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Abstract—This paper considers the channel-assignment and
scheduling in wireless mesh networks that employ multiple radios
and multiple channels. In contrast to the various algorithms
available in the literature, we explicitly model the delay overhead
that is incurred during channel switching, and use that delay
in the design of algorithms. We prove that the well known
Greedy Maximal Scheduling (GMS) algorithm does not have
any provable efficiency ratio when the switching overhead is
considered. We present a centralized algorithm (CGSSO), and a
dynamic algorithm (DMSSO), both of which consider switching
overhead. Simulation results show that the proposed algorithms
significantly outperform other algorithms in packet throughput
and average packet delay metrics. Results also show that the
improvements in performance become more pronounced as the
switching delay increases.

I. INTRODUCTION

Wireless Mesh Networks (WMNs), envisioned as one of the
key infrastructures in the next generation wireless networks,
can provide more reliable data transmissions and significantly
improve the throughput with multi-radio multi-channel ar-
chitecture [1]. In a multi-radio multi-channel environment, a
proper assignment of channels to interfaces is a critical factor
in optimizing the network interference and throughput. Various
channel assignment strategies are reported in the literature
(a summary can be found in [2]), which is divided into
three main categories: fixed [3], [4], [5], dynamic [6], and
hybrid [4], [7], [8]. Fixed strategy imposes static channel as-
signment to radio interfaces whereas dynamic strategy changes
the assignment as needed. Hybrid strategies combine static
and dynamic assignment concepts by using static assignment
for certain nodes/radios, and using a dynamic assignment
approach for the other nodes.

Among the centralized algorithms, an optimum scheduling
policy was given by Tassiulas et al. in their seminal paper [9].
This scheduling policy, commonly referred to as Maximum
Weighted Scheduling, is computationally prohibitive for gen-
eral interference models (such as 2-hop interference model),
and a simpler but suboptimal strategy called Greedy Maximal
Scheduling (GMS) is well established as a scheduling algo-
rithm for single channel multi-hop wireless networks. GMS
has been known to have an efficiency ratio of 1/κ for single-
channel networks in [10] and 1/(κ + 2) in multiple-channel
networks. Very recently, insights into the true efficiency ratio
of GMS have been presented in [11], where the authors have
shown that the efficiency ratio of GMS is equal to a network

property (pooling factor), and the authors also show that
the worst-case efficiency ratio of GMS in geometric network
graphs is between 1

6 and 1
3 .

In distributed algorithms, Joo [12] proposed a simple
distributed scheduling algorithm for single channel wireless
networks, which achieves an efficiency ratio no smaller than
GMS. In [13], Lin et al. provide a distributed algorithm
for multi-channel network with low-complexity that has the
same level of efficiency ratio as GMS. Ko et al. [14] also
proposed a distributed channel assignment algorithm with
channel interference cost function which indicates the spectral
overlapping level between channels. In addition, much of
the recent research on multi-radio multi-channel WMNs has
solved the channel assignment and routing problem jointly as
a challenging cross-layer problem [13], [15], [16]. In [13], a
distributed channel scheduling algorithm is proposed, which
guarantees the same efficiency ratio as the centralized GMS
algorithm in multi-channel wireless networks.

It is however interesting to note that none of these algo-
rithms consider the overhead incurred from switching radios
dynamically from one channel to another. Some of them do
mention delay, but simply assume that the switching delay
can be reduced and made negligible by improving hardware
technology and refining protocols. Our simulation results,
however show that the actual performance of these algorithms
can be much lower than expected when actual switching
delay is injected into each time slot. In this paper, motivated
by this observation, we study the channel assignment and
scheduling in multi-radio multi-channel mesh networks and
develop algorithms that take the switching delay into account.
Simulation results show that the performance of our algorithms
significantly improve over the other existing ones.

