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// compute material
// cross sections

cell_main()

// Solve 2D neutron
// diffusion equation

flux_main()

time_sim()

// schedule each module
// in turn for a given 
// timeslice (dt)

// modules are expected to 
// return in a timely fashion

// core to coolant
// heat trasfer from

ht_transf_main(dt)

ht_transp_main(dt)
// heat transport for
// primary & secondary 

// hydraulic pressure
// calculation

hyd_main(dt)

ctrl_cbf_main(dt)

// simulated instruments
// control and 

Sim

User clicks sim button

after flux calculation
transient loop begins

for steady state
core flux is computed
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TnS��cTnS�mnS-a|Unm�Ux�cS � w��ÆTx^vUnS_W h TnS-�]TnS-mVS-a|Uxm�Ux�cSpS-a|Ux��^vOP�|tCw_�yUx�]S � �cMRbyW q′MPm=Ux�cS�S-acS�T � tDUnTx^_acm���S-TVS-blUnwCUn�cS � �]MPbD��TnwsZ¶Un�cS����]S-O�J<�uZ��cORS-ZCS-a|U�^¨UxMPw_a'w_��Ux�]SF�cS-^vUh^_b]qsS�j�UnMPwsa!��wsTnZ��]O`^

��^_m(m�UxTn^_M � �|UV��wsTV�<^_TnbdJ.e(�cS�j-�]TnTnS�a|U(qsS-TVmnMRwsa!^_OR�<^kt{m�^_mnmV�cZ�S�m�Ux��^¨U w > 0
W{�=�cMRj��!j-^_acacwvU(Z�wYbcS�O�j�S-TVUx^_MPa

j-wsTVS��²^_MROP�cTVS-m#�=�cS-TVS2Ux�cS � w�� ws�]U@w_��Ux�]S2j-w_TnS2MRmFm�Uxws�]��S�bÍ^_ORUnw � S�Un�cS-TF^_acbUx�cS2j-wsTVS � ^_�]��S�T@ws�LS-acm�Uxw
^_OPORw��ÉTVS�qsS�TnmVS � w��#J.X¾^¨UxS-T=QLwsMPORMPa � MPm=^_ORmnw�acw_U�^vj-j-w_�ca|UxS-b!��wsT-J

ú�×²ú �$ìpß��³í.Þ]îpà��|Ù$Þ]Ú�ô{ô�� ßdý{ìhÚ(î
e(�cS�fh^_TVb]t|��}<TVwsmnm�ZCS�Un�cwYb¹©ÑÒ�¬�MPmp�cmnS�b*Uxw'j�wsZ��]�]UxS � w��µTn^vUxS�mh�=MRUn�cMPa[Ux�cS@Un�cS-TVZ2^vO?�|tYbcTx^v�cOPMRj@mVtYm�UxS-Z!J
Ih�cTnMRa � acw_TnZ�^_O>ws�LS-Tx^¨UxMPw_acm�Un�cSFUnTx^_a]mnMPS�a|U��c��^vmnS-mp�=�cMPj��¡MRacj-OR�cbcS�ws��S�acMPa � Ux�]S@�Lw{wsOG^_a]bl�cwsORb{�u�]�[U�^vacÈ
q_^vORqsS�mE^_acb�mVUx^_TVUnMPa � Un�cS(�cTnMRZ2^vTVtF�c�cZC��^vTnS�qsS�TVt�mV�cwsT�UkWY^_acbC^vU.ORSk^_m�U�MPa�UnS-TnZCm.w_� � w��®Tn^vUxS�m.Ux�cS(MRacS-T�UxM`^vO
S� �S-j�Unm#w_�.��^¨UxS-TNm�U�^_T�UxMRa � ^_acb¡m�Uxws�]�cMPa � Z�w_UnMPwsal^_TnS@acS � ORM � MRQcOPSvJN�{MRacj-S�fh^_TVb]t|��}<Tnw_mnmNMPmh^:mVUnSk^_b]tlmVUx^vUxS
Z�wYbcS-O�W>^'mnS ± �]S-acj�S�w_��mVUnSk^_b{t¡mVUx^vUxS�m�Z@�cmVU#QLS�j-wsZC�c�]UnS-b^_mNUx�]S � �cMPb$ORS�qsS�OPmNMRa*Ux�cS�TVSk^_j�UxwsTN�Lw{w_O�^_acb
�cwsOPb¡�]�$Ux^_acÈ!j���^_a � S_JFXÆ�]MPOPSFj-S�TVU�^vMPa¡�|tYbcTx^_�]OPMPj@S� �S-j�Unm#^_TnS@acS � ORS-j�UxS-b$Q|tlUn�cMPm�^_�c�cTVw��{MRZ2^vUnMPwsa[MRU��<^_m
��S-ORU�Ux��^¨U�Un�cSN^_b]qv^_a|Ux^ � ShMRa�UnS-TnZCm<wv��TnSk^vOLUnMPZCS�TVS-mV��wsa]mnMRq_S-acS�mnm=w_�yUn�cS�ZCw{b]S-O���^vm<�<w_TVUx�:Un�cShORwsmnm�MPaCUx�cS
�cTnS�j-MPmVMPwsadJ

e(�cS � S�acS-Tn^_O>ZCwsZ�S�a|Ux�cZ§S ± ��^vUnMPwsa'��wsT � w��BMRaD^C�]MP�LSNMPm � MrqsS-a!^_m(��wsOROPw��=m-º

