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Abstract

The integration of different heterogeneous access networks is one of the remarkable characteris-
tics of the next generation network , in which users with multi-network interface terminals can inde-
pendently select access network to obtain the most desired service. A kind of unified quantification
model of non-monotone quality of service (QoS) and a model of non-cooperative game between users
and networks are proposed for heterogeneous network access selection. An optimal network pricing
mechanism could be formulated by using a novel strategy which is used in this non-cooperative game
model to balance the interests of both the users and the networks. This access network selection
mechanism could select the most suitable network for users, and it also could provide the basis when
formulating QoS standards in heterogeneous integrated networks. The simulation results show that
this network selection decision-making algorithm can meet the users’ demand for different levels

service in different scenes and it can also avoid network congestion caused by unbalanced load.
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0 Introduction

With the rapid development of wireless communi-
cation technology, the integration of different heteroge-
neous access networks is being gradually transformed
toward the trend of system integration and collabora-
tion. The integration of a variety of wireless access
technologies is an inevitable trend of network of the
next generation, so the emergence of user terminals
that support multiple network interfaces will make the
access form more flexible and convenient. In heteroge-
neous integrated networks, the user terminals that sup-
port multiple network interfaces can obtain services
through a variety of different access networks. In order
to obtain the satisfying quality of service, more reason-
able decision-making algorithms should be taken in ac-
cess network selection. In recent years, the study of
heterogeneous wireless network access selection has
made some valuable results. Ref. [ 1] proposed a novel
network selection approach using improved multiplica-
tive multi-attribute auction (MMA). In this way, the

best suitable network can be selected according to the
Ref. [2] provided a

novel unified framework for defining decision criteria

’ .
user’ s performance-cost-ratio.

weights relying on the variance of network measure-
ments. Ref. [3] introduced a wireless network access
selection algorithm using non-cooperative game theory.
The algorithm takes competition in resources between
users into account. Ref. [4] proposed a novel dynamic
network selection mechanism in cooperative heteroge-
neous wireless networks. The strength of this approach
is its ability to allow users to dynamically change their
preferences achieving better quality of service ( QoS)
whereas the network operator can also vary their con-
trolling parameters. However, the above papers are
made on the assumption that the network attribute is

monotonous, in some certain scenarios, it’ s not re-

al’,
terests of the user side or network side are taken into

In addition, in most of the above papers, the in-

account unilaterally, and the balance of interests of
both sides when selecting network is ignored. In view
of these, a kind of a unified quantification model of
non-monotone (oS is proposed based on sigmoid func-
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tion in robot learning mechanism and grey relational
analysis. Thus users’ demand for different levels of
quality of service can be achieved by this model. Then
a model of non-cooperative game between the user and
the network is proposed and a strategy balancing the
interests of both the user and the network is used in
this non-cooperative game model. An optimized net-
work pricing mechanism could be made by solving the
Nash equilibrium solution.

1 Unified quantification model of non-mon-
otone QoS

1.1 Offset degrees of network attributes

Access network selection is one of the key steps to
achieve seamless integration of the terminals in hetero-
geneous integrated networks, and it is an important
factor that affects system performance and satisfaction
of users for the quality of service. The heterogeneity
and complexity of heterogeneous integrated networks
makes it very difficult to evaluate users’ demand for
quality of service. In order to fairly quantify the quality
of service in heterogeneous integrated networks, this
paper proposes a method of normalizing network attrib-
utes. Firstly, network attributes are divided into two
categories according to their different impact on QoS.
The first class is called the beneficial attributes by
which users could improve the QoS, such as band-
width, throughput, and so on. The second class is
called the cost attributes that users wish to minimize
them, such as delay, jitter, and packet loss rate. This
paper defines two classes of network attributes normal-
ized formula.

Beneficial attributes normalized formula:

X -X
Vv = ———— 1
' le;lx - Xinin ( )
Cost attributes normalized formula:
X -Xx
VL - L l[l;[l ( 2 )
Xma,x - Xmiu

In the above equations, X' is the actual value of
the network attribute. X} and X

max min
value and minimum value of attribute i respectively.

