
FACTORING

Learning Goals

Analyze a multi qubit algorithm
Become familiar with Shor's factoring algorithm most famous q alg
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Participation DiscussionTuesdayspsets
Exit Tickets if absent

Hype article unrelated to projectparty
Quantum Alg LearningTarget This Practice
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Quant Computers Factoring Breaks CryptoTo
Solve PeriodFinding As Period Finding Solves Factoring
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Public Key Crypto RSA
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Factoring reduces via number theory to period finding

Period FindingProblem

Input Query access to f 01112 N 13 0,112 W t

f has a period r unknown to you
no repeated values within a period
N r many repeats
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What is the classical query complexity of g
period finding
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Bits to Digits
Classically we code using base 10 not binary We'll do same
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If 137 is an N dimensional state how many qubits are

in the system
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Quantum Circuit for Period Finding
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Reminder U aili Ea U i

Δ Standard
basis
measurement

Measure entire state

14 Efax x Prob of outcome X is lax't

Partial measurement B system

Factor standard basis states of measured register
Collapse renormalize
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In Éjlx fix
Tn 107147 1719 127127 137113 147 127 15711

167 4 17 9 187127 197113 11071127 1117117
1127 4 1137197 1147127 1571137 1167 12 1771177

measure measure 13

197 collapse
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HOW TO REPRESENT THE COLLAPSED STATE
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After Uf
Tn 107147 1719 127127 137113 147 127 15711

167 4 17 9 187127 197113 11071127 1117117
1127 47 1137197 1147127 1571137 167 12 1771177

If measure outcome ly in 2ⁿᵈ register let b be

the value such that
f b y define bit

b is in the first period
If outcome is 110 what is b for above f
A 0 B 1 COS D No bt exists



In ÉÉlx f x

In 107147 1719 127127 137113 14 1127 15711
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In ÉÉlx fix
Tn 1 147 1719 12712 137113 14 1127 15711

16714 17 9 87127 1971137 1071127 1117117
1127 47 1137197 1147127 1571137 167 12 1771177

measure measure 13

197 collapse
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Add abs squared of amplitudes in this part
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Suppose measure outcome f b
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Factor out e2tiybyn
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Prob of outome y Feaibtylnfd.gg

Plugging in
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End result Final measurement of first
register will always result in

a multiple of
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PeriodFindingAlgoriths Shor's Algorithm

Run 2 times
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Query Compexity of Period Finding

Classical OE
Quantum OCI
Time complexity of Factoring
Quantum logan Nearly Exponential
Circuit used to factor N Speedup
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Pesky Detail

We looked at prob of y 1

But if IN
y
is a fraction see pset


