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Abstract
temporal information. Due to the dynamic update of the database, the mining of temporal association rules should adapt

The purpose of mining temporal association rules is to find interesting relationships between item sets with

to the updates. However, most of the existing algorithms not only need to remine the updated database but also are
unable to quantitatively predict the tendency of certainitem. In this paper, an evolving fuzzy inference model based on
multidimensional temporal association rules (EFI-MTAR) is proposed to predict the time series quantitatively, In addition,
in order to reduce the cost and accelerate the efficiency for prediction, a concept drift detection method is put forward to
deal with time series data to adapt to the updates dynamically. Experimental results show the effectiveness and accuracy

of the proposed algorithm.
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=

sim(sCITl_l,sclTQ) —

IEREIUND ST
(13)

Hop p BIFIIRE, scn-(i), ser(i) 257
SclTlfla Sc;fz EP% ? /I\fﬁi

A I [8] 7 50 8 2 % R A BRI AS, RR ) A
RS IR IPEFI I 42 18 T e 2 i e A T B A IR
FUIMI I FZ4, XTI AT RN S5, i S
T2 Y S SRR AR HE R T AR 0], A
R A IS SR EHLIN 5 i 3 B A PTG, o R 2
AT RS R EHLN B 42 98 T8, ARSRSEFe N — M3l
7, LB ARG AT T
3.2 ARGURNERN

ARG TR R R SS AUH CA M ZE R 1)
FEAl b, 6F FGE AR B )7 5 3 B i b i £
PEPAT IR T, AT S BR A2 IR R0, S2
ARG H N AR, A SCR WS B BOR i R 40
AL BT, ARYE Hoeffding!®® iy 554G I 503 1) 43
i, e g sl DR, BARRH 3 e mg sk
ISR WA 1 R,

W, w,
| | w |

K1 s n s Bl e

Fig.1 The implementation process of sliding window

B 1, wo o8 RGEFATHI IR KR HZ 4 1
M E RN, w; (1 <i < n) FRBEGAES i
UL TG 3 2 KN, o, wiy (0 < |wi|
< Jwl) R AETTE BT O b5 AL DT A A A S
PEE RN, win (0 < |wia| < |w;|) Fon 24 H1E 30
H TG AR PEEC A RE AR B 7 T RIS, B |win| + wie|
= |w;|; RIS EL R E—FE O, R LA N
Hh TR U DT e 1) 2595 BT o5 B R T 4 18 AL, Dl
AHAE, R BRI BRI SR B 1wy, FESERTEK
PE) B Al EEFZE. RS TEE H AR AR
Bl 2 iR, B, M E) 75 B PR S A R B ] 471
B R B 5 B[R] R, A 24 i B[] 1) 3 23
wW R, NG, AR SRS B S Y e (]
S Bl R AT AR TR A N, 1 VeI 24 Wi () 3] %
oA A A VAR B A 3 FH 224 R AR DN v ) S H A

.
( I\ )

"l

h 4

I 1) P 51
BRI

[EE]

K e S A A

B PRI 25 IR )32 1 5
WIS S

4iR

K2 AT

Fig.2 The update process of system evolving system

evolving window
1 MRS
R TN BT B S BV R SR S EAT HAIE, S
B UCT B R0 o i) 22 A4 ik ) 15 5 50 B0 4

(Air Quality %i#E4E, Istanbul £#54E & Synthetic
Control Chart Z#ig4) 73BT IHXTH 3 FORF T
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STy (R 1 BoR). BIE, BIREIASHE MRS
1R Org 2) R T — S AR 25 M A2 4l I 259

HRAL, S 7% LRz IR RIA R o, i % 1
PEATR WS, HoR A T FP-growth 45K 248
PSRRI K, % B RIASCR AR (7 %
2) R TEIHEB AT IO, WA IR R T TS
BRI YR S, i, SRATT %8 3 BRI X et

5.

