
���������
	���
�����������������������	! ��"����#$�
#&%��(')#*�+#*���

,�-/.�021432576839-4141:02;*<=6�0?>@-4ACB@D�E7F=02>=>=3G;*<=32>=HJI�143G-4>LKM02BN.&F@DPO

QSRUTVQXW�YGZ\[2]2^:_`WVacbd^:[@Z*ef^4g�h�iUjX^kZ\amlon&_Pp
qPr\r*s TtZPu2bvn7wGn&g�ekuCxy^kZPekn&g
h{zU| }~|@�\�
r\� � r�q Y9Z\[?]G^:_�Wtacbd^k[@ZPef^:g��?�?jv_PaCxyn

�&�G���\�\�c�������2�c�*���c�P�~�m�2�*�G�P�P�G�����\�G�*���9�P�~�J�\�c�c�������G�*�2�&�G�P�G���9�\�* ��G�\���d�����G�\���¢¡��
�c�\�\ {£X¤�¤�¥�¥�¥{�d�&�c�G�\����¡��9¤��P�9�\�*�

¦"§�¨$©&ª&«C¬P©\­�z�uG^fe4w9^ka?®8¯9a?Z&°
ekn&w2®PnJ±?_\gXn&g�²4Z\jm¯9a2Z�°
ekn&wG®\n�h�±?_\gXn&w´³c^:g¢^:ZPaµg¢¶?g¢h
bvn$p�g�^4g�_JwG^f·�x�uGefb�b¸_\gX¯@|�l�]2^:g�[C_*[@n$j�_*^kp�g�_�b"gX]?Z&°
^ka?®L]2Z&°¹_PaºZPacbvZPekZ\®*¶
x�ZPp�[@Z�gXn&w�ZP²@³c^:gXuC_�eCxyZ\aCxyn$[2b¸g�x$_*a`±@n�u?gXn&w`_Pg{_t®\u2^:wGn+²/ZPj+wGn&gdx�jX^k±2^ka?®tZ\±G»¢n&x¸b¸g
²4jdZ\p�_�gX[@n$xy^f¼@x�w2ZPp�_*^ka½ZP²�^kacbvn$jdn&g¢b&|�iUa?n�ZP²�bv]2n`p�Z�g¢b7^kp�[@ZPjXb¸_Pacb7±@n$a2n�¼?b¸g
Z*²~Z\u2j¾_P[?[2jdZ�_Px¸]"^4g�bv]?_*b�bv]2nM¯9a?Z&°
ekn&w2®Pn7_\x$¿cuG^4g¢^fbd^kZ\a�[?jdZ9x�n&gdg
®Pu2^:w2n&w"±c¶�bv]?n
ZPa9bvZ*ekZ\®P¶Le:n$_\w?g7bvZÀ_m¯9a?Z&°
ekn&w2®Pn�±C_\gXn"xyekZ\gXn$j�bvZmekZ&°
h�ekn$³�n�e
³c^:g¢^kZ\aN|~WÁ³c^:gXuC_�e
x�ZPaCx�n�[2btZ\acbvZPekZ\®*¶À_Pa?wm_�w2n&w9^:x$_*bvn&w�¯Ga2Z&°
e:n$w2®\n�_\x�¿9uG^:g¢^kbd^kZPaÀbvZcZ*e~]C_&³�n7±@n�n$a
wGn$³�n�ekZ\[@n$w7_PaCw7_*jdn+_�e:gXZt[2jdn&gXn$acbvn&wN|yÂÃn�[?jdZP[@Z�gXn+_�®\n$a2n$jX^:x�p�n�bv]2Z9w2ZPekZP®P¶Ubv]?_*b
^:g+a2ZPb+ef^ka?¯\n&w`bvZ�_Pac¶�_P[2[2ef^:x$_*bd^kZPa�wGZ\p�_*^kaN|�RUn�³�n$jXbv]?nye:n$gdg��G_Pa�n�Ä2_Pp�[Ge:nVgX]2Z�°Vg
]2Z�°Åbv]?nÆ¯9a?Z&°
ekn&w2®Pn�_\x�¿9uG^:g¢^kbd^kZPaJp�Z9wGn�e~x$_*aÀ±@n`_*[?[2ef^kn&wmbvZ�bv]?n�w2n&gdxyjX^:[Gbd^kZ\a
Z*²�[@ZPefekn$aJ®\jv_*^ka½^:p�_*®\n&g�|ol�]2n�uCgXn�ZP²
_*aLZPa9bvZ*ekZ\®P¶À²4Z\jM^kp�_P®Pn�w2n$gdx�jX^k[2bd^kZ\a½^4g
bv]2n+¼Cjvg¢b{g¢bvn$[�bvZ&°
_Pjvw2g�_Ux�ZPp�[2ekn�bvn
x�ZP®\aG^kbd^k³�n+³9^:g¢^kZ\a�g¢¶?g¢bvn�pÅbv]C_�b~°
^kefeG^kaG³\ZPek³�n
_�ekn&_*jda2^ka?®�e:_$¶cn$j$|
ÇCÈ9ÉNÊ�Ë ª�Ì�¨mÍ�xyZ\®\aG^fbd^:³\n�³c^:g¢^kZ\ao��ZPacbvZPekZ\®*^4x�_*eVn$a?®*^ka?n$n$jX^ka2®2�~¯9a?Z&°
ekn&wG®\n�h�±C_PgXn&w
³c^:g¢^kZ\aÎg¢¶2g¢bvn$p�g�|

Ï Ð?ÑVÒ@Ó=Ô7Õ�Ö�×�Ò=ØvÔVÑ

683G>?Ù�ÚC>@0cÛ714DPH=ÜGD�ÝdÞ=325¸D\H�ßC-45y-402>m5¸Ù@5y;¸D\à�5VF=3�ßGD7ÞoD*DP>Î5�B@Ü2ÜGDP5y;¸D\H�-4>�;yF=D�á=3G5y;7âXã\ä�å�æNçÆè
éfê*ë <cã*ì�í+ç7è é î�ë <�ã�ï+í{è{ð73G>NH�ñ=ò�ó+í{è{ð é ôcë¢õyö E7F@D*Ù�391412>@DPDPH�ÚC>@0cÛ714DPH@Ü2D
Þ=3G5yDP5�5�áoDP.�-:÷o.P39141:Ù
H@DP5y-:Ü?>@DPHÎø�02Ot;yF@D`3Gá=á@14-/.*39;y-:0?>ÀH@0?à�3G-4> ö I�5VD*ù@á=143G-4>@D\HÎ-/> ékê�ë <?H@D\5¸-4Ü2>=-4>@Ü�5yBN.&FÀÞ=3G5yDP5V-45
ßGDPOyÙm;¸-/à�D�.*02>=5�B=à�-/>@Ü ö E7F@-/5U;y3G5�ÚÎ391/5y0�>@DPDPH=5Mà�B@1:;y-4H=-45�.�-/á@14-4>=32O¸ÙÀ5�Ú?-:141/5 öCú >=H@DPDPH~<=Þo0G;�F
H@02àm39-/>ÎÚC>@0cÛ714DPH@Ü2D�3G>=Hm-/àm39Ü2D�á=Oy0C.*DP5�5¸-/>@Ü�;yDP.&F=>@-/ACB@DP5t3GOyDÆ-/>2ß20G14ßGD\H�-/>Î;�F@-45Uá=Oy0@.�DP5�5 ö
û B=O�ÜG023G1t-/5m;¸0´32.*ACB@-/O¸DLH@02àm39-/>ÅÚ?>=0cÛ71:D\H@ÜGDJÛ7-:;�F@02B@;ÎOyDPACB@-/O¸-/>@Üº-4àm3GÜGDJáNO¸0@.�D\5y5y-/>@Ü
5yÚ?-41:1/5 ö�ü D�á=Oy02áo025yD�;y0JB=5yD�3½ß?-/5�B=391�.�0?>=.�D\á@;�0?>2;y0G140GÜ2Ù½;¸0ÃF@-/H@D";�F@D�1:0cÛMÝX1:DPßGDP1{ßC-45y-402>
143�Ù2DPO�.�02àmá@14D�ù@-4;dÙý3G>=H�;¸0þÜ?B@-4H=DJ;�F@D�D�ù=áoDPOy;�-/>µ;�F@D8H@D\5y.PO¸-/á@;¸-402>µ09ø`;yF@DÃ02Þ@ÿvDP.�;�5�09ø
F@-45��cF=DPO7H@0?à�3G-4> ö

ü Dm3GOyD�á=1432>=>@-/>@ÜJ;y0LÞNB@-:1/Hº3J.*02àmá@14D*;¸Dm.�1/3G5�5y-k÷o.P39;y-:0?>85¸Ù@5y;¸D\à ;yF=3G;`Û7-4141�BN5¸Dm;yF=D
O¸D\5yB@14;¸-/>@Ü�ÚC>@0cÛ714DPH@Ü2DMÞN3G5yD ö�� 14DP325¸D7>@02;¸D7;�F=39;
0?B=O
3Gá=áNO¸0?3G.&F�-/5¾H@-���DPOyDP>?;�ø�O¸0?à¹.*DPOy;y39-/>
Ú2-/>=H=5�09øo02>?;¸021:02ÜGÙ?ÝXÞN3G5yDPH�-4àm39Ü2DtOyD*;�O¸-4D*ßc3912;¸D\.&F=>@-/A?B=DP5 é �Gë ÛÆF@D\O¸DU3�H@0?àm39-/>CÝXH=DPáoDP>=H@D\>?;
02>?;¸021:02ÜGÙ�-45MB=5yDPH½;¸0m3G>=>@02;y3G;¸D`-4àm39Ü2DP5��@O¸DP;yOy-:DPß�3G1o-/5MÞ=3G5yDPH½02>J39;¸;�3G.&F@D\HÀ3G>N>@0G;�39;¸-402>N5
3G>=HL>@0G;70?>½-/àm39Ü2D�32>=3914Ù@5¸-/5U;¸D\.&F=>@-/A?B=DP5 ö

E7F@-45ÎáN3GáoDPO�÷oO�5¸;ÎH@DP;y3G-:1/5m02B=OÎáNO¸0?áN0?5¸D\Hµ3GáNá=O¸0?3G.&Fµ-4> 5yDP.�;y-:0?> î=ö
	 DP.*;¸-402> ô -4>CÝ
;yOy0CHNB=.�D\5À;yF=DºOyDP32H@DPOÎ;y0µ0?>2;y0G140GÜ2-4.P391ÆD\>@ÜG-/>@D*D\O¸-/>@Ü ö�	 D\.�;¸-402> � -45LH@D\H@-4.P39;yDPH ;y0µ;yF=D



q RV^:x�ZPe:_\g��Î_*^fefekZPb&���mZPa2^:¿cu?n7l�]2Z\a?a?_*b&�?WVe:_*^kamz+Z\uCxv]?n�j

Ú?>=0cÛ71:D\H@ÜGD�3G.PACB@-45y-4;¸-402>�á=Oy0@.�DP5�5MÛUD"á=Oy02áo025yD ö 	 D\.�;¸-402>��máNO¸D\5¸D\>2;�5Æ3G>Ã0?>?;¸0G140GÜ2Ù½.�0?à�Ý
áN0?5¸D\H�09øV;�F=OyD*D�H=- ��DPOyDP>?;�;dÙ@áoDP5`09ø¾ßC-/5yBN391�.�02>N.�DPá=;y5 ��5�á=39;y-:0GÝ¢;yDPàmáo02O�391¢<N;¸D*ù@;yB=OyD�32>=H
.�0G1402BNO¾O¸DP143G;¸D\HÎ.�02>N.�DPá=;y5 ö 	 D\.�;y-:0?>���5yF=0cÛÆ5VF@0cÛ ;yF=D�á=Oy02áo025yDPH�02>?;y0G140GÜGÙ�.*32>ÎÞND`B=5¸D\H
ø�02O�H=DP5�.*Oy-4Þ@-/>@ÜÀ0?ÞCÿvDP.*;y5Æø�O¸0?à 3À5�áoDP.�-:÷o.�H=02àm39-/> ö�� -/>=3G1:14ÙG<�5¸D\.�;¸-402>
	ÎH@D*;�39-4145�;yF@D�ø�DP3cÝ
;yB=OyDP570Gø
;yF@D�5�áND\.�-:÷o.�ÚC>@0cÛ714DPH@Ü2D�3G.*ACB@-/5y-:;y-:0?>J;y0C0G1�ÛUD�F=3�ßGD�H=D*ßGDP1:0?áND\HÃ3G>=HÃB=5yDPHLø�0?O
;yF@D�H@D\5y.PO¸-/á@;y-:0?>½0Gø�5yD*ß2DPO�391�áN021:14DP>LÜ2O�39-/>=5U;dÙ@áND\5 ö

