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요 약 낮은 비용으로 무선 네트워킹 인 라를 구축할 수 있는 무선 메쉬 네트워크에서는 제한된 무

선 자원을 효율 으로 이용하기 해 패킷 송(특히, 불필요하게 복되는 패킷 송)을 신 하게 처리해

야 한다. 본 논문에서는 컨트롤러를 통한 앙 집 식의 리가 가능한 소 트웨어 정의 네트워킹 기반의 

무선 메쉬 네트워크에서 불필요하게 복 송되는 데이터의 양을 감소시키기 해 경량화된 복 제거 

기법을 제안한다. 제안하는 복 제거 기법은 감소되는 트래픽 양을 극 화하기 해 컨트롤러가 1) 기계 

학습 기반의 정보 요청, 2) ID기반의 소스 라우 , 3) 인기도 기반의 캐쉬 업데이트를 통해 복 제거 효

과를 극 화시킬 수 있는 최 의 경로를 결정한다. 시뮬 이션 결과는 제안하는 기법을 통해 체 트래픽 

부하를 18.34%-48.89% 만큼 감소시킬 수 있음을 보여 다.

키워드: 무선 메쉬 네트워크, 소 트웨어 정의 네트워킹, 복 제거 기법, 기계 학습, 소스라우 , 캐쉬 리

Abstract Wireless mesh network (WMN) is a promising technology for building a cost-effective 

and easily-deployed wireless networking infrastructure. To efficiently utilize limited radio resources in 

WMNs, packet transmissions (particularly, redundant packet transmissions) should be carefully 

managed. We therefore propose a lightweight traffic redundancy elimination (LTRE) scheme to reduce 

redundant packet transmissions in software-defined wireless mesh networks (SD-WMNs). In LTRE, 

the controller determines the optimal path of each packet to maximize the amount of traffic reduction. 

In addition, LTRE employs three novel techniques: 1) machine learning (ML)-based information 

request, 2) ID-based source routing, and 3) popularity-aware cache update. Simulation results show 

that LTRE can significantly reduce the traffic overhead by 18.34% to 48.89%.

Keywords: Wireless mesh network (WMN), software-defined networking (SDN), lightweight traffic 

redundancy elimination (LTRE), machine learning, source routing, cache management
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1. Introduction

Wireless mesh network (WMN) is a promising 

technology for building a wireless network infrastruc-

ture without expensive and complex wiring process. 

Instead of installing optical fiber cables or high- 

priced cellular systems, wireless mesh routers are 

connected with each other through wireless links and 

relay packets to the destination in a multi-hop fashion. 

By accessing one of those mesh routers via IEEE 

802.11 technologies, mobile devices such as smart-

phone, tablet PC, and laptop can easily obtain Internet 

connectivity. Accordingly, WMN has been in the lime-

light as an inexpensive solution for not only Internet 

service providers but also their customers. However, 

since WMN has inherited problems such as limited 

radio resources and inefficient multi-hop routing, it 

has not been enough to provide qualified services. To 

address the limitation of WMN, extensive works on 

resource scheduling and routing have been conducted 

in the literature [2,3].

On one hand, it is known that many Internet traffic 

are redundant due to skewed popularity in contents. 

If such redundant traffic is reduced, the above- 

mentioned limited radio resource problem in WMN 

can be effectively mitigated. To this end, a novel con-

cept of redundancy elimination (RE) can be exploited 

[4]. RE reduces the amount of network traffic bet-

ween two routers (i.e., sender and receiver) by identi-

fying and eliminating duplicated parts of each packet. 

At first, the sender router evaluates real byte strings 

of partially sliced chunks from the incoming packet 

in order to identify redundant byte strings that are 

stored in the receiver router cache. To avoid addi-

tional delay and cost in RE, it is assumed that packet 

caches of two end points are always synchronized. If 

the receiver has redundant chunks, the sender encodes 

the packet by replacing the redundant chunks with 

the corresponding small meta data and transmits the 

encoded packet to the receiver instead of the original 

one. After receiving the encoded packet, the receiver 

reconstructs (i.e., decodes) them by replacing meta 

data with the original chunks. It was reported that 

RE can achieve the average bandwidth saving of 

15%-60% for access networks.

