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Design of a MapReduce-Based Mobility Pattern Mining System
for Next Place Prediction
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ABSTRACT

In this paper, we present a MapReduce-based mobility pattern mining system which can predict efficiently the next place of mobile
users. It learns the mobility pattern model of each user, represented by Hidden Markov Models(HMM), from a large-scale trajectory
dataset, and then predicts the next place for the user to visit by applying the learned models to the current trajectory. Our system
consists of two parts: the back-end part, in which the mobility pattern models are learned for individual users, and the front-end part,
where the next place for a certain user to visit is predicted based on the mobility pattern models. While the back-end part comprises
of three distinct MapReduce modules for POI extraction, trajectory transformation, and mobility pattern model learning, the front-end
part has two different modules for candidate route generation and next place prediction. Map and reduce functions of each module in
our system were designed to utilize the underlying Hadoop infrastructure enough to maximize the parallel processing. We performed
experiments to evaluate the performance of the proposed system by using a large-scale open benchmark dataset, GeoLife, and then
could make sure of high performance of our system as results of the experiments.

Keywords : Point of Interest, Trajectory, Mobility Pattern, Hidden Markov Model, Next Place Prediction

e A odlEE 9T WFE A
o5 AW wholxd A8l A

321

http://dx.doi.org/10.3745/KTSDE.2014.3.8.321

= =|F >t — T+t
Az oMz Aoy
i+ of
B eRdAE wild J17) AAES dE 4R 4o 58408 A58 & At WeFa A0 oF dE wlely AxYe 27
gt} o] Al2Ele tlgZe] AER} o]E A dlolE JFoRRE oY nfIE Eg FHEE 7} AFEAe] o]E HuUS S5l o
298 @A ol Aol AgToRA Ue BE F2T STk ¥ AU AEAY oF A BAL srah FOY AN
2 U WE AAE d5de ddR § A F REOE FAEULh o] FolA FURe FO AL FF olF AA Wik ol d ®
D ok 5 F 0O Wela A REER TR0, ool W, ¥ Axme) AURE ol AR FuE A4, 0 B2 d% 5 %2
Aol Al mEER TR, Teln B A9 PSS 4 49 RE) W Afs @HEE OF QxAE padon Deael
4 AEE Sstd & A=E AAE Ak g3 e Wxvka dole] R GeoLifed ©]-&3to] £ =olA et A xdle) F
& B A% A9ES Faa, A7 498 Fa ¥ A9 B A%e A 5 A
= F2 2, 018 HF, 0|5 HEH, 24 0i2= ZE, OF &2 HS
1.M 8
§ e A4 ARSI, Tk S A 5ol Avtedst & 2k 7171 (mobile device)]
Ag g ooy A md Zy g9 Vs o] Adow S5, =
% o] =RO 4T kA et EA skt Eﬂlﬁl A “ol% A& HEEo] FolbAa Hutd AN 7)go] gt wheh &
Aol 0 B2 o2 A7 Wl Aol Eab dolg vod el A . a4 ol ,
Boz wwd £¥S G437 A ° o] GPS 1A dolHE ol§d A sl AuALBS:
t % 8 9 A7)0t e e} A . : . -
P I P I e R e e e e location-Based Service)oll #& #ilo] F7hskar SlvHI, 2.
2039 7 sk AR et s o i
= = 2. RNE =
Manuscript Received : June 9, 2014 Oﬂ tﬂ /\]"QQX]'"] E}'U HC}T ]—*‘*E U]a Oﬂ O}Cq —’_tﬂ

Accepted : July 10, 2014
# Corresponding Author : Incheol Kim(kic@kyonggi.ac.kr)



o ol SE ol

=

=

2okl 717] AHgA

(2014. 8)

=
]
T

o
A

[lkl

= X8

=1

M3

05
S =

HIO0IE

al

2104
717] AR Al A ol o 2

[=%e}

=K/

she] AbaL A

[

[

=)
S

S|
=
il

bRkl
Rt

322

o

XS

o o)% delo] 2 Yz

Yol 7 AbgAel v

0

&

o]

