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L P�JZr	� LOJ�J **T0/Q]yLOCQU�u\Y�qsT$U\TDLWEK[^]�uKr +yNQR�uK]QT�NyLWu\Y�qsT$[Dr�NQ� rOE\X�LWuKYZr�N�� { '��  ��r�NQU\T`v�CQTtN}uKJ *
U\r�X$T7[DrOE�EKTD[tuKJ *�� r�JZRQTtR-� LWE\u\U)r���uK]QT �QEKrOu\TDYZN�]yL2qsTHu\r �cT9[Dr�NQU\TtE\qsTtRRQCFEKY�NQP�uK]QT7� r�J�RQYZNQP
�QEKr�[tTDU\U �4* [DCQX,CQJMLWu\Y�qsT|U�TDJZTD[�uKYZr�N�)��]QT �MEKTDT=TDNQT�EKP	* RQY0)�TtEKTtNQ[DT ��Ttu �;TDTtN�u\]QT=CQNQ� r�JZRQTDR
LONQR+uK]QT NyLWuKY qsTU�uKLWuKTr��9L*u *3�yYZ[ LOJ��QEKrOuKTDY�N�YZUSNQrOu$qsTtE�*
JMLWEKP�T���frOE$L �QEKrOuKTDY�N8�`Y uK]
]�CQNQRFE\TDR�LOX$YZNQrALO[DYZRQUvY�uvYZUHLWuvEKr�r�X uKTtX"��TtEKLWuKCFEKT<r�N L2qsT�E^LOP�T|r�NQJ *�
 ' VQ�
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EKTDU\Y�RQCQTv]yLOU uK]QT�EKTD� rOEKTvLONAL qsTtE^LOP�T�U�uKL��yYZJZY�UKLWuKY�r�N r�� ' � 
9VF�
	?X$r�J3�v]QYZ[^]AY�U JZr �;TtE uK]yLON,uK]QT
uK]QTtEKX$LOJ TDNQT�EKP	* 4 ��� � 3 � ������������ 6 ��)]QY�U X�LWVsTDU|[tJZT LWE=u\]yLWu=[DCQX,CQJMLWu\Y�qsTAU�TDJZTD[�uKYZr�N
RQr�TDU)NQrOuvX$T LON�L +7/yLWu\YZr�N�r��k[DrOE\E\TD[tu �yCFuvE^LONQRQr�XAJ *���r�U�Y�uKY�r�NQTDRU\]QrOE�u`U�u�EKTD[^]QTDU`r��5uK]QT
LOX$YZNQr LO[DYZR [^]yLOYZN���Tt[ LOCQU\T�U\CQ[^]#U�]QrOE\u�� r�JZRQTtR � LWE\u\U$[Dr�CQJZR T LOU�YZJ * ��T RQY�U�EKC7�QuKTDR��4*
uK]QTtEKX$LOJ TDNQTtEKP	* ���]QT X$T LONQYZNQP�r���[DCQX,CQJMLWu\Y�qsT�U\TDJ�TD[tuKY�r�N
]yLOU uKr �cT�[Dr�NQU\TtE\qWLWuKY�r�N
r��
[Dr�r	�cTtE^LWuKY qsTDJ * � r�J�RQTDR��fLONQRuK]QTtEKTt� rOEKT|JZLWEKP�TtEvU�u\EKTD[^]QTDUt�cr��{u\]QT �QEKrOuKTtYZN�
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JZTD[tCQJZTDU �&vY ��r�NQr�[DJZTDLOU\TO� �vY�u\] � [�*�U�uKTDY�N�LOX$YZNQrALO[DYZRQUD� [Dr�CQJ�R�LOJZU\r$]yL qsT �cTDTDN�� LOY�E\TDR uKr
� ' 
��)EKr�NQP[tr�N�+yP�CFE^LWuKYZr�NQU�$��]QTANyLWuKY qsTS� rOEKX ��LOU��yCQYZJZR LOU<uK]QT�uK]QTtEKXAr�R7*FNyLOXAYZ[ LOJ�J *
X$r�U�u9U�uKL��yJZT,� rOEKX LONQR&Y u7uKCFEKNQTDR*r�CFu9uKr���T,uK]QT,r�NQJ * � rOEKX �vY�u\]*TDNQB0*FX�LWuKY�[,LO[tuKY qFY�u * 
�}r�Y�u �cTD[ LOX$T|[DJZT LWE`uK]yLWuHuK]QT=Y�NQ� rOEKX�LWuKY�r�N � rOEHuK]QT=u\TtE\uKYZLWE�*U u\EKCQ[tuKCFE\T r��3EKY �cr�N�CQ[DJ�T LOU\T
YZU,RQTtuKT�EKX$YZNQTtR �4*�uK]QTLOXAYZNQr�LO[DYZR�U\T`v�CQTDNQ[DT	.�yE^LOTDNFVsTDJ ����r�NFE^LWu�� � YZJZJ�YMLOX$U 4 �2����?6
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~ � '"~



���������
	�����������

�)]QT`U\TDJZ� � LOU\U\TDX �yJ *'�QEKY�NQ[DY �yJ�TO��U uKTDX$Y�NQP|�MEKr�X uK]QTDU\T��;rOE\VFUt��U�uKLWuKTDU u\]yLWu;LOJZJQuK]QTvYZNQ� rOEKX$L �
uKYZr�N~EKT`v�CQY EKTDR|u\r`U �cTD[DYZ� *|U�u\EKCQ[�uKCFEKT;LONQR=� CQNQ[�uKYZr�N r��QL �QEKrOuKTDY�N�� �4*|� r�J�RQYZNQPHr��FNQT0�`J *|U *�N �
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[Dr�Nsu\E^LORQYZ[�uKYZr�N uKr�u\]QT&U\TDJ�� � LOU\U�TDX �yJ *��QEKYZNQ[tY �yJZT�YZN#U\r�X$T�[ LOU\TtU��QEKT0� T0/QY�U�uKY�NQP �QEKrOuKTtYZNQU
LWEKT!�QEKTDU\TDNsuHuKrSLOU\U\Y�U�u �QEKrOuKTDY�N LOU\U\TDX �yJ *  �IEKrOuKTDY�NQUvJ�Y�VsT9RQYZU�CQJ �y]QYZRQT~YZU\r�XATtE^LOU\T!��TtE\� rOEKX
[Dr2qOLOJ�TDN}u��cr�U�u � u\E^LONQU\JZLWuKYZr�NyLOJ X$r�RQY0+y[ LWuKY�r�NQU uKr U\r�XAT �QEKrOuKTDY�NQU  #~NQr �vN�X$r�J�TD[DCQJZLWE [^]yL �
��TtE\r�NQUHr�NuK]QT~rOuK]QTtEH]yLONQR��yCQYZJZR LA[DJMLOU�U`r��3CQNFEKTtJMLWuKTDR �pLOXAYZJZY�TDU�r�� �QEKrOuKTtYZNuK]yLWu`LOU\U\Y�U�u
uK]QT�[DrOE\EKTD[�u$NQr�N � [tr?qWLOJZTDNsuALOU\U\TDX �yJ *�r��vrOuK]QTtE%��r�J *3��T��Qu\YZRQT�[Dr�N}uKLOYZNQYZNQP�U�u\E\CQ[tuKCFEKTDUAYZN
qFY qsr6;�)]QT0*RQr$NQrOu`[Dr�NsqsT�* U�u\TtEKYZ[~YZNQ� rOEKX$LWuKYZr�N�TDU\U\TDNsuKYZLOJk� rOEH[trOE\EKTD[tuHLOU\U\TDX �yJ * ;�)]QTtY�E
�yYZNQRQY�NQP�uKr Y�N}uKT�E^LO[tuKY qsT �QEKrOuKTDY�N�U�CFEK�pLO[DTDU!�QEKTtqsTDNsuKU<YZNQ[DrOE�EKTD[tu<YZNsuKTtEKLO[tuKYZr�NQUHu\]yLWu �;r�CQJZR
rOuK]QTtE��vYZU�T �QE\r�RQCQ[DT�NQr�N � � CQNQ[tu\YZr�NyLOJ�U�u\EKCQ[�uKCFEKTDU �� ]yL��cTtEKr�NQUSLWEKT NQrOu,[Dr�X"��r�NQTtN}uKU,r��
uK]QT=LOU�U\TDX �yJZTDRU�u\EKCQ[tu\CFEKTDU 
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` ��]QT NyLWuKY qsT U u^LWuKT r��+U\X�LOJ�J �QEKrOuKTDY�NQU.Y�U Y�N X$r�U�u�[DLOU\TDU u\]QTtEKX$r�R7*FNyLOX$Y�[
U�u^L��yJ�T � 3 ��� 

` � E\rOuKTDYZNQU)]yL qsT|[^]yLWE^LO[tuKT�EKYZU�u\YZ[|U�TD[Dr�NQRyLWE�*LONQR�uKT�E\uKYMLWE * U�u\EKCQ[tu\CFEKT�� �2� � 

` ��]QT9�QEKrOuKTDY�N�[DrOEKT�YZU~qsTtE�*&u\YZP�]suKJ * � LO[KVsTDR� � u YZU=CQU\LOJZJ *&RQTtqsr�YZR�r��;uK]QTAU\YZX"�yJ�T
U � LWuKYZLOJ�EKTDP�CQJMLWE\Y�u * r�� LS[�E�*FU�uKLOJ � 3 
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EKTDP�Y�r�NQU � � ��� 3��]QYZU ��LOUkRQr�NQT �3* 3(' � � r�J�R RQYZJZCFu\YZr�N=r��FuK]QT�CQNQ� r�JZRQTDR �QEKrOuKTtYZN YZN 
 � P�CyLONQY �
RQYZNQY�CQX�] *FRFE\r�[^]QJZrOEKY�RQT84�_HRQN� �|��JU6  ��N�u\]QT|[DY uKTDR�� rOE\V�LONT LWE\J * � r�JZRQY�NQPAY�N}uKT�EKX$TDRQYZLWuKT
��LOU`� r�CQNQR��cTDYZNQPSU�uKY�JZJ CQNQ� r�JZRQTDR��v]QTDN XAT LOU\CFEKTDR��3* uK]QT|LWEKr�X�LWuKY�[ � LONQRQU54�� � qOLOJ�CQTDU
LWu 3 3(' NQX 6 �yCFu)]yLOR�� r�J�RQTDR�U�TD[Dr�NQRyLWE�* U�u�EKCQ[tuKCFEKT~LOU�X$T LOU\CFE\TDR-�4*$uK]QT �cT��QuKYZRQT � LONQRQU
4�� � qOLOJ�CQTDU=LWu 3 � ' NQX 6�A��]QYZU~YZNsuKTtEKX$TtRQYMLWuKT �`Y uK] �QE\TDU\TDNQ[DT�r���U\TD[Dr�NQRyLWE�**U�u\E\CQ[tuKCFEKT
�yCFu7L��yU\TtNQ[DT=r��{E\YZP�YZR�uKTtE\u\YMLWE�* U�u�EKCQ[tuKCFEKT���LOU`[DLOJZJZTtRX$r�J uKTDN�P�JZr	�yCQJZT�
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r��9YZNsuKTtEKX$TtRQYMLWuKTDU'�;TtEKT�T0/FYZU�uKTtN}u9�yCFu X$LON4*+LOJ�uKTtE\NyLWuKY�qsT�� r�JZRQYZNQP � LWuK] ��L<*FU�[Dr�CQJ�R���T
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����� � � �	� � _HTDNQTtE^LOJ �QEKr	�cTtE\uKY�TDU
��NX$r�U�u�[DLOU\TDU�uK]QT<LO[tuKY�q�Y�u *�r��{L �QE\rOuKTDYZN�YZU)RQTDU�u�EKr *sTtR��4* RQY*)�T�EKTDNsu`X$Y�JZR RQTDNyLWuKCFEKLWuKYZr�N
[Dr�NQRQY�u\YZr�NQU 4 ' � �	�!_7RQN� �|� JcrOE�
 � CFEKTDLF�QJZr �'rOE�]QYZP�] � � � �4*�]QYZP�] uKTDX'��TtE^LWu\CFEKTO�QLONQR
�3*�uK]QTSYZN��yCQTDNQ[tTAr��5�5Y ��J ��
L6 ���]QTDU\TA[tr�NQRQY�uKY�r�NQU<EKTtU\CQJ�u|YZN*u\]QTSX$r�J uKTDN�P�JZr	�yCQJ�TSU�uKLWuKT
r���uK]QT �QEKrOuKTDY�N�I�)]QT7X$r�J uKTDN$P�J�r	�yCQJZT �;LOU5��r�U�uKCQJZLWuKTDR�LOU;LON T`v�CQYZJZY �QEKYZCQX U�u^LWuKTHLWu;X$YZJ�R
RQTDNyLWuKCFE^LWu\YZNQPA[tr�NQRQY�uKY�r�NQU � � � LONQR LOU;V�YZNQTtuKY�[9YZNsuKTtEKX$TtRQYMLWuKT7r�� �QEKrOuKTDY�N�� r�J�RQYZNQP � � ' � 3 3�� 
��N�[Dr�Nsu\E^LOU u)u\r,u\]QT<XAr�J�uKTDN�P�J�r	�yCQJZT9U�u^LWu\THuK]QTtEKT9YZU)L �yCQBDBDJ�T~J�Y�VsT7U �cTD[DY0+y[9u\YZP�]su�� LO[^V�YZNQP
YZN uK]QT�NyLWuKY�qsT U�uKLWuKT	 ��]QTtEKT�LWEKT�U\TtqsTtEKLOJ7T0/7�cTtEKYZXATDN}uKLOJ +yNQRQYZNQP�U uK]yLWu�U\C7�6��rOE�u�u\]QYZU
X$r�RQTtJ 

4��(6 ��]QT|X$r�J uKTDNP�J�r	�yCQJZT<U�u^LWuKT~YZUvU�u^L��yYZJ�YZBDTtRX�LOY�NQJ *��4*] *FRFEKr	�y]Qr	�yY�[=YZNsuKTtEKLO[tuKYZr�NQU�
�}Y�u\T0� RQY EKTD[tuKTtR+X,CFu^LOP�TDNQTDU\Y�USr��vL���r�X *sr�P�J�r	�yYZNQU �4* �7CQP�]QU�r�N+LONQR � LOJ�R7�`Y�N � ���
� �����>
 � �QE\r�CQP�]}u)X$rOEKT7J�YZP�]su�YZNsuKr uK]QYZU�v�CQTDU�uKY�r�N� � *$E\T��yJMLO[DTtX$TDNsuKU�r��{[�*�U��JZTtC��
LOJML���J�TDC�� �y]QT���u\E�� � U\T�E���JZTDC���LONQR"U\TtE��.�y]QT�uK]QT�*
U\]Qr � TDR+uK]yLWuALON+YZNQ[tE\T LOU\T
YZN#U\YZRQT*[^]yLOYZN'] *FRFEKr	�y]Qr	�yY�[DY�u * U�u^L��yY�JZY�BDTDR#u\]QT&X$r�J uKTDN P�JZr	�yCQJZT�U�u^LWu\T&LOPsLOY�NQU�u
CQNQ� r�JZRQY�NQP6I�)]QT)UKLOX$T;X,CFu^LWuKY�r�NQU RQTDU�u^L��yY�JZYZBtTDR$LOJ�X$r�U�u LOJ ��L *�U uK]QTvNyLWu\Y�qsT�U�u^LWuKT�

4 3 6 ,!� &�LONQRNQT LWE�� ��� � � X$T LOU\CFEKTtX$TDNsuKU�U\]Qr ��u\]yLWu;uK]QT9TDN}q�Y�EKr�NQXATDN}u)r��{X�LON4*
U\Y�RQTS[^]yLOYZNQU9Y�U<X,CQ[^]�X$rOEKT=EKY�P�YZR�YZN�uK]QT,NyLWuKY�qsT U�uKLWuKT uK]yLON*Y�N�u\]QT�XAr�J�uKTDN�P�J�r��
�yCQJZT� ��]QT)X$r	�yYZJ�Y�u * r���LOJ�Y �y]yLWuKY�[�U\YZRQT)[^]yLOYZNQU�Y�U YZNQ[tEKTDLOU\TDR�LWuIuK]QT)NyLWuKY�qsT0� X$r�J�u\TDN
P�JZr	�yCQJ�T�u�E^LONQU\Y�u\YZr�N � � { � ,��]QT�X$rOuKYZr�N�r���LWEKr�X�LWuKY�[ U\YZRQTS[�]yLOY�NQU|Y�N�uK]QTSX$r�J�u\TDN
P�JZr	�yCQJ�T~U u^LWuKT<YZU`]QY�NQRQTtEKTDR � 3 
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�)]QT~X$r�J�u\TDN�P�J�r	�yCQJZT<]yLOUvuK]QT~� r�JZJ�r �vYZNQP �QEKr	��T�E\uKYZTtU �

` [Dr�X"� LO[�uKNQTDU\U

` uK]QT��QEKTDU\TDNQ[tT=r��kU\Tt[Dr�NQRyLWE�*�U�u\EKCQ[tu\CFEKT

` uK]QT|L��yU\TDNQ[DT=r��5EKYZP�Y�R�uKT�E\uKYMLWE * U�u\EKCQ[tu\CFEKT

� rOEKTDr2qsTtE uK]QTHXAr�J�uKTDNSP�JZr	�yCQJ�THU\]Qr �`U Y�N$X�LON *A[DLOU\TDUD�FT� P6 L���r�X *sr�P�J�r	�yYZN � 3 � � �}NyLWuKY�qsT �
JZY VsT<uKT�E\uKYMLWE * � r�JZR 4r+yP�CFEKTA� ' 6 
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&`r	�cTtE\u��!)��LOCQTtE � 3 � � CQU\TDR�uK]QT XATtuK]Qr�R�r��9[Dr�X �yY�NyLWuKrOEKYMLOJ�X,CFu^LOP�TDNQTtU\YZU$uKr u\]QT , �
uKTtEKXAYZNyLOJ�RQr�X�LOY�N r��5uK]QT��6� EKT��QEKTtU\U\rOE<��)]QT9EKTDU\CQJ u)U\]Qr � TDRuK]yLWu;uK]QT<YZNQ� rOE\X�LWuKYZr�N X$r�U u
YZX"�crOE\u^LONsu,� rOE�� r�JZRQYZNQP�YZU,[ LWE�EKYZTDR.�4*�EKTDU\Y�RQCQTDUAY�N�uK]QT ] *FRFEKr	�y]Qr	�yY�[�[trOEKT	 ��]QT uKYZP�]su
[Dr�X"�yJ�TDX$TDNsu^LWE�*9� LO[KV�YZNQP�r��k] *FRFEKr	�y]Qr	�yY�[<EKTtU\YZRQCQTDUvYZN uK]QT!�QEKrOuKTDY�N�[DrOE\T~U\TtTDX$U;uKr �yJML<*
LSX�L�(�rOE�EKr�J�T~Y�NU �cTD[DYZ� *�YZNQP$U u\EKCQ[tuKCFE\T=LONQR U�uKL��yYZJZY u * 
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$ z��5z $ z w.afn gF�sh3n m e � �5lkm j�op�s�A� opj*h3n myd?o afl
� r�JZTD[DCQJZLWE=R7*�NyLOX$YZ[DU<YZU<uK]QTAU�[DYZTDNQ[tT$r�� U\Y�X�CQJZLWuKYZNQP uK]QTSX$rOuKYZr�NQU<r��;L�U *FU�u\TDX r�� � LWE �
uKYZ[tJZTDU�� �W� �  G NQTtEKP	*JMLONQRQU\[ L��cTDU7[ LON��cT=T0/ �yJZrOEKTDR��4* XAr�JZTD[DCQJZLWE`R7*�NyLOX$YZ[tUvuKTD[^]QNQY*v�CQTDU
�`]QT�EKT9,7T��)uKr�N�� U~JML<�`U~r��;X$rOuKY�r�N�� �vY�uK]*YZNsuKTtE^LO[�uKYZr�N�TDNQT�EKP�YZTDU|r	�Qu^LOYZNQTDR&�MEKr�X U\X$LOJZJZT�E
X$r�JZTt[DCQJZTDUt�QLWEKT9U\r�J�qsTtR����]QT �QEKr	�yJZTDX Y�U uK]yLWu�uK]QTDU\T �QEKCFu\T0� � rOEK[tT~[ LOJ�[DCQJMLWu\YZr�NQU)LWEKT7JZY�X$Y �
uKTDR �3*�[Dr�X'�yCFu^LWuKYZr�NyLOJ5EKTDU�u�EKYZ[tu\YZr�NQU9YZN�[ LOJZ[tCQJMLWuKY�r�N�u\YZX$T,LONQR&LO[D[DCFE^LO[�*�r�� ��rOu\TDN}u\YMLOJZU�
��N�XAr�JZTD[DCQJZLWE R7*FNyLOXAYZ[DU|u\]QT$EKTDJZT�qOLONsu�[Dr�NQ� rOEKX�LWuKY�r�NQU LWEKT�UKLOX'�yJZTDR�JZr�[ LOJZJ *&rOE=YZN�uK]QT
[ LOU\T$r��5��r�NsuKT �;LWEKJ�r X$Ttu\]Qr�RQU<U � LWEKU\TDJ * �� rOEKTDr2qsTtE=]QY�P�]&EKTDU�r�JZCFuKY�r�N X$r�RQTtJZU9EKT`v�CQY EKT
LWE��yY�u�E^LWE�* � LWEKLOX$TtuKTtE\U LONQR ��TtEKXAY�u Y�N�XAr�U�u=[ LOU�TDU,r�NQJ * J�YZX$Y uKTDR U\LOX"�yJZY�NQP r��)[tr�NQ� rOE �
X�LWuKY�r�NyLOJ`U � LO[DT� �)u\r�X$YZ[0� JZTtqsTtJ`U\Y�X�CQJZLWuKYZr�NQU�[DLON#[DCFE�EKTDNsuKJ * T0/ �yJZrOEKT�r�NQJ *"uK]QT�U\X�LOJZJ
[Dr�NQ� rOEKX�LWu\YZr�NyLOJ�[^]yLONQP�TDUHr�[D[DCFEKY�NQP$YZN�uK]QT~E^LONQP�T<r�� �yY�[Dr�U\TD[Dr�NQRQUvuKrANyLONQr�U\Tt[Dr�NQRQU 5� rOE
X$r�JZTt[DCQJMLWE%�QEKr	��T�E\uKYZTtUAr��HU\Y�X,CQJMLWuKY�r�N"X$r�RQTDJZU�TDNsu\EKr	�yYZTtUD�;TDNQTtEKP�Y�TDUD��LONQR��MEKTtT TDNQTtEKP�Y�TDU
]yL2qsT�uKr �cT [Dr�X"�yCFuKTtR+�MEKr�X U�u^LWuKY�U�uKYZ[DLOJ)XATD[^]yLONQYZ[ LOJ�� LWE\uKY uKYZr�N
� CQNQ[tuKYZr�NQU� � LWE�uKY�uKY�r�N
� CQNQ[tuKY�r�NQU7LWEKT<PsLOYZNQTDR �ME\r�X�[tr�CQN}uKY�NQP$r�� �cr�U\U\Y �yJZT|[tr�NQ� rOEKX�LWuKY�r�NQU 

$ z��5z � z���mQd d?op��g�j�a �{gFnp�
�)]QT�CQU\T r��)JMLWu\uKY�[DT�X$r�RQTDJZU Y�N2�QEKrOu\TDYZN�� r�JZRQY�NQP*]yLOU,YZX'��rOE\u^LONsu [Dr�NQU�T`v�CQTDNQ[tTDU  � Y�uK]
JMLWu\u\YZ[DT�X$r�RQTDJ�USuK]QT� CQJZJ`[tr�NQ� rOEKX�LWuKY�r�NyLOJvU � LO[tT [ LON���T Y�N}qsTtU�uKYZPsLWu\TDR��� N L �cr�U\U\Y �yJZT
[Dr�NQ� rOEKX�LWu\YZr�N,uK]QT ��T /Q[DJ�CQRQTDRSqsr�J�CQX$T �9[Dr�NQRQY�u\YZr�NA]yLOU uKr!��T�EKTDU �cTD[tuKTtR�LONQRSuK]QY�U XAT LONQU
� rOE�JMLWu\uKY�[DT�X$r�RQTtJZU$uK]yLWu NQr
JMLWu\uKY�[DT U\Y uKT�X�L * ��T�r�[D[tC7�yYZTDR u:�vYZ[tT	 � u�YZU [DJ�T LWE uK]yLWu
[DTtE\uKLOYZN�RQYZUKLORFqWLON}uKLOP�TDUILWEKT;JZY�NFVsTDR%�vY�u\]�JZLWu\uKY�[DT X$r�RQTDJZU  �frOE T0/QLOX"�yJZT EKTDU\r�J�CFuKYZr�N�YZU J�r�U�u
LONQR�RQTtu^LOYZJ�UHr�� �QEKrOuKTtYZN U�u\E\CQ[tuKCFEKT,LOU � TDJZJkLOUHRQTtu^LOY�JZUHr�� TDNQTtE\P�TtuKYZ[tU9LWEKT=NQrOu9LO[D[tCFE^LWuKTDJ *
EKT��QEKTtU\TDNsuKTDR�

���	� � ���	��� ��r�JZJZL��yUvXAr�RQTDJ�U
4 � 6 �7r�X$r	��r�J *FX$TtE\U
�7r�X$r	��r�J *FX$T�EKU LWEKT���r�J *�X$TtEKU �cTDYZNQP~[Dr�X"��r�U�TDRAr���L<U\YZNQP�J�TvU���TD[DY�TDU r��fX$r�NQr�X$TtE< � LOCQJ
� JZrOE�*�LOU�VsTtR � rOEvu\]QT~EKT LOU�r�N r�� �cr�J *FXATtE)[Dr�X"� LO[tuKNQTtU\U 4��2�	
s� 6� � ��r�J *FX$TtE)[^]yLOYZN[Dr�N �
U\YZU uKYZNQP=r��c]4*�RFEKr	�y]Qr	�yYZ[HXAr�NQr�X$TtEKU �;r�CQJZR'� LOJZJyC7� YZN"�;LWuKTtE< ��]QTH� T��;T�E;[Dr�X"� LO[tuIuK]yLON
T0/7� LONQRQTtR
[Dr�NQ� rOE\X�LWuKYZr�NQU J�T LOR�uKr�L JZr �;TtE,[Dr�NQ� rOE\X�LWuKYZr�NyLOJ TDNsu\EKr	�4*�YZN�uK]QT�[Dr�X'� LO[tu
U�u^LWuKT|r��kuK]QT=X$r�J�TD[DCQJ�T~EKTDU�CQJ�uKY�NQP�YZN�LA� rOEK[tT=r	�6��r�U\Y�NQP�[Dr�JZJZL��yU\T	��7[D[DrOE\RQYZNQP$uKrAu\]QT=]Qr��
X$r	��r�J *FX$T�E [Dr�J�JML��yU\T7uK]QTDrOE *�r�� �`JZTtP'�IuKY�uKU�*FN�LONQR���CQYZJ�YcG YZU\NQTtE14 Y�N*�2��
�?6 L�[^]yLONQP�T<YZN
uK]QTAU u\EKTDNQPOuK]*r�� uK]QTSX$r�NQr�X$TtE�� X$r�NQr�X$T�E9LWu\u\E^LO[�uKYZr�N�JZT LORQU9uKr�L�U\]yLWE ��[Dr�JZJZL��yU\T��MEKr�X
r	��TDN�uKr�[tr�X"� LO[tu�[Dr�NQ� rOE\X�LWuKYZr�NQU�1�7r�X$r	�cr�J *�X$TtEKU�[Dr�JZJZL��yU\TuKr�JZLWEKP�T TDNQU�TDX �yJZTDU�r��
[Dr�X"� LO[tu�[tr�NQ� rOEKX�LWuKY�r�NQU  �}r�X$T7� rOEKX TDJ�TDX$TDNsuKU�r��5U\TD[Dr�NQRyLWE�* U u\EKCQ[tuKCFE\T<J�Y�VsT � � ]QTDJZY�[DTDU
LONQR � � U\]QTtTtuKU 
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4 � 6 ���;r'��r�J *�X$TtE�[DJZLOU\U`JZLWu\uKY�[DT9X$r�RQTDJ�U
��� r ��r�J *FX$TtE�[DJZLOU\U�JMLWu\uKY�[DT�X$r�RQTDJ�US[DLON+[Dr�JZJZL��yU\T uKr L�qsTtE�*
U\X�LOJZJ�N�CQX ��T�E�r��`[Dr�X%�
� LO[tu=U u^LWuKTDU  �}]yLWVF]QNQr2qFY�[�] LONQR
_7CFuKY�N RQTtqsTDJ�r	��TDR L]QTtuKTtE\r	��r�J *�X$TtE<X$r�RQTDJ �`Y uK]������
LOUH_9LOCQU\U\YZLON�RQY�U�u\EKY �yCFuKTDR�X$r�NQr�X$TtE � � LOY�E�YZNsuKTtE^LO[tu\YZr�N�U�u\EKTDNQPOu\]LONQR�� LOU��vYZRFuK] r�� uK]QT
]QTtuKTtE\r�P�TDNQY�u *�RQY�U�u\EKY �yCFuKYZr�N���������)]QT�* � r�CQNQR�uK]yLWu�� �yJML<*FU,L [tE\Y�uKY�[ LOJ EKr�J�T�YZN�RQTtuKT�E �
X$YZNQY�NQPSuK]QT~N�CQX �cTtEHr��3RQTtP�TDNQTtE^LWuKTtR�POE\r�CQNQR U�u^LWuKTtU`r��kuK]QT~TDNQTtEKP	*�JMLONQRQU�[ L���T	 ����� Y�U
JMLWEKP�TvYZN�uK]QTDY�E�X$r�RQTtJ �}X$T LONQYZNQP<uK]yLWuIuK]QT`U\Tuv�CQTDNQ[DTtU�LWEKT`U\C	�A[DYZTtN}uKJ *A]QT�uKTtEKr�P�TDNQr�CQUt��uK]QT
N�CQX �cTtEHr��{JZr �;TDU�u � TDNQTtEKP	*�U�u^LWu\TDU`Y�N�uK]QT~JZr � � uKTDX"�cTtE^LWuKCFEKT �y]yLOU\T|YZU)JZr � 

