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Application of support vector regression in forecasting
international tourism demand

Kua$yuChaf
Chia-Hui Ho
Horng-Cherng Shiau

200140/2 0 2005/ 11/ 4

(Support Vector
Regression, SVR)
c? C ¢
(grid metHfodl)d
MAPE (mean absolute
percentage error)
MAPE

(sensitivity analysis
(owvkeirtting)
(undfeirt t i ng)

ABSTRACT
This study applies support vector regres:
construct the prediction model .of internati

To build stable dindtirenimabdel p’rpar ameter s (c
C andarg selected cathéefsulshwdySipmoposes that

49
(Emat 530903 @ms 7). hinet.net




the number of support vector, as the main t

wit hf od dcrosalidation technique together t
parameters sel eamnd ofndumekst heniopmi mal paramet e
set, and uses the parameter set to construc
regressionMmpbpdelver, this stuwndyti mptgments

analysis techeigual ysi s demmocnosrtrreacttelsy t hat
selected parameters’ witésutletsl itimet medreilsk of
ovefritt,ingnde&rtt.ing

Keywo Rudpspovett ddrc hi Sleppovett RBegressi on
A tificNealr al NepteonktTo onibs mand

2000 (Worl d Tourism OrWR®)i zati on

(World @andvd@burism Cwimc€) |
2005
2010

(Perishability)
( )

(Uysal and Cr&8mptdonlaadadMdatj hoabd Wi tt, 1987
Smeral , Wi tt a nvih nWietlt ,aln@9)Zr oes, 2000

(Shel don andh\er, ,1RNBBr and
Mol ar , Pa8®6i e and SKyldemdrl®® 6and hKii, ng,91899 7

(mati fi cnieaulr al net wor ks)
(Cheng et Sala,rladgodst,ill9 ¥Y2aaanRiobet ®97)
(universal function approxi mator

(Haykin, 1999

82



(KaasanHMil f db896hi aentg 4996

fitnesmpacity

Vapni k(1995) (Support Vector
Machine, SVM)
(empirical risk minimization principl

VC (VapalCkhervonenki s di mensi on
(structurm@ilnirmiskati on principle)

( ) ( )
VvV C (treaodd)

(guadratic programming)

(patteeaogni §cbmi dt, 1996
Joachiln9eds6 ) Vapni k(4997) (¢e-insensitive
| oss function)
(Support Vector Regressi ol

Law and AR0OWOD999
( Nai ve) (Moving average)
(Exponential smodtMuilng)l e regression)

Law and Au

MAPE



Vapnigk—
(regularization term)

(Tay @npd 2DD1

2.1
G ={(x.d )} (% d n
) F X
f(x) =wF (x)+b (1)
F:R®FwlF
w (weight vectx)
(fl atness) Euclideanwlmnor m f(x
(T b F
X
w F(x)
F f (x) (T
C
(Re(C)) (2)
(regularized risk funct(i2gn) w b

Rreg(C)z Remp +£|M"2 = C, lg Le (dl :yi)+l|rN"2’
2 Ni= 2

:i|d'Y|‘e d-y3e
L.(d.y)=1g |othe|)',|wise (3)
( 2) RglC) regression risk
c T8 L.@y) ( ) (3) & —
(1) F v Ir C
(regul arized constant)
( ) C
€ € —
€ (Taebsi ze)
1 C ¢



w b (4)
variabl e)2)

Mi ni mMi z eRelw,x %||W||2+c§(xi +x7)
i=1

(*)):
(5;)-b£e+xi X030

+ di £e+Xi*

Subject e\%ﬂf'(x‘:‘q

(sl ack

(4)

(Lagrange multipliers)

(1) A
f(xai,a)=4 (@i -ai )K(xx)+b
i=1
2.2
(5) a aj ai"a;=0 a;%0
a;30 i=12»yn (4)
Ma x 1
Raiar)=4d @ -ai)-ed @ +a’) -55151(& -aifa;-ai)K(x.x) 6)
i=1 i=1 ==
Subj ecté-ar)eo ,JENES (2120
Kar uksuhifTruc ker ( KKT) (6)
(@i -ar) 0 0
£ (support vector)
e-bound (6)
@ -a;) 0



(sparsgkgness

f
f (x)
Mercer (Vapnik, 1995)
(polynomial ker Kisy)=(¢udcti on)
(Gaussian ker nglky)feu(nesthi-9)1))  d
K (bandwi dt h)

31

Law and Au(1999)

