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Interpreting the Spatial Implications of Taipei City's Public Bicycle Trip
Clusters Using Adjusted Rand Index and Points of Interest
Liu, Tsai-Yu
Lee, Tzu-Chang
Department of Urban Planning , College of Planning and Design

National Cheng Kung University

SUMMARY

With growing environmental awareness and the rise of smart cities, Public Bicycle
Systems (PBS) have become integral to urban transport. However, prior studies on
the spatial clustering of PBS and urban Points of Interest (POI) have largely relied on
qualitative descriptions, lacking quantitative analysis, which limits the understanding
of urban spatial structures and activity patterns.

This study quantifies the spatial clustering similarity between PBS trips and POlIs in
Taipei, employing data mining, social network analysis, and cluster analysis. The
Adjusted Rand Index (ARI) is used to measure the similarity between clusters,
offering insights into their spatial relationships. The study also utilizes Cluster
Merging to refine cluster accuracy, reducing boundary ambiguities.

The research examines spatial patterns at both the citywide scale and the 15-minute

neighborhood level, comparing the city center (Daan District) and a peripheral area

(Neihu District). Findings reveal distinct POI clustering characteristics, highlighting
the differing urban structures and activity patterns.

This study addresses the gap in quantitative analysis within previous research,
providing a scientific foundation for urban planning and smart city strategies. Key
contributions include the objective quantification of spatial relationships, the
integration of dynamic PBS and POI data, and the validation of clustering
methodologies, enhancing the precision and reliability of urban spatial analysis.

Keywords: Public Bicycle System (PBS), Big data , Data Mining , Social Network
analysis, POI, Adjusted Rand Index, Sub-clustering ,Cluster Merging

INTRODUCTION

In recent years, with the growing awareness of environmental sustainability and the
convenience of public bicycle systems (PBS), these systems have gained increasing
popularity. Since the introduction of the first YouBike 1.0 system in Taipei in 2009, the
number of users has rapidly expanded, along with the proliferation of rental stations. Most
users rely on public bicycles to fulfill short-distance travel needs, such as the first or last
mile of their journey, reflecting the characteristics of specific urban activity spaces.



As Michael Batty points out in his book The New Science of Cities: "To understand cities
we must view them not simply as places in space but as systems of networks and flows; and
to understand space, we must understand flows, and to understand flows, we must
understand networks—the relations between objects that compose the system of the city"
(Batty, 2013). Batty redefines the concept of the city, arguing that a city is not merely a
geographic location or space as traditionally conceived in urban planning but is also a node
within a complex network of relationships. This perspective challenges the conventional
understanding of urbanism. He suggests that the urban spatial structure represents more than
just the physical distribution patterns of a city; it encompasses the integrated interactions
among various activities, people, and resources within the city, which involves the allocation
of resources and travel demands within the urban environment. By analyzing factors such as
population movement and activity intensity, the spatial structure of residents' daily lives can
gradually be uncovered. Therefore, the urban spatial structure is a comprehensive
manifestation of the interrelationships and organizational patterns of various elements within
the city.

At the same time, with advancements in databases and technology, researchers have actively
utilized big data to analyze public bicycle users' habits, travel characteristics, and
destinations. Points of Interest (POIs) are often considered specific locations that are useful
or interesting, serving as important landmarks and nodes within cities and frequently
becoming focal points of urban activities. Currently, numerous studies identifying urban
activity spaces often use POIs as a measure, and a significant body of research related to
public bicycles also shows that the distribution of POIs can reveal the land use characteristics
visited by individuals. Therefore, this study aims to reveal the spatial structure presented by
Taipei's public bicycle data from the perspective of urban POIs and to examine whether there
is a relationship between the spatial movement patterns of bicycles and the spatial clustering
of POIs, as well as the underlying spatial implications.

MATERIALS AND METHODS

This study aims to investigate the spatial clustering similarity between public bicycle trips
and urban Points of Interest (POIs) and to quantitatively reveal the underlying spatial
implications of these clusters. Using Taipei City as the empirical site, the data was
collected during peak hours between 7:00 and 9:00 AM on weekdays in March 2023, a
period when travel patterns are typically more concentrated due to the singular nature of
destinations as people commute from home. Public bicycle trip data were explored using
data mining techniques, combined with in-depth analysis of POI data as concrete
indicators. The spatial clustering was conducted using methods such as social network
analysis, community detection, and cluster analysis. The similarity between public bicycle
trip clusters and POI clusters was then quantified using the Adjusted Rand Index (ARI),
revealing the spatial relationships between the two, and allowing for an analysis of the
spatial meanings behind these clusters.

