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A Study of Using Grey Prediction GM(1,1) in
Forecasting Headcount, Average Output Value,
Salary and Maximum Capacity of Practitioners:
A Case of International Tourist Hotel in Taiwan

Chih-Jiun Lin * Ji-Fang Syong
Abstract

This research predicts headcount, average output value and salary of the
international tourist hotels by using the GM(1,1) of grey system and other three kinds
modified GM(1,1), which are modified 1-years-period GM(1,1) model, modified
2-years-period GM(1,1) model and modified 3-years-period GM(1,1) model. Meanwhile,
forecasting the maximum capacity of practitioners by using Verhulst method. The
result of re-modified 2-years-period GM(1,1) is the best, and it indicates the average
salary rate gets highest in Taipei and scenic areas among the top five tourist regions,
so as the average salary growth rate in 2018~2021. Hence Taipei and scenic areas are
better choices for hospitality graduates. The most percentage of average output value
increases in Taichung and scenic areas. These two places have optimal profitability.
Over saturation of the headcount in tourism. The hospitality education should limit
enrollments, and ensure qualification system so as to solve the low salary problem.

Through the study of the paper, except the results can be used as reference
for hospitality industry, the government and further practitioners that who want to

touch this filed.

Keywords:grey prediction, international tourist hotel, average output value, salary,

maximum capacity
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JER R FERGM (1, DFEA LB BRI RE B TAS FHEM  HARKEAE i3
B e

—  HMEEREBR

R FREOCIRER &8 (World Travel & Tourism Council, WTTC) 2013
FHEEL - 201 2FBDUMEE K 2R EM 76.6JkE T (L EEKGDPHY
9.3%) 5 FHAE2023 5 ERBOGAEEM AL 5 ZERGDPAY10% (#J10.507 K%
JC) o TIAHBHE A DRI EI 37T A (BEERZREN - 2014) - @
S SEAE U R S E R | o AR R E AL (Tang, 2011) o ffiH A
JCHRAERE S FR FHL AR A (118 ~ AR ~ 1R5E - W EZ T IR - LR BDEAEZE T
HEC B (EEF - Wil - 2004) -

TRER BB B RIAN 19565 » 1983~19874F 55 3 &5 &1 43 ik £ % ik LUK
FEBORWE ] » 2004421 H28 H X EFEFTRFHEHIRE » ik " 2k, G - TS
VORE R e HH R SRR AR » B Ry BB REE -

RSB HERER - BE2017F 120 - BEIRBOGIREEEIH 126
X MAE F#29,3530] - MBEIBRBOCIREE 79K » #8% F#22,5800] » K5 H
BOUCIREE /SN AY LR - BE Tl - XIRBASE S EHOER2007~201 6.5 2 18 i & 5
G IREBE 2 E o AT S R #EET - T EBR DL IRAE S B T ABERE
2.8% * FIEMENEFEL.02% » FEHFERHARET1.2% - REATTEHZEME
AR ZE M MBS B AR R F8 A 0 B B B - i S5 A 2 A Al o BBE B R
JiBE e AR T+ HRIABRMEH RS - T2 R Fe B R 2 e -

K ta 33 (Gery System Theory ) F 22 ¥ ABHMER AR i N2 I &E
AR o TETT R Mk o0 b B BU A o N7 R TR R DR SRR PR A SR AR QR R -
MR R - BHBEZE - B 0 2013) o HTEWGEE S HEBE R - K
AISESEREME (ORI - ZESHIG  MEiE ~ RS - 2008) - HLBRE /521982 F
SR BEHR AR Y T AR B 1 M P A i T FEHIER AL B o SR R K 1R
MR G e BRI B E R C BB - EES HO RBED » B bt » KA
WFFEaER a2 B R EDOE IR EE B T A%~ VI EE - HiEFNEEER - W
FIRKFEBIGM (1, 1) R BERIIGM (1, 1) FeliF9e T E 5k 78 1] 22 i 5 L O ik 4
BT FIEME - FrEmRKRRE - i — P ERETAHEE & 1A BnvaRf
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B BRSO ERATE ¢