� � Ó=Ô�
�Ô����{Õ���
�
�Ó=Ô��
×��
I�5�H@DP5�.*Oy-/ÞND\H8-/> é î�ë <~5¸DPßGDPO�391�;dÙ@áND\5�0GøtÚC>@0cÛ714DPH@Ü2D�.*32> ÞoDm-4H@D\>?;¸-:÷NDPH -4>ºÚC>@0cÛ71:D\H@ÜGD*Ý
Þ=3G5yDPHLßC-45y-402>Ã5¸Ù@5y;¸D\à�5�â � -:Ü ö�ê9õ ��â êGõ H@02àm3G-4>ÃÚC>@0cÛ714DPH@Ü2DG<~â î@õ ÚC>@0cÛ71:D\H@ÜGD�32ÞN0?B@;Æ;yF=D
à�32á=á@-/>@Ü�ÞNDP;dÛtDPDP>�H@02àm3G-4>�ÚC>@0cÛ71:D\H@ÜGDM3G>NH"-/àm39ÜGD7á=Oy0@.�D\5y5y-4>=Ü�ÚC>@0cÛ714DPH@Ü2DG<Câ ô=õ -4àm39Ü2D
á=O¸0@.*DP5�5¸-/>@ÜmÚ?>=0cÛ71:D\H@ÜGD ö

Mapping
between 1 and 3Domain

Knowledge

Image
Processing
Knowledge

Visual concepts
ontology

1 2 3

�����o­��C­� 7a?Z&°
ekn&w2®Pn�iU³�n$jd³c^kn�°

û B=O`Ût0?OyÚÃ-/5`ø�0@.*B=5yDPH 02> ;yF@DÀàm32á=á@-/>@Ü�ÞNDP;dÛtD\> H@0?àm39-/> ÚC>@0cÛ714DPH@Ü2D�32>=H -4àm39Ü2D
á=O¸0@.*DP5�5¸-/>@Ü�ÚC>@0cÛ714DPH=ÜGD ö"! ùC;�Oy32.�;y-4>@Ü�H@02àm3G-4>JÚ?>=0cÛ71:D\H@ÜGD�à�DP3G>N5UáNO¸0@H=B=.*-4>=Ü�3mF@-4DPO�3GO¸Ý
.&F@-4.P391N5y;yO�B=.*;yB=OyD709ø�H@0?à�3G-4>m.*02>=.*DPá@;�5¾3G5�5¸0@.*-43G;¸DPH�Û7-4;yFm;�F@D*-/OV5�B=Þ=á=32O¸;�57â � -4Ü ö2î@õyö E7F@-45
Ú?>=0cÛ71:D\H@ÜGD�ÞoD*1402>@Ü?5Æ;y0½;yF=D�H@0?à�3G-4>Ã0Gø
-4>?;¸D\O¸D\5¸;�3G>=H�-/5�5�F=32O¸D\H�Þ2ÙL;yF=D�5�áND\.�-/3914-45y;y5�09ø
;yF@D½H=02àm39-/> ö~ú ;�-/5�-/à�áo02Oy;y32>?;�;¸08>@02;¸DÎ;yFN39;"H@0?àm39-/> ÚC>@0cÛ714DPH@Ü2Dm-45�-/>=H@D\áND\>=H=32>2;"09ø
3G>?Ù�ßC-45y-402>�143�Ù2DPO+3G>=Hm.*32>�ÞoDÆOyDPB=5yDPH"ø�02O�02;yF@D\O
á=B=O�áN0?5¸D\5 ö�ú >�02B=O
32á=á=Oy0232.&F~<�;yF@D7àm3GáCÝ
á@-4>=ÜÀÞNDP;dÛtDPDP>Ã;yF=D"5y.*DP>@D�32>=HL;yF@D"-4àm39Ü2D�-45�H@02>@D�HNB=O¸-/>@ÜÀ3À5yDPáN3GO�39;¸D�5y;¸D\áL32>=HÃ14DP3G>N5
02>Ã3�ß?-/5�B=391�.*02>=.*DPá@;70?>2;y0G140GÜ2Ù ö E7F@-/5702>?;¸021:02ÜGÙÎ-/57B=5yDPHÃ3G573mÜ?B@-4H=D`ÛÆF=-4.&FÃá=Oy0cßC-4H@D\5M3
5¸-/àmá@1:D�ß20@.*3GÞNB@1432O¸ÙÎB=5yDPHL;y0�Ü2-:ß2D�;yF@D�ßC-/5yB=3G1�H@DP5�.*Oy-/á@;¸-402>J09ø
H@02àm3G-4>L.�0?>=.�D\á@;y5 ö

Truck Car

Ground 
Vehicle

Vehicle Ground
Vehicle
Subpart

Wheel Engine

Specialization link
Composition link

���#��­%$N­�&MZPp�_*^ka' 7a2Z�°
ekn&wG®\n�Y9bvjdu?xybvu?jdn



�on&xybvu?jdn7RtZPbvn&g�^ka��+ZPp�[?uGbvn$jVY2xy^kn$a?x�n �

� �µÑtÒ@Ô��vÔ��tØ¸× �	��
�Ñ��tØ¸Ñ � ��ÓNØ¸Ñ
�

E{0?à��`O�B=ÞoDPO�ÜG-4ßGDP5�3������	������������09ø
;yF=D�>@02;¸-402>Ã0Gø¾02>?;¸021:02ÜGÙ½-/> é � ë � �2I�>�0?>2;y0G140GÜ2Ù
-45Æ32>½D*ù=á@1:-/.�-4;Æ5�áND\.�-:÷o.*3G;¸-402>J09ø+3Î.*02>=.*DPá@;�B=3914-"!P39;y-:0?>#� ö

I�5�D�ù=á@1/39-/>@DPHýÞ?ÙþK ö KM32.&F@-/à�0?>?;ÀâS5yD*D é � ëSõ <+;�F@DJ3G-4à 0GøÆ02>?;¸021:02ÜG-4DP5�-/5�;¸0ºH@D�÷o>=D
ÛÆF@-4.&F áNO¸-/à�-:;y-:ß2DP5P<tá=Oy0cßC-4H@D\HÅÛ7-:;�F ;yF@DP-4OJ3G5�5¸0@.�-/39;yDPH 5yDPàm3G>?;¸-/.*5P<V32O¸D8>@D\.�D\5y5�3GOyÙýø�0?O
Ú?>=0cÛ71:D\H@ÜGD�O¸D\á=OyDP5yDP>?;y3G;¸-402>À-/>Ã3�ÜG-4ßGDP>L.�0?>?;¸D�ù@; ö

I�>�0?>2;y0G140GÜ2ÙÆ-45+.�0?àmáN0?5¸D\H�09ø@;yF@DU5¸DP;{0GøC0?ÞCÿvDP.*;y5{;yF=3G;�.*32>�ÞNDUO¸D\á=OyDP5yDP>?;¸D\H�3G>=H�3G145y0
09øVOyD*1/39;¸-402>N5ÆÞNDP;dÛtDPDP>�0?ÞCÿvDP.*;y5 öNú ;�-45�-4àmáo02Oy;y3G>?;�;¸0½>@02;¸-/.�D�;yF=3G;�3À5yDPàm3G>?;y-4.�à�B=5y;�ÞoD
ÜG-4ßGDP>�;y0�;yF@D�02>?;¸021:02ÜGÙ ö E7F@-45t.*32>ÎÞND�32.&F@-4D*ßGD\HmÞ2Ùm5�áND\.�-:ø�Ù?-/>@Ü"39ù@-:0?à�5 ö I�>ÎD�ù=F=32B=5¸;y-:ß2D
1:-/5¸;�09ø�39ù@-:0?à�5"-45�Ü2-:ß2DP>þ-/> é � ëXö E7F@DPÙ´.*3G>µÞNDÃO¸DP143G;¸D\H´;¸0ºO¸D%$ND�ù@-4ß?-4;dÙG<�5yÙCàmà�D*;�O¸Ùþ0?O
;yO�3G>=5y-:;y-:ßC-4;dÙÀ09ø
OyD*1/39;¸-402>N5 ö

E{08ÞoD½D%&Î.*-:D\>?;*<�.*02àmà"BN>@-4.P39;y-:0?>´ÞNDP;dÛtDPDP>´áoD*02á=1:D½32>=H´5y09ø�;dÛM3GOyDm5yÙ@5¸;yDPàm5"à�B=5y;
O¸DP1:Ù�0?>"3`5yF=32O¸D\H"B=>NH@DPO�5¸;�3G>=H=-4>@Ü ö I�5�D�ù=á@1/39-/>@DPH"-4> é � ë <\1/3G.&Ú�0Gøo5�F=3GOyDPH�B=>=H@D\Oy5y;y32>=H@-/>@Ü
1:D\3GH=5�;y0ÃH=-'&À.*B=1:;y-:D\5�-4>º-/H@DP>?;¸-:ø�ÙC-4>=ÜÃOyDPACB@-/OyDPà�DP>?;y5�32>=H ;y0Ã1:-/à�-:;yDPHº-4>?;yDPO¸Ý¢0?áND\Oy32Þ@-:14-4;dÙ
02O�OyDPBN5y32Þ@-:14-4;dÙ ö E7F=DP5yD�á=Oy02Þ@14DPàm5�3GOyD�09ø�;yDP>8à�D*;`ÛÆF@D\>8Þ=B@-414H=-4>@ÜJ02O�-4>?;¸D\Oy32.�;y-4>@Ü½Û7-:;�F
.�02àmá=B=;¸DPO+ßC-/5¸-402>�5yÙ@5¸;yDPàm5 ö û >?;y0G140GÜG-4DP5�3GOyDt3�.�02àmà�02>�Þ=3G5yDV;y0`ÞNB@-:1/H�02>"32>=H�3`5yFN3GOyDPH
O¸D*ø�DPOyDP>=.*D�;¸0m3914-4Ü2>ÎÛ7-4;yF é � ë¢ö E7F=3G;V-/5tÛÆF?ÙÎ0?>2;y0G140GÜ2-4.P391=D\>@ÜG-/>@D*D\O¸-/>@Ü�.*3G>½ÞND�B=5yD�ø�B@1�ø�0?O
02B=O7.*02àmà"B=>=-:;dÙ ö

I�O¸DP1:DPßc3G>?;�D�ù=32à�á=1:DÀ0GøÆ3Gà"Þ=-:Ü?B@-:;dÙºÛM3G5�Ü2-:ß2DP>´Þ?Ù(�*)0?à�D%!�Ý � )DPOyD%!mH=B=Oy-4>@Ü 3�;y3G14Ú
39;,+.-0/2143#5 é � ëXö�ü F=3G;�5yF=02B@1/H ÞoD½32>=5¸ÛUDPOyDPH ;¸0�;�F@DÀACB@DP5y;¸-402>6� ü F=3G;�-45�3�á=-4áoD87�� ö
E7F@DPOyD"3GOyD"5yD*ß2DPO�391{áo025�5¸-/Þ@14D"3G>N5¸ÛUDPO�5 �o3À5yF=02Oy;�>=3GO�Oy0cÛ ;yBNÞND�Û7-:;�F83À5�àm39141�.�0?>?;y39-/>@D\O
39;U02>@D�DP>=H~<@B=5yDPHÀø�02OM5�à�0?Ú?-4>@Ü�;¸0?Þ=3G.P.�0:9?3"1402>=Ü";yBNÞND�àm3GH@D�09ø�á=14325¸;y-4.�02OUà�D*;y3G1�;yF=3G;
-45�B=5yDPHº;y0Ã.P3GO�O¸Ù�ÛM39;yDPO�0?O�02-:1V02O`Ü2325%9�3L;¸D\àmáN0?Oy32O¸Ù85yDP.*;¸-402> 09ø7.�02àmá=B=;¸DPO�à�D\à�0?O¸Ù
;yF=3G;Æ.*3G>J14-4>=Ú½;dÛt0ÎH@-���DPOyDP>?;7.�02àmá=B=;¸DPO�á=O¸0@.*DP5�5¸D\5 ö

