
(In Proc AAAI’97, pp369-376, CA:AAAI)
http://www.cs.utexas.edu/users/pclark/papers

���������	��
������
������������������ ��
!�#"$�%���&
�(')���&* ���+�� "-,����.����*/�0�&
�+
��#�%1

23546387:90;=<%7?>
@BADC�EGF?HJIKA)L!MON)FDP

QBRS@BAUTJVXWZYDWD[?\DC]NZ^_^a`bCc[?dfehgci?j]kml
n `oNmpaqDMsr+ptC]u6vBAXA6u5w pt^�w n�x w ysADC�EGF?HOw n AcL

z{7O|+}~3�2��7646387
��C�MONmpt^tL!C�FX^�A)��IKAcL�MO�6^tC�p�\ n EGC�F n C x

��FOEb�cC�p x Eb^=P�Am�%��C�T?N x NZ^�e�� x ^aEbF�[�����WZiDWDjUk
MsA)pt^tC�p�r n�x w �6^aC�T?N x w C]u6�

���%�����Z�?�m�
�B�c�$�]�]�����¡ +¢=��£c�X�¤�¡¥f¦m§X��¨��¤©�¥)�]©aª«£D�� ¬©�¥	 ®c ®¢=©a¯° $±���²D��ª
£X�¤©���³���§c ®¨%©a�=�¤§c�$��¨��¡¥c©K´]���=�¡©t¢µ¶��³�·m�c©¸ ®¢=�¤�]§c ¸¹m�¡§c±¸�¤�D¥)�¡§c�
·Z�X©¸ ®¢=�¤��§X �¢=ºD��¢B���=©��X§X��§Z¢=�¤±¸�¤²D��¢=©¸¥&¨�ºX©¸§»¢=ºX©�¦m§X��¨��¤©�¥)�]©
£D�� ¬©K�¤ %£c�X�¤�¼¢�½8¾X���� ®) ®¢=©¸¯° �¢=����±tºc�¡©a´U©�¢=ºc�¤ #�¤©¸´U©¸�6��³O±¸�]¯¶ª
²6©a¢=©¸§c±¸©���§D¥»�]©¸§c©a�_���¤�¼¢µZ¹m¢=ºX©t°�=©�·Z�X�¼�=©K¢=ºc©���£c�¤�¡�¼¢¿»¢=�$¥)mª
§D��¯°�¤±����¤�¼-±¸�]§c ®¢¬�=�X±a¢%§X©a¨À±a�]§X±a©¸²c¢%�=©a²c�=©¸ ¬©¸§Z¢_��¢=�¡��§X ¸¹X��§X¥
¢=�°¥)�¶ ¬�°�¤§��=©¸ ¬²6�]§c ¬©�¢=�¶¢=ºX©�·Z�c©¸ ®¢=�¤�]§X ���§D¥&¢_�� ¬¦) �²6�� ¬©�¥
¢=��¢=ºc©¸¯!½��B�c�+��²c²c�=�U��±tº�¢=�Á¯°©¸©a¢=�¤§X��¢=ºc�¤ ��=©¸·m�c�¼�=©¸¯°©¸§Z¢
�¤ �¢=�Á£c�X�¤�¡¥¦m§X��¨��¤©�¥c��©»£X�� ¬©¸ +��³��]©a§X©a�_���¡�¤Â¸©¸¥O¹8�=©¸²c�=©a ¬©¸§cª
¢_��¢=�¤��§D���s±¸�]¯°²6��§X©¸§Z¢= ¸¹6��§D¥�¢=�-¥)©¸´U©¸�¤�]²Á¯°©t¢=ºX�m¥c �³G�������cª
¢=�]¯-��¢=�¤±����¤�¼Á±¸��¯°²6�] ¬�¤§X�-±¸��¯°²6�]§X©a§m¢= ��]§J¥)©¸¯-��§X¥O½�Ã%ºX�¤ 
¨%���=¦+©tÄ)¢=©a§D¥c ~¢=ºc©�§X���=¯-���)�¡§cºX©a�=�¼¢_��§X±¸©���²X²c�=�]��±_º¶�X ¬©¸¥+�¤§
³G�_��¯°©aª«£D�� ¬©�¥J ®) ®¢=©¸¯° ¸¹s��§X¥J�¤¯°²6���¬¢= ��¡¥c©��� �³G�=�]¯Å ¬©a´U©a�_���
¥c�¼Æ?©a�=©a§m¢ ���=©��� ���³OÇ�Èt¹��¡§$²D���¬¢=�¤±¸�c�¡��� ±¸�]¯°²6�� ¬�¤¢=�¤��§D���X¯°�m¥)ª
©¸�¤�¤§X�)¹5¢=©a�=¯°�¤§X�]�¤���]�¤±������=©��� ¬��§X�¤§X�)¹���§X¥É�]§Z¢=�]�¤���]�¤±����#©¸§X���¤ª
§X©a©a�=�¤§X�c½�Ã%ºc©B±¸��§Z¢¬�=�¡£c�c¢=�¤�]§»��³O¢=ºX�¤ #¨#���=¦°�¤ ���§X��´U©¸�6�¤§Z¢=©aª
���_��¢=�¤�]§���³8¢=ºX©a ¬©�¯°©t¢=ºX�m¥c �¢=ºX��¢K�¡¯°²)�=��´U©¸ �¢=ºX©�©aÊ¶±¸�¤©¸§X±a
��³s£X�c�¡�¡¥)�¡§c�$¦m§X��¨��¤©�¥)�]©�£X�� ¬©¸ ���§D¥»¢=ºc©K�=��£X�X ®¢=§c©¸ ¬ ���³s�X ®ª
�¤§X�$¢=ºc©¸¯!½

ËcÌK467?��Í�|+}s46Î_��Ì
R+�Op»H)AXNm`�E x ^aÏ?C n A)F x ^tpa� n ^tEGA)FÀAm��qDF?AZv�`GC�u6HcC�Ð®yON x C�u x P x Ð
^aC�L x-n NmMON)y?`bC�Am��NmF x vBC�paEbFOHÉNÉv�Eou6C!paN)F?H)C!Am��ÑX�?C x ^tEGA)F x [
EGF n `b�Ou?EbF?H&Ñc�OC x ^tEGA)F x �OFONmFX^tE n EGMONm^tC�u!v�ÏOC�F!^tÏOC�qDF?AZv�`bC]u6H)C
y�N x CJv�N x»n A)F x ^tpa� n ^tC�u8w0ÒKNmpa`bEGC�p-paC x C�N)p n Ï{AcFÓA)F?C�`GN)ptHcC�Ð
xan N)`bC{M?paAmÔ=C n ^ÉÕ ^aÏ?CÓ@BAm^¸NmFDP:qDF?AZv�`GC�u6HcC�Ð®yON x CfM?paAmÔ=C n ^
Ö Q%A)pt^tC�p�×�Ø�ÙZÚbÛ�j�g)icicÜKÕ x Ï?AZv x ^tÏONm^�Ý Þ�u?C�^aN)Eb`GC�u8[8u6C n `GN)p_Ð
Nm^tEG�)C0ptC�M?paC x C�FX^aNm^tEGA)F x Am� n A)F n C�M6^ x N)ptC{NU�ZNmEG`GN)y?`GC)[�^aÏ?C�F
x A)MOÏ?E x ^tE n Nm^tC]uÓÑX�?C x ^tEGA)F6Ð¬NmF x vBC�paEbFOH�M�C�p_�ßAcptLÁNmF n C n NmFÓysC
N n Ï?EGC��)C]u Ö¿à C x ^tC�p�áâQ%Acp_^aC�pBj�g)gDWDãUä�E n q)C�`?á�Q%A)pt^tC�pKj]g)gXW)Ü�w
å�AZvKC��)C�p�[#LÁNmFD�ONm`G`GP n A)F x ^tpa� n ^aEbFOH x � n ÏÓpaC�M?paC x C�FX^aNm^tEGA)F x
E x `oNmysA)paEbAc� x [DN)FOuJ^tÏ?E x M?paAZ�)C]uÁ^tAÁysC-N�LÁNZÔ=A)p�ysAm^t^t`GC�F?C n q
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M�A x EGF?H n AcL�MsA)FOC�FX^ x AcF!u?C�LÁNmFOu8w#��Ï?E x vBA)paq-C�TD^aC�FOu x ^tÏ?C
F?A)paLÁNm`5EGF?Ï?C�paEb^aNmF n C-NmMOM?ptAXN n Ï�� x C]uÉEbF�ßp¸NmL!C�Ð®yON x C]u x P x Ð
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ptC�� x N)y?`GC�vBNUP x w d ÏOEb`GC�^aÏ?E x vKAcptq�ÏON x ysC�C�F�EbL!M?`GC�L!C�Fc^aC�u
� x EGF?HNÉMONmpt^tE n �?`oNmp$paC�M?paC x C�FX^aNm^tEGA)F	`oNmFOH)�ON)H)C n Nm`G`GC�u����
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n C�M6^ n AcF x ^apt� n ^tEGA)F�[cNmF�u!^tÏ?C x ^¸Nmpt^tEGF?H-MsA)EGFX^��ßA)pKA)�?pKvKAcptq~[
E x ^aÏ?C�� x CBA)���ßp¸NmL!C�paC�M?paC x C�FX^aNm^tEGA)F x v�Eb^tÏ!L»�O`¡^aEbM?`GC�EGF?Ï?C�ptÐ
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E x N�í¸ï ë í¸×¬ÿsØ Ö+* �ßp¸NmL!C&,¼Ü�[�NmFOu n AcF n C�M6^ x NmpaC$A)paHcNmFOE-��C�u�EGFX^tA
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N n A)F n C�M?^»E x u6C xtn ptEGy�C]u{yDP0N x C�^�Am�BÿsñaïaÿO×�ñ�ØµÝ«× ð [�C]N n ÏÀA)�
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EGF?H&N)`b`�^tÏ?C�EbpBM?paA)MsC�pt^tEGC x [ x � n ÏJN x Ý ë �?Ù���ÝîØ¬×aç"��é �Dò6ìÁÙ ëOð
NmF�uIH�ï]ÙZØ ð ï ë�J ÙmØ®×�ñ�w

KML�N E(O�P�E B"Q �SR��?� D�TIL�B � D;U � F$e F?C�v n A)F n C�M6^ n N)F&ysC
u6C n `oNmpaC�u�N x MsC n EGN)`bE���Nm^tEGA)F�A)� x A)L!C�yON x C n AcF n C�M6^�[Dv�Eb^tÏ
A)FOC&Acp$L!AcptC�Am�BE¡^ x°x `GAm^°�ZNm`G�?C x GO`G`GC�uèyXP	^tÏ?C!L!A6u6EVG�C�p
n AcF n C�M6^ Ö x Ü�w �?AcpÉC�T?NmL!M?`GC)[�Ù¸ÿ?Ùmñ�Ø¿ìÁ× ë Øµê_ç)ïaü n A)�?`ou:ysC
u6C n `oNmpaC�u�N x MsC n EGN)`bE���Nm^tEGA)F!Am��ç)ïaüm[Xv�Eb^tÏ!^tÏOC x `GAm^ �OÙ���ÝîØ®ÙmØ
ÏONU�DEGF?H�^tÏ?C°�ZNm`G�?C�ÙaÿOÙZñ�ØµìÁ× ë Ø¿w

��ÏOE x NmM?M?paAcN n Ï�N n Ï?EGC��cC x:n A)L!M�A x Eb^tEGA)F�C � n EGC�FX^t`GP)[{paC�Ð
ÑX�?EGpaC x �)C�paPÉ`bEb^_^a`bC!EGF6�ßC�paC�F n C)[5NmF�u	E x EGFX^t�?Eb^tEG�)Ccw¶å�AZvKC��)C�p�[
^aÏ?C�paC°NmpaC$^=vKA n AcF n C�ptF x ^aÏONZ^�Eb^��«NmEG` x ^tAÁN)uOu6ptC xtx�æ
jcwWTXL�B � D;U �1Y ��ZW[\P8��� D:] � FKd ÏOEb`GC°vKC n NmF�u6C n `oNmpaC+^¸NZTDÐ

