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T H E R E  I s  N o  
S O F T W A R E  

K h m  he present explosion of the signifylng scene, which, as we 
Barry McGuire and A F. N. Dahran, coincides 

with the so-called Western world, is instead an implosion. The  bulk 
of written texts-including the paper I am actually reading to you- 
no longer exist in perceivable time and space, but in a computer 
memory’s transistor cells. And since these cells, in the last three 
decades of Silicon Valley exploits, have shrunk to spatial extensions 
of less than one micrometer, our writing scene may well be defined 
by a self-similarity of letters over some six orders of decimal magni- 
tude. This state of affairs does not only make a difference to history, 
in which, at its alphabetical beginning, a camel and its hebraic letter 
game1 were just two and a half orders of decimal magnitude apart. It 
also seems to hide the very act of writing. 

As one knows without saying, we do not write anymore. The  
crazy kind of software engineering that was writing suffered from an 
incurable confirneon befiuent we and mention. Up to Holderlin’s time, a 
mere mention of lightning seems to have been sufficient evidence of 
its possible poetic use. Nowadays, after this lightning’s metamor- 
phosis into electricity, manmade writing passes instead through 
microscopically written inscriptions, which, in contrast to all histor- 
ical writing tools, are able to read and write by themselves. The  last 
historical act of writing may well have been the moment when, in the 
early seventies, the Intel engineers laid out some dozen square 
meters of blueprint paper (64 square meters in the case of the later 
8086) in order to desi_gn the hardware architecture of their first inte- 
grated microprocessor. This manual layout of two thousand transis- 
tors and their interconnections was then miniaturized to the size of 
an actual chip and, by electro-optical machines, written into silicon 
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layers. Finally, this 4004-microprocessor found its place in the new 
desk calculators of Intel’s Japanese customer,’ and our postmodern 
writing scene could begin. Actually, the hardware complexity of 
microprocessors simply discards such manual design techniques. In 
order to lay out the next computer generation, the engineers, instead 
of filling countless meters of blueprint paper, have recourse to 
Computer Aided Design, that is, to the geometrical or autorouting 
powers of the actual generation. 

In constructing the first integrated microprocessor, however, 
Intel’s Marcian E. Hoff had given an almost perfect demonstration of 
a Turing machine. After 1937, computing, whether done by men or 
by machines, can be formalized as a countable set of instructions 
operating on an infinitely long paper band and the discrete signs 
thereon. Turing’s concept of such a paper machine: whose opera- 
tions consist only of writing and reading, proceeding and receding, 
has proven to be the mathematical equivalent of any computable 
function. Universal Turing machines, when fed the insauctions of 
any other machine, can imitate i t  effectively. Thus, precisely because 
eventual differences between hardware implementations do  not 
count anymore, the so-called Church-Turing hypothesis in its 
strongest or physical form is tantamount to declaring nature itself a 
universal Turing machine. 

This claim in itself has had the effect of duplicating the implo- 
sion of hardware by an explosion of software. Programming lan- 
guages have eroded the monopoly of ordinary language and grown 
into a new hierarchy of their own. This  postmodern Tower of 
Babel reaches from simple operation codes whose linguistic exten- 
sion is still a hardware configuration, passing through an assembler 
whose extension is this very opcode, up to high-level programming 
languages whose extension is that very assembler. In consequence, 
far-reaching chains of self-similarities in the sense defined by frac- 
tal theory organize the software as well as the hardware of every 
writing. What remains a problem is only recognizing these layers 
which, like modem media technologies in general, have been explic- 
itly connived to evade perception. tlre simply do not know what our 
writing does. 

To  wordprocess a text, that is, to become oneself a paper 
machine working on an IBLM AT under Microsoft DOS, one must 
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Proposal: I believe that substantial progress in 

understanding the proper strategies for 

making integrated circuits and building appropriate tools 

for doing so can be made with relatively modest resources. 

Unlike the task of actually building circuits which requires 

a large capital investment and a lot of labor, the tasks 

I have in mind are more conceptial and intellectual; I want 

to set about learning how to "program" integrated circuits. 

I would like to imNmm=m:b arogxNNpmmro lead a research 

group of 6-10 profesionals undertaking this activity. I 

believe that the skills required in the group include: 

programming, topology, maze solving, systems engineering, 

computer graphics, and a little eil:ectronics. The kinds 

of people involved are very similar to those already at 

PARC. Association with PARC will be helpful both ways: 

the computer facilities and capability of PARC is an 

important base on which to build, and the understanding 

and tools I propose to produce should be important to PARC 

and Xerox in simplifying the process of obtaining integrated 

circuits. 

Close association both with PARC and with the Xerox 

prototype circuit line here in L.A. are important. The 
• designs we make should actually be fabricated and tested; 

feedback from the fabrication process is essential to tuning 

up the design tools and conceptual ideas. 

