
FACTORING

Learning Goals

Analyze a multi qubit algorithm
Become familiar with Shor's factoring algorithm most famous q alg

Announcements
TodayCheck In

Project Proposal grace period until Thurs
12Thurs

Participation all but 4 pset self assessments
11 13 exam evening in class

Winter Term 3 CS electives
Phil 1023 Ethics of AI and Alg



Public Key Crypto RSA
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Secret message
me 0,19 direct

Eve has access to Mikpubifig NaccessiM.kpr
If she could solve a hardmathproblemI M

factoring a large number

6701128736 axb

digits 100K for 308 digit
200K prize 250 digit

QuantumcomputescantientyTIII



c
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

ex
we it_

no one go

iii ftp.y

Output r



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

011 3 Standard Basis States
10117 137 1007,1017 1071113

249
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Ambiguity
137 11

Ifdimsional

Eight El
13 1011
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13 1000011

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



Group Exercise Analyze
registers

Tim art
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For the following example what does state collapse to if
outcome is 147 If outcome is 197 What is pattern if

get outcome f br 6
W
t

fly

É
Pronouns option
1 Stressor

50812
I joy
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Tn 1 147 1719 12712 1371137 147 127 15711
167 4 17 9 187127 197113 11071127 1117117
1127 4 1137197 1147127 1571137 167 12 1771177
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Suppose measure outcome If b Énput that gives us
1 f b where b is
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Plugging In
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Probability of Outcome 127 amplitude of 12 7
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Geometric Series Formula
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PeriodFindingAlgoriths Shor's Algorithm

Run 2 times

Z NIYim QFT
up

QFT If
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Find it
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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

m If QFT
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Pesky Detail

We looked at prob of 2 KY

But if IN 2
t
is a fraction see pset


