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Abstract:  Spatial co-locations mining is an important research domain in spatial data mining. Spatial co-locations represent the subsets
of spatial features which are frequently located together in geographic space. Up to present, all the existing co-location mining algorithms
only focus on discovering ordinary co-location patterns or co-location rules. However, in real-world applications, the data in a database do
not usually remain a stable condition, making efficient incremental mining for co-locations very indispensable and interesting. The
evolutionary analysis of co-locations can discover the development rules of co-locations, and predict the particular event happened in
future. However, no results have yet been reported from these researches. This paper studies the incremental mining for co-locations and
the evolutionary analysis of co-locations. Firstly, an efficient basic algorithm and a prune algorithm for incremental mining are proposed.
Secondly, evolutionary co-locations are discovered based on several real datasets. Thirdly, both the basic algorithm and prune algorithm
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are proved correct and complete. Fourth, extensive experiments are performed to verify the performance and effectiveness of the basic

algorithm and prune algorithm. At last, the basic algorithm and prune algorithm for incremental mining in conjunction with the

evolutionary co-locations mining algorithm are applied to the Three Parallel Rivers of Yunnan protected Areas plant database to predict

the development rules of co-locations, and dynamically track and protect the rare plants of this area.

Key words: spatial co-locations; incremental mining algorithm; pruning algorithm; evolutionary analysis; Three Parallel Rivers of Yunnan
Protected Areas
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io(C, f;) + Nyere ()
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BE A CPR™(c,fi)>min_prev, W) it 450 2 2 AR 4b 1 15 Gk 15 X (FT B8 B AN 40 B AR O A K ); % OPR(c,fi)>
min_prev,CPI™(c)>min_prev, |t AE S_new H475 A % 2% CPR™(c,fi)<min_prev, J (AR Xt 52 22 4k 11 i
IR (T B8 B A AL ) ).

i BH - OPR (c,f)<min_prev,CPR™(c,f)<min_prev, i} OPR (c,f;)#E % min_prev 1Rz X % f; &G K E K
S N EE LR OPR (¢, f)iBid min_prev, AR NAE S_new FF AT I ARAE 1), B ¢ (XS fi7E S_new HiZ 5
R SR I A P 8 o v i g, DU £ R Bt A 2 A CPR™ (¢, f)>min_prev, 3t 8] OPR (c,f)EH B min_prev 1R
T BN B £ K R SE I N4 43 CPR™ (¢, f)#B 1 min_prev, R 20 2 48 A% s AR 20, 75 S0 52 HOR AL 1R 3
B D)Wy HAE 3 OPR (c,f)>min_prev,CPI™(c)> min_prev,i% ] OPR (c,f;)iE 2 min_prev 1Rz, & Xt %
A K& WP fe il CPI™™(c)<min_prev, J 75 S_new H 475 4 S % A MR B BRAE T R S 5
45 CPR™(c,f)<min_prev, it 8] OPR (c,f)EE 8 min_prev 1R I, 8638 %) 5 f 4 K& 19 S 94 73 CPR™(c,f;)

/N min_prev, AR AR i B A X, T SR BRI 1 2 5 3R DL e JLAUE

FI R BE 1,07 AR F B A 5090, %) S_change H 19 BEAN S SCHEAT 2% 42, I W e 2 78 O AR 4K IR e A X B B 4
RIS 2.

ik 2 BIREE

i A\:S_change,S_change L I¥Xf %4 FCHFCH i %5 2 4E S_old TN H%E 25 E WM

min_prev, i 2 B i dist_threshold;
iyt AR AL R % 3% co-location A5 3 4E PC.
IR
1. X5 T FCH i f AN ik ¢
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# OPR(c,fi)<min_prev,
CPR™(c,f;)>min_prev,PC=PCusc;
# OPR(c,fi)>min_prev,
CPR™(c,f;)<min_prev,PC=PCurc;
S0 2 19 2Rk A SRR AR PCHE T ok FUN IR S i e A% QT 7 DT S 22 55 88 A W LA 2

