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Optimal Remote Qubit Teleportation Using Node2vec
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Abstract: Much research work is done on implementing quantum teleportation and entanglement swapping for remote entanglement. Due to dynamical topological changes
in quantum networks, nodes have to construct the shortest paths every time they want to communicate with a remote neighbour. But due to the entanglement failures remote
entanglement establishment is still a challenging task. Also as the nodes know only about their neighbouring nodes computing optimal paths between source and remote
nodes is time consuming too. In finding the next best neighbour in the optimal path between a given source and remote nodes so as to decrease the entanglement cost,
deep learning techniques can be applied. In this paper we defined throughput of the quantum network as the maximum qubits transmitted with minimum entanglement cost.
Much of research work is done to improve the throughput of the quantum network using the deep learning techniques. In this paper we adopted deep learning techniques
for implementing remote entanglement between two non-neighbour nodes using remote qubit teleportation and entanglement swapping. The proposed method called Optimal

Remote Qubit Teleportation outperforms the throughput obtained by the state of art approach.
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1 INTRODUCTION

Long Distance communication is the main application
of Quantum networks. Quantum teleportation is essential
for quantum communications. In long distance
communications routing of the qubits is done through
sharing the Einstein-Podolsky-Rosen paradox (EPR) pairs.
Quantum entanglement is a technique where qubits are sent
from node 4 to node B. The probability that the
entanglement link remains success for an amount of time
between the nodes depends on the factors like:

1. Distance d between the nodes,
2. Number of intermediate nodes.

Hence during estimating a shortest path, dynamic
topology model is quite useful for the nodes for rebuilding
the network information. If 4 and B shared an
entanglement then A prepares two qubits and sends one
qubit to B using quantum teleportation. Hence through
entanglement we can create a one-time used virtual
quantum communication link between two parties.
Entanglement swapping is a technique where two nodes
can share qubits via an intermediate node and remote
entanglement on the two links can be established applying
entanglement swapping at the intermediate node. In Fig. 1
X and Y share using the virtual link.

a) Entanglement swapping

b) Entanglement swapping
Figure 1 Entanglement swapping and entanglement swapping

First a link is created between X and Z using the
memory bits (x, p) This entanglement is shared through
intermediate node Z by using the memory bits (p, ¢) and
() [20]. The Bell state measurement result at each 1-hop
quantum neighbour of a node X and result of node X are
calculated. The results are sent to the destination node Y
using the classical channel. The destination node performs
unitary transformations to recover the original state [1].
Besides finding an optimal path between source and
destination, one of the main objectives of any routing
techniques is to minimize the number of memory bits used
at each node.

Figure 2 Multihop teleportation

Consider Fig. 2. The thick lines indicate the quantum
channels and dotted lines indicate the classical channel.
Circles indicate nodes in the network. Let 4 want to
communicate to D. There is no direct quantum channel
between them. But a classical channel exists. There is both
classical channel and quantum channel between A4 and its
immediate neighbours C, B. After obtaining the virtual
quantum link information, nodes apply local measurements
to selects the optimal virtual link at that instance of time
for it to reach a destination node. Hence A4 decides which
amongst its immediate neighbours to share the EPR pair.
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Let C be the optimal node chosen by 4. A4 share EPR
pairs with C, 4 and C perform bell measurements and share
them directly with B using the classical channel. Now node
B performs the unitary transformations. This method
reduces the transmission time too since only the destination
is performing the unitary transmissions. Generally, the
entanglement swapping can be represented as follows:
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And its necessary quantum circuit is as shown in
Fig. 3.
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Figure 3 Quantum/circuit for two - hop quantum teleportation

The bell measurement results at B will be in any of the
four possible ways

Bk (k=1,2,3, 4) as follows
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Much research is not done in the area of teleportation
with nodes that do not share entanglement pairs directly.
Hence we propose a method to maximize throughput in the
quantum networks with limited memory qubits,
entanglement link establishing cost and maximum
entanglement fidelity.

The unitary transformations U2 can be expressed as:
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In Section II we presented various related studies in the
area of remote entanglement. In Section III we presented
the proposed method for remote teleportation between non-
neighbours and its network model. The proposed method
maximizes the throughput in the quantum networks with
limited memory qubits, entanglement link establishing cost
and maximum entanglement fidelity. In Section IV we
presented the simulation results and a comparative study.
In Section V we presented Conclusions and future study.

