users is growing more rapidly than the central 

5 DP department can support". (Id.) The "central OP organization" 

6 proposed that it do "some parts" of the work off-load to the 

7 minicomputers, but, according to the study, "these proposals 

8 never got very far because the standard IMS kind of implementation 

9 was felt to take much too long". (Id.) 

10 (iv) Pepsi-Cola General Bottling 

11 According to the IBM study, Pepsi Bottling decided 

12 to install a Datapoint 6600 at each of ten remote division 

13 locations, all linked to a centrally located 370/138, to 

14 generate route settlement, payroll, accounting, general 

15 ledger" and sales analysis reports to Pepsi Bottling's holding 

16 company and to the government. (Id., p. 115.) 

17 The Datapoint 6600/138 configuration was selected after 

18 reviewing various approaches and vendors. According to the study, 

"19 "[h]igh communication line costs contributed to a distributed 

20 solution". (.!!!=.., p. 116.) 

21 (v) Northwestern Mutual Life Insurance Co. 

22 Northwestern Mutual installed 113 Texas Instruments 960 

23 Systems at agent offices around the country. (Id., p. 124.) The 

24 TI-supplied equipment performs policy inquiry, sales proposal, new 

25 business and message switching applications. (Id.) The remote 
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) 1 systems access a larger Texas Instruments 960 "which acts as network 

2 controller and handles remote unit hardware and software diagnos-

3 tics W
• (Id.) The entire network, in turn, is linked to a 370/168 

4 which maintains the ~ompany's account data base. One "agency stand­

S alone application", general accounting, was not performed in conjunc 

6 tion with the 168· and was added to the TI equipment shortly before 

7 the IBM study. (Id.) 

8 

9 

10 

11 

12 

!13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
\ 

The report explained Northwestern Mutual's decision to 

implement a "minicomputer approach": 

"The initiative to change from the previous semi-automated 
approach originated with the ultimate end-users, in this case 
the insurance company's sales force pressing the home office to 
maintain an industry leadership role in OP. The decision to go 
to a 'mini'-computer solution came from the.DP department, 
which viewed the 'mini' as a product breakthrough, overcoming 
the cost disadvantages of the on-line terminal approach •••• ft 
(Id. ) 

(vi) Standard Oil of Indiana 

Standard Oil installed a Modcomp IV computer system to 

perform a plant maintenance application. "The user department 

enters work orders and receives printed schedules from the system 

which both updates the inventory of maintenance work, sorts, and 

schedules the load by location, labor skill and priority." (Id., p. 

127.) Another Modcomp IV system, which shares the disk storage of 

the first, supports plant process microprocessors and instrumen-

tation. 

The Modcomp equipment was acquired because Standard Oil's 

maintenance department wanted to expand the plant maintenance 
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1 application and bring-it on-site, that is, to the plant: 

2 "Previously the application had been partially run in batch mode in 

3 [Standard Oil's] large (3-370/168) Corporate Data Center with the 

4 balance performed manually." (Id.) 

5 
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I 

8S. Conclusion. Stepping back from the numerous indi-

vidual competitive product announcements and customer procurement 

decisions which took place in the Seventies, we can see two impor-

tant trends over the past three decades of the EDP industry. 

The first, and one that hardly needs further elaboration, 

is the increase in the number of suppliers in the industry and, more 

importantly, the increase in the number and diversity of product and 

service alternatives those suppliers have been compelled to make 

available to customers. From a handful of suppliers in the 1950s 

offering what from today's perspective was quite l~mited and primi-

tive equipment, the industry has expanded impressively in sources of 

supply and in product and service. 

The second is the rapid rate of technological change that 

drives the industry's participants and is driven by them. 

