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The Birth and Passing of Minicomputers: 
From A Digital Equipment Corp. (DEC) Perspective

1957-1998. 41 yrs., 4 generations: 
transistor, IC, VLSI, clusters  - winner take all

How computer classes form…and die.

Not dealing with technology =change = disruption

Gordon Bell 

11 October 2006



On History…
1. "God alone knows the future, but only an historian can alter the 

past." -- Ambrose Bierce
2. "A historian who would convey the truth must lie. Often he must 

enlarge the truth by diameters, otherwise his reader would not be 
able to see it."--Mark Twain

3. "The past is malleable and flexible, changing as our recollection 
interprets and re-explains what has happened." -- Peter Berger

4. "History, a distillation of rumour."  -- Thomas Carlyle
5. "Anyone who believes you can't change history has never tried to 

write his memoirs."  _-David Ben Gurion
6. "No harm's done to history by making it something someone would 

want to read."  -- David McCullough
7. "History is the present. That's why every generation writes it anew. 

But what most people think of as history is its end product, myth."  
-- E.L. Doctorow

8. "People always seemed to know half of history, and to get it 
confused with the other half."  -- Jane Haddam

9. "All history becomes subjective; in other words there is properly no 
history, only biography."  -- Ralph Waldo Emerson



Digital’s Trials by Technology…
With time, “high” tech becomes a commodity.

“DEC found guilty of violating Moore’s Law …” –gbell
1. Designing and building first transistor circuits.1957-1965

2. Transition to integrated circuits & modulo 8 bits 1965-1975

3. Design with VLSI; manufacturing VLSI 1975-2002

4. Design of “clusters” as the ultimate computer 1983- ????

5. Quadruple whammy c1983 – “killer” micros, UNIX: 
PC, Workstations, CMOS AND UNIX , as “standards”
Anyone can manufacturer computers in their dorm!
“You mean to say, our new ECL mainframe is not 
equal to our latest CMOS chip?” –Ken Olsen c1990

6. Fail to exploit: networks, WWW, printers, clusters…



http://research.microsoft.com/users/gbell/Digital/DECMuseum.htm
1. Bell’s Law that opens the page and is on my page and Wikipedia. I will open with a bit about laws.
2. Computer, October 1984 that gives the coming and going of the 100 mini companies. 1984 was the time of 

transition to micros. Startups used UNIX and micros that had performance competitive with minis. 
Also note my article in Science on “Multis” is important because it became the standard g0t computers.

3. Listing of Minicomputer companies 1960-1984 and super-minicomputer and mini-supercomputer companies 
1984-1995.

4. Digital 41 Year History CD published 30 April, 1998 with key events and timeline... with photos and facts about 
machines (alpha to PDP-1), module, the mill, and people! A nice reference with time, bullets, and photos.

5. COMPUTER ENGINEERING Bell, C. G., C. Mudge, J. McNamara,, Digital Press 1978 has the origin of DEC 
from the circuits that came from MIT Lincoln Laboratory. It has the story of how the PDP-5 was created as a 
component. PDP-5 begot the PDP-8 that was the “classic” or archetypical mini. The same story can be told 
about micros as components.

6. The Bell Appendix for Edgar H. Schein's book “DEC is Dead, Long Live DEC” Berett-Koehler Publishers, San 
Francisco, 2003. The appendix describes Bell's view of What Happened such that Digital was first sold to 
Compaq in 1998 and then to HP in 2002. Digital aka DEC was only 41 years old. It has some technology, but it 
is management too. I am not a fan of Christian’s use of DEC as the poster child to illustrate Innovator’s 
Dilemma or disruptive technology…

7. Note the VAX Strategy, similar to the IBM 360 plan, and then Sun’s “All the wood behind one arrow”.
8. Note the transition to distributed computing and the Ethernet presentation. The complete Ethernet 

Announcement by Bell (Digital), Noyce (Intel), and Liddle (Xerox) slides and script (PDF 7MB) was made in 
New York City on February 10, 1982 by the DIX group, followed by announcements in Amsterdam, and London. 
Note my presentation included: "the network becomes the system"... Can you recall a similar mantra that SUN 
Microsystems later appropriated?

9. See the three articles on the PDP-11 on “the address space problem”: 
a. Bell, C. G… and W. Wulf, "A New Architecture for Mini-Computers -- The DEC PDP-11, SJCC, pp. 657-675 

(1970).
b. What we learned from the PDP-11, published by myself and Bill Strecker in 1975. 
c. Retrospective on the PDP-11 Bill Strecker with a retrospective about VAX and Alpha, 1995. 
10. Family Tree of Digital's Computers Poster created in 1980, shows the evolution of all of all computer models 

and times they were introduced since 1960… my favorite way to represent history
Bob Supnik has simulators for the DEC machines Papers on Simulation and Historic Systems. 

Searching for specific machines and people usually get a lot more than you want or need. E.g. 
http://www.pdp8.org/, www.pdp11.org www.pdp10.org, www.vax.org are sites about specific minis including 
simulators.http://en.wikipedia.org/wiki/Digital_Equipment_Corporation lists all the machine families.



The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its evolution
• 1965-1984+?: Birth and death of the minicomputer industry

built with LSI to be replaced by multiple, microprocessors
• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 2
• 1985-: PCs, workstations, “killer micros” and standards take 

on all comers 
• The DEC Organization and Culture... What happened?
• Summary…



Digital’s aka DEC’s Origin and Plan …

1957: Ken Olsen, Harlan Anderson, Stan Olsen --
leave MIT’s Lincoln Laboratory as transistor 
circuit and computer designers; collect $70K 
from American Research and Development –VC

Business plan: design, manufacture, sell logic 
modules… and eventually use the earnings and 
modules for building computers

See also www.computerhistory.org
http://research.microsoft.com/users/gbell/Digital/DECMuseum.htm

Movie celebrating the PDP-1 Birth, Spacewar, etc. 
http://www.computerhistory.org/events/index.php?id=1142978073



Some Financial & Size, Dates, Factoids
1957: Founded @ $70K. 5 Mhz logic modules. Profitable 1st yr 

@$94K. 60p. Ken Olsen, CEO & Ben Gurley, PDP-1 @$14K
1959: Memory test equipment using system modules;
1960: 1st. PDP-1 delivery to  BBN; 
1964: $1.8M R&D, 1/6 of revenue
1965: $15M. PDP-5 (the Mini), PDP-6 (Timesharing); 1966: $23M; 
1971: $147M. PDP-11; 1972: 7.8Kp, $200M; 1977: $1B 38Kp; 
1978: VAX & VAX Strategy; 1979: $1.8b; 1980: 200KC, $2B; 
1982: VAX Clusters.$4B, 369KC, 67Kp, Fortune 137th; 1984: $5B, 
1988 120Kp largest in MA&NH; 62 countries, 475 sales offices 

$11.4B revenue, $1.3 billion in net profits, market cap $23.9 
billion (10th in US), Fortune 38. NUMBER 2!

1992: Alpha, Bob Palmer, former VP DEC Semis, appointed CEO
1998: Compaq Acquires DEC @ age 41. All except Palmer lose!
2002: HP acquires Compaq.



First DEC Building 
Blocks and Logic 

Modules





PDP-1 prototype with 
separate console.  18 bit 
word… patterned after 
Lincoln Lab TX-0

40 were sold
ITT: message switching





PDP-5
Initial design was for 
data collection for an 
experimental reactor 
in Canada… A/D, I/O 
bus, 12-bit word



Business Week Business Week, 
March 1964
(recall 4/7/1964)





DEC Family Tree 1957-1980

60

x
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PDP-11…
16 bits

VAX
32 bits

VLSI



18 bit and 12 bit family



The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its evolution

• 1965-1984+?: Birth and death of the minicomputer 
industry
Shift to 8 bit word with introduction of the IBM 
System 360.

• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 2
• 1985-: PCs, workstations, “killer micros” and standards take on 

all comers 
• The DEC Organization and Culture... What happened?
• Summary…



Tech/Computer Generations
• 1947 Transistor
• 1958 IC
• 1971 4004 Microprocessor
• 1960 1st Trans. Comp.; 64’ 8bits
• 1979-83 Ethernet/LANs (DIX)
• 1966 1st IC Computers
• 1965-85+ Mini era (100 companies)
• 1975 1st Micro- computers
• 1981,4  IBM PC, MAC; u’s & UNIX
• 1988 – clusters = the computer
• 1992 – WWW; 1000s of micros
• 1960 DEC PDP-1
• 1965 DEC PDP-5 (mini archetype); 

DEC PDP-6 (timesharing)
• 1970, 75 DEC PDP-11, LSI-11
• 1978; 84; 92 DEC VAX; uVAX, Alpha
• 1982 DEC PCs
• 1983 DEC VAX Clusters..VAX stratgy
• 1992 DEC Altavista



Minicomputer definitions c1970, 71
with introduction of PDP-11

Minicomputers (for minimal computers) are a state of mind; the current 
logic technology, …, are combined into a package which has the smallest 
cost. Almost the sole design goal is to make the cost low; …. Alternatively 
stated: the hardware-software tradeoffs for minicomputer design have, in 
the past, favored software. 
HARDWARE CHARACTERISTICS
Minicomputer may be classified at least two ways:
I. It is the minimum computer (or very near it) that can be built with the 
state of the art technology.
2. It is that computer that can be purchased for a given, relatively minimal, 
fixed cost (e.g., $10K in 1970).



91 Minicomputer 
companies 1984

DG, DEC, HP, 
IBM… 
survived by 1990

X
X



PDP-11 to VAX



The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its evolution
• 1965-1984+?: Birth and death of the minicomputer industry
• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 2
• 1985-: PCs, workstations, “killer micros” and standards take 

on all comers 
• The DEC Organization and Culture... What happened?
• Summary…



Computing LawsComputing Laws

Bell’s Law of Computer Classes 
& their Formation

the Quest… to move or encode the 
entire world into cyberspace



Economics-based laws 
determine the market

•Demand:  doubles as price declines by 20%
•Learning curves: 10-15% cost decline with 2X 
units that enable Moore’s Law and other 
hardware technology evolution
•Bill’s Law for the economics of PC software
•Nathan’s Laws of Software -- the virtuous 
circle
•Metcalfe’s Law of the “value of a network”
•Computer classes form and evolve just like 
modes of transportation, restaurants, etc.



Software Economics:  Bill’s Law

Price
Fixed_cost

Marginal _cost=
Units

+

•Bill Joy’s law (Sun):  NO software for <100,000 
platforms 
@$10 million engineering expense,  $1,000 price
•Bill Gate’s law: NO software for <1,000,000 platforms 
@$10M engineering expense,  $100 price
•Examples: 

•UNIX versus Windows NT:  $3,500 versus $500
•Oracle versus SQL-Server:  $100,000 versus $6,000
•No spreadsheet or presentation pack on 
UNIX/VMS/...
•Commoditization of base software and hardware



The Virtuous Economic Cycle 
that drives the PC industry

Standards



 Transistor density doubles 
every 18 months 
60% increase per year
– Chip density transistors/die 
– Micro processor speeds

 Exponential growth:
– The past does not matter
– 10x here, 10x there … means REAL change

 PC costs decline faster than any other 
platform
– Volume and learning curves
– PCs are the building bricks of all future systems

Moore’s First Law

128KB

128MB

2000
8KB

1MB

8MB

1GB

1970 1980 1990

1M 16Mbits:  1K 4K 16K 64K 256K 4M 64M 256M

1 chip memory size
( 2 MB to 32 MB)



Computer components must 
all evolve at the same rate

•Amdahl’s law: one instruction per second requires one 
byte of memory and 
one bit per second of I/O
•Storage evolved at 60%; after 1995: 100
•Processor performance evolved at 60%.

•Clock Performance flat >1995 until multi-cores
•Multi processors.
•Graphics Processing Unit to exploit parallelism

•Wide Area Network speed evolved at >60%
•Local Area Network speed evolved 26-60% 
•Grove’s Law: Plain Old Telephone Service (POTS) 
thwarts speed, evolving at 14%!



Computing LawsComputing Laws

Minicomputer price decline
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The classes, sans phones, 2006
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Scalable computers
Interconnected via IP



Evolution of classes c 1985 Science
Bell View 1985 with the intro of Multis
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How Will Future Computers Be Built?

Thesis: SNAP: Scalable Networks and Platforms
• upsize from desktop to world-scale computer

• based on a few standard components

Because: 
• Moore’s law: exponential progress

• Standardization & commoditization

• Stratification and competition

When: Sooner than you think!
• massive standardization gives massive use 

• economic forces are enormous

Network
Platform



34
Copyright G Bell and J Gray 1996

Class conflict with SNAP

1980 1990 2000

2

3

4

5

6

7

1

log($)

minis

mainframes

Pocket organizer & PDA

x= class conflict

workstations

PCs

X

X
SNAP



1,000’s ?
10,000’s ?

100,000s ?
1,000,000s ?

Large servers… new services 
are added “in flight”                          

Large servers… new services 
are added “in flight”                          



Bell’s Law of 
Computer Classes

Hardware technology improvements i.e. Moore’s 
Law for semis,… disks, enable two evolutionary 
paths(t) for computers:

1.  constant price, increasing performance

2.  Constant or decreasing performance, 
decreasing cost by a factor O(10)X
.. leading to new structures or a new computer 
class!



Bell’s Law of 
Computer Classes

Technology enables two evolutionary paths:
1.  constant performance, decreasing cost
2.  constant price, increasing performance

1.26 = 2x/3 yrs -- 10x/decade; 1/1.26 = .8
1.6   = 4x/3 yrs --100x/decade; 1/1.6   = .62

Mini

??Time

Mainframes (central)

PCs (personals)L
o

g
 p

ri
ce

WSs



Conspiracies: Why old companies 
can’t create new computer classes 
… 



Price, performance, and class 
of various goods & services

Computer price = $10  x 10 class#

Computer weight = .05 x 10 class#

Car price = $6K x 1.5 class #

Transportation  artifact prices = 
k x $10 type (shoes,...cars,... trains,... ICBMs)

French Restaurants(t='95)  =
f(ambiance, location) x $25 x 1.5 stars



Platform, Interface, & Network 
Computer Class Enablers
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“The 
Computer”
Mainframe

tube, core, 
drum, tape, 
batch O/S

direct > 
batch

Mini & 
Timesharing

SSI-MSI, disk, 
timeshare 

O/S

terminals via 
commands

POTS

PC/WS

micro, floppy, 
disk, bit-map 

display, mouse, 
dist’d O/S

WIMP

LAN

Web browser,

PC, scalable 
servers, 

Web, HTML

Internet



Bell’s Law of Computer Classes…
Every Decade a new class emerges

•Every decade a new, lower (1/10) cost class of computers 
emerge to cover cyberspace with a

New computing platform
New Interface to humans or a  part of physical world
New networking and/or interconnect structure
New classes --> new apps --> new industries

•The classes… a decade in price every decade
60s $millions mainframes
80s  $10K workstations & PCs; MICROs
70s  $10K-100K minis
90s  $1K PCs
00s  $100s PDAs & cellphones
10s $10 SFF& CPSDs, sensors, motes



•

Bell’s Nine Computer Price Tiers

Super server:  costs more than $100,000
“Mainframe”:  costs more than $1 million

an array of processors, disks, tapes, comm ports

1$:     embeddables e.g. greeting card    

10$: wrist watch & wallet computers

100$: pocket/ palm computers

1,000$: portable computers

10,000$: personal computers (desktop)

100,000$: departmental computers (closet)

1,000,000$: site computers (glass house)

10,000,000$: regional computers (glass castle)

100,000,000$: national centers
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Pyramid of networked - computing, 
communicating, and storage devices

Large service clusters e.g. Amazon,
Google, MSN… Corporate services 
Top 500 technical computers …

Family PC, Home & 
entertainment nets

Small Form Factor incl. CPSDs

UbiquityLand: (fixed) machines, rooms, 
highways, environmental places, etc.
Mobile: identity-location-state tags 
animals, cars, equipment, … you name it

Corporate 
environments

One computer

Hundreds

10 Thousands

100s of Milllions

A few Billions

Trillions



Computing LawsComputing Laws

Computer Industry 1982

Solutions

Applications

OS

Computers

Processors

IBM DEC HP NCR



Computing LawsComputing Laws

Law of Dis-integration: forming 
A Horizontal Computer Industry 

 Horizontal 
integration
is new structure

 Each layer 
picks best from 
lower layer

 All layers run //
 Desktop (C/S) 

market
–1991:  50%
–1995:  75%

Intel & SeagateSilicon & Oxide
Systems
Baseware
Middleware
Applications SAP

Oracle
Microsoft
Compaq

Integration EDS
Operation AT&T
Function Example

Courtesy Andy Grove



Structure of industry around DEC c1982



Computing LawsComputing Laws

Bell’s Law of Computer Classes 
& their Formation

End



The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its evolution
• 1965-1984+?: Birth and death of the minicomputer industry
• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 2
• 1985-: PCs, workstations, “killer micros” and standards take 

on all comers 
• The DEC Organization and Culture... What happened?
• Summary…



PDP-11 to VAX



VAX-A Bluebook 1 April 1975
Bell, Cutler, Hastings, Lary, Rothman, Strecker

“There is only one mistake that can be made in a computer 
design that is difficult to recover from – not providing 
enough address bits for memory addressing and memory 
management.  The PDP-11 followed the unbroken tradition 
of nearly every known computer. 



VAX 
Planning 
Model



Gordon Bell’s 1975 VAX Planning Model...  
I Didn’t Believe It!

 5x: Memory is
20% of cost
3x: DEC markup
.04x:  $ per byte

 Didn’t believe:
the projection
$500 machine

 Couldn’t
comprehend
implications 0.01K$

0.1K$

1.K$

10.K$

100.K$

1,000.K$

10,000.K$

100,000.K$

1960 1970 1980 1990 2000

16 KB 64 KB 256 KB 1 MB 8 MB

System Price = 5 x 3 x .04 x memory size/ 1.26 (t-1972) K$



VAX/VMS Strategy (c1978)

…a homogeneous, distributed-computing system, where 
users interface, store information, & compute without 
reprogramming or extra work:

• via a cluster of large computers using CI,

• at local minis, workstations, & PC clusters,

• with interfaces to industry standard systems,

• interconnected via LANs (Ethernet agreement was 
essential), Campus Area, & WANs



DEC Value Migration
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The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its 
evolution

• 1965-1984+?: Birth and death of the minicomputer 
industry

• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 

2
• 1985-: “killer micros” enable PCs, workstations, 

and standards to take on all comers
• The DEC Organization and Culture... What happened?
• Summary…



Motorola 68K, UNIX License, PC Standard:
Anyone can manufacture computers

get (UNIX License, developers)



Multis: Multiple, shared memory 
Microprocessors (Bell, Science 4/25/1985)



TTL & ECL to 
CMOS transition…

Enter the “Killer Micro”!



The Challenge: Dealing with technology 
transitions and any ensuing standards

Technology = Change = Disruption

• 1957: Vacuum tube to Transistor circuits (high bar)

• 1965: Transistors to ICs… 100 mini companies

• 1971: 8 bit Microprocessor >> master VLSI; 
1981: IBM PC >> failure to embrace, only extend

• 1983: VLSI overtakes TTL AND ECL>> 9000 fail

• 1984+?+: UNIX and 32-bit micros >> standards fail 
“Either make the standard, or follow the standard. 
If you fail to set the standard, you get to do it twice.”

• 1992: WWW Altavista, servers, clients. Mrkt’ng fail.



Digital’s Trials by Technology…
With time, high tech becomes a commodity.

“DEC found guilty of violating Moore’s Law …” –gbell
1. Designing and building first transistor circuits.1957-1965

2. Transition to integrated circuits & modulo 8 bits 1965-1975

3. Design with VLSI; manufacturing VLSI 1975-2002

4. Design of “clusters” as the ultimate computer 1983- ????

5. Quadruple whammy c1983 – “killer” micros, UNIX: 
PC, Workstations, CMOS AND UNIX , as “standards”
Anyone can manufacturer computers in their dorm!
“You mean to say, our new ECL mainframe is not 
equal to our latest CMOS chip?” –Ken Olsen c1990

6. Fail to exploit: networks, WWW, printers, clusters…



Kampas’ Pros & Cons products

- Leading 12, 16, 32-bit minis 
& OS’s
- Leading video terminals
-Leading printing terminals  

(LA-xx), first desktop lasers
- First www products
- Leading OEM business
- Leading office software
- Effective divisional structure

- MicroVAX II (M68000 + 8yrs)
- VAX 8600 (8 years after 780)
- VAX 9000 was unsuccessful

>$1B investment (1990)
- RISC/Alpha (via MIPS; 

6 years after Sun/HP)
- Never fully endorsed Unix 

Olsen: “snake oil”
-Late to TCP/IP from OSI 
- Late to IBM-compatible PC 

-(Rainbow, Pro, DECmate)
- Failed to divisionalize
- Failed at low cost capability
-In the end: SEVEN Platforms 
VAX, X86, MIPS and Unixes
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The 41 year life and trials of
Digital Equipment Corp. aka DEC

• 1960: Birth of DEC from MIT Lincoln Lab… its evolution
• 1965-1984+?: Birth and death of the minicomputer industry
• Theory: Bell’s Law (of Computer Classes)
• 1978: VAX and the VAX Strategy to become number 2
• 1985-: PCs, workstations, “killer micros” and standards take 

on all comers 
• The DEC Organization and Culture... What happened?
• Summary…

• Stories
– PDP-1; ITT Store & Forward Switch… UART
– PDP-6 from PDP-3. Compiler
– PDP-5 how it was created & PDP-8
– PDP-11 at CMU
– VAX and VAX Strategy… address bit problem
– Ethernet DIX, Liddle, 
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NOTES: 

DATA: TRANSFER TIME BETWE�N DfFFEREN-f MEulA

IOO 

IO 

.01 

2 

MIN
;j. 

1---tC�Y 

.�APACtTX . DATA· RAK 

1tn/sEC IYT£�,EC. 

ilOM a· 

. 

"'°4 ! 
• • 

-1---11101 

..---Vt4 

---U'04(1Z!>O LPM Xl3Z) 

i----CA"O I\CAOEI\ (1200CPM) 

t----TTY A�"- 33,CTC 

.l�r�ducts are marked at average data rate. 
?.. Average data rate (disks) = foi;m�tted Track Capacity 

Access Time to Index + Rotation Time 
3. Average data rate (rest of divices) 2 Nominal Data Rate x Length of Data Field 

(Block includes, as appropriate, 
Length of Block 

gapg, header, CRC, head and bottom of page, 
4. Tape block sizes:

TUl0 & TU16 - 1024 (16 bit) words

TU40 - 4096 (36 bit) words 
TU56 & TU60 - 256 (16 bit) words 

Data rates for small blocks: 
TUl0 - 256 (16 bit wds) - l60kbit/s 
TU16 - 256 (16 bit wds) - 224kbit/s 
TU40 (1600bpl) - 256 (36 bit wds}- l.06Mbit/s 

16 

�:l.argin etc. 
HOW TO USE: 

Exampte: to determine c.i.me to 
transfer the contents of RKOS 
cartridge to TU16 tape reel, 
locate TU16 on "data rate" scale 
and RK05 on "capacity" scale. 
Extend straight line between 
them to "time" scale. Time to 
transfer data about 4.2 seconds 
{excluding disk· u�d tape 
mounting time.) 
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NOTES: 
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· l. 
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3.· 

ALL UN IT PR ICES S! 10',·,'N INCLUDE J STORAGE 
· VDDULE (.E,G, DISK D~IVEJ + !li1U{F/\CE TO 
1 / Q nus ( E , G, co:\n-Rc.LLER) , 

CAP/.\Cln' OF UNITS SHC1,\'N /\RE FORMI\TTO), 

Pf~ICE SC./\LE JS ON A BASIS OF lCO'J ill.IS. 
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$ 4 

2 

1 

Unit Cost 
(Thousand Dollars) 

$21 

.18 

12 

. 6 

- 5-

EXHIBIT 3 

PRODUCT SPECIFIC COSTS 

· 11/4 5- CA 
(Los s TTY) 

• 
- 91' 

i • 
~~ .. -__________________ ..;.... __ _ 

10 1 0 1 , 00 0 

KI 10 

1 10 50 

Cumulative Units 

Source: Pink Book Data 

Tho Boston Consulting Group, lno . 



Coat 
(C~nu. J>er f>it) 

2.0 

1 .0 

.a 

. ' 
• 4 

.2 

10 

EXMIBIT 9 

MEMORY TECHNOLOGY AND COSTS 

• 
11.'!llE (4K, 22 mil) 

MM l lK ( 4K) e 

0 
"" llL (SK) ) 

- .... :~~' . e e • e '" 

------------------- _) - 601 ---------------------------............... 5-.,. 16X 

• 
90\ Experience Curve Slope 

. 20 40 60 100 200 

C1.1111ulative Volume 18 Mil Core 
11 Family Memories 
(M.illions o f Bits) 

400 600 1,000 

Sour ce : Pink Book Data and estir:1ates frOIII Phil Laut 

I ... ... 
I 



·- ' - ___, .-.i ~ 1--J -..i ~ 1.-J 1-.J l,....J I_.J 1.....1 1....1 ~ ~ ~ 

EXHI!II'!' l 

CPUs 
VALUE ADDED 

$50 

~ 
40 • 

I 30 

20 KI 10 

I 
1 100 1 , 000 

;! $ 4 • 92% 
gi • 3 • • • 0 92% •• 11/4 5-CA (Less '!'TY) 
~ 
C) 2 • • • • • • 0 • • ~ - 11/40-CA (Less TTY) 
: Unit Cost - 92% 

• United :::(Thousand Dollars) • States '· ;· w 

• • I 

C) 1 -, - · • 11/05-JCA 
0 • • ~ Puerto --Rico 
~ 
!I 10 100 1,000 

1.0- United States 
.8- 99% PDP 8E-M 99\ 

Puerto Ri;o .6-

• 4 

10 1J o 
I 

Cumulative Units 
1,000 10,000 

Source: Pink Book Data 

-~- -- ...... . 



IMPLEMENTATION 
OFFICE OF DEVELOPMENT 

CLAYTON - SYSTEr:E 
8, 11, FUTURE SYSTEMS, INTERNAL MARKETING, 

PLANNING, 11-FIDELITY AND SYSTEMS 

. ' 

PUFFER - COMPUTER COMPONENJS AND SERVIC~ 
TAPES, DISKS, PRINTING DEVICES, PACKAGING, 

POWER, SEMICONDUCTOR COMPONENTS, AND SERVICES 

PORTNER - SOFTWARE PRODUCJS 
SOFTWARE SUPPORT, SOFTWARE PRODUCTS ~OR 

ALL SYSTEMS) APPLICATIONS, DIAGNOSTICS/ 

MANUFACTURING, ADVANCED DEVELOPMENT AND 

CONSULTING, COMPUTATIONAL FACILITIES 

G.Bell 
j/74. 



,NGINE~RING ORGAN-IZATIONAL OiANGE, 

0, ESTABLISH PRODUCT DEVELOPMENT BUSINESS 

1, INTEGRATE PLANNING AND DEVELOPMENT WITH 

HARDWARE-SOFTWAR£ 

2, PLAN OF OPTIONS SYNCHRONIZED WITH SYSTEMS AND . . 

SOFTWARE 

3, PRODUCT MANAGER ALIGNMENT WITH _PRODUCTS--ROLES 

EXPANDED 

q, INCREASED CAREER DEVELOPMENT 

G.Be ll 
3/74 



COMPATI BILI1Y· AND S TANDARIE: GOALS 

$9fJWARE ( ALL MACHI NE§) 

• COM~AND LANGUAGE FOR ( INTERACTIVE AND BATCH) 

• SCIENTIFIC SUBROUTINE PACKAGES 

.. . . 

• LANGUAGES. ( ALGOL, APL, BASIC, BLISS, COBOL-73, 

FOCAL, FORTRAN; . MAiRO ( SYNTAX), PL/1,,, 

• UTILITIES .(PIP, ET AL) 

• ED I TORS ( TECO--NOW, NEW . LI NE-OR I ENT ED) 

• FILES 

• COMMUNICATIONS PROTOCOL FOR MESSAGES ( DDCMP) 

• COMMON FRONT END MACHINES FOR 10 AND 11 

• MON I TOR INTER.FACE FOR PDP-11' S 

G. Be 11 
3/74 



PROFESS·IONAL ENVIRONMENT GOALS 

•· THE PERSON WHO DOES THE PLAN, DOES, 

• CONTINUED EDUCATION ( INCLUDING MANAGEMENT TRACT) 

•· MEASURES FOR ALL 

~ ENCOURAGE PRODUCTS--AND IF USEFUL, PAPERS AND PATENTS 

G. Be 11 
3/74 



S IGNlFICANT MANUFACTURE OF PRODUCTS GOALS 

• SIGNIFICANT SUPPLIER < $200K 

• ATTEMPT TO BRIDGE GAP TO 10 , ,,AGAIN 

• INCREASED DEVELOPMENTS AT LOW END 60% ALLOCATION) 

• INCLUDING SEPARATED PERIPHERALS . 
• TWO PRODUCT TYPES 

OEM TYPE : COST ORIENTED 

SYSTEM TYPE: HIGH PERFORMANCE AND RELIABILITY 

• DIRECTLY COUPLED SYSTEMS ~ON-BATCH) 

,TO HUMAN, INTERACTIVE USER 

,TO PROCESS 

,TO OTHER COMPUTERS 

• ECOLOGICALLY CLEANER 

,LESS POWER 

,LESS PAPER, CARDS 

,SUBSTITUTE INFORMATION FOR TRANSPORTATION 

G. Be J 1 
3/7'4 

• 



COMPATIBILilY AND STANDARffi: BENEFITS 

• MOBILITY AMONG OUR MACHINES

• USERS DO NOT HAVE TO RE-LEARN TO BUY ( WE OBSOLETE

OUR EQUlPMENT--NOT OUR CUSTOMERS)

• OUR OWN LEARNING IS PRESERVED

• FEWER MANUALS1 SPARE PARTS1 AND INVENTORY

• WE CAN BUILD NETWORKS

• WE CAN WORK ON MORE CAPABILITIES FOR USERS

INSTEAD OF BASIC SYSTEM

• WE CAN WORK ON LOWER COST AND/OR BETTER PRODUCTS

INSTEAD OF LOW LEVEL RE-INVENTIONS

G. Be 11

3/74 

•



~ . . 

COMPATI BI LllY . AND STANDARffi: GOALS 

HARPWARE ( ALL MACH INES) 

• STANDARD BUSSES FOR COMMON PERIPHERALS 

, 2QMA AND EIA SERIAL LINES 

, .· UNIBUS FOR LOWER SPEED I/O 

, MASS BUS FOR STORAGE DEV ICES ( EG, RP, RS, 

TU16+, RK06+ 

NEW SERIAL, MULTIDROP 0,5 MHZ LINE FOR LOW 

COST, REMOTE PERIPHERALS 

HARDWARE ( COMPONENTS) 

• PARTS ( 1c's, CAPACITORS., ETC,) 

• CABINETS, BOXES, POWER SUPPLIES 

• MORE SYSTEMS BY PROGRAMMING--NOT LOGIC DESIGN 

•G,Bell 
3/74 

• 
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INTEROFFICE MEMORANDUM 

DATE, 
FROM, 
DEPT, 
EXT, 

December 19, l 97 5 
Larry Portner 

SUBJ, 

Staff 

LOC/MAIL STOP, 

The attached slides were used to address the North American District ~twarn 
Services Managers in Atlanta lost month. I thought you or your groups might 
I ike to see them . 
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attachment 
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SIGNIFICANT FACTORS IN OUR PLANN ING 

1 RAPID GROWTH IN "COMMERCIAL" ORIENTATION OF OUR BUSINESS. 

1 SHIFT TO LESS TECHNICALLY SOPHISTICATED CUSTOMERS. 

• TECHNOLOGY DRIVING DOWN COST FOR GIVEN LEVEL OF 
PERFORMANCE@ 10% YEAR. 

• INCREASE IN PRODUCT FUNCTIONAL ITYJ DECREASE IN CUSTOMER 
SOPHISTICAT ION MEANS DRAMATIC INCREASE IN PRODUCT 
COMPLEXITY. 



• SHIFT TO SYSTEMS ORIENTATION - MORE Focus ·oN "TOTAL 
SYSTEM" PERFORMANCE, CAPABILITY. 

• . INFLATION DRIVES UP SUPPORT COSTS . 

• MORE FOCUS ON APPLICATIONS ORIENTATION. 



OUR PRif•1t\RY FOCUS I:J i~EW SOFTWf,RE PRODUCT Ei JG lf~EERI NG IS ON 

S U P P O R T A Il I L I T Y 

WE ARE DESIGiHi~G FOR: 

EASE OF INSTALLATION 

. EASY "PATCH ING" 
, /\BILITY TO DO PARTIAL CCOMPO:JENT) UPDATES 

, FAULT TOLERA:~CE 

, I;JCREASE WRITER-PROGRAf-1MER RATIO FRDr1 1-5 TO 1-3 

I SIG:HFICA~~TLY INCREASED IrNOLVEME;~T OF sws 
MAINTENANCE PRODUCT MANAGEMENT 

• SUPPORTABILITY PLANNI~JG or~ NEW PRODUCTS 

PHASE REVIEW SYSTEM 

I THE PRODUCT TEAM 

· PRODUCT MA~JAGER 

PRODUCT SUPPORT MANAGER 

SOFTWARE E~JGINEERHJG MANAGER 



B U S I ;J E S S I S S U E S 

, SHOULD WE (C,~:-~ WE) r1AKE A PROFIT Oi~ SOFTWARE? 

• ARE THE SELLING HASSLES BECAUSE SOFTWARE "HAS NO 

I.HRI;~SIC VALUE" OR BECAUSE OUR POLICIES ARE POOR? 

• ARE THE SELLI!~G HASSLES UKREASHJG., OR MODERATING? 

. DOES SELLii~G SOFTWARE PUT US AT A COMPETITIVE DISADVANTAGE? 

. COULD WE SELL MORE PRODUCTS OVERALL IF WE BUNDLED SOFTWARE 
B.!.\CK Iii? 

• HOW IS OUR SOFTWARE IMAGE WHE~ WE APPROACH ~~EW CUSTOMERS? 

DOES IT HELP US OR ~URT US? 



V) 

z 
0 
....J 
....J 

30 

20 

10 

SOFTWARE LICENSE REVENUE 

27 

FY 74 FY 75 FY 76 



SOFTWARE SPENDING AS A <\, OF TOTAL Et-,JGIN[ERING 
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CHANGES OVER THE PAST YEAR 

1. ADDED AN ADVANCED DEVELOPMENT GROUP TO THE RESEARCH GROUP. 

2. FULL-TIME STANDARDS ACTIVITY. 

3. DEVELOPMENT METHODS GROUP. 

4. APPLICATIONS GROUP. 

5. FULL-TIME MANAGER FOR MAINTENANCE. 



6. PRODUCT MANAGEMENT GROUP. 

7, SOFTWARE QUALITY MANAGEMENT FUNCTION, 

8, R.A.S . PROGRAM 

• USE'R ENVIRONMENT TEST PROGRAMS 

• DIAGNOSTIC PROGRAM GENERATION 

• ON-LINE DIAGNOSTICS UNDER MAJOR OPERATING SYSTEMS 

• ERROR LOGGING 



9. ACTIVE PDP-10/PDP-ll DIALOGUE ON LANGUAGE COMPATIBILITYJ 
COMMAND LANGUAGES. 

10, FOCUS ON THE DEVELOPMENT PROCESS FOR BUILDING COMPLEX 
PRODUCTS. 

?~,· 
11. "KEY -AA*" HI RI NG PROGRAM; "HI RE · ONLY THE BEST" . 

12. SOFTWARE FAMILY STRATEGIES AND PLANS. 



KEY ELEMENTS OF OUR SOFTWARE STRATEGY 

- A LEADERSHIP PRODUCT SET IN EVERY MAJOR DEC MARKET 

- RETAIN LEADERSHIP IN TIME-SHARING AND INTERACTIVE COMPUTING 

- PROVIDE THE CUSTOMER CLEAR EASY GROWTH OPPORTUNITIES 

(THE "FAMILY" CONCEPT) 

ACROSS MAINFRAMES 

WITHIN TH E SOFTWARE FAMILIES 

- EXPLOIT DEC's RICH PRonucT SET THRU NETWORKS 

- INCREASED COMMERCIAL ORIENTATION 

RAS 
HUMAN ENGINEERING 

DOCUMENTATION 

FILE SYSTEMS 

COORDINATED UTILITIES 

TERMINAL SUPPORT 

- INCREASED APPLICATIONS 

ORIENTATION - REDUCE THE CUSTOMER'S COST FOR DEVELOPING 

HIS APPLICATIONS, 



IAS 

BASIC+ I I 

FMS-11 

DBMS-11 

TPM-11 

RSTS/FORTRAN IV 

COBOL UPGRADE 

RSTS/E V6B 

NETWORKS 

MAJOR NEW PRODUCTS 

I INTERPROCESSOR LINK 

I TERMINAL SUPPORT 

• BETTER IBM SUPPORT VIA FE 

FRONT END 

• WORK WITH RSTS> RSX> IAS> DEC-10> DEC-20 
• VEHICLE FOR MosT SOPHISTICATED COMMUNICATIONS 

SUPPORT IN BIG SYSTEMS IN FUTURE 

RT-11 UPGRADE 

APL 
• RSTS/E 
• RT-11 



MESSAGES 

• DON IT LET us DO DUMB Tl I I NGS ! 

• A SIGNIFICAiJT PORTION OF SDC PROBLEMS START WITH BAD 

ORDERS. 

• THE MONTHLY REPORTS ARE WORTH THEIR WEIGHT I~J DIAMONDS, 

DO~'T LET THEM STOP. 

1 CONTINUE TO EDUCATE THE SALESFORCE ON SOFTWARE; IN FIVE 

YEARS IT MAY BE WHERE MOST OF OUR PROFIT COMES FROM, 

• RECOG,HZE NEW PRODUCT OPPORTUNITIES AND FEED THEM BACK! 

• INVITE US (THE DEVELOPERS, THE PRODUCT MANAGERS) TO YOUR 

f1EET E~GS; WE t~EED TO DEVELOP A BETTER UNDERSTAND I NG OF 

HO\t OUR PRODUCTS RELATE TO SELLI'.~G, SUPPORT AND CUSTOMERS. 
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SOFTWARE DEVELOPMENT 

VICE PRESIDENT, SOFTWARE DEVELOPMENT (LARRY PORTNER) 

1-----MANAGER, PRODUCTS GROUP <MEL WOOLSEY) 

..,._--MANAGER, -11 SOFTWARE ENGINEERING (PETE VAN ROEKENS) 

.,_ __ SMALL OPERATING SYSTEMS ENGINEERING (KEN ELLSON) 

i-----11 LANGUAGES (?ETE VAN ROEKENS, ACTING) 

----NETWORKS & -11 REAL TIME ENGINEERING ~RANK HASSETT) 

1-----DECSYSTEM -10 SOFTWARE ENGINEERING f>ETER CONKLIN) 

--SOFTWARE APPLICATIONS ~D FAUVRE) 

LTYPESET -11 PROD, sYs, DEV, (TOM DONOVAN) 

L_SOFTWARE ACQUISITIONS ~D FAUVRE, ACTING) 

..,_,_SOFTWARE ENGINEERING SUPPORT (BILL SLACK) 

_I --EUROPEAN SOFTWARE ENGINEERING <cARY WYMAN) 

-----RESEARCH {JIM BELL) 

t----ADMINISTRATION & SERVICES (oLEH KOSTETSKY) 

t----DIAGNOSTIC ENGINEERING ~EORGE PLOWMAN) 

11----SOFTWARE PLANNING (LARRY WADE) 

---NETWORK PROGRAM <NAT TEICHHOLTz) 

--PERSONNEL 

--FINANCE (pAT SPRATT) 

7/74 
GB 



HARDWARE DEVELOPMENT 

VICE PRESIDENT~ HARDWARE DEVELOPMENT fuoB PUFFER) 

~--DISK ENGINEERING ~RANT SAVIERS) 

-----TAPE ENGINEERING (BOB PEYTON) 

..,_ __ LA36~ UNIT REC, 1/0 (ED CORELU 

-----LSI ENGINEERING lORRIN GALE) 

CTOOLS ~OB KUSIK) 

CHIP DESIGN 

-----POWER & PACKAGING 

1--POWER SUPPLY ENGINEERING (PAUL REY) 

L_MECHANICAL & INDUSTRIAL DESIGN fuAVE NEVALA) 

...,.__ENGINEERING SERVICES ~HIL TAYS) 

.,___MODEL SHOP CGEORGE GERELDS) 

-----DESIGN DRAFTING 

-----COMPUTER AIDED DESIGN ~D VRABLIK) 

-----INFORMATION SERVICES ~IM GILLETT) 

---COMPUTER OPERATIONS ~ID CRONSBERG) 

---FINANCE (IRENE LEARY) 

---PERSONNEL 6ERRY PATTON) 

7/74 
GB 



COMPUTER SYSTEMS 

VICE PRESIDENT~ COMPUTER SYSTEMS fuICK CLAYTON) 

---PDP-8 DEVELOPMENT (JOHN CLARKE) 

---SMALL PDP-11 SYSTEMS (STEVE TEICHER) 

----MEDIUM & LARGE 11 SYSTEMS <BILL DEMMER) 

-----LARGE 11 SYSTEMS CAL RYDER) 

.,l--PRODUCT MANAGEMENT WOHN MISIALEK) 

a----MEDIUM 11 SYSTEMS (JEGA ARULPRAGASAM) 

1 .... --PRODUCT PLANNING '8oB GRAY) 

.,._--11 FAMILY PACKAGING fuICK GONZALES) 

---11 FAMILY SYSTEM ENGINEERING (RALPH PLATz) 

~--LARGE MINIS (BRUCE DELAGI) 

---MARKETING SERVICESJ DEVELOPMENT ~ILL MCBRIDE) 

...---SYSTEMS PLANNING INTEGRATION (ROBIN FRITH) 

-----FINANCE (LARRY SMITH) 

---PERSONNEL 

7/74 
GB 



OFFICE OF DEVELOPMENT 

VICE PRESIDENT, OFFICE OF DEVELOPMENT ~ORDON BELL) 

,,, ,PERSONNEL (MARK ABBETT) 

FINANCE (PHIL LAUT) 

CHIEF ENGINEER fuICK BEST) 

LDES(GN REVIEW tARL NOELCKE) 

TECHNICAL STAFF ~ON KRONENBERG) 

I I I ,MEMORIES <HENRY LEMAIRE) 

II I ,COMMUNICATIONS OPTIONS (VINCE BASTIAN!) 

,,,TERMINALS <TOM STOCKEBRAND) 

,, , ,PDP-1O ~RED WILHELM) 

VICE PRESIDENT 1 SOFTWARE DEVELOPMENT (LARRY PORTNER) 

VICE PRESIDENT, COMPUTER SYSTEMS <nICK CLAYTON) 
' 

,..__VICE PRESIDENT, HARDWARE DEVELOPMENT '80B PUFFER) 
¥ . 

7/74 
GB 
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MESSAGES 

• DON'T LET US DO DUMB TII INGS ! 

.1 ,~ SIG:-JIFICA~JT PORTIO~ OF SDC PROBLEMS START WITH BAD 

ORDERS. 

• THE MONTHLY REPORTS ,~RE WORTH THEIR \-/EIGHT I:J DIAMO~,JDS, 

DOi~ IT LET THEM STOP t 

• CONTI~WE TO EDUCATE THE SALESFORCE 0;1 SOFTHAREj I~l FIVE 

YEARS IT MAY BE WHERE MOST OF OUR PROFIT COMES FROM, 

• RECOGiHZE NEW PRODUCT OPPORTUiHTIES AND FEED THEM BACK! 

• INVITE US (THE DEVELOPERS, THE PRODUCT f-lMMGERS) TO YOUR 

MEET L-lGSi WE UEED TO DEVELOP A BETTER u:mERSTAND IfJG OF 

HOW OUR PRODUCTS RELATE TO SELLLJG, SUPPORT AND CUSTOMERS, 
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OUR PRIMARY FOCUS I ;J iffW SOFHMr{E PRODUCT Ei-~G UiEERI i~G Is or~ 

SUPPORTABILITY-

WE ARE DESIGiHiiG FOR: 

EASE OF INSTALLATION 
, EASY "PATCHI~G" 

, l\BILITY TO DO PARTIAL (COf1PO:JEi·~T) UPDATES 

FAULT TOLERA:-lCE 
• J;KREASE WRITER-PROGR;VlMER RATIO FROf1 1-5 TO 1-3 

, SIG~HFICN~TLY HJCREASED HNOLVEME~JT OF SWS 

MAI NTEi~A;~CE PRODUCT MAf lAGEMENT 

• SUPPORTABILITY PLNJNI(JG OH NE\·, PRODUCTS 

PHASE REVIEW SYSTEM 
• THE PRODUCT TEAM 

· PRODUCT M,~:JAGER 

PRODUCT SUPPORT f'llt~AGER 

SOFTWARE e~GINEERI;JG MANAGtR 



B U S I ;J E S S I S S U E S 

• SHOULD WE (e,~:~ WE) rt\KE A PROFIT Oi~ SOFTWARE? 

• ARE THE SELLING HASSLES BECAUSE SOFTWARE "HAS NO 

LHRI;~SIC VALUE" OR BECAUSE OUR POLICIES ARE POOR? 

• ARE THE SELLIHG Hi\SSLES VKREASHJG., OR MODER,~TI:JG? 

• DOES SELLii~G SOFTWARE PUT US AT A COMPETITIVE DISADVANTAGE? 

COULD WE SELL MORE PRODUCTS OVERALL IF WE BU~mLED SOFTWARE 

BACK Iin 

• HOW IS OUR SOFTWARE Irt\GE WHE~ WE APPRO.~CH ;~EW CUSTGr-1ERS? 

DOES IT HELP US OR ~URT US? 
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SIGNIFICANT FACTORS IN OUR .PLANNING 

• RAPID GROWTH IN "COMMERCIAL" ORIENTATION OF OUR BUSINESS. 

• SHIFT TO LESS TECHNICALLY SOPHISTICATED CUSTOMERS. 

• TECHNOLOGY DRIVING DOWN COST FOR GIVEN LEVEL OF 
PERFORMANCE@ io% YEAR. 

• INCREASE IN PRODUCT FUNCTIONALITY1 DECREASE IN CUSTOMER 
SOPHISTICATION MEANS DRAMATIC INCREASE IN PRODUCT 
COMPLEXITY. 



t . SHIFT TO SYSTEMS ORIENTATION - MORE FOCUS ON nTOTAL 
SYSTEM" PERFORMANCE, CAPABILITY. 

• INFLATION DRIVES UP SUPPORT COSTS. 

t MORE FOCUS ON APPLICATIONS ORIENTATION. 



KEY ELEMENTS OF OUR SOFTWARE STRATEGY 

- A LEADERSHIP PRODUCT SET IN EVERY MAJOR DEC MARKET 

- RETAIN LEADERSHIP IN TIME-SHARING AND INTERACTIVE COMPUTING 

- PROVIDE THE CUSTOMER CLEAR EASY GROWTH OPPORTUNITIES 

(THE "FAMILY" CONCEPT) 

, ACROSS MAINFRAMES 

, WITHIN THE SOFTWARE FAMILIES 

- EXPLOIT DEC's R1cH PRooucT SET THRU NETWORKS 

- INCREASED COMMERCIAL ORIENTATION 

RAS 

HUMAN ENGINEERING 

, DOCUMENTATION 

FILE SYSTEMS 

COORDINATED UTILITIES 

, TERMINAL SUPPORT 

- INCREASED APPLICATIONS 

ORIENTATION - REDUCE THE CUSTOMER'S (OST FOR DEVELOPING 

HIS APPLICATIONS , 



CHANGES OVER THE PAST YEAR 

l, ADDED AN ADVANCED DEVELOPMENT GROUP TO THE RESEARCH GROUP, 

2. FULL-TIME STANDARDS ACTIVITY. 

3. DEVELOPMENT METHODS GROUP . 

4. APPLICATIONS GROUP. 

5. FULL-TIME MANAGER FOR MAINTENANCE. 



· 6, PRODUCT MANAGEMENT GROUP, 

7, SOFTWARE QUALITY MANAGEMENT FUNCTION . 

8. R.A.S. PROGRAM 

• USER ENVIRONMENT TEST PROGRAMS ·. 

t DIAGNOSTIC PROGRAM GENERATION 

• ON-LINE DIAGNOSTICS UNDER MAJOR OPERATING SYSTEMS 

t ERROR LOGGING 

.. 



· 9. ACTIVE PDP-10/PDP-ll DIALOGUE ON LANGUAGE COMPATIBILITYJ 
COMMAND LANGUAGES. 

10. FOCUS ON THE DEVELOPMENT PROCESS FOR BUILDING COMPLEX 
PRODUCTS. 

f ~ I• 

11. "KEY ..flWt" HIRING PROGRAM; "HIRE ONLY THE BEST", 

12. SOFTWARE FAMILY STRATEGIES AND PLANS. 



IAS 

BASIC+ I I 

FMS-11 

DBMS-11 

TPM-11 

RSTS/FORTRAN IV 

COBOL UPGRADE 

RSTS/E V6B 

NETWORKS 

MAJOR NEW PRODUCTS 

I INTERPROCESSOR LIN K 

t TERM INAL SUPPORT 

• BETTER IBM SUPPORT VI A FE 

FRONT END 
• WORK WITH RSTS, RSX, IAS, DEC-10, DEC-20 
• VEHICLE FOR Mosr SOPH ISTI CATED COMMUNICATIONS 

SUPPORT IN BIG SYSTEMS IN FUTURE 

RT-11 UPGRADE 

AP.L 

• RSTS/E 
t RT-11 
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INDUSTRY TRENDS IN COMPUTER TECHNOLOGY 

1. Business trends: Five Year Forecast 

Computers much cheaper 

Easier to use 

Personal computers common 

Reliability dramatically better 

Software, service income 

2. Technological developments 

Microprocessors 

Memory prices 

Mass storage 

Floppy disks 

Optical technology 

3. Architecture trends 

Storage hierarchy 

Address spaces 

Multiprocessing 

4. Operating systems trend 

Why OS at all? 

Kernel approach 

Modularity 

Human interface 

5. Compiler and language trends 

Why languages survive 

Multiple level interpreters 

Compiling microcode 

Language trends 

Jim Bell 

1 December 1975 



BUSINESS TRENDS: Five Year Forecast 

Computers will be much cheaper: Equivalents of today's machines 
will cost 2/3 less 

Price; performance 

New applications; sophistication 

Substituting information for energy, for mechanics 

Computers will be easier to use 

Manufacturer supplied software will be bigger 
and have more function 

Memories will be bigger: 64K bit RAM chips, 
256K ROM, bubbles 

Languages will be ultra-high level, often 
specialized, more redundant, better 
human engineered 

Non-standard IO (graphics, speech, transducers) 
will be quite common 

Non-numeric and semi-numeric applications will 
predominate: POS, EFTS, office, factory, 
$4OB government paperwork 

Virtual, transparent facilities; even over nets 

Personal computers will be common 

Data capture, hand held, desk top, also maxis 

New distribution methods 

Portable partly because of power supply costs 

Why personals: privacy, protection, comm costs 

Not all personal: distributed data bases and pro~rams 



Software and hardware reliability will be dramatically better 

Implies ease of use-- cf. calculator failure rates 

Software and hardware redundancy 

Service free? Remote diagnosis, self diagnosis, user 
service, deferable service 

More self-testing of software 

Availability not reliability (cf. telephone system) 

Software and service income will be increasingly important 

Value added : hardware vs. software, micros, our expertise 

Functional pricing: IBM, per line compiled, transaction, 
rental/service environment 

Maximizing income via software pricing: hardware 
families, breadth of user base. Functional? 

Sales vs. service revenues as function of growth rate 



TECHNOLOGICAL DEVELOPMENTS 

Microprocessors 

Really here 

Stand-alone 

Distributed intelligence 

Many cooperating 

Memory prices 

4K 
16K 

LARAM 

CCD 

Bubbles 

Screen-door 

Last gasp theory 

Computers (i.e. software) will have more function 

Mass storage 

Ultra-large 3 or 4 yrs. off says CDC 

Cheaper, more capacity 

Archival storage 

Distributed data bases 

Floppy disks 

Real costs--peripherals next focus 

Random access--systems device 

Capacity 

Cost 



ARCHITECTURE 

Storage hierarchy 

Locality, working set, statistical 

Cache accepted 

Paging coming for minis (Prime) 

Disks/drums/tape 

Saltzer model: Strecker program 

Honeycomb memory (IBM) 

Address spaces 

Large physical--but less still cheaper 

Larger virtual 

Segmentation, paging--understood 

Mapping, protection--still tough 

Multiprocessing 

Front-ends 

Controllers 

Vector--ganged lawnmower, languages 

I boxes sharing E box (IBM) 

Multi-streaming 

Symmetric multiprocessing 

Thruput & Availability 



Optical technol ogy 

Memories 

Busi ng 

Optical readers, matrix readers 



OPERATING SYSTEMS 

Why OS at all? 

Multiplexing vs. function 

Former invisible--less future need? 

Stand-alone (Hansen) 

Kernel approach 

Large OS, small resident kernel 

Only kernel involute 

Universal kernel possible? 

Modularity 

Sharable--e.g., device drivers 

How broken up matters 

Logical versus physical, decoupling 

Human interface 

Smart terminals--line scanning, editing 

Language, graphics (prompting factor of 4) 

Unsophisticated users predominate 

Speech IO, training by doing 

Transparency--virtual memory, processors, network 



COMPILER AND LANGUAGE 

Why languages survive 

FORTRAN, COBOL--inertia 

BASIC--momenturn, many students 

PL/I--sponsorship 

APL--aggregates 

PASCAL--fits current theories 

Multiple level interpreters 

BASIC 

How many levels 

Which levels (Burroughs, SAAB/Univac) 

Compiling microcode 

PL/M (Intel) 

Optimizing (parallelism, timings) 

Language trends 

Ultra-high level, more layers on onion 

Special purpose--including systems 

Control structures are key 

Data: separate physical vs. logical structures 



GENERAL GROWTH TRENDS AND ORGANIZATION SOLUTIONS 

1, LOWER LEVEL OF INTEGRATION ~ LSI FOR COST 

.:==;> LSI FOR PERFORMANCE 

2, HIGHER LEVEL OF INTEGRATION==;> APPLICATIONS 

3, MORE (CLEAR) CHARTER SEGMENTATION (I,E, IN FACTORY/ 

MARKET/PRODUCT) > BETTER CENTRALtZED 

PLA~.ROLL-UP1 CLEAR STANDARDS1 GOALS1 AND PLAN 

TESTING/TRACKING - ? STAFF AND TOOLSJ 

4, MANUFACTURING~ FOCUSED VERSUS DEFOCUSED FACTORY? 

GB 
11 /6175 



DEC~EXTERNAL-GROUP INTERFACES 

1, TECHNOLOGY-=;> GENERALLY ORGANIZE TO "MONITOR AND BUY" 

(AD HOC NOW) 

SEMICONDUCTORS~ MORE DESIGNS OUTSIDE 

MAGNETICS :> CATCH-UP! 

NEW DEVICES=;> ? 

PROGRAMS-==? SET TO STIMULATE THIS MARKET AND SUPPLY 

PATENTS BUYOUT 

2, EXTERN/\L STANDARDS ~ ?? GROUP CENTRAL! ZED 

SAFETY (ULJ CSAJ VDE) 

EMI 

INFORMATION PROCESSING (ANSIIJ ISOJ CCITT) 

INTERFACES OF HARDWARE (NBSJ CBEMAJ GSA) 

LEGAL 

3, CUSTOMER (HOW/DOES HE USE OUR MACHINES?) 

Lt. Co ~rA..,+;~"~ - wko e..v~,"'~~s? 

GB 
1 i /6/75 

' 



TRAINING 

GENERAL BUSINESS ($) MARKET) PLANNING) SCHEDULING) RESOURCE 

ALLOCATION) 

MARKETING AND PIL AWARENEss_;,, ROTATION THROUGH PIL'S 

(ESPECIALLY IMPORTANT AS OUR BUILDERS DRIFT AWAY FROM 

BEING USERS), 

ALSO) TAKE ON P/L CONTRACTS IN CE 

TECHNICAL I 

EVENTUAL RETRAED (WITH SLOWER GROWTH) 

HARDWA RE PEOPLE LEARN MORE SOFTWARE 

NEW SKILLS FOR BOTH LOWER LEVEL INTEGRATION 

; 

HIGHER LEVEL OF INTEGRATION REQUIRES INDUSTRY ORIENTATION 
(E,G, BANKING) MANUFACTURING) 

PEOPLE::::> LESS-O RIENTATION 

MANUFACTURING SKILLS 

GB 

11/75 



GB 
11 /6/75 

ADV, DEV, 

INTRA-ENGINEERING INTERFACES 
(AND GROUP PROBLEMS) 

GETTING ACCEPTANCE OF VARIOUS PRODUCTS (TECHNOLOGY 

TRANSFER) 

ESTABLISHiNG THIS FUNCTION IN VARIOUS GROUPS, 

DEVELOPMENT 

BETTER SYSTEMS FOCUS 

HARDWARE/SOFTWARE CO-LOCATION 

H/S CONTROL EXPERIMENT (YAX) HIGHLY MATRIXED 

ARCHIT-.ECTURE CONTROL AND PLAN :=> WHERE?? 

