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Abstract 

Advances in wireless and mobile computing environments 
allow a mobile user to perform within a wide range of 
applications. For example, mobile users need to pull data 
about unfamiliar places or local life styles related to their 
location. Furthermore, a mobile user may be interested in 
getting location dependent query results periodically. We 
propose an algorithm for handling continuous queries in 
a tree-structure in such a way that the user will get the 
correct current query result, not the outdated result. In 
addition our proposed method strives to reduce 
communication cost. Since data are related to a 
particular zone, the obvious approach is to replicate 
fragments of location dependent data (LDD) for each 
zone. If we follow the approach of replicating fragments 
of LDD information at each zone, we may not be able to 
meet the storage requirements in given zones.  Therefore, 
full replication will not work.  Hence, we propose an 
selective replication algorithm in the context of these 
continuous queries. Our replication algorithm is based on 
the user’s query pattern. If a particular type of query is 
frequently requested from a particular zone, we will 
replicate its corresponding LDD in that zone. We 
demonstrate that this selective replication strives to 
balance lookup cost and storage cost using a simulation 
experiment. 

1. Introduction 
Advances in wireless and mobile computing 

environments allow a mobile user to pull data about 
unfamiliar places or local life styles related to their 
location.  

Thus the location of a mobile user plays a significant 
role in the data retrieval universe. A user might issue a 
query such as: “List all hotels within 1 km radius of my 
current location”. This query, which simply takes the 
form of a location given by the user, is called a location 
dependent query (LDQ). In processing this query, 
boundaries will be the user’s current location.  The 
database will then yield data relevant to the query.  Data 
whose value is determined by the location to which it is 
related is called location dependent data (LDD) [9, 10]. 
Furthermore, a mobile user may be interested in getting 
LDQ results periodically. For example, the user asks, 
“List all hotels within 1 km radius of my current location 
in intervals of 15 minutes”. Since the user is moving, with 

the progression of time the results of the query will be 
updated to reflect the user’s changing location. This kind 
of continuous query is called location dependent 
continuous query (LDCQ). To handle LDCQ, we need a 
framework that supports LDCQ in such a way that a user 
will get the correct result in a timely manner. In terms of 
framework, two approaches, a two-tier scheme [2] and a 
tree-structure [3, 1] can be used. For our framework we 
will adopt a tree-structure, since a tree-structure uses 
minimum number of lookups to track a mobile user. 

In the tree-structure, two types of databases are 
maintained. One is the User’s Location Database 
(ULDB), which is dynamic in nature, which will store the 
user’s current location information, maintained at all 
nodes of the tree. The other is a Location Dependent 
Database (LDDB), usually static in nature, which will 
store LDD information for specific base-stations (zones), 
maintained at some of the nodes of the tree. We would 
like to handle LDCQ in such a way that the user’s current 
location will be determined from ULDB with minimum 
lookup latency, and then used to retrieve the 
corresponding LDD information from LDDB with 
minimum communication cost. 
    We propose an algorithm for handling continuous 
queries in a tree-structure in such a way that the user will 
get the correct current query result, not the outdated 
result. In addition to striving to reduce look up latency 
our proposed method strives to reduce communication 
cost. Since data are related to a particular zone, the 
obvious approach is to replicate fragments of LDD 
information for each zone at the zone itself, i.e., full 
replication at the base station. But due to storage cost 
constraint, full replication is not a feasible solution. 
Hence, we adapt a selective replication algorithm in the 
context of LDCQ, which is complementary to [8]. Our 
replication algorithm is based on the user’s query pattern. 
If a particular type of query is frequently requested from a 
particular zone, we will replicate its corresponding LDD 
information in that zone. This selective replication will 
strive to balance lookup cost and storage cost. 
    The remainder of this paper is organized as follows: 
Section 2 covers our proposed architecture for handling 
LDCQ. Section 3 covers selective replication in detail. 
Section 4 describes the simulation of our system, 
including details about the performance of various 
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approaches. Finally, Section 5 covers the conclusion and 
future work. 
2. Proposed Architecture 

Tree-structured architecture is the more appropriate 
architecture for processing LDCQ. This is because 
location databases in a tree-structured architecture are 
physically structured based on location. Also, the mobile 
user can be located by querying in a hierarchical order.  
In the worst case, the entry for the mobile user will be 
found at the root’s database.    

Our proposed architecture for LDCQ is based on a 
tree-structure. The geographical coverage area is 
partitioned into wireless zones.  Each zone is serviced by 
a base station (BS), which is represented by a leaf node in 
the tree-structure.  

