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 ï�ô/ïâí�ú�ú�ówômñ2ú�ô��wûkú�æ~îÉí�ò�ôkú�÷�ï�í�êÉì
æaõ~ûmôkéVê\ñ2í�õwêÉ÷)ëqéVè��1-�è2æGê\îÉí�ówô�î\è�æwéVûmômî2- �

g�hb©G°�pqo2twi�pªear�tarb¨)jmÊbo2jm°�°qj2rGi¤pqr=twrbeaiV}bjml��~}�e Ä ¨be�iV}�j2xVjQl�tai\¯pqrb®wx@o2ewf=gbt¬l�j43)%Dl earbj)gbhb©G° pªo2tai\pªearNf=t&y�©Glmj2twÆ*l�tai\pªr�®wx
h�g)pªrGiVe�rGhbf=j¿l�ewh�x�xVhb©½¯Èo2eaf=g4earbj2rGiVx�� Ä }Gp�°qj/tarbewik}bjml|gbh�©G¯° pªo2tai\pqewr�®&pqvwj2x8ewrbjQe&vwjmlmt&° °4lmtwi\pqrb®b�#%Dl|g½l�eG¨bhbo2ikx¤f)pª®a}~i0©4j
lmtwikj2¨No2earbx\pqxVikj2rGi\°ªy§}Gpq®w}bj¿l pqrAewrbjÃgbhb©G° pªo2tai\pªear§iV}btarAtwrG¯
eaiV}bj¿l��§�¤°ªxkeb�8gGl�eG¨bhbo�i)l�j2vapªj Ä xÁt&lmj�e&z«ikj2rNrbeai h�g4¨btaiVj2¨_�tarb¨A©�j2o2twh�xVjÁe¬z/iV}Gpqx t�}Gpq®w}G°qy�l�taiVj2¨�z«j�twiVh½l�jÁe¬zTt�gGlmeG¨G¯
h�o2i�f=t&yMearG°ªy§©�jÖt&vajml�ta®wj�©GyMikeG¨bt&yGxÁxViktwrb¨�t&l�¨�x2��ß�e&l
j¿Ê½taf=gG°ªj¬��t�¨Gpª®¬pªiVt¬°�o2twf=jmlmt�iV}btai/}bta¨ÖjmÊbo2j¿°�°ªj�r~i)f=j2f=e¬l�y
o�twgbtaompªi\y§iV}½l�j2j�f=earGiV}bx=ta®we�f)pª®w}Gi=rbe Ä ewrG°qyN©�j�l�taiVj2¨t&vajml�ta®wj&� �Aj�tw¨�¨Gl�j2xkx�iV}bj2xkj ik}Gl�j�j gGlmew©G°qj2f=x/e¬z�f=j2twrGpqrb®
¨½p*�cjml�j2rGi�°ªya�
5 ¦Ël�tarbx\°qtwi�pªewr lmj2o2e&lm¨bx16$²\ráxkewf=j Ä t&y~x i\lmtwrbx�°ªtai\pªearlmj2o2e&lm¨bx�t&lmj�vwjmlmy§x\pªf)p °ªt¬l ike Ä l�tagbg4j¿l�x2�X¦Ël�tarbx\°qtwi\pqewrlmj2o2e&lm¨bx Ä ewhG°q¨Çf=ewxki=°�pqÆwjm°qyÇ}bt&vwj�iVe§©�jÖo�ewrbxki\l�h�o2iVj2¨©GyA}btarb¨Àz«e&l=j2twom}§gbhb©½°�pªxk}bjml µ j¬� ®��M{�tao��Ae&lk°ª¨§}btwx=t
o2earbx\pqxVikj2rGi�xVj2i@e&z Ä e&lm¨bxQpªi�hbxVj�x/zÉe&l�gGl�eG¨bh�o2iQl�twi�pªrb®ax�¶¿�¦¤}bj�i�l�twr�x\°ªtai\pqewr§lmj2o2e&lm¨§o2ewhG°q¨Å©�j�©�hGp�°qiÁ©GyAiV}bj�gbh�©G¯
° pªxV}�jmlÁe&l�t�ik}Gp�lm¨Agbt&lmi\yw�Á²\rAik}Gpªx@o2twxkj µ h�rG°�pqÆwjÁ©½pªtwx@e&l
tao2o2hGlmtwo2yb¶�ik}bjml�j�pªx�r�eÁpqrbo2j2rGi�pªvwj�z«e&l�ik}bj=gbhb©G° pªxk}bjmlÁiVe
° pªj&�)¦¤}bj�lmj2o2e¬l�¨ Ä ewhG°q¨Öi�l�twr�x\°ªtaiVj=ik}bjmp�l@l�twi�pªrb®�xky~xkiVj2fpqr~ikeÖt�hbrGpqvwjmlmxVt¬°1xVyGxkiVj2f��Mß�e&l)jmÊbtwf=gG°qj&�8p�z1t�hbrGpqvwjmlk¯
xkt&°¤xVyGxVikj2f hbxkj2¨Almtwi\pqrb®wx)e&z/��ik}Gl�eahb®w}Å���w��ike�l�taiVjÁt
gGlmeG¨bhbo2i�� t=i�l�tarbx\°qtwi\pqewr�lmj2o2e&lm¨�f)pª®a}Gi/o2ear~vajml�i87w®ae~eG¨97
ikeÛ¾a�G�97&zÉt&p�l�7=iVe "a��tarb¨"7wg�e~e¬l�7)iVe����G�

5;: pªtax�lmj2o2e&lm¨bx+6 : pqtwx0l�j2o2e¬l�¨bx Ä eahG°ª¨=Æaj2j2g�i\lmtwomÆ)e&z�o2earG¯x�pªxVikj2rGi�jmlkl�e&lmx�©~y�ik}bj xkyGxViVj�f��1¦¤}bj)©Gpqtwx¤lmj2o2e¬l�¨Ao2eahG°ª¨
©�j�©bhGp�°qiÁ©GyNf=t¬pªrGiVt¬pªrGpqrb®AtA}GpqxViVe¬l�y§e&zQl�j2vapqj Ä x�o2ewf)¯gbt¬l�j2¨)iVeQt/xkj2i�e&z4ÆGrbe Ä rQl�j�vwpqj Ä x2�be¬l×t���l�¨@gbt&lmi\y�f)pª®a}~if=t¬pªrGiVt¬pªrÁt@l�j�o2e&lm¨�e¬z×©Gpqtwx8z«e¬lTt@r~h�f ©�jml/e&z�x�pªikj2x2�¤¦¤}bj
xky~xkiVj2f o2tarÁf=twÆaj¤xVi�l�ewr�®=e&l Ä j2taÆ=twxkxVhbf=gbi�pªearbx¤tw©�ewhbi©Gpqtwx��/xVhbom}§twxÃtwxkxVhbf)pqrb®AiV}btaiÁgbh�©G°�pqo2twi�pªewr�x�f=t¬pªrGiVt¬pªr
ik}bj�xVtaf=jÃ°ªj2vajm°�e&z1©½pªtwxÃiV}Glmewhb®a}§t&°�°Ql�j2vapqj Ä x�e&lÁiV}�twitahbiV}be¬l�x�f=t&pqrGiVt&pqrAiV}bj)xVtaf=j)°ªj2vajm°«� %/ik}bjml r�ewrG¯\i\lkpªvapªt¬°
©Gpqtwx¤i�l�twr�x\°ªtai\pqewrbx�o2eahG°ª¨�t¬°ªxke=©4j�hbxkj2¨ µ j¬� ®���t�lmj2vapªj Ä jmlik}btwi�r�j2vwjml¤lmtwikj2x|t)gGlme~¨�hbo2i8}Gpª®a}bjml/iV}�j2rÁtarÁ¾�e&l8°ªe Ä jmlik}bj2rNt<$*ewrAxVo�t&°ªj*e&z/ewr�jÁiVe�iVj�r4¶m�N¦�e�o�ewrGi\pqr~h�j�eahGl
jmÊbtaf=gG°ªj�z�l�ewf$ta©4e&vaj&�4tÃ©Gpªtax¤lmj2o2e&lm¨Af)pª®a}~i¤ta¨b¨N��¼=iVe
ik}bj�v&t&°ªh�j1e¬z�twrGy)l�j2vapqj Ä ©Gy=t=xVg�j2omp�#4o)twhbik}be&l��

5 sQj2®¬l�tw¨�twi\pqewr*l�j2o�e&l�¨�x6 �X¨bj�®&l�ta¨btwi�pªearAl�j�o2e&lm¨ Ä eahG°ª¨}bt&vaj¤iVe)©4j�f=t¬pªrGiVt¬pªrbj2¨�z«e&l¤t)xVg�j2omp*#�o�om°ªtaxVx¤e¬z×gGlme~¨�hbo2i
tarb¨Qpªi=��x�om}bt&lmtwo2ikjmlVpqxVi�pªo2x��btwxËewgbg�ewxkj2¨�ike/iV}�j�xVeahGl�o2j8iV}�twi
pqiÁ}btax=o2ewf=j�z�l�ewf�� ¦¤}Gpªx�l�j2o�e&l�¨ Ä eahG°ª¨Å©�j�©bh½p�°ªi�©Gy°qe~eaÆapªrb®�twiQlmj2vapªj Ä x)e&z|ik}bj=xVtaf=j g½l�eG¨bhbo2i@twi/¨½p*�cjml�j2rGii�pªf=j2x)©GyA¨Gp*�cjml�j�r~i=g�hb©G°�pqo2twi�pªearbx µ gbhb©G° pªo2tai\pªearbx=lmt&lmjm°ªy
lmjm¯«lmj2vapªj Ä gGl�eG¨bh�o2iVxm¶m�#%Dz4o2eahGl�xkj&�wiV}½pªx Ä eahG°ª¨�©�j�zÉhGl�ik}bjmlo2eaf=gG°�pqo2twikj2¨=©Gy�}bt&vapªrb®QiVe�iVtaÆwj�©GpqtwxËpªrGike1tao2o2eahbrGi×t¬°ªxkeb�
�§¨bj2®¬l�ta¨btwi�pªewr)lmj2o2e¬l�¨=o2eahG°ª¨=©�j¤©bhGp °ªi8iV}btai×Æaj2j2gbx0i\l�taomÆ
e¬z|iV}bj@l�j¿°ªtwi�pªvaj)l�twi�pªrb®�e¬z|xVg�j2omp�#4oÁom}bt¬l�two�iVjmlkpªxVi�pªo�x e&vajml
i�pªf=j&�/ß�e&l/jmÊbtwf=g½°ªj&�ciV}�j�l�tai\pªr�®Áe&z�ik}bj�l�j�xVe&°qhbi\pqewrAe¬zât
¨Gpq®&pqiVt&°co2taf=jml�t�f)pq®w}Gi�©�j/¨bj�oml�j2taxVj2¨�©Gy�"�j2vwj¿l�y=f=ewrGik}
t¬z«iVjml/ik}bjQl�j2vapqj Ä pqx/g�ewxVikj2¨c�
{�t¬pªrGiVt¬pªrGpqrb® t i�l�tarbx\°qtwi\pqewrc�À©Gpªtax<tarb¨$¨bj2®¬l�tw¨�twi\pqewr

lmj2o2e¬l�¨*z«e&l�gbhb©G° pªo2tai\pªearbx�tarb¨�gGlme~¨�hbo2iVx Ä ewhG°q¨�t&° °ªe Ä xky~x�¯ikj2f=xÁikeNf=e¬l�j�tao2o2hGlmtwiVj¿°ªyÅjmÊbi�l�two�iÁpqrGz«e¬l�f=twi�pªear§zØl�eafàt
xkewhGlmo2j&�/d8hGlkl�j2rGi\°qyw�c±�s/²V³ twrb¨�f=tar~yÃewik}bjml¤pªr½z«e&lmf=twi\pqewr
®atwik}bjmlVpqrb®=iVj�o�}�rGpªÂGhbj2x�i�l�j2tai¤t&°�°cpqrGz«e¬l�f=twi�pªear�tax�p z�pªi Ä jml�j



o2h½lVl�j�r~i0twrb¨�twx_p�zGpªi�o2taf=jËzØl�eaf<earbj�hbrG©GpqtwxVj�¨ xkewhGlmo2j&�#%Q©G¯
vapªeahbx\°qyw��ik}Gpªx@twxVxkhbf=gbi�pªewr�pqx�pªr�two2o2h½l�twikj&�ÖsDp*�cjml�j�r~i)x\pqiVj2x
o2tarÖf=j�twr�vajml�y�¨½p*�cjml�j2rGi�ik}Gpªr�®wx2�Ëj2vwj2r Ä }bj2r�iV}�j ikjmÊbi/pqxx�pªf)p�°qt&l��

��L4^�PD[V]¤[\U\[\`��
±�s/²V³ o�hGlVlmj2rGi\°ªy�taxVxVh�f=j2x|ik}btwiâpªrGz«e¬l�f=tai\pªear=lmj2iVhGlmrbj2¨�©Gy
t�xkewhGlmo2j¤pqx|o�ewf=gG°qj2iVjm°qyÁtao2o2hGlmtwiVj¬��¦¤}Gpªx8t&° °ªe Ä x8iV}bj¤±�s/²V³xky~xkiVj2fiVeDz«hG°�°qy�pªr�xViVtarGi\pªtaiVj¤tQrbeG¨bj&�&lmj2o2t&°qo2hG°qtwiVj¤ik}bj0pªrGÝ4h½¯
j2r�o2jÁ¨Gpqtw®¬l�twf twrb¨*¨bj2iVj¿l�f)pªr�jÁiV}�j=v&t&°ªh�j e¬z|pqrGz«e&lmf=twi�pªewr
z«e¬l�iV}bj)lmj2f=t&pqrGpªrb®*rbeG¨bj2x Ä }bj2r�pqi/lmj2o2jmpqvwj2x=¨�twiVtÃzØlmewf$tx�pªiVj¬�T¦¤}½pªx/taxVxkhbf=gbi\pqewr Ä p�° °×}bt&vaj�iVe=©�j/lmjm°ªt¬Êbj2¨�p�z�±�s/²V³pqxÁiVe�©�j�j � j2o�i\pªvaj�pqrÀl�j2t¬°�¯ Ä e¬lV°ª¨ x\pªikhbtwi�pªearbx2� ¦¤}bjml�j�t¬l�jo2taxVj2x Ä jml�j*pªrGzÉe&l�f=tai\pqewr pªx�o2ewr½Ýbpªo2i�pªrb® µ ¨½p*�cjml�j2rGi�ewgGpqrG¯pqewrbxDpªr�lmj2vapªj Ä xm¶m�cpqrGz«e&lmf=twi�pªewrÃpqx/o2e¬lVl�j�o2i�©bhbi/o�ewf=g�j2i\pqrb®µ gGlVpqo2j2x)pªrAo�twiVt¬°ªea®wx�¶¿��pqrGz«e¬l�f=twi�pªear�pqx e¬°ª¨c��tarb¨�pªr�xViVtarbo2j2x
Ä }bj¿l�j@pªrGz«e¬l�f=tai\pªearÃpªx¤x\pqf=gG°ªyÃpqrbo2e&lkl�j2o�i2�ß�e&l�ikhbrbtaiVjm°qyw�GpqrGÝ4hbj2r�o2j ¨½pªtw®¬l�taf=x¤t&l�j�j2tax\p °ªy�jmÊbgbtwr�¨bj2¨
ikeA¨bj2t&° Ä pªik}Mg½l�ew©�tw©Gp °�pªxki\pqoAe&lÁhbrbo�jml�ikt&pªr j2vapª¨bj2r�o2j&���¤ij2taom}�z«j2twikhGl�j)rbeG¨bj Ä j)o2tarÖta¨b¨�j2vapª¨�j2rbo2jÃrbeG¨bj2x�tarb¨�pªr½¯xkiVtwrGi�pªtwikjAiV}bj�f,twx Ä j�lmj2o2jmpqvwj pªrGz«e¬l�f=tai\pªearc�Ùß_pª®ahGl�j $xk}be Ä x/}be Ä iV}Gpqx/o2tar�©�j�tao2o2ewf=g½°�pªxk}bj2¨c�

Site 1

Site 2

Site 3

Low-level High-level
Feature feature

Low-level High-level
Feature feature

Before adding evidence nodes After adding evidence nodes

ß_pª®ahGl�j $ $M�Q¨b¨Gpqrb®Åj2vapª¨�j2rbo2jÀiVeNtarÅpqrGÝ4hbj�rbo2jN¨½pªtw®¬l�taf
rbeG¨bj
¦¤}bjÃ¨Gp��Áo2h½°ªi\yApqx=iV}btai j�twom}Ne¬z/iV}bj2xkj�j2vapª¨�j2rbo2j�r�e~¨�j2x

f)hbxVi)}bt&vaj=t�g½l�ew©�tw©Gp °�pªi\yÀiVta©G°ªjÃiV}btai�l�jm°qtwikj2x Ä }btwi@iV}bj2yt¬l�j8°�pqÆwjm°qy=iVeDl�j2g�e&lmi�©btwxkj2¨=ewr)iV}�j¤i\l�h�j|v&t¬°ªhbj¤e¬z4iV}bj¤r�e~¨�j&�
sQj2iVj¿l�f)pªr½pªrb®ÃiV}bj�omlmj2¨Gpª©½p�°�pqiVy�e¬z×t)x\pqiVj�pqx¤rbewi8j2twxkyw� �Aj

}bt&vaj�©4j2j�r Ä e¬l�Æapªr�®ÖearNzÉewhGl=twgbg½l�ewtaom}bj2x)z«e¬lÛ¨bj�iVjmlmf)pªrG¯pqrb®�iV}�j¤oml�j2¨½pª©Gp °�pØi\y=zØlmewfjmÊbiVjmlmrbt&°�pªrGzÉe&l�f=tai\pqewr=tw©�ewh�i×ik}bj
x�pªiVj¬�

¦Ël�hbj�v&t&°qhbj
�Ël µ j�� i\l�h�j�v&t&°qhbj�¶ g4eGe¬l z«t¬p�l ®aeGe~¨
g4eGe&l �G��¹ �G�Ø� �½���w�
z«t&p l �G���w¼ �G��¾ �½���w¼
®weGeG¨ �G���w� �G�Ø� �½��¹

¦Ël�hbj�v&t&°qhbj
�Ël µ j�� i�l�hbj�v&t¬°ªhbj�¶ g�e~e¬l z«t¬p�l ®weGeG¨
g�eGe&l �G��" �½� $ " �G�*$
z«t¬p�l �G��� �½� " �G���
®ae~eG¨ �G�*$ �½� $ " �G��"