û >2;y0G140GÜ2-4.P391ND\>@ÜG-/>@DPDPOy-4>@Ü�-/57Þ=3G5yDPH½02>L3�.*02>=5yDP>=5�B=5U;yFN39;73�ßG02-4H=5U3Gà�Þ@-4Ü2B@0?B=5M5¸-4;yBCÝ
39;¸-402>N5 ö I�5UD�ù=á@1/39-/>@D\HÎ-4> é 	 ë <?02>?;y0G140GÜGÙmH@DPßGD*1402áNà�D\>?;tá=Oy0@.�DP5�5VFN3G5t;¸0�ÞoD�H@02>@D`-/>mø�02B=O
H@-45y;¸-/>=.*;+á=FN3G5yDP5 ö E7F@DV÷oOy5y;�0?>@DV-/5�.P39141:D\H�5yáoDP.*-k÷�.*39;y-:0?>�3G>NH�5¸;�39;yDP5�ÛÆF?Ù�;yF=DV02>?;y0G140GÜGÙ�-45
Þ=B@-41:;�32>=HJÛÆF@0À3GOyD�;yF@D�D\>=HCÝdB=5¸D\Oy5 ö E7F@D�>@D*ù@;Æá=F=3G5yD�-45�.�02>N.�DPá=;yB=3G1:-"!P3G;¸-402>L3G>=HL14DP3GHN5
;¸0´3þ5¸;�OyB=.*;yB=OyDPHÅH@0?à�3G-4>ÅÚC>@0cÛ714DPH@Ü2D ö E7F@DP>Å.�0?à�DP5�;yF@DÃø�0?Oyàm3G1:-"!P3G;¸-402>µáNF=3G5yDÃ;yF=3G;
;yO�3G>=5¸ø�02O�àm5�;�F@D�.*02>=.*DPá@;�B=391
à�0@H@D*1�-/>?;¸0Ã3Îø�02O�àm391
à�0@H@D*1 ö � -/>=3G1:14ÙG<�-/à�á=1:D\à�D\>?;y39;y-:0?>
;yO�3G>=5¸ø�02O�àm5�;yF@D7ø�0?Oyàm3G1=à�0@H@DP1N-/>?;¸0�3�.�0?àmá=B@;y3G;¸-402>=3G1=à�0CH=D*1 ö E7F@-/5¾à�D*;�F@0@H@0G140GÜ2Ù�F=325
ÞNDPDP>ÃB=5yDPHL;¸0m02Þ=;y39-/>J;yF@D�ßC-/5yB=3G1�.�0?>=.�D\á@;702>?;¸021:02ÜGÙÎá=OyDP5yDP>?;¸D\H½-/>Ã5¸D\.�;y-:0?> � ö

; �(<���Ó#<7Ø �>= Ô�?ÀÒ�� �A@ ÑÆÔ�=B� �{Õ
��� � ×>CUÖ�Ø �CØdÒ=Ø¸ÔVÑ � Ó=Ô7× � �"�

I�57H@D\5y.PO¸-/ÞND\HÀ-/> � -4Ü ö=ô <?;�F@D�á=Oy02áo025yDPH½ÚC>@0cÛ714DPH=ÜGD�32.*ACB@-/5¸-4;¸-402>Já=Oy0C.*DP5�5U1:D\3G>=5U02>J;yF=D
ß?-/5�B=391V.*02>=.*DPá@;"02>?;¸021:02ÜGÙ ö E7F=DÀD�ù=áoDPOy;"5¸;�3GOy;y5�Þ?Ùþá=Oy0CHNB=.�-/>@Ü8H@0?à�3G-4>´ÚC>@0cÛ714DPH=ÜGDED ö
E7F@DP>þ.�0?à�DP5�;�F@DÎßC-45�B=391¾.*02>=.*DPá@;�0?>?;¸0G140GÜ2Ù?ÝXH=Oy-4ßGDP> H@DP5�.*Oy-4á=;¸-402>þá=F=325¸D ö E7F@-45"à�D\3G>=5
;yF=3G;";yF=D½D�ù=áoDPOy;"B=5yDP5";yF@DJßG0@.*32Þ=B@1/3GOyÙ á=Oy0cß?-/H@D\H´Þ2Ùº;yF=D½02>?;y0G140GÜGÙ ;¸0 H=DP5�.*Oy-4ÞoDÀ;yF=D
02ÞCÿvD\.�;y5½09ø�;yF=D H@02àm3G-4> ö E7F@-/5Î;y325yÚ�-45JáND\Ovø�0?Oyà�D\H�-/> 3´B=5yDPO¸Ý¢ø�O¸-4DP>=H=1:Ù�ÛU3�Ù�Û7-:;�F 3
Ü2O�3Gá=F@-/.*3G1oB=5yDPOU-/>?;¸DPO¸ø�3G.*D ö E7F@D�O¸D\5yB@14;V0Gø{;yF=D`H@D\5y.PO¸-/á@;y-:0?>½á=F=325¸D�-45M3�Ú?>=0cÛ71:D\H@ÜGD`Þ=3G5yD
.�02àmáo025yDPH`09øC;yF=D¾ßC-45�B=3912.�02>N.�DPá=;y5�á=Oy0cßC-4H=DPH�Þ?Ù�;yF=D¾02>?;¸021:02ÜGÙÆ325y5y0@.�-/39;¸D\H�Û7-4;yF�H=02àm39-/>
F Y9bvjdu?xybvu?jdn&w"_\gV_`]G^:n�jv_Pjvxv]9¶"Z*²�w2ZPp�_*^kamx�ZPaCx�n�[2b¸g�°
^fbv]�bv]?n�^kjVgXu?±2[C_*jXb¸g



s RV^:x�ZPe:_\g��Î_*^fefekZPb&���mZPa2^:¿cu?n7l�]2Z\a?a?_*b&�?WVe:_*^kamz+Z\uCxv]?n�j

Domain 
Knowledge

Examples

Knowledge
Acquisition

Visual Concept
Ontology

Knowledge
Base

������­��N­� 7a2Z�°
ekn&wG®\nÆWtx$¿cu2^:g¢^fbd^:ZPam}{jdZ9x�n&gdg

.�02>N.�DPá=;y5 ö � 02O�D�ù=3Gàmá@14DG<�;yF=DJßC-/5yB=3G1U.*02>=.*DPá@;2���t-/Oy.PB@1/3GO"5�B=O¸ø�3G.*D�� áNO¸0cßC-/H@DPH´Þ?Ù´;yF=D
02>?;¸021:02ÜGÙÀ.*32>JÞoD�B=5yDPHL;¸0ÎH@D\5y.PO¸-/ÞoD`;�F@D�5�F=3GáoD�09ø�3�H=02àm39-/>L02ÞCÿvD\.�; ö

û B=O�÷o>=3G1tÜ2023G1¾-45�;¸0 Þ=B@-414Hý3 .�1/3G5�5¸-:÷o.P39;¸-402>þ5yÙ@5¸;yDPà ;yF=3G;"Û7-41:1Màm3GÚ9DJ38O¸DP1:DPßc3G>?;
B=5¸D�09ø¾D*ù@32àmá@1:D\5�325y5y0@.�-/39;yDPHLÛ7-:;�F H@0?àm39-/>8.�0?>=.�D\á@;y5 ö E7FN39;�-/5�ÛÆF2Ù�H@0?àm39-/>Ã02ÞCÿvD\.�;y5
D�ù=3Gàmá@14DP5t3GOyD�391/5¸0�áNO¸0cßC-/H@DPH ö û >=.�D�39Ü23G-4>�<G3�B=5yDPOV-4>?;¸D\Ovø�32.�DÆ-/5UB=5¸D\Hm;¸0�á=O¸0cßC-/H@D7;yF=DP5yD
D�ù=3Gàmá@14DP5 ö

� � Ñ �µÑtÒCÔ �vÔ���� ?�ÔVÓ��ºÔ
	 
�Ö7Ò ��Ó�� Ø �CØvÔtÑ


���� � � ������� ���������

ü DºÞNDP1:-4D*ß2D�;yF=3G;½;yF=D .*OyDP3G;¸-402>Å09ø�3ý5y;y32>=H=3GO�H@-"!*D\H�0?>?;¸0G140GÜ2Ù´ø�02OJ.�0?à�áNB@;¸D\OÀßC-45y-402>
Ût0?B@14HþÞoDJ3ÃÜ?O¸D\39;�5y;¸DPá ø�0?O¸ÛM3GO�Hþ3G>=HºÛU02B@1/HþDP325¸Dm-/>2;yDPOy02áoDPO�3GÞ@-414-:;dÙºÞNDP;dÛtDPDP>þßC-45y-402>
5¸Ù@5y;¸DPàm5 ö�ú >ý;yF@-/5�5yDP.*;¸-402>~<+ÛUDJá=Oy02áo025yD½38á=Oy0G;y0G;dÙ@áoD½09ø�32>´02>?;y0G140GÜGÙ ø�02O�.�02àmá=B=;¸DPO
ß?-/5y-:0?> öGü D�H@-/HÎ>@02;V-/>2;yDP>=Hm;y0�Þ=B=-:1/HÀ3G>mD*ù=F=3GB=5y;¸-4ßGD70?>?;¸0G140GÜ2Ù ö û BNO
ÜG0?391=-/5V;y0�ÜG-4ßGDÆ32>
0cßGDPOyßC-:DPÛ 0GøN3Æà�D*;�F@0@H@0G140GÜ2Ù`Þ=325¸D\H�02>�3�ßC-45�B=391?.�0?>=.�D\á@;{0?>2;y0G140GÜ2Ù ö�� B@DV;y0�;�F@DV14-4à�-4;¸D\H
>?BNà"ÞoDPO70Gø�á=3GÜGD\5M09ø�;yF@-/5Æá=32áND\O*<N5y02à�D�á=32O¸;�5M09ø�;yF@D"02>?;¸021:02ÜGÙÀ3GOyD�>@0G;ÆáNO¸D\5¸D\>2;yDPH öNú ;
-457-/àmáN0?O¸;�3G>?;M;¸0Î>@02;¸D�;yFN39;7;yF=-4570?>?;¸0G140GÜ2Ùm-45Æ>=0G;73Gá=á=1:-/.*3G;¸-402>CÝdH@DPáoDP>NH@DP>?; ö

ü D8F=3�ß2DL5y;yO�B=.*;yB=OyDPHÅ;yF=-45Î0?>?;¸0G140GÜ2Ù´-4>Å;�F=O¸DPD8àm39-/>ÅáN3GOy;y5 ö E7F@DÃ÷oO�5¸;m02>=D8.�02>@Ý
;y39-/>=5�5yá=3G;¸-409ÝX;¸D\à�áo02O�391�O¸DP143G;¸DPH�.*02>=.*DPá@;�5*<o;yF@D�5¸D\.�0?>=HÃ02>@D�.�02>?;�39-/>=57;¸D*ù@;yB=OyD�OyD*1/39;yDPH
.�02>N.�DPá=;y5�3G>=H´;�F@D½1/3G5y;"0?>@D½-/5�à�32H@D½0Gø�.�021:0?O¸-/à�D*;yOy-/.À.�0?>=.�D\á@;y5 ö ! 3G.&F´á=32O¸;�09øÆ;�F@-45
02>?;¸021:02ÜGÙÎ-/5MÜG0G-/>@Üm;¸0ÎÞoD�H@D*;�39-41:D\HL-4>L;yF=D�>@D�ù@;75¸D\.�;y-:0?>=5 ö