However, since the original RE technique was 

designed to operate between two fixed routers in 

wired networks, additional techniques should be deve-

loped to exploit RE in WMN. First of all, a novel 

cache synchronization technique should be devised 

because wireless links have higher bit error rate than 

wired links. In addition, to improve the performance 

of RE, encoding and decoding processes need to be 

carried out by the multiple intermediate routers since 

they have different cached data. That is, the encoded 

region of each packet can be expanded by leveraging 

the cached data on its route as well as the destina-

tion. Furthermore, a new routing metric to consider 

the effect of RE should be designed. This is because 

each packet has its own optimal path to maximize 

the amount of traffic reduction due to different 

cached data in each router.

To address these challenges, we propose a light-

weight traffic redundancy elimination (LTRE) scheme 

in software-defined wireless mesh networks (SD-WMNs) 

where the control and data planes are decoupled by 

leveraging software-defined networking (SDN) [5-9]. 

In LTRE, the controller manages network wide cache 

information and determines the optimal path of each 

packet to maximize the amount of traffic reduction. 

To minimize the overhead incurred in traditional RE 

schemes, LTRE employs three novel techniques: 1) 

machine learning (ML)-based information request, 2) 

identifier (ID)-based source routing, and 3) popularity- 

aware cache update. ML-based information request 

determines whether or not to ask encoding informa-

tion from the controller to reduce the traffic overhead 

destined to the controller. ID-based source routing 

enables each packet to be delivered through its own 

optimal path maximizing the traffic reduction. Popu-

larity-aware cache update reduces traffic overhead 

incurred in reporting mesh router’s cache update 

information to the controller. Extensive simulation 

results demonstrate that LTRE can significantly 

reduce the amount of traffic by 18.34%-48.89%

The remainder of this paper is organized as follows. 

Related works on SD-WMNs and RE are summa-

rized in Section II. System model and detailed 

operations of LTRE are described in Section III and 

Section IV, respectively. Section V illustrates simu-

lation results and Section VI concludes this paper.
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2. Related Works

In this section, we introduce the basic concept of 

SDN and its related works with the focus on 

SDWMNs. In addition, we explain the basic process 

of RE and diverse RE systems in different networks.

2.1 Software-Defined Wireless Mesh Networks

For flexible network management and dynamic 

programmability, SDN is introduced where the con-

trol plane and the data plane are separated and a 

logically centralized controller is employed. In the 

control plane, the controller constructs forwarding 

policies for different flows by considering network 

status and service requirements and then, delivers 

the forwarding policies to network devices (e.g., 

switch and router) in the data plane. After receiving 

the forwarding policies, network devices in the data 

plane set up their own flow forwarding tables and 

deliver packets based on the corresponding flow 

entry in the forwarding table. In the literature, 

several works have been introduced to adopt SDN 

for WMNs. Dely et al. [5] propose an SD-WMN 

architecture in which the monitoring and control 

server (MCS) quires information from mesh routers 

and the controller performs flow-based routing. They 

show the feasibility of SD-WMN by evaluating the 

performance in terms of control traffic overhead and 

rule activation time on a real mesh testbed. Mean-

while, how to handle connection errors with the aid 

of the SDN controller is investigated in [6]. When a 

connection is temporarily broken, the flow table in a 

mesh router is modified via the optimized link state 

routing (OLSR) protocol. In addition, Yang et al. [7] 

employ SDN to balance Internet traffic load over 

WMNs in which the controller adjusts traffic flows 

based on the report from a performance monitoring 

tool. Recently, spectrum allocation and traffic sche-

duling algorithms are proposed to provide higher 

priority to control traffic in case of congestion with 

data traffic in SD-WMNs [8]. Moreover, a variety of 

experiments dealing with SDN for WMNs are carried 

out in OpenLab, which is a large-scale shared 

experimental facility in Europe [9]. The results show 

that the performance of routing packets by SDN- 

based traffic engineering services is acceptable 

compared with OLSR.

