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Icom punting and lgonhus

1
Thecircurtmode.la

asscacmputaton

Useofclassical computers abstractly

Solveproblems compute functions

f 20,13 20 13!!

1 x1 a to f xm Xn

The fact depends on the problems we

want to solve I encodes the Place oftheproblem

Eg Problem multiplier a b a b

1 11,1 16 41
encoded in binary
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Problem Factoritat

integer ft i lot of prime factors

suitably encoded

Each problem is encoded by a family of

functions f f 0,15 20,13M with

a poly u h CCN one for each reput site

a m grows
at most polynominally with u

technically Fa o s th o

Technical port It must be prostate to construct

the functions f
G

systematically and efficiently
9

see Later

equals
do we need to compute a

a f
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i f 10,13 20,13m

f x f G tall fuk

where fuk 20,13 20,13

can restrict analysis to booleantrenchers

f 20,17 2913

Iii Define L 241117111 27173 ye

Define Ey x

0 5 I y

1 j I y Stuse
equality

Then FK Ey k v Ey e v u dyed

v logical q
O v0 0

Or I A
o false

y v o 1

a true
r v 1 1

u is associative

a v b u c arb ve a v she

and cake a vb bra
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iii Define bitwise 8

dyk f I
y

Then

Iyle dy Kil n dy kn n r n Pyaku

n n Logical and 0 no o

O false
or I 0

I true
1 no o

l r l 1

n is associative cowcueutehre j

n d v are dishitutire

ar b re ane v bae

tu essence same rules as a o v t

n

dy x

it y z

!
I y

o
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1
logical not i 70 e

T 1 0

fir

Ahoy flat cause constructed from 4chfredreet

and or not gates

plus a copy gate x Cx x

This is called a eset

Notes In fact already either 7 x ny head

or n x vy
nor are universal together

with copy

Thisgives rise to the

circuit model of computation

The Leuchars f f
G which we can compute

are constructed by conca gaksfrom a

Chapter III, pg 5
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simple univalgate set e.g
and or not copy

sequentially in time i.e there are no loops

allowed Thisgives rise to a ct for7!!

The difficulty companhares of

a problem in the circuit model is measured by

the reunter Kla of elementarygates needed

to compute flu I of time steps

We often distinguishtwo qualitatively different regimes

K n poly e efficiently solvable IP

easyproke

Kla poly a e.g
Klm exp ut

hardprofe

Technicalcote We must impose that the circuits
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used for flu are uniform i e they can be

generated efficiently e
g by a simple in independen

computer program More formally flat should be

generated by a Turing machine

Emple

Emr
Efficient

1 01 10 e

ins

ee 0 c gate

factorization

Eg Sieve of Erathostenes

20,13 try about 125 2 cases

hard exp scaling

No efficientalgorithm
know
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Is a typicalprobley ease

f 10,15 Lois

of defeat f 2 KI
T of inputs

fun 19 forFifa
u

But there are only qP
circuits of

length poly14
g elem gates

D As u gets large most fcaeee.UAbe computed

efficiently lie ink poly a operations

Does the computehoralpowerf depend on the yakset

NI By defreiha any
universalgate set can

simulate any other gate set with constant

overhead
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Reueaki there is a wide range ofalternative models

of computation some more and some less realistic

CPU

parallel computers

Tunny machines tape readtrite head

cellular automata

a and lots of exotic weasels

Duty All known reasonable models of computation

can simulate each other vile polyle overhead

same computational power on the sense

above

ur Reeks AM reasonable models

of computation have the dome computationalpower
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bReversilecircuits

Forquantum computing coming
soon we will

use the circuit model

Gates will be replaced by cars

But Unitaries are reversible

while Cletus and or are irreversible

Couldsuch a model even do classical computations

i e can we find a universal fate set with

only reversiblegates

YES Clascompute can te mov

IF
Foliate y y

z
toxy

also assoc XOR addition mod 2

REF.IT Efolike v

Chapter III, pg 10



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Toffoligate is reversible

it is its own inverse since faxg
to

x.y
Z

Toffoligate can simulate and or not copy

by using
ancillas m state 0 or 1

Ef x x

i i FITok.gnk.rso 1

copyte nad

D gives
reversible universal gate set

but requires anallas

This can be used to comprayf eversky

using
ancillas with essentially the same of gates

f x y 1 e y

bitwise Xor
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