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Unfolding The Story:

Setting the Stage:  Reflectioson LGBT Pride & Human Life Trajectories

±ƛǎǳŀƭƛȊƛƴƎ ǘƘŜ IƛǎǘƻǊƛŎŀƭ 9ǊŀǎǳǊŜ ƻŦ ²ƻƳŜƴΩǎ /ƻƴǘǊƛōǳǘƛƻƴǎ ƛƴ {¢9a

A Case Study: The Inside Story Behind the VLSI Revolution

A Counter-Intuitive Explanatory Conjecture: The Conway Effect

Thought-Experiments: Insights from the Evolution of Culture in Animals

Conclude with: Glimpses of the Emerging Techno-Social Age



wŜŀŘƛƴƎ ƻŦ [ȅƴƴΩǎ Ŝǎǎŀȅ ƻƴ 
the White House Reception in
Celebration of LGBT Pride Month,
June 13, 2013

For full text, see next slide and this link:
http://www.huffingtonpost.com/lynn-conway/
the-many-shades-of-out_b_3591764.html

Reflections on LGBT Pride Month 
and Human Life Trajectories

http://www.huffingtonpost.com/lynn-conway/the-many-shades-of-out_b_3591764.html
http://www.huffingtonpost.com/lynn-conway/the-many-shades-of-out_b_3591764.html


TheMany ShadesofΨhǳǘΩΣby LynnConway(readaloud):

On a sultry Juneafternoon,asmy husbandand I walkedtowards the
White House,I reflectedbackon my gendertransition, in 1968.

Shamedas a socialoutcast, I'd lost my family, friends and all social
support. Firedby IBM,LΩŘlost a promisingresearchcareer. In many
citiesIŎƻǳƭŘΩǾŜbeenarrested,or worseyet, put in a mentalhospital.

Evadingthose fates, I completedmy transition, took on a secretnew
identity, and started all over asa contract programmer. Any 'outing'
and I'd havebecomeunemployableandon the streetsfor good. Fear
channeledme into 'stealth-ƳƻŘŜΨ. For over 30 years I coveredmy
past,alwayslookingovermy shoulder,asif a spyin my own country.

But it wasnow June13, 2013. What a contrast. My husbandCharlie
and I with many other advocateswere joining the President'sWhite
HouseReceptionfor LGBTPrideMonth. Theair wasfull of joy. Aswe
awaitedthe President,I reflectedfurther.

LΩŘbeen 'out' for 15 years by now, or so I'd thought: out on the
Internet to revealmy past to colleagues,out asan advocatefor trans
people and an activist againstǇǎȅŎƘƛŀǘǊȅΩǎpathologizationof gender
variance.

It wasone thing to hide in the back-roomsof XeroxPaloAlto Research
Center decadesbefore, launching innovations as the hidden-hand
behind the VLSImicroelectronicsrevolution. I didn't mind being
invisiblein my field backthen, or that no one had a clue what I was
doing. . . Orwho wasdoingit. I wasthrilled to evenhavea job.

But 'out' hasmanyshadesof grey-- and evenin recentyearsI kept
on partly covering, shyly holding back, lingering in the darker
shadows. Althoughtimeshadchanged,I'd clungto old habits.

Down through the decadesno one could explain how the VLSI
revolution actually happened. The results were simply taken for
granted. AlthoughI'd gainedvital knowledgeabout generatingsuch
engineeringparadigm shifts, I feared my personal history would
loom large in folk's minds,and obscureattempts at explanation. It
wasn't till 2012that I got up the nerve to publisha careermemoir,
andbegintelling the storyof how the VLSIrevolutioncameabout.

Asthe presidententeredthe room, I glancedaroundandtook in the
joyful vibes. As he beganto speak,I graspedhow far we'd come.
Timeshad more than changed: a fresh wind wassweepingthrough
our society,especiallyamongstyoungergenerations.

ThenI thought of the millions of LGBTpeopleout there. I tried to
envisionthe lifelong strugglesagainststigmatizationand ostracism,
of lossesof familiesandemployment,of their oppressionby having
to 'cover', often not fully engaginglife nor being known for who
they were,what they'd done,who they lovedor who lovedthem.

