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Abstract. Service-oriented device anycasting using quality first search
(DA-QFS) approach is proposed to coordinate various portable devices
for providing wireless personal area network (WPAN) services5. We adopt
a cross-layer design standing on not only the lower (network and data
link) layer’s point of view but also higher (application) layer’s point of
view to provide quality WPAN services. In DA-QFS the service pro-
file (SP) of a WPAN service is well-represented by the proposed char-
acterized task graph (CTG). The proposed weighted device anycasting
(WDA) process then takes connectivity, implicit distance, work degree,
and mobility as the criteria to select the most quality device accord-
ing to the information embedded in CTG. The simulation results on
energy consumption, packet loss rate, average delay, and re-start time
show that DA-QFS is an efficient approach, especially in the environ-
ment with highly mobile devices and multiple users.

1 Introduction

In smart space, a user request can be accomplished by coordinating multiple
devices around [1][2]. Consequently, automatically organizing various devices to
provide wireless personal area network (WPAN) services is an important issue in
smart space. There are significant previous results which principally focused on
data link and network layers [3][4]. However, it is a challenge to provide a quality
WPAN service only from lower layer’s point of view. Therefore, a cross-layer

5 This paper is based partially on work supported by the National Science Council,
Taiwan under Grant NCS-94-2213-E-006-081.



design [5] is indispensable to bridge the gap of quality issues between higher and
lower layers. For instance, Basu et al [6] published task-based device anycasting
using breadth first search (DA-BFS) approach. In DA-BFS the required device
classes and their associations of a WPAN service are denoted by nodes and edges
in a task graph (TG), respectively. According to the BFS tree derived from TG,
the required devices classes are instantiated from root node (user device) to leaf
nodes (leaf device classes). Distance is the explicit factor which affects network
performance and is the only criterion to select a device by DA-BFS. However,
more implicit factors should be involved for determining the quality device in
the environment with highly mobile devices and multiple users.

In proposed service-oriented device anycasting using quality first search (DA-
QFS) approach, we embed detailed information of a WAPN service in the pro-
posed characterized task graph (CTG). The proposed weighted device anycasting
(WDA) process then takes four weighted factors, connectivity, implicit distance,
work degree, and mobility to be the selection criteria according to the informa-
tion embedded in CTG. By adjusting the weights of factors, DA-QFS is certainly
applied to the WPAN services with different quality requirements in diverse en-
vironments. The simulation results on energy consumption, packet loss rate, and
packet delay show that DA-QFS is efficient even in the environment with highly
mobile devices and multiple users.

The rest of this paper is organized as follows. In Section 2, the problem
statement and related issues are introduced. The proposed approach is described
in Section 3. Then, we show the simulation setup and results to evaluate the
proposed approach in Section 4. Finally, the conclusion and future work follows.

2 Related Work

A service profile (SP) describing the requirements of a WPAN service can be
represented by a task graph (TG). In this paper, TG is denoted by (NTG, ETG)
indicating the device classes needed to provide the WPAN service and the neces-
sary associations between these device classes, respectively. A real network (RN)
is denoted by (NRN , ERN ). Each node in RN indicates a portable device. Each
edge in RN indicates that two end nodes are in the mutual transmission range.
The set of all candidate devices in RN of a device class n∗ ∈ NTG is denoted
by Ñ∗ ⊂ NRN . The instantiated device of n∗ is denoted by n∗ ∈ NRN which is
most quality one among all ñi

∗ ∈ Ñ∗. For instance, the device class A is denoted

by nA as show in Fig. 1(a). ÑA =
{
ñ1

A, ñ2
A

}
is the set of all candidate devices of

nA as show in Fig. 1(b). ñ1
A is regarded as the instantiated device, nA, of nA as

shown in Fig. 1(c).
In order to provide the WPAN service, a device anycasting (DA) process

is required to discover a quality pair of mappings, ϕN : NTG → NRN and
ϕE : ETG → PRN where PRN is the set of paths between all instantiated devices
in RN. The following issues should be considered in DA process:
1) The location of the instantiated device. If a device class is instantiated
only by its instantiated parent device in BFS tree, then the location of this



instantiated device is not necessarily the most quality one. For instance, we
assume that nA is the instantiated parent device of nC in BFS tree in Fig. 1.
Although the distance between ñ1

C and nA is the shortest, ñ1
C is not the quality

device because it is unable to directly communicate with nB . Therefore, ñ2
C and

ñ3
C are more quality since they are in the transmission range of nA and nB . In

addition, if (nA, nC) is a data flow with high traffic load and (nB , nC) is a control
flow with low traffic load, ñ3

C is more quality than ñ2
C because ñ3

C is much closer
to nA.
2) The work load of the instantiated device. The ”hot device” problem

Fig. 1. (a) Ser-
vice profile of a
WPAN service.
(b) A real net-
work. (c) A pair
of mapping from
(a) to (b).
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Two end nodes are connected.

means that the system loads of the devices with the same functionalities are
imbalanced. The packet loss rate and packet delay of the WPAN service may
become higher because the high-loaded devices are selected. The problem is
obvious in the environment with multiple users. In addition, ϕN is not necessarily
a one-to-one mapping. The performance is improved if the task on a device class
is distributed among multiple instantiated devices.
3) The mobility of the instantiated device. If an instantiated device is
highly mobile, then the corresponding device class likely needs to be frequently
re-instantiated.