AcF?A)L!E n paC�`oNZ^aEbAcF x Ï?EbM x y�C�^=vKC�C�F EGFOu6EG�XEou6�ON)` n AcF n C�M6^ x [
^aÏ?C�paC�N)M?MsC�Nmp x ^tAy�C!F?AÉC�N x P�v�NUPAm� n A)L!MsA x EbF?H ð é ð ê
Ø¬×�ì ð Am� n AcF n C�M6^ x w��?Acp»C�T6N)L!M?`bCc[#^tÏ?C�F?Am^aEbAcFÓAm�»í¸ï ë ê
Ø¬ÙZÝ ë ì!× ë Ø n N)FâysCè�DEGC�vBC�u:N x N)FâNmy x ^apaN n ^ x P x ^aC�L.A)�
paC�`oNZ^aEbAcF x ÏOEbM x Ö A)p n A)F x ^tp¸NmEGFX^ x Ü+N)L!A)F?H�NÓí¸ï ë Ø®ÙmÝ ë ×�ñ�[#N
í¸ï ë Ø®ÙmÝ ë ×¸çZê_ï �_^�×¸í�Ø¿[+NmFOu:N{ÿ?ïmñ�Ø®ÙmÚ Ö C�HOwh^aÏ?C í¸ï ë Ø¬ÙZÝ ë ×¸çmê
ï �_^�×¸í�Ø°E xx L!N)`b`GC�pÉ^aÏONmFâ^tÏ?C:í¸ï ë Ø®ÙmÝ ë ×�ñ�[+^aÏ?Cèÿ?ïmñ�Ø®ÙmÚKE x
N x �?pt�«N n C�Ð®MONmpt^°Am��^tÏOC0í¸ï ë Ø®ÙmÝ ë ×�ñ_Ü�w	d0CJvBA)�?`ou{`GEbqcCÁ^tA
N)�6^tAcL!Nm^tE n N)`b`GPÓEGL�MsA)pt^Á^tÏOE x Nmy x ^tp¸N n ^ x P x ^aC�L ^tA n A)F6Ð
n C�M6^ x EbF v�Ï?E n Ï E¡^0NmM?M?`GEGC x Ö C�HOw(�ßA)p x A)L!C0^aN x q x [°E¡^
L!EGH)ÏX^-y�CJ� x C��ß�?`�^aA	�DEbC�v�N	M�C�p x A)FÀN x N n A)FX^¸NmEGF?C�p°A)�
�ßADA6uOÜ�[Bp¸NZ^tÏOC�p�^tÏON)F L!N)FD�ONm`G`bPÀC�FD�?L!C�p¸NZ^tCEb^ x NmTDEGA)L x
�ßpaA)L xtn paNm^ n Ï8w%��Ï?E x E x u?E � n �O`¡^B^tA�u6A-v�Eb^tÏ�EGF?Ï?C�ptEb^aN)F n C
v�Eb^tÏ?Ac�6^-N)u?u?EbF?HÉ�?F?EGFX^t�?Eb^tEG�)C�NmT6EbAcL x$x � n Ï0N x Þ�ï�ï]ç�Ý ð Ù
í¸ï ë Ø®ÙmÝ ë ×¸çZê_ï �_^�×¸í�ØDA)p�ìÁï ð Øµê¬ñt×¸ía× ë Øµê¬ìÁ×aÙmÚ�E x N x M�C n EoNm`XqDEbFOu
A)��íaï ë Ø¬ÙZÝ ë ×açfpaC�`oNZ^tEGA)F�ã$Eb^E x EbL!MsA xax EGy?`GC	^aA u6A v�Ï?C�F
^aÏ?C x NmL!C�N)y x ^apaN n ^ x P x ^aC�L n N)F�y�C$NmM?MO`bEGC�u!EGFJL&�?`¡^aEbMO`bC
v�NUP x [�C�HOw�^tÏ?paA)�OH)Ï	NJu?E �~C�paC�FX^+LÁN)M?M?EGF?HO[~vBC n N)FfNm` x A
�DEGC�v�N�MsC�p x AcFÉN x N n A)FX^¸NmEGF?C�p�Am�%Eou6C�N x w

k6wWTIL�B � D�U � A�B � D �Z�?�m�1E L�B � F \D^aNmF�u?Nmp¸u�L!C�^tÏ?A6u x A)�
L!A6u6Eb�ßPXEGF?H NÓyON x C n A)F n C�M?^Éu6A F?Am^ÉM?paAZ�XEou6C0NmFâNcu6C�Ð
ÑX�ONm^tC�L!C�N)F x Am� n AcL!M�A x EGF?H�^=vBA n A)F n C�M6^ x yDP¶� x EbF?H�A)F?C
^aA$L!A6u6Eb�ßP&N¶M?paA)MsC�pt^=P-A)�O^tÏOC�Am^tÏOC�p]w#��Ï?E x ^=PDMsC�Am� n A)L�Ð
MsA x E¡^aEbAcF&E x �cC�paP n AcL�L!AcF!N)FOu&E x A)�î^tC�FÁ� x C]u�EbF!FONm^t�?p¸Nm`
`oNmF?Hc�ONmHcC!^tA{u6C xan paEGy�CÉN	F?C�v n A)F n C�M?^�wÀe�F N)u6C]Ñc��NZ^tC
u6C xtn ptEGM6^aEbAcF0A)�°Ù¸ÿ?Ùmñ�Ø¿ìÁ× ë Øµê_ç)ïaüm[#�ßA)p»C�T?NmL!M?`GC)[#EbFD�cA)`G�)C x
L!A)paC^tÏ�NmF:NÀpaC x ^tpaE n ^tEGA)F AcF ÏONmy?Eb^aNm^�ã x � n Ï:NÓu6A)HÀE x
�ßC]u n C�pt^aNmEGF	�ßADA6u5[5HcC�^ x `GC xax C�T6C�p n E x C)[5NmFOuèE x MOptAcyONmy?`GP
x LÁNm`G`bC�p&^aÏONmF Eb^ x F?AcF6Ðµ�OptyON)F n A)�?FX^tC�ptM�Nmpt^�w e�`b`�^tÏ?C x C
�ßC]NZ^t�OptC x N)ptCu6C�paEG�)C�uÓ�ßptAcL EbFX^aC�p¸N n ^aEbAcF x y�C�^=vKC�C�F ^tÏ?C
AcptEGH)EGFONm` �ßC�Nm^t�?paC x A)�¶ÙaÿOÙZñ�ØµìÁ× ë Ø�NmFOu ç)ïaüm[�y?�6^°^tÏOE x EGF6Ð
^aC�p¸N n ^aEbAcFJE x F?A)^�vBC�`G`8L!A6u6C�`GC�uÉEGF x ^aN)FOu?N)pau�L!C�^tÏOADu x w

dèC°N)uOu6ptC xtx ^aÏ?C x C n AcF n C�ptF x EGFÉ^=vKA!v�NUP x�æ
j)w�dèC n Ï�NmF?HcC+^aÏ?C°A)paHcN)F?E���NZ^aEbAcF�Am�%qDF?AZv�`GC�u6HcC+�ßpaA)L�A)F?C
yON x C]uÓAcFâÝ ë çmÝ�	�Ý«çmòOÙZÚ n A)F n C�M6^ x ^tA{A)F?CÉyON x C]u AcF ð é ð ê
Ø¬×�ì ð Am�KEbFX^tC�paN n ^aEbF?H n AcF n C�M6^ x w»��Ï?E x¶n ÏONmF?HcC»E x MONmpt^t`GP
n A)F n C�M6^a�ONm`µ[?EGF^tÏONm^�N!qXFOAZv�`bC]u6H)C¶yON x C°E x �DEGC�vBC�uN x N
x C�^�Am� n A)L!MsA x Nmy?`GC+L!EGF?EbÐ¿^aÏ?C�AcptEGC x [6NmFOuJE¡^�E x M�Nmpt^t`GPÁEbL�Ð
M?`GC�L!C�Fc^¸NZ^aEbAcFONm`µ[DEbF�^tÏONm^�F?C�v:L!C n ÏONmF?E x L x N)ptC$F?C�C]u6C�u
^aA n AcL»y?EGF?C+^tÏ?C x C$L!EbFOE¡Ðµ^tÏ?C�A)paEbC x w%d0C+ÏOC�F n C��ßA)pt^tÏ�ptC��ßC�p
^aA&^aÏ?C x C x P x ^tC�L x Am� n A)F n C�M6^ x N x í¸ïZì�ÿOï ë × ë Ø ð w

k6w�dèC°Ncu?u�N n A)L!M?�6^¸NZ^tEGA)F�Nm`~L!C n ÏON)F?E x L �ßA)p n A)L!MsA x EbF?H
N n A)F n C�M6^Ju6C xtn ptEGM6^aEbAcF �ßpaA)L n AcL�MsA)FOC�FX^ x [�v�Ï?E n Ï EGF6Ð
�cA)`G�)C x NfptC�M�C]NZ^aC�u n P n `bC�A)�»í�ÚbÙ ð¸ð Ý Þ¸éÉNmFOu:×�ÚbÙ �aïmñtÙZØ¬×»^tA
n A)L!M?�6^aC+^aÏ?C n AcL!M�AcF?C�FX^ x ,6paC�`oNZ^tEGA)F x Ï?EGM x�æ
` ���OptEGF?H n `oN xax E-G n Nm^tEGA)F8[ n AcL�MsA)FOC�FX^ x MsC�pt^tEGF?C�FX^^tA
^tÏ?C n A)F n C�M6^�u6C xtn ptEGM6^aEbAcFÉN)ptC¶Eou6C�FX^tE-GOC]u5w
` ���OptEGF?H»C�`GN)y�AcpaNm^tEGA)F8[c^tÏOC+EGF6�ßA)paLÁNZ^aEbAcF x �OM?M?`GEbC]u�yDP
^tÏ?A x C n A)L!M�AcF?C�FX^ x E x L!C�paH)C]u�v�Eb^tÏÉ^tÏOC n A)F n C�M?^�u?C�Ð
xtn ptEGM6^aEbAcF8[D^tpaEbHcH)C�ptEGF?H-�ß�Op_^aÏ?C�p n `GN xtx E-G n Nm^tEGA)F8w

��ÏD� xÁn `GN xtx EVG n NZ^aEbAcF C�FONmy?`GC x C�`GN)y�AcpaNm^tEGA)F8[BNmFOu C�`oNmysAmÐ
p¸NZ^aEbAcFf^aptEGH)HcC�p x �ß�?p_^aÏ?C�p n `oN xax E-G n Nm^tEGA)F8wÉe x-x Ï?AZv�F{ysC�Ð
`GAZv°[~yXPèNmM?M?`GPDEbFOHJ^aÏ?E x L!C n ÏONmF?E x L�EbF{NJHcAcN)`¡Ð¬u6EGptC n ^tC]u



digestion
amountamount

amount

amount

I−
I+

Q−
Q+

product

rate

raw−
 materials

substance substance

conversion

script

get apply

se
se

then

agent

agent

script

agent

treatment

thing thing

patient

theme

patient

theme

theme

substancescript

break
down

absorb

absorbed

sese

then

agent

script

agent

food

agent

+ +
quantity

person
eater

�#EGH)�?paC�k æ ��Ï?C n A)F n C�M6^ ��Ý«ïZñt×�ìÁ×açmÝ«ÙZØµÝ«ï ë E x N n A)L!MsA x E¡^aEbAcF&A)�5L»�?`b^tEGM?`GC n AcF n C�M6^ x [)EGF n `G�Ou6EGF?H x M�C n EoNm`GE-�]NZ^aEbAcF x Am��í¸ï ë 	U×�ñ ð Ý«ï ë þ
Øµñt×¸ÙZØµìÁ× ë Ø¿[6NmF�u{çmÝ¡üc× ð Ø¿Ý«ï ë Û

v�NUP)[ n AcL�MsA)FOC�FX^ x paC�ÑX�?EGptC]u��ßA)p¶u6C xtn ptEGy?EGF?H�FOAZ�)C�` n AcF6Ð
n C�M6^ x�n NmF�ysC�EGu6C�FX^tE-GOC�u!NmF�u»EGFX^tC�HcpaNm^tC]u&N)�6^tAcL!Nm^tE n N)`b`GP)[
^tÏOC�paC�yDP n A)F x ^tpa� n ^tEGF?H:paC�M?paC x C�FX^aNm^tEGA)F x Am�ÁF?C�v n A)L�Ð
MsA)�?FOu n A)F n C�M6^ x w

