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Abstract

This paper proposes a scatternet topology formation, self-healing, and self-routing path optimization algorithm based on Relative
Neighborhood Graph. The performance of the algorithm using ns-2 and extensible Bluetooth simulator called blueware shows that even
though RNG-FHR does not have superior performance, it is simpler and easier to implement in deploying the Ad-Hoc network in the
distributed dynamic environments due to the exchange of fewer messages and the only dependency on local information. We realize that
our proposed algorithm is more practicable in a reasonable size network than in a large scale.
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1. Introduction

Bluetooth 1s a standard for short range, low-power wire-
less communication. It’s MAC protocol has the function of
constructing an ad hoc network without manual config-
uration or wired infrastructure. Bluetooth communication is
based on TDD(Time Division Duplex) master-slave
mechanism. A piconet is a group of nodes in which a mas-
ter node controls the transmission of other slave nodes,
which has the constraint that a piconet consists of one
master and up to seven slaves. The basic piconet communi-
cation is done by alternating transmission slots, each odd
slot of which being used by the slave, and each previous
even slot of the odd slot is used by the master. Frequency
hopping 1s used for multiple concurrent communication
within radio range of each different piconet without per-
formance degradation due to interference, which makes it
possible high densities of communication devices to co-exit
and independently communicate with other piconets, result-
ing in making the possibility of interworking multiple
piconets. Therefore, the frequency hopping principle could
also create the new network concept, called scatternet,
which is an ad-hoc network consisting of overlapping
piconets. Self-healing in scatternet is to guarantee the join
of new nodes and the removal of existing nodes due to
mobility or failure/deactivation of nodes in dynamic
environment. Routing path optimization is optimizing rout-
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ing path to meet the requirements of the performance met-
rics such as overall network capacity.

In this paper, we present a practical scatternet formation,
self-healing and optimized routing algorithm based on RNG
algorithm, called RNG-FHR, which is much simpler, less
message exchanging and more practical for implementation.
Then, we evaluated the performance to show that it 1s
practically possible for deploying in small scale distributed
dynamic environments.

2. Preliminary Studies for Bluetooth Scattemet
Formation Algorithms

We can describe some characteristic classification criteria
for Bluetooth Scatternet Formation Algorithms[13]. The
first one is a connectivity guarantee which means that each
node is aware of all its neighbors within a communication
range. The second one is a node degree which means the
algorithms will be divided into those that guarantee the de-
gree limitation for each created piconet or not. The third
one is hop based criteria. The algorithms can be divided
into those that are designed for the single-hop range and
multi-hop range. In single-hop range each device is within
communication range of any other device in the network,
and it operates only when nodes are in radio visibility, that
is, each device is within the radio transmission range of
any other device by one hop, e.g., electronic devices in a
laboratory, or laptops in a conference room[3][8]. However,
in multi-hop range, some devices are not within trans-
mission range of each other instead of being connected via
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other devices, and they can operate even though some pairs
of nodescan't directly communicate with each other. The
communication between them is done by passing the mes-
sages through the intermediate nodes[7][11][12].

The last one is knowledge degree of neighbor devices.
The algorithms can be divided into those that each device
is required to learn all its neighbors and learn some of its
neighbors.

The link formation process in Bluetooth Scatternet con-
sists of two processes: Inquiry and Page. The goal of the
Inquiry process is for a master node to discover the ex-
istence of neighboring devices and to collect low level in-
formation which is primarily related to their native clocks.
The goal of the Page process is to use the gathered in-
formation in Inquiry process to establish a bi-directional
frequency hopping communication channel[3].

It produces connected scatternets by exploiting clustering
schemes for ad hoc networks, which is primarily aimed at
home and office environments. In multithop solutions, it re-
quires the exact position information because they can in-
fluence on the formation of scatternet topology, each being
composed of short range devices[9][10].

None of the previous schemes deals with RNG based
small-scale dynamic environments where nodes may arbitra-
rily join or leave the network. However, our approach has
the following characteristics[6].

o Nodes can arrive and depart at any time

o The topology can be healed if the node/link failure oc-

curs

o The routing path can be optimized with the minimum
cost

3. RNG Algorithm Concept

The key concept of RNG is adding links as and when
they are discovered. Let |AB| denote the Euclidean distance
between nodes A and B. RNG adds a link between two
nodes,A and B in the logical topology if and only if A and
B are in each others transmission range and |AB| <= max(
IBC|, |AC|) for any other node C which is in A's and B's
transmission ranges. After RNG has added AB, if a node C
that violates the above condition is discovered, then RNG
deletes AB.

