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Recap

States

Transformations

Composition

Observation
(measurement)

| i 2 HUnit vectors in a  
complex vector space

Unitary operations

Tensor product

|| i|2 = 1

HAB = HA ⌦HB

UU† = U †U = I

Orthonormal bases {|xi}, x 2 {0, 1}N



Recap

H|0i = |+i H|1i = |�i

X|0i = |1i X|1i = |0iX

H

CNOT |xi|yi = |xi|x� yi

Uf

Uf |xi|yi = |xi|y � f(x)i

for some
f : {0, 1}N ! {0, 1}



Recap

Deutsch-Josza problem and algorithm

Is it constant or balanced?

f : {0, 1}N ! {0, 1}

|0i⌦N
H

⌦N

H|1i
Uf

H
⌦N

H

Measure first N qubits
If all zeroes, then function is constant,  

otherwise balanced



Generalising the function gate

Uf |xi|yi = |xi|y � f(x)i

What about f : {0, 1}N ! {0, 1}M ?

Uf

|xi

|yi

|xi

|y � f(x)i

N qubits

M qubits

We’ll only consider functions of the form

f : {0, 1}N ! {0, 1}N



Simon’s problem

f : {0, 1}N ! {0, 1}N
Consider a function of the form

that is promised to be either 1-to-1  
or 2-to-1 and periodic

8x1, x2 2 {0, 1}N , f(x1) = f(x2) () x1 = x2

9s 2 {0, 1}N , s 6= 0N , 8x1, x2 2 {0, 1}N , x1 6= x2,

f(x1) = f(x2) () x1 = x2 � s

1-to-1

2-to-1 with period s



Simon’s problem

f : {0, 1}N ! {0, 1}N
Consider a function of the form

that is promised to be either 1-to-1  
or 2-to-1 and periodic

8x1, x2 2 {0, 1}N , f(x1) = f(x2) () x1 = x2

9s 2 {0, 1}N , s 6= 0N , 8x1, x2 2 {0, 1}N , x1 6= x2,
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Simon function



Simon’s problem

f : {0, 1}N ! {0, 1}N
Consider a function of the form

that is promised to be either 1-to-1  
or 2-to-1 and periodic

8x1, x2 2 {0, 1}N , f(x1) = f(x2) () x1 = x2

9s 2 {0, 1}N , s 6= 0N , 8x1, x2 2 {0, 1}N , x1 6= x2,

f(x1) = f(x2) () x1 = x2 � s

1-to-1

Determine the function’s type!

Simon function



Simon’s problem

Some examples first…

8x 2 {0, 1}N , f(x) = x

This is a 1-to-1 function

This is a Simon function

Take N = 2

8x 2 {0, 1}N , g(x) = g(x� 1N ) = min(x, x� 1N )

f(00) = 00 f(01) = 01
f(10) = 10 f(11) = 11

g(00) = 00 g(01) = 01
g(10) = 01 g(11) = 00



Simon’s problem

Some examples first…

8x 2 {0, 1}N , f(x) = x

This is a 1-to-1 function

This is a Simon function

Take N = 2

8x 2 {0, 1}N , g(x) = g(x� 1N ) = min(x, x� 1N )

f(00) = 00 f(01) = 01
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Simon’s problem
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s = 010

1-to-1 function

Essentially just a 
permutation

Simon function



Simon’s problem

We’re going to solve this by trying to find a collision

(x, y) with x 6= y, f(x) = f(y)

Finding a collision means the function is a Simon function

Otherwise, it’s 1-to-1

How many queries classically, deterministically?
2N�1 + 1

Probabilistic vs quantum



Finding collisions

Say we have a 2-to-1 function

How many queries to find a collision  
with high probability? (say > 2/3)

M = 2NLet 
How many collision pairs are there?



Finding collisions

Say we have a 2-to-1 function
M = 2NLet 

How many collision pairs are there?
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Finding collisions

Say we have a 2-to-1 function
M = 2NLet 

How many collision pairs are there?
M/2

Take k (different) random values from {0, 1}N
✓
k

2

◆
=

k(k � 1)

2
There will be different pairs

What is the probability of finding a collision?

⇡ k(k � 1)

M



Finding collisions

What is the probability of finding a collision?

⇡ k(k � 1)

M

We want this to be large

So we take k = O(
p
M)

Thus, we will need on the order of         queries2N/2

Birthday paradox

Can be shown that this is optimal



Simon’s algorithm

What about quantumly?

Let’s start by creating a superposition of all inputs

|0i⌦N
H

⌦N

Uf

|0i⌦N

1

2N/2

X

x2{0,1}N

|xi|f(x)i

Suppose the function is a Simon function

What happens if we measure the second register?



Simon’s algorithm

1

2N/2

X

x2{0,1}N

|xi|f(x)i

|0i⌦N
H

⌦N

Uf

|0i⌦N

|ziSuppose the measurement outcome is 
What will the first register be?

1p
2
(|x1i+ |x2i) x1 = x2 � s, f(x1) = f(x2) = zsuch that



Simon’s algorithm

1p
2
(|x1i+ |x2i) H

⌦N

A useful identity

Where…

x · y = x1y1 � x2y2 � ...� xNyN

H
⌦N |xi = 1

2N/2

X

y2{0,1}N

(�1)x·y|yi
<latexit sha1_base64="XaiQNJiOfVM1BfeI+y2JLtBgNYc="></latexit><latexit sha1_base64="XaiQNJiOfVM1BfeI+y2JLtBgNYc="></latexit><latexit sha1_base64="XaiQNJiOfVM1BfeI+y2JLtBgNYc="></latexit><latexit sha1_base64="XaiQNJiOfVM1BfeI+y2JLtBgNYc="></latexit>



Simon’s algorithm

1p
2
(|x1i+ |x2i) H

⌦N

Before measurement, the state will be

x2 = x1 � s

1

2(N+1)/2

X

y2{0,1}N

((�1)x1·y + (�1)x2·y)|yi

1

2(N+1)/2

X

y2{0,1}N

((�1)x1·y + (�1)x1·y�s·y)|yi



Simon’s algorithm

1p
2
(|x1i+ |x2i) H

⌦N

1

2(N+1)/2

X

y2{0,1}N

((�1)x1·y + (�1)x1·y�s·y)|yi

1

2(N+1)/2

X

y2{0,1}N

(�1)x1·y(1 + (�1)s·y)|yi

The only y’s we can get are those for which

s · y = 0



Simon’s algorithm

To recap, for a Simon function…

|0i⌦N
H

⌦N

Uf

|0i⌦N

H
⌦N

We obtain y, such that  s · y = 0

Do it again, and again, and again…
y1, y2, ...yk

y11s
1 � y21s

2 � ...� yN1 sN = 0

y12s
1 � y22s

2 � ...� yN2 sN = 0

y1ks
1 � y2ks

2 � ...� yNk sN = 0
· · ·



Simon’s algorithm

y11s
1 � y21s

2 � ...� yN1 sN = 0

y12s
1 � y22s

2 � ...� yN2 sN = 0

y1ks
1 � y2ks

2 � ...� yNk sN = 0
· · ·

Can be shown that if we do this O(k) times 
whp we will get k linearly independent equations

Do it O(N) times!

Solve the system

We’ve found s, with only O(N) queries!



Simon’s algorithm

When we have a Simon function we will 
find s whp

When we have a 1-to-1 function, we will  
just get random y’s

Hence, we will get a random s

We only need to check whether
f(0N ) = f(s)

If so, then algorithm says it’s a Simon function 
otherwise, 1-to-1 function



Simon’s algorithm

Once again, the key was interference

1

2(N+1)/2

X

y2{0,1}N

(�1)x1·y(1 + (�1)s·y)|yi

Perfect destructive interference when s · y = 1

Perfect constructive interference when s · y = 0

Interference reveals structure about s

Like finding the period of a diffraction grating



Let’s break some classical crypto!



Public-key cryptography



Public-key cryptography

I want to buy



Public-key cryptography
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Public-key cryptography

I want to buy



Public-key cryptography

I want to buy



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>

S = Enc(PK,Card details)
<latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit>



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>

S = Enc(PK,Card details)
<latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit>

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>

S = Enc(PK,Card details)
<latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit>

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>

Dec(SK,S) ! Card details
<latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit>



Public-key cryptography

I want to buy

(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>



Public-key cryptography

Many public-key crypto systems

RSA, El Gamal, ECC, lattice-based

All of them are based on the computational 
hardness of certain problems

For the attacker to find SK he would have to 
solve a “hard problem”

Factoring, computing the discrete logarithm, 
learning with errors



Factoring

Input: n = p · q
p, q prime numbers

Output: (p, q)

“The problem of distinguishing prime numbers from 
composite numbers and of resolving the latter into 
their prime factors is known to be one of the most 

important and useful in arithmetic” 
Carl Friedrich Gauss

Note that the number of bits required to represent 
our input is
N = log(n)



Factoring

Classical approaches

Naive approach: try all factors O(
p
n) = O(2N/2)

Pollard’s rho algorithm 
(uses birthday paradox)

2O( 3p
N)General number field sieve

Sub-exponential time, but still inefficient

No known classical poly-time algorithm

But we have a quantum algorithm, due to Peter Shor

O(2N/4)



Some group theoretic preliminaries

Integers co-prime with n form a group under multiplication

G = {x 2 Z|x > 0, lcd(x, n) = 1}

n = p · qFor Euler showed that

|G| = (p� 1)(q � 1)

Knowing the order of the group and n 
lets us find p, q

Goal: find the order of G



Some group theoretic preliminaries

Let g 2 G

gk mod n = 1Smallest k such that is called the order of g

Lagrange showed that the order of an element always 
divides the order of the group

Idea: take a bunch of group elements and compute 
the lcm of their orders

What will that be, with high probability?

|G|

A constant number of elements is sufficient



Factoring

We’ve reduced factoring to finding the order of an 
element in G

Order finding

Input: n = p · q, g

Output: k, s.t. gk mod n = 1smallest

Remember that N = log(n)

We want an algorithm that is polynomial in N



Shor’s algorithm

Idea and an anecdote

f : G ! G

f(x) = gx mod n

f(x) = f(x+ k)

Since gk mod n = 1

Find k!

Sound familiar?



Shor’s algorithm

Consider the state
X

x

|xi|f(x)i
<latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit>

What will the first register be?
|zi+ |z + ki+ |z + 2ki+ ...

<latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit>

Suppose we measure the second register and get |f(z)i
<latexit sha1_base64="G+ms4m2s+HJ62690B1/yLIis7LY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOepMhs7PrzGwgxnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLBzdRvDFFpHst7M0rQj2hP8pAzaqzkP4WlxzPSVlT2BHYKRbfszkCWiZeRImSodgpf7W7M0gilYYJq3fLcxPhjqgxnAif5dqoxoWxAe9iyVNIItT+eHT0hp1bpkjBWtqQhM/X3xJhGWo+iwHZG1PT1ojcV//NaqQmv/DGXSWpQsvmiMBXExGSaAOlyhcyIkSWUKW5vJaxPFWXG5pS3IXiLLy+T+nnZc8ve3UWxcp3FkYNjOIESeHAJFbiFKtSAwQM8wyu8OUPnxXl3PuatK042cwR/4Hz+AAw6kZ4=</latexit><latexit sha1_base64="G+ms4m2s+HJ62690B1/yLIis7LY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOepMhs7PrzGwgxnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLBzdRvDFFpHst7M0rQj2hP8pAzaqzkP4WlxzPSVlT2BHYKRbfszkCWiZeRImSodgpf7W7M0gilYYJq3fLcxPhjqgxnAif5dqoxoWxAe9iyVNIItT+eHT0hp1bpkjBWtqQhM/X3xJhGWo+iwHZG1PT1ojcV//NaqQmv/DGXSWpQsvmiMBXExGSaAOlyhcyIkSWUKW5vJaxPFWXG5pS3IXiLLy+T+nnZc8ve3UWxcp3FkYNjOIESeHAJFbiFKtSAwQM8wyu8OUPnxXl3PuatK042cwR/4Hz+AAw6kZ4=</latexit><latexit sha1_base64="G+ms4m2s+HJ62690B1/yLIis7LY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOepMhs7PrzGwgxnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLBzdRvDFFpHst7M0rQj2hP8pAzaqzkP4WlxzPSVlT2BHYKRbfszkCWiZeRImSodgpf7W7M0gilYYJq3fLcxPhjqgxnAif5dqoxoWxAe9iyVNIItT+eHT0hp1bpkjBWtqQhM/X3xJhGWo+iwHZG1PT1ojcV//NaqQmv/DGXSWpQsvmiMBXExGSaAOlyhcyIkSWUKW5vJaxPFWXG5pS3IXiLLy+T+nnZc8ve3UWxcp3FkYNjOIESeHAJFbiFKtSAwQM8wyu8OUPnxXl3PuatK042cwR/4Hz+AAw6kZ4=</latexit><latexit sha1_base64="G+ms4m2s+HJ62690B1/yLIis7LY=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOepMhs7PrzGwgxnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLBzdRvDFFpHst7M0rQj2hP8pAzaqzkP4WlxzPSVlT2BHYKRbfszkCWiZeRImSodgpf7W7M0gilYYJq3fLcxPhjqgxnAif5dqoxoWxAe9iyVNIItT+eHT0hp1bpkjBWtqQhM/X3xJhGWo+iwHZG1PT1ojcV//NaqQmv/DGXSWpQsvmiMBXExGSaAOlyhcyIkSWUKW5vJaxPFWXG5pS3IXiLLy+T+nnZc8ve3UWxcp3FkYNjOIESeHAJFbiFKtSAwQM8wyu8OUPnxXl3PuatK042cwR/4Hz+AAw6kZ4=</latexit>

For Simon we used: H⌦N |zi =
X

y

(�1)z·y|yi
<latexit sha1_base64="qNCIJeMogTGo+YWcdE0gOns4CY0="></latexit><latexit sha1_base64="qNCIJeMogTGo+YWcdE0gOns4CY0="></latexit><latexit sha1_base64="qNCIJeMogTGo+YWcdE0gOns4CY0="></latexit><latexit sha1_base64="qNCIJeMogTGo+YWcdE0gOns4CY0="></latexit>

Here, we’re going to use the 
 Quantum Fourier Transform (QFT)



Quantum Fourier Transform

Discrete Fourier Transform

DFT
<latexit sha1_base64="w6Fac7p3g6VFWfuA+seoGeS0CwA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNREY8V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ6oOBx3szzMwLEikMuu6XU1hZXVvfKG6WtrZ3dvfK+wctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4eua3H7k2IlYNnCTcj+hQiVAwilZ6uLlt9MsVt+rOQf4SLycVyFHvlz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4aWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqp5b9e7PK7WrPI4iHMExnIIHF1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAPLeI12</latexit><latexit sha1_base64="w6Fac7p3g6VFWfuA+seoGeS0CwA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNREY8V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ6oOBx3szzMwLEikMuu6XU1hZXVvfKG6WtrZ3dvfK+wctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4eua3H7k2IlYNnCTcj+hQiVAwilZ6uLlt9MsVt+rOQf4SLycVyFHvlz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4aWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqp5b9e7PK7WrPI4iHMExnIIHF1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAPLeI12</latexit><latexit sha1_base64="w6Fac7p3g6VFWfuA+seoGeS0CwA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNREY8V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ6oOBx3szzMwLEikMuu6XU1hZXVvfKG6WtrZ3dvfK+wctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4eua3H7k2IlYNnCTcj+hQiVAwilZ6uLlt9MsVt+rOQf4SLycVyFHvlz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4aWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqp5b9e7PK7WrPI4iHMExnIIHF1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAPLeI12</latexit><latexit sha1_base64="w6Fac7p3g6VFWfuA+seoGeS0CwA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNREY8V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ6oOBx3szzMwLEikMuu6XU1hZXVvfKG6WtrZ3dvfK+wctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4eua3H7k2IlYNnCTcj+hQiVAwilZ6uLlt9MsVt+rOQf4SLycVyFHvlz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4aWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqp5b9e7PK7WrPI4iHMExnIIHF1CDO6hDExgM4Qle4NWRzrPz5rwvWgtOPnMIv+B8fAPLeI12</latexit>

yj =
1p
M

MX

k=1

!jkxk

<latexit sha1_base64="YVmtzy49jC866/QI1OA7qqP83JU="></latexit><latexit sha1_base64="YVmtzy49jC866/QI1OA7qqP83JU="></latexit><latexit sha1_base64="YVmtzy49jC866/QI1OA7qqP83JU="></latexit><latexit sha1_base64="YVmtzy49jC866/QI1OA7qqP83JU="></latexit>

x1, x2, ...xM
<latexit sha1_base64="4v5RsaoZM/Z4USJhfMgxZN3ys+E=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxEW2IfxY0LRdz6JO58G6dtFtr6w8DHf87hnPn9hDOpbPvbKKytb2xuFbdLO7t7+wdm+bAl41QQ2iQxj0XHx5JyFtGmYorTTiIoDn1O2/7oelZvP1AhWRzdq0lC3RAPIhYwgpW2PLM89pwqGnu1KrIsS8OtZ1Zsy54LrYKTQwVyNTzzq9ePSRrSSBGOpew6dqLcDAvFCKfTUi+VNMFkhAe0qzHCIZVuNj99ik6100dBLPSLFJq7vycyHEo5CX3dGWI1lMu1mflfrZuq4NLNWJSkikZksShIOVIxmuWA+kxQovhEAyaC6VsRGWKBidJplXQIzvKXV6FVsxzbcu7OK/WrPI4iHMMJnIEDF1CHG2hAEwg8wjO8wpvxZLwY78bHorVg5DNH8EfG5w/hG5HM</latexit><latexit sha1_base64="4v5RsaoZM/Z4USJhfMgxZN3ys+E=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxEW2IfxY0LRdz6JO58G6dtFtr6w8DHf87hnPn9hDOpbPvbKKytb2xuFbdLO7t7+wdm+bAl41QQ2iQxj0XHx5JyFtGmYorTTiIoDn1O2/7oelZvP1AhWRzdq0lC3RAPIhYwgpW2PLM89pwqGnu1KrIsS8OtZ1Zsy54LrYKTQwVyNTzzq9ePSRrSSBGOpew6dqLcDAvFCKfTUi+VNMFkhAe0qzHCIZVuNj99ik6100dBLPSLFJq7vycyHEo5CX3dGWI1lMu1mflfrZuq4NLNWJSkikZksShIOVIxmuWA+kxQovhEAyaC6VsRGWKBidJplXQIzvKXV6FVsxzbcu7OK/WrPI4iHMMJnIEDF1CHG2hAEwg8wjO8wpvxZLwY78bHorVg5DNH8EfG5w/hG5HM</latexit><latexit sha1_base64="4v5RsaoZM/Z4USJhfMgxZN3ys+E=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxEW2IfxY0LRdz6JO58G6dtFtr6w8DHf87hnPn9hDOpbPvbKKytb2xuFbdLO7t7+wdm+bAl41QQ2iQxj0XHx5JyFtGmYorTTiIoDn1O2/7oelZvP1AhWRzdq0lC3RAPIhYwgpW2PLM89pwqGnu1KrIsS8OtZ1Zsy54LrYKTQwVyNTzzq9ePSRrSSBGOpew6dqLcDAvFCKfTUi+VNMFkhAe0qzHCIZVuNj99ik6100dBLPSLFJq7vycyHEo5CX3dGWI1lMu1mflfrZuq4NLNWJSkikZksShIOVIxmuWA+kxQovhEAyaC6VsRGWKBidJplXQIzvKXV6FVsxzbcu7OK/WrPI4iHMMJnIEDF1CHG2hAEwg8wjO8wpvxZLwY78bHorVg5DNH8EfG5w/hG5HM</latexit><latexit sha1_base64="4v5RsaoZM/Z4USJhfMgxZN3ys+E=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxEW2IfxY0LRdz6JO58G6dtFtr6w8DHf87hnPn9hDOpbPvbKKytb2xuFbdLO7t7+wdm+bAl41QQ2iQxj0XHx5JyFtGmYorTTiIoDn1O2/7oelZvP1AhWRzdq0lC3RAPIhYwgpW2PLM89pwqGnu1KrIsS8OtZ1Zsy54LrYKTQwVyNTzzq9ePSRrSSBGOpew6dqLcDAvFCKfTUi+VNMFkhAe0qzHCIZVuNj99ik6100dBLPSLFJq7vycyHEo5CX3dGWI1lMu1mflfrZuq4NLNWJSkikZksShIOVIxmuWA+kxQovhEAyaC6VsRGWKBidJplXQIzvKXV6FVsxzbcu7OK/WrPI4iHMMJnIEDF1CHG2hAEwg8wjO8wpvxZLwY78bHorVg5DNH8EfG5w/hG5HM</latexit>

y1, y2, ...yM
<latexit sha1_base64="BlCsnoSJxWRyWeqtqSXP1Q5aFeY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxECbGP4saFIm59Ene+jdM2C239YeDjP+dwzvx+wplUtv1tlNbWNza3ytuVnd29/QOzetiRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX9yPat3H6iQLI7uVZZQN8SjiAWMYKUtz6xmnlNHmdeoI8uyNNx6Zs227LnQKjgF1KBQyzO/BsOYpCGNFOFYyr5jJ8rNsVCMcDqtDFJJE0wmeET7GiMcUunm89On6FQ7QxTEQr9Iobn7eyLHoZRZ6OvOEKuxXK7NzP9q/VQFl27OoiRVNCKLRUHKkYrRLAc0ZIISxTMNmAimb0VkjAUmSqdV0SE4y19ehU7DcmzLuTuvNa+KOMpwDCdwBg5cQBNuoAVtIPAIz/AKb8aT8WK8Gx+L1pJRzBzBHxmfP+XEkc8=</latexit><latexit sha1_base64="BlCsnoSJxWRyWeqtqSXP1Q5aFeY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxECbGP4saFIm59Ene+jdM2C239YeDjP+dwzvx+wplUtv1tlNbWNza3ytuVnd29/QOzetiRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX9yPat3H6iQLI7uVZZQN8SjiAWMYKUtz6xmnlNHmdeoI8uyNNx6Zs227LnQKjgF1KBQyzO/BsOYpCGNFOFYyr5jJ8rNsVCMcDqtDFJJE0wmeET7GiMcUunm89On6FQ7QxTEQr9Iobn7eyLHoZRZ6OvOEKuxXK7NzP9q/VQFl27OoiRVNCKLRUHKkYrRLAc0ZIISxTMNmAimb0VkjAUmSqdV0SE4y19ehU7DcmzLuTuvNa+KOMpwDCdwBg5cQBNuoAVtIPAIz/AKb8aT8WK8Gx+L1pJRzBzBHxmfP+XEkc8=</latexit><latexit sha1_base64="BlCsnoSJxWRyWeqtqSXP1Q5aFeY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxECbGP4saFIm59Ene+jdM2C239YeDjP+dwzvx+wplUtv1tlNbWNza3ytuVnd29/QOzetiRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX9yPat3H6iQLI7uVZZQN8SjiAWMYKUtz6xmnlNHmdeoI8uyNNx6Zs227LnQKjgF1KBQyzO/BsOYpCGNFOFYyr5jJ8rNsVCMcDqtDFJJE0wmeET7GiMcUunm89On6FQ7QxTEQr9Iobn7eyLHoZRZ6OvOEKuxXK7NzP9q/VQFl27OoiRVNCKLRUHKkYrRLAc0ZIISxTMNmAimb0VkjAUmSqdV0SE4y19ehU7DcmzLuTuvNa+KOMpwDCdwBg5cQBNuoAVtIPAIz/AKb8aT8WK8Gx+L1pJRzBzBHxmfP+XEkc8=</latexit><latexit sha1_base64="BlCsnoSJxWRyWeqtqSXP1Q5aFeY=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFCUgRdFt24ESrYC7QhTKaTdujkwsxECbGP4saFIm59Ene+jdM2C239YeDjP+dwzvx+wplUtv1tlNbWNza3ytuVnd29/QOzetiRcSoIbZOYx6LnY0k5i2hbMcVpLxEUhz6nXX9yPat3H6iQLI7uVZZQN8SjiAWMYKUtz6xmnlNHmdeoI8uyNNx6Zs227LnQKjgF1KBQyzO/BsOYpCGNFOFYyr5jJ8rNsVCMcDqtDFJJE0wmeET7GiMcUunm89On6FQ7QxTEQr9Iobn7eyLHoZRZ6OvOEKuxXK7NzP9q/VQFl27OoiRVNCKLRUHKkYrRLAc0ZIISxTMNmAimb0VkjAUmSqdV0SE4y19ehU7DcmzLuTuvNa+KOMpwDCdwBg5cQBNuoAVtIPAIz/AKb8aT8WK8Gx+L1pJRzBzBHxmfP+XEkc8=</latexit>