The rest of the paper is organized as follows. In the next
section, we discuss the role of switching overhead and explain
why it is necessary to consider the effects. In Section III,
we outline the system model and give a problem statement.
In Section IV, we first present an extension of the well-
known Greedy Maximal Scheduling taking the switching delay
into account in the channel assignment and then present a
distributed algorithm that considers the switching delay as
well. Simulation results are shown in Section V, and our
conclusions and some directions for future work are presented
in Section VI.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE ICC 2009 proceedings

978-1-4244-3435-0/09/$25.00 ©2009 IEEE
Authorized licensed use limited to: The George Washington University. Downloaded on May 22,2010 at 19:50:40 UTC from IEEE Xplore.  Restrictions apply. 



II. SWITCHING OVERHEAD - NEGLIGIBLE OR NOT?

Many algorithms that try to optimize the efficiency of
WMNs use a strategy that requires frequent change in channel
assignment, which leads to accumulation of switching delays
between end to end nodes. This delay happens at multiple
levels. Hardware delays occur in the physical layer where as
software delays in the upper layer for synchronization and
scheduling.

For a typical 802.11 card, the hardware switching delay can
vary from a few hundreds of microseconds to a few millisec-
onds [6], [17], [18]. When a packet of 1024 bytes is transmit-
ted through 802.11a network where the typical transmission
rate is about 25Mbps, it takes 1024 ∗ 8/(25 ∗ 106) = 328μs
which is in the same range of 802.11a switching delay. In
the 802.11b network in which the typical transmission rate
is about 6Mbps, it takes 1024 ∗ 8/(6 ∗ 106) = 1.3ms. The
impact of switching delay on the overall network performance
becomes even more significant when switching occurs across
different frequency bands. For example, when a Mesh Router
has two radios such as 802.11a card (operating on 5GHz band)
and 802.11b/g card (operating on 2.4 GHz band), switching
between two bands is possible with the delay much larger than
the delay from switching within the same band.

The switching delay not only affects the end to end delay
but also degrades network capacity. According to [4], the
switching delay degrades the network capacity as a function of
S/S+T (where S is switch delay and T is transmission time).
As in the example above, the value of S can approach the
value of T . This causes a significant degradation in network
capacity.

One reason that is sometimes given to ignore the switching
delay overhead is that with technological advancements, the
switching delay will become smaller overtime. However, the
switching delay can be expressed in terms of packet dura-
tion as dt × transmission speed/packet size, where dt is the
hardware switching delay. Thus, while the hardware switching
delay can indeed be expected to progressively get smaller,
the transmission speeds can be expected to progressively get
larger. Thus, the trend on the overall loss of bandwidth due
to the switching delay is difficult to predict due to this “push-
pull” effect of technology. This highlights the need to design
channel assignment schemes that consider the delay induced
due to the switching overhead, and to model their performance
as a function of the switching overhead.

III. SYSTEM MODEL AND PROBLEM STATEMENT

In this section, we first describe a network model considered
in this paper. Then, we present a formulation of our problem
for channel assignment and scheduling.

A. System Model

We consider a time slotted multi-hop network modeled by
an undirected graph G = (V,E) where V denotes a set of
nodes and E denotes the set of edges. For a link l ∈ E
when used in a transmission, the transmitter and the receiver
nodes are denoted by b(l) and e(l), respectively. For a node

v ∈ V , the set E(v) denotes the set of edges incident on
node v. Let C denote the set of channels available in the
system. Time is slotted into a unit length. Each node is
equipped with at least one radio and can dynamically switch
radios from one channel to another with additional overhead
δ represented as a fraction of the time slot duration, i.e.,
δ = switching time/time slot duration. It is assumed that
each node v is equipped with α(v) ≤ k radios such that at
any time, v can be involved in up to α(v) transmissions as
either transmitters or receivers.

Let Il denote the set of links that interfere with link l.
It is assumed that during the scheduling period (i.e., over a
certain period of time), the network topology is fixed; hence,
the interfering set Il of link l is also fixed. We assume that
the interference relation is symmetrical. We denote the queue
length of link l in time slot t by q(l, t) where l = (b(l), e(l))
is treated as a directional link. The rate at which link l can
transmit on channel c is denoted by r(l, c).