3 TILHYZ (8] co-location R E L 5547

“2 W] co-location 45 x4 5 47 41 5535 (1 =y S8 ME AL 46 1] S_change A1 A7 19 S_old H i 3% S 147 i S_new
(¥ 5 B A 2 AE 24 2% 7] co-location ¥ A AR I, FRATT A BEOGS 58— AN St S ) 42— ¢, LA 349 R — 4> s
A 11 22 529 S A8 A 1 52 9] B A2 38 R — AN SEBIBE 1Y co-location A3 B 3 AR A T 2e B AR 31 T AR Ak 11 4 )

© PERREERSMROT  httpy/ www. jos. org. cn



AR %% 4] co-location A X3 F 15 BRI ST 195

co-location AL, I L R W] 2 Fros.
B3% 3. %50 co-location JEHALKER 120
Hk.
BN A B4R Fon AN SEBI4E S,S,, ..., Shy
25 & 3 {H min_prev, ¥ 2 (A dist_threshold ;

Tt 23 7] co-location ¥ Ak Z 5 X, CL. o
IR
e s Sy s 4 g
1oX5E 1 ASEGIAR S M AT B A wotrk || st ww |
i H; co-location # %45 2 4k 2 &) 2 5i:p
2. CLy=BA(Sy,Sp) /1M 4 ik 42 41 5425, \1 J ﬂ
133 S, h
3. For (i=3;i<=n;i++) = | st =
{ | |
3.1 fﬂr‘?ﬁ g&"fﬁ”% Si—l EP*%EEE@%%%WU, S,H1ffjco-location S fficod ocation S"Eflﬁ’ﬂctlocaiion
S SRR FEHA A

3.2 CLi1=BA(Si-1,S)
} 2 ARl Eidn sz ~5 7 co-location LA

4 EERIIERAMEFNSE &4 RR

5 £ PE R AG 2 W) co-location A5 23 ft 425 4 L AN B2 K BY K 5090 mT LUFS I 3 T A5 76 S_new Hiii 2 & 5 1
B 1Y) A0 B L I A M R 5 S TR) co-location AR MY 25 4 AR SR vk K B R BV A 9 B W B A1 1)
co-location #3032 S_new i /& 2 5 R BB A B B 1 S6FE B 8 & M S 45 th— 25 | 2L

513 1. S_change A 2x i /b AR 4 ) S5 R A A 1) AT K &R

HE WA 1 WT%N,S_change J2 HHAZ A IR S5 DA R A 2 T2 (1) 141 O R A k. U

SITE 2. BicaE—A kB co-location £ 3, c={f.,f,....fi}.T_Ou(c), T_CHy(c), T_N(c)4> %l & c #£ S_old,S_change
K S_new HH K S48, ) T T_OW(C) A T_CHy () 3R 5245 T_TN () A/ T T_Ni(c).

UE B T_CH(c) A 45 38 i (%) 3% S48 FH 5 /0 1) 3 S48, 38 0 B 2D 1Y) co-location S 48] a0 201 75 A 34 i 882>
) S AR 2 R AR T_CHyra (C) I AN 2k k1 [ S 460, A 5 386 0 350 9 20 S 481 f S0 B 7E T_CHy(c) . 461
T_CHy(©) iy —> 3 Fir 2l ty={f1.1,5,.1,F3.2} Jerp £1.1,5,.1,85.2 904 S_change H 4 4= 4 1) SE 9], AN Ja 2011 48 Jn %
Pk /D 1 S E 2 St TIHE T_CHa(c) ™, 8 T 1E T_CHa(c) T A & AL IR AE 19521 t,={f,.1,f,.1,f5.2,f,.5}, 271 £,.5
T XSGy gD 1 5200 2% TG B EIR BRI S M T_Ok(c) 25451 T_CHy(c) & /b S5 1 2 S5 461, i _E T_CHi(c)
HH A 1Y 0 SE A ) S A 45 B R S T_TN(c) A/ T T_Ni(c). O

EIR 2. 7 [H] co-location B 3G 25 4 B A H 2 e & 1.

