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What is a network?

3 QUbltS 3 qultS

3 qub its
3 qubits
Q
3 qubits
/ 5 qut\

2 qublts

2 qubits



What is a network?
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....a hetwork Is a graph
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Well, what is a graph then?
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Nodes V
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G=(V,E)
Nodes V

EdgesE C VXV
V=1{0,1,2,3}

E=1(0,1),(0,2),(0,3),(1,2)}




G=(V,E)
Nodes V

EdgesE C VXV
V=1{0,1,2,3}

E=1(0,1),(0,2),(0,3),(1,2)}

Neighbourhood N; of a node 1

N, ={02}  N,={123}



...50 What is the (quantum) state of the network?



A graph gives a graph state
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A graph gives a graph state

|G) = H CZ; ;| +)%"
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A graph gives a graph state

|G) = H CZ; ;| +)®"

(i,)) eE
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CZyCZy,CZy3CZ 5| ++ ++ ) 103

|0000) + [0001) + |0010) + [0011) + |0100) + [0101) — |0110) — |0111) + | 1000) — | 1001) — | 1010) + | 1011) — | 1100} + [ 1101) — | 1110) + | 1111)



CZ|++)=|0+)+]|1-) ~|00)+|11) = | EPR)




o o CZ|++)=|0+)+]|1-) ~|00)+|11) = | EPR)

//\\ CZy;(10++++))+CZ;(I1++++))=10++++)+|1————) ~|GHZ)



CZ|++)=|0+)+]|1-) ~|00)+|11) = | EPR)

CZy;(10++++))+CZ,(I1++++))=10++++)+|1————) ~|GHZ)

Linear clusterstate



CZ|++)=|0+)+]|1-) ~|00)+|11) = | EPR)

CZy;(10++++))+CZ,(I1++++))=10++++)+|1————) ~|GHZ)

Linear clusterstate

2D clusterstate



Graphstates represent entanglement



Graphstates represent entanglement

Entanglement in the network



1000) + | 010) = + | 000) + |010)
1001) — |011) — + [001) — |011)
1100) — | 110) = + | 100) — | 110)

[101) 4+ [111) = — | 101) = | 111)
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® [ ocal operations ]
* Single-qubit unitaries LOCC
 No entangling gates J



2 edges 3 edges



|000) + |001) + |100) + | 101) +|010) + |O11) + |110) + |111)

|000) + |001) + |100) + | 101) +|010) — |011) — |110) + |111)

1000) + |001) + | 100) — [ 101) + [010) — |011) — | 110) — | 111)




|000) +|001) + |100) + | 101) +|010) — |O11) — | 110) + | 111)
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1000) + |001) + | 100) — [ 101) + [010) — |011) — | 110) — | 111)




|G')

G =(V,E

E'=E® (N, XN,



G=(V,E) — G =(V,L



T:: local complementation

G=(V,E) — G =(V,L



T:: local complementation



T:: local complementation

Takea & b € N;:



T:: local complementation

Takea & b € N;:

Flip edge (a, b)
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LC-orbit

(orbit)
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Local operation”

|G) — |G)

LC-orbit
G — G’

* Only local Clifford operations



Entangiement ciass



Orbit

— Entanglement class

# Qubits 1 2 3 4 5 6 7 8 9 10

# Orbits 1 1 1 2 4 11 20 101 440 3132

# Orbits + permutations 1 1 1 4 27 312 6103 | 2E+05 | 1E+07 ?




Measurements




Measurements




Measurements in Z basis



Measurements in Z basis

|G) = |G\k)



Measurements in Z basis

|G) = |G\k)

.... and some local Cliffords












Other bases




Other bases

Y = X~77ZX?
X = 71X 27X277



Other bases

Y = X~77ZX?
X = 77X 1ZX27?

.... and some local Cliffords



Other bases

Y = X"7ZX?
X = 77X 1ZX27?

| ocal Cliffords & Z measurements

.... and some local Cliffords
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/, measurements



/, measurements




/, measurements

\ 7 + Z measurement



Powerful graphic tools




Powerful graphic tools

But has its limitations




Questions - or coffee