H1 OXHITE

Table 1  The comparison program

XFEHEIT 5

1

WS
FIH FP-growth301 Sy sbAr i 45 KN 298, K5
FIH FI-MTAR S TR
L B AS SR 55300 8) 1 EFT-MTAR S35 {0 A5
A B
HFN TS BHHERLEY ST R

EX 2 (FREBER). X TEE n KEHES
W 4R, KA 5 O U AT 1T
BE, HAFAE m 2R B EF ST 5 A HUN PR RS, 05328
NR7IES

CA= % x 100 % (14)
EX 3 (751RiRE RMSE).
Z (9 - yi)2
RMSE = :IT (15)

Hor, n FRBARFEARNEL, § FoRrEARTI i, v
B R i

4.1 BT SYERTSKBAN SR UNEE R
¥E

SR T S I T I S IR D] P RSO T T
AB DAL SE e st PR AR FLV Ay B S, DA A Quality
B AR R A B 2 9 1 e A - B U] Sy 451 2R AT
FLSCI AU .
[1,49]

(21([35,36]) N (31| [37, 40]) —— (61[41,45]) ,
sup = 0.17, conf = 0.73, imp = 0.70
(16)

R Ry i 0 50T {21}, {31} PAREAT AR
At A IXCTE] (35, 36] A0 (37, 40, HLRY & PRAL
Wi {61} PASE KA A RO 1] X TH) [41, 45]. HR4E
IS [1] e 9] A% 2t B B AS I X 2B IRUER, ] DA [, %)

Air Quality ZdfsR iy [E] 2 81 i) 751 B =X,
* 2 PR,

K2 BEULIUER I P B

Table 2 The segment patterns of the time series for the
discrete item
A R R MR Ak
I TR 7 910 A T MAE E IRESME
PT08.5S2(NMHC) 21 74.25 89.25 144.2 0.48
NOx(GT) 31 -316 —-87.1 —-924 —0.16
PT08.55(03) 61 80.8 89.3 911.1 0.45

PRI, AL ] PARE— 23RN

(NOx (GT) {k = —31.6;Ay = —92.4}
|[2004.03.11.01, 2004.03.11.02]) ,
(PT08.S2 (NMHC) {k = 74.25;Ay = 144.2}

|[2004.03.11.03, 2004.03.11.05))

[2004.03.10.18,2004.03.11.12]

(PT08.S5(03){k = 80.8;Ay = 911.1}
[[2004.03.11.06, 2004.03.11.10]) ,

sup = 0.17, conf =1, imp = 0.60
(17)

Hrlr, b ZORPERMIIE; Ay ZORIREZ LY E.
RN (17) AORILIN gt i XE DA B g FL R 8] Py 1) 428
kT, i, vt 4 T8 P B T S
&, M 3 Fs.

# 3 P B Sk

Table 3 The semantic description of the segment

patterns

L L T

- W
[-90,—60]  BIZIFEE  [-1,—0.6] KU
[-60, —30] ISty [—0.6,—0.3] Gl
(-30,0] TRCFW [~0.3,0] /N T
0,30  CFRLT 0,0.3] LT
(30, 60] b 1t [0-3,0.6] BT
[60,90] FIZL 15 [0.6,1] KUY

IR FENR] DA — 2 AR R E 2004 4F 3 H
10 H 18 BF#) 2004 4£ 3 H 11 H 12 Wy a] X [a]
Hr, B[P 5] NOx(GT) WA} ) 2004 4 3 H
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¥ i 4%

11 H 1 53] 2004 4 3 7 11 H 2 ippy (R [E X [E]
35, 36]) H R PE/IME NS ARAE, 1EE])F 81
PT08.S2(NMHC) ZEH}a] 2004 4£ 3 A 11 A 3 it
5| 2004 4 3 H 11 [ 5 WPy (RIEHE] XA [37,39])
i R ZU i BT AR Ak, DR DATS- 3 B[R]
% PT08.S5(03) e[ 2004 45 3 H 11 [ 6 %
2004 4F 3 H 11 [ 10 i py (R )X ] [41, 45]),
R BRI 2P BT a3 As 4.

R b, O B SEE R A SR M E T2
2 IS 5 9 56 P DU ) ASRY) 4 A L AT T, R AE
i W]

R:If dv,; (t—1) is 1 and
A2, (t = 1) is for, dw 5 (1 —1) is 1,
dxej,(t —2) is fi» and

dwC?Jz( _1) is 1a d$c3j3(t—2) is 1
Then dx,;, (t) =

dz.,;, (t—1)
O30 + [ O3, Osp 0s3 ] dxc2j2 t-1) | +
dz 3, (t—1)
dz.,;, (t—2)
{ O34 O35 36 } dxc2j2(t -2) (18)
dxc3j3(t 2)
R PG F:
R:If dx,;,(t—1) is fy and
de’Cl]l (t — 2) iS f12
Then dz; (t) =
930 + 032(133(/2] (t—1)+ 934‘11’61]1( —2) (19)

