3 REE T B2 &
]

ERIEAER S EBEMFETALBITEMSE A AR ES
HELEEMNRE EZ B

Categorizing the Basic Using Patterns of Bicycle Sharing System
and Investigating the Effects of Location Factors: A Non-Negative
Matrix Factorization Approach

MRAE I BhR
R 2Fm B+
FHERRE 10951 A

doi:10.6844/NCKU202002094



ﬁiﬁ%K%

7

ﬁ%#éﬁ@\%&mﬁﬁ&iéﬁiﬁ%z%$ﬂ
REEMEENERNEEZLBE

Categorizing the Basic Using Patterns of Bicycle
Sharing System and Investigating the Effects of
Location Factors: a Non—negative Matrix
Factorization Approach

T

HFRAE D BAF
X ERBE B R ORASIAT ILIE A

wX A RE R

R 7%% s A
Euse: ”ﬁ%

s s ZHAEE

= R R 109 £ 1 A 7 =8

"
o



HE

N3 B AT £ 4 % (Bicycle Sharing System) =T 3£ 3 B 1965 &) T4 #7451 » 4R
ELURBNIIERBRTZAER BRI RN EZEDG AL ATEARNEE RN
B AE R A A THRE B E S AH (Biddata) RADH BT EH TR RBZ—>
FFHSURERER L BIE R £ AT ROMER A R 354 R ) B & H &84 A
HENBEM G AMBLEARRS RETEERAF AR R &k E RACLIZ M &IE
BERF T F G BRI BRGFETRSARRBEGE N TUARBE AL AITE
FAAE 3h A5 0 S5k 0 DI SHARAE XE B 1R ) L3R A AEE - sbdh 0 XRRER S BB
AT BT R EF 4y B AT BARAE s a4 A R RS R S R BAT A S R AT R 5
Moo RFRRIAELIA RO IAN  FERE 2@ T AN L BT R A B

ARARZEHRRAEZILTAEBTE LS YouBike 9B ETHE » #IHA F
2018 3 £ 5 A ey sk 3t 7,067,104 EIRRLEREIT A © A RZ MR
RAET AR T F— & A RAIAARARK - BoEsE - TR EEME
RBITHGE > BRRGGETAIA " —HEE T kEEHEE ) A T REE
¥R - Rl E T R R AR B AL BTEYERFRT R
o 5B REREBRENERAERE  F R AT RER By
BTN~ BTENER BN BARBMARNERDE - L ERINEFLERRS
BEO BoWHEREAMBRM  THEREEEARLERRAAZHEBAEARRZ v

MaElh o FoME AARKNETAEALETEAESSEASYERR L 057
BTRMERRBHITHEEEZ XS AGREEEARE N EBEME EHEELARE
AARE S ERG > TG EEEBITANRITENARESITAER -

AARFIAIE GRS AAFMAE A ERARNERARME > HEARTESEERAEIRET
DA SBEEFEREFERARE - BBFFoh ZRSHRERE ZRHEE 24

doi:10.6844/NCKU202002094



AR RERRFARRGETABRLEAMEEENLE R AEB L ATRZE
BOAE A MERT AR T 9 20 A B A A o AR & R B m R B 3 2T DA AR A
AARAE R A R0y B s 1 SRR LAY B B AR R A A R REAT A 0 BB oAk R
FE vEZE ey AR A A LR o AR R R RRAT M AE SR A 3 B AT AR AT A 6 So AT 4%
e M RAR 2T B AT LR B R T I AARZI AT HHA A ITE
A8 B BUR 89 R RARIE -

MsgF : AL ATE - AAERAUE - HR2TH FEERSH BB F

ii

doi:10.6844/NCKU202002094



Categorizing the Basic Using Patterns of Bicycle Sharing System and Investigating
the Effects of Location Factors: A Non-Negative Matrix Factorization Approach

Lo, Hsien-Hao
Lee, Tzu-Chang
Department of Urban Planning, College of Planning and Design

SUMMARY

The use of bicycle sharing systems (BSS) has generated a large amount of data for
transport and urban studies. This study aims to categorized BSS using patterns and to
evaluate the relationship between location factors and BSS use. Non-negative matrix
factorization (NMF) was employed, which can disintegrate a large amount of data into
several more comprehensible components. The relationships between BSS uses and

surrounding location factors were investigated using linear regression.