B. Problem Statement

There are S users in the system. We assume that user s
injects packets into the system with a rate λs and traffic from s
follows a fixed path during the scheduling period. (The routing
table is assumed to be fixed during the scheduling period).
Let h(l, s) = 1 if user s’s traffic traverses over link l, and 0
otherwise. The evolution of q(l, t) is then:

q(l, t + 1) = [q(l, t) +
S∑

s=1

h(l, s)λs −D(l, t)]+ (1)

where D(l, t) denotes the number of packets that link l can
serve in time t and [·]+ denotes the projection to [0,∞). We
say the system is stable if the queue length of each link in
any time slot remains finite.

Let �λ = [λ1, · · · , λS ] denote the traffic injected by the S
users into the system. The capacity region under a particular
channel assignment and scheduling algorithm is the set of �λ
such that the system remains stable. The optimal capacity
region Ω is defined to be the union of capacity regions of
all algorithms. An algorithm is called throughput-optimal if it
can achieve the optimal capacity region Ω. The efficiency ratio
of an algorithm is the largest number γ such that for any load
�λ ∈ Ω, γ�λ is in capacity region of the algorithm.

A major component of any throughput-optimal scheduling
problem is to solve an optimization problem in each time slot
t that maximizes

∑
l∈E

∑
c∈C q(l, c, t) r(l, c, t) satisfying the

given constraints. With the switching delay δ as an additional
constraint, we formulate the scheduling problem as follows
where z(l, c, t) ∈ {0, 1} is a decision variable such that
z(l, c, t) = 1 means that channel c ∈ C is assigned to link
l ∈ E in time slot t.
Scheduling with δ:
Input: Z(t − 1) = [ z(l, c, t − 1) ] for all l ∈ E and c ∈ C;
q(l, t) for all l ∈ E; and r(l, c, t) for all l ∈ E and c ∈ C.
Output: Z(t) = [ z(l, c, t) ] where (i) z(i, c, t) ∈ {0, 1},
(ii) for any l, l′ ∈ E such that l′ ∈ Il and c ∈ C,
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z(l, c, t) + z(l′, c, t) ≤ 1, (iii) for any l ∈ E,∑
c∈C z(l, c, t) ≤ min{α(b(l)), α(e(l))}, and satisfying

(i-iii), the objective is to maximize

∑
l∈E,c∈C

{z(l, c, t) q(l, t) r(l, c, t) | z(l, c, t− 1) = 1}

+
∑

l∈E,c∈C

{z(l, c, t) (1− δ) q(l, t) r(l, c, t) | z(l, c, t− 1) = 0}

Note that if z(l, c, t− 1) = 1 and z(l, c, t) = 1, the channel
c can be fully utilized on link l during the time slot t. But if
z(l, c, t − 1) = 0, the channel c when assigned to l in time t
can be utilized for only a fraction 1− δ of the time slot.

C. Limitations of GMS when Considering Switching Overhead

As mentioned in the introduction, there are numerous results
on the efficiency ratio of the GMS algorithm. Most recently,
it has been shown in [11] that the worst-case efficiency
ratio of GMS in geometric network graphs is between 1

6
and 1

3 . However, we show that when switching overhead is
considered, GMS algorithm may have no provable efficiency
ratio, even when considering single hop interference model in
geometric network graphs.

Theorem 1. Considering the switching overhead, the effi-
ciency ratio of GMS algorithm can be made arbitrarily close
to 0.

Proof: We prove this by using a counter example. Con-
sider the graph as shown in Figure 1(a). We assume that the
traffic moves in clockwise direction, all link capacities are 3
and the initial queue size is S +2 at nodes A and D, S +1 at
nodes B and E, and S at nodes C and F , where S is a large
number. We show that if all nodes have a constant arrival rate
of 1− δ + ε, then the network is not stable under GMS.