���� ��� �#�����! � �#" � �%$&��')( � ��* � � ���

E7F@-45�áN3GOy;�0Gøt;yF=D�0?>?;¸0G140GÜ2ÙÃ-45�B=5yDPH ø�02O�H@D\5y.PO¸-/Þ@-/>@ÜÃH@02àm39-/> 02ÞCÿvD\.�;y5�ø�Oy02à 3L5�á=39;y-:0GÝ
;¸DPàmáo02O�391Æáo0G-/>?;�0Gø�ßC-4D*Û ö � 0?OmD�ù=3Gàmá@14DG<¾3þá=32O¸;�09ø�;yF=DÃF=-:D\Oy32Oy.&F?Ùþ-45Î.*02àmáo025yDPH�09ø
ÜGD*0?à�D*;yOy-/.À.�0?>=.�D\á@;y5";yF=3G;�.*32>ýÞoDJB=5yDPHþ;y0 H@D\5y.PO¸-/ÞNDJ;yF@DL5yFN3GáoDÀ09ø�H@0?àm39-/>þ02ÞCÿvD\.�;y5
â � -:Ü ö �=õyö Iµÿ¸B=5y;¸-:÷o.*3G;¸-402>J09ø�32>½32á=á=Oy023G.&FÎÞN3G5yDPHÀ0?>ÎÜGDP02à�D*;�O¸-/.`5yF=32áND\5t.P3G>JÞND`ø�02BN>=H
-4> é +9ë¢ö E7F@Dm5¸-"!*D�09øU3G>80?ÞCÿvDP.*;�.P3G> 3G145y0JÞoDmH@DP5�.*Oy-4ÞoDPH 3G>=H ACB=3G>?;¸-:÷ND\H8Û7-4;yF 3L5yD*;`09ø
A?BN3G>?;¸-:÷NDPO�5 ö ,�0G;yD7;yF=3G;¾A?BN3G>?;¸-:÷o.*3G;¸-402>�.*3G>�ÞoDÆH@02>@DM-/>m3G>�3GÞ=5y0G1/B@;¸DMÛM3�Ù�02O�OyD*1/39;¸-4ßGDP1:Ù
;¸0À3G>=0G;yF=DPOM.�0?>=.�D\á@; ö E7F=-457à�DP32>=57;�F=39;Æ5y- !PD�09ø�02ÞCÿvD\.�;7I .*32>JÞoD�H@DP5�.*Oy-/ÞND\HL3257ÞNDP-4>=Ü
-4àmáo02Oy;y3G>?;�OyD*1/39;y-:ß2D*14Ù8;¸0�0?ÞCÿvDP.*;�K ö E7F@DÀ>@0G;y-:0?>º09øMD*1402>@Ü?39;¸-402> -/5�391/5¸08áNO¸D\5¸D\>2;�32>=H
.*3G>´ÞoDÃA?BN3G>?;¸-:÷NDPH ö{ü DJF=3�ß2D½391/5¸0 3GH=H@D\H´3 5yD*;�0Gø�5yáN39;¸-/391UO¸DP143G;¸-402>=5�Þ=3G5yDPHþ0?>´;yF=D
,-�)�VÝ + à�0@H@DP1 é .9ë ;yF=3G;Æ.*32>½ÞoD�B=5¸D\H½;y0ÎH@D�÷o>=D�OyD*1/39;y-:0?>=5MÞNDP;dÛtDPDP>J02ÞCÿvD\.�;�573G>=HJ;yF@DP-4O
5yB=ÞNá=3GOy;y5 ö E{D\àmáN0?Oy3G1�O¸DP143G;¸-402>=5MF=3�ß2D�>=0G;MÙGDP;ÆÞNDPDP>L-4>?;�O¸0@H=B=.*DPHJ-4>L;�F@D�02>?;¸021:02ÜGÙ ö



�on&xybvu?jdn7RtZPbvn&g�^ka��+ZPp�[?uGbvn$jVY2xy^kn$a?x�n �

Geometric concept

Point Point set

Curve Surface Volume

Non planar
curve

planar
curve

Ellipse

Circle

Affine
curve

Line Segment

Broken 
line

Polygon

Triangle Trapezoid Quadrilateral

Sphere

EllipsoidCurved 
surface

Planar
surface

Plan Elliptical 
surface

Polygonal
surface

Parralle-
lepiped

Circular
surface

������­���­��Un�Z\p�n�bvjX^:x��+Z\a?x�n$[Gb¸g


���� � �	�>��
�$ � (,����* � � � �

E7F@-45�á=3GOy;�09øM;yF=DÀ02>?;¸021:02ÜGÙ8F=325�ÞoD*DP>þ-/>=5�á@-/O¸D\H´Þ2Ù éfê��cë ÛÆF@-/.&Fþ-/5�;yF@DJO¸D\5yB@14;�09ø7;dÛU0
D�ù=áND\O¸-/à�DP>?;y5 ö E7F@DL÷oO�5¸;m0?>@DÃ-45m0?>µ;�F@D8.*3G;¸D*Ü202Oy- !\39;y-:0?>´09ø`;¸D�ù@;�B=O¸DÃÛU02O�H=5�-4>�02O�H@D\O
;¸0µ-/H@D\>2;y-kø�Ù ;�F@D BN>=H@DPOy14Ù?-/>@ÜÅH@-4à�D\>=5¸-402>N5JB=5yDPH ;¸0�.P39;yD*ÜG0?O¸-"!*D�;yD�ù@;yBNO¸D Ût0?OyH=5 ö E7F=D
5¸D\.�02>NH á=3GOy;½0Gø�;yF@D D�ù=áoDPOy-4à�DP>?;Ãà�DP3G5�B=OyDP5½;yF@Dº5¸;�O¸D\>@ÜG;�F 09ø"325y5y0@.�-/39;¸-402> ÞoD*;dÛUD*D\>
Ût0?OyH=5�3G>NHµ;yD�ù@;yB=OyDÃ-4àm3GÜGDP5 ö E7F@DÃO¸D\5yB@14;¸-/>@Ü´F@-4DPO�3GO�.&F?Ù -/5mÜG-4ßGD\>ý-/> � -4Ü ö � ö I�ßGD\O¸Ù
-4>?;¸D\O¸D\5¸;y-4>=Ü`325yáoDP.*;+0Gøo;�F@-45
5y;yBNH@Ù�-/5�;yF=3G;¾F?BN>=H=OyDPH=5+09ø�5¸Ù@>@0?>?ÙCàm5�F=3�ß2DUÞoD*D\>"Ü?39;yF=DPOyDPH
-4>�3G5�5¸0@.�-/39;y-:0?>´Û7-4;yF�;¸D�ù@;�B=O¸DÃ>@02;¸-402>=5 ö E7F=-45ÎOy-4.&Fý;¸DPO�à�-4>=0G140GÜGÙþÜ2-:ß2DP5�D�ù=á=OyDP5�5¸-4ß@>@DP5�5
;¸0´;yF=DÃÚC>@0cÛ714DPH=ÜGD�3G.PA?B=-45y-:;y-:0?>�5yÙ@5¸;yDPà ÛUD�á=Oy02áo025yD ö û >=.*DÃ3GÜ23G-4>~<
5yD*ß2DPO�391M;¸D*ùC;�B=OyD
.�02>N.�DPá=;y5{.P3G>�ÞoDtACB=32>2;y-k÷oDPH �\;yF@DUA?BN3G>?;¸-:÷NDPO �9-/à�áo02Oy;y32>?; �Æ.P3G>�ÞoDtB=5yDPH�-/>�3G5�5y0C.*-43G;¸-402>
Û7-:;�FJ;�F@D��9Ü?Oy32>CB@143G;¸D\HÀ;¸D*ù@;yB=OyD��m.�0?>=.�D\á@; ö

Texture concept

Regular
texture

Irregular
texture

Smooth
texture

Weaved
texture

Oriented
texture

Periodic
texture

Marbled
texture

3D
texture

 

Veined
texture

Granulated
texture

Linearly
oriented

texure

Circularly
oriented

texure

�����o­�
N­Nl�n�Ä9bvu?jdn �+Z\aCxyn$[2b¸g



� RV^:x�ZPe:_\g��Î_*^fefekZPb&���mZPa2^:¿cu?n7l�]2Z\a?a?_*b&�?WVe:_*^kamz+Z\uCxv]?n�j


���� ( � '�� 
�$ ( ����*�� � ���

E7F@-45�á=3GOy;�0GøÆ;yF@DJ02>?;¸021:02ÜGÙ 3G1:140cÛÆ5�;yF=DJH@D\5y.PO¸-/á@;¸-402>þ0Gø702ÞCÿvD\.�;y5�ø�O¸0?à�;�F@DÀø�021:140cÛ7-/>@Ü
áN02-4>?;y5U0Gø{ßC-:DPÛ �?1/B=à�-/>@025y-:;dÙ2<@F?B=DG<C;yO�3G>=5�á=32O¸D\>=.�Ù ö E7F@D\5¸D`.�02>N.�DPá=;y5M.*32>ÀÞND�ACB=3G>?;y-k÷ND\H
;¸0�3914140cÛÅ3�à�02OyD7á=OyDP.�-/5yDÆH@DP5�.*Oy-4á=;¸-402> ö � 02O
D*ù=3Gàmá@14DG<9;�F@D�ACB=3G>?;y-k÷ND\O	�9-/àmáN0?O¸;�3G>?; ��.*32>
ÞND�B=5yDPHL;y0mACB=32>?;¸-:ø�ÙJ.�021:0?O¸-/à�D*;�O¸-/.�.*02>=.*DPá@; �2H=3GO�Ú � ö


���
 � � ����������� �	� � � �
�  � � � �#'�� ��� ��� � � ��
 �#$

E7F@DLáNO¸DPß?-402BN5�5�B=Þ=5yDP.*;¸-402>=5�F=3�ßGDLACB@-4.&Ú?14Ùþ-4>?;yOy0@H=B=.*DPHý;�F@DÃO¸D\3GH@D\O�;¸0º;yF=DÃ5y;yO�B=.*;yB=OyD
09ø73LáNO¸0?áN0?5¸D\H8ßC-45�B=3G1¾.�02>N.�DPá=;`0?>?;¸0G140GÜ2Ù ö E7F@DÀÚC>@0cÛ714DPH@Ü2D�ÞN3G5yDmOyDP5�B@14;¸-/>@ÜLø�O¸0?à 02BNO
Ú?>=0cÛ71:D\H@ÜGDU3G.*ACB@-/5y-:;y-:0?>"á=Oy0@.�DP5�5�-45�ø�02O�.*14325y5y-k÷�.*39;y-:0?>�á=B=O�áo025yDP5 ö � B=Oy-4>=Ü�;�F@D7.�1/3G5�5¸-:÷o.*39Ý
;¸-402>Î0Gø�3�Ü2-:ß2DP>m02Þ@ÿvDP.�;P<@>?BNà�D\O¸-/.*3G1oH@D\5y.PO¸-/á@;y02O�5V3GOyD�.*02àmá=B@;yDPH ö E�0�ÞoD�-/>?;¸DPO�á=OyD*;yDPHÀ325
ß?-/5�B=391@.�0?>=.�D\á@;y5P<c3`1:-/>=Ú�à"BN5¸;
ÞoDUD\5¸;�3GÞ@14-/5yF@D\H�ÞoD*;dÛUD*D\>".*02àmá=B@;yDPH�>?BNà�D\O¸-/.*3G1@H@DP5�.*Oy-4á@Ý
;¸02O�5�3G>NH 5yÙ@à"Þo0G14-4.mßC-/5yB=3G1¾.�0?>=.�D\á@;y5 ö �UB=O�O¸D\>2;y1:Ù ;yF@DÎ14-4>NÚ ÞoD*;dÛUD*DP>º5yÙCà�ÞN021:-/.mßC-45�B=3G1
.�02>N.�DPá=;y5�32>=H8>CB=à�DPOy-/.*391�H@DP5�.*Oy-4á=;¸02O�57-/5�5y;y3G;¸-/.*3G1:14ÙLH=D�÷o>@D\H ö�� 02O�D�ù=3Gàmá@14DG<o;yF@D�Oy3G;¸-40
���������������������
��� .*02àmá=B@;yDPH´ø�0?O�3 O¸DPÜG-402>þ-/5mB=5¸D\H´;¸0þ.&F=32Oy32.�;¸D\O¸-"!*DÎ;�F@D �9D*1402>=Ü239;y-:0?>#�
ß?-/5�B=391�.*02>=.*DPá@; ö