Furthermore, to thoroughly examine the spatial distribution patterns across different
regional scales within Taipei City, this study analyzed both the citywide metropolitan scale
and the 15-minute neighborhood living circle scale, which align with the concepts found in
New Urbanism. The study selected Neihu District, on the city's periphery, and Daan
District, in the city center, as the neighborhoods for analysis to reveal differences in intra-



cluster interactions. Additionally, for different cluster layers, a Cluster Merging method
was employed to adjust the number of clusters, enhancing the precision of the ARI and
reducing the ambiguity of cluster boundaries. This approach allowed for a clearer
understanding of the relationship between POIs and public bicycle usage patterns.

RESULTS AND DISCUSSION

The results of this study reveal a strong correlation between the spatial clustering of public
bicycle trips and Points of Interest (POIs), underscoring a significant spatial relationship
between the two. A comparative analysis of Neihu and Daan Districts highlighted distinct
urban characteristics: Daan District, as the city center, exhibits high ARI values for POIs
like banks, stations, gyms, museums, and restaurants, reflecting its role as a hub of
transportation, finance, and culture. In contrast, Neihu District, an emerging commercial
area, shows higher ARI values for fitness centers, schools, office buildings, and cafes,
indicating a focus on education and lifestyle amenities. Additionally, the study identified
"frog-jumped" interactions, revealing spatial discontinuities within clusters.

To enhance the precision of the Adjusted Rand Index (ARI), the study employed a Cluster
Merging approach, which reduced boundary ambiguities and improved intra-cluster
homogeneity, thereby providing a clearer understanding of the relationship between POlIs
and public bicycle usage patterns. The post-cluster merging data more accurately reflect
the structural characteristics of urban spaces, offering a novel methodological contribution.

This research fills a critical gap by using quantitative analysis to elucidate the spatial
implications behind clustering differences between public bicycle trips and POIs. The
findings offer valuable insights for governments and urban planners, supporting the
development of more effective strategies for smart city planning and providing a robust
foundation for future studies on urban spatial structures and activity patterns.

CONCLUSION

In conclusion, the breakthroughs of this study are threefold: First, by quantifying spatial
relationships through the Adjusted Rand Index (ARI), this research offers objective data
support, overcoming the limitations of past subjective experiences. Second, the study
integrates dynamic public bicycle trip data with concrete POI indicators to interpret the
spatial implications of public bicycle distribution, while also validating observations across
different scales, thus offering diverse perspectives on urban activity patterns. Finally, the
study tests the suitability of using the Adjusted Rand Index for spatial clustering analysis
and the Cluster Merging method, enhancing the precision and reliability of the research,
and providing a more scientifically robust foundation for future urban planning.
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ST EN N EARRL R LR R > P AR R TR M T - B 246
Bhen 7 T B A T2 iand o ] F4e(Sun et al., 2007; Yuan et
al., 2012) -

%4 @émﬂﬁ w’%mibwi%%\+ﬁﬁﬁ&%wl‘ﬁ’éy
Wi o E p A 2 d (TP g 4o Bao et al. (20011 % & EF i
pfredsgr kA de g xp 78 Citi Bike AN ENEFP g £iF K-
means F g A 178 B k5. § ~ e (Latent Dirichlet allocation ,LDA)
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i Tﬁ—iviéﬁ’—,ﬂ:'r—«‘iﬂi#?’ffﬁ

