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H`^�^#yW[,UWJ#k�PRx#Q2H`J|H`yW[=LRUWLwH`^�^#XRb=H`p}xÄPZb±H�k�QYJ�QYXRUWp�~gXRQqj#LMHKã#yWQ
LRbKdnP\ß0H`XRQDpqb�ai^|b�J�QYJ=P UWJÄN=QYpYPZUrbhJÄ�#í2N=QqpYPRUWb�J=m
l#QYLZpYXRUWã|QYL
XRQqy HKPRQYlDßgb�XZâ H`J#l�ßcQgpYbhJ#pYyWj#l#Q�~hUWJoNÁQYpYPRUWbhJn_�~`ß0UWPRxwHTLRj�aD�
a�HKXR[DH`J#l
^#yÉHKJ#Lgdnb�Xfdnj#PZj#XRQ+ßcbhXRâEí
o �&�¢¥qpar/¤¢çÄé/æ!è
m\J�PRx#UWL�LZQYpYPRUWbhJDßcQ0b`VhQYXRV=UWQYß\i$7kiiaBb=l#QYy=p}x#QYp}â=UrJ�k_~=HOV�HKXRU��
H`J=PTb`d0aib=l#QYy�pMx�QYp}â,UWJ#kBdnbhXObh^_QYJºLR[=LZPRQYaBL�p9H`yWyWQYl2aib=l#j�yrQ
p}x#QYp}â=UWJ#k_~;H`J#lÄHÏPRQYp}x#J#UWì=j#Q dnb�X�XRQÐà_J#UWJ#k2aBb,l�QYy�p}x#QYp}â=UWJ#k
XRQqLRj#yWPRLgj#LZUrJ�kOà|yrPZQYX;dnbhXRaDj#yÉHKQ�í�70x#QYLZQOUWl#Q7HKL;dnbhXRaÑPZx#Q0ã_HKLRUWL
dnbhXwbhj#XiH`^#^�XRb,HKp}x PZb&pYb�J�LRPRXZj#pYPZUrJ�kÄH`J#l�p}x#QYp}â=UWJ#kºà_J#UWPRQÐ�
LRP}H`PZQ aib=l#QYyWL�bKd�^_H`XZPRUÉH`yELZb`dnP\ß0H`XZQ�LZ[=LRPRQqaiL7í
s�Ö�Õ t Û�ÝfØ�uMvxw�Ø�yjz�{3|/}
{
b=l#QYy0p}x#QqpMâ=UWJ#k&PZQYp}x#J#UWì=j#QYLq[�m=~�sh��`Ox_H9V�Q dnb�j#J�lÄLRj�pYpYQYLZL
UWJ±HKj#PRbha�HKPRUWJ#kDPRx�QiV�H`yWUWl_HKPRUWb�J2H`J�l&V�QYXZU�à|p7H`PZUrbhJ*bKd�^�XRb�^Á�
QYXZPRUWQYL�b`d�à|J#UWPRQ}�\LRP}H`PRQ�LR[=LZPRQYaBL7í~70x#QY[
x_H9VhQ ã|QYQYJ&^_HKXRPRUWpYjÁ�
yÉH`XZyr[
Q)8EQYpYPZUWV�QDUWJ2PRx�QoHKJ_H`yW[=LRUWLObKdcx_HKXRl#ß0H`XZQwLZ[,LZPRQYaBL.[õs���`
H`J�lwpYbhaiaDj#J�Urp9H`PRUWbhJO^#XZb�PRb=pYbhyWL�[õsh�=~�t���`Rí/�0QYpYQqJ,PfßcbhXRâ x_HKL
LRQqQYJÄaBb,l�QYy�p}x#QYp}â=UWJ#k±HK^#^#yWUWQYlºPRb2aBb�XRQ�k�QqJ#QYXMHKy0â=UrJ�l#L b`d
LRbKdnP\ß0H`XRQ HKXRPRU�d�HKpYPRL0UWJ#pqyrj�l#UWJ#kwXZQYì=j#UWXRQYaBQYJ=PRLTLR^|QYpYU�à_p7HKPRUWb�J#L
[õs=~7t�`ê~9H`XZpMx�UrPZQYpYPZj#XRQYL�[ s�_�`R~7H`J�l UWai^#yWQYaBQYJ=PMH`PZUWb`J#L�[W]7t=~�^�`RíEm\J
aib=l#QqyEpMx�QYp}â,UWJ#kDLZb`dnP\ß0H`XZQ�~|b�J#Q�l#QqLRpYXZUrã|QYL PZx#Q�LRbKdnP\ß�HKXRQwHKL

