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Department of Transportation and Logistics Management
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National Yang Ming Chiao Tung University

ABSTRACT

Walkability is the most essential part in developing sustainable transportation
systems, since walking is the first and last mile of all green transportation modes.
Without a good walking environment, it is impossible to make transportation systems
greener. However, due to the budget constraint, the improvement of sidewalk facilities
should be prioritized according to their walking demand. Based on this, this study aims
to develop pedestrian flow estimation models of sidewalks under various sidewalk
geometrics, built environment, and social economics/demographics so as to evaluate
the level of service of the sidewalks as well as their improvement priorities.

To do so, this study attempts to estimate the peak-hour pedestrian flow of
sidewalks based on their geometrics and neighboring built and social economic
environments by using regression model and artificial neural network (ANN). The
pedestrian flow data were collected from the CCTV of 96 sidewalks under weekday
and weekend, receptively, making a total of 192 samples. The morning and evening
four peak hours were identified from a 24-hours video counting. A total of 27
explanatory variables were also collected, which are 7 sidewalk geometrics and
facilities, 7 social economic and demographics , as well as 13 built environmental
variables, including 6 land use variables, 3 POI (place of interest), and 4 public
transportation. The estimated double-log regression model for weekday and weekend
pedestrian flows shows 15 and 10 variables are significantly tested with adjusted-R? of
0.6838 and 0.7425 and MAPE 7.18% and 9.60%, respectively. The tuned ANN models
(Back-propagation neural network, BPN) with two layers show the MAPE of 8.28%

(weekday) and 7.90%. Both regression and BPN models perform very satisfactorily.

To show the applicability of the estimated models, this study further develops an
evaluation framework by using Analytic Hierarchy Process (AHP) and interviewing 6
experts. The most important criteria are the effective width of sidewalks (0.1879),
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followed by signal control facilities (0.1707) and pavement damage (0.1707). A case
study of sidewalks longer than 300 meters in Taipei city is then conducted. The
distribution of these sidewalks on a two-dimension figure (pedestrian flow vs. LOS
scores) is helpful to prioritize their improvement.

Keywords: Pedestrian flow estimation, Regression model, Back propagation neural
networks, Analytic Hierarchy Process.
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WS LAEAT G HEREAPI TG RE P LERL S AL g KR
BAANHFAA R AFELIPFRE S ZEHF R L

7. —%34\?#"?}”]

EEATIHIR A F 65 R AT PR AT BRGEE A X E
AR IR R RSER A F I 2 2 ERARARE T S ST

kol &
PR A RS > T kD e

g

o
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L3 ik R L3 & REE £RE > BB | FHRE
FAmE FAE K IEEREZAFELAAE L) pE 4 pE @Rk
LEEEY ER=AFERTA-2ERSF LR 2 B b R +
CEE G Bpz C s TR ax BB SRS +
A K% P (¢ FHE -2 F A
< TR EEETEE “;éut#;wimﬁ; o ThET|RE e | -
A CEERP PR ARG R LE0F | BE 7] % ik +
R L EE ARG ;}%;j—d\ 14502 BB CAIE /S +
& a2 ‘i %f'iiﬁti‘ i B f LRSS +
T R AR R L B R B A 9% BB B R -
R 5 A A 5 A T 2 R RS S +
B2 % W o ff B B2 % 4 o i S F a ff i A % 2 B g +
; z G R A RS AR LL—'% AERRSRAERREFRATE L o 2 SR +
woag | |[FRERE AN O R G AR R G e A % 2 T n
- 1EFREFG A6 TEE S R R R e A % 2 T -
FOR1S B AR 5 5 ff 0 B FORB AR o ff AR e b A | % ] i _
M| RO s g P SRR RS e N
£ & & 2% 500m
. o . . | » LR BER Y|
BT EATREEGMH R AP R R ot w2 soom | 2HEE "
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SFCRHEBEET R G

B A

T TEEY b1

2

IV ﬁ%,_ﬁ;t‘ ;‘,}“L:; ¢

273 Ld RE3 La 1: 8 ;0% < & i 500m # W) % #ic +
A EEST" $7 2 R R 23
FLRA FURA 1: 850 ) s +
& @?] LR AT S i~ ’ w2 & 500m I
[ MR BEL P
o8 ki NP b b i R +
I - & g 500m ¥
: . B LG ¢
PEN- RS PEN RS S =k fic N W s 1
o s 500m
O AT K P ] T n
RNV RPN
S S S 2 SR £ S +
2
e Tyak A FEF e TynE A EF AT IR AL g alE |2 B R +
(AN 35 T #"#‘A& ﬁ‘);,#&\_";gt AV i} @&%—%E}t +
A 4 bl 0-17 & £ v § 4 v e A % f adgE |+
pri 4w b 18-64 & 4 v ¢ 4 v &SR A 0 % 2 2FRE | -
LELm B5 At AT E AT EME T A | % P aqwE |+

34




312 BN TR
#pA4d e pe (Artificial Neural Network, ANN) » = F 5 4 14 55 e g o I/‘*#ﬂﬁf
WAL & B Fin 2 (2003) #-H T & G- AP E kK248

EHE o L 1A A KRBT A P4 ﬁ‘ﬁwlrmb .
‘\‘_’E_l A 1 g mﬁxf,,

AP R L gl
FREB AR T A
AR EAT A HH Y mmﬁg_ﬁfﬁ_%‘;’ u,{‘»\’PﬁllﬁF‘ﬁs‘J
s ’ﬁ.'l«'?i‘ A H E Tﬁ%] R o 2 Al R AR B - B lm e A
o e 70 A X (soma) ~ A 45 R (axon) ~ A G A(dendrites) {4 i & (Synapse)

