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What is a quantum computer?




The one-way quantum computer

A multi-qubit entangled

Single-qubit
“resource state” measurements
E.g. cluster state +
9000000 Choice of bases specify
66660606 computation
O—O—0—-0O-0-0-O- |
©- 0 066066 Adaptive (some bases depend
0000000 upon previous outcomes)

A universal quantum computer
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Overview of Lectures

= |. Cluster states and graph states |
*~ What are they! Basic properties.
~  2.The one-way quantum computer
* What Is the model! How does it work?
= 3. Cluster states and graph states |l
= Stabilizer formalism and graphical representation
~ 4, Cluster states and graph states |

*  How do we build them!?

=~ 5. Beyond cluster states (/[ time permits)

*+  (other models of MBQC)
* 6. (Robert Raussendorf) Fault tolerant MBQC
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Pauli group and Clifford Group

® Pauli group: P,

® Set of all n-fold tensor products of X, Y, Z and |,
with pre-factors +1, - 1. +i, -i for group closure.

e (lifford group:

® “Normalizer’ of P,
Set of unrtaries C such that

Vo, € P, Co,CT = o o; € IP,
Equiv,: Cop =0,C = (CorCt)C

“"Maps Pauli group onto Pauli group”
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2-qubit gates and universal qg.c.
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2-qubit gates and universal qg.c.
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2-qubit gates and universal qg.c.
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Etching with z measurements

information flow

“quantum wire” >t t t t £t x 22t t 1
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FIG. 1. Quantum computation by measuring two-state parti-
cles on a lattice. Before the measurements the qubits are in the
cluster state |®)¢ of (1). Circles ® symbolize measurements of
o,, vertical arrows are measurements of o, while tilted arrows
refer to measurements in the x-y plane.

® Figure |in H.J. Briegel and R. Raussendorf, Phys. Rev. Lett.
86,5183 (2001)

Thursday, 29 July 2010



Measurement-patterns for gates in the one-way model
1 234 567

control | X D

(a) Ms
target X X XM X X[
9 10 1112 13 14 15

CNQOT-gate
(b) (c)
1 2 3 4 5 1 2 3 4 5
X EEEEgl] X XEl X[]
general rotation z-rotation

(d) (e)
1 2 3 4 5 1 2 3 4 5

XMMENMO XXMXO

Hadamard-gate 7 /2-phase gate

R. Raussendorf, D. E. Browne and H.J. Briegel, Phys. Rev.A 68:022312 (2003)
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LC-orbit of local Clifford equivalent states

Fig. 4. — An example for a successive applica-

Ql tion of the LC-rule, which exhibits the whole
/ \' equivalence class associated with graph No. 1.
@) The rule is successively applied to the vertex,

2 / + 2 v. + 2 4 2.\ 4 which is colored red in the figure.
@ [

3 3 3 3
No. 5 No. 6 No. 7 No. 8
1 1 1 1
. / ./.\
> </ ) )
2\ 4 2 4 2 / 4 2 / 4
O O
3 3 3 3
No. 10 No. 11

® Fioure 4 In M. Hein,W. Dur, J. Eisert, R. Raussendorf, M.Van den
Nest, H.-). Briegel, quant-ph/0602096 (Varena lectures)
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Counter-example to LU-LC conjecture

The two graphs (with / without the red edge) represent locally equivalent
states, but are not related by the LC rule.

Zhengfeng Ji et al, Quantum Inf. Comput,, Vol. |0, No. [&2,97-108, 2010




Universal resources derived via graphical rules

N RRIIFILIY
AN ASAANAAIYS
999999999999999 Triangular

Hexagonal 4 &9%%%%9&9 -
BRI

These regular graphs can all be mapped Into square lattices via Paull measurements
- using the graphical rules. Hence all are resources for universal MBQC.

M.Van den Nest, et al, New |. Phys. 9 204 (2007).
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Measurement-patterns for gates in the one-way model
1 234 56 7

control | X D

(a) Ms

target X X XM X X[
9 10 1112 13 14 15

(enerate CNOT-gate
the full (b) (c)
Clifford 1 2 34 5 1 2 34 5
group X.Jﬂ] i?;D X X EN XD
general rotation z-rotation

(d) (e)
1 2 3 4 5 1 2 3 4 5

XMMENMO XXMXO

Hadamard-gate 7 /2-phase gate

R. Raussendorf, D. E. Browne and H.J. Briegel, Phys. Rev.A 68:022312 (2003)
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Graphical “Gottesman-Knill Theorem”

Quantum Fourier Transform

21 22 23 24 25 26 27 28 29 30 31 32 33
H @ @ ® ¢ ® @ ¢ ® @ ® @ |

17) 18 191 20
o—0 o—0
8 9( 10/ 11 12 13| 14| 15 16

Standard-form Graph state after all Pauli
measurement pattern measurements performed

M. Hein, ]. Eisert and H.). Briegel, Phys. Rev. A 69,0623 | (2004)
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Valence bond PEPS to MPS
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j=1p,q=1
Constructs a Matrix Product State MPS

= 3 (M ()M (s2)- M) 1))+ 5o

p‘ CI‘ M(j)m,n — Ag,q
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