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Abstract — Existing bandwidth allocation algorithms suffer from problems such as not being sensitive to the user’s demand, nor to 
the network load thus having little effect on improving QoS (Quality of Service). To deal with these problems, we propose a new 
bandwidth allocation algorithm to support QoS based on the utility function. We name it “hierarchical bandwidth allocation 
algorithm”. It gives consideration to the user’s demand and traffic simultaneously to balance the network load. Theoretical 
analysis and simulation experiments show that the algorithm can effectively allocate scarce network resources to users with urgent 
needs and raise the utilization rate of the network bandwidth. 
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I. INTRODUCTION 

Traffics in next generation internet (NGI) will be more 
rich and active, and users will pay more attention to that if 
the services who obtained are appropriate to their Payment. 
So, the requirement of QoS in NGI will be higher. we must 
guarantee QoS for every traffics and at the same to make the 
network utility maximum. In the case of this, how to allocate 
appropriate bandwidth for different traffics becomes an 
important research topic of the network. 

Currently, scholars inside and outside china have made a 
lot of search work about the multimedia service resource 
allocation problem. All of the researches are mainly 
considered from priority of traffics and QoS two respects. 
Shenker [1] did much related study at IP net about data flow 
classification with User Utility firstly, and also investigated 
the features of some famous traffic stream, but the study of 
Shenker did not protect the benefit of Internet Service 
Provider (ISP). Kelly [2-3] firstly applicate the utility 
function in economics to implement the maximum of 
network utility, and pointed out that both of the focus and 
non price algorithm can achieve the network utility 
maximization, but the study of Kelly did not consider the 
benefit of users. Dharwadkar [4] studied the classification of 
utility function from its graphics and divided Utility function 
into three categories: piecewise function, linear function and 
concave function. Harks [5] and etc proposed a scheduling 
algorithm under the assumption that utility Fair, which 
achieved fairness guarantee by make all users have the same 
utility, but the method is unreasonable obviously for the 
users that charged hierarchically. Massoulie [6] and etc 
summed the three objectives of bandwidth allocation:   max-
min fairness, minimum potential delay and proportional 
fairness, and given their corresponding scheduling algorithm 
respectively, which provided the goal and direction for the 
network bandwidth allocate. In literature [7], several kinds of 
service were studied based on utility function, but which 
only considered benefit of one side. In literature [8], by 

measure the send queue periodically and adjust the weight of 
send queue dynamically, to make the traffics obtain 
Sufficient bandwidth that have higher priority. The resource 
scheduling model existing based on utility have problems 
such as generality is not enough, algorithm speed slowly, and 
so on, in literature [9], the utility optimization scheduling 
method based on marginal utility function was proposed, 
which resolved the problems above. 

 Above all, all of the study above can’t take into account 
the benefits of users and ISP at the same time. Improvements 
were need in three aspects, users’ requirements, load 
balance, unification of users’ requirements and traffic QoS. 
Based on this, we studied users’ requirements, bandwidth 
allocate for multi-service and load balance by introduced 
utility function in economics, hierarchical analysis method in 
operations and etc. Then, we established a QoS supported 
bandwidth allocate model based on utility function, and 
finally proposed a new hierarchical bandwidth allocate 
mechanism. 

II. MODEL BUILDING 

There are various traffics in network, different traffics 
need different QoS support. Generally, VoIP and IPTV 
stream are delay sensitive, TCP traffics need higher 
requirement on reliability, UDP traffics need higher 
requirement on real time, but not sensitive to packet loss rate, 
and etc. The bandwidth allocated by algorithm for every 
traffic must guarantee the QoS demand of which. So, 
bandwidth allocate algorithm should be consider user factors 
and traffic factors comprehensively, and allocate different 
bandwidth for different users. On the other hand, network 
traffic load is also an important problem need to be 
considered, if the traffic load is not balanced, some links in 
network will be very busy, almost reaching the bandwidth 
capacity, and others almost not be used to idle. In this case, 
bandwidth will be wasted, and the delay of busy links will be 
effected. 



LI XIU-QIN et al: A NEW BANDWIDTH ALLOCATION ALGORITHM TO SUPPORT QOS BASED ON UTILITY . . . 

DOI 10.5013/IJSSST.a.17.14.05 5.2 ISSN: 1473-804x online, 1473-8031 print 

 Network utility maximization refers to make the total 
utility of all traffics for users achieve largest by bandwidth 
allocate, marked with max U(bij), bij is the bandwidth 
obtained by user i for traffic j. The relationship between ISP 
and users is shown in Fig 1. 

 

Figure 1.  The relationship between ISP and users 

The proportion of traffics: five typical traffics in 
network were selected as research object: VoIP, IPTV, TCP, 
HTTP and UDP stream, marked with traffic 1 to traffic 5 
respectively, and use )5,4,3,2,1i(p i   indicate the 
proportion of data stream for traffic i. 