I see the products of this activity corning out in three 

forms. First, there will be a series of actual designs. The 

members of the groupm will have to learn what it takes to 
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Alan Bell using the Implementation System to merge the MPC79 projects 



    





Students and faculty observers, MIT'78 VLSI design course 



Sources: 

• Electronics Oktober 20, 1981 S. 102 


• http://www.lgcnsblog.com/inside-it/eniac-first-and-fast/#sthash.HkUC1Fo4.dpbs


• https://upload.wikimedia.org/wikipedia/commons/c/cb/BRL61-IBM_1401.jpg


• https://spectrum.ieee.org/tech-history/silicon-revolution/chip-hall-of-fame-intel-4004-microprocessor


• https://www.spektrum.de/lexikon/optik/photolithographie/2522 


• http://www.4004.com/assets/4004-lajos-schematics.gif 


• http://alumni.media.mit.edu/~mcnerney/2009-4004/4004-masks-composite.jpg 


• https://www.robotshop.com/community/tutorials/show/electronics-done-quick-6-integrated-circuits-ics 


• https://upload.wikimedia.org/wikipedia/commons/thumb/9/9a/GPS_ARM610_die.JPG/1920px-GPS_ARM610_die.JPG


• https://de.wikipedia.org/wiki/Integrierter_Schaltkreis#/media/Datei:Replica_IC.png


• https://i.stack.imgur.com/0H1di.png


• https://spectrum.ieee.org/semiconductors/devices/qa-carver-mead 


• https://en.wikichip.org/w/images/thumb/7/79/8008_die_shot.png/800px-8008_die_shot.png


• http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html


• http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF 


• https://reuther.wayne.edu/node/1512 


• http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF

http://www.lgcnsblog.com/inside-it/eniac-first-and-fast/#sthash.HkUC1Fo4.dpbs
https://upload.wikimedia.org/wikipedia/commons/c/cb/BRL61-IBM_1401.jpg
https://spectrum.ieee.org/tech-history/silicon-revolution/chip-hall-of-fame-intel-4004-microprocessor
https://www.spektrum.de/lexikon/optik/photolithographie/2522
http://www.4004.com/assets/4004-lajos-schematics.gif
http://alumni.media.mit.edu/~mcnerney/2009-4004/4004-masks-composite.jpg
https://www.robotshop.com/community/tutorials/show/electronics-done-quick-6-integrated-circuits-ics
https://upload.wikimedia.org/wikipedia/commons/thumb/9/9a/GPS_ARM610_die.JPG/1920px-GPS_ARM610_die.JPG
https://spectrum.ieee.org/semiconductors/devices/qa-carver-mead
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF
https://reuther.wayne.edu/node/1512


Sources: 

• http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF 


• https://reuther.wayne.edu/node/1512 


• http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF


• https://qph.fs.quoracdn.net/main-qimg-541c4af897d611a66dbebac75e5732ff


• https://www.researchgate.net/publication/234388249_Introduction_to_VLSI_systems 


• https://www.computerhistory.org/revolution/digital-logic/12/287/1613


• https://en.wikichip.org/w/images/thumb/5/5f/arm1_die_shot_%28annotated%29.png/800px-arm1_die_shot_%28annotated%29.png


• https://ai.eecs.umich.edu/people/conway/VLSI/Career%20Reminiscence/Figures/Geometry%20Engine%20prototype.jpg


• https://pbs.twimg.com/media/DDC9SaRUAAEBQ_S.jpg:large

• https://regmedia.co.uk/2011/11/14/4004_die_large.jpg


• https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6392994


• http://mercury.lcs.mit.edu/~jnc/tech/jpg/ARPANet/G78Nov.jpg

http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF
https://reuther.wayne.edu/node/1512
https://qph.fs.quoracdn.net/main-qimg-541c4af897d611a66dbebac75e5732ff
https://www.researchgate.net/publication/234388249_Introduction_to_VLSI_systems
https://www.computerhistory.org/revolution/digital-logic/12/287/1613
https://en.wikichip.org/w/images/thumb/5/5f/arm1_die_shot_%28annotated%29.png/800px-arm1_die_shot_%28annotated%29.png
https://ai.eecs.umich.edu/people/conway/VLSI/Career%20Reminiscence/Figures/Geometry%20Engine%20prototype.jpg
https://regmedia.co.uk/2011/11/14/4004_die_large.jpg
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6392994


Sources:

• O.A.: Columbia Electronic Encyclopedia, 6th Edition. New York, Columbia University Press 2012.


• Conway, Lynn: Reminiscences of the VLSI Revolution: How a series of failures triggered a paradigm shift in digital design. In: IEEE Solid State Circuits Magazine, Vol. 4, No. 4, 
2012, S. 8-31. 


• Conway, Lynn; Mead, Carver A. (Hg.): Introduction to VSLI Systems. Boston, Addison-Wesley 1979.


• House, Chuck: A Paradigm Shift Was Happening All Around Us. In: IEEE Solid State Circuits Magazine, Vol. 4, No. 4, 2012, S.32-35.


• Sutherland, Ivan E.; Mead, Carver A.; Everhart, Thomas E. (Hg.): Basic Limitations of Microcircuit Fabrication Technology. Santa Monica, The Rand Corporation 1976. 