�)]QT � � � � Y�JZJ�X$r�RQTDJ � 
 � YZU �OJZY VsTIuK]QT ����TtE�uKCFE���TtR ]Qr�X$r	��r�J *FX$TtE �vX$r�RQTDJ �iL`U\Y�X"�yJZTIT0/QLO[tu
JMLWu\u\YZ[DT X$r�RQTDJ H��N�U\YZX'�yJZT T0/QLO[tu9JMLWu\u\YZ[DT=XAr�RQTDJ�U7RQY*)�T�EKTDNsu<E\TDU\YZRQCQTtU~r�� uK]QT,X$YZNQr LO[tYZRQU
LWu u\]QTDY�E [DrOE\EKTtU ��r�NQRQY�NQP � ����LWuKr�XAU LWE\Tvr�X$Y u\uKTDR � �<
 �  ��]QT`LOX$Y�NQr|LO[tYZRQU LWE\TvU\Y�X"�yJZY0+yTDR
uKr ��TDLORQU �� � LO[tT7YZU RQTtq�YZRQTDR��4*AuK]QT`JMLWu\uKY�[DTHY�N}uKr|X$r�NQr�X$TtE � U\YZBtTDR�CQNQY�uKU�rOE;JMLWu\u\YZ[DTHU�Y�uKTDU�
�)]Qr�U�T=JMLWu\u\YZ[DT~U\Y�uKTtUHX�L<*�TtY�uK]QTtE���T=TtX"�Qu *rOE7+yJZJZTtR��3*�r�NQT ��TDLOR� �7UvJMLWu\u\YZ[DT<u:*3��TDU`YZN
X$r�U�uI[ LOU\TtU 3 � rOE { � JMLWu\uKY�[DTDUILWEKT�[^]Qr�U\TDN� �)]QT)RQY*)cTtEKTDNsu�LOX$YZNQr~LO[DYZRQUILWEKT)[DJZLOU\U\Y*+yTtR$LOU
]4*�RFEKr	�y]Qr	�yYZ[~X$r�NQr�X$TtE\U14 RQTDNQrOuKTDR-�3*-� 6 LONQR���r�JZLWE)rOEv[^]yLWEKP�TtR X$r�NQr�X$TtE\U14 RQTDNQrOuKTDR
�3*"�76 ��)]QT`TDNQTtEKP	*AJMLONQRQU\[ L��cT � 3 � � � r�� L=P�Y�qsTtN�[Dr�NQ� rOEKX�LWuKY�r�N$YZU EKTDPsLWEKRQTDR LOU;� CQNQ[�uKYZr�N
r��5� � � LONQR � � ��X$r�NQr�X$T�E~[tr�N}u^LO[�uKU $G�LO[�]&YZNsuKTtE^LO[tu\YZr�N �cTtu �;TDTDN u �;r�� X$r�NQr�X$TtE\U
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-
NH3

+
C

H

R

C

O

N

H

C

R

H

COO

peptide bond

α1

1 2

α2

:�;0<�=?>A@ B(B(D � YhJLKNJTVXYhjHK � ��G&KFSUKNMXYhj9n&KAM�IWSrK#glY[ZHsQKNj VXO�V G&KFJLKAJHVaYljTKFm9IWe s&mLOuZHK#IcV�VaGHK ��� IcVXO��M

� YZP�CFEKT*� 3 U\]Qr �vUSuK]QT�uK]FEKTDTDRQY�X$TDNQU\Y�r�NyLOJ��yYZ[tuKCFE\TDUAr��H�ME\T`v�CQTDNsu LOJ�Y �y]yLWuKY�[�LOXAYZNQr*LO[DYZR
EKTDU\Y�RQCQTDU 

γ1C Cβ
Cγ2

Cα

Cβ

CαCα

HR :

alanine (ala) valine (val)glycine (gly)

C δ2

R :

C δ1

Cγ Cβ

Cα

C δ

γ1C Cβ
Cγ2

Cα

leucine (leu) isoleucine (ileu)

:�;0<�=?>A@ B 	RD ��GHSUK]KFj9Y  KAZTMUYlOuZ9I�g JTYhe"V nHSUKNM�OWP�V G&K  OuMrV�P0SUK��HnHKAZuV�I�ghYhJ9GTI�VXYhe I� Y[Z&O7IWe]YhjTM
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LO[DYZR*[^]yLOYZN �vY�uK]&L��yU\r�JZCFu\TDJ *�[Dr�X'� LO[tu=LOXAYZNQr�LO[DYZR�EKTDU\Y�RQCQTDU=Y�N*uK]QT �QEKrOuKTDY�NQ[DrOEKT	'� r��
uKY�qWLWuKTDR �4* +yP�CFEKT�� 3 T LO[^]+� � LWuKr�X r��vLON�LOX$Y�NQr LO[DY�R�Y�U=P�Y�qsTtN�u\]QT�UKLOX$TAqsr�J�CQX$TAr��
r�NQT~CQNQY u)[DTDJZJ I�)]QY�U)EKTtU\CQJ�uKU�Y�NL �yJZr�[^V�u\]yLWu;EKT��QEKTDU�TDN}u\U`uK]QT7EKr�CQP�]�r?qsTtEKLOJZJ�� rOEKX r�� uK]QT
[DrOE\EKTtU ��r�NQRQY�NQP LOX$YZNQr�LO[DY�R 4U+yP�CFEKTS� { 6 

COOHH 2N CH2
    glycine (gly)

CH3

H 2N

C

H

COOHalanine (ala)

CHCH3 CH COOH

H 2NCH3

valine (val)

H 2NCH3

3 dim. blocks

CHCH2CHCH3 COOHleucine (leu)

H 2N

CH3 CH2 CH

CH3

CH COOHisoleucine (ileu)

ALIPHATIC AMINO ACIDS
(major amino acids contributed to a hydrophobic region) 2 dim. blocks

:�;0<�=?>A@ B>�?DpEHY  nTghI�VXYlOuZ�OWP^I��YhZHO7I�eNYlj9M�m`q MUY  YhghIWS
MUVaSXnTe"V nHSUKNj m9giO&e s&M

�kr YZNsqsTDU�uKY�PsLWuKT=uK]QT,[^]yLWE^LO[tuKT�EKYZU�u\YZ[ �QEKr	��T�E\uKYZTtU<r�� uK]QT,X$r�RQTDJ �fuK]QT U\Ttu<r�� �yJZr�[^V�U9YZN uK]QT
JMLOU�uo+yP�CFEKT~YZUvL��6�yJZYZTtR YZNLSU\Y�X"�yJZY0+yTDR� rOEKX 4U+yP�CFE\TA�<
�6 

dimension

2 dim.

r 1 r 2 r 3a r 3b

3 dim.

:�;0<�=?>A@ B 
 DpEHY �JTghY tLKNj1MrKNV�OWP�m9giO&e s&M�VaG9IcV�YhM�nTMrKAj/Y[Z VaGHKFJTSUKAMrKcZuVdb�OQSXs �
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��N�uK]QT9[Dr�X'� LO[tu��yJZr�[^V XAr�RQTDJ
4�� � � 6ILOX$Y�NQrSLO[tYZRQU�YZN�L �QEKrOuKTDY�N�[DrOE\T~LWE\T9E\T��QEKTDU\TtN}uKTtR
�3*��yJZr�[KV�U +Qu\uKYZNQP Y�N}uKr�TDLO[�]�rOuK]QTtE9J�Y�VsT �yY�TD[DTDU9r��IL9�yCQBDBDJZT�~��]QT�*��yJ�r�[KV r�CFu9L�UAv�CyLWEKT
4 u �;r�RQYZXATDNQU\YZr�NyLOJ9[ LOU�TL6 rOE L"[tC7��T 4 uK]FE\TDT RQYZXATDNQU\YZr�NyLOJ<[ LOU\T96�r�� P�Y�qsT*U\YZRQT J�TDNQPOuK]
& EKTDU\CQJ uKYZNQP�Y�N v�CyLORFE^LWu\YZ[ rOE�[tC7�yYZ[ [DTDJ�JZU$r��7Tuv�CyLOJ`U�YZBDT	��)]QY�U"�;rOE\V"RQT LOJZU'�`Y uK]+uK]QT
uK]FEKTDT � RQYZXATDNQU\YZr�NyLOJ [ LOU�T	A�}r�X$TtuKY�X$TDU`u\]QTSUAv�CyLWEKT�X$r�RQTDJkYZU9CQU\TDR&u\r q�YZU\CyLOJ�YZBDT,P�TDNQT�E^LOJ
�QEKYZNQ[tY �yJZTtUHYZN�LON TDLOU *��;L * ;G�LO[�]��yJ�r�[KV�X�L *�[Dr�Nsu^LOY�N LAX�L /FYZX,CQX r��3uK]FEKTDT|[DTDJZJ�UHLONQR
uK]QTN}CQX ��TtEAr��`RQY0)�TtEKTtN}uAU\YZBDTtR$�yJZr�[^V�UAY�USP�Y qsTDN �4*�' 0 �('T.W�(' � 2� �yJ�r�[KV.�`Y uK]
u\]FEKTDT
NQTDYZP�] ��r�CFE\TDR*[tTDJZJ�UHT0/QY�U�uKUHY�N L$JZY�NQT LWE7rOEHLONQP�JZTDR�� rOEKX �`]QY�[�]�Y�U`RQTDNQrOuKTtR �4*)' �+* rOE"' �-,
� rOEHuK]QT U\Tt[Dr�NQR�[ LOU\T	�� YZP�CFEKT$� �AU�]Qr �vUHuK]QT=U\]yL��cT r��.' 0 �/'T.W�0' �+* ��LONQR1' �-, �yJ�r�[KVFU`YZN�L
UAv�CyLWE\T=LONQR[tC7��T=X$r�RQTDJ 

1

r  = 12

r  = 13a

r  = 13b

one block of: term:

3x3 square

with blocks:      

Two dimensional case: square

block of
1 cell:
cell center

r  = 11

r  = 12

r  = 13a

r  = 13b

one block of: term:

r  = 1

 Three-dimensional case: cube

with blocks:      

block of
1 cell:
cell center

3x3x3 cube
The planes of the schematic cube are laid through the cell centers.

:�;0<�=?>A@ B �RD.2pYhZTj/OWP�mTglO&e s&M�P0OQS�M �HnTIWSrK�IWZHj eNnTm9K  O&jHKAglM

~ �2� ~



������� ���
	��d�������
���� ��	 � �

� z $ z � z&%Hm e2d?oMd?o afl��I� h � � m e d?o d?o afl�� m l � j�o �se2a ��acl��3xch3e2mQd?o acl
��N�u\]QT ��TDP�Y�NQNQYZNQP Y�u`YZU7NQTD[tTDU\UKLWE�*uKr LOPOEKTDT=r�N�L"� LOU�YZ[=uKTtE\X$YZNQr�J�r�P	* ��)]QT X$TDLONQYZNQP$r��
� LWE\uKY uKYZr�N��QU\C7�6� LWE�uKY�uKY�r�N�� LONQR X$YZ[�EKr�[Dr�N�+yP�CFEKLWuKYZr�N�YZU)NQr � RQTu+yNQTtR�
4 YU6 ��N&L�� LWE\uKY uKYZr�N�r�� L�UNv�CyLWEKT,rOE<[DC7��T �vY�uK]�P�Y�qsTtN*U\Y�RQTSJ�TDNQPOuK] & u\]QT�N}CQX ��TtE<r��
RQY*)cTtEKTDNsuHU�YZBDTDR��yJZr�[KV�U ' 0 � 'T.W� ' � LWEKT<U �cTD[DY*+yTtR� ��]QTDU\T|qWLOJZCQTDU��vYZJZJ��cT~P�Y qsTDN��4*
� ' 0 � 'T.W� ' ��� 
T	 P6�� ' 0 � ��� 'T. � ��� ' � � { 4 � � � � � ��{ � 6 �	�	� YZNL'
 | 
AUAv�CyLWEKT
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code 2 = (1, 2, 2, 1, 5, 5, 1, 8, 8, 10, 11, 11, 10, 10, 11, 16, 17, 17, 19, 19, 19, 22, 22, 22, 16, 16, 17)
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1) labeling

2) reading
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� TD� rOEKT|uK]QT T /Q]yLOCQU�uKY qsT|[ LOJ�[DCQJMLWu\YZr�N�LOJZP�rOE\Y�uK]QX �QrOEHG)� � LOJZP�rOE\Y�uK]QX�� rOE7U\]QrOE\uD�cYZUvRQTDU\[tE\Y �
��TDR LSU\]QrOE\u`U\CQX$X�LWE *�r��kNQTD[tTDU\UKLWE�*[Dr�NQ[DT��Qu\U`YZUvP�Y�qsTDN� �

� �yJZr�[KV �vY�uK]�r�NQTO� u �;rQ��uK]FEKTDT�JZY�NQT LWE~LWE\E^LONQP�TDR�� rOE9uK]FEKTDT�NQr�NQJZY�NQT LWE|LWE\E^LONQP�TDR
[DTDJ�JZUD��YZUA[DLOJZJZTtR�L �yJ�r�[KV"r��vu:*3��T�����u * �cT 3 ��u * �cT { LF��rOESu * �cT { � "��N�L �&�
' 0 � 'T. � ' �+* � rOE(' �-, LWEKT`u\]QT`N}CQX �cTtEKU;r�� �yJ�r�[KVFU ��TDY�NQP=r���u * ��T~����u * �cT 3 �}u:*3��T { LF�
rOEHu * �cT { �  �7J�J �&� U7]yL qFY�NQP$uK]QT UKLOX$T<qOLOJ�CQTDU7� rOE ' 0 � 'T. � ' �+* � LONQR1' �-, �cTDJZr�NQP
uKr$uK]QT|UKLOX$T|U�C7�6� LWE\uKY�u\YZr�N � ' 0 � 'T. � ' �+* � ' �-, �  � U\C7�6� LWE\uKY uKYZr�N [DLON uK]QTtEKTD� rOE\T ��T
YZX$LOP�YZNQTDR*LOU �yJZr�[KV�U~r�� U ��TD[tY*+yTDR&u *3��T,YZN&L �cr�r�J =�)]QT'�&� P�Y�qsTDU7uK]QT�U ��Tt[DY*+y[
��L<*Ar���]Qr � uK]QTDU\T �yJ�r�[KVFU�LWEKT �yCFu u\r�P�TtuK]QTtE uKr �yJZr�[KVAr�CFu uK]QT +yNyLOJc[tC7�yYZ[HU � LO[tT	
�7U RQTDU�[tEKY �cTDR YZN$[^]yL��QuKT�E 3  3  3 kT LO[^]9�yJZr�[KVArOEKYZTDNsu^LWuKY�r�N$]yL qsTHL=[DrOE\E\TDU ��r�NQRQY�NQPQ�
YZN�uK]QT �yJZr�[KV�rOEKY�TDN}uKLWuKYZr�N�u^L��yJZT �QEKTDRQTQ+yNQTDR��3N}CQX �cTtE���Ttu �;TDTtN��ALONQR+�2�7,��]QT
�yJZr�[KVArOEKY�TDNsu^LWuKYZr�NAr���L �yJZr�[KVAU �cTD[DY0+yTDU uK]QT`u * �cT`r��cu\]QYZU �yJ�r�[KV  ��]QT �yJZr�[KVAU�uKLWE\u
��r�U�Y�uKY�r�N�r��IL9�yJZr�[KV YZUHuK]QT,J�r �;TtU�u9[DTDJ�J ��r�U\Y uKYZr�N�r�� uK]QT [DTDJ�JZU ��TtJZr�NQP�YZNQP�uKr$u\]QYZU
�yJZr�[KV  � JZr�[KV"rOEKY�TDNsu^LWuKYZr�N LONQR��yJ�r�[KV+U�uKLWE\u9��r�U�Y�uKY�r�N�RQTu+yNQT u:*3��T�LONQR T0/QLO[tu
��r�U�Y�uKY�r�Nr��3L �yJZr�[^V�Y�N LS[tC7��T	