2 RELATED STUDIES

Several methods are invented by researchers for
successful implementation of quantum communications
using optimal paths. In [1] Marlon David et al., proposed a
quantum wireless multihop teleportation method using
under decoherence. In [2] Schoute et al., investigated
various Shortcuts to quantum network routing. In [3]
Gyongyosi, L. and Imre, S studied various entanglement
availability differentiation services for the quantum
Internet. In [4] Christensen, K. S. et al., implemented a
coherent router for quantum networks  with
superconducting qubits. In [S] Metwally, N. implemented
various entanglement routers via a wireless quantum
network based on arbitrary two qubit systems. In [6]
Xiong, P. Y. et al., implemented a routing protocol for
wireless quantum multihop mesh backbone network based
on partially entangled GHZ state. In [7] Zhao, X. et al.,
analysed various efficient shortest paths on massive social
graphs. In [8] Zhan, H. T. et al., implemented a Multi-hop
teleportation based on W state and EPR pairs. In [9] Gao,
X. Q. et al., implemented teleportation of entanglement
using a three particle entangled W state. In [10] Li, Z. Z. et
al., realized a Multi-user quantum wireless network
communication based on multi-qubit GHZ state. In [11]
Gyongyosi, L. and Imre, S. implemented Entanglement-
Gradient Routing for Quantum Networks. In [12] Verdon,
et al., implemented a universal training algorithm for
quantum deep learning. In [13] an improved Quantum
Stop-Wait Communication Protocol is realized. In [14]
Guoan Zhao proposed a quantum secure communication

1 000 protocol based on Single-photon. In [15] Tao Fang
0100 implemented a Controlled Quantum Secure Direct
I= 001 0 Communication Protocol Based on Extended Three-
particle GHZ State Decoy. In [16] Ting Wang, et al.,

0001 realized a semi-quantum Key distribution protocol based
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on Bell States. In [17] Dachyon Kim studied normalization
of input vectors in deep belief networks (DBNs) for
automatic incident detection. In [18] Lei Li presented an
extensive review on recent deep learning applications. In
[19] Dachyon Kim, proposed a method for application of
deep neural network model for automated intelligent
excavator. In [20] Hermans, S. L. N. et al., realized a Qubit
teleportation between non-neighbouring nodes in a
quantum network. In [21] Grover and Leskovec, J.
implemented a Node2vec: Scalable feature learning for
networks. In [22] Majtey, P. et al., analyzed the
relationship between entanglement, energy, and level
degeneracy in Two-Electrons Systems. In [23] Fenxiang
Fu et al. implemented multi-hop non-destructive
teleportation between terminal nodes equipped with
limited technology. In [24] Tu Nguyen, N. et al., proposed
a multiple-entanglement routing framework for quantum
networks. In [25] Ewert, et al., proposed an ultrafast long-
distance quantum communication with static linear optics.
In [26] Mousolou studied entanglement fidelity and
measure of entanglement. In [27] Dai, W., Peng, T. and
Win, M. Z. proposed optimal remote entanglement
distribution. In [28] Caleffi, M. proposed optimal routing
for quantum networks. In [29] Das, S. et al., studied robust
quantum network architectures and topologies for
entanglement distribution. In [30] Chen, Y.-A. et al.,
studied an integrated space to-ground quantum
communication network over 4600 kilometres.

In [31] Amer, O. et al., proposed a method for efficient
routing for quantum key distribution networks. In [32]
Akiba, T. et al., implemented fast exact shortest-path
distance queries on large networks by pruned landmark
labelling. In [33] Yangming Zhao, et al. proposed a E2E
fidelity aware routing and purification for throughput
maximization in quantum networks. In [34] Zhao and Qiao,
C. implemented a redundant entanglement provisioning
and selection for throughput maximization in quantum
networks. In [35] Pant, M. et al., implemented a routing
entanglement in the quantum internet. In [36] Laszlo
Gyongyosi, et al., implemented a decentralized base-graph
routing for the Quantum Internet. In [37] Thomas Krauss
and Joey McCollum proposed a method for solving the
network shortest path problem on a Quantum Annealer. In
[38] Jie Wu proposed an adaptive fault-tolerant routing
in cube based multi computers using safety vectors. In [40]
Thulitha Senevirathna et al., proposed an event-driven
source traffic prediction in machine-type communications
using LSTM Networks.