T EARA ﬁrﬂ32 Hr oo A 1A S AW A eB] 3-3 0 F - BT H mmﬁg,]“"u

SR EE D BLE BB ASRE R~ o LB B (S 407 (3-4) -

- o %J B R Ao ficd (¥ ¢ 0 2008) ¢

Yp = f(z WiXi — 6;) (3-4)
i=1

Y = f0 2 A g A Al TR

= fi i 4 A g A e T e S dic(transfer function) | o

~
|

= WA A EAEA SN S ERR A SR
Xi = HE0 2 P4 S A Ras Tl it o

6= oA f il A TRE -
wmn~fV:

Nucleus

dendrites
e

synapse

B 3-2 234 g id
FHL %R 3734+ (2008)
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Vi

AL R ¢ 373 ¥ (2008)
(<) A PRk R

1RkaFaf 2 (2008) - BHEEA CRBEAd S RAIMEAREA L X P
M A FE 7 fe e 05N (network model) » sEAY SRt A A E =5 T AR

& A (Artificialneuron) > & * 14 A e Tk (Layer)is » £ d & 2T g
(Network) » 12 B4 j2 & 3R (> eni®

1.+ a2 # &= (Artificial neuron)

A H AL SRR e AAE S RBIEY A BT B A
S~ TE Sk Sz B e ehaiti o

(1) & & 3 #(Summation function) : & & S#icf % L HEH T A 1A

A BE RS R LA R o S AT A
I=f(W,X) (3-5)
PR Sl W R eRER X S8 g rmfyd e

(2) &% Sn#(Activity function) @ 7% S8 p G E R S S BB L

A EAP AR A ES o T T IO AT
net; = f(I', I'"", net/") (3-6)

(3) ## 4 o fe(Transfer function) : #& 4% S e p e F -7 % sx,ﬁg;ﬂi;f] 4 iE
IDE - N 3 ;_;umﬁ%l“' oV AT oA

Y; = f(net;) (3-7)
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2. & (layer)

BEd - BA- B B e s 1A EAR LA o8 (F

I

ﬁﬁ_ v L it de Tl

()

(3)

LARHIIE RGN DD DRI~ P P LA RS R
st e AU IR RAILHECLE A RS R IF
r

Nenp enp 3t s - kP o 1R 5 R

;3{}&— e .E—J—l[ﬁ;ﬁ,\@m&__zé“gq_m, 4
Bl AL 0 2ivs TH -

PRI ;@

(23
%
(N~ ::\': ..

£

|rb N

lﬂb
ME

e age g9 i EH - BRAFF BERpaA IS R
Bl R AR BT A A S A Ap e T R el B o

EETE SRS R S IECTATE S S T R )
] -

‘& B (network)

TF AR TR R AL RSP DR GEITRGYY & Y AR
2w BiEARS fE

(1)

)

F ¥ @4z (leaning) : R RE Y FE 2 Y FY O AFELRE
=] e AR

v 18 iF 47 (Recalling) : v Bix 5 - J"lﬂi%] IS "F?—}i,i—”@g?] N
A o H T Y iEAR S 7 il B B 2 LR TR
Al s B R DR ACRE TRETE SRR SR e

(=) HA Syl
1. l;gss ﬁ\ﬂxfw\l_k\?

1)

@)

3)

(4)

EHE Y e (supervised learning network)

FER RBAR 38 ¢ P12 e B (2 g 31?] » ol 1 %K) 3
R RORE S TS SO RSN SR LR
&R 8 ¥ ##(unsupervised learning network)

FRERTAT 3 2 PR I (5 F B~ ) S HIE Y B

ROARETRR] 0 Y AT B AT -
o N B % 4§ (associate learning network)

FEEC LR S F IO 2 AR SRR S I
N AZERALR o R Y ETER DA T o

B vt % B (optimization application network)

PR AL A TR R E 0 s AR Ul T 0 Ak
PR E R R

37



2. RS
(1) H”éﬁa' % #(Forward)
DAERE AR R K R
%wkiﬁ—%m% e ; SRR R
X S VR SRR B
(2 ?’éé‘}\i‘gf#(lzeedback) + ﬁf—
W R
FE o
By \;_IF'F 4'\%] R AR 1 ]”’%’E\‘éﬁp\igd~— .
Fl ‘ S WA Lz o v q_’bﬁ',& P ﬁg,}_
)é]#;']’ "‘)é.' )’sz‘;r«;bi,__’ v
p‘?’é&‘\f{liﬁ_ v Gz #gjg%jﬁﬁ_
4 3-2 5FH SR
4 R = TEERY <
Al - 7 - i x4,
¥ EL-QP’%-%' LIRRY 2
. ER X
},ﬁ‘i‘r’%}k& N —
Rosenblatt (1957) | 17 % % % # - &% f2 - XOR
(¢ b i) B ) E
; = B E B
ﬁ*\ 2| T
Werhos ( ~ R AL ;@:/g‘XOR
Eil VE Kaad & rbos (1974 . 3 N * e a3
BB ILA LR memm%ﬂ _g%?* '*ﬁﬁz?
Rumelhart (1985) Q%ﬂ 'i?ﬁag
3 . /E . 33 f?" )
g Caa 3 i LA
JL_FI B4 ‘gr ‘}'ﬁiﬁi’}—}—
g i\ﬂ‘; I P
Fogipua moppe | HechtNielsen QFJ CREERZERER
(1986) mERAL AT £
i%“* CEYHAS
B e A R R 55 Ll
=+ T e A
hE specht (1988) | | b 2 f{ £ 3
>R A e fE R
EywgEn i 'Ei'ﬂ_’éﬁ”‘psr
£t | Kohonen (1988) | | 1 < TS
AR AL '§§ﬁ§%
- I8 55 m
bkt s 'é?ﬂ;%
E T' v TE] KOhOnen (1980) ?’\éﬁ FFE %E . l‘ﬁ’—ﬁ%,ﬂ %%;—‘1 ‘r:}—
il o N 35 pr 5 CRERCE VO
R EARL
- , Carpenter g e
Pk e R Grossberg A Ew c e pr B %%L e
(1976-1986) FAER AL TREL T E
B ER pH : , s EARE
I, fi e Hopfield (1982) :%f%iﬁ :fi%g%
B T 12 3 e i e
e g A R DY R Y
B ooy B R -n g | HOPReld Ll B
gV - Tank (1985) T T
SRR L 8 \I\ile_ﬂ'den-Bout " e
[ ® i1
er (1968) B it SR LS A AT

