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In Mobile IP, whether mobile nodes are moving or not, lots of messages have to be
exchanged for various purposes. The frequent exchange of messages incurs overhead in
several ways, especially in terms of energy use in mobile node. Of course, if fewer mes-
sages are delivered, issues related with authorization may become problematic. To deal
with this situation properly, we propose new profile-based lifetime determination
schemes. Our works are motivated by the observation that some people perform regular
movements; thus, the related information can be useful for decreasing the number of
messages forwarded. Therefore, each user can maintain a local profile based on move-
ment logs. From the profile, the proper lifetime for a binding update message can be de-
termined, which will also affect authorization for binding between mobile node and cor-
respondent nodes. In extensive experiments, we mainly focused on bandwidth use for
binding update messages. From the results, we found that our schemes can achieve con-
siderable performance improvement by reducing the number of binding update messages
at a small additional cost for the profile, which is an essential property in mobile com-
puting environments.

Keywords: hierarchical MIPv6, binding update, lifetime determination, profile, mobility
type

1. INTRODUCTION

At the beginning of the twenty-first century, we face very fast development of two
communication technologies: mobile networks and the Internet. The paradigm of com-
munication anywhere anytime has also become realistic. Along with these trends, Inter-
net users now seek connection to the Internet while they are on the move. To accommo-
date the demand for mobility, Mobile IP (MIP) was proposed. Binding update (BU) and
request (BR) messages are used to allow mobile nodes (MNs) to move while maintaining
reachability and on going connections between them and correspondent nodes (CNS).

In Mobile IPv6 (MIPv6) [1], an MN sends a BU to the home agent (HA) or CNs
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once every 1 second to 7 minutes to report its current location. A return routability
mechanism [2] is also used to authorize the establishment of binding. In this situation,
whether MNs are moving or not, lots of messages will be exchanged repeatedly. Natu-
rally, issues related with the traffic load for HA, energy efficiency in MN and secure
wireless communication have to be considered together.

The authors in [3] proposed a secure and lightweight extension of return routability.
They incorporate Lifetime Credit Authorization into BU. When an MN needs to re-es-
tablish binding, it calculates the next Kcredit based on the previous Kcredit and the latest
Kbm. Thus, signaling can be reduced, and the MN is required to wake up frequently (i.e.,
the upper bound of its lifetime is 8 hours). However, the authors assumed that the MN is
a stable node, which may become a problem. If some information about each MN'’s
movement pattern is known in advance, this assumption can be removed, and this is a
main goal of our research.

An MN gathers movement logs whenever it leaves a subnet and periodically com-
putes profile information. When it moves into any subnet, it first checks whether thereis
any record of the subnet in the profile; if there is, the current resident time is guessed,
and the proper lifetime is calculated by considering the past mobility pattern. The life-
time also affects the return routability mechanism based on the work reported in [3].
Otherwise, a default mechanism in HMIPV6 is used. Our schemes incur extra costs in
maintaining a profile on the MN side. But this cost is not significant since low power
consumption, high capacity, and cheap storage devices are commonly available. In con-
trast, an MN can reduce the number of messages and thus utilize less battery power. In
addition, the traffic load for HA is also lightened. This can be a very valuable result in
mobile computing. To the best of our knowledge, our work is the first attempt to apply
profiles in message management. Thus, we compared our schemes with HMIPv6 in ex-
periments.

The rest of the paper is organized as follows. First, related work will be summarized
in section 2. In section 3, we will explain our profile-based lifetime determination algo-
rithms and experiment results will be given in section 4. As a conclusion of this paper,
section 5 will summarize our schemes and future research.

2. RELATED WORK

Profiles have been applied in various areas. First, they are used in PCS to cope with
unlimited user mobility. The authors in [4] showed that mobility management occupies a
significant fraction of the network traffic and processing load. This trend is expected to
also be reflected in wireless networks.

In a profile-based location update strategy [5], the system maintains a sequential list.
This strategy is better than the fixed paging area strategy, but the lack of update protocols
makes this strategy infeasible. The authors in [6] proposed a location tracking strategy
based on the mobile’s movement behavior. In [7], the authors in proposed that each ter-
minal use the history to remove loops in the terminal’s movement path. The authorsin [6,
7], however, only took into account movement behavior, not the resident time per loca-
tion. In [8], the authors proposed storing each user’s profile at his home location register
and using each node in the tree to maintain the subprofile. As long as a user moves to a
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sibling node listed in the subprofile stored at its parent, no location update message is
sent. However, this approach increases the lookup delay and memory requirements on
the network side.