IERA: g B 1 WT%A,S_change HR AN S Sl AR AV TR S 461 B Ak 2 e (1) 141 G 3R, DR K H S_chainge A2 6T T_CH,(c)
SR TEA LG 2 WAL T_OWCe) M T_CHy(c)3RAR & 2] T_TN(c) A/ T T_Ni(c). Bt 7543 B X ¢
125 RN c7E T_N(C)H IS5 B A7 855 ¢ 768 T_TN(c) 3% 7E T_Ny(c) F th < 41l %, %517 co-location
P R AS YR S A VAN S s S_new FR R A S SLER 9 45 SR SE &1L O

5132 3. [ co-location 5% 2 MY £ 42040 B9 A% SRR VA B AR 1k [ S 2.

IE A AR 2 X5 8 X6 FE R 1 AT A, vAE CPR™™ (¢, ) A2 AT LA 72 B A A Ab 1 A i 85 xR B S AR A 11 ik
IR BB RS T I S 5 R IR A Ak B O

5132 4. 7] co-location #%xUHY & 424 BY A% IR 2k S_new HP IR AT A 5.

E O p | 3 3, B A AR vk B 4t R 234 DA A0 S T i R AR AR A B SO S ¢ 7E S_old R 1
AR BAR B T AR ¢ 76 S_new SN W] LLERTE S_old Hh B B 15 21, b AN 25 2k S_new

© PERREERSMROT  httpy/ www. jos. org. cn



E®O;j
196 Journal of Software #k#F3 4% Vol.25, Supplement (2), December 2014

SHIETE i O

TEIE 3. 7¥[0] co-location 53t 47 4 BY A B2 58 % (1.

IEOA o #E 2 RIS | FE 4 W] 40,45 7] co-location A5 14 42 4 B B 5925 4 52 & 1.

IE PR S 25 W) co-location 5% X 386 5 425 90 3 AR 590 K B K S04 38 31 1% BT A7 25 7] co-location #5034
S_new i &£ 2 5 B AR 1 A2 A K O

TEI 4. 7] co-location FLxCHh G424 J A BV I I ff 11,

E B 25 i) co-location #5734 2 R L A SLVE I IE AR L fh 28 1 2D FIEE 3.2 5,58 3.3 AU ARIE. 58 1 20 IE A Hh 3R
I T S_change, He i A5 T A3 (1 [ 26 .5 BE 2 AOAIE W o A 2 55 3.2 254 {] 1 7y A AER B AR 4K Fr) 22 52451
Az B AR Ak 2 S48, 3.3 A5 T e 1 A R i 3 S 481 R AR 1 3 S A 4 i R S 4. a

EIE 5. %] co-location A5 2 MY 542 48 BY A7 S92 2 1 1.

MR8 X 5 X6 B 1 n] 4, BY AR SR CPR™ (¢, f) AT CPIM™™(c) B+ T AR 1h Iy fi e 45 5, 3L
AT L AE S_old R Ak SRAS A5 2 40 45 1L IRk, 25 1) co-location AR s A FA 4 BY B AL VLR I
. O
5 % I

FATTHe AE RN BICHE A0 BT S B b R AN B 56 F SV B R R R S B VP Al 3 A LA L T EEAT A )
co-location 5 38 i 425 4 36 AR S92 1) R0 3 RN BY e 595 (11 B B SR, 25 1) co-location ¥ A A5 42 48 570 #F L5 3
W BN T AT BRI AE SR 1V, 2.4 GHz CPU,4GB W 17111 PC HL_I ] C#E & sE Bl

f1 T 25 ] co-location 45 X3 f2 F25 408 R T S0 A WLARTE AR G (0 7 22 S_new HBi #2425 W] co-location
PR 384 R 29I (1 S 6 B AR G VA S AR SO SR AR SR L BRI AT LR
51 HiE&E

VPG BLVE T B, BRATTAE FH T 30T AN [ A (R S RS 1) 2 N B4R, R 1 BOR T S AR R RN W5
K S (13 A DX I DA K Hd 42 16 ok U5, L Datta-sets® A2 — ZH AN [A) 4F- 43 1) A [R] IEAR 1) 8 52 B335 48 T oK 56 31 vk

