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RBC 1 W�OFC 1 ; C`R²W 1 GKJ.;.J{WHK�E ,

u�Rz@ R(��IB>AR WA;{K H 1 G�ILK N >AR_J{@ 1 ;{K�E ILK�W WiG8E 1 W�G 1 EHK�W;WKJ.N;@g; K�W G8C 1 G K!R W�CFR²WHK�EYOO>ARkGA; >�@DC`W8WKJXH_J.;.JwG8S�IBK
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ILK ;{>IL 1 KS;.; K�RBC 1 W ; > W*CFR WrJ ILS�E8CFR W �(W6U >A@_J GHE8K t �#K�GUW�CFRgWS; 1 CFR²W
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V�>�E8C-HDCAGYJ.L 1 K�K!W G >%N�K!RBS�K w 3 C 1 K�E 1 R E,+-;{K W*E8C-J WHW8>ARkG'IB>AR²WTR²CAGHE8K L 1 CAGYJ{ITJ{K�R ,$q KS; 1 JXd WSJ�K!W G ILS 3 w�K!R
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GKJML 1 K!WJK*G�G8K�W6UBR_JML 1 K!WZ;XJ{S!WZwU;{>�I_J{W GHEYJXH 1 GKJ{CFR²WJILK!W�CIH 3 K*G6WH�BOFC`R`G?W�p > 3 C 1 G8K�EJIBK!W�W�CFRkGHE6>%J{RkGHK!W�K�GJ@BE8C-H_;{VSN�K�W;.J S�W w ; > N�C-H_J.;.JwG8S?�Z> 1 W*C`EH@²W#@BU2RrWKJML 1 K�K*GAw ;�p >ARgW�E8>-bFKe- P-h /�ILK!W EHCIH CFG8W#I²>AR²W ; K N�C`R²ILK�W 1 E ;{K�L 1 K�;mJ.;{W
@DC 1 E8EHC`RkG�>-b-J{E ,_ ;�>F@B@²>FE8>4^{GAw W*K�GYJwG8EHK�ILK 1 ` WS;{>`WHWHK!W ILK�@BE8C-Hg; V�N;K�W ��I 1 K!W;> 1 RBC-NAHBEHK�ILK!W EHCIH CFG8W[J.N�@_;.J.L 1 S�W,� , VZ>
@BE8KSNUJ{V�E8K�K!W G ;yp J.NUN;K!E8WKJ{CFR�WHC2WSJ{>-; K?IBK�GHK�;{W�EHCIH CFG8W�I²>AR²W RBCAG8EHKZL 1 CFGKJ ITJ{K�R(�kIB>AR²W 1 R�K!REO2J{EHC`RBRBK�N;K!RkG IFp U 1 dN >%J{R²W&- =E8 � +�h-e / , V/K�W CIH 3 K*G6W ^ W�C-NUN 1 RgJ.L 1 >FR`G6W*`�W C`RkGsILS 3 w @_; 1 WsC 1 N�C-J{R²WmHgJ K!R�>-W�W*K!@LGHS�W&��W C`R_bFK!CFR²W wW*K�W�WHCFRBRBK!EKJ{K!W WrJ²>-b`>Kd�>ARkG8K!W1IB>FR²Wv;{K!Wv;.J K 1 `�@ 1 H_;.J.W!W	����� ��K�G @²>AEHGKJ{K�J{R`G8SSb`E8>FR`G8K�ILK?RBCFGHE8K�L 1 CAGKJ ITJ{K�R(�EL 1 p K!R
WHK�E6>4d�Grd JX;r@DC 1 E IBK!W�E8C-HDCAG8W!�%L 1 J²> 1 EHC`RkG�@g; 1 W ILK�W�>F@²>-WSJwG8S!W1IFp >-W*GKJ{CFR�W 1 Ev;{K�N�CFR²IBK �(w6; >c;.J.N�J GHKd> 1 G6>ARkG<L 1 K
RBC 1 W,��
ZV�>TW K'W*C`R²ILK�K!W Gv;{>TWHC2WSJ{>-;XJ GHS�ILK�W�EHCIH CFG8WY� K�RkGHE8K�K 1 `;���IW*K 1 `Ed W�JL@DC 1 O�>FRkG1IBS!WHCFEYN�>-J{W<RBC`R;WHK 1 ; K�N;K!RkGJ{R`G8K�E6>%bIJ ETILK�s >?d�CFR�@BU2RrWKJML 1 K;>�O`K�WA; K 1 E'K�R2O2J E8CFR²RBKSN�K�RkG:K*G#RBC 1 WH��N >%J W'> 1 WHWKJ 2*GHE8K >%N�K�R²S!W6w J RkGHK!E8>-b-J{E
K�RkG8EHK:K 1 `i�BILK7s >Kd*CFR W*C`R`GYJ R 1 KTC 1 WH@ C`E8>`ITJ.L 1 KK�rK*G�W*KT@DC 1 E�ILK6N 1 ;wGYJ @_;{K!W�>F@B@_;.J.W!>OGYJ C`R²W ,gq K�W J{RkGHK!E8>IW�GKJ{CFR W
@DK 1 O`K�RkGc2�GHE8K ;{K s >%J G IFp 1 RBK�GXW-W6UBK w+K�`LS'W 1 G8K�E IBK s >?d�CFR W�C-;.; K'W�GYJXO`K � C`@ S!E8>AGKJ{CFR²W ILK�W8> 1 OFK*G6>%b`K?�/KS`r@g; C-d
E6>OGKJ{CFR WJILK�NUJX;.J K 1 `�ITJ
� W�J.; K�N;K!RkGT>IWSW*K�WHWKJ.H_; K�W?C 1 IB>ARgbFK�E8K 1 `N������� �JC 1 3 1 WiG8KA;{K s >-JwG'IFp 1 RBK EHK!RgW*C`R`G8EHKAws CFEHG 1 JwG8K , V�K'@BE8C 3 K*G������ �)���T�_� - =IP � +�hIf />�)W�>`ILEHK'IB>FR²W�;{K�L 1 K�;ZW�p J{R²WYW*EYJwG�N >;GHU²V!WHK?�²>UO`C2W!>OGYJ C`R w�S�G 1 ITJ{K�EW*K�W�RBC 1 OFK!> 1 `�@BE8C-H_;{VSN�K�W ,

q K!W�s >-W�G8K 1 E6W�w @²EHK!R²ILE8K'K�R W*CIN�@LGHKK�gJ{EHE8S!I 1 W�GKJ.H_;{K!W!�²E8K�R²IBK�RkG�;{> W*CFRBW*K�@BGKJ{CFR,ILK!WcW*CIN;@DCFEHGHK�N�K�RkG8W?IBK
bFE8C 1 @ K�W:IBK E8C-HDCAG6WdK!R&K!R2OEJ{E8CFRBRBK�N�K�RkG:E8S�K�;�K�RgW�CFE8K @_; 1 W5W*CIN�@_; KS`LK�L 1 KU; > W�CFRgW�K�@LGYJ C`R�ILK�W6W*C-N�@DCFEHGHKSdN�K�RkG8W<IFp 1 R WHK 1 ; ,-q K*GHGHK�W*CIN;@g; KS`2J GHS�EHK!R²I 1 R�W*C`R`G8E3+I; K W*K�RkG8E8>-;-J.N;@DC`W8WKJXH_;{K , _ ;kK!W G�IBCFRgW RBS�W�K!W8WH>-J E8KmL 1 Km;{K!W
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� WHK�W�GYJ C`R&M , M?�?K*GTK�R+E8C-HDCAGYJ.L 1 K SSO`C-; 1 GKJ{CFRBRgJ{W GHK
� WHK�W�GYJ C`R&M , 8 � ,Fq K�G G8K
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W�p >�O`V�E8K�GHE8CF@ W*CIN�@_; KS`LK?��K�G;ILK W*K L 1 K ;yp >F@B@BE8K�RkGKJ WHW8>%b`K�@²>AE EHK!RTs CFE]W*K�N;K!RkG RBK�W 1 ��G @ >FW#@DC 1 E E8S!I 1 J E8K
W 1 ��WH>-N�N�K!R`G ; > W*CIN;@g; KS`2J GHS+IBK W�CFRgW�K�@LGYJ C`R ,m� C 1 W�RBC 1 W J{RkGHS�E8K!W8WHCFR²W�>%;{CFE6WUw ;�p SSO`C-; 1 GKJ{CFR >AEHGKJA@BWSJ K�;X;{K
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IFp >%b`K�RkG8W�> 1 W6U²>F@_J GHE8KTW 1 J.OO>ARkG �(W6U²>F@_JwG8EHK 8 @²>-bFK +S= � ,
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W6UBCkW K:>%J W S!K?�kK*G�; K�Ws>F@B@BE8CTW6UBK!W�ILKJG Rr@DKcJ{R_b`S�R_J{K 1 E�W�; >FW8WKJ.L 1 K�W&� @_;{>FR_JA@BW�>AGKJ{CFR(�kK*G]W , � R²KdW 1 ��W K!R`G�@²>`W @DC 1 E
C-HBGHK�RgJ E IBK!W<W�C-N�@ C`E G8KSN�K�RkG6W1EHCIH 1 W GHK�W1IB>AR²WmW*K!WmW*CFR ITJwGYJ C`R²W ,-{ K�W<N�S*G8UBCLILK!W EHS�>-W*GKJ.OFK!W<@_; 1 W K � W�>IW*K!W�C`RkG
O 1 ; K 3 C 1 E IBK�@ 1 J W 1 RBKZL 1 J{RG]!>-J RBKdIFp >FRBRBS!K!W~�FRBCAG6>%NUN�K�RkG K�R KHJDK'W�G 1 >ARkG�ILK�W ILS'W*C 1 @²>%b`K!WvW�C-N�@ C`E G8KSN�K�R_d
G8> 1 `i��@ 1 J{W @_; 1 W#E8S�W*K�NUN;K!RkG ILK!W >A@B@BE8CTW6UBK!W#SSOFCI; 1 GKJ{CFRBR_J W GHK!W!�/@_; 1 W W C 1 @_;{K!W'K�G N�C-J{R²W W�CFRkGHE6>%J.bFR²>FRkGHK!W ,
q K!W:ILK!EHR_J{V�E8K!WJCFRkGT@ C 1 Ec;yp J R²W G8>FRkG:W 1 E G8C 1 G:S*G8S;>F@B@_;.J.L 1 S!K!W7w�ILK�WJE8C-HDCAG6WdWHK 1 ; W!� RBC 1 Wc; K�WJS�OFCTL 1 K�E8CFR²WZw
; >;WHK�W*GKJ{CFR,M , 8_,
��������� ��� �"!��$#&%('*),+�!���-.'0/�1�2�)

� CFGHE8KxL 1 CFGKJ ITJ{K�R K�WiG 1 R;K�R2O2J{EHC`RBRBKSN�K!R`G�ITRrR²>%NUJML 1 K?��EYJ.W6UBKsK*GvHBE 1 J GHS�@DC 1 E 1 R;EHCIH CFG*- M t / , � W*KsGKJ GHE8K?�
@BE8C-b`E8>-N�N�K!E 1 R,EHCIH CFG�N;CIH_J.; K#K�Gd> 1 GHCFR²C-N�K#ILK5s >Kd*CFR w W�K L 1 K WHCFR W*CIN;@DCFEHGHK�N�K�RkGJW CIJwG?E8C-H 1 WiG8K6s >-W�K
> 1 `�WKJwG 1 >OGYJ C`R²W JXN�@BE8SSO 1 K�W W�p >�O`V�E8K?ITJ � WSJX;{KI- + Mg/ , V�>[W!> 1 WHK?@BEYJ{RgW�J{@²>%;{KdIBK!W�@BEHCIH_;{VSN�K!W�ILKcW�CFRgW�K�@LGYJ C`R K!W GL 1 K6; K[W�C-N�@DCFEHGHKSN�K!R`G�ILK�W�EHCIH CFG8W�K!W G 1 RBK'@BE8CF@²EKJ{S*G8SdS�N;K!EKb`K�RkGHKTILK6;{K 1 E�J{RkGHK�E6>-W*GKJ{CFR�@ K!EKN >FRBK�RkGHK'>�O`K�W;yp K!REO2J{EHC`RBRBK�N;K!RkG , V/KdWKRLWiG8VSN�KJE8C-HDCAGKd�K!R2OEJ{E8CFRBRBK�N�K�RkG�@ K 1 GY2*G8EHK:ILS�W�EKJ GxW�C-NUN�K 1 R�WrRLW GHVSN�K:ITRrR²>%NUJML 1 K- + /)W!>AEmw'GHC 1 GmN�C-N�K�RkGm;yp S�G8>AGsILK�W�@DK�E]W*K�@BGKJ{CFR²W�I 1 EHCIH CFG ILS�@DK�R I�ILK�;yp K!R2OEJ{E8CFRBRBK�N�K�RkG�K*G�ILKJWHK!W�@²EHC`@BEHK�W
>-W*GKJ{CFR²W�@ >FW8W S!K!W ,
{ V!WU;{CFE6WH� W*CIN�N�K ;�p K�R2O2J{EHC`RBRBKSN�K!R`G�R~p K!W G @²>FW;K�RkGYJ V!EHK�N;K!RkG;@BE8SSO2J WrJ.H_;{K�K�G W*CFRkG8E3+I; SK�"J.;�K!W G�I_J � W�J.;{K�IBK
@BE8SSO`C-J{E$wc;�p >�OO>ARgW�K L 1 K�;{W W*CIN�@ C`E G8KSN�K�RkG8W$O`CFRkGp2�GHE8K�KS`L@BEKJ.N�S!W$W*C`RBR²>%J W8WH>FR`G$; K�W<EHV�b-;{K!W�ILCFR²RBS�K�W<> 1 E8C-HDCAG0�
K*G�J{R2OFK�E6WHKSN�K�RkG J.; K!W G?> 1 W8WKJDITJ
� W�J.; K'ILKT@BE8S!I_J E8K7L 1 K�;X;{K:EHV�b-;{K!WxOFC`R`Gs@BE8CrI 1 J E8K 1 R W�C-N�@DCFEHGHKSN�K!R`G�ILC`RBRBS ,_ ;<K!W G:> 1 WHWKJ J{RkGHS�E8K!W8W8>ARkGdILK RBCAG8K�EcL 1 K;ILKAW�K5s >%J G6;{> W�C-N�@_;{K�`TJ GHS I 1 W*CIN;@DCFEHGHK�N�K�RkGJK�`L@BEYJ.N;S R~p K!W Gd@²>`W;.J S!K w W*K�;X;{K�I 1 E8C-HDCAG � 1 R K�`LKSN�@_;{K W�CFRBR 1 K�WiG W*K�; 1 J�IBK!W;EHCIH CFG8W;ILK43�E6>%J GHK!R2H K!EKb - M h />�vL 1 J�H_J{K�R L 1 K
WKJXN�@_;{K!W�KS`rUgJXHDK�RkGJILK�W�W*CIN;@DCFEHGHK�N�K�RkG�EHK�;{>AGKJ.OFKSN�K!R`G�W*CIN�@_; KS`LK!W ,
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PlanificationCapteurs Actuateurs

N�OQPSRDM ,.+?T4U BXRG:HL.h�VK:	W	:HD3hEM(X?Q<4khXF?F	D,C!BXRGQ<4�X?:HMO5PfX:<D,hg6>5ZYUQ<4	[I\�QcB,C]W	BXQ�F	6�Q<8zDHX?CE576_^<Cg8zD�W 57D hg8IF	MAh]W;5 ` BXhE61QH8zDMAQ<4 4XSgL.fXCgMAQ<4cQH6 MAQ<4kDEabVEMAQ<4*FGCE8zD*FGQHD3BXQ	YUCE57DcQ<6�h	V?57D	[
V/K�W/>A@²@BEHCTW6UBK�W ILSS;.J.H S!E8>AGKJ.OFK!W - +'h_+ /rWSp >�OFV!EHK!R`G/ILC`RgW1IB>FR²W W�KmW�>`ILEHK�@DK 1 >`IB>A@BGHS�K�WH��W�>AE�KS;.; K�W RBS�W�K!W8WrJ GHK!RkG

ILK�W1K�R2O2J E8CFR²RBKSN�K�RkG6W1WiG8E 1 W*G 1 E8S!W�K*G W�CFRBR 1 W!�ORBCAG6>%NUN�K�RkG @DC 1 E�>�OFC-J{E1ILK!W1GHKSN�@²W�ILK?E8S�@DCFR²WHK�>-W�W*K�@BG8>%Hg; K�W- + M0/ , V�> W�EKJ GKJML 1 K W6UBEHC`R_JML 1 K�>`ILE8K!W8W S!K w W*K�G Rr@DK+IFp >F@B@BE8CTW6UBK - Mz�sM = � + � ,X,., /?K!W G ;�p >%H²WHK�RBW*K,IFp >ARgW�E8>-bFK
ILK�W�WKR2N HDC-;{K!W ��4�SgL$fXCEM?V?D3CE8&WcXg5ZWdVz� N�>FR_J{@ 1 ;{S!W�@²>AE ;{K&WKRrW GHV�N�K - P-h /E��W*K 1 `Ed W�J:R~p CFRkG,W C 1 OFK!R`G�> 1 W 1 R;.J K!R�>�OFK'W6;{> E8S!>-;XJ GHSK�gJ.;{WJR~p CFRkGJ@²>`WJIFp >ARgW�E8>-bFK#WHK�R²WHCFEYJXdyN�CAG8K 1 E , V/K;WrRLW GHV�N;K E8>-J{WHCFRBR²K#W 1 E:ILK!WdWrR2NAH CI; K�W
E8K�@BE8S!WHK�RkG8>FRkGJILK!W:>%H²W GHE6>-W*GKJ{CFR²WJILCFRBR²S�K!WJ@²>AEc; K�W*C`RgW*K!@LGHK 1 E ,Fq p K�WiG 1 R+G8E8>�OO>-JX;�I~p J{R_bFS!R_J{K�EYJ K[J.N�@ C`E G6>ARkG!�
K*G�;{KdE8S!W 1 ; G8>OG�R~p K!W Gs@ >FWsEHCIH 1 W GHK:IB>AR²W 1 R�K�R2O2J E8CFR²RBKSN�K�RkGsEHS!KS; , V�K:WYW6UBSSN > bFS�R²S�E6>%;)ILKZs C`RgW�GYJ C`RBRBK�N;K!RkG
ILKTG8KS; W�WrRLW GHVSN�K�W�K!W GJILCFRBR²S&@Bb 1 E8K#M ,.+-,
�������5e 6�)(�7-�898;:=<?>A@;)(�f:=CI-.>c#=/LKS)(�g)I#f>h<S'*8H<�:&#&)('*)(�M#&-.DG)(�

{ p J{R²WH@_J E6>OGYJ C`R H_J{C-;{C-bIJ.L 1 KI� S*G8UBC-;{C-bIJ KK�`@²WKRTW6UBC-;{C-bIJ K?>FR_J.N�>-; KU���E; K�W�>A@B@BE8CTW6UBK!W EHS�>-W*GKJ.OFK!W�K*G�W*C-N�@DCFEHGHKSdN�K�RkG8>-; K�W �,f,QXRGh]Y!5PCED�i fXhU4HQjX.D3CKf,CE695PB<40� - M P � +-+ �LM 8 � eEt � ,.,., / W K:W C`RkGsILS�OFKS;{CF@²@ S!KJW 1 E G8C 1 G�W 1 J GHK:> 1 `;GHE6>�OO> 1 `
ILK?= , 3�E8CrC � W�- MFM0/ , V/K�W1@BEYJ RBW�J{@ K�WH�OKS`r@DC`WHS!W IB>AR²W�- M = /gN�K*G G8K�RkGm;yp >IWSW�K�RkG W 1 Ev;{>=4�576>8;hg6>5PCkW�I 1 E8C-HDCAG6W�IB>AR W;{KcN�CFR ILK=� CFR�R~p 1 GKJ.;XJ W KT@_; 1 W�ILKTWrR2NAH CI; K�W K�G�ILK'ILK�WKW�EKJ{@LGYJ C`R²W�>-H²W GHE6>%J GHK!WX���E; >
BXCgD>F;CgD,:<576�:'ILK�W�E8C-HDCAG6W L 1 J;{K 1 Ed@ K!EKN�K*G:IFp KS`L@ S!EKJ.N�K�RkGHK!EJITJ{EHK'W�GHK�N�K�RkGZ;{K[N�CFR²ILKK�²K�GIM�l :HL$QHD5V QmWNB,Q;I 1 W*C-N�@DCFEHGHK�N;K!RkGZW*C-NUN�K5s E 1 J G
ILK5;yp J{RkGHK!E8>IW�GKJ{CFR�I 1 EHCIH CFG?>�OFK�Wc;{K5N;C`R²ILK ,
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Comportement 1