Data were extracted using the BSS database from Taipei City, Taiwan. First, the BSS
trips were categorized by renting durations and the distances between origin and
destination (OD) to differentiate borrow-return behavior patterns. Then, the NMF was
performed to decompose the overall temporal distribution of trips in BSS stations into
several sets of peak-time using patterns. Each pattern was assumed to represent the
urban activities generated from some specific location factors. Finally, linear regression
models were built to test the relationship between the BSS using patterns and location

factors.

The outcomes of this study show that the overall temporal distribution of trips in a BSS
station is aggregated from the trips of several BSS user groups, and the NMF can extract
the latent patterns within the overall data. In addition, we used a novel microscopic
approach to categorize each trip by its attributes and found that the type of borrow-
return behavior plays a significant role on analyzing BSS using patterns. This research
contributes to a better understanding of BSS travel behavior, supporting decision

making in bicycle policy and urban planning.

Key words: Bicycle sharing system, Basic using patterns, Borrow-return behavior, Non-

negative matrix factorization, Location factors
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INTRODUCTION

The use of bicycle sharing systems (BSS) has generated a large amount of data for
transport and urban studies. Huge amount of literatures aimed to categorized use patterns
of BSS and to evaluate the relationship between location factors and BSS use. However,
most studies in this field have focused on clustering the BSS stations into several groups
and analyzing their spatial characteristics, probably reducing the efficiency of the analysis.
Besides, they rarely categorized use patterns with variables may reflect trip purposes, such
as durations of renting and distances between origin and destination (OD).

This study follows the framework of analysis stated above, but takes a different approach
to fill the research gaps. Variables of trips, including duration of renting, distance between
OD and average velocity, were used to classify borrow-return behaviors of BSS use trips.
The technique of non-negative matrix factorization (NMF) was employed to decompose
whole phenomenon of BSS use into basic using patterns, which can disintegrate a large
amount of data into several more comprehensible components. In addition, the
relationships between BSS basic use patterns and surrounding location factors were

investigated using linear regression.

MATERIALS AND METHODS

Data

Data were extracted using the YouBike (BSS in Taipei City) transaction database from
Taipei City, Taiwan. The dataset has been anonymized, containing only the trip-level
transaction data including the time and location of renting and returning of each trip. The
data from 1st March to 31st May 2018 (totally 7,067,104 trips) were selected. In this
period, the operation of YouBike is stable, which means that the possible influences of
climate, vacations, and system expansion were excluded, i.e. no typhoons hits, no winter

and summer vacations, and no added bicycle sharing station.

Classifying Borrow-return Behaviors

The BSS trips were categorized by renting durations and the origin and destination (OD)
distances to differentiate borrow-return behavior patterns. Three types of behavior patterns,
which are "ordinary", "long-tern" and "same-place" borrow-returns, were then separated.
We also considered different conditions of BSS use, such as weekday/holiday and trips

production/attraction. 12 using situations were separated by all these conditions. we

v
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aggregated the original trip-level dataset into station-level according to each situation for

the further analysis.

Categorizing the Basic Using Patterns of BSS

The NMF was performed to decompose the overall temporal distribution of trips in BSS
stations into several sets of peak-time use patterns. We call these peak-time use patterns as
"basic using patterns", because the whole using phenomenon can be seen as a combination
of these patterns. Besides, this technique forces the elements in matrices it decomposes to

be non-negative, ensuring that the results are rational for transportation planning.

Investigating the Effects of Location Factors

Each pattern was assumed to represent the urban activities generated from some specific
location factors, including accessibility and mobility. We collected these variables
basically from the national land use investigation database, and use linear regression to test
the relationship between the decomposed BSS use patterns and location factors around the

stations.