Q ; poi7a B Bend Pl Vo s
CH@B W1 E s TR ESE L ﬁ‘*“’”ﬁ

Eﬂw*ﬁ;x& ;gﬂf]?fﬁ*%r\@‘.h«ﬁiﬁ“ %ﬁxé T RIpBE p TR R T
=% 3% > 4o: Liu et al. (2015) ﬁé_‘%,’)é ; ﬁﬁ FFFheharp
& Citi Bike & if i > Jé ’ Eﬂ-fuf I ATk R B KR B RIS
ez o :ﬁﬁuJ A by~ WABEEZ B e RS R P R ch2] 6
P BFr LA g (Art1f1c1a1 Neural Network, ANN) en%gipl#-
A KIEPIB pF RETfgr; pob s AN FBE 2B §0d g ABERS R
$%cﬁﬂ.ﬁ&%%%&ﬁ%&*“%%%y%KV&}“ZE@%%*%
£ ;A2 et al. (2021)?' BAD ORP FE R 2L F AT F S
%‘ri E‘}' VRN E P TR R pF T R "&-fg&ﬂ%tﬁ Z FRIp R o H 18
K-means 4 47 17 % é*ﬁ*t,ﬁéﬂtﬁmiéﬁé“ PRI 2 2 o RrpEEs SR
ﬁ\iwaﬁﬁ‘%éﬁﬁﬁiﬁﬁﬁ’&éu#& %$Waﬂﬂ%ﬁm%
ﬁ‘iwﬁ#ap BB o T F * o BP (Back Propagation)#? &4 % ~ K Sif #8

% (k-nearest nelghbors algorithm , k-NN):i& 7 v fi o % % Bg o £ 18 &1k

(Random forest) WA R L B ML > 553 EF T 5 R kabgh T
FARDRy VR R OEPFE A IV St R RTRER
HEfesm g 4 i o

r‘*ji’;:l}tp\’f*‘ Baes i7E kO 4—91—:\‘5’5;}5?5213“ ’;{:f’*ﬁ‘—‘ %IF?#'UI#
AL T 0 F N FERE R R B~ e P enend| 7~ k=t A fy A S
WA G RITERIE S BRA o ST AR A RER AL A R
T “‘f’ RED 2 EEE R Fl AT RSS2 e

ﬁﬁﬂm% RY A 238 1700 A 45 o

$1 & ;:F?ﬁﬁ]»“ﬁ/}ﬁ

hIF S AR 4““735%’”\*‘? RSB AR 2 RETHATE S AP
S ERLED 5!75 ,’E.am/v FEAFLPHR R BEArRiviTY 7
% 2_— (Hennig et al., 2015; Jain, 2010; Kaufman & Rousseeuw, 2009) -
PR AR TR A A AT 0 €11 BT oo gy it S R -
B o g oon g A AN Z B PR R L& 0 A G RS AR
% ¢b /4L (Jain & Dubes, 1988) -

PR AR R L 2 R g e H bR TR AT B
BER(E® TR Eﬁ;@ EARR)  APFHR S F Bl 5 v S BB (Do
PREEZAZL ) XAETH AR LS G hiEy 5 3 IR R g0 P A8
BEREREROT iR KGR o

TN BRI G- A T IRy Bk BT (Warrens & van der
Hoef, 2020) o @ =& A ® 2 M- Rt KX 7 UL S 28 ¢ 48
3-8 4+ (Pair-counting measures) ~ % & 323 4p #(Information theoretic
measures 1 % & & 7 fedp #(Set matching measures)(Rezaei & Franti,
2016)
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YU MR F  mTE R

(DA EAE A AR F{ed BFEP O B HEGE T80 ¢ 35
ﬁ???%ﬁ%‘;q #(Rand index) - #% & f# 7t 4p #ic(Ad justed rand index) » ¥ o 4
F-BARP - BREE?P S BHEL PR BLAERY - B
EJKE»F» - Ko

(Z )8 L®HHE - BRS¢ 2% (Entropy) ~ 483 73 (Mutual
Information ,MD)f=3 3t % & (Variation of information)® o d *t4p3 F
WiLF s Fpt g AR R o g o Vinh et al. (2009)~ ¥
'fé,.@.#g BT ,.«u'FiP’“ 0@ FE- IR i Fp tRfes T i g ik

(=) & 7 pedp¥: ¢ 7 Jaccard :#c(Jaccard coefficient) ~ Fowlkes -
Mallows 4p#c(Fowlkes-Mallows index) ~F A& & (F measure) ~ #% H
(Criterion H) 4= Van Dongen % > ®E & W R RS S ¢ i £ & F wn™
fefiim > m2br L g BRAHHT fe o 95 Meild (2007) 0 % ¥ R
m;}ﬂ%;ﬂ,_,; BEFEI AT LBV RO S BRHEEEST T RIS
S AR A o U F"*m?f HE R B i die (Bde e dpidkc
Fofrwt ) Fr BEN LA LBELS T o R o BHE Y hfp ik £ gL
oo