Comportement 2

Comportement 3

Comportement 4

Comportement 5

Capteurs Actuateurs

N�OQPSR M , M T U B,R;:<L.h�V :mWN:<D,hgMJXKQ�4IhXF?F	D,C!BXRGQ<4=BXCgL FGCED�61QHL.QmW 61hEMAQ�4 � X(l h,F	D a�4������	��

�"[(\�Q<4kL$C Xg8zM Q�4IBXCgL FGCED�i6�Q<L.QmW 61hE8��$4HCkW 6 4H:�FGhED3:<4 QH6*BXC]W��!8T4 F;hgDkM QcBXCkWNBXQ1FN61QH8zD	[

q K!W�>A@B@²EHCTW6UBK�W >FWYW*K!R²IB>FR`G8K!W�W C`R`G N;CLI 1 ;{>-J E8K!W �FCFR�ILS<@²RgJwG�ILK!W N�CLI 1 ;{K!WxW*C-N�@DCFEHGHK�N;K!RkG8> 1 `�WKJXN�@_;{K!WL 1 J/@DK 1 O`K�RkGJ>%bIJ E�ILK6s >Kd*C`R W�CrCF@DS�E6>OGKJ.OFK=- +-+ /�C 1 W*C-N�@DS*GYJwGYJXO`K.- M`M0/ , V/K[W*CIN�@ C`E G8KSN�K�RkG�b-;{C-H²>-;/I 1 EHCIH CFG
SSN�K!EKb`K:> 1 G8E8>�O`K�E6W�IBK!W�J{R`G8K�E6>-W*GKJ{CFR²WsK�RkG8EHK5W*K�W�W*CIN;@DCFEHGHK�N�K�RkG8W�K�G�;�p K�R2O2J E8CFR²RBKSN�K�RkG , Vmp K!R2OEJ{E8CFRBRBK�N�K�RkG
3 C 1 K#ILCFRgW7JMW�J 1 R�E,+-;{K5W*K�RkG8E8>-; ,V�> W*CFRBW*K�@BGKJ{CFR�>�O`K�W[W�K G Rr@DK IFp >A@B@²EHCTW6UBK;W K s >%J Gd@²>FEdK�WHW8>%J W?K�G:K!EHE8K 1 E6W~�g; KUW*C`RgW*K!@LGHK 1 EcN�CLITJA@²K ;{K!WN�CLI 1 ;{K!W?K�G:> 1 b-N�K�RkG8K'@BEHCIbFE8K!W8WrJ.OFK�N�K�RkGx;{K 1 EJRBCIN HBE8K?�²GHC 1 GJK�R W�CFRkGKJ{R 1 >ARkGcw�G8K!W GHK!E�; K�W*CIN;@DCFEHGHK�N�K�RkGb-;{C-H >%;)EHS�W 1 ;wG6>ARkG?IB>AR²W�;yp K�R2O2J E8CFRBR²KSN�K�RkG ,

q K*GHGHK+>F@B@BE8C2W6U²K�IBK ;{> W�CFRgW�K�@LGYJ C`R ILK,E8C-HDCAG6W K�R K!REO2J{EHC`RBRBK�N;K!RkG�E8S�K�;�s CFRgW*GKJ{CFRBR²K N�J{K 1 ` L 1 K ; >
@_; >AR_JA@BW!>OGKJ{CFR ,)q K�@DK�R²I²>ARkG!�BK�;X;{K'E8K�@DC`WHKTW 1 E�;yp J RkG 1 JwGYJ C`R�I 1 W*CFRBW*K�@BGHK 1 E�L 1 JZILCIJwGJWHS�@²>FEHK!E�K*GdWH@ S'W�JA@²K�E�;{K!WN�CLI 1 ;{K!W!�/K*G'E8K�L 1 J{K�EHG 1 RBK�>OGHGHK�RkGYJ C`R�WHC 1 G8K�R 1 K I 1 W*C`RgW*K!@LGHK 1 E5;{CFE6W:IBK!W'KS`r@DS�EYJ.N;K!RkG8>OGYJ C`R²W ,�{ K ;yp >�O`K 1N$2SN�K+ILK W�K 1 ` L 1 J?CFRkG�>`ILCF@LG8S W*K+WYW6UBSSN > ILK+ILS'W*CIN;@DC`WKJ GKJ{CFR W*C-N�@DCFEHGHK�N;K!RkG8>%;{K?�<W�K*GHGHK�WHS�@²>FE8>AGKJ{CFR
K!W G 1 R�@BE8C-H_;{VSN�K�W*E 1 W�J >%; - M = / , VZ>�WHS�@²>FE8>AGKJ{CFR,K*G6; >�WH@ S'W�JA@BW�>AGKJ{CFR�ILK�WZN�CLI 1 ;{K!W:WHCFRkGdE8K�R²I 1 K!W:ITJ
� WSJX;{K!W
@²>FE5;�p >FWH@ K'W�G#S�N;K!EKb`K�RkG'I 1 W*CIN;@DCFEHGHK�N�K�RkG , V�K!W6J{R`G8K�E6>-W*GKJ{CFR²W6N$2SN�K�WTK�RkGHE8K N�CrI 1 ; K�WTEHK!R²ILK!R`G I_J � W�J.;{K; > W*CFRBW*K�@BGKJ{CFR J{RgW*E8SSN�K�RkG6>%;{K @ 1 J WKL 1 p KS;.; K�W#> 3 C 1 GHK!RkG ILK ;yp J{RgW*K!E GYJwG 1 ILK�W 1 E ; K W�C-N�@DCFEHGHKSN�K!R`G >IW�G 1 KS;sI 1
E8C-HDCAG?IB>AR W�W C`R�K!REO2J{EHC`RBRBK�N;K!RkG ,9�C 1 E1@ >%;.;XJ{K�E<w6W*K�W�ITJ
� W 1 ; GHS�W�IFp > 3 1 W GHK�N;K!RkG!�FILK�W<GHK'W6UBR_JML 1 K!W�IFp >A@²@BEHK!RkGKJ WHW8>%b`K�@²>FE1EHK!RTs CFE]W*K�N�K�RkG<C`RkG
S*G8S 1 GKJ.;XJ W S!K!Ws>�OFK'W?W 1 WSW*V�W�- PE\ � eIP �BM t � e-e � +I+ M!/ ,_q K!@ K!R²IB>FR`G0�`@DC 1 ExW�K�s >%J{E8K?�EJX;)s > 1 Gs> 1 @BEHS�>%; >%H_;{KdIBS�W�J ILK!EL 1 KS;.;{K!W;WiG8E 1 W*G 1 E8K!WAOFC`RkGc2*G8EHK�CFEYb`>FR_J W S!K!W'@²>FEA;yp >A@B@BE8K�RkGYJ{W8WH>-bFKK��K*GUJ.; s > 1 G > 1 W8WrJs@DC 1 O`C-J{E >A@²@_;XJML 1 K�E�; >
GHK'W6UBR_JML 1 K5OFC 1 ; 1 K �(W6U²>IW 1 RBK#>;@_; 1 WJC 1 N�C-J{R²W?ILK'@BE8S�E8K�L 1 J WX� , V<p >A@²@BEHK!RkGKJ WHW8>%b`Kd@²>FE?E8K�RTs C`EYW�KSN�K�RkG�R~p K!W G
@²>`W/> 1 W8WKJ	�²K�`TJ.H_;{KmL 1 K�@DK 1 O`K�RkG ;yp 2�GHE8K<; K�WFN�S*G8UBCLILK!W�SSOFCI; 1 GKJ{CFRBR_J W GHK!W/@ C 1 E W*C`RgW*K�OFCIJ E/ILK�W W�C-N�@ C`E G8KSN�K�RkG6W
ILK�EHCIH CFG8W �3B5^m[I- +'h M!/ W6U²>F@_JwG8EHK + � ,cq K!W�ILK�E8R_J{V�E8K!W�@ K!EKN�K�G GHK!RkG,>�O`K�W 1 R NUJ{R_JXN 1 N�IFp U2Rr@ CFGHUBV�W K�W�IBK
W*C`R²W GHE 1 J E8K?> 1 GHC-N >AGKJML 1 KSN�K�RkG�ILK�W >FEYW6U_J GHK'W�G 1 EHK�WH�FEHS�W CI;XOO>ARkG I 1 N$2�N;K7W*C 1 @ ; KJ@BEHCIH_;{VSN�KJI 1 ILS'W*C 1 @²>%b`K
K*G�ILKZ; > W�CFRgW�K�@LGYJ C`R�ILK�WmN�CLI 1 ;{K!WxW*CIN;@DCFEHGHK�N�K�RkG8> 1 ` ,I� C 1 W >-H C`E8IBK�E8CFR²Wv;{K!W N�S*G8UBCLILK!W�SSO`C-; 1 GKJ{CFRBRgJ{W GHK�W
IB>FR²W�;{>�WHK�W*GKJ{CFR,M , 8_,
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Q R bFE8C 1 @DK IBK E8C-HDCAG6WJ@DK 1 G'@DK�EYN�K*G G8EHK�ILK;EHS�W C 1 ILE8K ILK�W:@BEHCIH_;{VSN�K!WdC�� 1 R&WHK 1 ;�E8C-HDCAG:RBK W 1 � E6>%J G
@²>`W�� WHC 1 ;{KSO`K�E0�AILS�@g;{>IW*K�E<wT@g; 1 WKJ{K 1 E6WH� ����� � , VZ>dE8K!IBCFR²IB>FRgW*K�@DK 1 Gs@²>AE�>-JX;.;{K 1 E6WvW*C`RTs S�E8K�E 1 R²K?@_; 1 WvbFE6>AR ILK
E8C-H 1 W GHK�WHWHKd> 1 WKRLWiG8VSN�K7N 1 ; GKJXd�E8C-HDCAG6W ,TQ R W�K�EHG8>%J{R�R²C-N H²EHK:ILK:G,W-W6U²K!W�W*CI;X;{K�W*GKJ.OFK!W�CFRkG?ILS 3 w S�GHSTS*G 1 ITJ{S�K!W- M f � =2\ � +�= � fIh � f MT� +�P � +'8 />�OILK ;{>JR²>�O2JXbk>OGYJ C`R:K!R[s C`EKN >OGYJ C`R.- +4\ /_w�;yp KS`r@g; C`E8>AGKJ{CFR[W*CI;X;{K�W*GKJ.OFKK��C 1 w�; >�s 1 WKJ C`R
ILK6W�>F@LGHK 1 E8W ,gq K!W�G,WIW6UBK!Ws> 3 C 1 GHK!RkGx;{K!Ws@BE8C-H_;{VSN�K�W�ILK'ITJ W GHEYJXH 1 GKJ{CFR ��ITJ WiG8EKJ.H 1 GYJ C`R�@BU2RLWrJML 1 K!W�ILK�WsEHCIH CFG8W!�
ITJ WiG8EKJ.H 1 GYJ C`R I 1 W*CFRkG8E3+I; KK�ZITJ WiG8EKJ.H 1 GYJ C`R�ILK�W @DK�E]W*K!@LGKJ{CFR W K�G�ILK�W >IW�GYJ C`R²W,� w W�K 1 ` L 1 J�W K�@ CkW K!RkG;ILS 3 w
>�OFK'W 1 R�EHCIH CFGJW K 1 ; , V�> W*CIN�@_; KS`TJwG8S#ILK[W*C`RgW*K!@LGKJ{CFR�GKJ{K�RkGd> 1 W8WrJ/> 1 s >-JwG7L 1 K5; K[W�C-N�@ C`E G8KSN�K�RkGZW�C-;.; K'W�GKJXs
K!W G HgJ K!R�W C 1 OFK!R`G�@_; 1 W<;.J S:> 1 `UJ RkG8K�E6>-W�GYJ C`R²W1K!R`G8EHKZ; K�W E8C-HDCAG6W<L 1 p w[; K 1 E8W W*CIN;@DCFEHGHK�N�K�RkG8WmJ R²I_JXO2J I 1 KS; W!�`K�GL 1 K6; K 1 E6W�>-W�GYJ C`R²W�WHCFRkG�J RkGHK!E8IBS�@DK�R²IB>FRkGHK!W ,91>FW8W K!E�IFp 1 R,EHCIH CFGJW K 1 ; w 1 R b`EHC 1 @ K'ILK'E8C-HDCAG6W?WHKTGHE6>FI 1 J GJILC`RgWT@²>AE 1 R+W 1 E]W*E8C4^ G?ILK[W*CIN�@_; KS`TJwG8S[w
GHC 1 W$; K�W<R_JXO`K!> 1 `i�!K!R @_; 1 W1ILK�W*K 1 ` L 1 JL>A@B@²>FE8>-J{W8WHK�RkGZ>�OFK'W<;{K b`EHC 1 @DK�� @BEHCIH_;{SSN >OGYJ.L 1 K�WZWHCTW�J >%;{K!WX� ,�{ Kxs >%J G!�;{K!W�W*C-N�@DCFEHGHK�N;K!RkG8W W�C-;.; K'W�GYJ s W K<J)K�W�GYJXO`KSN�K�RkG;S*G 1 ITJ S�W WHCFRkG�W C 1 OFK!R`G;ILK!WAW*C-N�@DCFEHGHK�N;K!RkG8W ^ WrJ.N�@_;{K!W.`� s C 1 E8E8>-bFKSN�K!R`G0��@ C 1 WHWHS�K,IFp C-H 3 K*G8W!�vN >AR_J{@ 1 ; >OGYJ C`R²W W*CrC`@ S!E8>AGKJ.OFK!W!� ����� �<��C 1 GHC 1 G�I 1 N�C-J{R²W IB>AR W 1 R
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K�R2O2J{EHC`RBRBKSN�K!R`G�W 1 ��WH>-N�N�K!R`GZW�CFRkGHE,+-;{S:@ C 1 E�EHK!R²ILE8K6;{> G,WIW6UBK6N�C-J{R²W�W*CIN;@g; KS`rK ,
{ >AR²W GHC 1 Wm;{K!WxW�>`WH�I;�p K�R2O2J{EHC`RBRBKSN�K!R`GsK!W G�E6>AE8KSN�K�RkG E8S�K�;-�I;{> ; 1 NUJ{V�E8KJK�WiG�W CIJXb`RBK 1 WHKSN�K!R`G�W*C`R`G8E3+I; S!K?WrJ;{K!W�E8C-HDCAG8W 1 GKJ.;XJ W K!RkG ILK!WvW!>%N�S�E6>FW!��;�p K�R2O2J E8CFR²RBKSN�K�RkG�SS;{K�W*GHE8C-N >%b`RBS*GYJ.L 1 K�WSp J.;{W�C`R`G IBK!WvW*CIN�@²>FW!��K*GYW ,Eq p K!W G

IFp > 1 G6>ARkG�@_; 1 W<OrE6>%J_;{CFE6WYL 1 Kx; >:G,WIW6UBK�W*CI;X;{K�W*GKJ.OFK�K�WiGmW�C-N�@_;{K�`LK?�A@ >AE�KS`rK�N�@_; K 3 C 1 K!E > 1 s CrCAGYH²>%;.;(- =Et / , V�CFE6W
ILK6; >;=?C-HDC q 1 @ j �T;{K!W�OO>AEYJ{>AGKJ{CFR²W�ILK5W6U²>IL 1 KT@²>AE6>%N�V*G8EHK=� @ 1 J{W8WH>FRgW*K6; 1 NUJ R²K 1 WHK?�_W�C 1 ;{K 1 E?IBK7;yp S�W�; >%J{E6>%bFKK�
G8>-JX;.;{K�IBK!W1E8C-HDCAG6WH�'s CFEYN�K�I 1 GHK�E8E6>%J{R(��K*GYW , �"s C`RkG ;yp C-H 3 K�G IFp WF@BE8K!W$N >AE]W6U²>AR²I²>%bFK�WH��K*G 1 R²K�S�L 1 J{@ K?ILK�E8C-HDCAG6W
@DK 1 G?RBK'@g; 1 W�s CFRgW*GKJ{CFRBRBK!E?I 1 GHC 1 G?W 1 J GHK[w�; >�s >%J.H_;{K7OO>FEKJ >OGYJ C`R�IFp 1 R,WHK 1 ;/ILK�W�@²>FE8>-N;V�GHE8K!W �����
���5�?�5� � 898;:=)��S#=/E� � -���) ' 29DL#=/�� :=<�FH<.#

9�C 1 E;@²>-;X;.J K!E w 1 R²K�@ >AEHGKJ{K�ILK ; > W�C-N�@_;{K�`TJwG8S,ILK W�CFRgW�K�@LGYJ C`R(� ;�p >A@²@BEHK!RkGKJ WHW8>%b`K�>&> 1 W8WrJ�S*G8S 1 GKJ.;XJ WHS
IB>FR²W�;{K W�>`W�N 1 ; GKJXd EHCIH CFG8Wk- f_+ � +�h%= � + M 8 � f-= � + M + � fI8 /1�gN >%J W�W*K�;{>�R p > @ >FW�@DK�EYNUJ{W?IBK WSp J{R`G8S�E8K!W8W K!E�w ILK!W
W*CIN�@ C`E G8KSN�K�RkG8WZW*C-;.;{K�W�GYJ s WJ@_; 1 WZW�C-N�@_;{K�`LK!W!�BR_J<IFp C`@ S!EHK!E�J{R²ITJAJDS!EHK�N�N�K!R`GdK�R,K�R2O2J{EHC`RBRBKSN�K!R`G�E8S�K�; , a 1 `
@BE8C-H_;{VSN�K�W�E8K�RgW�CFRkGHE8S!W�>�O`K�W 1 R�EHCIH CFG�WHK 1 ;p�3B5^m[BWHK�W�GYJ C`R�M ,.+ � WSp > 3 C 1 GHK!R`GsILK!W @BEHCIH_;{VSN�K!W�IFp >F@B@BE8K�RkGKJ W8WH>-bFKN 1 ;wGYJ d >%b`K�RkG8W!��RBCAG6>%NUN�K�RkG W*C-NUN�K�RkG�ITJ WiG8EKJ.H 1 K!EU; K�E8K�RTs C`EYW�KSN�K�RkG W 1 E ;yp K�R²WHKSNAH_; K�ILK�W�EHCIH CFG8We�3BHD3QjXg576hU4X4�5 V"W;L.QmW 63� , � R²C 1 O`K!> 1 �g;{K!W�N�S�GHUBCLILK�WdS�OFCI; 1 GYJ C`RBR_J WiG8K!W�L 1 K RBC 1 Wd>-H C`E8ILC`R²WZWSJ d >A@²EHV�W�OFC`R`G:>A@B@DCFEHGHK!E
1 RBK'E8S�@DCFR W KT@_; 1 W �²KS`2J.H_;{K[wUW*K!W�@²EHCIH_; V�N�K!W�ILK5W*C`RgW*K!@LGKJ{CFR ,
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N�OQPSRLM , 89T�U B,R;:<L.h VK:	W	:HD3hgMhX?Q<4&h,FKF	D3C0B,R;Q�4kQmW�D3C?fXCE695PVH8;Q :mYgCgMO8z6>5PCkW_W;5 4�6�Q � X(l h,FNDEa�4 �����	� 

�"[A\ hk4H:�FGhED3hg6>5PCkWQH6.MAh B,C]W	BXQ�F	6>5PCkW X?Q<4 L.C Xg8zMAQ<4 BXCgL FGCED�61QHL.QmW 61hE8�� 4<Q ^<hE576�hg8z6�CgL.hg6>5PVH8;Q<L.QmW 6
	c4HhkWG4 5ZW;6�Q<D�YgQmW 695PC]W Xg8BXCkWNB,Q�F	6�QH8zD	[
V�>�EHCIH CFGKJML 1 K SSO`C-; 1 GKJ{CFR²R_J{W GHK - fIP � +�h-8 � Pg+ � +'h M0/1W�p J{R²WH@_J E8K K�;X;{K�> 1 W8WrJ<ILK�N;CLILV�; K�WZHgJ CI; CIb-JML 1 K!W�@DC 1 E

