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Figure 1: Cluster Interface for Encyclopedia.
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Figure 2: Interface for AP News Stories.

q
rvc�UWc	I�UWNQ^+MgZ1TkPON¾R�h+I�a+Tk]_NQI�M�Tk`kMgc/MOX+Nv^+PgNQZONQI�MWTkMOKLc	I|c[R¢MgX+N
PON)MOh+PgI+N$afa¢c¢Uih+]�NQI�MgZ

p
H/M|T[I�omeVKLzVN)I�MgK}]_N|MgX+NQPgN�KLZuT�ICckx

MOKLc	I�ckR>T�¯OZgNQ`LN$UWMgN$ama�c+UWh+]_NQI�MO°|T[I�a�T�¯OZgNQ`LN$UWMgN$a�ZOhC\+MOPgNQN
p
°

q
X+NQZgN{PONQ^+PgNQZON)I�MuT{^�TkPOMgKyUWh+`yTkP/a�c+UWh+]_NQI�M�T[I�a-Tu^�TkPOMgKyUWh+`yTkP
^�cVPOMgKLcVI�c[R>MgX+N{MOPON)NuMOX�T[M/MOX+N{h+ZgNQPJrvcVhC`Èa�`LKL�VNsMOc�R�c+UWhCZ/cVI

p¬ I+KLMOKyT[`}`Lo �
MgX+N/ZONQ`LN$UiMON$a�ZOh+\+MgPONQN{KLZ"MOX+N/N)I�MgKLPON/PON)MOh+PgI�ZON)M�TkI�a

MOXCN|ZgNQ`LN$UWMON�aja�c+UWh+]�N)I�M/KLZsMOX+N�cVI+N�r/KLMOX�MOXCN|X+KLe	X+NQZOM{ZgK}]�x
KL`yTkPOKLM�o_MOc�MOX+N n h+NQPgo �

\Ch+M{MOX+KLZJKLZ n h+KyUg��`LomUgX�TkICeVN$a�\�o�MgX+Nh+ZgNQPJKLI�MgX+N|T	UWM/ckR"\+POckr/ZgK}ICe
p

2.1. Interactive Dendrogram¬ I�c	I+N{r/KLI�a�ckr8KLI�MOXCN�KLI�MON)P�R(T	UWN �
MOXCNÍUi`}hCZOMON)POKLI+e-MOPgNQN{KLMOZON)`GR

KLZ1^+PgNQZONQI�MgN$a�MOcÝeVKLzVN/MgX+NJh+ZgNQP/TuZgNQI+ZON{c[RwMOX+NsckzVNQPWTk`L`+ZOMgPOh�U�x
MOhCPON�ckR�MgX+N|PgNQMOhCPOIYZONQM

p ¬
ImMgX+NlUicVI�MONWd+M{ckR�T�eVKLzVNQI n hCNQPOo �MOXCN�a�KLZO^+`yT�o�ckR/MOX+N-MgPONQN_KLZ�ZgM�T[MOKyU

�
\+h+M|UWc	`LcVPOZuT[PON-h+ZgN$aYMOc

KLI�a�KyUQT[MONvMOX+NvZONQ`LN$UiMON$a�ZOh+\+MgPONQN © TsX+cVPgK}Ô)cVI�M�T[`�PgN$aÝ\�TkP1TVUiPOcVZgZMOXCN|Pgc�c	M/ckR�MgX�TkMsZOh+\CMOPON)N  TkI�a�MgX+N�ZONQ`LN$UWMgN$aja�c+UWh+]_NQI�M © TPON�a�^�TkMOX_R�PgcV]åMgX+N{POc�cVMvckR"MOX+N{MgPONQNuMgc-MOX+N{`LN$T�R>PON)^+PONQZgNQI�M�x
KLI+e-MOX�TkM�a¢c¢Uih+]�NQI�M  p ¬