RESULTS AND DISCUSSION

48 basic using patterns of YouBike were decomposed with NMF, and their temporal and
spatial distribution patterns were observed. The associations of location factors around
BSS stations and basic using patterns are tested by linear regression. We found that types
of borrow-return behavior play significant roles in such analysis. To better discuss the
result, the characteristics of 48 basic using patterns were generalized according to three
borrow-return behavior types (See Table 1). The outcomes of this study show that the
overall temporal distribution of trips in a BSS station is aggregated from the trips of
several BSS user groups, and the NMF can extract the latent patterns within the overall
data. In addition, we used a novel microscopic approach to categorize each trip by its
attributes and found that the type of borrow-return behavior plays a significant role on

analyzing BSS using patterns.

CONCLUSSION

This research classified the BSS trips into three types of borrow-return behavior with

variables that literatures rarely used before, decomposed whole phenomenon of BSS use
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into basic using patterns with non-negative matrix factorization, and investigated the
association between BSS basic use patterns and surrounding location factors. Based on
these analysis, we found that 48 basic using patterns can conclude with three borrow-return
behavior patterns. The quality of each patterns was inferring by observing their temporal
and spatial distribution and the correlation analysis with location factors. This research
contributes to a better understanding of BSS travel behavior, supporting decision making
in bicycle policy and urban planning. Future studies are recommended to analysis this
topic with other data sources, especially those which contain user identify information.
With the information of user ID, researchers can follow the continual travel behavior on
specific user, clarifying the associations between transfer habit of trip-chain and

surrounding location factors.

vi
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Table 1 Research conclusion: the quality of three types of borrow-return behavior

Borrow-return

Ordinary borrow-return

Long-term borrow-return

Same-place borrow-return

behavior
Returning at
destination station
Returning at ‘ ‘ i‘:::r:ll:im
T destination station
1 Possible activities .
IIIUStratlon Time ‘ ’ at the third place . t:::)“[::xlrl;)%)su
l/ Borrowing at / B . =
<. . orrowing at .
origin station igin station Borrowing at
origin stz origin station
Space
Trip that the distance Trip that the distance between  Trip that the distance
between OD is further OD is further than 350 meters ~ between OD is closer than
Definition than 350 meters and the but the average velocity is 350 meters and the average
average velocity is faster ~ slower than critical velocity velocity is slower than
than critical velocity critical velocity
User often keeps in riding ~ User spends too much time to ~ User keeps a bicycle for a
Meaning and rarely do anything achieve the destination, certain period and returns it

else during renting.

probably have another activity
during renting.

at the same place.

Temporal and

e Morning peaks:
City periphery - City
center

e Afternoon peaks:

e Morning peaks:
City periphery - City
center

e Afternoon peaks:

¢ Noon: City center

e Afternoon: Trips are
generated at city
periphery; spatial

Zli):ttrliablu tion City center > City City center > City distribution is more
atterns periphery periphery uniform than at noon.
p e Non-peak times:
Old town area and
Hsimenting shopping district
e Morning peaks: e Morning peaks: e Noon: College and
Residential = School, Residential > College and commercial
L college and commercial commercial e Afternoon: College,
Associations . :
. e Afternoon peaks: e Afternoon peaks: commercial and leisure
with .
accessibility School, college and College and commercial >
commercial 2> Residential
Residential e Off-peak times:
Leisure - Commercial
Associations Train, metro and private Train, metro and private transit Metro and private transit

with mobility

transit

Inferring the trip
purposes

e Home-based trips for
work or school, transfer
with train, metro and
private transit

e Home-based trips for work
or school, transfer with train,
metro and private transit,
probably have other
activities during renting and
prolong the duration

¢ Non-home-based trips for
leisure or commercial
activities at off-peak times,
transfer with metro