ß_pª®ahGl�jN� $A¦¤}bj�gGlmew©bta©Gp�° pªi\yÅiktw©G°qjÖe¬z tA}Gpª®a}G°ªya¯\oml�j�¨Gpª©G°qj
pqrGz«e&lmf=twi�pªewr xVeahGl�o�j µ iVewg�¶=twr�¨ÅtA°qe Ä ¯Èomlmj2¨Gpq©Gp�° p i\y pqrGz«e¬lV¯f=tai\pªear�xVewh½l�o2j µ ©4eaiVikewfÁ¶

5	� jm°ªtai\pªvaj�tw®aj�e&z�iV}bjÃpqrGz«e&lmf=twi�pªewr§taxÁtwr pªrb¨½pªo2taiVe&l�e¬zomlmj2¨Gpq©Gp�° pªi\ya�T²\r)iV}�j/¨beaf=t&pªr)e&zcgGlme~¨�hbo2i�xkjm°ªj2o�i\pªearc�4f=e¬l�j
lmj2o2j2rGi8pªr½z«e&lmf=twi\pqewrÃxVewh½l�o2j2xQt&lmj/®wj�rbjml�t¬°�°qy�©�j2ikiVjml¤pqrb¨Gp�¯
o2taiVe¬l�x¤e&z�ik}bj�o2hGlVlmj2rGi/gGlkpªo2j¬�

5 ¦�j2xki\pªr�® ta®wt&pqrbxVi8ÆGrbe Ä r@pªrGz«e¬l�f=tai\pªearc� �Aj¤o2tar=iVj2xki¤iV}bjpqrGz«e&lmf=twi�pªewr@xVewh½l�o2j¤ta®wt&pqrbxVi�t�xVj�i×e¬z4ÆGrbe Ä pªr½z«e&lmf=twi\pqewrtarb¨Áhbxkj�iV}�twi¤twx¤t)pqrb¨Gpqo2twi�pªewr*e&z�oml�j�¨Gpª©Gp °�pqi\yw�
5 �ËÊbgG° pªompqi/f=t¬l�Æapªrb®��×¦¤}½p�l�¨Ãgbt&lmi\pqj2x¤o2ewh½°ª¨�xVj2i8hbgÃxVjmlmvwjmlmx
ik}btwi�o2ear~ikt&pqrbj2¨ApqrGz«e¬l�f=twi�pªearAtw©�ewhbi�iV}�j=oml�j2¨½pª©Gp °�pØi\yNe¬z
pqrGz«e&lmf=twi�pªewr�zØl�eafXt gbt¬l�i�pªo2hG°qt&l�gbhb©G° pªo2tai\pªearc�|�Çxke&lmi|e¬z
7ao2ewrbxkhbf=jml�lmj2g�e&l�ikx 7=e¬z4pqrGz«e&lmf=twi�pªewr)z�l�ewfiV}bj �'�'�Ç�

5 d8earbrbj2o2ikj2¨brbj�xVx2� �AjÅo2eahG°ª¨$h�xVjÇo2earbrbj2o2ikj2¨brbj�xVxÇiVe
xkewhGlmo2j2x Ä pqiV}�Æ~r�e Ä r�oml�j�¨Gpª©Gp °�pØi\y�l�tai\pqrb®wx�twx�tÃf=j2iV}beG¨z«e¬l/iV}bj�e&lVp �mpªr�®�tw©�ewhbiQiV}bj)omlmj2¨Gpª©½p�°�pqi\yAe&z�tÁxkewhGlmo2j&� %DzØ¯
ikj2rc� Ä j2© x\pªikj2x�lmjmz«jmlmj2rbo2jAj2taom}<eaiV}bjml��1x�pªikj2x�iV}�twiÁt¬l�j}Gpq®w}G°qy�l�j¿z«jml�j�rbo2j2¨Ãe&l�l�jmzÉjml�j2r�o2j/©Gy07a}Gpª®a}G¯ÈÂGhbt¬°�pqi\y 7�x�pªiVj�x
t¬l�j�®wj2r�jml�t¬°�°ªy*f=e&l�jQ° pªÆwj¿°ªy�ike=o2ewrGiVt¬pªr�}½pª®w}½¯ÈÂGhbt¬°�pªi\yÃpqrG¯
z«e¬l�f=tai\pªearc�|¦¤}½pªx Ä eahG°ª¨�©�j�}bt¬l�¨�ike=Â~h�twrGi\p z«yw��©bhbiQiV}bjpqrGz«e&lmf=twi�pªewr�ta©4eahbi¤}be Ä e&z«ikj2r�ewrbj�x�pªikj�lmjmz«jmlmj2rbo2j2x@twrG¯eaiV}bjml�e¬l�}be Ä e&z«ikj2rÅt§x\pqiVj�pªxÃlmjmz«jmlmj2rbo2j2¨ pªr ®wj2r�jml�t¬°
pqx=j2twx�p�°ªy§taiViVt¬pªrbj�¨c�'�AjÁo2tar§t&°ªxkeÖf=taÆwjÃtwxVxkhbf=gbi�pªewr�x
ta©4eahbi ik}bjÁÂGhbt¬°�pqi\yNe&z�t&lmi\pªo¿°ªj2x�zØl�eaf ewrbjÃgbhb©G° pªo2tai\pqewrc�
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pqrGiVjmlmrbt&°¤pqrGz«e&lmf=twi�pªewr zØl�eafSiV}bjÃ¨btwikt�l�j2ikhGl�r�j2¨ÅiVe*©bhGp�°q¨
t=f=e¬l�j�tao2o2hGlmtwikj�lmj2gGl�j�xVj2rGiVtai\pqewrAe&z�iV}bj@jmÊbi\l�tao2iVj�¨�pqrGz«e&lk¯
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pqrAt�v&t&lkpªj2i\y�e&z¤j2rGvap�lmewrbf=j2rGikx2� Ä j=}bt&vwj)z«eGo2h�xVj2¨AearAiV}bj
� �'� ©4j2o�twhbxkjÖe¬z1pqi=��x=©Glmj2tw¨bik}<e¬z1om}bj2tag§pªr½z«e&lmf=twi\pqewr
tarb¨Apqi=��x@pªrGiVjmlmj2xVi�pªrb®§gGlmewg�jml�i�pªj2x�z«e&l=gG°qtwrbrGpqrb® µ iV}�j�ta©Gp�° ¯
pqi\y�iVe@°ªtwh�rbom}�o2ewr�o2hGlVlmj2rGi�Â~h�jmlVpqj2x2�ctwr�¨�ik}bj�gGl�ea©btw©½p�°�pqxVi�pªo
lmj2xVg�ewr�xVj)i\pªf=j�¶m�
±�s/²V³ taxVxVh�f=j2xÁik}btwi)z«e¬lÁtwrGyN¨�j2ompªx�pªear Ä j�t¬l�j�f=twÆa¯pqrb®=hbx�pªrb®)iV}bj �'� �Ç�wiV}�twi¤iV}�jml�j�t&lmj/t@°ªt¬l�®wj�rGhbf)©4j¿lTe¬z

lmj2¨bhbr�¨btwrGi¤pqrGz«e¬l�f=twi�pªear�xkewhGlmo2j2x µ x�pªikj2x�¶�ik}btwi¤ik}bj�xky~xkiVj2f
f=t&yQÂGhbjml�y´pªr�e¬l�¨bjml�ike¤pªr�xViVtarGi\pªtaiVj¤rbeG¨bj�xcpªr)iV}�j�pªrGÝ�hbj2rbo2j
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e¬z|f=twÆapqrb®ÁtÃÂ~h�jml�y µ ©�twxVj)ewr l�j2xkewhGlmo2jm¯\©4eahbrb¨bj2¨ l�j2taxVearG¯
pqrb®~¶¿�Tß_pª®ahGl�j ")xk}be Ä x¤iV}bjQz«eahGl/f=t&pqrÁo2eaf=g4earbj2rGiVxQe&z�iV}bjxkyGxViVj�f $
5:JLK+M�NFM3O�P<Q�PSR�TVUCR�NFMXW 6 ¦¤}bj¤¨bj2o¿pªx\pqewrÃf=e~¨�jm°4}btax�i Ä ez«h�rbo2i\pqewrbx�$×ike¤lmj2iVhGlmr ik}bj�©�j2xVi�¨bj�ompªx�pªewr=®¬pªvaj2r ik}bj�pqrGz«e&lk¯
f=tai\pªear�pªikj2f=x�ik}btwiË}bt&vwj8©4j�j2r�lmj2iVh½l�rbj2¨=©Gy�ik}bj8Â~h�jmlVpqj2¨
pqrGz«e&lmf=twi�pªewrAxkewhGlmo2j2x��|twr�¨AiVe�lmj2iVhGlmrNik}bj=v&t&°qhbjÁe¬z|pqrG¯
z«e¬l�f=tai\pªearÀz«e&l�tNxVj�i�e¬z�pªr½z«e&lmf=twi\pqewr§pqiVj2f=x�� ¦¤}Gpªx pªx
¨bearbj/©Gy=hbx�pªrb®=tar=pqrGÝ4hbj2r�o2j�¨Gpqtw®&lmtwf ike�l�j�gGl�j2xkj2rGi�iV}bj
¨bj�ompªx�pªewrf=eG¨bjm°«� ²\r½Ý4hbj2rbo�jA¨Gpªta®&l�taf=x�t&l�j�t Ä pq¨bjm°qyw¯hbxkj2¨�iVj2om}brGpqÂGhbj)z«e&lQl�j2g½l�j2xkj2rGi\pªr�®Ö¨bj�ompªx�pªewr�x�hbrb¨bj¿l hbrG¯
o2j¿l�iVt¬pªrGi\y�tarb¨�zÉe&l1¨�j2iVjmlmf)pªrGpqrb®�ik}bj v&t¬°ªhbj@e&z�pqrGz«e&lmf=t&¯
i�pªewr_�

5:JLK+MYPZTF[�R�\�UC]3^�PSR�T_Q`Rba+\.OcMdQ:NF]3^e]3f+]bQ`M 6<¦¤}bj�pqrG¯z«e¬l�f=tai\pªearNxkewhGlmo2j2xÁ¨�twiVta©btwxkj�}btwx)twrÀj2rGi\l�yÀz«e¬lÛj�vwjmlmy
g�ewikj2rGi\pªt¬°|pqrGz«e¬l�f=twi�pªearAxVewh½l�o2jÃiV}btai�o2ewrGikt&pªr�x t�° pªxki e¬z
ik}bj¤pqrGz«e&lmf=twi�pªewr)pqi|o�ewrGiVt¬pªrbx��~ik}bj/o2eaxVi8e&z�tao2o2j2xkx\pªr�®=iV}bj
xkewhGlmo2j&��ik}bj Ä lmtwgbg�jml�rbj2j�¨bj2¨AiVeÃjmÊbi\lmtwo2i�iV}�j�pqrGz«e&lmf=t&¯i�pªewrAtarb¨AiV}�j)l�j2xkg4earbxVj�jmÊbg�j2o2iVtai\pqewrÀz«e&l)iV}bj)pqrGz«e&lmf=t&¯
i�pªewrÃxVeahGl�o2j¬�T¦¤}�j¤l�j�xVg�ewrbxkj�jmÊbg4j�o2iVtai\pªear�l�j�o2e&lm¨�t&° °ªe Ä xik}bj=xVyGxVikj2fSiVe�¨�j2iVjmlmf)pªrbjÃiV}bj=g½l�ew©�tw©Gp °�pªi\yAe¬zTtÃpqrGz«e&lk¯
f=tai\pªear�xVeahGl�o�j8l�j2xkg4earb¨Gpªr�®1tai�twrGy/®¬pªvwj�r i�pªf=j8t&z«ikjml�iV}bj
ÂGhbjmlmy�}btwx¤©�j2j2r�xVj2rGi��1ß_pª®wh½l�j=º)xV}be Ä xQt)l�j2xkg4earbxVj)jmÊG¯g�j2o2iktwi\pqewrÀl�j�o2e&lm¨Az«e¬lÛtar�pªrGz«e¬l�f=tai\pªearNxkewhGlmo2jÁhbxkj2¨Àpªr
ik}bj�¨Gpª®¬pªiVt¬°×o2taf=jml�t=¨�ewf=t&pqrc�

5:JLK+M=gX]3WSa+M.h�NF\�PZg�MXTji+WZ]3T+T+MX\ 6 ¦¤}bjÅv&t¬°ªhbj¿¯È¨Glkpªvaj2rgG°qtwrbr�jmlNhbxVj�xÖik}bj§¨bj2ompqx\pªearXf=e~¨�jm°«�=iV}�jApªr½z«e&lmf=twi\pqewr
xkewhGlmo2j2x=¨btaiVtw©�twxVjÃtwrb¨ÀtÖo�ewxVi@z«hbr�o2i\pqewr§iVe�¨bj2ikjml�f)pqrbj



User

Updates

Raw Source
information Queries

Information source
requests

Queries for
information sources

Produces

Alters

Queries

Read

Read

Information
value sets

Read

Read

Read

Decision model

Information
Retriever

Decision

Decision Model

Information Item
database

Value of information
Engine

Decision model
Utility Function

Query builder

Internet

Extraction
Engine

Utility penalty

Cost
Function

Planner

Information sources
database

ISD Querying
engine

Information Sources
Database

Read

Value-driven
information
gathering
planner

ß_pª®ahGl�j " $�¦¤}bj�o2eaf=g4earbj2rGiVxQe&z×±�sQ²V³

ß_pª®ahGl�j§º $N¦¤}�jAjmÊbg4j2o�iVj2¨ l�j2xkg4earbxVjÀe&z tarÅpqrGz«e&lmf=twi�pªewr
xkewhGlmo2j