! = e2⇡i/M
<latexit sha1_base64="JwrmV27AdLlyJ2rJeAeVD59M3i4=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInmpSBL0IRS9ehAr2A5pYNttJu3Q3CbsbocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZekHCmtON8WwuLS8srq4W14vrG5ta2vbPbUHEqKdRpzGPZCogCziKoa6Y5tBIJRAQcmsHgauw3H0AqFkd3epiAL0gvYiGjRBupY+97sYAewRcY7rMK9hKG2cnNqGOXnLIzAZ4nbk5KKEetY3953ZimAiJNOVGq7TqJ9jMiNaMcRkUvVZAQOiA9aBsaEQHKzyb3j/CRUbo4jKWpSOOJ+nsiI0KpoQhMpyC6r2a9sfif1051eO5nLEpSDRGdLgpTjnWMx2HgLpNANR8aQqhk5lZM+0QSqk1kRROCO/vyPGlUyq5Tdm9PS9XLPI4COkCH6Bi56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtXbDymT30B9bnD9lIlLA=</latexit><latexit sha1_base64="JwrmV27AdLlyJ2rJeAeVD59M3i4=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInmpSBL0IRS9ehAr2A5pYNttJu3Q3CbsbocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZekHCmtON8WwuLS8srq4W14vrG5ta2vbPbUHEqKdRpzGPZCogCziKoa6Y5tBIJRAQcmsHgauw3H0AqFkd3epiAL0gvYiGjRBupY+97sYAewRcY7rMK9hKG2cnNqGOXnLIzAZ4nbk5KKEetY3953ZimAiJNOVGq7TqJ9jMiNaMcRkUvVZAQOiA9aBsaEQHKzyb3j/CRUbo4jKWpSOOJ+nsiI0KpoQhMpyC6r2a9sfif1051eO5nLEpSDRGdLgpTjnWMx2HgLpNANR8aQqhk5lZM+0QSqk1kRROCO/vyPGlUyq5Tdm9PS9XLPI4COkCH6Bi56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtXbDymT30B9bnD9lIlLA=</latexit><latexit sha1_base64="JwrmV27AdLlyJ2rJeAeVD59M3i4=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInmpSBL0IRS9ehAr2A5pYNttJu3Q3CbsbocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZekHCmtON8WwuLS8srq4W14vrG5ta2vbPbUHEqKdRpzGPZCogCziKoa6Y5tBIJRAQcmsHgauw3H0AqFkd3epiAL0gvYiGjRBupY+97sYAewRcY7rMK9hKG2cnNqGOXnLIzAZ4nbk5KKEetY3953ZimAiJNOVGq7TqJ9jMiNaMcRkUvVZAQOiA9aBsaEQHKzyb3j/CRUbo4jKWpSOOJ+nsiI0KpoQhMpyC6r2a9sfif1051eO5nLEpSDRGdLgpTjnWMx2HgLpNANR8aQqhk5lZM+0QSqk1kRROCO/vyPGlUyq5Tdm9PS9XLPI4COkCH6Bi56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtXbDymT30B9bnD9lIlLA=</latexit><latexit sha1_base64="JwrmV27AdLlyJ2rJeAeVD59M3i4=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInmpSBL0IRS9ehAr2A5pYNttJu3Q3CbsbocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZekHCmtON8WwuLS8srq4W14vrG5ta2vbPbUHEqKdRpzGPZCogCziKoa6Y5tBIJRAQcmsHgauw3H0AqFkd3epiAL0gvYiGjRBupY+97sYAewRcY7rMK9hKG2cnNqGOXnLIzAZ4nbk5KKEetY3953ZimAiJNOVGq7TqJ9jMiNaMcRkUvVZAQOiA9aBsaEQHKzyb3j/CRUbo4jKWpSOOJ+nsiI0KpoQhMpyC6r2a9sfif1051eO5nLEpSDRGdLgpTjnWMx2HgLpNANR8aQqhk5lZM+0QSqk1kRROCO/vyPGlUyq5Tdm9PS9XLPI4COkCH6Bi56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtXbDymT30B9bnD9lIlLA=</latexit>

Now imagine the x’s are amplitudes

QFT

 
MX

k=1

xk|ki
!

=
MX

k=1

yk|ki
<latexit sha1_base64="gSpWb3XWCYGYdqMof3FtGQXM5zM="></latexit><latexit sha1_base64="gSpWb3XWCYGYdqMof3FtGQXM5zM="></latexit><latexit sha1_base64="gSpWb3XWCYGYdqMof3FtGQXM5zM="></latexit><latexit sha1_base64="gSpWb3XWCYGYdqMof3FtGQXM5zM="></latexit>

QFT |zi =
X

y

!zy|yi
<latexit sha1_base64="BRmGh+k/U4p3OQahzh1pe9vY2W4=">AAACF3icbVDLSsNAFJ34tr6iLt0MFsFVSUTQjVAUxKWCfUATy2R6mw6dmYSZiRBj/8KNv+LGhSJudeffOH0Ivg5cOJxzL/feE6WcaeN5H87U9Mzs3PzCYmlpeWV1zV3fqOskUxRqNOGJakZEA2cSaoYZDs1UARERh0bUPxn6jWtQmiXy0uQphILEknUZJcZKbbdycXqJb29woIiMOeAjHOhMtHMcJAJiclXc5AN8m3/5bbfsVbwR8F/iT0gZTXDedt+DTkIzAdJQTrRu+V5qwoIowyiHQSnINKSE9kkMLUslEaDDYvTXAO9YpYO7ibIlDR6p3ycKIrTORWQ7BTE9/dsbiv95rcx0D8OCyTQzIOl4UTfj2CR4GBLuMAXU8NwSQhWzt2LaI4pQY6Ms2RD83y//JfW9iu9V/Iv9cvV4EscC2kLbaBf56ABV0Rk6RzVE0R16QE/o2bl3Hp0X53XcOuVMZjbRDzhvnx3An0s=</latexit><latexit sha1_base64="BRmGh+k/U4p3OQahzh1pe9vY2W4=">AAACF3icbVDLSsNAFJ34tr6iLt0MFsFVSUTQjVAUxKWCfUATy2R6mw6dmYSZiRBj/8KNv+LGhSJudeffOH0Ivg5cOJxzL/feE6WcaeN5H87U9Mzs3PzCYmlpeWV1zV3fqOskUxRqNOGJakZEA2cSaoYZDs1UARERh0bUPxn6jWtQmiXy0uQphILEknUZJcZKbbdycXqJb29woIiMOeAjHOhMtHMcJAJiclXc5AN8m3/5bbfsVbwR8F/iT0gZTXDedt+DTkIzAdJQTrRu+V5qwoIowyiHQSnINKSE9kkMLUslEaDDYvTXAO9YpYO7ibIlDR6p3ycKIrTORWQ7BTE9/dsbiv95rcx0D8OCyTQzIOl4UTfj2CR4GBLuMAXU8NwSQhWzt2LaI4pQY6Ms2RD83y//JfW9iu9V/Iv9cvV4EscC2kLbaBf56ABV0Rk6RzVE0R16QE/o2bl3Hp0X53XcOuVMZjbRDzhvnx3An0s=</latexit><latexit sha1_base64="BRmGh+k/U4p3OQahzh1pe9vY2W4=">AAACF3icbVDLSsNAFJ34tr6iLt0MFsFVSUTQjVAUxKWCfUATy2R6mw6dmYSZiRBj/8KNv+LGhSJudeffOH0Ivg5cOJxzL/feE6WcaeN5H87U9Mzs3PzCYmlpeWV1zV3fqOskUxRqNOGJakZEA2cSaoYZDs1UARERh0bUPxn6jWtQmiXy0uQphILEknUZJcZKbbdycXqJb29woIiMOeAjHOhMtHMcJAJiclXc5AN8m3/5bbfsVbwR8F/iT0gZTXDedt+DTkIzAdJQTrRu+V5qwoIowyiHQSnINKSE9kkMLUslEaDDYvTXAO9YpYO7ibIlDR6p3ycKIrTORWQ7BTE9/dsbiv95rcx0D8OCyTQzIOl4UTfj2CR4GBLuMAXU8NwSQhWzt2LaI4pQY6Ms2RD83y//JfW9iu9V/Iv9cvV4EscC2kLbaBf56ABV0Rk6RzVE0R16QE/o2bl3Hp0X53XcOuVMZjbRDzhvnx3An0s=</latexit><latexit sha1_base64="BRmGh+k/U4p3OQahzh1pe9vY2W4=">AAACF3icbVDLSsNAFJ34tr6iLt0MFsFVSUTQjVAUxKWCfUATy2R6mw6dmYSZiRBj/8KNv+LGhSJudeffOH0Ivg5cOJxzL/feE6WcaeN5H87U9Mzs3PzCYmlpeWV1zV3fqOskUxRqNOGJakZEA2cSaoYZDs1UARERh0bUPxn6jWtQmiXy0uQphILEknUZJcZKbbdycXqJb29woIiMOeAjHOhMtHMcJAJiclXc5AN8m3/5bbfsVbwR8F/iT0gZTXDedt+DTkIzAdJQTrRu+V5qwoIowyiHQSnINKSE9kkMLUslEaDDYvTXAO9YpYO7ibIlDR6p3ycKIrTORWQ7BTE9/dsbiv95rcx0D8OCyTQzIOl4UTfj2CR4GBLuMAXU8NwSQhWzt2LaI4pQY6Ms2RD83y//JfW9iu9V/Iv9cvV4EscC2kLbaBf56ABV0Rk6RzVE0R16QE/o2bl3Hp0X53XcOuVMZjbRDzhvnx3An0s=</latexit>



Shor’s algorithm

|zi+ |z + ki+ |z + 2ki+ ...
<latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit><latexit sha1_base64="V1JenUCA8Yg63gzVHcgMDAGRmBU=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARhMIwUwVdFt24rGAv0A4lk562oZnMkGSEOvZB3Pgqblwo4saF4NuYtrOorT8E/nznHJLzBzFnSrvuj5VbWV1b38hvFra2d3b37P2DuooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AiG15N64x6kYpG406MY/JD0BesxSrRBHfvs8QG3JRF9DriEzaWEh4ugPE8cx+nYRddxp8LLxstMEWWqduyvdjeiSQhCU06UanlurP2USM0oh3GhnSiICR2SPrSMFSQE5afT5cb4xJAu7kXSHKHxlM5PpCRUahQGpjMkeqAWaxP4X62V6N6lnzIRJxoEnT3USzjWEZ4khbtMAtV8ZAyhkpm/YjogklBt8iyYELzFlZdNvex4ruPdnhcrV1kceXSEjtEp8tAFqqAbVEU1RNETekFv6N16tl6tD+tz1pqzsplD9EfW9y/jb54T</latexit>