E7F@DPOyD¾-/5{>@02;�3ÆB=>=-4ACB@DtÛU3�Ù`;¸0�325y5y0@.�-/39;yD¾3ÆßC-45�B=3G12.�0?>=.�D\á@;�Û7-4;yF�3�5¸DP;�09øN>CB=à�D\O¸-/.*3G1
H@DP5�.*Oy-4á=;¸02O�5 ö E7F=3G;�-45�ÛÆF?Ù�ÛUDM32O¸DMá@1/3G>=>=-4>@Ü`;¸0�-/>?;yOy0CHNB=.�DM3�H@DP5�.*Oy-4á=;¸02O+5yD*14DP.�;y-:0?>"1/3�ÙGD\O
;yF=3G;t.&F@0C025yDP5¾;yF@D`à�0?5¸;tH@-45�.*Oy-/à�-/>=3G;¸-4ßGD�H@D\5y.PO¸-/á@;y02O�5�ø�02Ot3�ÜG-4ßGD\>m3Gá=á@14-/.*39;y-:0?>ÎH@02àm3G-4> ö
! ù=3Gàmá@14DP5U09ø+>?BNà�D\O¸-/.*3G1~H@DP5�.*Oy-4á=;¸02O�5Vø�02OU;¸D*ùC;�B=OyD�H=-45�.*Oy-4à�-/>=39;y-:0?>½32O¸D`5¸;�39;¸-/5y;¸-/.*391�à�0GÝ
à�D\>?;y5�02OÆH@D\5y.PO¸-/á@;y02O�5702Þ@;�39-/>@DPHÃÛ7-4;yF8Ü23GÞo02O7÷N1:;yDPOy-4>=Ü ö �t021:0?B=O�.&FN3GO�3G.�;yDPOy- !\39;y-:0?>½.*32>
ÞNDþH@02>=D Û7-4;yF >?BNà�D\O¸-/.*3G1�D\>?;¸-4;¸-4DP5L1:-/Ú9DºF@-/5¸;y0GÜ2O�3Gàm5P<U.*0G1402B=OJ.�0?F@DPOyDP>=.*D ß2DP.�;y02O�5À0?O
3GB@;y09Ýd.�02O�OyD*140GÜ2O�3Gàm5 ö


�� � ( ��� ���	�>�"! �#� * $8� � �������

! ù=áND\O¸;�5Æ0Gø�;¸DP>Ã0?Þ=5yDPOyßGD�;yF@D�02ÞCÿvD\.�;�5Æ09ø
;�F@D*-/O�H@0?àm39-/>Ã-4>�á=OyDP.*-45yD�0?Þ=5¸D\O¸ßc3G;¸-402>Ã.�0?>=H@-:Ý
;¸-402>=5 ö � 02O~D*ù@32àmá@1:D2<*ÛÆF@D\>�B=5y-4>@Ü�3Æà�-4.PO¸0?5y.*02áoDG<*àm39Ü?>@-:÷o.*3G;¸-402>`02O~14-4Ü2F?;¸-/>@ÜÆ.�0?>=H@-4;¸-402>=5
3GOyD�.�0?>2;�O¸021:D\H ö E7F=-45UÚ?-4>=H½09ø�-/>Cø�02O�àm39;y-:0?>Àà"B=5y;tÞoD`ÜG-4ßGDP>ÎÞoDP.P3GB=5yD�-4;V-/5t1:-/>=Ú9D\HÀ;y0";yF=D
ÛU3�Ù�0?ÞCÿvDP.*;y5
32O¸D7H@D\5y.PO¸-/ÞND\H ö �t02>?;yD�ù@;¾ÚC>@0cÛ71:D\H@ÜGDU-/5¾>@DP.*DP5�5y32O¸Ù�;y0�Þ=B@-414Hm.�0?F@DPOyDP>?;
5yD*;y5
09ø¾D�ù=32à�á=1:D\5 ö �t02>?;¸D*ù@;�H@DPáoDP>NH=5`02>�;�F@D�32á=á@14-4.P39;¸-402> H@02àm39-/> ö E7F=39;�-45�ÛÆF?ÙL.*02>?;¸D*ù@;
F@-:D\Oy32Oy.&F?ÙÎÜ2-:ß2DP>À-/> � -:Ü ö �m.*3G>LÞoD�D�ù@;¸D\>=H@DPHJø�0?O73�áN3GOy;¸-/.*B@1/3GOMH@0?à�3G-4> ö

# @ ÑÆÔ�=B� ��Õ����%$�� 
�Ó�� � ��ÑVÒ �+Ò=ØvÔVÑ

ú >�;yF@D�á=O¸DPßC-:0?B=5Æ5yDP.�;y-:0?>~<NÛUD"F=3�ß2D�àm3GH@D�3À.�0?>=.�D\á@;yB=3G1:-"!P3G;¸-402>L09ø¾3À5�áoDP.�-:÷o.�H=02àm39-/>
Ú?>=0cÛ71:D\H@ÜGD ö E7F=D8O¸D\5yB@14;m09ø�;yF@D8.*02>=.*DPá@;�B=3914-"!P39;y-:0?>µá=Oy0@.�D\5y5m-/5Î3G> 3GÞN5¸;�Oy32.�;�02ÞCÿvD\.�; ö
KUD*ø�02OyD½0?Þ@;y3G-4>@-/>@Üº3G>´0?áND\Oy3G;¸-402>=3G1VDP>?;y-:;dÙ2<�38ø�02O�àm3914-45�à F=3G5�;¸0þÞNDÃ.&F@0?5¸D\> ö E7F=-45�-45
.*391414DPH ;yF=D8ø�02O�àm3914- !\39;y-:0?> á=O¸0@.*DP5�5ÎÛÆF@-/.&F -4àmá@14-4DP5J;yF@Dº.&F@0G-/.�D80Gø�3µOyDPá=OyDP5yDP>?;y3G;¸-402>
ø�02O�à�3G1:-/5�à ö%� -���DPOyDP>?;�Ú?-4>NH=5Æ0GøVO¸D\á=O¸D\5¸D\>?;y39;y-:0?>Àø�0?Oyàm3G1:-/5yàm5Æ32O¸D"DP>CB=à�DPO�39;yDPHL-4> éfê2ê�ëXö
�t02àmà�02>@14ÙºBN5¸D\Hþ;¸DP.&FN>@-4ACB@D\5�3GOyDmø�02O�àm391t1:02ÜG-/.*5P<~ø�B !%!PÙ 140GÜ2-4.P5*<�ø�Oy32à�D\5�02O�5¸D\àm3G>?;¸-/.
>@D*;�5 ö?ü D`ÛM3G>?;¸D\HÀ3G>ÎD*ù=á=O¸D\5y5y-4ßGDÆ3G>NHÀáN0cÛUDPO¸ø�B@1oø�02O�àm3914-45�à ö 	 DPßGDPO�391�O¸D\3G5y02>=5VD�ù=áo025yDPH



�on&xybvu?jdn7RtZPbvn&g�^ka��+ZPp�[?uGbvn$jVY2xy^kn$a?x�n �

Acquisition
context

Point of view

Rear
view

Front
view

Profile
view

Left
view

Right
view

SensorDate Location

Microscope

Confocal 
microscope

Light 
microscope

Camera

CCD 
camera

IR 
camera

������­��N­ �+ZPa9bvnyÄGb �+ZPaCx�n$[Gb¸g

-4> ékê\îcë 14DP32H B=5J;¸0�H=DP5�.*Oy-4á@;y-:0?> 1:02ÜG-/.*5 â ���¾õyö ��� -/5½;�F@D8ø�32à�-:14Ù >=3Gà�D 0Gø�02ÞCÿvD\.�;¸Ý
Þ=3G5yDPH�ÚC>@0cÛ714DPH@Ü2D"OyDPá=OyDP5yDP>?;y3G;¸-402>Jø�02O�àm3914-45�àm5ÆÛÆF@-/.&F8á=Oy0cßC-4H=D�ø�02O�à�3G1�5yDPàm3G>?;y-4.P5Æø�0?O
5¸D\à�32>?;¸-/.`>=D*;y5�3G>=HJ;yF@D�140GÜ2-4.P391�ø�B=>NH=39;y-:0?>=5Uø�02OM-/>Cø�DPOyDP>N.�DP5 ö

I�.*02>=.*DPá@;m0Gø�;yF=DÃH=02àm39-/>µ-/5mH@DP5�.*Oy-/ÞND\Hµ;�F=O¸0?B@Ü2Fýø�02B=OÎOyD*1/39;y-:0?>=5 �����
	���

���������
��� 
������ �!

�"��# $%�&	�'�� � � �(� 

)o<*���
	���

���+�", �(- �.�/# $0��'�� � � �(� 

)o<����1	.��

�
23
�#4
�� � �5� � � � '"$%�&	�'�� � �+�
��� 
�) 3G>=H6���1	.�7
��.$0�8	�'8� � � ��� 
�)723

) � �", � ö

� D\5y.PO¸-/á@;¸-402>J140GÜG-/.*5M32O¸D�B=5yDPHL;¸0Î5y;yO�B=.�;�B=OyD`;�F@D�H@D\5y.PO¸-/á@;¸-402>J-/>Cø�02O�àm39;¸-402> �

9;:�<=93>;? âA@E� �+B�CEDGF1H/IKJ+B����AF1L �EM5J�F1H
B �ON"�
CEP ��Q 9SR�T�U�VO:XW.YKZA[\T8W.]�U&^`_ õ

? âa@E� �+B�CEDGF1HEL ��b �ac+H �1N"�
CEP �!Q 9 Y�Zed�VOf1]�Z _ õ
? âA@E� �+B�CEDGF1H�9gF��OF1H	�aM ���aH	�AP8N"�
CEP ��Q 9�h7W.^4W.f1]e_ õ

? âa@E� �+B�C�DGF1H
N"�
CEP�9gF	� � �Eb�� ��Q 9�h�W�i
V�Zed�VO_ õ ? âa@E� �eCEj�IkcKlAJ+BmH	�enGo ��Q 9�p õ
E7F@-45
à�D\3G>=5�;�F=39; 9 : -/5
3`5�B=Þ�.�0?>=.�D\á@;
09ø 9 > 3G>NH�3�5�B=Þ=á=32O¸;+09ø 9 p ö ,ÆDP143G;¸-402>=5\���1	&�

�7
����/�!� �(� 
+�+�8�q��
��.��# $0�8	�'8� � � ��� 
�)N<����
	.�7
������", ��- �.�/# $%�&	�'�� � � �(� 

