
Meeting 3.2 : A smattering of complexity

I. Decision problems , counting problems , and computability
II. The usual suspects : RFP, NP, PSPACE , EH , # ,
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I . Decision problems , counting problems , and computability
A decision is a function Yes

"
L : { 0,13 't -- U { oink- {

"

o
, I}

K ? I No

A countingproblem-i.es a function

f : { 0113 't → {0,13¥ IN
,
in binary

"

Rema the domain of a problem , namely {0113¥, is
typically an encoding of some interesting combinatorial'ted
mathematical object .



Before doing complexity , we need to understand

computability .

Turing machines are one way to make
"
algorithms

"

precise .



Turing Machines def 'm from Arora + Barak 's
"

Computational complexity
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This is an important model , with some arbitrary

choices
.

Church - Turing Thesis : Eoenpufable
"

does not depend
on model of computation :*

Extended Church - Tuning Thesis :
"

Efficiently computable
"

does not depend on
the model of computation,

as long as its "

realistic
"

.

Problem : Quantum computers .



It
.
Usual suspects

A complexity class is
any

set of (decision or country
problems. Typically interested in complexity classes
defined by restraining the resources used by a

Turing machine (space , time , etc . . . )

We 'll start at the Top .

"

RE : recessively enumerable decision problems .
LE RE if there exists a Turing machine St .

For all x C- {0,13¥ , if Kx ) - Yes, then
the Turing machine returns Yes when input x
and enters the "HALT

" state .



Example : Halting Problem
.

Given a Turing machine T, deference if

T halts when ainput an empty string .
In NE because we can build a Tory machine

that runs other Turing machines inside of it

(Universal Tung machine)
Example :( Henuonrphiuu problem for PL - manifolds)
L : foil)

"

x { 0,13
#
→ { Yes , No}

( (x , y )
= { Yes if x and y represent triangulations of PL

manifolds that are PL - homeomorphicNo otherwise
.



CORE : same as RE but swap role of YES and No .

R : recursive for coyotee) Forties , defied by

R -- RE nooRE
Intuition : a problem is in R if there is a way to solve

it algorithmically, but w/ who bounds on resources

required .



Non - examples
: Neither Halts Problem no- Homero

.

-

Problem for PL-manifolds is in R
.

Example : 3- Manifold Homeomorphism Problem

L : { 0,13*+80113
#
→ { Yes ,

No )

Lex
, y )

-

{
Yes '

' tiny regIY.mn?:gggrh-c
No otherwise.

Why ? Geanetrization .


