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I'd like to start out by going around the room and having everyone

introduce themselves to the tape recorder and I'd like you to introduce

yourself in your relation to any of the projects up there on the black
board! and one other thing-~I would l ike your definit ion! individual lyn

of computer architecture! and computer design- Uhy don't we start

with Bob Moe-

BOB MOE:

I started with the company in lTbO and the first couple of years was

spent as acheckout engineer on the lbOM- In ITbE I started in the design
moved over to the design rather! of the btOQ and moved to Chippewa in

nbS- I stayed at Chippewa through nbfl and returned to Arden Hills

in the 7000 development division. I was part of the development efforts

on the bbOO and the 7b00- From n7a to n?M I visited Europe and in

n?4 I returned to the STAR 100 Development Division! currently as

Program and Systems Manager in that division- I am not sure how to
answer your last question! Neil- With no chance to think about it

ahead of time I think architecture is the unique assembly 0.F1 in Control

Data language! functional units! memory and control! and peripherals.

Does that make sense? Your other question was what! design! Neil?

(Jel l ! that 's interest ing. I think most of us that were pretty new at

the computer business! 15 years ago! didn't know much about design becaus

we didn't know much about computers. So! I've always felt that logic

design as opposed to circuit design -Cand that kind of thing} was a

pretty rudimentary technique of taking building blocks! design rules
and implementing an architecture.

Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



WAYNE SPECKER:

From that l ist of computers I built the "Perform Algorithm" type

box for the 3b00 that did polynomial evaluations. Later on I worked

on the design of the main control section of the 3500 and then the

instruction unit and virtual addressing for the STAR b5. Then there

was the NPL line and I guess I worked on that for a year and a half.

That never got past the in i t ia l specificat ion wr i t ing phase. I guess I

was working on the storage access control and memory organization for

NPL-

NEIL: You and Curt did a little logic design on the NPL didn't you?

It seems that there was not an inconsequential effort invested in that-

WAYNE: yes t we made an investigation into what was called the fresh

operand file! which everyone now calls cache memory. That was just
before IBM announced their version.

Architecture! wel l there's hardware architecture and then there is

■Cin my opinion} a concept of overall architecture. I have heard

people talke about both. I presume you are talking primarily hardware
and not about operating systems! which do go along with system archi

tec tu re-

There are even certain dist inct ions wi th in hardware archi tecture - I

think we've included the instruction set! the memory addressing system

including the virtual addressing system! and the central memory
structure -Cnumber of ports} i I guess we should also include the use

of multiprocessors and other configuration aspects and also I guess a

little bit of how you start the thing up and provide some sort of

d iagnos t ic in te r face .
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Logic Design is a cut below that. You're trying to build the
architecture for a given performance level for a given cost- Putt ing

the components together whether they be chips or discretes or LSI.

DENNIS GRINNA:

I started with the company in 1961 on 160's in checkout and transferred

over to the Chippewa lab also in 1962 and spent the full 12 plus years

there in checkout. I started out, of course, as a junior engineer

and didn't really get involved in design or systems work or anything

approaching that unti l later years. Presently I am working in the
Aerospace Division as a systems designer. My concept of architecture
is pretty much as has been defined already. It would be the overall

concept of the interrelat ionship between an instruct ion repertoire and
the hardware. Architecture deals with both sides of those topics a

little bit; but more on a concept level. Then we have the logic designer

; and I would add another interface in the form of a systems

engineer. The logic designer would be responsible for implementing
that concept in the hardware.

TOM ROWAN:

I started at Control Data in 1962 just about the time that the 921; was

getting completed and I was in product line management so that I got
involved in the 3600, 3^00, 1700; you left out the 3200 and 3300 on

your list and also the 3500. I was involved in the planning side of the
6600 and 7600 and finally on STAR. I think they have said enough about

architecture and design and I am not going to add any more.
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MAURICE HUTSON:

I started in 1961;. I came right out of school and trained on the 31^-00,

of which CDC got the last one built about the time I was ready to start

Being the least valuable in that group I was transferred over to 6000

Development when they needed people at the time the 6600 came to Arden
Hills. I was in that group until 1968. Then I came over to the STAR

project. At that t ime the architectural design was done. I am not
sure if I can define that, but I was in on both designs of the STAR 100

( laughter) . I th ink the di fference between archi tectural design and

logic design real ly is the div is ion of labor. Usual ly you have a

management group that more or less formulates the architecture,

purely because it is physically too much work for them to do all the

way to the end-, they create block diagrams that vaguely define the
machine. I t is then the logic designer that actual ly creates a

fin ished product .

CURT ALEXANDER:

I started with the company in ITLl and worked in checkout in the field

on the IbOM and IbO's and finally 3b00's. The first design I was

involved in was the 1700 processor. After that I worked on the 3500

main control design and from that went into some of the paper design

work on the MPLi and from that moved to what was then called the PL50

which was a smaller version of STAR 100. Ue went to Canada in ntiT

because we ran out of money and finished it -Cas the STARb5} up there.

In n7M I came back and am now working om or beginning to work on IPL-

My defini t ion of arch i tecture is the defini t ion of the features of the
whole system including the features of the central processor 1/0 and

other features of the whole system and how they interrelate- I think

that the designer then takes over from there and once you begin to

reduce that to any kind of block diagrams or eventually to logic that
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would be ca l led des ign work wh ich is rea l ly a process o f reduc ing

a rch i tec tu re to some k ind o f imp lemen ta t i on .

DON PAGELKOPF:

I jo ined the company in ITLO! just l ike Bob Moe! in 1L0M checkout-

I was the EIC on 3L00 S/N 1- I moved on as a design engineer! or as

project engineer of the 3MQ0! the LUCOn the ET.l and then I moved into

technical management- There I was associated with LOGO and 7000 and

now STAR 100- I th ink Maur ice came c lose to my defin i t ion o f a rch i

tec ture because I th ink we a l l have a fee l ing o f what that means-

In my mind architecture has to be done by one or two or a very few

number of people who get inputs. Whereas design again! must be done

by many- One of the aspects of design that has not been emphasized

s o f a r i s r e a l l y w h a t i t ' s a l l a b o u t - T h e d e s i g n e r p r o d u c e s d o c u m e n t s

f rom wh ich compute rs can be manufac tu red- A l l too o f ten I find one

of the prob lems we have on pro jec ts is that peop le forget that we

have to document for manufactur ing fo lks because that 's the name of

the bus iness we a re in - Tha t ' s what I wou ld conc lude .

MARIS BERGMANIS:

I jo ined the company in l ^b l a t wh ich t ime I was par t o f the IbO

department under Don Malcolm! then I was assigned to the Z program

■Cit was known later as 3500} which eventual ly evolved into 3300 and

after that I moved on to the 3500. For the 3500 I designed the BCD

uni t ! -Cnot the BDF! but the BCD un i t } and the float ing po in t un i t on

t h e 3 5 0 0 - A f t e r t h a t I w a s k i n d o f a n a d d i t i o n t o t h e N P L p r o j e c t !

looking at emulat ion possibi l i t ies for bOOO and 3000 and IBM machines.

From there the logical step at the change of the program was to go to

PL50 which thereafter became known as STAR b5. I went to Canadan
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came back and now I am part of the IPL program at Arden Hills! laying

out the design plans for the P3 and FM of the IPL product line- My

interpretat ion of arch i tecture is probably c loser to Cur t 's ! probably
because we have been working together for so long- In my mind! it is
a definition of the major functions of hardware and software both and

the relat ionships between the various phases- I t includes al l the

I/Oi the operating system,! the maintenance features and the hardware.

You cannot separate them! I believe! any more. Logic design is actu

ally taking those basic concepts {that are defined! I agree with Don!

by a few people-~they can't be defined by a committee} and actually

putt ing that into logic c i rcui t ry that can later be manufactured.

DOLAN TOTH:

I've been with the company since ITST. I worked first on logic and

circuits and printed circuits that eventually went into the 3bOD and

the 3500 machines- I had some association with IbO! and T5M. I got

involved with STAR in the very early days and had an input into its

design and architecture even though I am unable to define exactly
what I mean by either of those terms. To me architecture is taking

a basic set of requirements and fitting components around these

requirements in order to come up with a machine that will satisfy the
cost performance criteria that are desired. Design then would be an

actual detailed implementation of these rather gross ideas into a

final k ind o f des ign.

CHUCK HAULEY:

I started in 1^56. I worked on IbOM and the 1607 (which was a tape unit

for the lb DM} and after that I did the ^5Mt 3b00 and 3M00- I was

associated with the bMOO group and then EMI and STAR 100. The defi

ni t ion of archi tecture: There are two defini t ions! one of them
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archi tecture! one of arch i tectura l des ign. Arch i tecture is some

thing that defines functional modules and interfaces between them.
Architectural design is the process of making trade-offs to decide

what functions should be where and what the size of the interfaces

should be. To talk about logic design I think we really have to

divide it into two areasi one is the design of logic and the other is

the implementation of that logic in hardware. Uhat I mean by that is

when we talk about the design of logic we might be talking about

having a register! having connections between registers! in order to

accompl ish the funct ion that is required. There is a fur ther detai led
level of logic design which now designs a register out of circuitry!

part i t ions this among different boards! figures out wir ing and so
for th- I th ink there are two very separate! d is t inct types of th ings-

fluite often the same person will do both but they are two different

types of work.

LARRY KRUGER:

I am on the STAR IOC design team. I spent some time babysitting

the STAR IB for a few yearsi both the hardware and microcode. I'm

responsible for the STAR microcode now. I don't think I can add
much more to the definition of architecture since I have not done

any architectural design at all. I know one thing from being on the
STAR project! the architecture pretty much better solve the problems

of the programmer or we are not going to sell any machines- That

would be part of the architectural concern if I were to start a

system design- Ide have problems to solve for the user! and if he
can't come in an do that we are not going to sell anything to him-,

no matter how good you put functional units together and how detailed
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MIKE PAVLOV:

I ' v e b e e n w i t h t h e c o m p a n y s i n c e I T b fl . S i n c e y e s t e r d a y I h a v e b e e n

a t t e n d i n g t h e c o r p o r a t e t e c h n o l o g y c o m m i t t e e m e e t i n g a n d I h a v e n ' t

b e e n t o t h e o f fi c e s i n c e T u e s d a y w h i c h m e a n s I m a y n o t s t i l l b e a t

C o n t r o l D a t a . { L a u g h t e r } I h a v e n e v e r b e e n a c t u a l l y i n v o l v e d i n

t h e d e s i g n o f m a c h i n e s b u t h a v e r e m a i n e d s t r i c t l y o n t h e s o f t w a r e

s i d e s o I w o n ' t g i v e a n y a r c h i t e c t u r a l t h i n g s o t h e r t h a n t o n o t e

t h a t c l e a r l y a r c h i t e c t u r e i s h o w y o u p u t t h e s k i n s o n t h e m a c h i n e

a n d b u i l d i t s o t h a t i t s t a n d s u p a n d o t h e r c o s m e t i c s o n t h e o u t s i d e -

A r c h i t e c t s o b v i o u s l y b u i l d h o u s e s a n d t h i n g s l i k e t h a t - D e s i g n ! o f

c o u r s e ! i s d o i n g t h e s t r u c t u r e t o fi t t h e j o i s t s a n d t h i n g s t o g e t h e r

s o t h e c a b i n e t s h a v e s o m e t h i n g t o h a n g o n t o - D o n ' t c o n s t r u e t h a t

a s a p r o g r a m m e r ' s v i e w o f a r c h i t e c t u r e .

CHUCK HAULEY:

O n e t h i n g I d i d n ' t s a y w h e n I w a s g i v i n g m y d e fi n i t i o n o f a r c h i t e c t u r e

I d i d n ' t c a l l a t t e n t i o n t o t h e f a c t i i f y o u n o t e v e r y c a r e f u l l y ! I

d i d n o t s a y h a r d w a r e . A r c h i t e c t u r e a p p l i e s t o s o f t w a r e ! h a r d w a r e o r

a n y t h i n g e l s e t h a t y o u w a n t t o c o n c e r n y o u r s e l f a b o u t .

DAVE RESNICK:

I have been w i t h t he company s i nce l ^bfl wo rk i ng on 7000 and STAR and

I a m n o w d o i n g s o m e L S I w o r k . A s f a r a s a r c h i t e c t u r e i s c o n c e r n e d

I a g r e e m o s t l y w i t h C h u c k ! i t i s a d e fi n i t i o n o f a b u n c h o f b l o c k s

a n d h o w t h e y i n t e r a c t ! w h a t t h e f u n c t i o n o f t h e b l o c k s i s ! b a s e d

e n t i r e l y o n w h a t y o u ' r e d o i n g ! s o f t w a r e ! h a r d w a r e o r a n y t h i n g e l s e -
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HOWARD KROHN:

I've been with the company since !Tb3. I worked on numerous Aero

space projects and in 1*170 I became associated with STAR. Right now
I am working on the LSI project at ADLi designing tools which can be

used to build future LSI computers- My concept of architecture is a

l i t t l e d i f fe ren t - I th ink a rch i tec tu re has k ind o f evo lved over the

years- Earlier there was no concept of architecture when the bOOO
was designed. Ue had a specific circuit technology and were going to

design a set of instructions that will make a fast machine and use
the circui t technologies to the best advantage- I th ink r ight now

that archi tecture is st i l l somewhat dr iven by circui t technology and

it will always be that way. You come up with new circuit technology

and you try to evolve an architecture around that- This is real ly

happening now with the IPL l ine- It tends to forget about the circuit

a s p e c t b u t I t h i n k i t ' s s t i l l t h e r e a n d i s s t i l l d r i v i n g i t .

BILL BHEND:

I've been with the company since ITbl. I started out in Field Service

and went into lbOM checkout and I don't know if Don remembers me or

not but I worked on the 3MOO prototype for a few months. I went over

to Chippewa Falls in 1Tb Mi worked on the tail end of the bbOO develop

ment! went through the 7b00 effort and when Seymour left took over

the fixed point and floating point design for the flbOO- As far as

I'm concerned architecture is the building blocks of the computer

system and logic design! I guessi is deciding what goes into the

building blocks as far"as the hardware is concerned-
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KENT STEINER:

I've been with the company since ITbM. I've worked on the lower

3000 line of computers in computer checkout and also on the 1700-

From there I came and worked on the design of STAR. My concept of

archi tecture is basical ly just the tota l system. The tota l computer

system to do the jobi i t 's not just hardware. I don't think of hard
ware as much as I think of the instructions or the spec that you

try to implement to perform this part icular archi tecture that you're

t ry ing to get at . I look at logic designers basical ly as d ivorced
from that-

RAYMOND K0RT:

I've been with the company since ITbl- I worked in checkout for

IbOM and 3b00. I've worked in computer design since then- I worked

on the 3600 a little bit! then the STAR 1~B and the STAR 100. My

concept of architecture is a vehicle or means to perform a job for
whatever you want to do.

NEIL LINCOLN:

This is the last chance you're al l going to have to pontificate. One

thing about having a microphone in a bunch of strangers is they tend
to get very philosophical. Ue now have everybody's voice pretty

well identified so that when we try to make the transcripts we'll be

able to tell who's who. I've asked you to come to talk about the

aspects of the projects that you've been associated with and it looks
to me like there is sufficient overlap among you that we can piece

together some of the information about project history! technical
innovat ions and lessons learned- I f there is other information you'd

l ike to d ig out p lease in tervene and let 's ask quest ions. I 'd l ike

this discussion to be more interactive rather than have one person
Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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speaking. I don't know how far back we can take this historical
search. I did put the IbOA on the board. What I'm looking for is
a l i t t le bi t of background about that project- I f the people who

were here when the lbOM was conceived could kind of describe the

history of the project! how it came to be! how and why! we could
start there. Why did we end up with lbOMi why did it end up looking

as it does. If we can't get at that maybe we can take the next; one

down the line. Most of us ought to be able to have seme pithy things

to say about things like the 7000! flbOO. Should we start with the

IbOA. Do we have enough talent here to drag the IbOA through this?

TOTH: I think I may be able to fil l in a l i t t le bit on the IbOA.

Actually the lbOM preceded the IbOA in design and that came about
after a meeting -Cand this is all heresay} with those who were then

in the company {numbering 15 or 50} in which most of the management

people were not in favor of beginning development and construction
of a big computer until we had a contract for one. However! there

was one person in the beginning who felt otherwise and that was

Seymour. I think he was able to convince them that they needed to

begin to build some hardware and so the lbOM then was started- The
success of the company hinged on the successful development of that

computer- Then it is reported -Cand I can't say that this actually

happened} that Seymour was sick one day and came in the next day with
the design of the lbO computer. It was then put together also- I

can't remember which actually was working on the floor first! the lbOM

or the lbO-
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HAULEY: I can maybe add a little light to what was going on-

Preceding both of them there was a machine called "Big Character"

which was a small computer which was built as a test vehicle for the

memory stack for the lbOM- This was to prove out the memory drive

circuitry! sense ampsn etc. for the lbOM. This huge computer which
was about half a memory rack full of cards! had a paper tape reader

and punch and one mag tape unit- Ue used this to do our mechanized

design work for the lbOM. The design of the "Big Character" machine
was kind of what led then to the lbO. The story was told that

Seymour was sick for a day and came back with the design but what he
had done was take the "Big Character" design! cleaned it up a little

bit! changed it from the 16K 6-bit memory to a [}JK 12-bit memory and came

up with the design for the lbO.

NEIL: Who did the "Big Character"?

HAULEY: I'm not sure if it was Seymour or Carl Kohler. They were

both involved.

NEIL: Oki now the lbOM came about how? There must have been a

requirement -

HAULEY: I'm not actually sure the design started on that before we

got a contract or after. The first one was for Monterey! the naval

post-graduate school. At the time I joined the company in the fall
of lT5fl the company did have a contract for that-
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TOTH: I'm reasonably confident that the design was started before

having had a contract.

HAWLEY: Jim Thornton started with the company in June of 1958 and

there may have been some designs previous to that but I think he

scrapped them and started over at that time. This was about the
same time as Control Data got the contract.

NEIL: The conception of the machine basically was due to what?

What was Control Data doing at that time. They must have been making

money doing something.

HAWLEY: They had built some displays for FAA and built a drum system

that Perkins had worked on.

NEIL: Ok, but the basic reason for starting the company was to go

out and build machines for Captain Wolf at Monterey really, wasn't

it, even though we didn't have a contract.

HAWLEY: We didn't have a contract for quite a while after the

company was formed.

TOTH: My recollection was we had no contract and the most likely

first customer was not Monterey but NSA.

PAGELKOPF: Was that computer called "CLIPPIN"?
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HAULEY: That came about a year later.

TOTH: They were anticipating -Cwith mostly hope I think} a contract

with NSA rather than with any other customer.

NEIL: Ok! so the lbOM was then defined! there appeared to be a

customer^ if we could make a machine with that performance we'd be

able to sel l i t . Uhat was the rat ionale for bui ld ing the lbO?

TOTH: The lbO was built I guess because there might be a market for

a small computer and indeed there was-

NEIL: You mean we were building to inventory?

MOE: Uas the delivery date of the first lbOM in the fall of 1=15=1?

TOTH: I believe so.

HAULEY: It was about January ITbO-

NEIL: Ok! so the lbO was born and you did sell it-

HAULEY: The thing that really pushed the lbO was the contract from

National Cash to make a device for NCR to use as a programmed

accounting machine- CDC made the lbO in a brown cabinet! it was
called the 310-

MOE: I believe the lbO was completed definitely later by a significant

amount of time than the lbOM- Anybody have a clue as to when the
fi r s t l b O w a s b u i l t a n d s o l d ? !
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HAULEY: It was pretty close to the same time as the lbOM-

NEIL: So it wasn't designed as a satellite machine for the lbOM or

anything like that- Some people think that was the reason for

creating the lbO-

HAULEY: No! but that was one of the first uses to which it was put-

In other words! once it was available then it was hooked up-

TOTH: I venture a guess that the concept of the satell it ing as it

was called! attaching the lbO to the lbOMi came about the summer of

nbo-

NEIL: Here at CDC or at the customer's site?

TOTH: At Control Data! in fact we copyrighted that name Satellite.

NEIL: Uhat did it consist ofi how did you tie them together?

HAULEY: They accessed a common tape unit- {Laughter}

NEIL: I see-

HAULEY: I mean the tape unit was designed so that it could be accessed

by both computers.

KORT: The first one didn't work.

NEIL: That was our first two-by- two contro l ler.Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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KORT: I worked on the tape unit that came back for a little while!

it never worked-

HAULEY: It used the Ampex FR300 and it was so far from meeting

specs as to be unused-

NEIL: Is that the one that had the tape loop on the side in the shape

of two diamonds or triangles?

PACELKOPF: That's the one that you put the sensing unit on the"sense

tape wrapped on upper capstan".

HAULEY: It made lots of long skinny tape-

NEIL: That was before MYLAR tape. Any other light that can be shed?

TOTH: The IbOA came about because some of the customers didn't feel

that M000 words was enough memory. Ue redesigned it for flOOO words

of memory.

HAULEY: They also speeded up the memory in time-

TOTH: I don't remember that-

BHEND: They increased the I/O performance too-

HAULEY: The original memory was b-M microsecond core which was the

same as the lbOM and then the updated version got down to E-M.

NEIL: Ok! the IbOA had a buffer channel then-Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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HAWLEY: That.went along with the extra memory.

TOTH: There were some additional instructions put in which made

a super-set of the 160.

SPECKER: They added a real interrupt.

NEIL: How many 160's did we build?

TOTH: I think our contract with NCR was for 50 if I recall. I

believe that all 50 were delivered. There were well over 1 50 of

the 160, 160A.

HAWLEY: Between the two of them I think there were over 300.

NEIL: There had to that many, they seemed to proliferate l ike rabbits.

It seemed like any place you'd go in the country in about 1 96I4. or 1965

you would run across a 160 in somebody's back room. What technology
did we own? Did we originate new ideas in the building of 160lj. and

160A; obviously not tape units.

PAGELK0PF: How about Germanium transistors? That was the key wasn't it?

HAWLEY: The dr i f t t ransistor.

PAGELKOPF: And then the Mesa.

HAWLEY: That was quite a bit later.

TOTH: That was not Control Data technology.
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NEIL: Uas anybody else using the technology! were we able to exploit

i t ?

TOTH: I really don't think we were ahead of anybody else.

MOE: Dolan! is there any truth to the folklore that Univac was

actually developing a machine very much like the lbOM under Seymour
or with Mullaney and Seymour? But they chose not to market it?

ROUAN: I think he's talking about NTDS-

TOTH: I don't know if there's a straightforward answer to that.

Seymour had developed over at Univac the NTDS computer! the military
number of which I do not recall- But it was not all that similar to

the IbOMi it was a 30-bit computer! the lbOM turned out to be Mfl-bit-

NEIL: I guess the folklore I heard was that the general overall

polit ical cl imate at Univac at the time was responsible. Seymour
and whoever else working on the NTDS had come to some conclusions

about some machine design and that there were! whether they were

Seymour's or somebody else's! version! proposals for a [j.8-bit machine
for Univac which was turned down! not necessarily the lbOM.

HAULEY: I was working on a project at Univac which was to redo the

1103 out of a switch core logic similar to what the BOGART machine had

been built out of. Pete Zimmer! Howard Sheckels! and Chuck Cooper

and Bob Schmidt were in on that-
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TOTH: Do you remember the name of that project?

HAULEY: It was called the X301- Ue got fairly well along in that

project- It would probably not have been a successful one because
it used the switch core technology but things got cancelled pretty

much because Philadelphia had been working on be LARC for Livermore

and they were sucking up all the money and so everybody's budget was

getting slashed and there was nothing left for St- Paul-

NEIL: As an outsider to the company at the time I heard that the
LARC was responsible for the creation of CDC.

HAULEY: LARC was going so far in the hole that it soaked up all

R&D dollars and there wasn't anything left over to start anything

new. In fact all budgets were slashed in St- Paul-

ROUAN: They just retained military products.

HAULEY: Any commercial work was pretty well cut back.

PAVLOV: Along the line of Folklore I have heard! since you brought

it up! concerning the naming of the IbOMi I'd like to explore that

with you- Is it true that the name lbOM was derived from SOI Park

Avenue being added to Univac 1103? -CLaughterl

HAULEY: It was quite popular at the time that this was the origin

of lbOM.

TOTH: Ue've never been able to substantiate it- However! there's

st i l l lo ts of people who bel ieve i t -
Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



21

HAWLEY: The official word promulgated by Mullaney, Crey and

Thornton was that 1601j. stood for 16K central memory and 1; tape units.

That was the original design goal for the 1601+. And then the 1601+
went to a 2-bank memory so it ended up with 32K, but it started out

as a 16K machine.

ROWAN: One other thing, the 1601+, you asked about why it was designed.

It did at that t ime compete very favorably with IBM's big seller,

the 7090. In fact, it gave a lower price and higher performance and

that 's why i t did start sel l ing so wel l and i t did cut into IBM's

7090 business.

NEIL: How is it that we managed to build a machine with higher

performance and lower price than the 7090 which was a very tight
evolution from 701 , 702+. and 709?

ROWAN: There were a lot of vacuum tubes in 7090 yet as far as I know.

NEIL: No. The 7090 was al l t ransistors with one exception. I bel ieve

the first core drive was delivered with tubes.

MOE: You'd be amazed what you can do with less than 100 people. (Laughter)

HAWLEY: I think the low overhead was the reason. We did not have a
lot of overhead. I can tel l a story about logic design, or two stor ies,

on the 160l+, After we got the main part of the machine running, in

other words, could reference memory and read instructions, etc., Jim

hadn't finished designing the arithmetic yet so he and Les Davis

would sit there and they would go through a sequence and
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they would plug in a couple of cards and see what time the pulses
came out and add a couple of more- If it worked then they would

write that down- That is how they designed the multiply and divide

sequences-

NEIL: Now you can understand why Jim wasn't too upset M years ago

when we told him the condition of STAR.

HAULEY: Another story about Seymour and the design of the console

typewriter logic said that he'd come in and work at night and he'd
do his own wiring and everything and the next day Ed Reagan would

come in and trace through the wires and write down what he had done-

Talk about documentation I

NEIL: I'd like to get back to technology for a minute! to take some

of the components of the machine- The memory technology came from

where? Uas it l i terally stuff that we borrowed from our Univac

experience or did we do anything innovative?

HAULEY: I think Bob Kesl was largely responsible for memory technology

and I think it was pretty much new design- It was pushing technology--

M wire SO mil core.

NEIL: Uhat other parts of the machine do you consider innovative in

terms of design? .
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TOTH: To me the most innovative thing about the machine was the

fact that it had a split memory cycle which I had not been familiar

with on any other machine that I had seen before. If the addresses

worked out right, you could get two memory references in one cycle.

I'm sorry I used the wrong word, I meant banking. There were two

phases instead of a larger number, however.

NEIL: I can't think of, at that t ime, any machine that had "banking"

or phasing".

TOTH: I don't know of any.

NEIL: That was two banks, right, odd and even addressed.

TOTH: It was quite possible that there would be a bank conflict;

then you would wait out the time, but on the average it picked up

at least 33$.

NEIL: Anything else that was innovative in 160i+?

MOE: It had a 6 microseconds or 1 2 microseconds cycle?

HAWLEY: 6.I+ microseconds.

PAGELKOPF: There's a couple of things we learned from the 1601+ and

one of them was that when you interrupted a machine you always had to

wind up storing off all the, what did we call them, B boxes? When

you returned to the program you had to restore those and we quickly
saw that rather than program that we could make that an automatic
function and put it in the hardware and call it an exchange-packageComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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which was then implemented on the 6600 and again on the following

machines. The other thing the 160l+ had that I remember is a 1^.8-bit

wide data channel. It was channel 7- What was the name of that

channel? It was never used.

BHEND: Wasn't it just called high speed channel?

KORT: High speed channel, yes, that 's r ight. (Laughter)

PAGELKOPF: It was just another one of these wide band channels that

someone was going to use sometime that I never did see wind up with

much application.

HAWLEY: The only use I ever knew of was that the Annelex printer

was connected on that channel and you sent out line by line the

print image. In other words, you sent out around 120 bits which was
2 h words or something like that. You got an interrupt from the

printer which meant that all the A's are coming by now and you've

got to quick send out all the bits to drive all the hammers for the A's.

NEIL: There was a use made of that channel. It was hooked to an

analog computer made by Raytheon Corporation and there were two

systems installed with that and that l|.8-bit channel was necessary
for that damn thing. They made themselves a digital analog system and

one of those was installed at SDC for a while. It was a lot of

hardware, in fact, the analog was bigger then the 1601+ to my recollection.

HAWLEY: The 1601+ for the satellite center too used the channel 7.
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NEIL: I f somebody were to ask about arch i tec tura l concepts o f lbOM

by the va r i ed defin i t i ons o f a r ch i t ec tu re wha t wou ld you say i s t he ma jo r

a r c h i t e c t u r a l c o n c e p t o f l b O M .

HAULEY: I don ' t r ea l l y t h i nk t he re we re any new a r ch i t ec tu ra l

c o n c e p t s i n t h e l b O M - I t w a s c o n v e n t i o n a l a r c h i t e c t u r e .

TOTH: I t had a la rge word leng th fo r tha t t ime f rame-

H A U L E Y: B u t t h a t ' s n o t a r c h i t e c t u r e .

TOTH: I consider that archi tecture.

NEIL:- Ok! you had B boxes as Univac had B boxes-

HAULEY: Univac did not-

PAGELKOPF: They used memory locations for index registers.

HAULEY: Univac at that time did not have index registers in hardware.

TOTH: The military computer did-

HAULEY: The 1103 did not have.

NEIL: So there wasn' t rea l ly any archi tectura l innovat ion. The

instruction set was conventional- The only thing we really did was

improve on good use of design.
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HAULEY: There were some design innovations! such as phased memory.

TOTH: Circuit design. There was a circui t that I couldn' t begin to

draw any more but which had feedback causing the transistor never to

saturate and therefore made it very fast.

NEIL: Uas that Seymour's design?

TOTH: I don't know if that was Seymour's or Bob Kesl's-

NEIL: Uhat did that thing cost?

HAULEY: It sold for about a million bucks-

HOE: Project cost! I think I remember! ran about a quarter of a

million doIter range- The hardware system cost-

NEIL: How about software?

MOE: Ue never said there was such a thing.

HAULEY: Ue had the COOP monitor.

NEIL: Uhen you shipped that first one what did you have! a loader?

HAULEY: It had my little program that played music-

MOE: There were a few diagnostics. Uhat we did for system test prior

to shipment is run a bunch of programs! FORTRAN type programs.
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PAGELKOPF: GFAB and GARFAB-

M O E : A w h o l e b u n c h o f b u l l s h i t t h a t y o u ' d w r i t e i n t h a t p u n c h e d

a tape and give it lots of FORTRAN type statements for COPY and

o t h e r I / O .

