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1. INTRODUCTION

Searching with coined quantum walk is a problem that has interested the community since a long time. While most results consider spatial searches
on regular lattices, some work have introduced several models of coined quantum walks on graphs. This work introduces a distributed searching
quantum walk on graphs. Our contribution is in two parts: (i) we introduce a new mathematical model of a coined quantum walk on graphs designed
to search both nodes or edges; (ii) we provide an anonymous distributed scheme to implement such a model.

3. SEARCHING AN EDGE

We consider an undirected graph G = (V, E') and define a walker on its edges. The coin is defined | | We add an oracle operation, which applies X

2. QUANTUM WALK ON GRAPHS

as a 2 X 2 unitary operator C on the coin register : to the marked edge and I everywhere else. The
Quantum Walk runs for 7' steps betore a posi-
V(u,v) € E, |(u,v))|+£) com (I®X) x |(u,v))|£). tion measurement returns an edge. If the edge
returned isn’t the marked one, we repeat the
The scattering operator coincides instead with the standard diffusion operator D,, of size n X n process again.

applied locally on each node : The average runing time to search one edge in
a graph is O (T'/P), where T is the hitting time
Vu e V. (wz(g,v)> scattering Deeg(u) X ( wz%b’”)) where D, = (2) 1. of the walk and P the probability of measuring
’ veV | veV n/i.; the marked edge after 1" steps.
Step t Coin Step t+0.5 Scattering Step t+1

4. SEARCHING A NODE

To search nodes instead of edges, we starity
the graph and search for the virtual edge
associated to the marked node.
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e N - : : Figure 2: Transformation from the initial graph to
@ (il : @ D Xt @ the starified one. The starified graph is the initial
N /! graph to which we added one virtual node per real
. | node. Every virtual node is connected to (and only
Figure 1: Example of a walk on a path of size 3. to) the associated real node with a virtual edge.
5. COMPLEXITIES 6. DISTRIBUTED SCHEME
2D-Grid Hypercube | Complete Graph | Scale-Free Graph The distributed implementation uses an edge
register of two qubits per edge, one for the +
x d one for the — state. This register starts
O (vVMlog"M) | O (VM) 0 (Vi) 0 (Vi) state an 8
v 5 in the W state (i.e. (|001) + |010) + [100))//3).

We also need a node register, composed of 1 +
O (\/N log™ N) O <\/N In N) O (N) 0 (\/N + M) log d qubits per node of degree d, to serve as

anscilary qubits during the scattering.
Table 1: Complexity of the QWSearch for several graphs in function of M. Results are analytical for the At the end of the computation, the edge regis-
complete graphs and numerical for the others. The classical complexity of a BES algorithm is O(M) ter is measured.

8. CONCLUSION

7. CIRCUIT
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provided.
https:/ /arxiv.org/abs/2310.10451

Figure 3: Circuit of one step of the quantum walk for the path graph © — v — w. Dashed lines signal Tr,
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