ILSH@²R_J{E�;{K!W�>FEYW6U_J GHK'W�G 1 EHK�W IBK!W;EHCIH CFG8W , V�K�@ >AE6>FITJ.b-N�K�K�WiG W*K�; 1 J?ILK ; >�W S�; K'W�GKJ{CFR R²>OG 1 EHK�;X;{K - 8IP / , q K�G G8KN�S*G8UBCLILK RBC`R W 1 @ K!EKO2J W S!K�K!W G"N�CIJ R²W$W*C`RkGHE6>%J.bFR²>FR`G8K<L 1 Km;{K!W<>A@B@²EHK!R`GYJ{W8W8>%bFK�W)@²>AE<E8K�RTs C`EYW�KSN�K�RkG W�; >FW8WKJ.L 1 K�WW�>FE#KS;.;{K @ K!EKN�K*G RBCAG6>%NUN�K�RkG ILK b`S�RBS!EHK!E'K�RkGKJ{V�E8KSN�K!R`G[;yp >AE]W6U_JwG8K�W*G 1 E8K�I 1 E8C-HDCAG!��@²>FW#WHK 1 ; K�N;K!RkG ILK ; >
@²>FE8>-N;S�GHE8K�Ek�3B5^m[DW K'W�GYJ C`R�M , 8g, = � ,� RBCAG8K�E L 1 K W*K�G G8K+>A@B@BE8CTW6UBK W*CFRBW*K�E8RBK�@DC 1 E ;yp J{R²W G8>FR`G�W 1 EHGHC 1 G IBK!W�E8C-HDCAG8W WHK 1 ;{W�K�G L 1 p J.;�K�`TJ WiG8K
K�RBW*CFE8K @DK 1 IFp >A@²@_;XJMW�>AGKJ{CFR²W ILK ; >,E8C-HDCAGKJML 1 K�S�OFC-; 1 GYJ C`RBR_J WiG8K w+ILK!W�W*CI;X;{K�W*GKJ.O2JwG8S!W IBK�EHCIH CFG8W!��K�G K�RgW�CFE8K
N�C-J{R²W�@DC 1 EdILK!W�b`EHC 1 @DK!W?ILK'E8C-HDCAG6W�@_;{CFR_b`S!W�IB>FR²W 1 R,K!R2OEJ{E8CFRBRBK�N�K�RkG�EHS!KS; ,g{ K�W?>A@²@_;XJMW�>AGKJ{CFR²WJIB>AR²W 1 R
K�R2O2J{EHC`RBRBKSN�K!R`G1@_; 1 W<W�CFRkGHE,+-;{S�K�`TJ WiG8K�RkG�@²>AE1KS`LKSN�@_;{K?@ C 1 Ev; >'=�C-HDC q 1 @ j - 8 � e-8 />�k> 1 RBC-NAHBEHK?IBK!WYL 1 KS;.; K�WJ.;Fs > 1 GJ> 1 W8WrJ~W�C-N�@LGHK!E�RBCAG8EHK:S�L 1 J{@DK'@ C 1 E�;{K6V�_ 9 P K�R +�fIf-f - \%P / ,

Q R²K�W*C 1 E G8K�J RkGHE8CLI 1 W*GKJ{CFR > 1 @²>FE8>`ITJXbIN�KsILKZ;{>'WHSS;{K�W*GKJ{CFR�R²>OG 1 E8KS;.; Kk� WHK�W*GKJ{CFR�M , 8g,X+ ���A> 1 `;>%;.bFC`EKJ GHUgN;K�W
SSO`C-; 1 GKJ{CFR²R_J{W GHK�W�� WHK�W*GKJ{CFR�M , 8g, MK�<@ 1 J W > 1 `;>%;.bFC`EKJ GHUgN;K�WvW�; >FW8WrJML 1 K!W � WHK�W�GYJ C`R�M , 8_, 8 �<RBC 1 W1@DK�EYN�K*G G8E8>'I~p KS`Ed
@_;.J.L 1 K!EdK!R L 1 C-J W*K�G G8K WHC-; 1 GKJ{CFR+@DC 1 EZ; > W*C`RgW*K!@LGKJ{CFR&ILKAW�C-N�@ C`E G8KSN�K�RkG6WJIFp >%b`K�RkG8WJRBC 1 Wd@²>FE8>4^{GZ; >�@g; 1 WJ{R²ITJML 1 S�K , 9 1 J{W:RBC 1 WJR²C 1 W7J{R`G8S�E8K!W8W K!EHC`R²W�@_; 1 W:@²>FE GYJ.W 1 ;XJ{V�E8KSN�K!R`GT> 1 ` N�S*G8UBCLILK!WTIFp SSO`C-; 1 GKJ{CFR&ILK;W GHE 1 W�d
G 1 EHK�W�K�`LS�W 1 G8>-H_; K�We� WHK�W�GYJ C`R M , 8_, = � ,mq K�W ILK�E8R_J{V�E8K!W�W C`RkG 1 GKJ.;XJ W S!K!W W�C-NUN�K�>FEYW6UgJwG8K�W�G 1 E8K!W�IFp >%bFK!RkG8W!�<K!R
@²>FE GYJ.W 1 ;XJ{K�E�K!R�E8C-HDCAGYJ.L 1 KTS�OFC-; 1 GYJ C`RBR_J WiG8K ,

q K*GHGHK�WrRrRkGHUBV�W K�RBC 1 W @ K!EKN�K�G GHE6>�IBK�ILS�b`>%b`K�E[;{K!W @BE8CF@BEYJ S�GHS�W L 1 K�R²C 1 W @ K!R²W C`R²W RBS�W�K!W8WH>-J E8K!WT@DC 1 Es >%J{E8K�SSOFCI; 1 K�E�ILK�W�>AE]W6U_J GHK�W*G 1 E8K!W1I~p >-bFK�RkG ��IB>AR²W�RBCAG8EHK�W!>FW1@DC 1 Em;{>TE8C-HDCAGYJ.L 1 K�W*CI;X;{K�W*GKJ.OFKU� ,Eq K�W1@BE8CF@BEYJ S�GHS�W
WHK�E8CFRkGsS!EKJ.bFS!K!W�K!R�@BEYJ{RgW�J{@ K�W?ILK6;yp i G8UBC-b`S�RBS�GKJML 1 K#> 1 W6U²>A@gJwG8EHK'W 1 JXOO>FR`G ��W K'W�GKJ{CFR 8g,X+ @²>%b`K +S= � ,
l�m���
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���5e?��� 6�) 8;-�:=-.+;/$�S'*),+;) D�- � C(DG)�>c#&/�<S� ��-J#=2�:=)(DEDG)
V�>:WHSS;{K�W�GYJ C`R R >OG 1 EHK�;X;{K�K!W G 1 RAN�S'W�>ARgJ{WKN�K�IBK�W*E8S!>OGYJ C`R IFp CFE6ILE8Kxw:@²>FE GYJ E1I 1 ILS�W C`E8IBEHKK��L 1 JLE8K�@DC`WHK�W 1 E

ILK�WcOO>FEKJ >OGYJ C`R²Wd>-; S�>OG8C-J{EHK�L 1 p 1 R²K;WHSS;{K�W*GKJ{CFR OO> @g; GHE8K�ET@ C 1 ETRBK;EHK�GHK�RgJ E5L 1 KUW*KS;.;{K!W6L 1 J�W K!EHC`RkG7L 1 >%;.JA@²S�K�W
>%;{CFE6WTILK @_; 1 W'>FI²>A@LG8S�K!W.��w ;{>�@BE8K!W8WKJ C`R&WHSS;{K�W�GYJXO`K0� ,"q K N;S'W�>FR_J{WKN�K ILK U²>FW8>AE6I2d W S�; K'W�GYJ C`R(�DW8>AR W�@²R²>%;.J GHS?�
CF@DV�E8K�WrJ.N 1 ;wG6>ARBS�N;K!RkGmwT@_; 1 WrJ{K 1 E6W�R_J.OFK�> 1 `i�AILKZW�KS; 1 J²ILK�W<W*C`R²W GKJ G 1 >FR`G6W ; K�W1@_; 1 WvJ{RkGKJ.N;K�W�ILK�W<W*K�;X; 1 ;{K!WY- \%t /
wUW*K�; 1 JZILK!W�C`EKbk>AR_J WrN�K�W&- 8-P / ,

q K7N;S'W�>FR_J{WKN�K'WrJ.N�@_; K'>�J{R²W @gJ E8Sc;{K!W�N�S�GHUBCLILK�W�IFp >F@B@BE8K�RkGKJ W8WH>-bFKJ@ >AE�SSO`C-; 1 GKJ{CFR�>AEHGKJA@BW�J{KS;.; K ,gq C-NUN�K;{K!W OO>AEYJ >OGKJ{CFR W�W C`RkG�>%;{S!>OG8C-J{EHK�WH�<W�K!W N�S�GHUBCLILK�W�RBK,RBS'W*K�WHWKJwG8K�RkG�@²>`W�IFp J RkG8EHCLI 1 J{E8K+ILK[@²R²>-;XJ GHS&ILCFRgW,IBK
W*C`RBR²>-J{W8WH>FRgW*K+W 1 E ; K&@BEHCIH_;{VSN�K w E8S!WHC 1 ILEHK+I²>AR²W ; K�W�C`@ S!E8>AGHK 1 E8W�ILK�E8K�W6UBK!EYW6U²K ,xq K�G GHK&@BE8CF@BEYJ S�GHS+K!Rs >%J G 1 RBK HDCFR²RBK >-;wG8K�E8R²>OGYJXO`K[; C`E8WYL 1 p > 1 W 1 RBK[N�S*G8UBCLILK�ILS*G8K�EYN�J{R_J WiG8K IFp CF@BGKJ.N�J W8>OGKJ{CFR�R~p K�WiG 1 GKJ.;.J{W8>%H_;{K C 1
W*C`RBR 1 K , 9<C 1 E�>-W�W*S�; S!EHK!Ev;{>:E8K�W6UBK!EYW6UBKK�4JX; ILKSN�K 1 EHK�W�K�@DK�R²IB>FRkG�@ CkWHWKJXHg; K?IFp J{RTs CFEYN�K�Ev;yp >-;Xb`CFEYJwG8U_N�KsK!R H_J >%JXd
W8>ARkGm;{K!W�C`@ S!E8>AGHK 1 E8W ILK�OO>AEYJ{>AGKJ{CFR(�kW K�; C`R W*KZL 1 p CFR�W8>%J G�I 1 @BEHCIH_;{VSN�K?�IN�>-J{Wm;{>[bFS�R²S�EYJ.WSJwG8S?ILK!W�CF@DS�E6>OG8K 1 E6W
K!W G�>%;{CFE6W<@ K!E8I 1 K ,%� CFGHC`R²W L 1 p J.;Ts > 1 G<G8C 1 G�ILK�N$2�N;K�;{K�@_; 1 W1W C 1 OFK!R`G J{R`G8EHCLI 1 J E8KsIBK�;{>7W*C`RBR²>%J W8WH>FRgW*K�IB>AR W;{K N�S�W!>AR_J WrN�K IBK W S�; K'W�GYJ C`R T N$2SN�K WKJ"W�K R~p K!W GJ@²>`W�GHC 143 C 1 E8WJRBS�W�K!W8WH>-J E8K ,)q K @ K 1 IFp UERr@DCAG8UBV!WHK!W�s >%J GHK!W
W 1 E�; K�W�@DCF@ 1 ; >OGYJ C`R²W?ILK#WHC-; 1 GYJ C`R²W�w;GHE8C 1 O`K�E�>�@DC 1 E�W�CFR²WHS�L 1 K!RgW*K5L 1 K5;{K!W?>-;Xb`CFEYJwG8U_N�K!WsSSO`C-; 1 GKJ{CFRBRgJ{W GHK�W
@DK 1 O`K�RkG?W C 1 OFK!R`G�2*G8EHK'>F@B@_;.J.L 1 S�W�;.w;C���IFp > 1 G8EHK�WxN;S�GHUBCLILK�W�W�; >FW8WKJ.L 1 K�WsI~p >F@B@BE8K�RkGKJ WHW8>%b`Kc� EHK'W 1 J G?WrJ.N 1 ;{S?�
E8KSN�CFRkGHS!KsIBK�bFE6>FITJ{K�RkG!� z�{ dy;{K!>FEHRgJ R_b ,X,., �ZWHCFRkGvJ{R 1 GKJ.;XJ WH>-H_;{K!W<C 1 GHE8CF@ @ K 1 K � W�>IW*K!Wvw6W!> 1 WHKsIBK�W*CFRkG8E8>-J RkGHK�W
W 1 E�;�p K!WH@²>IW*K'ILKTEHK'W6UBK�E]W6UBK , VZ>;EHK�N;C`RkGHS�K'ILK6b`E8>`ITJ K!RkG!�L@²>FEsKS`LKSN�@_;{K?�_J.N�@ CkW K6;yp 1 GYJX;.J WH>AGKJ{CFR,ILK7s CFRgW*GKJ{CFR²WW*C`RkGKJ{R��gN;K!RkG�IBS�EYJXOO>%Hg; K�W ,V/K�W >`W @DK�W*G8W#@ >AE6>%;.; V�; K�W � @_; 1 WKJ K 1 E6W WHC-; 1 GKJ{CFR²W W C`RkG EHK'W6UBK�E]W6UBS!K!W#ILK s >?d*C`R WrJ.N 1 ;wG6>ARBS!K0�'K�G;>-; S�>OGHCIJ E8K� OO>FEKJ >OGYJ C`R²W1@BE8CLI 1 J GHK!W�@²>FE<; K�W C`@ S!E8>AGHK 1 E8WX��ILKc;{>'E8K�W6U²K�E]W6UBK�@ K!EKN�K�G GHK!RkGsIFp SSO2J GHK�E ; K�W<NUJ{R_JXN > ; CTW�> 1 ` I 1
@²>�RLW8>%bFK ILK ;yp K�W @ >-W*K;ILK;EHK'W6UBK�E]W6UBK?� @²>AE7; > W*CIN H_J{R²>-J{WHCFR�IBK;WHC-; 1 GKJ{CFR WJS�; CIJXb`RBS�K�W?C 1 @²>AE 1 RBK�OO>AEYJ{>AGKJ{CFR
W 1 ��WH>-N�N�K!R`G�b`E8>FR²ILK ,

q K�@DK�R IB>ARkG!�); > b`S�RBS!EKJMW�J GHS#K�G7; >�W C 1 @_;{K!W8W K I~p 1 GYJX;.J WH>AGKJ{CFR�C`RkGd@²>FErs CIJ{Wd@ C 1 E6W*CFR W S'L 1 K�RgW�K ;{K[s >%J G5L 1 K; > W*C`REO`K�EYbFK!RgW*K�R~p K!W G @²>`W >`WHW 1 E8S�K ,$/ J ;{K�G8KSN�@²W;ILK W!>%;MW 1 ;sK!W G#GHE8CF@ ;.J.N�J GHSK��CFR C-HBGKJ{K�RkG ILK�W WHC-; 1 GKJ{CFR W
W8>OGKJ Wrs >%J WH>FR`G8K!WxN >%J W�@²>FWsG8C 143 C 1 E6W�CF@LGYJXN >%;{K!W ,
���5e?�5� ��:A/��9> /G8H),+�)(� -�D$��<�:A/G#=@;'*)(� C KS<SDE2?#=/G<M�;�;/E�$#d)��
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1 GYJX;.J{W8>ARkG 1 RBK W GHE 1 W*G 1 E8K ILK;ILK!WYW*EYJ @BGKJ{CFR w J{RkGHK!EH@BE8S*G8K�E?@DC 1 Ecb`S�RBS!EHK!E�;{>�WiG8E 1 W*G 1 E8KAw�SSOO>%; 1 K�E0�BW�CFR²W GKJ G 1 K;yp >F@B@BE8C2W6U²K ;{>�@_; 1 W W C`@BU_J WiGYJ.L 1 S!K�@ C 1 E5s >-J E8K SSO`C-; 1 K�E IBK!W#W GHE 1 W�G 1 E8K!W , u<;.; K�K!W G W C 1 OFK!RkG ILS!WKJXb`RBS�K�WHC 1 W;{K RBCIN�ILK4X?:	YUQHMACXF?F;Q<L.QmW 69� @ >AEJ>FR²>%;{C-bIJ K#>�O`K�W5;{K[N�CLILVS;{K H_J{C-;{C-bIJ.L 1 K#I 1 ILSSO`KS;{CF@B@DKSN�K!R`G , V�K ILS�OFKS;{CF@_d
@DKSN�K�RkG�> W 1 E G8C 1 G S�GHS 1 GYJX;.J{WHS,@DC 1 E s >-HBEYJ.L 1 K!E�ILK!W W GHE 1 W�G 1 E8K!W�K�R E8S!WHK!> 1 �1@²>AE KS`LKSN�@_;{K+ILK!W WSJ E]W 1 J G8W
SS;{K�W*GHEYJ.L 1 K�W - \48 /1�DC 1 ILK�WJE8S!WHK!> 1 `�ILK RBK 1 EHC`RBK!Wd>AEHGKJA@BW�J{KS; WI�,B ^m[ - +�8Ih /�WHK�W*GKJ{CFR 8g, M , M;@DC 1 E 1 RBK;WrRrRkGHU²V!WHK0� ,V/KAN�CrIBVS;{K IFp K�`L@BE8K!W8WrJ{CFR,@DK 1 G:C`@ S!EHK!EJ@²>FEJE8S�S�W�EKJ G 1 EHK�WJW 1 WSW�K!W8WrJ.OFK�WH�B@ >AE:K�`LKSN�@_;{K ILK�WJE8VSbI; K�W?ILK;EHS!S�W�EKJXd
G 1 EHK�WAb`E8>-NUN�>AGKJMW�>-; K�W �(V~d WKRLWiG8KSN W�- e M0/7�;IB>FR²W
- +'f /1��IBK!W;EHV�b-;{K!W;ILK�EHS!S�W�EKJ G 1 E8K!W N >OGHEYJMW�J{KS;.; K�W - P-e />��C 1 JX;
@DK 1 G#C`@ S!EHK!E:K!R&KS`LS�W 1 G8>ARkG 1 R�@BE8C-bFE6>%NUN�K WHC 1 WZs C`EKN�K IFp >AEYHBE8K;ILK ILS�OFK�; C`@B@ K�N�K�RkG ,"q K ILK!EHR_J{K�ET@DK 1 G2*G8EHK6W*C`RkGHE6>%J{R`GsWrRrRkG8>%`2JML 1 KSN�K!R`G�- \T+ / C 1 RBCFR - t-P � e%= / , V�> W GHE 1 W*G 1 E8KZN >ARgJ @ 1 ; S!Kcb`S�RBS�GKJML 1 KSN�K�RkG�K*G�W*KS;.;{KL 1 J1K!W GTSSOO>%; 1 S�K�@DK 1 O`K�RkG'>%J{R²WrJ 2�GHE8K;IBK;R >OG 1 EHKUW*CIN;@g; V�GHKSN�K!R`G'ITJAJDS!EHK!RkGHK , V�K!WdG8>-JX;.;{K!W'ILK�W:IBK 1 `&W GHE 1 W�d
G 1 EHK�W?RBK;W C`R`G?@ >FWZW�CFE8EHS�; S!K!W �_W*K N�CLILK I~p KS`r@²EHK�WHWKJ C`R J R²I_J E8K�W*Gd@DK�EYN;K�GdILKAbFS�R²S�E8K�EJILK�WJW GHE 1 W�G 1 E8K!W?ILC`RkG; > G6>%J.;X;{KTK!W G?ILKT@_; 1 WrJ{K 1 E6WsCFE6ILE8K!W�ILK6bFE6>AR²IBK 1 E�W*K�;X;{K'ILK6;{>�W GHE 1 W�G 1 EHK7N >AR_J{@ 1 ;{S�K6b`S�RBS�GKJML 1 KSN�K�RkG , u Rz@²R(�;{K!W7W*C-N�@_;{K�`TJ GHS�WdILK�WdW GHE 1 W*G 1 E8K!WdRBK WHCFRkG:@²>FWdRBCFR�@_; 1 WcW�CFE8EHS�; S!K!W~� 1 R b`S�RBCFG Rk@DK WKJ.N;@g; K @ C 1 EHE6>.2�GHE8K ; >
WHC 1 E]W*KTILK#W GHE 1 W�G 1 EHK�W�W*CIN;@g; KS`rK�W ,
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q K�@DK�R IB>ARkG!� ; >�W GHE 1 W�G 1 E8K N >AR_J{@ 1 ;{S�K bFS!RBS*GYJ.L 1 K�N;K!RkG;ILCIJwG;GHC 143 C 1 E6W5s >-J E8K s >IW*K�> 1 `]GHE8C-J W�W*CFRkG8E8>-J RkGHK�W
K�`L@BEYJ.N;S!K!W�@BE8S�W�S!ILK�NUN;K!RkG!�TN$2SN�K#WKJ/ILK6s >?d�CFR J R²I_J E8K�W*GHK5W*K�G GHK6s CIJ{Wrd W�J-�
T W C`R J{RkGHK�E8@BE8S*G6>OGKJ{CFR�ILC-J G?@BE8CLI 1 J{EHKTILK!WJWiG8E 1 W*G 1 E8K!W�OO>-;XJ ILK!Wk��W*C`R`G8E8>-J RkG8K:WKRrR`G6>4`TJML 1 K0���
T ; K W*CIN�@ C`E G8KSN�K�RkG ILK�W'WiG8E 1 W*G 1 E8K!WTCIHLGHK!R 1 K!WT@²>FE'EHK!@BE8CrI 1 W�GYJ C`R ��W*K L 1 J<J.N�@_;XJML 1 K�ILK @DK*GYJwG8K!W[OO>%d
EKJ >OGYJ C`R²W,� ILCIJwG.2*G8EHK,> 1 WHWKJ�@BE8C2W6U²K L 1 K�@DC`W8WrJ.H_;{K�IBK W�KS; 1 JJILK�W�@²>AE8K�RkG6W
��W*C`R`G8E8>-J RkG8K�WHSSN >ARkGYJ.L 1 KK�
@BEHC`@BEYJ S�GHSTILK[W*C`R`GYJ R 1 J GHSU�
T > 1 W 1 RBK�@ C`E GYJ C`R&ILK ;yp K!WH@²>-W�K;ILK E8K�W6U²K�E]W6UBK W 1 WYW*K�@BGKJ.H_; K ILK W�CFRkGHK!R_J{ETIBK!W'WHC-; 1 GKJ{CFR²W6J{RkGHS!EHK�WHW8>ARkGHK�W
RBK'ILKSOrE6>%J G�2�GHE8KTK�`_W�; 1 K �(W�CFRkGHE6>%J{RkGHKTILK[W*CIN�@_; S�G 1 IBK0� ,