LAρ
∂v

∂t
= A

[

∆P −

(

fL

D
+ k

)

ρv2

2gc

− ρg 4 z

]

L, A,
^vacb

D
^_TnS�Ux�cS'ORS-a � Un�yW.j-TVwsmnmñ�umVS-j�UnMPwsac^_O�^_TVSk^¡^_a]b¹bcM`^_ZCS�UnS-TFw_�(Ux�cS'�]MP�LS2TnS�mn�LS-j�UxMRq_S-OrtsW

4PTnS-�]TnS-mVS-a|Uxm�Un�cSh�]TnS-mVmn�cTVSNbcTnw_�'^_j-TVwsmnmEUx�cSp�cMP�LS_W
f
MPm�Ux�cS���TnMPj�UxMRwsaC�²^vj�Uxw_T-W

k
MPmEUx�cSpZ�MRacwsT.ORwsmnm�j-wYS��Cj-MRS-a|UkW

g
MPmpUx�cSC^_j�j-S-ORS-Tn^vUxMRwsa¡bc�cS�Unw � Tx^kqYMRUutsW h MPm�Un�cS�bcTnw_�MRa¡S-ORS�qv^vUxMRwsa*w_�EUx�]SC�]MP�LS_W v MPm�Ux�]S � �cMPb¡q_S-OPwYj-MrUut^_acb

gc

MRm�Un�cSFZ�^_mVmp�cTVS-mVmn�cTVS�j-wsa|q_S-TnmVMPwsalTx^vUnMPw��=�cMPj��
= 1

J��{MRacj-S#�<S@^_TnS�MPa|UnS-TnS�mVUnS-b*wsa]ORt'MRa*^�mVUxS-^_b]t
mVU�^¨UxS�mVj-S-ac^_TnMRw���S�mnS�U δv

δt
= 0

W�^_acb!�<S@OP�cZC�[Unw � S�Un�cS-T�Ux�cSF�cTnS�mnmV�cTnS@UnS-TVZ�mpbc�cSFUnw'^�j��c^_a � S�MRal�cS�M � �|U
�=MRUx�DUx�]wsmnS#MPa]bc�cj-S�b[Q|t:Un�cS � w�� mVwCUn��^vU=Tx^¨Ux�cS�T=Un��^_a!bcMPmVj-�cmVmnMRa �

0 = ∆P −

(

fL

D
+ k

)

ρv2

2gc

− ρg 4 z

Ô



½?M � �cTVS�Ò{º�Ux�]S-TnZ�^_Oy�|tYbcTn^_�cOPMRj-m�W��cTnMRZ2^_T�t2ORw{w_�:q{MRS��

X0S#acw�� TnS��=TnMrUxS�Ux�]S � w�� S ± ��^vUnMPwsa!^_m�º

P ∗ = P + ρg 4 z

0 = ∆P ∗
−

(

fL

D
+ k

)

ρv2

2gc

�=S��=TVMRUxMRa � Ux�cMRm�S ± ��^vUnMPwsa¦^ � ^vMPaÍMPaÍUxS�TnZCmCwv� � w�� Tn^vUx�cS�T�Ux��^_aÍqsS�OPwYj-MrUutsW�^vacb¦OR�cZC�cMPa � j�wsacm�U�^_a|Uxm
Uxw � S�Ux�cS�T�^_m��5��S � S�Ukº

K =

(

fL

D
+ k

)

1

2ρA2gc

0 = P ∗

1 − P ∗

2 − Kw2

e(�cMRm�Z�S-^_acm�Ux��^¨UC��w_T�^_a®^vTnQcMrUxTx^vTVt¾j�wsacacS�j�UnMPwsaÍ�=�cS-TVS���ù ä�����è!�]MP�LS-m�Z�S�S�U-W�Ux�]S!a]S�U � w�� ^vU�Ux�]MPm
j-wsaca]S-j�UnMPwsa[Z��cm�UhQLSFâ�S-TVwcW�mVw���S@acw��B�c^�q_S�^ � S-acS�Tx^_O�acw_a{�uORMPacS-^_T���wsTnZ@�cO`^���wsT=mnw_ORqYMPa � Ux�]SF�cTVS-mVmn�cTVS�^vU
S�qsS�TVt!�LwsMPa|U(MRaDUn�cS#�cMP�LSNacS�Uu�<wsTVÈgº






P ∗

n =
1

#links
∑

j=1

1
√

∣

∣

∣P ∗

j − P ∗

n

∣

∣

∣Kj + ε

×

#links
∑

j=1

P ∗

j
√

∣

∣

∣P ∗

j − P ∗

n

∣

∣

∣Kn + ε

�{MRacj-S�Un�cS=fh^vTnb]t|��}<TVwsmnm�ZCS�Un�cw{b�MRm�acw_U�b]S-mnM � acS�b�Unw#��^_acbcORS�mnMrUx��^¨UxMPw_acm��=�cS�TnS(Ux�cS � w��®Tx^vUnS(bcTnw_�cm�Uxw
â-S-TVw@��Sh��^kqsShMPacj�OP�cbcS�b:^�mnZ�^_OPO