I�TVaCa�KLMOKLcVI
�
MgX+N�X+KLeVX+NQZgMJZgK}]_KL`ÈT[POKLM�o

a�c+UWh+]_NQI�MJr/KLMOXCK}I�MOX+NuZgNQ`LN$UWMgN$ajZgh+\+MOPgNQN-KLZJX+KLe	X+`LK}e	X�MON$a_\�o
T�eVPON)NQI~^�T[MOX4R�POc	]æMOXCN�Pgc�cVM-ckR{MOX+N�Zgh+\+MOPgNQNYMOcYMOX+Nm`LN$T�R
PON)^+PONQZgNQI�MOKLI+emMgX�TkM{a�c+UWh+]_NQI�M

p
H/M{TkI�o�MOKL]�N

�
MgX+N�h+ZONQP

�
\�o

UW`LKyUg��KLI+e_cVIfT{ßWh+I�UWMOKLcVI © K p
N
pL�
MgX+N-POc�cVM{c[R�T_ZOhC\+MOPgNQN  �

UQTkI
]�T[�VN1T{a�KÓç�N)PONQI�M"ZOh+\CMOPON)NJMOXCN�ZgNQ`LN$UWMON�a�ZOh+\+MgPONQN{UQTkhCZOKLI+eJMgX+N
a�KLZO^C`ÈT�o-Mgc-\�N{h+^5a+T[MON$amT	UQUWc	P�a�KLI+e	`}o

p
�
KLeVh+PgN¡ÙYe	KLzVNQZ�T[IBNidCT[]�^+`LN_ckR�MgX+NmKLI�MONQPSR(TVUiN�Tk^+^C`}KLN$abMOc
z�KLNQr/KLI+e�TmUWc	`L`}N�UWMOKLcVIjc[RJHJZgZOc+UWKyTkMgN$afè"PgNQZOZ

Ã
NQr/Z « MgcVPOKLNQZ p

£
N)PON�K}I�a�KyUQTkMgcVPOZ{TkM/MgX+Nu\�cVMOMgcV]�c[R<MgX+N|a�N)I�a�POc	eVPWTk]�ZOXCckr
MOXCNJZOKL]_K}`yT[POKLM�oJc[R�N$T	UgX�TkPgMOKyUW`LN/MOcÝMOX+N n hCNQPOo p"q

X+N/`LNQI+e	MOX-ckR
MOXCNQZON-KLI�a�KyUQT[MOc	POZJKLZ{^+PgcV^�cVPOMgKLcVI�T[`wMOc�MgX+NlT[POMgKÈUi`}N	� Z{ZgK}]_KL`ÈT[P�x

K}M�o�MOcÝMOX+N n h+NQPgo © `LcVICeVNQP1\�TkPOZvZOXCckr�T[POMgKÈUi`}N)Z1MOX�T[M�TkPgN�UW`Lc	ZONMOcjMOXCN n h+NQPOo  p�q
XCNQZONY\�TkPgZ�]�T�o�KLI�a�KyUQT[MONmTjUWc	I�UWNQI�MOPWT�x

MOKLcVI_ckR>PgNQ`LNQzVTkI�MJT[POMOKyUW`LNQZJT[I�a_MOX+N)o�NWç5N$UWMgK}z	NQ`Lo�T	a+a�TuMgX+KLP�a
a�KL]�NQI+ZgKLcVI�Mgc|MgX+N|a�N)I�a�POc	eVPWTk]

p
2.2. Subtree Document Lists

q
X+Nur/KLI�a�ckr~c	I�MgX+Nu\�cVMOMgcV]å`LNWRAMJa�KLZO^+`yT�o�Z�M�rvc�`}KLZgMOZ/ckR1TkPSx
MOKyUW`LNuMOKLMg`}N)Z

�
c	I+NsR�cVP/N�TVUgXmZOhC\+MOPgNQNuckR1MgX+NuZON)`}N�UWMON$a�ZOhC\+MOPgNQN

p¬ ImN$TVUgXY`LK}ZgM �
MOX+N-TkPgMOKyUW`LNQZuTkPgNucVPWa�NQPON�aY\�o_MOX+N)K}P{^+Pgc�d+K}]_KLM�o

MOc�MOX+N n h+NQPgo�r/KLMOX-MgX+NuTkPOMgKyUW`LNJr/KLMOX_MOX+N{X+KLeVXCNQZOMvZOKL]�KL`yTkPgKLM�oX+KLeVX+`LKLeVX�MON�a�KLI+KLMgKÈT[`L`}o
p
H/MJMOXCN|MgcV^�ckR1N$T	UOXY`LKLZOM/KLZ�TY¯gZO^+`LKLMO°