V�> W*C`R`G8E8>-J RkG8K WrRrRkG8>%`TJ.L 1 K K!W G6W�K*G G8K s CIJ{Wrd W�J�WrJ.N�@_; KUw�E8K!WH@DK�W�G8K�E0�BJ.;1W 1 �;G'ILK;W C`R_bFK!Ecw ;�p 1 GKJ.;.J{W8>OGYJ C`R�ILK!W
W GHE 1 W�G 1 EHK�WUbFE6>%NUN >OGYJ.W!>%;{K!W @²>AE KS`rK�N�@_; K , u�R E8KSOO>ARgW6U²K�E8K!WH@DK�W�G8K�E ;{K!W W�CFRkGHE6>%J{RkGHK!W�WHSSN >ARkGYJ.L 1 K�K*G�IBK
W*CIN�@_; S�G 1 IBK K!W Gd@g; 1 W7W*CIN�@_; KS`LK?� 3 1 WiG8KSN�K�RkG6w W�> 1 WHK ILK ;yp J R²I_J E8K�W*GKJ{CFR , _ ;ZK�WiGTIFp > 1 G6>ARkGd@_; 1 W:ITJ
� WSJX;{K IBK
@BE8SSO`C-J{E�WKJF;{K!W�@DK*GYJwG8K!W�OO>AEYJ >OGKJ{CFR W O`CFRkG?W KTG8E8>`I 1 J{EHK:@²>FE?ILK'@ K�GKJ G8W�W6U >AR_b`KSN�K�RkG8W�I²>AR²W�;{K[W*CIN;@DCFEHGHK�N�K�RkG
ILK�; >'WiG8E 1 W�G 1 EHK�SSOO>-; 1 S!K�L 1 K�;{>5W�C-N�@_;{K�`TJ GHS�K*Gm; >dG8>-JX;.; K?IBKZW*K�W1WiG8E 1 W*G 1 E8K!W�R²KJW C`RkG�@ >FW�>:@BEYJ C`EKJ_W�CFE8EHS�; S!K!W ,_ ;/K!R OO> ILK6N$2SN�K'@DC 1 E�;yp KS`L@_; C`E8>AGKJ{CFR�ILK5;�p K!WH@²>IW*K'ILK'E8K�W6UBK!EYW6UBK ,
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V/K�Wd>F@B@BE8CTW6UBK!WcW*C-N�@DCFEHGHK�N;K!RkG8>%;{K!WdILCFR²RBK�RkG'ILK HDCFR²W:E8S!W 1 ; G8>OG6WJ@DC 1 Ec; > W�CFRgW�K�@LGYJ C`R�ILKUW*C-N�@DCFEHGHKSdN�K�RkG8W�ILK�E8C-HDCAG8W!�$N�>-J{W;@DC`WHK�RkG;IBK b`EHCkW @BE8C-Hg; V�N;K�W IBK W�CFRgW�K�@LGYJ C`R²W , V/K�W�>A@B@BE8CTW6UBK!W SSO`C-; 1 GKJ{CFRBRgJ{W GHK�W
@²>FE8>-J{W8W K!RkGJILCFRgW ; K�W�NUJ{K 1 `+>FI²>A@LG8S�K!WJ@ C 1 E7;{> W�CFRgW�K�@LGYJ C`R�ILK W�C-N�@DCFEHGHKSN�K!R`G6WJILK EHCIH CFG8W!�²@ 1 J{WYL 1 p K�;X;{K!W
@DK�EYN;K�G G8K�RkG�IBK6W�CFRgW�KSO`C-J{E�> 1 GHC-N >AGKJML 1 KSN�K�RkGsIBK!W�>AE]W6U_J GHK�W*G 1 E8K!W!�FK�G?ILKZs >-J E8KZ;{K!W�ILS'W*C 1 @²>%b`K!W W*C-N�@DCFEHGHKSdN�K�RkG8> 1 `�ILK6s >Kd*C`R�RBS'W*K�WHW8>%J{EHK:@DC 1 E�;{K'EHCIH CFG � K*G?R²CFR�@²>FW�>�O`K�Wc; K5H_J >%J W�ILK5;yp CIH²WHK�EYO�>AGHK 1 Erd W*C`RgW*K!@LGHK 1 E�� ,91>AEYNUJ ;{K!W:>A@B@BE8CTW6UBK!W 1 GKJ.;XJ WHS�K!Wd@DC 1 E7;{> W*C`RgW*K!@LGKJ{CFR+ILK�W GHE 1 W�G 1 EHK�WZW6U²>IW 1 R²K >�ILK�Wd>�OO>FR`G6>%b`K!W!�_N >%J W
> 1 W 1 RBK RBK ;{K!Wd@BE8S!WHK�RkGHK;WrJ.N 1 ;wG6>ARBS�N;K!RkG ,~q K�EHG8>%J{RBK�W?CFRkG 1 RBK;@BEHC`@BEYJ S�GHS ILKeBXCkW;6>5ZW;8z576�:H� @BE8CF@²EKJ{S*G8S#CF@LGYJ dNUJ{W8>ARkGx;{> EHK'W6UBK�E]W6UBKJ>�O`K�W?ILK�W�>-;Xb`CFEYJwG8U_N�K!W SSOFCI; 1 GKJ{CFRBR_J W GHK!W!�FK�G�I~p > 1 GHE8K!W CFRkG 1 R s CFEHG F;Cg8&YgCg57D Q ��FND3Q<4,4�5 ^X�
@DK�EYN;K�G G6>ARkGJILKTEHS!KS;.; K�N�K�RkGIB,C]WG4�6>D�8z57D3Q#ILK�W�WiG8E 1 W�G 1 EHK�W�w @ >AEHGKJ{E?ILKTEKJ{K�R ,

{ p > 1 GHE8Kd@ >AEHG!� 1 R�@BEHCIH_;{VSN�KcJ.N�@ C`E G6>ARkG�J{ILK!RkGKJA@²S'IB>AR²Wx;{K!W�>F@B@BE8C2W6U²K!W�K�`TJ{W G8>FRkGHK!W ;{CFE6WsIBK7; >�W*CFRBW*K�@_d
GKJ{CFR�ILK!W CF@DS�E6>OG8K 1 E6W5bFS!RBS*GYJ.L 1 K�W#K�WiG�ILK�W8>OGYJ{Wrs >%J{EHK�> 1 `�GHE8C-J W W�CFRkGHE6>%J{RkGHK!W ILK�WKRrRkG8>4`LKK�ZWHSSN >ARkGKJML 1 K�K�GW*CIN�@_; S�G 1 IBK'K�`L@BEYJXN�S�K�Ws@BEHS'W*S�ILKSNUN�K�RkG ,

� C 1 W1>%;.;{CFR²W�IB>FR²W 1 R�@BE8KSNUJ K!E�GHK�N;@ W�K�`L@_;.J.WSJwG8K�E1K*G�S!EKJ.bFK!E�K�R�@BEYJ RgWSJ @DK!W�@DC 1 E�ILK!W1>F@B@BE8C2W6U²K!W�ILK�W*CIN�d
@DCFEHGHKSN�K!R`G6W�IFp >%b`K�RkG8W�S�OFC-; 1 >-H_; K�W ; K�W1@BE8CF@BEYJ{S*GHS�W1ILK�W*C`RkGKJ{R 1 JwG8S�K*G�ILK�@DC 1 OFC-J{E1K�`L@BE8K!W8WKJ s ,Eq K'W�JBK�WiG<;yp C-H 3 K�G
ILK6; > WHK�W*GKJ{CFR 8_,.+ ILS�ITJ{S�K5w ;yp i GHUBCIbFS!RBS*GYJ.L 1 K , u�R²W 1 JwG8K?�BR²C 1 Ws@BE8S!WHK�RkGHC`R²W 1 R�RBC 1 O`K!> 1 @BEYJ RgWSJ @DK'IFp SSOFCI; 1 d
GKJ{CFR�ILK�W GHE 1 W�G 1 EHK�WH�OW 1 @B@DC`WHSsW8>OGYJ{Wrs >%J{E8K�> 1 ` @BEYJ RgWSJ @DK!W�ILK�;yp i GHUBCIbFS�R²S*GKJML 1 K , _ ;BW�p >%b-J G1IFp 1 R K!RgW*CLIB>-bFKxH²>FWHS
W 1 E ;�p K�`L@BE8K!W8WrJ{CFR;ILK�bFV!RBK!W wc;�p >%J ILK�IFp 1 RBK�@_J.; Kk� WHK�W*GKJ{CFR 8_, M?� ,%q K�G G8K�>F@B@BE8CTW6UBKs>:ILK�@_; 1 W ;{KxN�S!EKJ GHK�ILK�@DK�EKdN�K*GHGHE8KsIFp SSOO>IW 1 K!E<ILK s >?d�CFR WKJ.N;@g; KsK*G1SS;{SSbk>ARkGHKm; K�W<I_J � W 1 ;wG8S!W�ILK�W*CFRBW*K�@BGKJ{CFR IBK!WZCF@DS�E6>OGHK 1 E6W b`S�RBS�GKJML 1 K!W ,

� �B��C �F; K�W W*C`RgW*K!@LG8W ILSSO`KS;{CF@B@DS!W#I²>AR²W[W�K W6U²>A@gJwG8EHK�WHCFRkG#K�R]@²>FE GYJ K ;{K s E 1 J G IFp 1 R]GHE6>�OO>%J.;<W*C-NUN 1 R
>�OFK'W / SSH²>`WiGYJ K!R 9mJ.W!> 1 ; G!�LG8UBS!W8>AE6I�IBK5;�p S�L 1 J{@ K � J EYJ{>`I ,
� �!� ���	� )�
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V<p i G8UBC-b`S�RBS�GKJML 1 K ���*6 RGC VKQ	W	QH695PB<4[- +I+-+ / � W 1 b-b`V�E8K�ILK�W @BEYJ RBW�J{@ K�W bFS!RBS�E6> 1 ` @DC 1 E ;{> W�CFRgW�K�@LGYJ C`R IBKN�CLILVS;{K!W�IFp KS`L@BEHK�WHWKJ{CFR bFS�R²S*GKJML 1 K�>F@B@_;.J.L 1 S�W w ; > W*C`RgW*K!@LGKJ{CFR ILK W�C-N�@DCFEHGHKSN�K!R`G6W�IFp >%b`K�RkG�SSO`C-; 1 GKJXs W ,V/K N�C4R`K�R�E8K*G8K�R 1 K!W G ILK W*C`R²WiG8E 1 J E8K;IBK!W#W GHE 1 W�G 1 E8K!W'ILS'W*EYJXOO>ARkG5;{K!W5W*CIN�@ C`E G8KSN�K�RkG8W'I~p >-bFK�RkG6W5w�@ >AEHGKJ{E
IFp 1 R�W 1 H WiG8E8>AG<RBC`R WKJXb`R_JA@ >ARkG�@ C 1 E1W K�ILS�;XJ.OrEHK!E<ILK�W�ITJ � W 1 ;wG8S!W�E8K�RgW�CFRkGHE8S�K�W�@ >AE ; K�W�> 1 G8EHK�W<>F@B@BE8CTW6UBK!W*�3B5^m[
WHK�W�GYJ C`R M , 8_, = � , V�K!W<ILK 1 `T@²EHC`@BEKJ{S*G8S!W"L 1 K�RBC 1 W<>�OFCFR W @BE8S�W*S�ILKSNUN�K�RkG1ILSSbk>%b`S�K!W�ILK!W"N�S*GHU²CrIBK!W<K�`TJ WiG6>ARkGHK�W
@DC 1 EZs >%J{EHK#S�OFCI; 1 K!EJILK�WJW GHE 1 W�G 1 EHK�WJWHCFRkGZJMW�JZS�EYJXb`S�K!W?K�R+@BEYJ{RgW�J{@ K�W ,)Q R N�CLILV�; K I~p KS`r@²EHK�WHWKJ C`R bFS�R²S*GKJML 1 K?�
@DC 1 E1W8>OGKJ Wrs >%J{EHK�> 1 ` W�CFR²I_JwGYJ C`R²W�ILK ;yp i GHUBCIbFS!RBS*GYJ.L 1 KK�AILC-J G1K�`LU_J.H K!E 1 RBK�@BEHC`@BEYJ S�GHS�IBK�W�CFRkGKJ{R 1 J GHS?��K�G1>�O`C-J{E
1 R�� s C`E G��s@ C 1 OFCIJ E�KS`r@²EHK�WHWKJ s ,
e�������� � <S�M#&/E��2;/L#&C

� C 1 W 1 GYJX;.J{WHCFR W?ILK!W?CF@DS�E6>OGHK 1 E6WsIBK[OO>AEYJ{>AGKJ{CFR²W�>%;{S!>AGHCIJ E8K!WsK*G:WH>FR²W*@²R²>-;XJ GHS ,)q K 1 `2d W�J C`@ V!EHK!R`G�b`S�RBS!E8>%d;{KSN�K�RkG @²>FE ILK�W[OO>AEYJ{>AGKJ{CFR²W ILK�@DK*GKJ GHK�>%N�@_;{K 1 E W 1 EA;{>�WiG8E 1 W*G 1 E8K bFS!RBS*GYJ.L 1 K , V�K!W[OO>FEKJ >OGYJ C`R²W'W C`RkG @ K 1
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W 1 WKW�K�@LGYJXHg; K�W1IFp >-N�K�RBK!E<W6U²>-W 1 RBK�ILK!W1>-N;S�;XJ{CFE6>OGYJ C`R²W<> 1 W*C-N�@DCFEHGHK�N;K!RkG�KS`L@BEKJ.N�S�@²>AE ;yp >-bFK�RkG , 9�>FEvW*CFR W SSd
L 1 K�RkG0�2W�K!WxOO>AEYJ{>AGKJ{CFR²WsILKcs >%J.H_;{K:>-N;@g;XJ G 1 IBKTI 1 bFS!RBCAG Rr@DKdILCIJXO`K�RkG�W KdGHE6>FI 1 J E8K?�	MAQ*FNMO8T4 4HCE8&YUQ	W;6>�r@²>AE�ILK!WW6U²>FR_bFK�N;K!RkG8W ILK s >-JXH_;{K�>-N;@g;XJ G 1 IBK+IB>AR²W ; K W�C-N�@DCFEHGHKSN�K!R`G KS`r@²EKJ.N�S , / J7W*K�G GHK W�CFRkGHE6>%J{RkGHK�R~p K!W G�@²>`W
E8K!WH@ K'W�GHS!K?�"; K�@²EHCTW*K�WHW 1 W#WHSS;{K�W*GKJ{CFRBRgJ{W GHK�IBKSO2J K!RkG 1 RBK N�>FEYW6U²K�> 1 U²>`WH>FE8I�K�G ;�p CFR RBK�@DK 1 G;@²>FW K!WH@ S!EHK!E
C-HBGHK�RgJ E:ILK!WZJ R²I_JXO2J I 1 W:ILK @_; 1 WJK�R+@_; 1 Wd>FIB>F@LGHS�WJ> 1 @B;<ILK�W�b`S�RBS!E8>AGKJ{CFR²W , �1C-JMW�J�ILC`RgW5; > W*C`R`GYJ R 1 J GHSAL 1 K
RBC 1 W�E8K�W6UBK!EYW6U²CFR²W�ILSH@²R_J{KJ@_; 1 W�@²EHS'W�J W S�N;K!RkG �%; >[W*C`R`GYJ R 1 J GHS�K�WiGs>A@B@_;.JML 1 S�K�JMW�J)w5;{>5s CFRgW*GKJ{CFR L 1 J KS`L@BEKJ.N�K
;{K b`S�RBCFG Rk@DK�K!R�W GHE 1 W�G 1 EHK�ILS�W�EKJ.OO>ARkGA;{K W�C-N�@DCFEHGHKSN�K!R`G;K*G W*K�W 1 E�; > L 1 >FWKJ�GHCAG6>%;.JwG8S�I 1 ILC-N >-J RBK�ILK!W
bFS!RBCAG Rr@DK!W ,a"OFK�W5W�K*GHGHK#@BE8CF@²EKJ{S*G8S?�T;{K#@BE8C2W�K!W8W 1 W�IB>AE,Z�J RgJ K!R�IBK#U²>FW8>AE6I2d W S�; K'W�GYJ C`R - \%t /<@ K 1 GZbFS!RBS�E8K�E?IBK[;�p CFE6ILE8K5w
@²>FE GYJ E?ILK#IBS!WHCFE6ILEHK$- =g+ /1�²W8>AR²W*@ R²>%;.JwG8S'K*GJW8>AR²W�J{RTs C`EKN >OGYJ C`R,ILK!W�C`@ S!E8>AGHK 1 E�ILK'EHK'W6UBK�E]W6UBK , V/KT@BE8C2W�K!W8W 1 W
K!W GJ> 1 GHC%d W�>AG8>-;XRkGKJML 1 KJ@ >AEIh"XKh,FN61hE695PC]W�BH8zL=8zMAhg6>5ZYUQ ILK!W�J{R²ITJ.O2J{I 1 W?> 1 @g;�IBK!W�b`S�RBS!E8>AGKJ{CFR²W ,