In a flash, I saw the vastnessof the sufferingdown through time.
Then it hit me: we've come so far, so fast, that now many others
couldbeginuncoveringtoo! After all, freedomisn't just an external
concept framed by our laws. It's a gift of the spirit that we must
giveourselves,by goingtowardsbrightershadesof 'out'.

http://www .huffingtonpost.com/lynn-conway/the-many-shades-of-out_b_3591764.html

http://www.huffingtonpost.com/lynn-conway/the-many-shades-of-out_b_3591764.html


²ƛǘƘ ǘƘŀǘ ŀǎ ŀ ōŀŎƪŘǊƻǇΣ ƭŜǘΩǎ ƴƻǿ ŜȄŀƳƛƴŜ
ƘƛǎǘƻǊȅΩǎ ǘǊŜŀǘƳŜƴǘ ƻŦ ǿƻƳŜƴΩǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƛƴ {¢9a

Link

http://www.bttf.com/movies/backtothefuture1/
http://www.bttf.com/movies/backtothefuture1/


First, listen to U. S. Chief Technology Officer Megan Smithrevealing 

how women in STEM are erased from history. . . 

http://www.youtube.com/watch?v=fHyRdAyqV5c&t=0m1s

http://boingboing.net/2015/05/08/cto-megan-smith-explains-how-w.html

http://www.charlierose.com/watch/60554078(4-28-15)

https://www.whitehouse.gov/administration/eop/ostp/about/leadershipstaff/smith
http://boingboing.net/2015/05/08/cto-megan-smith-explains-how-w.html
https://www.youtube.com/watch?v=fHyRdAyqV5c
http://boingboing.net/2015/05/08/cto-megan-smith-explains-how-w.html
http://www.charlierose.com/watch/60554078


Although four women were on the Macintosh team 
in the 1980s, not a single one was cast in the 2013 
biopic Jobs.  Even worse, all seven men on the 
project had speaking roles in the film.

LǘΩǎ ƴƻǘ Ƨǳǎǘ harder for women to break into STEM fields, 
but the many contributions they do makeŀǊŜƴΩǘ ŎŜƭŜōǊŀǘŜŘΦ
άLǘϥǎ ŘŜōƛƭƛǘŀǘƛƴƎ ǘƻ ƻǳǊ ȅƻǳƴƎ ǿƻƳŜƴ ǘƻ ƘŀǾŜ ǘƘŜƛǊ ƘƛǎǘƻǊȅ 
ŀƭƳƻǎǘ ŜǊŀǎŜŘΣέ {ƳƛǘƘ ŜȄǇƭŀƛƴǎΦ

http://en.wikipedia.org/wiki/Jobs_(film)
http://boingboing.net/2015/05/08/cto-megan-smith-explains-how-w.html


For more about Katherine Johnson, the NASA mathematician
whose story was discussed by Megan Smith, see the 2016 book:

Hidden Figures: The Story of the 
African-American Women Who 
Helped Win the Space Race, 
Margot Lee Shetterly(2016)

Katherine Johnson at her 
NASA Langley desk, 1960 

Katherine Johnson, age 98 
Photo by Annie Leibovitzfor 
Vanity Fair, 2016

CƻǊǘǳƴŀǘŜƭȅΣ ǎƘŜΩǎ ƭƛǾŜŘ 
long-enough to see the 
story told!

https://www.amazon.com/exec/obidos/ASIN/006236359X/braipick-20
https://en.wikipedia.org/wiki/Katherine_Johnson
http://www.vanityfair.com/culture/2016/08/katherine-johnson-the-nasa-mathematician-who-advanced-human-rights


Emmy Noether (1882-1935):
¢ƘŜ aƛƎƘǘȅ aŀǘƘŜƳŀǘƛŎƛŀƴ ¸ƻǳΩǾŜ bŜǾŜǊ IŜŀǊŘ hŦ

Some consider bƻŜǘƘŜǊΩǎtheorem, as it is now called, as 
ƛƳǇƻǊǘŀƴǘ ŀǎ 9ƛƴǎǘŜƛƴΩǎ ǘƘŜƻǊȅ ƻŦ ǊŜƭŀǘƛǾƛǘȅΤ ƛǘ ǳƴŘŜǊƎƛǊŘǎ ƳǳŎƘ ƻŦ 
ǘƻŘŀȅΩǎ ǾŀƴƎǳŀǊŘ ǊŜǎŜŀǊŎƘ ƛƴ physics . . . Yet Noetherherself 
remains utterly unknown, not only to the general public, but to 
many members of the scientific community as well.

άMy [algebraic] methods are really methods of working and thinking; 
this is why they have crept in everywhere anonymouslyέ ςEmmy Noether

http://www.nytimes.com/2012/03/27/science/emmy-noether-the-most-significant-mathematician-youve-never-heard-of.html
https://parallelnerdette.com/2014/12/05/a-spot-of-inspiration-emmy-noether/
http://todayinsci.com/N/Noether_Emmy/NoetherEmmy-Quotations.htm
http://todayinsci.com/N/Noether_Emmy/NoetherEmmy-Quotations.htm
https://en.wikipedi.aorg/wiki/Emmy_Noether


This effect is seen throughout the history of women in science, as reported by 
science historian Margaret Rossiterin Women Scientists in America(V 1-3): 

Where she documents many, many case-studies of such historical erasures.

http://en.wikipedia.org/wiki/Margaret_W._Rossiter
https://jhupbooks.press.jhu.edu/content/women-scientists-america


In 1993MargaretRossitercoinedthe termάMatilda effectέfor the systematic
repressionand denialof the contributionsof womenscientists,whosework is
often attributed to their malecolleagues.