�)]QTvG)� � LOJ�P�rOEKY�uK]QX u\E\T LWuKU uK]QT`U\T�u r���P�Y qsTDN"�yJZr�[KVFUI�MEKr�X L~U\C7�6� LWE\uKY uKYZr�N�LOU �yJZr�[KV'�cr�r�J 
�7N�T0/Q]yLOCQU uKY�qsT [DLOJZ[DCQJZLWuKYZr�N+r��HLOJZJ�� ��UAuK]yLWuA[ LON8��TP�TDNQTtE^LWuKTtR��4*"u\]QTDU\T��yJ�r�[KVFU$Y�U
RQr�NQT	���]QTDU\T-�&� U,LWEKT�[DLOJZ[DCQJZLWuKTDR�YZN�r�NQT�U\TtE\YZTDU r���[Dr�RQT ��U u\EKYZNQP�U� �)]QT�LOJ�P�rOEKY�uK]QX
[ LON�EKr�CQP�]QJ *��cT,RQTDU\[tEKY ��TDR&LOU7[Dr�NQU�u\E\CQ[tuKYZr�N�r�� � ��U �`Y uK] �yJZr�[^V�U9�MEKr�X L P�Y�qsTDN �yJZr�[KV
��r�r�J  � �yJ�r�[KV ]yLOUvuKr�JZY�T9[Dr�X"�yJZT�uKJ *��vY�uK]QY�N�u\]QT~[DC7�cT~uKr%��T~LO[D[DT��Qu\TDR LONQR[tTDJZJ�U �cTDYZNQP
r�[D[tC7�yYZTDR9�4* �QEKTtqFY�r�CQU �yJ�r�[KVFUIX�L<*,NQrOu �cT�� LWE\u r���L<NQT����yJZr�[KV 3� ��L��yJZr�[KVSY�U�LO[t[DT��QuKTDR
�3*,uK]QTvLOJZP�rOE\Y�uK]QX Y u Y�UIE\TDX$r2qsTDRA�MEKr�X uK]QT���r�r�JyLONQRAY�NQU\TtE\uKTtR$YZN�uK]QTv[tC7��T	 � JZr�[^V�U uK]yLWu
�;TtEKT!�QEKTtq�YZr�CQU\J *�LO[D[DT��Qu\TDR��yCFu)RQrANQrOu)JZTDLOR�uKrSL qOLOJ�YZR�rOEvNQT0� �&�#LWEKT7EKTDX$r2qsTDR��MEKr�X
uK]QT�[DC7��TALONQR LORQRQTDR&u\r�uK]QT%��r�r�J  ��]QTANQT0/�u<U\TD[tuKY�r�N&RQTDU�[tEKY �cTDU|uK]QTSLOJZP�rOE\Y�uK]QX XArOEKT
RQTtu^LOY�JZTDR�;� TtJZJZU)r��kuK]QT<[DC7�cT|uK]yLWu`LWEKT~NQrOuvr�[t[DC7�yYZTDR��3*L%�yJ�r�[KV�LWEKT~[DLOJZJZTtR�MEKTDT~[DTDJ�JZU 
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�)]QT~G)� � LOJ�P�rOEKY�uK]QX [tr�NQU\YZU�u\U`r��kuK]QT<� r�JZJ�r �vYZNQPSU�uKT��yU���

4��(6 �'�MEKTtT7[DTDJZJ �vY�uK]�J�r �;TtU�u [DTtJZJ �cr�U\Y�u\YZr�N$]yLOU�u\r ��T`u\]QT �yJZr�[^VSU�u^LWE�u ��r�U�Y�uKY�r�N$r���uK]QT
NQT0/�u��yJ�r�[KV 

4 3 6����)u\]QT �yJ�r�[KV�rOEKY�TDNsu^LWuKYZr�N �+YZU P�Y�qsTtN�� u\]QYZU �yJZr�[KV�rOEKYZTtN}u^LWu\YZr�N�YZU=uKTtU�uKTDR
LWu uK]QT
VFNQr �vN$�yJZr�[^V�U�uKLWE\u'�cr�U\Y�u\YZr�N+� rOEALO[D[DT��QuKLONQ[DT	)�vuK]QTtE��vYZU\T � � � $�yEKr�X uK]QT
�yJZr�[KV�rOEKYZTtN}u^LWu\YZr�N �"u\]QT u *3��T�r��;uK]QT9�yJZr�[KV�YZU U �cTD[DY0+yTDR������NQr �yJZr�[^V r���u\]QYZU
u * �cT=[ LON���T|� r�CQNQR*Y�NuK]QT ��r�r�J{rOE`YZ� Y u7YZUvNQrOu9LO[D[DT��Qu\TDR�YZN uK]QT=[tC7��T=uK]QT NQT0/�u
]QYZP�]QT�E �yJ�r�[KV rOEKY�TDN}uKLWuKYZr�N � �+�9YZU;uKTtU�uKTDR�YZN�U�uKT�� 3 I��� uK]QTtEKT9Y�U)NQr�NQT0/�uv]QY�P�]QTtE
�yJZr�[KVrOEKY�TDNsu^LWuKYZr�N [tr�N}uKY�N�CQT �vY�u\] U�uKT�� { ����3uK]QT �yJ�r�[KV��vY�u\]��yJZr�[KV�rOEKYZTtN}u^LWu\YZr�N��Y�U LO[t[DT��QuKTDRSYZN,uK]QT)[DC7��TvLONQRAL �yJZr�[KV,r�� uK]QY�U u:*3��T�YZU [Dr�Nsu^LOY�NQTDRAY�N�uK]QT��cr�r�J ��Y u
YZU�EKTDXAr?qsTDR�MEKr�X uK]QT �cr�r�J5LONQR YZNQU�TtE\uKTDRYZNuK]QT<[DC7�cT	�� uKU��yJ�r�[KV�rOEKYZTtN}u^LWu\YZr�NY�U
LO[D[DT0�QuKTDR�LOU NQT0/Fu�N}CQX ��TtE�Y�N�[Dr�RQT �  ����uK]QTtEKT9LWE\TH�MEKTDT9[DTDJ�JZU J�TD�Mu;uK]QT9LOJ�P�rOEKY�uK]QX
[Dr�NsuKYZN}CQTDU �vY�uK] U uKT���� ;���3uK]QT �v]Qr�JZT=[tC7��T ]yLOU �cTDTDN��yJZr�[KVsTDR r�CFu7NQr �.[Dr�RQT$�
YZU)U�uKrOE\TDR LOU)U\r�JZCFuKY�r�N LONQRu\]QT=LOJZP�rOE\Y�uK]QX [Dr�NsuKY�N�CQTDU �`Y uK]U uKT�� { 

4 { 6 ��]QT9�yJZr�[KV&rOEKYZTDNsu^LWuKY�r�N �+r��;uK]QT$JZLOU�u Y�NQU\TtE\uKTtR2�yJ�r�[KV Y�U U�uKrOEKTDR�LOU � ��� �  ��]QYZU
�yJZr�[KV|Y�U{EKTDXAr?qsTDR|�MEKr�X uK]QT [DC7��T�LONQR|P�Y�qsTDN � LO[KV~uKr`uK]QT ��r�r�J 3��]QT JMLOU u3N}CQX �cTtE
�MEKr�X [tr�RQT �,YZU`EKTtX$r?qsTtR�H� � � ��� � � �2�$uK]QT,LOJZP�rOE\Y�uK]QX U�uKrOEKTDU � ��� � �#�SLOU7NQT0�
�yJZr�[KV&rOEKY�TDNsu^LWuKYZr�N ��� rOE=U�uKT0� 3 LONQR [Dr�NsuKY�N�CQTDU �vY�u\]&U�uKT0� � A��� � � �2��u\]QTtEKT
LWEKT9u �;r$[ LOU\TtU �

4 L 6A����uK]QTp+QEKU�u{N}CQX �cTtE{YZN|[tr�RQT)��]yLOU ��TDTDN~EKTDX$r2qsTDR<YZN~u\]QYZU5U�uKT��~uK]QT LOJ�P�rOEKY�uK]QX
TDNQRQU��`Y uK]U�u\T�� 
6

4 �d6A� u ��LOU NQrOuIuK]QT�+QEKU�u�N�CQX ��T�E�Y�NA[Dr�RQT~�)uK]yLWu�]yLOU ��TtTDNAEKTDXAr?qsTDRALONQRAU�u\T�� {
Y�UvEKT��cT LWuKTDR�

4 
�6 �7JZJ �cr�U\U\Y �yJZT �&�#]yL qsT��cTDTDN [ LOJ�[DCQJMLWu\TDR�

��NSU�u\T�� { uK]QT)G)� � LOJ�P�rOEKY�uK]QX EKTDX$r2qsTDU uK]QT�JMLOU u YZNQU\TtE�uKTDR'�yJ�r�[KV �MEKr�X u\]QTv[DC7�cT)LONQR$LORQRQU
L��yJ�r�[KV,r��cNQT0/�u�]QY�P�]QTtE �yJZr�[KV�rOEKY�TDN}uKLWuKYZr�N 4 LWu uK]QT��yJZr�[KV�U�u^LWE�u �cr�U\Y�u\YZr�NAr�� uK]QT�EKTDX$r2qsTDR
�yJZr�[^V 6 uKrAu\]QT [DC7��T	)���INQr�NQT0� �yJZr�[KV��vY�uK] ]QY�P�]QTtE �yJZr�[KV rOEKY�TDN}uKLWuKYZr�N T /QYZU uKU`uK]QT NQT0/�u
��JMLOU�uvYZNQU�TtE\uKTDR��yJZr�[KV �'��Tt[Dr�X$TDU�EKTDX$r2qsTDR�

~ { � ~



��� � �d���&����� � 0� ������ ��������� ��� � ���� �
������?�
	 ���������������

� YZP�CFEKT 3 3 U�]Qr �vU`uK]yLWu�uK]QT~G)� � LOJZP�rOE\Y�uK]QX [ LON���T9qFYZU�CyLOJZYZBtTDR��4*L �yJZr�[^V u\E\TDT	

block 1

1

block 2

3

4

5

now block 4 and 5 fit in the cube

2

block 3 block 4 block 5

3:

2:

block 1, 2, 3 fit in the cube 

4:

5:

steps: 1:

there is no way to place a block of the pool at the lowest cell position

block 3 gets removed from the cube 

next higher block orientation than that of block 3 is tried

:�;0<�=?>A@ 	 	RD � � � I�glkWOuSUYlVaG� �HYhMXn9I�ghY �NKNj1m`q I m9giO&e s7VaSrKNK

� z $ z � z 6�gF� h3nMd?oplkx���a �kg $
� r�RQT,�<r��{L �&� � Y�U�L�U�u�EKYZNQP,r��5TDJZTDXATDN}u\U��/ �� � �vY�uK] ILOU;U�u\E\YZNQP,N�CQX �cTtE< �)]QT7qWLOJZCQT
r����  �� �5P�Y qsTDU uK]QT �yJ�r�[KV�rOEKYZTtN}u^LWu\YZr�N�r��fuK]QT���	�!�yJZr�[^V
�  �� �5LOJZr�NQP!� LWuK] ��r��fE\YZU\Y�NQP �yJZr�[KV
U�u^LWE\u ��r�U�Y�uKY�r�NQU 

��� Y�uHY�U`u\EKCQT~� rOEHu �;r �&� U �&LONQR � uK]yLWu
���� � ) ����� ��LWu`uK]QTC+QE\U�u� �vY�u\]����� ���� ����� � uK]QT
NQrOu^LWuKY�r�N[Dr�RQTS��4 � 6 ) [Dr�RQT���4 ��6�Y�UvCQU\TtR�

��]QT<G)� � LOJZP�rOE\Y�uK]QX P�TDNQT�E^LWuKTDU � LO�Mu\TtE � ( [Dr�RQT���4 � 6 ) [tr�RQT���4 ��6
�kr$�QEKr�r��|uK]QY�U�J�Ttu �&� � �`Y uK]�[Dr�RQT+��4 ��6'�cT&P�TDNQT�E^LWuKTDR�T LWE\JZYZT�E�uK]yLON � � � �`Y uK]
[Dr�RQT���4 � 6 �4*�uK]QT G)� � LOJ�P�rOEKY�u\]QX� � JZr�[KVFU�YZN �'LONQR � �`Y uK]+uK]QT�UKLOX$T��yJ�r�[KV�U�uKLWE\u
��r�U\Y uKYZr�N$LONQR �yJ�r�[KVSrOEKYZTDNsu^LWuKY�r�N�LWEKTHTuv�CyLOJ I��]QT +QEKU�u U�u\EKY�NQP N�CQX ��T�E  �vY�uK]����� ���� ����� �
��TDJ�r�NQP�U`uKr%�yJZr�[KV�U ����� �ILONQR ����� ��;��]QTDU\T �yJ�r�[KVFUv]yL2qsT~RQY*)�T�EKTDNsu �yJZr�[^V�rOEKY�TDN}uKLWuKYZr�NQU����� �
LONQR������ � �yCFu u\]QT$UKLOX$T"�yJ�r�[KV U u^LWE\u �cr�U\Y�uKY�r�N���7J�J�JZr �;TtE ��r�U\Y uKYZr�NQU r�� �+LONQR � uK]yLON
uK]QYZU �yJ�r�[KV U�u^LWE�u��cr�U\Y�u\YZr�N�]yL2qsT,Y�RQTDN}u\YZ[ LOJ �yJ�r�[KVFU ~��]QYZU9X$T LONQU9� rOE9uK]QT,G)� � LOJ�P�rOEKY�uK]QX
uK]yLWu Y�u ]yLOUIuKr~E\TDX$r2qsT ����� ���`Y uK]"�yJZr�[KVSrOE\YZTDNsu^LWuKY�r�N������ �kLONQRAu\r|YZNQU�TtE\u ���� ���vY�uK]AL �yJZr�[KV
rOEKYZTtN}u^LWu\YZr�N����� � ) ����� �ILWuvuK]QT<UKLOX$T!�yJZr�[KV�U u^LWE\u ��r�U\Y uKYZr�N�
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�)]QT RQTtU\[tEKY ��TDR�G)� � LOJ�P�rOEKY�uK]QX [ LON���T CQU�TDR�u\r�P�TtuK]QTtE �vY�u\]�u �;r�XAr�RQCQJZTtUH� rOE7EKrOu^LWuKY�r�N
LONQREKT �yTt[tuKYZr�Nr��kX$Y�[tEKr�[tr�N�+yP�CFE^LWuKYZr�NQU�

� z � z $ z 6�a d2mQd?o afl#� �5j�j�g�d?e �
�)]QT|G)� � LOJZP�rOE\Y�uK]QX +yNQRQU`uK]QT=N}CQX ��TtEHr�� RQY*)�T�EKTDNsu!�&� U54 � [Dr�CQNsuKUu6 � rOE9LAP�Y�qsTtN U\C7�7�
� LWE\uKY uKYZr�N� �&� U u\]yLWu;P�TDNQTtE^LWu\T7T LO[^]�rOuK]QT�E��3*$E\rOu^LWuKYZr�N$LWEKTHEKrOu^LWuKY�r�NyLOJfTuv�CQY�qWLOJZTtN}u)LONQR
uK]QTtEKTt� rOEKT�EKrOuKLOX$TtEKU  �7JZJ EKrOu^LOX$TtE\U�r��vL � � LWEKT�[tr�N}u^LOY�NQTDR"Y�N"L EKrOu^LWu\YZr�N�[DJMLOU�U  �
EKT��QEKTtU\TDNsuKY�qsT|E\rOu^LOX$TtE)r��3L,EKrOu^LWuKY�r�N[DJZLOU\U���LOU`RQTu+yNQTtR YZN�u\]QT|� r�JZJ�r �vYZNQP ��L<* ��

� �&��� � �cTDJZr�NQP�Y�NQP�u\r&L EKrOu^LWu\YZr�N�[DJMLOU�U�� � � � 0 � ��. � �	�	� � � � � YZU [ LOJ�JZTDR�uK]QT
EKT��QE\TDU\TDNsuKY�qsT~EKrOu^LOX$TtE)r���� Y*)

[Dr�RQTS��4�� �]6 � X$Y�Nd4 [Dr�RQTA��4�� 0 6 � [Dr�RQTS�(4���.T6 � �	�	� � [Dr�RQTS��4�� � 6A6

�{T�u5�&� � �cTvL7EKrOu^LOXATtE r�� �&���� �&� � [ LON ��T�JZr�rOVsTDRALWu Y�NSU�CQ[�]$L!��L<* uK]yLWu Y u J�r�rOV�U
T0/yLO[�uKJ *SJZY VsT �&���� �)]QY�U X$T LONQU uK]yLWu;L~u�E^LONQU\� rOEKX�LWu\YZr�N$r���[DC7�cTH[Dr�rOEKRQYZNyLWuKTtU � � � � � � �
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(3)

(1)

One can see that there exist sequences like (1) that cannot fold as well as (in this special case)

sequences like (2) that fold to every possible microconfiguration!

a: b: e:

With C={set of all possible chains through a, b, and e}

Every foldable sequence is represented by a chain of the set C.