{c1 @DC-J{R`G�ILKcO 1 K:ILK�W�>%;.bFCFEYJ GHU_N�K!W SSO`C-; 1 GKJ{CFRBRgJ{W GHK�WH�IJX; >#S�GHS7N�CFRkGHE8ScL 1 K7; K�W<s C`RgW�GYJ C`R²WsIFp KS`L@BEHK�WHWKJ{CFR
I 1 bFS�R²CAG Rr@ K
� ;{K ^ @²>�RLW8>%bFK ILKI@²GHRBK�WHW `G�cL 1 J1W C`RkG6W�CFRkGKJ{R 1 K!W:W C`RkGdCF@BGKJ.N�>-; K�W ,~q p K!W G:E6>AE8KSN�K�RkG7; KUW�>`WK�R�@BE6>OGYJ.L 1 KK�LC�� JX;~s > 1 GJWHK5W*CFRkG8K�RkGHK!E�IBK6s CFRgW*GKJ{CFR²W�@BE8K!WYL 1 KT@²>AEHGHC 1 G�W*C`R`GYJ R 1 K�W ,aY@ R IFp C-HLG8K�R_J{E W*K*GHGHK�@BE8CF@BEYJ{S*GHS�ILKxW�CFRkGKJ{R 1 J GHS?��RBC 1 W<W 1 bIbFS!EHC`R²W�IFp 1 GYJX;.J{WHK�E�ILK�W s C`RgW�GYJ C`R²W<IFp KS`L@BEHK�WHWKJ{CFR
I 1 bFS�R²CAG Rr@ K�W K!R W�C-N�@ C`E G8KSN�K�RkG�L 1 J)WHC-J{K�RkGxJ R²IBS�@DK�R²IB>FRkGHK!W�I 1 W 1 H²WiG8E8>AG b`S�RBS�GKJML 1 K ,2{ >FR²Wx; K�WmN�CLILVS;{K!W
SSO`CTL 1 S!W @BE8S�W�S!ILK�NUN;K!RkG�@ K!EKN�K�G G8>FRkG<ILK<b`S�RBS!EHK!E�ILK�W�W GHE 1 W�G 1 EHK�W/KS`:R_J{U_J.; Cc�3B5^m[OW K'W�GYJ C`R M , 8_, = ���S;{>�s C`RgW�GYJ C`R
IFp K�`L@BE8K!W8WrJ{CFR R~p K�WiG 3 1 W GHK�N;K!RkG�@ >FW�J R ILS�@DK�R²I²>ARkGHK�ILK ;{>�W GHE 1 W�G 1 EHK bFS!RBS*GYJ.L 1 K , VZ>�UgJ S!E8>FEYW6U_J W8>OGKJ{CFR IBKW*K�G G8K W GHE 1 W�G 1 EHK K*Gc;{K!WZJ RkG8K�E6ILS�@DK�R²I²>ARgW�K!W?K!RkGHE8K ILK!Wd@²>FE GYJ K�W�@ K 1 Grd12*G8EHK SS;{C-J.bFRBS!K!W�s C`RkG7L 1 K ;yp K�`L@BE8K!W8WrJ{CFR
ILK'@²>FE GYJ K�W�ITJ{W G8>FRkGHK!W�I 1 b`S�RBCFG Rr@ KTW C`RkG�W 1 WYW*K!@LGKJ.H_;{K!W�IFp >�OFCIJ E�WHC 1 O`K�RkG 1 R s C`E G�J.N�@²>-W*GJW 1 E�;yp K�`L@BE8K!W8WrJ{CFR
IFp > 1 G8EHK�W , 91>AEZK�`LKSN�@_;{K K!R @BE8C-b`E8>-N�N >AGKJ{CFR7bFS�R²S*GKJML 1 K?�';yp 1 GYJX;.J WH>AGKJ{CFR IFp 1 RBK�W GHE 1 W�G 1 EHKsIFp >AEYHBEHK<s >%J G$L 1 Km;{K!WOO>AEYJ{>AGKJ{CFR²W�CF@DS�E8S�K�W�w ; >;E8>IW�J{RBKdC 1 > 1 s K 1 JX;.;{K!W�R~p CFRkG�@²>FW�I 1 GHC 1 G�; K7N$2SN�K6JXN�@²>IW�G0�T;�p K�`L@BE8K!W8WrJ{CFR�ILK6W*K!W
ILK!EHR_J{V�E8K!W�S�G8>FR`G�W�C-N�@_;{V*GHK�N�K�RkGJW 1 H C`E8ILC`RBRBS!K6w�;yp KS`L@BEHK�WHWKJ{CFR�IBK[W*K!W?@BEHK�NUJ V!EHK�W ,T{ K!W�@DK*GYJwG8K!W�OO>FEKJ >OGYJ C`R²W
W 1 EdILK�W?RG\ 1 IBW?@BE8CTW6UBK!WJILK[; > E8>IW�J{RBK!WJW K'G8E8>`I 1 J{EHC`RkG?@BEHK�WKL 1 K#WKRLWiG8SSN >OGYJ.L 1 K�N�K�RkGJ@²>FE 1 R W6U²>FR_bFK�N�K�RkGJ.N;@DCFEHG8>FRkG�I 1 W�C-N�@ C`E G8KSN�K�RkG�ILK6;�p >AEYHBE8Kc; 1 JFN$2SN�K ,��c1 K5W*K*GHGHK'W GHE 1 W�G 1 EHK'WHC-J G 1 GKJ.;XJ W S!K#ITJ{EHK'W�GHK�N�K�RkGsC 1
@²>`WH�TJ.;~R�> GHC 1 GHK�W�;{K!W�W6U²>FRgW*K�W�@ C 1 E�L 1 K6;�p JXN�@²>IW�GJW 1 E�; > WiG8E 1 W*G 1 E8KTSSOO>%; 1 S!KTWHC-J G�bFE6>AR²I ,

niveau syntaxique

niveau sémantique

structure génétique

structure phénotypique

expression

substrat génétique

description du comportement

(opérations génétiques)

(évaluation dans l’environnement)

N�OQPSR 8_,.+HT \�Qc4�8;f<4X6>D3hE6.V :	W	:H695PVH8;Q � 4X6>D�8;BH698zD3Q V :mWNCg6>S,F	5PVH8;Q �[Q�4�6 Q �<F	D�57L.:.QmW 8&W	Q�XKQ�4HBHD�5 F	6>5PCkWfXE8 BXCgL iF;CgD�6�Q<L.QmW 6 � 4�6>D�8;B<6>8zD3Q FGR;:mWNCg6>S,F	5PVH8;Q �"[��ICE8T4 F	D3:XBXCkW 5 4HCkWG4&8&W	Q&4H:1F;hgD,hg6>5PCkW QmW 69D,Q�MAQ�49W;5ZYgQ,hE8��c4�SkW;6�h �K5PV<8;QQH6 4H:<L.hkW 695PVH8;Q [
u�R;IFp > 1 GHE8K!W/GHK!EKN�K!W!��RBC 1 WZ@BE8S�W�CFR_J W C`R²W~;{CFE6W�IBK ; >ZW�CFRgW�K�@LGYJ C`R ILK W�K*GHGHK s CFRgW*GKJ{CFR ILK�WHS�@²>FEHK!E~; KsR_J.OFK�> 1

^ WrRrRkG8>%`2JML 1 K*` �(W�KS; 1 JBILKx;{>dWiG8E 1 W*G 1 E8Kmb`S�RBS�GKJML 1 K0�<��I 1 R_J.OFK�> 1 ^ W S�N >ARkGKJML 1 K�` �(W�KS; 1 JLILK ; >:WiG8E 1 W*G 1 E8K L 1 JOO>JILC`RBRBK!E";.J K 1 > 1 W*CIN;@DCFEHGHK�N�K�RkGX� �3B5^m[U@gb 1 EHK 8_,.+ � ,�/ p J.;kR p R'>?@ >FW<ILKsWHS�@ >AE6>OGKJ{CFR���; K�W<@BEHCIH_;{VSN�K!W�SSOFCTL 1 S�W
@BE8S�W�S!ILK�N�N�K!R`G?ILS'W*C 1 ; K!RkG�IBK[W*K[L 1 K6; K'RgJXO`K!> 1 WHSSN >ARkGKJML 1 K6W*CFRkG8E8>-J RkG�GHE8CF@ ; KTR_J.OFK�> 1 WrRrRkG8>%`TJ.L 1 K ,
e������5� �4<S2�KS<S/�: )��?8;:A)(�d� /��

� CFGHE8KJCIH 3 K�W*GKJXs�K!W G�IBKd@BE8CLI 1 J{EHK:ILKcs >?d*C`R�> 1 GHC-N >AGKJML 1 KdILK�WxW�C-N�@DCFEHGHKSN�K!R`G6W�I~p >-bFK�RkG , 9�C 1 ExW�KZs >-J E8KJ.;/K!W GdWHC 1 U²>-JwG6>%H_;{K'ILK'RBK#@ >FW?>�O`C-J{E�w IBCFRBRBK!E?ILK[;.JXNUJ GHK�W�wU;�p K!WH@²>IW*K#ILK'E8K�W6UBK!EYW6U²K?�BIFp > 1 G6>ARkGZW*K�G?K!WH@²>-W�K
ILK:EHK'W6UBK�E]W6UBK?R p K�WiG�@²>`W W�CFRBR 1 w ;�p >�OO>ARgW�K ,T� C 1 WsW C 1 U²>%J GHC`R²W�@ C 1 OFCIJ EsC-HLG8K�R_J{E�ILK!W�W GHE 1 W�G 1 E8K!WsILS�W�EKJ.OO>ARkG;{K W�C-N�@DCFEHGHKSN�K!R`G�ILK W�C-N�@_;{K�`TJ GHS,>AEYH_J GHE6>%J{EHK��$; > W S�; K'W�GKJ{CFR W K W6U >AEYbFK�E6>+ILK+IBS*GHK!EKNUJ{RBK�E ;{K�R_J.OFK!> 1 IBKW*CIN�@_; KS`TJwG8S�RBS'W*K!W8W8>%J{EHK @²>FE ;{K @g; GHE6>%b`K ;{CFE6W ILK ;�p SSOO>%; 1 >AGKJ{CFR I 1 W�C-N�@DCFEHGHKSN�K!R`G , V�K N�CLILVS;{K W!>AR²ITJ IB>AG
IFp SSO`C-; 1 GKJ{CFR�ILK5W*C-N�@DCFEHGHK�N;K!RkG�I~p >-bFK�RkG�ILC-J G?ILCFRBWd@DK�EYN�K*GHGHE8KTI~p CIHLGHK!R_J E?IBK!W�WiG8E 1 W�G 1 EHK�W�ILK'ILK!WYW*EYJ @BGKJ{CFR
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ILK�W5W*C-N�@DCFEHGHK�N;K!RkG8WTILK W*CIN;@g; KS`2J GHS > 1 N�C-J{R²WTS�b`>%;{KUw W�KS;.; K ILK�W'>A@B@BE8CTW6UBK!W:@BE8S�W�S!ILK�NUN;K!RkG:S�OFCTL 1 S�K�W� E8S!WHK!> 1 `�ILK'RBK 1 E8CFRBK�WH�(��>AEYHBEHK�W�ILK0�s@BE8C-b`E8>-NUN;K�WH�kK*G]W , � ,
q K[s C`E Gd@ C 1 OFCIJ EdK�`L@BE8K!W8WrJXs�ILKSOrE6>%J G&2*G8EHKAW*KS; 1 J1IFp 1 RBK;WiG8E 1 W*G 1 E8K W�C-N�@BE8S�UBK!R²WrJ.H_;{K K�GcN�CLI 1 ; >%J{EHK ,�q K!W

@BE8S�d EHK'L 1 J{WsC`R`G�@_; 1 WKJ K 1 E6W�>�O�>FRkG8>%b`K!W �
T @ C 1 OFCIJ E Q ��FNMO5PVH8;Q<DA; K[W�C-N�@ C`E G8KSN�K�RkG�K�`L@BEYJ.N;SK�
T @ C 1 OFCIJ E'E8S!>-;XJ W K!E!�FN�CLITJA@²K�E C 1 GHK�WiG8K�E[N >FR 1 KS;.; K�N;K!RkG ILK!W W CI; 1 GYJ C`R²W!�~OFCIJ E8K�@²>AE[; >+W 1 J GHK ;{K!W WHC 1 d
N;K�G G8EHK5w�;�p SSO`C-; 1 GKJ{CFR�@DC 1 E�;{K!W?>-N�SS;.J C`EHK!E�K!RgW*C`EHK.�3fXC0Cg694�69D3hXFi��C 1 G8K!W GHK!E�; K 1 E?WiG6>%H_J.;.JwG8S?�
T @ C 1 OFCIJ E�W*C`R²W GHE 1 J E8KTILK6s >?d�CFR J RgW�EHS�N�K�RkG8>-; K7;{> W GHE 1 W*G 1 E8K?�LK!R�KS`r@g; CIJwG6>ARkG?WH>�N�CLI 1 ; >AEYJwG8S ,

z C 1 G W�K�W�J @ K 1 G W�p >�O`S�E8K�ETILSS;.J.W!>OG >�O`K�W�ILK!W WiG8E 1 W*G 1 E8K!WT@DC 1 E G6>ARkG'GHE8V!WTK�� W!>-W�K!W[W�C-NUN�K�;{K!W#EHS�W K�> 1 `&IBK
RBK 1 EHC`RBK!W ,
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V/K�W$N;CLILV�; K�W1K�`TJ WiG6>ARkG8W<RBK�W8>OGYJ{Wrs CFRkG1@²>FW1WKJ.N 1 ; G8>FRBSSN�K�RkGv;{K!W�@BEYJ RBW�J{@ K�W i GHUBCIbFS!RBS*GYJ.L 1 K�W ,-{ p 1 RBK�@²>FE G0�;{K!W<K�RgW�CLIB>%b`K!W<ITJ E8K�W*G8W<@DK�EYN;K�G G8K�RkG 1 R >IWSW*V�WZWKJ.N;@g; K�wc;{>:WiG8E 1 W�G 1 EHKK�!K�G$s >IW�J.;XJ GHK!RkG1IBCFRgW ; K�W$N�>FR_J{@ 1 ; >OGKJ{CFR W

U 1 N >%J{RBK!W ,2q K!@ K!R²IB>FR`G0�IJ.; W�RBK�O`S�EYJb@ K�RkG @²>`W WKJXN 1 ;wG6>ARBS�N�K�RkGm;{K!W�@²EHC`@BEKJ{S*G8S!W�IBKcW*C`RkGKJ{R 1 JwG8S?K*G�ILK?@DC 1 O`C-J{E
K�`L@BE8K!W8WKJ s ,4{ p > 1 GHE8K�@²>AEHG!�4;{K!W<K�RBW*CLIB>%b`K!W$J{R²ITJ{EHK'W�G8W1WHCFRkG�@_; 1 W �²K�`TJ.H_;{K!W�K*G1@_; >FW GKJML 1 K!W ,Iq K�@DK�R IB>ARkG�IB>AR W";{K!WN�CLILVS;{K!W:K�`TJ WiG6>ARkG8Wc;yp J{R²ITJ{EHK'W�GYJ C`R+EHK!R²I+@²EHCIH_; S�N >OGKJML 1 K ; > W�CFRgW�K�@LGYJ C`R�ILK�WdC`@ S!E8>AGHK 1 E8WZbFS!RBS*GYJ.L 1 K�WJ@DC 1 E
E8K!WH@ K'W�GHK!E�; K�W�@BEYJ RgWSJ @DK!W�IBK[L 1 >FWKJ d W*C`R`GYJ R 1 J GHS:K*GJIBK'@ C 1 OFCIJ E�IFp K�`L@BE8K!W8WrJ{CFR ,V/K @BEYJ RgWSJ @DK�IFp KS`L@BEHK�WHWKJ{CFR�ILK�bFV!RBK!W7L 1 K R²C 1 W:@BE8S!WHK�RkGHC`R²WZWSJ d >A@²EHV�WJK�WiG 1 R N�CLILV�; K;IFp K!RgW*CLIB>-bFKAJ RTd
ITJ{EHK'W�G0�gW*C`R²WiG8E 1 JwG?IB>FR²W�; K5H 1 GdILK#W8>OGYJ{Wrs >%J{EHK7;{K!W�@BEYJ{RgW�J{@ K�W i GHU²C-bFS!RBS*GYJ.L 1 K�W , _ ;�WSp >%bIJwG?IFp 1 R N�CLILVS;{K#IFp J RTd
GHK!EH@²EHS�G8>OGYJ C`R w�;yp >-J{IBKTI~p 1 R²K'@_JX;{K � U 61hKB��]i��&hU4HQjX���Q	W	Q � �<F	D3Q<4X4X5PC]W - \4f / � ,V<p J{R`G8K�E8@BE8S*G8>AGKJ{CFR w ;yp >%J ILK IFp 1 RBK;@_J.; K;K!W G 1 R N�CrIBVS;{K;IFp K�`L@BE8K!W8WKJ C`R+WrJ.N�@_; KK�DIBS 3 w�K�N�@_; C4R`S#K�R J R_s CFEKdN >OGYJ.L 1 KT@DC 1 E�ILK�W ; >ARgb`>%b`K!WxW*CIN�N�K79�C`W G / W�EKJ{@LG�C 1 
 CFEHGHU , V<p 1 GKJ.;XJ W8>OGKJ{CFR�IFp 1 RBKT@_J.; KT@DK�EYN;K�G?ILKTR~p >�O`C-J{EL 1 K�ILK�W[J{RkGHK�E6>-W*GKJ{CFR²W[; CTW�>-; K�W'K�RkG8EHK J{R²W GHE 1 W�GYJ C`R²W5O2J > ;{>+@_JX;{K , a�J{R²WKJ ; >�@_; 1 @²>AEHG ILK�W[N�CLITJA@BW�>AGKJ{CFR²W I 1bFS!RBCAG Rr@DK#R~p CFRkGcL 1 p 1 R J.N�@²>-W*Gc;{C2W!>%;<W 1 Ec;{>�WiG8E 1 W*G 1 E8K W�CFR²W GHE 1 J GHK ,Fq K*GHGHK @²EHC`@BEKJ{S*G8S#@DK�EYN;K�GdILK EHK�W @DK�W�d
GHK!E�;{K#@BEYJ RgWSJ @DK ILKAL 1 >FWKJ d W*C`R`GYJ R 1 J GHSm�BILK!WJ@ K�GKJ GHK!WZN�CrI_Jb@BW!>OGYJ C`R²W?ILK[; > W6U²>4^ RBK5O`CFRkGJWHKTGHE6>FI 1 J{E8K5; K#@g; 1 W
WHC 1 O`K�RkGs@ >AE?ILK�W�@ K�GKJ GHK�W�N�CrI_Jb@BW!>OGYJ C`R²W�ILK5; >;W GHE 1 W*G 1 E8K ,91>AE�>%J.;.; K 1 E8WsRBC 1 W�ILK�OFCFR WxW6U²C-J WrJ{E 1 R ;{>FR_b`>-bFKdIBK[W*CFR WiG8E 1 W*GKJ{CFR�@ C 1 E�;{>�W GHE 1 W�G 1 E8K ,Bq KS; 1 JXd WSJ/ILKSOrE6>%J G
@_; 1 G3+FG&2�GHE8K ILS'W�; >AE6>OGKJXsu�)ILK[s >Kd*CFR w�SSO2J GHK�Ec; K�WJ@²EHCIH_; V�N�K!WJIBK U_J{S�E6>AE]W6U_J{K#IB>AR WZ;{K b`S�RBCFG Rk@DK , V/KA;{>FR_b`>-bFK
ILCIJwG > 1 W8WrJxW*CFRkG8EKJ.H 1 K!E w ; > ; CTW�>-;XJ GHS�K�R S�OEJ G8>FRkG IFp >�OFC-J{E#ILK�W >OG8C-N�K!W L 1 J N�CLITJA@²K�RkG ; >+W GHE 1 W�G 1 EHK�GHE8CF@
@BE8C%s C`R²ILSSN�K!R`G ,I� C 1 W @BEHC`@ CkW C`R²W�ILC`RgW?IFp 1 GYJX;.J{WHK�E 1 R ; >ARgb`>%b`K�ILKcW�CFR²W GHE 1 W�GYJ C`R�ILKJW GHE 1 W�G 1 E8KZw5bFE6>%J{R$@²R ,u�Rz@ R(� ;{K ; >AR_bk>%bFK�ILCIJwG#@DK�EYN�K*G G8EHK�ILK�ILS�W�EKJ{E8K;R p J.N�@ C`E G8K L 1 KS;.; K�W GHE 1 W*G 1 E8K�I 1 G Rr@ K L 1 K ;yp CFR > W6UBC-J WKJ
ILK7s >%J{E8KJSSO`C-; 1 K�E0�kK*G�W*K6L 1 KS;.; K5L 1 KTW CIJwG�W8>AW�C-N�@_;{K�`TJwG8S , a�J{R²WKJF;{> @BE8CF@BEYJ{S*GHS:ILKT@ C 1 OFCIJ E�IFp K�`L@BE8K!W8WrJ{CFR�K!W G
E8K!WH@ K'W�GHS!K ,a"O�>FRkGdILK IBS�W*EYJ{EHK I 1 N�CrIBVS;{K�� WHK�W*GKJ{CFR 8g, M , 8 ���²R²C 1 Wd>%;.; C`R²W?@BE8S!WHK�RkG8K�EJE6>A@gJ{ILK�N�K�RkGdILK�W�GHE6>�OO> 1 `,>A@_d
@²>FEHK!R`G8S!W � WHK�W*GKJ{CFR 8_, M ,.+ � K*G�;{K5N�CLILVS;{K6H_J CI; CIb-JML 1 K5L 1 J K!W G?RBCAG8EHK'WHC 1 E]W*KTIFp J R²WH@_J{E8>AGKJ{CFR � WHK�W*GKJ{CFR 8_, M , M?� ,
e��5�?��� � :=-IKJ-.2�� -�8;8;-�:=)��S#&C(�

9�K�E � J{W$- +�hEt /�> ;{K @BEHK�NUJ K!E 1 GKJ.;XJ WHS�>�OFK'W;W 1 W�W*V!W 1 R N;CLILV�; K�IBK @BEHCIbFE6>%NUN >OGYJ C`R bFS!RBS*GYJ.L 1 K w ;yp >-J{IBK
IFp 1 R�@_J.; K � / G8>IW � dL3�>FWHK!I��:K!RBK*GYJ.W69 EHCIbFE6>%NUNUJ R_bT� , _ ; RBK5;yp >UW�K�@DK�R²IB>FRkG?@²>FW 1 GYJX;.J{WHS'@DC 1 E�W�CFR²W GHE 1 J{EHKTILK!W
W GHE 1 W�G 1 EHK�WH�)WHK 1 ;{KSN�K�RkG:@ C 1 EdKS`LS�W 1 GHK�E 1 R&@BEHCIbFE6>%NUN�K ,)q K�G G8K;>F@B@BE8C2W6U²K W�p K�WiGT>�OFS�E8S�K[W�C-N�@DS*GKJ GKJ.OFK;@²>FE
E6>A@B@DCFEHG�wU; >;@BE8C-bFE6>%NUN >OGYJ C`R bFS!RBS*GYJ.L 1 K5WS;{>`WHWKJ.L 1 K ,