AR A P v
x1 Bk
PR BamsER DN B OARIKIR Bk
Data-setl 10 000 6 500%500 LKA
Data-set2 30 000 6 1000x1000 AU K
Data-set3 50 000 8 1000x1000  AEAULECHE
Data-set4 60 000 10 1000x1000  HERIALHE
Data-set5 70 000 15 1000x1000 UK
Data-sets6 10 000 6 500%x500 FL KA

5.2 ZE[Eco-locationt®E 18 ST A A XM E KB AR RIEIE
5.2.1  HEARGAEY R BVE I Pk ARG IE

TR S SOR IR S BIE . S S BME . B & R/ R VRN T AR LU AL ek . B A S R B i B
LR PERE R A PR
52.1.1 FEESEME d SHERE L. FEARFVEM B R SR

Az B AF Data-setl ELsE¥dE 4 E3EYT,S_change K4 S_new ) 20%,% 5 i 14 min_prev= 0.6.[8 3 &R
T 3 FrEREREXS LA R NE 3 WL @ 3 MM PERRABEE d WK NRELE Y d BOK
i ,co-location SE 5] 23 384 0, 2 SEEHCH: K 3 BURVE T RE AR, @ FEARBE I VERE H A — EAR TRATTTAR (¥
AU, d SR — g R RE I FLPE RN BRI TE R, Lo AR R IR TE 22 X JE A d 136 K4 530 S_change 42
T4 B S s 3 22 (24 d=30 I5F,S_change 275 S_new ) 40%), 1T 3 4% 0551 T+ S_change sR il LL K% 24 B 2 Sz 46 £
A IR R 2 B[R] IR 4 31 JiS S_change v S_new [ 2 /b LL 9, 2 A SVE A S R IAT LU AL G VL TE 1P e 2545 5.2.2

© PERREERSMROT  httpy/ www. jos. org. cn



AR %% 4] co-location A X3 F 15 BRI ST 197

R SEE A MR SR A DGO A2 TR BY B R B R R 0 PR R B R R AT R I B R vk A
A AR LA PR A A AR B 1 )R B, 5 3 A R A R b e e 2 0, B B I A A
Z M0 B AR AR 2 58 5 SO AN AT R K A R A A4S X BT B A A vl AT 38 AR K 1 P S v A
1 b T A R m A B AR D T @ B d R OR, B R SR AT AR AR S S RN IS AR STV A M e R B
s 4 4.
5.2.1.2 Z5EEEME min_prev WAL G55 SEA S VLRI BT A S R

ARSI AE Data-setl BLSEHE 4 L HEAT,S_change K& 1y S_new [ 20%, 5 25 2 d=20.1& 4 BoR T 5E5
i NPT LG H:© 3 ANMEVERIPEREY BEE min_prev BRIV T B KA min_prev 8/ IR i AL 2 5 R
R AR 2, SEPERE FFF,@ T {RIUE S_change A XF S_new [ L 45 (2096), JiT LA A 5032 (1 1 g W1 Sk A1
TG BB R N A R AR
5.2.1.3  AN[RIFUBE I B0 S AR G drids . BEARSTVE BT R B ) 52

A S /E B4 Data-setl~Data-set5 |- #41T,S_change ¥4/ S_new 1) 20%. & 5 Wox T SEEe 45 5N E 5
HRAT DL B SR A G, 3 B ETVE R PERESY T B X — SRR B 0 4518 Uk Ah #E Data-sets IS4G B 4%
VLRI ARSI AN REAE SOV BN ) P 453t 8 SR TR b, B A B P M g 2k S i, AT 3 S K e PR 05 1 R 1
5.2.1.4 S_change A/NEG S L. FEARS LRI BT R 5710 5

