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� � R T�RN`�� Z TWO�`oLNFjD���S+D�VIH^O�DGR_A �KH|A
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CND
TWw$A
LUThYUO�DGTWRNH^REn;`hZ+AICND O�DGFPF
TWnWD
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D�VIDGF A
HJRNn�D��ETWO�SEY^DWp > `oMNYJD�FPCN`��KF*CE`
�#wG`oO�O6LNRNHJw�ThAIH^`oR�M+D$A��rD�DGR
TWREH^O�TWY^F w�TWR�T�eW`oH^Q�S[`WA
D�R_A
HXThY^YJf�CNTWVIO�Z\LNY w�`oR 7UHJw�AIF 3 > `oMNYJDWpG� �6�3� 4 � { `WV&T6wG`WO�SNVPDGCND�RNFIH|eoDjFPLNVPeWD�f�`WZ<TWREH^O�TWY
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VP`�QELNwGD�Q M_f VID�FIDGTWVIw>C `oR FI`xwGH^TWYvH^REFIDGw$A
F�p A
CEH^F AgfxS+D `WZ;w�`oO�O�LNRNH^wGThA
HJ`oR#VPDGY^HJDGF `WR HJR_A
DGVITWw�AIH^`oREF��KHJA
C
AICND DGR_exH^VP`oRNO�DGR_A � � CED�TWnoD�RcAIF�TWw�A�`oRkAICND DGR_exH^VP`oRNO�DGR_A>ThYrO�DGQNH^T?TWF�AICND�f �*`oLNY^Q HJR T w�`oO�O�LNRNH^wGThA
HJ`oR
O�DGQNHJLNO � � CED6O�D�FIFITWnoD�AICUThA wG`oRNFPH^F A
Fv`WZmw>CNTWRNnoD�FvH^R3A
CND6D�R_e�HJVI`oREO�D�RcAGp HJF QND�Y^H|eoDGVPDGQ �KCEDGR7FILEw>C:w>CNTWRNnoD�F
TWVPD FPDGRNFPDGQ�M_f�TWRN`WAICNDGVrTWnoDGR_AGp�S[DGVPCUTWSNF A
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AICNDvY^H|A
D�V
ThAILNVID��m�xA
LEQNH^D�F&`oR Z\`oVITWnoH^REn�TWREQ�FI`oV A
H^REn�A>TWF��cF 3 ��D�Y^CcLNHJFIC3D�A�TWY �Jp 6/232 :�pEqrDGw �hDGVPF D�A TWY �Jp 6�232 "&4 TWREQ
QNHJFPAIVIH^MELEA
D�Q3MELNH^YJQNH^RNn�`hZ2RND�FPA�FPAIVILNw$A
LNVPDGF 3 qr`WRUTWM[D�TWL�D�A TWY �Jp 6�23232 4 VID�YJf�`oR�F A
H^nWO�D�VInoHJwvwG`oO�O6LNREH^w�T A
H^`WR��
@ RN`WAICNDGV�D��ETWO�SNY^D�H^F;A
CND�VIDGFPD�TWVPw>C `WZ + LNM[D�TWRNQ q*`oRUTWM[D�TWL �KCN`7TWw>CNHJD�eWD wG`x`oS[DGV
T A
HJeWD `oM 'PDGw�A�A
VITWRNF �

S[`oVPA �KHJA
CE`oLEAvQEH^VID�w�Ajw�`oO�O6LNRNHJw�ThAIH^`oR 3 } � + LNM+D;TWREQ � � � CUThRNnNp 6�262 "Ep + LEM+D��*ThRNQ � CNTWRNnNp 6/232 �64 � � R A
CND�H^V
F A
LNQEf `oR O6LEYJA
H �gVP`oM+`hA wG`WO�O6LERNH^wGThA
HJ`oR q&TWYJw>C ThRNQ @ V��cH^R FICE`
��A
CUThA3F A
H^nWO�D�VInWf w�TWR M+D FPL�"�wGH^D�R_A?A
`
w�`oO�SEY^D�AID A
CND A>ThF��cF:AICND�f w�`oRNFPH^QND�VGp�MNLEA A
CNThA:QNH^VPDGw�A:w�`oO�O�LNRNH^wGThA
HJ`oRBH^F ThMNY^D A
` HJRNwGVPD�TWFPD D "�w�H^D�RNw�f
3 q&TWYJw>C?TWREQ3@ V��cH^R p 6�232 "&4 �
@ RN`WAICNDGV�H^REFPA>ThRNwGD;`WZuHJRNQNHJVIDGw$A�wG`oO�O6LNRNHJw�ThAIH^`oR�O�T
�hDGF�LNFID;`WZuQEH^VID�w�A�FID�RNFIHJRNn `hZu`WAICNDGV�VI`oM[`WAIFKAICUThA�w�ThR

M[DaH^R_A
D�VISNVPD�AIDGQ�TWFuD�RcexHJVI`oRNO�DGR_A
TWYNwGLEDGF�� � AmH^O�SNY^HJDGF�A
CNDaThMNH^YJHJAgfsA
`vQEH^FIw�VIHJO�HJRUThA
D VI`WM+`WAIF2Z\VI`WO `WAICNDGVz`WM"'PDGw$A
FGp
FP`��gwGTWY^YJDGQ �&�����,� � " ��� ��% ��"&� � ��`oM[`WAIFvH^R Z\`oVPO T A
H^`WR?LNFPLUTWY^Y|f?LEFID�A
CNHJF �cH^RNQ7`hZrHJRcAIDGVITWw�AIH^`oR 3 �KD�fxRN`oYJQNFGp 6�2 :<9xp
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tvHJVIDGw$A'wG`oO�O6LNRNHJw�ThAIH^`oRj`xwGw�LNVIF �KCND�R�TWR�TWnoDGR_A<FID�RNQNFuTKQNHJVIDGw$A2FPH^noRNTWYoA
`KA
CND `WAICNDGV'TWnoD�R_A
FGpWDGHJAICNDGV�MNVP`_TWQNwGTWFPA
`oV�S[`oH^R_A � A
`��gS[`oH^R_A � � R 3 �?T A>TWVPH^wWp 6�232 "&4��?ThA>ThVIH^w?FPA>T A
DGF�A
CED:S[`WAIDGR_A
H^TWYv`WZ�QNH^VPDGw$A
DGQ w�`oO�O�LNRNH^wGThA
HJ`oR#A
`
` eoD�VIw�`oO�D;Y^HJO�H|A
D�Q TWMNHJY^H|A
H^D�Fr`WZ<VI`WM+`WAIF��

� O�SNYJDGO�DGR_A>T A
H^`WRNF&LNFPLUTWY^Y|f HJR_eo`oY|eoDsTWR�D���w>CUThRNnoD;`WZ'H^R_A
D�VIRUTWY FPA>T A
DGFK`oVaFPDGRNFPH^RNn�HJREZ\`oVIO�ThAIH^`oR��<l��ETWO�SEY^DGF
HJRNwGYJLNQND 3 ikD � RNHJA -GD�VGp*� �3�,6 p ! TWLNnWCUTWR�D�A TWY �JpG� �3�3� Txp / TWRNw�` TWREQ?�cA
DGHJR�p 6�232 �64 �
��LNw>C w�`oO�O6LNRNHJw�ThAIH^`oR H^F7LNFPLUTWY^Y|f HJO�SEY^DGO�DGR_AIDGQ �KHJAICBV
TWQEH^` `oV7HJREZ\V
T�� VID�QBQND�exH^w�DGF�� @ F7HJA H^R_eo`oY|eoD�F

T FICUThVIDGQ O�DGQNHJLNO FP`oO�D7FP`oY^L�A
H^`WRNF CUT�eoD A
` M[D7Z\`oLNRNQ A
` T�eo`oHJQ wG`oYJY^H^FPH^`oREF TWRNQ Y^`WFIF�`WZ�O�D�FIFITWnoDGF�� � R
3 i ThRNn ThRNQ3ymVPDGO�exLEAIH p 6�262 "Ep�ikTWRNn�D�A TWY �Jp 6�232 754xTKQEDGwGD�R_A
V
ThY^H^FPDGQ�O�D�QNHXTKTWw�wGDGFPF<SEVI`WAI`�w�`oY_H^F QND$]URND�Q �KHJAICNH^R
AICNDjZ\V
TWO�D��*`oV�� `WZ2O�`oMNHJY^D VI`oM[`WA
HJwGF��

� CND Z TWw$A
`oV `WZ FPCUTWVID�Q O�DGQNH^T;HJFrTWYJFI`;`WZ SNVPH^O�TWVPf6H^O�S+`oV A>TWREwGD �KCNDGR�w�`oRNFPH^QND�VIH^REn;AICND FPw�TWY^TWMNH^YJHJAgf�`WZ FI`WY^L �
AIH^`oRNF�� � REQNDGD�Q?Z\`oY^YJ`��KH^RNn � TWnoD 3 � ThnoDWp 6/232  &4'HJR3CEH^FKwG`oREFIH^QEDGV
T A
H^`WR3`hZunoVP`oLNSNF�`WZ ��-GH^YJY^HJ`oRNF ��`WZuVP`oM[`WA
F�p[H|AKH^F
HJRcAIDGVPDGFPAIH^RNn A
`vF A
LNQEf�Y^`xw�ThYxFP`oY^L�A
H^`WRNF<HJR_eo`oY|e�HJRNn YJH^O�HJAIDGQsV
TWREnoD&V
ThQNH^`�QND�exHJwGDGF �KCE`oFID&YJ`�wGTWYcLNFIDr`WZ~MUTWRNQ �KH^QEAIC
D�RUTWMNYJDvFILNw>C�FPw�TWY^TWMNHJY^HJAgf
� �KDGFPD�TWVPw>C3HJR�AICNH^F*QNH^VPDGw�AIH^`oR�H^RNw�Y^LNQEDGFrAICND �*`oV���`WZ�@ VITWH[D�AaThY � 3 @ VITWH D�A�TWY �Jp 6�232  64 p
/ `oFPCNH^QNT�D$A TWY � 3 / `oFPCNH^QUT�D�A�ThY �|p 6�232 :64'TWRNQ��xA��Wf 3 �xA �Wf[p*� �6��6 M�p~�cA �Wf[p*� �3�,6 T&4 �
�xA �Wf 3 �xA �Wf[p*� �6��6 T&4<Z\LNVPAICNDGV QNH �+DGVPDGR_A
H^ThA
D�F QNHJVIDGw$A
D�Q7wG`oO�O6LNRNHJw�ThAIH^`oR3H^R_AI` ����%�$ /�% � � ThRNQ / $���% � / � % wG`WO �

O6LERNH^wGThA
HJ`oR�� � CED6YXThAPA
D�V H^F�A
CND;AgfxS+D�`WZmw�`oO�O6LNRNHJw�ThAIH^`oR �KCNDGVPD6A
CND�SNC_f�FPH^wGTWY2FPH^noRUThY'AICUThA AIV
TWREFIS[`oVPAIF A
CND
O�DGFPF
TWnoDsHJF&RN`WAKw�`oRNFIHJQNDGVPDGQ�A
`�wGTWVIV f�TWR_f O�D�TWREH^RNn � 4jR�AICNDs`WA
CND�VaCUTWRNQ�FPHJA
LNThA
D�Q3w�`oO�O6LNRNHJw�ThAIH^`oR�`�w�wGLNVPF
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�KCND�R �WM+`WAIC?A
CED�SNC_f�FPH^wGTWYuSNVP`oS+D�VPAIH^DGF `WZzA
CND�FPH^noRNTWY'AICUThAvAIV
TWREFPZ\DGVPFvA
CND�O�DGFPF
TWnWD�TWRNQ AICND�wG`oR_AIDGR_As`WZmA
CND
O�DGFPF
TWnoD�wG`oR_A
VPH^MNL�A
D�AI` HJAIF O�D�TWRNHJRNn � ��@ R7D��ETWO�SEY^D;H^F nWHJeoD�R

�
�KCNDGR:T S[DGVPFI`oR7FIT�f�F��WO�` eoD;A
`��rTWVIQNFjO�D �

AICND�CED�TWVPDGV �xRE`
�KF�Z\VI`oO A
CND;QNH^VPDGw$A
H^`WR3`hZ2A
CED�FP`oLNRNQ?TWRNQ�A
CND;O�DGTWRNHJRNn�`WZ2AICND�O�DGFPF
TWnWD �KCUT A�AI`�QE` � � A H^F
HJO�S[`oVPA
TWR_A*AI`6RN`WAID AICUThArAICNDvFP`oLNRNQ�TWYJ`oRND�QN`xDGF&RN`hA&w�ThVIVPf TWR_f�O�DGTWRNHJRNn6TWREQ�RN`oVrQE`�A
CND FIDGO�TWR_A
HJwGFrTWY^`oRED
�
� CND;O�D�TWRNHJRNn�DGO�DGVPnoDGFaZ\VP`oO AICNDswG`oO6MEH^RUThAIH^`oR�`hZ2M[`WA
C �
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� CND*noVI`WLNS�`WZEwG`oO�O6LNREH^w�T A
H^REnaVI`oM[`WA
F�w�`oRNFIHJQNDGVPDGQ6HJR;AICNH^F�F A
LNQEfsZ\`oVPO T�w�`oO�O6LNRNHJw�ThAIH^`oRjRND$A��r`WV�� �mqrDGwGTWLNFPD
`WZ�A
CND TWFPFILNO�SEAIH^`oRs`WZ�Y^HJO�H|A
DGQ wG`oO�O6LNRNHJw�ThAIH^`oR V
TWRNnWD*ThRNQjA
CNDmZ\`�w�LNF�`oRsQNH^F A
VPH^MNLEAIDGQsFI`WY^LEAIH^`oRNF�p A
CNHJF'RED�A��*`oV��
HJF�T � $ 	 % ��� � " � / � � " � � ���,��	 � � � � ��% �."&� � � � R FPLNw>C T?FIw>CND�O�D �KCND�R QUThA>T REDGDGQEF6A
`7M[D FID�RcA�AI` T VI`oM[`WA
AICUThA�QN`xDGF�RN`hA�FPA>T�f �KHJA
CEH^R V
ThRNnoD�HJA �KH^YJYrM[D Z\`oV��rTWVIQEDGQ A
` T7RND�H^noCcM[`oLNV6M[DGYJH^D�eWDGQ A
`7M[D�RNDGTWVID�V6A
`7A
CND
QND�FPAIH^RUThAIH^`oR � � CND SNVP`�w�DGFIF�HJF VID�S+DGThA
D�Q TWRNQ#A
CED QUThA
TkD�eWDGR_A
LUThY^YJf VIDGTWw>CNDGF�H|A
F QEDGFPAIH^RUT A
H^`WR exHXT FPD�eoD�V
TWY
HJRcAIDGVPO�D�QNHXThAIDjVI`oM[`WAIF�� � CNHJF�SEVI`xwGDGFPF HJF �xRE`
�KR?TWF � � � � / � � �," $ % ��� � TWRNQ3O T�f H^R_eo`oY|eoDsFI`WO�DsFI`WVPAK`WZ2noY^`oMNTWY
�cRN`��KY^D�QNnoD;`WZ'A
CNDsRND$A��r`oV�� �

� CND�wG`oRNF A>TWR_AIYJf7w>CUThRNnoH^REn A
`oS[`oY^`WnWf?`hZ AICND�RND$A��r`oV��7O T��WDGFjO�TWR_f VP`oLEAIH^RNn�TWYJno`oVPHJA
CEO�F�LNFID�Q `WR ] �ED�Q
RND$A��r`WV���A
`oS[`oYJ`onoH^D�FuLNREZ\DGTWFIHJMNY^D 1_A
CNDKMUTWREQ �KH^QEAIC�w�`oFPA*`WZ+O ThH^R_A>TWHJRNH^REnjTWwGw�LNV
T A
DKVI`oL�A
H^REnsA
TWMNYJDGFzH^FzAI`�`sCNHJnoC��
� ` w�H^VIw�LNO�eWDGR_A AICNH^FKSNVP`oMNYJDGO #W`oCNREFI`oR 3 #W`oCERNFI`oR p 6�232 "&4<SEVI`oS[`oFID�F�AI`�QEHJexH^QNDjAICND;A
TWF���HJR_A
`�A��r`�FILNMEA
TWF��cF

�

VP`oLEA
D�QEH^FIw�` eoDGV f TWRNQ VP`oLEA
D�O�TWHJRcAIDGRUThRNwGD�� � RNF A
D�ThQ:`hZ �hDGD�SNH^RNn3LNS � A
`�� QUThAID6H^REZ\`WVIO�ThA
HJ`oR�`WR:VP`oLEAIDGFvA
`�ThY^Y
RN`xQND�F�HJR AICND�RND�A��*`oV��[p'A
CND�SNVP`WA
`xwG`WYu]URNQNF;`oRND�`oR:QNDGO�TWRNQ:TWREQ HJFsAICNDGR TWMNYJD6A
`3O ThH^R_A>TWHJR HJA���@ RN`WAICNDGV
�*`oV���F A
LNQEH^DGF 7U`x`xQNH^RNn�F A
VIThA
D�noH^D�F�HJR��KH^VPDGY^D�FIF�TWQ3CN`xwjRND�A��*`oV��cF 3 4 H^O,TWRNQ + H^O3pK� �6��6 4 �
qrDGwGTWLNFID7`hZsCNH^noC Y^D$eoDGY H^R_A
D�VID�FPA Z\VP`oO A
CND3A
D�Y^DGw�`oO wG`oO�SUTWRNHJDGF�prA
CNHJF TWVPD�Tk`hZsVIDGFPD�TWVPw>C H^F�wG`oRNF A>TWR_AIYJf

D$eo`oY|e�HJRNn�TWREQ�RND�� TWYJno`oVIH|A
CNO�F TWVID SNVID�FID�RcAIDGQ3VID�noLNYXThVIYJf
�2@ w�`oO�SUTWVIHJFI`oR�`WZ�QNH � D�VIDGR_AKThY^no`oVPHJAICNO�FmSNVP`oS[`oFID�Q
wGTWR7M+D�Z\`oLNRNQ HJR 3 # � qrVP`�w>C3D�A TWY �Jp 6�232 :64 �v@ Y^Y'`WZzA
CED�TWY^nW`oVIH|A
CNO�FaSNVI`WS+`oFPDGQ FICE`
� noVPD�ThA FID�RNFIH|A
HJexH|Agf�AI` A
CND
HJRNwGVPD�TWFPD;HJR�RN`�QED;RcLNO�M+D�VIFK`oVKRN`xQNDjO�`WMNH^YJHJAgf �

� R CNH^F�VID�FIDGTWVIw>C7`oR?F��rTWVIO�SNVP`onoV
ThO�O�H^RNn�luehTWRNF 3 luehTWRNF�p*� �3�3� 4'D��ESEVIDGFPFID�FjQN`oLNMEAIFjTWM[`oLEAKA
CED�RND�DGQ Z\`oV
RN`xQND�� A
`��gRN`xQND�VI`oLEAIH^RNn3SNVP`WA
`xwG`oYJFsH^R:FILNw>C TWR DGR_exH^VP`oRNO�DGR_A�`hZKTWnoD�RcAIF���@ S+`oFPFIHJMNY^D�TWY|A
DGVPRUThAIHJeoD�w�`oLNY^Q M+D
Z\`oLERNQ�HJR�A
CNDjZ\V
ThO�D��r`oV�� `WZuTWO�`oVISNCE`oLNFawG`WO�SNL�A
H^REn �KCNH^w>C3H^FaQND�FIw�VIH^M[DGQ�H^R�FPDGw�AIH^`oR � � 6 6 ��� �
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�?ThR&� FsQND�FIHJVID�A
`�O�D�TWFPLNVID�TWREQ:w�`oR_A
VP`oYuQNH � D�VIDGR_AsSNY^TWwGD�FsThAjA
CED�F
TWO�D6A
HJO�D6HJF �*DGY^Y �cRN`��KR TWRNQ CUTWFjM[DGD�R
HJRceWDGF A
H^noThA
D�Q ThA YJD�TWF A H^R ]Uw�AIH^`oR 8 FID�D Z\`oV�H^RNF A>TWRNw�D7yzCNH^YJH^S + �rtvHJw �*� F � $ � � :��B�xDGRNFP`oV�RND�A��*`oV��xF�ThVID ThR
D�RNnoH^REDGDGVPH^RNn TWRNF��*DGV AI`kA
CEH^F RND�DGQ�� � CED TWH^O HJF�A
` MELNH^YJQ#TknoVP`oLNS `WZsFPDGRNFP`oVIF AICUThA��r`oLEY^Q M[D7TWMNYJD�A
`
O�`oRNH|A
`oVvQEH �+DGVID�R_AsSNYXTWw�DGFsFIHJO6LNY|A>TWRND�`oLNFPYJf?TWRNQ A
CND�VID�Z\`WVID�O�DGTWFILEVID�QEfxRUTWO�H^wGTWYuSNVP`oS+D�VPAIH^DGFj`hZrSNCEDGRN`oO�DGRNT
FPLNw>C TWF�LERNQNDGV �&T A
DGV�wGLNVPVIDGR_AIF6D�AIw
� � CND RUT A
LNVITWY*O�D�A
TWSNCN`WV�M[DGHJRNn3Z\`WV�HJRNFPA
TWRNwGD�A
CND�w�TWSNTWwGH|Agf `hZKTWR ThRcA
AI` QND�AIDGw$AsTWR?HJR_A
VILEQNDGV TWRNQ FPSNVIDGTWQ A
CND�TWYXThVIO9A
CEVI`oLNnWC?A
CND�D���wGH|A>ThAIH^`oR�`WZzH|A
F�RNDGHJnoCcM+`oLEVIFGp+Y^DGTWQNH^REn�AI` A
CND
O�`oMNHJY^H^FIThA
HJ`oR `hZ<AICND �KCN`oY^Djw�`oY^`WRcf 3 @ QNY^D�VKTWRNQ � `oVPQN`oR�p 6�232 �cp { VIDGCEYXTWRNQ�D$A ThY �|p 6�2 :<754 �
@ QEehTWRNw�DGFsH^R?FIDGREFI`oV AIDGw>CNRE`oY^`onhf TWREQ7wG`oO�SNLEAIDGVvRND$A��r`WV��cF �KH^Y^Y�D�RUTWMNYJD�A
CND�QNDGFPH^noR7`WZmY^TWVInWD�F �&TWVPO�Fj`hZ