\+h+MOMgcVI
�
r/X+KyUgXj]�T[�VNQZsMOX�T[MuZOh+\CMOPON)N�MOXCN-ZONQ`LN$UWMgN$ajZgh+\+MgPONQN

TkI�a8MgX+NQPgNWR�cVPgN�Zg^+`LKLMOZ-KLM�R�h+PgMOX+NQP
p�q

X+KLZ�R�h+I�UWMOKLcVI8KLZ-ZOKL]_KGx
`ÈT[P�Mgc|UW`LKyUg��KLI+eÝcVI�MgX+N�a¢NQI�a�PgcVeVPWTk]éT[I�a-^CPOckz�Kya�NQZvMOX+Nsh+ZONQP
r/K}MgX�]_cVPgN�KLI�RAcVPO]�TkMgK}c	I�T[\�c	h+M�T�^�TkPgM�c[R�MOXCN|MgPONQN-X+N�êkZOXCN
a�NQNQ]_Z-PONQ`LNQzVT[I�M

p~Î
RÝUicVh+PgZON�UW`LKyUg��K}ICe�c	I�a¢NQI�a�PgcVeVPWTk]·T[M

MOX+N{ßWh+I�UWMgKLcVIfTk\�ckzVN�MOXCN�ZON)`}N�UWMON$a4Zgh+\+MOPgNQN�r/KL`}`{¯gh+I�x�ZO^+`LKLMO°
MOX+N/`LKLZOMgZ

p
� `LKyUO��KLI+escVI�MOX+N/MgK}Mg`LN�c[R�Tua¢c¢Uih+]�NQI�M"]�T[�VNQZ=MOX�T[M

a�c+UWh+]�N)I�MvMOXCN�ZgNQ`LN$UWMgN$a�a¢c¢Uih+]�NQI�M
�
c	I�UWNuTke�TkKLI�e	K}z�KLI+euMgX+N

h+ZONQP{TkI�cV^C^�c	POMOhCI+KLM�o-MOc-eVN)M/]�cVPgN�a�N)M�TkKL`wT[\�c	h+MJTu^CK}N�UWNuckR
PONQ`LNQzVT[I�M/KLI�RAcVPO]�TkMgK}c	I

p
2.3. Text Window and Lists of Proximal Documents

q
X+Nur/KLI�a�ckr~c	I�MgX+N{MOcV^�PgK}e	X�M/^+POckz�Kya�NQZJT�¯O`LcVe	KyUQTk`�ÔQc�cV]_°
ckRJMOXCN�ZgNQ`LN$UWMgN$a8a�c+UWh+]�N)I�M

pmq
X�T[M|KLZ

�
MOX+N_ZONQ`LN$UWMgN$a~a�c+UWh¢x

]�NQI�M
�
^+PONQZgh+]�T[\+`Lom\�N$UQTkhCZON�KLM{X�T[Zu\�N)NQI�ßWh�a�eVN$a�PON)`}N)zVTkI�M

\�o�MOXCN/h+ZONQP
�
a¢NQZONQPgzVNQZ/Nid¢MgP�T{ZWUWPON)NQI�PgN$Tk`+N)ZOM�T[MONsK}I�MOXCNvR�cVPg]

ckR © T  KLMgZJMONid¢MuT[I�a © \  MOXCN|PgNQMOh+PgI�ZgNQM{ZOc	POMON�am\�o�ZOKL]�KL`yTkPSxK}M�o�MOcmMgX+N-ZONQ`LN$UiMON$a4TkPOMgKyUW`LN
p-q

X+N-MgNQPO]ë¯O`Lc	eVKyUQTk`=ÔQc�cV]_°�KLZ
h+ZON$a4X+N)PON�\�N�UQTkh+ZgNmT~¯g^+X�o�ZgKyUQTk`vÔQc�cV]_° © MOX�T[M|KLZ �

r/POKLMOKLI+e
MOX+N{ZON)`}N�UWMON$a¡MOKLMO`LNJKLI�Tu`yTkPgeVNQP¾R�c	I�M  KLZvI+cVM/TkM/Tk`L`5a�NQZgK}PWTk\+`LN p



