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Optimal Moving Pattern Mining using Frequency of Sequence and Weights
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Abstract

For developing the location based service which is individualized and specialized according fo the characteristic of the users,
the spatio-temporal pattern mining for extracting the meaningful and useful patterns among the various patterns of the mobile
object on the spatio-temporal area is needed. Thus, in this paper, as the practical application toward the development of the
location based service in which it is able to apply to the redl life through the pattern mining from the huge historical data of
mobile object, we are proposed STOMP(using Frequency of sequence and Weight) that is the new mining method for extracting
the patterns with spatial and temporal constraint  based on the problems of mining the optimal moving pattern which are
defined in STOMP(F)(25).

Proposed method is the patftern mining method compositively using weighted value(weights) (a distance, the fime, a cost,
and etc) for our previous research(STOMP(F)(25)) that it uses only the pattern frequent occurrence. As to, it is the method
determining the moving pattern in which the pattern frequent occurrence is above special threshold and the weight is most a
litfle bit required among moving patterns of the object as the optimal path. And also, it can search the optfimal path more
accurafe and faster than existing methods(A*, Dijkstra algorithm) or with only using pattemn frequent occurrence due to less
accesses o nodes by using the heuristic moving history.
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OID X Y VT OID X Y VT
84 166 2005/11,/20/12/10/08 84 166 2005/11/20/12/10/24
108 146 2005/11/20/12/21/19 108 146 2005/11/20/12/27/15
121 133 2005/11/20/12/29/34 88 125 2005/11/20/12/36/34
1 95 9 2005/11/20/12/43/36 6 9% 9 2005/11/20/12/50/45
139 108 2005/11/20/12/56/16 139 108 2005/11/20/13/02/12
157 %0 2005/11/20/13/04/25 157 9 2005/11/20/13/10/54
191 81 2005/11/20/13/11/16 191 81 2005/11/20/13/22/24
26 66 2005/11/20/13/15/16 226 66 2005/11/20/13/31/14
88 125 2005/11/20/12/02/55 78 9 2005/11/20/12/37/43
9% 9 2005/11/20/12/09/41 100 70 2005/11/20/12/45/39
116 87 2005/11/20/12/15/15 116 87 2005/11/20/12/53/26
2 139 72 2005/11/20/12/21/13 7 139 72 2005/11/20/12/59/34
157 %0 2005/11/20/12/26/15 157 9 2005/11/20/13/16/14
191 81 2005/11/20/12/33/34 191 81 2005/11/20/13/27/12
226 66 2005/11/20/12/41/45 226 66 2005/11/20/13/36/32
84 166 2005/11/20/12/33/35 116 87 2005/11/20/12/14/35
108 146 2005/11/20/12/54/14 100 70 2005/11/20/12/23/54
121 133 2005/11/20/13/15/11 119 52 2005/11/20/12/33/27
3 139 108 2005/11/20/13/29/12 8 134 51 2005/11/20/12/39/19
157 %0 2005/11/20/13/43/36 163 48 2005/11/20/12/48/35
191 81 2005/11/20/13/52/29 191 81 2005,/11/20/13/00/26
226 66 2005/11/20/13/01/19 226 66 2005/11/20/13/07/07
95 9 2005/11/20/12/10/05 150 169 2005/11/20/12/31/53
139 108 2005/11/20/12/20/54 156 160 2005/11/20/12/34/24
157 %0 2005/11/20/12/28/29 148 134 2005/11/20/12/42/34
4 157 53 2005/11/20/12/39/38 9 173 108 2005/11/20/12/49/25
163 48 2005/11/20/13/00/27 199 108 2005/11/20/12/56/43
191 81 2005/11/20/13/12/06 191 81 2005/11/20/13/05/16
26 66 2005/11/20/13/20/46 226 66 2005/11/20/13/12/15
121 133 2005/11/20/12/15/45 195 166 2005/11/20/12/15/04
95 9 2005/11/20/12/22/54 182 151 2005/11/20/12/20/43
5 139 108 2005/11/20/12/34/07 10 173 108 2005/11/20/12/29/48
157 %0 2005/11/20/12/45/46 199 108 2005/11/20/12/34/23
191 81 2005/11/20/12/55/15 191 81 2005/11/20/13/20/26
226 66 2005/11/20/13/04/33 226 66 2005/11/20/13/26/00
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OID Sequence

MO1 <N1 N3 N15 N17 N14 N19 N20 N21>

MO2 | <N16 N17 N22 N23 N19 N20 N21>

MO3 <N1 N3 N15 N14 N19 N20 N21>

MO4 <N17 N14 N19 N24> <N25 N20 N21>

MO5 <N15 N17 N14 N19 N20 N21>

MO6 <N1 N3 N16 N17 N14 N19 N20 N21>

MO7 | <N30 N29 N22 N23> <N19 N20 N21>

MO8 <N22 N29 N28 N26 N25 N20 N21>

MO9 | <N6 N7 N13 N12 N10 N20 N21>

MO10 | <N3 N15 N14 N19> <N20 N21>
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Sequence