NEIL: Uho wrote the FORTRAN compiler?

MOE: Seymour wrote it.

NEIL: In fact it sounds like the very same compiler that has

survived to today on the bbOO.

HAULEY: There was a pseudo-assembly language called MAP that Seymour

had written that allowed you to address blocks of data by a name and

a re la t ive offset wi th in the b lock-

MOE: All diagnostics were written in machine language.

PAGELKOPF: Probably another feature worth talking about arose when I went

to lbOM school probably about when serial 15 was on the floor! which

meant that several of them were already shipped. So I didn't go to

school with youi Bob. You remember that was about six months later.

Several machines were already out the door- Jim Benson was the

instructor and the class found! I guess in the period of fi weeksi

we must have found no less than 15 logic design errors- Uhen we'd

find them in class! going through the sequences Jim Benson then would

go upstairs to one of the machines and about 1 out of 3 of the errors
would have been caught and changed! but about 2 out of 3 of them
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would really be bugs- Uhat this meant was that somebody else must

have found them too and fixed them but they didn't tell anybody else

about it- So you can see how some of our people were trained in

documentation. I 'm hitt ing on that again as you can see- {Laughter}

That is just the way it was- A lot of the ECOs were written on the

back of old lunch bags and carried around to the next guy's room to

him. And you'd say "Here's one I pulled out today! Charlie." Ue got

the job done but we had some problems-

HUTSON: Uould Univac have a good reason for not building that

machine? I 'm not saying they did have a chance. Uas it strictly

money or was it too close to one of their product lines already?

HAULEY: No! I think it was budget problems-

TOTH: Univac! furthermore! had a philosophy unannounced perhaps!

of not building computers to inventory- They would be glad to build
a computer to order but were very reluctant to build computers to

i nven to ry.
NEIL: And Control Data was willing to do this- Did we build more

than one lbOM right off the bat?

TOTH: Ue weren' t terr ib ly in terested in bui ld ing for inventory

either but Seymour felt it was better than sitting on his hands

waiting for a contract to come in- So the guys were out borrowing
transistors from various vendors to get prototypes bui l t up.

KRUEGER: Uere they going to give them back or what?

TOTH: No! sometimes they were samples-
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NEIL: Now I know how Seymour got the idea of borrowing Fairchild

chips for CRAY-1- Uas there anything else in the lbOM that might be
relevant what every body might be interested in-

TOTH: It might be interesting to state that the company had no

desire to get into software at all. In fact! each announcement was

that we would not get involved in software! we would only build

hardware. Let the customer do his own software. It didn't take

many months before that got turned around-

NEIL: Part of the problem probably was shortly after the first 7090 was

delivered IBM began to sock people with IBSYS which was really the

first grandiose operat ing system.

HAULEY: I think the users group which was called COOP was the

ins t iga tor o f a l l the so f tware .

NEIL: You mean as far as forcing you into software? Anything else

on.the lbOM! any questions? Ue are all trying to uncover primordial

history here- Uhat was next?

TOTH: In that same regard there was another machine built called

the IbOGi G standing for government. It had 13 bits! some kind of

crazy abortion when it came out.

PAGELKOPF: Parity bit?
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H A U L E Y: N o . T h e y h a d t o h a v e a n e x t r a b i t w h i c h h a d e x t r a o p c o d e s

w h i c h c o u l d u s e t h a t -

N E I L : T h a t h a s t o b e t h e o f f s h o o t o f t h e F i e l d a t a c o m p u t e r s . I t s o u n d s

l i k e t h e s a m e t h i n g t h e y d i d w i t h t h e 7 Q T 0 - T h e y m a d e a 3 7 - b i t w o r d

t h a t a d d e d s t r a n g e f e a t u r e s t o t h e h a r d w a r e .

H A U L E Y: C h u c k P a l l a c e w a s t h e l e a d m a n i n t h a t -

R O W A N : T h e I b O G w a s b u i l t s p e c i fi c a l l y b e c a u s e t h e y g o t a c o n t r a c t w i t h

N A S A ! a t t h e C a p e - To s a t i s f y t h e r e q u i r e m e n t s t h e y j u s t m o d i fi e d

t h e I b O A t o fi t t h o s e r e q u i r e m e n t s a n d i t b e c a m e t h e I b O G a n d t h e y

p a c k a g e d i t e n t i r e l y d i f f e r e n t -

K R O H N : T h e r e w a s a c t u a l l y a s w i t c h o n t h e c o n s o l e t h a t a l l o w e d y o u t o

w o r k i n A m o d e o r G m o d e - I n G m o d e y o u h a d a n e x t e n d e d i n s t r u c t i o n

s e t a n d m o r e i n d e x i n g f o r m e m o r y.

PA G E L K O P F : D i d n ' t t h a t g o i n t h e s u b m a r i n e t o o ?

M O E : N o -

K R O H N : I t w a s u s e d f o r c h e c k o u t o f t h e A p o l l o s p a c e c r a f t .

T O T H : Yo u ' r e t h i n k i n g o f t h e P o l a r i s c o m p u t e r .

H A U L E Y : T h a t ' s o n e w e d i d n ' t h a v e o n t h e l i s t . T h e P o l a r i s .

K R O H N : I t w a s o n e o f t h e fi r s t a t t e m p t s a t h a v i n g m a n y c h a n n e l s

i n t h e m e m o r y f o r I / O . T h e y h a d a m e m o r y b o x t h a t h a d fi c h a n n e l s
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and an I/O-

NEIL: The IbOG you mean?

KROHN: Yes. It had three separate boxesi one for computer! one for

memory! one for I/O.

NEIL:" The IbOA had a buffer. Uhat was the difference between that

and the buffer channel?

KROHN: It had a buffer channel and a normal channel too.

HAULEY: There were extra instructions that you could get with this

e x t r a b i t .

KROHN: You could tie two computers together if you wanted to. It

had a cable so you could tie two compute modules together and have

a transfer between memories. In case one crashed you'd still have a

backup.

NEIL: Uas it any good?

KROHN: Made a profit.

NEIL: It was good
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MOE: I think another thing happened on the lbOM which we apparently

might have missed. Long after Seymour quit working on it and started
on other machines they added the 77 instruction which doubled the God Damn

reperto i re and star ted al l the fancy th ings over again- I don' t
remember what the 77 did but it was weird-

NEIL: That wasn't the "perform algori thm" instruct ion was i t?
*

CURT: The sidewise ADD/Multiply-

HAULEY: It got the pop count and bit merge too-

PAGELKOPF: That was my serial 30-

TOTH: Bob! was that the machine we built for IDA {Institute for

Defense Analysis}? For Princeton?

PAGELKOPF: No! that one didn't go there- It went to NSA- Princeton

thought up the 77 order.

HAULEY: They had the customer engineers design it out in the field-

They bought spare parts and had the customer engineers do the logic

design! incorporate it into the machine and when they got it all
done they said why don't you make this standard.

KROHN: The IbOG was really a 3000 class machine- It used 3000 cards

NEIL: So it wasn't a IbOA. Looks like it was on its way to being

a PPU-
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KORT: You know there was a IbOMA too-

NEIL: Uhat was the IbOMA?

KORT: It had asynchronous channels- Some interrupt channels were

included.

NEILs. Now what were the requirements for that? Did we have a

customer that wanted it or did we just think it would be a "nice

t h i n g " .

KORT: That was the OPCON computer.

BHEND: There was a IbOMB also-

NEIL: Sometimes a machine gets built because you sit down and you

say here's a customer market and then you have to build and sell it-
Sometimes we've had to upgrade our products in order to hang in there

with the competition. So in my mind the IbOMA could have come along

either because the government says we'll buy it if you paint it green

or because we needed to upgrade.

HAULEY: The IbOMA wasn't really a new computer! it was really an

ECO on the lbOM.

BHEND: That was the same as the IbOMB.

HAULEY: That was an upgrade in the I/O rates-
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NEIL: It was built then as a specific requirement and not so we could

stay in competition. It had to meet the requirement of some contractor
who had told us they needed it-

HAULEY: I think it came out of the OPCON project-

NEIL: Oki now were you sti l l sell ing IbOMs after this t ime? And

therefore! we didn't sell the IbOMB as a standard product?

HAULEY: I think we switched over to the IbOMB in order not to make

two kinds-

NEIL: So the lbOM we sold after that would have been the IbOMB-
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PAGEL: Yes. I t had a d i fferent k ind of t ransistor in i t even.

HAWLEY: I don't think that is related to the 160I|JB development though

it came about at the same time. When they went from the DARLINGTON

"DRIFTS" to the "SINGLE MESA". The Polaris computer, to fill in where

it is, kind of overlapped the 16OI4. a l i t t le bit . I t was bui l t to go

on a submarine so it was built on narrow chassis so it would fit

through hatches and it was basically a 2i;-bit 160l|_ without floating

p o i n t .

NEIL: That means it had pretty much the 160lj. instruction set.

HAWLEY: Without floating point and 2l\. bits. The 92lj. was an offshoot

of the Polaris thing to make a commercial model of that.

NEIL: How reliable was that Polaris thing?

HAWLEY: Very.

NEIL: How big was i t actual ly?

TOTH: As I recall, it was as long as that wall, ten feet maybe.

NEIL: To go on from the 16OI4. I'm hoping that we can get to the point
where we get more direct knowledge rather than here say about how things

came about. What happened after 160I4. and Polaris?

HAWLEY: Ok, we thought about making an equivalent commercial version of

the Polaris machine which was a complete redesign of it. We sold this
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to Lockheed for their satel l i te network. We got the contract for that,

built the machine and delivered it and it turned out they changed

their mind and so it kind of crawled along and finally later I guess

we sold about 20 or 30 of them, and a big chunk later on to the Navy.

NEIL: What was that called?

MOE: The 921+

NEIL: Why did they change their mind, did they want a 7090?

HAWLEY: I think that they didn't have people to program it or

something like that, or a shift in emphasis on what they were doing.
We got the contract in January of 61 ' and we delivered by Labor day

of that same year. We got it out there and we went through acceptance

and they accepted it and as far as I know it sat there and was never

run.

TOTH: It's almost unfair to say that we sold it. They came in and

begged us to bui ld i t . We real ly didn't want to do i t . We weren't

really awfully anxious to build it but they were so anxious to get
it we agreed to do it.

NEIL: Why couldn't you have just sold them the Polaris?

HAWLEY: The cost and other factors. They didn't have a submarine

out there at Lockheed.

NEIL: So after the 92lj. then what? By this time we've always made

money on these machines, I assume?
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TOTH: For the 160, 1601+, I think that's true.

HAWLEY: The salesmen were all complaining that 1 6OI4. was running out

of steam.

NEIL: This was in what year?

HAWLEY: 1 961 .

TOTH: By this time LARc had been delivered to Livermore-and was

semioperat ional .

MOE: The design of the 6600 started in fall of 1960 and in fact

terminated in the summer of 1961 because the circuit chosen would not

meet ' the specificat ions they wanted, speedwise. At that t ime Fairchi ld

came in with a transistor that supposedly would so they continued ,

starting over with that technology in 1 961 .

ROWAN: The circuit that was rejected for the 6600 was the one used

to design the 3600.

MOE: That's right, although slowed down.

NEIL: So the design of the 6600 commenced before the 36OO?

M O E : D e fi n i t e l y.

NEIL: So if the circuit had worked in the 6600 we may not ever have
built the 3600?Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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HAWLEY: That's right.

NEIL: The 3600 was gone ahead with, why?

HAWLEY: Seymour at that time was all alone and they didn't know when

they were going to get anything and we needed something to sell. They
needed something specifically to follow on after the 1601+ because this

is what the salesmen wanted to sell. In other words they wanted an

improved 1601+.

NEIL: And did they tell you what improvements they wanted?

HAWLEY: Yes. Chuck Caasel and I and Max Goldberg and Ken Thiede

sat down and went over all kinds of letters and stuff that we'd

gotten from salesmen and from the programming group in Sunnyvale

(from Clair Mil ler)with al l the crazy things that they wanted and
the four of us hacked that down into what we felt could be built and

came up with the 3600.

NEIL: Ok, and all of this came about because Seymour is in deep

gloom. When did they move to Chippewa?

MOE: July of 1962. He had started over again with the new circuit.

TOTH: Perhaps it was an experiment on his part at this time. There

was no assurance that the project would be successful and there was

no customer at this point either. I recall going to one, what did he

call those meetings, planning meetings . It was small, not larger than this
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group here, but that included all the wheels in the company and

Seymour was asked how much of the equipment he had should be considered

inventory and how much of it should be called scrap. He says well
since we have about a 5>0-£0 chance,! figure, of making it we'll call

half of it scrap and all the other half inventory. That way we can

only be half wrong.

NEIL: Had he exposed anybody to what his design idea was? It was

obviously not compatible with the I6OJ4..

MOE: His criteria were a 1 microsecond memory and 100 nanosecond

minor cycle in 1 960 and at that t ime our I6OI4. wasn't that

bad with a memory at 6 microseconds and a 200 nanosecond clock.

HAWLEY: There wasn't a minor cycle. There was asynchronous logic.

PAGELKOPF: That was a register to register transfer in 200 nanoseconds,

KORT: Back in 1960 and 1961 was he already working with the idea of

10 PFU's?

HAWLEY: The group was pretty well closed for anybody finding out what

was going on.

NEI: Who was in the group?

MOE: At that time it was Seymour and Jim and Les and Paul Christianson.
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KORT: So tha t , when you say he was ta l k ing abou t a 1 00 nanosecond

m i n o r c y c l e i n 1 9 6 0 .

M O E : T h a t w a s h i s d e s i g n r e q u i r e m e n t .

K O R T: I f h e w a s t a l k i n g a b o u t m i n o r c y c l e s i n 1 9 6 0 h e m u s t h a v e b e

t a l k i n g a b o u t t h a t k i n d o f a n a r c h i t e c t u r e .

M O E : H e w a s n ' t g o i n g w i t h a s y n c h r o n o u s l o g i c , h e w a s g o i n g w i t h

s y n c h r o n o u s l o g i c .

H AW L E Y: H e w a s g o i n g w i t h a s y n c h r o n o u s l o g i c ?

T O T H : O h , I g u e s s I d o n ' t u n d e r s t a n d .

N E I L : I d o n ' t e i t h e r .

H A W L E Y : H e w a s n ' t h a v i n g a c l o c k a t e a c h s t a g e o f l o g i c . H e ' d s t = .

o f f a n d l a t e r s a m p l e t h e o u t p u t .

M O E : Yo u ' r e r i g h t , b u t h e w a s c e r t a i n l y t h i n k i n g o f m i n o r c y c l e s a z

o p p o s e d t o c l o c k s .

I

M O E : A s o p p o s e d t o s e q u e n c e s a n d t h i n g s l i k e t h a t . H e w r o t e a p a r '

o f 1 9 5 7 d e s c r i b i n g . t h a t .

N E I L : S e y m o u r w r o t e a p a p e r ?
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MOE: Yes, for- IEEE, a computer conference or something. Basically

describing the architecture of the 6600. That 's the earl iest documented
evidence I've heard of.

NEIL: That's before he even satellited the 160A on I6OJ4..

MOE: That's before even Control Data.

NEIL: Seymour has always made such strong representations about his

an t i -p ro fess iona l soc ie ty th ing .

ROWAN: He has written s few things though.

MOE: Certainly in 1960 what he was trying to do was markedly different

from anything he had done before. That's true, it was pretty wild.

His speed was pretty fast, the parallelism was the first approach to

that as far as he was concerned.

NEIL: ■ In other words in 1 960 he is looking at a machine not only in

PPU's but also has multiple functional units and this high speed

circuitry. And a lot of memory?

MOE: At that time, yes! But you'll have to ask Jim about that but

I'm sure that the memory was one thing, high speed parallel function

units another. I'm not sure when the PPU concept developed.

NEIL: Now who at this time made the decision to then proceed with 36OO?

Was it based on not only Seymour's evaluation but also on the high risk

nature of what Seymour was doing?
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HAWLEY: I think that's true. I remember Casell and I and Dolan working

on Bob Kish who was in charge of the computer division at the time to

get the permission to go ahead with the 3600.

NEIL: So then i t became essent ia l ly a paral le l effor t at th is point .

Was there anything in communication back and forth between the projects?

TO T H : Ve r y l i t t l e , a c t u a l l y.

ROWAN: The 36OO was a much shorter term project.

NEIL: Wel l , d id i t look l ike i t a t the t ime?

MOE: Yes, because he was starting with the circuits that had been

designed and they could slow them down and make sure they were reliable.

HAWLEY: And also we were building on the 16OI4. architecture. We

weren't building something new.

KORT: Where did the memory come from?

HAWLEY: The memory was a new technology. It was developed by memory our

group and in conjunction with "F-ERROXCUBE" and it was a one half micro
second memory which was something new for us. The memory was all in

one chunk which we bought from the Vendor. It wasn't spread out

with a chassis having 6 bits and another chassis having 6 bits. It

was a 16K memory stack.
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NEIL: Ok, now-we have first hand people here with 3600 background.

You essentially based your design on the I6OI4-. What technological

innovations were there?

HAWLEY: There were some architectural changes from the 160I4.. We split

the memory off into a separate box with an interface. There was a

multiple port entry to the memory with its own scanner and access

control, in each memory bank. The I/O was separate, almost programmed

I/O channels that could run short I /O programs. So this was an
architectural change from the I6OI4..

NEIL: Now that sounds like the 7090 data channel. Was that stolen

from them or was that your own invention?

HAWLEY: Somewhat.

NEIL: But i t ' s not ident ica l . The concept is there but you d id i t

considerably different than they did. Anybody here work on that?

Anybody know why he made the decision to go that way?

HAWLEY: I did it.

NEIL: Why didn't you do it the way IBM did on the 7090?

HAWLEY: Well the thing we were trying to do was get modularity and we

made the channels and channel controller and memory such that we had very
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rigidly defined interfaces so we could connect these together. We
could configure multiple computer systems with multiple I/O channels,

etc., just by plugging in the cables.

TOTH: There is also another reason. That is, at the time we did not

have a cross-licensing agreement with IBM.

SPECKER:That 's real ly a pret ty s ignificant archi tectural departure.

CURT: That's right, that's where we started down the road to having

a box with a computer in it and boxes with memory and could have 3

or \± or 2 or 1 , or boxes with I/O units and you could have optional channel.

HAWLEY: The I/O did not go through the CPU? I/O had its own separate

path to memory and the only thing between the I/O and CPU was the control
the in i t i a t ion l i nes and func t ion l i nes .

NEIL: The reason for this was you were trying to achieve modularity?

HAWLEY: Yes.

NEIL: Who thought up this idea?

HAWLEY: I did.

SPECKER: Did you sell any multiple main frame 3600?

HAWLEY: We did.
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TOTH: Yes, we put one down at the "CAPE .

HAWLEY: At the Eastern test range.

MOE: When was the first delivery on the 36OO?

HAWLEY: It was in June of 1963, to Livermore. It was supposed to go

to Michigan State. But Livermore said sorry Michigan State, we want

that one, hence, our priority which made Michigan State very unhappy.

NEIL: Did they ever get one?

TOTH: I think they did.

NEIL: Now when you set out to build the 36OO you established what?

For example, Seymour had established in 1960 certain ground rules,

the 100 ns clock with a one microsecond memory. Had you established

some kind of performance levels as your objective that you were trying

to achieve? What were they?

HAWLEY: We had settled on the 1 .5 microsecond memory and we had

set the master clock rate because of what the circuits would be -

62.5 microsecond.

NEIL: Where would this "peg" the 36OO in comparison with the I6OI4.

performance?
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HAWLEY: I think it was about I4. to 1 . The magic number was 1|..

NEIL: How about cost?

HAWLEY: I remembered Dolan screamed when we found out when we got

done that we had the $8^0,000 in inventory.

TOTH: The worst part was we couldn't account for where it went.

KROHN: How big were these machines? How many gates or inverters

did they have? Say 3 gates on a card?

HAWLEY: 2 gates.

KROHN: I4.O card slots.

KORT: Some cards only had one. There were about 6000 cards total.

NEIL: Now when you started the 3600 with the idea of the separate

I /O channels, had the idea of satel l i t ing ( more integral satel l i t ing )
come along, that is selling 3600 systems with 160A front ends.

HAWLEY: Oh yes, that was done commonly on 160Ij.'s by then. I was

automatically supposed that we would on the 3600.

KORT: It was done different on 36OO. It was connected through a

separate box.
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HAWLEY: At that time we built a satell ite coupler which allowed direct

connection between machines not through the tape unit as on the I6OJ4..

PAGELKOPF: The boxes were called 3681, 3682, and what was the other

one?

TOTH: That was the first machine we built where we attempted to build

an entire system from the ground up with a computer and all peripheral

control lers and peripheral devices associated with i t . Seymour did

not want to get involved with that so he built couplers (6681 's)

that coupled with a lot of that stuff .

PAGEL: That was the data channel converter.

NEIL: You mean the 6000 to 3000 interface?

HAWLEY: Seymour didn't do that. Seymour on the 6600's had direct

driven peripherals from PPu's.

NEIL: The Original 6000 tape units were like that, I know.

HAWLEY: The card reader and punch and everything else was all the

same way.

HUTSON: It didn't last very long though.

NEIL: Wait a minute, the one inch tape drives had a controller on

them but they were a strange type of controller.
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MOE: The controller was in the chassis on the mainframe.

HAWLEY: When Don and Jim started rolling on the 6lj.00 they built up

•these channel converters and started using standard peripherals rather

than the special peripherals.

SPECKER: That was just an economic thing. They didn't want two

d i f fe ren t l i nes o f pe r iphera ls .

NEIL: The first 6600 we delivered, was delivered with the 6000 mag

tape uni ts which were horr ib ly unrel iable to my recol lect ion. In

fact, CERN had a bunch of them.

MOE: We delivered 12-2]+ tape units with most of the first ones, half

% inch and h one inch. We had the disk files, the Control Data card

reader, Control Data card punch.

NEIL: The first delivery ofthe 3600 was when?

MOE: In June of 1963-

PAGELH0PF: 606 tape units came from Control Data too.

NEIL: So we are building our own tape units then. How long was that

project? You started actually doing the work on the 3600 in 1960?

MOE: 1961.

NEIL: I mean the initial work you were talking about you know, in
terms of deciding on architecture?
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TOTH: It couldn't have been before 1961.

HAWLEY: After I got back from installing the 92l+, Chuck Cassell and

I started working on i t .

NEIL: So two years elapsed then you're talking about from the time you

started working on the idea and when the finished product was delivered

with the peripherals on i t . The decision at that t ime was to bui ld

several or was CDC still building to order?

HAWLEY: We had several orders by the time we delivered that first one

but there was that case of Livermore pull ing their priori ty in order

to get the first one which had been sold to Michigan State.

KROHN: Did Livermore have a 1 60i+?

MOE: Yes.

NEIL:. I don't remember that. Where the hell was that one located?

The 1601+?

HAWLEY: I don't know, but the 3600 was in a trailer.

NEIL: Yes, I know where the 36OO was but I had never seen 1601+ at

Livermore.

MOE: Probably near the "STRETCH" or the LARC.

NEIL: No, the LARC and STRETCH filled the entire real estate and the
rest were 7090's.Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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PAGELHOPF: I never saw it either and I was on tour there once.

NEIL: I was wondering what motivated them to be so high fallutin'

about getting the 3600.

HAWLEY: They were running out of compute power.

NEIL: Well, see that means the 36OO was damn competitive with 709lj--

TOTH: Yes, that was the market it was supposed to hit.

HAWLEY: It would beat the "STRETCH".

NEIL: For a lot less money and more rel iabi l i ty. So the motivat ion

for the 3600 was that it was to meet the demand for replacement

of the 1601+ and I presume a sales force pressure.

HAWLEY: The 7091+ was the competition.

NEIL: So the architectural changes are obvious except for the ones

involving modularity. So why modularize? Just so you could announce
it as a new "buzz'* word? Did that seem like a good idea? Why?

HAWLEY: For one thing, it was a way to break the design up so that we

could build it easier and also the requirements were for more memory

and this was one way of having optionally different types of memory.

You could just plug in extra modules.

NEIL: So what was the range of memory you could have?
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HAWLEY: It could go from 32K up to 8 times that. I don't think we

ever sold any with 8 cabinets of memory.

PAGEL: 3 is the most I remember.

HAWLEY: I think we've gone to 5-

HUTSON: The 6000 was probably a salesman type thing to get your

foot in the door with a stripped down model and you could always sell

more after they proved they could do great things if they got more

memory. In the 6000 they had a 16K version which I don't think they
ever sold to anybody, that I remember ever getting in the door.

NEIL: I don't remember anybody ever quoting 16K-6000 in the beginning,

65K was the smallest configuration.

HUTSON: Well, there was no such thing to begin with as a ^ or k memory.

NEIL: So the 3600 then evolved through 1963- Seymour was working on

his thing. He moved to Chippewa in 1962 and when did we deliver the

firs t 6600?

MOE: September of 196]+.

NEIL: Seymour wasn't too far behind as far as developing the 6600

in paral lel with the 3600.

HAWLEY: A period of about a year and three months, 15 months.
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NEIL: So what.were the relative prices for the 3600 and 6600?

HAWLEY: I think 36OO sold for a million and a half.

SPECKER: Systems were like 3 million versus 7 million.

NEIL: The first 6000 systems sold for 7 mil l ion?

GRINNA: A l i t t le less than that - about 6 mil l ion.

NEIL: That's with 65K memory?

MOE: I really doubt that. Seymour had no intention of making

small memory systems.

GRINNA: We never had a 65K system, S/N #5 was designed with 65K but

before it went out the customer changed their mind.

NEIL: I have a quest ion that I should put off unt i l la ter, but i f I

don' t ask i t now I ' l l forget i t . When I first heard about the 6600

they were quoting 300K memories. Why were they never able to build
the 300K memory?

MOE: The addressing never allowed for 300K.

HAWLEY: I've never heard that.

NEIL: If I don't have a brochure that states it, I 'm sure some sales

man stated that while making a presentation to the government.
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TOTH: He just slipped a decimal point.

HUTSON: They only had 18 bit registers for addressing. You couldn't

change that•

GRINNA: This I think, was typical of the 66, 76, 86. We'd go out to

Livermore and make a presentation and they would say - that's fine

except we gotta have more memory than that. The salesmen would come
back and ask and, yes, it could be expanded or we could do this and

this and this to the machine. The salemen would then go out and tell

the customer it could be done - someday. But it would be a major

rework that no one ever started.

NEIL: That's what I 'm trying to tell you, that's where the confusion came

in. 18 bits was enough to address 300K memories.

PAGEL: Yes, but there was a sign bit there that would get all tangled

up in al l the address arithmetic.

NEIL: That's probably it. But you know I remember these guys saying

we have got an 18 bit address in there and thus have 300K memory.

MOE: Ok, they didn't understand. No, I never heard anything talked
about anything but 131K memory.

NEIL: So what happened after the 3600 was delivered? They went right

on to the 3800? You went on to the 38OO after you finished the 3600?

PAGELKOPF: 31+00 was next.
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TOTH: Well, simultaneously with the development of the 36OO was the

3200 for a low-end 32 bit machine.

NEIL: Oh, now we're talking about product lines.

PAGELKOPF: There wasn't any simultaneous 3200 project really, the

31+00 was more in parallel than that.

HAWLEY: 3200 ran on and on and on.

NEIL: You mean, it was a lower end machine but it took longer to build?

TOTH: There were several competing proposals for computers that were

exact. I don't remember what they all were.

MARIS: I believe Ray Allard and Mike Schumacker worked on those.

HAWLEY: The one that ended up was the "Z", which stood for Petpr Zinner.

MARIS: Yes, but that was a code name before they knew 3200 wasn't

assigned yet.

HAWLEY: There was a "Z" and a couple of other letters that were

competing and the "Z" won out. and became a machine.

NEIL: Now wait a minute, I have to understand something. How did the

organizat ion, first of a l l , s tack up? When th is whole th ing star ted
we had Seymour and Jim and a little tiny grop of people designing a
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computer called the 1601+, right? So I got a little box with a bunch
of computer designers in it - architects and designers. SCray & Co.
This small organization does the architecting and designing of the

1601+ but immediately you've got a need for all those other goodies
here. The 92l+, the Polaris and obviously SCray & Co., didn't do

any of that r ight?

MOE: None of that.

NEIL: So another group forms over, here consisting of government

systems for GSD and who is in that box? Who's the architect de

s ign ing the mi l i ta ry s tu f f?

KROHN: Doug Johnson and Chuck Pallace.

NEIL: Now we get to 1 960 and Seymour decides he's going to build the

6600, and you have the 3600 group over here.

MOE: No, now in 1960 you have Seymour over there and then 501 PARK

Design Engineering Group which was making 1601+'s and doing everything
else and then the government systems group over in STRUTWARE. I think

i t ' s be t te r i f you j us t d raw bu i l d ings . ( l augh te r )

TOTH: That's what he means by architecture.

HAWLEY: We've got another couple of groups in here that are building

up in parallel with the 1601+ and a group that's building a machine
called Clippin, which is basically a 1601+ plus a couple of other boxes

about the same size as the 1601+ with classified stuff in them.
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NEIL: For NSA?

HAWLEY: Yes, for NSA. Serial 2 160l+ was part of ClipPin, but

there's a lot of extra hardware, so a design group was built up and

doing that. Later on there's this OPCON contract for the Navy that
builds up a design group.

NEIL: Did they design computers or did they design systems?

HAWLEY: Systems. Well, there's also special hardware boxes and stuff

to be designed so there's different groups building up with people

that have expertise in design.

MOE: Now then it's blank for six years for me 'cause I don't know

what happened except what year.

NEIL: What I'm getting at is you mentioned that now that you have the

3600 under way there was a 3200 and there were competing proposals,
and what I'm trying to figure out is who in the hell, or where was the

competition coming from? What was the origin of competing proposals?
You had a market requirement set by sales people I assume that you

needed a low end machine. Is that right? And you then had. some

designers, architects, engineers or pseudo architects and engineers
who were proposing then alternatives for that machine. Where did they

come from?

SPECKER: That was just kind of a room full of programmers, wasn't it?

HAWLEY: It came from the group who did the 160 and 160A.
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MARIS: Don Malcom's group.

NELL: He had built a cadre of people who were considered logic designers

and so they were making a proposal for the 3200.

MARIS: Right.

NEIL: Who else was proposing designs for the 3200? You said there

were competing proposals.

HAWLEY: I don't remember who.

NEIL: Obviously, Seymour Crey wasn't doing it, you guys weren't

do ing i t .