(—) ~ B E i B PR EDC RS B T M EE ~ FERIHD S -

(=)~ MAIKFERIGM (1, 1) - THHIRK ZEEIFRBDOUIREE <« 8 T AR -
VIFEE ~ FrEny RS -

(=) AR RARE (FHF) RAREARESE (BEBE) GM (1, 1) MK
RAPE2HEGM (1, 1) ~ e RAFEIFEGM (1, 1) ;750 FHHPRKE
EEIFEBOCIKEE < B T AR - PIIEE -~ FEFHENEE - DERE
AR e o TR R -

(P9) ~ BERTIK B S STy - TR 2 22 18 ] B DG AR B AL S B BRONTRS -

(fu) ~ RRUEWFZEAE R DURBOCE IR R R R34 ~ S35 R AL > R
2 A5 A B A AR B A T B E R 2 B2

A N X Bk © EE

By B AE 0] E B2 AT 5245 B o B A LA B SCIR > DUTE R ARBIF S22 0 - 33
FREDOER EH 19864 - HIBHAG A S it sth 3 B A B 1 B R OGRS g+ It
[P i 1 R R DU IR B A B i B S B TR - BRI R B R H
BRI &R - HFENsET - TR Bl A2 AR B
BE o RIERAHFZE )58k H 2 8O Ry FEE 67 2 I R DG A A 2 5 0 M s - SRR
T4 (2007~2016) 58 BE BRI DL o> Ay B B B PR - O8] ) an A o B 2 UL fi e
orPEEA Rl SEME -

— » EEEREIRES ERR

ARBFFEE B F2007~20165F 2l B BOL R 2~ 5 & 28 B ERBOUIREE - Hh X
DU e hae e @ oy Ry 2= b ~ it ~ 2=~ fEE R R @ o H 2% @ IR BB O Ik
B DO AR -
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JER RFABIGM (1, 1)TAA]

S BARRARE R TAS S FHEM ~ H

BRAMENE v 2h

£1 2007~2016FZEEIBFBUCHKE S TAE -~ FHEHKLEWFHFER

F gaedH aTAm SPHIEMCD)  EEHEOLAE)
2007 9,075 2.293,170 626,527
2008 9,245 2,221,447 649,714
2009 = 8,743 2,097,638 642,674
2010 9,250 2,203,659 647,247
2011 It 9,773 2,288,039 685,060
2012 Wb 10,520 2,320,810 692.837
2013 i} 10,583 2,372,497 699,341
2014 i 10,599 2,480,117 701,273
2015 10,631 2,496,335 745,808
2016 11,179 2,419,557 750,470
2007 2.642 1,692,785 560.823
2008 2,671 1,779,523 552,326
2009 - 2,447 1,648,245 544,114
2010 2.616 1,772,752 559,921
2011 i3 2,680 1,871,325 537,775
2012 Hh 2,699 1,786,861 549,748
2013 . 2,706 1,792,928 562,664
2014 Z 2,810 1,811,788 566,160
2015 2,800 1,751,514 537,660
2016 2,798 1,632,294 444,467
2007 1,360 1,463,550 541,055
2008 1,319 1,511,043 521,261
2009 = 1,227 1,410,164 539,761
2010 1,220 1,693,466 595,837
2011 H 1,277 1,797,380 571,952
2012 Hh 1,302 2.173.856 529274
2013 . 1,358 2,110,813 529,201
2014 f 1,373 2,055,274 518,621
2015 1,331 2.117,210 523,369
2016 1,306 2,046,502 536,895
2007 986 1,329,318 434,793
2008 1,037 1,273,390 457,328
2009 " 949 1,402,504 493,918
2010 - 982 1,395,292 460,975
2011 1 1,033 1,372,092 441,015
2012 Hh 1,039 1,324,286 457,891
2013 996 1,372,913 473,619
2014 & 1,039 1,475,133 492,010
2015 1,037 1,393,983 482,048
2016 982 1,347,756 521,338
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£ wadH BTABO FHEEGE  VEHEGTAE)

