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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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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�$ E0�$)-)- � '�82VWZ 3�/,- ( � ",*&�$ " 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



� ��� � ��������	�������	�� �
� ��		��	�� �C� ����� 	 ������� � ��	�� x5�

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
VWJLZ�SLC ^ M2V�PLC����rGISLd�EO\�E @BCFM �=@HCFSLEOVWZ mDZHV�PLJLTQ@ � AC�CFGrCQZ EOJLZOX gnTFCFE g[ZHC JLEOCFP(@HV g[mDmLZHV���GrM2gn@BC
gUmkg[ZO@HGrTQJ�� g[Z T�� gnEHEeV[X PLCQt[C��rV[mkg[K��ICNEOJLZOX gnTFCFE�� i�VwGIS @HALGrEeT AkgnmD@BCQZ��/^qC ^.G���� KLZOGrC�D\ ZHC t�GICQ^
@BADC�PLC'&LSLGI@HGrVWSLEqg[SLP KLg[EHGIT�TFVWSDTFCFm�@BE ZHC�� gn@HCFP1@HV � AC�CFGrCQZbTFJDZOtWCQE.g[SLP @HCFSLEOVWZ � mLZHV�PLJLT @ � AC�CQGrCQZ
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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
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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

�3 ABQL!.�,��?W ¤ 2�HM'H)!)! A�!B8Ij,\��2^,/,1�a'U$1<H�!,�'H�!>M'8"6L!.6RT'*$1,�)! #,/$1,o #�M  4`W

. "4"��!<g2f�_ A�C�3 ABQL!.�,��dW ¤ 0n2f�!,1�9'�$1<Q�!,r #"3I�'*�6�-,1�+,1>_<QL+�10?RV<H.^'xBH P ,/�C)K<Q #�7�c<Q�����!,�"6L!.6RT'H$/,
)! A,1$1,*0j24,`$�'*�y,�'H"6 #@sD9@#<?$�'*��,����!,xBQ,/�!,1.�'*�-<H.�)('H"6"� A�!B��-�+.�<QL!BH�� A�1W%J^@A,�'H.6@ADH0�2f�+,1�y�-�+,x$1<H�!,
 #"�I�'F���-,/�!,1>�<QL+��0(���!,GL+"�,1. N�"6)j,/$1 A[!,1>y$/.�<Q"6"�"�,/$/�� #<Q��$1<Q.6.�,/"�)K<Q�!>!"���<�'8)!@#'H�!,�$1L!. P ,HW�e �+,1�
KML9NPO!Q�RTSVUTUUWOXQ.YTZ[S]\^Q�_A\4`aO�Z[\VYTO�Rb_cQ.YTZ[d]O�egfihjO�UTZ[k]\POXh4_]UUTNPS 9 \4Z[\ml�ZgkcnPRbO!ojp[qcrsQ�t L S]RuZvY�UuQ�S]\VYTRbS]exwyScZg\VYbU

Q�_]\(`aO3UTwyOXQMZgz{O�hiZ[\%_�UbQMRbZgwPY�zyegOcp



����� ��$+�,�"!#�"� ��� 
 ��
.$ ��� $��������� � ¤

24,�'H.6,9>!,�'H@A #�!By2f s�-��'aBQ,1�+,1.-'*@# #�/,1>�$1<Q�+,H0^ s�U #"8>! ��=$1L!@s�`�-<t2f.� s�-,_>!<g2f� 'a$/@#<Q"6,1> RV<Q.�:
RV<Q.6:`L!@v'�RV<Q.��-�! A"�)!@#'H�!,o$1L+. P ,*W��i<g2^, P ,1./0(2^,%:5'gD�L!"�,�'U"6D?"S�-,1: <*R3>! �� ,/.�,/�n�� v'H@j,1�nL('*�� #<Q�+"
'H�!>Y"�<H@ P ,U���!,8)!.�<QI+@#,1:��?L+:5,/.� #$1'H@#@sDQWxe�,=$�'H�Y$�'H@A$1L!@#'*�-,G�-�!,="�L!.SRT'H$1,8)!.6<H[(@A,=I7Da:5'Hmn #�+B
�-�+,%RV<H@#@#<g2f A�!B`<QI!"6,1. P 'F�- #<H�!"1W

� �����,
	 �������� 	  �� �l�+,U$1L!. P 'F�-L!.6,������6�\0X�-�+,8'H�!BQL!@#'H. P ,1@A<d$/ A��D��� ���6�k'*�!>a�-�!,U"6)j,/,1>
�� ���6�^<*R3�-�+ #"l)!@#'H�!,o$1L+. P ,G'H.6,�$/<Q�!�!,/$/��,1>�I7DC���!,%"� A:5)!@A,k.�,/@v'*�� #<Q�

�� ���6��� �� ���6� �����6�"!

#�.�<?<HR&2%$4DC,1�nL('*�� #<Q�M dW ¤
�&�(' �

' �
�)' �

' �
' �
' �

� ��
�� !

*

� �����,
	 �������� 	 � 2��l�+, P ,1@A<d$/ A��Dy'*�%'C)K<Q #�7�=��+¢���6�", -X���6���r<Q�y���!,U)!@#'H�!,`$/L!. P ,= A"k>!,ON
"6$1.� AIj,/>MI7DC���!,%,1�nL('*�� #<Q�

�+¢���6�.� �� ���6�+$1<H" � ���6�

�-j���6�.� �� ���6�+"� A� � ���6�"!
#�.�<?<HR&2%$4D9 dW � 'H�+>y dW �d0

' +
' �

� $/<Q" �
'H�+>

' -
' �

� "6 #� � !
HML+@A�- A)!@AD? A�!B`IK<H�-�9"� A>!,1"f<HR¢,�'*$&��,1�nL('F�- #<H��I7D0/21/43 0!'H"�"6L!:5 A�!B5/21/4376� � 0!24,�<HI+�&'H A�

' +
' �

� ' �
' �
$1<H" �

'H�+>
' -
' �

�)' �
' �
"� A� � !

*



�3� �����	��
��������������������� �"!#!%$&�(')�"�*$+�,$-
.$0/1�

�l�!,1.6,/RV<Q.6,H0]24,C$�'*�Z>!,/��,1.6:5 A�!,=���!,�)+.�<H[(@A,5<*R��-�! A"x)!@#'H�!,=$1L!. P ,CL+"� #�+B��-�!,5"6D?"6��,1: <HR
>! �� ,/.�,1�7�� v'H@X,/�nL('*�- A<Q�!" �

������
�� ���6�
�+¢���6�
�- ���6�

�������
�

�

�
������

�� ���6� �����6�
�� ���6�+$1<Q" � ���6�
�� ���6�+"� A� � ���6�

�������
�

'H@A<Q�!B`2f A���_�-�!,% #�+ A�- #'H@ P '*@#L!,/" �
������
� � � �
+¢� � �
-X� � �

� �����
�

�

�
������
���
+ �
- �

� �����
�

!

�r<H��,G���('*� �����6�r$�'H��Ij,G<QI+�&'* #�!,/>yL!"� A�!B�,/�nL('*�- A<Q� � Ws�U'H�+>5�����6� � �
	�W . "�:=,1�7�� #<Q�!,/>
,�'*.�@# A,1./0j�-�+,=$/L!. P '*��L!.�,8'F�o)j<H #�7���Y<HR4'_$1L!. P ,8<Q�a�-�!,U>+, P ,/@#<Q)K,1>Y"�L+.6RT'H$/,U #"o,1�nL('*@3�-<_�-�+,
$1L+. P '*�-L+.�,�<*RX�-�!,i)!.6<�6,1$\�- #<H��<HRX���!,i<Q.� ABQ #�('*@!$1L!. P ,k<H�n��<G���!,r�-'H�!BQ,/�n�4)!@#'H�!,i<HRX�-�+,r"6L!.6RT'H$/,
'*����W

��������� ��	�
� �������! %�x	�� ?%��	 	��%
 �,G G�
��$
��M�$�%2����M
 �(?%��@A2B�C


&r"6 #�!B%�-�+,k  4 :5'H)!)! A�!B%"��!<g2f�� A���¢ #BQL!.6,i�dW ¤ 072^,i$�'H�8[(�!> 0?RV<Q.q,1'H$&��)K<Q #�7�q<Q�8�-�+,r"6L!.6RT'H$/,
)! A,1$1,*07 A��"]$1<QL+�n��,1.6)('H.6�q<H�8���!,l$1<H�!,HW �? #�!$/,l,�'H$&�8$1<H�!,l #"]>+,/[(�!,/>5 A�U A��"]<g2f� ¤ 4 $/<d<H.�>! A�('*�-,
"6D?"S�-,1:�0+24,o$�'H�9.6,1)!.6,1"�,/�7�l�-�!,o.6 #I!IK<Q�C)! A,1$/,k #�����! #" ¤ 4�@#<?$�'H@K$1<?<Q.6>! #�('F�-,�"SD?"6�-,/: 'H"�24,1@A@wW

�r,Oud�10324,5�!,/,1>J��<�)K<Q"� s�- A<Q�a�-�!,="�L!.SRT'H$1,=)! A,1$1,= #�t�-�+, ¤ 4;2^<Q.6@#>Y$1<?<Q.�>+ #�('*��,8"6D?"6��,1:�W
J^L!.6.�,1�7��@ADQ0c�-�!,_"SD?"6�-,/:  #"U"�,\�=L!)��-<t>!,�'*@�2f A�-� "6,1�nL!,1�7�� v'H@l>!, P ,/@#<Q)('*I!@#,9"�L+.6RT'H$/,�)+ #,1$/,1"/W
��,/�f�-�+,G>!, P ,/@#<Q)('*I!@#,%"�L+.6RT'H$/,G)! A,1$/,1"iIj,%�nL!:`IK,1.6,1> � ,�� ,O  , ! !�! ,���� �Q0�'H�!>9�-�+,G@#'H"6�f"6L!.6RT'H$/,
BQ,/�!,1.�'*�-<Q.f<HRb�-�+,�� 3! "6L!.6RT'H$/,G)+ #,1$/,% #"��-�+,%[!.�"6�i"6L!.6RT'H$/,GBH,1�!,/.-'*��<Q.f<HR¢���!,5�"�$# ��� 1�3 "6L!.6RT'H$/,
)! A,1$1,*W

�¢<�)+.�<Q)K,1.6@AD�$1<Q�+�!,1$\�_�-�!,���24< 'H>��'*$1,1�7�_"6L!.6RT'*$1,a)! A,1$1,/"10l24,y2�'H�7�C���!,y"6�('H.�,/> "�L!. N
RT'H$/,`BQ,1�+,1.-'F�-<Q.���<_Ij,x$1<Q.6.�,1$\�-@sDa'H@A #BQ�!,/>y'H�+>y�-�!,U"6L!.6RT'H$/,U�!<Q.6:�'H@A"r<*R4,1'H$&�t)! #,/$1,U'F�k�-�('F�
IK<QL!�!>('*.6Dy��<�IK,U)('H.�'H@#@A,1@�W . L!�+ #�nL!,8@# A�!,�'H.i�-.�'H�!"6RV<H.�:5'*�- A<Q�y:5'*�-.6 su�$�'H�YIj,U>+,/�-,/.�:= #�!,/>
L!"6 #�!BC���!,1"6,=$/<Q�!"S�-.-'* #�7�-"/0�"�<_�-�('F�k�-�!,U"6L!.6RT'*$1,U)! A,1$1,%�&#��U #"���.-'H�!"SRV<Q.�:=,1>yRV.6<Q:  A�-"�@#<?$�'H@
$1<?<Q.6>! #�('F�-,`"SDd"S�-,/:  #�7�-<C���!,`24<Q.�@A>a$1<?<Q.�>! A�('*��,`"6D?"6��,1:�Wx�l�!,8<QLd�-)!L+�%<*Rc���! #"�"6�-,/)t #"k�-�+,



����� ��$+�,�"!#�"� ��� 
 ��
.$ ��� $��������� � �

.�,/"�L!@s�- A�!B8>!, P ,1@#<H)('HI!@A,o"�L!.SRT'H$1,G'H"f'U2f�!<Q@#,o A� ¤ 4`W
�l�! #"�"S�-,/)5 A"�'HL+��<Q:�'F�- #$1'H@#@sDo$�'*.�.� A,1>8<QL+�]InDx�-�!,l"SDd"S�-,/:M0?'H�!>8�!<oL+"�,1.q A�!)!L+�� A"].�,/�nL! #.6,1>

'*�l���! #"l"S�-,1) W��

��������� � q ���$ $	��� ?4��	��<�!@ 	��%
 G�
��$
��M�$�%2����M
 �(?%��@A2B�C


�d A�!$1,o24,GL!"6,G)+ #,1$/,/2f A"�,�� ) $1<Q�7�� #�nL!<QL!"f$/L!I! #$ $
	,/�1 A,1.f$1L!. P ,/"r�-<=>!,/"� #BH�����!,%$1.�<H"�"i"�,1$\�- A<Q�
<HR^'_$1<Q�!,='H"6"�<?$1 #'*�-,/>t��<�'9"6L!.6RT'*$1,8)! #,/$1,*0b$/@#,1'H.�@sDQ0�,�'*$&��"6L!.6RT'H$/,8)! #,/$1,8 #"�� ) $1<Q�7�- A�nL!<QL!"/W
$4D8�-�+,k"�L!.SRT'H$1,�$1<Q�!"S�-.6L!$/�� #<Q�C)+.�<?$1,1"6"�>!,/"�$1.6 #IK,1>9'HIK< P ,*0d��24<8'H>��'H$/,1�7�l"�L+.6RT'H$/,�)! A,1$1,/"�6<Q A�
,�'*$&��<*�-�!,/.l'*�f'x$/<Q:=:5<Q��BQ,1�!,/.-'*��<Q.10+'H�!>C���!,o"�L!.SRT'H$1,��!<Q.�:5'H@A"^<HR����!,k��2^<U"6L!.6RT'*$1,o)! A,1$1,/"
'H@A<Q�!B����! #"5BQ,1�+,1.-'F�-<Q.�'H.�,��-�!,y)!'H.-'H@A@#,/@wW ��� <H���!,1.�24<Q.6>!"10l�-�+,a'H>��'H$/,1�7�_"6L!.6RT'H$/,y)! A,1$1,/"
�(' P ,i�-�!,r"-'H:=,f�&'H�!BH,1�7��)!@#'H�!,i'H@A<Q�!B%�-�!,/ #.c"��('H.6,1>CBH,1�!,/.-'*��<Q.1W��i,1�!$/,H0?�-�!,r"�L!.SRT'H$1,r�!<Q.�:5'H@
'H@A<Q�!BC�-�+ #"kIK<QL!�!>!'H.6Da A"� )r$/<Q�7�- #�nL!<HL!"1WU�l�('F�% #:=)!@# A,1"r���('*�o���!,U>!, P ,1@A<Q)('HI!@A,U"�L!.SRT'H$1,8 A"
'H@A"�<�� ) $/<Q�7�- #�nL!<HL!"l'H$/.�<Q"6"^�-�!,rIj<HL!�!>('H.SD�<*R���2^<U'*>��'H$1,/�7�l"�L!.SRT'H$1,�)! #,/$1,HW��l�+,1.�,\RV<Q.�,*0+�-�+,
>!, P ,1@A<Q)('HI+@#,%"�L!.SRT'H$1,%$/<Q�!"6��.�L!$\�-,/>�L!"6 #�!B=<QL!.l:=,/���!<d>9 A"�� )^$1<Q�7�� #�nL!<QL!"/W