/ G8CEJ)KS;1K*G / @DK�W*GHC`E=- + M h /�CFRkGTEHK!@BEYJ{W6W*K�G G8K�>F@B@BE8CTW6UBK K!R ; >�@²>AE6>%;.; S�;XJ W8>ARkG=����J��79 � , _ ;{W7;yp C`R`G'K!R²W 1 JwG8K
K�R²EKJMW6U_J{K'K�R+> 3 C 1 G8>FRkGJIB>AR²WZ; K ;{>FR_b`>-bFK'ILK#@_J.;{K ILK!WJCF@DS�E6>OG8K 1 E6W�@DK�EYN;K�G G6>ARkGdIFp CF@DS�E8K�EJW 1 E�;{K � 1 `�IFp J{R²W d
GHE 1 W*GKJ{CFR�K�R�GHE6>%J{R,IFp 2*GHE8K'K�`LS'W 1 G8S - +I+�f � +-+�e / ,B{ K[W*K�G G8K5s >?d�CFR ;�p K�`L@BE8K!W8WKJ C`R�IFp 1 R,@BE8C-b`E8>-N�N�K:@ K 1 G 2�GHE8K
> 1 GHC%d N�CLITJb@D>ARkGHKsK*G >`IB>A@LG6>OGYJXO`K ,-q K!W1>-N;S�;XJ{CFE6>OGYJ C`R²WZCFRkG�>-WSW�SS;{S�E8S ; >6W*C`REO`K�EYbFK!RgW*KsILKxs >?d*C`R;WKJ.bFR_JA@BW�>AGKJ.OFKK�W*K!@ K!R²IB>FR`G?K 1 `�RBC`R�@g; 1 W?R~p C`RkG?@²>FW 1 GYJX;.J W S5W*K5N�CLILV�; K5w�@_J.; KT@DC 1 EJ@BEHCLI 1 J E8K:IBK!W?W GHE 1 W�G 1 E8K!W ,
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a b

ribosome

acides aminés

c

protéine

enzymes

chaîne peptidique

brin d’ARN

N�OQPSR 8_, M T U SkW;6 R=a<4HQ X(l 8&W�F	D,Cg6�:<5ZWNQ [ h$[ MAQ D�5PfXCU4HCgL.Q � 8&WNQ Q	W��HSgL.Q ��MO576=8&W	Q[4<:XVH8;QmWNBXQ�X(l h?BH5 X?Q<4 W;8&iBHMA:<5PVH8;Q<4 � fHD�5ZW XIl ��� � �eQH6&hg4,4HQHL$fHMAQ X?Q<4$h?BH5 X?Q<4 hgL=5ZW	:<4$Q	W�8&W	Q BXRGh��ZW	Q FGCEMOS,FGQ�F	6>5 Xg5PVH8;Q���f [ MAh BXRGh��ZW	QF;CgMOS,F;Q1FN695 XE5PV<8;Qc4HQID3Q�F	MO5PQ�	�h]YUQXBIMAQcBXC]W	BXCg8zDX4�XIl Q	W��HSgL.Q�4	[Z[Z[	� B [�[Z[Z[7Q	W M h�F	D,Cg6�:<5ZWNQS`SW	hgM Q

e��5�?�5� 6�) ' <?+;%(DG),F9/�<SDG< �M/�1�2�)
V/KZN;CLILV�; KcH_J{C-;{C-b-JML 1 K�L 1 JDK!W G ; >#W C 1 E]W*KJIFp J{R²W @gJ E6>OGYJ C`R�ILK!Ws>A@B@²EHCTW6UBK�W1SSO`C-; 1 GKJ{CFRBRgJ{W GHK�W�ILKcW�CFR²W GHE 1 W�d

GKJ{CFR&ILK W GHE 1 W�G 1 E8K!WdK!W Gc; >�WKRkRkG8UBV!WHK ILK @BEHCFGHS�J RBK�WdI²>AR²WZ;{> W*KS;.; 1 ; K , VZ>.@gb 1 E8K 8_, M K!R+EHS�W 1 N;K ; K�WJS�G8>A@DK!W
@BEYJ RBW�J{@²>%;{K!W ,_ ;�W�p >-b-J G'I~p 1 R N�CLILVS;{K w�K�RgW�CrI²>%bFK�J{R²ITJ{EHK'W�G!��@ 1 J WKL 1 KU; >�E8K�@²EHS�W K!R`G6>OGYJ C`R bFS!RBS*GYJ.L 1 K R~p K!W G'@²>FW'WHC 1 Ws CFEYN�K ILK#@²EHCFGHSSJ{RBK , V/K�W�N�CLILVS;{K!WJK�R J{RTs CFEYN >OGKJML 1 K#S�OFC-; 1 GYJ C`RBR_J WiG8K'R~p C`RkGJ@²>FWJRBS�W�K!W8WH>-J E8KSN�K!R`G�E8K!WH@ K'W�G8SW*KT@BEYJ{RgW�J{@ KK�gW*CINUN;KTRBC 1 W�;yp >�O`CFR²W�@BE8S�W�S!ILK�N�N�K!R`GJIBS*G8>-JX;.;{STWHK�W*GKJ{CFR,M , 8_, =g,

{ p > 1 GHE8K @²>AEHG!�"; K N;CLILV�; K H_J CI; CIb-JML 1 K W K�N H_;{K H_J{K�R WHS�@²>FEHK!E5;{> ^ WrRrRkG8>%`LK ` bFS!RBS*GYJ.L 1 K�ILK ;{> ^ W SSdN >ARkGKJML 1 K `+@²EHCFGHSSJML 1 K , u R&KHJDK�G!�~;{K W*C-N�@DCFEHGHK�N;K!RkGTILKU; >�@²EHCFGHSSJ{RBK�R~p K!W G'@²>FWdG8>FRkG'IBS*GHK!EKNUJ{RBS�@²>AE'W8>W*CIN�@ CkWrJ GKJ{CFR�K!R�>-WSJ{IBK!Ws>%NUJ R²S!WxL 1 KJ@²>FE�W8>;^<CgD�L.Q ,�
 Em; > WHS�L 1 K�RBW*KdI~p >IW�J ILK!W�R 1 W�;{SSJML 1 K!W RBK:WH@DS�W�JA@²K7L 1 K; > WHS�L 1 K!RgW*KTIFp >-W�J ILK�Ws>-NUJ RBS�W , VZ>[s C`EKN�KK�rIBCFRgWc;{>�W*CIN�@ C`E G8KSN�K�RkG�ILK6;{> @BE8CAGHS�J R²K?�rK!W G?ILS*G8K�EYN�J{RBS!Kd@DC 1 E
@²>FE GYJ K @²>FE#ILK!W[J RkGHK!E8>IW�GYJ C`R²W6; CTW!>%;{K!WTK*G;W @DCFRkG8>FRBS�K�WTK�RkGHE8K�>-WSJ{IBK!W'>%NUJ{RBS!W!�/K�G > 1 W8WKJ1@ C 1 E > 1 GHE8K @²>AEHGKJ{K
@²>FE�ILK!W�K!RG]SR2N�K!W @²EHS�W K!R`G8K!W�IB>FR²W ; > W�KS;.; 1 ; K�W L 1 J�OFC`R`G J{RkGHK�EYOFK!R_J{E ; C`E8W�I 1 E8K�@_;.J K�N�K�RkG�ILK ;{> W6U >�^nRBK
@DK�@LGYJ{ITJML 1 K , V�K!W K�RG]�REN�K�W @DK 1 O`K�RkG R p C`@ S!EHK!EAL 1 K�WHSS;{K�W*GKJ.OFK�N;K!RkG;W 1 E�W�K�EHG8>-J R²W WrJ GHK�W IBK ; > W6U²>4^ RBK , VZ>s CFEYN >OGYJ C`R�I~p 1 R²K'@BEHCFGHS�J RBK'K�WiG:ILCFRgW 1 R,@BEHCTW�K!W8W 1 W�W�C-N�@_;{K�`LK?�BL 1 J�ILS�@DK�R I,> 1 G6>ARkGJILK[;yp K!R2OEJ{E8CFRBRBK�N�K�RkG
IB>FR²W�; K'L 1 KS;~J.;/>U;.J K 1 L 1 K#ILK'WHK!W?IBCFRBRBS!K!W�J{R_J GKJ >%;{K!Wk� ; >UW6U²>�^nRBKT@DK�@LGYJ{ITJML 1 K0� ,
e��5�?�5e � )(�d>h:A/G8;#&/�<S�

{ Kx; >6N$2SN�Kxs >?d�CFR L 1 K�IB>AR²W ;{K�N�CLILVS;{K�H_J CI; CIb-JML 1 K?�ORBC 1 W1>%;.;{CFR²W<@BE8CTW*S!IBK�E1K�R�ILK 1 ` S�G8>A@DK!W � 1 RBK�G8E8>%d
I 1 W*GKJ{CFR�@ 1 J W 1 R²KcJ{RkGHK�E8@BE8S*G6>OGKJ{CFR ,Tq CIN�N�Kc;{> EHK!@BEHS�W K!RkG8>OGYJ C`R bFS!RBS*GYJ.L 1 KdRBK7W�CFR²W GKJ G 1 K�E6>[L 1 p 1 R�W 1 @B@DCFEHG
WKRkRkG6>4`TJ.L 1 K?IBS�R 1 SJILKJGHC 1 GHKJWKJ.bFR_JA@BW�>AGKJ{CFR(�FRBCAG8EHKZW6U²C-JX`�W�p K�WiG�@ C`E G8SJW 1 E 1 RBK7W6U²>�^nRBK?ILKcH_JwG , VZ>5W6U²>�^nRBKJIBKH_J G @BE8S!WHK�RkGHK�;{K!W�>�OO>FR`G6>%b`K!W�IFp 2*GHE8K?WKJXN�@_;{K?���²K�`TJ.H_; K�K�G ILS 3 w:G8EHV�W 1 GYJX;.J{WHS�KJ@²>AEv;{K!W�>-;Xb`CFEYJwG8U_N�K!W b`S�RBS�GKJML 1 K!W ,V/C`E8W�I 1 @BEHCTW�K!W8W 1 W�IFp K�`L@BE8K!W8WrJ{CFR K�;X;{KdK�WiG�@²>FEYW�C 1 E 1 K?@²>FE ; > ^ G32�GHKTILK7; K'W�G 1 EHKk`�I 1 GHE6>FI 1 W�GHK 1 E0�EW�C-NUN�K;{K'EKJ.H CkW CIN�Kd@²>FEYW�C 1 EHG�; K5HBEYJ{R�IFp aJ= �[,V/KT@BE8CTW*K�WHW 1 W�IFp K�`L@BE8K!W8WrJ{CFR�ILK5;{>UW6U²>4^ R²KT>�;.J K 1 W*C-NUN�K'W 1 JwG �

+I, ; K:GHE6>FI 1 W�G8K 1 E?>`WHWHCTW�J{K7wUW6U²>IL 1 K.BXC X?C]W � R_d 1 @g; K�GJILK5H_J GX� 1 R ;{K�`LVSN�K ,
M , ;�p J RkG8K�E8@BEHV�GHK'E8K!d�C-J GZ; K � 1 `+ILK[;{K�`LVSN�K�W ,Fq K 1 `2d W�JZWHCFRkGdW 1 W�W*K!W8WKJXO`KSN�K�RkG?KSN�@_J.;{S!W?K�G�
OC 1 1 RBK;>-W*GKJ{CFRL 1 J K!W GJ>FW8W CTW�J{S�K6wUW6U²>-W 1 R�K!W G?K�`LS�W 1 GHS!K ,
8g, ; C`E8WYL 1 K�;{K � 1 ` IBKc;{K�`LVSN�K�W K�WiGsG8>FEKJ>�I;yp J RkGHK!EH@²EHV�GHKdIBS�@_J.; K7; > W GHE 1 W�G 1 EHK @²R²>-; KTILCFRkGsCFR O`K 1 G�SSOO>%; 1 K!E; K5W*CIN�@ C`E G8KSN�K�RkG ,

V�>c@gb 1 E8K 8g, 8 E8S!W 1 N�K6; KT@BE8CTW*K!W8W 1 W�IFp KS`L@BEHK�WHWKJ{CFR bFS�R²S*GKJML 1 K ,
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a b
lexèmes

c

structure

interprète

pile

chaîne de bit

traducteur

N�OQPSR 8_, 8�T � �<F	D,Q�4X4�5PCkW�XKQ;V amWNQ�4��$M�l hE5 X?Q XIl 8&WNQ*F	57M Q [ h$[�M h$69D,h"Xg8;BH6�Q<8zD�MO576 8&WNQ B,R;h �ZWNQ�XKQIfH576 Q<6(F	D3C Xg8z5768&W�� 8�� XKQ=MAQ � aHL.Q�4 ��f [ M Q�4IM : �daHL$Q<4 4HCkW 6YQ	WAYgCgS?:<4���8&W 5ZW;6�Q<D>FNDEaH61Q�	�VH8z5iF;Q<8z6�QHL�FN57MAQHD.QH6��NCg8 Q�� QXBH698;QHD8&W	Qch?BH695PC]W Mb5P:,Q=hg8[M Q �daHL$Q � B [pMAh 4�69D�8;BH6>8zD3Q.`�WNhgMAQ=Q<4X6�X?:�F	57MA:XQ

V<p >AR >%;{C-b-J{K >�OFK'W ; K N;CLILV�; K H_J{C-;{C-b-JML 1 K K!W G;WKJ.N;@g; K �3B5^m[p@gb 1 EHK 8g, MK� ,vq C-NUN�K�@ C 1 E�;{>,@²EHCFGHSSJ{RBKK� ;{KW*CIN�@ C`E G8KSN�K�RkG KS`L@BEKJ.N�S�@²>FEA; >+W GHE 1 W�G 1 EHK�ILS�@DK�R I @BEYJ RBW�J{@²>%;{KSN�K�RkG�ILK�W8> N�CFE8@BUBCI; CIb-J{K?��@g; 1 W�L 1 K�IBKW6U²>IW 1 RBK ILK WHK!W5W�C-N�@ CkWH>FRkGHK!Wd@BEYJ{WHK!W6J WHC-;{SSN�K�RkG , VZ> N�C`EH@BU²C-bFS!RBV!WHK�ILKU;{>�W GHE 1 W�G 1 EHK�K�WiG#> 1 WHWKJ ; KUs E 1 J G
IFp J RkG8K�E6>-W�GYJ C`R²W�;{CTW�>-; K�W T K!R`G8EHK ; K�W�;{K�`LVSN�K!W!�gO2J > ; > @_J.; K @BEYJ RgWSJ @ >%;{KSN�K�RkG , V<p J RkG8K�E8@BEHV�GHK w�@_JX;{KAW�CFR²W GKJ G 1 K;{KcW�>`ILE8KJK*Gx; K6W�>AG8>-;XRLWHK 1 E I²>AR²W ; K'L 1 KS;); K�Wm;{K�`LV�N;K�W�W�p K�`L@BEYJXN�K�RkGs@ C 1 Ems C`EKN�K!Em; > W GHE 1 W�G 1 EHK , Vmp J{RkGHK!EH@BE8V*G8K
3 C 1 K >%J{R²WKJ 1 R+E3+I; K WrJ.NUJX; >%J{EHKAw W*K�; 1 J<ILK�WJK!RG]SR2N�K!WcL 1 J<>-b-J WHWHK�RkGdW 1 Ec;{> W6U²>�^nRBK#@DK�@LGYJ{I_J.L 1 K;K�R W�C 1 E6WJIBK
E8K�@_;.J K�N�K�RkG ,
� � ��� �g�"!$#%�'&(�)�

u<;.; K#W�p >A@B@ 1 J K'W 1 E 1 R W*CLILK6bFS!RBS*GYJ.L 1 KK�_W%p K!W Grd w4d ITJ{EHK 1 RBK6s C`RgW�GYJ C`R5�
	�

���
������������� ��� � �"!$#%�'&

C�� � K�WiG 1 R;K�R W K�N H_;{K�ILK ;{K�`LV�N;K�WH�OK�G?W;K�WiGv; >?G6>%J.;X;{K�ILK�RBC`W W�CrIBCFR²W , _ ;TR#>:IBK 1 ` W!>OGHS�bFC`EKJ{K!W<ILK�; KS`LVSN�K!W �
T ; K�W<J{R²WiG8E 1 W�GKJ{CFR W @DC 1 Ex;{KZ; >AR_bk>%bFK�w @_J.; KK�kR²C 1 Wm; K�W�>F@B@ K�;X;{K�E8CFR W ^ ;{K�`LV�N;K�W�IBKJ@_J.; K ` , _ ; W W�C-N�@LGHK!RkG@²>AE�K�`LKSN�@_;{Kc;{KZ;{K�`LV�N;K)(�* �%+ �`IBCFRkGx;yp >-W�GYJ C`R�K!W GsI~p S'W6U²>AR_b`K�E ; K�W�ILK 1 `�SS;{SSN�K!R`G6W�I 1 WHC-NUN�K*GsIBKZ; >
@_JX;{K ,
T K*GZ;{K!WcJ R WiG8E 1 W*GKJ{CFR²WJ@BE8CF@BE8K!W�w ;{> W�CFR²W GHE 1 W*GKJ{CFR,ILK ; >�W GHE 1 W�G 1 E8K?�²R²C 1 WZ; K�Wd>F@B@ K�;X;{K�E8CFR W ^ ;{K�`LVSN�K�WILK?WiG8E 1 W�G 1 EHK ` , 9�>FE1K�`LKSN�@_;{K�@DC 1 E 1 R²K?WiG8E 1 W*G 1 E8K?ILK�bFE6>A@²UBK?�ORBC 1 W1@DC 1 O`CFR²W$J.N >%b-J{RBK!E 1 RU; KS`rV�N�K
,�- � ��
 , � L 1 J W�EHS!K 1 R�>FEYWdE8KS;.J{>FR`G?ILK 1 `�R;\ 1 IBW�I 1 bFE6>A@²UBK ,� CFGHC`R²WcL 1 K�;{KAW*CLILK�bFS!RBS*GYJ.L 1 K @ K 1 G 2*GHE8K;EHK�ILCFR²I²>ARkGc� W 1 E 3 K�W*GKJ{CFR �<�DK!R�>FW8WHC2WSJ{>FRkGd@_; 1 WKJ K 1 E8W7W*CLILC`R²WJ> 1N$2SN�K5;{K�`LVSN�K ,

�/. &(���'CI��l$� �I� �T��&��B�
V<p J{R`G8K�E8@BE8V*GHK;K!W G5bFS!RBS�EYJ.L 1 KK�FJX;1K�WiG[;{KUN$2SN�K L 1 KS;.; K L 1 K WHC-J G6; >�WiG8E 1 W�G 1 EHK ILS'W*EYJwG8K;C 1 ;{KU;{>FR_b`>-bFK�w

@_J.; K 1 GKJ.;XJ W S ,

+'e
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V/K�Ws@BEKJ{RgWSJ @DK!W i G8UBC-b`S�RBS�GKJML 1 K!Wxs C 1 EHR_J W8W K!R`G 1 R W�>FIBEHK:@ C 1 E�;{>�W*C`RgW*K!@LGKJ{CFR�@²>AE�S�OFC-; 1 GYJ C`R�>AEHGKJA@BWSJ K�;X;{K
ILK#W GHE 1 W�G 1 E8K!W?ILS'W*EYJXOO>FR`GJIBK!W�W�C-N�@ C`E G8KSN�K�RkG6W�IFp >-bFK!R`G6W , Vmp KS`L@BEHK�WHWKJ{CFR wU;�p >%J ILK#IFp 1 RBK#@gJX;{K'K!W G 1 RBK'@²EHC-d
@DC`WKJwGYJ C`R�IBK�W*CLIB>%b`K�@DC 1 EmW*C`RgW*K�OFC-J{E�ILK!WvN�CLILV�; K�WvOFS!EKJA@ >ARkGvW*K�W1@BEYJ RgWSJ @DK!W ,Iq C-NUN�K?>AR²RBCFRgW�S�RBC 1 W1>F@B@_;.J dL 1 CFR WmW*KJ@BEKJ{RgWSJ @DKZw5; >[W*C`RgW*K!@LGKJ{CFR�IBK�bFE6>A@BU²K!W1S�GKJML 1 K*GHS�WH�rWKJXNUJ.;{>-J E8K!W<w ILK!W a z�� j ,2q K�G GHKcJ R WiG6>ARgWSJ{>AGKJ{CFR
W�p K�WiG�s >%J GHK#I²>AR²W�;{K5N�CrIBVS;{K �����$�E�F�B�F� �_� L 1 K:R²C 1 W�>-;X;{CFR²W�@²EHS�W K!R`G8K�E�W�JXd >A@BE8V!W � WHK�W*GKJ{CFR =g,.+ � ,aY@ R#ILK�@DC 1 O`C-J{E SSOO>%; 1 K�E"W*KvN�CLILVS;{K W 1 E/@_; 1 WKJ K 1 E8W�>A@B@_;.JMW�>OGYJ C`R²W K�GZILK�@DC 1 O`C-J{EF; K W*C-N�@²>FEHK!E~w�IFp > 1 G8EHK�WN�CLILVS;{K!W�W 1 E 1 RBKxN=2�N�Ks>F@B@_;.J.W!>OGKJ{CFR��'J.;rK!W GvJ RkGHS!EHK�WHW8>ARkGZIBK�I_J{WH@ CkW K!E<I~p 1 R²Ks@g;{>AGHK�dys CFEYN�K W�C-NUN 1 R²KsIFp SSOO>%d; 1 >OGYJ C`R , _ ;/WSp >%bIJwG�JMW�J�ILKT@DC 1 O`C-J{E�W*C-N�@²>FEHK!EsI_JbJ)S�E8K�RkG8W�>-;Xb`CFEYJwG8U_N�K!W�K*G�s C`EKN >%;.J WrN�K!WsS�OFC-; 1 GYJ C`RBR_J WiG8K!W�W 1 E
1 RBK N=2�N�K[J R WiG6>ARgW�K IFp 1 RBK'GXW-W6UBK5N 1 ;wGYJ d >%b`K�RkG!�²C 1 ILK#@DC 1 O`C-J{EJ>A@²@_;XJML 1 K�E 1 RBK[N$2SN�K'G8K�W6UBRgJ.L 1 K w�@g; 1 d
WKJ K 1 E8WcJ{R²WiG6>ARgW�K!WTITJAJDS!EHK!RkGHK!W ,F���B�F� �_� �)RBCFGHE8K[s E6>%N�KHZsCFE � K�G'K�R2O2J E8CFRBR²KSN�K�RkG:IBK;ILS�OFK�; C`@B@ K�N�K�RkG:>�S*G8SW*C`R;d 1 IB>FR²W�W*K5H 1 G ,g� C 1 W�ILS'W*EYJXO`CFR²W ���)�F� �_� WHK�W*GKJ{CFR =g, M ,

