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A B S T R A C T

In order to support mobile learning, we often use mobile video devices (such as mobile laptop, ipad, mobile
phone, mobile TV terminal), mobile audio devices (such as mobile mp3, mobile learning machine), mobile human
-computer interaction devices (such as mobile interaction whiteboard, mobile smart space) and so on. The
communication of these devices are mainly based on the MANET (Mobile Ad hoc Network). Due to the mobility,
self-organization and distributed control of MANET, the routing protocol of MANET has to adapt to the rapid
changes of the network structure, and have to make sure the network resources being saved at most. The OLSR
(Optimized Link State Routing) is a representative table-driven routing in MANET, and the main technology of
OLSR is MPR. In this paper, we improved the quantum genetic strategy, and proposed a new routing protocol
named QG-OLSR by combining the characteristics of OLSR. The quick changes of topology of MANET make it a
huge challenge to find and maintain an end-to-end optimal path, while heuristic Q-Learning strategy is able to
dynamically adjust the routing path through interaction with the surrounding environment. New Q-Learning
strategy has been embedded in our improved quantum genetic strategy. The QG-OLSR of this paper optimized the
selection of MPR, overcomes the shortage of the traditional protocol, and proves the property of convergence and
global optimization. The new routing protocol improved the performance of transmission. The simulation results
show that the new protocol is feasible and applicable, and perform a better experimental result.

1. Introduction

As we know, in order to support mobile learning, we often use mobile
video devices (such as mobile laptop, ipad, mobile phone, mobile TV
terminal), mobile audio devices (such as mobile mp3, mobile learning
machine), mobile human -computer interaction devices (such as mobile
interaction whiteboard, mobile smart space) and so on. The communi-
cation of these devices are mainly based on the MANET (Mobile Ad hoc
Network). MANET is a wireless network to connect mobile devices,
which is composed of a group of logically equivalent nodes with wireless
transceiver device, it does not rely on any basis set (Zhang and Li, 2014;
Yi, 2011; Niu, 2017a). Due to the flexibility and extensibility of MANET,
it's widely used in various fields such as environmental monitoring,
battlefield monitoring and disaster relief (Moussaoui, 2014; Ma, 2017;
Sondi, 2013; Hiroshi, 2011). In disaster-relief applications, traditional
emergency networks with central topology, such as cellular mobile

systems, are easily destroyed, and a temporary emergency system can be
established by using MANET (Wang and Song, 2015). Due to the high
dynamic property of the topology, the traditional routing protocol is not
applicable. So the routing problem of MANET is especially important
(Zhang, 2012a; Stefano, 2016; Cervera, 2013; Ma, 2016a). At present, for
the characteristics of MANET, the proposed routing protocol is divided
into two categories: table-driven routing and on-demand routing.
Table-driven routing is more suitable for the dynamic characteristics of
MANET topology and the requirements of QoS routing. A typical
table-driven routing protocol is OLSR (Optimized Link State Routing).

OLSR is different from the traditional LSR (Link State Routing), its
core function is the MPR (Multipoint Relay) mechanism. In OLSR, each
node selects a part of its own hop node as its own MPR node set. Only the
node selected as MPR will forward the TC (Topology Control) packet.
MPR node is responsible for notification of link state in the network. (Niu
and Li, 2016; Ma, 2016b; Mohamed, 2011). Link state information is
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generated by the nodes selected as MPR, which can reduce the flooding
of information in the network. The MPR node set periodical floods the TC
message to the whole network, and the message contains the link in-
formation (Song and Wang, 2015) with the MS (Multi-point Relay
Selector) node of the node. And the MPR node receives and forwards the
TC message from the other MPR node. When the MPR node sends its own
TC message, the MPR node also needs to add the information of being
selected as MPR by the neighbor node in the TC packet.

OLSR is a table-driven routing protocol based on link state. It is
suitable for the characteristics of node mobility in MANET that makes the
network topology change constantly. It needs to update the routing in-
formation timely. However, the characteristics of wireless network
determine the limited bandwidth of available links. The existing research
mainly focuses on improving the protocol and resolving the problem of
the timeliness of information updating and the limited bandwidth of
available links. In (Muhammad, 2016; Zhu, 2012), the problem of
flooding is considered for a specific physical layer. In (Zhu, 2012; Zheng
and Zhang, 2015; Zhang et al., 2017), the flooding problem of hetero-
geneous MANET is studied. In (Niu, 2017b; Saha, 2015), MPR is applied
to multicast protocols. In (Zhang, 2012b; Malossini and Blanzieri, 2007;
Nowotniak and Kucharski, 2012), it is proved that the MPR selection is
an NP-complete problem. The MPR mechanism is very important when
the node density is bigger in the network, so OLSR is very suitable for the
network with high node density.

In the early 1980s, Benioff and Feynman put forward the concept of
quantum computation (Wang, 2017; Muhammad, 2016; Zhu, 2012;
Zheng and Zhang, 2015). After Grover proposed a quantum algorithm for
random database search and Shor proposed a quantum algorithm for
decomposing a large number of factors, quantum computation has
attracted much attention due to its unique computational performance,
and has rapidly become a research hotspot. As early as the 1990s, there
have been many quantum computing methods (Zhang et al., 2017; Niu,
2017b; Saha, 2015; Zhang, 2012b; Malossini and Blanzieri, 2007).
Quantum computing can be seen as a computer without an operating
system, much more efficient than traditional computing methods. NSGA
(Nondominated Sorting Genetic Algorithm) can be used as
multi-objective function optimization (Nowotniak and Kucharski, 2012;
Patvardhan, 2015; Kang, 2012; Liang, 2013). It is known to all that
NSGA-II (Liang, 2013) is one of the fast & elitist successful
multi-objective genetic algorithms in optimization of current generation
mobile WSN and MANET as well.