The profile-based mobile MPLS approach proposed in [9], on the other hand elimi-
nates the triangle routing in the current mobile MPLS protocol. The authors in [10] em-
ployed the profile in the routing strategy in MANET. In [11], the multi-layered mobility
anchor point (MAP) and an appropriate MAP selection procedure were proposed to re-
duce the concentrative load at a specific MAP by using the MN’s mobile history. The
authors in [12] presented a hierarchical scheme that enables any CN to cache two CoAs
based on the use of two lifetimes for route optimization. However, they did not explain
how the lifetime value of BU in HMIPv6 could be determined. These approaches to MIP
did not focus on eliminating all the signaling that occurs when an MN stays for a long
time at the same location. If signaling is reduced, security [13] may become an issue.

To solve the above problem, an enhanced route optimization security mechanism
for MIPv6 [14] is proposed here. In this work, cryptographically generated addresses
(CGASs) provide a method for binding a public key to an IPv6 address. The maximum
alowed lifetimeis 24 hours. This requires, however, extra signaling, and some modifica
tions of signaling have to be made. The authors in [3] proposed a mechanism which can
reduce the amount of signaling needed for BUs without exposing nodes to significant
new vulnerabilities. It does not require any modifications to the actual return routability
test or BUs. However, this only works well when the MN stays for a long time at the
same location. Therefore, there is necessary to devise a new scheme to overcome these
limitations.

3. PROFILE-BASED LIFETIME DETERMINATION

In this section, we will describe our schemes. First, we will discuss the credit-based
approach [3], since it will be used as a return routability mechanism [1] in our work.
Then, a new type of BU message and related algorithms for determining the BU lifetime
will be explained in detail.

3.1 Return Routability

MIPv6 allows a node to redirect packets that the CN would otherwise send to one IP
address (the home address) and then to a second IP address (CoA). Redirection can be
misused by a malicious node if appropriate precautions are not taken. Thus, MIPv6 re-
quires periodic return routability tests and the re-establishment of binding at the CN [1].
Such authorization should be performed every 7 minutes. This can become a burden for
MNs that have bindings ready for possible packets but are not currently communicating.
This can be problematic for MNs in standby mode.

To solve this problem, the authors in [3] included the Lifetime Credit Authorization
option in BU and BA, where the content is based on the binding management key (Kbm)
[1]. Instead of being subjected to afixed limit (7 minutes), an MN can continue to use an
existing address test longer than the time it has already been reachable at this address. To
authorize this, it has to provide a keyed hash using the key Kcredit, calculated as follows:
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Keredit = hash(KbmN | hash(KbmiN — 1 | hash(KbmN — 2 ... Kbmd))).

Here, Kbml through KbmN are used to calculate the Binding Authorization Data
option in the BU and all subsequent BUs. Kcredit is calculated based on the previous
Kcredit and the latest Kbm. Both the MN and CNs should hold some state in the binding
cache entries, related to credit authorization. The following conceptual information must
be kept: the total time when there has been a binding for this home address, the current
Kcerdit value, and the number of Kbm valuesincluded in the Kcredit value.

In thisway, it can reduce the number of exchanged messages, since the lifetime can
be very long (up to 8 hours). However, it is assumed that the MN is a stable mode. To
remove this assumption, local profile information containing each user mobility pattern
will be used (as explained in the next subsection).

3.2 BU Messages

Hierarchical Mobile IPv6 (HMIPv6) [15], which differentiates local mobility from
global mobility is appropriate for the Internet. For this purpose, the mobility anchor point
(MAP) isintroduced, and its localized mobility domain is called the MAP domain (see
Fig. 1). Two addresses are used for communication between the MN and CN: one is the
regiona care-of address (RCoA), which is an address in the MAP's domain, and the
other is the on-link care-of address (LCoA), which is the MN’s address obtained from a
foreign subnet. The MAP intercepts all the packets from the HA or CNs and tunnels them
to the MN’s LCoA. Thus, the MN does not need to send BUs to HA and CNs when there
is intra-domain movement, but BUs have to be delivered periodically to MAP in spite of
HMIPV6.