Thisis similar to the "Matthew effectάΣcoinedin 1968by ColumbiaUniversity
sociologistRobertK. Merton, describinghow eminentscientistsoften get more
credit than a lesser-knownresearcher,evenif their work issimilar.

Forexample,a prizewill mostalwaysbeawardedto the mostseniorresearcher
involvedin a project,evenif the work wasall doneby a gradstudent.

https://en.wikipedia.org/wiki/Margaret_W._Rossiter
http://en.wikipedia.org/wiki/Matilda_effect
http://en.wikipedia.org/wiki/Matthew_effect
https://en.wikipedia.org/wiki/Robert_K._Merton


CASE STUDY: The revolution in Very Large Scale Integrated (VLSI) 
Silicon Microchip Design and Manufacturing, Beginning in 1976.

Link

http://www.bttf.com/movies/backtothefuture1/
http://www.bttf.com/movies/backtothefuture1/


Now, why are we looking at this particular case study?
[ in addition to being one I was involved in . . . ]

²ŜΩǊŜ ōŜŎƻƳƛƴƎ ǎǳǊǊƻǳƴŘŜŘ ōȅ {ƳŀǊǘǇƘƻƴŜǎΣ {ƻŎƛŀƭ aŜŘƛŀΣ 5ǊƻƴŜǎΣ 
Self-Driving Cars, Internet of Things, Artificial Intelligences (AIs), etc., 
in a sudden escalation of novel human-empowerment technology . . . 

DǳŜǎǎ ǿƘŀǘΩǎ embedded-in and making all this stuff work?

The mechanizationsof ever-increasing amounts of mathematics, logic 
andprogrammed scripts. . . in ever more powerful VLSI Silicon Chips!



The stage was set by the emergence of integrated circuittechnology ƛƴ ǘƘŜ мфслΩǎΣ 
enabling modest numbers of transistors and wiring ǘƻ ōŜ ΨǇǊƛƴǘŜŘΩ ƻƴǘƻ ŎƘƛǇǎ ƻŦ ǎƛƭƛŎƻƴ . . .

Some early 
integrated 
circuits:

Snip from Goggle images

http://www.nobelprize.org/educational/physics/integrated_circuit/history/
http://en.wikipedia.org/wiki/Photolithography


Rapid advances in lithography enabled 
ever-finer features to be printed, ever-
increasing the numbers of transistors 
printable on single chips.

By 1971, a watershed was crossed
with the introduction of the Intel 4004, 
the first single-ŎƘƛǇ άmicroprocessorέΥ
ŀ άŎƻƳǇǳǘŜǊ ǇǊƻŎŜǎǎƻǊ ƻƴ ŀ ŎƘƛǇέ Φ Φ Φ 

It contained 2300 transistors . . .

Source

Source

http://i.ytimg.com/vi/DOeSvmImYOY/maxresdefault.jpg
http://www.cpu-zone.com/4004.htm
http://www.intel.com/content/www/us/en/history/museum-story-of-intel-4004.html
http://en.wikipedia.org/wiki/Microprocessor
http://en.wikipedia.org/wiki/Transistor_count
http://www.cpu-zone.com/4004.htm
http://www.cpu-zone.com/4004.htm
http://i.ytimg.com/vi/DOeSvmImYOY/maxresdefault.jpg


Gordon Moore at Intel observed 
that the number of transistors reliably 
printable on commercial chips was roughly 
doubling every two years . . .

N(t)/N(0) = 2^(t/2)

aƻƻǊŜΩǎ [ŀǿ(as of 1976)

An exponential function, 
graphed on a vertical log scale

.
Carver MeadƴŀƳŜŘ ǘƘƛǎ άaƻƻǊŜΩǎ [ŀǿέ 

(clever career move, eh?) and his student Bruce 

Hoeneisenshowed there were no physical limits 

to densities up to several million transistors/cm2.

In 1976 this set-off a push at Xerox PARC 
and Caltech to explore how to enable 
such complex chips to be designed. 

