The Mathematics of Monsters and Machines, HSSP Spring 2009
Course Syllabus

INSTRUCTORS:

Harrison Brown      &
Zandra Vinegar

brownh@mit.edu 
ch3cooh@mit.edu
http://esp.mit.edu/teach/teachers/brownh/bio.html
http://esp.mit.edu/teach/teachers/Vinegar/Zandra/bio.html
CLASS DESCRIPTION:

     Can you add by dropping marbles through a maze of switches? http://www.youtube.com/watch?v=GcDshWmhF4A (watch with the volume off and figure out how it works - /very/ simple, but elegant, no?)

That machine clearly only works as directed for some range of numbers.  How about if you want to add arbitrarily large numbers with one, finite machine?  Can you build such a machine and then tell someone how to drop marbles into it to add their numbers? – NO!! STOP!! I did not ask, ‘how would you’ – I asked CAN you?  Sure, you could prove the affirmative by construction, by making a machine which does so (if one can exist) but can you more succinctly, more elegantly, simply prove that such a machine exists?  What if one could not exist? How would you go about proving this?
     If you like looking at machines and figuring out what they do, or constructing machines to solve problems,  then you will probably like this class.  On the other hand, what this class is /really/ about is the mathematical treatment of ALL machines, ALL languages, ALL algorithms.  Exactly what abilities – finitely many states? finite memory? infinite memory? non-determinism? – are necessary to solve problems?   What sets of abilities are equivalent?  How long does it take to solve problems of sufficient complexity?  Are there problems that are simply impossible to solve, although they clearly must have an answer?

     To answer the last question, YES! However, if you are willing to accept this claim without /proof! ‘you CANNOT say something like that without PROOF!’/ you probably can skip this class.  But if that kind of claim shakes your world up a bit, come to this class and be shaken!!

PREREQUISITES:
     The course has no real mathematical prerequisites but material does require significant mathematical maturity. Come prepared to think hard and abstractly! 

MEETING: 




Sat 1:05 to 2:55 PM  in room 1-150


CALENDAR (not completely set in stone) :

	Date
	Material
	Teacher(s) Present

	M14
	Binary, Logic, Circuits, and the monster that is your home CPU
	Both

	M21
	Theoretical Monsters: Conway’s Game of Life and

Machines: FSM’s PDA’s and Turing
	Zandra

	M4
	The Church Turing Thesis, Non-Determinism, and The Halting Problem
	Harrison

	M11
	Big O Complexity: How hard is it to clean your room?
	Zandra

	A18
	Pvs.NP and other theoretical extensions of complexity
	Harrison

	A25
	Information Theory and the Shannon Coding Limit
	Zandra

	Y2
	Cryptography and Information Security
	Harrison

	Y9
	And now we break your intuition… (quantum and oracles)
	Both