The RNG has the
characteristics.

- Each node 1s assumed to know its neighbors in the phys-
ical topology graph

- A node also knows an ordering among the Euclidean dis-
tances between its neighbors from power measurements
and subsequent information exchange with its neighbors.

- Addition and/or deletion of a link do not affect any other
link additions or deletions, and depend only on local
information.

- There 18 no need to broadcast any information
throughout. Thus, RNG exchanges fewer messages and is
simpler than the other algorithms such as distributed

following assumptions and

MST[6].

Fig 1. As RNG algorithm, link AB 1s added if there 1s
no other node in the shaded area. After link AB has been
added, the link is deleted if node C is in the area.

4. RNG based Scattermet Formation Algorithm

We assume that node 0 is controller which is interfaced
to a bus and controls the communication between the other
nodes. The other nodes(nodel to node 5) are master or
slave node.

Phase 1 : Initiate each node
Piconet No = [my bd addr], Node Type = Free Node.
If a node is controller, then Hops to Controller =0 else
Hops to Controller = 1000.
Neighbor Table(NT) = empty vector.
Format of NT is <Bd addr, Sig strength, Node type,
Roles, Ch id, Piconet no, Hops to_controller>.
Bd_addr is the identifier of Bluetooth device.
Sig_strength is the signal strength from the the neighbor
node. Role is defined as one of As Master/As Slave/
Not Connected. Ch id 1is assigned to each link toward
neighbor nodes if a node is connected to its neighbors.
Otherwise, not assigned(Not Assigned).
Neighbor Piconet Table(NPT) = empty vector.
Format of NPT is <Bridge id, Remote piconet no>.
Bridge id is the identifier of the device joining more
than one piconet.
Remote piconet no is the identifier of the neighbor com-
bined with the local piconet .
Phase2 : Each node discovers neighbors and makes a phys-
ical link connection to one of the neighbors in baseband
layer(or physical layer) according to Bluetooth specification.
a) Node A receives inquiry response from node C,
meanwhile C creates a new entry for A in its
NT(Neighbor Table) based on the inquiry
b) Node A creates a new entry for C in its NT
¢) Node A makes a physical link connection to C
Phase 3 : Once a physical link connection A(master node)
=> C(slave node) is created in baseband layer, A and C ex-
change local information, and make a decision whether to
create a logical connection based on the following rules. If
it's rejected, disconnect the link connection
a) Master A sends RNG REQ message to the slave C,
formatted as <Bd addr, Node type, Piconet no,
Hops_to_controller>.
b) Upon receiving the message, the slave C makes a de-
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cision whether to accept this connection request. If
accepting it, C sends back RNG RESP message as a
response and updates local configuration, otherwise
disconnect it.
¢) Upon receiving the responding RNG RESP, the mas-
ter A updates local information
Phase 4 : A and C exchange NT and make a decision
whether to accept the new physical link based on two-hop
neighbors information
a) A and C send their NT(defined as Neighbor MSG) to
each other

b) If (Both of A and C have connected E) then {
Select the weakest link within the triangle;
If(the weakest link is A->E or C->E) then

Disconnect the link, update local information and NT
else Disconnect A->C, update local information and
NT }
Phase5S For A and C, if the Hops to controller is
changed, A or C informs the neighbors, asking them to up-
date Hops to controller. The neighbor also informs the
change to their neighbors. In this way, all the nodes update
the Hops to controller if they can find a shorter path.

a) If(local Hops to controller for A and C is changed)
then Broadcast Hop MSG to their connected neigh-
bors, the format 1s <Bd_addr, Node type, Piconet no,
Hops to_controller>

b) On receiving Hop MSG for all nodes
If(local Hops to controller > Hops to controller
in the Hop MSG + 1) then {Update NT based on the
received Hop MSG; Set local Hops to controller =
Hops to controller in the Hop MSG + 1; Generate
and broadcast Hop MSG to all the neighbors; }

Phase 6 : Make a decision whether to stop discovery pro-
cedure

If all the node has (Hops to _controller < 1000) then

Stop discovery

5. RNG based Scattermet Formation Scenarios

We show subsequent actions(A.l, A.2, ..}, and the val-
ues of messages(RNG_REQ/RNG RESP/Hop MSG/Neighbor

_MSG) or tables(NT/NPT) if needed in each phase accord-
ing to our proposed algorithm. |

Stage 1 : Node 0 is a controller and node (1~35) have any
role of Master/Slave/Slave-slave bridge/Master-slave bridge
depending on how to deploy the discovery. Assume that at
first node 1 discovers node 2(see Fig. 2 and Fig. 3).

