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Part I Geometry


















































































Def A Space M is a manifold iff PEM

open set N containing P and a map

U 9 EIR

s t
i is invertible

is a

ii is continuous homeomorphism

iii is continuous

Intuition M looks like IR at least locally
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Ex

M AE IR 1 A invertible

GLLN.IR the General

i.iniid

Claim

GLCN.IR is both a group and a manifold

That is GLIMIR is a Liefroup


















































































P fM

IRIisamanifoldi.IR
112m

112 a manifold

det 112 IR is continuous

GLLn.IR det IR1Eo

GLIMIR is open subset of 112

Open subset of Manifold is itself a manifold Ed


















































































Ex
M U.cc I UᵗU UUᵗ I

UCM

Thffitary
ee n

Claim n is a Lie group


















































































Vectors on Manifolds

Explicit APProach ImplicitAPProache
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Parallel Transport i e Proof the Earth is not Flat

1122 52

footage
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b c

yet M curved iff t to in all coordinate systems


















































































Def A geodesic is a curve 8 in M along which

the tangent vector to 8 is Parallel transported

so

to

I geodesic with coordinates 9C 0 08 then

1 Eric's O


















































































Def The Geodesiceration is

1 Iit O

Note This is n 2ⁿᵈ order ODEs so

specifying Kinitia and at

completely determines the Geodesic


















































































Def A Riemannian Manifold M is a manifold

equipped with a Riemannian metric 9 i e

a positive definite inner Product Ip for all

PEM

Def Given 8 0,1 M the Length of 8

is

Lafr tudou.SC dt

Claim Geodesics on a Riemannian manifold

have extremal length


















































































Part I Quantum Complexity


















































































Some Postulates of Quantum Mechanics

Let S be a quantum system

i state of s
14 cc

EX S Spin of an electron 14 Ect

14s 10 b spin down

14s 117 9 spin UP

14 10 1113 8 spin superposition


















































































Some Postulates of Quantum Mechanics

ii Probability 5 is

in state 12 KX 14,712

iii state evolution

of 5 from 14 10 214 NEUIN
to 10

est A new type of randomized computer


















































































Quantum Computation in a very Primitive Nutshell

S Quantum system

A 12s 125.27 12s e set of accept States

First evolve

14 É 14,7 2114

Then accept iff

Pr 10s EA E s 4s 2223


















































































Let L 0,13 Given c 0 137 do

104 7
1 1 T

114
10in

Then accept x iff

Pr first qubit of 14 is 1L x 73


















































































Caveat Need
noun

to be efficiently computable

Fact Like how V 1 is universal for

Boolean circuits Juniversal quantum gate

sets G

Solution Can write each Un as Product of

gates in G

Un gege.ir 9

If e Polycus then efficient
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Def Let G be a universal gate set

LEBQP

uniform Poly size family Un nein of

quantum circuits over G s t XE 0,1

Pr first tubit of U x is 1269

Q1 BPP BOP


















































































Idea Toward understanding BQP important to

understand optimally sized quantum

circuit families U Unbein

Def Given universal G and a family

Untnein define

Malan min e Un Ge 91,9 EG




















































Quantum Complexity

Part as

Geometry
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Recall U n is a Lie group and hence a

Manifold

Un



Def Let F be a Riemannian metric on Ucn

Define

dF I KJ Min

I and U

y

É



Thm.CNieisen ea.to

a metric F on U 2n St

i de I Un Malan

ii de I Un Poly n Ma Un Poly n

That is

i Geodesics lower bound circuit complexity

ii Poly size geodesics imply Poly size circuit

complexity



Let C 0,1 0,1 be optimal

Boolean circuit that computes f 0,1 0,1

Given only Part of C how do You

construct the rest of C

fi i

F 1 fed

In



Corollart very Roughly

As a geodesicwhi.ch obeys

II Eric O

is completely determined by initial

and dfftial it is Possible to determine

the optimal quantum circuit from just

its initial data



Thank You



Schrodinger equation

iHIHUCH

Impose cost FCHCH on Hamiltonian H

s.t F defines Riemannian geometry on

022nd similar to VQE5 minus the geometry