Y E
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(2) B T

5 @ vf g 4 & 4 g5 (Back Propagation Neural Networks, BPN) 3¢ » d
Rumelhart ~ Hinton % Williams #1985 # £ 2 £ » 8 p w0 #g4 S ? 2
R B B F bt o BPN B RS E Y R A4 GuR Rk
i ﬁ %g XN R N U AR E R TR 'S CF- SCFY B DY N

oo HA AR L % & vl s 2 (gradient steepest descent method) 2. g
A0 B A Sl Mg BV AR K - - i]}?;r"gﬁ% Bl N E o @
- BRRET BRG] REBEY v £ 0 E P RROF Y E P e B3R

A SRR 2 AR 3-4 47T 0 @ AR P A i e T

1. @~ A& (InputLayer) - * 14 3 JRAe B ey ~ R lic> A4 G~ Bep ik B ATAR
FEARR A T o

2. t§5 A (Hidden Layer) : * vt 2 i » # L~ BN 3 B RmA i
mﬁig m*ﬂ_g—»;;p ] L?\,‘g'ﬁfu@k,gg A H g i ﬁ:tfl , pe&»‘;

UL H X TG - Rl oo

5] i & (Output Layer) = #* 1z & 34 B mﬁ;, SHc B S A Hp kP
A FEARR M T o

g g
& SR

BN

Bl 3-4 0] i VEATH g e 2 4R )
FH kR 0 1% (2003)

d 3t A * BPNPF ¢ F1 5 Bk A ig L diep 2 %“ i# 7 (Learning rate) % %
Bk Tm P T R T RPT R BYVRPER o B RRERF Y ERY o g1
A B Sk Bokidies i@bzzﬁ;i&bmﬁwﬂﬁ]& L RN RS
Tof— JBT LG R R R AR A F 0 5 AU #eRiE (Try-and-
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error) kit B e g i) o LAY G B A EE - e Sl B LB D EAR
2 L35G ¥ » %4 ( Mean Absolute Percentage Error, MAPE) % i -2 » i& - 2
Sl BRI MAPE - et 2 S4pd £ 3 B > © B hendc it
TR RTATE R R S A0 B o

o ARG BEEY SRR e

l““b

SRR IS o S ERE -3 IF-S S RUEE gt
SRR HEAORBRBHEN  nEr FAREHRE ﬁi" - BPN st e ¥
Y Fr”‘ﬁrﬁg"'%)f F T AR BPN R 2 L R Sl TR A A
BB B Y A A R P ﬁ@~wﬁq&$,gu&g@@@$
B et BINEC) B e A CHEPFR BV RSN LR e
o A2 B4 B 3-5 1o e

BPN##E K #522

Y

WM LR RS
1.1 P 42 18
22 B R F

Y

FAL G B A R

Bl 3-5 i3] g_\&»lx‘ﬁ 4_&\&’{ ’}3—5\‘ ‘f#f'_ T AT 8]
(=) JHHEPRAFNFERILAELR

AFF 7 1 Rstudio #c48® neuralnet 2 nnet ® 2iEEHRGCLHE 0 TR T
FHCE Fod ~ B A S B B R A R TR R B SRR A

#o > f*?? ii FovRa s PHEEZ Azl BEEE A0 HY EREH S~ B
B B Y 23k T iRR2 (Try-and-error) e (733 %5 o
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ﬁ%»éﬁl&i’ﬁ%ﬂ’./@i;#éé‘“%&&\&ﬁ TR S SRR S SR S
FAEAER T P L RS 1798 RS 198 P A2
ﬁ’%)‘%ﬁt; 11 = » J»!%gtﬁ 138 o

2. SEAN A e

BFF S ILGE Y k2 R L SRR SRR el 5 - R TlS
RPF G B TRl B SRR R i S E\‘*‘Ff s H T aerk % ¥ £ - Hush
and Horne(1993) 45 1 i * m K "k che it &SRR A ¥ 3

i

'%’ﬁ’/g}dﬁ )
- E‘Il‘lé)}'" /%] ﬁ‘t&i%ﬂzdﬁ:mx'&%%} ﬁ‘]‘t%ﬁ}é" ﬂ\ 1 7
5K AR

3. EFEA SR B

TR R

R A GBS D P AR TR n P RS RT R E
A e jTaciE B RR 0 ¥ ALE - T0EP (80 N AR RREDRATIC R Rk
B o Hertz(1991) # 4711 ¢ d M3 B LBl » % 5 chp d Slic— 7 A g
Vi g i € 3¢ 2 18 R e (overfitting) sPIR % o T U B T e L 4F
ErEHiRlE e I T e R o Bl AR Y SRR A A el R T (B
A gt i A S )2, 1R i‘JE&Lﬁi@»J #—7};5{ foacd & o
7 A0 E#ﬁtl‘lﬂ%s—‘\“ PR R A S B B § SR HCEN Y B
SRS 6B o

4. B ¥ i@ F ¢

B R :

I‘?Jvf&ggﬁgrﬂﬁ)iui’ﬁ%%&*;af #iE e A 1g e A

B ARl R R B AR AT R AT §  RRIA R
R 12,

A rf&“{ﬂ“ﬁzz‘J /ﬁi‘f "'T:ﬁ%\'mﬁ) Kﬁﬂ] Et -,*/@\‘/‘5'?&3)["51 Y /ﬁk‘%ﬁ.“'@
PREYORF o -HFYEFAN 01 1 2F 2F7EY#E 54 01