Improvements in computing capabilities, as reflected by 

raw measures of performance, particularly when considered with prod-

uct prices, underscore some of the major advances achieved by com­

puter equipment manufacturers over the past three decades.* 

(i) The multiplication rate of processors, measured in 

their ability to execute multiplications per second, has been 

increased by a factor of 1,400 from the IBM 701, announced 

* The comparisons do not take into account the inflation rate 
over the past three decades. Based on the Depar~~ent of Commerce's 
Index of Prices for Producers' Durable Goods, a rough calculation 
indicates that price levels have increased between 1952 and 1979 by 
a factor of over two and one-hal!. 
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1 in 1952 to the IBM 3033, announced in 1977, for a rental price 

2 that has increased only 5 times. (See Andreini, Tr. 47581, 

3 47694-95; Case, Tr. 74220-24; Hart, Tr. 80187; Hurd, Tr. 86362; 

4 OX 9405, pp. 553, SS6-57.) 

5 (ii) The instruction rate, measured by the number of 

6 instructions that can be processed per second in a typical 

7 instruction mix, has been increased by a factor of 1,100 from 

8 the IBM 650 in 1953 to the IBM 4341 processor in 1979, at less 

9 than a 3 times rental price increase. (Akers, Tr. 96692; OX 

10 4740, Evans, pp. 4034-35; OX 1402; OX 4755; OX 9395, p. 4; -ox 

11 9405, pp. 1049-50.) 

12 (iii) The capacity of computer main memory has been 

13 increased by a factor of 800 from IBM's 701 to the 3033 and by . 

14 a factor of 400 from the smaller IBM 650 to the IBM 4341. 

15 (Hart, Tr. 80187; OX 1402; OX 9405, pp. 553, 1044, 1048.) 

16 (iv) The price of one million bytes of main memory for the 

17 4341 is 1/500 what it was for the IBM 701 and 1/238 what it was 

18 for the IBM 650. (OX 1402; OX 9405, pp. 1013, 1044, 1049; OX 

19 13367.)* 

20 (v) The storage capacity of magnetic disks, per spindle, 

21 has been increased from 4.4 million bytes on the IBM 350 disk 

22 

23 
* The first generation processors could not, of course, handle 

24 anything approaching one million bytes of memory. The 701, for 
e}:ample, could have at most about 4 thousand "words It of memory, 

25 which was roughly equivalent to less than 20 thousand bytes. (Hurd, 
/Tr. 86354-57; see also Case, Tr. 72248; Crago, Tr. 86175.) 

I 
I 
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1 of 1956, to 25.87 million bytes on the IBM 2314 disk of 1965, 

2 to 100 million bytes on the 3330 of 1970, to 317.5 million 

3 bytes with the 3350 of 1975, to 1.26 billion bytes with IBM's 

4 3380 in 1980. (Case, Tr. 72738, 72743-45, 72747: ox 35540; OX 

5 1437; OX 9405, pp. 174, 178: OX 14291.) 

6 (vi) The data transfer rate achieved by disk drives, 

7 measured by the number of bytes transferred per second, has 

8 been increased by a factor of 136 from the IBM 350 to the IBM 

9 3350, 21~ times from the IBM 350 to the IBM 3370, and 341 times 

10 from the. IBM 350 to the IBM 3380. (Case, 'I'r. 72739, 72747: PX 

11 6072: ox 3554D; DX 9405, pp. 174, 178, 1055, 1058; DX 14297.1 

12 (vii) The price of disk storage has been reduced: with 

13 the 350, one rental dollar bought 6.8 thousand bytes of disk 

14 storage; with the 2314, a rental dollar bought 38.2 thousand 

15 bytes; with the 2319, a rental dollar bought 82.6 thousand 

16 bytes; with the 3330, one rental dollar bought- about 

17 145.6 thousand bytes; with the 3350, a rental dollar 

18 bought 470.0 thousand bytes; with the 3370, a rental dollar 

19 bought 810.3 thousand bytes; and with the IBM 3380 a rental 

20 dollar bought 1.19 million bytes. (Case, Tr. 72738; Haughton, 

21 Tr. 94860; JX 38, pp. 440, 451; PX 4527, pp. 1-2, Si OX 

22 1437, pp. 1, 3; ox 35540; OX 9405, pp. 174, 178, 1055, 1059; 

'23 OX 14297.) 