1967 1996 ( Number of
itors) (Foreign exchange)
pubda} (Gross domestic expenditure)
Average hotel rate)

Law and Au Law and Au 6

(Foreign eRoccpwalngt@r oss domestic expendit

Average hofBSetvPreedar keting expenses)

Vis
(Po
(

feddrward neural network model 6
foreign epepahggerons domestic expendit
average hosef vipatecemar keting expendé®és
number of wvisitors

Law and Au
(20 )
(10 )

3.2

( AHR)
(FER) (Pop) ( GDE)



(Y)

Y = f(AHR, FER, Pop, GDE)

f (x)
f (x)

(AHR,FER, Pop, GDE)

3.3

MAPE( mean

absolute

erroNMSE(normali zed meanRsquared error)
1 MAPENMSE
MAPENMSE z
MAPE&. 15 R
1
MAPE
aa-pl/
MAPE—% 100%
NMSE NMSE =1/(d> n)*a(a- p )2
=1/(n- 1)*a(a-a)
Z 8 .
a) e a-p
Z7=19_"100% for IJ =1 if T£0.15
n §j=0 otherwise
R 4 p)
R = —
Vi & p
8 P

(Gaussian function)

(Smol a) 1998

87

perce



Duan,
Keehi, amRrdpPPRoo( kfold
Duan k 5 5fol d
5f ol d
5
4 {C,SZ,e}
5 5
Tay and Caoo’(2001) 1 100 C
10 100
2 5f ol d
MAPE
2
o’ 0.10. 1'% 2 o* 2
C 1 100 1
3 2'° 2 g * 2
5fold 20*100*17*5
( 20*100*17*5 )
€ 2 £ 2
€ Vapni k(1995)
€ Tay and Cao(2001)
(overtting) (undertting)
90 € (0. 00319063 € MAPE 15
3 e 000781MAPE 15
€e=0.007813
2 3 €e=0.007813



10—y 0
e .\-." " & A% "1|
0 ., - |
- b 250 |
g =, # o |
E i E‘ b |
- o '._ ® I|
& - ™ i
w L2
£ "\,
W = " i |I
= A i I
) il 1-
o ie T
IR . " . " " " . L . o
JELE QUE DUEn QUDOTR Q0155 G033 G005 O0Fs  aan 2EOG G000 OuO0ds Q00T 0156 QUISLE QUGS QLS G225
£l el
2 ¢ 3 ¢ MAPE
15
€ o’ C 4 €e=0.007813
c? C MAPE c’=1. €=34
MAPE

c=1.6=34

E10-11 @11-12 @12-13 013-14 @14-15 Wabove 15

16
15
14
MAPE(%) 13
12

11

10 -
00 80 80 TOO &0 S0 40 34 30

4 €=0.007813 0% C MAPE

5-f ol d C=36=1.6=0.007813



(Law)

896077

MA( ) MA (
19 168. 139. 17. 170 1.02!
1971 239750 20880112. 25 2630080.53078
1972 349213542471.44 317688.028327
1973 4866742178513.333837081. 15798
1975 38274@2811211.86 4286641.99875
1980 47218%099418. 00 458472.90333
1987 10335256634B. 18 1067517 288938
1988 124041022840. 48 1186749330697
1993 1280908142500.41140900P. 00059
1994 144063710490D8. 73165234134, 6957
MAPE 10.509 8 .
4
MAPE z r
(Law) 10.59 70 0.9851
8.896077 9 0.9964

1400000

10000

the riumber ofvisitors

i

TRon -
1600000 +

12000 +

E000oa

goanoo -
400000

200000 g

—a— ecfud value  —e— nevralnetworks  ---ke--- support vector regression

MARPRE=896077
Lewis(1982)

MAPE

15 90

MAPE

70



5fol d o
C ¢ NMSE 3
6 (a) C ¢ 34 0.0078183 o’ NMS E
NMSE o°
o°’ NMSE
o’ (< 0. 4)
o’ (> 102. 4) o’
0.812. 8 NMSE
o’ o’
6(b)
GZ
90 %
7(a)e 0. 007 8d?3 1.6 C NMSE
C NMSE
C 0.1 1 NMSE C
1 100 NMSE 100 10000 NMS E
C (<1)
NMSE C
(>100)
C 1 100
NMSE
7(b) ( 9580 %)
* --a-- WASE an raining sat 1
—s— FASE an tast 56l s v iy cgmas
P Ear ol s
iy E - "
o3 ll."' E_Nq'
%sl:lﬁ .'.. 'III.I E‘"
= I'II Ly
£ B
o4 ,.": g
.-F gu
02 __.,'-jf H
n..——:—~--_|__,:~~*”J‘““'_'IK i S AR R ST A e
a - [0 A0 | h e | 01,1000 0]
6(a) C ¢ o’ NMSE
6(b) C ¢ o’