What happens if we apply QFT on the state

X

y

(!zy + !(z+k)y + !(z+2k)y + ...)|yi
<latexit sha1_base64="0QAm9WW0i0Xluo49P+tdY+zw4d4="></latexit><latexit sha1_base64="0QAm9WW0i0Xluo49P+tdY+zw4d4="></latexit><latexit sha1_base64="0QAm9WW0i0Xluo49P+tdY+zw4d4="></latexit><latexit sha1_base64="0QAm9WW0i0Xluo49P+tdY+zw4d4="></latexit> X

y

!zy(1 + !ky + !2ky + ...)|yi
<latexit sha1_base64="dHzw1veXojDfbKwtZAfJjnPdvwE=">AAACL3icbVDLSgMxFM34rPU16tJNsAiKMMwUQZdFQVxWsFVo65BJb2tokhmSjDCO/SM3/ko3Ioq49S9MH4qvC4Fzz7mHm3uihDNtfP/JmZqemZ2bLywUF5eWV1bdtfW6jlNFoUZjHqvLiGjgTELNMMPhMlFARMThIuodD/WLG1CaxfLcZAm0BOlK1mGUGEuF7klTpyLMcDMW0CVX+W3Wxzs4wHtfTM8ye59NedRhz/PwLr7D1qeI7HII3ZLv+aPCf0EwASU0qWroDprtmKYCpKGcaN0I/MS0cqIMoxz6xWaqISG0R7rQsFASAbqVj+7t423LtHEnVvZJg0fsd0dOhNaZiOykIOZa/9aG5H9aIzWdw1bOZJIakHS8qJNybGI8DA+3mQJqeGYBoYrZv2J6TRShxkZctCEEv0/+C+plL/C94Gy/VDmaxFFAm2gL7aAAHaAKOkVVVEMU3aMBekYvzoPz6Lw6b+PRKWfi2UA/ynn/AJnBpuU=</latexit><latexit sha1_base64="dHzw1veXojDfbKwtZAfJjnPdvwE=">AAACL3icbVDLSgMxFM34rPU16tJNsAiKMMwUQZdFQVxWsFVo65BJb2tokhmSjDCO/SM3/ko3Ioq49S9MH4qvC4Fzz7mHm3uihDNtfP/JmZqemZ2bLywUF5eWV1bdtfW6jlNFoUZjHqvLiGjgTELNMMPhMlFARMThIuodD/WLG1CaxfLcZAm0BOlK1mGUGEuF7klTpyLMcDMW0CVX+W3Wxzs4wHtfTM8ye59NedRhz/PwLr7D1qeI7HII3ZLv+aPCf0EwASU0qWroDprtmKYCpKGcaN0I/MS0cqIMoxz6xWaqISG0R7rQsFASAbqVj+7t423LtHEnVvZJg0fsd0dOhNaZiOykIOZa/9aG5H9aIzWdw1bOZJIakHS8qJNybGI8DA+3mQJqeGYBoYrZv2J6TRShxkZctCEEv0/+C+plL/C94Gy/VDmaxFFAm2gL7aAAHaAKOkVVVEMU3aMBekYvzoPz6Lw6b+PRKWfi2UA/ynn/AJnBpuU=</latexit><latexit sha1_base64="dHzw1veXojDfbKwtZAfJjnPdvwE=">AAACL3icbVDLSgMxFM34rPU16tJNsAiKMMwUQZdFQVxWsFVo65BJb2tokhmSjDCO/SM3/ko3Ioq49S9MH4qvC4Fzz7mHm3uihDNtfP/JmZqemZ2bLywUF5eWV1bdtfW6jlNFoUZjHqvLiGjgTELNMMPhMlFARMThIuodD/WLG1CaxfLcZAm0BOlK1mGUGEuF7klTpyLMcDMW0CVX+W3Wxzs4wHtfTM8ye59NedRhz/PwLr7D1qeI7HII3ZLv+aPCf0EwASU0qWroDprtmKYCpKGcaN0I/MS0cqIMoxz6xWaqISG0R7rQsFASAbqVj+7t423LtHEnVvZJg0fsd0dOhNaZiOykIOZa/9aG5H9aIzWdw1bOZJIakHS8qJNybGI8DA+3mQJqeGYBoYrZv2J6TRShxkZctCEEv0/+C+plL/C94Gy/VDmaxFFAm2gL7aAAHaAKOkVVVEMU3aMBekYvzoPz6Lw6b+PRKWfi2UA/ynn/AJnBpuU=</latexit><latexit sha1_base64="dHzw1veXojDfbKwtZAfJjnPdvwE=">AAACL3icbVDLSgMxFM34rPU16tJNsAiKMMwUQZdFQVxWsFVo65BJb2tokhmSjDCO/SM3/ko3Ioq49S9MH4qvC4Fzz7mHm3uihDNtfP/JmZqemZ2bLywUF5eWV1bdtfW6jlNFoUZjHqvLiGjgTELNMMPhMlFARMThIuodD/WLG1CaxfLcZAm0BOlK1mGUGEuF7klTpyLMcDMW0CVX+W3Wxzs4wHtfTM8ye59NedRhz/PwLr7D1qeI7HII3ZLv+aPCf0EwASU0qWroDprtmKYCpKGcaN0I/MS0cqIMoxz6xWaqISG0R7rQsFASAbqVj+7t423LtHEnVvZJg0fsd0dOhNaZiOykIOZa/9aG5H9aIzWdw1bOZJIakHS8qJNybGI8DA+3mQJqeGYBoYrZv2J6TRShxkZctCEEv0/+C+plL/C94Gy/VDmaxFFAm2gL7aAAHaAKOkVVVEMU3aMBekYvzoPz6Lw6b+PRKWfi2UA/ynn/AJnBpuU=</latexit>

If we measure this state, probability of seeing y is
������

X

j

!jky

������

2

<latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit>
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<latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit>

When       !ky = 1
<latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit>

the sum is maximal

What about the other cases?
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<latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit>

!ky
<latexit sha1_base64="RVwrhPdEorkv6/PhjK1/cL4NNRY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2a5idTJIh81hmeoVlyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbE8sEV6wFHATrJoYRGQvWiSe3M7/zxIzlWj1AlrBIkpHiQ04JOCnsaclG5DGfZNN+tebX/TnwKgkKUkMFmv3qV2+gaSqZAiqItWHgJxDlxACngk0rvdSyhNAJGbHQUUUks1E+P3mKz5wywENtXCnAc/X3RE6ktZmMXackMLbL3kz8zwtTGF5HOVdJCkzRxaJhKjBoPPsfD7hhFETmCKGGu1sxHRNDKLiUKi6EYPnlVdK+qAd+Pbi/rDVuijjK6ASdonMUoCvUQHeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/uUCRhw==</latexit><latexit sha1_base64="RVwrhPdEorkv6/PhjK1/cL4NNRY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2a5idTJIh81hmeoVlyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbE8sEV6wFHATrJoYRGQvWiSe3M7/zxIzlWj1AlrBIkpHiQ04JOCnsaclG5DGfZNN+tebX/TnwKgkKUkMFmv3qV2+gaSqZAiqItWHgJxDlxACngk0rvdSyhNAJGbHQUUUks1E+P3mKz5wywENtXCnAc/X3RE6ktZmMXackMLbL3kz8zwtTGF5HOVdJCkzRxaJhKjBoPPsfD7hhFETmCKGGu1sxHRNDKLiUKi6EYPnlVdK+qAd+Pbi/rDVuijjK6ASdonMUoCvUQHeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/uUCRhw==</latexit><latexit sha1_base64="RVwrhPdEorkv6/PhjK1/cL4NNRY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2a5idTJIh81hmeoVlyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbE8sEV6wFHATrJoYRGQvWiSe3M7/zxIzlWj1AlrBIkpHiQ04JOCnsaclG5DGfZNN+tebX/TnwKgkKUkMFmv3qV2+gaSqZAiqItWHgJxDlxACngk0rvdSyhNAJGbHQUUUks1E+P3mKz5wywENtXCnAc/X3RE6ktZmMXackMLbL3kz8zwtTGF5HOVdJCkzRxaJhKjBoPPsfD7hhFETmCKGGu1sxHRNDKLiUKi6EYPnlVdK+qAd+Pbi/rDVuijjK6ASdonMUoCvUQHeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/uUCRhw==</latexit><latexit sha1_base64="RVwrhPdEorkv6/PhjK1/cL4NNRY=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAM2a5idTJIh81hmeoVlyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bK62tb2xulbcrO7t7+wfVw6O21amhrEW10KYbE8sEV6wFHATrJoYRGQvWiSe3M7/zxIzlWj1AlrBIkpHiQ04JOCnsaclG5DGfZNN+tebX/TnwKgkKUkMFmv3qV2+gaSqZAiqItWHgJxDlxACngk0rvdSyhNAJGbHQUUUks1E+P3mKz5wywENtXCnAc/X3RE6ktZmMXackMLbL3kz8zwtTGF5HOVdJCkzRxaJhKjBoPPsfD7hhFETmCKGGu1sxHRNDKLiUKi6EYPnlVdK+qAd+Pbi/rDVuijjK6ASdonMUoCvUQHeoiVqIIo2e0St688B78d69j0VryStmjtEfeJ8/uUCRhw==</latexit>

!2ky
<latexit sha1_base64="hlpa7s/NywtPTVVoNtm2bYbnT9A=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84DsGmYnk2TIPJaZWWFZ8htePCji1Z/x5t84SfagiQUNRVU33V1xwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obY0M5k7RlmeW0m2iKRcxpJ57czvzOE9WGKflgs4RGAo8kGzKCrZPCUAk6wo95fZJN+5WqX/PnQKskKEgVCjT7la9woEgqqLSEY2N6gZ/YKMfaMsLptBymhiaYTPCI9hyVWFAT5fObp+jcKQM0VNqVtGiu/p7IsTAmE7HrFNiOzbI3E//zeqkdXkc5k0lqqSSLRcOUI6vQLAA0YJoSyzNHMNHM3YrIGGtMrIup7EIIll9eJe16LfBrwf1ltXFTxFGCUziDCwjgChpwB01oAYEEnuEV3rzUe/HevY9F65pXzJzAH3ifPy3jkcM=</latexit><latexit sha1_base64="hlpa7s/NywtPTVVoNtm2bYbnT9A=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84DsGmYnk2TIPJaZWWFZ8htePCji1Z/x5t84SfagiQUNRVU33V1xwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obY0M5k7RlmeW0m2iKRcxpJ57czvzOE9WGKflgs4RGAo8kGzKCrZPCUAk6wo95fZJN+5WqX/PnQKskKEgVCjT7la9woEgqqLSEY2N6gZ/YKMfaMsLptBymhiaYTPCI9hyVWFAT5fObp+jcKQM0VNqVtGiu/p7IsTAmE7HrFNiOzbI3E//zeqkdXkc5k0lqqSSLRcOUI6vQLAA0YJoSyzNHMNHM3YrIGGtMrIup7EIIll9eJe16LfBrwf1ltXFTxFGCUziDCwjgChpwB01oAYEEnuEV3rzUe/HevY9F65pXzJzAH3ifPy3jkcM=</latexit><latexit sha1_base64="hlpa7s/NywtPTVVoNtm2bYbnT9A=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84DsGmYnk2TIPJaZWWFZ8htePCji1Z/x5t84SfagiQUNRVU33V1xwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obY0M5k7RlmeW0m2iKRcxpJ57czvzOE9WGKflgs4RGAo8kGzKCrZPCUAk6wo95fZJN+5WqX/PnQKskKEgVCjT7la9woEgqqLSEY2N6gZ/YKMfaMsLptBymhiaYTPCI9hyVWFAT5fObp+jcKQM0VNqVtGiu/p7IsTAmE7HrFNiOzbI3E//zeqkdXkc5k0lqqSSLRcOUI6vQLAA0YJoSyzNHMNHM3YrIGGtMrIup7EIIll9eJe16LfBrwf1ltXFTxFGCUziDCwjgChpwB01oAYEEnuEV3rzUe/HevY9F65pXzJzAH3ifPy3jkcM=</latexit><latexit sha1_base64="hlpa7s/NywtPTVVoNtm2bYbnT9A=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84DsGmYnk2TIPJaZWWFZ8htePCji1Z/x5t84SfagiQUNRVU33V1xwpmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UakmtEUUV7obY0M5k7RlmeW0m2iKRcxpJ57czvzOE9WGKflgs4RGAo8kGzKCrZPCUAk6wo95fZJN+5WqX/PnQKskKEgVCjT7la9woEgqqLSEY2N6gZ/YKMfaMsLptBymhiaYTPCI9hyVWFAT5fObp+jcKQM0VNqVtGiu/p7IsTAmE7HrFNiOzbI3E//zeqkdXkc5k0lqqSSLRcOUI6vQLAA0YJoSyzNHMNHM3YrIGGtMrIup7EIIll9eJe16LfBrwf1ltXFTxFGCUziDCwjgChpwB01oAYEEnuEV3rzUe/HevY9F65pXzJzAH3ifPy3jkcM=</latexit>