iV}�j�v&t&°qhbjÃz«e&lÁj2taom}Mg�ewikj2rGi\pqt&°�ÂGhbjml�yÀiV}bj*xVyGxVikj2fào�twr
f=twÆaj&�Ö¦¤}½pªx@pªx)¨bewrbjÃ©GyÖtarbt&°qy6�¿pªrb®Aik}bjÁf=t¬Ê~pqf h�fáe&z
iV}�j=jmÊbg4j2o�iVj2¨§hbi�p�°�pqi\yNe¬zTik}bjÁxky~xkiVj2fS©�jmz«e¬l�jÁtarb¨�t&z«ikjml
t�Â~h�jml�y�pqx=tw¨b¨bj�¨c�A¦¤}bjÁ¨Gp�� j¿l�j2rbo�j�pqx=iV}bj*Ì�Í¬Î�ÏbÐ�ÑVÒ�Í
Ó�Ï½Ð�Ô2Õ&�Ùß_pª®ahGl�jN¼ xV}be Ä x�ik}bjÖj¿Ê½g�j2o2ikj2¨�h�i\p�° pªi\y o2hGlmvwjt&°qewrb® Ä pªik}Öik}bj o�ewxVi´z«hbrbo2i�pªearÖtarb¨�iV}�j jmÊbg�j2o2ikj2¨Nhbi�p�° ¯pªi\yÃe&z�iV}�j1ÂGhbj¿l�yÁg�eGe&°É�

Time

Expected query pool utility

Cost of time

Expected overall utility

U
til

ity

Maximum utility
Time to return a decision

ß_pª®ahGl�j)¼ $�¦¤}bj�jmÊbg�j2o2iVj�¨Öhbi�p�° pªi\y�o2hGlmvwj

5:JLK+M
O�R�UCUAa T+P<O�]3^ePSRbTAWZ]���MX\ 6Á¦¤}�j1o�ewf=f)hbrGpªo�twi\pqewr°qt&ywjmlËz«e&lmf=twiVxËÂGhbjmlVpqj2x�z«e¬l×ik}bj#� �'�Ç�2xVj�rb¨bx�ik}bj2fÇewh�i2�
f=earGpªike&l�x0iV}bj¤g�eGe&°4e¬z tao2i\pqvwj/ÂGhbj¿lVpªj�x|ik}btwi�}�t&vwj¤rbeai×yaj2i
lmj2iVhGlmrbj2¨c�ctarb¨ÁjmÊbi�l�two�iVx/ik}bj�pqrGz«e&lmf=twi�pªewrÃzØlmewfXÂGhbjmlkpªj2x
Ä }bj�r�iV}bj�yÁlmj2iVh½l�rc� �Å}bj2r*t=Â~h�jml�y�lmj2iVh½l�rbx���iV}bj@o2ewf)¯f)hbrGpqo2twi�pªewr °ªt&ywj¿l/xVj2rb¨�x1ik}bj�lmj2xVhG°qiVx�e&z�t=ÂGhbjml�y�ike=iV}bj
¨bj�ompªx�pªewr=f=eG¨bj¿°~twr�¨�iV}bjâl�j2xkg4earbxVj¤i�pªf=j8iVe/ik}bj�pqrGz«e&lmf=t&¯
i�pªewr�xkewhGlmo2j2x�¨btwiktw©btaxVj&�8²\i/t¬°ªxVe=xkj2rb¨bx�ik}bj�xViVtaiVj�e¬z�iV}bj
tao2i\pqvwj�ÂGhbjmlVpqj2x¤twr�¨ÁiV}�j/gGlmew©bta©Gp�° pªi\y�e&z�ik}bj2fXlmj2iVhGlmrGpªr�®
ike ik}bj�v&t&°qhbjm¯\¨GlVpqvwj2r*gG°ªtarbrbjml��
¦¤}bj�v&t¬°ªhbjm¯\¨Glkpªvwj�r<gG°qtwrbr�jml�hbxkj2xÁik}bj�¨bj�ompªx�pªewr f=eG¨bjm°É�

ik}bj*pªrGz«e¬l�f=tai\pªearÅxVeahGl�o�j2x�¨btwiktw©btaxVj�twrb¨§iV}�jÖo2eaf=f h�rGp�¯
o�twi\pqewrÀ°ªt&yajmlÁiVe*l�j�g4j2taiVj2¨½°ªy§j2v&t&°qhbtwikj�g4eaiVj2rGi\pqt&°�Â~h�jmlVpqj2x2�
tao2i\pqv&twikj�iV}bj@©4j2xki/earbj µ p z|twrGyb¶m��twrb¨�¨bj�iVjmlmf)pªrbj@p�z�iV}�j�jmÊG¯
g�j2o2ikj2¨Nh�i\p�° pªi\y�z«h�rbo2i\pqewr*pªf=gGlme&vwj2x´pªrAiV}�j�z«h�iVhGlmj&���Å}bj2r
ik}bj�xky~xkiVj2f }btax8l�j2tao�}�j2¨�iV}�j1f=t¬ÊGpªf)hbf g�e&pªrGi8pqr�ik}bj�jmÊG¯
g�j2o2iQhbi\p °�pqi\y�o2hGlmvwj&��pªi/}�t&°ªikx¤twrb¨Ãlmj2iVhGlmrbx�t ¨�j2ompªx�pªearc�


