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

 ��!"��#���$&%(')#*� +,
-�.�/%0�1�2�

3/4

5�6�798;:=<>7

?-@BADCFEHGIE.EHJLKLMNGI@O@BCQPRGISUTFVWSDXYV[ZHMNGI@]\1^.G_@BA�@BADC�ZOCF`*JLGIZHCFMNCFSa@HE
XYVWZb@HALC�c�CFdWZOCFCeV[X9fhg[EO@HCFZ.V[X9i�TFGICFSLTQC

j ZHg[PLJkgl@BCec�CFmLg[ZO@HM2CQS*@.VnXpoqVWMNmLJD@HCFZ�i�TQGrCFSDTFC
s SLG_tWCFZOEHG_@]\�V[X=u=VWZOVWSa@BV

Tv oqVWma\�ZHGrd[A*@�Ka\RfwCQSLd�i�JLSyx{zWza|



G



���������
	��
�

� CFTFg[JLEOC�ZOC{g
��mkg[m CFZ GrE9gnmLmLZHV���GrM2gn@HC��I\�JLSDEO@BZOCQ@HT Akg[K��IC
�W@BADCbEHJLZ X g[TFCQE>VWKD@Bg[GrSLCQP�Ka\�K CFSLP��
GrSDd�g EOALCFC @>V[X mkgnm CQZ T{gnS�K C ZHV����rCQP VWJ�@9VWSa@BV�g m��rg[SLCp^.GI@BADVWJD@9E @BZOCQ@BT ADGrSLd�V[Z=@BCFg[ZHGISLd�� fwVWZOC
mLZOCFTFGIEHC��I\�� EHJLT A g2ZHV����rGrSDdNV[JD@�M2g[mLE.@BALC EHJLZ X g[TFC VWSa@BV1@HALC�m��rg[SLC
� gnX @HCFZ ^.ADGrT Ah@HALC��ICFSLd[@HA
V[X/gnS*\NTQJLZOt[C�PLZBg{^.S�VWSN@BALC EHJLZ X g[TFC ZHCQM1g[GISLEp@BALC EBg[MNC
�pi�JLT A�EHJLZ X g[TFCQE��D^.ADCFS EOJ��NTFGrCQSa@��I\
ZHCQdWJ��rg[Z��kgnZHC�^ C����! *SLV ^.SR@BV M1gl@BALCQM1gn@HGrTQG g[SLEqg[E#"�$�%
$�&�')(�*,+�&�$.-�/�021�*�3)$)-��

c�CQt[C��rV[mkg[K��IC1EHJDZOX g[TQC1MNV�PLC����IGrSLdUGrE�M2g[GrS��_\ JLEOCFP0XYVWZ�CFSLd[GrSLCQCFZHGISLd mLJDZHm VWEHCQE�GrS0oqVWM4�
mLJD@HCFZ�? GrPLCQP c�CFEOGrdWS65 oq?�c879�;:]Sh@HALGrE�@BALCQEHGIE�� VWJDZ XYV�TFJLE�GIE VWShJLEHGISLd�PLCQt[C��IVWmkg[K��IC EOJLZOX g[TQC
@BV MNV�PDC���g[Z @BGIEO@BGIT�VWK�<OCQTQ@HE�^.ALGIT AR^ C�EHCFC�GrS�C tWCQZO\�Pkg{\=�IGIXYC>�

? C2XYVWZHM�J�� gn@HC1gRSLCQ^ PLCQt[C��IVWmkg[K��IC1EOJLZOX g[TQC ZHCQmLZHCQEHCQS*@Bgn@BGIVWS0@BCQT ALSLGI`�JDC
� ? C1PLCQEHTFZOGrK C
gw^qg{\(V[X�gnmLmLZHV���GrM2gn@HGrSLdwgwPLC tWC��rVWmkgnK��rC EOJLZOX gnTFC JLEOGrSLdhghmLGICFTFC ^.GrEOC TFVWSa@HGrS*JLVWJLE @BCFSDEHVWZ@�
mLZOV�PLJDTQ@ �BAC�CQGrCFZUEOJLZOX g[TQC
�emLZOV t�GIPLCFP @BAkgn@U@HALCyPDCQtWC��rVWmLg[K��rC EHJDZOX g[TQCyAkgnEwTQCFZO@Bg[GrS EHm CFTQG g
�
mLZOVWm CQZO@HGrCFE�� u ALC XYC{g[EOGrKLG��rGI@]\ V[X>VWJLZ M2V�PLC��=GIE PLCQM2V[SLEO@HZBgn@HCFP Ka\wg[mLm��_\�GISLd1G_@ @HV1@BADC�M2V�PD�
C����rGISLdyVnX�g(Akg[SLd[GrSLdyEHT{gnZOX g[SLP�gyK V ^8�FE VWEHEOGrK��IC C���@BCQSLEHGIVWSLE�gnSLP�GrSa@BCQZHCQEO@BGISLd�g[ZOC{g[E2V[X
XYJLZ @BALCQZ�ZOCFEOC{g[ZOT A g[ZOC�PDGrEHTQJLEHEOCFPG�



G



� ���������
	���
���������� ���

G



GIG



� �����������
	

� � � ������
�
 �
��� ��� �
x��_x ? Aa\Uc�CQt[C��rV[mkg[K��IC�i�JLZOX gnTFCFE�� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �
x���� u ALCFEOGrE�� tWCQZOt�GrC ^ �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �
x���� ? K VWJD@ @HALC�� CQ^�u=CQT ALSLGr`*JLC � � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �

� � ������	 � � 	�� 	��"!#
 ��$ 	�� ��� %
�D�_x c�C'&kSDGI@BGIVWSLE � � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |
�D��� E>ZHVWm CFZ @BGrCQE V[X c�CQtWC��rVWmLg[K��rC�i�JLZOX g[TQCFE � �8�#� � �#� �#� � �#� �8�#� �#� � � (

�D���D�Ix :]Sa@HZHGrSDEHGrT*)>`*Jkgn@HGrVWSDE�VnX9gNoqJLZ tWC GIS,+#- � �#� �#� � �#� �8�#� �#� � � (
�D���D�.� ��EOTFJ��rgn@BGISLd4E � g[SLC>�/� VWZOM1g>�GE � g[SDCeg[SLP10�CQTQ@BG_X \�GrSLd4E � gnSLC � �#� � � 2
�D���D��� i�mLALCFZOGrTFg
�!:]M1gndWC g[SLP j g[JLEHEOG g[SwoqJLZ tngn@BJLZOC �#� � �#� �8�#� �#� � � z
�D���D��3 :]Sa@HJLGI@HGItWCec�C4&kSLG_@BGrV[S�V[X9c�C tWC��rVWmkgnK��rC�i�JDZOX g[TQCFE � �#� �8�#� �#� � � xWx
�D���D� | i�JLM2M2g[Z \ �8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x5�

6 798��:���� �,;<
 �5���D�4	 ��
 798��:���� �=!>
 �?$ 	�� ��� � %
���_x � AC�CQGrCQZ�oqJLZOt[CFE � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x |

���_x��Ix � g[EHGITec�C'&kSLG_@BGIVWSLE �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x5@
���_x��.� oqJDKLGrT � AC�CFGrCQZ�oqJLZOt[CFE � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x5@

����� u=CQSLEHV[Z �]mDZHV�PLJLTQ@ � AC�CFGICFZ i�JLZ X g[TFCQE � �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x52
����� i�JLMNM1gnZO\ �#� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �BA

C D ���E�F� � 
 �<G � ��� ��� � �E� ��	 �/� 	�� 	 �H!>
 ��$ 	�� ��� �#�
3��_x ?)o � g[EOEHGIT#E>ZOVWK��rCQM g[SDP : @HE i�V��rJD@HGrVWS � �8�#� � �#� �#� � �#� �8�#� �#� � � �I�

3��_x��Ix ? Skg
�_\�EOGrE �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �I�
3��_x��.� oqV[M2mLJ�@BCFZ.? GrPLCQPhoqV[SLEO@HZHJLT @BGrV[Shg[SDPhc�C tWC��IVWmLMNCFSa@ � �8�#� �#� � � �J3

3���� c�CQt[C��rV[mkg[K��IC�i�JLZOX gnTFC i�\�Sa@BALCQEHGrE s EOGrSLd j CFV�PLCFEOGrTQE �#� � �#� �8�#� �#� � � �W|
3����D�Ix ? mLmLZOV���GIM1gn@HGrSLd�@HALC i�mLALCQZHGIT{g
�G:]SDPLGrTFgn@BZOG � � �#� � �#� �8�#� �#� � � �B@
3����D�.� ? mLmLZOV���GIM1gn@HGrSLd�@HALC i�mLALCQZHGIT{g
�/fwg[mLmLGISLd � �#� � �#� �8�#� �#� � � �B2
3����D��� 0.CFmDZHCFEOCFSa@BGISLd @BALC�c�CQt[C��IVWmkg[K��IC�i�JLZ X g[TFCQE � �#� � �#� �8�#� �#� � � �[z

3���� :]Sa@BCFZOm V
� gn@HGrVWS ^.G_@BARc�CQt[C��rV[mkg[K��IC �BAC�CQGrCFZ E=gn@BT ALCQE � �#� � �#� �8�#� �#� � � �[z
3������Ix � g[EHGIT�oqVWSLTFCQmD@BE � �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �IA
3������.� 0.CFEOJ��I@HE � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �I�

3��K3 i�GrM J�� gn@HGrSLd�@BALC � CQSLPLGISLd2VnX9c�C tWC��IVWmkg[K��rC�i�JLZ X g[TFCQE �#� � �#� �8�#� �#� � � �I�
3��K3��Ix 0.CFmDZHCFEOCFSa@BGISLd2c�CQtWC��rVWmLg[K��rC�i�JLZOX g[TQCFE � �#� �#� � �#� �8�#� �#� � � �B3
3��K3��.� fRV�PLC����IGrSLd @HALC � CFSDPLGrSLd V[X9c�CQt[C��rV[mkg[K��IC�i�JLZOX gnTFCFE � �8�#� �#� � � �a|

3�� | c�GrEOTFJLEOEHGrV[S �#� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �E(

GIGrG



% ��� � ��� ��
�� 	�	 � ��� D �?� � � ��� ��� 6��
|D�_x fhg[GIS :]PDC{g �#� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �Wz
|D��� c gn@ g i*@BZHJDTQ@BJDZHC �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �Wz
|D��� :]M2m��rCFMNCFSa@Bgn@BGIVWS�:]EHEOJLCFE � �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3Lx

|D�����Ix i*@BCFm x�� oqZOVWEHE i�CFT @BGIVWS	� oqVWSDC �8�#� � �#� �#� � �#� �8�#� �#� � � 3��
|D�����.� i*@BCFm �
� fhgnmLmLGrSDd � CQ@]^ CFCFS oqVWSLCFE g[SLPhi�JLZ X g[TFC E>GrCQTFCQE�GIS1�[c � � 3��
|D������� i*@BCFm1��� oqVWSDEO@BZOJLTQ@�@BADC �[c&c�C tWC��IVWmkg[K��rC�i�JLZ X g[TFC �#� �8�#� �#� � � 3I3
|D������3 ��
 oqVWSa@BGrS*JLG_@]\�V[X @BALC�c�C tWC��IVWmkg[K��rC�i�JLZ X g[TFC#�#� � �#� �8�#� �#� � � 3*|
|D����� | c�GIEHTQJLEHEOGrVWS �8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3*|

|D�K3 c�GrEOTFJLEOEHGrV[S �#� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3E2
|D�K3��Ix ��V�T{g
��i�Akg[m C oqVWSa@BZHV
� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3E2
|D�K3��.� j �rV[Kkg
��oqV[S*@HZHV�� � �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3E2

