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NPORQ�S=T�U�VXWZY\[]T_^a`cbd[aegfcY�ORfcShS=T�ijSk`lbmOnegYRTco
epSk`rqcT_s_outRflYRYRv_T_s_oRb�fcYRYn`rewsas]`lYnb�TMs

x.^]flyzT�[|{|^aegfcY

}4`l~R~�fc^�[4t�T�^aT_bmORT_^abmOnT�YC�H�r�c�l��VX�|T_b�T�S��CT�^��r�l�cU�V8�M�\��~n`rqcT_s

�%���_���3�R�l�l� NPORews�t�f�b��nShT_Y\[6t�T_sab�^aep��TMs�b�fcYnb�T_~�[as�`lYnth[]fufc�psH[aOn`3[6�6T4O�`��lT4t�T_�lT��pfl~CT_t�� fc^.[]ORT¢¡�£]¤r¥
¦ £]§r¨ª©d«�¡R¬�£d­M®w©d®¯¤3°%[a`cs�±³²4NPORT�´�^as�[¢~n`l^�[¢ews¢`�^]T�� T�^aT�Ynb�T�Sk`rYu�n`r�jon��OnepbmOµepY\[]^afutR�nb�TMs�[]OnT�b�fcYnb�T_~�[as
epYu�lfc�g�cT_t�egY+[aOReps�[a`cs�±+`ls��¶T��p��`cs�[]OnT�~R^afl~Cfcs]T_t ±uYRf3���gTMt�qlT=�w`rYRqc�n`rqcTk`rYnt+epY�� T�^aT�Y�b�T�T_YRqlepYRT=[]f
`cbmORepT��lT�[]ORews�[a`ls]±³²·NPORT¸s�TMb�flY�t¹~n`r^][�ews=`º�ns]T�^M» s�Sk`rYu�n`l�Fo���ORepbmO"t�T�[m`rep�psh�Cfr[]O-[]ORT¸¼¢½�¾�¿Àt�T�i
sab�^aep~�[]epflY��w`rYnql�n`lqlT|`lYntk[aORT�Á¢ÂnÃ�½�Ä_ÂnÅÆT_YRqlepYRTl²HWÇ[�`r�ws�f�~R^af3�\ewt�TMs�T�È�`lS=~R�gTMs6`lYnt�S=T�[]ORf�t�fc�gfcqlewb�`r�
^aT_b�flS=S=T�Yntn`3[]epflY�s�[afkt�T��cT��pfl~¸`�~n^]fcql^m`rS;s]�R~�T_^]�uews�epflYÉs�Ê�s�[]T_SË��eg[]O¸¼¢½�¾A¿h`rYnt¸Á¢ÂnÃ�½�Ä_ÂnÅ�²
ÌµÍ\Î³ÏaÐ�Ñ �3ÒA�l� ~R^]fcql^m`rSÓs��n~�T_^]�uews�epflYÔo³±uYRf3���pT_t�qcT�iÇ�n`ls]T_tµs]Ê�sz[aT�Sks_oC±uYRf3���pT_tRqlT�tRT_sab�^aeg~�[aegfcYÀ�w`rY�i
qc�n`rqcTlouepY�� T�^aT�Ynb�T�T�YRqcegYRT
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�� � ��� T�tRfub��RS=T�Y\[�t�v_b�^]eg[¶�pT_sPb�flYnb�T�~�[ms6T�[¶�pT_s¶fc��[]ep�ps��\�RT�YRfl��s6`��cflYns6t�v��cT��pfl~R~Cv_s¶~Cfl�R^¶�p`
[��lbmORT¶t�T�¡C®��g¤��Z§ ¦ ¬��l¬H¡C£]¤ ¦ £]§r¨�¨k¬�©m²���`¢~R^aT�S=egQ_^]T�~n`r^][]epT�TMsz[H�RY�Sk`rYu�RT_�\tRT6^av�� v_^]T_Ynb�T��\�ReuepY\[]^afutR�Re [
�pT_s�b�flY�b�T�~R[as�tRTÀb�T�[�[]Tº[��lbmOnTlo4`repYns]e��\�RTº�pTº�w`rYRq\`rqlTµt�T�t�T_sab�^aeg~R[]epflY T�[É�gTµS=fr[aT��R^Ét » egY�� v_^]T_Ynb�T
�\�RTÀYRfl�ns%~R^afl~Cfcs]flYns�~�fc�R^��w`¹^av_`r�pews�T_^_² ��`·s�TMb�fcYnt�Tº~n`l^�[aegTÀT_s�[%�RY Sk`lY\�nT��|tÔ» ��[aeg�pews]`r[]epflY!�\�Re
tRv�[a`leg�p�pT4�gT|�p`lYRqc`lqlT�¼¢½�¾�¿�T�[6�pT¢S=fr[aT��R^PÁ¢ÂnÃ�½�Ä_ÂnÅ�² � T�[][]T¢~�`r^][]epT4~R^afl~Cfcs]T4`r�nsas�eCt�T_s�T�È�T�S=~R�pT_s6T�[
tRT_s¶^]TMb�fcShS=T_YntR`3[aegfcYns¶S=v�[]OnfutRfl�pflqle"�\�RT_s6~Cfl�R^4t�v_�lT_�gfc~R~�T_^P�RYÉs]Ê�sz[aQ�S=T�t�T�~Reg�pfr[m`rqcT|T_Y%��[aeg�pews]`lYc[
¼|½�¾�¿�T�[|Á¢ÂnÃ�½�Ä_ÂnÅ�²
# Ñ �M� Ï �%$ � �º� ~Rep�pfr[a`lqlT�tRT�~R^aflqc^a`lS=ShTMs�oCs�Ê�s�[]Q_ShTMs'&��n`ls]T�t�T=b�fcYRYn`lepsas]`lYnb�TMs�o��p`lYRqc`lqlT�tRT�t�TMszi
b�^]ep~�[aegfcYÉt�TMs�b�fcYRYn`rewsas]`lYnb�TMs�ouS=fr[aT��R^4t » epY�� v�^aT�Ynb�T
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NPORews4t�f�b��RS=T�Y\[¢t�T_`l�psP��eg[]Oµb�flYnb�T�~�[ms�`rYnt�[]fufl�wsPepY%¡C£]¤ ¦ £]§r¨Ë©d«�¡R¬�£d­M®w©d®¯¤3°�²
NPORT�£]¬���¬�£]¬�°��m¬�¨k§3°�«n§��repY\[]^afutR�nb�TMs.[]OnT¢b�fcYnb�T_~�[as�fr� []OnT¢~R^aflqc^a`lS s��n~�T_^]�uews�epflY=[m`ls]±h`cs.�6T_�g�³`ls

[aORT�~R^afl~Cfcs]T_t��p`lYRql�n`lqlT�`rYnt%T�YnqlepYRT�[]fk`lbmOnegT_�lT|[]ORewsP[a`cs�±³²
x.^aflqc^a`lS s]�R~CT�^a�ueps]egfcY·ewsh`º[a`cs�± []O�`3[=epsh�ns]�n`r�p�pÊ+`cbmORepT��lTMt+�uÊ·`ºOu�RSk`rY"��T_egYRq�o�`rY�t¹��ORewbmO

b_`rY ��T�`r��[aflSk`3[aT_t"�\Ê"s�fl� [z�¶`l^]TÉ[]fufc�ps_² NPORews=[a`cs�±·epS=~R�pegTMs=[]f¹Sk`rYneg~R�n�p`r[]T��m¤3°��m¬z¡ �F©doPs]�nbmO `ls
tn`3[a`no ~R^aflql^m`rSks_oCs]T �\�RT_Ynb�TMs�fr��~R^aflqc^a`lSks�o³T�[mbr²hNPORT�[m`ls]±µeps�~n^]TMs�T_Yc[aT_tµepY+bmOn`r~�[aT�^=�l²���T=On`��cT
q\`3[aORT�^aT_t�[]ORTP�ns]T�� �R��b�flY�b�T�~R[asHepYh`lYh`l�nsz[a^a`cbd[HqlT_YRT�^m`r�uS=f�t�T�����ORewbmO�[]Ou�ns.t�TMs]b�^]ep��TMsA[]ORT���~R^aflql^m`rS
s]�R~CT�^a�ueps]egfcYkflY\[]fc�gfcqlÊ��d²�NPORT�S=futRT��joutRT�[a`leg�pT_t�egYÉbmOn`r~R[]T�^���ou`r�ws]f��RYntRT�^a�gepYRT_s�[]OnT|Sk`repY�^aT_`cs�fcYRepYRq
~nOn`ls]T_s�[]On`r[É`r^aTÀ`l~R~R�pegTMt ��OReg�pTÀ~CT�^]� fl^aS=egYnq¹[]ORTÀ[a`cs�± fr��~R^aflqc^a`lS s]�R~CT�^a�\ews]egfcYÔ²�WZY fc^at�T_^k[]f
tRT_sab�^aeg�CT�`lYnt Sk`rYRep~R�R�w`3[aTÀ[aORT�`l�ns�[]^m`lbd[¸b�fcYnb�T_~�[as_o4�¶TÀYRT_T_t�`·[]^m`lb�[a`r�n�gTº^aT�~n^]TMs�T_Yc[m`3[aegfcYÔo�®�� ¬��
s]flS=Ths�ÊuY\[a`rÈ³²�NPOnT=s]ÊuY\[a`3Èµews�`�S=T_`lYns|[]f¸b�fcY\�cT�YRepT�Y\[a�gÊµt�TMs]b�^]ep��T�[]OnThb�flYnb�T�~�[ms|T�È�eps�[]epYRqÉegY�[]ORT
[aORT�fc^]T�[]ewb�`l��S=f�t�T��j²�NPOnTh¼|½�¾�¿��w`rYRqc�n`rqcT�egY\[a^]f�t��nb�T_t�egY bmOn`r~R[]T�^�Uno ~R^]f3�uewt�T_s�`És�ÊuY\[a`rÈµ� fl^�[]ORT
b�flYnb�T�~�[ms�epY fl�n^�S=f�t�T��j² WÇ[Éeps�T_`ls]Ê"[]f-^aT_`ct � fl^É`¹Ou�RSk`rY �CT�epYRq-`lYnt `rY `l��[]fcSk`3[]ewbº~�`r^ms�T_^
O�`ls���T_T�Y+t�T��cT��pfl~CT_tº[]On`r[�[a^a`lYns]�p`r[]T_s|eg[�epY\[]fµb�fcS=~R��[]T_^�tR`3[m`%s�[]^a�nbd[a�R^aT_s|[]On`r[�b�`rY���T=Sk`rY�`rqlTMt
�uÊÀs]fr� [z�P`r^aT�[]fufl�ws�²hWZY+fl�R^�`l~R~R^afc`cbmOµ[]f¸~R^aflqc^a`lS9s��R~CT�^a�ueps]epflYº[aORT=[]fufc�ps�`l^]Th±uYRf3���gTMt�qlT�ij��`ls]T_t
s]Ê�sz[aT�Sks|¬�° ¦ ® °C¬�©H[]On`r[6S=epShewb¢[]ORT�sz[a^a`r[]T�qcÊ�fl��`rY�T�Èu~CT�^][�epY�[aORT¢�ns]T4fl� []ORT|~R^]fcql^m`rSks_²��4Y�T�YRqcegYRT
~CT�^]� fl^aSks�`l�g�6[]ORTÉ^aT_`ls]flYnegYRqµ~nOn`ls]T_s�ept�T_Y\[]eg´nT_t-egY¹[aORTÉShf�t�T_�F²·{|YRT�~�`r^][]ewb��R�w`r^�T�YRqcegYRTco.Yn`rS=TMt
Á|ÂnÃ�½�Ä�Â�Å�o6ews�t�T�[a`rep�pT_t egY bmOn`l~�[]T_^��n² WÇ[ms�`r�pqlfc^]eg[]ORS ewskepY bmOn`r^aqlTÉfr��[]ORTµ^aT_`cs�fcYRepYRq `lYnt"[]ORT
b�flY\[]^afl�p�pegYRqhfr��[]ORT�s�[]^a�nb�[]�R^aT_s_oR`lb_b�fl^mt�epYRq�[]fh[]ORT��nYnt�T�^a�pÊ\epYRq=S=f�t�T��j²
WZYÀ[]ORTÉ«u©�¬�£�� ©�¨k§3°�«n§���~n`r^][_o bmOn`l~�[]T_^��k~n^]TMs�T_Yc[ms4[aORT�� �R�g�.s]ÊuYc[m`3Èµfr��¼|½�¾�¿�`rYntº[]ORT�^]T��\�Reg^aT�i

S=T_Yc[ms�� fl^A[]ORTP~n`l^as]T�^! M[a^a`lYns]�p`r[]fl^Mo�`lYnt�bmOn`l~�[]T_^.�|s]�RS=Sk`r^aeps]T_s�S=T�[]OnfutRfl�pflqlewb�`l�l^aT_b�flS=S=T�YntR`r[]epflYns
[af%t�T_�lT_�gfc~À`�~R^aflqc^a`lSªs]�R~CT�^a�\ews]egfcYÀs�Ê�s�[]T_S1��eg[]O�¼¢½�¾A¿�`lYntÀÁ¢Â�ÃÔ½�Ä_ÂnÅ�² � On`l~�[]T_^��keg�p�g��sz[a^a`r[]T_s
fcY+T�ÈR`rS=~R�pT_s�Onf3� [aORT�S=T�[aORf�t�fl�pflqcÊÀb�`lY¹��T%`r~R~R�pepT_t+`rYnt¹bmO�`r~�[aT�^��¸qceg�cT_s�`µs]egS=~R�pT�b�flS=~R�pT�[]T
T�ÈR`rS=~R�pT�fr��`º±uYRf3���pT_t�qcT��n`ls]Tl² � On`l~�[]T_^#"Àqlep�lTMs�`lY·f3�lT_^]�uepT�� fr��[aORT%qc^a`l~RORewb��ns]T�^hepYc[aT�^]�¯`lb�T
[aOn`3[|eps�~n^]f3�uewt�T_t%[]f=[aORT�T�Èu~CT�^][as�[]f��R^af3�4s]T�`lYntÉS=futRe � Ê¸`k±uYRf3���pT_t�qcT���`ls]Tlon`cs��6T_�g��`lsP[afk[]^m`lb�T
`lYµT�È�T_b���[]epflYµfl��`k±uYRf3���gTMt�qlT�ij��`ls]T_tÉs�Ê�s�[]T�S¸²%$AegY�`r�p�gÊcoCbmOn`l~�[]T_^��_��~R^]f3�uewt�T_s4egY�� fc^]Sk`r[]epflYµ`r�Cfl��[
Onf3� []f=epYns�[a`r�p��`lYnt���s�T�`l�g�³[aORT�[]fufl�ws_²HN��¶f=`l~R~CT�Ynt�egÈ�T_s�`l^]T�`ltnt�T_t�� fl^�S=fl^aT�egYR� fl^aS=`r[]epflY¸`r�Cfl��[
¼|½�¾�¿�tRT�YRfl[a`3[aegfcYn`r��s�T_S=`lY\[]ewb�s�`lYnt=`r�Cfl��[�[aORT4�peps�[�fr� ~Cfcsas�ep�R�pT�T�^a^]fc^.S=T_sas]`lqlT_sA[aOn`3[6S=`�Ê�On`r~n~�T_Y
tR�R^]epYRq=~n`l^as]egYnq�fl�'&�½�¾A¿hs�fc�R^ab�T¢´��gTMs�²
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� ORTk�ns]T=fr�PT�È�eps�[]epYRq¸�peg�R^m`r^aepT_s�fr�¶~R^aflql^m`rSks�On`cs���TMb�flS=T�`¸b�^aeg[]ewb�`r�.^aT_s]fl�n^ab�T�epY+S=`lYuÊÀt�ewszi
b�eg~n�gepYRT_s_²��uT_�lT_^a`l��t�e! CT_^]T_Yc[��gep�R^m`r^aegTMs�fr��~n^]fcql^m`rSksPOn`��lT���T_T�YÀt�T_�lT_�gfc~�TMt¸egYÀtRflSk`repYns4�pep±lT�s]egqcYn`r�
~n^]f�b�TMs]s]epYRqno�epSk`rqcTÉ~n^]f�b�TMs]s]epYRq�`lYnt s]b�egT_Yc[ae ´CbÉb�flS=~R��[aegYnqn² NPORT_s]T¸�gep�R^m`r^aegTMs�b�flYns]ewsz[kfr��` �p`l^]qcT
Yu�RS���T_^�fr�Hb�flS=~R�pT�È%~R^]fcql^m`rSks_o\��^aeg[�[]T_Y%�uÊ�s]~CT_b�ew`r�pewsz[msPegY¸flYnT�fl��[aORT_s]T�~n`r^][]ewb��n�p`l^PtRflSk`repYns�`rY�t
fl� []T_YÉ`l~R~R�pegTMt��uÊkYRflYRiÇs]~�TMb�ew`r�peps�[as¶epY�[aORT_s]T�t�flSk`repYns_².N�f=`lbmORepT��cT|`h~n`l^�[aepb��R�p`l^6qcfc`l�Fous�T_�lT_^a`l��~R^afri
qc^a`lSks4On`��cT�[]fÉ�CT�fc^]q\`rYRews�TMt¸egY+`�~n�p`lY�`rY�tµ[]OnT�ep^�T�È�T_b��R[]epflYºOn`cs|[]fÉ��ThS=flYReg[]fc^]TMtµegY�fl^mt�T�^|[]f
~CT�^]� fl^aS�[aORT4�CT_s�[�~Cfcsas�ep�R�pTP[]^aT_`3[aS=T�Y\[_²#"¢s]egYnq�s��nbmOk�pep�R^a`l^]epT_sH^aT �\�Rep^aT_sH�Cfr[]OkT�Èu[]T�Y�s�ep�lT�T�Èu~CT�^aepT�Ynb�T
��eg[]OÉ[aORT��ns]T�fr�A[]ORT�~R^]fcql^m`rSksP`rYnt¸t�T�[a`leg�pT_tÉ±uYRf3���pT_t�qcT�fl��[aORT�f3�lT_^a`l�g�C[m`ls]±�� fl^���OnepbmO¸[aORT�ÊÉ`r^aT
`l~R~R�pegTMt ²#"¢s]�n`r�p�gÊcorqlep�lT_Y�fcYR�pÊ�[]ORT��pep�R^a`l^]Ê�fl��~R^aflqc^a`lSks�o3`�YRf3�uepb�TPepsH�RY�`r�R�pTP[]f�s]fl�p�lT6[]ORT4b�flS=~R�pT�[]T
~n^]f�b�TMs]s]epYRq�[m`ls]±³²

$&%'$ :<� �H�d�|���A�����%�

x�^]fcql^m`rSksP`r^aT�fl� []T_Yµ�\epT��¶T_tÉ`ls4�gepS=e [aT_tÉ[]f�s]fl�n^ab�T�fc^�fl��yzTMbd[¢b�futRT_s_²)(¶��[¢`rY¸T' CTMbd[]ep�lT��gfcYRqh[]T�^aS
Sk`lYn`rqcT�S=T�Y\[%s]ORfl�n�pt `l�ps]f·[m`r±cTºegY\[af"`lb_b�fc�RY\[É`3[][a`cbmORT_t ±uYRf3���pT_tRqlTÀ`cs�t�ep�lT_^as]T�`cs�±uYRf3���pT_t�qcT
`l��fc��[�[]OnTk~R�R^a~�f\s�TcoÔ[]OnT�s]b�egT_Yc[ae ´Cbh� fl�RYntn`3[]epflY�s�o [aORT�epY\[]T�Y�t�T_t+`r~n~R�gewb�`r[]epflYns_o [aORT�b�fcYnt�eg[]epflYns�fl�
`l~R~R�pepb_`r�Rep�pe [zÊco�[aORT=^]TMs��n� [ms¢fl��~n`ls�[�[]T_s�[as_o³[]OnT�±uYRf3�PiÇORf3��fr�6T��lT_^]Ê�tR`�Ê%T�Ynt��ns]T�^ms�o³T�[abr²�NPOneps��lT_^�i
sa`3[aeg�pT=±uYRf3���gTMt�qlT�On`ls��CT�T_Y¹`lb�b��RS��n�p`r[]T_tÀf3�lT_^|[aORT=ÊlTM`r^ms+* []ORTk�peg� T�ij[]epShT=fl��[]OnTk~R^]fcql^m`rSks-,4`rY�t
ews�sab�`3[][]T_^]TMt�`rS=fcYRqkt�e. ³T�^aT�Y\[�~CT�fl~n�gTco���ORfk`r^aT%�]s]fl�R^mb�TMs �¢fl��±uYRf3���pT_t�qcT�`l��fc��[�~R^]fcql^m`rSks_ocT_e [aORT�^
�CT_b_`r�ns]T%[]ORT_Ê·±uYRf3� []ORTÉ[aORT�fc^]Ê¹�CT�ORepYnt-[]ORTµb�futRTlo��CT_b_`r�ns]T%[]ORT_Ê¹On`��lTÉ^]�nY·[]OnTÉ~n^]fcql^m`rSks�fcY
Yu�RS=T_^]fc�ns=tR`3[m`Ro�fc^h�CT_b_`r�ns]TÉ[]ORT_Ê·On`��cT���^ae [][]T�Y fl^=S=f�t�eg´nT_t-[]ORTºb�f�t�Tl²0/¸fl^aT�f3�cT�^Mo.YRfr[=flYR�pÊ
epYnt�ep�ueptR�n`r�.~R^aflqc^a`lSks4�R��[�`l�ps]f%��s�T�� �R��b�fcS��RepYn`3[aegfcYns|fr�¶s]T��cT�^m`r�A~R^aflql^m`rSks4[]fÉ~�T_^�� fc^]S9b�flS=~R�pT�È
[m`ls]±�s|`l^]T�~�`r^][|fr��[]ORTh±uYRf3���gTMt�qlTc²�1.�cT�Y t�T�T_~ÀS=egYnegYRq%egY\[af�[aORThs]fl�n^ab�T�b�f�t�Thfr��~R^aflqc^a`lSks4t�fuT_s
Ynfr[�~R^af3�uept�T=T_YRfl�RqcO+egY�� fc^]Sk`r[]epflYÔ² �ÔflYnq%[aT�^aS Sk`rY�`rqlT_S=T�Y\[�`rYnt ��[aeg�pews]`r[]epflY+fr��s���bmO �pep�R^a`l^]epT_s
^aT �\�Rep^aT_sPt�e! CT_^]T_Yc[P[zÊu~CT_s�fl��±uYRf3�PiÇORf3� ^a`lYRqlepYRq�� ^]fcSË`rYÉT�Èu[aT�Yns]eg�cT�T�È�~�T_^]epT�Y�b�T���e [aOÉ[]ORT�tR`�Ê\ij[]fli
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tn`�Êº�ns]Tkfr�¶[]ORT�~n^]fcql^m`rSks|[]fº`¸t�T�[m`rep�gTMt+±uYRf3���gTMt�qlThfr�¶[]OnT�~ROuÊ�s�ewb�`l�.~R^]f�b�T_sas�fl^�Sk`3[aORT�Sk`3[aepb_`r�
s�[]^a�nb�[]�R^aT�[]ORT_Ê�epSh~n�gT_ShT_Y\[_²
WZYntRT�T_tÔoÔ[]OnTk~R^]fcql^m`rSks�`rYnt�[]OnT�ep^��ns�T=�CT��pflYRq¸[afµ`Éb�flS=~n`lY\Ê ��~n`r[]^aegS=flYuÊ���[aOn`3[�s]ORfl�n�pt�YRfr[

�CT��pfcs�[¢`rYnt%[aOn`3[|s]ORfc�R�ptÉ�CT�T_`cs�Ê�[]fk^aT�iÇ�ns�T�`lYnt%[]fkSk`repY\[a`legYÔ²¶NPOn`3[|eps���OuÊÉb�flS=~n`lYRepT_s�YRT_T_t%[]f
±cT�T_~�[a^a`cbm±�fr� `r�p��[]ORT�YnT_b�TMs]sa`r^aÊ�s�±uep�g�wsH� fc^H[]ORT�fc~�[]epSk`r���ns]T�fr�³~R^aflql^m`rSks_oM� fl^.�Cfr[]O=�ns]T�^�`cs]s]ewsz[m`rYnb�T
`lYntÉ±uYRf3���gTMt�qlT�Sk`rYn`lqlT_ShT_Y\[P~n�R^]~Cfcs]T_s_² �|s4`rYµ`rY�s��¶T�^¶[]f=[aORews4ews]s]�RTlon�6T�~R^afl~Cfcs]T�`rYµ`r~R~n^]f\`lbmO
��`ls]T_t%flY��

� �Ób�flY�b�T�~R[]�n`l�¶S=f�t�T_�P� fl^=T�È�~CT�^][as_o�t�T_s]epqlYRT_^ash`rYnt"�ns]T�^ms�fl�|~R^aflqc^a`lSks�`r�p�pf3��egYRqÀ[]ORT_S []f
b�fcShS��RYRewb�`r[]T+`r�Cfl��[¸~R^aflql^m`rSks�`lYnt [aORT�ep^¸�ns]T���eg[]OÆ`·�RYne ´nTMt [aT�^aS=egYRfc�gfcqlÊ�* �n`cs�TMt fcY
qlT_YRT�^aepbµb�flYnb�T�~�[ms�o4s]�nbmO `ls�tR`3[m`Ro�~R^aflqc^a`lS=s_o6s]T �\�RT_Ynb�TMskfr��~R^aflqc^a`lSks�oPtR`3[m`��nf3��oPT�[mbr² ,d²�u�nbmOµb�fcYnb�T_~�[as�`l^]T�^aT_b��R^]^aT�Y\[�`rYntÉb�`lY%�CT�qc`r[]ORT_^]TMt�epY¸` ¦ ¬�°C¬�£]§��A¤3° �Z¤��p¤ ¦����

� � t�T_sab�^aep~�[]ep�lT
	M°³¤����g¬�� ¦ ¬��l¬�© ��£d® ¡ �F®¯¤r°!�g§r° ¦ «n§ ¦ ¬h[]f¹^aT�~R^aT_s]T�Y\[k`rYnt"Sk`rYRep~R�R�w`3[aTµ`r�ns�[]^m`lb�[
b�fcYnb�T_~�[as_² $Rfc^4[]Oneps|~R�R^a~�f\s�Tco��¶T�On`��cT�t�T�´�YRT_tµ¼|½�¾�¿no�`lYµfl~CT�Yµ�w`rYRqc�n`rqcT���ORewbmOµ~R^]f3�uewt�T_s
T�È�~CT�^][as���eg[]O¹`É�ns]T�^]iF� ^aegT_Ynt��pÊÀs]Ê\Y\[m`3ÈÀ`rY�t `É�¶T��p��t�T�´nYRT_t s]T�Sk`rY\[]ewb�s�� fc^�[]ORT%b�flY�b�T�~R[as�epY
fl�R^�S=f�t�T_� �

� � flS=~R��[aT�^ �Z¤_¤ � ©Ô[af�T_Yns]�R^]T¶[aORT�b�flY�s�ewsz[aT�Ynb�Ê�fr��[]ORTPT�È�~R^aT_sas]T_t�±uYRf3���pT_tRqlTlo�[af�fl~CT�^m`3[]epflY�`r�peps]T
e [�egY\[]fºb�flS=~R��[aT�^�tn`3[a`µs�[]^a�nb�[]�R^aT_s�`lYnt�[]fµ~R^af�t��nb�TkT  ³T_bd[aeg�cT�s�Ê�s�[]T_S=s�[]fºORT_�g~+^a�RY []ORT_S*¯s]T�S=e ,z`r�R[]flSk`r[]ewb�`r�p�pÊlo�~R^af3�uept�TMtk[aOn`3[¢`l�g�³[aORT�YRT_b�T_sas]`l^]Êk±uYRf3���pT_t�qcT|ewsP~R^afl~CT�^a�gÊ=� fc^]Sk`l�gews�TMt

N�T_bmORYne �\�RTMs�fr�Ô~n^]fcql^m`rS s]�R~CT�^a�\ews]egfcYkOn`��lT¢`�[z�6fl� fl�wt=fl��yzTMbd[]ep�lT����Cfr[aOk[]f��¯`��lfl�n^.[]ORT�b�`l~Re [m`r�pe i
sa`3[aegfcY�fl�C±uYRf3���pT_tRqlTP`r�Cfl��[.[aORT4�ns]TPfr� b�flS=~R�pT�Èh~R^aflql^m`rSksA`rYnt�[af�fl~CT�^m`3[]epflY�`r�peps]T�[aORews.��[]ep�pepsa`3[aegfcY
� fc^��ns]T�^ms6Ynfr[¢s]~�TMb�ew`r�peps]T_t%egYÉ[aORT�t�flSk`legYÔ²
NPORT�S=`lYn`rqcT�S=T�Y\[�fr�.~R^aflqc^a`lSks6ews4qcT�YRT_^a`l�g�pÊk~CT�^]� fl^aShTMtÉ�\Ê¸`=~CT�^ms�fcY * []T_^]S=T_t%[aORT%¬�
�¡R¬�£ ��epY

[aORTP� fl�p�pf3��egYRq ,A`rYntheg[�^]T_�gepT_sHfcYh`��w`r^aqlTP`rS=fl�nYc[.fl�C±uYRf3���pT_t�qcTl²��4fr[�fcYR�pÊ�[]ORT4b�f�t�T��gepYRTMs�oc�R��[�`r�ws]f
[aORT¢±uYRf3���pT_tRqlT4`r�Cfl�R[�ORf3� []f�^a�RYk~R^aflqc^a`lSks�orOnf3�"[af�T��3`l�g�n`r[]T�[aORT�ep^¶^]TMs��R�g[as_olOnf3�"[af�[]�nYRT4[aORT�S¸o
Onf3��[af%b�fcS��RepYRT�[aORT�S1� fl^|ORepqlORT_^4�gT_�lT_��b�fcS=~R��[a`r[]epflYns_onT�[abl²�eps¢YRT_b�T_sas]`l^]Êc²¶NPOu�ns_o���OnT�YµT�È�~CT�^][as
iÇ��ORf�O�`��lT�[aOReps�±uYRf3�PiÇORf3�Pi�`r^aT�Ynfr[�`��3`leg�w`r�R�pT�fl^���ORT_Yµ[]ORT_Ê¸^]T�[]ep^]T�fl^¢�pT_`��cTlo�e [�eps|YRTMb�T_sasa`r^aÊ�[]f
±cT�T_~µ[]ORews�~R^afub�T_sas�epYRq%±\Ynf3���gTMt�qlT�epY�`lYÀ�RY�t�T�^msz[m`rYntn`r�R�pT�`lYntº~Cfcsas�ep�R�pÊ¸fl~CT�^m`3[]epflY�`r�Ô� fc^]S¸²&�u��bmO
±uYRf3���pT_tRqlT4ewsPs�T_�pt�fcS�Sk`lt�T�T�È�~R�pepb�e [PepY%t�f�b��nShT_Y\[a`3[aegfcY%`lYnt�b_`rYRYRfl[6�CT�� fl�RYnt�egYÉs�fc�R^mb�T|b�f�t�T_s���²
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� OnT�Y `rY�`r�pÊus]epYRq+[]ORT `lb�[]ep�\eg[zÊ-fl���ns�epYRq-`·Y\�nS��CT�^�fl��b�flS=~R�pT�È ~R^aflqc^a`lS=s�� fc^%`rY `l~R~R�pepb_`3[aeg�cT
~n�R^]~Cfcs]TlonegYntRT�~CT�Ynt�T_Y\[]�pÊ%fl�A[aORT�~R^afl�R�pT�Sªfr�H[]OnT�`r~R~n�gewb�`r[]epflY *z®�� ¬ �¶[]OnT�qlf\`r� fr�H[aORT��ns]T�^¢`lYntÉ[]ORT
s]T�Sk`lYc[aepb_sPfr��[]ORT�tR`r[a` ,do�eg[¢`r~R~CT_`l^as¶[aOn`3[¢`h�pfr[�fr�H~R^afl�R�pT�Sks�b�fcS=T|� ^aflS;[]ORT�~R^af�b�TMs]s]egYnq�eg[as]T��g�z²

