Class 33:
Computing
with Photons
and Life
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Church-Turing Thesis

= Church's original {1935}
— Lamiuia caluus & equivaient to real wordd computers
{can compute any compulzabie funcion)
= Turing's version
— "Bvery Tundlion which would naturally be regarded ==
mmpulable can b= computed by 2 Tunng madhine.”
» Generalized version:
— Any computation thal can Be done by an slgarithm can be
done by & medhanical computer
— All "normal” computers are eguivakent in computing
poraer
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Turing Machines and Complexity

= Stronger version:

— Complexity da=es P, NP, and NP-complet= ar=
defined far Turing madhine steps, But apply
id=ntically ta =l “normal” computers

= Today: "Abnormal” Computers
— Migf change whet iz computable (prabetity ton')
— Do diange what 2 normal "st=p™ =
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Naormal Steps

= Turing machine:
—Read one square on tape, follow one FSM

transition rule, write one square on tape,
move tape head one square

+ Lambda calculus:
—One beta reduction

+ Your PC:

— Execute one instruction ()
¥ What one instruction does varkes
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Generalized Normal Steps

» Require a constant amount of time
» Perform a fixed amount of work
— Localzed
— Cannot scale (indefinitely) with input size
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Abnormal Imaginary Computer

» "Accelerating” TM
—Like a reqular T, except the first step takes
1 second, sscond step takes % second, third
step takes & second, ... n® step takes 1/2n
sacond

s Is our "Accelerating” TM more powerful
than a regular TM?
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Quantum Physics
for Dummies

» Light behaves like both a wave and aj - =4
particle at the same tme
= A single photon is in many states at

B
+ Can't observe its state without
farcing it into one state
» Schrodimger's Cat
— Put & live c2b in 2 Box wath cyanide vial
that opens depending on quantum =iat=
— Cat i both desd and alive sl e =sme
tirme until you open the Do
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Qubit
» Regular bit: eithera0oral
« Quantum bit: 0, 1 or in bebween
—p% probability k5 a 1
« A single qubit is in 2 possible states at once
« If yvou have 7 bits, you =n represent any
one of 27 different states

o If vou have 7 qubits, you have 27 different
states (at oncel)
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Complexity for Quantum Computer

» Complexity dasses are different than for
regular computers, because a step is
different

» Quantum computer: each step can take both
possible decisions at once
—Means a quantum computer is 3 nondeterministic

computer!
— It can solwe problems in class NP in polynomial

i |
tme: Murmber of oubes vou need
+» What matters?  sumber of [rondetmministic) seps
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Quantum Computing

« Feynman, 1962

» Quantum partides are in all possible states

e Can try lots of possible computations at once
with the same particles

» In theory, can test all possible
factorizations/keys/paths/etc. and get the
right one!

» In practice, very hard to keep states
entangled: once disturbed, must be in just
one possible state
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Quantum Computers Today

» Several gquantum algorithms
— Shaor's algorithm: factoring using a
QuUantum Computer
» Achual quantum computers
— 5-qubit computer built by IBM (2004 rn5=3;
— Implemented Shor's algorithm to factor:
=+ "“World's most complex quantum computstion”™
—Los Alamos has built a 7-gubit computer

« To exceed practical normal computing
need = 30 gubits
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Computing with DNA
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DMNA

« Sequence of
nucleotides: adenine
(&), guanine (5),
cytosine { ), and
thymine (T)

» Two strands, A must
attach to T and G must
attach to C
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Encoding The Graph
» Make up a two random 4-nudeotide
sequences for each city:

CHO: (CHO, = ACTT CHO, = geag
RIC: RIC,= TOGG 210, = actg

IAD: IAD, = GECT IAD, = atgt
BWI: BWIL = GATC BWI; = toce
« If there is a link bebween two cities
(A—B), aeats a nuclectide seguence:
Ay
CHO—RIC  gcagTCGG Mt m Fd gt e
RICCHO  ackghACTT T I

Hamiltonian Path Problem

» Input: a graph, start vertex and end
vertex

» Qutput: either a path from start to end
that touches each vertex in the graph
exactly once, or I'.-:llse indicating no such

path exists
whart: CHO! HO ERNT
crd: BT How hard is the
Hamiltoeian
== problem?
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Encoding The Problem
» Each city nudeotide sequence binds with
its complement (A« T, G «C):
CHO: CHO, = aCTT CHO, = gcag

CHO™: TGAR cgtc
RIC: TOoRGactg

RIC: ACCChgac
[AD: GoCTabgt ITADY = DOGAtaca
BWl: GATCtora BWI = CTAGaggr
« Mix up all the link and complement DNA

strands — they will bind to show a path!
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Path Binding

CH LADY RIC” E'l."nl'.l
TEAARMECDCGAL aca’klTLga
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Getting the Solution

» Extract DNA strands starting with CHO and
ending with BWI
— Easy way is to remove all strands that do not
start with CHO, and then remove all strands
that do not end with BWI
» Measure remaining strands to find ones
with the right weight {7 * 8 nudeotides)
» Read the sequence from one of thess
shrands
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