ì c�cV]_K}ICe�KLI�MgX+KLZuUWcVI�MONid¢M�KLI�zVcV`Lz	NQZ�UgX�T[I+eVKLI+e�MOXCN-R�c	PO]�ckR
MOXCN�KLI�R�c	PO]�TkMOKLc	I © R�PgcV]%MOKLMO`LN1Mgc/MONWd+M  T[I�a{I+c	M�ßWh+ZgMwKLMOZ=Z�UQT[`LN �\+h+M¾K}M1a�c�NQZ¾^+POckz�Kya�NvZOKL]�KL`yTkP�R�hCI�UWMOKLc	I�Tk`LKLM�o

p
H/Mwt�POZOM¾eV`yTkI�UiN

�MOXCN�`LKLZOMÝckR�^CPOc�d+KL]�Tk`1a�c+UWhC]�NQI�MOZ�KLZ|PgN$a�h+I�a+TkI�M-ZOKLI�UiN�MgX+N
UW`Lh+ZgMONQPgK}ICeuMOPgNQN�T[`}Zgc{eVKLzVNQZ"^+Pgc�d+K}]_KLM�oJKLI�R�c	PO]�T[MOKLcVIs\�N)M�r�NQN)I
MOXCN�ZgNQ`LN$UWMgN$a�a¢c¢Uih+]�NQI�MJT[I�a-MgX+NucVMgX+NQPgZJKLI�MgX+N{PONQMgh+POImZgNQM

p
£
ckrvNQz	NQP

�
MgX+N/UW`Lh+ZOMgNQPOKLI+e{MOPgNQNvK}Z=I+cVM"T/^�NQP�RAN$UWM1]_c¢a¢NQ`Vc[R¢MgX+N

ZOKL]_K}`yT[POKLM�o-ZOMgPOh�UWMgh+PONmT[I�amKLI+ZgMON$T	aYPONQ^CPONQZgNQI�MOZ�T4¯O\�NQZOMÍt�MO°
cVP�UWcV]_^+POc	]�KLZON{ckzVN)PuMOX+N-N)I�MgKLPON-PON)MOh+PgIfZON)M

p
HJZ|T�PgNQZOhC`}M

�a�c+UWh+]_NQI�MOZ-MgX�TkM�TkPON_R(T[P�Tk^�T[POM-KLI8MOX+N�MOPON)N�]_K}e	X�M|TVUWMgh�x
Tk`L`Lou\�N n h+KLMONsZOKL]�KL`yTkP"TkI�a-a¢K}ZgZOKL]�KL`yTkP"a�c+UWh+]_NQI�MOZv]�KLeVX�Mw\�N
n h+KLMONuUW`LcVZgN{K}I_MOX+N{MgPONQN p É

o_`LK}ZgMOKLI+e�MOX+N{PgNQMOh+PgI�a�c+UWh+]_NQI�MOZ
r/KLMOX-PgNQZO^�N$UWMsMOcu^+Pgc�d+K}]_KLM�o�Mgc|MgX+NJZgNQ`LN$UWMgN$a�a�c+UWh+]�N)I�M

�
MgX+N

a�KLZOMWTkI�UiNJKLI�R�c	PO]�T[MOKLcVIÝK}Zva�NQ^+KyUWMgN$a_]�cVPgNJTVUQUih+P�T[MONQ`Lo�TkI�a�K}I
T�]�T[I+I+NQPv^�T[POMOKyUWhC`ÈT[PO`Lo-PON)`}N)zVTkI�M/MOc�MOX+NÝh+ZONQP

p
2.4. Usage

Ã
ckr4MOX�T[M1MOXCNvR�h+I�a+T[]�NQI�MWTk`�ZOMgPOh�UWMgh+PON{c[R�MgX+N/KLI�MgNQP�R�TVUWNsX�TkZ
\�NQNQIma�KLZ�UWhCZOZON�a