� ep�lT_Y�`�s�T�[Afl��tR`3[m`�[af|~R^af�b�TMs]sA`rYnt�`¢s]T�[.fr��~R^]fcql^m`rSksÔ`l~R~R�pepb_`r�R�pT6fcY�[]OnTPtn`3[a`no�[]ORT6´n^msz[H~CflepYc[
ewsH[af��RYnt�T_^as�[a`lYnth��On`3[6T_`lbmO=~R^aflqc^a`lS t�fuT_s_on®�� ¬ �.�n�Reg�wtk`�S=f�t�T��nfr�³[]ORT¢YRT_b�T_sas]`l^]Ê�b�flYnb�T�~�[ms�o\s���bmO
`cs�~R^]fcql^m`rSks_o³tn`3[a`noÔ`rYnt s]f%fcYÔ² �4� []T�^a�P`r^mtRs�oÔs]epYnb�Tk`És�epYRql�pTh~R^]fcql^m`rSÓews�YRfr[��ns]�n`r�p�pÊºs�����b�egT_Yc[
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[afks�fc�g�cT�`=b�fcS=~R�gT�È�~R^af�b�T_sas]egYRq�^]T��\�RT_s�[_ou[aORT�T�Ynt�ij�ns]T�^PS��nsz[�´�ql�R^aT|fc��[4��ORewbmO%~n^]fcql^m`rSks6b_`rYÉ��T
b�flS��RegYnT_t�[]fcqlT�[]ORT_^�`rYnt�Onf3��²�NPOn`3[AS=T_`rY�s ±uYRf3��egYnq�ORf3� []f¢bmORfuf\s�T.��ORewbmO�~R^aflqc^a`lS�s�Onfl�R�wt�b�fcShT
´�^as�[_o�[aORT�Yh��ORewbmO�fcYRT_sASk`�Ê�� fl�p�gf3��or`lYnt�s]f�flY�[af|T_�lT_Yc[a�n`r�p�pÊ��R�Rep�pt �z~n^]fcql^m`rSÆb�flS��RepYn`3[aegfcYns ��[aOn`3[
`cbmORepT��lT�`rY¸`r~n~R�gewb�`r[]epflYÉqlf\`r�j²/¸fc^]T_f3�lT_^_oc��ORT�YÉS��R�g[]ep~R�pT�b�flS��RepYn`3[aegfcYnsP`r^aT|~Cfcsas�ep�R�pT�s]flS=T�b�`lY��CT�~n^]T�� T�^a^]TMt * � fc^PT�ÈR`rS=~R�pTlo
tRT�~CT�Ynt�epYRqkfcY�[aORT�`lt�T��\�n`lb�Êkfr�H~R^]fcql^m`rS � T_`r[]�R^aT_sP��eg[]O¸^aT_s]~�TMbd[P[]f=[aORT�tR`r[a`=`3[�On`lYnt ,d²
NPORT_YÔor[af�T�È�T_b���[]T4`�bmORf\s�T_Yhb�flS��RegY�`3[]epflY�o3[]ORT���s�T_^.On`lsA[af�`lbd[a�n`r�p�pÊ�^]�nY�[aORT4~R^aflqc^a`lS=s_o���ORewbmO

epS=~R�pegTMs�±uYRf3��epYRq�[]ORT_eg^6~R^aT_b�ews]T4b�`r�p�pegYRq�s�ÊuY\[a`rÈ³ol[]fcqlT�[aORT�^���e [aOk[]ORT_eg^6�ns]�n`r��~n`r^m`rS=T�[aT�^.�3`r�p�RTMs�oc[]ORT
[zÊu~CT¸fr�¢epYR~R��[k[aORT�Ê·`cb�b�T�~�[Mo6`rY�t¹[]OnT¸[zÊ\~CTÉfr�|fc��[]~n��[=[]ORT_Ê·~R^afutR�nb�T * �CT_b_`r�ns]T�[aORTµ�w`3[�[aT�^=��ep�g�
�CT_b�flS=T�epYR~R�R[as�� fl^|[]OnT�� fc�g�pf3��egYnq�~R^aflql^m`rSks¢egY `�b�fcS��RepYn`r[]epflY ,�²|WZY\[]T_^]Y�`r�HtR`3[m`3i!�nf3�ÆS=`lYn`rqcegYnq
�CT�[z�¶T�T_Y+~R^]fcql^m`rSks�Sk`�ÊÀ�CT_b�flS=Tk�lT_^]Ê t�e ��b��R� [�[]fµOn`lYnt��pTloATl² qn²Ée �¢tn`3[a`µ`l^]T=[afµ��T%t�eps]~n`r[abmORTMt
`lS=flYRq�t�e! ³T�^aT�Y\[¢~R^aflqc^a`lS=s_² $AepYn`r�p�gÊconeg��`3[¢`lY\ÊÉ~CflepYc[|fr�.T�È�T_b���[]epflY�o�[]ORThb��R^a^aT�Y\[4^]TMs��n� [ms4`r^aT�YRfr[
sa`3[aeps��¯`lb�[]fc^]Êco3[]ORT|�ns]T�^�S��nsz[6egY�� T_^6��OnepbmOk~R^aT��uepfl�ns]�pÊ�T�È�TMb���[aT_t=~R^aflqc^a`lS�eps��¯`r�R�g[zÊlo\��ORT�[]ORT_^�eg[6b�`lY
�CT�^aT�iÇ^a�RY¹��e [aO·YRT_��~n`r^m`rS=T�[aT�^��3`l�g�RTMs�`lYnt¹ORf3� []f�b�flS=~R�R[]T�[aORT�YnT����3`r�p�RT_s_oHfl^���ORT�[aORT�^he [
S��ns�[P�CT�^aT�~R�w`lb�T_t%�\Ê%`rYRfl[]ORT_^�~R^]fcql^m`rS¸²1.�cT�^aÊµT�Ynt�ij�ns]T�^�b�`lYºYRfl[�On`��cT�s]�nbmO�`%t�T�T_~À�RY�t�T�^msz[m`rYntRegYRqÉfr��[]ORTh~R^aflql^m`rSÓs]T�Sk`rY\[]ewb�s�`rY�t
s]ÊuY\[a`3È ².{|YRT6~Cfcsas]eg�R�pTPs�fc�g��[aegfcY�[]f�[aORepsA~R^afl�n�gT_S�eps�[]f��ns]T�`4[af\fc�\[]On`r[�[a^a`lYns�~�`r^aT�Y\[]�pÊ�S=`lYn`rqcT_s�[]ORT
~n^]f�b�TMs]s]epYRq¢b�fcS=~R�gT�È�e [zÊco3egYhfl^mt�T�^�[]f�`r�R[]flSk`r[]T�[aORTPT_`cs�Ê�^aT��ns]T6fl�R[]OnT¶~n^]fcql^m`rSks�² �¢S=flYRq�t�e! CT_^]T_Yc[
[aT_bmORYne �\�RTMs�� fc^�^aT��ns]Tlo.�¶T�~n^]fc~�f\s�T�~n^]fcql^m`rS s]�R~CT�^a�ueps]egfcY¹[]TMbmORYRe"�\�RT_s���ORewbmO-`repS `3[kb�`r~R[]�R^aegYnq
[aORT�±uYRf3���pT_tRqlTkfr�4~n^]fcql^m`rS9�ns]T�epY·fc^at�T_^�[]fÀ� ^]T_Tk[]OnT��ns]T�^�� ^]fcS [aORT�~n^]f�b�TMs]s]epYRqºt�T�[m`rep�ps_²ÀNPORT
fc��yzT_b�[]ep�lT%eps�[]f��¯`lb�eg�peg[a`3[aT�[aORT¸`r��[aflSk`3[aegfcY-fr��`rY·T�Èuews�[]epYRq�~n^]f�b�TMs]s]epYRq�`cbd[]ep�ue [zÊco.egY�t�T�~CT�YntRT�Y\[]�pÊ
fl��`rYuÊ"`l~R~R�pepb_`3[]epflY�²�NPOReps�S=T_`rY�s=[]f `r��[aflSk`3[aT¸[]ORT�~R�p`lYRYRepYRq-`lYnt []ORT�b�flY\[a^]fc�4fr��T�È�TMb���[aegfcY
fl��~R^]fcql^m`rSks *]¬ � ¦ �po�T�È�ewsz[aegYRqÀegY·`µ�pep�R^a`l^]Ê ,|[af�`lb_b�fcSh~n�gews�O¹`µ~n^]f�b�TMs]s]epYRqµfl��yzTMbd[aeg�cTloA��ORT�^aT�T_`cbmO
~n^]fcql^m`rS b�flS=~R��[aT_s6flYRT¢s�[]T_~�fr� [aORT¢~n^]f�b�TMs]s]epYRqn²#"¢s]egYnq�`�~R^aflqc^a`lS s]�R~�T_^]�uews�epflY�s]Ê�sz[aT�S¸ou`��ns]T�^M» s
epYR~R�R[�^]T��c�nT_s�[h~R^af�t��nb�T_sk`ls=fc��[]~n��[=[]ORTµT�ÈuTMb���[aegfcYns=fr�|[]ORTº`l~R~R^afl~R^aew`3[]T%~R^aflql^m`rSks���e [aO []ORT_eg^
^aT_s]�R�g[]epYRqktR`3[m`R²
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� ~R^]fcql^m`rS�s]�R~CT�^a�\ews]egfcY=s]Ê�sz[aT�S [zÊ\~nepb_`r�p�gÊ=`ltRtR^]TMs]s]T_sA[z�¶f�±\epYntRs�fr� �ns]T�^ms�olT�È�~�T_^�[ms�`lYnthT�YntuiÇ�ns]T�^ms�²
NPOnTkT�È�~�T_^�[�±uYRf3�4s�[aORTk�gep�R^m`r^aegTMs�» ~n^]fcql^m`rSks�o s]fºt�T��cT��pfl~ns�±uYRf3���pT_t�qcT=�n`ls]T_s_²�$Rfl^�[aORews�~R�R^a~Cfcs]T
T�È�~�T_^�[msÔb�`lY���s�T�`�~n^]fc�R�gT_SKs]fl�p�uegYRqPT_Y\�uep^]fcYRS=T�Y\[Ôb�fcYc[m`repYRepYRqP[]ORT��n`ls]epbH±uYRf3���pT_tRqlTH^]T_~R^aT_s]T�Y\[a`r[]epflY
`lYnt+^aT_`ls]flYnegYRqµs�[]^a�nbd[a�R^aT_s_²¸NPOneps�S=`lYu�n`r��ewsht�T_t�ewb�`r[]TMt []fºT�Èu~CT�^][as��R�Rep�ptRegYRqÀ±\Ynf3���gTMt�qlTk�n`cs�TMs�o
��s�epYRqh[]ORT�~n^]fc�R�gT_ShiÇs]fl�p�uegYRq�T�Yu�ueg^aflYnShT_Y\[�`cs]s]f�b�ew`3[aT_t���eg[]OºÁ|ÂnÃÔ½AÄ�Â%epY0/�½!14½�²

�¢Y�T_YntuiÇ�ns�T_^�b�`rY �CT�YRT�´R[�fr�¶`l�g�A[aORT=T�È�~�T_^�[aeps]Tk`r�Cfl��[�[]OnTh�R[]ep�gews]`r[]epflY fr�P`%s]T�[�fr�6~R^]fcql^m`rSks_o
[aOR^afl�RqcO=[]ORT�^]TMs��n� [aegYRq�±\Ynf3���gTMt�qlT�ij�n`cs�TMt=s�Ê�s�[]T�S¸²324T, 3s]ORT¢��ep�p�C`cbd[]��`r�p�gÊ=�ns]T4[aORT|s]Ê�sz[aT�S []fhs�fc�g�cT
` ~R^afl�n�gT_SÉo¶��eg[]ORfc��[�On`��uepYRq¹`rYuÊ·T�È�~CT�^][]ews�Tµ`l��fc��[k[]ORT�`r�pqlfl^aeg[]ORS=ewb%t�T�[a`leg�wskfr��[]OnTµ~R^]fcql^m`rSks_²
NPOnT�fcYR�pÊk[]ORepYRqh[]fkt�f=ews6[]fkt�T�´�YRT�[]ORT�~R^afl�n�gT_SË`rYnt�[]OnT�~n^]fcql^m`rS�s��n~�T_^]�uews�epflYÉs�Ê�s�[]T�Sªs�fc�g�cT_s¶e [
`l��[]fcYRflS=fc�ns��pÊ�fc^¶`ct��ueps]T_s���On`3[P`r^aT4~Cfcsas�ep�R�pT|s]fl�p��[]epflYns_²HNPORT|T_YntuiÇ�ns]T�^6b_`rYk[aORT�Y%b�flY�b�T�Y\[a^a`r[]T4fcY
[aORT=`r~R~R�pewb�`3[aegfcYºfl�RyzT_bd[aeg�cTloC��e [aORfl�R[��CT�epYRq¸t�eps�[]^m`lb�[]TMtµ�uÊÉ~n^]f�b�TMs]s]epYRq�~R^afl�R�pT�Sks_²E�¢fr[aT�[aOn`3[�[]ORT
T_YntuiÇ�ns]T�^PepsPYnfr[�YRT_b�T_sas]`l^]ep�pÊ=`hOu�RSk`rYRij�CT�epYRqh�R��[¢b�`lYÉ`l�ps]f��CT�`hs�fl� [z�¶`l^]T�S=futR�R�gTcoR`lsPews6[]ORT�b_`ls]T
��eg[]Oµ`lYÉ`l��[]fcYRflS=fl��s¶s]Ê�sz[aT�S¸²
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WZY�sz[aT_`lt·fr�|t�T_�lT_�gfc~RegYnqÀT_`cbmO�� (��+� ^aflS#sab�^m`3[mbmOÔoH�6T¸t�T_s]epqlY-T_YRqlepYRTMs�o.epYnt�T_~�T_Ynt�T�Y\[kfr��s�~CT_b�e ´�b
`l~R~R�pepb_`3[aegfcYns�o �n��[�ÊlT�[�tRT_t�ewb�`r[]T_tÀ[]fÉ[aORT=~n`r^][]ewb��R�w`r^�[m`ls]±µfr�6~n^]fcql^m`rS s��n~�T_^]�uews�epflYÔ² � ~R^aflql^m`rS
s]�R~CT�^a�ueps]egfcYºT�Yu�uep^]fcYRS=T�Y\[_o³`lsas�f�b�ep`r[]T_tº��e [aOº[]OnT�T_YRqlepYRTlo³ews��ns�TMtº�uÊµ`%s]~CT_b�ew`r�pewsz[�fr�6`%�gep�R^m`r^aÊ%fl�
~n^]fcql^m`rSks�[afÉ�n�Reg�wt `%±uYRf3���pT_tRqlT���`ls]Tl²�NPOnTh^aT_s]�R�g[ *z®�� ¬ �h[]ORT=T_YRqlepYRT=~R�p�ns�[]ORT=±uYRf3���pT_t�qcT���`ls]T
~n�g�ns�[]ORTk�peg�n^a`l^]Êµfl�¶~R^aflqc^a`lSks ,¢eps�`¸±uYRf3���pT_tRqlT�iÇ�n`cs�TMtºs�Ê�s�[]T_S � fl^�~n^]fcql^m`rS s��n~�T_^]�uews�epflY ��ORewbmO
b_`rY%��T���[aeg�peps]T_t%�uÊ�`rYÉT�Ynt�ij�ns]T�^¶[af�^a�RY%`lYÉ`l~R~R�pepb_`3[aegfcYÔ².x.^]fcql^m`rS�s]�R~�T_^]�uews�epflY�eps�`��lT_^]Ê=qlT_YRT�^m`r�
~n^]fc�R�gT_S¸oc`rY�t�~n^]fcql^m`rS�s]�R~�T_^]�uews�epflYh[aT_bmORYRe"�\�RT_s�S=`�Ê���T|`r~R~R�pepT_t�[]f�`lYuÊ�t�flSk`legY=��ORT_^]T4b�flS=~R�pT�È
~n^]f�b�TMs]s]epYRqºews�YRTMb�TMs]sa`r^aÊ�`lYnt·��ORT_^]T�T_`lbmO"s��R�Rij~R^af�b�TMs]s]egYnqºb�fl^a^aT_s]~�fcYntRs�[af�`�s��Reg[a`l�R�pT%bmOn`legY·fl�
s]T��cT�^m`r�H�n`cs�ewbh~R^]fcql^m`rSks_²=N�f¸[a`cbm±u�gTh[]Oneps�qlT�YnT�^m`r�pe [zÊcoÔ�6T=~R^af3�ueptRTh�Cfr[aO¹±uYRf3���gTMt�qlThS=f�t�T��ws�`rY�t
s]fr� [z�P`r^aTP[]fufc�ps���ORepbmO%`r^aT4egY�t�T�~CT�YntRT�Y\[6fl��`rYuÊh`l~R~R�pepb_`3[aegfcY�`rYntkfl��`rYuÊh�gep�R^m`r^aÊ�fr�Ô~n^]fcql^m`rSks�²���T
�P`rY\[¶[]ORT_S;[afk��T��Cfr[]O¸qcT�YRT_^a`l�#*�®�� ¬��6epYnt�T_~�T_Ynt�T�Y\[4fl�A`r~n~R�gewb�`r[]epflY¸t�flSk`legYns�`lYnt%~R^]fcql^m`rSks-,�`rY�t
��T�È�eg�n�gTcon��ORewbmO¸ShTM`rYns�[]On`r[4[]ORT��p`cbm±�fr�.b�T_^�[m`repYÉ[zÊ\~CT�fl�A±uYRf3���pT_t�qcT�On`ls�[]fk�CT�b�fcSh~CT�Y�s]`r[]T_tÉ�uÊ
~Cf3�¶T�^]� �R��b�fcY\[]^afl�ÔS=T_bmO�`rYRews�Sks_on�peg±cT�s]fl~RORews�[]ewb�`3[aT_t¸^aT�~n`leg^¢ShTMbmOn`rYneps]Sks�²�NPORT�qcfc`l�Ôfr�H[]OnT�S=f�t�T��
`lYntÉfr�A[]ORT�~R^]fc~�f\s�TMt%[]fufl�wsPeps4[]f�`l�g�pf3�4sPT�È�~CT�^][asP[af��z~n`cbm±3`rqlT!��`=^m`��Kb�futRT�egY\[]f�`lY �zepY�� fl^aSk`3[aeg�cT
S=f�t��R�pT0�do ��ORewbmO�b�flY\[a`legYns|[aORT=±\Ynf3���gTMt�qlT�flYÀOnf3��[]fÉ^]�nYÀeg[_oÔORf3��[]fÉT��3`r�p�n`3[aT�eg[as�^aT_s]�R�g[as_o ORf3�
[af=[]�RYnT�e [Mo�T�[abl²6WÇ[|b_`rY¸�CT��uegT_�6TMtÉ`cs�T�Y�b�`r~�s��R�w`3[aegYnqk~R^]fcql^m`rSks_oR`ltRt�epYRqk�w`�ÊlT_^as¶fr��t�e! ³T�^aT�Y\[¢±uegY�t
fl��±\Ynf3���gTMt�qlTh[]f�s�fc�R^ab�Tkb�f�t�T_s<��*z© � ° �Z§ � �F®��
	|© �j£]§��Z¬ ¦ ®���`rYnt ©�¬�¨=§r° �j®�� ,�o.`ls�s]ORf3��Y¹epY+´nql�R^aTµ�l²p�l²��Ê\Y\[m`lbd[aepb�±\Ynf3���gTMt�qlT�b�flYns]eps�[as¢fr��b_`r�p�gepYRq�s]ÊuYc[m`3È onfc^atRT�^¢`lYnt¸[zÊu~�T�fr��epYR~R��[! �fl�R[]~R��[�`r^aql�RS=T_Yc[ms�o
fc^=T��lT_Y"epY�� fc^]Sk`3[aegfcY"s]�nbmO `ls=fl~CT�^m`3[aegYnq s]Ê�sz[aT�S#fc^kShT_S=fl^aÊ¹^]T��c�neg^aT_t ²��\[a^a`r[]T�qcepb%±uYRf3���pT_t�qcT
b�fl^a^]TMs�~CflY�tRsH[]f�[]OnT|�P`�Ê�[af�`cs]s]T�S��R�gT|~R^aflql^m`rSksH� fc^¶b�flS=~R�pT�È=[a`cs�±�s_² �uT�Sk`rY\[aepb¢±\Ynf3���gTMt�qlT4ews6[]ORT
s]~CT_b�ew`r�pewsz[M» s.±uYRf3�PiÇORf3� `r�Cfl��[�[]ORT4��s�T|fr�³[]ORT¢~R^]fcql^m`rSks.`rY�th[]ORT�t�T_b�eps]egfcYnsH[aOn`3[Ps�ORfc�R�wt=��T4Sk`ct�T��
Tc² q�²���On`r[H`l^]T6[]OnTPtRepsab�^aegS=epYn`rY\[.bmOn`r^m`lb�[]T_^]ewsz[aepb_sÔfl��`¢~n^]fcql^m`rS¸o�ORf3�+[]f�~CT�^]� fl^aS�^]TMs��R�g[HT��3`r�p�n`3[aegfcY
fc^��¯`leg�p�R^aT|On`lYnt��pegYnqn² �u�nbmO�~�`lbm±3`rqcegYRq�T�YROn`lYnb�TMs�[aORT�~R^]fcql^m`rS)��e [aO%`r�p�C[]ORT�YRTMb�T_sasa`r^aÊ�±uYRf3���pT_t�qcT
[af��ns]T�`lYnt¸^]T�ij��s�T�eg[|epYÀt�e! ³T�^aT�Y\[|s]e [a�n`3[aegfcYns�o�[]fÉt�f�b��RS=T_Yc[|e [�`rYnt¸[af�ORT_�g~ºSk`legY\[a`legYµeg[_²|WZYµ[]Oneps
�P`�Êlou[aORT�s]~�TMb�ew`r�peps�[_» s�^aT_`cs�fcYRegYnq�±uYRf3���pT_t�qcT�S=`�Ê%��T�* ~n`l^�[aep`l�g�pÊ�fl^4� �R�g�pÊ ,PepYc[aT�qc^a`r[]T_tÔ²�NPORT�^aT_s]�R� [
ews��nYnt�T�^ms�[a`rY�tR`r�R�pT4`rY�t=^]T_�ns]`l�R�pT��\Êhfr[aORT�^�~�T_fl~R�pT4epY�`ltRt�eg[]epflY=[af�[]OnT|s]~�TMb�ew`r�peps�[���ORf�t�TMs�epqlYnT_t=fl^
epS=~R�pT�S=T�Y\[]TMtµ[aORThb�f�t�Tl²��¢e! ³T�^aT�Y\[�b_`3[aT�qlfc^]epT_s4fr��±uYRf3���pT_t�qcT�Sk`�ÊÉ�CT=t�e. ³T�^aT�Y\[aep`r[]T_tµ[]fÉ~�T_^�� fc^]S
~n^]fcql^m`rS s]�R~CT�^a�ueps]egfcY��k±uYRf3���pT_t�qcT�`r�Cfl��[h[]OnT%`r~n~R�gewb�`r[]epflY-tRflSk`repYÔo�`r�Cfl�R[�[aORT%~n^]fcql^m`rSks�fr�¢`
~�`r^][]ewb��R�w`r^4�pep�R^a`l^]ÊÉ`ls¢�6T_�g�A`ls¢`l��fc��[4[aORT�T�Èu~CT�^][]ews]T�t�flSk`legY *¯egSk`rqcT�~R^af�b�T_sas]egYRq=� fc^¢T�È�`lS=~R�gT ,Pfl^
`l��fc��[P[]ORT�~n^]fc�R�gT_SËs]fl�p�\epYRqks�[]^m`3[]T_qlÊc²�u��bmOÉ`�Shf�t��n�gT�ews6�nYnt�T�^ms�[a`rY�tR`r�R�pT��\Êkfl[]ORT_^6~CT�^ms]flYns�[]On`lY�[aORT�s�~CT_b�ep`l�gewsz[P��ORf=t�T_s]epqlYRTMt�`rY�t
epS=~R�pT�S=T�Y\[]TMt¹[aORT%b�futRTlo�`rY�t·t�e! CT_^]T_Yc[=S=f�t��R�pT_shb�`rY-��T¸b�fcYRYRT_b�[]TMt¹egY-��`l^]epfl��s��P`�Êus�� fl^hS=fl^aT
b�flS=~R�pT�È�[m`ls]±�s�²/¸fc^]T=� fc^]Sk`l�g�pÊlo�fl�R^�S=f�t�T_��ews��n`ls]T_t fcY·`µs�T�[�fr��`r^aql�RS=T_Yc[�[zÊu~CT_s�`lYnt¹`µs]T�[�fr��fc~�T_^a`r[]fl^ms_²
$nfl^4`h~n`l^�[aepb��R�p`l^�`r~R~R�pewb�`3[aegfcYÔo�� tRT�YRfl[]T_s¶[aORT�s]T�[4fr�H`��3`rep�p`l�R�gT�fl~CT�^m`3[afl^msP`rYnt
� [aORT�s�T�[4fr��[]ORT_eg^
epYR~R�R[�`lYntºfc��[]~n��[�`l^]qc�RS=T�Y\[¢[zÊu~CT_s_² 1�`lbmO�fl~CT�^m`3[afl^������Æews�^]T_~R^]TMs�T_Y\[]T_tº�\Ê �+*����Ao����Ho���� ,do
��OnT�^aT����0* ^aT_s]~Ô²���� , ���)ews¢[]ORThfl^mt�T�^aT_tµs]T�[�fr�.[zÊu~CT_s|fr�!� epYR~R�R[ *¯^]TMs�~Ô²�fl�R[]~R��[ ,¢`l^]qc�RS=T�Y\[as
`lYnt"���¸[aORT �z~n^]fl[]f�b�fc��fl�A�ns]T0��^]T_�p`r[]T_t�[]f#��* ej² Tc²H[]ORT�s]T�Sk`rY\[aepb�±uYRf3���pT_t�qcTlouegY%[]OnT�� fl^aS;fr�H`hs]T�[
fl�.egY�� T_^]T_Ynb�T�t�T_b�eps]egfcYns�[af�Sk`rYRep~R�R�w`3[aT�[]OnT�fl~CT�^m`3[afl^ ,d² $Rfc^4[]OnT�s�[]^m`3[]T_qlewb�±uYRf3���gTMt�qlTco�[]OnT�S=f�t�T��
~n^]f3�uewt�T_s�s]T��cT�^m`r��b�fcS=~�f\s�eg[]epflY¹fc~�T_^a`r[]epflYns<��s]T �\�RT�Y�b�TloH`r�g[]T_^]Y�`3[]ep�lTco�~n`l^a`l�g�pT��jo�eg[]T_^a`r[]epflYÔoAT�[mbr²É[]f
^aT_b��R^ms�ep�lT_�gÊ=fl^aqc`lYRews�T�fl~CT�^m`3[afl^ms�epY\[]fkS=fl^aT�`l�ns�[]^m`lbd[�fcYRT_s_²
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raw code

syntactic layer

i/o specifications (data, parameters, formats),
     command−line synatx

semantic layer

characteristics, sub−modules selection/sequencing,
    parameter tuning, result evaluation

strategic layer
failure handling strategy, operating mode, etc.

$Aepql�R^aT��l²p����x.^aflqc^a`lS�s��n~�T_^]�uews�epflY�~R^]f3�uewt�T_sA`�s��ne [m`r�R�pT¶� ^a`lShT_�6fc^]±�� fc^A~�`lbm±3`rqcegYRq�^m`��·b�f�t�TP�ns]egYRq
tRe. ³T�^aT�Y\[k[zÊu~�TMs�fl��±uYRf3���pT_t�qcTl² � flYnb�T�~�[a�n`r�p�gÊco�b�f�t�T_s�`r^aTÉ��^m`r~n~�TMt"��eg[]O �w`�ÊlT_^as=fl��s�ÊuY\[a`cbd[]ewbro
s]T�Sk`lYc[aepb�`rY�t�s�[]^m`3[]T_qlewb4±uYRf3���pT_t�qcT4[af�� fc^]S�S=f�t��R�pT_s_².NPORews�b�`rY%��T�t�fcYRT�egY¸`�^aT_b��R^ms�ep�lT��¯`cs�OnegfcY
� fc^�S=fl^aT�b�flS=~R�pT�È�[m`ls]±�s�²
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N�f�epSh~n�gT_ShT_Y\[�t�e! CT_^]T_Yc[Ô~n^]fcql^m`rS s]�R~�T_^]�uews�epflY�s]Ê�sz[aT�Sks�o_�6T.O�`��lT.t�T��cT��pfl~CT_t�`¶� ^m`rS=T��¶fl^a±³o�Yn`rS=T_�gÊ
[aORT /.½ 14½�T�Yu�ueg^aflYRS=T_Yc[
� /¸fle "l���j².WÇ[4ews4t�T_�lfr[aT_t%��fl[]OÉ[]fk±uYRf3���pT_tRqlT��n`ls]T�`rYntÉepY�� T�^aT�Ynb�T�T�YRqcegYRT
tRT_s]egqcYÔ² WÇ[ÉegY\[]T_ql^m`3[aT_s�fcY\[]fl�pflqcepb_`r�¢`cs��¶T��p��`cs�~n^]fc�R�gT_ShiÇs]fl�p�uegYRq¹S=f�t�T_�ps_²)NPORTÀ[a`cs�± flY\[afl�pflqlÊ
b�fl^a^]TMs�~CflY�tRs�[]f+[]T_S=~R�p`r[]TMs=� fl^k±uYRf3���pT_t�qcT¸�n`ls]Tµb�flY\[aT�Y\[as � eg[�eps�egS=~R�pT�S=T�Y\[aT_t `ls�` �peg�n^a`l^]Ê·fl�
^aT�iÇ�nsa`r�R�pT�b�flS=~CflYRT_Yc[ms *¯`r��sz[a^a`cbd[�b��w`lsas�TMs ,4[]On`r[�b�`rY �CT=tRT�^aeg�cT_tº��OnT�Y flY\[]fc�gfcqlÊ¸T�Èu[]T_Yns]egfcYns�`r^aT
YnT�T_tRT_t ² � ±uYRf3���pT_tRqlT��n`cs�T4TMt�eg[]fl^�[]On`r[¶s]�R~R~Cfl^][as6¼¢½�¾A¿�ews6`l�ps]f�~R^af3�\ewt�TMt=�\Ê�[]OnT¢~R�w`3[]� fl^aSÉ²HWÇ[¶eps
~�`r^m`rS=T�[a^]ews�TMth�\Êh[aORT|qc^a`lS=S=`l^�fr� [aORT¢�w`rYnql�n`lqlTl²'�4Y%T��lfc�g�R[]epflYkfr� [aORT�s�ÊuY\[a`rÈ�[aO\��s6b�fl^a^]TMs�~CflYntns
[af�`�bmOn`rYRqcT�egY�[]ORT|ql^m`rS=Sk`r^�^a�R�pT_s_² �u�nbmO�`lY�`r~R~n^]f\`lbmOk`r�p�gf3�4s�[]f�^]T_�ns�T¢T�È�eps�[]epYRq�T��pT�S=T�Y\[as6��ORT_Y
~Cfcsas]eg�R�pTloc[]f�T�Èu[]T_Ynt=[]OnT�S ��ORT�YkYnT_b�TMs]sa`r^aÊ�fc^.[]fhb�fcYns�ews�[]T�Y\[a�gÊh`ltRtkYnT�� flYRTMs���eg[]ORfc��[6S=f�t�eg� ÊuegYRq
[aORT=fr[aORT�^ms�²=NPORT=�peg�R^m`r^aÊ¸fr�¶^]T�ij�nsa`r�n�gT=b�fcSh~CflYnT�Y\[as�`r�ws]f%~R^af3�ueptRT_s�egY�sz[a^]�nb�[]epflYns|� fc^���^]eg[]epYRqÉ[]ORT
^aT_`cs�fcYRepYRq�sz[a^a`r[]T_qlÊ�� fl^P`�~R^aflqc^a`lS)s]�R~�T_^]�uews�epflYkT_YRqlepYRT�`ls¶`rY�`l�gqcfl^ae [aORS [a�RYRTMt��uÊk`�s]T�[6fl��b�^aeg[]T�i
^aew`R² ��tRt�eg[]epflYn`l�C[]fufl�wsP`r^aT�`l�ps]f�~n^]f3�uewt�T_t�egY%[]ORT�T_Y\�uep^]fcYRS=T�Y\[_o�s]�nbmO%`cs�`�±uYRf3���pT_tRqlT¢�cT�^ae ´Cb�`3[aegfcY
[afufl�p±\eg[k`ltR`l~�[]TMt+[]f�[]ORTÉT�YnqlepYRT%epY-��s�Tco�`ºqc^a`l~RORewb�`r�6egY\[aT�^]�¯`lb�T%��fl[]O"[]f��\ews]�n`r�peps]T�[aORTµb�fcYc[aT�Y\[as
fl��` ±uYRf3���pT_t�qcT¸�n`ls]Tµ`rYnt"[]f+^a�RY []ORTºs]fl�p�uegYnq fl��`+~n^]fc�R�gT_S¸² $�epql�n^]T+�l² � s�Onf3�4sh[]ORTµf3�cT�^m`r�p�
`l^abmOne [aT_bd[a�R^aT|fl��[aORT /.½!1¢½ÀT_Yu�\ep^aflYRS=T�Y\[M²
NPORT /.½!1¢½+~R�w`3[�� fc^]S1ews¢qcT�YRT_^]ewb�`rY�tµb��ns�[]fcShewsa`r�R�pTl²�WÇ[�`r�p�gf3�¶T_tÉ�ns¢[]fÉt�T�´nYnT�[]OR^aT�Tht�e! CT_^]T_Yc[

