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U S

Assignment ǖǖ (Floyd-Warshall, Computability) due Monday, April Ǘǘ

Mini-Assignment ǖǗ (Uncomputability) due Friday, April Ǘǜ

Last day of HMC classes: April Ǘǚ (MW) or April ǗǛ (TR)!
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A J  T C S

The following are equivalent:

ǖ. There is a DFA accepting the set L.

Ǘ. There’s an NFA accepting L [Rabin and Sco].

ǘ. L can be described by a regular expression [Kleene].

In this case, L is called a Regular Language.
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M T

Theorem (Distinguishability Theorem)
If there is a pairwise distinguishable set ofN strings for a language L,
then a DFA accepting Lmust have⩾ N states.

Theorem (Nonregular Language Theorem)
If a language L has an inènite pairwise distinguishable set of strings,
then L is not regular.
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M O…
Any computer is a ènite state machine.

Hence, there are questions it provably cannot answer.
(E.g., “is the input a valid multiplication?”)

But it sure seems like computers can answer these questions (until
we run out of memory), so maybe this isn’t so helpful in practice?

Perhaps we should consider “more powerful” models of computation.

But not too powerful! Why?
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A T
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TM
A simple model of universal computation.
✓ Control (Program): a ènite state machine
✓ Data: An inènite tape, with a read/write head.

Initially blank except for the input string.
✓ Steps determined by current state + current symbol;

Can overwrite current symbol, and move left or right.
✓ Can stop (and say yes/no) or not.
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TM: A’ C
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HMC SC !
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W TM
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W TM
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TM D()

http://ironphoenix.org/tril/tm/

http://www.youtube.com/watch?v=cYw2ewoO6c4

http://ironphoenix.org/tril/tm/
http://www.youtube.com/watch?v=cYw2ewoO6c4
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TM  JFLAP



Review Turing Machines

U TM
A Universal Turing Machine takes a description of any TM on its tape,
and simulates that TM.

UTMs can be shown to exist by constructing them.

Think about what would be required.
✓ The tape has to hold the tape of the machine being simulated.
✓ The tape has to hold the state machine of the machine being

simulated.
✓ The tape has to hold the current state of the machine being

simulated.

All this is possible, if somewhat laborious to construct.
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S UTM
✓ The èrst was constructed by Turing himself.
✓ Shannon showed any UTM could be converted either to a

Ǘ-symbol machine or to a Ǘ-state machine (with lots more
states or symbols, respectively).

✓ Minsky (ǖǞǛǕ) gave a ǜ-state Ǜ-symbol machine.
✓ Watanabe (ǖǞǛǖ) gave an ǝ-state ǚ-symbol machine.
✓ Minsky (ǖǞǛǗ) gave a ǜ-state Ǚ-symbol machine.
✓ Rogozhin (ǖǞǞǛ) gave a Ǚ-state Ǜ-symbol machine
✓ Wolfram and Reed (ǗǕǕǗ) gave a Ǘ-state ǚ-symbol machine.
✓ Smith andWolfram (ǗǕǕǜ) gave a Ǘ-state ǘ-symbol machine.
✓ No Ǘ-state Ǘ-symbol UTM exists.



Review Turing Machines

A S UTM
Ǘ-state, ǚ symbol UTM published by Wolfram in ǗǕǕǗ
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TM V
The following yield no extra power:
✓ Adding the option to write or not on each step.
✓ Adding the option to stay-in-place rather than moving L/R.
✓ Adding an extra ”Erase Entire Tape” ability.
✓ Multiple tapes with multiple (independent) read/write heads
✓ Ǘ-D inènite tape
✓ Nondeterminism (guessing the correct next step)
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C TM S A P
Church-Turing Thesis: any plausible model of computation is no more
powerful than a Turing Machine.
✓ Proof: by lack of counterexample.

TM Reviews

“Two thumbs way up!”
“The Turing Machine is as good as it gets”

—Alonzo Church and Alan Turing

“A woeful Disappointment”
“Missing most of what I’d hope for”

—Georg Cantor
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