Looking ahead it was conceivable that
ōȅ Ϥмффл ŀƴ ŜƴǘƛǊŜ άǎǳǇŜǊŎƻƳǇǳǘŜǊέ ŎƻǳƭŘ 
be printed on a single chip . . .

http://en.wikipedia.org/wiki/Gordon_Moore
http://en.wikipedia.org/wiki/Carver_Mead
http://www.intel.com/content/www/us/en/silicon-innovations/moores-law-technology.html
http://www.sciencedirect.com/science/article/pii/0038110172901037
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html


The stage was further set by seminal innovations in personal computing & networking: 

Innovation of the interactive-display, mouse-ŎƻƴǘǊƻƭƭŜŘ άpersonal computerέΣ 
ǘƘŜ άEthernetέ ƭƻŎŀƭ-ŀǊŜŀ ƴŜǘǿƻǊƪΣ ŀƴŘ ǘƘŜ άlaser printerέ (at Xerox PARC). . . 

Wiki commons

Xerox Alto, 1973 aŜǘŎŀƭŦŜΩǎoriginal
Ethernetsketch, 1973

!ƴŘ ǘƘŜ 5ŜǇǘΦ ƻŦ 5ŜŦŜƴǎŜΩǎ ά!ǊǇŀƴŜǘέ (the early internet, at DARPA) . . .

Arpanetmap, 1971

Laser 
printer, 
1971

Source
Source

http://www.computerhistory.org/revolution/input-output/14/347
http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/Laser_printing
http://commons.wikimedia.org/wiki/File:Xerox_Alto_mit_Rechner.JPG
http://www.computerhistory.org/revolution/input-output/14/347
http://en.wikipedia.org/wiki/Robert_Metcalfe
http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/ARPANET
http://en.wikipedia.org/wiki/Laser_printing
http://www.explainthatstuff.com/laserprinters.html
http://www.digibarn.com/collections/diagrams/ethernet-original/


A sudden disruptive breakout was triggered 
by a cluster of abstract innovations, primarily at PARC . . . 

Link

Included was a set of 
scalable VLSI chip-layout 
digital design rules, as 
ratioed(dimensionless) 
inequality equations 
(Conway, Xerox PARC) . . . 

These enabled digital chip 
designs to be numerically 
encoded, scaled, and reused 
ŀǎ aƻƻǊŜΩǎ ƭŀǿ ǊŀǇƛŘƭȅ 
advanced . . . 

They also enabled subsystem 
designs to be scaled and 
open-source shared . . .

http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.mainlinks.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.mainlinks.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIText/PP-V1/V1.pdf


The driving meta-architectural idea: 

As chip lithography scales-Řƻǿƴ ŀŎŎƻǊŘƛƴƎ ǘƻ aƻƻǊŜΩǎ [ŀǿΣ and ever-more ever-faster 
transistors can be printed on individual chips as time passes, we can imagine launching the 
ŦƻƭƭƻǿƛƴƎ άǘŜŎƘƴƻ-social scripted-ǇǊƻŎŜǎǎέΥ

STEP (i): 

Use design tools on current computers to Designchip-sets for more powerful computers.

Print the more powerful chip-sets using ŦƻǳƴŘǊƛŜǎΩ next-denser fabrication processes.

Use some of those chip-sets to Updatecurrent computer-design computers & design tools.

REPEAT (as STEP (i+1))

If ever-more engineers and design-tool builders did this (on an expanding number of 
increasingly powerful computers), the iterating techno-social expansion-processcould 
exploratorily and innovatively-generate ever-more, ever-more-powerful, digital systems . . . 

I.e., that techno-social process could exponentiate! όǳƴǘƛƭ aƻƻǊŜΩǎ [ŀǿ ǎŀǘǳǊŀǘŜǎ Φ Φ Φ ύ

http://en.wikipedia.org/wiki/Bootstrapping
https://en.wikipedia.org/wiki/Exponentiation


To cope with this, I began documenting the new system of simplified, restructured 
chip design methods in an evolving computer-edited book . . .

Link

.ǳǘ ǘƘŜǊŜΩǎ ŀ ōƛƎ ǇǊƻōƭŜƳΥ Where will all these engineers/programmers 
come from, and how will they learn to do all this?

http://ai.eecs.umich.edu/people/conway/VLSI/VLSIText/VLSIText.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.html


That computer-edited evolving book, 
printed on laser printers at PARC, became 
the draftof the seminal textbook . . . 

Introduction to VLSI Systems 
by Mead and Conway, 1980.

Thus using our Alto computers not 
only to mechanize the generation of 
chip-designs, but also to mechanize 
the evolution of the design-
knowledge-book itself . . . 