There is no one to one correlation between sequences and microconfigurations.:

By rotation and reflexion of these microconfigurations one gets three not further reduceable microconfigurations.

Such a set of microconfigurations is:

a: e: i:

a

b:

With p={1, 1, 0, 1} the possible sequences s are:        s:

f: j:

k:

l:h:

g:c:

d:

there are 12 microconfigurations in a 2x3 rectangle:

(The numbers are the indices i of p and give
the block types along the chain.)(2): 1, 4, 2

(3): 2, 1, 4

(4): 2, 4, 1 = (2)

(5): 4, 1, 2 = (3)

(6): 4, 2, 1 = (1)

(1): 1, 2, 4

i:     1  2  3  4
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f is always connected

e

a

b

c

d

fG  (X) with X as block set of all blocks in MC x :

a

d

c

d

a

a

e

b

bb

b

e

a

G  (X)

a

a

d

c

d

x

y

X={a, b, c, d, e} G(X)

G  (S) with S as subset of X :f

c

e

b

S ={b, c, e}:2

            G  (S ):f 2
G  (S ):f 1

c
e

. . . is connected

d

1S ={c, d, e}:

. . . is not connected
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x

y

2, t    S    2, t    S    ’1, t    S    1, t    S    ’

π  :1’

y

x

π  :2’

y

x

G(S    ’)2, t1, tG(S    ’) =

1γ   = 2γ  :

2, tG(S    )1, tG(S    ) =
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4 R�6 ��r2qsT~u *3��T �
�)]QT,X$r2qsT=u * �cT ��RQTtU\[tEKY ��TDU9uK]QT,X$YZPOEKLWuKYZr�N�� LWu�uKTtEKN ��Ttu �;TtTDN �yJ�r�[KVFU7r��I[DTtE\uKLOYZN�U\YZBtT	
� u`Y�UvRQTu+yNQTtR�LOU �

� � � � 4 � � 6 � � � � � 4 � 
� 6
G LO[^]�qsTtE\uKT /+Y�N � EKT��QEKTDU�TDN}u\U�L �yJ�r�[KV+r�� � � uK]yLWu$YZU$[^]yLONQP�TDR��4*+X$Y�POE^LWuKYZr�N
YZNsuKr�L
RQY*)cTtEKTDNsu!�yJZr�[KVr���� 
� 7��]QT �yJZr�[KV U\Y�BDT r�� uK]QTDU\T �yJ�r�[KVFU7Y�UHNQrOuKTDR�LWu7T LO[^] qsTtE\u\T0/�7��]QT
TDRQP�TDUvr��3NQTDYZP�] ��r�CFE\TDR��yJZr�[^V�UvY�N�� � 4 � � 6�LONQR	� � 4 � 
� 6�LWEKT~r�XAY�u\uKTtR�Y�N
� 
�)]QT)N}CQX �cTtEIr��fXAYZPOE^LWuKY�NQP7[DTDJ�JZU YZU P�Y�qsTtN�r�N,uK]QT)X$YZPOEKLWuKYZr�N � LWu\]QU �cTD[ LOCQU\T)� rOEI� CQU\YZr�NQTDR
X$YZPOEKLWuKYZr�N�� LWuK]QUvY�uvYZU)JMLWEKP�TtE)uK]yLON�r�NQT	

�fCQU�YZr�N r��{X$YZPOE^LWu\YZr�N�� LWuK]QU`Y�UvRQr�NQT~YZN�uK]QT|� r�J�JZr �`Y�NQP'��L<* �

4 YU6 ���;r*NQr�NFE\T �yT0/QY qsTX$Y�POE^LWuKY�r�N � LWuK]QUSr�� � LORQR"Y�N ��YZ��uK]QTDY EAU�uKLWE\u,qsTtE\uKY�[DTDU�YZN
� 4 � � 6�LWEKT<� CQU\YZr�NQTtRuKr�r�NQT<qsTtE�uKT0/�YZN � � 4 � � 6 LONQR�uK]QTDY E`TDNQR�qsTtE\uKY�[DTDU)YZN�� 4 � � 6
LWEKT<� CQU\YZr�NQTtR uKrAr�NQT~TDNQRqsTtE\u\T0/�YZN�� � 4 � � 6�
a a

a b

x

y

π π’

y

a a

a b

x

γ

13 1 3

2

ϕ
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4 YZYr6�&`T �yT0/QY qsT�XAYZPOE^LWuKY�r�N8� LWuK]QU���TD[tr�X$T X$YZPOEKLWuKYZr�N$� LWu\]QU�TtNQRQYZNQP+LWu�L�LO[D[tT��QuKrOE
�yJZr�[KV-�vY�u\]U\Y�BDT|BDT�EKr6

b

a

c

π

y

a

x

a a

b c

x

y

ϕ

2 1 0 1

1 0

1

21

1

π’ γ
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�)]QT,u �;rXAr?qsTDU9r��F+yP�CFEKT'
 
Q��� 
 0 � 4 � � � 0 � � 
� � 0 6vLONQR � 
. � 4 � � � . � � 
� � . 6K� ]yL qsTSRQY0)�TtEKTtN}u
POE^L��y]��cTtEKX,CFu^LWuKY�r�NQU � �yCFuvT`v�CyLOJ X$r2qsT9u:*3��TDU � 

y

S   :  2

ϕ  :1
2 3b3b 2

1

’1, tG (S    ) :f
2 3b23b

1, tG (S    ) :f

23b

2 3b3b 2

1
ϕ  :2

G (S    ) :f ’2, t
2 3b

G (S    ) :2, tf

S   :  1

γ  :2

x

G(S    ) G(S    )’2, t 2, t

’S    S    2, t 2, t

π  :2’

x

y

γ  :1

1, tG(S    )’G(S    )1, t

1, tS    1, tS    ’

π  :1’

x

y
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�frOE TtqsTtE * X$r?qsT � 
 � 4 � � � � 
� 6 �vY�uK] X$r?qsT u *3��T � T0/FYZU�uKU uK]QT�YZNsqsTtEKU\T�X$r2qsT
4 � 
r6 � 0 � 4 � 


�
� � � 6��vY�uK] X$r2qsT|u * �cT � � 0 H��N � � 0 LOJ�JkLWE�EKr �vU7r�� ��LWEKT YZNsqsTtE\uKTtR� � � 0

� rOE`uK]QT<T0/QLOX"�yJZT � 0 r���+yP�CFEKT 
 �,YZU �

23b
1, tG (S    ) :f’1, tG (S    ) :f

2 3b

1
ϕ  :1

-1

3b 22 3b

1

S   :  
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� TD[ LOCQU\T �#LONQR � � 0 RQTDU\[tEKY ��T,uK]QT�UKLOX$T,X�LOPOE^LWuKY�r�N�� LWu\uKTtE\N �vY�uK]�uK]QT�UKLOX$T � LOY�EKU9r��
[DrOE\EKTtU ��r�NQRQY�NQP��yJ�r�[KVFU3Y�N � � LONQR � 
� u\]QT�* LWEKT u:� r7T`v�CQY qOLOJ�TDN}u RQTtU\[tEKY �QuKYZr�NQU r��QuK]QT U\LOX$T
X$r2qsT<u * �cT	
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��z���z $ z /�g �fg�n a � gFj�gFl�d�a �Hj�a � g�d � � g��Dg�d?� � 3 mfl � � {

����� �����	��� ��r�NQU\Y�RQTtE^LWuKY�r�NQUvr�N XAr?qsT7u * �cTDU`Y�N�� 3 LONQR�� {

�)]QTX$r?qsT u * �cT�U\T�u � { [Dr�Nsu^LOYZNQUAL&U\TtuAr��HNQr�NQT`v�CQY qOLOJ�TDNsu$X$Y�POE^LWuKYZr�N.� LWu\uKT�EKN+r��7LOJ�J
��r�U\U�Y �yJZT ��TtE\X�CFuKLWuKYZr�NQU r���u\]FEKTDT �yJ�r�[KVFU�k� u{[tr�N}u^LOY�NQU � 3 3��]QT � r�J�JZr �`Y�NQP`[Dr�NQU�YZRQTtE^LWu\YZr�NQU
r�N�� { Y�NQ[DJZCQRQT<uK]QTtEKTD� rOE\T=X$r2qsT9u *3��TDU)r�� � 3 LOUvU ��TD[tYMLOJZ[DLOU\T	

4 � 6 � r�U\U\Y �yJ�T��cTtEKX,CFu^LWuKY�r�NQU
� Y uK] � � �yJZr�[KV�U)uK]QT~N�CQX �cTtEHr�� �cr�U\U\Y �yJZT �cTtEKX,CFu^LWuKY�r�NQUvr�� �yJZr�[^V�U\Y�BDT|Y�U � � �  � rOEvu\]FEKTDT
�yJZr�[^V�U � � � � 
SLONQR � rOE`u �;r%�yJZr�[^V�U � � � � 3 
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��� u\]QT7X$r?qsT`r���uK]QT7X$r2qsT`u * ��T`]yLOU;NQr,E\T �yT0/QY qsTHX$Y�POE^LWuKYZr�N'� LWuK]QU /��4*s�FLONQR B9LWEKTHBDT�EKr6
��NuK]QYZUv[ LOU\T L�U *FU uKTDX�r��kuK]FEKTDT|T`v�CyLWuKY�r�NQU`Y�UvY�X"�yJZY�TDR��vY�uK] � � ��LOUvU\YZBDTW� uK]QT~N�CQX �cTtEHr��
[DTDJ�JZUD�yYZN��yJZr�[KV � �

� � � ��� � + � '���� � � � 
 �

� � � ��'�� + ��� � � � � � 
 �
� � � � � ��� ��� ��� � � � 
 �

&`T LWE�E^LONQP�TDX$TDNsuHr��5uK]QT1+QE\U�uHLONQRJMLOU�uvT`v�CyLWu\YZr�NP�Y qsTDU �

' � + � 4��9���C6�� 4 � � �5��� � 
 �h6
� � � � 4	�����C6�� 4 � � �5��� � 
 �h6

�)]QT~P�TDNQTtE^LOJ J�YZNQT LWEvX$r2qsT<u * �cT��vY�u\]NQr'� LWEKLOJZJZTtJ5TtRQP�TDU`Y�U`L�U ��TD[tYMLOJ5[ LOU\T!�`Y uK] �
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4��76��7U\T<r��3U\TtJZTD[tu\YZr�N�E\CQJZTDU
�kr +yNQR&L�J�TDPsLOJ3X$r2qsT|u * �cT ��Ttu �;TDTtN �yJZr�[KVFU7r��p+7/QTDR�U\Y�BDTO� U\TtqsTtEKLOJ3X$YZPOEKLWuKYZr�N�� LWu�uKTtEKN
[ LON �cT u\EKYZTtR 4U+yP�CFE\T'
 � 6  � XAYZPOE^LWuKY�r�N�� LWu\uKTtE\N*]yLOU9uKr r	��T�* u\]QT�EKCQJ�TDU9r���X$Y�POE^LWuKY�r�N
LONQR�NQTDYZP�]suKTtE9LON r�J�R��yJZr�[^V�NQrOE9L$NQT��vJ *�� rOEKX$TtR��yJZr�[KVX�L *�]yL qsT L"�yJZr�[KV U\Y�BDT=JMLWE\P�TtE
uK]yLONAuK]FE\TDT	 �{T�u�Y6��T)uK]QT)N�CQX ��T�E r���Y�NQ[Dr�X$YZNQP<X$Y�POE^LWuKYZr�N � LWuK]QU�LONQR$r �cT)u\]QT`N}CQX �cTtE
r��`r�CFuKP�r�Y�NQP*XAYZPOE^LWuKY�r�N � LWuK]QU ��)]QT�RQY*)cTtEKTDNQ[tT�� �  ����Y�U�u\]QTDN
uK]QT�U\Y�BDT�[^]yLONQP�T
r��)u\]QT9�yJZr�[KV *��]QT X$YZNQY�X�LOJ ��r�U\U�Y �yJZT��yJ�r�[KV�U\Y�BDTO� uK]QT NQTD[DTDU�UKLWE�*�N}CQX �cTtE�r���[DTDJZJ�U,YZN
uK]QT �yJ�r�[KV�� YZU)P�Y�qsTtN��3*�uK]QT~CQU\T=r��kuK]QT<u �;r$U\TDJ�TD[tuKY�r�NEKCQJ�TDU ;��]QT|N}CQX ��TtE7r��kYZNQ[Dr�X$Y�NQP
X$YZPOEKLWuKYZr�N � LWuK]QU|X$L *�]yL qsTSuK]QTAUKLOX$TSLO[D[DT��QuKrOE|[DTDJ�J �v]QYZJ�TAT LO[^]�r�CFuKP�r�Y�NQPX$Y�POE^LWuKY�r�N
� LWuK] ]yLOU)uKrAU�uKLWE\u`�ME\r�X LSRQY*)�T�EKTDNsuH[DTDJ�J I� �5uK]QTtEKT=LWEKT~r�NQJ *�r�CFuKP�r�YZNQPSX$YZPOE^LWu\YZr�N�� LWuK]QU
LONQR�NQr,NQT��)�yJZr�[KV�Y�U;� rOEKX$TDR��4*$EKT �yT /QY�qsT9X$Y�POE^LWuKY�r�N$YZN�uK]QT7[DrOE�EKTDU �cr�NQRQYZNQPAXAr?qsTO�}uK]QT
�yJZr�[^V�]yLOU)uKr'�cT~r�NQT~[DTDJZJ JZLWEKP�TtE)uK]yLON �4I� uv]Qr�JZRQUvu\]QTtEKTD� rOEKT~uK]yLWu

� �
� �� �+- � � �� & � Y��  � ' LONQR LWuvJZTDLOU�u`r�NQT<NQT�� �yJZr�[KVFU)YZU)� rOEKX$TDR

rOE � � ' LONQR LWu)J�T LOU�uvr�NQT �yJZr�[KV�Y�U)E\TDX$r2qsTDR
� � � rOu\]QTtE��vYZU\T+ 
 � � �� +� � � ���+� � � 	 {+ 
 � � 	 {
�
EKTDU�u�EKYZ[tu\YZr�Nr�N��yJZr�[KV�U\Y�BDT

�)]QTtU\T�Tuv�CyLWuKY�r�NQU�RQY�U�uKY�NQP�CQYZU\].��Ttu �;TtTDN
uK]QTtrOEKTtuKY�[ LOJZJ * ��r�U\U�Y �yJZT�LONQR�YZX"�cr�U\U\Y �yJZT�X$r2qsT
u * ��TtU  ��� L�X$r2qsT�u *3��T&Y�U�u\]QTDrOEKTtuKY�[ LOJZJ *���r�U\U�Y �yJZT*Y�u�]yLOU�u\r"RQTDU\[�EKY �cT LWu�JZT LOU�u�r�NQT
��TtE\X�CFuKLWuKYZr�N�I��]QYZU��QE\r�[DTDRQCFE\T=YZU)RQTDX$r�NQU�u�E^LWuKTDR�YZN +yP�CFE\T 
 � � 
s�F�yLONQR � ' 

ba  c
1

1

1

(i)

a b  c

1

1

(ii)1

structure of move type:

a b  c

1

2

1 (iii)

a b  c
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1
b

2

3 2

3

2

2

smin

smin

a b c

smin 2 3 3

a b c

s 3 3 2min

min. block size:

1
a b

2

1

 c

smin

a b c

1i 1 1

2 10o

-1 01∆

smin 32 2

3 2 2

smin

smin

a

a

b c

i

o

∆

/

1 2 1

0 2 2

1 0 -1

1

2

3

3

3

2

with

 (iii)

1

1

smin

smin

a b c

i

o

∆

/

0

1

-1

2

1

2

1

1

2

3

1

1

0

2

2

ba
1

1

1
 c

(i)

 c
with

(ii) as inverse of (i) !