Node 0 : Controller

Node 1~Node 5 : Initially, they all have Free Node as
node type, Not Assigned as role, Not Assigned as Ch_id,
and 1000 as Hops to Controller. They have any role of
Master/Slave/Slave-slave bridge/Master-slave bridge

HTC(Hop_to Controller) of Node 1 to Node 5 is 1000
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Fig. 2. Initial state

The followings are the detailed actions(A.1~A.J).

A.1 : Node 1 creates an entry for node 2 in 1its NT
andthe signal strength from node 2 is 3. Then, the entry in
node 1's NT is <002, 3, Free Node, Not Connected,
Not_Assigned, [1], 1000>.

A2 : Node 1 requests a connection to node 2(1 -> 2),
sending RNG REQ to node 2 as <001, Free Node, [1],
1000>.

A.3 : Because node 2 is free which means the type of
node 2 is Free Node, it accepts the requested connection
from node 1, setting accept=YES, updating the entry for
node 1 in its NT as <001, 3, Master Node, As Master,
Not Assigned, [1], 1000>, sending back RNG_RESP mes-
sage as <002, Slave Node, 1, 1000>

A.4 : Receiving the RNG RESP from node 2, node 1
updates its NT as <002, 3, Slave Node, 0, [1], 1000> and
local information as local Node type = Master Node and
local Piconet no = 1.

A.5 : Node 1 and 2 exchange Neighbor MSG to each
other. RNG condition is not satisfied. Node 1 and 2 receive
Neighbor MSG and do nothing, and node 1 and 2 don't
broadcast Hop MSG because Hops_to_controller is not
changed. None of the nodes have Hops_to_controller <
1000, so continue discovery procedure.

C: Controller, M : Master, S : Slave

HTC of Node 1 to Node 5 is 1000

.. Pico(l)

(=) (o

Fig 3. Node 1 discovers node 2

Stage 2 : Assume that node 4 discovers node 2(see Fig. 4).
SS : Slave-Slave bridge

Pico
o )

Fig 4. Node 4 discovers node 2



Scatternet Formation Algorithm based on Relative Neighborhood Graph

The followings are the detailed actions(A.1~ A.7).

A.1 : Node 4 creates an entry for node 2 in its NT,as-
suming that the signal strength from node 2 is 1. Then, the
entry in node 4's NT 1s <002, 1.5, Free Node,
Not_Connected, Not Assigned, [4], 1000>

A.2 : Node 4 requests a connection to node 2(4 -> 2),
sending RNG_REQ to node 2 as <004, Free Node, [4],
1000>

A.3 : Node 2 updates the entry for node 4 in its NT as
<004, 1.5, Free Node, Not Connected, Not Assigned, [4],
1000>, accepting the request by setting accept= YES be-
cause its local Piconet no(=1) is not equal to 4, updating
the entry for node 4 in NT as <004, 1.5, Master Node,
As Master, 1, [4], 1000> , registering node 2 as
S-S Bridge, reporting the new connection(4->2) to node 1,
sending back RNG RESP message to node 4 as <002,

S-S Bridge, [1,4], 1000>..
- A4 : Node 1 update NPT by adding the entry <002, 4>

A.5 : Receiving the RNG RESP from node 2, node 4
updates its NT as <002, 1.5, S-S Bridge, As Slave, 1,
[1,4], 1000> and local information as local Node type =
Master Node and local Piconet no = 4.

/* ch _1d field should be added in RNG RESP message
*/

A.6 : Node 4 updates NPT as < 002, 1> because the re-
ceived RNG RESP is from S-S bridge.