We observe, that during the first timeslot, GMS activates
links 0 and 3 as shown in Figure 1(b). As 1− δ portion of the
timeslot can be used for data transmission, at the end of the
first timeslot, the queue sizes are: S+2δ+ε at nodes A and D,
S+2−δ+ε at nodes B and E, and S+1−δ+ε at nodes C and
F . GMS activates links 1 and 4 for the timeslot 2, and at the
end of timeslot 2, the queue sizes are: S +1+ δ +2ε at nodes
A and D, S +δ+2ε at nodes B and E, and S +2−2δ+2ε at
nodes C and F . For timeslot 3, GMS activates links 2 and 5,
and at the end of timeslot 3, the queue sizes are: S +2+3ε at
nodes A and D, S + 1 + 3ε at nodes B and E, and S + 3ε at
nodes C and F . So, after 3 timeslots, queues have increased
by 3 ε. Thus, with this offered load, the system is unstable
under GMS.

However, it is easy to observe that the following schedule
can serve the same system with an arrival rate of 3/2− δ:
Consider two link assignments: {0, 2, 4} or {1, 3, 5}. Start with
either one, and switch between the two every S/2 timeslots.

Therefore, the efficiency ratio of GMS is no better than
1−δ

3/2−δ . Since δ can be made as close to 1 as necessary, this
efficiency ratio can be made arbitrarily close to 0.

(a) Topology (b) Maximal schedule

Fig. 1. Example topology and schedule with GMS

IV. ALGORITHMS

In this section, we propose two channel scheduling algo-
rithms with considering switching overhead as centralized and
distributed control algorithms respectively. In order to show
how we extend the existing algorithms with switching over-
head, we describe our algorithm beginning with the existing
algorithm.

A. Centralized Greedy Scheduling with Switching Overhead
(CGSSO) Algorithm

Among the centralized channel assignment algorithms, the
Greedy Maximal Scheduling (GMS) algorithm has been con-
sidered as one of the most well-known sub-optimal scheduling
algorithms [11]. In this subsection, we describe the GMS
algorithm and our extended algorithm (CGSSO) that considers
switching overhead for multi-channel multi-radio wireless
networks.

In Greedy Maximal Scheduling, a queue-weighted rate
w(l, c, t) is defined as w(l, c, t) = q(l, t) r(l, c, t). GMS starts
with the link-channel pair (l, c) with the largest w(l, c, t). After
finding the largest weight w(l, c, t), it removes all link-channel
pairs that cannot be scheduled due to (l, c) being scheduled.
In other words, it removes all link-channel pairs (k, c) with
k ∈ Il. If α(l) = 0, which means link l already uses up
all available radio interfaces, it removes all link-channel pairs
(k, c∗) with k ∈ E(b(l))∪E(e(l)). With the remaining pairs,
it continues to find the largest weight until no link-channel
pairs are left.

Considering switching overhead, our extended algorithm
CGSSO is summarized in Algorithm 1. In order to consider the
switching overhead δ, we provide two different weight func-
tions depending on whether or not the switching is needed. At
each time t, we know the set Z of all scheduled link-channel
pairs (l, c) at time t− 1. For each link-channel pair in set Z ,
we define w(l, c, t) = q(l, t) r(l, c). For each link-channel pair
not in Z , we define w(l, c, t) = (1 − δ) q(l, t) r(l, c). Using
this modified weight function, we follow the GMS algorithm
as defined above to get the schedule of links and channels at
each timeslot.