όƭŀǘŜǊ ŎŀƭƭŜŘ άthe book that 
changed everythingέ Φ Φ Φ ύ

http://ai.eecs.umich.edu/people/conway/VLSI/VLSI.archive.spreadsheet.htm
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIText/PP-V3/2s/V3.two-sided.pdf
http://www.edn.com/electronics-blogs/other/4307325/The-book-that-changed-everything
https://en.wikipedia.org/wiki/Xerox_Alto
http://www.edn.com/electronics-blogs/other/4307325/The-book-that-changed-everything
http://www.edn.com/electronics-blogs/other/4307325/The-book-that-changed-everything


We also used our Altos (at PARC)to generate and encodemany open-source cell-layout-designs
for key digital-subsystemsΣ ŀƴŘ ŘƛǎǎŜƳƛƴŀǘŜŘ ǘƘŜƳ ǘƻ ǎǘǳŘŜƴǘǎ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ Ǿƛŀ ǘƘŜ !ǊǇŀƴŜǘ Χ

CIF 2.0 Cell-Library code

PLA cells Clock drivers

I/O Pads Cell locations

URL

http://ai.eecs.umich.edu/people/conway/VLSI/ImplGuide2/ImplGuide2ndEd.html
http://ai.eecs.umich.edu/people/conway/VLSI/ImplGuide2/ImplGuide2ndEd.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html


CƻƭƭƻǿƛƴƎ ǘƘŜ άǎŎǊƛǇǘέ /ƘŀǊƭŜǎ {ǘŜƛƴƳŜǘȊ 
used to propagate his revolutionary AC 
electricity methods at Union College in 1912, 
I introduced the new methods in a special 

VLSI design course at MIT in 1978.

Link
Link
Link

http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.pdf
http://ai.eecs.umich.edu/people/conway/Memoirs/MIT/MIT_Reminiscences.pdf
http://www.britannica.com/EBchecked/topic/565056/Charles-Proteus-Steinmetz
http://ai.eecs.umich.edu/people/conway/VLSI/ImplGuide2/ImplGuide2ndEd.html
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.html
http://ai.eecs.umich.edu/people/conway/Memoirs/MIT/MIT_Reminiscences.pdf
http://www.eecs.mit.edu/docs/newsletter/VLSI.pdf


The students learned to design chips 
in the 1st half of the course, then did 
project-chip designs in the 2nd half. 
These were ŦŀōǊƛŎŀǘŜŘ ƛƴ tŀǘ /ŀǎǘǊƻΩǎ 
lab at HPshortly after the course.

There were many amazing results 
including a complete Lisp 
microprocessor design 
by Guy Steele . . . 

http://ai.eecs.umich.edu/people/conway/Memoirs/VLSI/Commentaries/A_Paradigm_Shift_Was_Happening_by_Chuck_House.pdf
http://en.wikipedia.org/wiki/Guy_L._Steele_Jr.


Map and photomicrograph
of the 19 student projects on 
ǘƘŜ aL¢Ωту ΨMultiProjectΩ /ƘƛǇ

For more about the aL¢Ωту ŎƻǳǊǎŜ, see [ȅƴƴΩǎ άaL¢ wŜƳƛƴƛǎŎŜƴŎŜǎέ

http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MITchipphoto.html
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.pdf
http://ai.eecs.umich.edu/people/conway/Memoirs/MIT/MIT_Reminiscences.pdf


¢ƘŜ aL¢Ωту ŎƻǳǊǎŜ ǎǘǳƴƴŜŘ ǾŀǊƛƻǳǎ ǘƻǇ Ŧƻƭƪǎ ŀŎǊƻǎǎ {ƛƭƛŎƻƴ ±ŀƭƭŜȅ Φ Φ Φ 
Chip design till then had been a mystery, only grasped by a few computer engineers 
ǿƻǊƪƛƴƎ ŦƻǊ ŎƘƛǇ ƳŀƴǳŦŀŎǘǳǊŜǊǎ Φ Φ ŀƴŘ ǿƘƻ ǘƘǳǎ ƘŀŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ άǇǊƛƴǘƛƴƎ Ǉƭŀƴǘǎέ Φ Φ Φ 

aŀƴȅ ƻǘƘŜǊ ǘƻǇ ǊŜǎŜŀǊŎƘ ǳƴƛǾŜǊǎƛǘƛŜǎ ǿŀƴǘŜŘ ǘƻ ƻŦŦŜǊ ŀƴ άaL¢-ƭƛƪŜέ ŎƻǳǊǎŜΦ .ǳǘ ƘƻǿΚ 

After intensive pondering, I grasped the answerΥ  wŜǊǳƴ ǘƘŜ aL¢Ωту ŎƻǳǊǎŜ ŀǘ ŀ ŘƻȊŜƴ 
research universities . . . using my MIT lecture notes to keep everything in sync. 

