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Cell Structures, Cell Cycle, Epithelial Tissue 
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Connective, muscle, and nervous tissues; the integumentary system 
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Bone structures, Axial Skeleton 
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Appendicular Skeleton, Articulations 
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Skeletal muscle cells and tissues, Muscles of the hindlimb 
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Muscles of the forelimb, trunk, and head; Muscle groups 
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Nervous tissue, structures of the central and peripheral nervous systems 
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Special senses 
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Blood tissue and the Heart 
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Blood vessels 
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�KAF?MD9J��]EQKAMÊ��L@9L�=F;DGK=�AL�9F<�HJGNA<=�KLJM;LMJ=�LG�L@=�EMK;D=�9K�9�O@GD=
�9F<�9DKG�
;GEH9JLE=FL9DAR=�L@=�EMK;D=�a:=JK�OAL@AF�L@=�EMK;D=���53A>1��	
 ���!9;@�EMK;D=�AK�OJ9HH=<�AF�;GFF=;LAN=�LAKKM=�
;9DD=<�L@=�1<59E?5A9
�O@A;@�K=H9J9L=K�L@=�EMK;D=�>JGE�GL@=J�LAKKM=K�9F<�GJ?9FK�AF�L@=�9J=9
�9DDGOAF?�L@=�EMK;D=�
LG�EGN=�AF<=H=F<=FLDQ��

 

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



�64B?2������&52�&5?22��<;;20A6C2�&6@@B2��.F2?@	��D=3;4B�>5�<DB2;4�S14AB��20;;43�50B282;4B��0A4�2>E4A43�1H�
C74�?4A8<HB8D<	�"DB2;4�S14AB�0A4�2>E4A43�1H�C74�4=3><HB8D<	�

%FKA<=� =9;@� KC=D=L9D� EMK;D=
� EMK;D=� a:=JK� 9J=� GJ?9FAR=<� AFLG� AF<ANA<M9D� :MF<D=K
� =9;@� ;9DD=<� 9�2-?/5/81
� : Q� 9�
EA<<D=�D9Q=J�G>�;GFF=;LAN=�LAKKM=�;9DD=<�L@=�<1>59E?5A9��0@AK�>9K;A;MD9J�GJ?9FAR9LAGF�AK�;GEEGF�AF�EMK;D=K�G>�
L@=�DAE:K��AL�9DDGOK�L@=�F=JNGMK�KQKL=E�LG�LJA??=J�9�KH=;Aa;�EGN=E=FL�G>�9�EMK;D=� :Q�9;LAN9LAF?�9�KM:K=L�G>�
EMK;D=�a:=JK�OAL@AF�9�:MF<D=
�GJ�>9K;A;D=�G>�L@=�EMK;D=��%FKA<=�=9;@�>9K;A;D=
�=9;@�EMK;D=�a:=J�AK�=F;9K=<�AF�9�
L@AF�;GFF=;LAN=�LAKKM=�D9Q=J�G>�;GDD9?=F�9F<�J=LA;MD9J�a:=JK�;9DD=<�L@=�1:0;9E?5A9 ��0@=�=F<GEQKAME�;GFL9AFK�L@=�
=PLJ9;=DDMD9J�bMA<�9F<�FMLJA=FLK�LG�KMHHGJL�L@=�EMK;D=�a:=J��0@=K=�FMLJA=FLK�9J=�KMHHDA=<�NA9�:DGG<�LG�L@=�EMK;D=�
LAKKM=��

%F�KC=D=L9D�EMK;D=K�L@9L�OGJC�OAL@�L=F<GFK�LG�HMDD�GF�:GF=K
�L@=�;GDD9?=F�AF�L@=�L@J==�LAKKM=�D9Q=JK��L@=�EQKA9��

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



AFL=JLOAF=K�OAL@�L@=�;GDD9?=F�G>�9�L=F<GF���L�L@=�GL@=J�=F<�G>�L@=�L=F<GF
�AL�>MK=K�OAL@�L@=�H=JAGKL=ME�;G9LAF?�L@=�
:GF=��0@=�L=FKAGF�;J=9L=<�:Q�;GFLJ9;LAGF�G>�L@=�EMK;D=�a:=JK�AK�L@=F�LJ9FK>=JJ=<�L@GM?@�L@=�EQKA9
�LG�L@=�L=F<GF
�
9F<�L@=F�LG�L@=�H=JAGKL=ME�LG�HMDD�GF�L@=�:GF=�>GJ�EGN=E=FL�G>�L@=�KC=D=LGF��%F�GL@=J�HD9;=K
�L@=�EQKA9�E9Q�>MK=�
OAL@�9�:JG9<
�L=F<GF�DAC=�K@==L�;9DD=<�9F�-<;:1A> ;?5?
�GJ�LG�>9K;A9
�L@=�;GFF=;LAN=�LAKKM=�:=LO==F�KCAF�9F<�:GF=K��
0@=�:JG9<�K@==L�G>�;GFF=;LAN=�LAKKM=�AF�L@=�DGO=J�:9;C�L@9L�L@=�D9LAKKAEMK�<GJKA�EMK;D=K��L@=�]D9LK^��>MK=�AFLG�AK�
9F�=P9EHD=�G>�9F�9HGF=MJGKAK��

! N=JQ� KC=D=L9D� EMK;D=� AK� 9DKG� JA;@DQ� KMHHDA=<� :Q� :DGG<� N=KK=DK� >GJ� FGMJAK@E=FL
� GPQ?=F� <=DAN=JQ
� 9F<� O9KL=�
J=EGN9D��%F�9<<ALAGF
�=N=JQ�EMK;D=�a:=J�AF�9�KC=D=L9D�EMK;D=�AK�KMHHDA=<�:Q�L@=�9PGF�:J9F;@�G>�9�KGE9LA;�EGLGJ�
F=MJGF
� O@A;@� KA?F9DK� L@=� a:=J� LG� ;GFLJ9;L�� 1FDAC=� ;9J<A9;� 9F<� KEGGL@� EMK;D=
� L@=� GFDQ� O9Q� LG� >MF;LAGF9DDQ�
;GFLJ9;L�9�KC=D=L9D�EMK;D=�AK�L@JGM?@�KA?F9DAF?�>JGE�L@=�F=JNGMK�KQKL=E��

%8292A.9��B@092��6/2?@�

�=;9MK=�KC=D=L9D�EMK;D=�;=DDK�9J=�DGF?�9F<�;QDAF<JA;9D
�L@=Q�9J=�;GEEGFDQ�J=>=JJ=<�LG�9K�EMK;D=�a:=JK��'7 181@-8�
9A?/81�J.1>? �;9F�:=�IMAL=�D9J?=�>GJ�@ME9F�;=DDK
�OAL@�<A9E=L=JK�MH�LG�����dE�9F<�D=F?L@K�MH�LG���� ;E�������
AF��AF�L@=�/9JLGJAMK�G>�L@=�MHH=J�D=?�� MJAF?�=9JDQ�<=N=DGHE=FL
�=E:JQGFA;�EQG:D9KLK
�=9;@�OAL@�ALK�GOF�FM;D=MK
�
>MK=�OAL@�MH�LG�@MF<J=<K�G>�GL@=J�EQG:D9KLK�LG�>GJE�L@=�EMDLAFM;D=9L=<�KC=D=L9D�EMK;D=�a:=JK��)MDLAHD=�FM;D=A�
E=9F�EMDLAHD=�;GHA=K�G>�?=F=K
�H=JEALLAF?�L@=�HJG<M;LAGF�G>�L@=�D9J?=�9EGMFLK�G>�HJGL=AFK�9F<�=FRQE=K�F==<=<�
>GJ�EMK;D=�;GFLJ9;LAGF��

/GE=�GL@=J�L=JEAFGDG?Q�9KKG;A9L=<�OAL@�EMK;D=�a:=JK�AK�JGGL=<�AF�L@=�#J==C�K9J;G
�O@A;@�E=9FK� ]b=K@�^�0@=�
HD9KE9�E=E:J9F=�G>�EMK;D=�a:=JK�AK�;9DD=<�L@=�?->/;8199- 
�L@=�;QLGHD9KE�AK�J=>=JJ=<�LG�9K�?->/;<8-?9 
�9F<�L@=�
KH=;A9DAR=<�KEGGL@�=F<GHD9KEA;�J=LA;MDME
�O@A;@�KLGJ=K
�J=D=9K=K
�9F<�J=LJA=N=K�;9D;AME�AGFK���9		��AK�;9DD=<�L@=�
?->/;<8-?95/�> 1@5/A8A9��'&��� �53A>1��	� ����K�OADD�KGGF�:=�<=K;JA:=<
�L@=�>MF;LAGF9D�MFAL�G>�9�KC=D=L9D�EMK;D=�a:=J�
AK�L@=�K9J;GE=J=
�9�@A?@DQ�GJ?9FAR=<�9JJ9F?=E=FL�G>�L@=�;GFLJ9;LAD=�EQGaD9E=FLK�-/@5:��L@AF�aD9E=FL��9F<�9E ;?5:�
�L@A;C�aD9E=FL�
�9DGF?�OAL@�GL@=J�KMHHGJL�HJGL=AFK��

 

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



�64B?2�������B@092��6/2?� ��B:4;4C0;�<DB2;4�S14A�8B�BDAA>D=343�1H�0�?;0B<0�<4<1A0=4�
20;;43�C74�B0A2>;4<<0��F7827�2>=C08=B�B0A2>?;0B<��C74�2HC>?;0B<�>5�<DB2;4�24;;B	���
<DB2;4�S14A�8B�2><?>B43�>5�<0=H�S1A8;B��F7827�68E4�C74�24;;�8CB�BCA80C43�0??40A0=24	�

&52�%.?0<:2?2�

0@=�KLJA9L=<�9HH=9J9F;=�G>�KC=D=L9D�EMK;D=�a:=JK�AK�<M=�LG�L@=�9JJ9F?=E=FL�G>�L@=�EQGaD9E=FLK�G>�9;LAF�9F<�
EQGKAF�AF�K=IM=FLA9D�GJ<=J�>JGE�GF=�=F<�G>�L@=�EMK;D=�a:=J�LG�L@=�GL@=J��!9;@�H9;C=L�G>�L@=K=�EA;JGaD9E=FLK�9F<�
L@=AJ�J=?MD9LGJQ�HJGL=AFK
�@>;<;:5: �9F<�@>;<;9E ;?5: ��9DGF?�OAL@�GL@=J�HJGL=AFK��AK�;9DD=<�9�?->/;91> 1��

0@=�K9J;GE=J=�AK�L@=�>MF;LAGF9D� MFAL�G>�L@=�EMK;D=� a:=J�� 0@=�K9J;GE=J=�ALK=D>� AK� :MF<D=<� OAL@AF� L@=�EQGa:JAD�
L@9L�JMFK�L@=�=FLAJ=�D=F?L@�G>�L@=�EMK;D=�a:=J�9F<�9LL9;@=K�LG�L@=�K9J;GD=EE9�9L�ALK�=F<���K�EQGa:JADK�;GFLJ9;L
�
L@=� =FLAJ=� EMK;D=� ;=DD� ;GFLJ9;LK�� �=;9MK=� EQGa:JADK� 9J=� GFDQ� 9HHJGPAE9L=DQ� ���� dE� AF� <A9E=L=J
� @MF<J=<K� LG�
L@GMK9F<K� �=9;@� OAL@� L@GMK9F<K� G>� K9J;GE=J=K�� ;9F� :=� >GMF<� AFKA<=� GF=� EMK;D=� a:=J�� !9;@� K9J;GE=J=� AK�
9HHJGPAE9L=DQ���dE�AF�D=F?L@�OAL@�9�L@J==�<AE=FKAGF9D�;QDAF<=J�DAC=�9JJ9F?=E=FL�9F<�AK�:GJ<=J=<�: Q�KLJM;LMJ=K�
;9DD=<�6�<AK;K� �9DKG�;9DD=<�6�DAF=K
� :=;9MK=�HA;LMJ=K�9J=�LOG�<AE=FKAGF9D�
�LG�O@A;@�L@=�9;LAF�EQGaD9E=FLK�9J=�
9F;@GJ=<� ��53A>1� �	� ��� �=;9MK=� L@=� 9;LAF� >GJE� KLJ9F<K� L@9L� 9J=� L@AFF=J� L@9F� L@=� EQGKAF
� AL� AK� ;9DD=<� L@=�@45:�
J8-91:@�G>�L@=�K9J;GE=J=��(AC=OAK=
�:=;9MK=�L@=�EQGKAF�KLJ9F<K�9F<�L@=AJ�EMDLAHD=�@=9<K��HJGB=;LAF?�>JGE�L@=�
;=FL=J�G>�L@=�K9J;GE=J=
�LGO9J<�:ML�FGL�9DD�LG�O9Q�LG
�L@=�6�<AK;K��@9N=�EGJ=�E9KK�9F<�9J=�L@A;C=J
�L@=Q�9J=�;9DD=<�
L@=�@45/7�J8-91:@�G>�L@=�K9J;GE=J=��

 

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�64B?2���
��&52�%.?0<:2?2 �(74�B0A2><4A4��C74�A468>=�5A><�>=4�-�;8=4�C>�C74�=4GC�-�;8=4��8B�C74�5D=2C8>=0;�D=8C�
>5�0�B:4;4C0;�<DB2;4�S14A	�

 

&52� 2B?<:B@0B9.?��B;0A6<;�.;1��B@092��<;A?.0A6<;�

�FGL@=J�KH=;A9DAR9LAGF�G>�L@=�KC=D=L9D�EMK;D=�AK�L@=�KAL=�O@=J=�9�EGLGJ�F=MJGF\K�L=JEAF9D�E==LK�L@=�EMK;D=�a:=J�[�
;9DD=<�L@=�:1A>;9A?/A8->�6A:/@5;:��"!�� ��0@AK�AK�O@=J=�L@=�EMK;D=�a:=J�aJKL�J=KHGF<K�LG�KA?F9DAF?�:Q�L@=�EGLGJ�
F=MJGF��!N=JQ�KC=D=L9D�EMK;D=�a:=J�AF�=N=JQ�KC=D=L9D�EMK;D=�AK�AFF=JN9L=<�:Q�9�EGLGJ�F=MJGF�9L�L@=�*)&��!P;AL9LAGF�
KA?F9DK�>JGE�L@=�F=MJGF�9J=�L@=�GFDQ�O9Q�LG�>MF;LAGF9DDQ�9;LAN9L=�L@=�a:=J�LG�;GFLJ9;L��

�DD� DANAF?� ;=DDK� @9N=� E=E:J 9F=� HGL=FLA9DK
� GJ� =D=;LJA;9D� ?J9<A=FLK� 9;JGKK� L@=AJ� E=E:J9F=K�� 0@=� AFKA<=� G>� L@=�
E=E:J 9F=� AK� MKM9DDQ� 9JGMF<� ���� LG� ���� E2 
� J=D9LAN=� LG� L@=� GMLKA<=�� 0@AK� AK� J=>=JJ=<� LG� 9K� 9� ;=DD\K� E=E:J 9F=�
HGL=FLA9D��*=MJGFK�9F<�EMK;D=�;=DDK�;9F�MK=�L@=AJ�E=E:J9F=�HGL=FLA9DK�LG�?=F=J9L=�=D=;LJA;9D�KA?F9DK��0@=Q�<G�

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



L@AK�:Q�;GFLJGDDAF?�L@=�EGN=E=FL�G>�;@9J?=<�H9JLA;D=K
� ;9DD=<�AGFK
�9;JGKK�L@=AJ�E=E:J9F=K�LG�;J=9L=�=D=;LJA;9D�
;MJJ=FLK�� 0@AK� AK� 9;@A=N=<� : Q� GH=FAF?� 9F<� ;DGKAF?� KH=;A9DAR=<� HJGL=AFK� AF� L@=� E=E:J9F=� ;9DD=<� AGF� ;@9FF=DK��
�DL@GM?@�L@=� ;MJJ=FLK�?=F=J9L=<� :Q�AGFK�EGNAF?�L@JGM?@�L@=K=� ;@9FF=D�HJGL=AFK�9J=�N=JQ�KE9DD
�L@=Q�>GJE�L@=�
:9KAK�G>�:GL@�F=MJ9D�KA?F9DAF?�9F<�EMK;D=�;GFLJ9;LAGF��

�GL@�F=MJGFK�9F<�KC=D=L9D�EMK;D=�;=DDK�9J=�=D=;LJA;9DDQ�=P;AL9:D=
�E=9FAF?�L@9L�L@=Q�9J=�9:D=�LG�?=F=J9L=�9;LAGF�
HGL=FLA9DK�� �F�9;LAGF�HGL=FLA9D�AK�9�KH=;A9D�LQH=�G>�=D=;LJA;9D�KA?F9D�L@9L�;9F�LJ9N=D�9DGF?�9� ;=DD�E=E:J9F=�9K�9�
O9N=��0@AK�9DDGOK�9�KA?F9D�LG�:=�LJ9FKEALL=<�IMA;CDQ�9F<�>9AL@>MDDQ�GN=J�DGF?�<AKL9F;=K��

" GJ�9�KC=D=L9D�EMK;D=�a:=J�LG� ;GFLJ9;L
�ALK�E=E:J9F=�EMKL�aJKL� :=�KLAEMD9L=<�LG�aJ=�9F�9;LAGF�HGL=FLA9D��0@=�
EMK;D=�a:=J�9;LAGF�HGL=FLA9D
�O@A;@�KO==HK�9DGF?�L@=�K9J;GD=EE9�9K�9�O9N=
� ;9MK=K�;GFLJ9;LAGF�L@JGM?@�L@=�
J=D=9K=�G>�;9D;AME�AGFK���9		��>JGE�L@=�/.��+F;=�J=D=9K=<
�L@=��9		�AFL=J9;LK�OAL@�L@=�K@A=D<AF?�HJGL=AFK
�>GJ;AF?�
L@=E�LG�EGN=�9KA<=�KG�L@9L�L@=�9;LAF�:AF<AF?�KAL=K�9J=�9N9AD9:D=�>GJ�9LL9;@E=FL� :Q�EQGKAF�@=9<K��0@=�EQGKAF�
L@=F�HMDDK�L@=�9;LAF�aD9E=FLK�LGO9J<�L@=�;=FL=J
�K@GJL=FAF?�L@=�EMK;D=�a:=J��%F�KC=D=L9D�EMK;D=
�L@AK�K=IM=F;=�
:=?AFK�OAL@�KA?F9DK�>JGE�L@=�KGE9LA;�EGLGJ�<ANAKAGF�G>�L@=�F=JNGMK�KQKL=E��%F�GL@=J�OGJ<K
�L@=�]=P;AL9LAGF^�KL=H�
AF�KC=D=L9D�EMK;D=K�AK�9DO9QK�LJA??=J=<�: Q�KA?F9DAF?�>JGE�L@=�F=JNGMK�KQKL=E���53A>1��	� ���

 

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�64B?2�������<A<?��;1�"9.A2�.;1�L;;2?C.A6<;� ��C�C74�#"���C74�0G>=�C4A<8=0;�
A4;40B4B���7	�(74�<>C>A�4=3�?;0C4�8B�C74�;>20C8>=�>5�C74���7�A424?C>AB�8=�C74�
<DB2;4�S14A�B0A2>;4<<0	�+74=���7�<>;42D;4B�0A4�A4;40B43��C74H�38VDB4�
02A>BB�0�<8=DC4�B?024�20;;43�C74�BH=0?C82�2;45C�0=3�18=3�C>�C74�A424?C>AB	�

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



0@=� EGLGJ� F=MJGFK� L@9L� L=DD� L@=� KC=D=L9D� EMK;D=� a:=JK� LG� ;GFLJ9;L� GJA?AF9L=� AF� L@=� KHAF9D� ;GJ<
� OAL@� 9� KE9DD=J�
FME:=J�DG;9L=<�AF�L@=�:J9AFKL=E�>GJ�9;LAN9LAGF�G>�KC=D=L9D�EMK;D=K�G>�L@=�>9;=
�@=9<
�9F<�F=;C��0@=K=�F=MJGFK�
@9N=�DGF?�HJG;=KK=K
�;9DD=<�9PGFK
�O@A;@�9J=�KH=;A9DAR=<�LG�LJ9FKEAL�9;LAGF�HGL=FLA9DK�DGF?�<AKL9F;=K�[�AF�L@AK�
;9K=
�9DD�L@=�O9Q�>JGE�L@=�KHAF9D�;GJ<�LG�L@=�EMK;D=�ALK=D>��O@A;@�E9Q�:=�MH�LG�L@J==�>==L�9O9Q���0@=�9PGFK�G>�
EMDLAHD=�F=MJGFK�:MF<D=�LG?=L@=J�LG�>GJE�F=JN=K
�DAC=�OAJ=K�:MF<D=<�LG?=L@=J�AF�9�;9:D=��

/A?F9DAF?� :=?AFK� O@=F� 9� F=MJGF9D�-/@5;:� <;@1:@5-8� LJ9N=DK� 9DGF?� L@=� 9PGF� G>� 9� EGLGJ� F=MJGF
� 9F<� L@=F� 9DGF?�
L@=�AF<ANA<M9D�:J9F;@=K�LG�L=JEAF9L=�9L�L@=�*)&���L�L@=�*)&
�L@=�9PGF�L=JEAF9D�J=D=9K=K�9�;@=EA;9D�E=KK=F?=J
�
GJ�:1A>;@>-:?95@@1>
� ;9DD=<�-/1@E8/4;85:1� ���4� ��0@=� ��@�EGD=;MD=K�<A>>MK=�9;JGKK�9�EAFML=�KH9;=� ;9DD=<�L@=�
?E:-<@5/� /812@�9F<� :AF<�LG� � �@�J=;=HLGJK�DG;9L=<�OAL@AF�L@=�9;@;>�1:0�<8-@1�G>�L@=�K9J;GD=EE9�GF�L@=�GL@=J�
KA<=�G>�L@=�KQF9HK=��+F;=���@�:AF<K
�9�;@9FF=D�AF�L@=���@�J=;=HLGJ�GH=FK�9F<�HGKALAN=DQ�;@9J?=<�AGFK�;9F�H9KK�
L@JGM?@�AFLG�L@=�EMK;D=�a:=J
�;9MKAF?�AL�LG�01<;8->5F1
�E=9FAF?�L@9L�L@=�E=E:J9F=�HGL=FLA9D�G>�L@=�EMK;D=�a:=J�
:=;GE=K�D=KK�F=?9LAN=��;DGK=J�LG�R=JG���

�K�L@=�E=E:J9F=�<=HGD9JAR=K
�9FGL@=J�K=L�G>�AGF�;@9FF=DK�;9DD=<�B;8@-31�3-@10�?;05A9�/4-::18?�9J=�LJA??=J=<�
LG� GH=F�� /G<AME� AGFK� =FL=J� L@=� EMK;D=� a:=J
� 9F<� 9F� 9;LAGF� HGL=FLA9D� J9HA<DQ� KHJ=9<K� �GJ� ]aJ=K^�� 9DGF?� L@=�
=FLAJ=�E=E:J 9F=�LG�AFALA9L=�=P;AL9LAGF�;GFLJ9;LAGF�;GMHDAF?��0@AF?K�@9HH=F�N=JQ�IMA;CDQ�AF�L@=�OGJD<�G>�=P;AL9:D=�
E=E:J 9F=K��BMKL�L@AFC�9:GML�@GO�IMA;CDQ�QGM�;9F�KF9H�QGMJ�aF?=JK�9K�KGGF�9K�QGM�<=;A<=�LG�<G�AL���%EE=<A9L=DQ�
>GDDGOAF?� <=HGD9JAR9LAGF� G>� L@=� E=E:J9F=
� AL� J=HGD9JAR=K
� J=�� =KL9:DAK@AF?� L@=� F=?9LAN=� E=E:J 9F=� HGL=FLA9D��
)=9FO@AD=
�L@=���@�AF�L@=�KQF9HLA;�;D=>L�AK�<=?J9<=<�: Q�L@=�=FRQE=�9;=LQD;@GDAF=KL=J9K=��� �@!��KG�L@9L�L@=���@�
;9FFGL�J=:AF<�LG�9�J=;=HLGJ�9F<�J=GH=F�ALK�;@9FF=D
�O@A;@�OGMD<�;9MK=�MFO9FL=<�=PL=F<=<�EMK;D=�=P;AL9LAGF�9F<�
;GFLJ9;LAGF��

,J GH9?9LAGF�G>�9F�9;LAGF�HGL=FLA9D�9DGF?�L@=�K9J;GD=EE9�LJA??=JK�L@=�J=D=9K=�G>� ;9D;AME�AGFK� ��9�	 �� >JGE�ALK�
KLGJ9?=�AF�L@=�;=DD\K�/.��" GJ�L@=�9;LAGF�HGL=FLA9D�LG�J=9;@�L@=�E=E:J9F=�G>�L@=�/.
�L@=J=�9J=�H=JAG<A;�AFN9?AF9LAGFK�
AF�L@=�K9J;GD=EE9
�;9DD=<�( ��@A.A81?��]0^�KL9F<K�>GJ�]LJ9FKN=JK=̂���5GM�OADD�J=;9DD�L@9L�L@=�<A9E=L=J�G>�9�EMK;D=�
a:=J�;9F�:=�MH�LG����� AE
�KG�L@=K=�0�LM:MD=K�=FKMJ=�L@9L�L@=�E=E:J9F=�;9F�?=L�;DGK=�LG�L@=�/.�AF�L@=�K9J;GHD9KE��
0@=�9JJ9F?=E=FL�G>�9�0�LM:MD=�OAL@�L@=�E=E:J9F=K�G>�/.�GF�=AL@=J�KA<=�AK�;9DD=<�9�@>5-0�� �53A>1��	� ���0@=�LJA9<�
KMJJGMF<K�L@=�;QDAF<JA;9D�KLJM;LMJ=�;9DD=<�9�9E ;J.>58
�O@A;@�;GFL9AFK�9;LAF�9F<�EQGKAF��

 

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�64B?2������&52�&�AB/B92�� #0AA>F�(�CD1D;4B�?4A<8C�C74�2>=3D2C8>=�>5�4;42CA820;�8<?D;B4B	�
(74�'&�5D=2C8>=B�C>�A46D;0C4�8=CA024;;D;0A�;4E4;B�>5�20;28D<	�(F>�C4A<8=0;�28BC4A=04��F74A4�
4=;0A643�'&�2>==42CB�C>�C74�(�CD1D;4��0=3�>=4�(�CD1D;4�2><?A8B4�0�CA803�N�0�PC7A44B><4Q�
>5�<4<1A0=4B��F8C7�C7>B4�>5�'&�>=�CF>�B834B�0=3�C74�(�CD1D;4�B0=3F82743�14CF44=�
C74<	�

0@=�0�LM:MD=K�;9JJQ�L@=�9;LAGF�HGL=FLA9D�AFLG�L@=�AFL=JAGJ�G>�L@=�;=DD
�O@A;@�LJA??=JK�L@=�GH=FAF?�G>�;9D;AME�;@9FF=DK�
AF�L@=�E=E:J9F=�G>�L@=�9<B9;=FL�/.
�;9MKAF?��9		�LG�<A>>MK=�GML�G>�L@=�/.�9F<�AFLG�L@=�K9J;GHD9KE��%L�AK�L@=�9JJAN9D�
G>��9		�AF�L@=�K9J;GHD9KE�L@9L�AFALA9L=K�;GFLJ9;LAGF�G>�L@=�EMK;D=�a:=J�:Q�ALK�;GFLJ9;LAD=�MFALK
�GJ�K9J;GE=J=K��

&52��B@0B9.?�%F@A2:�

 .:6;4�%8292A.9��B@092@�

0@=�#J==CK�9F<�.GE9FK�;GF<M;L=<�L@=�aJKL�KLM<A=K�<GF=�GF�L@=�@ME9F�:G<Q�AF�3=KL=JF�;MDLMJ=��0@=�=<M;9L=<�
;D9KK�G>�KM:K=IM=FL�KG;A=LA=K�KLM<A=<�(9LAF�9F<�#J==C
�9F<�L@=J=>GJ=�L@=�=9JDQ�HAGF==JK�G>�9F9LGEQ�;GFLAFM=<�LG�
9HHDQ�(9LAF�9F<�#J==C�L=JEAFGDG?Q�GJ�JGGLK�O@=F�L@=Q�F9E=<�L@=�KC=D=L9D�EMK;D=K��0@=�D9J?=�FME:=J�G>�EMK;D=K�
AF�L@=�:G<Q�9F<�MF>9EADA9J�OGJ<K�;9F�E9C=�D=9JFAF?�L@=�F9E=K�G>�L@=�EMK;D=K�AF�L@=�:G<Q�K==E�<9MFLAF?
�:ML�
MF<=JKL9F<AF?�L@=�=LQEGDG?Q� ;9F�@=DH�� !LQEGDG?Q�AK�L@=�KLM<Q�G>�@GO�L@=�JGGL�G>�9�H9JLA;MD9J�OGJ<�=FL=J=<�9�
D9F?M9?=�9F<�@GO�L@=�MK=�G>�L@=�OGJ<�=NGDN=<�GN=J�LAE=��09CAF?�L@=�LAE=�LG�D=9JF�L@=�JGGL�G>�L@=�OGJ<K�AK�;JM;A9D�
LG�MF<=JKL9F<AF?�L@=�NG;9:MD9JQ�G>�9F9LGEQ�9F<�H@QKAGDG?Q��3@=F�QGM�MF<=JKL9F<�L@=�F9E=K�G>�EMK;D=K�AL�OADD�
@=DH�QGM�J=E=E:=J�O@=J=�L@=�EMK;D=K�9J=�DG;9L=<�9F<�O@9L�L@=Q�<G���53A>1��	�� 9F<�( -.81��	� ���,J GFMF;A9LAGF�G>�
OGJ<K�9F<�L=JEK�OADD�L9C=�9�:AL�G>�LAE=�LG�E9KL=J
�:ML�9>L=J�QGM�@9N=�KGE=�:9KA;�AF>GJE9LAGF��L@=�;GJJ=;L�F9E=K�
9F<�HJGFMF;A9LAGFK�OADD�:=;GE=�=9KA=J��

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



�64B?2���� �$E4AE84F�>5�C74�"DB2D;0A�'HBC4<�$=�C74�0=C4A8>A�0=3�

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����

https://iastate.pressbooks.pub/app/uploads/sites/112/2024/01/labeled-muscles-scaled.jpg
https://iastate.pressbooks.pub/app/uploads/sites/112/2024/01/labeled-muscles-scaled.jpg


?>BC4A8>A�E84FB�>5�C74�<DB2D;0A�BHBC4<�01>E4��BD?4AS280;�
<DB2;4B��C7>B4�0C�C74�BDA5024��0A4�B7>F=�>=�C74�A867C�B834�>5�C74�
1>3H�F78;4�344?�<DB2;4B��C7>B4�D=34A=40C7�C74�BD?4AS280;�
<DB2;4B��0A4�B7>F=�>=�C74�;45C�70;5�>5�C74�1>3H	��>A�C74�;46B��
BD?4AS280;�<DB2;4B�0A4�B7>F=�8=�C74�0=C4A8>A�E84F�F78;4�C74�
?>BC4A8>A�E84F�B7>FB�1>C7�BD?4AS280;�0=3�344?�<DB2;4B	�

( -.81��	��):01>?@-:05:3�-�!A?/81�"-91�2> ;9�@41� -@5:�

�D-9<81� + ;>0�  -@5:�&;;@?� !1-:5:3� ( >-:?8-@5;:�

]9:<M;LGJ�<A?ALA�
EAFAEA^�

9:<M;LGJ� 9:���9O9 Q�>JGE��<M;L���
LG�EGN=�

9�EMK;D=�L@9L�EGN=K�
9O9Q�>JGE� ��EMK;D=�L@9L�EGN=K�

L@=�DALLD=�aF?=J�GJ�LG=�
9O9Q�<A?ALA� <A?ALMK���<A?AL� 9�aF?=J�GJ�LG=�

EAFAEA� EAFAEMK���EAFA
�LAFQ�DALLD=�

]9<<M;LGJ�<A?ALA�
EAFAEA^�

9<<M;LGJ� 9<���LG
�LGO9J<��<M;L���
LG�EGN=�

9�EMK;D=�L@9L�EGN=K�
LGO9J<K� ��EMK;D=�L@9L�EGN=K�

L@=�DALLD=�aF?=J�GJ�LG=�
LGO9J<�<A?ALA� <A?ALMK���<A?AL� 9�aF?=J�GJ�LG=�

EAFAEA� EAFAEMK���EAFA
�LAFQ�DALLD=�

�F9LGEAKLK�F9E=�L@=�KC=D=L9D�EMK;D=K�9;;GJ<AF?�LG�9�FME:=J�G>�;JAL=JA9
�=9;@�G>�O@A;@�<=K;JA:=K�L@=�EMK;D=�AF�
KGE=�O9Q��0@=K=�AF;DM<=�F9EAF?�L@=�EMK;D=�9>L=J�ALK�K@9H=
�ALK�KAR=�;GEH9J=<�LG�GL@=J�EMK;D=K�AF�L@=�9J=9
�ALK�
DG;9LAGF�AF�L@=�:G<Q�GJ�L@=�DG;9LAGF�G>�ALK�9LL9;@E=FLK�LG�L@=�KC=D=LGF
�@GO�E9FQ�GJA?AFK�AL�@9K
�GJ�ALK�9;LAGF��

0@=�KC=D=L9D�EMK;D=\K�9F9LGEA;9D�DG;9LAGF�GJ�ALK�J=D9LAGFK@AH�LG�9�H9JLA;MD9J�:GF=�G>L=F�<=L=JEAF=K�ALK�F9E=��"GJ�
=P9EHD=
�L@=�>JGFL9DAK�EMK;D=�AK�DG;9L=<�GF�LGH�G>�L@=�>JGFL9D� :GF=�G>�L@=�KCMDD�� /AEAD9JDQ
�L@=�K@9H=K�G>�KGE=�
EMK;D=K�9J=�N=JQ�<AKLAF;LAN=�9F<�L@=�F9E=K
�KM;@�9K�GJ:A;MD9JAK
�J=b=;L�L@=�K@9H=��"GJ�L@=�:MLLG;CK
�L@=�KAR=�G>�L@=�
EMK;D=K�AFbM=F;=K�L@=�F9E=K��?DML=MK�9-D59A? ��D9J?=KL�
�?DML=MK�9105A?��E=<AME�
�9F<�L@=�?DML=MK�95:59A?�
�KE9DD=KL���*9E=K�O=J=�?AN=F�LG�AF<A;9L=�D=F?L@[.>1B5?��K@GJL�
�8;:3A? ��DGF?�[9F<�LG�A<=FLA>Q�HGKALAGF�J=D9LAN=�LG�
L@=�EA<DAF=��8-@1>-85?��LG�L@=�GMLKA<=�9O9Q�>JGE�L@=�EA<DAF=�
�9F<�9105-85?��LGO9J<�L@=�EA<DAF=���0@=�<AJ=;LAGF�G>�
L@=�EMK;D=�a:=JK�9F<�>9K;A;D=K�9J=�MK=<�LG�<=K;JA:=�EMK;D=K�J=D9LAN=�LG�L@=�EA<DAF=
�KM;@�9K�L@=�>1/@A?��KLJ9A?@L��
9:<GEAFAK
�GJ�L@=�;.85=A1��9L�9F�9F?D=��EMK;D=K�G>�L@=�9:<GE=F��

/GE=�EMK;D=�F9E=K�AF<A;9L=�L@=�FME:=J�G>�EMK;D=K�AF�9�?JGMH��+F=�=P9EHD=�G>�L@AK�AK�L@=�IM9<JA;=HK
�9�?JGMH�G>�
>GMJ�EMK;D=K�DG;9L=<�GF�L@=�9FL=JAGJ��>JGFL��L@A?@��+L@=J�EMK;D=�F9E=K�;9F�HJGNA<=�AF>GJE9LAGF�9K�LG�@GO�E9FQ�
GJA?AFK�9�H9JLA;MD9J�EMK;D=�@9K
�KM;@�9K�L@=�:A;=HK�:J9;@AA��0@=�HJ=aP�:A�AF<A;9L=K�L@9L�L@=�EMK;D=�@9K�LOG�GJA?AFK�
9F<�LJA�AF<A;9L=K�L@J==�GJA?AFK��

0@=�DG;9LAGF�G>�9�EMK;D=\K�9LL9;@E=FL�;9F�9DKG�9HH=9J�AF�ALK�F9E=��3@=F�L@=�F9E=�G>�9�EMK;D=�AK�:9K=<�GF�L@=�
9LL9;@E=FLK
�L@=�GJA?AF�AK�9DO9QK�F9E=<�aJKL��"GJ�AFKL9F;=
�L@=�KL=JFG;D=A<GE9KLGA<�EMK;D=�G>�L@=�F=;C�@9K�9�
<M9D�GJA?AF�GF�L@=�KL=JFME��KL=JFG��9F<�;D9NA;D=��;D=A<G�
�9F<�AL�AFK=JLK�GF�L@=�E9KLGA<�HJG;=KK�G>�L@=�L=EHGJ9D�
:GF=��0@=�D9KL�>=9LMJ=�: Q�O@A;@�LG�F9E=�9�EMK;D=�AK�ALK�9;LAGF��3@=F�EMK;D=K�9J=�F9E=<�>GJ�L@=�EGN=E=FL�L@=Q�
HJG<M;=
�GF=�;9F�aF<�9;LAGF�OGJ<K�AF�L@=AJ�F9E=��/GE=�=P9EHD=K�9J=�K1D;>��<=;J=9K=K�L@=�9F?D=�9L�L@=�BGAFL�
�
1D@1:?;>��AF;J=9K=K�L@=�9F?D=�9L�L@=�BGAFL�
�-.0A/@;>��EGN=K�L@=�:GF=�9O9Q�>JGE�L@=�EA<DAF=�
�GJ�-00A/@;>��EGN=K�
L@=�:GF=�LGO9J<�L@=�EA<DAF=���

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



%8292A.9��B@092@�/F�$246<;�

0@=�KC=D=L9D�EMK;D=K�9J=�<ANA<=<�AFLG�-D5-8��EMK;D=K�G>�L@=�LJMFC�9F<�@=9<��9F<�-<<1:05/A8->��EMK;D=K�G>�L@=�
9JEK�9F<�D=?K��;9L=?GJA=K��0@AK�KQKL=E�J=b=;LK�L@=�:GF=K�G>�L@=�KC=D=LGF�KQKL=E
�O@A;@�9J=�9DKG�9JJ9F?=<�AF�L@AK�
E9FF=J��0@=�9PA9D�9F<�9HH=F<A;MD9J�EMK;D=K�9J=�?JGMH=<�:9K=<�GF�DG;9LAGF
�>MF;LAGF
�GJ�:GL@��/GE=�G>�L@=�9PA9D�
EMK;D=K�E9Q�K==E�LG�:DMJ�L@=�:GMF<9JA=K�:=;9MK=�L@=Q�;JGKK�GN=J�LG�L@=�9HH=F<A;MD9J�KC=D=LGF��

%F� D9:� L@AK� O==C
� O=� OADD� DGGC� 9L� L@=� 9HH=F<A;MD9J� EMK;D=K� AF� L@=� @AF<DAE:� aJKL� :=;9MK=� L@=K=� 9J=� =9KA=KL� LG�
KL9JL�OAL@�GF�GMJ�<AKK=;LAGF��*=PL�O==C�O=�OADD�;GFLAFM=�=PHDGJAF?�L@=�KC=D=L9D�EMK;D=K�:Q�J=?AGF�9F<�DGGC�9L�L@=�
9HH=F<A;MD9J�EMK;D=K�AF�L@=�>GJ=DAE:�9F<�L@=�9PA9D�EMK;D=K��

�==2;160B9.?��B@092@�<3�A52�"29C60��6?192�.;1��<D2?��6:/@�

0@=�9HH=F<A;MD9J�EMK;D=K�G>�L@=�DGO=J�:G<Q�HGKALAGF�9F<�KL9:ADAR=�L@=�<18B5/�35>081
�O@A;@�K=JN=K�9K�9�>GMF<9LAGF�
>GJ�L@=�DGO=J�DAE:K���GEH9J9LAN=DQ
�L@=J=�AK�EM;@�EGJ=�EGN=E=FL�9L�L@=�H=;LGJ9D�?AJ<D=�L@9F�9L�L@=�H=DNA;�?AJ<D=��
0@=J=�AK�N=JQ�DALLD=�EGN=E=FL�G>�L@=�H=DNA;�?AJ<D=�:=;9MK=�G>�ALK�;GFF=;LAGF�OAL@�L@=�K9;JME�9L�L@=�:9K=�G>�L@=�9PA9D�
KC=D=LGF��0@=�H=DNA;�?AJ<D=�AK�D=KK�J9F?=�G>�EGLAGF�:=;9MK=�AL�O9K�<=KA?F=<�LG�KL9:ADAR=�9F<�KMHHGJL�L@=�:G<Q��

�B@092@�<3�A52�&5645�

3@9L�OGMD<�@9HH=F�A>�L@=�H=DNA;�?AJ<D=
�O@A;@�9LL9;@=K�L@=�DGO=J�DAE:K�LG�L@=�LGJKG
�O=J=�;9H9:D=�G>�L@=�K9E=�
J9F?=�G>�EGLAGF�9K�L@=�K@GMD<=J�?AJ<D=�� "GJ�GF=�L@AF?
�O9DCAF?�OGMD<�=PH=F<�EGJ=�=F=J?Q�A>�L@=�@=9<K�G>�L@=�
>=EMJK�O=J=�FGL�K=;MJ=<�AF�L@=�9;=L9:MD9�G>�L@=�H=DNAK��0@=�:G<Q\K�;=FL=J�G>�?J9NALQ�AK�AF�L@=�9J=9�G>�L@=�H=DNAK��
%>� L@=� ;=FL=J� G>� ?J9NALQ� O=J=� FGL� LG� J=E9AF� aP=<
� KL9F<AF?� MH� OGMD<� :=� <A>a;MDL� 9K� O=DD�� 0@=J=>GJ=
� O@9L� L@=�
D=?�EMK;D=K�D9;C�AF�J9F?=�G>�EGLAGF�9F<�N=JK9LADALQ
�L@=Q�E9C=�MH�>GJ�AF�KAR=�9F<�HGO=J
�>9;ADAL9LAF?�L@=� :G<Q\K�
KL9:ADAR9LAGF
�HGKLMJ=
�9F<�EGN=E=FL��

�9BA2.9�$246<;��B@092@�&5.A��<C2�A52��2:B?�

)GKL�EMK;D=K�L@9L�AFK=JL�GF�L@=�>=EMJ��L@=�L@A?@�:GF=��9F<�EGN=�AL
�GJA?AF9L=�GF�L@=�H=DNA;�?AJ<D=��0@=�<?;-?�9-6;>
9F<�585-/A?�E9C=�MH�L@=�585;<?;-?�3>;A< �� /GE=�G>�L@=�D9J?=KL�9F<�EGKL�HGO=J>MD�EMK;D=K�AF�L@=�:G<Q�9J=�L@=�
?DML=9D�EMK;D=K�GJ�38A@1-8�3>;A< ��0@=�38A@1A?�9-D59A?�AK�L@=�D9J?=KL��<==H�LG�L@=�?DML=MK�E9PAEMK�AK�L@=�38A@1A?�
9105A?
�9F<�<==H�LG�L@=�38A@1A?�9105A?�AK�L@=�38A@1A?�95:59A?
�L@=�KE9DD=KL�G>�L@=�LJAG���53A>1��	�� 9F<�( -.81�
�	
 ���

 

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�64B?2������6=�.;1�&5645��B@092@� �(74�;0A64�0=3�?>F4A5D;�<DB2;4B�>5�C74�78?�C70C�<>E4�C74�54<DA�
64=4A0;;H�>A868=0C4�>=�C74�?4;E82�68A3;4�0=3�8=B4AC�8=C>�C74�54<DA	�(74�<DB2;4B�C70C�<>E4�C74�;>F4A�;46�
CH?820;;H�>A868=0C4�>=�C74�54<DA�0=3�8=B4AC�8=C>�C74�1>=4B�>5�C74�:=44�9>8=C	�(74�0=C4A8>A�<DB2;4B�>5�
C74�54<DA�4GC4=3�C74�;>F4A�;46�1DC�0;B>�083�8=�T4G8=6�C74�C7867	�(74�?>BC4A8>A�<DB2;4B�>5�C74�54<DA�
T4G�C74�;>F4A�;46�1DC�0;B>�083�8=�4GC4=38=6�C74�C7867	���2><18=0C8>=�>5�6;DC40;�0=3�C7867�<DB2;4B�0;B>�
033D2C��013D2C��0=3�A>C0C4�C74�C7867�0=3�;>F4A�;46	�

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



( -.81��	
	� �8A@1-8�&135;:�!A?/81?�(4-@�!; B1�@41��19A>�

�> ;A<� ( ->31@� !; B191:@� ( ->31@�9;@5;:�
05>1/@5;:� $>591�9; B1>� #>535:� �:?1>@5;:�

�85;<?;-?�
3>;A<�

>=EMJ�

J9AK=K�L@=�CF==�9L�L@=�@AH
�9K�
A>�H=J>GJEAF?�9�CF==�9LL9;C��AL�
9DKG�9KKAKLK�L@=�D9L=J9D�
JGL9LGJK�AF�LOAKLAF?�L@=�L@A?@�
�9F<�DGO=J�D=?��GMLO9J<
�9F<�
9KKAKLK�OAL@�:=F<AF?�GN=J�
9F<�E9AFL9AFAF?�HGKLMJ=�

L@A?@��b=PAGF�
9F<�D9L=J9D�
JGL9LAGF��
LGJKG��b=PAGF�

<?;-?�9-6;>�

DME:9J�N=JL=:J9=�
�(��L@JGM?@�(���
9F<�L@GJ9;A;�
N=JL=:J9��0����

D=KK=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ�

J9AK=K�L@=�CF==�9L�L@=�@AH
�9K�
A>�H=J>GJEAF?�9�CF==�9LL9;C��AL�
9DKG�9KKAKLK�L@=�D9L=J9D�
JGL9LGJK�AF�LOAKLAF?�L@=�L@A?@�
�9F<�DGO=J�D=?��GMLO9J<
�9F<�
9KKAKLK�OAL@�:=F<AF?�GN=J�
9F<�E9AFL9AFAF?�HGKLMJ=�

L@A?@��b=PAGF�
9F<�D9L=J9D�
JGL9LAGF��
LGJKG��b=PAGF�

585-/A?�
ADA9;�>GKK9
�ADA9;�
;J=KL
�9F<�D9L=J9D�
K9;JME�

D=KK=J�
LJG;@9FL=J�G>�
>=EMJ�

�8A@1-8�
3>;A<�

>=EMJ�
DGO=JK�L@=�CF==�9F<�EGN=K�
L@=�L@A?@�:9;C
�9K�O@=F�
?=LLAF?�J=9<Q�LG�CA;C�9�:9DD�

=PL=FKAGF� 38A@1;A?�
9-D59A?�

 <GJK9D�ADAME
�
K9;JME
�9F<�
;G;;QP�

?DML=9D�
LM:=JGKALQ�G>�
>=EMJ��
ADAGLA:A9D�LJ9;L�

>=EMJ� GH=FK�L@=�L@A?@
�9K�O@=F�
<GAF?�9�KHDAL� 9:<M;LAGF� 38A@1A?�

9105A?�
 D9L=J9D�KMJ>9;=�
G>�L@=�ADAME�

?J=9L=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ� :JAF?K�L@=�L@A?@K�:9;C�
LG?=L@=J� 9:<M;LAGF� 38A@1A?�

95:59A?�
 =PL=JF9D�KMJ>9;=�
G>�L@=�ADAME�

?J=9L=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ�

9KKAKLK�OAL@�J9AKAF?�L@=�CF==�
9L�L@=�@AH�9F<�GH=FAF?�L@=�
L@A?@K��AL�9DKG�E9AFL9AFK�
HGKLMJ=�: Q�KL9:ADARAF?�L@=�
ADAGLA:A9D�LJ9;C
�O@A;@�
;GFF=;LK�LG�L@=�CF==�

b=PAGF��
9:<M;LAGF�

@1:?;>�2-?/5-�
8-@-�

 9FL=JAGJ�9KH=;L�
G>�L@=�ADA9;�;J=KL�
9F<�L@=�9FL=JAGJ�
KMH=JAGJ�ADA9;�
KHAF=�

ADAGLA:A9D�LJ9;L�

 -@1>-8�
>;@-@;>?�

>=EMJ�

LOAKLK�L@=�L@A?@��9F<�DGO=J�
D=?��GMLO9J<��AL�9DKG�
E9AFL9AFK�HGKLMJ=�: Q�
KL9:ADARAF?�L@=�@AH�BGAFL�

 D9L=J9D�
JGL9LAGF� <5>52;>95?�

 9FL=JGD9L=J9D�
KMJ>9;=�G>�L@=�
K9;JME�

?J=9L=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ�

LOAKLK�L@=�L@A?@��9F<�DGO=J�
D=?��GMLO9J<��AL�9DKG�
E9AFL9AFK�HGKLMJ=�: Q�
KL9:ADARAF?�L@=�@AH�BGAFL�

D9L=J9D�JGL9LAGF�;.@A>-@;>�
5:@1>:A?�

 AFF=J�KMJ>9;=�G>�
L@=�G:LMJ9LGJ�
E=E:J 9F=
�L@=�
?J=9L=J�K;A9LA;�
FGL;@
�9F<�L@=�
E9J?AFK�G>�L@=�
G:LMJ9LGJ�
>GJ9E=F�

?J=9L=J�
LJG;@9FL=J�AF�
>JGFL�G>�
HAJA>GJEAK�

>=EMJ�
LOAKLK�L@A?@��9F<�DGO=J�D=?��
GMLO9J<��E9AFL9AFK�HGKLMJ=�
: Q�KL9:ADARAF?�@AH�BGAFL�

D9L=J9D�JGL9LAGF�;.@A>-@;>�
1D@1>:A?�

GML=J�KMJ>9;=K�G>�
G:LMJ9LGJ�
E=E:J 9F=
�
HM:A;
�9F<�
AK;@AME��E9J?AFK�
G>�G:LMJ9LGJ�
>GJ9E=F�

LJG;@9FL=JA;�
>GKK9�G>�
HGKL=JAGJ�
>=EMJ�

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�> ;A<� ( ->31@� !; B191:@� ( ->31@�9;@5;:�
05>1/@5;:� $>591�9; B1>� #>535:� �:?1>@5;:�

>=EMJ�

LOAKLK�L@=�L@A?@��9F<�DGO=J�
D=?��GMLO9J<��AL�9DKG�
E9AFL9AFK�HGKLMJ=�: Q�
KL9:ADARAF?�L@=�@AH�BGAFL�

D9L=J9D�JGL9LAGF�?A<1>5;>�
319188A?�  AK;@A9D�KHAF=�

?J=9L=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ�

LOAKLK�L@=�L@A?@��9F<�DGO=J�
D=?��GMLO9J<��AL�9DKG�
E9AFL9AFK�HGKLMJ=�: Q�
KL9:ADARAF?�L@=�@AH�BGAFL�

D9L=J9D�JGL9LAGF�5:21>5;>�
319188A?�

 AK;@A9D�
LM:=JGKALQ�

 ?J=9L=J�
LJG;@9FL=J�G>�
>=EMJ�

>=EMJ�

LOAKLK�L@=�L@A?@��9F<�DGO=J�
D=?��GMLO9J<��AL�9DKG�E9AFLK�
HGKLMJ=�: Q�KL9:ADARAF?�L@=�@AH�
BGAFL�

D9L=J9D�JGL9LAGF�=A-@>-@A?�
219;>5?�

 AK;@A9D�
LM:=JGKALQ�

LJG;@9FL=JA;�
;J=KL�G>�
>=EMJ�

�00A/@;>?�

>=EMJ�
:JAF?K�L@=�L@A?@K�:9;C�
LG?=L@=J��AL�9DKG�9KKAKLK�OAL@�
J9AKAF?�L@=�CF==�

9<<M;LAGF��
b=PAGF�

-00A/@;>�
8;:3A?�

 HM:AK�F=9J�L@=�
HM:A;�KQEH@QKAK�DAF=9�9KH=J9�

>=EMJ�
:JAF?K�L@=�L@A?@K�:9;C�
LG?=L@=J��AL�9DKG�9KKAKLK�OAL@�
J9AKAF?�L@=�CF==�

9<<M;LAGF��
b=PAGF�

-00A/@;>�
.>1B5?�

 :G<Q�G>�L@=�
HM:AK�9F<�AF�L@=�
AF>=JAGJ�J9EMK�G>�
L@=�HM:AK�

DAF=9�9KH=J9�
9:GN=�
9<<M;LGJ�
DGF?MK�

>=EMJ�

 :JAF?K�L@=�L@A?@K�:9;C�
LG?=L@=J��AL�9DKG�9KKAKLK�OAL@�
J9AKAF?�L@=�CF==�9F<�EGNAF?�
L@=�L@A?@�:9;C�

9<<M;LAGF��
b=PAGF��
=PL=FKAGF�

-00A/@;>�
9-3:A?�

 AK;@A9D�J9EA
�L@=�
HM:A;�J9EA
�9F<�
L@=�AK;@A9D�
LM:=JGKALQ�

DAF=9�9KH=J9��
9<<M;LGJ�
LM:=J;D=�G>�
>=EMJ�

>=EMJ�
GH=FK�L@=�L@A?@��OAL@�J9AKAF?�
L@=�CF==�9F<�LMJFAF?�L@=�
L@A?@��9F<�DGO=J�D=?��AFO9J<�

9<<M;LAGF��
b=PAGF��E=<A9D�
JGL9LAGF�

<1/@5:1A?�  H=;LAF=9D�DAF=�G>�
L@=�HM:AK�

D=KK=J�
LJG;@9FL=J�LG�
DAF=9�9KH=J9�
G>�HGKL=JAGJ�
9KH=;L�G>�
>=EMJ�

0@=�@1:?;>�2-?/5-�8-@-1�AK�9�L@A;C
�KIM9JAK@�EMK;D=�AF�L@=�KMH=JAGJ�9KH=;L�G>�L@=�D9L=J9D�L@A?@��%L�9;LK�9K�9�KQF=J?AKL�
G>�L@=�?DML=MK�E=<AMK�9F<�ADAGHKG9K�AF�b=PAF?�9F<�9:<M;LAF?�L@=�L@A?@��%L�9DKG�@=DHK�KL9:ADAR=�L@=�D9L=J9D�9KH=;L�
G>�L@=�CF==�:Q�HMDDAF?�GF�L@=�585;@5.5-8�@>-/@��:9F<�
�E9CAF?�AL�L9ML�� ==H�LG�L@=�?DML=MK�E9PAEMK
�L@=�<5>52;>95?��
;.@A>-@;>� 5:@1>:A?�� ;.@A>-@;>� 1D@1>:A?�� ?A<1>5;>� 319188A?�� 5:21>5;>� 319188A?
� 9F<�=A-0>-@A?� 219;>5?� D9L=J9DDQ�
JGL9L=�L@=�>=EMJ�9L�L@=�@AH��

0@=�-00A/@;>� 8;:3A? 
�-00A/@;>� .>1B5?
� 9F<�-00A/@;>� 9-3:A?� ;9F� :GL@� E=<A9DDQ� 9F<� D9L=J9DDQ� JGL9L=� L@=� L@A?@�
<=H=F<AF?�GF�L@=�HD9;=E=FL�G>�L@=�>GGL��0@=�9<<M;LGJ�DGF?MK�b=P=K�L@=�L@A?@
�O@=J=9K�L@=�9<<M;LGJ�E9?FMK�
=PL=F<K�AL��0@=�H=;LAF=MK�9<<M;LK�9F<�b=P=K�L@=�>=EMJ�9L�L@=�@AH�9K�O=DD��0@=�<1/@5:1A?�AK�DG;9L=<�AF�L@=�219;> -8�
@>5-:381
�O@A;@�AK�>GJE=<�9L�L@=�BMF;LAGF� :=LO==F�L@=�@AH�9F<�L@=�D=?�9F<�9DKG�AF;DM<=K�L@=�>=EGJ9D�F=JN=
�L@=�
>=EGJ9D�9JL=JQ
�L@=�>=EGJ9D�N=AF
�9F<�L@=�<==H�AF?MAF9D�DQEH@�FG<=K��

&5645��B@092@�&5.A��<C2�A52��2:B?��&6/6.��.;1��6/B9.�

 ==H�>9K;A9�AF�L@=�L@A?@�K=H9J9L=K�AL�AFLG�E=<A9D
�9FL=JAGJ
�9F<�HGKL=JAGJ�;GEH9JLE=FLK��K==��53A>1��	�� 9F<�( -.81�
�	� ���0@=�EMK;D=K�AF�L@=�9105-8� /;9<-> @91:@�;2�@41�@4534�9J=�J=KHGFKA:D=�>GJ�9<<M;LAF?�L@=�>=EMJ�9L�L@=�@AH��
�DGF?�OAL@�L@=�9<<M;LGJ�DGF?MK
�9<<M;LGJ�:J=NAK
�9<<M;LGJ�E9?FMK
�9F<�H=;LAF=MK
�L@=�KLJ9H�DAC=�3>-/585?�9<<M;LK�
L@=�L@A?@�AF�9<<ALAGF�LG�b=PAF?�L@=�D=?�9L�L@=�CF==��

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



( -.81��	���(4534�!A?/81?�(4-@�!; B1�@41��19A>��(5.5-��-:0��5.A8-�

�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

!105-8�
/;9<-> @91:@�
;2�@4534�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?K�MH�LGO9J<�L@=�
:MLLG;CK
�9K�O@=F�
CF==DAF?��AL�9DKG�9KKAKLK�AF�
GH=FAF?�L@=�L@A?@K�

>=EMJ��
LA:A9

a:MD9�

LA:A9
a:MD9��
b=PAGF��
L@A?@��
9<<M;LAGF�

 3>-/585?�

AF>=JAGJ�J9EMK
�
L@=�:G<Q�G>�L@=�
HM:AK
�9F<�L@=�
AK;@A9D�J9EMK�

E=<A9D�
KMJ>9;=�G>�
LA:A9�

� :@1>5;>�
/;9<-> @91:@�
;2�@41�@4534��
%A-0>5/1<?�
219;>5?�
3>;A<�

 EGN=K�L@=�DGO=J�D=?�GML�
AF�>JGFL�G>�L@=�:G<Q
�9K�
O@=F�CA;CAF?��AL�9DKG�
9KKAKLK�AF�J9AKAF?�L@=�
CF==�

>=EMJ��
LA:A9

a:MD9�

LA:A9
a:MD9��
=PL=FKAGF��
L@A?@��b=PAGF�

 >1/@A?�219;>5?�

9FL=JAGJ�AF>=JAGJ�
ADA9;�KHAF=�9F<�
AF�L@=�KMH=JAGJ�
E9J?AF�G>�L@=�
9;=L9:MDME�

H9L=DD9��
LA:A9D�
LM:=JGKALQ�

EGN=K�L@=�DGO=J�D=?�GML�
AF�>JGFL�G>�L@=�:G<Q
�9K�
O@=F�CA;CAF?�

LA:A9

a:MD9� =PL=FKAGF� B-?@A?�8-@1>-85?�

?J=9L=J�
LJG;@9FL=J
�L@=�
AFL=JLJG;@9FL=JA;�
DAF=
�9F<�L@=�
DAF=9�9KH=J9�

H9L=DD9��
LA:A9D�
LM:=JGKALQ�

EGN=K�L@=�DGO=J�D=?�GML�
AF�>JGFL�G>�L@=�:G<Q
�9K�
O@=F�CA;CAF?�

LA:A9

a:MD9� =PL=FKAGF� B-?@A?�9105-85?�

DAF=9�9KH=J9�9F<�
L@=�
AFL=JLJG;@9FL=JA;�
DAF=�

H9L=DD9��
LA:A9D�
LM:=JGKALQ�

EGN=K�L@=�DGO=J�D=?�GML�
AF�>JGFL�G>�L@=�:G<Q
�9K�
O@=F�CA;CAF?�

LA:A9

a:MD9� =PL=FKAGF� B-?@A?�5:@1>9105A?�HJGPAE9D�>=EMJ�

K@9>L�

H9L=DD9��
LA:A9D�
LM:=JGKALQ�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?K�MH�9F<�:9;C�
LGO9J<�L@=�:MLLG;CK
�9K�
O@=F�CF==DAF?��AL�9DKG�
9KKAKLK�AF�EGNAF?�L@=�
L@A?@�<A9?GF9DDQ�MHO9J<�
9F<�GMLO9J<�9K�O@=F�
EGMFLAF?�9�:AC=�

>=EMJ��
LA:A9

a:MD9�

LA:A9��b=PAGF��
L@A?@��
b=PAGF
�
9:<M;LAGF
�
D9L=J9D�
JGL9LAGF�

?->@;>5A?� 9FL=JAGJ�KMH=JAGJ�
ADA9;�KHAF=�

E=<A9D�
9KH=;L�G>�
HJGPAE9D�
LA:A9�

$;?@1>5;>�
/;9<-> @91:@�
;2�@41�@4534��
�-9?@>5:3�
3>;A<�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?�MH�9F<�:9;C�
LGO9J<�L@=�:MLLG;CK
�9K�
O@=F�CF==DAF?��AL�9DKG�
EGN=K�L@=�L@A?@�<GOF�
9F<�:9;C�9F<�LOAKLK�L@=�
L@A?@��9F<�DGO=J�D=?��
GMLO9J<�

>=EMJ��
LA:A9

a:MD9�

LA:A9
a:MD9��
b=PAGF��
L@A?@��
=PL=FKAGF
�
D9L=J9D�
JGL9LAGF�

.5/1<?�219;>5?�

 AK;@A9D�
LM:=JGKALQ
�DAF=9�
9KH=J9
�9F<�
<AKL9D�>=EMJ�

@=9<�G>�
a:MD9��
D9L=J9D�
;GF<QD=�G>�
LA:A9�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?K�MH�LGO9J<�L@=�
:MLLG;CK
�9K�O@=F�
CF==DAF?��AL�9DKG�EGN=K�
L@=�L@A?@�<GOF�9F<�:9;C�
9F<�LOAKLK�L@=�L@A?@��9F<�
DGO=J�D=?��AFO9J<�

>=EMJ��
LA:A9

a:MD9�

LA:A9
a:MD9��
b=PAGF��
L@A?@��
=PL=FKAGF
�
E=<A9D�
JGL9LAGF�

?195@1:05:;?A?�  AK;@A9D�
LM:=JGKALQ�

MHH=J�LA:A9D�
K@9>L�

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?K�MH�9F<�:9;C�
LGO9J<�L@=�:MLLG;CK
�9K�
O@=F�CF==DAF?��AL�9DKG�
EGN=K�L@=�L@A?@�<GOF�
9F<�:9;C�9F<�LOAKLK�L@=�
L@A?@��9F<�DGO=J�D=?��
AFO9J<�

>=EMJ��
LA:A9

a:MD9�

LA:A9
a:MD9��
b=PAGF��
L@A?@��
=PL=FKAGF
�
E=<A9D�
JGL9LAGF�

?195919.> -:;?A?�  AK;@A9D�
LM:=JGKALQ�

E=<A9D�
;GF<QD=�G>�
LA:A9��
E=<A9D�
;GF<QD=�G>�
>=EMJ�

0@=� EMK;D=K� G>� L@=�-:@1>5;>� /;9<-> @91:@� ;2� @41� @4534� b=P� L@=� L@A?@� 9F<� =PL=F<� L@=� D=?�� 0@AK� ;GEH9JLE=FL�
;GFL9AFK� L@=�=A-0>5/1<?� 219;>5?� 3>;A< 
� O@A;@� 9;LM9DDQ� ;GEHJAK=K� >GMJ� EMK;D=K� L@9L� =PL=F<� 9F<� KL9:ADAR=� L@=�
CF==��0@=�>1/@A?�219;>5?�AK�GF�L@=�9FL=JAGJ�9KH=;L�G>�L@=�L@A?@
�L@=�N9KLMK�D9L=J9DAK�AK�GF�L@=�D9L=J9D�9KH=;L�G>�L@=�
L@A?@
�L@=�N9KLMK�E=<A9DAK�AK�GF�L@=�E=<A9D�9KH=;L�G>�L@=�L@A?@
�9F<�L@=�B-?@A?�5:@1>9105A?�AK�:=LO==F�L@=�B-?@A?�
8-@1>-85?�9F<�B-?@A?�9105-85?�9F<�<==H�LG�L@=�J=;LMK�>=EGJAK��0@=�L=F<GF�;GEEGF�LG�9DD�>GMJ�AK�L@=�=A-0>5/1<?�
@1:0;: � �H9L=DD9J� L=F<GF�
� O@A;@� AFK=JLK� AFLG� L@=� H9L=DD9� 9F<� ;GFLAFM=K� :=DGO� AL� 9K� L@=�<-@188->� 853-91:@�� 0@=�
H9L=DD9J�DA?9E=FL�9LL9;@=K�LG�L@=�LA:A9D�LM:=JGKALQ��%F�9<<ALAGF�LG�L@=�IM9<JA;=HK�>=EGJAK
�L@=�?->@;>5A?�AK�9�:9F<�DAC=�
EMK;D=�L@9L�=PL=F<K�>JGE�L@=�9FL=JAGJ�KMH=JAGJ�ADA9;�KHAF=�LG�L@=�E=<A9D�KA<=�G>�L@=�HJGPAE9D�LA:A9��0@AK�N=JK9LAD=�
EMK;D=�b=P=K�L@=�D=?�9L�L@=�CF==�9F<�b=P=K
�9:<M;LK
�9F<�D9L=J9DDQ�JGL9L=K�L@=�D=?�9L�L@=�@AH��0@AK�EMK;D=�9DDGOK�
MK�LG�KAL�;JGKK�D=??=<��

0@=�<;?@1>5;>�/;9<->@91:@�;2�@41�@4534�AF;DM<=K�EMK;D=K�L@9L�b=P�L@=�D=?�9F<�=PL=F<�L@=�L@A?@��0@=�L@J==�DGF?�
EMK;D=K�GF�L@=�:9;C�G>�L@=�CF==�9J=�L@=�4-9?@>5:3�3>;A< 
�O@A;@�b=P=K�L@=�CF==��0@=K=�9J=�L@=�.5/1<?�219;>5?
�
?195@1:05:;?A?
�9F<�?195919.> -:;?A? ��0@=�L=F<GFK�G>�L@=K=�EMK;D=K�>GJE�L@=�<;<85@1-8�2;??-
�L@=�<A9EGF<�
K@9H=<�KH9;=�9L�L@=�:9;C�G>�L@=�CF==��

�B@092@�&5.A��<C2�A52��22A�.;1�&<2@�

/AEAD9J�LG�L@=�L@A?@�EMK;D=K
�L@=�EMK;D=K�G>�L@=�D=?�9J=�<ANA<=<�:Q�<==H�>9K;A9�AFLG�;GEH9JLE=FLK
�9DL@GM?@�L@=�
D=?�@9K�L@J==��9FL=JAGJ
�D9L=J9D
�9F<�HGKL=JAGJ���53A>1��	� �9F<�( -.81��	� ���

 

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



�64B?2���� ��B@092@�<3�A52��<D2?��24��(74�<DB2;4B�>5�C74�0=C4A8>A�2><?0AC<4=C�>5�C74�;>F4A�;46�0A4�64=4A0;;H�
A4B?>=B81;4�5>A�3>AB8T4G8>=��0=3�C74�<DB2;4B�>5�C74�?>BC4A8>A�2><?0AC<4=C�>5�C74�;>F4A�;46�0A4�64=4A0;;H�
A4B?>=B81;4�5>A�?;0=C0A�T4G8>=	�(74�;0C4A0;�0=3�<4380;�<DB2;4B�8=�1>C7�2><?0AC<4=CB�8=E4AC��4E4AC��0=3�A>C0C4�C74�
5>>C	�

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



( -.81��	�	�!A?/81?�(4-@�!; B1�@41��11@�-:0�(;1?�

�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9; B191:@�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

� :@1>5;>�
/;9<-> @91:@�
;2�813�

.9AK=K�L@=�KGD=�G>�L@=�
>GGL�G>>�L@=�?JGMF<
�9K�
O@=F�HJ=H9JAF?�LG�
>GGL�L9H��:=F<K�L@=�
AFKA<=�G>�L@=�>GGL�
MHO9J<K
�9K�O@=F�
;9L;@AF?�QGMJ�:9D9F;=�
O@AD=�>9DDAF?�D9L=J9DDQ�
LGO9J<�L@=�GHHGKAL=�
KA<=�9K�L@=�:9D9F;AF?�
>GGL�

>GGL� <GJKAb=PAGF��
AFN=JKAGF�

@5.5-85?�
-:@1>5;>�

D9L=J9D�
;GF<QD=�9F<�
MHH=J�LA:A9D�
K@9>L��
AFL=JGKK=GMK�
E=E:J 9F=�

AFL=JAGJ�KMJ>9;=�G>�
E=<A9D�;MF=A>GJE��
aJKL�E=L9L9JK9D�
:GF=�

J9AK=K�L@=�KGD=�G>�L@=�
>GGL�G>>�L@=�?JGMF<
�9K�
O@=F�HJ=H9JAF?�LG�
>GGL�L9H��=PL=F<K�L@=�:A?�
LG=�

>GGL��
:A?�LG=�

>GGL��
<GJKAb=PAGF��
:A?�LG=��
=PL=FKAGF�

1D@1:?;>�
4-88A/5?�
8;:3A?�

9FL=JGE=<A9D�
a:MD9�K@9>L�
9F<�
AFL=JGKK=GMK�
E=E:J 9F=�

<AKL9D�H@9D9FP�G>�
:A?�LG=�

J9AK=K�L@=�KGD=�G>�L@=�
>GGL�G>>�L@=�?JGMF<
�9K�
O@=F�HJ=H9JAF?�LG�
>GGL�L9H��=PL=F<K�L@=�
LG=K�

>GGL��
LG=K�
�Z��

>GGL��
<GJKAb=PAGF��
LG=K��
=PL=FKAGF�

1D@1:?;>�
0535@;>A9�
8;:3A?�

D9L=J9D�
;GF<QD=�G>�L@=�
LA:A9
�L@=�
HJGPAE9D�
HGJLAGF�G>�L@=�
a:MD9
�9F<�L@=�
AFL=JGKK=GMK�
E=E:J 9F=�

EA<<D=�9F<�<AKL9D�
H@9D9F?=K�G>�LG=K�
�Z��

 -@1>-8�
/;9<-> @91:@�
;2�813�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�:=F<K�
L@=�AFKA<=�G>�L@=�>GGL�
<GOFO9J<K
�9K�O@=F�
;9L;@AF?�QGMJ�:9D9F;=�
O@AD=�>9DDAF?�D9L=J9DDQ�
LGO9J<�L@=�K9E=�KA<=�
9K�L@=�:9D9F;AF?�>GGL�

>GGL�
HD9FL9J�
b=PAGF�9F<�
=N=JKAGF�

J.A8->5?�
8;:3A?�

MHH=J�HGJLAGF�
G>�L@=�D9L=J9D�
a:MD9�

aJKL�E=L9L9JK9D��
E=<A9D�;MF=A>GJE�

DGO=JK�L@=�KA<=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�:=F<K�
L@=�AFKA<=�G>�L@=�>GGL�
<GOFO9J<
�9K�O@=F�
;9L;@AF?�QGMJ�:9D9F;=�
O@AD=�>9DDAF?�D9L=J9DDQ�
LGO9J<�L@=�K9E=�KA<=�
9K�L@=�:9D9F;AF?�>GGL�

>GGL�
HD9FL9J�
b=PAGF�9F<�
=N=JKAGF�

J.A8->5?�
�<1>;:1A?��
.>1B5?�

<AKL9D�a:MD9�
K@9>L�

HJGPAE9D�=F<�G>�
a>L@�E=L9L9JK9D�

$;?@1>5;>�
/;9<-> @91:@�
;2�813��
'A<1>J/5-8�
9A?/81?�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�9KKAKLK�
AF�EGNAF?�L@=�:9;C�G>�
L@=�DGO=J�D=?K�MH�9F<�
:9;C�LGO9J<�L@=�
:MLLG;CK�

>GGL��
LA:A9

a:MD9�

>GGL��HD9FL9J�
b=PAGF��
LA:A9
a:MD9��
b=PAGF�

3-?@>;/:195A?�

E=<A9D�9F<�
D9L=J9D�
;GF<QD=K�G>�
L@=�>=EMJ�

HGKL=JAGJ�
;9D;9F=MK�

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9; B191:@�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�
E9AFL9AFK�HGKLMJ=�O@AD=�
O9DCAF?�

>GGL� HD9FL9J�
b=PAGF� ?;81A?�

KMH=JAGJ�LA:A9
�
a:MD9
�9F<�
AFL=JGKK=GMK�
E=E:J 9F=�

HGKL=JAGJ�
;9D;9F=MK�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�9KKAKLK�
AF�EGNAF?�L@=�:9;C�G>�
L@=�DGO=J�D=?K�MH�9F<�
:9;C�LGO9J<�L@=�
:MLLG;CK�

>GGL��
LA:A9

a:MD9�

>GGL��HD9FL9J�
b=PAGF��
LA:A9
a:MD9��
b=PAGF�

<8-:@->5?�

HGKL=JAGJ�
>=EMJ�9:GN=�
L@=�D9L=J9D�
;GF<QD=�

;9D;9F=MK�GJ�
;9D;9F=MK�L=F<GF�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?�

>GGL� HD9FL9J�
b=PAGF�

@5.5-85?�
<;?@1>5;>�

KMH=JAGJ�LA:A9�
9F<�a:MD9�9F<�
AF�L@=�
AFL=JGKK=GMK�
E=E:J 9F=�

K=N=J9D�L9JK9DK�9F<�
E=L9L9JK9DK��Z��

$;?@1>5;>�
/;9<-> @91:@�
;2�813���11<�
9A?/81?�

EGN=K�L@=�:9;C�G>�L@=�
DGO=J�D=?K�MH�9F<�:9;C�
LGO9J<�L@=�:MLLG;CK��AL�
9DKG�9KKAKLK�AF�JGL9LAGF�
G>�L@=�D=?�9L�L@=�CF==�
9F<�L@A?@�

LA:A9

a:MD9�

LA:A9
a:MD9��
b=PAGF��
L@A?@�9F<�
DGO=J�D=?��
E=<A9D�9F<�
D9L=J9D�
JGL9LAGF�

<;<85@1A?�

D9L=J9D�
;GF<QD=�G>�L@=�
>=EMJ�9F<�L@=�
D9L=J9D�
E=FAK;MK�

HJGPAE9D�LA:A9�

DGO=JK�L@=�KGD=�G>�L@=�
>GGL�LG�L@=�?JGMF<
�9K�
O@=F�>GGL�L9HHAF?�GJ�
BMEHAF?��AL�9DKG�:=F<K�
L@=�AFKA<=�G>�L@=�>GGL�
MHO9J<�9F<�b=P=K�L@=�
LG=K�

>GGL��
LG=K�
�Z��

>GGL��HD9FL9J�
b=PAGF�9F<�
AFN=JKAGF��
LG=K��b=PAGF�

K1D;>�
0535@;>A9�
8;:3A?�

HGKL=JAGJ�LA:A9�<AKL9D�H@9D9F?=K�G>�
LG=K��Z��

b=P=K�L@=�:A?�LG=� :A?�LG=��
>GGL�

:A?�LG=��
b=PAGF��
>GGL��HD9FL9J�
b=PAGF�

K1D;>�4-885/5?�
8;:3A?�

EA<K@9>L�G>�
a:MD9��
AFL=JGKK=GMK�
E=E:J 9F=�

<AKL9D�H@9D9FP�G>�
:A?�LG=�

0@=�EMK;D=K�AF�L@=�-:@1>5;>�/;9<-> @91:@�;2�@41�813��L@=�@5.5-85?�-:@1>5;>
�9�DGF?�9F<�L@A;C�EMK;D=�GF�L@=�D9L=J9D�
KMJ>9;=�G>�L@=�LA:A9
�L@=�1D@1:?;>�4-88A/5?�8;:3A?
�<==H�MF<=J�AL
�9F<�L@=�1D@1:?;>�0535@;>A9�8;:3A? 
�D9L=J9D�LG�AL
�9DD�
;GFLJA:ML=�LG�J9AKAF?�L@=�>JGFL�G>�L@=�>GGL�O@=F�L@=Q�;GFLJ9;L��0@=�J.A8->5?�@1>@5A?
�9�KE9DD�EMK;D=�L@9L�GJA?AF9L=K�
GF�L@=�9FL=JAGJ�KMJ>9;=�G>�L@=�a:MD9
�AK�9KKG;A9L=<�OAL@�L@=�=PL=FKGJ�<A?ALGJME�DGF?MK�9F<�KGE=LAE=K�>MK=<�LG�
AL
� :ML�AK�FGL�HJ=K=FL�AF�9DD�H=GHD=��0@A;C� :9F<K�G>� ;GFF=;LAN=�LAKKM=� ;9DD=<�L@=�?A<1>5;>�1D@1:?;>�>1@5:-/A8A9�
�LJ9FKN=JK=�DA?9E=FL�G>�L@=�9FCD=��9F<�L@=�5:21>5;>�1D@1:?;>�>1@5:-/A8A9
�@GD<�L@=�L=F<GFK�G>�L@=K=�EMK;D=K�AF�
HD9;=�<MJAF?�<GJKAb=PAGF��

0@=�8-@1>-8�/;9<-> @91:@�;2�@41�813�AF;DM<=K�LOG�EMK;D=K��L@=�J.A8->5?�8;:3A?��H=JGF=MK�DGF?MK��9F<�L@=�J.A8->5?�
.>1B5?� �H=JGF=MK� :J=NAK��� 0@=� KMH=Ja;A9D� EMK;D=K� AF� L@=�<;?@1>5;>� /;9<->@91:@� ;2� @41� 813� 9DD� AFK=JL� GFLG� L@=�
/-8/-:1-8�@1:0;: ���;@ADD=K�L=F<GF�
�9�KLJGF?�L=F<GF�L@9L�AFK=JLK�AFLG�L@=�;9D;9F=9D�:GF=�G>�L@=�9FCD=��0@=�EMK;D=K�
AF�L@AK�;GEH9JLE=FL�9J=�D9J?=�9F<�KLJGF?�9F<�C==H�@ME9FK�MHJA?@L��0@=�EGKL�KMH=Ja;A9D�9F<�NAKA:D=�EMK;D=�G>�

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



L@=�;9D>�AK�L@=�3-?@>;/:195A? ��  ==H�LG�L@=�?9KLJG;F=EAMK�AK�L@=�OA<=
�b9L�?;81A?��0@=�<8-:@->5?�JMFK�G:DAIM=DQ�
:=LO==F�L@=�LOG��KGE=�H=GHD=�E9Q�@9N=�LOG�G>�L@=K=�EMK;D=K
�O@=J=9K�FG�HD9FL9JAK�AK�G:K=JN=<�AF�9:GML�K=N=F�
H=J;=FL�G>�GL@=J�;9<9N=J�<AKK=;LAGFK��0@=�HD9FL9JAK�L=F<GF�AK�9�<=KAJ9:D=�KM:KLALML=�>GJ�L@=�>9K;A9�D9L9�AF�@=JFA9�
J=H9AJ
�L=F<GF�LJ9FKHD9FLK
�9F<�J=H9AJ�G>�DA?9E=FLK��0@=J=�9J=�>GMJ�<==H�EMK;D=K�AF�L@=�HGKL=JAGJ�;GEH9JLE=FL�G>�
L@=�D=?�9K�O=DD��L@=<;<85@1A?��K1D;>�0535@;>A9�8;:3A?��K1D;>�4-88A/5?�8;:3A?��9F<�@5.5-85?�<;?@1>5;>	�

0@=�>GGL�9DKG�@9K�AFLJAFKA;�EMK;D=K
�O@A;@�GJA?AF9L=�9F<�AFK=JL�OAL@AF�AL� �KAEAD9J�LG�L@=�AFLJAFKA;�EMK;D=K�G>�L@=�
@9F<���0@=K=�EMK;D=K�HJAE9JADQ�HJGNA<=�KMHHGJL�>GJ�L@=�>GGL�9F<�ALK�9J;@
�9F<� ;GFLJA:ML=�LG�EGN=E=FLK�G>�L@=�
LG=K���53A>1��	��� 9F<�( -.81��	� ���0@=�HJAF;AH9D�KMHHGJL�>GJ�L@=�DGF?ALM<AF9D�9J;@�G>�L@=�>GGL�AK�9�<==H�>9K;A9�;9DD=<�
<8-:@->�-<;:1A>;?5?
�O@A;@�JMFK�>JGE�L@=�;9D;9F=MK�:GF=�LG�L@=�LG=K��AFb9EE9LAGF�G>�L@AK�LAKKM=�AK�L@=�;9MK=�G>�
]HD9FL9J�>9K;AALAK
^�O@A;@�;9F�9>>=;L�JMFF=JK��0@=�AFLJAFKA;�EMK;D=K�G>�L@=�>GGL�;GFKAKL�G>�LOG�?JGMHK��0@=�0;>?-8�
3>;A< �AF;DM<=K�GFDQ�GF=�EMK;D=
�L@=�1D@1:?;>�0535@;>A9� .> 1B5?��0@=�K=;GF<�?JGMH�AK�L@=�<8-:@->�3>;A< 
�O@A;@�
;GFKAKLK�G>�>GMJ�D9Q=JK
�KL9JLAF?�OAL@�L@=�EGKL�KMH=Ja;A9D��

�64B?2���
	�L;A?6;@60��B@092@�<3�A52��<<A	�(74�<DB2;4B�0;>=6�C74�3>AB0;�B834�>5�C74�5>>C��0��64=4A0;;H�4GC4=3�C74�
C>4B�F78;4�C74�<DB2;4B�>5�C74�?;0=C0A�B834�>5�C74�5>>C��1��2��3��64=4A0;;H�T4G�C74�C>4B	�(74�?;0=C0A�<DB2;4B�4G8BC�8=�
C7A44�;0H4AB��?A>E838=6�C74�5>>C�C74�BCA4=6C7�C>�2>D=C4A10;0=24�C74�F4867C�>5�C74�1>3H	�W=�C78B�3806A0<��C74B4�
C7A44�;0H4AB�0A4�B7>F=�5A><�0�?;0=C0A�E84F�1468==8=6�F8C7�C74�1>CC><�<>BC�;0H4A�9DBC�D=34A�C74�?;0=C0A�B:8=�>5�
C74�5>>C��1��0=3�4=38=6�F8C7�C74�C>?�<>BC�;0H4A��3��;>20C43�9DBC�8=54A8>A�C>�C74�5>>C�0=3�C>4�1>=4B	�

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



( -.81��	�	��:@>5:?5/�!A?/81?�5:�@41�� ;;@�

�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>59B1�
9; B1>� #>535:� �:?1>@5;:�

�;>?-8�
3>;A<� =PL=F<K�LG=K���L@JGM?@��� LG=K��Z�� =PL=FKAGF�

1D@1:?;>�
0535@;>A9�
.>1B5?�

;9D;9F=MK��=PL=FKGJ�
J=LAF9;MDME�

:9K=�G>�
HJGPAE9D�
H@9D9FP�G>�
:A?�LG=��
=PL=FKGJ�
=PH9FKAGFK�
GF�LG=K��Z��

$8-:@->�
3>;A<�
�8-E1>����

9:<M;LK�9F<�b=P=K�L@=�:A?�
LG=� :A?�LG=� 9<<M;LAGF��

b=PAGF�
-.0A/@;>�
4-88A/5?�

;9D;9F=9D�LM:=JGKALQ��
b=PGJ�J=LAF9;MDME�

HJGPAE9D�
H@9D9FP�G>�
:A?�LG=�

b=P=K�LG=K���L@JGM?@��� EA<<D=�
LG=K� b=PAGF�

K1D;>�
0535@;>A9�
.>1B5?�

;9D;9F=9D�LM:=JGKALQ�
EA<<D=�
H@9D9FP�G>�
LG=K��Z��

9:<M;LK�9F<�b=P=K�L@=�
KE9DD�LG=� LG=��� 9:<M;LAGF��

b=PAGF�

-.0A/@;>�
0535@5�
95:595�

;9D;9F=9D�LM:=JGKALQ�
HJGPAE9D�
H@9D9FP�G>�
DALLD=�LG=�

$8-:@->�
3>;A<�
�8-E1>�
��

9KKAKLK�AF�b=PAF?�LG=K����� LG=K��Z�� b=PAGF� =A-0>-@A?�
<8-:@-1�

E=<A9D�9F<�D9L=J9D�
KA<=K�G>�;9D;9F=MK�

L=F<GF�G>�
b=PGJ�
<A?ALGJME�
DGF?MK�

=PL=F<K�LG=K�����9L�L@=�
AFL=JH@9D9F?=9D�BGAFLK��
b=P=K�L@=�KE9DD�LG=K�9L�L@=�
E=L9L9JKGH@9DF9?=9D�BGAFLK�

LG=K��Z�� =PL=FKAGF��
b=PAGF� 8A9.>5/-8?� L=F<GFK�G>�b=PGJ�

<A?ALGJME�DGF?MK�

E=<A9D�KA<=�
G>�HJGPAE9D�
H@9D9FP�G>�
LG=K�����

$8-:@->�
3>;A<�
�8-E1>����

b=P=K�L@=�:A?�LG=� :A?�LG=� b=PAGF�
K1D;>�
4-88A/5?�
.>1B5?�

D9L=J9D�;MF=A>GJE��
;M:GA<�:GF=K�

:9K=�G>�
HJGPAE9D�
H@9D9FP�G>�
:A?�LG=�

9<<M;LK�9F<�b=P=K�L@=�:A?�
LG=� :A?�LG=� 9<<M;LAGF��

b=PAGF�
-00A/@;>�
4-88A/5?�

:9K=K�G>�E=L9L9JK9DK�
��L@JGM?@����a:MD9JAK�
DGF?MK�L=F<GF�
K@=9L@��DA?9E=FL�
9;JGKK�L@=�
E=L9L9JKGH@9D9F?=9D�
BGAFLK�

:9K=�G>�
HJGPAE9D�
H@9D9FP�G>�
:A?�LG=�

b=P=K�L@=�KE9DD�LG=� DALLD=�LG=� b=PAGF�
K1D;>�0535@5�
95:595�
.>1B5?�

:9K=�G>�E=L9L9JK9D����
L=F<GF�K@=9L@�G>�L@=�
a:MD9JAK�DGF?MK�

:9K=�G>�
HJGPAE9D�
H@9D9FP�G>�
DALLD=�LG=�

$8-:@->�
3>;A<�
�8-E1>����

9:<M;LK�9F<�b=P=K�L@=�
EA<<D=�LG=K�9L�L@=�
E=L9L9JKGH@9D9F?=9D�BGAFLK��
AL�9DKG�=PL=F<K�L@=�EA<<D=�
LG=K�9L�L@=�AFL=JH@9D9F?=9D�
BGAFLK�

EA<<D=�
LG=K�

9:<M;LAGF��
b=PAGF��
=PL=FKAGF�

0;>?-8�
5:@1>;??15�

KA<=K�G>�L@=�
E=L9L9JK9DK�

:GL@�KA<=K�
G>�LG=����>GJ�
=9;@�LGL@=J�
LG
�=PL=FKGJ�
=PH9FKAGF�
GN=J�aJKL�
H@9D9FP�GF�
KA<=�
GHHGKAL=�LG=�
��

( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/ ��S�����



�> ;A<� !; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>59B1�
9; B1>� #>535:� �:?1>@5;:�

9:<M;LK�LG=K���L@JGM?@����AL�
9DKG�b=P=K�L@=�HJGPAE9D�
H@9D9F?=K�9F<�=PL=F<K�L@=�
<AKL9D�H@9D9F?=K�

KE9DD�LG=K�
9:<M;LAGF��
b=PAGF��
=PL=FKAGF�

<8-:@->�
5:@1>;??15�

KA<=�G>�=9;@�
E=L9L9JK9D�L@9L�
>9;=K�E=L9L9JK9D���
�9:K=FL�>JGE�
E=L9L9JK9D����

=PL=FKGJ�
=PH9FKAGF�
GF�aJKL�
H@9D9FP�G>�
=9;@�LG=�
�=P;=HL�LG=�
���GF�KA<=�
>9;AF?�LG=���

 

��� ��S��( ������)1/�1( �.�/5 /0!)�%���)1/�(!�0%//1!��* �$%* (%)��)1/�(!/



!01����"DB2D;0A�'HBC4<�WW���
�>A4;8<1�0=3��G80;�"DB2;4B�

"DB2;4B�>5�C74�5>A4;8<1��CAD=:��0=3�7403��"DB2;4�6A>D?B�

�2.?;6;4�!/720A6C2@�

+74=�H>D�0A4�?A4?0A43�5>A�C74�(4BC�>=�+44:�����!40A=8=6�$1942C8E4B�8=�+44:�����H>D�F8;;�14�01;4�C>��

�	� W34=C85H�2><?>=4=CB�>5�0�<DB2;4�24;;�0=3�C74�=4DA><DB2D;0A�9D=2C8>=	�


	� W34=C85H�2>==42C8E4�C8BBD4B�>5�<DB2;4B	�

�	� W34=C85H�B86=8S20=C�<DB2;4B�>=�1>C7�7D<0=�<>34;B�0=3�20CB��;8BC43�8=�C74�;01�02C8E8CH�	�

�	� �>A�C74�70<BCA8=6B��@D03A824?B�0=3�A>C0C>A�2DV�<DB2;4�6A>D?B��834=C85H�C74�<DB2;4B�F8C78=�C74<��C74�

1>=H�540CDA4B�C70C�02C�0B�C748A�0CC027<4=C�B8C4B��0=3�C748A�64=4A0;�5D=2C8>=B	�

�"DB2;4�38BB42C8>=B�F8;;�B?0=�F44:B����	�(74A4�F8;;�14�=>�C4BC�8=�+44:��	�W=�F44:����C74A4�F8;;�14�0�C4BC�2>E4A8=6�

0;;�>5�C74�01>E4�;40A=8=6�>1942C8E4B	�

%F�D9KL�O==C\K�D9:
�O=�DGGC=<�9L�EMK;D=K�G>�L@=�@AF<DAE:��%F�D9:�L@AK�O==C
�O=�OADD�DGGC�9L�L@=�KC=D=L9D�EMK;D=K�AF�
L@=�>GJ=DAE:
�9K�O=DD�9K�AF�L@=�9PA9D�J=?AGF���Q�L@=�=F<�G>�L@=K=�LOG�O==CK
�QGM�K@GMD<�@9N=�9�:JG9<�MF<=JKL9F<AF?�
G>�L@=�EMK;MD9J�KQKL=E�9F<�:=�9:D=�LG�A<=FLA>Q�L@=�E9BGJ�EMK;D=K�AF�L@=�:G<Q���53A>1��	� ���

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/

https://iastate.pressbooks.pub/app/uploads/sites/112/2024/01/labeled-muscles-scaled.jpg
https://iastate.pressbooks.pub/app/uploads/sites/112/2024/01/labeled-muscles-scaled.jpg


�64B?2���
�!C2?C62D�<3�A52��B@0B9.?�%F@A2:� �$=�C74�0=C4A8>A�
0=3�?>BC4A8>A�E84FB�>5�C74�<DB2D;0A�BHBC4<�01>E4��BD?4AS280;�
<DB2;4B��C7>B4�0C�C74�BDA5024��0A4�B7>F=�>=�C74�A867C�B834�>5�C74�
1>3H�F78;4�344?�<DB2;4B��C7>B4�D=34A=40C7�C74�BD?4AS280;�
<DB2;4B��0A4�B7>F=�>=�C74�;45C�70;5�>5�C74�1>3H	��>A�C74�;46B��
BD?4AS280;�<DB2;4B�0A4�B7>F=�8=�C74�0=C4A8>A�E84F�F78;4�C74�
?>BC4A8>A�E84F�B7>FB�1>C7�BD?4AS280;�0=3�344?�<DB2;4B	�

�B@092@�<3�A52��<?296:/�

)MK;D=K�G>�L@=�K@GMD<=J�9F<�MHH=J�DAE:�;9F�:=�<ANA<=<�AFLG�>GMJ�?JGMHK��EMK;D=K�L@9L�KL9:ADAR=�9F<�HGKALAGF�L@=�
K@GMD<=J�?AJ<D=
�EMK;D=K�L@9L�EGN=�L@=�9JE
�EMK;D=K�L@9L�EGN=�L@=�>GJ=9JE
�9F<�EMK;D=K�L@9L�EGN=�L@=�OJAKLK
�
@9F<K
�9F<�aF?=JK��0@=�K@GMD<=J�?AJ<D=�;GFKAKLK�G>�L@=�D9L=J9D�=F<K�G>�L@=�;D9NA;D=�9F<�K;9HMD9
�9DGF?�OAL@�L@=�
HJGPAE9D�=F<�G>�L@=�@ME=JMK
�9F<�L@=�EMK;D=K� ;GN=JAF?�L@=K=�L@J==� :GF=K�LG�KL9:ADAR=�L@=�K@GMD<=J�BGAFL��0@=�
?AJ<D=�;J=9L=K�9�:9K=�>JGE�O@A;@�L@=�@=9<�G>�L@=�@ME=JMK
�AF�ALK�:9DD�9F<�KG;C=L�BGAFL�OAL@�L@=�?D=FGA<�>GKK9�G>�L@=�
K;9HMD9
�;9F�EGN=�L@=�9JE�AF�EMDLAHD=�<AJ=;LAGFK��

�B@092@�&5.A�"<@6A6<;�A52�"20A<?.9��6?192�

)MK;D=K� L@9L� HGKALAGF� L@=� H=;LGJ9D� ?AJ<D=� 9J=� DG;9L=<� =AL@=J� GF� L@=� 9FL=JAGJ� L@GJ9P� GJ� GF� L@=� HGKL=JAGJ� L@GJ9P�
� �53A>1��	
  9F<�( -.81��	� ���0@=�9FL=JAGJ�EMK;D=K�AF;DM<=�L@=�?A./8- B5A?
�<1/@;>-85?�95:;>
�9F<�?1>>-@A?�-:@1>5;>��
0@=�HGKL=JAGJ� EMK;D=K� AF;DM<=� L@=�@>-<1F5A?
�>4;9.;50� 9-6;> 
� 9F<�>4;9.;50� 95:;> �� 3@=F� L@=�J@GE:GA<K� 9J=�
;GFLJ9;L=<
�QGMJ�K;9HMD9�EGN=K�E=<A9DDQ
�O@A;@�;9F�HMDD�L@=�K@GMD<=J�9F<�MHH=J�DAE:�HGKL=JAGJDQ��

 

�64B?2����  �B@092@�&5.A�"<@6A6<;�A52�"20A<?.9��6?192��(74�<DB2;4B�C70C�BC018;8I4�C74�?42C>A0;�68A3;4�<0:4�8C�0�BC403H�
10B4�>=�F7827�>C74A�<DB2;4B�20=�<>E4�C74�0A<	�#>C4�C70C�C74�?42C>A0;8B�<09>A�0=3�34;C>83��F7827�<>E4�C74�7D<4ADB��
0A4�2DC�74A4�C>�B7>F�C74�344?4A�?>B8C8>=8=6�<DB2;4B	�

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



( -.81��	��H�!A?/81?�@4-@�$;?5@5;:�@41�$1/@;>-8��5>081�

$;?5@5;:�5:�@41�
@4;>-D� !; B191:@� ( ->31@� ( ->31@�9;@5;:�

05>1/@5;:� $>591�9; B1>� #>535:� �:?1>@5;:�

�FL=JAGJ�L@GJ9P�

/L9:ADAR=K�
;D9NA;D=�<MJAF?�
EGN=E=FL�:Q�
<=HJ=KKAF?�AL�

�D9NA;D=�  =HJ=KKAGF� 'A./8- B5A?� "AJKL�JA:� %F>=JAGJ�KMJ>9;=�
G>�;D9NA;D=�

�FL=JAGJ�L@GJ9P�

.GL9L=K�
K@GMD<=J�
9FL=JAGJDQ�
�L@JGOAF?�
EGLAGF���
9KKAKLK�OAL@�
AF@9D9LAGF�

/;9HMD9��JA:K�
/;9HMD9��
<=HJ=KK=K��
JA:K��=D=N9L=K�

$1/@;>-85?�
95:;>�

�FL=JAGJ�
KMJ>9;=K�G>�
;=JL9AF�JA:K�
��Z��GJ��Z���

�GJ9;GA<�
HJG;=KK�G>�
K;9HMD9�

�FL=JAGJ�L@GJ9P�

)G N=K�9JE�
>JGE�KA<=�G>�
:G<Q�LG�>JGFL�G>�
:G<Q��9KKAKLK�
OAL@�AF@9D9LAGF�

/;9HMD9��JA:K�
/;9HMD9��
HJGLJ9;LK��JA:K��
=D=N9L=K�

'1>>-@A?�
-:@1>5;>�

)MK;D=�KDAHK�
>JGE�;=JL9AF�
JA:K���Z��GJ�
�Z���

�FL=JAGJ�
KMJ>9;=�G>�
N=JL=:J9D�
:GJ<=J�G>�
K;9HMD9�

, GKL=JAGJ�
L@GJ9P�

!D=N9L=K�
K@GMD<=JK�
�K@JM??AF?���
HMDDK�K@GMD<=J�
:D9<=K�
LG?=L@=J��LADLK�
@=9<�
:9;CO9J<K�

/;9HMD9��
;=JNA;9D�KHAF=�

/;9HMD9��
JGL=KLK�
AF>=JAGJDQ
�
J=LJ9;LK
�
=D=N9L=K
�9F<�
<=HJ=KK=K��
KHAF=��=PL=F<K�

( >-<1F5A?� /CMDD��N=JL=:J9D�
;GDMEF�

�;J GEAGF�9F<�
KHAF=�G>�
K;9HMD9��
;D9NA;D=�

, GKL=JAGJ�
L@GJ9P�

/L9:ADAR=K�
K;9HMD9�<MJAF?�
H=;LGJ9D�?AJ<D=�
EGN=E=FL�

/;9HMD9�
.=LJ9;LK��
JGL9L=K�
AF>=JAGJDQ�

&4;9.;50�
9-6;>�

0@GJ9;A;�
N=JL=:J9=�
�0�Z0���

)=<A9D�:GJ<=J�
G>�K;9HMD9�

, GKL=JAGJ�
L@GJ9P�

/L9:ADAR=K�
K;9HMD9�<MJAF?�
H=;LGJ9D�?AJ<D=�
EGN=E=FL�

/;9HMD9�
.=LJ9;LK��
JGL9L=K�
AF>=JAGJDQ�

&4;9.;50�
95:;>�

�=J NA;9D�9F<�
L@GJ9;A;�
N=JL=:J9=�����
9F<�0���

)=<A9D�:GJ<=J�
G>�K;9HMD9�

�B@092@�&5.A��<C2�A52��B:2?B@�

/AEAD9J� LG� L@=� EMK;D=K� L@9L� HGKALAGF� L@=� H=;LGJ9D� ?AJ<D=
� EMK;D=K� L@9L� ;JGKK� L@=� K@GMD<=J� BGAFL� 9F<� EGN=� L@=�
@ME=JMK� :GF=� G>� L@=� 9JE� AF;DM<=� :GL@� 9PA9D� 9F<� K;9HMD9J� EMK;D=K� ��53A>1� �	�  9F<�( -.81� �	
 ��� 0@=� LOG� 9PA9D�
EMK;D=K�9J=�L@=�H=;LGJ9DAK�E9BGJ�9F<�L@=�D9LAKKAEMK�<GJKA��0@=�<1/@;>-85?�9-6;>�AK�L@A;C�9F<�>9F�K@9H=<
�;GN=JAF?�
EM;@�G>�L@=�KMH=JAGJ�HGJLAGF�G>�L@=�9FL=JAGJ�L@GJ9P��0@=�:JG9<
�LJA9F?MD9J�8-@5??59A?�0;>?5�AK�DG;9L=<�GF�L@=�AF>=JAGJ�
H9JL�G>�L@=�:9;C
�O@=J=�AL�AFK=JLK�AFLG�9�L@A;C�;GFF=;LAN=�LAKKM=�K@=9L@�;9DD=<�9F�9HGF=MJGKAK��

 

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



�64B?2���� ��B@092@�&5.A��<C2�A52��B:2?B@� ��0��2��(74�<DB2;4B�C70C�<>E4�C74�7D<4ADB�0=C4A8>A;H�0A4�64=4A0;;H�
;>20C43�>=�C74�0=C4A8>A�B834�>5�C74�1>3H�0=3�>A868=0C4�5A><�C74�BC4A=D<��4	6	��?42C>A0;8B�<09>A��>A�C74�0=C4A8>A�B834�>5�
C74�B20?D;0��4	6	��BD1B20?D;0A8B�	��1��(74�<DB2;4B�C70C�<>E4�C74�7D<4ADB�BD?4A8>A;H�64=4A0;;H�>A868=0C4�5A><�C74�
BD?4A8>A�BDA5024B�>5�C74�B20?D;0�0=3
>A�C74�2;0E82;4��4	6	��34;C>83B�	�(74�<DB2;4B�C70C�<>E4�C74�7D<4ADB�8=54A8>A;H�
64=4A0;;H�>A868=0C4�5A><�<833;4�>A�;>F4A�102:��4	6	��;0C8BB8D<DB�3>AB8�	��3��(74�<DB2;4B�C70C�<>E4�C74�7D<4ADB�
?>BC4A8>A;H�0A4�64=4A0;;H�;>20C43�>=�C74�?>BC4A8>A�B834�>5�C74�1>3H�0=3�8=B4AC�8=C>�C74�B20?D;0��4	6	��8=5A0B?8=0CDB�	�

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



( -.81��	
�H�!A?/81?�@4-@�!; B1�@41��A91>A?�

�> ;A<� !; B191:@� ( ->31@� ( ->31@�9;@5;:�
05>1/@5;:� $>591�9; B1>� #>535:� �:?1>@5;:�

�D5-8�
!A?/81?�

�JAF?K�=D:GOK�
LG?=L@=J��EGN=K�
=D:GO�MH��9K�<MJAF?�
9F�MHH=J;ML�HMF;@��

$ME=JMK�
"D=PAGF��
9<<M;LAGF��
E=<A9D�JGL9LAGF�

$1/@;>-85?�9-6;>�

�D9NA;D=��
KL=JFME��
;9JLAD9?=�G>�
;=JL9AF�JA:K������
GJ�������
9HGF=MJGKAK�G>�
=PL=JF9D�G:DAIM=�
EMK;D=�

#J=9L=J�LM:=J;D=�
G>�@ME=JMK�

)G N=K�=D:GO�:9;C�
�9K�AF�=D:GOAF?�
KGE=GF=�KL9F<AF?�
:=@AF<�QGM���KHJ=9<K�
=D:GOK�9H9JL�

$ME=JMK��
K;9HMD9�

$ME=JMK��
=PL=FKAGF
�
9<<M;LAGF
�9F<�
E=<A9D�JGL9LAGF��
K;9HMD9��
<=HJ=KKAGF�

 -@5??59A?�0;>?5�

0@GJ9;A;�
N=JL=:J9=�
�0��0�����
DME:9J�
N=JL=:J9=��DGO=J�
JA:K���������ADA9;�
;J=KL�

%FL=JLM:=J;MD9J�
KMD;MK�G>�
@ME=JMK�

&;@-@;>�
�A22�

�?/-<A8->�
9A?/81?��

�KKAKLK�H=;LGJ9DAK�
E9BGJ�AF�:JAF?AF?�
=D:GOK�LG?=L@=J�9FK�
KL9:ADAR=K�K@GMD<=J�
BGAFL�<MJAF?�
EGN=E=FL�G>�L@=�
H=;LGJ9D�?AJ<D=�

$ME=JMK� )=<A9D�JGL9LAGF�'A.?/-<A8->5?�
/M:K;9HMD9J�
>GKK9�G>�
K;9HMD9�

(=KK=J�LM:=J;D=�
G>�@ME=JMK�

.GL9L=K�=D:GO�
GMLO9J<K
�9K�<MJAF?�
9�L=FFAK�KOAF?�

$ME=JMK� �:<M;LAGF� 'A<>-?<5:-@A?� /MHJ9KHAFGMK�
>GKK�G>�K;9HMD9�

#J=9L=J�LM:=J;D=�
G>�@ME=JMK�

.GL9L=K�=D:GO�
GMLO9J<K
�9K�<MJAF?�
9�L=FFAK�KOAF?�

$ME=JMK� !PL=FKAGF��
9<<M;LAGF� �:2>-?<5:-@A?�

%F>J9KHAFGMK�
>GKK9�G>�
K;9HMD9�

#J=9L=J�LM:=J;D=�
G>�@ME=JMK�

�KKAKLK�
AF>J9KHAF9LMK�AF�
JGL9LAF?�=D:GO�
GMLO9J<K�

$ME=JMK� !PL=FKAGF��
9<<M;LAGF� ( 1>1?�95:;>�

(9L=J9D�:GJ<=J�
G>�<GJK9D�
K;9HMD9J�
KMJ>9;=�

#J=9L=J�LM:=J;D=�
G>�@ME=JMK�

#@41>�
?/-<A8->�
9A?/81?�

�KKAKLK�
AF>J9KHAF9LMK�AF�
JGL9LAF?�=D:GO�
GMLO9J<K�

$ME=JMK� !PL=FKAGF��
9<<M;LAGF� ( 1>1?�9-6;>�

, GKL=JAGJ�
KMJ>9;=�G>�
K;9HMD9�

%FL=JLM:=J;MD9J�
KMD;MK�G>�
@ME=JMK�

(A>LK�9JEK�9L�
K@GMD<=J� $ME=JMK�

�:<M;LAGF��
b=PAGF��
=PL=FKAGF��
E=<A9D�9F<�
D9L=J9D�JGL9LAGF�

�18@;50�

0J9H=RAMK��
;D9NA;D=��
9;JGEAGF��KHAF=�
G>�K;9HMD9�

 =DLGA<�
LM:=JGKALQ�G>�
@ME=JMK�

)G N=K�=D:GO�MH�9F<�
9;JGKK�:G<Q
�9K�
O@=F�HMLLAF?�@9F<�
GF�;@=KL�

$ME=JMK� "D=PAGF��
9<<M;LAGF� �;> -/;.> -/45-85?�

�GJ9;GA<�
HJG;=KK�G>�
K;9HMD9�

)=<A9D�KMJ>9;=�
G>�@ME=JMK�
K@9>L�

0@=� J=KL� G>� L@=� K@GMD<=J� EMK;D=K� GJA?AF9L=� GF� L@=� K;9HMD9�� 0@=� 9F9LGEA;9D� 9F<� DA?9E=FL9D� KLJM;LMJ=� G>� L@=�
K@GMD<=J�BGAFL�9F<�L@=�9JJ9F?=E=FLK�G>�L@=�EMK;D=K� ;GN=JAF?�AL
�9DDGOK�L@=�9JE�LG� ;9JJQ�GML�<A>>=J=FL�LQH=K�G>�
EGN=E=FLK��0@=�018@;50
�L@=�L@A;C�EMK;D=�L@9L�;J=9L=K�L@=�JGMF<=<�DAF=K�G>�L@=�K@GMD<=J�AK�L@=�E9BGJ�9:<M;LGJ�
G>� L@=� 9JE
� :ML� AL� 9DKG� >9;ADAL9L=K� b=PAF?� 9F<� E=<A9D� JGL9LAGF
� 9K� O=DD� 9K� =PL=FKAGF� 9F<� D9L=J9D� JGL9LAGF�� 0@=�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