In the tree-structure architecture, we maintain two 
types of databases. One is the User’s Location Database 
(ULDB) that stores a user’s current location information. 
The other is the Location Dependent Database (LDDB) 
that stores Location Dependent Data (LDD) for specific 
base-stations (zone). LDDB is a static database which can 
only be queried, but which rarely needs to be updated 
since the database contains only LDD information, 
usually fixed for a particular base-station. For example, 
information about local restaurants in a particular base-
station is usually fixed. On the other hand ULDB is a 
dynamic database, which has to be continuously updated. 
This is because the database stores user’s current location 
information. This information at ULDB for each mobile 
user is either a pointer to an entry at lower-level ULDB or 
the user’s actual current location. In order to keep track of 
a mobile user, his location entry is, deleted at some 
ULDB, updated at some ULDB, and inserted at some 
ULDB, depending on the user’s pattern of movement.  

Within the tree, LDDBs are maintained only at 
selective nodes, but ULDBs are maintained at every node.  
The LDDB at an internal node maintains LDD 
information for all base-stations (zones) within its sub-
tree. ULDB at a leaf node serves a single base-station 
(zone) and contains location information for all users 
currently in this base-station. The ULDB at an internal 
node maintains location information about all users 
currently in the set of the base-stations in its sub-tree (see 
Section 2.1). Databases are usually interconnected 
through links of the intelligent signaling network [4, 5]. 
Also, all nodes maintain information about each BS’s 
LDDB node e.g., if BS x’s LDDB node is y then LDD 
information of BS x can be found in node y. 
2.1. Type of Location Information at ULDB 

For storing mobile user location information in ULDB 
two alternative approaches can be used. In one approach, 
all ULDBs maintain the actual location of each user. In 
this approach the update cost is quite high, but the lookup 
cost is comparatively low. In another approach, a pointer 
is maintained for x’s location that points to lower-level 

ULDBs. The advantage of maintaining this type of 
location information is that the overall update cost is low, 
but the lookup cost is quite high. For finding x’s actual 
location we need to continually follow the chain of 
forwarding pointers until we reach the actual location.  

We use a hybrid scheme that utilizes both types of 
approach. Thus, the ULDB at a certain node where LDDB 
resides (called LDDB nodes) maintains the user’s actual 
location. The rational behind this is to process LDCQ at 
LDDB nodes effectively. The ULDB at nodes, which are 
above the LDDB nodes, maintains a pointer to the lower-
level ULDBs. The ULDB at nodes, which are below the 
LDDB nodes, maintains the user’s actual location of the 
users. For example, in Figure 1 consider LDDB nodes are 
1 and 2 and a mobile user x is currently in BS 12. Node 1 
will contain LDD information for BS 7, 8, and 9; Node 2 
will contain LDD information for BS 10, 11, and 12. 
Now, there will be an entry in ULDB 0 for user x pointing 
to the entry for user x in ULDB 2. This entry for user x in 
ULDB 2 will contain the actual current location of user x 
i.e., location 12. In addition, ULDB 6 and ULDB 12 will 
contain actual location of the user x i.e., location 12. 
2.2. Placement of LDDB 
Different placement strategies can be used to place LDDB 
in the tree structure. We discuss three of these strategies.  
                                                           ULDB 0 

 
                                          x        
                                                     ULDB 2            
                                                       
                                                      x   12      

 
                                                                ULDB 6      
                                                                   
                                                                  x   12 

 
                                                                  ULDB 12        
                                                                                                      
                                                                          x    12 
 

Figure 1. Location information at ULDBs with LDDB 
nodes 1and 2. 

2.2.1. LDDB placed at the Root Node (RP) 
A single LDDB can be placed at the root node. In  

Figure 1, a single LDDB placed at root node 0 will 
contain LDD information for all the base-stations (7 to 
12). RP incurs maximum lookup latency and 
communication cost. This is because to handle LDCQ, 
query  will be pushed from the leaf node all the way to 
the root node and the query results will traverse from the 
root node all the way back to the leaf node. 
2.2.2. LDDB placed at the Base Stations (BP) 

LDDB can be placed at every base-station. Thus, LDD 
information of each base-station is stored at its respective 
LDDB. In Figure 1, restaurant information for base-
station 7 is stored only at node 7. This approach is not 
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realistic due to storage limitations of the base stations. 
However, it incurs minimum lookup latency since LDCQ 
will handled by the leaf node itself. 
2.2.3. LDDB placed at Selective Nodes (SP) 