BT 1 ¥ 01 ZRMRHE -
5. Fﬂ%i._‘é: ' ;ll ¢ﬁ——‘§'{

v

BE TSR ERRYRM L 2R FERE Y 2 -T2
AT R AIETFEA(RMSE)2 P HEE 5 001 '=c# s 10,000 = -
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6. Acdefp L E

AR L E S L e Sl B e R FI R R 0]
FoRBE D BV @A 2 BN SRNARELE L IR &
g FIP AFE T EAsdEE EX S 001

(=) #RH%k

*E T L 3ag ¥R 3£ ( Mean Absolute Percentage Error, MAPE) % 3% 15
*7ﬁrMoMA%[Ewaﬁﬁﬁéim#%”ﬁ“m’m&wwf%ﬁ

B % gz - 0 MAPE AR & 7 R RA 1;;@]_5;;;:;5& V- K
MAPE <10% s3] 5 7 &£ 0> H o \-lir"f SroR L
n -~
MAPE = 1002 |yi _ y‘| (3-8)
nE
H ¢
n:tkrpBik
Vit FEE

Y, RERIRRE

T SRR
3.2.1 /n\eﬁpﬂl:)é-i 425k

RE TL %_%E?Efizléfq(ZOM) By Ak SERER ARG RS
R P R ER] > o R MR TR R AnTE i A3 Sk

25 f’(«a’#;Z?rﬁt)m&M N RES RDREANA > L RAHRT IR
TR AT AR AT BPEL R o

A 57 FE & 425 % (Analytic Hierarchy Process) & % BRI & 22— > B3t fr
LRI R MR ] R R AR I BARF AR &
AT AT TR R E YA 0 AR P

1. &2k spih

B R A Gow A Bl LG fRAR AR R(Goal) 0 H & G e
i# PR 1(Objective) > £ ¢ 5 # & #hehud = sz & 8 p(Criteria) » & {8 B L4
T4 g o> & (Alternative) o 1 BI3-65% 0 B Bk 07 ¥ 0 2P G T
b eaigE L w8 owy, o HiEE el 1) A BERER C & C) hikan
Op Tord g 5 wy & wp BiEEfrs 15 =2 BFRER (3~ C4 &

4



Cs tifecs O T#7d B E & worws & wosr HiEE i 1iXy & Xy
WAy ¥ Ay A B % ] kKk=1~5) chAMEF A HEB Kk a3
S HEEZ s 1o

G
N
AN
01 02
A AN

Wit W2 W2z Wi Wps

AR
\\L%

Xy

Cs

X2 /

X; 25

A1 Az

B 3-6 & 5 1MW
ALK R BT X £ ERAR 45 (2004)

2. i 2 5t RaEE (pairwise comparison matrix)

BELARB 2 EBE AP 2 TEHPREAD SF RO E R BT

TIP 2 Fenify B ot faed > 2 Fﬁ;uj,—gsiﬁﬁgfr;i ES--

7 poﬂgwﬁigﬁJéM’éﬁﬁ RN SR

o grif4e™ 1 G(01, 02) ~ 01(C1, C2) ~ 02(C3, C4, Cs) ~ C1(A1, A2) ~ C2(Ag, A2) ~
C3(A1, A7) ~ C4(A1, A2) ~ Cs(4y, A2) »

"LH A& 0y(C3,C4,C5) 22 3 By RIEP (3,04C5 5 b > H St el
(A) 4 7 4 F]3-7 :

A B j
1 2 3 a;1 Q2 Qag3

1 | a;; | a2 | ass |:> A=|az1 a3z a3
azq

a32 aszs

37 & $ fnm
FH AR BT S 2 5 45(2004)
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a; % | BIERADEE W, % | BEPREL W 2> 2%
EE L s KT AR

a;; = Wi /W; (3-9)
ay = a;; X aj (RSB H) (3-10)
aij X aﬁ =1 (3'11)

3. FREL Tk T - R
BREBREAE F on BEP 2 F 0 BEEAIELELLS W,
HP on e =gt maErE (A)2 &~ B A0E ( Anaxthe maximum eigenvalue)
E S s T
(A—Apax DW =0 (3-12)

RAERFALT R 0 - K2y R (consistence index, Cl)it 7 # %> #

AT e S

Cr = (3-13)

n-1

AT AR RE AT LG - R JI* - R 5] iE (Consistency
Ratio, CR) 2| %7 = 441t 4B — R A » - R G E(CR) %K 5 °

_cl
RI

R (3-14)

H¢ Rl &3 Ii’a"ifﬁﬁ#;] & (random index, RI) » & F# & #icz. Rl E4r

3-3 #7 :

#3-3 TN ik

FREpE 1 2 3 4 5 6 7 8 9
RI 0.00 000 058 090 112 124 132 141 145

FCI<0.1 & NE AL N 23t E7 4L - FCI>01 p=
PR R G E E AT

L FEAELBREE

El-REBRITS TRARKS-HLIFRERVE LY F

F 2 BECEEN P RAOP d LR R LT Py AR T

7/
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RAARFR P2 BAERARG 0 VRIS R BRG] k

B Ao

5 & 2(i=2) 2

Y
P &z

Py = wywy1X11 + WiWiaX15 + WaWa3Xys + WaWouXis + WoWasXys

Py = wiWwy1X21 + WiWiaX0, + WaWo3Xa3 + WaWosXas + WaWasXss

F P1<P2> plH% %

2 A

-4—

1(=1) %

(3-15)
(3-16)

)34&';{:—'—,4:0

AATEE R AR i (AHP) & § 02 S B A fR47 Je B ALk i 0 © i e PR
SHEL FEARE DL BB - KRR RHA R R AR B2 DT
AR RAERE CERAE S RE 2

gqﬁ@—g:ﬁ._ﬁw:ﬁoﬁbﬂs/ ":_I}f:%

S BT R & T BB B R R s 2

AR PR AT RIE R R L o A AT
B o KB R L

i (AHP) 1% 5 2 f PRk K 35 fp

eEEE R o R

f}{;ﬁﬁ L 5N Kk

PP SRR = A
%*ﬁﬁfﬁﬂﬁ
L Bplz B E

A 2 PRARKOE

322 17 A 3§ b IR FIRE S

AR R B N2 FARE R N F A EIRARE R Y s B A T

P& AT R i (AHP)E = 321 %

EH o FIRAT AR 2 - 2D K s (7 A IRARKE

PR A B FORUE P TR BB T AT A RIS KB R

FRIPHE RIp 5 0 BB 2 P AL FAp iR R o 2
FH(r# 3-4)