)N<����
	.�7
��
2*
/#4

� � �r� � � � '�$0���
	8'�� � � �(� 

)o<s���1	.�7
��.$0�8	�'8� � � ��� 
�)723

) � �", � 3GOyD�O¸D\5yáoDP.*;¸-4ßGD*14ÙÀOyDP5y;yOy-4.*;¸DPHJ;¸0À.*02>=.*DPá@;�5
9 R�T�U�VO:tW�YKZA[\T�W�]�U&^ _ < 9 YKZAd�VOfE]�Z _ < 9 h7W.^4W.fE] _ < 9 h�W�i�V�ZAd�V _ ö E7F@D½áo0cÛUDPO¸ø�B@1VD*ù@áNO¸D\5y5y-:ß@>@D\5y5�09ø
H@DP5�.*Oy-4á=;¸-402>�140GÜG-/.*5�39141:0cÛÆ5{;¸0�H=D�÷o>@D 9 R�T8U&VO:XW.Y�Ze[uT�W.]"U8^ _ < 9 YKZAd�VOf1]"Z _ < 9 h�W�^4W.f1] _ < 9 h7W.i
V�ZAd�V _
3G57B=>@-402>N5M02OM-/>2;yDPO�5¸D\.�;y-:0?>=5M09ø�.�02>N.�DPá=;y57á=Oy0cßC-4H@D\HJÞ?ÙÀ;�F@D�ßC-45�B=3G1�.�02>N.�DPá=;702>?;¸021:02ÜGÙ ö

v � @ÁÑ�Ô =B� �{Õ���� � ×>CMÖ�Ø �CØdÒ=ØvÔVÑxw�ÔUÔ �,?$Ô¾Ó Ð 	 � ���zy � �C×�ÓNØ 
ÆÒ=ØvÔVÑ

{ ��� | � �#$ � �����

	 DP.*;¸-402> �J.�0?>?;y39-/>=5`H@D*;�39-4145�32ÞN0?B@;�;�F@DÎ5¸;�OyBN.�;yBNO¸D�09øU3½ßC-45�B=391
.*02>=.*DPá@;`02>?;¸021:02ÜGÙ ö E�0
ÞND`B=5¸D\HÀ3G5U3�Ü?B@-4H=DÆø�02Ot;yF=D�H@D\5y.PO¸-/á@;¸-402>À09ø{H@0?à�3G-4>Î.*02>=.*DPá@;�5*<C3"H=DPH@-/.*3G;¸DPHÀÜ2O�3Gá=F@-/.*3G1
;¸0C0G1�F=3G5�ÞoD*D\> H@DPßGD*1402áoDPH ö E7F@-/5`;¸0C0G1+-/5`.PB=O�O¸D\>2;y1:ÙÃ3GÞ=1:D�;¸0L.*3GO�OyÙJ0?B@;�;�F=OyD*D�H=-45y;¸-/>=.�;
;y3G5�ÚC5 �VH@0?à�3G-4> ÚC>@0cÛ714DPH@Ü2DLH=D�÷o>@-4;¸-402> 9VßC-45�B=3G1Æ.�02>N.�DPá=;Î02>?;¸021:02ÜGÙ?ÝXHNO¸-4ßGD\>ý5¸Ù@à�ÞN021:-/.
H@DP5�.*Oy-4á=;¸-402>J09ø
.�02>N.�DPá=;y573G>NH½;�F@D*-/OÆ5�B=Þ=á=32O¸;�5%9@D*ù@32àmá@1:D\57àm3G>=3GÜGDPà�D\>2; ö

E7F@D�0?B@;yáNB@;�O¸D\5yB=1:;`09øU;yF@DÎ3G.PACB@-45y-4;¸-402> áNO¸0@.�D\5y5`-/5�3JÚC>@0cÛ714DPH=ÜGD�ÞN3G5yDm.*02àmáo025yDPH
09ø�H@02àm3G-4>Î.*02>=.*DPá@;�5VH@D\5y.PO¸-/ÞND\HÎÞ?Ù�5y02à�DÆßC-/5yB=3G1o.*02>=.*DPá@;�5Vá=Oy0cßC-4H@D\HmÞ2Ù�;yF=D�02>?;y0G140GÜGÙ ö



� RV^:x�ZPe:_\g��Î_*^fefekZPb&���mZPa2^:¿cu?n7l�]2Z\a?a?_*b&�?WVe:_*^kamz+Z\uCxv]?n�j

E7F@DMø�02O�àm3914-45�à¹B=5yDPHm;y0�5¸;�OyBN.�;yBNO¸D7;�F@D�OyDP5�B@1:;y-4>=Ü�Ú?>=0cÛ71:D\H@ÜGDM-/5VÞ=325¸D\H�0?>mH@DP5�.*Oy-4á@Ý
;¸-402>À140GÜ2-4.P5 ö E7F@D��23�ß�3�á@1/39;vø�0?Oyà FN3G5MÞNDPDP>LB=5yDPHÀ;y0Î.*OyDP39;yD�;�F@-45M;y0C0G1 ö E7F=D`ÚC>@0cÛ714DPH@Ü2D
143�Ù2DPO714DP32>=5�0?>���è�ç�ð���ó�ì ð��G<�32>�02>?;¸021:02ÜGÙJ1432>@Ü2B=3GÜGD"ÞN3G5yDPHÃ02>8;yF@D"ø�02O�à�3G1+Oy-4ÜG02OÆ09ø
H@DP5�.*Oy-4á=;¸-402>J1:02ÜG-/.*5 ö

{ ��� � � � ' ( ���!$ �!* ���#$8��������* �

Concept Tree
(specialization Tree)

Subpart Tree
Associated with SubClass3

(Composition Tree)

Ontology-driven
Description of

SubSubPart1

�����o­
	=­�&Mn&gdx�jX^k[Gbd^:ZPamZP²{gXu2±?[?_PjXb���Y9u?±CYGu?±2}�_PjXb�
���ZP²��+ZPaCx�n�[2b���Y9u?± ��e:_Pgdgd�
�

û B=O�;¸0C0G1=3G1:140cÛÆ5
H@0?à�3G-4>�ÚC>@0cÛ714DPH@Ü2DM.PO¸D\39;y-:0?> ö I�5¾.P3G>�ÞNDÆ5yD*D\>�-4> � -:Ü ö 	C<9H=02àm39-/>
Ú?>=0cÛ71:D\H@ÜGD
-/5�0?O¸Ü?3G>@-"!*D\H�325�37;y39ù@02>@0?à�Ù�0Gø=H@02àm39-/>�.�0?>=.�D\á@;y5{-4>�3Æ5�áoDP.�-/3914-"!P39;y-:0?>`;yOyD*D ö
E7F@-45t3Gá=áNO¸0?3G.&F�-45t>=39;�B=O�391@ø�0?OVáoD*02á=1:DÆÛÆF=0"3GOyDMø�3Gà�-41:-/3GOVÛ7-:;�FÀ3�;y39ù@02>@0?à�-/.73GáNá=O¸0?3G.&F
â ! ù ö �{Þ@-40G140GÜ2-45y;y5 õyö�ü F=DP>@DPßGDPO"3�.�02>N.�DPá=;�-45"3GH=H@D\Hº;¸08;�F@DÀ;yOyD*D2<�;yF=DÀßC-45�B=391t.�02>N.�DPá=;
02>?;¸021:02ÜGÙ´-/5ÎH@-45�á@1/3�ÙGD\Hý02>Å;�F@D85y.PO¸DPDP> ö E7F@D8BN5¸D\Om-45m;�F@DP> 3GÞ=1:DÃ;¸0ýH=DP5�.*Oy-4ÞoD�3º>=D*Û
.�02>N.�DPá=;"Û7-4;yFý;�F@D½;yDPO�à�-4>@021:02ÜGÙþ.�0?>2;�39-/>@DPHþ-/>ý;�F@D½0?>?;¸0G140GÜ2Ù ö I�5�-:;�ÛU325"á=OyD*ßC-402B=5y1:Ù
D�ù=á@1/39-/>@DPH~<=3Î.*02>=.*DPá@;7.P3G>LÞND�.*02àmáN0?5¸D\H½0Gø�5�B=Þ=áN3GOy;y5�â � 	��g� -�� ����� ����� OyD*1/39;¸-402> õyö

	 B=Þ=á=32O¸;�5JH=DP5�.*Oy-4á@;y-:0?> -/5ÃáND\Ovø�0?Oyà�DPH -4> ;yF@D´5�3Gà�D ÛM3�Ù 3G5J;yF@D´H@D\5y.PO¸-/á@;¸-402> 09ø
H@02àm39-/>ý.*02>=.*DPá@;�5 ö ,�02;¸D½;�F=39;�;yF@DÃ5�B=Þ=á=32O¸;�;�O¸DPD½-/5�3 .�0?à�áo025y-4;¸-402>þ;yOyD*DL3G>=Hµ>@0G;�3
5yáoDP.*-43G1:-"!P3G;¸-402>J;yOyD*D ö ! ßGD\O¸ÙÀH@0?àm39-/>J.*02>=.*DPá@;ÆF=32573G>L3G5�5¸0@.*-43G;¸DPHJ5yBNÞ=á=3GOy;M;yOyD*D ö

I�>@02;yF@D\OÀ-/à�áo02Oy;y32>?;½.&F=3GO�3G.*;¸D\O¸-/5¸;y-4.Ã0Gø�02B=O½;¸0C0G1�-45J;yF@D D�ù=3Gàmá@14D àm3G>N39ÜGD\à�DP>?;
à�0@H=B=1:D�ÛÆF@-4.&F½39141:0cÛÆ5V;¸0�áNO¸0cßC-/H@DÆD�ù=32à�á=1:D\5¾09ø�;�F@D�ßC-/5yBN391�.�02>N.�DPá=;y5VBN5¸D\HÀH=B=Oy-4>=Ü";yF=D
H@DP5�.*Oy-4á=;¸-402>má=F=325¸D ö�� -/O�5¸;¾0Gø�3G1:1¢<G3�5yD*;¾0Gø�D*ù@32àmá@1:D\5
F=3G5¾;¸0�ÞoD�.&F@025yDP> ö E7F@DP>~<?3�O¸DPÜG-402>
09øt-/>?;¸D\O¸D\5¸;�-/5�5¸DP1:D\.�;¸D\HµâSÛ7-:;�Fþ3JH=O�3�Û7-/>@ÜJ;y0C0G1 õ 32>=HºB=5¸D\H ;y0�.�02àmá=B=;¸Dm;yF@DÀOyDPACB@-/OyDPH
>?BNà�D\O¸-/.*3G1�H@DP5�.*Oy-/á@;¸0?Oy5 ö � -:Ü ö!+ H@DP5�.*Oy-/ÞND\5ÆF@0cÛ 3G>JD�ù=3Gàmá@14D�09ø
;yF=D�5yB=ÞNá=3GOy; � 02Oy-���-45
á=O¸0cßC-/H@DPH ö 	 -/>=.�D`;yF=D � 02Oy-o5�B=Þ=áN3GOy;V-/5tH@D\5y.PO¸-/ÞoDPHÀ325VÞoD*-/>@Ü�.*-4O�.*B=1432O*<2;yF@D`.�02àmá=B=;y39;y-:0?>
09ø�3"ø�02O�à�ø�3G.*;¸02OU0?>À;yF=-45Má=32O¸;y-4.PB@1432OV-/àm39Ü2D�Ü2-:ß2DP5U3G>ÀD*ù=3Gàmá@14D�0Gø{ÛÆF=39;U-/5M;yF@D�>@0G;y-:0?>
09ø
.�-/Oy.PB@1432O¸-4;dÙÎ-/>J;�F@-/57á=3GOy;¸-/.*B@1/3GO732á=á@14-4.P39;y-:0?>JH@0?àm39-/> ö

{ ��� � ��� 
�'����

I�B@;y02àm39;y-4.Máo0G141:D\>�Ü2O�39-/>=5+.�1/3G5�5¸-:÷o.P39;¸-402>�-45�B=5yD�ø�B@1Cø�0?O�.�14-4>@-/.�-/3G>N5+5y0�3G5�;¸0�á=Oy0cß?-/H@DU>@DP32O
O¸D\391{;y-4à�D�3G.*.PB=O�39;¸D"-4>Cø�0?Oyàm3G;¸-402>Ã02>�3GDPOy023G1:14DPOyÜGD\>=573G>=H 39-/O�ACB=3914-4;dÙJ;y0À;yF@Dm5yDP>=5y-:;y-:ß2D
��� ��!#"%$'&)(*" ±@nye:ZPa?®\g¾bvZ`bv]2nU² _*p�^fek¶�ZP²#+ !," e:_*a?®\u?_P®Pn&g
- WÅgXu2±?[C_*jXb¾ZP²{x�n�jXb¸_*^kam[@ZPefekn$am®Pjv_*^kaCg