O�`oMNHJY^D�O�H^wGVP`oFID�RNFI`WVIF w�`oO�O6LNRNHJw�ThAIH^RNn7A
CEVI`oLNnWC �KH^VPDGYJDGFIF�O�DGQNH^T � � CND�FID QND$eoD�Y^`oSNO�DGR_AIF �KH^YJYaMNVIHJRNn RED��
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`�M+DsZ\`oLNREQ�HJR�DGTWw>C
YJHJexH^RNnjw�DGYJYUTWRNQ�wG`oLEY^Q�M_f6A
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HJ`oR H^R_A
`:FIO�TWY^YJDGV6SEVI`oMNYJDGO�FGp*M+D�w�TWLNFPD�`hZvFPAIVI`oREn
RN`WR �gYJH^RNDGTWVsH^R_A
D�V
TWw$A
H^`WRNF���@ VInoLNHJRNn�A
CUThA�T�VPDGQNLEw�A
HJ`oRNHJFPA�TWSNSNVP`_TWw>C HJF;HJO�S[`oFPFIH^MEY^D�H^R:A
CNHJF�wGTWFID�H^F;RN`WA;A
CND
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S[`oH^R_A�CNDGVPDWpuMNL�A6A
`�SNVID�FIDGR_A�TWR TWYJAIDGVIRNThA
H|eoD�TWSNSNVP`_TWw>C A
CNThA6O�H^noC_A;MNVPH^RNn?T?wG`oREFPA
VPLNw�AIH^`oREH^FPA�H^RNFPH^noC_A�H^R_A
`
FPLNw>C?RN`WR �gYJH^RNDGTWV&SNCND�RN`oO�DGRUT �

� ��� � � � � ��� ��� ��� � 
 � � � � �

� CND VID�FID�ThVIw>C Z\`oYJY^`��KFmT�O�D�AICN`�Q�`WZ HJR_eoDGF A
HJn_ThA
HJ`oR�A
CUT Arw�`oRNFIHJFPAIFr`WZ p_]UVPFPA
Y|fopxQNDGFPH^noREH^RNn�TWRNQ�H^O�SNY^D�O�D�RcAIH^RNnsT
QNHJFPAIVIH^MELEA
D�Q�wG`WRcAIVI`oYxTWYJno`oVPHJA
CEO Z\`oV�A
CED*F �&TWVPO�phH^R;FIHJO6LNYXT A
H^`WR�p�A
`�n_TWHJR�HJRNFIHJnoC_A
F�H^R_A
`KA
CED*QEfxRUThO�HJwGF'H^R_eo`oY|eoD�Q
TWREQ AICND�SNVI`WMNY^D�O�F AICUThAsO�T�f7TWVPH^FID�� � AsO6LEFPAsM[D�M[`oVPRND�H^R7O�H^RNQ AICUThAjAICND�VID�FILNY|A
FsTWVPD�CEH^noCNY|f3QNDGS[DGRNQEDGR_A
`oR A
CND3QND�noVID�D?`WZsThwGwGLEV
TWw$f `hZ A
CED�FPH^O6LNY^ThA
HJ`oR TWRNQ VID�SNVID�FIDGR_A AICNDGVPD�Z\`oVPD?`oREYJf SUThVPA
H^TWYaVID�FILNY|A
F�� � CNH^F�H^F
AICND�VPD�TWFP`oR�AICUThA�A
CND�VIDGFPLNYJAIH^RNn�TWYJno`oVIH|A
CNO�FaTWVPD;AICNDGR p+FPDGwG`WRNQNYJfWp HJO�SNYJDGO�DGR_A
D�Q�`oR?VPD�TWY'VI`oM[`WAIFGpUA>T
�cHJRNn�Z\LEY^Y
TWQ�eWThRcA
TWnoDs`WZ'A
CNDsDGTWVIY|f FIHJO6LNY^ThA
HJ`oR �*`oV�� �
@ FvQND$eoD�Y^`oSNHJRNn T�FIH^O�LNYXThAIH^`oR�AICUThA A
T
�WD�FjTWw�wG`oLNR_A `WZmD�eWDGVPf�H^R_AIDGV
Thw�A
HJ`oR?w�`oR_A
VPH^MNLEAIH^RNn�A
`�A
CND�QEfxRUTWO�H^wGF

�*`oLNYJQ M[D7H^O�SNV
Thw�A
HJw�TWY pKT FIH^O�SNYJD7TWSNSNVP`_TWw>C H^F�HJO�SEY^DGO�DGR_AIDGQ �KCNHJw>C AIVIH^D�F A
` A>T��WD H^R_A
` ThwGwG`WLNR_A�AICN`oFID
ehTWVPHXTWMNYJDGFsVID�Y^D$eWThRcA;A
`�A
CED SNVP`oMNY^D�O wG`WRNFIHJQNDGVPDGQ�� � RkD$eoD�VPf w>CN`oH^w�D�AICUThA�CUTWF;M+D�DGR O�TWQND �KCNHJY^D�QND�FIH^nWRNH^RNn
AICNH^F�FIH^O�LNYXThAIH^`oR:w�ThVID CNTWF6M[DGDGR A
T
�WD�R A
`7ThY �rT fxF6M[D�ThV�H^RkO�HJRNQ AICUThA�AICND ThY^no`oVPHJAICNO �KH^YJYmD�eoD�R_A
LUTWYJYJf M+D
AIV
TWRNF Z\DGVPVIDGQ�`oR_A
`�VIDGTWY VI`WM+`WAIFaCNDGREwGDWp~CN`WS+D$Z\LNY^Y|fopUT�eo`WH^QNHJRNn�H^O�SNV
Thw�A
HJw�TWY+FI`oYJLEA
HJ`oRNF��

� R A
CNHJFrFIHJO6LNY^ThA
HJ`oR�RN`oH^FPD HJFrRN`WArO�`xQND�Y^DGQ TWwGw�LNV
T A
DGY|fopxMNLEAaHJRNFPAID�TWQ H^R_A
VP`�QNLEwGDGQ TWFrZ TWYJFID�FIDGREFI`oV&VPD�TWQEH^RNnoF
`oVKVITWRNQN`oO)O�DGFPF
TWnWD�YJ`oFIF�� � CND�VIDGTWFI`oR3Z\`oVaA
CNHJF�TWSNSNVP`_TWw>C3H^FaA
CUT A�AICND;M+D�FPA �&T�f�A
`�FIHJO6LNYXT A
DjFID�RNFI`WV RN`WH^FID
HJF6A
`7w>CN`x`oFID3T SUThVPA
HJwGLNY^TWV�FPDGRNFP`oVGpmA
CEDGR VIDGw�`oVIQ TWREQ LEFID�VIDGTWQNHJRNnoF�H^R ThY^YrS[`oFPFIH^MEY^D FPHJA
LNThA
HJ`oRNF�FPLNw>C A
CUThA
FPDGRNFP`oV�ehTWYJLNDGF;H^R:A
CND�FIHJO6LNYXT A
H^`WR �KH^Y^YzM[D�VID�ThQNH^RNnWF;Z\VP`oO�A
CEDGFID O�DGTWFILNVPDGO�DGR_A
F�� � D�VID�AICND�SNLNVIS[`oFPD H^FsA
`
AIDGFPA�A
CND VP`oMNLNF A
RND�FIF�`WZaAICND TWYJno`oVPHJA
CEO HJA
FPDGY|Z&A
` �KCEHJA
D�RN`oHJFID�TWREQ RN`WA�A
CND VP`oMNLNF A
RND�FIF�`WZaAICND TWYJno`oVPHJA
CEO
`oR T�SUTWV A
HJwGLNY^TWVKVI`oM[`WA
HJwsSNYXThAPZ\`oVIO � � CNHJF HJF�AICND�VPD�TWFP`oR �KC_f?FPLNw>C7O�D�TWFPLNVID�O�D�RcAIF �*DGVPD6RN`WA O ThQND�`WR?A
CND
YJH^RcL ��M+`hA
F 8 FPDGD;RND��xA�FID�w�AIH^`oR :��

� CND7SNVI`WMUTWMNHJY^H^F A
HJw�O�`xQNDGYJH^RNn:QND�FIwGVPH^M[DGQ HJR 3 ��TWVPAIH^RN`oYJH�TWREQ?�3`oRNQUTWQNTEp 6�232 :xpa�?ThVPA
HJRN`oYJH+D$A ThY �|p 6�23232 whp
� T fWDGF D�A�TWY �JpG� �3�3� 4*TWREQ 3 4 DGVIO�TWR�TWRNQ � TWY^F Agf_TWR�p*� �3��6 4mHJF�RE`WA;LNFID�Q CNDGVPD ThF�T�QNDGFPH^noR:A
`x`oY � � R Z TWw�A;A
CND
VPDGFILEYJA�`WZ<FILNw>C�O�`xQNDGYJH^RNn�H^FKT�FIHJO6LNYXT A
H^`WR A
CUT AKH^FawGD�VPA
TWH^RNY|f w�`oO�SNLEA>T A
H^`WRUTWY^Y|f�Y^DGFPFKD���S+D�RNFIH|eoDsA
CUThR?T�O�`oVID
VPD�TWYJH^FPAIH^w<FIH^O�LNYXThAIH^`oR MNLEA'H^F RN`WA�QND�FIwGVPH^SEAIHJeWDz`WZ�AICNDmTWw$A
LUTWYWM+D�CUT�e�HJ`oLNV `WZxA
CEDzVI`oM[`WA
F�� � CEDGVID$Z\`oVIDmH|A FID�DGO�F�A
CUThA
LNR_AIH^YUZ\LNVPAICNDGV*QND�eWDGYJ`oSNO�DGR_A�pxA
CND SNVI`oMNTWMNH^YJH^F A
H^wrO�`xQNDGYJH^RNnsO�D�AICN`�QE`oY^`onhf�H^F O�`WVIDKH^R_A
D�VID�FPA
HJRNn6ThF&TWR TWRUTWY|f�FPH^F
AI`�`oY pNnoH|e�HJRNn�noVIDGThA
D�VKH^RNFPH^noC_A�H^R_A
` �KCNHJw>C�ehTWVPHXTWMNYJDGFKTWVPD;TWw�AILUTWY^Y|f VPDGY^D$ehTWR_A AI`�AICNDsSNVI`oMEY^DGO)w�`oRNFPH^QND�VIDGQ � � `
TWw$A
LUThY^YJf;QND�FIHJnoR�TWRNQ�VID$]URND&AICNDaVIDGTWw�AIHJeoDaM[DGCNT exHJ`oLNVuVPLNY^D�FuVID�bxLEH^VID�FzO�`WVID&`WZ+TvQND�FIw�VIH^S�A
HJeWDaFIHJO6LNYXT A
H^`WR�� � CNH^F
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HJFaDGFIS[DGw�HXTWYJYJf�A
CNDsw�ThFID �KCNDGR�QND�ThY^H^REn �KHJA
C�D�O�D�VInoD�RcA�M[DGCUT�exH^`WLNVIF��
� `��rD$eoD�VGpNHJR�AICNH^FzAICNDGFPH^FGpxSNVP`oMUTWMNHJY^HJFPA
HJwrO�`�QEDGY^HJRNn �KH^YJYNRN`WA M[DKLNFID�Q Z\`oV TWRUTWY|fxFIH^FzD�HJAICNDGV�� { H^VPFPAIYJf6M[DGwGTWLNFPD

AICND�TWSNSNVP`_TWw>C `WZr�?TWV A
H^RE`oY^H'D�A;TWY ��w�`oRNFPH^QND�VIFsSNVI`WMNY^D�O�FvHJR7M+`WLNRNQND�Q D�RcexHJVI`oRNO�DGR_AIF
�
HJR A
CND�FID�w�TWFPDGFGp�H|AjH^F

S[`oFIFPH^MNYJD�AI`?F A>ThAID T�SEVI`oMUThMNH^YJHJAgf Z\`oV�T�VP`oM[`WA�AI`?M[D ThA�T�nWHJeoD�R SNY^TWwGD �KHJAICNH^R A
CND�DGR_exH^VP`oRNO�DGR_A � � CNH^F�H^F
RN`hAsS+`oFPFIHJMNY^D�H^R A
CED�SNVID�FIDGR_A �*`oV��~p M[DGw�ThLNFID�`WZmA
CED�H^RNH|A
HXThY'VPDGbcLNHJVIDGO�DGR_As`WZ*TWR7LERxM[`oLNREQNDGQ:DGR_exH^VP`oRNO�DGR_A �
��D�wG`oREQNYJfWp'AICND�TWYJAIDGVIRNThA
H|eoD�TWSESNVI`_Thw>C `WZ�4 DGVPO TWR:TWREQ � TWY^F Agf_TWR HJFsTWY^FP`3RE`WA;TWSNSNYJH^wGTWMNY^D6TWFjFILNw>C p<Z\`oVvAICNH^F
AIDGw>CNRNHJbcLNDsVIDGbcLNHJVID�F&A
CNDjO6LEYJA
H � TWnWDGR_ArF fxFPA
D�O)wG`oREFIH^QEDGVID�Q�A
`�M[D � /�� � "��5� /�� � ��� ��� A
CNDsTWnWDGR_A � F&Z\LEA
LEVIDjFPA
ThA
D
FPCN`oLNYJQ QNDGS[DGREQ `WRNYJf `oRkHJA
F�SNVID�FID�RcA�F A>ThAID
� � CED�TWY^nW`oVIH|A
CNO�FjQND�eWDGYJ`oS+D�Q H^R AICNH^F �r`WV��:VIDGY|f:SNVID�wGH^FPDGY|f `WR
TWw$A
HJ`oR3TWwGw�`oVIQNHJRNn�A
`�A
CED;w�`oREZ\VP`oR_A>ThAIH^`oR�`WZ<SUTWF A ThRNQ�SNVID�FIDGR_A Y^`xw�TWY+wG`oRE]NnoLNV
T A
H^`WRNFa`WZ'A
CNDsRND$A��r`oV�� �
> D�eWDGV A
CND�Y^DGFPFGp �*D;M+D�Y^H^D$eoDjA
CNThAvT�SNVP`oMUTWMNHJY^HJFPA
HJw O�`�QEDGY^HJRNn�`WZ<A
CND;M+D�CUT�exH^`oLNVK`WZ<A
CND;F��rTWVPO T A�AICND;Y^D�eWDGY

`WZ A
CED�RND�A��*`oV��7HJFvS[`oFIFPH^MNYJD�TWRNQ:T�SNVID�Y^H^O�H^RNTWVPf�F A
DGS A
`��rTWVIQEFsAICND�w>CUTWVITWw�AIDGVIHJF
ThAIH^`oR7`hZ*F �&ThVIO FPSNVIDGTWQ `WR
AICND MUTWFPD `WZ�TWQ.'ITWwGD�RNw�fkO ThAIVIH �:H^REZ\`oVPO T A
H^`WR:HJF�SNVPDGFPDGR_A
D�Q HJRkFID�w�AIH^`oR?" �#" �#" �7�xLNw>C T?O�DGTWFILEVID �*`oLNYJQ M+D
RND�DGQND�Q�H^R `oVPQNDGV*A
`6w�`oRE]UVPO�AICUThArAICNDvM[DGCUT�exH^`WLNVr`WZ�O�`xQNDGYJDGQ F �&TWVPO w�`oVIVPDGFPS+`oREQNF&A
`�AICNDv`oREDv`oMNFPDGVPeWDGQ�H^R
O�`oVIDjQED�A>ThH^Y^D�Q�FIH^O�LNYXThAIH^`oREF��

� � &���� ����� ��� � ��
 �	� ����
,��*����

� CNDaVP`oM[`WA
F'A
CUThA �KH^YJYxM[DrLEFIDGQ�HJR�A
CED&VIDGTWYEVP`oM+`hA2D��ES[DGVPH^O�DGR_A
FuTWVIDrAICND 4 HJRxL �EM[`WAIFuQND�eWDGYJ`oS+D�Q�H^R�AICND � @v��YXTWM
HJR qrVIHJFPA
`WY � 3 i H^R�]UDGYJQ�ThRNQ ��`oY^Y^TWRNQ�pK� �3�3� 4 � � CND$f TWVPD �KCNDGD�Y^D�Q:QEH �+DGVID�R_A
HXThY<QNVPHJeWD6VI`oM[`WAIF �KHJAIC T wGH^VPwGLNY^TWV
M[`�Q�fkA
CNThA�w�TWR M[D�DGbcLNH^SES+D�Q �KH|A
C FID$eoDGVITWYKFID�RNFI`oVPF�� � R A
CND�FPH^O6LEYXThAIH^`oR�p2HJA�HJF�TWFIFPLNO�D�Q AICND�VI`WM+`WAIF�TWVID
TWMEY^D�AI` O�` eWD�Z\`oV��rTWVPQ TWRNQ A
LEVIR7`oR � A
CND��gFPS+`WA �KHJA
C T SNVID�wGH^FPH^`oR?V
TWRNnWH^RNn Z\VP`oO�S+D�VPZ\D�w�AjA
` DGVIVP`oVIF `WZ 6�� �

`oR7AICND6QNHJFPA>ThRNwGD�`oVvTWRNnoYJD�A
VIT�eoDGYJY^D�Q�p A
CNThAjA
CND$f CUT�eWD�H^REZ\VIT��gVPDGQ7T�eo`WH^QUTWREwGD�FID�RNFI`WVIFGp'TWVPD�DGbcLNHJSNS+D�Q �KHJA
C T
YJH^O�HJA
D�Q �gVITWRNnoDzVITWQNHJ` QND$e�HJwGDaThRNQ6A
CUT A2A
CED�f�w�TWVPVPf�TWR6`oO�RNH � QNH^VPDGw$A
H^`WRUTWYoYJH^noC_A<FIDGREFI`oVmTWMEY^DmA
`vQND$A
D�w�A �KCND$A
CND�V
T�VI`oM[`WAaHJFKH^Y^YJLNO�H^RUThAIDGQ�`oVKRN`WA��

� CNDGVPD?TWVPD�A
CNVPDGD3H^REZ\VIT��gVPDGQ SNVP`���HJO�H|Agf FID�RNFI`WVIFGpr`oRND�`oR D�TWw>C FIHJQND�`WZ AICND�Z\VI`oR_A�`WZ A
CND�VP`oM+`hA 8 4 �6� :$p
TWREQ AICND A
CNHJVIQ ThA�AICND MUTWw � 8 q :��r@ Y^Y FID�RNFI`oVPF�CNT eWD7A
CND F
ThO�D7VITWRNnoDhp FPO TWYJY^D�V A
CUThR AICND7V
ThRNnoD7`WZ;A
CND
w�`oO�O�LNRNH^wGThA
HJ`oR�QND$e�HJwGD�� > `hA
DsA
CUThAKAICNH^FKQN`xDGFKRN`WAKA
T
�WD;H^R_A
`�TWw�wG`oLNR_A�A
CNDjehTWVPHXThAIH^`oR�HJR�S[DGV Z\`oVIO�TWRNw�DvA
CUThA
VPD�TWY FPDGRNFP`oVIF�FICN`�� � @ R3H^QNDGTWY^HJFID�Q�VIDGSEVIDGFPDGR_A>T A
H^`WR�`WZ<FID�RNFI`WV w�` eWDGVITWnoD;H^FaFICE`
�KR�H^R�]UnoLEVID  � 6 �

� CNDaVI`oM[`WAIF � wG`oR_A
VP`oYxFPfxFPAIDGO HJF2QND�FIHJnoRNDGQ�ThFzT � � ��% � ��%�/�%'� / $ % " � /�%'"&� �<@ VP`oM+`hA �KHJY^YcM+DrH^R�`WRND&`WZ~FPD�eoD�V
TWY
O6L�A
LUTWYJYJf�D��Ew�Y^LNFPHJeWD�FPA>T A
DGFvTWRNQ F �KHJA
w>C M[D�A��*DGD�R AICNDGO TWw�wG`oVPQNH^RNn�A
` D�RcexHJVI`oRNO�DGR_A
TWY2w�LNDGF�� � R A
CNHJF FPAILNQEf
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{ H^nWLNVID  � 6
�
HJQND�ThY^H^FPDGQ�w�` eWDGVITWnoD;`WZuT�eW`oH^QUThRNwGDsFID�RNFI`WVIF

AICNDjO�D�FIFITWnoDGFKw�`oO�HJRNn�Z\VP`oO `hA
CND�VaVI`oM[`WA
FKThVIDvw�`oRNFIHJQNDGVPDGQ�TWFaTWR3TWw$A
LUThY�SUTWV Aa`WZ�A
CNDjVP`oM[`WA � FaDGR_exH^VP`oRNO�DGR_A �
� CNHJFuH^FuT QNH^VPDGw$AzwG`oREFIDGbcLND�RNwGD�`WZUAICNDrZ\V
ThO�D��r`oV���HJR_A
VI`xQNLNw�DGQ�M_f 3 �xA��Wf[p*� �3��6 w�4UTWF ����%�$ /�%'� � � " � � $ � � � /�% ��"&� �
� R�A
CNHJF&SUTWS[DGV �xA��Wf D�O�SECUTWFIH -GD�FKAICUThAaw�`oO�O6LNRNHJw�ThAIH^`oR HJFKTWw�AILUTWYJYJf�A
HJnoC_A
YJf�Y^HJR �WD�Q �KHJA
C3T6FPHJA
LNThA
HJ`oR�TWRNQ�H^R
w�DGVPA
TWH^R7wGTWFID�Fjw�TWRERN`WAjM[D�FID�SUTWV
T A
DGQ Z\VP`oO4HJA �KH|A
CN`WLEAjY^`WFIH^REn�A
CED6O�DGTWRNHJRNn `WZzAICND�O�D�FIFITWnoD
� �K`oM[`WA
F�A
CUThA
TWVPDaY^HJO�H|A
DGQ�H^R6AICNDGHJVzwG`oO�O6LNRNHJw�ThAIH^`oR�V
TWREnoDKTWw�AILUTWYJYJf �KV
TWS�A
CEDGH^V2O�D�FIF
ThnoDGF �KHJAIC�TWR�H^O�SNY^HJwGH|A<O�D�ThRNH^RNn A
CUThA
AICND VID�wGHJSNH^D�RcA�w�TWRkH^R_A
D�VISNVPD�A�ThF � AICNH^F�VI`oM[`WA�H^F;H^R VITWRNnoD�`WZawG`WO�O6LERNH^wGThA
HJ`oR � � � CNHJF�AICNDGFPH^F � �r`WV��:FPA>ThVPA
F
Z\VP`oO A
CND TWFIFPLNO�SEA
HJ`oR�AICUThA A
CNHJFrH^O�SNYJH^wGH|AuO�D�TWREH^RNn;w�TWR CUT�eoDjTWR�H^R 7NLNDGRNw�D `oR�A
CND M+D�CUT�e�HJ`oLNV `WZ�AICND VP`oM+`hA�p
AICUThA�H^F&AI`�w�`oRNFPH^QND�V�H|AKTWF�TWR3DGR_exH^VP`oRNO�DGR_A>TWY wGLND��
4vAICNDGV�D�R_e�HJVI`oREO�D�RcA
TWYrw�LNDGF�AICUThA�TWVPD wG`WRNFIHJQNDGVPDGQ Mcf A
CND VI`oM[`WA6AI` TWYJAIDGV�H|A
F6M[DGCNT exHJ`oLNV�TWVPD H^R�Z\V
T�� VIDGQ

