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A Time Series Forecasting Model with the Option to Choose between
Global and Clustered Local Models for Hotel Demand Forecasting
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Abstract

With the advancement of artificial intelligence, the travel and hospitality industry is also adopting Al and machine
learning technologies for various purposes. In the tourism industry, demand forecasting is recognized as a very important
factor, as it directly impacts service efficiency and revenue maximization. Demand forecasting requires the consideration
of time-varying data flows, which is why statistical techniques and machine learning models are used. In recent years,
variations and integration of existing models have been studied to account for the diversity of demand forecasting data
and the complexity of the natural world, which have been reported to improve forecasting performance concerning
uncertainty and variability. This study also proposes a new model that integrates various machine-learning approaches
to improve the accuracy of hotel sales demand forecasting. Specifically, this study proposes a new time series forecasting
model based on XGBoost that selectively utilizes a local model by clustering with DTW K-means and a global model
using the entire data to improve forecasting performance. The hotel demand forecasting model that selectively utilizes
global and regional models proposed in this study is expected to impact the growth of the hotel and travel industry
positively and can be applied to forecasting in other business fields in the future.

B Keyword : Demand forecasting, Time series analysis, Global/local model selection, DTW K-means, XGBoost
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HHA o1l ol=els] Aot 54 A of fto|tH(Pereira and Cerqueira, 2022).
A g o] HE S9HA WA g g Az 242 wgste o,
F= T A +4 davkE 44 2 99 A= A%L gojg® Ester) golg 7
of ATk ET, B doleel HEF ABS 4 o vy gojg Al <i >3 20
2 Qe o5 mdE A dlojEol A8
o Aol 27 Astele 497t BAsel. P
ol wlole] folut tjatol ke o) ol —— = —
Ashele Quieh mue] A vekuc. e ot
o3t YA TR 2 Aol A= AA %% aolel - 17:932
S g A9l FEstel kg et o 0 o
39 zdEo] AALHA HolgAle| 23
HEE sk HolH &2 20174 1A
20234 1297449 7|17+ & ==y gy 7)7¢ 42 AQ@AA
(20204 1€9~20214¢ 129)S A|olala xsia} wel AL e ofat Alglo]i Python ver-

A
sion 3.10.10] &SIt AHo] AgE 2zE

Aow, Ag, FAL AlS ol A =y 58

B8 o stk oA FFE WA B gojop sz goliz thg <it 20 AT 71
o A& 180% ol A HolE AR gy o

£ AAsAAL, sig 713 5 duf diolE #H= deyxel Bae qenos s A
T 57} 1807) o]AHZ, 670 o]Ake] U ) 9 o= muor mEye Basts] SlaAL
dlole)E Haeh =& H7HE ABstel M9l 5 agto) © 71481 o Z(regression) 718
of e of|oF dlolE] AR 119,54671S 4= WAl AAoh ek o] o1d] B elel
Aot Ald JHol= AA 55, 39 54, A B st AEg dolEe e wx
o AEzb EFHAL, cllof dlold HEA= 9 sk 719 27H(LSTM, GRU)S} vl A A%
B ) = e s S e s ] 719t 71¥ 37l(XGBoost, Decision Tree, Random
P o5 AU WL B AR MY AR pegz gee) w1, o 3 1 S A
HELA = AU Ol E S WL o po sje Aok mue] e kase
B 9 = A4 ooF H A, 2 A 5
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(% 2) 4 3 (7 3) 71224 sisol HM8E 7 |Hy
It2to| &
T glolH
CPU : Ryzen 9 7950x3D 719 a}ehu] g iy H| a1
Sl=9 o] GPU : RTX 4090 objective Squarederror
MM : 64GB Max_depth 5
OS : Ubuntu 22.04.4 LTS Min_child_weight 5
Python 3.10.12 XGBoost S,
subsample 0.5
GPU-Driver : nvidia-driver-535 T od hi
Cuda : 122 ree_fnet o ist
AZEY 0] |Pytorch : 2.1.2 N_estimators 30
Tslearn : 0.6.3 Hidden_size 32
Scikit-learn : 1.2.2 Num_layers 2
Numpy : 1.23.5 dropout 0
. GRU
Pandas : 153 LST™M Bidirectional X = o
Optimizer Adam °=
model) 2 &-§-5}11x} kit 7|2 nd oGS Learning_rate 0.001
Q3 ZF 7HE R AgE g s o9 Batch_size 2000
<3 3>of =] Yt} Window_length 9
B 0 o2 melo] YK ERE Qukd ierion | Fricdman_
© & MAE, MSE, RMSE, MAPE, SMAPE 0] mse
Max_length 3
AHE 4 9tk o] %, MAE (Mean Absolute | Decision = Random
_ _ _ Max_features Log2 Forest
Ermor)i= AlAIg ol &gte] Zjolo] Arizro] Tree | e
) _ Min_impurity 03573 6=
7= U] eXE A3t MSE(Mean decrease '
Square Error)i= AA| gk} &4k 2fo] 2] A9 Min_sample_leaf
HH4o g 9219 3715 AAFsItl RMSE(Root Min_samples_split
Mean Squared Error):= MSEQ] A|FZ2O 2, 4
Zgah ARG Aolo] ol 2 ATl BAT sl N WA 45S BASD vlas