2007 1,811 1,245,694 486,109
2008 2,018 1,550,207 504,636
2009 J& 1,929 1,463,409 486,881
2010 - 2,045 1,641,010 464,015
2011 2 2,209 1,689,712 466,357
2012 i 2,253 1,762,600 510,747
2013 - 2,274 1,855,351 527,461
2014 . 2,287 2,024,671 554,087
2015 2,262 2,024,705 601,027
2016 2,395 1,923,223 562,590

BRI ¢ sGEARBDL R R AW TR R

= IR RRER

(— ) JR €8 240 B G 19 5 38

K A% (Grey System) BHGmi F R 19824F HEL R BEZ X (Deng) FTE
o RN N RERAIRIER T (IRTER ~ #IBS - 2006) -
I B A PR S IR R EHCR W AT - FEA S BEHE R T » BRMASGTY
fili ~ THHIBEA DR SE (EPERAE ~ DRUEME ~ NS - 1996) - Bigmrh ¥R E MR
DBt E & - 5e R R R SRR E R BB - A%
AHHfE S BIRE R K B R (ARIESE » 2007 5 L&l ~ RAREL ~ #EFifsE ~ IREE
fEmal ~ RETRE ~ B 0 1998) o

Tt B B 48 3B AT A RO OO R TR R ER B AL MEE SRR A
HEERE » el RIE AR " & ) A EEANRSR (SREEEE - 1996) - MM
Bl URIRIEEGR T AESRHEEH ) fEARE W - B AR - BURER T g
5o Mg m ke EE L WETER -

fs BRI - ISR A R Y K B R A B B2 R R - A2 - AHEER KT
MRS - EEE R ZINE R R AR R TR T~ RO P B A B
it - EERDEHIET - BIA] HERE St 2 FEHIRY H AYFIRCR -
(=) RAMGM (1,1) BURGEEBIEHR (Grey Verhulst ) 1%

IKTEM Ry I (o AR BER I 92 2 — » R LAGM (1, 1) B R BLR 8 345 BUg Al
HETHITEEITTE - BEEE (2013) 8RIKGM (1, 1) A5 HE/NEAR (4R
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A BRI HEFT R0 - (RILBUE A F 2 HLBC2 AR AE o B Ry O KB B - i
BEIS W (Verhulst) BEAY R 183 74 U TEE] VerhulstfE HiHY » HRF PR 25 AU TH
il Ay 1) S — ] ) B T Z BRI RRE (BB S » 2012) o RIBLARHFSEHE K
TRFHEHEAKFEHRIGM (1, 1) RIKEEREIT R - FIFH2007~20165F3858
OB AR < AR B - R BT THE - DURRARIRER S -
(=) TR € 22 40 B A B8 I8 SR 4 5

IR AR AR G AR T AR R - CRRE AR TR - R A R
TREEFREHEBE T QRME ~ SFEE - PR - o0k ~ #EE - |
2002) o AIKMHIEZEFHEREBFER (Lin,Jhuo & Yeh,2014) - A 38 g o ifF
SRR AR IFFE(H BT~ HRIE > 2014) - PESEE TR B S ERTHEI (BRI
Bo2016)  AVEEARRITOREZEN (FHHE - 2017) - 20144 Lin,-
Jhuo & YehJEHIKFHHMIGM (1, 1) FHMIBI R A EGER L - MM S T ERHE
HHE - G2 SRR R T T - RIS RERAGM (1, 1) & $1¥ 28
FEBDUIRE AR ENERKE T AR~ SFYEHE - HFERR IESETHI - 2L
RS HER TEHIRS R -

SN HER T R

— B xFERIGM (1, 1) FRAMEEY

KEHGM (1, 1) SR RERF/NEA > BT a2 (E8E -
2013) - HEgMEREAUS AP - 5 PR IIRGEE 5 B PRI
IaFesl s W= BRI EA RN - BT R SREAORZ 8 B0 BRAE R A AR
A SRR BRETETEAIE ; NP BRRGAEERERE  Hyn R ANE 1R -
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B aVALY GUE

) £ : .