� �B��C �4; K�W N;CLILV�; K�W1@BE8S!WHK�RkGHS�W�IB>AR²WmW*K�W6U²>A@gJwG8EHK�CFRkG�S�GHS?ILS�OFKS;{CF@²@ S�W�K�R W*CrCF@DS�E6>OGYJ C`R >�O`K�W / SSH²>`WiGYJ K!R9<JMW�> 1 ;wG0�DGHUBS�WH>FE8I+IBKA;yp S'L 1 J @DK � J EYJ >FI � @ C 1 E �)���$�2���B�F� �_� �JK*G'>�OFK�W / GHS!@BU²>FRBK { CFRgWSJ K 1 `i�DGHUBS�WH>FE8I+IBK;yp S'L 1 J @DK[a?R_J.N >OG]V�>%H � @DC 1 E ���B�F� �_� � ,
� �!� �������
	��
������	

�����$�E���)�F�$�_� - eIh /�>�S*G8S�W�CFR;d 1 @DC 1 E6W*C`RgW*K�OFCIJ E:> 1 G8C-N >OGYJ.L 1 K�N;K!RkG:ILK�W7W�C-N�@DCFEHGHKSN�K!R`G6WdI~p >-bFK�RkG6W
SSO`C-; 1 >%Hg; K�WH�OK!R;E8K!WH@DK�W�G6>ARkGv; K�W1@BEYJ RBW�J{@ K�W�ILK�;yp i G8UBC-b`S�RBS�GKJML 1 K ,E� C 1 W R ILS'W*EYJXO`CFR²W ;{K�W*CIN;@DCFEHGHK�N�K�RkG IFp 1 R
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Evaluator
+Evaluate(indlist:{Individual})

Fitness

              Individual              

Simulator

Agent

SimuFitness
+EvalStep(sim:Simulator,agent:Agent)
+EvalExp(sim:Simulator,agent:Agent)
+EvalEnd(sim:Simulator,agent:Agent)
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{ >AR²WvL 1 K�;.L 1 K�WvW�>FWY� RBCAG6>%NUN�K�RkG >�OFK'Wx;{>:@BE8KSNUJ{V�E8K�W GHE6>OG8SSbIJ KU���A> 1 W 1 RBK�HDCFRBR²K?W CI; 1 GYJ C`R R p >TS�GHS�GHE8C 1 dOFS!K'>�O�>FRkG�;{K!W t-h-h bFS!RBS�E6>OGYJ C`R²W�L 1 J~;XJ.NUJwG8K�RkG�;{K!W�K�`L@DS�EYJ K!RgW*K�W ,
3xJ K!R�L 1 K�;{K�@BEHCIH_;{VSN�Kxw:E8S!WHC 1 IBEHK�W CIJwGvJMW�JLKS`kG8E32�N�KSN�K�RkG�WrJ.N�@_;{K?�%W*K�W�EHS�W 1 ;wG6>OG8W$OO>%;.J ILK�RkGv; K�W�@BEYJ RgWSJ @DK!W

ILK5;yp i GHUBCIbFS�R²S*GKJML 1 K'K*G�;{K5N�CLILVS;{K#IFp K�`L@BE8K!W8WrJ{CFR O2J{> 1 RBK'@gJX;{K#@DC 1 E�; > W*C`R²WiG8E 1 W�GKJ{CFR�ILK[W�C-N�@ C`E G8KSN�K�RkG6W
SSO`C-; 1 GKJXs W�w;@²>AEHGKJ{E?IFp 1 R,W 1 H²WiG8E8>AG�bFS�R²S*GKJML 1 K'ILK5bFE6>AR 1 ; >AEYJ GHS�s >-JXHg; K ,V/K N�CrIBVS;{K W6UBCIJ{WKJ�E8SSO`VS;{K 1 R W*K�EHG8>-J R RBC-NAHBEHK�ILK�@²EHC`@BEKJ{S*G8S!WAJ RkG8S�E8K!W8WH>FR`G8K!W , u�R @²>AEHGKJMW 1 ;XJ{K�E0� J.;�K!W G
@DC`W8WrJ.H_;{K:IFp K<J)K�W*G 1 K!E?ILK!WsC`@ S!E8>AGKJ{CFR²WsIFp J R²WHK�EHGKJ{CFR�C 1 ILKTILSS;{S*GYJ C`R�ILK5W�CrIBCFR²WsWH>FR²WsR 1 J E8K6w ; > IBS�W*C 1 OFK!E G8K
IFp 1 RBK'WHC-; 1 GKJ{CFR ,Bq K�;{>;R~p K!W G�H_J{K�R�K�RkGHK!R²I 1 @ CkWHWKJXHg; K5L 1 p > 1 N;C4R`K�R�IFp 1 R W�CrI²>%bFK:RBC`R�@DC`WKJwGYJ C`RBRBK�;9�_W�K6L 1 J
K!W G K!R bFE6>AR²IBK�@²>AEHGKJ{K�;{KZW�>`W�IB>AR W �����$�E���)�F�$�_� C � ; K�W<J{R²W GHE 1 W�GYJ C`R²W WHCFRkG K!R @²>AEHGKJ{KJILS'W�; >AE6>OGKJ.OFK�W ,%� C 1 W
>%;.;{CFR²W RBC 1 W J{RkGHS�E8K!W8WHK�E @g; 1 W;@²>FE GYJ.W 1 ;.J V!EHK�N;K!RkG�w ; >�WH@DS�W�JA@BWSJwG8S�IBK W*K N�CLILVS;{K�K!R RBC 1 W�;XJ.OrE8>FR`GUw 1 R²K
>AR >%;.RrWHK:@_; 1 W�@²RBK#ILK�W�W*CIN;@DCFEHGHK�N�K�RkG8W�W�CFR²W GHE 1 J G8W�@²>FE�;{>�ITRrR²>-N�JML 1 K'W S�; K'W�GYJ C`RBR_J WiG8K ,
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N�OQPSR tT,.+;T�� YgCgMO8z6>5PCkW L$CES?QmW_W	Q�XKQkMAh;` 6 W	Q<4X4 � Lc8z6�hg6>5PCkW;4 F;CkW	BH6>8;Q<M7MAQ<4�4<QH8zMAQHL$Q	W;6 	 ��� ��� �"[ . RTD3CEL$C]i4HCgL.Q�4k5ZW 57695PhE8��
XKQ 	�� � ������fH576P4	[
� l$��&�� �_��& ��� CE� �_� �_l"� �T��&��B�

V<p a z�� ILS�W�EKJ G�@²>AEx;{>I@gb 1 EHK tT, 8 K�WiG 1 R²K:WHC-; 1 GKJ{CFR ^ C`@LGKJ.N >%;{K `�> 1 @BE8C-H_;{VSN�K:> 1 WHK�R W�C � J.; @ K!EKN�K�GIFp C-HLG8K�R_J{E[;{K!W fIf @DC-J{RkG8W � ` 6 W	Q<4X4�N >4`TJ.N >%;{K0�T>�OFK'W ; >,W GHE 1 W�G 1 EHKU; >�@_; 1 W#WKJXN�@_;{K<� 1 R WHK 1 ; RG\ 1 Ii��IBK 1 `
>AE]W�We��WrJ�; > ;{>-N;@DK�K!W G OFK�EHGHKK��>%;.; K!E w&ILE8C-J GHK ��WrJ�K�;X;{K�K!W G�E8C 1 bFK?�1>-;X;{K�E w b`> 1 W6UBK0� , 9<C 1 E @BE8CLI 1 J{EHK W*K�Ga z�� �TJ.; W 1 �;G�G8UBS�C`EKJML 1 KSN�K�RkG�ILK 8Et HgJwG6WsWHK 1 ; K�N;K!RkG � K�R s >%J WH>FR`G 1 R 1 WH>-bFKZN >%`2J.N >%; I 1 N;S'W�>FR_J{WKN�K:IBKW*C`RBRBKS`2J{CFR J.N;@g;XJMW�J GHKU���B@²>FE�K�`LKSN�@_;{KT@ C 1 EZW�CrIBK�E�;{K!W \ ; KS`LVSN�K!W�W 1 J.O�>FRkG8W~�

W	C X?QH� � 5 � 
 ; � ���B���	��
!�
�
� � � ; � � 5 � �������	��
!�����
� >-J{WdIB>AR²WcW*K�G GHK;W CI; 1 GKJ{CFR ;yp C`E8ILE8K#K�Gc; > R²>OG 1 E8K ILK�W�;{K�`LVSN�K!W 3 C 1 K!RkG 1 R+E,+-;{K W�E 1 WSJ{>-; � KS;.; K K!W GdILCFRBW

@²>FE GYJ.W 1 ;XJ{V�E8KSN�K!R`G�O 1 ;{RBS�E6>%Hg; KT> 1 ` N 1 G6>OGKJ{CFR W ,

 R @DK 1 G�ILCFRgW�E6>%J WHCFRBR²>-H_;{KSN�K�RkG�@DK�R²WHK�ExL 1 K�; K�W<J{R²ITJ.O2J{I 1 WmO`CFRkG >�OFCIJ EvHDK!WHC-J{R(�F@DC 1 E�ILS�OFKS;{CF@²@ K!E ILK!WW*CIN�@ C`E G8KSN�K�RkG8WsW G8>%Hg; K�WmO2J W d w4d O2J{W�IBK!W N 1 G6>OGKJ{CFR WH�LILK7W6UBEHCIN�C`WHC-N�K!W 1 R�@DK 1 @g; 1 Wx;{CFR_bkWmL 1 Kc;{>;W CI; 1 GKJ{CFR

^ J{R_bFS!R_J K 1 E ` ,z C 1 G8K�s C-J W!� 1 R&@BEHCIH_;{VSN�K#RBC 1 OFK�> 1 @DK 1 G'>%;{CFE6WJWHK @DC`WHK�E , V�K W 1 EYW�EHC%^{G:ILK N >OG8S�EYJ K�;"b`S�RBS�GKJML 1 K ITJ WH@ C-d
R_J.H_;{KJ@DK 1 G s CFEHGmH_J{K�R�WHK?EHS�OFS�; K!E ^ RBCTW�JXsp`N�EW%p K!W Grd w4d ITJ{EHK?ILC`RBRBK!E�R²>%J W8WH>FRgW*K�w#IBK!W�R;\ 1 IBW!�`ILK�WmW*C`RBRBKS`2J{CFR WW 1 @B@_;{SSN�K�RkG6>%J{EHK�WxL 1 J @DK 1 OFK�RkG�X?:bV?D3h"XKQ<D�;{K6W�C-N�@DCFEHGHKSN�K!R`G�K�R W*C`R²W GKJ G 1 >FR`G 1 R²KTWHCFEHGHKTIFp ^ K�`_W*E8C-J WHW8>ARBW*KW*CIN�@ C`E G8KSN�K�RkG8>-; KY` @²>AE6>FWKJwG8K , a 1 GHE8KSN�K�RkG�ITJ G!�4;yp >`ILS�L 1 >AGKJ{CFR I 1 W�C-N�@ C`E G8KSN�K�RkG1ILK�;�p >%b`K�RkGvwdWHCFR�NUJX;.J K 1
@DK 1 G�2�GHE8K'EHK!R²I 1 @_; 1 W?ITJ
� WSJX;{K'@²>FE 1 R�>-;X;{CFRgbFKSN�K!R`G?ILK�W�W6UBE8C-N�C`WHC-N�K ,

�c1 p K�R&K!W Grd JX;�K�`B>IW�GHK�N�K�RkG 
 
 R&@ K 1 G6s CFEYN 1 ;{K�E 1 R]ILSSH 1 G#ILK�EHS!@ C`R²W K;> 1 O 1 ILK�W�@gb 1 E8K!W tT, = w t_,�\ �
E8S!>%;.J W S!K!WJ>-;wG8K�E8R²>OGYJXO`KSN�K�RkGT>�OFK�W ; K�WdW GHE6>OG8SSbIJ K�WZN 1 G8>AGKJ{CFR²W:W K 1 ;{K!W:C 1 J{R²WHK�EHGKJ{CFR²Wrd ILSS;{S*GYJ C`R²WH�DK*GT@DC 1 ETILK!W
G8>-JX;.;{K!W�ILK6W6UBEHCIN�C`WHC-N�K!WvJ{R_J GKJ >%;{KSN�K�RkG�W*CIN;@²EKJ W K�W K!RkGHE8KTM h-h K�G 8Ih-h HgJwG6WH�r@ 1 J WsK�RkGHE8K t%h-h K*G \4hIh � WHC-J G�M hs C-J W�; >;G8>%J.;.; K'IFp 1 R W6UBE8C-N�C`WHC-N�KJ@²EHCLI 1 J G?@²>FE�J R_b`S�R_J{K�EYJ{K0� ,

{ p 1 R²K�@ >AEHG!� ; K�W;EHS�W 1 ; G8>AG8W�W�p >-N;S�;XJ{CFE8K�RkG;RBK*GHGHKSN�K!R`G ;{CFE6WKL 1 p > 1 b-N�K�RkGHK ; K�RBCIN HBE8K�IBK H_J G8W I²>AR²W�;{KbFS!RBC-N�KK��K*GUW*K�K�R ILS!@_J G�ILK�W I_J � W 1 ;wG8S!WAJ R²I 1 JwG8K!W;@²>FEAW*K�W 1 EH@_; 1 W IFp J{RTs C`EKN >OGYJ C`R bFS!RBS*GYJ.L 1 K , VZ> W*CIN�dH_J{R²>OG8C-J{EHK�E8S!W 1 ; G8>ARkG�ILK ;yp >-WSW�EHCIJ{W8WHKSN�K�RkG�ILK!W W6UBEHCIN�C`WHC-N�K!W K!W G�ILC`RgW�EHS�b 1 ;{S�KK�vH_J >%J W S!K?��K!R s >�O`K 1 E�IBKW*CIN�@ C`E G8KSN�K�RkG8W�>`IB>A@BGHS!W ,_� C 1 W�OFK!EHE8CFR W W�C-NUN�K�RkG ,
{ p > 1 GHE8K @²>FE G0� C`R OFCIJwGTW K EHS�I 1 J{EHKA;{>�ITJAJDS!EHK!RgW*K K�RkGHE8K ;{K!WTILK 1 `+WiG8E8>AGHSSbIJ K�WJILK�OO>AEYJ{>AGKJ{CFR , 9<; 1 WH�)RBC`R

WHK 1 ;{KSN�K�RkG ;{K!W~J R²WHK�EHGKJ{CFR W K*G�ILS�; S�GKJ{CFR²W�RBK WHCFRkG/@²>`WF; S�GHU²>-; K�W @DC 1 E~; >�@DCF@ 1 ; >OGYJ C`R(�SN >-J{W C`RT@ K 1 G"N$2SN�K�ITJ{E8K

8Ih
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N�OQPSR t_, M T � YUCEMO8z695PC]W L.CgS?Q	WAWNQ�X?Q MAh�` 65WNQ�4X4 � 5ZW;4HQ<D�6>5PCkW;4kQH6 XK:<MA:H6>5PCkWG4 hgM :,hE61CE57D3Q<4�X?QIBXC X?C]WG4�	 � � � � 	
� � � � � �"[ . RTD,CgL.CU4HCgL.Q�4c5ZW;576>5Phg8��
X?Q�	�� � ������fH57694m[

��������� j �����

� '
� �

� '
� �

N�OQPMR tT, 8�T \�l �ML � ^ CXF	6>57L$hEMN` � XKCkWAWNhkW 6 MAh;` 6 W	Q<4,4 L.h �K57L$hEMAQ$hkYgQXB MAh 4�69D�8;BH6>8zD3Q MAh F	MO8T4 4�57L�FNMAQ��][

L 1 p KS;.; K�W?W C`RkG�s >�OFCFE6>%Hg; K�W�@ 1 J{WYL 1 p K�R s >%J G!� CFR�C-H W K!EKO`KT> 1 W8WrJ L 1 K5;{K#RBCIN HBE8K'ILK W!>FW?ILK'R²CFRTd W*C`REO`K�EYbFK!RgW*K
ITJ.NUJ R 1 K#IB>FR²W�;{K[W�>FW�ILK�W�J{R²W K!E GYJ C`R²Wrd ILS�; S�GKJ{CFR²W ,

u�R s >%J G!�2;{CFE6WKL 1 p CFR�> 1 b-N�K!R`G8Kc; > G8>%J.;.; KTIFp 1 R W6U²EHCIN;CkW CIN�K?�-;{K!WxJ{R²ITJ.O2J{I 1 W�W C`R`G�WHC 1 NUJ Wxw 1 RBKTILC 1 H_;{K
@BE8K!W8WrJ{CFR'WHSS;{K�W*GKJ.OFK<�'W*KS;.;{KmJ WHW 1 K ILK ; K 1 E�K!R2OEJ{E8CFRBRBK�N�K�RkG ^ s C`RgW�GYJ C`RBRBKS;z`6H_J{K�R W��BE*� ; >�s C`RgW�GYJ C`R#ILK�` 65WNQ�4X40�<�N >%J W'SSbk>%;{KSN�K�RkG 1 RBK S�OO>%; 1 >OGYJ C`R J.N�@_;.J.WSJwG8K�ILK ; > D3C?fH8T4�61Q<4X4<Q�ILK ;{K 1 E W6U²EHCIN;CkW CIN�K?�FW%p K!W Grd w4d ITJ{EHK�ILK ; >N >AR_J{V�E8K'ILCFRkG�;{K 1 E�W�C-N�@ C`E G8KSN�K�RkG�K!W GcBXCkW;4X6>D�8z576 ,