R iR G é’f«é’ war ¥ - zx\ﬁ#p%ﬂ*“%#l ER R
Sfie AR IR B S S DA ARAE D FZARERY B E T D
*ﬁi*m’mﬁﬁﬁﬁﬁpﬁﬁiﬁﬁ’wmﬁﬁ%$%%%ﬁwﬁﬁ
REAEY 2 B Ap I fdp HRnak £ Bh s F 3 (Rezaei & Franti, 2016) < ¥
o FREARLT - REF AT ETESET LR ERE T Ry
Siiniv 4 (Pfitzner et al., 2009) -

PERGFAITARERF R R P adg o R 026 R H ki e
FEHE i o AP T ERE P auERLEMT S X P T é’i%’z—’*fﬁmév’ﬁgm—r‘; ey
S e i’@%\%l“ TR Fha FROLE S g QJI?U“I“’ s ¥ ﬁjf
féﬁfiﬁ%*“k B EFEAH P PR RS e a RL - KRR G
725 A R* anEidgdics i ildpBc(Rand, 1971)4r Hubert-Arabie % & §F 1t
ip#c(Hubert & Arabie, 1985) - [ WAdpBeeni 2w > ¥ b g1 i X
Riffo P> BT ZRT&FDEL mﬁﬁﬂ,:}ﬂﬂzw‘p Rk EF, T ik
ki3 %(Milligan & Cooper 1986)z. — -

Pae 3§ % W,?H'J'* Wiipck Rz B AFEER LR b
4r:Rinzivillo et al. (2012) #4171 - g e B4 enid * 2 230 ep
FEPN ARG R T TR MFTEF AR FRER AL AHE AR EH
fo o BT AR L% 52 (Infomap algorithm)Z #* 7 4 B % F ehilvg kuds
¥R RGO E (timestamped locations): 1.4zgk-# 2L (Origin-
Destination ,0D) ¥ % j& % — Bhfrd {é — 22 2. Segment (SEG) k{xiz= B 3

R A U erpE R w’v@%“% BB P Ty B FRBERG A
E?y UhFerws Lo AL ARG FREAEFNATZRVCRRY T RS
F’“frfﬁf"'“»\‘”‘”—’% ME R RAEFIRE 2 3% @ enF A% % 5 Ratti et al. (2010)
O BRERE C ARDRFERILT LA PEBRTT I Fop A2 Ap
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ﬂﬁ\iga\w%'ﬂ'ﬁﬁ@?ﬁﬁ)m?%ﬁﬂ& 2L EA D BER
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FER O BFRYFSBLL DRGEHULERAE > TR- R SRBEARA R
sh7T AR K : i 764p #c(Rand index, R)b%ﬁ;uﬁlr EREEAET &(Fowlkes—
Mallows index, F) k& i~ H & dp o 2% 871w < ﬁ&ji&&lﬁlﬁmﬂ
WMAF>ER R FHERI ;'9ff?714ﬁm“ﬂgﬁﬁ'&/‘?r B e 2
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22| 22 palrEERL 25.048824 121.57845
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A B
1 |rent_time rent_station

2 2023131 0000 FEEeg#E T

3 202363/1 00:00 EHERTHIE ErEGCEEH)
4 2023/3/1 0000 B AR AL ERGH R

5 2023/3/1 0000 FATEREAHE

5 2023431 0000 Z=FNE EEE 0

7 2023/3/1 0000 2B EEREOCLED

8 2023/31 0000 A (LFFELA-C

9 2023/31 0000 A (LFFELA-C

10 2023/3/1 0000 FLHTRE AL

11 2023431 0000 EHESTLI0IAEESECIEH )
12 2023441 0000 BEFRES

13 202351 000 IR AEERER

14 2023431 0000 EEBEILFIYE(SEHT)