2hnkrk (AGO)
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EEAER
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Py T il Gi Y

: T i
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: T i

| wemE |

D] 1 T O 3 A D

W92 /732 %Lin, Jhuo, & Yeh (2014) k#&an ~ #hi&E$ (2016) Z W%
AR EEAAS [FHDeng (1982) ZIKTHHIGM (1, 1) =L » S B/ EH BRI
T :

A BR— - B IR R
B R ES B RHE T R R AR A
xO=O (1) x0(2) XD (3),... xO(n)) (1)

FBR T ¢ BN (Accumulated Generating Operation, AGO)
I —RZBIERAGO)R L ZIF P52 e sk - 57040k -

W= AGO(x"") = (Zkzlx(m k), ¥2_,x@ k), ..., X" x© (k)) 2)

ABE=  BEAERK
L —BEB O GREE  SRISRINZBEL -

o it - 0 (3)
1 g 3 2
ED ek + 1) — 2D (k) (4)
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2. MM RIER (IAGO) 1341
xDk +1)— xD (k) = xOk + 1)
DUEHSEE xV()  aEETRER -
xD (k) = 0.5xV (k) + 0.5xD(k — 1) = zV (k) (5)
frey LIS EIGM (1, 1) BERIRYIR 24 R s
x© k) +azP (k) =b (6)

A BRVY - AR AR A
a > bIBHETRP R =t R/ - REHE

x©(2) +az® () +b
x©3)+azW@3)+b

x@ M) =az®Pm) + b (7)

R R (6) B -

2©(2) —zM(2) 1
x©(3) -z(3) 1 a
Y =[x©@)|,.B=|-—zM@)1|.a= [b]

x(o.)"(n) —z(ll)'&n) 1
iMafIpHIEAE R @ = (BTB) 'BTY ki

LB R HENE
MR 5r FiRE = RGBT THE G2

2Dk +1) = (xO(1))e™% + 2(1—e~%) (8)

1 Bl TR A TS B TR S - M RNA R (TAGO) & - REIHIEFHEH

2Ok +1) = (1 —e%) (x<°>(1)) — Z)eak (9)
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faml I AG B LT B e (- HERZ AT

x(O)(k)—f(O)(k)

O s

x100%, k = 2,3,4,...N (10)
Hrp oo xO (k) - BB s 2O (k) : FEHENE

Lewis (1982) a8k » A THHIBUIE R 2 72 FE1E10% N BRIEHE B KR 90% » Bk
B RTEH - FHRAZZIEAE20% A S HERE S K80% » HIR/RTHMI G -

T EBYReaEmIsETERE

KBRS TR R A Ry gt B GM (1, 1) BBV - FF HAR R A A — {1 FR 1
FREAIE - Dlim 2 EEREAIN O (RS - 2013)  » HPHHEIE AL B U5
A (1) FroR -

dx(l)
dx

+ ax® = p(xM)2 (1)
DUR a3 5 722 53 i 2 iy /7 =0F0R » Al Ry

x©O k) + azM (k) = b(zW (k))?

- AR

2O = —azM (k) + b(z™ (k))? (2)

LA W R A R A
LR AR BB R AT (2) - AJLIS 2]

x°(2) = —azW(2) + b(zV (2))?
x°(3) = —az®(3) + b(zP(3))?

x°(4) = —az®M(4) + b(zV (4))?

......................................................

x°(n) = —azWm) + b(z® (n))? (3)
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2. b RER (3) - G DA AR
a=(BTB)"'BTy » Hrh Y=Ba

x(©(2) —zMQ2) (M (2))?
x©(3) —zW(3) (zV(3))?
Y = x(O)(4) * B = —Z(l)(4) (Z(l)(4))2
) (n) —ZD() @)
. [a
= _b]
3FIHZ28E - KillaMIbHIEE
DH—-GE EF-DE .
=¥op? P T Fepz )

D=3r,zW(k)?,
E=Yr,z00)xx@ k), F=3r,zV(k)?,

6 = TheaGOUN* L H = Tin, P00

4R R B a > b ZAEAR A NG W Rr e o0 T R U R

TR BE R -
2 (k) = 5 o
X k) = = k=2 (5)
( ) 1+(E><x(0;(1)—1)ea(k—1)

5. HIAGOMEE 2O (k) = 2V (k) — 2D (k — 1) ki

(1—e~9)x2 X[+ A= 1)]eatk—D)
2O () = —— = ©
[1+(Exx(0)( )_1>ea(k 1)][1+( (0)( )_1>ea(k_2)]
k=2