FE 2P EFN ¢

o s

RIS ST
ISERS ST S

£23442% T3 RERAFTREETA AL TEFE

[N

7oA

AEFR  AERFP ol
LEEE R ER(2®)
AR TR INACED)
SEREEF TR TR(D %)
)

~

T E(e

A fegg’;iﬁ*

N ACED)

ey AP g5 35 L
B A (%)
BAF AR (345~ F R RERY

)

P G)

HoHE- R (3335

RELl- A 2.2 4, 3.2 At

LY,

B (RS 2

)
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SRR RS S

B A
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1. & [E%TZ% FEZR S
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TARR 3. = rulrEm
4 = rett P @I - e
R
PR E_KE ~EL 0.7 3 X &
i BEHEE _BA AT el 0.8 s X F
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b NS
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FEF TS R Ax e
Z2 ARG A FERISR BTG EA 0 AoFI3-8 om0 XA G
L ARRERR 28T KA
e S

LU N I R 3 SRR S P
4ﬁ%ﬁ’ﬁ

ATIE B G ORE R

\:}k ‘LLr' pL'\:':J}F]%grL‘ *E'é_ L_}-f_




£3-5 A FE A RS ERI ST v g E L

-éﬁJe
FEF % 3 3R
Gal kS S EealR el Fruin | k2 % | mscsd | Khisty | 2 B | %3 4] & Asa | E@~ | TRB | ¥2%
(1987) | (1991) | (1993) | (1995) | (1997) | (1999) | & fF | (2003) 7o (2016) | (2019)
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AFIEAFSZRFEY v
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0.9917, p-value = 0.8179 > 0.05 » * % % ¢ 3£4% HO » sas £ JRIEF fi A fe o
2. )} sl e

ARAY BRALZF LI a0 TRIFAL G p N
EHREMGHAR DR R LA * ok 22 5 Durbin-Watson
R BRTBR: HOE RELZEPp2P HL RAFE B2 -Fr 8%
D-W Statistic=1.3238, p-value =0.0692 >0.05> * £ 7 ¢ FFF HO » A £
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e FHCA > AL PR R BRZE - Koom LRI AR o
Frigr 3@k FiiRp e BR s HO AL LS }F?T'ri,Hl.
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AA LG R - 777 % % Chisquare = 0.5350, Df = 1, p = 0.4645 > 0.05 >
REZEIEGHO AL L5 R FI -

Residuals vs Fitted

0.5-

0.0-

Residuals

-0.5-

Fitted values
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error):g (7 24 & o
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1. "EFkA 5~ B

R C R LA SRR R OIS A E A A
BIEI OB A Ak B Y F R 5 0L Asde T Bk 5 0010 14355 4
4 (RMSE)iZ 0.01 £ '3 = #icit 10,000 = % 3/ 1k fE 20 H & % 4ok 5
5537 o 4 R A LA SABHE 3 EFE 2H SABEL 3P
PIRRTHE 4 0l 2 MAPE & 0 5 7.49% > 52X 3' 5% MAPE -] % (8,7)
3.18%  MAPE & £ 8 5] 5 (3,8)1.920 fe o *t AfTF 1 & P cht 0 4a i >
RO B~(3,3) 1 5 3k 2 (E o BB % H B4 54 -
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#5-5 TP REEREAN S BRER TLES