According to above issues, four implicit factors are regarded as the criteria
for instantiating a device class in the proposed approach. First, factor of connec-
tivity is the number of instantiated parent devices in the transmission range of
a candidate device. Second, the traffic load is embedded in the factor of implicit
distance. Third, the factor of work degree is involved to balance the system load
of devices. Finally, the factor of mobility is also involved to prevent the WPAN
service from being interrupted due to the movement of the instantiated devices.

3 The Proposed Approach

The service-oriented device anycasting using quality first search (DA-QFS) ap-
proach is proposed to automatically organize the portable devices for providing
quality WPAN services. DA-QFS consists of a service profile (SP) represented
by characterized task graph (CTG) and a device anycasting (DA) process named
weighted device anycasting (WDA). In this paper, the status of a device is as-
sumed to be discovered by service discovery protocols [7][8].



3.1 Characterized Task Graph

An example of characterized task graph (CTG) for the WPAN service described
in Fig. 1(a) is shown in Fig. 2. Two new features are added in CTG. First, the
relative ratio of expected traffic load on each association between two device
classes is specified according to the behavior of the WPAN service. The relative
ratio of expected traffic load on (nM , nN ) is denoted by ǫ(nM ,nN ) in CTG. It is
important to specify the expected traffic loads for instantiating a device class
because energy consumption is direct proportion to the amount of transmitted
data according to the general energy model in wireless networks [9]. For example,
both nA and nB have associations with nC as shown in Fig. 2. If the expected
traffic load on (nB , nC) is higher than the expected traffic load on (nA, nC)
(i.e. ǫ(nB ,nC) > ǫ(nA,nC)), then the candidate device, ñi

C , with smallest value of

ǫ(nB ,nC)×dist
(
nB , ñi

C

)
+ ǫ(nA,nC)×dist

(
nA, ñi

C

)
has priority to be regarded as

nC where dist
(
nB , ñi

C

)
and dist

(
nA, ñi

C

)
are the distances from ñi

C to nB and
nA, respectively. Second, since the requirement of multiple instantiated devices
for a device class is critical to several distributed WPAN services, the maximum
number of instantiated devices of each device class is specified in CTG. The
notation, n∗[k], means that at most k instantiated devices can be selected for
n∗ where n∗[1] is also represent by n∗ for short. For example, at most x and y

instances could be selected for nB and nC in Fig. 2, respectively.

Fig. 2. An example
of CTG.
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3.2 Weighted Device Anycasting

In order to select the quality instantiated devices, the weighted linear combi-
nation of four implicit factors: connectivity, implicit distance, work degree, and
mobility is regarded as the criterion for instantiating a device class. The weights
in the weighted linear combination are specified according to the requirements
of WPAN service and current environment. The proposed weighted device any-
casting (WDA) process in DA-QFS is similar to WCA [10]. WCA is proposed to
choose the cluster heads for cluster-based routing protocol (CRP) in mobile ad-
hoc network. The optimal solution for selecting devices for WPAN service and
selecting cluster heads for CRP is proved as an NP-hard problem [11]. Hence,



existing solutions to this problem are based on distributed approaches. However,
if the device classes are not carefully instantiated in real network (RN), then the
overhead to maintain the existing connections is increased due to the topology
change [10]. Therefore, WDA is a semi-distributed approach. The status of all
candidate devices are collected locally and the decision of instantiated device is
made centrally. Before we introduce the WDA, some notations are defined as
follows:

– nt is the device class being instantiated in CTG.
– Ñt is the set of all candidate devices of nt in RN.
– ñi

t is a candidate device with index i in RN (ñi
t ∈ Ñt).

– Pnt
is the set of nt’s parents in CTG. For example, PnA

, PnB
, and PnC

are
{nU}, {nU}, and {nA, nB}, respectively.

– P
ñi

t

is the set of instantiated parent devices of nt’s parents in CTG which

are in the transmission range of ñi
t. If nP belongs to P

ñi
t

, then nP belongs

to Pnt
. However, although nP belongs to Pnt

, it is not true that nP belongs
to P

ñi
t

.