In [41] Daehyon Kim proposed Deep Learning Neural
Networks for Automatic Vehicle Incident Detection. In
[42] Al-akashi Falah proposed a method for improving
learning performance in neural networks. In [43] Gao Jun
proposed a credible nearest neighbour query in uncertain
network. In [44] Bai Xue et al.,, implemented a new
clustering model based on Word2vec mining on Sina
Weibo users' Tags. In [45] Yang Xianhui et al., proposed a
method for predictive routing for mobile sink routing
algorithm. In [46] Chen Yu and Duan Zhemin realized a IP
network topology link prediction based on improved local
information similarity algorithm. In [47] Chen Wen
implemented a continuous reverse k-nearest-neighbour
query in dynamic road network. In [48] Hyun Joo Park and
Seong Cheol Ki proposed an efficient packet transmission

protocol using reinforcing learning in Wireless Sensor
Networks. Al techniques are applied in various event
predicting/detecting applications.

In [49] Yong Suk Kim et al., studied on a deepfake-
based deep learning algorithm for medical data
manipulation detection. In [50] Heba M. Afify et al.,
proposed a multi-images recognition of breast cancer
histopathological via probabilistic neural network
approach.

3 TELEPORTAION BETWEEN NON-NEIGHBOUR NODES
3.1 Deep Neural Network Model

Let ON = (V, E, C, K, M) denote the undirected
quantum network where
a) |V] denotes the set of nodes like sender, receiver and

intermediate nodes,

b) K denotes number of nodes in the network and
¢) M denotes edges with positive edge cost.

We assumed a quantum network  with
d(x, y)L; =291 [37, 38] where d(x, y) is the edge distance
between x, y € V and QFEL; is the level of entanglement
between x, y. Also we assumed a set S* containing the
edges with an QFEL; where i = 1, ..., r between two nodes
with an edge E; spanned by r intermediate nodes. |E]|
denotes the set of edges between the nodes with E,* € S*.

Let vector x denote a vector with minimum energy.
Then use a homogenous quadratic polynomial [39]
H = argx min {xT, Ox} where x € {0, 1} and Qe RN x N.
In this paper the main objective function is to minimize the
homogenous quadratic polynomial. The cost of the
communication link depends on high probability rates of
establishing successful entanglement links with its
neighbour nodes

Let I(x) denote the position of node x. Let J(y) denote
the position of node y. Let u; denote the j-th neighbor of x
with position D(u;). Let v;denote the j-th neighbor of y with
position J(v;). Then p(D(x), D(y)) the probability that QEL;
level of entanglement exists between x and y [37, 38] is
defined as:

HO(00) - SRS o oty O

d@(x),2(y)"
Cox).o(y) = PrQELi (E(Xay)_ Zd(;()x) ,(gzz) ()

where P, (E(x,y) [37, 38] denote the probability that

nodes x, y are connected through an QFELi level
entanglement in the ON.

With a given fidelity F in an entangled link Ej the
maximum entangled states required per second at a node
Uk (O(F)(Uk)) should be less than the maximally existing

entangled states per second (Q(F)(E*h) (E Z) [38]. That is

Dok 2 per, CLAQ(F)(UR) < O(F)(E*h)(E;)  (3)
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where £ denotes the maximally entangled states.
Let C [38] represent the minimized cost if

C=min Y 3 3 (1-Bog, (£))CL, 3)

keK fefy heE

The process is repeated until the destination is reached.
The proposed method is based on a deep neural
network model. It is a feed forward neural network which
contains an input layer, hidden layer and output layer. The
network model is trained after collecting some known set

of ol < K number of optimal positions p(,@(x),@ (y)) in

the graph G. We computed optimal positions from these
known positions to remaining nodes in the network to form
ol*(K — 1) training pairs. We applied four binary operations

(1(2(x)+ 2 ()} 2.0 () -2 (). (2 ()42 ()
and p(@ (x),2( y)) and used Mean Square error MSE

[41] to estimate the quality of the predictor for measuring
the average of the squares of the difference between the
estimator and the estimated. Stochastic gradient descent
SGD is used as the optimizer. We applied node2vec
embedding's with default number of random walk as y =10.

We set Return parameter (rp) = 1, In-out parameter
(ioq) = 1, learning rate = 0.001, embedding_dimensions =
50, num_epochs = 10.

While choosing the intermediate's nodes, an optimal
node is preferred. The optimality depends on the following
factors
a) maximally entangled [37, 38] states per second with a

fidelity F' through an entangled link,

b) Minimum cost to establish a quantum link,
¢) Minimum failure rates of the virtual links,
d) Optimal memory qubits at intermediate nodes.