.ǳǘ Ƙƻǿ ǘƻ άǇǊƛƴǘέ ŀƭƭ ǘƘŜ ǎǘǳŘŜƴǘ ǇǊƻƧŜŎǘ ŎƘƛǇǎΚ

I suddenly envisioned the idea ofόǿƘŀǘΩǎ ƴƻǿ ŎŀƭƭŜŘύ ŀƴ άŜ-ŎƻƳƳŜǊŎŜέ ǎȅǎǘŜƳ ŜƴŀōƭƛƴƎ 
ǎǘǳŘŜƴǘ ŘŜǎƛƎƴ ŦƛƭŜǎ ǘƻ ōŜ ǊŜƳƻǘŜƭȅ ǎǳōƳƛǘǘŜŘ Ǿƛŀ ǘƘŜ !ǊǇŀƴŜǘ ǘƻ ŀ άǎŜǊǾŜǊέ ŀǘ t!w/ Φ

That server would run software to pack designs into multi-project chips (like composing 
the print-files for a magazine, using remotely-submitted articles) . . .

²ŜΩŘ ǘƘŜƴ άǇǊƛƴǘέ ǘƘŜ at/Ωǎ ŀƎŀƛƴ ŀǘ It όwhere Pat Castro had prototyped 
ǘƘŜ ŦƛǊǎǘ άǎƛƭƛŎƻƴ ŦƻǳƴŘǊȅέ), and quickly return the chips to students.

http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf
http://ai.eecs.umich.edu/people/conway/Memoirs/VLSI/Commentaries/A_Paradigm_Shift_Was_Happening_by_Chuck_House.pdf
http://ai.eecs.umich.edu/people/conway/Memoirs/VLSI/Commentaries/A_Paradigm_Shift_Was_Happening_by_Chuck_House.pdf


Lƴ ǘƘŜ Ŧŀƭƭ ƻŦ мфтфΣ L ƻǊŎƘŜǎǘǊŀǘŜŘ ŀ ƘǳƎŜ άƘŀǇǇŜƴƛƴƎέ όMPC79)* . . . It involved 129 
budding VLSI designers taking Mead-/ƻƴǿŀȅ ŎƻǳǊǎŜǎ ŀǘ мн ǊŜǎŜŀǊŎƘ ǳƴƛǾŜǊǎƛǘƛŜǎΧ

*The MPC Adventures:  Experiences with the Generation of VLSI Design 
and Implementation Methodologies, L. Conway, Xerox PARC, 1981(PDF)

MPC79 Arpanet E-commerce system:

http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf


MPC79not only provided a large-ǎŎŀƭŜ άŘŜƳƻƴǎǘǊŀǘƛƻƴ-operation-ǾŀƭƛŘŀǘƛƻƴέ ƻŦ ǘƘŜ ŘŜǎƛƎƴ 
methods, design courses, design tools and e-commerce digital-ǇǊƻǘƻǘȅǇƛƴƎ ǘŜŎƘƴƻƭƻƎȅ Χ
ƛǘ ŀƭǎƻ ǘǊƛƎƎŜǊŜŘ ΨŎȅŎƭƛŎ ƎŀƛƴΩ ƛƴΣ ŀƴŘ ŜȄǇƻƴŜƴǘƛŀǘƛƻƴ ƻŦΣ ǘƘŜ ōǳŘŘƛƴƎ ±[{L-design-ŜŎƻǎȅǎǘŜƳΧ

The MPC Adventures, L.ynnConway, Xerox PARC, 1981.

http://ai.eecs.umich.edu/people/conway/VLSI/MPC79/MPC79Report.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf


Visualizing how techno-social-system dynamics triggered an exponentiationof the new 
VLSI chip design-and-making ecosystem via the emergent internet-communication technology . . . 

The MPC Adventures* (LC, 1981, p. 16)

By 1982-83, Mead-Conway VLSI design courses were
being offered at 113 universities all around the world

*An early exploration of emergent techno-social-system dynamics 
ōȅ ŘƻƛƴƎ ǿƘŀǘ ŘŜŎŀŘŜǎ ƭŀǘŜǊ ƛǎ ōŜŎƻƳƛƴƎ ƪƴƻǿƴ ŀǎ άsocial physicsέ

http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/Instructors.html
https://www.amazon.com/Economy-Evolving-Complex-System-Institute/dp/0201328232
http://socialphysics.media.mit.edu/book/


1976

1978
1979

ΩтфΥ [ŀǳƴŎƘƛƴƎ ǘƘŜ ±[{L courses via MPC79!!

1977

ΩтсΥ Iƻǿ ǘƻ ŎƻǇŜ ǿƛǘƘ ±[{L complexity?

ΩттΥ LƴǾŜƴǘƛƴƎ ǎŎŀƭŀōƭŜ ±[{L design rules.