FI U 43 BT R I TR A S 560 34 3 W SR AR SRV RN B A VA /2 25 T S_change SKf# S_new [¥] co-location #1245k 5X,
Atk 2x 5 S_change ff K/ Lo B gk S HE — 20 B0 F SE AR SR B A S i P i BRI SOHR SR vk SR AR
BTk 50VE7E S_change 9 K BFHEAT T 286 . 30K S_change (5 S_new [ 2 /b Ll JE A S A S R IMIF L £ 444
A2

50
- 2
é 15 a é l\
gQ S 20 -~
£ T =
5" L RS- D
E» BA £ pA|
o 20 /}7 ; 10 S
S 15 = £
E S |
o 1 x °
=
5 —
0 0
10 1 20 25 30 0.2 0.4 0.6 0.8
d min_prev
K3 FHEEBIE d X 3 R EI B 4 3 FPEIEAE min_prev SoAR i g HL A
8 w0 é 350
5 . 8 300
o 500 8
& 2 250
= 100 /0/ —e—1TA = —o—TA
g 400 ) +1: E f?z / +}Ij:
= = 15 o —+— ¢ o
= /.é 7/ 2 10 _/'/
'ngf 100 / 5 52 *-/-
0
data-setl  data-set2 data-set3 data-set4 data-set 10% 15% 20% 25% 30% 40%
datasets S_change/7S_new ) Lt %
5 ANFEFBLEAR SN 3 Tl L 1 R Kl 6 S_change K/hoxf 3 ik i) 5% i

SEUGE Data-set? LB 45 FEAT BENLICAE S _change MK/ S _old 1] 10%,15%,20%,25%,30%,
40%. 525 45 B 6 s NI TP ETLLE H:BE% S_change HO3E K AL Ge 50V S_new EEFHE I, Mk e A2
SR LA SR ML BE N B AR B, AN 30% T 4R, A S 0 1 BEAR AL Ge 5590, JE B S_change 1k 4k 4%

© PERREERSMROT  httpy/ www. jos. org. cn



E®O;j
198 Journal of Software #k#F3 4% Vol.25, Supplement (2), December 2014

;B b 59 L A2 S_change (13 K 52 i, (H 2 R 1 B9 R 11 my 2kos, L0k e e de & T AR e 0k,
5.2.2 BURSHRI BT R

FATH BY R e ok Fe o BY R BV I A0 R BT R R A e SN BY R B B e A A S SR A BVE T SET AL
50 B A B 7(a) AT 7(b) 23 ) s T BT R S d AT min_prev S A2 A8 A0 I K B A A< B R ERATTTT DA
@O BYRSAEN BARBT R R AR IE 2R 5.2.1 WINIE 2 SRS T IX— 4@ B RRE d KK N
BYR R BEAE min_prev B34 KT T

JERE X EE S_old A1 S_new 3z H SR co-location 455X, Fe Al 175 2 T A5 4k A4 X 491 Q1 7 Data-setl il 4
[,d=20,min_prev=0.4 A TH2 98 2 T 90D 1, (KA 2, 5 QDA S RT.405).
53 EUEXNZHEEZEEIHIELMNA

Data-sets6 &4 L [ 48 47 X )\ 2005 4:~2008 4= ) 4 A Eidh £ A AR 3 i s A B <2 4 S5 1 &5 2R o
K 8 .A. B. C. D. E. FAAFE 6 M Z, &KX G co-location Al B A= )\ 2005 (1) 44 o424 2
¥ (B,C,D,E),7F 2006 4 HI42 445 5 8 (B,C). (B,D). (B,E)¥ %k, ik 48 4 (C,D,E).2008 444 X (C,D) Al
(C.E)M 2k, LB (D,E). J5ok 2006 4E T KREMRESHEKEAZ TS B, 2 5 5K A2 I E MR E
(% C)JF vk, 3] 2008 4, 14 H: 1K) R b 3 BB (C,D) FI(CLE) i kX — AN B A Iz a5 R, &
AR T TR IR, S T AR ) I AE E AR ) S A RS, AT B B 1 AR