¢ Dining out from school
or workplace at noon
and go back soon

e Temporary activities,
start out from metro
station and go back soon

vii
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T BHIEM T H ) B ERMEHEER R IR R MEFILLSFIE 0 RE IR
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B 32 2 1 B P SR 2 Rl A P AL 0 B ST ARARAR R R e TRRIR 0 MBS AR R

26

doi:10.6844/NCKU202002094



HIR R 7T AE A S AR R B At O KRS B o a6 S5 A BP FT LA IR B e
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B 5o A RBIF BN B AT AL G 3h Bk R E 057810 AR AR AR
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IE & 45 18 5 R 2 R Y5 1% & 1% & Paatero $ Tapper (1994) ArR i > Kot RR 4B
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AHYRFOLLEAME MELAFSEEBNNEELEENHEE LHURBL TR
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K> RBE2IARENRAREN R EGE TR RE] ;G MRFI58A T EH
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4, DHEMHAREAFRI DO KB FTZRNE — B2 X REG HB YA
BBERBRAZEZR RS R EBEA S EIBE MR A REE A
Bt %, 3% B 2 TR R FE B B 64 BT R B BAR S BUR 32 4 e BT R 6 o

xS RHENEAITEERAZTHRE SR

HERE P9 A8 B SUBK
Az EmE > JRE Faghih-Imani, Eluru, El-Geneidy, Rabbat,
B KIBH - and Haq (2014); Liu and Lin (2019)
W BHEE - WBEX Froehlich et al. (2008); Liu and Lin (2019)
Ao AR# s BREADE 24 Wu, Kang, Hsu, and Wang (2019); Liu and
ST BN MR B8 E Lin (2019)
& WAKE S HEARE Liu and Lin (2019)
AT E 24 NE% i Faghih-Imani et al. (2014); Zhou (2015);
T A A % ¥z THeW X 64 +  Bordagaray et al. (2016); Liu and Lin
WA B B BE (2019); Xu et al. (2019); Wu et al. (2019)
B4iT#iE ~ ¥ -~ 485 »#  Faghih-Imani et al. (2014); Bordagaray et
B AT B 3% B Tt B amu al. (2016); Liu and Lin (2019); Xu et al.
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= XRRERAT © RIS &S

BRI B AT F SR A E I E By 69 T R RA] > SRR F 3R AR B SRR AT IR 3 2
FERRFOMRIE RAARAHULBATEER L RRFZ T A B KT &R
EHTFRAEARROBE RS EHTFERERAAAN L AT ROBRMG
TREREREAANLATENBREFNRERTVERLERITA - Bib AR

33

doi:10.6844/NCKU202002094



REEAEGEMR FEAFRT A LA TEHETH X ARERANENELER £
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#R4% Castiglione ~ Bradley ¥ Gliebe (2014) £ 7& 8 A #f 04 32 38 TR A F Fri 4 A
IR BB RATBHREH TURBZ BN AL T EHREHEAY

