
Self-Reproduction Lecture Notes.

Marvin Minsky, Nov. 18, 2003

How you make a lot of things?

· Make one extremely fast factory.

· Make many fast factories. 

· Make just one single “factory factory.”

E.g., to make a lot of Ethanol, just make one cell of Yeast.

However, we must be sure our products won’t mutate. 

   DANGER: We humans are descended from Yeast!

How to keep Self-Reproducing machines from spreading? 

Contain them in spheres of TNT.

     (See Drexler’s Engines of Creation)

Control the Raw Materials!  

     (Make then only eat Hafnium Telluride.)

Made reproduction reliable!

     (Foolproof error correction.)

Arrange for them to self-destruct. 

     (See Michael Crichton’s Andromeda Strain.)

If all else fails?  

     (Spread a Counter-Epidemic.)

How hard it is to make machines able to reproduce themselves?

    Answer: This depends on how you define the initial ‘raw materials’.

   Trivial case: Burning a string. 

   Simple case: Falling Dominoes.

   Surprisingly simple case: Fredkin’s XOR cellular automaton.
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“Von Neumann showed in the 1950's that a 29 state 2-D CA was universal and a universal constructor.  Codd's PhD thesis showed that an 8 state 2-D CA was Universal.  These used reductions to Turing Machines. My student Edwin Roger Banks in 1971 showed a 2 state 2-D universal CA and a 4 state 1-D universal CA.  So universality had been shown for 1-D CA's by 1971.”— Edward Fredkin http://www.digitalphilosophy.org/digital_philosophy/09_history.htm
“The Firing Squad Synchronization Problem.” 

Once you copy a machine, will there be a problem of starting it?  I once discussed this with J. v. N, but don’t remember what he said.  Eventually, E.F. Moore proposed this as a formal problem for cellular automata, and several neat solutions were found.
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Search GOOGLE for “Firing Squad Synchronization Problem”
L.S. Penrose’s mechanical autocatalysis.

[image: image3.png]IS ®

an AB organism

seed

W

initial state

J

N ® new AB organism

after shaking




Types of Self-Reproduction.

Von Neumann insisted on distinguishing between template (“all at once”) and reproduction based on ‘genome-like’ sequential representations. 

Genetic reproduction can express higher-level structural concepts.  However, it also can make it much harder to express new, lower  -level structural features.    Example: you cannot edit particular notes in the MediaLab language HyperScore. 
What are some other intermediate kinds of representations? I can’t recall any good classifications.

    Example: genetic post-editing of mRMA strings.

What are good ways to make nano-scale machines?

Top(Down:
 A CADCAM machine makes a smaller one, etc.

Bottom(Up: Make separate self-assembling ingredients.

Bottom(Up: Make auto-folding polypeptides!

Molecule-sized general-purpose “Drexler Assemblers.”

Biology-Aided protein-based assembly in cells.

Ad Hoc: Cycles of shrinking and copying.

Already-existing.  Real viruses.  Software viruses.  

Life itself!

Landmarks in Reliability.

McCulloch: redundant McCulloch-Pitts networks.: 

Von Neumann: multiple lines and Majority Organs.”

m(a,b,c) = ab+ac+bc = (a+b)(a+c)(b+c)
[image: image4.wmf] [image: image5.png][y e]




C.E. Shannon and E.F. Moore: Reliable Circuits Using Less Reliable Relays.

In animals, but not in machines, many vital functions are performed in several different ways.  See my book, The Emotion Machine.
Discovery of incredibly simple ‘universal bases for computation.”

Alonzo Church’s Lambda Calculus, 1931

Alan Turing’s universal computers.  1936

Newell, Simon, and Shaw’s IPL-1, 1956

John McCarthy’s LISP, 1959.

Davis, Putnam and Robinson, Diophantine Equations, 1961.

Hao Wang: AEA Predicate Calculus, 1963.

Others: Differential Equations.

Emil Post’s “Production Systems.” 1943 (He suspected ‘U’ in 1921!)

Marvin Minsky’s two-counter machine. 1961

John Conway’s “Game of Life.” <1982.  mathworld.wolfram.com/Li#17FC98
Edwin Bank’s 4-state universal cellular automaton, 1971.

Matthew Cook’s “Rule 110,” c.2001

Questions about the complexity of algorithms.

Many discoveries by S. Winograd, Cook-Toom, M. Blum, and others.

What other degrees of unsolvability are there below the level of Turing Universal?  (Friedberg-Muchnik, etc.)

What other degrees between P and NP?  None are yet known—and finding one would a good way to refute P=NP.

Can we make constructive versions of Solomonoff-Chaitin-Kolmogoroff  algorithmic complexity theory?

Which Chaotic systems are universal?