Hgà_J�UrPZQ}�\LRPMHKPRQ0PZXMH`J�LRUWPRUWb�J+LR[=LRPZQYa*~9LR^|QYpYU�à_QqLcLZ[,LZPRQYaË^#XRbh^_QqX\�
PRUWQYLgß0UWPRx�HIPRQYaB^_bhXMH`y|yWb�khUrpgd�b�XRaDj�y H�~`H`J#lBpMx�QYp}â,L9~#Q�;=x_HKj#L\�
PRUWV�Qqyr[=~gPRx_HKPDPRx#QºLRQqì,j�QYJ#pYQYL�b`d PRX}H`J#LZUrPZUWb�J�LR[=LRPZQYa LZPMHKPRQYL
LMHKPRUWL\dn[BPRx#QTdnbhXRaDj#yÉH�í
70x#QYXZQ*H`XZQÏH�V�H`XZUWQYP\[ÄbKd�PRQqai^|b�XMHKycyWbhk�UWpYL�PRx_HKPDaiUWk�x=P�ã_Q
j#LRQql�dnb�XDpqb,l�UrJ�k*LZ^_QYpqU�à|p7H`PZUrbhJ#L7í�h&Q
j#LZQ�yWUWJ#Q7HKXDPRQYaB^_bK�
XMHKyOyWb�khUrpBUWJ bhj#XDßgb�XRâ¢ã_Qqp7H`j#LZQ&UWPwLZj#^#^|b�XRPZLBà_yWPRQYXê��ã_HKLRQYl
H`J_HKyW[,LZUWL�H`J�l*UWPOUWL�LRj�^#^_bhXRPZQYl&ã=[2XRbhã#j#LRP9~EQ)�ipYUWQYJ=P�aib=l#Qqy
p}x#QYp}â=UrJ�kiPRb=bhyrLTLRj#p}x&H`L�NGl;m\v�[õs���`Rí0m\Jqij7ki¢HD^_HKPRPZQYXRJºb`d
LRP}H`PRQqL�UWLEl#QÐà_J#QYl PZx_H`P�p}x_H`X}H`pYPZQYXRUW�YQYL�HKyry`^|b�LZLRUWã#yWQ�ã|QYx_H9V=UWb�XZL
b`dcPZx#Q�à_J#UWPZQ}��LZPMHKPRQDLR[=LZPRQYaºíMh&Q l#QqLRpYXZUrã|Q�i$7ki&b�^|QYX}H`PRbhXRL
j#LRUWJ#kºNGl;m\vwë L î�N#egmRm�J#bhPMHKPRUWb�J�í�ij7ki�UWLwHB^#XZb�^|b�LZUrPZUWb�J_HKy
yWb�k�UWp;ß0UWPRx PZx#QgLRPMHKJ#l_HKXRl pYbhJ#J#QYpqPRUWV�QYL����E~/�j�}~��j�|~ HKJ#l��}í�m\P
UWJ#pYyWj#l#QYLTPRx#XZQYQ�PRQYaB^_bhXMH`yEbh^_QqXMH`PZb�XZL�B��j���
LMH9[=L��
x#b�yWl#LOHKP
LRbhaiQO^|b�UWJ=PgUrJBPRx#QTdnj�PRj#XZQ�~��3���iL}H9[=L��ix#bhyWl#L�HKPOH`yWy|^_bhUrJ=PZL
UWJ2PRx#QIdnj#PRj�XRQ�~�HKJ#l2PZx#Qwã�UrJ|H`XR[��j�U��b�^|QYX}H`PRbhX�LMH9[=LOPZx_H`P��
x#b�yWl#L�H`P�H`yWy�^|b�UWJ=PRLTj#^2PRb
PZx#Q�à_XZLRP�^_bhUWJ,PTß0x#QYXZQn� x#b�yWl#L9í
îOJ Q�;ÁHKai^#yWQ�ij7ki LR^|QYpYU�à_p7HKPRUWb�J+dnb�X�PRx#QgXRQqLR^|b�J#LZQ0^#XRbh^_QYXZP\[
� HKyryEXZQYì=j#QYLZPRL�dnbhXOHDXZQYLRbhj#XRpYQiHKXRQ�d�b�yWyWb`ßcQYlBã=[�khXMHKJ,PZUWJ#kDb`d
PRx#Q�XZQYLRbhj#XRpYQ � UWL��3�/�)�$���j�G���� a�j�a�j��¡j�$¢�£j G��¤%¥hí
NGl;m\v HKpYpYQY^�PRL l#QYLRUWkhJ LZ^_QYpqU�à|p7H`PZUrbhJ#L ß0XRUWPRPZQYJ UWJ PRx#Q
l;XRbhaiQYyÉHºyÉH`J�k�j_HKk�Q*HKJ#l�UWP2H`pqpYQY^#PZL2pYb�XZXRQYpqPRJ#QYLZL&^#XRbh^_QqX\�
PRUWQYL0ß0XZUrPZPRQYJBUWJ�ij7kifí�STLRQYX9ë L0LZ^_QqpYU�dn[�H+pYb�yWyWQYpYPZUWb�JDb`d;UWJ,PZQYX\�
H`pYPZUWJ#ki^#XZb=pYQYLRLZQYL�ß0x#b�LZQw^#XZb=l#j#pYP�l#Q}à|J#QYL PZx#Q à|J#UWPRQ}�\LRP}H`PRQ
aib=l#QYy�b`dcLZ[=LRPRQqa(ã|QYx_H9V=UWb�X9í NGl;m\v ^|QYXêdnb�XZaiL�HKJ2Q)�ipYUWQYJ=P
