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Abstract—Finding a path subject to multiple QoS requirements 

is regarded as a critical component in wireless mesh networks 

especially the real-time wireless communication applications 

become increasingly popular. As far as we know, it is an NP-

complete problem. This paper devises a simple and fast K-

approximation algorithm (KAMCOP) to deal with it from the 

perspective of approximate. The theoretical validations for the 

proposed algorithm show that, its approximation ratio is K and 

the time complexity is O(Km+nlogn). The simulation results on 

the special networks show that the time complexity of 

KAMCOP is as simple as Dijkstra algorithm, which is fit for 

implementation in wireless routing protocols. 
 
Index Terms—Wireless mesh networks, QoS, constrained path, 

approximation algorithm 

 

I. INTRODUCTION 

Thanks to widespread deployment of the high-speed 

network technology, the    growth   of   Wireless  Mesh 

Network  (WMN), which is made up of radio nodes 

organized in a mesh topology, has been witnessed for the 

last few years [1]-[2]. WMN is undergoing rapid progress 

and inspiring numerous deployments. In personal, 

campus, local, and metropolitan areas, it is intended to 

deliver wireless services for a large variety of 

applications. At the same time, it is also raise new 

challenges to current high-speed packet switching 

wireless networks, one of which is Quality- of -Service 

(QoS) routing. In order to guarantee various applications 

to meet multiple QoS requirements in wireless mesh 

networks, it is looking for the optimal path from the 

source to the destination. 

Previous works are focused on many applications, 

which are associated with multiple QoS metric taken into 

account for route selection, in wired networks [3]-[6]. 

However, more details should be taken in account for the 

multi-constrained wireless mesh networks routing. For 

instance, it is important for energy consumption which 

affects the network lifetime, as the same as the cost of the 

pair of nodes from source s to destination t, charged by 
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the intermediate nodes providing forwarding service [7], 

[8]. As far as we know, it is an NP-complete problem [9]. 

More recently, many researchers are doing research on 

optimal deterministic algorithms and heuristic 

approximation algorithms of multi-constrained routing 

and have achieved great breakthroughs [10]-[12]. On the 

one hand, deterministic algorithms, such as the genetic 

algorithm and the ant colony algorithm, can finally find 

optimal solutions without considering the time required. 

However, the time complexity grows exponentially with 

the increase of wireless network nodes, thus requiring an 

extremely fast computing and processing rate. As we 

know that energy consumption and computing power for 

wireless network nodes are restricted, so they are not very 

suitable for wireless network routing use. On the other 

hand, although they cannot necessarily find the optimal 

path, heuristic algorithms can find the path close to 

optimal solutions in shorter and more reasonable amounts 

of time [13], [14], thus making them more valuable and 

meaningful in network application.  

In terms of research on approximation algorithms, the 

performance of the paths found through the earliest 

heuristic algorithms, in the worst situations, were found 

to have ratios of less than 2 when compared to optimal 

solutions. Later on, based on findings of the research of X. 

Yuan in 2002 [15], G. Xue and others put forward the 

approximation algorithm for the MCOP problem [16], 

[17], which guarantees that the approximate rate of paths 

found remains at (1+) by rounding and scaling. As 

recent as 2013, Hwa-Chun Lin and others put forward a 

multicast tree approximation algorithm dependent on 

node weight [18]. In 2014, Guanhong Pei did research on 

the maximal handling capacity of delay-constrained 

wireless networks and proposed a new type of 

approximation algorithm [19]. At the same time, there 

also have been extensive studies by famous Prof. 

Athanasios Vasilakos and his coauthors on approximation 

algorithms in the literature [20], [21], which are 

introduced by the wireless mesh networks. However, to 

the best knowledge, the optimal path routing subject to 

multiple QoS constrains in wireless mesh network is still 

not very effective and fast. Thus this problem is studied 

in this paper.  

The rest of this paper is organized as follows. In 

Section II, we introduce the wireless mesh networks and 

denote the function modules of the system that will be 
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used in later sections. In Section III, we present the fast 

algorithm for the multiple QoS constraints routing in 

wireless mesh networks and its theoretical analysis, then 

illustrate the steps of the algorithm using an example. In 

Section IV, we present experimental results obtained 

from the special networks. We conclude this paper in 

Section V. 

II. PRELIMINARIES 

A. Introduction about Wireless Mesh Networks 

A communications network, made up of radio nodes 

organized in a mesh topology or a form of wireless ad 

hoc network, is called a Wireless Mesh Network (WMN). 