12 12
1 * \ 1 /
"%‘ 0.8 \\ } 0.8 /
Ros ﬁ 0.6
0.4 R o4
0.2 0.2
0 0
10 15 20 25 30 0.2 0.4 0.6 0.8
d min_prev
(a) d A2 Ak BY B 211 56 i (b) min_prev A2k} BY Kl % 1) 5¢ 1)
K7 B A
D D D A%{ﬂ?fé
B '\ B: KA 442
£ E B E C:T’A‘i
c c c D:44%
E:fE i 2
F&id

05 06 07 08
Kl 8 A A i I SR AR B S e b s e 4 R

6 SRERKFKBIE

AR i 75 W) co-location A5 X 7E 52 b B H A 75 22, 5 28 W] co-location A5 kAT 48 42 4 A AL 2 AT
e T RS E] co-location 5 3 8 9 2 ARG R B A S0k W HE 22 A B TE) AR AR 1) BUSE R PR 4E
248 co-location e AL 2 5 5, WE B T 4% (8] co-location 552X 14 425 4l Bk A< 5035 Ko B Al 4592 S 1A 1160 1 58 4% 11,
FEFIFE 00 S 96 50 UE T 309 0 5 9 S50k () M B, B Al S0 10 255 SR e e A SIS R ) A9 I T ) =9 O 3 X 3
B B 4 L 3 a5 90 H 4% 18] co-location #583  d AK AR X, TN T co-location 5% xX )8 A AR R SR 11 T

© PERREERSMROT  httpy/ www. jos. org. cn



E®O;j
FART &% 8 co-location A2 X 38 F TR BIK AT 199

A £, 45 58 755 B S B 3 1) s 80H A 1) co-location #55X #25 4, v RH 45 1A] co-location 45U 1 ¥ 4k 23 AT, 6 A%
co-location 15 =X 132 98 4.

References:

[1] HanJW, Kamber M. Data mining: Concepts and techniques. 2nd ed., Beijing: China Machine Press, 2006. 269-274.

[2] Huang Y, Shekhar S, Xiong H. Discovering colocation patterns from spatial data sets: A general approach. IEEE Trans. on
Knowledge and Data Engineering. 2004,16(12):1472-1485.

[3] Yoo JS, Shekhar S. A partial join approach for mining co-location patterns. In: Pfoser D, Cruz IF, Ronthaler M, eds. Proc. the 12th
ACM Int’| Workshop on Geographic Information Systems (GIS 04). New York: ACM, 2004. 241-249.

[4] Huang Y, Zhang LQ, Yu P. Can we apply projection based frequent pattern mining paradigm to spatial co-location mining? In: Ho
TB, Cheung DW, Liu H, eds. Proc. of the 9th Pacific-Asia Conf. on Advances in Knowledge Discovery and Data Mining (PAKDD
2005). Berlin, Heidelberg: Springer-Verlag, 2005. 719-725.

[5] Yoo JS, Shekhar S, Celik M. A join-less approach for co-location pattern mining: A summary of results. In: Proc. of the 5th IEEE
Int. Conf. on Data Mining (ICDM 2005). Washington: IEEE Computer Society, 2005. 813-816.

[6] Wang LZ, Bao YZ, LuJ, Yip J. A new join-less approach for co-location pattern mining. In: He XJ, Nguyen QV, ed. Proc. of the
IEEE 8th Int’l Conf. on Computer and Information Technology (C1T2008). Washington: IEEE Computer Society, 2008. 197-202.

[71 Wang LZ, Bao YZ, Lu ZY. Efficient discovery of spatial co-location patterns using the iCPI-tree. The Open Information Systems
Journal, 2009,3(1):69-80.

[81] Wang LZ, Zhou LH, Lu J, Yip J. An order-clique-based approach for mining maximal co-locations. Information Sciences,
2009,179(19):3370-3382.

[91 Huang Y, Pei J, Xiong H. Mining co-location patterns with rare events from spatial data sets. Geolnformatica, 2006,10(3):
239-260.

[10] Feng L, Wang LZ, Gao SJ. A new approach of mining co-locaiton patterns in spatial datasets with rare feature. Journal of Nanjing
University (Natural Sciences), 2012,48 (1):99-107 (in Chinese with English abstract).

