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Abstract Recently, various location-based services are becoming very popular in mobile
environments. In this paper, we propose a new concept of a frequent item set, called "associative class
et”, for supporting the location-based service which uses a large quantity of a spatial database in
mobile computing environments, and then present a new method for efficiently generating the
associative class set. The associative class set is generated with considering the temporal relation of
queries, the spatial distance of required objects, and access patterns of users. The result of our
research can play a fundamental role in efficiently supporting location-based services and in
overcoming the limitation of mobile environments. The associative class set can be applied by a
recommendation system of a geographic information system in mobile computing environments, mobile
advertisement, city development planning, and client cache police of mobile users.
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spatio—temporal clustering
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Input : data sequence set of all users (8), time window (TW)
Si =, t -t} . Siis one user’ s data sequence, i is a query in S
Output : set of temporal-transactions (G)

Generate_Temporal_Transaction ( S, TW )
{

G = {}; /fempty
for i =1 to last user
{ startTime = timestamp of ti // t is the first query in Si ;
endTime = timestamp of to // tq is the last query in & %
if (endTime - startTime < TW)
Gi = S : // all queries in S; are a same temporal-transaction
else
{ T: = Sorted queries in S; based access time interval(descending order):®@
// Tiis the list of query ID
Gi = Partition_transaction (Si, Ti, TW)L®
} // end else
G=G+Gi
} /fend for
} // end Generate_Transaction

Input : subset of a sequence (S), sorted query ID} list (T) , Time Window(TW)
Output : set of temporal-transaction (G)

Partition_transaction (S, T, TW)
{

G ={}: /fempty
t = first query ID in T whileti € S

// time interval (t 1, t) is the maximum time interval in $
T=T-u

startTime = tlmestdmp of the first query in S ;
endTime = timestamp of the last query in S ;
midTimet = timestamp of &1 3

midTime2 = timestamp of & :

if (midTimel - startTime < TW)
{ Gi = set temporal-transaction from the first query in S to & ¢
G=G+ G
P/ end if
else
{ S = all queries from first query of S to ti 1}
G = G + Partition_transaction (S, T, TW)
V// end if

if (endTime - midTime2 < TW)
{ Gi = set temporal transaction from ti to the last query in $;
G=G+Gi:
)/ end if
else | Sz = all queries from & to the last query of S ¢
G = G + Partition_transaction (S;, T, TWX
Y // end else

return G ©
1// end Partition_transaction
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Input : temporal-transaction (T), maximum distance (MD)
= {on0ron), o is an object which is included in a temporal-
transaction Output : set of Temporal and Spatial Neighbor Objects (TSNO)

Transaction_divide_algorithm_by_maximum_Distance (T, MD )

TSNO = { ) : // initialize

while { T is not empty )

{ Temp ={}; state = true :
obji = select one object in T ;
T =T - objs :
Temp = Temp + obji

while ( state )
{ center = calculate a center position of all objects in Temp:
obj: = select the nearest neighbor of the center ; @

if ( all distant from obj: to each element of Temp < MD ) then

{ Temp = Temp + obj2 ;
T =T - objz: }//endif

else { TSNO = TSNO + Temp;
state = false; } // end else

} // end while state

} // end while T is not empty
} /7 end of Transaction_divide_algorithm_by_maximum_Distance ( }
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Input a tempnm] transaction (1) . maximum distance (M1))

={o1,0r 00}, 0 is  an  object which is included in a

temporalt-transaction Qutput : sct of Temporal and Spatial Neighbor Objects
(TSNO)

‘Fransaction_divide_algorithm_by_Connected_Objects (1. MD )
{

TSNO = { } ¢ // initialize
while { T is not empty }
{ Temp = {1} Queuc=1{1}:
obji = select one object in T |
insert obji to Queue :
T =T - obji:
Temp = Temp + ohji:
while (Queue is not empty)
{ obji = dclete the first object from Queuc ©
S = find all neighbors of obji &
// obj: is a neighbor of obji when dist(obji. obj:) < MD and
obj» & T Insert S to Queue :
T=T-5.
Temp = Temp + S!
TSNO = TSNO « Temp:
} // end while T is not empty
} // end of Transaction_divide_algorithm_by_Connected_Objects )
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Affribute Type Example note
QueryiD | Number | 4829 GQuery ID, totaicount = 90,735
UserdD Number | 29 User D, ftotal number = 100
PathiD Number |13 Path ID
Point Number | 2 Point ID on each path
UserX Number | 356 X coordinate of user
UserY Number | 432 Y coordinate of User
Time Number | 400 Query time, integer value start from O
Type Number | 1 Guery types
ObjectiD | Number | 7353 Object ID that is queried
ObjectX | Number | 360 X coordinate of Object (O ~1000)
Objecty | Number | 456 'Y coordinate of Object (O ~ 1000}
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PathID 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 14
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3 classes contain | support count = 25
class 85
class 43
clags 122

3 classes contain I suppar count = 16
class 452
class 367
class 347

Agsociative class set & 1

Associative class set # 2

£ 7449 48 739 o
support |confidence

class 43 ,class 122 => class 85 01 7% 89,29
class 85 , clags 122 = class 43 0,17% 92,59
class 85 ,class 43 => dass12Z| 017% 89,29
class 367 ,class 347 =)> class452| 0,11% 100
class 452 ,clazs 347 => dass367| 0.11% 88
class 452 ,class 367 =) class347| 0,11% 47
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