VPD�7UD�w�A
HJ`oRNFmZ\VI`oO S+`hA
DGR_AIHXTWYU`oMEFPA>ThwGY^D�F 8 VI`WM+`WAIFm`oVzH^RND�VPAm`oMEFPA>ThwGY^D�F :mTWRNQ�Y^HJnoC_AuZ\VI`oO A
CNDKY^HJnoC_AzM[D�TWw�`oR��u@ n_TWH^R
H|A�HJFjRN`WA�ThAIAIDGO�SEA
D�Q:AI`�O�`xQNDGY2AICND�SNC_f�FPH^w�F�H^R_eW`oYJeWDGQkMELEA;H^RNF A
D�ThQkT�V
TWREQN`oO S[`oFIFPH^MNHJY^HJAgf�`WZrMNH^RUThVPf Z TWYJFID
VPD�TWQNHJRNn�H^FaHJRcAIVI`xQNLNw�DGQ�A
CUThAKwGTWR3M+DjA
LERNDGQ�A
`�FID�DsAICNDsH^R 7NLNDGRNw�D�`hZuT�wGD�VPA
TWH^R�Y^D$eoD�Y'`hZ2RN`WH^FID��

� CND6wG`WRcAIVI`oY<TWVPw>CNHJAIDGw�AILNVID�w�TWR M[D�QEHJexH^QND�Q�p~Z\`oY^YJ`
�KHJRNn 3 q*VI`x` �cFGp 6�2 :68&4 p+HJRcAI` A��*` YXT�foD�VIF
�
AICND /���"&� � /�� � �

M[DGCUT�exH^`WLNVjTWRNQ AICND � " � � $ � � � /�% ��"&� M+D�CUT�exH^`oLNV 8 FID�D6]UnoLNVPD  ����p �KH|A
C?AICND6A
VITWRNFIH|A
HJ`oRNFKA
VIHJnonoD�VIDGQ7M_f�A
H^O�D
8 � :%p2SNVP` �EHJO�H|Agf FID�RNFI`oVPF98�� :j`oV�� �gTWY^nW`oVIH|A
CNO
8 � : :�� � A6H^F�TWR H^RNF A>TWRNw�D `WZrA
CND�FILNMNFPLNO�SEA
HJ`oR TWVPw>CNHJAIDGw�AILNVID
�KH|A
C A��*`�YJ`�`oFPDGY|f�w�`oLNSNYJDGQ�M[DGCUT�exH^`oLEVIFGpE`oRNDjCUT�exH^RNn�T6CEH^noCND�V&SNVPH^`oVPHJAgf 8 T�eo`oHJQUTWRNw�D5:*AICUTWR A
CEDj`WA
CND�V � ��9 � 6 :��
{ H^VPFPA
Y|fop[A
CND6nW`_TWY'`WZzA
CND6T eW`oH^QNTWRNwGD�M[DGCNT exHJ`oLNV HJF A
` FPA
D�DGVvAICND6VI`WM+`WAvT �&T�f?Z\VP`oO TWR_f?`oMEFPA>ThwGY^D�A
CUThA HJA

QND$A
D�w�A
FjHJR7T qrVITWHJAIDGRcM[DGVIn�Z TWFICEH^`oR 3 qrVITWHJAIDGRcM+D�VInNp 6�2 :6"&4
�
HJZmH|A QED�A
D�w�AIFsTWR `oMNF A>TWw�Y^D;Z\VI`oO�`oRND�FIH^QED�`oRNY|fop[HJA

�KHJY^Y wG`WO�O�TWRNQ�A
CED�O�`WA
`WVKZ\VP`oO,AICND�`WSNS+`WFIHJAIDsFIH^QED;AI`�FPY^`��BQN`��KR 8 �Ey � > :KTWRNQ?CEDGRNw�D�w�ThLNFID;A
CND;VI`oM[`WAKA
`
AILNVIR H^R�A
CND6`WSNS+`WFIHJAID6QNHJVIDGw$A
HJ`oR�� � Z HJA QND�AIDGw�AIFsTWR7`oMNF A>TWw�Y^D�Z\VP`oO4M+`WAIC7FIHJQNDGFvMELEAsRN`oRND6ThAjHJAIFvVIDGTWVvH|A �KH^YJY
O�` eoDjMUTWw � �rTWVIQEF 8F� l !jl � �El :rZ\`oVaT �KCNH^YJDvTWREQ�AICNDGR�A
LEVIR�V
TWREQN`oO�YJf 8 �Ey � > TWnoTWH^R :�� { HJRUTWY^Y|f�HJZ<TWYJY+A
CEVIDGD
`WZ<HJAIFaSNVI` ��H^O�HJAgf FID�RNFI`oVPF ThVIDs`oR�pEAICNDsVI`oM[`WA �KHJY^Y F A
`oS3LNR_A
HJY�A
CNHJFaFIH|A
LUThAIH^`oR�w>CNTWRNnoD�F 8 � � 4jy :��
��DGw�`oRNQNY|f A
CND�nW`_TWY&`WZKAICND�wG`oO�O6LNREH^w�T A
H^`WR YXT�foD�V�H^F6AI` TWRUTWY|f�FPD A
CND�w�`oR_A
DGR_AIF�`hZ HJRNwG`oO�H^REn?O�DGFIFITWnoD�F
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Z\VP`oO,RND�H^noCcM[`oLNVPFaTWRNQ�QND�wGH^QEDvA
`�DGH|A
CND�Vaw>CN`x`oFIDsT6VITWRNQN`oO QNH^VPDGw$A
H^`WR HJZ�A
CEDjVI`oM[`WAKTWFPFILNO�DGFaH|AaCUTWFaVPD 'P`oHJRNDGQ
AICNDvnoVP`oLNS 8F��@ > t;4s� :m`oV AI`�A
LEVIR 6 : � QND�noVID�DGF&M[DGwGTWLNFID HJA*RNDGD�QNFrA
`�VIDGw�`oRNRND�w�A 8 qr@�} + :�� � CNDvFPLNMEA
YJD�AIH^DGF
`WZ'A
CEH^FKYXT�foD�V �KH^YJY�M+DjQEH^FIw�LNFIFPDGQ HJR�w>CUTWSEAIDGV "

FORWARD

STOP REVERSE

BACK

RANDOM

SPIN

communication layer

avoidance layer

S S S

T T

{ H^noLNVPD; ���
�
�xA>T A
DvA
VITWRNFPHJA
HJ`oR�QNH^TWnoV
ThO,`WZ2T�VI`oM[`WA

i CUThA�H^F&`hZ2HJO�S[`oVPA
TWRNw�DvCNDGVPDsH^F&A
CEDvZ TWw�AaAICUThA �KCND�R�A
CEDjVI`oM[`WAKH^FaS[DGV Z\`oVIO�H^REn�TWw�AIH^`oREFaQNH^w$A>ThAIDGQ�M_f A
CND
T�eo`WH^QUTWREwGD Y^T�foDGV*FILNw>C�ThFrFISEH^RNRNHJRNnNpxVID$eoDGVPFIHJRNn6`oV FPAI`oSNSNHJRNnNpxHJA*QN`�D�FrRN`hA*A
T
�WDjThwGwG`WLNR_A&`WZ HJREZ\`oVPO ThAIH^`oR6Z\VP`oO
AICNDswG`oO�O6LNRNHJw�ThAIH^`oR�YXT�foD�V�� � R�qrVI`x` �cF ��A
DGVPO�HJRN`oYJ`onWfop_AICND;T eW`oH^QNTWRNwGDjY^T�foDGV � $ $�� $ � � � A
CNDsw�`oO�O�LNRNH^wGThA
HJ`oR
Y^T fWDGV�pUM+D�w�TWLNFPD�`hZ2H|A
FaSNVPH^`oVPHJAgf�Z\`oVaA
CNDsVI`WM+`WA � FaFIThZ\D�Agf
�

� R?TWQEQNHJAIH^`oR AI`�AICNDGFPD�F A>ThAIDGF�p[DGTWw>C3VI`oM[`WA �WD�DGSNF�A
CNDjZ\`oYJY^`��KH^REn6QUThA
T�F A
VPLNw�AILNVID�F
�

� � � � � � " $ � %'���,� �
AI`6wG`WRcAIVI`oY~A
CEDvVI`oM[`WArH^R VPD�TWY � AIH^O�DWp �*DjH^O�SNY^D�O�D�RcA*T�nWDGRND�V
TWY+wGY^`xw ��TWFaT�w�`oLNR_A
D�V&H^R

AICND�w�`oR_A
VP`oY<YJ`�`WS�� � CNH^F noHJeWDGF�A
CND�S+`oFPFIHJMNH^YJHJAgf `hZzA
VIHJnonoD�VIH^REn�M[DGCNT exHJ`oLNVIF H^R?T�A
HJO�D��gVPDGYXT A
DGQ�O�TWRNRND�V��
�xD�eoD�V
TWY�`WAICNDGVKw�`oLNR_A
D�VIF TWVIDsRND�DGQND�Q�A
`�noH|eoDvAICNDsVI`oM[`WAKFI`WO�DsS[DGVIFPH^F A
DGREwGD;H^R�HJAIFKM+D�CUT�e�HJ`oLNVPF��

� � " � /�	 � "&� � � � % ��"&� ��� 
 "&� � /�% ��"&� �
TWF A
CND�LNSES+D�VjwG`oR_A
VP`oYuY^T fWDGVvVPDGYJH^DGF `oR7H^REZ\`WVIO�ThA
HJ`oR TWM[`oLEAvwG`oRNREDGw��

AIH^`oREFaM+D$A��rD�DGR?VP`oM[`WA
F�pNA
CNDjHJRNQNHJexHJQNLUTWY+VI`oM[`WA �WD�DGSNF T�S+`WFIFIHJMNYJf H^RUThwGwGLEV
ThAIDjO TWS�`WZ'A
CED;w�`oRNRND�w�AIH^`oRNF
M[D�A��*DGD�R�HJA
F RND�H^noCcM[`oLNVIF�� � CND VPD�TWFP`oR AICUThA&FPLNw>C�H^R�Z\`oVIO�ThA
HJ`oR�H^F wGVPHJAIH^w�ThY^YJf�RNDGD�QNDGQ��KHJY^Y~M[D QNHJFIw�LNFIFPDGQ
HJR�w>CUTWSEAIDGV " �

�  #� � ������� $%$ �!���
�
H^R `oVPQNDGV A
` �WD�DGS A
CND�H^RNw�`oO�HJRNn O�DGFPF
TWnWDGFvZ\VI`WO4REDGH^nWCxM[`oLNVPH^RNn VI`oM[`WA
F M+D$Z\`oVID6SEVI`��

w�DGFPFIH^REn �
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{ `oYJY^`��KH^RNn�AICND6SNVPDGY^HJO�HJRUTWV f �*`oV��3`WZzi H^R�]UDGYJQ�p ThR H^QNDGTWY^HJFID�Q�O�`�QEDGY'H^F�LNFID�Q A
` FPH^O6LNY^ThA
D;V
ThQNH^`�wG`oO�O6LNREH �
wGThA
HJ`oRkM[D�A��*DGD�R AICND VP`oM[`WA
F�� { HJVIF A
YJf HJA�H^F�TWFIFPLNO�D�QkA
CNThA�AICND��KHJVIDGYJDGFPF6TWR_A
D�RNRUT?HJF�`WO�RNHJQNH^VPDGw$A
H^`WRUTWYzTWREQ
AICUThA�A
CND;VID�wGDGH|eoD�VvH^FKRN`WA TWMNYJDjA
` QED�A
D�w�A A
CND;O�D�FIFITWnoD�H|Z<AICND�AIV
TWREFIO�HJAIAIDGVaHJF YJ`�wGThA
D�Q3Z\LNV A
CND�V T �rT�f�AICUTWR T
QNHJFPA
TWRNwGD � pxA
CND � " � � $ � � � /�% ��"&� � /�� � � � � CND�FIDsTWVPDvFI`WLNRNQ3TWFIFPLNO�SEA
HJ`oRNFaTWF*A
CNDvw�`oO�O6LNRNHJw�ThAIH^`oR�QND�exH^w�DjH^F
YJH �WD�YJf�A
`�LNFIDvO�`xQNDGF*`WZ�O�`xQNLNY^ThA
HJ`oR�A
CUThArD���S[DGVIHJDGRNw�D A
CED � A
CEVIDGFPCN`oYJQ�D��+DGw�A �Np ��� ��� A
CEDvFILNQEQNDGR�H^RNTWMNH^YJHJAgf�`hZ
AICND�VIDGw�DGH|eoDGVsA
`�QND�O�`xQNLNY^ThA
D6AICND�A
VITWRNFIO�HJAPA
D�Q7FIH^nWRUTWY��KCND�R AICND�FIH^nWRUTWYuF A
VID�RNnWAIC:Z TWYJY^FvM[DGYJ`�� A
CED�AICNVID�FIC �
`oYJQ��zyzCUTWFPD;��CNH|Z A + D�fxHJRNn 8 y � + :*ThRNQ { VIDGbcLND�RNw�f���CNH|Z A + D�fxH^REn98 { � + : TWVID O�`xQNLNY^ThA
HJ`oR�FIw>CND�O�D�F&A
CUThA&TWVID
YJH �WD�YJf AI` M[D�LEFIDGQ?`oR�O�`oMNHJY^DjVP`oM+`hA SEYXThAPZ\`oVIO�FKTWRNQ�D���CNH^MEHJAKA
CNHJF D � D�w�A�����DGw�`oRNQNY|f�HJA�H^F TWFIFPLNO�DGQ�AICUThA�A
CND
�KHJVIDGYJDGFPF RND$A��r`WV�� �KH^Y^Y DGRUTWMEY^DsA
CND;VI`oM[`WAIFKAI`�D���w>CUTWRNnoD�H^REZ\`oVPO T A
H^`WR A
CNVP`oLNnoC3A
CND;F
ThO�D;O�D�QNH^LEO �KHJAICN`oLEA
w�`oO�SEVI`oO�H^FPH^RNn;A
CNDv]UVPFPA&A��*`�TWFIFPLNO�SEA
HJ`oRNF&M_f�LNFPH^RNn6AIH^O�DWpcZ\VID�bxLEDGRNw$f�`oV&w�`�QNDjQEHJeoD�VIFPHJAgf �mtvHJVID�w�A���D�bcLNDGRNw�D
8 ts�*:v`oV6}&ThVIVIHJDGV;��D�RNFID���LNYJAIH^SNYJD6@ w�wGD�FIF98 }a�N��@�:sTWVPD�D��NThO�SNYJDGFs`WZaFPLNw>CkF A
VIThA
D�noH^D�F;AI`�FPCUTWVID�A
CED�FITWO�D
VITWQNH^`�O�DGQNHJLNO �KH|A
CN`WLEAKH^R_A
D�VPZ\D�VIDGREwGD 3 i HJRE]UD�Y^Q�pG� �3�3� 4 �
@ FKT�VPDGFILEYJAaH|ArHJF&RN`WA&ThAIAIDGO�SEA
D�Q A
`6FPH^O6LNY^ThA
D�MNL��+DGVr` eWDGV 7U`�� `oVrTWR_f `WAICNDGVrVID�ThY SNCND�RN`oO�DGRUT6`xwGw�LNVIVPH^RNn

FPLNw>C ThF�FIH^nWRUTWYrQEDGw�T�f ThRNQ HJA�HJF6wG`WRNFIHJQNDGVPDGQ A
CUT A�T VI`oM[`WA�wGTWR FID�RNQ T O�DGFPF
TWnWD A
` TWYJYrRND�H^noCcM[`oLNVIF�A
CUThA
TWVPD �KHJA
CEH^R QNH^F A>TWREwGD � � > `oH^FPD�H^FjO�`�QND�Y^D�Q ThF;YJ`oFIFs`WZ A
CED�D�RcAIH^VPD�O�DGFPF
TWnWD �KH|A
C T�wG`oRNF A>TWR_A�SNVI`WMUTWMNHJY^HJAgf
�
� CNHJF&SNVP`oMUTWMNHJY^H|Agf �&TWFaw>CE`oFID�R�AI`6V
ThRNnoD Z\VP`oO -GDGVP`�A
` 6�� � 8 �KCNH^w>C�VPDGSNVPDGFID�R_A
F�T�eoD�VPf S+`x`oVrFPH^noRNTWY � A
`�� RN`oH^FPD
VIThA
HJ`;:��

� CNDsFIHJAILUThAIH^`oR�QND�SNH^w$A
D�Q3HJR ]UnoLNVPD; �! �FPCN`��KF�T�nWVI`oLNS�`WZ'VP`oM+`hA
F&A
`WnoD�AICNDGV �KH|A
C A
CEDGH^VrV
TWRNnWDj`WZ2w�`oO�O6L �
RNHJw�ThAIH^`oR � � R A
CNHJFrD��NThO�SNYJD VP`oM+`hA 6 w�ThR�wG`oO�O6LNRNHJw�ThAID �KH|A
C�VP`oM+`hA ��TWREQ A
CNDvY^ThAIAIDGV �KHJA
C VI`oM[`WA  � ��`oM[`WA
"�w�TWRERN`WAKwG`WO�O6LERNH^wGThA
D �KH|A
C�A
CNDs`WAICNDGVKVP`oM+`hA
F��

{ HJnoLNVPD  �! 
�
V
TWRNnWDj`WZ2VP`oM[`WA
FaHJR ��QNHJO�D�RNFIHJ`oRNF

� CNH^FaFPHJA
LNThA
HJ`oR wGTWR�M+D Z\`oVIO�TWY^HJFID�Q LNFPH^RNn�ThR $ �������,� � % � � ��� / � ��� � 8���� � : �KCEDGVID�� H^FaT�FPD�AK`WZ'S[`oH^R_AIFGp
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AICND �����(% � � � � prVID�SNVID�FID�RcAIH^RNn:A
CND�VI`oM[`WAIF�ThRNQ � H^F�T FPD�A�`WZvYJH^RND�FGp A
CND � � � � � prw�`oRNRND�w�A
HJRNnk`WRND3eWDGV A
D�� A
`
TWRE`WA
CND�VGp~VID�SNVID�FID�RcAIH^RNn�A
CND;S[`oFIFPH^MNHJY^HJAgf�Z\`oV&AICND;A��*` VP`oM[`WA
FaA
`�w�`oO�O�LNRNH^wGThA
D�� � A�HJF�S[`oFPFIH^MEY^DvA
CEDGR�AI`�QEV
T �
AICNDsnoV
TWSEC � ThRNQ�CEDGRNw�D;AICNDsFIHJAILUThAIH^`oR�`WZ']UnoLEVID  �! �wGTWR3M+DjZ\`oVPO TWYJH^FPDGQ�TWFKHJR�]NnoLNVID  �#" �

� RkA
CND�FIHJO6LNY^ThA
HJ`oR7LNFID�V�HJRcAIDGV Z TWwGD�A
CND�VI`oM[`WAIF�ThVID�VIDGSEVIDGFPDGR_A
D�Q TWF�FPO ThY^Yuw�H^VIw�Y^D�F �KH|A
C AICNDGHJV � t,H^R A
CND
w�DGR_A
D�V ThRNQ�T6FIO�TWY^Y~eoD�w�AI`oV&Z\`oV*AICNDGHJV&QNHJVIDGw$A
HJ`oR��2i CND�R�A��r`�VP`oM+`hA
FaTWVPDvH^R�VITWRNnoDhpNT6YJH^RND H^FrQEV
T �KR�M+D$A��rD�DGR
AICNDGO3pEThFrw�ThR M[D FID�DGR�HJR�]UnWLNVID  � 7 � � A&HJF �*`oVPAIC DGO�SNCUThFIH -�H^RNn;CND�VID AICUThA A
CND S+`WFIHJAIH^`oR�H^R�Z\`oVIO�ThA
HJ`oR�H^F `oRNY|f
�cRN`��KR A
`;A
CND�FIHJO6LNY^ThA
D�Q�D�RcexHJVI`oRNO�DGR_A 1 �KCNHJY^DaA
CND FIHJO6LNYXT A
DGQ�VI`WM+`WAIF AICNDGO�FID�YJeWDGF&QN`�RN`WA*S+`WFIFID�FIFaThRcf�FPLNw>C
�cRN`��KY^D�QNnoD��

{ H^noLNVPD; �#"
�
LNRNQNHJVID�w�A
D�Q�VPDGY^ThA
D�Q3nWV
TWSNC

{ H^nWLNVID  � 7
�
�xwGVID�DGR�D��ETWO�SNY^D�F

� � &���� ��
 � �-���(
	� ��
 �

@ FrSNVPD�exH^`oLEFIYJf�F A>ThAIDGQ HJR�w>CNTWSEA
D�V 6 pcA
CED SNVPH^O�TWVPf6H^R_A
D�VIDGF A&CND�VID H^FzA
`�FPA
LEQEf�noY^`oMNTWYUM+D�CUT�exH^`oLNVPFrHJRNQNLNw�DGQ M_f
YJ`�wGTWYUH^R_A
D�V
TWw$A
HJ`oRNF �KHJAICNH^R�A
CED VP`oM+`hA*F �&ThVIO �m��`oVPD SNVPDGw�H^FID�YJf �*D FPCUTWY^YUFPDGD���AI`�O�T
�WDaAICND F �&ThVIO�ThAIAIV
TWw$A
D�Q
M_fsFI`WO�DzD�RcexHJVI`oRNO�DGR_A
TWY_wGLNDm`oV'TWQE`oSEA'TaQNH^F A
HJRNw�AIHJeoDznWY^`oMUThYoFICUThS+D��'i H|A
CjA
CND�FID*TWH^O�F�HJR;O�H^REQ�p��rDmH^R_AIVI`xQNLNwGD
HJRcAI`;AICND O�`xQNDGYJDGQ�DGR_exH^VI`WRNO�D�R_A&T;FI`oLNVPwGD `WZ�FPLNw>C�T�w�LNDWpET $�� / � "&� � � A
F*QNDGwGT f�TWREQ `xwGwGYJLNFIHJ`oR�A
CNVP`oLNnoC�Y^H^RED��
`WZ�� FIHJnoC_A�`WMNFPAIVILNw$A
H^`WRkTWVPD�O�`xQNDGYJDGQ:TWRNQkTWn_TWHJR7A
CND�QNDGFPH^noR �rTWF�QEH^w�A
ThA
D�QkM_f HJAIFsS+`oFPFIHJMNY^D�VPD�TWYJH^F
T A
H^`WR�p�A
CND
O�D�A
TWSNCN`oV2M+D�H^RNnsTvMNVPH^noC_AzYJH^noC_A2M+DGTWwG`oR 8\FIDGD&]NnoLNVID  ��8 :�� > `oH^FPDaH^FzTWYJFI`vHJR_A
VI`xQNLNw�DGQ �KHJAIC�SNVI`WMUTWMNHJY^H^F A
HJw Z TWYJFID
FPDGRNFP`oV&VIDGTWQNHJRNnoF�� � CND FPH^O6LNY^ThA
HJ`oR�TWY^FP`�HJRNwGYJLNQND�F AICND `oS�A
H^`WR�AI`�H^R_AIVI`xQNLNwGDhpEHJRcAI`;AICNDvThVIDGRNTEp�FP`oO�D `xwGw�Y^LNFPHJeoD
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`oMEFPA>ThwGY^D�F&H^R�A
CND SUThA
C�`hZ A
CNDvF �&ThVIO3pNTWF*w�TWR�M[D FPDGDGR�HJR ]UnoLNVPD  ��9 � � CNHJF&TWYJY^`��KFrLEF*A
`�A
DGF AaA
CND M+D�CUT�exH^`oLNV
`WZ'A
CED;F �&ThVIO)H^R3T�O�`oVIDsTWQ�eoDGVPFID�DGR_exH^VI`WRNO�D�R_A �

beacon

swarm

these robots 
are occluded

this robot 
occludes

{ HJnoLNVID  ��8
�
4�HJRND�� `WZ��gFPH^noC_Aa`WMNFPAIVILNw$A
H^`WR

beacon

swarm

obstacles

this obstacle 
occludes 

this robot 
is occluded

{ H^noLNVPD  ��9
�
��D$A��gLES �KH|A
C�F��rTWVIO3pU`oMNF A>TWw�Y^D�F ThRNQ�M[D�ThwG`oR

