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º lMU»c�QPO�c:O�[iQdTdl�U»c�KX[JQ#N�GJh([JW�OR¼xG8Q#N�NPGgO�o9KM½»[iU®W@lXG�¾¿c:ORWXc:Giy
QPUVI,GiNPGJQ�[iÀJO�W5NPc��9ORb8OR½®GJK.c:emIDÁxGJ½®U®TJ\�T�GJW%T�ORKMN:LX[J½4NPlMGJLMÀ8l5N�\
[Jc=ORb8ORQPe�lmLMIg[JWETdlMU®½®�¶�9GmO�c�� w c0UVW.Â FHGJlMO�WÄÃ�Å�Æ�ÇVÈÉt�Ê8ÊJs5Ë
¾¬OZ[iQPO=NPQ:emU®WMÀ,N:G¯Ì:ÀJQPG�¾�ÍD[JW@U®W5N:O�½V½®UVÀ8ORW5N
[iÀ8ORW5N�hÎQPGJIÏI,U®W9y
U®I,[J½HÁxORÀ8UVWXWMUVWXÀ8c�Á5eÐlX[pbmU®WMÀ°UVN�U®W5N:O�QP[8T¢ND¾�UVN:lÄ[¶T�G8I,KM½VORo
ORWmbmU®Q:G8WMI,ORW5N��ÒÑ=WMO�KMQPGJÁM½®ORI!¾�UVN:lÓc:LXTdlÄKMQ:GJÔfO�T�NPc�U®c�NPlMO
N:Qd[iW%cfhÎG8Q:Ig[�NPUVG8W�GJh(c#N:QPO�[JI,c·GJh(c:ORW%c#G8Q��M[�Nd[�U®W5N:GÉc:emIDÁxGJ½®U®T
T�G8WXT�O�K9NPc�\�T¢hf�¶N:lMO�c#emI�Á%G8½4ÀJQPGJLXWX�9U®WMÀ°KMQPGJÁM½®ORI�ÂÖÕ=[iQPWX[J�
t�Ê8ÊJumËd�×Õ�O�WXT�O8\�N:lXO�hÎG9TRLXc,Gih�NPlMU»c,KX[iKxORQ,U»c�[JW.LMW%c#LMKxORQ:y
bmU®c:O��@½®O�[JQ:WMU®WMÀ,I,O�TdlX[JWMU»c#IØhÎGJQ�ORo5NPQP[8T¢NPUVWMÀgTRGJWXTRORK9Ndc·hÎQ:G8I
N:U®I,OZc#O�Q:U®O�c·GJh�c:ORWXc:GJQ·QPO�[8�9UVWXÀ8c��
FHGJWXTRORK9NdcD[iQPOÉ[iÁ%cfNPQP[8T¢N:U®GJW%c`Gih�O�o9KxORQPUVO�WXT�OgNPlX[�N�T�GJWMhÎORQ