#E R 7 [ RAT [ ERA L] ERR2 [ gy, | 70 | M | NAPE
i | gl | Gk (e~ | Mg~k MAPE | MAPE 43
4 17 1 1 1 0.1 5.42% 8.38% 2.96%
4 17 1 1 2 0.1 6.18% 8.39% 2.21%
4 17 1 1 3 0.1 5.81% 8.44% 2.63%
4 17 1 1 4 0.1 5.37% 8.32% 2.95%
4 17 1 1 5 0.1 6.18% 8.92% 2.74%
4 17 1 1 6 0.1 5.35% 8.09% 2.74%
4 17 1 1 7 0.1 5.80% 8.41% 2.62%
4 17 1 1 8 0.1 5.47% 7.92% 2.44%
4 17 1 1 9 0.1 5.80% 8.41% 2.61%
4 17 1 2 1 0.1 5.43% 8.46% 3.03%
4 17 1 2 2 0.1 5.63% 8.53% 2.89%
4 17 1 2 3 0.1 4.82% 7.59% 2.77%
4 17 1 2 4 0.1 5.57% 7.79% 2.21%
4 17 1 2 5 0.1 5.36% 8.45% 3.10%
4 17 1 2 6 0.1 5.36% 8.86% 3.50%
4 17 1 2 7 0.1 4.82% 7.94% 3.13%
4 17 1 2 8 0.1 4.49% 8.71% 4.22%
4 17 1 2 9 0.1 5.36% 8.03% 2.67%
4 17 1 3 1 0.1 5.65% 8.38% 2.73%
4 17 1 3 2 0.1 4.52% 7.97% 3.45%
4 17 1 3 3 0.1 4.38% 7.49% 3.11%
4 17 1 3 4 0.1 5.19% 8.56% 3.36%
4 17 1 3 5 0.1 5.62% 7.92% 2.31%
4 17 1 3 6 0.1 4.70% 8.10% 3.40%
4 17 1 3 7 0.1 5.84% 9.07% 3.22%
4 17 1 3 8 0.1 5.82% 7.74% 1.92%
4 17 1 3 9 0.1 4.30% 8.50% 4.20%
4 17 1 4 1 0.1 3.64% 8.52% 4.88%
4 17 1 4 2 0.1 3.83% 8.94% 5.11%
4 17 1 4 3 0.1 4.71% 8.80% 4.09%
4 17 1 4 4 0.1 4.43% 7.53% 3.11%
4 17 1 4 5 0.1 5.31% 8.23% 2.92%
4 17 1 4 6 0.1 3.95% 9.15% 5.20%
4 17 1 4 7 0.1 3.78% 8.95% 5.17%
4 17 1 4 8 0.1 4.05% 8.60% 4.55%
4 17 1 4 9 0.1 4.11% 7.89% 3.78%
4 17 1 5 1 0.1 4.80% 7.63% 2.83%
4 17 1 5 2 0.1 4.52% 7.73% 3.21%
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4 17 1 5 3 01| 538% ]| 817% 2.79%
4 17 1 5 4 01| 4.42% | 8.45% 4.03%
4 17 1 5 5 01| 422% | 9.46% 5.24%
4 17 1 5 6 01| 454% | 9.14% 4.60%
4 17 1 5 7 01| 3.83% ]| 9.23% 5.40%
4 17 1 5 8 01| 416% | 9.33% 5.17%
4 17 1 5 9 01| 437% | 7.82% 3.45%
4 17 1 6 1 01| 3.79% | 8.02% 4.24%
4 17 1 6 2 01| 343% | 8.31% 4.88%
4 17 1 6 3 01| 413% | 8.68% 4.55%
4 17 1 6 4 01| 3.70% | 8.14% 4.44%
4 17 1 6 5 01| 343% | 7.81% 4.38%
4 17 1 6 6 01| 332% | 8.16% 4.85%
4 17 1 6 7 01| 3.68% | 8.03% 4.35%
4 17 1 6 8 01| 381% ]| 871% 4.89%
4 17 1 6 9 01| 410% | 8.45% 4.35%
4 17 1 7 1 01| 3.75% | 8.59% 4.84%
4 17 1 7 2 01| 3.73% | 9.00% 5.27%
4 17 1 7 3 01| 414% | 8.76% 4.62%
4 17 1 7 4 01| 415% | 8.45% 4.30%
4 17 1 7 5 01| 3.95% | 8.69% 4.74%
4 17 1 7 6 01| 3.82% | 8.58% 4.76%
4 17 1 7 7 01| 427% | 8.89% 4.62%
4 17 1 7 8 01] 418% | 9.23% 5.05%
4 17 1 7 9 01| 413% | 927% 5.14%
4 17 1 8 1 01| 3.48% | 9.04% 5.56%
4 17 1 8 2 01| 353% | 9.02% 5.49%
4 17 1 8 3 01] 416% | 9.49% 5.33%
4 17 1 8 4 01| 418% | 8.98% 4.80%
4 17 1 8 5 01| 358% | 9.58% 6.00%
4 17 1 8 6 01| 3.62% | 8.84% 5.22%
4 17 1 8 7 01| 318% | 8.82% 5.64%
4 17 1 8 8 01] 3.76% | 9.23% 5.47%
4 17 1 8 9 01] 413% | 9.25% 5.12%
4 17 1 9 1 01] 369% | 857% 4.88%
4 17 1 9 2 01| 3.75% | 9.32% 5.57%
4 17 1 9 3 01| 3.84% | 8.53% 4.69%
4 17 1 9 4 01| 3.63% | 8.90% 5.27%
4 17 1 9 5 01| 3.78% | 8.63% 4.85%
4 17 1 9 6 01] 322% | 8.32% 5.10%
4 17 1 9 7 01| 412% | 9.25% 5.13%
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2. By X

P(17-3-3-1)ehge e o F Y Fd 0.1pET L E 01 5 FIEE =
Ache & B2k 5 0.010 0235 222 1 (RMSE):£ 0.01 & 2 = #:E 10,000 =&
SYRE O EREREF MR R RS Y F 5 08 2 MAPE & 5 3.93%:
Pl E Y K09 L8082 MAPE @5 7.00% 0 @ MAPE &£ 8 4r
B F05 55 E 0 5 265% 0 F N AFEY AR NANHE > &BE
WHLO09MLRT2E o %4k 5-6 2B 5-5 %77 o

25-6 TP RERFVEFKRELESE

R | A ﬁ:‘m‘é Rk L | ERE 2 .y 3 PR | RE | MAPE
Rl |Gl | Ak | HEeik | HEAK MAPE | MAPE | £ 2
4 17 1 3 3 0.1| 4.38% | 7.49% | 3.11%
4 17 1 3 3 0.2 | 432% | 7.30% | 2.98%
4 17 1 3 3 0.3| 5.45% | 8.14% | 2.69%
4 17 1 3 3 0.4 | 5.63% | 850% | 2.87%
4 17 1 3 3 05| 5.42% | 8.07% | 2.65%
4 17 1 3 3 0.6 | 5.43% | 813% | 2.70%
4 17 1 3 3 0.7 | 3.95% | 8.22% | 4.27%
4 17 1 3 3 0.8| 393% | 7.60% | 3.67%
4 17 1 3 3 0.9 | 4.20% | 7.00% | 2.80%
4 17 1 3 3 1| 3.95% | 7.50% | 3.55%
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BRIES 22 D R AT RE TS #8204 o2 AT
CRIFEFA 20 A T H A A AU 11RO B KA A 1R

B RARE S i’\—?iﬁﬁﬁx&i%‘ﬂt& FARERAA SR FY Koo
(R B R L I
® Rz FHCK T

1. "EFkA 5~ B

T (o A A Mﬁﬁ@lwﬂé S A2 5T Kl BA S
RIFED 6 BASA  AEY SR E 01 Ak d @k 5 001, 12352
122 % (RMSE)iz 0.01 273 =t #id 10,000 = % 27804 ok 512 > H & 5% 4o
£ 5-7 1B 5-6 #7m o § R AA K ”uﬁxé (6,1)F% »  £-] 2 2" MAPE &
3.22% ; A A g A dc s (33)FF 0 F o] 2RIk MAPE i 7.54% ; "R
A i (1L,2)PF >  MAPE 4 8 ﬁw L 074% > d *AFTF AR P R