FRMBGRREM S HZKREER > A B
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At WAS 3 0.509***  -0.089 0.144 0.444** 0.018 -8.282 0.070 7.931 0.315 0.111 -0.061 0.048***  -0.222 -0.042%* 0.013** 1.093***  -0.020 0.027 -0.371%* 0.740 0.727 56.55 HkE
fmBMH) A%£P) F#% HPS_ 1 0.062 -0.159 -0.142 1.030***  -0.067 -4.145 -0.474 4.220 0.500 0.540 -0.387 0.122%**  -0.102 -0.041 0.021 2.896*%*%*  0.012 -0.000 -0.704** 0.614 0.594 31.58 HkE
¥4 HPS 2 -0.034 -0.002 -0.070 0.738***  -0.035 -3.311 0.521*** 3.070 -0.108 0.128 -0.234 0.063***  -0.192 -0.023 -0.005 1.352%**  -0.065 0.214***  -0.156 0.695 0.680 45.39 HkE
At HPS 3 0.566%**  -0.262 0.020 0.413** -0.058 -7.248 0.018 7.216 0.074 0.369 -0.041 0.067*** -0.311 -0.035 0.019** 1.547***  0.041 0.002 -0.506%** 0.755 0.742 61.19 HkE
%31(A) F# HAS_I 0.115 -0.207 -0.156 0.955***  -0.026 -2.550 -0.495 2.723 0.376 0.573 -0.330 0.121***  -0.029 -0.036 0.021* 2.670*%*%*  0.013 -0.037 -0.702%* 0.601 0.580 29.91 HkE
¥4 HAS 2 -0.068 -0.043 -0.072 0.923***  -0.038 -4.686 0.556%** 4.442 -0.081 0.173 -0.323 0.080***  -0.194 -0.020 -0.006 1.704***  -0.072 0.266%**  -0.192 0.692 0.676 44.68 HkE
At HAS 3 0.548***  -0.186 0.042 0.295 -0.057 -8.024 0.014 7919 0.162 0.285 -0.009 0.053***  -0.408 -0.044* 0.021*** 1.298***  0.049 -0.009 -0.460%** 0.748 0.736 59.17 HkE
[ T duk Ty 7.181 9.175 1.220 0.462 0.230 4.823 5.172 4.822 6.271 8.319 0.707 40.397 1.324 1.299 6.118 0.422 6.744 4.548 5.236
1R E 3.453 3.541 1.380 1.773 0.726  2.832 2.885 2.833 2.870 3.060 1.062 13.662 0.553 12.139 39.198 0.664 2916 3.807 1.499
RME 0.000 0.482 0.000 0.000 0.000  0.000 0.000 0.000 0.149 0.202 0.000 22.000 1.000 0.000 0.000 0.000 0.000 0.000 0.729
T i # 4.769 6.871 0.036 0.000 0.000 2.707 3.055 2.707 4.349 6.431 0.129 32.000 1.000 0.000 0.000 0.000 5.000 2.000 4.236
& A3 6.982 9.513 0.927 0.000 0.016 4.621 4.853 4.621 6.168 8.429 0.341 38.000 1.000 0.000 0.000 0.000 6.000 3.000 5.313
kg g-4ir Bt 9.605 11.652 1.972 0.000 0.091 6.610 7.031 6.610 8.025 10.305 0.813 46.000 2.000 0.000 0.000 1.000 9.000 7.000 6.276
RAM 14.823 22.275 8.357 21.633 8.645 15.002 15.002 15.002 16.132  21.822 7.443 180.000 3.000 131.000  299.000 3.000 15.000 20.000 9.349
3 D p<0.01***;p<0.05**;p<0.1*
vl
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M= — BREBFXAFIHAREER (BBEEHL)