J#b�JÁ��QYaB^#P\[ÄyÉHKJ#k�j_HKk�Q2UWJ=PRQqXRLRQqpYPRUWb�J!PRQqLRP2PZbÄl#QYPZQYXRaBUWJ#Q*U�d
H`J=[iLZPMHKPRQ�LRQYì=j#QqJ#pYQYL UWJ
PRx�Q�aBb=l#QYyEpYbhJ=dnb�XZaÌPZbwPZx#Q J#Qqk,H9�
PRUWb�J
bKdcPRx#Q+^#XRbh^_QYXZP\[2LR^|QYpYU�à_p9H`PRUWbhJ�íOm�dgPRx#QYXZQoHKXRQ J�biLRj�pMx
LRQYì=j#QqJ#pYQYL2PZx#QYJ!PRx#Qº^#XZb�^|QYXRP\[�x#bhyrl�L7~0bhPRx#QYXZß0UWLRQºPRx#Q2LZQ}�
ì=j#QYJ#pYQqLiH`XRQB^#XRQqLRQYJ=PRQql/PRbºPRx#QBj#LRQqXiH`L�Q�;=x#UWã#UWPRL bKdOQYXRXZb`�
J#QYbhj#LOLZ[,LZPRQYa ã|QYx_H9V=UWb�X7í
s�Ö�¦ t Û�Ý¨§©uÀØ�vªw;Ø«yjz�{¬|	}
m\JDpYb�aB^#j#PZQYX�LR[=LZPRQYa l�QYLRUWk�J�~,H�pqyrbhLRQYlBLR[=LRPZQYa UWLcH�LZ[=LRPRQqa
ß0x#b�LZQDã_Qqx_H9V=UrbhX�UrL�pYbhai^#yWQYPZQYyW[
l#QYPRQqXRaiUWJ#Qql*ã=[2PZx#QDLRP}H`PRQ
b`dEPRx#Q0LZ[=LRPRQqa*í�îOJDb�^|QYJDLZ[,LZPRQYa­JÉb�Xfaib=l#j#yWQk[õs�s=~hs�t�`®L;UWL�H
LR[=LRPZQYa�PRx_HKP�UrJ=PZQYXMHKpYPRL ß0UWPZx*UWPRL�QYJ=V=UWXRbhJ#aiQYJ=P�H`J#l2ß0x�b�LRQ
ã_Qqx_H9V=UrbhXwl�QY^_QqJ#l#LDb�J&PZx#UWLwUWJ=PRQqXMH`pqPRUWb�J�í°¯�UWVhQYJÄH`J¢b�^|QYJ
LR[=LRPZQYa H`J#l�PRQYaB^_bhXMH`y;yWb�khUWp�dnb�XZaDj#yÉH#~=PZx#QªP.O Z?±�TWV N)² V N4³#Q
E�´?µ�^#XRbhã#yWQYa HKLRâ=L�ß0x#QYPZx#QYXfdnb�X�HKyry=^|b�LZLRUWã#yWQ0QYJ=V=UrXZb�J#aBQYJ=PRL9~
PRx#QgpYbhai^|b�LRUWPZUrbhJ�b`dEPRx#Qgaib=l#QYyhß0UWPRx�PRx#QgQYJ=V=UrXZb�J#aBQYJ=P�L}H`P\�
UWL\à_QYLBPRx#QÏdnb�XZaDj#yÉH#í�@�b�XZPRj#J_HKPRQYyW[=~;dnbhXKij7ki�~;PZx#Q
aib=l#j#yWQ
p}x#QYp}â=UrJ�k ^#XRbhã#yWQYaÑpqb�UWJ#pYUWl#QYLfß0UrPZxwPZx#Q0ã_HKLRUWp0aib=l#QYy=p}x#QYp}âh�
UWJ#ki^#XZb�ã#yWQYa¶[õs�s5`êíMd�dnPZQYJ�~�ßcQ�l#bhJ�ë POß0H`J=POPZb�p}x#QqpMâ&H�d�b�X\�
aDj#yÉHDß0UWPRx¢XRQYLZ^_QqpYPDPRb&H`yWy�QYJ=V=UWXRbhJ#aiQYJ=PZL7~;ã#j#P+b�J#yW[ºß0UrPZx
XRQYLZ^_QqpYP PRbDPZx#b�LZQ PRx|H`POL}H`PZUrLêdn[iLZb�aBQIHKLRLZj#ai^#PZUWb�J#L9í�m\J
PRx#Q
H`LZLRj#aBQ}��khj_H`X}H`J=PRQqQ ^_H`X}H`l#UWkha·[õs?^�`R~|PRx�QwLZ^_QYpqU�à|p7H`PZUrbhJ*bKdcH
aib=l#j#yWQ�pYb�J�LRUWLRPZLwbKdOP\ßcb
^_HKXRPRL9íqdTJ#QB^_H`XZP l#QYLZpYXRUWã|QYLDPRx#Q
k�j_HKXMHKJ,PZQYQYlDã|QYx_H9V=UWb�X;b`dEPRx�Q0aib=l#j#yWQ?<`ß0x�Urp}x�ßcQ0QqJ#pYb=l#Q0UWJ
PRx#QIà_J#UWPRQ�LRP}H`PRQ+LR[=LRPZQYa PZbiã|QwH`J_HKyW[��qQYl�í�70x#Q+b�PRx�QYX�^_H`XZP
LR^|QYpYU�à_QYL0PZx#QOH`LZLRj#aBQYlDã|QYx_H9V=UWb�X�bKd PZx#Q0QYJ=V=UrXZb�J#aBQYJ=P;ß0UrPZx
ß0x#UWp}x*PZx#QwaBb=l#j#yWQ UWL�UrJ=PZQYXMHKpYPRUWJ#k2H`J�l*UWL�pYb�aDã�UrJ�QYl
