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Abstract—According to the current trends, there could beesavsituations where devices
can communicate over an ad hoc network architectittgout human interference, making
the number of end user parties much higher thamionly human communication scenario.
In our work, we focused on a quantum based ad Rtwank, in which all devices are

guantum based and the communication is via wiretesgium. We investigated how different
guantum protocols can be applied in such a network.

|. Introduction

Typically, the wireless networks are built aroundch anfrastructure, where all
communications are routed through base stationathas gateways between the wireless and
wired network. However, there may be situationsvimch it is not economically viable to
build such an infrastructure. In these cases, leatan of wireless mobile nodes could self-
organize into a temporary ad hoc network [1]. Ouergday environment is increasingly
populated by multitudes of decentralized and ndte@rcomputing systems [2] (e.g, ad hoc
networks of mobile computer-based devices, seretovarks [3]). One of the primary fields of
research and development includes the servicesedftey the devices and the faster and more
efficient communication. In other hand, the workopgantum computer [4] is still a promising
tool of the not so far future, but there are mamjutoons which were demonstrated
successfully by different experiments [5]. In oasearch, we analyzed how a quantum based
communication can be combined with classical adrieteorks.

Our quantum network is based on a classically vimgrlgystem (CASCADAS) which was
developed in a European project as a platformdtmreomous communication. The purpose of
CASCADAS is an autonomic component-based framewahkch helps to build services that
can dynamically adapt to the environment [6]. Tlassical system is based on the Autonomic
Communication Element (ACE) [7], which gathers mfation about its environment,
automatically adapts to the situation without adgsintervention and acts accordingly. We
developed the classical system into a quantumTmequantum equivalent version of ACE is
the QACE (Quantum ACE) [8]. It enhances the praoperdf the communication elements of
the classical system, enabling faster and more ExmM@mMputations with the help of the
guantum Grover algorithm. Based on QACE, we hawated a quantum based ad hoc



communication network. The QACE devices (also reftias nodes or peers) are able to send
classical and quantum messages since they usethmitiassical and quantum methods for
messaging and computations. We have adapted twauwjagprotocols into our network, the
superdense coding and the teleportation [9].

Il. Overview of our network

In a classical environment, the participants ofadnhoc network (peers or nodes) can be
connected by an Access Point (AP) that forwarddrdmesmission coming from a node, or can
be connected through each other on equal level,reeeiving and retransmitting messages
coming from other nodes. In our network, the pdwrge the ability to self-organize, which
means that the nodes can decide if they are usidg?aor a non-AP version of the network. In
the classic version of the network, every peeuily aware of the environment and can make
decisions based on their knowledge base, whiclgriardically formed by their own and other
nodes' perceptions.

With a quantum adaptation of the CASCADAS systeoth bhe QACES' operations and the
data transmission can become more complex and flagtesing quantum algorithms. In the
classic world of Artificial Intelligence systems IJA a balance had to be found between
complexity and speed of operations. By using quardlgorithms, there are faster ways to get
the most effective results. With the possibility gdrallel calculations, the Grover algorithm
can find the best and most cost-effective soluttiom an unsorted knowledge base. This gives
the option to use a fast and complex Al systemtlier QACES' inner logic [8]. Once the
solution is found by quantum means, the QACEs hisedsults to operate in classical way.

Our network contains mobile nodes (peers) and fositppned ones. The constant
appearance and disappearance of the nodes sinaulegal network behavior, where the
number of nodes within an area changes dynamicaélig areas are not distinguished by
numbers but the connections each node has. Evelg timt can be found in the hearing
distance of one's periodical HELLO signaling messiagn the area of that node. The network
has two hierarchical levelsthere can be peers and superpeers. The peerseas@gority for
the case of superpeer interference. Initially, gverde is a peer, and there are events that can
trigger a peer to challenge its area to becomgearpaer. There can only be one superpeer per
area, which means that the nodes that have a sgrarptheir connection list can not become
one. Working with mobile nodes also entails th@ear can move to a position where it can
connect to other peers that are superpeers indheis. In this case, the higher priority value
decides which superpeer's command to listen to.

The peers can communicate by either classical antgm means. The classical
communication is used for signaling, and it is ajsed as a back-up solution. There are two
types of quantum protocols exploited to create rihwork, the quantum teleportation and
superdense coding. Both require an entangled pgulats (Bell-pairs) to operate, therefore it
is essential for the nodes to share Bell-pairsreetioey start to send data by quantum means.
Distributing qubits via free space channel meaasttie nodes have to have clear visibility of
each other, as qubits are represented by photahsté sent using their built in lasers. This
means that no obstacle can be found in the chdoanguantum data transmission, otherwise
the nodes can use classical radio interface fara@ocommunication.

The peers can either perform the last step of #remwledge base search {8measuring
the quantum result, thus getting a classical ansvaed use the superdense coding as it
requires classical input, or leave the result iarqum state and transmit the quantum bit to the
other peer using quantum teleportation. To be #&blact on its own, the QACE needs the
answers in classical form, so if it does not meashe quantum result it will not get a picture
of its environment and will not be able to perfommtions. That is why this form of
communication is only recommended when there isperpeer present and it analyzes the
incoming reports, then sends back commands togbesp



We used the superdense coding in its original fdyai,we enhanced the basic quantum
teleportation algorithm so it can work bidirectibmath different types of Bell-pairs. In our
solution, different Bell pairs can be used at thgibning of the algorithm, so we need to use
different order of the Pauli X and Pauli Z gatesdstore the original qubit which was sent by
the sender. To switch and control the gates witmoodifying the quantum circuit, we used
XOR gates to modify the control input of the quantgates.

We have developed a simulator program that caruatalthe setup in both classical and
guantum basis. The quantum version of the commtiaichas three different scenarios: using
only superdense coding, using only quantum telagort, and the mix of these two protocols.
At normal behavior, the network should operate wiite mixed protocol version but we
simulated the network in all three scenarios. dtlitj the network is started with 10 nodes,
divided into two areas. During the simulation, rogein and leave the network, and these
nodes want to communicate with each other. To sitauh real environment, random timers
provide realistic delays and requests as nodegeaand leave the network. Our results show
that the superdense coding is better than clagsisad-to-point solution, but it greatly depends
on the quantum channel's fault-tolerance. In cddeleportation, pure teleportation network
performs better, but such a network is only feasibthe peers are capable of operating on
pure guantum basis.

The detailed description of our quantum network #relnumerical simulation results can
be found in [10], as it was requested by the PEQ@IS2013.
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