=

=

AL, ol

Pl

=
o
{a
Tor
oj
=
™
w
=y

Pl

2

19 T 4uAz ABstel A

0|

3 o2
JEo A, 1

9, GPS #x%
A9 97

~

o 37 %

=

=

s M 2k 717] ARgAt
& &= GPS 914 dlelH

=
=

I

7Jure] el
A A

7

et

=

]

3}
=

=]

o

al

A-Ae)

1

d
o

L

T

1

=

& A o

[

=

=
=

]

n-MMC(Mobhility Markov Chain) 22 & o]%

f, o] 7ol A]

HA T

}

A7 o5 AR dolE Aoz
of ARz FEE vY 7 AHgAel

AgALe) ol% A4 dlolE

=

FH(frequent sequence set)

L

Aol BERL ol

L

L

1 e

A

ALgATE o
2

L

i
A

i

]_
ol A4 HelHE

[

S

DJ(Density-Joinable) ¢85S A&FozM, ol I
o)

[71¢] Al A]
[81¢] <Al 4]

A

i

i

ol

}

©
pal

A
o~
T

=
~

=2

715

&}
=
S|

KN
=

Z]
S

] ©lolH

X
Bl

to R XY 1

o o) 4l

=

A (front-end) &
9] o]
GPS 9

7](:}

L

L

=
=
L

T

]_

ol T AHEA EA

2 AHgA)

L

o] o]F 4 dHeolH
H= 2709

A 2] el A

=
=

A 2ol M

=
-

2 HA(POL Point of Interest)&S F&

gt
A

oA A AAe AeR

& oee GPS 914 dolg

means clustering)
B

>
e

NNE 7 AHgA

s

(HMM: Hidden Markov Model)& &3ttt

7
(3]
H

Kir
T

N
K0

olm

ol

0fo

ol
Sl
]|
ol

=
1Ho

SR

L

R

o

s eR
12

gl ol A

L

i

o A

°|

i

T JEE W(map)t BF2=(reduce) FTE

Aghct, ek o8] GeoLifel5] WA]wl= o] g

o s}

=2
= 71

i
K-
4
K0

0f
Kk

A

ol

=

AHE

=

[}

o) 37 of

=

=

o Aol M wrkel 717 AHgA
(4 D9l psk 2 GPS 914 ol

Aol grta 714

e ol Al

ol

p
L

st

o

g9l A

o
i

el
Jo

Nr

o] of

=

[¢]

9]

59 o

i=

=
=
nn

Ahg2

]

L

tol K7hel

°

2 _g_

=l A
ha

=

=

2

taL, o] ElolH

[s}
(Latitude, Longitude, Date, Time), p; € P

Pi
SHK-means clustering)

5t 5

o

47

El

3

©
el

.

] AA]

A

Aol olo] B o] 28 E Butd 7]7] AHEAE

ol s WE whold Alxgle] AAp FE

el A



[mE=S
z7F Frdate] ARH o R olgsty] {il, s a&H ol
2 g-ol ok AT K-H FH sl E £
F5 ulg A Folof stu, #REY 27 TA #;E ¥
A A F vl wet Fske] HFA ] s wol W
= 9= EA3%

o] FAE FH3L7] A B AFAME - AF,
= g dlolE e AL A7)el AFhe] %i—t‘ Awes &
A 3}(canopy clustering)E& WA Fdst] K-Ho 33}
o M 271 FA s AAste WRE ARbeh
Fig. 12 2 =&dA Atshs Wi wet 7wy #3513}
o K-9 wH3E 3l o8 AR GPS 914 HlolH
AFoRREH T2 F2ES F5T d& HolFa 3