~n^]fcql^m`rS s]�R~CT�^a�\ews]egfcY¹T�YRqcegYRTMs�oA[aOn`3[h~R^]fc~�f\s�Tk�3`l^]ew`rY\[as�fr�P[]OnT�qlT_YRT�^m`r�6flY\[]fc�gfcqlÊÀ`lYnt¹~R^afl�n�gT_S�i
s]fl�p�uegYnq�S=T_bmO�`rYRews�S1`rYnt�[]Ou�ns4egS=~R�pegTMtÉShf�t�eg´�b_`3[]epflY�s�fr��[]ORT�fcY\[]fl�pflqcÊk`rYntÉfr�A[]OnT�s�ÊuY\[a`rÈ�fr�A[]ORT
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Programming language C++/Lisp

Interface for engine
design

 Communications
    

Expert

End−User

Structures and instructions 

Engine Designer

Language for knowledge
description (Yakl)

Knowledge Base verificator

Graphical interfaces for
visualisation and execution

Parser/Translator
of Yakl

Graphical interfaces
for execution

$Aegqc�R^aTh�c² � � �4^mbmORe [aT_b�[]�R^aT�fr�3/�½!14½ `rY�t�[afufl�ws¶� fl^�T�YnqlepYRT�t�T_s]egqcYRT�^ms_o\T�È�~�T_^�[ms�on`lYnt%T�YntuiÇ�ns]T�^ms

tRT_sab�^aeg~�[aegfcY��w`rYRqc�n`rqcTl²�NPORTMs�T¶T�YnqlepYRT_sH`r^aT��n^]epT �nÊ�t�TMs]b�^]ep�CT_t�OnT�^aT_`3� [aT�^H`rYnt�[]ORT4Á|ÂnÃÔ½AÄ�Â � T�YRqcegYRT
� ��ORewbmO%ews¶[]ORT�S=f\sz[4�ns]T_t � ews�t�T�[a`rep�p�gTMt%epY¸bmOn`r~�[aT�^4Un²NPORT�Á¢ÂnÃ�½�Ä_Â � T�YnqlepYRT¢ews���`ls]T_t=flY�`�ORepT�^m`r^mbmORepb_`r��~R�w`rYnYRegYnq�S=T�[aORf�t oue [¶�¶`cs.[]OnT4´n^msz[6T�YRqcegYRT
[af+egY\[]^af�t��nb�T�[aORTµb�flY�b�T�~R[=fl�=¤d¡ �j®¯¤3°C§ �.s��R�Rijfc~�T_^a`r[]fl^hepY `+s]T �\�RT�Y\[aep`l�PtRT_b�fcS=~�f\s�eg[]epflY `rYnt-[]ORT
b�fl^a^]TMs�~CflY�t�egYnq¶YnT��¹±uegY�t�fr��T�È�~CT�^][�iZt�T�´�YRT_t�b�^]eg[]T_^]ew`R² �¢YRfr[aORT�^AepSh~Cfl^][a`lY\[�egS=~R^af3�lT_S=T�Y\[�b�fcYnb�T_^]Yns
[aORT��¯`rep�p�R^]T�On`lYnt��pegYnqhS=TMbmOn`rYRews]SÉo���OnepbmO¸epYc[a^]f�t���b�T_s�`lYRfr[aORT�^P±uepYntÉfr�Ab�^]eg[]T_^]ew` * � ¬Z¡R§3® £ ,�²
NPORT4Á � ¿\Ä�½�� � ��t 1�"c� �RT�YnqlepYRT�b�flS��RepYRT_sAORepT�^m`r^mbmORewb�`r�u`rY�t�t�ÊuYn`lS=epb¶fl~CT�^m`3[afl^]ij��`ls]T_t�~R�w`rYRYnegYRq

S=T�[]ORf�tRs_²�NPORews�s�TMb�flY�tµ~R�w`rYRYRepYRqÉS=T�[]Onfut�Sk`3[mbmORT_s¢[]ORTkt�TMs]b�^]ep~�[aegfcYºfr���Cfr[aOÀ[aORT�[zÊ\~CTk`rYntº[]ORT
b�flY\[]T_Y\[as=fr��epYR~R��[ms�`rYnt fc��[]~R�R[ask��eg[]O fl~CT�^m`3[afl^=~R^aT_b�flYnt�eg[]epflY�sk`rYnt"T  ³T_b�[as_²�NPORT_s]Tµb�fcYnb�T_~�[as
`l^]T�[]Ou�ns��CT�[][]T_^�T�È�~R�pfleg[]TMtº[aOn`rY egY¹Á¢Â�ÃÔ½�Ä_Â³²=WZY¹`ltRtRe [aegfcYÔo�Á � ¿\Ä�½��+epY\[]^afutR�nb�TMs=«�°C¤3£��l¬�£]¬�� �l¬�¥
�m¤r¨¢¡R¤�©d®��j®¯¤3°no³`=YRT_��[zÊu~CT�fr�.b�fcSh~Cfcs]eg[]T�fl~CT�^m`3[afl^4t�TMb�fcSh~Cfcs]eg[]epflY¸`rYnt ��¬�® ¦�� �¯©¶� fl^|`3[�[a^]ep�R��[aT_s�fl�
`l^]qc�RS=T�Y\[¶[zÊ\~CT_s_²

$AepYn`r�p�gÊco¢[aORT��·Â	��
w½ T_YRqlepYRTÀepY\[]^af�t��nb�TMs¸`ltRt�eg[]epflY�`r��b�flY�b�T�~R[asÉYRT�TMt�T_t � fl^Ée [ms¸OuÊ\�n^]ewt `rY�t
~CT�^ms]~�TMbd[]ep�lT�ij��`ls]T_t+~R�w`rYRYnegYRq S=T�[aORf�t o.� fl^hT�ÈR`lSh~n�gT%¡�¬�£m©Ç¡�¬ � �F® ­3¬�©�flY-tn`3[a`�`rYnt ��¬m§#	�¡C£]¬ �a¤r° �r® ¥
�j®¯¤3°n©6fcY%fc~�T_^a`r[]fl^ms * ~R^aT_b�flYntRe [aegfcYns¶[]On`r[¢`r�p�gf3� `=��T�[�[aT�^�´R[4��eg[]Oºtn`3[a`�[afk��T�`lYn`r�pÊ�s�TMt%`lYnt���eg[]O
fc��yzT_b�[]ep�lTco��R��[¢b�`lY%�CT�^aT��w`3È�T_t���ORT�Yµ`rYÉfl~R[]epS=`l��s]fl�p��[]epflY¸b�`lYRYRfr[��CT�^]TM`lbmORTMt ,d²
�������
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/µfl^aT¢� fc^]Sk`r�p�pÊlo��¶T�b_`rYµt�T�´nYRT�[]ORT�~n^]fcql^m`rS;s]�R~�T_^]�uews�epflY%~R^afub�T_sas�`ls¶� fc�g�pf3�4sK�
� ep�lT_YÉ`csPegYn~R��[<�

� ������~��  �e�� �l²p² Y���`=s�T�[4fr�A~R^]fcql^m`rSks6~���o * T�È�ewsz[aegYnqhT�È�T_b��R[a`r�n�gT�b�f�t�TMs , �
� �_^a~ ��� ^mb����¸`ºs�T�[�fl�P^aT�~n^]TMs�T_Yc[m`3[aegfcYns�^a~ � fl��[]ORT%~R^]fcql^m`rSks�~ � `rYnt¹fl��[]ORT_eg^��ns]Tlo.~R�p�ns�`* ~Cfcsas�ep�R�pÊ=T�S=~�[zÊ ,�s]T�[¶fr�Ô^aT�~R^aT_s]T�Y\[m`3[]epflY�s.^ab��4fr�Ô±uYRf3��Y�b�flS��negYn`r[]epflYns6b��¢fl� []ORT|~R^]fcql^m`rSks �
� �Mb�^� !��`=s�T�[4fr�.t�T_b�eps]epflY¸b�^ae [aT�^aep` �

���'(����
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� � `hs]T�[4fl�AepYR~R�R[¢tR`3[m` *¯^]TM`r�ÔtR`r[a`no�qlep�lT�YÉ�uÊk[]OnT�T�YntuiÇ�ns]T�^P� fc^4`�~�`r^][]ewb��R�w`r^�b�`cs�T , �
��� ��`=s]T�[�fr�HT�È�~CT_b�[a`3[aegfcYns�`r�Cfl�R[Pfc��[]~n��[¢tR`3[m` *]¬ � ¦ � 	³[aORT�ep^�[zÊu~�T�`lYntÉY\�nS��CT�^ , �
������� ���6`=s�T�[4fr�Hb�flY�sz[a^a`legY\[as¶fcY%T�Èu~CT_b�[]TMt%fc��[]~n��[¢tR`3[m` �

eg[4~R^af�t��nb�TMs�`lsPfc��[]~R�R[<�

��	 ���!�_~   �~  � � `lYnt�
=~n`r^][]ew`r�Cfl^mt�T�^6flY�~  3s �!�cou`�S��R� [aeps]T�[Mo�`r�ws�f�Yn`rS=T_t�`�¡ �p§3°no ®�� ¬ ��`
b�fcS��RepYn`3[aegfcY%fl�A~n^]fcql^m`rSks�*¯��e [aOµ`hb�fl^a^]TMbd[4tR`r[a` �nf3�K`lYnt%��ORT�^aT�[]ORT�sa`rS=T�~R^aflql^m`rS�Sk`�Ê
`r~R~CT_`l^4s�T_�lT_^a`l��[aegS=TMs ,

� � `ks]T�[�fr�.`lb�[]�n`l� fl��[a~R��[¢tR`r[a`=s���bmO�[aOn`3[3�

� ��� 	 *��),do
� � � �R� ´��ps � � T�È�~CT_bd[m`3[aegfcYns�o
� ��� �
��ORfc�ptns�²
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�¢^�[ae ´Cb�ew`r��egY\[]T_�g�pepqlT�Y�b�Tº[aT_bmORYne �\�RTMs�On`��cTº�CT�T�YK�ns]T_t [af"T_S��CfutRÊ"[aORT T�È�~�T_^�[aeps]TÀfcY []OnT��ns]TÀfl�
~n^]fcql^m`rSks�oHepY-fc^at�T_^�[af�ORT_�g~ `ºYnflY�iZs�~CT_b�ep`l�gews�[��ns]T�^k`r~n~R�gÊ [aORT¸~R^]fcql^m`rSks�epY tRe. ³T�^aT�Y\[=�6fc^]±uepYRq
T_Yu�\ep^aflYRS=T�Y\[ms�²�WZYnt�T_T_t oÔ`�±uYRf3���gTMt�qlT�ij��`ls]T_tµs]Êus�[]T_SÓS=`�ÊµSk`lYn`rqcT�[]ORT=�peg�n^a`l^]ÊÉ�ns]Tlo³� ^aT�T�epYRq%[]ORT
��s�T_^�fl�Ct�fcegYRq�s�f�Sk`rYu�n`l�g�pÊl²ANPORepsH`lept�b�`rY�^a`lYRqlT�� ^]fcS�`lt��uews�fc^]Ê�ql�nept�T¶�pT��lT_�u�R~�[af¢� �n�g�pÊ�`r�R[]flSk`r[]ewb
~n^]fcql^m`rS S=flYReg[]fc^]epYRqks�Ê�s�[]T_S=s_²
��YRf3���pT_tRqlT�iÇ�n`cs�TMt�[aT_bmORYRe"�\�RT_s�[]On`r[6`r^aT��ns]T_t=[af��R�Rep�wt=~R^]fcql^m`rS s]�R~CT�^a�ueps]egfcY�s�Ê�s�[]T_S=s�`lbmORepT��cT

�Cfr[aOºfl�RyzT_bd[aeg�cT_s�fl�|¤m¡R¬�£a§��j®¯¤3°C§ �C¡�£]¤ � �g¬�¨h¥Ç©�¤ � ­M® ° ¦ `rY�t�	M°³¤����g¬�� ¦ ¬ �m§m¡C®��Ç§ � ®w©�§��j®¯¤3°º`r�Cfl�R[¢~R^aflql^m`rS
��s�Tc² ��YRf3���pT_t�qcT�iÇ�n`ls]T_tÉ[aT_bmORYRe"�\�RT_s�`l�g�pf3�Æ[]OnThYnT_b�TMs]sa`r^aÊ¸T�È�~CT�^][]ews�T�[]fÉ��Tkb_`r~�[a�R^]TMtÀ`lYnt�s�[]fc^]TMt
� fc^�[aORT�s]�R~R~Cfl^][�fl��`�YRf3�uewb�T4fc^6`rY%`r��[aflYRfcShfc�ns�s]Ê�sz[aT�S ~�T_^�� fc^]S=epYRq�~R^aflqc^a`lS)s]�R~CT�^a�\ews]egfcYÔ²ANPOneps
±uYRf3�PiÇORf3� flY�b�TÉegY\[]T_ql^m`3[aT_t¹epY\[]f+`À±uYRf3���pT_t�qcT��n`cs�T%Sk`r±lTMs�[aORews=��[]ep�gewsa`3[]epflY"~�f\s]s]ep�R�gT * T_�lT_Y-epY
^afl�n�nsz[4`l��[]fcS=`r[]ewb�s�Ê�s�[]T�Sks-,d²

$Aep^as�[_o�`r��[aflSk`3[aepb `rY�t T ��b�egT_Yc[¸fl~CT�^m`3[aegfcYn`r�pews]`r[]epflY epY�[aORT���s�T fr�h~R^]fcql^m`rSks�ewsÉYRT_b�T_sas]`l^]Ê
tR�RTµ[]f+[aORTÀ�w`r^aqlTµ`lShfc�RY\[�fr��T�È�ewsz[aegYnq¹~R^]fcql^m`rSksh[]O�`3[%`l^]Tµ^a�RY �uÊ"T_YntuiÇ�ns�T_^as=��Onf·��T_�gfcYRq+[]f
tRe. ³T�^aT�Y\[�tRflSk`repYns_² $Rfl^|T�ÈR`rS=~R�pTloCepS=`lqlT�~n^]f�b�TMs]s]epYRqk~R^aflql^m`rSks�`l^]T�S=fc^]T�`lYnt¸S=fl^aT�fr� [aT�Yº��s�TMt
�uÊ|~ROuÊus]ewb�ew`rYns_o_�negfc�gfcqlewsz[ms�oM`ls�[]^aflYRfcShews�[as_o�T�[mbr²po_fc^ÔT��cT�Y�epY�`r��[aflSk`3[aepbH~R^af�b�TMs]s]egYnq4bmOn`repYns_²�x.^aflql^m`rS
s]�R~CT�^a�ueps]egfcY�s]Êus�[]T_Sks�f  CT_^6YRfcY%s]~�TMb�ew`r�peps�[6��s�T_^as6ORT��p~%b�flYnb�T�^aYRepYRq�[aORT�bmOnflewb�Tlo\~n`l^a`lShT�[]^aeps]epYRq�`rY�t
s]T �\�RT_Ynb�epYRq¸fr�¶~R^aflql^m`rSks_²hNPOnT�ÊÀSk`lYn`rqcT�[aORT�s�T_�gTMbd[aegfcY�fl�6[aORTk��TMsz[�~n^]fcql^m`rSks�o³[aORT�ep^�fc^at�T_^]epYRq�o
[aORTÀtR`r[a`��nf3�4s�`rS=flYRq+~R^aflqc^a`lSks�oP`rYnt"[aORT�Ê `r��[aflSk`3[aepb_`r�p�gÊ t�T�[aT_b�[�~R^afl�R�pT�Sks�`lYnt �n`lbm±\[]^m`lbm±
eg��YnT_b�TMs]sa`r^aÊ"[]f ~�T_^�� fc^]S ^aT�~n`leg^ms_²;NPORT�Ê [m`r±lT epYc[af `cb�b�fl�RY\[É[]ORT+s�~CT_b�e ´Cb�s¸fr��~R^]fcql^m`rSks_o�[]ORT
epY\[]T_^]S=T_tRep`r[]T�� fl^aSk`3[][]epYRq�fr��tR`r[a`noR[]OnT�b�fcS=~R�gT�ÈÉb_`r�p�gepYRq�s]ÊuYc[m`3È�T_s_oRT�[abr²%� ~R^]fcql^m`rSËs]�R~CT�^a�ueps]egfcY
s]Ê�sz[aT�S ~R^af3�\ewt�TMs T�Ynt�ij�ns]T�^msÔ��eg[]O�^]TMb�flYR´nql�R^m`3[aegfcY�`rYnt�`ctR`r~�[m`3[aegfcY�b�`r~�`r�Rep�geg[]epT_s_o���ORewbmO�`r^aT�b�^a�nb�ew`r�
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[af�[aORT�b_`ls]T4fr�A`r��[aflSk`3[aepb�~n^]f�b�TMs]s]epYRq�bmOn`legYns_²HWZY�s]flS=T|b_`ls]T_s_o\`�t�ep`l�gfcq�Sk`�Ê=fub_b��R^6��e [aO�[aORT|T_Yntui
��s�T_^HijfcYhs]flS=TP~�fcegY\[ms.^]T_�gT_�3`rY\[H[]f�ORews  3ORT�^.b�flS=~�T�[]T_Ynb�T�i�egY=fc^at�T_^A[]f�b�fc�g�pT_b�[.egY�� fc^]Sk`r[]epflYh[]f�ql�nept�T
[aORT�^aT_`ls]flYnegYRq�~R^afub�T_sas * [zÊu~Rewb�`l�g�pÊk[]fk`cs]s]T_sas6[]ORT��\�n`l�geg[zÊ�fr�.`h^]TMs��n� [ ,d²�uTMb�fcYnt o¢~n^]fcql^m`rS s]�R~CT�^a�ueps]egfcY []TMbmORYRe"�c�nT_sÉ`r�ws�f-`l�g�pf3�ÓT�È�~CT�^][as�[]f"b�flYns�[]eg[]�R[]T+`-b�fc^]~Cfl^m`3[aT
S=T_Shfc^]Ê�`l��fc��[H[]ORT¶�ns]T¶fl�n~R^aflqc^a`lS=sÔ[]On`r[.T�È�eps�[HegY�[]ORT_eg^.b�flS=~n`rYuÊc²�NPORews�� �R� ´��ps.`|^]T��\�Reg^aT�S=T_Yc[�� fl^
b�flS=~n`lYRegTMs�²HWZYntRT�T_tÔo���ORT�YÉT�È�~CT�^][as¶iÇ��ORf�O�`��lT|[]ORews�±uYRf3�PiÇORf3�PiA`l^]T�YRfl[�`��3`leg�w`r�R�pT¢fc^���ORT�Y%[]OnT�Ê
^aT�[aeg^aT�fl^��pT_`��cTlou[]OnT�b�fcSh~�`rYuÊ��P`rY\[as¶[afk±lT�T_~�[aORews4~R^af�b�T_sas]egYRqh±uYRf3���pT_t�qcT�epYµ`rY¸�RYntRT�^msz[m`rYntR`l�R�pT
`lYntµ~Cfcsas�ep�R�pÊ¸fl~CT�^m`3[]epflY�`r�Ô� fc^]S¸²�NPORews¢±uYRf3���pT_t�qcT�ews�s]T��wt�fcS1T�È�~R�gewb�eg[]TMtµepY�t�f�b��nShT_Y\[a`3[aegfcYÀ`rY�t
b_`rYRYnfr[6�CT|� fl�RYnt�egYÉs�fc�R^ab�T¢b�f�t�TMs�² 1HÈ�~R�pewb�eg[]�pÊ�b��w`r^ae � ÊuepYRq�s]�nbmO�`�±uYRf3���pT_tRqlT4Sk`r±cT_s6^]TMt�T_s]epqlY�`rY�t
S=f�t�eg´�b�`r[]epflYÉfr�.b�f�t�TMsPT_`ls]epT�^M²
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�"±uYRf3���pT_t�qcT�iÇ�n`ls]T_t�~R^aflqc^a`lS s]�R~CT�^a�\ews]egfcY�s�Ê�s�[]T�S�T_S��R�w`3[aT_s�[]ORTPs�[]^m`3[]T_qlÊ�fr��`lY�T�È�~CT�^][AepY�[aORT¶�ns�T
fl� []ORT|~R^aflql^m`rSks_²��|s6`lY\Êh±uYRf3���pT_t�qcT�iÇ�n`ls]T_t=s]Êus�[]T_S e [6[zÊ\~nepb_`r�p�gÊ=�R^aT_`l±us��R~�epY\[]f�`�qlT_YRT�^m`r�RepY�� T_^�i
T_Ynb�T�T_YRqlepYRTloR`h±uYRf3���pT_t�qcT|��`ls]T�tRT_t�ewb�`r[]T_t�[]fk`h~n`l^�[aepb��R�p`l^�t�flSk`repYÔoR`lYnt%`��¯`cbd[��n`ls]T�t�T_sab�^aep�RegYnq
`=s]~�TMb�eg´�b�~R^afl�R�pT�SËegY%[]ORT�tRflSk`repY *¯s]T�T�´nql�n^]T=�l² U ,�²HWZY%[aORT�b�`cs�T�fr�H~R^aflqc^a`lS s]�R~CT�^a�ueps]egfcY��
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     Fact Base

$Aepql�R^aT �l² U � �Ó±uYRf3���gTMt�qlT�ij��`ls]T_t¹~R^aflqc^a`lS s��R~CT�^a�ueps]epflY"s]Ê�sz[aT�S#OnT��p~ns�` �ns]T�^h[]f¹�ns]Tµ`+s�T�[=fl�
~n^]fcql^m`rSksP� fl^�s]fl�p�uegYRq%`�^aT �\�RTMsz[�flYÀepYR~R�R[�tR`r[a`#� [af%fc��[a`legYºfc��[]~n��[�tR`3[m` ��oÔ`ls¢[]ORT=^aT_s]�R� [ms¢fl�
[aORT�T�È�T_b���[]epflY%fr��`�~R�p`lY 	 ².WÇ[¶ewsPb�flS=~Cfcs]T_tkfl��`�~R^]fcql^m`rS s��R~CT�^a�ueps]epflY�T_YRqlepYRT�`rYnt%`�±uYRf3���pT_t�qcT
��`ls]Tl²KNPOnTº±uYRf3���gTMt�qlT¸�n`cs�Tºb�flY\[a`legY�s=[]ORTÀ^]~���`rYnt ^mb � ^]T_~R^aT_s]T�Y\[a`r[]epflYns=fl��~R^aflqc^a`lSks=~���`rY�t
b�flS��RegY�`3[]epflY�s6fl�A~n^]fcql^m`rSks6b��loR`lsP�¶T��p��`ls¶[aORT�^aT�~R^aT_s]T�Y\[a`r[]epflYns6fr�H�3`r^aegfc�nsPt�T_b�eps]epflY¸b�^ae [aT�^aep`hb�^  ²

� NPORT4~R^aflqc^a`lS s]�R~�T_^]�uews�epflY *¯x)� ,.T_YRqlepYRT4ews�`r~n~R�gewb�`r[]epflY�iÇepYnt�T�~CT�Y�t�T�Y\[_²HWÇ[�Sk`�Ê��ns�T4`lY�`r��È�ep� i
ep`l^]Ê�^a�R�gT6T�YRqcegYnT.[]f|~R^]f�b�T_sas []OnT6t�e! CT_^]T_Y\[�T�È�~CT�^][_» s�b�^]eg[]T_^]ew` * T�È�~R^]TMs]s]T_t��uÊ�^a�R�gTMsÔepY�Á¢Â�ÃÔ½�Ä_Â ,
[]On`r[¢`r^aT��ns�TMt¸t��R^aegYRq=^aT_`cs�fcYRegYnqn².NPORT�^afl�pT�fl��[aORT�T�YnqlepYRT�epsP[afk�ns]T|[aORT�±uYRf3���pT_t�qcT�s�[]fc^]TMt
egY�[]ORT�±uYRf3���pT_t�qcT4�n`ls]T4� fc^6T' CTMbd[aeg�cT|~R�w`rYnYRegYnqno\T�È�T_b���[]epflYÉ`rYnt�b�flY\[]^afl��fr��T�È�T_b��R[]epflY�fl�Ô[]ORT
~R^aflql^m`rSksPepYºt�e! CT_^]T_Yc[|�6fc^]±uepYRq=T�Yu�ueg^aflYRS=T_Yc[ms�²6WÇ[|T_S��R�w`3[aT_sP[aORT�s�[]^m`3[]T_qlÊ%fr�.`rYµT�È�~CT�^][¢epY
[]ORTP�ns]TPfr�n~n^]fcql^m`rSks�²�� s]�R~CT�^a�ueps]egfcY�s]Êus�[]T_S�ewsA`l�R�pT�[af�T�È�T_b��R[]TP`r�p�u[]ORT�t�e! CT_^]T_Y\[�[a^]TM`3[]S=T_Yc[
~ROn`cs�TMs * S=fl^aT�fl^��gTMs]s-,.`r�R[]flSk`r[]ewb�`r�p�pÊl²��|T�~CT�Y�t�egYnq�flYh[aORT¢s]Êus�[]T_Sks�`rY�t�fcY=[]ORT|`r~R~R�pewb�`3[aegfcY

���'(����
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t�flSk`legY�[]ORT�~ROn`cs�TMsPb�`rY%��T�b�flS=~R�pT�[]T_�gÊkfc^PflYR�pÊk~n`r^][]�pÊ�`r�R[]flSk`r[]T_tÔ²HN�fhT��lT_Y\[]�n`l�g�pÊ=fl��[m`repY
s]`r[]ewsz�¯`cbd[afl^aÊ�fc��[]~R�R[as_o.[]ORT%^]TM`ls]flYRepYRqºT_YRqlepYRT%T�È�~R�pfl^aT_s�[aORT%tRe. ³T�^aT�Y\[=~�f\s]s]eg�neg�pe [aegTMs�*Ft�e! CT_^�i
T�Y\[�^aT_`cs�fcYRegYnq%�R^m`rY�bmORT_s-,�`rYnt¹b�flS=~R��[aT_s�[aORTk��TMsz[�flYRTco���eg[]O¹^aT_s]~�TMbd[�[afµT�È�~�T_^�[�b�^]eg[]T_^]ew`Ro
`��3`rep�p`l�R�gT�epY�[aORT�±uYRf3���pT_t�qcT���`ls]Tl²
NPORT��ns]�n`r� T_YRqlepYRT�b�Êub��gT�fl�A^aT_`cs�fcYRegYnq�~RO�`ls]T_s¶[]fks]fl�p�lT�`h�ns]T�^M» sP~R^afl�n�gT_S;eps¢t�T_sab�^aeg�CT_t%epY¸`
qlT_YRT�^m`r�³S=f�t�T��Ôfl�A^aT_s]fl�p��[aegfcY�epY¸s]T_b�[]epflYµ��² � ,�²

� NPORT�±uYRf3���pT_tRqlT��n`cs�T�eps���^]eg[�[aT�Y·�uÊ+`rY·T�È�~�T_^�[ � e [=t�T�~CT�Y�tRshflY+[]OnT%`r~n~R�gewb�`r[]epflY·t�fcSk`repY
`rYntÉfcY%[aORT�s]T�[4fl�A~R^aflqc^a`lSks�[aOn`3[4ews�S=f�t�T��p�pT_t ²���bmORegT_�uegYRq=~R^aflqc^a`lS;s��n~�T_^]�uews�epflYÉ^]T��\�Reg^aT_s
`µb��pT_`l^�tRT_sab�^aeg~�[aegfcY�fl�6[aORTk±uYRf3���pT_t�qcT=`cs]s]f�b�ew`3[aT_tº��eg[]O+~R^aflqc^a`lSks�`lYnt�ORf3��[aORT�Ê s�ORfc�R�wt
��T�`l~R~R�pegTMt%[]fks�fc�g�cT�`�~n^]fc�R�gT_S¸²�NPORT�t�T_sab�^aeg~R[]epflYnsPOn`��cT¢[afk��T�`cs�b��pfcs]T�`lsP~Cfcsas�ep�R�pT|[af=[]ORT
T�È�~CT�^][as|Shf�t�T_�Fo³[af��¯`cb�ep�geg[a`r[]T�±uYRf3���pT_tRqlT�`cb �\�Rews�eg[]epflYÔ²�NPORT_Ê¸s]ORfc�R�ptÀ`r�ws�f��CT=s�����b�egT_Yc[|� fl^
[]ORT�T�YnqlepYRT�[]fhs�T_�gTMbd[6[]ORT|~R^]fcql^m`rSks_or[]f�egYne [aep`l�gews�T4[]ORT_eg^¶~n`r^m`rS=T�[]T�^ms_or[]f�Sk`rYn`lqlT4YRfcYk[]^aep�\ew`r�
tR`3[m`3i!�nf3��o�`rYnt [af-b�fcS��RepYRTµ[aORTÀ~n^]fcql^m`rSksh[]f·~n^]f�t��nb�TÀ`·sa`3[aeps��¯`lb�[]fl^aÊ·~R�w`rYKt�T�~CT�YntRegYRq
flY-[]ORTÉegYn~R��[ktR`3[m`Ro�b�fcYns�[]^m`repYc[ms�o.`lYnt¹^aT �\�RT_s�[_²¹NPORT%±uYRf3���gTMt�qlT��n`ls]T�T_Ynb�`l~ns��n�p`r[]T_s�[]Oneps
T�È�~CT�^][]ews�T flYK~R^]fcql^m`rSks�`lYnt ~n^]f�b�TMs]s]epYRqno�®�� ¬ �ª±uYRf3���gTMt�qlT `r�Cfl��[É[]OnT b�fl^a^]TMbd[%��s�T fr��`
�gep�R^m`r^aÊ fr��~R^aflqc^a`lSks�²�NPORewsÉ~R^]epSk`r^aeg�pÊ egY�b��p�nt�T_sµtRT_sab�^aeg~�[aegfcYns%fr��[aORT+~R^]fcql^m`rSks�`lYnt fl�
[]ORT_eg^P`r^aql�nShT_Y\[as_ol�R��[�`r�ws]f�T�È�~CT�^][]ews�T4fcY�ORf3� [af�~�T_^�� fc^]S�`l��[]fcS=`r[]ewb�`l�g�pÊhtRe. ³T�^aT�Y\[¶`cbd[aegfcYns�o
s���bmO�`ls�egYReg[]ew`r�pews]`r[]epflYkfr�Ô~n^]fcql^m`rS ~�`r^m`rS=T�[aT�^ms�o\`lsas�TMs]s]S=T�Y\[�fr�Ô~R^aflqc^a`lS T�ÈuTMb���[aegfcYk^]TMs��n� [ms�o
T�[mbr² �u�nbmO¹`l��[]fcS=`r[]ewb=`lbd[aegfcYns�~R^af3�\ewt�Th[]OnT=´nYn`r��s]Ê�sz[aT�S9��eg[]O��nT�È�eg�Rep�pe [zÊ `rYnt�^]fc�R�ns�[]YRTMs]s
`rq\`repYnsz[¢bmO�`rYRqcT_sPfr��s]e [a�n`3[aegfcYns_²���qcT�YRT_^a`l� S=futRT���fl�.±\Ynf3���gTMt�qlT�� fl^¢~R^]fcql^m`rSËs]�R~CT�^a�ueps]egfcY
eps|~R^aT_s]T�Y\[]TMt¸egYºs]T_b�[]epflY��R²g�c²J�4fr[aT�[aOn`3[�T��lT_YµegY�`kqlep�lT_Y¸tRflSk`repYµ[]OnT�^aT�eps¢YRf��RYne �\�RT��¶`�Ê
fr��S=f�t�T_�gepYRq�[]ORT�±uYRf3���gTMt�qlTc²#��T�T�¼¢½�¾A¿�t�f�b��RS=T�Y\[a`r[]epflYk� fc^PtRT�[a`leg�ws6flY�Onf3� []f=t�T_sab�^aeg�CT|`
±uYRf3���gTMt�qlT��n`cs�Tc²HWÇ[¢s�ORfc�R�wt��CT�YRfr[aT_t%[]O�`3[4t��R^aegYnq�[aORT�^aT_`ls]flYnegYRqh~R^af�b�T_sas_oc[aORT�±uYRf3���pT_t�qcT
�n`ls]T�eps4YRfr[�S=f�t�e ´�T_t ²