�������.� G �M����?%� ���M�$ 

�l�!,o'*Ij< P ,�"6�-,/)!"l'H.6,�L!"6,1>_RV<Q.cBQ,1�+,1.-'*@# #�/,1>C$/<Q�!,/"1Wq���C"�<H:5,r"� #:=)!@A,i$1'H"�,/"10+24,k2f #@A@(Ij,k'HI!@#,
�-<U2f.6 A�-,%>!<g2f�9�-�!,%,Ou+)+@# #$/ A�l,/�nL('*�- A<Q�9<HR3���!,%,1>!BH,�<*R¢���!,%>!, P ,1@#<H)('HI!@A,o"�L!.SRT'H$1,*W

�r<g2
24,5$/<Q�!"6 #>!,/.x'9)j<H@AD?BQ<Q�t #�J  4h2f A��� P ,1.6�� #$/,1"�������� 'H"%"6�!<g2f�Z #�Y�3 ABQL!.�,=�?W � W
�r<*�-,��-�('F��������� ��� 'H�+>�� ����� ��� �����)���4Wb���G���!,q$1<Q�d[(BQL!.�'*�- A<Q�G A� ¤ 4`01�-�+,4)K<Q@AD?BQ<H�
2f.-'*)!"x'*.�<QL!�+>Y���!,5$/ #.6$1L!@#'H.k$1<H�!,5 A�t"�L!$&��'_2^'gDa���('*�%�-�+, ��� 'H�+>!�"� $/<Q #�+$1 #>+,8'H@#<Q�+B
�-�+,5"S�-.-'* #BQ�7�G@# #�+, #��=W J^@#,�'*.�@ADH0$#��  #"�'MBH,1�!,/.-'*��<Q.G<*R��-�!,=$1<H�!,HW9�l�!,5$1 #.6$1L!@#'H.%$1<Q�+,5 A"
"�)K,1$/ A[(,/>ZI7Dt�-�!,�'H)j,Ou!# '*�!>����!,�$/ #.�$/L!@v'*.�$/.�<Q"6"x"6,1$/�� #<Q��$1,/�n��.�,/> '*��#%¢2f s�-�Y.-'H>+ #L!"�&d0
2f�!,/.�,�#'# %  #"l)K,1.�)K,1�+>! #$/L!@v'H.���<U�-�!,%$1 A.�$/L!@v'H.^$1.�<H"�"i"�,1$\�- A<Q��'*�(# % 'H�!>_���!,%>! #"S�&'H�!$/,oRV.�<Q:
# �-<='H�7D_)K<Q A�n�f<H�9���!,%Ij<HL!�!>('H.SD_<HR¢�-�('*�f$/ #.6$1@#,o A"�)�W

eJ,5$�'H��)('H.�'H:5,\�-.6 #�1,`���!,�)K<Q"6 A�- A<Q�t<HR^���!,=)j<Q A�7�'* '*@#<Q�!B9�-�+,5,/>!BQ,
���  A� ¤ 4 2f A���
.�,/"�)K,1$\���-<��-�!,r'H�!BQ@A,�+?0?2f�+,1.�,�+G A"c���!,�'*�!BQ@#,iIK,/��24,1,1�,#�* 'H�!>����!,(#'�  #��  4`0-#'��.���
D0/ UTO�R�UuhPS N{_ d]O!QMS]\VYbRTScexS d]O�RCYTN{O�RbO�e _ YTZ[d]O�wySVUWZgYTZ[S]\m_]\{h4RbO�e _ YbZgdcO3S]RbZgO�\VYb_ YbZgSc\%S21 UTnPR�1 _cQMO3w{ZgOXQMO�U�puL9N{O

Z UTUTnPO,S21�k]e[S]`{_]e QMS]\VYbRTSce 9 Zge[e `yO3hPZ[UbQMn{UbUTO�h%_ Y9YTN{OBO�\{hiS21 YTNPZ U�Q�N{_]wjYTO�R�p



��� �����	��
��������������������� �"!#!%$&�(')�"�*$+�,$-
.$0/1�

G
a

α

θ

Q

O

β

ααA

3D 2D

h
h l

D

B

C

l

α

B
C

O

P

A

a
x

z

P

D

y

r
γ

G
O’

Q

�3 ABQL!.�,o�dW � 2 . "6 #:=)!@#,�>!, P ,1@#<H)('HI!@A,�"6L!.6RT'*$1,HW

 #�Y  4`Wj���a�-�+,=  4h$1<Q�+[!BQL!.-'F�- #<H�X0��a #"����!,U)j,/.�)K,1�!>+ #$1L+@v'H.k>+ #"6�-'H�!$/,`RV.�<Q: �-�!,8'*)j,Ou # ��<
�-�+,�,/>!BQ,���5W . "f<Q�!,%$�'H��"�,/,% #���3 #BHL!.�,��dW � 0

� #'*�� � �
$/<Q" + ,

� � ) + !
J^<Q�!"6 #>!,/.l�-�!,�'H�!BH@#,�� � � ��# %��  A�9���!, ¤ 4 $1<Q�+[!BQL!.-'F�- #<H�X0

� � �
& � ) += 
	

)�� �  
	 +
�

,

2f�!,/.�,� � � ��#'� � 	 �   �  #�   4`W ��,/� ��+�� , -�� ,�������IK,J�-�!,J)j<Q"6 A�� #<Q� <HR
* '*�!>
��+�� , -�� ,������^IK,o�-�!,%)K<Q"� s�- A<Q�_<HR �  #� ¤ 4`W J^@A,�'H.6@ADH0

+��
+�� � � #'*��

) � �
)F$1<Q" + !



����� ��$+�,�"!#�"� ��� 
 ��
.$ ��� $��������� ���

�r,/�!$1,*0

+�� � �
)F$1<Q" + +��

� �
)F$1<Q" + &3$/<Q" �

� �
)F$1<Q" +

) �
 
	 $1<H"

 
	 +
�

� � �
  	%$1<Q" + $/<Q"

 
	 +
�

�d A:5 A@v'H.6@ADQ0724,%$�'H��"��!<g2����('*�

��� � � +
 
	%$/<Q" + "� A�

 
	 +
�

!

�3 A�('H@#@sDQ0n2^,�$�'*��>+,/�-,/.�:= #�!, -��30
-��
- � � � � #'*��� # � � !

�l�!,/.�,/RV<H.�,H0

- � � � �
)*$/<Q" + - �

� � �
)*$/<Q" + )F$1<Q" �

� ���
$1<H" +

� � 	 � �� �
  	

eJ,c$�'*�x.�,/)!.�,/"�,/�n�]'H�7D%)j<H #�7� * <Q�%�-�!,c>!, P ,1@A<Q)('HI!@A,4"6L!.6RT'*$1,cInD%:5'Hmn #�+B �G'i)('*.-'H:=,/��,1.10
2f�!,/.�, ����� ���
	%,�������w0 ����	  A"%���!,=>! #"S�&'H�!$/,=RV.6<Q: #£�-<�����0¢'H�!> ����� A"����!,5>+ #"6�-'H�!$/,
RV.�<H: # �-< ���  A�9  4`Wd�r<g2 2^,k�!' P ,o$1<Q�+"6�-.6L!$/��,1>�'x)('*.-'H:=,/��.� #�1'*�- A<Q�=<HR��-�!,�>!, P ,1@#<H)('HI!@A,
"�L+.6RT'H$/,� A�_�-,1.6:5"f<HR$+8'H�!> �XW

. "92^,Y$�'*� "6,1,H0k���! #"9>!, P ,/@#<Q)('*I!@#,t"�L+.6RT'H$/,t24,Y$1<Q�!"6 #>!,/.�,/>�'HIK< P ,Y #"�'�"� #:=)!@A,a<Q�!,HW
�r<g24, P ,1.10o s�-"_'*�('H@ADn�� #$y.6,1)!.6,1"�,/�7�&'*�� #<Q� �nL! #$&mn@AD Ij,/$1<Q:=,1"9�!<H�dNp��.� P  #'H@wW�e�,t$�'H� RV<Q.6,1"�,/,
�!<g2 >! �=$1L+@A�` s�x A"x�-<�<QI+�&'* #�J���!,CRV<Q.�:xL!@v'H,8RV<Q.x'y:5<Q.6,�$/<Q:5)+@#,\uJ>!, P ,1@A<Q)('HI+@#,C"6L!.6RT'H$/,1"/W
�p�8'H)+)j,1'H.�"`��<yIj,_:=<Q.6,�)!.6L!>!,1�7�U��<a<QI+�&'* #�J���!,C>! A"�$1.6,/��,_.�,1)+.�,1"6,1�7�&'F�- #<H��<*Ri���!,C"6L!.6RT'H$/,
�nL!:=,1.� A$�'H@A@ADHW



��� �����	��
��������������������� �"!#!%$&�(')�"�*$+�,$-
.$0/1�

z_{�� � � -]�i�)-!-]�,+=�

�����(��� � ���C2�� � �%23� 
 ���$ $	���� �
�b<U$&�('H�!BQ,k���!,o"��!'H)j,o<*R�<Q�!,o"�L+.6RT'H$/,o)! #,/$1,H0d A�l A"^�!<*�l�!,1$/,1"6"-'H.SD_�-<`"6L!Ij>+ P  #>!,k���!,k"6L!.6RT'H$/,
)! A,1$1,o A�7�-<U"�:5'H@A@#,1.4'H�!>9"6:�'H@A@#,/.4)! A,1$/,1"1Wq�l�!,%L!"6,1.l$1'H��'H>�6L!"S�f$1<Q�7�-.6<Q@X)K<Q #�7��"�<HR��-�!,o$/.�<Q"6"
"�,/$/�� #<Q�8$1L+. P ,f<HR����!,�$1<H�!,i'H"�"6<d$/ v'*��,1>`�-<k���! #"3"�L!.SRT'H$1,l)! A,1$/,HW �d A�!$1,lL+"�,1.6"q$�'H�U A�n��,1.�'H$/�� P ,/@AD
$&�('H�+BQ,����!,�)! #,/$1,/2f A"�,M$1<Q�7�- A�nL!<QL!"=$1.6<Q"�"="�,/$/�- A<Q� $/L!. P ,�<HRr�-�!,�BQ,/�!,1.�'H@# A�1,1>�$1<H�!,�2f�+ #$&�
>!,\[(�!,1"r�-�!,�"��('*)j,�<HR�'*"�"�<?$1 #'*�-,/>�"6L!.6RT'H$/,x)! A,1$/,H0�L!"�,/.�"r�(' P ,`$/<Q�7�-.�<H@b< P ,1.r���!,�@#<?$�'H@X"6�('H)K,
<HR3,�'H$&�M"�L!.SRT'H$1,�)! #,/$1,*W �d A�!$1,%>!, P ,/@#<Q)('*I!@#,%"�L+.6RT'H$/,1"k'*.�,%�!<H�i"6��.�,\�-$&�('HI+@#,H0(���!,x'*>�6L!"6��:5,/�7�
<HRi�-�!,9"6�('H)K,�<*Rk'a"�L+.6RT'H$/,�)+ #,1$/,9:5 ABQ�7�U, �j,1$\�=���!,9.�,/@v'*�� P ,�<Q.� A,1�7�&'*�� #<Q��<*Rr���! #"U"6L!.6RT'H$/,
)! A,1$1,�'H�+>M s�-"f'H>��'*$1,1�7�i)! A,1$1,% A�C�-�!, ¤ 4 "�)('*$1,HW

�����(�.- � ��� �%2�� ���$ $	���� �
�l�!,lBQ@A<QI('H@?$1<H�n��.�<Q@d$�'H�='H@A"�<kIK,f'H$&�! A, P ,1>U�-�!.6<QL!BQ�8'*>�6L!"6��:5,/�7�-"�<HRK$1<H�n��.�<Q@d)j<H #�7�-"]<*Rj$/.�<Q"6"
"�,/$/�� #<Q��$1L!. P ,/"1Wf�(<Q.f #�!"S�&'H�+$1,H0(24,G�!' P ,G��24<C'H> �'H$1,/�n�r"�L+.6RT'H$/,G)! A,1$/,1" � '*�!> � 'H"i"��!<g2f�
 #�=�3 ABQL!.6,i�dW¡�+��'7�OW3�b<�$/<Q�7�-.6<Q@!�-�!,f.6,1@v'F�- P ,l<Q.� A,1�7�&'F�- #<H�U<HRX"6L!.6RT'H$/,f)! #,/$1,1" � 'H�!> ��0724,r$1'H�
$&�('H�+BQ,k�-�!,o<H.� #,/�7�&'*�� #<Q�5<HR��-�!,��-'H�!BQ,/�7�f)!@v'H�+,o'*�^���!,1 A.�$1<H:5:=<Q�CBQ,/�!,1.�'*�-<H.1W��l�('*��$�'H�9IK,
>!<Q�+,lInD`'H>�6L!"S�- A�!Bo'�RV,/2 $
	,/�1 #,/.�$1<Q�7��.�<Q@d)j<Q A�7�-"]<HR����!,�L!"6,1.�>!,\[(�!,1>=$1.6<Q"�"�"6,1$\�- #<H�=$/L!. P ,l<HR
$1<H�!, �G0H2f�!,1.6,^$/<Q�!, �� #"¢'H"�"6<d$/ v'*��,1>x��<�"6L!.6RT'H$/,�)! A,1$1, �xW . �`,Ou+'H:5)+@#,c<HR("�L+$&�5'*>�6L!"6��:5,/�7�
'H�!>� A�-"rBQ@#<HI('H@�, �j,1$\�o #"�'H"k"��+<�2f�a A�a�3 ABQL!.�,x�dW �!�TI(�\Wk�l�!,xIj<QL+�!>('H.SD�$/L!. P ,�����<HR . '*�!>
�-�+,GIK<QL!�!>!'H.6D9$/L!. P ,���	�<HR%$ 6<Q #��,�'H$&��<H�-�!,/.�'F�r)K<Q A�n�	�3Wl�l�!,G$/.�<Q"6"�"6,1$/�� #<Q�M<HR]$/<Q�!,��
 #"r'H"r"��!<g2f�t #���-�!,G@#,/R��r$1<H@#L!:=��<HR��3 #BQL+.�,x�dW¡�+�TI��OW #b<Q #�7��
� A"i���!,` A�n��,1.6"�,1$\�- A<Q��)K<Q #�7�r<HR
BQ,/�!,1.�'*�-<Q.�� # ��'H�!>a���!,8$1.�<H"�"%"�,/$/�- A<Q�t<HR4$1<Q�!, �GW�i,/$�'H@A@¢���('*�o�-�+,=$/.�<Q"6"%"�,1$\�- A<Q�t$1L!. P ,
 #"x>!,/[(�+,1> I7D�)! #,/$1,\2f #"�,�$1L!I! A$ $
	,1�/ #,/.`$1L!. P ,/"= A��<QL!.`:=<?>!,1@A@# #�+BM"SDd"S�-,/:MW . "6"�L!:=,C�-�('F�
)K<Q #�7��
� #"c<Q�=�-�!,i$1L!I+ #$ $
	,1�1 A,1.c>!,/[!�!,1>CI7D=$1<H�n��.�<Q@K)K<Q #�7�-"�� ) 0 � � 0 ���^'H�!> ����W3e �!,1� ���� A"
'H>�6L+"6�-,/>X0j���!,G�-'H�!BQ,/�7�k>! A.�,1$\�- A<Q�M<*R]�-�!,G$1.6<Q"�"k"6,1$\�- #<H��$1L+. P ,8'F��
 := #BH�n�iIK,x$&�('*�!BQ,1>t'*"
"��+<�2f�_ A�=���!,r[!BQL!.�,*W . "4'G$/<Q�!"�,/�nL!,1�!$/,H0!���!,�<Q.6 #,/�n�-'*�- A<Q�=<HRX�-�+,i�-'H�!BQ,/�n�^)!@v'*�!,�'*@#<Q�!B%�-�+,
$1<H:5:=<Q��BQ,1�!,/.-'*��<Q.�# � # 	Z A"r$&�('*�!BQ,1>t'*"�"��+<�2f�a A�M���!,x.6 #BQ�7�r$1<Q@AL!:5��<HRc�3 ABQL!.6,x�?W¡�!�VI��\W
�l�!,/.�,/RV<H.�,H0X���!,`.6,1@v'F�- P ,x<Q.6 #,/�n�-'*�- A<Q��<*R4"6L!.6RT'*$1,`)! A,1$/,��h'H�!> � '*.�,`$&�('*�!BQ,1>Y'H"�<Q�!,`$1'H�



����� � �	$�� �*����� $ ��� � ¥

�-,/@#@!RV.6<Q:
�-�!,i)!.6<H[(@#,i<HRj�-�!,rIj<QL+�!>('H.SD8$1L!. P ,1" ����'H�!> ��	�'*�4���!,i�!,1 ABQ�nIj<QL+.��!<?<d>=<HR�)K<Q A�n�
�]W

�r<H�� #$/,G�-�!'*�����!,x@A<d$1'H@�"��('H)K,`<HR],�'H$&�a"6L!.6RT'H$/,` #"i�!<H��@v'H.6BQ,1@sD�' �j,1$/��,1>aI7D9�-�! A"k'H> 6L!"6�SN
:=,1�7��W �d #�!$/,x�-�+,U$1.�<H"�"%"�,/$/�- A<Q�t$1L!. P ,8<HRc$1<H�!, �h #"k>+,/[(�!,/>�L+"� #�+B_)! #,/$1,/2f A"�,U$/<Q�7�- #�nL!<HL!"
$
	,/�1 #,/.�$1L+. P ,o"6,1BQ:=,1�7��"10!:=< P  A�!Bx$/<Q�7�-.6<Q@ )K<Q #�7�����i' �j,1$\�-"^���!,k"��!'H)j,�<HR�<Q�!@sD=���!,k@#'H"6�^"�,1BFN
:=,1�7��<*R3�-�+,x$1.6<Q"�"r"�,/$/�- A<Q��$/L!. P ,HW . �ML!"�,/.�$1'H��$&�!<?<Q"6,G�-<5:�'*mH,%�-�! A"r"6,1BQ:=,1�7�r.�,1@#'*�- P ,/@AD
"�:5'H@A@K"6<`�-�('F�� A�4$�'*�_Ij,kL+"�,1>CRV<H.^BQ@A<QI('H@�$1<H�n��.�<Q@�0!'H�+>C�!,��F"��!,o$1'H�_"6�� #@#@��(' P ,k@#<?$�'H@K$1<H�n��.�<Q@
< P ,/.i���!,%"��('H)K,%<HRb�-�!,%.�,/"�L!@s�- A�!B8>!, P ,1@#<H)('HI!@A,o"�L!.SRT'H$1,*W



� � �����	��
��������������������� �"!#!%$&�(')�"�*$+�,$-
.$0/1�

p

adjust the control point

p

K

K

cross section of cone A

unchanged

BEFORE

AFTER

(a)

cone B is
cross section of

tangent
plane

plane
tangent

(b)

J

p

4
p

32

1

p

p

J

4
p

1
p

32

O

AO

BAcurves V  and V  at J

the profile of boundary

4
p

B

surface piece A

B

A

boundary curve V
J

boundary curve V

surface piece BK

cone A intersects

AJO  at K

cross section of 

�3 ABQL!.�,��?W¡� 2 . >�6L!"S�- #�+B=<H�!,%$1<Q�7�-.6<Q@�)K<Q #�7�f<HR3'U$1.�<H"�"f"�,/$/�- A<Q��$1L!. P ,��<8$&�('H�!BQ,o���!,%.�,1@#'*�- P ,o<Q.6 #,/�n�-'*�- A<Q�_<HRb��2^<="�L+.6RT'H$/,G)! A,1$/,�� '*�!> �5W



� � ��� ��� � �

� � � 	���� � ���¢�� � �
	 � � � ��� �
	

���M���! #"l$&�!'H)+�-,/.10�2^,%2f #@A@X>!,/:5<Q�+"6�-.�'*�-,o���!,�RV,1'H"� AI! #@A A��D5<HR]<HL!.i'H)!)!.6<7'H$&�XWqeJ,%2f #@A@XL!"6,G<QL+.
>!, P ,1@A<Q)('HI+@#,o"�L+.6RT'H$/,G.6,1)!.6,1"�,/�7�&'*�� #<Q�9�-,/$&�!�! #�nL!,o��<=:=<?>!,1@�'U�('*�!BQ #�+BU"�$�'*.6R�'*�!>�'8@A<d<H)! #�!B
"6��.�L!$\�-L!.6,HW

�9{g| } +9�y�*( (��1�� ~ � ~`��=���� �9�f~`���

��������� � �%��
����$
�> D=���$�^
��	��M
� �!@ 2��723 %5!�� %5 ���C2B��@

$4D='%�('H�!BH #�!B%"�$1'H.6R 0724,�:=,�'H�5'%"�$�'*.6R ���('*�c #"q"6L!"�)K,1�!>+,1>C A�=���!,�'* #.�I7D8<Q�!,f<HR  A�-"q$/<Q.��!,/.�"/W
�pR]<H�!,G@A AR���"l'="6 #@AmnDC"�$�'*.6R]I7D�'8"� A�!BQ@#,o$/<Q.��+,1.10�@A,�' P  #�!BU�-�+,G"6$�'H.SR]�('H�+BQ #�!B=�('*��L!.-'*@#@AD5 #�9�-�+,
'H A.10�"�L!$&�Z'��('*�!BQ #�+BM"6$�'H.SR� #"�'H)+)!.�<�ud #:5'*�-,/@ADt'9>!, P ,1@A<Q)('HI+@#,8"�L!.SRT'H$1,*W��% P ,/�J'9)j<H #�7��<Q�
�-�+,�"6$�'H.SR�� "f"�L!.SRT'H$1,*0�<Q�!,%$�'H��,�'*"� #@sD�,/"6�� #:5'*�-,o.6<QL!BQ�!@sD�2f�!,/.�,%�-�!,%BQ,/�!,1.�'*�-<H.l@# #,/"1W

eJ,o$1'H�_ #:5'HBQ,r'H���6 A� P  A"� AI!@#,��xBQ,/�!,1.�'H@# A�1,1>_$/<Q�!,k<*R3'`"6 #:= #@#'H.�"��('*)j,o"6L!"�)K,1�!>+,1>� #�C�-�+,
'H A.oInDt s�-"%'H)K,\ut'H�!>t�-�!,=$1.6<Q"�"�"�,/$/�- A<Q�Y<HR4���!,=$1<Q�!,='H"% A"�"6�!<g2f�J A���¢ #BQL!.6, � Ws�n��'7�OW8�l�!,
$1<H.��!,/.o<HRq�-�!,`"6$�'H.SR42f�+ #$&�a�-�!,x"�$�'*.6R4 #"k"6L!"�)K,1�!>+,1>YInD� #"k$/@#<Q"6,x�-<C���!,8'H)K,\uy<HRq�-�!,`$/<Q�!,*0
'H�!>9�-�+,�"6$�'H.SR] s�-"�,/@AR�RV<Q@A@#<g2f"^�-�+,�$/<Q�7�-<QL+.i<*R¢���!,%$1<Q�!,*W

�l�!,GRV<H@#>!"f)!.6<d>!L+$1,1>�InD9���!,x$/.�<Q"6"r"6,1$/�� #<Q� 0 'H"i"��+<�2f�� #�y�¢ #BQL!.6, � Ws�n��'7�O0K'H.�,�,\ud)K,1$/��,1>
�-<�IK, P ,1.SD8$1@#<H"�,l�-<�,�'H$&�=<H���!,1./W]����<Q.6>!,1.���<�BH P ,l���!,r.6,�'H>+,1.c'�IK,/�6�-,/.c A>!,�'k2f�('F�c���!,fRV<Q@#>!"
@#<?<QmU@A #mH,i2^,k2f A@#@�L!"6,k�-�!,k$/.�<Q"6"�"�,/$/�� #<Q�_ A�_�3 #BHL!.�, � Ws�n�TI����-<U>!,/:5<H�!"6��.-'*��,r�-�+,k>!,1"6 #BQ�9'*�!>
:=<d>!,/@#@A #�!BG)!.�<?$1,/"�"i #�_�-�!,oRV<Q@A@#<g2f #�+B`"�,/$/�- A<Q�!"/W

�d�



�Q  �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

�3 ABQL!.6, � Ws�32���2^<5)j<H"�"� AI!@#,o$/.�<Q"6"f"�,1$\�- A<Q�M>+,1"� ABQ�!"G� �r'H�!BQ A�!B
�d$1'H.6R-�\W

�������.- ���4�%�����i��� 2 	��� %5 2 �(�� %5 ��
 �����!� ����
���	��M�$ 

$4D�@A<d<Hm? A�!Ba'*�U't"6$�'H.SR 0^'*�� A�7�-L! s�- #<H�Z$�'H��IK,_<QI+�&'* #�!,/> RV<H.x�-�!,_RV<Q@A>! #�+By<HRf�-�!,9�('*�!BQ #�+B
"�$1'H.6R W��l�+,o)j<Q A�7�^<HR�>+,1)('H.S�-L!.6,kRV<Q.^<HL!.^"SDd"S�-,/:  #"^'H�C,1"S�- A:�'*��,r2f�('F���-�!,��!<Q.� A�1<Q�7�-'H@j$/.�<Q"6"
"�,/$/�� #<Q�Z<*Rl�-�!,C"6$�'H.SRi@#<?<Qmn"G@A #mH,*W��l�!,_L+"�,1.x>!,1"6 #BQ�!"G�-�!,5$1.�<H"�"U"�,/$/�� #<Q�Z A��'H�Z A�7�-,1.�'H$/�� P ,
J^.�<H"�" �?,1$/�� #<Q��+�>! A��<Q.GL+"� #�+B�$1L+I! #$ $
	,1�/ #,/.x$1L+. P ,/"1W��l�!,CL!"6,1.G:�'�DY'H>!>�<Q.�:5< P ,�$
	,1�/ #,/.
$1<H�n��.�<Q@j)j<H #�7�-"/W�'x�!,/ #BQ�nIK<QL!.� A�!Bx)K<Q A�n�^:5 ABQ�7�^IK,k'*>�6L!"6��,1>�'HL+��<Q:5'*�- A$�'H@A@AD`I7D=�-�!,�"6D?"6��,1:�0
 ARb�!,/$1,/"�"-'*.6DQ0��-<=:5'HmH,o"6L!.�,%�-�('F�l�-�!,%.�,/"�L!@s�- A�!B8)! #,/$1,/2f A"�,%$1L+. P ,� #"�� ) $1<Q�7�- A�nL!<QL!"/W

�l�!,o'H)+)!.�<�ud #:5'*�-,/>��!<H.� #�/<Q�7�&'H@�$/.�<Q"6"^"�,/$/�� #<Q�C<*RX�-�!,r"�$1'H.6R� A"4L!"6,1>9'H"q�-�+,�$1.6<Q"�"^"�,1$\�- A<Q�
<HRc�-�!, �S #� P  #"� AI!@#,��C$1<H�!,HWU�l�!,='H)K,\uy)j<H"� A�� #<Q�a<*Rc���!,8$1<Q�+,= A� ¤ 4h #"o"6)j,/$1 A[!,1>Y #�t'_"�$/.� #)d�
[(@A,HW



�����3� � �*� ��!#!%$&�(')� ���	�('�$&�(' � �1�	� � � ¤

��������� G 
��m 4�� %5 �(?%��@A2B�C
 D��M
��C
�� �� #-,G

has vertices
surface piece 2

4
3

1

2

1

3

4, 3, 3, 2

1, 4, 2, 1
has vertices
surface piece 1

�3 #BHL!.�, � W¡  2��?L!.6RT'H$/,G)+ #,1$/,o)('H.S�- A�� #<Q�Y����'H�+BQ #�!B
�?$�'H.SR&�OW

�d A�!$1,C���!,_>!, P ,1@A<Q)('HI!@A,_"�L!.SRT'H$1,9$1'H��'H@A2^'�Dd"UIK, I�'*�6�-,/�!,1>�<QL+�10q24,_$�'*��>+,/[(�!,_���!,9"�$�'*.6R
�-<FN�IK,\N�>+, P ,/@#<Q)K,1>� #�   4`W��l�!,ML!"�,/.�>!,\[(�!,1"=�-�!,�"�$1'H.6R%I7D BQ P  #�!Ba�-�+,�$1<?<Q.6>! #�('F�-,1"8<HR� A��"
P ,/.6�� #$1,/"1Wc�l�!,1�9�-�+,�"6$�'H.SR] A"l>! P  #>+,1>� #�7�-<`��24<�"6L!.6RT'H$/,%)! #,/$1,1"/0�'H"f"��!<g2f�M #���3 #BHL!.�, � W  dW

�r,/.�,H0j2^,x2f A@#@�,Ou+)+@v'H A���!<g2 �-�!,G:5<?>!,/@#@# A�!BU"6D?"S�-,1: �('H�!>+@#,1"i�-�!,x"�L!.SRT'H$1,G)! #,/$1,` A�a  4`W
e  A���!<QL+�¢@#<H"�"3<*R(BQ,1�+,1.-'*@# A��DH0H<QL+.¢"SDd"S�-,/: .�,/�nL! #.6,1"3,1'H$&�U"�L+.6RT'H$/,�)! #,/$1,c�-<�IK,^>+,/[(�!,/>8InD%RV<QL+.
P ,/.6�� #$1,/"�� � 0�� ) 0�� � '*�!>�� ��0?2f�+,1.�,r�-�!,r@# #�+,	� � � �� #"q�-�!,i[(.�"S��BQ,/�!,1.�'*�-<H.^'H�+>��-�!,r@# A�!,
� ) � �  A"
�-�+,k@v'H"S��BQ,/�!,1.�'*�-<H.^<HR����!,k"�L+.6RT'H$/,o)! #,/$1,HW%$cD5���!,k"�L+.6RT'H$/,o$1<Q�!"S�-.6L!$/�� #<Q�C)+.�<?$1,1"6"l>!,1"6$1.6 #IK,1>
 #�J$&�('H)+��,1.=�d0]���!,C"��!'H)j,_<*Rf,�'H$&� "�L+.6RT'H$/,_)! #,/$1,C"6�!<QL!@A>�Ij,C>+,/[(�!,/> InDJ<Q�!,_BQ,/�!,1.�'H@# A�1,/>
$1<H�!,HW �dL!.SRT'H$1,`)+ #,1$/,1"�'H.�,��-.�,1'*�-,/>y>! �� ,/.�,1�7��@AD9>!,/)j,/�!>! #�+BC<Q�����!,1 A.r"6�('H)K,1"1Wr�(<QL!.rBQ,1�!,/.-'H@
$�'*"�,1"r'H.6,�$/<Q�!"6 #>!,/.�,1> 2