s, AL WA goln, A2 Aol
+=th MAPE(Mean Absolute Percentage Error)+&=
oSGkt AAIZE Abolo] Wirg 2xjo] Hio
2, A&4E AL5o] E=ti(Syahromi, 2019).
SMAPE (Symmetric Mean Absolute Percentage
Error)= i Hat Ao WiiEe eatoln, A4
gt ol 5gre] Apole] Arhghe AAZY ol
g del Avo® Ui gle] Bikos Bkste,
MAPE?] g o2 (002 Uil 242 vz
shaL Al oxfo] st B4l Btk o] F

o A H AAFo|A= zF selnlct 49 o] HAs}
A yeRd 4= Qltk= H2 a1efsto] MAPES

Sk

e = 25
1

MSE = Ex(a—f)2
1

RMSE = ;2((a—f)2)




3958 5L AT A/ RELS A0 BEHE AAD S 2D 41

1 a—f
MAPE = —Z(‘— ) x 100
n a

100
SMAPE = TZ’(

(la—fD )
(Ual +1£1) / 2)

*a QAL L CdlSg

<3# 4>+= LSTM, GRU, XGBoost, Random Forest,

=
Decision Tree 7|¥H 9] A= 9 &5 A|7HS U

ae T I8 FeAHDL Agstolof
gtk 2 ATl M A Holeo] Hate
ZHAEY 7[Hel DTW K-means S AEH
& Hgojgicy <E S 2 ATolN 48w
DTW Kemeans®] 712 shatule] g tep

ALt o] ol AAE O] QlZze], & Aol =
AA Zee 5 20719 L eR Esto] A

(B 4 712225 flot 2 7|88 g5 & SaAlkt

AR 7% MAPE AT
LSTM 40.651 2h+
GRU 40.414 2h+

XGBoost 38.960 Im-

Random Forest 39.951 10m+

Decision Tree 47.749 Sm+

(® 5) DTW K—means I}2t0|E A=z}

a}2hu] g #* H 3L
K 20 AA -8 4
init 20 z7] FAH A Sl
iter 100 2| uLE 315
state 42 A E

DTW K-meansE &3l S8|AE g 2do]
ZEY, o] Bdg 7|Fo 7 sk folHE

23 7 Tt 2o EFE ok dlolEnt

skgate] 2+ W 29 ®d(local model)S
orA Azl XGBoost 7|¥H o 2 3H5351gIT) o]
97 o

<3 6>°f AAIE v} o] 7 Y
A3 AHEH, A4 glo]EE o]
A o] malo] MAPE 38.961 thu] & 97
A A 2elo] MAPEZ} AtiAl o2 o 94

o
:Cé
of

o Fd U

1

D 2T i

ol 2 o ox

o hsE A B 2hs A =Y o
H] )9 943k A-S MolRelh FRHoR
wj 2R 2079] 24 FoIA1 MAPE 7|30,
BIHE T 92R(10% BlEh T S Hol
el B} EE(10% o)A 30% vlghy 5
= b 47)e] 2ol YlekSyahromi,
2019). & Ao AL ZAnteh o Zele] Hjo)
2 zefoht AL AL YA, AF
& dlolelel sl $4a H%S el 24

HE e o] B A4 £go] I

o= wEstgh ol wek Al 97
(Cluster 5, 9, 2, 16, 3, 18, 1, 6, 12)°] tjsjiA]+=
A walo] Al wewTE $4ak A0 Ueh
U A Bae HEsES sl veiA 1
A el el A mEle ad Ags
£ Ao Ao mEe skt

o Aok wAY HFA Y5 WY

[\S]
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o
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42 I olH=EA AA AE