Jois o FEPPEZ MAPE E i) e1(3,3)iF 5 K TiE » .%%Eé.#’f#%]-&r?] 5-
7o
157 BRPHNRREFEAN T BEK LY

FE TR T TRIT T ERR T ERE 2 x| PR F[@_ | MAPE
Rk | Eak| ik | deak | dgak | MAPE | MAPE | %38
4 11 1 1 1 0.1 7.11% 8.15% | 1.04%
4 11 1 1 2 0.1 7.24% 7.71% | 0.47%
4 11 1 1 3 0.1 7.21% 7.77% | 0.56%
4 11 1 1 4 0.1 7.22% 7.74% | 0.52%
4 11 1 1 5 0.1 7.24% 7.76% | 0.52%
4 11 1 1 6 0.1 6.49% 9.19% | 2.70%
4 11 1 2 1 0.1 5.92% 7.94% [ 2.02%
4 11 1 2 2 0.1 4.69% 8.64% [ 3.95%
4 11 1 2 3 0.1 4.39% 8.32% | 3.93%
4 11 1 2 4 0.1 5.41% 8.52% | 3.11%
4 11 1 2 5 0.1 5.47% 8.33% | 2.86%
4 11 1 2 6 0.1 5.50% 8.16% | 2.66%
4 11 1 3 1 0.1 5.61% 8.36% | 2.75%
4 11 1 3 2 0.1 4.50% 8.36% | 3.86%
4 11 1 3 3 0.1 3.66% 7.54% [ 3.88%
4 11 1 3 4 0.1 4.59% 8.89% | 4.30%
4 11 1 3 5 0.1 4.32% 8.42% | 4.10%
4 11 1 3 6 0.1 5.37% 7.78% | 2.41%
4 11 1 4 1 0.1 4.14% 9.06% | 4.92%
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4 11 1 4 2 0.1 4.89% 8.85% | 3.96%
4 11 1 4 3 0.1 4.11% 8.84% | 4.73%
4 11 1 4 4 0.1 3.76% 7.77% | 4.02%
4 11 1 4 5 0.1 3.67% 8.40% | 4.73%
4 11 1 4 6 0.1 3.50% 8.13% | 4.63%
4 11 1 5 1 0.1 4.00% 8.68% | 4.68%
4 11 1 5 2 0.1 3.92% 8.74% | 4.82%
4 11 1 5 3 0.1 3.58% 9.64% | 6.06%
4 11 1 5 4 0.1 3.86% 10.84% | 6.99%
4 11 1 5 5 0.1 3.38% 10.98% | 7.60%
4 11 1 5 6 0.1 3.47% 9.06% | 5.59%
4 11 1 6 1 0.1 3.22% 8.43% | 5.21%
4 11 1 6 2 0.1 3.88% 8.89% | 5.01%
4 11 1 6 3 0.1 4.38% 9.76% | 5.38%
4 11 1 6 4 0.1 3.71% 8.78% | 5.08%
4 11 1 6 5 0.1 3.78% 7.87% | 4.09%
4 11 1 6 6 0.1 4.43% 8.49% | 4.07%
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nNHMAPE  wi]3IXMAPE
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Bl 5-6 Bp st i EFHA S~ BERK s
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WA (11) EEZL(3) REZ2(3) (1)

B15-7 Bp st i @ iRagA e B TR )
2. F¥ ¥

1(11-3-3-1)ehpe i 2t B Y Fd 01 RlFE: 1> 3 01 2 FIRE
oo dede g E Bk s 0010 1239 922 4 (RMSE)id 0.01 & 20 = ficid
10,000 = 2 3MBRE O IEER o BEFIRL > DR E RS Y F 5 1.0 2 MAPE
B 5 357% PlFEEFMEY 501553 2 MAPE &5 7.54%> % MAPE
BARIrOE Y F07 55 E> 5 295% 4 AT AR P ARG
FIP B kL 01 FRR T E o EEk4ok 5-8 2B 5-8 7 o

2 5-8 P N RREYEFX TS

B

k3 23 iiﬁ » # . 5_14"! '%f??@g 1 %§i‘i 2 £y 5 PR R M_APE

ki | S k| S k| MW &k | A5k MAPE | MAPE | £ 8
4 11 1 3 3 0.1 | 3.66% | 7.54% 3.88%
4 11 1 3 3 0.2 | 3.69% | 8.96% 5.27%
4 11 1 3 3 0.3 4.36% | 8.23% 3.87%
4 11 1 3 3 04] 3.71% | 9.43% 5.72%
4 11 1 3 3 05] 444% | 8.61% 4.17%
4 11 1 3 3 06 ] 429% | 8.72% 4.43%
4 11 1 3 3 0.7 481% | 7.76% 2.95%
4 11 1 3 3 0.8 4.63% | 8.39% 3.75%
4 11 1 3 3 09| 447% | 8.25% 3.78%
4 17 1 3 3 10| 357% | 8.47% 4.90%
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Bl 5-8 BpH\eEREYREIRTLES

?@J 5 Sl W TR AT o AR S R A
Er-K 3B F- K 3B EVESFE 0L A BB HEES
1;2"%=x# > 10,000 =x -

523N HEH VR

Mewi AL ST A R L B R A BB IRAA SRR LR
VR BT AR TE R 2 R e R RE A - AR R A TR 3
) F E T E e PG PIEERCE R R A B AR ERRAE
RPA o3 2 8 L a- B3 B iasdr oa U3 BRI kiats gt A 49 sk
Ho- Bt BAELRE U ah3d BRI L REE S RIRE