Packet

]
A

 :
Movement

Fig. 1. Hierarchical mobile IPv6.

Domain 1

Domain 2

Let us consider the following situation: several kinds of people (e.g., office workers,
housewives, shopkeepers, etc.) show comparatively regular movement patterns for some
subnets; i.e., they will not move out for some time. In contrast, other kinds of people (e.g.,
taxi drivers, salesmen, etc.) move around quite randomly. If the information related to
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each MN'’s past movements is maintained locally and is available, the proper BU lifetime
can be given whenever the MN enters a subnet. In this work, three kinds of BU messages
are used according to the lifetime:

(1) BU,, has a default lifetime (DLT), which is used in MIPv6 [1]. After switching to a
new MAP, the MN should send BU,, to its HA and CNs, and may also send it to a
previous MAP, asking it to redirect all incoming packets to the new CoA.

(2) BUg has an adaptive lifetime (LT4), which is computed based on the local profile.
This value is the total time during which the current binding will be kept for the
MN’s home address. And, the number of Kbmis the result that this value is divided
by 3.5 minutes [1]. The Kcredit value is calculated by using these values as stated in
section 3.1. BUy also includes Keredit and has to be delivered to MAP, its HA and
the CNs.

(3) BUq contains a zero lifetime value (LTy). When the MN moves into a subnet in an-
other domain before BU,, or BU, expires, it will be used to notify both the HA and
external CNsthat the cached data for the current binding has become stale.

Only BUg is newly proposed in this paper; the other two BUs were originally used
in MIPv6. If the MN does not move out even when LT expires, BU, will be used there-
after. In the case of inter-domain movement, the MAP sends a BUg to both HA and CNs
to inform them that the current binding has become stale.

One thing to note here is that our approach does not incur an additional search cost
athough the MN leaves the current subnet before the lifetime expires. In MIPv6, move-
ment detection is done through a router advertisement that contains a router advertise-
ment interval [1], expressed in milliseconds. Thus, since movement detection in our
schemes is the same as that in MIPv6, the router advertisement interval is small enough
for the MN’s movement to be detected.

3.3 Lifetime Calculation

Whenever an MN leaves a subnet, it records information (a moving log) about the
visit. The log contains an ordered pair (I, AT, DT), which includes a subnet identifier, the
arrival time and the departure time. The average resident time per visited subnet is peri-
odically calculated by using moving logs and is then recorded in the profile. This value
will be used to compute the adaptive lifetime for BUs During this step, the number of
logs per subnet is also considered since if the number of logs for a subnet is less than the
threshold value (County), then we cannot get a reliable result. In the following subsec-
tions, two schemes will be proposed. The first considers only the average resident time
for the current subnet. The second expands on the first by considering the visiting time
region as well asthe resident time.

3.3.1 Resident time based scheme (RT)

First, the average resident time and the number of logs for each subnet are consid-
ered when the adaptive lifetime (LTp) is calculated. This scheme is called the resident
time based scheme (RT). When an MN moves from subnet m to another subnet, it records
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amoving log for the current visit. Periodically, the average resident time for al visited
subnets is calculated, and the algorithm for this purpose is shown in Fig. 2. The resident
time (t,) for the n" visit to subnet m is computed by subtracting the arrival time (AT)
from the departure time (DT). As shown in Fig. 2, a comparison between t, and p x DLT
is made to exclude the moving log when the resident time is small. Theoreticaly, it is
reasonable that t, should be compared with DLT. However, this will result in a great dif-
ference in performance since DLT is short (i.e.,, DLT = 1 second ~ 7 minutes) [1]. There-
fore, we assume that t, is compared with p (= 1) times aslong as DLT. Sum,, and County,
are the total resident time and total number of visits to subnet m, respectively. In the cal-
culation, if the number of visits to subnet mis less than a constant value (County), the
BU,, will be used, since poor (or no) regularity isfound in subnet m.