B. Distributed Maximal Scheduling with Switching Overhead
(DMSSO) Algorithm

In [13], a distributed joint channel-assignment, scheduling,
and routing algorithm (referred here as “DASP”) is proposed.
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Algorithm 1 Centralized Greedy Scheduling with Switching
Overhead (CGSSO)

For each time-slot t:
Let F = {(l, c)|l ∈ E, c ∈ C}, Z = {(l, c)|z(l, c, t − 1) =
1}
Initialize β(v)← α(v) for all nodes v
For Z , define w(l, c, t) = q(l, t)r(l, c).
For {F − Z}, define w(l, c, t) = (1− δ)q(l, t)r(l, c)
while size(F) > 0 do

In F , find (l, c) with the largest weight w(l, c, t)
z(l, c, t)← 1
β(b(l))← β(b(l))− 1
β(e(l))← β(e(l))− 1
for k ∈ Il do

remove (k, c) from F
end for
if β(b(l)) = 0 then

for k ∈ E(b(l)) do
Remove (k, c′) from F for all channels c′

end for
end if
if β(e(l)) = 0 then

for k ∈ E(e(l)) do
Remove (k, c′) from F for all channels c′

end for
end if

end while

In order to show the impact of switching overhead on the
WMN throughput we extend their algorithm by considering
switching overhead. Without the switching overhead, DASP
can be summarized as follows. For each time t,

1) Define x(l, c, t) to be the number of packets that link l
can assign to channel c at time t.
For each link l, x(l, c, t) can be assigned as follows.

x(l, c, t) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

r(l, c), if q(l)
ζl

≥ 1
r(l,c)

[
∑

k∈Il

η(k,c,t)
r(k,c,t)

+ 1
α(b(l))

∑
k∈E(b(l))

∑C
d=1

η(k,d,t)
r(k,d,t)

+ 1
α(e(l))

∑
k∈E(e(l))

∑C
d=1

η(k,d,t)
r(k,d,t)

]

0, otherwise
(2)

ζl is an arbitrary positive constant chosen for link l.
The per-channel queue η(l, c, t) represents the backlog
of packets assigned to channel c by link l. From q(l),
the number of packets assigned to each channel queue
ηc

l is y(l, c, t) ∈ [0, x(l, c, t)], where
∑C

c=1 y(l, c, t) =
min{q(l, t),∑C

c=1 x(l, c, t)}.
2) Based on the channel queues (η(l, c, t) + y(l, c, t)),

Multi-channel Maximal Scheduling (with LubyMIS al-
gorithm) is carried out. We define Zc(t) as the set of
non-interfering links that are chosen to transmit data
at channel c at time t, i.e., Z(t) = [Zc(t)]. For each
channel c, Zc(t) consists of links l that are backloged
in channel c, i.e., η(l, c, t) + y(l, c, t) ≥ r(l, c). Further,
for any backloged link-channel pairs (l, c), at least one

of the following is true.
a) Either link l is scheduled in channel c, i.e., l ∈

Zc(t), or
b) Either link k is scheduled in channel c, i.e., k ∈

Zc(t) for some backloged k ∈ Il, or
c) Either the transmitter or the receiver of link l has

used up all the radios.
Considering switching overhead, the proposed algorithm

(DMSSO) is summarized in Algorithm 2.

Algorithm 2 Distribute Maximal Scheduling with Switching
Overhead (DMSSO)

For each time-slot t,
let F = {(l, c)|l ∈ E, c ∈ C}, Z = {(l, c)|z(l, c, t−1) = 1}
For Z , x(l, c, t) = r(l, c) or 0 based on (3)
For {F − Z}, x(l, c, t) = (1− δ) r(l, c) or 0 based on (4)
for each link l and channel c do

Assign y(l, c, t) ∈ [0, x(l, c, t)]
where

∑C
c=1 y(l, c, t) = min{q(l, t),∑C

c=1 x(l, c, t)}
end for
for each channel c do

find Zc(t) by calling LubyMIS(G, c);
end for

At each time t, we know the set Z of all scheduled link-
channel pairs (l, c) scheduled at time t− 1

1) Define x(l, c, t) to be the number of packets that link l
can assign to channel c at time t.
For the set Z , x(l, c, t) can be assigned as follows.

x(l, c, t) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

r(l, c), if:
q(l)
ζl

≥ 1
r(l,c)

[
∑

k∈Il

η(k,c,t)
r(k,c)