ß0UrPZx
PRx#Q�^#XZb�^|QYXRP\[BdnbhXRaDj#yÉH�PZbwã|QwHKJ_H`yW[j�YQYl�í
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@�UWyrPZQYXRLM[W]9��`�H`XRQ+pYb�J#LZPRX}H`UWJ=PRL0j#LZQYl2PRb�UWJ#pYXZQYaiQYJ=P}H`yWyW[DXRQ}à_J�Q
H+J_H`UWV�Qqyr[+k�QYJ#QqXMH`PZQYl
LRP}H`PRQ�LZ^_H`pYQ HKJ#lix#Qqyr^DV�HKyWUrl|H`PRQ0^�XRb�^Á�
QYXZPRUWQYL�b`dcPZx#QDLR^_HKpYQiV=UÉHDaBb=l#QYy;p}x#QYp}â=UrJ�k_íK@�UWyWPRQYXZL p7H`Jºã|Q
XRQq^#XRQYLZQYJ=PRQYl¢UWJ*H�V�H`XZUrQqP\[�bKd�dnbhXRaiL~JÉQhí k|íW~ HKL�HKj#PRbha�H`P}H bhX
PRQqai^|b�XMHKy�yWb�khUWp;dnb�XZaDj#yÉH`Q�LEHKJ#lDH`XRQgj#LZQYlDUWJ PRx#Q�@/iEî�ÀDÁ��TN
LRP}H`PZUrpiHKJ_H`yW[=LRUWL�LR[=LZPRQYaÂ[W]Yu�`Rí+@�UryWPZQYXRL UWJ°@/iEî�À~Á��ONºßgQYXZQ
b�XZUWk�UWJ_H`yWyW[0l#QYVhQYyWb�^|QYl�PRbOLZx_H`XZ^_QqJDPRx#Qg^#XRQqpYUWLRUWb�J�b`d HKJ_H`yW[=LRUWL
XRQqy HKPRUWV�Q+PRbDUWJ=PRQYXZJ_H`y;pYbhai^|b�J#QYJ=PZL0b`dcHDpYbhai^#yWQYPZQ�LRb`d�P\ß�HKXRQ
LR[=LZPRQYa PZx_H`P�ßgQYXRQB^#j#XR^|b�LZQ}dnj#yWyW[ºaib=l#QYyWQYl&UWJÄH
L}H9dnQ�~;ã�j#P
H`ã�LRPRX}H`pYP+a�H`J�J#QYX7íM@�UWyWPRQYXZL�LRQYXZV�QDQYì=j_HKyryW[
ßgQYyWy�UWJºXRQ}à|J#UWJ#k
H`J|H`yW[=LRUWL;XRQYLZj#yWPRL0ß0UWPRxDXZQYLR^|QYpYP0PZb Q�;=PRQYXZJ_H`yEpqb�ai^|b�J�QYJ=P�ã|Q}�
x_H9V=UWb�XgUWJiPRx�QwH`J_HKyW[,LZUWLcbKd�^_HKXRPRUÉHKyELRb`d�P\ß�HKXRQ�LR[=LRPZQYaiLM[W]�]2`êí
m\JDPRx�UrLf^_H`^|QYX7~=ßgQOQqJ#pYb=l#Q0à|yrPZQYXRLgUWJKij7ki dnb�XZaDj#yÉH`Q�PZb ^|QYX\�
dnbhXRaÌHKLRLRj�aiQ}�\k�j_HKXMHKJ,PZQYQ aBb,l�QYy_p}x#QqpMâ=UWJ#k|í�¯IUrVhQYJ�H�^�XRb�^Á�
QYXZP\[ÄÃ�HKJ#lTà_yWPRQYXZL©Å�Æ�Ç)Å/È�Ç�É�É�É3Å�ÊTPRx_HKP�QYJ�pYb=l#Q�HKLRLZj#ai^#PZUWb�J#L
H`ã|b�j�P�PZx#Q�QYJ=V,UWXZb�J#aBQYJ=P7~#ßgQ�aib=l#QYy�pMx�QYp}â*PZx#Qwpqb�aDã#UWJ#QYl
dnbhXRaDj#yÉH+JYÅ�Æ�Ë�Å/È�Ë¶É�É�É�Ë�Å�ÊUL�ÌÂÃDí�h&Q�XZQ}dnQYX�PRbBPRx#Q�UWJ=�
l#UWV=UWl#j_H`y�Å�ÍcH`L/Î TWX®V�Ï)Ð HKJ#liPZbDPRx#Q�pYbhaDã#UWJ#QYl dnb�XZaDj#yÉH�HKLOH
Î TWX®V�Ï/Ñ O Ï P ±�TcÒ í
h&Q2J#bhPRQºPRx_HKP
a�H`J=[¢LR^|QYpYU�à_p7HKPRUWb�J�dnb�XZa�HKyrUWLZaDLwLZj#^#^|b�XRP
à_yWPRQqX\�\ã_H`LZQYloHKJ_H`yW[=LRUWL9~Yã#j#P�LRbhaiQ;^_bh^#j#yÉH`X|d�b�XRa
H`yWUWLRaDL9~RLZj#p}x
H`L e�7kif~_l�b�J�b�P7í�m\P�a�H9[Bã_Q�^|b�LRLZUWã#yWQDPRbiQqJ#pYb=l#Q�H à_yWPZQYX
UWJ=PRbwH�e�7ki
d�b�XRaDj�y H�í|m\Jik�QqJ#QYXMHKy\~=x#b`ßcQqV�QYX9~=ã_QYp9H`j#LZQ�aDj�y��
PRUW^#yWQgPRQYaB^_bhXMHKy�b�^|QYX}H`PRbhXRL�p9H`J#J#bhP�yWUWQ�l#UWXRQYpqPRyW[ UWJwPZx#Q0LRpqb�^|Q