�
rvNuUQTkI_ZOMON)^�MgX+POc	h+eVX�TkI-NWd�T[]�^+`LN/ckRwXCckr

KLM�UQT[Im\�N|h+ZgN$a�MOc�PgNQZO^�cVI�aYMOc n h+N)POKLNQZ puí
NQMOhCPOI+KLI+e_MOc�MgX+N

¯OZWUWKLNQI�MOKÓt�U¾ZOMgh�a�KLNQZ1c[R�TkKLPw^CPONQZgZOh+PgNQ°uNWd�Tk]_^+`LN
�
KLI+Zg^�N�UWMOKLcVI�ckR

�
KLeVh+PgN|¤sZOX+ckr/Z/MgX�TkMvMOX+NuT[POMOKyUW`LNQZ/rvNQPgNÍUi`}hCZOMON)PON$a�KLI�MOcÝM�r�c
]�T[KLI|e	POcVhC^+Z$±/�k�y�"»$�[���W�1T[POMgKÈUi`}N)Z�c	I�MOXCNJ`LNWR�M/TkI�a-T[`L`�c	MOX+NQPgZ
cVI�MgX+NuPOKLe	X�M

p
H�h+ZONQPuUWc	h+`ya�a�NQZ�UiNQI�a�MOX+N�]�c	PONJ^CPOcV]_KLZOKLI+e

POKLe	X�M"Zgh+\+MOPgNQN{\�o|UW`LKyUO��KLI+e{cVI�MOXCN/POKLeVX�M1Zg^+`LK}M"\+hCMOMOc	I
p «
KLI�UWN

MOXCK}Z�^+h+`L`LZ{cVh+M-TmUW`Lh+ZgMONQP-c[R�T[POMgKÈUi`}N)Z|c	If]�N)MONQc	POcV`Lc	eVo
�
MgX+N

h+ZgNQP-]�KLeVX�M{a�NQZ�UiNQI�a4R�hCPOMOXCNQPla¢ckr/IjMOX+N_POKLeVX�MuZgKÈa¢N�ckRJMgX+N
MOPgNQNuMgc-ZONQN-UW`Lh+ZOMgNQPOZ{c	I�XCN$TkM

� Ð
h+Kya�a�o�I�T[]�KyUWZ

�
TkI�a�ZgcVh+I�a

pÕ X+KL`LNmTkPgMOKyUW`LNQZ�c	I8ZOMOh�a�KLNQZ�ckR|TkKLP-^+PgNQZOZgh+PONfT[PONmI+c	M�UWc	I�xUWNQI�MgP�TkMgN$a�K}ImT[I�o_cVI+N{c[R<MgX+NuZgh+\�xOUW`Lh+ZOMgNQPOZ
�
MOX+N)o�e	NQI+NQPWTk`L`Lo

Tk^C^�N$T[PuI+N$T[P|MgX+N�MgcV^jc[R�MgX+N�`LKLZOMgZ{R�cVP{MgX+N�]�TQßWcVP{UW`Lh+ZOMgNQPOZ
TkI�a�MOX+N�UW`Lh+ZOMgNQPOZuMgX+NQ]_ZONQ`LzVN)ZJeVKLz	N�ZgMOPgh�UWMOhCPON-MOc_MOX+N�ZON)MJckR
PON)`}N)zVTkI�MJTkPgMOKyUW`LNQZ

p
3. IMPLEMENTATION

3.1. Corpus and PreprocessingH%ZONQM/c[R<ÙV¦
�
ÆVÙVÄ{T[POMOKyUW`LNQZ © MOX+c	ZON{ckR"]�c	PON/MOX�TkI�¦	îurvcVPWa�ZvK}I`LNQI+e	MOX  R�POc	]ïMOX+Nm´{���	�V�)�|�A�|´{�-�)�Q���W�k�bð����)ÁV�Q½L�W¿+���[���Y§L¤g¨

r/TkZ/NQ]_^+`LckoVN$a�\�N$UQT[h+ZON�KLM�r/TkZ/MgX+N{`ÈT[POe	NQZOMJUWc	`L`}N�UWMOKLcVI�MgX�TkM
X�T	a-\�NQNQIm^+PgNQ^+Pgc¢UiNQZOZgN$aYh+ZOKLI+e�MOXCNu`yTkMON)I�MvZON)]�TkI�MgKÈU�KLI�a�NWd�x
KLI+e�MOc�cV`LZ

p�q
X+N�a�c+UWh+]_NQI�MOZurvNQPON_KLI�a�NWd+N$aY\�oYMOX+N�¦VÆ

�
¦	ÅVî

MON)PO]�Z/MgX�TkMsc+UQUWh+PgPON$a�KLI�]_cVPgNJMOX�TkImM�rvc�a�c+UWh+]_NQI�MOZ
p¾q
X+N