Eq. (1) and Eq. (2) show that V; is the normalized

i

value of the network attribute, V, € [0,1]. As the val-

i

are the maximum

ue is smaller, the network can provide a better quality
of service for the users. When V, =0, that means that
the beneficial attributes are maximun values and the
cost attributes are minimum values. When V; =1, that
means that the beneficial attributes are minimum values
and the cost attributes are maximum values. Users can
obtain the best quality of service when V;, =0 and worst

quality of service when V, =1.

1.2 Grey relational analysis

When selecting access networks according to the
network attributes, we generally assume that each net-
work attribute is monotonic. In other words, we assume
that the smaller cost attributes the better the QoS will
be and the bigger beneficial attributes the better the
QoS will be. However, users in different occasions
tend to choose different levels of quality of service'®'.
For example, in business occasions, users are mainly
considerate of the performance of the network. In such
place, the shorter delay the better, the higher band-
width the better, and the price becomes a secondary
factor. In casual occasions, users are mainly consider-
ate of the price as long as the quality of service could
be maintained within a tolerable range, and the QoS
became a secondary factor. When different levels of
QoS are demanded, the questions caused by non-mono-
tonic occurr. In order to solve this question, we need
to find a reference solution, then the access network
whose QoS is most associated with the reference solu-
tion will be selected as the most appropriate network.
Grey relational analysis is the best way to solve such
questionsm .

Fig. 1 shows a simple decision making scenario
with one attribute , for example, the delay. This scenar-
io contains two networks, the delay of network 1 is
smaller than the delay of network 2. Both networks of-
fer three kinds of business, such as VolP, streaming
media and web browsing. Traditionally, the measure of
users’ satisfaction associated with the delay is mono-
tonic, in other words, users’ satisfaction decreases
monotonically with increasing delay. In this case, net-
work with the least delay value, such as network 1,
will be selected for all service types. However, in
some casual occasions, the most important factors to be
considered is the price, as long as the quality of serv-
ice can be maintained within a tolerable range. At this
time, the measure of users’ satisfaction associated with
the delay is non-monotonic. In other words, users’
satisfaction doesn’t increase or decrease monotonically
with increasing delay. In this case, the user would like
to use the network closest to the service’ s delay re-
quirements but not necessarily the network with the
least delay. For example, 3 parabolas in this figure
correspond to three different types of business, the
highest point of the parabola corresponding to the most
suitable delay. In view of the users’ non-monotonic
satisfaction, network 1 will be selected for VoIP and
network will be selected for streaming media and web
browsing services. It is inclined to make a decision
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that this type of optimization for policy reasons such as
load balancing across access networks or for keeping
the best networks for services and sessions with higher
QoS requirements that it can expect to have. It would
be similar to the policy of an airline that decides to fly
with some first or business class seats empty and not
upgrade people from economy class with the knowledge
or the hope that it would be able to get full fare busi-
ness or first class customers at the next stop.

Browsing

Monotonic
satisfaction

A I VoIP Web

Streaming
Media

Non-monotonic
satisfaction

Users’satisfaction

Network 1 Delay Value Network 2 Delay Value

_Delay

Fig.1 Simple decision making scenario with one attribute

1.3 The unified quantification model of non-mon-
otone QoS
It’ s difficult to quantify the QoS, because of the
diversity and complexity of heterogeneous integrated
networks. Sigmoid function based on machine learning

81 is a good method, but it can hardly

mechanism
achieve the users’ demand for non-monotonic quality
of service. Therefore the paper provides an improved
Sigmoid function based on machine learning mechanism
to quantify non-monotonic QoS in heterogeneous inte-
grated networks. New model is made of the original
model that is cascade of a normal distribution function.
The mean of distribution is w, and the variance is 1 in
this normal distribution function

The unified quantification model of non-monotone

QOS:
C, > expl = S,(V, - )]
Q = i=1 . (3)
1 +exp[ - S, Zw,(Ti - Vi)]

where C,, S,, S, are constant, k represents the number

of network attributes, w,(0 < w; < 1), and T respec-
tively represents the users’ sensitivity and tolerance of
network attribute i, w indicates the level of QoS. For
simplicity the levels of QoS is divided into five levels,
respectively 0, 0.25, 0.5, 0.75 and 1.

The unified quantification model of non-monotone
QoS not only quantifies QoS fairly, but also meets the
users’ demand for different levels service in different
scenes. In this model, w is the level of QoS, it is de-
termined by users’ demand. The closer the values of

V, and u, the greater the value of Q. So that users’ de-

mand for quality of service in different occasions can be
satisfied.

2 Access network selection based on non-
cooperative game

2.1 Non-cooperative game model

The interests between network providers and users
are conflicting. In networks’ perspective, they wish to
obtain the maximum benefit with minimum cost, mean-
while, network providers have to provide users with
better service to avoid users switching networks. How-
ever, in users’ perspective, they trend to take up more
bandwidth, higher throughput and lower delay, and
pay as little as possible. Therefore, the model provided
by this paper is a non-cooperative game model *’.

The basic elements of the model are as follows;

(1) Players: access network i(i = 1, 2,:--, N)
and a user.

(2) Strategies: the access network i’ s strategy is
to formulate a price of per quality of service P,( P, =
0,i=1,2,-,N);users’ strategy is to select a net-
work.

(3) Payoffs: when accessing network i whose
price of per quality of service is P,, user’ s payoff func-
tion is defined as follows:

R, = Q; - aQ;P, (4)

In the above equation, « is the weighting factor,
Q. is the quantified QoS of network i, P, is the price of
per quality of service provided by the network i. The
payoff function can help user select network with higher
performance/ price ratio. And it also can avoid network
congestion caused by unbalanced load""”. Because the
non-monotonic quality of service can avoid too many
users to choose the same network. In view of this, this
paper selects the payoff function as the decision func-
tion which can help users selecte the most suitable net-
work. Therefore, we can ensure the both interests of
user and network, and ultimately achieve a win-win
goal.

2.2 The utility function
This paper refers to utility function of different
networks'"''. to describe the relationship between

quality of service and price of per quality of service.

The utility function U( Q) :

uQ) = ;Qiei ‘%( ZQZ +2PZ Qin)‘ ;PLQ[
(5)

,Q.,+,0y) are quality of services

where Q = (Q,,--

of N networks. P, is the price of per quality of service
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provided by the network i, p(0 <p < 1) is competitive
factor between different networks. p = 0 means network
competition is intense, and the services they provide
can not be replaced. Whenp = 1, there is no competi-
tion between networks, and services provided by the
networks can be replaced. 0 < p < 1 means different
degrees of competition between different networks.
Users’ demand for quality of service can be maxi-

mized by Eq. (5) :
ou
&:ei_oi_ngj_pi:o (6)
a0Q; 7
The demand function: Q, (P) (i 1,2,---,N)
can be solved by Eq. (5) :

(e, =P)[p(N=-2) +1] =p> (¢ -P)

C(P) = - p(N-1) +1]

(7)

2.3 Nash equilibrium solution of non-cooperative
game

In the game G = {S,,---,S, :u,, >+ ,u,|, Sis the
strategy space and u is the utility space, if a strategy
group (S, ,-+,S8") is consist of strategies of every
player in the game, and every player’s strategy in the
strategy group is the best solution for the rest of the
87

,S, ) forany S, e S, is

strategy groups, thatuw, (S, ,---,S.",,S,S",,
= u, (S;,,87, 9Sj* 23St

true, then (S, ,---,S”) is a Nash equilibrium solu-
tion. In this paper, the Nash equilibrium solution is
expressed as pricing strategies (P, ,--+,P ).

Access network decision function (Eq. (4)) and
demand function Eq. (7) show that the access network
decision function can be expressed as a function of
price ;

Ri<P) = (1 —OL)Pi[<ei _P,',)F] - Z‘(ej _Pj)FZ]
i#]
(8)

In the above equation

P p(N=2) +1
(1 =-p)[p(N=-1) +1]

F, =

p

(1 -p)[p(N-1) +1]

Derivative of the Eq. (9) :

aR (P)

P (I —a)eF, - ;(1 -a)

(e, = P)F, -2(1 —a)P,F, =0

(9)

Best price function;

ey — > (e, = P)F,

Pi* — l:#jZF ( 10)
1

Best price function P;" of user i can be solved by

Eq. (10), so as the P/",---,Py. The Nash equilibri-
um solution of the access network selection model can
be obtained by simultaneously solving P;" , -+, P 7. Due
to that the best price function of every access network
is linear, the Nash equilibrium solution is determined
and have only one value''>’. In this case, the interests
of users accessing different network can be balanced.