Some researchers proposed Quantum Genetic Algorithm (QGA),
which is based on vector expression of quantum states (Zhou, 2017a; Wu,
2010; Zhang et al., 2014; Jamal, 2012; Zhao, 2012). Quantum bit rep-
resentations are applied to chromosome coding, so that each chromo-
some can represent the superposition of multiple states at the same time,
and realize the update operation of chromosome by using quantum
revolving door, and overcome the phenomenon of local optimal solution
of population by quantum crossing and quantum variation.

The current research focuses on two types of models: Quantum
Inspired Genetic Algorithm based on quantum multi-cosmic features,
Quantum Genetic Algorithm based on Quantum Genetic and Quantum
Genetic Superposition (QGA) (Wang, 2015; Zheng, 2016; Song, 2015; Li,
2016). The problem of solving 0–1 knapsack problem in QGA is that each
gene has only “0” or “1” state. But in other problem solving, each gene
may exist multiple states, so the proposed algorithms are not universal.
The solution is to design a unitary transformation that can operate on
multiple states at the same time. This method has the advantages of
simple encoding, high computational efficiency, but computational
complexity is large, and the design of high latitude unitary trans-
formation is troublesome. Another solution is the use of binary coding in
genetic algorithms to quantify the presence of polymorphic bits, such as
two states encoded with a single qubit and four states encoded with two
bits, and the characteristics of the method is better versatility, and easier
to achieve. Quantum bit coding makes it possible for a chromosome to
express multiple states at the same time, which makes Quantum Genetic

Algorithm have better diversity characteristics than classical algorithm.
As a self-learning algorithm, Q-Learning strategy (Zhou, 2017b; Chen

and Mao, 2018; Israel, 2017; Palvinder, 2017) can find a shortest path
from source node to destination node through constant interaction with
outside of MANET. Based on this idea, in this paper, our improved
quantum genetic strategy is designed by new Q-Learning strategy. It can
adaptively adjust Q-Table with ensuring the reliability of each hop link to
adapt such dynamic network topology of MANET. New Q-Learning
strategy has been embedded in our improved routing protocol QG-OLSR
by quantum genetic strategy.

Our designed approach adopts the multi-state factor bit coding
method to encode the nodes in the network. The quantum cross-
operation and the quantum not-gate are used to realize the genetic mu-
tation. The quantum rotation gate strategy and the dynamic adjustment
of the rotation angle mechanism are adopted to consider the nodal en-
ergy information, which avoid premature and local convergence. For the
NP- completeness of the MPR problem, an improved global genetic al-
gorithm is used to obtain the global optimal solution.

2. Design of our QL-OLSR protocol

The purpose of this method is to propose one novel optimized link
state routing protocol (QG-OLSR) based on our improved quantum ge-
netic algorithm (QGA), to reduce the redundant information in the
network. The global convergence of the MPR set selection is guaranteed
by quantum crossing and quantum not - gate variation, and the quantum
rotation gate is used to update the data to improve the data transmission
efficiency in the network topology.

Definition 1. Optimal link state routing protocol: Based on the hier-
archical routing algorithm of Edsger Dijkstra's shortest path first algo-
rithm, a router in a network does not transfer the “route entry” to the
neighbor, but advertises some link status to the neighbor. Instead of
simply learning routes from neighboring routers, the router running the
routing protocol divides the routers into areas, collects link state infor-
mation for all routers in the area, and generates network topologies based
on the state information. Each router is configured according to the to-
pology Calculate the route.

Definition 2. Quantum heredity: Quantum state vector expression is
introduced into genetic coding, the use of quantum revolving door to
achieve the evolution of chromosomes, to achieve better results than
conventional genetic algorithm. However, since all individuals evolve
toward a target, there is a high probability that they will fall into the local
optimum if there is no crossover operation.

Definition 3. Quantum crossover: Unlike the traditional gene chain
crossing operation, according to the rapid evolution of the population
characteristics of the use of quantum bit population crossing operation,
take the first locus of an individual as the first locus of the new individual,
and take the second locus of the adjacent individual as the second locus of
the new individual, repeating until the child have the same number of
individuals with parents. A descendant is generated for each individual
until the number of offspring and parent are equal.

Definition 4. Quantum not-gate variation: A qubit has two indepen-
dent states, “0” and “1”, α and β are the probability for states amplitude of
the two states, respectively which indicates the probability amplitude of
the two states, respectively. The quantum not-gate variation is such that
the probability amplitude that tends to collapse to state “0” and the
probability amplitude that tends to collapse to state “1” are exchanged.

2.1. The fundamentals of QGA

Quantum genetic algorithm (QGA) is based on the combination of
quantum computation and genetic algorithm. QGA is an algorithm based
on the superposition of quantum bit and quantum state, and uses poly-
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