Horr, BRI N 2, dwery, (8 —2) BRI
Eié%M"JHMﬁFEPE’JIﬁ (21][35, 36]), diz .oy, (E—1) X RLHY
TR IS I BT R A 39T (31][37, 40]), dl‘csyg( )
XoF RV PR 2 RS SR IR J 7 R A 30 (611 (41, 45]), R
FIHEH 30 ZRAEA T IN%k, 10 ZAEA M FIHA, EH

2 (10) ~ (12), FEIRFT 2 A% 5% HLIN] O ASORY] i PELASS
LNV EIEE 2]

§32 ‘§34 =

|

0
| (0:092,312) (1.0181,72.1) (0.2182,405) |
(20)
TR SR H 9 5T 22 4 B 25 o R U] A AR

FEFIBE R IEAT TN, 2 4 S5 T S AT ik ) L
A TR IR

Fd AT R R R IR2E
The RMSE of upper bound and lower bound
for the prediction output

Table 4

dszJS d:cg3j3
0.1656 0.1803

4.2 WM RMAITE

RS UETE Bl B 1 /NG 2R SR AL ST RO ) 5
Wel, 4RI Air Quality B [A)F 554, 725
S AL HOHT L R R, A e SO B RN
5%, 10 %, 15%, 20 % 1 25 %, FIH H shf 238
RN e 1 B i 1 KN T %, X HEAS ]
Wt RGO T, REE AT Fd R =R
it 785 S TG DU 4 S D0 5 . RIL) 43 2H TE A 23R R o 4
TiRIRZE, 5K 5 iR,

5 NN O E RO

Table 5  The evolution effect of different sliding
window size
W i IR PNAN AT
EistaN WE 5% 10% 15% 20 % 7%
0 16 17 19 19 17
1 20 19 22 24 18
2 20 21 24 26 20
Rules 3 21 21 25 29 21
4 24 27 29 33 21
5 25 24 30 34 24
6 25 29 31 33 23
0 0.909 0.899 0.876 0.866 0.911
1 0.879 0.904 0.851 0.851 0.906
2 0.886 0.909 0.846 0.839 0.916
CA 3 0.891 0.896 0.849 0.832 0.919
4 0.876 0.887 0.851 0.842 0.924
5 0.869 0.879 0.854 0.847 0.896
6 0.881 0.896 0.862 0.859 0.909
0 0.144 0.152 0.187 0.197 0.137
1 0.179 0.145 0.221 0.224 0.145
2 0.168 0.139 0.234 0.264 0.121
RMSE 3 0.159  0.157 0.227  0.279 0.112
4 0.187 0.165 0.224 0.241 0.104
5 0.194 0.183 0.209 0.236 0.154
6 0.175 0.156 0.201 0.214 0.146
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AT Bl e 1R/ N B AR BN R, 9 8l 7
HIR/INA 10% I, AR 12 UG 3h e 0ok
25 % W}, AL UECH 6 W, R T O R HUR, AR SO
A FACRECR 6 W W55 FrR, FEARIE R/
BN 0T ARG AL R B LB ], HoE
B FBOR, PR RN B AR B 2 s 8 S e T
Z T I AT e I 2 IR A BT A [ Ak
WAL, ARG HUN TN R 22 1 B Eh A AN K. [H]
— AR, BB E R ShE 1P AR R AR
AT 3 T AR R

4.3 BIERERMERIEIE

B UEAS SCHR H 05 58 2 AEARBOILI A A4
S AUERAR (A0 6 Prw) MITITERE (407 7 Fn)
07 T A R, el ek A S E s e 1R
/N, HETT 5 25 Bs AR BT AL IR, 203k 13 3
6 YHI T IR

M 6 W LAEH, 575 1 FOzn SUWAR HE,
oI TR TR TR AL BRALE], T7 58 2 B AL BT
RGO T IZ RN AR, i HLAYE T Ak
Z3[A], P 1RARCE, UEM T 5 2 iR, it
G, TN EEPIAR T S PTIRRU Y 23 S IEAf %, ] DA
BENTr S 2 WA A RO G BT A AN B R e Y
IrRIERAR, Tl AT AL SR I A5 L B A B ik
RE. BJe, VPG =7 SRR 51 A Ak 45 T
PERE, W3R 7 R, SHEAMMA T R, TR 2 W
BRATM DR B>, XIS 3 55 1, AR
7 %8 2 A SR HER