Evolution is Opportunistic

Evolution itself is an Avogadro of animal tragedies!  It also is rather conservative.  The olfactory system of lobsters, sea-slugs and snails are very similar to ours.
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However, the receptor genes are quite different in those three branches, which suggests that large sets of genes were co-opted independently at least three times to serve as odorant receptors.

EvolutionModel for Olfactory Discrimination and Learning in Limax Procerebrum Incorporating Oscillatory Dynamics and Wave Propagation.  B. Ermentrout, Jing W. Wang, Jorge Flores, and A. Gelperin .Phylogenetic distribution of G protein-coupled odorant receptors among common model animals used in olfactory research. Heather L. Eisthen, in  Brain Behav Evol 2002;59:273–293.
Evolution has very serious Bugs.

B-E has no explicit goals—so it cannot selectively search for variants with desired properties. Such knowledge could reduce the search by many orders of magnitude.

B.E. uses only structural representations, but has no functional representations of how the processes in its phenotype work.  This makes debugging impractical, because it has no representations of what its products do or how they work. 

B-E ‘selects’ mutants that survive—but keeps no records of why all the others died.   So it can learn which kinds of actions are good to do—but can only prevent the most common mistakes. It simply discards all “negative knowledge” about the historic causes of failures. 

This was only corrected when social animals evolved support for memes!  Then ‘cultures’ were able to record much larger collections of common mistakes, using representations of ‘meanings’ and’ causes.’ 
SELF-REPRODUCTION IS DANGEROUS

Because once started, they have no cost to their initiator. 

Biological epidemics. 

Computer viruses.  

Mind-Eating Memes—epidemics of, e.g., religious ideas.

We have to be watchful, because such things are hard to stop.

VIRUSES

Date: Sun, 31 Oct 93 23:33:22 HST

From: "Joe Dellinger" <joe@montebello.soest.hawaii.edu>

To: minsky@media.mit.edu

Back in 1981 I was taking "historical geology" at Texas A&M and getting used to the geological view of time and evolution. At the same time there was a terrific amount of pirating of Apple ][ programs going on in my dormitory.  I noticed that while most of the pirated programs had copying errors, they always still ran. I realized how this happened when I watched a friend copying a program from someone else. The disk he was copying from was falling apart, and some sectors read only after multiple retries. After he got a copy he'd try playing the game. If it crashed, he'd copy it again until he got a copy that worked. 

Mutation and natural selection, I thought! This made me think of the computer as an ecosystem, which naturally led to the idea of a "computer virus.” Nobody I knew had heard of such a thing at that time, and everyone told me such a thing was obviously impossible... so I just had to demonstrate that such a thing really could exist by creating one.


  My idea was to create the "ideal computer life form.” If it caused any harm users would want to destroy it, so ideally it should be completely invisible. I was also going to demonstrate my idea by letting it spread through my own disks, which were to be kept carefully quarantined, so I had that additional reason to be very careful to create an innocuous virus. It was VERY careful not to cause damage: if it saw a non-standard DOS disk or saw that DOS was being used in nonstandard ways, it would immediately return DOS to its pristine state and disconnect itself, effectively committing suicide. Eventually we had a working "safe and invisible" virus, and people conceded I had proved my point. Since it wasn't causing any harm, we let the experiment continue. Some friends asked for and got "pet" copies of the virus to examine and show to others, but everyone remained very careful to keep it under strict quarantine...


  A couple months later a friend on mine at the University of Illinois wrote to say that everyone's copy of a game called "Congo Run" there was stopping working in the same way. Immediately he realized the implications and checked his disks. Sure enough, my virus was all through his disks; he hadn't noticed the breakout because it hadn't done anything to call attention to itself...  but it DID cause Congo Run to not work. What to do? First we made a "virus detector and immunizer" program and sent it to him to distribute. But how to stop the spreading contagion? All we could think of was to figure out what the problem was, fix it, and write ANOTHER virus to chase after the first correcting it. Fortunately, that plan actually worked. Everyone's copy of Congo Run mysteriously started working again and no more was heard from my virus.
  At this point we all heaved a big sigh of relief... clearly a case of pursuing an interesting idea before carefully thinking through all possible consequences! Last heard of my virus "in the wild" in 1984, when my friend at UIUC reported that a "nasty" virus there was erasing disks in the UIUC computing center's Apple lab. Some people's disks were found to be protected, however: when the evil virus tried to erase the disk the machine would merely crash instead. The computer people there investigated and discovered the "protected" disks were already infected with a virus that had gone previously unnoticed... mine. And when everyone switched to upgraded DOS's a while later my virus quietly committed suicide and disappeared. 
 Needless to say this somewhat embarrassing episode from my youth has given me great respect for the power of self-reproducing entities. Must be handled with _extreme_ care! (And seeing what's happening to the ecosystem here in Hawaii only strengthens that conviction!)    
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