It is often made up of mesh clients, mesh routers and 

gateways such as the example shown in Fig. 1. The mesh 

clients often consist of cell phones, laptops and other 

wireless devices, and the mesh routers forward traffic to 

and from the gateways. In WMN, the gateway may 

connect to the Internet, but it need not. As a single 

network, it is sometimes called a mesh cloud in the 

coverage area of the radio nodes working. It is dependent 

on the radio nodes, which are working in harmony with 

each other and creating a radio network, to access to this 

mesh cloud. It is reliable and offers redundancy for 

WMN. When there is something wrong with one node, 

the communicate link will not be broken for the rest of 

the nodes, which communicate with each other directly or 

indirectly. It has the ability of self forming and self 

healing for WMN, which can be implemented with 

various wireless technology such as 802.15, 802.16, 

802.11 and cellular technologies. 

Wired Link

Wireless Link

Wireless Mesh Network

 
Fig. 1. A possible configuration for a wireless mesh network 

B. Problem Formulations 

A wireless mesh network with K QoS constraints can 

be represented by a directed graph G(V,E,W,L) , where 

| | nV is the set of vertices and | | mE  is the set of 

edges. Each edge in G is associated with K(K≥2) weights, 

denoted as { ( ) | ,1 }iw e e i K   W E . ( )iw e is the ith 

weight of edge e. Let jP  be a path from source s to 

destination t in G. Denote ( )i jw P  as the sum of the ith 

weight on edges along path jP . The authors of [2], [7], 

[16], [17] have studied the constrained path routing 

problem. Then, we have the same definitions as follows. 

Definition 1. MCP (Multiple Constrained Paths) 

Problem. In the graph G, each edge is associated with K 

positive real-valued edge weights{ ( ),1 }iw e i K  , with 

1 2( , ,..., ) |K iL L L L R L as the K constraints, and 

s,tV as the source and destination node, respectively. 

It is to find a path jP from s to t for MCP, such 

that ( )i j iw LP . 

jP is said to be a feasible path which satisfies 

( )i j iw LP . All the feasible paths in G are denoted 

as{ }jP . 

Definition 2. MCOP (Multiple Constrained Optimal 

Paths) Problem. The problem is looking for an optimal 

path opt
P  among feasible paths{ }jP in graph G for MCP 

problem, and the corresponding smallest value (0,1]  , 

which satisfies ( )opt

i iw L P . 

Definition 3.  -Approximation Algorithm ( 1)  . 

An algorithm is an  -approximation algorithm for 

MCOP if the algorithm generates a path P* from s to t 

such that *( )i iw L   P . 

We also assume that s≠t in this paper. Table I lists 

frequently used notations. 

TABLE I: FREQUENTLY USED NOTATIONS 

s the source node 

t the destination node 

K the number of QoS requirements 

(e)iw  ith link weight of edge e 

iL  ith QoS requirement 

jP  jth path from s to t 

( )i jw P  ith link weight from s to t along path jP  

opt
P  the optimal path from s to t 

*P  the approximation optimal path from s to t 

  
the approximation value to path opt

P  

ˆ ( )w e  the maximum link weight of edge e 

III. THE PROPOSED KAMCOP ALGORITHM 

A. K-approximaiton Multiple QoS Constrains Optimal 

Path Algorithm (KAMCOP) 

Many authors have studied the shortest-delay or least-

cost routing problem, then a polynomial time algorithm is 

presented for computing a routing path subject to one 

QoS parameter. However, to the best of our knowledge, 

routing path in WMNs subject to multiple QoS 
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constraints has not been studied. Due to the time-variant 

nature of wireless communication, it is important to seek 

for some tradeoff between time complexity and solution. 

Therefore we discus this problem in this paper and devise 

an algorithm called KAMCOP to deal with it from the 

perspective of approximate.  

The detailed steps of KAMCOP are presented as 

follows: 

Algorithm KAMCOP 

Input: G(V,E,W,L) , s, t 

Output:  *P  

1. for every e∈E,do 

2.      ˆ ( ) ( ) /i i iw e w e L  ; 

3.      1
ˆ ˆ( ) max ( )i K iw e w e  ; 

4. end for 

5.  ˆ, , 0,D( ) ,w u s    P Q V P V ; 

6.while tP  do 

7.     | min{D( )},vu Extract v v Q ; { }v Q Q ; 

8.        ,ˆ ˆ ˆw w uw P P P ;  

9.   { }u P P ; 

10.  for every link  , ,u v v E Q do 

11.           if      ,ˆv uD D vw u then 

12.            ,ˆv uD D vw u  

13.     end if 

14.  end for 

15.end while 

16. P* P  

17.if ˆ ( *) 1w P then 

18.  OUTPUT *P ; 

19.  else OUTPUT NO feasible path. 