MARIS: No, I think there were different instruction sets proposed

that were incompatible with the 3600. Because this was now a 2l+ bit

machine and not compatible with the 3600 in any way. We were hashing

over d i f ferent inst ruct ion sets and features to put in to i t .

HAWLEY: I think maybe then it was in that same group that there

were competing proposals.

MARIS: The same group of guys were proposing alternatives.

NEIL: So basically then there's only one group doing the 3200 after all.

TOTH: We kept getting "help" from marketing. Tom Rowan was in a

marketing group at the time. We kept getting help from him (and helpComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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in quotation marks). They x^ould come in and demand certain things and
we would quietly turn them away and go back to our work.

HAWLEY: At this t ime there was a department that was cal led

Dolan's Zoo.

TOTH: I don't think i t was cal led that.

HAWLEY: Because of all the crazy people he had working for him.

TOTH: Be careful - some of these guys are sitting here.

HAWLEY: It consisted of Chuck Casell, myself, Russ Van Krevelen, Lynn

Gallup &Don Malcom who were the main animals in the zoo, and
Sam Slais.

SPECKER: But. I think it 's significant that there was a recognition of a

need for a product l ine , but there wasn ' t fu l l recogn i t ion that a l l

machines should be compatible.

TOTH: I t h ink tha t ' s ve ry s ign ifican t .

NEIL: And they real ly didn't say there had to be. That this new
beast could be anything.

SPECKER: They did make a midstream decision on the 31+00 to slip it into

c o m p a t i b i l i t y.

NEIL: Compatable with what, the 3200?
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HAWLEY: The 31+00 was always compatible with the 3600.

PAGELKOPF: Well, to be truthful the 31+00 was a bummer because it

wasn't exactly compatible. There was enough changes to make it not

compatible and there was a discussion about this many times. Even

though I worked on the 31+00 and naturally I like it cause it's got

my blood in it, we should have never built it. We should, in fact,
have put out a 150 nanosecond crystal and plugged into the 3600 and

cleaned up the 3600 to kind of cheapen it a little bit and get our

performance difference that way. Control Data would have made a heck
of a lot more money.

HAWLEY: The idea behind the 3^00 was that the salesmen wanted a

cheap 3600.

TOTH: We always get sucked into that, and I guess we always will.

PAGELKOPF: Since we are looking for architectural ideas and we

touched on this one, I' l l touch on one other one. Marketing also said,

at least through bosses, that we had to have an optional floating

point unit, again a very bum decision. We should have made that

opt ional float ing point un i t out o f 2 wi res. You know.. .de lete 2
and add 2....to put the thing in or out, because from a total cost

to the company we could have built it in with a 2 wire change cheaper

than it was to add the receivers and transmitters and cables, the

extra chassis, and whatnot to actual ly have an opt ional unit . I 've

gone down this argument several times since (against Manny Otis as a
matter of fact) when we wanted a cheaper, slower 7600. We wanted

cheaper, slower everything at one time or another. It used to be
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get into this argument. Well, if you want a cheap, slow machine
we know how to fix it - just add two cards. We finally wised up

architecture-wise and design-wise to make a 6200. We added 3 cards

which put in a certain amount of clock delay on the exit of every

instruction and EUREKA we've got a 6200. (laughter) Prints are real

easy to make, you know, the diagnostics all run and so does the software.
Plus you have the feature now that when the 6200 comes back in for retrofit

you can have one litt le technician off in the corner converting them
into the higher speed 61+00's by merely changing those wires and

knocking off the emblem and putting in a 1+ instead of a 2.

NEIL : I t ' s t rue . I be l ieve the CYBER 70 p ro jec t p lans spec ifica l l y

got performance changes just by changing the master oscillator to

change the performance of the machine and to call it different names.

KRUGER: The question is why do that?The obvious question is why make

a cheaper and slower machine? Cheaper, I can see. But why do something

ridiculous l ike delaying the RNI t ime?

HAWLEY: If you make it cheaper and it isn't slower you aren't going

to sell any of the more expensive ones.

KRUGER: But that applies, Don, to what you said about the 6200. You

made it slower but not cheaper.

PAGELKOPF: Oh yes, the orice to the customer.was less. Don't worry

about cost.

Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



61

HAWLEY: We're talking about prices.

PAGELKOPF: In addition, I'm also worried about long-term cost.

Because no matter what kind of box you build you have to document it,

you have to make diagnost ics for i t , etc., etc., etc. at a fantast ic
cost to this company not only in the year that you develop it but in

the ensuing years you have to support it with continuation engineering.

If nothing more the amount of parts you have in the combined bill of

materials start eating away at you after awhile.

KRUGER: But is there an actual reason for slowing down a machine?

What I'm thinking about is STAR. I could go into the microcode and

add a 1 microsecond delay at the beginning of each vector instruction.

Is that going to reduce the price?

HAWLEY: You have already. (laughter)

KRUGER: That's not my fault. Seriously, could something l ike that

happen to the STAR 100?

PAGELKOPF: In about 2 years, we're not ready for it right now.

NEIL: Let's review the early 6000 days. They pegged the price for the

6600 based on what they expected to sell, the number they expect to

sell. We got 61+00 serial 1 in Palo Alto and I can't remember what the

price was, it was pretty high but the price performance ratio was com

petitive. After they had been in the business awhile the 1108's came
out and Univac started hitting us pretty hard with software and every

thing else and the Univac price/performance ratio looked pretty good.
Somebody said, well let's look at how much it cost us to build the
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remember what it was, but the cost and price didn't seem to be related.

Do you know what it was selling for?

PAGELKOPF: A million.

NEIL: It was unbelievable but somebody said the thing to do or the

options available to the salesmen were limited. Sometimes you can
discount (like the salesmen can cut prices in some cases) but not for

a GSA proposal. You don't do that. You have to go in with a base

price of a machine as you quoted in the GSA catalog. So the argument

was, ok, we'll go in and cut the price of the 61+00, but you can't
do that cause you already sold 30 at the old price to government

customers and you would have to refund that price and all sorts of

penalties. What do you do - you call it a 6200 and slow the clock
down because we already absorbed the 61+00 development costs, we can now

sel l i t for hal f a mi l l ion and st i l l make a hel luva good profit .

HAWLEY: The only time you can do that though is after you've gotten

enough manufacturing experience to where the manufacturing cost has

dropped down due to the learning curve.

NEIL: I t 's unfortunate in such a high r isk business that you can't

start out being able to predict that wel l . For example I th ink,

somebody correct me, I recall that the expected number of 6600's,
(hot prospects and everything else) was about 6 or 7 so they pegged
their breakeven point at 6. The company priced them accordingly and

look how many we've built now! Well, back to the 31+00, 3200 and 3600.
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HAWLEY: The 3200 started, I think, a little bit later than the 36OO

MARIS: The 3600 was in checkout already when the 3200 started.

TOTH: I question that.

HAWLEY: I think i t was a l i t t le bit behind.

TOTH: It might have been a litt le bit behind but they were really

parallel developments.

MARIS: I just remembered that there were circuit problems with the

3600 and we didn't have the design done on the 3200 yet. We went
back and changed the prints but we didn't have to change the design.

TOTH: I also remember that it took longer to do the design of the

3200 than i t did the 3600. I always attr ibute that to the fact that
we had more designers on the 3200.

PAGEL: I would counter that by saying that it had that nasty 6 bit

character garbage in it which always is a mess. It is nothing but

end cases. That's my experience. Design is a snap except for the

end cases. You spend 9/1 Oths of your time working on the end cases.

TOTH: But there was also a 6 bit character in the 3600.

PAGEL: No, there were no BCD adds or other operations, none of that

s t u f f w a s i n t h e 3 6 O O . . ■
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TOTH: Ok, but the 3200 didn't have BCD arithmetic to begin with.

PAGEL: Did it come later?

KORT: It was optional, along with floating point. The reason the 3200,

I think, took long to design was that it was a new computer. The 3600

was sti l l the design of the processor, i t was sti l l an extension of the

1601+. You could go in there and see the 1601+ inside of the 36OO.
It's all in there. But now you have a really new machine, a new

architecture and you've got to in there and design and solve problems

you haven't solved before.

NEIL: What was the new aspect of the architecture?

KORT: A new instruction set.

NEIL: Why, what was the rational for that? Does Ray Allard have to

answer that question?

MOE: No, no, I doubt that. I think that in 1962 or 61 there was

defini te ly a sp l i t in d i rec t ion wi th in Contro l Data Corporat ion

probably directed mostly by competit ion as far as the instruction
repertoires were concerned. Seymour just did not want to change
his and wouldn't but others were and there was great pressure to have

these exot ic ins t ruc t ion reper to i res . I th ink that was compet i t ion

dr iven.

HAWLEY: I don't think there was an exotic repertoire as much as that the

3200 was supposed to be a business processing machine as opposed to
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a sc ient ific computer.

MOE: Ah, that might mean the same thing as far as words are concerned.

HAWLEY: I think those are better words, and that they more clearly describe

what the pressures were.

MARIS: Was it in any way driven by IBM 360 work at that time?

TOTH: There was some feedback from the marketing people on what they

thought the new product line was going to be from IBM but it was

very poor.

HAWLEY: We didn't know about the 360 in 1963-

NEIL: But you did have 11+01, 11+Ij.O competition and the 701+0, 7070 and

7080 were in the field in those days as BDP type machines, with exotic
instruction sets when compared to the 7090. The 3200 then was specced

from Which the designers had to operate. Who did that?

HAWLEY: Malcolm,with some help from Marketing.

NEIL: At this point in t ime there wasn't an attempt to have compatabil i ty

between the -32 and 3l+> and or, 3600?

HAWLEY: There were some of us working on the 3600 who would say, "Hey,

why don't you remain compatible"- but we were ignored.
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PAGEL: I had a feeling at that point in time that the 3600 and 31-1-00

people might just as well be working for some company, ACME computer

company with the 3200, 3300 team working for GOLD BOND computer

company and in Chippewa they were working for. some other outfit called
Control Data for al l pract ical purposes. Zero communicat ion, in fact,

it was negative.

NEIL: Why?

PAGEL: I don't know. Personal feuds and competition.

KORT: The 160 wasn't compatible with the 160l+ so why should that

bother you?

NEIL: Compatability doesn't concern me as much as the lack of commu

nicat ion. Again as an outs ider looking at Univac Corporat ion, i t just

didn't make any sense back in 57 and 58 to see that God damn company

with the small amount of computer design talent that existed in the

world in those days, with designers out there and designers here who

refused to use each others circuits or even read each others papers

or even talk to each other about what they were doing. It didn't

seem like it made any sense to use all those resources in that way.

And I'm specifically going back to the Univac 1, the early years

at Univac with the 1101 and the 1103- I'm not even talking about
the logic design or instruction set, but basic things l ike why not

use the same s ize chass is . I found out tha t the guys work ing on

the LARC came from a BDP area, down in Philadelphia, and most of them
had never even spoken to 1100 designers or hadn't even the foggiest

notion what an 1100 looked like and here they were building a scientific
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computer - the LARC. I feel that's why the LARC really died.

TOTH 'J '11 tell you a worse story than that about LARC, I don't know

if you know it but the St. Paul part of Univac put out a proposal

for LARC and then Eckkart went out to Livermore and found out what we

were proposing and how much and went back and proposed something on top

of that which they accepted which became LARC. He put enough additional

performance in i t so that essent ia l ly he had to wai t for the state
of the transistor art to catch up with him before even meet that

performance.

NEIL: Whose idea was the integral I/O processor rather than a

separate sat te l i te?

TOTH: That was Philadelphia's idea. St. Paul had no input into it at

a l l . I t ' s a good idea, i t ' s no t bad. But in the process they los t

somewhere between 20 or 30 million dollars which was at that time an

astronomical amount.

NEIL: It was about 7 million dollars per machine for 3 machines.

TOTH: It was published policy of the corporation not to have different

divisions of the corporation compete on bids for the same program.

NEIL: Ok, let's go back to Control Data. Was there any attempt at all

to promote communication between here and Chippewa or the 3000,

3200 projects?

HAWLEY: From Chippewa, Seymour pretty much said leave us alone.
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MOE: And from a decision standpoint, from a business standpoint

I'm sure that Freon Cooling, very expensive complex modules and very

different memory modules, made it obvious to anybody in Minneapolis

that that expensive hardware w-ould not permit you to make a low cost

3200, 31+00 when everybody else was "air-cooled" and that kind of

technology permitted you to get your chassis costs and those kinds
of things down. That wasn't technology, that was obvious applicable

for low cost products.

HAWLEY: Communications were pretty much cut off from the Chippewa

end. Seymour said don't cal l us, we' l l cal l you.

PAGELKOPF: Freon cooling and parity were the two big "hard spots"

between Seymour and the rest of us.

TOTH: In spite of that, for example, if you went to Chippewa you

could tour the place. If you wanted to know, needed to know, or had the

right to know you could find out what was going on.

NEIL: How about between the 3200, 3l+, 36?

TOTH: That was a personality problem.

HAWLEY: That was open battle. The two sides were called Kasell and

Malcolm.

TOTH: They were the two project engineers on the 3600 and 3200.

Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



69

NEIL: So they had incompatible instruction sets.

TOTH: They had incompatible personalities too.

NEIL: How about compatibi l i ty for circuit design?

HAWLEY: They did use common circuits.

PURCELL: But they'd use different ground rules

NEIL: Ok there was no cooperation. How about documentation?

HAWLEY: They used the same mechanized design routine on the machines

except I had a continual running fight with the people who were running
them on the 3200 cause they wouldn't do them the way I told them they

should cause I had written the programs. I was continually having to

go into files and clean up garbage and straighten them out and they
never would do it the way we had intended the programs to be run.

NEIL: It Sounds like instead of attacking technology problems today
we ought to be attacking the "WE/THEY" syndrome. We'd save more

money for the company than by inventing a new circuit.

PAGEL: Isn't a certain amount of that natural, look at STAR 65 and
STAR 100- There's a normal competition there.

NEIL: Oh, I think we got along pretty well.

TOTH: Look, we've got a plug-in module for the STAR 100 which is
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different from the one on the STAR 65- Ten years from now somebody will

be sitting over in that chair saying didn't you guys communicate?

PAGEL: We did, but the STAR 100 people wouldn't listen. (laughter)

CURT: There was one-way communication - like shouting down a well.

NEIL: That was all a very valid argument because the question was

always which of us was the dog and which was the tail and who was

wagging what.- But you know it changed back and forth. But to get
ahead of our story, there was a time when the STAR 65 looked to some

people that it was going to be the big seller, for price/performance

reasons, thus STAR 100 was supposed to compromise on some issues.
And then when it became obvious that the 65 was not going to be pre

eminent then the STAR 1 00 stock went up and the STAR 65 group had to

compromise.

HAWLEY: Looking back at the 3200 3600 situation, I think one of the

problems was that the 3200 group was essentially a small computer

group t ry ing to bui ld a large computer. I th ink i t 's easier for a

large computer designer to build a small computer rather than the other

way around because I think they ran into a lot of pitfalls on the matter
of size and design that caused them a lot of trouble, caused a lot of

headaches.

MARIS: You ment ion pi t fa l ls . I th ink they had a very unreal is t ic

schedule set up.

TOTH: Now I want to get your impression of an impression I have, to
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see if it corresponds all with my own as the manager of the thing,

it seems to me that there were too many people involved in the

design and, therefore, the inter-communication between people slowed the
development down. The interfaces between the devices, in other words,
slowed down the development because it took so much time and effort to

communicate those interfaces. I have the feeling that if we had had

half the number of designers we would have cut those interfaces down

by a factor of 2 and we would have got the design done sooner.

MARIS: I th ink that 's probably t rue.

KENT: How many designers were there on the 3200?

TOTH: I don't remember exactly but it was in the neighborhood of 6

plus or minus 1, I would guess.

NEIL: How many designers were there for the 3600?

TOTH: There were about 3 or l+ and that included a lot of peripheral

s t u f f .

NEIL: How many actual designers were working on the 6600?

MOE: About 3, Seymour did the PPU the ten PPU's, he did the memory

redesign, and he did the disk.

NEIL: What do you mean the memory redesign?

MOE: Well, Paul Christianson started with the memory and started with
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the disks and Seymour redid both of those. Jim did the CPU, Les Davis

d i d t h e m u l t i p l y u n i t a n d i m p l e m e n t e d t h e d e s i g n o f t h a t .

Seymour then basically designed the I/O, he did the electronic design
for the memory and he did the disk controller for the Bryant disks.

NEIL: That design began from the time they restarted with the new

circuits in 1961, and they delivered in 1961+.

MOE: Right. Ok, and they delivered in I96I4.. So really it was a three

year design development.

HAWLEY: On the 36OO I did the memory and I/O channels. Sam Slais

did the tape controller, Ron Hintz and Stan Aschenbrauner did the CPU.

Sid Anderson did the card reader/punch.

SPECKER: The 3200 suffered from outgrowing that chassis so fast, I

think. Understand that cost a lot of t ime since they kept trying to

reduce the card count to fit i t in.

MARIS: They had trouble fitting it in and they had problems with the

interrupt system. They had to redo that. They had channel problems,

they had to redo the channel, designing over and over again because

in i t i a l l y I t h i nk i t wasn ' t we l l defined . The i ns t ruc t i on se t kep t

growing.

TOTH: My point is that things don't get too well defined when there are too

many people involved.

GRINNA: This goes back to our definit ion of architecture. I t sounds
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l ike there wasn't a clear definit ion before the project was started.

NEIL: There wasn't a strong control over that.

HAWLEY: On the 3600 before we started design I had worked up and written

down on paper what all of the interfaces were between different

modules and got approval from Chuck Casell on that before we started

on design.

MARIS: That was not done on the 3200 because instructions changed.

Parts of the machine were designed, but instructions kept coming in,

add i t i ona l i ns t ruc t i ons , add i t i ona l f ea tu res .

HAWLEY: I do think one of the problems of the 3200 was that it wasn't

separated into separate units with a clean interface.

TOTH: That 's r ight .

HAWLEY: It was all in one box, in other words, you had a whole bunch

of designers, al l designing in the same box, in different sections of

the same box and there wasn't any clear defined interface. There were

always some extra wires going across.

NEIL: Sounds like the STAR STREAM unit, only we had 11 designers in

that box!

CURT: Was there on the 3200 a head guy who understood the whole machine?

TOTH: Presumably, Don Mai com.
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HAWLEY: He was too busy "managing".

NEIL: On the 3600, was there some person who really had the total

technical comprehension of the project? Seymour obviously did on

the 6600

PAGELKOPF: On the 3600 I do see one flaw on the way that program was

run. I was working on the checkout floor and many times it would be like

11 :00 at night and Bob Schmuck and I would be working together and

we'd say, well everything works up to here, now what the hell's supposed

to happen. So we'd get the prints and for two hours we try to figure

out what was supposed to happen next. What I'm getting to is we

didn't have written down for the checkout people a sequence. When

you're in this instruction this was supposed to happen at time 200
this or that was supposed to happen at time 200. We had that from the

1601+ days. That was the one big problem I saw with the 3600.

HAWLEY: You didn't have to start with on 1601+. That came much later.

PAGELHOPF: It came as a result of the people in training who wrote it

because there wasn't one.

HAWLEY: This is the disadvantage of having a small crew of designers,

you get a real good design but the documenation lags.

NEIL: How about the documentation from Chippewa:

GRINNA: I t lagged. ( laughter )
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HUTSON: It consisted of a stack of green books about this high.

I t had the t rans is tors and the wi re tabs in i t . . . that was i t . That

was the entire machine, however.

MOE: The diagrams gave you all the wire tabs, if you knew the circuit

you knew every God damn electrical component in it.

HAWLEY: There was no description of what's supposed to happen.

HUTSON: Once again it was the training classes that had projects of

trying to draw sequence diagrams and block diagrams of the 6600.
I 'm sure that anything that exists now originated out of the first

t ra in ing c lasses.
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K R U G E R : C h u c k , w h e n y o u s a i d w h a t h a p p e n s w h e n

you have a small group of designers is that really true or is it just
the habits of the designers? I really wonder if that's because you

have few designers as opposed to a few good designers. If you're

going to do a design it can't be that difficult to write down what

you're doing.

RESNICK: I don't know of any designer who operates like that.

SPECKER: Seymour did a little bit better on the 7600. He wrote that

massive sequence document.

NEIL: I think that's how he conceived the machine.

MOE: No, no the document came after the design was complete.

MARIS: The really crucial thing was that Seymour was the key designer

as well as the architect. He understood the whole thing and kept it

under control. On the 31+00 there was no such thing. Pieces were designed

without control , engineers lef t and we would have to start a l l over

again.

NEIL: Is there a fundamental question then about the concept of a "key

designer" which is simply if should have a key designer who makes sure
this al l fits together. The 3200 did not. As Maris said this led to

redesign. That was not true of the 36OO, I assume. How about the 31+00?

HAWLEY: Don did most of the design on that.
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PAGEL: That particular machine had several advantages. To start

with, Chuck had sketched out almost all of it. We had known proven
circuits in the 3600 with experience on those circuits.

NEIL: How did you cheapen it?

PAGEL: We took out the clocks and put in the delay line. I think as

a result of that, we only reduced the hardware by about 25$ in the

main frame but the one thing we got to do in the 3^00 then was to take

time out to write all the sequences before 1 piece of control

logic was designed. Now we started off by knowing what the adder looked

like, what the main registers looked like and sketched up the rest you

know, so you knew exactly what you had to work with. Every operation
that was going to take place was written down before the control

design started. As a result we had one designer at any given moment,
when Chuck finished what he was doing and turned it over to me, I

became the only designer. I had working for me

two customer engineers and a writer and the writer kept busy all the

t i m e . T h a t r e a l l y t u r n e d m e o n t o t h e f a c t t h a t y o u

could give the checkout guy a printed copy of what supposed to happen

on a prototype. Oh yes, we had our changes too, but it was a

significant departure from checkout on the 3600 prototype.

NEIL: When did the first 3200 get delivered?

PAGEL: I don't know.
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KORT: But there's one thing in what you say, Don, when you look at

the 31+00 and the 36OO the scheduling was different.

PAGEL: The first day I was on the job Hawley said we were 16 weeks

behind, get going. That's what the PERT chart said.

KORT: Yes, bu t s t i l l the pressures are d i f fe rent , r igh t? On an in i t ia l

machine you're fight ing di fferent problems.

PAGEL: Well, Ray, I don't know. As far as I'm concerned before you

design you've got to get organized and this stuff about "well I'm a

designer now so I can't be bothered to document", I just never got

along with that viewpoint.

KORT: I'm not arguing that point but that's the way it 's always been.

It seems like as soon as anybody wants to build something around

here they want the hardware on the floor next week.

PAGEL: I think Dolan was touching on the right problem. You can't have

too many people too early also you have to zero in on what you want.

I think we're seeing this with the 3200. If you've got a design

that keeps changing and the goal posts keep moving along. What can you

write down about that? Whatever you did yesterday is gone tomorrow

you know that's not good either.

NEIL: The reason they kept changing was it because they were getting

more marketing inputs or because Malcom was not controlling the design

and holding fast on changes.
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MARIS: The reason behind it was that there were better ideas evolving

about how the instructions should work.

NEIL: After you had already committed to design.

MARIS: Yes.

NEIL: But that 's the project manager 's responsibi l i ty to prevent

that! The 3200 then was delivered some time after the 3600?

TOTH: I think so, I can't recall the order of events anymore.

NEIL: How about the 3^00?

PAGEL: Not to answer your question, but I want to reflect on something

first. As I see it now, we see that Seymour in the 6600 and the 31+00,

61+00,those three machines didn't receive any "help" from marketing.
Isn't that interest ing. The 3200 got al l sorts of help. The STAR 65

and PL50 boy,did we get help on that one.

TOTH: Did you notice that I put "help" in quotes?

NEIL: The 160i+. didn't get any help from marketing, did it?

PAGEL: You can always improve a design. I don't care who did it you

can improve it. I think the lesson we're learning here is you have

to have enough faith in the team you put together, say we'll do it

and then go do it. That's what Ray is saying.
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RAY: Yes, once you get ready to start, that's it. New ideas can go

to the next l ine.

KRUGER: What you just said about Seymour now, this is way before my

time, but he had no "help" from marketing yet he was able to realize
one. Was there a market or did his machines help establish one?

PURCELL: They established it.

KRUGER: What I'm getting to is the little article by Jim Thornter where

he said "there's a market that will be developed by STAR (it's not there

now).

NEIL: I understand from "the folklore" that Seymour was aiming at a

market.

GRINNA: Seymour had a real gut feel for market. He wouldn't talk about

i t i n t e rms o f whe the r t he re ' s marke t f o r t h i s mach ine . He knew

customers and he knew himself where the market was he was shooting for

but I don't think I've ever heard him say that.

TOTH: I think in my recollection Seymour really thought the market

for the 6600 encompassed about 6 machines and the market beyond that
was the one Chuck Purcell alluded t© that was actually developed.

NEIL: Nevertheless, Seymour did have a conception of FORTRAN when he

was building the 6600. He didn't build a machine and then adapt FORTRAN

t o i t .
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TOTH: I remember Seymour saying he didn't know if FORTRAN could

be written for the 6600.

PURCELL: Although he was fresh from the FORTRAN project for the

160i+, he did some very smart things.

NEIL: Looking at theoretical things....on the 6000 compared to the

1601+. which improved the FORTRAN ability, forgetting the problem of

mul t ip le func t iona l un i ts , and reg is ters .

TOTH: This was very early before anybody tried writing a FORTRAN

for the 6600, he didn't know if one could be written.

MOE: His advantage I think was that if he said, gosh, if I can make

the 6600 ten times as fast as the 160l+, I can probably sell it. That's

not a difficult judgement and that's about what he did.

NEIL: I have never asked him straight out "well, now come on you

must have had some great principles in mind when you built the 6600."

If you were to go out there and say to Seymour "you must have had some

overal l concept of the system before you designed i t ,"(with that pontifical

tone of voice) he'd likely look at you with distaste and answer, "Well,

no!" That would end the conversation. But you take a look at the

machine, take a look at the Chippewa operating systems put on it, 10

PFUs don't buy you more computational speed, but they do buy you more

system performance at a time when operating systems were getting
monsterous. The 360 was announced in 1 961+, we delivered the first

6600 in 1961+, but we delivered it with the Chippewa operating system
o n i t . T h e 3 6 0 w a s t h e s u p e r " b y G o d " o p e r a t i n g s y s t e m
machine.
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PURCELL: The committee operating system machine.

NEIL: Well , the point is that al l the things they were talking about

being able to do on the 360, time sharing and all that Mickey Mouse,
CDC was already doing well on the 6600. What I would like to know, and

I would like to ask him sometime, how much did he have in the back of

his mind; what the system's philosophy would be for that machine; the

operating system and functional philosophy before he built the damn

th ing .

PURCELL: I would say that some early papers that Ray Allard worked on

system structure on the 6600 software, could really allow you to get
some insight as to what Seymour had on his mind cause Allard literally

sat at Seymour's feet writing down the things that Seymour told him

about how to do the system.

NEIL: Was that Allard or McDougall?

PURC ELL: Allard wrote down quite a bit of it. At least I got my

stu f f f rom Al la rd .

NEIL: Are those the ones with the artfully drawn diagrams?

PURCELL: No that's Casell 's stuff.

NEIL: No, the stuff I'm talking about I got from McDougall and I

thought that " McDougall worked under Allard and I was wondering if
that's where it cam e from.

TOTH: I think McDougall's input was on ECS.Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



83

NEIL: No, when, the decision was made to kill SIPROS, I believe McDougall

and Dave Young were sent to Chippewa for some period of time. I don't

know how long they were out there.

PURCELL: This was 2 years before McDougall got involved. When Allard

was down at the Fulton Bag Company.

GRINNA: I was going to comment on something about the par allel from

the 8600 as far as Seymour's systems concept. I have no direct

comments on the 6600 and even the 7600 but on the 8600 he had designed

in some instructions and some special features to faci l i tate mult i

programming and he had a feeling that something ought to be done with
them but he didn't have any idea how to do it. Or at least he

wouldn't admit to any idea of how to do it. He just had a feel of

what could be done, put in some features so that some smart programmer

somewhere could do something with it.

NEIL: But he real ly only put the features in i f they fit the hardware.

GRINNA: Well that's true, but the hardware was designed somewhat

around those features, some of them were kind of basic to the whole

concept.

NEIL: You mean l ike the interlock bit?

GRINNA: The interlock register and other things.
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NEIL: So what you're saying is he probably put the 10 PPUs on the

machine thinking they'd be a good deal but at the time he did it he

really didn't have a definite plan in mind for their use?

GRINNA: I don't think he knew exactly what the operating system was

going to look like. He hadn't sat down and flowcharted it or anything
like that, but he thought, well you know, we should be able to do

something with this.

HUTSON: There were other things in the machine too, like the relative

zero, and field length, to divide up memory space for control.

PURCELL: On the 160l+ he had experimented with the 160 as a peripheral

processor. He had some idea what kind of power a little machine would
have against the support of the larger central processor system.

NEIL: Well, I'm going back up to the 31+00 and 3600. We're kind of

chronologically working our way through this although we do hop about.

Anyone else have any observations of the 3200 or 31+00. The 31+00 came
out how much later than the 3600?

HAWLEY: It started kind of before 3600 was delivered but it started

essentially after the design on the 3600 was done.

PAGEL: It went out in the following spring to a joint computer

conference in Washington, D.C. whatever month that was.

NEIL: That would have been 1 961+.

PAGEL: It was less than a year.
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NEIL: That would have been '61)..

PURCELL: Don, on the 31+00 you were burned by one stupid decision and

that was to save some money in the hardware design of 31+00 by cutting

out some of those ext ra ins t ruc t ion fac i l i t ies . I t saved a l l k inds

of hardware money, maybe $100. The software didn't work on the 3600

so it would have been much better to simulate at great expense the

capabil i t ies of al l the i iB tructions of 3600 then the software
would have run.

PAGEL: You missed my earlier comment. I wouldn't have done it all.

NEIL: O.K., how did 3300 show up in all this?

PURCELL: It was the 3200E, an improved 3200.

NEIL: Did we sell many 3200's?

HAWLEY: I think the 3300 basically took the option packages from the

3200 and integrated them into the main frame.

MARIS: It didn't have paging, but it did have the segmentation of

programs.

HAWLEY: O.K., the 38OO did have virtual memory.

SPECKER: At least it had a paging option.

PURCELL: It had BCD option earlier and then it went to a BDP option.
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NEIL: Was the 3300 a complete redesign?

HAWLEY: Yes, it was completely redesigned.

MARIS: Most of the logic was the same as the 3200. It was repackaged

so it would fit the chassis and the ground rules.