(same move type as (i))

with

min. block size:
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����� ��������� � r2qsT<u *3��T|U�TtuKU�� 3 LONQR�� {

4 � 6 ��r2qsT9u:*3��TDUvr�� � 3
� YZP�CFEKT9���~U�]Qr �vU`uK]yLWu�� 3 [Dr�NQU\Y�U�uKUvr���+QqsT|XAr?qsT7u * �cTDU 

� X$r2qsT,u:*3��T ��LOU<[ LOJZJ�TDR JZY�NQT LWE~YZ��Y u|]yLOR*NQr�� LWE^LOJ�JZTDJ TDRQP�TtU=rOuK]QTtE��vYZU�TSY u ��LOU<[ LOJ�JZTDR
[�*F[tJZYZ[� � 3 [Dr�NQU�YZU�uKUSr��`uK]FEKTtTJZY�NQT LWESX$r?qsT u * �cTDUALONQR
u:� r&[�*�[DJZY�[r�NQTDU "�)]QT�JZY�NQT LWE
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d2-random walk with 100 steps
subpartition {0, 6, 5, 0}
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1000 d2-random walks (each with 100 steps)
subpartition {0, 6, 5, 0}; walks with same start point
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(1000/100/2) r-walk
3x3x3 cube; subset {0, 6, 5, 0}
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{0, 6, 5, 0}; MCs 1, 2, 3, 13, 511, 800
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j jj
k k k

16756

562

560

559

558

561

26726

90512

41868

30087

1    2     5    5    3     6    3    1     6    3    6

1    2     5    5    6     1    3    1     1    6    6

1    2     5    5    6     1    3    3     2    5    5

1    2     5    5    6     1    3    3    6     6    3

1    2     5    5    6     3    3    1    5     5    2

lokal maximum at MC 560:

a    b     c    d    e     f     g     h     i      j     k

code 1
ARW
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list number

ARW

101880
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list number vers. ARW
random-3 walk in {0, 6, 5, 0}: 13,14.10

6
 steps
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groups of 505 MCs with successive list numbers
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average frequency of ARW > 10
4
 in groups of MCs with successive list number

random-3 walk in {0, 6, 5, 0}: 13,14.10
6
 steps
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number of neighboured MCs vers. ARW
random-3 walk in {0, 6, 5, 0}: 13,14.10

6
 steps
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list number vers. ARW
random-3 walk in {0, 6, 5, 0}; 13,14.10

6 
steps

chain is impossible
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number of neighboured configurations vers. ARW
random-3 walk in {0, 6, 5, 0}: 13,14.10

6
 steps

chain is possible
chain is impossible
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X

Approximation of R in {0, 6, 5, 0}
step: random choice from max. 10 different permutations of 3 random blocks

walk 1
walk 2
walk 3
walk 4
walk 5
walk 6
R
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Approximation of R in {0, 6, 5, 0}
step: random choice from max. 10 different permutations of 5 random blocks
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walk 1
walk 2
walk 3
walk 4
walk 5
walk 6
R

:�;0<�=?>A@ � �?D���IWZTjHO  e"G&OuYle]KFOQP�VaGHK#Z&K �HV � � Oun&V�OWP ManHm9MrKNV � OWP�V G&KFMUK]V�OWP JLOQMXMXYlm9giK JLKNS� n&V IcVaYiO`ZHM
OQP?t �QKpm9giO&e s&M

~ � '-'"~



� � �H���u� �

�&� U �`Y uK]]QY�P�]QTtE �  &  � FqWLOJZCQTDUvYZN]QY�P�]QTtE �cTtEKX,CFu^LWuKY�r�NQU

��N&U\TD[�uKYZr�N 
7 3  3 =Y u �;LOU~RQTDU�[tEKY �cTDR � rOE<uK]QTAR 	 { EKLONQRQr�X �;LOJ�V uK]yLWu �&� U��`Y uK]�JZr �;TtE
U\CFE\EKr�CQNQRQY�NQP�N�CQX �cTtE$]yLOR
]QYZP�]QTtE"�  &  �  qWLOJZCQTDU� ,7r � uK]QYZU,EKT LO[^]yL��yY�JZY�u *.�QEKr	�yJ�TDX
��LOU`Y�N}qsTtU�uKYZPsLWu\TDRY�N�uK]QT~]QYZP�]QTtEvTtEKP�r�RQYZ[ �;LOJ�VFU�R 	 
�LONQR R 	 � 

� z���z ��zi1 g ��hkgFl3��g � � mf��g

��� �yJZr�[^V�Uvr��kLSP�Y qsTDNU\C7�6� LWE�uKY�uKY�r�N LWEKT<JZY�NQTDRC7� r�NLS[^]yLOYZNYZNP�TtNQTtE^LOJ5RQY*)�T�EKTDNsu �yJZr�[KV
U\T`v�CQTDNQ[DTDU�LWEKT ��r�U\U�Y �yJZT� � Y uK] � � LOU��MEKLO[tuKYZr�NAr��cU\T`v�CQTDNQ[DTDU;Y�N�L~U�C7�6� LWE\uKY�u\YZr�NAuK]yLWu [ LON
� r�JZRu\rAL�[DC7��T=U�C7�6� LWE\uKY�u\YZr�NQU)r��kuK]QT {G|p{[|p{ LONQR�
 | 
 | 
$[DC7�cT �;T�EKT=LONyLOJ *FBDTDR�

{ | { | { [DC7�cT 
 | 
 | 
 [DC7�cT
U\C7�6� LWE\uKY uKYZr�N U\T`v�CQTDNQ[DTDU � � U\C7�6� LWE\u\Y�uKY�r�N U\Tuv�CQTDNQ[DTtU � �
� 3 � � ' � ' � ' � � � � 
	
 � ' � ' � ' � � �
� � � � {�� ' � ' � �<
 � � ' ��{ 3 � ' � ' � � �
� ' � ' � � � ' � � � � � � ' � 3 � � ' � 3 � �
� ' � ' � ' � � � � � � � � ' � ' � 3 � � 3 � �
� ' � 
 � � � ' � 3 ��
 ' � ���
� ' � 
 � ' � � � 3 ��
 ' � ���� 
 � 
 � � � 3 � � 3 
F� 3 
 ' ' � 
 �� � {�� 
 � � � � � � � { ��
 ' ' � 
�

u^L��yJ�TS���

�HN�uK]QT,r�NQT ]yLONQR�Y�u9[ LON ��T,U\TtTDN�u\]yLWu9[�]yLOY�NQU �`Y uK]�L$X�L /QY�X�LOJ N�CQX ��T�E~r�� �yJ�r�[KVFU7r��
uK]QT$UKLOXATSu * �cT$� r�JZR�Y�N}uKr�L�[DC7��T	�����LX$Y /�uKCFEKTSr��5�yJZr�[KV�U|YZU|CQU\TDR�L[^]yLOYZN�U\T`v�CQTDNQ[DT
�`Y uK] �yT0/QY �yJZT ' �-, �yJZr�[KVFU ]yLOU ��T�u\uKTtE [^]yLONQ[DTDU uKr9� r�JZR uK]yLON�L7[^]yLOYZN,U\T`v�CQTDNQ[DT��`Y uK],JZY�NQT LWE
�yJZr�[^V�U 

~ � ' � ~



� ����/�R���&���
������	 �
�d� �������

� � � �#� ���"����! ��� �p� � �#�7� � ���( 

�)]QT �;rOE\V-�QEKTDU\TDNsuKTDR�YZN�uK]QYZU)uK]QTDU\Y�UHRQT LOJZU��`Y uK] LON LOU �cTD[tu7r��3u\]QT|YZNsqsTtEKU�T � r�JZRQYZNQP'�QEKr��
�yJZTDX � rOE��QE\rOuKTDYZNQU� _HY�qsTDN L�U�u\E\CQ[tuKCFEKT uK]QT u^LOU�V"YZU$uKr +yNQR#LOX$YZNQr LO[DYZR U\T`v�CQTDNQ[DTDU
uK]yLWu<� rOEKX uK]QY�U<U u\EKCQ[tuKCFE\TSCQNQRQTtE<uK]QT,U �cTD[DY*+yTtR&� r�JZRQY�NQP�[tr�NQRQY�uKY�r�NQU  � U\YZX'�yJZY*+yTtR�XAr��
RQTDJ3� rOE �QEKrOu\TDYZN�� r�JZRQY�NQP�YZU7RQTtqsTtJZr	��TtR �v]QYZ[^]�X$YZXAYZ[KVFUvLOX$YZNQr$LO[DYZR EKTDU�YZRQCQTDU �4*��yJZr�[^V�U
r�� RQY*)cTtEKTDNsu=U�]yL���TDU A�)]QT �yJZr�[KVFU=LWE\TS[Dr�X'��r�U\TDR*�MEKr�X TDJZTtX$TDNsu^LWE�*�[DC7��TtU ��}]yL��cTDU|r��
uK]QT"�yJ�r�[KVFU<EKTDU\TDX �yJ�TAU � LO[DT +yJZJZY�NQP X$r�RQTDJZU<r�� EKT LOJ LOX$YZNQr�LO[DY�R EKTDU\Y�RQCQTDU ��)]QTAX$r�RQTDJ
YZU�L��6�yJ�YZTDR
uKr&uK]QT � rOE\X�LWuKYZr�N
r��7[Dr�X"� LO[tuA]4*�RFEKr	�y]Qr	�yYZ[[DrOEKTDU ���N LO[D[DrOE\RyLONQ[DT��`Y uK]
uK]QT,U\YZX'�yJZY*+y[DLWuKYZr�NQU7r�� uK]QT�X$r�RQTDJ5uK]QT�[Dr�X"� LO[tu9[DrOE\T�Y�U7EKT��QEKTDU�TDN}u\TDR �4*�L�[DC7�cTSr�� & �
TDJZTtX$TDNsu^LWE�*�[DC7�cTDU 
�)]QT �QEKr	�yJZTtX Y�U�u\r +yNQR+[tr�X"� LO[tu ���yCQBDBDJ�T0� J�Y�VsT �*� r�JZRQYZNQP�U�r��`U�T0�
v�CQTDNQ[tTDU'�v]QYZ[^]+[ LON2��T�LWE\E^LONQP�TDR
YZN�uK]QT�[tC7��T��vY�u\]Qr�CFuSJ�T L qFYZNQP �yJZr�[KVFU�CQNQr�[D[DC7�yY�TDR�
�fr�J�RQYZNQP��QEKr	� L��yY�JZY uKYZTDU=LWEKT$[Dr�X"�yCFu\TDR �3* T0/Q]yLOCQU�u\Y�qsT$TDN}CQX$TtEKLWuKYZr�N�r��;U\CQ[t[DTDU\U\� CQJ)LONQR
CQNQU\CQ[D[DTtU\U\� CQJ3u\EKYZLOJZU 

� � rOE\X�CQJZL���LOUSr	�QuKLOYZNQTDR�uKr�TDN�CQXATtE^LWuKT�uK]QT U\T`v�CQTDNQ[DTDUS� rOEAP�Y qsTDN &  ��[DTtE\uKLOYZN
LWE �
E^LONQP�TDX$TtN}u<r�� �yJZr�[KV�U<Y�N&L [DC7�cT%��LOU<[ LOJ�JZTDR�X$YZ[�EKr�[Dr�N�+yP�CFEKLWuKYZr�N34 �&� 6\� LONQR LOJZJ � ��U
� rOEKX uK]QT�[DrOE\EKTDU���r�NQRQYZNQPX$YZ[tE\r�[Dr�N�+yP�CFE^LWu\YZr�N�U � LO[DT 4 �&�v� 6 �� u!��LOU!�QEKr?qsTtN&uK]yLWu9uK]QT
N�CQX �cTtE r��;RQY*)cTtEKTDNsu �yJZr�[KVFU �cTtu �;TDTDN�u �;r �&��U=YZU|LX$Ttu\E\YZ[	 ���;r �&� U=LWu=RQYZU u^LONQ[DT
u �;r 4 uK]FE\TDTL63[DLON"��T)u\E^LONQ� rOEKX$TtRAYZNsuKr=TDLO[�]ArOuK]QTtE �4*AL���T�EKX,CFu^LWuKYZr�NSr��cuK]QT)u:� r84 uK]FE\TDTL6
RQY*)cTtEKYZNQP'�yJZr�[KV�U 
�kr[tJMLOU\U\Y�� * �cTtEKX,CFu^LWuKY�r�NQU<u\]QTA[Dr�NQ[DT0�Qu=r��;L�X$r?qsT,u * �cT%��LOU~RQTtqsTDJ�r	��TDR�$GIqsTtE�* ��T�E �
X,CFu^LWuKYZr�N r�� u �;r 4 uK]FE\TDTL6��yJZr�[^V�U ��TDJ�r�NQP�UHuKr r�NQT r��f+QqsT 4 uK]QY�E\u *�uK]FEKTDTL6 [DrOE\EKTDU���r�NQRQYZNQP
X$r2qsT<u * �cTDU 

4 YU6 � rOE�L��6�yJZYZTtR
U\T�uKU r�� �yJ�r�[KVFU �vY�u\]�NQrOu u\r�r�X�LON * �&� U�LON�LOJZP�rOE\Y�uK]QX ��LOU,RQT0�
qsTDJ�r	��TDR+uKr&T0/Q]yLOCQU�u\Y�qsTDJ *"TDN}CQX$TtEKLWuKT�uK]QT�� ��U  ��]QTEKrOu^LWuKY�r�NyLOJ)LONQR�X$Y�E\E\rOE
U *�X$X$Ttu\E *�r�� �&��U���LOU`LONyLOJ *FBtTDR�

4 YZYr6�&HLONQRQr�X ��LOJ V���LOU�uKTDU�uKTtR YZN�U\X�LOJ�J��&�v�}U`LONQR���LOU��QEKr	��r�U�TDR LOUvL�X$T�uK]Qr�R uKr
YZNsqsTDU�u\YZPsLWuKT<JMLWEKP�T �&�v�}U�

� r?qsTDU�YZNsqsr�J�q�YZNQP�uK]QT���TtE\X�CFuKLWuKYZr�N�r��)u �;r �yJZr�[^V�U EKTDU\CQJ uKTDR"Y�N
E^LONQRQr�X �;LOJ�VFU �cTDYZNQP
EKTDU�u�EKYZ[tu\TDR uKr U\C7�yU � LO[DTDU9r�� uK]QT �&�)��c���IU uKT��yU ��TtE\X�CFuKLWuKYZNQPAu\]FEKTDT �yJZr�[^V�U �;TtE\T�CQU�TDR��
TtEKP�r�RQYZ[ E^LONQRQr�X ��LOJ VFU7TDNQU\CQTtR� �)]QT �QEKr	� L��yY�JZY u:*uKr�EKT LO[^] L �&��YZN*L$E^LONQRQr�X ��LOJ V
YZU�uK]QT|Y�N}qsT�EKU\T|r��{uK]QYZU���LOJ�V J�TDNQPOuK]�

~ � ' 3E~



� ����/�R���&���
������	 �
�d� �������

�)]QTvE^LONQRQr�X ��LOJ VALOJ�P�rOEKY�u\]QX [ LOJ�[DCQJMLWu\TDU � rOE;T LO[^] U�uKT0��LOJZJ ��r�U\U\Y �yJZT �cTtEKX,CFu^LWuKY�r�NQU LONQR
[^]Qr�r�U\TDU|r�NQTSE^LONQRQr�X$J * ��kr�EKTtRQCQ[DT�[Dr�X"�yCFu^LWu\YZr�N�uKYZX$T,r�NQJ *&L�EKTDU�u\E\YZ[tuKTtR N�CQX �cTtE=r��
��TtE\X�CFuKLWuKYZr�NQU���LOU|[ LOJ�[DCQJMLWu\TDR�� rOE=T LO[^]�U�u\T�� ��)]QTSTtE\EKrOE Y�N&uK]QT%�QEKr	� L��yYZJ�Y�u *&r��5� ��U
��LOU`r	�yU�TtE\qsTDRu\r'��T<U\X�LOJ�J 

�frOE U\r�X$T�U\Tuv�CQTDNQ[DTtU �`Y uK]$LONAL��6�yJZY�TDRAU\T�u�r�� �yJ�r�[KVFU Y�NSuK]QT {)|"{S|"{ LONQR9
 | 
 | 
~[tC7��T
Y�u5�;LOU5��r�U\U\Y �yJZTHuKr [tr�X"�yCFuKTHuK]QT7� r�J�RQYZNQP �QEKr	� L��yY�JZY�u\YZTDU I��]QT9L2qWLOYZJZL��yJZTHRyLWuKL,U�]Qr �#uK]yLWu
[^]yLOYZNQU �`Y uK]�L�X�L /QY�X�LOJ�N}CQX �cTtE9r�� �yJZr�[^V�U7r�� uK]QT UKLOX$T|u *3��T [ LON�LOJ �;L *�UH� r�JZR�YZNsuKr�L
[DC7��T�

�)]QT'�QEKTDU\TDNsu,U�uKCQR7*&]yLOU|U\]Qr �vN�u\]yLWu|uK]QTSU\YZX"�yJ�Y*+yTDR �yJZr�[KV*X$r�RQTtJ Y�U|U\CQY u^L��yJZT$� rOE~uK]QT
LONyLOJ *�U\YZU�r��|[Dr�X'� LO[tu�]4*�RFEKr	�y]Qr	�yYZ[*[DrOEKTDU  ��N1� LWE\u\YZ[DCQJZLWE � �QEKr	� L��yYZJ�Y�uKY�TDU r��|� rOEKXAYZNQP
[Dr�X"� LO[tu<[DrOE\TDU~[DLON ��T�RQTu+yNQTDR�LONQR*[Dr�X"�yCFuKTtR�=� NsqsTDU�u\YZPsLWuKY�r�NQU��;T�EKT�E\TDU�u\EKY�[tuKTDR&]QTtEKT
uKr�qsTtE�*�U�X�LOJZJ)[DC7�yYZ[�LWE\EKLONQP�TDX$TDNsuKU�r�� 3 �*LONQR 
	
 �yJZr�[KVFU24 �vY�uK] & � { LONQR�
Q�)E\T0�
U ��Tt[tuKY�qsTtJ *�6�I��NrOE\RQTtE`uKr�U�uKCQR7*�EKT LOJ�YZU�u\YZ[ �QEKrOuKTDY�NQU��vY�uK]�]�CQNQRFE\TDR�LOX$YZNQrSLO[DY�R�EKTDU�YZRQCQTDU
LONQR�XArOEKT`uK]QT7[DCFE�EKTDNsu`LOJ�P�rOEKY�u\]QX YZU;NQrOu�U�CQY�u^L��yJ�T ��TD[ LOCQU�T9u\]QT7[Dr�X"�yCFu^LWuKY�r�NQU;YZNQ[tE\T LOU\T
uKr�r��pLOU u � �QEKTDU�CQX�L��yJ *T0/7�cr�NQTDN}u\YMLOJZJ *��vY�uK] u\]QT U\YZBDT r�� uK]QT [trOEKT	 � CFuKCFEKT �;rOE�V r�N uK]QT
X$r�RQTtJ �QEKTDU�TDN}u\TDR YZN uK]QY�U7uK]QTDU\Y�U!� r�CQJZR uK]QTtEKTt� rOEKT%�cT RQT LOJZY�NQP-�vY�u\]�u\]QT RQTtqsTDJZr	�cTDX$TDNsu
r�� U\CQY�uKL��yJZT=U�uKLWuKYZU�u\YZ[ LOJ5TtqWLOJZCyLWuKY�r�N X$TtuK]Qr�RQUHr�� � r�JZRQY�NQP9�QEKr	� L��yYZJ�Y�uKY�TDU v�)]QT|X$r�RQTDJ5[ LON
��T$TDLOU\YZJ **T /FuKTDNQRQTtR�u\r ]yLONQRQJZT$JZLWEKP�TtE|LOX$YZNQrLO[DYZR E\TDU\YZRQCQTtU|EKTDU\TtX �yJ�YZNQP X$rOE\TS[DJ�r�U\TDJ *
uK]QT,NyLWuKCFE^LOJ U\]yL��cTDU ,�}CQ[�] LON*T0/�uKTDNQU\Y�r�N � r�CQJZR�NQTD[DTDU\U\LWEKYZJ * EKT`v�CQY EKT,JMLWEKP�T�E9[DC7��TDU<� rOE
EKT��QEKTtU\TDNsuKYZNQP�] *FRFEKr	�y]Qr	�yY�[|[DrOE\TDU 

~ � ' { ~



� � � � � � �� � �

��� � ���-��� ��� � ���

� � � & ��  � LOJZR7�vYZN� � E\rOuKTDYZN�[tr�NQ� rOEKX�LWuKY�r�N� � N�������� 	 � ��� ����� � � � 
 � � ��� 
 � ��� �
N�CQX �cTtE=�>
F���7� LOP�TDU 3 31~ 3 
Q�y�sLON�CyLWE�*��2���F� 

� 3�� �  �� � ]yLON�LONQR #% �  � Y�JZJ )G NQTtEKP	*JMLONQRQU\[ L��cTDU9LONQR uK]QT [Dr�J�JML��yU\T|R7*FNyLOX$Y�[DU`r��
]Qr�X$r	��r�J *FX$T�EKU �
��� � � � � � ��� 
 �Z�y��� � 3 ���>
 ~ 3 � 3 �}� �7CQP�CQU�u|�2��� { 

� { � � F��Q��]yLON�LONQR'#'4�  � YZJZJ ���]QT��QEKrOu\TDYZN$� r�J�RQYZNQP��QEKr	�yJZTDX� � � � 
�� ��
 � � ��� �i� � LOP�TDU
3 
 ~ { 3 �6�fT0�QEKCyLWE�*��2��� { 

� 
 � � F��Q��]yLON�LONQR9#% �  � Y�JZJ ��{E^LONQU�Y�uKY�r�NSU�uKLWuKTDU LONQRS� r�JZRQY�NQP=R7*FNyLOX$Y�[DU r�� �QEKrOuKTtYZNQU
LONQR ]QTtuKT�EKr	��r�J *FX$TtE\U �
���� � ��� � � � � 
 ����� '-' 4�� 3 6K���2���	
6

��� � #' �  � Y�JZJ  � r�XAYZNyLONsu|� rOEK[tTDU=YZN �QE\rOuKTDYZN&� r�JZRQYZNQP6�� � � � � � � ��
 �  �i� 3 ��4 { �(6 � �}� {R{ ~
�}� �����6�7CQP�CQU�u=�2��� ' 

�'
 � #'��  � Y�JZJ LONQR�Ttu<LOJ  �IEKYZNQ[DY �yJZTDU9r�� �QEKrOuKTDY�N*� r�J�RQYZNQP�� L �cTtEKU �cTD[tuKY qsT��ME\r�X U\YZX"�yJ�T
T0/yLO[�u`X$r�RQTDJZU �6 �  � ����� � 
���� ��� ��� �6
 � � 
F� ~ 
 ' 3 �Q�sLON}CyLWE�**�2���� 

� � � #'��  � YZJZJ5LONQR TtuHLOJ  � uKTDU uHr��3JZLWu\uKYZ[tT��QEKrOu\TDYZN � r�J�RQYZNQP�LOJ�P�rOEKY�uK]QXAU  �  � � ��� ��� � �
� � ��� � 
���� ��� 
 �9� � 3 � { 3 � ~ { 3 �F�Q�sLON}CyLWE�*&�2���� 

� ��� �  �  � r�J�P�Y�VF]�� �  �  � � LWuKCFE\r?qc�f�  �  � r�J�rOuKYZNyLF� G  �  � E^LOBD]QNQY Vsr?qc� � fG  � *4�
[^]FVsr?qWLF� � 6,  � CQU\]}CQTtq���& y� �_7YZJ�X�LONQU\]QY�N�� �%��  �{T0��TDRQTtqc�5_ �� ��}TDXAYZU\rOuKNQr2q��
G Q�  �)Y V�uKr	�yCQJ�rQ�QLONQR �  �  � u\Y�uKU *�N��� �  ��� � � � � � 
 ��
�Z� � { ��� ' � ~ � 3 �����2� � � 

� � � � ��  � r�JZP�Y VF]�LONQR Ttu`LOJ �	���� 
�� ��� � �� 
 �5�>
 { � { ��� ~ { � �����2� � � 

� � '�� � ��  � r�J�P�Y�VF]�� � �#<r�JZr�XAYZTtuKUt�2�  �  � r�JZrOuKY�NyLF�WLONQR"�  � ��IuKY�u\U *FN��	���� 
�� ��� � �� 
 �
�2� � 
6

� ��� � _ �� fG J �rOqsTO��� ��� ��]yLL)�rOu\u\TO� � �&`r�RQTtE �cLONQR �. G �_7r�J�R7��TtE\P6vG�LWEKJ *�U�uKT0�yU7YZN
[�*�u\r�[^]FEKr�X$T [,� r�JZRQY�NQP-�QE\r	��TDR �3* u\YZX$T0� EKTDU\r�J qsTDR�[DY�E\[DCQJMLWE<RQYZ[^]FEKr�Y�U\X LONQR �yCQrOE\T0�
U\[DTDNQ[tT=U ��Tt[tu\EKr�U\[tr	�3* �� � � � � � � ��
 �  �i� { � � 
 � �&
 ~ 
 � � { �c�2��� 3 

� � 3�� #'�� 	� YZT��yY�P9LONQR #' �  � YZJ�J  �IEKrOuKTDY�N [DrOEKT�LOU\U�TDX �yJ *��QEKr�[DTtU\U\TDU �
��� � ��� � � ��� 
 �Z�
� � � { 
��1� ~ { 
 � �}�7� T��QEKCyLWE **�2��� { 

� � { � �  � YZNFVsTDJ�U�uKTDY�N��� � ����� � � � �� 
 � 3 � �Z�>
 � � ~ �>
��	
Q�c�2� � �7

� �<
 � � |_7r�RQBDY�Vc���  #<r�JZY�NQU�VFY �9LONQR �6=�sVsr�JZNQY�[^V  �kLWu\u\YZ[DT�EKT��QE\TDU\TDNsu^LWuKY�r�NQU r��AP�J�r��
�yCQJMLWE'�QEKrOuKTDY�NQU � �7r ��P�r�r�R"LWEKTuK]QT0*�� 
 � � �� � � ������� � � � ����� � � � � � � � � � � 
 �  �?�
�<
 4�� ' 6 �����2�	
 ~ � 3(' 3 �c�2��� { 

~ � ' 
 ~



� � � � � � �� � �

� � � � �� �7CQP�]QU\r�N LONQR Ttu`LOJ �� � � � � � � ��
 �  �i� { ' � 
Q��� { ~ 
Q��� � �c�2���F� 
� �>
 � ����. �7CQP�]QU\r�N LONQR�&  �  � LOJ�R7�`Y�N� � � � � � ��� ��
 �  �i� 3 � � 
 
Q� � ~ 
 
 3 3 �f�2� � �7
� �W� � �  #|LWE��yJ�CQUALONQR _  �  � T�uKU�Vsr6 � r�JZTt[DCQJMLWE�R7*FNyLOXAYZ[DU U\Y�X,CQJMLWuKY�r�NQU YZN.�yYZr�JZr�P	* 

� ��� � �� � { 
�� � 
 { � ~ 
 { �F� �`[tuKr	�cTtE=�2��� ' 
� � ��� #'�#~C ��L�(�YZX�LF� �%��7Y�EKLOrOVOLF���.i��VsTtP�CQ[�]QY �sLONQR ��}�}CQPsLOY c��r�X"� LWEKYZU�r�N r�� uK]QT u�E^LON �
U\YZTtN}u;� r�J�RQYZNQP=Y�N}u\TtEKX$TDRQYZLWuKTDUIYZN�J *FU\r�B�*�X$T)LONQR LOJ �y]yL � JMLO[tu^LOJ �yCQX$YZN��� � � � � � � ��
 �  �i�
3 
 � � � 
 ~ � � �����2� � � 

� �2� � � O� 4�5YZX� �su\E\CQ[tuKCFE^LOJ6�QEKY�NQ[DY �yJ�TDU�r��cu\]QTvP�J�r	�yCQJMLWEIrOEKPsLONQYZBDLWuKYZr�N�r�� �QEKrOuKTtYZNA[^]yLOY�NQU 
L�U uKTtEKTDr�[^]QTDX$YZ[DLOJ�uK]QTDrOE�*�r��{P�JZr	�yCQJZLWE��QEKrOuKTDY�N�U\Tt[Dr�NQRyLWE�*�U�u\EKCQ[�uKCFEKT	�
� � � � � � � � � ���
� � � � �}� ~ � � 3 ���2��� 
6

� 3('�� �  � � TDYZJ5LONQR Ttu`LOJ �	���� 
�� ��� � �� 
 �5�2� � � 3 � � ~ 3 �F�����2� � 
7
� 3 � � �  � uKY uKU *�N� �7r ��X$r�J�u\TDN+YZUSuK]QT X$r�J uKTDN+P�J�r	�yCQJZT�� � ��� �  ��
 �  ����� �  � � ��� � � � � �?�

{ 4 
 6 � 
 � �+~ 
s� ' �F��CQNQT$�2����
7

� 3 3�� �  �  � uKY uKU *�N���&  � �� LOYZN��3_ �� 3�}TDX$Y�U\rOuKNQr2q�� LONQR.�  � �&HLOBDP�CQJ *}LOTtq  	���� 

� ��� � ���
 � �2��� ' 

� 3 { � �� G  &`LORQ� rOEKR�� �  �  � r	�yU\r�N�� LONQR$� kG qWLONQU ���]QT�� r�J�RQYZNQP*r��v]QTDN
J *�U\r�B�*FXAT
YZNsqsr�J�qsTDU � LWE\u\YMLOJZJ *�U�u\E\CQ[tuKCFEKTDR
YZNsuKTtEKXATDRQYMLWuKTtUSLONQR
X,CQJ�uKY �yJZT9� LWuK] ��L<*FU  � � � �  � �
{ � � � { ' 31~ 
 { �F�Q��CQJ **�2��� 3 

� 3 
 � �� �  &`YZ[^]yLWEKRQU����]QT)Y�N}u\TtE��QEKTtuKLWuKYZr�N�r�� �QEKrOu\TDYZN�U�u\EKCQ[�uKCFEKTDU �}�krOuKLOJ�qsr�JZCQX$TW�WPOEKr�C7�
qsr�JZCQX$T9RQY�U�u\EKY �yCFuKYZr�NQU`LONQR�� LO[KVFY�NQP$RQTDNQU\Y u:* �
� � � � ��� � � � �Z� � 3 ��� ~ �<
Q���2��� 
6