9è� ���°�KÌ�3�ÌK4��
�¬FX^a�?E¡^aEb�cC�`GP)[�N n AcL!M�AcF?C�FX^°C�F n NmM x �?`oNZ^aC x N n A)Ï?C�ptC�FX^ x P x Ð
^aC�L�A)� n AcF n C�M6^ x N)FOuS^aÏ?C�EGp{ptC�`GNm^tEGA)F x Ï?EGM x ã�Eb^ÀC�L»ysA6uDÐ
EGC x NmF N)y x ^apaN n ^��tL�EGF?EbÐ¿^aÏ?C�AcptP��O[�A)p MONZ^t^tC�paFÅAm��EGFX^tC�ptÐ
paC�`oNZ^aEbAcF x Ï?EbM x N)L!A)F?H�^tÏOA x C n A)F n C�M6^ x [fv�Ï?E n Ï n N)F ysC
LÁN)M?M�C]u AcFX^tA{Nf�ZNmpaEGC�^=PÀAm� x Eb^t��NZ^tEGA)F x v�ÏOC�paCJ^aÏONZ^ÁMONm^_Ð
^aC�paF-E x u6C�C�L!C�u°^tA�Ï?Ac`Gu8w#��Ï?E x �DEGC�vÀysA)paptAZv x Ï?C�NU�DEG`bP+�ßptAcL
vBA)paqEbF n AcL�MsA x Eb^tEGA)FON)`#L!A6u6C�`bEGF?HO[5v�ÏOC�paC�NJL�A6u6C�`%�ßpaN)HmÐ
L!C�Fc^�C�F n N)M x �?`GNm^tC x N x P x ^tC�L Am�¶ptC�`GNm^tEGA)F x Ï?EGM x u6C xtn ptEGy6Ð
EGF?H x A)L!C�N x M�C n ^�Am�¶N0M?ÏDP x E n Nm`�MOÏ?C�F?AcL!C�F?AcF8[BN)FOu n NmF
ysC°NmM?MO`bEGC�u�v�Ï?C�F�^tÏ�NZ^�M?Ï?C�F?A)L!C�FOA)FJA n�n �?p x Ö«à C��DP�j�g)gcV?ã
��Nm`Gq)C�F?ÏONmEGF?C�p-á �OA)pay?� x j]g)g?jUÜ�w �®^&N)` x A�u6p¸NUv x �ßptAcL paC�Ð
n C�FX^�vBA)paq EGFâAcFX^tA)`GA)HcE n Nm`�C�F?H)EGF?C�C�ptEGF?H�[�C�HOw Ö ��Nmp¸Ñc�OÏONmp
á��$pt�?FOEbF?HcC�p¶j�gcgXW)Ü�[DEbFÉv�Ï?E n Ï�N)F{ï ë Ø¬ïZÚbïaümé$C�F n NmM x �?`oNZ^aC x
NmT6EbAcL x u?C xan paEby?EGF?H�N�^aÏ?C�AcptPÉNmysA)�6^ x A)L!C-NmpaC�N Ö C�HOw x �?y6Ð
x ^aN)F n C x [ n C�p¸NmL!E n�x [ x C�^ x Ü�w
��AcptC��ßAcptLÁN)`b`GP)[�vBCèu6C�GOF?CfN n A)L!MsA)F?C�Fc^N x NÓ^tpaEbMO`bC

�
	 5��X5���âv�Ï?C�ptC æ
` 	 E x N x C�^�A)�$U �?�]�1E«��E U � B ��� [Ku6C�F?Am^aEbFOH	^tÏOC�Acy6Ô=C n ^ x
EGFX�cA)`G�)C]u�EGF�^aÏ?C°MONm^_^tC�ptFÉysC�EGF?HÁL!ADu?C�`GC�u5w
` � E x N x C�^ Am� ����E L�] � [Éu6C xan paEGy?EbFOH paC�`oNZ^tEGA)F x Ï?EGM x
NmL!AcF?H�^tÏ?C°MON)p_^aE n EbM�NmFX^ x w
`  E x N x C�^A)� � L Z D � v�E¡^aÏ�v�Ï?E n Ï�^tÏ?CÀMON)p_^aE n EbM�NmFX^ x
n N)FÁy�C$`oNmysC�`GC�u5[XC�N n ÏÁptAc`bC�paC��ßC�ptpaEGF?H°^tA&N»u6E��sC�ptC�FX^KMON)p_Ð
^tE n EGMON)Fc^]w�ä�Ac`bC x NmpaC!MONmp¸NmL!C�^aC�p°FON)L!C x [ NmF�Nm`GA)H)Ac� x ^tA
à E x M�, x qcC�PDvBA)p¸u x �ßA)p�FON)L�EGF?H!MON)paN)L�C�^tC�p x w

d0C¶u6C GOFOC�^aÏ?C n A)L!MsA)F?C�Fc^1, x Ý ë Ø¬×�ñßÞ�Ù)í¸×�N x ^tÏ?C x C�^�Am��paA)`GC�Ð
M�Nmpt^tE n EGMONmFX^ÁMONmEGp x Am�$^tÏ?C n A)L!MsA)F?C�Fc^]w��#EbHc�?paCV x Ï?AZv x
^aÏ?C-í¸ï ë 	Z×�ñ ð Ý«ï ë n AcL�MsA)FOC�FX^#A)� �#EGH)�?paC�k+C�TDMOptC xtx C�u°EGF&^tÏ?E x
�ßp¸NmL!C�vKAcptq~w
e n AcL!M�AcF?C�FX^-E x Ý ë?ð Ø®Ù ë ØµÝ«ÙZØ¬×¸ç�yXPèy?EGFOu6EGF?HE¡^ x MONmpt^tE n EbÐ

M�NmFX^ x ^tA-Acy6Ô=C n ^ x EGFÁ^aÏ?C�^¸NmpaH)C�^�u?A)LÁNmEGF8w#d Ï?C�FÁ^aÏ?E x ÏON)M6Ð
MsC�F x [#^tÏOCJpaC�`oNZ^tEGA)F x Ï?EGM x HcEb�cC�FÀyDPè^tÏ?C n A)L!MsA)F?C�FX^ , x NZTDÐ
EGA)L x NmpaC-N xax C�p_^aC�u��ßA)p�^aÏ?A x C-Acy6Ô=C n ^ x w���ÏOC-ptAc`bC x M?paAZ�DEGu6C
N x C�^+Am���?F?EoÑX�?C-`oNmysC�` x v�E¡^aÏ�v�Ï?E n Ï^tÏ?C-M�Nmpt^tE n EGMONmFX^ x�n NmF
ysC!�?FON)L»y?EGH)�?Ac� x `bPpaC��ßC�paC�F n C�u8w-e n A)L!MsA)F?C�Fc^1, x NmTDEGA)L x
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� EGH)�OptC°V æ ��Ï?C-e�FONZ^aA)L&P�Am��N�IKA)L!M�AcF?C�FX^]w

n NmF0ysC�C�T6M?ptC xtx C�uèEGF0pa�?`GC x EGF x A)L!C x �?E¡^¸Nmy?`GC!qDF?AZv�`bC]u6H)C
ptC�M?ptC x C�FX^aNZ^aEbAcF�`oNmF?Hc�ONmHcC)w

� �°3 }5Î�����Î_Ì���9è� ���°��|+Ì�Í 9è�KÌ�}~3 ��4��
dèC n N)F�FOAZv x M�C n Eb�ßP í¸ïZì�ÿ?ïmò ë çSí¸ï ë í¸×®ÿ~Ø ð N x N n A)L�Ð
M�A x Eb^tEGA)F�Am� n A)L!MsA)F?C�Fc^ x w e x MsC n EVG n NZ^aEbAcF x ^aNm^tC x Ï?AZv
^tÏ?C n A)L!MsA)F?C�Fc^ x ,cEbFX^aC�pt�«N n C x �tM?`b�OH¶^tA)HcC�^aÏ?C�p��?[Xu6C xan paEbyOEbF?H
Ï?AZvh^tÏOC�EGp-ptAc`bC x¶n A)papaC x M�AcFOu5w�� EGH)�OptC!l x ÏOAZv x N x M�C n E-G?Ð
n NZ^aEbAcFJ�ßAcp ��Ý«ïmñt×�ì!×¸çZÝ«ÙmØ¿Ý«ï ë x ^aNm^tEGF?H�^tÏONm^ æ
` Eb^ÉEGF n `b�Ou?C x NmF�EbF x ^¸NmF n CfAm�íaï ë 	Z×�ñ ð Ý«ï ë [¶v�Ï?C�paCè^tÏ?C
ñtÙ J ê¬ì!ÙmØ®×�ñ�Ý«ÙZÚsAm�K^tÏ?C	í¸ï ë 	U×�ñ ð Ý«ï ë E x ^aÏ?C&ÿ?ÙmØ¿Ý«× ë Ø�EGFè^tÏ?C
��Ý«ïZñt×�ìÁ×açmÝ«ÙZØµÝ«ï ë [�C�^ n w
` Eb^�EbF n `b��u6C x N)F&EGF x ^aNmF n C�Am��çZÝ¡üX× ð ØµÝ«ï ë [cv�Ï?C�paCB^tÏ?C-×¸ÙZØ¬×�ñ
EGF	^aÏ?C	çZÝ¡üX× ð ØµÝ«ï ë E x ^aÏ?CØ��O×�ìÁ×$EbFf^tÏ?C ��Ý«ïZñt×�ìÁ×açmÝ«ÙZØµÝ«ï ë [
C�^ n w
` Eb^»E x N^=PDM�CJAm�¶Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø¿[ v�Ï?C�paC�Nm`G`�^aÏ?C�paA)`GC x LÁNmM
u6EGpaC n ^a`bPJv�E¡^aÏ?A)�6^�paC�F�NmL!EbFOHOw
` ��Ï?C¶Ø �?×�ì!×#E x ì�Ý«í�ñtï �¸× ð [cN)FOu»^tÏ?CKÿsñaï�çmòOí�Ø?E x Þ�×�ñ�ØµÝîÚ¤Ýbý]×�ñ�w
��Am^aC»^aÏONZ^¶EGFf^aÏ?C n N x C»A)��Øµñt×¸ÙZØµì!× ë Ø�N x N n A)L!MsA)F?C�FX^$A)�
��Ý«ïmñt×�ìÁ×¸çZÝ«ÙmØ¿Ý«ï ë [sEbF�v�Ï?E n Ï�Nm`G`5^tÏOC°ptAc`bC x L!N)M	u6EGptC n ^t`GP�^aAmÐ
H)C�^aÏ?C�p Ö EGC)w v�Eb^tÏ?Ac�6^ÉpaC�F�NmL!EbFOHXÜ�[ n A)L!MsA x E¡^aEbAcF:paC�u6� n C x
^tA x ^aNmF�u?Nmp¸u EGF?Ï?C�ptEb^aN)F n Ccw ��ÏOC�paC��ßA)paC)[BA)�Op n AcL�MsA)FOC�FX^_Ð
yON x C�u	�ßpaN)L�C�vKAcptq n NmFfysC x C�C�F{N x N�H)C�FOC�p¸Nm`GE-�]NZ^tEGA)FfAm�KN
F?A)paLÁNm`OEGF?Ï?C�ptEb^aN)F n C$NmM?MOptAXN n Ï8w���Am^aC$N)` x A-^aÏONZ^K^tÏ?C x M�C n Ð
EVG n NZ^aEbAcF x ^tEG`b`�EGF n `b�Ou?C x L!A6u6EVG�C�p x [ x MsC n EGN)`bE���EGF?H{MONmpt^ x A)�
^tÏ?C$yON x C n A)F n C�M?^ Ö C�HOw#^aÏONZ^�^tÏOC+y?EGA)paC�L!C]u6EGNm^tEGA)F{Ù�üX× ë ØsE x
ì&Ý«í�ñtï��¸× ð Ü�w
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C:Conversion
C.raw−matl=B.patient
C.product=B.product

D.eater=B.theme
D.food=B.patient
D.script=B.script

= ++ ISA Treatment B.product
  =Fertilizer

++
(all roles map
directly together)