NEIL: But there was a motivation for the 3300, why build it?

TOTH: Business data processing.

NEIL: But we had 3200's.

TOTH: They weren't adequate business data processing machines.

NEIL: What was wrong with them?

TOTH: I don't believe they had such wonderful things as move instructions.

MARIS: They had a lot more memory, the 3300 had banks and you could get

8 times the memory.

NEIL: Was it speeded up?

MARIS: No, I don't think so. Just 8 times the memory.

NEIL: So the marketing people said we can't sell many 3200's. We
need a BDP machine.
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HAWLEY: 3200 was also severely suffering from reliability problems.

I'm not sure why. The 3300 solved that problem.

KORT: It was a problem I think.

HAWLEY: No, I think some of the design ground rules had been stretched

too far on the 3200. They followed the ground rules better on 3300.

HUTSON: It had a reputation problem then, too, didn't it? As far as

selling it was concerned, we needed a new number on it.

SPECKER: We recognized that it had the highest potential market.

They were going to sell a lot of them so they decided to build
another one because they thought it was a good market to be in.

NEIL: By this time than everyone recognized you were going to have

a low end divergence. It 's not going to look like any other machine.

Who had the 3300 project?

SPECKER: Dick Day. At that point CDC decided to make a line of the

computer.

NEIL: 3150, was that part of the decision too?

PURCELL: That came a little later.

SPECKER: 3500 came along a little later, the 3100 came first after

the 3300.

NEIL: What was the 3100? A cheap 3300?Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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MARIS: A slowed down clock. It didn't have the options for paging.

CURT: Incidentally, over the years since then there have been people

over in Plymouth putting all those options back on the 3100.

NEIL: Once you've decided to have a line the 3150 is easy to explain...

just tuck another machine in the middle.

MARIS: It had a stand up console, the I/O was cheapened so they went

to memory for every address. The I/O controller was completely redone.

PAGEL: That can be described as kind of productizing stuff, no new

architecture and no new design.

MARIS: It was a process of trying to fit the price and the performance

gaps in an offering.

NEIL: Who was responsible for the design of that console, for the

3600/3800 our "STAR TREK" console?

PURCELL: Mostly Russ VanKreve 1 en, wasn't it?

PAGEL: No, that's Polivka.

NEIL: Wait a minute, before Polivka got hold of it someone must have
decided that they wanted al l that data displayed to look at. I 've

never seen a console with more garbage on i t .
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KURT: You've seen the 1601+ console. It's smaller than the 1601+
console to star t out wi th. . . .physical ly smal ler at least and there 's

really not all that much more on the 36OO console displayer.

NEIL: 1 guess cause it's spread out so nice.

HAWLEY: We put out all the I/O channel displays and there are a lot

of indiv idual b i t l ights. As far as registers and the l ike they were

the same.

CURT: Customers want it that way. More impressive.

PAGEL: It 's l ike Chrysler Auto fenders at that t ime. People needed to

be impressed by all that chrome.

NEIL: The LARC had one that looked like a theatre organ. This is the

first one I saw that was that big. IBM built one where you had a

barroom rail along the side and you pulled yourself along the

machine in your swivel chair.

MARIS: Wasn't that when glass came into the picture. Glass doors.

HAWLEY: Glass doors. On the 3600?

KORT: I went to one customer and the first thing he wanted to see was
his orange chair.
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NEIL: Was that on the 3600?

HAWLEY: Yes, it was.

NEIL: O.K., to wrap up the 3600, why the 38OO and why did it come so

soon after the 3600?

PURCELL: Virtual memory.

HAWLEY: It really wasn't all that soon after the 3600. There was

a bit of a gap in there before it was actually started.

PURCELL: We had problems with that big memory. The first memory

module. The oil cooled memory.

HAWLEY: The 38OO had a new memory unit, it never worked and finally

got scrapped.

NEIL: Why build i t?

HAWLEY: This was after 36OO had been going. We had sold 30 or 1+0.

Again the cry came from marketing "hey, we're running out of steam,

got to soup her up".

NEIL: What kind of improvement could you predict at that time?

HAWLEY: The things that went into the 38OO then to speed it up were

a faster memory, and look ahead for instructions.

NEIL: Now Seymour had already gotten his look ahead running on the 6600?
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HAWLEY: What "look ahead"?

PURCELL: There was another channel from memory to the instruction

decoder that wasn't shared for data.

HAWLEY: We put in the extra pipe to memory for the instruction

trunk. We then decoded the instructions, did the indexing, etc. to

get it ready for execution while the previous instruction was being

processed.

NEIL: Was there any other technology or architectural innovations in

the 3800?

HAWLEY: The option was put in for virtual memory.

NEIL: So that really primarily the only changes. How about 31+00, was

there any new technology or architectural ideas there?

HAWLEY: The changes were not architecture but included technology.
We went to delay line sequencing rather than chains of flip-flops.

NEIL: Was that a good idea?

PAGEL: Very rel iable.

NEIL: Compared wi th fl ip-flops?

PAGEL: I t i s defin i te ly S lower.
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TOTH: It's not.a new idea. It had been used in other computers.

It's cheap and reliable as opposed to fast.

HAWLEY: We had done this on the memory of the 3600 and then we

carried it over to CPU. The 6600 is kind of this way where you have

pulses that aren't l ike a t iming chain for a given operation time.

You have a universal clock that comes out at a certain time.

NEIL: Are there any other hidden computer developments?

PURCELL: Did we talk about the 1 700 because that came after.

NEIL: Where did 1 700 fit in?

CURT: Timewise? It was before the 3300. The intent was to build a

machine for process control and it was defined, the features in it,

were defined with that intent in mind. In other words, the people at

LaJolla thought they were doing process control computers. They

wanted, some features in a small machine they couldn't get anywhere else.

NEIL: They didn't l ike the 160A?

CURT: It wasn't like the 160A at all. The 1 700 was the architectural

response to that problem and technically was trying to take the 6000

technology and air cool it, take the 6000 package, spread it out a
little bit and blow air through it and took the 6000 stack and

expanded it to 18 bits and expanded it physically so they could blow
a i r th rough i t .
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HAWLEY: At this time 6600 was having many troubles with their memory.

So the cycle time at the 1 700 was lengthened out to 1.1 microsecond

so they could get a little more margin.

NEIL: The instruction set was driven by LaJolla?

CURT: Yes, we were the engineering people who were writing the spec

and designing instruction, but they were the people making the

decision as to whether this was a good idea or not. The moving

force was coming from LaJolla, as a matter of fact, at that time it

was a very firm management decision that there wouldn't be any

software written, it would never be marketed as a standard product.

HUTSON: Didn't it have environmental requirements like you'd have to

sit beside a blast furnace or something like that? Did it ever meet

those specificat ions?

CURT: Well, as far as there was in the memory design circuitry for

temperature compensation it did.

HAWLEY: I remember when we ran it through the environmental labs.

CURT: That went through fairly well but after that we had trouble

with that memory for years.

MOE: It was probably the most successful unfunded project we've ever

had, however, but it sure took a lot of people and a lot of unfunded

projects to work on i t . I t was clear ly a case of l ike you said, " I t

really wasn't very well funded", it never had been projected as a
standard product. Like all the other ones that we were going to sellComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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500 a week of, but never made, never sold. That poor guy just sat
in the background with salesmen selling it wherever they could and

pushing in a l itt le bit of money doing it on other projects to keep it

roll ing and get it done.

NEIL: How many designers did you have on that?

CURT: There was one designer on the processor and one designer that
did some logic for memory and the thing that we called buffer and

channel, another box for the channel.

NEIL: Any innovations?

CURT: No. No architectural innovations.

PURCELL: I t had the 8 b i t by te I t was an innovat ion fo r Cont ro l

Data.

CURT: We thought at the time anyway that the interrupt scheme was an
innovation for us. The priority interrupt scheme could be programmed

fo r t he i n te r rup ts .

STEINER: That was our first go at hexidecimal wasn't it?

CURT: Yes.

STEINER: In fact, there for a while we were using U,V,W,X,Y and Z.

I remember that. As soon as I learned that then we switched to be

compatible with IBM you know, A,B,C,D,E, and F.
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HAWLEY: That came from the G-15-

NEIL: That was the old Bendix-G-15 notation. That was an interesting

thought because IBM had hexadecimal on the 650 back in the early days.

Harry Huskey who designed the G-15 said, "It's much more natural to
add one to Z and get 10 than it is to add 1 to F and get 10". Is

the 1700 development in the time frame of 6600 being shipped?

MOE: Yes.

HUTSON: The 1700 checkout crew was the old 3i+00 checkout crew.

NEIL: That's half of a 31+00.

HUTSON: It was about the time that the 3^00 got turned off, the

1700 took o f f . A l i t t l e l a te r t han tha t ac tua l l y.

NEIL: What were the major innovations that Chippewa felt was the most

significant on the 6600?

GRINNA: The peripheral processor was probably the biggest innovation

and having access to the memory from a PFU. The parallel functional

un i t s .

PURCELL: And a high band width memory, too.

GRINNA: I think the peripheral processors and that system concept was

probably the biggest thing.

PURCELL: The 32-way interlace allowed that high speed access.
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GRINNA: That's true, it made it practical for the PPU to access

memory.

PURCELL: That's the important fact, too. It was an integrated concept

It wasn't a bunch of diverse ideas.

MOE: Independent functional units I think were the biggest CPU change.

GRINNA: Without interleaved memory, there again, you wouldn't be able

to ca l l up ins t ruc t ions to in i t ia te opera t ions in the para l le l

func t iona l un i t s .

HUTSON: How about the instruction stack? Was that new?

MOE: Yes.

HAWLEY: The register file was new. Arithmetic was register to register

and not register to memory.

PURCELL: And that led to the exchange/jump package.

TOTH: Another thing related to I/O and that's the twelve channels,

cross barred.

MOE: Accessible by 10 PPU's. The barrel itself, 10 memories sharing

one ari thmetic unit .

HUTSON: How about the memory hopper in the CPU?
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MOE: Oh yeah, that plus the storage of instructions that shouldn't
have been issued or couldn't issue but did. And all that jazz.

But of course the mechanical technology, the packaging was far

superior to anything, much denser than anything we had thought of
before. The year before in the 3600 there were 61+ transistors per

module as opposed to 6 so that technique was spectacular and the great

cool ing.

NEIL: Whose idea was the cooling?

MOE: Probably Dean Rausch. Oh, I don't know. I'm sure it was

Seymour's idea.

PURCELL: It's fair to say Rausch was responsible for that.

GRINNA: Certainly, for the design. Seymour couldn't have even come

up with a concept for his machine without counting on that kind of

dens i ty.

PURCELL: Seymour said "Get rid of the heat" and Rausch turned to

freon cool ing.

BHEND: Wasn't that clock scheme unique at that time?

MOE: Did any machine have that kind of clock scheme? I can't say,

I have no idea.

HAWLEY: What about the clock scheme?

BHEND: They had 100 nanosecond clock that was broken down into 1+ -
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25 nanoseconds phases.

HUTSON: Actual ly that 's a fict ion too. Because there were actual ly

an infinite number of clocks like the STAR.

BHEND: There are a lot of things that were learned on the 6600 though
that changed on the 7600.

HUTSON: I think one of the things that had been in the 6600 that

nobody ever really worried about before was wire lengths.

MOE: Yes s i r.

HUTSON: You suddenly found out that you spent a lot of time in the

back pane l and you were o f ten miss ing c locks .

MOE: Before that you could run the wire around the block and it

d idn ' t mat te r.

N E I L : D i d a n y o n e r e a d t h e a r t i c l e i n E D P D e s i g n m a g a z i n e ,

t h e I n t e r v i e w w i t h S e y m o u r . T h i s i s t h e E D P m a g a z i n e

supposedly for e lectr ica l engineers. I t 's the most banal in terv iew
I've ever heard from anybody and the only quote they could attribute

to Seymour goes, "One of the things we discovered with this new

machine technology is that we really have to measure all the wires to

make sure the signals all apply at the same time! " (laughter)

I t 's the only quote in the whole art ic le.

t.l'UHPIvl.l.^H.J. -w.-im- . . !»:■«.»i» >Kin.iJV*l»i"."--ig dm'M I ■- ^T«r*-?T*r~
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BHEND: Another thing on the 6600. Serial 1 was done and on the floor and
the transistor art hadn't caught up with us yet. We were replacing

individual transistors in certain paths with faster ones that were

just coming out to meet the necessary speeds.

HUTSON: What was really neat about that was the fact that in

chassis 1 the PPU's worked with the slower transistor. When the art

did catch up, everything else worked, but chassis 1 didn't anymore.

We ended up having to put a lot of long wires in chassis 1.

MOE: The transistor art moved extremely fast.

PAGEL: That was the brink. Well, from speccing it in 1961 and not

making it until late '61+ when 1+ machines are on the floor to then

going wild and exceeding it to a tremendous amount within the next
six months made a very interesting problem.

PURCELL: They put more gold in the dope.

NEIL: That same thing is true of the register file on STAR.

H U T S O N : S e r i a l 6 6 6 0 0 h a d i n t h e r e a d fl a g r e g i s t e r s

three d i fferent s tages of t ransistors. Over in the center of the

machine it had the slower ones and as you got towards the outer edge

of the chassis it had medium speed one and at the outer edge you had

fast ones and you had to make sure you used them that way or it wouldn't

work . I t was that t ight a t that t ime.
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NEIL: That sounds something like this problem we were discussing

last Friday. We have a problem with skew from the clock fanout

now in the LSI logic. There's one whole gate-time skew because of

wire lengths from the clock driver to the driver cl ips.

KROHN: Four adjacent chips.

NEIL: Four adjacent chips is one whole gate time skew.

KROHN: Which are separated by 2 inches which will give you askew of

600 picoseconds which is 20$ of your clock width.

MOE: Both on the 6600 and 7600 there were no oscilloscopes available

to see what was going on. And the oscilloscope manufacturers

weren't terr ibly interested. They real ly would come out about a

year after we needed something.

HAWLEY: I remember when we first put a sampling scope on the 3600.

We were horrified at all the junk we saw on the trace. Speaking of

technology, clock systems are something that have changed a lot as
we've gone into different machines. On the 160l+ the clock was a

whole bunch of indiv idual osci l lators that were just a l l t ied to

ge the r, a l l osc i l l a ted toge the r.

TOTH: Just like a power distribution system. They locked onto some
common frequency, and nobody knew exactly what clock might overrride

but they had to be cut fairly close otherwise, there will be some

gli tching due to overlap.

Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



101

HAWLEY: You tuned each clock individually and tied them all together

and if they weren't close enough you set up an oscillation on the wires

the connected them and you get some real screwy patterns on the

scope. On the 3600 we went to a master clock with a multi-rank fanout
where each rank could be tuned to guarantee that all final ranks

were in phase.

NEIL: Since we are running out of time today, let me remind you

that our intent for future sessions is to review the more intimate

projects, the ones we all really have first hand knowledge about.
I 'm not so concerned about 1601+ unless it 's important. I 'm particularly

concentrating on the 6600, 3500, the 1 700 if necessary, STAR, 8600, 7600
era and hope we can talk in great detail. I think I wrote down design

approach and initial design. The reason I wrote those was that

generally you start out with design approach and then you start

designing and you start modifying the design approach cause it
doesn't work or something. The session after that was scheduled to

discuss actual design and this meant getting at the real design in

the areas that we think are worth examining. Like talking about the design

problems that arise in the design of the PPU structure on the 6000,
6600 or 7600. But, I would l ike to skip ahead briefly. What about

the 6800?

MOE: Well, the 6800 was quite simple. It was 1+ times as fast as the

6600.

NEIL: In exactly the same architecture?

PURCELL: Twice as many PPU's.

.
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MOE: No.

PURCELL: Headquarters thought this.

MOE: Wel l , that 's fine. So the in i t ia l design star ted wi th the 6600. We

started the 6800 1965* or late '61+ and early '65 and Seymour chose

then some guidelines. It was to be 1+ times faster than the 6600

with his nonsaturating transistor which is the same thing we used

on the 6600. Clearly the 250 nanosecond memory was required. So

those were the design requirements, there was the circuit that we

had reasonable confidence in such that the circuitry could easily

support i t . That 's what started i t . Seymour took off on the design
of the CPU and actually told me to design the PPU. He said, "You

can have 125 modules to replace the 10 PHJchassis" and he went on with

the CPU. Not more than six months after I had been working on, I had

it down to about 180 modules. He "SCrayed" me again. He said, "No,

no; we're going to use separate PPU's." So he designed an independent
PPU (to keep the folklore going) on a weekend. And there we implemented

that. Now, I have to go back to the 6600 because the 6600 was imple

mented similarly. The 10 PPU chassis was built at Strutware, moved

to Chippewa. Garner McCrossen and the software people were res

ponsible for checking it out and keeping it running and then that's
what Seymour worked with quite a bit. He verified the circuitry

and verified the memory. Now for the 7600 he did the same thing in

reality. The first thing he designed was a single PPU on a ref

rigeration chassis about the size of a 211 or 217 console with independent

refr igerat ion and he bui l t several of those.

GRINNA: Several versions, several c ircui ts.
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MOE: I don't know what day it became the 7600 but I do believe for

sure the PPU design was one of the contributing factors to the 7600.

I can't say because I don't remember whether he had large core memory

in the 6800. Obviously, he didn' t . I bel ieve i t was just l+ t imes

performance. So in addition to the PPU then he added large core

memory.

NEIL: Was that a result of our ECS experience with the 6600?

MOE: I th ink in " real- t ime" large core memory and ECS were

concurrent projects.

PURCELL: They were no more than three months apart. Seymour was

talking with Jim an awful lot at that t ime, part icular ly about long-
wire memory design.

MOE: So the 6800 was, in fact or reality, contractually commute as a result

o f t h e 6 0 0 0 . A n y 6 8 0 0 c o n t r a c t o r i n i t i a l i n t e n t f o r . T h e

mach ine , I wou ld say a rose in 1965- In '66 , I guess , we went fu l l
steam ahead on the 7600 CPU. Interestingly enough, on the 6600

Seymour designed the PPU's and the memory and so on. On the 7600,

Seymour designed the entire CPU& the PPU. Les Davis designed the

large core memory.

BHEND: Les and Harry.

:■..-■ - .' : -\ .

MOE: Seymour never touched a scope probe to the CPU. The only

thing he ever worked on were the PPU's.

BHEND: He handed everyone a particular functional unit to verify.
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MOE: All Seymour did was a complete paper design in less than a

year and never looked at it, never implemented it. In fact, when

you think about it, Seymour didn't know the CPU in the 6600 either
cause Jim did that. It 's incredible what Seymour did with the

7600. He designed the entire thing on paper and simplified it. He made an

exceptional simpl ificat ion over the 6600.

PURCELL: There were lots less ranks of registers.

MOE: And a really controlled clock since we had learned that was
a problem.

GRINNA: He also brought in Bob Horton for documentation kind of early
in the project and that helped us when we shipped it to Minneapolis.

We didn't have near the problems that we had with 6600 which didn't

have any documentation at all.

GRINNA: It wasn't so much that he brought Bob in, but that he

"pe rm i t t ed " h im i n . Tha t i s a gene ra l commen ta ry, I t h i nk ,as f a r
as Seymour's attitude towards documentation and or any additional people on

the project; whether it be documentation or marketing or just any

other inputs. I think Don mentioned something earlier at the time

that the 3600 and 6600 split off, that 6600 was a high risk project

and Seymour was not willing to say that we will deliver a machine. It

was identified as $0% scrap. And I think he followed that philosophy

pretty much all the way through even on the 8600. He was never willing
to tel l market ing that we wi l l del iver this machine. He did that

intentionally, but it worked out quite well in some ways because
there were not a lot of people trying to come in and provide inputs It wasComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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considered a high risk and there was no desire to put a lot of extra

money into the project as far as documenting it or marketing it or

anyth ing l i ke tha t , un t i l the r isk became less . I th ink tha t 's
contributed a lot to the success of the Chippewa group.

.•

HAWLEY: I think that one thing that needs to be said though is that

Seymour considered it a high risk, but Headquarters considered it a
sure thing.

GRINNA: That's because anything that Seymour did was considered a

sure thing, but would never permit them to act as though it were a sure

t h i n g .

NEIL: Wasn't that real ly part of the difficulty he had with Headquarters

over the 8600? They needed another sure thing quickly.

MOE: Significant though on the 7600 in documentation, Don. I think

anybody that likes to design or thinks they can design should see the book

Seymour did write on the 76OO documentation was written (chronologically

now) after the design was complete on paper but long before there was

any hardware that existed and it's a CPU documentation. >,,■

PAGEL: I think that's good.

MOE: It's unbelievable for anybody who needs to work at that level for

people who want to work on a machine or have to learn it because that
was the extent of the documentation (in addition to the wire tabs) but
that kind of documentation was something incredible for engineering.
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MARIS: How did Seymour define his instruction sets? What was his

method of working?

MOE: He designed one. O.K., that's another point I wanted to make.

He didn't accept a whole lot of help and I don't know if he accepted

any. My experience (having been on the other side of a brick wall)
was that he communicated on the telephone, with several people and I

can't even say who. I'm sure he communicated with Jim a lot, I

don't know who else. That would be his afternoon's entertainment, to

communicate on the telephone. I don't know who he got his inputs

from but he sure as hell didn't take them from anybody that wanted

to give them.

PURCELL:Seymour and Jim did discuss a 61+ bit word size for the 6600

mainly because the STRETCH machine was 61+ bit and Seymour finally
decided that he didn't know what those extra 1+ bits were good for and

he couldn't count them on his hands very well or something..it wasn't

octal. And so he wiped out those extra 1+ bits. I think that
decision changed the history of commuting.

BHEND: I think he got his inputs from Livermore. I think that's
what affected the decisions he made on how to change his instruction

sets. He talked with people at Livermore and once he made up his

mind that was going to be the instruction set he wouldn't let anybody

else change it. I don't think he was influenced by marketing at all

on h is instruct ion sets.
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NEIL: We sti l l aren't quite done with architecture or at least how

we got where we got. We left off with a kind of hybrid discussion of

the 7600, 6600 and that leaves to my mind the MPL, which we should

visit briefly, and it leaves the STAR 1B, STAR 65, STAR 100, the 7600,

8600 and anything else in that time period. Probably most of you

don't remember how we ended up. We did talk a great deal about the

fact that the 7600 documentation that Seymour did was probably the

first time in history of the company that something like that was

done and it turned out to be very useful, I gather. I just would

like to stop at the 7600 for a minute and ask if anybody's got any

other observations or comments about it. We know why we built it?

It came out of the 6800? We kind of got locked into it. We know

why, or do we have to ask Seymour, why it was changed from the
6600. For example, why did we go to the very limited access to the

central memory, why did we go to something like independent PPUs?

Anyone shed any light on that?

GRINNA: I don't remember what we said last time. I think the biggest

thing was the cleanup, and there was quite a bit of study done at the
close of the 6600 project. I think maybe Bill could comment on this

better than anybody because at the wrapup on the 6600 Bill spent

quite a bit of time studying the usage of some of these features that
were in the 6600 and how much utility they really had.

BHEND: They wanted to find out just how important it was to have things

in the computer like the "stunt box" for example. If you could take a

program and go through it and change the program so that it would run
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faster or as fast, without having things that they had in the 6600

to implement high speed execution. They wanted to find out if they

could simplify the control basically. That was what they were

l o o k i n g f o r . I t o o k s e v e r a l p r o g r a m s t h a t w e h a d r u n
on the machine and went through the code and changed it so that there

wouldn't be delays waiting for something from memory or waiting for

an answer to be put into an X register. We found out that if

w e . d i d t h a t t h e r e w e r e l o t s o f w a y s t h a t w e c o u l d m a k e

c o n t r o l m u c h s i m p l e r o n t h e 7 6 0 0 . D e n n i s , d i d n ' t D a v e ' s r e p o r t
o n t h e 8 6 0 0 , m e n t i o n w h y o n t h e 7 6 0 0 w e d e c i d e d t o u s e

processors and large core, or why we went away from it?

GRINNA: Or why on the 8600 we went back to some 6600 concepts.

BHEND: But I think they wanted processors mainly for I/O use. They

felt they could hook up a bunch of equipment to separate processors

and let them run independently of the CPUs.

NEIL: Let's take the things that come to mind. The cross-bar for the

PPUs in the I/O channels which was a thing that was completely absent

from the 7600.

GRINNA: I think the difference here was the memory hierarchy that we

had on .the 76OO, kind of dictated the rest of the things. On the

6600 then it's just the one memory and on the 76OO we had the LCM and

SCM.

NEIL: Why?
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BHEND: I was involved in the LCM, I really don't know why they used

the architecture except I think they kind of looked at it more l ike

an external memory like ECS.

NEIL: ECS was pretty far along by the time that decision was made?

GRINNA: That's r ight.

NEIL: Was there any such concept on the 6800, or did this come after?

MOE: It came after.

NEIL: That was Seymour's idea then, to move to a memory hierarchy?

Was it a cost thing do you think or electronic?

MOE: Just more memory, as required.

BHEND: Faster access.

NEIL: Why not 500,000 words of the small core memory?

MOE: Oh, that certainly was cost. Small core was a single module,

1+ wire, classical memory.

NEIL: What's the difference in cost between the LCM and SCM?

PAGELKOPF: (Chassis price is about the same and what did we have

for banks there? 1 25K per chassis on LCM and 16K of small core memory
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GRINNA: Almost ten to one - eight to one.

NEIL: Well, you could still have had the memory hierarchy and say

for example, still had a cross-bar network with the PPUs and channels

and stuff .

MOE: I think I mentioned last time we did on the 6800 project, we

did do a 1 0 PPU version of the design with 125-7600 modules. I said

last time he threw that all out and said I want to do separate PPUs.

NEIL: I just don't remember the reason for it.

MOE: Well, I think I really don't know the reason and we never got

any and really never bothered with them. One of the things he was

thinking about was direct driving peripherals. He said if I can make
a PPU for $5?000 why pay $20,000 for hardware controller. It was a

very valid comment at that time and he was trying to prove that.
That's probably one of the biggest reasons.

GRINNA: A key point there is the flexibi l i ty. To able to throw out

one PPU and change price and configuration.

MOE: I t wasn ' t ear ly when the dec is ion was made ( he had dec ided

on the 7600) that Arden Hills would supply him with the peripheral

subsystem. And Arden Hills really never did that so he went on doing
some of the things of his own trying to use PPUs, the direct drive

tapes, the d isp lay sys tem, the I guess that was about i t a t that

■
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NEIL: My recollection was that he was supposedly waiting for an I/O

subsys tem based on bu f fe r con t ro l le rs . ADL went th rough the
evolut ion of the buffer contro l lers, changed the buffer contro l ler

design and then redid the whole thing and ended up not matching his
schedule at all. I remember he came down to visit us and said he

could no longer wait for them, he had to go on his own but he was

wai t ing for buffer contro l ler or iented per ipheral system. The funny

t h i n g i s t h a t a l o t o f t h e i d e a s t h a t w e p u t i n t o t h e
second generation buffer controller and I/O system, spun off from

things that we got out of our visits up there to Chippewa with his

6 - p a c k s t a t i o n ; s o i t c a m e f u l l c i r c l e . W h a t o t h e r t h i n g s l i k e
the stunt box do you figure were significant that you examined and

decided to change for 7000?

BHEND: I was trying to think of all the things he had on the 6000,

can't remember what they were. The reservation tag scheme.

MOE: Register reservation scheme, yes.

GRINNA: Well, the registers themselves were simplified.

BHEND: Another thing I think they were trying to do was find out just
how many registers did you need to get simplified control.

NEIL: In terna l reg is ters or v is ib le , that is program access ib le

r e g i s t e r s .
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BHEND: Program accessible registers.

NEIL: And you decided to stay with the same number?

BHEND: And also how long the loop back feature (the instruction

stack)would have to be. What would be a good number for that. That
was one thing they were looking for.

NEIL: In other words, the 6600 did really have some addhoc features

which you now, after the fact, examined to determine whether or not

they were really any good or whatever. What did you conclude about
the registers? Obviously, you kept the same number for the 7600,

but was there a reason?

TOTH: The instruction stack too.

MOE: That went from 8 to 1 2 words. I think that tended would be more

a hardware driven decision, the implementation tended to be more hard

ware reason than anything else. The implementation of the instruction

stack and a fantastic improvement in the jump speed within stack. He

redesigned the 76OO instruction stack;pyramided right next to it was
an address stack and that permitted 12 addresses plus 12 registers or

instruction words to be transferred in 3 minor cycles for in-stack jump

RESNICK: He effectively made an associative search on the thing,

there was no arithmetic or anything. You just ask and thou shalt

receive.
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MOE: Whatever the address x^as,it was translated into a 60 bit word

which was sent to the instruction register.

NEIL: The choice of 1 2 was dictated primarly by just logic rather than

because somebody concluded that 12 was a nice number.

MOE: I think Seymour(when he layed it out) found that he could put seg

ments of the stack into 3 rows of modules. It was a case of l+, 8 or

12 or 16, and 16 was more than 8 on the 6600 and probably would make
a s i gn i fican t d i f f e rence .

BHEND: He usually didn't tell us any reasons why he decided to do

something. We fed information in, but he more or less did what he
wanted to.

MOE: The net of the simplification of the 6600 as I remember being

told was it cost 7% in degradation, it took out a significant amount

of hardware and that 7% in degradation was strictly prohibiting

further issues unt i l the instruct ion could be completed.

I f y o u d i d a s h o r t e r i n s t r u c t i o n y o u t r a n s l a t e d w h e t h e r o r n o t

the results from al l other instruct ions you had issued that weren't

completed yet would in fact, complete at the same minor cyle. If

they did, you didn't issue. That was at the end of the issue translation
and the front part was if the registers weren't free for some other

reason you didn't issue. Now that took a hell of a lot of hardware

from the 6600 in the queues and all the registers that saved in

st ruct ions and save inst ruct ion reg is ter contents , th ings l ike that .

The number I remember was 7% degradation over just redoing a 6600
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in 7000 logic at four times the speed. That was 1+ times -7%. The

PP scheme was certainly not explained to me although it should have

been, but I didn't bother. It was done and in a conversation with
Les Davis a year or so ago he admitted they wished they would not have

changed the 7600 even minutely from the 6600 to the point where it
prohibited running the same operating system. And talking about the

future, that 's what we're going to do. They wi l l probably try to put
CYBER 170 PPs on the 7600 in the future.

PAGELKOPF: It's called the model 175-

MOE: Whatever.

PAGELKOPF: Another thing you get with those PPUs, the 7600 PPUs, is

independently dead-startable units which was a system problem of the
6000 PPs. There's more than one solution to that, however, but they

didn't come up with one for our CYBER line as far as I could tell.