[EKMQ:Ov�9U»T¢N:U®bJO�[iÁXUV½®U£NfeÐhÎG8Q�WXOR¾;c:UVN:LX[iN:U®GJWXc��.j�GJQPORG�b8ORQv\�hÎGJQ
N:lXU®c�KMQPGiÔfOvT¢N�¾HOÐ[JcPc:LMI,OÙ[.Ú%Û:ÃdÜiÝÖÞRÅ¦ÝàßpÃ¯áRÃ�âgÆ�ãxÅÖÝÖÞ�á�¾�lMO�Q:O
N:lXO�I,O�[JWMUVWXÀ°Gih
[ET�GJW%T�ORKMNDU®cDN:lXO�KMQPO��9U»T¢NPUVG8WXcZUVN,I,[JäJOvcR�
º lMU»c°¾¬GJQPämUVWMÀÓ�9ORåXWMUVN:U®GJWæ[JKMKM½®UVOvc°O�ç5LX[J½V½®eè¾¬OR½®½¡NPGÒÁ%GJN:l
GJÁMÔfO�T¢Ndc�[JWX�Ò[8T¢N:U®bmU£NPUVOvc�[JWX�Ò�9O�K%O�WX�Mc@LMKxGJWé[×WMGJN:U®GJWÒGJh
ÞdÆiÅ Ã ê8ëiÛ¢ì��×íMGJQ�U®WXcfNd[iWXTROJ\îÔfLXc#Ng[Jc�GJWMO�TR[JW¯hÎGJQPIïN:lMO�TR[iN#y
ORÀ8GJQPe¿ð³ñxòóhÎG8Q¶G8Á9ÔfO�T�NPcEô%õ*ö5öÒ[JWX�æð³ñ*÷}\DGJWXO.TR[JWø[i½»c#G
T�QPO�[iN:OÐNPlMO.TR[iN:O�ÀJGJQPeè÷Mö8õmòùhÎGJQÙ[JT¢NPUVbmUVN:U®O�c¶ôîñ�ú³û*üxýB[iWX�
þ ÷Mÿàû(��íMQPGJI�NPlMO,Ýàã%Å Ã�Û:Æ8ÞRÅ¦ÝÖë�ã%Ý»á�Å%KxORQdc:K%OvT¢N:U®bJO,ÂÖ]�[iä8Gi¼Ðt�Ê��Jr��
� GJlMWXc:GJW,tvÊ����8Ëd\�N:lMU»c*TRGJQPQ:Ovc#KxGJW%�9ORWXTRO�U®c�[�WX[iN:LMQd[i½iG8WMOJ����W9y
�9O�O��}\%GJÁ9ÔfOvT¢NPc
[iWX�k[8T¢N:U®bmU£NPUVOvc�c:ORORIØN:GÉÁxOD�9L%[i½»c
	 ½®UVWXäJO��
ÁmeÙc:ORW%c#G8Q:U®I,GiN:G8Q¡O�o9KxORQPUVO�WXT�O�	 ¾�U£NPl.[°T�[�N:O�ÀJG8Q:e°GJh�GJWMO
T�G8WMWMOvT¢N:Ov�ÉNPGÉ[,TR[�NPORÀ8GJQPegGih*NPlMO¡GiNPlMORQv�
� KMU»cfNPORI,U»TR[i½®½®eJ\9[�T�[�NPORÀJG8Q:e�U»c¬c:U®I�KX½Ve�[�T�G8½V½®O�T�N:U®GJWÉGJh�U®W9y

c#NP[iW%T�O�c0ÂÎGJh³GJÁ9ÔfOvT¢Ndc4G8QH[JT�N:U®bmU£NPUVOvcdË�[iWX�É[�T�G8WXT�O�K9NHU»cH[�TR[iN#y
ORÀ8GJQPe,KM½VL%cHUVNPcZÃRã%Å Æ�ÝàÇ£â,ÃRã%ÅÖá
ÂÎG8Q·TRGJWXc:O�ç5LMO�WXT�Ovc4GJh�T�[�N:O�ÀJG8Q:e
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I�O�IDÁxORQdc#lXUVKxË¢� w c:UVI,U®½®[JQ
�9ORåXWMUVN:U®GJWkhÎG8½V½®G�¾�c·hÎQPGJI;N:lMO�UVW9y
# LMORW5NPU®[J½H¾¬GJQPäEGJh
_�G8cPTdl×U®WmbJGJ½®bmUVWXÀ¶TR[iN:ORÀ8GJQPUVOvcZ[iW%�ÐN:lMO�UVQ
[iÁXc#N:Qd[JT�N:U®GJWXc�\�T�[i½®½VOv�¯ÚxÛ:ëiÅ ëiÅ¦ìdÚ9Ã�á�ÂÖ_�G8cPTdl%$ ]³½®G�e9�Ót�Ê&�'�5Ë¢�
w KMQPGiN:G�emKxO`U®c
Á%OvcfN0LMWX�9O�QPc#N:GmG9��[Jc�[gQPORKXQ:Ovc#O�W8Nd[�NPUVb8O`T�[�N:y
ORÀJG8Q:egI,O�IDÁxORQ·N:l%[�N
Ig[peÉG8Q�I,[pe�WMGiN
TRGJQPQ:Ovc#KxGJWX�ÉN:GÉ[JW5e
GJÁXc:ORQPbJOv�°U®WXcfNd[iWXTROJ�ÙÂ(��WÙhÖ[JT�N�\�N:lMOÉ½»[�N:N:O�QDTR[8c#O,U»c`N:QPLMOghÎG8Q
N:lMOHQ:Ovc#LM½VNPc�U®W¡N:lMU»c�KX[iKxORQv��Ë º lmLXcR\�¾�lXORWMO�bJORQ�c#L%TdlD[iÁXc#N:Qd[JT�y
N:U®GJWXc·TR[JW�Nd[iä8O
NPlMO`KM½®[8T�O0Gih([�T�[�NPORÀJG8Q:e8\8G8WMO`TR[iW�N:lXUVWMä�Gih
[�T�G8WXT�O�K9N¡[Jc`[�T�[�NPORÀJG8Q:e@KMQPGiNPGiNfemK%O�KM½®LXc0U£Ndc�â,ÃdÆ�ã%Ýàã5ê�G8Q
KMQ:Ov�9U»T¢N:U®bJO`U®W9hÎORQPORW%T�O�c��

clustering

Cluster

recognition

prediction

Outcomes

Time Series

Time Series

Cluster Prototype

Outcome

observation

FUNCTIONAL EPISTEMIC

Concept
Use

Concept
Discovery Category

Meaning

Entailments

Instance

Instance

Category Prototype
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í�U®ÀJLMQPO°tÉU®½V½®LXc#N:Qd[�NPO�cDN:lMO�¾¬[peÙ¾HO�Q:Ov[i½®U,+�OgN:lMOvc#O@�9O�å%WMU£y
N:U®GJWXcgGJhZT�GJW%T�ORKMNPc��-��WÓKX[JQ#NPU®TRLM½®[JQ�\¬¾¬O°Á%O�ÀJU®W2¾�U£NPlÓN:U®I,O
c#O�Q:U®O�c¬�M[�Nd[,[iWX��hÎGJQPIÏT�½®LXc#N:ORQdc¬Gih�K%G8UVW5NPc¬NPlX[�N�lX[pb8O0c:GJI,ORy
N:lMU®WMÀ¡U®W,TRGJI,I,GJW³�/.ÙO·N:lMO�W�G8ÁXc:ORQPbJO¬N:lMO�c:LMÁXc:O�ç5LMO�W5N(G8L9N#y
T�GJI,OvcR\�Uz� O8�V\4N:lMO�hÎL9NPLMQ:O�KMQPGJKxORQ:N:U®O�c�Gih=N:lMO�T�½®LXc#N:O�Q�I,O�I�y
Á%O�QPc���SmUVW%T�O0¾HO0O�ç5LX[iN:O`T�½®LXcfNPORQdc4¾�UVN:l�TR[iN:O�ÀJGJQPU®O�c4[JWX�ÉG8L9N#y
T�GJI,Ovc(¾�U£NPl�O�W5NP[iU®½®I�O�W5NPc�\i¾HO�[J½®c:G0O�ç5LX[�NPO·N:lMO�TRGJQPQ:Ovc#KxGJW%�my
UVWMÀ0[JT�NPc�Gih�ÞRÇ10má�ÅzÃRÛ¢Ýàã5ê¬[JWX��ë32¢áRÃ�Û¢ß�ÆiÅ¦ÝÖë�ã¡¾�UVN:lDN:lMO¡Ü�Ý»áRÞdë�ß�ÃRÛ¢ì
GihMT�G8WXT�O�K9NPc��(FHG8WXT�O�K9N40máRÃîNPlMORWDhÎGJ½®½VG�¾�c�[�c:UVI,U®½®[JQ³Nf¾¬Giy�cfNPORK
KMQ:G9TRO��9LMQPO�5�Âft�Ë76
ÃPÞdëPêiã%ÝÎÅÖÝÖëiãxÈÙ^0UVb8ORW.[°WMOR¾ùNPUVI,O�c:ORQPU®O�c�\
åXWX�EN:lMOÉTR½VL%cfNPORQ¡KMQPGiNPGiNfemK%O,I,G8c#NZ½®UVä8O�NPlMOgWMO�¾ U®WXc#NP[iW%T�OJ�
Â988Ë;:¬ÛPÃPÜiÝÖÞRÅ¦ÝÖë�ãîÈ·_�ORKxGJQ:N·N:lMO¡I,G5cfN�½®UVä8OR½®eÉGJLMNPT�G8I,O=hÎG8Q�N:lXO
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º G`�MORI,GJWXc#N:Qd[�NPO�T�GJW%T�ORKMN��MU®cPT�G�b8ORQPeZ[iWX��LXc:OJ\J[`c:UVI,KM½®O�O�omy
KxORQPUVI,ORW5Nd[i½�ORWmbmUVQPGJWMI,O�W8N0¾¬[8c=TRQ:Ov[�NPO��k¾�lMO�Q:ODNf¾HG@[iÀ8ORW5NPc
U®W8NPORQd[JT�N*ÁX[Jc:O��ZGJW`N:lXORU®Q�KMQPO��MO�N:O�Q:I,U®WMO��ZI�G�b8ORI,ORW5N�c#N:Qd[�NPO�y
ÀJU®O�c�� º lMO�c:O�[JÀJO�W8Ndc`[iQPO�O�W5N:U®Q:O�½VekQPO�[8T¢N:U®bJO,[iW%�¶KMLXQPc:LMO�GJQ
[pbJG8U®��GJWMO¡[JWMGiNPlMORQ�LXc:U®WMÀ,GJWMO`Gih�hÎGJLXQ�ÁX[Jc:U®T0ÁxORlX[pbmU®GJQdc 5
t8��û*ñ*û*ýî� º lMO¶[iÀ8ORW5NghÎGJ½®½®G�¾�cÉ[Ð½VU®WMOÙ�9O�NPORQPI�U®WMOv�2Á5e±U£Ndc
UVWMUVN:U»[i½5bJO�½VG9TRU£Nfe8����G
[iN#NPORW5N:U®GJW¡U»c³KX[JU®�0NPG�N:lXO4GJKXK%G8WMORW5N�
 c
K%G5c#UVN:U®GJW³�

8M��õ��*ñ�ÿ���� º lMO@[iÀ8ORW5ND[�N:N:ORI,K9NdcZNPG°I,G�bJO�[p¾·[pekhÎQPGJIïU£Ndc
GJKMKxGJWMO�W5N�[JWX��[pbJG8U®��T�GJW5Nd[JT¢Nv�

qX�
ü��îõ þ�� � º lMO�[JÀJO�W8N`[�N:N:ORI,K9Ndc0N:G@I,G�bJOZNPG�¾¬[JQP�°U£Ndc=G8K9y
K%G8WMORW5N
[iW%��U®WMUVN:U»[�N:OZTRGJW5NP[8T¢Nv�

r%����ÿ þvþ � º lMO�[JÀJO�W8NZc:½VG�¾�cD�9G�¾�WÐÁ%ORhÎGJQPOgI,[JämUVWMÀ°TRGJW5NP[8T¢N
ÂÎU®I�KX½VO�I�O�W5N:O��D[Jc}[�TRGJIDÁXUVWX[iN:U®GJW0GihMõ��*ñ*ÿ��,[JWX�Zü��îõ þ�� Ë¢�
í�U®ÀJLXQ:O 8 c#lMG�¾�c Nf¾HG ORoM[iI,KM½®O�c hÎQPGJI N:lXO KMLMQ:y