. Pol cemrpnd
O GPSpﬁsmnn data,

Fig. 1. POI extraction

32 AR OlE HIA tat

o] Aelx= GPS $14 dolHE9 Al¥~ PR xd
2 7 gAY olF ARG Fo FAEY AL Faw
MG PR Adath e olF WAE TG
2 GPS 97 HolBE Wi, ol A% Fo FAT e
= KAS 2 B AUR A7 AN, A bk
& A8 B2ES AUAR AT GPS 94 HolHE e
A% Fig. 20 GPS 914 HolEEel 2738 B 22
8 0 FAES ol83el, 7 AEAS ol A4S W
trajy, = (P1, P, P7: P10, P13) ®) g g ?; D
trajs = (P2, Ds, Pe, P11, Pra) ) @ (o) &)
trajs = (P3, s, Po, P12, P1s) ()

\ 4

o

traj,’ = (1, €3, €4, €5, ¢7)
S

traj, = (c1, ¢3, ¢4, C4,€7)

o
traj;" = (€3, €3, €4, Cs, C7)

Fig. 2. Transformation of trajectories into POl sequences

Fshe WS ST ok WBE AR olF AL
(4 2% o] Azt &Ml et sha Aol e Fa
ES DIREES IR

traj;’ = (1, ¢z, e, €1, C)s traj;’ € Trajectory 2)

of AzolN FAF FLE ek
o

A Y= Ao I ARERE 3 Aol A
= A YgUEtE R, o5& Fig. 34 3§

grate] Al dlolEE 7hekg) s

- r

traj;’” = (eq, Cs»[Cq-: C4,Cq,Cq,Cq,Cq,Cy, 5'4-] cs,C7)
. T

trajy” = (x5, fales o) [ merging |

Fig. 3. Place merging

=
A
p

L

33 0| wiE ZE b5
o] Ao Fa Hrto AHA JH= mEH
o

g7kl A4 Holns

-l?l

oft
[Rul=)
>

fo n T

H] o]
Fattta gEiA Qo B

2 2 T o

A L Ay

Q(trammg dataset) of 3

b

iic)

Lo

4

B

)

=

g

g

o

i

@

)

tch

4

X

k)
foA fo

(observation) 5= °] 9l
TEE T8 AaEY] W
a7l A ol
A}J‘Lx]-Eo] HFEL &k

o}ftl

=
FL .
O
frtl
o

fr gl p® N b~

>~
>
oo
(EEIRN
O
o>

el

< (ergod1c) e

A= A

i)

5,
L
(o
MR a2 o B
i) >

o
fy
g
o
i

340l 42 TEF 44
@A oF B W AGAS B WE FLE A
AL 1 AHGAY BARA o)F AT e W

b F8 FrES
S AA3B Fig. 49 A4, 3k AF&A7E 1->2->3->7
ol MHE A @A 109 Fiol =2advtu, o] 4

(<3



24 ZEMEIGE=2A/AZER0 R HI0IH St M3T M8=(2014. 8)

o] Zo T WiE 7hed ' A¥Ael 1~KE &9, W e I (key) 9t FH(value) 29 FEj<l wlolE S ¢lo]A

1->2->3->7->10->1'% 2 F K9 olF FZ T o2 Y Y v oz wase zdS Fsich

o QA ET} Yirs e W g Ay A9e 89 gES RS
718 7o 2 aFsts & o7l FJA dAiHaggregation)
S 433 432 HDFSo| #4F #1733k},

Testing data

Orestk=1237 10K wvr Opest 721237102 Opeqe;=1237101

. 3 / Candidate for Current trajectory
Testing Testing Testing the next place of the user