XL, Sl DA =i 18] 31 K0 4R 1) fie i — IR
AL BRI B 5 0 PR 70 %o AR N IIZRREAR,
30 % YEAIAREAS. [ 3~5 gyt T I kEAR 1 =
PTG i 1 PO (B SR PR AR LA 2R W] AR
2, =M, ra 1 A E S SR EN =
K, T 3 W2, RSO % 2 G E LT
S IR P AV A, FA SR e

5 ZHig

PSR aETDE Ik S € TN N EoO PR PSS WIUE o T
L2 T T2 A0 S8 B BT B SR 2 4 e T
P9 R s A AR, T B IS R 42
I BEARNS T A BB ) BE EAT AR I, AR 2R
8 FITA F F T) e 3 Bl AT B AR AR, T IR
HIR SR ASCRRH T — R 9 53k, AR AZHES
IS S HRALINY 17 L3 o 445 A AN i 2L mT DA S B
IS R IRALIN] By HE BRI A SOR T sh i AR
Xof I 18] 52 471 7 e AL B, 388 AR S EER AR S I R Gt
AL SR, ik T E A M A A T R Y A

*6

Table 6

N [ Bt S 64 A AP E AR X L

Comparison of the validity and accuracy of

different data sets

gl VE B! Ti% 2
WEe  Rules CA Rules CA

0 35 0.902 17 0.911

1 49 0.897 18 0.906

2 54 0.879 20 0.916

3 62 0.887 21 0.919

4 66 0.874 21 0.924

5 71 0.867 24 0.896

6 78 0.874 23 0.909

Air Quality

7 87 0.894 20 0.921

8 94 0.886 23 0.914

9 99 0.879 25 0.900

10 101 0.875 27 0.894

11 109 0.874 24 0.898

12 112 0.895 24 0.927

13 119 0.9004 26 0.932

0 32 0.806 19 0.855

1 36 0.814 17 0.881

2 39 0.743 21 0.805

Istanbul 3 51 0.807 21 0.801
4 57 0.764 21 0.805

5 67 0.794 25 0.801

6 74 0.7778 23 0.889

0 65 0.904 44 0.946

1 78 0.882 49 0.891

2 86 0.856 49 0.888

Synthetic 3 990.862 56 0.875
Control 4 108 0.843 48 0.851
Chart 5 110 0.856 53 0.956
6 114 0.854 59 0.896

7 124 0.889 48 0.926
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Table 7  Fitting error L ‘ —- %1 E‘]J’fﬁ‘/)ﬂﬂlﬁ
e/ WAL IEL UES! T% 2 E
0 0.189 0.137 0.168
1 0.195 0.145 0.172
2 0.176 0.121 0.156
3 0.169 0.112 0.144
4 0.162 0.104 0.136
Air 5 0.201 0.154 0.159 0 25 50 75 100 125 150 175 200
FEAANL
Quality 6 0.194 0.146 0.174
(@) 775 1 LA MER] L
7 0.156 0.108 0.144 {a) Scheme 1 fitting curve comparison
8 0.186 0.133 0.176
1.1 — b
9 0.197 0.148 0.185 J\ ™ME
—=- 5 % 2 (MY
10 0.211 0.158 0.195
11 0.197 0.155 0.186
12 0.154 0.099 0.129
13 0.146 0.091 0.132
0 0.144 0.094 0.129
1 0.184 0.139 0.165
2 0.226 0.172 0.208
0.5+ . : , ; . , : :
Istanbul 3 0.198 0.149 0.184 0 2 75 100 125 150 175 200
FEARN L
4 0.188 0.139 0.171 .. . .
(b) JFZE 2 WAL
5 0.209 0.168 0.196 {b) Scheme 2 fitting curve comparison
6 0.148 0.103 0.139 o
n KBH
0 0132  0.072  0.095 ' i 3 B
1 0.154 0.094 0.124
2 0.169 0.113 0.146
Synthetic 3 0.187 0.132 0.167
Control 4 0.206 0.149 0.182
Chart 5 0.129 0.076 0.109
6 0.138 0.092 0.116
7 0.155 0.087 0.126 0.4+~ r r T

BEAL, T SEA 28 M) S SR B MR AT
B, AT R T 20 Yl I A SR 4 ARy A P
T 7 Y, AL SRR HATIE, R T A SRR A

R ATy AR

0 25 50 75 100 125 150
REAA K
(e) HE IMA ML b

(¢) Scheme 3 fitting curve comparison

B3 Hdask Air Quality Bfle il 2k

175 200

Fig.3 The fitting curve of the data set Air Quality
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Fig.5 The fitting curve of the data set Synthetic
Control Chart
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