EH T RN LB H AT AR B AR B
EE BIFEEH BT BEMTE H A rEBITE WIE £ EH ERALER EREEL R-square  adj. R-square  F-value F-test
T Ak i RERE BEEH 1B & B TRARE R EE AR € g AR 8 ¥
— x5 E(N) FB(W) EAP) FH WPN_I -0.611 -1.170 -0.386 11.025%** -0.661 -0.661 -2.968%** 0.637*** 1.591 -0.018 9.177*** 0.459 0.439 3.546%* 0.628 0.614 46.21 HkE
Al WPN 2 1.519%** -1.211%* -0.717 0.693 -0.594 -0.594 -1.382%** 0.460%*** 1.862 0.065%** 3.048** -0.177 0.651** 0.139 0.607 0.593 42.37 HkE
Bt WPN_3 -0.243 -1.858** -1.815%* 1.795%* 0.856 0.856 -2.430%** 0.735%** 2.303 0.065%* 10.491*** 0.441 0.652 0.017 0.595 0.580 40.23 HkE
&%  WPN 4 -0.893%** 0.842* 0.915* 2.612%%* 1.076%** 1.076%** -0.587* 0.313%** -0.138 -0.001 -0.240 -0.236 0.408* 0.084 0.544 0.527 32.67 HkE
R WPN 5 1.305%** -0.924%** -0.299 -0.020 -0.495%* -0.495%* -0.481** 0.194%** 0.812 0.046%** -0.619 0.161 0.210 -0.530 0.621 0.608 45.01 HkE
%31(A) BE  WAN_I 0.602 -3.044%** -0.502 4.868%** -0.387 -0.387 -2.667%** 0.799%** 4.225 0.165%** 10.459%** 0.483 0.459 0.904 0.578 0.563 37.60 HkE
FAr WAN 2 -0.883%** 0.715 -0.315 2.964%** 1.312%%* 1.312%** -1.037** 0.327%** 1.811 -0.013 -0.504 -0.285 0.996*** 0.546 0.572 0.556 36.67 HkE
R WAN 3 -0.139 0.195 1.172%%* -0.009 0.208 0.208 -0.825%** 0.231%** -0.615 0.018 3.215%%* 0.309 0.093 0.019 0.452 0.432 22.66 HkE
%t WAN_4 2.355%%* -1.032%* -0.958%* 3.503%** -0.591 -0.591 -0.956%** 0.278%*** 1.025 0.019 1.039 -0.130 0.338 0.467 0.739 0.730 77.84 HkE
Htb WAN S -0.584 -0.503 -0.862 6.936%** 0.078 0.078 -1.513%** 0.326%** 2.496 -0.013 2.332 0.050 0.387 1.657* 0.573 0.557 36.76 HkE
meMH) EA®P) H4# HPN_1 -0.692 -1.345 -0.456 11.795%** -0.741 -0.741 -2.810%** 0.614%** 2.051 -0.018 9.141%** 0.295 0.482 3.620%* 0.611 0.597 43.04 HkE
FA; HPN 2 1.798%*%** -1.076* -0.758 1.499%** -0.562 -0.562 -1.216%** 0.402%** 1.526 0.051#** 2.581* -0.186 0.573* 0.005 0.611 0.597 43.07 HkE
%t  HPN_ 3 -0.207 -2.044%* -1.903** 0.942 0.956 0.956 -2.588%** 0.776%** 2.447 0.089%** 11.258%%** 0.642 0.599 -0.343 0.589 0.574 39.36 HkE
&% HPN 4 -0.707%** 0.529 0.474 1.289%** 0.761%**  0.761*** -0.575%* 0.256%** 0.064 0.004 0.647 -0.081 0.214 0.358 0.536 0.520 31.74 HkE
R¥  HPN_S 1.167*** -0.720%** -0.155 0.266 -0.489%* -0.489** -0.419** 0.170%** 0.580 0.036%** -0.786 0.153 0.175 -0.420 0.665 0.653 54.41 HkE
%3l(A) H4 HAN_1 -0.500 -1.657 -1.306 8.603*** -0.348 -0.348 -2.698%** 0.608*** 3.951 0.031 7.834%** 0.380 0.522 2.387 0.544 0.528 32.74 HkE
AT HAN_2 -0.850** 0.610 -0.082 3.834%** 1.196%*** 1.196*** -1.133%** 0.308*** 1.922 -0.017 0.041 -0.243 0.845%** 0.781 0.562 0.547 35.26 HkE
%t HAN 3 2.548%** -1.283%* -0.960* 3.680%** -0.496 -0.496 -0.848** 0.263*** 1.583 0.034** 0.447 0.005 0.364 0.053 0.737 0.727 76.88 HkE
R HAN 4 -0.114 0.074 0.979** 0.297 0.198 0.198 -0.807%** 0.230%** -0.719 0.023* 3.522%%%* 0.338 0.059 -0.048 0.477 0.457 24.97 HkE
5% HAN_S 0.332 -1.994%** -0.398 0.541 -0.183 -0.183 -1.540%** 0.500%*** 1.291 0.119%%** 7.276%** 0.337 0.303 0.405 0.567 0.551 35.88 HkE
R B (L) FB(W) EAP) #E WPL 1 -0.148 -2.015%* -2.299%* 0.781 1.360%* 1.360%* -3.041%** 0.852%** -0.483 0.045 13.275%%* 0.525 1.084%** 0.350 0.623 0.609 45.25 HkE
AT WPL_2 0.777*** -0.587* -0.640 -0.264 0.098 0.098 -1.029%** 0.200%*** 0.495 0.024** 3.852%** 0.140 0.279 0.175 0.576 0.560 37.20 HkE
%  WPL 3 -0.271 0.230 0.451 2.125%** 0.107 0.107 -1.273%** 0.202%** -1.612 -0.013 4.012%** 0.229 0.245 1.640%** 0.680 0.668 58.15 HkE
R  WPL 4 -0.376** 0.319 -0.153 0.238 0.446** 0.446** -0.749%** 0.210%** 0.294 -0.014 2.152%%* -0.053 0.373%** 0.338 0.556 0.540 34.40 HkE
%351(A) B%¥  WAL_1 0.080 -1.320%* -0.999 1.193* 1.104%** 1.104** -2.47TH** 0.617*** -1.298 0.048** 11.915%** 0.696* 0.526 0.282 0.660 0.648 53.30 HkE
A4 WAL 2 -0.251 0.259 -1.100%** 1.972%** 0.607** 0.607** -0.898%** 0.176%** -0.215 -0.019* -0.027 -0.136 0.789%** 1.19%* 0.652 0.639 51.36 HkE
%Lt WAL 3 1.539%** -0.865%* -0.662 1.318%** 0.254 0.254 -1.036%** 0.229%** 0.527 0.025%* 1.749* -0.007 0.367* 0.330 0.720 0.710 70.51 HkE
FAT WAL 4 0.009 0.209 0.208 0.338* 0.296* 0.296* -0.316** 0.076*** -0.194 0.003 0.243 0.063 0.184* 0.162 0.484 0.465 25.71 HoAE
fmBMH) ZEA£P) F1# HPL_I -0.646 -0.585 -0.820 2.998%** 0.933 0.933 -3.387%** 0.799%** -2.188 0.005 13.364%** 0.422 1.000%** 2.281* 0.712 0.702 67.89 HkE
%+t  HPL 2 -0.177 -1.413%* -1.686** -0.342 0.855* 0.855* -1.969%** 0.587*** 0.606 0.041%* 7.671%%* 0.411 0.587* -0.077 0.568 0.552 36.06 HkE
A1 HPL 3 0.914%*** -0.502%* -0.440 0.405 -0.018 -0.018 -0.856%** 0.121%** 0.031 0.014 3.335%%* 0.159 0.262* 0.322 0.600 0.585 41.13 HkE
F#%& HPL 4 -0.107 -0.016 -0.530** -0.095 0.389** 0.389%** -0.667*** 0.188%*** 0.240 0.001 2.268%** 0.012 0.309%*** 0.111 0.579 0.564 37.78 HkE
%351(A) %% HAL_1 0.444 -2.031%* -1.513 1.046 1.601%* 1.601** -2.781%** 0.766*** -1.055 0.084*** 12.069%*** 0.618 0.621 0.233 0.672 0.660 56.08 HkE
1% HAL 2 -0.301 -0.035 -1.020** 1.597*** 0.546* 0.546* -1.411%%* 0.322%%** -1.067 -0.018 4.626%** 0.170 0.550%** 0.843 0.662 0.649 53.61 HkE
%t HAL_ 3 L117%%* -0.521* -0.611%* 1.334%** 0.199 0.199 -0.866%** 0.192%** 0.847 0.018* 0.513 0.076 0.308* 0.129 0.709 0.699 66.94 HkE