BETTER DISKS-=> PEOPLE 

BETTER DISKS AND MEM SUB-SYSTEM :::;>NEED SYSTEM PEOPLE 

LOW END PRODUCT PLETHORA==? IN FUNCTION 

HIGH END PLAN==> 

SUPPORT 

SEE MANUFACTURING 

GB (CAN HE) (DOES HE WANT) TO "RUN" SUCH AN ORGANIZATION? 
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Asstunptions: 

Total Revenue 

THE DEVELOPMENT ORGANIZA1ION 1980 ·

FY 1 'f i )° 76 77 78 79 80 81 

� Af\.o t�1) <'Jr Cs,� ;�r<1.1) ��O(l.�) lt37(1.,) It; O'i{i�) ,,a� 

NOR "t\0(� 

By Size 

Syst > $100K 
Syst $2SK - $100K 

. Syst $ SK - $ 25K 
Prods. $1K - $ SK
Prods. <. $1K 
Services 

TOTAL 

- By Syst Family

DEC 10 
VAX 

11 UNIBUS 
Sub-UNIBUS 
PDP-8 

Components & Terminals 
(not systems) 

Other 
Services 
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What Does a Technology 
Company Look Like?
(A look at Microsoft 

and Digital aka DEC) 

Gordon Bell

Perspective from the depths of 
Microsoft Research



Three part comparison with MSFT

• Observations on high tech organization cultures 
based on my experience at Digital aka DEC, 
Microsoft, and various high tech startups

– Is it scalable? 

– Built productively on appropriate technology?



Microsoft Secrets 
Cusumano and Selby

1. Organizing and managing the company

– Find smart people who know technology & 
business
Hiring pool, interviews, turn-over…

2. Managing creative people and technical skills

– Small teams, overlapping functional specialists
3. Compete with products and standards NOT brand Bodies!

– Pioneer and orchestrate mass markets… try 
many

4. Defining products and development processes

– Focus creativity on evolution and fixing 
resources

5. Develop and ship products

– Do it in parallel, synchronize and stabilize
6. Build a learning organization

– Improve through continuous self-critiquing, 
feedback, and sharing

7. Attack the future… be or be in, the mainstream… home, games, SAAS/SAS (SW 
as Services), 
phones, pocket thingies, HPC,…social networking



Microsoft
• Product and process. Architecture for // development
• HBR Article: Architecture, interfaces, int/ext developers

– Growing, increasingly  valuable platform
• Small teams, interconnect with sync
• One development site w/ research. Large capital expenditures.
• Common language. Common development environment. 

…whole company tests (we eat our own dog food) 
• No single point of developer failure
• Managers who create technology, make technical decisions
• Quick decision making re. business etc. issues
• Feedback from users…e.g. Do you want to send this to MS?

• Learn from the past…v3 is great
• Try things, don’t give up… be prepared to fail vod, webtv, …
• An understanding and appreciation for the individual… stock
• Research!



DEC Cultural Beliefs (Ed Schein ms.)
unconscious, shared, tacit assumptions 

1. “Rational & Active Problem Solving” 
2. Giving People Freedom Will Make Them Responsible 
3. Responsibility means Being on Top of One’s Job, and 

owning one’s own Problems. (He who plans, does.)
4. “Truth through Conflict” and “Buy-In” 
5. Internal Competition and “Let the Market Decide” 
6. Management by Passion, but Work should be Fun and 

Enjoyable. Benign Manipulation or Controlled Chaos 
7. Perpetual Learning
8. Loyalty and Life Time Employment
9. Moral  commitment to customers



Digital according to Schein

• Individualism

• Truth through conflict

• Personal responsibility

• Engineering arrogance

• Market competition…let it decide

• Paternalistic commitment to people

• Organizational idealism

• Moral commitment to customers



Digital-gb 1 
• Great responsibility, freedom, and trust in the individual.  

– “Do the right thing.”  Open door-email. 
Scalability is a problem.

– Paternalistic organization.  
• “He who proposes, does.”  Very little was top-down

– Product managers are part of the product 
(conflict at low level)

– Small, responsible teams. Make their own 
schedules.

– CDC: Cray left, machines obsolete, ETA had no 
legacy, Price (CE0) thought top decides, bottom 
executes

• Conflict is good. Came from starting from M.I.T.  Data decides
• OK to have competing and overlapping technology/projects/products, 

but know when to cut them! When DEC started down, it had almost 10 
platforms



Digital gb-2
• Focus on Customer.  Let them decide the strategy.
• Profit is essential …all products were measured
• “Either make the standard or follow it, if you fail to 

make the standard you get to do it twice.”  IBM PC 
versus 3

• “Make what you can sell, not what you can buy.”
Therefore: sell everything you make.” semi

• Wilkes: “Stay in the mainstream”… SOS, ECL
• Beware of complex structures.  Buyer-seller 

relationships versus matrix



DEC: Schein View of What’s Learned
“1. Don’t judge a company by its public face. 

2. A culture of innovation does not scale up; “functional familiarity” and “truth through debate” are lost 
with size; “do the right thing” becomes dysfunctional; managerial sense of responsibility changes 
with age and maturity; buy-in becomes superficial agreement. 

3. If a culture of innovation only works at a certain small size, the organization must either find a way to 
break away small units that continue to innovate or abandon innovation as a strategic priority. 

4. A culture that breeds success and growth over a considerable time becomes stable and embedded 
even if it contains dysfunctional elements; changing the culture means changing key people who 
are the culture carriers

5. Cultures are sometimes stronger than organizations 

6. A successful technical vision will eventually create its own competition and, therefore, changes in 
technology and in the market conditions; dominant designs will emerge and commoditization will 
occur. 

7. Successful growth based on a technical vision will hide business problems and inefficiencies until 
an economic crisis reveals them or until the business gene is switched on; recognition of those 
problems will not necessarily produce remedial action.

8. If a growing business lacks the business gene, the Board must act to introduce that gene.

9. If you try to do everything, you may end up not doing anything very well.

10. How the market evolves may not reflect either the best technology or the most obvious logic.

11. A technical vision that is right for its time can blind you to technical evolution

12. The value of “listening to your customers” depends upon which customers you choose to listen to.

13. The type of Governance System an organization uses must evolve as the organization matures 

14. The events and forces act in unison”



A Puzzling Question
What would cause one of the industrial stars 
of the 20th century, and one of the first truly 
digital economy companies, at the very zenith 
of its success, to begin a precipitous decline that 
would eventually result in its demise?

Courtesy Pete DeLisi



Why did Digital fail (GB)
• The top 3-5 execs didn’t understand computing

– Moore’s Law, Standards and their effect

– Platforms and their support

– Levels of integration, make-buy, and ISVs

– Competitor metrics: it simply got “out of control”

• Destroyed its marketing organization, requiring a 
complex matrixed organization, but lacking ISVs

• Didn’t exploit: printing (e.g. HP), networking (e.g. 
Cisco), the Web, and UNIX

• Did: ECL mainframe, non-compatible PC, too many 
platforms, semi-fabs without partnerships



Bell Mason diagnostic of DEC digital 
equipment corporation 11/90



1986-1988

GO 
HEAD-TO-HEAD

WITH IBM

DEC successful, 
others not

Marketplace shifts -

Industry maturity, UNIXNo growth
Failure to anticipate
Failure to create new 
growth markets

1. Politics
2. No focus
3. No vision

No way to cut cost
1. No layoffs
2. Inefficiencies

3. Lack of Prof mgmt.
Poor leadership

1. Fail to act/decide
2. Fail to direct
3. Loss of power

Centralization
of power
Hubris

P/Ls go away
Gordon Bell leaves

Culture
1. Vastly inefficient
2. Overlap & redundancy
3. Truth through conflict
4. Family belief
5. Marketplace decides

Ken’s Mgt. model
Incompetent Board
No Prof. Mgrs
No succession plan.

Weak governance

Palmer hired

Layoffs

The End

Strategy
1. Not valued

2. Lack of knowledge

Courtesy Pete DeLisi



Digital’s Trials by Technology…
With time, high tech becomes a commodity.

“DEC found guilty of violating Moore’s Law …” –gbell
1. Designing and building first transistor circuits.1957-1965

2. Transition to integrated circuits & modulo 8 bits 1965-1975

3. Design with VLSI; manufacturing VLSI 1975-2002

4. Design of “clusters” as the ultimate computer 1983- ????

5. Quadruple whammy c1983 – “killer” micros, UNIX: 
PC, Workstations, CMOS AND UNIX , as “standards”
Anyone can manufacturer computers in their dorm!
“You mean to say, our new ECL mainframe is not 
equal to our latest CMOS chip?” –Ken Olsen c1990

6. Fail to exploit: networks, WWW, printers, clusters…



Paul Kampas’ View of the Computer Industry 
and DEC Failure



Copyrighted material 
 

 
Due to copyright considerations, pages161-167 of this PDF are not 
available online.  
 
These pages contain graphics and charts by Paul Kampas analyzing 
DEC’s decline. 
 
For questions about access to this material, please contact the Computer 
History Museum: http://www.computerhistory.org/collections/requests/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.computerhistory.org/collections/requests/


The End
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The Technology Balance Sheet

Technology Advisory Board

Team, Product Architect,
Engineering Culture

Chief Technical Officer 
(Eng. VP)

Manufacturing Specs. 
(i.e. How to 
Produce Product)

Eng. Specs: 
User view (e.g., data sheets, 

manuals) and Features, Functions, 
Benefit (FFB)

Eng. view (e.g., product structure, 
how to design)

Plan with:
Schedule of 
Milestones &
Resources

Technology 
Future  --
Financeability

$s 
(Cash / Budget)

Quality Design
Methods/Processes

External (industry), 
internal, & other standards

Operational Management
(ability to fulfil plans-
specs, resources, schedule)

Indigenous (i.e., skills,tools,
& technical know how)
& exogenous technology
base (e.g., patents)





Gordon’s Personal View of
The  Early Days of Digital…

DECWorld, 16 June 2001
Gordon Bell

gbell@microsoft.com
http://www.research.microsoft.com/~gbell



Whirlwind c1953 … 1st generation, 
16-bit word; 4 KB memory; 8 K drum

Whirlwind begot TX-O/TX-2 begot DEC PDP-1 
Real time, first compiler, ECAD, text editor



SAGE (Semi-Automatic Ground 
Environment) Operator Console



MIT 
Speech 
group 
with 
TX-0, 
c1959.



DEC PDP-1 c1961 



DEC PDP-1 
c1961
Being tested
Building ?



PDP-1 Production Line c 1962



Livermore Labs machine: they bought one 
of everything in our virtual catalog



PDP-4



Wes Clark & LINC c1962: Personal 
computers for bio-medical research



PDP-5 c1964: PDP-8 predecessor

Process control, real time experiments. Fortran 
ran in 4 K, 12 bit words



PDP- 5:
as 
pulse
height
analyzer



PDP-8 Modules



PDP-8: 
first mini

First OEM 
computer.  
OS/8 (from 
timesharing) 
begot RT-11 
begot CPM



PDP-8 and Linc Family Tree



Timesharing: giving everyone their 
own, low cost, personal computer



PDP-6 with GB at the console



PDP-6 team



Gordon’s Packaging Folly: 
double sided connectors for PDP-6



PDP-6/10/ DECsystem 10/20
family tree



Minis and timesharing 
contributions
• Editors, calculators, interactive debuggers, 

interpreters, including mail and chat from 
timesharing

• Minis established embedded computers, 
importance of  I/O to interconnect anything

• SpaceWar demonstrated interactive 
graphics and settled lots of later law suits

• OEM Distribution and marketing model… 
Harlan Anderson, after Tecumseh

• SCO’s all-in-one module and computer 
handbooks…



Equating 
yourself 
to the average
“user/buyer”
is risky . . .  unless you’re an 
average user like me. G. Bell



Why didn’t Digital lead 
personal computers?

That’s another story…



There is no reason anyone 
would want a computer in their 
home.

Ken Olsen
President, 
Chairman 

and founder 
of Digital, 

1977
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DEC'S PRODUCT STRATEGY 

PROVIDE A SET eF HOflt06ENEOUS DISTRIBUTED CO"PUTING SYSTE" PRODUCTS 
SO A USER CAN INTERFACE1 STORE INFORMATION AND CO"PUTE1 WITHOUT 
RE·PR06RA,..ING OR EXTRA WORK FOR THE FOLLOWING COfllPUTER SYSTE" 
SIZES AND STYLES: 

t AS A SINGLE USER1 PERSONAL CO"PUTER WITHIN A 
TER"INAL1 AND EVOLVING TO PC CLUSTERS AND PC NETWORKS; 

• AT A S"ALL1 LOCAL SHARED1 DEPARTMENTAL CO"PUTER SYSTEM1 
AND 

• VIA A CLUSTER OF LARGE CENTRAL CO"PUTERS 
I 

• VITH INTERFACING TO OTHER SYSTEMS FOR REAL TIME PROCESSING; 
AND 

• ALL INTERCONNECTED VIA ETHERNET AND WIDE AREA NETWORKS 
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DfFJNJTlOtJS _ _,;~-;:::. _____ .:: __ 

+--------------+ +---------------+ 
! ! ! ! 

SINGLE I ! CLUSTER ! 
SYSTEM ---> ! OF SYSTEMS 

! 
+---------!-----+ +---------------+ 

+--------------+ +-----!---------+ ! I I 

! ! i i . . 
! LOCAL AREA <--- ! WIDE AREA ! 
! NETWORK NETWORK 
! 
+---------------+ +---------------+ 

CLUSTER: 

LAN: 

WAN: 

• AGGREGATE OF HOMOGENEOUS SYSTEMS ( EXAMPLES : VMS CLUSTER 

TOP.S20 CLUSTER , P/OS CLUSTER ). 

• HIGH SPEED INTERCONNECT- HIGH CONNECTIVITY- SYSTEMS WITHIN 

MACHINE ROOM OR OFFICE AREA. 

• EXTENSION OF LOW-LEVEL 'OS SERVICES' ACROSS SYSTEMS VIA 

SCA-BASED PROTOCOLS. IN PARTICULAR A COMMON FILE SYSTEM-

• AGGREGATE OF HETEROGENEOUS SYSTEMS< EXAMPLES : CT-VAX LAN, 

CT-20 LAN ). 

• HIGH SPEED INTERCONNECT. HIGH CONNECTIVITY- SYSTEMS WITHIN 

OFFICE AREA OR BUILDING. 

• HIGH-LEVEL DNA-BASED SERVICES ( I-E-, SERVERS ) VIA 

APPLICATION LEVEL PROTOCOLS-

• INTERCONNECTED HETEROGENEOUS SYSTEMS AND HETEROGENEOUS 

NETWORKS-
• LOWER SPEED INTERCONNECT. LOWER CONNECTIVITY- WIDE 

GEOGRAPHICAL DISPERSION. 

• COMMUNICATION SERVICES BETWEEN AUTONOMOUS SYSTEMS VIA 

DNA AND WITH OTHER NETWORKS VIA X-25/SNA/ETC- GATEWAYS-



PROBLEM STATEMENT 

1- NO ONE OWNS THE PROBLEM OF INTEROPERABILITY OF 

CT 1 s J VAX 1 s AND 20 1 s- SPECIFICALLY: 

1 ucT - VAX# LOCAL AREA NETWORK 

1 #VAX WORKSTATION - VAXu LOCAL AREA NETWORK 

• •cT - 20• LOCAL AREA NETWORK 

2- LACK OF PRODUCT ORIENTED THINKING IN THE LOCAL 

AREA NETWORK SPACE-

THERE IS MORE TO LOCAL AREA NETWORKS THAN THE 

NI AND DECNET-IV. 

3. CLUSTER PRODUCTS< E-G-J VMS J TOPS20 J P/OS ) -

RESPONSIBILTY OF INDIVIDUAL OPERATING SYSTEM GROUPS-

WAN PRODUCTS< E.G.J DECNET J GATEWAYS) -

RESPONSIBILITY OF THE DISTRIBUTED SYSTEMS GROUP-

LAN PRODUCTS< E-G-J P/OS-VMS J WS-VMS ) -

NO ONE HAS PRODUCT OWNERSHIP· 



PROPOSED SOLUTION 

1- ORGANIZATIONAL RECOMMENDATION 

• CREATE A #LAN PRODUCTS GROUPu WITH PRODUCT 

OWNERSHIP & PRODUCT MARKETING RESPONSIBILITY 

FOR DISTRIBUTED SYSTEMS AND LOCAL AREA NETWORK 

PRODUCTS. 

1 lHIS GROUP SHOULD BE PART OF THE DISTRBUTED 

SYSTEMS ORGANIZATION UNDER BERNIE LACROUTE-

• THIS GROUP WILL INCLUDE SOME PEOPLE CURRENTLY 

IN THE WORKSTATION ADVANCED DEVELOPMENl GROUP 

<AL LOPEZ> AND THE DISTRIBUTED COMPUTING GROUP 

<FRED ENGEL> BOTH UNDER RON CRISS-

• THE PEOPLE CURRENTLY WORKING ON THE WORKSTATION 

TERMINAL SOFTWAREJ SYSTEMS DISPLAY ARCHITECTUREJ 

AND HUMAN FACTORS SHOULD BECOME PART OF BILL 

KEATING'S TERMINAL SW GROUP-

2- INITIAL ORIENTATION OF GROUP SHOULD BE TOWARDS SHORT

TERM PRODUCTS. WE HAVE THE COMPONENTS BUT NO LOCAL AREA 
NETWORK PRODUCT. 



3. INITIAL PRODUCT FOCUS OF TH1S GROUP (IN PRIORITY ORDER) 

t CT-VAX LAN 

1 WS-VAX LAN 

4. FUNCTIONALITY FOCUS WITHIN ABOVE PRODUCT SPACES-

HIGH PRIDRITY 

1 PRINT SERVER 

1 SECURITY (AUTHENTICATION/AUTHORIZATION/ACCESS CONTROL) 

1 SYSTEM MANAGEMENT IN DISTRIBUTED ENVIRONMENT 

LOWER PRIORITY 

1 NAMING 

1 FILE SERVER 

• MESSAGE TRANSPORT 

• REMOTE PROCEDURE CALL 



OPElJ l SSUES 

1- NO AGREEMENT ON A COMDN SESSIO~ LAYER 

l NTERFACE TO SCA AND DNA ( ACROSS ALL 

SYSTEMS AND INTERCONNECTS). 

2 • NO PLANS FOR VMS AHD TOPS20 CLUSTERS 

TO SHARE CI AND HSCs-

3- THE "LOCAL AREA TERMINAL <LAT)., PROTOCOL 

PROVIDES A CHEAP AND EFFECTIVE ~EANS OF 

CONNECTING TERMINALS TO HOSTS. 

NO CLEAR PRODUCT PLANS FOR THE PLUTO JR. 

BASED LAT CONCENTRATOR-

4- FORSEE SIGNIFICANT OVERLAP AMONG CT-16 1 

CT-32 AND VAX WORKSTATION IN FY84-85 

TIMEFRAME. 

PRODUCT COMPATIBILITY AND ORGANIZATIONAL 

CHARTER ISSUES NOT BEING ADDRESSED-
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A PROFESSION BASED SYSTEM 

(FOR LARGE ORGANIZATIONS) 

IS A:HIERARCHY OF COMPUTERS (INCLUDING PERSONALS?) 

PROVIDES BENEFIT fil2il. THROUGH GENERIC CAPABILITIES FOR TEXT, FILING 

AND COMMUNICATIONS 

REQUIRES ATTENTION TO HUMAN ENGINEERING, AND COST OF CAPABILITY 

(INCLUDING OWNERSHIP) 

GB1.S3.49 
1 
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OFFICE OF FUTURE (OOF) 

USE OF EQUIPMENT WHICH ALLOW A DRASTIC RESTRUCTURING OF OFFICE WORK, 

AMONG A DIFFERENT COMPOSITE WORK FORCE. 

PARAPHRASING THE APRIL 80 COOPERS AND LYBRAND NEWSLETTER: "A 

SECRETARY USES THE EQUIPMENT, IT'S OA; AND IF WE ALL USE IT, IT'S 

OOF". 

GB1.S3.49 
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OFFICE AUTOMATION - OA - EVOLUTIONARY USE OF WORD PROCESSING AND 

ELECTRONIC MAIL EQUIPMENT TO IMPROVE OFFICE PRODUCTIVITY, WHERE: 

1. WORD PROCESSING EQUIPMENT, EVOLVING TO USER TYPESETTING 

REPLACES, TYPEWRITERS, SNOPAKE, AND COPIERS. 

2. ELECTRONIC MAIL REPLACES COPIERS AND POST PEOPLE, FAX, 

TWX/TELEX AND INTRA-ORGANIZATION ELECTRONIC TORN TAPE 

MESSAGE SWITCHES. 

3. COMMON CARRIER PACKETNETS EVOLVE FOR INTER-ORGANIZATIONAL 

MESSAGE AND DATA SWITCHING. 

4. ELECTRONIC FILING REPLACES PAPER FILES. 

5. DIRECT SOURCE FORMS ENTRY AND TRANSMISSION REPLACES MODERN 

KEYPUNCH. 

6. LOCALIZED LIST PROCESSING FOR REPORTS REPLACES CENTRAL, 

DATA PROCESSING. 

GB1.S3.49 
2 



FUNCTIONAL LEVELS OF A PBS ROOT (HARDWARE, OS, LANGUAGES, NETWORKING 

AND DATA BASES) 

GENERIC MODULES FOR COMMUNICATIONS WITHIN AN ORGANIZATION 

TEXT AND GRAPHICS PROCESSING AND "USER TYPESETTING" 

FILING CABINETS FOR TEXT, MESSAGES, FORMS, ETC. 

ELECTRONIC MAIL AND COMPUTER CONFERENCING 

OFFICE PROCEDURES AND FORMS PROCESSING 

INTERFACE TO NON-COMPUTER COMMUNICATIONS (FAX, OCR, INTERFACE 

TO OTHER ORGANIZATIONS, TWX, TYPESETTERS, TELEPHONE) 

GENERAL PROFESSIONAL DISCIPLINE MODULES (E.G. ENG.) 

DEPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. ELEC. ENG.) 

COMPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. RF CKT. DESIGN) 

GB1.S3.49 
6 



DISTRIBJTED COMPUTING 

ENV I qotJ~1 ENT ...-vlOO 
-----.-.-. -----~-. -. -. ------r-.-. -. ------,-,.,!'rnB~I T·s/ SEC 

CENTRAL 

SITE (s) 

LOCAL 

GR01JPS 

(?JI STR IBUTED) 

PE~SONAL 

MIDI SIZE 

10/2()/vMS 

MEMORY 

MANAGEMEtH 
OMMUNICATIO 
SYBSYSTEM 

TN 

TI f;HTL Y COi l PLED CLUSTERS 

HIGH SPIEED 
LINKS 

---------,--------.-------;--;;;;l"-'IO 
G"'1BITSISEC) 

MINI SIZE 

VMS 

TERMINAL 

SIZE 

1JSER 

REAL TIME 

COMMERCIAL 

11 

MINC 

11 

~EAL TIME+ 

USER 

TIMESHARE 

11 

FACTORY 

PROCESS 

(LS I-11) 

REAL TIME 

TIMESHARE 

lJ/20 

COl"lMUtL LINKS 

(<f;4 ;(BI TS) 

COMMERC I ALJ 

WORD PROC I J 

ETC, 

USER 

TN .= TERMINAL NETv/OR 1(--CONNECTS S lf1PLE TERM I NALSJ GATEWAY TO OTHER NETWORKS J 

MOST PER I PHERALSJ AN1:) PERSOtlAL Cot1PUTERS J AND PROCESS COMPUTERS 
\ 



LARGE. CENTRALLY OPERATED FACILITIES PROVIDE; 

LARGE, SHARED DATA BASES AT LOWEST COST/BYTE (THROUGH ECONOMY 

OF SCALE OF LARGE DISKS) 

ARCHIVAL OF PERSONAL FILES 

PROGRAMS FOR SPECIAL NON-COMPUTER OWNER COMMUNITIES 

VERY HIGH PERFORMANCE PROCESSING 

• COMMUNICATIONS AMONG THE ENTIRE COMMUNITY AND 

GATEWAYS TO INTERNETS AND PACKETNETS 

COMMUNICATIONS ORIENTED SERVICES (E.G. MAIL, TELECONFERENCING)? 

SPECIAL FACILITIES SUCH AS TYPESETTING 

GB1.S3.49 
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GROUP CENTERED COMPUTERS PROVIDE: 

RELATIVELY COST-EFFECTIVE FILE STORAGE FOR ITS COMMUNITY 

FACILITIES BEST MATCHED TO COMMUNITY 

RELATIVELY HIGH PERFORMANCE PROCESSING 

COST-EFFECTIVENESS THROUGH GROUP SUPPORTED PROGRAMS 

GB1.S3.49 
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PERSONAL COMPUTERS PROVIDE: 

PERSONAL DATA BASES AND SECURITY 

FAST RESPONSE TO RELATIVELY COMPLEX REQUESTS (E.G. EDITING) 

PROGRAM ENVIRONMENT FOR ENTERING AND GETTING INTO PRODUCTION 

GB1.S3.49 
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USER VIEW GOALS 

LIVE AND WORK ON THE MACHINE 

CONSISTENCY AND COMPATIBILITY ACROSS KEYBOARDS, SYNTAX/SEMANTICS, 

FILES, COMMUNICATIONS ••• PERMITTING TRUE DP HOMOGENETS AND 

HETEROGENETS 

"CAMERA INSTRUCTION BOOK-LIKE" MANUALS PERSONALIZABLE WITHOUT 

PROGRAMMING CONTEXT DEPENDENT EDITING FOR TEST, TYPESETTING, 

MAIL, FILE CABINET, PICTURES FORMS, TABLES, ETC. 

GB1.S3.49 
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IMPLEMENTATION DESIGN GOALS 

NO ASSEMBLY LANGUAGE PROGRAMMING 

CONSISTENCY AND COMPATIBILITY FOR FORMING DP HOMOGENETS AND 

HETEROGENETS 

ALL PROGRAMS DRIVEN FROM: FILES, TERMINALS, TEXT, ANY OTHER 

PROGRAM USING VARIOUS PROGRAM MODELS (TP, PIPES, SINGLE PROCESS, 

AND NETWORK) 

BUILT IN FOREIGN LANGUAGES 

TYPED DATA FOR FILES, FORMS AND PROGRAMS 

COST OF CAPABILITY UNDERSTANDING 

GB1.S3.49 
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PERSONAL OR SHARED? 

GIVEN: ECONOMY OF SCALE, EXCEPT DISKS AND SWITCHING 

DISAPPEARING. ALL MEMBERS OF HIERARCHY ARE 

NEEDED. 

STRATEGY: MOVE FROM GENERAL TO SPECIFIC AND PERSONAL 

PROBLEMS: DISTRIBUTING AND SHARING PROGRAMS, 

PROGRAMMING AND DATA. USING. 

GB1.S3.49 
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PBS <1985) GENERIC CAPABILITIES: 

WPS: FULL PAGE, VOICE INPUT, GRAPHICS, PROFESSION 

DEPENDENT. ARCHIVES ANY PART AND ALL 

DOCUMENTS. 

USER-TYPESETTING: YES 

FILE CABINET: RETRIEVE BY MULTIPLE KEYWORD. SEARCH FOR 

CONTENT. 

MAIL SYSTEMS: VOICE. COMPUTER CONFERENCING WITH PERSONAL 

VIDEO CONFERENCING IN SIGHT. 

COMMUNICATIONS: INTERNETS, PACKETNETS, AND NON-COMPUTER NETS 

(E.G. PHONE, FAX, TWX, OCR FOR OLD 

DOCUMENTS). 

OFFICE PROCEDURES: NUMEROUS 

GB1.S3.49 
16 
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2 

.. 

PHYSICAL STRUCTURE PARAMETERS 

.. 

e COST CPURCHASABILITY, "AINT., ETC-i, PERFOR"ANCE, 
RELIABILITY 

o SECURITY, ATTITUDES ABOUT SHARING 

o AESTHETICS/APPEARANCE 

o ENVIRON"ENTAL ADAPTABILITY 

(1). UNOBSTRUSIVE 
• .... 
•• (2).•DO"INATES & BECOMES <CREATES> 

THE ENVIR. CEG. WORK SPACE, NOISE, LIGHTING, 
- FILING, DOCUMENTS, PHONE . 

. • . 

• COMUNICATION WITH: OTHER~, ,OTHER WPS, DP, •••. 

ii 

• ~-

• 

GBl-Sll-14 
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PRIME OA 5/80 

TEXT CREATION & EDITING 

FILING & RETRIEVAL 

BOILERPLATE LIB. 

LIST PROC. 

ADV. FEATURES: 
PROOFING, HYPHENATE, TRANSLATE 

ftGMJ COMM. & SUPPORT 
I ..,_ 

• EMAi L 
CREATE NOTES & MEMOS 

""- DIST. 
ANNOTATE 
ACK. & SECURITY CODES 

CORREsp. MGMT 
FILE, RETRIEVE, ARCHIVE 
FILE CODES & REPORTS 

11GMT SUPPORT 

.. 

INTRAY, CALENDAR, SCHEDULING, TICKLER FILE, TELEPHONE 
LOG 

MGMT INFO. 
QUERIES, REPORTS, MODELLING, APPL. 

. . 
f 

3 
• 

\ 

GBl-S4-lq 
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., 

COMPATIBILITY 

EDITING SYNTAX 

.VPS, EMS, FORftS TEXT, COMMANDS, USER TYPESET 

FILES 

.PERSONAL & SHARED WPS 

.Efls 

.INTERFACE TO DATA IN SYSTEft V/0 CONVERSION (I.E. 
PROGRAftS) 

• 

• coeMUNICATIONS 
.,. 

.DECNET ETC. VIA SYSTEM CALLS· 
"-

PERFORMANCE/USE UNDERSTANDING 

" 

1 

, 

• 

\ 
\ 
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, 

1981 GOALS 
GENERIC LEVEL TEXT/COMUNICATIONS PRODUCT INTRODUCTION 

e PLAN1 SPECIFY, DESIGN AND UNDERSTAND (J.E. KASTER) THIS.· 
LEVEL FOR NEXT 5 YEARS --,. ADDRESS PR..oDVC:'l·nr IT'/ 
· ( coc;T -ro uc;, f:) -· 

• DECNET COMMUNICATIONS WITH VIRTUAL TERMINALS AND COMMON 
PROTOCOLS ~-Jl A S TFt~Dftf2..D 5 YSTE"t1, S 

• HIGH QUALITY1 COMPATIBLE WPS BASE 
-r 

• STABILIZE THE 2XX MULTI-USER SYSTEM? 
• 

• BUILD.A FIRM BASE FOR 278 AND ENHANCE IT 

.,, 
. ""'- • BUILD A MULTI-USER BASE ON WPS COMPATIBLE EDT FOR 

RSTS AND VMS 

~ ,. 
0 B~ILD A SINGLE USER 11 SYSTEM ON SAME EDITOR 

• LIST PROCESSING, SORT AND MATH • 

• GRAPHICS <PROTO) 

,· DICTIONARY AND SPELLING <PROTO) 

( "'1PS FI LIIJ ~ 
( WPS C.OMK. 

# 

• 



USER TYPESETTING BiEADBOARD 

• USER.FORKS CREATION AND EDITING CVS LISTS?) 

• FILING 

.• PUT DOCUMENT HOLDER FOR 278 ON ll/M1 RSTS AND VMS 

• MIL 

• BASE FOR FORMS HOLDER 

• RELATIONAL 

• • QUERY BY FORMS <PROTO) USING CATS AND FORKS EDITOR 

• 
• VOICE MESSAGE STORAGE <PROTO> . ,., . 

"" • ELECTRONIC KAIL CEKS' COMPATIBLE WITH WPS) - TEST AT DEC 

• VKS CAND POSSIBLY RSTS> 

• VOICE READ KAIL (PROTO) 

. ' , 
• FORKS SIGNATURE ROUTING AND APPROVAL (PROTO) 

; 

• OFFICE PROCEDURES <PROTO> 

• TltKLER1 SCHEDULING1 PHONE KANAGEKENT 

, 

\ 
\ 

6B1.S4.13 
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A PROFESSION BASED SYSTEM 

(FOR LARGE ORGANIZATIONS) 

IS A HIERARCHY OF COMPUTERS <INCLUDING PERSONALS?) 

·· PROVIDES BENEFIT till~ THROUGH GENERIC CAPABILITIES FOR TEXTJ FILING 

AND COMMUNICATIONS 

- REQUIRES ATTENTION TO HUMAN ENGINEERINGJ AND COST OF CAPABILITY 

(INCLUDING OWNERSHIP) 

GB1-S3-49 
1 



OFFICE AUTOMATION - DA - EVOLUTIONARY USE OF WORD PROCESSING AND 

ELECTRONIC MAIL EQUIPMENT TO IMPROVE OFFICE PRODUCTIVITY, WHERE: 

1- WORD PROCESSING EQUIPMENT, EVOLVING TO USER TYPESETTING 
REPLACES, TYPEWRITERS, SNOPAKE, AND COPIERS-

2- ELECTRONIC MAIL REPLACES COPIERS AND POST PEOPLE, FAX, 

TWX/TELEX AND INTRA-ORGANIZATION ELECTRONIC TORN TAPE 

MESSAGE SWITCHES-

3- COMMON CARRIER PACKETNETS EVOLVE FOR INTER-ORGANIZATIONAL 

MESSAGE AND DATA SWITCHING-

4- ELECTRONIC FILING REPLACES PAPER FILES-

5- DIRECT SOURCE FORMS ENTRY AND TRANSMISSION REPLACES MODERN 

KEYPUNCH-

6- LOCALIZED LIST PROCESSING FOR REPORTS REPLACES CENTRAL, 

DATA PROCESSING-

GB1-S3-49 
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DISTRIBUTED PROCESSING MATCHES COMPUTER SYSTEMS TO NEEDS ON A 

GEOGRAPHICAL OR ORGANIZATIONAL BASISJ AND INTERCONNECTS INDIVIDUAL 

COMPUTER SYSTEMS INTO A SINGLE NETWORK-

THE OBJECTIVES OF DISTRIBUTED PROCESSING ARE: 

1- TO ALLOW EFFECTIVE MATCHING OF RESOURCES TO NEEDS-

2- TO ALLOW BOTH LOCAL AUTONOMY AND CENTRAL CONTROL OF THE 

VARIOUS DISTRIBUTED PARTS-

3. TO PROVIDE AN EVOLVINGJ OPEN ENDED SYSTEM SO THAT THE 

DEVELOPMENT OF DISTRIBUTED PARTS CAN PROCEED AT THEIR OWN 

PACE IN A QUASI INDEPENDENT FASHION-

4- TO ALLOW PURCHASE AND INSTALLATION OF COMPUTER IN THE MOST 

TIMELYJ COST-EFFECTIVE WAYJ TAKING ADVANTAGE OF REDUCED 

(WITH TIME) HARDWARE COSTS-

5. TO BUILD ON AND COMMUNICATE WITH EXISTINGJ MORE CENTRAL 
SYSTEMSJ FULLY DISPERSED SYSTEMSJ AND EMERGING PERSONAL 

COMPUTERS-

6- TO PROVIDE COMPUTINGJ CONTROL AND STORAGE OF INFORMATION 
NEAREST THE NEED-

GB1-S3-49 
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DISTRIBUTED PROCESSING IS THE MATCHING OF COMPUTER RESOURCES TO NEEDS

ON A GEOGRAPHICAL OR ORGANIZATIONAL BASIS - AND THE INTERCONNECTION OF 

THESE RESOURCES TO FORM A SINGLE, COST-EFFECTIVE SYSTEM-

THE OBJECTIVES OF THIS STRATEGY FOR BUYING AND USING COMPUTERS ARE TO 
REDUCE DATA PROCESSING COSTS, INCREASE PRODUCTIVITY AND IMPROVE 

ORGANIZATIONAL EFFICIENCY-

GB1-S3-49 
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TACTICALLYJ DISTRIBUTED PROCESSING MAKES IT POSSIBLE TO: 

- CONTROL COSTS BY MATCHING COMPUTER PROCUREMENT TO ACTUAL 

NEEDS-

. DECOUPLE OR CENTRALIZE SYSTEM DEVELOPMENT-

- CENTRALIZE OR DECENTRALIZE ADMINISTRATIVE CONTROLS-

- MATCH PROCESSING CAPABILITIES, CONTROL AND STORAGE OF 
INFORMATION ON THE MOST COST-EFFECTIVE BASIS-

- COMMUNICATION WITH THE EXISTING CENTRALIZED SYSTEMSJ WITH 
FULLY DISPERSED SYSTEMSJ AND WITH COMPUTER WORK-STATIONS 

AND PERSONAL COMPUTERS AS THEY EMERGE AT EVERY LEVEL OF 
THE ORGANIZATION-

. MANAGE OPEN-ENDED GROWTH-

GB1-S3-49 
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FUNCTIONAL LEVELS OF A PBS ROOT CHARDWAREJ OSJ LANGUAGESJ NETWORKING 

AND DATA BASES) 

GENERIC MODULES FOR COMMUNICATIONS WITHIN AN ORGANIZATION 

TEXT AND GRAPHICS PROCESSING AND "USER TYPESETTINGµ 
FILING CABINETS FOR TEXTJ MESSAGESJ FORMSJ ETC. 
ELECTRONIC MAIL AND COMPUTER CONFERENCING 
OFFICE PROCEDURES AND FORMS PROCESSING 

INTERFACE TO NON-COMPUTER COMMUNICATIONS CFAXJ OCR., INTERFACE 

TO OTHER ORGANIZATIONSJ TWXJ TYPESETTERSJ TELEPHONE) 

GENERAL PROFESSIONAL DISCIPLINE MODULES (E.G. ENG.) 

DEPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. ELEC- ENG.) 

COMPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. RF CKT- DESIGN) 

GB1-S3-49 
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OFFICE OF FUTURE (OOF) 

USE OF EQUIPMENT WHICH ALLOW A DRASTlC RESTRUCTURING OF OFFICE WORKJ 

AMONG A DIFFERENT COMPOSITE WORK FORCE. 

PARAPHRASING THE APRIL 80 COOPERS AND LYBRAND NEWSLETTER: "A 

SECRETARY USES THE EQUIPMENTJ IT'S DA; AND IF WE ALL USE ITJ IT'S 

OOF". 

GB1-S3-49 
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LARGE, CENTRALLY OPERATED FACILITIES PROVIDE: 

LARGE, SHARED DATA BASES AT LOWEST COST/BYTE (THROUGH ECONOMY 

OF SCALE OF LARGE DISKS) 

ARCHIVAL OF PERSONAL FILES 

PROGRAMS FOR SPECIAL NON-COMPUTER OWNER COMMUNITIES 

VERY HIGH PERFORMANCE PROCESSING 

COMMUNICATIONS AMONG THE ENTIRE COMMUNITY AND 

GATEWAYS TO INTERNETS AND PACKETNETS 

COMMUNICATIONS ORIENTED SERVICES (E.G. MAIL, TELECONFERENCING)? 

SPECIAL FACILITIES SUCH AS TYPESETTING 

GB1-S3-49 
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GROUP CENTERED COMPUTERS PROVIDE: 

RELATIVELY COST-EFFECTIVE FILE STORAGE FOR ITS COMMUNITY 

FACILITIES BEST MATCHED TO COMMUNITY 

RELATIVELY HIGH PERFORMANCE PROCESSING 

COST-EFFECTIVENESS THROUGH GROUP SUPPORTED PROGRAMS 

GB1-S3-49 
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PERSONAL COMPUTERS PROVIDE: 

PERSONAL DATA BASES AND SECURITY 

FAST RESPONSE TO RELATIVELY COMPLEX REQUESTS CE-G- EDITING) 

PROGRAM ENVIRONMENT FOR ENTERING AND GETTING INTO PRODUCTION 

GB1-S3-49 
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PHYSICAL SYSTEM 

CLOSETABLE OR IN A DESK IF QUIET ENOUGH 

Pc+ MP ( 1 MBYTE) + Ms ( 100 MBYTE; FIXED) .. -NOTE 1 FILE CABINET= 32 

MBYTES 

2 - 4 X T-CRT(l PAGE B/WJ OR COLOR) 

WITH ABILITY TO REMOTE AT REDUCED BANDWIDTH 

T( LETTER QUALITY AND SCREEN PRINTER ) 

T( TELEPHONE DIALERJ PHONE ANSWERERJ VOICE OUTPUT) 

L( SYSTEMS OF THE SAME TYPE) FOR: 

COMMUNICATIONJ EXECUTING OTHER PROGRAMSJ TELE- AND 

COMPUTER-CONFERENCINGJ ETC-

L( CENTRAL SYSTEM ) FOR: 

· FILINGJ PRINTINGJ TYPESETTINGJ AND SLIDE MAKING 
· DISTRIBUTION OF DOCUMENTS TO PEOPLE NOT ON SYSTEM 
· ACCEPTANCE OF DOCUMENTS FROM PEOPLE NOT ON SYSTEM 
· EMS'SJ AND OTHER SYSTEMS 

T( VIDEO AND VOICE I/0 ) - LARGE SCREEN FOR TELECONFERENCING ) 

GB1-S3-49 
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STRUCTURE OF PROFESSION MODULES AND USE DEPENDENCIES 

USE IS A FUNCTION OF THE PRODUCT OF: 

PROFESSIONAL DISCIPLINE/PROJECT DISCIPLINE 
ORGANIZATION (BUYER, SELLER, KNOWLEDGE SELLER, CONTROLLER/GOV'T) 

PERSON'S ROLE: 

MKT--, MFG-- TECH- GATEKEEPER, IDEA GENERATOR/CREATIVE 
SCIENTIST, ENTREPENEUR, COACH/SPONSOR, PROBLEM SOLVER 

( ... NOTE VARYING DEGREE OF COMMUNICATION, ANALYSIS, NEED TO 

ACCESS AND PRESENT DATA IN EACH ROLE 

POSITION IN ORGANIZATION HIERARCHY 

TIME OF FISCAL YEAR AND OTHER PROCESSES (E.G. PLANNING) 

TIME OF TRANSACTION (PROCESS STATE) 

E.G. PROJECT (PROPOSAL, DESIGN, ANNOUNCEMENT, DEATH) ETC-

GB1-S3-49 
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USER VIEW GOALS 

LIVE AND WORK ON THE MACHINE 

CONSISTENCY AND COMPATIBILITY ACROSS KEYBOARDS, SYNTAX/SEMANTICS, 
FILES, COMMUNICATIONS-~-PERMITTING TRUE DP HOMOGENETS AND 
HETEROGENETS 

"CAMERA INSTRUCTION BOOK-LIKE" MANUALS PERSONALIZABLE WITHOUT 

PROGRAMMING CONTEXT DEPENDENT EDITING FOR TEST, TYPESETTING, 

MAIL, FILE CABINET, PICTURES FORMS, TABLES, ETC-

GB1-S3-49 
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IMPLEMENTATION DESIGN GOALS 

NO ASSEMBLY LANGUAGE PROGRAMMING 

CONSISTENCY AND COMPATIBILITY FOR FORMING DP HOMOGENETS AND 
HETEROGENETS 

ALL PROGRAMS DRIVEN FROM: FILES, TERMINALS, TEXT, ANY OTHER 

PROGRAM USING VARIOUS PROGRAM MODELS CTP, PIPES, SINGLE PROCESS, 
AND NETWORK) 

BUILT IN FOREIGN LANGUAGES 

TYPED DATA FOR FILES, FORMS AND PROGRAMS 

COST OF CAPABILITY UNDERSTANDING 

GB1-S3-49 
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PERSONAL OR SHARED? 

GIVEN: ECONOMY OF SCALE, EXCEPT DISKS AND SWITCHING 

DISAPPEARING. ALL MEMBERS OF HIERARCHY ARE 

NEEDED. 

STRATEGY: MOVE FROM GENERAL TO SPECIFIC AND PERSONAL 

PROBLEMS: DISTRIBUTING AND SHARING PROGRAMS, 
PROGRAMMING AND DATA. USING. 

GB1-S3.49 
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PBS (1985) GENERIC CAPABILITIES: 

WPS: FULL PAGE) VOICE INPUT) GRAPHICS) PROFESSION 

DEPENDENT- ARCHIVES ANY PART AND ALL 
DOCUMENTS. 

USER-TYPESETTING: YES 

FILE CABINET: RETRIEVE BY MULTIPLE KEYWORD- SEARCH FOR 

CONTENT-

MAIL SYSTEMS: VOICE- COMPUTER CONFERENCING WITH PERSONAL 
VIDEO CONFERENCING IN SIGHT. 

COMMUNICATIONS: INTERNETSJ PACKETNETSJ AND NON-COMPUTER NETS 

(E.G. PHONE1 FAX, TWX1 OCR FOR OLD 
DOCUMENTS). 

OFFICE PROCEDURES: NUMEROUS 

GB1.S3.49 
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A PROFESSION BASED SYSTEM 

(FOR LARGE ORGANIZATIONS) 

IS A HIERARCHY OF COMPUTERS (INCLUDING PERSONALS?) 

.. PROV I-DES BENEFIT NOW THROUGH GENERIC CAPABILITIES FOR TEXT., FI LI NG 
AND COMMUNICATIONS 

REQUIRES ATTENTION TO HUMAN ENGINEERING., AND COST OF CAPABILITY 
(INCLUDING OWNERSHIP) 

GB1-S3-49 
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OFFICE AUTOMATION - OA - EVOLUTIONARY USE OF WORD PROCESSING AND 
ELECTRONIC MAIL EQUIPMENT TO IMPROVE OFFICE PRODUCTIVITY1 WHERE: 

1- WORD PROCESSING EQUIPMENT1 EVOLVING TO USER TYPESETTING 
REPLACES1 TYPEWRITERS1 SNOPAKE1 AND COPIERS-

2- ELECTRONIC MAIL REPLACES COPIERS AND POST PEOPLE1 FAX1 
T~X/TELEX AND INTRA-ORGANIZATION ELECTRONIC TORN TAPE 

MESSAGE SWITCHES. 

3- COMMON CARRIER PACKETNETS EVOLVE FOR INTER-ORGANIZATIONAL 

MESSAGE AND DATA SWITCHING. 

4- ELECTRONIC FILING REPLACES PAPER FILES. 

5. DIRECT SOURCE FORMS ENTRY AND TRANSMISSION REPLACES MODERN 

KEYPUNCH-

6- LOCALIZED LIST PROCESSING FOR REPORTS REPLACES CENTRAL1 
DATA PROCESSING-

GBl-S3-49 
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DISTRIBUTED PROCESSING MATCHES COMPUTER SYSTEMS TO NEEDS ON A 

GEOGRAPHICAL OR ORGANIZATIONAL BASIS, AND INTERCONNECTS INDIVIDUAL 

COMPUTER SYSTEMS INTO A SINGLE NETWORK-

THE OBJECTIVES OF DISTRIBUTED PROCESSING ARE: 

I. TO ALLOW EFFECTIVE MATCHING OF RESOURCES TO NEEDS-

2- TO ALLOW BOTH LOCAL AUTONOMY AND CENTRAL CONTROL OF THE 
VARIOUS DISTRIBUTED PARTS-

3. TO PROVIDE AN EVOLVING, OPEN ENDED SYSTEM SO THAT THE 
DEVELOPMENT OF DISTRIBUTED PARTS CAN PROCEED AT THEIR OWN 

PACE IN A QUASI INDEPENDENT FASHION. 

4- TO ALLOW PURCHASE AND INSTALLATION OF COMPUTER IN THE MOST 
TIMELY, COST-EFFECTIVE WAY, TAKING ADVANTAGE OF REDUCED 
(WITH TIME) HARDWARE COSTS. 

5. TO BUILD ON AND COMMUNICATE WITH EXISTING, MORE CENTRAL 
SYSTEMS, FULLY DISPERSED SYSTEMS, AND EMERGING PERSONAL 
COMPUTERS-

6- TO PROVIDE COMPUTING, CONTROL AND STORAGE OF INFORMATION 
NEAREST THE NEED. 

GB1-S3-49 
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DISTRIBUTED PROCESSING IS THE MATCHING OF COMPUTER RESOURCES TO NEEDS

ON A GEOGRAPHICAL OR ORGANIZATIONAL BASIS - AND THE INTERCONNECTION OF 
THESE RESOURCES TO FORM A SINGLE, COST-EFFECTIVE SYSTEM. 

THE OBJECTIVES OF THIS STRATEGY FOR BUYING AND USING COMPUTERS ARE TO 
REDUCE DATA PROCESSING COSTS, INCREASE PRODUCTIVITY AND IMPROVE 

ORGANIZAT.IONAL EFFICIENCY-

GB1-S3.49 
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TACTICALLY, DISTRIBUTED PROCESSING MAKES IT POSSIBLE JO: 

. CONTROL COSTS BY MATCHING COMPUTER PROCUREMENT TO ACTUAL 

NEEDS . 

. DECOUPLE OR CENTRALIZE SYSTEM DEVELOPMENT-

. CE~TRALIZE OR DECENTRALIZE ADMINISTRATIVE CONTROLS~ 

. MATCH PROCESSING CAPABILITIES, CONTROL AND STORAGE OF 
INFORMATION ON THE MOST COST-EFFECTIVE BASIS . 

. COMMUNICATION WITH THE EXISTING CENTRALIZED SYSTEMS, WITH 
FULLY DISPERSED SYSTEMS, AND WITH COMPUTER WORK-STATIONS 
AND PERSONAL COMPUTERS AS THEY EMERGE AT EVERY LEVEL OF 
THE ORGANIZATION . 

• MANAGE OPEN-ENDED GROWTH-

GB1-S3.49 
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FUNCTIONAL LEVELS OF A PBS ROOT (HARDWARE, OS, LANGUAGES, NETWORKING 

AND DATA BASES) 

GENERIC MODULES FOR COMMUNICATIONS WITHIN AN ORGANIZATION 
TEXT AND GRAPHICS PROCESSING AND "USER TYPESETTING" 
FILING CABINETS FOR TEXT; MESSAGES, FORMS, ETC. 
ELECT.RON IC MA IL AND COMPUTER CONFERENCING 
OFFICE PROCEDURES AND FORMS PROCESSING 

INTERFACE TO NON-COMPUTER COMMUNICATIONS (FAX, OCR, INTERFACE 
TO OTHER ORGANIZATIONS, TWX, TYPESETTERS, TELEPHONE) 

GENERAL PROFESSIONAL DISCIPLINE MODULES CE-G- ENG.) 

DEPARTMENTAL PROFESSIONAL DISCIPLINE CE.G- ELEC- ENG-> 

COMPARTMENTAL PROFESSIONAL DISCIPLINE CE-G- RF CKT- DESIGN) 

GBl-S3.49 
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OFFICE OF FUTURE <OOF) 

USE OF EQUIPMENT WHICH ALLOW A DRASTIC RESTRUCTURING OF OFFICE WORK, 

AMONG A DIFFERENT COMPOSITE WORK FORCE. 

PARAPHRASING THE APRIL 80 COOPERS AND LYBRAND NEWSLETTER: "A 
SECRETAR~ USES THE EQUIPMENT, IT'S OA; AND IF WE ALL USE IT, IT'S 
OOF"-

GB1-S3-49 
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LARGE, CENTRALLY OPERATED FACILITIES PROVIDE: 

LARGE~ SHARED DATA BASES AT LOWEST COST/BYTE (THROUGH ECONOMY 

OF SCALE OF LARGE DISKS) 

ARCHIVAL ·OF PERSONAL FILES 

PROGRAMS FOR SPECIAL NON-COMPUTER OWNER COMMUNITIES 

VERY HIGH PERFORMANCE PROCESSING 

COMMUNICATIONS AMONG THE ENTIRE COMMUNITY AND 

GATEWAYS TO INTERNETS AND PACKETNETS 

COMMUNICATIONS ORIENTED SERVICES (E.G. MAIL~ TELECONFERENCING)? 

SPECIAL FACILITIES SUCH AS TYPESETTING 

GB1-S3.49 
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GROUP CENTERED COMPUTERS PROVIDE: 

RELATIVELY COST-EFFECTIVE FILE STORAGE FOR ITS COMMUNITY 

FACILITIES BEST MATCHED TO COMMUNITY 

RELATIVELY HIGH PERFORMANCE PROCESSING 

COST-EFFECTIVENESS THROUGH GROUP SUPPORTEQ PROGRAMS 

GBl.S3.49 
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PERSONAL COMPUTERS PROVIDE: 

PERSONAL DATA BASES AND SECURITY 

FAST RESPONSE TO RELATIVELY COMPLEX REQUESTS <E-G- EDITING) 

PROGRAM ENVIRONMENT FOR ENTERING AND GETTING INTO PRODUCTION 

GB1-S3-49 
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PHYSICAL SYSTEM 

CL0SETABLE OR IN A DESK IF QUIET ENOUGH 

Pc+ MP ( 1 MsvrE) + Ms ( 100 MsvrE; FIXED) ... NOTE 1 FILE CABINET= 32 

MBYTES 

2 - 4 X l-CRT(l PAGE B/WJ OR COLOR) 

WITH ABILITY TO REMOTE AT REDUCED BANDWIDTH 

TC LETTER QUALITY AND SCREEN PRINTER ) 

T( TELEPHONE DIALER} PHONE ANSWERER} VOICE OUTPUT) 

LC SYSTEMS OF THE SAME TYPE) FOR: 

COMMUNICATION} EXECUTING OTHER PROGRAMS} TELE- AND 

COMPUTER-CONFERENCING} ETC-

LC CENTRAL SYSTEM ) FOR: 

• FILING} PRINTING} TYPESETTING} AND SLIDE MAKING 

• DISTRIBUTION OF DOCUMENTS TO PEOPLE NOT ON SYSTEM 
• ACCEPTANCE OF DOCUMENTS FROM PEOPLE NOT ON SYSTEM 
• EMS'SJ AND OTHER SYSTEMS 

TC VIDEO AND VOICE 1/0 ) - LARGE SCREEN FOR TELECONFERENCING ) 

GB1-S3-49 
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STRUCTURE OF PROFESSION MODULES AND USE DEPENDENCIES 

USE IS A FUNCTION OF THE PRODUCT OF: 

PROFESSIONAL DISCIPLINE/PROJECT DISCIPLINE 
ORGANIZATION (BUYER, SELLER, KNOWLEDGE SELLER, CONTROLLER/GOV'T) 

PERSON'S ROLE: 

MKT--, MFG-- TECH- GATEKEEPER, IDEA GENERATOR/CREATIVE 
SCIENTIST, ENTREPENEUR, COACH/SPONSOR, PROBLEM SOLVER 

( ... NOTE VARYING DEGREE OF COMMUNICATION, ANALYSIS, NEED TO 

ACCESS AND PRESENT DATA IN EACH ROLE 

POSITION IN ORGANIZATION HIERARCHY 

TIME OF FISCAL YEAR AND OTHER PROCESSES (E.G. PLANNING) 

TIME OF TRANSACTION (PROCESS STATE) 

E.G. PROJECT (PROPOSAL, DESIGN, ANNOUNCEMENT, DEATH) ETC-

GB1-S3.49 
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USER VIEW GOALS 

LIVE AND WORK ON THE MACHINE 

CONSISTENCY AND COMPATIBILITY ACROSS KEYBOARDS} SYNTAX/SEMANTICS, 
FILES, COMMUNICATIONS ... PERMITTING TRUE DP HOMOGENETS AND 
HETEROGENETS 

"CAMERA INSTRUCTION BOOK-LIKE" MANUALS PERSONALIZABLE WITHOUT 
PROGRAMMING CONTEXT DEPENDENT EDITING FOR TEST, TYPESETTING} 

MAILJ FILE CABINET} PICTURES FORMS} TABLES, ETC. 

GBl.$3.49 
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IMPLEMENTATION DESIGN GOALS 

NO ASSEMBLY LANGUAGE PROGRAMMING 

CONSISTENCY AND COMPATIBILITY FOR FORMING DP HOMOGENETS AND 
HETEROGENETS 

ALL PROGRAMS DRIVEN FROM: FILES, TERMINALS, TEXT, ANY OTHER 
PROGRAM USING VARIOUS PROGRAM MODELS (TP, PIPES, SINGLE PROCESS, 
AND NETWORK) 

BUILT IN FOREIGN LANGUAGES 

TYPED DATA FOR FILES, FORMS AND PROGRAMS 

COST OF CAPABILITY UNDERSTANDING 

GB1.S3.49 
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PERSONAL OR SHARED? 