• Conway, Lynn: The MPC Adventures: Experiences with the Generation of VLSI Design and Implementation Methodologies. Palo Alto, Xerox Palo Alto Research Center 1981.


•  Harris, David M.; West, Neil H. E.: CMOS VLSI Design. A Circuits and Systems Perspective. Boston, Addison-Wesley 2011. 


• Rubin, Steven M.: Computer Aids for VLSI Design. In: https://www.rulabinsky.com/cavd/text/chap01-1.html (Abrufdatum: 11.09.2019)


• Weller, Clemens: Computergeschichte Meilensteine der Mikroprozessoren. In: https://www.weller.to/his/h20-history-procs.htm (Abrufdatum: 10.09.2019)


• Thompson, Chris: The History of the Intel 4004. In: http://www.zerolag.com/history-of-computing/the-intel-4004/ (Abrufdatum: 10.09.2019)


• O.A.: Columbia Electronic Encyclopedia, 6th Edition. New York, Columbia University Press 2012


• Cass, Stephen: Chip Hall of Fame: Intel 4004 Microprocessor. In: https://spectrum.ieee.org/tech-history/silicon-revolution/chip-hall-of-fame-intel-4004-microprocessor 
(Abrufdatum: 10.09.2019)

https://www.rulabinsky.com/cavd/text/chap01-1.html
https://www.weller.to/his/h20-history-procs.htm
http://www.zerolag.com/history-of-computing/the-intel-4004/
https://spectrum.ieee.org/tech-history/silicon-revolution/chip-hall-of-fame-intel-4004-microprocessor


Sources:
• Conway, Lynn: The ‘Sutherland Letter’ of 1976: Notes by Lynn Conway, 12-31-2012. In: http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/

Sutherland_Letter.html (Abrufdatum: 08.09.2019)


• Conway, Lynn: The MIT ’78 VLSI System Design Course. A Guidebook for the Instructor of VLSI System Design. In: http://ai.eecs.umich.edu/people/conway/VLSI/
InstGuide/InstGuide.pdf (Abrufdatum: 09.09.2019)


• Sutherland, Ivan: Letter to Bert Sutherland. In: http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/IvanSutherlandLetter1-26-76.PDF (Abrufdatum: 
08.09.2019) 


• Conway, Lynn: Introducing Lynn Conway, Prof. of Electrical Engineering & Computer Science, Emerita, University of Michigan, Ann Arbor. In: http://ai.eecs.umich.edu/
people/conway/BioSketch.html (Abrufdatum: 08.09.2019)


• Conway, Lynn: The Mead-Conway VLSI Chip Design Revolution: An Annotated List of References. In: http://www.fpl.uni-kl.de/staff/hartenstein/Mead-
Conway_VLSI_Design_Revolution.html (Abrufdatum: 08.09.2019)


• Conway, Lynn: Reminiscences of the VLSI Revolution: How a series of failures triggered a paradigm shift in digital design. In: IEEE Solid State Circuits Magazine, Vol. 4, 
No. 4, 2012, S. 8-31. 


• Conway, Lynn: The VLSI Archive: An online archive of documents and artefacts from the Mead-Conway VLSI design revolution. In: http://ai.eecs.umich.edu/people/
conway/VLSI/VLSIarchive.html (Abrufdatum: 08.09.2019)


• O.A.: Intel 4004 Definition. In: http://www.linfo.org/4004.html (Abrufdatum: 10.09.2019)


• Leitenberger, Bernd: Der Intel 4004 - der erste Mikroprozessor. In: https://www.bernd-leitenberger.de/4004.shtml (Abrufdatum: 10.09.2019)


• O.A.: Lambda-based-design-rules. In: https://www.electronics-tutorial.net/Digital-CMOS-Design/CMOS-Layout-Design/Lambda-based-design-rules/ (Abrufdatum: 
12.09.2019)


• O.A.: 1981 Electronics Award for Achievement. In: http://ai.eecs.umich.edu/people/conway/Awards/Electronics/ElectAchiev.html (Abrufdatum: 08.09.2019)

http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html
http://ai.eecs.umich.edu/people/conway/VLSI/BackgroundContext/Sutherland_Letter.html
http://ai.eecs.umich.edu/people/conway/VLSI/InstGuide/InstGuide.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/InstGuide/InstGuide.pdf
http://ai.eecs.umich.edu/people/conway/BioSketch.html
http://ai.eecs.umich.edu/people/conway/BioSketch.html
http://www.fpl.uni-kl.de/staff/hartenstein/Mead-Conway_VLSI_Design_Revolution.html
http://www.fpl.uni-kl.de/staff/hartenstein/Mead-Conway_VLSI_Design_Revolution.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.html
http://ai.eecs.umich.edu/people/conway/VLSI/VLSIarchive.html
http://www.linfo.org/4004.html
https://www.bernd-leitenberger.de/4004.shtml
https://www.electronics-tutorial.net/Digital-CMOS-Design/CMOS-Layout-Design/Lambda-based-design-rules/
http://ai.eecs.umich.edu/people/conway/Awards/Electronics/ElectAchiev.html


Thank you for 
attention