/I Whenever an MN moves out a subnet.
/I County,: Threshold of Count
If (MN has visited subnet m) {
t,=DT, - AT,
If (ta>px DLT) {
Record moving log
Count, = Countm + 1
Sumy, = Sumy, + t,
}

/I Periodic calculation

/I LT: Lifetime

Mean,, = Sum,/Count,,

For (all moving logs to subnet m) {
Calculate Var,, /I Eq. (1)
Determine mobility type

}
If (Count,, < Countb) LT =DLT
Else{
If (Mean, < p x DLT or mobility type C)
LT=DLT
Else {
LTs=Meany x V
LT=LTy
}
}

Fig. 2. Resident time base scheme.

The calculated mean resident time can not be applied as is. It is just an average
value, and there is no guarantee that the MN'’s next move will follow the profile. To deal
this problem, we consider the variance rate, V, as well as the average resident time. To
begin with, we classify the movement patterns for all subnets according to mobility types
A, B or C to show the degree of accuracy of the profile. In the case of mobility type A,
the information in the profile is very trustworthy, while in the case of mobility type C,
there is little (or no) regularity in the pattern in the current subnet. To quantify the dif-
ference, the variance is calculated for all subnets as shown in Eq. (1):

Var,, = %Zn:(ti —Mean,,)?. (1)
i1
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If Varp, is smaller than constant &y, subnet mis classified as a mobility type A pat-
tern. This means that if the MN visits the subnet again, it will reside there for approxi-
mately the mean resident time. If Var,, is larger than constant &, and smaller than con-
stant 6,, the subnet is classified as a mobility type B pattern. In this case, the MN will
sometimes stay in the subnet much longer or shorter than the mean resident time. Other-
wise, the subnet is classified as a mobility type C pattern, where the profile can not give
reliable information. The lifetime value for the next BU is calculated by multiplying the
mean resident time by the difference constant, V, according to its mobility type. This s,
the constant value in mobility type A (V,) is larger than that in mobility type B (Vg). The
calculated value, LTy will be used as the lifetime for BU when the MN visits a subnet
after creating the profile.

3.3.2 Timeregion based scheme (TR)

The resident time for some subnets often depends on the arrival time. Thus, we have
devised another scheme called the Time Region based scheme (TR) by expanding RT.
This scheme also uses the time region of the arrival time to enhance the accuracy of the
profile. We observe that the MN visits the subnet frequently in the morning and after-
noon (e.g., during office hours), but that the average resident time is not the same in both
time regions. As a result, during periodic calculations, we have to consider the mean
resident time per (subnet ID, time region) pair, not just the subnet. This means that there
may be several mean resident times according to the time region in spite of the fact that
the subnet remains the same. Thus, an algorithm to determine time regions from moving
logs is needed. Five different cases are considered, as shown in Fig. 3. The following
information is aso maintained in the profile for each time region:

o AT : the highest (or latest) arrival time;
e DT thelowest (or earliest) departure time;

e Count,,; the number of visitsincluded in the n™ time region;
e TotalCount,,,,; the total number of visits considered in the n'" time region.

DT

AT high

@  ® @ © @ ®

Fig. 3. Various visiting time cases.

Here, subscriptions n and m mean the n™ time region to subnet m. Since we consider the
time region as well as the visiting subnet, each time region keeps a separate value for the
number of visits (Total County,, Count,).

In Fig. 3, the dotted line represents the time interval (Interval,, = DTo% — AT hioh)
during which one time region is calculated. The solid line shows the current visiting time
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(i.e. the time recorded in a moving log). In the case shown in Fig. 3 (e), it is natural to
exclude a new visit from the time region. For the visit shown in Fig. 3 (a) or (b) we need
to check whether the MN resides too long or not long enough in the subnet. If the resi-

. . 3 1 .
dent time is longer than > x Interval,,, or shorter than > x Interval,,, the difference

between them will become too grate, and the current visiting log will not provide reliable
information. Thus, the log is completely excluded; if not, the log is also used in periodic
calculations. In addition, we must consider not only the resident time but also the time
when an MN arrives. Figs. 3 (c) and (d) shows similar cases. However, if both cases are
considered, the time region will not give useful information. Thus, the following process
is needed to get an accurate determination:

middle = Interval ,,/2

if (middle > the arrival time of the current visit)
include the current log in the n™ time region

else exclude the current log

Then, if the current log is included in n" time region of subnet m, Count,,, and To-
talCount,,,, both increase by 1; otherwise, only TotalCount,,, increases by 1 (See Figs. 3
(a) and (b)), since this variable will be used to determine the correctness of the profile.
Of coursg, if the arrival time of the current visit is earlier than AT, it is considered,
contrary to the cases shown in Figs. 3 (c), (d) and (). The moving log excluded from the
above algorithm will be used to form another time region apart from the ones shown in
Figs. 3 (a) and (b).