Here, LDDBs are placed at selective nodes; a leaf or 
non leaf or combinations. This approach is more realistic. 
If a base station has a storage limitation, an ancestor node 
will contain the missing data. In Figure 1, if LDDB are 
placed at node 1 and node 2, then LDD information of 
base-stations 7, 8, 9 are stored at  LDDB of node 1, LDD 
information of base-stations 10, 11, and 12 are stored at  
LDDB of node 2. 
2.3. Proposed Approach 

The LDDB at an internal node maintains LDD 
information for all base-stations (zones) within its sub-
tree. We define valid scope of a LDDB node as a set of 
base-stations (zones) within the sub-tree of this LDDB 
node. Whenever a mobile user x currently in the BS D, 
issues a continuous query (CQ), then D’s LDDB node (let 
it be node B) becomes x’s current LDDB node 
(CLDDBN). CQ is then forwarded to CLDDBN B. The 
LDDB of CLDDBN B generates continuous query result 
(CQR), corresponding to BS D. CLDDBN B after 
generating CQR checks whether x is still within its scope, 
by checking x’s location in its ULDB. Based on the 
mobility of the user x there can be only two possible cases 
as shown below:  
Case 1: The user x remains within the valid scope of its 
CLDDBN B. In this case CLDDBN B checks whether x’ s 
current BS (XCBS) is still the same as its LDDB queried 
BS. If yes, then CLDDBN B forwards the CQR to x. If no, 
then LDDB of CLDDBN B regenerates CQR for XCBS.  
Case 2: The user x moves out of the scope of its 
PLDDBN B (CLDDBN B becomes x’s previous LDDB 
node i.e., PLDDBN). In this case a user x moves out of 
the scope of its PLDDBN B. PLDDBN B then redirects 
the CQ to its parent node. This redirection of CQ to the 
parent node continues, till x’s location is found in ULDB. 
CQ is then redirected to its descendent nodes using the 
x’s entry in the ULDB, till CQ reaches x’s current LDDB 
node (let it be node C) i.e. following the chain of 
forwarding pointers for x’s location (see Section 2.1). The 
LDDB of CLDDBN C generates CQR for XCBS. Based 
on the mobility of user x, the processing of CQ continues 
till x’s current LDDB node finds that XCBS is same as its 
LDDB queried BS (as seen in Case 1). 
3. Replication 

In order to reduce LDD information lookup cost in our 
proposed tree-structure, LDD information may be 
replicated at selective nodes other than the LDDB nodes. 
Replication reduces the lookup cost since it increases the 
probability of finding the LDD information locally. 
Replication of LDD information at selective nodes does 
not increase the update cost since it is always fixed for a 
particular base-station as discussed in Section 2.  

3.1. Replication in Proposed Architecture 
In tree-structured architecture LDD information can be 

replicated both at the leaf node as well as the internal 
nodes of the hierarchy. If a particular type of query Qi is 
mostly requested from base-station j, then it is wise to 
replicate LDD information corresponding to query Qi 
locally at base-station j. For discussing LDD information 
replication we define the following parameter:  

Let Ni,j be the number of LDCQs of type Qi requested 
from base-station j over a given time period T. And, Si,j 
be the total size of LDD information corresponding to 
query Qi for base-station j. The local query-to-size ratio, 
LQSRi,j for the leaf node j, is the ratio of Ni,j to Si,j i.e.  

    LQSR ji, = ( N ji, / S ji, )                                            (1) 

For internal node j 

   LQSR ji, = )/()( ,, ∑∑ k kik ki SN                           (2) 

where k is a child of j. That is local query-to-size ratio for 
a query Qi and an internal node j is the ratio of the total 
number of LDCQs of type Qi requested from any of the 
base-stations of j’s sub-tree to the total size of the LDD 
information of query Qi for all of the base-stations of j’s 
sub-tree. 
3.2. Parameters in Replication 

As discussed in [8] we define four parameters: N, Cmin, 
Cmax, and L where N is the maximum number of replicas 
of LDD information for each query type (excluding the 
LDD information at the LDDB node), Cmin and Cmax 

together determines when a node may be selected for a 
LDD information replica, and L determines the maximum 
height in the hierarchy at which replicas can be placed. 
3.2.1. Number of Replicas (N) 

To satisfy the storage constraint, the number of 
replicas of LDD information needs to be bounded. For 
this we introduced the parameter N. Let Savg be the 
average size of the LDD information corresponding to 
each query type. For m number of base-stations and n 
number of query types:  