J . ��+ � 2 . "`"6�!<g2f�� #���¢ #BQL!.6, � W ¤ 0�� � � � ��� � ) � �  A�J�-�!,5)!@v'*�!,�,/:`Ij,/>!>! A�!B��-�+, I�'*�6�-,1�+,1>
"6L!.6RT'H$/,HWf�������! #"i$�'H"6,H0��-�!,G"��('*)j,G<HR3���!,x>!, P ,/@#<Q)('*I!@#,�"�L!.SRT'H$1,x #� ¤ 4 "6�!<QL!@A>yIj,�>!,ON
[(�+,1>=InDU'%BH,1�!,/.-'H@A #�1,/>U$/D?@# A�!>!,/.� #�!"S�-,�'*>=<*RX'oBQ,/�!,1.�'H@# A�1,1>8$/<Q�!,HW . R��-,/.�>!, P ,1@A<Q)!:=,1�7�
24,U"��!<HL!@#>y"S�- A@#@b�(' P ,�� � � ��� � � ) � �  #� ¤ 4`W�e�,`$�'H�t"6�!<g2 ���('*�k���! #"r #"���.�L!,xInD�2^'gD�<HR
$/<Q�7�-.-'*>! #$\�- #<H�XW
#�.�<?<HR&2 �dL!)+)j<Q"6,����('*�f�-�+,G"6�('H)K,G<HR¢"�L+$&�a'="6L!.6RT'*$1,�)! #,/$1,�$�'H��Ij,�>!,\[(�!,1>M #� ¤ 4 InD
'xBH,1�!,/.-'H@A #�1,/>C$1<H�!,HW��d A�!$1,r@# A�!,� � � �l #"4���!,r[!.�"6��BQ,1�!,/.-'*��<Q.�'*�!>_@# A�!,� ) � �  #"c�-�!,k@#'H"6�
BQ,/�!,1.�'*�-<H.x<HRl���!,C"�L+.6RT'H$/,_)! #,/$1,H0¢�-�!,���24<tBQ,1�+,1.-'F�-<Q.6"x:`L!"S�U #�7��,1.�"6,1$\�8'*�`���!,C'H)K,\u



� � �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

v

1v

3

CASE I

v
0

v 2

2v

1vv0

v3

3D2D

�¢ #BQL!.6, � W ¤ 2��dL!.SRT'H$1,%)! A,1$1,o��D?)K, 2!J�'H"�,��&W

<HRc�-�+,5BQ,/�!,1.�'H@# A�1,/>Y$/<Q�!,*W=e �!,/�����!,8BQ,1�!,/.-'H@A #�/,1>t$1<Q�+,�'H�+>Y���!,8"�L!.SRT'H$1,=)! #,/$1,='H.6,
I�'F���-,/�!,1>t<QLd�o #�a'9  4
)!@v'H�+,H0 ���!,`<Q�!,ONp��<*N�<Q�+,`$1<Q.6.�,/"�)K<Q�!>!,/�!$1,8IK,/��24,1,1�Y)K<Q #�7�-"�<Q�
���!,9"�L!.SRT'H$1,9)! A,1$1,�'H�+>�)K<Q #�7��"U<Q�����!,9$1<Q�+,�.6,1:5'H #�+"`�-�!,9"-'*:5,*W��l�?L+"5@A #�!,/"�� � � �
'H�+> � ) � �  #�7��,1.�"6,1$\�x A�Y���!,5  4 )!@#'H�!,*W $4L+�G���! #"o$/<Q�7�-.�'H>! #$\�-"�<QL!.�'H"6"�L!:=)+�- A<Q�a�-�('F�
� � � ����� � ) � �  A�9'=  4 )+@v'H�!,r2f�!,1���-�!,o"6L!.6RT'H$/,%)! #,/$1,% #"�I�'F���-,/�!,1>�<QL+�1W��l�!,1.6,/RV<Q.6,H0(�-�+,
"6�('H)K,l<HRj���!,l>!, P ,1@A<Q)('HI+@#,l"�L+.6RT'H$/,i A� ¤ 4 $�'H�8�!<*�qIj,l>!,\[(�!,/>5I7D8'oBQ,/�!,1.�'H@# A�1,1>U$/<Q�!,*W

*

�l�!,�"��!'H)j,M<HR����!,�>!, P ,1@#<H)('HI!@A,�"6L!.6RT'*$1,� A� ¤ 4 $1'H� IK,M>+,/[(�!,/> I7D�'�BQ,/�!,1.�'H@# A�1,/>
$\Dd@A #�!>+,1.� A�!"6��,�'H> 0  #�M2f�! #$&�a$1'H"�,8'*R���,1.r>!, P ,1@#<H)!:5,/�7�k2^,U�!' P ,�� � � ��� � � ) � �  A� ¤ 4`WK���
<QL+.k"6D?"6��,1:�0X�-�! A"k$�'*"�,U #"��!<H�o A:5)!@A,1:=,1�7�-,/>XWo�b<_ #�!$/<Q.�)K<Q.-'F�-,`BQ,/�!,1.�'H@# A�1,/>y$/D?@# A�!>!,/.
 A�n��<��-�+,`:5<?>!,/@3 #"r,�'H"SDQ0�'H�+>a A�iRV<Q@#@A<�2f"r"� A:5 A@v'H.f)!.6 #�!$/ #)!@A,1"r'H"k�-�!<H"�,`<HRcBQ,/�!,1.�'H@# A�1,/>
$/<Q�!,1"/0Q wW ,HWs0aI�'F���-,/�! #�+Br�-�+,^$/D?@A #�!>!,/.¢<HL+�] A�U  4`0g[(�!>+ #�!B����!,^$/<Q.�.6,1"6)j<Q�+>!,1�!$/,lIj,\��2^,/,1�
)K<Q #�7��"�<Q�x'f"�L+.6RT'H$/,4)! A,1$/,4'*�!>G)K<Q A�n��"�<Q�����!,q$/D?@# A�!>!,/.10*'H�!>�$1<Q�!"S�-.6L!$/�� #�!Bf�-�!,q"6L!.6RT'H$/,
)! A,1$/,� A� ¤ 4 L!"� A�!B=���! #"l A�+RV<Q.6:�'*�� #<Q� W

J . ��+ ��� 2 . "�"��!<g2f�� A�J�3 ABQL!.6, � W � 0 � � � �x'H�!> � ) � �  #�7��,1.�"6,1$\�U'*�x'M)K<Q #�7� ��W �? #�!$/,5�-�+,
>!, P ,/@#<Q)K,1>a"6L!.6RT'H$/,`)! A,1$1,G #� ¤ 4 RV<Q@#@A<g2f"i���!,x$/<Q�7�-<QL!.�<HRc'�$1<H�!,H0K�-�!,/.�,`"6�!<QL!@A>yIj,x'
<Q�+,\Np��<*N�<H�!,U$1<Q.6.�,/"�)K<Q�!>!,/�!$1,5Ij,\��2^,/,1�ZBQ,/�!,1.�'*�-<H.�"�<HR4���!,="�L!.SRT'H$1,=)! #,/$1,='H�!>YBQ,/�!,1. N
'*��<Q.�"o<*R4���!,='H"�"6<d$/ v'*��,1>Y$1<Q�!,8)('F�-$&�XW �d<9)K<Q #�7� ��"��!<QL+@#>t$1<Q.6.�,/"�)K<Q�!>t�-<9�-�!,8'H)K,\u
<HRc�-�+,=$/<Q�!,8 #�Y  4 '*R���,1.k���!,8$1<Q�!,8 A"%I�'*����,1�!,/>�<HL+��WU�l�!,=L!"6,1.%$�'H�Y"�)K,1$/ AR�Dt'_"6)j,ON
$/ v'H@]BH,1�!,/.-'*��<Q.o<HRc�-�!,8$1<H�!,U2f�! #$&�Y$1<Q.6.�,/"�)K<Q�!>!"%�-<9,1 s�-�!,/. � � � ��<Q. � ) � � WU�l�!,/���-�+,



�����3� � �*� ��!#!%$&�(')� ���	�('�$&�(' � �1�	� � �Q�

30 v

2

v

O

t =
 a

t = 0
first generator of the cone

v
first

las
t g

en
era

tor
 of

 th
e c

on
e

generator

1v
generator

last

and P

2v1vv

CASE II
P

generator
first

3

t = 0
first generator of the cone

t =
 a

las
t g

en
era

tor
 of

 th
e c

on
e

special generator 

v0

generator
last

O

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

�3 ABQL!.6, � W � 2��dL!.6RT'*$1,%)! #,/$1,o��D?)j, 2!J�'H"�,����&W

.6,1@v'F�- #<H�MIK,/��24,1,/�t���!,x$/<Q�!,x'H�!>����!,`"�L+.6RT'H$/,x)! A,1$1,G #"r>!,/��,1.�:= #�+,1>y'*"�"��+<�2f�a A���-�+,
[(BHL!.�,%IK,1@#<g2%W]e�,o2f #@#@j"�,/,����! #"l"6$1,1�!'H.� A<5 A�9���!,%@#<?<Q)! A�!B`"6��.�L!$\�-L!.6,G,Ou+'H:5)+@#,HW

J . ��+Y�6��� 2 . "3"��!<g2f�U #�x�3 #BHL!.�, � W �d0 � � 0 � ) 'H�!> � � '*.�,^>+ #"6�� #�!$\� P ,1.S�- #$/,1"/0n'H�!> � �]$1<H #�!$/ #>!,/"
2f s�-� � � W
�d #�!$/, � ) � �  #"%'9BQ,1�!,/.-'*��<Q.10X���!,='H)K,\ut<HRc�-�+,=$/<Q�!,8�('H"k��<MIK,U<Q�a�-�+,=@A #�!,
>!,\[(�!,/>�I7D � ) � � Wy�l�+,CL!"�,/.U)!.�< P  #>+,1"x���!,C>! A"6�&'*�!$1,=RV.�<Q: �-�+,_'H)K,\u��-<y<Q�+,C<HRl�-�+,
P ,1.6�� #$/,1"�<*Rk�-�!,M"�L!.SRT'H$1,M)! #,/$1,*0l #��<Q.�>!,/.5��<J>!,\�-,1.6:5 A�!,9�-�!,M.�,1@#'*�- A<Q� Ij,\��2^,/,1� �-�+,
"6L!.6RT'H$/,%)! #,/$1,�'H�!>9�-�!,%$/<Q�!,HW

J . ��+ ���(2��l�!,�$�'H"6,G2f�!,/.�, � � 0 � ) 'H�!> � ��'H.�,%>! A"6�- A�!$/� P ,1.6�� #$/,1"10 'H�!> � � $1<Q A�!$1 A>!,1"l2f A���
� )  A"l"6D?:=:5,\�-.� A$k�-<8$�'*"�,������&W

�l�!,q"� s�-L('*�� #<Q�+"X>!,1"6$1.6 #IK,1>% #�o$1'H"�,q���6� '*�!>%$�'H"6,c��� <?$1$/L!.� #�o<HL!.X�('H�+BQ #�!Bl"6$�'H.SR+,Ou+'H:5)+@#,HW



� � �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

v
0v

generator

1
v

2

last

3

generator

CASE III

Special generator

of the cone

last

v
1
v

2

v
v0

v3

las
t g

en
er

ato
r 

first generator

of the cone
of

 th
e c

on
e

�3 ABQL!.�, � W¡� 2��?L!.6RT'H$/,%)! #,/$1,o��D?)j, 2$J�'*"�,������&W

�3 #BQL+.�, � W � 2c  4 :5'H)!)! A�!BU<HR3���!,%"�L!.SRT'H$1,%)! A,1$/,1"i'H�!>9�-�!,%$/<Q�!,5�T�('*�!BQ #�+B="6$�'H.SR&�OW

�3 ABQL!.�, � W � "6�!<g2f"��-�!,r  4 :5'H)!)! A�!Bk<HR��-�+,���2^<�"�L!.SRT'H$1,l)+ #,1$/,1"c'H�!>U���!,l$1<Q�+,H0n A�]'H@#"6<o"��!<g2f"
�-�+,1 #.%.6,1@v'F�- #<H�Y A�Z  4`W��r<H��,=���('*���-�!,=�('H�!BH #�!B�"�$1'H.6Rl>+<d,/"G�!<*�x�(' P ,5�-<MIj,5'9"��nL('H.6,HW9���
�-�+ #"l,\u+'H:=)!@A,o.�L!�X0�'*��'H.6I! A��.-'H.SD��nL('*>!.� A@v'*��,1.-'*@  #"fL!"6,1>XW

��������� � �! %�x	�� ?%��	��� %5��F: � �(?%��@A2B�C
 D��M
��C
� �� �,G

e�,U�(' P ,U>! A"�$1L+"�"�,/>����!,`:=,/�-�+<d>a<HRc$/<Q�!"6��.�L!$\�- A�!BC�-�!,U>+, P ,/@#<Q)!'HI!@#,U"6L!.6RT'*$1,U #� ¤ 4h #�y�-�+,
)!.6, P  #<QL+"^$&�('H)d�-,1./W��l�!,k.6,1"�L+@A�- A�!B�"�L!.SRT'H$1,r #"4'H"^"6�!<g2f�_ #�5�3 #BQL+.�, � W � W]�l�!,�$/<Q�+[(BHL!.-'*�� #<Q�+"
'H.6, 2f�T'7�����!,���<Q) P  #,\2 <HR��-�+,�"�$1'H.6R 0X�TI��]�-�+,�RV.�<Q�7� P  #,/2 <*R� A��0j�V$g�q���!, P  A,/2 RV.�<H: '*�_'H�!BQ@A,HW



����� � � �*� ��!#!%$&�(')� !"������$&� ' �#
� � ��
 ���� � �

�3 ABQL!.6, � W � 2 . �('H�!BQ A�!BU"�$1'H.6R&2r�T'7�4�-<Q) P  #,\2��b�TI��4RV.6<Q�7� P  A,/2��b�T$�� P  #,/2 RV.�<Q: 'H��'H�!BQ@A,HW

�9{O� } +9�y�*( (��1�� ~ � + + 'a�1�� �C���q�a�f�]�a���

A
0A 1

2D

3A
2A

1
A0ANote that is parallel to 3A2A

�3 #BQL+.�, � W � 2 . @#<H�!B8.� #I+Ij<Q� W

�l�!,r@#<?<Q)! #�+Bo"6�-.6L!$/��L!.�,r,\u+'H:=)!@#,fL!"6,1>C A�=���! #"q"6,1$/�� #<Q�5 #"4'�IK<g2 2f�! A$&��.�,/"�,/:`I!@#,/"4���!,i��D?)K,
<HRbIK<�2 L!"6,1>9�-<U>!,/$1<Q.�'*�-,�'`BQ sR���IK<gujW�e�,k2f #@#@ �SRV<Q@A> �U'U@#<H�!B`.� AI!IK<Q�_ #�7�-<8'`IK<g2%0�'H�!>_�-�+,
.� AI!IK<Q�9L!"�,/>M�!,/.�,� #"f'H"f"6�!<g2f�M A�M�¢ #BQL!.6, � W � W

