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Abstract. Wireless Mesh Networks (WMNSs) has become the important Internet infrastructure of next generation network, low-cost and convenient
network connectivity is complimentary for end users. By deploying one router to connect the Internet directly as gateway and a few transient routers,
WMNs can be constructed rapidly and efficiently. In the process of commercialization, how to allocate bandwidth reasonably and schedule high
performance is still a knotty problem. To solve this, in this paper, from the perspective of a gateway, we discuss WMNs capacity and delay problem,
and propose a queuing theory model M/M/1 for gateway scheduling scheme (QGSS) to apply the question of data flows scheduling of gateway and
the number of gateways for deployment in WMNs. Results of the experimental simulation of QGSS are given to illustrate the proposed technique by
Matlab2010a. The results show that we obtain a fair scheduling scheme and higher network resource utilization.

Streszczenie: Bezprzewodowe sieci kratowe (WMNs) moga sta¢ sie najwazniejszg infrastrukturg Internetu w sieciach nowej generacji, w ktérych
komunikacja przez tanig i wygodng sie¢ bedzie bezptatna dla koricowego uzytkownika. Konstrukcia WMN moze by¢ efektywna i tania przez
przyjecie jako bramki jednego rutera dotgczonego wprost do Internetu i kilku ruteréw fgczonych przejsciowo. Wobec komercjalizacji, trudnymi
problemami do rozwigzania sg rozsgdny podziat pasma i wysokie parametry szeregowania. W opracowaniu zbadano przepustowo$¢ WMN i
problem opd&znienia z punktu widzenia bramki. W schemacie szeregowania bramki (OGSS) przyjeto model przeszukania M/M/1. Badania zostaty
wykorzystane do okreSlenia szeregowania przeptywu danych przez bramke i ilosci bramek rozmieszczonych w WMN. Aby zilustrowac
zaproponowane rozwigzanie przeprowadzono symulacje OGSS przy pomocy programu MatLab2010a. Wyniki pokazuja, ze otrzymano zadawalajgcy
schemat szeregowania i pomystowe wykorzystanie sieci. Rozwigzanie M/M/1 do szeregowania bramki w bezprzewodowych sieciach

kratowych
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Introduction

Internet technological revolutions have recently changed
the communications. Wireless Mesh Network as typical
representative of these revolutions has caused extensive
concern. In campus, community, and Central Business
District (CBD), even emergency response, where wired
network is deployed expensive, or survivable networks is
needed, Wireless Mesh Networks (WMNs) can be
constructed, and provided high performance broadband
wireless access. Relying on a core stationary router which
access to the backbone network and other many transit
routers, a huge coverage network can be built rapidly and
low-cost. Other than the routing capability for gateway/
bridge functions as in a conventional wireless router, a
mesh router contains additional routing functions to support
mesh networking. With the widespread use of WMNSs, the
network increasingly concerned about the scheduling and
delayl. In [2], they propose a max-min fairness solution in
traditional wired networks, and it cannot be applied to
WMNSs directly, because it requires each channel has a
fixed bandwidth capacity, which is not sure in wireless mesh
environment where link bandwidth is changed dynamically,
depending on link conditions and connectivity of nearby
links. For end-to-end flows, which are frequent in WMNSs,
such solutions ignore the relationship among the flows from
the same end-to-end flow3. In [4], they propose an
algorithm for Max-Min capacity calculation, formulated in
term of collision domains. But they ignored the collision in
gateway area, that's a key problem for WMNSs performance.
About gateway scheduling, some researchers have studied
about other area environment, such as [5], the paper
analyzes performance of model media gateway controller
for telephones model based on common open policy server
which is a protocol defined in Internet Engineering Task
Force to transport configuration requests and deliver the
policies. The paper inspired us about gateway scheduling
way in WMNs. In [6], they present simple exponential
approximations to the transient behavior of the stable M/M/1
queue. Through experiment, they validate approximations
are optimal in a least-squares sense, and they find the
experiment to agree with exact results well. On congestion

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 89 NR 1b/2013

control and delay control, many studies have been carried
out, they study a novel game theoretic incentive mechanism
in paper [7-8], and they design problem for network
congestion control in the context of users whose property is
selfish that sending data through a single store and forward
router.

The scenario is modeled as an M/M/1 queue model with
each user aiming to optimize a trade-off between delay and
capacity in a distributed manner.