User weight: the network users were divided into S 
categories, different users willing to pay different fees for 
network, so during the process of bandwidth allocate, 
different users will obtain different weight, the weight of 

user category j is 
)s,...,3,2,1j(q j 

. In the study, we 

modeled network as a graph
E,VG 

, in which 

 n21 v,...,v,vV
 indicate node set of network, and the 

total number of nodes are n,  m21 e,...,e,eE   indicate 
link set of network, and the total number of links are m, the 

bandwidth capacity of each link is )m,...,2,1k(Ck  .  
Utility matrix：We use a n×n matrix to represent link 

E={e1,e2,…,em}, if there is a link between two nodes, set 
the corresponding position in matrix 1, otherwise set the 
corresponding position in matrix 0, such as formula(1): 

1 Has link between node i and j.

ij 0 , Has no link between node i and j.
E {

        

         


                      (1) 
Obviously, matrix E is symmetrical. Example: 

network topology and its corresponding matrix shown as 
below. 

        
s 5

ij ij ij
i 1 j 1

max w U (b )
 


                                   (2) 

In link ek , we use i represent user category i, j represent 
traffic j that category i used. And bij， xij，wij，Uij  
respectively represent actual bandwidth, required bandwidth, 
weight and utility of user category i, when it use traffic j. 

s 5

ij k ij ij
i 1 j 1

b C , 0 b X
 

    
                                 (3) 

 
From the above content: weight of every traffic is 

ip (i 1,2,3,4,5)
, weight of every user category is 

jq ( j 1,2,...,s)
, when user category i use traffic j, the 

weight is 

5

ij i j j
j 1

w p q , q 1


    
. The problem of network 

utility maximizing becomes optimization problem as follows 
object function: 

s 5

ij ij ij
i 1 j 1

max U max w U (b )
 

                               (4) 

Constraint condition:

s 5

ij k
i 1 j 1

ij ij

b C

0 b x
{  



 


. 

III.  NEW BANDWIDTH ALLOCATION ALGORITHM 

SUPPORT QOS 

A.  The idea of algorithm 

In this paper, we adopt utility function in economics, 
hierarchical analysis method in operations and etc to resolve 
problems. Bandwidth allocation structure diagram is show in 
Fig 2. 

 

 

Figure 2.  Bandwidth allocation structure. 
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B.  Flow diagram of the new algorithm 

Flow diagram of the new algorithm was shown in Fig 3. 

 

Figure 3.  Flow diagram of the new algorithm 

C. Implement of key technologies for the new algorithm 

1) 3.3.1 Affirm and reflect weight of user and traffic 
According to the relative important table of hierarchical 

analysis method construct judgment matrix for the five 
traffics. The relative important table of hierarchical analysis 
method was shown in Table 1. 

TABLE II THE RELATIVE IMPORTANT TABLE OF HIERARCHICAL ANALYSIS 
METHOD  

Relative 
Importance 

Definition Explanation 

1 Equally important i and j are equally important 
3 Slightly important i is slightly more important than j 
5 Very important i is very more important than j 

7 
Obviously 
important 

i is obviously more important than j 

9 
Absolutely 
important 

i is absolutely more important than j 

2,4,6,8 
Between two 

adjacent 
important degree 

 

                                                                                   
Compared with the other four traffics, the degree of 

importance about VoIP may be set 2,3,5,6 respectively. 
Judgment matrix for five traffics constructed according table 
2 were shown below: 

1 2 6 3 5

0.5 1 3 1.5 2.5

D 0.167 0.333 1 0.5 0.833

0.333 0.667 2 1 1.667

0.2 0.4 1.2 0.6 1

 
 
 

  
 
 
  

                             (5) 

 

 TP 0.454545 0.227273 0.075767 0.151506 0.090909      (6) 

 
According to the normalization process on matrix D, we 

obtained matrix p, which was regarded as the proximate 
feature vector of matrix D. Complete consistency of the 
judgment matrix was proved acceptable. During the 
bandwidth allocation, p is the weight of five traffics. 

Weight of different traffics were distinguished by the 8 
bits field “diffServ”, which was in the head of IP datagram. 

During the paper, we use qj(j=1,2,…,s) represent the 

weight of user category j, marked with

s
q =1j

j=1


，and use the 
variable part of IP datagram represent the information of user 
category. 
2) The united of user’s weight and traffic’s weight 

For one data packet, can be has one weight only. So the 
user’s weight and traffic’s weight need to be united as one 
weight for specific traffic and specific user. Use the united 
weight to confirm the priority of one data packet during the 
bandwidth allocation. When user category j use the traffic i, 

the weight of it wij can be marked as: ij i jw p q
, 

Obviously 

5 s
w 1ij

i 1 j 1
 

  . 
3) Link load balance 

The judgment about link load balance will be complete 
by routers, because they can collect more information about 
the usage of network links. The specific implement method 
is: send information to the opposite end regularly. The data 
transmission process was shown in Fig 4. 

 

 

Figure 4.  The process of link load obtained 

IV.  SIMULATION AND THEORETICAL ANALYSIS 

A. Theoretical analysis 

Use Lagrange's method of multipliers to solve the 
optimal network utility problem. Create Lagrange function 

as formula (7),   is parameter. 

   
s 5 s 5

ij ij ij ij k ij
i 1 j 1 i 1 j 1

L b w U b C b
   

 
    

 
         (7) 
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Calculate the first-order partial derivatives of L(bij) about 
bij , and set it is equal to zero， and then union it with 
constraint conditions as formula(8): 

ij
ij

ij ij
s 5

ij k
i 1 j 1

dUL
w 0

b db

b C
{

 


 




                                                   (8) 

Obviously
ij

ij
ij

dU
w

db
 

.   

When ij
w  and dUij

dbij  have inversely-proportional 

relationship, the network utility achieve maximum, at this 

time, bij and ij
w

 have direct proportion relationship. 

When ij
w  become larger, the priority will become larger 

also, the traffic will get higher bandwidth during the 
bandwidth allocation. So, the bandwidth allocated by 
hierarchical algorithm bij has direct proportion relationship 
with wij , hierarchical bandwidth allocate algorithm can as 
far as possible to make the network utility maximum. 

B.  Simulation analysis 

We supposed that there are three grade about network 
fee for users, marked with q1, q2 and q3，weight of them 
are {0.5,0.3,0.2}; At the same time, there are five traffics in 
network, VoIP, IPTV, TCP, HTTP and UDP, weight of them 
are: 

 P 0.454545 0.227273 0.075767 0.151506 0.090909            (9) 

The critical value of link load is 0.9，when the load of 
one link is equal or greater than 0.9, should consider change 
router. Every link’s parameters in the example are shown 
in table 2. 

TABLE II PARAMETERS OF EACH LINK 

Link Bandwidth Capacity(Mbps) Cache Size(Kb) 
1-2 10 11000 
2-3 20 11200 
2-6 40 22500 
2-9 10 15000 
3-6 10 22500 
4-5 10 10000 
5-6 20 10000 
6-7 30 25000 
6-8 10 12500 

9-10 20 9000 

 
When use the hierarchical bandwidth allocate algorithm 

to allocate bandwidth for five traffics, the delay result of 
simulation about five traffics are shown in Fig 5, blue curve-
VoIP，  red curve-IPTV，  yellow curve-HTTP，  white 
curve-UDP， black curve-TCP. 

 

Figure 5.  Average delay of the five kinds of traffics 

From Fig 5 we can see that, the traffic has higher 
weight, has lower delay. Such as VoIP, which has highest 
weight, and has lowest delay. But the TCP traffic has lowest 
weight, which has highest delay. The simulation results are 
fully consistent with the expected results, which illustrate 
that the hierarchical bandwidth allocate algorithm can 
provide differentiated QoS for different traffics. 

Use the hierarchical bandwidth allocate algorithm to 
allocate bandwidth for three user category, the delay result of 
simulation about the three user category are shown in Fig 6, 
white curve: the first level user, red curve: the second level 
user, yellow curve: The first third user. 

 

 

Figure 6.  Average delay of the three categories of users 

 
Fig 6 shows that the users have higher weight, has lower 

delay, and vice versa. The simulation results are fully 
consistent with the expected results, which illustrate that the 
hierarchical bandwidth allocate algorithm can provide 
differentiated QoS for different users also. At the same time, 
Fig 5 and Fig 6 shows that the network delay is also effected 
by link load, when the link load lower, the delay shorter. 
With the link load more and more higher, the delay become 
more and more longer. So, consider the load balance 
problem in the design of bandwidth allocate algorithm is 
necessary. 
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V. CONCLUSION 

Based on analysis and comparison about the typical 
bandwidth allocation mechanism at present, we proposed a 
new hierarchical bandwidth allocate algorithm which based 
on utility function and can support QoS guarantee at traffic 
grouping level. Then, we did mathematical theory analysis 
and simulation experiment about the new mechanism. 
Results indicate that the new mechanism can allocate the 
scarce bandwidth to consumers effectively, and make both of 
ISP and consumers have high yield. 

For the convenience of research, we supposed that there 
are only voice stream, video stream, normal TCP stream, 
HTTP stream and UDP stream in the network. But actually, 
the kinds of traffic streams in the network are more 
complicated. So, how to divide the traffic streams in the 
network in order to include them more comprehensively, 
Will be the next step research problem. 
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