ΩтуΥ [ŀǳƴŎƘƛƴƎ ǘƘŜ ±[{L methods at MIT!

Visualizing the exponentiating
wave of VLSI innovation . . . 

ai.eecs.umich.edu/people/conway/LynnPhotos/Lynn77PARC.jpg
http://ai.eecs.umich.edu/people/conway/Memoirs/MIT/Figures/MIT78 ChipSet L.jpg
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/MPCAdv/MPCAdv.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIText/PP-V1/V1.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIText/PP-V1/V1.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSI.archive.spreadsheet.htm
http://ai.eecs.umich.edu/people/conway/VLSI/VLSI.archive.spreadsheet.htm


Starting with several thousandin 
1971, the number of transistors on 
a chip passed one million by 1991, 
and passed several billionby 2011!

Over the past 40 years or 
so, aƻƻǊŜΩǎ [ŀǿ stayed on 
track all the way:

N(t)/N(0) = 2^(t/2)

N

N(0), t(0)

(exponential function
with t in years)

(exponential function 
graphed on log scale)

http://en.wikipedia.org/wiki/Transistor_count
http://en.wikipedia.org/wiki/Transistor_count
http://en.wikipedia.org/wiki/Moore's_law


For example, this 
ƛtƘƻƴŜ р Ψ!сΩ ŎƘƛǇ

Source

Source

<------

contains several 
billion transistors!

----->

http://applemagazine.com/we-go-inside-apples-a6-processor/1220
http://applemagazine.com/we-go-inside-apples-a6-processor/1220
http://voltmagonline.com/apple-cuts-samsungs-say-in-production-elements-of-the-iphone/
http://applemagazine.com/we-go-inside-apples-a6-processor/1220


Exponentiation! Visualizing the compounding of techno-social-ǎȅǎǘŜƳ άƛƴǘŜǊŜǎǘέ . . . 

Source

http://wallpapersinhq.com/images/big/california-985038.jpg


For more about PARC and the 
amazing things done there, see 

Michael HiltzikΩǎDealers of Lightning:

For a wider sociological perspective 
ƻƴ ǘƘŜ ƛƴǘŜǊƴŜǘΩǎ ŜƳŜǊƎŜƴŎŜΣ ǎŜŜ 
Thomas StreeterΩǎ The Net Effect

For insights into the role of 
ƎƻǾΩǘ ƛƴ ±[{LΩǎ ŜƳŜǊƎŜƴŎŜΣ 
see this book from the NRC:

http://www.latimes.com/business/lanews-michael-hiltzik-20130507-staff.html
http://www.amazon.com/gp/product/B0029PBVCA/
http://www.uvm.edu/~tstreete/
http://www.amazon.com/gp/product/B004FGMPG2/
http://www.amazon.com/gp/product/B0029PBVCA/
http://www.amazon.com/gp/product/B004FGMPG2/
http://ai.eecs.umich.edu/people/conway/Impact/FundingaRevolution.html


[ŜǘΩǎ ƴƻǿ Ǝƻ ōŀŎƪ ŀƴŘ Ŧƻƭƭƻǿ ǘƘŜ ƘƛƎƘ-ǘŜŎƘ ŎƻƳƳǳƴƛǘȅΩǎ ǊŜŀŎǘƛƻƴǎ 
ǘƻ ǘƘŜ άaŜŀŘ-/ƻƴǿŀȅέ ƛƴƴƻǾŀǘƛƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ŜƴǎǳƛƴƎ ŘŜŎŀŘŜǎΥ

Link

http://www.bttf.com/movies/backtothefuture1/
http://www.bttf.com/movies/backtothefuture1/


YŜȅ ǇŜƻǇƭŜ ǎŜƴǎŜŘ ΨǎƻƳŜǘƘƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘΩ 
had happened, and Mead & Conway began 
receiving major recognition in the 1980s:

Electronics!ǿŀǊŘ ŦƻǊ !ŎƘƛŜǾŜƳŜƴǘ Ψум 

tŜƴŘŜǊ !ǿŀǊŘΣ aƻƻǊŜ {ŎƘƻƻƭ Ψуп
²ŜǘƘŜǊƛƭƭ aŜŘŀƭΣ CǊŀƴƪƭƛƴ LƴǎǘƛǘǳǘŜ Ωур
b!9Σ aŜŀŘ Ψуп
b!9Σ /ƻƴǿŀȅ Ψуф. . . 

http://ai.eecs.umich.edu/people/conway/Awards/Electronics/ElectAchiev.html
https://en.wikipedia.org/wiki/Harold_Pender_Award
https://en.wikipedia.org/wiki/John_Price_Wetherill_Medal
https://www.nae.edu/MembersSection/MemberDirectory/28897.aspx
https://www.nae.edu/MembersSection/MemberDirectory/27692.aspx