b`dOH
LZUrJ�k�yWQD^_H`PZx*ì=j_HKJ=PRU�à_QYX9~;PRx#QYXZQiUWL J#b
LZUraB^#yWQwaBQYPRx�b,l
dnbhX0pYb�J#LZPRXZj#pYPRUWJ#kiH+à|yrPZQYXgdnbhXRaDj#yÉH�UWJ�e�7kifí
Ó ÔDå�æ!å�£¶ÕKÖh¡�£��
£qÕØ× çÄèaÕ�ÙD¡
m\JÑ^�XRUWJ#pYUW^#yWQ�~�aib=l#Qqy p}x#QYp}â=UrJ�k�p7HKJïã_Q�H`^#^#yWUWQYlËPRb�HKJ,[
à_J#UWPZQ}��LZPMHKPRQOLZ[=LRPRQqa*í/@#bhX�J�b�J=�\PRXZUrV=UÉH`y=LZb`dnP\ß0H`XZQ0LR[=LRPZQYaiL�ßgQ
p7HKJ#J#b�PgXRQqJ#l#QYX�H�à_J�UrPZQ}�\LRPMHKPRQ�LR[=LZPRQYa PZx_H`P0^�XRQYpYUWLZQYyW[iaib=l=�
QYyWLOPZx#Q�LR[=LRPZQYa*ë L0ã|QYx_H9V=UWb�X9~#LRUWJ#pqQ�~|UrJBk�QYJ�QYXMHKy�~�PRx#Q+LR[=LRPZQYa
ß0UWyWy�J�b�P ã|Q�à_J#UWPRQÐ��LZPMH`PZQ�í�Á;V�QYJºd�b�XTà_J#UWPRQÐ��LZPMH`PZQDLRbKdnP\ß�HKXRQ�~
PRx�Q LRUW�YQwH�^�XRQYpYUWLZQ à_J�UrPZQ}�\LRPMHKPRQ�aib=l#QYy|ß0UWyWy�~=UWJ
k�QqJ#QYXMHKy\~#ã|Q
Q�;=^|b�J#QYJ=PZU HKy_UWJDPZx#QOJ=j#aDã|QYX;b`d�UWJ#l#Qq^_QYJ�l#QYJ=P0pYb�aB^_bhJ#QYJ=PRL9~
U\í Q�íW~cV�HKXRUÉH`ã�yrQqLiH`J#l/PZx#XRQ9H`l#LBb`dwpYbhJ=PRXRbhy\íÚ@�b�XDPZx#QYLZQ&XRQ7H �
LRbhJ#L7~gßgQ
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a�HK^#^|QYl/PRb/HKã#LRPZXMH`pqP2V�H`yWj#QYL�ö�ÆÏHKJ#lÚöjÈ�<�H`yWy�b�PZx#QYX
V�H`y��
j#QYL2HKXRQºa�H`^�^_QYl�PRbÄPZx#Q°÷�é�V�H`yWj#Qhíøi�UrâhQ2UWJ/PRx�Q*p}x#bhUrpqQ
îOmY~0HKã#LRPZXMH`pqP�bh^_QqXMH`PZUWb�J#L2H`XZQ*l�Q}à_J#QYl�PZbÄXZQYPRj#XZJ�LRQYPZL2b`d
V�H`yWj#QqLDPRb&aib=l#QqycyÉH`p}â¢b`d�â=J#b`ß0yWQYl�k�Q2H`ã|b�j#PDLZ^_QqpYU�à_p*H`ãÁ�
LRPZXMHKpYP
V�H`yWj#QYL9íÚ@�b�XiHKyWyOb�^|QYX}H`PRUWbhJ#L7~gQ�;=pYQY^�P*H`LZLRUWk�J#aBQYJ=P7~
PRx�QOpYbhJ#LRP}H`J=P;dnj#J�pYPRUWb�JDXZQYPRj�XRJ#UWJ#k+è�ö Æ Ç4ö È Ç)÷�é�ñ0UWL�j#LRQql�í�@#bhX
H`LZLRUWk�J�aiQYJ=PiPZx#QºUrl�QYJ=PRUWP\[¢dnj#J#pYPZUWb�J/UWL
j#LRQql�íù��QYyÉH`PRUWbhJ_H`y
PRQqLRPºb�^|QYXMHKPRUWb�J#L&H`XZQÄLZyrUWkhx,PZyW[/aibhXRQºLRj#ã#PZyWQ�íú��QYyÉH`PRUWbhJ_H`y
b�^|QYX}H`PRUWbhJ#LwbhPRx#QqXwPZx_H`J¢QYì=j_H`yWUWP\[,~;H`J�l&UrJ�QYì=j_H`yWUWP\[,~�XRQqPRj#XZJ
è�é4ê�ë�ì�Ç4í�î�ï®ð�ì#ñ,í�Á;ì=j_H`yWUWP\[�UrL0l�Q}à_J#QYlºH`L�B
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�U÷�ð�8Wé98�:?ìÏV�H`yWj#Q�íBîOã#LZPRX}H`pYP�b�^|QYXMHKPRUWb�J�L dnbhXwH`LZLRUWk�J�aiQYJ=P�b`d
pYb�J�LRPMHKJ=PM�YQYXZb_~;UWJ#pYXZQYaiQYJ=PwHKJ#l&l#QYpqXRQYaBQYJ=P ã=[±HB^|b�LRUWPZUrVhQ
V�H`yWj#Q�~=H`J�lÏH+k�XZQ7H`PZQYX\�\PRx|H`J2PZQYLRP0ß0UWPRxb�YQYXZb�H`XZQ�l#Q}à_J#QqlÏHKL�B