  S avg = ∑ =

n

i 1
nmS

m

j ji /)/(
1 ,∑ =

                           (3) 

With maximum of N replicas per query, the storage 
requirement for LDD information for each query is no 
greater than N Savg. Let Smax be the maximum memory 
available for storing replicas for each query.  Then N is: 
           N = Smax / Savg                                                      (4) 
3.2.2. Replication Selectivity (Cmin ,Cmax ) 

The LDD information corresponding to query Qi 
should not be replicated at site j if the cost of replication 
exceeds the benefit of replication. Based on the cost 
model to minimize the communication cost we compute 
local query-to-size ratio, LQSRi,j. If LQSRi,j is smaller 
than some minimum threshold Cmin, then never replicate 
LDD information for query Qi at database j. If LQSRi,j 
exceeds some maximum threshold Cmax, then always 
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choose to replicate LDD information for query Qi at 
database j, if constraints on N and L are satisfied. If Cmin 

≤ LQSRi,j <Cmax then the replication of the corresponding 
LDD information would depend upon actual database 
topology.  

We now try to optimize the values of Cmin, Cmax in order 
to choose potential sites of replication in tree-structured 
database, which could minimize the communication costs. 
Let bl be the network cost of lookup message that traverse 
the hierarchy from leaf node j to the database that is 
adjacent to j in the hierarchy. Let bs be the network cost 
of storing one mega-byte of LDD information. 
During replication two possible cases may arise: 
1. If Qi’s LDD information is replicated at database j, 

then the communication cost incurred due to the 
replica at j is bs Si,j.  

2. If Qi’s profile is not replicated at database j, then 
communication cost incurred is only due to the 
lookup. The minimum lookup cost is when LDD 
information of query Qi is available at the next higher 
level in the hierarchy, and this cost is bl Ni,j. The 
worst possible lookup cost is when LDD information 
of query Qi is only available at the root node of the 
hierarchy, and with M number of base-stations/zones 
in the tree-architecture, this cost is bl M Ni,j. 

Replicating Qi’s profile at j always incurs less 
communication cost than when not replicating if   

                 bl Ni,j ≥  bs Si,j 
        ⇒    Ni,j / Si,j  ≥  bs / bl  ⇒     LQSRi,j  ≥  bs / bl 

Thus we choose:   C opt
max = bs / bl                                    (5)                                         

Similarly, replicating Qi’s profile at j always incurs more 
communication cost than when not replicating if   

                   bl M Ni,j ≤  bs Si,j ⇒     LQSRi,j  ≤  bs / (bl M) 

Thus, we choose:   C opt
min =  bs / (bl M)                          (6) 

3.2.3. Maximum Level of Replication (L) 
The maximum level of replication should be less than 

the minimum level at which the LDDB node is placed. 
This is because the LDDB node processes the continuous 
query. Therefore, LDD information will not be replicated 
above the LDDB node.    
3.3. Selection of Nodes for Replication    

The replica allocation algorithm is performed over our 
proposed database model with estimated local query-to-
size ratio (LQSR) information. As discussed in [8] we 
proceed in two phases. 

For each query Qi, replica allocation algorithm 
proceeds in two phases. In the first phase, it replicates 
relevant LDD information to all nodes j with LQSRi,j ≥  
Cmax. This replication is performed as long as the number 
of allocated replicas of LDD information n ≤  N. The 
replication in first phase is done in a bottom-up traversal 
from level 0 to level L so that replicas are as close to the 
leaf level nodes as possible, to reduce the lookup latency. 

As soon as node j is assigned a replica of LDD 
information for query Qi, j’s parent’s LQSR value for Qi 
is updated in the following way: 
    LQSR i, parent(j)  = (N i, parent(j)  – Ni,j ) / (S i, parent(j)  –   Si,j ) 
This is because query Qi requested from nodes below j 
will be processed by node j. 