� 3 � � �� � �&`YZ[^]yLWEKRQU� �HEKT LOUD�cqsr�J�CQX$TDUD� � LO[^V�YZNQPQ� LONQR �QEKrOuKTDY�N*U�u�EKCQ[tuKCFEKT��� ��� ��� ��� �
� � � � � � 
 ��� � � ��� � ���%
 �Z� ��� ~ �W�&
F�c�2�����4

� 3 
 � ,  �  &vr�RQYZr�NQr2qWLF� _  � ��}TDX$Y�U\rOuKNQr2q�� � �� �#<CFu *FU\]QTtNFVsrQ� � �, f�HqsTtE\U�V *s�F� �� 
� r�JZrOuKY�NyLF� � �G  � *�[^]FVsr?qWLF�FLONQR��  � 3�IuKY�u\U *FN� � � � � � � � � ��� � 
 
 �	�2� 3 { � 
 � { ~ 
�� 3 �
�2� � �7

� 3 � � & I�!���LOCQTtE<2� EKrOuKTtYZN"� r�J�RQYZNQP*�MEKr�X L*[Dr�X �yYZNyLWu\rOEKYMLOJ �cTtEKU �cTD[tuKY qsT	 	 � � ��� � ��

� ��
�� � � ��4��(6 � & 3 � ~ & { ' �6� �QE\YZJ �2����
7

� 3 ��� �6 � O�}[^]QTDJ�JZX�LON�s��]QT uK]QT�EKX$r�R7*�NyLOX$YZ[ U u^L��yYZJ�Y�u *9r�� �QEKrOuKTtYZNQU �� ��� �� ��� � � � � � � � 
 �
� � � � � � 
 ��� � ��� ��� �>
 �Z��� � ~ � { �}���2� � �4

� 3 � � #' ��CQT~LONQR�#% �  � YZJZJ ��}T`v�CQTtNQ[DT0� U u\EKCQ[tuKCFE\T|EKTDJZLWuKYZr�NQU\]QY �yU�YZN �QEKrOuKTDY�NQU`LONQR�[Dr	�7�
r�J *�X$TtEKU �� � � � � �� � � � � � � � 
 � � � � 
 � ��� ��� �i�6
 � 4 { 6 � 3 3 
�� ~ 3 3 � � �c�2��� { 

� { '�� & �����LONQBtYZPQ�5� v�}BDL���rQ�;LONQR �  � LOP�[^]QY  �5TtqFY�NQPOuK]yLOJ � U9� LWE^LORQr /  �  � � ��� ��� � �
� � ��� � 
���� ��� 
 �9� � � � 3('+~ 3 3 �Q�sLON}CyLWE�*&�2��� 3 

~ � ' � ~



� ���d�������������� � � � �

� � � �/����!"���"�"�"� � !a���

,9LOX$T � ��r�U\TD�kG EKY�[�]�� E?�r�XA[^VsT
_7T��yCFE�uKU\RyLWuKCQX CQNQR�� rOE\u � 3 
7 � T��QEKCyLWE=�2��
��=YZN � Y�TDN
�su^L�LWuKU � �CFE\P�TtEKU\[^]yLO�Mu �

��`U�uKTtE�EKTDYZ[^]

�}[^]�CQJ �yYZJZRQCQNQP �

�2��� { ~ �2����� � � r�J�V�U\U\[^]�CQJ�T|Y�N � YZTDN
�2����� ~ �2� � 
 � ,9LWuKCFE �`Y�U\U\TDNQU\[^]yLO�MuKJ�YZ[^]QTDU &vT LOJZP	*�X$NyLOU\YZCQX

4��2��� � �\�2���i� � �fTDY�u �;TDP�TDN�#<E^LONFV�]QTDY�uvqsTtEKJ�rOEKTDN�6
3 
7 ��LOY �2� � 
 � ��LWuKCFE^L

�suKCQRQYZCQX �

�}T��QuKTDX �cTtE=�2� � 
 � ��X$X�LWu�EKY�V�CQJMLWuKY�r�N�LON RQTtE`�7NQY�qsTtEKU�Y�u?�LWu � YZTDN
4��su\CQRQYZTDNFEKY�[^]}uKCQNQP��]QTDX$Y�T � �suKCQRQY�TDNQB��;TDY�P � YZr�[^]QTDXAYZTL6

{ ��vV�u\r	��TtE~�2� � � � �  � Y �yJZr�X'�QE��CQ� CQNQP
�`V�uKr	��T�E|�2��� 3 �

� TDP�Y�NQNRQTtE � Y �yJZr�X�LWE ��TDY u)LOX���NQU�uKY uKCFuv�K�CFE � YZr�[�]QTtX$YZT9CQNQR
X$r�J�TtVFCQJZLWEKT �fTDJZJ �yYZr�JZr�P�Y�T ��TDY � E\r��  � E<;_7TtE\]yLWEKR � YZ[^]QT

�>
7��}T0�QuKTDX ��TtE|�2���	
 � 3  � Y �yJZr�X'�QE��CQ� CQNQP
�`V�uKr	��T�E|�2���	
 � � �cr�NQU\YZr�N BtCQX ��LOP�YZU uKTtEvRQTtE ,9LWuKCFE �`Y�U\U\TDNQU\[^]yLO�MuKTtN

� TDP�Y�NQNRQTtE � Y�U\U\TtE�u^LWuKYZr�N-��TDY �IEKr��  � E< � TtuKT�E~�}[^]�CQU uKTtE

~ � ' 
 ~



� ���/� � ��� � �
�d� � �d� �

� ���"� � ��� � ����� ����� �

� I��Nsu\EKr�RQCQ[tuKYZr�N {

� Z�  � EKrOuKTtYZNQU {

�  3  �)]QT<U�u\EKCQ[�uKCFEKT=r�� �QEKrOuKTDY�NQU 

�  3 ��  G�JZTtX$TDNsuKUvr��kU\TD[Dr�NQRyLWE�*�U�u\E\CQ[tuKCFEKT 

�  3 Z� Z�  �7TtJZYZ[tTDU 

�  3 Z�  3  &vTtqsTtEKU�T~uKCFEKNQU �
�  3 Z�  { ��}]QTtTtuKU �

�  3  3  G�JZTtX$TDNsuKUvr��kU\C7��TtE\U\TD[Dr�NQRyLWE�*U�u\EKCQ[�uKCFEKT �

�  { ;�su^LWuKTDU)YZN-�QEKrOuKTDY�N � r�JZRQY�NQP � '
�  { �� �_7TDNQTtEKLOJ{[Dr�NQU�YZRQTtE^LWu\YZr�NQU � '
�  {  3  �)]QT~NyLWuKY�qsT<U�u^LWuKT~LOU)�MEKTDT=TDNQT�EKP	*�X$YZNQY�X�CQX � '
�  {  {  �)]QT~X$r�J�uKTtN�P�J�r	�yCQJZT<U�u^LWuKT ���
�  {  { Z�  � � �{LO[tu^LOJ �yCQXAYZN ���
�  {  {  3 �� *�u\r�[^]FEKr�X$T9[ � 3
�  {  {  {  � *FU�r�B�*FX$T � 3
�  {  {  
6�_HTDNQTtE^LOJ �QEKr	�cTtE\uKY�TDU � {

�  
6 ��r�RQTDJZU)� rOE �QE\rOuKTDYZN�� r�JZRQY�NQP � �
�  
6��  ��r�J�TD[DCQJZLWEHR7*FNyLOXAYZ[DU�U\Y�X�CQJZLWuKYZr�N � �
�  
6 3  �kLWu\u\YZ[DT<X$r�RQTtJZU � �
�  
6 3 Z� ���r�JZJZL��yUvXAr�RQTDJ�U � �

�  �  � EKTDU�TDN}u � rOE\V �W�

3 ���]QT���r�X"� LO[tu � JZr�[KV-��r�RQTDJ �2�

3 Z�  �kTtEKX$Y�NQr�JZr�P	* �2�
3 Z� ��  � J�r�[KVFU �2�
3 Z�  3  � LWE\uKY�u\YZr�N��QU\C7�6� LWE\u\Y�uKY�r�N��fLONQRX$YZ[tE\r�[Dr�N�+yP�CFE^LWu\YZr�N 3('
3 Z�  { �� r�NQU\Y�RQTtE^LWuKY�r�NQU`r�NLWEKY�uK]QXATtuKYZ[DLOJ�EKTDU�u\E\YZ[tuKY�r�NQU 3 �
3 ��  { Z�  ,7CQX �cTtE`r�� � LWE\uKY uKYZr�NQUvLONQR U\C7�6� LWE\u\Y�uKY�r�NQU 3 �
3 ��  {  3 ���]yLOYZN�JZTDNQPOu\] 3 


3  3 ;� r�RQYZNQPAr��{X$YZ[�EKr�[Dr�N�+yP�CFEKLWuKYZr�NQU 3 �
3  3 �� �� TDJ�J���r�U\Y uKYZr�N 3 �
3  3  3  � J�r�[KV rOEKY�TDN}uKLWuKYZr�NQU 3 �

~ Y ~



� ���/� � ��� � �
�d� � �d� �

3  3  { �� r�RQTA� 3 �
3  3  
6�� r�RQT 3 3 �

{  G /Q]yLOCQU�u\Y�qsT<[ LOJZ[DCQJZLWuKYZr�N�r��kX$Y�[tEKr�[Dr�N�+yP�CFE^LWuKY�r�NQU { '
{ Z�  � LOU�YZ[<[Dr�NQ[DT��QuKU { '
{ Z� ��  �7JZP�rOEKY uK]QX { �
{ Z�  3  &`TDU\CQJ uKYZNQPA[Dr�RQTS� { 3

{  3 ;� *FX$X$T�u\E�*$r��kX$YZ[tE\r�[Dr�N�+yP�CFE^LWu\YZr�NQU {R{
{  3 ��  &`rOu^LWuKY�r�NU *�X$X$Ttu�E�* {R{
{  3 Z� Z�  �7J�P�rOEKY�u\]QX � rOEvEKrOuKLWuKYZr�N { 


{  3  3  &`T �yTD[�uKYZr�N U *�X$X$Ttu�E�* { 

{  3  3 Z�  &vT �yTD[tu\YZr�N��yJZLONQT { �
{  3  3  3  �7J�P�rOEKY�u\]QX � rOEvEKT �yTD[tuKY�r�N { �


6��}Tuv�CQTDNQ[DT�� � LO[DT �7NQR � Y�[tEKr�[tr�N�+yP�CFE^LWuKYZr�N�� � LO[DT 
 '

6Z� ;�}T`v�CQTDNQ[tT=U � LO[DT 
 '

6Z� ��  ,7CQX �cTtEvr��3U\T`v�CQTDNQ[DTDUHY�N L�P�Y�qsTDN�[DC7��T 
Q�

6�� Z� Z�  ,7r ' �+* rOE ' �-, EKTDU\Y�RQCQTDU 
Q�

6�� Z�  3  �7U�T~r�� LOJ�J�EKTDU\Y�RQCQTDU 
 3


6Z�  3 ��}T`v�CQTDNQ[tTDU9LONQRX$Y�[tEKr�[Dr�N�+yP�CFE^LWuKY�r�NQU 
 {


6 3  � Y�U�u^LONQ[DT~LONQR X$Y�[tEKr�[Dr�N�+yP�CFE^LWuKY�r�N�U � LO[tT 
 


6 3 ��  � Y�U�u^LONQ[DT � 4 ' � +(6Ir��{u �;rAXAYZ[tEKr�[Dr�N�+yP�CFE^LWuKY�r�NQU '�LONQR + 
 


6 3  3  &`rOu^LWuKY�r�N�EKTtRQCQ[DTDR RQYZU u^LONQ[DT �^4 � � ���T6 
��

�  � J�r�[KV���TtE\X�CFuKLWuKYZr�NQUvLONQRPOE^L��y]QU 
 �

� Z�  &`T��QEKTtU\TDNsu^LWuKYZr�Nr�� �yJZr�[^V�U\T�uKU 
 �
� Z� �� �� rsLWEKU�T|POE^LOY�NQTDR�EKT0�QEKTDU\TDNsu^LWuKY�r�N r�� �yJ�r�[KV�U\TtuKU 
 �
� Z�  3  � EKr	(�TD[tu\YZr�Nr�� �yJZr�[KV�U\Ttu)EKT��QE\TDU\TDNsu^LWuKY�r�NQU � '

�  3 ;� TDJ�J�X$YZPOEKLWuKYZr�NQU)LOU)X$TtuK]Qr�R�uKrSX$r�RQY�� *9�yJZr�[^V�U`Y�N L%�yJ�r�[KV�U\Ttu � '
�  {  � TtEKX,CFu^LWuKY�r�N�r�� �yJZr�[KV�U\TtuvEKT��QEKTtU\TDNsu^LWuKYZr�NQU ���

�  { ��  � T�qsTDJZr	�cTDX$TDNsu`r��kX$r?qsT7u * �cT~U�TtuKU�� 3 LONQR � { 
 '
�  { Z� Z� ���r�NQU\Y�RQTtE^LWuKY�r�NQU`r�NXAr?qsT7u * �cTDU`Y�N�� 3 LONQR�� { 
 '
�  { Z�  3  � r2qsT~u * �cT~U�TtuKU�� 3 LONQR�� { 
	


~ YZY ~



� ���/� � ��� � �
�d� � �d� �


7 &vTDU\CQJ uKU � 3

7Z� IG /Q]yLOCQU uKY�qsT<[ LOJZ[tCQJMLWuKY�r�N�r��3XAYZ[tEKr�[Dr�N�+yP�CFE^LWuKY�r�NQU � 3


7Z� �� �� r�CQNsuKU � 3

7Z�  3 �� *FX$X$T�u\E�* � 


7Z�  {  � Y�U�u^LONQ[DT � �


7 3  &HLONQRQr�X;��LOJ�V��vY�uK]�X$r2qsT<U�TtuKU � 3 LONQR�� { � �

7 3 ��  ��r2qsT|U�Ttu � 3 � �


7 3 Z� Z�  � Y0)�CQU\Y�r�N � �

7 3 Z�  3  �7[t[DTDU\U\Y �yJZT~X$YZ[tE\r�[Dr�N�+yP�CFE^LWu\YZr�NQU � {

7 3 Z�  { ��}C7�yU�� LO[DTDU � �


7 3  3  ��r2qsT|U�Ttu � { � 


7 3  3 Z�  �7[t[DTDU\U\Y �yJZT~X$YZ[tE\r�[Dr�N�+yP�CFE^LWu\YZr�NQU � 


7 3  3  3  &`LONQRQr�X �;LOJ�VFU)YZN�U\YZXAYZJMLWE�U�C7�6� LWE\uKY�u\YZr�NQU � �

7 3  3  {  �IEKr	� L��yYZJ�Y�u * � r�� � ��U)YZN L,E^LONQRQr�X ��LOJ�V � �


7 { ;� ]yLOY�NYZN�X$YZ[�EKr�[Dr�N�+yP�CFEKLWuKYZr�N�U � LO[DT LONQR�U\T`v�CQTDNQ[DT=U � LO[tT ��

7 { ��  � EKr	� L��yY�JZY�u * r�� �&��U ��

7 {  3  � �6�QEKr /FYZX�LWu\YZr�N�r�� � CQU�YZNQP"��LOJ VFU��`Y uK]�E\TDU�u\EKY�[tuKTDRRQTDPOEKTDT � �

7 {  { ��}T`v�CQTDNQ[tT=U � LO[DT � ' �

�4���r�NQ[DJ�CQU\YZr�N LONQR�r�CFuKJZr�rOV � ' 3

�  &vTD� TtEKTtNQ[DTDU � ' 


�7���CFE\EKY�[DCQJZCQX �9Y�u�� � ' 


~ YZY�Y ~