�on&xybvu?jdn7RtZPbvn&g�^ka��+ZPp�[?uGbvn$jVY2xy^kn$a?x�n �

Numerical descriptors
calculation

Region of interest
interactive 
selection

Poaceae examples

Add/Remove 
examples

�����o­��N­�WVaÀn�Ä2_Pp�[2eknÆZP²{}~Z\_\x�n&_*n�� g�YGu?±2[C_*jXb��*}~Z\jX^ �"}{jdZ�³c^4wGn&wÎ±c¶mQ¢acbvn$jv_Pxybd^k³�n�YGn�ekn&x¸bd^:ZPaJZ*²
_�Ttn$®*^kZ\amZ*²�Q¢acbvn$jdn&g¢b

B=5¸D\Oy5 ö û B=O�;y0C0G1V-/5�.PB=OyOyDP>?;y1:Ù BN5¸D\H´3G5�3�F@DP14áºø�0?O�.�0?à�à�B=>@-/.*3G;¸-/>@Ü�Û7-:;�FþD�ù=áoDPOy;y5�-/>
á=3914Ù@>@0G140GÜ2Ù ö E7F@-/5¾;y0?021N-/5¾B=5yD�ø�B@1o;¸0�Ü?B@-/H@DÆ;yF=D�H@DP5�.*Oy-/á@;¸-402>�09ø�áo0G141:D\>mÜ2O�39-/>=5�-/>À3�B=5yDPO¸Ý
ø�O¸-4DP>=H=1:Ùm3G>=HmD%&À.�-4DP>?;tàm3G>N>@DPO ö E7F@D�ß?-/5�B=391�.�02>N.�DPá=;y5¾.*02>?;y3G-4>@D\Hm-4>m;�F@D�0?>?;¸0G140GÜ2Ù".*32>
ÞNDÆ5yD*D\>�325¾3�.�0?à�à�B=>@-/.*3G;¸-402>�1432>@Ü2BN39ÜGDMÞoD*;dÛUD*DP>mB=5V3G>=H�;yF=D7D�ù=áND\O¸;�5 ö IÆ14;yF@0?B@Ü2Fm5yD*;y5
09ø`>CB=à�D\O¸-/.*3G1MH=DP5�.*Oy-4á@;y02O�5m3GOyDL325y5y0@.�-/39;¸D\HýÛ7-4;yF�ßC-45�B=391Æ.*02>=.*DPá@;�5*<�;�F@D*Ùµ32O¸DÃF@-/H=H@D\>
;¸0½;�F@D"D*ù=áND\O¸; �oÛÆF@D\>8.&F@0C025y-/>@ÜÀ3ÀßC-/5yB=3G1�.*02>=.*DPá@;P<o;�F@D"D*ù@áoDPOy;�-/àmá@14-4.*-:;y1:Ù�.&F@0C025yDP5�3
5¸DP;�09ø�>CB=à�DPOy-/.*391tH@DP5�.*Oy-4á=;¸02O�5 ö E7F@-/5�ÛÆF?Ù ;�F@D½Ü2DP>@D\Oy3G;¸D\HºÚC>@0cÛ714DPH=ÜGDÀÞ=325¸DÎ-/5".*1:0?5¸D\O
;¸0Ã1:0cÛMÝX14D*ßGDP1�ßC-/5¸-402> ö�ô � � -4àm3GÜGDP5`0Gø ô � H@-���D\O¸D\>?;`;dÙ@áoDP5�0GøUáo0G141:D\> Ü?Oy3G-4>=5�F=3�ß2D�ÞoD*D\>
3G.*ACB@-/OyDPHÎH=B=Oy-/>@Ü�;yF=D�I ö 	�ö E ö ��ö 6 ö I���D\B=O¸0?áND\3G>Îá=Oy09ÿvD\.�; ö E7F@-/5tHN39;y32Þ=3G5yD7-/5tB=5yD�ø�B=1o;y0
ÜG-4ßGD�D�ù=3Gàmá@14DP5M0Gø�;�F@D�ßC-45�B=391�.*02>=.*DPá@;�57B=5yDPHL;¸0ÎH@D\5y.PO¸-/ÞND�;�F@DP5yD�áN021:14DP>LÜ?Oy3G-4>=5 ö

I áo025�5¸-/Þ@14D�D*ù=3Gàmá@14D�.�0?B@1/H ÞoD�;�F@Dm5¸Ù@à"Þo0G14-/.�H@D\5y.PO¸-/á@;y-:0?>�09øV;�F@DÎ5yáoDP.*-k÷�.�áo0G141:D\>
Ü2O�39-/>½;dÙ@áoD��S
���'��"����	Àâ � -4Ü ö!+=õyö E7F=-457.*02>=.*DPá@;Æ.P3G>ÃÞND�H=DP5�.*Oy-4ÞoDPHL3G5Æ3m5�B=Þ�.�02>N.�DPá=;709ø
�S
�# #4��)�
 �O� � ���!�8� �(- �.�8	 ö�ú ;�-/5�H@DP5�.*Oy-/ÞND\Hº325�3G> �#'�'�� � � ��* ��'2� $ * � $ *	
�' ��$ ��
�$
� ��* ��� ö
E7F@D �������À0Gø�;yF=-457áo0G141:D\>½;dÙ@áoD�-457ACB=32>2;y-k÷oDPHJÛ7-:;�FJ;�F@D`ø�0G141:0cÛ7-/>@ÜmACB=3G>?;¸-:÷ND\Oy5 ���&" ��'�'d<
� � ��$&��� �º02O���" � �%$ � �:� � ö � 3914Ù@>@0GÜ2-45y;y5�B=5yDÎ;yF=D½.�0?>=.�D\á@;�� $ � � 
�'��#��� � ���	�>��
�$8� ;y0
H@DP5�.*Oy-4ÞoD � 0232.�D\39D�� 5`;¸D*ùC;�B=OyD ö E7F@DJ.�0G1402Oy-/à�DP;yOy-4.m.*02>=.*DPá@;�� ��$	� -45"B=5¸D\Hþ;¸08H@D\5y.PO¸-/ÞoD
;yF@Dm5yBNÞ=á=3GOy;�� 

� � ö � -4>N39141:Ù8.*02à�DP5`3G.PA?B=-45y-:;y-:0?>8.�0?>?;¸D�ù@; � ú > ;yF@-/5�.*325¸D2<�3 '������ � " �� 
* $8�%� * � � �Î-/5ÆB=5yDPHL;y0m32.*ACB@-/O¸D�áo0G141:D\>½-/àm39Ü2DP5 ö

� � ÔtÑ�×>�¸Ö��CØvÔVÑ �
Ñ�Õ���ÖÆÒ=ÖÆÓ����(ÔVÓ��

ü DMF=3�ßGDtá=O¸0?áN0?5¸D\H�3G>�0?O¸-4ÜG-/>=3G123GáNá=O¸0?3G.&F�;y0�;yF=DU.PO¸D\39;¸-402>�0GøNÚC>@0cÛ71:D\H@ÜGD*ÝXÞN3G5yDPH�ßC-45y-402>
5¸Ù@5y;¸DPàm5 ö E7F@DU>@0G;y-:0?>�09ø=ßC-/5yBN3912.*02>=.*DPá@;�02>?;¸021:02ÜGÙ�FN3G5+ÞNDPDP>�-/>?;yOy0CHNB=.�D\H öPú ;�5�5y;yO�B=.*;yB=OyD
-45mÞ=325¸D\H´02>µ;yF=OyD*DÃH@-/5¸;y-4>=.*;�>=0G;¸-402>N5 �¾5�á=39;y-:0GÝ¢;yDPàmáo02O�391¢<{;¸D*ù@;yB=OyDG<
.�021:0?B=O".*02>=.*DPá@;�5 ö
E7F@DLH=DP5�.*Oy-4á@;y-:0?>´-/5�.*02>?;¸D*ù@;yB=3G1:-"!*D\HýÞ?Ùý3 5yD*;�09ø�.*02>?;¸D*ùC;m.�0?>=.�D\á@;y5 ö E7F@-45�0?>2;y0G140GÜ2Ù
.*3G>´ÞoDÃB=5¸D\H´3G5�38Ü2B=-4H@DÀø�02O"H=DP5�.*Oy-4Þ@-/>@Ü8;�F@D½0?ÞCÿvDP.*;y5"ø�O¸0?à 3 5yáoDP.*-k÷o.JH@02àm3G-4> ö+ü D
3GOyDÀá@1432>=>@-/>@Ü8;y0 D�ù@;yDP>=Hþ;�F@D½0?>2;y0G140GÜ2Ù ��0?B=O�D ��0?O¸;�5"3GOyDÀ>@0cÛ�ø�0@.*B=5yDPHþ0?>´.*OyDP3G;¸-/>@Ü
� ]cbdbv[oÍ ���&°
°
°
h¢gXZP[o| ^ka?jX^:_G| ²4j �*Z\jX^kZPa!�PWUY2l#" �ÎW$�
% QSb¸_�ek^:xUbvn$jdp�g
_*jdnÆ[?jdZ�³c^4wGn&w�±9¶�bv]2nMn�ÄG[@n$jXb
& z�ZPe:w�bvn�jdp�g
_PjdnÆ[?jdZ�³c^:w2n&w�±c¶"bv]2nMZ\acbvZ*e:ZP®P¶




 r RV^:x�ZPe:_\g��Î_*^fefekZPb&���mZPa2^:¿cu?n7l�]2Z\a?a?_*b&�?WVe:_*^kamz+Z\uCxv]?n�j

3G>Î0?>2;y0G140GÜ2Ù�;�F=39;UÛ7-:141�39141:0cÛ ;�F@D`H=D�÷o>@-4;¸-402>½09ø�-/àmá=O¸0cß2DPHÎ5�á=39;y-:0GÝ¢;yDPàmáo02O�391oOyD*1/39;y-:0?>=5 ö
ü D�3G-4à�3G;Æ3Gá=á=1:ÙC-/>@Üm;yF@-/5Mø�B@;�B=O¸D�0?>?;¸0G140GÜ2ÙÎ;¸0m;yF=D�H@DP5�.*Oy-4á=;¸-402>J09ø�ß?-/H@DP0m.*02>?;¸D\>?; ö

I�>@02;yF@D\O�-4àmáo02Oy;y3G>?;
3G5�áoDP.�;�0Gø�;�F@D7à�0@H@DP1=ÛUDMáNO¸0?áN0?5¸DU-45¾;yF@DMD�ù=32à�á=1:D\5
H=39;�3GÞ=325¸D ö
ú >�;yF@DVø�B@;yB=OyDG<P;yF@-/5+H=39;�3GÞ=325¸D�Û7-41:12ø�D*D\H�3Æ5yBNáND\O¸ßC-/5¸D\H�14DP32Oy>=-4>@ÜÆáNO¸0@.�D\5y5�09ø@;yF@DU5¸Ù@à�ÞN021:-/.
ß?-/5�B=391¾.*02>=.*DPá@;�5 ö�� - ��DPOyDP>?;�Ú?-/>=H=5�09øM;¸D*ù@;yB=OyDm-4>º;yF=DmáNO¸0cßC-/H@DPH D�ù=3Gàmá@14DP5`Û7-41:1t39141:0cÛ
;¸0m1:D\3GO�>Î;yF=D�H=- ��DPOyDP>=.*D�ÞNDP;dÛtDPDP>L3"Ü?Oy32>?B=143G;¸DPHÀ;¸D�ù@;�B=O¸D�3G>NHJ3�5yà�0C0G;�FÀ;yD�ù@;yB=OyD ö E7F=D
O¸D\à�3G-4>=-4>@Ü�5y;¸DPá�-/5�;yF@DMÜGD\>@DPO�39;y-:0?>�0Gø�3`.�02àmá@14D*;yD7.�1/3G5�5¸-:÷o.*3G;¸-402>�5¸Ù@5y;¸DPà ÛÆF=-4.&F�5yF=02B@1/H
à�32Ú9D�F@D\3�ß?ÙÀBN5¸D�0Gø�;yF=D�O¸D\5yB@14;¸-/>@Üm14DP3GO�>@D\HJ.*02>=.*DPá@;�5 ö