� � ��� 	 � ��	��5����� � � $ ������� ��
���	 % �
@��_x fwV�PLC����rGrSDd�g�� g[SLd[GrSLd2i�TFg[ZOX � � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |�x

@��_x��Ix ��KLEOCFZ tWCFP EpZOVWm CFZO@HGrCQE V[X9g�� gnSLdWGrSDdNi�T{g[Z X � �#� � �#� �8�#� �#� � � |�x
@��_x��.� ? mLmLZOV���GIM1gn@HGrSLd gNi�GISLd��ICeoqZHVWEOE�i�CFTQ@HGrVWS=�#� �#� � �#� �8�#� �#� � � |I�
@��_x���� c�C4&kSLGISLd2i�JLZOX gnTFC E>GrCFTQCFE.GrS1�[c �8�#� � �#� �#� � �#� �8�#� �#� � � |B�
@��_x���3 oqV[SLEO@HZHJLT @BGrSDd2ub^ V i�JLZOX g[TQC EpGICFTQCFE�GrS=�Wc � �#� � �#� �8�#� �#� � � |B@

@���� fwV�PLC����rGrSDd�g��/V�VWmLGISLdNi�@HZHJLT @BJLZOC �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |I(
@����D�Ix ��KLEOCFZ tWCFP EpZOVWm CFZO@HGrCQE V[X9g���V�V[mLGrSLdNi*@BZHJDTQ@BJDZHC � �#� �8�#� �#� � � |I(
@����D�.� ? mLmLZOV���GIM1gn@HGrSLd�@HALC oqZHVWEOE i�CFT @BGrV[S � � �#� �#� � �#� �8�#� �#� � � |B2
@����D��� oqV[SLEO@HZHJLT @BGrSDdN@HALC �[c�� g{\[VWJD@ � �8�#� � �#� �#� � �#� �8�#� �#� � � |[z
@����D��3 oqV[SLEO@HZHJLT @BGrSDdN@HALC��Wc�� g{\[VWJD@ � �8�#� � �#� �#� � �#� �8�#� �#� � � |[z

@D�.�D�K3��_x ? mLmLZOV���GIM1gn@HGrSLdbg.i�mkg[TQCqoqJDZOtWCpKa\���
 oqVWSa@BGrS*JLV[JLE oqJLKLGIT
� AC�CFGICFZ oqJLZ tWC i�CFdWMNCFSa@HE �#� � �#� �#� � �#� �8�#� �#� � � @IA

@D�.�D�K3���� oqV[SLEO@HZHJLT @ u CFSLEOVWZ � mLZHV�PLJLT @ �BAC�CQGrCFZ E=gn@BT ALCQE �#� �#� � � @E�
@����D� | 0.CFEOJ��I@HGrSLdNi�JLZOX g[TQCF�#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @I@

@���� c�GrEOTFJLEOEHGrV[S �#� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @E(
� ; � � � 	 
 � � ��� ���

(D�_x oqVWSa@BZOGrKLJD@HGrVWSDE V[X=@HALCeu ALCFEOGrE � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @Wz
(D��� )���@HCFSLEOGrVWSDE�@HV @HALC i�\�EO@HCFM �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � (BA
(D��� ? ZOC{g[E.V[X��kJLZO@HALCFZ 0.CFEHCFg[ZHT A � � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � (BA

GIt



� � 	1� ��� � ����� 	 � 	

�D�_x i�GrMNm��IC C��Dg[MNm��ICFE.V[X=PLCQt[C��rV[mkg[K��IC�EOJLZOX gnTFCFE�� � � �#� �#� � �#� �8�#� �#� � � @
�D��� ? SRC��Dg[MNm��rC VnX9g�SLVWS��]PLC tWC��IVWmkg[K��rC EHJDZOX g[TQC
��� � �#� �#� � �#� �8�#� �#� � � @
�D��� c�C'&kSDC g �[c	TFJDZOtWC�JLEOGrSLd�
 g[SDP
� � �#� �8�#� � �#� �#� � �#� �8�#� �#� � � (
�D�K3 ��EHTFJ�� gn@HGrSLd�m��rg[SLC>�LSLVWZOM1g
� m�� g[SDCeg[SLPRZHCFT @BG_X \�GISLd�m��rg[SLC
��� �#� �8�#� �#� � � z
�D� | u ALCeEHmLADCFZHGIT{g
��GISLPLGIT{gn@HZHG �1V[X g�TFVWSLC>� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x5A
�D��@ j CQSLCFZHgn@BV[ZHE V[X9g PDCQtWC��rVWmLg[K��rCeEOJLZOX g[TQC
� � �8�#� � �#� �#� � �#� �8�#� �#� � � xWx
�D��( ? SRCFPLd[C�VnX ZOCFdWZOCFEHEOGrVWSRV[X g�PLCQt[C��rV[mkg[K��IC�EOJLZOX gnTFC
�4� �#� � �#� �8�#� �#� � � x��
���_x ? @���� PDCFdWZOCFC � AC�CQGrCQZ�TQJLZOt[C
� � � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x5@
����� ?-TFJLKDGrT � AC�CQGrCQZ�TQJLZOt[C
�#�#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � x�(
����� � AC�CQGrCQZ EHJLZ X g[TFC�V[X=PLCFdWZOCFCB5 �D���,7bgnSLPwG_@BE � AC�CFGICFZ.SLCQ@�� �#� � �#� �8�#� �#� � � x z
3��_x oqVWSLSLCQTQ@HGrSLd @]^qV @BJDK CQE.^.G_@BARg PLCQt[C��rV[mkg[K��IC EHJLZ X g[TFC>� � � �#� �8�#� �#� � � �I�
3���� � GrSDPLGrSLd @BALCeTFV[ZHZHCQEHm VWSLPLCQSLTFC K C @]^qCQCFS m VWGIS*@HE V[X @]^qVNEHmkgnTFC�TFJLZ tWCFE�� � � � �J3
3���� c�CQt[C��rV[mkg[K��IC EHJLZ X g[TFC��=�LG_@BE dWCQV�PDCFEHGIT�� gnSLPwG_@BE EOmLALCFZOGrTFg
��GrSLPDGrT{gl@BZHG �,� � � �B@
3��K3 u ALCeEO@HCFZHCQVWdWZHg[mLALGIT�mDZHV <OCQTQ@BGIVWSG� �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �I(
3�� | :]Sa@BCFZOm V
� gn@HGrSLd�m VWGrSa@HE�� -�� g[SLP
� -���� - JLEOGrSLd @]^ V1g[ZOTFE.V[X=TFGIZHT��ICFE�� �#� �#� � � �I(
3���@ u ALCeZHCQTQ@ gnSLdWJ��rg[Z dWZHGIPG� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �IA
3���( u ALCemkg[ZHg
���IC�� m�� g[SLCQE�� � �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �Dx
3���2 ? S : c �]mkgl@BT AG� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �E�
3�� z u ALCeTFVWZOZHCQEHm VWSLPLCQSLTFC�XYJLSLTQ@HGrVWS�� 5�

7�� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �B3
3��_x5A"? mLm��I\�GrSLd�@HALCePLCQt[C��IVWmkg[K��ICeEHJLZ X g[TFC � � @HV�@BALCem��rg[Skg[ZbEOJLZOX gnTFC!�#"�� � �#� � � �a|
3��_xWx E>ZHV <OCQTQ@BGIVWSUM2C @BALV�PG� � �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � �I@
|D�_x c�GIt�GrPDGrSLd @HALCePLCQt[C��IVWmkg[K��IC EHJLZ X g[TFC�GrSa@HVNmDGrCFTQCFE �#� �#� � �#� �8�#� �#� � � 3EA
|D��� c gn@ g�E @BZOJLTQ@HJLZHC>�F�#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3Lx
|D��� fhg[mLmDGrSLd K CQ@]^ CFCFShgNTQVWSLC�g[SLPwg�EHJLZ X g[TFCemLGICFTQC�GIS1�[c � � �#� �8�#� �#� � � 3��
|D�K3 ?-EHGIM2m��IC�PLC tWC��IVWmkg[K��rCeEHJLZ X g[TFC>� �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � 3E@
|D� | ? P <OJDEO@BGISLd VWSLCeTFV[S*@HZHV���m VWGIS*@bV[X>g�TFZOVWEHE.EOCFTQ@HGrVWSRTFJDZOtWC � �#� �8�#� �#� � � |BA
@��_x ub^qVNm VWEHEOGrK��IC TFZHV[EHE�EHCFT @BGIVWSUPLCFEOGrdWSLE#5 � g[SLd[GrSLd2i�TFg[ZOX�7�� � �#� �8�#� �#� � � |I�
@���� i�JLZ X g[TFCemLGICFTFCemkgnZO@BG_@BGIVWS 5 � g[SLdWGISLd2i�T{gnZOX�7�� � � �#� �#� � �#� �8�#� �#� � � |B�
@���� i�JLZ X g[TFCemLGICFTFC @]\�m C � obg[EHC :)��� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |J3
@��K3 i�JLZ X g[TFCemLGICFTFC @]\�m C � obg[EHC : :)� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |W|
@�� | i�JLZ X g[TFCemLGICFTFC @]\�m C � obg[EHC : : :)� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |B@

t



@���@ �[c-M1gnmLmLGrSDdNVnX=@HALCeEHJLZ X g[TFCemLGICFTFCQE�g[SLPU@BALCeTFV[SLCB5 Akg[SDdWGrSLd EOT{g[Z X)79���#� � � |B@
@���( ?-Akg[SLd[GrSLd EHTFg[ZOX � 5 g,7 @BVWm�t�GrC ^�� 5 K 7qXYZOVWSa@ t�GICQ^�� 5YT�7qt�GrCQ^�XYZHVWM g[Swg[SLd��IC
� |I(
@���2 ?F�rVWSDdNZOGrKLK VWSG� � �#�8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |I(
@�� z )��LgnM2m��IC K V ^,mkgn@H@HCFZOSLE�� � �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |B2
@��_x5A"?-TFVWSDC JLEOCFPU@BVNPLC'&LSLC�g �IV�VWm;��� �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |B2
@��_xWx�u ALC ����� ���B� ���
��� ��� V[X @BADC�TQVWSLC�JLEHCQPRXYV[Z.g �IV�VWm;�D� �#� � �#� �8�#� �#� � � |B2
@��_x�� u ALC �[c � g{\WVWJ�@.V[X=@HALCeK V ^8� � � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � |[z
@��_x5�;i�@BCQmwKa\�E @BCQmhTFV[SLEO@HZHJLT @BGrV[SwV[X @BADC �nc �rg{\WVWJD@�V[X @BADC �IV�V[mLGrSLd EO@BZOJLTQ@HJLZHC>� � @IA
@��_x 3 E>EHCFJDPLV�TQV�PDC�XYVWZ � ���!� ��
�
 ����� (,( 0)'����	� *�
 $ 3�/�0�%
$�� �#� � �#� �8�#� �#� � � @Dx
@��_x | 0�GIKLK VWS�EHJLZ X g[TFC�mLGICFTFCQE�� � �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @E�
@��_x5@;oqVWZHZOCFEOm VWSDPLGrSLd m VWGrSa@HE
� " gnSLP��



��� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @I�

@��_x�(�i�JLKD� PLGIt�GIPLGrSLd�gNZOGrKLK VWS�mLGICFTFCeGIS*@HV�� ZOGrKLK VWS�mkgl@BT ALCQE�� � � �#� �8�#� �#� � � @B3
@��_x52 ��SLCeZHGrKDK VWS�mLgn@BT AG� �8� �#� �#� � �#� �#� �8�#� � �#� �#� � �#� �8�#� �#� � � @a|
(D�_x ? SRC��Dg[MNm��rC GISLGI@HG g
� TQVWS &kdWJDZBgn@HGrVWSUV[X gNEOT{g[Z X GIS�@BALC�g[GIZ�� �#� �8�#� �#� � � (�x

t�G



� � ��� ��� 	 �

� ��� 	 ��� � � � � ���

i�MNV�Vn@BAhEOJLZOX gnTFCFE M JLEO@ K C d[CFSLCQZBgn@HCFP GrShM1g[Sa\RTFV[M2mLJ�@BCFZ dWZBg[mDALGrTQE�g[mLm��rGrTFgn@BGIVWSLE���fhgnS*\
ZHCFg
� � ^qV[Z �rP�V[K�<OCFT @BENg[ZHCUGISLALCFZOCFSa@��_\0EOM2V�V[@BA;� gnSLP�M�JLT A V[X TQVWMNmLJD@BCQZ�dWZBgnmLALGrTQE�GrSatWV
�ItWCQE
MNV�PLC����IGrSLd @BALC ZOC{g
� ^qVWZ �rPG�)u ALC SLCQCFP;@BV�ZHCQmLZHCQEHCQS*@wEHJDZOX g[TQCFERg[ZHGIEHCQE GrS"@]^ V TFg[EHCQE ��GIS
MNV�PLC����IGrSLd�C9�DGIEO@HGrSLd2VWK�<OCFT @BE45YT{g[ZOE�� X g[TFCQE�� M2VWJDS*@Bg[GrSDE)7 g[SLP GIShMNV�PDC����IGrSLd�t�GIZO@BJLg
�/VWK�<OCFT @BE��
^.ALCQZHC�SLV mLZHCQC���GrE @BGrSDd2mLAa\�EHGIT{g
��V[K�<OCFT @ GIE K CQGrSLd�ZOCFmLZOCFEHCQSa@BCFP;�

:]S @HALC &kZOEO@ T{gnEHC
� g M1gl@BALCQM1gn@HGrTFg
� PDCFEHTQZHGImD@BGIVWS�V[X.@BALCUVWK <OCFTQ@ M2g{\0K C�JLSkg{tng[G��rg[K��IC
�
fhgn@HALCFM2gn@HGrT{g>���I\
�*VWSLC TFV[J��rP�JLEOC�@BALC GIS &kSLG_@BC��I\,� �rg[ZHdWC.EOCQ@�V[X m V[GrSa@BEbM2g
 *GrSDd�JLm @BADC VWK�<OCFT @
g[E g MNV�PDC�� �*KLJ�@ @HALGrE GrE SLV[@ XYC{g[EOGrK��IC XYVWZqg�TFVWMNmLJD@HCFZp^.GI@HA &kSLG_@BC�EO@HVWZBg[d[C
�pfwV[ZHC VnX @BCFS;��^ C
MNCFZHC��I\ gnmLmLZHV���GrM2gn@HC @HALC1V[K�<OCFT @ ^.G_@BA(mDGrCFTQCFE V[Xbm��rg[SLCQE�� EOmLALCQZHCFE��9VWZ�V[@BADCFZ�EHAkg[m CFE�@BAkgl@
g[ZOC C{g[E \ @BVePLCQEHTQZHGrK C M2gn@BALCQM1gl@BGrTFg
���_\��lg[SLP�^ C ZHCQ`�JDGrZHCb@HAkgn@pm VWGrSa@HE9VWS VWJLZ9MNV�PLC���K C T��rVWEOC
@BV TQVWZHZOCFEHm VWSLPDGrSLdNm V[GrSa@BE VWS�@HALCeVWK�<OCFT @��

:]S0@BALC�EOCFTQVWSLP�T{g[EOC
�9^.ALCQS�@BALCQZHC�GrE SLV mLZOCFC9�DGIEO@HGrSLd VWK <OCFTQ@ @BV MNV�PLC�� � @BALC JDEHCFZ�TQZHC9�
gn@HCFEb@BADC VWK�<OCFT @.GrS @HALC M2V�PLC����rGISLd�mLZHV�TFCQEHE �kADCFSLTQCe@HALC VWK�<OCQTQ@.M2gn@BT ADCFE GI@HEbZHCQmLZHCQEHCQS*@Bgn@BGIVWS
C��Dg[T @��_\�� K CQT{g[JLEOC1G_@eGrEePLC'&LSLCFP(@HALZHV[JLdWA @BALCNZHCQmLZHCQEHCFSa@Bgn@BGIVWSG� u VwTQZHCFgn@BC @BALCNVWK�<OCQTQ@��=@BADC
JLEOCFZ M2g{\ EHTQJ��rm�@ @HALC1VWK <OCFTQ@ GrSa@HCFZBgnTQ@BG_tWC��I\�� PLCQEHTFZOGrK C1G_@ M2gn@HALCFM2gn@BGIT{g
���I\
� VWZ�dWGIt[C1gnS0g[mD�
mLZOV���GIM1gn@HCUPLCFEOTFZHGImD@BGIVWS @HV(K C
	 &����ICFP GrS�� Ka\ EOVWMNCwmLZOVWdWZHg[M � :]S�oq?�c �>@HALChTQVWM2mDJD@BCQZ
ZHCQmLZHCQEHCQS*@Bgn@BGIVWSRGrE JLEOCFP=�rgn@BCQZb@BV dWCQSLCFZHgn@BCemLAa\�EHGIT{g
�/ZHCFg
�rG�C{gn@HGrVWSDEqV[X @BALCePLCQEHGIdWSLCFPRVWK�<OCQTQ@��

? � g[ZOdWC��_\,JLSDC���m��rV[ZHCFP g[ZHCFg�GrS&oqVWMNmLJD@BCQZ j ZHg[mLALGITFE TFVWSDEHGrE @BE V[X2M2V�PLC����rGISLd�g[ZOC{g �
TFV[SLEO@HZBg[GISLCFP�EOJLZOX g[TQCFE�� � V[Z GrSDEO@ gnSLTFC>� ^.ALCFS g�
kg[d GrE M2V t�GrSDdhGrSy@BALC1^.GISLPG� @HALC EOJLZOX g[TQC
g[ZOC{g�V[X @HALC�
 g[d EHADVWJ��rPRZHCQM1gnGrS�TFV[SLEO@Bg[Sa@�� u=V @BALC�g[J�@BALVWZ�� E  *SLV ^ �rCQPLdWC>�kSLV2V[SLCeAkg[E.TFVWS��

x



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

EO@HZHJLT @BCQP1g�MNV�PDC����IGrSLd�EO\�E @BCFM ^.ADGrT A PLGrZOCFT @��I\ g[PDPLZHCQEHEHCQE EOJLT ANTFVWSLE @BZHg[GrSa@BE�� E>ZHC t�GIVWJLE9^ VWZ  
C���GIEO@BEpXYVWZ>TQJLZOt[CFEp^.ALGrT A2EBgn@HGrEOX \�g[ZHT9� �ICFSLd[@HA TFVWSLE @BZHg[GrSa@BE � |"! g[SLPNVWK�<OCQTQ@HE ^.ALGIT A2EHgn@BGIEOX \�t[V�� �
JLMNC TFVWSDEO@BZHg[GrSa@HE��*KLJD@p@BADCFZHC.AkgnE K CFCQS2ZOC��rgn@BG_tWC��_\��IGI@O@��rC ^qV[Z  �VWSNMNV�PLC����IGrSLd EHJLZ X g[TFCQEp^.ADGrT A
EBgl@BGrE X \Ug[ZOC{g�TFVWSDEO@BZHg[GrSa@HE��

u ALGrE @BALCQEHGIEqEHJDZOtWC \�Eb@BALC PLG$# CFZOCFSa@bgnmLmLZHVWg[T ALCFEqPLCQt[C��rV[m CQP1@BV PLCFEOGrdWS�gnSLP1MNV�PDC�� "�$�%
$�&&%
')(�*,+�&�$ -�/�021�*�3)$)-��D^.ALGrT ARGrE.gnSwGIM2m VWZO@Bg[Sa@bEOJLK T�� g[EOE VnX9g[ZOC{g � TFVWSDEO@BZHg[GrSDCFPUEHJLZ X g[TFCQE��

')(*' + ,.- /10�230�4653798;:<460 =�><?A@�8;BC0�D�E

:]S�VWZOPLCFZ=@BV�TQVWSLEO@HZHJLT @pg EOAkg[m CqJLEOGrSLd g TFVWMNmLJD@HCFZ��[GI@=GrE SDCFTFCQEHEHg[ZO\ @BV�mLZOV�PDJLTFC g�TFVWMNmLJD@HCFZ@�
TFV[M2mkgl@BGrK��rC PLCFEOTFZHGImD@BGIVWS�V[X�@HAkgn@ EOAkg[m C
� u ALC�C9��m��rVWZHgn@BGIVWS,VnX�@BALC0JDEHC�V[X mkgnZBg[MNCQ@HZHGrT
TFJDZOtWCQEbg[SDPNEOJLZOX gnTFCFE T{gnS2K C t�GICQ^ CFP2g[E>@BALC.VWZOGrdWGIS�V[X oqVWMNmLJD@BCQZp? GrPDCFP j CQVWMNCQ@BZOGrT.c�CQEHGrd[S
5 oq? j c87�� u ALC�M2g
<OVWZ KLZHCFg
 a@BALZOVWJLdWALE GIS oq? j c g[ZHC @HALC @HALCFVWZ \ V[X � AC�CFGICFZ�EOJLZOX gnTFCFEegnSLP
oqV�VWSLE.mkgn@HT ALCFE�� �rgn@BCQZ TFVWM KLGrSLCQP�^.GI@BA ��F EHm��IGrSLC MNCQ@HALV�PDE��

� CFTFg[JLEOC�ZOC{g
��mkg[m CFZ GrE9gnmLmLZHV���GrM2gn@HC��I\�JLSDEO@BZOCQ@HT Akg[K��IC
�W@BADCbEHJLZ X g[TFCQE>VWKD@Bg[GrSLCQP�Ka\�K CFSLP��
GrSDd�g EOALCFC @>V[X mkgnm CQZ T{gnS�K C ZHV����rCQP VWJ�@9VWSa@BV�g m��rg[SLCp^.GI@BADVWJD@9E @BZOCQ@BT ADGrSLd�V[Z=@BCFg[ZHGISLd�� fwVWZOC
mLZOCFTFGIEHC��I\��*EOJLT A1g ZOV����IGrSLd�V[JD@pM1gnmLE9@BALC.EOJLZOX g[TQC.VWSa@BV @BALC.m��rg[SLC>�*gnX @BCQZ9^.ALGrT A @BALC �ICFSLd[@HA�V[X
g[Sa\�TQJLZOt[C PLZBg{^.S VWS�@HALCbEHJDZOX g[TQC ZHCFM2g[GISLE=@HALCbEBgnM2C>� u ALC EOJLZOX g[TQC GrE @BA*JLE>T{g>���rCQP�GrEOVWMNCQ@BZOGrT
@BV�@HALC�m�� gnSLCHG 	Hg[mLm��rGrTFg[K��IC �1XYVWZ EHALVWZ @��Ni�JDT AyEOJLZOX g[TQCFE�� ^.ALCQS(EOJ��NTFGrCQSa@��I\hZHCQdWJ�� gnZ��/g[ZOC
^ C����! *SLV ^.SR@BV M1gl@BALCQM1gn@HGrTQG g[SLEqg[E#"�$�%
$�&�')(�*,+�&�$.-�/�021�*�3)$)-��

? EU^.G�����K C EHCQCFS�GrS T Akg[mD@HCFZ �D� g PDCQtWC��rVWmLg[K��rC EOJLZOX g[TQCyGIE�@BALC CFSatWC��rVWm C V[X�g�VWSLC9�
mkg[ZHg[MNCQ@BCQZ�X gnM2G��I\ VnX m�� gnSLCFE�� ? ADG��rCNm��rg[Skg[ZeEHJDZOX g[TQCFE�g[SDP(TFV[M2m��ICQ@HC��I\ d[CFSLCQZBg
� EHJLZ X g[TFCQE
Akg{tWChg CQCFZHV �]mkg[ZHg[MNCQ@BCQZ1gnSLP"g @]^qV �]mkg[ZHg[MNCQ@BCQZNX gnM2G��I\0VnX @ gnSLdWCFSa@1m�� g[SDCFE��qPLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQCFE�Akg{tWC g�VWSDC��]mLg[ZBg[MNCQ@HCFZ�X g[MNG��_\hVnX @Bg[SLdWCQS*@ m��rg[SLCFEI� xWxJ! �N? PDCQtWC��rVWmLg[K��rC EOJLZOX g[TQC
@BA*JLE VK# CQZHE g�TQVWM2m��rC���G_@]\N@HAkgn@ GIEqMNGrPD^qg{\1K CQ@]^ CFCQS�@BAkgn@bV[X=g TFVWMNm��ICQ@BC��I\NdWCQSLCFZHg
� EOJLZOX g[TQC
g[SLP @HAkgn@ VnX g m�� g[SDC�EHJLZ X g[TFC>� fwV�PDC����IGrSLd2PLCQt[C��IVWmkg[K��IC�EHJDZOX g[TQCFE GrE GrMNm VWZ @ g[Sa@ K CQT{g[JDEHC�GI@
GrE.g �IVWdWGrTFg
� mDZHCFTQJLZHEOVWZ.@BV M2V�PLC����rGISLd�gnZHC{g
�]TFV[SLEO@HZBg[GISLCFPUdWCQSLCFZHg
��EHJLZ X g[TFCQE��




���� � �
� 	�� ��� ����	���� ��		� �

')(�
 � ,90�D�
6D�� 230�?�2�
60��

u ALGIE @BALCQEHGIE�K CQdWGrSDE Ka\(GISa@BZHV�PLJLTQGrSLdR@BALC1Kkg[EHGIT TFV[SLTFCQmD@BE g[SDP0mLZHV[m CQZO@BGICFE�VnX.PLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQCFE���i�GrSLTQC �BAC�CQGrCFZ TQJLZOt[CFE�g[SDP EOJLZOX g[TQCFE2g[ZHCRJLEOCFP GIS�VWJLZ M2V�PLC����rGISLdh@HV�V�� �pZHC��rgn@BCQP
PLC4&kSLGI@HGrVWSDEbg[SLP1TFVWSLTQCFmD@HE.g[ZHC mLZHCQEHCQS*@HCFPRGrS2T Akg[mD@HCFZ ��� :]S2@BALC�mLg[EO@���@BADZHCFC PLG$# CFZOCFSa@b@]\�m CQE
V[X g[mLmDZHVag[T ADCFENAkg{tWCUK CQCFS�mLZOVWm V[EHCFP�@BV PDCFEHGIdWS g[SLP�MNV�PLC��qPLC tWC��rVWmkgnK��rC�EOJLZOX g[TQCFE���u ALC
M2gn@BALCQM1gl@BGrTFg
�lZHC{gnEHVWSLGISLd.g[SLP @HALC g
�rdWV[ZHGI@HALMNE ^.G����lK CpPLGIEHTFJDEHEHCQP GIS PLCQ@Bg[G��[GrS T Akg[m�@BCFZF3�� ? C
^.G����WPLGIEHTFJDEHE=@HALCqZOC��rgn@BGIVWSLEHADGrm K CQ@]^ CFCFS�@HALCFEOCqC9�DGIEO@HGrSLd g[mLmLZOVag[T ALCQE9g[SDP VWJLZ SLC ^0@BCQT ALSLGr`*JLC>�
? C EOJLKLEHCQ`*JLCFSa@��_\ mLZOCFEOCFSa@�VWJDZ SLC ^-@BCQT ALSLGr`*JLC>� oqAkg[mD@HCFZ |NGrE.PLC tWV[@HCFP @HV2C9�Dm�� g[GISLGrSLd @BADC
SLC ^ g[mLmLZOVag[T AG�>? S1GrMNm��ICFMNCFSa@ gn@HGrVWS�VnX @BADC SLC ^;M2V�PLC����rGISLd @BV�V��kGIE mLZOCFEOCFSa@BCQPG� fwV�PDC����IGrSLd
GrEOEHJLCQEhEOJLT A-g[E �rV�T{g
�egnSLP,d��IVWKkg
� TFVWSa@BZOV�� g[ZHC PLGrEOTFJLEOEHCQPG� :]S,T Akg[m�@BCFZ @�� C��Dg[MNm��ICFEUV[X
PLC tWC��IVWmkg[K��rC�EHJDZOX g[TQCFE�mLZHV�PLJLTQCFP K*\h@BALGIE @BV�V��>g[ZOC�JLEHCQP @HVUPLCFMNVWSLE @BZBgl@BC�@BADCNTFg[mkg[KDG��rG_@BGICFE
g[SLP g[PDtng[Sa@ g[d[CFE VnX>@BALC SLCQ^)MNV�PLC����IGrSLd�E \�E @BCQM � u ALC�TFV[SLT��IJLPLGrSDd1T Akg[m�@BCFZ CQtng
�rJLgn@BCQE @BADC
SLC ^	g[mLmLZOVag[T Awg[SLP�@BADC�TQVWMNmLZHVWMNGrEOCFE G_@ M1g> [CFE��

')(�� � : 53>����A,90 � 0�� � 0�B ,���
�� >90

:]Sw@HALGrE.@BADCFEHGIE��k^ C XYVWZOM�J�� gl@BC�gNSDCQ^-@BCQT ALSLGI`�JDC V[X>PDCFEHGIdWSLGISLd1gnSLPwMNV�PLC����rGrSDd�PLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQCFE�� ��JLZ dWVag
� GIE @BV dWGIt[C JDEHCFZOEbdWV�V�PB�rV�T{g
� gnSLP d��IVWKkg
�kTQVWSa@BZHV
� V tWCQZq@BADC EHALg[m C V[X�@BADC
ZHCQEHJ��_@BGISLdeEHJLZ X g[TFCQE�� ��JLZ>TFV[S*@HZHGIKLJD@BGIVWS GrEpg PLCQEHGrd[S1g[SDPNGIM2m��rCFMNCFSa@Bgn@BGIVWS�V[X EHJLT A1g EO\�EO@HCFM �

u ALC�SLC ^�@BCQT ALSLGr`*JLC @ g
 nCFE g[P�t[gnS*@Bg[dWC V[X @BADC dWCQVWM2C @BZOGrT.T Akg[ZHg[TQ@HCFZHGIEO@HGrTFE V[X @HALC EOJLZOX g[TQC
@BV K C M2V�PLC����rCQPG� �=GrZHE @��a@BADC�EHJLZ X g[TFC�@BV�K C MNV�PLC����rCFP GIEqPLG_t�GIPLCFP2GrSa@BV EHC tWCFZHg
� mDGrCFTQCFE�� u ADCFS
@BADC�EHAkgnm C�V[XpCFg[T A EHJDZOX g[TQC�mLGrCQTFC�GIE PLC4&kSLCFP Ka\ g d[CFSLCQZBg
�IG�CFCQP TFV[SLC
� ^.ADCFZHC�@HALC�EOAkg[m C�V[X
@BADC TFVWSLC.GIE9PLC'&LSLCFP2K*\ GI@HE>TFZHV[EHE>EHCQTQ@HGrVWS�@BV[dWCQ@HALCFZ>^.GI@HA�GI@HE>g[m C�� �9u ALC.TFZOVWEHEpEOCFTQ@HGrVWS V[X @BADC
TFV[SLC2TFg[S(K C PLCFEOGrdWSDCFP(GISa@BCFZHg[TQ@HGIt[C��I\ JLEHGISLdwmDGrCFTQCQ^.GIEHC1TQVWSa@BGIS�JDVWJLE�TFJLZ tWCFE�� )pg[T A(EOJLZOX g[TQC
mLGICFTFC�GIE�TFV[SLEO@HZHJLT @BCFP EHCQmkg[ZHgn@BC��I\yGrS �Wc � u ALCFS EHJDZOX g[TQC�mLGrCQTFCFE gnZHC�EO@HGI@HT ALCFP�@BV[dWCQ@HALCFZ @HV
TFV[SLEO@HZHJLT @ @HALCePLCFEOGrZHCQPwPDCQtWC��rVWmLg[K��rC EOJLZOX gnTFC
�

u=V�V[KD@ g[GIS"g(K CQ@O@BCQZ�g[mLmLZOV��DGIM1gl@BGrV[S V[X @HALC PLCQEHGIZHCFP�PDCQtWC��rVWmLg[K��rCwEHJLZ X g[TFC>� G_@1GIE1SLVn@
SLCQTFCFEOEBg[Z \0@BVwEHJLK PLG_t�GIPLC CFg[T A�EHJLZ X g[TFC1mLGrCQTFC1GISa@BV EOM1g
���rCQZ gnSLP0EHM2g
���rCFZeEOJLZOX g[TQC mkgn@HT ALCFE��
u VwT AkgnSLdWC @BALCNEHAkgnm CNV[X VWSLCNEHJLZ X g[TFCNmLGrCQTFC>� @HALC JLEHCQZ T{gnS(g[P
<OJLEO@ TFVWSa@HZHV��>m VWGrSa@HE�VnXq@BADC



3 ���������
	���
��������
�����������������

TFZOVWEHE�EOCFT @BGrV[S�TFJLZ tWC�V[X @HALC TFV[SLCUg[EHEOV�TQG gn@HCFP(@HV @BALGIE EOJLZOX g[TQC�mLGrCQTFC>� ?.�rEOV��9Ka\0CQPLGI@HGrSLdhg
XYCQ^	TQVWSa@BZOV��rE m VWGISa@BE�� @BADC JLEOCFZ�TFg[S g
�IEHV g>�I@BCQZ�@HALC V[ZHGrCQSa@ gn@HGrVWSRV[X>@BADC @ gnSLdWCFSa@ m�� g[SDC�gn@ g
EHALg[ZHCQPyK VWJLSLPLg[ZO\ VnX @]^ VhgnP <Hg[TFCQSa@ EOJLZOX gnTFC mLGrCQTFCQE�� u ALCFZOCQXYVWZOC
�/@BALGIEeg[mLmLZOVag[T A dWGIt[CFE @BADC
JLEOCFZ gNdWZOC{gn@�PLCFg
��V[X TFVWSa@BZOV���V tWCQZ�@HALC EOAkg[m C VnX=@HALC ZOCFEOJ��I@HGrSLd PLC tWC��IVWmkg[K��rCeEHJLZ X g[TFC>� K V[@HA
�rV�T{g>���I\2g[SDPwd��IVWKkg
���I\
� ? C ^.G���� PLGrEOTFJLEOE�@HALGrE GISUPLCQ@Bg[G�� GISUT Akg[mD@HCFZ |D�



� � ��� ��� 	 �

� ��������� � ��� ��� � � 	 � � � � 	


 (*' /10
	 ��
 � 
J5 �<D

u ALC PLC'&kSDGI@BGIVWSLE.V[X>ZOJ��rCQPwEOJLZOX gnTFCFE g[SLPwPLCQt[C��rV[mkg[K��IC EOJLZOX g[TQCFE g[ZHC�dWGIt[CFSwGrS ���"!=g[E.XYV����rV ^.E��
? 5YPLG$# CFZOCFSa@BGrg[K��IC�7>VWSLC�� mkg[ZHg[M2C @BCQZ X g[MNG��_\�V[X 5YEO@BZHg[Grd[A*@)7 �IGrSLCQE���
 5�� 7���� 5�� 7�� GIEbg TQVWZHZOCFEOm VWS��
PLCQSLTFC @HAkgn@ g[EHEOGrdWSDE @BV2C{g[T A������Ug2m VWGrSa@

 5�� 7���+�� gnSLP gNt[CFT @BVWZ�� 5�� 7�� +������ 5�� 7! " A��
^.ALCQZHC�K V[@HA#
 5�� 7bgnSLP$� 5�� 7bg[ZHCePLG # CQZHCQS*@HG g[K��rC ^.G_@BAUZHCQEHm CFTQ@.@HV%�9�L^.ADCFZHC&�1GIEb@BALCePLV[M1g[GISG�
�(')�+* ! � V[X,�9� g[SDP-'.�/*0� + � �kVWZ CFg[T A-�1�2� �k@BADC �IGrSLC43 � ^.ADGrT AhmLg[EHEOCFE @HALZHV[JLdWA5
 5�� 7 g[SDPwGIE
mkg[ZHg
���IC�� @HV6� 5�� 7bGIE TFg
���ICFP 
�7�$#& ��8;$4'@1 
�7�$ 1�*�� �2&:9 *�
,�9� j GIt[CFS gNVWSLC9�]mkg[ZHg[MNCQ@BCQZ X g[M2G��I\2V[X
�rGISLCFE���
 5�� 7��+� 5�� 7�� ��@BALCeEOJLZOX g[TQC

; 5����+<D7 " 
 5�� 7�=><?� 5�� 7����@�-�A��<6� +B� 5 �D�Ix�7

GrE T{g
���rCFP�@HALC 09/D&�$ " -�/D021�*�3)$=dWCFSDCFZBgl@BCFPNKa\ @HALCbX g[MNG��I\C��
 5�� 7��+� 5�� 7�� �=u ALC �rGISLCFED3 � g[ZOCbT{g
���rCQP
@BADC 09/�& ��8FE -��kg[SLPU@BADC�TQJLZOt[CG
0GIE T{g
���rCQPwg "��20�$)3 
 0 � �eV[X @BALCeEOJLZOX g[TQC ; �

?	ZHJ��ICFPUEHJLZ X g[TFC�GrE EHg[GrP�@HVNK CB"�$�%
$�&�')(�*,+�&�$ GIX

H �JILK �
K �
�MK 

K �ON
P

AQ� 5 �D�.�
7

G � C
� �R� � K �TS K ��g[SDP K 
DS K � g[ZOCRTQVWm��rg[Skg[Z��pXYV[Z2g>���bm VWGrSa@HE�VWS @HALCUEHJLZ X g[TFC>�q^.ALCQZHC H �UI
VXWV � � VZYV � N PLCQSLV[@HCFE�@BADC GrSLSDCFZ�mLZOV�PDJLTQ@�VnX�t[CFT @BVWZC�LI VXWV � gnSLP V[YV � � +���� u ADC�EHGrMNm��ICFEO@

|



@ ��� �����
	�� � ����	�� 	�� ��� ����� 	 ������� � ��	��

(t)

α
α

(b) a generalized cone

β
β

(a) a generalized cylinder

p

(t)
(t)

P P

� GIdWJLZOC��D�Ix � i�GrMNm��rC C��Dg[MNm��rCQE V[X PDCQtWC��rVWmLg[K��rCeEOJLZOX g[TQCFE��

� GrdWJDZHC��D���
�>? SRC��Dg[MNm��IC V[X9g�SLV[SD�]PLC tWC��rVWmkgnK��rCeEHJDZOX g[TQC
�

C��Dg[MNm��ICFEUV[X�PDCQtWC��rVWmLg[K��rC EOJLZOX g[TQCFEwg[ZHC @BADC T \��rGrSDPLCFZOEwgnSLP�@HALC TFVWSLCQE�� ? dWCQSLCFZHg
�rG�CFCQP
TQ\��IGrSLPLCQZ�GrE�g ZOJ��rCQP EHJLZ X g[TFCpdWCQSLCFZHgn@BCQP Ka\ g VWSDC��]mLg[ZBg[MNCQ@HCFZ X gnM2G��I\�V[X��rGISLCFE,��
 5�� 7��+� 5�� 7��?� �@�
� �D^.ALCQZHC&
 5���7 GrE TFV[S*@Bg[GrSDCFPUGrSUg�m��rg[SLC �&g[SLP$� 5�� 7 GIE mkg[ZBg>���rC�� @HV g<&���CFPRPLGrZOCFTQ@HGrVWS�GIS,+��
5 �=GrdWJLZOC �D�_x 5 g,7 7�� � V[Z�d[CFSLCQZBg
�IG�CFCQPyT \��rGrSDPLCFZOE�� K�� 5�� 7�S K � " A�� � V[@HCN@HAkgn@e@BALCNTFJDZOtWC6
 5�� 7
PLV�CFE SLVn@ Akg{tWC�@HV�K C g1T��rVWEOCFP TFJDZOtWC>� ? d[CFSLCQZBg
�IG�CFCQP TFVWSDC�GrE�g ZOJ��rCQP EHJLZ X g[TFC�d[CFSLCQZBgn@HCFP
Ka\wg X g[MNG��_\5��
 5�� 7��+� 5�� 7�� � � � � �L^.ALCQZHC 
 5 �D7
	 � g[SDPw@BADC ZOJ��rGISLd 3 � g
��� mLg[EHE�@BALZOVWJLdWAwg
m VWGrSa@ �  � � 5 � GrdWJDZHC �D�_x 5YK 7 79� � V[@HC�@BAkgl@ K 
,S K � " AUGIEeg�EHJ��NTFGICFSa@�TFVWSDPLGI@HGrVWS XYVWZ EHJLT A
gNX gnM2G��I\ VnX>TFJLZ tWCQE�@BV1d[CFSLCQZBgn@HC�g2dWCQSLCFZHg
�rG�CFCQPG� KLJD@�G_@ GIE SDV[@�g2SLCFTQCFEHEHg[ZO\hTFVWSDPLGI@HGrVWSG� ? S
C��Dg[MNm��IC�VnXpgNSDVWSD�]PDCQtWC��rVWmLg[K��rC�EHJDZOX g[TQC GrE�gNEHmLALCQZHC�5 � GIdWJLZHC �D����79�q?	^.ZHGrS� ��ICFPwu �]EHADGrZO@�GIE



� ��� � ��������	�������	�� �
� ��		��	�� �C� ����� 	 ������� � ��	�� (

g[SUC��Dg[MNm��IC�VnX9g[SRg[ZOC{g � TFVWSDEO@BZHg[GrSDCFPUEHJLZ X g[TFCe^.ALGIT AwGIE SLV[@.PLC tWC��IVWmkg[K��rC
�


 (�
 � ?A537 0�?���
60�D 53@ / 0�230�4653798 :<460 =�><?A@�8 B�0�D

:]S�T Akg[m�@BCFZ>|D�[^ Cq^.G�����GISa@BZHV�PLJLTQCqVWJDZ9PLCQt[C��IVWmkg[K��ICqEOJLZOX g[TQCbZHCQmLZHCQEHCQS*@Bgn@BGIVWS�@BCQT ALSLGI`�JDC
�>u ALGIE
SLC ^(@BCQT ALSLGI`�JDC @Bg
 [CQE g[P�t[gnS*@Bg[dWC>V[X�mLZOVWm CQZO@HGrCFE/V[X�PLC tWC��IVWmkg[K��rC>EHJDZOX g[TQCFE�� � CQXYVWZOC>PLCFEOTFZOGrKLGISLd
@BADCFEHC mLZHV[m CQZO@BGICFE��*^ C.^.G����DGrSa@BZOV�PLJDTFC�g�S*JLM K CQZ V[X @BCQZHMNGrSLV��IVWdWGICFE=^.ADGrT A2^.G����LK C.JLEHCQP�� gl@BCFZ
GrSw@BALGIE EHCQTQ@HGrVWS �#5 x
7.@HALC ��8 
 0 ��8�- � 3 $���/�*�
 � '�8�V[X g2TFJLZ tWC�GrS �[c ��5 ��7 @BALC '�-�3�/�& *�
 ��8FE ( & *M8;$��
8;' 0 � *
&
( & *M8;$pg[SDP 0�$)3 
 � 1�9 ��8FE ( & *M8;$>VnX�geEHmkg[TQC TQJLZOt[C GrS �Wc � 5 �,7 @BALC - (.7�$�0 � 3 *
& �	� * E�$�� ? C
^.G���� JLEOC�@HALCFEOC TQVWSLTQCFmD@HE�@HVNd[GItWC�g[SUGIS*@HJLGI@HGIt[C C���m�� gnSkgn@BGIVWS�V[X=PLCQt[C��IVWmkg[K��ICeEHJLZ X g[TFCQE��

��������� 	�

������
�������������������� 
��!�#"$�&%'����(
)*��
 +,+
��SLTFC gnS GISLGI@HG g
�/m VWGrSa@ VnXqg�TQJLZOt[CNALg[E K CQCFS PLC4&kSLCFP;� @HALC�tng[ZHGrgn@BGIVWSw^.G_@BA @BALC gnZHT �ICFSLd[@HA

wV[X�@BADCwgnSLd��rC � EHJLKD@HCFSLPDCFP"Ka\�G_@BE�@ gnSLdWCFSa@NVWS�@BALC.-��]g ��GrE�GrE EOJ��NTFGrCQSa@N@HVyPDC'&kSLCU@BADC
TFJDZOtWC GrS �[c �*g[E EHALV ^.S GIS �=GrdWJLZOC �D�����9? ZHC��rgn@BGIVWS K C @]^qCQCFS 
�gnSLP ��GIE TFg
���ICFPNg[S ��8 
 0 ��8�- � 3

ψ

δψ

y

ψ+δψ

s

s
P

R

Q

x

δ

� GIdWJLZHC��������pc�C4&kSLC�g �[c	TFJLZ tWC�JLEHGISLd�
 g[SLP
� �

$���/�*�
 � '�8 '@1 
�7�$ 3�/�0�%
$�� fwg[Sa\UGrSa@BZOGrSLEOGrT�CQ`�JLgn@BGIVWSLE.Akg{tWCe@BALC XYVWZOM 
 " 
 5 � 7��



2 ��� �����
	�� � ����	�� 	�� ��� ����� 	 ������� � ��	��

u ALC 3�/D09% *�
 /D0�$��RGrE VWKD@Bg[GrSDCFP�XYZHVWM @BALCeGIS*@HZHGISLEHGIT�CF`*Jkgn@HGrVWSRKa\ @BADCeXYV[ZHM�J��rg

� " K �
K 
��

5 �D����7

?.�_@BCFZOSkgn@HGItWC��I\
�l@HALCqTQJLZOt[CqM2g \eK CqPDCFEHTQZHGIK CQP�mkg[ZHg[M2C @BZOGrT{g>���I\ GrSe@BCQZHMNE=VnXL@BALC g[ZOT �ICFSLd[@HA
Ka\�@BALC.CQ`�JLgn@BGIVWSLE - " - 5 

7 g[SDP�� " �G5 

7�� u ADC�XYJLSDTQ@BGIVWSLE - 5�

7>g[SLP��G5 

79g[ZHC @BADCFSNZHC��rgn@BCQP
@BV ��Ka\ @HALCeCF`*Jkgn@HGrVWSLE

K -
K 
 "

TFVWE � 5 �D��3,7

g[SLP
K �
K 
 "

EHGIS � � 5 �D� |
7

: X ^ C PLG$# CFZOCFSa@BGrgn@BC @BALCQEHC CF`*Jkgn@HGrVWSDE ^.GI@HA ZOCFEOm CQTQ@e@BV

��/g[SLP EOJLKLE @BGI@HJD@BC�� XYVWZ V��V	� � V�
V	�
XYVWZ TQVWE �;g[SLP V��V�� XYVWZ EHGIS�� �D^ C�VWKD@ gnGrS�@BALCeEOGrM�J��_@ g[SDCFVWJLEqPLG$# CFZOCFSa@BGrg
� CF`*Jkgl@BGrV[SLE

K - -
K 
 -

=
� 5 
 7 K �
K 
 "

A

K - �
K 
 -��

� 5�

7 K -
K 
 "

A � 5 �D��@�7

u ALCFEOCR@]^ V EHCQTFVWSLP VWZOPLCFZ�CQ`�JLgn@BGIVWSLE�T{gnS GIS�mLZHGISLTFGIm��rC2K C�EOV��It[CFP�@BV PDCQ@BCQZHMNGrSLC - 5 

7
g[SLP��G5 

7bXYV[Z g[Sa\RdWG_tWCFSwTFJLZ tngn@BJLZOC XYJLSDTQ@BGIVWS�� 5 

7�� )�# CQTQ@HGItWC S*JLM2CQZHGIT{g
�/mLZOV�TQCFPLJLZOCFE�ALg t[C
K CFCFSRPLCQEHTFZOGrK CFPwK*\,� JD@HK VWJDZHSLCB5 x{zE(I��7�� x5A"! gnSLPw? Pkg[MNE 5 x zI(W|�7��

��������� � � �,������� ��
�������� 
�)������ ��� � ������� 
�) � 
�!#" ),� ����"%$ ��
��&�'��� 
�)

� V[SLm�� gnSkg[Z�TQJLZOt[CFE�GrS EHmLg[TFCNg[ZOC�V[X @BCQS ZOCQXYCQZHZHCQP @HVRg[E 
)( ��- 
 $ " 3�/�09%
$)-���oqVWSLEOGrPLCQZ�g EHM2g
���
mLGICFTFC�*�V[Xpg dWCQSLCFZHg
�/EHmkg[TQC TQJLZOt[C V tWCQZ ^.ALGIT Aw@BADC TQJLZOt[C PLV�CFE�SLV[@ GrSa@BCQZHEOCFTQ@ GI@HEHC��IX>gnSLPhgl@
C{gnT A1m VWGrSa@pV[X ^.ALGrT A @BADC�TQJLZOt[C GIE>EHMNV�V[@HANg[SLP ^qC����kK CFAkg{tWCQPG��g[EpEHALV ^.S1GIS�� GrdWJDZHC �D�K3�� ? E
GrSR@BALC�T{gnEHC VnXpg2m��rg[SLC�TFJLZ tWC�GIS1+����k@HALC 
 *M8FE�$�8 
�@BV+*egn@ m VWGrSa@ � VWS,*eGrE.PLC4&kSLCFP gnE @BADC
�rGIM2G_@BGISLd m V[EHGI@HGrVWS2V[X�@BADC�EHCQT{g[Sa@ ��-&g[E.- g[mDmLZHVagnT ALCFE��)g
�rV[SLd @HALC�TFJDZOtWC>� �/C @0/&PDCFSLV[@HC
@BADC JLSLG_@ @Bg[SLdWCQSa@qtWCQTQ@HVWZqV[X1* gn@ �4�9? EOEHJLMNC @HALC @]^.GIEO@BCQP TFJDZOtWC GIE mLg[ZBg[MNCQ@HZHG�CFCFPNGrSN@BCQZHMNE
V[XA�9� � � + � u ALC.JLSLGI@>t[CFT @BVWZ � GrS�@HALC.PLGrZOCFT @BGrV[S�V[X�2/ " K / S K �=GrE  *SLV ^.S1gnEp@HALC ( 0 ��8;3 � (�*
&
8;' 0 � *
&DtWCQTQ@HVWZ���u ALC t[CFTQ@HVWZ mDZHV�PLJLTQ@�/ I � PLC'&LSLCFE g @BALGIZHPwJLSLGI@�tWCQTQ@HVWZ�m CFZHm CFSDPLGrTQJ�� g[Z



� ��� � ��������	�������	�� �
� ��		��	�� �C� ����� 	 ������� � ��	�� z

normal plane

P
osculating plane

no
rm

al

bi
no

rm
al

tangent

Q

pr
inc

ipa
l

c

rectifying plane

� GrdWJDZHC*�D�K3 � ��EHTQJ�� gl@BGrSDdNm�� g[SLC>�LSLVWZOM1g>� m��rg[SLCeg[SLPRZHCQTQ@HGIX \�GrSLd m��rg[SLC>�

@BV / gnSLP � �� *SLV ^.Swg[Eb@BADC + ��8;' 0 � *
& %
$)3 
 ' 0 7 �Du ADCe@HALZHCQC�tWCQTQ@BV[ZHE�/B� � g[SLP 7 XYVWZHM g
ZHGIdWAa@ � Akg[SLPLCQP EHCQ@ V[X M�JD@HJkg
���I\ VWZO@HALVWdWVWSLg
�DJLSDGI@>tWCQTQ@HVWZHE���EOV�@HAkgn@ 7 " /LI � � / " � I 7
g[SLP � " 7 I�/ ��u ALC�m��rg[SLCQE @BALZOVWJLdWA g dWGIt[CFS m VWGrSa@ VWS @BALC TFJLZ tWC�^.ALGIT A TFVWSa@ gnGrS @BADC
tWCQTQ@HVWZ / g[SLP � � � g[SLP 7 � g[SLP 7 g[SLP'/ ZHCFEOm CQTQ@HGItWC��I\ g[ZOCB *SLV ^.S(g[E�@HALC '�-�3�/D& *�
 ��8FE
( & *M8;$���@HALCC8;' 0 � *
&�( & *M8;$qg[SLP @HALC 0�$)3 
 � 1�9 ��8FE8( & *M8;$��>u ALC GISa@BCFZOCFE @BCFPRZHCFg[PLCQZ GrEbZOCQXYCFZOZHCQPU@HV
� 3 ! XYVWZ�g�PLCQ@Bg[G��ICFP�C9�Dm�� g[Skgl@BGrV[SG�

��������� ������),����� � � 	 � � �#)*� 
�!	� � ��� ����� 
 % ����( ��� ��� )

u ALC�VWEOTFJ��rgn@BGISLd1m�� g[SLCQE V[X g TQJLZOt[C�M1g{\RCFSat[C��rV[m CQPyg2PLCQt[C��rV[mkg[K��IC�EHJLZ X g[TFC>��c�CQtWC��rVWmLg[K��rC
EHJDZOX g[TQCFE TFg[S g>�rEHVNK C�PDC'&kSLCQP JLEHGISLd @BALC�EHmLADCFZHGIT{g
�/GIM1g[d[Ceg[SLPw@HALC�dag[JLEOEHG gnSwTQJLZOtngn@HJLZHC�V[X
g�EHJLZ X g[TFC>�

u ALZHV[JLdWA(@HALC2TQCFSa@BZOC1V[XbgwJLSDGI@�EHmLADCFZHCN^qC2PLZBg{^ @HALC1PDG g[MNCQ@HCFZHE @HAkgn@ g[ZHCNmkg[ZHg
���IC�� @HV
@BADC tng[ZOGrVWJDE SLVWZHM2g
�IE�V[X @BALC EHJDZOX g[TQCN^ CNg[ZHC EO@HJLPD\�GrSDd�� ?b@ V[SLC m VWGISa@ V[X @BALC EHJDZOX g[TQCN^ C
T ALV�VWEHC.VWSDC V[X @HALC @]^qV�PLGIZHCFT @BGIVWSLE9VWS�@HALC.SLVWZHM2g
�Dg[ZHKLG_@BZHg[ZHG��I\�g[SLP�@HALCFSNC���@BCQSLP2@HALGrE>T ADVWGrTQC
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V[X=g�SLVWZOM1g>� PLGIZHCFT @BGIVWS TFV[S*@HGrS*JLVWJDE �I\2@BV g
��� @HALC SLCQGrdWA*K VWJLZHGISLd�m VWGrSa@HEbV[X/@BALC EOJLZOX gnTFC
�L@HA*JLE
VWKD@Bg[GrSDGrSLd g PLC4&kSLGI@HC�EHCQSLEHCwVWS g
���q@HALCUSLVWZOM1g
�IE�� � \�T ALV�VWEHGISLd @BALCUEHg[M2CUEOCFSLEOCwVWS�@BADC
TFV[ZHZHCQEHm VWSLPLGISLd PLGrg[MNCQ@BCQZ V[X @BALC�EOmLALCQZHC
� ^ C�g[EOEHGIdWS g1PLC4&kSLG_@BC�m VWGrSa@ VWS @BADC EHmDALCFZOC G�@HALC
CFSDP F m VWGrSa@eV[X @BALC PLGIZHCQTQ@BCQPyPDG g[MNCQ@HCFZ�G"@BV�C tWCFZ \ m V[GrSa@ V[X VWJLZeEHJDZOX g[TQC
� u A*JLE�^ C Akg{tWC2g
M2g[mLmLGISLd V[X @HALC�EHJLZ X g[TFC�V[S*@HV @BALC�EOmLALCQZHC
�yu ALGrE mLZHV�TFCQEHE�� PLJLC @HV j gnJLEHE�� GIE TFg
���ICFP0@BADC
- (.7�$�0 � 3 *
&�0�$ ( 0�$)-�$�8 
 *�
 � '�8RV[X @HALC EHJLZ X g[TFC>� u ALC2GIM1gndWC�V[Xqg�EHJLZ X g[TFC VWZeV[Xqg�TFJLZ tWCNPLZBg{^.S
VWS @HALC�EHmDALCFZOCNGIE ZOCQXYCFZOZHCQP @HV�g[E @HALC - (.7�$�0 � 3 *
&LVWZ�� *
/,-)- � *M8 ��8 "�� 3 *�
 0 � ��V[X>@BADC�EHJLZ X g[TFC�V[Z
V[X @BALCeTQJLZOt[C
� ? SRC��Dg[MNm��rC GIE EHALV ^.ShGIS � GrdWJDZHC*�D� |D�

a unit spherea circular cone

the cone

indicatrix of

The spherical 

� GIdWJLZHC �D� | �>u ALC EOmLALCQZHGrTFg
��GrSDPLGrTFgn@BZOG �2V[X gNTQVWSLC
�

? Sa\wT��rV[EHCFPhTFJLZ tWC��wV[Sh@BALC VWZHGIdWGrSLg
� EHJDZOX g[TQC�GrE�ZHCQmLZHCQEHCFSa@HCFP K*\wg1T��rVWEOCFP TQJLZOt[C���� VWS
@BADC EOmLALCFZOC
� ? C PDGIt�GrPLCb@HALC g[ZHCFg ��CQSLT��IVWEHCQP1Ka\�� � VWS @BALC�EHmLADCFZHC Ka\�@BALC�g[ZOC{g���CFSLT��rVWEOCFP
Ka\	� VWS(@HALC1EOJLZOX g[TQC g[SDP(@BALCQS0EHADZHGrS� @HALC1TQJLZOt[C
� PLV ^.S0@HV gwm VWGIS*@ ��V[Xq@BALC2EHJLZ X g[TFC>�
? E.@BADC�g[ZOC{g�� g[mLmLZOVag[T ALCQE CFCQZHV�� EHV2PLV�CFE.@BALC g[ZHCFg �4� g[SLPw@HALCFGIZ.`�JDV[@BGICFSa@�gnmLmLZHVWg[T ALCFE g
PLC4&kSLGI@HC8�rGrMNGI@
� �

�IGrM
��� "

�

� " � �
u ALCeS*JLM�K CFZ�� PLC'&LSLCFPRGrS�@BADGrEq^qg{\�GrE TFg
���ICFP1@HALC
� *
/ -)- � *M8 3�/�09% *�
 /�0�$bVnX @HALCeEHJLZ X g[TFCegl@
�!�

u ALC j g[JDEHEHGrg[S�TFJDZOtngn@BJDZHCeAkg[E @BADC�GIM2m VWZ @ g[Sa@bmDZHVWm CFZ @]\�V[X=ZHCFM2g[GISLGrSLd GrSatng[ZHGrg[Sa@bGIX @BADC
EHJDZOX g[TQC GrEpEOJLK�<OCFT @BCQP @BV�gnS g[ZOKLGI@HZBg[Z \�K CQSLPLGISLd.�K("! �9? +�$�8 "���8FE�GrEpPLC4&kSLCQPUg[EqgnS*\ PDCQXYVWZOM1g �
@BGIVWShXYVWZ�^.ALGrT A @HALC�g[ZOT��ICFSLd[@HALE g[SDP g[SLd��ICFE VnX g
���/TFJDZOtWCQEePLZBg{^.S VWS @HALC�EHJDZOX g[TQC�g[ZHC��rCQX @
GrSatng[ZOG g[Sa@��

ub^qV2EHJLZ X g[TFCQE @BAkgn@.TFg[SRK C @BZHg[SLE XYVWZHMNCFPUGrSa@HV�C{g[T ARV[@BADCFZ.Ka\�K CQSLPLGISLdNg[ZHCeT{g>���rCQP 	Hg[mD�
m��IGrT{gnK��rC�� 5Y@HALCQ\UTFg[SwK C�	Hg[mLm��rGrCQP�� 7>@BVNC{g[T ARV[@BADCFZ��
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u ALCQZHCeGrE g�d[CFSLCQZBg
� @HALCFV[ZHCFM @BAkgl@.EO@ gl@BCFEb@HAkgn@.g�EOJLZOX gnTFCeV[X TFVWSDEO@ gnS*@ j g[JLEOEHGrg[S�TFJLZ tngn@BJLZOC
T{gnS�K Cq@HZBg[SDEOXYVWZOM2CQPG�WKa\ K CFSDPLGrSLd��WGrSa@BV�g[Sa\�V[@HALCFZ=EHJLZ X g[TFC V[Xk@HALCbEHg[M2CqTFVWSLE @ g[Sa@ j g[JLEOEHGrg[S
TFJDZOtngn@BJDZHC
��g[E ��G��rK CFZ @pm V[GrSa@BE>VWJ�@ GIS ��( ! � : @pXYV����rV ^.E9XYZHV[M&@BADGrE9@BADCFVWZOCFM @BALgn@ CQtWCQZO\ EOJLZOX g[TQC
^.ALVWEOC TFJLZ tngn@BJLZOC tng[SLGrEOALCFEUgl@�CQt[CFZO\"m VWGISa@�T{g[S�K C TFV[SLEO@HZHJLT @BCFP Ka\"K CFSLPDGrSLd�g0m��rg[Skg[Z
ZHCQdWGrV[SG�>u ALCFEOC EOJLZOX gnTFCFE g[ZOC T{g
���rCFP "�$�%
$�&�')(�*,+�&�$ -�/D021�*�3)$)-��

a generator
�=GrdWJLZOC��D��@�� j CQSLCFZHgn@BV[ZHE.V[X g PDCQtWC��rVWmLg[K��rCeEOJLZOX g[TQC
�

� @BALCQZb@BAkg[SUK CFSLPDGrSLd g�m��rg[Skg[ZqZHCFd[GrVWSG��@BALCQZHCeg[ZOC�@]^qV V[@HALCFZb^qg{\�E�VnX=V[KD@ g[GISLGrSDd�PLCQt[C�� �
VWmkgnK��rCNEHJLZ X g[TFCQE��1)9tWCFZ \(EOJLZOX gnTFC1CQSatWC��IVWm CFP�Ka\ygwVWSLC F mkg[ZHg[MNCQ@BCQZ�X gnM2G��I\ VnX m�� gnSLCFE�GrE g
PLC tWC��IVWmkg[K��rC�EOJLZOX g[TQC
��u ADC�t[gnZHG gnK��rCem��rg[SLC GIE @Bg[SLdWCQS*@ @BV EOJLT A g1EHJLZ X g[TFC g>�rVWSLd1g[S CQS*@HGrZOC
EO@HZBg[GIdWAa@ �rGrSDCe@HAkgn@ GrE.VWKD@Bg[GrSDCFP gnE�@HALC#�IGrMNGI@HGrSLd�m VWEOGI@BGIVWSUV[X @HALC��IGrSLC GISw^.ALGIT Aw@]^ V SLCQGrdWAD�
K VWJLZHGISLdRm�� g[SDCFE GISa@BCFZOEHCQTQ@��hi�GISLTFC @BALCN@BV[@Bg
�rG_@]\ V[Xb@HALCFEOC1E @BZBgnGrdWAa@#�rGrSDCFE�TFV tWCQZHE @HALC1CQS*@HGrZOC
EHJDZOX g[TQC gnE�EOALV ^.ShGIS	�=GrdWJLZOC*�D��@��L^ C�TFg
��� @BALCQM E�$�8;$�0 *�
@' 0�-qV[X=@HALCeEHJLZ X g[TFC �K("! �

� CFTFg[JLEOC�@BALZOCFC�m��rg[SLCFE g
�I^qg{\�E�Akg{tWC g1m VWGIS*@ V[XpGrSa@HCFZHEOCFT @BGrV[SG� 5YmLZHV t�GrPLCQP @BAkgl@ mkg[ZHg
���IC��
m��rg[SLCFE g[ZOC ZHCQdag[ZHPDCFP2g[Epm�� g[SDCFE9@BALgn@ Akg{tWC g[S GrSa@BCQZHEHCQTQ@HGrVWS2gn@pGrS &kSLGI@]\
� 79G_@>GrE>m��rg[JLEOGrK��ICq@BAkgl@
g[Sa\�@]^ V.SLCFGIdWA*K VWJDZHGrSDd dWCFSLCQZBgn@HVWZHE�VnXLg PLC tWC��IVWmkg[K��rC>EHJDZOX g[TQC>EHALVWJ��rPeAkg{tWC g TFVWMNMNVWS m V[GrSa@��
u ALGIENX g[T @ �IC{g[PDE2JLEN@BV @BALGIZHP M2C @BALV�P VnX TFVWSDEO@BZOJLTQ@HGrSLd @BALCwPLCQt[C��IVWmkg[K��ICwEOJLZOX gnTFCFE��;u ALC
m VWGrSa@BE VnXqGIS*@HCFZOEHCFT @BGIVWSyVnXqTQVWSLEHCQTFJD@HGIt[C2E @BZBgnGrdWAa@8�rGISLCFE PDCFEHTQZHGIK CNgUTFJLZ tWC
�Nu ALC dWCQSLCFZHgn@BVWZOE
MNCFCQ@ @BALC EHmkgnTFC TQJLZOt[C @ gnSLdWCFSa@HG g
���I\�� u A*JLE�� ^ C MNGrdWAa@ g
�rEOV1PLC4&kSLC�gNPLCQt[C��IVWmkg[K��IC EOJLZOX g[TQC
g[E>@BADC�EOJLZOX gnTFC.EO^ CFmD@ VWJD@ Ka\�@HALC @ g[SLd[CFSa@BEpV[X g[SNg[ZHKLG_@BZHg[ZO\ @]^.GrEO@HCFPNTFJLZ tWC>� i�JLT A g EOJLZOX g[TQC
T{gnS(K C2ZOCFmLZOCFEHCQSa@BCFP�JDEHGrSDd )>`*Jkgn@BGIVWS �D�IxNGrS @BADC1ZHJ��rCFP EHJDZOX g[TQC1PLC4&kSLGI@HGrVWS;� :]Sy@HALGrEeTFg[EHC>�
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@BADCe@]^.GIEO@HCFPRTFJLZ tWC�GrE 
 5�� 7�� g[SDPR@HALCedWCFSLCQZBgn@HVWZHE�g[ZOC0� 5�� 7 " K 
 5�� 7�S K �9� i�GISLTFC
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A �

Ka\
)>`*Jkgn@HGrVWS
�D���D�=@HALC1ZOCFEHJ��I@BGISLdhEOJLZOX gnTFC GIE PLC tWC��rVWmkgnK��rC>� oqVWSDEHGrPDCFZHCQP0GrS @BALGIE��IGrdWAa@��/@BADC
ZHCQEHJ��_@BGISLd PLCQt[C��rV[mkg[K��ICwEOJLZOX g[TQCwGIE4 �SDV ^.S g[E @BALC 
 *M8FE�$�8 
 � *
& "�$�%
$�&�')(�*,+�&�$B-�/D021�*�3)$�VnX @BADC
TFJDZOtWC>� ?b@ @HALC1EHg[MNC2@BGIM2C>� @HALC1EOJLZOX gnTFC GIE g
�IEHVwCFSatWC��rVWm CFP�Ka\ @BALC2VWEHTQJ�� gn@HGrSLdwm�� gnSLCFE�V[X
@BADC1TFJDZOtWC>� ��V[@BC @BALgn@ XYV[Z MNVWEO@ TFV[SLCFE g[SLP0T \D�IGrSLPDCFZHE�� VWSDC2TFg[S0SLV[@�&kSLP0gwEHmLg[TFC2TFJLZ tWC
^.ALVWEOC�@Bg[SLdWCQSa@BE EO^ CFCFm�V[JD@p@BALC.TFV[SLC V[Z T \��rGrSDPLCFZ�� ��S��I\ XYVWZ>@BALC�TFVWSDCFE g[SLPNTQ\��rGISLPLCFZOEpPLV�CQE
@BADGrE9ZOCFmLZOCFEHCQSa@ gn@HGrVWS�X g[G�� � ^.ALCFZOC{g[E9@HALC mLZHCQTFCQPLGrSLd MNCQ@HALV�P�V[X dWCFSDCFZBgl@BGrV[S�VWKat�GIVWJLE �I\ g[mLm��IGrCFE
@BV�@HALCFM gnE�^qC����pg[E�@HVU@HALC V[@BADCFZ PLC tWC��IVWmkg[K��rC�EHJDZOX g[TQCFE��4:]S EHVWMNC�T{gnEHCFE�� @HALC�dWCQSLCFZHgn@BVWZOE
CFSat[C��rV[m1g�EOmkg[TFC.TQJLZOt[C gn@ ^.ALGrT A�@BADC�PDCQtWC��rVWmLg[K��rC EOJLZOX gnTFC Akg[Epg EOAkg[ZHm CQPLdWC.T{g
���rCQP $ " E�$ '@1
0�$ E
0�$)-)- � '�82VWZ 3�/,- ( � ",*
&�$ " E�$�� g[E�EHALV ^.S GIS	�=GrdWJLZOC �D�.(�� u ALC GrSa@BCQZHCQEO@BCQPhZOC{g[PLCQZ GIE.ZHCQXYCQZHZOCFP
@BV �K("!�XYVWZ.g�PLC @ g[G��rCFPUC9�Dm�� g[Skgl@BGrV[SG�

� Grd[JLZHC��D��(
�>? SwCQPLdWCeV[X=ZHCFd[ZHCFEOEHGIVWSwVnX9g�PLC tWC��IVWmkg[K��rCeEHJLZ X g[TFC>�

�kZHVWM @BALCNg[K V tWC M2C @BALV�PLE V[X ZHCQmLZHCQEHCQS*@Bgn@BGIVWSG�/VWSLC TFg[S &kSLP @BALC EHmDALCFZOGrT{g>�9GrM2g[dWCQE�V[X
g
��� @HALC�PLCQt[C��IVWmkg[K��IC�EHJLZ X g[TFCQE ^.GI@BA @HALC�C9�DTQCFmD@HGrVWS V[Xp@BADC�m�� gnSLC
��u ALC�CFSat[C��rV[mLGrSLdUm��rg[SLCQE
TFV[SLEO@HGI@BJ�@BC @HALC @HV[@ g>�rGI@]\�V[Xkm��rg[SLCFE @ g[SDdWCFSa@ @HV @HALCqEOJLZOX g[TQCFE�� � CQSLTFC>�*g
���a@BADC @ gnSLdWCFSa@ m�� g[SDCFE��
g[SLP �rG� [C ^.GrEHC g>��� @HALC SLVWZOM1g
�IE���TFVWSDEO@BG_@BJD@HC g�X gnM2G��I\ PLCFm CFSDPLGrSLd VWS VWS��_\ '�8;$2t[gnZHG gnK��rC
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mkg[ZHg[MNCQ@BCQZ�� u ADCFZHC XYVWZHC>�9@BALC1EHmLALCQZHGIT{g
� GrSLPLGIT{gn@HZHG � V[X�ghPLC tWC��IVWmkg[K��rC EOJLZOX g[TQC GrE g
�I^qg{\�E�g
TFJDZOtWC>� u ADC EOmLALCFZOGrTFg
��GrM2g[dWC�VnX9g�EHJDZOX g[TQC�VnX tng[SLGIEHALGISLd j gnJLEHEOG g[SUTFJDZOtngn@BJDZHCePLCFd[CFSLCQZBgn@HCFE
GrSa@HV�g�TFJLZ tWC>� : @bGrMNm��rGICFEp@BAkgn@ @BALC EOmLALCQZHGrTFg
� GIM1gndWC VnX=C tWCQZO\ ZOCFdWGIVWS V[X EOJLT ARg�EHJLZ X g[TFC AkgnE
CFCQZHV2g[ZHCFg��>u ALGIE�GIEb@BV K C�C9��m CQTQ@BCQPhXYZHV[M @BADC�PDC'&kSLG_@BGIVWS�V[X j g[JLEOEHGrg[SUTFJLZ t[gl@BJLZOC
�

� \ @BALC2PLC'&LSLGI@HGrVWSyg[SLPyGrSa@BZOGrSLEOGrT mLZHV[m CQZO@BGICFE�V[X PLC tWC��rVWmkgnK��rC2EHJLZ X g[TFCQE��>gRPLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQCNTFg[S K C�ZOV����ICFP V[JD@ VWSa@BVRg�m��rg[SLC ^.G_@BALVWJ�@ EO@HZHCQ@HT ALGrSDdRV[Z�@BC{gnZHGrSDd��#:]S @HALCFVWZ \���@BADC
�rCQSLd[@HA"V[X�g[Sa\"TQJLZOt[C PLZBg{^.S;VWS @HALC EOJLZOX g[TQC ZHCQM1g[GISLE2@HALC EHg[M2C>��g[SLP"@BADC g[ZHCFg(V[Xe@BADC
PLC tWC��IVWmkg[K��rCeEHJLZ X g[TFC�g
�IEHV ZHCQM1gnGrSLEq@HALCeEBg[MNCI��( ! �

��������� � ���&� � � $

:]S�� zK! ��� CFZHd[VWEHGICFSG� j V[@HV�PLg g[SLP��eJDSLGrG*TFV[SLEO@HZHJLT @>PLCQt[C��IVWmkg[K��ICqEOJLZOX g[TQCFE9JDEHGrSDd @BALC X g[TQ@=@BAkgl@
CQt[CFZ \2EOJLZOX gnTFC CQSatWC��IVWm CFP1Ka\2geVWSLC F mkg[ZBgnM2C @BCFZ>X g[MNG��_\ VnX m��rg[SLCFEpGIE gePLC tWC��IVWmkg[K��rC�EHJLZ X g[TFC>�
u ALC \UEHGrM J�� gn@HC @BADC�K CFSDPLGrSLd V[X=g PLCQt[C��IVWmkg[K��IC EHJLZ X g[TFCeV tWCQZ�@HGrMNC
� K*\RgnmLm��I\�GISLd�C���@BCQZHSkg>�
XYVWZOTFCFEpgnSLP GrSa@BCQZHSkg
��XYVWZHTQCFE9@BV�@HALC PLC tWC��IVWmkg[K��rC EHJDZOX g[TQC
�>u ALCQGrZ9E \�E @BCQM �rCQ@ @BALC JLEOCFZpEHm CFTQGIX \
@BADC�C9��@BCFZOSkg
��XYVWZOTFCFE�gn@�gnS*\1@BGrMNC��9� ? Ce^.G���� PLCFEOTFZHGIK C � zK!�GrSUPLC @ g[G�� GrSwi�CQTQ@HGrVWS 3��K3��

j G_tWCQS�gw@]^.GrE @BCQP�TFJLZ tWC
�pG_@ GIE C{gnEO\ @BV TQVWM2mDJD@BCN@BALC PDCQtWC��rVWmLg[K��rC2EHJLZ X g[TFC1EO^ CFmD@ VWJ�@
Ka\U@BALC�@ g[SLd[CFSa@BE�VnX9@BALC TFJLZ tWC>� � V ^ CQt[CFZ�� ^.ALCFS gNJLEHCQZ�GrE�mLZHCQEHCQS*@HCFP ^.G_@BA gNPLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQC
� PLCQ@HCFZOM2GISLGrSLd�@HALCe@]^.GrEO@HCFPRTFJLZ tWC�^.ALVWEHCe@ gnSLdWCFSa@HE E ^qCQCFmLE VWJD@.@BALGIE.EHJLZ X g[TFC�GrE SLVn@
C{gnEO\��

? C�^.G����kM1g
 nC JDEHC VnX @BALC mLZHV[m CQZO@BGICFE V[X PDCQtWC��rVWmLg[K��rC EHJLZ X g[TFCQEqGIS1VWJLZ SLC ^;PLCQt[C��rV[mkg[K��IC
EHJDZOX g[TQC ZHCQmLZHCQEHCQS*@Bgn@BGIVWS1@HCFT ALSLGI`*JLC
�kgnSLP2@HALGrE SLCQ^�@HCFT ALSDGr`*JLC ^.G����kK C mLZOCFEOCFSa@BCQP�GrS1T ALg[mD@BCQZ
|D� :]S"@HALC SLC9��@ T Akg[mD@HCFZ��.^ C ^.G����.GIS*@HZHV�PLJLTQC � AC�CQGrCQZ TFJLZ tWCQEUg[SLP�EHJDZOX g[TQCFE�GrS @BALC SDC���@
T Akg[m�@BCFZ�� g[SLP�@BALC \�^.G���� K C�JDEHCFPwGrSUg[SRGrMNm��ICFMNCFSa@ gn@HGrVWS2V[X=VWJLZ.SLCQ^�@BCQT ALSLGr`*JLC>�
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:]S x zI@E�D��mLg[ZBg[MNCQ@HZHGIT�TFJLZ tWCQE�^qg[E�PLCQt[C��rV[m CQPyKa\ � AC�CFGrCQZ�� g[S CFSDdWGrSLCQCFZ�gn@�0 ACFdWGIC 0�CQSkg[J��_@��
XYVWZNJLEHChGrS"gnmLmLZHV���GrM2gn@HGrVWSG� u ALCFEOCh@BCQT ALSLGr`*JLCQE�K CQT{g[MNCw@HALChM2gn@HALCFM2gn@BGIT{g
� XYVWJLSLPkgl@BGrV[S
V[X s � : i s 0 � �.g�PLCFEOGrdWS;E \�E @BCQM XYV[Z�TFJLZ tWCFEwg[SLP;XYZHCQC�� XYVWZHM EHJLZ X g[TFCQE�� ^.ALGIT A�ALg[EUK CQCFS
CFE @ g[K��rGrEOALCFPwgn@ 0.CFSkgnJ��I@.GIS x{zE(I�D�

? CUT ALV�VWEOCR@HV JDEHC �BAC�CQGrCFZ TQJLZOt[CFENGrS�VWJLZ PLC tWC��IVWmkg[K��rC�EHJDZOX g[TQCFENM2V�PLC����rGISLdh@BV�V�� � :]S
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control
points

cross 

curve

(a) Divide the surface into a number of pieces.

A developable surface 

surface piece number

(b) Define the shape of each surface piece
by a generalized cone.

section

4

5

generalized cones

cross section editor

3

(c) Use piecewise continuous Bezier curves
to define a cross section of a generalized cone.

1
2

4

5

3
1

2
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cone fcone scone p

surfacesurfacesurface

a developable surface

cross section b

piece n-1piece 1piece 0

apex k
cross section w cross section k

apex b apex w
(level 1)

(level 2)

(level 3)

(level 4)
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A general cone in 3D

Surface Piece in 2D

flatten out the cone

represents the generator

IN 2D

of the developable surface
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where t is in [0,a].
can be parametrized in terms of t,
Note:  The cross section of the cone
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