���.-���� � �%��
����$
�> D=���$�^
��	��M
� �!@ 2 � � �$�4�� %5 ��	�� ?%��	�?%��


�l�!,/.�,o #"�'x)('*�6�-,1.6�9 #�����!,k"6��.�L!$\�-L!.6,o<HR¢'xIK<�2%Wq�pR�24,oL!"�,%'H��,1@#@A #)!"6,�<HR�.6<QL!BQ�+@AD=�-�!,k"�'H:=,
"� A�1,8�-<�.�,/)!@v'H$/,='�@A<d<Q)t A�J'9Ij<g2%0��-�!,=)('*�6�-,/.��JIK,1$/<Q:=,1"�:5<Q.6,U<QI P  #<QL!"/W �d<H:5,8,\u+'H:=)!@A,
)('*�6�-,/.��!"f'H.6,�"6�!<g2f�M A�_�3 #BHL!.�, � W ¥ W��l�!,1.6,/RV<Q.6,H0! s�� A"^"�,/�!"� AI!@#,r�-<U>!,\[(�!,k�-�+,k"��('*)j,o<HR�,1'H$&�



� � �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

�¢ #BQL!.6, � W ¥ 23+3u!'*:5)!@A,oIj<g2 )('*����,1.6�!"1W

@#<?<Q)5L!"� A�!B8'`BQ,1�+,1.-'*@# #�/,1>C$/<Q�!,*0('H�!>C��<U #�7�-.6<d>!L+$1,o'H�_ A�7�-,1.6:5,/>! v'F�-,i)! #,/$1,k�-<x$1<Q�!�+,1$/�l��24<
'H>��'*$1,1�7�i@#<?<Q)!"l sRb�!,1$/,1"�"�'H.6DHW
���.-��.- ���4�%�����i��� 2 	��� %5 	��%
 � ������� ��
���	��M�$ 

top of a gift box

�3 ABQL!.6, � Ws� � 2 . $1<Q�+,�L+"�,1>��-<8>!,\[(�!,G'8@A<d<H)XW

�b<`>!,/[!�!,k'x@A<d<H)X0n<Q�!,i:5 ABQ�7�4L+"�,o'�$1<Q�!,r2f�! #$&�C@A<d<Hm?"q@A #mH,f�-�+,�<Q�!,r"��!<g2f�_ A�C�3 ABQL!.�, � Ws� � W
�r,/.�,*0d24,�:5'HmH,i�-�!,i)j<H.6�- A<Q�82f�! #$&�C A"�I('*����,1�!,/>_'H"^ s�q�-<QL!$&�+,1"^���!,r��<Q)�<HR�'GBQ sR��4IK<�u I�'*�-@sDQ0
"�<8�-�!'*�l�-�!,%.6,1"�L+@A�- A�!B8@#<?<Q)_@#<?<Qmn"l:=<Q.�,k.6,�'H@A #"S�- #$*W

�¢ #BQL!.6, � Ws�Q�32��l�!,�� 	 � � � �  � ���� 	 <HRb�-�+,�$/<Q�!,%L!"6,1>MRV<H.f'8@A<d<H)XW

eJ,9�(' P ,�$/<Q�!"S�-.�L+$/�-,/> 'a$/<Q�!,_$1.6<Q"�"8"6,1$/�� #<Q��'H$/$1<Q.6>! #�+BQ@ADJ'H"U"��+<�2f�� #� �¢ #BQL!.6, � Ws�Q�QW
�l�!,i #�7�-,/.�:=,1>! #'*�-,l)+ #,1$/,1"4'H.�,f�-.6 v'H�+BQL!@v'*.] #� ¤ 4  #�U�-�! A"q,\u+'H:=)!@#,*0?"6<����!,i$1<Q�!,f�-�!'*�c>!,/[(�+,1"
�-�+,1 #.l"6�('H)K,%L!"�,/"�'8"6��.-'H ABQ�7�f@# #�+,o'H"f A��"l$1.�<H"�"f"�,/$/�- A<Q�XW



����� � � �*� ��!#!%$&�(')� !"������$&� ' �#
� � ��
 ���� � ¥

���.-���� � �! %�x	�� ?%��	��� %5 	 �%
 - G � 2 �$�!?(	

�3 ABQL!.6, � Ws��  2��l�!,x  4 @v'�DQ<HL+�i<HR¢���!,%Ij<g2%W

�������! #"8,Ou!'*:5)!@A,H0q2^,�2f #@A@�$1.6,�'*��,����!.�,/,M"6:�'H@A@�@#<?<Q)!"8'*�!>����!.�,/,MI! ABt@#<?<Q)!"8 #� <QL!.8IK<g2%W
e�,��&'Hm*,a'Z@#<H�!BJ.6 #I!IK<Q�X0l>! P  #>!,M A�C A�7�-<J��,1� "�,/BQ:=,1�7�-" /�"6 su @#<?<Q) "6,1BQ:=,1�7��"9'H�!> RV<QL+.
 #�7��,1.�:=,1>+ v'*��,C$1<Q�+�!,1$\�- #�+BY"6,1BQ:=,1�7��"1WJe�,9>!.-'�2 �-�!,_.6 #I!IK<Q�� #�Z���!,M  4 @v'�DQ<HL+�`2f #�+>!<g2%0
.�<*�&'*��,��-�!,_  4 :�'H)+)! #�!BM<HRr'y$1<Q�+,��-<a:5'*�-$&�� s�-"G$1<Q.6.�,1"6)j<H�!>! #�+Ba.� #I+Ij<Q��)+ #,1$/,HWY�3 ABQL!.�,
� Ws�� !�VI��8 A"�'*� < P ,1.�'H@#@f)! A$/��L!.�,M<HRk�-�+,�.� AI!IK<Q� )! A,1$/,1"C'*�!> �-�+,y'H"6"�<?$1 v'F�-,1>�$1<Q�+,1"C A�   4`W
�3 ABQL!.�, � Ws�� !��'Q�q"6�!<g2f"l"�<Q:=,k>!,\�&'H A@#"c<HR��-�!,o  4�@v'�DQ<HL+��W��l�!,�"6�-,/)9InD5"6��,1)9$1<H�!"6��.�L!$\�- #<H�C<HR
�-�+,x  4 @#'gDH<QL+�f A"f'H"f"��!<g2f�� A���3 #BQL+.�, � Ws� ¤ W

���.-���� � �! %�x	�� ?%��	��� %5 	 �%
 �,G � 2 �$�!?(	

�l�!,M:5,\�-�!<?>�RV<H.=$/<Q�!"S�-.�L+$/�- A�!B����!,�>+, P ,/@#<Q)!'HI!@#,�"�L+.6RT'H$/,M A� ¤ 4  #"5'H"=>!,1"6$1.� AIj,/>  A���-�+,
)!.6, P  #<QL+"c$&�!'H)+�-,/.1W��l�!,i"�L+.6RT'H$/,r)! A,1$/,1"qL!"�,/>� A�8���! #"q,Ou!'*:5)!@A,l�(' P ,r'o"�)K,1$1 #'H@!RV<Q.6:,2�2^,r'H.6,
'HI!@A,i��<`'H)+)!.�<�ud #:5'*�-,f�-�+,�"�L+.6RT'H$/,�L!"6 #�!Bx��,1�!"6<Q.SNp)!.�<?>!L!$\� $
	,/�1 A,1.c)('*�-$&�+,1"1W�e�,r2f A@#@�>! #"6$1L!"6"
�-�+ #"]IK,1@A<�2%W]�r<H��,��-�('*�3�-�! A"�)!.�<?$1,/>!L!.�,f:5'�Dx�!<*�qIj,f'H)+)!@# A,1>`�-<o"6L!.6RT'*$1,f)! #,/$1,/"c<*R '*.�I! s�-.-'*.6D
"��!'H)j,/"1W

���x<QL+.b:=<?>!,1@�0�24,q[(.�"S�]'H)+)!.�<�ud #:5'*�-,q<Q�+,c)!'H.6�� #$1L+@v'H.�,/>!BQ,c<HR+���!,4.6 #I!IK<Q�% #� ¤ 4 I7DG$/L!I! A$
$
	,/�1 #,/.G$/L!. P ,1"/W����J$&�!'H)+�-,/. ¤ 0b2^,5,\ud)!@#'H #�!,/>����!,�'*> P 'H�7�&'HBQ,5<HR�L+"� #�+B $
	,/�1 #,/.G$/L!. P ,1"xRV<H.
>!,/"� #BH�`)!L!.6)j<Q"6,1"/W��r ABQ�!,1.b>!,/BQ.�,/, $
	,1�/ #,/.3$1L+. P ,/"]:= #BQ�7�¢Ij,4L!"�,/>`�!,1.6,H0n'H�+>G24,�$&�!<?<Q"�,�$/L!I! A$
$
	,/�1 #,/.�$/L!. P ,1"kRV<Q.f�-�!,/ #.r"� #:=)!@A #$1 s��DQWl�l�!,/�y2^,xL!"�,x���! #"i #�dRV<Q.�:5'*�- A<Q��'H�!>��-'HmH,`'H> P 'H�7�&'HBH,
<HRb�-�!,%"6)j,/$1 v'*@�)!.�<Q)K,1.S��D_<HRb�-�!,%.6 #I!IK<Q�9)! #,/$1,o�-<8$/<Q�!"6��.�L!$\�r���!,%>!,1"6 #.6,1> $ 	,1�/ #,1.l)!'*�-$&�!,/"1W



�3� �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

4

a 5

6

3
1

2

a
a a

Surface piece 2

Surface piece 3
of surface pieces 2 and 3.

of surface pieces 1 and 2.

Surface piece 1

7

8

Align the common generator

etc.

aa
a

a

a

matched with its cone

matched with its cone

5

Align the common generator

a

a
a

etc.

6

7

8

matched with its cone

a

6
4

a

a
5

a
a

1

3

a
a

a

a
1

a

2

3

4

2
a

5

6

aa
a

3

4

�3 ABQL!.�, � WA� ¤ 2��?�-,/)MI7D9"S�-,1)�$1<H�!"6��.�L!$\�- #<H�M<HRb�-�+,x  4 @#'gDH<QL+�f<HR¢�-�!,%@A<d<Q)+ #�!B`"S�-.6L!$/��L!.�,*W

�3 #.6"6�10r24,t2f A@#@r"��!<g2 <Q�+,t2^'�D <HRx'H>('H)+�� P ,1@AD 'H)!)!.6<�u+ A:�'F�- #�+B�'�BQ P ,1� "�)('H$/,t$1L!. P ,
L!"6 #�!B_$/L!I! #$�$
	,1�1 A,1.o$/L!. P ,5"6,1BQ:=,1�7�-"/W`�l�!,/�Y24,`2f #@A@3,\ud)!@#'H #� 0Xmn�!<g2f #�!B_�-�+,U$1L!I! A$�$
	,1�/ #,/.
'H)!)+.�<�ud #:5'*�- A<Q�U<HR�'�"�,/BQ:5,/�7�^<HRX'H��,/>!BQ,*0d�!<g2 ' $
	,/�1 #,/.4)!'*�-$&�5 #"q$1.6,�'*��,1>���<x'H)+)!.�<�ud #:5'*�-,
'H��<Q.� ABQ #�('*@�.� AI!Ij<H��)('F�-$&� 'H�+>�2f�7D �-�! A"5)!.6<d$/,1>!L+.�,� A" P 'H@A #>�RV<Q.U�-�+,�,\u+'H:=)!@A,�@A<d<H)! #�!B
"6��.�L!$\�-L!.6,HW

��� � � � �  ������	 ��� �
	 �  � 	�� ���� � � ���� 	 �  ��� � ) � ��	  � 	�� ��� ����� � � �������
� 
	
��� 	 � �����	 �	  �

�o P ,/� '�"6)('H$1,Y$1L+. P , � ���6�\0 � � � � ,1� �w0�'H�!> 'H� ,1.�.6<Q._@# A:5 s���! " `0�2^,a24<QL!@A> @A #mH,y��<
$1<H�!"6��.�L!$\��'8)! A,1$1,\2f #"6,�$/<Q�7�- A�?L+<QL!"f$1L!I+ #$ $
	,/�1 #,/.f$1L!. P ,%2f�! #$&�M'H)!)!.6<�u+ A:�'F�-,1"4�-�!,%<Q.6 #BQ A�('H@
$1L+. P ,%�-<U2f s�-�! A��"6<Q:=,o,1.�.6<Q.l�-<Q@A,1.�'H�!$1,#�! " `W



����� � � �*� ��!#!%$&�(')� !"������$&� ' �#
� � ��
 ���� � �

� 	 � � ���� 	 ������	��
����������� � / ����� ���`0�'+0!IX0��-�
� � � ���6�� #"����!,%<Q.� ABQ #�('*@j$/L!. P ,H0�2f�!,1.6, � � � � ,�� ��W
� ��e�,�$/<Q�!"6 #>!,/.f���!,%"�,/BQ:5,/�7�r<*R � RV.6<Q:)��� � �-< ���"!gW
� �G�l�!,�)!.�<?$1,/>!L!.6,�.6,/��L!.��!"r'U)! #,/$1,\2f #"�,%$/<Q�7�- #�nL!<HL!"f$1L!I! A$ $^,1�/ #,1.f$/L!. P ,
� ��2f�! A$&��'H)+)!.�<�ud #:5'*�-,k���! #"l"6,1BQ:=,1�7�i<HR � 'H�!>9�-�!,%"6L!: <HR¢"��nL('H.6,G,/.�.6<Q.
� �G #"lIK<QL!�+>!,1>�I7D_�-�!,#�1W

$&% � �-�+,%�-'H�!BQ,/�7�r<*R¢���!,%$1L!. P ,G'*� � ���%� � �OW
$&' � ���!,o�&'H�+BQ,1�7�f<HR¢�-�!,%$1L+. P ,G'*� � �����(!\�\W��,/�*)�IK,�'H�ML+�!mn�!<g2f��$1<H�!"6�-'H�7��'*�!>+)-, � W
J^<Q�!"S�-.6L!$/��'U$1L!I! A$ $^,1�/ #,1.f$/L!. P ,'�
2f A�������!,%$1<Q�7��.�<Q@X)K<Q A�n��"
� � � �O0 � � � ��#.)�$&%F0 � �/!/���0)1$&'-0 � �/!\�\W

J^<Q:=)('H.6,� 'H�+>����!,%<Q.� ABQ #�('*@j$/L!. P ,G"6,1BQ:=,1�7��0�'*�!>,Oud)!.�,/"�"f�-�!,%@#,1'H"6�i<HR¢"��nL('*.�,%,1.6.�<Q.f #�_��,1.�:="l<HR2)F0!2f�+ #$&��BQ P ,1"L+"r'U�nL('H>+.-'*�� #$kRVL!�!$\�- A<Q�9 #�3)FW
HM A�! #:= #�/,r�-�+ #"f< P ,1.54 & & 6 � �30(I7D_[(�!>+ #�!B
���!,%:5 A�! #:5'H@�<HRb�-�!,%�nL('H>+.-'*�� #$kRVL!�!$\�- A<Q�X0()!.6< P  A>!,1>9�-�('F�5)-, � W