� {|Ynb�T�[]ORT�±uYRf3���pT_tRqlT�iÇ�n`cs�TMt¢s]Êus�[]T_SKO�`ls �CT�T_Y�qlT�YnT�^m`3[]TMt4� ^aflSK[]OnT�T�È�~CT�^][_» s ±uYRf3���gTMt�qlT.��`ls]T
`rYntº[]ORThT�YnqlepYRTlo³[aORT�T_YntuiÇ�ns]T�^�flYR�pÊµOn`ls¢[]fÉ~R^af3�uept�T�[]ORT=s]Êus�[]T_SÓ��e [aO�epY�� fl^aSk`3[aegfcYÀ`r�Cfl��[
[]ORTµtR`r[a`�egY�sz[m`rYnb�T_s�fr�4[aORTµb��R^a^]T_Y\[�~R^afl�R�pT�S [af s]fl�p�lTÉ`rYnt"`rY-`l�ns�[]^m`lbd[hqlf\`r�6[]f+`lbmORepT��cT*¯`lShfcYRq�[]Onfcs]T¢`lb_b�T�~R[]T_th�uÊ�[]ORT¢s]Ê�sz[aT�S ,d²HNPORT��¯`cbd[���`ls]T�ORT�Ynb�T¢t�T_~�T_YntRs�fcY=[]ORT¢T�YntuiÇ�ns]T�^M» s
~R^afl�R�pT�S `rYnt�b�flY\[m`repYnsH[]OnT|tR`r[a`�epYns�[a`rY�b�T_s6t�T_sab�^aep�RegYnq�[]ORews6~R^]fc�R�pT�S `rYntk`l�g��[]ORT|YRT_b�T_sas]`l^]Ê
T�Yu�ueg^aflYnShT_Y\[a`r�uepY�� fl^aSk`3[aegfcYÔ²A�|�R^aegYnq|[aORT�^aT_`ls]flYnegYRq|fr�C[]ORTP±uYRf3���pT_t�qcT�iÇ�n`ls]T_t�s�Ê�s�[]T�S s�fcS=T
tR`3[m`�epYº[aORT��¯`lbd[��n`cs�T�S=`�Êµ�CThShf�t�eg´nTMtºfl^�s]flS=T�fl[]ORT_^�`ctRt�TMt *¯b�^]TM`3[aT_tº`cs¢^aT_s]�R�g[�fl��[]ORT
T�È�T_b���[]epflY¸fl��fl~CT�^m`3[afl^ms ,�²

WZY+`ltnt�e [aegfcYº[af�[aORT_s]T=�ns���`r�.b�fcSh~CflYnT�Y\[as_oÔ`�~n^]fcql^m`rS s��n~�T_^]�uews�epflYÀs]Ê�sz[aT�S9epYnb��g�ntRT_s|[]ORT=�peg�n^a`l^]Ê
fl��T�È�T_b���[a`l�R�pTº~R^aflql^m`rSks_²�N��¶f·±uepYntRs%fr��epYc[aT�^]�¯`lb�T_s�`l^]Tº`l�ps]f-`ctRt�T_t []f·[aORews%`l^abmOReg[]TMbd[a�R^]T�� `*¯ql^m`r~ROnepb_`r� ,¶�ns�T_^�iÇepYc[aT�^]�¯`lb�T�`lYntµ`kb�fcS=S��RYRewb�`r[]epflYµepY\[]T�^]�¯`lb�T���T�[z�6T_T�Y¸[aORT � (��¸`rYntÉ[aORT��peg�n^a`l^]Ê
fl��~R^aflqc^a`lSks�²
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� T�On`��cT¢ewt�T�Y\[]eg´nTMt�[aORT�egS=~Cfl^][a`rY\[�b�fcYnb�T_~�[asPepYu�lfl�p�lTMtkepYÉ`�~R^aflql^m`rS s]�R~�T_^]�uews�epflY%~R^afub�T_sas�²
NPOnT_s]T|b�fcYnb�T_~�[as¶On`��cT¢�CT�T_Y�S=f�t�T��p�gTMtk� ^aflS [aORT|~CflepY\[¶fl���uegT_� fr�As�fl� [z�¶`l^]T4^aT���s�T�`ls6�6T_�g� `ls�� ^aflS
[aORT�~CflepY\[hfl�4�uegT_��fr�4~R^aflqc^a`lS s]�R~�T_^]�uews�epflY-egY-tn`3[a`À~R^afub�T_sas�epYRqÀ`lYnt·`l^�[ae ´�b�ep`l��epY\[]T��p�pegqcT�Ynb�Tlo.epY
fc^atRT�^h[]f+qlT�[=[]ORTµS=fcs�[k��eptRT��pÊ·�nsa`r�R�pT¸^]T_~R^]TMs�T_Y\[a`3[aegfcYÔ²"NPOneps�bmO�`r~�[aT�^ks�±cT�[mbmORT_s�[]OnTµ~R^]fc~�f\s�TMt
S=f�t�T_�F²

� %'$ ���A��
À������$ � �%�%
ª>���$É���1:<�k$%�4>À��� ���A�����A��	 
���
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NPOnT�±\Ynf3���gTMt�qlT�S=f�t�T��At�T�´nYnT_sP[aORT�s�[]^a�nbd[a�R^]T�fl�H~n^]fcql^m`rS;t�TMs]b�^]ep~�[]epflY�s4`rYntÉ��On`r[4epsas]�RT_s�~n�p`�Ê�`
^afl�pT�egY%[]ORT�b�flS=~�f\s�eg[]epflY%fr�H`�s]fl�p��[]epflY%�ns]egYRqh[aORT�~R^]fcql^m`rSks_²�WÇ[�eps¶[aOu�ns�`�qc�Rewt�T��pegYnT|[aOn`3[�T_Yn`r�R�pT_s
[af�^aT�~R^aT_s]T�Y\[¢~R^aflqc^a`lSksP[]f��CT�^aT�iÇ�ns]T_tµ`lYntº`kqc�ReptRT��pegYRT�flYºOnf3�K[af�^aT�iÇ�ns]T�[]ORT_SÉ²��)tRT_sab�^aeg~�[aegfcY
[aORT�^aT�� fc^]TÉs�Onfl�R�wt¹YRfl[hfcYR�gÊ·tRT_sab�^aeg�CTÉ`À~R^aflql^m`rS �R��[�`l�ps]fµ[]OnTÉepY�� fc^]Sk`3[aegfcY¹[]O�`3[=epshYRT_T_t�TMt¹[]f
`l~R~R�pÊ�eg[4egYµt�e! CT_^]T_Y\[�s]eg[]�n`r[]epflYns_²
�,���3��� � ����� 
"��' -#� 
&����* ��� � � ��
#*

WZY�[]ORewsPs�TMbd[]epflY��6T�t�T�´nYnT4[]OnT¢[aT�^aS=s6�¶T¢��ep�g�³�CT¢�ns]egYnq�epY�[]Oneps¶S=f�t�T��j².N�fh`lbmORepT��cT4T  ³T_b�[]ep�lT¢S=f�tui
T_�g�pepYRq�fl��~R^]fcql^m`rSÓs��n~�T_^]�uews�epflYÔoC�¶T�´n^msz[�t�T�´�YRT�`lYºflY\[]fc�gfcqlÊÉ��ORewbmOÀb�fcYc[m`repYns4qcT�YRT_^a`l��b�flYnb�T�~�[ms�o
s]�nbmO�`csPtR`3[m`�fl^P~R^aflqc^a`lSks�²ANPOReps¶fcYc[afl�pflqcÊ�~R^af3�ueptRT_s�T�È�~�T_^�[ms6��eg[]O���~n`3[][]T�^aYns �&* fl^P^aT��nsa`r�n�gT¢[]T�Shi
~n�p`r[]T_s-,A[aOn`3[�[aORT�Êh��ep�g��egYns�[a`lY\[]ew`3[]T¢��e [aOk^]TMs�~CT_b�[�[]f�`�tRflSk`repY ��oc[]OnT�^aT��uÊ�fc��[a`legYRepYRq�`�tRflSk`repYkflY�i
[afl�pflqcÊl² $nfl^HT�ÈR`rS=~R�pTlo�eg��epSk`rqlT6~R^afub�T_sas�epYRq4ews�[]ORTPt�fcS=`legY�o�[]ORT_Ê�S=`�Ê�fc��[a`legY�`rY�epSk`rqcT�iÇ~R^]f�b�T_sas�epYRq
fcY\[]fl�pflqcÊµb�flY\[m`repYRegYnq%[aORTkt�T_sab�^aep~�[]epflY fr�PegSk`lqlT_s�`lYntÀepSk`rqcTh~n^]f�b�TMs]s]epYRq%~n^]fcql^m`rSks�²h}�T�´�YRegYnq¸`
s�[]T_~k� �R^][]ORT_^_o\[aORT�Ê=Sk`�Ê�T_�lT_Yk� f�b��ns6flY�`�~n`r^][]ewb��n�p`l^�`r~R~n�gewb�`r[]epflYÔous���bmO�`ls ��`�� t�T�[aT_b�[]epflY � epY�[]Oneps
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��`3[m` epSk`rqcTl�|[]fh[]OR^aT_s]ORfc�pt ².qcT�YRfcShewb�s�T��\�RT�Ynb�T

².qcT�YRfcShewb��n`rYn±
xH`l^a`lShT�[]T_^as [aOR^aT_s]ORfl�wt ².~CT�^mb�T_Yc[m`rqcT�fl��ewt�T�Y\[ae ´�b_`3[aegfcY

²�b�f\T' A².fl�ASk`r[abmORepYRq
{|�R[]~R��[ epSk`rqcTM��[]OR^aT_s]ORfl�wt�TMt ^aT_s]�R�g[]epYRqh´n�gT
x�^]TMb�flY�t�e [aegfcYns Ynflews�T�epS=`lqlTc� � � `l�ns]s]ew`rY
� `l�g� b_tÀ® ¨k§ ¦ ¬��3² ~n`3[aO � �R�w`ls�[ �a§3° 	�©�¬	��«n¬�°��m¬
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$Aepql�R^aTº��²p��� �4�ns�[]^m`lb�[��uegT_�Ëfr��~R^aegS=eg[]ep�lTµfl~CT�^m`3[afl^ms�epY [z�6f+t�fcS=`legY�sK�¸epS=`lqlT¸~R^af�b�T_sas]egYRq+`rY�t
qcT�YRfcS=epb�`lYn`r�pÊ�s�ews_² � ~R^aegS=eg[]ep�lT�fc~�T_^a`r[]fl^¢S=`�Ê¸`lbmOnegT_�lT�`=� �RY�bd[]epflY�`r�pe [zÊ *]¬ � ¦ �po�[aOR^aT_s]ORfl�wt�epYRq ,�²4e [
O�`ls�epYR~R�R[¶`rY�t=fl��[a~R��[¶`l^]qc�RS=T�Y\[as_oc`lYnt=~R^aT_b�flYnt�eg[]epflY�s�o\egYkfc^atRT�^.[af�T�È�TMb���[aT&*]¬ � ¦ �po�fcYkegYn~R��[¶tn`3[a`
� fc^]Sk`r[-,d²¢WÇ[as�b�`r�p�pegYRq%s�ÊuY\[a`rÈÉ��ep�g�A�CT�epYnsz[m`rY\[]ew`3[aT_tº`r[¢T�È�TMb���[aegfcYµ[]epS=T���eg[]Oµ[aORT�`cbd[]��`r�A��`l�g�nT_s4fl�
`l^]qc�RS=T�Y\[as_²

fc^4~R^aegS=eg[]ep�lT ,4s]�R��iÇfl~CT�^m`3[]fc^as_²PNPORT�ÊÉ[]OnT�^aT�� fl^aT�b�fc^]^aT_s]~CflYnt%[]fÉt�T_b�flS=~Cfcs]e [aegfcYnsP[]O�`3[�`l^]T���s��n`l�g�pÊ
~n^]TMt�T�´nYnT_tk�uÊ�[]ORT�T�È�~CT�^][�egY�[]ORT|±uYRf3���gTMt�qlT¢�n`ls]Tl²HNPORT¢��s��n`l�R[zÊu~CT_s6fr��t�TMb�flS=~Cfcs]e [aegfcYns�`l^]T|s�~CT�i
b�ep`l�gewsa`3[]epflY *¯fl^�`r�g[]T�^aYn`r[]ep�lT ,�o�s]T �\�RT_Ynb�Tco�~n`l^a`l�g�pT��jo�`lYntµeg[]T_^a`r[]epflYÔ²4WZY�`r�p��b�`cs�TMs�[aORT�s]�R��iÇfl~CT�^m`3[afl^ms
epY�`�t�T_b�flS=~�f\s�eg[]epflY�S=`�ÊhepY�[]�n^]Y��CT�T�eg[]ORT_^6~R^aepSheg[]ep�lTMs�fc^6b�flS=~�f\s�eg[]T|flYRTMs�² �uepYnb�T�s]T��lT_^a`l�Rfl~CT�^m`3i
[afl^ms4b�`lYºb�fcYnb�^aT�[aT��pÊ%^aT_`l�gews�T�fcYRT�`l�nsz[a^a`cbd[�� �RY�bd[]epflY�`r�pe [zÊ%[]ORThs�~CT_b�ep`l�gewsa`3[]epflYµt�TMb�fcSh~Cfcs]eg[]epflY¸[zÊu~�T
~n^]f3�uewt�T_s�`¸�P`�Êºfr�Pql^afl�n~RegYnqÉfc~�T_^a`r[]fc^as�epY\[]fºs]T�Sk`rY\[]ewb=ql^afl�n~ns�b�fc^]^aT_s]~�fcYnt�epYRq%[]fµ[aORT�b�fcS=ShfcY
� �nYnbd[aegfcYn`r�pe [zÊ�[]ORT_Ê%`cbmORegT_�lTc²�NPORews�eps¢`=Yn`3[a�R^a`l�Ô�P`�Ê�fr�HT�È�~R^aT_sas�epflY�� fl^4Sk`lY\Ê%T�È�~CT�^][as��CT_b_`r�ns]T�e [
`l�g�pf3�4sA�gT_�lT_�psHfl�³`l�nsz[a^a`cbd[aegfcY�`r�Cf3�lT6[]OnT��gT_�lT���fl�³s]~CT_b�eg´�bPfc~�T_^a`r[]fl^ms_²�NPORTPT�È�ewsz[aT�Ynb�T�fr�n[aORT_s]T4`r�g[]T_^�i
Y�`3[]ep�lTMsÔ�pT_`ctRs [af¢`�^aepbmORT_^�`lYnt�S=fl^aT �nT�È�ep�R�pT�±uYRf3���pT_t�qcT.�n`ls]Tlo���eg[]O�`���ewt�T_^�^m`rYRqcT.fr�R`r~n~R�gewb�`l�Rep�geg[zÊl²
WZY�`�s]T �\�RT�Y\[aep`l��t�TMb�flS=~Cfcs]e [aegfcYÀs]flS=T�s]�R��iÇfl~CT�^m`3[]fc^as4S=`�Ê¸�CT�fc~�[]epflYn`l�F²�NPORT_s]T�tRT_b�fcS=~�f\s�eg[]epflYns
iZ`3[Pt�e! CT_^]T_Yc[P�pT��lT_�ps6fr��`l�ns�[]^m`lbd[aegfcY�i�S��ns�[¶T_Ynt���eg[]O%~R^]epS=e [aeg�cT¢fc~�T_^a`r[]fl^ms_²'� b�fcSh~Cfcs]eg[]T¢fc~�T_^a`r[]fc^
ews�[aORT�^aT�� fc^]T=^aT�´nYRTMt egY\[]fµeg[as�s��n��iÇb�flS=~CflYRT_Yc[ms�²�WZY+`ctRt�eg[]epflY []f¸[aORT�b�flS=S=flY+egYR� fl^aS=`r[]epflYÔo�[]ORT
�P`�Ê=[]fk^aT�´�YRT�`hb�flS=~Cfcs]e [aT�fc~�T_^a`r[]fc^¶ewsPT�È�~R^aT_sas]T_t%�\Ê �

� � flY\[]^afl� epY�� fc^]Sk`3[aegfcY%`l��fc��[�[]ORT�[zÊu~CT�fr�Ht�T_b�flS=~�f\s�eg[]epflYÉepYc[afks��R�Rijfc~�T_^a`r[]fl^ms_o

� }�T�� T_^]T_Ynb�TMs¶[]f=[aORT�s��n��ijfc~�T_^a`r[]fc^as * Tc² q�²go��uÊ�[aORT�ep^�Yn`lShTMs ,
� �|`r[a`I�nf3�ÆegY�� fc^]Sk`r[]epflYµ�CT�[z�¶T�T�Y�`=�¯`3[aORT�^�fl~CT�^m`3[afl^¢`lYntµeg[as�s�fcYns¢`lYntºtR`r[a`.�nf3�Æ�CT�[z�¶T�T_Y
s�fcYnsPepY¸`=s]T �\�RT_Yc[aep`l�Ôt�T_b�flS=~Cfcs]e [aegfcYÔ²

� ��tRt�eg[]epflYn`l�cb�^]eg[]T_^]ew` * � fc^�bmORfcepb�T_s_o_fc~�[]epflYn`l�l`r~n~R�gewb�`r[]epflYnsÔfr�Rs��n��ijfc~�T_^a`r[]fc^as_o�`rY�t�^]T_~n`rep^�s�[]^m`3[�i
T�qcÊ ,

���'(����
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$Aepql�R^aT%�R² � � �ªb�fcSh~Cfcs]eg[]T�fc~�T_^a`r[]fl^h`rYnt+eg[ashs]�R��iÇfl~CT�^m`3[]fc^as_² � flS=~Cfcs]e [aT�fl~CT�^m`3[afl^ms�`r^aT�^aT�~R^aT�i
s]T�Y\[aT_tÉ�uÊ���OReg[]T�s��\�n`r^aT_s_o���ORep�gT�~R^aepSheg[]ep�lT�fcYRT_s�`l^]T�^aT�~R^aT_s]T�Y\[aT_t%�\Ê%ql^aT�Ê�s��\�n`r^aT_sPfcYRT_s_².WZY¸[]Oneps
T�ÈR`rS=~R�pT�[aORT�^aTkews�`¸s�T��c�nT�Ynb�T=`r[�´n^msz[��pT��cT��jo�b�fcS=~�f\s�TMtÀfl�P`lYRfr[aORT�^�s]T �\�RT�Y�b�TloA`rY+eg[]T�^m`3[aegfcYÔo�`lY
`l� [aT�^aYn`3[aeg�cTlo `rY�t�`É~n`l^]^m`r�p�gT_�F²�x.^]epS=e [aeg�cT=fl~CT�^m`3[]fc^as|T�Y�b�`r~�s��R�w`3[aT�~n^]fcql^m`rSks�oC��ORewbmO�Sk`�Êµ�CT��pflYRq
[afkt�e. ³T�^aT�Y\[4�peg�n^a`l^]epT_s_²
�,���3��� � 
��(� � � '(-�	

�¢^]qc�RS=T�Y\[asP`l^]T�`lsas]fub�ep`r[]TMtk��e [aO¸fl~CT�^m`3[]fc^as * ~n^]epS=e [aeg�cT�fl^�b�fcSh~Cfcs]eg[]T ,¶`lYnt���eg[]OÉ� �RY�bd[]epflY�`r�pe [aegTMs�²
NPOnT�Ê¸~R�w`�ÊÉ`lYºegS=~Cfl^][a`lYc[�^]fc�gT���TMb�`r��s�T�S=`lYuÊÉt�TMb�ews�epflY�s *¯Tl² qn²pon[aORThs]T��pT_b�[]epflYºfl��`�~R^aflqc^a`lS ,P`r^aT
��`ls]T_t¸flY¸[aORT�epY�� fl^aSk`3[aegfcY¸[]On`r[|`r^aql�RS=T_Yc[ms�~R^af3�uept�Tc²�NPOReps¢eps|~n`l^�[aepb��R�p`l^]�pÊk[a^]�RT�e ��~R^af�b�TMs]s]egYnqkeps
tn`3[a`riÇtR^]ep�lT_YÔo�`lsPepYÉepSk`rqcT|~R^af�b�TMs]s]egYnqn² �4Y¸fl~CT�^m`3[afl^P��eg[]Oµ`rY¸`3[][a`lbmOnT_t�� �RYnbd[aegfcYn`r�peg[zÊ�S��ns�[4On`��cT
`r[|�pT_`csz[|[]ORThs]`lShT�Yu�RS��CT�^�fr��`l^]qc�RS=T�Y\[as_o���eg[]OÀ[]ORThs]`lS=T�[zÊu~�T *¯`lYntµ� fc^¢[aORT�S=flS=T_Yc[�`r�ws�f�[]ORT
sa`rS=T%Yn`rS=T_s-,�`lshe [ms�� �RYnbd[aegfcYn`r�peg[zÊlo��n��[ke [=Sk`�Ê¹On`��lTÉ`ltRt�eg[]epflY�`r�PflYRTMs�*¯S=fl^aT%~n`l^a`lS=T�[]T_^as_oA� fl^
T�ÈR`rS=~R�pT ,d²

� T tRe. ³T�^aT�Y\[]ew`3[aTº[z�¶f-b�`r[]T_qlfl^aepT_skfl��`r^aql�RS=T�Y\[ms�o4tR`r[a`"`rYnt ~�`r^m`rS=T�[aT�^�`l^]qc�RS=T�Y\[as_² ��`3[a`
`l^]qc�RS=T�Y\[as�On`��cT�´RÈ�TMt-�3`r�p�RTMs=��ORepbmO `r^aTÉs]T�[=� fc^kegYR~n��[�tR`3[m` *a¬�� ¦ �po�`rY egYn~R��[k^a`��ËegSk`rqcT ,�o�fl^
b�flS=~R��[aT_t·� fl^hfl��[a~R��[ktR`3[m` *a¬�� ¦ �-`lY·fl�R[]~R��[�s]T�qcShT_Y\[]T_t·egSk`rqcT ,�²+xH`l^a`lShT�[]T_^h`l^]qc�RS=T�Y\[as�`r^aT
[a�RYRTM`r�R�pTlo�®�� ¬ � []ORT_eg^É�3`r�p�RT_s%b�`lY ��T s�T�[��uÊ ShTM`rYns�fr��epYReg[]ew`r�pepsa`3[aegfcY b�^ae [aT�^aep`+fc^�S=f�t�e ´�T_t �uÊ
S=TM`rYns�fr�Ô^aT�~n`leg^�b�^]eg[]T_^]ew`R²HxH`r^m`rS=T�[aT�^ms�`r^aT¢`l�g�P`�Ê�s.egYn~R��[�`r^aql�RS=T�Y\[ms�²ANPORT¢epYReg[]ew`r�CegYR~n��[Ptn`3[a`�`r^aT
~n^]f3�uewt�T_t�[]f=[]OnT�s�Ê�s�[]T�SË�\Ê�[]ORT��ns]T�^�epYµ`rYÉegYne [aep`l��£]¬	��«n¬�© �F²
{|��[a~R��[|tn`3[a`k`l^]qc�RS=T�Y\[as¢`r^aT�b�flS=~R��[aT_tµt��n^]epYRq=[]OnT�^]TM`ls]flYRepYRq=~R^af�b�T_sas%�4�p��`l^]qc�RS=T�Y\[as *¯�R��[

~n^]T�� T�^m`r�R�pÊkfl��[a~R��[|tn`3[a` ,Pb�`lY%�CT ��`cs]s]T_sas]T_t �|�uÊ�S=TM`rYns�fl�AT_�3`r�p�n`3[aegfcYÉb�^]eg[]T_^]ew`RoR`lYnt�[aORT_s]TPyz�nt�qcT�i
S=T_Yc[ms�t�^aeg�cT|[aORT�~R^af�b�T_sas¶fr�H^]TMs��n� [�T��3`l�g�n`r[]epflY¸`rYnt%~n`l^a`lShT�[]T_^P`ct�yz�ns�[]S=T�Y\[M²
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$AepYn`r�p�pÊlont�e! ³T�^aT�Y\[�[zÊu~�TMs�fr�.b�^ae [aT�^aep`hb�`lY¸��T�`r[�[a`cbmORT_t%[afhfc~�T_^a`r[]fc^as_².NPORT�^aT�`r^aT�b�flS=S=flY¸b�^aeg[]T�^aew`
`r[�[m`lbmORTMt¸[]fÉ��fl[]O+b�fcSh~Cfcs]eg[]T�`lYntº~n^]epS=e [aeg�cT�fc~�T_^a`r[]fl^ms&*¯egYne [aep`l�gews]`r[]epflYÔo³T_��`l�g��`3[]epflY�oÔ`lt�yz�ns�[]S=T_Yc[
`lYnt%^]T_~n`rep^-,�²ANPOnT�^aT�`l^]T�`r�ws]fh`ctRt�eg[]epflYn`l�³b�^]eg[]T_^]ew`ht�T�´nYnT_t�� fl^4`hb�flS=~Cfcs]e [aT�fl~CT�^m`3[]fc^ *FbmORflewb�Tco�fl~�i
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[aegfcYn`r�peg[zÊ ,�²�NPORTPb�^aeg[]T�^aew`¢`r^aT���s�TMt�[]f�t�TMb�ewt�TPORf3�+[]f�bmORfufcs]T6`lShfcYRq|`l� [aT�^aYn`3[aeg�cT_s_o�ORf3�+[]f�egYne [aep`l�gews�T
epYR~R�R[|`r^aql�RS=T_Yc[ms�onORf3��[af�T��3`l�g�n`r[]T�^aT_s]�R�g[as *¯fl��[a~R��[�tn`3[a` ,doROnf3�K[af�`lt�yz��sz[4[aORT�~R^af�b�TMs]s]egYnqh��eg[]O
[aORT�t�T�[aT�^aS=egYn`r[]epflY%fr��YnT�� epYR~R��[4�3`l�g�RTMs6� fl^P~R^aflql^m`rSks6fl^¶[]OnT�s]T��pT_b�[]epflY%fr��fl[]ORT_^�~R^]fcql^m`rSks_oc`rY�t
Onf3��[]fµ^aT�~�`rep^�egY·b_`ls]Thfl�¶��`lt ^]TMs��n� [ms�² � ^aeg[]T�^aew`%~n^]f3�uewt�Tk`¸~R^]fcql^m`rS9s]�R~CT�^a�\ews]egfcY+s]Ê�sz[aT�S9��eg[]O
��T�È�eg�n�gT�^aT_`ls]flYnegYRq��¯`lb�eg�peg[]epT_s_²

� Ñ � � Ñ�� �r��� � Í ���¯�
NPOnT_s]T¸`l^]Tµb�^]eg[]T_^]ew`+b�flS=S=flY"[]f·b�flS=~Cfcs]e [aT¸`lYnt ~R^aegS=eg[]ep�lT¸fl~CT�^m`3[afl^ms�² $Rfc^kT_`cbmO"fc~�T_^a`r[]fl^k`lY
T�È�~�T_^�[�Sk`�Ê�t�T�´nYRT�� fl�n^�±\epYntRsPfl�Hb�^]eg[]T_^]ew`R²

� WZYReg[]ew`r�pepsa`3[aegfcY�b�^]eg[]T_^]ew`Pb�fcYc[m`repY�egY�� fc^]Sk`r[]epflY�flY�ORf3�À[]f4epYReg[]ew`r�peps]T.�3`r�p�RT_s fl�\epYR~R�R[�`r^aql�RS=T_Yc[ms�o
��T�� fl^aT�T�È�T_b���[]epYRqh[]OnT�b��R^a^]T_Y\[¶fc~�T_^a`r[]fl^M²

� 1.�3`r�p�n`3[aegfcY� 3`cs]s]T_sas]ShT_Y\[�b�^aeg[]T�^aew`%s�[a`r[]Th[]ORTkepY�� fc^]Sk`3[aegfcYÀfcY�ORf3��[]fµ`lsas�TMs]s|[aORT �c��`r�pe [zÊºfl�
[]ORTPs]T��pT_bd[aT_t�fc~�T_^a`r[]fc^_» sÔ`lb�[]�n`l�c^aT_s]�R�g[asA`3� [aT�^Ae [ms�T�ÈuTMb���[aegfcYÔ²�NPOnT6fc~�T_^a`r[]fl^�^]TMs��R�g[asAb�fc�R�wt�YRfr[
��T�� fl^aT_s]T�T_Y¸tR�R^]epYRq�~n�p`lYRYRepYRq��R��[�flYR�pÊ¸t�T�[aT�^aShepYRTMtµ`3� []T_^¢T�ÈuTMb���[aegfcYÔ² 1.�3`r�p�n`r[]epflYºb�^aeg[]T�^aew`
`r�p�gf3��[]fkt�T�[]T_b�[¢`rYnt¸t�ew`rqcYRfcs]T�`�~n^]fc�R�gT_S��3²

� ��t�yz�ns�[]S=T�Y\[Hb�^ae [aT�^aep`�T�È�~R^]TMs]s�`��¶`�Ê¢[]f4�pf�b�`l�g�pÊ|^aT�~�`rep^�`�~R^afl�R�pT�S �uÊ|^aT�iÇ^a�RYRYRepYRq4`rY�fc~�T_^a`r[]fc^
��e [aO-S=f�t�eg´nT_t¹~�`r^m`rS=T�[aT�^��3`l�g�RTMs�o.`r� []T�^=`µYRT_qc`r[]ep�lT�T_��`l�g��`3[]epflY�²ÀxH`r^m`rS=T�[aT�^�`ctR`r~R[a`3[aegfcY
b�`lY��CTk~�T_^�� fc^]S=TMtÀ�uÊ�`lYuÊµShT�[]ORf�t+~R^af3�ueptRT_tº�uÊµ[aORTkT�È�~CT�^][ *¯s]T�T=~n`lqlT �c��� fl^�t�T�[a`leg�ws�epY
Á¢ÂnÃ�½�Ä_Â � ,d²

� �uT��cT�^m`r��[]^aep`l�ps�`rY�tºT�^a^afl^ms¢`r^aT�fl� []T�Y YRTMb�T_sasa`r^aÊ�[af%fc��[a`legYÀb�fl^a^]TMbd[|´nYn`r�H^aT_s]�R�g[as_² � �¯`rep�p�R^]T
On`rY�t��gepYRq�S=TMbmOn`rYRews]S *¯fl^¢^aT�~�`rep^¢S=T_bmOn`lYRews�S ,Pews4YRTMb�TMs]sa`r^aÊ�[afk´RÈ¸[]ORT�~�f\s]s]ep�R�gT�~R^]fc�R�pT�Sks�²
WÇ[�eps�~CT�^]� fl^aS=T_t�T�eg[]ORT_^��pf�b�`l�g�pÊºepYns�ewt�Tk`rY�fl~CT�^m`3[afl^ * �uÊÀ`lt3yz�nsz[aS=T�Y\[�b�^ae [aT�^aep`%egY¹Á¢Â�ÃÔ½�Ä_Â ,
fl^PYRfcY�ij�pf�b�`l�g�pÊk�uÊkShTMs]sa`rqcT4[a^a`lYns�S=ews]s]epflY�[afh`lYRfr[aORT�^Pfc~�T_^a`r[]fl^¶epY�[aORT�~R�p`lYÔ².WZYÉÁ|ÂnÃ�½�Ä�Â �
^]T_~n`rep^kb�^ae [aT�^aep`no6`l�gfcYRqÀ��eg[]O `lt3yz�nsz[aS=T�Y\[�b�^ae [aT�^aep`no�`r^aT¸`lsas��RS=TMt·[af+tRT_sab�^aeg�CTÉ`+b�flS=~R�pT�[]T
sz[a^a`r[]T_qlÊ·fl��^aT�~�`rep^�`rYnt fr��t�ew`rqcYRfcs]ews=~R^]fc~n`rq\`3[aegfcY-epY `+ORegT_^a`l^abmOuÊ¹fl��fc~�T_^a`r[]fc^as=`3� [aT�^�`
YRT�q\`3[aeg�cT�T_�3`r�p�n`3[aegfcY *Fs�T_T�~�`rqlT �u��� fc^4t�T�[m`rep�ps�epYºÁ¢ÂnÃ�½�Ä_Â � ,d²

����� � Í ��� �	� Ñ ��� Ñ �	
 Ñ ��� � ÍµÑ 
 Í �3��� Ñ �3�
$nfl^4`=b�fcS=~�f\s�eg[]T�fl~CT�^m`3[afl^�`rYÉT�È�~CT�^][4Sk`�Ê�t�T�´nYnT�fr[]OnT�^4s]~�TMb�eg´�b�b�^ae [aT�^aep` �

� � ORflewb�T6b�^ae [aT�^aep`�`l^]T�`r[�[a`cbmORT_t�[af¢b�fcS=~�f\s�eg[]T�fc~�T_^a`r[]fc^as³��eg[]O�`¢s�~CT_b�ep`l�gews]`r[]epflY�t�TMb�flS=~Cfcs]e [aegfcY
[zÊu~�Tc² NPORT_Ê·s�T_�gTMbd[=[]OnTÉfc~�T_^a`r[]fc^ *Fs ,���ORepbmO"eps *F`r^aT ,�[]ORT¸S=fcs�[k~�T_^�[aegYnT�Y\[�`rS=flYRq `r�p�P[]ORT
`��3`rep�p`l�R�gThs��n��ijfc~�T_^a`r[]fc^as_oC`cb�b�fl^mt�egYnqk[]f%[]ORT=tR`r[a`Ét�T_sab�^aeg~R[]epflYns�`rYntº[]ORT=bmOn`l^a`cbd[]T_^]ews�[]ewb�s4fl�
[]ORT�fc~�T_^a`r[]fc^as_²ANPOneps�±uepYnt%fr�.b�^ae [aT�^aep`�eps4�ns�TMt�� fc^�~R�w`rYRYRepYRq=~R�R^a~Cfcs]T_s_²