B.theme
  =Microbes

B:Bioremediation
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PM

R:quantity

M:substance

T:thing
R:thing

E:agent S:script

S:script

P:substance

S:script

P
product rate

Q

Q:quantity

P:fertilizerR:oilT:microbes

A:person

E:soil

A:person
Digestion

D:Digestion

�#EGH)�?paCl æ @BEGA)paC�L!C�u6EoNZ^aEbAcF n NmF y�C x MsC n E-GOC]u N x N n A)L!MsA x E¡^aEbAcF A)� n A)L!MsA)F?C�Fc^ x Ö x Ï?AZv�F EbF ysAm^tÏ ^aC�TD^JNmFOu HcpaN)M?Ï?E n Nm`
�ßAcptL x Ü�w!@BP�A)F?`GP x M�C n Eb�ßPXEGF?HÏ?AZvh^aÏ?C n AcL!M�AcF?C�FX^ x ,~EbFX^aC�pt�«N n C x L!N)Mf^aA)HcC�^tÏOC�p][~^tÏ?C!^¸NmpaH)C�^ n AcF n C�M6^ n N)FfysC n A)F x ^apt� n ^tC]u
N)�6^tAcLÁNZ^tE n N)`b`GP)w

d0C�F?AZv u6C xan paEGy�C�N-L�C�^tÏ?A6u!�ßAcp�HcC�F?C�paNm^tEGF?HO[cEbF�N°HcAcN)`¡Ð
u?EbpaC n ^tC�ufvBNUPc[sN n AcF n C�M6^¶ptC�M?ptC x C�FX^aNZ^aEbAcF�ßptAcL�N x M�C n E-G?Ð
n NZ^aEbAcF8w

�
��Ì�< � Ît} 9è��Ì+}~3 ��4:9è��Ì �c467O|+}s46Î_��Ì
e * n AcF n C�M6^ÁptC�M?ptC x C�FX^aNZ^aEbAcF�,#E x N)F EGFX^tC�HcpaNm^tEGA)FÓA)�+EGF6�ßA)ptÐ
LÁNm^tEGA)F��ßpaA)L ^tÏ?C n AcF n C�M6^ , x�n AcL�MsA)FOC�FX^ x [ x �Oy6Ô=C n ^B^aA»^aÏ?C
LÁN)M?M?EGF?H�HcEb�cC�F°EGF°^tÏ?C n AcF n C�M6^ , x�x M�C n E-G n Nm^tEGA)F8w �®^#E x L!AcptC
^aÏONmF�N x EGL!M?`GC��?F?EGA)F�A)�5^tÏ?C n A)L!MsA)F?C�FX^ x ,XNmTDEGA)L x [cN x NZTDÐ
EGA)L x L!NUP0EGFc^aC�p¸N n ^°^tAèN)`b`GAZv N)u?u6Eb^tEGA)F�Nm`�EGF6�ßAcptLÁNZ^aEbAcF{^tA
ysC�EbF?�ßC�paptC]u»NmysA)�?^ ^aÏ?C n A)F n C�M?^�w �¬F»H)C�F?C�p¸Nm`µ[ n AcF x ^apt� n ^tEGF?H
N n A)L!MsA)�?FOu n A)F n C�M6^�paC�MOptC x C�Fc^¸NZ^aEbAcFJEGF�E¡^ x C�FX^tEGpaC�^=P Ö EbCcw
C�T6ÏONm� x ^tEG�)C�`bP!EGF6�ßC�papaEbF?H�Nm`G`s�«N n ^ x NmysA)�6^�E¡^�ÜKE x EbFX^apaN n ^aN)y?`GC)[
N)FOu��ßC�v A)��^tÏ?C��«N n ^ x ^aÏONZ^ n N)FfysC!EbF6�ßC�ptpaC�uèNmpaC»paC�`GC��ZNmFX^
�ßAcp�NmFDP!MONmpt^tE n �?`oNmpK^aN x q~w���Ï?C�ptC��ßA)paC)[DyDP�u6C x EbHcF8[DA)�?p n AcF6Ð

n C�M?^ n A)F x ^apt� n ^tEGA)F L!C�^tÏOADu E x u6paEb�cC�F yDPÀ^tÏ?CèÑc�OC x ^tEGA)F x
M�A x C]uJ^aA!^tÏ?C»qXFOAZv�`bC]u6H)C�ÐµyON x Cc[DC�Eb^tÏ?C�p��ßptAcL N!� x C�p�A)p�NmF
NmM?M?`GE n NZ^aEbAcF x P x ^tC�Lw-dèCÁN)ptC n A)F n C�paF?C]u	v�Eb^tÏ{Ñc�OC x ^tEGA)F x
^tÏONm^�ptC��ßC�paC�F n C Ö Nm^�`bC]N x ^¸Ü#AcF?C n AcF n C�M6^�^aÏONZ^�E x FOAm^�C�T6M?`GE n Ð
E¡^a`bPÁEGF�^aÏ?C¶qXFOAZv�`bC]u6H)C+yON x C)[XC�H�w �_^tpaC�Nm^tL!C�FX^�Am� n pt�Ou?C�A)EG`
� x EGF?H�L!E n paA)ysC x �?[ON)FOu	N x qJ�ßA)p�AcF?C-A)��E¡^ x M?paA)MsC�pt^tEGC x [�C�HOw
�_Ï?AZv{L»� n Ï°v�Eb`G`DE¡^ n A x ^�� �Ow � A+NmF x vBC�p x � n Ï»ÑX�?C x ^aEbAcF x ^tÏ?C
x P x ^tC�L G�p x ^ n paC�NZ^aC x N ð ía× ë Ùmñ�Ý«ïZ[ n A)F x E x ^aEbFOH$A)�~\DqcA)`GC�LhEGF6Ð
u6Eb�DEou6�ON)` x u?C�F?A)^tEGF?H-MON)p_^ x Am�~^tÏOC n AcL�MsA)�OFOu n AcF n C�M6^ Ö C�HOw
Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø������m[$ïZÝîÚ������m[°ì&Ý«í�ñtï �a× ð ������Ü!M?`G� x ^aÏ?CptC�`GNm^tEGA)F6Ð
x Ï?EGM x N)L�AcF?H{^tÏOC�Lwâ��Ï?C x P x ^aC�L ^tÏ?C�F C�`GN)y�AcpaNm^tC x ^tÏ?C
xtn C�FON)ptEGAJ^aA GOFOuè^tÏ?C�N)F x vKC�p¶^tAÉ^tÏ?CÁHcEb�cC�F{ÑX�?C x ^tEGA)F8w �¬F
A)�?p&vKAcptq~[%N^tAcMÓ`bC��)C�`BN)M?M?`GE n NZ^tEGA)F x P x ^aC�L Ö C�HOw	�ßAcp&u6EbÐ
NmH)FOA x E x ÜBv�Eb`G` ^=PXMOE n Nm`G`bPLÁNmqcC-LÁNmFDP x � n ÏfÑX�?C�ptEGC x ^tAJ^tÏ?C
qXFOAZv�`bC]u6H)C�ÐµyON x Cc[ n N)� x EGF?H°^aÏ?C�EGF?Eb^tEoNm` xtn C�FON)ptEGA¶^tA»y�C n A)L!C



C�TD^tC�F x EG�)C�`bP�C�`GN)y�AcpaNm^tC]u�AZ�)C�pB^tEGL�Ccw
��Ï?C yON x C:AcM�C�paNm^tEGA)F EGF ^aÏ?E x M?paA n C xtx E x NmF x vBC�paEbF?H

N x EGF?Hc`bC ÑX�?C x ^aEbAcF8w ��ÏOE x EbFD�cA)`G�)C x L�AcptCÓ^tÏON)F x EbL!M?`GP
y�N n qDvBN)pau6Ð n ÏON)EbFOEbF?H&� x EbF?H!^aÏ?C n AcL!M�AcF?C�FX^ x ,ONmTDEGA)L x [6y�C�Ð
n Nm� x C-N x L�AcptC$�«N n ^ x NmpaC¶EbF6�ßC�ptpaC�u�N)y�Ac�6^�^tÏOC xtn C�FON)ptEGAO[6Eb^
LÁNUPysC n AcL!C»MsA xax EGy?`GC-^tAÉpaC GOF?C»^tÏ?C n `oN xax EVG n NZ^aEbAcF�Am��EGF6Ð
u?Eb�DEou6�ONm` x EGFè^aÏ?C xan C�F�NmpaEbA Ö C�HOw�N0Ø¬ï�ïmÚsL!EGH)ÏX^-ysCÁptC�GOF?C�u
^aA&ysC¶N �?Ùmì&ìÁ×�ñ�E¡� E¡^�E x u6E xan AZ�)C�ptC]u�^tÏONm^K^aÏ?C+^tADA)`sE x � x C�u
^aAÓN �!T ë ÙZÝîÚ ð Ü�w ��Ï?E x ptC�GOF?C�L!C�Fc^�paC x �?`b^ x EGF N)u?u6Eb^tEGA)F�Nm`
n A)L!MsA)F?C�Fc^ x Ö C�H�w �ßA)p �?ÙZì�ìÁ×�ñ_Ü�ysC n AcL!EbF?H NmMOM?`bE n N)y?`GC)ã
^aÏ?C�paC��ßAcptCc[�Eb^ÉE x C xtx C�FX^aEGN)`�^aA q)C�C�M ^aÏ?C n `oN xax E-G n Nm^tEGA)F A)�
EGFOu6EG�DEGu?�ONm` x EGF ^aÏ?C xan C�F�NmpaEbA0�?M6Ðµ^tA)Ð®u?Nm^tCc[�^aAÀC�F x �?paC�^aÏ?C
x P x ^aC�L�ÏON x N n�n C xax ^tA�Nm`G`8^tÏOC-ptC�`bC��ZNmFX^+NZT6EGA)L x wBe x N!paC�Ð
x �?`b^�[s^tÏOC�ÑX�?C x ^aEbAcF6Ð®N)F x vKC�ptEGF?H�Nm`GH)AcptEb^tÏOL E x yON x C�u�AcFfNmF
Eb^tC�paNm^tEGF?H n P n `GC¶Am� n `oN xax Eb�ßPJN)FOuÉC�`oNmysA)p¸NZ^tCc[Dv�Ï?E n ÏvBC¶v�Eb`G`
u?C xan paEbysC x Ï?Acp_^a`bPcw
��Ï?C�ptC�E x N�vBC�`G`¡Ð®qDF?AZv�F�^tp¸N)u?C�Ð®A �{^tAÏON)FOu6`GC&Ï?C�ptCc[5y�C�Ð

^=vBC�C�FÁC�T6M?paC xax EG�DE¡^=P&A)F�AcF?C�ÏON)FOu5[DNmFOu n A)L!M?`GC�^aC�F?C xtx NmFOu
^apaN n ^¸Nmy?EG`bEb^=P!Am�#EbF6�ßC�ptC�F n C$A)FJ^tÏ?C¶A)^tÏ?C�p�w#d E¡^aÏÉ^tÏ?C$C�T n C�M6Ð
^aEbAcF�Am��N��ßC�v x P x ^tC�L x [?C�HOw �°ä �_\ Ö @�N)Ncu6C�p�á�å�Ac`b`G�?FOu?C�p
j]g)gOj]Ü�[DL!A x ^�ptC]N x A)F?C�p x ^tAc`bC�paNm^tC x AcL�C¶EGF n AcL!M?`bC�^tC�F?C xax EbF
EGF6�ßC�ptC�F n Cc[ x A�^tÏONm^�N�L!A)paCBC�T6M?paC xax EG�)C�paC�MOptC x C�Fc^¸NZ^aEbAcF-`GN)F6Ð
Hc�ONmHcC n NmFÉysC-� x C�u5wBR+�Op�Nm`GH)A)paEb^tÏ?L x EGL�EG`oNmpa`bPJu?AXC x ^tÏOE x w
ä�C n C�FX^�vKAcptq°AcF�Ùcí¸ía× ð¸ð Ú¤Ýîì&ÝîØ¬ÙZØµÝ«ï ë Ö IKp¸NUv��ßA)p¸u&á �¶�?EbMsC�p x
j]g)gOj]Ü¶ÏON x!x Ï?AZv�F Ï?AZvÅ^tp¸N n ^aN)y?Eb`GEb^=P n NmFÓysCLÁNmEGFc^¸NmEGF?C�u
^aÏ?paA)�?HcÏ�^tÏOC$� x C$Am��Ù)í¸í¸× ð¸ð ÿ?ÙmØ�� ð [6v�ÏOE n ÏÉH)�?Eou6C+^tÏ?C¶EGF6�ßC�ptÐ
C�F n C x ^tÏONm^�NmF�EbF6�ßC�ptC�F n C�C�F?H)EGF?C�L!EbHcÏc^�LÁNmqcC)w �?Acp x EGL�EG`oNmp
MO�?ptMsA x C x [5A)�Op¶N)`bHcA)paE¡^aÏ?L�� x C x N n�n C xtx MONm^tÏ x N x ^aÏ?C!`GN)F6Ð
Hc�ONmHcC��ßAcp�ÑX�?C�paPDEbF?H�^aÏ?C°qDF?AZv�`bC]u6H)C$yON x Ccw
e�F�N n�n C xtx MONm^tÏE x N x C]Ñc�OC�F n C$A)� y?EGFON)ptP�MOptC]u6E n NZ^aC x�æ