[IzEpeE = (LA ES SRR S

» B lim 2@ ¢
a<0 ,\J&Lrgx (k)—>b
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JREISIEE (6) HIBEAIEE ks % I — R o R 1 0 P T T AR R PR »
s £ (k) rgamE; -

1= SN DR

BRI R THHERE " AFFHE ) - IR R A B AT & - k4h
20184 2 LMl - ATEA461 AMITERATT > RIER4.18%J 22 M » XTHHI{E K
REAE R BRI A28 - W BURRRRE W A T2 & & 2HUREEAIAYTE DL - anks 2
201 84 FHHIE BER UK W 3k s A B B AR RE » 2019 M st & A s 148 2 AT
BRIT -

— ~ MU FRAI S N FRAIGR E MR

AHFELUKTHRIGM (1, 1) ~ i RHBBFEGM (1, 1) ~ RAFE2FGM (1,
1) ~ S REAREIFEGM (1, 1) FErgfE 7 AT =28 BB IR B T A% -
FEME KPR AR TEE - FHES FIKTFEEIGM (1, 1) FEEiRER3.08% @
RARRFEEGM (1, 1) FIEERZER2.45% » WRAFFHEBFEGM (1, 1) F
PR F2.43% - WRAFE2HFGM (1, 1) FIIREERZ52.30% » R
3EGM (1, 1) FMa SR Fe2.34% - i VY HE FE I A RS AE S 3 22 S 3 Ry 2.52% o
Wi Lewis (1982) ffy & TEHMEIBCHERE S 2 I 5% - 35 THII BB 3R 22 22 IR AE 10% A B
HEHE SRR 90% » Bl Es 1 R T o #4535 22 22 PR R 20% N B HE M B KR 80% » HIIRIR
THHI G o X Deng (2000 ) A THHI S8 MEHE B IR FE Fe KR 90% BAR Z1E10% ™
FORTHIIROR B L HERERE RN 80% R ZTE20% A » HIIR/RE#& © Tan (2000)
BRI E R 71 43 b (mean absolute percentage error, MAPE ) ZKffir & » &
MAPEBU/NEAE10% A » AIACFRAEE 8RS e H Ry 18 R FHH » 1 ABH 52 P HE T 5
EEARR3.08% LT » KRS REm kR - Hrh XD R AFEFGM (1, 1) FHH
SR FE - LSS EALin, Jhuo, & Yeh (2014) HHHEZWTFRREH » IR Ry B i &
e T H - gl DA R B S - KRB AR o BER2 -
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JERRFABIGM (1, DTARIEZ BB AREE TAS N FTHAEE S HERKEANB I E

2 PURR A 7T AP B TR PRy EAE P33 i L R

Jii: TEH R R HAgo Sy HAgo Sy
réé GM(1,1) H&FH) FUEE B2 4F FE3
ot b = GM(1, 1) GM(1,1) GM(1,1) GM(l, 1)
=1t 2.37% 2.67% 2.50% 3.87% 3.31%
1= Ik = 1.71% 1.48% 1.53% 1.35% 2.14%
2 f 2.70% 1.54% 3.29% 82% 3.62%
163 B 2.94% 2.03% 1.93% 2.05% 2.19%
R 2.31% 3.52% 1.65% 3.36% .55%
SR SRR A 2.41% 2.25% 2.18% 2.29% 2.36%
=1k 1.99% 91% 1.86% 61% 2.50%
5 I ¥ 3.04% 3.75% .44%, 2.24% 10%
2z g 5.88% 6.01% 5.68% 10.40% 6.15%
163# N 2.94% 93% 3.03% 2.42% .39%
T 3.03% 1.41% 2.04% .98% 4.23%
SRR S 3.38% 2.60% 2.61% 3.33% 2.67%
=]k 1.37% 87% 1.29% .05% 70%
= ¥ 4.60% 1.53% .80% 72% .28%
2 % 3.45% 2.39% 4.58% 19% 2.70%
1638 =i 3.12% 3.43% 1.60% 2.83% 21%
JE\ B 1 4.79% 4.35% 4.16% 2.60% 6.09%
SRR R 3.47% 2.51% 2.49% 1.28% 2.00%
HASE g E SRR 3.08% 2.45% 2.43% 2.30% 2.34%
HE# 5 4 3 1 2