After time regions are determined in this way, the algorithm used to determine the
mobility type is similar to RT with one difference. In RT, only Var, is considered per
visited subnet. However, both comparisons between the ratio Count,,, and TotalCount,,
and Var, need to determine how useful the information about the time region is. That is,

Count,.,
TotalCount,,,

net mis regarded as a mobility type A pattern. If Var,, is greater than o, or

if Var, is smaller than ¢ and is larger than 4, then the time region to sub
Count,,,

Total Count,,,,

is smaller than 7, then it is concluded that there is no regularity (mobility type C). In the

other cases, the mean resident time is adjusted as mobility type B.
3.4 Disconnection

In our schemes, one of the main considerations is disconnection. If an MN cannot
connect to its CNs or HA during communication, several packets will be lost. This is
because the CNs think that the MN is alive and will continue getting packets until BUg
has expired. To cope with this situation, when an MN starts to send/receive packets, it is
forced to send BU,, first, which updates the binding cache in its HA and CNs. After com-
munication ends, it checks whether LT;in the MN has expired or not. If it has not, it cal-
culates the remaining time (LT gew = LT — the elapsed time during communication) and
then sends a new BU gy Of coursg, if it has expired, the rest of the process is the same
asthat in HMIPv6 (see Fig. 4).
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o When communication starts.

— MN first sends BU,,

— Packets are delivered

o \WWhen communication ends.

— If (LTg has not expired)

— LT phew = LT — (the elapse time during communication)
— MN sends BU gnew

—€else

— MN just sends BU,,

Fig. 4. The algorithm for disconnection.

While packets are being delivered, BU,, is sent; thus, our schemes are not affected
by inter- or intra-domain movement. It should be noted that the possibility of disconnec-
tion is generaly very small because of the advanced mobile communications technology
used, except in the case of voluntary power-off. In addition, it is expected that the MN
will not be actively communicating most of the time [16]. Therefore, our schemes can
work more efficiently than HMIPv6 even though disconnection occurs.

4. PERFORMANCE ANALYSIS
4.1 Simulation Models

In this section, we will show the performance of our schemes based on simulation
results. The simulation models for our schemes are briefly depicted in Fig. 5. Each MN
collects log data that contain (I, AT,,, DT,) whenever it leaves a visited subnet. In the case
of TR, each MN gathers the same log data, but the main relevant information is the time
region as well as the mean resident time.

o DT

ml B DT ..
Subnet Subnet, Subnet, -
i) t, 000t
oo0a Subnet

MH - = AT o

| | L | | AT o AT .

| Mean | 1 I Mean , 1 Mean ,
AT DT AT DT AT DT 1stvisit 27 visit athvisit
(a) RT model. (b) TR moddl.

Fig. 5. Simulation models.

In the experiments, we assumed that the resident time at any subnet followed a
Gamma distribution [17] with a shape parameter o. Gamma distribution was selected
because it can be shaped to represent various distributions as well as measured data that
cannot be characterized by a particular distribution. Egs. (2), (3) and (4) were used to
calculate the density function, mean and variance, respectively, where t is the resident
time at each visited subnet. The resident time followed an Exponential distribution,
where parameters o = 1 and 4 = VE(t) in the Gamma distribution. We conducted ex-
periments to measure the number of BU messages from an MN based on Gamma and
Exponentia distributions.
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However, the results will be shown based on the amount of bandwidth allocated by
those messages. The disconnection rate ({) was set to 0.001, but this did not affect the
overall performance.

The parameter settings, which were set as constants as described in the previous
section, are shown in Table 1. Of course, the performance depended on these parameters.
However, issues related to the degree of accuracy of the profile are beyond the scope of
this paper.