	�� Ö�� 5�� � Ü65 	�� Ö � � 5�� � Ü 5	�
����5 	�� Ö � ���� 5�� � Ü
v�ÏOC�paC � E x N n AcF x ^aNmFX^ Ö u?C�F?A)^tEGF?H	NmF{EGFOu6EG�XEou6�ON)`�EGFè^aÏ?C
xan C�FONmpaEGAXÜ°N)FOuÀ^aÏ?C����8, x NmpaCÁ�ßpaC�CÉ�UN)ptEoNmyO`bC x w � e�F N n�n C xtx
M�NZ^tÏfptC��ßC�paC�F n C x ^tÏ?C x C�^$A)���UN)`b�OC x �ßA)p�� � Ö ^tÏ?C�`GN x ^$�ZNmpaE¡Ð
N)y?`GCÉEGF ^tÏ?CMONm^tÏ�Ü»�ßA)pÁv�ÏOE n Ï ^tÏ?C�ptCC�T6E x ^ x NZ^!`bC]N x ^ÁA)F?C
�ZN)`b�?C��ßA)p�N)`b`O^tÏ?C�A)^tÏ?C�p��ZNmpaEGN)y?`GC x EGF!^tÏ?C�MONZ^aÏ8w!�?A)p�C�T?NmL�Ð
MO`bCc[Z^tÏ?C�N n�n C xax MONm^tÏ�� 9��@>��\3 Ö�� 2�����5��sÜ 5 / �+/ 3+> � Ö � 5�!?Ü#paC��ßC�p_Ð
C�F n C x �#"cA)Ï?F�, x MONmpaC�FX^ x , x E x ^tC�p x �?w �¬FJ^aC�paL x A)�8^tÏOC$HcpaN)M?Ï6Ð
E n N)`�ptC�M?paC x C�FX^aNm^tEGA)F	A)� n A)F n C�M6^ x � x C]ufC]Nmpa`bEGC�p][8NmF{N n�n C xtx
M�NZ^tÏ n A)paptC x MsA)F�u x ^tA°^aÏ?C x C�^�A)�5MONZ^aÏ x ^tÏ�NZ^ x ^aN)p_^�Nm^�F?A6u6C
� NmF�u�^apaNU�cC�p x C¶Nmp n�x `oNmysC�`GC�u 	�� 5	�
����5 	�� w
�$EG�)C�F!N°ÑX�?C�paP°C�T6M?paC xax C�u�N x NmF!N n�n C xtx MONm^tÏ Ö MsA x C�u�yDP

N»� x C�pBA)pKN)FJNmMOM?`bE n Nm^tEGA)F�MOptAcH)p¸NmL�Ü�[)^tÏ?C n AcL�MsA x Eb^tEGA)F�Nm`bÐ
HcA)paE¡^aÏ?L NmM?M?`GEGC x ^aÏ?C�IK`oN xax E¡�ßPXÐ¬Ò�`oNmysA)p¸NZ^tC�IKP n `GC�^tA �=�ßAc`b`GAZv
^aÏ?C�MONm^tÏ �Ow���Ï?C�H)AXNm`�E x ^aA n AcL�MsA x C°Ô=� x ^-^aÏ?CJEGF6�ßA)paLÁNZÐ
^aEbAcF�F?C n C xax N)ptPJ^tAJN)F x vKC�p�^tÏ?C&Ñc�OC�paP Ö EbCcw GOFOu	N)`b` �UN)`b�OC x
A)��^aÏ?C�`oN x ^��ZNmpaEGN)y?`bC$� � EbL!M?`GEbC]u!yDP-^tÏOC�qDF?AZv�`bC]u6H)C�Ðµy�N x C]Ü�w
�®^�u6ADC x ^tÏ?E x yDP!vBA)paqXEGF?H$�ßpaA)L `bC��î^�^aA»paEbHcÏc^][cN)M?M?`GPXEGF?H°^aÏ?C
�ßAc`b`GAZv�EGF?H{IK`oN xax Eb�ßPXÐ®Ò�`GN)y�AcpaNm^tCÉIKP n `bC��ßA)p!C�N n ÏÓM?paC�u6E n Nm^tC
	 � Ö �%� �� 5����µÜBEGFÉ^tÏ?C°M�NZ^tÏEGFÉ^t�?paF æ

& Ã%ºX�¤ ��¡ � ¬�]¯°©a¨�ºX��¢� ¬�¤¯°²X�¤�¼ùD©�¥?¹$£c�c¢J�¼¢ ¬�cÊ¶±¸©¸ �³o���É�]�)�
²X�c�=²6�� ¬©¸ ¸½

T Z¿�?�]� E(O(P F$@BC��ßA)paC x C�N)p n ÏOEbF?H-�ßA)p x Ac`b�?^tEGA)F x �ßA)pK^tÏ?C¶M?paC�u?E¡Ð
n NZ^tC 	 � Ö �%� �� 5����µÜ�[ GOp x ^�^tpaPÁ^aA�paC G�F?C$^tÏ?C n `oN xax EVG n NZ^aEbAcF
A)�'� � (� �ßpaA)L�Eb^ x qXFOAZv�F n `oN xax ^tA x AcL�C�^tÏ?EGF?H-L!AcptC x MsC�Ð
n EVG n [U^tA GOFOu&Eb^ x L!A x ^ x MsC n E-G n H)C�F?C�p¸Nm`GE���NZ^aEbAcF Ö x Ü�w ��Ï?E x [
EGF	^a�?ptF�[5L!NUP�paC�ÑX�?EGpaC GOFOu?EbF?HN)uOu6E¡^aEbAcFONm`%EGF6�ßA)paLÁNZ^aEbAcF
N)y�Ac�6^�� � (� ^tA�u6C�^tC�paL!EbFOC�v�ÏOC�^tÏOC�p°Eb^ x NZ^aE x GOC x N n A)F6Ð
n C�M6^�u6C�GOF?Eb^tEGA)F8[?ÏOC�F n C$LÁN)qXEGF?HÁN&ptC n �?p x EG�)C n N)`b`~^aA�^tÏ?C
IK`oN xax Eb�ßPXÐ®Ò�`GN)y�AcpaNm^tC$IKP n `bCcw

) Z¿�6� L �U�?� D�F+� A GOFOu x A)`G�6^aEbAcF x �ßA)p 	 � Ö ��� (� 5#�%�®Ü�[ x C]Nmp n Ï
�ßAcp&NZT6EGA)L x ^aÏONZ^ n A)F n `G�Ou6C��ZNm`G�?C Ö x Ü°Am�*���_[%`GADA)qDEbFOH	EbF
^aÏ?C n AcL!M�AcF?C�FX^ x EbFÀv�ÏOE n Ï+��� (� MON)p_^aE n EbMONm^tC x w �®��NmFDP
N)ptC��ßA)�OFOu0^tAfN)M?M?`GP)[ ^tÏ?C n A)F n C�M?^»u6C xan paEbM?^tEGA)F n N)FÀy�C
C�TX^aC�FOu?C�ufN)`bAcF?H�^aÏ?C!ptC�`GNm^tEGA)F 	 �tw»��Ï?E x$x EGL�EG`oNmpa`bP�LÁNUP
n Nm`G`6^tÏ?C¶IK`GN xtx E¡�ßPXÐ¬Ò�`oNmysA)p¸NZ^aC n P n `bC�ptC n �?p x EG�)C�`bPc[Z^tA n A)L�Ð
M?�?^tC¶^tÏOC-NmFX^tC n C�u?C�FX^ x Am�#^tÏOA x C¶NmT6EbAcL x w
� AÀEb`G`G� x ^apaNm^tC�^aÏ?E x [ n A)F x EGu?C�p�^aÏ?C n A)L!M�Ac�?FOu n A)F n C�M6^

ì&Ý«í�ñtï��¸×�ê ð ïZÝîÚ¤ê¬Øµñt×¸ÙZØµì!× ë Øµ[$ptC��ßC�paptEGF?H ^tA ^tÏ?C0^aptC]NZ^tL!C�Fc^�A)�
x AcEb`&v�E¡^aÏ L!E n ptAcy�C x w ��Ï?C n A)F n C�M?^ x M�C n E-G n Nm^tEGA)F n A)F6Ð
x E x ^ x Am� ^=vBA�L!ADu?EVGOC�p x Am� ^tÏOC yON x C n AcF n C�M6^�Øµñt×¸ÙZØµê
ì!× ë Ø æ ^tÏOC0Ø �?×�ìÁ×-, ì&Ý«í�ñtï �a× ð N)FOuÀ^aÏ?C�ÿ?ÙmØ¿Ý«× ë Ø., ð ïmÝîÚ æ

soilpatienttreatmentmicrobes theme

��Ï?E x#n AcL!M�Ac�?FOu n A)F n C�M6^%L!EbHcÏc^#y�CBF?C�C�u6C]u°�ßA)p%NmF x vBC�paEbFOH
FX�OL�C�ptAc� x ÑX�?C x ^tEGA)F x [ x � n ÏÀN x �_v�ÏONm^-E x ^aÏ?C n A x ^-Am�B^tÏ?C
C�ÑX�?EGM?L!C�FX^-ptC]ÑX�?EbpaC�uf�ßA)p»L�E n paA)ysC�Ð x A)EG`¡Ðµ^tpaC�Nm^tL!C�FX^�� � Ò�TDÐ
M?ptC xtx C�u�N x N)FÉN n�n C xtx M�NZ^tÏ�[6^tÏ?E x ÑX�?C�ptPÁE x�æ

/�<�/6>17:> �\3 Ö 3��@>19;3�0�>��\3=Y)Y?j�5 1�Ü65��2� / 3��4<%0�>��\3 Ö 1 5 3DÜ65#4�2�/�3 Ö 3�5 � Ü
u6C�F?A)^tEGF?H�^aÏ?C n A x ^+A)��^tÏ?C�EGF x ^apt�OL�C�FX^ x Am��^aÏ?C x �?ysC��cC�FX^ x
Am�{Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø������m[�NS\DqcA)`GC�L EGF x ^aN)F n C:A)��^aÏ?C n A)F n C�M6^
ì&Ý«í�ñtï��¸×�ê ð ïZÝîÚ¤ê¬Øµñt×¸ÙZØµì!× ë Øµw%��Ï?C x C�ÑX�?C�F n C�A)�8A)MsC�p¸NZ^tEGA)F x �ßA)p
n A)F x ^apt� n ^tEGF?HÀN{ptC�M?paC x C�FX^aNm^tEGA)F A)��Øµñt×¸ÙZØµìÁ× ë Ø������É^aAÓNmF6Ð
x vBC�pB^tÏOC-Ñc�OC�paP�E x N x �ßA)`G`bAZv x�æ
j)w Ö IK`oN xax Eb�ßP?Ü%@BC��ßA)paC x C]Nmp n Ï?EGF?H$�ßA)p x A)`G�6^tEGA)F x �ßA)p�^aÏ?C GOp x ^
M?paC�u?E n NZ^tC+EbF�^tÏOC$M�NZ^tÏ�[ Ö / <'/ > 7:>��\3 Ö 3��@>49;3�0 >��\3=Y)YOj&551�Ü_Ü�[
^aptPÉ^tAÉpaC GOF?C&^tÏOC n `GN xtx E-G n Nm^tEGA)F�Am�+Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø������-�ßptAcL
Øµñt×¸ÙZØµì!× ë ØK^tA x A)L!C�^aÏ?EbFOHfL!A)paC x MsC n E-G n wÓdèCv�EG`b`�N x Ð
x �?L!C�^aÏONZ^�F?AcF?C°NmpaC��ßAc�?FOu Ö F?A!paC�`GC��ZNmFX^ n A)F n C�M?^�u6C�G?Ð
F?Eb^tEGA)F x NmM?M?`GP?Ü�w