�pRf�/4 & & 6 � �87(�&�^�-�!,/�
24,�'H.�,%>!<H�!,H0(.6,/�-L+.��9�-�!,%$1L+I! #$ $^,/�1 #,/.l$1L!. P ,'��W,1@A"�,
�9���	��
���������:� � / ����� �;�`0�'+0 %=<>'� 0>�1?Q Q��9���	��
���������:� � / ����� �;�`0 %@<>'� 0(IX0���?Q Q�,1�+>  AR

,1�+> . )!)!.6<�u+ A:�'F�-, $1L!. P ,

�3 #BQL+.�, � Ws� � 2%#�"�,/L!>!<?$1<?>!,oRV<Q. ��	 � � A��� 	 B�9���	��
���������:� � / ����� W

��� <QL!.U:=<d>!,/@w03���! #"x #"`>!<H�!,_L!"� A�!Ba�-�!,_.6,1$/L!.�"6 P ,9)!.6<d$/,1>!L+.�,_"��+<�2f�� #� �¢ #BQL!.6, � Ws� � W
���7�-L! s�- P ,1@sDQ0k sRG24,J$1'H� [(�!>�' "-'F�- #"SRT'H$/��<Q.6D $/L!I! A$ $
	,1�1 A,1.M'H)!)!.6<�u+ A:�'F�- #<H� <HRx���!,�BH P ,/�
$1L+. P ,�"�,1BH:5,/�n�10��-�! A"5$/L!I! A$ $
	,/�1 A,1.�.6,1)!.6,1"6,1�7�&'*�� #<Q�  #"8.�,\�-L!.6�!,1>XW '��-�!,/.62f A"�,H0����!,�BH P ,/�
$1L+. P ,x"�,1BH:5,/�n�r #"i"�)+@# A�f A�7�-<8��2^<C�!'H@ P ,1"k'*�!>�,1'H$&�y�('H@sR3 A"�'*)!)!.�<�ud #:5'*��,1>�L!"� A�!B5���!,G"�'H:=,
)!.6<d$/,1>!L!.6,HW��l�! #"8.�,/$1L!.6"� P ,�)!.�<?$1,/>!L!.�,J�/� 	 � � A� � 	 0�9���	�1
����������� � / �C��� �` A"U"��!<g2f�  A�
�3 ABQL!.�, � WA� � W

�¢<%<QId�&'H A�`�-�!,l)! A,1$/,/2f #"6,f$1L!I! A$ $
	,1�/ #,/.q'H)!)!.6<gud A:�'*�� #<Q�G�-<k�-�+,i$/L!. P , � 0Q24,f"� #:=)!@sDx$1'H@#@

�����	��
����������� � / �C��� � � , � ,%� , �! " %�"!



�   �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

i,/$�'H@A@j�-�!'*�l>!L!.6 #�!B`���!,oIK<�2 $1<H�!"6��.�L!$\�- #<H��)+.�<?$1,1"6"10!24,%>! P  #>+,1>C�-�+,o.� #I+Ij<Q�_ A�7�-<8'U�nL!:8N

. . .  . . .

(a)

(b)

v
v

Ov3

2

0v

0v

v1 1

v2 v3

O
, ,

or

�3 ABQL!.6, � Ws��� 2 f #I!IK<Q�9"�L!.SRT'H$1,%)! A,1$/,1"1W

IK,1.i<HR�)! A,1$1,/"k'H"r"��!<g2f�a A���3 ABQL!.6, � WA���+��'7�OWf�r<g2%0jRV<Q.f,1'H$&�a.� AI!Ij<H�M)! A,1$/,H0�2^,G$&�!<d<H"�,`<Q�+,
IK<QL!�!>('*.6DM$1L!. P ,H0 L!"�,x���!,U'HIK< P ,`)+.�<?$1,1>+L!.�,x��<�[(�!>y'�.�,1'H"�<Q�!'HI!@#,G$1L!I+ #$7$
	,1�1 A,1.o'*)!)!.�<�ud sN
:5'*�- A<Q�U�-<` s��W3���5�-�!,r�!,\u?��"6L!I!"6,1$/�� #<Q� 0d24,�2f #@A@(,\ud)!@v'* #�=�!<g2 ���! #"c,1>+BQ,� A"4$&�!<H"�,1�9'*�!>��!<g2
 A��" $
	,1�/ #,/.r'*)!)!.�<�ud #:5'*�� #<Q�C$1'H��Ij,%L!"6,1>9�-<=$1<Q�!"S�-.6L!$/�f�-�+,�>+,1"� A.�,/> $
	,/�1 A,1.f)('*��$&�XW

��� � � � � � � � 	��  	 � � �� �	 � � 	�� � 	 � � � �  � ���
��
	 � �  ���  �
�������! #"c"�,/$/�- A<Q�X0?�-,1�+"�<Q. N�)!.6<d>!L+$/� $
	,1�1 A,1.c)('*��$&�!,1"^2f A@#@�IK,r$/<Q�!"6��.�L!$\�-,/>9��<`'H)+)!.�<�ud #:5'*�-,f�-�+,
>!, P ,1@A<Q)('HI+@#,q.� AI!Ij<H�G"6L!.6RT'H$/,HW,'oL+.b.6 #I!IK<Q��)! #,/$1,/"¢�(' P ,^"�<H:5,q"�)K,1$/ v'H@7)+.�<Q)K,1.S�- #,/"1W . "b"��!<g2f�
 #�y�3 #BQL+.�, � WA���+��'7�O0K���!,x�-<H)t'H�!>����!,`IK<H����<Q: ,/>!BQ,/"k<HRq�-�!,x.� #I+Ij<Q��'H.�,x)('H.-'*@#@#,/@wW . "6"�L!:=,
�-�!'*�f2^,��('H:=,k�-�!,�$1<H.��!,/.i<*R],�'*$&��)! A,1$1, � � � ) � � � ��'*"i"6�!<g2f�y #���3 ABQL!.6, � WA�g�!�TI��O0!2f�!,1.6,'#
 #"o���!,�'*)j,OuY<HR^���!,�'*"�"�<?$1 #'*�-,/>J$/<Q�!,H0 � � � # � 7 � � � # � 0�� � � #,� 7 � � ) #,�¡0 � � � �x'H�!> � ) � � 'H.6,
BQ,/�!,1.�'*�-<Q.6"f<HR��-�!,%.� AI!IK<Q�_"�L!.SRT'H$1,*W.�r,1.6,H0!24,%�(' P ,%,1 s�-�!,/. � � � ) ��� � � � � <Q. � � $/<Q #�+$1 #>+,1"�2f A���
� �gW

. "`<H�!,C$�'*��"�,1,5RV.�<Q: �3 ABQL!.�, � Ws���!�VI��\0] sR��-�+,��-.6 v'H�!BH@#, # � � � )  A"G"6$�'H@A,1>�I7DJ'MRT'H$/��<Q.10
�('H:=,1@sD

� � � # � � �
� # � � � ,

�-�+,4.6,1"�L+@A�- A�!Bf�-.� #'H�!BQ@A,� #"b$1<Q�+BQ.�L!,/�7�3�-<f�-�+,4�-.6 v'H�+BQ@#, # � � � � W!�d #:= #@#'H.�@sDQ0� A� ¤ 4`0g sR+���!,4$/L!. P ,1>
.� AI!IK<Q�t)! #,/$1,8Ij<HL!�!>('H.SD � � � )  #"%"�$1'H@#,/>�I7D � 0����!,1�t�-�!,=.�,/"�L!@s�- A�!B9$1L!. P ,= #"o$1<H�!BQ.�L+,1�7�G��<
�-�+,�)+ #,1$/,%Ij<QL+�!>('H.SD � � � � W

. "6 #:= #@v'*.X.�,/@v'*�� #<Q�!"6�! #)%$1'H�xIK,^,/"6�&'*I!@# A"��!,/>xIK,/��24,1,1�`�-'H�!BQ,/�7�-"3<*R($1<Q.6.�,/"�)K<Q�!>! A�!B�)K<Q #�7��"



����� � � �*� ��!#!%$&�(')� !"������$&� ' �#
� � ��
 ���� � ¤

p

p

p

1

0

0

2D3D

p

p

p

1

v

0

1

2

3

O

T

v

v

v

T

1

0

O

v

0

1

2

3

vv

v

�¢ #BQL!.6, � Ws� � 2�J^<Q.6.�,/"�)K<Q�!>! A�!B5)K<Q A�n��" � � 'H�!> � ) W

<HR�IK<QL!�+>('H.6D�$/L!. P ,1" � � � ) 'H�!> � � � � W #� A$&m�'=BQ,1�!,/.-'*��<Q.i<HR]�-�+,x$1<H�!,x2f�! A$&�y #�7�-,/.�"6,1$/��"��-�+,
.� AI!IK<Q�Z)! A,1$1,5Ij<HL!�!>('H.SD � � � � '*� � � '*�!> � � � ) '*� � ) 0�'H"x"��!<g2f�  #���¢ #BQL!.6, � WA� � W ��,/� $ �
>!,/�!<H�-,4�-�!,^�-'H�!BQ,/�7� P ,/$/��<Q.�<HR!���!,�IK<QL!�!>('*.6D � � � � '*� � � 'H�!> $ ) >!,/�!<H�-,4�-�!,c�&'H�!BH,1�7� P ,/$/��<Q.
<HR]���!,�Ij<QL+�!>('H.SD � � � ) '*��� ) Wl�pR #h A"�'*�f���!,x<Q.6 #BQ A��'H�!>M���!,�Ij<QL+�!>('H.SDM$/L!. P , � � � )  #� ¤ 4
 #"G"�$1'H@#,/>ZI7DZ'9RT'H$/��<Q.10 � 03�-�!,/�Z�-�!,5.�,/"�L!@s�- #�+B�$1L+. P ,_:5'*��$&�!,1"��-�!,CIK<QL!�+>('H.6DY$/L!. P , � � � �
,\u+'H$\�-@sDQWc���M<H���!,1.l24<Q.�>+"10K ARb�-�!,%)('H.�'H:=,/�-.6 #$kRV<Q.6:£<HR3$1L!. P , � � � )  #" � ) ���6�O0�� ��� � ,�! ��0!�-�+,1�
$1L+. P , � � � � $�'H��IK,o)('H.-'*:5,\�-.� A�1,/>�I7D � ���F���6�\0 ��� � W��pR3)j<Q A�7�

� ) � ���*�����O�",

RV<Q.f'H��"�<H:5, � � � � � ,�! ��0(�-�!,/�

� � � � ���H�����-�", $ ) � �� ) �����O�", $ � � � �� ) �����O� !

�l�!,/.�,/RV<H.�,H0
� $ � �
� $ ) �

� � !
e�,��!' P ,

� $ � �
� $ ) �

� � # � � �
� # � ) � �

� # � � �
� # � � � � � ! � � WA�g�



� � �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

n-1

2
1

2

0

0 w

n-2

3

1

O

=
=v

n

w
ww

w

w
. . . .

v v

v

�¢ #BQL!.6, � Ws� � 2��dL+IdN�>! P  #>! A�!B8'U.� #I+Ij<Q�9)! A,1$/,� A�7�-<%�t.� AI!Ij<H��)!'*�-$&�!,/"1W
�r<g2%07$1<H�!"� A>!,1.3���!,l.� AI!IK<Q�`)! A,1$1, � � � ) � � � �q"6�!<g2f�= A�U�3 ABQL!.�, � Ws� � W¢e�,�)! A$&m����!,�IK<QL!�!>?N

'H.SD � � � ) 'H�!> 'H)!)+.�<�ud #:5'*�-,= A�G2f A�-� � $1L+I! #$ $
	,1�1 A,1.`$/L!. P ,1"UL!"6 #�!B ��	 � � A��� 	  �����	��
���
��������� � / ����� W �r<H��,����('*�_'*@A�-�+<QL!BQ� �-�!,M$1.6<Q"�"C"6,1$\�- #<H� <HRo���!,�$/<Q.�.6,1"�)K<Q�!>+ #�!B�$1<Q�!,M #"5'
)! A,1$1,\2f #"6,U$1<Q�7�- A�nL!<QL!" $
	,/�1 #,/.o$1L!. P ,*0����!,UIK<QL!�!>('*.6Dy<*R�'C.6 #I!IK<Q�a)! A,1$1,U A"k�!<H�%>+,/[(�!,/>J'*"
' $
	,/�1 #,/.l$1L!. P ,*W �d<`���! #"^Ij<QL+�!>('H.SDC$1L+. P ,�'H)+)!.�<�ud #:5'*�- A<Q��"S�-,/)M A"��!,1$/,1"6"-'H.SDQWc�l�!,%$1L!. P ,1"��
,1�+>!)j<H #�7�-"i'H.6,

� ) � � � , � ) , !�!�! , ����� ) , ��� � � � ,
2f�!,/.�, ����� ) '*�!> ��� 'H.6,f���!,f,1�!>+)j<Q A�7�-"c<HRj���!, � 3! $
	,1�1 A,1.q$1L+. P ,*0
��� � ,&  , !�! !�, �3W��� #�!,/" # ��� 0
��� � ,O  , ! !�!�, �30d>! P  #>+,k�-�!,%.� AI!IK<Q�9)! #,/$1,% #�7�-< � ���
	�	C
�� � ������ ��� W

J^<Q�!"6 #>!,/.r'U"6 #�!BQ@A,o.� AI!Ij<H��)!'*�-$&��� � � ) & ) & � 0!'H"f"��!<g2f�� A���3 #BQL+.�, � Ws� � W ) ��,\�(� ) >+,1�!<H��,
�-�+,�$/L!I! A$ $
	,1�1 A,1.U.6,1)!.6,1"�,/�7�&'*�� #<Q��<HRr���!,9Ij<HL!�!>('H.SD�$1L+. P ,�� ) & ) W ��,/��� ) 0�� ) 0 � ) 'H�!> & )
>!,/�!<H�-,C���!,_$1<H�n��.�<Q@^)j<Q A�7�-"`<HR(� ) W�e�,_'H)!)!.6<�u+ A:�'F�-,����!,_Ij<HL!�!>('H.SDZ$/L!. P ,�� � & � I7DZ�-�+,
$1L+I! #$ $
	,/�1 #,/.l$1L!. P ,'� � >+,/[(�!,/>�I7D_$/<Q�7�-.�<H@�)j<Q A�7�-"�� � 0�� � 0�� � 'H�!> & � 0!2f�!,/.�,

� � � � � � � ) � ) � � ' � � & � � � � ) & ) !