!3ky
<latexit sha1_base64="8kyhtWQ3Djmvyke/nifI9r+mEAE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2DbOT2WTIPJaZWSEs+Q0vHhTx6s9482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2S1vl7Z3dvf3KwWHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9up377iWrDlHyw45RGAg8kSxjB1klhqAQd4Mf8YjSe9CpVv+bPgJZJUJAqFGj0Kl9hX5FMUGkJx8Z0Az+1UY61ZYTTSTnMDE0xGeEB7ToqsaAmymc3T9CpU/ooUdqVtGim/p7IsTBmLGLXKbAdmkVvKv7ndTObXEc5k2lmqSTzRUnGkVVoGgDqM02J5WNHMNHM3YrIEGtMrIup7EIIFl9eJq3zWuDXgvvLav2miKMEx3ACZxDAFdThDhrQBAIpPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAvapHE</latexit><latexit sha1_base64="8kyhtWQ3Djmvyke/nifI9r+mEAE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2DbOT2WTIPJaZWSEs+Q0vHhTx6s9482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2S1vl7Z3dvf3KwWHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9up377iWrDlHyw45RGAg8kSxjB1klhqAQd4Mf8YjSe9CpVv+bPgJZJUJAqFGj0Kl9hX5FMUGkJx8Z0Az+1UY61ZYTTSTnMDE0xGeEB7ToqsaAmymc3T9CpU/ooUdqVtGim/p7IsTBmLGLXKbAdmkVvKv7ndTObXEc5k2lmqSTzRUnGkVVoGgDqM02J5WNHMNHM3YrIEGtMrIup7EIIFl9eJq3zWuDXgvvLav2miKMEx3ACZxDAFdThDhrQBAIpPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAvapHE</latexit><latexit sha1_base64="8kyhtWQ3Djmvyke/nifI9r+mEAE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2DbOT2WTIPJaZWSEs+Q0vHhTx6s9482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2S1vl7Z3dvf3KwWHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9up377iWrDlHyw45RGAg8kSxjB1klhqAQd4Mf8YjSe9CpVv+bPgJZJUJAqFGj0Kl9hX5FMUGkJx8Z0Az+1UY61ZYTTSTnMDE0xGeEB7ToqsaAmymc3T9CpU/ooUdqVtGim/p7IsTBmLGLXKbAdmkVvKv7ndTObXEc5k2lmqSTzRUnGkVVoGgDqM02J5WNHMNHM3YrIEGtMrIup7EIIFl9eJq3zWuDXgvvLav2miKMEx3ACZxDAFdThDhrQBAIpPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAvapHE</latexit><latexit sha1_base64="8kyhtWQ3Djmvyke/nifI9r+mEAE=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUB2DbOT2WTIPJaZWSEs+Q0vHhTx6s9482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2S1vl7Z3dvf3KwWHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9up377iWrDlHyw45RGAg8kSxjB1klhqAQd4Mf8YjSe9CpVv+bPgJZJUJAqFGj0Kl9hX5FMUGkJx8Z0Az+1UY61ZYTTSTnMDE0xGeEB7ToqsaAmymc3T9CpU/ooUdqVtGim/p7IsTBmLGLXKbAdmkVvKv7ndTObXEc5k2lmqSTzRUnGkVVoGgDqM02J5WNHMNHM3YrIEGtMrIup7EIIFl9eJq3zWuDXgvvLav2miKMEx3ACZxDAFdThDhrQBAIpPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAvapHE</latexit>

!4ky
<latexit sha1_base64="57xHvwa/lLZjekEeLx92SbE6XOM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5nfmdJ6oNU/LBZgmNBB5JNmQEWyeFoRJ0hB/zy0k27Vdrft2fA62SoCA1KNDsV7/CgSKpoNISjo3pBX5ioxxrywin00qYGppgMsEj2nNUYkFNlM9vnqIzpwzQUGlX0qK5+nsix8KYTMSuU2A7NsveTPzP66V2eB3lTCappZIsFg1TjqxCswDQgGlKLM8cwUQzdysiY6wxsS6migshWH55lbQv6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCwgk8Ayv8Oal3ov37n0sWkteMXMMf+B9/gAw8ZHF</latexit><latexit sha1_base64="57xHvwa/lLZjekEeLx92SbE6XOM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5nfmdJ6oNU/LBZgmNBB5JNmQEWyeFoRJ0hB/zy0k27Vdrft2fA62SoCA1KNDsV7/CgSKpoNISjo3pBX5ioxxrywin00qYGppgMsEj2nNUYkFNlM9vnqIzpwzQUGlX0qK5+nsix8KYTMSuU2A7NsveTPzP66V2eB3lTCappZIsFg1TjqxCswDQgGlKLM8cwUQzdysiY6wxsS6migshWH55lbQv6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCwgk8Ayv8Oal3ov37n0sWkteMXMMf+B9/gAw8ZHF</latexit><latexit sha1_base64="57xHvwa/lLZjekEeLx92SbE6XOM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5nfmdJ6oNU/LBZgmNBB5JNmQEWyeFoRJ0hB/zy0k27Vdrft2fA62SoCA1KNDsV7/CgSKpoNISjo3pBX5ioxxrywin00qYGppgMsEj2nNUYkFNlM9vnqIzpwzQUGlX0qK5+nsix8KYTMSuU2A7NsveTPzP66V2eB3lTCappZIsFg1TjqxCswDQgGlKLM8cwUQzdysiY6wxsS6migshWH55lbQv6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCwgk8Ayv8Oal3ov37n0sWkteMXMMf+B9/gAw8ZHF</latexit><latexit sha1_base64="57xHvwa/lLZjekEeLx92SbE6XOM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOya5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5nfmdJ6oNU/LBZgmNBB5JNmQEWyeFoRJ0hB/zy0k27Vdrft2fA62SoCA1KNDsV7/CgSKpoNISjo3pBX5ioxxrywin00qYGppgMsEj2nNUYkFNlM9vnqIzpwzQUGlX0qK5+nsix8KYTMSuU2A7NsveTPzP66V2eB3lTCappZIsFg1TjqxCswDQgGlKLM8cwUQzdysiY6wxsS6migshWH55lbQv6oFfD+4va42bIo4ynMApnEMAV9CAO2hCCwgk8Ayv8Oal3ov37n0sWkteMXMMf+B9/gAw8ZHF</latexit>

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>
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<latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit><latexit sha1_base64="T4gSzm52q0CBJWsZbfoG6QuDACs=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSswl0QtAzaWEYwiZCLYW8zl2yye3fszgnhkj9g41+xsVDE1t7Of+Pmo/DrwcDjvRlm5gWJFAZd99NZWFxaXlnNreXXNza3tgs7u3UTp5pDjccy1jcBMyBFBDUUKOEm0cBUIKERDC4mfuMOtBFxdI3DBFqKdSMRCs7QSu3CoS8hxBH1TaraferHCrrsNusPhmPqa9Ht4ei23C4U3ZI7Bf1LvDkpkjmq7cKH34l5qiBCLpkxTc9NsJUxjYJLGOf91EDC+IB1oWlpxBSYVjb9ZkyPrNKhYaxtRUin6veJjCljhiqwnYphz/z2JuJ/XjPF8KyViShJESI+WxSmkmJMJ9HQjtDAUQ4tYVwLeyvlPaYZRxtg3obg/X75L6mXS55b8q5OipXzeRw5sk8OyDHxyCmpkEtSJTXCyT15JM/kxXlwnpxX523WuuDMZ/bIDzjvX8lrm/8=</latexit>

When       !ky = 1
<latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit>

the sum is maximal

What about the other cases?

The sum will approach 0  
(interference strikes again)

We are likely to see y’s for which !ky = 1
<latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit><latexit sha1_base64="GIr7euSFrpnlV00rMYV4TMwdBWg=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQ9OKxgv2ANpbNdtMu3c2G3Y0QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyacaeN5387K6tr6xmZpq7y9s7tXcfcPWlqmitAmkVyqTog15SymTcMMp51EUSxCTtvh+Gbqtx+p0kzG9yZLaCDwMGYRI9hYqe9WelLQIX7Ix9kEXSG/71a9mjcDWiZ+QapQoNF3v3oDSVJBY0M41rrre4kJcqwMI5xOyr1U0wSTMR7SrqUxFlQH+ezwCTqxygBFUtmKDZqpvydyLLTORGg7BTYjvehNxf+8bmqiyyBncZIaGpP5oijlyEg0TQENmKLE8MwSTBSztyIywgoTY7Mq2xD8xZeXSeus5ns1/+68Wr8u4ijBERzDKfhwAXW4hQY0gUAKz/AKb86T8+K8Ox/z1hWnmDmEP3A+fwDgLZKO</latexit>