k6w Ö Ò�`GN)y�AcpaNm^tC]Ü �OA)p /�<�/6>17:> �\3 Ö 3��@>19;3�0�>��\3=Y)Y?j�561�Ü�[ x C]Nmp n Ï
^aÏ?C n AcL�MsA)FOC�FX^ x ^aÏONZ^ n A)FX^tpaEGy?�6^tC ^aA�Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø������
^aA GOFOuâNZT6EbAcL x ^tÏ�NZ^ n A)F n `G�Ou6CèN)y�Ac�6^�/ <�/6>17;>��\3�w �¬F
^aÏ?E x n N x Cc[�NmF NmT6EbAcL �ßpaA)L 3��@>19;3�0�>��\3�E x �ßA)�?FOu
N)FOu/C��ZNm`G�ONZ^aC�u5w ��Ï?C NZT6EGA)L N xtx C�pt^ x ^aÏ?C C�T6E x Ð
^aC�F n C Am� Ö NmFOu(Ï?C�F n C�HcC�F?C�paNm^tC x \Dq)Ac`bC�L EbFOu?Eb�DEou6�6Ð
N)` x �ßA)p�ÜS^=vKA x �Oy�C��)C�FX^ x [SüX×�Ø NmF�u Ù¸ÿ)ÿsÚ¡éZw IKA)F6Ð
x C�ÑX�?C�Fc^a`bPc[Ó^aÏ?C n AcF n C�M6^ u6C xan paEGM6^tEGA)F E x C�`GN)y�AcpaNm^tC]u
yDP�N)uOu6EbFOH Ö EbF x ^aN)F n C x Am�aÜ üX×�Ø N)FOu Ù¸ÿ)ÿ~Ú¤éZ[ x NUP
7 >13=Y)Y?j�N)FOu 9��8��09!6Y)YOj)[mN xKx �Oy�C��)C�FX^ x Am��3��@>49;3�0 >��\3=YcY?j)w

soilpatient

get

subevent subevent

apply

treatmentmicrobes theme



VOw Ö IK`oN xax Eb�ßP?Ü @BC��ßAcptC x C�N)p n ÏOEbF?H
�ßA)p x A)`G�6^aEbAcF x �ßA)p!^tÏOC x C n A)FOu M?paC�u6E n Nm^tCÉEbF ^aÏ?CMONZ^aÏ8[
Ö �2� / 3��4<%0�>��\3 Ö 9��8��09!6Y)YOj&563XÜtÜ�[c^tpaPÁ^tA!paC GOF?C$^aÏ?C n `oN xax E-G?Ð
n Nm^tEGA)F�A)�BÙaÿcÿsÚ¤é������mw Ö ��A x EGL!M?`bEb�ßPJu6E xan � xax EGA)F�[cvBC�AcL�Eb^
^tÏOC�M?paA n C xax Am� n `GN xtx E¡�ßPDEGF?H 7 >13=YcY?j)[ v�Ï?E n Ï0E x»x EGL�EG`oNmp]w Ü
R+F?C+M�A)^tC�FX^aEGN)`b`GP!ptC�`bC��UN)FX^Ku6C G�F?E¡^aEbAcF Ö F?Am^ x Ï?AZv�FJÏ?C�paC]Ü
E x ^aÏONZ^ÁNÀì�Ý��ÉE x u6C G�F?C�uÓN x N)F�ÙaÿcÿsÚ¤é�v�Ï?C�paC�^aÏ?CJM�NZÐ
^tEGC�FX^�E x N ð ò � ð Ø¬Ù ë í¸×�w%��A¶N xan C�p_^¸NmEGF»Eb�%Ù¸ÿ)ÿsÚ¡é������ x Nm^tE x G�C x
^tÏOE x u6C G�F?E¡^aEbAcF8[#^tÏ?C x �Oy?H)AXNm`(��9�3�� >��\3 Ö 9�� � 09!6YcY?j&5��èÜ�E x
x C�^��?M�w%@BP�ptC n �?p x Eb�cC�`GP n N)`b`GEbFOH°^tÏ?C¶IK`GN xtx E¡�ßPXÐ¬Ò�`oNmysA)p¸NZ^aC
IKP n `GC)[DN x Ac`b�?^tEGA)F!�ßA)p�^tÏ?E xKx �?y?HcAcN)`6E x �ßA)�?FOu æ N)FÁNZT6EbAcL
�ßA)p�Øµñt×¸ÙZØµì!× ë Ø x ^¸NZ^tC x ^aÏONZ^$^tÏOC»MONm^tEGC�FX^$EGF	^aÏ?CÉÙ¸ÿ)ÿ~Ú¤é&E x
^tÏOC x N)L�CN x ^aÏ?C�MONZ^aEbC�FX^!EGF ^tÏ?CÀØµñt×¸ÙZØµì!× ë Øµ[�N)FOuÓ^aÏ?C
MONm^tEGC�FX^�EGFÀ^aÏ?CèØµñt×¸ÙZØµìÁ× ë Ø�E x qDF?AZv�FÓ^tAfysC ð ïmÝîÚ Ö �ßptAcL
^tÏOC&EGF?Eb^tEoNm` n AcF n C�M6^ x M�C n E-G n Nm^tEGA)F�Ü�w°��ÏX� x [�� E x �ßAc�?FOu
^tAÀysC Ö N)F EbF x ^aN)F n C�A)�aÜ /12 � 0=[�NmFOu8[�N x /12 � 0$E x N x �?y6Ð
x ^aNmF n C)[#^aÏ?CÉu?C GOF?Eb^tEGA)F Am�*0 � � E x&x Nm^tE x G�C�u5w0��Ï?C x P x Ð
^tC�L ^tÏD� x�n AcF n `G�Ou6C x ^aÏONZ^&^tÏ?CÉL!A x ^ x M�C n E-G n HcC�F?C�paN)`¡Ð
E���NZ^aEbAcF!Am��Ùaÿ)ÿ~Ú¤é������ n NmF!ysC�ptC�GOF?C]u»�ßpaA)L�Ùaÿ)ÿ~Ú¤é�^aAÁì&Ý��cw
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l�w Ö Ò�`oNmysA)p¸NZ^aC]Ü��?A)p �2� / 3��1<�0�> �\3 Ö 9��8� 0 !6Y)Y?j�5#3DÜ�[ x C]Nmp n Ï
^tÏOC n A)L!MsA)F?C�FX^ x ^tÏ�NZ^ n AcFX^tpaEby?�?^tC�^tA ÙaÿcÿsÚ¤é������ ^tA
GOFOu NmTDEGA)L x ^tÏ�NZ^ n AcF n `G�Ou6C.N)y�Ac�6^ � � / 3��4<�0 >��\3�w
�¬F ^aÏ?E x n N x Cc[ NmF NZT6EGA)L �ßptAcL 0��2� E x �ßAc�?FOu
NmF�u C��UN)`b��NZ^tC]u5[hN xax C�p_^aEbFOH ^aÏ?C�C�T6E x ^aC�F n C�A)� Ö NmFOu
Ï?C�F n C H)C�FOC�p¸NZ^tEGF?HâN \Dq)Ac`bC�L EbFOu?Eb�DEou6�ONm`&�ßA)p�ÜèNmFSEGF6Ð
x ^aNmF n C�A)� 0 � ��>��Xw å�C�F n C�^aÏ?C n A)F n C�M?^�u6C xtn ptEGM6Ð
^tEGA)F.E x C�`GN)y�AcpaNm^tC�u yDP Ncu?u6EGF?H NmF Ö EGF x ^aN)F n C(A)�aÜ
L!E¡T6C�p�[ 0��2� >��ZY)YOj)[»N x ^aÏ?C EGF x ^tpa�?L!C�FX^èA)� 9�� � 09!6YcY?j)w

get mix

subevent
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subevent
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� w Ö IK`oN xax Eb�ßP?Ü @BC��ßAcptC x C]Nmp n Ï?EGF?HS�ßAcp x A)`G�6^tEGA)F x �ßAcp ^aÏ?C
^tÏOEbp¸u MOptC]u6E n NZ^aC EGF�^tÏ?C MONm^tÏ8[ Ö 4 2�/ 3 Ö 0 � ��>��UYcY?j�5 � Ü_Ü�[
^tpaP�^tA:paC GOFOCÀ^tÏ?C n `oN xax E-G n NZ^tEGA)F A)�ì�Ý��D×�ñ �����mw R+F?C
MsAm^tC�FX^tEoNm`G`bP�ptC�`bC��ZNmFX^ u6C G�F?E¡^aEbAcF E x ^tÏONm^ N ñtïmØ®ïmØ¿ÝîÚîÚG×�ñ
E x Nâì�Ý��D×�ñ�EbF v�Ï?E n Ïâ^aÏ?C{L�EbT6C�u�E x ð ïmÝîÚ¤w���A N xan C�p_Ð
^aN)EbFhEb��ì&Ý��D×�ñ ����� x NZ^tE x GOC x ^aÏ?E x u6C G�F?E¡^aEbAcF8[°^aÏ?C x �?y6Ð
H)AXNm` 0��2� >@/ Ö 0 �2� >��ZY)YOj&5��-Ü»E x&x C�^��?M8w{e�HcN)EbF�[ n Nm`G`bEGF?H
^tÏOE x MOptA n C]u6�?paCptC n �?p x EG�)C�`bPc[KN x A)`G�6^tEGA)F �ßA)p�^tÏ?E x�x �?y6Ð
H)AXNm`6E x �ßA)�OFOu æ NmF!NZT6EbAcLS�ßAcp�ì&Ý�� x ^¸NZ^tC x ^tÏ�NZ^�^tÏOC�^tÏ?EGF?H
L!E¡T6C]u yXP ^tÏ?CÀì�Ý��D×�ñ!E x ^tÏOC x N)L!C	N x ^tÏOC	MONZ^aEbC�FX^�EbF
^tÏOC ì�Ý��c[$N)FOuâ^tÏ?C{MONm^tEGC�FX^�EbFâ^tÏ?C ì�Ý��0E x qDF?AZv�Fâ^tA
ysC ð ïmÝîÚ Ö �ßptAcL/NmF�C�N)pt`GEbC�p x ^tC�M�Ü�w ��ÏD� x [�� E x �ßAc�?FOu
^tA ysC Ö N)F�EGF x ^aNmF n C Am�aÜ /12 � 0=[�N)FOu�Ï?C�F n C ^tÏ?C:u6C�G?Ð
F?Eb^tEGA)F Am� �@243+243�� 0=0=>�� E xfx Nm^tE x GOC]u5w ��Ï?C x P x ^aC�L/^tÏD� x
n AcF n `G�Ou6C x ^tÏONm^�^tÏ?CÀL!A x ^ x M�C n E-G n H)C�F?C�p¸Nm`GE���NZ^aEbAcFâA)�
ì�Ý��X×�ñ ����� n NmF y�C ptC�GOF?C�u��ßpaA)L ì&Ý��D×�ñJ^aAhñtïZØ¬ïZØµÝîÚîÚb×�ñ�w
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?w Ö Ò�`GN)y�AcpaNm^tC]Ü �?Acp 4 2�/ 3 Ö 0 � ��>��UYcY?j�5 � Ü�[ x C]Nmp n Ï-^tÏOC n A)L�Ð
MsA)F?C�FX^ x ^aÏONZ^ n A)FX^tpaEGy?�6^tC ^aAÅì&Ý��D×�ñ ����� ^aA GOFOuÅNZTDÐ
EGA)L x ^aÏONZ^ n A)F n `b��u6C�NmysA)�?^ 4 2�/ 3�w �¬F ^tÏ?E x n N x C)[
N)F NZT6EbAcL �ßpaA)L �@243+243�� 0=0=>�� E x �ßA)�OFOu NmF�u.C��ZNm`G�6Ð
Nm^tC�u8[fN xax C�p_^aEbFOH ^aÏ?C n A x ^ Am�{N �4243+243�� 0(0=>�� E x	� k)Y)Y?w
å�C�F n C+^aÏ?C n AcF n C�M6^�u6C xan paEbM?^tEGA)F n NmFÉysC$C�`GN)y�AcpaNm^tC]u�yDP
Ncu?u6EGF?H 4 2�/ 3 Ö 0 �2� >��ZY)YOj&5 � kmYcYcÜ+^tAf^tÏ?CÉpaC�M?paC x C�FX^aNm^tEGA)F8w

get mix
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å�C�F n C	^aÏ?CèN)F x vKC�p�
� ���fE x ptC�^t�?paF?C]u yDP ^aÏ?CfEGF6�ßC�ptC�F n C
C�F?HcEbF?Ccw �
�®�¶^tÏOC x P x ^tC�L Ï�N)u x ^aN)p_^aC�u v�Eb^tÏâNÓu?E �~C�paC�FX^ x M�C n E-G?Ð

n NZ^aEbAcF8[��ßA)p¶C�T?NmL!M?`GCJì�Ý«í�ñtï��¸×�ê_ïZÝîÚ��sÚ¤Ý«í��mê¬Øµñt×¸ÙZØµì!× ë Øµ[~^tÏ?C�FèN
u6E �~C�paC�FX^ n ÏONmEGF-Am�?C�`GN)y�AcpaNm^tEGA)F x NmFOu n `oN xax E-G n Nm^tEGA)F x vKAc�?`ou
A n�n �?p]w �OA)p�C�T6N)L!M?`bCc[Z^tÏOC$9 � � 0 !-vKAc�?`ou»ÏONU�cCKysC�C�F!ptC�GOF?C�u
^tA�N /#���@>49��O[sNmFOu�^tÏOC �2� /�3��4<�0 >��\3BvKAc�?`ou�Ï�NU�)C¶y�C�C�F�paC�Ð
GOF?C�uJ^tA�N /#���@9�! >��Xw
��Ï?E x C�T?NmL!M?`GC�Eb`G`b� x ^apaNm^tC x¶x C��cC�p¸Nm`%u6E x ^tEGF n ^tEG�)C��ßC�Nm^t�?paC x