Specific user

Training weekend training data set
0;,=123710259
0,=349202118
0;=3181510259

N * ¢ 0,=279131418

Otest x = argmax (P (Otzst,ilfl))

test i€Test

Prediction

Orcts=123710k SlaveNode SlaveNode
Current Trajectory = 12 37 10

Next Place = k Task Tracker

Fig. 4. Next place prediction using HMM m

Reduce

A AT K A 0% AR FRT 47 A AL
el olE HEE dEliE &Y vimx Rdd H8dh
7V¢ & %% & (likelihood probability)& 2= ol F (R
# dohin 2dle o) Azl W @l geld A2k ] ==y
2 o] ALgAY theel WES sbsol Y E FA o
=3},
e
Ocest i = argmax (P(Orese i4)) 3) Fig. 6. System organization
(4 e dgE oY naz md0)g /xR, by 2 _ v .
S FES 2 olF FARE e A4S vehith POI Extraction
. v,
¥
4, EH%%-?-I OI% EHEn_'l |]|-0|'5| Alﬁﬂl ( Trajectory ]
L Transformation |
of Mol M ol% ARgAe] g e Y4 ZgHoR } Moﬂzﬁw .
o F3t7] $gk Welw VINke] di&F o5 HE wlo|y Pattern Model
Az=dle] AAd ds) 2%t Wel 2 (MapReduce) = \_learning
S5 (Hadoop) w4t HE] Al2=®lS 7|22 dl83e] Ho|g
A AdE TR EA HE AYshy] 93 ~AZEY Fig. 7. Back-end part
o = A=A otH9, 10]
Fig. 5 3F5 Alzgle] 24 Ae] p2g vehic 24 v
74 A]2~€19] HDFS(Hadoop Distributed File System)e] ] [ T ]
¢):=Z(name node)ollA A& F E#FA(ob tracker)= Generation
ofe) 2esH mEglA A ALHs WeFs 22ag ¥
o AuwkAQl AP v PEI F9, 7 dolE wE e