NQI�Uio¢Ui`}c	^�N�a�KyTJTkPgMOKyUW`LNQZ=K}I�UW`Lh�a�N$auUiPOcVZgZ�x�PONWRANQPONQI�UWN�¯ « NQN1Hs`}ZgcV°`LKLI+��Z/r/X+KyUOX�r�NQPgN|ICcVMJhCZON$a�KLI�MgX+N�ZOMOPgh�UWMgh+POKLI+e�^+Pgc¢UiN$a�h+PgN
^�T[POMO`Lo_\�N$U)Tkh+ZgN|MgX+NQZON-TkPgNuh+ZgN$a�KLI�UWc	I+ZOKLZOMgNQI�MO`Lo © N p

e
�
]�T[I�o

TkZgo�]�]�N)MOPOKyUQT[`"`}KLI+��Z  TkI�abKLI�UWcV]_^+`LNQMON)`}o © N p
e
pL�
]�TkI�omPON�T�x

ZOc	I�Tk\C`}N�`LKLI+��Z�`LNWRAM�c	h+M  \+hCM|Tk`LZOc�\�N$UQT[h+ZON_r�N�X+cV^�N$aYMgX�TkMMOXCN�KLI�MON)P�R(T	UWNua�NQZ�UiPOKL\�N�a�X+NQPgNur�c	h+`ya-\�NuTk^+^+`LKyUQT[\+`LN/MOc�UWc	P�x

^�c	P�T�MOX�TkM/X�T�z	N�ICc|NWd+^+`LKyUWKLMJUWPgcVZOZSx(PgNWR�NQPgNQI�UWN)Z
p

ªw«�¬ �
T�ZOM�T[MOKLZOMgKyUQTk`=MON$UgX+I+K n h+NuMgX�TkM/`Lc+UQT[MONQZJa�c+UWhC]�NQI�MOZJT[I�aMONQPg]�Z/KLImT�X+KLeVX�xOa�KL]�NQICZOKLcVI�T[`+ZO^�TVUWN

�
r�T[Z/h+ZON�a�MOc�T[I�Tk`Lo�ÔQN

MOX+N/UWcV`L`LN$UWMgKLcVI
p5q
XCK}Z5KLZ"a�cVI+N"\�o{eVNQICNQP�T[MOKLI+e�Tv`yT[POeVN

�
ZO^�TkPOZgN

�MONQPg]é\�o�a�c+UWh+]_NQI�M1]�T[MOPgKGd-r/X+NQPgN{N$TVUgXmUWNQ`L`5ckRwMgX+N{]�T[MOPOKÓd
UWcVI�M�T[KLI+Z-MOX+N�I�h+]-\�NQPuc[R�c+UQUWh+PgPONQI�UWNQZ�ckR{MOX+N�eVKLz	NQIfMgNQPO]
K}I4MOX+N�e	K}z	NQIBa¢c¢Uih+]�NQI�M

pjq
X+KLZ|]�TkMgPOKÓd�KLZ|MgX+NQI~TkI�Tk`Lo�ÔQN$a

h+ZOKLI+e4ZOKLI+eVhC`ÈT[P|zVT[`Lh+Nma�N$UWc	]�^�cVZOKLMgK}c	I ©�«�ñ �  p¾q
X+KLZ-t�I�a�Z