20.end if 

B. Analysis of the KAMCOP Algorithm 

Theorem 1. KAMCOP obtains a path *P from source 

s to destination t which minimizes 1max ( )i K i jw  P  

among all paths in G. The worst case time complexity of 

the algorithm is O(Km+nlogn). 

Proof. During the running of KAMCOP, the graph G 

has O(m) edges and the QoS requirements is K, thus the 

time complexity of KAMCOP (Line 1-4) is O(Km).  

The steps of the algorithm (Line 5-16) are similar to 

Dijkstra algorithm. Since our proof of this theorem is 

similar to the literature in [7], where the problem studied 

is different from us in this paper because there are 

differences in details. The proof of this theorem uses a 

similar logic and is as simple as Dijkstra algorithm. As 

far as we know, performing Dijkstra algorithm with 

adjacency list is done in O(nlogn).  

The rest of the algorithm (Line 17-20) is checking that 

the path found by the KAMCOP algorithm is feasible or 

not, and the time complexity of which is the constant. 

Therefore the total time complexity of the KAMCOP 

algorithm is O(Km+nlogn). 

According to Theorem 1, we conclude that the time 

complexity of KAMCOP is in the same order as Dijkstra 

algorithm, and it is suitable for the existing protocol. 

Theorem 2. The Algorithm KAMCOP finds a K-

approximation path to MCOP. 

Proof. To the optimal path P
opt 

in G , we have 

( )opt

i iw L P                             (1) 

This implies that 

( )opt

i

i

w

L


P
                               (2) 

Then we have  

1

( )optK
i

i i

w
K

L




 
P

                           (3) 

Here we obtain every edge for the path P
opt

, which 

implies the following: 

1

( )

opt

K
i

ie i

w e
K

L




  
P

                            (4) 

By the definition of ˆ ( )w e , we have 

1

( )
ˆ ( ) max i

i K

i

w e
w e

L
                            (5) 

It seems to be clear that 

1
1

( ) ( )
max

K
i i

i K
ii i

w e w e

L L
 



                       (6) 

According to inequality (4),(5)and (6), it implies the 

following: 

1

( )
ˆ ˆ( ) ( )

opt opt

K
opt i

ie e i

w e
w w e K

L


 

     
P P

P           (7) 

By the definition of ˆ ( )w e , it is obvious that 

ˆ ( *)w P minimizes all the paths in the new graph G, then 

we have 

ˆ ˆ( *) ( )optw wP P                              (8) 

According to inequality (7) and (8), it implies  

ˆ ( *) 1w K   P                            (9) 

This completes the proof of the theorem. Hence, 

KAMCOP can find a K-approximation path to MCOP, 

the time complexity of KAMCOP is O(Km+nlogn). 

C. An Examples of the KAMCOP Algorithm 

An example of the KAMCOP algorithm is shown in 

Fig. 2. Fig. 2(a) is a simple topology graph G of a 

directed wireless mesh network, in which the nodes in red 

are the source s and destination t, respectively, and others 

are the routing nodes. The numbers marked between two 

nodes are linked to cost, packet loss probability and 

distance. The QoS requirements are (10,10,20)L . 
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(a)                                (b)                                 (c) 

Fig. 2. Implementation of the KAMCOP algorithm 
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Fig. 3. Three paths from source s to destination t 
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   (a) the optimal path                   (b) the approximation path 

Fig. 4. The optimal path and approximation path 

In order to find the optimal path with the KAMCOP 

algorithm, the edges with three weights are transformed 

as Fig. 2 (b) (Lines 2). There are three paths from source 

s to destination t in the network, and corresponding value 

are shown in Fig. 3. Then all the paths are simplified to 

only one QoS requirement as Fig. 2 (c) (Lines 3). In the 

following phase of the algorithm (Lines 5-16), the routing 

nodes B and D are added to the path sequentially, thus the 

nodes are sorted as s-B-D-t. The final path that is 

obtained, whose total value is 0.7, is shown in Fig. 4(b). 

According to the KAMCOP algorithm proposed in this 

paper, the final path is to be checked (Lines 17-20).  

Comparing with the optimal path shown in Fig. 4(a), the 

optimal value of which is 0.6, we draw a conclusion that 

the path by the KAMCOP algorithm is a 1.17-

approximation to the optimal path (0.7/0.6≈1.17) in this 

example. 