15 2023431 0000 EEEILIEQ SR

16 2023/341 00:00 FA(L/EERE

17 2023/341 00:00 FA(L/EERE
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19 2003431 00:00 FEEPTHLQIRHI)
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23 2023/3/1 0000 4355
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B 13 p f‘fafﬁ_f”sk—kﬁ?ﬁ
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C D
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2023/3/1 0000 FLLIFFE AL
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200331 0000 EjLEeseAge
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2023/3/1 00:00 F1LEE ESEEh -0
20034371 00:00 FE{EE v BT
202331 01:00 #ALERE O

2023341 00:00 PERRLE

2023/3/1 01:00 BELL(EE —ERoREE
202331 00:00 ST3AEE AN

2003431 00:00 JE TR Nk
2023/3/1 00:00 H (LI A

2023/3/1 00:00 HEREE—ER17356 00
2003/3/1 00:00 HEEE —HRTEAE T
2023/3/1 00:00 5543 B IEARTD
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&}
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00:04:03
00:09:02
00:06:01
00:02:55
00:16:05

F
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FooOR T WA ARNEBCHREOI G > N R RS F s B R -

o g e WA

Bt g ¢ oy it 4p #(The Rand index)# 47 %6 & £ (The Rand measure)
£ 2 William M. Rand & & &0 * 20 r8 & B ficdp BRAg 2 B edp v > 7k €48
BAT R EAESEmE AL R tdp#c(adjusted Rand index) P T &
oA AE S E S B FEA PN .

WAtdn el % M ASER A T2 B - KA Fohiplice - > RF L &I
PR eni e LS B B ERL T H BRSO AR K E > T
VR R G R RAER o REFR I PRI E i S LR e Bt g
RO ARHGE P EERTAN 2R 0473 BERERZIT 27
FoliTFR2-Ko RETHVAAHEMNERELEERALSSE R 0 g R
FEE A T N A e R R AT )T 00 B R TG fAldp et B
SRR RS RARM T 0 EA B A R 2 B endp IV MOTRE A T iR
AL 0 7R A A BT a1 2 0 (Meila, 2007) e

Ft o B itdp B (Adjusted Rand Index, ARI) A%AR 5 B €4 Bcehig
LRk BIEM AR G 5 (A R AR A T R osE s A e chiiR
(Santos & Embrechts, 2009) - :3 Bt B E a—1 3] 1 2 B » f it &
R AR L R AT R B R A o A P WG R AETAD
Beit AR 2 2§ Udsehip A2 R > & b 2B H L 2 ol SRR
THF AR B 0.5 AT AT AL G AR RSk oA 23 (.4
Pl P B4 — RAZR P i o

PEFRAREME D Efobr @ A T - B {4 A dio
SR L BAER R R AR O S e AR AR A T R T o AL
g P XD R & Lo 0 L RERhE R ARG RS E
AEDLE - RN ¥ AR A ROETRT 0 Ak s g
A0 2@ FEE LS SRS R B ﬁgﬁgﬁ_jﬂ BR T AR
@o- B AR BIEF > BN F PO AU S DR R T
AEF RGBT AR BB R, N BRI ARES T2

3

54



A RN AR ERY ¢ T A ﬁ’%ﬁﬁﬁﬁ%iﬁw*
LA ST R BRI R R \aig,?k:f{i\ BN B|E T b 4
TR AF AR AR BT ALE TR E R BRI AL
B L GFR R R T R R R g B R eR L
*F ke rﬂt“%“‘é’leﬁf%lﬂi“"ﬁifﬁ”';ié °

Tt o GF b TR AT T MR P»;ig@fﬁ};}ﬂﬁ;;xr1 Lhﬁw\/ﬁ\ﬁ_.,_ﬁ“/}iij?m
ﬁ%wuﬁaala’ﬁﬁ>ianém4¢mmgv B s Sism
R RN 2 R RS L B R - T SR AL B 2
AEFRAp DT R L PMELFRD o

(=) W44 % Rand Index,R
9% Rand (1971) %3¢ %?ﬁ;#ﬁﬂtRf—! THE LT - En~ES=

{01,02,05 ...op Hed B4 B SH {X1X2 X3, .. Xy } PSR ST
FrY={V Y,V ..Vs} > #SEI A FsBF 0 THEE 20T (8 9):

