
An Incomplete History of 

Computation



Charles Babbage 1791-1871
Lucasian Professor of Mathematics, 

Cambridge University, 1827-1839

First computer designer

Ada Lovelace 1815-1852
First computer programmer



Difference Engine

– Can compute any 6th degree polynomial
– Speed: 33 to 44  32-digit numbers per minute!

Now the machine is at the Smithsonian

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1



Analytic Engine
The first conception of a general purpose computer

1. The store in which all variables to be operated upon, 
as well as all those quantities which have arisen from 
the results of the operations are placed.

2. The mill into which the quantities about to be 
operated upon are always brought.

An operation in the mill required feeding two punched cards 
and producing a new punched card for the store.

An operation to alter the sequence (i.e., a branch) was also 
provided!

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1



Analytic Engine
1833: Babbage’s paper was published

– conceived during a hiatus in the development of the 
difference engine

1871: Babbage dies
– The machine remains unrealized.

• Ada Lovelace gets less credit than she deserves --
She essentially invented programming.

It is not clear if the analytic engine could 
be built even today using only 
mechanical technology

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1



Harvard Mark I

• Built in 1944 in IBM Endicott laboratories
–Howard Aiken – Professor of Physics at Harvard
–Essentially mechanical but had some electro-

magnetically controlled relays and gears
–Weighed 5 tons and had 750,000 components
–A synchronizing clock that beat every 0.015

seconds

Performance:
0.3 seconds for addition
6    seconds for multiplication
1    minute for a sine calculation

Broke down once a week!

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1
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To this point…
• Physical configuration specified the 

computation a computer performed

The Difference Engine ENIAC



Electronic Discrete Variable Automatic 

Computer (EDVAC)

• ENIAC’s programming system was external

–Sequences of instructions were executed independently of the 
results of the calculation

–Human intervention required to take instructions “out of order”

• Eckert, Mauchly, John von Neumann and others designed 
EDVAC (1944) to solve this problem

–Solution was the stored program computer

“program can be manipulated as data”

• First Draft of a report on EDVAC was published in 1945, but just 
had von Neumann’s signature!

–In 1973 the court of Minneapolis attributed the honor of 
inventing the computer to John Atanasoff

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1



And then there was IBM 701

IBM 701 -- 30 machines were sold in 1953-54

IBM 650  -- a cheaper, drum based machine,
more than 120  were sold in 1954
and there were orders for 750 more!

- eventually sold about 2000 of them

Users stopped building their own machines.

Why was IBM late getting into computer 
technology?

IBM was making too much money!
Even without computers, IBM revenues were 
doubling every 4 to 5 years in 40’s and 50’s.

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 1



Compatibility Problem at IBM
By early 60’s, IBM had 4 incompatible lines of 
computers!
701  7094
650  7074
702  7080
1401  7010

Each system had its own
• Instruction set
• Peripherals: magnetic tapes, drums and disks
• Programming tools: assemblers, compilers, libraries,...
• market niche: business, scientific, etc....

 IBM 360

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 3

Into the 60’s…:



IBM 360 : Design Premises 
Amdahl, Blaauw and Brooks, 1964

• Breaks the link between programmer and hardware
• Upward and downward, machine-language compatibility across a family 

of machines

• General purpose machine organization, general I/O interfaces,

storage > 32K

• Easier to use (answers-per-month vs. bits-per-second)

• Machine must be capable of supervising itself without manual intervention 
OS/360 (simple OS’s in IBM 700/7000) 

• Built-in hardware fault checking and locating aids to reduce down time

The Amdahl .. from Amdahl’s Law.
The Brooks .. from The Mythical Man-Month.

was a $175 billion project (2011 dollars)

… the use of the “ISA” as a compatibility layer

http://www.research.ibm.com/journal/rd/441/amdahl.pdf

Adapted from Arvind and Asanovic’s

MIT course 6.823, Lecture 3



IBM 360



IBM 360: A General-Purpose 

Register (GPR) Machine

• Processor State

– 16 General-Purpose 32-bit Registers

• may be used as index and base register

• Register 0 has some special properties

– 4 Floating Point 64-bit Registers

– A Program Status Word (PSW) 

• PC, Condition codes, Control flags

• A 32-bit machine with 24-bit addresses

– No instruction contains a 24-bit address !

• Data Formats

– 8-bit bytes, 16-bit half-words, 32-bit words,     64-bit 

double-words

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 3



IBM 360: Implementation
Model 30 Model 70

Main Storage 8K - 64 KB 256K - 512 KB

Datapath 8-bit 64-bit

Circuit Delay 30 nsec/level 5 nsec/level

Local Store Main Store Transistor Registers

IBM 360 instruction set architecture completely 
hid the underlying technological differences 
between various models.