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dTPRx#QYXTb�^|QYXMHKPRUWb�J�LOH`XRQ�l#QÐà_J#QYl*HKJ_H`yWbhk�b�j�LRyW[,í
m\P2UWL2H`yWLRb�^|b�LRLZUWã#yWQ&PRb�l#Q}à_J�Q H`J!îOm
PZx_H`P
UWL2LMH dnQºß0UrPZx
XRQYLZ^_QqpYP2PRb�HºXRQYLZPRXZUrpqPRQYl�pYyÉHKLRLibKd.ij7ki!^#XRbh^_QqXRPRUWQYL9íødTJ#Q
LRj#p}x�H`ã#LZPRX}H`pYPZUrbhJ/UWLij#LZQYl!pYb�aBaib�J�yr[ºUWJ/V�QqXRU�dn[=UWJ#k&aiQYLê�
LMHKk�Q�bhXRl#QYXZUWJ#k0XRQYì=j#UWXZQYaiQYJ=PZL�UWJOpYbhaiaDj#J�Urp9H`PRUWbhJc^#XZb�PZb,pqb�yWL7í
h&b�yW^|QYXK[õtG]2`Ox_HKLwLZx#b`ß0JÄPZx_H`P�XRQ9H`LRbhJ#UWJ#k&H`ã|b�j#P�^_H`UWXZß0UrLZQ
b�XZl#QYXRUWJ#kBì=j#QYLRPZUWb�J#L�b`V�QqX�HDpqb�aiaDj�J#UWp7H`PZUrb`JBp}x_H`J#J�QYy;PRx_HKP
H`pYpqQY^#PRL�yÉH`XZk�Q l#bha�HKUrJ�L0b`d0V�H`yWj#QYLTp7H`Jºã_QiHKp}x#UWQYV�QYlºj#LZUrJ�k
Hºl#b�a
H`UWJºb`d�LZUW�YQ2PRx�XRQYQ Æ í=70x�UrLDp9H`J�ã_Q2HKpMx�UrQqV�QYl�ß0x#QYJ
PRx#QDl|H`PMHBUWJºPRx#QDp}x_HKJ#J#QYy0H`XZQDJ#b�P�aib=l#U�à_Qql*bhX�PZQYLRPZQYlÄã=[
PRx#Q�^#XZb�k�X}H`a È íMh&Q�LRj#^�^_bhXRP�XRQ7HKLRbhJ#UWJ#kBdnb�XTPRx#UWL�pYyÉH`LZL b`d
ì=j#QYLRPZUWb�J#L;PRx�XRb�j�k�x�PRx#Qgj#LRQ0bKd H=f�Q-O Ï2Z?V�Ï-V)Z�T E Ð�X îOmYí�70x#UWL;îOmXRQY^�XRQYLZQYJ=PRL PZx#Q ã|QYx_H9V=UWb�XObKdcH � yWUWLRP � b`d�l_HKPMH�UWPRQqaiL0ß0x#UWp}x
H`XZQ*PZx#QYaiLZQYyWV�QYL2HKã#LRPZXMH`pqPRQYl!ã=[/PRx#Q&s9�\b�XZl#QYXZQYl�l|H`PMH�îOmYí
egb�J#pqQY^#PRj|H`yWyW[,~;PZx#Q
V�H`yWj#QYL�b`d�PRx#Q2H`ã�LRPRX}H`pYPZQYl/yWUWLRP�XRQYpqb�XRl
ß0x#QYPZx#QYXOH�LZ^_QYpqU�à|pÄö Í x_HKLcã|QYQYJBUWJ#LRQYXZPRQYl
UWJ=PRb�PRx�QOyWUWLRPcHKJ#l
J#b�PTXRQYaBb`V�QYl�[�QYP9íOm�dcã|b�PZx*bKd�PRx#Q�J#b�JÁ�¬÷�é�s ��bhXRl#QYXZQYlºl_H`P}H
H`XZQiUWJ&PRx#QByWUrLZPwPZx#QYUWX�b�XRl�QYXRUWJ#k2UWLDH`yWLRb�XRQYpYbhXRl#Qql�í&vObºH`P\�
PRQYaB^#POUWLTa�H`l�Q�PZbiXZQY^#XRQqLRQYJ=P�PRx#Q�J=j#aDã_QqXOb`d�÷�éOQYyWQYaiQYJ=PZL
UWJ�PZx#Q�yWUrLZP0b�X0PZx#QYUWXOXZQYyÉH`PRUWVhQ�^|b�LZUWPRUWb�JBß0UrPZx
XRQYLZ^_QYpqP�PZbDPRx#Q
ö�Í�V�HKyWj#QYL7í/70x�QIHKã#LRPZXMHKpYPOyWUWLRP0V�HKyrj�QYL�HKXRQ?B
ð�÷	gKìihD�YQqXRbibhX0aibhXRQD÷�égV�H`yWj#QYL
ö Æ hÄö Æ aiUW;=QYlDß0UWPRx��YQYXZbibhX0aib�XZQk÷�é�V�HKyWj#QYL
öjÈ/hÄöjÈTaiUW;=QYlDß0UWPRx��YQYXZbibhX0aib�XZQk÷�é�V�HKyWj#QYL
ö Ækj ö È hMö Æ H`J�l.ö È aBUc;=QYl�ß0UWPRx��YQYXZb�b�X;aibhXRQ�÷�é;V�H`yWj#QYL9~
ß0UWPRxªö Æ UrJ dnXRbhJ=P0b`d©ö È