_ a+b _a+b
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Hourly Distribution of Bike Usage (Bar Chart)
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number  type ARI RI

1 commercial office 0.493377334 0.879303373
2 bank 0.581686995 0.891898589
3 supermarket convenience store 0.554729796 0.888370704
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12 cramschool_talent 0.425971742 0.865050909
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16 coffee_beverage 0.437114242 0.857417839
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LAmAREL e p 8 0% 2 AR 12 RI

number type Neihu_ARI Neihu_RI

1 commercial_office 0.430767621 0.791914822
2 bank 0.391224568 0.774067566
3 supermarket_convenience_store 0.38378416 0.791300643
4 station 0.315085443 0.768827601
5 sportgroundcenter_park 0.315787039 0.752053225
6 fitness_centre 0.504992762 0.780004318
8 departmentstore_underground 0.181858826 0.612573946
9 market_nightmarket 0.367751415 0.784221295
10 hospital_clinic_pharmacy 0.319933876 0.739002018
11 school 0.44791447 0.803390229
12 cramschool_talent 0.356704373 0.771005226
13 library 0.37292902 0.784620941
14 museum_art 0.302101181 0.730166248
15 restaurant 0.371465706 0.777503755
16 coffee_beverage 0.400626679 0.794365987
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()4 % % et FE LA et AL 4

AFTT R S (IS B % Fenf (78 k2 SRR B A S 7R
it (Rasterized) » £ 12 42 8 = 250m%250m 3 #h-34F - B AL ¥ B o B F
B Python #i#8@ 3-8 < % % o0& p {78 st & ¥ &3 AR G 4 (R

R AR A4 B(ARD) » 4o 4 12 6

212 * X R &2 BEEE g 72 03252 ARI 72 RI

number type Daan_ARI Daan_RI

1 Daan_commercial_office_rasterized 0.267464222  0.712936277
2 Daan_bank_rasterized 0.423409621  0.789641375
3 Daan_supermarket_convenience_store_rasterized 0.299785569  0.751949889
4 Daan_station_rasterized 0.448539291  0.806766167
5 Daan_sportgroundcenter_park_rasterized 0.306212627  0.748734464
6 Daan_fitness_centre_rasterized 0.413594394  (.783934884
7 Daan_theater rasterized 0.142479133  0.56580253
8 Daan_departmentstore_underground_rasterized  0.193264161 0.650411672
9 Daan_market_nightmarket_rasterized 0.305566115  0.755952892
10 Daan_hospital_clinic_pharmacy_rasterized 0.297799306  0.753029982
11 Daan_school_rasterized 0.362034507  0.774719399
12 Daan_cramschool_talent_rasterized 0.336746422  0.758360363
13 Daan_library_rasterized 0.30879262 0.723678297
14 Daan_museum_art_rasterized 0.447904537  0.797880358
15 Daan_restaurant_rasterized 0.479388747  0.819069572
16 Daan_coffee_beverage_rasterized 0.335447709  0.754171211
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Cluster merging

B 95 &# FHT LR

AP RABRAFRE R AL FE RS DT FARE P EAEEG e A

MR P RS S (A B R A () A 27K T (33
A HRER I (33 ) T RSRIT LR ¢ B ek TR o

BAORP P RO L P IR S PR H D AP BRSSP H -
AR AT R BRFRELEEARZE S MAFRIE RO R
Wt fice S 5 40T 3 A H (& 14)0 A A Fenhc 1t ART AR 447 0. 5049

> Y m
T
PN

Py
1

AP R
.agl.ytw "
e
it
cﬂﬁé\t

ey
o
©
©
(IS
o

2014 NP R P D RS & RS %40t e AR 2 RI

Neihu_fitness ARI RI Neihu_fitness ARI RI
0 0.202276  0.605962 33 0.356477 0.690301
1 0.380101  0.712316 34 0.533652 0.771255
2 0.419031  0.734999 35 0.248213 0.640669
3 0.539785  0.773689 36 0.458889 0.746272
4 0.576861  0.794601 37 0.590776 0.800316
5 0.349847  0.692008 38 0.370544 0.703008
6 0.364008  0.704715 39 0.303213 0.670617
7 0.453846  0.749804 40 0.463159 0.752359
8 0.362245  0.665589 41 0.401161 0.723979
9 0.357347  0.701525 42 0.402744 0.723092
10 0.427562  0.708244 43 0.306156 0.673802
11 0.32684 0.680371 44 0.435194 0.743016
12 0.318239  0.672665 45 0.364606 0.699978
13 0.276029  0.655424 46 0.396479 0.724255
14 0.298631  0.664665 47 0.32682 0.686745
15 0.449691  0.750115 48 0.51213 0.779617
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Neihu_fitness ARI RI Neihu_fitness ARI RI