Table 1. Parameter settings.

parameter value meaning
P 2
County, 10 threshold of Count

a 10 constant value to determine mobility type A

> 50 constant value to determine mobility type C
Count,,, -

n 0.8 constant value of TotalCount._ for mobility type A
Count,,, -

% 0.6 constant value of ToralCount_ for mobility type C

0.3 intra-domain moving rate

Va 1.0 V value for mobility type A

Vg 0.8 V value for mobility type B

4 0.001 disconnection rate

4.2 The Results

In the experiments, our main aim was to compare our schemes with MIP by consid-
ering the allocated bandwidth for BU messages. To do so, we tried to evaluate the ag-
gregated signaling bandwidth consumed on the Internet. First, we assumed that there
were no errors in message delivery. Before explaining our results, we should point out
that DLT isavery small value (i.e., DLT = 1 seconds ~ 7 minutes) [1]. On the other hand,
any regular movement pattern found in the profile means that the MN may stay for a
period of time that is considerably longer than DLT (i.e., perhaps more than several min-
utes). Intuitively, our schemes would show better performance than MIP. Therefore, DLT
was set to 7 minutes in the experiments as a maximum value in MIP. Thus, instead of a
simple comparison between the numbers of BU messages, we will show the performance
improvement in terms of the BU bandwidth usage of our scheme compared with that of
MIP. The three bandwidths were defined as follows:



REDUCING ENERGY COST SCHEMES IN HMIPV6 669

BWM|pV5=SZGBUX{K'X(fCNX(#CN+1)+fHA)+(1—K')X(MX#CN+2)}, (5)
BWimipve = Sizegy X { KX (frer X (HCN + 1) + (1 — x) X (M X #CN + 2)}, (6)
BWoroposat = Siz€ay X { &X (frrrer X (HCN + 1) + (1 - x) X (M X #CN + 2) + fapp}, (7)

P #CN+1, if thevisiting subnet isin the profile
0 o, otherwise

where Szeg isthe size of a BU (68bytes = IPv6 header (40bytes) + Binding Update Ex-
tension Header (28bytes)) [18]. fua denotes the BU emission frequency from the MN to
its HA, and fcy denotes the average BU emission frequency from the MN to its CNs.
When an MN moves, x represents the intra-domain moving rate. The domain-crossing
rate is 1 — x;, which is the number of crossing domains divided by the total number of
crossing subnets. The MN sends M consecutive BUs to its external CNs, sends another
BU to its HA and receives one BA from HA. In Eq. (5) [18], #CN represents the number
of CNs that are not in the home network. When an MN, using MIPv6, is moving among
subnets, it sends a BU to each CN and to its HA, equal to fcy and fya. In Eq. (6) [18],
#CN represents the number of external CNs of the MN. When it is moving within a for-
eign domain in HMIPv6, a BU is also sent to both the external CNs and HA at a re-
freshment frequency equal to frer. If it can utilize the information in the local profile as
proposed in this paper, the refreshment frequency can be reduced to frrrer athough the
MAP should send an additional BU, fpp, toits external CNs and HA (Eg. (7)). However,
as thisisthe inter-domain movement, the total amount of the bandwidth allocated to BUs
isthe samein all three schemes.

Fig. 6 shows a comparison between RT and MIP in terms of the Gamma distribution,
where the variance was set to 0.01, 1, 25 and 100, and the mean resident time varied
from 7 to 60 minutes. The results shown in Fig. 7 were obtained with an Exponential
distribution. We assumed that an MN moved around according to mobility type A among
15% of the subnets recorded in the profile, according to mobility type B in another 30%
of the subnets, and according to mobility type C in the remaining 55%. During local
movement within a foreign domain, the BU bandwidth depended on #CN, fcn, fua, frer,
and frr.rere. Since the behavior of the BU bandwidth ratio are aimost the same whether
#CN was 2 or 10, we display only four results in Fig. 6 for the case in which #CN was
two.