ε = 0.000001
MRa�Ux�]SpbcS�acwsZCMPa�^¨UxwsT�w_�yUn�cS���Tx^_j�UxMPw_acm.Uxw@�]TnS�q_S-a|U(bcMrqYMPmnMRwsa

Q�tDâ�S-TVwcJ�e?w�TnS�j-w�qsS�TpUn�cS�UxTV�cS#�cTnS�mnmn�]TnS-m���TnwsZÐUx�cS
P ∗
�cTVS-mnmV�cTnS�mp��SFmVMPZC�cORt��cmVS

P = P ∗
− ρg 4 z

J
�ua�cTx^vj�UxMRj-S�Ux�]S2fp^_Tnb]t|�ñ}<TnwsmVmFZCS�Un�cw{b$�LS-T���wsTnZCm#TnSk^vmnwsa�^vQcORt*��S-ORO�J�~Á�]�{S-b¾�LwsMRa�U#MrUxS�Tx^vUnMRqsS�mVwsORq_S-T

��^_m#�cmVS-b$Uxw'mVwsORq_S�Ux�cS�acw_a{�uORMPacS-^_Thm�t{m�UxS�Z[JF� UN��^_m���w_�cacb¡Ux��^¨UNMR��^_a�czN� m�UutYOPS�^_j�j-S-ORS-Tn^vUxMRwsa*ZCS�Ux�]w{b
��^_mp^_�c�]OPMPS�b:Uxw�Ux�]S��]TnS-mVmn�cTVS@j-^_OPj��cO`^vUnMPwsa]m�Ux�c^vU � w{wYb'j-w_a�q_S-T � S-acj�SF�<^_m�wsQcmnS�TVq_S-byJ

ú�×�� �³ß>í�ý	�@Þcí�Ûpô��FÚ.Þ{ý

21

½?M � �cTVS �]º�Ë.MP�LSNacS�Uu��wsTVÈ'S��]^_ZC�cOPS
f�Sk^vU�UxTn^_acmV��wsT�UCMPm�j-wsZC�c�]UnS-b¥�cmnMRa � ^mVS-j-w_acb wsTVbcS-T�}<Tx^vacÈÍ�pMRj��cwsOPmVwsaÍUxMPZCS'MPa|UnS � Tn^vUxMRwsa¹mnj��cS�Z�S

Q�^_mnS�b2wsa�Un�cS � w�� Tx^¨UxS-m.j�wsZC�c�]UxS�b�Q|t�fp^_Tnb{t��ñ}<TnwsmVm-J�Ì<wvUx���cTnMRZ2^vTVt@^_acb�mnS�j-wsacbc^_TVt�Un�cS-TVZ2^_O]��tYbcTn^_�cORMPj
OPwYws�cm=^_TVSNj-wsZC�c�]UnS-byJ�e(�cS�Q�^_mVMPjN�cS-^vU=UxTx^vacmn�LwsTVU=S ± ��^vUxMRwsaD�cmnS�b[Ux^_È_S�m�Un�cSN��wsOPORw��=MRa � ��w_TnZ!º

CpρV
∆Ti

∆t
= winCpTin − woutCpTout + Qi

V
TnS-�]TnS-mVS-a|Uxm�Un�cSFq_wsOP�]Z�S#w_��Un�cS@�]MP�LSFwsT=qsS�mnmVS-O�Wy^_acb

Qi

TVS-�cTVS-mVS-a|Uxm�Un�cS�^_ZCws�ca|Upw_�.�cS-^vU�TVS-ZCw�qsS-b
Ux�cTVws� � �lUn�cSF�<^_OROPm�w_�.Ux�cSF�cMP�LS_J�e(�cMRmpS ± �c^vUxMRwsal�<^_m�MPZC�cORS-ZCS-a|UxS�b[Q|t[S��]^_ZCMPacMRa � Un�cS�^vZ�ws�]a�Upw_�.�]Sk^vU
S-acS�T � t�Ux��^vU � w��<S�bDMPa|UxwFwsacS�S�acb'w_�G^@�cMR��Sh^_acb:w_�]U�w_�>Un�cS�w_Un�cS-T<S-acb'w_�dUx�cS��]MP�LS_J��{MRacj-S�^_OPO � w��ÉTx^vUnS-m
^_TnS=È�acw��=a:^_m�j-^_OPj��cO`^vUnS-b�Q|t�Ux�cS�fp^_Tnb]t|�ñ}<TnwsmVm�ZCS�Un�cw{b�mVwsORqYMPa � ��w_T�Ux�cS=UxS�Z��LS-Tn^vUx�cTVS(w_�>^ � MrqsS�aCq_wsOP�cZCS
w_���<^vUxS�T=j-wsa|U�^vMPacS�b!MRaDwsacS#w_�GUx�cS#�cMR��S�m�Ux�cTVacmpMRa|Uxw�^�Q�wYwsÈ2ÈvS-S��cMPa � �cTVwsQcOPS�Z[J