– dist(M,N) is the distance between device M and device N .
– distmax is the maximum distance which two nodes are can directly commu-

nicate with each other.

Two typical definitions of dist(M,N) are Euclidian distance and round trip time
[12]. If Euclidian distance is adopted, then distmax is the maximum transmission
range. However, if round trip time is regarded as the distance, then distmax is
the threshold of round trip time. A device is unable to directly communicate
with another device without a response in distmax.

When nt is being instantiated, the weighted linear combination of four im-
plicit factors for each candidate device is obtained by the user device in WDA
as follows:
Step 1) Obtaining the connectivity for all ñi

t ∈ Ñt. The connectivity of ñi
t is

given by

C
ñi

t

=
|Pnt

| − |P
ñi

t

|

|Pnt
|

(1)

where |Pnt
| and |P

ñi
t

| are the degrees of Pnt
and P

ñi
t

, respectively.

Step 2) Obtaining the implicit distance for all ñi
t ∈ Ñt. The implicit distance

of ñi
t is given by

D
ñi

t

=
∑

∀nP ,nP ∈P
ñi

t

α(nP , nt)
dist(nP , ñi

t)

distmax

(2)

where α(nP , nt) is the normalized traffic load on (nP , nt). α(nP , nt) is given by

α(nP , nt) =
ǫ(nP ,nt)∑

∀nn,nn∈Pnt
ǫ(nn,nt)

(3)



where ǫ is the relative ratio of expected traffic load specified in CTG.
Step 3) Obtaining the work degree for all ñi

t ∈ Ñt. The work degree of ñi
t is

given by

L
ñi

t

=
I
ñi

t

λ
ñi

t

(4)

where I
ñi

t

is the number of users using ñi
t, and λ

ñi
t

is the maximum number of

users who can use ñi
t. The value of λ

ñi
t

depends on the computation power of ñi
t.

Step 4) Obtaining the mobility for all ñi
t ∈ Ñt. In our paper, the mobility of ñi

t

is defined as the difference of observed distances. Assume that k + 1 samples of
observed distance at t0, t1, t2, ..., tk−1, tk and the mobility of ñi

t is given by

M
ñi

t

=
1

|P
ñi

t

|

1

k

∑

∀np,np∈P
ñi

t

k∑

j=1

|dist(nP , ñi
t)tj

− dist(nP , ñi
t)tj−1

|

distmax

(5)

where dist(nP , ñi
t)tj

is the observed distance at tj .

Step 5) Obtaining the weighted linear combination for all ñi
t ∈ Ñt. The weighted

linear combination of ñi
t is given by

W
ñi

t

= wCC
ñi

t

+ wDD
ñi

t

+ wLL
ñi

t

+ wMM
ñi

t

(6)

where wC , wD, wL, and wM are the weights of four implicit factors and wC +
wD + wL + wM = 1. The weights of four implicit factors are specified according
to the requirements of the WPAN service and current environment. For multi-
media services wL and wM are set to high to avoid selecting a high-loaded device
and a highly mobile one which results in long packet delay. In the other hand,
if the energy consumption is a critical concern, then wC and wD are set to high
to reflect the importance of energy conservation.
Step 6) The candidate device with the smallest value of weighted linear com-
bination is regarded as the instantiated device of nt.
Step 7) Step 2-6 are repeated to instantiate remaining device classes until all
device classes are instantiated.

The number of additional control packets sent to collect the status of all can-
didate devices in DA-QFS is given by

∑n

i=1(pi+ki×li) where n, pi, ki, and li are
the number of device classes required to provide the WPAN service, the number
of instantiated parent devices of ni, the number of candidate devices of ni, and
the level of ni in CTG, respectively. Therefore, the number of additional control
packets depends on the size and the structure of CTG (i.e. the service profile of
WPAN service). Typically, n is small for a WPAN service. The functionalities
provided by multiple simple device classes can be provided by a complex device
class to further reduce n. On the other hand, pi and li vary on the structure
of CTG. This is an issue to design the best service profile for a given WPAN
service.



In DA-QFS the weighted linear combination of four implicit factors on all
instantiated devices are updated periodically by user device to maintain the per-
formance of the WPAN service and to prevent the WPAN service being inter-
rupted. Therefore, a device class needs to be re-instantiated when the weighted
linear combination of current instantiated device drops by δ percent. The value
of δ is determined according to the sensitivity to the performance of the WPAN
service.