If n < N at the end of Phase 1, in Phase 2 the nodes 
below level L and with largest non-negative LQSRi,j - Cmin 
are chosen as the nodes for replication. The replication in 
Phase 2 proceeds in top-down fashion (from level L). 
This way we maximize the coverage area of replication. 
The Phase 1 and Phase 2 algorithm are as follows: 
Let D(K) be the set of databases at level K. Let R(Qi) be 
the set of databases that should contain replicas of LDD 
information corresponding to query Qi. Let T(Qi) be  
temporary set of databases used in the second phase for 
query Qi. 
Phase 1 
n = 1, R(Qi) ← φ  

Compute LQSRi,j for each node j at level 0. 
For each level k of hierarchy from 0 to L 
For each j∈  D(K) 

If LQSRi,j ≥  Cmax 
   R(Qi) ←  R(Qi) ∪ { j } 
   LQSR i, parent(j)  = 

    (N i, parent(j)  – Ni,j ) / (S i, parent(j)  –   Si,j ) 
   n = n + 1 
If n = N Exit 

Phase 2 
T(Qi) ←  D(L) 
For each j∈T (Qi) 

If LQSRi,j ≤  Cmin  
   T(Qi) ←  T(Qi)  - { j } 
Else T(Qi) ←  T(Qi) ∪ children( j ) 

T(Qi) = T(Qi) - R(Qi) 
Select into R(Qi) N - n databases from  T (Qi) with largest 
LQSR value 
4. Performance Evaluation 

We conducted a simulation experiment to obtain the 
impact on lookup cost and storage cost for selective 
replication verses root placement (RP) and full replication 
at base station.   
4.1. Simulation Model 

We performed a simulation on the tree-structured 
architecture as discussed earlier. We developed a C++ 
program to generate a realistic users query profile with 
most of the LDCQs requested between the sixth and 
twentieth hour of a 24-hour period. For generating users 
query profile, with m number of LDCQs available and n 
number of  base-stations, we created a dynamic input 
matrix M. Each element M[i, j] represents the number of 
LDCQs of type Qi requested from base-station j over a 
given time period T. We divided 24-hour period into 12 
time zones with every time zone of 2 hours each. For each 

Proceedings of the 13th International Workshop on Database and Expert Systems Applications (DEXA’02) 
1529-4188/02 $17.00 © 2002 IEEE 



  

of these time zones we recorded the input matrix M. Thus 
we had 12 such input matrixes i.e., Mk for k = 1, 2,.., 12.  

We have an input matrix S where each element S[i, j] 
represents the total size of LDD information 
corresponding to query Qi for base-station j. 

For calculating the total number of LDCQs of type Qi 
requested from base-station j over a given 24-hour period, 
we need to add up all the 12 input matrixes Mk for k =1, 
2,.., 12. The output matrix T represents this. Each element 
T[i, j] is represented as: 

 T[i, j] = ∑ =

12

1k

kM [i, j]                                         (7) 

   Using output matrix T and input matrix S we calculated 
the LQSRi,j over a given 24-hour period. The output 
matrix L represents this. Each element L[i, j] is 
represented as L[i, j] = T[i, j] / S[i, j]. For internal nodes j 
LQSRi,j is calculated using equation (2).  

Now for each query Qi, we run the replica allocation 
algorithm proceeding in two phases 1 and 2 (see Section 
3.3), based on the LQSR information obtained earlier and 
replicate each query Qi at the appropriate node j. 
4.2. Simulation Results 
   In Figure 2 and Figure 3, we compared lookup 
operations and storage requirements for selective 
replication R5,3 ( i.e., number of replicas N = 5 and level 
of replication L = 3) with root placement (RP) and full 
replication at BS. As we can see that the number of 
lookup operations in RP is quite high as compared to 
selective replication R5,3 and full replication at BS. Also, 
in Figure 3 we can see that the average memory 
requirement for selective replication R5,3 and full 
replication at BS are quite high as compared to RP 
technique. 
 
 

 
 
 
 
 
 
 

 
             Figure 2: Profile Lookup  

   We observed that root placement incurs a maximum 
number of lookups along with minimal storage 
requirements. Full replication at BS, on the other hand, 
requires a minimum number of lookups along with 
maximum storage requirements. Furthermore, our 
selective replication is quite close to the minimum 
number of lookups achieved in full replication technique 
and at the same time memory requirement is in the middle 
of the other two techniques. Thus it confirms the 
superiority of our selective replication technique. 
5. Conclusion and Future Work 

We proposed a tree-structure architecture for handling 
continuous queries, which strives to reduce 
communication cost.  Also, we adapt a selective 
replication algorithm based on the user’s query pattern. 
This selective replication technique will strive to balance 
lookup cost and storage cost. Further work needs to be 
done in the field of LDD-information caching at selective 
LDDBs using caching techniques as discussed in [7]. Also 
work needs to be done in the field of partitioning LDDBs 
at higher-level nodes into small databases at the sub-
nodes [6]. 
 
 
 
 
 
 
 
 
 
 
 
              Figure 3: Average Memory Requirements 
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