�ua0½�M � �cTnS!� � �cMRb0MRm � w��=MRa � MPa^!�]MP�LS��=MrUx�S-acb0��w_MPa|Uxm�ª�^_acb¼«{W>��TnwsZÅª�Uxwl«{J�e?w!j-wsZC�c�]UnS�Ux�cS
j���^_a � S�MPaDS�a�Un��^_OR��t2��wsT�Ux�cMRm(�cMP�LS���SF�cmVSNUx�cSN��wsOROPw��=MPa � S ± ��^vUnMPwsayº

∂H

∂t
= Cp

#links
∑

i

wiTi

Ó



e(�cS!b�^vUx^m�UxTV�cj�Un�cTnS�m:MPaÍUx�cS!�cTVw � Tx^vZÅZ��cm�U�Z�^_MRa�Ux^_MPaÍ^j-wsa|q_S-a|UxMRwsa¦�=�cMRj��¯^_OROPw��=m�Ux�cS!�cTVw � Tx^vZ
Uxw!j-wsTVTnS-j�UxOrt*bcS�UxS-TVZ�MRacS�Ux�cS�mVM � a$w_�EUx�cS � w��µ��wsTNj-wsa]acS-j�UxS-b¼�cMP�LS-m�J�e(�cS�mn^_ZCS�j-wsa|qsS�a|UxMPw_a¼MPmN�]mnS-bUxw
bcS�UnS-TnZCMPa]Sp�=�cMRj��'S-acb:Un�cS��cMR��S � ^_MPa]m��cS-^vU(S�acS-T � t���TVwsZ!J��uaD½�M � �cTnS"�@mVMPacj�S � �cMRb:MPm � w��=MPa � w_�]U(^vU<S-acb
«CUx�cS@S-acS�T � t[OPwsm�Up��TVwsZ �cMP�LS2ª���«��=MROPO�QLS@��^_T�U�w_�.Un�cS�acS�U � ^vMPa[��w_TpUx�]S@TnS�Z2^vMPacMRa � �]MP�LS-mhj�wsacacS�j�UnS-b¡Uxw
S-acb$«YJ(¤>MPÈ_S��=MPmVSFUx�]SFacS�U � w��HMRa|UxwCS-acb0ª@w_�.�]MP�LS-m#ª���«��=MPORO>TnS��cTnS�mnS-a|U�Un�cS#Uxw_Ux^_O>S-acS�T � t � ^vMPacS�bl^vU�Ux�]MPm
S-acb*wv�?Un�cSF�]MP�LS_J<e(�]S@fp^_Tnb]t|�ñ}<TnwsmVmpZCS�Un�cw{b � ��^vTx^_a|UxS�S-m�Ux��^vU=Un�cSF�LwsmVMRUxMrqsS � w�� ��TVwsZ¶S�acb¼ª�UxwCS-acb*«{W
�=MPOPO?Q�S�Z�^_bcS@�c�$w_��Ux�cS�mV�cZ¢w_��^_ORO � w��=m#MPa|Uxw'S�acb$wsacSvW>mnw'Ux�cS � ^_MPa*MRa¡S-a|Ux�c^_OP�|t¡w_��Un�cS��cMP�LS�j-^_a$Q�S
bcS-bc�]j-S-b[��TnwsZÐUx�cS � w��=m-J

�uZC�cOPS�Z�S�a|UxMPa � Ux�cMRm�ZCw{bcS�Oy^_ORmnw�TVS ± �cMPTVS-b'Ux�]SN�cmnS#w_�?^�}<Tx^vacÈ'�pMRj��cwsORmnwsaD^_�]�cTnwk�{MPZ�^vUxMRwsa�Unw�^_j��cMRS�qsS
^_bcS ± ��^¨UxS!^_j-j��cTx^vj�tsJ¼~hm�MPa¾Un�cS'�cSk^¨U�UxTx^vacmV��S�T�Z�wYbc�cORS2S��{�cORMPj�MRU�ZCS�Un�cwYbcm�TnS ± �]MPTnS�bÍS��{j-S�mnmnMrqsS�ORtÍmnZ�^_ORO
UxMPZCSCmVUxS��cm�UxwlTnS-Z�^_MRa¼mVUx^_QcORS_W.^_a]b¹MPZC�cOPMRj-MRU�Z�S�Ux�cwYbcm@�c^_bÍ^_j-j��cTx^vj�t0�cTnwsQ]OPS-ZCm-J[e(�cS