+ 1
α(b(l))

∑
k∈E(b(l))

∑C
d=1

η(k,d,t)
r(k,d)

+ 1
α(e(l))

∑
k∈E(e(l))

∑C
d=1

η(k,d,t)
r(k,d)

]

0 otherwise
(3)

For the set {F − Z}, x(l, c, t) can be assigned as
follows.

x(l, c, t) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

(1 − δ) r(l, c), if:
q(l)
ξl

≥ 1
r(l,c)

[
∑

k∈Il

η(k,c,t)
r(k,c)

+ 1
α(b(l))

∑
k∈E(b(l))

∑C
d=1

η(k,d,t)
r(k,d)

+ 1
α(e(l))

∑
k∈E(e(l))

∑C
d=1

η(k,d,t)
r(k,d)

]

0 otherwise
(4)

ζl and ξl are the arbitrary positive constants chosen for
link l. From q(l), the number of packets assigned to
each channel queue ηc

l is y(l, c, t) ∈ [0, x(l, c, t)], where∑C
c=1 y(l, c, t) = min{q(l, t),∑C

c=1 x(l, c, t)}.
2) Based on the channel queues (η(l, c, t) + y(l, c, t)),

Multi-channel Maximal Scheduling is carried out. We
define Zc(t) as the set of non-interfering links that
are chosen to transmit data at channel c at time t,
i.e., Z(t) = [Zc(t)]. For each channel c, Zc(t) con-
sists of links l that are backloged in channel c, i.e.,
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η(l, c, t) + y(l, c, t) ≥ r(l, c). And we give higher
priority to the set Z backloged again. For any remaining
backloged link-channel pairs (l, c), at least one of the
following is true.

a) Either link l is scheduled in channel c, i.e., l ∈
Zc(t), or

b) Either link k is scheduled in channel c, i.e., k ∈
Zc(t) for some backloged k ∈ Il, or

c) Either the transmitter or the receiver of link l has
used up all the radios.

In order to implement Multi-channel Maximal Schedul-
ing Algorithm, we use the Luby Maximal Independent Set
(LubyMIS) algorithm for each channel c, as described in [19].
The algorithm consists of three rounds. In the first round,
all links update their weight w(l, c, t) and send to their
interference neighbors. If (l, c) ∈ Z , w(l, c, t) = (η(l, c, t) +
y(l, c, t)) r(l, c). Otherwise w(l, c, t) = (1 − δ) (η(l, c, t) +
y(l, c, t)) r(l, c). By the end of the first round, links with
highest weights (among their respective interference sets) are
marked as the winners. In the second round, all winners notify
their interference neighbors the fact that they have won. Thus
at the end of second round, the interference neighbors know
that they are the losers. In the third round, all losers notify their
neighbors. Then all the winners, the losers, and the losers’
neighbors remove the appropriate nodes and links from the
graph G. After the third round, the algorithm repeats from
the first round to find the winners, the losers, and the losers’
neighbors with remaining nodes and links. This process is
repeated until no links are left in G. Finally, LubyMIS returns
the set Zc(t), consisting of the winners.

C. Stability Analysis

We prove in this section that the efficiency ratio of the
proposed DMSSO algorithm is (1 − δ)/(κ + 2), where κ is
the interference degree of the network.
Proof: We show that for any

−→
λ , such that

−→
λ (κ+2)/(1−

δ) can be served by a scheduling algorithm, then
−→
λ can be

served by DMSSO.
As outlined in [13], one key to observing this is first note

that there must exist some x̃(l, c) ∈ [0, r(l, c)] such that:

(1 + ε)2(κ + 2)
1− δ

S∑
s=1

H l
sλs ≤

C∑
c=1

x̃(l, c), ∀ links l (5)

∑
k∈Il

x̃(k, c)
r(k, c)

≤ κ (6)

∑
k∈E(i)

C∑
c=1

x̃(k, c)
r(k, c)

≤ α(i) (7)

These 3 equations come from the long term average service
x̃(l, c) that a link l can receive on channel c under the stability
requirement (5), interference constraint (6) and constraint on
the number of radios (7). Using the same Lyapunov function
and the techniques outlined in [13], we observe that the results
follow as in [13].