� C 1 W'@DC 1 O`CFR²W'>F@B@DCFEHGHK�E#IBK 1 ` >AEYb 1 N�K!R`G6W'IB>AR W[W*K�WHK�R²W , V�K @BE8KSNUJ K!E W*C`R²WKJ{W GHK w�C-H W K!EKO`K�E[W*K L 1 J
WHKd@²>`WHWHK:K�`L@ S!EKJ{K�RBW*K:@²>AE�K�`L@DS�EYJ K!RgW*KK�rK�R�@²>AEHGKJMW 1 ;.J{K�E�IB>AR W ;{K!W�W!>FW�IFp J R²WHK�EHGKJ{CFR W�K�G?ILK'ILSS;{S*GYJ C`R²WH�TW�C-NUN�K
@²>FE'K�`LKSN�@_;{K�W 1 E5;{>�@gb 1 EHK t_, e �~W�K�EHG8>-J R²W6J{R²ITJ.O2J{I 1 W'CFRkGTGHE8C 1 OFS >FW8W K!] E6>A@gJ{ILK�N�K�RkG 1 R W*CIN;@DCFEHGHK�N�K�RkG
>FIBS�L 1 >OG0�TN >%J W�W*KS; 1 JXd WSJ RBK#W�p K�WiG�@²>`W�N�>-J RkG8K�R 1 IB>AR²W�; >;@ C`@ 1 ; >OGYJ C`R ,V/K�W K'W*CFR I OEJ{K�RkG�ILK ;yp KS`B>%N�K�R L 1 >-;XJ G8>AGKJXsJILK!W�W*CIN;@DCFEHGHK�N�K�RkG8W#>`ILS�L 1 >AG8W @BEHCLI 1 JwG6W , V<p >AR²>-;XRLWHK�ILK!W
E8S!W 1 ;wG6>OG6W?K�`L@DS�EYJXN�K!R`G6> 1 ` N�CFRkGHE8K L 1 K IBK 1 `+W GHE6>OGHS�b-J{K!W?WHCFRkGZNUJ W K�W?K!R \ 1 OrEHK @ C 1 EJ@BE8CLI 1 J{EHK 1 R W*CIN�d
@DCFEHGHKSN�K!R`G�>FILS'L 1 >OG � IBCFRBR²>FRkG ;{> ` 6 W	Q<4,4 N >4`TJ.N >%;{K0� , V�>]@BE8KSNUJ{V�E8K W*C`R²WrJ W GHK w W�CFR²W GHE 1 J{EHK 1 R a z��
WKJXN�@_;{KI� @²EHCTW6UBKJIBK�;�p a z�� ^ CF@LGYJXN >%;i` ILKZ;{> @Bb 1 E8K tT, 8 �<�FK�R E8K*G6>AE6IB>ARkG0�%; C`E8W ILKZ;yp KS`L@BEHK�WHWKJ{CFR�bFS�R²S*GKJML 1 K?�; > W*E8S!>OGYJ C`R,ILK!WJRG\ 1 IBW!�gW%p K!W Grd w4d ITJ{EHKTK!R 1 GKJ.;XJ W8>ARkGdILK�W�;{K�`LVSN�K!WJWH>FR²W�K<J)K*G=� @²>FEJK�`LK�N;@g; K'K!R,@_;{>Kd�>FR`GJ> 1
ILS�H 1 G;IBK ;{>�W S'L 1 K�RgW�K�ILK ;{K�`LVSN�K�W ILK�W[J{R²WiG8E 1 W�GKJ{CFR W#ILK N >FR_J @ 1 ;{>AGKJ{CFR ILK ;{> ;.J WiG8K L 1 J�WHCFRkG J.bFRBC`EHS!K!W!�; > ;XJ W GHK S�G8>FR`G7O2J{ILKU� , a�J{R²WKJ9� 1 R�IBK!WJ>-bFK!R`G6W?@DC`W8W V�ILK 1 R W6UBEHCIN�C`WHC-N�K#ILK;M hE\ H_J G8W!�FW*CLIB>FR`Gc; K�WZ;{K�`LVSN�K�W

8g+
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N�OQPSR t_, e;T � YUCEMO8z6>5PCkW X?Q MAhS` 65WNQ�4X4 � 5ZW;4HQ<D�6>5PCkW;4�QH6.X?:HMA:<6>5PCkW;4&hgMA:XhE61CE57D3Q�49XKQ&BXC X?C]WG4�	 � � � � 	 � � � � � �"[
. RTD3CEL$Cg4HCgL.Q�4 5ZW 57695PhE8��
XKQ � ��� � � ����f<57694	[
W 1 JXOO>FR`G6W~�

� ; � ����� � '/.�0/� � ���!��"I�+��� � ���!�?"#�+��� ��� ��������� � � �/��"#�$�%� � '�.�0�� ��� ������� � � �!�
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q K!Wm; KS`LVSN�K!W @BEHCLI 1 J{WHK�RkG 1 R a z�� @BE8K!WYL 1 K�J ILK�RkGYJ.L 1 K7w[W*K�; 1 J)ILKc;{> @gb 1 E8K t_, 8 �`>�OFK'W 1 R�>FEYW�S�GKJML 1 K*G8S� � 5 � � ; � ; 
 ; 
 ; �?K*G5;yp > 1 GHE8K[��� 5 � 
 ; 
 ; � , q p K�WiG 1 R]KS`rK�N�@_; KUJ{RkGHS�E8K!W8W8>ARkGTIBK ;�p 1 GKJ.;.J{W8>OGYJ C`R�ILK�WT@BE8CF@BEYJ S�GHS�W
I 1 ; >AR_bk>%bFK�ILK W�CFR²W GHE 1 W�GYJ C`R�IBK ;�p a z�� @ C 1 E >-H C 1 GKJ{E[w 1 RBK�W GHE 1 W�G 1 EHK WKJXN�@_;{K[L.hgM V?D3: ;{> W*CIN�@_; KS`TJwG8S
@DCAGHK!RkGKJ{KS;.; K#I 1 b`E8>F@BUBK ,
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V/K�W1>%b`K�RkG8W 1 GYJX;.J WH>FR`G ;{>'WHK�W�CFR²ILK�W GHE6>OG8SSb-J{K�W*C`R²WiG8E 1 J{WHK�RkG 1 R a z�� E8KS; >OGYJXO`KSN�K�RkG<W*CIN;@g; KS`rK�N >%J W�ILC`RkG

WHK 1 ;{K 1 RBKd@DK*GYJwG8KT@²>AEHGKJ{KJK�WiG�EHS!KS;.; K�N�K�RkG 1 GYJX;.J W S!K��r@ C 1 E�W*KS; >G�k@_; 1 WKJ K 1 E8WsWHC-; 1 GKJ{CFR²WsWHCFRkGsK!R2OEJ W8>%bFK�>%H_;{K!W �%;{KbFE6>A@²UBK @DK 1 G[W�C-N�@LGHK!Ed@g; 1 WKJ{K 1 E6WcW�C-N�@DC`W8>ARkGHK�WcW�CFRBRBKS`LK!W=�(W*CINUN;KUW*K�; 1 J�IBKA; > @Bb 1 E8K t_, f ���)C 1 ; K�Wd>FEYW!W
@²>FE G6>ARkGZILK�W/RG\ 1 I²W ^ 1 GKJ.; K�W `5OFK�E6W�IBK!W/R;\ 1 IBW<W 1 @DK�E � 1 WZW C`RkG�S*GYJ.L 1 K�GHS!WZ@²>FEZILK�W W*C`R²ITJ GKJ{CFR²W J E8E8S!>%;.J WH>-H_; K�W�nG8KS;.; K�W L 1 K ; > W�CFR 3 C`RgW�GYJ C`R�� � 5 � � 5�� � , q K�GAa z�� W�CFR²I 1 JwG IBCFRgW�KS`L>IW�G8KSN�K�RkG > 1 N=2�N�K W*CIN;@DCFEHGHK�N�K�RkG
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L 1 Kx;{>dW CI; 1 GYJ C`R ^ CF@LGYJXN >-; KY`N��N >%J W<>�O`K�W<W�K*GHGHK s C-J W 1 RBK 1 GKJ.;XJ WH>AGKJ{CFR;ILK!W<@BE8CF@BEYJ{S*GHS�W�I 1 bFE6>A@BU²Km; 1 J d N$2SN�K ,

 R�W�C-N�@BE8K�R²I N�J{K 1 `N��>-J R²WKJ>�x;{K]E3+I; K&@ CkWrJ GKJXs;IBK!W J R W K!E GYJ C`R²W�K�G�IBSS;{S*GKJ{CFR W�>-; S�>OG8C-J{EHK�W�ILK W*CLILC`R²W ,

q K!W�C`@ S!E8>AGKJ{CFR²W�RBK'WHCFRkGs@ >FW�K�R�KS;.;{K!WrdyN$2SN�K�W�@g; 1 W�R 1 J WKJXH_;{K!W�L 1 K'ILK'WKJXN�@_;{K!WxN 1 G8>AGKJ{CFR²W!�L@ 1 J WKL 1 KTRBCFGHE8K
; >AR_bk>%bFKsILK�W*C`R²WiG8E 1 W�GKJ{CFR;IFp a z�� RBK�ILS�@DK�R²IUL 1 Kxs >%J.H_;{KSN�K�RkG1K*Gv;{CTW�>%;{KSN�K!R`G�ILK�;yp C`E8IBEHK�ILK!W J{R²W GHE 1 W�GYJ C`R²W ,
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W�p J{RkGHS�E8K!W8WHK w ;�p SSO`C-; 1 GKJ{CFR ILK ;{>�G6>%J.;X;{K�ILK�W W6UBE8C-N�CkW CIN;K�W hg8 BXCE8zDX4 XKQ�4eQ �<F;:<D�5PQ	W	BXQ<4X�<CFR W�CFR²W G8>AGHK 1 R²K
> 1 b-N�K�RkG8>AGKJ{CFR ��> 1 G8EHK�N;K!RkG;ITJ G!�$JX;sK�`TJ WiG8K 1 R H_J >%J W WHSS;{K�W�GYJ s?K!R s >�O`K 1 E IBK!W�W6UBEHCIN�C`WHC-N�K!W'@g; 1 WA;{CFR_bkW,�<�L 1 J/K�WiGdI~p > 1 G8>FR`G?@g; 1 W?RBK*GHGHK L 1 K[;{K!WZW6UBEHCIN�C`WHC-N�K!W�ILK#ILS!@²>AEHGJWHCFRkGZW*C 1 E G6Wk�(W�s , @gb 1 EHK�W tT,.+�h w t_,X+ M?� , _ ;
WHKSN Hg; KK�F@DC 1 Ex; K�W�@DCF@ 1 ;{>AGKJ{CFR²Wxw[W6UBE8C-N�C`WHC-N�K�W ; C`R_b`W!�IL 1 p CFR CIHLGKJ{K�RBR²K 1 RBK:WiG6>%H_J.;.J{W8>OGYJ C`R�> 1 G8C 1 EsILK PIt-hH_J G8W �(OFCIJ E�RBCFG8>%NUN�K�RkG�;yp KS`L@ S!EKJ{K�RgW�K'ILK5;{>c@gb 1 E8K t_,X+'8 � ,
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q K*GHGHK;K�`L@DS�EYJ K!RgW*K K�R]WrJ.N 1 ; >OGYJ C`R�>�@ C 1 EdCIH 3 K�W*GKJXssILK GHK�WiG8K�E6; > W�>F@²>-WSJwG8S;I 1 N�CLILVS;{K�w bFS!RBS�E8K�E:ILK!WW*CIN�@ C`E G8KSN�K�RkG8W ; K�W�@g; 1 W�WKJXN�@_;{K!W�@ CkWHWKJ.H_; K�W�> 1 O 1 ILK ;{> G,W-W6U²K w >IWSW*CIN�@_;XJ{E0�mN$2SN�K&WKJ6W*KS;.;{K�d W�J:K!W G
E8KS; >OGKJ.OFK�N�K�RkG6W�C-N�@_;{K�`LK , q K�@BEYJ RBW�J{@ K ILK�@²>FEYWSJXN�CFRgJ K�b 1 J ILK�RBCkWdE8K�W6U²K�E]W6UBK!Wc; C`E8WTILKU; > W*CFRBW*K�@BGKJ{CFR&IBK
W*CIN�@ C`E G8KSN�K�RkG8W�@ C 1 E ILK�W�>%b`K�RkG8WY- =I8 / , _ ;BRBC 1 W1@²>AE6>�^ G�K!W8WHK�RkGKJ{KS;²IBK�OFS!EKJA@²K�E<L 1 KK�FILK�; >6N$2SN�K�s >Kd*CFR L 1 p JX;
WHK�E6>%J GZwU;�p \ 1 OrEHK'IB>FR²W�;{K'@BE8CTW*K!W8W 1 W�ILK[; > W S�; K'W�GYJ C`R�R >OG 1 EHK�;X;{K?�BJX;~;{K WHC-J GJ> 1 W8WKJ�IB>AR W�RBCAG8EHK5N�CLILV�; K ,)/ p JX;
ILK�O�>-JwG�S'W6UBC 1 K!E!�TW�KS; >AN�C`R`G8EHK!E8>-JwG�L 1 KTRBC 1 W�>�OFCFR W J{R2OFCI; C`R`G6>%J{EHK�N�K�RkG J{RkGHE8CrI 1 JwG 1 R H_J >%J W � bK2�R²>FR`G���IB>AR W
RBCFGHE8K7N�CLILV�; K ,
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V<p K�R2O2J{EHC`RBRBKSN�K!R`G�K�WiG 1 R ;{>-HERrEYJ RkG8UBK[w W�>`W K�W , 
 R�IBS<@²R_J G 1 R+>%bFK!RkG�
 ��� ITJ{WH@DC`W8>ARkGJILK!WZ; KS`LVSN�K!W?IBKW*C`R²ITJ GKJ{CFR&K*G#IFp >-W�GYJ C`R�IBS�W*EYJ G8WTIB>AR Wc;{K;G8>-H_; K�> 1 tT, M , V/KUW*CIN;@DCFEHGHK�N�K�RkGTWHC 1 U²>%J GHSUW*C`R²WrJ W GHKUw�WHCFEHGKJ{E'I 1; >%H2RrEKJ{RkGHUBKdK�R�@²>AEHG8>FR`G�ILK6;�p K�RkG8EHS!K?�2; K:@_; 1 W�E6>A@_J ILKSN�K!R`Gs@ CkWHWKJ.H_; K , � W6U >-L 1 K:@²>FW�ILKdGHK�N;@ W�; K 
 � � @DK 1 G
K<J)K�W*G 1 K!E 1 R²K ILK!Wd>-W*GKJ{CFR²W�@ >AEYN�JI�²>�OO>ARgW�K�E?IFp 1 RBKAW�>FWHK?�BGHC 1 EHRBK!EJW 1 EJ@_; >-W�K#IFp 1 R L 1 >AEHGdILKTG8C 1 EcOFK�E6W�; >b`> 1 W6UBK'C 1 GHC 1 EHR²K�EdI~p 1 R L 1 >AEHGdILK'G8C 1 E7OFK!E8W�; >�ILE8C-J GHK , V�K!WcW*CFR ITJwGYJ C`R²WJWHCFRkGdIBK!WJGHK!W G8WdW 1 EZ;{K!W = W�>`W K�W
RBC`E8Ii�kW 1 Ii�FK�WiG K�G C 1 K!W G�> 1 G8C 1 E�ILKcW�KS;.; K?C ��W K?GHE8C 1 O`K�Ev;yp >-bFK�RkG ,-{ >FR²W GHC 1 GHK!Wm; K�W�KS`r@DS�EYJ{K�RgW�K!W!�%; K�
 ��� K!W GJ{R_JwGYJ{>-; K�N�K�RkG?@_; >-W*S7s >IW*K5w 1 RBK'@²>FEHCIJ)@ C 1 E�; K6s C`EYW�K�E�w ILK�OFC-J{E�@BE8K�R²ILE8K'> 1 N�C-J{R²W?ILS'W�J WrJ{CFR�@ C 1 E�b`>-bFRBK!E
ILK�W�@ CIJ RkG8W ,

{ K�N$2�N;K L 1 K @DC 1 E5;�p K�`L@DS�EYJ K!RgW*K I 1 � ��� � - � �BJ.; s > 1 G > 1 N�C-J{R²W 8 M W*CLILC`R²W �F; > W*E8S!>OGYJ C`R&I 1 W�CrIBK
bFS!RBS*GYJ.L 1 K�K�G�ILK!W W6UBE8C-N�CkW CIN;K�W IBK!WUJ{R²ITJ.OEJ I 1 W J R_J GKJ > 1 `�W C`RkG�s >-JwG6W�IB>FR²WU; K�WUN$2SN�K!W W�CFR²ITJ GKJ{CFR W L 1 K
@BE8S�W�S!ILK�N�N�K!R`G ,

� #-��&��B�$n ?A�B�$�"&(��&��B�$n

 ; >-;X;{K�E�K!R�>�OO>FR`G � 5 OrE6>%J WrJ ;{>UW�>`W KTK!R�>�OO>FR`G�K!W G�;.JXHBE8K

 ; G8C 1 E8RBK!EdIFp 1 R L 1 >FE GdIBK G8C 1 EcOFK�E6W�; >

IBEHCIJwG8K
� 5 OrE6>%J WrJ ;{>UW�>`W K5w�ILE8C-J GHKTK!W G�;.JXHBE8K

� ; G8C 1 E8RBK!EdIFp 1 R L 1 >FE GdIBK G8C 1 EcOFK�E6W�; >bk> 1 W6U²K
� 5 OrE6>%J WrJ ;{>UW�>`W K5w�b`> 1 W6UBK:K!W G�;XJ.HBE8K
� 5 OrE6>%J WrJ ;{>UW�>`W KTK!R�>FEHEYJ{V�E8KJK!W G�;.JXHBE8K

RTSVU�R t_, M T \�Q �da<L.Q<4�X(l h?BH695PC]WG4cQH6 XKQ=BXC]WcXg576>5PCkW;4�XIl 8&W 
 � � [
9�C 1 ETG8C 1 G8K!W5;{K!W K�`L@DS�EYJ K!RgW*K�WH� 1 R]G8KSN�@²W5;.J.N�J GHS�K!W G ILCFR²RBS?��W GHEYJMW�GHK�N�K�RkG W 1 @ S!EKJ{K 1 E > 1 RBC-NAHBE8K�IBK

@²>`W1ILK�GHK�N�@²WvNUJ RgJXN >%;²@ C 1 E WHCFEHGKJ{E�I 1 ;{>-HERrEYJ RkG8UBK ,%Q RBK�SSOO>%; 1 >AGKJ{CFR W K�G8K�EYNUJ RBK�;{CFE6WYL 1 K ;{K�
 � � >'>OG G8KSJ{RkG; >�W!>FWHK:IBKTWHCFEHGKJ{K?�LC 1 ;{CFE6WYL 1 KZ;{KTGHKSN�@²W�J.N�@²>AEHGKJ K�WiG�S'W*C 1 ; S , V/K!W�S�OO>%; 1 >OGYJ C`R²W�W C`R`Gxs >%J GHK�W�W6U²>-W 1 RBK'W 1 E 8
K!W8W8>%J WdILC`RkG7;{K!W:RBCFGHK!WTWHCFRkG:> 3 C 1 G8S�K�WH� >g@ R&ILK�N�C4RFK�R²RBK�E7; K�W6W*C-N�@DCFEHGHK�N;K!RkG8WdK�`L@BEYJXN�S;@ C 1 E'ILSSHBE 1 J GHK!E;{K'RBCFRTd ILS�GHK�EYNUJ RgJ{W GHK ,V�>=@²GHRBK�WHWJK!W GcW�>-;.W 1 ; S!K#K�Re@ R�IFp SSOO>%; 1 >OGYJ C`R(�gw ;yp >%J ILK IFp 1 R b`E8>`ITJ K!RkGJILS�W�EHCIJ{W8WH>FRkG���ITJAJ 1 WHS w @ >AEHGKJ{E
ILK�; >'W C`E GYJ K ,I/ >6OO>%;{K 1 E<R K�WiG >-; C`E8W ; >'ITJ WiG6>ARgW�K?ILK � >FRBU²>OGHG8>FR;K!RkGHE8K�;{>'WHCFEHGKJ{K�K*Gm;yp K!RkGHE8S�K�I 1 ; >%H2RrEKJ{RkGHUBK ,V/K�W'C-H WiG6>-W�;{K!W.� @²>AE8C-J WX�:RBK�W C`RkG#@²>FW'@²EKJ WTK�R W�C-N�@LGHK , { K W*KUs >-JwG0� ;{K @_; 1 W WHC 1 O`K�RkG!�F;{K W6UBK�N�J{R ILK�@ 1 J{W;yp K!R`G8EHS!K5OFK!E8W�; > WHCFEHGKJ{K#I 1 ;{>-H2RkEYJ{R`G8UBKTGHE6>�OFK!E8WHK6H K�> 1 W�C 1 @,ILK N�J{R_J.N > K*GZN >%`2J.N >U; CTW!> 1 `�I 1 bFE6>FITJ{K�RkG ,V/K5W!>%;MW 1 ;�IBK7; >c@BGHR²K!W8W��+WHK6s >%J G�W*C-NUN�K#W 1 JwG"�

� ��� � � &	� E
C�� �,K!W G�;{>�@DC`WKJ GKJ{CFR�@²R²>%;{KTK*G E�
 � ;{K:GHKSN�@²W�JXN�@²>FE GYJ/EHK�WiG6>ARkG ,q K*GHGHK @BGHR²K!W8W�@BE8S!WHK�RkG8Km;yp J{RkGHS�E,2*G1ILK�RBK�@ >FW 2*GHE8K 1 RBKms C`RgW�GYJ C`R W GHEYJ.W*GHK�N;K!RkG$W*E8C-J W8WH>FR`G8K ILKx;{>J@BE8C�`2J.NUJwG8SwU; >;WHCFEHGKJ{K?� >%J{R²WrJF;{K'@BE8C-H_;{VSN�K5H_J{K�R L 1 K#WKJXN�@_;{K'R~p K!W GJ@²>`W�RBCFR�@_; 1 W�G8EKJ.O2J{>-; ,B/ KS;{CFR ;{>As C`EKN�K'K*G�; >;G8>-JX;.;{K
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