� � &���
 � ���.� � � 
,���

@&AKT;CcLNO ThR FIwGTWY^Dhp�A
CED VIDGTWY �r`oVPY^Q HJF&T;wG`oR_A
HJRcLN`oLNFrAIH^O�D FPSUTWw�D �KCNDGVPD A
CEH^RNnoF QN`6CNTWSNS[DGR�H^R�SUTWVITWY^YJDGY �<qrLEA
AI`�O�`xQNDGY'HJAGp FPDGbcLNDGR_AIHXTWY2TWRNQ7QNHJFIwGVPD�AID6A
H^O�D;wG`oO�SNLEAIDGVIFvTWVID6LEFIDGQ � � CED�QNH^FPwGVID�SUTWRNw$f M[D�A��*DGD�R:AICND6VIDGTWY^H|Agf
TWREQ�H|A
FaO�`�QND�Y�w�ThR�YJD�TWQ�A
`�SNVP`oMNYJDGO�F �KHJA
C�AICND;TWwGw�LNV
TWw$f3TWRNQ3D#"�w�Thw�f�`WZ'A
CNDsFPH^O6LNY^ThA
HJ`oR VPDGFILEYJA
F�� � RNQNDGD�Q
FP`oO�D�M[DGCUT�exH^`oLEVIF;`WZrAICND�VP`oM[`WA
Fs`oMNFPDGV eoDGQ HJR FIH^O�LNYXThAIH^`oR7O�H^nWCcA;Thw�A
LNTWY^Y|f7QNDGS[DGREQk`oR:A
CND�FID�bxLEDGRNw�H^RNn `hZ
AICNDsO�`xQNDGY `oVaA
CNDsLNRNVPD�TWYJH^F A
H^wvTWMNFI`WY^LEAIDjFPfxRNw>CNVP`oRNH^w�HJAgf
� � CEDGFID�M+D�CUT�exH^`oLNVPF�TWVIDjwGTWY^YJDGQ3TWVPAIHJZ TWw$A
F��
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4jM_exH^`WLNFIY|f�H|A HJF RE`WAvS[`oFIFPH^MNYJD;AI` FPA
ThA
D �KHJAIC?wGD�VPA
TWH^R_Agf3A
CUThA T SUThVPA
HJwGLNY^TWVKM+D�CUT�exH^`oLNV H^F�RN`WAvTWR7TWV A
HJZ Thw�A
TWREQ A
CEH^FjH^FjAICND�SNVIHJRNwGHJSUTWYuVPD�TWFP`oR AICUThA;VIDGTWYzVI`oM[`WAsD��ES[DGVPH^O�DGR_A
F�TWVPD�REDGDGQEDGQ�� > D�eWDGVPAICNDGYJDGFPF�FI`WO�D�QND�FIH^nWR
SNH|AIZ TWYJY^F;CUT�eoD�M[DGD�R HJQNDGR_AIHJ]UD�Q H^RkAICND Y^H|A
D�V
ThAILNVID 3 � TWVPeWD�fop � �6�3� p #oT
�W`oMEH D�A TWY �|p 6�262 764&TWF6M[DGH^REn7wG`oO�O�`WR��
4vRNDsFILEw>C�SNH|AIZ TWYJY ThVIH^FPDGF&Z\VP`oO,FPDGbcLNDGR_AIHXTWYJHJAgf � � Z<VI`WM+`WAIF ��FPA>T A
DGF�TWVPDjLNS[QUThA
D�Q�HJR�FID�bxLEDGRNw�DWp~A
CNHJF&w�TWR�YJD�TWQ�A
`
AICND LNREVID�ThY^H^F A
HJw�SNVID$Z\DGVID�RNwGD `WZaFI`WO�D�FPA
ThA
D�F�` eoD�V�`WAICNDGVPF�� � ` T�eo`oHJQ AICNH^FsH^R FIHJO6LNYXT A
H^`WR�p AICND6F A>ThAIDGF�`hZ&A
CND
VP`oM+`hA
F&ThVID�LNS+QNThA
D�Q Z\`oY^YJ`
�KHJRNn;T�SNFPDGLNQE`��gVITWRNQN`oO FPDGbcLNDGREwGDjA
CUT Arw>CUThRNnoDGF&ThA&DGTWw>C FPAIDGS�`WZ A
CND FIH^O�LNYXThAIH^`oR �
@ RN`WAICNDGV�TWVPAIHJZ TWw$A;wG`oO�DGF;Z\VI`oO F f�REw>CNVI`oREH^wGH|Agf � � `��*D�eoD�V�TWwGw�LNV
T A
D�AICND�fkTWVPDWp2VP`oM[`WA
F;QN` RN`hA�VPLNR FPfxR �

w>CNVP`oRN`oLEFIYJf�LNRNYJDGFPFrFIS[DGw�HJ]UwGTWY^Y|f�QNDGFPH^noREDGQ A
`�QN`6FP` �zThRNQ A
CEH^F w�TWR M[D eWDGV f A
HJO�D�TWREQ VID�FI`oLNVPwGDvQEDGO�TWRNQNHJRNn �
qrD�w�TWLEFID �*D FPDGD���Z\`oV*TsO�HJRNH^O�TWY^HJFPAuTWY^no`WVIHJAICNO3poTWF f�REw>CNVI`oRE`oLNF&VP`oM+`hA
F �KH^Y^YEM+D�FIHJO6LNYXT A
DGQ � � D�RNwGD A
CND�H^R_A
D�V �
RUThY�wGYJ`�w ��FPA
ThA
Dj`WZ�AICNDjVI`oM[`WAIF&H^F&S[DGVPH^`xQNH^wGTWY^Y|f�V
TWREQN`oO�YJf�TWYJAIDGVPDGQ A
`�T�eW`oH^Q�TWR_f�LERNH^R_A
D�RNQND�Q3F fxRNw>CNVI`WRNH^w�HJAgf �

n robots

N steps

init. random list

choose robot

process robot

interface

stop

initialisation

end run?

end step?

y

n

y

n

{ H^noLNVPD; �!:
�
7U`��rw>CNTWVPA `WZ'A
CNDsFIHJO6LNY^ThA
HJ`oR

838



� ��� � 

�1� � � � �0� � 
 � 
 ��� � 
���� �+� � 
 � � � � �

� � � ��� �.��� ����� � �.�

� CND�VP`oM+`hA
F�LNFPDGQ Z\`WV6A
CND�D��ES[DGVPH^O�DGR_A>ThY �r`WV��~p*AICND�Y^H^RcL ��M[`WA
F�8 FID�D3]NnoLNVID  � 2 :%pmCUT�eoD�A��r` �KCNDGD�Y^F�H^REQND��
S[DGRNQEDGR_A
Y|fkw�`oR_A
VI`WY^YXThMNY^D6AI` FPAIDGDGV;A
CND�VI`oM[`WA�� � CED�f w�TWR M[D�]EAIA
D�Q �KHJAIC FID$eoD�V
TWY*FIDGREFI`oVPF6FILNw>C ThF6tvH^nWHJA>ThY
! H^QND�`3wGTWO�DGV
T�p Y^H^nWCcAjTWRNQ H^REZ\VIT��gVPDGQ7FPDGRNFP`oVIF�� �K`oM[`WAjwG`WRcAIVI`oYzHJFjw�TWVPVIHJDGQ7`oLEA;M_f TWR D�O6M+D�QNQND�Qky } LNFPH^RNn
AICND � lml l y*} � 6�� "�FPA
TWRNQUTWVPQ �KHJA
C T�S[DGR_A
HJLNO�w�YXTWFPF;}&ymd � � CND�VP`oM+`hA
FvCUT�eWD�AICND�TWQEehTWR_A>ThnoD6`WZ*VILNRERNH^RNn
4 H^RcL � TWF�H^R T?RE`oVIO�TWY y } p �KHJAIC TWYJY H|A
F�wG`oO�SNH^Y^ThA
HJ`oR TWRNQ RED�A��*`oV��cH^REn Z TWwGHJY^HJAIH^D�Fj`oRcM+`_ThVIQ�� { HJAPA
DGQ �KHJA
C
` � � AICND�� FICND�YJZ[i H^VPDGY^D�FIF 4 `xw�TWY�@ VIDGT > D�A��*`oV�� 8 i 4 @ > :<AIDGw>CNRE`oY^`onhfopoA
CED�f�TWVPD�TWMNY^D*A
`sLNFIDaAICNDaZ\LNY^Y�S+`WAIDGR_A
H^TWY
`WZ'A
CED � }&y � � y SNVP`WA
`xwG`WY^F 3 i H^RE]NDGY^Q3TWREQ ��`oY^Y^TWRNQ�pK� �3�3� 4 �

{ H^noLNVPD; � 2
�
Y^HJRxL �EM[`WA �KH|A
C�H^REZ\VIT��gVPDGQ AI`
�*DGV

@ F�T:VPDGFILEYJA�p �rD3CUT�eoD?T:S[`��rD�VPZ\LNYKVID�FIDGTWVIw>C AI`�`WY&A
CUThA�wGTWR M[D�CUTWRNQNYJDGQ TWF�T:RN`WVIO�TWYaVID�O�`WAID3d > � �

w�`oO�SELEA
D�V<A
CEVI`oLNnWC�A
CND*CNDGYJS6`WZUAIDGY^RED�A<FICND�Y^Y^F��z}r`oR_AIVI`oYxSNVI`WnoV
TWO�F'w�TWR�M[D �KVPHJAIAIDGR�H^R�} �o} ��� TWRNQ�wG`oO�SNH^YJDGQ
`oR3M[`_TWVIQ � � AKH^F�T�no`�`xQ A
`x`oY Z\`WVaH^R_eoD�FPA
HJn_ThAIH^RNn�M[DGCUT�exH^`WLNV � MUTWFID�Q�VP`oM[`WA
HJwGFaFIHJRNwGDsQNH � D�VID�RcA�M[DGCUT�exH^`WLNVIFKw�ThR
M[DsVIDGSEVIDGFPDGR_A
D�Q7TWFKQNH � D�VIDGR_A�SNVP`�w�DGFIFPDGF�VILNRERNH^RNn�w�`oRNwGLEVIVID�R_A
YJf3ThRNQ�HJRNQND�S+D�RNQNDGR_AIYJf �
��`oVID�FPS+D�wGHJ]Nw�TWYJYJfop+Z\`oV A
CED�D���S+D�VIHJO�D�RcAIFjA
CND�VP`oM+`hA
FjTWVPD6]NAIAIDGQ �KHJAIC A
CNVPDGD�TWw�AIHJeWD�H^REZ\VITWVID�Q7FIDGREFI`oVPF;`WR

AICNDsw>CUTWFIFPH^FaZ\`oVa`oMEFPA>ThwGY^DsT�eW`oH^QUThRNwGD 1~TWRNQ �KHJAIC�T6AI`
�*DGVKQND$eoD�Y^`oS[DGQ3H^R�A
CEDjYXTWM�Z\`oV&QEH^FPA
TWRNw�D;O�D�ThFILNVPDGO�DGR_A�p
w�`oRNFIHJFPAIH^RNn�`WZ<TWR�ThVIV
T�f�`WZ'DGHJnoC_AKTWw�AIHJeWDvH^REZ\VITWVID�Q�FID�RNFI`oVPF 8 FPDGDj]UnoLNVPD  � 6�� :�� � CNH^FrAI`��rD�VaH^F&RND�DGQND�Q�M[DGwGTWLNFPD
`WZ A
CND3QND�FIH^nWR w>CN`WH^wGD�RN`hA�AI` QED�eoD�Y^`oS T:QEDGQNHJw�ThAIDGQ FICN`oV A VITWRNnoD�VITWQNH^` QND$exH^wGD�MNL�A HJRNFPAID�TWQ A
`:FIHJO6LNYXT A
D
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AICND�YJ`�wGTWY^H|Agf3`WZ*AICND�V
TWQNHJ`�wG`oO�O6LNREH^w�T A
H^`WR7Mcf7A
T
�cH^RNn�QNHJFPA
TWRNwGD�O�D�TWFPLNVID�O�D�R_A
F 1'A
CND�RkVP`oM+`hA
FsTWVPD�ThMNY^D�A
`
w�`oO�O�LNRNH^wGThA
D;HJZ<A
CND�O�DGTWFILEVIDGQ?QNH^F A>TWRNw�D�HJF M[DGYJ`�� T�FID$A AICNVID�FICN`oYJQ�� ��DGTWFI`WRNF �KC_f�FILNw>C7FPH^O�SNY^H|]Uw�ThAIH^`oR�`hZ
FPCN`oVPA�VITWRNnoDsV
ThQNH^`�w�`oO�O�LNRNH^wGThA
HJ`oR HJFaVID�ThY^H^F A
HJwvDGRN`WLNnoC3w�TWR3M+DjZ\`oLERNQ�H^R�FID�w�A
HJ`oR  � � � � �

� CNDa`oMNF A>TWw�Y^DaT�eo`WH^QUTWREwGDaH^R�Z\V
TWVPDGQ6FPDGRNFP`oVIF TWVPD&FIH|A
LUThAIDGQ�TWFuZ\`WY^Y^`��
�
A��*`sFPfxO�O�D�AIVIHJw�TWYJYJf;ThA<A
CND&Z\VP`oR_A�p_TWREQ

`oRED�ThAvA
CED�MUTWw � � � CND$f7CUT�eoD�T V
T A
CND�VjFIO�TWY^Y'V
TWREnoD�QNDGS[DGREQNH^RNn�`oR AICND�wG`WY^`oV�p TWRNnoYJD6TWREQ AID��xA
LEVID�`WZmA
CND
VPD�7UD�w�A
HJRNn�FILEVPZ TWw�D98 RN`hA
D�AICND �KCNH|A
D6SEYXTWF A
H^w;M[`�QEf3`WZzAICND6VP`oM+`hA(:�� 4vR7T�eoDGVITWnoD�T VP`oM[`WAvQND$A
D�w�A
F A
CND �KCEHJA
D
FPLNVPZ TWw�D�`hZaTWRN`hA
CND�V;H|ZrH|AsFPA
TWRNQNF;S+D�VIS[DGRNQEH^wGLEYXTWVPYJf �KHJA
CEH^R�7 � wGDGR_AIH^O�D�A
D�VIF�� d�REZ\`oVPAILNRUThAIDGY|fop A
CND�FID�FIDGREFI`oVPF
FPCUTWVID�A
CND�F
TWO�D�Z\VIDGbcLND�RNw�fkTWRNQ:A
CNHJF�wGTWR YJD�TWQ A
`?T�FID�RNFI`WV�`oR `oRND VP`oM[`WA;O�HJFIH^R_AIDGVISEVID�AIH^RNn3TWRkH^RNw�`oO�HJRNn
M[D�TWO�`WZ�T?FPDGRNFP`oV6`oR TWRN`WAICNDGV6VP`oM[`WA6ThF�T?VID�7UDGw$A
HJ`oR `WZKH|A
F�`��KR M[D�TWO � � R A
CNHJF�SUTWV A
HJwGLNY^TWV�FPHJAILUThA
HJ`oR T
VP`oM+`hAKH^FaQND$A
DGw$A
D�Q TWF�TWR3`oMNF A>TWw�Y^D �KHJAIC3T�w�`oRNFIHJQNDGVITWMNY|f YXThVInoD�VaV
TWRNnWD
�

� CNH^FvF A
LNQ�f?HJRceWDGF A
H^noThA
D�F A
CND�S+`hA
DGR_AIHXTWY'`WZzYJ`�wGTWY^HJFIDGQ3wG`WO�O6LERNH^wGThA
HJ`oR?ThF `oSNS[`oFPDGQ A
` noY^`oMNTWY wG`oO�O6LNREH �
wGThA
HJ`oR�� � CNDKi 4 @ > LNFID�Q�AI`�RND$A��r`WV���A
CND�VI`WM+`WAIFmCUTWF*T;VITWRNnoD�H^R�A
CED `oVPQNDGV `WZ�TsZ\D�� CcLNRNQNVPDGQ O�D�AIDGVIF�� � `
M[D�TWMNYJD�AI` wG`oREQNLNw�AvD���S+D�VIHJO�D�RcAIF �KHJAIC7T VIDGTWY'S+`oFPFIHJMNH^YJHJAgf�Z\`oV�A
CND6VITWQNHJ` Y^HJR �cF AI` M+D�QNH^FPwG`oRERNDGw$A
DGQ �*`oLNYJQ
RND�DGQ ThR TWVPDGRUT�A
CND�FIH -GD�`WZaT3wGVIHJw �WD$A6SNH|A
w>C�� @ F;AICND�YXTWM TWVID�RUT�HJF 2 O�D�A
D�VIF �KH^QNDhp2T3V
TWREnoD�`hZrA
CED�`oVPQNDGV
`WZ2`oRNDsO�D�A
D�VaH^FKVID�bcLNH^VPDGQ3H^R�`oVIQEDGVaA
`�T�eo`oHJQ�AICNDsH^R_A
D�VPZ\D�VIDGREwGD;`WZ2AICND;TWVID�RUT�� F�D�QNnoD�F �KH|A
C�A
CNDsD���S[DGVPH^O�DGR_A �
@ F�H|A�H^F�RN`WA�S[`oFIFPH^MNYJD A
` A
LERND�A
CND i 4 @ > VITWRNnoD�M_f VPDGQNLNw�H^RNn7AICND A
VITWRNFIO�H^FPFIHJ`oR S+`��*DGV�`oV�MNLEH^Y^QEH^RNn7T
{ TWVITWQUT�f3w�TWnoD�TWVI`WLNRNQ A
CED6TWR_A
D�RNRUTEp �rD�AICNDGVPD�Z\`oVPD�Z TWw�DGQ7T w>CE`oH^w�D

�
DGH|A
CND�V QND�FIH^nWR7T FIS[DGw�HJ]Uw�V
TWQNHJ`�QED�exH^w�D

�KH|A
C�A
CNDaQEDGFIHJVID�Q�FPCN`oVPAmVITWRNnoDa`WVuFIHJO6LNYXT A
D*AICNH^FzVPDGbcLNHJVIDGO�DGR_AmM_f�O�D�TWFPLNVIHJRNnjQNHJFPA>ThRNwGD�F M[D�A��*DGD�R VP`oM+`hA
FzTWREQ
TWYJY^`��KH^REn A
CEDGO A
`jwG`WO�O6LERNH^wGThA
D*`oRNYJf;H|Z��KHJA
CEH^R6VITWRNnoD�� � CNHJFuYXThAPA
D�V2O�D�A
CE`�Q�HJF2VID$Z\DGVPVIDGQ�HJR�A
CNDaYJHJAIDGV
T A
LNVPDrTWF
�5���(% $*/�	*�5��� �5"&�,� 3 q*H^Y^Y^TWVIQ�D�A TWY �Jp 6/23232 M+pcqrH^YJYXTWVPQ D�A TWY �Jp 6�23232 T64 � � RNQNDGD�Q�H|AmVID�QNLNwGD�F*QEDGFIHJnoR�TWRNQ�A
D�FPA
HJRNnsA
H^O�D
TWF �*DGYJY~TWFzwG`oF A
F�p�MNL�Am`WZ w�`oLNVPFID�M+DGTWVIFuAICNDKH^RND$e�H|A>TWMEY^D&QNHJF
TWQ�eWThRcA
TWnoD�F `hZ�TWR_f�FPH^O6LEYXThAIH^`oR���@ F SEVID�exHJ`oLNF �*`oV��
LNFPH^RNn�Y^`xw�TWY�VITWQNH^`�wG`WO�O6LERNH^wGThA
HJ`oR 3 ikThA
FP`oR3D�A�TWY �JpG� �3� �xpUikThA
FP`oR3D�A TWY �|p 6�26232 4'D���S[DGVPH^DGREwGDGQ7SEVI`oMNYJDGO�F `hZ
YJH^O�HJA
HJRNn AICND�V
TWRNnWD�AI`�FPLNw>C FIO�TWYJYNQNH^F A>TWREwGDGF�p�H|A �&TWF w>CN`oFPDGR RE`WAmA
`�ThAIAIDGO�SEA*T;FPS+D�wGHJ]Nw QND�FIH^nWR�� � CND TWw�AILUTWY
QND�FIHJnoR `WZ*T A
VILEYJf YJH^O�HJAIDGQ3V
TWRNnWD�V
TWQNHJ` QND$e�HJwGD�H^FvT QNDGO�TWRNQNHJRNn��*`oV��3A
CUThA �rTWFjVPDGn_TWVPQNDGQ:TWFjM[D�fW`oRNQ A
CND
FPwG`oS[D�`hZ<AICNH^FKyzCUt �

� ` FIHJO6LNYXT A
D?AICND YJ`�wGTWY^H|Agf `WZ�VITWQNHJ` w�`oO�O6LNRNHJw�ThAIH^`oR�p�TWRE`WA
CND�V�w>CN`oH^w�D CUTWQ A
` M+D O�TWQNDhpvM+D$A��rD�DGRBT
FP`oY^LEAIH^`oRkD��xA
D�VIRUTWY A
` AICND VI`WM+`WA�FILNw>C TWF6T?w�TWO�DGVIT7TWM[` eWD A
CED�TWVID�RUT �KHJAIC TWR HJO TWnWD�SNVP`�w�DGFPFIH^REn A
V
Thw � �
HJRNn FI`hZ A��&TWVPDWp `oV�AI` LNFID3T?QED�exH^w�D ]NAIAIDGQ `oR A
CED�VI`oM[`WA � � A �&TWF6AICND�YXT AIA
D�V�FP`oY^LEAIH^`oR A
CUThA �&TWF�SELNVIFPLNDGQ�p
]UVPFPAIYJf�M+D�w�TWLNFPD�A
CNHJFvQND�exHJwGD �rTWFsTWYJVID�ThQEf T�ehTWHJYXTWMNYJDsH^R A
CED6YXTWM[`oVIThA
`oV f�A
CUTWR �xFvAI` A
CED �r`oV��?`WZzi D � RNHJA -GDGV
3 ikD � RNH|A,-GD�VGp*� �6��6 p_i D � RNH|A,-�DGVKD�A TWY �JpK� �3��6 4 p�TWRNQ�FIDGw�`oRNQNY|fop�QNDGFPSNHJAID LNFPH^RNn;exH^VPAILUTWYUFPDGRNFP`oVIF�pNHJAmF A
H^YJYUSNVID�FID�RcAIF
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QND�FIHJV
TWMNYJDsw>CUTWV
Thw�A
D�VIHJFPA
HJwGF�FILNw>C TWF
�
LNFIHJRNn�T�RN`WH^FPf�QED�exH^w�D�1[wGVIDGThA
HJRNn�H^REZ\`WVIO�ThA
HJ`oR�FILNM 'PDGw�AIHJeWD�A
`�A
CED�VP`oM+`hA 1

Z\LNREw�A
HJ`oRNHJRNn `oR�A
CND6FITWO�D�Y^D$eoD�Y<`WZmQ�f�RNTWO�HJwGF�p�TWRNQ?HJA QN`�D�F RN`hAvH^R_eW`oYJeWD�TWQNQNH|A
HJ`oRUTWY w�`oO�O�LNRNH^wGThA
HJ`oRNFK` eoD�V
AICNDsRND�A��*`oV�� �

� CNDKH^REZ\VIT��gVPDGQ6A
`��*DGVzw�`oRNFIHJFPAIF `hZ Tjw�H^VIw�LNYXThVuTWVPV
T�f6`WZ � � D�O�H|AIAIDGVIF2LNRNQND�V*Tvw�H^VPwGLNY^TWVzTWVPV
T�f6`WZ � � VPDGw�DGHJeWDGVPF
SNVP`WA
D�w�AIDGQ Z\VI`oO LER �rTWR_A
D�Q VPD�7UD�w�AIH^`oRNF�McfkT?MNY^TWw � w�TWVPQNM[`_TWVIQkVIH^REn�8 FPDGD SEH^w�AILNVID  � 6/� :���qrDGwGTWLNFPD�`WZaA
CND
AI`�`�noVPD�ThAKVITWRNnoDj`hZ'AICNDvi 4 @ > VITWQNH^`WFGpEO�D�ThFILNVPDGO�DGR_A
F�TWVPDvA>T
�hDGR�A
CNVP`oLNnoC AICND � � A
`��*DGVaA
`�FPH^O6LNY^ThA
D�A
CND
VPDGbcLNH^VPDGQ�Y^`xw�TWYJHJAgf
����DGVPD�DGTWw>C � � A
`��*DGVmw�ThR�M[DaFID$AzA
`sDGO�HJAmT AzQNH �+DGVPDGR_AmZ\VID�bxLEDGRNw�H^DGFzAI`;HJQNDGR_AIHJZ f�D�TWw>C�VI`oM[`WA
TWREQ T�eo`oHJQ�AICND TWM+` eWDGO�DGR_A
HJ`oRNDGQ�SNVP`oMNY^D�O `WZ+H^R_A
D�VPZ\DGVPDGRNw�D
�-� `��*D�eWDGV&ThRN`WA
CEDGV SNVI`oMEY^DGO H^FuZ TWw�DGQ HJR�AICNDaZ TWw�A
AICUThA�p�TWFvw�ThR7M+D6FPDGD�R:`WR A
CND6SEH^w�AILNVIDhp A
CED6QNDGFPH^noR7LEFID6FPD�eoD�V
TWYzD�O�H|AIAIDGVIF TWRNQ7VPDGwGD�HJeWDGVIFsThVI`oLNREQ A
CND�AI`��rD�V
AI`�M[D;TWMNY^DjAI`�SEH^w ��LNS�A
CND;FIHJnoRUTWY H^R3TWR3`oO�REH^QNHJVIDGw$A
HJ`oRUTWY[O ThRNRNDGV��rq*DGw�ThLNFID;`WZ2AICND;H^RND$e�H|A>TWMEY^DvQNH � D�VID�RNwGD�F
HJR:w>CNTWV
TWw$A
D�VIH^F A
HJwGFsZ\`oLNRNQ:H^R DGYJDGw$A
VI`WRNH^w�w�`oO�S[`oRND�R_A
FGp'HJZrT�VI`oM[`WAsFPDGRNFPDGF�TWRE`WA
CND�V;ThA;T3w�DGV A>TWHJR:VITWRNnoD�TWREQ
AICNDGR3S+D�VPZ\`oVPO�FKT6FPO ThY^Y+AILNVIR�FPLNw>C�AICUThA�TWRN`hA
CND�VaVIDGw�DGH|eoDGVKHJF&Z TWwGHJRNn6A
CNDj`hA
CND�V�VP`oM[`WA�pxA
CNDsO�D�TWFPLNVID�Q3VITWRNnoD
HJF�YJH �hDGYJf�A
`�w>CUTWRNnWD
� � CNH^F�SNVI`WMNY^D�O9w�TWR3M[D;HJO�SEVI` eoD�Q�M_f�FILEHJA>ThMNY^DjwGTWY^HJMNV
ThAIH^`oR�MELEA�wG`oRNFPH^QND�VaA
CND;`oSNS[`oFIH|A
D
FPHJA
LNThA
HJ`oR

�
H^O�TWnoH^REDrA
CUT ArHJRNFPAID�TWQ�`WZ AICND�VIDGw�DGH|e�HJRNn;VI`oM[`WAmA
LNVPRNH^REnNp_HJA H^FzAICND�AIV
TWREFIO�HJAIAIH^RNnj`WRND
� � R�A
CNHJFmw�TWFPD

H|ArHJFrTWRE`WA
CND�V1� DGO�HJAIAIDGV �;AICUThA*H^FmZ TWwGHJRNn�AICND O�D�TWFPLNVIHJRNn;VIDGw�DGH|eoDGV&TWRNQ Thn_TWH^R�A
CEDGVID H^F RN`6noLNTWV
TWR_AIDGD AICUThA A
CND
VITWRNnoD�O�DGTWFILNVPDGQ �KHJY^YmRN`WA�w>CUTWREnoD
� � `��rD$eoD�V�H^R AICNH^F;w�ThFID RN`�w�TWYJH^MNVIThA
HJ`oR H^F;S+`WFIFIHJMNY^D�TWF;A
CND�O�DGTWFILNVPH^RNn
VP`oM+`hAKCUTWFKRN`�H^REZ\`WVIO�ThA
HJ`oR�TWM[`oLEAaAICNDs`oVIHJDGR_A>ThAIH^`oR `WZ<AICNDsO�DGTWFILEVIDGQ3VI`WM+`WA�� � CNH^F �KHJY^Y CNT eWD�ThR3HJO�SNTWw�Aa`WR
AICNDsVIDGFPLNYJAIFK`WZ<AICNDsVIDGTWY VI`oM[`WAKD��ES[DGVPH^O�DGR_A
F��

� `�S[DGVPZ\`WVIO AICND�w�ThY^H^MEV
ThAIH^`oR �rD�SNVP`�w�DGDGQ:TWFvZ\`WY^Y^`��
�
A
CND�VP`oM+`hAvA
`�M[D�w�TWYJH^MNVIThA
D�Q 8 VP`oM[`WAj@�: HJFvSNY^TWwGD�Q

AI`onoD�AICNDGV �KHJA
C TWRN`WAICNDGVr`oRND 8\VI`oM[`WA&q :$pxFID�SUTWV
T A
DGQ�M_f�A
CND w>CN`oFID�R�V
TWREnoD QNHJFPA
TWRNwGD�� ��`WM+`WA&q H^F*FID$A&A
`�FISNHJR
�KCNHJY^DrAICNDaw�ThY^H^MEV
ThAIH^RNn VI`oM[`WAz@#A
T
�WD�F FPD�eWDGV
ThYUO�DGTWFILNVPDGO�DGR_A
FzAI`jwG`oRNF A
VPLNw�A*TvO�D�TWR�`WZ~A
CED&eWThVIHXT A
H^`WRNF2HJR�q � F
AIV
TWRNFPO�H|AIAIDGVKFIHJnoRUTWY F A
VID�RNnWAIC�� � CNDGR�A
CND;w�TWYJH^MNVIThA
HJRNn�VI`WM+`WA�@ FISEH^RNFKZ\`oV " 7�QEDGnoVPDGDGF�A
`�wG`oREFPA
VPLNw�AvTWRN`WAICNDGV
O�D�TWR�VID�YXThAIDGQ?AI`�A
CED�RND���A `WZuAICND : VPDGw�DGHJeWDGVPFv`oR?H|A
FKA
`��*DGV�� lmTWw>C S[`oFIFPH^MNYJD�SUThH^V�`WZzVI`WM+`WAIF �*DGVPD6DGREn_TWnoD�Q
HJR?A
CNHJF wGTWY^HJMNV
ThAIH^RNn�QUThRNwGDhp�VID�FILNY|A
H^REn H^R T VI`oM[`WA FIS[DGw�HJ]Uw�ThVIV
T�f3`WZzAICNVID�FICN`oYJQNF ehTWYJLNDGF H^RNQNHJw�ThAIH^RNn �KCND$A
CND�V
T�RNDGHJnoCcM+`WLNVIHJRNn�VI`oM[`WAKHJFaH^R�V
TWREnoDj`oVaRN`WA��

� R�`oVPQNDGV&AI`�O ThH^R_A>TWHJR A
CEDjF
TWO�DjV
ThAIH^`6M[D�A��*DGD�R T�eo`WH^QUTWREwGDjV
ThRNnoDsTWRNQ�w�`oO�O�LNRNH^wGThA
HJ`oR VITWRNnoDsTWFaHJR A
CND
FPH^O6LNY^ThA
HJ`oR�pWAICND VP`oM[`WA
F �rD�VIDvwGTWY^HJMNV
T A
DGQ �KHJAIC T;V
TWREnoD QNHJFPA
TWRNwGD�`WZ 6 � �sO�D$A
DGVPF��2i H|A
C�FILNw>C�VITWRNnoDhp�F �&TWVPO�F
�KH|A
C 9�VP`oM[`WA
F �*DGVPD�TWYJVIDGTWQEf eWDGV f�wGY^`WFIDjA
`�A
CED;D�QNnoD�F `WZ'A
CED�ThVIDGRNT �
d REZ\`oV A
LNRNThA
D�YJf HJA�ThSNS+DGTWVIF�A
CNThA�AICND � �,A
`��rD�V LNFPDGQ H^F�TWw�AILUTWY^Y|fkeWDGVPf RN`WH^FPf TWRNQ AICND�e�HJVPAILUTWYaFID�RNFI`WV

VPDGFILEYJA6QE`�D�F6RN`WA�wG`oVPVID�FIS[`oRNQ �KHJAICkA
CED MUTWFPH^w TWFIFPLNO�S�A
H^`WRNF�AICND FPH^O6LNY^ThA
HJ`oR �&ThF6MNLNHJYJA;LNS[`oR 8 FPDGD FPDGw$A
H^`WR

8 2



{ H^nWLNVID; � 6��
�
w�Y^`oFPD�� LNS�`WZ2HJREZ\V
T
�gVID�Q A
`��*DGV

 ��� ��� :�� � RNQND�DGQ�A
CND � � FPH^noRNTWYEHJFuRN`WAz`WO�RNHJQNH^VPDGw$A
H^`WRUTWYxTWFuA
CEDaV
TWRNnWDaH^FuQNH � D�VID�RcAmHJR�TWF f�O�O�D�A
VPH^wGTWYEQNHJVID�w�A
HJ`oRNF
TWVP`oLNRNQ7AICND�VI`oM[`WAGp �KCNH^w>C VPDGFILEYJAsH^R T RE`oR �gw�H^VPwGLNY^TWVvTWVPD�T�`WZ wG`WO�O6LERNH^wGThA
HJ`oR�� � AsH^F QNH "�wGLEYJAvAI`�F
T�f �KCUThA
�*`oLNYJQ3M[DvA
CED;VPDGFPLNYJAKH|Z2T�exHJQNDG`�A
VITWw �cH^RNn�F f�F A
D�O)CUTWQ�M+D�DGR3w>CN`oFPDGR�A
`�FIHJO6LNYXT A
D AICNDjY^`xw�TWYJHJAgf�`WZ'A
CEDjV
TWQNHJ`Np
MNL�A �*D M[DGYJH^D�eWD�AICUThA*FILNw>C SNVI`oMEY^DGO�FmH^R�FPfxO�O�D$A
VPf �*`oLNYJQ RN`hA&TWVPH^FPD ThRNQ��*D O�H^noC_AmM[D HJR T;M+D$AIAIDGV S+`oFPHJAIH^`oR
AI`�AIDGF A;AICND�VIDGTWYuM[DGCUT�exH^`WLNVj`WZmA
CND�FPH^O6LNY^ThA
D�Q7TWYJno`oVIH|A
CNO�F�� ��`
�*D�eWDGV;HJAjHJFjFPAIH^Y^Y'CNHJnoCNYJf3ehTWY^LNTWMNY^D;A
`�FPAILNQEf
AICNDsVIDGFPS+`WRNFID;`WZ'A
CND;TWYJno`oVIH|A
CNO�LNRNQEDGVKFILNw>C�RN`oR � H^QNDGTWY�w�`oRNQNH|A
H^`WRNF��

� � � �'& ��� � ���+� �!��
������ ����� � *	�

� R ThY^YmD���S[DGVIHJO�D�R_A
F�AICND D�R_e�HJVI`oREO�D�RcA�H^FsA
CND � @j�:YXTWM[`oV
T A
`oV f TWVID�RUTEp��KCEH^w>C HJF�T 2 O�D�A
D�V �KHJQND `xw�A
TWno`oR
QND�Y^HJO�H|A
DGQ M_f �KCNHJAID DGQEnoDGF�FILEHJA>ThMNY^D Z\`WV � � VPD�7UD�w�A
HJ`oR�� � CND A
HJY^DGQ 7U`�`WV6H^F6w�` eoDGVPDGQ �KHJA
C F A
D�DGY&F A
VIHJSNF�H^R
`oVPQNDGVjAI`�S[`��rD�V;AICND�VI`oM[`WA
FvZ\`WV;YJ`oRNn�D��ES[DGVPH^O�DGR_A
F �KHJAICN`oLEAsCNT exHJRNn3AI`�w>CUTWRNnoD�MUThAPA
D�VIH^D�F���lmTWw>CkVP`oM[`WAsH^F
D�bxLEH^SNS[DGQ �KHJAIC S[`
�*DGVjSEH^w � �gLNSEFvA
CUThA DGRUThMNY^D6H|A AI` D��xA
VITWw�A A
CND�S[`��rD�V Z\VI`oO�A
CED 7U`x`oV M_f QEH^VID�w�Ajw�`oR_A>TWw$A�p
noYJH^QNHJRNn6`oR�A
CED 7N`�`oV 8\FID�D;SEH^w�AILNVID�F  � 6 6 ThRNQ  � 6 ��:��z@ SNVID$exH^`oLNFKD��NThO�SNYJDj`WZ<FILNw>C?TWR?ThVIDGRNT�wGTWR3M+DjZ\`oLNREQ
HJR 3 �?ThVPA
HJRN`oYJH D�A TWY �Jp 6�23232 T&4 � � CND�FID noYJH^QNHJRNnkSNHJw � �gLNSNF�D���CNH^MNH|A�FI`WO�D QEH "�wGLNY|Agf HJR TWMNFP`oVIMNHJRNn A
CED7Y^D�eWDGY
QNH � D�VID�RNwGD�F;M[D�A��*DGD�R AICND6A
HJY^DGF `WZmA
CND 7N`�`oV 8 MNY^TWw ��D�QNnoD�F;`WR AICND�SNHJw�A
LEVID5:���q*DGw�ThLNFID�`WZmA
CEH^FvFP`oO�D�VI`oM[`WA
F
D��ES[DGVPH^D�RNwGD�Q?FICE`oVPA�FPAI`oSNF�`oVaQND$e�H^ThA
HJ`oRNF �KCNHJw>C�SEYXTWw�DGQ�D��xA
VIT�RE`oH^FPD;`WR�AICNDsD���S[DGVIHJO�D�R_A �
l Thw>C D���S[DGVIHJO�D�R_A�F A>TWV A
DGQ �KHJA
C:A
CND�VI`WM+`WAIF�nWVI`oLNS[DGQ RND�ThV;AICND�w�DGR_A
D�V6`WZ*A
CND TWVID�RUT?TWREQkYXThFPA
D�Q LERcAIH^Y
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{ H^noLEVID; � 6 6
�
M[`WAIAI`oO,FPH^QNDj`hZzT�Y^HJRxL �EM[`WAaFPCN`��KH^RNn�S[`
�*DGV�SNHJw � � LNSNF 8 `WR�AICNDsSNY^D���H^noY^TWFrA
VPHXTWREnoY^D :

AICND nWVI`oLNS �rTWF*`WMcexHJ`oLNFIY|f�QNHJFIwG`WRNRNDGw$A
D�Q 8 FPDGD�SNH^w$A
LNVPDGF  � 6 �jTWRNQ  � 6  :��2i DKVID�wG`oVPQNDGQ�`�QN`WO�D$A
VPfWpcY^`xw�TWY�wG`oR �
RND�w�AIH^`oR�H^R�Z\`oVIO�ThA
HJ`oR�pcFPA
ThA
Djw>CNTWRNnoD�F ThRNQ�e�HJQNDG`�VPDGwG`WVIQND�Q3D���S+D�VIH^O�DGR_A
ThA
HJ`oR�VILNREF�� � CNDsFPA
TWVPAIH^RNn�S[`oFIH|A
HJ`oRNF
�*DGVPD�RN`hA�] �ED�Q�MELEA�V
TWRNQE`oO � � CED;VPDGFPLNYJAIF�`hZ<AICNDGFPD�D��ES[DGVPH^O�DGR_A
F �KH^YJY M[DsQNH^FPwGLNFPFIDGQ�H^R�w>CUTWS�A
DGV " �

{ H^noLEVID; � 6 �
�
F A>TWV AK`WZzTWR�D��ES[DGVPH^O�DGR_A
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{ H^noLEVID; � 6  
�
D�RNQ?`hZuTWR�D��ES[DGVPH^O�DGR_A

� � � ��� ����� ��� ����� 
����������

� CND�VIDGTWYUVI`WM+`WAIFmLNFIDKA
CNDKFITWO�DKw�`oR_A
VI`WYUSNVI`onWV
TWO TWVIw>CNH|A
D�w�A
LEVID TWFmH^R�A
CNDKFPH^O6LNY^ThA
HJ`oR��<qrLEA M[DGw�ThLNFIDKA
CNDKVPD�TWY
D��Ew>CNTWRNnoDv`hZ O�D�FIFITWnoDGF*CUTWSNS[DGREF*A
CEVI`oLNnWC�A
CED YJ`�wGTWY~TWVIDGT�RND$A��r`WV��~pEA
CEDGVID H^FmRND�DGQ AI`�LNFPD � }&y � � y SNVI`WAI`�w�`oY
AI`7FIDGREQ SNTWw �WD$A
F��k@ YJAICN`oLNnWC HJA �r`oLEY^Q CUT�eoD�M[DGD�R S[DGV Z\DGw$A
YJf S[`oFIFPH^MNYJD A
`7D�FPA>ThMNY^HJFIC T FP`�w �hD�A�wG`oRERNDGw$A
H^`WR
M[D�A��*DGD�R�DGTWw>C�VI`oM[`WArTWRNQ FPDGRNQ�VPDGYJHXTWMNYJD � }&y SUTWw �hD�AIFGpUM[DGw�ThLNFIDv`hZ A
CND FIH -�Dv`WZ�AICNDjTWVPDGRUT�TWRNQ AICNDvV
ThRNnoD `hZ
AICND i 4 @ > VITWQNHJ`oFGp �rD w>CN`oFID A
`6LNFPDvA
CND LNRNVPDGY^H^TWMNYJD d�FIDGV&tjThA>TWnWV
TWO yzVI`hA
`xwG`oY 8 d tjy : 8 TWF A
CND SNLNVIS[`oFPDvH^F
AI`�F A
LNQEf�LERNVID�Y^HXThMNY^D&w�`oO�O6LNRNHJw�ThAIH^`oRNF2Y^H �hDGY|f�AI`�FPCN`�� SUTWw �hD�A*Y^`oFPF*ThRNQ�RE`oR �gVPDGw�H^SNVP`�w�HJAgf6`hZ QUT A>TjD���w>CUTWREnoD5:��
d tjy A
CcLNFvO�`oVIDsw�Y^`oFPDGYJf�VPD�7UD�w�AIF A
CNDsAgfxS+D�`WZzO�DGFPF
TWnoD�D���w>CUTWREnoD�LNREQNDGVPYJfxH^RNn�A
CNHJF �*`oV�� �K@ FvT�VPDGFPLNYJA�A
CND
w�`oR_A
VI`WY+FP`WZ A��&ThVID HJF AIV
TWREFISUTWVPDGR_ArAI`;AICND w�`oRNQNH|A
HJ`oRNFm`WZ�AI`WA>TWYUw�`oRNRND�w�AIHJexHJAgf�SNVPDGFID�R_AaH^R�A
CND YXTWM[`oVIThA
`oV f � � CNH^F
TWYJFI`�FIHJO�SEY^HJ]NDGF&QNVITWO�ThA
HJw�TWYJYJf�A
CED;w�`oR_A
VP`oY FI`WZ A��rTWVPD�QND�FIHJnoR��
l Thw>C?VI`WM+`WAKw�`oRNw�LNVIVPDGR_A
Y|f�VILNREF�A��*`�SEVI`xwGDGFPFID�F

�

� AICND �,� � ��������� � �," � � � � AICUThA&wGThA
w>CEDGF&HJRNwG`oO�H^REn�d tjy O�D�FIFITWnoDGF*Z\VI`oO RND�H^noCcM[`oLNVPF&TWRNQ�Z\DGD�QNFrA
CEDGO3pxexHXT
ThR�HJRcAIDGV �gSNVP`�w�DGFIFKw�`oO�O�LNRNH^wGThA
HJ`oR bcLND�LNDWpUA
`�AICNDsO�`WAI`oVawG`WRcAIVI`oY SNVI`xwGD�FIF��

� AICND � "&% "&� � "&� % �,"�	 � �," � � � � AICUThAKSNVP`�w�DGFIFPDGF�H^REZ\`WVIO�ThA
HJ`oR�Z\VP`oO,REDGH^nWCxM[`oLNVPFawG`oO�H^REn6`oLEAa`hZ<AICNDjH^R_A
D�V �
SEVI`xwGDGFPFjwG`oO�O6LNREH^w�T A
H^`WR3bcLND�LNDWp w>CEDGw �cFsQNH^F A>TWRNw�DGFv`hZzRNDGHJnoCcM+`WLNVIF�p FID�RNQNFsd tjy O�DGFPF
TWnWDGF AI` RNDGHJnoC �
M[`oLNVPFKHJZ �KHJAICNH^R�V
ThRNnoDWpULES+QUT A
DGFaAICNDsH^R_A
D�VIRUTWY FPA>T A
DGF TWRNQ�w�`oR_A
VI`WY^FaA
CNDsO�`WA
`WVIF��
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� CNH^F QNHJexHJFIH^`WR�HJF*REDGDGQEDGQ M[DGwGTWLNFID O�D�FIFITWnoDGF*w�TWR TWVIVPHJeWD T A&TWR_f�AIH^O�D ThRNQ�O�LNFPA ]URNQ�TsY^HJFPAIDGRNHJRNnsSNVI`xwGD�FIF��
{ HJnoLNVPD  � 6 "�FPCN`��KF�A
CED / `oLEVIQN`oR:FIw>CEDGO�ThA
HJw�VPDGSNVPDGFPDGR_A>ThAIH^`oR `WZrAICND�SNVI`xwGD�FIFID�F�VPLNRNRNHJRNn�`WR:A��*`?QNH � D�VID�RcA
VP`oM+`hA
F�TWRNQ�A
CED 7N`
� `WZ2QNThA>T�M[D�A��*DGDGR�A
CND�O 3 ikTWVPQ�ThRNQ �3DGY^YJ`oVGp 6�2 :<754 �

� A6H^F �*`oVPAIC DGO�SNCUTWFPH -GHJRNn�A
CUThA;A
CEH^F�w�`oR_A
VP`oYrThY^no`oVPHJAICNO TWVPw>CNHJAIDGw$A
LNVPD w�ThR M+D�VIDGTWQNH^Y|f H^O�SNY^D�O�D�R_A
DGQ:H^R
VPD�TWY�TWSESNY^HJw�ThAIH^`oRNF A
CUThR �cF�AI`�AICNDsw>CN`oHJwGDs`WZ2d tjy SNVP`WA
`xwG`WY �

� ��� � ���1� � � � � � � ��� ��
�� � 
�� � 	 � � �

{ `oYJY^`��KH^RNn�A
CED Z\`�w�LNF�`WR O�HJRNH^O�TWY^HJFPA QNDGFPH^noR `WZ �3DGY^CcLNHJFIC 3 ��D�Y^CcLNH^FPC�p 6�23262 w�4rTWRNQ AICND SNVPDGY^HJO�HJRUTWV f �*`oV��
`WZai HJRE]UD�Y^Q 3 i H^RE]NDGY^Q pG� �3�3� 4 puAICND ThH^O1H^F;A
` �hDGDGS AICND VI`WM+`WAIF6TWF�FIHJO�SNYJD ThF6S+`WFIFIHJMNY^D�� � R AICNH^F�w�TWFPD A
CND
w�`oRNFPAIV
TWHJR_A<`hZELNFPH^RNnKVITWQNH^`aw�`oO�O6LNRNHJw�ThAIH^`oRvHJF�TWY^VPD�TWQ�fvSNVPDGFID�R_A�pWFP` FPH^O�SNY^HJwGH|Agf �KHJY^YhM+DmFI`WLNnoC_A'H^RjVID�QNLNw�H^RNnKA
CND
TWO�`oLNR_Am`WZ[HJREZ\`oVIO�ThAIH^`oR�D���w>CUTWRNnWDGQ�� � AmHJFuM+D�Y^HJD�eoD�Q�A
CUThAmw�`oCND�VIDGREwGD�H^FzTWw>CEH^D�ehTWMEY^D&`oREYJf �KH|A
C�TjV
ThQNH^`vQED�exH^w�D
�KH|A
C�Y^H^O�HJAIDGQ6VITWRNnoD&Z\`WVzwG`oO�O6LNRNHJw�ThAIH^`oR�ThRNQ�SEVI` ��H^O�HJAgf�FIDGREFI`oVPF*Z\`oVmT�eo`WH^QUTWREwGD
� 4jRED�`hZ A
CED�SEVIH^O�TWV f�no`oTWY^F
Z\`oVjAICNH^FsVID�FIDGTWVIw>C HJFjA
`3QNDGFPH^noR TWY^nW`oVIH|A
CNO�F A
CNThA;LNFID�T3O�H^REH^O6LNO4`WZrH^REZ\`oVPO T A
H^`WR D���w>CUTWREnoD TWREQkSNVPDGFID�R_A
T w�`oR_A
VI`WY2TWYJno`oVPHJA
CEO9A
CUThA H^F TWFvFIHJO�SEY^D�TWF wGTWR7M+D�� � CND�TWHJO�H^F AI` H^R_eWDGFPAIH^n_T A
D�AICND6O�H^RNHJO6LNO)w�`oVID�FID�As`hZ
TWMEH^Y^H|A
HJDGF&Z\`oVKA
CND�VI`oM[`WAIF�AI` TWw>CNHJD�eWD�T�w�`oRNRND�w�A
D�Q7F��rTWVIO � � CNH^F w�TWR?M+D;FILNO�O�TWVIHJFIDGQ?TWFKA
CND�no`_TWY A
`��rTWVIQEF

 � � � 
 	KE � � 
 �

@ RN`WAICNDGVmHJO�S[`oVPA
TWR_A2nW`_TWYNHJR6A
CNHJFuFPAILNQEf�HJF2A
`sQND�FIH^nWR�TWY^no`WVIHJAICNO�F'AICUThAmQN`sRN`WAuQNDGS[DGRNQ�`oR�TvFIS[DGw�HXTWYERxLEO �
M[DGV `WZ+VI`oM[`WA
F�pcH^R�`WA
CEDGV �r`WVIQNF � � 	IE 	 � �FEF� � H H^FmFP`oLNnoC_A � � CED FP`oY^LEAIH^`oR�QED�eoD�Y^`oS[DGQ�RNDGD�QNF*AI`sM+D�D#"�wGHJDGR_A*D�eoD�R
HJR�A
CED;Z TWw�D�`WZzTWR?HJRNwGVPD�TWFPDGQ RcLNO6M[DGV�`WZzVP`oM[`WA
F�� � CNH^F�wG`oREwGDGVPR7CUTWF T�CcLNnoD�H^O�SUTWw$A `WR �KCUThA H^R�Z\`oVIO�ThA
HJ`oR
HJFaD���w>CUTWRNnWDGQ7TWREQ�CN`�� �
ikDaThY^FI`�FID�D���TWY^no`WVIHJAICNO�F�A
CUThA2TWVPDrRN`WA<SNVP`oRND*AI` Z TWHJY^LNVPD H|ZN`oREDr`WZNAICNDrVP`oM[`WA
F<QN`�D�F2RN`hA<Z\LNREw�A
HJ`oR6SNVP`oS[DGVIY|f

`oVKH|Z'AICNDswG`oO�O6LNREH^w�T A
H^`WR bcLUTWY^H|Agf HJFaS+`x`oV�� � CEH^FaH^FaVPD�Z\D�VIVID�Q�AI`�HJR�A
CNDsY^H|A
D�V
ThAILNVIDjThF ��� ��� ��� � . � � �
@ F�T6VID�FILNY|AK`WZ<AICNDjnoD�RNDGVITWY�no`_ThY^F&O�DGR_A
HJ`oRND�Q�TWM+` eWDWp~T�Y^`�� �gYJD�eWDGY nW`_TWY�HJR A
CNHJF&FPAILNQEf�HJF � 
 	 � 
 �3�*BD. ���

. � �3. p'A
CUT A�HJF�T3noVI`WLNSk`WZrVI`oM[`WAIF;AICUThAsZ\`oVIO�F;T�RND$A��r`WV��:wG`oRNFPH^F A
H^REn�`WZ&T�FPH^RNnoYJD�wG`oRNREDGw�AIDGQ w�`oO�S+`oREDGR_A �
{ `oVKA
CND�SNLNVPS+`oFPD6`WZzHJR_A
DGV �gVP`oM+`hA w�`oO�O6LNRNHJw�ThAIH^`oR�A
` M+D;S+`WFIFIHJMNY^D�ThAvTWR_f3AIH^O�DWp[T�LERNH^bcLND�FPA>ThMNY^D�F��rTWVIO4H^F
RND�DGQND�Q��v@ Y^`oFPF HJR�A
CEH^F�H^R_A
D�VIwG`WRNRNDGw$A
HJ`oR CUTWF�A
` M[D;wG`oRNF A
VITWH^RND�Q?A
` T�Y^HJO�H|A
D�Q�AIH^O�DsH^R?`WVIQND�V A
`�O�HJRNH^O�H^FPD
YJ`oFIFj`WZ O�DGFPF
TWnoD�F����3`oVID�` eWDGVjA
CED�F��rTWVIO�H^RNn�O�DGw>CNTWRNH^FPO�QN`xDGFjRE`WAjVID�YJf?`oR7H^REZ\`WVIO�ThA
HJ`oR?FPLNw>CkThFjVIDGY^ThA
H|eoD
S[`oFIH|A
HJ`oR�AI`�TWY^YJ`
� T6Y^`oF A&VI`WM+`WA*A
`�VPDGwG`WRNRNDGw$A � � CNHJF&H^FrAICNDvVPD�TWFP`oR�T6Y^`oFPF&`WZ�w�`oRNRND�w�A
HJ`oR Z\`oV&O�`oVPD A
CNTWR A
CND
AIH^O�D&RNDGD�QNDGQ�Z\`oVzTjVI`WM+`WA � FzVPD�AILNVIR�w�TWR�VPDGFILEYJAmH^R�Tvw�`oO�SEY^D�AIDKTWRNQ�H^VPVID�O�D�QNHXTWMEY^DrYJ`oFIFz`hZ[AICNDKVI`oM[`WAGpWA
CNDaZ\`xwGLNF
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ROBOT 1

ROBOT 2

messages
from other
robots

messages
from other
robots

connectivity
table

connectivity
table

UDP
mesg
server

control
process

message
queue

UDP
mesg
server

control
process

message
queue

send only if 
     distance < communication range

{ H^noLEVID  � 6 "
�
/ `WLNVIQN`WR�VPDGSNVPDGFID�R_A>ThAIH^`oR3`WZ<VI`oM[`WAKSNVP`�w�DGFIFPDGF
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M[DGHJRNn�`oR7LNRcM[`oLNRNQND�Q D�R_e�HJVI`oREO�D�RcAIF���}r`oCND�VIDGREwGD�H^F AICNDGVPD�Z\`oVPD�TWR:TWMNFP`oY^LEAID6VID�bcLNH^VPDGO�DGR_AvZ\`oV AICND�F��rTWVPO �

� CNHJFjwG`oCEDGVID�RNwGD�HJFjTWY^FP` VID�bcLNH^VPDGQ �KCNDGR A
CED6F��rTWVIO�H^FjThAPA
VITWw�AIDGQ7M_f7T M[D�TWw�`oR `oVvCUThFvA
`�T�eo`oHJQ7`oMNF A>TWw�Y^DGF
8\FIDGD;w>CUTWS�A
DGVPF "�TWREQ 7 :��
tvLND&A
`jA
CEDaLNRNQND�VIYJfxHJRNnsO�`WAIHJehThAIH^`oR�`oR�FIDGREFI`oV f�RND�A��*`oV���TWSNSNYJH^w�T A
H^`WRNFuTWREQ�Z\`WV2A
CNDKFIT
�WDK`WZ[O�H^RNHJO TWYJH^FPO�p

�*D�TWY^FP` FPDGD��3A
` O�H^REH^O�H^FIDvAICND�w�`oO�O6LNRNHJw�ThAIH^`oR3` eoDGVPCND�ThQ AICUThA H^F REDGwGD�FIFITWVPf�A
`�TWw>CEH^D�eWD�wG`oCEDGVID�RNwGD�� � CNH^F
HJF&A
`�VID�A
TWH^R�O�T���H^O�LNO,MUThRNQ �KH^Q�A
C�Z\`oVaQUThA
T�noThA
CND�VIHJRNn �

� CND�FPDGw�`oRNQ:Y^`�� �gYJD�eoD�Yuno`_ThY
� 
 	 �D� 
 � �/� � ' ��BC. 	 �). 	 �3� �*. �).1� M_f AICND�VI`oM[`WAIFjQNDGVPHJeoD�F;Z\VP`oO AICND�LNR �

QND�VIY|f�HJRNn7O�`WA
H|eWT A
H^`WR `WZKQEH^FPAIVIHJMNLEA
D�Q FID�RNFIHJRNnNp �KCN`oFPD�SNVIHJRNwGHJSNY^D�H^F�AI` A>T
�hD�O�DGTWFILEVIDGO�DGR_AIF�H^R SUThV
TWYJY^DGY*ThA
QNH � D�VID�RcA&SNYXTWw�DGF�� ��DGRNw�DsTWR ` eoD�V � FPA>ThMNY^DjnoVP`oLNS w�Y^LNO�S[DGQ A
HJnoC_A
Y|f�A
`onoD$A
CND�V �*`oLNY^Q�RE`WAaM[DvQNDGFPH^VITWMNY^D��2i CUThA
HJF�FI`oLNnWCcA�HJF�A
CND�O�`oFPA �KH^QND�YJf �gFPSNVIDGTWQ fWD�A�FPA
TWMNYJD�F��rTWVIO � � CND�VID�Z\`WVID�A
CND3TWVPD�T7wG` eWDGVID�Q M_f T F �&TWVPO H^F
O�D�TWFPLNVID�Q A
`�bxLNTWR_A
HJZ f�AICNH^F no`_TWY'TWRNQ�A
CND�H^R 7ULEDGRNw�D6`WZzRN`WH^FID�TWRNQ HJRNwGVPD�TWFPD�HJR�A
CED�RcLNO6M[DGVv`hZzVI`oM[`WAIF �KH^YJY
M[DsH^R_eoD�FPA
HJn_ThAIDGQ3H^R�w>CUTWSEAIDGV " �

� R A
CND�A>TWF���`hZ�M+D�H^RNn�ThAIAIV
TWw$A
DGQ�A
`6T�M+DGTWwG`oR SNVID�FIDGR_AIDGQ�H^R�w>CUTWSEAIDGV 7xpNT�YJ`�� �gY^D$eoD�Y+no`oTWY~H^FmA
CND ��� ����	 � �3.
���
	��*.1EF.1� � H ��BC. �3. � � �)�*�F��� � ��BD. � 
 	 � 
 QNLNVPH^RNn�T�wGD�VPA
TWH^R�A
H^O�DKH^R�A
CND SNVID�FIDGREwGDv`WZ�`oMNFPA
TWwGYJDGF*`oV*RE`WA �
� CND;H^R 7ULNDGREwGDs`WZ<RN`oH^FPD;TWRNQ�A
CNDsRcLNO6M[DGVa`WZ2VI`oM[`WAIF �KH^Y^Y TWY^FP`�M+DsH^R_eWDGFPAIH^n_T A
DGQ �

� R#w>CUTWSEAIDGV 8EprA
CED?S[`oFIFPH^MNHJY^HJAIH^D�F�Z\`oV�O�HJRNH^O�TWY^HJFPA�wG`oR_AIVI`oY�`WZ AICND?FPCUTWS[D?`WZ A
CND�wG`oRERNDGw$A
DGQ F �&ThVIO TWVID
F A
LNQNHJDGQ�TWREQ�A
CEDvY^`�� �gYJD�eWDGY~no`_TWY~HJF ��� 
 	K&G. ��BC. � 
 	 � 
 	I�D��� � 	 EF� � . 	 � �/B 	�� . �m@ n_TWHJR VP`oMNLNF A
RND�FIF&A
`
RN`WH^FID;TWREQ3FPw�TWY^TWMNHJY^HJAgf TWVPDjFPA
LEQNH^D�Q��

� ��� � 

�+��� ��
��

� ������� �!��� ��*���� � � 
�� ��������
�
��

� R#AICNH^F�FPA
LEQEfopaA
CED?]UVIF A Z\D�T A
LNVPD�A
CNThA CUThF A
` M[D?O�D�ThFILNVPDGQ H^F ��� /�� � � "�� ��� ��� � � � qrLEA�TWF�AICND Y^`WFIF `hZ
T wG`oRERNDGw$A
H^`WR HJF�T QEH^FIw�VID$A
D�D�eWDGR_A�p&AICND�bxLNTWR_A
HJAgfkA
CUThA�REDGDGQEF�A
` M[D�O�DGTWFILNVPDGQ H^F�RN`hA�`WMcexHJ`oLNF�� ��CE`oLNY^Q
�*D VID�FPAIVIH^w$A�`WLNVIFPDGYJeWDGF�AI`?QND$A
D�w�A �KCND�RkA
CED F��rTWVPO M[DGw�`oO�D�F�QNHJFIw�`oRNRND�w�A
D�Q�pz`oV;FICN`WLNY^Q �rD�Y^`x` � Z\`oVs]URNDGV
w�VIHJAIDGVPHXT �
@ QED�]URNH|A
HJ`oR�`WZ2w�`oCND�VIDGREwGD �r`oLEY^Q3M+D

�

� CED�F �&ThVIO�HJF � "�� ���,��� % H|Z*TWR_f MNVPD�T
��H^R A
CED�` eWDGVITWY^Y<wG`oRNREDGw�AIHJexHJAgf?`WZmA
CND�RED�A��*`oV�� Y^TWFPAIFvY^D�FIF
AICUTWR�A
CNDjAIH^O�DvwG`oREFPA>ThRcA�� �
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� CND�wG`oREFPA>ThRcA � QNDGS[DGREQNF `oR A
CND3V
ThRNnoD3`WZvw�`oO�O�LNRNH^wGThA
HJ`oR�pmA
CND3S[DGVIHJ`�QEH^wGH|Agf `WZ A
CND3w�ThY^Y^HJRNn7O�DGFIFITWnoD�F
8\w�TWQND�RNwGD : TWREQ3AICND�FPS+D�DGQ�`WZ2AICNDsVI`oM[`WA
F�� � R�A
CNHJFKFPA
LEQEf �rD;CUT�eoD�w>CN`oFPDGR � � 6�� A
HJO�D�F&A
CNDswGTWQNDGREwGD�8\FID�D
]UnWLNVID  � 6 7�:�� @�Z A
DGV�FILNw>C AIH^O�DWp<AICND F �&TWVPO HJF�QND�wGYXThVIDGQkQNH^FPwG`oRNREDGw�AIDGQ TWRNQ QE`�D�F6RN`WA�wG`oR_A
VPH^MNL�A
D AI`?A
CND
w�`oO�SELEA>ThAIH^`oR�`hZ2VPDGFILEYJA
F��

cycles

message
check

message
check

cadence

constant C

{ H^noLNVPD  � 6 7
�
FPw>CNDGO�T�`WZ<w�ThQNDGRNw�D�ThRNQ � wG`oRNF A>TWR_A

qrLEAmA
CNHJFzQND�]NRNHJAIH^`oR�H^FueWDGV f�wGVILEQND ThRNQ�H|A �*`oLNY^Q�M[Da`WZ�O�`oVIDrLNFIDKA
`sCUT�eoD TsnoV
TWQNThA
HJ`oR�H^R�YJD�eoD�Y^Fm`WZ+wG`oCEDGV �
D�RNwGD�� � CNHJFKw�TWR3M+DjSEVI` exH^QND�Q�M_f�A
CED;nWV
TWSNC�AICNDG`oV f�wG`oREwGDGS�A `hZ � � � "&� � � � % ���5��%�� TWREQ � � � � � ��� � "&� � � � % ���5��%�� �

{ H^VIF A
Y|fop+T�noVITWSNC � H^F � "&� � � � %'� � H|ZmTWR_f3A��r`�`WZuHJA
F�eoD�VPA
HJwGD�Fvw�TWR7M[D 'P`WH^RND�Q?M_f T�SUThA
C � � CND�R
H|Z � HJFawG`oRNREDGw�AIDGQ7ThRNQ�pUZ\`oVKFI`oO�DsFID$A�� `hZ2eoD�VPAIH^wGD�F `WV�D�QNnoD�FGp ��� � H^FKQNHJFIwG`WRNRNDGw$A
D�Q�p[AICNDGR
�*D;F
T�f A
CNThA�� �5� � /�� /�%'� � � �
{ `oV�������p �*D�F
T�f?AICUThAsT�noV
TWSEC7H^F	� � � "&� � � � % � � HJZmD�HJAICNDGV � H^FjT w�`oO�SNY^D$A
D�nWV
TWSNC ��

� � `oV
D�Y^FPD�HJA CUTWF ThA Y^D�ThFPA�� � ��eWDGV A
H^w�DGFjThRNQ RN`�FID�Av`WZ�� � 6 eoDGV A
HJwGDGF FIDGSNTWV
ThAIDGFvH|A � ��HJO�HJYXTWVPYJfopxZ\`oV
��� ��p�T�noVITWSNC HJF�� � � � � ��� � "&� � � � % � � H|Z HJA CUThFaThA*Y^D�ThFPA A��r`6eWDGVPAIH^w�DGFaTWREQ RN`�FPD�Aa`hZ�� � 6 D�QNnoDGF
FPDGSUThV
ThAIDGF�HJA �

� CEDvO T
�EHJO ThYNeWThY^LND�`WZ���Z\`WV �KCNHJw>C�T�w�`oRNRND�w�A
D�Q�noV
TWSEC � H^F�� �gw�`oRNRND�w�A
D�Q�H^F A
CND � "&� � � � % ���5��%��
`hZ � �2@ RUTWYJ`ono`oLNFPYJfsA
CED&O T
�EHJO ThY���Z\`WV �KCNHJw>C � H^F�� �gD�QNnoD�� wG`oRERNDGw$A
DGQ�H^F'A
CND � � � ��� � "&� � � � % ���5��%��
`hZ � 3 qr`oYJY^`oM )ThFGp 6/232 :&4 �

� CNDGFPD�A��*`�ehTWY^LND�FsTWVID�VIDGY^ThA
D�Q7M_f7T wG`WVI`oYJYXTWV f�`WZr��DGRNnWDGV � FjA
CND�`oVID�O AI` A
CND6RcLNO�M+D�Vj`WZ ����� � � ����� ��� % �
TWREQ � � � ��� ��� � � "&��� % SUThA
CEF 3 qr`oYJY^`oM )TWFGp 6�232 :64'TWRNQ�A
CND�VID�Z\`WVID;CUT�eoD�T�O�D�ThRNH^RNn�HJR�AIDGVPO�Fa`WZ2VI`oMELNFPAIRNDGFPF `WZ<A
CND
RND$A��r`WV��?AI`�wG`oRNREDGw�AIH^`oR7`WV RN`xQND6Z TWHJY^LNVPD�VPDGFIS[DGw$A
H|eoDGY|f � � CND�VID�Z\`WVIDWp Z\`oYJY^`��KH^REn�AICND6LNRNQEDGVIY|fxH^RNn�w�`oRNwGD�VIR7Z\`oV
FPDGRNFP`oVrRND$A��r`WV��cFGpxA
CND�VID�Y^D�ehTWREwGD�`WZ�FPLNw>C�TsbxLNTWR_A
HJAgf�AI`;AICND TWMNH^YJHJAgf�`WZ AICND�RND�A��*`oV���AI`�SNVP`oSUTWnoThA
DKO�DGFIFITWnoD�F
HJFKTWRN`WAICNDGVKO�`WA
H|eWT A
H^`WR Z\`oVaO�D�TWFPLNVIHJRNn�HJA��

� ��� �	��� 2 �
����� ����� �	��� � � � ���%��*  
+ �!�	�����('������ ��*�-����
*�'��!� � �!*
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{ H^noLNVPD; � 6 8
�
@ VPD�T�wG` eWDGVID�Q M_f A
CED;F �&ThVIO

� CND�TWY^nW`oVIH|A
CNO9LEFIDGQ7AI` wG`oO�SNLEAID6M[`WA
C?ehTWYJLNDGF H^F�Z\`oLNRNQ7HJR 3 lueWDGR ThRNQ � TWV 'ITWR�pG93764 p+FIH^O�H^Y^TWVawG`WO�SNL�A>T��
AIH^`oRNFaFPLNw>C ThF�RcLNO�M+D�V�`hZ2QNHJF 'P`oHJR_AKFISUTWRERNH^RNn�AIVIDGD�F wGTWR�M+DjZ\`oLERNQ�HJR 3 ��`oMNMNF�p 6�2 : 2 4 �

� �����'& �!��� ��*���� � � � ����� 
�� � ����� ���

@ RN`WA
CEDGVjbcLUTWR_A
H|Agf�AICUThAjHJFvH^O�S[`oVPA
TWR_A AI` O�DGTWFILEVID�H^F�A
CND /��,� / � "������ / � � `WZzAICND �KCN`oYJD6F��rTWVPO � � CNHJF �&ThF
QN`WRND SNVPH^O�TWVIHJYJf�M_f�AIVIHXThRNnoLNY^ThA
HJ`oR�`WZ�AICND M[`oLNRNQEH^RNn;S+`WYJfxno`oR�`WZ�A
CED noVITWSNC 3 > D�O6MNVPH^RNH�D$A TWY �|pI� �6� �64 pEThFrw�ThR
M[D FPDGDGR H^R�]NnoLNVID  � 6 8 8\O�HJQNQNYJD5:���� `��*D�eWDGVGp�A
CNHJF*O�D�AIVIH^w�TWSES+DGTWVID�Q A
`�M+DKA
`x`�FPDGRNFPHJAIHJeoD�A
`�wG`oRNREDGw�AIH^`oR�Y^`oFPF 1
TWFsHJR A
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T �KCN`WY^DWpxMNLEA �KCNDGR�VID�wG`oVPQNH^REn�A
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VITWH^noC_AaO�` eoD�O�D�RcA
CUThF&M+D�DGR�FPCN`��KR�AI`6M[D wGVPLNwGH^TWY~Z\`oVrQNHJFIw�`oRNRND�w�A
HJ`oR��mqrL�ArA
CEDvYXTWw ��`WZ�S[`oFPHJA
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AICND�F �&TWVPO�p[A
CND�Y^H �WDGYJH^CN`x`xQ�`WZzY^`WFIF Z\`WV DGTWw>C � eWThY^LND;H^F�SNY^`hAIA
D�Q�8 ]UnoLNVPD " �! 3: :���� � 7 � H^F�A
CND�`oRNY|f�eWThY^LND
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VIHJMNLEAIH^`oR��z@ YJAICN`oLNnoC
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	 � � � �/� � E�. ��. 	���� � � BD. ��. �)�G'G. � . �*� ��� 	I�D. � �3.
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DGVPO�`WFPA�VIDGnWH^`oR�prFIDGD?@ SNS[DGRNQEH � @�:�� 4vR AICND?`hA
CND�V�CUThRNQ�paH^R T FPH^O6LNY^ThA
D�Q F �&ThVIO3p&A
CND�VID ThVID3VI`oM[`WA
F
FPHJA
LNThA
D�Q �KH|A
CNHJR A
CND�F �&TWVPO �KCN`oFPD3TWVIDGT HJF6wG`WO�SNYJD�AIDGYJf wG` eWDGVID�Q M_f `WAICNDGVPF�� @ RNQ A
CND�RcLNO6M[DGV�`hZ FPLNw>C
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{ HJnoLNVPD " � 7)"
�
RN`oVPO TWYJH^FPDGQ�TWVPD�T�TWRNQ�DGF A
HJO ThAI`oVIF �KH|A
C�H^REwGVIDGTWFIHJRNn�FIH -GD;TWRNQ � ehTWYJLNDGF
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{ H^nWLNVID " ��737
�
RE`oVIO�TWY^HJFID�Q�TWVIDGT�ThRNQ�D�FPAIH^O�ThA
`oVPF �KHJAIC�H^RNw�VID�ThFIH^REn �:ehTWY^LND�F

VP`oM+`hA
FKH^RNw�VIDGTWFID�F �KH|A
C�H^REwGVIDGTWFIHJRNn�FIH -GD
�
� CND�D��ETWO�SNY^D SNVID�FIDGR_AIDGQ H^Rk]UnWLNVID " � 768�FICN`��KF�A
CUT A�TWYJAICN`oLNnWCkM[DGH^REn?Z TWV�TWM[` eoD�ThRNQ LNRNQND�V6A
CND TWVIDGT

w�` eWDGVITWnoD ehTWYJLND �KCEDGR�T�eoD�V
TWnoD�Q�` eoDGV �KCN`oY^D�VILERNFGpxA
CNDvM[`oLNREQNFrD�FPA
HJO T A
`oVPFrTWVPD RE`WA&F A
VIHJw�A*Y^`��*DGV&ThRNQ LNSNS[DGV
M[`oLNRNQEF�� � RNQNDGD�QkA
CED�ThVID�T�wG` eWDGV
ThnoD�ehTWYJLND�`xwGw�ThFIH^`WRUTWY^Y|f?D���wGDGD�QNF�AICND�LNSNS[DGV;M+`WLNRNQ eWThY^LND�`oVj]UREQNF�H|A
FPDGYJZ
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`sRUTWVPVI`�� 8 LNFPLUTWY^Y|f�YJ`�`WFIH^REnvM+`WLNRNQ �
HJRNn TWMEH^Y^H|Agf :$p�A
CNHJF;Z\DGThA
LNVPD VITWH^FPDGF�QE`oLNMEAIF�`WZ�T3S+`oFPFIHJMNY^D�H^O�SNVI` eWDGO�DGR_A6HJR A
CED M[`oLNRNQNF �KHJAICN`oLEA�H^R_eo`oY|exH^RNn
O�`oVIDvAICUTWR1'PLNFPA�w�`oRNFIHJQNDGVIThA
HJ`oR�`WZ<A
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{ HJnoLNVPD " ��768
�
RN`oVPO ThY^H^FPDGQ�TWVPD�T�TWRNQ3DGF A
HJO ThAI`oVIFrQNLNVIHJRNn�T�VPLNR �KHJA
C�QNH � D�VIHJRNn � ehTWYJLNDGF

{ H^noLEVID " � 739�FICN`��KF6AICND H^R 7ULNDGREwGD `WZKRE`oH^FPD `oRkAICND D�FPA
HJO T A
H^`WR `WZaAICND�TWVPD�T � � CND QNHJVID�w�A�HJR 7ULND�RNwGD `hZ
RN`WH^FIDs`oR�AICNDswG`oRNREDGw�AIH^`oREF QN`xDGFKRN`hAKFIDGD�O9A
`�CUT�eoD�T�FILNMNF A>TWR_AIHXTWY HJR 7ULND�RNwGDs`oR�A
CND;TWVPD�T�DGF A
HJO ThAI`oVIF�� � CNH^F
w�`oVIVPDGFIS[`oRNQEF �*DGYJY��KHJA
C�AICNDsM+D�CUT�e�HJ`oLNVK`WZ'A
CND;TWVPD�T�wG` eWDGV
ThnoD�HJR�A
CNDsSNVPDGFID�RNwGD�`WZ<RN`oH^FPD
�
tvDGFISEHJA
D�AICNDGFPD H^RNTWwGw�LNV
TWw�H^D�FGp�A
CND�TWVPD�T�wG` eoD�V
TWnoD�DGF A
H^O�ThAI`oVIFjF A
H^YJYuSNVPDGFID�R_A6T�wGVPLNQND HJQND�T�`WZ*A
CND�FPSNVIDGTWQ

`WZrA
CND�F��rTWVIO�TWRNQkw�TWR M+D�`WZaLNFPD H^R:QNH � D�VIDGR_A�wG`oR_A
D��xA
F6FPLNw>C TWFGp'Z\`oV;H^RNF A>TWRNw�DWp<QNH^F A
VIHJMNLEAIDGQkFPDGRNFPH^RNn � � A
HJF �r`WVPA
C RN`hA
H^REn CNDGVPD6A
CUT AvA
CND�D�FPAIH^O�ThA
`oVPF SNVP`oS[`oFID�Q:QEH^Q RN`hAjO T��WD�TWR_f LEFID�`WZmRND�H^noCcM[`oLNVvHJREZ\`oVPO ThAIH^`oR p
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{ H^nWLNVID " ��739
�
RN`oVIO�TWYJH^FID�Q�TWVIDGT�TWRNQ3DGFPAIH^O�ThA
`WVIF �KHJAIC�H^RNw�VID�ThFIH^REn�RE`oH^FPD

�KCNHJw>C�HJRNQNHJw�ThAIDGFaVI`x`oO�Z\`oVaH^O�SNVI` eWDGO�DGR_A �KHJA
CEH^R A
CEDsZ\VITWO�D��*`oV�� `hZ<AICND � �gTWY^nW`oVIH|A
CNO �


 � 
 ��� �.*	� �!� � �

� R:A
CNHJFjFIDGw$A
HJ`oR�p A
CND�S[`
�*DGV;`WZ A
CND ��� ThY^no`oVPHJAICNO)A
`�TWw>CNH^D$eoD�wG`oR_AIVI`oYz`WZ*F��rTWVPO FISNVPD�TWQ CUTWFsM+D�DGR QNDGO�`oR �
F A
V
T A
DGQ?H^R?FPH^O6LEYXThAIH^`oR�TWREQ?A
CNHJF ThMNH^YJHJAgf HJF RE`WA YJ`oFPA �KHJAIC?HJRNwGVPD�TWFPH^RNn�RN`oHJFID
� � CND�VID�YXThAIHJeoD;QNH "�w�LNYJAgf�`hZuA
CND
VPD�TWYmVI`WM+`WAsF �&ThVIO H^R:QND�O�`oREFPA
VIThA
HJRNn�A
CND�FITWO�D�M[DGCUT�exH^`WLNVsH^FsY^HJR �WD�Q �KH|A
C:SNV
TWw$A
HJw�TWYuHJFIFPLNDGF;H^R TWw>CNHJD�exH^RNn
w�`oCNDGVPDGRNw�D6TWREQ3RE`WA�QNLNDjA
`�FI`WO�DsSNC_fxFIHJw�TWY HJO�S[`oFIFPH^MNHJY^H|Agf �
@ Y^FP`NpNT�O�D$A
CN`xQ�CUTWF&M[DGD�R�SNVID�FID�RcAIDGQ�A
CUT AaH^FrT�O�DGTWRNFrZ\`WVrQND�QNLNwGHJRNn�LNSNS[DGV&TWRNQ�Y^`��*DGV&M[`oLNREQNFrZ\`oVrTWVIDGT

w�` eWDGVITWnoD Z\VP`oO A
CND TWQ 'IThwGDGREw�f�O ThAIVIH ��`WZ�AICND RED�A��*`oV��~p �KCEH^w>C S[DGV Z\`oVIO�F �*DGYJY~QNDGFPSNHJAID CNHJnoC�Z\VPDGbcLND�RNw�f�A
H^O�D
7ULEw�A
LNThA
HJ`oRNF�� � CEH^F�O�D�AICN`xQ VID�SNVID�FIDGR_A�T�]UVPFPA�F A
D�S A
`��&ThVIQNF6AICND w>CUTWVITWw�AIDGVPH^F
T A
H^`WRk`WZ�TWR D "�wGH^D�R_A�VI`oM[`WA
F �&TWVPO�A
CEVI`oLNnWC ThRUTWYJfxFPH^Fv`WZmAICND�TWQ 'ITWw�DGRNw$f7O�ThA
VPH ��`WZ A
CND�RND$A��r`WV�� ����LNw>C T w>CUTWVITWw�AIDGVPH^F
T A
H^`WR �r`oLEY^Q M+D
RND�DGQND�Q Z\`oV A
CND�TWFPFID�FIFIO�DGR_A�`WZrT SNVI`oMNTWMNH^YJH^F A
H^w;O�`�QND�Y2QND�FIw�VIH^MEH^RNn�A
CED�QEfxRUTWO�H^wGFj`hZ AICND�VI`WM+`WAvF��rTWVIO M_f
O�`�QEDGY^HJRNn6w>CUThRNnoDGF�H^R�AICNDsRND�A��*`oV�� 8\FID�D�w>CUThSEA
D�VIF  �ThRNQ 9�:��

� R�A
CED;RED��xAvFPDGw�AIH^`oR�T�O�DGTWRNF �KH^YJY�M+DsSNVPDGFPDGR_A
D�Q?Z\`oVaA
CND;VI`WM+`WAaAI`�YJ`�wGTWY^Y|f�QNDGQNLEwGD�H|A
FKVID�YXThAIHJeWDjS+`oFPHJAIH^`oR
�KH|A
CNHJR�AICNDsF��rTWVIO �
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4vRND�`WZ A
CND�H^REHJA
H^TWY*TWH^O�F6`WZ A
CNHJF�VIDGFPD�TWVPw>C#H^F6AI`:TWw>CNH^D$eoD3wG`oCEDGVID�RNwGD �KHJAICN`oLEA�AICND�CEDGY^S `WZ VID�YXThAIHJeWD3S[`oFPH �
AIH^`oRNF�� � CND�SNVPD�exH^`oLEF6FID�w�A
HJ`oRNF�`WZaAICNH^F�w>CUTWSEAIDGV6CUT�eWD3FPCN`��KR A
CUThA�A
CNHJF6H^F�H^RNQEDGDGQ S[`oFIFPH^MNYJD
� > `��,H|A �KH^YJY
M[D�QND�O�`WRNFPAIV
ThAIDGQ A
CNThA AICND6HJRNwGVPD�TWFPD�`WZmHJREZ\`oVIO�ThAIH^`oR�D��Ew>CNTWRNnoD�HJRcAIVI`xQNLNw�DGQ M_f3A
CND � �gTWY^nW`oVIH|A
CNO MNVIHJRNnoFvT
F A
V
ThH^noC_AIZ\`WV��rTWVIQ �&T�f�A
`�HJREZ\DGV TseoDGV f w�VILNQEDvTWSNSEVI` ��H^O�ThA
HJ`oR�`WZ�A
CED VID�YXThAIHJeWD�S[`oFPHJA
HJ`oR�`WZ D�Thw>C VI`oM[`WA �KHJAICNH^R
AICNDsF��rTWVIO �

> TWnoSNTWY 3 > TWnoSNTWY p 6�23232 4 QNDGFPwGVPH^M[DGF�TWR�H^R_A
D�VID�FPA
HJRNn�FI`WY^LEAIH^`oR �KH|A
CNHJR A
CNDvZ\VITWO�D��*`oV���`WZ<TWO�`WVISNCN`WLNF&wG`WO �
SNL�A
H^REnNp~LNFIHJRNn�AIVIHXThRNnoLNY^ThA
HJ`oR�`oR?CE`oS?w�`oLNR_A
F�A
` QEDGVIH|eoD�TWR?D�FPA
HJO T A
Ds`WZuAICND�S[`oFPHJA
HJ`oR��rqrLEA AICNH^F�TWYJno`oVPHJA
CEO
O�T
�WD�FjLNFID�`WZ*T FPSNVIDGTWQ `hZ*HJREZ\`oVPO ThAIH^`oR�A
CNThA �KH^YJY<LEFID�FI`oO�D6`WZmAICND�T�eWThH^YXThMNY^D;MUTWRNQ �KH^QEAIC�����`WVIDG` eWDGVjA
CND
SNVP`oMNYJDGO9`WZ<w>CN`x`oFIHJRNn�A
CNDjAICNVID�D;VP`oM[`WA
FKRND�DGQND�Q�A
`�HJRNHJAIHXThAID A
CED;FPSNVIDGTWQ3H^FKRN`WA�TWQEQNVID�FIFID�Q��

� CND�H^QNDGT QND�eWDGY^`WS+D�Q:CEDGVID�HJRNFPAID�TWQ7O�T
�WD�FjLNFID�`WZmAICND�H^REZ\`WVIO�ThA
HJ`oR?ThY^VIDGTWQEf?T�eWThH^YXThMNY^DsA
`�A
CED�VI`oM[`WAvM_f
AICNDsVIDGbcLNHJVID�O�D�RcAIF `hZ<AICND � �gTWY^nW`oVIH|A
CNO

�
HJA
Fa`��KR�QNDGnoVPDGDs`WZ<wG`oRERNDGw$A
H^`WRNF�TWRNQ�A
CN`oFPDs`WZ2H|A
FaRND�H^noCcM[`oLNVPF��


 ������� �	����
��+��� ���-�(


@&A�A
CNDsD�RNQ�`hZuHJAIFaw�TWQEDGRNw�D�VI`WLNRNQ�A
CNDsVI`WM+`WAKw�`oO�SUTWVID�FKHJA
FKw�`oRNRND�w�A
H|exHJAgf�QND�noVID�D;AI`�A
CND;`oRND�F�`hZuHJAIFaRNDGHJnoC �
M[`oLNVPF�� � Z'HJA
Fr`
�KR�QND�noVID�DjH^FrAICNDvnoVPD�ThAIDGF AKHJAaThFIFILEO�D�F�H|A&HJF&Y^`xw�ThAIDGQ �KH|A
CNHJR A
CEDjH^R_A
D�VIH^`WVr`WZ�A
CEDvF��rTWVIO3pUTWREQ
H|Z�HJA&HJFrA
CEDvFIO�TWY^YJDGF A�pcA
CNDjVP`oM+`hAaTWFPFILNO�DGFaH|A&O6LNF AaM[DjThA&AICNDjM+`WVIQND�V&`WZ�F��rTWVPO � � CNHJFaSNVI`xwGD�FIFaHJFrDGbcLNH|ehTWY^D�RcA
AI`�]UREQNH^RNn�AICNDsY^`xw�TWY+D��xA
VPDGO�T�`WZ'A
CED;w�`oRNRND�w�AIH^`oRNFKQND�noVID�D�S[`WAIDGR_A
H^TWY ` eoD�V�AICNDsF��rTWVIO �

��`oVIDjZ\`oVPO ThY^YJfWpET�VP`oM+`hA � wG`WRNFIHJQNDGVPF�H|A
FPDGYJZ2TWR ��� ��� � ��� H|Z

� ����� � � ����� ��� �
�
� � � � � � 8 � :

TWREQ?TWR " $ % ��� � ��� H|Z

� �����	� � ����� ��� �
�
� � � � � � 8 � :

TWREQ�RND�HJAICNDGVKHJZ�AICNDGFPD;A��*`�w�`oRNQNH|A
HJ`oRNFKTWVPDjRN`WA�F
ThAIH^F ]UDGQ��
� CND�'PLEFPA
H|]Uw�T A
H^`WR�Z\`WVuA
CNHJFzO�D$A
CN`xQ�HJFzFIHJO�SNY|f�AICUThAmA
CED�QEDGnoVPDGD � A
D�RNQNFzA
`;M[D�YJ`��rD�V*T AzA
CNDKM[`oVIQND�V�� � CED

VPD�eoD�VIFPD�TWVInoLEO�D�RcA CN`oYJQNF�H^RNFPH^QNDsA
CND�F��rTWVIO � 4 ZzwG`oLEVIFID�A
CNHJF TWSESNVI`_Thw>C w�TWRERN`WA noLUTWVITWR_A
DGD;A
`�FIDGYJDGw$AjTWYJY'`hZ
AICNDjVI`oM[`WAIFrA
CUT A�TWVIDjThw�A
LNTWY^Y|f T A&A
CNDjM[`oVPQNDGV&`hZ'AICNDjF��rTWVPO�pNMELEAaA
CUT AaH^FrAICNDjSNVPH^wGD A
`�SUT�f Z\`WV&Y^`xw�TWYJHJAgf�TWREQ
YJ`
� MUTWREQ �KH^QEAIC�D���w>CUTWRNnoD��
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@ RN`WAICNDGV�QNVIT��KMNTWw ��H^FaA
CND;S[`oFIFPH^MNHJY^HJAgf�A
CNThA T�VP`oM+`hAKM+D�Y^H^D$eoD�F H|A
FID�YJZ'A
`�M+D;ThAKAICND�M[`oVPQNDGV�TWY|A
CN`oLEnoC�HJA�H^F
RN`hA�p �KCNDGR�w�`oRNFIHJQNDGVPH^RNn�YXTWVPnoDKnoVI`WLNSNFr`hZ VI`oM[`WAIF �KCND�VIDvYJ`�wGTWYUO�H^RNHJO TvwGTWR CUTWSES+D�R �KHJAICNH^R�A
CND�F��rTWVIO �mqrLEA
AICNDGFPD�FPHJA
LNThA
HJ`oRNFKTWVPDjRN`WA�FPA
TWMNY^DsThRNQ�QEDGS[DGRNQ3`oR3Y^`�� ehTWYJLNDGFa`hZ � �

� CNDvTWQ�eWThRcA
TWnoDKH^FzAICUThA A
CNHJF FPDGYJDGw�AIH^`oR�H^FmQN`WRND w�`oO�SNY^D$A
DGY|f6YJ`�wGTWY^Y|f6TWREQ�AICUThA HJA H^F TWMEY^DaA
`;wG`oS[D �KHJAIC TWR_f
QND�noVID�D&`WZ~QEfxRUThO�HJwGHJAgf�TWF2T w>CUTWREnoD&H^R�A
CND*RND�A��*`oV���H^F<H^O�O�D�QNHXThAIDGY|fvVID�7UDGw$A
D�Q�HJR�A
CEDrFID�Y^D�w�A
HJ`oR��<@ MNHJ`oY^`onWH^w�ThY
D��NThO�SNYJDs`WZ2FPLNw>C T�QEfxRUTWO�H^wjFPDGYJDGw�AIH^`oR3w�ThR�M[DjZ\`oLNRNQ3H^R�w�foTWRN`oMNTWw�AIDGVIH^TEpUY^H �WDjHJR�AICND;noDGRcLNF � "5��% " �$p �KCNHJw>C
Z\`oVPO�F<]UYXTWO�DGR_AIF �KCNDGVPD 7 AI` 6�� � `WZ+AICNDaH^REQNHJexH^QELUTWYxwGDGYJY^FuQEH �+DGVID�R_A
HXT A
DaH^R_AI`jCND�AIDGVI`xw�fxF A
FzA
`sSNVP`�QNLEwGDawG`WY^`oR_f
D�FIFID�R_A
HXThY&RcLEA
VPH^O�DGR_A
F�� � Z�AICNH^F�H^RNQEHJexH^QNLNTWYmH^F�VPDGO�` eoDGQ Z\VP`oO A
CND ]UY^TWO�DGR_A�puVPDG`oVPn_TWRNHJF
ThAIH^`oR:`xwGwGLEVIF�TWRNQ T
RND�� H^RNQNH|exH^QNLUThYUQNH �+DGVPDGR_A
H^ThA
D�F�� � `�TWw>CNHJD�eWD A
CNHJF*QEH �+DGVID�R_A
HXT A
H^`WR�pcH^R_A
D�VIwGD�Y^YJLNYXTWVzw�`oO�O6LNRNHJw�ThAIH^`oR�H^F DGFPFID�RcAIHXTWY
MNL�A H|AKVID�O TWHJRNF&LNREwGY^DGTWV �KCUThA�SNVPDGwGHJFIDsO�DGw>CUTWREH^FIO,H^FKThAKSNY^T�f 3 @ QUTWO�FGp 6/232 9xp[�xCUTWSNHJVI`Np 6/2 :3:&4 �
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� CND;O�D�TWFPLNVID�FKAI`�VIDGw�`oVIQ�S+D�VPZ\`oVPO ThRNwGDj`WZ'A
CED;FPSUThAIHXTWY�FPDGYJDGw�AIH^`oR3TWYJno`oVPHJA
CEO ThFKZ\`WY^Y^`��KF
�
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nWVI`oLNSEF�`WZ FID�Y^D�w�A
D�Q#VI`WM+`WAIFGpmA
CND3QNHJFPA>ThRNwGD3TWRNQ HJAIF�FPA>ThRNQUTWVPQ QND$e�H^ThA
HJ`oR H^F�wG`WO�SNL�A
DGQ prH^R `oVPQNDGV�A
`
O�D�ThFILNVPDsAICNDsQNH �+DGVPDGRNw�DsM+D$A��rD�DGR?AICNDGO �

� � � "�	 � ��� /�� � � � /�� ��� ��%�/�� � � % " % � � � ��� % ����" 
 � /&� � TWF�QND$]URNDGQ H^R w>CUTWSEAIDGV  Z\`oV�w�`oO�SUTWVIHJFI`oR
SELNVIS[`oFID�F��

� � �," � "&�(% ��"&��" 
 ��� ��� � ��� � " $ % ��� � ��� �,"�$�"&% � H^R�A
CED�F��rTWVPO�pUA
`�O�DGTWFILEVIDsA
CND�TWMNH^YJHJAgf `WZ2AICND6TWYJno`oVPHJA
CEO A
`
FPDGYJDGw�A�VP`oM+`hA
F��

� CND�YJDGRNnhA
C�`WZ'A
CNDsVILERNFKH^R�FIHJO6LNYXT A
H^`WR�TWVIDjAICNDsF
TWO�DsTWFKH^R�FID�w�AIH^`oR " �! EpURUTWO�DGY|f 6/�3� p �3�3� FPAIDGSNF��


 ������� �.��� *	�-� �.���(
 ������*	� ���

� CNDKVPDGFILEYJA
Fz`hZ+FPH^O6LEYXThAIH^`oR;VILNREFmTWVIDaQND�SNH^w$A
D�Q�HJR�]UnoLEVIDGF " ��76: AI` " ��86 � { HJVIF A
YJf �*DaH^R_eoD�FPAIH^n_ThAIDrA
CEDaH^R 7ULEDGRNw�D
`WZ F��rTWVIO FIH -�D3TWRNQ � ehTWY^LED
� � R ]NnoLNVID " ��76:EpmA
CEDGVID�HJF�T:w�Y^D�ThV�FIDGSNTWV
ThAIH^`oR M[D�A��*DGD�R A
CND3T�eoD�V
TWnWD�O�D�TWR
QNHJFPA
TWRNwGD�A
`sA
CND wGD�RcAIDGV*`WZ O�TWFIF `WZ �PHJRNFIHJQNDGVPF �;VI`oM[`WAIF!8\FILNV Z TWwGD M+D�Y^`�� :$p �P`oL�A
FIHJQNDGV ��VP`oM+`hA
F 8 FILEVPZ TWw�D TWM[` eoD :
TWREQ�AICNDjF��rTWVPO � FKnoY^`oMNTWY+O�D�ThR�QNH^F A>TWRNw�DvA
`�A
CEDjwGDGR_AIDGVK`WZ'O ThFIF�� � CEH^FawGYJD�TWVPYJf�wG`oR�]UVIO�F&A
CNDsThMNH^YJHJAgf�`WZ�A
CND
SNVP`oS[`oFID�Q?TWYJno`oVPHJA
CEO�AI`�FPSUThAIHXTWYJYJf�FIDGYJDGw$A VP`oM[`WA
F��
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�
SNVI`oS[`oV A
H^`WR�`WZ2FPDGYJDGw�AIDGQ�VI`oM[`WA
F

i CNDGR wG`WRNFIHJQNDGVPH^RNn�A
CND6SEVI`oS[`oVPAIH^`oR3`WZmM[`WA
C?noVI`oLESNF `WZmVP`oM[`WA
F H^R�AICND6F �&TWVPO 8 ]UnoLNVPD " ��7 2 � `oLEA
FPH^QND�VIF �
FPLNVPZ TWw�D6TWM[` eoDhp�� H^RNFPH^QND�VIF ��FILEVPZ TWw�D�M[DGY^`�� : �PHJRNFIHJQNDGVPF ��CUTWSNS[DGR3A
`�M+D;Y^D�FIFKZ\VIDGbcLND�R_A � � CND�D���SNY^TWRUThAIH^`oR�Y^HJDGF
HJR3AICND;Z Thw�A�A
CUThAKAICND�RcLNO�M+D�V `WZ2VI`oM[`WAIF ThAKAICND�M[`oLNREQUTWVPf�`hZ2A
CED�F �&TWVPO�H^FGp~HJR � CND�TWY|A
C_f"� F �&TWVPO�F�p~YXTWVPnoDGV
AICUTWR�ThAuAICNDaY^`xw�TWYxwG`WRNRNDGw$A
HJ`oR�QNDGnWVIDGDKO�T���H^O�T � i CNH^w>C�O�D�ThRNFuA
CUT AzO�`WVID&VP`oM+`hA
FzTWVPD&S[`WA
D�RcAIHXTWY�w�TWREQNH^QUT A
DGF
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{ H^nWLNVID " �!8 �
�
QEH^FPA
TWRNw�DsAI`�wGDGR_AIDGV�`WZ2O�TWFPF�QELNVIHJRNn�T�VPLNR

Z\`oVaM[DGw�`oO�H^RNn �P`oL�A
FIHJQNDGVPF � �
i CNDGR:`oMNFPDGVPexHJRNn�A
CND�O�D�TWR QNHJFPA
TWRNwGD�FsTWRNQ SNVP`oS+`WVPA
HJ`oRNF Z\`WVjT�YXTWVPnoDGVvF �&ThVIO 8 � � 8 � : �KH|A
C7QNH � D�VID�RcA

�kAICNVID�FICN`WY^Q�ehTWYJLNDGF 8 � � 6 TWREQ  :&QNLNVPH^RNn�T�VILNR 8\]UnoLEVIDGF " �!8 � TWRNQ " ��8 6 :$pUHJAaAILNVIREF `oL�A AICUThA T�FPO ThY^Y^D�V �
ehTWYJLND6Y^`��*DGVPFvA
CND�S[DGV Z\`oVIO�TWRNw�D�`WZmA
CND�FPDGY^D�w�AIH^`oR�� � RNQND�DGQ A
CND�QNH �+DGVPDGRNw�D�M[D�A��*DGD�R QEH^FPA
TWRNw�DGFjA
`�w�DGR_A
D�V;`hZ
O�TWFIF*H^F VID�QNLNwGD�Q�� � CNH^F*w�TWR M+D D���SNYXThH^RND�Q M_f w�`oRNFIHJQNDGVPH^RNn;A
CND S+`hA
DGR_AIHXTWYUZ\`oVPO�D�Q M_f ThY^YUwG`WRNRNDGw$A
HJ`oR QND�noVID�D
ehTWYJLNDGFs`oR TWY^Y<VI`oM[`WAIF���i HJAIC:FPO ThY^Y � ehTWY^LND�FGp A
CED�QEfxRUThO�HJwGHJAgf�`WZ*A
CND�F��rTWVPO H^FjCNHJnoC:TWRNQ A
CNHJFjS+`WAIDGR_A
H^TWY
HJFKAgfxSNHJw�TWYJYJf�eoD�VPf�CNHJY^YJfWpEVPDGFILEYJA
HJRNn�H^R�O�TWR_f�QNH �+DGVPDGR_A�Y^`xw�TWY+O T
�EHJO T�TWRNQ3O�HJRNH^O�T�H^R�Y^TWVInoD F��rTWVIO�FGp[TWFKw�ThR
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{ H^nWLNVID " ��8 6
�
SNVI`oS[`oV A
H^`WR�`WZ2FPDGYJDGw�AIDGQ�VI`oM[`WA
FaQELNVIHJRNn�T�VPLNR

M[D�FPDGD�RkH^R ]UnoLEVID " �!8 6 � � fxSNHJw�TWYJYJf?AICND�RxLEO6M+D�Vs`WZ&YJ`�wGTWYuO�H^RNHJO T ThRNQ O�T���H^O�T H^REwGVIDGTWFID�F�ThFsAICND�F��rTWVIO
D��ESNTWRNQNF�A
CUThR �cF�AI`7HJAIF�Y^`�� � A
CEVIDGFPCN`oYJQ��k@ F�T VPDGFPLNYJA�AICND�SNVI`WMUTWMNHJY^HJAgf Z\`oV6AICNDGFPD�Y^`xw�TWY*D��xA
VPDGO�T?A
` M+D
YJ`�wGThA
D�Q `oLEAIFIHJQND `WVrH^REFIH^QED�AICND F �&ThVIO�H^F Y^`��rD�VID�Q�� � RNwGVPD�TWFPH^RNn�A
CND � eWThY^LND�Y^DGTWQNF*AI`6T;O�`oVPD D$eoD�R�S+`WAIDGR_A
H^TWY
YJ`
�*DGVPH^RNn�AICNDsRxLEO6M+D�VK`WZ2YJ`�wGTWY�O�H^RNHJO T�TWRNQ�H^REwGVIDGTWFIHJRNn�FID�Y^DGw$A
HJ`oR�S+D�VPZ\`oVPO TWREwGD
�
�xA
LNQ�f�HJRNn?AICND HJR 7ULND�RNwGD�`WZaRN`oHJFID�`oRkAICND�FPSUThAIHXTWYmFID�Y^D�w�A
HJ`oR ThY^no`oVPHJAICNO 8 ]UnoLNVPDGF " �!8<��TWRNQ�" ��83 :sFPCN`��KF

AICUThAKA
CNDsSNVP`oS[`oFID�Q?TWSESNVI`_Thw>C�HJFanoY^`oMNTWY^Y|f�VIDGFPH^YJH^DGR_AaAI`�RE`oH^FPDWp �KCNHJw>C�HJFa`WZuVPDGO�TWV�� TWMEY^DvHJRcAIDGVPDGFPA�w�`oRNFIHJQNDGVPH^RNn
AICUThA�wG`oRERNDGw$A
H^`WR3RE`oH^FPD;CNTWF�T�QEH^VID�w�A�H^O�SUTWw$Aa`oR�A
CED;QEDGnoVPDGDseWThY^LND�Fa`WZ<AICNDsF��rTWVIO �
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{ HJnoLNVPD " ��86 
�
SNVI`WS+`oV A
HJ`oR�`WZ<FIDGYJDGw$A
DGQ3VI`WM+`WAIF �KHJA
C�HJRNwGVPD�TWFPH^RNn�RN`oHJFID


 ������
 �.*	� �!� � �

� CNHJFmFIDGw$A
HJ`oR�CNTWF*SEVIDGFPDGR_A
D�Q�TsO�D$A
CN`xQ�Z\`oVmTWR�H^RNQNH|exH^QNLUThYEVI`WM+`WAmAI`;QEDGwGY^TWVIDKH|A
FID�YJZ+RND�ThVmAICNDKwGD�RcAIDGV*`oVmThAmA
CND
M[`oLNRNQNTWVPf�`hZ<AICNDsF��rTWVIO3p �KHJAIC�AICNDsCNDGYJS�`WZ2HJREZ\`oVPO ThAIH^`oR TWY^VPD�TWQEf T�eWThH^YXThMNY^Dhp�M[DGwGTWLNFIDs`WZ'A
CED;VPDGbcLNHJVIDGO�DGR_AIF
`WZmAICND ��� TWYJno`oVIH|A
CNO � � AsCNTWFjM+D�DGR FICE`
�KR7AICUThAsQND�FISNH|A
D�FICE`oVPA � A
D�VIO4H^RUThwGwGLEV
TWw�H^DGFsT AvA
CND�HJRNQNH|e�HJQNLUTWY'Y^D$eoD�Y p
AICNH^F;TWYJno`oVIH|A
CNO4H^FsThw�A
LNTWY^Y|f?eoD�VPf D "�w�H^D�RcA �KCND�R �KCN`oYJD�F��rTWVIO�F�ThVID�wG`WRNFIHJQNDGVPDGQk` eWDGVsA
CND�VILNR � � A;H^FsThY^FI`
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eWDGVPf�VPDGFPH^Y^HJDGR_AaA
`�RN`WH^FID��
� RNQNDGD�Q�p �KCNH^YJD�AICND H^R�Z\`oVIO�ThA
HJ`oR SNVI` exH^QEDGQ M_fkAICNH^F;A
DGw>CERNH^bcLND�HJF�RN`WA6TWF6SNVPDGw�H^FID TWF6VID�YXThAIHJeWD�`oV�noY^`oMNTWY

w�`�`oVPQNH^RNThA
D�FGpvH|A�H^F�RND$eoDGV A
CND�Y^D�FIF7T VID�Y^H^TWMNY^D?H^REZ\`oVPO T A
H^`WR A
CND VP`oM+`hA
F�w�TWR TWw$A�LES+`oR A
` A
VPH^nonWDGV�FIS[DGw�HJ]Uw
M[DGCUT�exH^`WLNVIFKRND�wGDGFPF
TWV f�A
`�A
CNDjA
TWF���M[DGHJRNn�H^O�SNY^D�O�D�RcAIDGQ��

� ��� � � � � � � 
 � � � 	 
 � 	 � � � 
 �

�C� ���<� � ���F� � � � � 	 � � � � 	 �)� 	 � �
�

@ YJA
CE`oLNnoC�wG`oCEDGVID�RNwGD H^FmnoVIDGThA
Y|f�H^O�SNVI` eWDGQ�H^R�H^R_A
VP`�QNLEwGH^REn;AICND FPCUTWVPDGQ RND�H^noCcM[`oLNVzehTWVIH^TWR_AmA
CND ��� TWYJno`oVIH|A
CNO
QN`xDGFKCUT�eWD�FP`oO�DsQNVIT �KMUTWw �cF��

� CNDjO ThH^R�`oRNDvHJF*A
CEDvH^RNw�VIDGTWFID `WZ�V
TWQEH^`�� wG`oO�O6LNRNHJw�ThAIH^`oR�MNTWRNQ �KHJQEA
C�pETWF&DGTWw>C�VI`oM[`WArRNDGD�QNF&A
`�AIV
TWREFIO�HJA
H|A
FrREDGH^nWCxM[`oLNVPF ��Y^H^F A*AI`6HJAIFrHJO�O�DGQNH^ThA
DKRND�H^noCcM[`oLNVPF�� � CNHJF&H^RNQEDGDGQ�HJRNwGVPD�TWFPDGFrAICNDvw�`oO�O�LNRNH^wGThA
HJ`oR ` eWDGVICED�TWQ21
MNL�A&TWFmA
CED w�`oO�O�LNRNH^wGThA
HJ`oR�H^F TWFPFILNO�DGQ�A
`;M+D�Y^`xw�TWYNTWRNQ ThFmAICND�RNDGHJnoCcM+`oLEV*HJREZ\`oVIO�ThAIH^`oR6HJFm`oRNYJf6RNDGD�QNDGQ M_f
AICND6VI`WM+`WA � F RNDGHJnoCcM+`WLNVIF�p A
CNHJF HJFIR&� AjT VPD�TWY'SNVP`oMNY^D�O �KCEDGR7QNDGTWY^HJRNn��KH|A
C Y^TWVInoD;noVP`oLNSNFv`hZmVI`oM[`WA
F�� � R?Z TWw$A�p
AICND � �gTWY^nW`oVIH|A
CNOBQNHJFISNY^T�f�F TWR�TWYJO�`WFPAmTWMEFI`oYJLEA
DaFPw�TWY^TWMNH^YJHJAgf

�
HJAIFuwG`oO�SNYJD�A
DaYJ`�wGTWY^H|Agf�TWRNQ�QNH^F A
VIHJMNLEAIDGQNRND�FIFmSNLEA

RN`?Y^H^O�HJAvH^R AICND RcLNO�M+D�V�`WZ&AICND VP`oM[`WA
F;H^R_eo`WYJeoD�Q�� � CNDGVPD H^F�T?FIYJH^noC_AIYJf7O�`oVID�FILEMEA
YJD�HJO�SNYJH^wGThA
HJ`oR�p��KCNHJw>C
HJF6A
CND�RND��9HJO�S[`oVPA
TWRNw�D `WZKA
CND�HJQNDGR_A
H|A
HJDGF6`WZKAICND�VI`oM[`WA
F�� i CND�R A��*`:VI`oM[`WA
F�D���w>CUTWRNnoD�AICNDGHJV�Y^H^F A�pzH|A�H^F
`WZ�w�VIHJAIH^wGTWY*HJO�S[`oV A>TWRNw�D�AICUThA6AICND�f TWnoVPDGD�`oR DGTWw>C `WA
CND�VIF�� � tvF�� 4vRND FP`oY^LEAIH^`oRkH^F�AI`7noHJeWD D�eWDGV f VI`oM[`WA�T
LNREH^bcLNDsH^QND�R_A
HJ]Nw�ThAIH^`oR RcLNO�M+D�V�� � CNH^FaO�H^nWCcA&CUT�eoDsRN`�H^O�SNY^HJw�ThAIH^`oR�Z\`oVa`oLEVaD���S+D�VIHJO�D�RcAIFKTWFaA
CNDjRcLNO�M+D�V�`hZ
VP`oM+`hA
F �KH^YJY+M[DjwG`WRNFPAIV
TWHJRNDGQ3MNLEAKH|A �KH^YJY w�DGVPA
TWH^REYJf�M+DsT6YJH^O�HJA
HJRNnsZ TWw�AI`oV&HJZ �*D �rD�VIDjA
`�w�`oR_A
VI`WY T6eoDGV f�YXThVInoD
RcLNO6M[DGV `WZzVP`oM+`hA
F 1[MNLEA�A
CED�D��ETWO�SNYJD�`WZ2LNRNHJbxLED�CUTWVPQ �rTWVID6��@�}BTWQNQNVPDGFIFPDGFjThwGVI`WFIF AICND�HJR_A
DGVPRND�A 8 ThVI`oLNREQ
�376O�H^YJY^H^`WRNF*`hZ2QNH � D�VID�RcA � tvF,:aFPCN`��KF�AICNDsS+`hA
DGR_AIHXTWY�`hZ<AICND;TWY^no`WVIHJAICNO�TWFKHJAaF A>TWREQNF��
@)FI`oYJLEA
HJ`oRkw�`oLNY^Q M[D Z\`oLERNQ M_f QEfxRUTWO�H^wGTWY^Y|f:TWY^YJ`�wGThA
HJRNn�A
CND VP`oM[`WA
F�� � tvF��:@,eWDGVPfkFIHJO�SNYJD TWSESNVI`_Thw>C

w�`oRNFIHJFPAIFj`WZ*T SNVID$e�HJ`oLNFPYJf�LNRNRUTWO�DGQ7VP`oM[`WAjH^R?w>CN`�`WFIH^REn�HJA
F � t TWFvQNH � D�VIDGR_AjZ\VP`oO4AICND6YJH^FPA `WZ � tvFvVID�wGD�HJeoD�Q
HJR�AICNDs]UVIF A O�DGFPF
TWnWD
� � CNDGR�wG`oO�DGFaA
CED;SEVI`oMNYJDGO `WZuw>CUThRNnoH^REn�AICND � t `WZ'A
CEDsA��KHJRNFKA
CUThAKD$eoD�RcAILUTWYJYJf�wG`WO�D
HJRcAI`�w�`oR_A>TWw$A � � CNHJF*wGTWR M[D�QN`oRND QND�AIDGVIO�H^REH^FPAIH^wGTWY^Y|f�M_f�FID$AIAIH^RNnsA
CND RND�� � t TWFmA
CND�FILNO `WZ�TWY^Y � tvF VID�wGD�HJeoD�Q
HJR AICND�YXTWF AsO�D�FIFITWnoD 8 O�`�QELNY^`�FP`oO�D�YJH^O�HJAIH^RNn�eWThY^LND :$p�A
CEVI`oLNnWC:AICND�CcfxS[`WA
CEDGFIHJF;AICUThAjAICND�RNDGHJnoCcM+`oLEVICN`x`�Q
`WZ DGTWw>C A��KH^R7HJF QNH � D�VIDGR_A�� 4 Zmw�`oLNVIFPD6A
CND�RxLEO6M+D�Vv`WZ FICNTWVID�Q7RNDGHJnoCcM+`oLEVIF �KHJY^Y'M+D6D�VIVP`oRNDG`WLNFIY|f?w�`oO�SELEA
D�Q
LNR_AIH^Y�A
CEDsA��KHJRNFKQNH^VPDGw$A
YJf FID�RNQ3AICNDGO�FID�YJeWDGF T�O�DGFPF
TWnWD;MELEAKA
CNHJF �KHJY^Y T � D�w�A�wG`WCNDGVPDGRNw�D�`oREYJf FPY^HJnoC_A
YJf
�
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� CND���� TWYJno`oVPHJA
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