Qi

UxS�TnZ��=�cMPj��
TnS-�]TnS-mVS-a|Uxm��cSk^vUGORwsmnmVS-m>�=�cMPj��@^_TnS�acwvU�bc�cS�Uxw � �cMPb � w��=m<�²Tn^_bcM`^¨UxMRq_S_W�wsT>j�wsacbc�cj�UxMrqsS��>MPm�wsa]ORt�MRZ��]OPS-ZCS-a|UnS-b
��wsT�Ux�cS��cS-^vU�S��{j���^_a � S-T�J2i!�cj��¼S�acS-T � t¡MPmNORwsmVUNUnw'Ux�cS�^vUnZ�w_mn�c�cS�TnS�w_�EUx�cS�j�wsa|U�^_MRacZCS-a|U#Qc�cMROPbcMRa � ^_acb
Ux�cMRm��]�cS-acw_Z�S�a�^�MPm(acw_U�ZCw{b]S-OPS�byJ

ú�×�# ÙÚEÛEý{Þ]Ú�ó$�Dí�Ûhß>ó

½?M � �cTVS#Ô{º�}<wsa|UxTVwsO>Ë?^_acS-O?i[wYj�È'o��D�<}<�cTVTnS�a�UnORtD�uacj�wsZC�cOPS�UxS

ª�Î



e(�cS�j�wsa|UxTnw_O.��^_acS�OE�]Tnw�qYMPbcS�m#Un�cS�il�h�p�{��i ws��S�Tx^vUnwsT��=MRUn�^DQc^_mnMRjCZCwYj�Èl�c�w_�EUx�cS�^_j�Un��^_O�i[�h�
j-wsa|UxTVwsO��c^_acS-O�Jpe(�]S�mnORMPbcS�Tnmp^_acb*È�acwsQ]mN^_b¨�V�cm�U�Ux�]S@QLws�cacb�^vTVt!j-wsa]bcMRUnMPwsacm�w_�.Un�cSFqv^_TVMPws�cm�ZCw{bc�]OPS-mp^_acb
� MRq_Sh^_aCws�LS-Tn^vUxwsT�´¸mE�LwsMPa|U�w_��q{MRS�� ��w_T�Un�cS�mnMPZ@�cO`^vUnMPwsadJ��YS�qsS�Tx^_OLmVUnTnMR��j���^vTVUxm�^_OROPw��¦Un�cS�ws��S�Tx^vUnwsT.Uxw#UxTn^_j�È
UxTnS�acbcm(^vacb2�cS�OP�2Unw@MRbcS-a|UxMr�°t���wvUxS-a|UnM`^_O��cTVwsQcORS-ZCmE�=MrUx��Un�cShm�tYmVUxS�Z[J.e(�]S�j-�cTVTnS�a�U�qsS�TnmnMRwsa:w_�dUx�cSpj-wsa|UxTVwsO
��^_acS�O?MRmhMPa]j-wsZC�cOPS�UxSvWcUx�cS@^_O`^_TVZ�m�^_TVSFMRa�^_j�UxMRq_S_W�^_acb*mVS�q_S-Tx^vO�MPZC�LwsTVUx^_a|U=j-wsa|UxTVwsOPmh^_TnS�ZCMPmnmVMPa � ��Tnw_Z¶Ux�cS
��^_acS�O�J

% & ��"���''���#����%F� ���D& �H�#"���&D�#����%F�

i[w{b]S-Oyqv^_OPMRb�^vUnMPwsa���^_m(QLS-S-aD�²^_MRTnORtCmVMPZC�cOPSh^vU(Ux�cMRm�mVUx^ � SvJEe(�]S@i[�h�³m�U�^v )( � Tx^_j�MPws�]mnORt�mn�]�c�cOPMRS-bDmnS�qsS�Tx^_O
�<S�S-È�mN�<wsT�Ux�*wv�.b�^vUx^�TnS�j-wsTVbcS-ThMPa]��wsTVZ2^¨UxMPw_a:��TnwsZ Ux�]SF�=MPa|UnS-Thwv��Ux�cMRm�t_Sk^_TpUxw2�]mnS�^_mpjk^_ORMPQcTn^vUxMRwsaDb�^vUx^]J
e(�cSpbc^vU�^NTnS�j-wsTVbcS-T�ZCwsacMrUxwsTVm�UxS�Z��LS-Tn^vUx�cTVS-mE^vU�mVS�qsS�Tx^_OLÈ_S�t���w_MPa|Uxm.MRa�Un�cS=TnS-^_j�UnwsT-WsUn�cMPm.MRa]��wsTnZ�^vUnMPwsa@�<^_m
�cmnS�b[Uxw�QLw_Ux�!jk^vOPMPQ]Tx^vUnSN^_acb'qsS�TnMr�°t:Ux�cS#�cTVMPZ�^_TVt2^_acb!mnS�j-wsa]b�^_TVt'Un�cS-TVZ2^vOyOPwYws�cm�J

*,+.-0/ 132546/57 2589* 1�2546/�7 +.: ;<7 2589*>=�? @97 2589*�=>? @97 +.:A=>? ;�2B25C D>+.4 ;<23EF/�4 G<C.2HE ;�2B25C =>I>J
K K K K K K K L M�NPO�Q -0/�*R/�4 Q -0/�*,/34 Q