A7 : Node 2 and 4 exchange Neighbor MSG to each
other. RNG condition is not satisfied because node 2 and
node 4 don’t have common neighbors. Therefore, node 2
and 4 receive Neighbor MSG and do nothing, andnode 2
and 4 don't broadcast Hop MSG because Hops_to con-
troller 1s not changed. All the nodes don’t have
Hops to_controller < 1000, so continue discovery procedure

Stage 3 : Assume that node O discovers node 3(see Fig. 5).
CM : Controller with Master node type
HTC of node 1 to node 5 except node 3 is 1000

.........................

Pico(0)
[CM(0)

Fig 5. Node 0 discovers node 3

Pico

520

The followings are the detailed actions(A.l1~A.5).

A.l : Node 0 creates an entry for node 3 in its NT, as-
suming that the signal strength from node 3 is 2. Then, the
entry in node O's NT is <000, 2, Free Node,
Not Connected, Not Assigned, [0], 1000>

A.2 : Node 0 requests a connection to node 3(0 -> 3),
sending RNG REQ to node 3 as <000, Free Node, [0],
1000>

A3 : Node 3 updates the entry for node O in its NT as

<000, 2, Master Node, As Master, Not Assigned, [0], 0>,
accepting the request by setting accept=YES, updating
Hops_to Controller=1, sending back RNG_RESP message
to node 0 as <003, Slave Node, [0], 1>

A.4 : Receiving the RNG RESP from node 3, node 0
updates its NT as <003, 2, Slave Node, As_Slave,
Not Assigned, [0], 1> and local information as local
Node type = Master Node and local Piconet no = 0.

/* ch id field should be added in RNG_RESP message
*/

A.5 : Node 0 and 3exchange Neighbor MSG to each
other. RNG condition is not met because node 0 and node
3 don’t have common neighbors. Therefore, node 0 and 3
receive Neighbor MSG and do nothing, and node 0 and 3
don't broadcast Hop MSG because Hops to controller is
not changed. All the nodes don’t have Hops_to controller <
1000, so continue discovery procedure

Stage 4 : Assume that node 0 discovers node 4(see Fig. 6).
MS : Master-Slave bridge
HTC of node 3 and node 4 is 1
HTC of node 1, node 2 and node 5 is 1000

Fig 6. Node 0 discovers node 4

The followings are the detailed actions(A.1~ A.14).

A.l1 : Node 0 creates a newentry for node 4 in its
NT,assuming that the signal strength from node 2 1s 1.5.
Then, the entry in node 0's NT 1s <004, 1.5, Free Node,
Not_Connected, Not Assigned, [0], 1000>

A.2 : Node 0 requests a connection to node 4(0 -> 4),
sending RNG REQ to node 4 as <004, Master Node, [0],
1000 >

A3 : Node 4 updates the entry for node 0 in its NT as
<000, 1.5, Master Node, Not Connected, Not Assigned,
[0], 1000>, accepting the request by setting accept= YES
because node 4 is Master Node, updating its local in-
formation as node type=MS Bridge and pico no=[0,4], up-
dating the entry for node 0 in NT as <000, 1.5,
Master Node, As Master, 1, [0], 1000>, registering node 4
as M-S Bridge, , sending back RNG_RESP message to
node 0 as <004, M-S Bridge, [0,4], 1000>.

A.4 : Node 0 update local Hops to_Controller=0 /* Not
necessary because initially node O knows its HPC */

A.5 : Node 0 update NPT by adding the entry <004, 4>

A.6 : Recetving the RNG RESP from node 4, node 0
updates its NT as <004, 1.5, M-S_Bridge, As_Slave, 1,
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(0,4}, 1> and local information as local Node type =
Master Node and local Piconet no = 0.

/* ch_id field should be added in RNG RESP message
*/

A.7 : Node 0 updates NPT as < 004, 4> because the re-
cetved RNG _RESP is from M-S bridge.

A8 : Node 0 and 4 exchange Neighbor MSG(not NT)
to each other. RNG condition is not met because node 0
and node 4 don’t have common neighbors. Therefore, node
0 and 4 receive Neighbor MSG and do nothing

A9 : As Hops to Controller of node 4 has been
changed from 1000 to 1, node 4 broadcasts Hop MSG to
node 0 and node 2 as <004, MS_Bridge, [0,4],1>.