14 (viii) The speed of computer output printing has been 

~25 increased by a factor of more than 130 from the IBM 716 
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1 printer in 1957 to the IBM 3800 laser printer announced in 

2 1975 and enhanced in 1976, for only about a 4.0 times pur-

3 chase price increase. (PX 4714, p. 3; OX 9405, pp. 121-22, 

4 128, 479-80; Plaintiff's Admissions, Set II, , 931.1.) 

5 And Withington testified that the state of technological 

6 innovation in the general purpose computer business today is "at 

7 least as rapid today as at any period in the past". (Tr. 112946.) 

8 Newer technologies, with new potentials, are being worked 

9 on by computer equipment manufacturers throughout the world. Those 

10 technologies include "Josephson l
' technology, in development at .IBM 

11 and elsewhere (Gomory, Tr. 98248-64, 98268-73; E. Bloch, Tr. 92409-

12 12, 93429-39); optical fiber technology for data transmission 

13 (Gomory, Tr. 98294-96}i and speech recognition technologies, being 

14 eveloped by IBM, the Japanese and others. (Gomory, Tr. 98299-05.) 

15 What is important for the industry is that, as history has 

16 hown us, no single manufacturer can control or manage the techno-

17 ogy. The pattern of new announcements which we have discussed 

18 ar1ier illustrates the rapid diffusion of technological improve-

19 ents. That in turn has an impact on all industry participants. 

20 inston Hindle of Digital Equipment Corporation told a group of 

21 ECls computer users in 1970: 

22 "There is no looking backward in our industry, as you undoubt­
edly know. So if one stops to pon8er the past and be self-

23 satisfied, the more aggressive competitors will quickly charge 
past." (OX 517, p. 2.)* 

24 

25 

I * Hindle believed that statement was still accurate with respect 
to the computer business in 1975. (Tr. 7447-48~) 
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1 Burroughs' management, in its 1977 Annual Report, made a 

2 similar observation: 

3 -Advancing technology and changing market demand have led 
to new products that are significantly more powerful and cost 

4 effective. Dramatic new applications of these products are 
creating expanded market opportunities. 

5 
-A major result of this rapid and far-reaching change is 

6 that the industry has become increasingly competitive. Addi­
tional companies in the United States have entered the market, 

7 and organizations outside the U.S. have emerged as significant 
factors. A series of major price reductions during 1977 gen-

S erated additional competitive pressure." (DX 12289, p. 9.) 

9 In 1979, near the close of the decade, the "U.S. Industrial 

10 Outlook" for the computer. industry, published by the Department of 

11 COmmerce (OX 12261), noted some of the developments which we have 

12 found to be significant and discussed in our testimony: 

13 "·Japanese firms have recently entered the U. S. computer 

14-

15 

market ••• with a variety of products. 

* * * 
"Development of distributed computing capability, moving away 

16 from the total dependence on large central processing units has 
been aided by introductions of new terminals with data storage 

17 and processing capability, small computers, and communications­
oriented software. 

18 
"As a result of a growing integration of computers and 

19 communications, the convergence and potential conflict between 
the largely government regulated electronics communication 

20 industry and the non-regulated computer industry increases." 

21 

22 

23 

(Id., p. 2.) 

The report concludes with a prediction about the near 

future with which we concur: 

"The outlook through 1983 assumes intensified competition 
24 in virtually all sectors of the industry, backed by both the 

impetus of improved Very Large Scale Integration (VLSI) com-
25 ponents and the aggressive pricing actions of firms seeking 
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1 market entry and expansion incorporating these components. 
Foreiqn firms, particularly Japanese, will be more visible in 

2 u.s. and foreign computer markets, having gained shares in an 
expanding market at the expense of u.s. firms." (Id., p. 4.> - . 
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