(�SUT V5V @�WX7 S @�WX7 S5S @5@97 (5( : OZY @5@97 [5\ @5[97 V5] ^ @ V _5V _ [97 ` _ 7 @5` @97 @�W
( ` T V5V \ ( @ ] 7 WZ[ @5@97 V5] @ V (3] 7 ] W @�WX7 WZ@ ^a(3] _9( _ [97 ` _ 7 @5` @97 @�W
(3]9T V5V \ ( 7 ` @ ] 7 @5[ @5@97 V5V : OZY ( WX7 V5V @�WX7 (5( ^a( ` _ \ _ [97 ` _ 7 ( @97 \ (
( W T V5V \ ( 7 [ @ ] 7 ] W @ ( 7 _ZS @ V 7 @5[ ( WX7 ( W @�WX7 (5( ^a( ` _ \ _ [97 ` _ 7 ( @97 \ (

e�^vQcOPS�ªsºEá��]^_ZC�cOPSNe(�cS�TnZ�^_O>f=t{b]Tx^_�cORMPj#I�^¨U�^
½�Tnw_Z �cTVS�qYMPws�]mEm�Ux�cb]MPS-m�^_acbCmnS�qsS�Tx^_OgMPa|UnS-Tnac^_O�TnS���wsT�Uxm�MRU���^_m�^_ORmnw#��w_mnmnMRQcOPS�Unw#j-wsOROPS-j�U�MPa]��w_TnZ�^vUxMRwsa�wsa

Ux�cSFOPS-a � Ux�cmp^_acb[bcM`^vZ�S�UxS-TVmpwv��Ux�]S@Z�^��VwsT=�cMP�LS#j-wsZC�LwsacS-a|Unm�^_acb!Ux�cSFj-wsTVSFb]S-mnM � ayJ�XÆ�cS�alUx�]S@ZCw{bcS�O�´�m
j-wsTVS(MPm�j-^_OPMRQcTx^vUnS-b@Unw�«Ni!XHW_��S�^_TnS(^vQcOPS<UnwNwsQcmVS-TVq_S(Ux�cS�UutY�cMRjk^_OYUxS-ZC�LS-Tx^¨Ux�cTVS�TnMRmnS�w_��^_QLws�]U�Ò{J Òhb]S � TVS-S-m
}<S-OPmVMP�cmh^_j-TVwsmnm�Ux�cSFj-wsTVS_Wd^_acbl��S�^_ORmnw�wsQcmnS�TVq_S�^lJÑÒCbcS � TnS�S@UxS�Z��LS-Tn^vUx�cTVSFmV��^_al�=MrUx�cMRalS-^_j��l���cS�O?�cOP^vUxSvJ
e(�cS-mVS!qv^_OR�cS-m�^_TVSDMPa � wYw{bÍ^ � TnS�S-ZCS-a|U��=MRUn�¥m�U�^_a]b�^_TnbÍZCSk^_mV�cTnS�Z�S�a|UxmC^_acb¥jk^_ORj-�cOP^vUxMRwsacm:�²Tnw_� � �cOrt¹Êp�
Òcb���J

�{S�qsS�Tx^_O��c^_Tx^_ZCS�UnS-TVm�w_�(Ux�cS'mVMPZ��]O`^vUnMPwsa0^_TnS:UnTnS-^vUxS�bÍ^_m��cacÈ�acw��=acm�mnMRacj-S'MRa¾�cTn^_j�UnMPj-S�Ux�cS�t¾jk^vacacw_U
Q�S�S-^_mnMRORt!ZCSk^_mV�cTnS�b*wsThj-^_OPj��cO`^¨UxS-bdJhe(�cS�mnS�j-w_acmVUx^_a|Uxm���S-TnS�^vb¨�V�cmVUnS-b*Unw:jk^_ORMPQcTn^vUxSNUn�cS�ZCw{bcS�O�J�~hZCwsa �
Ux�cS�mnSF^_TnSvº

•
ZCMPacwsT<OPwsmVm���TnMPj�UxMRwsa'j-wYS��Cj-MRS-a|Uxm=��wsT(QLw_Ux�D�cTVMPZ�^_TVt2^_acb!mnS�j-wsa]b�^_TVtDmVMPbcS�m=w_�?Un�cS#�cSk^¨U=S��{j���^_a � S-T

•
ZCMPacwsT<OPwsmVm���TnMPj�UxMRwsa'j-wYS��Cj-MRS-a|U�w_�GUx�cS#TnS-^_j�UnwsT=j-wsTVS

e(�cS(��TnMPj�UxMRwsa�j-wYS��Cj�MPS-a|Unm.bcS�UnS-TnZCMPa]S�Ux�cS � w��¦Tx^vUnS-m.wsa�Un�cS(�cTVMPZ�^_TVt@^_acb�mVS-j-w_acb�^_T�t�mnMRbcS-m�W�Un�cS � S�wsZ�S�UxT�t
w_�@Un�cS0j�wsTnS0^_acbÉ�cS-^vUlS��{j���^_a � S�T*^_TVS¡UxwYw¦j�wsZ��]OPS�� Uxw¥��S�TnZCMRUD^¥bcMPTVS-j�U!j-^_OPj��cO`^vUnMPwsa¯wv��MRUnm:��TnMRj�UxMRwsa
j-wYS��Cj-MRS-a|UkJD~hORmnwDUx�cSC��TnMRj�UxMRwsa$j-wYS��Cj-MRS-a|UFw_��Ux�]S��cS-^vUFS��{j���^_a � S-T���^vmFj���^va � S-b¼w�q_S-T�UxMPZCS�bc�cS�Uxw!Ux�cS
d5e)fhgjiBkHlnmPo�p3q�lZo<r<s tAeuowvxohy{z�p3l