NEIL: There were several major problems with the 6600 structure from the

systems point of view. One was that one, which was simply that a PPU
could hang a channel and all the other PPs couldn't get it. The

PPs had unlimited access to central memory and because of that as

far as operating system developer was concerned it was a disaster.

The way that we used the original Chippewa operating system any PPU

could go in and accidentally clobber location 0 and automatically

destroy the system and you could never find out who did it or why.
I kind of thought that the reason he went to that scheme was to get

some form of protection. But you're tel l ing me that i t was real ly
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GRINNA: No, I'm sure that protection was involved in the decision on
th is . There 's a whole combinat ion of th ings here. I t ' s hard to te l l

what went through Seymour's mind.

NEIL: Did i t simpli fy the structure to el iminate the pyramid and to

be able to just have the fixed addresses and memory and stuff like

t h a t ? T h a t s i m p l i fi e s i t ?

MOE: I bel ieve the I/O structure of the 7600 was significantly

more complex than the 6000. Like I said before my constraint was

125 modules for duplicating the 10 PPU I/O structure in the 6600.
In reality he took, with 11+ chassis, he took 512 modules, in addition

to modules strung out through the memory chassis. He had a very

big I/O fanout, what do we call that?

GRINNA: Mult iplexer.

MOE: Oh yes, we had a very large I/O multiplexer. Another point

in the I/O scheme (significant probably for the 7600) was if the

7600 in fact is 5 times or 1+ times faster than the 6600 then

hypothetical ly you've got to have more capabil i ty of gett ing data in
and out. We weren't front ending much of anything at that time.

So if we were selling 3 to 1+ printers normally on a 6600 (there were

?)| tape units on all the early ones we delivered) and, therefore, the

7600 would have Ij. times I/O rates like that then 12 channels disappear

rapidly. His ultimate I/O scheme there of PPUs with 12 channels each
became I think, a reasonable decision. What has happened in reality

is that's never been a stand alone 7600 computer and hence it would

not need the multiple I/O channels.
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NEIL: Was i t acceptable f rom the outset to hal f - t rack d iscs? I

mean we always stuck with that in the 6000 but I kind of thought that

was an accident. Going back to 6600 days, the very first disc we put

on we had to half-track because the PPUs could not transfer data fast

enough. Was that an assumed beginning point for the 7600, you were

going to half-track this with 2 PPUs?

MOE: I think even early 6600 he had duel channel access. For ping-

ponging had been used prior to that already.

PAGELKOPF: I think the SCOPE people finally found that ping-ponging

only got them 5$ though because of other software overhead problems.
That's true but we always said that if we didn't have to half-track

it would be better than that because the software management of the

half-track scheme could be a big pain.

MOE: On the 7600 today the disk subsystem works at very good speeds.

I can ' t say wha t i t i s , bu t i t ' s qu i t e e f fic i en t l y used . I t h i nk i n

retrospect the I+000 words of memory - 1 2 bit words of memory in PPUs
has been a hell of a l imitation for the corporation in philosophy

anyway. That was expensive and each PPU already took 31 modules.

MOE: Cost the customer 50 grand.

NEIL: One of the things on the 7600 was originally space in the main

chassis for what I'll call CPU PPUs very much like the 6600. Then

you have the stand alone 6-pack. What was the original purpose of
those PPUs that were in the mainframes' Were they to be used like in the

6000 PPUs?
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GRINNA: One th ing about th is , i t wasn ' t o r ig ina l , bu t on one o f

early serial numbers, I forget which one, 5 or 6, we designed the high
speed channel for the mainframe PPUs to use for driving the disk
so that the PPU could keep up with the disk file. That was possible

in the main-frame because the PPUs were synchronous with the central

channels and on the 6-packs they were asynchronous so they had to

t r a n s f e r s l o w e r. T h a t c a m e a l i t t l e b i t l a t e r. I d o n ' t t h i n k t h e r e
was any Intention to use them just like they were on the 6600.

MOE: No, he had no intention of using his 6000 operating system on the

7600. He fully redid the operating system and did that without using
the 6000 cycle.

PAGELKOPF: Those first level PPs also served a role similar to the

service station on the STAR. Nothing more than additional compute

fanout .

MOE: The hard wire memory allocation for PPUs was implementing in

hardware what he felt the circular buffers had done for the software

in 6000. That's my impression of what happened. It seemed to be

acceptable.

NEIL: Was it impossible to make that port go directly to LCM rather

than having the SCM to LCM traffic?

MOE: Oh hell no, it would be very easy. The only thing you'd have

to do is to get someone else to design the 7600. There was never

any question in Seymour's mind that there would be no outside access
to Large Core Memory. He would not allow it because it would disrupt
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what he thought was most important, 27 h nanosecond transfer rate

per 60 bit words from large core memory to and from small core memory.
So anybody who asked that question was told a categoric no, no way

because I don't believe the machine's going to be used that way and

I don't want it to be used in that way and hardware performance

pricewise that's the most efficient way in his mind to use the machine.

NEIL: How did we manage to make such easy access on the 6600 to install
ECS port considering how tight the design was?

PURCELL: Jim Thornton did it.

NELL: Wasn't that pretty distruptive too, of the memory logic on

6000?

PAGELKOPF: Sure, the machine came to a stop. "Hold it folks, get

ready, go ECS".

PURCELL: What do you think happened yesterday, Don when that statis

tician went over to talk to Seymour about redesigning the Cray-1

1/0 system?

PAGELKOPF: He's probably still paddling down the Chippewa river.

GRINNA: One thing I'd forgotten about and Bob mentioned a little

bit ago, at the time the 7600 was being designed we were still working

at PPUs driving all the peripheral that we'd hung on the 6600 and that

was part of the philosophy of those mainframe PPUs. They would in
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turn have networks of PPUs tied to them and to the extra PPU channels

also. There would be this huge fanout of many PPUs out there that

would feed in through this network.

NEIL: Was the 7000 designed with the additional port for additional

h million words of memory, like we're putting on now?

MOE: Defin i te ly not !

NEIL: It was not then. That means they've had to carve up that part

of the design pretty badly.

MOE: You never know. I don't think the logic is terr ibly complex.

There wasn't much reservation problem or logic problem so if you

wanted to do that you could do things l ike that. What it affects is

internal register sizes and things l ike that, and data transmission

to and from there, but it certainly is not impossible to do as they've

done it in 7000.

NEIL: Again, the reason I asked that is like my misapprehension about

the amount of memory of the old 6600. I swear that when serial 0

was on the floor up at Chippewa, we were just about to tear it down,

we talked about the memory size and if it wasn't Seymour, it was Les

or somebody else said, "Oh yes, we could put on another 500,000 words,

but we'd have to put them in a chassis." At that time the compressor

was sitt ing at the back-side. So he said we'd put it just about here,

i t ' l l be about th is s ize . At least that 's what i t tu rned out to be

now made out of sol id-state logic. So again, I 'm surprised to find
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that ' there real ly wasn' t any design for that.

MOE: Both on the 6600 and 7600 Seymour designed only one system,

period. Full memory 6600 with 131 K words, he did no other and 7600
with 65K and 51 2K words, period.

GRINNA: We had quite a fight just trying to get external connectors

on the large core stacks. That was a real battle. They didn't want

to do that and it wasn't until we had trouble with one and it took

me three days to unplug and replug in another one and they decided

that maybe something should be done.

NEIL: Was i t because of the potent ia l unre l iabi l i ty of having a

c o n n e c t o r t h e r e o r w a s i t s o m e t h i n g e l s e ?

BHEND: Yes, they felt it wasn't going to be reliable with connectors

Several of us felt that if we didn't have connectors then we were

not going to be able to get stacks to work so we had quite a problem

there before they finally decided to try it even and then they did

and it was successful.

NEIL: Is there anything else in the area of some things you did

different on 7000 than 6000? You kept the same number of registers.

You did do that study and decided that that was alright.

MOE: In addition the arithmetic was seqmented.

NEIL: Why?
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MOE: So we didn't duplicate hardware for multiply for example and to

increase instruct ion issue speed also. You couldn' t issue a mult ip ly

every cycle , for example on the 6600 because the arithmetic units were
not segmented, because it couldn't complete on operation in a minor

cycle. Segmented pipelines on 7600 were very different.

NEIL: But you didn't use a common pipe for all your arithmetic?

MOE: Heaven no, an independent multiply unit which was segmented

three t imes.

PAGELKOPF: We sent out modules to Bob Kowalsky in California at that

time. He put a counter on the 6600 out there to see how often that

mu l t i p l y un i t was rea l l y be ing used , ac tua l p rac t i ce a t L i ve rmore ,
( I d o n ' t r e a l l y r e m e m b e r a n y m o r e ) . I t w a s r i d i c u l o u s l y l o w,
i n p e r c e n t a g e o f t i m e ; i t w a s u n d e r 5 $ . W h i c h m e a n t t h a t t h a t

hardware really was kind of a waste, in fact, I came across the records

of the transaction yesterday. He stil l owes me those modules.

NEIL: Cleaning house, right? The segmenting idea, was that Seymour's

again? And that was just to solve the problem of the issue?

GRINNA: Yes.

NEIL: Was there any thought of going to a common pipeline like STAR?

MOE: Not in Seymour's mind, I 'm sure. Well, actually that 's not

true because Les Davis designed the 71+00 in 1 966 using the F series
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modules of 7600 logic and that was stopped cause we had to devote our

resources to getting the 76OO done. There Les used a unified arithmetic

like 61+00.

NEIL: The 71+00 design was actually initiated at Chippewa before the

7600 was done?

MOE: Yes, before the 76OO was on the floor, the logic design for the

71+00 was done and logic design and logic modules existed, in fact.

NEIL: But in 6600 no effort was made, right until 6000 was shipped?

The 61+00 really was an afterthought?

MOE: No, Jim had a pretty good idea of what he wanted to do before he

left Chippewa. He was pretty sure what he wanted to do then?

NEIL: At the outset then, we decided to build the 61+00. at least

engineering intent to build the 61+00. Did Les ever pick that up again
a f te r t h i s?

GRINNA: I built a 1 2-pack with one bank of large core memory over

there. Les built an arithmetic unit that connected to one of the PPUs

in the 12-pack.

NEIL: Was this Tom Parkins' telephone booth?

GRINNA: Tom Parkins got serial 2 and the last one. Serial 1 we used

for our engineering work in Chippewa right up until the end. That
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was a very valuable asset to our 8600 development.

NEIL: Who did the programming?

GRINNA: Pete Dutton did most of it.

NEIL: Was it all independent memory or did you have any common memory

between?

MOE: Just the common memory.

GRINNA: Each PPU had its own memory, of course, but there was one

bank, 65K large or core memory, which was common to all of them.

PAGELKOPF: That's half a chassis.

GRINNA: Half a chassis of LCM. We had one chassis which had an

MCU and one bank of LCM and then all the control for the system.

NELL: You call it the telephone booth, did it have any other

designation?

MOE: The 1 2-pack.

GRINNA: The 12-pack, MPP or multiple PPU station. It was designed

ini t ia l ly wi th the thought that i t might be a product but i t turned
out to be too expensive for what it did. Although it was a power

ful machine, there was no market for it.
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NEIL: Was that init ial ly motivated by Parkins or did Seymour really

have the original idea?

GRINNA: Oh no, it was done before Parkin knew about it. He came over

and looked at ours and decided he wanted one.

NEIL: You sold him one. Got al l your R&D dollars back?

GRINNA: The first one was built of scrap parts, it was an unfunded

development. In fact, one of my design criteria was to build it out
of existing modules and there was a lot of haywire in there. Once we

got it working, we cleaned it up and designed four new module types.

NEIL: The intention was to only have one PPU directly control the

ar i thmet ic un i t?

GRINNA: Yes. It was a peripheral arithmetic unit, you might say.

NEIL:' Like a disc or a tape?

GRINNA: Yes.

NEIL: Did answers come back through PPU or did they go direct to

core?

GRINNA: To the PPU.

NEIL: Was any more work done beyond that, thinking wise, paperwise?
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MOE: Only that which Parkin might have done.

NEIL: We might as well carry this Chippewa story through that period.

When did the 8600 work start? Any thinking about that?

GRINNA: Well, really the 8600 thinking was already going on in Seymour's

mind at th is t ime because the t ime frame now is I was working on

that 1 2-pack after the delivery of serial 1 , in fact, that would be

about a year after that. So Seymour was already looking at the 8600,

he was looking at multiprocessors and that's another one of the reasons

why he decided it would be nice to build a multiprocessor out of
PPUs sharing a common memory. As sort of a pre-prototype for the

8600. Seymour was thinking about the 8600. I don't know what the

first date was, but about the time that the 7600 design finished up

after he wrote the documentation which took sometime.

NEIL: Was there any external motivation at this point, not for

mul t iprocessors par t icu lar ly, but for another machine fo l lowing the

7600. Everyone expected, obviously, that Chippewa was going to build
another one. But was there any external motivation from outside that

led 8600?

MOE: I think Lynn and Seymour would definitely say no. It was just

his mode of operation and that's what he wanted to do.

GRINNA: You never could say there was outside influence, but I think that

although Seymour appeared to make all these decisions off the top of
his head, he was listening to the customers all the time and he had a
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pretty good feel for what the market wanted. He didn't have to have
a report from marketing saying this is the kind of machine we want,

he just had sort of a feel for what was saleable and that's what he

t r i ed to bu i l d .

NEIL: Wasn't the original concept to be very similar to the 12-pack

in that the floating point unit was not to be an integral part of

each of the processors?

GRINNA: Maybe this would be a good time to read this report on the 8600

experiment. Some of you got copies of this. It was written by
Dave Cahlender and it came out shortly after our last meeting here.

When I read it, I realized that he was talking about a lot of the

things we were talking about here. Some of the preliminary things
he states in here are very good,and I think thought out, and it

deals with our discussion here. When we get down to the last sec

tion especially on the problem areas, then we're going to have a lot

of comments because this report was just one man's view and maybe

there's a lesson here that there should have been a team effort to

come out with a report. But that was not done. Not to crit icize

Dave, but this was real ly the first project of this type that he
had been involved with and some of these problems that he calls out

in here seem very large to him. Those of us who had been through

it before weren't as discouraged by some of these things. I think

there's another point,that Chippewa had a continuity and low turn

over of engineers. Many of the same people who designed the 6600

or worked on the 6600 were still there on the 8600 and had been

through this process a few times and saw things in a l itt le different
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perspect ive. That 's just to say that for these problem areas Bi l l
and mysel f wi l l have some comments when we get in to them. I ' l l

just start reading and if anyone wants to interrup to ask any questiona
do so at any time.

"The 8600 project was undertaken by CDC as our next entry into the

large computer market. Several problems were undertaken simultaneously,
Some of these problems were solved satisfactorily and some of the

problems were not solved. This report indicates the problems that
were attacked, the solutions attempted, and the results of these

attempts. By the nature of the project and the personnel involved and
the method of termination of this project this report wil l have some

incompleteness and some inaccuracy. An attempt is made to minimize
the inaccuracy and to label those areas where there is some doubt

about the facts".

"Problem: Making a commercially saleable computer that is significantly

faster than the 7600. The government has indicated that i t wil l

now allow its agencies to buy a machine that is not ASCII.A method

must be made to allow several processes to share code for the machine".

"Discussion of machine selection: The speed of the machine was of

course the important problem. At the time the machine was started

No significant improvement had been made in components since
the 7600. This meant that the machine must derive its speed from

other than brute- force speed improvement o f the e lect r ica l com

ponents. An attempt was made to increase the speed of the machine
with artwork, packaging and parallel operation of several CPUs. The
ASCII requirements meant that the memory should be 61+ bits rather than

the 60 bits of the 6600 and the 76OO. This change made it so that the

machine could not be compatible with the 6600 or the 7600 and influence
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the select ion of instruct ion set and machine architecture. An attempt

was made to retain compatability with the 6600 and 7600 in areas like

floating point format so that FORTRAN programs would indeed be com-

pabible between machines. The multiple CPU selection was done after
it was determined that we could not build a machine that was four times

faster than the 7600. The multiple CPUs allowed a further multipli

cation of speed over the basic speed obtained by the artwork. Origin

ally, the 8600 was going to have several CPUs with shared floating

point functional units. This was abandoned when we could not figure
out how to issue to the functional units from the 1+ CPUs. We selected

less expensive and slower functional units for the individual CPUs".

GRINNA: That addresses your question, Neil, and as far as I know

that's a pretty accurate description of what happened.

NEIL: I guess there arises a question when you say "less expensive

and slower". It sure doesn't seem very slow or inexpensive to me.

Compared to what?

GRINNA: I'm not sure what that was compared to because the more

expensive one was never really designed except that it would have
been multi-access, multi-purpose. But the total cost may not have

been any different.

NEIL: The reason I'm saying this is because I got the impression that

the arithmetic unit was to be similar to the unit that you had on your

1 2-pack structure. I t was to be a uniform unit and from everything

I've heard, I don't see how, if you had made it out of 8000 logic,
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what you have how is any faster or slower.

GRINNA: I'm not sure it would.

"Instruction Set: The register arrangement and instruction set came

from a logical extension of the 6000, 7000 registers and instructions.

Since the memory word was 61+ bits, the instruction would logically

be 16 bits in length. The 16 bit quantity would logical ly be dis

played in hexadecimal."

GRINNA: I would like to insert here that it may have been logical

but it wasn't quite that smooth. There was quite a battle before

we settled on hexadecimal notation some of the people didn't think

that was very easy to understand.

TOTH: I don't think I ever saw it represented in hexadecimal.

GRINNA: Seymour started out using "DI-BITS", the 2 bit digit and that

was pretty simple and easy to understand and it followed the hardware

pretty well. Then each programmer started his own version in hexa
decimal and we finally did all get together in the end.

NEIL: What did you end up with?

GRINNA: Hexadecimal notation that was fairly standard.

NEIL: Not U, V, W, X, Y, Z?

G R I N N A : N o , t h a t o n e w a s i n t h e r e f o r a w h i l e s o m e o . k .

using 0 through F. Like he says, it was logical but it wasn't easy.Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



21+

NEIL: Am I to'understand that we did a register file analysis and con

cluded that the register arrangement that we had in 6000 was pretty

good because it was retained in the 7000? Now what motivates the

change in the register structure? Just machine logic or the fact
tha t the 16 b i t ins t ruc t ion d ic ta ted i t?

GRINNA: I think we come to that in the next paragraph here.

"Therefore, the instruction would be 1+ or 8 bits in length and the

register designators would be 1+ bits in length. A 1+ bit instruction

designator would give only 16 instructions so an escape mechanism
was derived where there were 11 l+-bit instructions, 1+ 6-bit instruc

tions and 32 8-bit instructions. In the 6000 series machine the 8

operating registers and the other 15 address and index registers made
the machine somewhat cumbersome to generate code for. The 8-A registers

were almost never used and code was needed to move data between the

B and X registers as well as to move data between the various X

registers so that the data could be read from memory or stored into

memory. The 8600 used a general purpose register that had none of the

problems of the 6000 series machine. In addition, the increased
number of X registers allowed the FORTRAN compiler to generate better

code for the machine. The 8600, therefore, had 16 general purpose

X reg is te rs " .

NEIL: Had that consideration been made in the transition between

6000 and 7000? Why not build a uniform register rather than stick

with the A and X registers for 7600?

GRINNA: I'm not sure if that question was raised.
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NEIL: Or it had to be compatible and that's why you stayed that

way?

PAGELKOPF: You have to guess that there wasn't enough experience

on the 6600 when the 7600 was launched.

MOE: That 's true.

RESNICK: For one thing he'd have to change his instruction format,
cause you can't have three 16-bit references in a 15-bit word.

NEIL: But again, let's take this case. He could have gone with 8

registers and used 3-bit designators and had a bigger, more generalized
of code for the 8600. But 8 registers were not enough, I guess.

BHEND: I don't know why 16 was picked, it's a good number, let's

face it, if you have to change from 8, but I don't know if they made

some kind of a check to see if that would be how many registers they

needed if they did away with B box or B registers. Or if this was

just decided that this would be the next best step to go to.

GRINNA: It turned out, we mentioned here, that the increased number

of X registers allowed the FORTRAN compiler to generate better code

and we did do a little study later on when we were considering

adding a scratch-pad memory and we asked Garner how much could we
add and what benefit would it give you. This would have functioned

somewhat s imi lar to the registers. I t turned out , at least for h is

analysis that there wasn't that much to be gained by adding a scratch

pad.
Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



26

NEIL: Because.you had so many registers to start with.

GRINNA: Right, he was happy with what he had. He had his code written

and I suppose that affected his opinion, but there was some analysis

la te r on , a t l eas t .

HUTSON: Isn't it true that register X7 in his compiler for the 6600 wasn't
used because of hardware problems with the exchange which was never fixed

and this wasn't discovered until a long time, up around serial 20

or so and with the problem really fixed, he didn't even use X7 at all?

NEIL: In the first versions of the compiler I saw, register X7 was

certainly used. He alternated between X6 and X7. That would have been
in 1965.

GRINNA: It could have been, Garner did program around problems occa

s i o n a l l y.

HUTSON: There was definitely a problem related to exchange and

register X7.

GRINNA: I remember the problem now. It wasn't really a design problem,

it was a timing problem.

NEIL: I th ink you' re referr ing to the "store out of order" problem

that we discovered at Palo Alto.

GRINNA: I d idn ' t hear that s tory, but i t ' s qu i te poss ib le . Ok to

go on.
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"Some special instructions were necessary for the operating system

to use for the tie-breaking between CPUs such as the exchange/read/

wr i te instruct ion. A flag register was added to a l low inter-CPU

communication when the CPUs were all working on the same problem.

The I/O instructions were a combination of the instructions on the 7600

and some logical extensions. On the 7600 LCM was used for file data.

The two level memory on the 76OO turned out to be very hard to use for

the user. On the 8600 all of the memory was to be considered to be

LCM so the I/O instructions were changed to allow linear buffers in

memory rather than the hardwired buffers used on the 76OO. This
selection seemed to be workable and could be extended to the 6600

type of memory access with little problem. A problem that was never

properly addressed was at what speed must the 8600 channels operate.
The type of ready-resume logic of the 76OO was used in the machine

but it was clear that this type of logic could not be used for a

higher speed disk that we thought would be necessary. An 819 disk
with 12 or 16 heads in parallel rather than the l+ heads was being

considered."

GRINNA: He mentions that the problem was never properly addressed

but we had a channel design for a general purpose channel and I think

the reason that this problem wasn't "properly" addressed is we just

hadn't come to that point yet. There was a concept developed already

for these higher speed channels and given a little more time they

would have been there.- •

NEIL: What was the concept?
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GRINNA: I guess that there were a couple of concepts. One was a

variable bandwidth from the channels, having a 32-bit channel or

16-bit channel and thus, building up the word before transferring

to the disc. So you could adjust the bandwidth to get the speed that

was required. I guess that was the one that was primarily considered.

NEIL: You would still run in a ready-resume mode though?

GRINNA: That was the other thing .... we considered running in a

synchronous mode where we could get rid of the ready-resume, but
that was a little bit more of a problem.

NEIL: I take i t you decided to avoid that , i f at a l l possible?

GRINNA: Right.

"On the 7600 some of the FORTRAN library was resident in LCM for

faster loading speed. Since all the memory was considered LCM

on 8600, the resident library was in main memory. It made no sense

to make a copy of this program so a library mode was added to the

machine and the data came from the RA/FL area."

GRINNA: That should read"from outside the RA/FL area."

"This mode seemed reasonable and took only a small amount of hardware

to implement. It was not clear just how much this actually wil l buy

us in an operating environment however."

GRINNA: That's the end of the discussion on the instruction set.

From there it goes into problem areas. Any comments before we proceed?
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NEIL: We all hearti ly endorse memory share-abil ity around this place.

GRINNA: Ok, problem areas.

"At the time the project was stopped it was clear that several

areas were still problems and that the solution of these problems

was not in the near future."

"Artwork: The method of generation of the artwork took the entire time

of the logic designers as well as some support personnel. This made

the design come slowly and very tediously, however. This may be a

transient observation, rather than a real one."

MOUt Stop!

GRINNA: Right, I was going to stop. Ok, obviously if the generation

of artwork took the entire time of the logic designers, we would never

h a v e h a d a n y d e s i g n . B u t t h a t ' s n o t t r u e . T h e l o g i c d e s i g n e r

did lay out the overall layout of the board down to the placement of
the components and the development of a set of equations for the

module. From that point it was turned over to the layout technicians and

draftsmen. There was an interface between, they would come to the

engineers with questions but at that point it took a very low per

centage of the designers' t ime, I think.

NEIL: When you say "a board", do you mean a module?

GRINNA: Yes, a module, 18 boards that were laid out as a unit. What

did we use for a rule-of-thumb, Bill? Six months for a logic designer

to block out a design and to design the module, write the set of
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equations and place the components on the board and that was to

get i t to the point where it was ready for layout for draft ing.
After that there was still some involvement but it was not 100$ of

his t ime.

NEIL: What was the elapsed time then f rem the drafting to the point

where you could actually cut metal?

GRINNA: Do you remember? I'd be guessing, but probably a couple

of months.

BHEND: I was t ry ing to remember i t seemed to me that i t was

like 6 weeks from the time we got into the computer digitizing process

to when we actually started making the boards. I can't remember how

long it was actually in layout. I would say around 3 months, or 1+
months.

GRINNA: I should insert, this is something that Dave doesn't address

in his report. During this t ime that the module was in layout there

were other things going on. We mentioned that we used that 1 2-pack

quite a bit and primarily in the generation of the artwork. We

did our plotting right at the console and there was Pete Jutten. He

had written programs that took the file of equations that the designer

had written for the module and did various checks on the artwork to

make sure that the layout people had connected everything properly.

Meanwhile, Cahlender had written a simulator which ran on a 6600.

Eventually, we had a 6600 over at Chippewa for specifically for this,
well for two purposes. One was for software development, but the
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other was for running the simulator on the hardware. We could do

this on a module level or a machine level. When the logic designer

had finished his design to the point where he had a workable set of

equations he could take that set of equations into the 6600, load it
into the simulator and actually program that module and that portion

of the machine then and debug it for logic design errors and that was

extremely valuable, especially as we built up and got several modules

designed and got to the point where we had a CPU completely designed
and we were actually running diagnostic routines on the simulated machine

There were a lot of design errors that were eliminated at that point.

In many cases we were able to find logic errors and get them corrected

while the module was still in layout. You know we kept working

towards the point where we would get far enough ahead of the layout

people that we'd get them before they got there but in some few cases
that might happen, but not as a rule.

NEIL: Sounds like the STAR project, Maurice, send it over to layout

and then give them a quick phone call every day.

B H E N D : O n e t h i n g t h a t D a v e n e v e r m e n t i o n s i n t h i s r e p o r t i s

the simulator which I feel was the most valuable tool that we had

as far as 8600 was concerned. It was going to reduce the cost signi

ficantly of rework on these modules because you could actually take
and run diagnostics on them and find out whether the multiply unit,

say for example, is going to work and it checked for long path problems
and it checked for short path problems. You could vary the clock.

At least 90$ of the problems that you normally faced were going to

be found in this program.
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GRINNA: You could make changes and get the results instantaneously.

When we're still sitting at the console you could change an end-

case, and you could run the test to see if you detected any other end-
cases which had been a terrible problem in the past. That was probably

the biggest step that I saw on the 8600 project. When we got down to

the checkout, we came into checkout with a whole lot more confidence

than we could have ever had without that. In fact, just the last day

that we were working on the 8600 at Chippewa, we had gotten power on

to our prototype. Well, we had put power on a couple of days before

but we were checking it out and trying to do an exchange jump at the

very last point before we were called to the lunchroom for that final

me-e-ting. We got down to the point where we could see why the exchange

jump was not working and it turned out that the problem was an RC
module. We had an obsolete one in then, which we knew. We already
had. found the problem on the simulator and had ordered a new module.

The new module would have been there a week later. The problem had

already been solved and here we found it in hardware finally, but by
this time the module was already on its way, and with the turnaround

time we had on modules it would have been six months later instead

of one week so I just can't say enough about the significance of that.

MARIS: Were you able to use that simulator to eliminate bottlenecks

in the hardware, or were you looking for that?

GRINNA: Yes, I'm not sure if I know exactly-what you mean.

MARIS: Conflicts and buffer sizes and so on.
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GRINNA: That's right, you could look at it and you could look at how

regis ters were being ut i l ized. You could look in the inst ruct ion
stack and you could actually watch or you could display the whole

instruction stack and you could see how it filled up and you had

access to any element in the whole computer, not just what you were

able to get out on test points or pins but every inverter in the

computer could be displayed on the screen, limited at any given time,
but you could ask for any inverter on the machine and see it.

BHEND: You could also step through to get to any inverter.

GRINNA: One inverter or one clock period at a time, if you wanted.

BHEND: You could start at a rank of registers and go one inverter

at a time and see what information came out on each inverter as you

went through.

GRINNA: Ok,we'll get back to that, but let's get on with the

problems here.

"Packaging: Packaging was without a doubt too ambitious."

GRINNA: There's some doubt about that.

"The modules were laid out in 1 8 6 x 8 inch boards stacked together.

This complex module required special board testers and module testers to

be bu i l t . Even w i th these tes te rs i t was very d i f ficu l t to find

several types of problems. Although for logic speed having inter

connect pins between adjacent boards every one of the modules was

very good. The stacking and unstacking of the modules was something
to be taken very seriously. After unstacking a module and making a
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repair, the restacking of the module usually bent an interconnect

pin and required replacement of this head. During replacement other

things could be done and the cycle repeated. A successful stack was
declared after a board was stacked and unstacked three times without

a bent pin. On the fourth stack it was assumed to be good."

GRINNA: Ok, I'm going to stop again. That may have been true on
the first module, the first t ime we stacked, but Bi l l was talking to

Rollie Moore who was in charge of our assembly production over there

and the actual turnaround time on unstacking, repairing, and stacking

the module was down to the point where Rollie said in one case, (this

is just one case where they had a known problem) they turned the whole

module around in two hours. That includes unstacking it, replacing

the t ransistor and restacking i t to get i t back to the engineer. I

would say that a more typical turnaround time was a day. You could

send it into repair and have it back the following day if there was a

specific problem called out. Now, if it had to go in and be completely
torn down and you had to send a large number of boards through the

board test operation fol lowed by repair than that would take a l i t t le

longer. But st i l l you could have i t back within another week. So
from that respect we had gotten to feel that it was easier to repair

than the 7600 module.

NEIL: Those we throw away.

GRINNA: We weren't going to throw away an 18 board 8600 module!

