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Walking on a graph




Why would you walk randomly on
a graph ?

* Some problems are simpler to
solve using randomness.

* You save ressources using a
random walk.
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Stochastic process
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Flip a coin
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Measurement doesn't disturb the system !



Random walks

* Usually states are vectors in
Vnodes-

* Here we take vectorsin V,,,4es X
Vcoin .

 First we toss the coin.

* Then we walk towards the node
iIndicated by the coin.




Walking randomly on a line

State : |0)|0) P=G;§ 1;3)

Probabilities : 1



Walking randomly on a line

State : 0,5]0)|0) + 0,5]0)|1) b= GZ 1@

Probabilities : 1



Walking randomly on a line
State: 0,5 — 1)[0) + 0,5]1)[1) p=(£ 1@
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Walking randomly on a line
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Walking randomly on a line
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Walking randomly on a line
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Walking randomly on a line

- (2 1)

Probabilities : 0,375 0,375



After many steps...
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Quantum states
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Observing quantum states

U
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|0) with probability ||u,]|?

la) with probability ||u,||?



Quantum operations

Unitary matrix U : Uv|l, = ||v]l,

Quantum Quantum
States States



Flip a quantum coin

Transitions :
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Reversibility

All unitary matrices are inversible !

IS not inversible (and therefore not unitary).



Measurement disturbs the system !



Quantum Walk on a line

State : [0)|0) U=(1/\/§ 1/\/§>
1/V2 —1/4/2

Probabilities : 1



Quantum Walk on a line

State : 1/4/2(0)[0) + 1/+/2|0}|1) =(1/\/§ 1/\5)
ate: 1/v2]0)] /N/210)] U NG 1

Probabilities : 1



Quantum Walk on a line

State : 1/v2| — 1)]0) + 1/2|1)[1) =(1/\/§ Uﬁ)
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Quantum Walk on a line

U=<1/\/§ 1/\/§>
12 —1/32

Probabilities : 0,5 0,5



Quantum Walk on a line
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Quantum Walk on a line
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Probabilities: (0,29 0,25



Quantum Walk on a line

U=<1/\/§ 1/\/§>
12 —1/32
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Probabilities : 0,625 0,125



After many steps...
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Random VS Quantum

000
® ¢ O
s‘sJ
e Canimplement irreversible e Canonly implement
dynamics; reversible dynamics;
* Non destructive  Destructive measurement;
measurement ;

e Features interferences.
e Doesn’t feature
iInterferences.
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Local search problem

* We search in a graph some marked
elements.

* We can only use arandom walk P on
this graph.

* How long does it takes ?




Two settings

Py Pip Py Py
P]_ .P212 Pg:,. P.
* We have accesstoarandomwalk — ?=|,, 5, . » . 5|
(without coin) : - ;
Fo,1 P,o» Po j Poa

* We have access to the associated , Y ,
quantum coin toss operator : Uli)l0) = i) 2 P j /)
J



Efficiencies

O(H) callsto P

@ ——— —p O(VH)callstoU



Groever Search

Grover diffusion operator

_A_

0> 7& H®n HOn

20™) (0™ — I,

/

H®"

Find an element in a database quadratically faster

_V_

Repeat O(v/N) times

than classicaly !




Thank you !

e Canimplement irreversible e Canonly implement
dynamics; reversible dynamics;

* Non destructive  Destructive measurement;
measurement ;

e Features interferences
e Doesn’t feature which allow to search
Interferences. quadratically faster.



References

* Introduction to Quantum Walks:
* https://arxiv.org/pdf/quant-ph/0303081

* Results about the quadratic speed up for the local search Pb:
* https://www.irif.fr/~magniez/PAPIERS/kmor-algorithmica16.pdf

* Knowing everything about Quantum Computation:

* Nielsen, M. A., & Chuang, I. L. (2010). Quantum Computation and
Quantum Information: 10th Anniversary Edition. Cambridge: Cambridge
University Press.

* Knowing everything about Random Walks:

* https://pages.uoregon.edu/dlevin/MARKOV/markovmixing.pdf
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