IƻǿŜǾŜǊΣ ŦǊƻƳ Ψуф ƻƴ ǘƘǊƻǳƎƘ ǘƘŜ ллǎΣ aŜŀŘ ǊŜŎŜƛǾŜŘ ƛƴŎǊŜŀǎƛƴƎƭȅ 
ƳŀƧƻǊ ǊŜŎƻƎƴƛǘƛƻƴǎΣ ǿƘƛƭŜ /ƻƴǿŀȅΩǎ ǊƻƭŜ ǿŀǎ ŜǊŀǎŜŘϝΥ 

b!{ Ψуф
!ƳŜǊƛŎŀƴ !ŎŀŘŜƳȅ ƻŦ !Ǌǘǎ ŀƴŘ {ŎƛŜƴŎŜǎ Ψфм
95!/ tƘƛƭ YŀǳŦƳŀƴ !ǿŀǊŘ Ψфс
IEEE John Von NeumanaŜŘŀƭ Ψфс
!/a !ƭƭŜƴ bŜǿŜƭƭ !ǿŀǊŘ Ψфт
MIT Lemelson!ǿŀǊŘ Ψфф όϷрллΣлллύ
CŜƭƭƻǿ !ǿŀǊŘΣ /ƻƳǇǳǘŜǊ IƛǎǘƻǊȅ aǳǎŜǳƳ Ψлн
bŀǘƛƻƴŀƭ aŜŘŀƭ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ Ψлн
b!9 CƻǳƴŘŜǊǎ !ǿŀǊŘ Ψло
LƴǾŜƴǘƻǊǎ Iŀƭƭ ƻŦ CŀƳŜΣ ŀǘ /ƻƳǇǳǘŜǊ IƛǎǘƻǊȅ aǳǎŜǳƳ Dŀƭŀ Ψлф

ϝaƻǎǘ ƻŦ ǘƘŜǎŜ ŀǿŀǊŘǎ ǿŜǊŜ ŦƻǊ ƛƴƴƻǾŀǘƛƻƴǎ ǘƘŀǘ ǿŜǊŜ ǎƻƭŜƭȅ /ƻƴǿŀȅΩǎ

http://www.nasonline.org/member-directory/members/52673.html
https://www.amacad.org/multimedia/pdfs/publications/bookofmembers/ChapterM.pdf
https://en.wikipedia.org/wiki/Phil_Kaufman_Award
https://en.wikipedia.org/wiki/IEEE_John_von_Neumann_Medal
http://awards.acm.org/award_winners/mead_6829013.cfm
http://lemelson.mit.edu/winners/carver-mead
http://www.computerhistory.org/fellowawards/hall/carver-mead
https://www.nationalmedals.org/laureates/carver-a-mead
https://www.nae.edu/Projects/Awards/FoundersAwards/FoundersWinners/page20039227/55535.aspx
http://invent.org/inductee-detail/?IID=401


Chip inventors getting their due at Hall of Fame induction
By Mike Cassidy, San Jose Mercury News 

Apr. 30, 2009--The 50th birthday celebration of the integrated circuit kicks off in Silicon Valley

this weekend,and frankly, I'm a little overwhelmed. . .

On Saturday night, the National Inventors Hall of Fameis inducting this year's class. The sold-

out ceremony(at the Computer History Museum) is in Silicon Valley for the first time, because

the Ohio-basedhall is honoring 15 who are responsible for breakthroughs in semiconductor

technology-- the technologythat put the "silicon" in Silicon Valley . . . In a way, it's as if the

valley's founding fathers are coming together to be honored in person and posthumously.

Inductees Gordon Moore, co-founder of Intel and namesakeof Moore's Law, and Carver

Mead, chip design pioneer and all-around brainiac, will be at the ceremony. So will lifetime

achievementhonoreeAndy Grove, Intel's former CEO . . .

As a result, by 2009 the erasure was complete:

http://www.tmcnet.com/usubmit/2009/04/30/4158801.htm
http://www.mercurynews.com/2014/02/14/cassidy-time-for-reinvention-and-goodbye/


San Jose Mercury News April 30, 2009

With Andy Grove, Gordon Moore and Carver Mead taking center stage:

.¢²Σ ƴƻǘ ƻƴƭȅ ǿŀǎ [ȅƴƴ /ƻƴǿŀȅ ƴƻǘ ƛƴǾƛǘŜŘΣ ǎƘŜ ŘƛŘƴΩǘ ŜǾŜƴ ƪƴƻǿ ƛǘ ǿŀǎ ƘŀǇǇŜƴƛƴƎ Η