$4D8�-�+,k'H@ABQ<Q.� s�-�!:  #� ��	 � � A��� 	  �����	��
����������� � / ����� 0?�-�!, P ,/$/�-<H. & ) � )  #"c)('H.�'H@#@A,1@+��<x�-�+,

K�� Y�Z[U�wySVUTUTZg`{egO$1*S]R9YbNPOBwaS]Z[\cY�U����3_]\{h����,YTS Q�S]Z[\{QMZ hjOcp



����� � � �*� ��!#!%$&�(')� !"������$&� ' �#
� � ��
 ���� � �

v

v

v

0

1

v

0
0

1

1

1

1

2

1

1

O

O

2D3D

0

3

r

r

q

q 0

0

r

g

g

h

h

0 rq

q

�3 ABQL!.6, � WA� � 2�'k�!,o.� AI!Ij<H��)!'*�-$&�XW

�&'*�!BQ,1�7�U<*Rl�-�!,CIK<QL!�+>('H.6D & ) � ) '*��& ) Wy�l�!,1.6,/RV<Q.6,H0qI7DJ,/�nL('*�- A<Q� � Ws�Q0]���!, P ,1$/��<Q. & � � �  A"
)('H.�'H@#@A,1@n�-<k���!,��&'H�+BQ,1�7��<HR����!,lIj<HL!�!>('H.SD�& � � � '*� & � W!�d #:= #@#'H.�@sDQ0g�-�+, P ,1$\�-<Q. � � � �  A"])('H.�'H@#@A,1@
�-<U���!,o�&'H�!BH,1�7�i<HR¢���!,%Ij<HL!�!>('H.SD�& � � � '*� � � W

. "6"�L!:=,_�-�!,9$1L+I! #$ $
	,/�1 A,1.U$1L+. P ,/"�'*.�,_IK<H�-� )('H.�'H:=,/�-.6 #�/,1>� #�Z��,1.6:5"U<HR �OWZ�l�+,1.�,9 A"
'�<Q�+,\Np��<*N�<H�!,`$1<H.�.�,/"�)K<Q�!>!,/�!$1,UIK,/��24,1,/�Y���!,U)K<Q #�7��� � ���6��'*�!>y�-�!,x)j<Q A�7��� ) ���6�\W%�l�!,`@A #�!,
>!,\[(�!,1> I7D!� � ���6�G'H�!> � ) ���6�� A"`'H��'*)!)!.�<�ud #:5'*��,5BQ,/�!,1.�'*�-<H.x<HRl���!,C"�L+.6RT'H$/,HW �d<M2^,_$1'H�
>!,\[(�!,k'%�-,/�!"�<Q. N�)!.6<d>+L!$/� $ 	,1�/ #,1.c)('*��$&�C<HR >!,1BQ.6,1,`� ¤ ,��g��L+"� #�+BG�-�+,rRV<Q@A@#<g2f #�!Bo"6,/�^<HR�$1<H�n��.�<Q@
)K<Q #�7�-"

� � � � � � & �
� ) � ) � ) & )

!

eJ,G'H)!)+.�<�ud #:5'*�-,o,1'H$&�M.6 #I!IK<Q�9)('*��$&��I7D�'�$
	,1�/ #,/.i)!'*�-$&���-<=<QI+�&'* #�C�-�+, $
	,/�1 A,1.f.�,/)!.�,ON
"�,/�7�&'*�� #<Q��<HRb�-�!,%IK<�2  #� ¤ 4`W



��� �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!

���.-��.� � 
���?���	��� %5/�(?%��@A2B�C


�  ���A�C����� 
1�	� � � ��
�� �  � 	C
	� � ��
���

�l�!,`[(BQL+.�,`'*Ij< P ,x"��!<g2f"k�-�+,`>!, P ,1@A<Q)!:=,1�7�o<HRc'�"6L!.6RT'*$1,` A� ¤ 4`WK�l�!,`.6 #I!IK<Q��$/<Q�!"6 #"6��"
<HR�� � "6L!.6RT'H$/,�)! A,1$/,1"1W]e �+,1�����!,r"6L!:;<HR�"6�?L!'H.�,r,1.�.6<Q.c@# #:= A�3 #"c"�,\�^�-< � W �3�3� �?0?,1'H$&�C"6L!.6RT'H$/,
)! A,1$1,9 A"5'*)!)!.�<�ud #:5'*��,1> I7D �M<Q.= a<Q. � .� #I+Ij<Q� )('F�-$&�!,/"1W �(<Q.U<HL!.8@#<?<Q) "6�-.6L!$/��L!.�,*0^�-�+,
I�'*�6�-,/.f'8"6L!.6RT'*$1,%)! #,/$1,% #"/0d���!,oRV,/24,1.f.� AI!Ij<H�_)('*�-$&�+,1"r'H.�,o�!,/,1>!,/>MRV<Q.����!,%'H)!)+.�<�ud #:5'*�- A<Q�XW



����� � �	$�� �*����� $ ��� � �

�9{$# � � -]�i�)-!-]�,+=�

�l�!,%��2^<5,\u+'H:=)!@#,/"r)+.�,1"6,1�7�-,/>y #�9�-�+ #"f$&�('H)+��,1.i�(' P ,G>!,1:=<Q�!"S�-.-'F�-,1>��-�!,%RV,�'*"� #I+ #@# s��D�<*R3�-�+,
�-,/$&�!�! A�?L+,HWq�l�!,�>+,1"� ABQ��<*RX�-�!,i:=<d>!,/@#@A #�!Bk��<d<Q@�$1'H��IK,�I!,\ud #I!@A,HWq�(<Q.q #�+"6�&'*�!$1,*0?���!,�$/L!.�.6,1�7�
P ,/.�"6 #<Q�5<HR ���!,r:=<?>!,1@A@# #�+B��-<?<Q@('H@A@#<g2f"q'H�5L!"�,/.c��<G A�n��,1.�'H$/�� P ,/@ADU>+,/[(�!,i�-�!,i$1.6<Q"�"c"�,/$/�� #<Q�=<HR
'5$/<Q�!,x'H"�"6<d$/ v'*��,1>M2f s�-�a'="�L!.SRT'H$1,G)! #,/$1,*Wfe�,x$1'H�a'H>+>y'H�y<H)+�- A<Q��2f�+ #$&�a'H@A@#<g2f"l�-�!,GL!"�,/.
�-<8>!,\[(�!,%�-�!,%$/<Q�!,%L!"� A�!B5'8"6)('H$/,G$/L!. P ,'�^���6��'H�!>M'H�M'H)K,\u9)K<Q #�7��#=0!IK,1$�'*L!"�,%�-�!,oRT'H:= #@sD
<HR�@A #�!,/" #'�����6�]"�)('H�+"�'GBH,1�!,/.-'H@A #�1,/>5$/<Q�!,�'H"c24,1@A@wW]�l�+ #"qRV,�'*��L!.�,r:5 ABQ�7�qIj,iL!"�,\RVL!@jRV<H.c"6<Q:=,
"�L+.6RT'H$/,k$1<Q�+"6�-.6L!$/�� #<Q�5�&'H"6m?"/Wq�����-�!,r�!,\u?�l$&�!'H)+�-,/.10+24,�2f A@#@�>! #"6$1L!"6"�)K<Q"�"6 #I!@A,r,Oud��,1�!"6 #<Q�+"�<HR
�-�+,�:=<?>!,1@A@# #�+BG�-<?<Q@�W



� � �����	��
�����3���	����!%$ �1��
.$ ����� ��� 
��� � �*� ��!



� � ��� ��� � �

� �� � 	�� ���¢� 

� {g| � +=�C���q���a����� +5�)- + � ���y� �	�y�*-3� -

�l�!,i:�'* #�U$1<H�n��.� AI!L+�- A<Q�8<HR ���! #"]���!,1"6 #"c #"]��<G A�n��.�<?>!L!$/,r'o�!,\2 'H)!)+.�<7'H$&�=�-<o�-�+,r>!,/"� ABQ��'*�!>
:=<d>!,/@#@A #�!B=<HR^'C$1@v'*"�"o<HRc>!, P ,1@A<Q)('HI+@#,U"�L+.6RT'H$/,1"1W7$4Da>! P  A>! #�+B5�-�+,="6L!.6RT'*$1,U #�7��<9'9�nL!:xIj,/.
<HR¢)! #,/$1,/"r'*�!>M:=<?>!,1@A@# #�+BG,1'H$&��)! A,1$/,k2f A�-��'8BQ,1�+,1.-'*@# #�/,1>_$/<Q�!,H0(���!,oL!"�,/.r�!'H"f'UBQ.�,1'*�i>!,�'H@
<HR3$1<Q�7�-.6<Q@�< P ,/.i���!,G"6�('H)K,G<*R¢���!,G>+, P ,/@#<Q)!'HI!@#,%"6L!.6RT'H$/,HW$&r�!@A #mH,o���!,%)!.�, P  A<QL!"r'H)!)!.6<7'H$&�!,/"
>!,/"�$1.6 #IK,1>9 #��$&�('H)+��,1. � 0?�-�!,kL+"�,1.l$1'H�_"�)K,1$/ AR�D=�-�!,�$1<Q�!,oI7D5�-�!,k"6�('H)K,k<HRb A��"^$/.�<Q"6"l"�,1$\�- A<Q�
'H�!>G�-�!,�)K<Q"6 A�- A<Q��<HR� A��"3'H)K,\uj07"6<k A�¢ #"¢,�'H"SDG��<k>!,/��,1.6:5 A�!,^'r"�,/�]<HR� #�!)+L+�3>!'*�&'r2f�+ #$&�U@#,1'H>G��<
'kBQ<?<d>`'H)!)!.6<gud A:�'*�� #<Q�G<HR(�-�+,l>!,1"6 #.�,/>8"�L!.SRT'H$1,*W]�l�!,l$1<H�!$1,/)+�q #"]"6 #:=)!@#,^'H�!>U,1'H"6DG�-<oBQ.�'H"�)X0
I!L+�^ A�4>!<?,1"^�+<H��.6,1>!L!$/,��-�+,k)j<g24,1.4<HR�<QL!.4:5<?>!,1@A@# A�!Bo"6D?"6��,1:�Wq�l�!,�L!"6,1.�$1'H�C A�n��,1.�'H$/�� P ,/@AD
$&�('H�+BQ,M���!,M A�!)!L+�8��<��-�+,M"SDd"S�-,/:MW �l�!,�RV,�'H"6 #I! A@# A��D�<HR�<QL!.=:5<?>!,1@l A"5>+,1:=<Q�!"6��.-'*��,1>�InD
'H)!)+@AD? #�!B��-<G A�c�-<x���!,�:=<d>+,1@#@A #�!Bo<*Rb'G�('H�+BQ #�!BG"�$1'H.6Rb'H�+>_'xIK<�2%0+'H"^"6�!<g2f�_ #���3 #BQL+.�,1" � W �
'H�!> � W  dW �dW

�¢<�<HI+�&'H A� 'JIK,/�6�-,/._'H)!)!.6<�u+ A:�'F�- #<H��<HRo���!,y>!,/"� A.�,1> >+, P ,/@#<Q)!'HI!@#,M"�L!.SRT'H$1,*0r s�� A"��!<*�
L!"6L('H@#@sD��!,/$1,1"6"-'H.SD ��<J"�L+Ij>! P  #>!,�,�'H$&� "�L!.SRT'H$1,M)! #,/$1,� #�7�-<�"�:5'H@#@A,1.8'H�!>�"�:5'H@#@A,1.U"6L!.6RT'H$/,
)('*��$&�!,1"/Wq�¢<U$&�('*�!BQ,k�-�+,k"��('*)j,o<HR�<H�!,k"�L+.6RT'H$/,o)! #,/$1,H0?�-�!,�L!"�,/.l$�'H�9'H> 6L!"6�l$/<Q�7�-.6<Q@ )K<Q #�7��"
<HRK�-�!,i$1.6<Q"�"c"�,/$/�� #<Q�=$1L!. P ,i<HR ���!,f$1<Q�+,�'H"6"�<?$1 #'*�-,/>=��<%���! #"q"6L!.6RT'H$/,r)+ #,1$/,HW . @#"6<!07I7D8,1>! s�- #�+B
'5RV,\2 $1<Q�7�-.6<Q@#"r)j<H #�7�-"/0K���!,xL!"6,1.k$1'H�a'H@A"�<�'H@A��,1.f�-�!,G<Q.� A,1�7�&'*�� #<Q��<HR]���!,x�-'H�!BQ,/�n��)!@v'*�!,x'F�
'`"��!'H.�,/>�IK<QL!�+>('H.6D5<HR���24<8'H>��'H$/,1�7�f"�L!.SRT'H$1,o)+ #,1$/,1"/W��l�!,1.6,/RV<Q.6,H0!�-�+ #"l'H)+)!.�<7'*$&�_BQ P ,1"��-�+,
L!"6,1.r'=BQ.6,�'*�i>!,1'H@�<HR3$1<Q�7�-.6<Q@�< P ,/.i���!,G"6�('H)K,G<*R¢���!,G.6,1"6L!@A�� #�!B8>!, P ,1@A<Q)('HI+@#,%"�L!.SRT'H$1,*0�Ij<H���

� ¥



� � �����	��
�����0� ����� ��! � � $ ���

@#<?$�'*@#@AD5'H�+>MBQ@A<QI('H@A@ADHW¢�l�! A"f #"l>! A"�$1L+"�"�,/>y'*�f���!,%,1�!>�<HR¢$&�('H)+��,1.��dW

� {O� ���9�3�o�)-]�,+=�)- �!+ � �y� ��� -b�]�*%

'kL!.l:=<d>!,/@#@A #�!B�"6D?"6��,1: $1'H�9Ij,%,\u?��,1�!>!,/>���<8�('H�!>!@A,o>!, P ,1@A<Q)('HI!@A,o"�L!.SRT'H$1,/"l2f�!<Q"�,%"6L!.6RT'H$/,
)! A,1$1,/"8$�'H��Ij,9>!,\[(�!,/> L!"6 #�!BtBQ,/�!,1.�'H@# A�1,1> $\Dd@A #�!>+,1.�"='H"U24,1@A@f'H"8BQ,1�!,/.-'H@A #�/,1> $1<Q�+,1"1W $4D
 #:=)!.6< P  A�!BG���!,oL!"�,/.l #�7�-,/.6RT'H$/,o'H�!>C���!,k< P ,/.-'H@A@ >!,/"� ABQ�_<HRb<QL!.�"SD?"6�-,/:M0+<QL!.�:=<d>+,1@#@A #�!B%�-<?<Q@
"��+<QL!@#>�IK,G'*I!@#,k��<5�('*�!>!@#,%' P 'H.� A,/��D_<*R3>!, P ,/@#<Q)('*I!@#,%"�L+.6RT'H$/,1"1W^�(<Q.l #�!"S�&'H�+$1,H0( sR]'U"6�!,1,\�� A"
�!<H��)K<Q@AD?BQ<H�('H@w0� �W ,*WA0b A��"%Ij<QL+�!>('H.6 #,1"�$�'*�J�!<H��IK,5>+,/[(�!,/>ZI7Dt"6��.-'H ABQ�7�G@A #�!,8"6,1BQ:=,1�7�-"/0¢24,
:= #BQ�7�q�!,/,1>5��<GL+"�,�$/L!. P ,1"c�-<�>!,1"6$1.� AIj,i A��"qIj<QL+�!>('H.6 #,1"/W . �+<H�-�!,/.4,Ou?�-,1�+"� #<H�5�-<%�-�+,r"SDd"S�-,/:
 #"o��<�'H)+)!.�<�ud #:5'*�-,='H)+)!@# A$�'HI!@A,U"�L!.SRT'H$1,/"10¢"�L!$&��'*"G$/.�L!:=)!@#,/>�)!'H)j,/.G<H.�)!'H)j,/.�2f s�-�Y"��('*.�)
RV<Q@A>!"f'H�!>9$1L+"�)!"/0KI7D9BQ@AL! #�+BU'U�?L+:`Ij,/.f<HR3>+, P ,/@#<Q)!'HI!@#,%"6L!.6RT'H$/,%)! #,/$1,1"l��<QBQ,/���!,1./W . @#"6<!0+24,
:= #BQ�7�3'H@#@A<�2J�-�!,�L+"�,1.¢�-<k"6)j,/$1 AR�Dx'k"�)!'H$1,�$/L!. P ,H0?'H�!>x@#,/�¢�-�!,^,1>!BQ,^<HRK'�>!, P ,1@A<Q)('HI+@#,�"6L!.6RT'H$/,
RV<Q@A@#<g2Z�-�+,^"�)!'H$1,l$/L!. P ,f'H"3$/@#<Q"6,1@ADG'H"3)j<Q"6"� AI!@#,q2f A���!<QL+�¢�-,�'*.� #�+B�<Q.b2f.� #�+m?@A,HW!�dL!$&�='rRV,�'F�-L!.6,
:= #BQ�7�k,/�('HI!@A,`L!"k��<_$1.�,1'*�-,U:5'H�7DM #�7�-,/.�,1"S�- A�!B_>!, P ,1@A<Q)('HI!@A,`"�L+.6RT'H$/,8'H�! #:5'*�� #<Q�!"/W . �a A:8N
)K<Q.6�-'H�7�^,Oud��,1�!"6 #<Q�52^<QL+@#>�IK,i$1<Q@A@# #"6 #<Q�U>+,/�-,/$/�� #<Q�C$1'H��IK,k'*>!>!,1>5�-<%�-�!,r"6D?"6��,1:;�-<x)+.�, P ,1�7�
"�L+.6RT'H$/,� #�7��,1.SNp)j,/�!,/��.-'*�� #<Q� W �q<Q@# A�!<!0$J^<QL!.6$&�!,1"6�!,t'H�!>��l�('H@#:5'H�!� � � ¤ �i)!.�,/"�,/�n��,1>  #�7��,1.SN
,1"S�- A�!B�$/<Q@#@A #"� A<Q�_>!,\�-,1$\�- A<Q���-,/$&�!�! A�?L+,1"�RV<Q.i$1@A<H�-� 0�RT'*I!.� A$1"i<Q.10�:=<Q.�,�BQ,1�+,1.-'*@#@ADH0(>!,/RV<H.�:5'HI!@#,
"�L+.6RT'H$/,1"1Wx�l�! #"���,1$&�!�+ #�nL!,8:5 ABQ�7�kIK,UL!"�,\RVL!@� #�y'H�t,\u?�-,/�!"� A<Q�t<HRc<QL!.k>!, P ,/@#<Q)('*I!@#,U"6L!.6RT'H$/,
:=<d>!,/@#@A #�!BG"6D?"6��,1:�W