3.2 Optimal Remote Qubit Teleportation (OMRQT)

1. For each source destination pairs repeat the following
process:

2. For one source x and destination z pair repeat the
following until destination is reached

3. Rebuild network topology dynamically Let hop = {1,
2,3,4,5,6,7,...,deg(G)} denotes the hop distance

4. For each sender x at position &J (x)hop = ¢(x) select

an entangled pair to the appropriate next node y at
position & (x)hop+l = ¢( y) , and make a Bell State

Measurement of the qubit it wishes to send and its
qubit of the entangled pair.

5. We assume that node x may appear / times in the
process to forward data to the neighbour.

6. Let C[38] represent the cost of establishing a quantum
link between x and y and x uses a classical
communication network to forward the Bell State
Measurement result to node y. That is

7. C=min Y ¥ Z(l—PrQELi (E;j))c,{h

keK fefjheE
8. Let C ¢(x)

entanglement swapping for a node x with neighbour y
which is at a hop length hop.

, ¢(y) hop represent cost of an

9. Let wvariable length matrix X denote these
entanglement swapping cost C

Compant  Coarpan)s Co0),.40 maxoutdeg )

Csavent  Copen Co26Cmaxoutdeg-!

X =

Comngarnt - Comngarina CovDb 0V lmaxoutdeg )

10. Vertex y at position & (x)¢( xy) which is a neighbour

of x is chosen as the best 1 — hop neighbour of node x
if it satisfies the constraints
e Maximum entanglement fidelity utility [38]

¢ ZkeKZ/ethI(h F)(Uk)<Q(F )(E*h)(EZ)

e  Minimum cost of the entanglement [38] with level Eli

4
He =[Z min Corarptap)n J

maxoutdeg

a=l1 b=1
where C=min ) > > (I—P,QELi (EZ))C,{h
keK fekyheE '

e  Minimum failure rates of the virtual links

e Optimal memory qubits at intermediate nodes.

11. Implement a biased random walk with initial Return
parameter (7p) = 1, In-out parameter (iog) = 1.

12. Apply binary operations {p(@(x)+@(y))}/2
p(2(x)-2(»). p(@(x)+2(y)) and

p(2(x).2 ().

13. Generate training data set using the random walk with
num_epochs = 10.

14. Implement the embedding model with learning rate =
0.001, embedding_dimensions = 50.

15. Train the model and analyse the learning Embeddings
using by calculating Mean Square error MSE [41] to
estimate the quality of the predictor for measuring the
average of the squares of the difference between the
estimator and the estimated and stochastic gradient
descent SGD as the optimizer.

16. The receiver uses the BMR. The bell measurement
results at B will be n any of the four possible values Bk

(k=1,2,3,4) as follows
e H o))

{¢*>>>>
B ={o" )" )|o o)l No Moo )
{{>> o))

7) Herle)
oMo o) lole >\¢>\ )

to recover the state of the teleported qubit.

17. If the receiver is not the destination node z the process
continues with step 2.

18. Stop.

+
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4  SIMULATION RESULTS

We assumed the parameters the same as in [33] as
follows:

a) N quantum nodes, by randomly connecting them with
2N quantum links.

b) Assumed 200 quantum nodes and 50 source
destination pairs in the network.

¢) The fidelity of a quantum link 7;[37, 38] and quantum
link capacity is evenly distributed.

d) each node had 100 units of quantum memory.

e) The threshold fidelity is assumed to be less than 1

[0.9].

f) Network had a max_in degree as 2, 4, 6, 8 and 10.

We implemented a method to achieve maximum
network throughput for remote entanglement between two
non-neighbour nodes. We used deep learning techniques
for implementing remote entanglement between two non-
neighbour nodes using remote qubit teleportation and
entanglement swapping. Generated training data set using
the random walk with num_epochs = 10.

We implemented embedding model with learning rate
as 0.001 and embedding_dimensions as 50. We trained the
model and analyzed the learning embeddings using by
calculating. Mean Square error MSE to estimate the quality
of the predictor for measuring the average of the squares of
the difference between the estimator and the estimated and
stochastic gradient descent SGD as the optimizer. For
testing the pairs we employed the same method as used for
training the model. We generated approximately 5 percent
of training data set pairs as test set pairs.