The variance and the function of the resident time distribution rarely influenced the
overall performance, as shown in Figs. 6 and 7. On the whole, from these figures, we
find that RT over MIPv6 achieves better bandwidth usage than RT over HMIPv6. The
reason is that in the case of MIPv6, BUs are sent to the HA and CNs when the MN is
roaming locally, but HMIPv6 sends refresh BUs to the MAP periodically. Both the ratio
of RT to MIPv6 and the ratio of RT to HMIPv6 decrease as the mean resident time in-
creases. If along mean resident time was determined from the profile and applied to the
lifetime, the lifetime for the next BU was set to be a large value. Of course, there could
be a great difference between mean and real resident times due to different mobility
types. Despite this fact, the amount of saved bandwidth was very great in some subnets
when they were determined to be either mobility type A or B. In particular, when an MN
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Fig. 6. The effect of the Gamma distribution in RT.
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moved into another domain frequently, most of the signaling load was generated by the
refreshment BUs. Our main improvement was achieved by decreasing the number of
periodic refreshment BUs. If an MN moved from the current subnet before the lifetime
expired, an additional fapp had to be delivered. It was problematic since an MN would
not follow the previous movement pattern, especially when the current resident time was
shorter than the determined lifetime. However, if the current resident time was longer
than 7 minutes, the number of BU messages could be greatly reduced. The results also
show that the mean resident time may be much longer than 60 minutes in reality, al-
though the time varied from 7 to 60 minutes in the experiments. Thus, the energy effi-
ciency of our schemes can be improved more than the results obtained in this study indi-
cate. Of course, if an algorithm used to extract useful and reliable information from the
profile is devised, the efficiency can be improved even more.

The second experiment examined the effects on the time region in the arrival time.
The ratio of TR to RT was determined under Gamma and Exponentia distributions. In
the experiments, we only considered subnets where good regularity could be obtained
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from the profile. It was assumed that 40% of the subnets recorded as mobility type A or B
in the profile had only one time region, that another 40% of the subnets had two time
regions, and that the remaining subnets had three time regions.

Asshown in Fig. 8, theratio of TRto RT under both distributions was not the same,
but the difference was not great and decreased quickly as the mean resident time in-
creased from 10 to 30 minutes. This indicates that if an MN regularly resides in a subnet
for more than 30 minutes, the information from the profile may be very useful. Of course,
experimental environments may be set up differently, so this value of 30 minutes may
change. However, if we know the value, it will be very useful for enhancing the accuracy
of the profile information. From the figure, TR aso shows improved bandwidth usage
compared to RT for most of the mean resident times. The reason can be found in the in-
formation in the profile. If there are two or more time regions in subnet m and if the
mean resident times are not the same, then Var,,, also will have a high value, which will
determine whether the subnet is mobility B or C in RT. On the other hand, TR can dimin-
ish Var,, by grouping the logs into time regions.
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Fig. 8. The comparison of RT and TRin Gamma and Exponential distribution.
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Fig. 9 shows the effect of the intra-domain moving rate (x) when an MN is roaming
locally within a domain. As x increases, the number of BUs sent to its HA and CNs in-
creases in MIPv6. HMIPv6 avoids the transmission of such BUs and only sends a BU to
the MAP, so the BU bandwidth becomes smaller than that of MIPv6. Furthermore, RT
reduces the transmission frequency, frer, in HMIPV6 to frr.rer; consequently, the band-
width is used more efficiently. Meanwhile, as x increases, the BU bandwidth in TR in-
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creases more than it does in RT. The reason is that the detailed information in the profile
is applied to TR within the MAP domain. In other words, the number of BUs sent to the
HA and CNs becomes larger than that with RT when the MN is moving within the MAP.
However, its HA and CNs maintain a more correct binding cachein TRthan in RT.

5. CONCLUSION

In this paper, we have proposed lifetime determination schemes (TR and RT) for
BUsin HMIPv6. By capturing some regularity in the movement patterns of MNs, we can
reduce the overhead incurred by numerous BUs. From an MN’s arrival time as well as
the resident time at visited subnets, the lifetime can be determined dynamically. A proc-
ess for evaluating the reliability of the information in the profile has also been devised.
The main contribution of our schemes is that they reduce the number of BU messages
and, thus, improve the energy efficiency.

Since our schemes are based on local profiles, a technique to enhance the accuracy
of the calculated information is needed. That is, we still need to study further the accu-
racy of the profile and determine the effects of each parameter through the use of data
mining agorithms.
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