� {$# � ���k~ - + �	�9�a��� �y�o��
 ��-3�k~`�q� �

. �t A�n��,1.6,1"6�� #�!B9'*.�,�'_<HRqRVL!.S�-�!,/.o.�,/"�,�'*.�$&�Y:5 ABQ�7�kIK,`�-<_ #�+$1<Q.6)j<Q.�'*�-,x)!�7Dd"6 #$1'H@�$1<Q�+"6�-.�'H #�7��"
 #�7��<����!,�:=<d>+,1@wW��(<Q.% #�!"S�&'H�!$/,H0b2^,5:5 ABQ�7�o2�'H�7�G�-<�"6 #:`L+@v'*��,`�-�!,5:5< P ,/:5,/�7�x<HRl'M"�$1'H.6R W
��:5'HBQ #�+,��-�('*�����!,i"�$�'*.6RX A"�"�L!"6)j,/�!>!,/>_ #�U�-�!,i'H A.�I7D8 A�-"�$/<Q.��+,1. ��'H�!>82^,i�!<Q@A>=���!,f$1<Q.6�!,1.6"
<HRq�-�+,`"�$1'H.6R^'H>��'H$/,1�7�k��<,�=0X"6<_�-�('*�k'H@#@�RV<QL!.�,1>!BQ,/"%'H.�,U"S�-.�'H #BQ�7�� #�����!,8'H #.�'H"k"6�!<g2f�� A�
�3 ABQL!.�, � Ws�QW3�l�+,1�`24,l.�,1@A,�'H"6,^$/<Q.��!,/.�"q'H> �'H$1,/�n�3�-<��807'H�+>U@#,/�b�-�+,1: RT'H@#@�Wb�b<k"6 #:`L!@#'*�-,q�-�+ #"10
24,�$1<HL!@#>YL!"�,=)!�7D?"� A$�'H@c$1<Q�+"6�-.�'H #�7��"���<M$1'H@#$/L!@v'*��,`�-�!,8RV<Q.6$1,5'H�!>J"6L!.6RT'*$1,=,1�!,/.�BHDH03"�<��-�('F�
�-�+,l"6D?"6��,1:h$�'*�=BH,1�!,/.-'*��,��-�!,fIK,1�(' P  #<QL+.]<HRK�-�!,l"6$�'H.SRX'HLd�-<Q:5'*�- A$�'H@A@ADHW . �!<H���!,1.�,Ou+'H:5)+@#,� A"



�0��� ������� ��� ��� �*��*
����� ����� � ��� ��� � �

corner C

UP

�¢ #BQL!.6, � Ws�32 . ��,\u+'H:=)!@#,o A�! A�� v'H@K$1<H�+[(BQL!.�'*�- A<Q�9<HR3'8"6$�'H.SR] A�9���!,�'H #./W

�-�!'*�l<HRb)!@#'H$1 A�!BU'UIj<g2 <Q�9'x�&'*I!@#,o'*�!>9)!.�,/"�"� A�!B8>!<g2f�9<Q�9 A��W3�pRb24,%.�,/:5< P ,k���!,o)!.6,1"�"6L!.�,*0
�-�+,l@#<?<Q)!"]<HR����!,fIj<g2�"��!<QL+@#>8"�)!.6 #�!BoI!'H$&mU'H�!>8.6,1@v'�ux��<� s�-"]<H.� #BH #�('H@?$1<H�+[(BQL!.�'*�- A<Q�XW¢�r<H�� #$/,
�-�!'*���-�!,qIK,1�(' P  #<HL!.�<HRn�-�!,q>!, P ,/@#<Q)('*I!@#,�"6L!.6RT'H$/,qL!�!>!,/.b)+�nD?"6 #$�'*@7$1<Q�!"S�-.�'H #�7�-"b'H.6,�>!,1)K,1�+>!,1�7�
<Q�a�-�+,U:�'*��,1.6 v'H@�W . @#"6<!0 �-�+,U.�,�'*@# #"S�- A$x"� A:`L!@#'*�- A<Q��<HR4�!<Q�?N�.� ABQ #>M<QI 6,/$/�-"�"�L+$&�J'H"k���!,U<Q�!,/"
:=,1�7�- A<Q�!,1>J�!,1.6,C�!,1,/>!"`�-<�Ij,�RV<H.�:5'H@# A�1,1>Y #�Z'�.� ABQ<Q.�<HL!"G:5'*���!,1:5'*�- A$�'H@]RV.�'H:=,/24<Q.�m�W $4D
�&'*m? A�!Ba�-�!,�)!�7D?"� A$�'H@f$1<H�!"6��.-'H A�n��"5 A�7�-<t$1<Q�+"� #>+,1.-'F�- #<H�X04<HL!.5:=<?>!,1@A@# #�+B�"6D?"S�-,1: 24<QL!@#>�IK,
:=<Q.�,o A�n��,1.6,1"6�� #�!B='H�+>M$/<Q:5)+@#,/��,HW



�   �����	��
�����0� ����� ��! � � $ ���



� ��� 	��¢� � � ��� ���

� � � ���L!�7��,1. . L!:5'H�!� 0 �6���7�-,/.�)K<Q@v'F�- #<H� 2f s�-��4k, P ,1@#<H)('HI!@A, $
	,1�1 A,1. #3'*��$&�!,1" �!0�� 
 � � / �:�C�
� � �A� �
	*�1
 � �C�/�C��� � ���C��� � 0 �q<Q@�W � 0b� � ¥Q¥ ���O0+)!) ��� ¥ N �   � W

�   � H�W.4k< J�'*.�:=<!0 � 4k �j,1.�,/�7�- v'*@ �%,/<Q:=,/�-.SDa<HR�J^L+. P ,/"U'H�!> �dL!.SRT'H$1,/" �!0 #q.6,1�7�- A$1,���'H@A@w0
+��!BQ@#,\2^<?<?>1J^@A �j"10+��+0 &GW �jW . Ws0�� ¥ � � W

� ¤ � �%,/.-'H@A>9��'H.� A�X0�� / �C����� � � ��� / � ��A�1��� � 
 � � 
 � � / ���C�*� � �A� �
	*�1
 � �C�;����� � ���C��� ��� �
� �@�A�C�/���@� ��	 / � �A� 0(�l�! #.6> +q>+ A�- A<Q�X0 . $�'H>+,1:= #$ #�.�,/"�"10�� ¥H¥  dW

� � ���&W 4`Wd��'HL?u5'H�!> HYW�+W #�.-'*�6��0 � J^<Q:=)!L+�&'F�- #<H�('H@ �o,1<Q:=,/��.6DURV<Q. 4k,1"6 #BQ�5'H�!> H�'H�nL+RT'H$ON
�-L!.6,��!0�+q@A@# A" �r<Q.S2^<?<?>X0 J^�! A$&�!,1"S�-,1./0�&��U0X� ¥ �3� W

� � �^+lWQ�3 AL!:5,*0 �6��"6<Q:=,/�-.6 #$�#q A,1$/,/2f #"6, #¢<Q@sD?�!<Q:= v'H@ J^L!. P ,1" �!0�� 
 � � / ���C��	��=�C� A������� 
 � / � 0
�q<Q@wWj� � 0���Q'H�nL('H.SDQ0�� ¥Q¥ �Q�\0!)+) ��� NS� � W

� � ��Q'H:=,1"�4`W+��<H@#,/DH0 . �!>!.6 #,1" P 'H� 4o'*:M0 �?�-, P ,/�
�UW(�(,1 A�!,1.^'H�!>�H<Q�!�9�4W��rL+BQ�!,1"/0�� 
 � �
� / ���C� 	��=�C� A�����"! � �C� � �C� � � ���-� � � � �=�A�C�;���1� 0 �d,1$/<Q�!> +�>! s�- A<Q�X0 . >+>! #"6<Q�dNpe�,1"6@#,\D�#�L!I?N
@# A"��! A�!B J^<Q:=)('H�7DQ0 f,�'*>! #�!B+0 H�'H"6"-'H$&�nL!"6,/����"10�&GW �jW . WA0�� ¥Q¥ � W

� � � 4`W �r #@AIj,/.6�G'H�!> �jW,J^<H�!�dN��q<H"�"�,/�X0 	*�1
 � �C�/�$# � � � �  �&%C���'��� �	���/��
�� 0,J^�!,/@#"6,�'+0��i,/2
(c<Q.�m�0(�)(U0 &�W��jW . Ws0�� ¥ �Q ?W

� � ��H<Q"�,\R �r<Q"6$&�!,1m�'H�!> 4k #,\�-,/. ��'H"�"6,1./0X�-.-'*�!"�@#'*�-,/>yI7D ��'H.�.SD �qW �d$&�nL!:5'HmH,/.10*� 
 � � / �:�C�
� � �A� �
	*�1
 � �C�/�C��� � ���C��� � 0 . � #b,/�-,/.�"/0�e�,1@A@#,/"�@#,\DQ0 HM'H"�"�'H$&�nL!"�,\���-"/03� ¥H¥Q¤ W

� ¥ �+(4'H�!�! A$&m ��W,�o,1.6BQ<Q"6 #,1� 0��i #.6<Q�!<QI!L �o<H��<d>('_'*�!>��b<Q"6 AD7'*"�L �qW-�%L+�! # �0 � $^,/�!>! #�+BM'*�!>
J^.�,1'H"� A�!B �k #.S�-L('*@�#3'H)K,1. �!0 %/.�.�. � 
 � � / ���C�0	��=�C� A����� � � ���9��� � ���@���;��
�� � ��Q'H�nL('H.6D
¥ � �O0!)!) ��� N � � W

� � � � . W?e W(�rL+��Ij<HL!.��!,*0 #¢W HYW HM$ ��,/@#@v'*�9'H�!> %W H�W ��W1�o,1�+"� A�10�� J^L+. P '*�-L+.�, #�.�<H[(@A,1"^RV<H.
#�@v'H�!,4J^L!. P ,1" �+02� 
 � � / ���C� �/� � �A� � � ���C��� � 0 �q<H@wW � 0!�r<+W � 0���HL!@ADH0X� ¥Q¥  H�\0+)+)Y� � � N&� � � W

� �Q� � #¢W f,1>!<H�n�10 � f,1)+.�,1"6,1�7�&'F�- #<H� 'H�!>�4k,/RV<H.�:5'*�- A<Q��<HR 4k, P ,/@#<Q)('*I!@#, �dL+.6RT'H$/,1" �+0&� 
 � �
� / ���C�*� � �A� � � ���C��� � 0 �q<Q@wW� ?�Q0(�r<+W��Q0��3Q'*� �H�(,1IX0 � ¥ � ¥ �O0!)!)Y� ¤ N   � W

� ��  ��H<Q�!� . W�f<QL!@A #,/.10 � �?)j,/$1 AR�D? A�!Bo�-�!, . .6$ ��,/�!BH�-�=<HR $
	,1�/ #,/.$J^L+. P ,/" �!0�� 
 � � / ���C� � � �A� �	*�1
 � �C�;����� � ���C��� � 0 �q<Q@wWj� � 0���Q'H�nL('H.SDQ0�� ¥Q¥H¤ �\0!)+)y Q�gNS� � W
� ¤



� � � $�� !%$ ��'��*�	�����

� � ¤ � #3'H"6$�'H@ �q<Q@# A�!<!0BHM'H.6�� #�8J^<QL+.�$&�!,/"��!,M'H�!> �r'H>! v' H�'HBQ�!,/�('*�U�l�!'H@#:5'H�!�X0 � �q,1.6"-'*�� #@#,
'H�!>1+��=$/ #,1�7���¢,/$&�!�! #�nL!,/"kRV<Q. �d #:`L+@v'*�� #�!B J^@A<H�-��'H�!> '��-�+,1.�4k,/RV<Q.6:�'HI+@#,^'kI 6,1$\�-" �+0
� �1
 �1�1� ��� � ��� 
��+� % 	+	���� ���	��
�H0�� . L!BQL!"S��0�� ¥H¥ �Q�\0+)!)�� ¤ � N&� �3� W

� � � � . WgeJ'*���3'H�!> HYWFeJ'*���10 � ��� � � �1� � � � �������;��
�� � � ��� � � �A�C��� � � � �1�� � ��� / ��� 0 . >!>! A"�<Q�?N
eJ,/"�@A,/DQ0��i,/2 (c<Q.�m�0��GW (UWs0�� ¥Q¥  dW

� ��� � �%L+�n��,1.8eJ,/ #"6"�'H�+> #¢,\�-,/.C�(L!.6���!,1./0 � J^<Q:=)!L+��,1. N 'H A>!,1>��¢.6,�'*��:5,/�7��<HR 4k, P ,/@#<Q)!'HI!@#,
�dL!.SRT'H$1,/" �!0�� 
 � � / �:�C��� 	��=�C� A����� 0 �q<H@wWX�� ?0(�r<!W �Q0b�S� ¥ � � �\0d)!) ¤Q¥ NS�?�QW