This means that y will be close to m2N

k
<latexit sha1_base64="kPYde6ho2yDy3ujejFOdeHr6FJQ=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJXdIuix6MWTVLAf0NaSTbNtaJJdkqxQl/0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXhBzpo3nfTuFtfWNza3idmlnd2+/7B4ctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOJtczv/1IlWaRvDfTmPYFHkkWMoKNlQZuuRcqTFKBag+3WTrJBm7Fq3pzoFXi56QCORoD96s3jEgiqDSEY627vhebfoqVYYTTrNRLNI0xmeAR7VoqsaC6n84Pz9CpVYYojJQtadBc/T2RYqH1VAS2U2Az1sveTPzP6yYmvOynTMaJoZIsFoUJRyZCsxTQkClKDJ9agoli9lZExtgmYWxWJRuCv/zyKmnVqr5X9e/OK/WrPI4iHMMJnIEPF1CHG2hAEwgk8Ayv8OY8OS/Ou/OxaC04+cwR/IHz+QOJHZL/</latexit><latexit sha1_base64="kPYde6ho2yDy3ujejFOdeHr6FJQ=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJXdIuix6MWTVLAf0NaSTbNtaJJdkqxQl/0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXhBzpo3nfTuFtfWNza3idmlnd2+/7B4ctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOJtczv/1IlWaRvDfTmPYFHkkWMoKNlQZuuRcqTFKBag+3WTrJBm7Fq3pzoFXi56QCORoD96s3jEgiqDSEY627vhebfoqVYYTTrNRLNI0xmeAR7VoqsaC6n84Pz9CpVYYojJQtadBc/T2RYqH1VAS2U2Az1sveTPzP6yYmvOynTMaJoZIsFoUJRyZCsxTQkClKDJ9agoli9lZExtgmYWxWJRuCv/zyKmnVqr5X9e/OK/WrPI4iHMMJnIEPF1CHG2hAEwgk8Ayv8OY8OS/Ou/OxaC04+cwR/IHz+QOJHZL/</latexit><latexit sha1_base64="kPYde6ho2yDy3ujejFOdeHr6FJQ=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJXdIuix6MWTVLAf0NaSTbNtaJJdkqxQl/0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXhBzpo3nfTuFtfWNza3idmlnd2+/7B4ctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOJtczv/1IlWaRvDfTmPYFHkkWMoKNlQZuuRcqTFKBag+3WTrJBm7Fq3pzoFXi56QCORoD96s3jEgiqDSEY627vhebfoqVYYTTrNRLNI0xmeAR7VoqsaC6n84Pz9CpVYYojJQtadBc/T2RYqH1VAS2U2Az1sveTPzP6yYmvOynTMaJoZIsFoUJRyZCsxTQkClKDJ9agoli9lZExtgmYWxWJRuCv/zyKmnVqr5X9e/OK/WrPI4iHMMJnIEPF1CHG2hAEwgk8Ayv8OY8OS/Ou/OxaC04+cwR/IHz+QOJHZL/</latexit><latexit sha1_base64="kPYde6ho2yDy3ujejFOdeHr6FJQ=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJXdIuix6MWTVLAf0NaSTbNtaJJdkqxQl/0lXjwo4tWf4s1/Y9ruQVsfDDzem2FmXhBzpo3nfTuFtfWNza3idmlnd2+/7B4ctnSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOJtczv/1IlWaRvDfTmPYFHkkWMoKNlQZuuRcqTFKBag+3WTrJBm7Fq3pzoFXi56QCORoD96s3jEgiqDSEY627vhebfoqVYYTTrNRLNI0xmeAR7VoqsaC6n84Pz9CpVYYojJQtadBc/T2RYqH1VAS2U2Az1sveTPzP6yYmvOynTMaJoZIsFoUJRyZCsxTQkClKDJ9agoli9lZExtgmYWxWJRuCv/zyKmnVqr5X9e/OK/WrPI4iHMMJnIEPF1CHG2hAEwgk8Ayv8OY8OS/Ou/OxaC04+cwR/IHz+QOJHZL/</latexit>

For some integer m



Shor’s algorithm

Repeat the following multiple times
X

x

|xi|f(x)i
<latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit><latexit sha1_base64="UGBELFXKhmZUpUp3LcqFrWf8KQg=">AAACCnicbVDLSgMxFM34rPU16tJNtAh1U2ZE0GXRjcsK9gGdYcikmTY0yQxJRlqmXbvxV9y4UMStX+DOvzFtR9DWAxdOzrmX3HvChFGlHefLWlpeWV1bL2wUN7e2d3btvf2GilOJSR3HLJatECnCqCB1TTUjrUQSxENGmmH/euI374lUNBZ3epgQn6OuoBHFSBspsI88lfIgG4zhaAA9iUSXETiKyoPTn1dgl5yKMwVcJG5OSiBHLbA/vU6MU06Exgwp1XadRPsZkppiRsZFL1UkQbiPuqRtqECcKD+bnjKGJ0bpwCiWpoSGU/X3RIa4UkMemk6OdE/NexPxP6+d6ujSz6hIUk0Enn0UpQzqGE5ygR0qCdZsaAjCkppdIe4hibA26RVNCO78yYukcVZxnYp7e16qXuVxFMAhOAZl4IILUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymcOwB9YH9+1Npo+</latexit>

Create

Measure second register

Apply QFT to first register

Measure first register

m12N

k
,
m22N

k
,
m32N

k
...

<latexit sha1_base64="gr2STXtHqXZ6h+JYeJwSOl50rw8=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCxlmqqDgpujGlVSwF2jHkkkzbWiSGZKMUIZ5GDe+ihsXXnDhxmcxbaegrT8Efr5zDifnD2JGlXbdL2thcWl5ZbWwVlzf2Nzatnd26ypKJCY1HLFINgOkCKOC1DTVjDRjSRAPGGkEg6tRvfFApKKRuNPDmPgc9QQNKUbaoI590Q4lwinveLB8f5Olg+wYTlF5Hp1MEXQcp2OXXMcdC84bLzclkKvasd/b3QgnnAiNGVKq5bmx9lMkNcWMZMV2okiM8AD1SMtYgThRfjo+MoOHhnRhGEnzhIZj+nsiRVypIQ9MJ0e6r2ZrI/hfrZXo8NxPqYgTTQSeLAoTBnUER4nBLpUEazY0BmFJzV8h7iOThza5Fk0I3uzJ86ZedjzX8W5PS5XLPI4C2AcH4Ah44AxUwDWoghrA4BE8g1fwZj1ZL9aH9TlpXbDymT3wR9b3Dwvqoyg=</latexit><latexit sha1_base64="gr2STXtHqXZ6h+JYeJwSOl50rw8=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCxlmqqDgpujGlVSwF2jHkkkzbWiSGZKMUIZ5GDe+ihsXXnDhxmcxbaegrT8Efr5zDifnD2JGlXbdL2thcWl5ZbWwVlzf2Nzatnd26ypKJCY1HLFINgOkCKOC1DTVjDRjSRAPGGkEg6tRvfFApKKRuNPDmPgc9QQNKUbaoI590Q4lwinveLB8f5Olg+wYTlF5Hp1MEXQcp2OXXMcdC84bLzclkKvasd/b3QgnnAiNGVKq5bmx9lMkNcWMZMV2okiM8AD1SMtYgThRfjo+MoOHhnRhGEnzhIZj+nsiRVypIQ9MJ0e6r2ZrI/hfrZXo8NxPqYgTTQSeLAoTBnUER4nBLpUEazY0BmFJzV8h7iOThza5Fk0I3uzJ86ZedjzX8W5PS5XLPI4C2AcH4Ah44AxUwDWoghrA4BE8g1fwZj1ZL9aH9TlpXbDymT3wR9b3Dwvqoyg=</latexit><latexit sha1_base64="gr2STXtHqXZ6h+JYeJwSOl50rw8=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCxlmqqDgpujGlVSwF2jHkkkzbWiSGZKMUIZ5GDe+ihsXXnDhxmcxbaegrT8Efr5zDifnD2JGlXbdL2thcWl5ZbWwVlzf2Nzatnd26ypKJCY1HLFINgOkCKOC1DTVjDRjSRAPGGkEg6tRvfFApKKRuNPDmPgc9QQNKUbaoI590Q4lwinveLB8f5Olg+wYTlF5Hp1MEXQcp2OXXMcdC84bLzclkKvasd/b3QgnnAiNGVKq5bmx9lMkNcWMZMV2okiM8AD1SMtYgThRfjo+MoOHhnRhGEnzhIZj+nsiRVypIQ9MJ0e6r2ZrI/hfrZXo8NxPqYgTTQSeLAoTBnUER4nBLpUEazY0BmFJzV8h7iOThza5Fk0I3uzJ86ZedjzX8W5PS5XLPI4C2AcH4Ah44AxUwDWoghrA4BE8g1fwZj1ZL9aH9TlpXbDymT3wR9b3Dwvqoyg=</latexit><latexit sha1_base64="gr2STXtHqXZ6h+JYeJwSOl50rw8=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCxlmqqDgpujGlVSwF2jHkkkzbWiSGZKMUIZ5GDe+ihsXXnDhxmcxbaegrT8Efr5zDifnD2JGlXbdL2thcWl5ZbWwVlzf2Nzatnd26ypKJCY1HLFINgOkCKOC1DTVjDRjSRAPGGkEg6tRvfFApKKRuNPDmPgc9QQNKUbaoI590Q4lwinveLB8f5Olg+wYTlF5Hp1MEXQcp2OXXMcdC84bLzclkKvasd/b3QgnnAiNGVKq5bmx9lMkNcWMZMV2okiM8AD1SMtYgThRfjo+MoOHhnRhGEnzhIZj+nsiRVypIQ9MJ0e6r2ZrI/hfrZXo8NxPqYgTTQSeLAoTBnUER4nBLpUEazY0BmFJzV8h7iOThza5Fk0I3uzJ86ZedjzX8W5PS5XLPI4C2AcH4Ah44AxUwDWoghrA4BE8g1fwZj1ZL9aH9TlpXbDymT3wR9b3Dwvqoyg=</latexit>

Use modular multiplicative inverse and GCD to find k



Recapping Shor’s algorithm


<latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit><latexit sha1_base64="8ynJjh7+wwy0IWDIvv6o14tJK9U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMmlzqC3wcVGtu3Z2DrBKvIDUo0BxUv/rDmKURSsME1brnuYnxM6oMZwJnlX6qMaFsQkfYs1TSCLWfzW+dkTOrDEkYK1vSkLn6eyKjkdbTKLCdETVjvezl4n9eLzXhtZ9xmaQGJVssClNBTEzyx8mQK2RGTC2hTHF7K2FjqigzNp6KDcFbfnmVtC/qnlv37i9rjZsijjKcwCmcgwdX0IA7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ARUBjkA=</latexit>

Factoring Order finding

Order finding ⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit> Period finding

Do pretty much the same as in Simon’s algorithm

Hadamard replaced with QFT

In Simon we were looking for periods over binary strings

In Shor we were looking for periods over integers mod n

Seems like something more general is at play

Complexity will be O(N3)
<latexit sha1_base64="02pRhTn8mJ1pf1Ain0GTuRA9Lw8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevGkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4dXEbz5RpZkU92YUUz/CfcFCRrCxUuO2fPNwetwtltyKOwVaJF5GSpCh1i1+dXqSJBEVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSwWOqPbT6bVjdGSVHgqlsiUMmqq/J1IcaT2KAtsZYTPQ895E/M9rJya88FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuDNv7xIGicVz614d2el6mUWRx4O4BDK4ME5VOEaalAHAo/wDK/w5kjnxXl3PmatOSeb2Yc/cD5/ADGOjjU=</latexit><latexit sha1_base64="02pRhTn8mJ1pf1Ain0GTuRA9Lw8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevGkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4dXEbz5RpZkU92YUUz/CfcFCRrCxUuO2fPNwetwtltyKOwVaJF5GSpCh1i1+dXqSJBEVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSwWOqPbT6bVjdGSVHgqlsiUMmqq/J1IcaT2KAtsZYTPQ895E/M9rJya88FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuDNv7xIGicVz614d2el6mUWRx4O4BDK4ME5VOEaalAHAo/wDK/w5kjnxXl3PmatOSeb2Yc/cD5/ADGOjjU=</latexit><latexit sha1_base64="02pRhTn8mJ1pf1Ain0GTuRA9Lw8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevGkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4dXEbz5RpZkU92YUUz/CfcFCRrCxUuO2fPNwetwtltyKOwVaJF5GSpCh1i1+dXqSJBEVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSwWOqPbT6bVjdGSVHgqlsiUMmqq/J1IcaT2KAtsZYTPQ895E/M9rJya88FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuDNv7xIGicVz614d2el6mUWRx4O4BDK4ME5VOEaalAHAo/wDK/w5kjnxXl3PmatOSeb2Yc/cD5/ADGOjjU=</latexit><latexit sha1_base64="02pRhTn8mJ1pf1Ain0GTuRA9Lw8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevGkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4dXEbz5RpZkU92YUUz/CfcFCRrCxUuO2fPNwetwtltyKOwVaJF5GSpCh1i1+dXqSJBEVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSwWOqPbT6bVjdGSVHgqlsiUMmqq/J1IcaT2KAtsZYTPQ895E/M9rJya88FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DBhuDNv7xIGicVz614d2el6mUWRx4O4BDK4ME5VOEaalAHAo/wDK/w5kjnxXl3PmatOSeb2Yc/cD5/ADGOjjU=</latexit>