ªsª



Qc�cMPORb��c��w_�g�c^_TVUnMPj-�]O`^vUnS�Z�^vUnUnS-T���TnwsZHUx�]S�j-wYwsO`^va�U-J?e(�]MPm�S� dS�j�U�MRm�S-mV��S�j-MP^_OPOrt#�cTnS�q_^vOPS-a|U.w_a@Ux�cS<mnS-j�wsacb�^vTVt
mnMPb]S_J

z��cT�j�wsTnShZ�wYbcS-OLwsacOrt2j�wsZC�c�]UxS�m(^�mn�c^_��S���w_T�Ux�]S � �{�:�cTnw_�cOPSN^vU�Ux�cMRm�mVUx^ � SvW]mnw�Un�cS�j-w_TnS � �Y�'ZCw{bcS�O
��^_m�wsacORt2TnS�j-S-MrqsS�b*Q�^_mVMPj�qsS�TnMr��jk^vUnMPwsadJEe(�]S � �Y�!mn��^_�LS�mn�cw��=m�TnSk^vmnwsa�^vQcOPS�^ � TVS-S�Z�S�a�U=�=MrUx�!j-OPw_mnS-bD��wsTVZ
Z�wYbcS-ORm-WY^_acb2^_OPmVw@mV�cw��=m<TnS-^_mnw_a�^_QcOrt � w{wYb2^ � TnS�S-ZCS-a|U��=MrUx��mnMPZ@�cO`^vUnMPwsa�TV�cacm�wsa2ZCwsTnS�bcS�U�^_MROPS-bCZCw{bcS�OPm�J
e(�cS[a]S��YUCmVU�^ � S'MPa¹ZCw{b]S-O�bcS�qsS�OPws�cZCS-a|U��=MPORO<MRacj-OR�cbcS:Z��]j��¦ZCwsTnS2TnM � wsTnws�]m@UxS�mVUxMRa � ^_acbÍjk^vOPMPQ]Tx^vUnMPwsayJ
}<�cTnTVS-a|UxOrt!��S�j�wsacmnMRbcS-Tp^�j�wsZC�c�]UxS�b[qv^_OR�cS�Unw2QLSFMRa[TVSk^_mVwsa�^_Q]OPSF^ � TnS�S-ZCS-a|U�Mr��MrU��²^vOPOPm��=MrUx�cMRa0ªkÎFb,w_��^
Z�S-^_mn�cTVS-bDqv^_OP�cSvJ

| & %@�D�<"� D����%F�

e(�cS@^¨UnUxS�Z��{U(��^_m=QLS-S-aDUxw�bcS�mnM � al^�Unw{wsOL�=�cMPj��D�=MPOROd�cS�OP�!^_a!ws�LS-Tx^¨UxwsT<Unw��cacbcS�TnmVUx^_acb!�=��^vU=Ux�cS#TVS-mn�]ORU
w_��^:b]S-j-MRmnMRwsa*�<w_�cOPb$QLS�MR�E^'j-S�TVU�^vMPa¡j-w_�cTnmVSCwv�<^vj�UxMRwsa*��S-TnS�Ux^_È_S�ayJ�e(�cMRmNmVUxTn^vUxS � t*MRm��cS�OP�]���cO?��wsT�QLw_Ux�
Ux�cS�acw�qYMPj-S�OPS-^_Tna]MPa � Ux�]Spj�wsa|UxTnw_O�^vacb2QLS-��^kqYMPw_TEwv�dUx�]SpTVSk^_j�UxwsT�WYQ]�]U�^vOPmnw��Lw_UxS�a�UnM`^_ORORt���wsT.Ux�cS�S��{�LS-T�U��=�cw
acS-S�bcmh^ ± �cMPj�È2jk^_�cmVS@^vacbDS� �S-j�UpmnÈvS�Unj��*mnw�Ux�]S�TVS-mV�cORUnm�wv��j�S-TVUx^_MPa!^_j�UxMRwsacm(jk^va[QLS#S-mVUnMPZ�^vUxS�byJ