In summary, most researchers have studied the
congestion and delay in traditional wired internet, some of
them use queue theory to analyze delay and throughput,
but few of them considered the problem in WMNs scenario,
in order to solve the scheduling and problem in WMNs
using queuing theory, we propose this paper. This paper
describes M/M/1 model of queuing theory application in
WMNs and deducts a formula for computing data flow delay
of gateway in WMNSs, proposes a closer to actual situation
method which can be used to design and determine the
better WMNs structure and data flow delay and its
performance is very helpful.

The rest of the paper is organized as follows. Section 2
discusses related M/M/1 model and its common calculation
formula. Section 3 presents a framework to study the
scheduling of gateway and proposes a scheme named
QGSS by computing each flow delay using M/M/1 model for
scheduling of gateway in WMNs in order to obtain fair
scheduling. Section 4 validates our assumption and
analysis through experiment. Section 5 concludes our paper
and supposes future work.

M/M/1 Model Formula

Single-service queuing system M/M/1, which describes
the information that arrives to obey Poisson distribution (i.e.
exponential distribution), and the service process time also
obeys Poisson distribution. There is only one attendant in
the M/M/1 system, and infinite queue space (butter
mechanism) and FIFO (first-in first-out) system. Figure 1
shows a single service attendant queue system.
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Fig. 1. lllustration of M/M/1 Queue

We assume that the number of customers as i+1 in
system, so the system is in state i. When a new customer
arrives, the system changes from state i to state i+1; or after
receiving service a customer leave the service area, the
system changes from state i to state i-1. System is in
equilibrium, that is, the system is in a given state i, and the
probability is no change as time elapses. Supposing P; is
the probability of the given state i, E(N)) is arrival rate in the
average when the system in state i, so we use E(N)P;to
describe the number of changes per unit time during the
system changes its state from j to i+1 in the average; the
change rate in the average from the state j to state /-1 is P;/
E(ts). The formula E(N.1)Pi.1 + Pi+1/ E(lsi+1) is state transition
rate which transferred to state i (original from state i-1 and
i+1) in the average. In which, E(ts) is the average service
time for the system is in state /.

In dynamic equilibrium, the average rate of transferring
in state i should be equal to the average rate of transferring
out state j, SO you can create a series of equations. These
equations are for the different system state, transferring in
rate equal to transferring out.

State 0
(1) R/E@)=EWN)A

State 1
2  E(N)DB+B/E(t,)=EN)R+R/E(t,)

State 2
()  EWDR+B/E@,)=EWN,)B+B/E(,)

State i
(@) E(N_)P,+P,/E(t,)=E(N)R+P/E(t)

We can obtain the result from the equation (1):

P, = E(N)E(t,)F,

And take £, into (2):
B = E(N,)E(N)E(,)E,)F,

So, the P, can be obtained by analogy derivation:

i-1
(6) P=R[EW)EG,,) - i=12,
(=0
Total probability equal to 1, so:

2=

i=0

Take (5) into P,

— 1
6 P() - o -1
(6) E(N)E (tg41)

I+i
i=1 k=0

i=

Framework and QGSS

In Wireless Mesh Networks, the data flows generated by
each transient node and the gateway its own all converge at
the gateway for accessing the Internet. At the gateway, all
the traffic can be abstracted as single service attendant
queue system named Q are waiting for service. The queue
is composed of the flows E which are waiting for service
and the flows S which are in service. We can be obtained
from the figure 1.

7 O=W+S
E can represent the average relationship with the queue,
S0:
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@)  E(QFEW*E(S)

The average length of the queue equals to the sum of
the average number of flows which are waiting for service
and which are serviced. So, the average time of the queue
E(tq) equals to the sum of the average time of flows E(tw)
which are waiting for service and E(ts) which are serviced.

(9) E(tp) = E(tw) + E(ts)

At the gateway, we consider equipment utilization a key

problem as the same as in the queuing theory, it expresses
the frequency of the gateway devices, we use 1 to repress:
(10) A=EWN) * E(ts)
Where, 4 is the device utilization within the average arrival
number of customers at the gateway in service time, it is
equal to the average arrival rate E(N) multiplied by the
average service time.