2.2 Redundancy Elimination

RE was originally designed for reducing redundant 

data traffic between two routers in wired networks 

[4]. The routers have packet caches that store trans-

mitted packets, received packets, and fingerprints of 

stored chunks1) in the cache. It can be assumed that 

the packet caches are always synchronized, since 

they are fixed and wired links have a very low bit 

error rate. If one router (i.e., sender) has a packet to 

transmit to the other (i.e., receiver), the sender first 

evaluates real byte strings of partially sliced chunks 

from the packet in order to identify redundant byte 

strings already stored at the receiver. Since the two 

packet caches are synchronized, the sender can find 

out redundant chunks from its packet cache instead 

of the receiver’s packet cache. If the identical chunks 

are stored in the cache, the sender replaces them 

with fixed-size meta data and transmits the encoded 

packet. After receiving the encoded packet, the 

receiver reconstructs them by replacing the meta 

data with the original chunks.

Recently, study on network-wide RE has been 

investigated to improve the performance of RE by 

exploiting multiple routers in the network. Anand et 

al. [10] present a network-wide RE architecture, 

SmartRE, which is composed of ingress nodes, inte-

rior nodes, and a central configuration module. When 

a packet comes into the network, an ingress node 

encodes the packet, whereas multiple interior nodes 

decode the packet. The encoded region of each packet 

can be expanded by leveraging the cached data of 

the interior nodes on its route. The configuration module 

computes encoding and caching manifests and delivers 

them to ingress and interior nodes, respectively. Cui 

et al. [11] present a novel architecture of data center 

networks (DCN), which is based on SDN and incor-

porates traffic redundancy elimination to reduce link 

loads.

In addition, RE systems for wireless/mobile networks 

also have been actively studied. In contrast with 

wired networks, high packet error rate and scarcity 

of bandwidth are still challenging issues in wireless/ 

mobile networks. Lumezanu et al. [12] suggest an 

1) Note that the cached packets consist of several chunks and the 

chunks have different fingerprints.



소 트웨어 정의 무선 메쉬 네트워크에서의 경량화된 복 제거 기법  979

그림 1 LTRE 시스템 모델

Fig. 1 LTRE system model

informing procedure of packet loss to eliminate mis-

leading information. In Celleration [13], the cellular 

gateway observes the forwarded chunks to identify 

previously observed chunk chains. From [13], it is 

found that 46% of cellular web traffic is redundant. 

Moreover, the performance of RE in wireless 

networks can be further improved by leveraging the 

broadcast nature of wireless medium. In Wireless 

Memory [14], since a large group of mobile terminals 

can overhear packet transmissions destined to others, 

the access point exploits the chunks of the past 

transmitted packets to encode the next incoming 

packets by comparing their transmission rates. On 

the other hand, overhearing probabilities of the 

chunks are estimated in an analytical manner and a 

dynamic encoding threshold is computed to minimize 

the packet transfer time in [15]. However, these 

previous works only consider single-hop environ-

ments, hence additional study for supporting multi- 

hop wireless links should be investigated to exploit 

RE in WMNs.

3. System Model

In this section, we describe the system model of 

LTRE in SD-WMNs (see Fig. 1). In the data plane, 

wireless mesh routers are connected with each other 

for building a wireless backbone and actual data 

packets are delivered. On the other hand, in the 

control plane, a controller obtains the network topo-

logy and network-wide cache information from the 

wireless mesh routers and determines the optimal 

path of each packet to maximize the effect of RE. To 

determine the optimal path, a new routing metric 

called expected traffic load (ETL) is introduced.