ö Èlj ö Æ hMö È H`J�l.ö Æ aBUc;=QYl�ß0UWPRx��YQYXZb�b�X;aibhXRQ�÷�é;V�H`yWj#QYL9~
ß0UWPRxªö È UrJ dnXRbhJ=P0b`d©ö Æ

7;QYp}x#J#UWp7H`yWyW[=~;PRx#UWL�îOm�UrL�J#bhPwL}H9dnQBdnbhXnij7kiãJÉQhí k|íW~;UrP�l#b=QYL
J#b�P0H`yWyWb`ß&d�b�X�yWUWLRPZL�ß0UWPRxiaDj�yrPZUW^#yWQ�UWJ#LRP}H`J#pYQqL0b`d	ö Æ V�HKyrj�QYL4Lq~
x#b`ßgQYV�QYX9~�PZx#Q2H`ã#LZPRXMHKpYPRUWbhJ UWL�LMH dnQBdnb�XDH`yWygLR[=LRPZQYa Q�;,QqpYj=�
PRUWb�J�L dnbhXwß0x�Urp}x¢PRx#Qªö�Í H`XRQ
UWJ#LZQYXRPZQYl/H`PDaibhLRP bhJ#pYQ
UWJ=PRb
PRx#QDyWUWLRP9í�70x,j�L7~�PRx#QDîTmOUWL�LMH9d�Q�dnb�XMij7ki±dnb�XZaDj#yÉH`Q bKdcPRx#Q
dnb�XZaqBm ��þcn9û`óõønþao0þ-�Yý�ôEó���pY÷�q�p9ó�� � o0÷Yø�þ�ýnò`ú���ú�ü`úYóõø�÷-rEÿ`úYýnú0óõý�þco0ôtsRú����þ;ò`ú��`ÿ	qõþZÿ����0ú0ônó�o0ü	qõþ�ô;sZú�qõó�� � ÷-r#ý�ò`þ;úYü`ü`øn÷qú�s\ò�ÿ`þRô�sRø�ó���þZÿ0ò`þRø�þ�6u ñEò`óõô#sZ÷��`ÿ`óõý�óõ÷��vsRú��b��þ�þ-��rW÷Yø�sRþRÿ�û`ô�ó�� � ú��BúYü`ü`ø�÷Yú�s\òDý�ò`úYýcóõôônó�o0ó�qõúqø_ý�÷cý�ò`þ;ønþZôný�ø�ó�sRý�óõ÷��c÷wrÁþZønø�÷Yø�ô_ÿ`óõô�sRû`ô�ô�þRÿ0ó��D�9þasRý�óõ÷��#x�6
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ß0x#QYXZQ]�DUWL�HKJ2H`XRã�UrPZXMHKXR[Kij7kiÏdnb�XZaDj#yÉH�H`J#lBPRx#Q��?¢!�D�DHKJ#l
�G�� ��j�j£D^#XZQ}àU;=QYL�UWJ#l#UWp7H`PZQ�PRx#Q ^�XRb�khXMHKa�HKpYPRUWb�J�LOb`d;UWJ,Vhb�âh�
UWJ#k2H`J#l&XZQYPRj�XRJ#UWJ#k
d�XRb�a�H`J&bh^_QYX}H`PZUrbhJ�íb70x#UWL�UWLwH�à_yWPRQYXê�
dnbhXRaDj#yÉH#~`HKLcl#QqLRpYXZUrã|QYl2UWJiN=QqpYPRUWb�J2t�~�PZx_H`PgXRQYLZPRXZUrpqPRLOp}x#QqpMâh�
UWJ#kDb`dl�
PRbD^_HKPRx#LTPRx_HKPOH`XRQ+pYb�J#LZUWLRPRQqJ,PTß0UWPRx2PZx#Q UWJ=dnbhXRa�H �
PRUWbhJi^#XZQYLRQYXZV�QYlºã=[iPZx#Q�PRx#Qws ��bhXRl#QqXRQYl2yWUWLRPgîOmYí
h&Q�UWyryWj#LZPRX}H`PRQ�H`ã#LZPRXMHKpYPOyWUWLRP0bh^_QqXMH`PZUWb�J#L�dnb�X=��£��?�?�j =UWJ#k�QYy��
QYaBQYJ=PRLcHKPcPZx#QOP}H`UWy_H`J�lv�U���5���G�hUWJ#kOQYyWQYaBQYJ=PRL0H`P�PZx#QOx�Q7H`l�<
b�PZx#QYXTb�^|QYXMHKPRUWb�J#LOHKXRQ�l#Q}à|J#QYl*HKJ_H`yWb�khb�j#LZyW[,í
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N=UWJ#pYQ+yrUWLZPcbh^_QYX}H`PZUrbhJ#LOa
H9[wã|b�PZx2^#XZb,l�j#pYQ V�HKyrj�QYLOH`J#l
j#^Á�
l_HKPRQgPRx#Q0yWUWLRP�pYb�J=PRQqJ,PZL�ßgQcl#QÐà_J#QOH`ã�LRPRX}H`pYPfb�^|QYXMHKPRUWb�J#L;b`VhQYX
PRj�^#yWQYL7íR70x#Q à|XRLRP�pYbhai^|b�J#QqJ,PTUWLOPRx�QDXRQYPZj#XRJºV�H`yWj#Q bKdcPRx�Q
b�^|QYX}H`PRUWbhJ�<­¬ËUrJ�l#UWp7H`PZQYL�PRx_HKP J#b
V�H`yWj#Q UWL�XRQqPRj#XZJ#QYl�íb70x#Q
XRQqLRP�b`dOPRx�QDpYb�aB^_bhJ#QYJ=PRL l�Q}à_J#QBx#b`ßÑPZx#QipYbhai^|b�J#QqJ,PZL b`d
PRx�QDîOmOLZx#b�j�yrlºã|QDj#^_l|H`PRQql&ã_H`LZQYl&b�JºPRx#QDbh^_QqXMH`PZUWb�J�í�m\J
PRx�QDJ#Q�;=P�LRQYpYPZUWb�J&ßgQwl#UWLZpYj#LRL�PRx�Qwj#LZQDb`dOHis ��bhXRl#QYXZQYlÄH`ãÁ�
LRPZXMHKpYPRUWb�J�UWJÄpqb�ai^�yrQqPRUWJ#k2H2^|H`XRPZUÉH`y0LR[=LZPRQYa PRx_HKPwQqJ_H`ã#yWQYL
V�QqXRU�à_p7HKPRUWb�J2bKdcb�XZl#QYXZUrJ�k�^�XRb�^|QYXZPRUWQYL bKdcl_H`P}H9�\UWJ#l#QY^|QYJ#l#QqJ,P
LR[=LZPRQYaBL7í
ÛcÖ�s ½°»cÞ#¹�Ü?¼�y$¹?{ÉÛ�|øÜ;Ø�uÉØ�yj¹?{ÀÛ�|
¯�UWV�QqJoHTpYbhyryWQYpqPRUWb�JDbKd ^#XZb�khXMH`aËV�H`XZU HKã#yWQYL�H`J#lDHTpYb�yWyWQYpYPZUWb�J
b`dgîOm\L�ßcQ�aDj#LZPOLRQqyrQqpYP7~�dnb�X�Q7HKp}x*V�HKXRUÉH`ã#yWQ�~|PZx#QwîTmOß0x#UWp}x
ß0UWyWy�l�Q}à_J#QDUWPRL�LZQYa�HKJ,PZUWpYL�UrJºPRx�Q�à_J#UWPRQ}�\LRP}H`PZQDaib=l#QYy\í~h&Q
l#bBJ#b�PTã_QYyWUWQYVhQ PRx_HKPOPZx#UWLO^#XZb,pqQYLRL p9H`J2ã|Qwpqb�ai^�yrQqPRQYyW[iH`jÁ�
PRbha�HKPRQYlºUWJÄH`yWy�p7HKLRQYL9íHdTj#X+Q�;=^_QYXZUWQYJ#pYQ*HK^#^#yW[=UWJ#k
îOm\L UWJ
aib=l#Qqy`pYb�J#LZPRXZj#pYPRUWbhJ�~�x�b`ßcQYVhQYX7~9x_HKL�yWQ}dnP�j#L�ß0UWPZxIH�aiQYPZx#b=l=�
b�yWbhk�[�HKJ#l2HDLZQYPObKdcx#QYj#XZUWLRPRUWpYLTdnbhX0LRQYyWQYpqPRUWJ#k2H`ã#LZPRX}H`pYPZUrbhJ#L7í
m\JDPRx�UrLgaiQqPRx#b=l#bhyrbhk�[=~YßgQOã#UWJ#lDV�HKXRUÉH`ã�yrQqL�PZbwîTm\L7~hPRx#QqJij#LZQ
H`l�l#UWPRUWb�J_HKyE^#XRbhk�X}H`a UrJÁdnb�XZa�H`PZUWb�JDPRbBXRQ}à|J#QwPZx#Q aBb,l�QYyWUrJ�k
b`d�H�V�H`XZU HKã#yWQOã=[Dã#UWJ#l#UWJ#k�UWP0PRbDH�aibhXRQO^�XRQYpYUWLZQ îOmYí®Eª9¬#­`ª ·�´nª9¯�ª7¯;§
¸�¶|´n©�ª]¯iÎ�m\J#UWPRUÉH`yWyW[ÄH`yWy0V�H`XZUÉH`ã#yWQYLiHKXRQ