I�H@- &À.*B@14;
O¸D\àm39-/>@-4>=Ü�á=Oy02Þ@14DPàÁ-/5+;yF@DM5¸DPÜ2à�DP>?;�39;¸-402>"á=O¸0@.*DP5�5 ö\ú >=H@DPDPH~<�-/>"0?OyH@D\O�;y0
ÞND`.�1/3G5�5¸-:÷NDPH�<9-4àm3GÜGDP5VF=3�ßGD7;y0"ÞND`5¸DPÜ2à�DP>?;yDPH�;¸0"3G1:140cÛ H@DP5�.*Oy-4á=;¸02OV.�02àmá=B=;y39;y-:0?> ö E7F=D
5¸Ù@à"Þo0G14-/.�H@D\5y.PO¸-/á@;y-:0?>Ààm3GH@D�Þ?ÙÎ;yF@D`D�ù=áoDPOy;Uàm3�ÙÎF@D*1/á½÷o>=H@-/>@Ü�;yF@D`-4àm3GÜGD�áNO¸0@.�D\5y5y-/>@Ü
;y3G5�ÚC5"OyDPACB@-/O¸D\H ø�02O�D�ù@;yO�3G.*;¸-/>@Ü�;yF@DLáND\O¸;y-4>=DP>?;"-/>Cø�02O�àm39;y-:0?>ºø�O¸0?à�;�F@DJá=Oy0cßC-4H=DPHþ-/à"Ý
39ÜGD\5 ö I�5U3G>mD�ù=32à�á=1:D2<23G>m0?ÞCÿvDP.*;VH@D\5y.PO¸-/ÞND\HmÛ7-:;�FÎ;yF=D0�9Ü?Oy32>CB@143G;¸D\H";yD�ù@;yB=OyD��".�02>N.�DPá=;
à�3�ÙþÞoDL5yD*Ü?à�D\>?;¸DPHþÛ7-4;yF�38;yD�ù@;yB=OyDJÞN3G5yDPH´5yD*Ü2à�D\>2;�39;y-:0?>´3914ÜG02Oy-4;yF=à ö E7F=DLOyD*Ü2-:0?>=5
09ø�-/>?;¸D\O¸D\5¸;Î5yD*14DP.�;yDPH�Þ2Ùµ;yF@DÃD�ù=áoDPOy;ÃâS5yD*D � -:Ü ö +@õ 5yF=02B@1/H�ÞoD�B=5yDPH�;¸0þßc3914-4H=3G;¸DÃ;yF=D
O¸D\5yB@14;¸-/>@ÜÎ5yD*Ü2à�D\>2;�39;y-:0?> ö

$ � ? �{Ó��{Ñ�× � �

\| &Ujv_P[@n$j$�czt|k� "U_Pa?gXZ\ao�GWÆ|f�cTV^:gXn$p�_*ao���¾|fÍ  7a?Z&°
ekn&w2®Pn�hSwG^kjdn&xybvn&w�³c^:g¢^:ZPaoÍGx�ZPacbvjdZPe��cekn&_PjdaG^:a2®
_*aCw�^:acbvn$®Pjv_*bd^kZ\aN|{Q¢aoÍ2}{jdZ9xP|CZ*²~Q������¾|���Z*e:u2p�n �Ps |	� 
$�\� ��
 
 ��q ��� 
 �
� 


q | �Î_�b¸gXu2¶9_*p�_G�GlU|f��"t°�_Pa?®G�
��| Y=|fÍ~YGQ � �ÎWþh�W  7a?Z&°
ekn&wG®\n�h�z
_PgXn&w�WVn$jX^:_*eNQ¢p�_*®\n��UaCwGn$jXh
g¢b¸_*aCw9^:a2®�Y9¶2g¢bvn$pm|�}{ekn$a9u2p }�jdn&gdg¾RUny°��+ZPjd¯��MY2W�� 
&�\� r�


�G|Æl�]2Z\a2aC_*b&���L|k�Àz�^ »¢_PZPu2^�|f�ÃWÆ|kÍ  7a?Z&°
ekn&wG®\n�h�±C_PgXn&w�®�_*e:_�ÄG¶ x¸e4_Pgdg¢^f¼@x$_�bd^:ZPa g¢¶2g¢bvn$p�g�|
 7a2Z&°
e:n$w2®\nyhS±?_\gXn&w�g¢¶?g¢bvn�p�g+^:a�_\g¢bvjdZPa?Z\p�¶c� ��n&xybvu2jdn7RUZ*bvn&g�^:a�}�]c¶2g¢^:x$g�| ��$���� 
&� � � 


s |�Y9ZcZ2����| Â |f�8�on$n\� �t| ��|k���+n�]o���G| �G|f�Gx¸]G^:] �+]?n$aN� �t|fÍ��Mg¢^ka2®7gX]C_*jv_P±2eknVZ\acbvZPekZP®P¶`bvZ7jdnybvjX^:n�³�n
]G^:g¢bvZ\jX^:x$_*e?^:p�_*®\n&g�|=QSaoÍP}�jdZ9xyn$n&wG^ka2®�Z*²=bv]?n¾gXn&x�ZPaCw�W�� � �*Q�������h �
YM»SZP^kacb�x�ZPa2²4n$jdn$aCxyntZPa
&t^:®*^fb¸_*e�ef^k±?jv_*jX^kn&g��@W�� � }�jdn$gdg�� q*r\r�q�
 
$�1��� 
&� �

�9| �Ujdu2±@n$j$�\lU| TÆ|fÍ@l�Z&°�_Pjvw?g~}{jX^kaCxy^k[2ekn&g~²/ZPj{bv]2n &Mn&g¢^k®Pa�ZP²oiUacbvZPekZP®P^kn&g��MgXn&w�²4Z\j  7a?Z&°
ekn&wG®\n
Y9]C_*jX^:a2®2|JQ¢a �Uu?_PjX^ka?ZG��R�|f�~}~ZPef^��{T�|f�~n$w?g�|fÍ~�CZPjdp�_*eViUacbvZPekZP®P¶Ã^ka*�+Z\a?x�n$[2bvu?_*eVWVaC_*ef¶9h
g¢^:g¾_Pa?w  7a2Z�°
ekn&wG®\n7TVn$[?jdn$gXn$acb¸_*bd^kZ\aN��&Mn�³�n$acbvn$j$�2l�]?nMRtn�bv]?n�jXe4_*aCw2g��� Mekuc°�n$jVWtx$_\wGn$p�^:x
}{u?±Gef^4gX]2n$jvg � 
&�P�\� 


� | �M_*aCwGZ\ao�P��|fÍ=iUacbvZPekZP®P¶�n$a?®*^:a2n$n$jX^ka?®GÍ9WºgXu2jd³�n�¶�_Pa?w�_Ujdn�bvu2jda`ZPa�n�ÄG[@n$jX^kn$aCxyn\|@l�n$x¸]2a2^:x$_*e
TVn$[@ZPjXb s �\� � �@QSRUTVQXW!� qPrPr�q�
 ]cbdbv[oÍ ����°
°
°7| ^ka?jX^:_G| ²/j ��jdjdjXb �*jdjXh s �P� � | ]cbvp�e�|

�9|7z�e4_#"&¿cu?n�"P� �L|k�9�?n$jdaC_*aCw2n$"\� �L|f� �M_Pjvxy^:_�hS}�^kaC_*j$���9|k�	�&%ZPp�n�"�h�}'%n�jdn�"\�9WÆ|kÍoz�uG^ke:w9^:a2®ÆZ\acbvZPekZPh
®*^kn&g�_�b7bv]?n�¯9a?Z&°
ekn&wG®\n�ekn$³�n�e�uCg¢^ka2®�bv]?n�ZPacbvZPekZ\®*¶�w2n$g¢^:®PaÃn$a9³c^kjdZ\a?p�n�a9b&|�Q¢aoÍ  ÆWoÂ´� � |
� 
$�\� ��


� |�YGxy^:_\gdxy^kZG�(�V|f� �L| &UZ\a2^kaG^�����|k� �mZ\a2®P^kn�efekZ2|f� �L|kÍÎY9bvjdu?xybvu?jdn&w½¯9a?Z&°
ekn&w2®Pn"jdn�[?jdn&gXn$acb¸_�bd^:ZPa
²4Z\j
^kp�_P®Pn7jdn�bvjX^kn$³\_�e�|)�*Z\u?jda?_*e�ZP²�WVjXbd^k¼Cxy^:_*eoQ¢acbvn�efef^k®\n$a?x�nÆTtn&gXn$_Pjvxv] �/��� qPrPr�q�
¾q*r ��� q ���

�G|
�+ZP]?aN�?WÆ| ��|k� "M_#"&_PjX^k¯P_G�?Y=| �L|fÍ�*UuC_�ef^kb¸_�bd^k³�n7gX[C_�bd^:_*eojdn$[?jdn&gXn�a9b¸_�bd^kZ\aÎ_*aCw�jdn&_\gXZPa2^ka?®GÍ@Wta
Z�³�n�jd³9^kn�°7|��?u?aCw2_Pp�n$acb¸_ÆQ¢aG²/Z\jdp�_�bd^:x$_Pn �!��� q*r\r 
 
 
+� q �


 r |7z+]Gu?gX]C_*ao�GR�|f�2TU_*Z2�?W�|f� �oZ\]?gXn\� ��|fÍ�l�]?nUbvnyÄGbvu2jdnUekn�Ä9^:x�Z\aNÍ��Ua?w2n$jvg¢b¸_*aCw9^:a2®�bv]2n7x$_*bvn�®\ZPh
jX^,"&_�bd^kZ\a�ZP²N³c^:gXuC_*e2bvn�Ä9bvu?jdn�bvn$jdp�g{_Pa?w�bv]?ny^:j{jdn�e:_*bd^kZPaCgX]2^k[�bvZ7bvn�Ä9bvu?jdn�^kp�_P®Pn&g�| �+Z\®Pa2^fbd^k³�n
YGxy^kn$aCxyn $ �-� 
&�P�1� 

q 
&�.� q*s\�


 
\|
�+jdn�³9^kn$j$��&`|f�?TÆ| ��n$[?_P®Pn\Í  7a2Z&°
e:n$w2®\nyhS±?_\gXn&w"^:p�_*®\n7u2aCw2n�jvg¢b¸_PaCw9^ka?®�g¢¶2g¢bvn$p�g�Í2W gXu2jd³�n�¶c|
�+ZPp�[?uGbvn$j/�t^:g¢^kZ\aÎ_*aCw"Q¢p�_P®Pn0�Ua?w2n$jvg¢b¸_*aCw9^:a2® ��	&� 
$�\�1� 
 
 � 
21 
 � �


 q | �mZ*efe:n�j$�oTÆ|f�=RUn$u2p�_Pa2ao�Czt|k�=ÂLn&gdgXn�e����L|kÍ�loZ�°�_Pjvw2g7x�Z\p�[2u2bvn$jV³c^4g¢^kZPa½°
^fbv]Jw2n&gdx�jX^k[Gbd^:ZPa
ekZP®P^:x$g�Í{gXZ\p�n"jdn&x�n�a9b�[?jdZP®\jdn&gdg�|JQ¢aNÍ�}{jdZ9xP|�Q¢acbvn$®Pjv_*bd^kZ\a8Z*²MY9[@n$n&xv]8_Pa?wÃQ¢p�_P®Pn3�UaCwGn$jXh
g¢b¸_*aCw9^:a2®2|4� 
&�P�\� 