3.1 Data Plane

A wireless mesh router in the data plane is 

assigned a router identification (RID) m to accom-

plish source routing. In addition, it has a cache table 

that can store S items to deal with encoding and 

decoding processes in RE. Each item consists of 

three-tuple as

        },,{= ,,,, pfcV kmkmkmkm  (1)

where k is the item index and 0≤k≤S-1. Cm,k 

denotes a chunk, which is a fixed length byte string 

(e.g., 64 bytes) for identifying the redundant region 

of a packet. fm,k is the fingerprint of the corres-

ponding chunk Cm,k, which is calculated from a hash 
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function and is much smaller than Cm,k (e.g., 160 bits 

for SHA-1). To reduce the search time, the first 

log2S  bits of the fingerprint are exploited as the 

index of the corresponding item and the search time 

is then fixed as O(1). pm,k denotes a variable to 

count the access frequency of the corresponding 

chunk Cm,k. If the same chunk is referenced, its value 

is incremented by one. On the other hand, if a 

different chunk with the same index is received, pm,k 

is decremented by one. By this approach, a cached 

item can be replaced only when the corresponding 

counter value is zero.

When a wireless mesh router receives a new 

incoming packet, it requests the encoding information 

to the controller in order to reduce redundant traffic. 

However, since the information request for every 

packet incurs significant traffic overhead, it is pro-

ceeded only when a sufficient RE gain is expected. 

To evaluate the expected RE gain, the support vector 

machine (SVM) model [16] is adopted that is one of 

the most popular ML techniques to classify input 

data patterns. In LTRE, input data patterns can be 

expressed as features of a packet such as the num-

ber of chunks of the packet, the difference between 

distances to the controller and to the destination, and 

the popularity of each chunk. By applying SVM, each 

packet is classified into a profitable or non-profitable 

packet, which will be elaborated in Section IV-A.

3.2 Control Plane

In the control plane, a controller maintains the 

network topology and cache tables for each wireless 

mesh router. The network topology consists of 

wireless links between two wireless mesh routers, 

and each wireless link is represented by a pair of 

RIDs and expected transmission count (ETX) that is 

the expected number of transmissions based on the 

bit error rate of the corresponding wireless link. 

Cache tables store fingerprints and they are 

synchronized with the corresponding wireless mesh 

routers. Finally, the controller can obtain the 

encoding information including the optimal path to 

maximize the traffic reduction of each packet by 

calculating ETL with the information.

ETL is a newly introduced routing metric to 

represent the amount of traffic that can be reduced 

by RE. When a packet is delivered to the destination 

on its route, it passes through multiple wireless mesh 

routers that have different cached items. Let the 

packet have n chunks and σi denote the number of 

hops to the wireless mesh router that caches the ith 

chunk of the packet. Intuitively, σi  is zero when the 

chunk i is not cached on its route. If the number of 

hops to the destination is h, the amount of traffic 

incurred by transmitting the ith chunk after applying 

RE can be expressed by

            lhl CiMi )(+ σσ  (2)

where lM  and lC are the size of meta data and 

original chunk, respectively. However, since the pac-

ket is frequently corrupted during the wireless trans-

mission, additional traffic incurred by retransmissions 

should be considered. Let ETXj  be the expected 

number of transmissions over the jth link. Then, the 

expected incurred traffic to transmit the ith chunk 

after applying RE can be computed as

      ∑+ 1+=1=
h

ij CjMij j lETXlETX σ
σ∑  (3)

Finally, the expected amount of traffic to transmit 

a packet composed of n chunks is expressed as

   ∑ ∑∑n
i

h
ij Cjij Mj lETXlETXETL 1= 1+=1= }+{= σ

σ  (4)

Since the controller has the global knowledge on 

the whole network, it computes ETL for all possible 

paths between two mesh routers and determines the 

optimal path minimizing ETL. If the number of mesh 

routers is |V|, the number of paths between two 

mesh routers can be represented by O(|V|). Also, the 

number of hops to the destination in a path can be 

denoted by O(|V|). Then, the time complexity to 

calculate ETL of the packet composed of n redundant 

chunks is O(|V|). Since the optimal path with the 

minimum ETL can be selected among O(|V|) paths 

by means of a simple selection algorithm, the overall 

computation complexity is O(n|V|2). In this context, 

the number of redundant chunks, n, has an upper 

bound since the length of a packet is constant (e.g., 

1500 bytes) and the number of mesh routers |V| is 

static and thus, the optimal path can be obtained in 

fixed time.