NEIL: I guess it comes to a question which is related to detailed
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design problems but consider ing the di fficul ty that the inner board

wiring cost, was it really worth it? How much more would you have
lost if you had gone to the board-edge and to an edge-board connector

in terms of time involved?

BHEND: A lot.

MOE: There was no way to get circuit speed improvement anywhere near

necessary to meet the objectives.

GRINNA: It would be a whole new philosophy. It's not a matter of

how much time we'd lose, it's - does it work or not. We'd have to lay

out everything with a different organization. The reason we were able

to operate at these speeds was the whole concept of 3-dimensional

packaging. We could have a clock on the center boards of the 18-
board module and have that clock fan out to 16 bits of register on the

"out" boards. That was the closest distance for running a clock,

was vert ical ly through the boards rather than distr ibuting across the

board and there was very little skew in the clock between the bits in

t h e r e g i s t e r a n d i f y o u h a d i m p o s e d t h e r e q u i r e m e n t o f g o i n g
to the ends of the module that would have just shot down the whole

scheme.

K R U G E R : T h e 8 6 0 0 w a s b u i l t o u t o f w a s n ' t i t ? T h e r e w a s

a statement in Dave's report that said you could no longer get big

increases in speeds through components. What time frame was that?

MOE: In 1969, when the 7600 design requirements were 2 i§ nanosecond

outside and 1 ^ nanosecond inside and the 8600 switch time for what?
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GRINNA: 1 .1+ nanosecond.

MOE: There were no integrated circuits available in quantity at that

time at that speed.

NEIL: They're hardly any now. Let's see ISL was around 1 nanosecond,

wasn ' t i t?

KRUEGER: Uhat you're saying is that *• discretes" are fasteri or

were faster than integrated circuits?*

GRINNA: While you're bringing that up (as to how we arrived at a

circuit) first we used Motorola, that is we used the same transistor
that had been used in the 7600. Then ISL came along and looked pretty

good and it was close. And the transistor that we ended up using
wa3 actually the gate taken literally out of the ISL and packaged

in the discrete package. I t ran considerably faster in the discrete

form as opposed to the speed that we could get out of ISL.

BHEND: 1+00 - 500 picoseconds.

GRINNA: We were speccing it at three quarters of a nanosecond, I

t h i n k .

BHEND: That 1 .1+ number too, that included the wires, the estimated

wire between switches. That was what your inverter time was supposed

to be including the wires that went to the next inverter.
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GRINNA: Right, we were actually counting on getting about 1 nanosecond

swi tch t ime a t the t rans is to r leve l . Wi th the even tua l t rans is to r,

we actua l ly got a l i t t le bet ter than that . Which, luck i ly, made up

for some of the ground rules we had stretched a l itt le thin already.
HUTSON: Uhat determined how many boards you stacked to make a module?

GRINNA: I th ink the lb bi t or ientat ion. bM bi ts per wordi broken

down into H modulesi that dictates lb bits per module and we needed

5 cont ro l boards so we had lb + 2 Ifl .

HUTSON: Did that include a complete adder for lb bits?

GRINNA: Yes.
MOE: How many boards were in a complete computer?

GRINNA: How many boards?

NEIL: Modules?

GRINNA: 126 or 132 slots in the original configuration, 12 x 11, and

they weren!t al l used. There was sl ightly less than that, maybe
126 or 127- One module for comparison was equivalent to 27 - 7600

modules.

BHEND: Pour modules did all the fixed point arithmetic and had the

registers on them so they were broken down into 16" bits, 16 registers on
each one of these 1+ modules and did all fixed point. .
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MOE: I think to get everything in perspective, I think the 7600
and the STAR module are logically pretty close to equivalent. That

represents 27 STAR modules.

GRINNA: Bill designed the multiply for the 8600 and it had 3 modules?

BHEND: Two identical types, only 2 types of modules, but it took

3 modules.

NEIL: How many pins was that?

GRINNA: 1+32 usable plus the ground and power. It was an array of

30 by 1 8 which was 51+0 total.

NEIL: In test points up front you had how many?

GRINNA: 12 per board which of course was never enough.

NEIL:' And there wasn't any way really to get any other probe-ability?

GRINNA: No, this module has the solid plates on the side. During

checkout we left those open so that you could probe the two outside

boards and that really gave you a lot more because the signals that

were fed out on feed pins to me outside, you could look at those.

If you had a real sticky problem, you'd solder a wire to a circuit

inside the module and run it out through one of the holes in the front

p l a t e .
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BHEND: You could unstack several boards and if you had a problem

you felt on C board you'd unstack A and B and put it in a jig and
look at the C board. So design-wise, your design checkout was diffi

cult but maintenance isn't . I f mult iply doesn't work, swap the whole

shebang. Inventory costs would be great, but C.E. time would be
minimal.

NEIL: What would be the inventory cost of a single module?

GRINNA: Numbers .... 30,000 transistors.

BHEND: I think, components.

GRINNA: What was that cost, around $15,000? About $15,000 cost

per module? I'm not sure where that was headed.

BHEND: You remember how many types of modules there were?

GRINNA: No, I don' t . I should.

BHEND: I can't remember. Seems like it 's in the twenties.

NEIL: That's better than we can do on STAR. Have we got an idea

of how many different types there are on STAR?

KORT: Close to 500.

HUTSON: It's under 500.
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MOE: 7600 had about 250, probably very similar to the 6600. About the

same number as 6600.

NEIL: On STAR we did try to hold types pretty tightly until we got

into the second itteration where money was no longer an objectn •M just

get the Cod damn thing built*' and stop trying to be common. But the

start-up time and cost for a STAR module is considerably less than
on fibOD module?

HOE: Well yesn but if one of those is 27 STAR modulesi that's not

necessar i ly t rue.

BHEND: There's one thing there where Dave made the comment that we

wont to s lower funct ional uni ts . I des igned the mul t ip ly uni t and I

really don't see any way it could have been designed any faster using
the same module structure. You could only get so many components

in a module. You were pin l imited also. In order to make a functional

"unit that was faster, I came to the conclusion that you had to build

it in one module which made it impossible to do with the ones we had.

You had to have all the adder for all the bits in one place to do it.

So I don't agree with that statement that we went to slower functional

units. We did, as far as divide was concerned because we went from

what we thought was going to be a reciprocal scheme to a 2 bit divide

i n e f f e c t .

NEIL: Rather than use the multiply algorithm? Why?

BHEND: You ask us that question all the time. When Seymour was there,

there were very few meetings where we found out the whys and wherefores
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BHEND: Right, but this decision was made before he left.

PURCELL: Now he is doing the reciprocal on the CRAY-1.

KORT: That's probably why he gave it up on the 8600. (laughter)

S t r i ke tha t !

BHEND: Who was that that worked on it? Bob Allen?

GRINNA: Nd that was Mark (Jill is. While I was implementing the

hardware Mark was coming up with the software and we weren't getting

very far with it- dark ran into some problems and kind of came to
a halt and then Cahlendar came on board. He picked up the work-

Cahlendar did both functions! he rewrote the FORTRAN program to check

out the a lgor i thms and in terpre ted i t in to hardware. I t jus t k ind o f

grow to the point where it wasrr't as great a thing as we had hoped.
It wasn't going to be as fast and it was going to take too much hard

ware- The whole thing kind of died.

' NE IL : Jus t cause you d idn ' t m i c ro -code i t , t ha t ' s a l l ? ( l augh te r )

GRINNA: Probably.

NEIL: I know it 's kind of off the track, but how do you guys feel

these days about the hardware divide versus the multiply algorithm?
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NEIL: How about that!

CURT: Other than the emotional feeling of never ever wanting to get

burned that badly again as we did on STAR 6£, it's no problem.

( laughter ) I t ' s s t i l l be l ieved that the d iv ide can be done that way,
which allows you to put more money in your multiply. Take the money

you would have spent on divide to have a faster add/multiply unit.

NEIL: Explain what you meant by getting burned.

CURT: The STAR 65 implemented that algorithm and because of that, it

wasn't bit compatible with any other STAR machine and we had really

questions on that at least twice a day for several years.

PURCEL: It caused problems for diagnostics and customer engineering

as well as the compilers.

CURT: Then we went to a process of designing into the unit a bunch of

very dirtyn very mysteriousn rounding circuits n etc.i to try to make
it more and more bit compatible and so it would converge from the

correct end and so on.

NEIL: The biggest problem that we ran into was that somebody found

a FORTRAN problem on an integer result. I think the simplest case

we came up with was to take 7 divided by various integers and come

up with what would be the theoretical correct result rounded in the
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r ight direction. The first t ime around you didn't come close on 65-

MARIS: There was an error in the lowest order bit.

CURT: So you divide 2 into 7 and get l\. so you change the algorithm

so it approaches from the small side. But then you divide -2 into

7 and you start playing around with signs and convergence end-cases.

Finally, we were getting down to the point where we thought we had the

problem fixed and then we'd run tests which would find one in a million
e r ro rs .

GRINNA: This was similar to what was going on, on the 8600 with the

divide. You'd keep adding bits to make the accuracy better, but that

meant bigger adders and data paths.

CURT: All we thought that was necessary to solve our problem was to

identify an integer divide instruction and then we would have im

plemented a "divide and multiply back" and correct the remainder.

KORT: You should have hung a "G" bit on it. If you wanted the correct

resul t , i t would run real s low.

NEIL: That's the STAR story - just hang a "G" bit on it.

HUTSON: Right, we would never have built the machine if it didn't

have "G" bits.

NEIL: We would have never been able to palm off some of the junk
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we have had we not had "G" bits. Need a new option .... get another
"G" bit . That's the nice thing about 6I4. bit instructions, Dennis.

You guys worked too hard to try to keep your instruction sets too

small. "A customer coming in would say I can't do this function that

I need". "Hang on just a minute, we would say".

CURT: So how did you feel about that algorithm?

NEIL: Man, I've had it with divide units, high speed and low speed.

Dan, there was our floating point designer. Dan, given your "druthers"

now, would you pour your money into this multiply unit and use a divide

algorithm or would you still build a high speed device?

DESMONDS: If I could do it with a multiply unit and stay out of the

in teger prob lems. ( laughter )

NEIL: IBM does it. How do they get away with it?

CURT: We kept cl inging to that argument. ( laughter)

MA.RIS: They kept their integers and floating point separate so it

may not have given them the problem. Schemes which are used for

addressing that required division could come up conceivably with one
in a million wrong addresses.

CURT: The solution was to identify an instruction as the integer

divide. And then only use that instruction where you had to do an

integer d iv ide.
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you had to do an integer dividen you used a specific code sequence?

NEIL: We came up with an algorithm which said you always do your

integer divides this way and at least then we could identify the
cases that would fai l . There were two kinds of fai lure. One was

that the 65 didn't get the same answer as the STAR 100, the second was

that you' were not getting the theoretical FORTRAN integer answer.

How did IBM avoid the difficulty?

TOTH: I'm not sure they did. IBM's had problems with 1 equals 2.

NEIL: We'll get to that shortly on STAR. 1 equals 2, 1 does not

equal 1 •

PURCELL: 1 doesn't even equal 0 sometimes.

NEIL: Sometimes. That was probably the biggest shock of my life on

STAR when I wrote my first simple program and it didn't work.

It took me three days to figure out why it wouldn't run and it was

because 1 wasn't equal to 1 .

GRINNA: We're stil l on packaging.

"In an attempt to cut down on logic space, registors were placed in

transistor cans and were used as center-tapped resistors with one-

half of the resistor used and two halves wired in parallel or in some

cases the two halves wired in series. It was very hard" to determine

if one of the circuits with two halves wired in parallel was bad when
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GRINNA: I know it sounds kind of confusing. Sometimes we would

encounter problems that are hard to find, but it wasn't an overwhelm

ing obstacle.

"Top level engineering talent was used to debug the component failures
in modules and the debug time for a x^orking module took from several

days to over a year in some cases".

GRINNA: We did have one module that we kept recycling through and I

think everybody agreed that the module was never going to work but we

just kept pushing it through anyway because we were learning things
about packaging and about assembling and disassembling, about transistors,

resistors, and feed thrus. We'd look at i t for a couple of days
and check it out and send it back and it would be gone for a- couple

or three weeks and it would come back again and againi though that

wasn ' t rea l ly a prob lem e i ther. I t ' s jus t that i t was ear ly in the program

BHEND: The one thing I don't think Dave has really understood

because he hadn't been associated with a project like this before was

that top leve l eng ineer ing ta len t ( i f you want to ca l l i t tha t ) i s

always required at this stage of the game because you don't really
know just whether you have a circuit problem or a logic problem or if

i t is just a component fa i lure.

NEIL: Isn' t that t rue of every machine we bui l t?

MOE: You could say it wasn't required but it certainly was the mode of

operation at Chippewa. You could go back farther. 6600 and' 7600 neverComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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The circuits were laid out, the logic was laid out, the module

mylar taping was done by the engineering staff, the modules were
checked out by the engineering staff, most of the chassis were wired

by the engineering staff and that's the way the organization was run.
There wasn't a structure of workers and worker bees, there was a

structure of a very small number of engineers. It gives you a hell of

a good background and hell of a good understanding of the computer

when you look at it through that level. It maybe is expensive, and

everybody gets credit for redoing the artwork a dozen t imes. A lot
of things like that happen, but that's the way it was done in Chippewa.

BHEND: The one thing he makes it sound like here was we had engineers

in there sitt ing over the top of modules trying to figure out why a

board didn' t work. That wasn' t t rue. We had technic ians in there

that were doing that.

NEIL: You were in better shape than we were.

BHEND: And it was only in extreme cases where we were called in to

help them out (you know, if they had a problem that they couldn't

find). But in general , us ing a board tester they were able to find
all. the problems on the boards.

GRINNA: Sometimes they'd come and say " we can't find it." -*Wow much

of this do you want us to shotgun"..-that would be an engineering decision.

• "•' «i' : . '
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"We kept hoping this debug time would increase but it was not obvious

tha t i t wou ld" .

GRINNA: (Decrease) . . . . I th ink i t a l ready had decreased s ignificant ly.

"The job of pinpointing a problem when you were unable to put probes

even in the general area of the problem was very difficult.

GRINNA: True. But I think the reason that these modules were turning

around was not that it was repetitive. There' s kind of a hint here that

we kept sending the module back through and looking for the same

problem. That didn't happen very often. Usually you found the prob
lems that were logical, the engineering tested a module at a module

level and they called out the problems and sent it into repair and

very seldom did it come back with the same problem. It made' many

trips around but it was always new problems. That was basically a

problem of rel iabi l i ty in the components and that was improving. But

you know, once in awhile you had some problems that you had a real
hard t ime pinpoint ing. And that 's where we resorted to th ings l ike

1 mentioned before, adding some extra "test points".

MARIS: But you only had access to what you have here on the outside,

right? So you would have to pinpoint the problems using that.

GRINNA: With things distributed the way they were one bit and its

entire path were normally on one board so the C board would be bit

2 and it was failing on an add and yet it worked on a boolean operation.

That says the register's okn even though you couldn't look at the
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register since there was no test point. You said well, i t must be in
the add since boolean worked. Here you could call it out and say

ok look at this part icular circuit and the technician would look at

that and if that wasn't the problem he'd look at stages on either

side and 9 times out of 10, he'd find it.

NEIL: How many modules did you have that were primarily control?

GRINNA: Two for the central processor. The "IA" module and the

"IW" module had the instruction address stack, the instruction word

stack and all of the control for the central processor.

NEIL: That's roughly equivalent to 56 STAR modules.

GRINNA: That was the 12 word stacks and all the control. Now the

memory control was two more modules.

NEIL: It appears to me that those would be the tough ones to debug.

How many control modules did we finally end up with on STAR?

HUTSON: If I ever knew, I quickly put it out of my mind.

NEIL: It's got to be in the range of 200 or so 60 paks.

CURT: In trying to troubleshoot some of these more complicated

problems, did you try going back and using your simulator to say

change the equations? Thus you could simulate the failure and see if
it showed the kinds of symptoms you were seeing.
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GRINNA: We always talked about it-. -Cthat's what we could do}-, but I

don't know if we ever really had to resort to that.

BHEND: No, we never got to the point where somebody just finally

came up and said we can't find the problem on this module. We had

board testers and we had also a computerized module tester.

\

GRINNA: The board testers w"ere computer-driven too.

BHEND: Right. And one of the programmers was designing the program

which was Sbing to take the equation for the modules and break it down

so that you could test all the combinations for this module by using

this program. That is where we felt i t would be a real benefit as

far as picking these things out.

GRINNA: The tester that we had for a module level was again driven

by this 1 2-pack that we had there. You sat at the console and
checked out the module, you would feed in the inputs and outputs.

It was hand written, you'd key in what you wanted to feed into the

input pins and you'd key in what you expected to get at the output

pins. So th is was where a lot of that " top level engineer ing ta lent"
came in. I t was in wr i t ing these tests and l ike Bi l l ment ioned, i t

was an effort to replace the manual work with a computer program.

But that was not operational yet. Maybe we would have had all the

tests written by the time it was ready, even so, it would have been

good because we would have had more confidence in that". You were
never really sure that you checked every gate 100$ through all possible

m o d e s . O k , l e t ' s s e e . *■ - ' •
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"Components. A significant amount of problems came from the components
used. I t is not possible to ascertain i f the problems associated with

components were solved or not. The lead time on putting feedback into
the components was significant, over a year. We had resistors that

opened up, transistors that opened up, plated through holes that

opened up and feed pins that opened or shorted to other boards. We
tried to burn in our transistors as an experiment to determine if

we could get r id of infant-mortal i ty fa i lures. We did not run this as

a controlled experiment so we cannot say whether this improved the

transistors or had an adverse affect.
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GRINNA: Weil l I didn't look on that burn-in of transistors as an

experiment at all- To me it was a proven technique. It did improve
our results. Al l these other problems that he mentioned! i t 's very

true that they were al l there.

BHEND: They're always there-

CRINNA: They're always there and I think there was so much improvement

from where we started to where we had ended up that I was confident

at least that they would all be solved.

BHEND: He makes it sound as if there wasn't any improvement there but

we had started to keep records of component failures. In fact all

failures on a module were recordedn exactly what was foundn whether

it was a short because of a solder bridge or whether it was a component

that was turned in the wrong direction things of that nature. Good

records were being kept of this and I talked to Rollie Moore who was

in charge of themn just before we came up heren and he said that at

the time that the project ended most modules that came in only had

like one or two transistor failures. Now this is out of lA-iODQ maybei

per module.

GRINNA: Approaching lanDDD.

BHEND: Right. And about twelve total errors were found on the first

tests of a module. This included al l types of errors l ike feed thrusn

solder bridgesn turned components..-all those thingsn so it had signi

ficantly improved at the tail end. That's why we were able to get
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modules working as a matter of fact because we had a significant

improvement.

GRINNA: There was a time on the 7bOQ toon when we were convinced

that we would never be able to get things to run. In fact statis

tically we had proven that it would never be possible to get that

many transistors all working at the same time and if we'd continued
with the same transistors I guess we never would havei but along

came Motorola with some transistors that did the job-

MARIS: Were you plagued by intermittents at all on these modules?

It 's not mentioned in Dave's report.

GRINNA: Noi it's not mentioned- There were->I wouldn't say we were
* plagued ". We had intermit tentsn part icular ly in the feed-thrus

where they would open up. These were mechanical contacts between the

boards and in some cases the bundle of the connector was squeezed down

so it wasn't making contact with the female portion attached to the

next board we would have some intermittents and we could get them to

work by squeezing a module and different things like that- But

those pretty much disappeared as we had improved the feed-thrus and

component-wise there weren't too many intermittents.

NEIL: I don't think we really were ever bothered by a true circuit

in termi t tent . Most of ours were real ly cold, soldered stuff t r ight?

HUTSON: Not a whole lot of that either. Cracked foil was probably

the hardest one to find.
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NEIL: It seemed to me that when a circuit went sometimes it went to

a 1/2 level and that sometimes gave the appearance of an intermittent

s i tua t ion bu t they d idn ' t i n te rm i t ten t l y fa i l o r no t fa i l—excep t the

God damn filters in the memory.

HUTSON: Well we had problems with differential linesi one side of the

differential could be open and the thing would still work "H-Tfc of the

time and they were hard to see-

GRINNA: David mentioned this on the resistors where we had parallel

resistors. This happened sometimes there too- If you had one side

of this parallel resistor was open it just changed the voltage level

and sometimes it workedn sometimes it didn't- I think there were

probably other cases but usually when we observed this it was a case
where we had seen a problem on the module testn it had failed there

and they got i t in *board" test and they couldn't find it- The board

tester wasn't showing it upi but as they got in deeper and started

digging around they'd see some funny voltage levels and they'd dig it
out and it finally turned out to be a resistor that was open. Maybe

there were others that were open like that and they ran on the module

level too- We hadn't gotten far enough to know if that was going to

be a problem or not-

NEIL: Did the STAR-tS have similar problems?
*

CURT: Not intermittent problems caused by circuitsn but 1/2 open

differential lines were a problemi as has always been the base with

TCS and we had some modes of failure in some of our " buffer" circuits
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t h a t w e r e i n t e r m i t t e n t i n n a t u r e . O n e m o d e o f f a i l u r e o f b u f f e r

c i r cu i t s wou ld be tha t da ta l e f t i n t he re too l ong wou ld decay so

that we had some buffer c i rcu i ts that worked very wel l as long as

things were going in and out of them at a high rate of speedi but when

you ge t a ce r ta in backed-up memory confl ic t s i tua t ion where the bu f fe rs

would back up and the data would decay in the buffers.

NE IL : Were t hose t he l b -b i t bu f f e r s o r we re t hose t he same reg i s te r -

fi l e b u f f e r s ?

CURT: They were not any chip you used on STARt i t was a lb-bit chip

we got from the 35QD project-

N E I L : I ' v e g o t o n e o f t h o s e t h i n g s . I s t o l e a b o a r d f r o m t h e t > 5 .

I c o u l d n ' t b e l i e v e t h e c i r c u i t t h a t w a s o n t h e r e . W h e r e ' d t h i s c o m e

f ro rTH r igh t i n the m idd le o f the board? Th is dev ia t i on you see i s

f r o m a n o p e r a t i o n w h i c h w a s g o i n g t o b e a b s o l u t e l y s t r i c t l y l i m i t e d t o

TCS c i r cu i t s and tha t c lass o f c i r cu i t s . Bob Wess lund says " we won ' t

have any hyb r ids1 i n STAR- " How long d id tha t l as t? F i r s tn second

or th i rd month o f des ign?

CURT: There was jto point in the design when we weren't going to use

t h a t c i r c u i t .

HUTSON: I always remember that Ron Hintz came around and asked us if

we had any need for a TDX with a not output. Everybody says heck no.

Once he put that in our mind you know it wasn't a week later that we

found a hundred places to use i t -
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DESMONDS: That wasn't me that said no.

HUTSON: I was standing with a group of people at that time when Ron

asked that and everybody said no to begin with and it came back to

haunt us.

NEIL: The lack of a NOT output from either of our OR gates had to be

one of our really pernicious blunders.

HUTSON: Getting back to the intermittent thingn actually on STAR-1DQ

the open ground on the single ended wires I think was the hardest

thing to find because it had a tendency to do funny things with the

signal while i t was in the wire. With t ight enough timing it caused
intermittent failures and the depth of the wiremat made it almost

impossible to examine. You had to go and spend 2D minutes to digit
al l the way out to find out i f you really had a problem there- It

was kind of like your packaging problem- You had to spend a lot of

t ime and effort just to find out i f you were going in the right

d i rect ion or not -

NEIL: I think in a way we shifted all of our problems to the wire mat

How many weeks did we spend on the 03i OMt trying to win that bottle

of booze?

HUTSON: That's an interesting problem. It was R.F. noise being

generated by the power supply radiating up into the backpanel. It
had the effect that any circuit which had a slightly lower than normal

logic output and went through the backpanel continued to be the weak
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sister you known i t picked up the R.F. noise and fai led first- I

think we spent about a month going through isolating intermittent

problems and discovering that instead of the logic "l/* being l.fl
mill isecondsn it was 1.7 or 1-5t something l ike that. They'd change

the chip and sure enough that would fix that problem but it sti l l

wouldn't have the test so we'd just go to the next onei and eventually

found some bad diodes in the power supply.

NEIL: It wasn't bad diodesn it was a mismatch between two different

brands of diodes.

HUTSON: That hasn't been determined. Evidentally there's a problem

in inspecting the diodes- It was two different manufacturers and

they were a mixtures there's 12 of these diodes and five of them were
of one manufacturer and five the other and the mixture didn't work

very good. I t genera ted vo l tage sp ikes a t the t rans i t ion po in t . I t
was cutting off from one diode to the other which made the spikes

20 to 3D times normal.

NEIL: A circui t inventory then discovered that the opt ional wing
of memory on serial 2 was about the same wayi 5D-5D-

HUTSON: I think they found five of them on there.

NEIL: Just a different brand caused a problem. WeiIt why don't we

go ahead with your discussionn Dennis.

. '
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GRINNA: Getting at the cooling next...of the problem areas this

probably had the most time spent on it and had the least results.
The basic cooling of the flbDD module was the conduction of heat

through a thick ground and power plane out to the edge of the board.
On the edge of the board a copper wedge was fastened with a thermally

conducting epoxy. This wedge mates with another wedge which in turn
makes contact with the cold bars. The cold bars are heavy aluminumn

cooled with evaporating refr igerant that flows through copper tubing

imbedded in the cold bars. The idea of this cooling method is to

have the pressure in the copper tubing such that the refrigerant is

boi l ing at a relat ively high temperaturen bD°F. I t had thermal
resistance to the heat sources low enough so the components are not

too warm. Too warm is about lfiD°F junction temperature- The system

was originally designed with relatively low margins on the thermal

resistance. This low margin was eaten into by several factors- More

current was used per board than was projected. The thermal drop at the

interfaces was greater than projected and no tolerance for mechanical

tolerance was made in the design. Larger holes were cut into the

ground and power planes than the original design called for. These
holes were in attempt to solve another problem- With the heavy ground

and power planes a component could not be unsoldered without heating

the entire board- A plated through hole to power or ground was changed

to be a combination pole and tab- The tab was a small tab with some

thermal resistance allowing the soldering of the component to one of

the stronger power holes. Another factor.also affected the cool ing
of these modules. The cold bars were assumed to be rigidn howeveri

with the wedges tightened and power turned on the thermal expansion

forces were extreme and the cold bars moved or bowed making the already
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poor contact worse- The insertion of a cold module into a row of
modules would move the cold bars away from the other modules as soon

as the new module heated up- We went to individual wedges for

individual boards in a module in an attempt to get better contact

with these bowed heat sinks. This provided some help but was really

not a solution to the problem.

GRINNA: I^d just like to comment on that. That was not really the

reason we went to the individual wedges. The reason for going to the

individual wedges was the mechanical tolerance he had mentioned earlier

where if you could have had one large wedge mating with nine small

wedges you can imagine that each wedge would have to meet just perfectly
with that large one or it wouldn't make contact at all except for a
few points. By having individual wedges to matei you had more contact.

* The calculations showed that the fibDD module could be cooled by

forced air cooling but no experiments were done to confirm these

c a l c u l a t i o n s . "

GRINNA: Okayn those calculations were madei I might addn by Cahlender

himself and none of the mechanical engineers would really take them

seriously because they'd been through that route before. As I under
stand it the calculations showed how much air it would take to remove

that much heat and on the surface it would seem to be feasible.

Howeveri I don't think he took into consideration the amount pressure

it would take to move that amount of air through the restricted spaces

that we had in that module.

PURCELL: Or the frequency of the whistle that would result-Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



bD

GRINNA: There were a lot of things like that- For examplei what
kind of heat transfer do you gradually get from the transistor to

the air stream.

NEIL: If he'd ever seen the ILLIAC IV he would never have suggested it.

HUTSON: It's a bad environments because you get into problems of

mechanical vibrations and cleaning the air- The air has got to be

brought from somewhere and is usually loaded with oil and dust. It 's
a bad environment for any type of electronic gear.

NEIL: In addit ion to that when you consider the relocating that you're

ta lk ing about to move that a i r c reates a l l sor t o f in terest ing l i t t le
wind tunnel' effects. One transistor stacked behind another doesn't get

any air- Al l sorts of problems arise with baffles and other mechanical
stuff in there. You'd actual ly get fluid dynamic effects because of

the relocating and pressure of the air stream- Just ask the ILLIAC IV

peoplen the biggest mistake they made was not freon cooling that beast-

MARIS: What was the power dissipation of that module?

GRINNA: About bDD watts. Some of them were higher.

PURCELL: Was that one watt per transistor?

GRINNA: Not quite. -CWhat was the designn i 15D-I IAD watts?}

The original power supplies were designed to go to lfiD amps at 3-2

voltsi then we ended up going to 3 volts and I think we had modules
that were as high as 2HD amps so there was a lot of heat there to
take care of.

Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>



b l

CURT: Was that expansion problem really serious? Did you have to

cool all the modules off before you added a new module?

GRINNA: No- As far as the expansionn I was never convinced that it

was really thermal expansion that was the problem. We hadn't really

run any tests on it- It's true that when we plugged in a module and

tightened these wedges that you would move the bars but then if you'd

go back and tighten all the modules {which was not an insignificant

ta§k> you'd finally arrive at some point of equalibrium where they

were all being cooled. What we tried to don of coursei was use torque

screwdrivers so that you would not tighten that new one too tight and

cause a problem and we normally would plug in a module and not go through

the whole ritual of going through all the modules- You might change

the temperature a few degrees but it wasn't significant and there were

mechanical engineers looking at making the bars more rigid and there

would have been some changes in that area-

NEIL: Was there any thought of putting any kind of sensor in the hot

spot so that if you failed to get proper cooling you'd get a warning?

GRINNA: WeiIn we did have that- There was a thermistor placed on the
* hot spot" of each module and this was brought out to the distribution

cabinet. If the module got too hot it would first sound an alarm
then turn the machine off.

NEIL: Also you could make your power pins out of a metal that melts •

at 165°.
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GRINNA: We had some solder that melted at that point for a while.

Sometimes the components became a little loose on the board. That's

not so funny. That was one of the reasons why we mounted the modules

horizontally. We had always planned to mount modules horizontally
but we made sure that the components were on top so that if they did

get too hot the t rans is tors wou ldn ' t fa l l ou t - {Laughter }

Oi let 's continue. " Experiments were conducted with addit ional plates

between the boards in thermal contact with some of the soldered blobs.

These experiments indicate that this would be a satisfactory method of

cooling a module.