B

* ;ﬁd k-fold % = 2% (K-fold cross-validation) » #-2" s f & 2] = k B+
A HY Kl A AP A Vbl BRARIFIREETAH -
LRBBEEAHKT FBIFRARE- T B F K TR IARER -
bod AT 2R ABcit o Flpt g 3-fold 2% HE(k=3) > ¥ 1T 5

B ~ 4 ( Mean Absolute Percentage Error, MAPE) % := 5 #5775 | 2. B F s o
kK Aok 59 o7 o Eﬁs_;“ PiEA e G T p N MAPE B 5 7.18%°
Bop #5449 MAPE & 5 9.60% ; ® @ vfaps S FAEG T P 9
MAPE & % 8.28% B P i i MAPE & 5 7.90%° ¥ 14 ? 1 op A Eﬁ ¢ F_ig)
BEAEA SRR OHT CEDZFAERE NS5 -‘r’ﬁ UhF2_ FER AP L

POREFS LA G RO AR RIEGE B TP B 2 ] @R e T R 2
% 5-93-fold = * FHZ#FE LS
3-fold = % Z%#E L p Bp
U3 Eﬁfiﬁ 7.18% 9.60%
B A SR 8.28% 7.90%
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¥ @A g e s Gl (General influence) - -3 griw fFirst e (7
0B Crdict e AT 195 ] 5-9 chae Rk JE HER] 0 £~ Chiou(2006) st B = 54 o
fE N NG FFE ST D BB REGlE o 4% 5-10 2 £ 511
TP R fp B A ds B 5 0.8990 2 0.9104 B BPN 5 2t S en
FELIFRAPM -

Bl 5-9 77 % is] i Ragal e e 2 )

LSRN Wi/ SHVGDW e W jie/ E7 W)U
GI(X) =2 k271 Vi STIVGDW e W jie/ 27 WD) kt|, i=12 .1 (5-1)

LR EE W kU e

. ﬁi%lz\/%iv} n B4 5L (X;,i=1,2,..,n) 2o
 EEEL1d p BHER (Z,]=12,..,p) B

o REEE2d m BAHEA (Y, k=1,2,..,m) o
. ﬁi%l:"./%i d q BHE~ (S,t=1,2,..,Q) B o
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% 5-10 & p 555 49 B TRt g1

& BPN GI | i ff thdk
AT E R 0.03 0.40
AR PR E P b G 0.03 0.08
AT R 0.03 0.27
B G A 0.04 0.61
iz % 1@9 ¥ oA b 0.10 0.93
AR REREE F R 5 0.06 0.99
FEREE 5 0.04 0.99
I ERRE G 0.33 6.68
FORHS M 4 6 ff 0 6l 0.21 3.00
5 B 0.04 0.25
2N BT 0.32 7.09
£ F P HE S 0.02 0.31
N E bl 0.06 0.06
NE R FR bk 0.05 0.15
Y 0.02 0.35
HoAE A TG 0.15 6.16
HE A UL 0.08 3.66
oM ik 0.8990
4 5-11 Ep fEN 40 B Gl ﬁn
Pix BPN GI | it jf th #&c
AR E R 0.01 0.66
AfFE L RE T G AR 0.01 0.11
s R 0.01 0.04
ITERRE R B 0.37 7.05
PR B AR 97 6 ff 0 B 0.05 1.39
B LA 0.01 0.24
IR LAY 0.25 2.27
£F P HE S 0.07 0.18
RS 0.05 0.04
SE P FD ¥ 0.05 0.23
ME A T 0.09 2.15
A0 M Rk 0.9194
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531 4 (T JRAKEEGER LD

15 322 ] @i i ehk RIS KEER ER AL BB E RE L
F8 L B R 2 #MHE:B‘_ VBB B Aot T o AT R RE B L%k 6
owde 6 o KPR 7 3 ERFFRE 3 EENFIRETO RN E-
3 Mt ] i (Consistency Ratio, CR)#2- [ »+ %> 0.1 £ 7 v - RPEHK T 5
3R E e

AT 6 PREDALRRFRITLT ) RRAITIEA LS 2 2RI
A2l KL TR BRI ApEHEE o AT 2R BT A g S o 7
AR OEE REERBEE > ok 512 9t 0 AFHE RS Rt R &G
T i X 20 Ap¥EE 5 04189 H=x AW (704 Ap¥iEL 5 040520 @ i
=z - p¥HEL 5 00937 > B8 5 472 ApgHEL 5 008235 o pt ¥ v
BREH PO X 2T Y R E R e R RIS AT B2
Fhp o r T RREWERIRAEL ik Ap gL L 04859; H ] A%
2oL 5 033190 I L ERMREAERNEFENE TR 4P
$HEE A B 5 00971 £ 0.0851c 7 ¥ e of ffenE & 142 BR300 AR & 1P
ot e R ik X 2 ApHEL S 05097 B W1 ApitiEE
5 03248 A i =z o ApEHEE 5 00878 0 o is LA APHEE E
007775 H ¥ % 2 onfpdiE € { 107 FMlen- 20 > B R F X Pens & 2
Tl £ & afhio

#5-12 fip LA LR PR
Pen FWER BFHTR g+
S Y 0.4189 (1) 0.3319(2 0.5097 (1)
w7 {7 0.4052 (2) 0.4859 (1) 0.3248 (2)
g A 0.0937 3) 0.0971(3) 0.0878 (3)
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TENFFE SR AMo L L 00446, H = S E3lRwopEL 5 0.0429
prg @M IR A Bl SRR YL 5 0.0062 -

# 5-13 X FEpRar kBTG BRl2 g €

AR RIS R B BpiEdL EEL
w7 0.4052 0.4052
Lis X 0.0823 0.0823
> 0.4189 0.4189
A 0.0937 0.0937
LEE G RE R 0.4637 0.1879
w7 R RALA 0.1332 0.0539
AR 0.4031 0.1633
X g R 0.6136 0.0505
Lis X ed G S 0.1960 0.0161
SR 0.1905 0.0157
R K 0.2002 0.0839
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