We compared the simulation work with the E2E
Fidelity aware Routing and Purification (EFiRAP) [33] and
Redundant entanglement provisioning and selection REPS
[34]. We simulated the method with different number of
nodes.

Fig. 4 shows that the throughput increases with the
number of nodes. But when the network becomes denser
the throughput starts decreasing. The throughput achieved
by the OMRQT method outperforms the method in [33]
since the cost of establishing the link, and link selection
error rate is minimized in the OMRQT method due to
training the network for link selection using deep neural
network model.

Number of Nodes Vs
Throughput
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Number of Nodes

Figure 4 Number of nodes vs throughput

EFiRAP has a throughput less than 400 qbs and REPS
had a throughput less than 200gbs for N = 60 where as
OMRQT method had a throughput of 430 gbps and

EFiRAP had a throughput of 400 qbps and REPS had a
throughput of less than 200 gbps when N = 100 whereas
OMRQT method had a throughput of 450 qbps. For
N =160 EFiRAP had a throughput of more than 400 gbps
and REPS had a throughput less than 100 gbps and
OMRQT method had a throughput of 510 gbps.

With the above values, Fig. 4 proves that the OMRQT
method attained higher throughput than the EFiRAP and
REPS methods.

We compare the network throughput of the OMRQT
method with [33, 34]. The entanglement links with fidelity
above a threshold will be contributing to the achieved
throughput. With the threshold 0.9 we simulated the
method and Fig. 5 shows the results. With a link capacity
of 10 EFirAP had a throughput of less than 200 gbps, REPS
had a throughput of less than 50 qbps whereas the OMRQT
method had a throughput of 200 gbps. With the link
capacity of 30 EFiRAP had a throughput of 400 gbps,
REPS had a throughput of less than 50 gbps and OMRQT
method had a throughput of 200 gbps.

With link capacity of 60 EFiRAP had a throughput of
600 gbps, REPS had a throughput almost equal to 200 gbps
and OMRQT, method had a throughput /750 gpbs. With
the above values, Fig. 5 proves that the OMRQT method
attained higher throughput than the EFiRAP and REPS
methods.

Link capcity Vs
Throughput

800
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Figure 5 Link capacity vs throughput

Fig. 6 shows that with the increase in the entanglement
link capacity, the Channel Utilization increases. We
compare the entanglement link capacity of the OMRQT
method with [33, 34]. With a link capacity of 10 EFiRAP
achieved a channel utilization of less than 40%, REPS had
a utilization of less than 100% whereas the OMRQT
method had a utilization of 30%.

Link capacity Vs Channel
Utilization
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Figure 6 Entanglement link capacity vs channel utilization
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With a link capacity of 50 EFirAP achieved a channel
utilization of less than 30%, REPS had a utilization of less
than 60 whereas the OMRQT method had a utilization of
20%. With the increase in the entanglement paths between
each Source and destination edges the throughput of the
OMRQT method outperforms the method in [33, 34].
Fig. 7 shows the results.

Number of candidate
' paths Vs Throughput

" 600
0500
u400
8300 +
h200 +
P 100
u o0+
t 5 6,7,89
No of candidate paths
Figure 7 Number of candidate paths vs throughput

WOMRQT Method

We compare the throughput of the OMRQT d method
with [33, 34]. With the number of candidate paths as 5
EFirAP had a throughput of 400 gbps, REPS had a
throughput of less than 150 gbps, whereas the OMRQT
method had a throughput of 440 qbps. With the number of
candidate paths more than 6, 7, 8 and 9 EFirAP had a
throughput of less than 500 qbps, REPS had a throughput
of less than 150 gbps, whereas the OMRQT method had a
throughput of 530 gbps.

5 CONCLUSIONS

In this paper we implemented a method to achieve
maximum network throughput for remote entanglement
between two non-neighbour nodes. Generally, nodes know
only about their neighbouring nodes and finding best
neighbour node into its optimal path to destination is a
challenging task. This path between a given source and
remote nodes should decrease the entanglement cost.
Hence to predict such optimal links, deep learning
techniques are a great choice. We used deep learning
techniques for implementing remote entanglement
between two non-neighbour nodes using remote qubit
teleportation and entanglement swapping. The results
proved that the Remote Qubit Teleportation method
outperforms the throughput obtained by the existing
research mentioned in [33].

6 REFERENCES

[1] Marlon, D. Gonzalez, R., Nwachioma, C., Adenike, G.,
Adepoju, B. J. F. (2018). Investigating quantum wireless
multihop teleportationunderdecoherence. Quantum Physics
(quant-ph), Information Theory (cs.IT).