4. Lightweight Traffic Redundancy Elimination

In LTRE, when a wireless mesh router receives a 

new incoming packet, it requests the encoding infor-
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mation from the controller. Then, the controller finds 

out and responds with the encoding information 

including the optimal path to maximize the traffic 

reduction. Finally, the encoded packet is transmitted 

to the destination through the optimal path. Detailed 

operations of LTRE are illustrated in the following 

subsections in terms of 1) encoding information 

retrieval, 2) encoding/decoding process and source 

routing, and 3) cache information update.

4.1 Encoding information retrieve

In the encoding information retrieval process, a 

wireless mesh router requests the encoding informa-

tion from the controller as shown in Fig. 2(a). Since 

the request for every packet may incur significant 

traffic overhead, it is accomplished only when a 

sufficient RE gain is expected as a result of SVM2). 

If the gain is expected to be high, an encoding infor-

mation request message is transmitted to the con-

troller. Then, the controller finds out and returns the 

encoding information and the optimal path. The 

detailed operation of the encoding information retri-

eval process can be summarized as follows.

∙Step 1: A wireless mesh router receives a new 

incoming packet.

∙Step 2: The packet is classified into a profitable or 

non-profitable packet by using SVM. To this end, 

input data patterns of the packet are expressed as 

three different features: 1) the number of chunks of 

the packet; 2) the difference between ETXs to the 

controller and to the destination; and 3) the popularity 

of each chunk. Since it is hard to compute the 

popularity of every chunk exactly, a count variable 

(which is described in Section IV-C) is exploited to 

represent the popularity of the corresponding chunk.

∙Step 3: If the packet is classified as a non-profitable 

packet, the packet is simply forwarded to the 

destination by a traditional routing protocol in WMN 

(e.g., OLSR).

∙Step 4: If the expected RE gain is sufficient in Step 

2 (i.e., profitable packet), an encoding information 

request message is transmitted to the controller. The 

request message contains a set of fingerprints, F =

2) To classify whether the packet is profitable or not, an initial 

training data set, i.e., input data patterns and the encoding benefit 

of each packet, is collected. After that, SVM is periodically trained 

by means of newly collected training data sets.

그림 2 LTRE 작동

Fig. 2 LTRE operation

{f1, …, fi, …, fn} of the original incoming packet.

∙Step 5: When the controller receives the request 

message, it finds out and responds with the optimal 

path, which minimizes ETL in (4). The optimal path 

is represented as a set of RIDs, R = {r1, …, rj, …, rh} 

that is the ordered list of intermediate mesh routers 

to the destination. On the other hand, the encoding 

information is expressed as a set of meta data, D = 

{{r1, k1} …, {ri, ki} …, {rn, kn}} where ri  is the RID 

of the wireless mesh router caching fi and ki  is the 

index of fi in the cache table. Intuitively, if fi is not 

cached over the optimal path, ri  and ki  are empty.

4.2 Encoding/Decoding Process and Source Routing

When the RE gain of the incoming packet is ex-

pected to be sufficient and the controller transmits 

the encoding information to the wireless mesh router, 

the packet is encoded and transmitted along the opti-

mal path as shown in Fig. 2(b). During the trans-

mission, the packet is gradually decoded by the inter-

mediate mesh routers. Finally, the destination mesh 

router can obtain the original packet. The detailed 

operation can be summarized as follows.

∙Step 1: After receiving a set of meta data, D = {{r1, 

k1} …, {ri, ki} …, {rn, kn}}, from the controller, the 
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corresponding chunk of each fingerprint fi is replaced 

with {ri, ki}. If {ri, ki} is empty, the chunk remains 

intact.

∙Step 2: The encoded packet is transmitted to the 

destination over the optimal path by means of source 

routing in which the packet is forwarded through the 

completely specified route. To this end, a source 

routing header (i.e., a list of RIDs, R = {r1, …, rj, …, 

rh}) is inserted to the packet header.

∙Step 3: When an intermediate router receives the 

packet, it decodes a part of the received packet. In 

other words, a set of meta data which has the same 

RID of the router is replaced with the corresponding 

chunk in the cache table. After decoding, the packet 

is forwarded to the next wireless mesh router.