16 0.554869  0.782 49 0.379115 0.712685
17 0.326676  0.684911 50 0.457059 0.753316
18 0.356675  0.696332 51 0.341999 0.694284
19 0.355736  0.7015 52 0.473788 0.762036
20 0.591785  0.80214 53 0.442711 0.747646
21 0.402474  0.724916 54 0.488178 0.769168
22 0.458009  0.754067 55 0.599434 0.805786
23 0.415215  0.731473 56 0.501693 0.771086
24 0.220693  0.622231 57 0.335116 0.68996
25 0.445696  0.747325 58 0.454955 0.749109
26 0.405194  0.724945 59 0.410591 0.728562
27 0.357252  0.694508 60 0.435274 0.743322
28 0.155398  0.580463 61 0.485653 0.764961
29 0.312889  0.678154 62 0.469572 0.75851
30 0.30619 0.674143 63 0.501362 0.7725
31 0.436685  0.711125 64 0.496391 0.772383
32 0.343955  0.687263

i o BT O BE AR AHEHDOPN PR (TE RIS FEE S s EI
A EO BB E R e B R 4o T 2 AR (& 15)0 8 A Fehdc i it ART 0. 3021
% 30,3793 -

Z 15 PP R p T E e £ B B3R 4 4 E i v 2 ART £ RI

Neihu museum ARI RI Neihu museum ARI RI
0 0.242079 0.63039 33 0.379325 0.713397
1 0.183453 0.651557 34 0.112116 0.573261
2 0.255278 0.694278 35 0.119903 0.599504
3 0.114994 0.57239 36 0.326008 0.705762
4 0.143269 0.597121 37 0.144352 0.593199
5 0.307286 0.690777 38 0.289964 0.685794
6 0.211465 0.663175 39 0.178593 0.635013
7 0.265778 0.695637 40 0.359272 0.73023

8 0.117031 0.514644 41 0.221794 0.672926
9 0.172479 0.646266 42 0.195316 0.657354
10 0.081353 0.522551 43 0.162845 0.632431
11 0.177813 0.631142 44 0.229171 0.685356
12 0.293006 0.675157 45 0.313323 0.695628
13 0.139687 0.612046 46 0.211806 0.675213
14 0.273982 0.669405 47 0.190081 0.652312
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Neihu museum ARI RI Neihu museum ARI RI

15 0.28585 0.709821 48 0.287372 0.713865
16 0.149044 0.592326 49 0.217067 0.668026
17 0.195595 0.650374 50 0.250747 0.695151
18 0.325027 0.701028 51 0.207325 0.660884
19 0.211743 0.664854 52 0.285671 0.712461
20 0.158859 0.605693 53 0.254007 0.698797
21 0.21235 0.669849 54 0.275483 0.710163
22 0.279242 0.70761 55 0.147912 0.600292
23 0.236407 0.681774 56 0.349089 0.728476
24 0.127979 0.591118 57 0.189905 0.650632
25 0.260308 0.696786 58 0.331837 0.720013
26 0.228701 0.673466 59 0.200067 0.664448
27 0.307227 0.688534 60 0.235162 0.688545
28 0.186706 0.598783 61 0.357186 0.735025
29 0.175735 0.640994 62 0.265968 0.699957
30 0.195453 0.647517 63 0.375747 0.743597
31 0.141377 0.548247 64 0.274874 0.708483
32 0.227164 0.650316