Inter-connection between modules: The fibDD modules were connected

together wi th coax cable- A p in was des igned that could be
soldered onto the coax cable that would be plugged into a connector

block that the module would in turn plug into- The wire that we used

had a very high propagation speedn 1D-M inches per nanosecond. How

ever the wire did not lay well into the back of the connector block-

It was hard to plug in and it was hard to change a wire- Several

inches of wire were taken up in going into the connector block and

making a bend out of the block- If smallern more flexible wire were
available it should be used. "

GRINNA: That's obviousn but as far as plugging wires in and out of

the connector block the new connectors which were designed and ordered

permitted removing a wire from the front siden you would remove the
module and push the wire out from the front instead of digging through

the wire mat to get at the wire. Also you'd send a l itt le guide to aid

in putting the wire back in which I think would have been a big improve
ment in this area.
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NEIL: How many wires per connector block?

GRINNA: 5^Q.

NEIL: Was there any reason for having so many per block?

KORT: That 's no t too many p ins fo r tha t b ig modu le-

GRINNA: We ran out somet imes. B i l l sa id there a lso cou ld have been

more p ins i you cou ld have done d i f f e ren t th ings w i th mu l t i p l y and o the r

areas where you needed in te rconnec t ions . There was jus t an awfu l lo t

of logic in there and depending on where you chose your major in ter face

you cou ld con t ro l the number o f p ins you use . We t r ied to min imize

the communicat ion wi th other modules but even at that I th ink some

a r e a s t h a t i t j u s t b u i l t u p . I ' d s a y t h a t m o s t o f t h e m o d u l e s u s e d

most of the p ins so there was a pret ty heavy wire-mat there-

B H E N D ; I d o n ' t t h i n k i t w a s a n y m o r e d i f fi c u l t t h a n d i g g i n t i n t o c h a s s i s

six on the 7bDD-

N E I L : I t h i n k I ' v e g o t o n e b e t t e r t h a n t h a t o n e - H o w a b o u t t h e J B

panel on STAR 1DD?

RESNICK: Chassis six was worse-

GRINNA: The only thing with the fibDDn you might have had to crawl

i n s i d e a b a r r e l t o d o i t -

BHEND: Yeah-, r ight.Computer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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GRINNA: All r ightn i t wasn't that big a problem. Oki we'l l read a

li t t le paragraph here on software.

* A significant amount of software work was done on the machine- This

effort included the FORTRAN compiler! assembler ut i l i t iesn simulators!

and some operating system- The only problem that appeared in the

software development was that it went too fast and got ahead of the

hardware development. After the software work was done in order to

check out the FORTRAN compiler and library several benchmarks were

run on the simulated A20D -Cwhich was a simple CPU flbOD}. These

programs ran from 2 1/2 to 3 times the speed that they ran on the 7bDD-

Okn in summary.

The AbDO experiment was an experience in the design and manufacture of

a \/ery large fast computer. The techniques used apply to different

instruction set machines and the lessons learned should be valuable to

CDC in the future."

GRINNA: That's the end of this report. Lynn had asked me to write

and talk to some of the other fellows and prepare a majority report-

Bill and I and some of the others have talked about this and have

even hesitated to do what we did today. It seems like almost a matter
of trying to save our own pride heren defending what we had or had not

accomplished. I think there certainly are lessons to be learned- By

talking about them in this way and bringing out theproblems we can all
do better next t ime- Hopefully I guess that's what this whole series

of meetings is all about- To talk about the problems we've had-
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PURCELL: Was the software really in that good a shape?

GRINNA: Well yes it was- Garner got to the point where he just took

a leave of absence. FORTRAN was ready to go and he had nothing else

to do so he left- These other routines that Dave mentioned were

checked out on the simulator. The operating systems Greg Mansfield

was working on that and I'm not sure what state it was in but it was

taking shape at least- I'm sure that by the time that we had a machine
that would have been ready to some preliminary work with at least.

Certainly the software was in a lot better shape than any machine that
I had ever seen at that stagen I think it's safe to say-i better than

any machine that CDC ever built.

NEIL: With the major exception of STAR 100.

GRINNA: Maybe not . Wi th some developments there were machines

that came where software existed but for a new development I think it

was pretty far out.

NEIL: What would you say were the lessons to be learned out of this.

We've had Dave's observations.

GRINNA: Weill I think I probably commented on what my strangest feelings

were as I read- But if I can go back and repeati I think that the

first lesson I would mention was the great difference of opinion that

was shown here and that is a continuity of personnel on development

projects where you can see a natural succession of the machine designs
from like bbODi 7bODn fibOO. Each one was a growth from the one before
and the personnel stayed somewhat the same- There was a lot ofComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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benefit from this experience. I think that too often a design team

is successful in one programn you make managers out of them and they

never design another machine. As a company philosophy it would be

better to keep these guys designing machines! which is what happened

at Chippewa. But beyond that I think the techniques that were developed

on the fibOO were really significant. I think we had gotten to the

point where we felt we could not design another computer without the
aid of the compute power that we had at the lab -Cthat 12-pak and the

bbOO and the two other b-paks that we had in the house were going full

t ime and I think being ut i l ized very wel l} . As far as generat ing our

art work and checking our equationsn checking our art worki checking

the logic i tselfi maintaining the records of fai lure datan coming from

a point on the bbOD where if it was done at all it was done by hand or

kept in somebody's log book- We just couldn't have built the fibDO
with that k ind of technique- There's a big evolut ion there.

BHEND: We tried to visually check these boards at first before we had

a computer program to do it...to take each board and go through the

tape up and find out if there were any mistakes on it- We found that
i t was almost impossib le looking for i t l ike that to find al l the

mistakes. You could go back through them 3 or M times and still come

up with something that you'd missed. It was just so complicated-

NEIL: Billi do you have any comments?

BHEND: I've been trying to think of a reason for changei you know1,

look back and say that if we had to do it all over again what we'd do

differently. I real ly fel t that on the AbOO we had put in a lot of
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changes for the good and we could look back on the 7b00 and the bbOO
and say things that we should have done that we didn't don documenta

tion probably on the bbOD was the main thingn things like this- In

the case of the AbDD I felt that we were coming along real good and I

felt it was going to be a success.

GRINNA: There was really a major emphasis on theAbDD on reliability.

You mentioned this on the question of " burning-in" the transistors^

but it was more than just thatn it was an overall philosophy that we

really had to pay attention to what we could do to improve the

reliability because there was a great fear that these modules would
be unrepairable which turned out to be not true- There were a lot of

other things that we didi burning in the transistors was one of them

that cost quite a bit of money but it was worthwhile. Other things we

did before any components were put into a boardn a girl would sit and
" ohm" each pad on the printed circuit boardi checking for continuity

to ground and power. The components insertion was somewhat mechanized.

The machine didn't insert the components!it put a beam of light on the

three holes that the transistor was supposed to fit into. I t was by

using these techniques that we got to a point where we had new modules

coming off the line with 2 bad components and ID assembly errors and
this reduced our infant mortality and allowed us to get the modules

checked out but I think it would have paid off even in the long run.
There was an order of magnitude of difference in the effort that was

made to improve rel iabi l i ty.

BHEND: We had our " shaker" too.
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GRINNA: Oh yes. We would mount boards and modules on a shake table.and

try to break the solder joints and feed throughs. In fact we could
mount a board on the shake table and vary the frequency and amplitude

of vibration while the computer was running a test on the board. We

were just looking for failure modes that we had overlooked before. I

don't know that we found too much that way.

NEIL: Was there a projected set of numbers for the expected mean

t ime to fa i lu re?

GRINNA: Some study had been done.

BHEND: I talked to Roll ie about that today and really couldn't

remember what they did but they were keeping track. They had come

up with a mean time to fai lureithey were watching it \^ery closely to
see what it was going to ben what was projected. But he said that he

had seen this stuff at home and forgot to bring it down- He did have

it at. home.

GRINNA: There were some theoretical studies based on the 7bDD failures

that showed that it wouldn't be too bad. -CI can't even remember those

numbers-} Basically the transistor was the same as what was on the 7bDDn

and other things were similar. The study showed that because of the

larger number of components we would have a pretty bad mean time to
fa i lure which is why we concentrated so heavi ly on re l iabi l i ty. I

th ink we did improve our re l iabi l i ty.

NEIL: Do you think you can get that number for us next time? That's
the thing that of course ki l ls -MDig machines". ILLIAC IV is shootingComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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for Lt hours. The TI machine is shooting someday for 3D and the ILLIAC

is giving less than 2 and the TI machine is giving less than b. We

predict that STAR will be 10D+ hours someday.

PURCELL: We're getting about 2D right now between parity errors.

ROWAN: How do you feel about discretes versus integrated circuits?

Would you do it over again with the discretes?

GRINNA: Starting when we didn yesn there wasn't really any choice at

that time- Nowi of coursen that picture has changed. I 'm sure if we

started it today that we would do it with integrated! but to get the

speed back in l^bT there wasn't really much choice.

BHEND: I think the idea at the lab was that possibly the next thing

we'd do after we got this machine running would be to integrate this

machine.

ROWAN: Which was what Seymour started to do-

NEIL: Seymour did do a couple of things. He backed off on clock and

changedn if you willi mode architectural innovations and changes.

PURCELL: He went back to the single accumulator.

KORT: He always started out trying to do the perfect thing and then

he had to back off because of problems.
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NEIL: Does that imply that these were things that Seymour felt

needed changing after he got that far along with the AbOD-

BHEND: You see nown the AbDD clock was faster than Seymour's clock.

Even his projected clock- He started outi he figure on a ID nanosecond

clockn and we were running A and he backed off to 12 I believe.

NEIL: He was talking 1M for a while-

BHEND: So if you look at that now I don't know if that's a true

statement or not but if you look at that that says that in order to

get an A nanosecond clock you had to use discrete circuits because if

Seymour could have got a hold of integrated circuits that would have

gone that fast he would have used the A nanosecond clock-

NEIL: But on CRAY-1 also he has loosened up on his packaging inter

connection-
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BHEND: He went out to the edge of his boards! he didn't use feed

throughs-

NEIL: That allowed him to be a bit sloppier with his clock but then

to get his speed he had to use some other techniques and so in the

extreme he uses vectors to get the maximum performance rate out of

that machine! thereby vindicating STAR to some degree- I 'd l ike

to back up and bring the STAR story up to date then we've got all the

machines described.

TOTH: I'd l ike to ask a few more questions regarding the architec

ture of the machinei whether or not anybody was able to use the

M separate processors effectively! even in concept rather than in

p rac t i ce -

GRINNA: No

TOTH: Secondly -CI don't know if that's an adequate answer}! I'd

l ike to also find out i f i t was fel t that the memory size might

be rather limited since you have M processors sharing it-

GRINNA: Okay! first question- No! nobody had come up with a means

for u t i l i z ing th is "4 processor fo r t rue mul t ip rocess ing- . In fac t

our approach as we spoke to customers was nobody at CDC knew what

to do with it but we just had a feeling somewhere! someday! some

body was going to come up with something and we said.! we put in
some hooks in the hardware that should faci litateV what we think

somebody might do someday and you're free to use them - if you canComputer architecture and computer design at Control Data Corporation, CBI OH 321 <www.cbi.umn.edu>
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find a way but we hadn't heard of any applications of those-

TOTH: Garner's FORTRAN used only one processor to do the compiling?

GRINNA: Right- The memory size! yes! we'd gotten feedback already

of course as you always do! that it was too small and we had looked

at the possibi l i ty of expanding the memory. Well ! we looked at i t

in 5 stages here because we had decided that we could expand to a

mill ion words theoretically and it would involve making some hard

ware changes. With our present techniques and everything it would

theoretically have worked but we weren't really sure we could do

it- We were limited by wire lengths and just how far out we could

reach with it but we said okay we're just designing for a quarter

of a mi l l ion words r ight now- That is the first machine and after

then we can look at expanding. That pretty much is what was done with

previous machines! the bbDD and ECS. But then also we had made a

decision really to change from a core memory to a semiconductor

memory and this would have given us a reason to hope that as the

technology improved in the memory chips that eventually we would
have been able to get larger chips and package a larger memory in

the same amount of space so that we would not be limited by wire

lengths- As far as expansion! that's where we were kind of pinning
our hopes. We were thinking about it but nobody was ready to

des ign i t .

MARIS: I have a quest ion on maintainabi l i ty- Did you consider

parity inside the machine?
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GRINNA: I guess i t was men t ioned bu t no we d idn ' t rea l l y cons ide r

t h a t s e r i o u s l y .

TOTH: There was pari ty in memory though?

GRINNA: There was parity on memory and of course for the new memory

we were des ign ing we were pu t t i ng i n e r ro r co r rec t i on bu t ou r

e x p e r i e n c e w i t h i n t e r n a l d a t a t r a n s m i s s i o n i s t h e r e w a s n ' t a h i g h

e n o u g h f a i l u r e r a t e t o j u s t i f y i t . T h a t ' s n o t m u c h o f a n a n s w e r ! i t ' s

just a consensus.

MARIS: Cur ren t ly we pu t a lo t o f emphas is on pu t t ing ma in tenance

f e a t u r e s i n s i d e t h e c e n t r a l p r o c e s s o r. I w a s w o n d e r i n g i f y o u g a v e

a n y c o n s i d e r a t i o n f o r s u c h t h i n g s ! s u c h a s f a i l u r e i s o l a t i o n

a l though you had the large module that cou ld be pu l led out and

rep laced so you d idn ' t r ea l l y have t ha t p rob lem as much . The re

w a s n ' t r e a l l y a n y c o n s i d e r a t i o n g i v e n o v e r a l l a n y p l a c e f o r s u c h

f e a t u r e s ?

GRINNA: No! I can ' t say there was- I suppose where that idea came

f rom was probab ly an inpu t f rom cus tomer eng ineer ing l i ke why don ' t

you cons ider th is but we d idn ' t , do anyth ing! there was no s tudy done

o r a n y t h i n g l i k e t h a t .

N E I L : L e t m e a s k C h u c k t o r e c i t e t h e l i t u r g i c a l c h a n t o f t h e

i ncep t i on o f t he STAR p ro j ec t - Th ink back now to l ^bS i l ^b5 and

br ing us forward. We now have got ten to the AbODi le t ' s go back

and pick up the STAR pieces.
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Toth went out to Livermore and attended the meeting which Dr.

Slotnick chaired where the requirement for

TOTH: Let me correct that! he didn't chair that meeting.

PURCELL: He didn't chair it? Who chaired it?

TOTH: I think it was Sid Fernbach. In fact I don't remember

seeing Slotnick there.

PURCELL: Well! the sense of the meeting at any rate was to describe

to an eager group of possible manufacturers of computers the

requirement that Dr. Fernbach had for a very large scale computer
that was going to be a lot faster than the bbDD computer that

hadn't even been delivered yet. This was in May ITb1!- They

described the Solomon computer concept of Dr. Slotnik's. The

Solomon computer had 25b PE's {processing elements} all supposedly

joining together to compute on one problem. May of lcibl4 was just
a month following the introduction of system 3bD! I believe that

was April of ITbH- It set the stage so that the system 3bD is

now introduced and Dr. Fernback was talking about his computer

needs for a very large scale computer and we had the delivery of

the bbDD in August of lTbM- Among other things that were happening

in that period was that Dr. Chou at University of Maryland was a

consultant to Control Data at that time. Dr. Chou had the idea

for an associative accumulator. -CI can't say it quite the same

way he said it-} This associative accumulator had again 25b
registers which were filled in parallel and then he peeled out
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the data serial-by-bit and did tests for comparison of 25b elements

in para l le l . In addi t ion to that background then la ter on in the

fall and early in ITbSi manufacturers began the use and abuse of the

word time-sharing- IBM had what they called the great t ime-sharing

machine! the 3b0 model b?! and Honeywell Cit was GE then}! had their

Multix computer in the GE bM5 and Control Data dabbled a bit in

that area with some extensions to the 3bDD so that everyone was

concerned with t ime-sharing! trying to describe what they had for

sale by using the term'time-sharing'• That was one way of thinking

about it- Really there was something behind time-sharing and that

was to design a computer that would provide a resource to the

maximum number of users with the minimum of contention between

each user- So let's see! IBM had the A~bit bytes on system 3bD!

we had time-sharing considerations! we had data processing considera

tions with Dr- Chou as well as system 3bD and we had Dr- Fernbach's

requirements. We had then a request -Cnot a proposal} for information
from Dr. Fernbach. He requested information on what it would cost

Control Data or what would CDC charge Dr- Fernbach to build such a

machine. So Control Data responded to th is first request for infor

mation from Dr. Fernbach with a machine that was referred to as the

7H00 that Les Davis had been thinking about. It had b^D sort of

logic! with 7bDD sort of hardware and we put down on paper a lJ

processor 7l4DD sharing the memory and using a simplified arithmetic
unit and using the bbDD instruction repertoire and we sent off this

response to Dr. Fernbach with this information and we got the response
back to his proposal! his proposed system! Dr. Fernbach said! thanks

a lot! your concept is interesting but we're going to explore the
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and we don't need to explore that repertoire with this sort of an

architecture. Interestingly enough the M processor idea showed in the

AbOD sooner or later. At any rate the concept came back from that

session with Dr. Fernbach and about that time! the spring of !Tb5!

Los Alamos was sort of sitting there with another requirement for

very large scale computers and IBM had won the competition for

delivery to them of a system 3b0! model TI or ^Sn -C2 of them}. Los

Alamos was in the process of negotiating with IBM for the delivery

of this system 3bD model T5 to Los Alamos . I went down there

to Los Alamos anyway even though they were negotiating with IBM

and asked them what kind of computer would they like after they

were done with the system 3bD's. Jack Whorlton and Ben Carlson

of Los Alamos had some papers which described ^heir ideas of how

a computer should be built! how the architecture should be built-

Ben Carlson had some ideas about the arithmetic and the floating

point format and the indexing capability -Cthe true indexn etc-} and
Jack Uhorlton had some ideas of what sort of machine he would

build if we were to exploit extended core storage and place the

instructions in extended core storage! execute from extended core

storage and try to exploit the potential bandwidth of extended core

storage. So to put a l l of i t together! we took the A bi t byte! the

time-sharing ideas! the requirement of Dr. Fernbach! the data

processing ideas! the arithmetic ideas from Los Alamos! put i t al l

together in a box and ended up with the bM-bit version of the STAR

computer. We made a proposal to Livermore! submitted that to
Livermore in January lTbb . This was in response to another request

for information from Fernbach and he said fine! you've got a great
idea there! looks l ike i t wi l l meet our requirements but we didn't
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ask fo r t ha t k i nd o f mach ine - We asked fo r a pa ra l l e l p rocesso r

l i k e I L L I A C I V t h e r e f o r e y o u r p r o p o s a l i s t h r o w n o u t - D i c k C l o v e r

sort of rebel led at such a response and said we met your require

m e n t s - Yo u ' r e n o t r e a l l y s u p p o s e d t o t e l l u s h o w t o b u i l d t h e

machine. So they reopened negot ia t ions and we submit ted the proposal

a y e a r l a t e r t o m e e t h i s s p e c i fi c r e q u i r e m e n t s ! s p e c i fi c a l l y r e q u i r e d

was HD mi l l ion float ing po in t adds per second in bM b i t modes. That

w a s t h e s p e c i fi c s o f t h e r e q u i r e m e n t s - E v e r y t h i n g e l s e s o r t o f

washed out i f you could make that speed- So we did star t to meet

th i s ^D m i l l i on add pe r second requ i remen t - I n add i t i on D r. Fe rnbach

sa id he wou ld l i ke 32 b i t capab i l i t y in the mach ine and he wou ld l i ke

a hardware square root ! Dan Desmonds. Those were his only two specific

requests! and he almost crucified Dan Desmonds with those two ideas.

A t a n y r a t e t h a t w a s F e r n b a c h ' s s p e c i fi c s ! t h e 3 2 - b i t a n d t h e fl o a t i n g

pa in t square roo t - So we re b id aga in ! now fina l l y in the fo rm o f a

response to a request: for proposal from Fernbach in January of 1Tb?

and i t tu rned out about June 3D! nb7 we were in formed of the in tent

e r f AEC to negot ia te a con t rac t w i th Cont ro l Data fo r de l i ve ry o f the

STAR computer - The pro jec t s ta r ted in Ju ly o f 1Tb?! the con t rac t was

negot ia ted by May of 1T7D -Cthey weren ' t a l l too swi f t e i ther } and

the del ivery was done in fa l l o f 1T714 of the machine- So that 's some

o f t h e a n c i e n t h i s t o r y o f t h e c o n t r a c t u a l r e l a t i o n s h i p s a n d s o r t o f

t h e i n t e n t o f t h e m a c h i n e w a s t o fi l l t h e s e v a r i e t i e s o f r e q u i r e s m e n t s -

NEIL- We shou ld ind ica te tha t S lo tn ik had p re t ty much conv inced

not on ly L ive rmore Labora to ry bu t severa l o ther cus tomers tha t
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the only way you could get this kind of power was with parallelism!

considering the circuits of that t ime. As for the Solomon archi
tecture he had really trotted around and carpetbagged that! partly

because he had his hands on money from the Advanced Research

Projects Agency -CAREA1 but he needed 2 things. He needed a home
and he needed to demonstrate a viable end user. The upshot of this

was that Fernbach set out to get an ILLIAC IV. The normal procure

ment process in the government is somewhat like this: A guy with

an idea goes in and gets somebody in a government agency to buy

iti the government agency then writes a request for proposal

specifying exactly what this guy walked in the door with and

generally after the proper time has passed and everybody has sub
mitted proposals the guy who came in with the original idea gets

the award because he obviously is the one that they modeled it after

This was rather an unusual circumstance in the case of STAR because

that d idn' t occur! a l though i t a lmost d id- Texas Instrument

Corporation -CTI} was also involved in that procurement and they
were also one of the organizations that violently protested the

fact that we were all being asked to bid a Solomon type machine

to LLL- Because even at that time TI was considering building an

ASC type machine- However! I don't think it was what the ASC is

now- I think it was another one of their seismic goodies that

they had.

PURCELL: It was the vector processor but if you recall they were

a little bit confused about how to minimize memory conflict and

they had some prime number of banks like 2T banks or 31 banks-
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NEIL: That came later.--in b5i bb and b7 they were really looking

at a souped up version of what was really a seismic computer- They

later came up with this other one which had a higher bandwidth

memory! it had ECS -Ckind of} and had a small core memory. The

memory was 31 banks and I'm trying to remember why.

PURCELL: Probably they figured it unlikely you'd have to take

every 31st element! no program was designed to take e^ery 31st
element so you'd never really get into the bank busys- But to do

that the hardware had to calculate the bank address and that was

a big messy divide.

NEIL: That could be a big problem. Besides that they were originally

going to go with the high speed memory that was going to be the
same memory that flunked the ILLIAC IV and the large memory was

going to be a very dense core memory which they proposed- It

changed though! quite a bit- Now along about ITbb when was the
EM1B project developing?

PURCELL: 1Tb?! it was finished in ITbA.

NEIL: I mean what was the rationale there?

PURCELL: Well in the back of Jim's mind on the design of STAR he

had received a recommendation from Ben Carlson that we should use

2's complement arithmetic. He also discovered when he was trying

to minimize the hardware complexity of the bMDD that you could

never go to serial by bit arithmetic with a 1's complement machine
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at least not neat ly because you'd a lways have to go through an

a d d i t i o n a l r e c o m p l e m e n t c y c l e - I n o r d e r t o g e t a r e a l s i m p l e

machine you should use 2's complement ari thmetic so you could do

s e r i a l ^ b y - b i t a r i t h m e t i c . H e h a d g o n e t h r o u g h t h e i d e a s o f u s i n g

2's complement ar i thmetic as being a good thing! when we designed

STAR we had t h i s j us t i fi ca t i on f r om phys i c i s t s t ha t we respec ted

a t Los A lamos tha t 2 ' s comp lement a r i thmet i c was rea l l y be t te r

f r o m t h e p h y s i c i s t ' s s t a n d p o i n t . H e d e c i d e d w e c o u l d d o a s e r i a l -

by-bi t k ind of machine just as an exper iment to see how low he

could get in the hardware design of a machine l ike the bMDD- How

much lower can you go with a b"4DD! so we sort of selected the

Instructions and data of STAR to also maet some needs that Jim

thought! that exposed themselves when he did the bMDD-

TOTH: I t was a lso a consc ious dec is ion to bu i ld a mach ine tha t

would have the STAR repertoire so we could get a leg-up on

programming because we real ized that we never yet bui l t a computer

where we had any decent software at the time the machine was

del ivered-

P U R C E L L : A s i m p l e m a c h i n e l i k e t h a t w i t h s e r i a l - b y - b i t a r i t h m e t i c

would have to run a t such a h igh f requency as to rea l ly exerc ise

some of the logical components too which was another concern {using

a 5Q/25 megabi t c lock}-

NE IL : The 35DD was a l r eady i n ex i s tence . I t was a l r eady bu i l t and

r u n n i n g b y l ^ b 7 w a s n ' t i t ? W i t h t h o s e s a m e c i r c u i t s ?
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PURCELL: But it wasn't going at that rate. The rise times were

slower than the EM-1 would require-

NEIL: So in lib? Ron Hintz was made project engineer.

PURCELL: On the STAR 1D0-

NEIL: And who project engineered the STAR IB? Was that Pagelkopf?

PURCELL: I guess that was before Chuck Morris took over.

NEIL: Then whose idea was it to turn EM-1 into a product? I

arrived on the scene when STAR IB was being considered as the

next MPLi that was MPLi or PLX or XPL. God knows what.

KORT: The PL something.

NEIL: PL something. Now where'd that originate from?

PURCELL: You mean ZIP? The Zenith of Information Processing

NEIL: Oh! is that what that means? The Zenith of Information

Processing. Who dreamed that one up?

PURCELL: Jim Thornton

KORT: That's why I was confused here! because the EM-1 was

or ig ina l l y ca l led the Z IP.
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PURCELL: Then sometimes we called it the NIP - Nemesis of

I n fo rma t i on P rocess ing .

K O RT: I t w a s n ' t a s e r i a l p r o c e s s o r. T h e o n l y r e a s o n I t h o u g h t

we went to serial was because of money problems.

NEIL : You rnsan i t wasn ' t mean t to be a pa ra l l e l a r i t hmet i c

machine?

PURCELL : M b i t pa ra l l e l o r some th ing l i ke t ha t .

K O R T: I t w a s n ' t r e a l l y s p e c i fi e d . T h e y j u s t s a i d y o u c o u l d u s e

X amount of logic or money.

NEIL: You were told you could use X amount of hardware?

K O R T: W e i l l l i k e I s a y ! f r o m w h e r e I w a s s i t t i n g t h a t ' s a l l I

was to ld-

TOTH: Maybe you know whether or not there was a conscious decision

made to use the STAR memory design r ight from the beginning. I know

that tha t became one o f the goa ls eventua l ly to check out tha t

memory design on the STAR IB but I don't know if i t was conscious

o r no t -

K O RT: L i k e I s a y t h e fi r s t m a c h i n e w a s n ' t s p e c i fi e d a s t o d e s i g n

goa ls . I t h i nk i t t u rned the way i t d i d because o f money p rob lems .

One day he came in and sa id i t w i l l be ser ia l ! and that was i t -
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NEIL: How long had we been " perking" on ZIP? Was it just

started in summer of lTb7?

TOTH: They spent approximately six months or a year maybe! taking

the sketchy information avai lable on each individual instruct ion

trying to make some sense out of what happens! end-case conditions
and that sort of thing before they ever began design.

PURCELL: It was no more than six months that Pagelkopf was working

on the instruction repertoire! then by about January l^bA the

instructions repertoire was fair ly firm! in the summer of ITbA the

EMI was running with the microcode.

NEIL: But...the design work only went from summer of lTb? to

summer of ITbA.

PURCELL: I believe soi it went pretty good-

TOTH: Pret ty fast-

PURCELL: They used the 35DD chassis so they had all that mechanical

design already done! the blowers and all of that-

NEIL: And power supply.

PURCELL: And that can take a lot of time-
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NEIL: Okay nowi it was called ZIP. How did Ray Allard's group

get in the act of suddently trying to turn the ZIP thing into a

product? What you're telling me was that it was not intended for
this laboratory experimant to be a part of a product offerings it

really was just a breadboard machine.

PURCELL: I never did really find out why the MPL got abandoned.

KRUEGER: You mean the PL-

PURCELL: It was MPL before PL-

NEIL: Going back! as I remember it there were task forces

established as early as the 33DD day to define an MPL.

PURCELL: lTbM was the wery first task force that I remember--Irv

Dorfi Chuck Hawley and Dolan were in on that task force-

NEIL: And you were doing essentially a task force to define a

medium product line machine?

PURCELL: A byte-oriented machine-

NEIL: A medium sized business data processor-

TOTH: I don't know if it was defined that well! but it was to be

a new product line-
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NEIL: Now the 33DD was already in business and this was to be the

follow on to that?

PURCELL: Well that level of a product! that range of machine line
for that level customer.

*

NEIL: So they had a task force...what did you come up with?

TOTH: I don't even remember.

PURCELL: Dolan! I saw the instruction repertoire once and the

machine that reminds me that most of that instruction repertoire

is the Texas Instrument ASC machine-

TOTH: Oh-

PURCELL: Except for the arrays! all the funny things they did with

operands like shifting them! and complementing them and all that.

NEIL: Okay! there was a task force...but there was one after that!

after the bM task force! wasn't there another one after that?

TOTH: Yes! at least one more-

PURCELL: One ayear.

NEIL: Suddenly Ray Allard's group was doing programming. The

Advanced Software Group has responsibility for doing the assembler
and the simulator for the ZIP and the next thing I knew they were
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working on the product izat ion of the EMI as the new ZIP! as the

n e x t p r o d u c t l i n e - T h i s i s i a f t e r h a v i n g g o n e t h r o u g h t h e A b D D

r a t i o n a l i z a t i o n p r o c e s s ! l i k e g o i n g f r o m t h e s u b l i m e t o t h e r i d i

cu l ous as f a r as ma rke t i ng i npu t . . . t h i s one had a l l t he cooks

s t i r r i n g t h e p o t . A n d R a y A l l a r d ' s g r o u p w o r k e d o n t h a t . Yo u

guys weren ' t b rought in a t tha t po in t were you?

KORT: How many different PLs were there?

NEIL: Several! but some were the same thing with a changed

designat ion.

CURT: There was an NPL in which I think represented over a period

of t ime several d i f ferent instruct ion sets! at least 2. There was

something between NPL and the MPL. We were around at that time
and we were aware of those instruction sets.