∙Step 4: Finally, at the destination router, the encoded 

packet becomes the original one.

4.3 Cache Information Update

To find out the optimal encoding information, the 

cache tables in the controller should be synchronized 

with those of the wireless mesh routers. However, 

since frequent updates from the mesh routers to the 

controller can incur severe network traffic, the reported 

information should be carefully managed. To this 

end, a count variable is employed in LTRE to suppress 

the traffic load incurred in the cache information update.

As described in Section III-A, each item has a 

count variable, pm,k, to represent how many it was 

referenced before. For example, if an item at the 

index k in the router m  is empty, pm,k is zero. When 

a new item, Vm,k is added to the cache table, pm,k is 

set to one. After that, whenever the router m  

receives the same item, Vm,k, pm,k  is incremented by 

one. On the other hand, if the router receives a diff-

erent item at the same index, pm,k is decremented by 

one. Only when pm,k  is decremented to zero, the old 

item can be replaced with the new item and the 

mesh router m  reports a newly cached fingerprint, 

pm,k, to the controller.

5. Simulation Results

For performance evaluation, we developed a simu-

lator using Java and conducted extensive simulations. 

In addition, an open SVM model, LIBSVM [16], was 

used to classify profitable packets as described in 

Section IV-A. In terms of network topology, 23 wire-

less mesh routers and 35 wireless links construct a 

mesh network, and a controller is connected to one 

of mesh routers. To evaluate real byte strings, we 

collected a trace of 11,117 packets in Korea univer-

sity and replaced the source and destination addresses 

of the packets with those of the mesh routers. For 

the RE technique, the sizes of chunk, fingerprint, and 

index are configured as 64, 20, and 2 bytes, respec-

tively. Each wireless mesh router can store 214 items 

(or chunks) in its cache.3)

To verify the performance of LTRE, we compare 

the traffic reduction ratio of LTRE with those of the 

following schemes.

∙E2E-RE: The RE technique is employed based on the 

end-to-end principle. First of all, the shortest path 

is determined by considering ETX of each link. Then, 

the source mesh router encodes an incoming packet 

based on the cache of the destination mesh router. 

In other words, the caches of the intermediate routers 

are not considered in this schemes.

∙MH-RE: The RE technique is performed in a 

multi-hop fashion; however, the route of each packet 

is determined based on ETX rather than the proposed 

ETL. The source mesh router encodes an incoming 

packet by considering the caches of the intermediate 

mesh routers on the route. After that, the inter-

mediate mesh routers decode their own parts of the 

encoded packets and forward the packets to the next 

intermediate or destination mesh router.

5.1 Performance comparison

Fig. 3 shows the traffic reduction ratio of each 

scheme compared with the original (or non-encoded) 

traffic under different bit error rates (BERs). It can 

be seen that the traffic reduction ratio of every 

scheme increases with the increase of BER. This can 

be explained as follows. If BER is high, packets are 

frequently corrupted during wireless transmissions, 

and thus more retransmissions are needed, which 

lead to heavy traffic volume. However, when RE is 

applied, the packet size can be reduced and therefore 

the packet error rate is reduced substantially. In other 

words, the encoded packet is delivered more success-

fully than the non-encoded one. Consequently, RE is

3) During the simulation, each packet is only cached at the 

destination mesh router. The optimal caching strategy is 

remained as our future work.
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그림 3 기존 트래픽 비 감소된 트래픽

Fig. 3 Traffic reduction compared with the original traffic

more effective when BER is high.

In addition, LTRE can reduce more redundant traffic 

than MH-RE and E2E-RE as shown in Fig. 3. Since 

E2E-RE only considers the cache of the destination 

mesh router, it shows the worst performance. On the 

other hand, MH-RE exploits not only the destination 

cache but also the intermediate caches and thus it can 

reduce more redundant traffic than E2E-RE regardless 

of BER. Moreover, because LTRE finds out the optimal 

path maximizing the traffic reduction, it shows the 

best performance in every case.