Nash equilibrium is applied to predict the selec-
tion results of users with the goal that maximize their
payoffs. It is a state of non-cooperative game and gives
a strategy profile with the property which no player can
improve his payoff by choosing a different action given
the actions of other players . When selecting access
network , users should set up a suitable level of quality
of service according to their occasions first. Then net-
work” s QoS could be quantified by the unified quantifi-
cation model of non-monotone QoS. Finally, according
to the value of payoff function, hereafter called deci-
sion value, users could select the network in which us-
er’ s payoff reaches a maximum value.

3 Experimental simulation and analysis

We assume that the heterogeneous integrated net-
works are consist of two different access networks, the
parameters are set as follows: C;, =1, S, =10, S, =
100, T, =0.6, w;, =0.5, N=2,k =2, a=0.1,
0.3<¢=<08,03<p=<0.6,i=1,2.

Fig. 2 shows the comparison of traditional quality
of service and non-monotone quality of service, where
the level of QoSu = 0.5. From the figure, we can see
the differences between traditional quality of service
and non-monotone quality of service: non-monotone
QoS shows a non-monotone increase with an increase in
attribute value and QoS reaches the maximum value
when attribute 1 and attribute 2 are 0. 5.

:_non-monotone QoS ..

04
Attribute 2
Fig.2 Comparison of traditional quality of service

and non-monotone quality of service

Its non-monotonic features can meet the users’
different demand for different levels of QoS in different
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occasions.

Fig.3 shows the relationship between price and
decision value of network 1. Price 2 is the price of net-
work 2. We get that the decision value of network 1 in-
creases with the increase of price 1, and then decrease
at a certain price which is the optimal price of network
1. From the figure we can also get the decision values
of network 1 will increase with the increase in the price
of the network 2. Thus, the possibility of the user ac-
cess network 1 will increase. The reason is that users
are more likely to choose a low-priced network.

0.3 T T T ! I 7 >
P : Price 2=0.2
02 , : o = —Price 2=0.5|
e LT TG price2=07
i~ Y T T
e — ST ;
0.1~ D |

%,

Decision value of network 1

-0.5

A A S T N A S
0 01 02 03 04 05 06 07 08 09 1
Price of network 1

Fig.3 Relationship between price and decision value

Fig. 4 shows the relationship between decision val-
ue of network 2 and price of network 1. When price of
network 2 is determined, users’ payoff will increase
with the increase of network 1’ s price, which means
users will have more opportunity to selecte the network
2. The reason is that users always tend to choose the
network with low price. It also can be observed that
compared with high price (0.7) and low price (0.1),
user’ s payoff is higher when price of network 2 is ap-
propriate (0.3).

03 : I ;

&
o

e
=

(=]

'
=
=

Decision value of network 2

N\

Price 2=0.1

-0.3
: i |— —Price 2=0.3
0.4 i i | | i i 1| ¢ Price2=0.7
0 02 04 06 08 1 12 14 16 18 2

Price of network 1

Fig.4 Relationship between price and decision value

Fig. 5 shows the Nash equilibrium solution of two
different networks in a non-cooperative game mode. At

the Nash equilibrium solution, both networks have
equal probability to select the network 1 or network 2.
Therefore , network load can be balanced to avoid net-
work congestion.

Decision value

05 e T, T T
2 04 06

Price of network 2 0 0.2

Price of network 1

Fig.5 Nash equilibrium solution in a non-cooperative game mode

Fig. 6 shows decision values in different levels of
quality of service. From this figure we come to the con-
clusion that the proposed decision function can effec-
tively meet users’ demand for different levels of quality
of service.

Decision value

Attribute 1
Fig. 6 Decision values in different levels of QoS

4 Conclusion

A kind of unified quantification model of non-
monotone QoS based on sigmoid function in robot
learning mechanism and grey relational analysis is pro-
posed by which the users’ demand for different levels
of quality of service can be achieved. Then a model of
non-cooperative game between the users and the net-
works is proposed and a strategy balancing the interests
of both the users and the networks is used in this non-
cooperative game model. The simulation results show
that the unified quantification model of non-monotone
QoS and the network selection balancing the interests of
the networks and the users can effectively meet users’
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demand for quality of service in different occasions. It
also shows that when networks’ price meets the price
in Nash equilibrium solution, network load will be bal-
anced and utilization of networks will be maximized.
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