[2] Schoute, E., Mancinska, L., Islam, T., Kerenidis, 1., &
Wehner, S. (2016). Shortcuts to quantum network routing.

[3] Gyongyosi, L. & Imre, S. (2018). Entanglement Availability
Differentiation Service for the Quantum Internet. Scientific
Reports- Nature. hitps://doi.org/10.1038/s41598-018-28801-3

[4] Christensen, K. S., Rasmussen, S. E., Petrosyan, D., &
Zinner, N. T. (2020). Coherent router for quantum networks

with superconducting qubits. Physical Review Research, 2,
013004. https://doi.org/10.1103/PhysRevResearch.2.013004

[S] Metwally, N. (2014). Entanglement routers via a wireless
quantum network based on arbitrary two qubit systems.
Physica Scripta, 89, 125103.
https://doi.org/10.1088/0031-8949/89/12/125103

[6] Xiong,P.Y., Yu, X.T., Zhang, Z. C., Zhan, H. T., & Hua, J.
Y. (2017). Routing protocol for wireless quantum multihop
mesh backbone network based on partially entangled GHZ
state. Frontiers in Physics, 12, 120302.
https://doi.org/10.1007/s11467-016-0617-y

[71 Zhao, X., Sala, A., Zheng, H., & Zhao, B. Y. (2011).
Efficient shortest paths on massive social graphs.
Collaborative Computing: Networking, Applications and
Worksharing, 7th International Conference, 2011, 77-86.
https://doi.org/10.4108/icst.collaboratecom.2011.247162

[8] Zhan, H.T., Yu, X. T., Xiong, P. Y., & Zhang, Z. C. (2016).
Multi-hop teleportation based on W state and EPR pairs.
Chinese Physics B, 25(5), 050305.
https://doi.org/10.1088/1674-1056/25/5/050305

[9] Gao, X. Q., Zhang, Z. C., Gong, Y. X., Sheng, B., & Yu, X.
T. (2017). Teleportation of entanglement using a three
particle entangled W state. Journal of the Optical Society of
America B, 34(1), 142.
https://doi.org/10.1364/JOSAB.34.000142

[10]Li, Z. Z., Xu, G., Chen, X. B., Sun, X., & Yang, Y. X. (2016).
Multi-user quantum wireless network communication based
on multi-qubit GHZ state. JEEE Communications Letters,
2(2016), 2470. https://doi.org/10.1109/LCOMM.2016.2610434

[11] Gyongyosi, L. & Imre, S. (2017). Entanglement-Gradient
Routing for Quantum Networks. Scientific Reports - Nature.
https://doi.org/10.1038/s41598-017-14394-w

[12] Verdon, G., Pye, J., & Broughton, M. (2018). A universal
training algorithm for quantum deep learning.

[13] Xincan, F., Shaosheng, J., & Xiaojun, W. (2015). An
Improved Quantum Stop-Wait Communication Protocol.
International Journal of Grid and Distributed Computing,
8(5), 1-6. https://doi.org/10.14257/ijgdc.2015.8.5.01

[14] Zhao, G. (2015). Quantum Secure Communication Protocol
Based on Single-photon. International Journal of Security
and its Applications, 9(3), 267-274.
https://doi.org/10.14257lijsia.2015.9.3.20

[15] Fang, T. (2015). Controlled Quantum Secure Direct
Communication Protocol Based on Extended Three-particle
GHZ State Decoy. International Journal of Security and its
Applications, 9(10), 95-102.
https://doi.org/10.14257/ijsia.2015.9.10.08

[16] Wang, T., Zhao, D., Sun, Z., & Xie, W. (2016). Semi-
quantum Key Distribution Protocol Based on Bell States.
International Journal of Security and its Applications,
10(12), 97-110. https://doi.org/10.14257/ijsia.2016.10.12.09

[17] Daehyon, K. (2018). Normalization of Input Vectors in Deep
Belief Networks (DBNs) for Automatic Incident Detection.
Asia-pacific Journal of Convergent Research Interchange,
4(4), 61-70. https://doi.org/10.14257/apjcri. 2018.12.07

[18]Li, L. (2019). An Extensive Review on Recent Deep
Learning Applications. Asia-pacific Journal of Convergent
Research Interchange, 5(3), 221-231.