� {|~�[]epflY�`r�pe [zÊkb�^aeg[]T�^aew`�`r^aT|`r[�[m`lbmORTMt=[]f=b�fcSh~Cfcs]eg[]T�fl~CT�^m`3[]fc^as���e [aO%`hs�T��\�RT�Y\[]ew`r�³t�TMb�flS=~Cfcs]e i
[]epflY=[zÊu~CT¢��eg[]O�s]flS=T4fl~R[]epflYn`l�ns��n��ijfc~�T_^a`r[]fc^ *Fs ,�²�NPORT_Êht�TMb�ewt�T4eg�Ô`rYkfl~R[]epflYn`l�ns��n��ijfc~�T_^a`r[]fc^
On`ls¶[afk��T�`l~R~R�pegTMt%tRT�~CT�Ynt�epYRqkfcY�[aORT�t�ÊuYn`rS=ewb�sz[m`3[aT�fl��[aORT�b��n^]^aT�Y\[�tR`3[m`R²

� � )�
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$Aepql�R^aT��R² U�s]ORf3�4s6`�ORepqlO�iÇ�pT��lT_�n�uepT�� fr� [aORT�S=`legY�[zÊ\~CT_s6fr��b�^]eg[]T_^]ew`Ro\��eg[]O�[aORT�ep^6[zÊ\~nepb_`r�³b�flY�t�e i
[aegfcYns.`rY�th`cbd[aegfcYns�²#�uT��cT�^m`r��^a�R�pT_sHfr�³T_`cbmO�[zÊu~CT4b�fcYnsz[ae [a��[]T4`�^a�R�pT��n`ls]T¶[]On`r[�b�flY\[m`repYnsA[]ORT�T�È�~�T_^�[M» s
±uYRf3�PiÇORf3�·fcYk~n`r^][]ewb��n�p`l^.^]TM`ls]flYRepYRq�t�T_b�eps]epflYns_²�NPORTMs�T|`r^aT¶fcYR�pÊ�T�È�`lS=~R�gTMs�`rY�t�Sk`lY\Ê�fr[aORT�^.[zÊu~CT_s
fl��b�flYntRe [aegfcYnsk`rYnt `cbd[]epflY�sk`r^aTÉ~Cfcsas]eg�R�pT¸� fl^kTM`lbmO ±uegYnt fl�|^a�R�pT *¯s]T�Tµ¼¢½�¾A¿ ^aT�� T�^aT�Y�b�T¸Sk`rYu�n`r�
bmO�`r~�[aT�^¶� fl^4t�T�[a`leg�ws ,�²

N�Êu~Rewb�`l� ^]�R�pT_s¶� fc^4b�^ae [aT�^aep`
� Onflewb�T WZYRe [aep`l�gewsa`3[]epflY
WÇ� WÇ�
{|�RyzT_bd[¢`r[�[a^]ep�R��[aTk§�On`lsP�3`r�p�RT=­ {|��yzT_b�[¢`3[�[a^]ep�R��[aT�§�On`lsP�3`r�p�RTk­
NPOnT�Y NPORT�Y"|s�T�~n^]fcql^m`rS ¡ �uT�[4~n`l^a`lS=T�[]T_^¶¡k[]fk�3`r�p�RT=­ �
�|s]s]T_sas]ShT_Y\[ }�T�~n`leg^
WÇ� WÇ�
}4T_s]�R� [�£¶On`csP~R^]fc~�T_^�[zÊ=¡ {|~�T_^a`r[]fl^�¤ ��On`ls�~n^]fc�R�gT_S�¡ �
NPOnT�Y NPORT�Y
�|T_b��p`l^]T�~R^afl�n�gT_S�¡ �P� fl^�¤ � N�^m`rYns]S=e [�~R^afl�n�gT_S�¡ �6[afkfl~CT�^m`3[afl^�¤ �

$Aepql�R^aTk��² U � �4�ns�[]^m`lb�[��uepT��)fr��[aORTkS=fcs�[��ns���`r�.b�^ae [aT�^aep`noÔs�Onf3��Y�epYÀ[aORT=� fl^aS9fl�6epY�� T�^aT�Ynb�T=^]�R�pT_s*¯��e [aO�`k~�s�T_�nt�f�Y�`3[]�n^a`l���w`rYRqc�n`rqcT�s�ÊuY\[a`rÈ ,�² �uT_�lT_^a`l�Ô^]�n�gTMs¢fl��T_`lbmO¸[zÊu~CT�b�flYns�[]eg[]��[aT�`�^]�R�pT���`ls]T
[aOn`3[4^aT�~n^]TMs�T_Yc[ms6[]ORT�T�Èu~CT�^][as_»Rb�^aeg[]T�^aew`R²

�,���3��� � � -#� �3' � � � � �3$ ' ������� � -�	

��`3[m`�`lYntºt�fcS=`legYÀfl��yzTMbd[as|b�fc^]^aT_s]~�fcYntÉ[]f�[]ORT=t�TMs]b�^]ep~�[]epflYµfl�6tR`r[a`k�ns]T_tÀ�uÊ%[aORT�~n^]fcql^m`rSks4`rY�t
fl��s]flS=T�`l~R~R�pepb_`3[aegfcY�t�flSk`legYÉb�flY�b�T�~R[as¶��ORewbmO�Sk`�Ê=egY����RT�Ynb�T�[]ORT�~R^aflqc^a`lS s]�R~CT�^a�\ews]egfcY�~R^afub�T_sas�²
��`3[m`|`lYnt�t�fcSk`repY�fl��yzTMbd[msA`l^]T¶sz[afl^aT_t�epY�`|�n`cs�T6fr�R�¯`cbd[as�* �¯`lbd[.�n`cs�T ,Ô`lYnt�[aORT�Ê�b�flY\[a`legYh`r�p�cYRTMbdi

TMs]sa`r^aÊhegY�� fc^]Sk`r[]epflY�^aT�q\`r^mt�egYnq�[]ORT��ns]T�^M» s�~R^aflqc^a`lS s]�R~CT�^a�ueps]egfcY�~R^afl�R�pT�S¸².NPORT�tR`3[m`�tRT_sab�^aeg~�[aegfcY
epYµ[aORT�±uYRf3���pT_t�qcT��n`cs�T�~n�p`�Ê�s�`rYµepSh~Cfl^][a`lY\[|^afl�pT�egYÀ~R^]fcql^m`rS1s��R~CT�^a�ueps]epflYµ�CT_b�`l�ns]T�Sk`rYuÊ¸t�T_b�e i
s]epflYns¶`r^aT¢�n`cs�TMt�fcY�[]OnT�epY�� fc^]Sk`3[aegfcYk[]O�`3[4tR`3[m`�~R^af3�ueptRTl².NPORews6ews¶~n`r^][]ewb��n�p`l^]�pÊh[]^a�RT|eg��~n^]f�b�TMs]s]epYRq
ews�tR`r[a`3iZt�^aeg�cT�YÉ`lsPepYÉepSk`rqcT�~n^]f�b�TMs]s]epYRqno\� fl^�T�ÈR`rS=~R�pTl²
� fcYnb�T_^]YRepYRqht�flSk`repY�fc��yzT_b�[_o\[]ORT�~R�n^]~Cfcs]T¢ews¶YRfr[¶[]f�~R^]f3�uewt�T|`�b�fcSh~n�gT�[]T�t�flSk`repY%tRT_sab�^aeg~�[aegfcY

fl�nfl�RyzT_bd[ms�epYu�lfc�g�cT_t�epY�[aORTP`r~R~R�pewb�`3[aegfcYÔo3�R��[.fcYR�gÊ�fl�R[]ORf\s�T¶��ORewbmO�b�fl�R�wt�epY��n�RT_Ynb�T6[]OnTPs]�R~CT�^a�ueps]egfcY
~n^]f�b�TMs]s_²HNPORT�t�flSk`legYÉfl��yzTMbd[ms�`r^aT�OnegqcOR�gÊ%t�T�~CT�YntRT�Y\[4flYÉ[]OnT�`l~R~R�pepb_`3[aegfcYÉt�fcSk`repYÔ²

�,���3��� ��� '�� -�$&�(' � 
 $ -�$&� 	��3' ��� �
	+� �!	.-�	

��� �RYnb�[]epflYn`l�geg[zÊk`r�p�gf3�4s�[]f�ql^afl�R~k[aflqcT�[]OnT�^6`l�g��[]OnT|fc~�T_^a`r[]fl^ms�`cbmORepT��uegYnq�[]ORT�sa`rS=T¢`r��sz[a^a`cbd[�� �nYnbdi
[aegfcY *z®�� ¬ � �Z[aOR^aT_s]ORfl�wt�epYRq,�¸egY epS=`lqlTµ~R^af�b�TMs]s]egYnq ,d² WÇ[ms�t�TMs]b�^]ep~�[aegfcY"fcYR�gÊ"S=T�Y\[]epflY b�fcS=~R�R�ws�fc^]Ê
epYR~R�R[as�`lYnthfl��[a~R��[msH[]f�~CT�^]� fl^aS�[aORT�� �RYnb�[]epflYÔ².}�T��\�RT_s�[as�`l^]T �\�RT_^]epT_sA� fc^�`rYk`r��sz[a^a`cbd[H� �RYnb�[]epflYn`l� i
eg[zÊkflY�~n`r^][]ewb��R�w`r^PtR`r[a`Rou�RY�t�T�^¶~n`r^][]ewb��n�p`l^¶b�flYns�[]^m`repY\[as_²ANPORT_Ê�`r^aT�[]OnT�S=TM`rYns�� fl^¶[]OnT|T_YntuiÇ�ns�T_^6fl�
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`�±uYRf3���pT_t�qcT�iÇ�n`ls]T_t�s�Ê�s�[]T�S�[]f�t�T_sab�^aep��T¶[]OnT¶epYReg[]ew`r�R~n^]fc�R�gT_S¸²�NPORT4`legS�fl�C`�~R^aflqc^a`lSÆs]�R~CT�^a�ueps]egfcY
±uYRf3���pT_tRqlT�iÇ�n`cs�TMtµs�Ê�s�[]T�S ews�[]fÉ^aT_s]~�fcYntµ[afÉ^aT �\�RTMsz[ms|b�flS=epYRq%T_e [aORT�^�� ^aflS Ou�RSk`lYÀT�Y�tuij��s�T_^as�fl^
� ^aflSª`rYRfl[]ORT_^4s�fl� [z�¶`l^]T�s�Ê�s�[]T�S¸²
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NPOnT�flY\[afl�pflqlÊ�YRfr[hflYR�pÊ+t�T�´nYnT_s�[]ORT¸b�fcYnb�T_~�[as��R��[k`r�ws�fµ[aORT�ep^h^]T_�p`r[]epflYns]ORep~ns�² $�epql�n^]T%�R² ��s��RShi
Sk`l^]ews�TMsk[aORTÀSk`repY�b�flYnb�T�~�[ms�fl��[]ORT S=futRT��|[]On`r[ÉOn`��cTº�CT�T�YK~R^aT_s]T�Y\[]TMt egY�[]ORT�~R^]T_�uegfc�ns�s]�R��i
s]T_b�[]epflYns�`rY�tÀs]ORf3�4s4[aORT�ep^�^]T_�p`r[]epflYns]ORep~ns_²�WÇ[�ews�`rY `r�ns�[]^m`lb�[_o s�epS=~R�pe ´nTMtº�uepT���epYÀ[aORT�� fl^aS fr�6`lY" / ��* "¢YReg´nT_t /¸f�t�T_�g�pegYnq ��`rYRqc�n`rqcT ,6b��w`lsas�t�ew`rql^m`rS¸²

Primitive

Criteria

Composite

Supervision
Operator

sub−operators

common 
criteria

4

optionality
criteria

calling syntax data flow

Argument
input data

input parameters

output data*

*
*

Sequence Alternative

* 1..n

choice
criteria

1..n

Domain Object

Request

request1

Functionality

achieved by

linked to

r
e
f
e
r
s
 
t
o

*

composition

specialisation

instantiation

relation (oriented)

*

*

<<instance of>>

refers to

$Aepql�R^aT���² � �.}�T_�p`r[]epflYnsP�CT�[z�¶T�T_YÉb�flYnb�T�~�[ms�egY%[]OnT�flY\[]fc�gfcqlÊl²

/¸f\sz[�fr�6[]ORT=^aT��w`3[aegfcYns|`l^]T ��flYRT�[]f¸Sk`rYuÊ��mo�¬ � ¦ �po�flYRT=s��n~�T_^]�uews�epflY�fl~CT�^m`3[]fc^¢ews�b�fcYRYRT_b�[]TMtµ[]f
Sk`lY\Ê=epYR~R��[4tR`r[a` * epY " / ��YRfr[m`3[]epflY�o���t�T_YRfr[aT_sP��fc^¶S=fc^]T ,�`rY�tk[]f=���R~�[af �=b�fcS=ShfcY�b�^aeg[]T�^aew`*F`ls6~R^aT_s]T�Y\[]TMt�epY%s]T_bd[aegfcYÉ�R²g�c² � ,��Hs�epYnb�T�YRfhb�^ae [aT�^aep`�fr��`lY\Êk±uepYnt�ewsPb�fcSh~n�R�ps]fl^aÊlou`rY�fl~CT�^m`3[]fc^6Sk`�Ê
O�`��lTPYRf�b�^]eg[]T_^]ew`�`3[�`r�p�j²AWZY=[aORT¢sa`rS=T��P`�Êlol`�b�flS=~�f\s�eg[]T�fc~�T_^a`r[]fc^.eps6b�flYnYRT_b�[]T_th�uÊ�`�b�flS=~Cfcs]e [aegfcY
^aT��w`3[aegfcY *¯t�T_YRfr[aT_t=�uÊh`�t�ep`lS=flYnt ,H[]f�s]T��cT�^m`r� *¯`r[��pT_`ls�[�fcYRT ,.s]�R��iÇfl~CT�^m`3[afl^ms�² �4fr[¶`r�p�R[]OnT4~�f\s]s]ep�R�gT
[zÊu~CT_s.fl�Cb�flS=~�f\s�eg[]T�fc~�T_^a`r[]fc^asA��eg[]O=^]TMs�~CT_b�[.[]f�[]OnT�[zÊu~�T�fl�n[]OnT�ep^�t�T_b�flS=~Cfcs]e [aegfcYh`l^]TP^aT�~R^aT_s]T�Y\[]TMt
epYµ[aOReps�s]egS=~R�peg´nT_tÀ�\epT�� *¯flYR�pÊµs�T��\�RT�Ynb�T�`lYntº`r�g[]T_^]Y�`3[]ep�lT�[zÊ\~CT_s�`r^aT��CT_b_`r�ns]T�[aORT�Êµ`l^]T�[aORThShf\sz[
b�flS=S=flYR�pÊ��ns]T_t ,�²'�"~R^aegS=eg[]ep�lT¶fl~CT�^m`3[]fc^�ews�`|�pT_`3��fr��[]OnT¶OnegT_^a`l^abmOuÊl² �¹^aT �\�RTMsz[H`rYnt�`�� �RYnb�[]epflYn`l�geg[zÊ
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`l^]T�b�fcYRYRTMbd[]TMt�[aflqcT�[]OnT�^M² �K� �RY�bd[]epflY�`r�pe [zÊ%epsPeg[as]T��g�Hb�flYRYnT_bd[aT_t�[]fk`r�p� fl~CT�^m`3[afl^ms�[aOn`3[4b_`rY¸`lbmORepT��cT
eg[_ol��TMb�`r��s�TP`4� �nYnbd[aegfcYn`r�pe [zÊ�b�fl^a^]TMs�~CflY�tRsÔ[af�`lY�`l�nsz[a^a`cbd[A~R^]f�b�T_sas�epYRq¢fc��yzT_b�[]ep�lTP`rYnt�Sk`�Ê�[]ORT_^]T�� fl^aT
�CT¢`cbmORegT_�lTMt��uÊ=s�T_�lT_^a`l��fl~CT�^m`3[]fc^as_² 1�`lbmOkfl~CT�^m`3[afl^.On`cs�epY� �fc��[6`l^]qc�RS=T�Y\[as�`lYntk`3[][a`cbmORT_t=b�^aeg[]T�^aew`*¯��ORewbmOÉSk`�Êk^aT�� T_^P[]f=[]OnT�fl~CT�^m`3[]fc^¶`l^]qc�RS=T�Y\[as�`lYnt  3fl^6[]f�s]egqcYRe ´Cb�`rY\[4t�fcS=`legYÉfl�RyzT_bd[ms ,�²
� %�� :<�k$É�4>+��2 �������¸>��4	 �³
k��>��k�_��� :<��5 �����É���A	

�¢�g�AepYc[a^]f�t���b�T_tµb�flYnb�T�~�[ms¢`l^]T�Sk`lYn`rqcT_t¸�uÊÉ`�~R^]fc�R�pT�ShiÇs]fl�p�uegYnqkShTMbmOn`rYneps]S¸on��ORewbmOºews¢`r�ws]f�t�T_tRe i
b_`3[aT_t�[]f�[]ORTP~R^aflqc^a`lS�s��R~CT�^a�ueps]epflY�[m`ls]±³²�WZY=~n`r^m`r�p�pT��\��e [aO�[aORT�s�~CT_b�e ´Cb�`3[aegfcY�fl�n[aORTPqlT�YnT�^m`r�uflY\[]fc� i
fcqlÊ�tRT_sab�^aeg�CT_tÉ`r�Cf3�lTco��6T�On`��cT�tRT��lT_�gfc~�TMt%`=qcT�YRT_^a`l�³~R^]fc�R�pT�ShiÇs]fl�p�uegYnq�S=T_bmO�`rYRews�S * fl^�S=T�[]ORf�t ,
� fc^�~R^aflql^m`rS;s]�R~CT�^a�ueps]egfcYÔ².NPORews�S=T_bmOn`lYReps]S;ews�epSh~n�gT_ShT_Y\[]T_tÉepYµ`=~R^]fcql^m`rS�s]�R~�T_^]�uews�epflYÉT�YnqlepYRTl²
NPOnTh^afl�pT=fr�¶[]ORTkT_YRqlepYRT=ews�[]f¸T�È�~R�pfleg[�±uYRf3���pT_t�qcT�fcY�~R^aflqc^a`lSks¢epY+fl^mt�T�^�[afÉ~n^]f�t��nb�Tk`%~n�p`lY fl�
~n^]fcql^m`rSks6[]On`r[¢s�fc�g�cT_s¶[]OnT��ns]T�^M» s�~n^]fc�R�gT_S *¯`cs4s]ORf3��Y¸egY¸´nqc�R^aTh�c² U ,d²6WÇ[¢S=egS=ewb�sP[aORT�s�[]^m`3[]T_qlÊ�fl�
`lYºT�È�~CT�^][�epYº[aORTh�ns�Thfr�6~R^]fcql^m`rSks_²|NPORTh^]TM`ls]flYRepYRq�T_YRqlepYRThT�È�~R�pfl^aT_s4[]ORT=t�e! CT_^]T_Yc[�~Cfcsas�ep�Rep�geg[]epT_s
`lYntÉb�flS=~R�R[]T_s�[]ORT��CT_s�[4flYRTcoR��e [aO¸^]TMs�~CT_b�[¶[afk`���`leg�w`r�n�gT�b�fcYnb�T_~�[as�tRT_sab�^aeg~�[aegfcYns_²

$Aep^as�[_oC[]OnThs]fl�p�uegYRq�fr�6`k~n^]fcql^m`rSÓs��R~CT�^a�ueps]epflYµ~R^afl�R�pT�S s�[a`l^�[ms4��eg[]O�`��ns]T�^M» s|^]T��\�RT_s�[_oC��ORewbmO
s�[a`r[]TMs�[]OnT�� �RYnb�[]epflYn`l�geg[zÊloH[aORT%tn`3[a`ºflY·��ORewbmO+[]Oneps�eps�[]f���TÉ`lbmORepT��cT_t oH`rY�t+[]ORTÉb�fcYc[aT�Èu[�*Fs�fcShT
tRflSk`repY fl��yzTMbd[��3`r�p�RTMs ,hepY ��ORewbmO []ORTº~n^]fc�R�gT_S ewsk�CT�epYRq-s]fl�p�lTMt ² NPOnT�Y []OnTº~R^afl�R�pT�ShiZs�fc�g�uepYRq
S=TMbmOn`rYRews]S fl�¢`º~R^aflqc^a`lS s]�R~CT�^a�\ews]egfcY-s�Ê�s�[]T_SÉ» s�T�YRqcegYRT%eps��w`r�RYnbmOnT_t ²+NPORews�S=T_bmO�`rYRews�S T_S���i
�w`3[aT_s�[aORT�s�[]^m`3[aT�qlÊÀfr��`rY+T�È�~CT�^][�egY+[aORT�^a�RYRYRepYRqµfr�¶[]OnT�~R^aflql^m`rSks_²��¢e! ³T�^aT�Y\[�[]TMbmORYRe"�\�RT_s�Sk`�Ê
�CT�`ct�fl~R[]T_t � fl^%[]On`r[%~R�R^a~Cfcs]Tlo4S=fcs�[%fl��[]ORT_S `r^aTº�n`cs�TMt flY�`l^�[ae ´�b�ep`l�|epY\[]T_�g�pegqcT�Ynb�Tº~R�w`rYRYnegYRq
[aT_bmORYne �\�RTMs�²HWÇ[4ewsP[]ORT�b_`ls]T|epYºÁ¢ÂnÃ�½�Ä_Â � ²

�)qlT_YRT�^m`r�AS=futRT��Hfr��[aORews|S=TMbmOn`rYRews]SÓb_`rYº^afl�nqlOR�pÊ¸��T=t�T_b�flS=~Cfcs]T_tµepY\[]f¸s�T_�lT�^m`r��~ROn`cs�TMs�o `ls
s]ORf3��YÉegY%´nqc�R^]T��R² � �
�l²�x.^aT��pegS=epYn`r^aÊº~R^afl�R�pT�S ® �l¬�° �j® � �m§��j®¯¤3°µepY []T�^aS9fl�¶`%� �RYnb�[]epflYn`l�geg[zÊµ[]fµ`cbmORegT_�lTc²hNPORews�~RO�`ls]T
`rYn`l�gÊ�s]T_sH[aORT¢��s�T_^_» s�^aT �\�RTMsz[�epY�fc^at�T_^.[]f�[]^m`rYns]�p`r[]T4eg[6epY\[]f�`�~R^]fcql^m`rS s��R~CT�^a�ueps]epflYkb�fcYnb�T_~�[_²

��² � ¤3°R© �j£d«.� �j®¯¤3°É~R^afl~Cfcsa`r� *Fs�T_�gTMbd[aegfcYÀ`rYntÀ^a`lYR±\ijfc^atRT�^aegYRq=fl��~R^]fcql^m`rSks_on�n`cs�TMt¸flYÀb�flS=~�f\s�eg[]T
fl~CT�^m`3[afl^ms�oR`l^]qc�RS=T�Y\[as_oR~R^aT  3~�f\sz[mb�flY�t�e [aegfcYns�`rY�t¸T  ³T_bd[ms ,�²¶NPOneps¢~ROn`ls]T�s]T��pT_bd[ms¢`lYnt¸`lsas�T_S�i
�R�pT_s|~R^]fcql^m`rSks_oRegYµfc^atRT�^4[af��R�Rep�wtº` * ~�`r^][]ew`r� ,�T�È�TMb���[m`r�R�pT�s]T�^aegTMs�fr��~R^aflqc^a`lSks * fl^|T��cT�Y¸[]f
qlT_YRT�^m`3[aTh`¸b�f�t�T=epY s]flS=Tks]Êus�[]T_Sks ,�²�WÇ[�t�TMb�ewt�T_s�fcYÀ[aORTkfl^mt�T�^�fr�P~R^aflqc^a`lS1T�È�T_b��R[]epflYns|[]f
s�fc�g�cT�[]ORT��ns]T�^M» s6~n^]fc�R�gT_S;flY¸~n`l^�[aepb��R�w`r^�tR`3[m`R²

UR²�1# ³T_bd[aeg�cT+¬�
u¬ ��« �j®¯¤3°�fr�|b�futRT_s *¯�n`ls]T_t-flY·~n^]epS=e [aeg�cT�fl~CT�^m`3[afl^�tRT_sab�^aeg~�[aegfcYns-,d²+NPORepsh~RO�`ls]T
^]�nYns *¯t�ep^aT_bd[a�gÊkfc^P�\ew`h`�b�flS=S��RYnepb_`3[]epflY%~R^afr[]f�b�fl� ,.[aORT�~R^]fcql^m`rSks.[aOn`3[�On`��cT¢�CT�T_Y%fc^at�T_^]TMt
�uÊ=[]ORT�~R^aT��uepfl�ns�~ROn`ls]T�`3� []T_^POn`��uegYRq�´n�p�gTMt�b��n^]^aT�Y\[¶tn`3[a`h`rY�t�`ltRT �\�n`3[aT¢~n`l^a`lS=T�[]T_^��3`r�p�RTMs�²
WÇ[4~R^afutR�nb�TMsP^]TMs��R�g[as_²

�n²��¶­3§�� «n§ �F®¯¤r°|fl�R^]TMs��R�g[��\�n`l�geg[zÊ * �uÊ�T��3`r�p�n`3[aegfcY�b�^ae [aT�^aep` ,d²�NPOneps�~ROn`cs�T���OnepbmO�tRT�[]TMbd[ms�~Cfr[aT�Y\[]ew`r�
~R^afl�R�pT�Sks�b�fcYnb�T_^]YRepYRq�[]ORT=^aT�[]�n^]YRTMtº^aT_s]�R�g[as *¯t�T_~�T_Ynt�epYRq¸flYÀ[]ORTks]Êus�[]T_Sks�`%~R^afl�R�pT�S Sk`�Ê
��TÉ`rY·T�È�T_b��R[]epflY¹T�^a^afl^Mo�`µ�w`lbm± fr��epY�� fl^aSk`3[]epflY�oH`lY¹egY�b�flS=~R�pT�[aT%tR`r[a`noAfc^�`º~Cfufl^ �c��`r�pe [zÊ
� fl^�`º^]TMs��R�g[-,�²%WÇ[�S=`�Ê���T�~�T_^�� fc^]S=T_t T_e [aORT�^�egY¹epY\[]T�^m`lb�[]epflY ��e [aO¹[]OnT�T�Ynt�ij�ns]T�^�fc^�eg[�b�`lY
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$Aepql�R^aT¢��² ��� /µ`repYk~ROn`cs�TMsHfr� ~R^aflql^m`rS�s]�R~CT�^a�ueps]egfcY���® �c¬�° �F® ���m§��j®¯¤3°�[a^a`lYnsz� fc^]SksA[aORT4�ns]T�^M» s�^]T��c�nT_s�[
epY\[]f-`"x � fc��yzT_b�[]ep�lTloP[aORT�Y �a¤r°R© �j£d«.� �j®¯¤3°-s]T��pT_b�[asÉ`rYnt ^m`rYn±ciÇfl^mt�T_^ash[aORTÀ~R^af�b�TMs]s]egYnq¹~R^]fcql^m`rSks_o
�pT_`ct�epYRq�[afk`�*¯~n`r^][]ew`r� ,6~R�p`lY *�� ,�o�¬C
u¬ ��« �j®¯¤3°kb_`r�p�ps6[]OnT�`cbd[a�n`r� ~R^aflqc^a`lSks�`rY�t�~R^af�t��nb�T_s¶^]TMs��n� [ms *F� ,
[aOn`3[4`l^]T�~n`lsas]T_t�[]fº¬�­3§�� «n§��j®¯¤3°non��ORepbmO¸^aT�[a�R^]Y�s¶`cs]s]T_sas]ShT_Y\[as *¯U ,d²HWÇ��[aORT�`lsas]T_sas�S=T�Y\[ms6`l^]T�b�fc^]^aT_b�[*�� ,�ou[]ORT�~R�w`rYRYnegYRqh~R^af�b�T_sas¶b�`rY%qlf�flYÔ².WÇ���¯`rep�g�R^aT_s6On`��cT|�CT�T_Y%t�T�[]T_b�[]TMt *j� ,do £a¬Z¡R§3® £Pt�T_b�eptRT_s¶��ORewbmO
b�fl^a^]TMbd[aegYRq�`lb�[]epflYns�`r^aTP`l~R~R^afl~R^aew`3[]T * Tc² q�²r^aT�~R�w`rYRYnegYRq *F� ,Hfc^.^]T�ijT�ÈuTMb���[aegfcY *Ç� , ,H`3� []T_^.[]�nYRegYnq�s�fcS=T
~�`r^m`rS=T�[aT�^ms�² (¶�g�nT��Cfl�wtÀ`l^]^af3�4s¢s]ORf3�Æ[]OnT�Sk`repYÀ^aT_b��R^ms�ep�lT��gfufl~�²�x.�p`legY��R�w`lbm±º`r^a^af3�4s4s�Onf3��[]ORT
^aT�~�`rep^¶�pfufl~ns_²

s�fcS=T�[]epS=T_s=�CT¸� �R�p�gÊ-`l��[]fcSk`3[]TMt·[aOn`rYn±ush[af+ShTM`ls]�R^aT�S=T�Y\[kb�flS=~R�R[a`3[aegfcYÔo�T�È�~�T_^�[]iÇt�T�´nYRTMt
b�^ae [aT�^aep`noÔS=T�[aORf�tRs�[]fºb�flS=~n`r^aTh^]TMs��R�g[as���eg[]O+^aT�� T_^]T_Ynb�T=b�`cs�TMs�o T�[abro���ORepbmO¹`l^]Th~n`r^][�fr�¶[]ORT
±uYRf3���gTMt�qlT��n`ls]Tl²�NPORews¢~RO�`ls]T�~R^af�t��nb�TMs|`cs]s]T_sas]ShT_Y\[as�fcYº^]TMs��n� [ms�²�WÇ��[]OnT�^aT_s]�R� [ms|`l^]T�qlfuf�t
T�YRfc�RqlO�ou[]ORT�~R^af�b�TMs]s�b_`rYÉqlfhflYÔ²

��²PWÇ�Ô[]OnT�`cs]s]T_sas�S=T_Yc[¶flY�^aT_s]�R�g[as6eps¶YRT_qc`r[]ep�lTloce [�ews6b�flYns]ewt�T�^aT_t�`cs6`��¯`rep�g�n^]T�`rYnt%`�£]¬z¡�§r® £�~RO�`ls]T
t�T_b�eptRT_sH��ORewbmOhb�fl^a^]TMbd[aeg�cT�`lb�[]epflYnsH`r^aTP`r~R~R^afl~n^]ew`3[aT�[]f��RY�t�T�^aqlf|��e [aOh^aT_s]~CT_bd[A[]f�[aORT�b��R^a^]T_Y\[
~R^afl~Cfcsa`r��`rY�tÀ[aORT�b��n^]^aT�Y\[�~R^afl�R�pT�S
* �ns]egYnqµ^]T_~n`rep^�`rYnt+`lt3yz�nsz[aS=T�Y\[�b�^ae [aT�^aep` ,d²�NPOneps�Sk`�Ê
�gTM`lt=[af�T_e [aORT�^¶^]TMb�fcYns�ewt�T_^]epYRq�[]OnT|`r^a^m`rYRqcT�S=T�Y\[�fr�Ô~n^]fcql^m`rSksHfl^PbmOn`rYnqlepYRq�s�fcS=T¢~n`l^a`lShT�[]T_^
�3`r�p�RT_s_²�NPORews�~ROn`cs�T�S=`�Êµ�CTk`r��[aflSk`3[aepb�fl^�epYc[aT�^m`lb�[]ep�lTl² �¢fr[aT�[aOn`3[�[]OnT��¯`leg�p�R^aThtRT�[]TMbd[aegfcY
`rYnt¸^aT�~�`rep^4S=T_bmOn`lYReps]Sks4s�[a`�Ê%`r[�[]ORT��gT_�lT���fr�.~R^aflqc^a`lS;s��R~CT�^a�ueps]epflY¸T�È�~CT�^][]ews�Tc²PNPO�`3[4ews�[]f
s]`�ÊÉ[aOn`3[�`k�¯`leg�p�R^aT�ews�t�T�[aT_b�[]T_tÀflYR�pÊµ��ORT_Y�`lsas]T_sas�epYRqk[aORT%£a¬d©d« � �F©4fr�6`�~R^aflql^m`rS1T�È�TMb���[aegfcY
`rYntº^]T_~n`rep^]TMt¸flYR�pÊÉe ��[aORT�T�È�~�T_^�[�On`ls¢��T_T�Y�`l�R�pT�[]f%~R^]f3�uewt�T�±uYRf3���pT_t�qcT�flYºOnf3�K[af�^aT�~n`leg^
e [M²�WÇ�¶[]ORT=�¯`leg�p�R^aThews�b_`r�ns]T_t��uÊµ[]ORTk~n^]fcql^m`rSÓe [ms�T_� � *a¬�� ¦ �poA`lY�epYnb�fl^a^]TMbd[�`r�pqlfc^]eg[]ORS ,|fl^��uÊ
On`r^mt��P`r^aT|~n^]fc�R�gT_Sks�o�~R^aflqc^a`lS�s��R~CT�^a�ueps]epflYÉ��eg�p� fr�.b�fc�R^as]T���T�fl�AYRf=ORT_�g~É[afh^aT�~�`rep^�e [M²