At the steady state, the number of waiting for service:
(11)  EW)=EWN)E®,)

The average length of the queue:

(12) E(Q)=EWN)E({,)

We consider (9) by take (8) into (11):
(13) EQ)=EW)+4

In M/M/1 queuing system,

E(N)=E(N) i=0,1,2,
E(tw)zE(tc) i=1,2,"'

Take two equations above into (6):

p 1 _ml

E(N)E(1,) 1+ [E(N)E@)]
(14) i=1 k=0 i=1

par 1-1
And take them into (5)
k-1

(15) P =B[[EMNEW)=(1- 12"

k=0

The number of the flows E(Q) in the gateway:

E(Q)= iip,. =(1- A)iiﬂ" =(1- ﬂ)ﬂ(%iiﬂ‘
( 1 6) i=0 i=0 i=0

0,1 1 A
_(l—ﬂ)iaj(m)_(l—/l)i

(=27 1-2
The average waiting flows number in the gateway:
12
1-2
The average waiting time of the flows in the gateway:
EW) A
E(t,)=="—""2=—C_EF(
)= G =17 26
To solve the problem about utilization and scheduling in
the gateway, so we have to suppose to reduce the delay of
flows in the gateway, through the equations above, we can
obtain the equation for calculating delay for flows in the
gateway:

(18)

an  EW)=EQ)-4=

(18)

_ A _E@)
B(tg) = E(ts) +— Bt) =15

It can be realized, as long as we know the device
utilization and service time, we can obtain the queue size,
average queue time and waiting time, provide a calculating
basis for us next to solve the optimal problem.

Stochastic service system in the establishment of a
mesh network queuing model, in order to make effective
use of the model for Wireless Mesh Network configuration,
we need solve the model for analysis. We determine the
average delay value as the objective function, under
throughput to meet certain conditions, to determine the
optimal average value, and prompt the delay of each node
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to balance, maintaining a certain level of throughput
increasing at the same time.

We use Marginal Analysis Method to and calculate and
determine the relationship between the gateway and the
delay in order to get the best network structure. The delay
E(tg) is as a function of the gateway G. So, that is the
equation,

(G)=Elty) = Elty) + Elts) = EW) < B, + E(S) <

=EW)xB,+GxEl(ts)xF,
=(1-P)x ExAxXE(t, )x P+Px ExAx E(1,, )% B, + GX E(t,)x P,
=(ExAxE(t,)x B,)+(E(t,)— E(t,)) x P

X(ExAxPB,)+GxE(tg)x P,
Recording A=ExAxE(t,)xB,, B=ExAxE,, C=E()xFR, A,

B, C are independent constant value of the number of the
gateways. We can obtain them from the statistics

calculated. And E(z, ) is the waiting time of the flows on

the average in gateway, }_) is the flows to gateway

necessary waiting probability for gateway, that they are all
related with the number of gateways, then, the equation can
be rewritten as:

T(G)= A+(T,,(G)— E(t,))x (G)x B+ G xC
Assuming the optimal number of gateways as G*. It

makes the total delay T(G) minimum. Due to the
characteristic value of G*minimum,

T(GH<T(G -1) and T(G)<T(G +1)
A+(T,(G¥)—E(t,))x (G¥)x B+ G*xC
SAHT(G*1)—B1,)) xBG*-1)xBHG*1)xC
A+(T,(G*)—E(t,)) x P(G¥)x B+ G *xC
<A+(TAG*+)—E(t,,)) x AG*+) x B+(G*+1) xC
Get the equation after simplification:
PAGY(TUG*B(t,)~PG*Dx(T,(G*+)~E(,)) sg

<SRG*)X(G(G*1)~Bt,) -G X(T,(G*)-By)
Turn to G = 0, 1, 2, 3... AG)*(T,(G)-E(,)) values, and

. . . C .
calculated difference for two adjacent values. Since 2 is

independent of G, it can be based on a range in which this
reproach for G, the number of gateways for the optimal
value.

Validation

We use Matlab2010a for the simulation of QGSS
program in WMN, and basic scheduling results to improve
the program for comparison. Figure 2 and Figure 3 shows
the data transfer rate of 5.5 Mb / s and 11 Mb / s when the
saturation throughput of the basic scheduling program
results and improve results. Also shows data transfer rate in
the 5.5 Mb /s and 11 Mb / s when the average packet delay
of the simulation results and improve program results. It can
be seen, calculated by the mathematical model of
saturation throughput and average packet delay and
throughput have been good application effect.

Conclusions

We can deal with relationship between time delay and
gateway deployment well by using QGSS, it can be applied
to scheduling, play a positive role, and enable the whole
network throughput in steady state and gained further
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improved, the gateway internal details scheduling problem
about queue model and optimization scheme will continue
in the following study.
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