Fe DL BT 2 AR BRI GM (1, 1) FEHEIAE ) Ry DY HE I FH ]
T3 AR IR B IR AR - JREVRS T i = BT TR [RILA M SE kiRt R
AME2EGM (1, 1) BITHERITTE - MEREERST2018~202 [5EAE VY - 218 B PR DT IR 6
BT AR VYEERPIFENRERES -

—~PDHRKbE2EGM (1, 1) FERI2018~2021 8B F3EEREL

Pl BECFg2EeM (1, 1) 7 =0 TH 2= 8 E PR EDEIREE2018~202 1 5F 7K &% &
T A%~ VHEMEKPIFHE > FEllCHERERATIES
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#3  MEAFE2EGMA, 1)TFEHI2018~2021 4 2 15 [ BR8] 6 ik i 11K 18 15§
BTN FHEMN - FHHEHNESRRER
wht Y’E% 2018 2019 2020 2021 m%ﬁ?’ﬁ‘”
2]t 11,938 12,208 12,114 13,090 9.65%
= =i 3,017 2,753 2,938 3,222 6.79%
i =21 1,393 1,310 1,408 1,451 4.16%
¥ AL 1,098 1,003 1,039 1,146 4.37%
J 2 1 2,493 2,853 2,606 2,689 7.86%
21t 2,729,700 2,414,000 2,752,400 2,975,200 8.99%
S =k 1,832,800 1,908,100 1,869,200 1,887,400 2.98%
i}% =2 2,655,700 3,029,600 2,788,900 3,156,900 18.87%
f  fE3# 1,364,900 1,431,900 1,708,200 1,360,600 -.32%
JEVE W 2,381,400 2,742,500 2,628,700 2,793,000 17.28%
=]t 803,100 776,480 759,730 865,080 7.72%
=Y i 537,450 563,910 573,480 534,290 -.59%
g 2 514,590 538,450 533,460 506,690 -1.54%
= G 465,950 517,860 519,600 460,080 -1.26%
JES=E 659,510 560,240 591,190 735,650 11.54%

it VUEETHHBEIEA RO AT ¢ (Yawi-Yaus) / Yoo

= REERRITSEME ZTRAIRER

HRA% B8 B RO IR AT R 2L ~ =i - 2 SRR FE BT A
8 AKX B B S W R B AL HE — 2P TR 22018 ~ 20195 TLARBOE LTI @ 1E Sk
A B BRI, - FHHEIRS R4
K4 ZEBIFEBDEIRAE2018~2019 1 K T 71 4E € A B #UNT & 7 30 45 2R 20 B &

(B4 A)
mE B =it 3 B Fiz Jo\ S
2017 ERME 11,028 2,784 1,257 843 2,413
201 8E[AI{E 11,489 2,854 1,335 988 2,448
B A%A -461 -70 -78 -145 -35
BEAIE®R -4.18% -2.51% -6.21% -17.2% -1.45%

- 40 -
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JER R FERGM (1, DFEA LB BRI RE B TAS FHEM  HARKEAE i3

g g =3 B 1E5H 5
20198 AI{E 11,220 2,804 1,274 841 2,397
BEAN %A -192 20 -17 +2 +16

BEFIEER -1.74% - 72% -1.35% +.24% +.66%

Ahl o BRI EA=2017E BN B — BRIE (+ B ERnLiRER )
FE2 - BRI EL R =GR/ 201 TEER A B

nFa - A KRBOCENEEHAZ 8 THAE20194FE /N 20184 » BURAREK
A BRSO AR B 1 SN R o BT B T s BRORT - T DU R BN W
FERK -

15~ 3% 9L

wre LYW TeRE R - SRS Ty S B AR - o nlEIAnE -
—  FRAIFER D

(—) WEKRFEHGM (1, 1) i LSRR 2HEGM (1, 1) FHI6E 7 ik i
EE Y T 0 SR 0 B G T A 2R B4 2D B BB B R B RO R 1% - G DAGM(L, 1) &
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