GIVEN: ECONOMY OF SCALEJ EXCEPT DISKS AND SWITCHING 
DISAPPEARING- ALL MEMBERS OF HIERARCHY ARE 

NEEDED.· 

. STRATEGY: MOVE FROM GENERAL TO SPECIFIC AND PERSONAL 

PROBLEMS: DISTRIBUTING AND SHARING PROGRAMSJ 
PROGRAMMING AND DATA- USING. 

GBl.S3.49 
15 



PBS (1985) GENERIC CAPABILITIES: 

WPS: FULL PAGE, VOICE INPUT, GRAPHICS, PROFESSION 
DEPENDENT. ARCHIVES ANY PART AND ALL 
DOCUMENTS-

USER-TYPESETTING: YES 

FILE CABINET: RETRIEVE BY MULTIPLE KEYWORD- SEARCH FOR 

CONTENT-

MAIL SYSTEMS: VOICE. COMPUTER CONFERENC-ING WITH PERSONAL 
VIDEO CONFERENCING IN SIGHT. 

COMMUNICATIONS: INTERNETS, PACKETNETS, AND NON-COMPUTER NETS 
(E.G. PHONE, FAX, TWX, OCR FOR OLD 
DOCUMENTS). 

OFFICE PROCEDURES: NUMEROUS 

GB1-S3.49 
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CENTRAL PROCESSORS 

DIGITAL'S 

"CORPORATE JEWELS" 



MESS,~GE 

DEC CPU (SYSTEM) STRATEGY IS HEAVILY FOCUSED ON THE PDP-11 

THE STRATEGY EXPANDS THE PRESENT BASE UPWARD AND DOWNWARD 

OVER TIME, 

THE CPU STRATEGY Is DRIVEN BY: 

MEMORY TECHNOLOGY 

SEMICONDUCTOR TECHNOLOTY 

THE CPU STRATEGY GENERALLY ENCOMPASSES: 

HARDWARE INSTRUCTION SET 

ELECTRICAL & PHYSICAL Bus STRUCTURES 

MECHANICAL PACKAGING STRUCTURES, 

IMPLEMENTATION 

SYSTEM ARCHITECTURE 
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SYSTEM· SALE'S. VALUE vs TIME 
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FUTURE CPU PRODUCT STRATEGY 

V 11' MAJOR ARCH.EXT, ro 11, Sci. FIRST FY78 

C 11\ 2ND IMPLEMENTATION USING NEW TECHNOLOGY FY79 

C 70 COMMERCIAL ENHANCEMENT TO 11/70 FY78 
P 11 PHYSICAL MEMORY ADDRESS ExT, FY79 

BEYOND 256K BYTES FOR 60 AND 34 

F 11* NEW NMOS 11 CHIP SET THAT IMPLEMENTS FY79 
MosT 11/34 & 11/60 FUNCTIONS Ar VERY 

Lm'I CosT. 

T 11* 
. /A;01A 'a T"'A,,.( /J"'f,, ) 

SINGLE CHIP 11 USING M+CROPROC[3~0~ • FY79 

VT73 PDP-8 SYSTEM IN VT52 FY78 

DK/KRYPTON PACKAGING ARCHITECTURE FOR SMALL 11 SYSTEM FY78 

*CHIP LEVEL, A NUMBER OF BOARD AND BOX LEVEL VERSIONS CAN BE EXPECTED, 
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CosT OF SYSTEM vs TIME VALID ONLY IF CosT PERFORMANCE Is 

COMPETITIVE! 

CPU - HARDWARE SYSTEM METRICS 

EXECUTION SPEED 

Bus SPEED (1/0) 

INSTRUCTION SET (CISJ FPP) 
PACKAGING (SIZE ~EIGHT) 

RAf'-1P 

MEMORY SIZE 

DISK SIZE 

-~ 
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PDPll CENTRAL PROCESSOR FAMILY EVOLUTION 

PRICE 

160 -, 

4,0 i 
i 
1 
! ; 
I . 
I 

i 
! 
1 

10 -

-------------- ·---- ---. 

F·1 ~ 'i -J JL 

···---~ ·- ----------------------------

FY'/0 
_,,,-· 

FY'/ 2 ~ 7 :s 
_, 

/ 

FY'/6 
/ 

. , ·- ---·-··-·-··---------·-· >--
Pi::,~ FORM/\NCE 

i 



TECHNICAL DRIVE: 

COMES FROM SEMICONDUCTORS, 

GOAL: CONTAIN TECHNICAL CHANGE AT LOWEST ARCHITECTURE 

YIELDING Goon CosT PERFORMANCE AT USER LEVEL, 

ROLE OF ARCHITECTURE IS CRUCIAL: 

CHIPS 

BOARDS (BACKPLANE Bus) 

CABLES (LONG BUSES) 

PROTOCOLS 

IF: TECHNICAL CHANGE RATE SLOW AND 

ARCHITECTURE REMAINS FIXED 

THEN: PRODUCT Is RESULT OF CUMULATIVE HISTORIC INVESTMENT, 

I,E,) FORTRAN VS MEMORY MATRIX, 

EXAMPLES: 

UNIBUS 

11 INSTRUCTION SET 

MAGIC BACKPLANE 

Pll 

Vlll INSTRUCTION ARCHITECTURE 

Fll CHIP ARCHITECTURE 

Low END PACKAGE 

OLD 

NEW 

JO 
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PACKAGED CENTRAL PROCESSORS 
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BASIC COMPONENTS 

) Mf\Rl<ET 

PULL 

TECHNOLOGY 
PUSH 
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GENERAL STRATEGIES 

- MORE INTERNAL COMPLEXITY YIELDS EXTERNALLY SIMPLER PRODUCTS, 

- TRACK MEMORY SIZE (PRICE) CHANGE, 

- ADD SEMI TECHNOLOGY TO CPU'S, 

- HOLD ARCHITECTURE BOUNDARIES TO MINIMIZE AMOUNT OF SYSTEM 
TO CHANGE, 

- RETAIN ADAPTABILITY TO TRACK EVOLVING TECHNOLOGY WITH 
MINIMIZING PAIN, 



BASIC CPU AND SYSTEM STRATEGIES 

VAX (Vlll., Clll) 
EXPAND 11 ARCHITECTURE UPWARD 

11 FAMILY CMID RANGE) 

COMMERCIAL Focus 

PHYSICAL ADDRESS EXTENSION 

RAMP 

COST PERFORMANCE 

LOW END 
NEW HIGH PERFORMANCE CHIP SET 

NEW TINY CHIP 

PACKAGING ARCHITECTURE 

UPWARD SOFTWARE MIGRATION 

PDP-8 

Fll 
Tll 
DK KRYPTON 

CLEVER., AGGRESSIVE., Focus ON EXISTING BASE 

KEEP 11 HONEST 

USE OTHERS' DEVELOPMENTS 

DEC 20 
SOFTWARE ENHANCEMENT 

MANUFACTURING (OST REDUCTION 

BACKUP TO VAX 

~.1 w\\\ DoMI NATE VJ\X IN 8 YEARS 



TECHN I C,~L TACTICS 

NMOS LOW END 

MOS MEMORY ALL 

CUSTOM LSI MID RANGE 11 

GATE ARRAY ClllJ LATER MID 11 

COMMERCIAL INST ALL 

CMOS (EXTERNAL) 8 

FIBER OPTICS 11 MID RANGE 



ARCHITECTURE TACTICS 

Cl\CHE 

COMMERCIAL INSTRUCTION 

BIG PHYSICl\L MEJllY.. 

MULTIPROCESSORS I 

ALL PRonucTs ExcEPT Low 

ALL EXCEPT 8 
~ ll 

~(11/70 ARCHTIECTURE) 

HIGH 11 FIRST 

j 
I 

\ 
--- pc., A-~ ( ~ 

~ ~ 
/~- l,-t j)(., fr"(; ( r2. T 

t 
,· L~ 

IL 



PACKAGING TACTICS 

UNIFIED LOW END VTlOO AND KRYPTON 
PACKAGED ARCHITECTURE (TERMINAL PROCESSOR) 

MAGIC BACKPLANES MID-11, LSl-11 

CORPORATE CABINET MID-11, VAX 

STANDARDS COMPLIANCE WORLD WIDE, ALL PRODUCTS 

17 



KEY RISKS 

GENERAL: 

- (OST PERFORMANCE REMAINS COMPETITIVE ACROSS RANGE OF 

MAJOR VALUE (LEADING SELECTIVELY), 

- ARCHITECTURES EVOLVE RAPIDLY ENOUGH TO TRACK TECHNOLOGY, 

BUT NOT SO FAST AS TO LOSE CUMULATIVE SOFTWARE INVESTMENT, 

- FAIL TO MANAGE 20-Vlll-ll FAMILY OVERLAP, 

SPECIFIC TACTICAL RISKS 

- WE STUMBLE WITH VAX 

SCHEDULE, ARCHITECTURE, COST OF LATER SYSTEMS, 

- WE ARE LATE WITH COMMERCIAL ENHANCEMENTS TO LARGER 11 

FAMILY SYSTEMS, 

- F-11 IS TOO HARD TO PRODUCE, 

- WE FAIL TO MEET OUR SEMICONDUCTOR GOALS ON NMOS (Tll) OR 

GATE ARRAY DESIGN (2ND VAX), 

- BUBBLES COME VERY FAST (LESS THAN 24 MONTHS), 

- MAJOR MULTI CPU ARCHITECTURE BEYOND NETWORKS, 
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MESSA.GE 

DEC CPU (SYSTEM) STRATEGY IS HEAVILY FOCUSED ON THE PDP-11 

THE STRATEGY EXPANDS THE PRESENT BASE UPWARD AND DOWNWARD 

OVER TIME, 

THE CPU STRATEGY Is DRIVEN Bv: 

MEMORY TECHNOLOGY 

SEMICONDUCTOR TECHNOLOTY 

THE CPU STRATEGY GENERALLY ENCOMPASSES: 

HARDWARE INSTRUCTION SET 

ELECTRICAL & PHYSICAL Bus STRUCTURES 

MECHANICAL PACKAGING STRUCTURES, 

IMPLEMENTATION 

SYSTEM ARCHITECTURE 
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GROSCH'S LAW COULD HOLD 

ASSUME: 

PERFORMANCE= MEMORY-DATA-RATE X MEMORY-SIZE 
MEMORY-SIZE~4K/25 X PRICE (IN $) 

MEMORY-DATA-RATE:;:: 2M/25 X PRICE (IN$) 

PERFORMANCE= (8 X 109/625) X PRICE2 

LAW HOLDS IF PROCESSING IS ADDED FOR EACH 4K CHIP ... TO FULLY OCCUPY 

ACCESSES. 

LAW HOLDS IF COST OF PROCESSOR = 0 OR ~ MEMORY SIZE. 

I. BY LARGE PROCESSOR 

2. BY FULLY INTERCONNECTED~ DISTRIBUTED PROCESSOR 

3. TOTALLY SEPARATED MACHINES 

ALSO NOTE A STRAIGHT LINE IS A REASONABLE APPROXIMATION TO A SQUARE 
LAW OVER AN ORDER-OF-MAGNITUDE RANGE. 

G•BELL~ 2/20/79 
SLI DES/47 
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Computer 
Price($) 

100,000 

10,000 

1000 

.04 .05 .06 .08 .1 

$.64/acces/sec. 

\ 

0 

I 

t = 0 yrs. 

CDC 160 
[60] 

perf = 4 = 1.414 ; 

cost= const 

perf = constant; 
cost= 1/4 = 

1/1.414 

.2 .4 

$.16/access/sec. 

\ 
t = 7 yrs. 

Four year interval 

PDP8 [65] 

o'\ 

$.01 /access/sec. 

/ 
t = 11 yrs. 

8/1 [68] 
0 
~ 
O 8/L [68] 

~ 8/E [70] $.0025/access/sec. 

o I 
i 8/M [71]/ t = 15 yrs. 
0 

.6 .8 1.0 

Performance in processor accesses (x106)/second 

Figure 3 Minicomputer price vs. performance for various technologies. 
Lines of constant cost/performance ($/access/sec.) are 
plotted for each four year's ( factor of 4 = 1.414) assuming 
improvement of 41 % per year. 



t. 
ARITHMETIC 
INSTRUCTIONS 
TO Pn 

A USE SAME 
ISP AS Pc 
IN Pn 

d BRANCHING AND LOOP 
CONTROL INSTRUCTIONS IN 
Kn~ Pn 

GB 
1/12/76 

·= ' 

.4 MP(LOCAL) 

0 
MP 

X., Y PT, 
PLOT IN KID Is 

Kn 

Pc KDISPLA 

4 VECTOR IN K, D 

~ CHAR IN 

K.n 

/J LIST OF 
DISPLAY PICTURES 

TAKEN FROM MP VIA 
DMA BY Kn 

0 

Pc 
DRIVES 
Kn ON 
INST-BY
INST 
BASIS 

Kn PERF IS MAX, Pc 
MAY BE BUSY POLLING 
(UNLESS A BLOCK 
TRANSFER IS USED), 

Pc Kn 



TECHNOLOGY + 

ROM 

BIPOLAR ) 

TECHNOLOGY IMPLICATIONS 

TECHNIQUE 
U\ND NEEgl 

IMPLICATION 

MICROPROGRAMMING ---~> LESS COST 

(LESS AD HOC SEQUENTIAL 
CIRCUITS) >COMPLEXITY IN ISP (E,G, 

[i ~ 
DO LOOPSJ FLT, PT, 

DESIGN COST HIG; 
HIGH RELIABILIT~ >COMPLEXITY IN K's (I.E. 

K,x'==- MP-Pc-K) 

MORE REGISTERS 
(GR CONCEPT) 
U'ERFORMANC~ 

___ _,.) GR ISP 

MEMORY MAPPING ----) MEMORY MANAGEMENT 
(REGISTER SCHEMES) 
(MuL TI PROGRAMM I NGI 

MEMORY HIERARCHY~--~~ EXPLICIT MP 
{.PERFORMANCE) cosfl 

CACHE 

~ICROPROGRAMMING 
l..? J PERFORMANC(l 

USER MICROPROGRAMMING 

MOS RAM ----- ECC RELIABILITY 

(OVERTAKE CORE) 
[SERVICE COS~-4 
A VA I LAB I LI T'!J 

)MSI ARRAYS---~, REGULAR ARRAYS------,,__~, MACRO LOGIC 
[LOWER cosij 

y MULTI-Pc's (SWITCHING) 

LSI Pc-ON-A-CHIP----- MULTI-Pc 

[PERFORMANCE) REDUNDANT e's 
AVAILABILITYJ 

PERFORMANCE) LOWER cosf} C,MODULES 

BLOCK-ORIENTED---) MEMORY HIERARCHY--- VIRTUAL MEMORY 

MEMORY 

GB 
1/12/75 

[HIGH ~RICE TO MANAGE 
MEMORYJ 



TECHNOLOGY 

SEMI TECHNIQUE IMPLICATIONS 

RANDOM LOG I c=coNST, cosT ---+ LOG I c DES I GN --.... • LESS, PROGRAM, 1 s "1 N" 
(SEQ, cur) 

ROMS .M. PROG MORE DATA-TYPES, FCNS, 
INCR, K, COMPLEX 

RAM ..-MPROG VARIABLE AP 

> ;. CACHE_,,. P 

CACHE PERF, 

rEG LOGIC~ 
SWITCH+ >PERF ,J PERF /$ I 
MPC RELIABILITY 

INCR COMPLEXITY/$ ~ PROCESSORS VS SMART K 
RANDOM LOGIC~ 

rSMART T 

e's SWITCHING 7 NETS + COUPLED 

LARGE MEMS-------~) ~DDRESSING) --~) HLL + OP SYS, 
(IMPLICIT ADDRESS-- l STORE-AND-FWD s's 
NOT EXPLICIT) 

BORAM CACHE ------,')VM'S 

GEN, LOWER COSTS~(---~) PRODUCTION--~~ NETS, ~ANY MACHINES) "'- __,,. 
DISKS----------;, ADDRESSIDBM---,) 

$,T,SMART, T,DUMB 1 ---~=~====:'~DISTRIBUTED 
> t 

PAPER COST 

GB 
2/7/75 

T DESIGN ----> MAGNETIC MEDIA 
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ANCESTRY 

0 MINICOMPUlER ANCESTRY BEGAN WITH EDSAC, 

0 AEROSPACE COMPUTERS CLAIMED ANTECEDANTS, 

0 MINICOMPUTERS (FOR MINIMAL COMPUTERS) ARE A STATE OF 

MIND; THE CURRENT LOGIC TECHNOLOGY, THE CHARACTERISTICS 

FOUND IN LARGER COMPUTERS) COMBilffD INTO A PACKAGE V{IJICH 

HAS THE COST, 

0 .Au-10s t THE SOLE GOAL Is TO MA KE THE COST LOY/, 

FAVORED SOFTWARE, 

GB 
1/19/J6 

G. Bell, Minicomputer Architecture and Design 
IEEE Conference, Spring 1971 



PASIC PROBLEr£ IN DEFINING (CHARACTERIZING) 

t.11N1) COMPUTERS 

TECHNOLOGY CHANGES RAPIDLY--HENCE, PRICE AND SIZE FOR 

CONSTANT FUNCTION DECREASES RAPIDLY, 

LIFETIME CAGES) VARY AMONG COMPARISONS 

THE CONFIGURATIONS VARY WITH APPLICATION--MAKING $ FOR 

SYSTEM A POOR MEASURE, 

MINI ANCESTRY INCLUDES: CONTROL, COMPUTATION, AND 

DATA PROCESSING, 

WIDE IMPLEMENTATION RANGE ~ AND PERFORMANCE) 

LEVELS-OF-INTEGRATION, MARKUPS AND MARKETING VARY 

GB 
l /26/76 
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EVOLUTION OF IO CO~TROL IN COMPUTERS 

CONTROL, K EVOLUTION 

K,SIMPLE 

K (1 INSTRUCTION WITH 

INTERRUPTS) 

K ( > 1 INSTRUCTION) 

K-P,,,,-MP ( LOCAL) 
I ., 1 

C10 

GB 
1/12/76 

COMPUTER CONTROL & PROCESSING 
FUNCTION 

Pc (WITH EMBEDDED K) 

Pc (INTERRUPTS & IO PROGRAM) 

Pc10 (1 INSTRUCTION AT 

INTERRUPT) 

Pc+ NP10 (CHANNELS) 

MPCIO 

Pc+ P.sPECIAL (E,G, P. DISPLAY) 

C10 (SEPARATE COMPUTER WITH 

MP (LOCAL) FOR IO CONTROL) 
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- R:. R.A-110 0F t. slow /t.fo..st. 
{~o Mc.) = 12. ~ ~ 
--t .\f.qc.he) = o... + m 12. 
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PMS-STRUCTURE DIMENSION 

(FROM BELL & NEWELL) 

INTRA-Pc PARALLELISM 
(Pc IMPLEMENTATION) 

PB 250) 

INTER-PC PARALLELISM 
(PMS ARCHITECTURE) 

r--:-"sINGLE Pc ,SERIAL-BY-BIT (E,G, 

,SERIAL-BY-CHARACTER (E,G, 1401 ll+lD ,WITH INTERRUPTS 

,PARALLEL-BY-WORD 
(CONVENTIONAL) 

8080) 

,PARALLEL-BY-WORD WITH MP 
CONCURRENCE 

,MICROPROGRAMMING 
(SEPARATED, FAST 
INSTRUCTION (AND SOME 
DATA M) AND SLOW DATA M) 

,FAST, EXPLICIT MP (11/45) 
,INSTRUCTION BUFFERING 

,CACHE--FAST, IMPLICIT MP 
FOR INSTRUCTION AND DATA 
BUFFERING 

,WITH PROCESS 
CONTEXT SWAPPING 

,SINGLE Pc, SEPARATED MP's 

,OVERLAP 

,SEPARATE INST, & DATA 

,REPLICATED PROCESSORS (WITH 
VOTING) 

, MPC + NPIO 
(MULTIPROCESSORS) 

,MPC + NPIO + P,SPECIAL 
,PARALLEL-BY-"SET" OF WORDS----) ALGORITHM 

,VECTOR (PIPELINE) ,MC=CM (COMPUTER MODULES) 

,ARRAYS AND SETS 
~ COMPUTER NETWORKS 

GB 
l/12/76 

Nl+lD 

f\_ #INSTRUCTION/I AND DATAID STREAMS 



SEMICONDUCTOR TECHNOLOGY 

bits/die= 2t(t-1962) 

Bipolar read-write lags by two years 

Bipolar read-only lags by one year 

MOS read-write 

MOS read-only leads by one year 

Production volumes lags by 1-2 year 

Technology # Bits Availability 

Bipolar read-write 1 6 1969-1970 
64 1971-1972 

l , 024 1975-1976 

MOS Read-Write 16,384 1977-1978 

Bipolar read-only 256 1971-1972 
1 , 0 2 4 1974-1975 
2,048 1975-1976 

OTHER TECHNOLOGY 
Disks (40) 
Cores (30) 
Terminals (25) 
Magnetic tape performance (29) 
Packaging and power (-3) 

GB 
9/75 
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Dynamic range 
X range size 

36-bit 
(opt) 

18-bit 
(opt) 

(OTHER) 

36-bit 
(low) 

16/32-bit 
(hi-perf.) 

16-bit 
(opt) 

I 6-bit 
(min) 

16-bit 
(l"!'lin) 

12-bit (opt) 

12-bit 
(min) 

12-bit 
(min) 

8-bit 
(8008) 
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LA~GE - s1vrJ\LL COMPARISON 

Cir::a i Mp.size/ MIPS l I P/C 
~-- ~: 6 7 Cost :·7L Mp Size $ bits/$ r-HPS X i.·,:r.J !REAL (MIPS) l(:SIIPS/I·1$) -·--·----

n 

I ::..o 4 (1) 12 (1) 5xl04 (l) 5 Jvl06(,, (1) 10 3 (1) ..., n 
1) ., ... ). .J.. ) .5 \) 

I ! ' 3xl0 6 (10) l 650 '.) l 3 X :_ I) o ( 3 0 0 ) ! 60 ( 5) 8xlo 6 (160) I 2 2/3 ( 5 0) 3xlo6 (3000) 1 1 ! I 
I I ! j 

l--- - - -1· - - - - -1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -i - - -
CJ_r.::a I ! I 1)73 . I I I I 

10 3 (1) 4xlQ 3w (1) 
I ' (1) (1) p .,. ... _.--1 I 16 64 . 3 100 .,.J .,.i,... ·J~ I 

:_07(10 4 ) 
I 

100(10 4 ) 8GOJ 64 ( 4) lxlo 5w(l03) 6.4 10 

S0!·1E OBS;:mVATIONS 

l. Performance: low end is about the same. High End up lO;v30. Gap l'.)----} 300 (30) 

2. Cost low end is cheaper by x 10. High end up x 3. 

') 
.J • Mp. siz~ no economy of scale. 

GB 
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TABLE 2 - CHARACTERISTICS GENERIC TO MINICOMPUTERS -·--·-----

IMPLIMENTATIONS TRACK TECHNOLOGY CLOSELY, 

INTERNAL CENTRAL PROCESSOR 

BASE ADDRESSINGi ADEQUATE INTERRUPT RESPONSE TIME; 

POWER ON~OFF INTERRUPT 

STRUCTURAL 

VERY LITTLE HARD COPY I/OJ SECONDARY MEMORY; OBVIOUS 

STRUCTURE (ALLOWING EASY INTERFACING); DIRECT MEMORY 

ACCESS--ENCOURAGES PMS ARCHITECTURE+ DESIGN, 

USES (DEDICATED) 

SOFT\'-IARE 

CONTROL (E,G,J PLANT) INSTRUMENT); COMMUNICATIONS 

(E,G,J MESSAGE SWITCH); LARGER COMPUTER (E,G,J TERMINALS) 

FILES) HARD COPY) 

SMALL GENERAL PURPOSE MONITOR; LANGUAGES: PRIMITIVE 

ASSEMBLER) BASIC> FORTRAN; SPECIALIZED DEDICATED USE 

PACKAGES (E,G,J TYPESETTING, INSTRUMENT TESTING) PROCESS) 

APPROACHABLE--FIT COMPUTER TO PROBLEM vs. I I 

GB 
l / l 9/7 6 

G. Bell, Minicomputer Architecture and Design 
IEEE Conference, Spring 1971 



TABLE 1 - CHARACTERISTICS DERIVED FROM LARGER COMPUTERS 

INTERNAL CENTRAL PROCESSOR 

INDIRECT ADDRESSING; INTERRUPTS; INDEX REGISTERS; 

MULTIPLE, GENERAL PURPOSE REGISTERS; BASE AND/OR PAGE 

ADDRESSING; FLOATING POINT DATA-TYPES*; PAGING, 

SEGMENTATION, AND INTERPROCESS COMMUNICATION* 

STRUCTURAL 

SPECIALIZED PROCESSORS; MULTIPROGESSORS* 

IMPLEMENTATION 

MICROPROGRAMMING*; LOOKAHEAD*; CACHE*; 

SOFTWARE 

COMPILERS: FORTRAN; TIME-SHARING MONITORS* 

*NOT EXTENSIVELY USED, BUT USE LIKELY TO INCREASE, 

1/19/76 G. Bell, Minicomputer Arcl,itecture and Design 
IEEE Conference, Spring 1971 
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NAME MP.SIZE 

MICRO 8K 

MINI 32K 

MIDI 65-128K 

MAXI 

FM: BELL1 CADY, MCFARLAND, DELAGI, 0 1 LOUGHLIN, NOONAN, WULF 

AFIPS SJCC 1970, P557, "A NEW ARCHITECTURE FOR MINI-COMPUTERS-

THE DEC PDP-11" 

Pc+BASic 
MP PRICE 

(5-lO)K 

(10-20)K 

WORD LENGTH 
(BITS) 

8-12 

12-16 

Pc.STATE 
(WORDS) 

2 

2-·4 

DATA-TYPES 

(}--v2) WORD = BYTE INTEGER = 

BOOLEANS 

(3) + ADDRESSES, VECTORS (INDEX) 

+ DOUBLE INTEGERS+ fLOATING 

POINT 

ALL ARE: 5-10 MHZ CLOCKj TTLj MSI 
T. CYCLE • 7 ,.._,. 2 ASEC, 

GB 

1/19/76 

FIXED TO A SPECIFIC; SINGLE TASK, 



COMPUTING EUROPE ....__ DECEMBER 75J P8 

MINICOMPUTERS: A STATE OF MIND 

IANN M, BAr-rnON 

uTHE MINICOMPUTER IS AN ATTITUDE OF MIND, IT IS NOT USEFUL 

TO DEFINE IT IN TERMS OF PRICE OR CAPABILITY BECAUSE THESE 

CHANGE WITH THE TECHNOLOGY, THE DIFFERENCE,, ,LIES IN 

MARKETING PHILOSOPHY, THE MINICOMPUTER COMPANY IS SELLING 

A MANUFACTURED PRODUCT WHEREAS THE CONVENTIONAL COMPUTER 

COMPANY IS SELLING A SERVICE, AND SERVICES COST MONEY, 

H, COX 

MINICOMPUTER: A GENERAL PURPOSE COMPUTER IN WHICH INPUT AND 
- , \ 

OUTPUT TRANSFERS ARE 0~ SINGLE WORDS lOR PART WORDSJ FROM 

REGJSTERS, EACH TRANSFER COMMANDED BY AN INSTRUCTION IN THE 

PROGRAM, THE OTHER MAIN CLASS OF COMPUTERS HAS NO COMMON. 

NAME AND IS DISTINGLIISHED BY INPUT AND OUTPUT TRANSFERS 

BEING OF BLOCKS OF WORDS (OR PART WORDS) THAT ARE CARRIED OUT 

AUTOMONOUSLY FROM STORE, THE PROGRAM SETTING UP BLOCKS AND 

INITIATING THE TRANSFER OF BLOCKS, 

THE DIFFERENCE IS SIMILAR TO TUNGSTEN OR FLUORESCENT LAMPS 

AND ORDINARY LAMPS) VIZ: LOWER EFFICIENCY,,, OR HIGHER OVER

HEADS, FLUORESCENTS ARE UNDOUBTABLY MORE EFFICIENT FOR BUSINESS 

LIGHTING) BUT HAVE A MINIMAL SHARE OF THE CHRISTMAS TREE LIGHTS 

MARKET, 

qb 1/19/76 

.. 



MINICOMPUTER SOFT\'JARE 

FROM A SALES PITCH BY JR, CG BELL FOR IFIPS BOOK (CONFERENCE) 

ON MINICOMPUTER SOFTWARE 

"READ THIS BOOK AND FIND OUT WHY SOME OF THE MOST EXPERIENCED, 
KNOWLEDGEABLE PEOPLE FEEL THAT: 

- A MINICOMPUTER IS NOT JUST A SCALED DOWN LARGE COMPUTER, 

- THE LIMITED SIZE OF MINICOMPUTERS CAN ACTUALLY BE AN ASSET, 

- ONE OF THE. KEY BARRIERS TO MINICOMPUTER USE IS PSYCHOLOGICAL, 

- STANDARDIZED LANGUAGES ARE MORE IMPORTANT THAN BETTER LANGUAGES, 

- PORTABILITY OF PROGRAMMERS IS AS VITAL AS PORTABILITY OF PROGRAMS,· 

- MINICOMPUTERS ARE FOR THOSE APPLICATIONS NOT FEASIBLE WITH 
MAXICOMPUTERS--COST, RESPONSE TIME, HUMAN INTERFACE, ULTRA
RELIABILITY I 

- TO MINICOf~PUTER USERS, OLD TECHNICAL PAPERS ARE MORE VALUABLE 
THAN NEl'JER ONES, 

- MINICOMPUTER SOFTWARE IS SHAPED PRIMARILY BY APPLICATIONS, YET 
FORCES EVERY PROGRAMMER TO BE A SYSTEMS PROGRAMMER," 

DIFFERENCES: DEDICATEDNESS (E,G, OPERATING SYSTEM) 

SIZE CONSTRAINT (ALTHOUGH COST/BIT IS CHEAPER AND MP 
SIZE IS INCREASING) 

ISSUES OF CONFERENCE: PROGRAMMING LANGUAGES (STRUCTURED-TYPE), 

PRODUCTIVITY, PORTABILITYJ USER 

MICROPROGRAMMABILITY 

GB 
1/ 19/76 



COMPUTER-SPACE (FUNCTION DIMENSION) 

SCIENTIFIC 

BUSINESS 

CONTROL 

D ~ DM 
Y DT 

T ---> TD 

T --> TD 

DMT --ft DTPM 
-~> DTP _J 

--> TDM -->TDMP 

-->TDK --, TDPM 

COMMUNICATIONS S(T) --------~ SM(PT) 

FILE (~) CONTROL M 

TERMINALS 

TIMESHARING 

GB 
l/12/76 

T 

----------,, MP 

----, TD ____ _,, TDPM 

TMP 

TIME (EVOLUTION) 



COMPUTING EUROPE (6 Nov 1975) 

11 WHEN IS A MINICOMPUTER NOT A MINICOMPUTER? 
SURELY IT IS TIME THE INDUSTRY FACED THE PROBLEM OF EVOLVING A 
STANDARD DEFINITION, 

l, ANNOUNCEMENTS FROM MINICOMPUTER COMPANIES AREN'TJ BY DEFINITIONJ 
MINIS, 

2, DATAPRO RESEARCH CORPORATION 
, ,,THE WHOLE CLASS OF STORED-PROGRAM DIGITAL COMPUTERS WHICH 
ARE SUITABLE FOR GENERAL-PURPOSE APPLICATIONS AND ARE PRICED 
BELOW $50JOOO. 

3, ELECTRICAL RESEARCH ASSOCIATION (1972) 
, , ,A COMPUTER,, ,WHICH MAY BE PURCHASED FOR LESS THAN $40JOOO 
IN THE FOLLOWING MINIMUM CONFIGURAT:ION: PcJ MP (256.-8K WORDSL 
T,CONSOLEJ T(TELEPRINTER + PAPERTAPE READER AND PUNCH)J POWER 
SUPPLIES (ETC,); SOFTWARE,, ,WITH BOOTSTRAP AND BINARY LOADER, 

4, BARNES IN SPL INTERNATIONAL MINICOMPUTER FORUM 1975 

, , ,HARD TO SAY PRECISELY BECAUSE OF BROAD SPECTRUM OF SIZEJ 
PERFORMANCEJ BUT USUALLY A RELATIVELY INEXPENSIVEJ SMALL SCALE 
COMPUTER WITH A WORD LENGTH OF 16 BITS OR LESS WHICH CAN 
OPERATE IN AN OFFICE ENVIRONMENT WITH NO AIR CONDITIONINGJ 
NO FALSE FLOORS AND NO SPECIAL POWER SUPPLIES, 

5, DEC (UK) MINIMAL CONFIGURATION COST OF<£ 20K AND CAPABLE 
WITHIN THE MINIMUM OF TAKING A HIGH LEVEL LANGUAGE (E,G, 
FORTRANJ BASIC), 

6, VARIAN--THE DEFINING CRITERIA IS THAT THE ACTUAL PHYSICAL 
EQUIPMENT SHOULD BE PACKING MAINFRAME CAPABILITY INTO A 
PHYSICALLY SMALLER CABINET, 

7, HP(UK)--SMALL GP-C WHICH IS FREQUENTLY THE MOST COST-EFFECTIVE 
SOLUTION TO A WIDE VARIETY OF APPLICATIONS IN BUSINESSJ SCIENCEJ 
AND EDUCATION," 

GB 
1/12/76 
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COMPUTER-SPACE (FUNCTION DIMENSION) 

SCIENTIFIC 

BUSINESS - T 

CONTROL ·1 

---l> TD 

> TD 

DMT --jt DTP11 

--, DTP _J 

--> TDM ->TDMP 

;, TDK , TDPM 

COMMUNICATIONS SCT) SMCPT) 
... 

FILE U'l) CONTROL M 

TERMINALS 

TIMESHARING 
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-APPENCiX 1 D[C POP-t ISP DESCRIPTION 

4 App~ndi x I 

F~ .r-ta.te 

AC~:l l> 

L 

PC<O: I l> 

Run 

lnterrupt~state 

10,;:,ulse~I; IOyoulse...Z; 10,.pulseJ, 

,··~ .:.,~i:ite 

1-~xt~r; fp-} ,..,,,mor:~ is not. i.r.cluded. 

H(0:7777D]<1l: 11> 

PageJ)(O: 177
8

]<0: ll> :• 11(0: 177
8

]<0: l l> 

Auto~index(0:7]<0:1 l> :• PageJ)[10
8

: 17
8

]<0: 11> 

P<! Cor:eole State 

DEC PDP-8 ISP Description 

Aacwrr~lator 

Lin:O: bit/AC c:r:iension f'ol} overfl01J a,,d aarry 

Progra;n Counter 

when Pc is intarpreting instructions or "Y"~nning" 

1 when Pa aan be interrupted; undBr prO(IN/1V1!<ld control 

JO ri,lsca to JO ,f,,v; ccn 

svecial arroy of d,:rectly addressed me';'Ol"',J registers 

speci'.al arroy whe,i addressed indireatly,is i~arcmented by 

Ke:,s :or ctart, stop, contin:ie, e:r:amine (load from memor>.J), and deposit (store in rr,emory) al"e not induded. 

Data swi tcaes<O: 11> data entered via aonsole 

.!>-~str:...;..•tior: For"1lt 

instruction/i~: 11> 

op<(): 2> :• i<0:2> 

i11di rectJ,i t/ib :~ i<3> 

page~OJ> i t/p :• i<4> 

page~ddress<0:6> :• i<S:11> 

th;s._.>age<0:4> :• PC '<0:4> 

PC'<0:11> :• (PC<O: 11> 

IO~select<O:S> :• i<3:8> 

io.._p 11..Jb it :• i<II> 

io..,p2~bit :• i<lO> 

io__.p4J, it := i<9> 

sma :• i<S> 

sza :• i<6> 

snl :• i<7>, 

£ffeaeive Address Calculation Process 

z<O: I I> :• ( 

·I) 

ib" (108 s z" s: ·17
8

) -+ (11(z"] ._ M[ z 11
) 

ib-, M(z"]) 

z'<O: 11> :• (..., i b -. 2 11
; ib-+ M(z"]) 

+ 1; next); 

z"<O: 11> : • (page~Oub it -+ th I s~pageop~ge..,address; 
J 

°""ageuOub it -+ Ocipageuaddress) 

op code 

fJ, direct; indireat memory ~aferer.ce 

0 selects page O; 1 selects this page 

selects a T or /is device 

these 3· bits aontrol the seleative generation of -3 volts, 
0.4 µs pulses to I/0 devices 

µ bit for skip on minus AC, operate 2 0roup 

µ bit for skip 011 zero AC 

µ bit for skip 0>1 non: zero Link 

.affective 

auto inde:r:ing 

direat address 

µ mcrocodsd instruction or instruction bit(s) .ntr.in c:11 instruction 

• 

.I 

.-
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i 

I 
I 
I 
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'• 

APPENDIX 1 DEC PDP-8 ISP DESCRIPTION (Continued) 

In~tr;.,(., .. ticn Interpretation Process 

Run',\-, (Interrupt-request /\ lnterrupt~st;:,te) ---+ ( 

instruction ,_~[PC]; PC <- PC + 1; next. 

instruction~execution); 

Run A lr.terrupt....,request /\ lnterrupt.._,state 

H[O] ,-FC; lnterruptu~tate ,_ O; PC t-- I) 

Jr..str:<,~tior. Set and b:str:.tctiorz Execution f'i,o~ess 

lnstruction'--'execution := .( 

and (;x op 0) (AC ,_ ft.C I\ H[ z]); 

tad (;x op I) (LDAC ,_ LoAC + M[ z]); 

isz (;x op= 2) -> {H[ z I] <- M[ z] + I· next 

(M[ z '] = O') ---+ (PC ,_ PC t 
Jca (;x op 3) (.'\[ zJ , __ AC; AC ,- O_l; 

Jms (:• op l;} (/-\[z j - PC; next i'C - z + 

j "'I) ( := op 5) -·) {PC ': z); 
iot (:= op 6) ( 

io,_,p Jubj t ~ IOupulseul <- I; next 

io....p7.J:oi t - I Oupu I seu2 f-- 1 ; next 

io~p4ubit ·-> IOJ>ulseu4 <- I); 

opr ( ;x op = 7) -~Operate....,execution 

Oper•att? Instr?J.ction Set 

I)): 

l); 

fetch 

execute 

interrupt ir:lerpreter-

logical and 

two's comple~e,.;t add 

index m.,d ski'.p if. zero 

r!(:'r,ns{t ,nrd el.::ri.-,. ,1r: 

jwrrp to subr-out ine 

;iw,,p 

µ in out trans_:'~?rJ rrr{cror:,rogr>a;T:T'}ed to generate up to 3 pulses 
to an lo dei,ice addressed by IO....,seleet 

the operate in.st,ruction is defined belou 
en,! Instruction cxeqution 

The "icrop>>ograrmed. ci:ei•ate insti>t<ctions: operate group l, operate group 2, and extended arithmetic are defined as a sepa,.ate 
insti>-:...ction set. 

Opcrate~execution :s ( 

c I a (: = i<4> = l ) -, (AC <- 0) ; 

oprul ( := i<3> = 0) -> ( 

ell (:= i<S> = I)--, (L <- O); next 

cma (:•kt>>• I) -,(AC ,--,AC); 

cm! (:• i<7> • I) -> {L ,--, L); next 

iac (:• i<I I>= I) -> {LD'IC <--LcAC + I); next • 

' ral (:• i<8:IO> • 2) .-, (LrnC <-Lo,\C 2 (rotate}); 

rt! (:• i<../l: JO>• 3) -> (LOAC <-LO/,C X 22 (rotate1); 

rar (:• i<8: lo>= 4) ---+ (LCAC <--LDAC / 2 (rotate}); 

rtr (:• i<8:IO> 5) -, (LOAC <-LCl\C / 22 (rotate1)); 

opr.;2 (:• i<3, 11> • 10) -, ( 

sl.ip condition (i) (1<8> • 1) ->(PC•- PC+ 1}; n<>xt 

skip condition :• ((sma A (AC< O)} v (sza /\ (AC 

nsr (:• i<S> • 1}-> (AC <-AC v nata switches}; 

hit (:• 1<10>• 1) -•(Run,- O)); 

FAE(:• 1<3,11> • 11} .. EAFulnstructlonuexecutlon). 

clear AC. Corr,•on to· all ope!'Q.te instruction.,. 

oper-ate group 

µ dear link 

u complercent AC 

µ compleme,it L 

u increment AC 

u rotate left 

u rotate twice 

u rotate right 

left 

u rotate twice right 

ope!'ate gi•oup 2 

µ ~C,L skip tent 

O}} " (snl /\ ·L}) 

u. ''ri:r '' ewi t11he e 

u halt or 8top 

optional f:AE:: descr-iption 



Pc .·State 

AC<(): 11 > 

L 

PC<O: 11> 

Run 

I n t e r r up t us ta t e 

I O ~ u 1 s ~ u 1 ; I O ~ u 1 s e w2 ; ·1 0 wP u l s e J. 

Mp State · ._, 
Extended memory is not included. 

M[0:7777 8 ]<0:11>. , . 

· P age uO [ 0 : 1 7 7 
8 

] <O : 1 l > : = M [ 0 : l 7 7 
8 

] <O : 1 1 > . 
, Autouin~e~[0:7}<0: 11> :=· Pageu0[l0

8
: 17 

8
J<O: 11>-

Pc Console State . 

Keys for start, stop, continue., • exaJTrine (load from memory 
J 

I , 

Data· sw i tches<O: 11 > 
. I 

.. 
~~~ 
1'. 

,,, ,,.·~ ..... 



--~....--. ..... --~ -- . 

Instr>uction For>mat 

instruction/i<():11> 

op<(): 2> . - i <D: 2> . 
i n d i rec t wb i t / i b . - i<3> . 

' 
pageuOub i t/p . - i<4> . 

' 

pagewaddress<0:6> . - i <5: l 1 > . 

th i Swpage<O: 4> . - PC'<0:4> . 

PC' <O: 11 > . - (PC<O: 1'1> 

I O uS e 1 e c t <0 : 5> . - i <3: 8> . 

j OuP l ub j t - i <11> 
• " L-. • • l<t 0> i OwPL.1.-,u i t -

i OuPL11-b it . - i<9> 
.. 

i<5> sma ··-. 

sza . - i<6> 

snl . - i<7> 

Effective Address Calculation Process 

z<O: 11 > : = ( 

-,ib ~ 2
11

; 

I 

- .1 ) 

... 

ib /\ (108:::;: 

ib ~ M[z 11
]) 

~ ( M [ z 1 
', ] f- M [ z " ] + 1 ; 

Z I <0 : } } > , (-, ib -> 2
11

• 
' 

ib ~M[z 11
]) 

next); 

z'~0:11> :- (pageuOubit ~ thisupageopag~uaddress; 

-,pageL.JOl.Jb it -> Oopagewaddress) 

µ. microcoded instrucfion or instruction bit(B) wi-thin an ins· 

'• 



• 

Instruction Interpretation Process 

Run/\, (!nterrup·ti...Jrequest ·'/\ lnt~rruptL.,jstate)-> ( 

i n s t r u c t i on (- M [ P C J :; P C <-- P C + 1 ; next 

instructionwexe~ution)i 

·Run A lnterruptwrequest /\ l_nterruptwstate-) ( 
. ' -

M[ OJ <~PC; I nterruptwstate (- 0; PC (- J) 

' 
Instruction Set and Instruction Execution Process 

lnstructionwexecution :- ( 

and (:= op =··O)-) (AC (-AC/\ M[z]); 

tad (: = op ~ · l ) -> (LoAC (- LoAC + M[ z]) ; _ 
' 

isz (:=op= 2)-> (M[z'] (- M[z] + 1; next 

(M[z'] = 0)-> (PC (-PC t 1)); 

dca ( := op = 3) -> (i·f z] (-AC; AC <-.0); . 

jms (:= op - 4) ~ (M[z] ~ PC; next PC~ z + 1); 
.... 

j mp (: = op = 5) -> (PC (- z) ; 

i o t (: = op = 6) -> ( 

i Ow p l w b i t -> I Ow p u i s ew 1 (- 1 ; next 

i Oup2wb i t -> I Owpu 1 seLi (- 1 ; next 

i OuP 4 wb i t ~ I O wP U I Sew 4 (- 1 ) ; 

opr (:=op= 7) ->Ope:ratewexecution 

.. , ,~-~- ~-.-...----- __ .....,____ ,, _____ ._._, _____ ~_ .... __ _,___ ,.... ' .-· . . . - .. "'~ . ·--- " . -~-- . ··- .. ~ - ·-· -



• 
' 
I 
I . Operate Ins true ti on Set 

The ·microprogrammed operate insbructions: 
instruction set. 

operate group l, opePatt 

Operate~execution := ( 

. cla (:= i<4> = 1) ~(AC~ O); 

op r 1..J ( : = i <3> = 0) ~ ( 

c 11 (: = i< ~ = 1 )· ~ (L ~ 0) ; next 

cma (: = 

cml (: = 

iqC (: = 

ral (. -. -
rtl {:= 

rar. (: = 

rt r (. -. -

i<6> = 1) -> (AC ~~ 7 /\C); 
'-

i <7> = 1 ) ~ ( L ~ -, L) ; next 

i<ll> = 1) ~ (Lol\C (--LoAC + 1); next 

i<8:10>= 2) ~(LoA.C ~LoAC X 2 [rqtat~}); 

i <8 : 1 o> = 3 ) ~ ( L DA C ~ L DA C X 2 
2 Cr Ota t e l ) ; 

i <8 : l o> = lt) ~ ( L DA C <- L DA C /. 2 t r Ota t e } ) ; 

i <8 : 1 o> = 5 ) -) ( L DA C ~ L DA C / 2 
2 t rot a t e 1 ) ) ; 

~ 

op r w2 (: = i <3, 11 > = IO) ~ ( 

· skip condition EB (.i<8> = 1) 7 (PC~ PC+ 1); next 

ski'r condition := ((sma A (AC< 0)) v (sza /\ (AC= 0)); 

osr ( := i<S> ;:: 1) ~ (AC ~- 'AC v nata. switches);· 

hlt. (:= i<lO>= 1) ~(Run~ 0)); , 

FAE (:•. 1<3,11> = 11) ... EAFuinstructionuexecution) 

"": ' 

I 

.. 
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Tobie of user locati9n information 
----·-· -·--·- ---·-- -- -- - ---- -------- ·- --

0 0 User 
------

1 
I User addresses Relocation Protection 

in 1,000 s register register 

2 U4 
of words 

' - --------~---

3 0 ·1 ... O< 2 0 2 

Relocation 3 . . . /i 
~r'otection IT] ~, _.,__--.---

-- ---
4 U2 1 
-----

5 2 

6 U3 0 

. 2 O< 3 3 .3 

3 0< 2 6 2 
4 O< 1 ' 

2. I 

. 
Hardware registers 1 

7 1 ,1 1, , · . 
when user 2 is (..._ ___ __. ...:.. User-memory addresses in 1,000s of 
r unnif)g \ · word's 

"Absolute memor/
1 

addresses in 1,000s of words 

i 
I 
I 

Fig. 15. fVaemor.y allocation using a boundary· (relocation an_d-prot~ctiori) 
register. · 

. I 
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Mop locating user, Ujs 
11
virtual

11 
memory in 

II 11 
absolute memory 
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Addresses 

2048-4095 for 0· 

0-1023 for f.!J 

Absolute memory . 

~ 

Fig~ 16. rvlemory allocation using a page allocation_ map. 
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SIXTH GENERATION 

1 WILL BEGIN IN ROUGHLY 6 YEARS 

TECHNOLOGY 

- TRULY COST AND HIGH PERFORMANCE HARDWARE 

- INSTALLED LAN'S AND HIGH BAijDWIDTH WAN'S 

- VOICE AND PICTURES 

- INFORMATION OVERLOAD1 PRIVACY AND PRODUCTIVITY 

STRUCTURE 

- KNOWLEDGE BASED SYSTEMS INCLUDING VARIOUS EXPERT 

SYSTEM,S 

- INTENSIVE COMMUNICATION OF ALL FORMS OF PEOPLE 

UNDERSTOOD DATA 

- SIGNIFICANT SUBSTITUTION OF COMPUTERS FOR OTHER 

INFORMATION PROCESSORS 



EVOLUTION OF VAX FAMILY 

Now 

FUTURE 

780 
(].QJ 275K$) -

N x 780 LARGE VAX IN CLUSTERS CLUSTERS 

_______.,, -,. LARGER VAXES ~ --- -

N X 750 
CLUSTERS 

730 

(.3J 60K$) "--. ,,,,. SMALLER VAXES 

(PERFJ PRICE K$) 

PERF: 780 ~ 1.0 

MICRO VAX 
ARCHITECTURE 

VAX IN MULTI 
PROCESSORS 

SMALL VAX IN CLUSTERS 

SMALLJ SHARED SYSTEM 
PROFESSIONAL 
WORKSTATION 

PERSONAL COMPUTERS 



EVOLUTION IN CENTRAL COMPUTING 

LET'S DEFINE CLUSTERS 

• AGGREGATION OF HOMOGENEOUS SINGLE AND MULTIUSER SYSTEMS 

(E.G., VAX/VMS, VAX/UNIX, DECSYSTEM 20, ALTOS, XEROX STAR) 

1 BEHAVING AS A SINGLE, MULTIPLE ACCESS SYSTEM (USUALLY 

SHARING A COMMON FILE SYSTEM) 

• HIGH SPEED INTERCONNECT (10-100 MBITS/SEC) WITH HIGH 

CONNECTIVITY AMONG SYSTEMS 

• SYSTEMS LOCATED IN A SINGLE MACHINE ROOM OR OFFICE AREA 

• EXTENSION OF LOW LEVEL 0/S SERVICES (FILE, PRINT/PLOT) VIA 

RELIABLE INTERSYSTEM MESSAGE BASED "PROCEDURE ORIENTED" 

PROTOCOL 



WIDE AREA NETWORK DEFINITION 

(WAN) 

1 AGGREGATE OF HETEROGENEOUS SYSTEMS AND NETWORKS 

1 PURPOSE IS TO CONNECT SYSTEMS ACRDSS A WIDE AREA 

1 RELATIVELY LOW SPEED INTERCONNECT (4-64KB/SEC) ... 128KB/SEC 

LOW CONNECTIVITY (PABX, CIRCUIT AND PACKET SWITCHES) 
SYSTEMS LOCATED IN DIFFERENT REGIONS 

1 COMMUNICATION SERVICES BETWEEN AUTONOMOUS SYSTEMS VIA 

DECNET AND GATEWAYS TO OTHER NETWORKS (X-25/SNA ... ) 
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VAX INFORMATION ARCHITECTURE 
(VIA) 
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FORMS & COMMON DATA DICTIONARY , ,, ,, DBMS ,, (RDMS) 
,1 , 

DECNET/VMS 

VAX/VMS 

,, ,, ,, ,, 
,1 
,1 ,, ,, ,, ,, 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 



o A CONCURRENCE OF: 

- TECHNOLOGY 

- NEED 

- USE 

- STRUCTURE 

COMPUTER GENERATIONS 

o GENERATION UNDER DEVELOPMENT TODAY IS THE FIFTH 

GENERATION NEED USE 
I . ELECTRONIC DEFENSE WAR MACHINE 

(MAGNETIC) CONTROL 
1945 

I I . TRANSISTORS SPACE/SCIENCE AIR DEFENSE AND 
1958 CONTROL 

ENGR. AND 
SCIENTIFIC 
EDUCATION 

I I I . INTEGRATED TRANSPORTATION PROCESS CONTROL 
CIRCUITS FLOW CONTROL AND AND SOCIAL 
1966 WELFARE ACCOUNTING 

IV. LSI ECONOMIC MODELS INTERACTIVE 
1972 AND REAL TIME COMPUTING 

CONTROL COMPUTERS FOR 
LOGIC 

STRUCTURE 

~~~~twI~i~ IBM 
605 

TX-0, IBM 7090 
ATLAS, STRETCH 

PDP-8, I BM 360 
PDP-6, CDC 
6600 

INTEL 4004, 
8008, PDP-11 
(RSTS) CRAY 1 



FIFTH GENERATION 

TECHNOLOGY 
VLSI INCLUDING MEMORIESJ LAN CCSMA/CD)J 

WINCHESTER DISKS AND HIGH RESOLUTION DISPLAYS 

COMMUNICATIONS AMONG PEOPLE A~D PROLIFERATING 

COMPUTERS 

STRUCTURE 

- OFFICE AND HOME COMPUTING 

- ? WHICH BUILDS THE BASIS FOR THE SIXTH GENERATION 

ETHERNET: THE UNIBUS OF FIFTH GENERATION BECAUSE IT IS THE 

STANDARD TO INTERCONNECT COMPUTERS AND FORM A FULLY 

DISTRIBUTED SYSTEM 



HOMOGENEOUS DISTRIBUTED COMPUTING APPROACH 

(STRATEGIC TARGET FOR '85) 

• ADOPT A SINGLE VAX-11/VMS ARCHITECTURE 

• IMPLEMENT A WIDE RANGE OF PRODUCTS COVERING THE FOLLOWING 
COMPUTING "STYLES" 

- PERSONAL COMPUTING 

- TIMESHARED DEPARTMENTAL COMPUTING 
- CENTRAL COMPUTING 

• INTERCONNECT THESE IN A HOMOGENEOUS NETWORK INCLUDING PERSONAL 
COMPUTING CLUSTERS 

• BUILD CRITICAL AND UNIQUE APPLICATIONS 



HQfl!OiENEOUS DISTRIBUTED coeeuJING APPROACH 
(STRATEGIC TARGET FOR '85) 

t ADOPT A Sl-.&LE VAX-11/V"S ARCHITECTURE 

t l"PLEMNT A WIDE RANGE OF PRODUCTS COVERING THE FOLLOWING 
COPIPUTING ·sTYLEs· 

- PERSONAL CDfl'PUTING 
- TI"ESHARED DEPART"ENTAL CO~PUTING 
- CENTRAL COfllPUTING 

t INTERCONNECT THESE IN A HO"OGENEOUS NETWORK INCLUDING PERSONAL 

COfllPUTIN6 CLUSTERS • ,."~.t-•11• 
••ne"til c..,.A .... 

t BUILD CRITICAL AND UNIQUE APPLICATIONS 

• ~- fWI M .f"'~M. 
. .,, ... ~. ~·~ ....... ~ 
. l,....~,~ ?Ac•••:"'-l 
. e+~''4 . ,..~M& .. ,: ,__,," •• ~ ... ~- L•'-· ) he.+."'!! 

• ~-,,~- 9"' h•nl--.,...~-.. ~ -r••"'t ,~._,~, ,., .. 
,c·, 4 wPs 



DEC'S PRODUCT STRATEGY 

PROVIDE A SET OF HOMOGENEOUS DISTRIBUTED COMPUTING SYSTEM PRODUCTS 

SO A USER CAN INTERFACEJ STORE INFORMATION AND COMPUTEJ WITHOUT 

RE-PROGRAMMING OR EXTRA WORK FOR THE FOLLOWING COMPUTER SYSTEM 

SIZES AND STYLES: 

1 AS A SINGLE USERJ PERSONAL COMPUTER WITHIN A 

TERMINALJ AND EVOLVING TO PC CLUSTERS AND PC NETWORKS; 

• AT A SMALLJ LOCAL SHAREDJ DEPARTMENTAL COMPUTER SYSTEMJ 

AND 

t VIA A CLUSTER OF LARGE CENTRAL COMPUTERS 

• WITH INTERFACING TO OTHER SYSTEMS FOR REAL TIME PROCESSING; 
AND 

• ALL INTERCONNECTED VIA ETHERNET AND WIDE AREA NETWORKS 



WHY THIS ARCHITECTURE? 

, CUSTOMER INVESTMENT PROTECTED 

- DATA · 

- PROGRAMMING 

- TRAINING 

1 HIGHEST FLEXIBILITY/COMPATIBILITY IN THE INDUSTRY 

- $50 CHIPS TO SEVERAL M$ CENTRALIZED CLUSTERS 

• FEWEST SYSTEMS NEEDED TO SPAN RANGE, RESULTING IN 
- LOWER COST 
- HIGHER QUALITY 

- HIGHER RELIABILITY 

• CLEAR DIRECTION LETS CUSTOMERS DEVELOP EFFECTIVE/FLEXIBLE 
PLANS 

1 FOCUS RESULTS IN RICHEST SET OF S/W TOOLS AND APPLICATIONS 



CONTRAST BETWEEN VAX & CONVENTIONAL MAINFRAME 

t NO CHANNELS! 

• 1 OPERATING SYSTEM WITH ALL LAYERED PRODUCTS AVAILABLE 

1 LAYERED S/W TOOLS MORE FULLY INTEGRATED 

EXAMPLE: OFFICE AUTOMATION ~YSTEM (ALL-IN-1) 

1 SUPERSET COMPATIBILITY WITH PDP-11 BASED DEPARTMENTAL SYSTEMS 

AND PC'S 

• BUILT TO BE OPERATOR-LESS 

1 COVER A WIDER RANGE OF USE (COMPUTING STYLES) FROM PC TO 

MAINFRAME 



CENTRAL 

DEPARTMENTAL/ 
GROUP 

PERSONAL 

EVOLUTION OF MAJOR COMPUTING STYLES 

MAINFRAME 

GENERAL PURPOSE 

MINI 

DUMB TERMINAL 
INTELLIGENT TERMINAL 
TO SHARED SYSTEM 

CENTRAL CLUSTERS 

LOCAL AREA NETS OF: 

- GENERAL PURPOSE MINI'S 
- DEPARTMENTAL SERVERS 
- DEPARTMENTAL CLUSTERS 

OF PC'S 

- SUPER MICRO (YESTERDAY'S 
$lOOK MINI FOR $l0K) 

PERSONAL COMPUTING 
CLUSTERS 



KEY EVOLUTIONARY TRENDS 

1 THE TWO SEPARATE TRENDS ARE VISIBLE TODAY 

1 FULL IMPACT NOT FELT UNTIL THE TWO ARE TIED TOGETHER 

CLUSTERS OF 
SPECIALIZED 
FUNCTIONALITY 

MAINFRAME 

INTELLIGENT 
DISK 

CONTROLLERS 

l 
FILE & DATA 

BASE 
SERVERS 

MASS 
STORAGE 

> SAME FUNCTIONALITY 

,__ __ ....., MINI-->-- PC 

DISTRIBUTED 
COMMUNICATIONS 

o SWITCHING 
o CONCENTRATOR 
o GATEWAYS 
o ROUTING 

• WHEN LINKED~ THEY'RE THE BASIS FOR THE NEXT GENERATION OF 
COMPUTING ARCHITECTURE 

• CLUSTERS ARE AN ALTERNATAIVE TO LARGER SYSTEMS 

LOCAL AND WIDE 
AREA NETWORKS 

PRINTER 
OUTPUT 



KEY EVOLUTIONARY TRENDS 

FILES PRINT COMMUNICATION 

OPERATING SYSTEM, LANGUAGES 

JOB I 

DUMB .-
TERMINAL --

f I 
' JOB I 

FILE PRINT COMM. 
GATEWAY & SERVER SERVER 

CENTRAL OR 
DEPARTMENTAL 
MACHINES OF THE 
70'S ('65 - '85) 

DEPT. 
COMPUTER 

L.A.w.-__,_ _______ ..__ ___ __. __ _ 

PERSONAL COMPUTER 
CLUSTERS AND 
NETWORKS OF THE 
80'S 

TERMINAL 
SERVER 



LOCAL AREA NETWORK DEFINITION 

CLAN) 

, AGGREGATION OF HETEROGENEOUS SYSTEMS 

<E-G-J VAX/VMS-PC-TOPS 20-UNIX; GATEWAYS TO OTHERS) 

, PURPOSE IS TO CONNECT A NETWORK OF AUTONOMOUS SYSTEMS 

CMESSAGEJ FILEJ PROCESSJ TERMINAL INTERCOMMUNICATION) 

• RELATIVELY HIGH SPEED INTERCONNECT (1-30 MBITS/SEC) 

HIGH CONNECTIVITY AMONG SYSTEMS (AND CLUSTERS) 

SYSTEMS LOCATED IN AN OFFICE AREAJ BUILDINGJ OR CAMPUS 

• BASED ON ISO 7 LAYER NETWORK PROTOCOLS (APPLICATION) 



I 

H IGH SPEED 
NTELLIGENT I 

CONTROLLER 

VAX 
CPU 
I 

. . 

HSC . 

TYPICAL DEC CLUSTER 
(1983-1984) 

VAX 
CPU . . . . . 

' 

. . . . . . HSC 

1 EITHER LARGE VAX OR DECSYSTEM 20 CPU'S 

1 SHARED DATA ACCESS 

I 
C. I • 
(70 MBIT 
INTERCONNECT BUS) 



TYPICAL LARGE CLUSTER CAPACITY 

1983-1984 

MIPS 8-->30* 

BYTES X 10 9 80 

1984-1985 

30 

160 

KEY NEW PRODUCTS IMPROVING CLUSTER CAPACITY 

* - LARGE VAX (4 MIPSJ LATE 1984) 

- 900 MB 9" WINCHESTER DISKS (1985) 



EVOLUTION OF DEPARTMENTAL COMPUTING 

TODAY 

PDP-ll'S 

IBM 
GATEWAY 

1983-1984 

J-11 VAX'S 

ETHERN ET 
I 

IBM/X25 
GATEWAY 

VAX'S 

I 
TERMINAL 

SERVER 

20/20 

DEC 
2020 

I 
PRINT 

o HETEROGENEOUS NETS 
o FLEXIBLE NET 

ARCHITECTURE (DECNET) 
o INITIAL GATEWAYS 
o COMM. SPEED <lM BIT/SEC 

o HETEROGENOUS "VIRTUAL 
TERMINALS" 

o ETHERNET (lOM BITS/SEC) 
o VLSI PDP-ll'S 
o MORE GATEWAYS 
o MORE SERVERS 



- ....., ,_ ..... - ----

I J-11 I 
I DEPT. VAX CLIISTER I 

,-2-0/2-0 I I 
ETHERNET l I - -

I SERVERS l 
BROADBAND-~-~ - FILE 

- PRINT 
- TERMINAL 

IO NEW DEPT. VAX'S 
_ _ _ _ ( ll/810J ll/830J 

11/850) 

GATEWAYS I 
- I BM 
- x.25 
- XEROX? 
- IBM LAN? 
- CUSTOM 

o FULL COMPLEMENT 
OF SERVERS/ 
GATEWAYS 

o OPTICALS FOR 
ARCHIVAL STORAGE? 



EVOLUTION OF PERSONAL COMPUTING 

TODAY 1983-1984 

COMPATIBLE 16 BIT PC--> PC CLUSTERS--> 

• PDP-11 BASED 

• COMPATIBLE FILES, 
TOOLS, LANGUAGE 

t LOW COST "SMALL 

ETHERNET" FOR 

CLUSTERS 

• DIRECT ETHERNET 
CONNECT 

• TELEPHONE MANAGEMENT , FILE, PRINT, COMM. 

1 BITMAP GRAPHICS 

(GREYSCALE & COLOR) 

, "STEREO COMPONENT" 

APPROACH 

• INTERNATIONALIZED 

• WINCHESTERS 

• DUMB TERMINAL EMULATION 

SERVERS 

1 VLSI PDP-11 CPU 
(.5 MIPS) 

1985 

COMPATIBLE 32 BIT PC 

•./( VAX 

t VMS COMPATIBLE 

• 16 BIT PC'S FIELD 

UPGRADEABLE (?) 



EVOLUTION OF PERSONAL COMPUTING 

"DUMB" TERMINALS 

• EVERY TERMINAL WILL BECOME A COMPUTING TERMINAL! 

TODAY 

UBIQUITOUS 

DUMB TERMINAL 

- VTlOO 

-----> 

INDUSTRY STANDARD 

1983 

16 BIT PDP-11 -----> 

STANDARD IN 

TERMINAL 

1984 

TERMINALS HANG 

ON ETHERNET 

- PC KEYBOARD, MONITOR - ACCESS TO ETHERNET 

- MEDIUM RESOLUTION 

GRAPHICS 

- EMULATES OTHER 
TERMINALS 

DIRECTLY 

- ACCESS VIA TERMINAL 

SERVER 

- TELEPHONE AND VOICE 
MANAGEMENT 



ALL-IN-1 ARCHITECTURE 

,1 ,1 
,1 MODIFIABLE MENU INTERFACE ,1 ,, ,, 
,1 ,1 ,1 
,1 "INTERRUPTABLE" ,, GRAPHICS ,1 CUSTOMER ,1 
,1 APPLICATIONS ,1 ,1 APPLICATIONS ,1 
,1 ,1 ,1 ,1 
,1 - MAIL ,1 ,1 ,1 
,1 - WPS ,, ,1 ,1 ,, - SPREADSHEET ,, ,, ,1 
,1 - CALENDAR 1 ,1 ,1 ,, - CALCULATOR ,, ,, ,1 
,1 ,1 ,1 ,1 ,, ,, 
,1 DOCUMENT DATA BASE & ,, 
,1 FLOW CONTROL ,1 
,1 ,1 
,1 ,1 
,1 VIA ,, 
,1 ,1 



TRENDS IN GRAPHICS 

o PROLIFERATION OF QUALITY GRAPHICS CAPABLE TERMINALS & PC 
WILL MAKE GRAPHICS COMMONPLACE IN NEXT TWO YEARS-

o SIGNIFICANT INCREASE IN PROFESSION-SPECIFIC APPLICATIONS 
AND LEVEL OF INTEGRATION IN OFFICE SYSTEMS. 

PRODUCT 

DECPLOT 

DECSLIDE 

FINGRAPH 

EMPIRE 

EXAMPLE: CURRENT· ALL-IN-1 GRAPHICS 

DECISION SUPPORT 
MANAGEMENT SUMMARY 

PRESENTATION GRAPHICS 

FINANCIAL MANAGEMENT 
(OPERATING RESULTS) 

COMPLEX MODELING/ 
DECISION SUPPORT 

INTEGRATION 

- CODASYL, ISAM DB'S 
- DUNN CAMERA & 

GRAPHICS PRINTER 

- IMAGE LIBRARY 
- LASER PRINTER 

- "ACCOUNTING" 
APPLICATIONS 

- PRESENTATION COLOR 
MONITORS 

- DEPT. DB 
- PC-BASED GRAPHICS 



DATA MANAGEMENT TRENDS 

o RAPIDLY EXPANDING USE OF RELATIONAL SYSTEMS WITHIN NEXT 
TWO YEA~S 

o INTEGRATION OF MULTIPLE DB TECHNIQUES THROUGH SINGLE, 
EASY-TO-USE, INTERFACES (2-5 YEARS) 

o EXTENSION OF DATA TYPES TO INCLUDE TEXT, VOICE, IMAGE (2-5 
YEARS) 

o DISTRIBUTION TO CLUSTER SERVERS (NOW) FOLLOWED BY 
"DATABASE" SERVERS (3-5 YEARS) 

o ROBUST DISTRIBUTED COMMON DATA DICTIONARIES (2-3 YEARS) 
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A GFNOATION IS THE CONVERGENCE CF: - --·-

- NEED <!G. THREAT CF ANNIHILATION, GREED> 
...-- ) 

- 'ltCHf«l..~ PHO SCIENCE 

THAT PROV II£ FOR BU I LOI NG MACH UES 

N~vr-
-.~11AT1gcs TO BUILD t£W cat>UTING STRUCTURES 
A-

- USf TO COhf"IRM A GENfRATI~ <AFTER TI£ FACT> ··-
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WHAT JS Tl£ Fl"H GEfERATIOO 

• PR-~· 

• TO~ US (CRITICS. CCJ1FETITCMS> 
· · · Vt !.101'J 

• TO LEARN TO IX) RFSEARCH V 11

• " • ., J,·. t;>f1f (l;~,., 

. TO LfARN Kt«M..EDGE ENGINEERING AND 0Tt£R Al-BASED 
TECHNIQI.ES 

. TO GET BY-PRODUCTS FRCl1 FM-0.JT OOALS 

. TO REPEAT SlX:CESS IN SEMIS #«l Sl.FERCCl'PUTERS 

• To T~c~~~ ?AQ. ~L LcL\~M_ 

.To-oEr·RACT lAS ;:u.RTHc£ ftcoM 

E. t-i C,INCEg IN 0 4' H AJJIA FACiuR Wf 

(Bj be.llevi~ <V\ -the MQ.~;c o 1-
y-,e~~+~n. ) 



FIFTH GENERATION 

JECMIALPiY 

1W 

VLSI INCLUDING "E"ORIES1 LAN CCSMA/CD>1 
WINCHESTER DISKS AND HIGH RESOLUTION DISPLAYS 

COMUNICATIONS AMONG PEOPLE AND PROLIFERATING 
COPIPUTERS 

st1uctu1£ 
- OFFICE AND HOME COMPUTING 
- ? WHICH BUILDS THE BASIS FOR THE SIXTH GENERATION 

ETHERNET: THE UNIBUS OF FIFTH GENERATION BECAUSE IT IS THE 
(1.1..LA~~) STANDARD TO INTERCONNECT COMPUTERS AND FORM A FULLY 

DISTRIBUTED SYSTEM 



THE.NEXT $EtE:RATION:.EYa.UTICJNV VIEW 

- EVQ..UTIC*NtY USE. WIIESPREAD ELEC~IC f'IAIL. 

ELECTRCltlC-BASEn LOGIC TO ENCCI£ ~ 

- NEED TO HAVE INF<R1ATICW AT ·FINGERTIPS" - S ; ~ f.e, L · 
r tr ..Q_~T, ~e 

rc:b.'6e J a~ ~cts 
<IN Tt£ SYSTEM ,,,., t«lT IN PAPERS MD lDl<S> 

- EVCl.UTICWARY TECHtO...OGV WITH LARGER. 

DISTRIIUTED fl£f!OIES -· VL.S.;[ 3ci.nt~1t1 _( 
11E11~ CoMMuN<C,,ri10"-l ? 

- NEW CCPFANIES. BUILD WITH EVCl.VING TECHNCLOGY 

i\ 



THE tEXT GENERATI~: REVa..UTIC*ARY VIEW 

- REVa..UTIC*MY USE IEPENlING ~ VOICE AND 

NATURAL LMGUAGE CClftJNICATI~ 

- GREATER ~ICATION Nil PRCD.CTIVITY tem 

INCLll>ING RCB)TICS .. SPEECH AND NATURAL LANGUAGE .. 

De.e p - EXPERT SYSTENS f'CJI CCM'l.EXITY AND PRODUCTIVITY, C (' ~~·h V1-1t 
~~ ~~V\· ) 

- ROBOTICS .. AND ARTIFICIAL INTELLIGENCE .. 

FAST-WANS .. ll.TRA- AND VLSI AHO PARAU..ELISP1 -
- AVNff GNttE atGANIZATICJW.. Ccx:FERATION 

BEllEEN RESEARCHERS AND INDUSTRY 



~ A IE:SK CPERSCWAI.. ca-PUTERS> 

Sl'WtT TELEPHCtES 

TERMINALS 

HCJ£ < AND GAf'£> 

~TABLE PC'S 

~D PROCESSCRS 

PC'S 

~STATICWS 
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NINICC1PUTER CCJ'PflHY LESSONS 

l. NEARLY 251 ~VIVED 

2. CN..Y II REALLY~ 
3. CN..Y 21 <Y STARTLPS RETAINED AUT0f01Y 

'4. 1-f'RGJNG WAS TRIED BY JOI 

5. 1lJT CN.Y 1/3 rF f'ERGERS WERE SUCCESSFll. 
6. BEING A CCJIPUTER SUPPLIER DIIJ4'T 1£LP: 

ON..Y IEC PMD IB-1 MIE TI£ TRANSITICWI 

7. Ilt1 ALWAYS WINS. • • EVENTUALLY 

<SYSTEM 3 .•• SERIES l> 
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LEVELS4-INTEGRATICJ4: THE STRATA 

I Rou.) ~AtJD,. --

SILJC()I w.tFF..R: S,-polor-7 Mos-";• CMOS 

\" i,O ~) 
STANl'MD C~ IP: '11 CROS., PII ~PER IPHEIW..~ P£1U IES (' t: 

io 1<ro -9 ~ 48'~ ~ cgog ,+ · ---J? 0i, 07')cJ . 

DJU>: .fo:.t~<». PE ~, ~1CA~ICJ4S... c 2.S-.. ll) . 

SlDO ~ M,\A.l-kk, ~ __,.. ?¢ ~c: -- - --
EL!CTRMCHMI : DISKS, I /I ., POER., ENCL~S ••• 

cg-·· s ,c ~ ,, 

~, frf '1 
// 5 -- l '1',,.~ 

I 

CFERATING SYSTEM: COftJ CATICWS, DAT S., 1/0 ... I p,...c-A.~..-.. 
C.?/t-1 ~ '1,S t)OS , '>- U "11,X 

L.ANr,lJA<E: tfCLUDI NG A.OPl. I CATI~ LANGUAGES 
~1tc_ .,. C 

GENERIC APPLlCATICW: \«lRD PROCESSING ••• 

q - V,c;r~tc. --.i:> t...t,,k~ I- z.-3 · 

DISCIPllNE/PRCf'FSSICJ4 SPECIFIC APPLICATICW: 



~ iec.h.V10l1>j '1: hL,rneJ1 or low +ect.? 
PUCROCa-PUTER-BASED CCJiPANIES 

BASIC INlUSTRIES 

POER SlPPLIES 
PN:J<AGING 

SEf'II CCKJ.JCT~S 

P1ICROCa-PUTER CCJ11PANIES 

OPTICWAL 
OPTI<NlL. 

O'UCROS., flE'OY., PERIPHERALS> 

CRT'S AND TERMINALS 
DISKS AND TAPES 
DRD OPTICWS 

UNIX & DIAGNOSTICS 
OPTIONAL 
OPTIONAL 

LANGUAGES & DATABASES OPTIONAL 
LAN'S / CCl'tl.JNICATIOO OPTIONAL 

APPLICATIONS OPTIONAL 
SYSTEM INTEGRATICW 



iH.t llf:r.LAR ING AND REACH ING THE FIFTH GENERATION BY 1990 

Gordon Bell 

Chief Technical Officer 
Encore Computer Corporation 

::,nd 
Member of the Bo3rd of Directors 

The Computer Museum, Boston Ma$sachusetts 

Welle5ley Hills, Ma553chusetts 1 U.S.A. 

This last month was marked by two ~iqnificant events leadinq to the 
Fifth Generation: the As5ociation of Computing Machinery's Fifth 
Genera4ion Conference in San Francisco, and International Conference 
of Fifth Generation Computer Systems in Tokyo. The world's first 
international Computer Museum opened in Boston to record and help 
interpret the information proces5inq qenerationz. 

As a person interested in the past and future history of computin9, I 
have marked computer generation~ as the converience of these factors: 

need (eq. threat of physical or industrial annihilation> 
freeing resource~; 
technolo9y and science that prpvide ideast for buildinq the 
machine3 (whether phy~ical computers or languages or 
3pplication~ machines>; 
or~ani~ations that build the new structures; and 
us~r to confirm a generation (after the fac~). 

Each 9eneration has a repetitive and cyclic pattern, followed by a new 
generation. A generation take3 3t le33t two trips around a three to 
four year cycle which has these sta9es: the understandin9 of past 
result3 and the application of a new technology to the de5iqn a new 
structure; followed by the actual architecture and desiqn; followed by 
con3truction and manufacture. Sy3tem software further ac~elerates the 
cycle in much the same way that an electron is accelerated in a 
cyclotron. Finally, the system is used and evaluated in order to form 
the basis of 9oin9 around aqain. 

The first two generations were marked by clear technolo9y breakpoints 
in 1950 and 1960 utilizinq vacuum tubes and transi3tors (invented in 
1949) which allowed Fortran and Cobol to be developed, and wid•spread 
commercial and 3Cientific u~e to occur. The third generation wa~ 
declared by IBM to be the System 360, announced in April 1964~ but is 
more accurately placed as 1970 when a new industry of 5mall computers 
formed to build minicomputer~, usinq the inte9rated circuit which had 
been invented in 1959. Reliable, multiproqrammed operatinq systems 
emer9ed for timesharin9 and real time system, permitin1 widescale 
interactive computinq ~nd 3mall computer5 beqan to be embedded in 
other systems for control, communication, processin9 and memory. The 
fir~t, sinqle chip microproce$~Or was introduced in 1971. 

The fourth 9eneration may be marked as 1978-81 when VLSI 



MA lNFR#'f TECHf«l..OGY < 1950 # 1960 > 

IASIC JtOJSTRIES 

DISCRETE C(J1)()f£NTS 
TUBES, TRANSISTORS 
ret>RIES 

MINFR#£ C<l'FANIES 

PLUG-IN UNITS 
PEl)RIES 
PERIPHERALS 

LANGUAGES 
APPL I CATI~S 
SYSTEM JNTEGRATI~ 



'1INICQTUlER TECHNl.OGY <CIRCA 1970> 

IASIC INnJSTRIES 

P()ER SlJ>PLIES 

PACKAGING 
C~E Pel)RY 
5911 CCNDUCT~S CMS I > 
DISKS NfD TAPES 

1ERNINALS 

APPLJCATIONS 

PII NI CCPPUTER C(Jf)AN IES 

<FTICJW.. 

ESSENTIAL. 
OPTICWAL 

CPU AND r-EK>RIES 

PERIPHERAL CCMRCUERS 

Cff:RATING SYSTE'MS 
LANGUAGES 

OPTICJW.. 
SYSTEM INTEGRATION 



,.. 

-9!, 
HINlS 

TABLE Of U.S. tUNlC<Jl>UTER C(Jl>ANIES (CIRCA 1970) 

-~ STAil UPS~ WlNa 
11 

F All I 
UNKNOWN1 

00. P111"c 
ADAGE ••• ttoDCOIIP (9) 
NllNICAN ••• VJATIOI (ltO) 

i--10 STANT Ur-----WIN1 lNTCRDATA. SEL 1 UATACMA,T 
.. HCRG[ .__ F All I ASI ••• Tc",o ,,, 

.,_ 9 [XISTlN&-----Wllh 
co"PUTlR co•s E 11 

FAila 
UNKNOWN1 

-22 EXISTING 
COftPANICS 

-----WINI 

L:: F Al~: 

UEC. IBH 
bUNKCR-RA"O• CUC 
G[ ••• VICTOM (b) 
bURROUGHS. NCR. RCA 

.., 
HUGHES. Tl RAYTNlOI 
K, ELECTRONICS ••• 
WCSTlNGHOUSl (22) 



1l£ ~XT.GENERATIC* WILL lE E',Q,,,IJTICWM.Y 

• FUJITSU Nil HITACHI HAVE RIM TI£ LIVERl'IR KERNELS AT 
>2 x THE CRAY Xflf' USING EVCl..UTI~: 

• 25 YEM <l..D LANGUAGE - F~TRAN 
• 20 YEM <l..D ARCHITECTURE - 360/370 
. 25 YEM Cl.D CIRCUITS AND SENIS--ECL 



CaffTING f'CR THE NEXT <£NERATI~ 

I Mill.ENCE tlE TO GENERATI~ TRANSITION 

- NEW ltOJSTRIES/PRODJCTS WITH MICRO 

- \f'.NTURE CAPITAL<--> ENTREPRENEI.RIAL ENERGY 
....V# REilJNDANT# S~T-TERM PR<DJCTS 
Tt£REF'M# PIJCH SHAKEOOT Nm LOST EFF~T 



GEtERAL FACT~S IN COffTING WITH RN4 

• P •Ix E <INTELLIGENCE, Et£RGY> 

. SOCIET~ v~ue:s 
• ~ICINE, LAW .. POLITICS ..... , BUSitESS 
• SC I ENCE, ENG 1 t£ER J NG, • • • , MNlF ACTUR 1 NG 

• TECHNO_OGICAL. IN='RASTRUCTURE 

• MTfRIPLS CSEMICONJlJCTORS, MGtETICS, ••. 

• r-ECHANISNS 

. MANUFACTURING < CONTRQ.., ROBOT I CS, .... 

. MANAGe£NT - ESPECIALLY ENGINEERING AND MANUFACTURING 

• 0UAI..ITY l'.U 5 o - l ov-i ~ e. , l: .. J{.,W\.1r c.. Go 'rps _ 

• LONG TERM VERSUS SHORT TERM 

Tr t vt oJ_; Lc-w- t-~ 1 v'c,-~~ 

HAS O EC /Ot::D 
~CCE'"'SS W0f2.L..D 



PRoa.DIS IN RESEARCHING Tt£ NEXT GBQAII<Ji 

• RESEARCH~ THE t-EXT GENERATI~ IS HARD 
• ThtR.~ ,rR..E' No 1>1'0,i,TV1>~ 
. UNIVERSITIES AND INDUSTRY ARE BOTH ILL-EQUIPPED! 

I LACK r.F GOALS CRF.ATES LOTS CF POOR PRO..ECTS 

. LOTS CF FUNDING - FEW PECPLE, 
THEREFME, T~BLLENCE MD LOST EFF~T 

, LOTS CF PCOLY STAFFED, SUB-CRITICAL PRO..ECTS 
• LARGE PRO..ECTS - LACK CF M.ANAGEP£NT 

• J~1'PrN 3eeni.s +o ~~w h.ow +o 
Cou4t7le 1-t> ~'We~ Res~c.ti"' 
( V VS.'i l.\.s £ lA.Yt:J ~e,Q."'- /'IA..<; . .I"'-d.v.s.fries) 

.. -~· ~-· . 



CRITICAL EmNSta.s TO llU X 

• P~fZH)~""ftl\!CG'" 4 f e-Ltftf5\L.. \<T;/ 4 S !'C..L)~ ,,..y 
• VIRTI.W.. fll.lt')RY 

. APPL I CATICWS: REAL TIP£# TRANSACTION PROCESSING# ETC. 

£va "11v~u..~ 
• 1'11£RN HtlM INTERFACE.f':81 WINIXMING, GRAPHICS 

I ,u_ TI PROCESS I NG 

. WICE MEA NETWCR<S 

• LOC~ MF.A NETI«>RKS CLAN> AND CLUSTERS <LANC> 
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SELECTED UNlVERSITY-HASEO C<Jl>UTEkS 

fllST ColClPT- Ust:/ 
NACHINE US£ USE USE LIFE - - -

HAIVAICO HARK I 8/'t't 
• 18" ASCC 

7 1!» ., 
18" SSEC 1/'li 't.S .ti 

ENIAC 6/'t6 't 9 ., 
"1T ._lllWIND 6/50 s.s 9 .6 

IUT/lllCOll 
LAI TX-0 j 8 .8 

· FZOSAC 5/y.r -2 ,:, i 
-~r ~/4g !- 5 .,.,. ," 

~?('?)+. +• . 
~ ,. .-.J-,· \/.a;'\~ ?../r ( .- 'f 



HACHIM[ 

lllIAC I 

llllAC II 

lllIAC IV 

011 c .... , 

011 Cit• 

TEW TRAC 

flllT u,, -
9/!;2 

,,~ 
11/15 

5/15 

9/16 

Co1c,,ru1, -
" 
s.s 

12 

5 

1 

USE -
10 

l 

6.S 

6 

>6 

>1 

US(/ 
llf[ 

.1 

.l 

.l 

.1 

,., 
>.l 
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... SOME STANDn~DS ORGANIZATION M~1 BLESS 1 

INDUSTRY: EXISTS WIIH!N A SING~E COMPANY (IBM' 

i'1 (i T I ON t1 L :: ( E G .. !'1 \! '.:'. I ,, •) DE ,, .J ::- t, ,:, 

f•'iTEF'.Nt:T ION(;L: ,: EC.. 1·::o ,, IF IP. ECM(1. CC IT'T .' 

CONSIDPRATIONS FOR FUTURE COMPCON ON STANDARDc 

VINDS OF STANDARDS THAT DON'T CONSTRAIN CREATIVITY. 

YET ARE ESSENTIAL TO PROVIDE A PATHWAY ~ur THE PUTURF 

NATURE OF GO~LS AND CUNSTRAINTS FOR FUTURE STAND~RDS 

ROLES o~ VARIOUS ORGANIZATIONS~ M0NUFACTURERS, USERS. 

STANDARDS BODIES, PROFESSIONAL ORGS ... ACADEMIA 

T TM I r-1 Ci IN R ;: '3 J;; f': PC H , ,:, PO OU CT ,, r) t'! D U ::; E L IF E C Y CL F 

M~ININTAJNING. EUOLVING AND DISC~RDIMG STAND~RDS 

ECONOMICS OF SINGLE AND MULTIPLE STANDARDS 



,·. PR C1 DUC.:T ::\EGME:--1T i~D IH L'Uf\T F: :'., '.! RGt:N .!. '.Z.E ;:1 P ': 

LEVELS OF INTEGRATION WHICH FO?M STRAIAA, 

FUELED BY ENTREPRENEURIAL E~ERGY 

SOFTWARE FORMS NEW PRODUCTS AND USES 

SYSTEMS ARE DELIVERED IN MANY DIFFERENT WAYS 

~STANDARDS DEflNE THE STRAT~ 
......... ..... . ........ . 

GUIDELINES FOR STANDARDS 

SPONSORED ... NOT JUST A COMMITTEE OP COMMITTEES 

PRECISE. UNDERSTANDABLE AND APPLICABLE 

PEW. NOI ALL POSSIBLE O~ES FOR A GIVEN FUNCTION 



BOARD: BUSES FOR PERfORMANCS. ~?PL!CATIONS ... 

SLElTRDMECHANICAI 

OPERATING SYSTEM: COMMUNICATIONS, DAIABASJS, 0. 

LANGUAGE: INCLUDING APPLICAIIO~ LANGUAGES 

GRNBRIC APPLICATION: WORD PROCESSING ... 

DISCIPLINE/PROFESSION SPECIFIC nPPLICATION: 

procedure 1}EMTURE ___ CP,Pl:Tf.'1L f\lTPEPHEi'!EUR.!:i''1L ENEPUY 1:::"/CL.C 

beg ir, 

while gr2ed 3nd not fe3r do 

write 'busines~ ol~n): 

qet 'venture funds)~ 

\,
1 c, n t u r· c; f u n d -:~_. : ::· \.-' r-:::: rj t u r- c f u n d ·:::, + ·:: . . J 1 (? 1 1 rJ u :i d ::. t , __ , :: 

. . . 

end 



Ill 
lJ ,: 
,c 
JE 

' o; 
0 .. ., 
p: C. 
~ .... 

I ii. :E 

~ t\ PERFORMANCE VS TIME FOR 
> VARIOUS STATE-OF-THE-ART t-4 

J E-t 
,ce MINICOMPUTERS AND MICROPROCESSORS. ..:I 
~ 

"' PACKAGED ON PCB'S. I 
10 

8 I 
, - ' I / ' • SEL I , 
... - -4 l00IC 

*ICLl0 
101 ECL 

2 
~~~ .,,a 

Nez 
------- ( ,i) 

1 
.8 *11/70 

ttl/s (,'J) 

.4 
I 

,, 
I .2 

fot:, 
\.: 

.18 or., .. I .125 
.1 

I .08 

I 
.o 

72 74 76 78 80 82 84 



-9S 
MINIS 

TABLE OF U.S. MINICOMPUTER COMPANIES (ClRt;A 1970) 

~0 START UPS ~Wl~a 
Is 

FAils 
UNKNOWN: 

00, PRIKE 
ADAGE ••• Hooco"P (9) 
ANEklCAN ••• VIATRON ('tO) 

10 STAkT UP-----WlN1 lNTERDATA. SEL{ UATACMAfT 
• H,a,c L- f AILI ASI ••• TENPO 7) 

9 [XISTING---._:_:_-:_WlN1 
Cott,uTE a Co's bi; ? 1 

FAIL, 
UNKNOWN1 

22 EXISTING 
CO"PAN1£S 

-----WINI 

'{ 5'" (,LS . t-1 l, Vl \ s 
L:: FAI~: 

OEC, lBM 
liUNKER-RAHO, CUC 
GE ••• VICTOk (b) 
bURROUGHS, NCR, RCA 

HP 
HUGHES, Tl RAYTHEON 
AC ELECTRONICS••• 
WESTINGHOUSE (22) 



HICROPROCESSOR-BASEO CC'AiPUTER PRODUCTS 

ON A DESK (PERSONAL CO"PUTERS) 

SNART TELEPHONES 

TERNINALS 

HONE (AND 6At1E) 

PORTABLE PC'S 

WORD PROCESSORS 

PC's 
WORKSTATIONS 



•1r A COMPUTER UNDERSTANDS ENGLISH. 

IT ftUST IE JAPANESE.• 

-ALAN PERLIS 



MICROPROCESSOR-BASED C\WUTER PRODUCTS . . 

THE DESK (0EPARTHENTAL AND GROUP-LEVEL CONPUTERS) 

SUPEH NICRO /5t'fto_ll Micro 
CLUSTERED. FUNCTIONAL NULTlPROCESSOH 

SY"NETRIC "ULTIPROCESSOR 

HIGH-AVAILABILITY 

SINGLE CO"PUTER VIA VOTING 
• 

MULTIPROCESSOR (N•l) REDUNDANCY 

MULTI-COMPUTER CLUSTERS 



A GEWERATION IS THE CONVEkGENCE Of1 

-WEED (EG. THREAT Of ANNIHILATION, GREED) FREEING RESOURCES 

•TECHNOLOGY AHO SClEl~CE THAT PROVIDE FOR BUILDING "ACHINES 

-ORGANIZATIONS THAT BUILD NEW Clf1PUTING STRUCTURES 

-USE TO CONFIN" A GENERATION (AFTER THE FACT). 



THE FOURTH GENERATION 

-EVOLUTIONARY USE BASED ON TRADITIONAL WOHD AND DATA PHOCESSING, 

NACHINE-AIDEO ENGINEERING ANO NANUFACTURING, ANO tNBEDDED COHPUTING 

-MASSlVE lHTER-COMHUNlCATlONS AND PHODU(;TlV!TY NEEDS TO INCREASE USE 

-WELL-OlVELOPlU llCHNOLOGltS, INCLUDING POWERFUL VL~l NICROPROCESSORS, 

LANS, HAGNETICS, DISPLAYS AND STANDARD SOFTWARE 

-NEW OkGAN.lZAllON~ TO BUILD NEW CONPUTER STRUCTURES, BUT 

-NEW USES THAT EVOLVE FRON GHEATER ACCESS ~ON'T BE APPARENT FOR 

AT LEAST A DECADE 



············---

THE NEXT QENERATlUN: EVOLUT.lUNAHY VlEW 

-EVOLUTlONARY USE WITH WIDESPREAU ELECTROUlC HAIL AND lLECTRUNlC
BASEU LOGIC TO ENCODE KNOWLEDGE (EG. CAO/CAM) 

-NEED TO .HAVE INFORMATIOI~ AT •FINGERTIPS• ( IN TH£ SYSTE" AND NOT 

IN PAPERS AND BOOKS) 

-EVOLUTIOHARY TECHMOLOOY WITH LARGEN, DISTRIBUTED "E"ORIES 

-NEW COMPANIES TO BUILD WITH EVOLVING TECHNOLOGIES 



THE NEXT GlNEt<ATlOI~: REVOLUTIONARY VIEW 

-REVOLUTlONARY USE DEPENDING ON VOICE AND NATURAL LANGUAGE 

co""UNICATION 

-SOPHlSTlCATEu IHTER-COMMlJNICATlON ANO PkOUU~TlVlTY NEEDS INCLUDING 

EXPERT SYSTE"S TO HANDLE CO"PLEXITY AND I"PROVE PRODUCTIVITY 

-ROBOTlCS, AND ARTlFlCAL lliTELLIGENCE, FAST-WAHS TO SERVE LANS, 

BASED ON U- ANO VLSI ANU PAHALLEL!SM TECHNOLOGIES 

-AVANT uARUE OkGAN!ZATlONAL CO-OPERATION BElWEEN HESEARCHERS ANU 
lNOUSTRY TO PIONEER NEW CO"PUTER STRUCTURES 



MINICOMPUTER COHPAHY LESSONS 

1. NEARLY 251 SURVIVED 

2. ONLY 81 REALLY WON 

3. ONLY 21 OF STARTUPS kETAINED AUT0NONY 

. 4. MERGING WAS TRIED BY 101 

5. But ONLY 1/3 OF H~RGEkS wERE SUCCESSFUL 

6. BEING A CONPUTER SUPPLIER DIDN'T HELP: 

ONLY DEC AND IBM NADE THE TRANSITION TO "INISI 

7. IBM ALWAYS WINS • •• EVENTUALLY 

(SYSTE" 3 ••• SERIES 1) 

• 



MINICOMPUTER TECHl~OLOGY (CIRCA 1970) 

BASlC INDUSTRIES 

POWER SUPPLIES 

PACKAGING 

COHE MENORY 

SENICONDUCTORS (H51) 

ulSKS AND TAPES 

TEHNlNALS 

MlNICONPUTEk COMPANIES 

OPTIONAL 

ESSENTIAL 

OPTIONAL 

CPU AND MENORlES 

PlklPHERAL CONTROLLERS 

0PEHAT1NG SYSTlN~ 

LANGUAGES 

APPLICATIONS 

SYSTEN lNTEGkATlON 



-----
---- ··---- --

MlCRuCCJMPUTER-BASED COMPAl~IES 

BASH; iNUUSTHIES 

PoWEtc SUPPLIES 

PACKAGING 

SENlCONUUCTORS 
(NltkOS, NlNOHY, PlklPHlHALS) 

CRT's ANO TlKNINALS 

DISKS ANO TAPlS 

BOARD OPTIONS 

UNIX & DIAGNOSTICS 

LANGUAGES & OATABASES 

LAH'S ANO CONNUNICATION 

APPLICATIONS 

HlCROCUNPUTlR CONPANlES 

OPTIONAL 

OPTIONAL 

OPTIONAL 

OPTIONAL 

OPTIONAL 

OPTIONAL 

OPTIONAL 

SYSTE" INTEGRATION 

------------



PARALLEL ClWuT lliG 

NETwut<K - WITH LAli OR WAN lNTEKCONNECT 

CLUSTER - WITH LAN INTERCONNECT 

fU~CTlOWAL - ONE PROCESSOR PER FUNCTION 

CLOS£ AREA NET CLUSTER - HIGH SPEED INTERCONNECT 

TiME5HARil~G - ONE PkOCESSOR PEk USER 

PARTITiuNEO - ONE PROCESSOR PER PROCESS 

TKAN~A~l~UN PKU(,[~~iNG - PROCESSOR PER TRANSACTION STEP 

fAliLT-TuLEkAIH - DIFFERENT PROCESSORS ASSIGNED PER STEP 

WITH kEDUNOANT COMPUTATION 

Cul~CUkRENT-TASK - PAkALLEL PROCESSING Of A TASK BY 

PAkTITIOHING FOk INDEPENDENT DATA 

PIPELINEU-TASK - PANALLEL PkOCESSING Of A TASK 

PARALLEL PRutESSlNG - PROCESSORS WOkK ON A SINGLE TASK 



SELECTED UNlVERSITY-liA~EU COMPUTEkS 

FIRST CONCEPT- Ust: 
MACHINE USE USE USE LIFE - - -

HARVAkD MARK l 
• IBM ASCC 

8/'f&f 7 1!> .1 

IBM SSEC 1 /'f8 - 'f.S .b 

ENIAC 6/&f6 9 .7 

MIT WHIRLWIND 6/50 5.5 9 .6 

MIT/LINCOLN 
LAB TX-O 57 3 8 .8 

··-----------



MACHINE 

lLLlAC l 

lLLlAC II 

lLLIAC IV 

CHU C.H"P 

Cl1U C"• 

TEXAS TRAC 

FIRST 
USE -
9/S2 

6/6~ 

11/75 

5/75 

9/76 

83 

CONCEPT· 
USE -

5.5 

12 

7 

USE -
10 

3 

6.b 

6 

>6 

>1 

USE 
LIFE 

.7 

.3 

.3 

.7 

>.6 

>.1 



SINGLE C----
(10-lOOUS.) 
(1 CABINET) 

ICLOSE AREA--

IN ET ( .1-lMS.) 
I ( 1 ROOM) 

I 
I 
I 
I 
I 
ILOCAL AREA--
INET(l-lOOMS.) 
I ( 1 BUILDING 
I OR CAMPUS) 

I 
IWIDE AREA---
fNET (. 1-lOS) 
I (GLOBAL) 

COMPUTER TYPI TAXONOMY 



IMULTI-IRSTR/DATA ______ IDATAPLOW ARCHITECTURES 
I 
IPAULT-TOLERART--------------- IDUPLEX C 



11 PC---------11 aus---------lPC + •1•s· 
l(UIUPROCISSOR) 

IP-N BUS-------IPC + Ml'S 
I IPC + NPIO 
I IPC + NCIO 
I 
ATTACHED P (c --tc + PF ICF* 

UIIJ8US-TYPE 

TRADITIONAL NINI 
360 

6600 

EG. ARRAY PROC. 



IN PC 1 BUS N(P + C)IFUNCTIONAL NP 
((MUL~T=I--P------t (EG. NULTIBUS)ISYMMETRIC NP 

S.GEN, SYMM.MPISSMP 
(FOR PERF. , MSMP 

HIGH AVAIL.) LSMP 
VLMP 
ULMP 

(2-10) 
(10-100) 
(100-lK) 
(llt-lOK) 
(>lOK) 

PLEXUS 
SYNAPSE 

ELEXSI 
C.MMP, CM* 

CEDAR 

ULTRA-C 



IREG. 
I 
I 
I 
I 

CONNECT --;MEMORY ------GRID 
I 
ILINKS------t,TREE 

BINARY N-CUBE 
DADO 

CALTECH 64 C 

IAD BOC CONNECTIVIA P ORM CLOSENETS PLIGHT SIMULATORS 
I 
ISWITCHED · • · - · · IBUS · • · - · - - - - IFUNCTIONAL CLUSTER 

ICAN HIGH AVAIL CLUSTER 
IBACKPANEL CLUSTER 

LLL OCTOPUS 
TANDEM 

CT 



ISPANNING TREE --------tLAN CLUSTER, FMC/FUNCTIONAL MULTIC 
RING TOPOLOGIES CAMBRIDGE RING COMPUTER 

HOMOGENEOUS CLOSTER XEROX STAR 
HETEROGENEOUS NETWORK 

IFIXED CONNECT----------------IMULTIDROP 
I ITREE SNA 
I 
ISTORB' FORWARD--------------IBYBRID DECNET 
I ISEPERATE NETWORK ARPANET, TELENET 
I 
ISEPERATE SWITCB--------------IPABX ETC. COMMON CARRIERS 



SINGLE INSTR
SINGLE DATA 

PROCESSOR-TYPE TAXONOMY 

SINGLE INSTRUCTION------------
SINGLE DATA, HIGH AVAILABILITY 

SINGLE OPER., MULTI DATA--

SINGLE INSTRUCTIOR,------
MULTI-DATA 



IVOTING (DETECT) 
DUP. VOTE (DET./CORR.) BG. STRATOS 
TNR (DET./CORR.) 

MICROPROG. 'PIPELINE 
-----1SYSTOLIC ARRAY 

IOPEN MICROPROG 
I 
I 
IBARDWIRBD 

IARRAY PROCESSOR 
IIIAIIY FUNCTIONS 

IVBCTOR 

fSTRUCTURAL 
ANALOG l TREE 

ASSOCIATIVE MEMORY 
ARRAY/GRID 
GRID+ N-CUBE 

EG. PPS-164 
EG.ELI 

EG. CRAY 1 

NON-VON 
STARAN 

ILLIAC IV 
CONNNECTION MACH. 



IBARDNIRED----
1 
I 
I 
I 

ISIMPLE--------IMININAL 
; I COMPLEX 

IG. PDP-8, ·NOVA 

IPIPELI•BD --ILOAD/STORE IG. RISC 
I '+ MULTIFUNCTION UNITS IG. 6600 

IMICROPROG. ISIMPLE EG. 8086 
---------ICIS EG. 360, VAX 

IUSER MICROPROGRAMMING 
IP.LANGUAGE LISP 
IP. GP EMULATOR 
IDESCRIPTOR/CAPABILITIES 



MINICOMPUTER COMPANY LESSONS 
l• NEARLY 25% SURVIVED 

2. ONLY 8% REALLY WON 

3. ONLY 2% OF STARTUPS RETAINED AUTONOMY 
4. MERGING WAS TRIED BY 10% 
5. BUT ONLY 1/3 OF MERGERS WERE SUCCESSFUL 
6. BEING A COMPUTER SUPPLIER DIDN'T HELP: 

ONLY DEC AND IBM MADE THE TRANSITION TO MINIS! 

7. IBM ALWAYS WINS••• EVENTUALLY 

(SYSTEM 3 ... SERIES 1) 

SL-MI 



SL-MI 

MINICOMPUTER TECHNOLOGY (CIRCA 1970) 

BASIC INDUSTRIES 
POWER SUPPLIES 
PACKAGING 

CORE MEMORY 
SEMICONDUCTORS (MSI) 

DISKS AND TAPES 
TERMINALS 

MINICOMPUTER COMPANIES 
OPTIONAL 

ESSENTIAL 

OPTIONAL 
CPU AND MEMORIES 
PERIPHERAL CONTROLLERS 

OPERATING SYSTEMS 
LANGUAGES 

APPLICATIONS 

SYSTEM INTEGRATION 



SL-MI 

MICROCOMPUTER-BASED COMPANIES 

BASIC INDUSTRIES 
POWER SUPPLIES 
PACKAGING 

SEMICONDUCTORS 
(MICROSJ MEMORYJ PERIPHERALS) 

CRT's AND TERMINALS 
DISKS AND TAPES 

MICROCOMPUTER COMPANIES 
OPTIONAL 

OPTIONAL 

BOARD OPTIONS OPTIONAL 
UNIX & DIAGNOSTICS OPTIONAL 

LANGUAGES & DATABASES OPTIONAL 

LAN'S AND COMMUNICATION OPTIONAL 
APPLICATIONS OPTIONAL 

SYSTEM INTEGRATION 



SL-MI 

MICROPROCESSOR-BASED COMPUTER PRODUCTS 

ON A DESK (PERSONAL COMPUTERS) 

SMART TELEPHONES 
TERMINALS 
HOME (AND GAME) 
PORTABLE PC's 
WORD PROCESSORS 
PC's 
WORKSTATIONS 



SL.MI 

THE DESK (DEPARTMENTAL AND GROUP-LEVEL COMPUTERS) 

MICRO 

SUPER-MICRO 

CLUSTERED~ FUNCTIONAL MULTIPROCESSOR 
SYMMETRIC MULTIPROCESSOR 

HIGH-AVAILABILITY 
SINGLE COMPUTER VIA VOTING 
MULTIPROCESSOR (N+l) REDUNDANCY 

MULTI-COMPUTER CLUSTERS 



PARALLEL COMPUTING 

NETWORK - WITH LAN OR WAN INTERCONECT 
CLUSTER - WITH LAN INTERCONECT 
FUNCTIONAL - ONE PROCESSOR PER FUNCTION 
CLOSE AREA NET CLUSTER - HIGH SPEED INTERCONNECT 
TIMESHARING - ONE PROCESSOR PER USER 

PARTITIONED - ONE PROCESSOR PER PROCESS 
TRANSACTION PROCESSING - PROCESSOR PER TRANSACTION STEP 

FAULT-TOLERANT - DIFFERENT PROCESSORS ASSIGNED PER 
STEP WITH REDUNDANT COMPUTATION 

CONCURRENT-TASK - PARALLEL PROCESSING OF A TASK BY 
PARTITIONING FOR INDEPENDENT DATA 

PIPELINED-TASK - PARALLEL PROCESSING OF A TASK 

PARALLEL PROCESSING - PROCESSORS WORK ON A SINGLE TASK 

SL-LE 1/8/84 



SL-LE 

"IF A COMPUTER UNDERSTANDS ENGLISH 1 

IT MUST BE JAPANESE•" 
-ALAN PERLIS 

1/8/84 



A GENERATION IS THE CONVERGENCE OF: 

- NEED (EG• THREAT OF ANNIHILATION~ GREED) FREEING RESOURCES 

- TECHNOLOGY AND SCIENCE THAT PROVIDE FOR BUILDING MACHINES 

- ORGANIZATIONS THAT BUILD NEW COMPUTING STRUCTURES 

- USE TO CONFIRM A GENERATION (AFTER THE FACT)• 

SL-LE 1/8/84 



THE FOURTH GENERATION 

- EVOLUTIONARY USE BASED ON TRADITIONAL WORD AND DATA 

PROCESSING, MACHINE-AIDED ENGINEERING AND MANUFACTURING, 

AND EMBEDDED COMPUTING 
- MASSIVE INTER-COMMUNICATIONS AND PRODUCTIVITY NEEDS TO 

INCREASE USE 

- WELL-DEVELOPED TECHNOLOGIES, INCLUDING POWERFUL VLSI 
MICROPROCESSORS, LANs 1 MAGNETICS, DISPLAYS AND STANDARD 
SOFTWARE 

- NEW ORGANIZATIONS TO BUILD NEW COMPUTER STRUCTURES, BUT 
- NEW USES THAT EVOLVE WON'T BE APPARENT UNTIL A DECADE 

SL-LE 1/8/84 



THE NEXT GENERATION: REVOLUTIONARY VIEW 

- REVOLUTIONARY USE DEPENDING ON VOICE AND NATURAL LANGUAGE 
COMMUNICATION 

- SOPHISTICATED INTER-COMMUNICATION AND PRODUCTIVITY NEEDS 
INCLUDING ROBOTICS, SPEECH AND NATURAL LANGUAGE, EXPERT 

SYSTEMS TO HANDLE COMPLEXITY AND IMPROVE PRODUCTIVITY 

- ROBOTICS, AND ARTIFICAL INTELLIGENCE, FAST-WANs TO SERVE 

LANs, BASED ON U- AND VLSI AND PARALLELISM TECHNOLOGIES 
- AVANT GARDE ORGANIZATIONAL co-OPERATION BETWEEN 

RESEARCHERS AND INDUSTRY TO PIONEER NEW COMPUTER 

STRUCTURES 

SL.LE 1/8/84 



THE NEXT GENERATION: EVOLUTIONARY VIEW 

- EVOLUTIONARY USE WITH WIDESPREAD ELECTRONIC MAIL AND 

ELECTRONIC-BASED LOGIC TO ENCODE KNOWLEDGE (EG• CAD/CAM) 
- NEED TO HAVE INFORMATION AT "FINGERTIPS" (IN THE SYSTEM 

AND NOT IN PAPERS AND BOOKS) 

- EVOLUTIONARY TECHNOLOGY WITH LARGER~ DISTRIBUTED MEMORIES 

- NEW COMPANIES TO BUILD WITH EVOLVING TECHNOLOGIES 

SL-LE 1/8/84 



~ Selected University-Based Coraputers 

Use >i 
First Concept- 1 I l 

Macl"l_i_r1g_ Use lJEe_ Use Life 

Harvard Mark! 
= IBM ASCC 8/44 7 15 .7 

IBM SSEC 1/48 4.5 .6 

ENIAC 6./46 4 9 .7 

MIT Whirlwind 6/50 ~5.5 9 .G 

ILLIAC I 9/52 4 10 
- ... _, __ ""' ____ 

Us • I 

MIT/Lincoln lab 5-7 l r ., 
TX-Ci 

ILLIAC II G/G3 5.5 3 ':) . ~· 

ILLIAC IV 11/75 12 6.5 ,., . .) 

CMU C.mmp 5175 5 G .7 432 

CMU Cn,,'\ 917G 4 >6 >.6 

\ 

TEXAS TRAC 83 7 >1 > .1 \ 
\ 
\ 
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PARALLEL COMPUTING 

NETWORV - with LAN or WAN 1nterconect 
CLUSTER - with LAN interconect 
FUNCTIONAL - one processor per function 
CLOSE AREA NET CLUSTER - high speed interconnect 
T IME:::;Ht1P IHG .... on,::·· proc(-?<,.·::-or· pc·r· !.!'::-er 
PARTITIONED - one processor per precess 
'J'Rt,NS1~CTION PROCE'.:3SING .... proc1:,'<:-';or Pfir· tran·:,,.3ct1on i::-tf:.·P 
FAULT-TOLERANT - different processors assiqned per 

!::. te p 1,,11 th r Pdund::'Jnt com put.-::it 1 c,r, 

CONCURRENT-TASK parallel processinq of a task bv 
partitioninq for independent data 

PIPELINED-TASK - parallel processing of a task 
PARALLEL PROCESSING - processors work on a sinqle tas~ 

"If a computer understands Snql1sh. 
'l.t lllU'.::t bP J::,,p.31"!f·~:.ci .. • 

.... t:l:,jn Per·l:i.~' 

IHE FOURTH GENERATION 

- Evolutionary use based on traditional word and data process1n9. 
m ::'! c h 1 n c .... ::i i d c- d e r1 9 i n P e r i n ·~:1 :::i r, d m :Jr, u f :::1 c:- tu r· J. ri ;:i , :) r, d (::'mt:, E• d d r,) d c om put :i. !"1 '::, 
- massive inter-communications and productivity needs to increase use 
- well-developed technologies, J.nc:-ludin9 powerful VLSI 
microprocessors. LANs. magnetics, displays and standard software 
- new organizations to build new computer structures. but 

- new uses th2t evolve from Qreater access won't be 3pparent for at 
!.e:,:is;t :,,i dc>c:.':ldP 

THE NEXT GENERATION: REVOLUTIONARY VIEW 

- Revolutionary use dependinq on voice and natural }3nquage 
C Ci Ill Ill I..J 1"1 J. C :::it :i. 0 r·, 
- sophisticated inter-communication and productivity needs including 
robotics. speech and natural language. 
expert systems to hancle complexity and improve product1vity 
- robotics, and artifical intelligence, 
fast-WANs to serve LA~s, 
based on U- and VLSI and parallelism technologies 
- avant garde organizational co-operation 
between researchers and industry to pioneer new computer structures 



THE NEXT GENERATION: EVOLUTIONARY VIEW 

- Evolutionary use wit, widespread electronic mail 3nd 
electronic-based logic to encode knowledqe (eq. CAD/CAM) 
- need to have information at •fingertips• (in the system and net in 
papers and books) 
- evolutionary technology with larger, distributed memories 
- new companies to build with evolvinq technologies 

A GENERATION is the convergence of: 

- need 'eq. threat of annihil~tion. greed) freeinq resources 
- technology and science that provide for building machines 
- organizations that build new computing structures 

- use to confirm a qeneration (after the fact). 



-----------------------------------------------------------
PARALLEL COMPUTING 

NETWORK - with LAN or WAN interconect 
CLUSTER - with LAN interconect 
FUNCTIONAL - one processor per function 
CLOSE AREA NET CLUSTER - high speed interconnect 
TIMESHARING - one processor per user 
PARTITIONED - one processor per process 
TRANSACTION PROCESSING - processor per transaction step 
FAULT-TOLERANT - different processors assigned per 

step with redundant computation 
CONCURRENT-TASK - parallel processing of a task by 

partitioning for independent data 
PIPELINED-TASK - parallel processing of a task 
PARALLEL PROCESSING - processors work on a single task 

"If a computer understands English, 
it must be Japanese." 

-Alan Perlis 

THE FOURTH GENERATION 

- Evolutionary use based on traditional word and data processing, 
machine-aided engineering and manufacturing, and embedded computing 
- aassive inter-communications and productivity needs to increase use 

well-developed technologies, including powerful VLSI 
microprocessors, LANs, magnetics, displays and standard software 
- new organizations to build new computer structures, but 

- new uses that evolve from greater access won't be apparent for at 
least a decade 

SL.LE 1/8/84 



------------------------------------------------------------------
THE NEXT GENERATION: REVOLUTIONARY VIEW 

Revolutionary use depending on voice and natural language 
communication 
- sophisticated inter-communication and productivity needs including 
robotics, speech and natural language, 
expert systems to handle complexity and improve productivity 
- robotics, and artifical intelligence, 
fast-WANs to serve LANs, 
based on U- and VLSI and parallelism technologies 
- avant garde organizational co-operation 
between researchers and industry to pioneer new computer structures 

------------------------------------------------------------------
THE NEXT GENERATION: EVOLUTIONARY VIEW 

Evolutionary use with widespread electronic mail and 
electronic-based logic to encode knowledge (eg. CAD/CAM) 
- need to have information at "fingertips" (in the system and not in 
papers and books) 
- evolutionary technology with larger, distributed memories 
- new companies to build with evolving technologies 

A GENERATION is the convergence of: 

- need (eg. threat of annihilation, greed) freeing resources 
- technology and science that provide for building machines 
- organizations that build new computing structures 

- use to confirm a generation (after the fact). 

SL.LE 1/8/84 
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1 Sin3 le C----111 Pc---·-------·-11 Bus-·------------,·-P_c_+ ___ n-~{-,-s~------ Uni bus-type) 
1(10-100us.> l<uniprocessor>t 
1(1 cabinet) I IP-M Bus-------fPc + nK's traditional min. 
I I I !Pc+ nPin 36, 
I I I !Pc+ nCio 660> 
I I I 
I I :attached PfC--IC + Pf!Cf* ::irr:Jy proc·. 

I I~============================================::=::~ I I, Pc~1 b•Js n(P + C) lfunction.-al mP 
I l~multi-P) <e9. Multibus)jsymmetric mP 
I I 
I I A.gen, symm.mP!ssmP (2-10) 
I I (for perf. & lmsmP (10-100) 
I I high avail.) lsmP (100-lK) 
I l I vlmP <1K-10K> 
I i I ulmP 0·10~0 

I i I ·-----------.. -·------------

p 1 e){IJS 

Sr,0-p~ 

Ele){Si 
C.mmp, Cmf 

Cedar 

! l' 1:::::::::::::::: _____________ :::::::o: architectures 
I : - ·-----1 Close Area-- 11 reg. connect--t memory·--·=-=-·-· I grid -~ 
I Net <. 1 ·-1 ms;.P I ·---.=-==-,1~ 
I (1 room> · I I linlt..!:-- =-p.ree 
I \binary n-cube 
I 
I \ ::1d hoc connect Iv i a P or M cl o~.enet-~-

DADO 
C.:11 tech 64 C 

fli9ht simulators 
I \ 
I ! lswitched------lbus-----------lfunctional cluster LLL Octopus \ 
I \ ___________ I CAN high .3v.3i 1 cl•Jster T:andem 
1

1 

\ ------....Jla::t:.., ::,::..c=..;..;k.£.p..:-3:.:.r_:..:'.::...:l:_c:..:1.:•J.:s...:t:.:e:.:r ______ ---·------~-: 

I Local Are::,--.l 1 .p.3nni n':-'f tree,------------..,.- L~Ncl 1Jster, fmC\f•Jncti onal m1Jl ti C 
1Net(1-100ms.j in9 topologies Cambrid9e Ring Compute 
I (1 building\ 
l or c.3mpus) \ homogeneous cluster 

heterogeneous network 
XeroN STA 

I , 
I i 
!Wide Are::,---~I ixed connect----------------1multidrop 
Net (.1-lOs>(I jtree 
(global) ·1 

I tore & forward--------------lHybrid 
I jseperate network 
I 
I eperate switch--------------lPABX etc. 

C := Computer; P := Processor; K := Controller 
Cluster := collection of C's acting as a sin9le C 

SN 

DECnet 
ARPAnet,'relenet 

common carrier f,; 

(interprocessor communication times) determine parallel processing grain 
*function:= arithmetic, ::,rray processor, signal processor, communication 

(front end), database (back end), display, simulation 



-·-~-~-w·---- • - a 
'~ ·----,,. -·~- ,.~--- ~-~·,. ,,_M_•> • 

~- -"'~= 

______ _!~~OCESSO.R-IYP E IAXONCJM~j 

!single instr-fhardwired-
1 single dat.3 I 
I I 
I I 

' 
fsimple--------lminimal 
I jcomplex 
I 
I pipelined_··--····-··· . I load/store 

e9. PDP-G, NOVA\ 

I I I • + multifunction units 
eg. RISC 
eq. 6600 

I I 
I fmicropro9. ____________ jsimple 
I IC IS 

eg. 8086 
eg. 360, VAX 

I luser micropro9rammin9 
I jP.lan9ua9e LISP 
I IP.9p emulator 
I !Descriptor/capabilities 
I 
!single instruction, __ ~-----~---~voting (detect> 
I single data, dup. vote (det./corr.> eg. Stratos 
I TM.R (det./corr.) 
I 
!single oper., multi data 
I 
I 

........... mi er o pr 09. _===--J pipe 1 i ne 
lsystolic :nr:ay 

!single instruction, ........................... !open micropro9jarray proce!:-sor 

\._ 

multi-data I (many functions 

-----·-----~ 

I 
I h.::irdwired 
I 
lstructur::ll 

.3r,alo3 

!vector 

l
tree 
as~ociative Memory 
arr·:::iy/grid 
!3r id + n-cube 

FPS-164 
e9.ELI 

eg. CRAY 1 

non- 1JON 
STARAN 

Illi.-::ic IV 
Connection M.3ch. 



~\ Selected University-Based C011puters 

Use ,I 
First Concept-

Hachtne !,Jse Ustt Use LHe 

Harvard Hark.I 
= IBH ASCC 8/44 7 15 .7 

IBH SSEC 1/48 4.5 .6 

ENIAC 6/46 4 9 .7 

HIT Whirlwind 6/50 5.5 9 .6 

ILL IAC I 9/52 4 10 

HIT/Lincoln Lab 17 1 
,. ., 

TX-0 

ILLIAC II 6/63 5.5 3 .3 

ILLIAC IV 11/75 12 6.5 .3 se, 
algorithms), 
ipolar ffltll 

tiaulated 
pp roaches 

CHU C.1111p 5/75 5 G .7 432 

CHU Cai.\ 9/76 4 >6 >.6 

TEXAS TRAC 83 7 >1 >.1 



10M 

1M 

100K 

PRICE 

10K 

1K 

100 

'\ ~7. 
Comp~stem Price Classes 

ersus Time 

650 • 

Stretch 
• 

Atl 7600 
Lare• =a.:_s -~:i,,-----

"' B5500 

•360/50 

•370/158 

VAX-11/780 

Superminis 

Mainframes 

1401 

PDP-1 • 

___________ "Multis" 

1950 

Minimal Mini 

Program ma 101, 
HP9100A 

Bomar 

4-Function Calculators 

1960 

Scientific Calculator 

1990 

Lap 
Computers 

Computers 

Gen@rations 1st 

1970 

3rd 



I£PARlt£NTAL. AND GRaF-LEVEL Ol'PUTERS 

'11 CRO - C.Vv-s . 

SlFER-f1ICRO - ~~ ~ - C.i2- t>~ 

Q.USTERED.. Fl.JCTICJW.. fU.. TIPROCE~ - Pc.~~ . 
S'M'ETRIC JU.TIPROCESSOR 

HIGH-AVAILABILITY 
SING..E CCJf>UTER VIA VOTING 

fU.TIPROCESSOR CN+l> REJlJNDANCY 
r-tJLTI-CCJf>UTER CLUSTERS 

.... ---.., 
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VAX-11 
GENERAL GOALS/CONSTRAINTS 

GO.I MINIMIZE MP.SIZE (PROGRAMS) BY ENCODING & OPERATIONS <BIND IN 
HARDWARE> 

{VAX ISP SHOULD HAVE i MP-SIZE <OF PDP-11) WHILE PROVIDING 
32-BIT VIRTUAL ADDRESS) 

G0-2 MINIMIZE PROCESSING TIME FOR COMMON FUNCTION (E.G. MEMORY 
MANAGEMENT1 PROCEDURE CALL1 CONTEXT SWITCH) 

GQ.3 MINIMIZE COST OF EXTENSIONS 

G0-4 BUILD GENERAL VS- SPECIFIC MECHANISMS 
->I'-

G0-5 MINIMUM PROGRAMMING TIME 

G0-6 PROVIDE A MACHINE IN WHICH THERE IS MORE PROGRAM SHARING THAN 
W!TH ANY OTHER MACHINE 

G-BELL 
4/28/75 



• 

1 

VAX DESIGN GoALS & (ONST~AINTS 

1, Pl'.AXll'\AL COMPATIBILITY WITH PDP-11 (GIVEN SIGNIFICANT 
-·EXTENSION OF VIRTUAL ADDRESS SPACE) 

2, Hl~H IIT EFFICIENCY 

3, EASY EX,LOITATION OF INSTRUCTION SET BY HLL PROCESSCMIS 

-. SYSTEM LEVEL ARCHITECTURE TAILORED TO NEEDS OF PLANNED 
0/S 

5, EXTENSIIILITY 

6. RANGE 



5 

INSTRUCTION FOR~AT DESIGN CRITERIA 

' 1. M.L lffRATQRS SHOULD HAVE THE 
• 

·NATURAL• NUMBER OF OPERANDS .• 

' 2. ALL OPERANDS SHOULD HAVE THE SA:'E 

SPECIFICATION GENERALITY 

3. ADESSING ~DES SHOULD REFLECT 

'8SURED PROGRAM BEHAVIOR DATA: 

A. LITERALS SHORT 

B. DISPLACEMENTS SHORT 

C. TRUE INDEXING NEEDED 



<PERATOR SET DESIGN CRITERIA . 
,. 

1. REGll.AR AND CONSISTENT TREATf'E:n 

CE <fERATORS ACROSS DATA TYPES • 
.. 

2, AVOIDANCE OF INSTRUCTIONS Ufl.lKELY 

TO BE GENERATED BY A COMPILER 

3, l,NCLUSION OF SEVERAL FOR"5 OF 

CCIIII OPERATORS: E.G. 

INCL A "" ~ A .. t, l 

ADll.2 A,B 6 ~ ~.-+ {;.(r) 

ADll.3 A,B,C (~ -:- A + P; 

~. IIEPLACEPENT m: CClll>N INSTRUCTION SEQtEICES 

VITH SINGLE INSTRUCTIONS: 

E.G. LO(J) CONTROL, PROCEDURE CALLING, 

MSCIUPT CALCll..ATION 

lJ 

• 
. • 

I 

.J 



\ 
USER-LEVEL COMPATIBILITY 

(8 NO APPARENT CUSTOMER TRAINING FOR llVAX, 

RUN 16 BIT USER MODE MACHINES DEFINED BY OPERATING SYSTEMS (E,G, 

Rsx-11) INTERFACE, 

610 T~E l~VAX USER MODE ENVIRONMENT WILL BE A PROPER SUBSETJ ALBEIT ONE WHICH 

REQUIRES REASSEMBLY OF THE llJ 16-BIT USER MODE INTERFACE, 

Gll THE SYSTEM SOFTWARE WILL SUPPORT EXISTING TASKS WITH NEW (OR MODIFIED) 

TASKS WHICH USE EXTENDED ADDRESSING AND OTHER NEW FEATURES, 

(12 HARDWARE PERIPHERAL COMPATIBILITY WITH CURRENT ll's, 

612 MINIMIZE EXCLUDED HARDWARE FEATURES, 

&.Bell 
l+/28/75 



~ v, 
l 
\ 

MARKET SPECIFIC ENVIRON"ENT GOALS/CONSTRAINTS 

65 SlGNIFICANTLY IMPROVE REAL TIME RESPONSE, 

66 ENHANCE MACHINE ISP FOR OUR VARIED MARKETS, + 
fZPrH -'> ~- , Ave..;:Q MW · - - ~ 

67 

•'.,JI . • • '/. \ _.:, 

6. Be 11 
4/28/75 



::'! 
j • 

\ 11 VAX ARCHTECTURE GOALS/COtETRAINTS 

Cl EXTEND THE USER VA TO AT LEAST 24-BITS 

G2 LONG LIFE EXPECTANCY) WITH AN IMPLEMENTATION NOW AND IN 1988 

G3 COMPATJBILITY ACROSS A RANGE OF 1000:1~ 

64 PROGRAMS WRITTEN ON A LARGE MEMORY MACHINE SHALL RUN ON SMALL 

MEMORY MACHINES PROVIDED THE OPTIONS AND FILE SPACE Aq: ADEQUATE,, •. 

AND VICE VERSA. 

G.Bell 
",/28/75 



.... -~ 
DEC INTERNAL GOALS/CONSTRAINTS 

Gl3 EXISTING PRIVILEGED PROGRAMS (OPERATING SYSTEMS) SHOULD RUN WITH 11 

MINIMAL MODIFICATIONS, 

NG14 EXISTING OPERATING SYSTEMS WILL BE RECODED TO PROVIDE ONLY 11 Q6-BIT) 

USER MODE ENVIRONMENT, 

615 PHASEOVER FROM 11 TO llVAX MUST BE MINIMIZED, 

616 MAXIMIZE THE RUNNABLE DIAGNOSTICS WITH NO REASSEMBLY, 

G. Be 11 
J+/28/75 
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TECHNOLOGY 

MACHINE 

NEED 

USE 

. TECHNOLOGY 

MACHINES 

NEED 

,...,. ,i USE 

-'::<k;\,~·' 
,-:;,::-;~ '' ' :~~---

~V\,V\1,;. 0 r r
1 
n vt; , ,J \_. v 2 L.v' (u_,l s : 

·-l'iM.t ( Tv.06 I . ~ _ 0 

, Ct. tw Oh om::; o·F i t\ .for t'\A .... J·'l-~ r-,.-o CM-l--.:-i ~-, c, -e.h_,m,.,V\_*, (Ttt k.t '2. ) • 
:ti\-~~ r ~ 1'tl / ~.e..c,e. 

TABLE l • THE GENERATIONS . 'ru;t_ 2 ~ 
( mJ.'.r}'U) ~1 + c.,J ~~ 

WJ 1.-v.k. c:L.w,,, . 
PRE-COMPUTER GENERATIONS 

~l~ 
MANUAL 

ABACUS 

TAXES 

CRAFT 
1620 

TABLES 

GUNTER'S 

RULE 

TRADE 

EXPLORATION 

COUNTING ARITHMETIC 
NAVIGATION 

MECHANICAL ELECTRO-MECHANICAL 
1810 1900 

PLAN I METER 

JACQUARD LOOM 

INDUSTRIAL 

LAND DIVISION 

SURVEYING 
WEAVING 

HOLLERITH CENSUS 

MACHINE., FRIDEN 
CALCULATOR 

CENSUS 

BUSINESS 

SORTING 
ACCOUNTING 

COMPUTER GENERATIONS 

ELECTRONIC TRANSISTOR 
1950 1960 

WHIRLWIND CDC 160., 
UNIVAC 1 IBM 7090., IBM 1401 
ERA 1101 PDP-1 

DEFENSE SPACE 

WEATHER PREDICTION SCIENCE 

FIRING TABLES SIMULATION ( 

WEATHER FORECASTING TRAINING PROGRAMMERS 

MANAGEMENT ACCOUNTING 
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TABLE 2. COMPARISON OF MUSEUM TAXONOMY AND PMS 

MUSEUM TAXONOMY CLASS - CODE 

MEMORIES - M 

CONTROLS - K 

lRANSDUCERS - T 

LINKS & SWITCHES - S 

CALCULATORS - D 

DIGITAL COMPUTER - C 

ROBOTICS - R 

CODE - PMS 

M - MEMORIES 

K - CONTROLS 

T - TRANSDUCERS 

S - SWITCHES 

L - LINKS 

D - DATA OPERATION 

p - PROCESSOR 

C - COMPUTER 

DCM004-58 



TABLE 3. (IN PROCESS) 

CRITERIA USED IN DIFFERENTIATING ORDERS~ FAMILIES~ AND GENUS• 

CLASS 

MEMORY 

CONTROLS 

TRA.NSDUCERS 

LINKS & 
SWITCHES 

CALCULA 

DIGITAL 

COMPUTERS 

ROBOT I cs . 

ORDER 

(TECHNOLOGY) 

MACHINE INTERFACE 

* 

* 

* 

ANALOG OR 

DIGITAL 

* 

* 

* - To BE DETERMINED• 

FAMILY 

STORAGE MATERIAL 

DEGREE OF COMPLEXITY 

PHENOMENA/MATERIAL 

DEGREE OF COMPLEXITY 

GENUS 

STRUCTURE OF 

ACCESS MOVEMENT 

* 

* 

* 

DEGREE OF COMPLEXITY STRUCTURE 

* * 

* * 

DCM004.58 



• 

CLASS CALCULATOR 

ORDER FAMILY 
-coMPLEXITY 

MULTIPLE PART 

COMPLEX 

PROGRAMMABLE 

GENUS 
-STRUCTURE 

SECTOR 

SLIDE RULE 

SPIRAL., LOG-LOG 

LEVEL REFERENCE 

INTEGRATOR 

SPECIES 

SECTORS 

STRAIGHT., CIRCULAR., 

GUNNERY LEVEL 

MILEAGE READER 

DRAWING INSTRUMENTS PANTOGRAPH 

LEVEL REFERENCE 

INTEGRATOR 

LEVEL REFERENCE 

EQUATION SOLVER 

DIFF• ANALYZER 

ANALOG COMPUTER 

QUADRANT., SEXTANT ETC 

PLANIMETER., ETC• 

AUTO-PILOT 

HARMONIC ANALYZER ETC 

TIDE PREDICTOR., ETC 

BUSH., HARTREE 

GENL PRECISION., ETC• 

DCM004.58 



cS ~ ~j G\., LcvJ.<>~" 
~,_.--"-

DIGITAL SINGLE REGISTER STONE, BEAD COUNTING TABLE, 

TWO REGISTER 

3-4 REGISTER 

COMPLEX 

PROGRAMMABLE 

PASCAL WHEEL 

TAB INDICATOR 

KEYED WHEELS 

STEPPED WHEEL 

ABACUS, SOROBAN, ETC 
PASCAL WHEEL, STRIP, 

KEYED WHEEL "COMPTOMETER" 

BURROUGHS 

LEIBNIZ, 

ARITHMOMETERS 

AUTOMATIC STEPPED 

WHEEL 

ROTARY BALDWIN, ODHNER, 

CURTA, ETC• 

MOTOR-DRIVEN WH• MONROE, FRIDEN ETC 

BATTERY ELECTRONIC "POCKET" CALCS• 

TABULATOR 

EQUATION-SOLVER 

RELAY CALCULATORS 

RELAY CALCULATORS 

HOLLERiTH CENSUS, 

PoWERs-SAMAS 

AB~ MACHINE, POCKET 

CALCULATORS, 

BELL LABS 1 
DIFFERENCE ENGINES 

BELL LABs 11-1v, z5-4 
ANALYTIC ENGINE BABBAGE, HARVARD MKs 

TABULATOR HOLLERITH, PoWERS,ETC 

PLUG-BOARD ENIAC 

BATTERY ELECTRONIC POCKET 

DCM004-58 



I • 

CLASS MEMORY 

ORDER FAMILY GENUS 

-INTERFACE -TECHNOLOGY -sTRUCTURE OF ACCESS 

PHYSICAL STATE FIXED-PERMANENT 

WRITABLE OR PAPER 
READABLE 

MECH• STABLE 

CHEM• STABLE 

FIXED-ERASABLE 

FIXED 

LINEAR 

CYCLIC 
RANDOM 

FIXED 

LINEAR 
CYCLIC 

RANDOM 

LINEAR 
RANDOM 

MAGNETIC RANDOM 

ELECTRIC CHARGE RANDOM 

ELECTRONIC RANDOM 

SPECIES 

STONE MARKS> NAPIERS 

QuJPU> BEADS> ABACUS 

SCROLL 

ROLODEX 
BOOK 

SWITCHES 

PIANO ROLL 

DRUM> DISK 

CARD 

MOVABLE NOMOGRAPH 

MICROFILM 

MICROFICHE> VIDEODISC 

ROPE 

CAPACITOR 

DIODE> SEMICON• ROM 

DCM004-58 
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" " , .. y,At;' , ' . 
l (c,/i- \ 

WRITABLE & MECH• STABLE 

READABLE 

FIXED 

RANDOM 

WAVE STORAGE CYCLIC 

ELFCTRIC CHARGE CYCLIC 

RANDOM 

MAGNETIC FLUX LINEAR 
LINEAR-CYCLIC 

CYCLIC 
CYCLIC-LINEAR 

RANDOM 
ELECTRONIC STABLEfIXED 

RANDOM 

CHEMICALLY STABLELINEAR 

CALCULATOR REGISTERS 

ZusE MEMORY 

MERCURY, OPTICAL, & 
MAGNETo-sTRICTIVE 

ATANASOFF DRUM 

WILLIAMS TUBE, SELECTRON 
CAPACITOR, SEMICOND• 

TAPE, WIRE 

DATACELL 

FIXED-HEAD DISK, DRUM 
DISK 

CORE, DISK 
FLIP/FLOP, RELAYS, 

STEPPING SWITCHES 
SEMICONDUSTOR ARRAY, 

RELAY ARRAY 

PHOTO STORE 

IJCM004.58 
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Cumu!ativa Computers Installed V'Jorldvvide 
By. U.S. - Based 1\11anufacturers 

UNITS: 
(THOUSANDS), 
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..• 
{Source: International Data Corp): 
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1500; 

1000 

500 
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I • 
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1970 

\ _ ____,..,. 

MliNICOMPUTERS 

1975 

EDP 
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\~ 

A 
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-1...,urnu1a1:1ve vvonavv1ae va,ue or l,Ompurers. 1nstauea 

DOLLARS i 
I 

(BILLIONS): 
100, 

so; 

so; 

so; 

so: 

401 

30: ,v ,,._, 
2:+ 

= • 
I 
I I o: • l • 

1970'\ 

{U.S. - Based fV1anufacturers) ~ 
(Source: International Dcrta Corp.) 

I I ~ "' ! I 
I • ' I 

-
1975· 

It '"! 
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COMPU

TERS 

1' 
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T 
MICRO-

PROCESSORSi 
• 
! 

1980j 
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COMPUTER-SPACE (FUNCTION DIMENSION) 

SCIENTIFIC 

BUSINESS 

CONTROL 

D ~ DM 
4 DT 

T --> TD 

T --> TD 

DMT ~ DTPM 

--> DTP _J 

--) TDM -)TDMP 

-->TDK --, TDPM 

COMMUNICATIONS S(T) --------~ SM(PT) 

FILE(~) CONTROL M 

TERMINALS 

TIMESHARING 

GB 
!/!2/76 

T 

________ _, MP 

---, TD ___ __, TDPM 

TMP -

TIME (EVOLUTION) 
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TECHNOLOGY + 

ROM 

BIPOLAR--~~ 

TECHNOLOGY IMPLICATIONS 

TECHNIQUE IMPLICATION 
f;.ND NEEW 

MICROPROGRAMMING ---~ LESS COST 

(LESS AD HOC SEQUENTIAL 
CIRCUITS) >COMPLEXITY IN ISP (E,G, 

Li ~ 
DO LOOPS, FLT, PT, 

DESIGN COST HIGH; 
HIGH RELIABILIT'i] >COMPLEXITY IN K's (I.E. 

Kx:: MP-Pc-K) 

MORE REGISTERS 
(GR CONCEPT) 
{pERFORMANCf;} 

----> GR ISP 

MEMORY MAPPING ---.~)· MEMORY MANAGEMENT 
(REGISTER SCHEMES) 
(MULTIPROGRAMMING] 

··~ 

~--,-) EXPLICIT MP 

4 CACHE -~ 

MOS RAM 

ICROPROGRAMMING 
? ., PERFORMANCE] 

-----~ ECC 

[SERVICE COS~4 AVAILABILIT'!J 

USER MICROPROGRAMMING 

RELIABILITY 

(OVERTAKE CORE} 
~ Bi~ ~ 'p v\'J<f'l,~'U} . ' 

) MSI ARRAYS ___ ___,,,, REGULAR ARRAYS-----) MACRO LOG IC (iooJ., kJv.:;; ,· 

[LOWER co sij 1 ·., MUL Tl -Pc • s c SW ITCH I NG i 

LSI 
~?TV1&.-i~ c·,; 1 

Pc-oN-A-CHIP ----""-«-~·~> fuLr1-Pc 

[PERFORMANCE, . ) REDUNDANT C'S 
AVAILABILITY, 

PERFORMANCE, LOWER cos'?} C,MODULES 
'--

BLOCK-ORIENTED---} MEMORY HIERARCHY--- VIRTUAL MEMORY 

MEMORY 
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'1 
ARITHMETIC 
INSTRUCTIONS 
TO Pn 

f 

Pn:K 

A USE SAME 
ISP AS Pc 
IN Pn 

A BRANCHING AND LOOP 
CONTROL INSTRUCTIONS IN 
Kn:::::..> Po 

GB 
1/ 12/76 

·= ' 

'1 MP(LOCAL) 

MP 

X., Y PT, 
PLOT IN K,DIS 

Ko 

Pc Kn I SPLA 

4 VECTOR IN K, D 

.a CHAR IN 

K.n 

/J LIST OF 
DISPLAY PICTURES 

TAKEN FROM MP VIA 
D~.~ BY Kn 

@ 

Pc 
DRIVES 
Kn ON 
INST-BY
INST 
BASIS . 

Kn PERF IS MAX, Pc 
MAY BE BUSY POLLING 
(UNLESS A BLOCK 
TRANSFER IS USED), 

Pc Kn T 



COMPUTER-SPACE (FUNCTION DIMENSION) 

SCIENTIFIC 

BUSINESS 

CONTROL 

n ~ DM 
4 DT 

T --> TD 

T --> TD 

DMT --jt DTPM 

--> DTP _j 

--, TDM --,TDMP 

-->'.TDK --, TDPM 

COMMUNICATIONS S(T) --------~ SM(PT) 

FILE(~) CONTROL M 
________ __,, MP 

TERMINALS T --- .TD----->' TDPM 

TIMESHARING TMP 

TIME (EVOLUTION) 

GB 
. 1/12/76 



EVOLUTION OF IO CONTROL IN COMPUTERS 

CONTROL1 K EVOLUTION 

K,SIMPLE 

K (1 INSTRUCTION WITH 

INTERRUPTS) 

K ( > 1 INSTRUCTION) 

K-f?.t,,-MP (LOCAL) 
~ ' 

C10 

. GB 
l/12/76 

COMPUTER CONTROL & PROCESSING 
FUNCTION 

Pc (WITH EMBEDDED K) 

Pc (INTERRUPTS & IO PROGRAM) 

PcIO (1 INSTRUCTION AT 

INTERRUPT) 

Pc+ NP10 (CHANNELS) 

MPCIO 

Pc+ -P,sPECIAL (E,G, P. DISPLAY) 

Clo (SEPARATE COMPUTER WITH 

MP (LOCAL) FOR IO CONTROL) 



PMS-STRUCTURE DIMENSION 

(FROM BELL & NEWELL) 

INTRA-Pc PARALLELISM 
(Pc IMPLEMENTATION) 

,SERIAL-BY-BIT (E,G, PB 250) 
,SERIAL-BY-CHARACTER (E,G, 14~1 ll+lD 

,PARALLEL-BY-WORD 
(CONVENTIONAL) 

8080) 

,PARALLEL-BY-WORD WfTH MP 
CONCURRENCE 

,MICROPROGRAMMING 
(SEPARATED1 FAST 
INSTRUCTION (AND SOME 
DATA M) AND SLOW DATA M) 

,FAST1 EXPLICIT MP (11/45) 
,INSTRUCTION BUFFERING 

,CACHE--FAST1 IMPLICIT MP 
FOR INSTRUCTION AND DATA 
BUFFERING 

,PARALLEL-BY-"SET" OF WORDS--~

,VECTOR (PIPELINE) 

,ARRAYS AND SETS 

INTER-PC PARALLELISM 
(PMS ARCHITECTURE) 

t~NGLE Pc 
,WITH INTERRUPTS 

,WITH PROCESS 
CONTEXT SWAPPING 

,SINGLE PcJ SEPARATED Mr's 

. I OVERLAP 

,SEPARATE INST, & DATA 

,REPLICATED PROCESSORS (WITH. 
VOTING) 

,MPc + NPio 
(MULTIPROCESSORS) 

,MPc + NPio + P.sPECIA~ 
ALGORITHM 

MC=CM (COMPUTER MODULES) 

COMPUTER NETWORKS 

Nl+lD 

GB 
1/12/76 

~ #INSTRUCTION/I AND DATAID STREAMS 



COMPUTING EUROPE (6 NOV 1975) 

"WHEN IS A MINICOMPUTER NOT A MINICOMPUTER? 
SURELY IT IS TIME THE INDUSTRY FACED THE PROBLEM OF EVOLVING A 
STANDARD DEFINITION, 

1, ANNOUNCEMENTS FROM MINICOMPUTER COMPANIES AREN'T) BY DEFINITION) 
MINIS, 

2, DATAPRO RESEARCH CORPORATION 
,.,THE WHOLE CLASS OF STORED-PROGRAM DIGITAL COMPUTERS WHICH 
ARE SUITABLE FOR GENERAL-PURPOSE APPLICATIONS AND ARE PRICED 
BELOW $50)000, 

3, ELECTRICAL RESEARCH.ASSOCIATION (1972) 
II ,A COMPUTER,, ,WHICH MAY BE PURCHASED FOR LESS THAN $40,000 
IN THE FOLLOWING MINIMUM CONFIGURATION: PcJ MP (256"'8K WORDS); 
T,CONSOLE, T(TELEPRINTER + PAPERTAPE READER AND PUNCH), POWER 
SUPPLIES (ETC,); SOFTWARE,, ,WITH BOOTSTRAP AND BINARY LOADER, 

4, BARNES IN SPL INTERNATIONAL MINICOMPUTER FORUM 1975. 
, , ,HARD TO SAY PRECISELY BECAUSE OF BROAD SPECTRUM OF SIZEJ 
PERFORMANCE, BUT USUALLY A RELATIVELY INEXPENSIVE, SMALL SCALE 
COMPUTER WITH A WORD LENGTH OF 16 BITS OR LESS WHICH CAN 
OPERATE IN AN OFFtCE ENVIRONMENT WITH NO AIR CONDITIONING, 
NO FALSE FLOORS AND NO SPECIAL POWER SUPPLIES, 

5, DEC (UK) MINIMAL CONFIGURATION COST OF<£20K AND CAPABLE 
WITHIN THE MINIMUM OF TAKING A HIGH LEVEL LANGUAGE (E,G, 
FORTRAN) BASIC), 

• 

6, VARIAN--THE DEFINING CRITERIA IS THAT THE ACTUAL PHYSJCAL 
EQUIPMENT SHOULD BE PACKING MAINFRAME CAPABILITY INTO A 
PHYSICALLY SMALLER CABINET, 

7, HP(UK)--SMALL GP-C WHICH IS FREQUENTLY THE MOST COST-EFFECTIVE 
SOLUTION TO A WIDE VARIETY OF APPLICATIONS IN BUSINESS; SCIENCE, 
AND EDUCATION, II 

GB 
1/12/76 



TECHNOLOGY + 

ROM 

BIPOLAR --~> 

TECHNOLOGY IMPLICATIONS 

TECHNIQUE 
[AND NEEW 

IMPLICATION 

MICROPROGRAMMING ---~ LESS. COST 

(LESS AD HOC SEQUENTIAL 
CIRCUITS) >COMPLEXITY IN ISP (E,G, 

[i ~ 
DO LOOPS) FLT, PT, 

DESIGN COST HIGH; 
HIGH RELIABILIT)1 >COMPLEXITY IN K's (I.E. 

K_x= MP-Pc-K) 

MORE REGISTERS 
(GR CONCEPT) 
{fERFORMANC§ 

GR ISP 

MEMORY MAPPING ---~> MEMORY MANAGEMENT 
(REGISTER SCHEMES) 
(MULTIPROGRAMMING] 

MEMORY HIERARCHY---G-t EXPLICIT MP 
(PERFORMANCE) cosfl 

CACHE 

~ICROPROGRAMMING 
L? J PERFORMANCE] 

USER MICROPROGRAMMING 

MOS RAM ----~ ECC ---------:; RELIABILITY 

[SERVICE COST) 
AVAi LABI LI T'LJ (OVERTAKE CORE) 

) MS I ARRAYS ---~, REGULAR ARRAYS ---

1
.---) MACRO LOGIC 

[LOWER cosij 
'MULTI-Pc's (SWITCHING) 

LSI Pc-ON-A-CHIP-----

[PERFORMANCE) REDUNDANT C1 S 
AVAILABILITY) 

PERFORMANCE) LOWER cosf] C,MODULES 

BLOCK-ORIENTED---} MEMORY HIERARCHY---- VIRTUAL MEMORY 

MEMORY [HIGH ~RICE TO MANAGE 

GB 
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· S·l NGLE USER 

@ PROVIDE LOWEST-PRICE SYSTEM . 

e "GO-DEC" ~ "GROW-DEC" 

o -RT-11 CLASSIC SYSTEM 

o LSI-11 SUPPORT VIA RT/FLOPPY 

o RSX-11D/RT-ll ENVIRONMENT 

o REDUCE SERVICE COSTS/SUPPORT HIGH 
. VOLUME 

. . . 

. i 

! 

l. 
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·.· REAL TIME .. . . . 

. e LSI-11 SUPPORT 
I TRIMMED.RSX-llS (NOT RSX-llA) 
, RSX-llM FOR PROGRAM DEVELOPMENT 

, .,. 

. 
0 SUBSTRATEGY IMPLICATIONS 

, RT-11 ENVIRONMENT-
. I FILES IMPROVEMENTS 

, 

I NETWORKS SUPPORT 

e . IMP.ROVE -IAS PERFORMANCE 
. ADD BASIC-PLUS 

.. 
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TIME SHARING 

0 RSTS/E V7 
~-,-FILES-11 VERSION OF V6 
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, fLEAN UP BASIC-PLUS 
I 'NETWORK SUPPORT 

. 
0 SWITCH EMPHASIS TO TRANSACTION-

PROCESSING 
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e . DOff1 T DO FULL FP.MILY 
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TRANSACT I ON PROCESS I NG \ 

· o DOMINANT MARKET PRESSURE 

o MOVES US· INTO COMMERCI.AL APPLICATIONS 

e INVOLVES. 
I NETWORKS 
I DATA MANAGEMENT 
I . LANGUAGES 
,·~UTILITIES 
I OPERATING SYSTEMS 
I HARDWARE 

· e TREAT IT AS ADVANCED DEVELOPMENT 
i NOT A PRODUCT 
, A THROW-AWAY-

.. 

., 
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LANGUAGES 

SCIENTIFIC 

CLE.AN UP BASICs 
MORE HARDWARE SUPPORT 
PRODUCTIVITY AIDS -. 
ANTICIPATE NEW ANSI ' 

. . .. - ANTICIPATE APL 
~ 

COMMERCIAL 

NEED ONE FOR ON-LINE APPLICATIONS 
REOPEN PL/1 
EVOLVE COBOL (INDEXED 1/0) 

MINI-COBOL 

• 

• 
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FIGURE 3 GENERAL STRUCTURE OF COMPUTATION FACILITIES 

STANDALONE 
,. 

(e.g. CLASSI )• 

REMOTE 
BATCH , 

, 
, 

SWITCHING 

STRUCTURE 

(telephone, voice, 

dataphone, video) 

(also) 
common plotting, 

• 
, 

0246 

SPECIAL 
FUN CT I ON 

(e.g. 
library) 

I 

Data base, files, 
ma i 1 

General 

Purpose 

printing, filing facilities 

--@-.: (terminal--i .e. human interface) 

GB 
5/8/75 



TABLE 1 DISK TECHNOLOGY. (1975) 

DISK CONFIGURATION 

Flexible (floppy) 

Platter 

3 - 5 Platters 

10 Platters 

GB 
5/8/75 

PRICE CAPACITY 
(Roughly) (Bits) 

3 2.5 

6 30.0 

12 160.0 

24 800.0 

024/ 

COST/ ACCESS 
BIT TIME 

1. 2 1 s 

. 2 50 ms 

.075 50 ms 

.03 20 ms 



TABLE 2 YEARLY IMPROVEMENTS FOR VARIOUS COMPUTER 
TECHNOLOGY COMPONENTS 

Technology Indicator 

Semiconductor density 

Semiconductor memory density 
(bits/chip--leading edge) 

Magnetic recording density (disks) 

Core (price) 

Terminals 

Magnetic tape ~ensity) 
(data-rate) 

Power Supply (cost/watt) 

Packaging (cost/int3) 

Minicomputers 

GB 
5/8/75 

% Improvement 

60 - 80 

100 (i962 - 197 4) 

41 (1962 - 1975) 

30 

25 

23 (1952 - 1973) 
29 

-3 

-3 

31 (1960-1975) 
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Structure 

Dedicated 
(fixed-] use) 

Programnable 
( 1 user) 

Dedicated 
(mu 1 ti programmed 
n-users) 

P rog r arr,:11a b 1 e 
(multiprogrammed 
n-users) 

Table 3--SYSTEH STRUCTURE, MEMORY SIZE, AND 

RESULTANT USE 

Memory Range Function (use) 

16KB Unteractive--e.g. POS 

1235 

Special 
( 11 KB - 8KB) Real tir1e--e.g. scope, traffic purpose, 

contro 1, automobile Fixed 

16KB - 65KB lnteractive--RTll Sr.ia 11 
Real time--RSXl 1S,M scale, 

genera 1 i 

65KB 256KB lnteractive--MUMPS, Trans. I Special - Process j 
n RSTS purpose 
Real tir.1e--RSX-l lM, D I 

I 
I I 

128KB - 1024 KB lnteractive--lAS, TOPS 10, p~- - i ,_ I~ I Genera i i 
Real tine--RSX-1 iD 

There are many implications of the 4 categories of structure and the 2-sub 
categories as to the operating system, its overall system structure, etc. 

GB 
3/21J/75 

ty 
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TABLE 4 LARGE AND SMALL COMPUTERS 1967 

Circa 
i967 COST WL Mp Size Bits/$ 

8 10 4(1) 1 2 ( 1 ) 5x10 4(1) 5 

6600 3X106 (300) 60 (5) sx106(160) 2 2/3 

------- - - - - - ------ - - - -

Circa 
1 o,::: ~' .., 

BRD 1 o3 ( 1 ) 16 ( 1 ) 4x103w(1) 64 

Large 107(104) 64 ( 4) 1 X 106w( 103) 6.4 

Some Observations: 

1. Pe:-formance: smal 1 is about the same. Large up 10,,...30. 

2. Cost: small is cheaper by XlO. Large.up X3. 

3, Mp. size no econo~y of scale. 

GB 
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MIPS 

.3x106(1) 

3x106 (10) 

------

• 3 ( l) 

100 ( 104.) 

AND 1975 

MIPS P/C 
X WL REAL (MIPS) (MI PS/M$) 

( 1 ) 1 o3 ( 1) 30 

(50) 3x106 (3000) 

- - - - - - - - - - - -

100 

10 



TABLE 5 OPERATING COSTS FOR COMPUTING 

( 1 K) COST/Year 

Human O, 5, 10, 20, 

Computer 1.2""' 2.5 

Terminal .25 ,.,,,,._75 

Service • 05 

Power . 005 - . 01 

Line 0 _. 2. 4 

Paper 

Space 

GB 
5/8/75 

0 - . l 

.05 -.1 

COST /HR. @ 2400 HR. 

40 0, 2, 4' 8, 16 

,5 .-1. 

. 1 ...., . 4 

.02 

,002 - .OOL1 

0 -2. 

l /3¢ - 3¢ 

.02 .-.04 

0250 
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TABLE 6 CHARACTERISTIC DIFFERENCES OF SMALL (decentralized) 

VERSUS LARGE (central) FOR COMPUTATION 

Attribute 

Performance 

Cost 

Use 

Non-use 

Security 

GB 
5/8/75 

Sma 11 
(Decentral) 

Greater average. 

Economies through production. 
Lower, given a terminal is 

is needed for a system. 
f(COMM 1 ine, terminal, and 

memory costs). 

Production 1 imited. 

Overhead of maintenance 
on individual (hidden) 

Smal 1 (or 0) data base.s. 

Fixed, (wel 1-def ined) 
computation. 

Programming where tasks are 
unbounded. 

Private 

Large 
(Central) 

Greater peak 
Large memory (programs) 

Economy of scale for disk. 

Design 1 imi ted. 

Explicit, central maintenance 
costs. 

Large, shared data base. 

General (undefined) computation. 

Defined, bounded tasks. 

Pub 1 i c 
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PAS IC PROBLEf'S IN DEFINING (CHARACTERIZING) 

(ivlINI) COMPUTERS 

TECHNOLOGY CHANGES RAPIDLY--HENCE, PRICE AND SIZE FOR 

CONSTANT FUNCTION DECREASES RAPIDLY, 

LIFETIME ~GES) VARY AMONG COMPARISONS 

THE CONFIGURATIONS VARY WITH APPLICATION--MAKING $ FOR 

SYSTEM A POOR MEASURE, 

MINI ANCESTRY INCLUDES: CONTROL, COMPUTATION, AND 

DATA PROCESSING, 

WIDE IMPLEMENTATION RANGE ~ AND PERFORMANCE)' 

LEVELS-OF-INTEGRATION, MARKUPS AND MARKETING VARY 

GB 
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Circa 
1967 

8 

6600 

- - -
Circa 
1975 

Brd 

8600 

LARGE - SMALL COMPARISON 

Mp.size/ MIPS P/C 
Cost WL MP Size $ bits/$ MIPS x WL REAL(MIPS) (MIPS/M$) 

10 4 (1) 12 (1) 5xl04 ( 1) 5 .3xl06(1) (1) 10 3 (1) 30 

3xl0 6 (300) 60 (5) 8xl0 6 (160) 2 2/3 3xl0 6 (10) ( 50) 3xl06(3000) 1 

- - - - - - - - - ·------ - - - - - - - - - - - - - - - - ------ - - - - ------

10 3 ( 1) 16 (1) 4xl0 3w(l) 64 .3 (1) - 100 

107 (10 4 ) 64 ( 4) lxl0 6w(l0 3 ) 6.4 100 (10 4 ) - 10 

SOME OBSERVATIONS 

1. Performance: low end is about the same. High end up 10"'V30. Gap 10--+ 300 (30) 

2. Cost low end is cheaper by x 10. High end up x 3. 

3. Mp. size no economy of scale. 

GB 
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Gap 300--tl0,000 (30) 
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M E M O R Y S Y S T E M 

C H A R A C T E R I S T I C S 

1, LOW ACCESS TIME <FAST) 

2. LARGE CAPACITY 

3. LOW COST 



M E M O R Y H I E R A R C H I E S 

A MEMORY HIERARCHY IS A MEMORY SYSTEM WHICH IS BUILT OUT 

OF A NUMBER OF MEMORY TECHNOLOGIES WHICH ARE COORDINATED 

IN USE SO AS TO REALIZE A SET OF MEMORY SYSTEM CHARAC

TERISTICS AVAILABLE IN ANY SINGLE MEMORY TECHNOLOGY. 



L O C A L I T Y 

OVER REASONABLE TIME PERIODS A PROGRAM TENDS TO REFERENCE 

ONLY A SMALL SUBSET OF THE ADDRESS SPACE IT CAN POTENTIALLY 

ADDRESS. 

\ 

) 



M E M O R Y T E C H N O L O G Y E X A M P L E S 

1. GENERAL REGISTERS 

1 
2. CACHE 

3. MAIN MEMORY l-
U) U) 

U) 0 
w 4. EXTENDED MAIN MEMORY u 
u .. --
u 5. MAGNETIC DOMAIN/CCD SHIFT REGISTER 0:::: 

c:I: w 
~ 

0:::: 6, FIXED HEAD DISK C> 
w -' 
l- 7, MOVING HEAD DISK ! U) 

c:I: 
LL. 8, TAPE 

9. ARCHIVAL MEMORY 

, 



MEMORY HIER A.RC HY 

0 PER AT 1·0 N 

1. TRANSPARENT 

A. CACHE 

B. DEMAND PAGING TO USER 
'""·--· 

2, NON-TRANSPARENT 

A. OVERLAYING 

B. FILE.SYSTEMS 

C~ DEMAND PAGING TO SYSTEM 



EXAMPLE 

,_ __ _, BIPOLAR 

11 / 45 ,----, 

CORE 
-, .. --· 

· NON - TRANSPARENT-

. I 11 / 70 /,__/ ___ / BI POLAR/ 
- . I CACHE / / CORE / 

TRANSPARENT 



C A C H E 

1. ASSOCIATIVE MEMORY WHICH STORES ADDRESS-

DATA PAIRS 

2. ASSOCIATION IS DONE ON ADDRESS 
4 .- .. 



C A C H E O P E R A T I O N 

C C P U R E A D ) 

DATA TO CPU 
AT MEMORY SPEED 

CPU ADDRESS 

ASSOCIATIVE 

LOOKUP 

NO (MISS) 

MAIN MEMORY 
REF 

UPDATE 
CACHE 

DATA TO CPU 
AT CACHE SPEED 



C A C H E P A R A M E T E R S 

1. CACHE SIZE 

2. ASSOCIATIVITY 

3. BLOCK SIZE 

4. REPLACEMENT ALGORITHM 
... - . 

5, WRITE ALGORITHM 

6. ALLOCATION SIZE 

7. ALLOCATION BY REFERENCE TYPE 



F U L L Y A S S O C I A T I V E 

ADDRESS DATA 
LJ.J 

u 
; .... ~. 

c::c 
a.. 
C/) 

ANY MAP 
>-
0:::: 

0 

:E: 

LJ.J 

(MULTIPLE COMPARE) ~ 

z -
c::c 

. :E: 
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D I R E C T M A P 

LOW ORDER 
ADDRESS BITS 

ADDRESS DATA 0 

. 1 . 
0 

2 
l ·--· 

3 

2 0 
w 

3 I u 
c::c 

2 0.. 

(SINGLE COMPARE) (/) 

3 >-

0 
0:::: 

0 

:!=: 

w 
:E: 

z -
c::c 
:E: 



S E T A S S O C I A T I V E 

ADDRESS DATA ADDRESS DATA 

~I I I 
(MULTIPLE COMPARE) 

:-- .~ .. 

LOW ORDER 
ADDRESS BIT 

0 

1 

0 

1 

. 0 

1 . 

w 
u 
c::t: 

0.... 

(/) 

>-
0::: 

C) 

:E: 

w 
:E: 

z:: -
c::t: 

:E: 



B L O C K S I Z E 

1. (USUALLY) UNIT OF DATA EXCHANGED BETWEEN MAIN 

MEMORY AND CACHE. 

2. (USUALLY) UNIT OF CACHE ALLOCATION 

3. OFTEN LARGER THAN ONE WORD TO ACHIEVE INSTRUCTION 

AND DATA UPREFETCH" 



R E P L A C E M E N T A L G O R I T H M 

(APPLICABLE ONLY TO SET AND FULLY ASSOCIATIVE) 

1. LRU 

2. FIFO 

1.. RANDOM 



W R I T E A L G O R I T H M 

1. WRITEBACK-- CACHE ONLY IS UPDATED ON WRITE HITS. 

MAIN MEMORY UPDATED ONLY ON REPLACEMENT OF CACHE 

BLOCK WHICH HAS BEEN WRITTEN INTO. 

2;··· WRITE THRU -- MAIN MEMORY UPDATED ON ALL WRITES. 



S I M U L A T I O N -- I 

PDP-11 

PROGRAM 

'I 
PDP-11 

INTERPRETER 

' I 

MAGTAPE 

REFERENCE TYPE AND 
ADDRESS 



SIMULATION~- II 

MAGTAPE 

'I/ 

CACHE 

SIMULATOR 

\,I 

HIT RATIO 

AND OTHER DATA 

CAC 
< 

PAR 

. 

HE 

AMETERS 
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FIG, 2. EFFECT OF CACHE SIZE ON 

M I S S R A T I 0 
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CACHE SIZE 512 
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FIG. 3. EFFECT OF SET SIZE ON 

MISS RA r· I 0 
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FIG. 4. EFFECT OF BLOCK SIZE ON 

M I S S R A T I 0 
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NO ALLOCATE 

ALLOCATE ON WRITE 

FIFO RAND LRU 
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CACHE SIZE 1024 

SET SIZE 2 

BLOCK SIZE 2 

FIG. 5. EFFECT OF REPLACEMENT 

10 

ALGORITHM AND W R~J TE ·ALLOCATION 

0 N M I S S R A T I 0 
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~ 0.2 
(./) 
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CACHE SIZE 1024 
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CLEAR I rnERVAL (ACCESSES) 
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R E S U L T S 

1. ORDER OF IMPORTANCE 

A. CACHE SIZE 

B. BLOCK SIZE 

C. SET SIZE 
:• .- . 

2. REPLACEMENT ALGORITHM NOT IMPORT-ANT 

3. WRITE ALGORITHM IMPORTANT--BUT SYSTEM LEVEL 

DECISION 



11 I 70 C A C H E 

l, 1024 WORDS 

2. SET ASSOCIATIVE--SET SIZE TWO 

. 3, BLOCK SIZE TWO 
:.-.--· 

4. RANDOM REPLACEMENT ALGORITHM 

5. WRITE-THRU 



11 / 70 C A C H E P E R F O R M A N C E 

TYPICAL HIT RATIO 

(READS) 

TYPICAL WRITE RATIO 

95% 

10% 

~$=>~ rv 15% CPU REFERENCES RESULT IN MAIN 

MEMORY REFERENCES 
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TOPS 10 monitor. 
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C.PDP-10 
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C.7600 

T.TDMS 

l . . . 16 _' 

S\..'l TCH 

1 . . • 1 c_d 

T.TV 

C.6600 

T-ERMI !~PL [ 
NET\./ORK 

I 
C.PDP-8 r C.PGP-8 l C.PDP-8 C.PDP-8 

I. .. \ I 2 7 -r\: 2 7 I. .. 127 I. .. 
,..._......__, 

T 

I 
User 

it. 8 Khz 

C.PDP-8 

T. l p 

T 
I T .er I 7-

r:e t1-1ork 

T-- Teletype; T.lp - line printer; T.cr - card reader; T.tv - television display 
T.TDHS - Television Disploy Monitor Systc:n 
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TABLE PARAMETERS OF L/\RGE /\NO SHALL COMPUTERS 1967 AND 1975 

1967 COST (KS) 

8 l O ( 1) 

6600 3K(300) 

- - - - - - - - -
1975 

LS 1-11 1 ( l ) 

Large 10K(1QL1) 

Some Obscrv.:itions: 

WL 

l 2 ( l ) 

60 (5) 

16 ( l ) 

64 ( 4) 

Mp.Size 

. 05Mb ( l) 

8Mb(160) 

J\CTU/\L /\ND (RELATIVE) 

$/bitxl00 

20 

38 

I. 6 

16 

MIPS 

• 3 ( 1 ) 

3 ( l 0) 

MIPS REAL 
X WL (MIPS) 

( l) • 002 ( 1) 

(50) 3 (1500) 

.3 (1) (!) .. 04 (1) 

100 ( l OK) (l10K) 100 (2500) 

1. Performance: s:n.:il l is about the s.:imc, except for- floating point. Large up 30, 
2. Cose: small is cheaper by XlO. Large up X3. 
3, Mp.size no economy of scale. 

GB 
9/5/75 

PERF/COST 
(MI PS/MS) 

30 

300 

10 

. . • 

- / t 



ENG I NEER I NG FORECAST FOR RSlOll FH DISK PREPARED ON 24-APR-74 

Project No: 10-000 Proposal Date: 01-Jun-73 Approved: Products Committee Ol-Oct-73 

Product Manager: John Discus Project Engineer: Hy Density 

Description: 10 megaword FH disk, ·· 1ms avg access, lus xfer rate 

Goals: Improve performance of VIROS, RSX, RSTS Operating Systems 

Requested by: Disk Steering Group; Software Engineering 

HISTORY: START OPERATE LIMITED . PUBLIC FIRST PRICE MFG. COST COMMENTS 
DESIGN PROTO RELEASE ANNOUNCE CUST. SHIP ($/UNIT) ($/UNIT) 

Ol-Jun-73 Jul 73 Jul 74 Dec 74 Jan 75 Mar 75 $22,500 $1,500 Original Plan 

Ol-Oct-73 Jul 73 Jul 74 Dec 74 Jan 75 Mar 75 $22,500 $3' 000 1
• 2ms avg access 

Ol-Apr-74 Jul 73 Oct 74* Mar 75,·~ Apr 75, .. May 75, .. $22,500 $5, ooo,·, New price, sched 

PRODUCT FORECAST FY74 FY75 FY76 FY77 FY78 FORECASTER 
LINE DATE Q4 Ql Q2 Q3 Q4 Ql Q2 QJ Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 

DECsys-10 Ol-Oct-73 5 20 25 30 30 35 40 40 45 45 45 45 50 50 J. Leng 
Ol-Apr-74 0 25 25 30 30 35 40 40 45 45 45 45 50 50 J. Leng 

LDP-11/45 Ol-Oct-73 '2 '4 .6 ,6 7 7 6 7 8 9 7 7 6 10 L. Data 
Ol-Apr-74 0 1 0 3 3 8 1 9 1 1 2 4 1 1 8 Anna Log 

IND-11 Ol-Oct-73 2 2 2 4 3 3 3 5 4 4 4 6 R.T. Exec 
01-Apr-74 2 2 4 3 3 3 5 4 4 4 6 R.T. Exec 

*,"TOTAi.*," Ol-Oct-73 7 24. 33 38 39 46 49 50 56 59 56 56 60 66 TOTAL 
01-Apr-74 0 35 28 35 40 40 52 44. 49 52 53 50 55 64 TOTAL 

/ale 
FIGURE 3 SAMPLE FORMAT FOR PRODUCT PLAN CHARTS 

' 
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FIGURE 1 

PRODUCT PHASE 

Preconcept 

DEVELOPMENT PROCESS 
(Function of Time) 

ACTIVITIES (AND GATE TO NEXT PHASE) 

Request to study by PC, PLM, 
Dev. Mgr., etc. 

-------------------- -Development Manager approves----------

Study 
( 1 /4-1 /2 year) 

Proposal 
(1/4-1/2 year) 

Design and Tool 
(1-2 years) 

PRODUCT MANAGER APPOINTMENT 

-TPGC approves-------------------------

-TPGC recommends; PLMC reviews;-------
PC approves 

Design Reviews by Eng. Committee 
Mfg./Eng. Committee reviews 
Mfg. Plan 

BUSINESS PLAN 
PHASES 

Original Business 
Plan Development 

GB 
5/74 

with sales projection. 

Manufacturing part 

Support part 
(training & service) 

Sales part 

-------------------- -TPGC recommends; PC revies;----------- --------------------
PLMC approves 

Produce, Se 11 
Support 

------------ -TPGC recommends; PC approves---------- --Rejuvenation plan 
(2-3 years) (redesign) 

-------------------- -TPGC recommdns; PLMC approves---------

Rejuvenate 

( 1-2 year) 

Trad it iona 1 ize 

(? years) 

Traditionalize plan. 

-TPGC recommends; PLMC approves-----------------------------

------------------- -TPL Manager recommends; PLMC approves---------------------

Death 

(4 1/2 - 8 yrs) 



" ' 'TECHNOLOGY /PRODUCTS STEER I NG COMMITTEES & SEMI -ANNUAL WOODS MEETINGS MEMBERSH Ip 

APPENDIX B 
-··--

DATES-
SUBJECT CHAHMAN WOODS MTG 

8 Systems Clarke 08/28/74 
03/12/75 

11-Sma 11 & RT Teicher/ 06/26/74 
Op. Sys Thlssell 01/22/75 

11 Med & Large Demmer 07/24/74 
02/05/75 

DECsys-10 WI I helm 10/16/74 
04/16/75 

Terminals Corel I/ 08/14/74 
(L,A,VT,LR) Stockebrand 02/19/74 

Graphic Term. Ha 11 o/ 09/25/74 
Holman 03/26/75 

Networks & Stackpole/ 10/23/74 
COll1l1 Bastian I 04/23/75 

,. "' 
Disk Savte"rs 05/22/74 

11/06/74 
06/11/75 

Tape Peyton 05/22/71t 
11/20/74 
06/11 /75 

Core & MOS Lemaire 05/29/74 
11/20/74 
05/21/75 

PS & PKG & Rey/Nevala 06/12/74 
Modules /Moffa 12/18/74 

06/25/75 

LSI Gale 07/10/74 
01/08/75 

R & D J. Be 11 07/10/74 
01/08/75 

Diagnostics Plowman 09/18/74 
04/30/75 

MFG. Test O'Connor 12/.11174 

PRODUCT LINES HARDWARE ENGINEERING 
..... 0 01 
C - - - ..J 
(lJ I ro - ...... 
C V, >- C ro "CJ 
0 >- L ·- E •ll 
a. I.LI 0.. V, (lJ .:,(, 0 E Vl ~ 
E ~ Vl CJ ~ Vl 0.. a:, ~ u a. V, E L I I 
0 w V) 0.. u ::::> > <t 0 I.LI ro ·- Cl) Ill - -u 0 u - 0 a:, I- ...J u 0 I- 0 ~ I- - -
X X X X X X X X X 

X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X 

X X X X X X X ·X 

X X X X X X X X X X X X X 

X X X X X X X X X X X X X 

X X X X X X X X X X 

X X X X X X X X 

X X X X X X 

X X X X X X 

X X X X X X 

X X X X X X 

NOTE: WOODS MEETINGSJ INVITATIONS SHOULD ALSO BE EXTENDED TO 
OPERAT I CNS COMMITTEE AND PRODUCT LI NE MANAGERS 
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(Function of Time) . 

ACTIVITIES (AND GATE TO NEXT PHASE) 
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Study PRODUCT MANAGER APPOINTMENT 
(1/4-1/2 year) 

-------------------- -TPGC approves-------------------------

Proposal 
(1/4-1/2 year) 

Design and Tool 
(1-2 years) 

Produce, Se 11 
Support 

-TPGC recommends; PLMC reviews;-------
PC approves 

Design Reviews by Eng. Committee 
Mfg./Eng. Committee reviews 
Mfg. Plan 

-TPGC recommends; PC revies;----------
PLMC approves 

BUSINESS PLAN 
PHASES 

Original Business 
Plan Development 

GB 
5/74 

with sales projection. 

Manufacturing part 

Support part 
(training & service) 

Sales part 

(2-3 years) 
-TPGC recommends; PC approves---------- --Rejuvenation plan 

(redesign) 

-------------------- -TPGC recommdns; PLMC approves---------

Rejuvenate 

(1-2 year) 

Traditional ize plan. 

------------------- -TPGC recommends; PLMC approves-----------------------------

Traditional ize 

(? years) 

------------------- -TPL Manager recommends; PLMC approves---------------------

Death 

(4 1/2 - 8 yrs) 
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ENGINEERING FORECAST FOR RS1011 FH DISK PREPARED ON 24-APR-74 

Project No: 10-000 Proposal Date: 0l-Jun-73 Approved: Products Committee O1-0ct-73 

Product Manager: John Discus Project Engineer: Hy Density 

Description: 10 megaword FH disk, ·1 1ms avg access, lus xfer rate 

Goals: Improve performance of VIR0S, RSX, RSTS Operating Sfstems 

Requested by: Disk Steering Group; Software Engineering 

HISTORY: START 
DESIGN 

01-Jun-73 Jul 73 
01-0ct-73 Jul 73 

0l-Apr-74 Jul 73 

OPERATE 
PROTO 

Jul 74 
Jul 74 

Oct 74* 

LIMITED 
RELEASE 

Dec 74 

Dec 74 
Mar 75,~ 

FORECAST FY74 FY75 

. PUBLIC 
ANNOUNCE 

Jan 75 

Jan 75 

Apr 75* 

FIRST 
CUST. SHIP 

Mar 75 
Mar 75 
May 75*. 

FY76 

PRICE 
($/UNIT) 

$22,500 
$22,500 

$22,500 

FY77 

MFG. COST 
($/UNIT) 

$1,500 

$3,000* 

$5,000* 

PRODUCT 
LI NE DATE Q4 Ql Q2 Q3 Q4 Ql Q2 QJ Q4 Ql Q2 Q3 Q4 Ql 

DECsys-10 

LDP-11/45 

I ND-11 

**TOTAL** 

/ale 

01-0ct-73 
01-Apr-74 

01-0ct-73 
01-Apr-74 

0l-0ct-73 
01-Apr-74 

0l-Oct-73 
0l-Apr-74 

FIGURE 3 

· 5 20 25 
0 25 25 

.~2 '4 ·. 6 
0 10 3 

2 

7 24, 33 
0 35 28 

30 30 35 
30 30 35 
,6 7 7 

3 8 1 

2 2 4 
2 2 4 

38 39 46 
35 40 40 

SAMPLE FORMAT FOR PRODUCT PLAN CHARTS 

40 40 45 45 45 
40 40 45 45 45 

6 7 8 9 7 
9 1 1 2 4 

3 3 3 5 4 
3 3 3 5 4 

49 50 56 59 56 
52 4~ 49 52 53 

COMMENTS 

Original Plan 
2ms avg access 

New price, sched 

FY78 FORECASTER 
Q2 Q3 Q4 

45 
45 

7 
1 

4 
4 

56 
50 

50 50 J. Leng 
50 50 J. Leng 

6 10 L. Data 
1 8 Anna Log 

4 6 R.T. Exec 
4 6 R.T. Exec 

60 66 TOTAL 
55 64 TOTAL 
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FIGURE 1 

PRODUCT PHASE 

DEVELOPMENT PROCESS 
(Function of Time) . 

ACTIVITIES (AND GATE TO NEXT PHASE) 
BUSINESS PLAN 

PHASES 

UD 

· 5/74 

Preconcept Request to study by PC, PLM, 
Dev. Mgr., etc. 

-------------------- -Development Manager approves---------- --------------------

Study 
(1 /4-1 /2 year) 

Proposal 
(1/4-1/2 year) 

Design and Tool 
(1-2 years) 

Produce, Se 11 
Support 

(2-3 years) 

PRODUCT MANAGER APPOINTMENT 

-TPGC approves----------------------------------------------

-TPGC recommends; PLMC reviews;-------
PC approves 

Design Reviews by Eng. Committee 
Mfg./Eng. Committee reviews 
Mfg. Plan 

-TPGC recommends; PC revies;----------
PLMC approves 

Original Business 
Plan Development 
with sales projection. 

Manufacturing part 

Support part 
(training & service) 

Sales part 

-TPGC recommends; PC approves---------- --Rejuvenation plan 
(redesign} 

-------------------- -TPGC recommdns; PLMC approves------------------------------

Rejuvenate Traditionalize plan. 

(1-2 year) 

------------------- -TPGC reconmends; PLMC approves-----------------------------

Traditionalize 

(? years) 

-TPL Manager recommends; PLMC approves---------------------

Death 

(~ 1/2 - 8 yrs) 
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DEC COMPUTER PACKAGING GENEALOG.Y 



MODULES §fil PS CONSOLE 

-8/E ~10 X 24 8/E CONV 8/E 

9728 '\__ CONV 8/F l O X l 8 

8/M NULL 

8/A 10 X 12 8/A/MOS 
\..__NULL7 

8/A , • 
' ' I 

I . 
' ' ... ·NEW CORE·' CONV 

,.-·10 X 12,, 
, ' , ' 

, ,2 - 5 X 12, ' 
I , ,., ' 

I , ' \ 

05 
11

,. Le'~ 5 X 25 '',., 9728--,-.• -,- CONV , '~ 1 l/P5 ,. . , . \ / ', ,,, ,, \ / 
1 5 X 25 NEW·,.. l '-NEW CORE---',' •, NULL-- ' .. ·l 6K 

( 

~+~~ 1 
5 

'),' \ .... NEW MOS· .•' • 32K 

11 /05 
NEW 1011 

MEMS. 

- 4o __ "\ __ .;;;::, 10 x 25--(---742+ ---\- c~~v '(~~ 

· l ) CONV' --- 45 
f 21 X 25 45 

-45 ____..../ 

PROCESSOR) PACKAGE) PSJ CONSOLES FOR 8 AND ll's 



COMPUTER SYSTEt-1 

CHIPS 

(COMPUTER,FREE STANDING 
DISKS AND TERMINALS) 

ROOM TO HOLD 

FRAME & COVERING 

MODULE HOLDER 

ETCH 

PLASTIC DIP 

COMPUTER SYSTEM HIERARCHY OF PHYSICAL COMPONENTS) 
THEIR INTERCONNECTION AND MOUNTING 



I I 
COST LOGIC 
AND DESIGN 
ASSEMBLY 

MECHANICAL MOUNTING 
PHYSICAL 

PARTS 

COST, 
PHYSICAL 
AND 
ELECTRICAL 
CONSTRAINTS 
DESIGN 
ACTIVITIES 

RADIATED INPUT INTRA-COMP CONVECTION CONDUCTION) AC DC 
~ 

POWER . --·- -·- -v~~~ COOL I NG / 
ELECTROMAGNETIC 

MECHANICAL 
FREQUENCY 

RELATIONSHIP OF PHYSICAL PARTS TO OTHER DESIGN ACTIVITIES 
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HAl,1 1 ROM 
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200 
PERii~~:~R/\L 
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~CPU 
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FIXED 
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DRAWER+ 2 PAGES 
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BOOK 
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TABLE 2 - CHARACTERISTICS GENERIC TO MINICOMPUTERS 

IMPLIMENTATIONS TRACK TECHNOLOGY CLOSELY, 

INTERNAL CENTRAL PROCESSOR 

BASE ADDRESSINGi ADEQUATE INTERRUPT RESPONSE TIMEi 

POWER ON,OFF INTERRUPT 

STRUCTURAL 

VERY LITTLE HARD COPY I/OJ SECONDARY MEMORYi OBVIOUS 

STRUCTURE (ALLOWING EASY INTERFACING)j DIRECT MEMORY 

ACCESS--ENCOURAGES PMS ARCHITECTURE+ DESIGN, 

USES (DEDICATED) 

SOFTWARE 

CONTROL (E,G,J PLANT) INSTRUMENT)j COMMUNICATIONS 

(E,G,J MESSAGE SWITCH)j LARGER COMPUTER (E,G,J TERMINALS) 

FILES) HARD COPY) 

SMALL GENERAL PURPOSE MONITORi LANGUAGES: PRIMITIVE 

ASSEMBLER) BASIC) FORTRANi SPECIALIZED DEDICATED USE 

PACKAGES (E,G,J TYPESETTING) INSTRUMENT TESTING) PROCESS) 

APPROACHABLE--FIT COMPUTER TO PROBLEM vs. I I 

GB 
1/19/76 

G. Bell, Minicomputer Architecture and Design 
IEEE Conference, Spring 1971 



ANCESTRY 

• MINICOMPUTER ANCESTRY BEGAN WITH EDSAC, 

• AEROSPACE COMPUTERS CLAIMED ANTECEDANTS, 

• MINICOMPUTERS (FOR MINIMAL COMPUTERS) ARE A STATE OF 

MINDj THE CURRENT LOGIC TECHNOLOGYJ THE CHARACTERISTICS 

FOUND IN LARGER COMPUTERSJ COMBINED INTO A PACKAGE WHICH 

HAS THE COST, 

e ALMOST THE SOLE GOAL IS TO MAKE THE COST LOW, 

e THE HARDWARE-SOFTWARE TRADEOFFS FOR MINICOMPUTER DESIGN 

FAVORED SOFTWARE, 

GB 
1/19/76 

G. Bell, Minicomputer Architecture and Design 
IEEE Conference, Spring 1971 



TABLE 1 - CHARACTERISTICS DERIVED FROM LARGER COMPUTERS 

INTERNAL CENTRAL PROCESSOR 

INDIRECT ADDRESSING; INTERRUPTS; INDEX REGISTERS; 

MULTIPLE) GENERAL PURPOSE REGISTERS; BASE AND/OR PAGE 

ADDRESSING; FLOATING POINT DATA-TYPES*; PAGINGJ 

SEGMENTATION) AND INTERPROCESS COMMUNICATION* 

STRUCTURAL 

SPECIALIZED PROCESSORS; MULTIPROCESSORS* 

IMPLEMENTATION 

MICROPROGRAMMING*; LOOKAHEAD*; CACHE*; 

SOFTWARE 

COMPILERS: FORTRAN; TIME-SHARING MONITORS* 

*NOT EXTENSIVELY USEDJ BUT USE LIKELY TO INCREASE, 

1 /19/76 G. Bell, Minicomputer Architecture and Design 
IEEE Conference, Spring 1971 



FM: BELL., CADY., MCFARLAND., 

AFIPS SJCC 1970., P657., 

THE DEC PDP ... 11" 

Pc+BASic WORD LENGTH 
NAME MP.SIZE MP PRICE (BITS) 

MICRO 8K ..-v 5K 8-12 

MINI 32K (5-lO)K 12-16 

MIDI 65-128K (10-20)K 16-24 

I 

MAXI 

ALL ARE: 5-10 MHZ CLOCK; TTL; MSI 
T, CYCLE . 7 ,v 2 ASEC. 

GB 

1/19/76 

FIXED TO A SPECIFIC., SINGLE TASK, 

DELAGI., 0
1 LOUGHLIN., NOONAN., WULF 

"A NEW ARCHITECTURE FOR MINI-COMPUTERS--

Pc.STATE 
(WORDS) DATA-TYPES 

2 (l--v2) WORD= BYTE - INTEGER= 

2-4 (3) 

4-16 

BOOLEANS 

+ ADDRESSES., VECTORS (INDEX) 

+ DOUBLE INTEGERS+ FLOATING 

POINT 



MINICOMPUTER SOFTWARE 

FROM A SALES PITCH BY JR, CG BELL FOR IFIPS BOOK (CONFERENCE) 

ON MINICOMPUTER SOFTWARE 

"READ THIS BOOK AND FIND OUT WHY SOME OF THE MOST EXPERIENCED, 
KNOWLEDGEABLE PEOPLE FEEL THAT: 

- A MINICOMPUTER IS NOT JUST A SCALED DOWN LARGE COMPUTER, 

- THE LIMITED SIZE OF MINICOMPUTERS CAN ACTUALLY BE AN ASSET, 

- ONE OF THE KEY BARRIERS TO MINICOMPUTER USE IS PSYCHOLOGICAL, 

- STANDARDIZED LANGUAGES ARE MORE IMPORTANT THAN BETTER LANGUAGES, 

- PORTABILITY OF PROGRAMMERS IS AS VITAL AS PORTABILITY OF PROGRAMS, 

- MINICOMPUTERS ARE FOR THOSE APPLICATIONS NOT FEASIBLE WITH 
MAXICOMPUTERS--COST, RESPONSE TIME, HUMAN INTERFACE, ULTRA
RELIABILITY, 

- TO MINICOMPUTER USERS, OLD TECHNICAL PAPERS ARE MORE VALUABLE 
THAN NEWER ONES, 

- MINICOMPUTER SOFTWARE IS SHAPED PRIMARILY BY APPLICATIONS, YET 
FORCES EVERY PROGRAMMER TO BE A SYSTEMS PROGRAMMER," 

DIFFERENCES: DEDICATEDNESS (E,G, OPERATING SYSTEM) 

SIZE CONSTRAINT (ALTHOUGH COST/BIT IS CHEAPER AND MP 
SIZE IS INCREASING) 

ISSUES OF CONFERENCE: PROGRAMMING LANGUAGES (STRUCTURED-TYPE), 

PRODUCTIVITY, PORTABILITY, USER 

MICROPROGRAMMABILITY 

GB 
1/19/76 



COMPUTING EUROPE ""-"DECEMBER 75, P8 

MINICOMPUTERS: A STATE OF MIND 

IANN M, BARRON 

"THE MINICOMPUTER IS AN ATTITUDE OF MIND, IT IS NOT USEFUL 

TO DEFINE IT IN TERMS OF PRICE OR CAPABILITY BECAUSE THESE 

CHANGE WITH THE TECHNOLOGY, THE DIFFERENCE,.iLIES IN 

MARKETING PHILOSOPHY, THE MINICOMPUTER COMPANY IS SELLING 

A MANUFACTURED PRODUCT WHEREAS THE CONVENTIONAL COMPUTER 

COMPANY IS SELLING A SERVICE, AND SERVICES COST MONEY, 

H, COX 

MINICOMPUTER: A GENERAL PURPOSE COMPUTER IN WHICH INPUT AND 

OUTPUT TRANSFERS ARE OF SINGLE WORDS (OR PART WORDS) FROM 

REGISTERS, EACH TRANSFER COMMANDED BY AN INSTRUCTION IN THE 

PROGRAM, THE OTHER MAIN CLASS OF COMPUTERS HAS NO COMMON 

NAME AND IS DISTINGUISHED BY INPUT AND OUTPUT TRANSFERS 

BEING OF BLOCKS OF WORDS (OR PART WORDS) THAT ARE CARRIED OUT 

AUTOMONOUSLY FROM STORE, THE PROGRAM SETTING UP BLOCKS AND 

INITIATING THE TRANSFER OF BLOCKS, 

THE DIFFERENCE IS SIMILAR TO TUNGSTEN OR FLUORESCENT LAMPS 

AND ORDINARY LAMPS, VIZ: LOWER EFFICIENCY,,,· OR HIGHER OVER

HEADS, FLUORESCENTS ARE UNDOUBTABLY MORE EFFICIENT FOR BUSINESS 

LIGHTING, BUT HAVE A MINIMAL SHARE OF THE CHRISTMAS TREE LIGHTS 

MARKET, 

qb 1/19/76 
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LARGE - SM.ALL COMPARISON 

Circa Mp.size/ 
I 

MIPS P/C 
1967 Cost WL Mp Size $ bits/$ MIPS x WL REAL(MIPS) (MIPS/M$) 

8 10 4 (1) 12 (1) sx104(1) 5 
r 

.3xl0°(1) (1) I 10 3 (1) 30 

6600 3x106c300) 60 ( 5) ax10 6 (160) 2 2/3 3xl0 6 (10) ( 5 0) 3xl06(3000) 1 

- - - - - - - - - - - - t- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Circa 
1975 

Brd 10 3 ( 1) 16 (1) 4xl0 3w ( 1) 64 • 3 ( 1) - 100 

8600 107(10 4 ) 64 (4) lxlO 6w ( 103) 6.4 100(10 4 ) - 10 

SOME OBSERVATIONS 

1. Performance: low end is about the same. High end up lOn.,30. Gap 10 ~ 300 (30) 

2. Cost low end is cheap~r by x 10. High end up x 3. Gap 300--¼10,000 (30) 

3. Mp. size no economy of scale. 

GB 
. 2/7/75 



TECHNOLOGY 

SEMI TECHNIQUE IMPLICATIONS 

RANDOM LOGic=coNST ,COST--+ LOGIC DESIGN---, LESS, PROGRAM, IS "IN" 
(SEQ, cur) 

ROMS ---------4 

[ 

REG LOGIC 

INCR COMPLEXITY/$----

µ. PROG ----- MORE DATA-TYPES) FCNSJ 
INCR, K, COMPLEX 

~ PROG -------VARI ABLE AP > "CACHE PP 

----- PERF, CACHE 

SWITCH + ---~7 PERF ,t PERF/$ I 
MPC RELIABILITY 

P~OCESSORS VS --SMART K 
RANDOM LOGIC J X 

~SMARTT 

SWITCHING ----NETS+ COUPLED e's 

LARGE MEMS-------~) ~DDRESSING) ---~ HLL + OP SYS, 
(IMPLICIT ADDRESS-- l STORE-AND-FWD s's 
NOT EXPLICIT) 

BORAM CACHE ------')-VM' S 

GEN, LOWER COSTS ( ) PRODUCTION-·--~~ NETS, ~ANY MACHINES) 
~ 

DISKS---------....;;, ADDRESS)DBM--~> 

$, T, SMART J T, DUMB 1 -----===-==-~---------_-_-_-_-_-_-_-_-__ "7_-l!IID I STR I BUTED 
t 

PAPER COST 

GB 
2/7/75 

T DESIGN MAGNETIC MEDIA 
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COST 
$100 
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·~ DAT-I (FIRST DEL I VERY) 

FIGURE 1 SELLING PRICE VERSUS FIRST DELIVERY DATE FOR MINICOMPUTERS 
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LARGE 

MULTI· 
USER 

MID I + 

GAP 
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BASIC 

OP.SYS. 
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0 

$. 16/access/~ec. 

POPS [65) 
I)~ 

yrs. 

$.04/access/sec 

Four year 
Interval 
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perf = 
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cos = 1/4=1/1.414 
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processor vccesses 
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HISTORICAL 1 1.. CUl<VE I , poo ,cr-,o·Nr 1 
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PACKAG!N LEV[LS 
LEVEL O -M:etolizC\tion on th<Z Chip 
LEVEL l -IC Po.ckl\g<2. • CClrl\rnic Substvc~+cz.. 

•· La.ad Froma. • Thin or Thick Film 
LEVEL 2 -Print<l.d Circu·,t Boord o · 1c Sock.Cl+ 

. • Fl<Z.xible Circuit 

LEVEL 3 -Motha.rboord • Bockp\~n<L 
e Wir<l Wr~p TM e Socket Boord 

LEVEL 4 -Connector o E-xi'2.rno\ Co.blci 



' : 
J 

! 
: i .. 

I 

\ 
I 

I 
• J 

' 

\NDU5TRY POOL 
0 MANAGERS 
o:TECHNICA~ 
• MARt<ETi NG 

SELECTION ~ PANEL ORIENTED 
~UALIFICAT(ON OF 1-------1.>i BY DlcSCIPLlNe 
PANEL ( 5-7 PEOPL~) · PEERS, BUT 

BY D~A f3 ANONYMOUS 

~ z 
8 

EXPERT 1 ~INITIAL QUESTIONNAIRE...--:::-~ 
0 '--------..------' 
(.f) 

Ll. 
MODIFIED BY[NPUT .,__ tr --«9-1 · · EXPERT 2 

'::J,. • 
0 O 
4 ~ 

EXPERT 3 en MODIFIED BY INPUT i---- ;;~ --t~ 
D O . ,.- . '----------~ 
UJ (J) --te· ..- CL 

MODIFIED BY lNPUT .,___ w --i>I EXPERT, LA5T 
C\. '------,.-----' 

DELPHI 
CON5EN5U5 
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NOTES: 

DATA TRANSFER TIME BETWEEN DIFFERENT MEDIA 

100 

10 

.01 

TIME 

MIN.j. 

r---lOAY 

2 

BYTES 

1=t--;riOII ! 
8 

RK05 
.;:=::!:==r-RS04 

_:f"-.:::......----,.Rso3 

DATA RATE 

BITS /sEC BYTEs/sEC 

l10M · I 
~ 8=3l=;===.l!!L.RS04 -.l, 

6 

"il=---RS03 

1----Rl'O'I 

U56(DECTAPE) 
LOPPY 

2 

100 

~=---TU60 
--.=---LPOI (356 LPM X80) 

4--CARD READER(300CPM) 
.__ __ PAPE;. TAPE READER 

l300CPS) 
2400 BAUD MODEM 

TTY A!>R 33,ETC 

1. Products are marked at average data rate. 
2. Average data rate (disks) = Formatted Track Capacity 

Access Time to Index+ Rotation Time 
3. Average data rate (rest of divices) = Nominal Data Rate x Length of Data Field 

Length of Block 
(Block includes, as appropriate, gaps, header, CRC, head and bottom of page, 

4. Tape block sizes: 
TUlO & TU16 - 1024 (16 bit) words 
TU40 - 4096 (36 bit) words 
TU56 & TU60 - 256 (16 bit) words 

Data rates for small blocks: 
TUlO - 256 (16 bit wds) - 160kbit/s 
TU16 - 256 (16 bit wds) - 224kbit/s 
TU40 (1600bpl) - 256 (36 bit wds)- l.06Mbit/s 

!di i 191 i It la! , 1 ~~~if~~!~?.~ 
16 

~:'\argin etc. 
HOW TO USE: 

Example: to determine time to 
transfer the contents of RK05 
cartridge to TU16 tape reel, 
locate TU16 on "data rate"scale 
and RK05 on "capacity" scale. 
Extend straight line between 
them to "time" scale. Time to 
transfer data about 4.2 seconds 
(excludir.g disk· and tape 
mounting time.) 

,) 
• 

) 
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NOTES: 

DATA STORAGE COSTS 
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Projections of the memory capacity, cycle _time, and cost into the 
l 980s are summarized in Tables 3 and 4 and in Figure 5. The supporting 
analyses are presented in Chapter IX. 
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lining features of future systems will be driven and controlled by software. 
In many instances these additional software burdens can be avoided 

through hardware implementation in the architectural design. An 
example is the IBM 360/ 195 pipeline computer in which hardware 
implementation has signin.cantly reduced the software requirements 
because the pipeline characteristics are transparent to the user. 

ARRAY PROCESSOR 

An array processor (parallel processor) is characterized by a single in
struction stream and multiple data streams. The principal features are: 
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the relatively benign operating eh\'ironments associated \\'ith general
purpose commercial computers. The custom-designed logic circuits that 
may be required for CC computer applications are likely to cost much 
more. 

Bipolar Transistors. A bipolar transistor is the "conventional" ·tran
sistor, manufactured of silicon or germanium crystalline material. whose 
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\ a.. Optical character recc.::.:.:ig (OCR) will a::celera-::e the phasine;; out of ke;r-

punched data inputs. 

r-t 
c,j 
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b. Page readers "Jill repl~ce key-pu..'!ching for data input in conju."lction wit!' ~:/A 
magnetic tape recorder3, 

c. 

I d. 
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Faster and more reliatle docu.~ent read~rs will be av~ilable at 10,000 
characters per second. 

~e. 

Techniques for computer reading of print and handwritten print will have 
been developed. No.current or envisaged system is adequate. 

C0?:1puter recognition of 3-D objects will permit automatic processing ~d 
understanding of pno~cs, Tl and motion picture film. 

Vl 
-1\:) 

t. ·Optical character readers capable of automatice.llv reading multifont 
characters (i.e., greater than 20 fonts) will be available. 

g. CocmercialJy available pattern recognftion eq'.lipcent for input cf graphic 
data (bar charts, diegrams, etc.). 

h. Lov cost OCR reader (less than $20,000). 

i . Pattern reader i.:.sed cc:::nercially in ::::.ea.ical f::.eld a.nal;:,sis (hos pi ti.ls). 

~j . Pattern reader fc~ recognition of spoE.en ..-orc.s .,rj_ th li:-:-.i te:! .... -ccatu.lar-.r. 

_k. Pattern reader for re-:ogn!':.ion of spoken words with litt:~ ·,;cca::·.i.::.a~·:: 
limitations. 
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EVEliT 

~- .,c:-.e :'orm of co=pu~er voice input will be available. 

VI 
w 

p. OCR will play a~ active role in the computer storage of present docu
oentation files :'or library, books, journals, abstracts, :files, indices, 
etc. 

q. 

r. 

s. 

t. 

u. 

v. 

v. 

x. 

y. 

Reading of U. S. ~ail will be basically by OCR (Zip code and address). 

On-line interpretation of reconnaissance photographic data. 

Techniques for re~ding of script will have been developed. 

Techniques for reli.able reading o-f: printed alphanumeric characters will 
have been develo~~d. 

Very reliable OC? e~uip=ent capable of reading hand printed numerics will 
be developed. 

1-!oderately slow low-cost OCR transmittal equipment vl°ll be developed. 

A larger selectio~ of reliable multifont O~R equipment vill become avail
able. 

Faster (2 ,ObO doc·z.ents/min.) small docl.ll'lent readers with sorting capa
bilities will be developed. 

Techniques for =achine reading of general print vill have been developed 
(for books, ne~spapers, etc.) 

z. Techniques fo::: machine reading of script ,.ill have been developed. (Re-· 
quires memories o:'." very large capacity for storing of conte~.) 

s.a. Optical page rea-l'2rs will U"" spelling, grammar, e.y,i context to check 
individual char~~~~rs. 
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CATf:c0~: - Ph':'IER!i RBc~:;rTrc:: E~UI?;l£NT (Cont'd.) 

bb. 

.. cc. 

>~ee. 

EVEl1"T 

Recognition of line drawings and perhaps mor_e sophisticated ir.put :::a~eri
al vill be possible. 

Personal characteristics such as fingerprints, facial features, etc. wilJ 
be useful for identification. 

Techniques for en-line handp~int and script entry using graphic inp~t 
devices and sl:l.8.11 (less than $10 K) computers vith simple progra=.s will 
be available. 

Speech recognition devices capable of recognizing dozens of speakers , 
using the systel:lS. 

ff. Reception and encoding of spoken data limited to data identifiers e.nd 
numerical data will be possible. 
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__..gg. 
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ii. 

jJ. 

kk. 

11. 

-~mx:t. 

nn. 

For spoken input, computers .111 identify a few tens of words. 

For spoken input, computer 7ocabula..---y ~ill be many hundreds of wor~s, anc 
cocputer vill interpret s{:::.ple sentences. 

Computer will use for both spoken input and audio output the e:r.;;e~~ of 
vocabula.r-J and the idiomatic usage as does an educated person. 

Spoken reply to digital i~p~~-

Spoken inp:.it will be receded a:::d recons-:: tuted for ver.:. :~icc:.-;;ic:,. 

Natural syntax and. sy::.bols including met ion :pictures vill. be a.:ce:,i:;ei, 
but not recognized, by coi::p~te::-s. 

Some for:n of voice ~i~l be in co:nn:on ~se. I 
Ii 
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CATEGC:1 'f - 4. IJATJ. C'..: ::.:-~·:::c1,.·.2.rc::s EQ:iIPi fEI:'I.' 

a. "_Smart" ten::inals w: ll 1e developed to perrni t most of the cc.:::;,1ltir.g and. 
processing tote dc~e in the terminal (going over a communications line 
to a larger computer only when necessary) to mi_nimize communications 
costs. 

;,.-re- , b. . Teleprinters wiil. substantially replace line printers. 

c. Teleprinters will co:r=.cnly be s-i;.pp~_1 ar1ted by CRT' s (cathode ray tubes). ./"-----
i 
I 

I 
; ; 

d. 

e . 
0\ 
0 

-r . 
g . 
b . 

/ 

/· 

i . 

Practical application of optical electronic communication and computer 
equipment will be feasible. 

I/0 data communication ten:rl.nals_vill become more versatile at higher 
speeds _and lover costs by sharing common control electronics vithin 
geographical clusters. 

Automated circuit switch control of private data netvorks. 

Interconnection of private and public switched voiceband networks. 

Small scale computer ti.n:e-sha!"ing systems operating within each major 
local dial area vill beco::e cocmon to avoid toll charges. for transmissior: 
between ter:u.nals and coi::p:.ite.:r. 

Increased multiple processing capabilities of co=.puters will pernit ger.
eral purpose cor:rp-....-:;ers to per!'or..:t i:-..essa.ge collection, editir,g ar.d for-
warding on a part-tii::e be.sis. 

~j. Modem speeds of: 

c..::-_---.:11:::,,.:(1) 7200 bus data tra:::.s:rtissicn relia~ly perfor,riej on voice grade -
(nominal 3ki!z) li:i.es. 

9600 bps data tra;:s::::_5s:.=:: rel:.s.bly :;,~rfcrr:.ed on v:;,ice g!"ade 1::..:--.es. 
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EVENT 

-~--~~-1. P_~ inespensive alfhanu:::eric termina} (with limited graphic capability) 
will revolutionize this !'ield at about $1K per terminal. 

0\ 

--------

r::.. Standard television sets will come into substant5.al use as I/O terminals 

D . De·1el0p:nent of low-cost, high-resolution, direct view. _storage CRT. 

0 . L,;velor,:.ent of low-cost scan con-1erters. 

p . Developrr.ent of solid-state X-Y-Z dL: ><rs of integral memory •. -

q. A solid state, thin, large sc,-2er; display device will be in general use 
as a TV display. 

~~- A s01id state vidicon will be available. 
"."" 

· s. A 3-color vidicon will be available,'leading to relatively inexpensive 
color ca.::ieras. 

t. Inexpensive, high sensitivity vidicons for low light level applications 
will be available. -

u. Electron beam recording devices will be available. 

v. Page-size, dry-process hard copy CRT output device will be available. 

v. TV-raster I/O devices will be a replace~ent for many direct CRT displays 
because of capability fo:!" accepting both digital and ·1ldeo (background 
data from optical storage) inputs. 

--- x. lbn-electro::;,echanical, h::.rd copy X-Y recording equi:,:·.~mt for use as an 
an~log or dibital computer peripheral eq~ipme~t wi~~ the following gen
er~l characteristics: 
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A color display, 1024 x 1024 resolution, low cost-$1-lOK including sto
rage, will be available. 

s 9 

ii. A herdware display generator which can draw curves, lines, points, and 
characters .ith edge clipping, fast and accurately will be available at a 

low cost (_$1-5K). 

jj. A hardware picture generator which can generate a raster scan in color 
given the specifications of all the homogeneous areas will be available. 

.11:k. LSI technology will per:::it t~e i~clusion of many special purpose proces
sing functions in display genera~ors thus saving central machine time _ 
(e.g., 3-D transformations). 

°' ~--Vl--Jl. The plasma panel will be perfected to provide a low cost, flat, easily 
driven, high resolution color display vith selective write, intensity 
storage and read-out capacity. 

mm. High resolution (750-1000 line) TV refreshed from an analog or ~igital 
. mass· storage device (e.g., disc) either in clusters or individually 'will 
provide low ~ost, high performance graphics consoles. 

N/A 8 

N/A 8 

N/A 5 

N/A 5 

N/A 5 

Wall displays 4' to 12' square with resolution of at least 40 lines/inch N/A 8 
ahd color will be feasible. tfc x 'If 1 <1</- c 

Develop~ent of flat panel, digitally addressed displays with inherent N/A 8 
storage and selective erasure. 

pp. Develop~ent o~ dynar.ic real-time la"ge screen displays. S 8 

Develop::.ent c: low c::st re::;ote gra:;-hic te::-c:!inals. S 7 

rt Develor::ent o: sophistica:ea ::::,::-::--~,c:1ine : :-:terfs.ce consoles with high N/A 9 
speed a:-.d hiGt resolu..,L:::-. G:·a"";·.:c i:-:p·.:t E..:.: gr&.p:-iic output at reE..::onable , 
cost fo::- applicatio!!S s·.::::: :;,s i,:-.<.:_;:, .:s-.:~:::.<;:.~ion. /1 I 

>. .., 
..... 
.-f ..... 
,D ..... 
Ul 
al 
a, 
~ 

5 

5 

5 

8 

8 

8 

5 

1 

5 

7 

9 

Timing 

70_~ 73 
71 

69\7 73 

70 

70~4 

72 

70 "'774 
72 

69~72 
70 

6~72 
70 

71~775 

73 



----
---·- - .... 

CATEG(J:'!' - 5. GRAPHIC DATA SYS'l':E.'MS AUD DEVICES (Cont'd.} 

EVENT 

ss. Relfo.ble hig1' resolution opaque scam,er with 4-tines u~e re3olutj.c,n 
presently a,ailable. 

·tt. · Holographic techLJiques may compete with and/or supersede the use of TV 
consoles fer man/ma.chine interface. __ 

uu •. Telephone couples soft copy capability can be ccrr.monly used for informa-
:tion retrieval and presented to the individual viewer. ' 

-~· 
Personal terminals which "simulate" routine activitie~ of employees in 
1."unctional depart~ents (e.g., ~~rsonnel, contra~t ad.ministr~tlon, pricinf 
etc.) so as to increase productivity of administrative work. 

°' 0\ 
vv. Graphics capabilities will a.ssu:::ie tremenq.ous i:::i.portance, 
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p. 

q. 

s. 

t. 

u. 

EVENT 

Use of LSI for small CA:,: ::::emories in computers. 

I·'.ajorit:r o:::- at least '=Cl.'..:.al use of anisotropic permalloy memories (films, 
plated vire) for co~p~ter main frame memory. 

Widespread use of· LSI for co~,p1.1ter memories. 

Erasable mass storage u~its of 1010 bit capacity vill have ac~ess times 
less than 10 milli-se~o:::is c.::-:. cost .1 millicent per bit. 

l '.:( 
Erasable mass storage 'J..~its of}~-~ bits capacity will have access tillles 
of less than 1 sec. and cost les;:; than .1 mill/bit. 

Methods for utilizing close to the theoretically maximum density of mag
netic material vill be found, in an economical, realiable system. 

v. Radical nev me~ory structures vhich grow new paths when stimulated elec-

v. 

x. 

aa. 

trically vill be in use. · 

Main memory storage will average 100-300 NS for 4th generation compu_ters. 

Scratch pad memories will average 100 NS for 4th generation computers. 

Submicrosecond core memories will be avaiJable of 10 million (10
7 

bits), 
costing 2.5 to 3 cents/tit. 

Both planar thin filr:. a.~d plated wires will gain industry acceptance, but 
ferrite cores vill continue as the prlnary nain me::cry storage element 
for 5-6 yea.rs. 

!iolob:-apl-.:c .;e~::niq_c1es ·.·.:.2.1 be •.rt:.ilized to sto:·7 :::'..[;ital, or possibly 
eYen alp!:.a-nur..eric ir..:·c:·::.a-:ic::, as a ::-_,,_ir: stm·s :, 2le:n.ent in a computer. 

Cost red~ctio~s o~ c~~es, ~la~e a~~~~~~ c~ th~:: ~il= ~c~ $ain 
will ~a?:.e it poss::.::i::."" .~ ::,r:·;::..::.': ::.:.-':.: c:· :::.s·. ,,::,·:?.,:;e ::,,"~.:~::.·. 
will s1~plify the so: ... :~,:-;...::~ co:-:-.-ul'..J .. ~.io:~~- ,--,-" ''v.!.!~:'..:s.l memor~, .. " a!-L, 

and make tine shari~g 
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EVE!IT 

cc. H:.g:-.-spc:~:i P.O::. (?.ead. Or,ly !kr:,ory) Syste:::: less than lUO >\_Sec. cy:::..=.: ,:.:..r:-,,;,: 

dd. Cc::-.oined ROM and eras6.ble memory systet',S in one physical unit sh~i:ig 
electronics. 

.ee. Large scale associative content addressatle memory systems. 

ff. · Use of laser bearr. recording on magnetic :tedia for wide· band analogue and 
higher speed digital recording (50 megabit/sec.); increasing packing den
sity by 10; reducing cost by a factor of 10; improving access ti~e ty a 
£actor of 10. 

gg. Use of magnetic film memory coupled to IC to produce high-speed, :ov 
pO'ller, 10'\l cost P.A."'1. 

Use of optical techniques for CA..~. 
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N/A bh. 

ii. On-line memories with very high da~a reliability, access time of ~3se- ".i/A 
conds, capacities in excess of lOJ. bits a."ld cost of less than lu ··cents/ 

·------=, J • 

kk. 

11. 

bit. 

Se~iconductor "cache" n;emories .ri:..l ex-te:1d. the lifetime of ferrite core 
me::.ories. 

Disc pa.ks ·.nll take over a major portio!l ~~ t~e ~ag!let:.c tape~~~~.=.:~ d~e 
to increased reliability and perfori::ance. 

Thin-filr.l !:ler.:orii;s 'W'ith cycle t::::es of 2;J-l::'!.; NS ·.ri::.l 
stores of 105-1ob bits. 

be ~vaila::e :.r: 

?'1ajor se~iconductcr suppliers ¥till r;o't ~!"'::e~ t~1e ~cr.--.:::-.,.rt"e?"" [,.isine~:: ..... ::.:h ij 
.LSI CPU's ar.d :::.e:::.cries. ·?hey ..,..ill re·::-::c::::.ze -:::at :•2.i:1 .:::er-.. :.::-:,· ar.::. ~ ;·:-:r:)~ 
;:'ccessor has -:.er .. .1.ed -:o 'be a s::.al:...e:- a::C.. 3~::a. __ a::!'_:;-or::.:.~. ___ .. :~.-.: ·--~-.;;.-- ~ 
cc::'.;uter syote!!.. E:.S t_;:_e h.is~o::.j" ~:" :.::e .:: .. : .. :.· ~ .. e·\·e:.:~s. ... .. ~t_ ~..._- v·--.3..Cc 

~~:.~e::-,er.ts vi:i.l 'te ::~:.s:.:.:!'ec:. -=-~~ ::::ra·...::.c:::~- -:..:_. ij 
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EVE1IT 

a. T':,<.::rc will ·oe ,:;. .:,eq...;~nce of .scall lr..r.gt.;.E.Jes rela1;ing s:::all grc,ur,s o:: 
people to machines, and grour,s of r::achines. This· comment is based on 
the pro~ise .that, for exw::ple, there is no need to force physicists to 

c. 

d. 

· talk the sar:ie la~guage as biologists. 

Compiler-·compilers which .. ill inclUde !'ront and back end languages (per
_mitting code opt.:.~ization) will be tte norr:al technique for producing 

. co!!lpilers. 

Machine indexing of both textual and pictorial data. 

C01.~pilers will provide an object program as good as a hand-coded progra:: 

rl 
aJ 
0 

c., 

II/A 

N/A 

N/A 

s 

Ct> 
0\ 

e. Progran:.s vill beCome :=iore modular. Coz:ibinat.ions of' program packages ca.:- :-:/ A 
be made to solve specific problems. 

r. Natural English language for file inquir., e.r.d updatin;;;. 
(' , I 

7--i---.~ tj~-==--g. A universal computer languag<:: ,;ill have cvclved through automated co:::.
munication. 

'~ 
h. Modular technologies will be utilizei i~ ind~stri~l research and devel

opme~t efforts. In other words• progre.:::s "·ill be develcped in theory 
and placed on tape. Combinatior.s c:~ :::aci:ines and computers ;,ill be 
utilized to dete?"::ine the practica2.i ::: c:' Y:ll'io·c.s co::ibi::.2.t ions in a:-. 
effort to acco~~lish the objective c~ ~~e prc~a: •. 

i. Sub-routine libraries vill becc::;e ::::ere ,;e::::.era:, i.e. , library rcu::ices 
more lfke generat.ors .t.han fixed pr.:ice..::.u-~s. 

. J. For new, more exotic app2.ica:tic::., s.:-:~:-:.:-~~ cc~t ·w.·ill substa.:-.tially in
crease. Conven":.ional business ar.i s:ie:-.:i:~ic s.p~li-::a";;ion ca!. ::.E.'.--.e 
greater use of sc:-tvare s:rs-ct=s s1.:.;;:i:e·~l :y t:le hariw-2.rE. mc.: ... ~fs.c::~;~· 
as part of the :iorary package. 
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EVE!r:' 

ff. To,..;c:h '.i:o:-,e inp;...t to rer:ote rr.i,:rc::':.lm Retrie.,,-a.l Systems ar,d gra:;:fr:ic- :;ri:.t 
oi.t. 

gg. Ir:proved software fer micro-digital recording of .facsi~ile c~ printed or 
type1 m.a~erial, in the range cf 100-1 reduction. 

l:h. D:-~:'ti:-,g -..::.11 ce re-i'J.c:ed to a set of c0des wr.ich =..ay be tn:.r,zr;;.:.ttt~ as 
ea.s:r as <iata. ':1:-,e engi!11:;er or the draftsnan -.,ould corr.pose a ii!-a;;::-.g ::.n 
this ne-., la."lgua.ge ~d it would t•.::corr,e as easily understood. ar/i. rE:cog
nizatle as Ot.:r present sL~plified drafting practices. 

ii. I:.iformetio;. ".;,_-±s will be establishe'l on the basis of profes;;ions, t:fJ:eS 

~ .. JJ. 

kk. 

11. 

mm. 

of e~uip:::.ent, tec:-~YJ.clcgies, special fields of interest, et:::. Tt.ey ·.d~f 
do their searching en CO!:lp~ter controlled basis; ho~ever, ic is liLely 
that ::nicrofilm .ill play a significant part in it, either as ~he infor
mation store or as the l!leans of deli very of t::ie infor::iatic:-1. 

Instead of buying oooks and goir,g to libra:-ies ::or ir:fcrr:c..:::.-:::-:, a 2~:..
dent vill be issued a reader and co:::plete r~~s of !llicrofil::. ~~~this e::-' 
tire COU!'Se of st~dy an~ all cf the associate~ readi~b ::.a.~er:.~ls. '.:"~~ 
cost vou.2.d be s~fi~ier:tly lo"f[ the.~ the cc:--.. -.. ·~~.ien.ce tc ~:.:: --·-:~:.:. :~ ·-·c~-::"~ 
the cost. The ability cf microfil!::. to b~ ciis::-fo·..:.ted ~::i.::;.;.:y a..";.c. ;c;a.sily 
a.'ld. u~dat~'J. ~·ou:=._ =.ake it possible ~o~ 2..~:.i-::.c:-.e.: :-: .. a.:.e:·:.a:.s -::.> be =-.. ~:-:..C.ed. 
out easily and q_·..:.ickly to be added to tte co.::..:.ecti.-:.:: i:: cc..se ::.E: arc: is 
adt·a!lci::.g o::- a.~:.::::.onal na.ter:.als becc::e a:rs.:.::.a::.e. 

Use c:' :::.:.cr~fc:-=.s i:-l. the t.ome will-be a~cel-erated ·cy ::.t:-::._=..:-_:.::~=--~ 
eel.er ?:l.i::!"'.:: .... i.~te =9.-:a:cgu.es read or. hc~e ~/" ... ~-:.e·.:ers. 

Co=?·..:.ter gene!"'a::-:'! ~apes :'o?:" ple.:r":a.c~ :r.! ::.:--.·e:-:;:e::s: .. :e e~.-4-.::.:- ·.·:.::::-~ 
~e~:: •"ill be ;;re .. :-e.:ent. 
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UI 

--- --· ____________ EV_El'iT ____________________ ~l--__:8:_+__..:. __ 
4J 

(:' 

r.n. ::: D.l c,j_o·,m tir.:e-sharir.g sys~eras whic~, pcovide rnulti-progre..t:Illling capabi-
1 it:r a::.d re::iote terrnir.al ser-,icing will ·oe available. 

oo. '::-,e:-e will be substantial use of the on-line time-sharing computer sys
teres ~hich will facilitate the purchase of coreputing services at a 
reasonable price. Line costs will still be high, resulting in system 
costs which vill prevent ·,;idespread use for some time. 

pp. 

qq. 

i.:se o:f.' simulation to deter:-:.::1e desi[n o:' information storage and re
trie·,ral. systems. 

:,'.odular, dynamically cha::.gee.ble coi'.r::a.n1 structures in on-line systems 
for ra~id construction of e2.5i€:r ::.a.'l-~aacnine inte!"'faces which are par
ticularized to.individual users. 

rr. Man-I:!acbine capabilities to allow a user to examine in greater detail, 
at various levels, the output results of Na.z:1agement Information reports. 
With this vould also co!:le the opp.ortU:1:::~:r to experiment i::ore ~,rith over
all results by causir.g c:rn.nge.3 in variasles used in projecting from the 
1:,ases established by usi:",e; :.:.:..3 sto!"'ed infor.r.ation. The result ,iould bE 
a greater understa.'ldir.g o:: t::e user of c.:ie methods used to derive the 
information and vhat va:c;_a:iles cause ch2.n~es in wbat areas. 

ss. Hanage::ent not making use cf manager:ent information and control .:;,.::;tems 
which are real-time current awareness call up systems will not be able 
to perform competitively. 

tt. 

-.__uu. 

Program restructurable syste::s. 

User programmed syste::is ;;i t:'1::>Ut prog!"'a::J..":o.rs. 
:;.:oc~e-..":~ :-i!Lrr'wa~~. 

Programmer only used to 

vv. Due to cost consider8.ti::-::.,, :~=!·e will ·· -' a.'l upsurge of re::iote batch 
processing systems which -.r:.:.J.. ::s::t: a ie:,~i':ssing effect on interactive 
time-sharing syste~s. 
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C/..7::::'J',:,·r - 13. SYS':'i-;!l;S Alm APPLIC.ki'IONS (Cont'd.) 

EVENT 

cccc. j,e·relopnent of i::ore powerful capabilities in man-machine areas which 
lead, instr~ct and assist the user in oct~ining desired results primari~ 
ly via the use of CRT consoles in on-line, real-time situations. · 
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?ersonc.l terminals which "si:nulate" r.outine activities of employees in 
func~ional departments (e.g., personnel, contract administration, pric-
. etc.) so as to increase productivity of administrative work. -ing, 

M 
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eeee. 

ffff. 

gggg. 

bhbh. 

90% of the documentation required to manufacture an electronically based 
product will be computer generated in a~ acceptable format. Complete e
lectrical documentation from logic designer at a terminal. 

Micro-electronic and medical tech~ologies will reach the point where it 
will be possible to directly sti~uiate (by implantation or other means) 
the appropriate areas of the human brain in order to produce sights and 
sounds as an aid to the blind or deaf. 

The need ~or higher speed systems will continue to grow. Such systems 
will be designed and built. 

The use of computers in the educational process will expand rapidly and 
significantly. 

M 

N/A 

s 

iiii. Powerful capability will exist for modeling computer programs and compu- N/A 
ter systems such that predictions of "goodness" of computer hardware and 
software systems can be made reliably. 

jjjj. Computers will receive signals fro~ rade.r sets, physical experiments, N/A 
sensors, etc. , a."ld begin to organi:e the:: into meaningful structures: 

kkkk. A ~aJor increase in the use of s~all central processors suitable for pre M 
cu!"e~ent by individuals to perfor= such ~".lnctions as climate and light-
ing control in the home, systematic ir.~cr~ation retrieval from various 
sources such a.s stock bro;~era, ba.n..lrn and !"etailers and scheduling of 
such functions as mainte1w.n.:-e, b·.;::i;etir.g and medical care. 
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LARGE, APPLIED MULTIPROCESSORS FOR INCREASED PARALLEL COMPUTING 

NETWORKS 

WIDE AREA NETWORK - SPATIAL PARALLELISM 

LOCAL AREA NETWORK - MORE TIGHTLY COUPLEDJ SPATIAL PARALLELISM 

LOCAL AREA NETWORK CLUSTER - ALL PROCESSORS OPERATE AS A SINGLE SYSTEM 

CLOSE AREA CLUSTER - HIGH RELIABLITY / HIGH PERFORMANCE - SINGLE SYSTEM 

SINGLE COMPUTER SHARING A COMMON MEMORY 

FUNCTIONAL MULTIPROCESSOR COMPUTER - ONE PROCESSOR PER FUNCTIO CE. G. I/0) 

TIMESHARING - ONE PROCESSOR PER USER 

PARTIONED OR TRANSACTION PROCESSING - ONE PROCESSOR PER PROCESS OR STEP 

FAULT-TOLERANT 

- DIFFERENT PROCESSORS ASSIGNED PER STEP WITH REDUNDANT PROCESSING 

PARALLEL PROCESSING (MULTIPLE PROCESSORS PER .J...Qfil 

CONCURRENT-TASK - MULTIPLE PROCESSORS OPERATE ON PARTIONEDJ INDEPENDENT 
DATA 

PIPELINED-TASK - PARALLEL PROCESSING OF A SINGLE TASK IN PIPELINE FASHION 

GENERAL PURPOSE PARALLEL PROCESSING - DYNAMIC ASSIGNMENT OF PROCESSORS 
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PERFORMANCE RESULTS Tq,DATE 
Nat Goodman ~-
N6V 12~·1985 ,. . .. 

~ )· 

Singl.e str_~.~rn.: - ~, 
~·runl:ike a Vax 750 with decent compilers·but no-,·FP~~ 

F,or example, here's how we compare on linpack vs. a Vax 750. Within 
er~fti~ category, the ent'ri~s are listed from fastest to slowest. 

~--·~· -

Ra~.io · MFLOPS Time Unit 

The numbers f.or a Vax 750 without FPA are: 

~!;io MFLOPS Time Unit 
v~s. Double 2,nJS·.· .057 12.1 35.1 
Mrtta1e Double 298. .041: 16.7 48.7 
unti·: Double 4:~i : .029 23. 7- 69.0 . :r_.; ... 

,._;. 

VMS Single 138 .089 7.71 22.5 
Unix Single 204 • 060' 11.4 33.3 
Mmax Single 233 .052 13.1 38.1 

Multiple Streams: 
· We:- get almost linear speed-up when running many CPU bound j.obs in 
parallel. 

For example, running 2.0 incarnations of :.the Sieve of Erastot.J:ienes 
giy~s ~~ sp~~{~~P,.;:C?f 19· •. j, This is within 2:% ~ linear. ·• . . 

~ ..... -:~- •• ·-·:.!··- • 

Coq1pJl~s ., a;~ .~l~f? -~ ~-E¥1\M~ai?):_,¥,·\liil_~a~ ;: : -C~rnl?k~i.:_ng 'fJ _copi~~-·if: ~; 
10 ,,ll.O,f;l.;i•~~io,gr.am; gav;e/fat·s.pe~l.iJt'"~f}.-::7r. ~ •··· Co~pi.;I.ing: .. a. 09p1es · 
ot a::),_QQQ .line program gave a __ speed-up of 6. 25. 

Another type of program is one in which the problems are 
irtqependent,.Jiut some synchronization is needed to assign problems 
to .P,roces=sollf!r.; .. For exampl,e, Lusk and Overbeek' s "grid" program 
gives the speed-ups shc_,wn below. 

Processors 
"1 
2 
4 
8 

10 
; 15 '' 

. ,· 20 

Speed-up 
1.00 
1.90 
3.86. 

-7-.56_,: 
9. 7~,,. 

14.34 
19.17 

On realistic paral..lel programs, we're seeing speed-ups between 
13-14 ( for 20 prd~ssors) .. I expect the speed-up to improve. The 
programs we' re now running· were developed for 8 processor systems. 
Nhen we throw these pr9grams on a 20 processor system, new 
bottlenecks show up. One program improved 30% after one week's 
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tuning on our system. 

To help with this tuning, we provide a free running, microsecond 
timer that can be accessed via a memory reference, and a special 
lock call that returns the number of microseconds spent waiting 
for the lock. 

A customer used these tools to analyze a program that shows 13 
speed-up. He found that the program spends about 1/3 of its time 
waiting for one specific lock! The customer is currently tuning 
his algorithm to reduce this contention. 
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APPLICATIONS PROGRAMS POSSIBILITIES 

KEY TO USE? 

WILL PROGRAMS BE STANDARDIZED, TAILORED, SELF-INSTALLING AND ENVIRONMENT 
ADAPTING? 

"PROGRAMMING 
OR 
LEARNING" 

FIXED PROGRAMS 
WITH 

G•BELL., 2/7/79 
SLIDES/31 

NATURAL LANGUAGE 
PROGRAMMING BY EXAMPLE 
DATABASE AND QUERY 
INDUSTRY APPLICATIONS 
(KNOWLEDGEABLE INSTALLERS) 

HIGH LEVEL PROGRAM LIBRARY 
(E•G·, PAYROLL) 

PROGRAM GENERATOR FOR HIGHER LEVEL 

SUBROUTINE LIBRARY 

LO \ti LE VE L ( E • G • , COBOL ) 

KNOWS GENERALLY, THEN ADAPTS 
THIRD PARTY-> MASS PUBLICATION AND 
SELECTION OF PROGRAMS 

GENERAL PACKAGES WITH Q/A TO ADAPT 

FIXED, SIMPLE GENERIC TASKS 

(E·G·, WORD PROCESSING) 



DISCIPLINE AND 

ENVIRONMENT 
DEPENDENT 

~ 
SPECIFIC 
ENVIRONMENT 
(ORGANIZATION) 

SPECIFIC 
INDUSTRY 

(E•G•, POWER) 

SPECIFIC 
FUNCTIONS 

. . ~ 

DISCIPLINE INDEPENDENT 
(CULTURE BASED) 

(E·G·, "INTELLECTUAL GENERIC 

ACCOUNTING, BASE" (E 0 G0 , (E·G·, COMMUNICATIONS, WORD 

ELECTRICAL BUSINESS, ENGINEERING) PROCESSING, MAIL, COPYING, 

ENGINEERING) FI LI NG 

LOW -HIGH LEVEL 
LANGUAGE INTERFACE 

(NO USER PROGRAMMING) 

LAYERS OF (PROGRAMMING) LANGUAGES WITHIN A DISCIPLINE AND ENVIRONMENT 

G•BELL, 2/7/79 
SLI DES/32 



INDUSTRIES INVOLVED IN <INCREASED) INFORMATION PROCESSING 

SEMICONDUCTOR 
DIRECT 
ADD-ON AND EMULATION OF CONVENTIONAL COMPUTERS 
INDIRECT TO ALL INDUSTRIES 

COMPUTER 

MAINFRAME] 
MINI 

PERSONAL COMPUTERS 

SERVICES 

COMMUNICATION 

NEW PHONE-BASED 

ACS 

(TERMINAL NETS) 

OTHER SERVICES NETWORKS 

OFFICE EQUIPMENT 
TYPEWRITERS-> WORD PROCESSING 
FAX-> COMMUNICATING XEROX 

TV-BASED CONSUMER ELECTRONICS 
GAMES-> PERSONAL COMPUTERS 
CATV AS COMMUNICATIONS 

G·BELLJ 2/7/79 
SLIDES/29 



THEME 

COMPUTERS ONLY SUPPLEMENT (AND SUPPLANT) 

OTHER INFORMATION PROCESSING* SYSTEMS 

*INCLUDING TRANSMISSION1 TRANSDUCTION1 STORAGE1 SWICHING AND 

PROCESSING (CONTROL) 

THE POSSIBILITIES ARE NEARLY LIMITLESS 

SYSTEMS CHANGE MORE SLOWLY THAN WE THINK (PREDICT) 

G·BELL 1 2/13/79 
SLI DES/33 



LIMITS TO MICROSTRUCTURES 

THE TECHNOLOGY PROCESS TO BUILD IT (E·G·J INSTRUMENTS AND ROBOTS) 

DESIGNERS AND COMPUTER AIDED DESIGN 

IDEAS FOR NEW STRUCTURES 

LACK OF STANDARDS -- TOO MANY STANDARDS 

ALGORITHMS FOR EFFECTIVE USE 

EDUCATION OF INTERDISCIPLINARY ENGINEERS AND SCIENTISTS TO APPLY 

MARKET SIZE AND USEFUL APPLICATIONS 

COMPETITION FROM THE JAPANESE 

G·BELLJ 2/13/79 
SLIDEs/30 



SOME STANDARDS QUESTIONS 
(GOVERNMENT'S, AT&T, DEFACTO) 

MUST WE HAVE MORE LOW LEVEL STANDARDS (CHARACTER SET, FLOATING POINT)? 

WILL DEFACTO STANDARDS EVOLVE THAT ARE SIMPLY THE 370 AND A 
SEMICONDUCTOR CHIP? 

HOW MUCH NETWORKING CAN BE DONE WITHOUT FULLY HOMOGENEOUS MACHINES? 

(I.E., CAN USERS STAND IT?) 

HOW MUCH NETWORKING CAN BE DONE WITHOUT COMMON LANGUAGES AND A COMPLETE 
NETWORK ARCHITECTURE? (WILL GATEWAYS WORK EFFICIENTLY ENOUGH?) 

WILL A "CHANNEL-LEVEL" INTERFACE CONSTRAIN PRICE OR INHIBIT FURTHER 

EVOLUTION OF BACK END PROCESSING? 

CAN WE KEEP TRACK OF THE DATA? (WILL DB'S OR DB STANDARDS HELP?) 

G·BELL, 2/13/79 
SLIDES/28 



MAIL 

BOOKS 

PERIODICALS 

SHELVES 

CATALOGING 

PAPER COSTS <LAST 10 YEARS) 

INCREASING AT 10%/YEAR 
COSTS,..,, $30 MBYTES TO TRANSMIT, 1979) 

INCREASING AT 7%/YEAR 

INCREASING AT 11%/YEAR 
COSTS $1,,..,, 20/MBYTE {1979) 

INCREASING 7%/YEAR (WITH INFLATION) 

$4/ITEM (1979) 

HUMAN INFORMATION PROCESSING IS IMPROVING A FEW $/YEAR, WHILE COSTS ARE 
INCREASING 

G•BELL, 2/13/79 
SLIDES/39 



COMMUNICATIONS COSTS 

VAGUE., ALTHOUGH FORECASTS INDICATE COSTS HALVING BY 1985-

(THE NUMBER OF LINES IS NOT INCREASING AS RAPIDLY AS TOTAL OPERATING 
COMPANY REVENUES- THEREFORE., THE COST/LINE IS INCREASING!) 

MODEM COSTS 

1973 - 9-6 KB MODEM COST $9.6K ] 
12%/YEAR REDUCTION 

1979 - 9-6 KB MODEM COST $4.5K 

YEAR 

1960 

1963 

1964 
1976 

13%/YEAR REDUCTION 

G·BELL., 2/13/79 
SLIDES/40 

DATA-RATE (KBIT) 

2-4 
40-3 
50 
56 (DDS) 

COST/MB IT 

$1-00 

-42 
-33 

.11 



POST 

TELEX 
FAX 

PHONE (3 MIN) 

COMPUTER 

G·BELL, 2/13/79 
SLIDES/38 

COST* FOR VARIOUS MAIL SYSTEMS 

TRANSMISSION 

-16 
1-75 
1-60 

.75 

-27 ""' . 9 8 

LABOR 

4-06 
4.59 N 5-31 

4-44 ""' 4-81 

3-82 ""' 4-50 

2-25 ""' 3-76 

*SRI STUDY, 1978 



1970 

NOYCE 
(cQ'-1PONENTS/ 

CIRCUIT) 

1980 

BITS/CHIP 
(KEYES '78) 

CI qcu I rs/ CIH p 
(K.EYES '78) 

1990 
YEAR 

2000 
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o A CONCURRENCE OF: 

- TECOOLOtiY 
- IEED 
- USE 
- STRUCTURE 

COfltPUTER GENERATIONS 

o 6ENERATION UNDER DEVELOPJIIENT TODAY IS THE FIFTH 

6ENEBATION 
J. ELECTRONIC 

CfllA6NETIC > 
19 .. 5 

11° TRANSISTORS 
1q59 

111 • INTEGRATED 
CIRCUITS 
1~6 

IV• LSI 
1972 

llill 
DEFENSE 

SPACE/SCIENCE 

TRANSPORTATION 
FLOW CONTROL AND 
WELFARE 

ECONOJIIIC JIIODELS 
AND REAL TIJIIE 
CONTROL 

1fil 
WAR fllACHINE 
CONTROL 

AIR DEFENSE AND 
CONTROL 
ENGR. AND 
SCIENTIFIC 
EDUCATION 

PROCESS CONTROL 
AND SOCIAL 
ACCOUNTING 

INTERACTIVE 
COJIIPUTING 
COfltPUTERS FOR 
LOGIC 

STRUCTURE 

~ftYlt~1,t~ IBJII 
605 

TX-0 IBflt 7oqo 
ATLA~, STRETCH 

PDP-R, I lflt 360 
PDP-6, CDC 
6600 

INTEL 4004! 
800R PDP- 1 
<RST~> CRAY 1 



( 

( 

L 

Using Disks 

The administrator from the previous example wants a file system 
on a cartridge disk. Cylsize is 2 x 8 x 2 = 32. The 
administrator inserts a blank disk in the drive enters the 
following commands. The system administrator's input is in 
boldface, the computers responses in roman. 

f /etc/iv /dev/fplll /usr/lib/iv.wort/pd.offline 
f /etc/akfs /dev/fplll 9776 l 32 

Mounting a File System 

Every file system must be mounted in order to be used; this gives 
the file system a place in the CTIX file hierarchy. The aount 
command mounts a file system: 

/etc/aount /dev/fpS.9.E. dir £ 

where 

d indicates the disk, as in the mkfs command. 

~ indicates the slice, as in the mkfs command. 

dir is the name of an empty directory. Subsequent 

r 

references to dir will actually be to the root directo:cy 
of the newly mounted file system; this gives user norm~l 
access to any files on that file system. 

This directory can be on the root file system or it ca11 
be on another mounted file system. But the directory's 
file system must be already mounted. 

controls access to the file system. If r is -r, the 
file system is mounted read-only: files-in the file 
system can be read, subject to normal permission rules, 
but cannot be modified, created, or deleted. If r is 
missing, the file system is mounted read-write: all 
files in the file system can be read, modified, created, 
or deleted, subject to normal permission rules. 

Without any arguments: 

/etc/aount 

the program displays a list of currently mounted file systems. 

A uaount undoes a aount: 

/etc/umount /dev/fpl~ 

where 

4-8 
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~· v~A. 
~v ) 

t, t1 ~v A PROFESSION BASED SYSTEM 

.. \ (FOR LARGE ORGANIZATIONS) 

~t~ " 

IS &:filERAllCHY OF COMPUTERS (INCLUDING PERSONALS?) 

PROVIDES BENEFIT mlli. THROUGH GENERIC CAPABILITIES FOR TEXT, FILING 

OD COMMUNICATIONS 

BEQUIRES ATTENTION TO nUMAN ENGINEERING, AND COST OF CAPABILITY 

/::. i< ( INCLUDING OWNERSHIP) 
I . --

i I' 

GB1.S3.119 
1 

\ 



• 

OFFICE OF FUTURE (OOF) 

-USE OF EQUIPMENT WHICH ALLOW A DRASTIC RESTRUCTURING OF OFFICE WORK, 

AMONG A DIFFERENT COMPOSITE WORK FORCE. 

PARAPHRASING THE APRIL 80 COOPERS AND LYBRAND NEWSLETTER: "A 

SECRETARY USES THE EQUIPMENT, IT'S OA; AND IF WE ALL _USE IT, IT'S. 

OOF". 

• 

0B1.S3.49 
1 



OFFICE AUTOMATION - OA - EVOLUTIONARY USE OF WORD PROCESSING AND 
. 

ELECTRONIC MAIL EQUIPMENT TO IMPROVE OFFICE PRODUCTIVITY, WHERE: 

1. WORD PROCESSING EQUIPMENT, EVOLVING TO USER TYPESETTING 

REPLACES, TYPEWRITERS, SNOPAKE, AND COPIERS. 

2. ELECTRONIC MAIL REPLACES COPIERS AND POST PEOPLE, FAX, 

TWX/TELEX AND INTRA-ORGANIZATION ELECTRONIC TORN TAPE 

MESSAGE SWITCHES. 

Li"\1c, lc(t ·,· 

3. COMMON CARRIER PACKETNETS EVOLVE FOR INTER-ORGANIZATIONAL 

MESSAGE AND DATA SWITCHING. 

I 

-. ELECTRONIC FILING REPLACES PAPER FILES. 

5. DIRECT SOURCE FORMS ENTRY AND TRANSMISSION REPLACES MODERN 

KEYPUNCH. 

6. LOCALIZED LIST PROCESSING FOR REPORTS REPLACES CENTRAL, 

DATA PROCESSING. 

. . 

GB1 .S3.119 
2 



FUNCTIONAL LEVELS OF A PB.S ROOT (HARDWARE, OS, LANGUAGES, NETWORKING 

AND DATA BASES) 

GENERIC MODULES FOR COMMUNICATIONS WITHIN AN ORGANIZATION· 

~ TEXT AND GRAPHICS PROCESSING AND "USER TYPESETTING" 

• FILING CABINETS _FOR TEXT, MESSAGES, FORMS, ETC. 

0 ELECTRONIC MAIL AND COMPUT~R CONFERENCING 

~ OFFICE PROCEDURES AND FORMS PROCESSING 

t INTERFACE TO NON-COMPUTER COMMUNICATIONS (FAX, OCR, INTERFACE 

TO OTHER ORGANIZATIONS, TWX, TYPESETTERS, TELEPHONE) 

GENERAL PROFESSIONAL DISCIPLINE MODULES (E.G. ENG.) 
• 

DEPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. ELEC. ENG.) 

. . 
COMPARTMENTAL PROFESSIONAL DISCIPLINE (E.G. RF CKT. DESIGN) 



DISTRIB~TED COMPUTING 

ENV I RON~1ENT ---vlOO 
---..--.-. -. -----....-_,.. .. -.. -----~-.-.------,~!' B~I~T-S/ SEC 

CENTRAL 
SITE (s) 

LOCAL 
·GROUPS 

(o1 SlR IBIJTED) 

PERSONAL 

MIDI SIZE 

10/20/vMs 

1 

MEMORY 
MANAGEMENT 

OMMUNICATIO 
SYBSYSTEM 

TN 

.__,_~=~--r---------+---------
TIGHTLY COUPLED CLUSTERS 

HIGH SPEED 
LINKS . 

-..-------,--------,-------4-;:-;l"-'IO 
CvlBITS/SEC) 

MINI SIZE 

VMS 

TERMINAL 
SIZE 

USER 

REAL TIME 
COMMERCIAL 

11 

MINC 

11 
. . . 

REAL TIME+ 
USER 

TIMESHARE 

11 

FACTORY 
PROCESS 
(LS I-11) 

••• 
REAL TIME 

TIMESHARE 

10/20 

COMMUN, LINKS 

(<f;4 :<s I rs) 

COMMERC I ALJ 
WORD PROC I J 

ETC, 

USER 

TN.= TERMINAL NETWORK--CONNECTS SIMPLE TERMINALSJ GATEWAY TO OTHER NETWORKSJ 

MOST PER I PHERALS, ANlJ PERSOtJAL cor1PUTERS, AND PROCESS COMPUTERS 



• 

,. -·- --·-· .. ·-.;: ,:..._ --.~- .-..----~--.. -----~---- ----- _._ _______ ..,, _____ , ________ ............ 

LARGE, CENTRALLY OPERATED FACILITIES PBQYIOE~ - ...... --cl.4"a·--~~-r. • •• 

LARGE, SHARED DATA BASES AT LOWEST COST/BYTE (THROUGH ECONOMY 

OF SCALE OF LARGE DISKS) 

ARCHIVAL OF PERSONAL FILES 

PROGRAMS FOR SPECIAL NON-COMPUTER OWNER COMMUNITIES 

VERY HIGH PERFORMANCE PROCESSING 

• COMMUNICATIONS AMONG THE ENTIRE .. COMMUNITY AND 

GATEWAYS TO INTERNETS AND PACKETNETS 

COMMUNICATIONS ORIENTED SERVICES (E.G. MAIL, TELECONFERENCING)? 

SPECIAL FACILITIES SUCH AS TYPESETTING ··· · ·-·· ------ ·--

GB1 .S3.49 
8 

~~----··· -..... - ·-

-. ~- ··" 



• 

GROUP CENTERED COMPUTERS PROVIDE: 
~--· ... -· 0::---...:...;..;. __ ___:.:.;__ ____ ___ 

RELATIVELY COST-EFFECTIVE FILE STORAGE FOR ITS COMMUNITY 

FACILITIES BEST MATCHED TO COMMUNITY 

RELATIVELY HIGH PERFORMANCE PROCESSING 

COST-EFFECTIVENESS THROUGH GROUP SUPPORTED PROGRAMS 

11 

0B1.S3.49 
. 9 



PEBSQNA.L COMPUTERS PROVIDE: 

-
·:nasoNAL DATA BASES AND SECURITY 

.AST RESPONSE TO RELATIVELY COMPLEX REQUESTS (E.G. EDITING) 

.... 

~RAM ENVIRONMENT FOR ENTERING AND GETTING INTO PRODUCTION 

GB1 .S3.119 
10 

.J 



PSER VIEW GOALS 

LIVE AND WORK ON THE MACHINE 

CONSISTENCY AND COMPATIBILITY ACROSS KEYBOARDS, SYNTAX/SEMANTICS, 

FILES, COMMUNICATIONS ••• PERMITTING TRUE DP HOMOGENETS AND 

BETEROGENETS 

•CAMERA INSTRUCTION BOOK-LIKE" MANUALS PERSONALIZABLE WITHOUT 

PROGRAMMING CONTEXT DEPENDENT EDITING FOR TEST, TYPESETTING, 

MAIL, FILE CABINET, PICTURES FORMS, TABLES, ETC. 

ct, ,- i -.. - 4 
~ i I I V\: 

/ : ( 

• 1 i cV\. ,{-, \J?_ J '. I , 

GB1 .S3.49 
13 

I 



lMPLEMENTATIQN DESIGN'GQALS 

NO ASSEMBLY LANGUAGE PROGRAMMING 

CONSISTENCY AND COMPATIBILITY FOR FORMING DP HOMOGENETS AND 

BETEROGENETS 

ALL PROGRAMS DRIVEN FROM: FILES, TERMINALS, TEXT, ANY OTHER 

PROGRAM\usING VARIOUS PROGRAM MODELS 

AND.NETWORK) 

(TP, PIPES, SINGLE PROCESS,J 

BUILT IN FOREIGN LANGUAGES 

TYPED DATA FOR FILES, FORMS AND PROGRAMS 

COST OF CAPABILITY UNDERSTANDING 

GB1 .S3.49 
14 · 



PERSONAL OR SHARED?· 

GIVEN: ECONOMY OF SCALE, EXCEPT DISKS AND SWITCHING 