A.10 : Receiving Hop MSG from node 4, node 2 up-
dates local HPC=2, then broadcast Hop MSG to its necigh-
bors as <002, SS Bridge, [0,4], 2>

A.11 : Receiving Hop MSG from node 2, node 1 up-
dates local HPC=3

A.12 : Node 1 generates and broadcasts Hop MSG to
neighbors

A 13 : When node 0 receives Hop MSG from node 4,
and node 4 receives Hop MSG fromnode 2, and node 2 re-
ceives Hop MSG from node 1, they do nothing(that is,
don’t update each local HPC) because local HTC <= HTC
in the Hop MSG + 1

A.14 : All the nodes don’t have Hops to controller <
1000, that is, HPC of node 5 is 1000, so continue discov-
ery procedure

Stage 5 : Assume that node 3 discovers node 4(see Fig. 7)

_________________

----------
___________

Fig 7. Node 3 discovers node 4

The followings are the detailed actions(A.1~A.4).

A.l1 : Node 3 creates a new entry for node 4 in its NT
assuming that the signal strength from node 4 is 3. Then,
the entry is <004, 3, Free Node, Not Connected,
Not Assigned, [3/Not Assigned], 1000>.

A.2 : Node 3 makes physical connection to node 4,
sending RNG REQ to node 3 as <003, Slave Node, [0],
1>

A.3 : Node 4 updates the entry for node 3 in its NT as
<003, 3, Slave Node, Not Connected, 1, [0], 1000>

A4 : As node 4 1s MS Bridge and its local pico-
net no(=0) is equal to piconet no(=0) in the received
RNG_REQ, it rejects the new linkand disconnects the phys-
ical link connection?(3 -> 4)
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Stage 6 : Assume that node 4 discovers node 1. RNG al-
gorithms are applied to triangle (see Fig. 8).

Fig 8. Node 4 discovers node 1

The followings are the detailed actions(A.1~A.13).

A.1 : Node 4 creates a new *entry for node 1 in its NT
assuming that the signal strength from node 1 1s 2. Then,
the entry is <001, 2, Free Node, Not Connected,
Not Assigned, [4]/Not Assigned, 1000>.

A2 : Node 4 makes physical connection to node 1,
sending RNG REQ to node 1 as <004, MS Bridge, [0,4],
1>.

A.3 : Node 1 updates the entry for node 4 in its NT as
<004, 2, MS Bridge, As Master, 1, [0,4], 1>

A4 : As node 1 is Master, it accepts the new local link
connection request(accept=YES) and updates local info as
type=MS_Bridge, piconet no=[1,4]

A.5 : As local HTC of node 1 is 3, and HTC in the re-
ceived RNG REQ is 1, node 1 updates local HTC since
1+1 <= 3. |

A.6 : Node 1 updates NPT by adding new entry <001,
4>, sending RNG RESP to node 4 as <001, MS_ Bndge,
[1,4], 2>

A7 : Node 4 updates NT based on the received
RNG RESP as <001, 2, MS Bridge, As Slave, 2, [2/4],
2>, updating local info as node type=MS Bridge, pico-
net no=[0,4], updating NPT by adding new entry <001, 1>
since the RNG is received from MS Bridge.

A.8 : Node 4 reports the new connection to node 0 to
register node 4 as bridge as it has been changed into
MS _ Bridge

A9 : Node 1 and node 4 send Neighbor MSG to each
other. They have the common neighbor, node 2, selecting
the weakest link (4->2). Node 4 is responsible for dis-
connecting the link( 4->2), updating NT( node 4 and node
2 register each other as Not Connected in each NT) and
local info(node 2 become Slave, piconet no=[1],
HTC=1000)

A.10 : As HTC of node 1 has been changed, it broad-
casts Hop MSG to node 4 and node 2. Node 2 updates NT
as <001, 3, MS Bridge, As Master, 0, [1], 2> based on re-
ceived Hop MSG, updating local HTC=3 because local
HTC is 1000 and HTC in received Hop MSG is 2

A.11 : Node 4 receives the Hop MSG from node 1, but
nothing changed because its NT is already up to date.

A.12 : Node 2 generates and broadcasts Hop MSG to
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node I, then node 1 receives the Hop MSG from node 2,
but nothing is changed

A.13 : As HPC of node 5 is 1000, continue discovering
procedure.

The routing optimization and RNG-based rule are ap-
plied on the shadow area of triangle. The link from node 4

toward node 2 is weakest in that area, thereforethe link is
disconnected.

Stage 7 : Assume that node 2 discovers node 5) (see Fig.
9).