<NIN3NI5S5NI17NI4NI9 N20 N21>

<NIN3NI5S5NI4NI9N20N21>

<NI N3 NI6NI7NI4NI9N20N21>

Sequence

<N3 NI5NI7NI4NI9 N20 N21>

<N3 NI5NI4NI9N20N21>

<N3 NI6 NI7NI4NI9 N20 N21>

<N3 NI5S5NI4NI9> <N20 N21>

C,
Sequence Sequences
. . . contained
<NIN3NISNI7NI4NI9N20 N2> N1 and N27
<NI6 NI7N22 N23 NI9 N20 N21>
<NIN3NI5SNI4NI9N20N2I1>
<NI17 N14 N19 N24> <N25 N20 N21> c
<NI5NI7NI4NI9 N20 N21> 2
Sequences
<NIN3NI6NI7NI4NI9N20N2I> contained
<N30 N29 N22 N23> <NI9 N20 N21> N3 and N21I
<N22 N29 N28 N26 N25 N20 N21>
<N6 N7NI3 NI2NION20N2I1>
<N3 NI5S5NI4NI9> <N20 N21>

Sequences
contained
NI15and N21

Sequences
contained

NI14 and N2/

-

Cs

Sequence

<NI5 NI7NI4NI9 N20N21>

<NI5 NI4 NI9N20 N21>

<NI5 NI7NI4NI9 N20 N21>

<NI5 NI4 N19> <N20 N21>

Sequence

<NI14 NI9 N20 N21>

<NI4 NI9N20N21>

<NI14 NI9 N24> <N25 N20 N21>

<NI4 NI9 N20 N21>

<NI4 NI9 N20 N21>

<NI14 N19> <N20 N21>

Next nodes that
connected with

Nextnodes that
connected with
N3

Next nodes that
connected with

Next nodes that
connected with
NI14

Fl

N1->N3 weight=0.43

FZ

Sequence Support
<N3 NI5> 0.3
<N3NI6> 0.1

N3->N15 weight=0.42
N3->N16 weight=0.61

Fy

Sequence Support
<NI5SNI7> 0.2
<NI5 NI4> 0.2
N15->N17 weight=0.72
N15->N14 weight=0.64
F,

<NI14N19>

14->N19 weight=0.24

C5 FS
Sequences Sequence Nextnodes that Sequence Support
wignained <N19N20 N21> comnected with - [FINTo N 20> 0.7
> <NI9N20N21> <N19 N24> 0.1
SNION2ON2I> N19->N20 weight=0.51
<NI9 N24> <N25 N20 N21> N19->N24 weight=0.45
<NI9N20N21>
<NI9 N20 N2I>
<NI9N20N21>
<N19> <N20 N21>
C, Next nodes that F,
Sequences Seqrence connected with
contained N20
N20 and N21 <N20N2I>
- SN20N21> N20->N21 weight=0.14
<N20N2I>
<N20N2I>
<N20N21>
<N20N2I>
<N20N2I>
<N20N21>
<N20N2I>
<N20N21>
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22RE TR A FR o8 ¢, A OptPathExtractor-WT 37+ #Z o5 HEl&
k27 SO F, F A 21 BFEE UE5ee 4 Al AsiM WO Freq Link-WI 95
Aol o) ol AFJL EZal= dZolth g SEste] Sy SERE AAE] =34 P
g f7hA o e HA S gAkgich bt

(1) A A= F% 4185 B2l 9] HA e @A FE =, OptPath
OptPathExtractor-WT o] HF A ghol HA olF HHoE AH A

Input : D(Database), C, (Spatial Constraint), C,(Temporal Constraint),

z S (Start Node), F(Final Node ), max_gap (Time Interval Constraint),
Ls; (Spatial Level ), min_sup (Thershold of Minimum Support ),
WT(Threshold of Weight )

Output : OptPath

Procedure STOMP"" (D, C., C,, S, F, max_gap, Ls;, min_sup, WT)

Begin
PrevA = null;

//Set of History Data satisfied Constraint of Spatial and Temporal
D,, = limitedDataSet (D, C., C,, S, F);

// Extracting Set of Moving Sequence from D,,
D,., = SeqExtractor (D,, mazx_gap );z

// Generalizing Region to Spatial Property of Moving Sequence in D,,,
Dpyen = Contains (D,,,, PrevA, Ls;,);

// Moving Pattern Minging
OptPath = OptPathErtractor — WT'(Dpyen, min_sup, WT, S, F);

Return OptPath;

End

(32 3) STOMP(FW) &2l
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Input :
min_sup ( Threshold of Minimum Support),
Output : OptPath

Dyyer, (Generalized Moving Sequence), S(Start Node ),

F (Final Node),
WT(Threshold of Weight)

Procedure OptPathExtractor — WT ( Dy, min_sup, WT, S, F)

Begin
PrevA = null;
Opt Path = null;
nextN =5,

While (nextN= F) {
OptPath add nextV,

nextN = Freq_Link — WT(nextN, F, Dy, min_sup, WT);

OptPath add F:

Return OptPath;

FEnd

(2l 4) OptPathExtractor-WT L112|&
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Input : curr N( Qurrent Node),

F(Final Node), Dpyen (Generalized Muvoing Sequence),

min_sup (Threshold of Mininmum Support), WT(Threshold of Weight)

Output : Node

Procedure Freq_Link — WT (currN, F, Dpyen, min_sup, wWT)

Begin

subD = Search Sequence that contained Node currN and Node F'in Dp.,;

For each moving_sequence S € subD

¢ = subset (currV, S); //Link from currN to nextN that connected with curr N

If ¢ & C; Then
C; add c;
Fnd If
c.count ++;
FEhd For

// Set of Links between the decided Node and optional Node

Freq,.,= find 2 — sequence with support great than min_sup from C;

Conin_weight = find 2 — sequence with threshold great than WT from Freq,.,

nextN = another Node that connected with currNin ¢, weight;

Return nextV,
FEnd

(a2l 4) Freq Link-WT &12|5
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