1�`lbmO¹~ROn`cs�T%^]T_�gepT_s�flY+[aORT%s]T�Sk`rY\[aepb_s�fr��[aORT�±uYRf3���pT_tRqlTkeg[h�ns]T_s_² $nfl^�T�ÈR`rS=~R�pTloHegY-~ROn`ls]T�UnoH`
~n^]T_^]T��c�neps]e [aT�[]f�T�È�T_b���[]epYRq�`�~R^aflql^m`rS eps�[]f�egYReg[]ew`r�pews�T¢[]ORT|��`l�g�nT_s6fr�Ôeg[as6~n`r^m`rS=T�[aT�^msK��e [Peps�[]OnT¢^afl�pT
fl�H[]ORT�epYReg[]ew`r�pepsa`3[aegfcYµb�^ae [aT�^aep`hepYµfl�R^4S=f�t�T_�F² � T�On`��lT�tRT�´nYRTMtµ`kt�T�Ynfr[a`r[]epflYn`l��s]T�Sk`rY\[]ewb�s�� fl^¢`l�g�
b�flYnb�T�~�[msPegYÉ[aORT�qlT_YRT�^m`r�³flY\[afl�pflqlÊ *Fs�T_T�`rYRYRT�È ��²p� ,�²

���'(����
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NPORT�~R^af�b�T_sas¶sz[afl~ns¶��ORT_Y�T�eg[]OnT�^�`�~R^afl~Cfcsa`r�COn`cs��CT�T_Y%`lb_b�T_~�[]TMt�`ls¶`hs�fc�g��[aegfcY��uÊ=[]ORT��ns]T�^¶fl^
�uÊ=[aORT�s�Ê�s�[]T�S *¯�uep`h`rY%T�È�~�T_^�[4b�^]eg[]T_^]ew` ,�fl^P��ORT�Y�[]ORT�s]Ê�sz[aT�S;b�`lYRYRfl[¶Sk`r±cT�`lYuÊkfr[]OnT�^¶~R^]fc~�f\s]`l�F²

��b_b�fl^mt�epYRqh[]fh[]OnT�[zÊ\~CT�fr�H^aT_`ls]flYnegYRq�~R^afub�T_sas¶[]fkb�`l^]^aÊkfl�R[_o�[aORT�^aT�S=`�Ê�T�È�eps�[�­3§3£d®¯§3° �¯©¶fr�A[]ORT
~nOn`ls]T_s�fl�6[aOReps�qlT�YnT�^m`r�.S=f�t�T��joÔ[aOn`3[�b_`rY¹`r�ws�f¸�CTkS=fl^aThfc^��gTMs]s�egY\[]T_^]�pT_`��cT_t ²�$nfl^�epYns�[a`rY�b�Tlo�[]ORT
b�flYns�[]^a�nb�[]epflY¹~ROn`cs�T�S=`�Ê �CT��n`cs�TMt+flY·`µ~R�w`rYnYRegYnq�24epT�^m`r^mbmORewb�`l��N�`cs�± �4T�[z�6fc^]±0* 2|NJ��,�fc^�fcY
fc~�T_^a`r[]fc^�iÇ�n`ls]T_tº~R�p`lYRYRepYRq¸[]TMbmORYRe"�\�RT_s_²��ufcShTks]Ê�sz[aT�Sks�f  ³T�^�`¸~n�R^]T�b�flYns�[]^a�nb�[]epflY ~ROn`ls]T * fl� []T�Y
��`ls]T_t fcY�~R�w`rYRYnegYRq"[]TMbmORYRe"�\�RT_s-,�`lYnt�`"~Cfcs�[]~CflYRTMt T�È�TMb���[aegfcYÔ² � ORT�YÆ`rYKT��3`r�p�n`r[]epflY� 3^]T_~n`rep^
S=TMbmOn`rYRews]SªT�Èuews�[as�`r�p��[aORT�~RO�`ls]T_s¢`l^]T�fr� []T_YºepYc[aT�^a�gTM`��lTMt¸��TMb�`r��s�T�[aORThT  ³T_bd[ms¢fl��T��3`r�p�n`r[]epflYº`rY�t
^aT�~�`rep^�S��ns�[¢�CT�[a`l±lT�Y¸epY\[]f�`lb_b�fc�RY\[¢t��R^aegYRq=[aORT�b�flYns�[]^a�nbd[aegfcYµ`rYntÉT_`cbmOµb�flY�sz[a^]�nb�[]epflYµs�[]T�~µSk`�Ê
tRT�~CT�YntkfcYkegYR� fl^aS=`r[]epflYh[]O�`3[6ews�fcYR�pÊh`��3`rep�w`r�R�pT4`3� [aT�^�[aORT¢T�È�T_b��R[]epflYkfr� ~R^aT��uepfl�ns�~R^]fcql^m`rSksHepYk[]ORT
~n�p`lYÔ² �¶[¢`=�gf3�¶T�^P�pT��lT_�FoRs]flS=T��n`cs�ewb�sz[aT�~ns�b_`rYÉ��T�~CT�^]� fl^aS=T_t%egYµ`hS=fl^aT�fc^��gTMs]s�b�flS=~R�pT�È��P`�Êl²
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$Aepql�R^aT%�R² � ��}�T��w`3[aegfcYns�Oneg~ns���T�[z�6T_T�Y-tRT_b�ews]egfcY-b�^ae [aT�^aep`À`rYnt¹^aT_`cs�fcYRepYRqµ~ROn`cs�TMs�² �¢fl[�[]TMt·`r^a^af3�4s
s]ORf3� ��OnepbmOÉ[zÊu~�T�fl��±uYRf3���pT_t�qcT|��`ls]T * � (�,Pb�^ae [aT�^aep`�eps4�ns�TMt�� fc^���ORewbmOÉ^aT_`cs�fcYRepYRq�~RO�`ls]Tl²
�|�R^aegYRq%[]OnT�^aT_`cs�fcYRegYnq�~ROn`cs�TMs�oC[]OnT�~R^afl�n�gT_S�iZs]fl�p�\epYRqkS=T_bmO�`rYRews�S T�È�~R�gfce [ms4[aORT=b�flY�b�T�~R[as�t�T�i

sab�^aep~�[]epflYns_² �4�p�³[]ORT�b�fcYnb�T_~�[asP`rY�t�T_s]~CT_b�ew`r�p�pÊ=[]ORT�t�T_b�eps]epflY%b�^]eg[]T_^]ew`�~n�p`�Ê�t�e! ³T�^aT�Y\[¶^afl�pT_s¶`rY�tk[]OnT�Ê
`l^]T�egYu�lfc�g�cT_t�epY�t�e! CT_^]T_Y\[�~ROn`cs�TMsÔfl��[]ORT6~R^]fc�R�pT�ShiÇs]fl�p�uegYnq�ShTMbmOn`rYneps]SKepY�[aORT�~n^]fcql^m`rSKs]�R~CT�^a�ueps]egfcY
T_YRqlepYRTc²��|T�~CT�Ynt�epYRqµfcYº[]OnTkT�YRqcegYRTco³[]ORTksa`rS=Th[zÊu~�T=fr�¶±uYRf3���gTMt�qlT�Sk`�ÊµYRfr[��CTh��s�TMtº[aORT�s]`lS=T
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�¢�g��b�flY�b�T�~R[asPfr�Afl�R^�fcY\[]fl�pflqcÊk`r^aT|[af=��T�Sk`rY�`rqlTMt��uÊ�epY�� T_^]T_Ynb�T�S=T_bmOn`lYRews�Sks¶^]T_�gÊuepYRq=flYÉ±uYRf3��� i
TMt�qlT�t�T_sab�^aeg~R[]epflYÔ²P¼¢½�¾A¿k~n^]f3�uewt�T_sPT�Èu~CT�^][as|��eg[]Oº`=� ^m`rS=T��¶fl^a±�[af�s�[]fl^aT�[aORT�ep^¢±uYRf3���pT_t�qcT�`r�Cfl��[
~n^]fcql^m`rSks.epY%`�±\Ynf3���gTMt�qlT4��`ls]Tl² �u�nbmOÉ`�±uYRf3���pT_t�qcT4�n`cs�T�b�flY\[m`repYns�fcYR�pÊkegY�� fc^]Sk`r[]epflYk[aOn`3[P~R�w`�Êus
`�^]fc�gThepYÀ~R^aflqc^a`lSªSk`rY�`rqlT_S=T�Y\[_o³ej² Tc²�t�T_sab�^aep~�[]epflYns|fr�6fl~CT�^m`3[]fc^as_o�[]ORT_eg^�`r^aql�nShT_Y\[as_o�[aORT�ep^�b�fcS�i
~CT�[aT�Ynb�T�`rYntÉ`r~n~R�gewb�`l�Rep�geg[zÊ�b�fcYnt�eg[]epflYnsPfl�Afc~�T_^a`r[]fc^as_ol[aORT�ep^4^aT��w`3[aegfcYns�ouT�[abr²
NPORT�¼¢½�¾A¿¹s]fl�R^mb�Tµfl��`·±\Ynf3���gTMt�qlTµ�n`cs�T�b�`rY �CTÀ~�`r^ms�TMt `lYnt T��cT�Y\[]��`r�p�gÊ"[]^m`rYns]�w`3[]TMt egY\[]f

�3`l^]epfl�ns�� fl^aSk`3[ms�[af+��T¸~R^af�b�T_sas]T_t¹�uÊ-b�flS=~R��[aT�^h[]fufl�ws<�É`lY-epY�� T�^aT�Ynb�T¸T�YRqcegYRT%� fl^kT�È�T_b��R[]epflYÔo�`
qc^a`l~RORewb�`l�u[]fufl��� fc^��uews��n`l�gewsa`3[]epflY�ol`�s�epS��n�p`r[]fl^MorT�[abr².�|�R^aegYRq�[]ORT4~�`r^ms�epYRqnocs�ÊuY\[a`cbd[]ewb�`rY�tks�T_S=`lY\[]ewb
�cT�^ae ´Cb�`3[aegfcYnsA`r^aT6~CT�^]� fl^aS=T_t�flY�[]ORTP±uYRf3���pT_t�qcT¶t�TMs]b�^]ep~�[aegfcY���Tc² q�²go3[zÊu~CT�bmORT_bm±uepYRq|epY=`lsas�epqlYRS=T_Yc[ms�o
[zÊu~CT�b�flS=~n`3[aeg�neg�pe [zÊ �CT�[z�¶T�T�YK`r^aql�RS=T�Y\[��3`l�g�RTº[zÊ\~CT�`lYnt t�T��¯`r�R�g[%�3`l�g�RT�fl^%^a`lYRqlTco¶�P`r^aYRepYRq¹eg�
~�`r^m`rS=T�[aT�^ms6O�`��lT�YRf=egYReg[]ew`r�pews]`r[]epflYÉShT�[]ORf�t *¯tRT��¯`r�n� [¢�3`l�g�RT�fc^�egYReg[]ew`r�pews]`r[]epflY¸b�^ae [aT�^aep` ,douT�[mbr²
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�¢fr[]T=[aOn`3[�`É±uYRf3���pT_t�qcT��n`cs�Tkt�TMs�epqlYnT_t���e [aO ¼|½�¾�¿Éb_`rYÀ~Cfr[aT�Y\[]ew`r�p�pÊÀ�CTh^a�RY �uÊ�s]T��lT_^a`l��epY�i
� T_^]T_Ynb�ThS=T_bmOn`lYRews�Sks_oÔ~R^af3�\ewt�TMtµ[]O�`3[�e [�b�flY\[a`legY�s¢[aORT=^]T��\�Reg^aT_tÀegYR� fl^aS=`r[]epflYÀ� fl^�[]OnThepY�� T_^]T_Ynb�TMs�²
�|e! CT_^]T_Yc[�epY�� T�^aT�Ynb�T�S=TMbmOn`rYRews]S=s|Sk`�ÊµYRfr[��ns]T�[aORT=s]`lShTh±uYRf3���pT_t�qcT�~n`r^][as�fc^|YRfl[�epYº[aORTks]`lS=T
�P`�Êl²
NPORTP¼¢½�¾�¿¢�p`lYRql��`rqlT6On`lsA�CT�T_Yht�TMs�epqlYnT_t�[]f�f  ³T�^.`¢S=f�t�T_� iÇ�n`ls]T_t��uegT_�-fr�n[]ORTP�ns]TPfr�n~R^aflqc^a`lSks

��OnepbmOµews¢TM`ls]Ê�[af%b�fcS=~R^]T_ORT�Y�t¸��TMb�`r��s�T�eg[�b�flYnb�T_`l�ps�epS=~R�pT�S=T�Y\[a`r[]epflYµfc^|t�fcS=`legYRiÇt�T_~�T_Ynt�T_Yc[�t�T�i
[m`rep�ps_²#"¢s]egYRq�[aORews��w`rYRqc�n`rqcTlo3T�È�~CT�^][as6b�`rY=T�Èu~n^]TMs]sA[aORT�ep^�±uYRf3���pT_t�qcTP`r[.[]ORT¢T�È�~�T_^�[aeps]T��pT��lT_�Focql�Rewt�TMt
�uÊ t�T_t�ewb�`r[]TMt�^aT�~n^]TMs�T_Yc[m`3[aegfcY�~n`r[�[aT�^aYns�~R^af3�uept�TMt �\ÊÀ[]ORT��RYnt�T_^]�pÊuegYRqµfcY\[]fl�pflqcÊl²k¼¢½�¾�¿¸f  CT_^as�`
OnegqcOht�TMs]b�^]ep~�[aeg�cT6~Cf3�6T_^.b�flYu�cT�YRepT�Y\[A� fl^HS=fcs�[.`l~R~R�pepb_`3[aegfcYns�* T�ÈRb�T�~�[H� fl^�tReps�[]^aeg�n��[]TMt�� TM`3[]�n^]TMs ,A`rY�t
b_`rY���T�§%�c§m¡ �Ç¬��¶[af|�3`r^aepfl�nsAYRT_T_tRs_²�WÇ[msAO\�nS=`lY�iÇ^]TM`ltR`l�R�gT�� fl^aS�ews�TM`ls]eg�pÊ�`ltRfl~�[aT_t��uÊ�YnflY�b�flS=~R��[aT�^
sab�epT�Y\[aeps�[as_olÊcT�[�eg[¶b_`rY�`r�ws]f���T¢[]^m`rYns]�p`r[]TMt�epY\[]f��3`l^]epfl�ns.� fl^aS=`r[as�* Tl² qn²�� / � ,.epY�fc^at�T_^.[]f��¯`lb�ep�pe [m`3[]T
eg[as4egY\[]T_^]fc~�T_^a`l�Rep�geg[zÊk��e [aO¸T�È�eps�[]epYRqh[]fufc�ps *¯Tl² qn².flY%[]OnT ��T_� ,d².WÇ[4ORT_�g~�s���¤3£d¨k§�� ®w©�¬4[]ORT�tRT_sab�^aeg~�[aegfcY
�uÊ�~n^]f3�uewt�egYnqh`=b�fcS=ShfcY%�w`rYnql�n`lqlT|[]f=T�È�~CT�^][as_oR��ORewbmO%ewsP�RYnt�T_^as�[a`lYntR`l�R�gT�`cb�^afcsas¶tRflSk`repYns_o\��eg[]O
`�� fc^]Sk`l�ns�T_Sk`rY\[]ewb�s_²ANPOu�ns�e [6T�Yn`l�R�gTMsP© � §r£d® ° ¦ fr� ±uYRf3���gTMt�qlTP�CT�[z�¶T�T_YkT�È�~�T_^�[ms�² /¸fc^]T_f3�lT�^Mo3eg[6b�`lY
�CT��ns]T_t+epY-`lY epYnb�^]T_ShT_Y\[a`r�6Sk`rYRYRT_^<��� ^]fcS s]epSh~n�gT�b�f�t�T�t�f�b��nShT_Y\[a`3[aegfcY+[]fÀ`¸^aT_`l��±uYRf3���pT_t�qcT
��`ls]T|� fc^4`h~R^]fcql^m`rS�s]�R~�T_^]�uews�epflY¸s]Êus�[]T_S¸²
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	 ÂnÃÔ½AÄ�ÂnÅ ewsÉ`rY T�YnqlepYRTÀt�TMt�epb_`3[aT_t [af-~R^aflqc^a`lS s��n~�T_^]�uews�epflY ±uYRf3���pT_t�qcT�iÇ�n`ls]T_t s]Êus�[]T_Sks�o
��OnepbmO b�`lY `l��[]fcSk`3[]TÉ[aORTºbmORflewb�Tµ`lYnt T�È�T_b���[]epflY fr��~R^aflql^m`rSks�� ^]fcS `+�peg�R^m`r^aÊ+[]f·`cb�b�flS=~R�peps]O
`%~R^af�b�T_sas]egYRq�fl��yzTMbd[]ep�lTc²�NPORT�Á¢ÂnÃ�½�Ä_Â � T_YRqlepYRTh~R^]f3�uewt�T_s�` 2¢NJ��* ORepT�^m`r^mbmORewb�`l� ij[a`cs�±%YRT�[z�¶fl^a± ,
~n�p`lYRYRT�^Mo3`rY�T�È�T_b���[]epflY�S=f�t��R�pTlocs�fcShT6T��3`r�p�n`r[]epflY��¯`cb�ep�geg[]epT_sH`rY�t�`4^aT�~�`rep^�S=T_bmO�`rYRews�SÆ�ns]epYRq¢^aT�~n`leg^
`lYnt�`ct�yz�ns�[]S=T�Y\[�b�^aeg[]T�^aew`R²ÔWÇ[.�¶fl^a±us�`lsH`¢[]^aep`l�u`lYnt�T_^]^afl^�S=T_bmOn`lYReps]S��RY\[]ep�u[]OnT6^aT_s]�R�g[asH`r^aT6b�fl^a^]TMbd[_²
Á|ÂnÃÔ½AÄ�Â � ews¢b��R^a^]T_Yc[a�gÊ�[]ORT�Shf\sz[�t�T��cT��pfl~CT_tµ`rY�t�[aT_s�[]TMtµT�YRqcegYnT�[]On`r[|�¶T�On`��lTc²���egYnb�T���"�" ��o

s]T��cT�^m`r�3±uYRf3���pT_t�qcT.�n`ls]T_sÔOn`��lT.�CT�T_Y�t�T��cT��pfl~CT_t���eg[]O�Á¢Â�ÃÔ½�Ä_Â � epY�t�e! CT_^]T_Yc[A`r~R~R�pewb�`3[aegfcY�t�flSk`legYns
� N / � "�" �j² $Rfl^¢T�ÈR`rS=~R�pTloRepY¸egSk`lqlT�~R^afub�T_sas�epYRqh� fl^4`l��[]fcSk`3[]ewb�[a`l^]qcT�[�^aT_b�fcqlYReg[]epflY � � / ��
 "�" �ÇonepY
S=TMt�epb_`r� epSk`rqlepYRq	� � ��/ 
 "u� �jonfl^P� fl^4sa`3[aT��p�geg[]TMsPegSk`lqlT_s�� / / / � "l� �j²
��%'$ � ��	 
À���%�4� ��� ��2 � &)(�*+�-,�(�/ � �;
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$nfl�p�gf3��epYRq�[aORT4qlT_YRT�^m`r�nShf�t�T_�n~R^aT_s]T�Y\[aT_thegY�[]ORT�´�^as�[6bmOn`l~�[]T_^_ol[]ORT�Á¢ÂnÃ�½�Ä_ÂnÅ�T�YRqcegYRT�ews�epY�bmOn`l^]qcT
fl��`r��[aflSk`3[aepbº~R�p`lYRYRepYRqno¢T�È�T_b���[]epflY�`lYnt b�flY\[]^afl�4fl��[]ORT ~R^aflqc^a`lS=s_oP�n`ls]T_t fcY []OnTÀ±uYRf3���pT_t�qcT
��`ls]T�b�flY\[]T_Y\[as_²HNPOnT�`r�pqlfl^aeg[]ORS�fl�.Á|ÂnÃÔ½AÄ�ÂnÅ�eps4�n`ls]T_t%flY¸ORepT�^m`r^mbmORewb�`r�C~R�w`rYRYnegYRq *�2¢NJ��,�² � ep�lT_Y
`cs�egYn~R��[�`¸�ns]T�^M» s�^]T��\�RT_s�[�flY+~n`r^][]ewb��n�p`l^�tR`3[m`Ro.Á¢ÂnÃ�½�Ä_ÂnÅ;s]T��pT_b�[as�[aORTkS=fcs�[�`r~R~n^]fc~R^]ew`3[aT=~n`3[aO*Ft�T�~CT�Y�t�egYnq�flYh[]ORT4b�flY\[]T�Èu[�fr� `r~R~R�pewb�`3[aegfcY ,�egY=eg[as.OnegT_^a`l^abmOuÊ�fr�³fl~CT�^m`3[afl^ms�* ^aT�~R^aT_s]T�Y\[]epYRq�~�f\s]s]ep�R�gT
~n�p`lYns ,�²¢NPORT�´nYn`r��~R�w`rYµ[aOn`3[�~R^]f�t���b�T_s|s]`r[]ewsz�¯`cbd[afl^aÊ�fl�R[]~R��[ms¢ews4��s��n`l�g�pÊ¸YRfr[�sz[a^a`legqcOc[]� fl^a�¶`l^atÔoRe [
fl� []T_Y�^aT_s]�R� [ms�� ^aflS�s]T��cT�^m`r�R[a^]ew`r�ws¶`rYnt�T�^a^]fc^as_ol~CT�^]� fl^aS=T_t�`l��[]fcS=`r[]ewb�`l�g�pÊ=�\Êh[aORT�T�YRqcegYRTc² $Rfl^6[]Oneps
~n�R^]~Cfcs]T�[]ORT�T_YRqlepYRT��R�Rep�wtRs4`=sz[m`3[aT|[a^]T_Tlo�[af=��T��ns]T_t%[afh��`lbm±\[]^m`lbm±=flY¸�n`ct%tRT_b�ews]egfcYns�²

� qcT�YRT_^a`l�A�uepT��)fr�¶[]ORTk`r�pqlfc^]eg[]OnS fr�¶[]ORT�Á|ÂnÃÔ½AÄ�ÂnÅ�T�YRqcegYnThews�s]ORf3��Y�epY�´nql�R^aT �n²p�lo�`lYnt�eps
tRT�[a`leg�pT_tÀegY+s]T_bd[aegfcY ��² �R² �4Y+`rYnb�eg�p�gew`r^aÊÉ^]�R�pThT�YRqcegYRThepYÀ� fc^]�P`r^mtºbmOn`legYRepYRq%eps�b�`l�g�pT_tÀT_`cbmOº[]epS=Th`
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b�^]eg[]T_^]epflY�eps6[]^aepqlqlT_^]TMt ²HNPOReps¶T_YRqlepYRT�eps6[]OnT�sa`rS=T|� fl^P`r�p�³[zÊu~�TMs6fl��^a�R�gT�`rY�t�`r�p�C[]ORT�^a�R�pT_s6On`��lT|[]ORT
sa`rS=T�qlT_YRT�^m`r� s]ÊuYc[m`3È ²

Selection
of current op 

 Initial
Selection

Execution

Evaluation

Repair

while op is 
     composite

global

ok
ko

use of choice and optionality criteria
to decompose the current operator

use of repair criteria to decide
which kind of repair to apply 

use of evaluation criteria to assess
 the quality of operator results

 Decomposition op is
primitive local

 Planning

$Aegqc�R^]T ��²g����2¢egqcO�iÇ�gT_�lT�� �uepT��Kfr�HÁ|ÂnÃ�½�Ä�Â�Å�`l�gqcfl^ae [aORS

� ���3��� � ' ��� 
&� � ����� �3	��
� 	�°C¤����g¬�� ¦ ¬ �a§�©�¬6� fl^4Á¢Â�ÃÔ½�Ä_ÂnÅ Sk`legYR�pÊ�b�fcY\[a`repYns�¤m¡R¬�£a§��Z¤3£m©���ORewbmO%`l^]T|^]T_~R^aT_s]T�Y\[a`r[]epflYns�fr��~R^afri
qc^a`lSks *¯��e [aOµt�T_sab�^aeg~R[]epflYnsPfl��[aORT�ep^¢tR`r[a`=`rYnt%~n`l^a`lShT�[]T_^as-,�`lYntÉfr�A[zÊu~Repb_`r�Ôb�flS��negYn`r[]epflYns¶fl�A~R^afri
qc^a`lSks�on`cs4�¶T��p�A`cs¢b�^]eg[]T_^]ew`h[]f�qc�Rewt�T�[aORT�^aT_`cs�fcYRegYnqh~n^]f�b�TMs]s_² 1HÈ�~CT�^][as�b�`rYµT�È�~R^]TMs]s4[]ORT_eg^|±uYRf3��� i
TMt�qlT�`r[�[]OnT�T�È�~CT�^][]ews�Tk�pT��cT��jo�qc�ReptRT_t+�uÊ `µs]�R~CT�^a�ueps]egfcY�iÇfl^aegT_Yc[aT_t t�T_sab�^aep~�[]epflY+�w`rYRqc�n`rqcT *¯¼¢½�¾A¿Ro
s]T�T�bmOn`l~�[]T_^as��=`lYnt%U ,d²
Á|ÂnÃÔ½AÄ�ÂnÅ"`cb�b�T_~�[as [z�6fP[zÊu~CT_sÔfl�ub�flS=~R�pT�S=T�Y\[m`r^aÊ|t�TMb��w`r^m`3[]ep�lTHt�TMs]b�^]ep~�[]epflY�sK�Ôs�[]^a�nbd[a�R^m`r�3� ^m`rS=T�i

��`ls]T_tk`rY�t=^]�R�pT�iÇfl^aepT�Y\[]TMt ² �\[a^]��bd[]�n^a`l��t�TMs]b�^]ep~�[]epflY�s�`r^aT4�ns]T_th� fc^�� �RY�bd[]epflY�`r�pe [aegTMs�o\fl~CT�^m`3[afl^ms�oltn`3[a`
`lYntÉ`r^aql�RS=T�Y\[ms�ou��ORep�gT�^a�R�pT_s�`l^]T��ns]T_t�� fl^4b�^]eg[]T_^]ew`hT�È�~R^aT_sas�epflYÔ²

�Ô��� 
��r� 
Ô�3� $�� Í �_�l��� 
���� Ñ�� �
��b_b�fc^at�epYRq=[af�[]OnT�S=f�t�T��joÔÁ¢ÂnÃ�½�Ä_ÂnÅ)Sk`rYn`lqlTMsP[]ORT=b�fcYnb�T_~�[as¢fr� ���R~�T_^]�uews�epflY�{|~CT�^m`3[afl^ms�o��4^aql��i
S=T_Yc[ms�o $R�nYnbd[aegfcYn`r�pe [aegTMs�o�}�T��\�RT_s�[as_o\`lYnt��|flSk`repYÉ{|��yzTMbd[ms�²HNPORT_s]T|b�flYnb�T�~�[ms6`l^]T¢egS=~R�pT�S=T�Y\[aT_tk�uÊ
s�[]^a�nb�[]�R^aT_t%fl��yzTMbd[msPfl^��m£]§r¨=¬�©d²
NPORT � ^m`rS=T�� fl^aS=`l�gews]S *F`lsÉepYc[a^]f�t���b�T_t��uÊ�/µ`r^a�uegY�/¸egY�s�±uÊ ,�ews¸�ns]T_t []f Shf�t�T_����fl[]OK[]ORT

±uYRf3���pT_tRqlT��n`cs�T�[zÊu~CT_s�`rYntµ[]ORT��¯`lbd[��n`ls]T�fc��yzT_b�[as_² $R^m`rS=T_s|`r^aT��ns]T�� �R��[]f%^]T_~R^aT_s]T�Y\[¢sz[a^]��bd[]�n^]TMt
fc��yzT_b�[as¶`rYnt�fl��yzTMbd[as�egY\[aT�^a^]T_�p`r[]epflYns_²ANPOnT�Êk`r^aT4fr� [aT�Y%�ns�TMt=[]fhb�fcSh~n�gT_ShT_Y\[�[]OnT|T�Èu~n^]TMs]s]eg�cT�~�f3�¶T�^
fl��~R^]f�t���bd[]epflY�^a�R�pT_s_² /¸fc^]T_f3�lT_^_o�epYRORT_^]eg[a`lYnb�T�S=`�Ê|��T6�ns]T_t�[]f|s�On`l^]T�^]T_�p`r[]epflYns]ORep~nsÔ`rY�t�~R^]fc~�T_^�[aegTMs�²
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$n^a`lS=T_s¢`l^]T�b�flS=~R�pT�ÈºtR`r[a`%sz[a^]�nb�[]�R^aT_s4[]On`r[|^aT�~R^aT_s]T�Y\[4[zÊu~Rewb�`l�As]eg[]�n`r[]epflYns¢fl^�fl��yzTMbd[as_oC��ORepbmO�`r^aT
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fl�A`l^]qc�RS=T�Y\[asP`rY�tÉtRflSk`repY%fc��yzT_b�[as_²
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x�^]fcql^m`rSks�[]f���T%T�È�T_b���[]TMt·`r^aT�`l��[]fcYRflS=fl��s�T�Y\[ae [aegTMs�o.epYnt�T_~�T_Ynt�T�Y\[h� ^]fcS `rYnt+T�È\[aT�^aYn`r�6[]fÀ[]ORT
~n^]fcql^m`rS�s]�R~�T_^]�uews�epflYks]Ê�sz[aT�S¸²ANPOnT�Ê�Sk`�Ê�^]�RYkfcYks�~CT_b�e ´�b4S=`cbmORepYRT_sHfc^��RYnt�T_^�s]~�TMb�eg´�b�fl~CT�^m`3[aegYnq
s]Ê�sz[aT�Sks_²
WÇ�¶~R^]fcql^m`rSks4`l^]T�Shf�t��n�p`l^�T_Y\[]eg[]epT_s�fr�6`��gf�b_`r�Hs�fl� [z�¶`l^]T��gep�R^m`r^aÊlo�[]ORT_eg^�T�È�TMb���[aegfcYÀews�s�[]^m`repqlO\[]i