DISAPPEARING. ALL MEMBERS OF HIERARCHY ARE 

NEEDED. 

STRATEGY: MOVE FROM GENERAL TO SPECIFIC AND PERSONAL 

PROBLEMS: DISTRIBUTING AND SHARING PROGRAMS, 

PROGRAMMING AND DATA. USING. 

GB1.S3.49. 

i 



·---\;'':,I 

WPS: FULL PAGE, VOICE INPUT, GRAPHICS, PROFESSION 

DEPENDENT. ARCHIVES ANY PART AND ALL 

DOCUMENTS • 

. USER-TYPESETTING: YES 

FILE CABINET: RETRIEVE BY MULTIPLE KEYWORD. "SEARCH FOR 

CONTENT. 

HAIL SYSTEMS: VOICE. COMPUTER CONFERENCING WITH PERSONAL 

VIDEO CONFERENCING IN SIGHT. 

COMMUNICATIONS: INTERNETS, PACKETNETS, AND NON-COMPUTER NETS 

(E.G. PHONE, FAX, TWX, OCR FOR OLD 

DOCUMENTS) • 

OFFICE PROCEDURES: NUMEROUS 

GB1 .S3.119 
16 . 
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fHYSitAL STRUCTURE eABAPJEJEBS 

• COST (PURCHASABILITY., nAINT • ., ETC.>1 PERFORMANCE., 
RELIABILITY C 

• SECURITY., ATTITUDES ABOUT SHARING 

... • AESTHETICS/APPEARANCE 

. . 
• ENVlROHnENTAL ADAPTABILITY 

~~ .. ,, ..... .,..- .. 

--...:"-· \ ..... (1). UNOBSTRUSIVE 
• . . 

----··, .. ~--··--·-.,---·,<-.-.---·· ······- -· -· -... .,,.__.;.._.,. 

•: (2), DOKIHATES & BECOMES <CREATES) -

.... 

--
2 

THE ENVJR. CEG. WORK SPACE., NOISE., LIGHTING., 
- FlllNG., DOCUMENTS, PHONE 

. ~ ~ 

• COMUNJCATION WITH: OTHER~., .OTHER WPS, DP.,.,,. 

-•· . 

., 

!' 

' .. 
·, .. _ ...... 

" 

' 

' t . 

. ~-- ... -

• 

\ 
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PRlftE QA 5/80 

TEXT CREATION & EDITING 

FILING & RETRIEVAL 

BOILERPLATE LIB. 

LIST PROC. 

ADV. FEATURES: 
PROOFING, HYPHENATE, TRANSLATE 

MGMT COMM. & SUPPORT 
e , 

~ EMAIL 
CREATE NOTES & MEMOS ., 

"'- DIST. 
ANNOTATE 
ACK. & SECURITY CODES 

. - ... -

CORRESP. MGMT 
FILE, RETRIEVE, ARCHIVE 
FILE CODES & REPORTS 

MGMT SUPPORT 

.. 

.. 

, 

INTRAY, CALENDAR, SCHEDULING, TICKLER FILE, TELEPHONE 
LOG · 

MGMT INFO. 
. QUERIES, REPORTS, MODELLING, APPL. 

• l 

t 

3 
• 

\ 

GB1-S4-l 
5/23/80 . 



. . 

,oePATIBILITY 

-~ EDITING SYNTAX 

.. oVPS# DIS# FORftS TEXT I COMMANDS,- USER TYPESET 

FILES 

.PERSONAL & SHARED WPS 

.ats 
·s"··- - . .,-, ..... 

o INTERFACE TO DATA IN SYSTEtf W/O CONVERSION <I.E. 
PROGRAMS) 

• 

• COMMUNICATIOHS 
., 

.DECNET ETC. VIA SYSTEM CALLS· 

PERFORMANCE/USE UNDERSTANDING .. 

" 

t 
1 . 

• 

\ 

GBI.Sfl.14 
5/23/80 
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1981 GOALS 
GENERIC LEVEL TEXT/COMMUNICATIONS PRODUCT INTRODUCTION 

e PLAN1 SPECIFY1 DESIGN AND UNDERSTAND (J.E. MASTER) THIS . 
l£VEL FOR NEXT 5 YEARS --'> ADDRESS PROP vc71· !\f IT 1/ 
. . ( CO CST -ro uc; I:) " 

• DECNET COMMUNICATIONS WITH VIRTUAL TERMINALS AND COMMON 
PROTOCOLS VlA S'TA-NDA-12-D 5YST~t1S 

• HIGH QUALITY1 COMPATIBLE WPS BASE 

• STABILIZE THE 2XX MULTI-USER SYSTEM? 
• 

•. BUILD.A FIRM BASE FOR 278 AND ENHANCE IT . 
• . ,. 

.. ~ • BUILD A MULTI-USER BASE ON WPS_ COMPATIBLE EDT FOR 
. RSTS AND VMS . . 

• B~ILD A SINGLE USER 11 SYSTEM 
1

0N SAME EDITOR 

• LIST rROCESSING, SORT AND MATH. 
• 

• GRAPHICS <PROTO) 

• · DICTIONARY AND SPELLING <PROTO) 
\ 

1 
( "'1PS f:t LIIJ ~ 
( WPs C.01'1 M. 

ON A-L.L c;ySTE"1)>) 
; . ~Bl.S4.13 

.... ,, · " , ) 5/23/80 

• 



• 

. . 

~ USER TYPESETTING BREADBOARD 

• USER.FORMS CREATION AND EDITING (VS LISTS?) 

• FILING 

, -
.• PUT DOCUMENT HOLDER FOR 278 ON ll/ft1 RSTS AND VMS 

11 MIL 

• BASE FOR FORMS HOLDER ., . 

.. , 
· • RELATIONAL 

Cl 

• QUERY BY FORMS <PROTO> USING·CATS AND FORMS EDITOR 

~ 

• VOICE MESSAGE STORAGE <PROTO> . ,, . 
~ 

• ELECTRONIC MAIL CEMS' -COMPATIBLE WITH WPS) - TEST AT DEC 
.. 

• VMS (AND POSSIBLY RSTS> 

• VOICE.READ MAIL (PROTO) 

. . , 
• FORMS SIGNATURE ROUTING AND APPROVAL <PROTO) 

• 
• . OFFICE PROCEDURES <PROTO) 

. 
• TltKLER1 SCHEDULING1 PHONE MANAGEMENT 

• t 
' 

\ 

GB1-S4-13 
' 5/23/80 
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,1M11S II: 

OfllUTI• SYSTERS <DEC 10/20, •T, ISTS, ISi, •s> 

flffU: USU GnUTII& SYSTEflS. ,_,., IMS 1UE FOi o• 
I BCTUl NO&IMIUI& E0£11Ell£. ( 11,s J 

IT IMS IASE FOi CP/fl PEISOML CCll,UTEI SOfTIIME ( t1i&) 

ISTS IMS OIi MIi "Ill- OPEUTIM SYST8' F• 11 'S ( ,,,1.) 
lllTOIS ,. Nlln.- lf(IE FOl£-IUIIEIS OF ltlT OITOIS 

( ,, 'r .,. ) 
WOID PIOC£SSII&- WE W£1E THERE \(IY EAILY ( ,, l C') 

caOL All IASIC LAHIM&£ ( ., , .. , '~,I.) 

FILES All MTAIASES 



OFFICE Of FUTURE COOF> 

USE OF EQUIPfltENT WHICH ALLOW A DRASTIC RESTRUCTURING OF OFFICE MORK, 
MONG A DIFFERENT CO"POSITE WORK FORCE. 

PARAPHRASING THE APRIL 80 COOPERS AND LYBRAND NEWSLETTER: •A 

SECRETARY· USES THE EQUIPl'tENT, IT'S OA, AND IF WE ALL USE IT, IT'S 

ooF·. 

GBl-S3.49 
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OfflCE AUTOl'IATION - OA - EVOLUTIONARY USE OF VOID NOCESSING AND 
£LICTRONIC MIL EQUIPl'IENT TO_ l"PIOVE OFFICE PIODUCTIVITY, VMERE: 

1- VOID ,aocESSIN& EQUIPPIENT, EVOLVING TO USER TYPESETTING 
.,ucES, TY'fVRITERS, SNOPAKE, AND COPIERS-

2- ELECTRONIC MIL REPLACES COPIERS AND POST PEOPLE, FAX, 
T»x/TELEX AND INTRA·OR6ANIZATION ELECTRONIC TORN TAPE 
M:SSA6E SWITCHES- Flfl Si use- fO«:. XN"TfR-OFFtC,f' MA lL. 

3. COfllON CARRIER PACKETNETS EVOLVE FOR INTER-ORGANIZATIONAL 
IIESSA&E AND DATA SWITCHING. 

,. ELECTRONIC FILING REPLACES PAPER FILES. 

5. DIRECT SOURCE FOR"S ENTRY AND TRANSPIISSION REPLACES ,.ODERN 
KEYPUNCH(\. f. Fo"M,. E~TIZ-Y) 

6. LOCALIZED LIST PROCESSING FOR REPORTS REPLACES CENTRAL, 
DATA PROCESSING. 

611-S3.lf9 
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• 

• 

A PIOFESS I ON IASED SYS TE" ( p &5) 
<FOR LARGE ORGANIZATIONS) 

IS A NIEaARCNY Of COPIPUTERS <INCLUDING P£RSONALSt> 

,tOVI-IES IEl£FIT D THROUGH GENERIC CAPAIILITIES FOR TEXT, FILING 
AID COfllUIICATIONS 

HOUIRES ATTENTION TO HUPIAN ENGINEERING, AND COST OF CAPAIILITY 
<INCLUDING OWNERSHIP) ---+ a->rw ~ETRJC. ~ 

1 OTAL- C.04' r--rb- L4C.t 

.. 

611-$3-49 
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fJICTlOIAL LEy£LS Of A PIS ROOT CHAR°"ARE, OS, LANGU.AGES, NETWORKING 

AND DATA IASES > 

GENERIC f'tODULES FOR COPtl'IUNICATIONS WITHIN AN ORGANIZATION 
TEXT AND GRAPHICS PROCESSING AND ·usER TYPESETTING· 
FILING CABINETS FOR TEXT; "ESSAGES, FORl'IS, ETC. 
ELECT.RON IC PIA IL AND COf'IPUTER CONFERENCING 
Of FI CE PROCEDURES AND FORl'IS PROCESS I NG -4 -

INTERFACE TO NON-COl'IPUTER COf'tl'IUNICATIONS <FAX, OCR, INTERFACE 

TO OTHER ORGANIZATIONS, TWX, TYPESETTERS, TELEP140NE> 

&EiNERAL PROFESSIONAL DISCIPLINE l'IODULES <E.G. ENG-> 

DE PARTl'IENTA L PROFESSIONAL DI SC I PL I NE CE. G- E LEC- ENG. > 

COMPARTf'tENTAL PROFESSIONAL DISCIPLINE <E.G. RF CKT. DESIGN> 

M!TttoOS/LfVE"L~ fO(t. 

· OR""N\ ---~T 10 tJ9 

· tNt>l"IPU.Al. (PER"!>Ot-lAL\eRTl0N) 

GB1-S3-'49 
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YSfB YIEV GOAL$ 

ll~E AND WORK ON THE l'IACHINE 

CONSISTENCY AND COMPATIBILITY ACROSS KEYBOARDS, SYNTAX/SEl'IANTICS, 
FILES, COPl'IUNICATIONS •.. PER~ITTING TRUE DP HOf'IOGENETS AND 

. --------
HE l ERO GEN! TS -------
•cA"ERA INSTRUCTION BOOK-LIKE• MANUALS PERSONALIZABLE WITHOUT 
PRGGRAl'fflING CONTEXT DEPENDENT EDITING FOR TEil, TYPESETTING, 
MAIL, FIL.E CABINET, PICTURES FORMS, TABLES, ETC. 

$Y1fft-'l T(~CHE~ ITS U-S 2: 
S YSTf'M P Rou I Of'S ,: 0~ 

GBl.S3-49 
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PHYSICAL SYSTEM 

CLOSETAILE OR IN A DESK IF QUIET ENOUGH 

Pc+",< 1 "•vrr> + "' < 100 "•vrE; FIXED) ... NOTE 1 FILE CABINET• 32 

"IYTIS 

2 - q X t-CRT<l PAGE B/W, OR COLOR) 
WITH ABILITY TO RE"OTE AT REDUCED BANDWIDTH 

TC LETTER QUALITY AND SCREEN PRINTER> 

TC TELEPHONE DIALER, PHONE ANSWERER, VOICE OUTPUT> 

LC SYSTE"S OF THE SAME TYPE> FOR: 
COll'tUNICATION, EXECUTING OTHER PROGRAMS, TELE- AND 
COMPUTER-CONFERENCING, ETC. 

LC CENTRAL SYSTEM) FOR: 
. FILING, PRINTING, TYPESETTING, AND SLIDE MAKING 
• DISTRIBUTION OF DOCUMENTS TO PEOPLE NOT ON SYSTE" 
• ACCEPTANCE OF DOCUMENTS FROM PEOPLE NOT ON SYSTEM 
• E"S'S, AND OTHER SYSTEMS 

TC VIDEO AND VOICE 1/0 > - LARGE SCREEN FOR TELECONFERENCING> 

GB1-S3.lf9 
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$JIUCJYBE OF PROFESSION MPDYLES AND YSE DEPENPENCIE$ 

USE IS A FUNCTION Of THE PRODUCT OF: 

PROFESSIONAL DISCIPLINE/PROJECT DISCIPLINE 
X ORGANIZATION <BUYER, SELLER, KNOWLEDGE SELLER, CONTROLLER/GOV'T) 

PERSON'S RO LE: 

)( MKT.-, "fG.- TECH- GATEKEEPER, IDEA GENERATOR/CREATIVE 
SCIENTIST, ENTREPENEUR, COACH/SPONSOR, PROBLEM SOLVER 

( ••. NOTE VARYING DEGREE OF COMMUNICATION, ANALYSIS, NEED TO 
ACCESS AND PRESENT DATA IN EACH ROLE 

X POSITION I~ ORGANIZATION HIERARCHY 

~ Tl"E OF FISCAL YEAR AND OTHER PROCESSES <E.G. PLANNING> 

J< TlptE OF TRANSACTION <PROCESS STATE> 

E.G. PROJECT <PROPOSAL, DESIGN, ANNOUNCEMENT, DEATH> ETC-

GB1-S3.49 
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Pl$ c1985) GENERIC CAPABILITIES; 

WPS: FULL PAGE, VOICE INPUT, GRAPHICS, P1lOFESSION 
DEPENDENT- ARCHIVES ANY PART AND ALL 
DOClltENTS. 

USER-TYPESETTING: YES 

FILE CABINET: RETRIEVE BY l'IULTIPLE KEYWORD. SEARCH FOR 
CONTENT. 

PIAIL SYSTEl'IS: VOICE. COl'IPUTER CONFERENCING WITH PERSONAL 
VIDEO CONFERENCING IN SIGHT. 

COPfflUNICATIONS: INTERNETS, PACKETNETS, AND NON-COl'IPUTER NETS 
CE.G. PHONE, FAX, TWX, OCR FOR OLD 
DOCUPtENTS >. 

OFFICE PROCEDURES: NUl'IEROUS 

Gll-S3-49 
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I 
" ,, 

... ..,..._ .. 

PERSONAL OR SHARED? 

GIVEN: ECONOfltY OF SCALE1 EXCEPT DISKS AND SWITCHING 
DISAPPEARING. ALL fltEfltBERS OF HIERARCHY ARE 

NEEDED. 

. $TRATEGY: f'tOVE FROflt GENERAL TO SPECIFIC AND PERSONAL 

PROILEfltS: DISTRIBUTING AND SHARING PROGRAf'tS1 
PROGRAfltfltlNG AND DATA. USING. 

GB1.S3.49 
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lftPL£flJNJAJ10N DESIGN GOALS 

NO ASSEl'IILY LANGUAGE PROGRAfVIING _.. ~ll"t't) ~ti. \ll!tl.~ 1-l LL 
rtTf"~• '"'-r ay 1A1ra.~ ( e.~. ~ o~) 

CONSISTENCY AND COf'IPATIBILITY FOR FORMING DP H°"OGENETS AND 
HETEROGENETS 

ALL PROGRA~S DRIVEN FROM: FILES, TERMINALS, TEXT, ANY OTHER 
PROGRAM USING VARIOUS PROGRAM MODELS CTP, PIPES, SINGLE PROCESS, 
AND NETWORK> 

IUILT IN FOREIGN LANGUAGES 

TYPED DATA FOR FILES, FORMS AND PROGRAMS 

COST Of CAPABILITY UNDERSTANDING 

GB1.S3-49 
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DJiJlllUJ£Q PIOC£$$11G MTCHES C°"PUTER SYSTE"S TO NEEDS ON A 
liEO&RAPHICAL OR ORGANIZATIONAL IASIS, AND INTERCONNECTS INDIVIDUAL 
COflPUTER SYSTEftS INTO A SINGLE NETWORK-

TN£ OIJ£CTIV£S Of DISTRIIUTED PROCESSING ARE: 

1. T~ ALLOV EFFECTIVE "ATCHING OF RESOURCES TO NEEDS-

2. TO ALLOW 10TH LOCAL AUTON°"Y AND CENTRAL CONTROL OF THE 
VARIOUS DISTRIBUTED PARTS. 

3. TO PROVIDE AN EVOLVING, OPEN ENDED SYSTE" SO THAT THE 
DEVELOPl'IENT OF DISTRIBUTED PARTS CAN PROCEED AT THEIR OWN 
PACE IN A QUASI INDEPENDENT FASHION. 

-· TO ALLOW PURCHASE AND INSTALLATION OF CO"PUTER IN THE "OST 
TI"ELY, COST-EFFECTIVE VAY, TAKING ADVANTAGE OF REDUCED 
<VITH TIPIE> HARDWARE COSTS. 

r 

5. TO IUILD ON AND COfflllUIICATE WITH EXISTING, "ORE CENTRAL 
SYSTE"S, FULLY DISPERSED SYSTE"S, AND E"ERGING PERSONAL 
COftPUTERS. 

6. TO PROVIDE C°"PUTING, CONTROL AND STORAGE OF INFOR"ATION 
NEAREST THE NEED. 



DISTRIIUTED P'ROCESSIN6 IS THE MTCHING OF C°"PUTER RESOURCES TO IEEDS
ON A GEOGRAPttICAL OR ORGANIZATIONAL BASIS - AND THE INTERCONNECTION Of 

TN£SE RESOURCES TO FOR" A SINGLE, COST-EFFECTIVE SYSTE"· 

TNE OIJECTIYES Of THIS STRATEGY FOR BUYING AND USING CO"PUTERS ARE TO 
HDUCE DATA PROCESSING COSTS, INCREASE PRODUCTIVITY AND l"PROVE 
Ol&ANIZAlIONAL EFFICIENCY. 

611-$3.49 
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TACTICALLY1 DISTRIIUTED PROCESSING PIAKES IT POSSIILE _T~: 

• CONTROL COSTS IY "ATCHING COl'IPUTER PROCURE"ENT TO A~TUAL 
NEEDS • 

• DECOUPLE OR CENTRALIZE SYSTEPI DEVELOPMENT-

• CEITRALIZE OR DECENTRALIZE A°"INISTRATIVE CONTROL~-

. MTCH PROCESSING CAPABILITIES1 CONTROL AND STORAGE OF 
INFORPIATION ON THE PIOST COST-EFFECTIVE BASIS . 

• C<ll'UtllCATION WITH THE EXISTING CENTRALIZED SYSTEl'IS1 WITH 
FULLY DISPERSED SYSTE"S1 AND WITH CO"PUTER WORK-STATIONS 
AND PERSONAL C°"PUTERS AS THEY EP1ERGE AT EVERY LEVEL OF 
THE ORGANIZATION. 

- MNAGE OPEN-ENDED GROWTH. 

6B1-S3-49 
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LARGE, t£NI86LLY PPE&AIED EACILIJJES PBPYJDE! 

LARGE1 SHARED DATA BASES AT LOWEST COST/BYTE <THROUGH ECONot'IY 
OF SCALE OF LARGE DISKS> 

ARCHIVAL·OF PERSONAL FILES 

PROGRA"S FOR SPECIAL NON·CO"PUTER OWNER COMMUNITIES 

VERY HIGH PERFOR"ANCE PROCESSING 

CO"'UNICATIONS A"ONG THE ENTIRE COMMUNITY AND 
GATEWAYS TO INTERNETS AND PACKETNETS 

CO"'UNICATIONS ORIENTED SERVICES <E.G. MAIL1 TELECONFERENCING>? 

SPECIAL FACILITIES SUCH AS TYPESETTING 

GB1-S3.49 
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&ROUP CENTERED COf'IPUTERS PROVIDE: 

RELATIVELY COST-EFFECTIVE FILE STORAGE FOR ITS C0t'IPIUNITY 

FACILITIES BEST "ATCHED TO COPIPIUNITY 

RELATIVELY HIGH PERFOR~ANCE PROCESSING 

COST-EFFECTIVENESS THROUGH GROUP SUPPORTE~ PROGRAPIS 

G81-S3-49 
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PEISAM&L COMPUTER$ PRCYIOE! 

PE.RSONAL DATA BASES AND SECURITY 

FAST RESPONSE TO RELATIVELY COfllPLEX REQUESTS <E.G. EDITING> 

PROGRA~ ENVIRON~ENT FOR ENTERING AND GETTING INTO PRODUCTION 

GBl-S3-49 
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DISTRIBUTED PROCESSING AND LIMITS TO ITS GROWTH 

Gordon Bell 
Vice President, Engineering, Digital Equipment Corp. 

Professor, on leave, Carnegie-Mellon University 

ABSTRACT 

A fifth generation computer, can be fabricated on a very large scale 
integrated circuit (VLSI). Lower cost and increased use disperses 
computers in a manner analogous to the ubiquitous fractional horsepower 
motor. Distributed processing to interconnect dispersed computers is 
essential in order to avoid overloading people with information 
transmission and translation tasks. 

The factors that affect and limit distributed processing are: physical 
technology and design complexity; ideas for new computer structures, basic 
tools to build applications, networking and other standards, useful 
applications, algor,i thms, and the human interface to the end user. A 
hierarchical, interconnecting model for distributing processing is based on 
established central and group level mini-computers, and evolving, personal 
computers. 

DISTRIBUTED PROCESSING 

Distributed processing matches computer systems to information processing 
needs (i.e. processing, memory, switching, transmission and transduction 
needs) on a geographical or organizational basis, and interconnects 
indi victual computers to form a single, integrated network so that related 
programs can share and transmit data among the computer nodes. The 
objectives are: 

to allow either local 
.• 

autonomy or . central control of the various 
distributed parts; 

to provide an evolving open-ended system so that the development and 
installation of the parts can proceed in a quasi-independent 
fashion; 

to allow purchase and installation of hardware, taking advantage of 
timely, reduced hardware cost; and 

to build on and communicate with central systems, fully dispersed 
group-level mini-computer systems, and emerging personal 
computers. 

Distributed processing is inherently hierarchical based on the principles 
that govern human organizational structures. In an organization, computers 
supplement their human, information processing counter-parts. As computers 
become better matched to people and organizations, and as people and 
organizations become more familiar with computers, an individual can 
interact directly with at least one computer and indirectly with 
group-level computers serving various functions of the organizational 
hierarchy. The opportunity of more egalitarian access to data provided by 
distributed processing may led to a change of the large organization from 
hierarchical to wider, functional matrix structures. 
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Large organizations need to interconnect the hierarchy of computers for: 

communication among computer with dumb and intelligent terminals using 
large, central computers; 

organization of central, group and individual sites;. 
a functional activity such as word processing or order processing; and 
a specialized computer-based function such as archiving, typesetting, 

message switching, and electronic mail. 

FORCES CREATING DISTRIBUTED PROCESSING 

Rapid evolution of semiconductor and magnetic recording technologies have 
forced computers improvements along paths of: 

1. constant cost, with increased performance and productivity for 
evolutionary use; 

2. reduced cost, with constant performance permitting n3w uses 
commensurate with the lower cost; and 

3. higher cost and performance structures permitting radically new 
applicatioris. 

Cs - 'l)lf 

Costs for nearly all other forms of information processing arn:,cause they 
are labor intensive. Traditional storage, processing, and transmission in 
libraries and postal systems are increasingly soaring. Simple word 
processing computers that replace typewriters save the time-consuming 
process of correcting errors. When groups associated with information 
processing start using computers a positive feedback, learning curve effect 
begins further increasing computer mt~ uses, and lowering costs. 

The industry groups supplying these~roduct~ a~es include: 
computers - mainframe, minicomputers, personal computers and computer 

services; 
semiconductors - nearly all LSI components are either memory or a 

computer processor; 
communicati9ns - conventional voice and data, new packet networks and 

associated services; 
television and cable TV - stand-alone use with TV sets (eg. games, home 

computers) and as an alternative to conventional communication; 
office equipment - typewriters, copiers, and mechanical office 

equipment are increasingly electronic; and 
control - gears, cams and levers, and mechanisms for control will 

become electronic, limited only by transducers and sensors. 

LIMITS AND PROBLEM AREAS OF DISTRIBUTED PROCESSING 

Ultimately C!!!.:!~!~:;!:!;t;!!~r;:im;u,;,;~1Qs.:]w2.111:i~:Z:Zililiiiti::::Ei~~ii7 

~{# 
Presentl~-'J;_)-

the speed of by two 
to distributed processing oblems and user assimilation. 

solutio~~ ) 
J 

~ 
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PHYSICAL TECHNOLOGY 

Semiconductors and magnetic recording technology provide the basis for cost 
and performance improvements. Although, extrapolations too far into the 
future are generally dangerous, the following technological rates of 
change, based on the past ten years, will continue for at least five. years: 

TECHNOLOGY (PERFORMANCE) 
semiconductor memory density 
semiconductors, random logic 
core memory density improvement 
magnetic disk recording density 
magnetic tape data-rate 
magnetic tape density 

YEARLY-RATE OF CHANGE FACTOR 
2.0 
1.4-1.6 
1.3 
1. 3-1.4 
1.25 
1 .2 

TECHNOLOGY (COST) YEARLY-RATE OF CHANGE FACTOR 

memory price reduction 
computer system'cost reduction 
crt terminal co · 

0.7 
o.8 
0.85 

communication cost/bit transmitted reduction 

paper c 

Semiconductor technology, shared among several buyers groups, eg. consumer, 
communications, computers, has a faster rate of improvement than other 
technologies. Slower evolution has occurred in magnetic recording density 
because there is only one user, the computer industry. Widely used, well 
developed technologies, such as CRT' s, previously improved for the mass 
television market are scarcely affected by their increasing use in 
computers. Costs of paper and communication lines increase with inflation. 

·' 
Physical transducers that sense temperature, 
flow are slow to evolve, limiting computer use 
Even the most widely used computer equipment, 
devices and communications devices, evolve 
semiconductors. 

COMPLEXITY OF SEMICONDUCTOR DESIGN 

pressure and control power 
in automotive applications. 
such as keyboards, printing 
slowly by comparison with 

Gordon Moore of Intel, observed that the effort required to design 
semiconductors has doubled each 2-2/3 years since 1962, when a circuit only 
took 3 man months. 1979 circuits required 21 man years and 1982 circuits 
will take about 45 man years. While it is easy to conceive of organizing a 
team of 7 to complete a design in 3 years, the same time task by 15 people 
is difficult to imagine. Better management and design partitioning is 
required in order to avoid a drastic loss of productivity and quality that 
would increase the design effort even more. With one million circuits on a 
chip by 1982, new methodologies will be requL~ect to fully utilize VLSI' s 

potential. 1 ~ (~;,/ ~ <-v ~ ~ ~ 

~ Je u-z.s: ar~ J 
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Because of the concern and numerous approaches being pursued, I am 
confident that it will only take another two semiconductor generations (six 
years) to solve the VLSI design complexity problem. Although we do not 
have a good measure of circuit complexity, a given circuit description is 
far less complex than the largest programs (e.g. a million bit, or 128 
Kbyte program is not especially large). 

IDEAS ABOUT WHAT TO BUILD 

New directions in computer structures are difficult to predict by simply 
looking at conventional machines. Current limiting factors point to needed 
innovations. Applications involving two dimensional signal processing for 
pictures appear to require a different processor design, and speech signal 
analysis requires vector processing. A general purpose processor could 
emerge from these alternatives for one-and two-dimensional arrays: 

arrays of conventional microprocessors; 
application specific, functional processors; 
bit array processors to operate directly on the array data structures, 

including arrays, or associative processing; 
processing associated with memory; and 
data flow architectures. 

BASIC TOOLS TO BUILD APPLICATIONS 

Coupling knowledgeable user needs to machine development produces more 
capable, yet harder to understand systems: a paradox in the attempt to 
build highly capable and easy to use systems. The popularity of the Bell 
Labs UNIX System is a testimony to a single, consistent, easy to use 
language, that is described. in a small manual. The popularity of APL and 
BASIC systems can be similarly explained. Although one would expect that 
additional capabilities (memory) would make the user interface simpler, few 
good -examples are known. The time to build a given application using the 
multitude of systems/databases/languages is highly variable, indicating a 
continued lack of understanding of the design process. 

NETWORK AND OTHER STANDARDS 

Because standards are evolving, the current situation of distributed 
processing among countries and vendor systems is a disaster. International 
protocol standards provided by manufacturers (Internets) and by various 
common carriers for Packetnets which are called by the same name, are 
fundamentally different and incompatible. Many standards mean no 
standards. 
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We must get beyond the simple standards required for Packetnets and 
Internets to define protocols for passing high level messages, such as 
electronic mail, among computers. Office based applications, centered 
around text processing, electronic mail, user typesetting, office 
processing, and electronic filing, all require significant user level 
standards. Using only lower level communications protocol standards will 
cause a combinational explosion of high level protocol changing gateways. 
This leads to added overhead, extra development, · delay, incompatibility, 
and often, misinterpretation of messages. 

In the low priority area of intra-computer architecture, the U. S. 
Government has standardized on the existing defacto standard, the IBM 
Channel, as the means of interconnecting mass storage to computers. 
Unfortunately this act of standardization will limit change into newer 
systems architectures. 

USEFUL APPLICATIONS AND DISTRIBUTING THEM 
.. 

Decisions to use the major applications centered around office automation 
are very complex. Justifying an application generally requires an 
understanding of both computer systems (beyond that provided by 
manufacturers) and the organizational structure of individuals and group 
users. Al though electronic mail seems right, measurements of increased 
productivity, decreased paper flow, better decision-making, efficiency of 
communication, and the creation of excess communication are hard to make. 
To my knowledge, they don't exist. 

Given that few measures exist to rationalize, simple stand-alone 
applications, justifying a. distributed network becomes a work of art. 
Tools have only recently become available for a system manager or developer 
to distribute the database; processing, and intercommunications over 
sever.al systems. In the specific case of distributed processing for 
electronic mail, the results are encouraging but a general solution has not 
yet emerged. 

An underlying difficulty of building applications beyond the generic office 
automation described above exists because problems are solved by 
patch-work. Usually programmers with computer science (computer 
engineering) training and a representative of a particular discipline (eg. 
accounting, mechanical engineering) put a solution together to get 
something started. This results in sub-optimal designs. In order to use 
the computer as a component of systems they design, rather than as a simple 
tool for problem solving, computer science must take on a pure role, like 
physics, and each of the disciplines take the responsibility for training 
people and engineering the systems within its own discipline. 
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ALGORITHMS 

-6-

There are many cases of the adage: "It is better to work smarter rather 
than work harder". If always exponentially improving, technology will 
eventually permit solving a particular problem in a reasonable time, e.g. a 
24 hour advanced weather forecast must be solved in less than 24 hours or 
an exponentially increasing machine population will be required. However, 
at a given time, algorithms limit when a problem can be solved and whether 
it is economically feasible. 

HUMAN INTERFACE 

The interface between the system and the final user is a barrier in the 
same way that a root system for building applications programs is a barrier 
to building applications. Adding more functions so that an application 
will perform better is generally accompanied by increased complexity 
requiring more documentation and training. The lack of standards at the 
user interface will"limit getting the payoff inherent in a given system or 
set of systems, and may cause adverse user reaction. For example, word 
processing, electronic mail and user typesetting systems are all likely to 
have different syntax, semantics, manuals, training and procedures for 
dealing with the same text. 

A DISTRIBUTED PROCESSING ENVIRONMENT 

Proliferation of dispersed computing forces interconnection, hence 
distributed processing, so that human users don't have to become 
information carriers and translators between the different systems they 
use. Communication within. and between organizations with common carrier 
networks is provided via an interconnected hierarchy. 

INTERCONNECTING THE COMPONENTS 

The three types of computers in a given organization will be connected via 
high bandwidth links in what may appear to be a hierarchical structure. In 
addition, clusters may be connected on a fixed basis. The alternative 
interconnect possibilities are: 

ethernets or rings to interconnect all terminals and computers with 
specialized terminal concentrators; 

evolution of phone circuit switches using digital techniques for both 
voice and data; 

packetnet switching; and 
direct interconnection among the computers with routing through each 

computer. 
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CENTRAL COMPUTERS 

The top most computers of the hierarchy will evolve from the current, 
highly central computation facilities. These machines store most of the 
data and do most of the computing in today's organizations. Given the 
difficulty of migrating files and work from these machines, the emphasis 
within the centers will be interconnection among the machines within each 
center, creating in the short run, even larger data bases. The tight 
interconnection among the central computers will also permit trade-offs 
among cost, reliability, performance, and evolving performance, for a given 
application or set of applications. In order to get the economy of scale 
required to support the large human organizations that attend central 
computers, their functions will have to be specialized (e.g. front ends for 
handling many communications lines, and back ending for databases and 
archiving). 

Central computing facilities will continue to be operated by largA staffs 
whose emphasis is on knowledge of the operating systems and getting work 
done using highly specialized facilities such as CODASYL Databases. The 
casual user will ,be dependent on the central systems through the 
applications. Cost will be high for everything except the storage of very 
large files, where hardware provides an economy of scale. Programming 
costs at the center have to be the highest, because the facilities are 
general purpose and applications are most remote from the ultimate user. 
The role of central facility will be to provide: 

communications among all the other computers within the organization 
including gateways between various computer and telecommunications 
vendors; 

archival file storage; 
unique, sharable facilities such as very high speed comput,e'Y'S' and 

printing devices; 
computational functions for the entire organization e.g. electronic 

mail; 
Qperation of historical programs and data bases; and 
relatively high cost computing by having to provide generality and 

service for the worst case. 

GROUP LEVEL COMPUTERS 

Group level computers are based on the evolution of timeshared and real 
time minicomputers and cost roughly that of an additional person. 
Typically these machines support the single function of the group, (eg. 
order processing, engineering design and data base, laboratory data 
gathering and analysis, group word processing, single process control) 
running a single unattended program. Group level computers provide: 

relatively cost effective storage of the group data base; 
unique program(s) aligned with function of the group; 
relatively high performance processing; and 
cost-effective computing through sharing of a common function and 

specialization of work. 



DISTRIBUTED PRQCESSING AND LIMITS TQ ITS GRQWTH -8-

PERSONAL LEVEL COMPUTERS 

Personal computers . are emerging rapidly, and many believe that they will 
become the dominant form of computing. Since the only hardware technology 
for which economy of scale holds is mass storage, and given that all 
terminals already have embedded computers for control, it is easy to 
envision adding more primary memory and doing all the computation at the 
terminal instead of having computation done in any shared facility. A 
recent, Carnegie-Mellon University personal computer research proposal 
states: 

"The era of time-sharing is ending. Time-sharing evolved as a way 
to provide users with the power of a large interactive computer system 
at a time when such systems were too expensive to dedicate to a single 
individual ••• Recent advances in hardware open up new 
possibilities .•• high resolution color graphics, 1 mip, 16 Kword, 1. 
Mbyte primary memory, 100 Mbyte secondary memory, special 
transducers, ••• We would expect that by the mid-1980 's such systems 
could be priced around $10,000. 11 

• 
Personal computers provide: 

personal data bases and security; 
· more, average computing power, with better response time than shared 

systems; 
needed processing for the computationally intensive tasks like editing, 

and speech i/o; 
a program creation environment; and 
relatively higher costs than group level computing, unless the task is 

very specific and well-matched to the system. 

Although both the novice and experienced user relish the independence that 
the personal computer provides, communications and support by the other 
levels is equally necessary. Given that we are substantially far from such 
distributed systems, there are surely additional problems, limits, and 
opportunities that are yet to be forecast. 

5/30/80 
GB1.S3.57 



COMPATIBILITY 

EDITING SYNTAX 

-WPS, EMS, FORMS TEXT1 COMMANDS, USER TYPESET 

FILES 

.PERSONAL & SHARED WPS 

-EMS 

.INTERFACE TO DATA IN SYSTEM W/0 CONVERSION (I.E. 
PROGRAMS) 

COMMUNICATIONS 

-DECNET ETC. VIA SYSTEM CALLS 

PERFORMANCE/USE UNDERSTANDING 

1 
GB1.S4-14 
5/23/80 
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PHYSICAL STRUCTURE PARAMETERS 

• COST CPURCHASABILITY1 MAINT.1 ETC.)1 PERFORMANCE 1 
RELIABILITY 

• SECURITY1 ATTITUDES ABOUT SHARING 

. AESTHETICS/APPEARANCE 

. ENVIRONMENTAL ADAPTABILITY 

Cl). UNOBSTRUSIVE 

(2). DOMINATES & BECOMES (CREATES) 
THE ENVIR. CEG. WORK SPACE1 NOISE1 LIGHTING1 

FILING1 DOCUMENTS1 PHONE 

• COMMUNICATION WITH: OTHERS} OTHER WPS1 DP1··· 

GB1-S4.14 
5/23/80 
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PRIME OA 5/80 

TEXT CREATION & EDITING 

FILING & RETRIEVAL 

BOILER PLATE LIB. 

LIST PROC. 

ADV. FEATURES: 
PROOFING, HYPHENATE, TRANSLATE 

MGMT COMM. & SUPPORT 

EMAIL 
CREATE NOTES & MEMOS 
DIST. 
ANNOTATE 
ACK. & SECURITY CODES 

CORRESP. MGMT 
FILE, RETRIEVE, ARCHIVE 
FILE CODES & REPORTS 

MGMT SUPPORT 
INTRAY, CALENDAR, SCHEDULING, TICKLER FILE, TELEPHONE 

LOG 

MGMT INFO. 
QUERIES, REPORTS, MODELLING, APPL. 

GB1-S4.14 
5/23/80 
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FIGURE 12 

MEMORY CATEGORIES 
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compatible with the DDP-516, and executed in the 
well known no series of IC flatpacks. The unit is 
packaged on large, double sided boards, 8 x 81/'.!". 
The 4-wire, 3D memory has a 1.6-µ,s cycle time. It 
is not surprising that the factory cost distribution shows 
about the same log[c cost ratio as the DDP-516, while 
the memory cost drops somewhat to 37',:L The power 
supply represents 8% of the factory costs and the mis
cellaneous costs are 30J;;. 

The next processor examined was the PDP-11, a 16-
hit machine developed by Digital Equipment Corp. 
This machine is constructed of SSI and ]vlSI TTL dual
in-line packages from several of the semiconductor 
manufacturers, mounted on l31~ X 101,'," and 8V:! X 5¼" 
doubled-sided PC boards. The boards are plugged into 
assemblies of wire1napped connectors which are in turn 
cabled together. A core memorv is U:,ed. 

The architecture of the PDP_-ll is different from that 
of computers previously analyzed. The machine con
tains a number of registers which can be used for both 
data manipulation and address modification. However, 
the rather surprising result of the factory cost estimate 
is that the relative logic and memory costs are very 
close not only to those of the DDP-516, which is of a 
related but earlier technology, but also to those of the 
DDP-116, which is a different architecture constructed 
of a completely different technology. It appears that there 
may be a ratio of memory costs to logic cost which 1s 
fixed regardless of the technology and architecture. 

12-Dit Machines 

To allay the suspicion that this ratio appears only in 
the 16-hit minicomputers, two 12-bit machines were 
analyzed to see if the ratio held true in machines 
which were substantially different !Table 2). The first 
is the Hll2 de\·eloped by Honeywell. Its construction is 
of SSI DTL logic of the 930 ,:cries mounted on 20'i x 
2¾" circuit hoards. The memory is a 1.6 µ,s, 4-wire, 
3D design. Again the ratio of logic costs to total fac
tory cost is in the 2--V,'.~, range, and the memory cost is 
44),. The final machine analvzed 11as the PDP-8/E 
manufactured by Diµ:ital Equipment Corp. Costs of this 
machine were again estimated using industry prices 
and estimate,l labor custs. The PDl'-ll ·E is constructed 
of l\lSI and SSI TTL dual-in-line pack:iges mounted on 
doul,le-:sicled boards. The estimate1I lo~ic costs, however, 
and only 15;; of factory cost as opposed to the 2v;; to 
2H~;{ seen in the other nwchincs. This .:1pparcnt counter
example to the ar;~umcnt can be cxp:lained by noting 
that the PDP-B E is the mo,-t recent redesign of a com
puter first tlclivcrc,l in l 96J. Since the hasic architecture 
hns not been modi11ed ,-incc- then, this machine ::-hows 
the fa,:;ler reduction of lo!.!:ic cost in relation to memory 
costs. It is mo,-t prohalilc that the oril!inal computc.r 
did in fact aclhnc to the ratio of loµ:ic cost vs. memory 
cost st·cn in the other 1..acliincs. Sin('l' ln!.!:ic co:-ts have 
droppl•d over four times as fast as mem~ry costs, the 
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Fig. 2 · Plot of logic gate and memory cell costs 
beginning in 1964 ,nd extended into 1971. Core 
memory prices have decreased by a factor of 6 
during these years, while logic prices have dropped 
by a factor of 27 over the same period 

PDP-8/E shows a very low portion of factory cost 
devoted to CPU logic. 

The apparent constant ratio of logic factory cost to 
memory factory cost has heen demonstrated in a mnn
ber of computers. It is reasonable to assume that the 
designer in each case did not haH~ that ratio in mind 
as a goal when the clcsi;!.n was started. Why, then, docs 
the ratio constantly cnwrgc? 

The answer· seems to lie in examining the charac
teristics of machinrs which do not meet the ratio. ,\,-. 
sume that a machine was designed which had a si:--ni
ficantly '.::iwer ratio of logic to nH'IIIOI")' costs. This 
machine, by its low numhn of rates. would ha1·e a 
very minimal instruction set. just b:irdy cnou;:h to 111;1ke 

n reco;!.nizahle computer. At fn~t ~lance it woul(l ,,·crn 
that the machine ll"ould be a µ:real !'Uccess since it i;; 
:rnhstantially ehl'apt'r than the competition. The proh
lem, lio\\'ever, would occur wht'n users program tin• 

CO:>.Il'UTEI\ f>l-:s1c:--:/JA:-.ll.-\llY 1971 
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TO: ENG S'l'Ar'l' : 
AVHAJl-1 MlI Lth. 
ST l\tJ P I·.!\H.S ON 
bJLL PJCU'.l''f 
L.H<UCi·; ~;"1 LWAH'l' 

I ' 

C p(_ ( ! 'Lf'i f b I. , 

UATE: THU 5 MAH 1981 21:46 EST 
PHOM: GOHDUN BELL 
DEP'l': l.;NC; S'i'/\FF 
EXT: 7.23 2236 
LOC/MAlL STOP: ML12-l/A51 

SUbJEC:'l'. \•:l'.~rllN(;, Cl,i-:/\'i' PRODUCT~;.!\ C01·Jb'l'HAIN'l' UN OUH PHODUCT STHATECY 

1,fter :1. ,q ;. ,-1,.·d d P/L plan <1, , ,1, Ucicemtwr review of the 
LH Plan ,: C, 1 , r,,l i•>tlS Commilt1·,, i:,: ot our P/L's l1as just 
lt,Jucu• 1 , • 1 c1 ,1 :il1,1v11L to scd] JH1)dt11__·Ls in excess of l(H; over 
1 a s t y '--' , , r . 1 ll i s ,.11,, iJ n t s to a 9 O 1\/\ ~; r l: d u c t i o n i n N OR a n cl a 
t1.sr•1$ r,·uu:...:tion j,1 r..:11,Jineeriny spc"11di1HJ 1t1ay result The 
rtason >:), dti.· t:1c1t w.i:; given wc1;; more cornJ..kl ition and thi'lt 
our Ill:\·/ t·1,llic1Ct~; Lh:i:1:J introduced Li early 87. h.::ive slipped 
ci bi L, pl u:_; Liic.:y U..)l\ t look so tiot (wl1en tllc:y come out). 

ln this i_;,.J.,c, 1 Jon' t expect anyllling of the Product Line and 
it's pu:::,;;ible Ll1dt U1(:re may be other new products and that 
its too i12nd U) Sc;ll anything. Hence, the NOH may slip more. 
Viher~ de 2n,J up in :.,ales is purely a game of chance because 
the only way that they can sell anything is if there is 
some feature that seperates our product from everyone else. 

I believe they ,1re ri(Jht, and probubly should go even 
further and sugyest we close down the factories unless they 
cJet these Kind of products. Unfortunately, tlwy were part of 
the lar ,'--' mass of µrodur:t manager:.,, engineering stratci(jists, 
and marKete,s who partipated in the g~neration of the product 
strategy. v.:ith such a mass, we clearly have a question of 
who is res pons: Jle. 1 want to make tlli::o cl<2tH; 

(. I ho]i' the r.~ngineer~ng manager for a product, or product , 
area solely responsible for the succ~ss of a product. 

The issue tnen is wlla t went wrong'? 
The product,·, now don at look good enough to be bought without 
wl1at others mirJht think of as marketing. In this case, lhe 
area look.; "commodity like 11 and we: don't have anything to 
differentiJte us. This is clearly 01•r responsibility! 

There[orc, l want us to stop buildiny products that we do 
not b'·lieve are yoing to be yreat products. This means 
no mid lif,~ kickers, unless, like Uie 70 they enhance 
performance and really extend the product life. The new 
products ir, this example are fundarnent~lly cost reductions, 
and go 1 de r 1 r u le prod u c ts i n a new , q I w :; t i on i1 b 1 e ma r k e t 
area. (PJ~~se refer to ~12 ot Computer Engineering for 
the econom.1.cs of \1hy products should 8Volve along perforrnance 
rather tllan price ••. in a constrained engineering budget 
if you haven't read it ) 

Therefore, tlle constraint on products are. fit the 
strateqy; and 
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. J C1"AP1·, - L'!<JI.JLJC'l'.j. \,vi:,; /\HE ONLY (;l;_Ll\l(, 'l'O lEJI LIJ Tt-it HEST 
PHOfj(l:,'i :'. ( : '.!·J ! 

(ln Lti' .:r:._.u1n,J ::;t.:vc:tal 111onths, 1 wanL to review S(•vcr,11 
of ti:,; ' ,);.,~-- ,., .ir,:: doin(J ayai'nst :J1i:; cri.t.(~ric1. J know 
buy i r 1 ll .l : : n :; l1 •J r u up i e word~~ a r e n i c e , bu t when the 
goi11<j _j_-,_., ,ougl,, Li1c 1iice folks \·,llo buy in are the fir.st 
to scl: Jllt ~nen l.11,,t. hctppens (incl \-J(~'re ;ill that's left, 
i 1-. 1 ~; cl~,,r LO me Ll!d'- the responsil:.>iliLy ls 011ce agai:1 
sole:ly c,t1 r,, for tile ,;1<.!1wratio11 of good µroducts. If 1:,e 
don't. u1 tnl: w0 cc1n uo it then n1r1ybe \-JP :~hould it1st ~;c!l l 
on-::~ ,-1_;,, c:: lJ1.iiJd or j_.><.nhc1p:; buy Liley product from 'l'okyo 
or whc:r12° 1 cr c-1i1d avoid all the risk c111d lws:.,le.) 

' I 
l 

11, oul p, ,_:;t:·11tat.io11 _i11 April, we hdV(] to be llonest. I[ 

the produc1.- is m,n:1inal, then let's not do it ••• independent 
of who's b·;Lll.Jllt 111 •• ~ause it's clear who's the first to 
sell ouL. 

PS 
The NOH. reduction eµi:.,ocle happened on Monday. On Wed. evening we 
met wit 1', Andi about tile Technical Group use of CT. He's not 
buyin'._J, cause it isn't good enough. This I respect! It's 
re0rei.ab 1 c that one of our customers had to tell us that our 
prouduct i :.rn' l good enough! 

PSS 
J I don' 1·: v1ernt co hear tne issue of we aren't sp(.!nding enough 

mon(:y, ;_,1,,_: wha',_ do you expect. 111 the disaster areas, we have 
SJ?ent :n~.rcclibie annunts of money, it's just that its all been 
to qct L;,!r,1 inal 'illd/or half-done products.. The new rules will 
stop thi:,. we \Ion' t do any of them; '..;01I1eone of you have product 
area r,-~·~r'.Jn,,ibl i -.:.y and you must make the appropriat<.: proposals 
(and brcadi.odrds) to get us good products. 

Please i·-in me 1:1 building quality products. 

Any Ft'_.,_._,;,, ·.-1it'.1 the clarity or r~1tionale of going this way'? 
Cor.1ments, •,lease. 
1~ r fj the r u l 2 s cl ca r ;' 
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ADVANCES IN COMPUTER STRUCTURES* 

PHYSICAL MECHANISMS 

SEMICONDUCTORS 

r,SG NET I C flfED I A 

TRANSDUCERS (E,G,., VIDEO., ROBOTS) 
JI.' 

STvRED PROGRAM CONCEPT <MACHINES) 

TURING MACHINE 
fDATA IS PROGRAM , 

VON NEUMANN MACHINES 
• l!)ATA VS PROGRAM 

--~- COMPUTER SPECIFIC (0.,1..,2.,3 ADDRESS) 
~~GGED AND DESCRIPTORS 
GENERAL NOTION OF MOVING DATA-TYPES TO H~RDWARE 

MICROPROGRAMMED MACHINES 

LANGUAGE MACHINE 

VIRTUAL MEMORIES AND MACHINES 

. I/0 AND SPECIAL PROCESSORS 

ARCHITECTURAL FAMILIES OVER PRICE AND TIME 

12...port, 
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FRACTIONAL PARALLELISM (TIMESHARING/TIME MULTIPLEXING) 

iNTERRUPTS 

MULTIPROGRAMMING; 

TIMESHARING;' 

MULTI PROCES~iES FOR REAL TIME 

_d,,... TRANSACTION PROCESSING 

PARALLELISM 
PIPELINING 

MULTIPROCESSORS 

·' 

VECTOR AND ARRAYS PROCESSORS 

GENERAL CONCURRENCY (PARALLEL PROCESSING) 

DISTRIBUTED PROCESSING (SPACE SHARING)=> 

STORE AND FORWARD NETWORKS 

BEPYNPANCY FOR: 

RELIABILITY~ AVAILABILITY AND MAINTAINABILITY 

M,EMORY HIERARCHI~ 
(COMPUTATIONAL LOCALITY) 

, REG I STE RS ] 
J, INTRA-PROCESSOR 

CACHES 

PROGRAM 

PAGING 

FIL.ES 

PRIMARY 

] SECONDARY 

ARCHIVES - TERTIARY 

i f 



TECHNOLOGY . 

SEMI TECHNIQUE IMPLICATIONS 

RANDOM LOGic::coNST ,COST____. LOGIC DESIGN __ ,... LEsst PROGRAM, IS "IN" 
(SEQ, Cl(T) 

ROMS----------. A PROG ----~ MORE DATA-TYPES) FCNSJ 
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UNLIMITED APPLICATIONS+ ! 
' SOFTWARE ENGINEERING --------~-1 l 

P.F,TTER SEMICONDUCTOR =-~ MORE AND BETTER 
A~D DISKS 1----~ ~ MACHINES 

&ETTER ARCHITECTURE • - ! I 
HIGHER PEOPLE AND PAPER----~~ 

COSTS 
SMART. TERMINALS~ AND 

INSTRUMENTS . 
(OFFICES AND P~kANTS) 

COMMUNICATIONS 
TECHNOLOGY 

~ • 
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PROCESSING 

,;.,. 

I RELIABILITY TECHNIQUES __ , ___ __.. __ 
j 

-·' 

. TECHNOLOGY/ 
TECHNIQUES 

/ \ f '' ' ~· ' } \.. ... 

use/MARKET 

.:I.. 

:. ;.,,,.~ 1,a,.,_,._n o.t.t f...,..~ _1:, iti-Fn-....J..,. -ha .. ,,.n1,~~ . 

~~'~•h.9, ,+,~,\'\t~·.,¼u" J ,....~ o-,,..J r,.~U_t.\i~. 



TABLE 1 - CHARACTERISTICS DERIVED FROM LARGER COMPUTERS 

INTERNAL CENTRAL PROCESSOR 

INDIRECT ADDRESSING; INTERRUPTS; INDEX REGISTERS; 

MULTIPLE, GENERAL PURPOSE REGISTERS; BASE AND/OR PAGE 

ADDRESSING; FLOATING POINT DATA-TYPES*; PAGING, 

SEGMENTATION, AND INTERPROCESS COMMUNICATION* 

STRUCTURAL 

SPECIALIZED PROCESSORS; MULTIPROCESSORS* 

IMPLEMENTATION 

MICROPROGRAMMING*; LOOKAHEAD*; CACHE*; 

SOFTWARE 

COMPILERS: FORTRAN; TIME-SHARING MONITORS* 

*NOT EXTENSIVELY USED, BUT USE LIKELY TO INCREASE, 

1/19/76" G. Dell, Mir1lcornputcr Architecture and-Design 
IEEE Conference, Spring 1971 



TABLE 2 - CHARACTERISTICS GENERIC TO MINICOMPUTERS 

lMPLIMENTATIONS TRACK TECHNOLOGY CLOSELY, 

INTERNAL CENTRAL PROCESSOR 

BASE ADDRESSING; ADEQUATE INTERRUPT RESPONSE TIME; 

POWER ON-OFF INTERRUPT 

STRUCTURAL 

VERY LITTLE HARD COPY 1/0, SECONDARY MEMORY; OBVIOUS 
. ' 

STRUCTURE (ALLOWING EASY INTERFACING); DIRECT MEMORY 

ACCESS--ENCOURAGES PMS ARCHITECTURE+ DESIGN, 

USES (DEDICATED) 

SOFTWARE 

CONTROL (E,G,, PLANT, INSTRUMENT); COMMUNICATIONS 

(E,G,, MESSAGE SWITCH); LARGER COMPUTER (E,G,, TERMINALS, 

FILES, HARD COPY) 

SMALL GENERAL PURPOSE MONITOR; LANGUAGES: PRIMITIVE 

ASSEMBLER, BASIC1 FORTRAN; SPECIALIZED DEDICATED USE 

PACKAGES (E,G,, TYPESETTING, INSTRUMENT TESTING, PROCESS) 

APPROACHABLE--FIT COMPUTER TO PROBLEM VS, I I 

GB 
l /l 9/76 

G. Bell, Minicomputer Architecture and Design 
!EEE Conference, Spring 1971 
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·tvr <t, ~r IM.G $ f\. A1 MP(LOCAL) 

AR.ITHMETIC 
. INSTRUCTIONS 

TO PD 

A USE SAME 
ISP AS Pc 
IN Po 

A·BRANCHING AND LOOP 
CONTROL INSTRUCTIONS IN 
Ko~ Po 

GS 
1/12/76 

~ MP 

X., Y PT, 
PLOT IN 1$ ID Is 

Kn 

Pc Kn I SPLA 

A VECTOR IN K, D 

. Li CHAR IN 

· K.n 

~--LIST OF 
DISPLAY PICTURES 

TAKEN FROM MP VIA 
DMA BY Kn 

0 

Pc 

~ 
DR IVES 
l<n ON 

-
INST BY· 
INST 
BAS J ::: 

Kn PERF IS MAX, Pc 
MAY BE BUSY POLL'NG 
(UNLESS A BLOCK. 
TRANSFER IS USED; I 

Pc Ko T 
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SOL,UTION = CLUSTER 

A CLUSTE.R IS A LOOSEL V 
1COUP·LED SVSTEiMI 

SINGLE :. _ - : TIG1HTLY __., CLUSTE:R -· - NE:Tw,Q,IRK 
SY.S,TEM COUPLED 

s.v ,STEM 



CLUSTER ATTRIB,UTES 

• 
11 SIN1GL,E M;ACH:INE, R'OO,M" 

• MUL TIPL.E AUT',ONOMOUS PROCESSORS 

• GENiE:ROUS, IMiEMORY :P,ER NiODi;E 

• NO SHAR:ED IME1MO,RY 

e, HIGH SPEED, P'ACKET o :RIENTED INTERCONNECT 

• PROCESSO,RS CRA.S,HI IIINDiEPE,N:DENT'L Y ,, :N,OT 
TO,GiET,HER 

• SHA.RiED Fl!LE SYSTEM 



CLUST'E.R CONFI.GURATION 
LOCAL TTY'S,, LP'S, ... 

r11 11111 r11 
-~~-

' I 

VAX 



SHARED FILE SYSTEM 

e BEH'A VES AN1D1 Pi:ERF01R:MS1 :LIKE Li0 1CAIL Dl1SKS, 

e, FILE A:ClP' D11SiT1RIIB,UTED OVER VAX CP'U'S: 
- NO SINGL:E 1F:IIL,IE S,ERVE!R BO'TTL,ENE,CK 
- E:Lt1MINATE S,INGLE P10IN~T OF' f 'A1ILUiRE 

- F'ILIE ACP & R'MS U1SE DISTRIB 1UTE,1D 
RESOURCE LOCK MAN,AGER 

e DISK SERVER' EMULATiOR FO,R LOC.AL IDISiKS, 



THE Cl COMPUTER 
INTERCONNECT 

e PACKE:T 10RIENTE!D TR'ANS:Ml,SSI01N 

• SERIAL, 70 MEGBIT /PATH 

e DU,AL IPATH FO,R REDUINDANCY 
AND PERF',ORMANCE 

e UP TO 161 NODES 



Cl PORT 

• INiTELLIGENT' 
- UISES PA,GE TABLES AND VIRTUAL 

AID:DR:ESSES 
- MIESSA:G!ES AIND BLOCK T'RANISF'ERS 
- PROTOCOL FOR P'RO,VIDING R:ELIABLE' 

TRANSMISSl,ON 

• SYS,TEM CO,MMUNICATIONS ARCHIITECTIUIRE 
S,OFTW'ARE 1UND,ER VMS 



DECNET IN A CLUSTER 

e, IUS,ES 1CI 

e ALLOWS, EXIS,TING NETWOR'IK 
FEATURES: 
- REMOTE TER,:MINALS 
- MAIL 
- PHONE 





DAT A INTEGRITY 
TOOLS 

- V1OLUM~E! SHA 1D1OWING 

- JOURN:A,:L,LIIN,G 

-

1R1E:COVE:R'Y UNITS 

-I :B1,A1CiKUP1 





S1EMliCOND:U,CT10 1R-B,ASED1 

COMP'UTER G:ENERATIO,NS 

1958 - 1990+ 

GENERATION 2 (TRAN:SISTOR) 3 (SSI, MSI) 4(LSI) StVLSII 

BEGIN U.SE 1958 1864 1972 1980+ 

IEVENT VACUUM TUBE IIIN.ICOMPUTEA MICROPROCESSOR MICROCOMPUTER 

ALT. lON A CHIP) (
10H A CHJP), 

GATES/ CHIP 1 10 - 100 1000 1001000 

BITS/ CHJP•• 1rv2 1K ,e,51( rv 258K 

• A;LL ELECTAO1NIC 

•• PAST RATE AT ISSCC + 2t - ,se2 

FACTOR OF 100 CHANGE REQUIRES rv 8,.6 YEARS 

6(ULSU 

.,, 958 - 1990 

COMPUTER SYSTEM 
tON A CHIPt• 

111 rv 1QM, 

111 BVTE 







TABL1E OF COM1PUT'l,NG GENERA'TliONS,! 
W'ITHi NE!ED, 1US 1E AND ST'RiUIC,T1U1RES 

GE'NERATION HIGH LEVEL NEED SPECIFIC USE 

ELE1CTR,ONIC 
(THERMIONIC) 
1 p,.c. 1930 

POWER, HIGHWAY ENGIN1EERING 
& C01MM1UNICATION CALCULATIONS 
GRIDS & CRYPTOGA:APHY 

ELECTffONIIC DEFENSE WAR-MACHINE 
C10NTROL VIA 
TA:BLES & REAL 
TIME 

(MAG:NETIC) 
1 c. 1i945 

COMPUTER STRUCTURE 

NETWO,RK ANALYZER, 
MA.RK 111 BELL LAB-S 
CALCULATORS, E1NIAC, 
CO 1LlOSUS 

EDVAC 1 EDSAC, IAS, 
WHIRLWIND, LGP30, 
IBM 650, 701 , 7091 

UNIVAC 

TRANSISTOIRS SPACE & SCIE1NCE AIR DEFENSE & TX-0, 11:eM 7090 
2 c. 1958 TRAFFIC CONTROL; ATLAS, STR:ETCH 

ENGIN:EERING & 
SCIENCE EDUCATION 



TABLE OF COMPUTIN 1G GENER·ATIONS, 
WITHi NEIED, USIE AND STRU:CTURES 

GENERATION HIGH LEVEL NEE1D SPECIFIC USE COMPUTER STRUCTURE 

INTEGRATED 
CIRCUITS 
3 c. 1966 

LSI 
4c. 1972 

VLSI 
5 c .. 1980 

ULSI 
6 c. 1985 

TR,ANSPORT FLO·W PROCESS CONTROL PDP-8, B,50001, 
C10NTROL & & SOCIAL PDP- 6, 18:M 360, 
WELFARE ACCOUNTING 6600 

ECO:NOMIC MODELS INTERACTIVE 
& R.T. CONTROL COMPUTING 

ENERGY & 
PR,QDUCTIVITY 

INFOR:MA TION1 & 
PROGRAM 
OVERLOAD 

OFFICE & HOME 
C.Q!MPUTING 

KNOWLEDGE BASE:D 
SYSTEMS 

INTEL 4004, 8008, 
VAX-11 , CRAY 1 























•• 
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Transition to Personal Computers 
from Minis & Mainframes 

Timeshared Computers are Affected in 
Several Ways: 

• Direct, Stand Alone Use As an Alternative 

• More Terminal Load Can be Put on 
a Given Computer 

• Interconnected C L.Sters of Personal 
Computers are a Substitution 
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Terminals Must Change in the Following Ways: 

The interconnection, whether it be U.S. or 
European Modem, NI, or IBM Emulator, must 
be built into the terminal 

Decreasing memory cost based on 64K chip 
will offer fully programmable screens, which 
in turn will automatically provide graphics 

Higher resolution, full-page & color displays 
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DEC'S PRODUCT STRATEGY 

PROVIDE A SET OF HOMOGENEOUS DISTRIBUTED COMPUTING SYSTEM PRODUCTS 

SO A USER CAN INTERFACE, STORE INFORMATION AND COMPUTE, WITHOUT 

RE-PROGRAMMING OR EXTRA WORK FOR THE FOLLOWING COMPUTER SYSTEM 

SIZES AND STYLES: 

1 AS A SINGLE USER, PERSONAL COMPUTER WITHIN A 

TERMINAL, AND EVOLVING TO PC CLUSTERS AND PC NETWORKS; 

• AT A SMALL, LOCAL SHARED, DEPARTMENTAL COMPUTER SYSTEM, 

AND 

• VIA A CLUSTER OF LARGE CENTRAL COMPUTERS 

• WITH INTERFACING TO OTHER SYSTEMS FOR REAL TIME PROCESSING; 
AND 

• ALL INTERCONNECTED VIA ETHERNET AND WIDE AREA NETWORKS 



HOMOGENEOUS DISTRIBUTED COMPUTING APPROACH 

(STRATEGIC TARGET FOR '85) 

t ADOPT A SINGLE VAX-11/VMS ARCHITECTURE 

t IMPLEMENT A WIDE RANGE OF PRODUCTS COVERING THE FOLLOWING 
COMPUTING "STYLES" 

- PERSONAL COMPUTING 

- TIMESHARED DEPARTMENTAL COMPUTING 

- CENTRAL COMPUTING 

t INTERCONNECT THESE IN A HOMOGENEOUS NETWORK INCLUDING PERSONAL 

COMPUTING CLUSTERS 

t BUILD CRITICAL AND UNIQUE APPLICATIONS 



WHY THIS ARCHITECTURE? 

1 CUSTOMER INVESTMENT PROTECTED 

- DATA · 

- PROGRAMMING 

- TRAINING 

• HIGHEST FLEXIBILITY/COMPATIBILITY IN THE INDUSTRY 

- $50 CHIPS TO SEVERAL M$ CENTRALIZED CLUSTERS 

• FEWEST SYSTEMS NEEDED TO SPAN RANGE~ RESULTING IN 
- LOWER COST 
- HIGHER QUALITY 

- HIGHER RELIABILITY 

• CLEAR DIRECTION LETS CUSTOMERS DEVELOP EFFECTIVE/FLEXIBLE 
PLANS 

1 FOCUS RESULTS IN RICHEST SET OF S/W TOOLS AND APPLICATIONS 



FIFTH GENERATION 

TECHNOLOGY 
VLSI INCLUDING MEMORIES, LAN (CSMA/CD), 

WINCHESTER DISKS AND HIGH RESOLUTION DISPLAYS 

COMMUNICATIONS AMONG PEOPLE AND PROLIFERATING 

COMPUTERS 

STRUCTURE 

- OFFICE AND HOME COMPUTING 

- ? WHICH BUILDS THE BASIS FOR THE SIXTH GENERATION 

ETHERNET: THE UNIBUS OF FIFTH GENERATION BECAUSE IT IS THE 

STANDARD TO INTERCONNECT COMPUTERS AND FORM A FULLY 

DISTRIBUTED SYSTEM 



o A CONCURRENCE OF: 

- TECHNOLOGY 

- NEED 
- USE 

- STRUCTURE 

COMPUTER GENERATIONS 

o GENERATION UNDER DEVELOPMENT TODAY IS THE FIFTH 

GENERATION NEED USE 
I • ELECTRONIC DEFENSE WAR MACHINE 

(MAGNETIC) CONTROL 
1945 

I I . TRANSISTORS SPACE/SCIENCE AIR DEFENSE AND 
1958 CONTROL 

ENGR. AND 
SCIENTIFIC 
EDUCATION 

I I I . INTEGRATED TRANSPORTATION PROCESS CONTROL 
CIRCUITS FLOW CONTROL AND AND SOCIAL 
1966 WELFARE ACCOUNTING 

IV. LSI ECONOMIC MODELS INTERACTIVE 
1972 AND REAL TIME COMPUTING 

CONTROL COMPUTERS FOR 
LOGIC 

STRUCTURE 