.......

.....

HTC=1 M(5)
S “WPico(2)¢

......
............

Fig 9. Node 2 discovers node 3

The followings are the detailed actions(A.1~A.11).

A.l : Node 2 creates a new entry for node 5 in its NT
assuming that the signal strength from node 5 is 2. Then,
the entry is <001, 2, Free Node, Not Connected,
Not_ Assigned, [2]/Not_Assigned, 1000>.

A2 : Node 2 makes physical connection to node 5
sending RNG _REQ to node 1 as <002, Slave, [1], 3>.

A.3 : Node 5 adds new entry in NT as <002, 2, Slave,
Not_Assigned, [1], 3>

A4 : Node 5 accepts the request(accept=YES) as it is
free, updating local info as node type=Slave, piconet no=2,
updating NT by adding new entry as <002, 2, MS Bridge,
Master, 0, [1,2],3>

A5 : As local HTC of node 5 is 1000 and HTC in re-
ceived RNG _REQ is 3, node 5 updates local HTC=4.

A.6 : Node 5 sends RNG RESP to node 2 as <005,
Slave, [2], 4>

A.7 : Receiving the RNG_RESP, node 2 updates NT by
adding as <005, 2, Slave, As Slave, 1, [2],4>, updating lo-
cal info as node type=MS Bridge, piconet no=[1,2].

A.8 : Node 2 reports to node 1 to register node 2 as
bridge as node 2 is MS Bridge. Node 1 updates NPT by
adding as <002,2>

A.9 : Node 2 and node 5 send Neighbor MSG to each
other. RNG condition is not met, so do nothing.

A.10 : As local HTC is changed, node 5 broadcasts
Hop_ MSG to node 2. Receiving the Hop MSG, node 2
does nothing because NT is already up to date.

A.11 : As all the nodes have a Hop to Controller <
1000, stop the discovering procedure

»

5. Simulation and Evaluations

In RNG-FHR, the delays to form the scatternet for n no-
des grow until 30 nodes, but go down if the number of no-
des are more than 30(Fig. 10). It's because the algorithm
takes more messages to come to form the connected top-
ology from the initial state, After the connected topology
has been formed, the addition and deletion of a node or a
link in RNG-FHR does not influence any other node/link
and depends only on local information, thus, it exchanges
fewer messages and simpler. However, the coveraging time
to be in a stable-state topology grows logarithmically as the
size of the scatternet is large(Fig. 11).
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We evaluate the delay for healing network partitions
when any node leaves(Fig. 12). If any node leaves, the
scatternet will be partitioned into smaller piconets. In this
case, coordinating nodes try to connect each piconet during
the healing the scatternet. The delay grows logarithmically
with the number of network partitions. The delay for each
algorithm are growing analogously for small number of
partitions, but the growing rate of delay gets smaller for
each algorithms as the number of partitions gets larger
and larger because both of algorithm depend on only local
information that each node maintains only about adjacent
nodes.

Therefore, RNG-FHR is able to heal all partitions when
all the nodes are within radio proximity because it reduces
the tasks of discovering and merging partitions to coor-
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dinators and roots respectively.
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Fig 12. Average healing delay

6. Conclusion

RNG-FHR is RNG based scatternet formation, self-heal-
ing, and self-routing path optimization which are done de-
pending only on local information throughout the graph, so
is more simpler than any other algorithm. It allows nodes
to be added and/or deleted at any time, healing partitions
and routing whenever they happen. Furthermore, it allows
an added node to begin communication with neighbor
nodes.

The algorithm is simpler and more practical than any
other distributed algorithms from a point of view in de-
ploying the distributed and dynamic small scale
environment. Using ns-2 and extensible Bluetooth simulator
called blueware, we simulated and evalvated to show that
the RNG-FHR has analogous latencies in scatternet for-
mation and healing due to the exchange of fewer messages
and the only dependency on local information. However,
link establishment in RNG-FHR has large latency. As a re-
sult, we notice that even though RNG-FHR does not supe-
rior performance, it is more practical in implementing be-
cause of simplicity and local control.

As a result, RNG-FHR scatternet is unlikely that it will
be deployed in large-scale ad hoc networks because it has
less performance metrics and more complexity as the net-
work size increases. However, it surely possible that the
scatternet will be practically applied in deploying
small-scale ad hoc networks.
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