c:LMU£N���[pb8GJU»�M[iWXTRO�c#U®IDLX½®[iN:GJQv�(Y
LMQPU®WMÀ�Ov[JTdl,NPQ:U»[i½z\5N:lMO`[iÀ8ORW5NPc
U®W8NPORQd[JT�N·G8WM½®eg¾�lMORW@N:lXORe�[JQ:O`T�½®G8c:O`ORWMG8LMÀJl�N:Gg�9O�NPO�T�N�GJWMO
[iWXGiN:lXORQv\·[8cÉQPORKMQPO�c:ORW5NPO��ÄÁme±NPlMO°U®WMWMO�Q@TRUVQdT�½®O°U®WÒí�U®ÀJLXQ:O
89� w N:QPU®[J½HO�WX�Mc�¾�lMORW.N:lMO�[iÀ8ORW5NPcDI,[JäJO@T�GJW5Nd[JT¢Nv\(¾�lMORW
N:lXORe,ÀJORNHNPG5GDhÖ[iQ¬[iKX[JQ#Nv\8G8QH¾�lMO�WgN:lXO
NPQ:U»[i½xO�oMT�O�O��McH[¡NPUVI,O
½®UVI,UVNH¾�lMU»TdlÉU»c4½»[iQPÀJO�TRGJI,KX[iQPO���NPGZN:lXO=�9LMQd[�NPUVG8WgGih*[`NfemKMUVy
TR[J½îUVW5N:O�QP[8T¢NPUVG8W³� º lXO0c:UVI�LM½»[�N:G8QHU®I,KM½®ORI,ORW5NPc·[�I,G�bJORI,O�W8N
c#N:Qd[�N:O�ÀJeZÁme�bp[JQ:emU®WMÀ`N:lXO
[iÀ8ORW5N�
 c�[JT�T�OR½®ORQd[�NPUVG8W�U®WgQPO�c:K%G8WXc#O
N:G°N:lMO�Q:O�½®[iN:U®bJOgKxG8c:U£NPUVG8W¯Gih�U£NdcZG8KMK%G8WMORW5Nv�×Â¦SmO�O¶ÂÖ_�G5c#O�W9y
c#N:ORU®W×ÃRÅ·Æ�Ç®È0t�ÊJÊ&�JË�hÎGJQ��MO�NP[JUV½»c��²Ë ��W�KX[JQ#NPU®TRLM½»[iQv\MI,G�bJORI,O�W8N
c#N:Qd[�N:O�ÀJU®O�c·[iQPO`O�ç5LX[iN:U®GJWXc¬Gih�N:lXO`hÎGJQPI

��� �"!�# Â%$�&�'$9Ë(& Â#tpË
¾�lMO�Q:O � U»c�[JTRTROR½®ORQd[�NPUVG8W³\"$ÙU»c��MU®c#NP[JWXT�O�Á%ORNf¾HO�ORW.[JÀJORW5NdcR\
# U»c�[¶hÎLMWXT�N:U®GJW.N:lX[iN�À8UVb8O�c�GJWMO�Gih�NPlMO�Á%[Jc:U®T�I,G�bJORI,O�W8Nc#N:Qd[�N:O�ÀJU®O�c�\¬[JWX� � U»c�[¯cPTR[J½VO�hÖ[8T¢N:G8Q,N:lX[iN�QPORKMQPO�c:ORW5NPc�NPlMO[iÀ8ORW5N�
 c�c#N:QPORWMÀJN:l@GJQ`Ýàã%Å Ã�ãXá¢ÝÎÅÖì��

(a) (b)

)î���v§J�f�*) *,+ ���0§8¨£�R�f���¬�f�:�f�d�d�@�8§8�¡�,���5�¢�����5���Z�f�d�J�f�d���d���#�R�f��«p�
���f�£��¨%��� * �Î�  .-�/10�243�«i�d¤65878-:9(;=<��à�  ">:2?9(9·«i�d¤�>:2?9(9�¤

@ "x7M A�� f7CBó� &.�=3
Ñ=LMQ�KMQPORbmUVG8LXc�[iKMKMQPG8[8Tdl�N:G�T�G8WXT�O�K9N?�MU®cPT�G�b8ORQPe ¾·[Jc
ÁX[8c#Ov�BGJWæQPORKMQPO�c:ORW5Nd[�N:U®GJW%ckGihÉ�9emWX[JI�U»TRcÙTR[J½V½®O��ÏÆ8ÞRÅ¦ÝàßvÝÎÅÖì
âgÆdÚXá°Â¦_�G8c:ORWXc#N:O�UVWøÃ�Å,Æ�ÇVÈÏt�ÊJÊ&�JË¢�-��WÓäJO�ORKMU®WMÀ×¾�UVN:l2NPlMO
hÎLMWXT�N:U®GJWX[J½�bmUVO�¾øGih·T�G8WXT�O�K9NPc`U®WÙí�U®ÀJLMQPO@tJ\³¾¬Og[i½»c#G@Ig[J�9O
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