5.2 Effect of SVM criteria

Fig. 4 shows the traffic reduction of LTRE depen-

ding on different SVM criteria when BER is 10-5. In 

the simulation, the combinations of three criteria, i.e., 

1) the difference between ETXs to the controller and 

to the destination (E), 2) the number of chunks of 

the packet (N), and 3) the popularity of the chunk 

(P) are considered as the input pattern of SVM. That 

is, these three parameters (i.e., E, N, and P) are 

exploited to determine whether the wireless mesh 

routers request the encoding information for incoming 

packets or not. When SVM is not employed (i.e., 

None in Fig. 4), the encoding information for every 

incoming packet is requested to the controller. As a 

result, None shows the worst performance (i.e., traffic 

reduction of 18.38%). In Ideal, the mesh routers can 

identify profitable packets accurately and therefore it 

can be regarded as the upper bound of traffic reduc-

tion. It can be seen that (E) performs a vital role to 

classify profitable packets. If the controller is further 

located than the destination, the benefit of encoding

그림 4 SVM 기 에 따른 트래픽 감소

Fig. 4 Traffic reduction depending on SVM criteria (E: 

ETX, P: Popularity, and S: Packet size)

is deteriorated and (E) has the greatest effect on the 

performance of LTRE. Moreover, by considering the 

size of encoding information request message from 

(N) and the cache hit rate from (P), the performance 

of LTRE is gradually increased. Consequently, when 

all of three criteria are considered (i.e., (E, N, P)), it 

shows the best performance (i.e., traffic reduction of 

22.59%) and thus it is considered as the input pattern 

throughout this paper.

5.3 Effect of a count variable

As described in Section III-A, each fingerprint has 

a fixed index in the cache table to reduce the search 

time. In addition, to suppress the frequent cache infor-

mation update owing to the fixed index, each item 

has a count variable to represent the popularity of 

the chunk. Fig. 5 shows the traffic reduction of 

LTRE by employing the count variable when BER is 

10
-5
. It can be seen that the traffic reduction can be 

improved by 6.26% with the counter. In particular, 

5.18% of traffic is saved by decreasing the frequency 

of cache information update. On one hand, 1.08% of 

traffic is additionally reduced since the cache hit rate 

is increased. Consequently, the count variable allevi-

ates the cache information update overhead as well 

as improves the performance of RE by leveraging 

the popularity of the chunk.

5.4 Effect of false positive

In network-wide RE such as LTRE and MH-RE 

with a centralized entity (i.e., controller), cache 

replacement can occur at the intermediate routers on 

the route while the encoded packet is being forwarded
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그림 5 Count 변수에 따른 트래픽 감소

Fig. 5 Traffic reduction depending on a count variable

to the destination. In such a situation, the packet 

cannot be decoded at the intermediate routers if the 

replaced chunk is one of the redundant chunks in the 

transmitted packet. This event is called false positive 

and the packet should be retransmitted from the 

source mesh router for this event. Fig. 6 shows the 

traffic reduction of LTRE depending on the 

false-positive rate when BER is 10-5. It can be found 

that as the false-positive rate increases, the traffic 

reduction ratio is decreased since the packets are 

frequently retransmitted owing to cache miss. In 

particular, when the false-positive rate is 10-2, the 

traffic reduction is 10.41% which is lower than that 

of E2E-RE4). Consequently, it can be concluded that 

the lower false positive rate should be guaranteed to 

exploit network-wide RE.

그림 6 False-positive rate에 따른 트래픽 감소

Fig. 6 Traffic reduction depending on false-positive rate

4) Note that the traffic reduction of E2E-RE is 13.53% when BER 

is 10
-5

6. Conclusion

In this paper, we proposed the LTRE scheme to 

efficiently utilize limited radio resources in SD-WMNs. 

Specifically, the controller determines the optimal path 

of each packet to maximize the amount of traffic 

reduction. Extensive simulation results demonstrate 

that LTRE can reduce 18.34-48.89% network traffic. 

It is envisioned LTRE can be employed to improve 

the network throughput in WMN in a cost-effective 

manner. In our future work, we will investigate an 

optimal cache placement problem in WMN to improve 

the performance of LTRE.
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