[19] Daehyon, K. (2020) Application of Deep Neural Network
Model for Automated Intelligent Excavator. Asia-pacific
Journal of Convergent Research Interchange, 6(4), 13-22.
https://doi.org/10.21742 /apjcri.2020.04.02

[20] Hermans, S. L. N., Pompili, M., Beukers, H. K. C., Baier, S.,
Borregaard, J., & Hanson, R. (2022). Qubit teleportation
between non-neighbouring nodes in a quantum network.
Nature, 605. https://doi.org/10.1038/s41586-022-04697-y

[21] Grover & Leskovec, J. (2016). Node2vec: Scalable feature
learning for networks. Proceedings of the 22nd ACM
SIGKDD International Conference on Knowledge Discovery
and Data Mining, 855-864.

246

Technical Gazette 30, 1(2023), 241-247



Sang-Hwa LEE, S. MADHAVI: Optimal Remote Qubit Teleportation Using Node2vec

https://doi.org/10.1145/2939672.2939754

[22] Majtey, P., Plastino, A. R., & Dehesa, J. S. (2018). The
Relationship between Entanglement, Energy and Level
Degeneracy in Two-Electrons Systems.

[23] Fu, F., Li, H., Xue, S., & Jiang, M. (2020). Multi-hop
nondestructive teleportation between terminal nodes
equipped with limited technology. Journal of the Optical
Society of America, 37(6), 1896-1905.
https://doi.org/10.1364/JOSAB.392613

[24] Nguyen, T. N., Ambarani, K. J., Le, L., Djordjevic, 1., &
Zhang, Z.-L. (2022). A Multiple-Entanglement Routing
Framework for Quantum Networks.

[25] Ewert, F., Bergmann, M., & van Loock, P. (2016). Ultrafast
long-distance quantum communication with static linear
optics. Physical Review Letters, 117,210501.
https://doi.org/10.1103/PhysRevLett.117.210501

[26] Mousolou (2020). Entanglement fidelity and measure of
entanglement. Quantum Information Processing, 19(9), 1-
14. https://doi.org/10.1007/s11128-020-02808-0

[27] Dai, W., Peng, T., & Win, M. Z. (2020). Optimal remote
entanglement distribution. /EEE Journal on Selected Areas
in Communications, 38(3), 540-556.
https://doi.org/10.1109/JSAC.2020.2969005

[28] Caleffi, M. (2017). Optimal routing for quantum networks.
IEEE Access, 5,22299-22312.
https://doi.org/10.1109/ACCESS.2017.2763325

[29] Das, S., Khatri, S., & Dowling, J. P. (2018). Robust quantum
network architectures and topologies for entanglement
distribution. Physical Review A.
https://doi.org/10.1103/PhysRevA.97.012335

[30] Chen, Y.-A., Zhang, Q., Chen, T.-Y., Cai, W.-Q., Liao, S.-
K., Zhang, J., Chen, K., Yin, J., Ren, J.-G., Chen, Z. et al.
(2021). An  integrated  spaceto-ground  quantum
communication network over 4600 kilometres. Nature,
589(7841), 214-219.
https://doi.org/10.1038/s41586-020-03093-8

[31] Amer, O., Krawec, W. O., & Wang, B. (2020). Efficient
routing for quantum key distribution networks. [EEE
International Conference on Quantum Computing and
Engineering (QCE), 137-147.
https://doi.org/10.1109/QCE49297.2020.00027

[32] Akiba, T., Iwata, Y., & Yoshida, Y. (2013). Fast exact
shortest-path distance queries on large networks by pruned
landmark labeling. Proceedings of the 2013 ACM SIGMOD
International Conference on Management of Data, 349-360.
https://doi.org/10.1145/2463676.2465315

[33] Zhao, Y., Zhao, G., & Qiao, C. (2022). E2E Fidelity Aware
Routing and Purification for Throughput Maximization in
Quantum Networks. I[EEE INFOCOM 2022, 480-489.
https://doi.org/10.1109/INFOCOM48880.2022.9796814

[34] Zhao, Y. & Qiao, C. (2021). Redundant entanglement
provisioning and selection for throughput maximization in
quantum networks. Proceedings of the IEEE INFOCOM.
https://doi.org/10.1109/INFOCOM42981.2021.9488850

[35] Pant, M., Krovi, H., Towsley, D., Tassiulas, L., Jiang, L.,
Basu, P., Englund, D., & Guha, S. (2019). Routing
entanglement in the quantum internet. npj Quantum
Information, 5. https://doi.org/10.1038/s41534-019-0139-x

[36] Laszlo, G. & Sandor, 1. (2018). Decentralized Base-Graph
Routing for the Quantum Internet.
https://doi.org/10.1103/PhysRevA.98.022310

[37] Laszlo, G. & Sandor, 1. (2018). Topology Adaption for the
Quantum Internet. https://doi.org/10.1007/s11128-018-2064-x

[38] Krauss, T. & McCollum, J. (2020). Solving the Network
Shortest Path Problem on a Quantum Annealer. /EEE
Transactions on Quantum Engineering.

