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Describing Finite State Machines
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Enumerating Turing Machines

» Now that we've decided how to desoribe
Turing Machines, we can number them

» TM-5023582376 | = balandng parens

« TM-57235583 = aven number of 1s
¢ TM-mrmemamemne: | = Photomosaic Program
¢ TM-e - | = WindowsXP
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Universal Turing Machine
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Yes!

» People have designed Universal Turing
Machines with
— 4 symbols, 7 states (Marvin Minsky)
— 4 symbols, 5 states
— 2 symbols, 22 states
— 1B symbolks, 2 states
— 2 states, 5§ symbols (Stephen Wolfram)
« No one knows what the smallest possible
UTM is

el el S Lawterw 1T o =freren] Tomp S v

T I l.,'-.q|||,-.-_|=.,| et LT

anchesion lluminaied Universal Turing Machins, £2
oo il p s verostio comemanc hestenmanchasler il

RELES Ma L0 eewe = 270 LT | Ty o =

o i o S

Church-Turing Thesis

o Any mechanical computation can be
performed by a Turing Machine

» There is a TM-n corresponding to every
decidable problem

» We can simulate one step on any "normal”™
(dassical mechanics) computer with a
constant number of steps on a TM:
—If a problem is in Pona TM, & = in P on an iMac,

CM35, Cray, Palm, etc.

— But maybe not a guantum computer! (later class)
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Universal Language

s« Is Scheme as powerful as a Universal
Turing Machine?

» Is a Universal Turing Machine as powerful
as Scheme?
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Complexity in Scheme
* Special Forms H wa fave k1zy evakabion and
— if, cond, define, syc, | 01w 2ol S,
+ Primitives
— Numbers (infinitely mamy)
— Booleans: #t, #f Hard to get rid of ?
— Functions {+, -, and, or, etc.)
» Evaluation Complexity
— Environments (more than ¥ of our eval code)
| Can we get rid of all this and stil have 2 uselul language?
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A-calculus
Alonzo Church, 1940
(LISP was developed from A-calculus,
not the other way round.)
term = variable
| term term
| (term)

| A variable . term
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What is Calculus?

a In High School:
e x* = px™" [Power Rule]
ddx ([ + g) = didx [+ didx g [Sum Rule]

Caloulus is a branch of mathematics that
deals with limits and the differentiation
and integration of functions of one or
more vanables.,..
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Real Definition

» A calosusis just a bunch of rules for
manipulating symbols.

» People can give meaning to those
symbols, but that’s not part of the
calculus.

» Differential c@lculus is a bunch of rules
for manipulating symbols. There is an
interpretation of thosa symbols
corresponds with physics, slopes, efc.
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Lambda Calculus

o Rules for manipulating strings of
symbals in the language:
serm = vanable
| serm perm
| {se=rm)
| & vartable | germ
» Humans can give meaning to those
symbals in a way that cormesponds to
computations.

Why?

» Once we have predse and formal rules for
manipulating symbaols, we can use it to
reason with.

» Since we can interpret the symbols as
representing computations, we can use it
to reason about programs.
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Evaluation Rules

a-reduction (renaming)
Av. M =, A (M [va v])
where v does not occur in M.

p-reduction (substtution)
{Ax. MWN= M [xa N]
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Reduction (Uninteresting Rules)

Av. M = e (M [va ¥])
where v does not occur in M.

MM
M—aN= PM — PN
MaN=MF-NP
Ma N A M= AL N
MaNmmdN-FP=M—FP
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