~~~~[w1i~~ IBM 
605 

TX-0., IBM 7090 
ATLAS., STRETCH 

PDP-8., I BM 360 
PDP-6., CDC 
6600 

INTEL 4004., 
8008., PDP-11 
(RSTS) CRAY 1 



,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 RMS 

f ,1 
I ,1 

,1 
,1 
,1 
,1 
,1 

VAX INFORMATION ARCHITECTURE 
(VIA> 

ALL-IN-1 OFFICE SYSTEM 

LANGUAGES 

FORMS & COMMON DATA DICTIONARY , ,1 
,1 DBMS ,1 (RDMS> 
,1 ,i 

DECNET/VMS 

VAX/VMS 

,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 
,1 



WIDE AREA NETWORK DEFINITION 

(WAN) 

1 AGGREGATE OF HETEROGENEOUS SYSTEMS AND NETWORKS 

1 PURPOSE IS TO CONNECT SYSTEMS ACRDSS A WIDE AREA 

1 RELATIVELY LOW SPEED INTERCONNECT (4-64KB/SEC) ... 128KB/SEC 

LOW CONNECTIVITY (PABX~ CIRCUIT AND PACKET SWITCHES) 
SYSTEMS LOCATED IN DIFFERENT REGIONS 

• COMMUNICATION SERVICES BETWEEN AUTONOMOUS SYSTEMS VIA 

DECNET AND GATEWAYS TO OTHER NETWORKS (X.25/SNA ... ) 



EVOLUTION IN CENTRAL COMPUTING 

LET'S DEFINE CLUSTERS 

1 AGGREGATION OF HOMOGENEOUS SINGLE AND MULTIUSER SYSTEMS 

(E.G., VAX/VMS, VAX/UNIX, DECSYSTEM 20, ALTOS, XEROX STAR) 

1 BEHAVING AS A SINGLE, MULTIPLE ACCESS SYSTEM (USUALLY 

SHARING A COMMON FILE SYSTEM) 

• HIGH SPEED INTERCONNECT (10-100 MBITS/SEC) WITH HIGH 

CONNECTIVITY AMONG SYSTEMS 

1 SYSTEMS LOCATED IN A SINGLE MACHINE ROOM OR OFFICE AREA 

1 EXTENSION OF LOW LEVEL 0/S SERVICES <FILE, PRINT/PLOT) VIA 

RELIABLE INTERSYSTEM MESSAGE BASED "PROCEDURE ORIENTED" 

PROTOCOL 



EVOLUTION OF VAX FAMILY 

NOW 

N X 78Q 
CLUSTERS 

FUTURE 

LARGE VAX IN 
CLUSTERS 

780 ~---~, (].Q~ 275K$)-- LARGER VAXES ____..:,, 

N X 750 
CLUSTERS 

VAX IN MULTI 
---------------- 7 PROCESSORS 

750 _ 
( -6~ 150K$) 

730 

(.3~ 60K$) :------.,..,.SMALLER VAXES 

(PERFJ PRICE K$) 

PERF: 7RQ "'= 1. 0 

MICRO VAX 
ARCHITECTURE 

SMALL VAX IN CLUSTERS 

SMALLJ SHARED SYSTEM 
PROFESSIONAL 
WORKSTATION 

PERSONAL COMPUTERS 



SIXTH GENERATION 

t WILL BEGIN IN ROUGHLY 6 YEARS 

TECHNOLOGY 

- TRULY COST AND HIGH PERFORMANCE HARDWARE 

- INSTALLED LAN'S AND HIGH BANDWIDTH WAN'S 

- VOICE AND PICTURES 

- INFORMATION OVERLOADJ PRIVACY AND PRODUCTIVITY 

STRUCTURE 

- KNOWLEDGE BASED SYSTEMS INCLUDING VARIOUS EXPERT 

SYSTEMS 

- INTENSIVE COMMUNICATION OF ALL FORMS OF PEOPLE 

UNDERSTOOD DATA 

- SIGNIFICANT SUBSTITUTION OF COMPUTERS FOR OTHER 

INFORMATION PROCESSORS 



DATA MANAGEMENT TRENDS 

o RAPIDLY EXPANDING USE OF RELATIONAL SYSTEMS WITHIN NEXT 
TWO YEA~S 

o INTEGRATION OF MULTIPLE DB TECHNIQUES THROUGH SINGLE, 
EASY-TO-USE, INTERFACES (2-5 YEARS) 

o EXTENSION OF DATA TYPES TO INCLUDE TEXT, VOICE, IMAGE (2-5 
YEARS) 

o DISTRIBUTION TO CLUSTER SERVERS (NOW) FOLLOWED BY 
UDATABASEU SERVERS (3-5 YEARS) 

o ROBUST DISTRIBUTED COMMON DATA DICTIONARIES (2-3 YEARS) 



TRENDS IN GRAPHICS 

o PROLIFERATION OF QUALITY GRAPHICS CAPABLE TERMINALS & PC 
WILL MAKE GRAPHICS COMMONPLACE IN NEXT TWO YEARS. 

o SIGNIFICANT INCREASE IN PROFESSION-SPECIFIC APPLICATIONS 
AND LEVEL OF INTEGRATION IN OFFICE SYSTEMS. 

PRODUCT 

DECPLOT 

DECSLIDE 

FINGRAPH 

EMPIRE 

EXAMPLE: CURRENT· ALL-IN-1 GRAPHICS 

DECISION SUPPORT 
MANAGEMENT SUMMARY 

PRESENTATION GRAPHICS 

FINANCIAL MANAGEMENT 
(OPERATING RESULTS) 

COMPLEX MODELING/ 
DECISION SUPPORT 

INTEGRATION 

- CODASYL, ISAM DB'S 
DUNN CAMERA & 

GRAPHICS PRINTER 

- IMAGE LIBRARY 
- LASER PRINTER 

- "ACCOUNTING" 
APPLICATIONS 

- PRESENTATION COLOR 
MONITORS 

- DE PT. DB 
- PC-BASED GRAPHICS 



ALL-IN-1 ARCHITECTURE 

,i ,1 
,1 MODIFIABLE MENU INTERFACE ,1 
,1 ,1 
,1 , ,1 ,1 
,1 "INTERRUPTABLE" ,1 GRAPHICS ,1 CUSTOMER , 
,1 APPLICATIONS ,1 ,1 APPLICATIONS ,1 
,1 ,1 ,1 ,1 
,1 - MAIL ,1 ,1 ,1 
,1 - WPS ,1 ,1 ,1 
,1 - SPREADSHEET ,1 ,1 ,1 
,1 - CALENDAR ,i ,1 ,1 
,1 - CALCULATOR ,1 ,1 ,1 
,1 ,1 ,1 ,1 
,1 ,1 
,1 DOCUMENT DATA BASE & ,1 
,i FLOW CONTROL ,1 
,1 ,1 
,1 ,1 
,1 VIA ,1 
,1 ,1 



EVOLUTION OF PERSONAL COMPUTING 

"DUMB" TERMINALS 

1 EVERY TERMINAL WILL BECOME A COMPUTING TERMINAL! 

TODAY 

UBIQUITOUS 

DUMB TERMINAL 

-----> 16 BIT PDP-11 -----> TERMINALS HANG 

- VTlOO 

INDUSTRY STANDARD 

STANDARD IN 

TERMINAL 

- PC KEYBOARDJ MONITOR 

- MEDIUM RESOLUTION 

GRAPHICS 

- EMULATES OTHER 
TERMINALS 

ON ETHERNET 

- ACCESS TO ETHERNET 

DIRECTLY 

- ACCESS VIA TERMINAL 

SERVER 

- TELEPHONE AND VOICE 
MANAGEMENT 



EVOLUTION OF PERSONAL COMPUTING 

TODAY 1983-1984 

COMPATIBLE 16 BIT PC--> PC CLUSTERS--> 

1 PDP-11 BASED 

1 COMPATIBLE FILES, 

TOOLS, LANGUAGE 

t LOW COST "SMALL 
ETHERNET" FOR 

CLUSTERS 

1 DIRECT ETHERNET 
CONNECT 

1 TELEPHONE MANAGEMENT I FILE, PRINT, COMM. 

1 BITMAP GRAPHICS 

(GREYSCALE & COLOR) 

1 "STEREO COMPONENT" 

APPROACH 

1 INTERNATIONALIZED 

1 WINCHESTERS 

1 DUMB TERMINAL EMULATION 

SERVERS 

1 VLSI PDP-11 CPU 
(.5 MIPS) 

1985 

COMPATIBLE 32 BIT PC 

'/< VAX 

t VMS COMPATIBLE 

1 16 BIT PC'S FIELD 

UPGRADEABLE(?) 



1985 

__ _, __ ____ 
I DEPT. VAX CLUSTER I 

,--20-,-20~1 I IO NEW DEPT. VAX'S 

I 
_ _ _ _ _ _ (11/810, 11/830, 

ETHERNET 

I SERVERS I 
BROADBAND----......---.-- - FILE 

- PRINT 
- TERMINAL 

GATEWAYS I 
- I BM 
- X-25 
- XEROX? 
- IBM LAN? 
- CUSTOM 

11/850) 
o FULL COMPLEMENT 

OF SERVERS/ 
GATEWAYS 

o OPTICALS FOR 
ARCHIVAL STORAGE? 



EVOLUTION OF DEPARTMENTAL COMPUTING 

TODAY 

PDP-ll'S 

IBM 
GATEWAY 

1983-1984 

J-11 VAX'S 

ETHER NET 
I 

IBM/X25 
GATEWAY 

VAX'S 

I 
TERMINAL 

SERVER 

20/20 

DEC 
2020 

I 
PRINT 

o HETEROGENEOUS NETS 
o FLEXIBLE NET 

ARCHITECTURE (DECNET) 
o INITIAL GATEWAYS 
o COMM. SPEED <lM BIT/SEC 

o HETEROGENOUS "VIRTUAL 
TERMINALS" 

o ETHERNET (lOM BITS/SEC) 
o VLSI PDP-ll'S 
o MORE GATEWAYS 
o MORE SERVERS 



TYPICAL LARGE CLUSTER CAPACITY 

1983-1984 

MIPS 8-->30* 

BYTES X 10 9 80 

1984-1985 

30 

160 

KEY NEW PRODUCTS IMPROVING CLUSTER CAPACITY 

* - LARGE VAX (4 MIPS1 LATE 1984) 

- 900 MB gn WINCHESTER DISKS (1985) 



I 

IGH SPEED H 

CONTROLLER 
INTELLIGENT 

VAX 
CPU 

I 
. . 

HSC . 

TYPICAL DEC CLUSTER 

(1983-1984) 

VAX 
CPU . . . . . 

' 

. . . . . . HSC 

1 EITHER LARGE VAX OR DECSYSTEM 20 CPU'S 

1 SHARED DATA ACCESS 

I 
C. I • 
(70 MBIT 
INTERCONNECT BUS) 



LOCAL AREA NETWORK DEFINITION 

<LAN) 

, AGGREGATION OF HETEROGENEOUS SYSTEMS 

(E.G., VAX/VMS-PC-TOPS 20-UNIX; GATEWAYS TO OTHERS) 

1 PURPOSE IS TO CONNECT A NETWORK OF AUTONOMOUS SYSTEMS 

<MESSAGE, FILE, PROCESS, TERMINAL INTERCOMMUNICATION) 

• RELATIVELY HIGH SPEED INTERCONNECT <l-30 MBITS/SEC) 

HIGH CONNECTIVITY AMONG SYSTEMS (AND CLUSTERS) 

SYSTEMS LOCATED IN AN OFFICE AREA, BUILDING, OR CAMPUS 

• BASED ON ISO 7 LAYER NETWORK PROTOCOLS (APPLICATION) 



KEY EVOLUTIONARY TRENDS 

FILES PRINT COMMUNICATION 

OPERATING SYSTEM, LANGUAGES 

JOB I ' ' I JOB t 

DUMB r---.J TERMINAL ._ __ _. I t~R~l~~L -
1 

--EMULATION 

- J 

t 

FILE PRINT 
SERVER SERVER 

COMM. 
GATEWAY & 

CENTRAL OR 
DEPARTMENTAL 
MACHINES OF THE 
70 1 S ( 1 65 - 1 85) 

DEPT. 
COMPUTER 

L.A.W. _ __. _______ ..._ ___ ___.._ __ 

PERSONAL COMPUTER 
CLUSTERS AND 
NETWORKS OF THE· 
80'S 

TERMINAL 
SERVER 



KEY EVOLIIT I ONA RY TRENDS 

1 THE TWO SEPARATE TRENDS ARE VISIBLE TODAY 

1 FULL IMPACT NOT FELT UNTIL THE TWO ARE TIED TOGETHER 

CLUSTERS OF 
SPECIALIZED 
FUNCTIONALITY 

MAINFRAME 

INTELLIGENT 
DISK 

CONTROLLERS 

l 
FILE & DATA 

BASE 
SERVERS 

MASS 
STORAGE 

> SAME FUNCTIONALITY 

...,... __ _. MINI-_.,..> PC 

DISTRIBUTED 
COMMUNICATIONS 

o SWITCHING 
o CONCENTRATOR 
o GATEWAYS 
o ROUTING 

• WHEN LINKED~ THEY'RE THE BASIS FOR THE NEXT GENERATION OF 
COMPUTING ARCHITECTURE 

1 CLUSTERS ARE AN ALTERNATAIVE TO LARGER SYSTEMS 

LOCAL AND WIDE 
AREA NETWORKS 

PRINTER 
OUTPUT 



CENTRAL 

DEPARTMENTAL/ 

GROUP 

PERSONAL 

EVOLUTION OF MAJOR COMPUTING STYLES 

MAINFRAME 

GENERAL PURPOSE 

MINI 

DUMB TERMINAL 
INTELLIGENT TERMINAL 
TO SHARED SYSTEM 

CENTRAL CLUSTERS 

LOCAL AREA NETS OF: 

- GENERAL PURPOSE MINI'S 

- DEPARTMENTAL SERVERS 
- DEPARTMENTAL CLUSTERS 

OF PC'S 

- SUPER MICRO (YESTERDAY'S 

$lOOK MINI FOR $10K) 

PERSONAL COMPUTING 
CLUSTERS 



CONTRAST BETWEEN VAX & CONVENTIONAL MAINFRAME 

• NO CHANNELS! 

• 1 OPERATING SYSTEM WITH ALL LAYERED PRODUCTS AVAILABLE 

1 LAYERED S/W TOOLS MORE FULLY INTEGRATED 

EXAMPLE: OFFICE AUTOMATION ~YSTEM (ALL-IN-1) 

• SUPERSET COMPATIBILITY WITH PDP-11 BASED DEPARTMENTAL SYSTEMS 

AND PC'S 

• BUILT TO BE OPERATOR-LESS 

1 COVER A WIDER RANGE OF USE (COMPUTING STYLES) FROM PC TO 

MAINFRAME 



The Transitions 

Transitions Imply Change (And Pain) In: 

• What We Engineer (I.E . . Projects) 

• How We Design 

• How Computers are Sold, 
Pr1O1d1u1ced,1 ID1i1s,t1r1ib1ut,ed & Us,e,,d 



From the Generations Graph, 
We Can Observe: 

• 'T'here is a wiidler, r',an 1g1e 10,f useful1 syst:ems, 
,& th,es1e wiill be, ap,pea1l1ing to o,1u:r cus,t ,o!me1r,s1

, 

us & others; (For example, in 1985 we 
could be selling $1,000 computing terminals 
with the power of the original LINC, & 
$,600K 10/ 2,oi1•.s,)1 



From the Generations Graph, 
We Can Observe: 

• T'he w·ide range of useful systems w:ill 
force alll supp,lieirs t ,o be more comp,e,t iit:iiv,e 
& se 11ective ,as n;ew suppli·ers ent 1er on .a 
point pro 1duct basis & as th,e, 37'0 1 'b ,eco,mes, 
a comm,o,di'ty 

• IIBMI, Fujitsu, & o,the1rs ,are li 1kely t 10 o,ff er 
a 434 '1: -2 cl.a:ss mach1ine in ,ou~r $401-10 10K 
Min1ico,mp,uter Heartlan1d 



We Must Be Targeting 
the Following (for 1985) 

• Cray 1 Power, $625K i(or in 1990 for $250K) 

• 3.x 1Comiet Power for $1 100K 

• A s:harable VAX 1(or biig1 1Mii,c1ro1

) in $61.25K 
t:10 .$16K r,ange -

• A personal VAX (or big Micro) for under $6.25K 

• A comp 1u:ti1ng1 t 1erm1inal with VT 100 cap,abllity ,I & 
power of Apple II, or original LINC, for $1,000 

• ,comp,uters in $400 to $1,01 100 rang,e 



We Have Not Provided Aggressive 
Enough Products Because: 

• T'h,e ,Q & U Bus, f or,m f ,a1ctors h,av 1e con:st:rai 1ned 
syst,em ,cost & si,z,e 

• The 19'' rack & sta,c !k, p,arl,e,t ,able f ,01rm1 factor 
toget!he,r wiith p,o,io:rly 1package,d ,components, has 
b,een retain,ed. Pa,ckagi1n1,g: in otiher,,. l,ower cos,t 
for:m fa,ct,o,rs enabling card~boa:r,d box shipm1ent 
& cust10,mer m,erg,e is essential 



We Have Not Provided Aggressive 
Enough Products Because: 

• T'1he te:rm:inal has, not be,en use,d as ,a package, 

• Point 1produ 1cts 'hav 1e been in;suf f ici:ent!ly high 
quality, softw,ar,e sup1p,o,rtedl, or co1 st-effective. 
Ev 1en $2,00 cal:c1ulat,01rs are mo,dula1r w :ith m1as,s 
storag,e, printer, modem & disp:lay ,oiptions 



Transition to Distributed Computing 
Based on NI, Interconnecting: 

• Departmental & Central Computers to Each 
Other 

• IPeirso,n:al ,C,omput:ers to Fo,rm Clusteirs 

• Functiona:1 ,s,erver 1Com;:pone;nts t ,o 'Re,duce th1,e 
Number 10f N 1etwork P'ossi!biliti1es that are a 
Prod:u:1ct ,of: 
- IHar,dware Systems, 
- The 12 :O:p,e:rat:ing S,ystems We Supp,o,rt 
- And th 1e Desirable iPro,toco'l,s llncluding. 

X.,25, IB,M, DECnet & 10ther Ve 1nd,o,rs, 



By Using the Server Concept 
Each System Can be Connected to NI, 

with Specialized Servers As: 

• Co,nce,ntrators f ,or 1,nt,er,connectin,g Dumb 
'T 1e:rminals ,& P,er,s0 1na1I Compu1ters 

• Gateways to Systems Using Other Protocols 

• Repeaters & lnterf aces to Other Networks 

• Cent1ra ll Fu1nct:iona 1I S,ervers, for Files ,& 1P1ri1nting 

• R,eal Ti1m1e Fr,o,nt En,ds 



Transition to Personal Computers 
from Minis & Mainframes 

Timeshared Computers are Affected in 
Several Ways: 

e Dir 1ect, Sta~nd Al 10 1n,e, Use As ,an Alt 1e1rn1ative 

• M101re Ter,min1al Load ,c ,an lbe 1Put on 
a Giv,en Computer 

e ,l:nter,con:n,ecte1d Cliust,e,rs of Personall; 
Co1mput,ers ,a1re a S,ubst'itution 



Transition from Rack & Stack 
16-Bit Computers 
The Alternatives: 

• 16,-Biit 1mi!crop,r,o,ce.ssor cards & systems whi 1ch1 have 
24-,32 b,i:t memor,y adld1re,ss space & su1p,plied by b1oth 
semi1comp1ut:er com1Jp,ani,es ,& their OEMs Transport:ablll,e 
Syst,e:ms such as 1UNIIX ar,e aii:med at es,ta lblishing 
hardwar,e, to b,e a ,c,ommodity 

• ,B,oar1d & b,ox .lev,el systems that are o,ri 1ented to 
:mo,dern s,p 1ecial chi1p, 1/0 as, sup,p~lied b,y t !he 
semico;m,p,uter su1p,p,lliers, 



Transition from Rack & Stack 
16-Bit Computers 
The Alternatives: 

• IP1ers,o,na11 Com:1put:er & Clusters, 

• VAX ,& ,other 32-Bit Archite,ctures 

• E1meirg1:ing ,com 1modli:ty p,rice,d 37':Qs in this price, clas,s 

• Better B,ox-l 1e,v 1el form fa,ctors n,o:t p,o,ss,ib,le 
wiith! 19'', FAT 1pr,oduce,d, ,Q - &, Untiibus, Syste,ms; 
Systems :must be shipped i1n cardlb,oi,ard boxes, 
integrat1e,d by t lhe c1u1stom,er, & when broken, 
self-dliag1n,osing with cust,om1,e,r rep1la,ce,ability,. 



Transition from Terminals to 
Computing Terminals 

The Major Transition for Terminals 
is Semantic, i.e. What is a Terminal? 

Term1inals M1ust Cha11n.,g,e iin1 t lhe1 F,ol.llowin.g: Waiys:: 

• Larger Personal Computers are an alternatiive 
·t ,o, our c·onv,en'ti,01n,al, 1dum1b term1ii1n1a:ls 

• Aill t ,er1m1i11na11s, !i:ntr'o,d1uce·1d beg1iinn1i1n11g in 1fy,9,3, 
m1ust be c ius,t ,o:m,er pr,ogrr,ammable witlh at: le1ast 
fi1rmwar'e, R10 IMS, and1 R·AIM b 1uffers, 





Transition to Software for End Use 
vs. Programmer Tools 

We Can Identify These Needs: 

• Dire,ct use ii1n t 'he offic,e, in 1cl1u1di1ng: p,rovi1ding t.lh:e 
abiility of Q,EM:1s, 10,f:f iic,e m,anag:e1rs, org1anizatiio,n1 
,& the inidividuals to, tail,or their s,y :stems 

• IBet:'ter h,u1m,an eng,i1n1,eering at scr,een 1& in 
,doc1ument,ation:;: D,ocum,ents & hellp sh1oul1d be 
builit:-in 

• All p,1rod;ucts ffl !USt b 1·e m!odiifiab,!l 1e fo:r us,e witih 
natural lang1ua,ge,s 

• App,llication1s b,1uil,d;in:g1 t:oollis f ,01r p·artiic1ul.ar, 
.Pirof,essio,n.al: & ,co,mm1erci,al environiments 



Transition in Hardware Design Skills 

The Immediate Transitions for System 
Designers Include: 

• St.and:ar·diz,atio·n & u:se of gener.a.l 1purp,o,se 
,co,ntr·olll,ers & p,roces,s,or·s f ,01r, ,con1ve,ntlo1na1: 
1c0,ntro,1111,er:s. W1e are 1not usi1ng: eno,ugrh st,andard 
VL,SI! This iimplies o,ptions are p,1r,ogramme,d 

• Us,e ,of gate ,arr.ays & otlher LSI to, lowe1r co,st 
o,f all j,elly be,a1n1 & n,on-proces.so,r 11,o,gic 



Transition in Hardware Design Skills 

The Immediate Transitions for System 
Designers Include: 

• VL,SI design, where iprocessors & controllers 
a,re p1laced on ,a :s:ingle chiip 

• lde1n,tifi 1c,atlo1n O'f e1ithe1r ge,n1e1ral p,urpos 1e 
101r sp11e 1cialll 1pu1r,p 10,se c 1om1puteir,s, lbas,1ed io,n1 
VLSI f 1or b,:uiildiing 'the no,n-p,r,oc,ess,,or portio!n 
,of &1ys,tems, to, d1r,asti:ca:ll1y re,1duce s,ys,tem1 ,co1st 

• Generally dealing with much 'more complexity 















ENTRY STRETCH 













STRETCH MUL Tl-PROCESSOR 



















Ll'MITS TO 
CO!MPU'TER GROWTH 

• Techn,olog1y, an1,d/ 0 1r iProces1s 'to B1uil,d Devices 
• 

1Desl,gne,rs an1di Co;m:p 1uter Aided! D,esign 

,. lde,a1s for T'hi1ng1s 1(d!1e,vi,c,es, coimputers,, etc.), 

• La,c,k o,f S,tan1di,a1rds ~Too Maniy Stand!.ards, 
(,e,s,1pecialliy ,commuinica'tio,ns,) 

,. , C,om1municati,ons Li1n1ks 
,. Al,g,o,rithm;s f ,o,r Ef fe,ctive Use 

,. Ed,ucation of lnter,disci1plinary Engineers 
and! Sci,entists to app,ly 

• Ma1rket Size,, ,useful Ap1p,li 1cations ,a1nd: ;urs,er•s 
Ability to Ass,imill,ate 

• Peo,1p 1le to Car1ry ln1f orm;,ation among Systems 



THEME 

• C 1omput 1eirs, ONLY Su:ppleme1nt ,(and S,upp1lant) 
Q,th,,er ln'f o,rm.atio,n Pro,cessin,g• Syst1em!s 

*INC'LUDING1 Transmis,sion, Trans,ducliiion1,, 
Storagre, Swi:tching an,dl Pro,cessing 1(Contr,ol) 

TH 1E P,OSS,IBIILIT'IES, 
AR'E NEARLY ILl,MITL,ESS 

BU1T 
.svs,TEMS CHAN 1G1E M 1ORE SLOW!L,Y 

T'HAN WE THl 1N1K ,(p,:REDICT) 



COS,T* FOR VARIOUS M.A:IL, SY.STEMS 

Tr,ansm;ission 
Post .. 1,5 
'Te·'lex 1.·15 
1Fax 1 .6.i01 

Phone (3 min) . 75 
Comp1uter ,.2·7 ,v ,.98 

*SRI Study, 19178 

Labor 
4 ,.06"' 
4,,.6,9 "' 5.31 
·4,.44 "' 4.81 
3,.82, ,v 4.50 
2.,25 ,,u 3. 76, 



SINGLE SIITE PARA 1LLELISM 
('MULTIPLE ,COMPUT'ERS O·R PROCESSORS) 

• Independent. Computers 
• · Shared P·eripherals 

• 

1Comm1u1ni,c.ating Proce.sse·s 
• Common Data e.as·e 
• Mu 11!ti:p 1lle Tas,ks in a Mlulti:-Pro,cess,or 

o:r Multi- 1Comp1uter· 
- Ti:meshariing (n lobs) 
- Re.al 'Time (n pro·c 1ess.es.) 
- !Fr,ont End/B.ack En,d [function,al)1 

·• Si1ngle Task IParaHeHsm 
- ,General Concurre1n·CY 
- Pip1eHning ,o,f Processes 
- V,ect-01rs a1nd Ar·1rays. 
- Sets 



BPO'S VIEWDAT A 

e, Ran '73, Annou11nce,d '75, Demo111dl ;1176, 
S,ervice, b,y ''80 

• 120,Q/75 bps !Link t 10 Dumb Term1i:nal usin1g 
IModifie,,d T,e:1evis,io1n1 S,ets ,(40 x 24 ,ch,ara,ct:er,s) 
,and S;imtpl:,e Keyb,oard 

c :h,ar,g 1es: lnform,atio,n St,ored, .Ac,c,esso1r 
fat Lin,e Charges and P,er Mi·onthi)1 

Size: .approx. 1,001

,

100 10 Pages 



WAYS 'TO DISTRIBUT'1E PROCESSING, 
(AND MEMORY, TRANSDUCTION, ETC .. ) 

Small Organiza1tions (e.g. Business, Home:) 

• lndepe,n:dent (De,c,ou1ple·d) Computers 

• lndepe,n,de1nt Com1pu,ters, witih linfo,rm1ation 
Tra1nsfer,s Viai 

- M:ail/Manuall 
- Co,m:mon: c ,ar:riers, 
-

1Common1 Carriers an;'d lnfior·1m:ation 
Industry 



WA VS TO DIS'TRIBUTE PROCESSING 
(AND MEMORY, TRANSDUCTION, ETC.) 

Large Organizations 

• Lar 1ge
1

, , Sha,,1edi Multi-Terminal S,yste,m1 

• o,r1ga1nl1za,t iion1alllly: Central,,. ,Gr,0 1up, llndivid1ua1II 

• B'Y a :Fu1nctlo1n ·for man·y Org,an1i,zatiions 
(e,.g1, •. O1.rder P'r,01ces1singJ 

• !For 1Comp1ut 1e1r1s C1onve,nle1nce: FIie S,ervi:c,e, 
P:rintlng, S,w ilitc,hin1g 



DISTRIBUTED SITE PARALLELISM 

• 

1lnd,e1p 1eind1e,nt 

• Networ1k,! with1 Expl1iclt T'1ransf 1er of 
11nfor1matio,1n amo,rig Nodes 

e, Si.n!g11e 1(but o:istri11buted) D,ata Basie 

• Dynamic Assign1:ment of Proces,sin1g1 ,and 
ln1fo,irmation Storag11e 



PAPER' COSTS, 
(LAST 10 YEARS) 

Mail - lln,creasing at 1:0%/Yeair 

- C,os,ts.-iw$,3,0 MByte:s, to T1r,a:nsmli·t,, ( 1979)1 

Books ·- 1lncre,asiing al 7%/Ye.ar 

Periodicals - 1:nc,,eas,1ln:g a:t: 111%/Year, 

- Co,s·ts, $1'"'w20/MB,yt,e1 (119179,) 

Shelves - lncre,aslng 7%/Y,aar (w 1ith Inflation) 

Cataloging - $4/lt,e:'ffl ( 1.979)1 

Human ln'formation Proces,s,ing is l'm11p:r,ovi1n1,g: a Few :$/YeaJ, 
Whlle Costs a:re lnc1re,aeing 



















INDUSTRIES INVOLVED IN 
('INCREASED) IINFORMATl10'N; PROCESSING: 

Semiconductor 

,e D:IREC'T 
• Add .... on and Emu'laHon1 ,o,f 1Conventlonal Comput,ers 
,. 11,ndlrec't t,o, ALL ln,dustrle1s .... Mlcro,computa1r 

Co,mputer 

• 11.8.1.", .. frame ·1- . , 1Term.-· tnal N:e·tal, 
• Mlni 1 

• - . 

,a, Personal C.,amputers 
,e, Services 

Communication 

• Ne·w, Phone•Basedi 
e, ACS 
,e, O'lher Services Networks 

Office Equipment 

• ·yy1pewrUers, -+- Word Proceaalng 
e, Fax--.. Communlca,tlng Xerox 

TV-Based Consumer Electronics 

• ,Games-..P'ar·aa:nal ,c ,0 1mpuiters 
• ,cATV as Comm,uinica.tio,ns 

Substitution for Mechanical Control 



WHY CO 1MPUTERS EVOLVE 
(RAPIDLY) 

• Scl1ence ('Kn01wledg,e, to Bulldl With): 

• Comp 10nent T,e,1ch,nol1og·y (What's, Pr,ovlided & We c .ause,') 

• o,eve,1lopme,1nt (What We, Pro,vide,)1 

• Gov1emm,ent ,(bY' Non-lnter1e11renc,e') 

• uis,ers,, e .. ,g. fD,emand ,& De,velopment) 

• Information Cairri1,ed by Ele,,ctrons vs 1Ma:ss 
1(M,al.x.well vs Ne,w,101:n) 

• Cleair S,egm1e1ntatlon Into L,eve:ls, 
• ,c ,o,m.putars ar1e Fundamental 1(,a1nd Ve,,ry E,a.,sy 't,o 1Understa1nd) 

• ,Computer Ein,gin,eerriing 1[1Pro,gram1mlng) Exis,ts as a Well-De,flned 
Body o·r Kn10,wl.edlge th1a1t c,a1n be A1pplied 

• ln,flnit,e :Num'b,er o·f Applications 

•I Ec,ono,mi:c D,riiv,e to Co,1mp,e1te with (Substitute for'I O·ther lnform1,ation 
Swlt,che:rs,1 :Storers, a:n1d P'roc.essors 

• Lots o,,, involveme:n1t ,of Dl,aci:pline,:s/ln1dustries 





ACS 
Acces,s Contr,ol 

• Ter:minat,e: Access Lin,es 
, . 

1P:rovi1de Ter1min.a;I and !Line Handlin:g in 
A 1CC·Or1d,anic,e wiit.h~ S,tandar,d; P:ro,to,c,ol 

• H.ost ·- C:har,act,e,r Oriented 
- B1:it Orie,nt1ed 

• Supervisory Functions - S,etu1p andl 
Tak,e,down 

• Handles Ne,two,rk Comm,and ,cons,is.tent 
with As,:sign;ed Privileges 

• Exe·cutes lnteractiv,e Customer 
Customizedi Pr',Og'ramrs 

• Maii1nte1n,anc,e Lin 1e Testing 





ACS 

Message Management 

• M1essa1ges, Storage a.nd :Movement of 
Customer Dat,a 

•I IProvi1de:s a Wide Rang,e of s.ervi·ce ,Qpti·o:ns 
- Sta:nda 1rd Message Features, 
_, Nio11n-,llntera11Ctive1 Customiers 

C·us1tomlze·d Programs 

• ,Supports Ser·vice Admiinis,tr.at:ioin 
and Maiintenance 
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