Tu`LckrvNQP�xOa�KL]�NQICZOKLcVI�T[`�zVN$UWMgcVP/PgNQ^+PON)ZONQI�M�T[MOKLcVI_R�c	P1N$T	UOX�MgNQPO]
TkI�a{N�TVUgXla¢c¢Uih+]�NQI�M=ZOh�UgX�MOX�T[MwMOXCN�a�c	Mw^+Pgc+a�h�UWM"ckR�MOX+NvzVN$U�x
MOcVPgZJPgN$Tk^+^CPOc�d+KL]�TkMgNQZ/MOXCN|UWcVPgPONQZg^�c	I�a�KLI+e�UWNQ`L`"ckR1MOX+NÝcVPOKLe	KGx
I�Tk`=]�TkMgPOKÓd

p5q
clUicV]�^Ch+MON{MOXCNuZOKL]�KL`yTkPgKLM�ou\�N)M�r�NQN)I�T n h+NQPOoTkI�auT/a¢c¢Uih+]�NQI�M
�
rvN1h+ZgN�MgX+N1z	N$UWMOc	P"PONQ^+PgNQZON)I�MWTkMgK}c	I+Z"ckR�MgX+N

MONQPg]�ZwKLIuMgX+N n hCNQPOo p5q
X+N/UWcVZgKLI+N © I+cVPg]�T[`}KLÔQN�aJa�c	Mw^+Pgc¢a¢h�UWM \�NQM�rvNQNQI_MOX+NvPON)ZOh+`LMOKLI+e{z	N$UWMOc	P�TkI�a{MOX+N/z	N$UWMgcVP1PgNQ^+PON)ZONQI�MOKLI+e

MOX+N�a�c+UWhC]�NQI�MJKLZsMOX+N-ZgK}]_KL`ÈT[POKLM�o-Z�UicVPON�h+ZgN$aYKLImMOX+KLZ{KLI�MONQPSx
R(TVUWN

p
¬ I�MgX+N{^�TkPgMOKyUWh+`yT[P�T[I�Tk`Lo�ZOKLZ1^�NQP�RAcVPO]_N$a-XCNQPON �

MgX+N{P�T�r~MgNQPO]
\�o{a�c+UWh+]_NQI�M5]�TkMgPOKÓdJr/TkZ5MOPWTkI+ZSR�cVPg]�N$a�h+ZOKLI+e/N)I�MgPOc	^�o{MgNQPO]�x
r�NQKLe	X�MgKLI+e�r/KLMgXjI+cjI+cVPg]�T[`}KLÔ$T[MOKLcVI¡R�cVP�MOX+N�`LNQI+e	MOX4ckR�MgX+N
TkPOMgKyUW`LNQZ

p «�ñ �
eVN)I+NQP�T[MON$a TjÅVÙVÙ�xSa¢K}]_NQI+ZgK}c	I�Tk`¾zVN$UWMgcVP�R�cVP

N$TVUgXfMgNQPO]æT[I�a�a¢c¢Uih+]�NQI�M
p
HJ`LMOXCcVh+e	X�MgX+N�^+PgNQZON)I�M�KLI�MONQPSx

R(TVUWN�h+ZgNQZ|TkI ªw«¢¬ PONQMgPOKLNQzVTk`¾NQI+eVKLI+N �
KLI�MgNQP�T	UWMOKLz	NlUW`Lh+ZgMONQPgKLI+e

ZOX+c	h+`ya�\�N/h+ZgNWR�h+`CR�c	P�TkI�ouPgNQMOPgK}N)zVTk`5Tk`LeVc	POKLMOX+]�MgX�TkM¾PONQMgh+POI+Z
TkI�cVPWa�NQPON�a�`LK}ZgM/ckR1a�c+UWh+]�N)I�MgZ

p
3.2. ClusteringÊ ZON)P�x�ZO^�N$UWKÓt�N$a n h+NQPgKLNQZJe	NQI+NQPWTkMONÝPONQMgh+POImZgNQMOZuUWc	I+ZOKLZgMOKLI+e-ckRMOX+NsMOcV^�¤

p
Æ	ò%ckR5MOX+NJT[POMOKyUW`LNQZ © MgX+N/MOc	^ Û

îVîscVhCM1ckRwÙV¦
�
î	îVî�K}I

MOX+NJUQT[ZONsckR5MOX+N/NQI�UWo+UW`LcV^�N$a�KyT  T[I�aÝMOX+NQZgN�T[PON/h+ZgN$a�MOc|UicV]-x^+h+MON�T_UW`Lh+ZOMgNQPOKLI+e�MgPONQN
p
è"Pgc�d+K}]_KLM�o-K}I�MOX+N�PONQZgh+`LMOKLI+emUW`Lh+ZSx