e(�cMRm�MPm�^_a�ws��S�a��cTnw��VS-j�U.�=�]MPj����=MPORO{�cw_��S����cOPOrt@j�wsa|UxMPa��cS���w_T�Z2^va�t�tsS-^_Tnm�}YUn�cS���wsTnÈ��=�cMPj���mVUnMPORO{acS�S-bcm
Uxw�Q�S�bcwsacS�MPm.S��YUxS-a]mnMRq_S_J�e(�cSpZ�wYbcS-O]acS-S�bcm<Z��]j��2ZCwsTnS=jk^vTnS����]Ocq_^vOPMPbc^vUxMRwsayW_MRa��c^_TVUnMPj-�]O`^_T�Wsj-wsZC��^_TVMPmVwsacm
�=MRUx�ZCwsTnS�bcS�U�^_MROPS-b$mVMPZ��cOP^vUxMRwsacm��=MPOPO��cTnw�qYMPbcSC�cS�OP�]���cO.MRacmnM � �|U#MPa|UxwDj�wsTnTVS-j�UnMPa � Ux�]S�ZCw{b]S-O�´�mNQLS-��^kqYMPwsT�J
e(�cS�mnwv�°Uu��^_TVS@bcS�mnM � alMRmpMRa�UnS-acb]S-blUnw�S�acj-ws�]Tx^ � SFj-wsORO`^_QLwsTn^vUxMrqsS���wsTnÈDQ|t!j-OPS-^_TnOrt'bcS���acMPa � MPa|UnS-TV�²^vj-S-m���wsT
MPa|UxS�Tx^_j�UxMPa � ZCw{bc�]OPS-m�J'eG��w*�cTVw¨�VS-j�Uxm��=�cMPj��¾�]O`^_aUxwl�]mnS�Un�cS2mVMPZ��]O`^vUnMPwsa$MPa]j-OP�]bcSC^[�²^_MPOR�cTnS�ZCwYbcS-OROPMPa �
mVtYmVUnS-Z9�=�cMPj��0�cmnS�m�Un�cS�mnMRZ��cO`^¨UxMPw_alUxw!Qc�cMROPb$�c�0^!�cMRmVUnwsTVtlw_��mVMPZ��cOP^vUxS�b*�²^_MPOR�cTnS@mnj-S�a�^_TVMPwsm�J�~ mnS�j-wsa]b
�cTnws�LwsmVS-b�cTnw¨�VS�j�U�MPm�Un�cS�bcS�Ux^_MPORS-b¡ZCw{b]S-OPMRa � w_�EUx�]SCil�h�#´¸m�j-w_a�UnTnwsO���^_acS�O�^_acb^_O`^vTnZ�m�tYmVUxS�Z[JCzhUn�cS-T
mn� �s� S-mVUnMPwsa]m<MPa]j-OP�]bcS=bcS�Ux^_MPORS-bCZ�wYbcS-ORMPa � w_� � �cMRb � w��=m<MRaCUn�cShj�wsTnSvW]^vacb2MRaCUn�cSh�Lw{w_O�W�^_m��<S�OPOL^_m�bcS�Ux^_MPORS-b
^_MPT � w��³Z�wYbcS-ORm<�=MRUn�cMPa'Un�cS#Qc�cMPORbcMPa � J

�¶�(Àv���?�=�D�<�=�

©rª-¬@}<~há=W�~uX0wsTVOPb]�=MRbcS�MPa|UxS � Tx^vUnS-b�UxTx^vMPacMRa � mnwsOR�]UxMRwsacm-J.���|UnUn�yº��c�¨�(�(�#J�jk^_SvJ¸j�wsZ��¨S-a�� � S-acS�Tx^_Oa�vMPacb]S���J¸mV�|UxZCO�W
«_Î_Î_ÕcJ

©Ñ«¨¬@}hJ#�LJh�ua|UxS�Tna�^vUnMPwsac^_O�W�~ñ�uaca]w�qv^vUnMRq_S¾mnMRZ��cO`^¨UxMPw_aÉUnw{wsO���wsTla��cj�OPS-^_T¡��w���S-T¡�cOP^_a|UkJ.�0��UVUx�yº��c�¨�(�(�#J�j�UnMr�
mVMPZ��cOP^vUxMRwsayJ�j-wsZ��vj�UxMPmVMPZ��]O`^vUnMRwsaP�va��cj-ORSk^_T�J¸�|UxZ!W|«vÎsÎ_ÕcJ

©¸·v¬FI@JyK#MROPQLS-T�U�^_a]b*XHJ>\]J>K#^_TVO`^_acbdWP~�il�p�h�{��iºd~Á�=S-mVSk^_TVj��0^vacb¡e?Tn^_MPa]MPa � i[w{b]S-O�w_�.Un�cS�i[jkil^_m�UxS-T
���cj-ORSk^_T=�=Sk^_j�UxwsT�J��N��UVUx�yº��c�va��cj�S-a � J¸ZCj-Z�^_mVUnS-T�J¸j-^F�vZCacTnmVMPZ!W�«_ÎsÎvÕcJ

©�Õ_¬@\]JgIh�]bcS-TVmVU�^vb]U�^vacb!¤�Jgfp^_ZCMPORUnwsayWP����ø�ùPænö_÷��=ænöYø�ã��¨÷����Lö_ù���è�äPè�JE\_ws�caDXÆMPORS�t2^_acbl�{wsacm�W>ª Ó Ôj�]J
©ÑÒ¨¬F¤.JLil^ktYm-Wn���c�_÷Vöj�Yù ä�ø���æ�è�ä6�j���Nöj���F�h�����¨J��pS����EwsTVÈLº�i[jkK#Tn^k���ñfpMROPO�W�ª Ó_ÓsÓ J

ª�«