Am�ÓA)�OpâvBA)paqsw �#Ebp x ^][{^tÏ?C n AcF n C�M6^�A)�âì&Ý«í�ñtï �a×�ê ð ïZÝîÚ¤ê
Ø¿ñt×¸ÙmØ¿ìÁ× ë Ø n N)Fhy�C ptC]N x A)F?C]u NmysA)�6^0C��)C�F ^tÏ?Ac�?H)ÏhEb^èE x
F?Am^$M?ptC�ÐµyO�?Eb`b^¶EbFf^tÏ?C!qDF?AZv�`GC�u6HcC�Ð®yON x C)ãsEbF x ^aC�N)u8[sEb^°E x u6PXÐ
FONmL!E n Nm`G`GPfN xax C�L»y?`GC�uè�ßpaA)L n A)L!MsA)F?C�FX^ x wÉ\DC n A)F�u5[ C��)C�F
x LÁNm`G`5u6E��sC�ptC�F n C x EbF�^tÏ?C°EGF?Eb^tEoNm` x M�C n E-G n Nm^tEGA)FÉAm� ^tÏ?C n A)F6Ð
n C�M?^�LÁNUP n Nm� x C x EGH)F?E-G n N)FX^t`GP u?E �~C�paC�FX^ G�FONm`¶paC�M?paC x C�F6Ð
^aNZ^aEbAcF x ^aA	ysC n AcF x ^tpa� n ^aC�u Ö C�HOwÀì�Ý«í�ñaï��¸×�ê ð ïmÝîÚ¤ê¬Ø¿ña×aÙmØ¿ìÁ× ë Ø
� x w ì&Ý«í�ñtï��¸×�ê_ïZÝîÚ ð Ú¤Ý«í��mê¬Ø¿ñt×¸ÙmØ¿ìÁ× ë ØoÜ�[&EG`G`b� x ^tp¸NZ^aEbFOH Ï?AZv ^tÏ?C
EbFX^tC�paN n ^aEbAcFÓAm�$EbF6�ßAcptLÁNm^tEGA)FÓ�ßpaA)L u?E �~C�paC�FX^ n AcL�MsA)FOC�FX^ x
N �~C n ^ x ^tÏOCfpaC�M?paC x C�FX^aNm^tEGA)F y?�?EG`¡^]w �#EbFON)`b`GP)[�^aÏ?CfÑX�?C�ptEGC x
Ö C�H�w �_v�ÏONm^-E x ^tÏOC n A x ^»A)��^tÏ?CJC�ÑX�?EGM?L!C�FX^&paC�ÑX�?EGptC]u0�ßA)p
ì&Ý«í�ñtï��¸×�ê ð ïZÝîÚ¤ê¬Øµñt×¸ÙZØµì!× ë Ø � �cÜ n AcFc^aptAc`5^tÏOC»N n ^t�ON)`�paC�M?paC x C�F6Ð
^aNZ^aEbAcFJ^aÏONZ^�HcC�^ x y?�?EG`¡^]w

� 3�;_<#4D3 Í�� ��7?>
R+�?p!ptC x C]Nmp n ÏÀ�ßA n � x C x AcF ^=vBA{ptC�`GNm^tC�u E xax �?C x�æ y?�?EG`Gu6EGF?H
qXFOAZv�`bC]u6H)C-y�N x C x A)��ptC�� x Nmy?`GC n A)L!M�AcF?C�FX^ x N)FOu n AcL»y?EGF6Ð
EbF?H n AcL�MsA)FOC�FX^ x ^tA�y?�?EG`Gu n A)F n C�M?^$paC�M?paC x C�FX^¸NZ^tEGA)F x w+dèC
u6E xan � xtx paC�`oNZ^aC�u�vKAcptqÁAcF�C]N n ÏÉAm��^aÏ?C x C°E xtx �?C x w

� ¾X���¶ ¬�¡¯°²c�¤�¡±a�¤¢¿�¢=ºX�¤ °©aÄc��¯°²c�¤©��� ¬ ¬�X¯°©�¥�¢=ºD��¢°©���±_º0²)�=©�¥)ª
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d Eb^tÏ	paC�HXNmp¸uJ^aA�y?�?EG`ou6EbFOHJqDF?AZv�`GC�u6HcC°yON x C x [�Nm^+NÁH)C�F6Ð
C�paN)`?`GC��)C�`¿[XvBC��ßA)`G`bAZv ^tÏOC�M?paEbF n EGM?`bC�Am� x ^tpa� n ^a�?ptEGF?H-N°`oNmpaH)C
^aÏ?C�AcptPèN x N x C�^-A)� x LÁNm`G`bC�p�[8L!AcptCÁLÁNmF�NmH)C]Nmy?`GC�A)F?C x [#N x
EGF �tA)FX^tAc`bAcH)EGC x �$EbF�A)FX^tAc`bEGF?H)��N Ö ��Nmp¸Ñc�OÏONmp][ �#EGq)C x [DáSä�E n C
j]g)gDWmÜ$NmFOuÀ��R��+Ò Ö �?AUTÀá �$pa�?F?EGF?HcC�p�j]g)gmlDÜ�[#NmFOu �tL�EbÐ
n ptA)^tÏ?C�A)paEbC x ��EbF�IKP n Ö @B`GN)Ebp][ �$�?ÏONO[)á:Q�p¸NZ^t^Bj]g)gXk)Ü�w å�AZv�Ð
C��)C�p�[�Ac�?p&vBA)paqÀu6E��sC�p x EGFÓ^=vBAfEGL�MsA)pt^aN)FX^�v�NUP x w �#Ebp x ^�[
Eb^ÁE x FOAm^ÁA)�?pÁHcAcN)`�^aAfÿOÙZñ�ØµÝîØµÝ«ï ë N0qDF?AZv�`bC]u6H)C�yON x C Ö C�HOw
yDP�^tAcM?E n Ü�[ÉNm`b^tÏ?Ac�?H)Ï�^tÏOE x ^tADAhE x � x C��ß�?`µã0paNm^tÏ?C�p�[�Ac�?p
HcAcN)`-E x ^tA�EGu6C�FX^tEb�ßP�ña×®ÿO×¸ÙZØ¬×aç{ÿ?ÙmØ¿Ø¬×�ñ ë?ð ï=Þ Ù �cÝ«ïZì ð EGF N
`oNmpaH)CÉ^aÏ?C�AcptPc[�N)FOu ^tÏ?C�F:Nmy x ^tp¸N n ^JNmFOu paC�Eb�ßP ^aÏ?A x C�MONm^_Ð
^aC�paF x N x¶n A)L!M�AcF?C�FX^ x EGFè^tÏ?C�Ebp°AZv�F0ptEGH)ÏX^ Ö N)FONm`GA)HcA)� x ^tA
^aÏ?C�FOAm^tEGA)FJAm���tu?C x EbHcFÁMONZ^t^tC�paF x �-EGF�A)y?Ô=C n ^tÐµAcptEGC�FX^aC�u!M?paAmÐ
HcpaN)L!L�EGF?HDÜ�w�e x EGF?H)`GC n A)L!M�AcF?C�FX^�LÁNUPÉy�C�� x C�upaC�MsC�Nm^_Ð
C]u6`GP EGF N qDF?AZv�`GC�u?H)CÓyON x Cc[»C]N n Ï ^tEGL!C v�Eb^tÏ u?E �~C�paC�FX^
LÁN)M?M?EGF?H x A)��Eb^ x EGFX^tC�p_�«N n C0^tA n AcF n C�M6^ x EbF ^tÏOCÀqXFOAZv�`¡Ð
C]u6H)CyON x C��mw�\6C n AcFOu5[�vBCNcu?u N{vKC�`b`bÐ¬u6C GOFOC�u EbFX^tC�p_�«N n C
^aA�C]N n Ï n A)L!M�AcF?C�FX^][&v�Ï?E n Ï C�FONmyO`bC x paC��ßC�ptC�F n C ^tA:^aÏ?C
Acy6Ô=C n ^ x ^tÏ�NZ^MONmpt^tE n EGMONZ^aCèEGF:^aÏ?C n AcL�MsA)FOC�FX^ , x NZT6EbAcL x w
d0C0ÏONU�)C�^¸NmqcC�F:^aÏ?E x Eou6C�N �ßpaA)L n AcL�MsA x Eb^tEGA)FON)`+L!A6u6C�`bÐ
EGF?H�[)C�H�w Ö �ON)`bqcC�F?ÏON)EbFOC�p�á��OA)pay?� x j]g)gOj)ã à C��XPJj�g)gcVcÜ�[)NmFOu
x Am�î^=v�NmpaCÉC�F?HcEbF?C�C�paEbFOHO[�C�HOw Ö @BNm^tAcptPÓá RI, �fNm`G`bC�P j�g)gXk6ã
�$AcH)�?C�F�j]g)i cÜ�w �®^	E x N)` x A x EGL!Eb`oNmp^aA ^aÏ?CÀ� x C{Am� x EGHmÐ
F�NZ^t�OptC x ^tA n Ï�Nmp¸N n ^aC�paE-��C ^tÏ?C�A)paEbC x EGF n NZ^aC�HcA)paPh^tÏ?C�A)paP
Ö Q�EGC�p n C j�g)gOj]Ü�[�v�Ï?C�paC0A)�?pÉMONmpt^tE n EGMON)Fc^ x�n A)paptC x MsA)F�u ^tA
x A)pt^ x EGF n NZ^aC�HcA)paP!^tÏ?C�A)paP)w
d Eb^tÏJpaC�HXNmp¸u&^tA n A)L&y?EbFOEbF?H n A)L!MsA)F?C�FX^ x ^aA»y?�OEb`ou n AcF6Ð