With “minor” modifications this is the approach 
we use today.

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 3



CDC 6600 Seymour Cray, 1964

• A fast pipelined machine with 60-bit words 

• Ten functional units
- Floating Point: adder, multiplier, divider

- Integer: adder, multiplier

• Hardwired control (no microcoding)

• Dynamic scheduling of instructions using a scoreboard 

• Ten Peripheral Processors for Input/Output
- a fast time-shared 12-bit integer ALU

• Very fast clock

• Novel freon-based  technology for cooling

Packaging,  Plumbing (bits and heat flow), Parallelism,  
Programming, and understanding Programs 

Seymour’s 5P’s:

a scientific supercomputer

Adapted from Arvind and Asanovic’s MIT course 6.823, Lecture 3

High performance competitor to IBM/S360



CDC6600: Fastest Machine 1964-

1969
"Last week, Control Data ... announced the 6600 system. 
I understand that in the laboratory developing the system
there are only 34 people including the janitor. Of these,
14 are engineers and 4 are programmers... Contrasting
this modest effort with our vast development activities,
I fail to understand why we have lost our industry
leadership position by letting someone else offer

the world's most powerful computer." -- T.J. Watson, IBM CEO

"It seems like Mr. Watson has answered his own question." 

-- Seymour Cray

In combination with some other factors, this explains 

why researchers can build such cool things!

And why social media startups can sometimes out 

maneuver Google and Facebook.



Learning more
• In 2006, UCSD, UW, and Berkeley ran a fantastic 

joint class on the history of computing
• It’s mostly lectures by the people who made the 

history
• e.g.  Steve Wozniak, Gordon Bell, Butler Lampson, 

Burton Smith, 
• It’s all available 

online:http://www.cs.washington.edu/education/cours
es/csep590/06au/lectures/

• This book is excellent
• “The Information: A History, a Theory, a Flood” by 

James Gleick
• A very good overview of Babbage, Lovelace, 

Shannon and a bunch of other stuff all CS folk should 
know about.
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http://www.cs.washington.edu/education/courses/csep590/06au/lectures/


Building Chips

21



MOS Transistors
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CMOS Logic

Pull-up network

Pull-down network

1.8V -- Logic One

0V -- Logic Zero

Q = 0A = 1
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0

A = 0



Tri-gate Transistors
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Building Blocks: Wires



Building Chips

• Chips are made of silicon
• Aka “sand”
• The most abundant element in the 

earth’s crust.
• Extremely pure (<1 part per billion)
• This is the purest stuff people make

https://www.youtube.com/watch?v=35jWSQXk

u74

https://www.youtube.com/watch?v=35jWSQXku74


• 1-2 Billion xtrs
• 22nm features
• 3-4 Ghz
• Several 100 

designers
• >5 years
• $6Billion fab
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Moore’s Law

Gordon E. Moore, “Cramming More Components onto Integrated Circuits,”

Electronics, pp. 114–117, April 19, 1965.



Micro Assembled 

Circuits



Moore’s Law



Moore’s Law

• xtrs count double 
s every year.

• Not quite right
• Moore’s law: 250

xtrs in 2009
• Reality: 232  



How it played out



Corollaries to Moore’s 

Law 

• Moore’s law performance scaling
• Switching speed goes up with decreasing feature 

sizes -- Moore doesn’t comment on this.
• We have leveraged density + switching speed to 

increase performance roughly with Moore’s law.



Performance Growth

Performance grows faster than Moore’s law (45%/year)

An In-Depth Look at Computer Performance Growth, Magnus Ekman, Fredrik Warg, and Jim Nilsson, 

CHALMERS UNIVERSITY OF TECHNOLOGY, Department of Computer Engineering technical report 

2004-9, 2004.



VAX 11/780: Multiple 

boards per CPU



Apple I: Main Chips/CPU



Intel 4004: 1 CPU/chip



35 Years of 1CPU/chip

2300 Transistors

125M Transistors



CMPs: Multiple CPUs/Chip



SOC: 1 Chip/Computer 

System



More on Scaling

• Seminal paper on scaling is Dennard et. al. 
“Design of ion-implanted MOSFET's with very 
small physical dimensions”, 1974

• Lays out how to truly scalable transistors.



Dennardian Scaling

• Given a scaling factor k.

Substrate

L

Gate
tox Oxide

W

drain sink



Dennardian Breakdown

• The problem with leakage



Dennardian Breakdown



Dennardian Breakdown