91



(] i
-t NWISE priiraining set 5 “_'-.,_
—a— MWEE onitest sal . b R S——
i ?ﬂﬁ I'. _./'
E N x
2 —: L :l_.l"l
[ tat
F
gqa 7%“
£
a4 | _g
. b £z
aa ' )_,f E
I——L—\_‘i ..... - -"")
N o s S | . . . . .
n 1 0 3l (] T 100 =00 100 SO 100 a1 i 1d 3 a0 TS 100 SO0 1000 SOA0 1000l
a |07, | b G- 00,1000
7 (a)o’ e C NMSE
7 (b)o? ¢ C
1.2 le—a—a
--=a-+- MMSE on raining =1 ~.
| et entestaat i e
g Oa .
: ™
08 B LS
gua '-,‘_.
gbb ;:’ B
(] 13 e
£ 04 b
24 | ,#’f g .
£ .,
/ i gl
03 e Em
....... T T IR ;
u?n:-:-:u_numummnm}huwsuuuuﬁnu_uh_xf, O 0125 0000w 01000RS 0 0055 0003 0005 QLNes3 003125 00625 0125
a - | D.OMHER0125] b = [ 0000486 0.125]
8(a) o C € NMSE
8(b) o C £
8(a)o:? 1.6C 34 3 NMSE
8(a) € 0.007813
NMSE NMSE ¢
€ 0.03125 NMSE
€
NMSE 8(b)
€ 0.03125
Vapni k(1995) €
c? C ¢ 5f ol d
5f ol d
MAPE MAPE

92



Chang, C.C. Lin, C.J.,LIBSVM : alibrary for support vector machines,
Technical Report, Department of Computer Science and Information Engineering,
Nation Taiwan University, Available at http://www.cs e.edu.tw/~cjlin/papers/libsvm.pdf,
2001

Chan, Y.M. , “ Forecasting tourism: A sine wave time series regression approach”,
Journal of Travel Research, 32(2), pp.58-60, 1993.

Cheng, W., Wanger, L.,  Lin, CH., “Forecasting the 30-year US treasury bond with
a system of neura networks’, Journa of Computational Intelligence in Finance, 1(4),
pp.10-15,1996.

Chiang, WC., Urban, TL., Baildridge, G.., “ A neura network approachto mutual
fund net asset value forecasting”, Omega, 24(2), pp.205-219, 1996.

Chu, Fong-Lin, “ Forecasting Tourism:a Combined Approach”, Tourism Management,
19(6), pp.515-520, 1998.

Duan, K., Keerthi, S. Poo, A., Evaluation of smple performance measures for
tuning SVM _hyperparameters. Technical Report, Department of Mechanical

93



10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21

23.

24.

25.

26.
27.

28.

29.

Engineering, National University of Singapore, 2001.

Haykin, S. , Neural networks: a comprehensive foundation. Englewood CliKs, NJ:
Prentice Hall, 1999.

Joachimes, T. , Text categorization with support vector machines. Technical
Report , ftp://ftp-al.informatik.unidortmund.de/pub/Reports/report23.ps.z, 1996.

Kaastra, I. Milton, SB., “ Forecasting futures trading volume using neura networks’,
The Journal of Futures Markets, 15(8), pp.853-970,1995.

Kulendran, N. King, Maxwell., “ Forecasting International Quarterly Tourist
Flows Using Error-Correction and Time-Series Model” , International Journal of
Forecasting, 31, pp.319-327, 1997.

Law, Rob . Au, Norman., “A Neura Network Model to Forecast Japanese
Demand for Travel to Hong Kong”, Tourism Management, 20, pp.89-97, 1999.

Law, R., “Back-propagation learning in improving the accuracy of neura
network-based tourism demand forecasting”, Tourism Management, 21, pp.331-340,
2000.

Lewis, C.D., International and Business Forecasting Methods, London : Butterworths,
1982.

Manuedl,V. and Croes, R. , “Evaluation of Demand US Tourists to Aruba’, Annals
of Tourism Research, 27(4), pp.946-963, 2000.