aBb,l�QYyWQYliß0UWPRxBPRx#Q+^_bhUrJ=PgîOmYí°
®q§2¨9¯�¶|´\¨`§B»R¶_­D°=¬#­`´�¬#Ç;¹�§Á®I·w´�ª7¯�°|§=­`«Ä®Y³&¬#¹�¹c²�¶|³&¬#´n©�®
ÀcHKXRUÉH`ã�yrQqLwß0UWPRx�l#bha�HKUrJ�L b`d�LRUW�YQ2yWQYLZLiPRx|H`Je]9�ºPRx_HKP
HKXRQ&j#LZQYlÑUWJ!pYb�J#l�UrPZUWb�J_HKy�Q�;,^�XRQYLZLRUWb�J#L&H`XZQ&aib=l#QYyWQYl
ß0UWPRx
PZx#Q�pMx�b�UWpYQ�îOmYí

Îq²�§=©�ª7´À»R«*®q§,³&¬�©�ª9´�¨+»R§=¬#ª9¾;­`§Á®I´n©�ª9¯�§
®Y¸f§Á¨K´É¿c¨K¬#ª7´�¶|©
70x#QD^�XRb�^|QYXZP\[*PZb�ã|QDp}x#QYp}â�QqlÄUWJ#pYyWj#l#QqL7~�UrJºPRx�Q�dnb�XZa
bKdá^#XZb�^|b�LZUrPZUWb�J#L9~�l�U 8EQYXZQYJ=P LRQYa
H`J=PRUWpïd�Q7H`PZj#XRQYL b`d
PZx#Q
^#XRbhk�XMHKaÂJÉQ�í k_íW~fV�H`yWj_H`PZUWb�J#L�b`d�LR^|QYpYU�à_p2^�XRb�khXMHKa
V�HKXRUÉH`ã#yWQYL)LYí 70x#QqLRQÊd�Q7H`PZj#XRQYL aDj#LRP�ã|QÊaib=l#QYyWQYl
^#XZQYpYUWLRQqyr[¢ã=[ÄH`JÄîTm PRb&x|H9V�Q�HKJ=[*x#bh^_Q
bKd�p}x#QYp}â=UWJ#k
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UWP\[DPRbDUWJ#pYbhXR^|b�XMHKPRQ îTm\Lgdnb�XgLRQqyrQqpYPRQYlºV�H`XZUÉH`ã#yWQ.[W]�_�`¬<=ßgQ�j#LRQ
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ßcQ�^#yÉHKJiPRbDQ�;,^�yrbhXRQ�PRx�UrL0ì=j#QqLRPRUWbhJ�UWJBdnj#PZj#XRQ�ßgb�XZâ í

� øI�	sRúEö|úYô=ü`ønþap7óõ÷Yû`ô�q��Eø�þ}rrþZønø�þRÿ�ýn÷�úYô=ýnò`þ5sR÷��`ô�ýnø�úYó��`þZÿ�� þa×Yü`ø�þ\ônô�óõ÷)�`ô
ýn÷9÷�qõô�þRý26



INCA

SPIN

Partial Evaluator
AI-based

Ada-to-SEDL

State/event
predicate
definitions

AI-variable
bindings

External
events/states

Promela

True or Counter-example
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SEDL

LTL

Ada Source

Ada

System Completor
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Worker

Worker

Pool

Worker

c := Create(...);

Input(c, v);

Execute(c);

CreateInput Execute

User’s Application

doWork
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b`d;^#j#ã#yWUWpO^#XZb=pYQYl#j#XZQYL�B0H�pqb�J#LZPRXRj�pYPRbhX é��G��¢� G�|~<��£�
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