[11] Ouyang ZP, Wang LZ, Chen HM. Mining spatial co-location patterns for fuzzy objects. Chinese Journal of Computers, 2011,
34(10):1947-1955 (in Chinese with English abstract).

[12] Wu PP, Wang LZ, Zhou YH. Discovering co-location from spatial data sets with fuzzy attributes. Journal of Frontiers of Computer
and Techology, 2013,7(4):348-358 (in Chinese with English abstract).

[13] Wang S, Huang Y, Wang XY. Regional co-locations of arbitrary shapes. In: Nascimento MA, Sellis T, Cheng R, eds. Advances in
Spatial and Temporal Databases-13th Int’l Symp. (SSTD 2013), Berlin, Heidelberg: Springer-Verlag, 2013. 19-37.

[14] Wang LZ, Chen HM, Zhao LH, Zhou LH. Efficiently mining co-location rules on interval data. In: Cao LB, Feng Y, Zhong J, eds.
Proc. of the 6th Int’l Conf. on Advanced Data Mining and Applications (ADMA 2010). Berlin, Heidelberg: Springer-Verlag, 2010.
477-488.

[15] Lu Y, Wang LZ, Zhang XF. Mining frequent co-location patterns from uncertain data. Journal of Frontiers of Computer Science
and Technology, 2009,3(6):656—664 (in Chinese with English abstract).

[16] Wang LZ, Wu PP, Chen HM. Finding probabilistic prevalent co-locations in spatially uncertain data sets. IEEE Trans. on
Knowledge and Data Engineering, 2013,25(4):790-804.

[17] Wang LZ, Guan P, Chen HM, Zhao LH. Mining co-locations from spatially uncertain data with probability intervals. In: Meng XF,
Liu H, Kitagawa H, eds. Proc. of the 14th Int’l Conf. on Web-Age Information Management (WAIM 2013). Berlin, Springer-
Verlag, 2013. 301-314.

[18] Hong TP, Lin CW, Wu YL. Incrementally fast updated frequent pattern trees. Expert Systems with Applications, 2008,34,
2424-2435.

[19] Cheung DW, Han JW, Ng VT, Wong CY. Maintenance of discovered association rules in large databases: An incremental updating
technique. In: Proc. of the 12th Int’l Conf. on Data Engineering. New Orleans: IEEE Computer Society, 1996. 106-114.

[20] Lin CW, Lan GC, Hong TP. An incremental mining algorithm for high utility itemsets. Expert Systems with Applications, 2012,39:
7173-7180.

B F 325 25 ST

[10]  vhi, W B, iy th A — ol s B AT R AL 119 25 1] Co-location #6423 7 7 2. 79 50K 2% 4R (1 28 RH4%),2012,48(1):99-107
[11]  WKBH RV, 0T 2 R 20 M A0 X 52 (%) 2% ] Co-location #5032 3 T 5% . 11 S ML 24 31%,2011,34(10):1947-1955.

[12] SEPENE, EWE,JHACIE. A5 B0 JE P (125 7] Co-Location B2 i HF 9T L PLRES: 15 48K ,2013,7(4):348-358.

[15] it EHN B, 7k B AN i S04 4 vh 42 91 45 % Co-location #5520, v LR 1 £ %,2009,3(6):656—-664.

© PERREERSMROT  httpy/ www. jos. org. cn



Journal of Software #k#F3 4% Vol.25, Supplement (2), December 2014

RN (1982 — ), &, B WIT 235 N i+
Az B0, BT AU 7 ) O 4
55

E-mail: 1j11982_3_6@126.com

EMWB(1962—), &, B4% W LA 2, &
TSR b B P B A5, T S AL
Mk

E-mail: 1zhwang@ynu.edu.cn

B E (1975 —), 22, PRI, 32 SR ST 080 &
TE) H0 30 47
E-mail: xiaoqing@ynu.edu.cn

EH(1963—), 55, Hf, T L0 TN £
A, Ffr TR
E-mail: wxkmyn@163.com

© PEPEESESUT  httpy/www, jos. org. cn