(data node)el Al A& == B2~ E#F(task tracker)= 3
T o dgd Hge Age gasin, 74 APL

v

(map) &9 @7 2~(reduce) 48 Aoyt dutxon Fig. 8. Front-end part

s



§ FTEATEEGT AT T @S D B L FE YT TRHB TR LY HET D
S "R s 1) N o 0 B . M o } - B
= uomlﬂﬂ?zﬂ#%%%7w%ﬂ% MﬁG%;ﬁrﬂ i E o N oA%& oo o
I N of N oup R NS o dw TR R B I R T S
A H S ds 40 Y oas R of W X B o =wmHYx .7 w 0w MW
D B i raToplgr 2o o 2BV Bo_D M E d T o e
<l o = < T o o T % N A oo ¥ ~ g o Mo T o
= IR TR S L P R SR %%% G e R T o % o T
» BEwmp @S Vo N m I I G F 0o bR o e ol
S = m,t For oo Ry o Mm <o ToAL g ‘__ﬁ_ E2 - < K P om o = Wu (- EE " ° N ®
= TR o= BN TR K - %%af%@aﬂi i%iﬁr%ﬂéL; _mﬂ%%ﬂ
T gy Loy B DT > W om o o dxd 6w g pod g
= i)ﬁﬂau}_{7w_ﬂﬂmmﬂ X Wy <] o -~ Bom Y N
g g oA Mo B Y = o5 T " W owouE B <~ A <G A
4o m 8w om Xy W ™ o H <PRr v P T A aw® 3l - WoR BT oy < o
S Y T w oK Mo Lo - COCI N S I L=y
ol %ﬁh%%ﬂ#ﬂ.%ﬂzﬁ%w S o= PR AN S
ol o XO Z o X . on,LuEﬂﬂLNP X T ooy - N )
= 9 - = 2w a4 T = %! = KM do o g oo 2 - w o T o
N e DT eRA S eed ol K s = R P s ma g e RS
U T e Y N NG e e W ®x Ngpa” s o=
Uk I in gp For B i ToH iy - pyoor © oo oy B oo H N = et o) B B o ™ NIl it o M
A - VORI L N e o, B owm oo W oo, F L Ew o N
&1 X <] o B OFE 2D a (I 2w X 2o X oo F o als WX T
o TIH Uk T T m TR Y Froy Vg TR LS T T E g anag o P
P bt m e mRrr P T E w e e w T T W T o BB Moo o o g 4o Mg
AL L G TR L ° MR ET oL ° W B g % Hop BT gy TR
frar b < = _ = ey
TR Tre e~ T g 5w x5 %W mowrweA%Lw.@ﬂ%%ﬂuﬁ@a
=] TR N N R o S ST R oqF TR E T do M T W = F X oM AR NN UE
4
KO
O mwoa b w L ow oo W _
ﬂnﬂn%wﬁﬂﬁmﬂ SET o g
~ o0 X S KT
il B > o) el g g
Oo‘ﬂl = o) ﬂmoaﬂw_f;lmﬂ - W I m =
- A o do B > S 5 S T =
W © g - s 2 =
g ® Tk T o2 N @ = = 3 g
o"_o}o_dﬂﬂﬂg,zaﬁ M5 T L ke > = a =
Faod® ' o7 B o 5 S Sr Be 2 7 2 =
i Q > = >
oo X TH e Eﬂﬂumﬂ & &y mm ) 2 £ % g
L5 o H A =l g = cd Lo = g 2 5 £
L S A CEER %% _g8s  E28 g ze 5 ¥ ¢ T3
ES R g sY 35 s3s £i__|Z 38% ¥ £ Ei  EE
2 B L N H L g =) 28 & 3 3€8g|° =V 81 2x! e =273
L R A 8T 3SE 8£8 283538 siig 28% 38 EFz
TY 2B Ol SNy S> Sy Sz25 L2282 SESE 2S5 §i 253
s o B Sz 53 C88. 53883 255 BBE 2B 3529
= ol ‘o W oy = £90cs T = ES5T E5®8| . =055 s o YSges
o TRy &]xrﬂjfwc >SS 22 30&£: FgEY|S 2292 87§ E322g¢
; . [ o 0 = o h— = . o -~ vl
PEAYR _ o o o Mo Sye 2 9EF-,2390& |2 Ee3S EBE5sogfs2E52
= _Tgwe%_? oo g B 85 2°°g85e 95528 L SSEREScEgZEESESL
N i 1 ey w -_ = o - = T 5 %= - = = = = =
ploﬂﬁwﬁﬂor | M._%ﬂuz_lﬂu7 pTE*E O w.mf So% mm.m O] s 5= 2ESS
TAGEET Ty BT g g8 |83 g e ]
—_— —_ o @ o
R H T o hw T 5w o g s = = >3z -
T R L . b2 S £ 5 S
2 —_ — T o o o
W4T ET T TR A M 519 b EE o
T HRDT T WM oF W B O -

Fig. 10. K-means clustering




3326 HEMoS=2Al/AZE/N & HOIH S

Input:Cluster|D Sequence
map(key, value):
hmmModel = initialize(Model);
a = forward(value, hmmMaodel)
B = backward(value, hmmModel)
forgin$S
Ha}=a1(q)* Bi(q@)
for t = 1to value.length()
forgin$
OfqHvalue;}
= Ofg}value:} + a1(q) < Br(a)
t=t+1
fort = 1 tovalue.length()-1
forginS
foryinS
T{g}r} = T{q}r}
+ap(q) = Ag(r)* B(xes1) * Brsa (1)
t=t+1

Input:HMM Model
reduce(key, value):
finalHmmModel = initial(Model)
for hmmModel in HmmModel
Sum(finalHmmModel.I , hmmModel.I)
Sum(finalHmmModel.0 , hmmModel.0)
Sum(finalHmmModel.T , hmmModel.T)

finalHmmModel.l = finalHmmModel.l / HmmModel.length
finalHmmModel.0 = finalHmmModel.0 / HmmModel.length
finalHmmModel.T =finalHmmModel.T / HmmModel.length
write(ModellD, finalHmmModel)

Fig. 11. Mobility pattern learning
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