2EH Holg 4FS A% etold 4= /N ATH JARHY 483

2E7 dlolgt dlZe A% £Fold LT
L] e s 94 AEA4
(Incremental Regression based on a Sliding Window for
Stream Data Prediction)

= * ++ =t
444 4 8 F2E

(Sung Hyun Kim)  (Long Jin) (Keun Ho Ryu)

2 o HZ AN VEYAY 222 AAMAY B2 Hojert AL £4L Za JAeE FFHY
Act. 712 AAE dlolg ol g =Y AN glo] d&g FYIT 23y 2EY g A
S+ wE2A 3ol EHI Ajgho] Aol mat dlojele) 40 WHE 5 lenz JEY AAE 9F 7
W AE3e AL HASA gl mely o] ERdME Ldteld 9599 HRAY AARML ol 4T
2EY Holg 4F /IHE AQ o] Age 2EY dHolelE uF A Zdd 483 A8 A
9E B3 A8 MY 402 ED(Fractal)sty, WEHE wojele BEE ukdslr] 98 &ebolg
=S THE AHEStd HAAog 39 2dE ANIY =8 1A A7) FE ol&dd HY dHolg
29 298 §X3% o)A ©lojele] 2 Qlo] HA FRE e PFL I AL AAlsEE e
30 EJEE Za HAFHow 2dS Ao dge] U wAEY AgE 1YY g34e
RME(Relative Mean Error)®} RMSE(Root Mean Square Error)E o]-&3le =A3s 9y, 438 23 o
& 7%l nisl ok

719= : 2E4 dole}, vlole} A, AF, AEY

Abstract Time series of conventional prediction techniques uses the model which is generated
from the training step. This model is applied to new input data without any change. If this model is
applied directly to stream data, the rate of prediction accuracy will be decreased. This paper proposes
an stream data prediction technique using sliding window and regression. This technique considers the
characteristic of time series which may be changed over time. It is composed of two steps. The first
step executes a fractional process for applying input data to the regression model. The second step
updates the model by using its information as new data. Additionally, the model is maintained by only
recent data in a queue. This approach has the following two advantages. It maintains the minimum
information of the model by using a matrix, so space complexity is reduced. Moreover, it prevents the
increment of error rate by updating the model over time. Accuracy rate of the proposed method is
measured by RME(Relative Mean Error) and RMSE(Root Mean Square Error). The results of stream
data prediction experiment are performed by the proposed technique IMQR(Incremental Multiple
Quadratic Regression) is more efficient than those of MLR(Multiple Linear Regression) and
SVR(Support Vector Regression).
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Zg XXl Zg —Xp XX o Zg— X XXy

-9 mAE dHeleE XTyelA AA
X9 =X X} 3%, = {l,xl,xz,xlz,xzz,xlz}y Yuo =Y
¢ —1xy
Cy =X Xy
C3 =X, XY
ey -x"xy
Co—x, Xy
Co—Xp XY

7 2d Aol H88 Mz & dolert ddEE
Q2R woletsh Fo| kAT HolEtE WA o)HFO
2 d3stn P FAHD e V&9 HHe9 A
A T FA =l AS bt AN A% FRE
A% webq XTx gEat X'y P8 B 34
< 4 129 2t

(11)

kK
XTX =3 S (XX )+ il x 2D - (x, [, L)

=1 =l

XTy= ZI«X"ym PN~ D)

b3el AFY Y BE T AT 4P ARe
o] dlAola ko] ALZ Hol gle w HIYP
Cholesky LU ®ai[20]¢ AH&stgch 38 X'Xx&
B xo AXPL P X9 Foly) o] Ae
Aela ko) 42 pARTh A3 4P A A
2= A (13)3 2t
X'xX=M: )& $4x 42
M=LxI : 1 a2z 99
IxLyxx=b L'xx=y
Lxy=bg y A2

L'xx=yz o392l x A% (13)

LS 1 G2 2EF dolert dH=d gol

B o) 7= &gy XX, XTyo} @ AstEe] Az

€ b3e YA P Bt ARHE FAE HAFE
o112 Zolu},

o

SarEE 1. FRAAQA o5 o3 FHRHIMQR) EnalE
Begin
Input : 2E9 tho]e} (xadd[l, yadd, xout[], yout)

Output : 3|9 Zdle] A5b)
Step 11 &8 XX §18 wolel xadd(]sh aH4] wlo]et

xout[]& A&
Fori=1torDo //r=X'X2 8 2o
Forj=1tocDO //c=X'Xx9 & Ao
matrix[i][j] += xadd[i] * xadd{jl; matrix[il[j]
= xoutli] * xoutlj];
End of inner For
End of outer For

Step 2 : 2 X"y o 8 tloJel xaddl], yaddst A
dlole xout[], youtg &4
Fori=1ltorDo //r=Xyg & Ao
ymatrix[i} += xadd[i] * yadd; ymatrix[il = xoutlil *
yout,
End of For
Step 3 : X'X9 93 A4HCholesky LU ¥31%)
inverse[][] = LU(matrix[1[1);

Step 4 © 229 AlF pALT
Fori=1tor Do //r =inversed 3 Zo]
Forj=1tocDO //c = inversed] & Zo]
betalil(j] += inversel[il{j] * ymatrix[];
End of inner For
End of outer For
End
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5.1 alg dig

At 1o FaAE L CPU 200GHzY 1€ =
E49 512MB #-& ARSIt EHEL Windows
XP Professional g AM&3R3 =2 FHEIHEL
JDK 158 2lgstgdtt. 2EH dHolg o2 7/EE ¥
7¥st7] 8 Mg Al wojetet AEHAA wojel 27)
£ AHEtEh

A WAz A4 tF ol FHAEAIMQR)Y ¥
o AFE 98 211004 A8 BEaES SA4S e
138570 AZ9] Mackey-Glass Time Series[22] ®l°]E}
£ AMgE Y. 49 dHoletg olF AS HBH(DES),
Support Vector Regression(SVR), t& A¥ AR
A(MLR), o5 o1& IHEAMQR)F A¥SE 7H<l
IMQRol A43e] 8 &S SHsIAT IMQR 7'H
Sotold Y= AVE 1022, e(V1EHL 0048, 7
9 FZ7lE 10002, Y EEY £ 302 434
o 27 2dg 93 g5 vlolele 100718 AEE A
|19, A uolele 128579 MEL ALEITh
SVR A¥< 9814 mySVM[23]& AH4-3HTh

5 AAE A¥8FEA eF dolel24]E o] &3t
% dolels 49789 MES ZE 2006d 4% HEF
NESATolth &+ &L 27] HA AFHOZREH 647
PEoz AN A%, AE, FA7IYE 5T
A BEe olF ARE qF3 HF dHolEe A%,
AT, 47148 MLR, SVRI o3k 7149 A1H
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Q o A FARA(MLR)Y g3t dgs =
At 7] 2dg 98 &g dolele 10719 AE
< AHEE9T, #2E dolge 39709 AES AMEEY
o 79 Hre 1002, Y #4999 = 302 44
gt 3 #7017 21 A AU Holeke] 4¥L 9
3 ZE dolelE AMgste 2d 7BAE AAFHCh

T Ade dEE 3L 4 (149 2ol RMES}
RMSEES AR&atEth 4 (14)6A yi= AA gholz, v

A% grolth webA oF g3k dAl g Atele] &3

g Alshs Aotk
{1 z .o
RMSE = ;;(y,—yl) (14)
5.2 &8 3t

E7H3 BEAS 2= Mackey-Glass Time Series
elel 48 Ad X 13 29 40048 2ol AAS 7
1 IMQR 71¥e] ©& 7Yl $-3ldnh 1A o
= A3%E BW DESE A9 1HEd ¥s] RME~}
BT 31%, RMSE7Z} 0.041 B= $3tach

3 19 144 95 49 Z7%E 24Y DESY RMEw=
18.01%=Z & 7Hd) nls) =4 Jelsth DESt 3
194 #7 woletel o B JIFXNE FA3d vy

£ dEL2 d7] gEd F2 Az Bo| =

1EMI—: HgsA ¢ty SVRE MLRE 42 8.7%
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9} 956%9 4ul H&E B E} AF dojgs A%
2l BA7E old AAAE WG EwAE doletE
AR 7] W 2ol M¥EQA #/AE g SVRFH MLR
7o) MQR3} IMQR 71951} o ge] A Jehd
< ¢ & Uk

1Y 49 2EE golel ¢ RME A% 1H=ZE
B3 MQR#} IMQR 71¥¢] RME® 1AA 43d o

H el g o= Ajgo] HESLE IMQR 7)ol
L & F Utk MOR 7|He & W9 dFoz
AR 2dd J2& dolels FEFr) W) u3}

£ dojg EAL uhgdkx) Rk WoF o 2& o
olel7} gi¥e] Ha o ¥ AlEE ST MQR 7]
Hel dege FAFos 0 AR A4 5 9
ok IMQR 71Hdl 12857]9] AEo] AZ HolgE AME
HAA 2l PAE A8 ¢ S 2HIe Fee 4
Hog zwl 7348 418 o]FojF k. IMQR 7IHE 41
ol wu) NS 3 e 7HEd 9% dnE
ack # 13 13 49 A} Zo| RMSE A#AE
RME 23} FARE =8 BYoh
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3 59Tk
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4% MLR# SVR2 Z7 8.26%

¥ 1 Mackey-Glass Time Series ®lolel A% 43

T DES SVR MLR MQR IMQR
14 RME 0.1801 0.087 0.0956 0.0477 0.0461
RMSE 0.1925 0.1131 0.1016 0.0459 0.0455
X3 RME 0.3361 0.1117 0.1301 0.0532 0.0489
RMSE 0.3192 0.1526 0.1332 0.0524 0.0485
3417 RME 0.3354 0.1102 0.1327 0.0692 0.0521
RMSE 0.3190 0.1525 0.1342 0.0682 0.0532
417 RME 0.3267 0.1328 0.1357 0.0758 0.0617
RMSE 0.2931 0.1664 0.1377 0.0788 0.0622
5413 RME 0.4129 01725 0.1647 0.0946 0.0776
RMSE 0.3699 0.2082 0.1643 0.1031 0.0818
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% 2 = NESAT dloje 43 Az}

e NESAT
A= AX ZA71%
MLR RME 0.0826 0.0106 0.0041
RMSE 22.9628 15.545 52285
SVR RME 0.0127 0.0048 0.0039
RMSE 4.2361 8.1920 4.8677
IMLR RME 0.0102 0.0026 0.0034
RMSE 3.4808 6.3365 4.1698
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