[39] Wu, J. (1998). Adaptive fault-tolerant routing in cube based
multi computers using safety vectors. /[EEE Transactions on
Parallel and Distributed Systems.
https://doi.org/10.1109/71.667894

[40] Thulitha, S., Bathiya, T., Tharindu, S., Chatura, S., Samad,
A., & Nandana, R. (2020).Event-Driven Source Traffic
Prediction in Machine-Type Communications Using LSTM
Networks. GLOBECOM-20 IEEE Global Communications
Conference.
https://doi.org/10.1109/GLOBECOM42002.2020.9322417

[41] Daehyon, K. (2018). Deep Learning Neural Networks for
Automatic Vehicle Incident Detection. Asia-pacific Journal
of Convergent Research Interchange, 4(3), 107-117.
https://doi.org/10.21742/apjcri.2018.09.11

[42] Al-akashi, F. (2021). Improving Learning Performance in
Neural Networks. [International Journal of Hybrid
Innovation Technologies, 1(2), 27-42.
https://doi.org/10.21742/ijhit.2653-309X.2021.1.2.02

[43]Jun, G. (2014). Credible Nearest Neighbor Query in
Uncertain Network. International Journal of Grid and
Distributed Computing, 7(1), 13-20.
https://doi.org/10.14257/ijgdc.2014.7.1.02

[44] Xue, B., Fu, C., & Shaobin, Z. (2014). A New Clustering
Model Based on Word2vec Mining on Sina Weibo Users'
Tags. International Journal of Grid and Distributed
Computing, 7(3), 41-48.
https://doi.org/10.14257/ijgdc.2014.7.3.05

[45] Xianhui, Y., Honge, R., & Weipeng, J. (2014). Predictive
Routing For Mobile Sink Routing Algorithm. International
Journal of Grid and Distributed Computing, 7(3), 143-154.
https://doi.org/10.14257/ijgdc.2014.7.3.14

[46] Yu, C. & Zhemin, D. (2015). IP Network Topology Link
Prediction Based on Improved Local Information Similarity
Algorithm. International Journal of Grid and Distributed
Computing, 8(6), 141-150.
https://doi.org/10.14257/ijgdc.2015.8.6.14

[47] Wen, C. (2016). Continuous Reverse k-Nearest-Neighbor
Query in Dynamic Road Network. International Journal of
Grid and Distributed Computing, 9(5), 125-132.
https://doi.org/10.14257/ijgdc.2016.9.5.12

[48] Park, H. J. & Ki, S. C. (2021). An Efficient Packet
Transmission Protocol Using Reinforcing Learning in
Wireless Sensor Networks. Journal of System and
Management Sciences, 11(2), 65-76.
https://doi.org/10.33168/JSMS.2021.0205

[49]Kim, Y. S., Song, H. J., & Han, J. H. (2022). A Deepfake-
Based Deep Learning Algorithm for Medical Data
Manipulation Detection. Journal of System and Management
Sciences, 12(1), 13-26.

[50] Afify, H. M., Kamel. K. M., & Hassanien, A. E. (2020).
Multi-Images Recognition of  Breast Cancer
Histopathological via Probabilistic Neural Network
Approach. Journal of System and Management Sciences,
10(2), 53-68. https://doi.org/10.33168/JSMS.2020.0204

Contact information:

Prof. Sang-Hwa LEE

Department of Webtoon Content, Seowon University, Cheongju-si,
Chungcheongbuk-do, Korea

E-mail: gomawooi@naver.com

Prof. S. MADHAVI

(Corresponding author)

Computer Science and Engineering Department,

PVP Siddhartha Institute of Technology, Andhra Pradesh, India
E-mail: mukkumadhavisk@gmail.com

Tehnicki viesnik 30, 1(2023), 241-247

247




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