4 Simulation Result

4.1 Service Profile in Simulation

All simulation is accomplished with ns-2. The TG and CTG of the given WPAN
service are depicted in Fig. 3(a) and Fig. 3(b), respectively. The parameters in
our simulation are shown in Table 1. The Euclidian distance is adopted. In DA-
BFS the HELLO timer is set to 7 seconds for detecting a failed device [6]. In
DA-QFS if the weighted linear combination of an instantiated device drops by
10 percent, then the corresponding device class needs to be re-instantiated.

Fig. 3. (a) The
TG and (b) The
CTG of the given
WPAN service.
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Table 1. Simulation Parameters.

Number of device classes 6

Number of physical devices 60 (10 per device class) + n (number of users)

Number of user devices 1, 10

Relative traffic load ratio Data flow: 0.9, Control flow: 0.1

Initial energy 1000 joules

(wC , wD, wL, wM ) (0.1, 0.35, 0.1, 0.45)

Simulation area 100 x 100 (m2)

Transmission range 30 (m)

Mobility model Random Waypoint

MAC protocol IEEE 802.15.4

Routing protocol AODV

Simulation period 110 (sec)

Maximum speed 1, 5, 10, 15, 20 (m/s)



4.2 Performance Comparison

The performance metrics on energy consumption, packet loss, packet delay, and
re-start time are evaluated. Two scenarios: (a) 1 user and (b) 10 users are sim-
ulated when the devices move with various maximum speeds. All experiment
result is the mean value of 10 runs for each simulation.

1) Energy Consumption. In wireless network, the energy consumption is
dominated by distance and the number of transmitted bits. Therefore, if a de-
vice with small implicit distance is regarded as the instantiated device for each
device class, then the energy of each instantiated is efficiently conserved. The
energy consumption for 1 user and 10 users are shown in Fig. 4(a) and Fig. 4(b),
respectively. Because the implicit distance is a criterion in DA-QFS, the accu-
mulated energy consumption of DA-BFS is smaller than the accumulated energy
consumption of DA-BF. The difference is obvious when the maximum speed is
from 10m/s to 20m/s. This is because the number of device classes needed to
be re-instantiated is larger when the devices are highly mobile. Therefore, the
energy is consumed to re-instantiate the failed device classes and to transmit the
lost packets in DA-BFS is more than the energy consumed in DA-QFS.

2) Packet Loss Rate. The observed average packet loss rate is also reduced
as show in Fig. 4(c) and Fig. 4(d). However, the difference between the scenario
with 1 user and the scenario with 10 users is unobvious because the factor of
work degree is less concerned in our simulation.

3) Packet Delay. Because the packet delay depends on the distance between
the sender and the receiver, the one-way packet is low when the devices with
small implicit distance are selected. The results depicted in Fig. 4(e) and Fig. 4(f)
show that DA-QFS is suitable for the environment with multiple users because
the observed one-way packet delay is obviously improved with the increased
number of users.

4) Re-start Time. Finally, the re-start time spent on re-starting an in-
terrupted WPAN service is observed. The re-start time is the product of the
average number of interruption events, the average number of device classes
needed to be re-instantiated per interruption event, and the average time spent
on reinstantiating a device class. In our simulation the average time spent on
re-instantiating a device class is 0.05 seconds for DA-BFS and is around 0.1 for
DA-QFS. However, the number of interruption events and the number of device
classes needed to be re-instantiated per interruption event are both reduced in
DA-QFS as shown in Fig. 5(a) and Fig. 5(b), respectively. Thus, although the
time spent on re-instantiating a device class in DA-QFS is higher than the time
spent in DA-BFS, DA-QFS still perform well on re-start time as shown in Fig.
5(c).

5 Conclusion and Future Work

In this paper, we proposed the service-oriented device anycasting using quality
first search (DA-QFS) approach to automatically organize the portable devices
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Fig. 4. Performance comparison on energy consumption, packet loss, and packet delay.
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for wireless personal area network (WPAN) services. In DA-QFS the character-
ized task graph (CTG) is introduced to carefully describe the requirements for
WPAN services. In addition, the weighted device anycasting (WDA) process is
proposed to instantiate each device class according to the weighted linear combi-
nation of four implicit factors: connectivity, implicit distance, work degree, and
mobility. The main contribution of DA-QFS is to provide a feasible approach to
provide QoS for various WPAN services in the environment with highly mobile
devices and multiple users.

An CTG generator creating a tree-based service profile (SP) will help us to
reduce the overhead introduced by DA-QFS in the proactive manner. In addi-
tion, an adaptive WDA is another work in the future. There are two issues in an
adaptive WDA. First, an algorithm takes SP as input and returns the weights in
weighted linear combination of four implicit factors. Second, a feedback mech-
anism takes the status of the WPAN service as input and returns the adjusted
weights in weighted linear combination of four implicit factors. Therefore, a bet-
ter performance of the WPAN service can be expected.
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