Hidden Subgroup Problem

Input: (G,+), f : G ! G
<latexit sha1_base64="8PHLCB0PZa5kYDYwT3Hfc0bx5XA=">AAACBHicbVA9SwNBEJ3zM8avU8s0i0GIGMKdCIpV0CKWEcwHJEfY2+wlS/Zuj909JYQUNv4VGwtFbP0Rdv4bN8kVmvhg4PHeDDPz/JgzpR3n21paXlldW89sZDe3tnd27b39uhKJJLRGBBey6WNFOYtoTTPNaTOWFIc+pw1/cD3xG/dUKiaiOz2MqRfiXsQCRrA2UsfOFSpFdHJcRAG6RBXUlqzX11hK8YAqHTvvlJwp0CJxU5KHFNWO/dXuCpKENNKEY6VarhNrb4SlZoTTcbadKBpjMsA92jI0wiFV3mj6xBgdGaWLAiFNRRpN1d8TIxwqNQx90xli3Vfz3kT8z2slOrjwRiyKE00jMlsUJBxpgSaJoC6TlGg+NAQTycytiPSxxESb3LImBHf+5UVSPy25Tsm9PcuXr9I4MpCDQyiAC+dQhhuoQg0IPMIzvMKb9WS9WO/Wx6x1yUpnDuAPrM8fYwaVZw==</latexit><latexit sha1_base64="8PHLCB0PZa5kYDYwT3Hfc0bx5XA=">AAACBHicbVA9SwNBEJ3zM8avU8s0i0GIGMKdCIpV0CKWEcwHJEfY2+wlS/Zuj909JYQUNv4VGwtFbP0Rdv4bN8kVmvhg4PHeDDPz/JgzpR3n21paXlldW89sZDe3tnd27b39uhKJJLRGBBey6WNFOYtoTTPNaTOWFIc+pw1/cD3xG/dUKiaiOz2MqRfiXsQCRrA2UsfOFSpFdHJcRAG6RBXUlqzX11hK8YAqHTvvlJwp0CJxU5KHFNWO/dXuCpKENNKEY6VarhNrb4SlZoTTcbadKBpjMsA92jI0wiFV3mj6xBgdGaWLAiFNRRpN1d8TIxwqNQx90xli3Vfz3kT8z2slOrjwRiyKE00jMlsUJBxpgSaJoC6TlGg+NAQTycytiPSxxESb3LImBHf+5UVSPy25Tsm9PcuXr9I4MpCDQyiAC+dQhhuoQg0IPMIzvMKb9WS9WO/Wx6x1yUpnDuAPrM8fYwaVZw==</latexit><latexit sha1_base64="8PHLCB0PZa5kYDYwT3Hfc0bx5XA=">AAACBHicbVA9SwNBEJ3zM8avU8s0i0GIGMKdCIpV0CKWEcwHJEfY2+wlS/Zuj909JYQUNv4VGwtFbP0Rdv4bN8kVmvhg4PHeDDPz/JgzpR3n21paXlldW89sZDe3tnd27b39uhKJJLRGBBey6WNFOYtoTTPNaTOWFIc+pw1/cD3xG/dUKiaiOz2MqRfiXsQCRrA2UsfOFSpFdHJcRAG6RBXUlqzX11hK8YAqHTvvlJwp0CJxU5KHFNWO/dXuCpKENNKEY6VarhNrb4SlZoTTcbadKBpjMsA92jI0wiFV3mj6xBgdGaWLAiFNRRpN1d8TIxwqNQx90xli3Vfz3kT8z2slOrjwRiyKE00jMlsUJBxpgSaJoC6TlGg+NAQTycytiPSxxESb3LImBHf+5UVSPy25Tsm9PcuXr9I4MpCDQyiAC+dQhhuoQg0IPMIzvMKb9WS9WO/Wx6x1yUpnDuAPrM8fYwaVZw==</latexit><latexit sha1_base64="8PHLCB0PZa5kYDYwT3Hfc0bx5XA=">AAACBHicbVA9SwNBEJ3zM8avU8s0i0GIGMKdCIpV0CKWEcwHJEfY2+wlS/Zuj909JYQUNv4VGwtFbP0Rdv4bN8kVmvhg4PHeDDPz/JgzpR3n21paXlldW89sZDe3tnd27b39uhKJJLRGBBey6WNFOYtoTTPNaTOWFIc+pw1/cD3xG/dUKiaiOz2MqRfiXsQCRrA2UsfOFSpFdHJcRAG6RBXUlqzX11hK8YAqHTvvlJwp0CJxU5KHFNWO/dXuCpKENNKEY6VarhNrb4SlZoTTcbadKBpjMsA92jI0wiFV3mj6xBgdGaWLAiFNRRpN1d8TIxwqNQx90xli3Vfz3kT8z2slOrjwRiyKE00jMlsUJBxpgSaJoC6TlGg+NAQTycytiPSxxESb3LImBHf+5UVSPy25Tsm9PcuXr9I4MpCDQyiAC+dQhhuoQg0IPMIzvMKb9WS9WO/Wx6x1yUpnDuAPrM8fYwaVZw==</latexit>

G is a group and f is a function such that

f(g) = f(g + h) () h 2 H
<latexit sha1_base64="JmdPVZ5z4jcO8dOQ1c+bVnUY3mo=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEFqHMiKAboeimywr2Ae1QMmmmDc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0stPVAuIdz7uXmHj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qd+q0HKhWLxL0ex9QL8UCwgBGsjdSzj4PSoIyukSnoDA3LqMuCAA1NEajWs4tOxZkBLRM3I0XIUO/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjqECh1R56eyKCTo1Sh8FkTRPaDRTf0+kOFRqHPqmM8R6qBa9qfif10l0cOWlTMSJpoLMFwUJRzpC00hQn0lKNB8bgolk5q+IDLHERJvgCiYEd/HkZdI8r7hOxb27KFZvsjjycAQnUAIXLqEKNahDAwg8wjO8wpv1ZL1Y79bHvDVnZTOH8AfW5w9PYJVD</latexit><latexit sha1_base64="JmdPVZ5z4jcO8dOQ1c+bVnUY3mo=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEFqHMiKAboeimywr2Ae1QMmmmDc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0stPVAuIdz7uXmHj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qd+q0HKhWLxL0ex9QL8UCwgBGsjdSzj4PSoIyukSnoDA3LqMuCAA1NEajWs4tOxZkBLRM3I0XIUO/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjqECh1R56eyKCTo1Sh8FkTRPaDRTf0+kOFRqHPqmM8R6qBa9qfif10l0cOWlTMSJpoLMFwUJRzpC00hQn0lKNB8bgolk5q+IDLHERJvgCiYEd/HkZdI8r7hOxb27KFZvsjjycAQnUAIXLqEKNahDAwg8wjO8wpv1ZL1Y79bHvDVnZTOH8AfW5w9PYJVD</latexit><latexit sha1_base64="JmdPVZ5z4jcO8dOQ1c+bVnUY3mo=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEFqHMiKAboeimywr2Ae1QMmmmDc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0stPVAuIdz7uXmHj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qd+q0HKhWLxL0ex9QL8UCwgBGsjdSzj4PSoIyukSnoDA3LqMuCAA1NEajWs4tOxZkBLRM3I0XIUO/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjqECh1R56eyKCTo1Sh8FkTRPaDRTf0+kOFRqHPqmM8R6qBa9qfif10l0cOWlTMSJpoLMFwUJRzpC00hQn0lKNB8bgolk5q+IDLHERJvgCiYEd/HkZdI8r7hOxb27KFZvsjjycAQnUAIXLqEKNahDAwg8wjO8wpv1ZL1Y79bHvDVnZTOH8AfW5w9PYJVD</latexit><latexit sha1_base64="JmdPVZ5z4jcO8dOQ1c+bVnUY3mo=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIliEFqHMiKAboeimywr2Ae1QMmmmDc1khiQjlKEbN/6KGxeKuPUf3Pk3pu0stPVAuIdz7uXmHj/mTGnH+bZyK6tr6xv5zcLW9s7unr1/0FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qd+q0HKhWLxL0ex9QL8UCwgBGsjdSzj4PSoIyukSnoDA3LqMuCAA1NEajWs4tOxZkBLRM3I0XIUO/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjqECh1R56eyKCTo1Sh8FkTRPaDRTf0+kOFRqHPqmM8R6qBa9qfif10l0cOWlTMSJpoLMFwUJRzpC00hQn0lKNB8bgolk5q+IDLHERJvgCiYEd/HkZdI8r7hOxb27KFZvsjjycAQnUAIXLqEKNahDAwg8wjO8wpv1ZL1Y79bHvDVnZTOH8AfW5w9PYJVD</latexit>

There exists a subgroup H of G and…

Output: efficient description of H

By efficient we mean a list of generators

We are assuming G was also presented  
as a list of generators



Hidden Subgroup Problem

G = {0, 1}N , + = �, H = {s, 0N}
<latexit sha1_base64="RCA44imELB38s9Zykjc5/V6j+zo=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARBEtIRFAQoejCrkoFe4EmLZPppB06uTAzEUrIW7jxVdy4UMSt7nwbJ2kX2npg4OP/z+HM+d2IUSFN81srLC2vrK4V10sbm1vbO/ruXkuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03fFN5rcfCBc0DO7lJCKOj4YB9ShGUkl93biFV9BOzAq07LRXr0D7Ep5kUhixWFRgLbcVmL06tNO+XjYNMy+4CNYMymBWjb7+ZQ9CHPskkJghIbqWGUknQVxSzEhasmNBIoTHaEi6CgPkE+Ek+V0pPFLKAHohVy+QMFd/TyTIF2Liu6rTR3Ik5r1M/M/rxtK7cBIaRLEkAZ4u8mIGZQizkOCAcoIlmyhAmFP1V4hHiCMsVZQlFYI1f/IitE4NyzSsu7Ny9XoWRxEcgENwDCxwDqqgBhqgCTB4BM/gFbxpT9qL9q59TFsL2mxmH/wp7fMHNnWa+g==</latexit><latexit sha1_base64="RCA44imELB38s9Zykjc5/V6j+zo=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARBEtIRFAQoejCrkoFe4EmLZPppB06uTAzEUrIW7jxVdy4UMSt7nwbJ2kX2npg4OP/z+HM+d2IUSFN81srLC2vrK4V10sbm1vbO/ruXkuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03fFN5rcfCBc0DO7lJCKOj4YB9ShGUkl93biFV9BOzAq07LRXr0D7Ep5kUhixWFRgLbcVmL06tNO+XjYNMy+4CNYMymBWjb7+ZQ9CHPskkJghIbqWGUknQVxSzEhasmNBIoTHaEi6CgPkE+Ek+V0pPFLKAHohVy+QMFd/TyTIF2Liu6rTR3Ik5r1M/M/rxtK7cBIaRLEkAZ4u8mIGZQizkOCAcoIlmyhAmFP1V4hHiCMsVZQlFYI1f/IitE4NyzSsu7Ny9XoWRxEcgENwDCxwDqqgBhqgCTB4BM/gFbxpT9qL9q59TFsL2mxmH/wp7fMHNnWa+g==</latexit><latexit sha1_base64="RCA44imELB38s9Zykjc5/V6j+zo=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARBEtIRFAQoejCrkoFe4EmLZPppB06uTAzEUrIW7jxVdy4UMSt7nwbJ2kX2npg4OP/z+HM+d2IUSFN81srLC2vrK4V10sbm1vbO/ruXkuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03fFN5rcfCBc0DO7lJCKOj4YB9ShGUkl93biFV9BOzAq07LRXr0D7Ep5kUhixWFRgLbcVmL06tNO+XjYNMy+4CNYMymBWjb7+ZQ9CHPskkJghIbqWGUknQVxSzEhasmNBIoTHaEi6CgPkE+Ek+V0pPFLKAHohVy+QMFd/TyTIF2Liu6rTR3Ik5r1M/M/rxtK7cBIaRLEkAZ4u8mIGZQizkOCAcoIlmyhAmFP1V4hHiCMsVZQlFYI1f/IitE4NyzSsu7Ny9XoWRxEcgENwDCxwDqqgBhqgCTB4BM/gFbxpT9qL9q59TFsL2mxmH/wp7fMHNnWa+g==</latexit><latexit sha1_base64="RCA44imELB38s9Zykjc5/V6j+zo=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARBEtIRFAQoejCrkoFe4EmLZPppB06uTAzEUrIW7jxVdy4UMSt7nwbJ2kX2npg4OP/z+HM+d2IUSFN81srLC2vrK4V10sbm1vbO/ruXkuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03fFN5rcfCBc0DO7lJCKOj4YB9ShGUkl93biFV9BOzAq07LRXr0D7Ep5kUhixWFRgLbcVmL06tNO+XjYNMy+4CNYMymBWjb7+ZQ9CHPskkJghIbqWGUknQVxSzEhasmNBIoTHaEi6CgPkE+Ek+V0pPFLKAHohVy+QMFd/TyTIF2Liu6rTR3Ik5r1M/M/rxtK7cBIaRLEkAZ4u8mIGZQizkOCAcoIlmyhAmFP1V4hHiCMsVZQlFYI1f/IitE4NyzSsu7Ny9XoWRxEcgENwDCxwDqqgBhqgCTB4BM/gFbxpT9qL9q59TFsL2mxmH/wp7fMHNnWa+g==</latexit>