MONQPgK}ICeuKLZ>ICcVM1T/ZgK}]_^+`LN"R�h+I�UWMOKLcVI�ckR5a�c+UWh+]�N)I�M"MgcÍa¢c¢Uih+]�NQI�M
ZOKL]�KL`yTkPgK}M�o-\Ch+M{K}Zs\�TkZgN$a�cVImckz	NQP�T[`}`"^�T[MOMgNQPOI+Z{c[R�ZOKL]�KL`yTkPgKLM�o
K}I4MOX+N

Û
îVî�PONQMgh+POI+N�a~a�c+UWh+]_NQI�MOZ

p4q
X+NmUW`Lh+ZgMONQPgK}ICejK}Z-TVU�x

UWcV]_^+`LK}ZgX+N$a�hCZOKLI+e Õ TkPWa5� ZÍT[`LeVcVPgKLMOX+]æ§®Æ)¨�r/X+KyUgXYr�N-UgX+cVZgN
T�R�MgNQP|KLI�RAcVPO]�Tk`L`Lo�UWc	]�^�T[POKLI+e�ZON)zVNQPWTk`JZgM�T[I�a+TkPWafUW`Lh+ZgMONQPgKLI+e
Tk`LeVc	POKLMOX+]_Zwc	I|MgX+N/\�TkZgKLZ1ckR5KLI�MgNQPO^CPONQMWTk\+KL`LKLM�ouckR5MOX+N{a�NQPgK}z	N$a
UW`Lh+ZOMgNQPOZ

p� cVI+ZgKÈa¢NQP�T[\+`LNJUWcV]_^+h+M�T[MOKLcVIÝK}Z¾PON n h+KLPON�a�MOcuZgN$TkPWUOX_MOX+NJa¢c¢U�xh+]�NQI�M{zVN�UWMOc	POZ|T[I�ame	NQI+NQPWTkMgN-MOX+N�UW`Lh+ZgMONQPgKLI+e
p Õ

K}`L`LNQM�§}¤�î)¨
a�NQZ�UiPOKL\�N)Z�ZgMOh�a¢K}N)ZJckR"^�TkPWTk`L`LNQ`wUW`Lh+ZgMONQPgK}ICe�Tk`Le	cVPOKLMgX+]�Z�ókX+ckrvx
NQzVNQP

�
XCN�Tk^+^�N$T[POZ"I+cVM=MOcsX�T�zVN1PgNQ^�cVPOMgN$a�^�T[P�Tk]_NQMOPgKyUwMgNQZOMgZ1ckR

^�NQPSR�cVPg]�T[I�UWN/RAcVP1X+KLNQPWTkPWUOXCKÈU)Tk`5UW`Lh+ZOMgNQPOKLI+e
p Õ

NJUWc	]�^�T[PON$a-T
X+KLNQP�T[P�UgX+KyUQTk`wUi`}hCZOMON)POKLI+e-Tk`LeVc	POKLMOX+]�KL]_^+`LNQ]�NQI�MgN$a{cVI�T�¤$ÆV×
^+POc+UWNQZgZOc	P Â TkZWè"TkPJ^�TkP�T[`L`}N)`wUWcV]_^+h+MON)P/MOc�^�NQPSR�cVPg]�TkI�UWN{cVIT{r�c	PO��ZOMWTkMgK}c	I © �{ô

� ¦	îVî	î  p�q
X+NJPgNQZOh+`LMgZ�T[PONJZgh+]�]�TkPgK}Ô)N$a



õ c[R<z	N$UWMgcVPOZ rvcVPg��ZgM�T[MOKLcVI ^�T[P�Tk`L`LNQ`Ù	¦VÆ ¤$Ù
Û¦C¤$Ù Æ+¤ ¤
Û¤$î	Ù

Û
Å
Û
Å ÅVÆ

Table 1: Seconds of processing time for clustering.
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