� fc^]�P`r^mt �H[aORT�~R^aflqc^a`lS=sP`l^]T�^a�RYµ��e [aOºb��R^a^aT�Y\[4tR`3[m`k`rYntµ`ct�T �\�n`r[]T�~n`l^a`lShT�[]T_^���`l�g�nT_s4`lYnt%[]ORT_eg^
´�Yn`r�¢s�[a`r[]�ns=ewsk^aT�[a�R^]YnT_t ² WZY b�`cs�T¸fl��~R^aflqc^a`lSksh`l^]^m`rYnqlT_t·��e [aORegY `+s�[a`lYntuiZ`r�pflYRTµ`r~n~R�gewb�`r[]epflYÔo
s]fl~nOReps�[]ewb�`r[]TMt%b�flS=S��RYnepb_`3[]epflY¸`rY�tÉs]ÊuYnbmOR^aflYRewsa`3[]epflY%��e [aO¸~R^]fcql^m`rSks¶S��ns�[4�CT�egY\[]T_ql^m`3[aT_t%egY¸T�Èui
TMb���[aegfcY¹~ROn`cs�Tco�� fc�g�pf3��egYnqÀs�~CT_b�e ´Cbk~R^afr[]f�b�fl�ws�²µNPORT�sa`rS=T�qcfuT_s�� fc^�t�ewsz[m`rY\[�~R^aflqc^a`lSks�[]On`r[�b�`lY
�CTk^aT_`lbmOnT_t�flYR�pÊº�uep`É[aORTkYRT�[_² $n�R^][]ORT_^_oA`%~n^]fcql^m`rS9s]�R~�T_^]�uews�epflY+s]Êus�[]T_S b_`rY+��T�`µtReps�[]^aeg�n��[]TMt
s]Ê�sz[aT�S9epYu�lfc�g�uepYRq%epY�� fc^]Sk`3[aegfcY�T�ÈRbmOn`rYRqcT��CT�[z�¶T�T_Y�eg[as�t�e. ³T�^aT�Y\[�b�flS=~�fcYRT�Y\[ms�`rYnt�~R^afub�T_sas�s�ÊuY�i
bmOn^]fcYRepsa`3[aegfcYÔ²�$nfl^�`r�p�A[]ORTMs�T=^aT_`ls]flY�s�o³�¶ThO�`��lT�s�[a`l^�[aT_tÀ[]f¸t�T��cT��pfl~ `Éb�flS=S��nYRepb_`3[aegfcYÀSk`rYn`lqlT_^
[aOn`3[¶T�Yns]�R^aT_s6b�flS=S��RYRewb�`3[aegfcYns6��e [aORegY�[]ORT�~R^aflql^m`rS s��n~�T_^]�uews�epflY�s]Ê�sz[aT�S¸² � flS=~�fcYRT�Y\[ms6b�flS=S���i
Ynepb_`3[]T���eg[]O¸T_`cbmO�fl[]ORT_^P[]On`lYR±�s¶[]f=S=T_sas]`lqlT_s�[]O�`3[¢`r^aT�^]fc��[]TMt��uÊk[aORT�b�flS=S��RYRewb�`3[aegfcY%Sk`lYn`rqcT�^Mo
��s�epYRq�`=~R^afr[afub�fl�pT�s�~CT_b�e ´Cb�[]f�TM`lbmOµb�fc�R~R�pT�fr��b�fcSh~CflYnT�Y\[as_²�WZYºb_`ls]T�[]ORT�~n^]fcql^m`rSks6[]f�s]�R~CT�^a�\ews]T
`l^]T|`r��[aflYRfcShfc�ns�T_Y\[]eg[]epT_s�[]On`r[¶~CT�^][a`legYk[afh`�sz[m`rYntuiZ`r�pflYnT¢`r~R~n�gewb�`r[]epflYÔoc[]ORT�t�ew`r�pflqc�RT4�CT�[z�¶T�T�Y�[]ORT
T_YRqlepYRTcou[]ORT�±uYRf3���pT_t�qcT|��`ls]T�`lYnt�[]ORT�~R^aflqc^a`lSks6ewsPOn`lYnt��pT_tÉ�uep`=`h~R^af�ÈuÊkS=TMbmOn`rYRews]SÉ²
NPORews4b�flS=S��RYnepb_`3[]epflYÉSk`rYn`lqlT_^6��ep�g��T��lfc�g�cT|epYÉ[]ORT�YnT_`r^P� �R[]�R^aTl²
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NPOnT¶Á¢Â�ÃÔ½�Ä_ÂnÅ qc�gfc�n`r�cegYR� T�^aT�Ynb�T6T_YRqlepYRT���s�TMs�`¢ORegT_^a`l^abmOnepb_`r�l~n�p`lYRYRepYRq4[aT_bmORYRe"�\�RT�� fc^�eg[asHb�flYns�[]^a�nbdi
[aegfcYÀ~RO�`ls]Tl² � ~R^aflql^m`rSÓs]�R~�T_^]�uews�epflYÀORegT_^a`l^abmOnepb_`r��~n�p`lYRYRT�^��¶fl^a±us|flY `�OnegT_^a`l^abmOuÊÉ^]T_~R^]TMs�T_Y\[]epYRq
`l�ns�[]^m`lbd[aegfcY��pT��cT��ws���T�[z�6T_T�Y¸fl~CT�^m`3[afl^ms *¯`r��sz[a^a`cbd[0 rb�fcSh~Cfcs]eg[]T�`rYntÉ^aT_`r�  �~n^]epS=e [aeg�cT|fcYRT_s-,d² ��ORegT_^�i
`l^abmOnepb_`r�Ô~R�w`rYnYRT�^|´n^msz[|b�flYns�[]^a�nb�[as�`rYº`r��sz[a^a`cbd[¢~R�w`rY�o�[aORT�YÀ^]T�´nYRT_s|eg[¢� fl^�`k~n`l^�[aepb��R�w`r^|s]eg[]�n`r[]epflYÔ²
2¢egT_^a`l^abmOnepb_`r� ~R�w`rYRYnegYRqkews4~n^]T�� T�^a^]TMt%epYµ~R^aflqc^a`lSËs��n~�T_^]�uews�epflYÔonS=`legYn�gÊÉ��TMb�`l�ns�T�[]ORT�T�È�~�T_^�[¢fl� []T_Y
[aORepYR±�s¢epYµ[]T_^]Sks|fr��`l�nsz[a^a`cbd[¢~n�p`lYÀs]bmOnT�S=T_s_²|NPORT�^]T_�p`r[]epflYns¢��T�[z�6T_T�Yµ[aORT�`l�ns�[]^m`lbd[aegfcYµ�gT_�lT_�ps|t�T�i
Ynfr[]T�Sk`legYR�pÊ%`l� [aT�^aYn`3[aeg�cT *¯bmORfcepb�T_s-,�fc^¢s]T �\�RT�Y\[aep`l�Ôt�T_b�flS=~�f\s�eg[]epflY�s�² �Æ~n�p`lYºsz[aT�~µb�fc^]^aT_s]~�fcYntRs6[]f
[aORTPT�È�T_b���[]epflY * fc^HtRT_b�fcS=~�f\s�eg[]epflY ,�fr�³`rY�fl~CT�^m`3[]fc^�epY�[]ORTPORepT�^m`r^mbmOuÊ|��eg[]O=`¢~�`r^][]ewb��R�w`r^H~n`l^a`lShT�[]T_^
epYns�[a`lYc[aep`r[]epflYÔ²

� ep�lT_Y"`��ns�T_^_» s�^]T��c�nT_s�[h`rY�t-`�±\Ynf3���gTMt�qlT%�n`ls]TloH[aORT¸T�YRqcegYRT¸t�T_�lT��pfl~�s�`lY·T�È�T_b���[]epflY"~R�w`rYÔo
��OnepbmO b�fl^a^aT_s]~�fcYnt []f"[]ORT+s]�nb�b�T_sas�ep�lT�T�È�~n`rY�s�epflYns%fr�hb�flS=~Cfcs]e [aTÀfc~�T_^a`r[]fl^ms�`lYnt T�È�T_b��R[]epflY�fl�
~n^]epS=e [aeg�cThfcYRT_s_²=WZY �¯`lbd[�eg[�t�T_�lT��pfl~�s�s]T��cT�^m`r�A[]T_Y\[a`3[aeg�cT=~R�p`lYns_o�s�fcS=Thfl�6[aORT�S Sk`�Êº��T�`l��fc^�[aT_t o
tR�RT�[]f=~R^afl�R�pT�Sks�t�T�[]TMbd[]TMtµt��R^aegYnqh^aT_`cs�fcYRepYRqn²HNPORT�s]fl�p��[]epflYÉ~R�w`rYÔoReg�He [¢T�È�eps�[as_o�eps4~R^]f�t���b�T_tÉ`ls�`
^aT_s]�R�g[�fr�H~R^]fcql^m`rS�s]�R~�T_^]�uews�epflY�oR`lsP�¶T��p�Ô`ls¶[]OnT�fl��[a~R��[¢tR`r[a`R²

� ������� � �3$�'�� �+�(�

� T=`r^aT�qlfcegYnqk[]f¸t�T�[m`rep��[aORThS=`legY��gfufc~ºfr��[aORThT�YRqcegYRTc²�WÇ[|[m`r±lTMs|`cs¢epYR~R�R[�`��ns�T_^_» s|^]T��c�nT_s�[�`rY�t
� fc�g�pf3�4s6[]ORT�`l�gqcfl^ae [aORSËs]±lT�[abmORTMt�epY%´�ql�R^aT �n² ��²

(�(*),+.-0/0101



�\� � §���® °C¬�
À¤3®w©�§3°

WZY=[aOReps�´nql�n^]TP[aORT4~RepT_b�T_s.fl�³±uYRf3���pT_tRqlT¶� ^]fcS [aORT4±uYRf3���pT_t�qcTP�n`ls]TP[]On`r[6`r^aT��ns]T_t=`3[6T_`lbmOks�[]T_~
`l^]T|��^]eg[�[aT�Y%egY%^]TMt ²HWÇ[�s]ORfc�R�pt���T�YRfl[]T_t�[]On`r[6[aORT�fl^mt�T�^6egYÉ��ORewbmO�[aORT_s]T|~negTMb�T_s6fr��±\Ynf3���gTMt�qlT�`r^aT
��s�TMt�ews4s]flS=T�[aegS=T_s¶�¯`leg^a�pÊ�t�e! CT_^]T_Yc[P[aOn`rYÉ[]OnT�fl^mt�T�^Pfr�A[]OnT�ep^4t�T_b��p`l^a`r[]epflY�epY¸¼¢½�¾A¿R²
NPORTk^aT_s�[�fr�¶[]ORews�s]T_b�[]epflY¹t�T_sab�^aep��TMs�T_`lbmO ~ROn`cs�T=fl�6[aORTk^]TM`ls]flYRepYRqÉ~R^afub�T_sas *¯`ls�~R^]TMs�T_Y\[]T_t�epY

s]T_b�[]epflY��R² � ,HegY%t�T�[m`rep�ps�� fl^¶Á|ÂnÃ�½�Ä�Â�Å�² �|s�s]ORf3��YkepYk[]ORT¢´nql�n^]Tcor[]OnT¢~ROn`cs�TMs *¯egYntRepb_`3[]TMtkepY�t�fr[][]TMt
^aT_b�[a`lYRql�pT_s-,Pfr��b�flYns�[]^a�nb�[]epflYÔoCT�È�T_b���[]epflY�o�T_��`l�g��`3[]epflY�oC`lYntµ^aT�~n`leg^�`r^aT�egY\[aT�^a�gTM`��lT_tÔon�CT_b�`l�ns]T�[]OnT�Ê
b��gf\s�T_�gÊÉt�T�~CT�Y�t¸� ^]fcSªfcYRT�`lYRfr[aORT�^3��[aORT�^aT_s]�R�g[as�epYµ[]OnT�flYRT�sz[aT�~ºfl�.b�flYns�[]^a�nb�[]epflY¸Sk`�Ê%epY��n�RT_Ynb�T
[aORT�YRT�È\[4fl[]ORT_^4sz[aT�~Ôo�`rYntÉ`=�n`lbm±\[a^a`cbm±=tR�RT�[]fh[]OnT�YRT_b�T_sas�eg[zÊkfr�H^aT�~n`leg^aegYnq�epS=~R�gepT_s4^]TMb�flY�s�ewt�T�^aepYRq
[aORT�b��n^]^aT�Y\[�b�flY�sz[a^]�nb�[]TMt�~R�w`rY�²

� ������� � � �!' -#$ ��� � -�$&�(' � � �3	.�
NPOnT�´n^msz[�~ROn`cs�T�ews�`�~R^aT��pegS=epYn`r^aÊ ® �l¬�° �j® � �m§��j®¯¤3°É~ROn`cs�Tc²¢WZY�Á|ÂnÃÔ½AÄ�ÂnÅ [aORThept�T_Y\[]eg´�b�`r[]epflYº~RO�`ls]T
~CT�^]� fl^aSks4`=Sk`3[mbmORegYnq���T�[z�6T_T�YÉ[]OnT�s]�R~�T_^]�uews�epflYÉfl~CT�^m`3[afl^msPegY¸[aORT�b��R^a^]T_Yc[�±uYRf3���pT_t�qcT��n`ls]T�`rY�t
`��ns]T�^M» s¢^]T��c�nT_s�[_²�WÇ[�s]T_`l^abmORTMsP[]OnT���ORfc�gT�±uYRf3���gTMt�qlT��n`ls]T�� fl^ * ��s��n`l�g�pÊµb�fcSh~Cfcs]eg[]T ,4fl~CT�^m`3[afl^ *¯s-,
��OnepbmO Sk`�Êºs�fc�g�cT�[]OnTh��s�T_^_» s�~R^]fc�R�pT�S¸oÔflYÀ[]ORT=�ns]T�^M» s�tn`3[a`n²hNPOnT�Sk`3[mbmO�ews��n`cs�TMtºflY�[]OnT�� �nYnbdi
[aegfcYn`r�peg[]epT_s�qceg�cT�Y []f�s�fcShT�fl~CT�^m`3[]fc^as��uÊ�[]ORT�T�È�~�T_^�[h`rYnt+fcY+[]ORT%egYR~n��[htR`r[a` * []ORT_eg^�[zÊu~�TMs�`rY�t
Yu�RS���T_^_oRs]T�T�´nqc�R^aT ��² U ,d²�NPORT��CT_s�[4S=`r[abmOÉeps¶[aORT�fl~CT�^m`3[afl^P��ORfcs]T�� �RYnb�[]epflYn`l�geg[zÊ�b�fc^]^aT_s]~CflYntRs�[]f
[aORT�fcYRT�^aT �\�RTMsz[aT_t �uÊ�[aORT��ns]T�^Mo.`rYnt+��OnepbmO·O�`ls�[aORT�sa`rS=T�Yu�RS���T_^�fr�4epYR~R�R[htR`r[a`RoH�CT��pflYRqcegYnq
[af�[aORT�sa`rS=T�[zÊu~CT_s * fc^�`%s]�R~CT�^]iF[zÊu~CT ,|`ls�[aORTktR`3[m`�~R^af3�ueptRT_tµ[af�[aORTks�Ê�s�[]T_S9�uÊ¸[]ORTk�ns]T�^M²h{|YRT
Sk`r[abmORepYRq=fl~CT�^m`3[afl^Peps�bmOnfcs]T�Y¸`lsP^af\fl[¶YnfutRT�� fl^P[]OnT�YRT�Èu[4~ROn`cs�TMs�²
NPORews¶egS=~R�pepT_s�[]On`r[6� �RY�bd[]epflY�`r�pe [aegTMs6`lYnt�`r^aql�nShT_Y\[as.[zÊu~CT_s6On`��lT¢��T_T�Y�~n^]fc~�T_^]�pÊhtRT�´nYRTMt��uÊh[]ORT

T�È�~�T_^�[M²�WÇ�¶s]T��cT�^m`r�Afl~CT�^m`3[]fc^as¢Sk`3[abmO�o³[]ORTh´n^msz[�� fl�nYntÀews|[a`l±lT�Y * epY tRT�~�[aO�iF´�^as�[�s�TM`r^mbmO¸� ^]fcS []ORT
^afufr[�fr��[]ORT�fc~�T_^a`r[]fc^¶OnegT_^a`l^abmOuÊ ,d²
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Identification of starting supervision operator

user’s request in/out types 
& operators functionalities and in/out types

Construction of solution plan

add starting supervision operator in current plan

A current operator exists in plan
        (i.e. not yet executed)

true

prepare operator = initialise parameters
initialisation rules
or default values 

test                          of operator

true

execute operator

evaluate results

ok, continue

using 

primitive 

composite: 
      decompose
using

apply repair strategypb,
repair

real

simulation

execute program

generate script

sequence

alternative

add sons in current plan

−choose best son

 
−add son in current plan

choice rules 

execute effects

stop
false

stop
false

  => bactrack in plan

   or re−execute current operator

skip to next operator not yet executed in plan

test optionality of operator
optional and not applicable

not optional or applicable

optionality rules 

using

using

postconditions

test                        of operatorpreconditions

using

using

I−O relations
&calling syntax using

I−O relations
& calling syntax 

using

effects using

evaluation
rules 

using

repair rules 

adjustment rules using

no
stop (the current plan
        is a solution)

yes

body and flows

none found in KB
stop 

starting operator found

Evaluation and Repair

Execution

$Aegqc�R^aT���² � � ��bmORT�[mbmOuÊ �4�pqlfc^]eg[]ORSËfr��Á¢ÂnÃ�½�Ä_ÂnÅ 1.YnqlepYRT�}�T_`cs�fcYRYRepYRq
(�(*),+.-0/0101
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1

2

User Request
  − Functionnality : F1
  − Data : D1 type T1
               D2 type T2

Knowledge Base
operators achieving
functionality F1

T4
T3T1

T2
T3

T’1
T2(T’1 super−type of T1)

A B

C

$Aepql�R^aT ��² U ��Á|ÂnÃ�½�Ä�Â�Å ´n^as�[|^aT_s�[]^aewbd[as4[]ORT=s]T_`r^mbmOÉ[]f%fl~CT�^m`3[]fc^as4��e [aOº[]OnT�sa`rS=T�� �RY�bd[]epflY�`r�pe [zÊµ`ls
[aORT�flYRT�egY�t�epb_`3[aT_t�epY�[aORT��ns�T_^_» s6^]T��c�nT_s�[_o\[]ORT_Y�eg[4s�T_�gTMbd[as¶`rS=fcYRq�[aORfcs]T¢[aORT�flYRT *¯s-,.[aOn`3[POn`��lT¢[]ORT
sa`rS=TkYu�RS���T_^�fr��`r^aql�RS=T_Yc[ms�o���e [aO+[zÊu~�TMs�b�fcSh~�`3[]ep�R�pT���eg[]O+[]OnT�tR`3[m`¸~R^af3�\ewt�TMtÀepY+[]ORT�^]T��c�nT_s�[*¯ORT�^aT � ,d²

� ������� ���(' 	 -#
���� -�$&�(' � � ��	��

NPOnT6b�fcYns�[]^a�nbd[aegfcY�~ROn`ls]T�[aORT�Y�s�T_�gTMbd[asA`rY�t�`lsas�T_S��R�pT�fc~�T_^a`r[]fl^ms epY�fc^at�T_^ []f|egY�b�^aT�S=T�Y\[�[aORTPb��R^a^]T_Y\[
~�`r^][]ew`r�\~R�p`lYÔ²HNPORepsA~RO�`ls]T6~CT�^]� fl^aSks�`�t�T�~R[]O�ij´n^msz[�s]T_`r^mbmO�epYh`lY�fl~CT�^m`3[afl^�ORegT_^a`l^abmOuÊco�s�[a`l^�[aegYnq4� ^aflS
[aORTP~R^aT��uegfc�ns]�gÊ�s]T��pT_bd[aT_t�^]fufr[Afl~CT�^m`3[afl^�* epY�ewt�T�Y\[ae ´�b_`3[aegfcY�~ROn`cs�T ,d²�{|YRTPs�epYRql�pT�OnegT_^a`l^abmOuÊ�epsHbmORf\s�T_Y
epYº[aORT=eptRT�Y\[]eg´�b�`r[]epflY�~ROn`ls]T=`rYntÀ[]ORThT�YnqlepYRT=qlfuT_s¢[]OR^afl�nqlOº[aORews|�nYRe �\�RT=ORepT�^m`r^mbmOuÊlo³��ORewbmOÀS��nsz[
[aORT�^aT�� fc^]T��CT�b�flS=~R�pT�[aTlo�[afh´nYnt%[]ORT��CT_s�[4~n`r[]OÔ²
NPORews¶~ROn`cs�T�T�È�~R�pfleg[as�[]ORews¶ORepT�^m`r^mbmO\Ê=b�fcS=~�f\s�TMtkfr��b�flS=~Cfcs]e [aT|fc~�T_^a`r[]fl^ms_olfr��[]ORT_eg^�t�TMs]b�T�YntR`lY\[

`lYnt%fr��[aORT�ep^4`3[][a`cbmORT_tÉb�^ae [aT�^aep` * ��s�TMt�� fc^4bmORflewb�TMs6epYÉ~n`r^][]ewb��R�w`r^ ,d².�|�R^aegYRqh[aOReps4~ROn`ls]Tlo�b�flS=~�f\s�eg[]T
fc~�T_^a`r[]fc^as�`l^]T%T�È�~n`lYnt�T_tÔo.[]ORT_eg^=s]�R��iÇfl~CT�^m`3[]fc^as�`r^aT�sabmORT_t��n�gTMt¹[]f �CT%~R^af�b�TMs]s]T_t o.`lYnt¹[aORT%~n�p`lY
ews�^]T�´nYRTMt ²�N�f%^aT�´nYnTh`%~R�w`rY�x���S=TM`rYns|[]f%[]^m`rY�sz� fc^]S eg[��uÊµqcflepYRq%fcYRT�s�[]T_~ tRf3��Y\�P`r^mtRs¢egY�[]ORT
`l�ns�[]^m`lbd[aegfcY=�gT_�lT��ws�fl� []ORT|ORepT�^m`r^mbmO\Êc²�NPORews6^]T�´nYRT�S=T_Yc[¶fl~CT�^m`3[aegfcYk�gTM`ltRs�[]f�`�t�T�^aeg�cT_t=~R�w`rY�o\��OnT�^aT
TM`lbmOÉfl~CT�^m`3[afl^�ews�T�eg[]ORT_^¢`rY¸fc~�T_^a`r[]fl^Pfl�.x���fl^4`lYÉfc~�T_^a`r[]fc^PtRT�^aeg�cT_t%� ^]fcSª`lYÉfc~�T_^a`r[]fc^¶fl�������uÊ
T�È�~n`rYns]epflY�fl�Hb�flS=~Cfcs]e [aT�fc~�T_^a`r[]fc^as_²
{|YR�pÊ�[aORT�b��n^]^aT�Y\[�fl~CT�^m`3[afl^PegYÉ[aORT�^a`lYR±\ijfc^atRT�^aT_tk~R�w`rYÉfr��Á¢Â�ÃÔ½�Ä_ÂnÅ�epsPT�È�~n`rYntRT_tÉ`3[¢`�[]epS=Tl²

$Aep^as�[�e [|epsPepYReg[]ew`r�pe��_T_t * � fc^4~n`r^m`rS=T�[]T�^�s]T�[][]epYRq ,¶�ns]epYRqh[]ORT�epYReg[]ew`r�pe��M`3[aegfcYÉb�^]eg[]T_^]ew`R².NPORT�T�Èu~�`rYns]egfcY
[aORT�Y¸~R^af�b�T_T_tÉ`ls¶� fl�p�pf3�4s�²
NPORT�bmORep�ptR^]T_Y�fr��`�b�flS=~Cfcs]e [aT¢fc~�T_^a`r[]fl^���e [aO%`�s]T �\�RT_Y\[]ew`r��tRT_b�fcS=~�f\s�eg[]epflYk[zÊu~CT�`l^]T|`ltRt�TMt=[]f

[aORT�~R�w`rY�oMepY�[]OnT�fl^mt�T_^Ôqlep�lT_Y��uÊ|[]ORT�T�È�~�T_^�[M²�WÇ��[aORT�^aT�ews�`rY�fc~�[]epflYn`l�cs]�R��iÇfl~CT�^m`3[afl^Mo�eg[�eps�`r�ws�f4`ctRt�TMt
[afh[]ORT�~R�w`rY¸`r�pflYRqh��eg[]OÉe [ms�`r~R~R�pewb�`r�neg�pe [zÊ%b�flY�t�e [aegfcYÔ².NPORT�b�fcYnt�eg[]epflYÉ��eg�p� ��T�[aT_s�[]TMt%t�ÊuYn`lS=epb_`r�p�gÊ
yz��sz[=��T�� fl^aT�[aORTÉT�È�T_b���[]epflY·fc^�[aORT¸^]TMb��R^ms]eg�cT�T�È�~n`lYns�epflY-fr��[]OnTÉfc~�[]epflY�`r�Ps��R�Rijfc~�T_^a`r[]fl^M²ÀWÇ�|[]ORT
b�flYntRe [aegfcY%ews�YRfl[PS=T�[�[]ORT�fc~�T_^a`r[]fl^P��ep�g����T�s]±ueg~R~CT_tÔ²

$nfl^|`%b��R^a^aT�Y\[|b�fcS=~�f\s�eg[]T�fc~�T_^a`r[]fc^4��e [aOÀ`�s]~CT_b�ew`r�pe �_`3[aegfcY� 3`l� [aT�^aYn`3[aeg�cT�t�T_b�flS=~�f\s�eg[]epflY¸[zÊu~CTlo
[aORT�T�YRqcegYRT��ns]T_s6[]OnT�`r[�[a`cbmORT_t%bmORflewb�T�b�^ae [aT�^aep`�[]f=s�T_�gTMbd[Mou`lS=flYRqh`r�p��[aORT�`��3`rep�p`l�R�gT|s��R�Rijfc~�T_^a`r[]fl^ms_o

���'(����
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[aORTPflYRTP��ORewbmO=epsA[aORT�S=fcs�[�s��Reg[a`l�R�pTlol`cb�b�fc^atRegYRq¢[]f�[aORT�tR`3[m`�tRT_sab�^aeg~�[aegfcYnsH`rYnt�[aORT�bmOn`r^m`lb�[]T�^aewsz[aepb_s
fl��[]ORTÉfl~CT�^m`3[afl^ms�²�NPORT%s]ÊuYc[m`3È¹fr�¢bmOnflewb�T�^a�R�pT_s�`r�p�gf3�4s�[]ORTÉ�ns]T�fr��s�~CT_b�e ´�b�� �RYnb�[]epflYns_o�s]�nbmO-`ls
«u©�¬ �=¤m¡R¬�£]§ �Ç¤r£ ���Z¤ ��� � � §3£]§�� �Z¬�£d®w© �j®�����`lYnt+£]¬��m«u©�¬ �=¤m¡R¬�£]§��Z¤3£ ���z¤ ��� � � §3£a§ � �Ç¬�£d®w© �F®����3²|NPORT_eg^|T  ³T_bd[|eps
[af�epYnb�^]TM`ls]T&* ^aT_s]~Ô².t�T_b�^]TM`ls]T ,.[]ORT�t�T�qc^]T_T¢fl��egY\[aT�^aT_s�[P`cs]s]f�b�ew`3[]TMth[]f�[]ORT�s]�R��iÇfl~CT�^m`3[]fc^as_²�NPOnT�s]�R��i
fc~�T_^a`r[]fc^.��e [aOk[]ORT¢ORegqcORT_s�[6t�T_ql^aT�T���ep�g����T|bmORfcs]T�Y * epY�b_`ls]T�fr� T �\�n`l�geg[zÊlol[]ORT¢´n^as�[�flYnT4egY=[aORT¢�Cf�t�Ê
�pewsz[�ews�~R^aT�� T_^]^aT_t ,d²HNPORTP� �RYnb�[]epflYns�[]On`r[�[a`l±lTPegY\[af�`lb_b�fl�nYc[�bmOn`l^a`cbd[aT�^aeps]epb_sH`r^aT¶�pT_sas.^aT��P`r^mt�epYRq�[]On`lY
[aORT�fl[]ORT_^as * ej² Tc²�«u©�¬ �h¤d¡�¬�£]§ �Ç¤r£ �h¤ ��� � � §3£]§�� �Z¬�£d®w© �j®�� 
�e ��eg[�`l~R~R�pegTMs4[af�fl~CT�^m`3[afl^4fc~ÔoC��eg�p��epYnb�^]TM`ls]T
�pT_sasPeg[as4t�T_ql^aT�T�fr�AegY\[aT�^aT_s�[¶[aOn`rY+«u©�¬ �h¤d¡�¬�£]§ �Ç¤r£�¤m¡ ,�²6NPORT�s]�R��iÇfl~CT�^m`3[afl^¶��e [aOÉ[]ORT�OnegqcORT_s�[4t�T�qc^]T_T
��ep�p���CT|bmORf\s�T_YÔ²AWZY%b�`cs�T¢fr�ÔT �\�n`l�geg[zÊlol[]ORT|´n^msz[¶flYRT¢egYk[aORT���f�t�Ê=�peps�[6ews�~n^]T�� T�^a^]TMt ²'�Ks��n��ijfc~�T_^a`r[]fc^
Sk`l^]±cT_t+`ls�^aT�� ��s�TMt���ep�p�6YRfl[��CT�b�fcYns�ewt�T_^]TMtÀ� fc^�[]OnT%b��n^]^aT�Y\[�[]epS=T * �n��[�eg[�Sk`�ÊÀ�CT��w`3[aT�^�eg��[]ORT
^aT_`cs�fcYRepYRq�b�flS=T_sP�n`cbm±k[]fh[aORT�bmORflewb�T�~CflepY\[¢`3� []T_^��n`lb�[]^m`lbm±\[]epYRq ,d²
WZY=`¢~�`r^][]ew`r�\~R�p`lY��nYnt�T�^.b�flYns�[]^a�nbd[aegfcY��Cfr[aO�b�fcS=~�f\s�eg[]TP`rYnt�~R^aegS=eg[]ep�lT¶fl~CT�^m`3[afl^msÔSk`�Ê�`r~R~CT_`l^_o

�n��[4egYÉ[aORT�´nYn`l�Ôs�fc�g��[aegfcY *¯s-,donflYR�pÊ�~R^aegS=eg[]ep�lT�flYnT_s�`r^aT�`r�p�gf3�¶T_t ²
$Aepql�R^aT �n² �ks�ORf3�4s¢`hs]epSh~n�gT�T�ÈR`rS=~R�pT�fr�.`rY¸fl~CT�^m`3[afl^�ORepT�^m`r^mbmOuÊl².WZYÉ[]ORews4OnegT_^a`l^abmOuÊ=[]OnT�^aT�`r^aT

�Cfr[aOÀ~R^aepSheg[]ep�lT *]¬ � ¦ � 	 � ,�oÔ`rYnt�b�flS=~Cfcs]e [aT�fc~�T_^a`r[]fc^as4[]On`r[���ep�p�A�CT=T�È�~n`lYnt�T_t�t��R^aegYnq�~R�w`rYRYnegYRq*a¬�� ¦ � 	 U ,�²

or

Sequence

init. criteria

1

2 3

5

choice criteria
4

6

$Aepql�R^aT �n² � �Àx�On`ls]Tµfr��b�fcYns�[]^a�nbd[aegfcY"epY�Á¢ÂnÃ�½�Ä_ÂnÅ �ºfc~�T_^a`r[]fl^µ�µews�t�TMb�fcSh~Cfcs]T_t epY\[]f¹eg[as�s]�R��i
fc~�T_^a`r[]fc^as_o�fl~CT�^m`3[afl^4� * ~n^]epS=e [aeg�cT ,Pews�T�È�TMb���[aT_t oC`3� []T_^¢`r~n~R�gewb�`r[]epflY¸fr�.eg[as4`r[�[m`lbmORTMt%epYReg[]ew`r�pe��M`3[aegfcY
b�^]eg[]T_^]ew`Ro³[aORT�Y�[]OnT=bmOnflewb�Th��T�[z�6T_T�Y fl~CT�^m`3[]fc^as �µ`rYnt �%eps�~CT�^]� fl^aS=T_tº��s�epYRqÉ[]ORTkbmORfcepb�Thb�^]eg[]T_^]ew`Ro
T�[abl²�NPORT * �R�p�RT ,4tR`ls]ORT_tÉ`r^a^af3�4s�^aT�~R^aT_s]T�Y\[¶[]ORT�´�^as�[4~R�w`rYÉqlT�YnT�^m`3[]TMt��uÊ�[aORT�T�YnqlepYRT � �Ron��o � �Ç²

� ORT_Yº`r�p� []OnT�s��R�Rijfc~�T_^a`r[]fl^msP`r^aT�T�È�~n`rY�t�T_t o�`rYntÉ^aT_b��n^as]eg�cT��pÊ�t�T_b�flS=~Cfcs]T_tÉfl^�T�ÈuTMb���[aT_t on[]ORT
��T  ³T_b�[as ��fl��[]OnT�b�flS=~Cfcs]e [aT��¯`3[]OnT�^4fc~�T_^a`r[]fl^P`r^aT�T�È�T_b���[]TMt ²
� �����
� 
������ �,-�$&�(' � � �3	.�
WÇ��[]ORT�b��R^a^]T_Yc[Pfl~CT�^m`3[afl^¶[]fh[a^]TM`3[�eps�`h~R^aepSheg[]ep�lT�fcYRTlou[aORT�T�È�T_b���[]epflYÉ~ROn`cs�T�^a�RYns *¯tReg^aT_b�[]�pÊ�fl^P�uep`
`=b�flS=S��RYnepb_`3[]epflYÉ~R^afr[afub�fl� ,.[aORT�~R^aflqc^a`lS;`lsas�f�b�ew`3[aT_t���e [aOÉeg[_²
WÇ[�s�[a`l^�[ms �uÊ|s]T�[][]epYRqP[]ORT���`l�g�nT_s fl�\[aORT�ep^ÔepYR~R��[A`r^aql�RS=T�Y\[msK�C[]OnT�tR`3[m`�`rYnt�~n`l^a`lS=T�[]T_^as³epYnt�ewb�`r[]TMt

epY�[]ORTkb�`l�g�pepYRqÉs]ÊuY\[a`3Èº`l^]Th^]T_~R�w`lb�TMtº�uÊ¸[]OnT�ep^�`cbd[a�n`r�.�3`r�p�RTMs�²�$nfl^�~n`l^a`lShT�[]T_^|epYReg[]ew`r�pe��M`3[]epflY�o []ORT