A HAL 4 -0.002 0.267 -0.021 0.937*** 0.483***  (.483*** -0.497%** 0.103*** -0.359 -0.001 0.047 -0.030 0.411%** 0.370 0.575 0.559 37.05 HkE
R H A 3 (S) FB(W) EAP) F#% WPS_ 1 0.086 -0.486** 0.036 1.250%** 0.384%** 0.384** -0.327** 0.143%** -0.010 0.004 2.671%%* 0.057 0.069 -0.260 0.656 0.644 52.38 HkE
¥4  WPS 2 -0.086 0.197* 0.027 0.727*** 0.282%**  (.282%** -0.259%** 0.058*** 0.161 -0.005 0.916%** -0.064 0.221%** 0.104 0.668 0.656 55.27 HkE
£t WPS 3 0.516%** -0.078 0.118 0.490%*** -0.0300 -0.030 -0.157* 0.063*** -0.089 0.001 1.126%** -0.011 0.026 -0.200 0.737 0.727 76.79 HkE
%351(A) Ff& WAS_1 0.116 -0.455%* 0.080 1.103%** 0.281** 0.281** -0.258%* 0.125%** -0.009 0.005 2.285%%* 0.064 0.010 -0.273 0.634 0.620 47.47 HkE
4 WAS 2 -0.119 0.149 -0.023 0.959%*** 0.361%**  0.361*** -0.343%** 0.079%*** 0.209 -0.005 1.351%** -0.068 0.283%** 0.147 0.689 0.678 60.91 HkE
At WAS 3 0.524%*** -0.076 0.118 0.416%** 0.004 0.004 -0.119 0.055%** -0.113 0.002 0.949%** -0.014 0.029 -0.233 0.733 0.723 75.37 HkE
fmBMH) AA£P) F#& HPS_1 0.048 -0.528** 0.094 1.241%** 0.337** 0.337** -0.337** 0.148%*** 0.109 0.006 2.575%%* 0.051 0.039 -0.260 0.608 0.594 42.56 HkE
¥4 HPS 2 -0.012 0.109 0.013 0.799%** 0.180%** 0.18%* -0.288%** 0.069*** 0.049 -0.007* 1.403%** -0.049 0.212%** 0.140 0.692 0.681 61.76 HkE
Htb HPS 3 0.590%*** -0.191 0.057 0.440%*** 0.060 0.060 -0.195%* 0.077*** -0.165 0.006 1.388%*** 0.041 0.006 -0.278 0.748 0.739 81.45 HkE
%351(A) “F# HAS_I 0.100 -0.544** 0.072 1.159%** 0.283* 0.283* -0.325%* 0.146%** 0.166 0.007 2.341%%* 0.050 -0.001 -0.275 0.595 0.580 40.30 HkE
¥4  HAS 2 -0.043 0.060 -0.005 0.965%** 0.217** 0.217** -0.365%** 0.088*** 0.096 -0.007 1.752%%* -0.052 0.265%** 0.187 0.692 0.680 61.52 HkE
At HAS 3 0.566%** -0.149 0.086 0.331%** 0.087 0.087 -0.125 0.061*** -0.295 0.006 1.149%** 0.046 -0.004 -0.298%* 0.739 0.730 77.74 HkE
G B AL 3t Ty 7.196 1.963 1.214 0.459 5.065 1.822 7.125 40.450 1.325 7.380 0.428 6.743 4.535 5.230
1R E 3.453 1.763 1.383 1.767 2.898 1.729 1.853 13.729 0.552 48.836 0.668 2.909 3.804 1.500
RME 0.000 0.100 0.000 0.000 0.000 0.000 2.400 22.000 1.000 0.000 0.000 0.000 0.000 0.700
T i # 4.800 0.700 0.000 0.000 2.800 0.600 5.900 32.000 1.000 0.000 0.000 5.000 2.000 4.200
& A3 7.000 1.500 0.900 0.000 4.850 1.300 6.900 38.000 1.000 0.000 0.000 6.000 3.000 5.300
kg g-4ir Bt 9.625 2.500 2.000 0.000 6.925 2.425 8.125 46.000 2.000 0.000 1.000 9.000 7.000 6.300
RAM 14.800 11.800 8.400 21.600 15.000 13.200 13.400 180.000 3.000 430.000 3.000 15.000 20.000 9.300
3 D p<0.01***;p<0.05**;p<0.1*
VI
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