NEIL: When I arrived on the scene the EMI -Cthe ZIP machine} was

the one they were looking at! they had some guys working on the

FORTRAN for it! some guys working on the COBOL for EMli and at

that time I didn't even know STAR 1DD existed. To my knowledge

the only thing existing was the EMI and I didn't even know there

was a compatibility between the EMI and STAR IDDi and I worked on

that operation for seven months before I discovered that. They

were concerned about FORTRAN and COBOL. Allard's group supposedly

was to become a basis of the software group for its new product

line- That was why they were working on it! except that we had a

guy by the name of John somebody or other who sat in his little
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sit at his desk.! and say shit! there's too god-damn many registers

in this machine to write a FORTRAN compiler for it. The next day

he'd come in and say shit! there's not enough registers in here to

be useful. This was in a bullpen with 7 foot high partit ions and

these sounds would emanate over the top and obviously affect

everybody sit t ing in al l the other cubicles. There was the operat ing

system group -CMartin Carter had the operating system group}! Jim
Vernon's group was working on the COBOL compiler in there. We had

a consultant by the name of Richard Dorrance who had written a

COBOL compiler for the IBM 70^0! and 3b0. Mr. Dorrance was a

consultant who came in and took a look at the instruction sets and

said shit! you'll never write a COBOL compiler for that and this

kind of began stirring the pot because he kept saying there are

bet ter inst ruct ion set a l ternat ives. Mr. Dorrance proceeded to

offer his which was why don't you make it look like the 3bD.

Since it was microprogrammed why can't you make it look like the

3bD? Then he said on second thought there were some things that

were wrong with the 3bD so I would like to suggest -Cand he then

proceeded to write up an instruction specification for an ersatz
3bD machine}. I s t i l l have copies of the instruct ion set- The

instruct ion descript ion runs about ID pages. We later labeled

this effort PA1 since he was located in Palo Alto. They called

it Palo Alto *1. This unfortunately did stop al l work on EMI

software! software-wise everything died. Everybody stopped working

on i t ! they a l l s tar ted wr i t ing ins t ruc t ion sets for the i r own

machine. This is at the very same time when Ray Allard and somebody

else made a major executive council presentation. We had made a

market survey! we went around and collected everybody's requirements!
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from marketing. There was a document almost a foot thick. We

went through that and Allard went up and presented to the executive

committee the fact that the ZIP should be the new product line.

While he's doing that and while the executive committee is deciding

on that! back at the ranch Mr. Dorrance and John Thompson are busy

typing up new instruction sets for a machine which they think is
better than the ZIP machine. The day the executive committee says

Go is the day that Ray Allard was told by Mike Schumacker that his

people decided that the ZIP machine will never fly. We made a

re-presentation to the executive committee that says don't \iJorry
about the instruction set! i t won't be the ZIP but we're going to

build you a neat MPL. Thereupon ensued AH-1 -CArdan Hills *»1} which

was the group at Arden Hills coming up with their instruction set.

Each one of these were different flavors of ?n ersatz 3b0- Then

there was PA2! Palo Alto *2! then there was Arden Hills **2! Arden

Hills **3! and Palo Alto tt3. Then Curt and I got in the act about

that t ime- I said good heavens! you don't want to build another

3bD- And what was the name of the guy! that red-haired fellow?

CURT: Ken MacKenzie

NEIL: Ken McKenzie had an office and he worked for Sam Slais.

They had built an organization which was an engineering organization!
which was going to build this NPL and Curt worked for Sam.
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CURT: No! Sam had a d i rec to ra te then tha t had sys tems respons ib i l i t y

for MPL-

NEIL: The execut ive commi t tee says go bu i ld i t ! we don ' t know what !

jus t go bu i ld i t . We formed the d i rec tora te and Ken McKenz ie was

work ing fo r S la i s - A conve rsa t i on ensued be tween us one a f te rnoon

where wa s imply s tated that you know th is is insane. We've been

g o i n g f o r a b o u t t h r e e ! f o u r ! fi v e ! s i x a n d e i g h t w e e k s w i t h p e o p l e

s u b m i t t i n g i n s t r u c t i o n s e t s w i t h o u t a n y r e g a r d f o r e n g i n e e r i n g a t

a l l - I w e n t i n t o K e n ' s o f fi c e a n d I s a i d t h i s i s a l l w r o n g . L e t ' s

go back and bui ld something that we know how to bui ld. The idea

was let 's put on a b lackboard those th ings that we know how to bui ld

and can do wel l ! not what IBM can do. The first th ing we put up

there was memory and we wrote large cheap! re l iable {quest ion mark}!

we put up there vir tual memory even though we didn't have the

STAR v i r tua l memory system real ly running. We had v i r tua l memory

in the EMI. We also wrote **2! I th ink! h igh per formance components!

*3 coo l ing . We came to the conc lus ion tha t wasn ' t any th ing on the

board there that gave us a lever IBM as far as t ry ing to go head-on

with IBM. But we thought we did know something about high speed

processing. So we proposed to take what we knew from the blackboard

and come up w i th a who le d i f fe ren t a rch i tec ture ! separa te PAl i PA2

a n d w h a t e v e r e l s e . We " g e n n e d " i t u p t h a t a f t e r n o o n ! j u s t " fl a t -

o u t " a n d t h e n sp e n t t h e n e x t w e e k se l l i n g i t t o e ve r yb o d y. D i d

everyone p iss and moan! - t j iminy Chr is tmas} cause they 'd a l l been

wr i t i ng t he i r own i ns t r uc t i on se t s . We descended on t hem w i t h a l l

f o u r f e e t a n d s a i d w e t h i n k w e ' v e g o t a n e a t i d e a - I t c a u g h t fi r e

b e c a u s e i t w a s a g o o d i d e a ! r i g h t - I ' m s t i l l v e r y p r o u d o f t h a t
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even though I helped shoot i t down- Anyway there was one major

k i n k i n i t w h i c h h a d t o d o w i t h i n s t r u c t i o n f o r m a t s . I t w a s t h e

problem of how to express what we wanted to express in 32-bit

i n s t r u c t i o n f o r m a t ! a n d fi t a l l i n f o r m a t i o n i n - Yo u a n d I - C C u r t }

and Ken and somebody e lse! sat in that l i t t le conference room!

late on a Fr iday af ternoon 1 and somebody had a br i l l iant stroke

of gen ious! which so lved the prob lem. Immedia te ly then we had

ourse lves a machine and everybody bought i t . Tuesday af ternoon

I went in and I said okay now that we know how to build a machine

le t ' s now s top and do i t r i gh t . Le t ' s go back and do the who le

process over again and the answer came back no we can't! we haven't

g o t t i m e b e c a u s e w e ' r e l o s i n g s a l e s d a i l y. We ' v e g o t t o g e t o u t

a n d b u i l d t h i s t h i n g . T h a t ' s w h e n I w a l k e d a w a y f r o m i t ! t h a t ' s

w h e n t h e y s t a r t e d g e n e r a t i n g i n s t r u c t i o n s e t s f o r t h i s t h i n g a n d

that went on for another couple of months and these guys then

s tar ted the des ign work -

PURCELL: Can I ta lk a l i t t le b i t about what was go ing on in

Canada at this t ime?

N E I L : W e l l t h i s i s b e f o r e t h a t .

PURCELL: Yes! but before they went to Canada there was some

se l l ing go ing on- There was a sa lesman in Ot tawa tha t go t qu i te

i n f a t u a t e d w i t h t h e i n s t r u c t i o n r e p e r t o i r e o f t h e Z I P m a c h i n e ! a n d

i t s c a p a b i l i t y f o r d a t a p r o c e s s i n g ! e t c - H e w a n t e d t o u s e t h a t

mach ine fo r se ismic p rocess ing on sh ips fo r an t i -submar ine war fa re .
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So he went around to different offices in Canada trying to get

money to use th is l i t t le ins t ruc t ion reper to i re in a mi l i ta ry

computer aboard submarines and he didn't really find any home.
But he did find this Pate committee- The Pate committee had all

kinds of money to build a computer for commercial purposes and so

that was going on while you people were down here at Arden Hills.

That money was floating up in a big bundle of " SD cent" dollars
available for engineering if the engineering would take place

somewhere in Canada. So that's going on in the background while

you're talk ing about engineering detai ls.

NEIL: Wel l ! they obviously formed a ful l d iv is ion! I guess! to

build a machine. Bob Duncan I guess was in charge of it! Ray

Allard had the software! Sam Slais had the hardware and then you

guys supposedly set about designing the machine.

CURT: We set about designing! writing the specs! and starting to

design three different models of that machine but the models were
based on what was then believed to be the requirement in the

market place as far as the cost and rental- We went through a

process I think after that of changing the machine quite a bit in
terms of what the operating system was going to be and the features

that we were trying to put in for the operating system- I think

that probably the most significant thing that happened after that

was -CI believe} the first time they came and told us that there

had been change in the market place- The first time they told us
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tha t we then redefined ou r t h ree mode ls t o se t a t a d i f f e ren t

cost /per formance leve l ! and went back to des ign ing and then not

too long af ter that they came and said there 'd been another change

in the market p lace and that a f te r they went back out to look a t

tha t aga in they cu t o f f then the top mode l . But we went on

d e s i g n i n g . We h a d fi n a l l y g o t t e n a b o u t t o t h e p o i n t w h e r e t h e

smal lest machine's logic design was probably bO^ along and the

m ic rocode was a l l done a t t ha t t ime . We d id t he m ic rocode fi r s t

cause we had t ime. Then the decis ion was redecided that the next

product l ine would not be MPL but would be the STAR architecture

so we went and began to des ign for the STAR inst ruct ion set - At

the same time we had generated a new package! a thing we called

the 5b-pak because they wanted a package that was air-cooled and

tha t was th rough- the-board mounted- I t was a p laner Sb-pak w i th

an a i r -coo led! hybr id-cool ing system and we had a lso been ab le to

show that i t was cheaper than f reon cool ing! a cheaper package-

We were then working on the PLSD- I can't real ly remember how far

along the design of the processor was but the memory design was

completed! logic design of the memory was completed! when we

s ta r ted go ing th rough a se r i es o f i t e ra t i ons abou t compar ing the

pr i ce o f th i s hybr id coo l ing sys tem to the STAR f reon sys tem. No

mat ter how many i te ra t ions we made i t s t i l l came out cheaper unt i l

fina l ly we dec ided to change i t anyway! to the STAR f reon coo l ing

system. It was changed and the memory was redesigned then and

about that t ime was when -Clate l lb^! 1T70} the economic crunch

came and we were running out of money. The thing I remember most

about that was we knew there was a crunch and we had a meeting.

We were called up to this meeting and on the way up Wayne Speckers
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sa id to me! " We l l ! a lo t o f th ings have happened bu t the las t th ing

that 's go ing to happen is that they wi l l not take our money away

f rom us because they need a computer they keep te l l ing us ! to se l l . "

So we went in and sat down at the meeting and they said we're taking

the money away f rom you- They then presented severa l a l ternat ives

of how we might go on and one of them was to go to Canada and get

Canad ian government money. We ta lked about tha t fo r a wh i le - Th is

is the one t ime that Wayne Speckers predict ion mechanism broke

down for about a year because at that t ime he said to me! " what

ever happens we cannot ever go to Canada-"

KRUEGER: When he reviewed the STAR 1D0 project two years ago he

s a i d " w e w o n ' t s h i p e a r l i e r t h a n J a n u a r y l T 7 b - - n o w a y - - i m p o s s i b l e - "

TOTH: Is tha t what he sa id?

KRUEGER: He sa id i t was v i r tua l l y imposs ib le . Don ' t you remember

tha t - . Ne i l ?

NEIL : Oh i I r emember i t ve ry we l l -

CURT: I was invo lved in tha t too . He genera l l y was \ /e ry good a t

p red ic t ing wha t was go ing to happen nex t bu t as I say. . . the th ings

t h a t w e r e h a p p e n i n g t o u s a t t h a t t i m e w e r e s o i l l o g i c a l t h a t . . .

-daughter} . The next po int was that we would get up and be in

Canada in Ju ly- We couldn ' t be l ieve that the company could make

a decis ion and implement i t that fast and we were wrong about that

a lso- We went to Canada and bui l t what was final ly cal led STAR b5-
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I can ' t remember exac t ly what year i t was tha t they dec ided tha t

it was again not a product but a C3SE.

MARIS: May! it must have been 1T72.

CURT: May o f ' 72 ! yeah ! by tha t t ime the th ing was fa i r l y we l l

des igned . I guess we we re p robab l y i n t he p rocess o f bu i l d i ng i t .

When the decis ion that i t would not be a product ! i t would not be

documented as a product! and i t would not be sold. We were in the

p rocess o f bu i l d i ng 3 p ro to t ypes and d i d bu i l d 3 p ro to t ypes - The

fi rs t p ro to t ype was sh ipped to t he A rden H i l l s p lan t i n November

of 1173-

PURCELL: In May of '72i or more or less that per iod Nienburg came

down here to Headquarters and made a presentation for the budget

i t wou ld take to bu i l d t he so f tware fo r t he PL5D- He asked fo r !

r e a l i s t i c a l l y I t h i n k i 5 M 5 m i l l i o n s p r e a d o v e r a p e r i o d o f t i m e -

Eve ryone was shocked to dea th a t such a t e r r i b l e h i gh p r i ce - I t

turns out before we're ever done wi th the SOS replacement we're

going to spend many t imes that same $"45 mi l l ion! but his real ism

was no t we l l r ece i ved and tha t so r t o f he lped tu rn i t o f f i n a l l

d i r e c t i o n s -

CURT: Tha t ' s abou t i t - The even tua l cus tomer fo r tha t STAR bS

was supposed to be Lang ley- I t wasn ' t runn ing wel l enough for us

t o p r e d i c t t h a t i t w a s g o i n g t o b e a b l e t o s h i p o n t i m e a n d fi n a l l y

in about December ! I guess o f 7H i i t was shu t o f f . The p ro to types
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least seven years because the Canadian government can come and

take them if they want to- They can take the machines! they can

take the design.

NEIL: Haveyou got some observations on the lessons you learned in

that p ro jec t?

CURT: Wel l ! the first lesson that we should learn is that i t 's

never too late to change anything. As we said in those days and

the days when! a couple of weeks after that MPL architecture was

beginning to be defined we were saying at that time that unless
Control Data produced a product in a \/ery short period of time we

were going to be in wery bad trouble. We're saying the same thing

today and we're using the same reason to move along as fast as we
can in implementing a new machine. I think that applies nowi in

the defini t ion of archi tecture! i t appl ies to problems that you

find inside the machine. Inside of STAR b5 we came to understand

a couple of mistakes that were made in the basic design about the

t ime i t was being bui l t or before then. I t was decided that i t

was too late to change that and that we would fix it with patches.

That! I think probably looking back! was also a mistaken had we

stopped at that time and redesigned that part we would have in
the end gotten done sooner-

PURCELL: You would have saved many months.
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NEIL : We l l ! I want to come back and rev is i t some o f those de ta i led

mis takes la te r bu t I wonder i f you 've go t some g rea t ph i l osoph ica l

i n s i g h t s .

TOTH: Let me ask a quest ion. How d i fficu l t was the communhat ion

and the get t ing of answers to your quest ions back there at Arden

Hi l ls work ing way off in Canada? I 'm sure you must have run across

a l o t o f q u e s t i o n s ! d e t a i l e d q u e s t i o n s .

CURT: Detai led quest ions concerning what was meant by the spec!

I d idn ' t have t roub le ge t t ing those answers s imp ly because I knew

Chuck Morr is and people l ike that I could ca l l up and ask and I

c o u l d g e t a n s w e r s . I n g e n e r a l ! t h e k i n d s o f q u e s t i o n s t h a t c o u l d n ' t

be answered and weren' t answered! were quest ions involv ing the

reasons for things or what kinds of t hi ngs are important! more

i m p o r t a n t t h a n o t h e r s ! p r i o r i t i e s ! f e a t u r e s o f t h e m a c h i n e f o r

ins tance . Tha t was a lways a p rob lem in tha t we cou ld rea l l y ge t

a l o n g d e s p i t e i t . We l e a r n e d t o l i v e w i t h i t s o t h a t w e c o u l d

back off and say that we don' t need to know th is and that 's

e s s e n t i a l l y w h a t w e d i d . E s s e n t i a l l y w h a t h a p p e n e d t o u s i s t h a t

a f te r a t ime we swi tched to the STAR arch i tec ture ! we qu i t ask ing

quest ions. We had the spec! a t that t ime i t was someth ing we could

wo rk w i t h f o r a l ong t ime w i t hou t ask i ng ques t i ons and t ha t ' s j us t

what we did.

PURCELL: The spec was pret ty deta i led by that t ime.
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N E I L : T h a t i s s o m e t h i n g I d o w a n t t o r e v i s i t a g a i n a l s o i n d e t a i l .

T h a t i s t h e k i n d o f ' t o p s y ' i n s t r u c t i o n s e t ; H o w i t g r e w a n d a l s o

and how absolutely i t cost a considerable amount of money to imple

ment on the STAR 10Q. Had we had some cost ceilings that we had

to meet we would never have bui l t the machine and I th ink that 's

the same si tuat ion you guys were put in.

PURCELL: I f you reca l l a lo t o f tha t g rowth was in an a t tempt to

b r o a d e n t h e a p p l i c a b i l i t y o f t h e m a c h i n e . I n r e s p o n s e t o

John Thompson's FORTRAN investigations.

N E I L : T h e r e w e r e m a j o r p o i n t s i n t h a t i n s t r u c t i o n s e t d e fi n i t i o n .

Yo u h a d y o u r o r i g i n a l Z I P i n s t r u c t i o n s e t . W h e n R a y A l l a r d ' s

g r o u p i n h e r i t e d i t a t t h a t p o i n t i t w a s t h e fi r s t t i m e t h e q u e s t i o n

was opened as t o add i t i ona l changes i n i ns t ruc t i on se t . S ince you

hadn' t real ly got ten \ /ery far in STAR design there was some

lat i tude g iven here. The next b ig jump was when the dec is ion was

to change over to STAR b5. The software people came down with a

spec i fic l i s t o f r equ i r emen ts t hey had t o have ! wh i ch wou ld r equ i r e

changes in the machine.

PURCELL : Tha t was the l i s t o f 13 i ns t ruc t i ons .

NEIL : That was the nex t b ig t ime.
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CURT: I think another really big thing about the STAR b5 was that

we were given at the beginning certain rules -Ccost performance rules}

but there was also rules that said the STAR b5 was to be a COBOL

machine f i rs t ly ! to do reg is te i—to-reg is ter sca lar FORTRAN in

a specified performance relationship with the bbDO and to imple

ment anything else any way you could. Vectors had no performance

pr ior i ty. I t was there fore a k ind o f a non-sens ica l arch i tec ture
with those kind of rules- After we were working on it a while

they would come to me and say look! the management is very
concerned in Minneapolis that this machine is going to be a better

FORTRAN machine than it is COBOL machine. And I said well I can

unders tand tha t concern bu t I t h ink i t ' s l i ke l y. In l i gh t o f tha t

it didn't appear to us to be an architecture that would be the

best COBOL machine in the world in terms of cost/performance or

the best scalar FORTRAN machine in the world in the terms of cost/

performance. It wasn't- By the time we reached the point where
we were wondering who was going to buy it the only interest that

people had was in the vector performance. The only interest there!
was absolutely no interest in COBOL performance and little interest

in sca la r. I t was no surpr ise to me tha t peop le wou ld find

that d isappo in t ing .

NEIL: Uhat was your vector performance.

CURT: Weill the floating point ADD would be the best vector

performance! which was at the 1D0 ns rate and the performance was
the same on 32 and bM~bit arithmetic. If anything got any more

complicated the rates would slow down. In other words! if you
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w e r e s t a r t i n g t o t a l k a b o u t s q u a r e r o o t o r d i v i d e o r m u l t i p l y

the vector rates slowed down. So we didn't make much of an

a t tempt to ma in ta in tha t vec to r ra te ac ross a la rge number o f

i n s t r u c t i o n s .

NEIL : Le t ' s back up to EMI . We go t the EMI bu i l t i n ITbA i powered

on in August .

ROWAN: Early ITbT

NEIL : I t was a one o f a k ind b readboard . We used i t f o r so f tware

work- When was the decision made to build an EM1A?

KORT: EM1A? That was for Canada! for S la is ' group.

NEIL: That was because they needed some EMl's.

KORT: They wanted a be t te r response t ime and I /O capab i l i t y.

N E I L : O k a y ! t h e ' A ' m a c h i n e t h e n r e a l l y w a s a s l i g h t l y m o d i fi e d

v e r s i o n o f t h e o r i g i n a l E M I -

TO T H : H o w d i d i t d i f f e r ! I d o n ' t r e c a l l t h i s m a c h i n e - .

N E I L : I / O c h a n n e l s .

ROWAN: Wasn' t there also the capabi l i ty of going from 32K to b5K

memory? Or was that the IB?

"■miW.! .■ ' * J ' t f i i " - .wp iw.»nn. | * j i ^ *»" !JE* vAi ' i i , J "U. " •»* - '«* . * ' ; ;■ w-* • . ^^Tnr~- . - - . "T- - -
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N E I L : T h a t w a s t h e I B -

K O R T: I t h i n k t h e o n l y r e a s o n w a s t h e I / O a n d s p e e d e d u p e x c h a n g e .

N E I L : O h ! I r e m e m b e r w h y t h e ' A ' w a s a n * A ' . I t h a d n o t h i n g t o

d o w i t h t h a t . I t w a s t h a t b l o o d y I C L c h a n n e l . I t w a s t h e I C L

c h a n n e l t h a t w e h a d t o p u t o n ! t h a t ' s w h y w e b u i l t t h e E M 1 A a n d

w e d i d i t i n a h u r r y . S o w e b u i l t w h a t ! 2 o f t h o s e ?

ROWAN: One orphan EM1A.

N E I L : T h e n w e b u i l t t h e ' B ' - D i d n ' t y o u d o t h e ' A ' ! R a y ?

K O R T: Ye s ! b u t t h e r e w a s n ' t m u c h c h a n g e t o i t -

NEIL: Ok! who did the 'B'?

K O R T: T h e r e w a s n ' t m u c h c h a n g e t h e r e e i t h e r .

N E I L : L a r r y ! w h a t w a s t h e d i f f e r e n c e b e t w e e n t h e A a n d t h e B ?

K R U E G E R : T h e c h a n n e l s w e r e d i f f e r e n t ! t h e r e w e r e m o r e c h a n n e l s .

A c h a n n e l s o n t h e B . T h e ' l o n g r e a d ' c a p a b i l i t y o f t h e m e m o r y w a s

i n t h e r e . I t w a s d i f f e r e n t e n o u g h f r o m t h e ' A ' s o t h a t w e c o u l d n ' t

s u p p o r t i t -
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In fact about 3 years ago Hank Munneke told me to write a memo

saying we could no longer support the EM1A; and we did- We got
no reaction from anyone cause nobody even cared.

NEIL: So we ended up shipping what! 2 STAR IB's! up to Canada?

KRUEGER: Three! I worked on 3 up there when I was there; and one

to General Motors- One to Sunnyvale! the programming group out

there-

NEIL: Yeah! so they've got 2 now.

KRUEGER: General Motors! California and there was 3 up in Canada

and there was one sitting down here along with 11 ROS stacks which

are now just junk.

NEIL: Junk*

KRUEGER: Junk.

NEIL: ROS was a technical exerc ise independent of STAR 100!

w a s n ' t i t ?

TOTH: That s tar ted out as a lab pro ject f rom what is now Tony

Va c c a ' s g r o u p . A s a m a t t e r o f f a c t i t ' s r e m a r k a b l e t h a t t h e t h i n g

worked a t a l l s ince the re was a fan tas t i ca l l y sma l l amoun t o f

energy involved and high impedance levels besides-
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KRUEGER: It's like looking at the great pyramids and saying

it 's amazing somebody could bui ld that thing- I t just takes

a lot of people to haul rock and die-

NEIL: There are some people who continue to contend that it never

has worked.
• »

KRUEGER: Wel l ! I was very c r i t i ca l fo r a wh i le there when I

fi r s t s t a r t e d a n d d i d n ' t k n o w m u c h a b o u t i t . Yo u k n o w t h a t i f

you moved the strobe t iming plus or minus 1 nanosecond you'd

s t a r t g e t t i n g p a r i t y e r r o r s - T h a t w a s i n t o l e r a b l e -

K O RT: T h a t ' s r e a l l y n o t t o o b a d c o n s i d e r i n g i t w a s a fi r s t

go-round for that memory-

KRUEGER: I t was pretty bad compared to anything I 'd ever seen.

NEIL: That ROS memory hardly incurred much more development

a f t e r t h e fi r s t c o t t o n - p i c k i n ' b e n c h m o d e l w a s b u i l t -

' KRUGER: What happened is they bui l t ^ of them- Real ize what that

means for complex i ty. Every t ime you had to change a data sheet

you had to take the o ld one out and meta l fi l ings would drop in

there. So Bruce Becknel l -Ca pret ty sharp engineer} worked on the

t h i n g . H i s r e s t r i c t i o n w a s t h a t h e h a d t o u s e t h e t h i n g j u s t a s

i t was ! j us t imp rove i t . He l ooked a t t he des ign and f ound t ha t

the data sheets had metal l ines running up and down them~-etched

me ta l l i nes . He sa id ' aha ' we don ' t wan t me ta l t ouch ing me ta l !
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so what we' l l do is coat the sheet wi th a th in sheet of MYLAR!

w h i l e s t i l l r e t a i n i n g t h e c o r r e c t c a p a c i t a n c e t o g e t o n e ' s a n d

z e r o s o u t - T h a t s e e m e d t o w o r k q u i t e a b i t b e t t e r. T h a t w a s

ava i lab le on Ser ia ls 5 and up . He a lso improved the d r i ve board

bu t t he marg ins we re s t i l l l ess t han a nanosecond . I t h i nk wha t

Cur t sa id is \ /e ry impor tan t because you never fe l t tha t you cou ld

do something else cause they always said there was no money to

do something e lse except bui Id more of these p ieces of junk-

- C L a u g h t e r } T h a t ' s t r u e t h o u g h ! b u t fi n a l l y l a s t y e a r t h e y s a i d

that we would no longer support the ROS stack and Phi l Flor ine

a lmos t fa in ted f rom gra t i tude- To change a da ta shee t you had to

have need les -Ctwo kn i t t ing need les} to a l ign the sheets - And then

i f you had a shor t then you were in b ig t roub le- You know you 'd

ge t a l l the shee ts a l igned and c lose up the s tack and to rque i t

down - r and t hen i t doesn ' t wo rk—you ' ve go t pa r i t y e r r o r s . Tha t

usua l l y mean t t ha t you had some me ta l fi l i ngs i n t he re . You cou ld

ts l l wh ich sheet i t was f rom the par i t y t ree so you 'd open up the

srtack-r thereby dropping some fil ings down in there someplace else-

Then you 'd take a p last ic sheet and run i t down in the proper spot !

a l l the whi le look ing at an ohmeter to see when the shor t d isappeared

Sure enough it would go away so you'd t ighten the whole stack up

and hope l ike crazy that another one wouldn' t show up.

NEIL: Sound like your 1A board module on the AbDO?

GRINNA: Wel la no t qu i te .
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KRUEGER: There were o ther th ings- The g i r l s tha t w i red up the

ROS stacks had to wear l ights on top of thei r heads- There was

th is one g i r l down at 'core s torage ' who was the on ly one ab le

to solder those stacks- You know she had to solder legs on chips ■

t h a t y o u c o u l d n ' t e v e n s e e ! a t l e a s t I c o u l d n ' t s e e - S h e w o u l d

g e t i n t h e r e w i t h h e r l i t t l e l i g h t a n d s o l d e r a w a y i b u t i t w a s a

h a i r y o p e r a t i o n . I t w a s f a n t a s t i c t o w a t c h h e r .

NEIL: The sad par t o f i t was that i t was i when we d iscovered

that we needed more microcode than we had! we were going to have

tw o s t a c k s ! w e r e n ' t w e ? Wa s n ' t t h a t t h e o r i g i n a l s c h e m e ? Th e

\ jery firs t power supply was bu i l t to ho ld two s tacks and then we

decided to on ly have one. Then the idea was you take a l l the

m i c r o c o d e t h a t y o u ' r e n e v e r g o i n g t o c h a n g e r i g h t ? A l l t h a t

Kerne l m ic rocode tha t i s never go ing to be changed a t a l i i we ' re

go ing to pu t i t down in the s tack and eve ry th ing e l se w i l l be

i n c o r e . T h e s p e c i s p r e t t y f r o z e n b y n o w f e l l o w s ! r i g h t ? A b o u t

nbA-bT?

KRUEGER: So was the design of the STAR 100-

NEIL : I can remember the ve ry fi rs t t ime Chuck Mor r i s a lmos t

k i l l ed me- We wen t t h rough the ana l yz ing o f t he code i I pu t a l l

the s tuff down and decided what should go in the s tack. We got

t h e fi r s t s e t o f s h e e t s a l l m a d e u p ! b e a u t i f u l ! a n d t h e y h a d n ' t

even gotten them in the cotton-pickin' box when we came up with

a change in the inst ruct ion set which had to go a l l the way back

d o w n i n t o t h e b a s i c R & I s e q u e n c e s . Ta l k a b o u t m o v i n g t a r g e t s !
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STAR INSTRUCTION set certainly was.

R O WA N : I m a d e a l i t t l e s t u d y o n t h a t l a s t y e a r - T h e o r i g i n a l

p roposa l f o r L i ve rmore had l b7 i ns t ruc t i ons—over t he p rocess

of the design that grew to 231.

TOTH: Yeah i bu t le t me has ten to po in t ou t tha t mos t o f tha t

probab ly was due to the fac t tha t Fernbach wanted 32 b i t floa t ing

p o i n t i n s t r u c t i o n s .

N E I L : N o ! t h a t l b 7 i n t h e p r o p o s a l . . . t h a t p r o p o s a l o f ' b 7 i n c l u d e d

32 bi t format. That was just me and them. Me and Schumacker 's

g roup add ing ' good ies ' t o t he STAR ins t ruc t i on se t—l i ke the D7-

H U T S O N : I t h i n k t h e t h i n g y o u ' v e g o t t a l e a r n o u t o f t h i s i s t h a t i f

you ' re go ing to des ign an i ns t ruc t i on se t ! use up a l l t he codes

and that way not only do you have something invested in keeping i t

the same! somebody else does too because usually if you use them

al l up i f you want to put a new one in there you've got to g ive

someth ing up . I th ink th ings became more s tab le tha t way.

TO T H : I f y o u d o t h a t d o n ' t u s e t h e l b - b i t i n s t r u c t i o n o p - c o d e .

■C Laughter}

RESNICK: Wel l they d id use up a l l the ins t ruc t ion on the 7bD0!

there wasn ' t any le f t and s t i l l they managed to p lug in a who le

new bunch.
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