Simon’s problem

Order finding
G = {0, 1, ...n� 1},+ = + mod n,H = {x 2 G|gx mod n = 1}

<latexit sha1_base64="pj8ouWrwKIbGggdGCBw0zbPi44U=">AAACPnicbVBNS8MwGE7n9/yaevTy4hCEzdKKoCCC6EGPCtYN1jnSLNvC0rQkqWzU/TIv/gZvHr14UMSrR9Nth/nxQsjD80HyPkHMmdKO82zlpqZnZufmF/KLS8srq4W19RsVJZJQj0Q8ktUAK8qZoJ5mmtNqLCkOA04rQfcs0yt3VCoWiWvdj2k9xG3BWoxgbahGwTuHY/BTcMrglsG2bRCwCy74gzKUjFQC/wjCqJldogwXI3 cPfCbgHO6hfdubdBg5yzYKRcd2hgN/gTsGRTSey0bhyW9GJAmp0IRjpWquE+t6iqVmhNNB3k8UjTHp4jatGShwSFU9Ha4/gG3DNKEVSXOEhiE7mUhxqFQ/DIwzxLqjfmsZ+Z9WS3TrsJ4yESeaCjJ6qJVw0BFkXUKTSUo07xuAiWTmr0A6WGKiTeN5U4L7e+W/4GbPdh3bvdovnpyO65hHm2gL7SAXHaATdIEukYcIekAv6A29W4/Wq/VhfY6sOWuc2UA/xvr6BhSLpRE=</latexit><latexit sha1_base64="pj8ouWrwKIbGggdGCBw0zbPi44U=">AAACPnicbVBNS8MwGE7n9/yaevTy4hCEzdKKoCCC6EGPCtYN1jnSLNvC0rQkqWzU/TIv/gZvHr14UMSrR9Nth/nxQsjD80HyPkHMmdKO82zlpqZnZufmF/KLS8srq4W19RsVJZJQj0Q8ktUAK8qZoJ5mmtNqLCkOA04rQfcs0yt3VCoWiWvdj2k9xG3BWoxgbahGwTuHY/BTcMrglsG2bRCwCy74gzKUjFQC/wjCqJldogwXI3 cPfCbgHO6hfdubdBg5yzYKRcd2hgN/gTsGRTSey0bhyW9GJAmp0IRjpWquE+t6iqVmhNNB3k8UjTHp4jatGShwSFU9Ha4/gG3DNKEVSXOEhiE7mUhxqFQ/DIwzxLqjfmsZ+Z9WS3TrsJ4yESeaCjJ6qJVw0BFkXUKTSUo07xuAiWTmr0A6WGKiTeN5U4L7e+W/4GbPdh3bvdovnpyO65hHm2gL7SAXHaATdIEukYcIekAv6A29W4/Wq/VhfY6sOWuc2UA/xvr6BhSLpRE=</latexit><latexit sha1_base64="pj8ouWrwKIbGggdGCBw0zbPi44U=">AAACPnicbVBNS8MwGE7n9/yaevTy4hCEzdKKoCCC6EGPCtYN1jnSLNvC0rQkqWzU/TIv/gZvHr14UMSrR9Nth/nxQsjD80HyPkHMmdKO82zlpqZnZufmF/KLS8srq4W19RsVJZJQj0Q8ktUAK8qZoJ5mmtNqLCkOA04rQfcs0yt3VCoWiWvdj2k9xG3BWoxgbahGwTuHY/BTcMrglsG2bRCwCy74gzKUjFQC/wjCqJldogwXI3 cPfCbgHO6hfdubdBg5yzYKRcd2hgN/gTsGRTSey0bhyW9GJAmp0IRjpWquE+t6iqVmhNNB3k8UjTHp4jatGShwSFU9Ha4/gG3DNKEVSXOEhiE7mUhxqFQ/DIwzxLqjfmsZ+Z9WS3TrsJ4yESeaCjJ6qJVw0BFkXUKTSUo07xuAiWTmr0A6WGKiTeN5U4L7e+W/4GbPdh3bvdovnpyO65hHm2gL7SAXHaATdIEukYcIekAv6A29W4/Wq/VhfY6sOWuc2UA/xvr6BhSLpRE=</latexit><latexit sha1_base64="pj8ouWrwKIbGggdGCBw0zbPi44U=">AAACPnicbVBNS8MwGE7n9/yaevTy4hCEzdKKoCCC6EGPCtYN1jnSLNvC0rQkqWzU/TIv/gZvHr14UMSrR9Nth/nxQsjD80HyPkHMmdKO82zlpqZnZufmF/KLS8srq4W19RsVJZJQj0Q8ktUAK8qZoJ5mmtNqLCkOA04rQfcs0yt3VCoWiWvdj2k9xG3BWoxgbahGwTuHY/BTcMrglsG2bRCwCy74gzKUjFQC/wjCqJldogwXI3 cPfCbgHO6hfdubdBg5yzYKRcd2hgN/gTsGRTSey0bhyW9GJAmp0IRjpWquE+t6iqVmhNNB3k8UjTHp4jatGShwSFU9Ha4/gG3DNKEVSXOEhiE7mUhxqFQ/DIwzxLqjfmsZ+Z9WS3TrsJ4yESeaCjJ6qJVw0BFkXUKTSUo07xuAiWTmr0A6WGKiTeN5U4L7e+W/4GbPdh3bvdovnpyO65hHm2gL7SAXHaATdIEukYcIekAv6A29W4/Wq/VhfY6sOWuc2UA/xvr6BhSLpRE=</latexit>

For some element g for which we want to find the order

Note that this G is not the same group  
as the one that g is from

Note that both groups are abelian!



Abelian Hidden Subgroup Problem

Generalise Shor Efficient quantum  
algorithm for AHSP

Computing the discrete logarithm is also an 
instance of AHSP

This compromises security of 
Diffie-Hellman, RSA, El Gamal, ECC and others

No known efficient classical algorithm for AHSP

What about the non-abelian case?



Non-abelian Hidden Subgroup Problem

Quantum computers can almost solve it 
https://people.eecs.berkeley.edu/~vazirani/s09quantum/notes/

lecture11.pdf 

No one knows how to overcome the “almost”

People have looked at specific groups

Dihedral group, 2O(
p
N)

<latexit sha1_base64="FnGq37iTscsa36mwVCUsqEvH0+Y=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIuix6MWTVrAf0May2W7bpZtN3N0INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7EmdKO823lVlbX1jfym4Wt7Z3dor2331RhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP76c+q1HKhULxZ2eRNQL8FCwASNYG6lnF6v3yU25qx6kTq7Tk7Rnl5yKMwNaJm5GSpCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOE0L3VjRCJMxHtKOoQIHVHnJ7PAUHRuljwahNCU0mqm/JxIcKDUJfNMZYD1Si95U/M/rxHpw7iVMRLGmgswXDWKOdIimKaA+k5RoPjEEE8nMrYiMsMREm6wKJgR38eVl0qxWXKfi3p6WahdZHHk4hCMogwtnUIMrqEMDCMTwDK/wZj1ZL9a79TFvzVnZzAH8gfX5A0dAktU=</latexit><latexit sha1_base64="FnGq37iTscsa36mwVCUsqEvH0+Y=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIuix6MWTVrAf0May2W7bpZtN3N0INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7EmdKO823lVlbX1jfym4Wt7Z3dor2331RhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP76c+q1HKhULxZ2eRNQL8FCwASNYG6lnF6v3yU25qx6kTq7Tk7Rnl5yKMwNaJm5GSpCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOE0L3VjRCJMxHtKOoQIHVHnJ7PAUHRuljwahNCU0mqm/JxIcKDUJfNMZYD1Si95U/M/rxHpw7iVMRLGmgswXDWKOdIimKaA+k5RoPjEEE8nMrYiMsMREm6wKJgR38eVl0qxWXKfi3p6WahdZHHk4hCMogwtnUIMrqEMDCMTwDK/wZj1ZL9a79TFvzVnZzAH8gfX5A0dAktU=</latexit><latexit sha1_base64="FnGq37iTscsa36mwVCUsqEvH0+Y=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIuix6MWTVrAf0May2W7bpZtN3N0INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7EmdKO823lVlbX1jfym4Wt7Z3dor2331RhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP76c+q1HKhULxZ2eRNQL8FCwASNYG6lnF6v3yU25qx6kTq7Tk7Rnl5yKMwNaJm5GSpCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOE0L3VjRCJMxHtKOoQIHVHnJ7PAUHRuljwahNCU0mqm/JxIcKDUJfNMZYD1Si95U/M/rxHpw7iVMRLGmgswXDWKOdIimKaA+k5RoPjEEE8nMrYiMsMREm6wKJgR38eVl0qxWXKfi3p6WahdZHHk4hCMogwtnUIMrqEMDCMTwDK/wZj1ZL9a79TFvzVnZzAH8gfX5A0dAktU=</latexit><latexit sha1_base64="FnGq37iTscsa36mwVCUsqEvH0+Y=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIuix6MWTVrAf0May2W7bpZtN3N0INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7EmdKO823lVlbX1jfym4Wt7Z3dor2331RhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP76c+q1HKhULxZ2eRNQL8FCwASNYG6lnF6v3yU25qx6kTq7Tk7Rnl5yKMwNaJm5GSpCh3rO/uv2QxAEVmnCsVMd1Iu0lWGpGOE0L3VjRCJMxHtKOoQIHVHnJ7PAUHRuljwahNCU0mqm/JxIcKDUJfNMZYD1Si95U/M/rxHpw7iVMRLGmgswXDWKOdIimKaA+k5RoPjEEE8nMrYiMsMREm6wKJgR38eVl0qxWXKfi3p6WahdZHHk4hCMogwtnUIMrqEMDCMTwDK/wZj1ZL9a79TFvzVnZzAH8gfX5A0dAktU=</latexit>

algorithm due to Kuperberg

Hope for quantum-secure cryptosystems?

https://arxiv.org/abs/quant-ph/0302112 

https://people.eecs.berkeley.edu/~vazirani/s09quantum/notes/lecture11.pdf
https://people.eecs.berkeley.edu/~vazirani/s09quantum/notes/lecture11.pdf
https://arxiv.org/abs/quant-ph/0302112


References and resources

Birthday paradox
https://en.wikipedia.org/wiki/Birthday_problem  

Simon & Shor
https://www.youtube.com/watch?v=EQKt_hyk2h8  

https://www.scottaaronson.com/blog/?p=208 

Lecture notes on public-key crypto and 
quantum algorithms

http://stellar.mit.edu/S/course/6/sp15/6.045/materials.html 
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http://stellar.mit.edu/S/course/6/sp15/6.045/materials.html
https://en.wikipedia.org/wiki/Pollard%27s_rho_algorithm