(�(*),+.-0/0101
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T_YRqlepYRTP´n^ms�[��ns]T_s.[aORT4epYReg[]ew`r�pe��M`3[]epflYk^a�R�pT_s_or[aORT�Yk[aORT¢t�T��¯`r�R�g[6�3`l�g�RTMsH� fl^¶s�T�[�[aegYRq�~n`r^m`rS=T�[aT�^.�3`r�p�RTMs�²
WÇ�.s]flS=T�~n`r^m`rS=T�[aT�^msPsz[aeg�p� On`��lT�YRf=�3`r�p�RTMs�ou[aORT�T�È�T_b���[]epflYÉews4`r�Cfl^][]TMt oR`rYnt�[]OnT�T�YRqcegYRT�s�[]fc~ns�²
� fcYnb�T_^]YRepYRq·epYR~R�R[ÉtR`r[a`Ro¢e [É�ns�TMsk[aORT�tR`r[a` �nf3�4sK�+t�ewsz[a^]ep�R��[aegfcY iZb�flS=epYRq¹� ^aflS []ORTÀ�¯`3[aORT�^

fc~�T_^a`r[]fc^�iÔfc^ �nf3� iZb�fcShepYRq�� ^aflS �R^afr[aORT�^ms�²HNPORT4epYReg[]ew`r�C�3`r�p�RT_s6fr��tR`r[a`�`l^]T¢qlep�lT�Yk�uÊ�[]ORT�^aT �\�RT_s�[_o
`lYnt=~n`cs]s]T_th[a^]fc�RqlOh[]OnTG�nf3�4s_²#��flS=T|tR`r[a`�Sk`�Êhb�flS=T�� ^aflS [aORT¢fc��[]~R�R[¶tR`r[a`�fl�³fl[]ORT_^�fc~�T_^a`r[]fl^ms_o
[aOn`3[�ews���OuÊº~R�w`rYRYRepYRq¸ews�egY\[]T_^]�pT_`��cT_tÀ��e [aO T�È�T_b��R[]epflY+`rYnt�^]T_~n`rep^�~ROn`cs�TMs�² 1�`lbmO ~R�w`rYRYnegYRqµs�[]T_~
Sk`�ÊÉt�T�~CT�Ynt¸fcY¸egY�� fc^]Sk`r[]epflYÉ[]On`r[¢ews4flYn�gÊÉ`���`leg�w`r�n�gT�`3� [aT�^¢[]ORT�T�È�T_b��R[]epflY¸fr�.~R^aT��uepfl�nsP~R^aflqc^a`lSks
epY=[]OnT4~R�w`rY�`rY�t�[aORT4T�È�`cbd[�� fc^]S)fr�³[]OnT4~R�w`rY=[zÊu~Rewb�`r�p�pÊ�t�T_~�T_YntRs�fcYkegYR� fl^aS=`r[]epflYh[]O�`3[�ews�`��3`rep�p`l�R�pT
`r[�T�È�T_b���[]epflY%[]epS=T�flYR�pÊl²

�4� []T�^a��^mtRs�oP[aORTº~R^aT_b�flYntRe [aegfcYns�`r^aT¸[]TMsz[aT_t [af-bmORT_bm±"e ��[aORTºfl~CT�^m`3[afl^�s]ORfl�n�pt `l~R~R�pÊ-epY []ORT
b��R^a^]T_Yc[¢s�[a`r[]Tco�eg��YRfr[¢[]ORT�T�YRqcegYRT�sz[afl~ns_²4NPORT�T�ÈuTMb���[aegfcYµe [ms�T_� ��b_`r�p�ps4[]ORT�~R^]fcql^m`rS � ²4�|T�~CT�Ynt�epYRq
fcY�[aORT�bmORf\s�T_Y%S=f�t�T�iÇ^]TM`r� fl^4s]epS��R�w`3[aegfcY�i�e [4T_e [aORT�^|b�flY�b�^aT�[]T_�gÊ�T�È�T_b���[]TMs¶[]ORT�b_`r�p�Ôfl^�fcYR�gÊ�~R^]epY\[as
`Ésab�^aeg~�[Mo ��e [aORfl�R[�^aT_`l�AT�È�T_b��R[]epflYÔ²�NPOnT�´nY�`r�Hfl��yzTMbd[aeg�cT�fl��~R^aflql^m`rSÓs]�R~�T_^]�uews�epflY�eps��ns]�n`l�g�pÊ¸[]ORT
`cbd[a�n`r�.T�ÈuTMb���[aegfcY+fr�P~R^]fcql^m`rSks_o T��lT_Y\[]ORfc�RqlOÀ[]ORT�s]epS��R�w`3[aegfcY�S=f�t�TkSk`�Êº�CT��ns]T�� �R�jo�� fc^�[]TMsz[aegYRq
~n�R^]~Cfcs]T_s�� fl^¶egY�sz[m`rYnb�Tl² ��� [aT�^¶T�È�T_b���[]epflYÔo\[aORT|~Cfcs�[ab�flYntRe [aegfcYns�`l^]T¢[]T_s�[]TMt ²HWÇ�Ô[]OnT�Êkt�f�Ynfr[PORfl�wtkepY
[aORT�^aT_s]�R� [aegYnq=s�[a`r[]T�[]OnT�T�YRqcegYRT�s�[]fc~ns�² $AepYn`r�p�gÊco�[]OnT�T  ³T_bd[ms�fr��[]ORT�fc~�T_^a`r[]fc^P`l^]T�T�ÈuTMb���[aT_t ²
� ������� 
 " � 
�� � -#$��(' � ���3	��
NPOnT�YnT�Èu[�~ROn`ls]T�eps¶[aORT�T��3`r�p�n`r[]epflY *¯fl^�`lsas]T_sas�S=T�Y\[ ,�fl��[]OnT�fl~CT�^m`3[]fc^6^aT_s]�R�g[as * fc��[]~n��[¢tR`3[m` ,�²�$Rfl^
`�b�flS=~Cfcs]e [aT�fl~CT�^m`3[afl^Moneg[�b�flS=T_s|`3� []T_^4[aORT�~R^af�b�TMs]s]egYnqkfr��`r�p��eg[as�s]�R��iÇfl~CT�^m`3[]fc^as_o�� fc^|`k~R^aepSheg[]ep�lT
fcYRT�eg[as�b�flS=TMsHyz�ns�[�`3� [aT�^4eg[as|T�È�TMb���[aegfcYÔ²�1.�3`r�p�n`3[aegfcY¸´n^]TMsP[]OnT�T��3`r�p�n`r[]epflYµ^a�R�gTMs4`3[][a`cbmORT_tÉ[afk[]ORT
b��R^a^]T_Yc[4fc~�T_^a`r[]fc^_²�NPOnT�ep^¢qlf\`r� ews�[afk�p`l��T_�Ô[]OnT�fl~CT�^m`3[afl^4`ls4T�eg[]ORT_^��]b�fl^a^aT_bd[ �|fl^��Z[afk��T�^]T_~n`rep^]TMt �d²
NPOnT_s]T�^a�R�pT_sPSk`�Ê��CT�T�eg[]ORT_^¢b�fcS=~R�gT�[]T_�gÊ�`l��[]fcSk`3[]ewb * eg��[aORT�T�È�~CT�^][4±uYRf3�4s�` �c��`rY\[]eg[a`r[]ep�lT��¶`�Êkfl�
T_�3`r�p�n`3[aegYRqÉ[aORTk^]TMs��n� [ms ,�fc^�egY\[]T_^a`cbd[aeg�cT *¯e �¶[]OnT�T�È�~CT�^][�epYnt�ewb�`r[]TMs�`¸t�ep`l�gfcql�RT=��eg[]O+[aORTkT�Ynt�ij�ns]T�^
`l��fc��[�[]ORTh� T_`r[]�R^aT_s�fl��[]ORT=^aT_s]�R�g[as-,d²��|ep`l�gfcqcs���e [aOÀ[aORThT�YntuiÇ�ns]T�^�`r^aT�~n^]TMt�T�´nYnT_tº�uÊ¸[aORT=T�È�~�T_^�[
�uÊhS=T_`rY�s�fr� �����������

�
��� �RYnb�[]epflYns6egY�[]ORT|T��3`r�p�n`3[aegfcY=^]�R�pT_s_²HNPORT¢T_��`l�g��`3[]epflY=[aORT�Y�fl~CT�^m`3[]TMs�`r�R[]fri

Sk`r[]ewb�`r�p�pÊ�� fl^ �\�n`lYc[ae [m`3[aeg�cT¶T_�3`r�p�n`3[aegfcYh`lYnt�ews.~CT�^]� fl^aS=T_t�S=`lYu�n`r�p�gÊ�* �uÊ�[]OnT��ns�T_^-,�� fc^ �\�n`r�pe [m`3[aeg�cT
T_�3`r�p�n`3[aegfcYÔ² �ufcS=T�[]epS=T_s�flYRT6Sk`�Ê|YRT_T_t�[]f¢��s�T6~R^]fcql^m`rSks³[af¢T��3`l�g�n`r[]T6fr[]OnT�^A~R^]fcql^m`rSks_²�Á¢ÂnÃ�½�Ä_ÂnÅ
tRf\TMs�Ynfr[P~R^]f3�uewt�T|`lYuÊhOnT��p~�[]f=b�fcYns�[]^a�nbd[¶[]ORTMs�T|T��3`r�p�n`r[]epflY�~n^]fcql^m`rSks�oc�R��[¶[]On`lYR±�s6[]fhT��3`r�p�n`3[aegfcY
b�^]eg[]T_^]ew`h`�S=TMbmOn`rYRews]S�[]f=�ns]T�[]ORT_SË��ORT_Y%[aORT�Ê%t�fkT�È�ewsz[M² /µfl^aT�f3�lT_^¶`hS=f�t��R�pT�� fl^4b��n^]�cT_s¶T��3`r�p��i
`r[]epflYµews¢~n^]f3�uewt�T_tÉ[af�[]OnT�T�Èu~CT�^][as_o³`r�p�gf3��epYRq�`l��[]fcS=`r[]epflYµfl�.[]ORThT��3`r�p�n`r[]epflYns¢flYº^aT_s]�R�g[as_o�eg��[]OnT�Ê
`l^]T�b��n^]�cT_s_²
WZY¹�¯`cbd[kÁ¢ÂnÃ�½�Ä_ÂnÅË�6fc^]±�s�fcY¹^]TMs��R�g[as �l¬�© ��£d® ¡ �F®¯¤r°R©�YRfl[�flY¹^aT_`l��^aT_s]�R�g[as_²µWÇ�4^]TM`r��^aT_s]�R�g[as�`r^aT

s�[]fc^]TMtkepY�´n�pT_s¶fc^¶�3`l^]ew`r�R�pT_s�� fl^PepYns�[a`rY�b�Tloufc��[]~R�R[�tn`3[a`ht�TMs]b�^]ep~�[]epflY�s¶b_`rYÉb�fl�p�pT_bd[�`rY�t�s�[]fl^aT�egY�� fc^�i
Sk`r[]epflY¸`r�Cfl��[�[aORT�S * �ns]egYnqhWÇi�{Æ^aT��w`3[aegfcYns¶fl^�^a�R�pT_s_oRs�T_T�bmO�`r~�[aT�^¢� ,�²
NPORTkT_�3`r�p�n`3[aegfcYÀ^a�R�gTMs�T�È�~R^aT_sas�yz��t�qlT_ShT_Y\[ * �ns]egYnq �����
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�
µ� �RYnb�[]epflYns-,�`rYntÀ[]Ou�ns�Shf�t�eg� Ê

[aORT ������
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�

�
�����4`3[][]^aeg�R�R[]T�fr�Hfl~CT�^m`3[afl^ms6`lYnt¸`r^aql�RS=T�Y\[ms�²1.�3`l�g�n`r[]epflYµepYµ~R^aegS=eg[]ep�lT�fc~�T_^a`r[]fl^ms�`r^aT��ns]�n`r�p�pÊ%t�e;��b��R�g[_oC[]OnT�Ê¸`r^aT�T_`ls]epT�^�epYÀb�fcSh~Cfcs]eg[]T�`rY�t

S=fc^]T�`r��sz[a^a`cbd[PflYRTMs�²
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$AepYn`r�p�pÊlo\e � [aORT¢`lsas]T_sas�S=T�Y\[�fcYk^]TMs��R�g[as�eps�YRT�q\`3[aeg�cT *z®�� ¬ ��eg� []ORT|b��R^a^]T_Y\[�fl~CT�^m`3[afl^.On`cs��CT�T�Y��p`l��T_�gTMt
�z[]f¢��T¶^]T_~n`rep^aT_t �do�[aORT6^aT�~�`rep^Ô~ROn`cs�T¶b�`r�p�ws []OnT��pfub_`r�\^]T_~n`rep^�`lYnt  �fc^�`ct�yz�ns�[]S=T�Y\[Ab�^]eg[]T_^]ew` *¯^]�R�pT���`ls]T_s-,
[af�t�T_b�eptRT�ORf3��[afk^]T_~n`rep^�eg[4egYµfc^at�T_^P[]fkepS=~R^]f3�cT�[]ORT�^aT_s]�R�g[as_²�NPORews¢b�fc�R�wtÉb�flS=Sk`rYnt%�n`cbm±c[a^a`cbm±�s
[afk~R^aT��uegfc�ns4s�[]T_~ns4epY¸[]ORT�~R�p`lYÔo�tRT�~CT�Ynt�epYRq�fcYÉ[]ORT�[zÊu~CT�fr��t�TMb�ews�epflY�sP[]On`r[|b�`lY¸��T�^]TMb�flY�s�ewt�T�^aT_tÔ²
WZYÀÁ|ÂnÃ�½�Ä�Â�ÅÆ[aORT�^aT�`r^aT�[z�6fkSk`legYµ^aT�~n`leg^4`cbd[aegfcYnsK��^]T�ijT�ÈuTMb���[aegfcYÔoR��ORewbmO¸[a`l±lTMs¶[]ORT�b��R^a^]T_Yc[4~n�p`lY
`lYnt%[]^aegTMs¶[]f=´nY�t¸��T�[�[]T_^4�3`r�p�RT_s�� fl^P[]�nYn`r�R�pT�epYR~R��[¢~�`r^m`rS=T�[aT�^ms � `rY�t%^aT�~n�p`lYRYRepYRqnoR��OnepbmO%[]^aegTMsP[]f
´�Ynt�`lYRfr[aORT�^.~n�p`lYÔ²ANPOnT¶^aT�~�`rep^AS=T�[]ORf�thepsH~n^]f3�uewt�T_t��\Ê�[]ORT�T�Èu~CT�^][_olegYh^]T_~n`rep^H^]�n�gTMs�or��OnT�Y=ORT  rs�OnT
S=f�t�T_�ps¶[aORT�~R^aflql^m`rS�fc^¶[]ORT�b�flS=~R�pT�È�~R^af�b�TMs]s]egYnqn²�uT_�lT_^a`l�R� �RYnb�[]epflYns¶b�`lY��CT¢�ns]T_tkepY�^aT�~�`rep^�^]�n�gTMs�[af�T�È�~R^aT_sas.^aT�~n`leg^¶sz[a^a`r[]T_qlepT_s *Fs�T_T¢`r�ws]f�s�TMbd[aegfcY
��² Un² � ,d²¶NPORT�Ê%�6fc^]±�fcYº`rYµ`r�p^aT_`ltRÊ�T�È�T_b���[]TMtÉ~R�p`lY¸[]On`r[¢YRT_T_tRs4s]flS=T�^aT�~n`leg^M²6NPOnT�~R�p`lY¸[]fk^aT�~n`leg^
ews�b�fcSh~Cfcs]T_tºfr�6`És�T��\�RT�Ynb�T�fl�6sz[aT�~ns_oÔb�fc^]^aT_s]~CflYnt�epYRqk[af�[aORT=s��nb_b�TMs]s]eg�cT�T�ÈuTMb���[aegfcYns0 �T�È�~n`lYns]egfcYns
fl�Afc~�T_^a`r[]fc^as_²�NPORT�T�È�~CT�^][_» s�^aT�~n`leg^4s�[]^m`3[aT�qlÊ�b_`rY¸�CT�t�ep�\ewt�TMt%epY\[]f�s]T��cT�^m`r� sz[aT�~ns<��~R^afl�n�gT_SË~R^afl~�i
`lqc`r[]epflY�*¯e ��[]ORTºb��R^a^]T_Yc[=fl~CT�^m`3[afl^=b�`lYRYRfr[=^aT�~n`leg^h[]OnTµ~R^]fc�R�pT�S �pfub_`r�p�gÊ ,�o�~R�w`rY ^]T_�ueps]egfcY�*¯e ��[]ORT
s�[]^a�nb�[]�R^aT�fl��[]OnT�~R�w`rY eg[as]T��g�6`rYntÀ[]OnThbmORfcepb�T_s�Sk`lt�T=`r^aT �\�RTMsz[aegfcYn`r�n�gT ,do fl^��pfub_`r�.`ltn`r~�[m`3[]epflY * eg�
[aORTµb��R^a^aT�Y\[�fc~�T_^a`r[]fl^=b�`lY-^aT�~n`leg^�[]OnTÉ~n^]fc�R�gT_S �gf�b_`r�p�gÊ¹�uÊ¹^aT�iÇT�È�T_b���[]epYRqÀ��eg[]O YRT_�Ë~n`l^a`lShT�[]T_^
�3`l�g�RTMs ,�².x.^]fc�R�pT�S ~R^]fc~n`rq\`3[aegfcYh`lYntk~R�w`rYk^aT��uews�epflYk�pT_`cth[]f�S=f3�cT_s.epYk[]OnT|s�[a`3[aT�[]^aT�Tc² 1�`lbmOk^aT�~n`leg^
s�[]^m`3[aT�qcÊ�s]ORfl�R�wt+T�Y�t¹T�eg[]ORT_^�fcY·`º�pfub_`r��`ctR`r~R[a`3[aegfcYÔoP®�� ¬�� `r� []T�^�S=f3�\epYRqºepY+[]OnT%s�[a`3[aT�[a^]T_TloA[]ORT
b��R^a^]T_Yc[�sz[m`3[]T=b�fc^]^aT_s]~CflYntRs�[]f%`lYÀfc~�T_^a`r[]fl^4[]On`r[�On`cs4[aORTh±\Ynf3���gTMt�qlT�[af�^aT�~n`leg^¢[]ORTh~R^afl�R�pT�SÓ�uÊ
^aT�iÇT�È�TMb���[aegYRq�e [ms�T_� �zoÔfc^|fcYµ[]OnT�T�ÈuTMb���[aegfcYÀfl�6`�YRT_��fl~CT�^m`3[afl^+*z®�� ¬ ��Ynfr[�~R^]T_�uegfc�ns��pÊÉegY�[]ORTh~R�w`rY ,
��OnepbmOÉ��eg�p�Ô~R^af�t��nb�T�sa`3[aeps��¯`lb�[]fc^]Êk^aT_s]�R�g[as_²
�%� ¦ � 	�[aORT�T�Èu~CT�^][|b_`rYµT�È�~R^aT_sasP[aOn`3[4[aORT���`lt¸T��3`l�g�n`r[]epflY¸epY�� fl^aSk`3[]epflYµO�`lsP[af���T�[]^m`rYns]S=e [][]TMt

[af%`%s��R�Rijfc~�T_^a`r[]fl^¢fl^|[]f�[aORT��¯`3[]OnT�^�fl~CT�^m`3[]fc^¢epYµ[]OnT�ORepT�^m`r^mbmOuÊlo�fl^|[]f%`lYuÊÉfc~�T_^a`r[]fc^4~R^aT��uegfc�ns]�gÊ
`l~R~R�pegTMt ².NPORT�b�fcYc[a^]fc�n[aORT�Y¸s]��e [mbmORT_s6[]fh[aORT�[a`r^aqlT�[¶fc~�T_^a`r[]fc^_o\��ORfcs]T�^]T_~n`rep^¶s�[]^m`3[aT�qcÊhews¶[]OnT�Y¸`lbdi
[aeg�3`r[]T_tÔol�n`cs�TMt�fcY�[aORT4t�ew`rqcYRfcs]eps�[aOn`3[�O�`lsH�CT�T�Yks]T�Y\[.[]f�eg[_².NPORT�~R^afl�n�gT_S�S��ns�[�T��cT�Y\[]��`r�p�gÊ�`r[�[m`repY
[aORT=f  ³T�YntRegYRqµfc~�T_^a`r[]fc^_o³��ORewbmO¹b�`rY ^aT�~n`leg^�eg[��uÊº^aT�iÇT�È�TMb���[aegYRqÉeg[as]T��g�¶��eg[]O¹`lt3yz�nsz[aT_t ~n`l^a`lShT�[]T_^
�3`l�g�RTMs�²
2¢T�^aT�`r^aT¢[aORT�� �RYnb�[]epflYns�Sk`lYn`rqcT_t��uÊ¸Á¢ÂnÃ�½�Ä_ÂnÅ � fc^P[]ORTMs�T�t�e! ³T�^aT�Y\[4sz[aT�~ns_²

$nfl^�~R^afl�n�gT_S;~R^afl~n`lqc`3[aegfcY��

� ©�¬�° � ��«�¡¸[]^m`rYns]S=e [ms�`%~n^]fc�R�gT_SÓ[]fµ`%�¯`3[aORT�^�fc~�T_^a`r[]fl^�epY�[aORT=fl~CT�^m`3[afl^�ORepT�^m`r^mbmO\Êc²�WZY []ORT
T�ÈR`rS=~R�pT�fl�4´nqc�R^]T �n² �noA[]Oneps�� �RYnb�[]epflY `r�p�gf3�4s_oHe �4[aORTÉT��3`r�p�n`3[aegfcY-`3� [aT�^hT�È�T_b���[]epflY-fr�|s�[]T_~
�¸eps�YRfl[�b�fl^a^]TMbd[Mo�[afÉtRT��pT�qc`r[]T�[]ORT=^aT�~n`leg^�[af%eg[as��¯`r[]ORT_^ *�� ,�²�NPORT=S=fl^aT�qc�gfc�n`r�A±uYRf3���pT_t�qcT
`lsas�f�b�ep`r[]T_t ��eg[]O)�º��ep�g���CTÀ�ns]T_t [af-´�Ynt `·�CT�[][]T_^És]fl�p��[]epflY�² $Rfc^%T�ÈR`rS=~R�pTlo�[aORTÀ^aT�~n`leg^
^]�n�gTMs�fr���kSk`�ÊºT�È�~R^aT_sas�[]On`r[_oHs�epYnb�T=[]ORTkS=fcs�[�s]T�Yns]e [aeg�cT�s��n��ijfc~�T_^a`r[]fc^�ews��RoÔ[]OnT�~R^afl�R�pT�S
S��ns�[4�CT�[]^m`rYns]S=e [][]T_t�[]fkeg[_²��¢Ynt¸b�fcYns�T��\�RT�Y\[]�pÊlou[aORewsPfl~CT�^m`3[]fc^P��eg�p� []^aepqlqlT_^Pe [msPf3��Y%^aT�~n`leg^
±uYRf3���gTMt�qlTc²

� ©�¬�° � � �l¤ �.° � � � ®�� � � �k[]^m`rYns]S=e [ms�`É~R^afl�R�pT�S []fº`¸bmORep�pt�*¯Yn`rS=T_t+bmORep�wt � ,�² � �¯`3[aORT�^�ews�`l�R�gT
[]f·t�T_�gT_qc`r[]T%[]ORTµ^aT�~n`leg^h[af fcYRT¸fr��e [mskbmORep�pt�^aT�Y�² $nfl^kT�È�`lS=~R�gTco6epY"[]ORTµ~R^aT��uepfl�ns=b_`ls]Tlo¢�
[]^m`rYns]S=e [ms�[aORT¢~n^]fc�R�gT_S [af���o\�uÊh[]ORT�b�flS=Sk`rY�tÉ©�¬�° � � �l¤��.° � � �3².WÇ�Ô�6T|s��R~n~�f\s�T¢[]On`r[6��ORT_Y
��^aT_b�T�ep�lTMs6`�~R^]fc�R�pT�S *¯tReg^aT_b�[]�pÊk�\Êh[aORT�T��3`r�p�n`3[aegfcY�S=T_bmOn`lYRews�S�fc^6�uÊkeg[as6�¯`3[aORT�^ ,�eg[as¶^aT�~n`leg^
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±uYRf3���gTMt�qlT�egS=~R�pegTMs=`·£]¬ �=¬C
u¬ ��« �Z¬�`cbd[aegfcYÔo�`ºYRT_��egY�sz[m`rY\[]ew`3[aegfcY·fr�4[aORews�fc~�T_^a`r[]fl^���eg�p�P��T
^]T�ijT�È�T_b��R[]T_tÉ`3� [aT�^4`ct�yz�ns�[]S=T�Y\[4fr�Heg[asP~n`l^a`lShT�[]T_^as_²

� ©�¬�° � �=¤m¡R¬�£a§��Z¤3£ �z¤m¡ ��°³§3¨k¬��6[]^m`rYns]S=e [ms�`|~R^afl�R�pT�S [af�`lY\Ê *¯~R^aT��uegfc�ns]�gÊ�epY\�cfl�p�lTMt�egY�[]ORTP~R�w`rY ,
fl~CT�^m`3[afl^M²

$nfl^�~R�w`rYÉ^aT��ueps]epflY��
� }�T�[a�R^aYµ[]fk[aORT��w`ls�[ * [aT�S=~Cfl^m`r��fc^atRT�^ ,PbmORflewb�T�� �a§ � 	 � � � ¤r®��a¬�Sk`l±lT_s�[]ORT�~n�p`lYRYRT�^|^]T�[]�R^aYµepY
[]ORT%sz[m`3[]T=�CT�� fc^]T=[aORTk�p`csz[�bmOnflewb�Tlo�egY¹fc^at�T_^�[]f¸[]^aÊ�`lYRfr[aORT�^�s]fl�p��[aegfcYÔ²kWZY []ORT�T�ÈR`rS=~R�pThfl�
$Aegqc�R^]T �n² �noAe ��[aORT�T_��`l�g��`3[]epflY�oA`r� []T�^�T�È�T_b���[]epflY¹fl�¢sz[aT�~	�ºews�Ynfr[hs]����b�epT�Y\[Mo �a§���	 � � � ¤3®��m¬
��eg�p��� fl^mb�T�[aORT�~R�w`rYRYnT�^4[af��n`cbm±\[]^m`lbm±k[af�`k�pT_sas4^aT�´nYRTMt¸~R�w`rYÔoC��ORT�^aT�fc~�T_^a`r[]fl^4U�eps|YRfr[|ÊlT�[
^]T�´nYRTMt ²

$nfl^��pf�b�`r�Ô`ctR`r~R[a`3[aegfcY��
� ��t�yz�ns�[�[]OnT4b��R^a^]T_Y\[Hfc~�T_^a`r[]fc^<��£a¬ �=¬�
\¬ ��« �Ç¬�[a^]epqlqcT�^ms�[]ORT4`ct�yz�ns�[]S=T�Y\[�b�^aeg[]T�^aew`+*¯e �³[aORT�Ê�T�È�eps�[-,
flY�[aORT�b��n^]^aT�Y\[Ôfl~CT�^m`3[afl^M² �.yz�ns�[]T_S=T�Y\[�b�^aeg[]T�^aew`�b�flS=~R�R[]T�`�YRT_���3`l�g�RT�� fl^ÔTM`lbmO��\�RT_s�[]epflYn`l�R�pT
~n`r^m`rS=T�[]T�^Mo�Ynfr[�`r�p��~n`r^m`rS=T�[]T�^mshS��ns�[�bmOn`rYnqlTÉe [�t�T_~�T_YntRskfcY-[aORTµ~R^afl�R�pT�S t�T�[aT_bd[aT_t epY
T��3`r�p�n`r[]epflY¸b�^ae [aT�^aep`n²�xA`l^a`lS=T�[]T_^as6[aOn`3[¢`l^]T�YRfl[¢bmOn`rYRqcT_t%�uÊk[]ORT�`r~R~R�pepT_tÉ`lt�yz�ns�[]S=T_Yc[|^]�R�pT_s
±lT_T�~�[]OnT6sa`rS=T.�3`r�p�RT�`ls�egY�[aORT�~n^]T_�\epfl��s T�È�T_b���[]epflY�² � `r�p�RT_s�Sk`�Ê|�CT�b�fcS=~R�gT�[]T_�gÊ�bmOn`rYnqlT_t��uÊ
`lsas�epqlYnShT_Y\[as.fc^�[]OnT�Ê=Sk`�Ê��CT¢epYnb�^aT_`cs�TMt�fc^6t�TMb�^aT_`cs�TMths�[a`l^�[aegYnq�� ^]fcS [aORT|b��R^a^]T_Yc[��3`l�g�RTc²HWZY
[]ORT��w`ls�[¶b_`ls]Tlo\[]ORT�~n`l^a`lShT�[]T_^|¨h«u© ��On`��cT¢`�^a`lYRqlTcoc�CT_b_`r�ns]T4[aORT�egYnb�^]TM`ls]T  rt�T_b�^]TM`ls]T¶~n^]f�b�TMs]s
eps4�n`ls]T_t%flY%[]ORT��pepSheg[as4fr�A[]ORewsP^a`lYRqlTc²
xH`r^m`rS=T�[aT�^ms�`r^aTkShf\sz[�fr� []T_Y+Y\�nShT_^]ewb�`l��flYnT_s_oA`lYnt�[]ORT_eg^���`l�g�nT�Sk`�ÊÀ�CT�egY�b�^aT_`ls]T_t�fl^�t�T�i
b�^aT_`cs�TMt o3`lb�b�fl^mt�epYRqP[]f|[]ORT_eg^H`lt3yz�nsz[aS=T�Y\[AS=T�[]ORf�t *¯��ORepbmO�Sk`�Ê��CT6bmO�`rYRqcT_t�epY�^a�R�gTMs ,�²ANPOn^]T_T
fr� [aORT4S=fcs�[¶b�flS=S=flY=Yu�RS=T�^aepb_`r��`ct�yz�ns�[]S=T�Y\[¶ShT�[]ORf�tRs6`r^aT4~R^aT_t�T�´nYRTMt=egY�¼|½�¾�¿��p`lYRql�n`lqlT��
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eps�`lYÀepY\[]T�^a�3`r� ,d²�WÇ[�s]ORfc�R�ptÀ��T=YRfl[]TMtº[aOn`3[�[]OnT=`ct�yz�ns�[]S=T�Y\[�S=T�[aORf�tÀS��nsz[�^aT�[a�R^]Y `��3`l�g�RT
[]On`r[6��ep�g�C�CT|`ltnt�T_t *¯^]TMs�~�²As]�R�ns�[]^m`lb�[]T_t ,H� ^aflS)[]ORT�b��R^a^]T_Y\[�flYRT|`rYntµ°³¤��n[]ORT|^]TMs��R�g[]epYRq�´�Yn`r�
�3`r�p�RTl²HWZYnt�T_T_th[aORT4´nY�`r�n�3`l�g�RT¢eps�T �\�n`r�n[]f�[aORT¢b��R^]^aT�Y\[��3`l�g�RT¢~R�g��s * ^aT_s]~Ô²AS=egYu�ns-,H[aORT4^aT_s]�R� [
fr�A[]ORT�`ct�yz�ns�[]S=T�Y\[4S=T�[aORf�t ²
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Distribution
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in case 1 use_operator child1

in case 2 use_operator child2

in case 3 use child3.1 AND child3.2
       i.e. use child3

child1

child3.1

child2

child3.2

Composite
   child3

Composite
   parent

"or"

"sequence"
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Child6

Son2

Child7

Composite
   Child3

Composite
   Parent P

problem detected
   on output=> repair

output

1) Assessment:

output

2) Repair : send_down
      problem to Child1

4) Repair : 
asses_operator Child5 problem
    => re_execute

5) Adjustment : modify
    some parameter value

State 1 : plan = ... P

State 2 : plan = ... (P) Child1 Child2 Child3

.......

State n : plan = ... (P) (Child1) ... (Child2) (Child3) Child4 Child5

State n+1 plan = ... (P) (Child1) ...(Child2) (Child3) (Child4) (Child5)
problem detected

State 2 : plan = ... (P) Child1 Child2 Child3

........

State m : plan = ... (P) (Child1)... (Child2) (Child3)  Child4 Child5

output

bactrack to state 2 (where Child1 
was not yet decomposed) 

execution of new line continues

re−execution
leading to a new state m

Evolution of the plan:

decomposition of P

decomposition & execution 
of children 1 & 2
and decomposition of Child3

execution of children 4 & 5

P not yet decomposed

Child4 Child5

Composite
   Child1 3) Repair : 

send_down
  problem to Child5

and so on...

Start a new line of reasoning
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