?A.?/-<A8->5?�GJA?AF9L=K�GF�L@=�9FL=JAGJ�K;9HMD9�9F<�E=<A9DDQ�JGL9L=K�L@=�9JE�� *9E=<�>GJ�L@=AJ�DG;9LAGFK
�L@=�
?A<>-?<5:-@A?��KMH=JAGJ�LG�L@=�KHAF=�G>�L@=�K;9HMD9��9F<�L@=�5:2>-?<5:-@A?��AF>=JAGJ�LG�L@=�KHAF=�G>�L@=�K;9HMD9��
9:<M;L�L@=�9JE
�9F<�D9L=J9DDQ�JGL9L=�L@=�9JE
�J=KH=;LAN=DQ��0@=�L@A;C�9F<�b9L�@1>1?�9-6;> �AK�AF>=JAGJ�LG�L@=�L=J=K�
EAFGJ�9F<�=PL=F<K�L@=�9JE
� 9F<�9KKAKLK�AF�9<<M;LAGF�9F<�E=<A9D�JGL9LAGF�G>�AL�� 0@=�DGF?�@1>1?�95:;>� D9L=J9DDQ�
JGL9L=K�9F<�=PL=F<K�L@=�9JE��"AF9DDQ
�L@=�/;> -/;.> -/45-85?�b=P=K�9F<�9<<M;LK�L@=�9JE��

0@=�L=F<GFK�G>�L@=�<==H�KM:K;9HMD9JAK
�KMHJ9KHAF9LMK
�AF>J9KHAF9LMK
�9F<�L=J=K�EAFGJ�;GFF=;L�L@=�K;9HMD9�LG�L@=�
@ME=JMK
�>GJEAF?�L@=�>;@-@;>�/A22��EMK;MDGL=F<AFGMK�;M>>�
�L@=�;AJ;D=�G>�L=F<GFK�9JGMF<�L@=�K@GMD<=J�BGAFL��3@=F�
:9K=:9DD�HAL;@=JK�MF<=J?G�K@GMD<=J�KMJ?=JQ�AL�AK�MKM9DDQ�GF�L@=�JGL9LGJ�;M>>
�O@A;@�:=;GE=K�HAF;@=<�9F<�AFb9E=<
�
9F<�E9Q�L=9J�9O9Q�>JGE�L@=�:GF=�<M=�LG�L@=�J=H=LALAN=�EGLAGF�G>�:JAF?�L@=�9JE�GN=J@=9<�LG�L@JGO�9�>9KL�HAL;@��

�B@092@�&5.A��<C2�A52��<?2.?:�

0@=� >GJ=9JE
� E9<=� G>� L@=� J9<AMK� 9F<� MDF9� :GF=K
� @9K� >GMJ� E9AF� LQH=K� G>� 9;LAGF� 9L� L@=� @AF?=� G>� L@=� =D:GO�
BGAFL��b=PAGF
�=PL=FKAGF
�HJGF9LAGF
�9F<�KMHAF9LAGF��0@=�=D:GO�b=PGJK�AF;DM<=�L@=�.5/1<?�.> -/455
�.>-/45-85?
�9F<�
.>-/45;> -05-85?��0@=�=D:GO�=PL=FKGJ�AK�L@=�@>5/1<?�.>-/45 5��0@=�>GJ=9JE�HJGF9LGJK�9J=�L@=�<>;:-@;>�@1>1?�9F<�L@=�
<>;:-@;>�=A-0>-@A?
�9F<�L@=�?A<5:-@;>�AK�L@=�GFDQ�GF=�L@9L�KMHAF9L=K�L@=�>GJ=9JE� �LMJFK�L@=�H9DE�G>�L@=�@9F<�
9FL=JAGJDQ���

0@=� :A;=HK� :J9;@AA
� :J9;@A9DAK
� 9F<� :J9;@AGJ9<A9DAK� b=P� L@=� =D:GO�� 0@=� LOG�@=9<=<�.5/1<?� .> -/455�;JGKK=K� L@=�
K@GMD<=J�9F<�=D:GO�BGAFLK�LG�b=P�L@=�=D:GO
�9DKG�L9CAF?�H9JL�AF�KMHAF9LAF?�L@=�>GJ=9JE�9L�L@=�J9<AGMDF9J�BGAFLK�9F<�
b=PAF?�L@=�9JE�9L�L@=�K@GMD<=J�BGAFL�� ==H�LG�L@=�:A;=HK�:J9;@AA
�L@=�.>-/45-85?�HJGNA<=K�9<<ALAGF9D�HGO=J�AF�b=PAF?�
L@=�=D:GO��"AF9DDQ
�L@=�.>-/45;> -05-85?�;9F�b=P�L@=�=D:GO�IMA;CDQ�GJ�@=DH�DA>L�9�DG9<�KDGODQ��0@=K=�EMK;D=K�9F<�L@=AJ�
9KKG;A9L=<�:DGG<�N=KK=DK�9F<�F=JN=K�>GJE�L@=�9FL=JAGJ�;GEH9JLE=FL�G>�L@=�9JE��9FL=JAGJ�b=PGJ�;GEH9JLE=FL�G>�
L@=�9JE����53A>1��	�  9F<�( -.81��	� ���

 

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



�64B?2���
��B@092@�&5.A��<C2�A52��<?2.?: �(74�<DB2;4B�>A868=0C8=6�8=�C74�D??4A�0A<�T4G��4GC4=3��?A>=0C4��0=3�
BD?8=0C4�C74�5>A40A<	�(74�<DB2;4B�>A868=0C8=6�8=�C74�5>A40A<�<>E4�C74�FA8BCB��70=3B��0=3�S=64AB	�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



( -.81��	��!A?/81?�@4-@�!; B1�@41��8.;C�-:0�� ;>1->9�

!; B191:@� ( ->31@� ( ->31@�!;@5;:�
�5>1/@5;:� $>591�!; B1>� #>535:� �:?1>@5;:�

� :@1>5;>�!A?/81?���81D5;:��

, =J>GJEK�9�:A;=H�
;MJD��9DKG�9DDGOK�
H9DE�G>�@9F<�
LG�HGAFL�LGO9J<�
:G<Q�
O@AD=�b=PAF?�

" GJ=9JE� "D=PAGF��
KMHAF9LAGF� �5/1<?�.> -/455�

�GJ9;GA<�HJG;=KK��
LM:=J;D=�9:GN=�
?D=FGA<�;9NALQ�

.9<A9D�
LM:=JGKALQ�

, =J>GJEK�9�:A;=H�
;MJD� " GJ=9JE� "D=PAGF� �> -/45-85?� " JGFL�G>�<AKL9D�

@ME=JMK�
�GJGFGA<�
HJG;=KK�G>�MDF9�

�KKAKLK�9F<�
KL9:ADAR=K�=D:GO�
<MJAF?�:A;=H�;MJD�
EGLAGF�

" GJ=9JE� "D=PAGF� �> -/45;> -05-85?�

(9L=J9D�
KMHJ9;GF<QD9J�JA<?=�
9L�<AKL9D�=F<�G>�
@ME=JMK�

�9K=�G>�KLQDGA<�
HJG;=KK�G>�
J9<AMK�

$;?@1>5;>�!A?/81?���D@1:?5;:��

�KKAKLK�AF�
=PL=F<AF?�
>GJ=9JE��9DKG�
9DDGOK�>GJ=9JE�
LG�=PL=F<�9O9Q�
>JGE�L@=�:G<Q�

" GJ=9JE� !PL=FKAGF��
9:<M;LAGF� � :/;:1A?�

(9L=J9D�
=HA;GF<QD=�G>�
@ME=JMK�

(9L=J9D�
9KH=;L�G>�
GD=;J9FGF�
HJG;=KK�
G>�MDF9�

!PL=F<K�>GJ=9JE
�
9K�<MJAF?�9�
HMF;@�

" GJ=9JE� !PL=FKAGF� ( >5/1<?�.>-/455�

%F>J9?D=FGA<�LM:=J;D=�
G>�K;9HMD9�
��HGKL=JAGJ�
K@9>L�G>�@ME=JMK�
��HGKL=JAGJ�
@ME=J9D�K@9>L�<AKL9D�
LG�L@=�J9<A9D�?JGGN=�

+D=;J9FGF�
HJG;=KK�
G>�MDF9�

� :@1>5;>�!A?/81?��$>;:-@5;:��

�KKAKLK�AF�
LMJFAF?�@9F<�
H9DE�<GOF�

" GJ=9JE� ,J GF9LAGF� $>;:-@;>�=A-0>-@A?�
 AKL9D�
HGJLAGF�G>�9FL=JAGJ�
MDF9J�K@9>L�

 AKL9D�
KMJ>9;=�G>�
9FL=JAGJ�
J9<AMK�

0MJFK�@9F<�
H9DE�<GOF� " GJ=9JE� ,J GF9LAGF� $>;:-@;>�@1>1?�

)=<A9D�
=HA;GF<QD=�G>�
@ME=JMK�
��;GJGFGA<�HJG;=KK�
G>�MDF9�

(9L=J9D�
J9<AMK�

$;?@1>5;>�!A?/81?��'A<5:-@5;:��

0MJFK�@9F<�
H9DE�MH� " GJ=9JE� /MHAF9LAGF� 'A<5:-@;>�

(9L=J9D�=HA;GF<QD=�G>�
@ME=JMK��HJGPAE9D�
MDF9�

,J GPAE9D�=F<�G>�
J9<AMK�

�B@092@�&5.A��<C2�A52�)?6@A���.;1��.;1��6;42?@�

3 JAKL
�@9F<
�9F<�aF?=J�EGN=E=FLK�9J=�>9;ADAL9L=<� :Q�LOG�?JGMHK�G>�EMK;D=K��0@=�>GJ=9JE�AK�L@=�GJA?AF�G>�L@=�
=PLJAFKA;�EMK;D=K�G>�L@=�@9F<��0@=�H9DE�AK�L@=�GJA?AF�G>�L@=�AFLJAFKA;�EMK;D=K�G>�L@=�@9F<��

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



0@=�EMK;D=K�AF�L@=�-:@1>5;>�/;9<-> @91:@�;2�@41�2;>1->9 ��9FL=JAGJ�b=PGJ�;GEH9JLE=FL�G>�L@=�>GJ=9JE��GJA?AF9L=�
GF�L@=�@ME=JMK�9F<�AFK=JL�AFLG�<A>>=J=FL�H9JLK�G>�L@=�@9F<��0@=K=�E9C=�MH�L@=�:MDC�G>�L@=�>GJ=9JE��" JGE�D9L=J9D�
LG�E=<A9D
�L@=�?A<1>J/5-8�-:@1>5;>�/;9<->@91:@�;2�@41�2;>1->9 �AF;DM<=K�L@=�K1D;>�/-><5�>-05-85?
�<-89->5?�8;:3A?
�
K1D;>�/-><5�A8:->5?
�9F<�K1D;>�0535@;>A9�?A<1>J/5-85?��0@=�b=PGJ�<A?ALGJME�KMH=Ja;A9DAK�b=P=K�L@=�@9F<�9K�O=DD�9K�
L@=�<A?ALK�9L�L@=�CFM;CD=K
�O@A;@�9DDGOK�>GJ�J9HA<�aF?=J�EGN=E=FLK
�9K�AF�LQHAF?�GJ�HD9QAF?�9�EMKA;9D�AFKLJME=FL�
�K==�( -.81��	� ���$GO=N=J
�HGGJ�=J?GFGEA;K�;9F�AJJAL9L=�L@=�L=F<GFK�G>�L@=K=�EMK;D=K�9K�L@=Q�KDA<=�:9;C�9F<�>GJL@�
OAL@�L@=� ;9JH9D�LMFF=D�G>�L@=�9FL=JAGJ�OJAKL�9F<�HAF;@�L@=�E=<A9F�F=JN=
�O@A;@�9DKG�LJ9N=DK�L@JGM?@�L@=�LMFF=D
�
;9MKAF?��9JH9D�0MFF=D�/QF<JGE=��0@=�011<�-:@1>5;>�/;9<->@91:@�HJG<M;=K�OJAKL�9F<�<A?AL�b=PAGF
�:=F<AF?�L@=�
aF?=JK�LG�E9C=�9�aKL��0@=K=�9J=�L@=�K1D;>�<;885/5?�8;:3A?�9F<�L@=�K1D;>�0535@;>A9�<>;2A:0A? ��

0@=� EMK;D=K� AF� L@=�?A<1>J/5-8� <;?@1>5;>� /;9<->@91:@� ;2� @41� 2;>1->9 � �KMH=Ja;A9D� HGKL=JAGJ� =PL=FKGJ�
;GEH9JLE=FL�G>�L@=�>GJ=9JE��GJA?AF9L=�GF�L@=�@ME=JMK��0@=K=�9J=�L@=�1D@1:?;>�>-05-85?�8;:3A?
�1D@1:?;>�/-><5�
>-05-85?�.>1B5?
�1D@1:?;>�0535@;>A9 
�1D@1:?;>�0535@5�95:595
�9F<�L@=�1D@1:?;>�/-><5�A8:->5?��

0@=�EMK;D=K�G>�L@=�011<�<;?@1>5;>�/;9<->@91:@�;2�@41�2;>1->9 ��<==H�HGKL=JAGJ�=PL=FKGJ�;GEH9JLE=FL�G>�L@=�
>GJ=9JE��GJA?AF9L=�GF�L@=�J9<AMK�9F<�MDF9��0@=K=�AF;DM<=�L@=�-.0A/@;>�<;885/5?�8;:3A?
�1D@1:?;>�<;885/5?�.>1B5?
�
1D@1:?;>�<;885/5?�8;:3A?
�9F<�1D@1:?;>�5:05/5?��

0@=�L=F<GFK�G>�L@=�>GJ=9JE�EMK;D=K�9LL9;@�LG�L@=�OJAKL�9F<�=PL=F<�AFLG�L@=�@9F<��"A:JGMK�:9F<K�;9DD=<�>1@5:-/A8-�
K@=9L@�L@=�L=F<GFK�9L�L@=�OJAKL��0@=�K1D;>�>1@5:-/A8A9�=PL=F<K�GN=J�L@=�H9DE9J�KMJ>9;=�G>�L@=�@9F<�O@AD=�L@=�
1D@1:?;>�>1@5:-/A8A9�=PL=F<K�GN=J�L@=�<GJK9D�KMJ>9;=�G>�L@=�@9F<��

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



( -.81��	��H�!A?/81?�@4-@�!; B1�@41�+>5?@���-:0��-:0�� ;>1->9�

!; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

'A<1>J/5-8�-:@1>5;>�/;9<-> @91:@�;2�2;>1->9�

3 JAKL�b=PAGF�
9F<�9:<M;LAGF�

3 JAKL��
@9F<�

"D=PAGF��
9:<M;LAGF�

�81D;>�/-><5�
>-05-85?� )=<A9D�=HA;GF<QD=�G>�@ME=JMK��9K=�G>��F<�9F<��J<�

E=L9;9JH9DK�

3 JAKL�b=PAGF�
9F<�9<<M;LAGF�3 JAKL� "D=PAGF� �81D;>�/-><5�

A8:->5?� )=<A9D�=HA;GF<QD=�G>�@ME=JMK�,AKA>GJE
�@9E9L=
�:9K=�G>��L@�
E=L9;9JH9D�

3 JAKL�b=PAGF��
aF?=J�b=PAGF�
<A?ALK�����

3 JAKL��
@9F<�

"D=PAGF��
9<<M;LAGF�

�81D;>�
0535@;>A9�
?A<1>J/5-85?�

)=<A9D�=HA;GF<QD=�G>�@ME=JMK��
9FL=JAGJ�K@9>L�G>�J9<AMK� )A<<D=�H@9D9F?=K�G>�<A?ALK�����

3 JAKL�b=PAGF�
3 JAKL��
aF?=JK�
����

"D=PAGF� $-89->5?�
8;:3A?� )=<A9D�=HA;GF<QD=�G>�@ME=JMK�, 9DE9J�9HGF=MJGKAK�

�11<�-:@1>5;>�/;9<-> @91:@�;2�2;>1->9�

3 JAKL�b=PAGF��
aF?=J�b=PAGF�
<A?ALK�����

0@ME:� "D=PAGF�
�81D;>�
0535@;>A9�
<>;2A:0A?�

�GJGFGA<�HJG;=KK��
9FL=JGE=<A9D�KMJ>9;=�G>�MDF9�  AKL9D�H@9D9F?=K�G>�<A?ALK�����

0@ME:�b=PAGF�3 JAKL��
aF?=JK� "D=PAGF� �81D;>�<;885/5?�

8;:3A?� �FL=JAGJ�KMJ>9;=�G>�J9<AMK�  AKL9D�H@9D9FP�G>�L@ME:�

'A<1>J/5-8�<;?@1>5;>�/;9<->@91:@�;2�2;>1->9�

3 JAKL�
=PL=FKAGF�9F<�
9:<M;LAGF�

3 JAKL� !PL=FKAGF��
9:<M;LAGF�

�D@1:?;>�/-><5�
>-05-85?�8;:3A?�

(9L=J9D�KMHJ9;GF<QD9J�JA<?=�G>�
@ME=JMK� �9K=�G>��F<�E=L9;9JH9D�

3 JAKL�
=PL=FKAGF�9F<�
9:<M;LAGF�

3 JAKL� !PL=FKAGF��
9:<M;LAGF�

�D@1:?;>�/-><5�
>-05-85?�.>1B5?� (9L=J9D�=HA;GF<QD=�G>�@ME=JMK��9K=�G>��J<�E=L9;9JH9D�

3 JAKL�
=PL=FKAGF�9F<�
9<<M;LAGF�

3 JAKL��
aF?=JK�

!PL=FKAGF��
9:<M;LAGF�

�D@1:?;>�/-><5�
A8:->5?� (9L=J9D�=HA;GF<QD=�G>�@ME=JMK��9K=�G>��L@�E=L9;9JH9D�

3 JAKL�
=PL=FKAGF��
aF?=J�
=PL=FKAGF�

(ALLD=�
aF?=JK� !PL=FKAGF��D@1:?;>�

0535@;>A9� (9L=J9D�=HA;GF<QD=�G>�@ME=JMK�!PL=FKGJ�=PH9FKAGFK��<AKL9D�
H@9D9F?=K�G>�<A?ALK�����

"AF?=J�
=PL=FKAGF�G>�
<A?AL���

3 JAKL� !PL=FKAGF��
9<<M;LAGF�

�D@1:?;>�0535@5�
95:595� (9L=J9D�=HA;GF<QD=�G>�@ME=JMK�!PL=FKGJ�=PH9FKAGFK��<AKL9D�

H@9D9FP�G>�<A?AL���

�11<�<;?@1>5;>�/;9<-> @91:@�;2�2;>1->9�

0@ME:�
9:<M;LAGF�9F<�
=PL=FKAGF3JAKL�
9:<M;LAGF�

3 JAKL��
L@ME:�

0@ME:��
9:<M;LAGF
�
=PL=FKAGF��
OJAKL��
9:<M;LAGF�

�.0A/@ ;>�
<;885/5?�8;:3A?�

, GKL=JAGJ�KMJ>9;=�G>�J9<AMK�9F<�
MDF9�

�9K=�G>�aJKL�E=L9;9JH9D��
LJ9H=RAME�

0@ME:�
=PL=FKAGF� 0@ME:� !PL=FKAGF��D@1:?;>�

<;885/5?�8;:3A?�
, GKL=JAGJ�K@9>L�G>�J9<AMK�9F<�
MDF9� �9K=�G>�<AKL9D�H@9D9FP�G>�L@ME:�

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



!; B191:@� ( ->31@�
( ->31@�
9;@5;:�
05>1/@5;:�

$>591�9; B1>� #>535:� �:?1>@5;:�

0@ME:�
=PL=FKAGF� 0@ME:� !PL=FKAGF��D@1:?;>�

<;885/5?�.>1B5?�
, GKL=JAGJ�K@9>L�G>�J9<AMK�9F<�
MDF9�

�9K=�G>�HJGPAE9D�H@9D9FP�G>�
L@ME:�

"AF?=J�
=PL=FKAGF�G>�
<A?AL���

3 JAKL��
AF<=P�
aF?=J�

!PL=FKAGF��D@1:?;>�
5:05/5?�

, GKL=JAGJ�KMJ>9;=�G>�J9<AMK�9F<�
MDF9�

0=F<GF�G>�=PL=FKGJ�<A?ALGJME�G>�
AF<=P�aF?=J�

L;A?6;@60��B@092@�<3�A52��.;1�

0@=�5:@>5:?5/�9A?/81?�;2�@41�4-:0�:GL@�GJA?AF9L=�9F<�AFK=JL�OAL@AF�AL���53A>1��	� ���0@=K=�EMK;D=K�9DDGO�QGMJ�aF?=JK�
LG�9DKG�E9C=�HJ=;AK=�EGN=E=FLK�>GJ�9;LAGFK
�KM;@�9K�LQHAF?�GJ�OJALAF?��0@=K=�EMK;D=K�9J=�<ANA<=<�AFLG�L@J==�
?JGMHK��0@=�@41:->�EMK;D=K�9J=�GF�L@=�J9<A9D�9KH=;L�G>�L@=�H9DE��0@=�4E<;@41:->�EMK;D=K�9J=�GF�L@=�E=<A9D�
9KH=;L�G>�L@=�H9DE
�9F<�L@=�5:@1>9105-@1�EMK;D=K�9J=�EA<H9DE9J��

0@=�L@=F9J�EMK;D=K�AF;DM<=�L@=�-.0A/@;>�<;885/5?�.>1B5?
�;<<;:1:?�<;885/5? 
�K1D;>�<;885/5?�.>1B5?
�9F<�L@=�-00A/@;>�
<;885/5?��0@=K=�EMK;D=K�>GJE�L@=�@41:->�195:1:/1 
�L@=�JGMF<=<�;GFLGMJ�G>�L@=�:9K=�G>�L@=�L@ME:
�9F<�9DD�9;L�GF�
L@=�L@ME:��0@=�EGN=E=FLK�G>�L@=�L@ME:�HD9Q�9F�AFL=?J9D�JGD=�AF�EGKL�HJ=;AK=�EGN=E=FLK�G>�L@=�@9F<��

0@=�@QHGL@=F9J�EMK;D=K�AF;DM<=�L@=�-.0A/@;>�0535@5�95:595
�K1D;>�0535@5�95:595�.>1B5?
�9F<�L@=�;<<;:1:?�0535@5�
95:595��0@=K=�EMK;D=K�>GJE�L@=�4E<;@41:->�195:1:/1 
�L@=�JGMF<=<�;GFLGMJ�G>�L@=�DALLD=�aF?=J
�9F<�9K�KM;@
�L@=Q�
9DD�9;L�GF�L@=�DALLD=�aF?=J��"AF9DDQ
�L@=�AFL=JE=<A9L=�EMK;D=K�9;L�GF�9DD�L@=�aF?=JK�9F<�AF;DM<=�L@=�8A9.>5/-8
�L@=�
<-89->�5:@1>;??15
�9F<�L@=�0;>?-8�5:@1>;??15��

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



�64B?2�����L;A?6;@60��B@092@�<3�A52��.;1 �(74�8=CA8=B82�<DB2;4B�>5�C74�70=3�1>C7�>A868=0C4�0=3�8=B4AC�F8C78=�C74�
70=3	�(74B4�<DB2;4B�?A>E834�C74�S=4�<>C>A�2>=CA>;�>5�C74�S=64AB�1H�T4G8=6��4GC4=38=6��013D2C8=6��0=3�033D2C8=6�
C74�<>A4�38BC0;�S=64A�0=3�C7D<1�B46<4=CB	�

 

�E6.9��B@092@�

0@=�KC=D=L9D�EMK;D=K�9J=�<ANA<=<�AFLG�-D5-8��EMK;D=K�G>�L@=�LJMFC�9F<�@=9<��9F<�-<<1:05/A8->��EMK;D=K�G>�L@=�
9JEK� 9F<� D=?K�� ;9L=?GJA=K�� 0@=� 9PA9D� EMK;D=K� 9J=� ?JGMH=<� :9K=<� GF� DG;9LAGF
� >MF;LAGF
� GJ� :GL@�� /GE=� G>� L@=�
9PA9D�EMK;D=K�E9Q�K==E�LG�:DMJ�L@=�:GMF<9JA=K�:=;9MK=�L@=Q�;JGKK�GN=J�LG�L@=�9HH=F<A;MD9J�KC=D=LGF��0@=�aJKL�

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



?JGMHAF?�G>�L@=�9PA9D�EMK;D=K�QGM�OADD�J=NA=O�AF;DM<=K�L@=�EMK;D=K�G>�L@=�@=9<�9F<�F=;C
�L@=F�QGM�OADD�J=NA=O�L@=�
EMK;D=K�G>�L@=�N=JL=:J9D�;GDMEF
�9F<�aF9DDQ�QGM�OADD�J=NA=O�L@=�G:DAIM=�9F<�J=;LMK�EMK;D=K��

�B@092@�&5.A��?2.A2��.06.9��E=?2@@6<;�

0@=�GJA?AFK�G>�L@=�EMK;D=K�G>�>9;A9D�=PHJ=KKAGF�9J=�GF�L@=�KMJ>9;=�G>�L@=�KCMDD��J=E=E:=J 
�L@=�GJA?AF�G>�9�EMK;D=�
<G=K�FGL�EGN=���0@=�AFK=JLAGFK�G>�L@=K=�EMK;D=K�@9N=�a:=JK�AFL=JLOAF=<�OAL@�;GFF=;LAN=�LAKKM=�9F<�L@=�<=JEAK�G>�
L@=�KCAF���=;9MK=�L@=�EMK;D=K�AFK=JL�AF�L@=�KCAF�J9L@=J�L@9F�GF�:GF=
�O@=F�L@=Q�;GFLJ9;L
�L@=�KCAF�EGN=K�LG�;J=9L=�
>9;A9D�=PHJ=KKAGF���53A>1��	�� 9F<�( -.81��	� ���

�64B?2������B@092@�<3��.06.9��E=?2@@6<;�"0=H�>5�C74�<DB2;4B�>5�50280;�4G?A4BB8>=�8=B4AC�8=C>�C74�B:8=�BDAA>D=38=6�
C74�4H4;83B��=>B4�0=3�<>DC7��?A>3D28=6�50280;�4G?A4BB8>=B�1H�<>E8=6�C74�B:8=�A0C74A�C70=�1>=4B	�

0@=�;>.5/A8->5?�;>5?�AK�9�;AJ;MD9J�EMK;D=�L@9L�EGN=K�L@=�DAHK
�9F<�L@=�;>.5/A8->5?�;/A85�AK�9�;AJ;MD9J�EMK;D=�L@9L�
;DGK=K�L@=�=Q=��0@=�;//5<5@;2>;:@-85?�EMK;D=�EGN=K�MH�L@=�K;9DH�9F<�=Q=:JGOK��0@=�EMK;D=�@9K�9�>JGFL9D�:=DDQ�
9F<�9F�G;;AHAL9D��F=9J�L@=�G;;AHAL9D�:GF=�GF�L@=�HGKL=JAGJ�H9JL�G>�L@=�KCMDD��:=DDQ��%F�GL@=J�OGJ<K
�L@=J=�AK�9�EMK;D=�
GF�L@=�>GJ=@=9<��2>;:@-85?��9F<�GF=�GF�L@=�:9;C�G>�L@=�@=9<��;//5<5@-85?�
�:ML�L@=J=�AK�FG�EMK;D=�9;JGKK�L@=�LGH�
G>�L@=�@=9<��%FKL=9<
�L@=�LOG�:=DDA=K�9J=�;GFF=;L=<�:Q�9�:JG9<�L=F<GF�;9DD=<�L@=�1<5/>-:5-8�-<;:1A> ;?5?
�GJ�?9D=9�
9HGF=MJGKAK��?9D=9���]@=DE=L^���0@=�H@QKA;A9FK�GJA?AF9DDQ�KLM<QAF?�@ME9F�9F9LGEQ�L@GM?@L�L@=�KCMDD�DGGC=<�DAC=�9�
@=DE=L��

��D9J?=�HGJLAGF�G>�L@=�>9;=�AK� ;GEHGK=<�G>�L@=�.A//5:-@ ;>�EMK;D=
�O@A;@�;GEHJ=KK=K�L@=�;@==C��0@AK�EMK;D=�
9DDGOK�QGM�LG�O@AKLD=
�:DGO
�9F<�KM;C��9F<�AL�;GFLJA:ML=K�LG�L@=�9;LAGF�G>�;@=OAF?��0@=J=�9J=�K=N=J9D�KE9DD�>9;A9D�
EMK;D=K
�GF=�G>�O@A;@�AK�L@=�/;>>A3-@;>�?A<1>/5855
�O@A;@�AK�L@=�HJAE=�EGN=J�G>�L@=�=Q=:JGOK��,D9;=�QGMJ�aF?=J�GF�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



QGMJ�=Q=:JGOK�9L�L@=�HGAFL�G>�L@=�:JA<?=�G>�L@=�FGK=��.9AK=�QGMJ�=Q=:JGOK�9K�A>�QGM�O=J=�KMJHJAK=<�9F<�DGO=J�QGMJ�
=Q=:JGOK�9K�A>�QGM�O=J=�>JGOFAF?��3AL@�L@=K=�EGN=E=FLK
�QGM�;9F�>==D�L@=�9;LAGF�G>�L@=�;GJJM?9LGJ�KMH=J;ADAA��

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



( -.81��	��H�!A?/81�5:�� -/5-8��D<>1??5;:�

!; B191:@� ( ->31@� ( ->31@�!;@5;:�
�5>1/@5;:� $>591>�!; B1>� #>535:� �:?1>@5;:�

�> ;C�

.9AKAF?�
=Q=:JGOK��=�?��
K@GOAF?�
KMJHJAK=��

/CAF�G>�K;9DH� �FL=JAGJ� +;;AHALG>JGFL9DAK�
�>JGFL�:=DDQ�� !HA;J9F=9D�9HGF=MJGKAK� 1F<=JF=9L@�KCAF�

G>�>GJ=@=9<�

0=FKAF?�9F<�
J=LJ9;LAF?�K;9DH�/CAF�G>�K;9DH� , GKL=JAGJ� +;;AHALG>JGFL9DAK�

�G;;AHAL9D�:=DDQ��
+;;AHAL9D�:GF=��E9KLGA<�
HJG;=KK��L=EHGJ9D�:GF=��

!HA;J9FA9D�
9HGF=MJGKAK�

(GO=JAF?�
=Q=:JGOK��=�?��
K;GODAF?
�
>JGOFAF?��

/CAF�
MF<=JF=9L@�
=Q=:JGOK�

%F>=JAGJ� �GJJM?9LGJ�KMH=J;ADAA�" JGFL9D�:GF=� /CAF�MF<=JF=9L@�
=Q=:JGO�

";?1�

"D9JAF?�FGKLJADK�

*9K9D�;9JLAD9?=�
�HMK@=K�
FGKLJADK�GH=F�
O@=F�;9JLAD9?=�
AK�;GEHJ=KK=<��

%F>=JAGJ�
;GEHJ=KKAGF��
HGKL=JAGJ�
;GEHJ=KKAGF�

*9K9DAK� )9PADD9� *9K9D�:GF=�

!;A@4�

.9AKAF?�MHH=J�
DAH� 1HH=J�DAH� !D=N9LAGF� (= N9LGJ�D9:AA�

KMH=JAGJAK� )9PADD9�

1F<=JF=9L@�KCAF�
9L�;GJF=JK�G>�L@=�
EGML@��
HJ:A;MD9JAK�GJAK�

(GO=JAF?�DGO=J�
DAH� (GO=J�DAH�  =HJ=KKAGF�  =HJ=KKGJ�D9:AA�

AF>=JAGJAK� )9F<A:D=� 1F<=JF=9L@�KCAF�
G>�DGO=J�DAH�

+H=FAF?�EGML@�
9F<�KDA<AF?�
DGO=J�B9O�D=>L�
9F<�JA?@L�

(GO=J�B9O�  =HJ=KKAGF
�
D9L=J9D�

 =HJ=KKGJ�9F?MDMK�
GJAK� )9F<A:D=�

1F<=JF=9L@�KCAF�
9L�;GJF=JK�G>�
EGML@�

/EADAF?� �GJF=JK�G>�
EGML@�

(9L=J9D�
=D=N9LAGF� 6Q?GE9LA;MK�E9BGJ� 6Q?GE9LA;�:GF=�

1F<=JF=9L@�KCAF�
9L�;GJF=JK�G>�
EGML@��<AEHD=�
9J=9���GJ:A;MD9JAK�
GJAK�

/@9HAF?�G>�DAHK�
�<MJAF?�
KH==;@��

(AHK� )MDLAHD=� +J:A;MD9JAK�GJAK� 0AKKM=�KMJJGMF<AF?�DAHK�
1F<=JF=9L@�KCAF�
9L�;GJF=JK�G>�
EGML@�

(9L=J9D�
EGN=E=FL�G>�
;@==CK��=�?��
KM;CAF?�GF�9�
KLJ9O��9DKG�
MK=<�LG�
;GEHJ=KK�9AJ�AF�
EGML@�O@AD=�
:DGOAF?��

�@==CK� (9L=J9D� �M;;AF9LGJ�
)9PADD9
�E9F<A:D=��
KH@=FGA<�:GF=��NA9�
HL=JQ?GE9F<A:MD9J�J9H@=��

+J:A;MD9JAK�GJAK�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



!; B191:@� ( ->31@� ( ->31@�!;@5;:�
�5>1/@5;:� $>591>�!; B1>� #>535:� �:?1>@5;:�

,MJKAF?�G>�DAHK�
: Q�
KLJ9A?@L=FAF?�
L@=E�D9L=J9DDQ�

�GJF=JK�G>�
EGML@� (9L=J9D� .AKGJAMK� " 9K;A9�G>�H9JGLA<�K9DAN9JQ�

?D9F<�

1F<=JF=9L@�KCAF�
9L�;GJF=JK�G>�L@=�
EGML@�

,J GLJMKAGF�G>�
DGO=J�DAH��=�?��
HGMLAF?�
=PHJ=KKAGF��

(GO=J�DAH�9F<�
KCAF�G>�;@AF� ,J GLJ9;LAGF� )=FL9DAK� )9F<A:D=� 1F<=JF=9L@�KCAF�

G>�;@AF�

�B@092@�&5.A��<C2�A52��<D2?��.D�

%F�9F9LGEA;9D�L=JEAFGDG?Q
� ;@=OAF?�AK� ;9DD=<�9-?@5/-@5;:�� )MK;D=K�AFNGDN=<�AF� ;@=OAF?�EMKL� :=�9:D=�LG�=P=JL�
=FGM?@�HJ=KKMJ=�LG�:AL=�L@JGM?@�9F<�L@=F�;@=O�>GG<�:=>GJ=�AL�AK�KO9DDGO=<���53A>1��	� ���0@=�9-??1@1>�EMK;D=�
AK�L@=�E9AF�EMK;D=�MK=<�>GJ� ;@=OAF?� :=;9MK=�AL�=D=N9L=K�L@=�E9F<A:D=� �DGO=J�B9O��LG� ;DGK=�L@=�EGML@
�9F<�AL�
AK�9KKAKL=<�:Q�L@=�@19<;>-85?�EMK;D=
�O@A;@�J=LJ9;LK�L@=�E9F<A:D=��5GM�;9F�>==D�L@=�L=EHGJ9DAK�EGN=�: Q�HMLLAF?�
QGMJ�aF?=JK�LG�QGMJ�L=EHD=�9K�QGM�;@=O���DL@GM?@�L@=�E9KK=L=J�9F<�L=EHGJ9DAK�9J=�J=KHGFKA:D=�>GJ�=D=N9LAF?�9F<�
;DGKAF?�L@=�B9O�LG�:J=9C�>GG<�AFLG�<A?=KLA:D=�HA=;=K
�L@=�9105-8�<@1>E3;50�9F<�8-@1>-8�<@1>E3;50�EMK;D=K�HJGNA<=�
9KKAKL9F;=�AF�;@=OAF?�9F<�EGNAF?�>GG<�OAL@AF�L@=�EGML@��

�64B?2������B@092@�&5.A��<C2�A52��<D2?��.D �(74�<DB2;4B�C70C�<>E4�C74�;>F4A�90F�0A4�CH?820;;H�;>20C43�F8C78=�
C74�2744:�0=3�>A868=0C4�5A><�?A>24BB4B�8=�C74�B:D;;	�(78B�?A>E834B�C74�90F�<DB2;4B�F8C7�C74�;0A64�0<>D=C�>5�
;4E4A064�=44343�5>A�274F8=6	�

�B@092@�<3�A52��;A2?6<?� 208�

0@=�EMK;D=K�G>�L@=�9FL=JAGJ�F=;C�9KKAKL�AF�<=?DMLALAGF��KO9DDGOAF?��9F<�KH==;@�:Q�;GFLJGDDAF?�L@=�HGKALAGFK�G>�L@=�
D9JQFP��NGA;=�:GP�
�9F<�L@=�@QGA<�:GF=
�9�@GJK=K@G=�K@9H=<�:GF=�L@9L�>MF;LAGFK�9K�9�KGDA<�>GMF<9LAGF�GF�O@A;@�

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



L@=�LGF?M=�;9F�EGN=��0@=�EMK;D=K�G>�L@=�F=;C�9J=�;9L=?GJAR=<�9;;GJ<AF?�LG�L@=AJ�HGKALAGF�J=D9LAN=�LG�L@=�@QGA<�
:GF=���53A>1��	� ��� 'A<>-4E;50�9A?/81?�9J=�KMH=JAGJ�LG�AL
�9F<�L@=�5:2>-4E;50�9A?/81?�9J=�DG;9L=<�AF>=JAGJDQ��

�64B?2������B@092@�<3�A52��;A2?6<?� 208 �(74�0=C4A8>A�<DB2;4B�>5�C74�=42:�
5028;8C0C4�BF0;;>F8=6�0=3�B?4427	�(74�BD?A07H>83�<DB2;4B�>A868=0C4�5A><�01>E4�C74�
7H>83�1>=4�8=�C74�278=�A468>=	�(74�8=5A07H>83�<DB2;4B�>A868=0C4�14;>F�C74�7H>83�
1>=4�8=�C74�;>F4A�=42:	�

0@=�KMHJ9@QGA<�EMK;D=K�J9AK=�L@=�@QGA<� :GF=
�L@=�bGGJ�G>�L@=�EGML@
�9F<�L@=�D9JQFP�<MJAF?�<=?DMLALAGF��0@=K=�
AF;DM<=� L@=�053-?@>5/� EMK;D=
� O@A;@� @9K� 9FL=JAGJ� 9F<� HGKL=JAGJ� :=DDA=K� L@9L� OGJC� LG� =D=N9L=� L@=� @QGA<� :GF=�
9F<�D9JQFP�O@=F�GF=�KO9DDGOK��AL�9DKG�<=HJ=KK=K�L@=�E9F<A:D=��0@=�?@E8;4E;50�EMK;D=�EGN=K�L@=�@QGA<� :GF=�
HGKL=JAGJDQ
�=D=N9LAF?�L@=�D9JQFP
�9F<�L@=�9E8;4E;50�EMK;D=�DA>LK�AL�9F<�@=DHK�HJ=KK�L@=�LGF?M=�LG�L@=�LGH�G>�L@=�
EGML@��0@=�31:5;4E;50�<=HJ=KK=K�L@=�E9F<A:D=�AF�9<<ALAGF�LG�J9AKAF?�9F<�HMDDAF?�L@=�@QGA<�:GF=�9FL=JAGJDQ��

0@=�KLJ9H�DAC=�AF>J9@QGA<�EMK;D=K�?=F=J9DDQ�<=HJ=KK�L@=�@QGA<� :GF=�9F<� ;GFLJGD�L@=�HGKALAGF�G>�L@=�D9JQFP��0@=�
;9;4E ;50� EMK;D=
� O@A;@� @9K� KMH=JAGJ� 9F<� AF>=JAGJ� :=DDA=K
� <=HJ=KK=K� L@=� @QGA<� :GF=� AF� ;GFBMF;LAGF� OAL@� L@=�
?@1>:;4E;50�9F<�@4E>;4E;50�EMK;D=K��0@=�L@QJG@QGA<�EMK;D=�9DKG�=D=N9L=K�L@=�D9JQFP\K�L@QJGA<�;9JLAD9?=
�O@=J=9K�
L@=�?@1>:;@4E>;50�<=HJ=KK=K�AL�LG�;J=9L=�<A>>=J=FL�LGF=K�G>�NGA;=��

�B@092@�&5.A��<C2�A52��2.1�.;1��.08�

0@=�@=9<
�9LL9;@=<�LG�L@=�LGH�G>�L@=�N=JL=:J9D� ;GDMEF
�AK� :9D9F;=<
�EGN=<
�9F<�JGL9L=<� :Q�L@=�F=;C�EMK;D=K��
3@=F�L@=K=�EMK;D=K�9;L�MFAD9L=J9DDQ
�L@=�@=9<�JGL9L=K��3@=F�L@=Q�;GFLJ9;L�:AD9L=J9DDQ
�L@=�@=9<�b=P=K�GJ�=PL=F<K��
0@=�E9BGJ�EMK;D=�L@9L�D9L=J9DDQ�b=P=K�9F<�JGL9L=K�L@=�@=9<�AK�L@=�?@1>:;/8150;9-?@;50��%F�9<<ALAGF
�:GL@�EMK;D=K�
OGJCAF?�LG?=L@=J�9J=�L@=�b=PGJK�G>�L@=�@=9<��,D9;=�QGMJ�aF?=JK�GF�:GL@�KA<=K�G>�L@=�F=;C�9F<�LMJF�QGMJ�@=9<�LG�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



L@=�D=>L�9F<�LG�L@=�JA?@L��5GM�OADD�>==D�L@=�EGN=E=FL�GJA?AF9L=�L@=J=��0@AK�EMK;D=�<ANA<=K�L@=�F=;C�AFLG�9FL=JAGJ�9F<�
HGKL=JAGJ�LJA9F?D=K�O@=F�NA=O=<�>JGE�L@=�KA<=���53A>1��	� ���

0@=� HGKL=JAGJ� EMK;D=K� G>� L@=� F=;C� 9J=� HJAE9JADQ� ;GF;=JF=<� OAL@� @=9<� EGN=E=FLK
� DAC=� =PL=FKAGF�� 0@=� :9;C�
EMK;D=K�KL9:ADAR=�9F<�EGN=�L@=�N=JL=:J9D�;GDMEF
�9F<�9J=�?JGMH=<�9;;GJ<AF?�LG�L@=�D=F?L@K�9F<�<AJ=;LAGF�G>�L@=�
>9K;A;D=K��

0@=�?<81:5A?�EMK;D=K�GJA?AF9L=�9L�L@=�EA<DAF=�9F<�JMF�D9L=J9DDQ�9F<�KMH=JAGJDQ�LG�L@=AJ�AFK=JLAGFK��"JGE�L@=�KA<=K�
9F<�L@=�:9;C�G>�L@=�F=;C
�L@=�?<81:5A?�/-<5@5?�AFK=JLK�GFLG�L@=�@=9<�J=?AGF
�9F<�L@=�?<81:5A?�/1>B5/5?�=PL=F<K�GFLG�
L@=�;=JNA;9D�J=?AGF��0@=K=�EMK;D=K�;9F�=PL=F<�L@=�@=9<
�D9L=J9DDQ�b=P�AL
�9F<�JGL9L=�AL��

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



�64B?2������B@092@�<3�A52� 208�.;1��.08 �(74�;0A64��2><?;4G�<DB2;4B�>5�C74�=42:�0=3�102:�<>E4�C74�7403��
B7>D;34AB��0=3�E4AC41A0;�2>;D<=	�

0@=�1>1/@;>�?<5:-1�3>;A< �>GJEK�L@=�E9BGJALQ�G>�L@=�EMK;D=�E9KK�G>�L@=�:9;C�9F<�AL�AK�L@=�HJAE9JQ�=PL=FKGJ�G>�L@=�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



N=JL=:J9D�;GDMEF��%L�;GFLJGDK�b=PAGF
�D9L=J9D�b=PAGF
�9F<�JGL9LAGF�G>�L@=�N=JL=:J9D�;GDMEF
�9F<�E9AFL9AFK�L@=�DME:9J�
;MJN=�� 0@=� =J=;LGJ� KHAF9=� ;GEHJAK=K� L@=� ADAG;GKL9DAK� �D9L=J9DDQ� HD9;=<�� ?JGMH
� L@=� DGF?AKKAEMK� �AFL=JE=<A9L=DQ�
HD9;=<��?JGMH
�9F<�L@=�KHAF9DAK��E=<A9DDQ�HD9;=<��?JGMH��

0@=�585;/;?@-85?� 3>;A< � AF;DM<=K� L@=�585;/;?@-85?� /1>B5/5?
� 9KKG;A9L=<� OAL@� L@=� ;=JNA;9D� J=?AGF�� L@=�585;/;?@-85?�
@4;>-/5? 
�9KKG;A9L=<�OAL@�L@=�L@GJ9;A;�J=?AGF��9F<�L@=�585;/;?@-85?�8A9.;>A9
�9KKG;A9L=<�OAL@�L@=�DME:9J�J=?AGF��
0@=�L@J==�EMK;D=K�G>�L@=�8;:35??59A?�3>;A< �9J=�L@=�8;:35??59A?�/-<5@5?
�9KKG;A9L=<�OAL@�L@=�@=9<�J=?AGF��L@=�
8;:35??59A?� /1>B5/5?
� 9KKG;A9L=<� OAL@� L@=� ;=JNA;9D� J=?AGF�� 9F<� L@=�8;:35??59A?� @4;>-/5? 
� 9KKG;A9L=<� OAL@� L@=�
L@GJ9;A;� J=?AGF�� 0@=�L@AJ<�?JGMH
�L@=�?<5:-85?�3>;A< 
� ;GEHJAK=K� L@=�?<5:-85?� /-<5@5?� �@=9<� J=?AGF�
� L@=�?<5:-85?�
/1>B5/5?��;=JNA;9D�J=?AGF�
�9F<�L@=�?<5:-85?�@4;>-/5? ��L@GJ9;A;�J=?AGF���

0@=�@>-:?B 1>?;?<5:-81?�EMK;D=K�JMF�>JGE�L@=�LJ9FKN=JK=�HJG;=KK=K�LG�L@=�KHAFGMK�HJG;=KK=K�G>�L@=�N=JL=:J9=��
/AEAD9J�LG�L@=�=J=;LGJ�KHAF9=�EMK;D=K
�L@=�K=EAKHAF9DAK�EMK;D=K�AF�L@AK�?JGMH�9J=�F9E=<�>GJ�L@=�9J=9K�G>�L@=�
:G<Q�OAL@�O@A;@�L@=Q�9J=�9KKG;A9L=<��0@=�K=EAKHAF9DAK�EMK;D=K�AF;DM<=�L@=�?195?<5:-85?�/-<5@5?
�L@=�?195?<5:-85?�
/1>B5/5?
�9F<�L@=�?195?<5:-85?�@4;>-/5? ��0@=�9A8@5J0A?�EMK;D=�G>�L@=�DME:9J�J=?AGF�@=DHK�=PL=F<�9F<�D9L=J9DDQ�b=P�
L@=�N=JL=:J9D�;GDMEF��

%EHGJL9FL� AF� L@=� KL9:ADAR9LAGF� G>� L@=� N=JL=:J9D� ;GDMEF� AK� L@=�?1391:@-8� 9A?/81� 3>;A< 
� O@A;@� AF;DM<=K� L@=�
AFL=JKHAF9D=K�9F<�AFL=JLJ9FKN=JK9JAA�EMK;D=K��0@=K=�EMK;D=K�:JAF?�LG?=L@=J�L@=�KHAFGMK�9F<�LJ9FKN=JK=�HJG;=KK=K�
G>�=9;@�;GFK=;MLAN=�N=JL=:J9��"AF9DDQ
�L@=�?/-81:1�9A?/81? �OGJC�LG?=L@=J�LG�b=P
�D9L=J9DDQ�b=P
�9F<�JGL9L=�L@=�@=9<��
0@=Q�9DKG�;GFLJA:ML=�LG�<==H�AF@9D9LAGF��0@=�K;9D=F=�EMK;D=K�AF;DM<=�L@=�-:@1>5;>�?/-81:1�EMK;D=� �9FL=JAGJ�LG�
L@=�EA<<D=�K;9D=F=�
�L@=�950081�?/-81:1�EMK;D=� �L@=�DGF?=KL
�AFL=JE=<A9L=� :=LO==F�L@=�9FL=JAGJ�9F<�HGKL=JAGJ�
K;9D=F=K�
�9F<�L@=�<;?@1>5;>�?/-81:1�EMK;D=��L@=�KE9DD=KL
�HGKL=JAGJ�LG�L@=�EA<<D=�K;9D=F=���

�B@092@�<3�A52��/1<:2;�

%L�AK�9�;GEHD=P�BG:�LG�:9D9F;=�L@=�:G<Q�GF�LOG�>==L�9F<�O9DC�MHJA?@L��0@=�EMK;D=K�G>�L@=�N=JL=:J9D�;GDMEF
�L@GJ9P
�
9F<�9:<GEAF9D�O9DD�=PL=F<
�b=P
�9F<�KL9:ADAR=�<A>>=J=FL�H9JLK�G>�L@=�:G<Q\K�LJMFC��0@=�<==H�EMK;D=K�G>�L@=�;GJ=�
G>�L@=�:G<Q�@=DH�E9AFL9AF�HGKLMJ=�9K�O=DD�9K�;9JJQ�GML�GL@=J�>MF;LAGFK��0@=�:J9AF�K=F<K�GML�=D=;LJA;9D�AEHMDK=K�
LG�L@=K=�N9JAGMK�EMK;D=�?JGMHK�LG�;GFLJGD�HGKLMJ=�: Q�9DL=JF9L=�;GFLJ9;LAGF�9F<�J=D9P9LAGF��0@AK�AK�F=;=KK9JQ�KG�
L@9L�FG�KAF?D=�EMK;D=�?JGMH�:=;GE=K�>9LA?M=<�LGG�IMA;CDQ��%>�9FQ�GF=�?JGMH�>9ADK�LG�>MF;LAGF
�:G<Q�HGKLMJ=�OADD�:=�
;GEHJGEAK=<��

0@=J=�9J=�>GMJ�H9AJK�G>�9:<GEAF9D�EMK;D=K�L@9L�;GN=J�L@=�9FL=JAGJ�9F<�D9L=J9D�9:<GEAF9D�J=?AGF�9F<�E==L�9L�L@=�
9FL=JAGJ�EA<DAF=��0@=K=�EMK;D=K�G>�L@=�9FL=JGD9L=J9D�9:<GEAF9D�O9DD�;9F�:=�<ANA<=<�AFLG�>GMJ�?JGMHK��L@=�=PL=JF9D�
G:DAIM=K
�L@=�AFL=JF9D�G:DAIM=K
�L@=�LJ9FKN=JKMK�9:<GEAFAK
�9F<�L@=�J=;LMK�9:<GEAFAK���53A>1��	�� ���

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



�64B?2���
	��B@092@�<3�A52��/1<:2; ��0��(74�0=C4A8>A�013><8=0;�<DB2;4B�8=2;D34�C74�<4380;;H�;>20C43�A42CDB�

��� ��S��( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/



013><8=8B��F7827�8B�2>E4A43�1H�0�B744C�>5�2>==42C8E4�C8BBD4�20;;43�C74�A42CDB�B740C7	�$=�C74�T0=:B�>5�C74�1>3H��
<4380;�C>�C74�A42CDB�013><8=8B��C74�013><8=0;�F0;;�8B�2><?>B43�>5�C7A44�;0H4AB	�(74�4GC4A=0;�>1;8@D4�<DB2;4B�
5>A<�C74�BD?4AS280;�;0H4A��F78;4�C74�8=C4A=0;�>1;8@D4�<DB2;4B�5>A<�C74�<833;4�;0H4A��0=3�C74�CA0=BE4ABDB�
013><8=8B�5>A<B�C74�344?4BC�;0H4A	��1��(74�<DB2;4B�>5�C74�;>F4A�102:�<>E4�C74�;D<10A�B?8=4�1DC�0;B>�0BB8BC�8=�
54<DA�<>E4<4=CB	�

0@=J=� 9J=� L@J==� b9L� KC=D=L9D� EMK;D=K� AF� L@=� 9FL=JG�D9L=J9D� O9DD� G>� L@=� 9:<GE=F�� 0@=�1D@1>:-8� ;.85=A1
� ;DGK=KL�
LG� L@=� KMJ>9;=
� =PL=F<� AF>=JAGJDQ� 9F<� E=<A9DDQ
� AF� L@=� <AJ=;LAGF� G>� KDA<AF?� GF=\K� >GMJ� aF?=JK� AFLG� H9FLK� HG;C=LK��
, =JH=F<A;MD9J�LG�AL�AK�L@=�AFL=JE=<A9L=�5:@1>:-8�;.85=A1
�=PL=F<AF?�KMH=JAGJDQ�9F<�E=<A9DDQ
�L@=�<AJ=;LAGF�L@=�L@ME:K�
MKM9DDQ� ?G� O@=F� L@=� GL@=J� aF?=JK� 9J=� AF� L@=� H9FLK� HG;C=L�� 0@=� <==H� EMK;D=
� L@=�@>-:?B 1>?A?� -.0;95:5? 
� AK�
9JJ9F?=<�LJ9FKN=JK=DQ�9JGMF<�L@=�9:<GE=F
�KAEAD9J�LG�L@=�>JGFL�G>�9�:=DL�GF�9�H9AJ�G>�H9FLK��0@AK�9JJ9F?=E=FL�G>�
L@J==�:9F<K�G>�EMK;D=K�AF�<A>>=J=FL�GJA=FL9LAGFK�9DDGOK�N9JAGMK�EGN=E=FLK�9F<�JGL9LAGFK�G>�L@=�LJMFC��0@=�L@J==�
D9Q=JK�G>�EMK;D=�9DKG�@=DH�LG�HJGL=;L�L@=�AFL=JF9D�9:<GEAF9D�GJ?9FK�AF�9F�9J=9�O@=J=�L@=J=�AK�FG�:GF=��

0@=�85:1-�-8.- �AK�9�O@AL=
�a:JGMK�:9F<�L@9L�AK�E9<=�G>�L@=�:AD9L=J9D�>1/@A?�?41-@4?�L@9L�BGAF�9L�L@=�9FL=JAGJ�EA<DAF=�
G>�L@=�:G<Q��0@=K=�=F;DGK=�L@=�>1/@A?�-.0;95:5? �EMK;D=K��9�H9AJ�G>�DGF?
�DAF=9J�EMK;D=K
�;GEEGFDQ�;9DD=<�L@=�
]KAL�MH^�EMK;D=K��L@9L�GJA?AF9L=�9L�L@=�HM:A;�;J=KL�9F<�KQEH@QKAK
�9F<�=PL=F<�L@=�D=F?L@�G>�L@=�:G<Q\K�LJMFC��!9;@�
EMK;D=�AK�K=?E=FL=<�:Q�L@J==�LJ9FKN=JK=�:9F<K�G>�;GDD9?=F�a:=JK�;9DD=<�L@=�@1:05:;A?�5:@1>?1/@5;:?��0@AK�J=KMDLK�
AF�L@=�DGGC�G>�]KAP�H9;C�9:K
^�9K�=9;@�K=?E=FL�@QH=JLJGH@A=K�GF�AF<ANA<M9DK�9L�L@=�?QE�O@G�<G�E9FQ�KAL�MHK��

0@=�HGKL=JAGJ�9:<GEAF9D�O9DD�AK�>GJE=<�:Q�L@=�DME:9J�N=JL=:J9=
�H9JLK�G>�L@=�ADA9�G>�L@=�@AH�:GF=K
�HKG9K�E9BGJ�
9F<�ADA9;MK�EMK;D=K
�9F<�=A-0>-@A?�8A9.;>A9�EMK;D=��0@AK�H9JL�G>�L@=�;GJ=�HD9QK�9�C=Q�JGD=�AF�KL9:ADARAF?�L@=�J=KL�
G>�L@=�:G<Q�9F<�E9AFL9AFAF?�HGKLMJ=��

�B@092@�<3�A52�&5<?.E�

0@=�EMK;D=K�G>�L@=�;@=KL�K=JN=�LG�>9;ADAL9L=�:J=9L@AF?�:Q�;@9F?AF?�L@=�KAR=�G>�L@=�L@GJ9;A;�;9 NALQ��3@=F�QGM�AF@9D=
�
QGMJ�;@=KL�JAK=K�:=;9MK=�L@=�;9NALQ�=PH9F<K���DL=JF9L=DQ
�O@=F�QGM�=P@9D=
�QGMJ�;@=KL�>9DDK�:=;9MK=�L@=�L@GJ9;A;�
;9 NALQ�<=;J=9K=K�AF�KAR=��

&52��6.=5?.4:�

0@=�;@9F?=�AF�NGDME=�G>�L@=�L@GJ9;A;�;9 NALQ�<MJAF?�:J=9L@AF?�AK�<M=�LG�L@=�9DL=JF9L=�;GFLJ9;LAGF�9F<�J=D9P9LAGF�G>�
L@=�05-<4>-39� � �53A>1��	�� ���%L�K=H9J9L=K�L@=�L@GJ9;A;�9F<�9:<GEAF9D�;9NALA=K
�9F<�AK�<GE=�K@9H=<�9L�J=KL��0@=�
KMH=JAGJ�KMJ>9;=�G>�L@=�<A9H@J9?E�AK�;GFN=P
�;J=9LAF?�L@=�=D=N9L=<�bGGJ�G>�L@=�L@GJ9;A;�;9 NALQ��0@=�AF>=JAGJ�KMJ>9;=�
AK�;GF;9N=
�;J=9LAF?�L@=�;MJN=<�JGG>�G>�L@=�9:<GEAF9D�;9NALQ��

 

( ������)1/�1( �.�/5 /0!)�%%���"+.!(%)���* ��4% �(�)1/�(!/ ��S�����



�64B?2���

��B@092@�<3�A52��6.=5?.4: �(74�380?7A06<�B4?0A0C4B�C74�C7>A0282�0=3�013><8=0;�20E8C84B	�

 =>=;9LAF?
�MJAF9LAGF
�9F<�=N=F� ;@AD<:AJL@�AFNGDN=� ;GGH=J9LAGF� :=LO==F�L@=�<A9H@J9?E�9F<�9:<GEAF9D�EMK;D=K�
�L@AK� ;GGH=J9LAGF� AK� J=>=JJ=<� LG� 9K� L@=� ]29DK9DN9� E9F=MN=Ĵ ��� 5GM� @GD<� QGMJ� :J=9L@� :Q� 9� KL=9<Q� ;GFLJ9;LAGF� G>�
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The right atrium is separated from the left atrium by a wall called the  interatrial septuminteratrial septum . Normally in an 

adult heart, the interatrial septum bears an oval-shaped depression known as the  fossa ovalisfossa ovalis , a remnant 

of an opening in the fetal heart known as the  foramen ovaleforamen ovale . The foramen ovale allowed blood in the 

fetal heart to pass directly from the right atrium to the left atrium, allowing some blood to bypass the 

pulmonary circuit. Between the two ventricles is a second septum known as the  interventricular septuminterventricular septum . 

It is substantially thicker than the interatrial septum, since the ventricles generate far greater pressure 

when they contract. 

The septum between the atria and ventricles is known as the  atrioventricular septumatrioventricular septum . It is marked by 
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the presence of four openings that allow blood to move from the atria into the ventricles and from the 

ventricles into the pulmonary trunk and aorta. Located in each of these openings between the atria and 

ventricles is a  valvevalve , a specialized structure that ensures one-way flow of blood. The valves between 

the atria and ventricles are known generically as  atrioventricular valvesatrioventricular valves . The valves at the openings that 

lead to the pulmonary trunk and aorta are known generically as  semilunar valvessemilunar valves . A transverse section 

through the heart slightly above the level of the atrioventricular septum reveals all four heart valves along 

the same plane ( �53A>1���	�
 ). 
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The right atriumright atrium serves as the receiving chamber for blood returning to the heart from the systemic 

circulation. The two major systemic veins, the superior and inferior venae cavaesuperior and inferior venae cavae , and the large coronary 

vein called the  coronary sinuscoronary sinus  that drains the heart myocardium empty into the right atrium. 
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While the bulk of the internal surface of the right atrium is smooth, the depression of the fossa ovalis is 

medial, and the anterior surface demonstrates prominent ridges of muscle called the  pectinate musclespectinate muscles . 

The right auricle also has pectinate muscles. The left atrium does not have pectinate muscles except 

in the auricle. The right atrioventricular valve, or  tricuspid valve,tricuspid valve,  separates the right atrium and right 

ventricle. 

$645A�C2;A?6092�

The right ventricle receives blood from the right atrium through the tricuspid valve. Each flap of the valve 

is attached to strong strands of connective tissue, the  chordae tendineaechordae tendineae , literally Òtendinous cords,Ó or 

sometimes more poetically referred to as Òheart strings.Ó They connect each of the flaps to a  papillary papillary 

musclemuscle  that extends from the inferior ventricular surface. There are three papillary muscles in the right 

ventricle, called the anterior, posterior, and septal muscles, which correspond to the three sections of the 

valves. 

When the myocardium of the ventricle contracts, pressure within the ventricular chamber rises. Blood, 

like any fluid, flows from higher pressure to lower pressure areas, in this case, toward the pulmonary 

trunk and the atrium. To prevent any potential backflow, the papillary muscles also contract, generating 

tension on the chordae tendineae. This prevents the flaps of the valves from being forced into the 

atria and regurgitation of the blood back into the atria during ventricular contraction.  �53A>1���	��  shows 

papillary muscles and chordae tendineae attached to the tricuspid valve. 
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The walls of the ventricle are lined with  trabeculae carneaetrabeculae carneae , ridges of cardiac muscle 
covered by endocardium. When the right ventricle contracts, it ejects blood into the 
pulmonary trunk, which branches into the left and right pulmonary arteries that carry it 
to each lung. At the base of the pulmonary trunk is the pulmonary semilunar valvepulmonary semilunar valve that 
prevents backflow from the pulmonary trunk. 

�23A��A?6B:�

After exchange of gases in the pulmonary capillaries, blood returns to the left atrium high in oxygen via 

one of the four pulmonary veins. Blood flows nearly continuously from the pulmonary veins back into the 

atrium, which acts as the receiving chamber, and from here through an opening into the left ventricle. 

The left atrioventricular valve, or  bicuspid valve, bicuspid valve, separates the left atrium and left ventricle. This valve 

is also called the  mitral valve. mitral valve. In �53A>1� ��	�� aa, the two atrioventricular valves are open and the two 

semilunar valves are closed. This occurs when both atria and ventricles are relaxed and when the atria 
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contract to pump blood into the ventricles. Figure 10.14bFigure 10.14b  shows a frontal view. Although only the left side 

of the heart is illustrated, the process is virtually identical on the right. 
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The left ventricle receives blood from the left atrium through the bicuspid valve. Like in the right ventricle, 
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the bicuspid valve is connected to papillary muscles via chordae tendineae to prevent prolapse. There 

are two papillary muscles on the leftÑthe anterior and posteriorÑas opposed to three on the right. 

The left ventricle is the major pumping chamber for the systemic circuit; it ejects blood into the aorta 

through the aortic semilunar valve. 

Although the ventricles on the right and left sides pump the same amount of blood per contraction, the 

muscle of the left ventricle is much thicker and better developed than that of the right ventricle. In order 

to overcome the high resistance required to pump blood into the long systemic circuit, the left ventricle 

must generate a great amount of pressure. The right ventricle does not need to generate as much 

pressure, since the pulmonary circuit is shorter and provides less resistance.  �53A>1���	��  illustrates the 

differences in muscular thickness needed for each of the ventricles. 
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When you are prepared for the section of the Lab PracticalLab Practical�on Week 14�Learning Objectives�in Week 15, you will be 

able to: 
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