We also observe that the proven efficiency ratio of the
proposed DMSSO algorithm is by definition less than the
frequency ratio of the DASP algorithm, that is due to the fact
that the switching delay has not been taken into account in
case of the optimal algorithm. In fact, when we do compare
the simulation results of DMSSO and DASP algorithms, it is
clear that DMSSO algorithm outperforms the other algorithms
significantly.

V. SIMULATION RESULTS

We evaluate the performance of the channel assignment
algorithms. We compare their system throughput and end-to-
end delay under 2-hop interference models. Our simulation
runs on a 5×5 grid topology where each node can potentially
communicate with up to four neighbors. The nodes present
in the simulation are assumed to be equipped with multiple
radios, and a dynamic range of capacity can be considered.
We randomly select capacity for each channel for each link
from the range [10, 14]. Then we randomly select ten source-
destination pairs for each simulation time (1000 time-slots).
Scheduling occurs at every time-slot. To consider the switching
delay, each time-slot in the simulation time is divided into ten
mini-time-slots. Each source node generates Poisson traffic
with average inter-arrival time of one mini-time-slot. The
number of radios on each node varies from 2 to 4, which
includes one default radio to maintain topology. We assume
each radio has 13 non-overlapping channels, and one of those
channels is used as the default for the default radio. During
simulation time, the routing table is fixed and any underlying
routing algorithm can be used independently of scheduling
algorithm.

Fig. 2(a) compares the throughput for different algorithms
varying switching overhead δ. We define the throughput as the
ratio between the total received packets and the total sent pack-
ets. As shown in Fig. 2(a), the throughput of GMS and DASP
algorithms (both implemented without considering switching
overhead) decreases dramatically when δ is larger than 0.3 and
0.1 respectively. However our centralized algorithm CGSSO
has almost the same performance with varying δ. And even
though the throughput of DMSSO shows a decrease, compared
to DASP, it shows dramatic improvement in stability. In order
to show the improvement of throughput, we provide Fig. 2(b).
As shown in Fig. 2(b), our algorithms can achieve seven to
twelve times of throughput when δ is 0.7.

Fig. 2(c) presents the end-to-end delay (time-slots) with
varying δ switching overhead. Because the throughput of
DMSSO is significantly higher, even though the end-to-end
delay appears to be similar between DASP and DMSSO,
DMSSO is a significant improvement over DASP. Likewise,
CGSSO shows a vast improvement over GMS. One interesting
observation is the drop in delay in GMS as switching delay
δ changes from 0.4 to 0.5 and 0.6 to 0.7. However, when
considering the fact that the throughput dropped considerably
at those intervals, those drops in delay do not signify improve-
ment in end-to-end delay.
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(a) The average throughput of scheduling algo-
rithms

(b) The throughput improvement of scheduling
algorithms

(c) The average end-to-end delay of scheduling
algorithms

Fig. 2. Simulation Results

VI. CONCLUSION

In this paper, we considered the channel-assignment and
scheduling in wireless mesh networks that employ multiple
radios and multiple channels. In contrast to the various algo-
rithms that had been available before this work, we explicitly
modeled the delay overhead that is incurred during channel
switching, and used that delay in the design of algorithms. We
presented both centralized and dynamic algorithms for channel
assignment and scheduling problem, and presented detailed
simulation results that show that the proposed algorithms
significantly outperform the prior known algorithms in packet
throughput and average packet delay metrics. Results also
showed that the improvements in performance become more
pronounced as the switching delay increases.

While we have presented simulation analysis and the effi-
ciency ratio of our algorithm, more work needs to be done
to find algorithms that have a better efficiency ratio, possibly
using other functions of switching delay.
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