IV. SIMULATION AND PERFORMANCE EVALUATION 

This section shall evaluate both the performance of 

KAMCOP and the performance of an experimentally 

obtained approximation optimal path. Special networks 

namely NTT, CERNETR and CERNET are used in these 

experiments [2], which are run on an Intel Core Duo CPU 

1.66GHz PC with 2GB memory. There are 57, 41, 25 

nodes and 81, 52, 30 edges in these networks topology 

shown as Fig. 5, Fig. 7 and Fig. 9, respectively. Moreover, 

other parameters for these networks can be found in the 

URL: http://code.google.com/p/efptas/downloads/list. 

Each link in these networks has three weights, which 

corresponds to Cost, Delay and Jitter.  

All the black points are denoted as nodes of the 

network, the black wires as the links, and the red circle as 

the source node s and the red star as the destination node t 

in the networks for Fig. 5, Fig. 7 and Fig. 9, respectively.  

The blue paths in these figures indicate the approximation 

optimal paths from source s to destination t. As expected, 

the approximation optimal path with three constrains by 

the KAMCOP algorithm are able to be found, and they 

show the corresponding results. 
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Fig. 5. The approximation optimal path with (108,765,0.25)L  

 

Fig. 6. All the paths with (108,765,0.25)L  in NTT 

The approximation optimal path and other paths in 

NTT with the QoS requirements (108,765,0.25)L  are 

shown in Fig. 5. The source s is No.1 node, the 

destination t is No.37 node and QoS requirements 

are (108,765,0.25)L , respectively. The approximation 

optimal value ˆ ( *)w P found by the KAMCOP algorithm is 

0.6035, which is less than 1, thus the corresponding path 

is feasible. Fig. 6 is a three-dimensional diagram with the 

parameters including that source s(No.1-57), destination 

t(No.1-57) and the corresponding ˆ ( *)w P . The green plane 
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is regarded as the QoS requirements (108,765,0.25)L , 

and the blue points as ˆ ( *)w P  in Fig. 6. All the blue points 

below the green plane are feasible and reverse are 

infeasible. 
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Fig. 7. The approximation optimal path with (78,226,0.12)L  

 

Fig. 8. All the paths with (78,226,0.12)L in CERNETR 

The approximation optimal path and other paths in 

CERNETR with the QoS requirements (78,226,0.12)L  

are shown in Fig. 7. The source s is No.3 node, the 

destination t is No.39 node and QoS requirements 

are (78,226,0.12)L , respectively. The approximation 

optimal value ˆ ( *)w P found by the KAMCOP algorithm is 

0.86311, which is less than 1, thus the corresponding path 

is feasible. Fig. 8 is a three-dimensional diagram with the 

parameters including that source s (No.1-41), destination 

t (No.1-41) and the corresponding ˆ ( *)w P . The green 

plane is regarded as the QoS requirements 

(78,226,0.12)L , and the blue points as ˆ ( *)w P  in Fig. 

8. All the blue points below the green plane are feasible 

and reverse are infeasible. 

The approximation optimal path and other paths in 

CERNET with the QoS requirements (68,247,0.16)L  

are shown in Fig. 9. The source s is No.16 node, the 

destination t is No.11 node and QoS requirements 

are (68,247,0.16)L , respectively. The approximation 

optimal value ˆ ( *)w P found by the KAMCOP algorithm is 

0.92858, which is less than 1, thus the corresponding path 

is feasible. Fig. 10 is a three-dimensional diagram with 

the parameters including that source s (No.1-25), 

destination t (No.1-25) and the corresponding ˆ ( *)w P . 

The green plane is regarded as the QoS requirements 

(68,247,0.16)L , and the blue points as ˆ ( *)w P in Fig. 

10. All the blue points below the green plane are feasible 

and reverse are infeasible. 
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Fig. 9. The approximation optimal path with (68,247,0.16)L  

 

Fig. 10. All the paths with (68,247,0.16)L in CERNET 

V. CONCLUSION 

This paper discussed the problem of multiple 

constrained optimal paths with K QoS constraints in 

wireless mesh networks. A K-approximation algorithm 

(KAMCOP) is proposed, which is looking for the 

approximation optimal path from the source to the 

destination as fast as possible. The algorithm can obtain 

the path in the shortest time, according to the time-

varying characteristics of wireless networks. By the 

experiment on the three special networks, we compared 

the scheme and the results with the previous well know 

studies. It shows that the KAMCOP is a fast 

approximation algorithm, as simple as Dijkstra algorithm, 

for the multiple QoS constraints routing in wireless mesh 

networks. 
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