Martin, Chrigtine A., Stephen, F. Witt.,, “Forecasting Tourism Demand : A
Comparison of the Accuracy severa Quantitative Methods’, International Journa of
Forecasting, 5, pp.7-19, 1989

Pattie, Douglas C. Snyder, John., “Using a neura network to forecast visitor
behavior”, Annals of Tourism Research, 23(1), pp.151-164, 1996.

Pilar, Gonzaez. Mord, Paz., “ An Analysis of the Internationa Tourism Demand
in Spain”, International Journa of Forecasting, 11, pp.233-251, 1995.

Schmidt, M. , “ldentifying spesker with support vector networks’, Interface ‘ 96
Proceedings, Sydney, 1996.

Sheldon, Pauline J. Var,Turgut. , “Tourism Forecasting: A Review of Empirical
Research’, Journd of Forecasting, 4(2), pp.183-195, 1985.

Sharda, R. Petil, R. B. , “Connectionist Approach to Time Series Prediction An
Empirica Test”, Journa of Intelligent Manufacturing, 3, pp.317-323, 1992.

Smerd, E., Witt, S. F. Witt, C. A., “Econometric Forecasts: Tourism Trends to
2000, Annals of Tourism Research, 19(3), pp.450-466, 1992.

SmolaAJ.,, Learning with Kernels. PhD Thesis, GMD, Birlinghoven, Germany, 1998.
Tay, Francis. E. H.  Cao, Lijuan., “Financia Forecasting Using Support Vector
Machines’, Neural Computing & Application,10, pp.184-192, 2001a

Tay, Francis. E. H. Cao, Lijuan., “Application of support vector machines in
financia time series forecasting”, Omega, 29(4), pp.309-317, 2001b.

Uysd, M. Crompton, J.L., “Determinants of Demand for International Tourist
Flow to turkey”, Tourism Management, 15(4), pp.288-297, 1984.

Vapnik, V., The nature of statistical learning theory, New Y ork: Springer,1995.
Vapnik, V., Golowich, S, Smola, A., Support vector method for function
approximation , regression estimation and signal _processing, Advance in Neural
information Processing System 9. (pp. 281-287).CambrideMIT Press, 1997.

Van, E. Robert, J., The application d neura networks in the forecasting of share
price, Haymarket, VA, USA: Finance & Technology Publishing, 1997.

Witt, S. F. Witt, C. A., Moddling and Forecasting Demand in Tourism, London:
Academic Press, 1992.




A

6 = {(x.d, ) (% d

f(x) =wF (x)+b

(1)
F:R®FwlF
C
(2)
(regul arized risk funct(i2gn) w b
1 .13 1
Rreg(C)ZRemp-l'E”\NHZZC =a Le(di,yi)+_”\/v||2, (2)
ni=1 2
_i[d-y-e [d-y|=e
L.(d.y)=1g |c;the?,lwise (3)
w b (slack variabl e)
(2)
Mi ni miz eRreg(W,x(*)):%”v\/"2+C£_(Xi +x7) (4)
i=1

Subject e\‘:%(x‘f‘f{&) bfe+x,

-di£e+xi* X")3O
(Lagrangki mob)ip

L) =] +CA . +x)
i=1
&
aaile+x; 'di +Wwf Xi +b
da (x)+1) -
aar(e+x; +d - wf (x)- b)
i=1

_% (mxi +nix; )

(5) aj,a’,m,ni30 (saddl e point)
L w, b, X;,X{ 0

95



—=w—a:(ai -aj (xi)=0

- = a - aj =
ﬂltl)_ 21 21

—=C-a, - =0
T a-m

L

—=C-a/-m =0
i ar-m
(7)

én.ai :gaf

i=1 i=1

a1 [o,C]

(7) (5)
Ma x

R(ahai*):éjldi(ai - af)

Subj ectél-at)eo

i=1

i=1

o) ek )
w =4 @ -arf(x)

(9) (1)

- eg (ai +ai*) -
i=1

(6)
(7)
sddfi-ale-aikixx) (8)
Of£a; £C i=12:%n
"0f£a; £EC i=12»%n
(7) w
(9)
(10)

f(x,ai ,a;):é{ (ai -a; )K(x,>q )+b

a;(e+x; - d +wf (x)+b)=0

i=1

ai*(e+xi* +d; - wf ()g) b)

'ai)<i =0
-ai ) =0
8)
=C

compl ementary

(xi,di)

€ —

sl ackness

condi t i

(11)



2 aiai*ZO
0

3 a,"1 (0,c)

x= 0

ai

97

aj