FHP BT FRER DA EEL AT 3TN Q0 s N Mt e s
B R AP T A AR R B Ao S A (% 16) 0 ARD A B4R A 00,18
B F# £l 0.39252 -

216 PP Rp AR EEEFEET L O T dEpr 2 ARI 2RI

Neihu ARI RI Neihu ARI RI
department department

0 -0.04441 0.476488 45 0.047485 0.528896
1 0.030275 0.499108 46 0.243748 0.622287
2 0.234193 0.610054 47 0.076182 0.54558
3 0.021869 0.519729 48 -0.00368 0.498295
4 -0.03291 0.485049 49 0.39252 0.691972
5 0.073564 0.525469 50 0.056423 0.536269
6 0.025786 0.48647 51 0.05831 0.535978
7 0.288949 0.640518 52 0.289374 0.646728
8 0.013687 0.516149 53 0.049925 0.531435
9 -0.01258 0.499732 54 0.176875 0.59838
10 0.01401 0.515168 55 0.281579 0.636986
11 0.309941 0.657253 56 0.167109 0.592088
12 0.261321 0.631331 57 0.270623 0.636594
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Neihu ARI RI Neihu ARI RI

department department

13 0.028971 0.52329 58 0.164264 0.591284
14 -0.00745 0.503752 59 0.145713 0.577844
15 -0.031 0.472475 60 0.38806 0.689921
16 0.109377 0.52888 61 0.176484 0.598332
17 0.339802 0.656185 62 0.150916 0.583733
18 0.050005 0.526362 63 0.311874 0.658985
19 0.034583 0.515236 64 0.174698 0.596677
20 0.069362 0.521872 65 0.037529 0.529639
21 0.253053 0.620562 66 0.209283 0.617967
22 0.065786 0.535691 67 0.046343 0.537411
23 0.004442 0.499318 68 0.108068 0.568808
24 0.061688 0.531112 69 0.098775 0.564226
25 0.268373 0.633699 70 0.08327 0.55124
26 0.373545 0.68106 71 0.208797 0.615353
27 0.061298 0.533521 72 0.126957 0.578279
28 0.056376 0.530341 73 0.055314 0.54278
29 -0.01811 0.488253 74 0.184457 0.605535
30 0.125554 0.565752 75 0.009513 0.513443
31 0.110519 0.569155 76 0.041228 0.530929
32 -0.01953 0.492469 77 0.306166 0.655992
33 -0.00862 0.504012 78 0.072766 0.544087
34 0.084042 0.552896 79 0.202905 0.61138
35 0.181438 0.601251 80 0.180412 0.603216
36 0.012529 0.507195 81 -8.13E-05 0.510302
37 0.167096 0.588796 82 0.323111 0.664787
38 0.088354 0.558156 83 0.034624 0.53156
39 0.146377 0.582749 84 0.097901 0.561237
40 0.113118 0.568437 85 0.291322 0.648429
41 0.010198 0.515451 86 0.101168 0.565009
42 0.334385 0.660028 87 0.163355 0.592571
43 0.061682 0.538368 88 0.091461 0.5547
44 0.070807 0.523989 89 0.189514 0.604506
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217 A2 ®Fp otz £ ST ER2 ARI 13 RI

Daan ARI RI Daan ARI RI
theater theater

0 0.173673 0.584273 13 0.058536 0.530274
1 0.364394 0.680084 14 0.00545 0.500368
2 0.334098 0.668428 15 0.011502 0.502848
3 0.200084 0.598694 16 0.286018 0.64039
4 0.183085 0.589637 17 0.084256 0.538613
5 0.185559 0.589978 18 -0.1158 0.44637
6 0.308814 0.651927 19 -0.00403 0.497191
7 0.04955 0.521371 20 0.185959 0.592391
8 -0.06779 0.467714 21 0.066326 0.532615
9 0.003656 0.499757 22 -0.00787 0.493298
10 0.043469 0.519168 23 0.057862 0.526549
11 0.129087 0.56151 24 0.140916 0.56855
12 0.050582 0.521682
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BESEEMT ﬁm—g i —3 F g 1tdp B (Adjusted Rand Index, ARI)
RILRBABEL L, GENE R FH R L EOTFAANR > FRINL BAELL L T2
DEPFIRFALFEBRFE LRI IFREFRAFE LT T
TR LR ’5\‘1%“‘ ART %y o

MTLRBAFT2Z 5% EFR - E- BEFRP
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e G026 I - LY ke o A 0 7 S
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