(# 6) =&Y d5 ¥ dA/XG92 Y MiEIt=
e wiTE MAE MSE RMSE SMAPE  MAPE A MAPE
(A% E ) MAPE  7]X%p
1 Cluster 5 4274 53.504 7.315 4.848 5.395 5395 622.129
2 Cluster 9 11.116 186.720 13.665 8.705 8.984 8.984 333.695
3 Cluster 2 9.705 157.310 12.542 12.401 13.258 13.258 193.868
4 Cluster 16 10.307 203.660 14.271 16.044 17.084 17.084 128.055
5 Cluster 3 21.200 529.170 23.003 18.255 20.581 20.581 89.306
6 Cluster 18 14.283 347.970 18.654 19.779 24.052 24.052 61.987
7 Cluster 1 13.449 345.070 18.576 39.729 32.114 32.114 21.321
8 Cluster 6 16.737 416.410 20.406 27.333 34.161 34.161 14.051
9 Cluster 12 17.192 458.590 21.415 33.946 36.611 36.611 6.419
10 Cluster 13 18.164 468.420 21.643 28.147 39.013 38.961 0.133
11 Cluster 17 19.035 536.320 23.159 32.624 48251 38.961 19.253
12 Cluster 0 21.345 753.935 27.457 40.450 48.559 38.961 19.766
13 Cluster 15 17.374 470.980 21.702 38.135 50.985 38.961 23.583
14 Cluster 8 21.131 675.120 25.983 40.672 55.406 38.961 29.681
15 Cluster 4 18.066 535.320 23.137 45.961 63.665 38.961 38.803
16 Cluster 11 17.258 440.120 20.979 41232 66.670 38.961 41.561
17 Cluster 10 20.886 662.510 25.739 50.166 72.661 38.961 46.380
18 Cluster 14 21.466 690.870 26.284 85.697 77.526 38.961 49.745
19 Cluster 19 21.121 682.450 26.124 105.346 94.554 38.961 58.795
20 Cluster 7 10.299 410.220 20.254 123.490  108.640 38.961 64.138
Aded FHF 13.449 345.07 18.576 32.114 39.729 - -
- Hodmg 13.231 329.25 18.145 31.748 38.961
7] S8 AIE HlolHE 7|Eom AjE B AHESHAEE olE Fl & AtollA Aljte=
A= Fesf Hodth <& 7> AY HlolEE Aea 2] mdlo] Heja 2-go] AA|E axt
712082 AEE o =5 At Zdy} vl ARIAE =elst7] flgte|tt.
2do] Aee YEhal Sl Bl HYlgs DTW K-means S 2E 7 HA 2] §lo] X*Xﬂ
100% Ao 29 A4S o) A Avet sy 101% W2 ALGR A Sa oS
100% Ao 2ee A fho] Ae Auks o] A% MAPE 3896002 UeRytt. 01%
aA% ﬂ 18 71+ A9 =9 452 MAPE
(E 7) Hotzdnt HmEEo| Ms H|w 389613 Ao Zolsl Zro|th HbH, DTW
o e | YRS K-means 22283 Anto] weh 2F 239 A
A-8A WA Y%p o pulule A8 =3 Ao AJL2 MAPE
v | Admg 38.960 13.80 39.7298 UER} 938 A nde ALgst=
2| Aogme | 39729 15.66 ART} o] sl Aos Lehdo)
Adzs | o A A% HlolEl S Fol Selgh vhe} gol,




A BY 5L 571 4G BRSO W ok SRk AZFEA 2ol A DTW K-means

, oul 5ol sk Ao mue  ZelaHde BR AAdE AR 2o
A ebdeh. A9 dlolEE Z1#02 S (information loss)] A8 fse] Aol b
ole} §iafet afEle] AT} herdcl. 9 o] o3 A g AAAY 4 e ARol

A% dole g Jlzoz 4uel uet AsE ok ol Fuai] g & Aol A
Ao mel Bl Ao mUe Aure A8e o wuT Ao UL HUdeR LT &
Lo o) Ao malold BEE MAPEE ol A|RE HTUS AU o HTWS
374812 LPERde. ol Aol HUS 48WEe  Fol Ao molut Ao HUL BEOR Ag
af chulste] 3.80% 45 AFS Lehiivl, W5 @ ujnch MAPE 71£0.2 38~5.66%2) 4
Aol mAg AuE 790 AL see%e]  ATE TIssch
Aol A Holth ol Fal & Aol Al olaw & A} 2 s ool gl
<m0 fETE T 4 ok wl g3 e AR, 1E AFES SR o

28 Sfat sl LRB A BT}
V. A= U ISR Aol 28S wEsA, AT
= Zelans AAE ol A TS =2

s A4 o mae Ha ede o WERE HOH QA AE S oF @TE
4 Zstel S SO Qo) wg sme o e et S, Kim & AQ00) &
Eapell Hlgick oleig MARAL viejely] B0l e WAEE AT A5 RS A
o8] Ak ol fa o= muo] A W /IE AT EE, & e A S
W AA B Babele] de dos  AGRE A Hole el demae vl
Fol JFEY B AT o) sty my 00 AHASR Agshe WHIS Ates
Jure] BE A Sa ol BAL Agreln  or TOU wRE ARHSE HEShe wih
otk oA o Aol me, mae 0T TS ALHGLE Gold ohed
bl ee] g golelo] Aorel daste] | S Sk AU B @l Adnag
e was masin dedenae N ST A g, 44 59
NEH S Ateto] Al g sty o o SIOTE M Estel L e d seleie
Grh mna Ag Ao mae ddon q O 4EEAS B Agwdel f348
o muol} Ao} melo] ojEsl Ak He 0 H A E TS e A v
he o2 48Es non R

2 ATE BAARY B o, Adsre) T8 & AT AT Ae whas 2ot
AT HolEl g Bgolol e A)E sa o o O R SRAG wopel B e
2 wulo] s A5 PAAY) gl s oW 7SS e el AL ARk,
By Hobol T Aol hp 5, vhoygr g ) o IS S ok sk Al
o] oles Aue B on oz wae Ol ol B, TR oAl 371 A €14
AOLEISITh B DIW Kmews Seisgqe 2 SOR A o Agelel A4 cs
$o) Ao WulS Bge kg ANslo] 2o AL FEA SR sh el v
G TS W o et A musty o0 o e oPh ST, BHR A A5
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