n C�M6^-paC�MOptC x C�Fc^¸NZ^aEbAcF x [�A)�?p-N)M?M?paAcN n ÏèptC�`GNm^tC x ^tA�vBA)paq�EbF
u?C xan paEbM6^aEbAcF `bAcH)E n�x Ö � à x Ü�[ x � n ÏâN x IK`oN xax E n Ö @Bp¸N n Ï?LÁN)F
×�ØÁÙZÚbÛ j]g)gOj]Ü�NmFOu à AXAcL Ö �	N n �$ptC�H)A)p�á @�NZ^aC x j]g)iXW)Ü�w
@B�?EG`ou6EbFOH-N n A)F n C�M6^�paC�M?paC x C�FX^¸NZ^tEGA)F&E x�x EGL�EG`oNmp%^tA¶^aÏ?C�M?paAmÐ
n C xax Am� * F?AcptLÁN)`bE���EGF?H�,UN n AcFZÔ=�?F n ^tEG�)C�� à n A)F n C�M6^�u6C xtn ptEGM6Ð
^aEbAcF8[ u?�?ptEGF?H�v�Ï?E n Ï{EbF?�ßA)paL!Nm^tEGA)F{NmysA)�6^°^aÏONZ^ n A)F n C�M6^-E x
HXNZ^aÏ?C�paC�u:N)FOu n A)L&y?EGF?C�u5w �¬FâMON)p_^aE n �?`GN)p�[�^tÏ?C n `GN xtx E¡�ßPXÐ
C�`GN)y�AcpaNm^tC n P n `GC¶E x�x EGL!Eb`oNmpB^tA!F?AcptLÁN)`bE���EGF?HÁN n A)F n C�M?^�u?C�Ð
xan paEGM6^tEGA)F!EGF&^aÏ?C�M?paC x C�F n C�Am�5e�@BAUT&pa�?`GC x [mv�Ï?C�ptC�yXP&e�@BAUT
EGFOu6EG�DEGu?�ONm` x N)ptC n `GN xtx EVG�C�u5[O^tÏ?C n `oN xax E-G n Nm^tEGA)F�u6C�^tC�paL!EbFOC x
^aÏ?C¶pt�O`bC x ^aÏONZ^�N)M?M?`GP!^tA�^tÏOA x C+EGFOu6EG�DEGu6��Nm` x [D^aÏ?C¶pt�?`GC x N)ptC
N)M?M?`GEbC]u5[c^tÏ?C�EGFOu6EG�DEGu?�ONm` x N)ptC�paC n `GN xtx E-GOC�u Ö x EbF n C�^aÏ?C�pa�?`GC x
L!EGH)ÏX^�ÏONU�)C�Ncu?u6C]u�EGF6�ßA)paLÁNZ^tEGA)FsÜ�[6NmFOu�^tÏ?C n P n `bC+ptC�M�C]NZ^ x w
å�AZvKC��)C�p&EGF n A)FX^apaN x ^�^tA0^tÏOE x � à Nm`GH)AcptEb^tÏ?L v�ÏOE n Ï C�TDÐ
Ï�Nm� x ^tEG�)C�`bP n A)F x ^apt� n ^ x+n A)F n C�M?^�ptC�M?paC x C�FX^aNm^tEGA)F x v�Eb^tÏ?Ac�6^
paC�HXNmp¸u-^aA-^¸N x qs[cA)�?pKNm`GH)A)paEb^tÏ?L�E x ücï]ÙZÚ¡ê_çZñ�Ý�	Z× ë [ n A)F x ^tpa� n ^_Ð
EGF?HÉA)F?`GP^tÏOA x C»MON)p_^ x A)��^tÏOC n A)F n C�M6^¶ptC�M?paC x C�FX^aNm^tEGA)F�paC�Ð
ÑX�?EGpaC�u°^aA$N)F x vKC�p%ÑX�?C x ^aEbAcF x w%R+�?p#^tp¸N)u?C�Ð®A �!E x ^tA x N n ptE-G n C
n A)L!M?`GC�^aC�F?C xtx �ßA)p¶NÁ`GN)F?H)��NmH)C x � � n EGC�FX^a`bPC�T6M?paC xax Eb�cC¶�ßA)p
Ac�?p$M?�?paM�A x C x�� w°e�FfEGFc^aC�paC x ^tEGF?H n A)F x C�ÑX�?C�F n C&Am��Ac�?p$N)M6Ð
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M?ptAXN n Ï{E x ^aÏONZ^�^tÏOC n AcF n C�M6^Áu6C xan paEbM?^tEGA)FÓv�Ï?E n ÏÓE x yO�?Eb`b^
E x Ñc�OC x ^tEGA)F6Ð x MsC n EVG n [ n A)FX^aN)EbF?EGF?H�Ô=� x ^�^tÏONm^ÉEGF6�ßA)paLÁNZ^aEbAcF
ptC]Ñc�OEbpaC�u^aA�NmF x vKC�p�^aÏ?C�ÑX�?C x ^tEGA)F Ö x Ü�v�ÏOE n ÏèvKC�ptC�M�A x C]u5w
��ÏX� x ^tÏ?C�Nm`GH)A)paEb^tÏ?L n NmFÀNm` x A�y�C��DEGC�vBC�u{N x N * n A)F n C�M6^
n ÏONmp¸N n ^tC�paE���NZ^aEbAcF�,%L!C�^tÏOADu8[�N xax C�L»y?`GEbFOHÓN * �DEGC�v ,�A)�¶^tÏ?C
n A)F n C�M?^°N x paC�ÑX�?EGptC]u	�ßAcp»NÉMONmpt^tE n �?`oNmp¶^¸N x q~wJ��Ï?E x-n Ac�?`Gu
ÏONU�)C&� x C��ß�?`�N)u?u?E¡^aEbAcFONm`%ysC�F?C�G?^ x EGFfC�TDMO`GN)FONZ^aEbAcFfH)C�F?C�p¸NZÐ
^tEGA)FNmFOuÉqDF?AZv�`GC�u6HcC$N n ÑX�?E x Eb^tEGA)F8w
d Ï?EG`GC	^tÏOE x NmMOM?ptAXN n Ï NmMOM�C]Nmp x M?paA)L!E x EGF?HO[�^aÏ?C�paCèN)ptC

x C��)C�p¸Nm`�Ncu?u6Eb^tEGA)FON)`	E xax �?C x v�ÏOE n Ï�L&� x ^:ysC Ncu?u6paC xax C]u
^tA N)M?M?`GP ^aÏ?E x A)F NS`GN)ptHcC xtn Nm`GC)w �#Ebp x ^][�vBCâu6A F?Am^
ÏONU�)CÁNmFDP0M?paEbF n EbMO`bC]u{L�C�^tÏ?A6u6Ac`bAcH)Pf�ßA)p-Eou6C�FX^aE¡�ßPDEGF?HfHcC�F6Ð
C�p¸Nm`GE-��C�uSpaC�MOptC x C�Fc^¸NZ^aEbAcFONm`&�ßpaN)H)L!C�FX^ x v�Ï?C�F n p¸NZ�î^aEbFOH N
qXFOAZv�`bC]u6H)C�ÐµyON x Cc[$N)MONmpt^�ßptAcL/^aÏ?CÓHcC�F?C�paN)`°Ï?C��?paE x ^aE n A)�
�_`GAXAcq°�ßA)pKptC n �?papaEbF?H¶MONm^_^aC�paF x A)�5NmT6EbAcL x �?w#e L!A)paC x ^tpa� n Ð
^t�?paC�u L!C�^aÏ?A6u6A)`GA)HcPS�ßAcpÓEGu?C�FX^tEb�ßPDEbF?H�NmFOuÅu6C n Eou6EGF?HSA)F
^tÏ?C¶ysA)�?FOuONmpaEbC x A)� n A)L!M�AcF?C�FX^ x vKAc�?`Gu�ysC$EGFD�ZNm`G�ONmy?`GC$�ßA)p
Ï?C�`GM?EGF?HfHc�?EGu?CJ^aÏ?E x M?paA n C xtx w{\6C n AcFOu5[�vBCJÏ�NU�)CJFOAm^ÁN)uDÐ
u6ptC xtx C�u�^aÏ?CÓE xtx �?CÓA)�!Ï�NmFOu6`GEGF?H n AcL�MsA)FOC�FX^ x yON x C�u A)F
n A)F �OE n ^tEGF?HÀN xax �OL�M?^tEGA)F x [KAcp!�ßA)p�u6C n Eou6EGF?HÀv�Ï?E n Ï x C�^�A)�
N xax �?L!M6^aEbAcF x E x N)M?M?paA)M?paEoNZ^tC&�ßA)p°NÉMON)p_^aE n �?`GN)p$^aN x q~w�ä�C�Ð
n C�FX^�vBA)paqÁEbF n AcL!M�A x Eb^tEGA)FON)`~L�A6u6C�`bEGF?H��ßA)p x C�`GC n ^tEGF?HÁNmFOu
L!N)FONmHcEbFOHÓN xax �?L!M6^aEbAcF x [�C�HOw Ö �ON)`bqcC�F?Ï�NmEGF?C�pJá �OA)pay?� x
j�g)gOj]Ü�[%N)FOuÓAcFÀ^tÏOCÉ� x C�Am��`GE¡�î^aEbFOH{NmT6EbAcL x ^tAè^tp¸NmF x �ßA)paL
NZT6EbAcL x N n paA xax n A)FX^tC�TD^ x yON x C]u»AcF�u6E��~C�paEbF?H°N xtx �?L!M6^tEGA)F x [
C�HOw Ö @B`oNmEGp�[��$�?Ï�N?[�á Q�p¸NZ^_^	j]g)gXk)Ü�[BMsA)EGFc^J^tAÓL!C�^aÏ?A6u x
�ßA)p!N)u?u6paC xax EbF?Hf^tÏ?C x CÉE xtx �?C x w �#EbFON)`b`GP)[�L�C�^tÏ?A6u x �ßAcp&C�F6Ð
x �?paEGF?H&N)FOu�LÁNmEGFX^aN)EbF?EGF?H n A)F x E x ^aC�F n P!Am� n A)L!M�AcF?C�FX^ x N)ptC
F?C�C]u6C�u5[+C x M�C n EoNm`G`bP:N x N qDF?AZv�`GC�u6HcC	yON x C0C��)Ac`b�cC x AZ�)C�p
^tEGL�Ccw-d0C�Ï�NU�)C�ptC n C�FX^a`bP x ^aNmpt^tC]u	paC x C�N)p n Ï	AcF	^aÏ?E x E xtx �?C
Ö IKA)papaC�`5á Q%Acp_^aC�p¶j�gcgXWmÜ�w
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��Ï?C+AZ�cC�p¸Nm`G`OHcAcNm`�Am�#A)�?pBptC x C]Nmp n ÏÁE x ^aA&y?�OEb`ouJqDF?AZv�`GC�u?H)C�Ð
yON x C�u x P x ^tC�L x°n NmMON)y?`bC�Am��NmF x vBC�paEbF?HNÉv�EGu?C��ZN)ptEGC�^=P�A)�
Ñc�OC x ^tEGA)F x [ EGF n `b�Ou?EbF?H0ÑX�?C x ^tEGA)F x ^tÏONm^�N)ptC��OFONmFX^tE n EGMONm^tC�u
v�Ï?C�Fè^tÏ?CÁqDF?AZv�`GC�u?H)C»y�N x C�E x y?�?EG`b^�w���Ï?E x ptC]ÑX�?EbpaC x ^aÏONZ^
x P x ^tC�L x ysC�Nmy?`GC�^tA x PXFX^aÏ?C x E-��CB^tÏ?C�qDF?AZv�`GC�u6HcC x ^tpa� n ^t�?paC x
F?C�C]u6C�uÉ^aAJNmF x vBC�p�ÑX�?C x ^tEGA)F x v�Ï?C�F^tÏ?A x C x ^tpa� n ^t�?paC x N)ptC
F?Am^�C�TDMO`bE n Eb^t`GP»C�F n A6u6C]u&EGF!^tÏOC�qXFOAZv�`bC]u6H)C�yON x Ccw d0C�ÏONU�)C
u6C xan paEbysC�u0NM?paA n C xax yDPfv�Ï?E n Ï0^tÏ?C x C x ^tpa� n ^a�?paC x°n N)F{y�C
N xax C�L»y?`GC�u$�ßpaA)LSN)y x ^apaN n ^][]paC�� x N)y?`bC n AcL�MsA)FOC�FX^ x [mN x ^tÏ?C�P
NmpaCBFOC�C�u?C�u�^tA&NmF x vKC�p�ÑX�?C x ^tEGA)F x NmFOu!MsC�pt�ßA)paLS^¸N x q x w#dèC
ÏONU�)C�MOptC x C�Fc^aC�u-N+v�NUP+^aA�MON n qZNmH)CKEbF?�ßA)paL!Nm^tEGA)F»N)y�Ac�6^�Nmy6Ð
x ^apaN n ^ n A)F n C�M6^ x EGFX^tA n A)L!MsA)F?C�Fc^ x v�ÏOE n Ï �_M?`G�?H�^aA)H)C�^tÏ?C�p��
^tA!y?�?EG`GuN!u6C�^aNmEG`GC�u�ptC�M?ptC x C�FX^aNZ^aEbAcF8[6NmFOu�vBC°ÏONU�)C x ÏOAZv�F
Ï?AZv ^aÏ?E x M?paA n C xtx-n NmFÀysC n A)FX^tpaA)`G`bC]u0yXPè^tÏOC�qDF?AZv�`bC]u6H)C
ptC]Ñc�OEbpaC�L!C�FX^ x MsA x C�u�yDP-C]N n Ï!Ñc�OC x ^tEGA)FÁNmFOu&^¸N x qs[m^tÏD� x N)`¡Ð
`bAZv�EGF?H�NqDF?AZv�`bC]u6H)C!yON x C!^aA	ysCÁL�AcptCÁC]N x Eb`GPfAcptHXNmF?E���C]u
EbFN!L!ADu?�?`GN)p��«N x Ï?EGA)F8w
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��ÏOCfNm�6^aÏ?A)p x ^aÏONmF?q �¶C�Eb^tÏâd Eb`G`bEoNmL x A)F8[�\D^tC��cC	d0AXA6u x [
�=N)F-å�AcptpaA n q x [�Q%C�^tC�p Q�NZ^aC�`bÐ¬\ n Ï?F?C�Eou6C�p�[ �?p¸NmF ��@�NcN)u6C�p�NmFOu
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