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ڨ�ڧ ,Q[\ZQJ]\ML�XQXMTQVM�TIaW]\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڧڧ
ک�ڧ <ZIV[NMZ�UWL]TM�UMUWZa�TIaW]\ � � � � � � � � � � � � � � � � � � � � � � � � � ڨڧ
ڪ�ڧ ,I\I�\ZIV[NMZ�ITOWZQ\PU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � کڧ
ګ�ڧ +WV\ZWT�KWUU]VQKI\QWV�M`IUXTM � � � � � � � � � � � � � � � � � � � � � � � � � ڪڧ
ڬ�ڧ 6M_�\ZIV[NMZ�UWL]TM�UMUWZa�TIaW]\ � � � � � � � � � � � � � � � � � � � � � � � ڬڧ
ڭ�ڧ &�[\Z]K\�NWZ�[\WZQVO�NZIUM�UM\I�LI\I � � � � � � � � � � � � � � � � � � � � � � � � ڬڧ
ڤڥ�ڧ 5MUWZa�KWXQM[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڤڨ
ڥڥ�ڧ .ZIUM�[aVKPZWVQbI\QWV�ITOWZQ\PU � � � � � � � � � � � � � � � � � � � � � � � � � ڧڨ
ڦڥ�ڧ 5MUWZa�KWXQM[� QUXZW^ML � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڨڨ
ڧڥ�ڧ ?Q\P�IVL�_Q\PW]\�/8=,QZMK\�:,5) � � � � � � � � � � � � � � � � � � � � � � کڨ
ڨڥ�ڧ <PM�QUXZW^ML�LQ[\ZQJ]\ML�XQXMTQVM�TIaW]\ � � � � � � � � � � � � � � � � � � � � � ګڨ
کڥ�ڧ 5MUWZa�KWXQM[� ÅVIT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ګڨ
ڪڥ�ڧ 8QXMTQVM�_Q\P�LMLQKI\ML�MVKWLQVO�UIKPQVM � � � � � � � � � � � � � � � � � � � � ڬڨ
ګڥ�ڧ 8QXMTQVM�_Q\P�JM·JIaMZQVO�WV�\PM�ZMKWZLQVO�UIKPQVM � � � � � � � � � � � � � � ڭڨ
ڬڥ�ڧ 8QXMTQVM�_Q\P�\_W�XZWKM[[QVO�UIKPQVM[ � � � � � � � � � � � � � � � � � � � � � � ڤک

ڥ�ڨ -�ڭګ@ڭ�8][]( ?; 8+1M�TIaW]\ � � � � � � � � � � � � � � � � � � � � � � � � � � ڨک
ڦ�ڨ ,5) X][P�^[� X]TT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڬک
ڧ�ڨ ,5) _ZQ\M�^QI�KPQX[M\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڤڪ
ڨ�ڨ ,5) ZMIL�^QI�KPQX[M\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڤڪ
ک�ڨ 8QXMTQVM�,5) TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڦڪ
ڪ�ڨ ,Q[\ZQJ]\QWV�TI\MVKa� _Q\P�IVL�_Q\PW]\�/8=,QZMK\ � � � � � � � � � � � � � � � � ڧڪ
ګ�ڨ .ZIUM�[aVKPZWVQbMZ�TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڨڪ
ڬ�ڨ 8ZWKM[[QVO�TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڪڪ
ڭ�ڨ 8IVWZIUI�XZWKM[[QVO�LQ[\ZQJ]\QWV�TI\MVKa� LQNNMZMV\�[M\]X[ � � � � � � � � � � � � ڬڪ

ڥ�* ,5) JIVL_QL\P� [TW\ڥ��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � � ګګ

^QQ



^QQQ

ڦ�* ,5) JIVL_QL\P� [TW\ڦ��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � ڬګ
ڧ�* ,5) JIVL_QL\P� [TW\ڧ��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � ڬګ
ڨ�* ,5) JIVL_QL\P� [TW\ڨ��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � ڭګ
ک�* ,5) JIVL_QL\P� [TW\ک��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � ڭګ
ڪ�* ,5) JIVL_QL\P� [TW\ڪ��\W�[TW\ګ� � � � � � � � � � � � � � � � � � � � � � � � � � ڤڬ
ګ�* ,5) JIVL_QL\P� [TW\ګ��\W�[TW\ڨ� � � � � � � � � � � � � � � � � � � � � � � � � � ڤڬ
ڬ�* .ZIUM�[aVKPZWVQbMZ�LMTIa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڥڬ
ڭ�* .ZIUM�[aVKPZWVQbMZ�TI\MVKa�_Q\P�LQNNMZMV\�V]UJMZ�WN �KIUMZI[ � � � � � � � � � � ڦڬ
ڤڥ�* <W\IT�XQXMTQVM�TI\MVKa�_Q\P�LQNNMZMV\�V]UJMZ�WN �KIUMZI[ � � � � � � � � � � � � � ڧڬ
ڥڥ�* 1VLQ^QL]IT�UWL]TM�TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڨڬ
ڦڥ�* 5WL]TM�\QUMTQVM�_Q\P�\PZMM�IVL�[M^MV�KIUMZI[ � � � � � � � � � � � � � � � � � � کڬ
ڧڥ�* <W\IT�XZWKM[[QVO�TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڪڬ



Eblm�h_�MZ[e^l

ڥ�ڧ +IUMZI�JIVL_QL\P�ZMY]QZMUMV\[ � � � � � � � � � � � � � � � � � � � � � � � � � ڧڦ
ڦ�ڧ 1V\MZKWVVMK\�NMI\]ZM[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � کڦ
ڧ�ڧ 1V\MZKWVVMK\�XZQKQVO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڪڦ
ڨ�ڧ ;1;+1 ,5) JIVL_QL\P � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڭڦ
ک�ڧ ;1;+1 :MÆMK\Q^M�UMUWZa�JIVL_QL\P � � � � � � � � � � � � � � � � � � � � � � � ڭڦ
ڪ�ڧ <ZWU[¦�UIKPQVM�[XMKQÅKI\QWV[ � � � � � � � � � � � � � � � � � � � � � � � � � � ڦڧ

ڥ�ڨ 8QXMTQVM�UIKPQVM[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڨک
ڦ�ڨ )LLQ\QWVIT�UIKPQVM[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � کک
ڧ�ڨ /8=[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � کک
ڨ�ڨ 8IVWZIUI�ZM[WT]\QWV[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ګک
ک�ڨ .ZIUM�[aVKPZWVQbMZ� LI\I�\PZW]OPX]\ � � � � � � � � � � � � � � � � � � � � � � � کڪ
ڪ�ڨ ,Q[\ZQJ]\QWV�JIVL_QL\P � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڭڪ
ګ�ڨ ,Q[\ZQJ]\QWV�[\MX[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڭڪ
ڬ�ڨ ,Q[\ZQJ]\QWV�TI\MVKa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ڭڪ
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1 _W]TL� TQSM� \W� \PIVS�Ua� []XMZ^Q[WZ[� 8sT� 0IT^WZ[MV� 0sSWV�3^ITM� ;\MV[TIVL� IVL� +IZ[\MV
/ZQ_WLb� _PW�PI^M�JMMV�^MZa�PMTXN]T� XZW^QLQVO�NMMLJIKS� IL^QKM� IVL�[]XXWZ\� 1 _W]TL�IT[W
TQSM�\W�\PIVS�:IOVIZ�4IVO[M\P�IVL�)[OMQZ�5WZ\MV[MV�NWZ�\PM�OZMI\�KWWXMZI\QWV�IVL�KW]V\TM[[
LQ[K][[QWV[�

1V�ILLQ\QWV� 1 _W]TL�TQSM�\W�\PIVS�:Wa�6WZL[\Z¦U� 0]OW�3WPUIVV� IVL�\PM�ZM[\�WN �\PM�\MIU
I\�,WTXPQV�1V\MZKWVVMK\�;WT]\QWV[� NWZ�\PM�OZMI\�[]XXWZ\� IVL�0MZUIVV�5�PZQVO�NWZ�XZW^QLQVO
QV^IT]IJTM�NMMLJIKS�IVL�_ZQ\QVO�\QX[�

.QVITTa� 1 _W]TL�TQSM�\W�\PIVS�NIUQTa�IVL�NZQMVL[�NWZ�KWV\QV]ML�[]XXWZ\�

7[TW� )]O][\کڥ�� ڨڥڤڦ
;QO]ZL�4R¦LIT





<aZim^k�*

Bgmkh]n\mbhg

*'* ;Z\d`khng]
>QLMW�XZWKM[[QVO�[a[\MU�PI[�\PM�XW\MV\QIT�\W�KPIVOM�PW_�_M�QV\MZIK\�_Q\P�IVL�][M�^QLMW�QV�W]Z
LIQTa�TQ^M[� <I[S[�KWUUWVTa�PIVLTML�Ja�UIV]IT�TIJWZ�\WLIa� KIV�JM�I]\WUI\ML" NZWU�N]V�PWJJa
XZWRMK\[� TQSM�LM\MK\QVO� [Y]QZZMT[�WV�JQZL� NMMLMZ[ CڥE� \W� TIZOM� [KITM� [a[\MU[� TQSM�OWIT�LM\MK\QWV
\MKPVWTWOa CڦE� )[�\PM�[a[\MU[�OM\�JQOOMZ� \PM�ZM[W]ZKM[�ZMY]QZML�NWZ�XZWKM[[QVO�QVKZMI[M[�IVL
\PM�[a[\MU�KWUXTM`Q\a�OZW_[� ?Q\P�\WLIa[�KTW]L�KWUX]\QVO�[WT]\QWV[� Q\�Q[�MI[a�\W�Z]V�ZM[W]ZKM
LMUIVLQVO�XZWKM[[QVO�IVL�IVITa[Q[� _Q\P�ZM[W]ZKM[�ITTWKI\ML�I[�VMMLML� ?PQTM�\PQ[� Q[�XMZNMK\
QV� UIVa� [Q\]I\QWV[� \PM� LMTIa[� ILLML� Ja� ][QVO� WNN·[Q\M� XZWKM[[QVO� IVL� TQUQ\ML� KWV\ZWT� W^MZ
PIZL_IZM� KIV�JM�XZWJTMUI\QK� NWZ� ZMIT·\QUM�IXXTQKI\QWV[� :MIT·\QUM�XZWKM[[QVO�IVL�IVITa[Q[
WN �^QLMW�ITTW_[�NMMLJIKS�\W�JM�XZW^QLML�ITUW[\�QV[\IV\Ta� <PM�NMMLJIKS�KIV�JM�IXXTQML�QV�UIVa
LQNNMZMV\�[Q\]I\QWV[� NZWU�[XZIaQVO�_I\MZ�QV�\PM�ÅZ[\�M`IUXTM� \W�LMKQLQVO� QN �I�OWIT�PI[�JMMV�[KWZML
QV�\PM�[MKWVL�M`IUXTM� <PQ[�ZMY]QZM[�UQVQUIT�LMTIa� IVL�Q\�KIV�\PMZMNWZM�JM�PIZL�WZ�QUXW[[QJTM
\W�QUXTMUMV\�][QVO�KTW]L�JI[ML�[WT]\QWV[�

;]KP�I�ZMIT·\QUM�[a[\MU� LM^MTWXML�Ja�\PM�Q), :M[MIZKP�XZWRMK\�I\�\PM�=VQ^MZ[Q\a�WN �7[TW�
Q[� \PM� *IOIL][� [a[\MU� <PM� [a[\MU� Q[� J]QT\� NWZ� IVITa[Q[� WN � IZMVI� [XWZ\[� _Q\P� \PM� K]ZZMV\
QUXTMUMV\I\QWV�[XMKQITQbML�NWZ�I[[WKQI\QWV�NWW\JITT� 1\�Q[�NWK][ML�IZW]VL�I�XIVWZIUI�̂ QLMW�WN �\PM
MV\QZM�XTIaQVO�ÅMTL� _PQKP�Q[�KWUJQVML�_Q\P�QVNWZUI\QWV�NZWU�W\PMZ�[W]ZKM[�\W�XZW^QLM�I�XW_MZN]T
IVITa\QK[� [a[\MU�\PI\�ZMY]QZM[�UQVQUIT�P]UIV�QV\MZIK\QWV� ?Q\P�XTIaMZ� \ZIKSQVO�XZW^QLML�Ja
B@A CڧE� Q\� Q[� XW[[QJTM� \W� I]\WUI\QKITTa� OMVMZI\M� XMZ[WVITQbML� ^QLMW� [\ZMIU[� )VVW\I\QWV[
OI\PMZML�QV�ZMIT�\QUM�NZWU�\PM�KWIKPQVO�[\INN� IZM�][ML�\W�KZMI\M�^QLMW[�WN �M^MV\[� <PM�^QLMW[
IZM�I^IQTIJTM�NWZ�XTIaJIKS�_Q\PQV�[MKWVL[� 1V�ILLQ\QWV�\W�UIV]IT�IVVW\I\QWV[� M^MV\[�KIV�IT[W�JM
I]\WUI\QKITTa�KZMI\ML�Ja�IVITa[Q[�WN �\PM�XTIaMZ�UW^MUMV\[�IVL�XW[Q\QWV[� >QLMW�WN �\PM�OI\PMZML
M^MV\[�IZM�I^IQTIJTM�NWZ�ZMXTIa�ITUW[\�QUUMLQI\MTa� 7VM�XW[[QJTM�][M�KI[M�NWZ�\PQ[�[a[\MU�Q[�^QLMW
ZMXTIa�L]ZQVO�\PM�PITN·\QUM�JZMIS� )VW\PMZ�Q[�QUUMLQI\M�ZMXTIa�L]ZQVO�XZIK\QKM� WZ�M^MV\�ZMXTIa[
WV�[\ILQ]U�JQO·[KZMMV[�

1V� \PM� QVQ\QIT� QUXTMUMV\I\QWV� \PM�XIVWZIUI�^QLMW�_I[�KZMI\ML� NZWU�NW]Z�KIUMZI[� <PQ[
XZW^QLM[�I�OWWL�W^MZ^QM_�WN �\PM�ÅMTL� J]\�\PM�ZM[WT]\QWV�IVL�W^MZITT�QUIOM�Y]ITQ\a�Q[�\WW�TW_�NWZ
bWWUQVO�QV�WV�XIZ\[�WN �\PM�QUIOM� <W�QVKZMI[M�\PM�QUIOM�Y]ITQ\a� \PM�KIUMZI[�_QTT�JM�ZMXTIKML
Ja�Å^M�VM_�KIUMZI[� _Q\P�PQOPMZ�ZM[WT]\QWV� 1V�ILLQ\QWV�\W�\PM�QVKZMI[ML�ZM[WT]\QWV� \PM�VM_
KIUMZI[�KIV�IT[W�LMTQ^MZ�]X�\Wڤک��NZIUM[�XMZ�[MKWVL� ITTW_QVO�ZM[MIZKP�QV\W�VM_�IZMI[�

ڥ



ڦ

?Q\P�\PM�NW]Z�WZQOQVIT�KIUMZI[� LMTQ^MZQVO�]X�\Wڤڧ��NZIUM[�XMZ�[MKWVL� \PM�[a[\MU�Z]V[�QV�ZMIT·
\QUM�WV�I�[QVOTM�PQOP·MVL�UIKPQVM� UISQVO�M`\MVLML�][M�WN �/ZIXPQK[�8ZWKM[[QVO�=VQ\[��/8=� \W
WNÆWIL�\PM�+MV\ZIT�8ZWKM[[QVO�=VQ\��+8=���?Q\P�PQOPMZ�ZM[WT]\QWV�QUIOM[�IVL�QVKZMI[ML�NZIUM
ZI\M� UWZM�\PIV�\PZMM�IVL�I�PITN � \QUM[�I[�U]KP�LI\I� Q[�XZWL]KML�Ja�\PM�VM_�KIUMZI[� <PQ[
ZMY]QZM[�UWZM�XZWKM[[QVO�ZM[W]ZKM[� IVL�Q\�Q[�]VTQSMTa�\PI\�Q\�_QTT�Z]V�QV�ZMIT·\QUM�WV�\PM�M`Q[\QVO
PIZL_IZM� 1V[\MIL�WN � QV^M[\QVO� QV�M`XMV[Q^M�PIZL_IZM� _M�_QTT� QV^M[\QOI\M� \PM�XW[[QJQTQ\QM[�WN
Z]VVQVO�\PM�[a[\MU�LQ[\ZQJ]\ML�IKZW[[�U]T\QXTM�UIKPQVM[�

*'+ Ikh[e^f�=^Ûgbmbhg
:]VVQVO�\PM�[a[\MU�IKZW[[�U]T\QXTM�UIKPQVM[�ZMY]QZM[�M`\ZI�KWV[QLMZI\QWV[�KWUXIZML�\W�XIZITTMT
M`MK]\QWV�WV�I� [QVOTM�UIKPQVM� ?Q\P�I� [QVOTM�UIKPQVM� \PM�UMUWZa� Q[� [PIZML� 1V�KWV\ZIZa�
LQ[\ZQJ]\ML�[a[\MU[�][]ITTa�KWV[Q[\�WN �[MXIZI\M�]VQ\[� MIKP�_Q\P�\PMQZ�W_V�UMUWZa� <PQ[�ZMY]QZM[
M`\ZI�KIZM�\W�JM�\ISMV�_PMV�LM[QOVQVO�\PM�[a[\MU� I[�\PM�][]IT�\WWT[�NWZ�MNÅKQMV\�XIZITTMTQbI\QWV
TQSM�KWVLQ\QWV�^IZQIJTM[� U]\]IT�M`KT][QWV� IVL� [MUIXPWZM[�KIV�JM�KWUXTM`�WZ� QUXW[[QJTM� \W
QUXTMUMV\�_Q\P�ZMI[WVIJTM�XMZNWZUIVKM�

1V� \PQ[� \PM[Q[� _M� _QTT� ÅZ[\� M`XTWZM� IVL� QUXTMUMV\� I� LQ[\ZQJ]\ML� XZWKM[[QVO� XQXMTQVM� VW\
WVTa�KIXIJTM�WN �XZWL]KQVO�I�XIVWZIUI�^QLMW�NZWU�\PM�Å^M�VM_�KIUMZI[�QV�ZMIT·\QUM� J]\�IT[W
KIXIJTM�WN �PIVLTQVO�N]\]ZM�M`\MV[QWV[�WN �\PM�[a[\MU� )[�\PM�[a[\MU�Q[�KWV\QV]W][Ta�LM^MTWXML� Q\
Q[�TQSMTa�\PI\�XZWKM[[QVO�[\MX[�_QTT�JM�ILLML�WZ�ZMUW^ML� <PQ[�[PW]TL�VW\�ZMY]QZM�KPIVOM[�\W�\PM
LQ[\ZQJ]\QWV�KWLM�

?M�_QTT�LQ[K][[�PW_�_M�IZM�OWQVO�\W�LQ[\ZQJ]\M�\PM�XZWKM[[QVO� QVKT]LQVO�PW_�\W�LQ[\ZQJ]\M�\PM
_WZS·TWIL�IVL�IT[W�PW_�\W�KWV\ZWT�\PM�XZWOZIU�M`MK]\QWV�IKZW[[�UIKPQVM[� <PM�LQ[\ZQJ]\QWV
[PW]TL�XZMNMZIJTa�VW\�XTIKM�IVa�TQUQ\I\QWV[�WV�\PM�][M�WN �I^IQTIJTM�[a[\MU�ZM[W]ZKM[� IVL�Q\�[PW]TL
JM�I[�TQOP\·_MQOP\�I[�XW[[QJTM�

7VKM�I�_WZSQVO�XZW\W\aXM�PI[�JMMV�KWUXTM\ML� _M�_QTT�NWK][�WV�QUXZW^QVO�XMZNWZUIVKM�IVL
UQVQUQbQVO�LMTIa� ?Q\P�U]KP�WN �\PM�XZWKM[[QVO�QV�W]Z�XQXMTQVM�XMZNWZUML�WV�/8=[� _M�_QTT�VMML
\W�KWXa�UMUWZa�JM\_MMV�/8=[�QV�LQNNMZMV\�UIKPQVM[� <PQ[�KIV�XW\MV\QITTa�JM�I�JW\\TMVMKS� ?M
_QTT�QV^M[\QOI\M�\PM�XW[[QJQTQ\a�WN �][QVO�6^QLQI�/8=,QZMK\ CڨE�\W�WX\QUQbM�\PM�LI\I�ÆW_�JM\_MMV
/8=[�

*', EbfbmZmbhgl
?PQTM�\PM�\WXQK�WN �\PQ[�\PM[Q[�Q[�\PM�XIVWZIUI�XZWKM[[QVO�XQXMTQVM� W]Z�NWK][�_QTT�[WTMTa�JM�WV�\PM
W^MZITT�XQXMTQVM�LM[QOV�IVL�LQ[\ZQJ]\ML�XZWKM[[QVO� 7\PMZ�ZM[MIZKP�\WXQK[�TQSM�QUIOM�Y]ITQ\a�PI^M
ITZMILa�JMMV�LQ[K][[ML�QV�OZMI\�LM\IQT�QV�U]T\QXTM�ZM[MIZKP�XIXMZ[�IVL�UI[\MZ�\PM[Q[�[ Cڭ��کE�

1\�Q[�IT[W�TQSMTa�\PI\�WX\QUQbI\QWV[�\W�\PM�QVLQ^QL]IT�XZWKM[[QVO�[\MX[�KIV�JM�IXXTQML� J]\�\PQ[
_QTT�VW\�INNMK\�\PM�LQ[\ZQJ]\QWV�WN �\PM�[a[\MU�IVL�Q[�\PMZMNWZM�W]\[QLM�\PM�[KWXM�WN �\PQ[�\PM[Q[�



ڧ

*'- K^l^Zk\a�F^mah]
?PQTM� _WZSQVO� WV� \PQ[� \PM[Q[� _M� PI^M� ZMLM[QOVML� IVL� ZMQUXTMUMV\ML� \PM� M`Q[\QVO� *IOIL][
XIVWZIUI�XZWKM[[QVO�XQXMTQVM�XZW\W\aXM� <PM�XZW\W\aXM�QUXTMUMV\I\QWV�Q[�_WZSQVO�IVL�QV�][M
I\�)TNPMQU�;\ILQWV�QV�<ZWU[¦� 6WZ_Ia� ?M�PI^M�M^IT]I\ML�IVL�\M[\ML�W]Z�QUXTMUMV\I\QWV� <PQ[
KWZZM[XWVL[�\W�\PM LM[QOV�XIZILQOU WN �\PM�)+5 KTI[[QÅKI\QWV CڤڥE�

-^IT]I\QWV[�PI^M�JMMV�XMZNWZUML�JW\P�QV�I�ZMIT·TQNM�[KMVIZQW� _Q\P�W]Z�XZW\W\aXM�[M\]X�I\
)TNPMQU�;\ILQWV� IVL�I\�UIKPQVM[�QV�W]Z�TIJ�I\�\PM�=VQ^MZ[Q\a�WN �7[TW�

*'. FZbg�<hgmkb[nmbhgl
1V� \PQ[� \PM[Q[� _M� PI^M� [PW_V� \PI\� \PM� *IOIL][� ^QLMW� XZWKM[[QVO� XQXMTQVM� MNÅKQMV\Ta� KIV� JM
LQ[\ZQJ]\ML�\W�_WZS�IKZW[[�U]T\QXTM�UIKPQVM[�

?M�ÅZ[\�LM[QOVML�IVL� QUXTMUMV\ML�I�KWUUWV� QV\MZNIKM� NWZ�KWUU]VQKI\QWV�JM\_MMV� \PM
LQNNMZMV\�[\MX[�WN �W]Z�XZWKM[[QVO�XQXMTQVM� *a�][QVO�\PQ[�QV\MZNIKM�NWZ�ITT�[\MX[�QV�\PM�XQXMTQVM� _M
PI^M�KZMI\ML�I�XQXMTQVM�_PMZM�XIZ\[�WN �\PM�XQXMTQVM�MI[QTa�KIV�JM�UW^ML�WZ�ZMWZLMZML�

6M`\� _M�LM[QOVML�IVL�QUXTMUMV\ML�UWL]TM[�NWZ�\ZIV[NMZZQVO�LI\I�JM\_MMV�UIKPQVM[� <PM[M
UWL]TM[�][M�\PM�M`IK\�[IUM�QV\MZNIKM�I[�\PM�XZWKM[[QVO�[\MX[� IVL�JMPI^M�TQSM�\PM�XZWKM[[QVO�[\MX[�
<PQ[�ITTW_[�\PMU�\W�JM�QV[MZ\ML�IVa_PMZM�QV�\PM�XQXMTQVM�

?PMV�\PM�LQ[\ZQJ]\ML�XQXMTQVM�PIL�JMMV�QUXTMUMV\ML� \M[\ML� IVL�NW]VL�\W�JM�_WZSQVO� _M
\]ZVML�W]Z�I\\MV\QWV�\W�QUXZW^M�\PM�LQ[\ZQJ]\QWV�Ja�]\QTQbQVO�\MKPVWTWOa�TQSM�6^QLQI�/8=,QZMK\
IVL�Ja�N]Z\PMZ�QUXZW^M�UMUWZa�PIVLTQVO�ZMTI\ML�\W�\PM�LQ[\ZQJ]\QWV�

1V�ILLQ\QWV�\W�\PM�XIVWZIUI�XQXMTQVM� _M�PI^M�IT[W�QUXTMUMV\ML�W\PMZ�ZMTI\ML�\WWT[� TQSM�I
[QUXTM�_MJ�QV\MZNIKM�NWZ�[KPML]TQVO�IVL�[\IZ\QVO�ZMKWZLQVO[�

?M�PI^M�IT[W�X]JTQ[PML�\_W�XIXMZ[�_PQTM�_WZSQVO�WV�\PQ[�\PM[Q["

*IOIL][" )V�1V\MOZI\ML�:MIT�<QUM�;a[\MU�NWZ�;WKKMZ�)VITa\QK[
1V�\PQ[�XIXMZ�_M�QV\ZWL]KM�\PM�VM_�XIVWZIUI�QUIOM�ITOWZQ\PU�IVL�\PM�VM_�LQ[\ZQJ]\ML
XZWKM[[QVO�XQXMTQVM CڭE�

1V\MZIK\Q^M�bWWU�IVL�XIVVQVO�NZWU�TQ^M�XIVWZIUQK�^QLMW
<PQ[� XIXMZ� LM[KZQJM[� \PM� ^QZ\]IT� KIUMZI� ^QM_MZ� KZMI\ML� \W� XTIa� JIKS� \PM� XIVWZIUI
^QLMW CڥڥE�

*'/ Hnmebg^
1V�KPIX\MZ �ڦ _M�QV\ZWL]KM�*IOIL][�IVL�ITT�ZMTI\ML�_WZS�\PI\�\WOM\PMZ�UISM�]X�\PM�KWUXTM\M
[a[\MU� <PQ[�QVKT]LM[�IV�QV\ZWL]K\QWV�\W�\PM�XZWKM[[QVO�XQXMTQVM� _PQKP�_QTT�JM�\PM�\WXQK�WN �\PQ[
\PM[Q[�

6M`\� QV�KPIX\MZ �ڧ _M�LQ[K][[�\PM�XQXMTQVM�QV�LM\IQT� 0MZM�_M�QV\ZWL]KM�\PM�[\MX[�\ISMV�\W
XZMXIZM�\PM�XQXMTQVM�NWZ�LQ[\ZQJ]\QWV� JMNWZM�UW^QVO�WV�\W�\PM�IK\]IT�LQ[\ZQJ]\QWV�XZWKM[[� _Q\P
IV�M^IT]I\QWV�WN �XW[[QJTM�\MKPVWTWOQM[�IVL�I�ZMI[WVQVO�WN �W]Z�KPWQKM� ?M�_QTT�IT[W�TWWS�I\�PW_
_M�KIV�WX\QUQbM�\PM�XQXMTQVM�N]Z\PMZ�



ڨ

1V� KPIX\MZ ڨ _M� M^IT]I\M� \PM� XMZNWZUIVKM� WN � W]Z� QUXTMUMV\I\QWV� *W\P� \PM� KWUXTM\M
XQXMTQVM� IVL� QVLQ^QL]IT� XIZ\[� TQSM� 6^QLQI� /8=,QZMK\� :,5) IZM� M^IT]I\ML� \W� [MM� _PQKP
KWUJQVI\QWV[�ZM\]ZV�UW[\�QV�\MZU[�WN �XMZNWZUIVKM�IVL�][IJQTQ\a� *W\P�̂ IZQW][�LQ[\ZQJ]\QWV�[M\]X[
IVL�LQNNMZMV\�PIZL_IZM�IZM�\M[\ML�

) []UUIZa�IVL�KWVKT][QWV�Q[�XZW^QLML�QV�KPIX\MZ �ک



<aZim^k�+

Ma^�;Z`Z]nl�lrlm^f

*IOIL][�Q[�I�[a[\MU�KZMI\ML�\W�PMTX�KWIKPM[�IVL�XTIaMZ[�IVITabM�M^MV\[�L]ZQVO�UI\KPM[� 1\�Q[
J]QT\�IZW]VL�I�XIVWZIUI�^QLMW�KZMI\ML�NZWU�KIUMZI[�KW^MZQVO�\PM�MV\QZM�XTIaQVO�ÅMTL� <PQ[
XIVWZIUI�^QLMW�Q[�OMVMZI\ML�QV�ZMIT·\QUM�\PZW]OP�I�XZWKM[[QVO�XQXMTQVM� _PQKP�_QTT�JM�\PM�\WXQK
WN �\PQ[�\PM[Q[� <PM�[a[\MU�PI[�JMMV�LM^MTWXML�QV�KWWXMZI\QWV�_Q\P�<ZWU[¦�14 �<14� CڦڥE� ?M
K]ZZMV\Ta�PI^M�I�XZW\W\aXM�[M\]X�I\�\PMQZ�PWUM�[\ILQ]U# )TNPMQU�;\ILQWV�QV�<ZWU[¦� 6WZ_Ia�

+'* IZghkZfZ�ob]^h�ibi^ebg^
<PM�XIVWZIUI�^QLMW�XQXMTQVM�Q[�\PM�KWZM�WN �*IOIL][� 1\�KIX\]ZM[�^QLMW�NZWU�KIUMZI[�KW^MZQVO
\PM�MV\QZM�XTIaQVO�ÅMTL�IVL�KZMI\M[�I�TIZOM�XIVWZIUI�^QLMW� <PM�XQXMTQVM�PIVLTM[�ITT�[\MX[�NZWU
QUIOM�KIX\]ZM� \W�XZWKM[[QVO�IVL�[\Q\KPQVO� JMNWZM�ÅVITTa�_ZQ\QVO�\PM�XIVWZIUI�^QLMW�\W�LQ[S�
.ZWU�Q\[�QVQ\QIT�[\IOM[�I[�IV�WNÆQVM�[\Q\KPMZ� \PM�XQXMTQVM�PI[�XZWOZM[[ML�QV\W�I�ZMIT·\QUM�XZWKM[[QVO
XQXMTQVM�\PI\�KZMI\M[�XIVWZIUI�QUIOM[�WV�\PM�Æa� Cکڥ��ڧڥE

1V�\PQ[�KPIX\MZ� _M�_QTT�QV\ZWL]KM�[\MX[�\ISMV�\W�QUXZW^M�\PM�XZWKM[[QVO�XQXMTQVM� <PQ[�QVKT]LM[
VM_�IVL�JM\\MZ�KIUMZI[� QUXZW^ML�XZWKM[[QVO�[\MX[� IVL�I]\WUI\ML�^QLMW�ZMKWZLQVO� ;\IZ\QVO
NZWU�\PM�M`Q[\QVO�[M\]X� _M�_QTT�LQ[K][[�[\MX[�\ISMV�\W�QUXZW^M�]XWV�\PM�M`Q[\QVO�XQXMTQVM� <PQ[�Q[
LWVM�\W�IKPQM^M�JM\\MZ�QUIOM�Y]ITQ\a�IVL�XZMXIZM�NWZ�N]\]ZM�M`XIV[QWV� 1UXZW^MUMV\[�QVKT]LM[
JM\\MZ�KIUMZI[� VM_�ITOWZQ\PU[�NWZ�XIVWZIUI�QUIOM�OMVMZI\QWV� IVL�LQ[\ZQJ]\QWV�

+'*'* <Zf^kZl�Zg]�e^gl^l
<W�QUXZW^M�\PM�^Q[]IT�Y]ITQ\a�WN �\PM�XIVWZIUI�^QLMW� _M�PI^M�]XOZILML�\PM�KIUMZI[� <PM�WTL
XQXMTQVM�][ML�NW]Z�KIUMZI[ CڪڥE�_Q\P�I�ZM[WT]\QWV�WN �XQ`MT[�IVL�I�UI`QU]U�ZI\M�WNڤڪڭ×ڨڭڦڥ� ڤڧ�
NZIUM[�XMZ�[MKWVL��NX[�� <PM[M�KIUMZI[�PI^M�JMMV�ZMXTIKML�Ja�Å^M�VM_�KIUMZI[ CګڥE� _PQKP�PI^M
I�ZM[WT]\QWV�WN ڥ]�XQ`MTڪڬڤڥ×ڪڨڤڦ� IVL�KIV�LMTQ^MZڤک��NX[� <PQ[�LW]JTQVO�WN �ZM[WT]\QWV�IVL�I�OZMI\Ta
QVKZMI[ML�NZIUM�ZI\M�LW�VW\�WVTa�QVKZMI[M�\PM�QUIOM�Y]ITQ\a� Q\�IT[W�ITTW_[�][�\W�M`XMZQUMV\�_Q\P
VM_�\MKPVWTWOQM[� []KP�I[�PQOP�LaVIUQK�ZIVOM�QUIOQVO��0,:��

ڥ *MKI][M�WN �\PM�[MV[WZ�NWZUI\�WN �\PM�KIUMZI[� \PM�IK\]IT�][MIJTM�ZM[WT]\QWV�WN �\PM�W]\X]\�^QLMW�Q[�LQNNMZMV\�NZWU
\PM�[MV[WZ�ZM[WT]\QWV� <PQ[�ZM[]T\[�QV�\PM�^QLMW�ZM[WT]\QWV�WN �\PM�VM_�KIUMZI[�JMQVOڤڬڤڥ×ڤڨڤڦ��XQ`MT[�

ک



ڪ

1V�ILLQ\QWV�\W�\PM�VM_�KIUMZI[� _M�IT[W�PI^M�VM_�TMV[M[� ?Q\P�\PM�WTL�TMV[M[� \PMZM�_I[�I
NIQZ�IUW]V\�WN �W^MZTIX�JM\_MMV�\PM�QUIOM[�NZWU�MIKP�KIUMZI� <PQ[�UILM�\PM�QUIOM[�][MIJTM
QVLMXMVLMV\Ta� J]\�Q\�IT[W�ZML]KML�\PM�MNNMK\Q^M�ZM[WT]\QWV�WN �\PM�XIVWZIUI�^QLMW� <W�QUXZW^M
\PQ[� _M�][M�VM_�TMV[M[�\PI\�OQ^M�UQVQUIT�W^MZTIX�JM\_MMV�\PM�KIUMZI[� <PQ[�Q[�JM\\MZ�[]Q\ML�NWZ
XIVWZIUI�OMVMZI\QWV� J]\�IT[W�UISM[�\PM�QVLQ^QL]IT�QUIOM[�ITUW[\�][MTM[[� I[�\PMa�WVTa�KW^MZ�I
VIZZW_�XIZ\�WN �\PM�ÅMTL�

+'*'+ IZghkZfZ�`^g^kZmbhg
)KKWUXIVaQVO�\PM�VM_�KIUMZI�[M\]X� Q[�I�VM_�QUIOM�[\Q\KPQVO�ITOWZQ\PU� <PM�WTL�XIVWZIUI
XQXMTQVM�][ML�I�ZMK\QTQVMIZ�XZWRMK\QWV� _PQKP�KZMI\M[�I�PQOPTa�LQ[\WZ\ML�QUIOM[�I\�_QLM�ÅMTL�WN
^QM_[� <PQ[�ZM[]T\ML�QV�I�^MZa�_QLM�IVL�VIZZW_�XIVWZIUI� _Q\P�^Q[]IT�[\ZM\KPQVO�WV�MIKP�[QLM�WN
\PM�QUIOM� 1V�\PM�VM_�[M\]X� \PM�XZWRMK\QWV�PI[�JMMV�KPIVOML�\W�I�KaTQVLZQKIT�XZWRMK\QWV� <PQ[�Q[
JM\\MZ�[]Q\ML�NWZ�_QLM�^QM_�IVOTM[� ) ZMK\QTQVMIZ�XZWRMK\QWV�JMKWUM[�^MZa�LQ[\WZ\ML�I\�^QM_QVO
IVOTM[� IJW^M� IXXZW`QUI\MTa� ��ڤڦڥ ) KaTQVLZQKIT� XIVWZIUI� KIV� JM� ][ML� NWZ� M`\ZMUM� ^QM_QVO
IVOTM[� M^MV�N]TTڤڪڧ���XIVWZIUI[� <PM�*IOIL][�XIVWZIUI�KW^MZ[�IXXZW`QUI\MTaڤڪڥ��� IVL�Q[
\P][�UWZM�[]Q\ML�NWZ�I�KaTQVLZQKIT�XIVWZIUI CڬE�

.QO]ZM ڦ�ڦ WV�XIOM ڭ [PW_[�\PM�Y]ITQ\a�LQNNMZMVKM�JM\_MMV�I�XIVWZIUI�QUIOM�OMVMZI\ML�_Q\P
\PM�WTL�IVL�\PM�VM_�KIUMZI�[M\]X�

+'*', Ikh\^llbg`�lm^il
<PM�XZWKM[[QVO� [\MX[� QV� \PM�XQXMTQVM� QVKT]LM� M^MZa\PQVO� NZWU� NWZUI\� KWV^MZ[QWV� \W� [\Q\KPQVO
\WOM\PMZ�\PM�QVLQ^QL]IT�QUIOM[�\W�I�TIZOM�XIVWZIUI�QUIOM� <PM�XQXMTQVM�Q[�LQ^QLML�QV\W�[MXIZI\M
UWL]TM[� -IKP�UWL]TM�PI[�I�[MXIZI\M�ZM[XWV[QJQTQ\a�IVL�WXMZI\M[�QVLMXMVLMV\Ta�NZWU�\PM�W\PMZ
UWL]TM[� ) [PWZ\�QV\ZWL]K\QWV�\W�MIKP�UWL]TM�Q[�OQ^MV�PMZM� .WZ�I�UWZM�\PWZW]OP�QV\ZWL]K\QWV
XTMI[M�[MM CڬE� .QO]ZM ڥ�ڦ WV�\PM�NWTTW_QVO�XIOM�[PW_[�PW_�\PM�UWL]TM[�IZM�KWVVMK\ML�\WOM\PMZ
QV�\PM�XQXMTQVM�

+IUMZI�UWL]TM
<PM�KIUMZI�UWL]TM�Q[�ZM[XWV[QJTM�NWZ�QV\MZIK\QVO�_Q\P�\PM�KIUMZI�LZQ^MZ[� -IKP�NZIUM�Q[
ZM\]ZVML�QV�I�NWZUI\�ZMILIJTM�Ja�W]Z�XZWKM[[QVO�XQXMTQVM� -IKP�WN �\PM�Å^M�KIUMZI[� ][ML
QV�W]Z�XQXMTQVM� IZM�PIVLTML�QVLMXMVLMV\Ta�_Q\P�WVM�KIUMZI�UWL]TM�NWZ�MIKP�KIUMZI�
<PQ[� UWL]TM� Q[� IT[W� ZM[XWV[QJTM� NWZ� KITK]TI\QVO� \PM� \QUM[\IUX� _PMV� \PM� QUIOM� _I[
KIX\]ZML� -IKP� KIUMZI�PI[� IV� QV\MZVIT� KTWKS� <PQ[� Q[�VW\� I� ZMIT·\QUM� KTWKS� IVL� \PM
KTWKS[�WN �MIKP�KIUMZI�KIV�JM�LQNNMZMV\� <W�OM\�I�\QUM[\IUX�NWZ�MIKP�NZIUM� \PM�KIUMZI
UWL]TM�KITK]TI\M[�I�\QUM[\IUX�JI[ML�WV�Q\[�W_V�ZMIT·\QUM�KTWKS� <PQ[�Q[�QUXWZ\IV\� I[�_M
VMML�\W�[aVKPZWVQbM�\PM�NZIUM[�NZWU�\PM�QVLQ^QL]IT�KIUMZI[�JMNWZM�KZMI\QVO�\PM�XIVWZIUI
QUIOM�

.ZIUM�[aVKPZWVQbMZ�UWL]TM
<PM�NZIUM�[aVKPZWVQbMZ�UWL]TM�ZMKMQ^M[�NZIUM[�NZWU�MIKP�QVLQ^QL]IT�KIUMZI� )[�MIKP
KIUMZI�WXMZI\M[�QVLQ^QL]ITTa� Q\�U][\�UISM�[]ZM�\PI\�\PM�KWZZMK\�[M\[�WN �NZIUM[�IZM�RWQVML
\WOM\PMZ� <PQ[� Q[�LWVM�JI[ML�WV�\PM�\QUM[\IUX[�I[[QOVML�\W�MIKP�NZIUM�Ja�\PM�KIUMZI
UWL]TM[�



ګ

Frame synchronizer

GPU uploader

Bayer to YUV422

Image stitcher

HDR

GPU downloader

H.264 encoder

Camera reader

Camera reader

Camera reader

Camera reader

Camera reader

Module/data flow
on the CPU

Module/data flow
on the GPU

.QO]ZM "ڥ�ڦ 8IVWZIUI�XZWKM[[QVO�XQXMTQVM�[\MX[�WV�I�[QVOTM�UIKPQVM�

.WZ�ZMI[WV[�W]\�WN �W]Z�KWV\ZWT� [WUM� NZIUM[� NZWU� \PM� KIUMZI[� IZM� LZWXXML� 1\� Q[� \PM
ZM[XWV[QJQTQ\a�WN � \PM�NZIUM�[aVKPZWVQbMZ�\W�PIVLTM�LZWXXML�NZIUM[� ?Q\PW]\�PIVLTQVO�
LZWXXML�NZIUM[�KW]TL�KZMI\M�XZWJTMU[�NWZ�W]Z�XQXMTQVM� <W�MV[]ZM�\PI\�_M�SMMX�I�[\MILa
NZIUM�ZI\M� LZWXXML�NZIUM[�IZM�PIVLTML�Ja�ZMXMI\QVO�\PM�XZM^QW][�NZIUM�

+=,) ]XTWILMZ�IVL�LW_VTWILMZ�UWL]TM[
5W[\�WN � \PM�XZWKM[[QVO�XMZNWZUML� QV�W]Z�XQXMTQVM� Q[�LWVM�WV�/8=[� ][QVO� \PM�6^QLQI
+=,) TQJZIZa� *W\P�\PM�KIUMZI�LZQ^MZ�IVL�\PM�MVKWLMZ�Z]V�WV�+8=��<PMZMNWZM�_M�VMML
\W�KWXa�\PM�NZIUM�LI\I�\W�/8= UMUWZa�JMNWZM�XZWKM[[QVO�KIV�JM�XMZNWZUML� IVL�JIKS
\W�+8= UMUWZa�JMNWZM�MVKWLQVO� <W�PIVLTM�\PQ[� _M�PI^M�KZMI\ML�\_W�UWL]TM[� WVM�NWZ
KWXaQVO�\W�/8= UMUWZa�IVL�WVM�\W�KWXa�JIKS�\W�+8= UMUWZa�

*IaMZ�\W�A=> KWV^MZ\MZ
-IKP�KIUMZI�Q[�KWVVMK\ML�\W�\PM�KWUX]\MZ�_Q\P�I�[QVOTMڥ��/JX[�M\PMZVM\�KWVVMK\QWV� <PQ[
TQUQ\[�\PM�NWZUI\[�_M�KIV�ZMKMQ^M�QUIOM[�QV�NZWU�\PM�KIUMZI[� <PM�WTL�XQXMTQVM�][ML�\PM
A=>ڤڦڨ�QUIOM�NWZUI\� ?Q\P�\PM�VM_�KIUMZI[�I\ڤک��NX[� \PQ[�_W]TL�ZMY]QZM�UWZM�\PIV�\PM
I^IQTIJTM�JIVL_QL\P�
*MKI][M�WN �\PQ[� _M�KIX\]ZM�QUIOM[�QV�*IaMZ�NWZUI\� _PQKP�Q[�\PM�VI\Q^M�NWZUI\�WN �\PM�QUIOM
[MV[WZ[�QV�\PM�KIUMZI[� *IaMZ�Q[�I�NWZUI\�_PMZM�\PMZM�Q[�WVTa�WVM�̂ IT]M�NWZ�MIKP�XQ`MT� <PQ[
^IT]M�Q[�NWZ�MQ\PMZ�ZML� OZMMV� WZ�JT]M� LMXMVLQVO�WV�_PQKP�XQ`MT�Q\�Q[�
?PQTM�\PQ[�NWZUI\�Q[�^MZa�[XIKM�MNÅKQMV\� Q\�Q[�VW\�[]Q\ML�NWZ�\PM�VMML[�WN �W]Z�XQXMTQVM� ?M
\PMZMNWZM�KWV^MZ\�NZWU�*IaMZ�\W�A=>ڨڨڨ�JMNWZM�XMZNWZUQVO�IVa�XZWKM[[QVO�QV�\PM�XQXMTQVM�
<PQ[�KWV^MZ[QWV�Q[�XMZNWZUML�WV�\PM�/8=�



ڬ

8IVWZIUI�[\Q\KPMZ
<PM� XIVWZIUI� [\Q\KPMZ� Q[� ZM[XWV[QJTM� NWZ� [\Q\KPQVO� \PM� Å^M� QVLQ^QL]IT� QUIOM[� QV\W� WVM
TIZOM�XIVWZIUI� +WUXIZML�\W�\PM�WTL�XQXMTQVM� \PQ[�UWL]TM�PI[�JMMV�ZM_ZQ\\MV�][QVO�I
KaTQVLZQKIT�XZWRMK\QWV� QV[\MIL�WN �I�ZMK\QTQVMIZ�XZWRMK\QWV� <PM�ZM[]T\�Q[�I�XIVWZIUI�QUIOM
_Q\P�TM[[�[\ZM\KPQVO�
<PM�[\Q\KPQVO�[\MX[�IZM�XMZNWZUML�WV�\PM�/8=��IVL�\PQ[�UWL]TM�ZMIL[� QVX]\� NZIUM[� QV
A=>ڨڨڨ�NWZUI\�IVL�XZWL]KM[�W]\X]\�QUIOM[�QV�A=>ڦڦڨ�

0,:UWL]TM
,]ZQVO�LQNÅK]T\�TQOP\QVO�KWVLQ\QWV[� XIZ\[�WN �\PM�XTIaQVO�ÅMTL�KIV�JMKWUM�PIZL�\W�[MM� <PQ[
XIZ\QK]TIZTa�PIXXMV[�QV�\PM�M^MVQVO� _PMV�[\ILQ]U�J]QTLQVO[�KI[\�[PILW_[�WV\W�\PM�ÅMTL�I[
\PM�[]V�Q[�[M\\QVO� 1UIOM[� KIX\]ZML�NZWU�\PM�KIUMZI[�]VLMZ�\PM[M�KWVLQ\QWV[� KIV�JM�^MZa
LIZS�WZ�^MZa�TQOP\�QV�[WUM�IZMI[� <PQ[�KIV�UISM�Q\�LQNÅK]T\�\W�[MM�LM\IQT[� <W�QUXZW^M�\PQ[�
_M�PI^M�QUXTMUMV\ML�I�PQOP·LaVIUQK·ZIVOM��0,:� QUIOM�UWL]TM�NWZ�W]Z�XQXMTQVM CڬڥE�
)V�0,: QUIOM�Q[�I�[QVOTM�QUIOM�KZMI\ML�NZWU�U]T\QXTM�QUIOM[�WN �\PM�[IUM�[]JRMK\� \ISMV
I\�LQNNMZMV\�M`XW[]ZM�\QUM[� <PM�KWUJQVML�QUIOM�KIV�\PMV�KWV\IQV�UWZM�QVNWZUI\QWV�QV
\PM�[PILW_[�_Q\PW]\�TWW[QVO�LM\IQT[�QV�TQOP\MZ�IZMI[�
1V�W]Z�XQXMTQVM� \PM�0,: QUIOM[�IZM�KZMI\ML�NZWU�\_W�[MXIZI\M�QUIOM[� 7VM�_PQKP�[PW_[
LM\IQT[�QV�[PILW_[� IVL�WVM�_PQKP�[PW_[�LM\IQT[�QV�\PM�TQOP\�IZMI[�WN �\PM�ÅMTL�

�MVKWLQVOڨڪڦ�0
)N\MZ�XZWKM[[QVO� \PM�XIVWZIUI�QUIOM�Q[�[I^ML�WV�LQ[S� .WZ�XZIK\QKIT�ZMI[WV[� \PM�^QLMW
Q[� [\WZML� I[� I� KWUXZM[[ML�0ڨڪڦ�� [\ZMIU� +WUXIZML� \W� \PM� WTL�XQXMTQVM� \PM� MVKWLQVO
XMZNWZUML� PMZM� PI[� JMMV� WX\QUQbML� ?M� PI^M� ZMUW^ML� IJ[\ZIK\QWV[� ][ML� QV� \PM� WTL
XQXMTQVM�IVL�VW_�][M�\PM [��� CڭڥE�TQJZIZa�LQZMK\Ta� <PQ[�OQ^M[�][M�UWZM�KWV\ZWT�W^MZ�\PM
MVKWLQVO�[\MX[� _PQKP�ZM[]T\[�QV�U]KP�UWZM�MNÅKQMV\�MVKWLQVO� <PM�W]\X]\�ÅTM[�NZWU�\PM
XIVWZIUI�XQXMTQVM�PI[�JMMV�ZML]KML�QV�[QbM�NZWUڤک�·ڤڨ� 5* \Wڤڥ·ک� 5* XMZڧ��[MKWVL[�WN
^QLMW� _Q\PW]\�VW\QKMIJTM�TW[[�QV�Y]ITQ\a� )N\MZ�\PM�^QLMW�PI[�JMMV�[\WZML�WV�LQ[S� Q\�KIV�JM
XQKSML�]X�NWZ�LQ[\ZQJ]\QWV�\W�^QM_MZ[�^QI�QV\MZVM\�WZ�\W�W\PMZ�XIZ\[�WN �\PM�[a[\MU�NWZ�N]Z\PMZ
XZWKM[[QVO�

+'*'- Bg\k^Zl^]�phkdehZ]
)[�I�ZM[]T\�WN �\PM�QVKZMI[ML�NZIUM�ZI\M�IVL�QUIOM�[QbM� \PM�W^MZITT�_WZSTWIL�WN �\PM�XZWKM[[QVO
XQXMTQVM�PI[�QVKZMI[ML�

?Q\P�\PM�KIUMZI[�KWVVMK\ML�\PZW]OP�M\PMZVM\�\W�\PM�UIKPQVM[� \PM�NZIUM�ZM\ZQM^IT�OMVMZI\M[
TW\[�WN �QV\MZZ]X\[� 1V�ILLQ\QWV� \PM�KIUMZI�LZQ^MZ[�][M�TW\[�WN �\PZMIL[� <PQ[�ZM[]T\[�QV�UIVa�KWV\M`\
[_Q\KPM[� IVL�][M[�^IT]IJTM�ZM[W]ZKM[� )[�_M�][M�\PM [��� ^QLMW�MVKWLMZ�TQJZIZa� _PQKP�Z]V[�WV
+8=��\PM�W^MZITT�+8= TWIL�WN �\PM�XQXMTQVM�KIV�JM�^MZa�PQOP�

1V�\PM�WTL�[M\]X� \PM�NW]Z�KIUMZI[�_MZM�KWVVMK\ML�LQZMK\Ta�\W�I�[QVOTM�XZWKM[[QVO�UIKPQVM�
?Q\P�Å^M�KIUMZI[� _M�VW� TWVOMZ�PI^M�MVW]OP�M\PMZVM\�XWZ\[� \W� KWVVMK\� \PM�KIUMZI[� \W� \PQ[
UIKPQVM� )LLQ\QWVITTa� \PM�_WZS�TWIL�PI[�QVKZMI[ML" \PM�NZIUM�ZI\M�Q[�QVKZMI[ML� IVL�\PM�QUIOM
ZM[WT]\QWV� Q[� PQOPMZ� <PQ[�UMIV[� \PI\� \PM� XQXMTQVM� Q[� ]VIJTM� \W� Z]V� WV� \PM� K]ZZMV\� [Q`·KWZM
UIKPQVM�



ڭ

I� :MK\QTQMIZ�XIVWZIUI� ]S�KIUMZIڥ

J� +aTQVLZQKIT�XIVWZIUI� ]S�KIUMZIڥ

K� +aTQVLZQKIT�XIVWZIUI� ]S�KIUMZIڦ

.QO]ZM "ڦ�ڦ <PM[M� QUIOM[� [PW_� \PM�M^WT]\QWV�WN � \PM�XIVWZIUI� �I� [PW_[� \PM� WZQOQVIT
ZMK\QTQVMIZ�XIVWZIUI� KIX\]ZML�_Q\P� NW]Z� �]S�KIUMZIڥ �J� [PW_[�PW_�\PM�VM_�KaTQVLZQKIT
XIVWZIUI�QUIOM�TWWS[�][QVO�\PM�WTLڥ�S�KIUMZI[� IVL �K� [PW_[�\PM�K]ZZMV\�W]\X]\� QUIOM
NZWU�\PM�XQXMTQVM�_Q\P�Å^Mڦ�S�KIUMZI[� 8TMI[M�VW\M�\PI\�\PM�LQNNMZMVKM�JM\_MMV�\PM[M�QUIOM[
WV�XIXMZ�IZM�[UITT� <W�JM\\MZ�[MM�\PM�LQNNMZMVKM�bWWU�QV�WV�\PM�8,.�



ڤڥ

?M�VW_�PIL�\W�UISM�I�KPWQKM� ?M�KW]TL�N]Z\PMZ�]XOZILM�\PM�XZWKM[[QVO�UIKPQVM�\W�UISM
Q\�IJTM� \W�[\QTT� Z]V�\PM�XQXMTQVM� WZ�_M�KW]TL�LQ[\ZQJ]\M�\PM�XZWKM[[QVO�W^MZ�U]T\QXTM�UIKPQVM[�
*W\P�PI^M� \PMQZ�JMVMÅ\[�IVL�LZI_JIKS[� :]VVQVO� \PM�XQXMTQVM�WV�I� [QVOTM�UIKPQVM� ZML]KM[
KWUXTM`Q\a�IVL�ITTW_[�\PM�XZWKM[[QVO�[\MX[�\W�JM�QV\MZTMI^ML�QV�_Ia[�VW\�XW[[QJTM�_PMV�Z]VVQVO
IKZW[[�U]T\QXTM�UIKPQVM[� =VNWZ\]VI\MTa� Q\�TQUQ\[�\PM�[KITIJQTQ\a�WN �\PM�[a[\MU� ,Q[\ZQJ]\QVO�\PM
[a[\MU�QUXZW^M[�\PM�[KITIJQTQ\a�JMaWVL�_PI\�Q[�XW[[QJTM�WV�I�[QVOTM�UIKPQVM� 1\�LWM[� PW_M^MZ�
IT[W�QVKZMI[M�[a[\MU�KWUXTM`Q\a�IVL�MTQUQVI\M[�[WUM�IT\MZVI\Q^M[�

?M�PI^M�KPW[MV�\W�LQ[\ZQJ]\M� \PM�[a[\MU� I[�\PM�JMVMÅ\[�WN �LQ[\ZQJ]\QWV�IVL�JMQVO�IJTM�\W
KWV\QV]M�\W�][M�KWUUWLQ\a�PIZL_IZM�W]\_MQOP�\PM�LW_V[QLM[�WN �Z]VVQVO�WV�U]T\QXTM�UIKPQVM[�

+'+ :nmhfZmb\�k^\hk]bg`
?M�_IV\�\W�UISM�\PM�[a[\MU�I[�MI[a�I[�XW[[QJTM�\W�][M� <W�IKPQM^M�\PQ[� ZMKWZLQVO[�[PW]TL�[\IZ\
IVL�[\WX�I]\WUI\QKITTa�_Q\PW]\�QV\MZIK\QWV�NZWU�][MZ[� <PM�WVTa�\PQVO�ZMY]QZML�NZWU�][MZ[�Q[
\PI\�\PMa�MV\MZ�I�[KPML]TM�IPMIL�WN �\QUM� <PM�XQXMTQVM�PI[�\PMZMNWZM�JMMV�LM[QOVML�\W�WXMZI\M
I]\WVWUW][Ta� 7VKM�Q\�PI[�JMMV�[\IZ\ML� VW�QV\MZIK\QWV�_Q\P�\PM�XQXMTQVM�Q[�ZMY]QZML� ?PMV�I
[KPML]TML�ZMKWZLQVO�Q[�KWUQVO�]X� \PM�XQXMTQVM�_QTT�I]\WUI\QKITTa�[\IZ\�ZMKWZLQVO�

+'+'* L\a^]nebg`�k^\hk]bg`l
<W�[KPML]TM�ZMKWZLQVO[� _M�][M�I�LI\IJI[M� <PQ[�LI\IJI[M�[\WZM[�ITT�\PM�QVNWZUI\QWV�_M�VMML
IJW]\�MIKP�UI\KP� QVKT]LQVO�[\IZ\�IVL�[\WX�\QUM[� _PQKP�\MIU[�IZM�XTIaQVO� QVNWZUI\QWV�IJW]\
MIKP� \MIU� �TQSM� \PM�XTIaMZ[�VIUM[� IVL� RMZ[Ma�V]UJMZ[�� 1\� IT[W� [\WZM[�_PI\�XI\P� \PM�W]\X]\
XIVWZIUI�^QLMW�ÅTM[�[PW]TL�JM�_ZQ\\MV�\W�

<W�MV\MZ�QVNWZUI\QWV�QV\W�\PQ[�LI\IJI[M� I�_MJ�QV\MZNIKM�PI[�JMMV�[M\�]X� <PQ[�QV\MZNIKM�ITTW_[
][MZ[�\W�[KPML]TM�ZMKWZLQVO[�Ja�MV\MZQVO�I�[\IZ\�IVL�[\WX�\QUM� =[MZ[�KIV�IT[W�[\IZ\�IV�QUUMLQI\M
ZMKWZLQVO�WN �I�OQ^MV�L]ZI\QWV� _Q\P�I�[M\�WN �MI[QTa�IKKM[[QJTM�J]\\WV[� <PQ[�QV\MZNIKM�Q[�KWUXTM\MTa
[MXIZI\M�NZWU�\PM�XZWKM[[QVO�XQXMTQVM� <PM�XQXMTQVM�LWM[�VW\�LMXMVL�WV�\PQ[�QV\MZNIKM� IVL�Q\�KIV
WXMZI\M�_Q\PW]\�Q\� .QO]ZM ڧ�ڦ WV�\PM�VM`\�XIOM�[PW_[�\PM�_MJ�QV\MZNIKM�NWZ�[KPML]TQVO�ZMKWZLQVO[�
<PM�QV\MZNIKM�IT[W�[PW_[�I�TQ[\�WN �ITZMILa�[KPML]TML�ZMKWZLQVO[�

1V�ILLQ\QWV�\W�UIV]ITTa�[KPML]TML�ZMKWZLQVO[� _M�IT[W�][M�M`\MZVIT�[W]ZKM[�\W�OI\PMZ�I[�U]KP
QVNWZUI\QWV�I[�VMMLML�IJW]\�\MIU[� ÅMTL[� IVL�IT[W�[KPML]TML�UI\KPM[�NWZ�MIKP�ÅMTL� <PM[M
UI\KPM[�IZM�I]\WUI\QKITTa�MV\MZML�QV\W�\PM�LI\IJI[M� R][\�TQSM�UIV]IT�ZMKWZLQVO[� .WZ�W]Z�][MZ[�
\PM�ZM[]T\�Q[�\PI\�UW[\�UI\KPM[�LW�VW\�VMML�\W�JM�UIV]ITTa�[KPML]TML� IVL�_QTT�I]\WUI\QKITTa�JM
ZMKWZLML�

+'+'+ LmZkmbg`�Zg]�lmhiibg`�k^\hk]bg`l
7VKM�\PM�[KPML]TM�PI[�JMMV�[I^ML�QV�\PM�LI\IJI[M� _M�_IV\�\PM�XQXMTQVM�\W�I]\WUI\QKITTa�[\IZ\
IVL�[\WX�ZMKWZLQVO� JI[ML�WV�\PM�[KPML]TM� <W�IKPQM^M�\PQ[� \PM�XQXMTQVM�U][\�MQ\PMZ�JM�VW\QÅML
_PMVM^MZ�Q\�[PW]TL�[\IZ\�WZ�[\WX�I�ZMKWZLQVO� WZ�Q\�U][\�KPMKS�\PM�LI\IJI[M�



ڥڥ

.QO]ZM "ڧ�ڦ 1V\MZNIKM�NWZ�[KPML]TQVO�ZMKWZLQVO[

<PM� ÅZ[\� WX\QWV� KW]TL� XW\MV\QITTa� [QUXTQNa� \PM� XQXMTQVM� OZMI\Ta� ?M�_W]TL� VW\� VMML� IVa
KWLM� PIVLTQVO� [KPML]TM� ]XLI\M[� IVL� VW� KWVVMK\QWV[� \W� I� LI\IJI[M�_W]TL� JM� VMMLML� <PM
VW\QÅMZ� KW]TL� IT[W� [\IZ\� \PM� XQXMTQVM�UIV]ITTa�_PMVM^MZ� I� ZMKWZLQVO� [PW]TL� [\IZ\� <PQ[� PI[
[WUM�LW_V[QLM[� \WW� 1\�_W]TL�ZMY]QZM�IV�ILLQ\QWVIT�KWUXWVMV\� \PI\�PI[�\W�PIVLTM�LI\IJI[M
KWVVMK\QWV[�IVL�[WUMPW_�KWUU]VQKI\M�_Q\P�\PM�XQXMTQVM� ?M�IT[W�ZQ[S�\PM�XQXMTQVM�[\IZ\QVO
U]T\QXTM�\QUM[� QN �[WUM\PQVO�OWM[�_ZWVO�

<PM�[MKWVL�WX\QWV�ILL[�KWUXTM`Q\a�\W�\PM�XQXMTQVM� 1\�U][\�\ISM�KIZM�WN �KPMKSQVO�\PM�LI\IJI[M
ZMO]TIZTa� WZ� QN �XW[[QJTM� PI^M�\PM�LI\IJI[M�VW\QNa�\PM�XQXMTQVM�WN �IVa�KPIVOM[� )[� Q\�JMKWUM[
I_IZM�WN �_PMV�\PM�VM`\�ZMKWZLQVO�[PW]TL�[\IZ\� Q\�U][\�UISM�[]ZM�\PI\�I�ZMKWZLQVO�Q[�[\IZ\ML�I\
\PM�KWZZMK\�\QUM� <PQ[�ZML]KM[�\PM�V]UJMZ�WN �KWUXWVMV\[� I[�\PM�XQXMTQVM�KIV�KWVVMK\�LQZMK\Ta
\W�\PM�LI\IJI[M� 1\�IT[W�MTQUQVI\M[�\PM�KPIVKM[�WN �\_W�XQXMTQVM[�OM\\QVO�[\IZ\ML�I\�\PM�[IUM�\QUM�

<PM�WTL�XQXMTQVM�][ML�\PM�ÅZ[\�WX\QWV� _PMZM�I�VM_�XQXMTQVM�_I[�[\IZ\ML�NWZ�MIKP�ZMKWZLQVO
Ja�I�[MXIZI\M�[KZQX\� <PM�IXXTQKI\QWV�_W]TL�[TMMX�NWZ�I�OQ^MV�IUW]V\�WN �\QUM� JMNWZM�[\IZ\QVO�\W
ZMKWZL� IVL�\PMV�Z]V�NWZ�I�OQ^MV�L]ZI\QWV�JMNWZM�M`Q\QVO�

1V�\PM�VM_�XQXMTQVM� _M�PI^M�LMKQLML�\W�OW�NWZ�\PM�[MKWVL�WX\QWV� 1\�_I[�QUXTMUMV\ML�Ja
PI^QVO�\PM�XQXMTQVM�KWVVMK\�\W�\PM�LI\IJI[M�I\�ZMO]TIZ�QV\MZ^IT[� *I[ML�WV�\PM�[KPML]TM�[\WZML
QV�\PM�LI\IJI[M� Q\�_QTT�[\IZ\�IVL�[\WX�ZMKWZLQVO� 1V�ILLQ\QWV�\W�\PQ[�I]\WUI\QK�LI\IJI[M�TWWS]X�
\PM�XQXMTQVM�KIV�IT[W�JM�[MV\�\PM 6,*+83 [QOVIT� <PQ[�\MTT[�\PM�XQXMTQVM�\W�QUUMLQI\MTa�KPMKS�\PM
LI\IJI[M� <PQ[�Q[�][MN]T�_PMV�Q\�Q[�LM[QZIJTM�\W�[\IZ\�I�ZMKWZLQVO�_Q\P�UQVQUIT�LMTIa�



ڦڥ

.QO]ZM "ڨ�ڦ <PQ[�QUIOM�[PW_[�\PM�^QZ\]IT�KIUMZI�^QM_MZ� <PM�TIZOMZ�_QVLW_�WV�\PM�TMN\
[PW_[� \PM�^QZ\]IT�KIUMZI� _PQTM� \PM� [UITTMZ�WVM�WV� \PM�ZQOP\� [PW_[� \PM�MV\QZM�XIVWZIUI
^QLMW� _Q\P�\PM�[MK\QWV�[PW_V�Ja�\PM�^QZ\]IT�KIUMZI�UIZSML�QV�OZIa�

+', Hma^k�\hfihg^gml�h_�ma^�lrlm^f
?M�PI^M� IT[W� ZM[MIZKPML� IVL� LM^MTWXML� W\PMZ�_WZS� ZMTI\ML� \W� \PM�*IOIL][� [a[\MU� IVL� \PM
XIVWZIUI�XQXMTQVM� <PQ[� QVKT]LM[�_Ia[� \W�XTIa�JIKS�\PM�^QLMW�IVL�W\PMZ�ZM[MIZKP�\W� N]Z\PMZ
QUXZW^M�\PM�][IJQTQ\a�WN �\PM�[a[\MU�

+','* ObkmnZe�\Zf^kZ�ob^p^k
.WZ�_I\KPQVO�ZMKWZLQVO[�NZWU�\PM�XIVWZIUI�XQXMTQVM� _M�PI^M�KZMI\ML�I�^QZ\]IT�KIUMZI�^QM_MZ�
<PQ[�^QM_MZ�IK\[�I[�I�^QZ\]IT�KIUMZI�\PI\�ITTW_[�XIVVQVO�IVL�bWWUQVO�QV�\PM�XIVWZIUI�^QLMW�
R][\�TQSM�I�KIUMZI�UIV�_W]TL�bWWU�IVL�XIV�L]ZQVO�\PM�UI\KP�_Q\P�I�VWZUIT�KIUMZI� =VTQSM
I�VWZUIT�KIUMZI� \PM�^QZ\]IT�KIUMZI�Q[�KZMI\ML�NZWU�\PM�XIVWZIUI�^QLMW� <PQ[�ITTW_[�bWWUQVO
IVL�XIVVQVO� \W�JM�LWVM�I\�IVa� \QUM� <PM�^QM_MZ�KIV�JM�][ML� NWZ�JW\P� TQ^M�^QM_QVO�IVL� NWZ
^QM_QVO�ZMKWZLQVO[�

)[� \PM� MV\QZM� ÅMTL� Q[� KIX\]ZML� ][MZ[� KIV� KPWW[M�_PI\� \PMa�_IV\� \W� ^QM_� QVLMXMVLMV\Ta�
5W^QVO�\PM�^QZ\]IT�KIUMZI�KIV�JM�LWVM�UIV]ITTa� WZ�I]\WUI\QKITTa�JI[ML�WV�QVX]\�NZWU�^IZQW][
[W]ZKM[� ?Q\P�\ZIKSQVO�WN �\PM�XTIaMZ[� \PM�KIUMZI�KIV�JM�UW^ML�I]\WUI\QKITTa�IN\MZ�I�[MTMK\QWV
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<PM�NM\KP�LM[QOV�ZMY]QZM[�UWL]TM[�QV�\PM�XQXMTQVM�\W�I[S�\PM�XZM^QW][�UWL]TM�NWZ�I�NZIUM�
?PQTM�\PQ[�KIV�MTQUQVI\M�LMTIa[�KWUXIZML�\W�\PM�OTWJIT�J]NNMZ�PIVLTMZ� Q\�Q[�VW\�O]IZIV\MML
\W�JM�I[�MNÅKQMV\�I[�I�X][P�JI[ML�LM[QOV�

*W\P�WN �\PM[M�XI\\MZV[�PI^M�\PMQZ�W_V�[\ZMVO\P[�IVL�LZI_JIKS[� ) X][P�JI[ML�XQXMTQVM�_W]TL
MTQUQVI\M�\PM�LMTIa[� J]\�Q\�KW]TL�UISM�W]Z�UWL]TM[�UWZM�KWUXTM`� )[�\PM�UWL]TM[�KIV�XW[[QJTa
ZMKMQ^M�UWZM�NZIUM[�\PIV�\PMa�KIV�XZWKM[[� UWL]TM[�_W]TL�JM�ZMY]QZML�\W�KIKPM�NZIUM[� ?Q\P�I
X]TT�JI[ML�XQXMTQVM� MIKP�UWL]TM�PI^M�N]TT�KWV\ZWT�WN �\PMQZ�J]NNMZ[�IVL�_QTT�VM^MZ�JM�OQ^MV�UWZM
NZIUM[�\PIV�Q\�KIV�PIVLTM� <PQ[�LQNNMZMVKM�UISM[�X]TT�JI[ML�UWL]TM[�TM[[�KWUXTM`� J]\�UWZM
KIZM�Q[�ZMY]QZML�\W�UQVQUQbM�TI\MVKa�
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.QO]ZM "ڥ�ڧ 5WL]TM�QV\MZNIKM

7VM�[\ZMVO\P�WN �\PM�X]TT�JI[ML�TIaW]\�Q[�\PI\�Q\� _Q\P�[WUM�TQUQ\I\QWV[� UISM[�Q\�MI[QMZ�\W�I^WQL
]VVMKM[[IZa�KWXQM[�WN �\PM�NZIUM�J]NNMZ[� 1V�\PM�UM\PWL�KITT�\W�ZMY]M[\�I�NZIUM� \PM�KITTMZ�KIV
XI[[�QV�I�XWQV\MZ�\W�I�J]NNMZ� <PM�KITTMM�KIV�\PMV�_ZQ\M�Q\[�W]\X]\�LQZMK\Ta�\W�\PQ[�J]NNMZ� ) [QUQTIZ
XMZNWZUIVKM�OIQV�KIV�JM�IKPQM^ML�QV�X][P�JI[ML�UWL]TM[�Ja�][QVO�I�XZM�ITTWKI\ML�J]NNMZ�XWWT�
J]\�\PQ[�Q[�UWZM�KWUXTM`�\PIV�QV�I�X]TT�JI[ML�LM[QOV� 1V�I�X]TT�JI[ML�XQXMTQVM� \PQ[�LM[QOV�XI\\MZV
LWM[� PW_M^MZ� PI^M�WVM�[QOVQÅKIV\�LZI_JIKS� <PM�ZMY]M[\�NWZ�I�NZIUM�U][\�JM�KITTML�JMNWZM�\PM
XZM^QW][�UWL]TM�QV�\PM�XQXMTQVM�KIV�XMZNWZU�IVa�WXMZI\QWV[� <W�UQVQUQbM�WZ�M^MV�MTQUQVI\M�\PQ[
Q[[]M� \PM�UWL]TM[�KIV�JM�QUXTMUMV\ML�_Q\P�\_W�J]NNMZ[� 7VM�Q[�][ML�QV�I�KITT�\W�\PM�XZM^QW][
UWL]TM� <PM�W\PMZ�Q[�][ML�NWZ�XZWKM[[QVO�I[�[WWV�I[�\PM�VM`\�UWL]TM�PI[�I[SML�NWZ�I�NZIUM�

?M�LMKQLML� \PI\�UW[\� WN � W]Z�UWL]TM[�_W]TL�_WZS� XMZNMK\Ta�_Q\P� I� X]TT� JI[ML� QV\MZNIKM�
0W_M^MZ� _M� ZMITQbML� \PI\� [WUM� UWL]TM[� _W]TL� JMVMÅ\� OZMI\Ta� NZWU� PI^QVO� I� X][P� JI[ML
QV\MZNIKM� <PQ[�[XMKQÅKITTa�IXXTQML�\W�\PM�NZIUM�[aVKPZWVQbMZ� _PQKP�ZMKMQ^M[�NZIUM[�NZWU�Å^M
LQNNMZMV\�UWL]TM[� 1V[\MIL�WN �Q\�ZMY]M[\QVO�NZIUM[�NZWU�Å^M�W\PMZ�UWL]TM[� _M�LMKQLML�\W�IT[W
LM[QOV�IV�QV\MZNIKM�NWZ�X][P�JI[ML�UWL]TM[� _PQKP�KIV�JM�][ML�Ja�\PM�NZIUM�[aVKPZWVQbMZ�

<PM�QV\MZNIKM�_M�MVLML�]X�_Q\P�PI[�KPIVOML�[TQOP\Ta�\PZW]OPW]\�\PM�TI[\�aMIZ� J]\�\PM�JI[QK[
IZM�[\QTT�\PM�[IUM� <PM�QV\MZNIKM�Q[�QUXTMUMV\ML�I[�IV�IJ[\ZIK\�+���KTI[[� _Q\P�UM\PWL[�\PI\
ITT�UWL]TM[�[PW]TL�QUXTMUMV\� <PM�QV\MZNIKM�K]ZZMV\Ta�QV�][M� KIV�JM�[MMV�QV�ÅO]ZM ڥ�ڧ IJW^M�
<PQ[�QV\MZNIKM�PI[�\_W�UIQV�KTI[[M[� )HWFK0RGXOH Q[�IV�QV\MZNIKM�NWZ�UWL]TM[�\PI\�NZIUM[�KIV�JM
NM\KPML�NZWU� 3XVK0RGXOH Q[�IV�QV\MZNIKM�NWZ�UWL]TM[�\PI\�NZIUM[�KIV�JM�X][PML�\W� )\�XZM[MV\�
\PM�WVTa�UWL]TM�][QVO�\PM�X][P�JI[ML�QV\MZNIKM�Q[�\PM�NZIUM�[aVKPZWVQbMZ� )TT�W\PMZ�UWL]TM[�][M
\PM�NM\KP�JI[ML�QV\MZNIKM�

<PM )HWFK0RGXOH QV\MZNIKM�PI[�\PZMM�LQNNMZMV\�^MZ[QWV[�WN �\PM JHW)UDPH UM\PWL� <PM�ÅZ[\
^MZ[QWV� Q[� \PM�UM\PWL� aW]� KITT� QN � aW]�_Q[P� \W� OM\� \PM� NZIUM� QV� I� VWZUIT�+8= J]NNMZ� <PM
[MKWVL� JHW&XGD)UDPH� ZM\]ZV[� \PM� NZIUM� QV� I� VWZUIT� J]NNMZ� WV� \PM�/8=��<PM� TI[\� ^MZ[QWV�
JHW&XGD$UUD\)UDPH� IT[W�ZM\]ZV[�\PM�NZIUM�QV�/8= UMUWZa� J]\�\PQ[�\QUM�Q\�Q[�QV�I�+=,) IZZIa
J]NNMZ� <W�LMKZMI[M�\PM�KWUXTM`Q\a�WN �\PM�UWL]TM[� UW[\�UWL]TM[�LW�VW\�QUXTMUMV\�ITT�WN �\PM[M
UM\PWL[�
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<PM )HWFK0RGXOH QV\MZNIKM�KIV�JM�][ML�QV�U]T\QXTM�_Ia[� 1\�Q[�XW[[QJTM�\W�KITT JHW)UDPH_Q\PW]\
IV�IZO]UMV\� <PQ[�\MTT[�\PM�KITTMM�\PI\�Q\�[PW]TL�ITTWKI\M�I�VM_�J]NNMZ�IVL�ZM\]ZV�\PM�NZIUM�QV�\PI\
J]NNMZ� 1\�_QTT�\PMV�JM�\PM�KITTMZ[�ZM[XWV[QJQTQ\a�\W�KTMIV�]X�\PM�UMUWZa�IN\MZ_IZL[� )T\MZVI\Q^MTa�
JHW)UDPH KIV�JM�KITTML�_Q\P�I�XZM�ITTWKI\ML�J]NNMZ�I[�IV�IZO]UMV\� <PQ[�_Ia� \PM�KITTMM�_QTT
VW\�PI^M� \W�ITTWKI\M�IVa�UMUWZa� IVL� [PW]TL� R][\�KWXa� Q\[�LI\I� QV\W� \PM�XZM�ITTWKI\ML�J]NNMZ�
<PM�TI\\MZ�Q[�\PM�VWZUIT�_Ia�W]Z�UWL]TM[�WXMZI\M� I[�\PM�W^MZPMIL�WN �ITTWKI\QVO�UMUWZa�KIV
XW\MV\QITTa�JM�I�JW\\TMVMKS CکڦE�

<PM�ZM\]ZV�^IT]M�WN �I�KITT�\W JHW)UDPH Q[�IT[W�QUXWZ\IV\� 1N �[WUM\PQVO�OWM[�_ZWVO� WZ�_M
PI^M�ZMIKPML�\PM�MVL�WN �I�ZMKWZLQVO� I 18// XWQV\MZ�Q[�ZM\]ZVML� ?PMV�\PQ[�PIXXMV[� \PM�UWL]TM
Q[�M`XMK\ML�\W�OZIKMN]TTa�[P]\�LW_V� <PQ[�QV^WT^M[�KTMIVQVO�]X�ITT�ZM[W]ZKM[�Q\�PWTL[� ZM\]ZV�I
18//�XWQV\MZ�\W�\PM�VM`\�UWL]TM�QV�\PM�XQXMTQVM� IVL�\PMV�M`Q\� ?PMV�VW�MZZWZ[�WKK]Z�IVL�_M
PI^M�VW\�ZMIKPML�\PM�MVL�WN �I�ZMKWZLQVO� \PM�ZM\]ZV�^IT]M�WN �\PM JHW)UDPH KITT�_QTT�JM�I�XWQV\MZ
\W�I�NZIUM� 1N �I�XWQV\MZ�\W�I�NZIUM�_I[�XI[[ML�I[�IV�IZO]UMV\�\W�\PM�UM\PWL� \PQ[�XWQV\MZ�_QTT
JM�ZM\]ZVML� ?PMV�VW�IZO]UMV\�Q[�[]XXTQML� \PM�ZM\]ZV�^IT]M�Q[�I�XWQV\MZ�\W�I�VM_Ta�ITTWKI\ML
NZIUM�

?M�PI^M�VW\�[XMKQÅML�\PM�LM\IQT[�WN �PW_�\PM�UWL]TM[�[PW]TL�XMZNWZU�\PM�XZWKM[[QVO� ?M
WVTa�ZMY]QZM�\PI\�\PM�NIUQTa�WN JHW)UDPH KITT[�[PW]TL�JTWKS�]V\QT�I�NZIUM�Q[�ZMILa�\W�JM�ZM\]ZVML�
J]\�PW_�\PI\�Q[�PIVLTML� Q[�]V[XMKQÅML� <PQ[�UMIV[�\PI\�_PMV�\PQ[�UM\PWL�Q[�KITTML� Q\�_QTT�VW\
ZM\]ZV�]V\QT�I�NZIUM�PI[�JMMV�ZMKMQ^ML�WZ�IV�MZZWZ�PI[�WKK]ZZML� *a�KWV^MV\QWV� UW[\�UWL]TM[
_IQ\�]V\QT JHW)UDPH I[�JMMV�KITTML�JMNWZM�LWQVO�IVa�XZWKM[[QVO� *MKI][M�WN �\PQ[� UWL]TM[�[PW]TL
UISM�[]ZM�\W�KITT�Q\�I[�[WWV�I[�XW[[QJTM� IVL�SMMX�\PM�LMTIa�JM\_MMV�KITT[�I[�TQ\\TM�I[�XW[[QJTM�

,'*'+ Bg&f^fhkr�_kZf^�f^mZ�]ZmZ
1V�\PM�KWUUWV�QV\MZNIKM�JM\_MMV�UWL]TM[� _M�][M�\PM &·[\Z]K\�LMÅVML�QV�ÅO]ZM ڦ�ڧ IJW^M�\W�XI[[
QVNWZUI\QWV�IJW]\�NZIUM[� <PQ[�KWV\IQV[�ITT�\PM�QVNWZUI\QWV�VMMLML�\PZW]OPW]\�\PM�XQXMTQVM�
-IKP�WN �\PM�ÅMTL[�IZM�LM[KZQJML�JMTW_�

\QUM[\IUX
<PQ[�ZMXZM[MV\[�\PM�UWUMV\�_PMV�\PM�QUIOM�_I[�\ISMV� 1\�Q[�][ML�[M^MZIT�XTIKM[�QV�\PM
XQXMTQVM� [\IZ\QVO�_Q\P�\PM�NZIUM�[aVKPZWVQbMZ� <PM�[aVKPZWVQbMZ�][M[�\PM�\QUM[\IUX[�WN
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\PM�NZIUM[�\W�OZW]X�\PMU�QV\W�NZIUM�[M\[� <PM�\QUM[\IUX�Q[�IT[W�][ML�QV�\PM�MVKWLMZ�\W
UISM�[]ZM�\PI\�\PM�ÅTM[�IZM�VIUML�KWZZMK\Ta� JI[ML�WV�_PQKP�NZIUM[�\PMa�KWV\IQV� <PQ[
Q[�QUXWZ\IV\�I[�\PM�\QUM[\IUX�QV�\PM�ÅTMVIUM�Q[�][ML�NWZ�[aVKPZWVQbI\QWV�_Q\P�\PM�XTIaMZ
\ZIKSQVO�[a[\MU�

NZIUM6]U
<PQ[�Q[�[QUXTa�I�KW]V\MZ�WN �\PM�NZIUM[�[QVKM�\PM�[\IZ\�WN �\PM�ZMKWZLQVO� 1\�Q[�VW\�K]ZZMV\Ta�QV
][M�QV�\PM�XQXMTQVM� J]\�Q\�KW]TL�JMKWUM�][MN]T� IVL�Q[�\PMZMNWZM�QVKT]LML�

M`XW.QZ[\� M`XW;MKWVL
<PM[M� ^IT]M[� \MTT� \PM� M`XW[]ZM� \QUM[� WN � \PM� NZIUM[� <PQ[� Q[� K]ZZMV\Ta� WVTa� ][ML� NWZ
OMVMZI\QVO�0,: QUIOM[� J]\� \PMa� KIV�IT[W�JM�][MN]T� NWZ� M�O� KWTWZ� KWZZMK\QWV� ?PMV
Z]VVQVO�QV�0,: UWLM� I�NZIUM�Q[�IK\]ITTa�I�[M\�WN �\_W�NZIUM[� <PM H[SR)LUVW ^IT]M�Q[
\PM�M`XW[]ZM�\QUM�][ML�NWZ�\PM�ÅZ[\�NZIUM� IVL�\PM H[SR6HFRQG Q[�\PM�M`XW[]ZM�\QUM�NWZ�\PM
[MKWVL�NZIUM�

ÆIO[
<PM IODJV ÅMTL�Q[�][ML�NWZ�[\WZQVO�OMVMZIT�QVNWZUI\QWV�IJW]\�\PM�NZIUM� <PQ[�ÅMTL�Q[�][ML
\W�QVLQKI\M�_PM\PMZ�I�NZIUM�Q[�LZWXXML�WZ�VW\� IVL�Q\�Q[�][ML�\W�QLMV\QNa�QN �\PM�NZIUM�Q[
TWKI\ML�QV�/8= WZ�+8= UMUWZa�

[QbM
<PQ[�[\WZM[�\PM�[QbM�WN �\PM�NZIUM� ?PMV�Z]VVQVO�QV�0,:UWLM� \PM�IK\]IT�[QbM�WN �\PM�NZIUM
J]NNMZ�_QTT�JM�\_W�\QUM[�\PQ[�^IT]M� I[�\PMZM�IZM�\_W�NZIUM[�QV�\PM�J]NNMZ�

,'+ =blmkb[nm^]�ikh\^llbg`
)[�_M�[IQL�QV�\PM�XZWJTMU�LMÅVQ\QWV��[MK\QWV ڦ�ڥ WV�XIOM ��ڦ _M�_IV\�\W�LQ[\ZQJ]\M�\PM�XIVWZIUI
XZWKM[[QVO�XQXMTQVM� )[�I�XIZ\�WN �\PQ[�ZM[MIZKP� _M�PI^M�TWWSML�QV\W�[M^MZIT�UWLMT[�NWZ�LQ[\ZQJ]\ML
XZWKM[[QVO� IVL�^IZQW][�QUXTMUMV\I\QWV[�WN �LQ[\ZQJ]\ML�XZWKM[[QVO�NZIUM_WZS[� 1V�\PQ[�[MK\QWV�
_M�_QTT�^MZa�JZQMÆa�LQ[K][[�\PM[M� JMNWZM�LM[KZQJQVO�\PM�[WT]\QWV�_M�PI^M�KPW[MV�

,'+'* FZiK^]n\^
<PMZM�IZM�[M^MZIT�UWLMT[�I^IQTIJTM�NWZ�LQ[\ZQJ]\ML�XZWKM[[QVO� -`IUXTM[�QVKT]LM�5IX:ML]KM CڪڦE
IVL�,ZaIL CګڦE� 5IX:ML]KM�Q[�WVM�WN �\PM�UW[\�KWUUWV�_Ia[�WN �XZWKM[[QVO�TIZOM�IUW]V\[�WN
LI\I�QV�I�LQ[\ZQJ]\ML�_Ia� 1\�KWV[Q[\[�WN �\_W� WZ�[WUM\QUM[�\PZMM CڬڦE�[\MX[� <PM�LI\I�Q[�ÅZ[\�[XTQ\
QV\W�OZW]X[� IT[W�KITTML UIX� <PM[M�OZW]X[�IZM�XZWKM[[ML�QVLQ^QL]ITTa� 6M`\� \PM[M�OZW]X[�IZM
ZML]KML \W�[UITTMZ�OZW]X[� 1V�[WUM�QUXTMUMV\I\QWV[� I�\PQZL�[\MX� KITTML UMZOM� Q[�IXXTQML�I\�\PM
MVL� <PQ[�ITTW_[�XW[\�XZWKM[[QVO�WN �\PM�ZM[]T\[�

7VM�WN �\PM�UW[\�KWUUWV�QUXTMUMV\I\QWV[�WN �5IX:ML]KM�Q[�)XIKPM�0ILWWX CڭڦE� 0ILWWX
Q[�I�KWTTMK\QWV�WN �\WWT[� _PQKP�QVKT]LM�IV�QUXTMUMV\I\QWV�WN �5IX:ML]KM�NWZ�Z]VVQVO�WV�KT][\MZ[
WN �KWUUWLQ\a�PIZL_IZM� <PMZM�IZM�IT[W�W\PMZ�QUXTMUMV\I\QWV[�WN �5IX:ML]KM� TQSM�I�U]T\Q·KWZM
^MZ[QWV CڤڧE� I�^MZ[QWV�NWZ�/8=[ CڥڧE� IVL�M^MV�NWZ�\PM�+MTT�*- IZKPQ\MK\]ZM CڦڧE�
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?PQTM�VW\�QVQ\QITTa�LM[QOVML�NWZ�XZWKM[[QVO�QV�ZMIT·\QUM� 5IX:ML]KM�IVL�0ILWWX�PI[�VW_
ZMIKPML�I�XWQV\�_PMZM�Q\�KIV�JM�][ML�NWZ�ZMIT·\QUM�XZWKM[[QVO� .IKMJWWS CڧڧE�PI[�NWZ�M`IUXTM
[PW_V�PW_�\PMa�PI^M�][ML�0ILWWX�NWZ�ZMIT·\QUM�XZWKM[[QVO�QV�\PMQZ�UM[[IOQVO�[MZ^QKM CڨڧE�

<PMZM� Q[� PW_M^MZ� IV� QUXWZ\IV\� Q[[]M� _Q\P�0ILWWX� IVL� \PM�5IX:ML]KM� LM[QOV" \PM[M
[a[\MU[�IZM�LM[QOVML�NWZ JI\KP XZWKM[[QVO� *I\KP�XZWKM[[QVO�Q[�I�XZWKM[[�_PMZM�I�TIZOM�[M\�WN �LI\I
Q[�[XTQ\�QV\W�[UITTMZ�KP]VS[� <PM�KP]VS[�IZM�XZWKM[[ML�QVLMXMVLMV\Ta� IVL�WVTa�IN\MZ�XZWKM[[QVO
\PM�LI\I�Q[�RWQVML�\WOM\PMZ�\W�XZWL]KM�WV�TIZOM�W]\X]\�

<PQ[�Q[�VW\�I�XZWOZIUUQVO�UWLMT�\PI\�Q[�[]Q\ML�NWZ�W]Z�_WZSTWIL� .WZ�MNÅKQMV\�XZWKM[[QVO
_Q\P�5IX:ML]KM� \PM�LI\I�U][\�JM�I^IQTIJTM�JMNWZM�\PM�XZWOZIU�Q[�[\IZ\ML� ?M�ZMKMQ^M�NZIUM[
NZWU�\PM�KIUMZI[�I[�WVM�KWV\QV]W][�[\ZMIU�WN �LI\I� IVL�\PM�LI\I�Q[�ZMKMQ^ML�QV�ZMIT·\QUM�NZWU
\PM�KIUMZI[� <PQ[�UMIV[�\PI\�VW�LI\I�Q[�I^IQTIJTM�JMNWZMPIVL� 1V�ILLQ\QWV� W]Z�_WZSTWIL�Q[�PIZL
\W�[XTQ\�QV\W�KP]VS[� ?PQTM�[WUM�WN �\PM�[\MX[�KIV�JM�XMZNWZUML�WV�JTWKS[�WN �\PM�QUIOM� W\PMZ
[\MX[�ZMY]QZM�IKKM[[�\W�\PM�MV\QZM�QUIOM� <PQ[�Q[�VW\�XW[[QJTM�WZ�MNÅKQMV\�_Q\P�5IX:ML]KM� )[
_M�XZWKM[[�\PM�LI\I�QV�ZMIT·\QUM� Q\�Q[�IT[W�QUXWZ\IV\�\PI\�_M�XZWKM[[�\PM�LI\I�QV�I�VMIZ�KWV[\IV\
\QUM� ?Q\P�TIZOM�LQ[\ZQJ]\QWV�[a[\MU[�TQSM�5IX:ML]KM� KWV\ZWTTQVO�\PM�XZWKM[[QVO�TI\MVKa�KIV�JM
PIZL� .QVITTa� _M�Z]V�MIKP�NZIUM�\PZW]OP�U]T\QXTM�XZWKM[[QVO�[\MX[� _PMZM�MIKP�[\MX�LMXMVL[
WV�\PM�W]\X]\�NZWU�\PM�XZM^QW][�[\MX� <PQ[�Q[�KITTML�KaKTQK�WZ�Q\MZI\Q^M�XZWKM[[QVO� IVL�Q\�Q[�VW\
XW[[QJTM�_Q\P�5IX:ML]KM�

,'+'+ I+@ _kZf^phkd
<W� [WT^M� \PM� XZWJTMU� WN � LQ[\ZQJ]\ML� ZMIT·\QUM� XZWKM[[QVO� TQSM� ^QLMW� XZWKM[[QVO� *M[SW_� M\
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VWLM�[M\]X� <PQ[�[PW_[�\PI\�\PM�1VÅVQJIVL�[WT]\QWV�Q[�\PM�KPMIXM[\�WN �\PM�\_W�[M\]X[�KWUXIZML�
J]\�\PM�,WTXPQV�[WT]\QWV�_QTT�TQSMTa�WNNMZ�PQOPMZ�XMZNWZUIVKM�

?M�PI^M�KPW[MV�\W�OW�NWZ�,WTXPQV�1@ XZWL]K\[� <PQ[�Q[�JI[ML�WV�JW\P�\PM�NMI\]ZM[�I^IQTIJTM�
IVL�JMKI][M�\PI\�\PM�=VQ^MZ[Q\a�WN �7[TW�PI[�I�OZMI\�KWWXMZI\QWV�_Q\P�,WTXPQV� <PQ[�KWWXMZI\QWV
UMIV[�\PI\�_M�OM\�LQZMK\�IKKM[[�\W�LM^MTWXMZ[�I\�,WTXPQV�IVL�OZMI\�[]XXWZ\�

�ڨڥڤڦ��XZWL]K\[�NZWU�,WTXPQV�_QTT�JM�I^IQTIJTM�QV�\PM�I]\]UVڧMV/ڥ



ڪڦ

,WTXPQV�1@ 1VÅVQJIVL
Q\KP_]�8ڬ ڤڭڭڨ کڪ�ڦڪڬڥ

]U�KIJTMڥ�`ڧ ڧ × کڦڥ ڧ × ڦګ�ګک
]�KIZL`ڬ�1M+�8`ڧ ڧ × کګڪ ڧ × ګڤ�ڬڬګ

<W\IT ڤڭڧګ ڦڤ�ڤڤڨڨ

<IJTM "ڧ�ڧ 1V\MZKWVVMK\�XZQKQVO�NWZ�I�\PZMM�VWLM�KT][\MZ� 8ZQKM[�NWZ�,WTXPQV�1@ MY]QXUMV\
IZM�KWTTMK\ML�NZWU�,WTXPQV� \PM�[_Q\KP�Q[�\PM�1@;ڤڤڪ� \PM�KIZL[�IZM�1@0ڤڥڪ� IVL�\PM�KIJTM�Q[�I
�U�KWUXI\QJTM�KWXXMZ�KIJTMڥ 8ZQKM[�NWZ�1VÅVQJIVL�MY]QXUMV\�IZM�NZWU CګڨE� <PM�[_Q\KP�Q[�IV
5MTTIVW`�51;ڥ�9ڦڦڤک*.: CڬڨEڬ�·XWZ\ڤڨ��/J�[�[_Q\KP� \PM�KIZL[�IZM�5MTTIVW`�5+*ڥڭڥ)�
.+)< CڭڨEڪک��/J�[1+�8`ڬ�M�/MVڧ�KIZL[� IVL�\PM�KIJTM[�IZM�5MTTIVW`�5+ڥڤڤ�ڤڧڥڪڤڦڦ CڤکE
�]U�KWXXMZ�KIJTMڥ�]�J/�ڤڨ 8TMI[M�VW\M�\PI\�_M�LW�VW\�PI^M�IVa�M`XMZQMVKM�_Q\P�1VÅVQJIVL�
IVL�LW�VW\�SVW_�_PM\PMZ�\PM[M�1VÅVQJIVL�XZWL]K\[�IZM�KWUXI\QJTM� )TT�XZQKM[�IZM�QV�=;
LWTTIZ[�

,'- LBL<B :IB
<PM�;1;+1 )81 Q[�I�TW_·TM^MT�)81��\PI\�ITTW_[�IKKM[[�\W�ITT�\PM�N]VK\QWVITQ\a�WN �\PM�,WTXPQV�1@
KIZL[� <PM�MV\QZM�)81 Q[�IKKM[[QJTM�QV�][MZ�[XIKM� _Q\PW]\�ZMY]QZQVO�[XMKQIT�XZQ^QTMOM[�

,'-'* L^`f^gml
<PM�UW[\�N]VLIUMV\IT�N]VK\QWV�WN �\PM�;1;+1 )81 Q[�\W�IKKM[[�UMUWZa�QV�I�ZMUW\M�UIKPQVM�
<W� NIKQTQ\I\M� \PQ[� \PMZM�IZM�I�KW]XTM�WN �ZMY]QZMUMV\[�\PI\�U][\�JM�N]TÅTTML� 1V�WZLMZ� \W�SMMX
\PM�LMTIa�TW_�IVL�UQVQUQbM�\PM�XZWKM[[QVO�ZMY]QZMUMV\[� UMUWZa�IKKM[[M[�IZM�PIVLTML�LQZMK\Ta
Ja�\PM�8+1M�KIZL� <PM[M�IKKM[[M[�LW�VW\�OW�\PZW]OP�\PM�+8=��5WLMZV�KWUX]\MZ[�][M�^QZ\]IT
UMUWZa�ILLZM[[QVO� QV�][MZ� [XIKM�XZWKM[[M[� IVL�\PM�XPa[QKIT� TWKI\QWV�WN � \PI\�UMUWZa�Q[�VW\
O]IZIV\MML�\W�JM�\PM�[IUM�JM\_MMV�IKKM[[M[� 6WZUITTa� _PMV�IKKM[[QVO�UMUWZa�\PZW]OP�\PM
+8=�� \PM� \ZIV[TI\QWV�JM\_MMV� ^QZ\]IT� IVL�XPa[QKIT� ILLZM[[M[� Q[� PIVLTML� \ZIV[XIZMV\Ta� Ja� \PM
5MUWZa�5IVIOMUMV\�=VQ\��55=���?PMV�IKKM[[QVO�UMUWZa�NZWU�\PM�8+1M�KIZL� _M�LW�VW\
PI^M�IKKM[[�\W�\PM�55=��*MKI][M�WN �\PQ[� _M�U][\�IKKM[[�\PM�UMUWZa�_Q\P�XPa[QKIT�ILLZM[[M[�
?M�U][\�IT[W�UISM�[]ZM�\PI\�\PM�UMUWZa�VM^MZ�Q[�UW^ML�WZ�[_IXXML�\W�LQ[S� <PQ[�Q[�LWVM�Ja
XQVVQVO UMUWZa� 8QVVML�UMUWZa�Q[�PIVLTML�LQNNMZMV\Ta�Ja�\PM�7;��IVL�Q\�_QTT�VW\�JM�UW^ML�WZ
[_IXXML�\W�LQ[S� <PQ[�UMIV[�\PI\�Q\�[INMTa�KIV�JM�IKKM[[ML�Ja�][QVO�XPa[QKIT�ILLZM[[M[�

1V�KWV\M`\�WN �\PM�;1;1+1 )81��UMUWZa�Q[�][ML�\PZW]OP [MOUMV\[� ) [MOUMV\�Q[�I�PIVLTM�\PI\�
IUWVO�W\PMZ�\PQVO[� _ZIX[�I�UMUWZa�ILLZM[[�IVL�\PM�[QbM�WN �UMUWZa�ITTWKI\ML�I\�\PI\�ILLZM[[�
5]T\QXTM�[MOUMV\[�KIV�JM�KZMI\ML�WV�MIKP�VWLM� [W�\PMa�IZM�QLMV\QÅML�Ja�IV�QL� <PM�QL�U][\�JM
]VQY]M�WV�\PM�UIKPQVM�_PMZM�\PM�[MOUMV\�Q[�ITTWKI\ML� <PQ[�ITTW_[�\PM�[MOUMV\�\W�JM�]VQY]MTa
QLMV\QÅML�QV�\PM�KT][\MZ�_Q\P�\PM�KWUJQVI\QWV�WN �\PM�VWLM�QL�IVL�\PM�[MOUMV\�QL�

*a�LMNI]T\� _PMV�I�[MOUMV\�Q[�KZMI\ML� XQVVML�UMUWZa�Q[�ITTWKI\ML�IVL�I[[WKQI\ML�_Q\P�\PM
[MOUMV\� <PQ[�UMUWZa� ZM[QLM[� QV�UIQV�UMUWZa� J]\� Q\� Q[�VW\�UIXXML� QV\W� \PM�IXXTQKI\QWV�[
^QZ\]IT� ILLZM[[� [XIKM� <PQ[�U][\� JM� LWVM�UIV]ITTa� ;MOUMV\[� KIV� IT[W� JM� KZMI\ML�_Q\PW]\
ITTWKI\QVO�UMUWZa� ) [MOUMV\�KZMI\ML� \PQ[�_Ia� LWM[�VW\�PI^M�IVa�UMUWZa�I[[WKQI\ML�_Q\P
Q\�Ja�LMNI]T\� =[QVO�WVM�WN �\_W� ITZMILa�ITTWKI\ML�UMUWZa�KIV�JM�I[[WKQI\ML�_Q\P�\PM�[MOUMV\�



ګڦ

.QO]ZM "ڧ�ڧ ,QIOZIU�[PW_QVO�\PM�^IZQW][�[\I\M[�I�;1;+1 [MOUMV\�KIV�JM�QV CڥکE�

<PM�ÅZ[\�N]VK\QWV�ITTW_[�UMUWZa�\PI\�Q[�UIXXML�QV\W�\PM�̂ QZ\]IT�ILLZM[[�[XIKM�WN �\PM�XZWKM[[� M�O�
UMUWZa�ITTWKI\ML�_Q\P PDOORF� \W�JM�I[[WKQI\ML�_Q\P�I�[MOUMV\� <PM�W\PMZ�ITTW_[�UMUWZa�\PI\
Q[�VW\�IKKM[[QJTM�QV�\PM�^QZ\]IT�ILLZM[[�[XIKM�WN �\PM�IXXTQKI\QWV� \W�JM�I[[WKQI\ML�_Q\P�I�[MOUMV\�
<PQ[�Q[�][]ITTa�UMUWZa�\PI\�Q[�TWKI\ML�WV�I�XPa[QKIT�LM^QKM� TQSM�I�OZIXPQK[�KIZL�WZ�I�8+1M�[\WZIOM
LM^QKM�

*MNWZM�I�[MOUMV\�KIV�JM�][ML�Ja�IV�8+1M�ILIX\MZ�QV�\PM�UIKPQVM� Q\�U][\�JM�I[[WKQI\ML�_Q\P
\PM�ILIX\MZ� <PQ[�I[[WKQI\M[�\PM�[MOUMV\�_Q\P�\PM�[XMKQÅML�ILIX\MZ� IVL�XZMXIZM[�\PM�[MOUMV\�NWZ
KWVVMK\QWV� )N\MZ�I�[MOUMV\�PI[�JMMV�I[[WKQI\ML�_Q\P�IV�ILIX\MZ� Q\�KIV�JM�][ML�QV�U]T\QXTM�_Ia[�
1\�KIV�JM�UILM�I^IQTIJTM�NWZ�KWVVMK\QWV[� <PQ[�UISM[�\PM�[MOUMV\�^Q[QJTM�NWZ�W\PMZ�UIKPQVM[�QV
\PM�KT][\MZ� IVL�ITTW_[�KWVVMK\QWV[�\W�JM�UILM�NZWU�\PMU� ;MOUMV\[�KIV�IT[W�JM�][ML�XZQ^I\MTa�
I[�[W]ZKM[�NWZ�,5) \ZIV[NMZ[� <PQ[�LWM[�VW\�ZMY]QZM�\PM�[MOUMV\�\W�JM�KWVVMK\IJTM� IVL�\PMZMNWZM
\PM�[MOUMV\�LWM[�VW\�VMML�\W�PI^M�IV�]VQY]M�QL�

<PM�^IZQW][�[\I\M[�WN �I�;1;+1 LQIOZIU�IZM�[PW_V�QV�ÅO]ZM ڧ�ڧ IJW^M�

,'-'+ <hgg^\mbhgl�Zg]�]ZmZ�mkZgl_^kl
?PMV�I�[MOUMV\�PI[�JMMV�UILM�I^IQTIJTM�NWZ�KWVVMK\QWV[� W\PMZ�UIKPQVM[�QV�\PM�KT][\MZ�KIV
KWVVMK\�\W�Q\� :MUW\M�[MOUMV\[�KIV�JM�][ML�QV�\_W�_Ia[� -Q\PMZ�LQZMK\Ta�I[�I�\IZOM\�NWZ�I�,5)
\ZIV[NMZ�NZWU�I�TWKIT�[MOUMV\� WZ�Ja�UIXXQVO�\PM�[MOUMV\�QV\W�\PM�IXXTQKI\QWV�[�^QZ\]IT�ILLZM[[
[XIKM�

,5) ZMY]M[\[�IZM�LI\I�\ZIV[NMZ[�PIVLTML�LQZMK\Ta�Ja�I�,5) MVOQVM�WV�\PM�8+1M�KIZL�Q\[MTN�
<PQ[� ITTW_[�,5) \ZIV[NMZ[� \W�JM�XMZNWZUML�I[aVKPZWVW][Ta� _PQTM� \PM�+8= XMZNWZU[�W\PMZ
_WZS� <W�XMZNWZU�I�,5) \ZIV[NMZ� WVM�WZ�UWZM�ZMY]M[\[�U][\�JM�QVQ\QITQbML�IVL�XZWOZIUUML
\W�\PM�,5) MVOQVM�WV�\PM�KIZL� <PQ[�ILL[�I�KMZ\IQV�IUW]V\�WN �W^MZPMIL� )[�I�ZM[]T\� NWZ�[UITT
\ZIV[NMZ[� \PM�W^MZPMIL�KIV�JM�I�[QOVQÅKIV\�XIZ\�WN �\PM�\QUM�[XMV\�

1N �\PM�\ZIV[NMZ�[QbM[�IZM�[UITT� UIXXQVO�\PM�[MOUMV\�QV\W�TWKIT�ILLZM[[�[XIKM�KIV�JM�Y]QKSMZ
\PIV�][QVO�,5) ZMY]M[\� <PQ[�ITTW_[� \PM�XZWKM[[WZ� \W�IKKM[[� \PQ[�UMUWZa� R][\� TQSM� Q\�_W]TL
IKKM[[�TWKIT�UMUWZa� <PQ[�Q[�OMVMZITTa�UW[\�][MN]T�NWZ�[UITTMZ�\ZIV[NMZ[�_PMZM�\PM�W^MZPMIL�WN �I
,5) ZMY]M[\�Q[�\WW



ڬڦ

<IJTM ڨ�ڧ IVL ک�ڧ WV�\PM�NWTTW_QVO�XIOM�[PW_�JIVL_QL\P�IVL�TI\MVKa�NWZ�\ZIV[NMZ[�_Q\P�,5)
ZMY]M[\[�IVL�817 WV�UIXXML�UMUWZa� )[�_M�KIV�[MM� \PM�W^MZPMIL�WN �[\IZ\QVO�I�,5) \ZIV[NMZ
UISM[�Q\�XW\MV\QITTa�[TW_MZ� 7VM�WN �\PM�UIRWZ�JMVMÅ\[�WN �,5) ZMY]M[\[�W^MZ�817 Q[�\PI\�\PM
\ZIV[NMZ�KIV�JM�XMZNWZUML�I[aVKPZWVW][Ta�_PQTM�\PM�+8= Q[�LWQVO�W\PMZ�_WZS� .WZ�QV[\IVKM� \PQ[
ITTW_[�I�\ZIV[NMZ�\W�WKK]Z�_PQTM�\PM�LI\I�NWZ�\PM�VM`\�\ZIV[NMZ�Q[�XZWKM[[ML� ;QVKM�,5) \ZIV[NMZ[
IZM�PIVLTML�Ja�\PM�8+1M�KIZL� \PM�UMUWZa�\PI\�_M�IZM�KWXaQVO�NZWU� U][\�JM�XQVVML� <PQ[
KIV�ILL�W^MZPMIL� QN �Q\�ZMY]QZM[�\PM�LI\I�\W�JM�KWXQML�NZWU�IVW\PMZ�UMUWZa�TWKI\QWV�IVL�QV\W
\PM�XQVVML�[MOUMV\�UMUWZa� 1V�[]KP�KI[M[� UIXXQVO�ZMUW\M�UMUWZa�IVL�XMZNWZUQVO�\PM�KWXa
LQZMK\Ta� ][QVO�\PM�+8=��KIV�JM�NI[\MZ�

)VW\PMZ�XW[[QJQTQ\a�\PZW]OP�\PM�;1;+1 )81��Q[�JZWILKI[\�\ZIV[NMZ[� ?Q\P�JZWILKI[\�\ZIV[NMZ[�
LI\I�KIV�JM�_ZQ\\MV�\W�U]T\QXTM�ZMKMQ^MZ[�[QU]T\IVMW][Ta� <PM�JZWILKI[\�WKK]Z[�I\� \PM�[_Q\KP
TM^MT� [W�Q\�Q[�I�\Z]M�JZWILKI[\�_PMZM�\PM�LI\I�Q[�[MV\�WVKM�IVL�ZMKMQ^ML�U]T\QXTM�\QUM[�

;MOUMV\[�KIV�IT[W�JM�[PIZML�Ja�U]T\QXTM�IXXTQKI\QWV[�WV�\PM�[IUM�UIKPQVM� <W�ITTW_�\PQ[�
\PM�XZWOZIU�\PI\�KZMI\ML�\PM�[MOUMV\�U][\�KITT 6&,6KDUH6HJPHQW \W�UISM�\PM�[MOUMV\�I^IQTIJTM
NWZ� KWVVMK\QWV[� NZWU�W\PMZ� IXXTQKI\QWV[� )N\MZ� \PM� [MOUMV\� PI[� JMMV�UILM� I^IQTIJTM� W\PMZ
IXXTQKI\QWV[� KIV�][M 6&,$WWDFK/RFDO6HJPHQW \W� KWVVMK\� \W� I� [PIZML� [MOUMV\� <PMZM� IZM�VW
IKKM[[�ZM[\ZQK\QWV[�WV�[PIZML�[MOUMV\[� [W�ITT�KWVVMK\ML�IXXTQKI\QWV[�PI^M�\PM�[IUM�IKKM[[�\W�\PM
[MOUMV\�

,'-', K^fhm^�bgm^kkniml
)VW\PMZ�NMI\]ZM�WN �\PM�;1;+1 )81 Q[�ZMUW\M� QV\MZZ]X\[� :MUW\M� QV\MZZ]X\[�_WZS� TQSM�VWZUIT
QV\MZZ]X\[� <PMa�ITTW_�I�[][XMVLML�\PZMIL�WV�WVM�UIKPQVM�\W�JM�_ISML�]X�NZWU�W\PMZ�UIKPQVM[�
4QSM�[MOUMV\[� QV\MZZ]X\[�IZM�QLMV\QÅML�_Q\P�I�XMZ·�UIKPQVM�]VQY]M�QL� =VTQSM�[MOUMV\[� ZMUW\M
QV\MZZ]X\[�IZM�IT_Ia[�I^IQTIJTM�NWZ�KWVVMK\QWV[�NZWU�W\PMZ�UIKPQVM[�QV�\PM�KT][\MZ�

1V\MZZ]X\[�KIV�JMPI^M�QV�\_W�LQNNMZMV\�_Ia[� LMXMVLQVO�WV�\PM�WX\QWV[�[XMKQÅML�I\�KZMI\QWV
\QUM� 1V�\PM�LMNI]T\�UWLM� \PM�QV\MZZ]X\�PIVLTMZ�Q[�VW\�O]IZIV\MML�\W�JM�KITTML�NWZ�MIKP�\QUM�IV
QV\MZZ]X\�_I[�\ZQOOMZML� QN �\PM�QV\MZZ]X\�Q[�\ZQOOMZML�ZMXMI\MLTa�QV�I�[PWZ\�\QUM[XIV� ?PMV�\PQ[
PIXXMV[� \PM�QV\MZZ]X\�PIVLTMZ�Q[�O]IZIV\MML�\W�JM�KITTML�IN\MZ�\PM�ÅZ[\�QV\MZZ]X\�_I[�\ZQOOMZML
IVL�IN\MZ�\PM�TI[\�WVM� <PM�IT\MZVI\Q^M�UWLM�O]IZIV\MM[�\PI\�\PM�QV\MZZ]X\�PIVLTMZ�_QTT�JM�KITTML
NWZ�MIKP�\QUM�\PM�QV\MZZ]X\�Q[�\ZQOOMZML�

,'-'- Hma^k�_ng\mbhgZebmr
)TT� IKKM[[M[� \W� [MOUMV\[� KIV�JM� [aVKPZWVQbML�Ja�][QVO� \PM 6&,6WRUH%DUULHU N]VK\QWV� _PQKP
JTWKS[�\PM�KITTMZ�]V\QT�ITT�_ZQ\M�WXMZI\QWV[�PI^M�KWUXTM\ML� <PQ[�KIV�JM�][ML�\W�MV[]ZM�\PI\�I
UIXXQVO�Q[�]X�\W�LI\M�JMNWZM�XMZNWZUQVO�N]Z\PMZ�XZWKM[[QVO� 1\�Q[�IT[W�XW[[QJTM�\W�Æ][P�J]NNMZ[
_Q\P�\PM 6&,)OXVK N]VK\QWV�

4WKS�[MOUMV\[�IZM�IT[W�I^IQTIJTM� 4WKS�[MOUMV\[�ITTW_�I\WUQK�\M[\�IVL�[M\�WN �I�^IT]M� <PQ[
KIV�JM�][ML�\W�KZMI\M�[aVKPZWVQbI\QWV�XZQUQ\Q^M[�TQSM�TWKS[�IVL�JIZZQMZ[�IKZW[[�UIKPQVM[�

)KKM[[�\W�TW_�TM^MT�KWV\ZWT�[M\�ZMOQ[\MZ[��+;:� IZM�IT[W�ITTW_ML�\PZW]OP�I�[MZQM[�WN �N]VK\QWV[�
<PM[M�ITTW_�ZMILQVO�IVL�_ZQ\QVO�\W�TWKIT� WZ�ZMUW\M� +;: ZMOQ[\MZ[�



ڭڦ

<ZIV[NMZ�[QbM��Ja\M[� 4I\MVKa���;� *IVL_QL\P��5*�[�
ڨڪ ڬڨ�ڤڦ ڧڥ�ڧ
ڬڦڥ ڨګ�ڭڥ ڬڨ�ڪ
ڪکڦ ڭڪ�ڬڥ ڤګ�ڧڥ
ڦڥک ڨڪ�ڬڥ ګڨ�ګڦ
ڨڦڤڥ ڬڪ�ڤڦ ڧک�ڭڨ
ڬڨڤڦ ڤڦ�ڧڦ ڪڦ�ڬڬ
ڪڭڤڨ ڭڥ�ڧڦ ڦڪ�ڪګڥ
ڦڭڥڬ ڧڬ�ڧڦ ڤڬ�ڧڨڧ
ڨڬڧڪڥ ڪڥ�ڪڦ ڤڨ�ڪڦڪ
ڬڪګڦڧ کڦ�ڥڧ ڨڪ�ڬڨڤڥ
ڪڧککڪ کڭ�ګڨ ڥڬ�ڪڪڧڥ
ڦګڤڥڧڥ ڦڦ�ڧګ ڪڥ�ڤڭګڥ
ڨڨڥڦڪڦ ڥڬ�ڦڦڥ ڤک�ڨڧڥڦ
ڬڬڦڨڦک ڦڨ�ڬڦڦ ڬڦ�کڭڦڦ
ڪګکڬڨڤڥ ڪڦ�ڤڧڨ ڪڤ�ګڧڨڦ

<IJTM "ڨ�ڧ ;1;+1 ,5) _ZQ\M�XMZNWZUIVKM�I\�LQNNMZMV\�\ZIV[NMZ�[QbM[�

<ZIV[NMZ�[QbM��Ja\M[� 4I\MVKa���;� *IVL_QL\P��5*�[�
ڨ ڨڥ�ڤ ڬڭ�ګڦ
ڬ ڧڥ�ڤ ڨڦ�ڤڪ
ڪڥ ڪڤ�ڤ ڧڨ�ڥګڦ
ڦڧ ڪڤ�ڤ کڥ�ڪڥک
ڨڪ ګڤ�ڤ کڬ�ڬکڭ
ڬڦڥ ڬڤ�ڤ ګڦ�ڨڨڪڥ
ڪکڦ ڤڥ�ڤ ڦڥ�ڭڪکڦ
ڦڥک ڭڥ�ڤ ڥڧ�ڨکګڦ
ڨڦڤڥ ڬڧ�ڤ ڬڤ�ڧڥګڦ
ڬڨڤڦ ڨګ�ڤ ڪڬ�ڨکګڦ
ڪڭڤڨ ګڨ�ڥ ڧڤ�ڧڬګڦ
ڦڭڥڬ کڭ�ڦ کک�ڬګګڦ
ڨڬڧڪڥ ڭڬ�ک ڥڭ�ڦڬګڦ
ڬڪګڦڧ ڨګ�ڥڥ ڨګ�ڥڭګڦ
ڪڧککڪ ڨک�ڧڦ ڦڥ�ڨڬګڦ
ڦګڤڥڧڥ ڪڬ�ڪڨ ڪڤ�ګڭګڦ
ڨڨڥڦڪڦ ڥڬ�ڥڭ کڦ�ککڬڦ
ڬڬڦڨڦک ڧڦ�ڧڬڥ ڤڧ�ڥڪڬڦ
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MTMUMV\[�IZM�ZMUW^ML� _M�MVL�]X�QV�I�XZWJTMUI\QK�[Q\]I\QWV� <PM�ZMIL�XWQV\MZ�Q[�[\QTT�XWQV\QVO�I\
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XW[[QJTM� ?PMV�I�KWUXTM\M�[M\�WN �NZIUM[�PI^M�JMMV�ZMKMQ^ML� IVW\PMZ�KWXa�\ISM[�XTIKM� <PM
QVLQ^QL]IT�NZIUM[�WN �I�[M\�IZM�KWXQML�NZWU�\PMQZ�J]NNMZ[�QV\W�I�KWUUWV�J]NNMZ�NWZ�\PM�NZIUM�[M\�
?PMV JHW)UDPH Q[�KITTML�WV�\PM�NZIUM�[aVKPZWVQbMZ�UWL]TM� \PM�NZIUM�[M\�Q[�KWXQML�NZWU�\PM
KWUUWV�J]NNMZ�\W�\PM�J]NNMZ�XZW^QLML�Ja�\PM�KITTMZ�

?M�VW_�PI^M�I�KWUXTM\M�NZIUM�[M\� J]\�VW�XZWKM[[QVO�Q[�XMZNWZUML�WV�\PM�+8=��<PM�ÅZ[\
\PQVO�\PI\�PIXXMV[�Q[�\PI\�\PQ[�NZIUM�[M\�Q[�KWXQML�NZWU�+8= UMUWZa�\W�/8= UMUWZa� <PQ[
Q[�XMZNWZUML�Ja� \PM�+=,) ]XTWILMZ�UWL]TM� _PQKP�KWXQM[� NZWU�I�XIOM� TWKSML�+8= J]NNMZ�
ITTWKI\ML�\PZW]OP�\PM�+=,) TQJZIZa�\W�\PM�/8=�

7]Z�ÅZ[\�WX\QUQbI\QWV�[\MX�PMZM�Q[�\W�UQVQUQbM�\PM�V]UJMZ�WN �UMUWZa�KWXQM[�XMZNWZUML
JMNWZM�\PM�]XTWIL�\W�/8= UMUWZa� <PMZM�IZM�I�KW]XTM�WN �ZMY]QZMUMV\[�\PI\�U][\�JM�N]TÅTTML�
.QZ[\Ta� QUIOM[�NZWU�\PM�QVLQ^QL]IT�KIUMZI[�U][\�UM�[aVKPZWVQbML�IVL�ZM\]ZVML�I[�I�[QVOTM�[M\
\W�\PM�VM`\�UWL]TM� 1V�ILLQ\QWV� _M�U][\�SMMX�\PM�XZM^QW][�NZIUM�[M\�IZW]VL� [W�_M�KIV�ZM\]ZV
Q\�QN �I�VM_�[M\�LW�VW\�IZZQ^M�QV�\QUM� <PQ[�TMI^M[�][�_Q\P�\_W�WX\QWV[" MQ\PMZ�\W�SMMX�\PM�QVLQ^QL]IT
NZIUM[�QV�\PMQZ�J]NNMZ[�]V\QT�\PM�VM`\�[M\�PI[�IZZQ^ML� WZ�[\WZM�\PM�NZIUM�[M\�QV�I�[MXIZI\M�J]NNMZ�

?M�PI^M�KPW[MV�\W�SMMX�\PM�NZIUM�[M\�[\WZML�QV�I�[MXIZI\M�J]NNMZ� I[�Q\�ZML]KM[�\PM�V]UJMZ�WN
J]NNMZ[�\PI\�U][\�JM�I^IQTIJTM�NWZ�W\PMZ�UIKPQVM[� 1\�IT[W�[QUXTQÅM[�\PM�J]NNMZ�PIVLTQVO�KWLM� I[
WVTa�]V][ML�NZIUM[�IZM�XZM[MV\�QV�\PM�QVLQ^QL]IT�KIUMZI�J]NNMZ[� ?M�KIV�][M�\PM�[IUM�J]NNMZ�NWZ
ITT�KITT[�\W JHW)UDPH� I[�_M�KIV�]XLI\M�Q\�WVTa�_PMV�I�VM_�NZIUM�[M\�Q[�I^IQTIJTM� <PQ[�_Ia�\PM
WTL�NZIUM�[M\�Q[�[\QTT�XZM[MV\�QV�\PM�J]NNMZ�I[�TWVO�I[�VW�VM_�[M\�PI[�IZZQ^ML� ?M�\PMV�WVTa�VMML�\W
]XLI\M�\PM�PMILMZ�JMNWZM�ZM\]ZVQVO�Q\�I[�I�LZWXXML�NZIUM�

<PQ[�ZMY]QZM[�[WUM�KPIVOM[�\W�\PM�UWL]TM�[M\]X� )[�_M�VW�TWVOMZ�_IV\�\W�KWXa�\PM�NZIUM[�W]\
WN �\PM�;1;+1 [MOUMV\[�JMNWZM�\PMa�IZM�[aVKPZWVQbML� \PM�NZIUM�[aVKPZWVQbMZ�U][\�\W�JM�KPIVOML�
1\�VMML[�\W�JM�I_IZM�WN �PW_�\PM�LI\I�Q[�\ZIV[UQ\\ML�IVL�VW\QNa�\PM�[MVLMZ�_PMV�Q\�PI[�ZMUW^ML�I
NZIUM�NZWU�I�J]NNMZ� <PM�[MVLMZ�U][\�IT[W�JM�KPIVOML� I[�Q\�VW�TWVOMZ�KIV�ZMTa�WV�\PM�\ZIV[UQ\\ML
NZIUM[�\W�JM�Y]QKSTa�KWXQML�W]\�WN �\PM�J]NNMZ[� <W�SMMX�\ZIV[UQ[[QWV�ÆW_QVO�[UWW\PTa� Q\�_W]TL
IT[W�JM�LM[QZIJTM�\W�PI^M�UWZM�\PIV�\_W�J]NNMZ[�I^IQTIJTM�

<PM�K]ZZMV\�\ZIV[UQ[[QWV�UWL]TM[�IT[W�UISM�QVMNÅKQMV\�][M�WN �\PM�ILLZM[[IJTM�UMUWZa� <PQ[
Q[�TQUQ\ML�Ja�\PM�8+1M�LM[QOV� ) UI`QU]U�WN �]MOUMV\[�KIV�JM�UILM�I^IQTIJTM�NWZ�KWVVMK\QWV]�ڦڦ�
IVL�MIKP�_Q\P�I�TQUQ\ML�[QbM� ,MXMVLQVO�WV�\PM�KWVÅO]ZI\QWV� \PM�[QbM�WN �\PM[M�[MOUMV\[�KIV�JM
]X�\W5ڦڧ�* _Q\P�\PM�K]ZZMV\�QUXTMUMV\I\QWV�NZWU�,WTXPQV� 7VM�[MOUMV\�Q[�IT_Ia[�QV�][M�Ja
\PM�]VLMZTIaQVO�LZQ^MZ� [W�\PI\�TMI^M[ڥڦ��[MOUMV\[�I^IQTIJTM�NWZ�][Mڧ�

?Q\P�\PM�ÅZ[\�QUXTMUMV\I\QWV� \_W�[MOUMV\[�_MZM�][ML�NWZ�MIKP�KIUMZI� ?Q\P�\PM�K]ZZMV\
[M\]X�WN �Å^M�KIUMZI[� Q\�ZM[]T\[�QV�\MV�[MOUMV\[�][ML� <PQ[�LWM[�VW\�[KITM�_MTT� QN �_M�ILL�UWZM
KIUMZI[� -IKP�NZIUM�Q[�IT[W�TQUQ\ML�QV�[QbM� _PQKP�ZM[]T\[�QV�XWWZ�][M�WN �I^IQTIJTM�ZM[W]ZKM[� ?Q\P
\PM�K]ZZMV\�ZM[WT]\QWV�WN �]�XQ`MTڤڬڤڥ×ڤڨڤڦ� _M�VM^MZ�][M�UWZM�\PIV 1/7 \P�WN �\PM�ILLZM[[IJTM
UMUWZaڨ�

PM�V]UJMZ�IVL�[QbM�WN>ڧ �[MOUMV\[�IZM�TQUQ\ML�Ja�\PM�*I[M�)LLZM[[�:MOQ[\MZ[��*):� WN �\PM�8+1M�[XMKQÅKI\QWV�
:,1V�0ڨ UWLM�\_W�NZIUM[�IZM�KWUJQVML� ZM[]T\QVO�QV�I�NZIUM�[QbM�WN Q\P�I�UI`QU]U�[MOUMV\�[QbM?��*�5ڥڨ�ڨ�

WN �QUM[�\PM�NZIUM�[QbM\�ڪڦ�ګ�]PM�I^IQTIJTM�UMUWZa�Q\��*�5ڦڧ�



ڦڨ

<W�QVKZMI[M�\PM�]\QTQbI\QWV�WN �I^IQTIJTM�UMUWZa� _M�PI^M�KPIVOML�\PM�[M\]X� .ZWU�][QVO�WVM
[MOUMV\�XMZ�NZIUM�J]NNMZ� _M�VW_�PI^M�U]T\QXTM�NZIUM�J]NNMZ[�QV�MIKP�[MOUMV\� ?PMV�][QVO�\_W
J]NNMZ[�XMZ�KIUMZI� \PQ[�QVKZMI[M[�W]Z�]\QTQbI\QWV�\W�JM\_MMV 1/4 IVL 1/3� ?PMV�Z]VVQVO�QV�0,:
UWLM� _M�KIV�][M�]X�\W�[M^MV�NZIUM�J]NNMZ[�QV�I�[QVOTM�[MOUMV\� IVL�QV�VWV�0,: UWLM�_M�KIV
PI^Mڨڥ��NZIUM�J]NNMZ[�QV�MIKP�[MOUMV\� 1\�Q[�IT[W�XW[[QJTM�\W�][M�I�[QVOTM�[MOUMV\�NWZ�J]NNMZ[�NZWU
U]T\QXTM�KIUMZI[� ?M�KW]TL� NWZ�M`IUXTM� ][M�\PZMM�J]NNMZ[�XMZ�KIUMZI� _Q\P�\_W�KIUMZI[�QV
MIKP�[MOUMV\� <PQ[�_Ia�_M�KW]TL�Z]V�]X�\Wڤڨ��KIUMZI[� *a�ZML]KQVO�\W�\_W�J]NNMZ[�XMZ�KIUMZI�
_M�KIV�][M�]X�\Wڤڪ��KIUMZI[�JMNWZM�Z]VVQVO�W]\�WN �[MOUMV\[� ک

?PMV�\PM�XQXMTQVM�Q[�Z]VVQVO�I[�M`XMK\ML� \PMZM�Q[�][]ITTa�VW�VMML�NWZ�U]T\QXTM�NZIUM�J]NNMZ[�
<PM�XQXMTQVM�Q[�VW\�MV\QZMTa�[\IJTM�\PW]OP� <W�PIVLTM�[XQSM[�QV�XZWKM[[QVO�\QUM� Q\�Q[�QUXWZ\IV\
\W�PI^M�J]NNMZ[�NWZ�U]T\QXTM�NZIUM[� <PQ[�ITTW_[�NZIUM[�\W�JM�[\WZML�QV�UMUWZa�_PQTM�_IQ\QVO
\W�JM�XZWKM[[ML� ?Q\PW]\�U]T\QXTM�J]NNMZ[� _M�_W]TL�ZQ[S�[XQSM[� QV�XZWKM[[QVO� \QUM[�ZM[]T\QVO
QV�LZWXXML�NZIUM[� *MKI][M�WN �\PQ[� _M�][]ITTa�Z]V�\PM�XQXMTQVM�_Q\P�I\�TMI[\�\PZMM�J]NNMZ[�XMZ
KIUMZI�

,'/', Bgm^`kZm^]�_kZf^�lrg\akhgbsZmbhg
<W�JM�IJTM�\W�JM\\MZ�][M�\PM[M�J]NNMZ[� _M�LMKQLML�\W�QV\MOZI\M�\PM�NZIUM�[aVKPZWVQbI\QWV�[\MX�QV\W
\PM�LI\I�\ZIV[NMZ�UWL]TM� <PQ[�ITTW_[�N]TT�KWV\ZWT�W^MZ�\PM�J]NNMZ�][IOM� 1\�IT[W�MTQUQVI\M[�\PM�VMML
\W�KWXa�[QVOTM�NZIUM[�\W�\MUXWZIZa�J]NNMZ[� <PM�UW^M�\W�][M�IV�QV\MOZI\ML�NZIUM�[aVKPZWVQbMZ
IT[W�PI[�W\PMZ�JMVMÅ\[� _PQKP�_QTT�JM�LQ[K][[ML�TI\MZ�QV�\PQ[�KPIX\MZ�

1V�\PM�QV\MOZI\ML�NZIUM�[aVKPZWVQbMZ� _M�PI^M�QUXTMUMV\ML�IV�Q\MZI\Q^M�NZIUM�ITOWZQ\PU�
<PM�JI[QK�ITOWZQ\PU�Q[�[PW_V�QV�ÅO]ZM ڥڥ�ڧ WV�\PM�VM`\�XIOM� <PM�ITOWZQ\PU�_WZS[�I[�NWTTW_QVO"
Q\�OM\[�\PM�ÅZ[\�NZIUM�QV�\PM�J]NNMZ[�WN �MIKP�KIUMZI� <PM�\QUM[\IUX[�WN �\PM[M�NZIUM[�IZM�\PMV
KWUXIZML�\W�ÅVL�\PM�WTLM[\�IVL�\PM�VM_M[\�NZIUM� <PM�LQNNMZMVKM�JM\_MMV�\PM�WTLM[\�IVL�VM_M[\
NZIUM�Q[�KWUXIZML�\W�I�KWVÅO]ZIJTM�\PZM[PWTL� 1N �\PM�LQNNMZMVKM�Q[�OZMI\MZ�\PIV�\PM�\PZM[PWTL�
\PM�WTLM[\�NZIUM�Q[�ZMUW^ML� IVL�\PM�XZWKM[[�ZMXMI\[� ?PMV�MQ\PMZ�IV�IKKMX\IJTM�NZIUM�[M\�PI^M
JMMV�NW]VL� WZ�\PMZM�IZM�VW�UWZM�NZIUM[�I^IQTIJTM�NZWU�I�KIUMZI� \PM� TWWX�Q[�[\WXXML� <PM
V]UJMZ�WN �NZIUM[�QV�MIKP�KIUMZI�[�J]NNMZ�Q[�KPMKSML�JMNWZM�IVa�NZIUM[�IZM�ZMUW^ML� [W�\PI\�VW
NZIUM[�_QTT�JM�ZMUW^ML�]V\QT�NZIUM[�NZWU�ITT�KIUMZI[�PI^M�JMMV�ZMKMQ^ML�

+WVÅO]ZQVO�\PM�\PZM[PWTL�NWZ�UI`QU]U�LQNNMZMVKM�JM\_MMV�NZIUM[�QV�I�[M\�\W�I�UQVQU]U�Q[
QUXWZ\IV\� I[�\PM�[aVKPZWVQbMZ�KIV�XW\MV\QITTa�ZM\]ZV�NZIUM[�NZWU�LQNNMZMV\�[M\[� <PQ[�KIV�PIXXMV
QN �\PM�\PZM[PWTL�Q[�\WW�TIZOM� 1N �\PM�QUIOM[�IZM�KIX\]ZML�^MZa�KTW[M�\W�MIKP�W\PMZ� NWZ�M`IUXTM�Ja
][QVO�IV�M`\MZVIT�\ZQOOMZ�[QOVIT� \PM�\PZM[PWTL�KIV�][]ITTa�JM�[M\�\W�I�^MZa�[UITT�^IT]M� 0W_M^MZ�
QN �\PMZM�Q[�I�TIZOM�̂ IZQIVKM�QV�\PM�KIX\]ZM�\QUM[�WN �\PM�NZIUM[� \PM�\PZM[PWTL�U][\�JM�[M\�TIZOMZ� 1V
\PM[M�KI[M[� \PM�NZIUM�[M\[�ZM\]ZVML�NZWU�\PM�[aVKPZWVQbMZ� KIV�JM�LQNNMZMV\� LMXMVLQVO�WV�\PM
WZLMZ�QV�_PQKP�\PM�NZIUM[�IZM�ZMKMQ^ML� *MKI][M�NZIUM[�IZM�KPMKSML�I[�\PMa�IZM�ZMKMQ^ML� I�_WZ[M
UI\KP�UQOP\�JM�KPW[MV� QN �Q\�Q[�_Q\PQV�\PM�\PZM[PWTL� M^MV�QN �[WUM�WN �\PM�NZIUM[�IK\]ITTa�JMTWVO�\W
IVW\PMZ�NZIUM�[M\� <PM�[aVKPZWVQbMZ�Q[�\PMZMNWZM�JM[\�[]Q\ML�NWZ�][IOM�_Q\P�PQOPTa�[aVKPZWVQbML
NZIUM[� IVL�I�UQVQUIT�\PZM[PWTL�

�7VM�[MOUMV\�Q[�][ML�NWZ�PMILMZ[�IVL�W\PMZ�UM\I�LI\Iک [W�_M�PI^Mڤڦ��J]NNMZ[�I^IQTIJTM�NWZ�NZIUM�LI\I�



ڧڨ

� ZKLOH �WUXH� ^
� �� /RRS WKURXJK WKH FDPHUDV DQG ILQG WKH ROGHVW DQG QHZHVW IUDPH
� IRU �LQW L  �� L � FDPV�OHQJWK� L��� ^
�
� �� &KHFN WKDW ZH KDYH DW OHDVW RQH IUDPH DYDLODEOH IURP WKH FDPHUD
� LI �DYDLODEOH)UDPHV�L� � �� ^
� UHWXUQ IDOVH�
� `
�

�� �� *HW WKH ROGHVW IUDPH RI FDPHUD L
�� IUDPH  JHW)UDPH�L��
��
�� LI �LV2OGHU�IUDPH�� ^
�� ROGHVW  IUDPH�
�� `
��
�� LI �LV1HZHU�IUDPH�� ^
�� QHZHVW  IUDPH�
�� `
�� `
��
�� �� &KHFN LI WKH GLIIHUHQFH EHWZHHQ ROGHVW DQG QHZHVW IUDPH LV VPDOO HQRXJK
�� LI �GLII�ROGHVW� QHZHVW� � WKUHVKROG� ^
�� UHWXUQ WUXH�
�� ` HOVH ^
�� UHPRYH)UDPH�ROGHVW��
�� `
�� `

.QO]ZM "ڥڥ�ڧ ) [QUXTQÅML�̂ MZ[QWV�WN �\PM�KWLM�][ML�\W�[aVKPZWVQbM�NZIUM[�NZWU�\PM�QVLQ^QL]IT
KIUMZI[�QV\W�NZIUM�[M\[� 8TMI[M�VW\M�\PI\�\PQ[�Q[�VW\�\PM�IK\]IT�KWLM�][ML�



ڨڨ

cudaMemcpymemcpymemcpySISCI RDMA
SISCI segment SISCI segment Temporary buffer

(frame set)
Page locked buffer
(cudaMallocHost) GPU memory buffer

FrameSyncer (on CPU) CudaUploader

.QO]ZM "ڦڥ�ڧ 5MUWZa�KWXQM[�JMQVO�XMZNWZUML�NZWU�\PM�NZIUM�Q[�[MV\� ][QVO�:,5) NZWU
\PM�ZMKWZLQVO�UIKPQVM� ]V\QT�Q\�Q[�I^IQTIJTM�NWZ�XZWKM[[QVO�QV�/8= UMUWZa�

.WZ�\PM�ÅZ[\�NZIUM�WN �I�VM_�ZMKWZLQVO� \PM[M�[\MX[�IZM�ZMXMI\ML�]V\QT�IV�IKKMX\IJTM�[M\�WN
NZIUM[�PI^M�JMMV�NW]VL� <PQ[�O]IZIV\MM[�\PI\�_M�IT_Ia[�[\IZ\�W]\�_Q\P�I�XMZNMK\Ta�UI\KPML�[M\
WN �NZIUM[� 1\�LWM[� PW_M^MZ� UMIV�\PI\�QN �WVM�WZ�UWZM�KIUMZI[�IZM�JZWSMV� VW�LI\I�_QTT�M^MZ�JM
ZMKWZLML� <PQ[�KIV�JM�Å`ML�Ja�[M\\QVO�I�LMILTQVM�_PMV�NZIUM[�NZWU�ITT�KIUMZI[�U][\�JM�ZMKMQ^ML�
ITTW_QVO�Q\�\W�NITT�JIKS�\W�Z]VVQVO�_Q\PW]\�\PM�UQ[[QVO�KIUMZI[�

)N\MZ�ZMKMQ^QVO�\PM�ÅZ[\�[M\�WN �NZIUM[� I�LMILTQVM�Q[�[I^ML�WVM�IVL�I�PITN �NZIUM�QV\MZ^IT�QV
\PM�N]\]ZM� <PQ[�LMILTQVM�Q[�][ML�QV�\PM�VM`\�NZIUM�ZMY]M[\� 1N �VW�KWUXTM\M�[M\�WN �NZIUM[�PI[
JMMV�ZMKMQ^ML�JMNWZM�\PQ[�LMILTQVM� \PM�TI[\�[M\�WN �NZIUM[�Q[�ZM\]ZVML� _Q\P�I�ÆIO�[QOVITQVO�\PI\�\PM
NZIUM�_I[�LZWXXML� <PQ[�Q[�LWVM� JMKI][M�_M�IT_Ia[�_IV\�\W�PI^M�I�KWV[\IV\�NZIUM�ZI\M�QV�W]Z
W]\X]\�ÅTM[� IVL�I�[QVOTM�ZMXMI\ML�NZIUM�Q[�PIZL�\W�VW\QKM�

?Q\P�\PM�QV\MOZI\ML�NZIUM�[aVKPZWVQbMZ� _M�PI^M�ZMUW^ML�WVM�UMUWZa�KWXa� IVL�\PM�LI\I
ÆW_�JMNWZM�XZWKM[[QVO�VW_�TWWS[�TQSM�QV�ÅO]ZM ڦڥ�ڧ IJW^M� <PMZM�IZM�[\QTT�UIVa�UMUWZa�KWXQM[
JMQVO�XMZNWZUML� [W�_M�_IV\�\W�N]Z\PMZ�QUXZW^M�\PM�UMUWZa�PIVLTQVO�

,'/'- @IN=bk^\m�K=F:
1V�ILLQ\QWV�\W�JM\\MZ�]\QTQbI\QWV�WN �I^IQTIJTM�[MOUMV\[�IVL�UMUWZa� \PM�QV\MOZI\ML�[aVKPZWVQbMZ
IT[W�ITTW_[�][�\W�QUXZW^M�XMZNWZUIVKM�Ja�UW^QVO�\PM�NZIUM�J]NNMZ[�NZWU�+8= UMUWZa�\W�/8=
UMUWZa� )[�\PM�XQXMTQVM�W^MZ^QM_�QV�ÅO]ZM ڨ�ڧ I\�XIOM ڧڧ [PW_[� \PM�NZIUM[�IZM�QUUMLQI\MTa
]XTWILML� \W� \PM� /8= IN\MZ� JMQVO� [aVKPZWVQbML� *W\P� \PM� ,WTXPQV� KIZL� IVL� \PM� /8= Q[
KWVVMK\ML�\W�\PM�8+1M�J][� IVL�\PM�8+1M�J][�ITTW_[�XMMZ·\W·XMMZ�KWUU]VQKI\QWV� <PQ[�UMIV[
\PI\� \PM�KIZL[�KIV�KWUU]VQKI\M�LQZMK\Ta�_Q\P�MIKP�W\PMZ� _Q\PW]\� QV^WT^QVO� \PM�+8=��1V�W]Z
XQXMTQVM� Q\�_W]TL�UISM�[MV[M�\W�KWXa�\PM�QUIOM�LI\I�LQZMK\Ta�NZWU�\PM�,WTXPQV�KIZL�\W�\PM�/8=�
_Q\PW]\�OWQVO�\PZW]OP�+8= UMUWZa� .QO]ZM ڧڥ�ڧ WV�\PM�VM`\�XIOM�[PW_[�I�^Q[]ITQbI\QWV�WN �\PM
LI\I�ÆW_� _Q\P�IVL�_Q\PW]\�/8=,QZMK\�

5W[\� WN � \PM� XZWKM[[QVO� QV� \PM� XQXMTQVM� Q[� XMZNWZUML� WV�/8=[� ?PMV� \ZIV[NMZZQVO� LI\I
JM\_MMV�UIKPQVM[� \PM�LI\I�K]ZZMV\Ta�PI[�\W�JM�\ZIV[NMZZML�JM\_MMV�+8= UMUWZa�QV�\PM�\_W
UIKPQVM[� <PQ[�QUXW[M[�M`\ZI�TI\MVKa� I[�\PM�LI\I�U][\�ÅZ[\�JM�\ZIV[NMZZML�\W�\PM�UIKPQVM�IVL
\PMV�\ZIV[NMZZML�NZWU�+8= UMUWZa�\W�/8= UMUWZa� )VW\PMZ�LZI_JIKS�WN �\PQ[�Q[�\PI\�IV�M`\ZI
[\MX�Q[�ZMY]QZML� <PM�ZMKMQ^QVO�UIKPQVM�U][\�\PMV�JM�VW\QÅML�_PMV�LI\I�Q[�I^IQTIJTM�QV�+8=
UMUWZa� I[�Q\�U][\�\ZIV[NMZ�\PM�LI\I�NZWU�+8= UMUWZa�\W�/8= UMUWZa�

,WTXPQV�PI[�ITZMILa�QUXTMUMV\ML�[]XXWZ\�NWZ�KWVVMK\QVO�\W�XMMZ·\W·XMMZ�LM^QKM[�QV�\PMQZ
;1;+1 )81 CڦڪE� <W�KWVVMK\�\W�I�LM^QKM� \PM�17 ILLZM[[�WN �\PM�UMUWZa�U][\�JM�SVW_V� <PQ[
Q[�ZMY]QZML�I[�\PM�17 ILLZM[[M[�IZM�][ML�Ja�\PM�,WTXPQV�KIZL�\W�ZMIL�WZ�_ZQ\M�NZWU�\PM�UMUWZa�
<PM�+=,))81 PQLM[�\PM[M�ILLZM[[M[�NZWU�\PM�XZWOZIUUMZ� 6^QLQI�LWM[� PW_M^MZ� PI^M�)81[�\W
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.QO]ZM "ڧڥ�ڧ �I� [PW_[�\PM�LI\I�ÆW_�_Q\PW]\�][QVO�/8=,QZMK\�:,5) IVL �J� \PM�LI\I�ÆW_
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IKKM[[�\PM�17 ILLZM[[� 6^QLQI�KITT[�\PQ[�/8=,QZMK\�:,5) CڨE� 1\�ITTW_[�IKKM[[�\W�17 ILLZM[[M[
WN �UMUWZa�WV�\PM�/8=[� \PZW]OP�I�KWUJQVI\QWV�WN �][MZ[�[XIKM�IVL�SMZVMT�[XIKM�)81[� <PQ[
)81 Q[�WVTa�I^IQTIJTM�WV�<M[TI�IVL�9]ILZW�XZWL]K\[�

<PM�)81 PI[�KPIVOML�NZWU�+=,) ^MZ[QWVک�ک��\Wڤ�ڪ�� )[�_M�QUXTMUMV\ML�\PQ[�N]VK\QWVITQ\a
JMNWZM�+=,) �I[�ZMTMI[ML_�ڤ�ڪ _M�_QTT�ÅZ[\�QV\ZWL]KM�PW_�Q\�_WZSML�QV�^MZ[QWVک�ک�� IVL�\PMV
W]\TQVM�\PM�KPIVOM[�QVڤ�ڪ�� ?PQTM�\PMک�ک��_Ia�WN �LWQVO�\PQ[�Q[�LMXZMKI\ML� Q\�LWM[�[\QTT�_WZS�I[�WN
^MZ[QWVڤ�ڪ��WN �+=,)�

Ma^�@IN=bk^\m�:IB

.QZ[\�WN �ITT� UMUWZa�U][\�JM�ITTWKI\ML�Ja� \PM�IXXTQKI\QWV� <PQ[� Q[�LWVM� \PZW]OP� \PM�VWZUIT
+=,) )81[�TQSM FXGD0HP$OORF� <W�IKKM[[�\PQ[�UMUWZa�\PZW]OP�XMMZ·\W·XMMZ� \PMZM�IZM�[M^MZIT
[\MX[�\PI\�U][\�JM�XMZNWZUML�

6M`\� I� [M\� WN � \WSMV[�U][\� JM� IKY]QZML� <PQ[� Q[� LWVM� _Q\P� \PM FX3RLQWHU*HW$WWULEXWH
N]VK\QWV� *a�XI[[QVO�\PM &8'$B32,17(5B$775,%87(B3�3B72.(16 ÆIO�\W�\PQ[�N]VK\QWV� \_W�\WSMV[
IZM�ZM\]ZVML� <PM[M� \_W� \WSMV[� \WOM\PMZ� QLMV\QNa� \PM�^QZ\]IT�ILLZM[[� [XIKM� IVL�IZM�][ML� NWZ
I]\PMV\QKI\QWV�QV�\PM�SMZVMT�[XIKM�)81��<PQ[�Q[�LWVM�\W�MV[]ZM�\PI\�WVTa�\PM�XZWKM[[�\PI\�ITTWKI\ML
\PM�UMUWZa� KIV�IKKM[[�Q\� ?PMV�\PM[M�\WSMV[�PI^M�JMMV�IKY]QZML� \PMa�U][\�JM�XI[[ML�NZWU
][MZ�[XIKM�\W�I�LM^QKM�LZQ^MZ�QV�SMZVMT�[XIKM� NWZ�][IOM�_Q\P�\PM�[MKWVL�XIZ\�WN �\PM�/8=,QZMK\
)81�

1V�SMZVMT�[XIKM� \PM�\WSMV[� \WOM\PMZ�_Q\P�\PM�̂ QZ\]IT�ILLZM[[� IZM�][ML�\W�IKKM[[�\PM�IK\]IT�17
ILLZM[[�WN �\PM�XPa[QKIT�UMUWZa� <PQ[�Q[�LWVM�_Q\P�I�KITT�\W QYLGLDBS�SBJHWBSDJHV� 1V�ILLQ\QWV�\W
\PM�\WSMV[� ^QZ\]IT�ILLZM[[� IVL�[QbM�WN �\PM�UMUWZa� \PQ[�N]VK\QWV�\ISM[�[M^MZIT�W\PMZ�IZO]UMV\[" )
LW]JTM�XWQV\MZ�\W�I�XIOM�\IJTM�[\Z]K\]ZM� _PQKP�Q[�[M\�\W�XWQV\�\W�I�XIOM�\IJTM�]XWV�[]KKM[[� 6M`\�
I�KITTJIKS�N]VK\QWV� IVL�WX\QWVIT�IZO]UMV\�\W�\PQ[�KITTJIKS�N]VK\QWV� U][\�JM�XZW^QLML� <PM
^QZ\]IT�ILLZM[[�WN �\PM�UMUWZa�\W�JM�XQVVML� [PW]TL�IT[W�JM�ITQOVML�\W�Iڨڪ��SQTWJa\M�JW]VLIZa�
<PQ[�Q[�JMKI][M�UMUWZa�QV�\PM�/8=�[�*I[M�)LLZM[[�:MOQ[\MZ��*):� Q[�UIXXML�QVڨڪ��SQTWJa\M
JTWKS[� +ITT[�\W�\PQ[�N]VK\QWV�IZM�M`XMV[Q^M� I[�\PMa�ZMY]QZM�ZMKWVÅO]ZI\QWV�WN �\PM�8+1M�*):
\IJTM[�WN �\PM�/8=��*MKI][M�WN �\PQ[� Q\�[PW]TL�JM�KITTML�I[�ZIZMTa�I[�XW[[QJTM�

<PM�XIOM�\IJTM�[\Z]K\]ZM�ZM\]ZVML�Ja�\PQ[�N]VK\QWV�]XWV�[]KKM[[� Q[�ITTWKI\ML�Ja�\PM�6^QLQI
LZQ^MZ�IVL�[PW]TL�VW\�JM�NZMML�TQSM�VWZUIT�UMUWZa� <PQ[�UMUWZa�Q[�UIVIOML�_Q\P�ILLQ\QWVIT
XIZ\[� WN � \PM� )81��?PMV� \PM� IXXTQKI\QWV� Q[� ÅVQ[PML� ][QVO� \PM� XQVVML�UMUWZa� \PM� UMUWZa
UIXXQVO�IVL�XIOM� \IJTM� [\Z]K\]ZM� [PW]TL�JM� ZM\]ZVML� \W� \PM�6^QLQI�LZQ^MZ� \PZW]OP�I�KITT� \W
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\PM QYLGLDBS�SBSXWBSDJHV N]VK\QWV� <PQ[�\ISM[�KIZM�WN �ZMUW^QVO�\PM�UMUWZa�UIXXQVO� IVL
NZMM[�\PM�XIOM�\IJTM�[\Z]K\]ZM� )N\MZ�I�KITT�\W�\PQ[�N]VK\QWV� \PM�UIXXML�UMUWZa�Q[�VW�TWVOMZ
I^IQTIJTM�NWZ�XMMZ·\W·XMMZ�KWUU]VQKI\QWV� <PQ[�KITT�IT[W�ZMY]QZM[�\PM�8+1M�*): \IJTM[�\W�JM
ZMKWVÅO]ZML� IVL�Q[�\P][�IT[W�IV�M`XMV[Q^M�KITT�

1V�\PM�M^MV\�WN �\PM�UMUWZa�XWQV\ML�\W�Ja�\PM�XIOM�\IJTM�JMQVO�NZMML� NWZ�M`IUXTM�Ja�\PM�][MZ
\PZW]OP FXGD)UHH� \PM�KITTJIKS�N]VK\QWV�_QTT�JM�KITTML�JMNWZM�\PM�UMUWZa�Q[�IK\]ITTa�NZMML� <PQ[
ITTW_[�\PM�SMZVMT�UWL]TM�\W�_IQ\�NWZ�QV\MZIK\QWV[�_Q\P�\PM�UMUWZa�\W�KWUXTM\M� JMNWZM�KTMIVQVO
]X� QYLGLDBS�SBIUHHBSDJHBWDEOH [PW]TL�JM�KITTML�Ja�\PM�KITTJIKS�N]VK\QWV� \W�NZMM�\PM�XIOM�\IJTM
[\Z]K\]ZM� )N\MZ�\PM�KITTJIKS�PI[�KWUXTM\ML� \PM�UMUWZa�Q[�VW�TWVOMZ�I^IQTIJTM�NWZ�XMMZ·\W·XMMZ
KWUU]VQKI\QWV�

.ZWU�^MZ[QWVک�ک��\Wڤ�ڪ�� 6^QLQI�PI[�LMXZMKI\ML�\PM�\WSMV�)81��<PM�\WSMV[�ZMY]M[\ML�QV�][MZ
[XIKM� IZM�VW�TWVOMZ�VMMLML� <PM�XZWKM[[�\PI\�ITTWKI\ML�\PM�UMUWZa� KIV�XQV�\PM�UMUWZa�NWZ
XMMZ·\W·XMMZ�][IOM�_Q\PW]\�\WSMV[� 1V[\MIL�WN �XI[[QVO�\WSMV[�JM\_MMV�][MZ�[XIKM�IVL�SMZVMT
[XIKM� I�VM_�N]VK\QWV�PI[�JMMV�QV\ZWL]KML# FX3RLQWHU6HW$WWULEXWH� <PQ[�Q[�I�][MZ�[XIKM�)81
\PI\� \MTT[� \PM�LZQ^MZ� \PI\� \PM�UMUWZa� XWQV\ML� \W�Ja�I�OQ^MV�^QZ\]IT�ILLZM[[� [PW]TL�JM�UILM
I^IQTIJTM�NWZ�XMMZ·\W·XMMZ�IKKM[[� <PM�SMZVMT�[XIKM�)81 Q[�]VKPIVOML� _Q\P�\PM�M`KMX\QWV�WN �\PM
XW[[QJQTQ\a�\W�][M 0·[�QV[\MIL�WN �\PM�\WSMV[� _PMV�ZMY]M[\QVO�\PM�XIOM�\IJTM[�

Bfie^f^gmbg`�@IN=bk^\m�lniihkm

)[�XIZ\[�WN �\PM�/8=,QZMK\�)81 IZM� QV�SMZVMT� [XIKM� I�SMZVMT�UWL]TM� Q[�ZMY]QZML� <PMZM�IZM
\_W�XW[[QJQTQ\QM[�NWZ�QUXTMUMV\QVO�\PQ[� <PM�\WSMV�IVL�XIOM�\IJTM�PIVLTQVO�KIV�JM�QUXTMUMV\ML
QV\W�\PM�UIQV�LM^QKM�LZQ^MZ� WZ�Q\�KIV�JM�QUXTMUMV\ML�I[�I�[MXIZI\M�SMZVMT�UWL]TM�LMLQKI\ML�\W
\ZIV[TI\QVO�\PM�^QZ\]IT�+=,) ILLZM[[M[� *W\P�IT\MZVI\Q^M[�[MZ^M�\PM�[IUM�X]ZXW[M�

0I^QVO� \PM� \WSMV�PIVLTQVO� IVL�UMUWZa�XQVVQVO� QV\MOZI\ML� QV\W� \PM�UIQV�LM^QKM� LZQ^MZ�
[QUXTQÅM[�\PM�[M\]X� 7VTa�WVM�LZQ^MZ�U][\�JM�LM^MTWXML� UIVIOML� IVL�[]XXWZ\ML� <PQ[�LWM[�
PW_M^MZ� ZMY]QZM�\PM�LZQ^MZ�\W�JM�KWUXQTML�IVL�TQVSML�_Q\P�\PM�6^QLQI�LZQ^MZ� <PQ[�UISM[�Q\�TM[[
ÆM`QJTM� IVL�Q\�UISM[�\PM�LZQ^MZ�LMXMVLMV\�WV�I�\PQZL�XIZ\a�LZQ^MZ� 1\�IT[W�ZMY]QZM[�\PM�LZQ^MZ
\W�JM�ZMKWUXQTML�NWZ�VM_�^MZ[QWV[�WN �6^QLQI�[�LZQ^MZ[� IVL�Q\�U][\�JM�ZMKWUXQTML� QN �\PM�6^QLQI
LZQ^MZ�Q[�VW�TWVOMZ�OWQVO�\W�JM�][ML�

,M^MTWXQVO� I� [MXIZI\M� SMZVMT� UWL]TM� \W� PIVLTM� \PM� QV\MZIK\QWV� _Q\P� \PM� 6^QLQI� LZQ^MZ�
ZMUW^M[� \PM�LMXMVLMVKQM[� 1V[\MIL�WN �JMQVO� QV� \PM�UIQV�LZQ^MZ� \PMa� IZM�VW_� QV� I� [MXIZI\M
UWL]TM� <PQ[�ILL[�KWUXTM`Q\a� JMKI][M�\_W�LZQ^MZ[�U][\�JM�UIQV\IQVML�

1V�KWWXMZI\QWV�_Q\P�LM^MTWXMZ[�I\�,WTXPQV� _M�PI^M�QUXTMUMV\ML�[]XXWZ\�NWZ�/8=,QZMK\
QV\W�\PM�UIQV�;1;+1 LZQ^MZ�

Nlbg`�@IN=bk^\m�bg�ma^�ibi^ebg^

)[�W]\TQVML� _M�][M�/8=,QZMK\�QV�\PM�XQXMTQVM�\W�UW^M�\PM�NZIUM�J]NNMZ[�NZWU�+8= UMUWZa�\W
/8= UMUWZa� IVL�\PMV�_ZQ\M�LQZMK\Ta�\W�\PI\�UMUWZa�_Q\P�,5) ZMY]M[\[� <PQ[�Q[�JMVMÅKQIT� I[
Q\�ZMUW^M[�\PM�QV\MZUMLQI\M�[\MX[�QV�+8= UMUWZa� )[�ITUW[\�ITT�\PM�XZWKM[[QVO�QV�\PM�XQXMTQVM
Q[�XMZNWZUML�WV�/8=[� \PMZM�Q[�VW�VMML�\W�PI^M�\PM�NZIUM�LI\I�QV�+8= UMUWZa�I\�ITT� ]V\QT�\PM
XZWKM[[QVO�Q[�KWUXTM\M�IVL�\PM�QUIOM�Q[�ZMILa�NWZ�MVKWLQVO�
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.QO]ZM "کڥ�ڧ 5MUWZa�KWXQM[�JMQVO�XMZNWZUML�NZWU�\PM�NZIUM�Q[�[MV\�][QVO�:,5) NZWU�\PM
ZMKWZLQVO�UIKPQVM� ]V\QT�Q\�Q[�I^IQTIJTM�NWZ�XZWKM[[QVO�QV�/8= UMUWZa�

?PI\�_M�LW�VMML�\W�JM�IKKM[[QJTM�NZWU�\PM�+8=��IZM�\PM�NZIUM�UM\I�LI\I�PMILMZ[� )[�\PQ[
QVNWZUI\QWV�Q[�WVTa�][ML�Ja�\PM�IXXTQKI\QWV�WV�+8=��\PMZM�Q[�VW�VMML�\W�PI^M�\PQ[�QVNWZUI\QWV�QV
/8= UMUWZa�

?Q\P�/8=,QZMK\� QUXTMUMV\ML� \PM�XQXMTQVM� TWWS[� TQSM�ÅO]ZM ڨڥ�ڧ WV� \PM�VM`\�XIOM� <PM
UMUWZa�ÆW_�JM\_MMV�\ZIV[NMZZIT�IVL�XZWKM[[QVO�Q[�[PW_V�QV�ÅO]ZM کڥ�ڧ WV�\PM�VM`\�XIOM� ?M
PI^M�ZMUW^ML�\PM�MV\QZM�+=,) ]XTWILMZ�UWL]TM� IVL�TQUQ\ML�\PM�V]UJMZ�WN �UMUWZa�KWXQM[�\W
I�UQVQU]U� +WUXIZML�\W�_PMZM�_M�[\IZ\ML� _M�PI^M�ZMUW^ML�\_W�UMUWZa�KWXQM[�

1V�KPIX\MZ ڨ _M�M^IT]I\M�\PM�QUXZW^MUMV\[�_M�PI^M�QUXTMUMV\ML�PMZM�

,'0 :em^kgZmbo^�]blmkb[nmbhg�l^mnil
?Q\P�\PM�LaVIUQK�LQ[\ZQJ]\QWV�[M\]X� _M�PI^M�\PM�IJQTQ\a�\W�UW^M�UWL]TM[�NZMMTa�IZW]VL� <PQ[
ITTW_[�I�TIZOM�V]UJMZ�WN �XW[[QJTM�LQ[\ZQJ]\QWV�[M\]X[� ?Q\P�VM_�UIKPQVM[�X]ZKPI[ML�NWZ�W]Z
XZW\W\aXM�[M\]X[� \PM�XW[[QJQTQ\QM[�IZM�M^MV�OZMI\MZ�\PIV�JMNWZM� )TT�\PM�VM_�UIKPQVM[�PI^M�+8=[
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.QO]ZM "ڪڥ�ڧ 8QXMTQVM�_Q\P�LMLQKI\ML�MVKWLQVO�UIKPQVM

_Q\P1+�8ڤڨ�M�TIVM[� <PQ[�ITTW_[�VM_�[M\]X[�VW\�XW[[QJTM�_Q\P�\PM�UIKPQVM[�QV�][M�I\�)TNPMQU
;\ILQWV�VW_� ?M�_QTT�LQ[K][[�I�KW]XTM�WN �XW[[QJQTQ\QM[�PMZM�

)TT�[M\]X[�PIZM�IZM�[PW_V�_Q\P�/8=,QZMK\� J]\�\PMa�IZM�IT[W�XW[[QJTM�_Q\PW]\�/8=,QZMK\�
<PQ[�_QTT�ILL�LMTIa� I[�I�UMUWZa�KWXa�NZWU�+8= \W�/8= Q[�ZMY]QZML� <PM�[M\]X[�[PW_V�PMZM
IT[W�][M�I�[QVOTM�ZMKWZLQVO�UIKPQVM�_Q\Pک��KIUMZI[� <PQ[�Q[�VW\�ZMY]QZML� <_W�WZ�\PZMM�ZMKWZLQVO
UIKPQVM[� TQSM�\PM�[M\]X�][ML�I\�)TNPMQU�;\ILQWV� Q[�IT[W�XW[[QJTM�

,'0'* L^iZkZm^�^g\h]bg`�fZ\abg^
7VM�XW[[QJQTQ\a�Q[�\W�UW^M�\PM�MVKWLQVO�UWL]TM�\W�I�[MXIZI\M�UIKPQVM� LMLQKI\ML�\W�MVKWLQVO�
<PQ[�Q[�[PW_V�QV�ÅO]ZM ڪڥ�ڧ WV�\PM�VM`\�XIOM� <PQ[�MVIJTM[�\PM�][M�WN �I�TM[[�XW_MZN]T�UIKPQVM
NWZ�\PM�XZWKM[[QVO�[\MX[� I[�ITT�UWL]TM[�TMN\�WV�\PM�XZWKM[[QVO�UIKPQVM�Z]V�WV�\PM�/8=��<PQ[
TMI^M[�\PM�+8= QV�\PM�XZWKM[[QVO�UIKPQVM�TIZOMTa�]V][ML� ZML]KQVO�\PM�ZQ[S�WN �Q[[]M[�_Q\P�\PZMIL
[KPML]TQVO� ?Q\P�VW�W\PMZ�UWL]TM[�Z]VVQVO�WV�\PM�MVKWLQVO�UIKPQVM� ITT�+8= ZM[W]ZKM[�KIV
JM�LMLQKI\ML�\W�\PM�0ڨڪڦ��MVKWLMZ�

<PQ[�[M\]X�IT[W�JMVMÅ\[�NZWU�[XTQ\\QVO�\PM�XQXMTQVM�QV�\PM�XTIKM[�_PMZM�\PM�NZIUM[�IZM�I\�\PMQZ
UW[\�KWUXIK\� *M\_MMV�\PM�KIUMZI�UWL]TM[�IVL�\PM�NZIUM�[aVKPZWVQbMZ� \PM�NZIUM[�IZM�KWXQML
QV�*IaMZ�NWZUI\� *M\_MMV�\PM�QUIOM�[\Q\KPMZ�IVL�\PM�0ڨڪڦ��MVKWLMZ� \PM�NWZUI\�Q[�A=>ڦڦڨ� <PQ[
ZMY]QZM[�5ڪڤڨڨ�JX[�JM\_MMV�\PM�ZMKWLQVO�UIKPQVM�IVL�\PM�XZWKM[[QVO�UIKPQVM� IVL�5کڤکک�JX[
JM\_MMV�\PM�XZWKM[[QVO�UIKPQVM�IVL�\PM�MVKWLQVO�UIKPQVM�

?PMV�][QVO�/8=,QZMK\� \PM�NZIUM[�KIV�IT[W�JM�KWXQML�LQZMK\Ta�NZWU�/8= UMUWZa�WV�\PM
XZWKM[[QVO�UIKPQVM�\W�+8= UMUWZa�WV�\PM�MVKWLQVO�UIKPQVM� <PQ[�ZMUW^M[�\PM�VMML�NWZ�I
UWL]TM�\W�LW_VTWIL�NZWU�/8= \W�+8= UMUWZa�
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.QO]ZM "ګڥ�ڧ 8QXMTQVM�_Q\P�JM·JIaMZQVO�WV�\PM�ZMKWZLQVO�UIKPQVM

,'0'+ =^�[Zr^kbg`�hg�ma^�k^\h]bg`�fZ\abg^
)VW\PMZ� XW[[QJQTQ\a� Q[� \W�UW^M� \PM� LM·JIaMZQVO�UWL]TM� \W� \PM� ZMKWZLQVO�UIKPQVM� ?M� \PMV
XMZNWZU�\PM�KWV^MZ[QWV� NZWU�*IaMZ� \W�A=>ڨڨڨ� NWZUI\�JMNWZM� \ZIV[NMZZQVO� \PM� NZIUM[� \W� \PM
XZWKM[[QVO�UIKPQVM� <PQ[�ITTW_[�][�\W�][M�/8= ZM[W]ZKM[�QV�\PM�ZMKWZLQVO�UIKPQVM� IVL�ZML]KM[
\PM�TWIL�WV�\PM�/8= QV�\PM�XZWKM[[QVO�UIKPQVM� <PQ[�[M\]X�Q[�[PW_V�QV�ÅO]ZM ګڥ�ڧ WV�\PM�VM`\
XIOM�

)[�\PM�LM·JIaMZQVO�Q[�XMZNWZUML�WV�/8=[� _M�U][\�ILL�I�UWL]TM�\W�KWXa�NZWU�+8=UMUWZa
\W�/8= UMUWZa�WV�\PM�ZMKWZLQVO�UIKPQVM� <PQ[�_QTT�ILL�[WUM�M`\ZI�LMTIa�\W�\PM�XQXMTQVM� <PM
W]\X]\�WN �\PM�LM·JIaMZQVO�UWL]TM�Q[�A=>ڨڨڨ� +WUXIZML�\W�W\PMZ�[M\]X[� _PMZM�NZIUM[�IZM
\ZIV[NMZZML�QV�*IaMZ�NWZUI\�JM\_MMV�\PM�UIKPQVM[� \PQ[�QVKZMI[M[�\PM�[QbM�WN �\PM�\ZIV[NMZZML�NZIUM[
NZWUڥ��Ja\M�XMZ�XQ`MT��JXX��\Wڨ��JXX �ڪ <PQ[�_QTT�TQSMTa�ZM[]T\�QV�IV�ITUW[\�Y]ILZ]XTML�\ZIV[NMZ
\QUM� I[�_M�IZM�ITZMILa�][QVO�TIZOM�MVW]OP�\ZIV[NMZ[�\W�ZMIKP�KTW[M�\W�UI`QU]U�JIVL_QL\P�

,'0', Mph�ikh\^llbg`�fZ\abg^l
) \PQZL�XW[[QJQTQ\a�Q[�\W�[XTQ\�\PM�XQXMTQVM�QV�\PM�UQLLTM� JM\_MMV�\PM�0,: UWL]TM�IVL�\PM�QUIOM
[\Q\KPMZ� <PQ[�_QTT�[MXIZI\M�\PM�UW[\�ZM[W]ZKM�LMUIVLQVO�UWL]TM[�WN �\PM�XQXMTQVM� .QO]ZM ڬڥ�ڧ
IJW^M�[PW_[�\PQ[�[M\]X�

<PQ[�ZMY]QZM[�JW\P�XZWKM[[QVO�UIKPQVM[�\W�PI^M�XW_MZN]T�/8=[� ?PMV�][QVO�/8=,QZMK\�
\PQ[�[M\]X�_QTT�ZMY]QZM�\_W�M`XMV[Q^M�/8=[� *MKI][M�WN �\PQ[� [M\\QVO�]X�\PM�XQXMTQVM�TQSM�\PQ[�I\�\PM
K]ZZMV\�[KITM�Q[�VW\�[MV[QJTM� ?Q\PW]\�/8=,QZMK\� \PQ[�[M\]X�Q[�TQSMTa�\W�ILL�[QOVQÅKIV\�TI\MVKa�
1\�IT[W�PI[�\PM�[IUM�LZI_JIKS�I[�UW^QVO�\PM�LM·JIaMZQVO� *M\_MMV�\PM�0,: UWL]TM�IVL�\PM
QUIOM�[\Q\KPMZ�UWL]TM� LI\I�Q[�\ZIV[NMZZML�QV�A=>ڨڨڨ�NWZUI\�

��JXXڧ��Q[�VWZUITTaڨڨڨ<=Aڪ J]\�QV�W]Z�XQXMTQVM�Q\� Q[�XILLML�_Q\P�IV�ILLQ\QWVIT�Ja\M�NWZ�ITQOVUMV\�\Wڦڧ��JQ\
JW]VLIZQM[�



ڤک

Processing machine 1 Processing machine 2Recording machine

Dolphin consumer

Image stitcher

H.264 encoder

GPU downloader

System control

Dolphin producer

Bayer to YUV422

HDR

Dolphin consumer
w/integrated frame syncer

System controlSystem control

Dolphin producer

Dolphin producer

Dolphin producer

Camera module

Camera module

Camera module

Camera module

Camera module

Dolphin producer

Dolphin producer

Module/data flow
on the CPU

Module/data flow
on the GPU

System control
module/data flow Computer

.QO]ZM "ڬڥ�ڧ 8QXMTQVM�_Q\P�\_W�XZWKM[[QVO�UIKPQVM[

+WUXIZML�\W�I�[M\]X�_Q\P�I�[MXIZI\M�MVKWLQVO�UIKPQVM� \PQ[�[M\]X�Q[�TQSMTa�\W�JM�[TW_MZ� )[
TWVO�I[�I�[QVOTM�/8= Q[�IJTM�\W�XMZNWZU�ITT�XZWKM[[QVO�[\MX[�QV�W]Z�XQXMTQVM� [XTQ\\QVO�\PM�XZWKM[[QVO
IKZW[[�\_W�UIKPQVM[�_QTT�ZM[]T\�QV�^MZa�[UITT�OIQV[�



ڥک

,'1 ?nmnk^�bfikho^f^gml
?PQTM� _M� PI^M� WX\QUQbML� TIZOM� XIZ\[� WN � \PM� LQ[\ZQJ]\QWV� \PMZM� Q[� [\QTT� ZWWU� NWZ� N]Z\PMZ
QUXZW^MUMV\[� :QOP\�VW_� ITT�NZIUM[�IZM�IT_Ia[�\ZIV[NMZZML�NZWU�\PM�ZMKWZLQVO�UIKPQVM[�\W�\PM
XZWKM[[QVO�UIKPQVM� IVL�\PMV�KWXQML�NZWU�QVLQ^QL]IT�NZIUM�J]NNMZ[�QV\W�NZIUM�[M\�J]NNMZ[� <PQ[
Q[�IV�M`\ZI�UMUWZa�KWXa�\PI\�KW]TL�XW\MV\QITTa�PI^M�JMMV�ZMUW^ML� QN �\PM�\ZIV[NMZ�UWL]TM[�_PMZM
[UIZ\MZ� 1N �\PM�[aVKPZWVQbI\QWV�ITOWZQ\PU�PIL�JMMV�LQ[\ZQJ]\ML� \PM�NZIUM[�KW]TL�JM�\ZIV[NMZZML
LQZMK\Ta�QV\W�NZIUM�[M\[� ZMUW^QVO�\PM�VMML�\W�KWXa�NZIUM[�UWZM�\PIV�WVKM�WV�\PM�XZWKM[[QVO
UIKPQVM�

1V�ILLQ\QWV� I�LQ[\ZQJ]\ML�[aVKPZWVQbI\QWV�KW]TL�[SQX�\PM�\ZIV[NMZZIT�WN �LZWXXML�NZIUM[� IVL
\P][�VW\�_I[\M�JIVL_QL\P�\ZIV[NMZZQVO�NZIUM[�\PI\�_QTT�JM�\PZW_V�I_Ia�IVa_Ia� 0W_M^MZ� I[�\PM
I^MZIOM�LZWX�ZI\M�WN �\PM�XQXMTQVM�Q[�^MZa�[UITT� TM[[�\PIVڥ��� \PQ[�_QTT�VW\�UISM�I�JQO�LQNNMZMVKM�

.WZ�N]Z\PMZ�LM^MTWXUMV\�WN �\PM�XQXMTQVM� UWZM�IL^IVKML�_Ia[�WN �LQ[\ZQJ]\QVO�\PM�XZWKM[[QVO
_W]TL�XZWJIJTa�JM�ZMY]QZML� <PM�MVKWLQVO�[\MX�Q[�I�OWWL�M`IUXTM�WN �\PQ[� ?M�][M�\PM [���
TQJZIZa� _PQKP�Q[�VW\�_ZQ\\MV�NWZ�Z]VVQVO�QV�ZMIT·\QUM� *MKI][M�WN �\PQ[� \PM�\QUM�Q\�\ISM[�\W�MVKWLM
MIKP�NZIUM�Q[�̂ MZa�QVKWV[Q[\MV\� ;QVKM�_M�MVKWLM�\PM�̂ QLMW�QV�[MOUMV\[� _M�KW]TL�XW[[QJTa�[XTQ\�\PM
MVKWLQVO�W^MZ�[M^MZIT�UIKPQVM[� QV�\QUM·[TQKM[�UI\KPQVO�\PM�[MOUMV\�[QbM� <PQ[�_W]TL�ZMY]QZM�I
LQ[\ZQJ]\QWV�UWL]TM�\PI\�KW]TL�[_Q\KP�JM\_MMV�U]T\QXTM�ZMKMQ^MZ[�

)LLQ\QWVITTa� \PM�,WTXPQV�1@ QV\MZKWVVMK\�WNNMZ[�VI\Q^M�JZWILKI[\� <PQ[�KW]TL�JM�][ML�NWZ
[XTQ\\QVO�\PM�XQXMTQVM�_PMZM�U]T\QXTM�UWL]TM[�WXMZI\M�WV�\PM�[IUM�QVX]\� <PQ[�KW]TL�JM�][MN]T
NWZ�XMZNWZUQVO�[\MX[�TQSM�JIKSOZW]VL�[]J\ZIK\QWV�QV�XIZITTMT�\W�\PM�MVKWLQVO�[\MX�

) [QVOTM�\ZIV[NMZZIT�UWL]TM�\PI\�KIV�ZMKMQ^M�NZIUM[�NZWU�U]T\QXTM�KIUMZI[� Q[�IT[W�I�XW[[QJQTQ\a
\W�QUXZW^M�XMZNWZUIVKM�IVL�UQVQUQbM�_WZS�TWIL� <PM�\ZIV[NMZZIT�UWL]TM[�][ML�VW_� PI^M�WVM
\PZMIL�XMZ�KIUMZI� =[QVO�I�[QVOTM�UWL]TM� _M�KIV�ZML]KM�\PQ[� \W�WVM�WZ� \_W�\PZMIL[� ?Q\P
KIUMZI�UWL]TM[�\PI\�KIV�J]NNMZ�NZIUM[� _M�KIV�QVKZMI[M�\PM�LMTIa�JM\_MMV JHW)UDPH KITT[� <PQ[
_QTT�ZML]KM�\PM�\QUM�[XMV\�_PQTM�_IQ\QVO�NWZ�I�NZIUM�\W�ZMKMQ^M� *a�][QVO�\_W�\PZMIL[� _M�KIV�PI^M
WVM�\PZMIL�XMZNWZU�\ZIV[NMZ[� _PQTM�\PM�W\PMZ�\PZMIL�ZMY]M[\[�NZIUM[�NZWU�\PM�KIUMZI�UWL]TM[�
1V�KWUJQVI\QWV�_Q\P�KIUMZI�UWL]TM[� \PI\�KIV�PIVLTM�U]T\QXTM�KIUMZI[� \PQ[�_QTT� ZML]KM� \PM
V]UJMZ�WN �\PZMIL[�M^MV�UWZM�

,'2 LnffZkr
1V�\PQ[�KPIX\MZ� _M�PI^M�LQ[K][[ML�\PM�XZWJTMU[�_M�NIKM�QV�]XOZILQVO�\PM�XIVWZIUI�XZWKM[[QVO
XQXMTQVM� IVL� XW[[QJTM� [WT]\QWV[� \W� \PM[M� ?M�PI^M� QV\ZWL]KML� \PM�UWL]TM� QV\MZNIKM� ][ML� NWZ
QV\MZIK\QWV�JM\_MMV�UWL]TM[� <PQ[�QVKT]LM[�[\IVLIZL�QV\MZNIKM[�NWZ�OM\\QVO�NZIUM[�NZWU�IVW\PMZ
UWL]TM� IVL�I�KWUUWV &·[\Z]K\�\W�ZMXZM[MV\�NZIUM[�_Q\P�UM\I�LI\I�

.]Z\PMZUWZM� _M�KWUXIZML�QV\MZKWVVMK\�[WT]\QWV[� IVL�PW_�\PMa�KIV�JM�][ML�\W�LQ[\ZQJ]\M
\PM�XZWKM[[QVO�QV�W]Z�XQXMTQVM� ?M�PI^M�KZMI\ML�UWL]TM[�NWZ�[MVLQVO�NZIUM[�JM\_MMV�UIKPQVM[�
IVL�[M\�]X�PIVLTMZ[�\W�KWV\ZWT�\PM�XQXMTQVM�_PMV�Q\�Q[�Z]VVQVO�LQ[\ZQJ]\ML� ?M�IT[W�WX\QUQbML�\PM
QVQ\QIT�LQ[\ZQJ]\QWV�[M\]X�\W�ZMUW^M�LMTIa[�IVL�ZML]KM�ZM[W]ZKM�][M�

1V�\PM�VM`\�KPIX\MZ� _M�JMVKPUIZS�IVL�M^IT]I\M�\PM�XMZNWZUIVKM�WN �\PM�XZWXW[ML�LQ[\ZQJ]\QWV
[M\]X�



ڦک



<aZim^k�-

>oZenZmbhg�Zg]�k^lneml

1V�KPIX\MZ �ڧ _M�PI^M�[PW_V�PW_�_M�PI^M�UWL]TIZQbML�IVL�LQ[\ZQJ]\ML�\PM�*IOIL][�XIVWZIUI
XQXMTQVM� 4QSM�\PM�XZM^QW][�̂ MZ[QWV�WN �\PM�XQXMTQVM� \PM�LQ[\ZQJ]\ML�XQXMTQVM�IT[W�Z]V[�QV�ZMIT·\QUM�
<PQ[�ZMY]QZM[�PQOP�IVL�KWV[Q[\MV\�XMZNWZUIVKM� <W�MV[]ZM�\PI\�W]Z�QUXTMUMV\I\QWV�LMTQ^MZ[� _M
U][\�JMVKPUIZS�IVL�M^IT]I\M�Q\[�XMZNWZUIVKM�

1V�\PQ[�KPIX\MZ� _M�_QTT�TWWS�I\�\PM�XMZNWZUIVKM�WN �\PM�LQ[\ZQJ]\ML�XQXMTQVM� ?M�ÅZ[\�QV\ZWL]KM
\PM�PIZL_IZM�][ML�NWZ�\M[\QVO� <PQ[�QVKT]LM[�VM_�UIKPQVM[� X]ZKPI[ML�NWZ�Z]VVQVO�\PM�XQXMTQVM�
IVL� [WUM� WTLMZ�UIKPQVM[� 6M`\� _M� QV\ZWL]KM� \PM� \M[\[� _M� PI^M� Z]V� ?M� PI^M� ][ML� I� [M\
WN �[aV\PM\QK�JMVKPUIZS[�\W�\M[\�\PM�XMZNWZUIVKM�WN �XIZ\[�ZMTI\ML�\W�\PM�LQ[\ZQJ]\QWV� TQSM�ZI_
JIVL_QL\P�IVL�TI\MVKa� 1V�ILLQ\QWV� _M�PI^M�\QUML�\PM�IK\]IT�XQXMTQVM� <PQ[�OQ^M[�][�IV�W^MZ^QM_
WN �PW_�\PM�XQXMTQVM�IK\]ITTa�XMZNWZU[� )N\MZ�Z]VVQVO�JMVKPUIZS[� _M�M^IT]I\M�\PM�ZM[]T\[�IVL
LQ[K][[�PW_�\PMa�INNMK\�W]Z�XQXMTQVM�

-'* M^lm�l^mni
<W� M^IT]I\M� \PM� VM_� XQXMTQVM� [M\]X� _M� PI^M� Z]V� [M^MZIT� JMVKPUIZS[� ?M� PI^M� ][ML� [WUM
JMVKPUIZS[�\W�M^IT]I\M�PW_�\PM�XMZNWZUIVKM�Q[�INNMK\ML�Ja�UIKPQVM�[M\]X�IVL�LQNNMZMV\�KPQX[M\[
IVL�8+1M�[_Q\KPM[� =[QVO�\PM�QVNWZUI\QWV�NZWU�\PM[M�JMVKPUIZS[� _M�KIV�WX\QUQbM�W]Z�UIKPQVM
KWVÅO]ZI\QWV[�\W�MTQUQVI\M�JW\\TMVMKS[� ?M�PI^M�IT[W�JMVKPUIZSML�\PM�XZWKM[[QVO�XQXMTQVM�

-'*'* AZk]pZk^
FZ\abg^l

)TT�JMVKPUIZS[�PI^M�JMMV�Z]V�WV�UIKPQVM[�QV�W]Z�TIJ� 5W[\�WN �\PM�\M[\[� IVL�ITT�WN �\PM�XQXMTQVM
\M[\[� PI^M�JMMV�Z]V�WV�VM_�UIKPQVM[� <PM[M�IZM�UIKPQVM[�X]ZKPI[ML�NWZ�W]Z�XZW\W\aXM�[M\]X�I\
)TNPMQU�;\ILQWV�IVL�NWZ�I�[QUQTIZ�[M\]X�I\�W]Z�TIJ� ?M�_QTT�QV[\ITT�\PM�VM_�UIKPQVM[�I\�)TNPMQU
;\ILQWV�QV�\PM�I]\]UVڨڥڤڦ��

<IJTM ڥ�ڨ WV�\PM�VM`\�XIOM�[PW_[�\PM�PIZL_IZM�[XMKQÅKI\QWV[�WN �\PM�VM_�XQXMTQVM�UIKPQVM[�
<PM�\_W�UIKPQVM[� VIUML�;]ZN �IVL�:W]VLPW][M� PI^M�JMMV�X]ZKPI[ML�I[�ZMXTIKMUMV\[�NWZ�\PM
M`Q[\QVO�ZMKWZLQVO�UIKPQVM[� <PM�UW\PMZJWIZL[�QV�\PM[M�UIKPQVM[�IZM�JI[ML�WV�\PM�@ڭګ�KPQX[M\�
<PMa�IT[W�PI^M�\_W�84@ګڨګڬ CڧڪE�8+1M�[_Q\KPM[�\W�IKKWUUWLI\M�NWZ�M`\ZI�M`\MV[QWV[�^QI�8+1M�
-IKP�WN �\PM�8+1M�[_Q\KPM[�IZM�KWVVMK\ML�\W�\PM�+8= _Q\P�I�\PQZL�OMVMZI\QWVڪڥ��TIVM�8+1M�J][�

ڧک



ڨک

5IKPQVM�VIUM ;]ZN ���:W]VLPW][M 5MIVQVOTM[[
+8= Q3ڤڦڬڨ�ګ Q3ڤڧڭڧ�ګ

+WZM[�<PZMIL[ ڬ�ڨ ڦڥ�ڪ
+PQX[M\ ڭګ@ ڭګ@

5W\PMZJWIZL -�ڭګ@ڭ�8][]( ?; 1V\MT�,@1;ڭګ
:)5 */�ڪڥ */�ڦڧ

8+1M�TIVM[ ڤڨ ڤڨ
8+1M�TIaW]\ ڬ·ڬ·ڪڥ·ڬ·ڬ·ڬ·ڪڥ���ڪڥ·ڪڥ·ڬ·ڪڥ·ڪڥ ڬ·ڬ·ڪڥ

<IJTM "ڥ�ڨ 6M_�XQXMTQVM�UIKPQVM[

QS

QS

PLX8747

PLX8747

CPU

PCIe 1 – 16 lanes

PCIe 2 – 8 lanes

PCIe 3 – 8 lanes if PCIe 2 is in use, else 16 lanes

PCIe 4 – 8 lanes

PCIe 5 – 16 lanes

PCIe 6 – 8 lanes

PCIe 7 - 8 lanes if PCIe 6 is in use, else 16 lanes

.QO]ZM "ڥ�ڨ 8+1M�[TW\[�WV�\PM�)[][�8ڭګ@ڭ�- ?; UW\PMZJWIZL[� 7ZQOQVIT�ÅO]ZM�NZWU CڨڪE�

<PZMM�8+1M�[TW\[�IZM�KWVVMK\ML�\W�MIKP�[_Q\KP� <PM�ÅZ[\�WVM�Q[�IT_Ia[ڪڥ��TIVM[� \PM�[MKWVL�Q[
IT_Ia[ڬ��TIVM[� IVL�\PM�\PQZL�Q[ڪڥ�·TIVM[�_PMV�\PM�[MKWVL�[TW\�Q[�]V][ML�IVLڬ�·TIVM[�_PMV�\PM
[MKWVL�[TW\�Q[�QV�][M� 1V�ILLQ\QWV� I�[QVOTMڬ��TIVM�8+1M�[TW\�KWVVMK\ML�LQZMK\Ta�\W�\PM�+8= Q[�IT[W
I^IQTIJTM� .QO]ZM ڥ�ڨ IJW^M�[PW_[�I�LQIOZIU�WN �PW_�\PM�8+1M�[TW\[�IZM�KWVVMK\ML� *MKI][M�WN
\PM�PQOP�V]UJMZ�WN �8+1M�[TW\[� \PM[M�UIKPQVM[�IZM�XMZNMK\�NWZ�\M[\QVO�\PM�XMZNWZUIVKM�WN �8+1M
XMMZ·\W·XMMZ�KWUU]VQKI\QWV�QV�LQNNMZMV\�KWVÅO]ZI\QWV[�

1V�ILLQ\QWV�\W�\PM�ZMKWZLQVO�UIKPQVM[� _M�IZM�[\QTT�][QVO�\PM�WZQOQVIT�XZWKM[[QVO�UIKPQVM� <PM
UIKPQVM�_M�PI^M�I\�W]Z�TIJ�Q[�KITTML�5MIVQVOTM[[� <PQ[�Q[�QLMV\QKITTa�KWVÅO]ZML�\W�\PM�UIKPQVM
KITTML�+ISM�QV�<ZWU[¦� <PQ[�UIKPQVM�IT[W�PI[�I�@ڭګ�KPQX[M\� J]\�_Q\PW]\�8+1M�[_Q\KPM[� <PQ[
OQ^M[�I�UI`QU]U�WN �]1M�TIVM+�8ڤڨ� <PM�UW\PMZJWIZL�QV�\PQ[�UIKPQVM�PI[�\PZMM�N]TT·TMVO\P�8+1M
[TW\[� IVL�\_W�[QVOTM·TIVM�[TW\[�

.WZ�KWUXIZQVO�XMZNWZUIVKM�JM\_MMV�\PM�K]ZZMV\�IVL�XZM^QW][�OMVMZI\QWV�KPQX[M\[�NZWU�1V\MT�
_M�PI^M�][ML�IV�WTLMZ�UIKPQVM�_Q\P�\PM�@ڬک�KPQX[M\� <PM�[XMKQÅKI\QWV[�WN �\PQ[�UIKPQVM�KIV�JM
[MMV�QV�\IJTM ڦ�ڨ IJW^M� ?M�IT[W�\ZQML�\W�OM\�/8=,QZMK\�\W�_WZS�WV�I�UIKPQVM�_Q\P�\PM�VM_MZ



کک

5IKPQVM�VIUM 8W_MZTM[[ ;QVOIXWZM
+8= Qڤڪڭ�ګ Qڤګګڨ�ګ

+PQX[M\ ڬک@ Bګڬ
5W\PMZJWIZL >ڪ�8][]( )[][�/ZaXPWV�Bګڬ

:)5 */ڪ */�ڬ
8+1M�TIVM[ ڤڨ ڪڥ
8+1M�TIaW]\ ڨ·ڪڥ·ڪڥ ڨ·ڬ·ڬ���ڨ·ڪڥ

<IJTM "ڦ�ڨ )LLQ\QWVIT�UIKPQVM[�][ML�NWZ�JMVKPUIZSQVO

OMVMZI\QWV�Bګڬ�KPQX[M\� \PM�UIKPQVM�KITTML�;QVOIXWZM�QV�\PM�\IJTM�IJW^M� J]\�_M�LQL�VW\�OM\�Q\�\W
_WZSQVO�

@INl

6^QLQI� PI[� WVTa� MVIJTML� /8=,QZMK\� IKKM[[� WV� \PMQZ� _WZS[\I\QWV� IVL� LI\I� KMV\MZ� XZWL]K\
TQVM[� \PM�9]ILZW�IVL�<M[TI�XZWL]K\[� <PQ[�TQUQ\[�\PM�V]UJMZ�WN �I^IQTIJTM�/8=[�_M�KIV�\M[\
/8=,QZMK\�XMZNWZUIVKM�_Q\P� ?M�PI^M�][ML�\_W�LQNNMZMV\�6^QLQI�/8=[� [PW_V�QV�\IJTM �ڧ�ڨ

9]ILZW�3ڤڤڤڦ <M[TI�3ڤڦK
+=,) KWZM[ ڨڬڧ ڪڭڨڦ
5MUWZa */�ڦ */�ک

5MUWZa�JIVLQ_L\P ]�*/�ڨڪ ]�*/�ڬڤڦ

<IJTM "ڧ�ڨ /8=[�][ML�NWZ�JMVKPUIZSQVO

<PM�3ڤڤڤڦ�Q[�I�TW_·MVL�_WZS[\I\QWV�/8=��_Q\Pڨڬڧ��+=,) KWZM[� 1\�Q[�KIXIJTM�WN �Z]VVQVO
W]Z�XZWKM[[QVO�XQXMTQVM� J]\�VW\�I\�PQOP�NZIUM�ZI\M[� *MKI][M�WN �\PM�TQUQ\ML�UMUWZa�IVL�V]UJMZ
WN �+=,) KWZM[� \PM�XZWKM[[QVO�\ISM[�[QOVQÅKIV\Ta�TWVOMZ�\PIV�WV�PQOPMZ�MVL�XZWL]K\[�

<PM�3ڤڦK�Q[�I�PQOP·MVL�LI\I�KMV\MZ�/8=��1\�PI[ڪڭڨڦ��+=,) KWZM[�IVL�TW\[�WN �UMUWZa� <PQ[
KIZL�Q[�KIXIJTM�WN �Z]VVQVO�W]Z�XQXMTQVM�I\�ITT�NZIUM�ZI\M[� 1\�PI[�JMMV�][ML�NWZ�ITT�\M[\[�WN �\PM
XQXMTQVM�[PW_V�QV�\PQ[�KPIX\MZ�

*W\P�\PM[M�/8=[�IZM�[MKWVL�OMVMZI\QWV�8+1M�LM^QKM[� ?Q\P�]X�\Wڪڥ��TIVM[� \PM�\PMWZM\QKIT
JIVL_QL\P�WN �\PM[M�KIZL[�IZMڬ��/*�[�

=heiabg�BQ \Zk]l

?M�PI^M�][ML�,WTXPQV�1@0ڤڥڪ�KIZL[� <PM[M�IZM�[MKWVL�OMVMZI\QWV�8+1M�KIZL[� \PI\�][M�]X�\Wڬ�
TIVM[� <PM�KIZL[�IZM�JI[ML�WV�8+1M�[\IVLIZL[� IVL�WXMZI\M�I[�8+1M�JZQLOM[� 1\�Q[�XW[[QJTM�\W�][M
\PM�KIZL[�I[�JW\P�\ZIV[XIZMV\�IVL�VWV·\ZIV[XIZMV\�JZQLOM[� )[�_M�][M�\PM�KIZL[�\W�KWUU]VQKI\M
JM\_MMV�UIKPQVM[� _M�][M�\PMU�QV�VWV·�\ZIV[XIZMV\�UWLM�

/Q^MV�\PI\�\PM�KIZL[�IZM�[MKWVL�OMVMZI\QWV�8+1M�LM^QKM[� MIKP�TIVM�LMTQ^MZ[ڤکڦ� 5*�[�WN
JIVL_QL\P� ?Q\Pڬ��TIVM[� \PM�,WTXPQV�1@ KIZL[�PI^M�I�\PMWZM\QKIT�UI`�JIVL_QL\P�WN ]�*/�ڨ�
IKZW[[�\PM�8+1M�TQVS�



ڪک

-'*'+ M^lml
<W�M^IT]I\M� \PM�XMZNWZUIVKM� WN � \PM�LQ[\ZQJ]\QWV� [M\]X� _M�PI^M�][ML� I� KWUJQVI\QWV�WN � ZI_
XMZNWZUIVKM�JMVKPUIZS[�IVL�\QUQVO�WN �\PM�IK\]IT�XQXMTQVM� <PQ[�OQ^M[�][�I�OWWL�XQK\]ZM�WN �\PM
XMZNWZUIVKM�_M�KIV�M`XMK\� _PQTM�IT[W�PMTXQVO�][�]VLMZ[\IVL�_PM\PMZ�_M�PI^M�QV\ZWL]KML�IK\]IT
W^MZPMIL�QV�\PM�XQXMTQVM�Ja�KWUXIZQVO�JMVKPUIZS�ZM[]T\[�_Q\P�IK\]IT�XQXMTQVM�XMZNWZUIVKM�

=F: [^g\afZkd

<W�M^IT]I\M�\PM�XMZNWZUIVKM�WN �,5) ZMY]M[\[� _M�PI^M�][ML�I�JMVKPUIZS�XZW^QLML�ITWVO�_Q\P
\PM�,WTXPQV�LZQ^MZ[� KITTML GPDBEHQFK� <PQ[� Q[� I� [QUXTM�JMVKPUIZS� \PI\� Z]V[�I� [MZQM[�,5)
ZMY]M[\[�WN �\PM�[IUM�[QbM�IVL�TWO[�\PM�\QUM�ZMY]QZML�\W�KWUXTM\M�ITT�\ZIV[NMZ[�QV�\PM�[MZQM[� *a
LQ^QLQVO�\PM�\QUM�ZMY]QZML�Ja�\PM�V]UJMZ�WN �\ZIV[NMZ[� _M�OM\�\PM�I^MZIOM�\QUM�\ISMV�\W�XMZNWZU
MIKP�ZMY]M[\� QVKT]LQVO�W^MZPMIL� ;QVKM�_M�SVW_�\PM�[QbM�WN �MIKP�\ZIV[NMZ� _M�KIV�KITK]TI\M�\PM
\W\IT�JIVL_QL\P�IKPQM^ML�

<PM�\QUQVO�Q[�LWVM�_Q\P�\PM 5'76& QV[\Z]K\QWV�QV�`ڪڬ� <PQ[�QV[\Z]K\QWV�ZM\]ZV[�\PM�V]UJMZ�WN
\QKS[�[QVKM�IVL�IZJQ\ZIZa�XWQV\[�QV�\QUM� ][]ITTa�_PMV�\PM�+8= _I[�XW_MZML�WV� <PM�\QKS�KW]V\
JMNWZM�\PM�\M[\[�_I[�Z]V� Q[�\PMV�KWUXIZML�\W�\PM�\QKS�KW]V\�IN\MZ�Z]VVQVO�\PM�\M[\[� ?M�\PMV
SVW_�\PM�V]UJMZ�WN �\QKS[�\ISMV�\W�Z]V�\PM�\M[\[� ;QVKM�_M�IT[W�SVW_�\PM�XZWKM[[WZ�[XMML� _M�KIV
KITK]TI\M�\PM�\QUM�\ISMV�NZWU�\PM�LQNNMZMVKM�QV�\QKS�KW]V\[�

<PM�̂ MZ[QWV�WN GPDBEHQFK XZW^QLML�Ja�,WTXPQV�LWM[�VW\�[]XXWZ\�ITTWKI\QVO�IVL�][QVO�UMUWZa
WV�/8=[� ?M�PI^M�\PMZMNWZM�M`\MVLML�\PM�\WWT�\W�ILL�IV�WX\QWV�ITTW_QVO�NWZ�UMUWZa�\W�JM
ITTWKI\ML�WV�I�/8=��<PM�UMUWZa�ITTWKI\QWV�Q[�XMZNWZUML�][QVO�\PM FX0HP$OORF N]VK\QWV� IVL�Q\
Q[�I[[WKQI\ML�_Q\P�I�;1;+1 [MOUMV\�][QVO�\PM 6&,$WWDFK3K\VLFDO0HPRU\�

<PM�,5) ZMY]M[\[�QV�\PQ[�JMVKPUIZS�IZM�XMZNWZUML�][QVO�\PM�VWZUIT�;1;+1 )81��;W�\PM
ZM[]T\[�[PW_�IK\]IT�IXXTQKI\QWV�XMZNWZUIVKM� <PQ[�\WWT�PI[�JMMV�][ML�\W�KWUXIZM�\PM�JIVL_QL\P
WN �LQNNMZMV\�[M\]X[� .QZ[\�WN �ITT� _M�PI^M�KWUXIZML�JIVL_QL\P�JM\_MMV�][QVO�I�[MOUMV\�WV�/8=
IKKM[[ML�][QVO�/8=,QZMK\�^MZ[][�I�VWZUIT�[MOUMV\�ITTWKI\ML�QV�+8= UMUWZa� ?M�PI^M�IT[W
][ML�\PQ[�\WWT�\W�M^IT]I\M�\PM�JIVL_QL\P�IKPQM^ML�NWZ�LQNNMZMV\�[M\]X[� TQSM�LQNNMZMV\�KPQX[M\[�IVL
_Q\P�WZ�_Q\PW]\�8+1M�[_Q\KPM[�

<N=: i^^k�mh�i^^k

1V�ILLQ\QWV�\W�\PM�,WTXPQV�ZMTI\ML�JMVKPUIZS[� _M�PI^M�IT[W�Z]V�I�+=,) JMVKPUIZS�XZW^QLML
Ja�6^QLQI�KITTML S�S%DQGZLGWK/DWHQF\7HVW� <PQ[�Q[�I�\M[\�WN �UMUWZa�JIVL_QL\P�JM\_MMV�+=,)
LM^QKM[� *a�KWUXIZQVO�\PM�ZM[]T\[�WJ\IQVML�NZWU�\PQ[�\M[\�_Q\P�\PM�ZM[]T\[�NZWU�W]Z�,WTXPQV�\M[\[�
_M�KIV�[MM�QN �\PM[M�ZM[]T\[�IZM�[QUQTIZ�WZ�VW\� <PQ[�\M[\�][M[ FXGD0HPFS\3HHU$V\QF \W�XMZNWZU
UMUWZa�KWXQM[�JM\_MMV�LM^QKM[�

Ibi^ebg^

<W�[MM�PW_�XQXMTQVM�XMZNWZUIVKM�Q[�INNMK\ML�Ja�\PM�LQNNMZMV\�[M\]X[� _M�PI^M�IT[W�JMVKPUIZSML
\PM�IK\]IT�XQXMTQVM� <PQ[�PI[�JMMV�LWVM�_Q\P�I� [TQOP\Ta�UWLQÅML�^MZ[QWV� _PMZM� \PM� K]ZZMV\
\QUM[\IUX�Q[�[\WZML�I\�LQNNMZMV\�XWQV\[�\PZW]OPW]\�\PM�XQXMTQVM�



ګک

1VX]\ 7]\X]\
]�KIUMZIڧ �JXXڥ×ڧ×ڤڬڤڥ×ڤڨڤڦ = *�5ڤڧ�ڪ �JXXڦ×ڨڪڬڥ×ڬڨڬڦ = *�5ڧڥ�ڤڥ
]�KIUMZIګ �JXXڥ×ګ×ڤڬڤڥ×ڤڨڤڦ = *�5ڥګ�ڨڥ JXXڦ×ڤڬڪڥ×ڤڦڭک = *�5ګڭ�ڬڥ
0,: UWLM �JXXڥ×ڪ×ڤڬڤڥ×ڤڨڤڦ = *�5ڥڪ�ڦڥ �JXXڦ×ڨڪڬڥ×ڬڨڬڦ = *�5ڧڥ�ڤڥ

<IJTM "ڨ�ڨ ;QbM�WN �XIVWZIUI�QVX]\�IVL�W]\X]\�NWZ�LQNNMZMV\�[M\]X[�

)[�\PM�XQXMTQVM�Z]V[�IKZW[[�[M^MZIT�UIKPQVM[� \PM�\QUM[\IUX[�][ML�IZM�NZWU�\PM�ZMIT·\QUM
KTWKS� <PQ[� MV[]ZM[� \PI\� \PM� \QUM[\IUX[� KIV� JM� KWUXIZML� IKZW[[�UIKPQVM[� 1\� IT[W�UMIV[
\PI\� \PM�UMI[]ZMUMV\[� KIV� JM� INNMK\ML� Ja� LQNNMZMVKM[� QV� MIKP�UIKPQVM[� KTWKS� IVL� IT[W� Ja
KTWKS� [aVKPZWVQbI\QWV� \WWT[� TQSM QWS� <W� MV[]ZM�UQVQUIT� LQNNMZMVKM[� JM\_MMV� \PM�UIKPQVM[
KTWKS[� I�UIV]IT�[aVKPZWVQbI\QWV�_I[�Z]V�JMNWZM�\PM�\M[\[� )TT� \QUM[\IUX[�IZM�KWTTMK\ML�_Q\P
\PM FORFNBJHWWLPH N]VK\QWV� <PQ[� ZM\]ZV[� I�]VQ`� \QUM[\IUX� QV� [MKWVL[� XT][� \PM�V]UJMZ�WN
VIVW[MKWVL[�[QVKM�\PI\�[MKWVL� <PQ[�N]VK\QWV�KIV�][M�U]T\QXTM�[W]ZKM[� <PM�IKK]ZIKa�WN �\PM
\QUM[\IUX� IVL�KW[\�WN �I�KITT�\PM�N]VK\QWV� ^IZQM[�JI[ML�WV�\PM�[W]ZKM CکڪE�

;QVKM�\PM�MVKWLQVO�[\MX�PI[�̂ IZaQVO�TI\MVKa�IVL�Q[�XMZNWZUML�[aVKPZWVW][Ta� Q\�KIV�PI^M�OZMI\
MNNMK\[�WV�\PM�XQXMTQVM�[\IJQTQ\a� ?PMV�TWWSQVO�I\�\PM�XMZNWZUIVKM�WN �\PM�LQ[\ZQJ]\ML�XQXMTQVM� \PM
MVKWLQVO�[\MX�Q[�QZZMTM^IV\� ;WUM�WN �\PM�UIKPQVM[�_M�PI^M�][ML�NWZ�\M[\QVO� IZM�IT[W�]VIJTM�\W
MVKWLM� \PM�XIVWZIUI�^QLMW� QV�ZMIT·\QUM� KI][QVO�UIVa�LZWXXML� NZIUM[� ?M�PI^M� \PMZMNWZM
LQ[IJTML�\PM�MVKWLQVO�[\MX�QV�ITT�XQXMTQVM�JMVKPUIZS[�

?M�PI^M�][ML�^IZQW][�KWVÅO]ZI\QWV[�WN �\PM�XQXMTQVM�QV�W]Z�\M[\QVO� 1V�\IJTM ڨ�ڨ IJW^M�_M
PI^M�TQ[\ML�\PM�LI\I�QVX]\�IVL�W]\X]\�[QbM�NWZ�MIKP�KWVÅO]ZI\QWV� 1V�0,: UWLM� \_W�QUIOM[
NZWU�MIKP�KIUMZI�IZM�OZW]XML�\WOM\PMZ� ?PQTM�\PM�KIUMZI[�IZM�KIX\]ZQVO�NZIUM[�I\ڤک��NX[� \PM
MNNMK\Q^M�NZIUM�ZI\M�Q[کڦ��NX[� )TT�0,: \M[\[�_M�PI^M�Z]V� IZM�_Q\P�\PZMM�KIUMZI[� ]VTM[[�W\PMZ_Q[M
[\I\ML�

-'+ ;^g\afZkd�k^lneml
-IKP�WN �\PM�\M[\[�PI^M�JMMV�Z]V�QV�U]T\QXTM�[KMVIZQW[� \W�KWUXIZM�[M\]X[�IVL�LQ[KW^MZ�XW[[QJTM
JW\\TMVMKS[� ?M�PMZM�[PWZ\Ta�QV\ZWL]KM�MIKP�WN �\PM�\M[\[�\PI\�PI^M�JMMV�Z]V�M`XTIQV�IVL�_Pa�_M
PI^M�KPW[MV�\W�Z]V�\PM[M�[XMKQÅK�\M[\[�

-'+'* Lrgma^mb\�[^g\afZkdl
<abil^ml�Zg]�I<B^�lpbm\a^l

?M�SVM_�NZWU�\PM�/8=,QZMK\�LWK]UMV\QWV CڨE�\PI\�\PM�XMZNWZUIVKM�WN �XMMZ·\W·XMMZ�IKKM[[
_Q\P�/8=,QZMK\�KW]TL�JM�OZMI\Ta�INNMK\ML�Ja�\PM�KPQX[M\�IVL�8+1M�TIaW]\� )[�LM[KZQJML�IJW^M�
\PM�)[][�8ڭګ@ڭ�- ?; UW\PMZJWIZL�PI[�8+1M� [_Q\KPM[� _PQKP� IKKWZLQVO� \W� \PM�/8=,QZMK\
LWK]UMV\I\QWV�[PW]TL�WNNMZ�WX\QUIT�XMZNWZUIVKM� <W�QV^M[\QOI\M�\PQ[� _M�PI^M�Z]V�I�[MZQM[�WN
\M[\[�_Q\P�\PM GPDBEHQFK \M[\� .QZ[\�WN �ITT�_M�PI^M�Z]V�\PM�\M[\�_Q\P�I�,WTXPQV�1@ KIZL�IVL�I
9]ILZW�38/�ڤڤڤڦ= QV�LQNNMZMV\�[TW\�[M\]X[�



ڬک

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

GPU: 1
IX: 7

GPU: 2
IX: 7

GPU: 3
IX: 7

GPU: 4
IX: 7

GPU: 5
IX: 7

GPU: 6
IX: 7

GPU: 7
IX: 4

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB

Write Read

.QO]ZM "ڦ�ڨ <PQ[�KPIZ\�[PW_[�LQNNMZMVKM[�QV�,5) JIVL_QL\P�JM\_MMV�LQNNMZMV\�8+1M�[TW\[
WV�IV�)[][�8ڭګ@ڭ�- ?; UW\PMZJWIZL� <PM�JT]M�JIZ[�IZM�JIVL_QL\P�IKPQM^ML�_ZQ\QVO�\W
/8= UMUWZa� IVL�\PM�ZML�JIZ[�IZM�JIVL_QL\P�IKPQM^ML�ZMILQVO�NZWU�/8= UMUWZa� )TT
V]UJMZ[�IZM�NZWU�ZMILQVO�WZ�_ZQ\QVOڦ��UMOIJa\M[� _PQKP�Q[�KWUXIZIJTM�\W�\PM�[QbM�WN �MIKP
WN �W]Z�NZIUM[�QV�*IaMZ�NWZUI\�



ڭک

<PM�ZM[]T\[�IZM�[PW_V�QV�ÅO]ZM ڦ�ڨ WV�\PM�XZM^QW][�XIOM� <PM�`�I`Q[�TIJMT[�[PW_�\PM�8+1M
[TW\�WN �\PM�/8= IVL�\PM�,WTXPQV�1@ KIZL� <PM[M�[TW\�V]UJMZ[�IZM�LM[KZQJML�QV�ÅO]ZM ڥ�ڨ WV
XIOM �ڨک )TT�\M[\[�IZM�Z]V�_Q\P�VW�W\PMZ�8+1M�KIZL[�QV[\ITTML� )[�_M�KIV�[MM� ][QVO�\PM�8+1M
[_Q\KPM[�LMÅVQ\MTa�OQ^M[�\PM�JM[\�XMZNWZUIVKM� 1\�IT[W�IXXMIZ[�\PI\�_PMV�OWQVO�^QI�\PM�+8=�
PI^QVO�\PM�/8= QV�Iڬ�·�TIVM�[TW\� QUXIK\[�_ZQ\M�XMZNWZUIVKM� .WZ�ITT�W\PMZ�[M\]X[� _PMV�\PM
/8= Q[�QV�Iڪڥ�·TIVM�[TW\�IVL�_PMV�\PM�/8= Q[�QV�\PM�[IUM�8+1M�[_Q\KP� \PM�_ZQ\M�[XMML�[MMU[�\W
JM�KWV[Q[\MV\� :MIL�XMZNWZUIVKM�Q[�IT_Ia[�[TW_MZ�\PIV�ZMIL� M^MV�_PMV�\PM�[TW\[�IZM�KWVVMK\ML
\W�\PM�[IUM�8+1M�[_Q\KP� :MIL�XMZNWZUIVKM�LWM[�VW\�IXXMIZ�\W�JM�INNMK\ML�Ja�\PM�/8= JMQVO
XTIKML�QV�IVڬ��WZڪڥ�·TIVM�[TW\� J]\�Q\�Q[�INNMK\ML�Ja�OWQVO�\PZW]OP�\PM�KPQX[M\� I[�KIV�JM�[MMV�Ja
\PM�ZMIL�JIVL_QL\P�JMQVO�TW_MZ�JW\P�_PMV�\PM�KIZL[�IZM�XTIKML�QV�LQNNMZMV\�8+1M�[_Q\KPM[�IVL
_PMV�\PM�/8= Q[�XTIKML�QV�\PM�8+1M�[TW\�KWVVMK\ML�LQZMK\Ta�\W�\PM�+8=�

*IZM�NW]Z�IVL�[M^MV�QV�ÅO]ZM ڦ�ڨ IZM�[PW_QVO�\PM�WXXW[Q\M�[M\]X[�WN �MIKP�W\PMZ� _PMZM�\PM
/8= Q[�XTIKML�QV�\PM�[M^MV\P�8+1M�[TW\�IVL�\PM�,WTXPQV�1@ KIZL�Q[�XTIKML�QV�\PM�NW]Z\P�[TW\�
1\�IXXMIZ[�\W�JM�I�XZWJTMU�_Q\P�\PQ[�[TW\�IVL�\PM�/8=[� I[�ZMIL�JIVL_QL\P� Q[�M`\ZMUMTa� TW_
_PMV�\PM�/8= Q[�QV�[TW\ڨ�� J]\�U]KP�PQOPMZ�QN �\PM�,WTXPQV�1@ KIZL�Q[�XTIKML�\PMZM�QV[\MIL� <PM
V]UJMZ[�[MMV�_PMV�XTIKQVO�\PM�/8= QV�[TW\ڨ�� IZM�[QUQTIZ�\W�V]UJMZ[�_M�PI^M�[MMV�WV�IVW\PMZ
��UW\PMZJWIZLڭګ@ IVL�\PMZMNWZM�KW]TL�JM�ZMTI\ML�\W�\PM�KPQX[M\� IVL�XW[[QJTa�IT[W�\PI\�\PM�/8=
Q[�Z]VVQVO�QVڬ�·TIVM�UWLM� QV[\MIL�WN �TIVM�UWLM·ڪڥ�

<PM�N]TT�KPIZ\[�NWZ�MIKP�WN �\PM�8+1M�[TW\[�IZM�QVKT]LML�QV�[MK\QWV ڥ�* WV�XIOM �ګګ 8IZ\QK]TIZTa
QV\MZM[\QVO�IZM�ÅO]ZM ڦ�* IVL �ڨ�* 1V�\PM[M�KPIZ\[� _M�KIV�[MM�\PI\�\PM�_ZQ\M�JIVL_QL\P�[\WX[
OZW_QVO�IJZ]X\Ta� 1V�ITT�\PM�W\PMZ�KPIZ\[� \PM�JIVL_QL\P�OZW_[�[\MILQTa�IVL�[TW_Ta�ÆI\[�W]\� ?Pa
\PQ[�Q[�PIXXMVQVO�Q[�I�TQ\\TM�]VKTMIZ� J]\�Q\�Q[�TQSMTa�\PI\�\PMZM�Q[�I�J]O�WZ�JW\\TMVMKS�QV�\PM�KPQX[M\
WZ�+8=�

<nkk^gm�ol' ik^obhnl�`^g^kZmbhg�\abil^m

?M� PI^M� IT[W� Z]V� \M[\[� \W� KWUXIZM� \PM� K]ZZMV\� OMVMZI\QWV� �ڭګ@ KPQX[M\� ^MZ[][� \PM� XZM^QW][
OMVMZI\QWV�KPQX[M\�@ڬک�KPQX[M\� <PQ[� Q[�IV� QV\MZM[\QVO�JMVKPUIZS� I[� \PMZM�XW[[QJTa�IZM�J]O[
XZM[MV\� QV� \PM�KPQX[M\[�INNMK\QVO�XMMZ·\W·XMMZ�KWUU]VQKI\QWV� .QO]ZM ڧ�ڨ [PW_[�,5) X][P
JIVL_QL\P�IVL�ÅO]ZM ڨ�ڨ [PW_[�,5) X]TT�JIVL_QL\P� JW\P�KPIZ\[�IZM�WV�\PM�VM`\�XIOM�

4WWSQVO� I\� \PM� ÅZ[\� ÅO]ZM� ��ڧ�ڨ� _M� KIV� [MM� \PI\� \PM� _ZQ\M� XMZNWZUIVKM� WV� �ڭګ@ OZW_[
KWUXIZIJTM� \W� \PM�@ڬک�KPQX[M\�]X� \W� \ZIV[NMZ� [QbM[�JM\_MMVڬ��IVL� ��SJڪڥ ?Q\P� \ZIV[NMZ� [QbM[
IJW^M�\PI\� \PM�JIVL_QL\P�[MMU[�\W�\WX�W]\�IZW]VL�5ڤکڪڦ�*�[� <PQ[�LWM[�VW\�PIXXMV�WV�@ڬک�
_PMZM�\PM�JIVL_QL\P�KWV\QV]M[�\W�OZW_�_Q\P�TIZOMZ�\ZIV[NMZ�[QbM[�

:MIL�XMZNWZUIVKM�Q[�IT[W�INNMK\ML� I[�[MMV�QV�\PM�[MKWVL�ÅO]ZMڨ�ڨ���� IVL�JW\P�NWZ�@ڬک�IVL
�]PM�ZMIL�JIVL_QL\P�Q[�[QOVQÅKIV\Ta�TW_MZ�\PIV�_PI\�KIV�JM�IKPQM^ML�\PZW]OP�8+1M�[_Q\KPM\�ڭګ@
<PM�ZMIL�XMZNWZUIVKM�WV�@ڭګ�Q[�IT[W�TW_MZ�\PIV�WV�@ڬک� J]\�Q\�LWM[�VW\�IXXMIZ�\W�\WX�W]\�I[
IJZ]X\Ta�I[�Q\�LWM[�_Q\P�_ZQ\M�XMZNWZUIVKM� 1\�R][\�OZW_[�[TW_MZ�IVL�OZIL]ITTa�\WX[�W]\�I\�R][\
IJW^M�PITN �\PM�JIVL_QL\P�IKPQM^ML�WV�@ڬک�

?ZQ\M� [XMML� WV� �ڬک@ Q[� KWUXIZIJTM� \W� ][QVO� I� 8+1M� [_Q\KP� J]\� ZMIL� XMZNWZUIVKM� Q[
[QOVQÅKIV\Ta�TW_MZ� 7V�@ڭګ� \PM�LQNNMZMVKM�Q[�M^MV�TIZOMZ� _Q\P�JW\P�_ZQ\M�IVL�ZMIL�XMZNWZUIVKM
JMQVO�[QOVQÅKIV\Ta�TW_MZ�

?Q\P�\PM�@ڭڭ�KPQX[M\�NZWU�1V\MT�KWUQVO�[WWV� Q\�_QTT�JM�QV\MZM[\QVO�\W�[MM�PW_�\PI\�KWUXIZM[�
I[�\PMZM�Q[�M^QLMVKM�\PI\�\PM�XMZNWZUIVKM�Q[�OZMI\Ta�INNMK\ML�Ja�\PM�KPQX[M\[�
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-'+'+ Ibi^ebg^�[^g\afZkdl
?PQTM� \PM� [aV\PM\QK� JMVKPUIZS[� IZM� ][MN]T� NWZ� LM\MK\QVO� XW\MV\QIT� JW\\TMVMKS[� \PMa� IZM� VW\
ZMXZM[MV\I\Q^M� NWZ�PW_�IK\]IT�IXXTQKI\QWV[�JMPI^M� 1V�W]Z�XQXMTQVM� \ZIV[NMZ[�][]ITTa�WKK]Z� QV
J]Z[\[� ]X� \W� �ڤک \QUM[�XMZ� [MKWVL[� LMXMVLQVO�WV� \PM� NZIUM� ZI\M� IVL�U]T\QXTM� [QU]T\IVMW][
\ZIV[NMZ[�IZM�IT[W�KWUUWV� <PQ[�Q[�NIZ�NZWU�\PM�KWV[\IV\� J]\�VM^MZ�KWVK]ZZMV\�\ZIV[NMZ[�\PI\�IZM
JMVKPUIZSML�_Q\P�\PM�[aV\PM\QK�\M[\[� ?M�PI^M�\PMZMNWZM�IT[W�JMVKPUIZSML�\PM�QVLQ^QL]IT�XIZ\[
WN �W]Z�XQXMTQVM� IVL�_M�NWK][�WV�\PM�LI\I�\ZIV[NMZ[�IVL�\PM�NZIUM�[aVKPZWVQbMZ�I[�\PI\�IZM�\PM
XIZ\[�_M�PI^M�QUXTMUMV\ML�NWZ�\PQ[�\PM[Q[�

Ibi^ebg^�=F: eZm^g\r

<PM�ÅZ[\�\PQVO�_M�PI^M�JMVKPUIZSML�QV�\PM�XQXMTQVM� Q[�,5) TI\MVKa� <PQ[�Q[�LWVM�Ja�[I^QVO
I� \QUM[\IUX� ZQOP\� JMNWZM� IVL� ZQOP\� IN\MZ� _M� [\IZ\� MIKP� ,5) \ZIV[NMZ� *a� []J\ZIK\QVO� \PM
ÅZ[\� \QUM[\IUX� NZWU� \PM� [MKWVL�WVM� _M�OM\� \PM� TI\MVKa�WN � \PM� \ZIV[NMZ� QVKT]LQVO�W^MZPMIL�
.QO]ZM Kک�ڨ WV�\PM�VM`\�XIOM�[PW_[�\PM�TI\MVKa�I\�LQNNMZMV\�NZIUM�ZI\M[� .ZWU�\PQ[�ÅO]ZM�_M�KIV
[MM�\PI\�\PM�ÅZ[\�WN �\PM�[\IZ\ML�,5) \ZIV[NMZ[�PI^M�\PM�TW_M[\�TI\MVKa� <PQ[�Q[�M`XMK\ML� I[�\PM
ÅZ[\�\ZIV[NMZ�_QTT�PI^M�\PM�MV\QZM�TQVS�\W�Q\[MTN �NWZ�I\� TMI[\�[WUM�WN �\PM�\W\IT�\ZIV[NMZ�\QUM� .WZ
\PM�[MKWVL�\ZIV[NMZ� _M�[MM�\PI\�\PM�TI\MVKa�PI[�QVKZMI[ML� <PQ[�Q[�IT[W�M`XMK\ML� I[�\PQ[�\ZIV[NMZ
WN\MV�[\IZ\[�QV�XIZITTMT�\W�\PM�ÅZ[\�\ZIV[NMZ�IVL�ÅVQ[PML�QV�XIZITTMT�\W�\PM�\PQZL�\ZIV[NMZ� <PM�\PQZL
\ZIV[NMZ�PI[�\PM�PQOPM[\�TI\MVKa�WN �ITT�\ZIV[NMZ[� <PMZM�IZM�\_W�ZMI[WV[�NWZ�\PQ[� .QZ[\� \PM�,WTXPQV
1@ KIZL[�PI^M�\_W�,5) MVOQVM[� <PQ[�UMIV[�\PI\�\PM�\PQZL�\ZIV[NMZ�_QTT�PI^M�\W�_IQ\�NWZ�WVM�WN
\PM�\_W�W\PMZ�\ZIV[NMZ[�\W�KWUXTM\M� JMNWZM�Q\�Q[�[\IZ\ML� ;MKWVL� \PM�\PQZL�\ZIV[NMZ�_QTT�WN\MV�Z]V
QV�XIZITTMT�\W�\PM�[MKWVL�\ZIV[NMZ�

1V�ILLQ\QWV�\W�\PM�V]UJMZ[�QV�ÅO]ZM �Kک�ڨ _M�PI^M�TWWSML�I\�TI\MVKa�V]UJMZ[�_PMV�][QVO
/8=,QZMK\� <PM[M�KIV�JM�[MMV�QV�ÅO]ZM �Lک�ڨ 1\�[PW_[�\PI\�\PM�TI\MVKa� _PMV�][QVO�/8=,QZMK\�
Q[�ITUW[\�QLMV\QKIT�\W�\PM�TI\MVKa�_Q\PW]\�/8=,QZMK\� +WUXIZML�\W�\PM�ZM[]T\[�_M�PI^M�[MMV�NZWU
GPDBEHQFK \M[\[� \PQ[�Q[�^MZa�[QUQTIZ� ?M�PI^M�[MMV�\PI\�]VLMZ�WX\QUIT�KWVLQ\QWV[� \PM�\ZIV[NMZ
TI\MVKa�WN �/8=,QZMK\�\ZIV[NMZ[�IZM�KWUXIZIJTM�\W�\PM�TI\MVKa�_PMV�\ZIV[NMZZQVO�JM\_MMV�+8=
UMUWZa�[MOUMV\[�

=VLMZ�\PM[M�KWVLQ\QWV[� _PMZM�\ZIV[NMZ[�_Q\P�IVL�_Q\PW]\�/8=,QZMK\�PI^M�\PM�[IUM�TI\MVKa�
][QVO�/8=,QZMK\�_QTT� IT_Ia[� JM� XZMNMZIJTM� <PM� M`\ZI� \QUM� [XMV\� KWXaQVO� LI\I� NZWU�+8=
UMUWZa� \W�/8= UMUWZa� ZMY]QZML�_Q\PW]\�/8=,QZMK\� _QTT�IT_Ia[�ILL� TI\MVKa� ?PQTM� \PQ[
Q[�\Z]M�NWZ�_ZQ\M�WXMZI\QWV[� Q\�Q[�VW\�O]IZIV\MML�\W�JM�KWZZMK\�NWZ�ZMIL�WXMZI\QWV[� I[�_M�PI^M�[MMV
[QOVQÅKIV\Ta�PQOPMZ�TI\MVKa�NWZ�ZMIL�WXMZI\QWV[�

,MXMVLQVO�WV�PW_�_M�PI^M�KWVÅO]ZM�\PM�XQXMTQVM� Q\�UIa�IT[W�PI^M�I�[MKWVL�\ZIV[NMZ� .WZ
\M[\QVO� \PQ[� _M�PI^M�KWVÅO]ZML� \PM�XQXMTQVM�I[�LM[KZQJML� QV� [MK\QWV ڥ�ګ�ڧ WV�XIOM �ڬڨ 1V� \PQ[
[M\]X� \PM�[\Q\KPML�QUIOM�Q[�[MV\�\W�I�[MXIZI\M�UIKPQVM�NWZ�MVKWLQVO� <PM�ZM[WT]\QWV�WN �\PM�QUIOM
_PMZM�\PQ[�\ZIV[NMZ�WKK]Z[�QV�\PM�XQXMTQVM� Q[ڨڪڬڥ×ڦګڬڦ��XQ`MT[�_PMV�Z]VVQVO�_Q\P�\PZMM�KIUMZI[�
*M\_MMV�\PM[M�UWL]TM[�A=>ڦڦڨ�Q[�][ML� 1V�\W\IT� \PM�[QbM�WN �MIKP�NZIUM�Q[�5ڥګ�ڤڥ�*��?PQTM�\PQ[
Q[�TIZOMZ�\PIV�MIKP�WN �\PM�QUIOM[�QV�\PM�ÅZ[\�[MZQM[�WN �\ZIV[NMZ[� \PMZM�Q[�WVTa�WVM�\ZIV[NMZ� =VLMZ
VWZUIT�KWVLQ\QWV[� \PM�XQXMTQVM�Q[�NI[\�MVW]OP�\PI\�\PQ[�\ZIV[NMZ�Q[�TQSMTa�\W�WKK]Z�QVLMXMVLMV\Ta
WN �\PM�\ZIV[NMZ[�NZWU�ZMKWZLQVO�UIKPQVM�\W�XZWKM[[QVO�UIKPQVM�
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.QO]ZM "ک�ڨ ,5) TI\MVKa�WN �\PM�QVLQ^QL]IT�NZIUM�\ZIV[NMZ[�JM\_MMV�\PM�ZMKWZLQVO�UIKPQVM
IVL�\PM�XZWKM[[QVO�UIKPQVM� >IT]M[�IZM�OZW]XML�Ja�\PM�WZLMZ�WN �\PM�\ZIV[NMZ[� <PM�JW`M[
QV� MIKP�OZW]X�IZM� NZWU� TMN\� \W� ZQOP\" �ڤڧ NX[� �ڤک NX[� IVL� �ڤک NX[� I� IVL J� [PW_� TI\MVKa
_Q\PW]\�IVL�_Q\P�/8=,QZMK\� ?M�PI^M�KWVÅZUML�_Q\P�,WTXPQV�\PI\�\PMZM�Q[�I�J]O�INNMK\QVO
UWZM�\PIV�\_W�XIZITTMT�,5) \ZIV[NMZ[� *MKI][M�WN �\PQ[� [WUM�WN �\PM�\ZIV[NMZ[�QV�\PM�\PQZL
OZW]X�\ISM�U]KP�TWVOMZ�\PIV�M`XMK\ML�\W�KWUXTM\M� <W�JM\\MZ�[MM�\PM�^IZQI\QWV�QV�ZM[]T\[�VW\
INNMK\ML�Ja�\PQ[�J]O� _M�PI^M�QVKT]LML�\_W�ILLQ\QWVIT�KPIZ\[� K IVL L� <PM[M�KPIZ\[�[PW_�\PM
[IUM�ZM[]T\[� _Q\P�[XQSM[�IJW^Mکڥ��U[�ZMUW^ML� <PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL�TIZOM[\�^IT]M
ZMKWZLML�
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.QO]ZM "ڪ�ڨ 4I\MVKa�QV\ZWL]KML�Ja�Z]VVQVO�XIVWZIUI�XZWKM[[QVO�IVL�MVKWLQVO�WV�[MXIZI\M
UIKPQVM[� <PQ[�KWZZM[XWVL[�\W�ÅO]ZM ڪڥ�ڧ WV�XIOM �ڬڨ I� [PW_[�\PM�Q[WTI\ML�TI\MVKa�WN �\PM
,5) ZMY]M[\� J� [PW_[�\PM�\W\IT�TI\MVKa�NZWU�XZWKM[[QVO�PI[�KWUXTM\ML� ]V\QT�\PM�NZIUM�Q[
ZMILa�NWZ�MVKWLQVO� ?Q\PW]\�/8=,QZMK\�\PQ[�QVKT]LM[�I�UMUWZa�KWXa�NZWU�/8= \W�+8=�
<PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL�TIZOM[\�^IT]M�ZMKWZLML�

<PM�TI\MVKa�WN �\PQ[�\ZIV[NMZ�Q[�[PW_V�QV�ÅO]ZM Iڪ�ڨ IJW^M� ?PMV�Z]VVQVO�_Q\P�/8=,QZMK\�
\PQ[�Q[�I�LQZMK\�,5) \ZIV[NMZ�NZWU�/8=UMUWZa�WV�\PM�XZWKM[[QVO�UIKPQVM�\W�+8=UMUWZa�WV
\PM�MVKWLQVO�UIKPQVM� ?Q\PW]\�/8=,QZMK\� Q\�Q[�I�VWZUIT�,5) \ZIV[NMZ�NZWU�+8=UMUWZa�QV
\PM�XZWKM[[QVO�UIKPQVM�\W�+8= UMUWZa�QV�\PM�MVKWLQVO�UIKPQVM� ?M�KIV�WJ[MZ^M�\PI\�_PMV
][QVO�/8=,QZMK\� \PQ[�\ZIV[NMZ�\ISM[�[TQOP\Ta�TWVOMZ�\PIV�_Q\PW]\� *I[ML�WV�\PM�V]UJMZ[�_M�PI^M
[MMV�QV�ÅO]ZM �ڦ�ڨ WV�XIOM �ڬک \PI\�\PM[M�ZM[]T\[�IZM�I[�M`XMK\ML�

<PM�ZMIT�OIQV�NZWU�][QVO�/8=,QZMK\�Q[�VW\�TW_MZ�TI\MVKa�\ZIV[NMZ[� Q\�Q[�\PM�IJQTQ\a�\W�ZMUW^M
\PM�QVQ\QIT�KWXa�NZWU�/8= UMUWZa�\W�+8= UMUWZa�WV�\PM�XZWKM[[QVO�UIKPQVM� .QO]ZM Jڪ�ڨ
KWUXIZM[�\W\IT�\ZIV[NMZ�\QUM�_Q\P�IVL�_Q\PW]\�/8=,QZMK\� ?PMV�VW\�][QVO�/8=,QZMK\� \PQ[
QVKT]LM[�\PM�KWXa�NZWU�/8=UMUWZa�\W�+8=UMUWZa�JMNWZM�KWXaQVO�NZWU�UIKPQVM�\W�UIKPQVM�
<PQ[� KPIZ\� KTMIZTa� [PW_[� \PI\� \PM� [TQOP\Ta�PQOPMZ� TI\MVKa�WN � \PM�,5) ZMY]M[\� Q[� QV[QOVQÅKIV\
KWUXIZML�\W�\PM�M`\ZI�TI\MVKa�ILLML�Ja�\PM�ILLQ\QWVIT�KWXa�NZWU�/8=UMUWZa�\W�+8=UMUWZa
_Q\PW]\�/8=,QZMK\�

*a�LQ^QLQVO�\PM�V]UJMZ�WN �Ja\M[�\ZIV[NMZZML�Ja�\PM�\W\IT�\QUM�\PM�\ZIV[NMZ�\WWS� QVKT]LQVO
\PM�M`\ZI�[\MX�^QI�+8= UMUWZa�_PMV�VW\�][QVO�/8=,QZMK\� _M�OM\�I�UMLQIV�JIVL_QL\P�WN
�\Q\P�/8=,QZMK_�]�*�5ڪڨڬڦ IVL� �\[Q\PW_�]�*�5ڪڭڪڥ <PQ[� Q[� IV� QV\MZM[\QVO� ZM[]T\� )\� ڪڭڪڥ
5*�[� OWQVO�^QI�\PM�+8= Q[�[\QTT�NI[\MZ�\PIV�][QVO�/8=,QZMK\�]VLMZ�[]J·WX\QUIT�KWVLQ\QWV[� )[
ÅO]ZM ڦ�ڨ �X� �]_PW]��ڬک _M�KIV�VW\�M`XMK\�JIVL_QL\P[�IJW^M�5ڤڤڬ�*�[�_PMV�\PM�KWUU]VQKI\QWV
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K� 0,: UWLM

.QO]ZM "ګ�ڨ <W\IT� TI\MVKa�ILLML�Ja�\PM�NZIUM�[aVKPZWVQbMZ� I� [PW_[� TI\MVKa�_Q\P�\PZMM
KIUMZI[� J� [PW_[�TI\MVKa�_Q\P�[M^MV�KIUMZI[� K� [PW_[�TI\MVKa�QV�0,: UWLM�_Q\P�\PZMM
KIUMZI[� )TT�UMI[]ZMUMV\[�IZM�I\ڤک�� NX[� <PM�_PQ[SMZ[� [PW_�[UITTM[\�IVL� TIZOM[\�^IT]M
ZMKWZLML�

JM\_MMV�\PM�,WTXPQV�1@ KIZL�IVL�\PM�/8= OWM[�^QI�\PM�+8= WV�@ڭګ�KPQX[M\[� 7V�@ڬک� I[�[MMV
QV�ÅO]ZM ڨ�ڨ �X� ��ڤڪ ][QVO�/8=,QZMK\�_QTT�TQSMTa�JM�[TQOP\Ta�[TW_MZ�

?kZf^�lrg\akhgbs^k�eZm^g\r

)N\MZ�\ZIV[NMZZQVO�\PM�NZIUM[�NZWU�\PM�ZMKWZLQVO�UIKPQVM�\W�\PM�XZWKM[[QVO�UIKPQVM� \PM�VM`\
[\MX� QV� \PM�XQXMTQVM� Q[� NZIUM� [aVKPZWVQbI\QWV� <PQ[� Q[�I�[\MX�\PI\� TIZOMTa�KWV[Q[\[�WN �UMUWZa
KWXQM[� .ZIUM[�NZWU�\PM�QVLQ^QL]IT�KIUMZI[�IZM�OZW]XML�JI[ML�WV�\PMQZ�\QUM[\IUX[�IVL�KWXQML
QV\W�KWUUWV�J]NNMZ[�NWZ�\PM�[M\[� )N\MZ�NZIUM[�PI^M�JMMV�OZW]XML�QV\W�[M\[� MIKP�[M\�Q[�KWXQML�QV\W
\PM�J]NNMZ�XZW^QLML�Ja�\PM�VM`\�UWL]TM�QV�\PM�XQXMTQVM� ?PMV�Z]VVQVO�_Q\P�/8=,QZMK\� \PM[M
KWXQM[�IZM�XMZNWZUML�QV·LM^QKM�WV�\PM�/8=��?Q\PW]\�/8=,QZMK\� ITT�PIXXMV[�WV�\PM�+8=�

,MXMVLQVO�WV�\PM�V]UJMZ�WN �KIUMZI[� \PM�UMUWZa�KWXQM[�XMZNWZUML�QV�\PM�[aVKPZWVQbMZ
KIV�XW\MV\QITTa�JM�I�[W]ZKM�WN �LMTIa[� -IKP�NZIUM�Q[�5ڤڥ�ڦ�*��?Q\P�Å^M�KIUMZI[� *�5ڥڦ IZM�KWXQML
NWZ�MIKP�NZIUM�[M\� �]�NXڤک�\( \PQ[�Q[�UIZOQVITTa�UWZM�\PIVڥ��/*�[�

.QO]ZM ګ�ڨ IJW^M� [PW_[� \PM� TI\MVKa� ILLML� Ja� \PM� NZIUM� [aVKPZWVQbMZ� ]VLMZ� LQNNMZMV\
KWVLQ\QWV[� 7V�\PM�TMN\� ÅO]ZM �Iګ�ڨ \PM�TI\MVKa�_Q\P�\PZMM�KIUMZI[�IZM�[PW_V� 1V�\PM�KMV\MZ�
ÅO]ZM Jګ�ڨ [PW_[�\PM�TI\MVKa�_Q\P�[M^MV�KIUMZI[� 7V�\PM�ZQOP\� TI\MVKa�_PMV�Z]VVQVO�QV�0,:
UWLM�Q[�[PW_V�QV�ÅO]ZM �Kګ�ڨ )TT�V]UJMZ[�[PW_V�PMZM�_MZM�ZMKWZLML�_Q\P�\PM�KIUMZI[�Z]VVQVO
I\ڤک��NX[� 4IZOM�ÅO]ZM[�_Q\P�ILLQ\QWVIT�LI\I�IZM�QVKT]LML�QV�[MK\QWV ڦ�* WV�XIOM �ڥڬ



کڪ

+IUMZI[ ?Q\PW]\�/8=,QZMK\ ?Q\P�/8=,QZMK\
5MLQIV 5I`QU]U 5MLQIV 5I`QU]U

ڧ ڦڪ�ګ ڬڭ�ګ ڥڧ�ڭڥ ڧڪ�ګڨ
ګ ڪڤ�ڪ ڥک�ڪ ڬڥ�ڪڧ ڨګ�ڭڪ

<IJTM "ک�ڨ )XXZW`QUI\M�LI\I�\PZW]OPX]\�WN �\PM�NZIUM�[aVKPZWVQbMZ� KITK]TI\ML�Ja�LQ^QLQVO
\PM�\QUM�[XMV\�Ja�\PM�V]UJMZ�WN �Ja\M[�KWXQML� <PM�V]UJMZ[�_Q\PW]\�/8=,QZMK\�IZM�NZWU
IV�Q3ڤڦڬڨ�ګ IVL�\PM�V]UJMZ[�_Q\P�/8=,QZMK\�IZM�NZWU�I�<M[TI�3ڤڦK� )TT�V]UJMZ[�IZM�QV
/*�[�

)TT�ÅO]ZM[�[PW_�\PI\�\PM�NZIUM�[aVKPZWVQbMZ�Q[�[]J[\IV\QITTa�NI[\MZ�_PMV�][QVO�/8=,QZMK\�
?M�IT[W�[MM�\PI\�I[�UWZM�LI\I�Q[�JMQVO�KWXQML� \PM�IL^IV\IOM�WN �][QVO�/8=,QZMK\�Q[�OZW_QVO�
<PQ[�Q[�KTMIZTa�̂ Q[QJTM�QV�ÅO]ZM Jګ�ڨ _PMZM�\PM�KW[\�WN �ILLQVO�NW]Z�UWZM�KIUMZI[�KWUXIZML�\W Iګ�ڨ
Q[�QV[QOVQÅKIV\�_PMV�][QVO�/8=,QZMK\� ?Q\PW]\�/8=,QZMK\� \PM�\QUM�[XMV\�QV�\PM�[aVKPZWVQbMZ
Q[�UWZM�\PIV�LW]JTML�

.QO]ZM ڬ�* WV�XIOM ڥڬ KTMIZTa�[PW_[�PW_�\PM�[aVKPZWVQbMZ�Q[�INNMK\ML�Ja�\PM�[QbM�WN �\ZIV[NMZ[�
)\�VWZUIT�NZIUM�ZI\M[� _PMZM�MIKP�NZIUM�Q[�[TQOP\Ta�IJW^M�5ڦ�*��\PM�LQNNMZMVKM�_Q\P�IVL�_Q\PW]\
/8=,QZMK\�Q[�IZW]VLڥ��U[� ?PMV�][QVO�0,:��MIKP�NZIUM�Q[�R][\�W^MZ�5ڨ�*��IVL�_M�[MM�I�TIZOMZ
LQNNMZMVKM�JM\_MMV�][QVO�/8=,QZMK\�IVL�VW\�][QVO�/8=,QZMK\�

<PM�ZMI[WV�\PM�NZIUM�[aVKPZWVQbMZ�Q[�Y]QKSMZ�_PMV�][QVO�/8=,QZMK\�Q[�UW[\�TQSMTa�JMKI][M
UMUWZa�JIVL_QL\P�WV�/8=[�Q[�[QOVQÅKIV\Ta�PQOPMZ�\PIV�UMUWZa�JIVL_QL\P�WV�+8=[� <PM
WVTa�[QOVQÅKIV\�LQNNMZMVKM�JM\_MMV�Z]VVQVO�\PM�NZIUM�[aVKPZWVQbMZ�_Q\P�IVL�_Q\PW]\�/8=,QZMK\
Q[�\PM�TWKI\QWV�WN �\PM�NZIUM�LI\I�

<PM� Q3ڤڦڬڨ�ګ PI[� I� UI`QU]U�UMUWZa� JIVL_QL\P� WN � �ګ�ڭک /*�[� <PM� \_W� /8=[� _M
PI^M� ][ML� NWZ� \M[\QVO� \PM�9]ILZW�3ڤڤڤڦ� IVL�<M[TI�3ڤڦK� PI^M� �]�*/�ڨڪ IVL� �]�*/�ڬڤڦ WN
JIVL_QL\P�ZM[XMK\Q^MTa� .ZWU�IK\]IT�UMI[]ZMUMV\[� _M�PI^M�[MMV�\PI\�\PM�9]ILZW�PI[کڦ��/*�[
WN �JIVL_QL\P� IVL�\PM�<M[TI�PI[ڧڬ��/*�[� <PM�Qڤڪڭڨ�ګ@ CڪڪE�PI[�I�UMI[]ZML�JIVL_QL\P�WN
IZW]VLڤڨ��/*�[ CګڪE� )KKWZLQVO�\PM�\PM�[XMKQÅKI\QWV[�NZWU�1V\MT� \PM�Q3ڤڦڬڨ�ګ IVL�Qڤڪڭڨ�ګ@
PI[�\PM�[IUM�UI`QU]U�JIVL_QL\P� )TT�\PM�\M[\[�[PW_V�PMZM�PI^M�JMMV�Z]V�_Q\P�\PM�<M[TI�3ڤڦK
KIZL�

1\�Q[�IT[W�XW[[QJTM�\W�XMZNWZU�KWXQM[�QV�/8=UMUWZa�_Q\PW]\�][QVO�/8=,QZMK\� Ja�TM\\QVO�\PM
NZIUM�[aVKPZWVQbMZ�XMZNWZU�\PM�KWXa�NZWU�+8=UMUWZa�\W�/8=UMUWZa�JMNWZM�[aVKPZWVQbQVO
\PM�NZIUM[� <PQ[�ZMUW^M[�\PM�VMML�NWZ�I�[MXIZI\M�UWL]TM�\W�PIVLTM�\PM�KWXa�NZWU�+8=UMUWZa
\W�/8= UMUWZa� 1\�IT[W�ZML]KM[�TI\MVKa�Ja�]\QTQbQVO�\PM�QVKZMI[ML�UMUWZa�JIVL_QL\P�WV�\PM
/8=�

<IJTM ک�ڨ IJW^M� [PW_[� \PM�LI\I� \PZW]OPX]\�WN � \PM� NZIUM� [aVKPZWVQbMZ� <PM� \PZW]OPX]\
WV�\PM�+8= Q[�[QOVQÅKIV\Ta�TW_MZ�\PIV�WV�\PM�/8=��)[�\PM�NZIUM�[aVKPZWVQbMZ[�WXMZI\M�WV�I
[QVOTM�\PZMIL� ITT�UMUWZa�\ZIV[NMZ[�IZM�XMZNWZUML�[MY]MV\QITTa� 8IZ\QK]TIZTa�WV�+8=��UMUWZa
JIVL_QL\P�IXXMIZ[� \W�JM� [QOVQÅKIV\Ta� ZML]KML�JMKI][M�WN � \PQ[� ?M� IT[W� WJ[MZ^M� \PI\� TIZOMZ
\ZIV[NMZ[�ZM[]T\�QV�TW_MZ�\PZW]OPX]\�WV�\PM�+8= IVL�PQOPMZ�\PZW]OPX]\�WV�\PM�/8=��<PQ[�KIV
XW[[QJTa�JM�JMKI][M�\PM�+8= WXMZI\QWV[�KIV�JM�QV\MZZ]X\ML�Ja�KWV\M`\�[_Q\KPM[�

1V�ILLQ\QWV�\W�\PM�PQOPMZ�TI\MVKa� \PM�UMI[]ZMUMV\[�_Q\P�/8=,QZMK\�IZM�IT[W�UWZM�[\IJTM�
<PQ[�Q[�KTMIZTa�^Q[QJTM�QV�\PM�N]TT�KPIZ\[�QV�[MK\QWV ڦ�* �X� ��ڥڬ XIZ\QK]TIZTa�QV�ÅO]ZM �ڬ�* <PQ[�ÅO]ZM
IT[W�[PW_[�\PI\�\PM�TI\MVKa�̂ IZQM[�OZMI\Ta�JM\_MMV�NZIUM�ZI\M[� 1\�Q[�]VKTMIZ�_Pa�\PQ[�Q[�PIXXMVQVO�
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K� 0,: UWLM

.QO]ZM "ڬ�ڨ <W\IT�TI\MVKa�WN �\PM�XZWKM[[QVO�XQXMTQVM�_PMV�Z]VVQVO�WV�\_W�UIKPQVM[� I�
[PW_[�TI\MVKa�_Q\P�\PZMM�KIUMZI[� J� [PW_[�TI\MVKa�_Q\P�[M^MV�KIUMZI[� K� [PW_[�TI\MVKa�QV
0,:UWLM�_Q\P�\PZMM�KIUMZI[� )TT�UMI[]ZMUMV\[�IZM�I\ڤک��NX[� <PM�_PQ[SMZ[�[PW_�[UITTM[\
IVL�TIZOM[\�^IT]M�ZMKWZLML�

I[�\PMZM�Q[�VW\PQVO�QV�\PM�NZIUM�[aVKPZWVQbMZ�\PI\�KPIVOM[�JI[ML�WV�\PM�NZIUM�ZI\M� M`KMX\�NWZ
LZWXXML�NZIUM�LMILTQVM[� <PQ[�Q[�[]XXWZ\ML�Ja�\PM�NIK\�\PI\�\PM�UQVQU]U�TI\MVKa�WN �MIKP�\M[\�Q[
\PM�[IUM� QVLMXMVLMV\Ta�WN �NZIUM�ZI\M�

)VW\PMZ�QV\MZM[\QVO�ÅVL�QV�ÅO]ZM Kګ�ڨ �X� ��Q[�\PI\�\PM�NZIUM�[aVKPZWVQbMZ�PI[�PQOPMZ�TI\MVKaڨڪ
QV�0,: UWLM� \PIV�_Q\P� �ګ KIUMZI[� <PQ[� Q[�]VM`XMK\ML� I[�UWZM�LI\M� Q[� KWXQML�_Q\P� [M^MV
KIUMZI[�

Ikh\^llbg`�ibi^ebg^�eZm^g\r

6�*�" <PM�TI\MVKa�V]UJMZ[�XZM[MV\ML�QV�\PQ[�[MK\QWV�IZM�VW\�ZMXZM[MV\I\Q^M�WN �\PM�\W\IT�TI\MVKa�WN �\PM�XQXMTQVM� ?PMV
VW\�W\PMZ_Q[M�[\I\ML� \PM�TI\MVKa�Q[�UMI[]ZML�NZWU�\PM�TI[\�WN �\PM�QVLQ^QL]IT�NZIUM[�IZM�ZMKMQ^ML�WV�\PM�ZMKWZLQVO
UIKPQVM�]V\QT�\PM�[\Q\KPML�QUIOM�Q[�ZMILa�NWZ�MVKWLQVO� <PM�IK\]IT�TI\MVKa�NZWU�\PM�QUIOM�Q[�KIX\]ZML�]V\QT�Q\�Q[
MVKWLML�Q[�TIZOMZ� ?M�PI^M�KPW[MV�\W�UMI[]ZM�TI\MVKa�\PQ[�_Ia� JMKI][M�Q\�Q[�XW[[QJTM�\W�KWUXIZM�IKZW[[�KWVÅO]ZI\QWV[
IVL�Q[�QVLMXMVLMV\�WN �KIUMZI�\ZQOOMZ�[aVKPZWVQbI\QWV� _PQKP�KIV�JM�XZWJTMUI\QK��[MM�ÅO]ZM ڦڥ�* WV�XIOM ��کڬ

<PMZM�IZM�UIVa�NIK\WZ[�\PI\�KIV�INNMK\�\PM�\W\IT�XZWKM[[QVO�XQXMTQVM�TI\MVKa� )[�_M�PI^M�[MMV
QV�\PM�XZM^QW][�[MK\QWV[� \PM�NZIUM�[aVKPZWVQbMZ�IVL�LI\I�\ZIV[NMZ�UWL]TM[�IZM�INNMK\ML�Ja�\PM
IUW]V\�WN �LI\I� <PM�LI\I�[QbM�KIV�^IZa�JMKI][M�WN �MQ\PMZ�LQNNMZMV\�NWZUI\[�WZ�\PM�NWZUI\�][ML�
7\PMZ�XIZ\[�WN �\PM�XQXMTQVM�IT_Ia[�ZMIL�NZIUM[�QV�\PM�[IUM�NWZUI\� IVL�IZM�WVTa�INNMK\ML�Ja�\PM
V]UJMZ�WN �KIUMZI[�



ګڪ

1V�ÅO]ZM ڬ�ڨ WV�\PM�XZM^QW][�XIOM�_M�KWUXIZM�\PM�TI\MVKa�WN �\PM�XQXMTQVM�_Q\P�\PZMM�LQNNMZMV\
KIUMZI�[M\]X[� .QO]ZM Iڬ�ڨ [PW_[�I�[M\]X�_Q\P�\PZMM�KIUMZI[� ÅO]ZM Jڬ�ڨ _Q\P�[M^MV�KIUMZI[�
IVL�ÅO]ZM Kڬ�ڨ _Q\P�\PZMM�KIUMZI[�QV�0,: UWLM� 4I\MVKa�NWZ�\PM�ZM[\�WN �\PM�UWL]TM[�QV�\PM
XQXMTQVM�_Q\P�\PZMM�IVL�[M^MV�KIUMZI[�KIV�JM�[MMV�QV�ÅO]ZM ڥڥ�* WV�XIOM �ڨڬ )TT�V]UJMZ[�IZM
NZWU�I�\_W�UIKPQVM�[M\]X� _Q\P�\PM�KIUMZI[�WXMZI\QVO�I\ڤک��NX[�

+WUXIZQVO�\PM�TI\MVKa�WN �\PM[M�[M\]X[�OQ^M[�I�OWWL�W^MZ^QM_�WN �PW_�\PM�XQXMTQVM�[KITM[� 1V
\IJTM ڨ�ڨ WV�XIOM ګک _M�TQ[\ML�\PM�QVX]\�IVL�W]\X]\�[QbM�NWZ�MIKP�WN �\PM[M�[M\]X[� .ZWU�\PQ[�_M
KIV�[MM�\PI\�\PM�QVX]\�[QbM�_Q\P�[M^MV�KIUMZI[�IZMڧ�ڦ��\QUM[�TIZOMZ�\PIV�\PM�QVX]\�[QbM�_Q\P�\PZMM
KIUMZI[� <PM�W]\X]\�[QbM�Q[ڭ�ڥ��\QUM[�TIZOMZ� 1V�0,: UWLM� \PM�QVX]\�Q[�\_QKM�\PM�[QbM�WN �\PZMM
KIUMZI[� IVL�\PM�W]\X]\�Q[�\PM�[IUM�[QbM�

.WZ�MIKP�WN �\PM�KPIZ\[�QV�ÅO]ZM �ڬ�ڨ _M�KIV�[MM�\PI\�][QVO�/8=,QZMK\�aQMTL[�TW_MZ�TI\MVKa�
1\�Q[�IT[W�IXXIZMV\�\PI\� I[�\PM�\W\IT�TI\MVKa�QVKZMI[M[�JMKI][M�WN �ILLQ\QWV�LI\I� \PM�IL^IV\IOM�WN
][QVO�/8=,QZMK\�Q[�OZW_QVO� ?Q\P�\PZMM�KIUMZI[� ][QVO�/8=,QZMK\�ZML]KM[�\PM�W^MZITT�TI\MVKa
_Q\Pڧ·ڦ��U[� 4WWSQVO�I\�\PM�JQO�XQK\]ZM� QVKT]LQVO�\PM�TI\MVKa�WN �MVKWLQVO�\PM�̂ QLMW� \PM�TI\MVKa
WN �\ZIV[NMZ[� IVL�QUIOM�KIX\]ZM� \PQ[�Q[�QV[QOVQÅKIV\� ?PMV�QVKZMI[QVO�\PM�V]UJMZ�WN �KIUMZI[
\W�[M^MV�WZ�Z]VVQVO�QV�0,: UWLM� ][QVO�/8=,QZMK\�ZML]KM[�\PM�TI\MVKa�_Q\Pڬ·ګ��U[� <PQ[�Q[
UWZM�[QOVQÅKIV\� J]\�\PM�LQNNMZMVKM�Q[�[\QTT�ZMTI\Q^MTa�[UITT�

1V� \PM� \M[\[�_Q\P�I� \_W�UIKPQVM�[M\]X� I�TIZOM�XWZ\QWV�WN �\PM�OIQV[� TQSMTa�KWUM[�NZWU�\PM
NZIUM�[aVKPZWVQbMZ�XMZNWZUQVO�UMUWZa�KWXQM[�WV�\PM�/8= QV[\MIL�WN �\PM�+8=��1V�ÅO]ZM �ڭ�ڨ
_M�KWUXIZM�\PM�TI\MVKa�_PMV�LQ[\ZQJ]\QVO�\PM�XQXMTQVM�IKZW[[�\_W�IVL�\PZMM�UIKPQVM[� <PQ[�Q[�I
[Q\]I\QWV�_PMZM�\PM�TI\MVKa�WN �\PM�XQXMTQVM�Q[�UWZM�ZML]KML�NZWU�][QVO�\PM�/8=,QZMK\�\MKPVWTWOa
Q\[MTN� \PIV�NZWU�NI[\MZ�UMUWZa�KWXQM[� ?Q\P�\PM�XQXMTQVM�[M\]X�][ML�PMZM� /8=,QZMK\�ZMUW^M[
\_W�KWXQM[�JM\_MMV�+8= UMUWZa�IVL�/8= UMUWZa� .ZWU�ÅO]ZM ڥڥ�* _M�KIV�[MM�\PI\�\PM[M
\_W�KWXQM[�\ISMک·ڨ��U[�_Q\P�\PZMM�KIUMZI[� <PM�KWXa�\W�/8= UMUWZa�\ISM[�[TQOP\Ta�UWZM�\PIV
�]�Uڥ IVL�\PM�KWXa�JIKS�\W�+8= UMUWZa�\ISM[�I�TQ\\TM�UWZM�\PIVڧ��U[� <PQ[�KWZZM[XWVL[�\W
\PM�LQNNMZMVKM�_Q\P�IVL�_Q\PW]\�/8=,QZMK\� I[�KIV�JM�[MMV�QV�ÅO]ZM Iڭ�ڨ IVL�ÅO]ZM �Jڭ�ڨ JMQVO
IZW]VLک��U[�_PMV�Z]VVQVO�IKZW[[�\PZMM�UIKPQVM[�

?M�IT[W�WJ[MZ^M�\PI\�\PM�\PZMM�UIKPQVM�[M\]X�_Q\P�/8=,QZMK\�PI[�[TQOP\Ta�TW_MZ�TI\MVKa�\PIV
\PM�\_W�UIKPQVM�[M\]X� -^MV�_Q\P�I�NZIUM�[aVKPZWVQbMZ�\PI\�XMZNWZU[�UMUWZa�KWXQM[�WV�\PM
/8=��\PM�TI\MVKa�WN �I�\PZMM�UIKPQVM�[M\]X�_Q\P�/8=,QZMK\�_QTT�TQSMTa�PI^M�TM[[�\PIVڥ��U[�UWZM
TI\MVKa�\PIV�I�\_W�UIKPQVM�[M\]X�_Q\PW]\�/8=,QZMK\� <PQ[�Q[�JMKI][M�_M� Ja�][QVO�/8=,QZMK\�
KIV�KWXa�LI\I�JM\_MMV�I�/8= QV�WVM�UIKPQVM�IVL�UMUWZa�QV�IVW\PMZ�UIKPQVM�ITUW[\�I[�NI[\
I[�_M�KIV�KWXa�\PM�LI\I�NZWU�\PM�/8= \W�+8= UMUWZa�QV�\PM�[IUM�UIKPQVM�

1V�ILLQ\QWV�\W�\PM�ZM[]T\[�_M�PI^M�XZM[MV\ML�QV�\PQ[�[MK\QWV� _M�PI^M�\M[\ML�U]T\QXTM�W\PMZ
XQXMTQVM�KWVÅO]ZI\QWV[� :M[]T\[�NZWU�\PM[M�\M[\[�IZM�[PW_V�QV�[MK\QWV ڧ�* WV�XIOM �ڧڬ .QO]ZM ڧڥ�*
WV�XIOM ڪڬ [PW_[�\PM�XZWKM[[QVO�TI\MVKa�WN �ITT�\PZMM�KIUMZI�[M\]X[�_M�PI^M�JMVKPUIZSML� .ZWU
\PQ[�Q\�Q[�WJ^QW][�\PI\�W]Z�/8=,QZMK\�[M\]X�aQMTL[�TW_MZ�TI\MVKa�\PIV�OWQVO�^QI�\PM�+8= _PMV
\ZIV[NMZZQVO�LI\I�JM\_MMV�UIKPQVM[� ?Q\P�JW\P�\_W�IVL�\PM�\ZMM�UIKPQVM�[M\]X[� /8=,QZMK\�Q[
NI[\MZ� <PM�\_W�UIKPQVM�[M\]X�Q[ڧ·ڦ��U[�NI[\MZ� IVL�\PM�\PZMM�UIKPQVM�[M\]X�Q[ڤڥ·ک��U[�NI[\MZ�

)VW\PMZ�QV\MZM[\QVO�ÅVL�Q[�\PI\�_PQTM�\PM�LMTIa�UMI[]ZMUMV\[�PI^M�TIZOM�^IZQIVKM�JM\_MMV
\PM�LQNNMZMV\�NZIUM�ZI\M[�WN �MIKP�[M\]X� \PM�UQVQU]U�UMI[]ZML�LMTIa�JM\_MMV�\PM�LQNNMZMV\�NZIUM
ZI\M[�Q[�^MZa�[QUQTIZ� 1\�IT[W�LWM[�VW\�IXXMIZ�\PI\�\PM�JIVL_QL\P�INNMK\[�\PM�XQXMTQVM�TI\MVKa� I[
PQOPMZ�NZIUM�ZI\M[�IXXMIZ�\W�PI^M�TM[[�^IZQIVKM�\PIV�TW_MZ�NZIUM�ZI\M[�QV�[WUM�WN �\PM�\M[\[� <PQ[
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.QO]ZM "ڭ�ڨ <PM�XIVWZIUI�XZWKM[[QVO�XQXMTQVM�TI\MVKa�_PMV�LQ[\ZQJ]\QVO�\PM�XQXMTQVM�IKZW[[
\_W�IVL�\PZMM�UIKPQVM[� <PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL�TIZOM[\�^IT]M�ZMKWZLML�

KW]TL�XW\MV\QITTa�[]OOM[\�\PI\�\PMZM�Q[�[WUM�XW_MZ�[I^QVO�NMI\]ZM�WZ�[QUQTIZ�I\�_WZS� INNMK\QVO�\PM
XMZNWZUIVKM�I[�\PM�_WZSTWIL�LMKZMI[M[� 1\�_W]TL�JM�_WZ\P�\]ZVQVO�WNN �XW_MZ�[I^QVO�NMI\]ZM[�
IVL�Z]VVQVO�\PM[M�\M[\[�IOIQV�IVL�[MM�QN �\PM�^IZQIVKM�Q[�MY]ITTa�TIZOM�

-', >oZenZmbhg
<PM�K]ZZMV\�XZW\W\aXM�[M\]X�I\�)TNPMQU�;\ILQWV�Q[�I�\PZMM�UIKPQVM�[M\]X� _Q\P�\_W�ZMKWZLQVO
UIKPQVM[�IVL�I�[QVOTM�XZWKM[[QVO�UIKPQVM� <PQ[�[M\]X�_I[�I�ZM[]T\�WN �\PM�I^IQTIJTM�UIKPQVM[
IVL�TQUQ\I\QWV[�QUXW[ML�Ja�\PM[M� 6W�UWZM�\PIV�NW]Z�KIUMZI[�KW]TL�JM�KWVVMK\ML�\W�MIKP�WN �\PM
ZMKWZLQVO�UIKPQVM[� IVL�WVTa�\PM�XZWKM[[QVO�UIKPQVM�PIL�MVW]OP�8+1M�TIVM[�TMN\�NWZ�I�XW_MZN]T
/8=��?Q\P� VM_�UIKPQVM[� X]ZKPI[ML� [XMKQÅKITTa� NWZ� \PM� X]ZXW[M� WN � Z]VVQVO� \PM� LQ[\ZQJ]\ML
XQXMTQVM� _M�PI^M�UWZM�ÆM`QJQTQ\a�

<PM� VM_� ZMKWZLQVO� UIKPQVM[� PI^M� UWZM� 8+1M� [TW\[� *a� QV[\ITTQVO� ILLQ\QWVIT� M\PMZVM\
ILIX\MZ[�QV�\PM[M�UIKPQVM[� _M�KIV�Z]V�UWZM�KIUMZI[�XMZ�UIKPQVM� 1V�W]Z�\M[\[� _M�PI^M�Z]V
[M^MV�KIUMZI[�WV�I� [QVOTM� ZMKWZLQVO�UIKPQVM�_Q\PW]\�XZWJTMU[� ?Q\P� \PM�3ڤڦK�/8= NZWU
6^QLQI� _M�KIV�IT[W�Z]V�\PM�XZWKM[[QVO�XQXMTQVM�WV�I�/8=,QZMK\�KIXIJTM�LM^QKM�

=blmkb[nmbhg�eZm^g\r

<PM�TI\MVKa�ILLML�Ja�LQ[\ZQJ]\QVO�W]Z�[a[\MU�Q[�\PM�ZM[]T\�WN �]X�\W�\PZMM�[MXIZI\M�[\MX[� LMXMVLQVO
WV�PW_�\PM�XQXMTQVM�Q[�KWVÅO]ZML� 1N �_M�[XTQ\�Q\�JM\_MMV�\_W�/8=UWL]TM[� \PZMM�[\MX[�IZM�ILLML�
JM\_MMV�I�+8= IVL�I�/8=UWL]TM� \_W�[\MX[�IZM�ILLML� IVL�JM\_MMV�\_W�+8=UWL]TM[�I�[QVOTM



ڭڪ

+8= \W�/8= /8= \W�+8= ,WTXPQV�1@ ,WTXPQV�1@
/8=,QZMK\

<PMWZM\QKIT ]�*/�ڬ ]�*/�ڬ ]�*/�ڨ ]�*/�ڨ
)K\]IT ]�*/�ڪ·ک ]�*/�ڧ ]�*/�ڧ ]�*/�ڧ·ڦ

<IJTM "ڪ�ڨ <PMWZM\QKIT� IVL� IXXZW`QUI\M� UMLQIV� JIVL_QL\P� WN � \PM� [\MX[� ILLML� Ja
LQ[\ZQJ]\QVO� \PM�XQXMTQVM� <PM�IK\]IT�V]UJMZ[�IZM�KITK]TI\ML� NZWU�TI\MVKa�UMI[]ZMUMV\[
QV�W]Z�XQXMTQVM�

,I\I�ÆW_ +8= \W�/8= /8= \W�+8= ,WTXPQV�1@ ,WTXPQV�1@
/8=,QZMK\

+8= \W�+8= ×
+8= \W�/8= × ×
/8= \W�+8= × ×
/8= \W�/8= × × ×
/8=,QZMK\ ×

<IJTM "ګ�ڨ ;\MX[�ZMY]QZML�\W�LQ[\ZQJ]\M�\PM�XIVWZIUI�JI[ML�WV�\PM�[W]ZKM�IVL�LM[\QVI\QWV
WN �\PM�LI\I�

[\MX�Q[�ILLML� ?Q\P�/8=,QZMK\� ITT�WN �\PM[M�LQ[\ZQJ]\QWV�KWVÅO]ZI\QWV[�KIV�JM�XMZNWZUML�QV�I
[QVOTM�[\MX� <PM�JIVL_QL\P�NWZ�MIKP�WN �\PM[M�[\MX[�IZM�[PW_V�QV�\IJTM ڪ�ڨ IVL�\IJTM ګ�ڨ IJW^M
[PW_[�_PQKP�[\MX[�IZM�ZMY]QZML�Ja�\PM�LQNNMZMV\�KWVÅO]ZI\QWV[�

1V� \IJTM ڬ�ڨ JMTW_� _M� PI^M� KITK]TI\ML� \PM� IXXZW`QUI\M� TI\MVKa� ILLML� Ja� \PM� LQNNMZMV\
LQ[\ZQJ]\QWV�KWVÅO]ZI\QWV[�

@IN=bk^\m�bg�ma^�ibi^ebg^

4WWSQVO�I\�\IJTM �ڬ�ڨ _M�KTMIZTa�[MM�\PI\�\PM�OIQV[�NZWU�][QVO�/8=,QZMK\�IZM�PQOPTa�LMXMVLMV\�WV
\PM�LI\I�[W]ZKM�IVL�LM[\QVI\QWV� .WZ�M`IUXTM� OWQVO�NZWU�+8= UMUWZa�\W�/8= UMUWZa�_Q\P
/8=,QZMK\�WVTa�ZML]KM[�\PM�TI\MVKa�Jaک�ڥ��U[� 7V�\PM�W\PMZ�PIVL� OWQVO�NZWU�/8= UMUWZa�\W
/8= UMUWZa�\PM� TI\MVKa�Q[�TM[[�\PIV�PITN�

,I\I�ÆW_ 4I\MVKa
+8= \W�+8= ]�Uک�ڧ
+8= \W�/8= ]�Uک�ک
/8= \W�+8= ]�Uڤ�ګ
/8= \W�/8= ]�Uڤ�ڭ
/8=,QZMK\ ]�Uڤ�ڨ

<IJTM "ڬ�ڨ 4I\MVKa�ILLML� \W� \PM�XQXMTQVM�Ja�LQ[\ZQJ]\QVO� Q\�JM\_MMV�UWL]TM[�_PMZM� \PM
NZIUM[�IZM�5ګ�ڤڥ�* ��ڦڦڨ<=�KIUMZI�XIVWZIUI�QV�Aڧ�



ڤګ

?Q\P�W]Z�XQXMTQVM�Z]VVQVO�QV�ZMIT·\QUM�WV�I�\_W�UIKPQVM�[M\]X� Q\�Q[�VW\�VMKM[[IZa�\W�ILL
ILLQ\QWVIT�UIKPQVM[� I\� \PM� K]ZZMV\� [KITM� <PM�UIKPQVM·\W·UIKPQVM� KWUU]VQKI\QWV� QV� \PQ[
[M\]X� Q[� NZWU�+8= UMUWZa� \W�/8= UMUWZa� <PQ[� Q[� I� [M\]X�_PMZM� \PM� OIQV[� NZWU�][QVO
/8=,QZMK\�Q[�UQVQUIT� +WV[QLMZQVO�\PM�PQOP�XZQKM�WN �PIZL_IZM�\PI\�[]XXWZ\[�/8=,QZMK\� ][QVO
/8=,QZMK\�QV�\PQ[�[M\]X�Q[�VW\�MKWVWUQKITTa�[MV[QJTM� 1\�Q[� PW_M^MZ� ][MN]T�\W�PI^M�\PM�/8=,QZMK\
[]XXWZ\�QUXTMUMV\ML�NWZ�N]\]ZM�M`\MV[QWV[�\W�\PM�XQXMTQVM�

<PM� V]UJMZ[� ][ML� PMZM� \W� KITK]TI\M� \PM� TI\MVKa� WN � /8=,QZMK\� IZM� JI[ML� WV� WX\QUIT
KWVLQ\QWV[� )[�_M�PI^M�[MMV�QV�\PQ[�KPIX\MZ� \PM�XMZNWZUIVKM�WN �/8=,QZMK\�Q[�PQOPTa�LMXMVLMV\
WV�\PM�8+1M�TIaW]\� =VLMZ�WX\QUIT�KWVLQ\QWV[� \PM�XMZNWZUIVKM�Q[�WV�XIZ�_Q\P�WZ�[TQOP\Ta�TW_MZ
\PIV�+8= \W�+8= XMZNWZUIVKM� ?Q\P�[]J·WX\QUIT�KWVLQ\QWV[� \PM�XMZNWZUIVKM�KIV�JM�[W�TW_
\PI\�VW\�][QVO�/8=,QZMK\�KIV�JM�Y]QKSMZ� 1V�W]Z�XQXMTQVM� \PQ[�UMIV[�\PI\�][QVO�/8=,QZMK\�\W
\ZIV[NMZ�LI\I�NZWU�I�/8= QV�W]Z�K]ZZMV\�XZWKM[[QVO�UIKPQVM[�TQSMTa�_QTT�JM�[TW_MZ�\PIV�VW\�][QVO
/8=,QZMK\�

-'- LnffZkr
1V�\PQ[�KPIX\MZ� _M�PI^M�[PW_V�\PI\�W]Z�LQ[\ZQJ]\QWV�[M\]X�Q[�_WZSQVO� IVL�\PI\�\PM�XIVWZIUI
XZWKM[[QVO� XQXMTQVM� Q[� Z]VVQVO� QV� ZMIT·\QUM� ?M� PI^M� JMVKPUIZSML� QVLQ^QL]IT� XIZ\[� WN � \PM
XQXMTQVM� I[�_MTT� I[� \PM�W^MZITT� XMZNWZUIVKM� <PQ[�PI[�PMTXML�][� QLMV\QNa�JW\P�WXXWZ\]VQ\QM[
NWZ�ILLQ\QWVIT�ZML]K\QWV[� QV� TI\MVKa� IVL�JW\\TM�VMKS[� ?M�M^MV�NW]VL�IVL�ZMXWZ\ML�I�J]O� QV
,WTXPQV�[�LZQ^MZ[�

1V�ILLQ\QWV� \W�JMQVO�IJTM� \W�Z]V� QV�ZMIT·\QUM� _M�PI^M�[MMV� \PI\� \PM� [a[\MU� Q[�KIXIJTM�WN
Z]VVQVO�_Q\P�UWZM�KIUMZI[�\PIV�\PM�K]ZZMV\�XZW\W\aXM�[M\]X� ?M�PI^M�\M[\ML�\PM�[M\]X�_Q\P
[M^MV�KIUMZI[� IVL�\PQ[�_I[�VW�XZWJTMU�NWZ�W]Z�K]ZZMV\�[M\]X� 1\�_QTT�UW[\�TQSMTa�JM�IJTM�\W�Z]V
_Q\P�UIVa�UWZM�KIUMZI[� =VNWZ\]VI\MTa� _M�LQL�VW\�PI^M�UWZM�KIUMZI[�I^IQTIJTM�\W�\M[\�\PQ[�

?Q\P�/8=,QZMK\� []XXWZ\� _M�KIV�ZMUW^M�]VVMKM[[IZa�[\MX[� ?M�PI^M�[MMV�\PI\� \PQ[�KIV
ZML]KM�TI\MVKa� IVL�IT[W�\PI\�\PM�[KITMIJQTQ\a�WN �\PM�[a[\MU�_Q\P�/8=,QZMK\�Q[�JM\\MZ�\PIV�_Q\PW]\�



<aZim^k�.

<hg\enlbhg

1V�\PQ[�KPIX\MZ� _M�[]UUIZQbM�\PM�_WZS�_M�PI^M�XZM[MV\ML�QV�\PQ[�\PM[Q[� ?M�IT[W�XZM[MV\�W]Z
UIQV�KWV\ZQJ]\QWV[� IVL�TWWS�I\�N]\]ZM�XW[[QJQTQ\QM[�WN �J]QTLQVO�WV�\PM�_WZS�_M�PI^M�LWVM�

.'* LnffZkr
1V�\PQ[�\PM[Q[� _M�PI^M�ZMQUXTMUMV\ML�\PM�*IOIL][�XIVWZIUI�XZWKM[[QVO�XQXMTQVM� .ZWU�Z]VVQVO
WV�I�[QVOTM�UIKPQVM� Q\�Q[�VW_�LQ[\ZQJ]\ML�IKZW[[�U]T\QXTM�UIKPQVM[� <W�IKPQM^M�\PQ[� _M�PI^M�OWVM
\PZW]OP�[M^MZIT�[\MX[�

?M�[\IZ\�W]\�_Q\P�IV�QV\ZWL]K\QWV�WN �\PM�*IOIL][�[a[\MU�QV�KPIX\MZ �ڦ <PM�[a[\MU�KWV[Q[\[
WN �U]T\QXTM�ZMTI\ML�KWUXWVMV\[� <PM� TIZOM[\� Q[� K]ZZMV\Ta� \PM� XIVWZIUI�XZWKM[[QVO� XQXMTQVM�
_PQKP�Q[�_PI\�_M�PI^M�_WZSML�WV�QV�\PQ[�\PM[Q[� <PQ[�XQXMTQVM�KWV[Q[\[�WN �U]T\QXTM�[\MX[� MIKP
_Q\P�I�LQNNMZMV\�IVL�TQUQ\ML�ZWTM� ?WZSQVO�\WOM\PMZ� \PM[M�UWL]TM[�XZWL]KM�I�XIVWZIUI�^QLMW
NZWU�Å^M�KIUMZI[�QV�ZMIT·\QUM� ?M�IT[W�LQ[K][[�PW_�\PM�XQXMTQVM�KIV�WXMZI\M�I]\WVWUW][Ta� Ja
I]\WUI\QKITTa�[KPML]TQVO�IVL�[\IZ\�ZMKWZLQVO[� 7\PMZ�KWUXWVMV\[�WN �\PM�[a[\MU�QVKT]LM�I�̂ QZ\]IT
KIUMZI�^QM_MZ� XTIaMZ�\ZIKSQVO� IVL�][MZ�ZMTI\ML�NMI\]ZM[�TQSM�I�_MJ�QV\MZNIKM�NWZ�XTIaJIKS�

1V�KPIX\MZ �ڧ _M�LQ[K][[�PW_�\PM�XIVWZIUI�XZWKM[[QVO�XQXMTQVM�KIV�JM�LQ[\ZQJ]\ML�IKZW[[
U]T\QXTM�UIKPQVM[� <W�UISM�\PM�XQXMTQVM�UWZM�ÆM`QJTM� IVL�\W�XZMXIZM�Q\�NWZ�LQ[\ZQJ]\QWV� _M
UWL]TIZQbML�Q\� <PM�UWL]TM[�KWUU]VQKI\M�_Q\P�MIKP�W\PMZ�\PZW]OP�I�KWUUWV�QV\MZNIKM�_M
PI^M�LM[QOVML� <PM�LI\I�ÆW_�JM\_MMV�\PM�UWL]TM[�WN �\PM�XIVWZIUI�Q[�TIZOM� I\�[WUM�XTIKM[
TIZOMZ�\PIVڥ��/*�[� .WZ�[MVLQVO�\PM[M�IUW]V\[�WN �LI\I�JM\_MMV�UIKPQVM[� _M�VMMLML�[XMKQITQbML
MY]QXUMV\� ?M�TWWSML�I\�[M^MZIT�IT\MZVI\Q^M[� IVL�LMKQLML�\W�][M�,WTXPQV�1@ MY]QXUMV\� <PM
LQ[\ZQJ]\QWV�WN �\PM�XQXMTQVM�_I[�QUXTMUMV\ML�_Q\P�UWL]TM[�\PI\�QV\MOZI\M�QV\W�\PM�XQXMTQVM� <PQ[
ITTW_[�[QUXTM�IVL�ÆM`QJTM�LQ[\ZQJ]\QWV�[M\]X[� ?Q\P�I�_WZSQVO�LQ[\ZQJ]\QWV�[M\]X� _M�NWK][ML�WV
UQVQUQbQVO�\PM�LQ[\ZQJ]\QWV�TI\MVKa�IVL�SMMXQVO�ZM[W]ZKM�][IOM�I\�I�UQVQU]U� ?M�IVITabML
IVL�WX\QUQbML�\PM�LI\I�ÆW_� ZMUW^QVO�]VVMKM[[IZa�[\MX[� <PQ[�QVKT]LM[�[]XXWZ\�NWZ�LQZMK\�,5)
\ZIV[NMZ[�JM\_MMV�/8=[�QV�LQNNMZMV\�UIKPQVM[� ][QVO�6^QLQI�/8=,QZMK\�

.QVITTa� QV�KPIX\MZ �ڨ _M�M^IT]I\ML�\PM�XMZNWZUIVKM�WN �\PM�LQ[\ZQJ]\QWV� ?M�JMOQV�Ja�TWWSQVO�I\
\PM�XMZNWZUIVKM�WN �QVLQ^QL]IT�KWUXWVMV\[� ?M�LQL�\PQ[�\W�OM\�IV�W^MZITT�XQK\]ZM�WN �_PI\�\W�M`XMK\
NZWU�\PM�XQXMTQVM� )[�\PM�XQXMTQVM�KIV�JM�LQ[\ZQJ]\ML�QV�U]T\QXTM�LQNNMZMV\�_Ia[� _M�PI^M�M^IT]I\ML
\_W�LQNNMZMV\�XQXMTQVM� [M\]X[�_PQKP�IZM� ZMXZM[MV\I\Q^M� NWZ� I� ZIVOM�WN �XW[[QJTM� KWVÅO]ZI\QWV[�
?Q\P�UIVa�XW[[QJTM�KWVÅO]ZI\QWV[�WN �\PM�XQXMTQVM� [WUM�VW\�XW[[QJTM�WZ�PIZL�\W�\M[\�JMKI][M�WN

ڥګ



ڦګ

PIZL_IZM�ZMY]QZMUMV\[� _M�][ML�V]UJMZ[�NZWU�JW\P�KWUXWVMV\�JMVKPUIZS[�IVL�\PM�XQXMTQVM
UMI[]ZMUMV\[� \W� OM\� IV� QVLQKI\QWV� WN � XQXMTQVM� XMZNWZUIVKM� ]VLMZ� LQNNMZMV\� KWVLQ\QWV[� IVL
_Q\P�LQNNMZMV\�KWVÅO]ZI\QWV[� .ZWU�\PM�ZM[]T\[�NW]VL�PMZM� _M�QLMV\QÅML�XW[[QJQTQ\QM[�NWZ�N]\]ZM
QUXZW^MUMV\[�

.'+ FZbg�<hgmkb[nmbhgl
)[�_M�LQ[K][[ML�QV�[MK\QWV �ڦ�ڥ _M�_IV\ML�\W�LQ[\ZQJ]\M�\PM�*IOIL][�XIVWZIUI�XZWKM[[QVO�XQXMTQVM�
?M�PI^M�QUXTMUMV\ML�I�XZW\W\aXM� [PW_QVO�\PI\�\PQ[�Q[�XW[[QJTM� *a�LQ^QLQVO�\PM�XQXMTQVM�QV\W
[MXIZI\M�UWL]TM[� _M�UILM�Q\�MI[a�\W�UW^M�[\MX[�WN �\PM�XQXMTQVM�IZW]VL� )TT�\PM�UWL]TM[�QV�\PM
XQXMTQVM�KWUU]VQKI\M�_Q\P�\PM�XZM^QW][�IVL�VM`\�UWL]TM�\PZW]OP�I�KWUUWV�QV\MZNIKM� _PQKP
_M�PI^M�LM[QOVML�IVL�WX\QUQbML�

<W� LQ[\ZQJ]\M� \PM� XZWKM[[QVO� IKZW[[� U]T\QXTM� UIKPQVM[� _M� LM[QOVML� IVL� QUXTMUMV\ML
UWL]TM[� \PI\� \ZIV[NMZ�LI\I�JM\_MMV�UIKPQVM[� <PM[M�UWL]TM[�][M� \PM� [IUM� QV\MZNIKM�I[� \PM
XZWKM[[QVO�UWL]TM[� ITTW_QVO�\PMU�\W�JM�QV[MZ\ML�IVa_PMZM�QV�\PM�XQXMTQVM� <PM�TIZOM�LI\I�ÆW_
JM\_MMV�UIKPQVM[�ZMY]QZM�I�PQOP�JIVL_QL\P�TQVS� ?M�M^IT]I\ML�LQNNMZMV\�QV\MZKWVVMK\�[WT]\QWV[�
IVL�KPW[M�\W�][M�,WTXPQV�1V\MZKWVVMK\�;WT]\QWV[�1@ XZWL]K\[� <PM�UWL]TM[� NWZ�\ZIV[NMZZQVO
LI\I�JM\_MMV�UWL]TM[�IZM�QUXTMUMV\ML�_Q\P�,WTXPQV�[�;1;+1 )81�

<W�UQVQUQbM�\PM�TI\MVKa�QV\ZWL]KML�Ja�LQ[\ZQJ]\QVO�\PM�XQXMTQVM� _M�IVITabML�IVL�WX\QUQbML
\PM�LQ[\ZQJ]\QWV�[M\]X� <PQ[�QVKT]LML�QUXTMUMV\QVO�VM_�UWL]TM[�NWZ�KWUU]VQKI\QVO�JM\_MMV
UIKPQVM[� <PM� VM_� UWL]TM[� QUXZW^M� ]XWV� \PM� WTL� UWL]TM[� ZMUW^QVO� ]VVMKM[[IZa� [\MX[
IVL�[WT^QVO�Q[[]M[�M`XMZQMVKML�_Q\P�\PM�QVQ\QIT�UWL]TM[� <W�N]Z\PMZ�QUXZW^M�XMZNWZUIVKM� _M
KWWXMZI\ML�_Q\P�,WTXPQV�\W�QUXTMUMV\�[]XXWZ\�NWZ�/8=,QZMK\�QV�\PMQZ�LZQ^MZ[�IVL�)81[� ?Q\P
/8=,QZMK\�[]XXWZ\�QV�W]Z�XQXMTQVM� _M�KIV�VW_�[MVL�LI\I�LQZMK\Ta�NZWU�I�/8= QV�WVM�UIKPQVM
\W�/8= QV�IVW\PMZ�UIKPQVM�

1V�ILLQ\QWV� \W�LQ[\ZQJ]\QVO� \PM�XQXMTQVM� _M�PI^M�IT[W� QUXTMUMV\ML�I� [a[\MU� \W�UISM� \PM
XQXMTQVM�WXMZI\M�I]\WVWUW][Ta� ?M�LM[QOVML�I�[a[\MU�_PMZM�[KPML]TM�_Q\P�ZMKWZLQVO[�IZM�[\WZML
QV�I�LI\IJI[M� <W�MV\MZ�QVNWZUI\QWV�QV\W�\PQ[�LI\IJI[M� _M�LM[QOVML�I�[QUXTM�_MJ�QV\MZNIKM� <PQ[
ITTW_[�][MZ[� \W�UIV]ITTa� [KPML]TM� ZMKWZLQVO[� ?M�IT[W� KZMI\ML� [KZQX\[� \W�I]\WUI\QKITTa� NM\KP
UI\KP�[KPML]TM[�NZWU�M`\MZVIT�[W]ZKM[� IVL�XWX]TI\M�\PM�ZMKWZLQVO�[KPML]TM�JI[ML�WV�\PQ[� <W
WXMZI\M�I]\WVWUW][Ta� \PM�XQXMTQVM�Z]V[�ITT�\PM�\QUM[�IVL�I]\WUI\QKITTa�ZMKWZL[� JI[ML�WV�\PM
[KPML]TM�QV�\PM�LI\IJI[M�

?M�PI^M�IT[W�X]JTQ[PML�\_W�XIXMZ[�_PQTM�_WZSQVO�WV�\PQ[�\PM[Q["

*IOIL][" )V�1V\MOZI\ML�:MIT�<QUM�;a[\MU�NWZ�;WKKMZ�)VITa\QK[
1V�\PQ[�XIXMZ�_M�QV\ZWL]KM�\PM�VM_�XIVWZIUI�QUIOM�ITOWZQ\PU�IVL�\PM�VM_�LQ[\ZQJ]\ML
XZWKM[[QVO�XQXMTQVM CڭE�

1V\MZIK\Q^M�bWWU�IVL�XIVVQVO�NZWU�TQ^M�XIVWZIUQK�^QLMW
<PQ[� XIXMZ� LM[KZQJM[� \PM� ^QZ\]IT� KIUMZI� ^QM_MZ� KZMI\ML� \W� XTIa� JIKS� \PM� XIVWZIUI
^QLMW CڥڥE�



ڧګ

.', ?nmnk^�phkd
)\� \PM� MVL� WN � KPIX\MZ ڧ _M� LQ[K][[ML� N]Z\PMZ� QUXZW^MUMV\[� \PI\� KW]TL� JM� IXXTQML� \W� \PM
XQXMTQVM� <PMZM�IZM�[\QTT�I�KW]XTM�WN �]VVMKM[[IZa�UMUWZa�KWXQM[�ZMTI\ML�\W�\PM�LQ[\ZQJ]\QWV� *a
LQ[\ZQJ]\QVO�\PM�[aVKPZWVQbI\QWV�[\MX� IVL�ITTW_QVO�\PM�ZMKWZLQVO�UIKPQVM[�\W�XMZNWZU�\PM�IK\]IT
[aVKPZWVQbI\QWV� _M�KIV�XW[[QJTa�ZMUW^M�]VVMKM[[IZa�\ZIV[NMZ[�IVL�UMUWZa�KWXQM[�

<PM�XQXMTQVM� Q[�K]ZZMV\Ta� TQUQ\ML� \W�WXMZI\QVO� QV� [MZQIT� ;WUM�[\MX[�KIV�JM�XMZNWZUML� QV
XIZITTMT� .WZ�M`IUXTM� \PM�MVKWLQVO�KW]TL�JM�PIVLTML�Ja�\_W�[MXIZI\M�UIKPQVM[� )[�\PM�^QLMW
Q[�[\WZML�QVڧ��[MOUMV\�ÅTM[� MIKP�UIKPQVM�KW]TL�MVKWLM�\PZMM�[MKWVL[� <PQ[�_W]TL�ITTW_�PQOPMZ
Y]ITQ\a�MVKWLQVO� I[�Q\�Q[�VW�TWVOMZ�ZMY]QZML�\PI\�\PM�MVKWLMZ�Q[�XMZNWZUML�QV�ZMIT·\QUM�

1V�KPIX\MZ ڨ _M�QLMV\QÅML�IZMI[�_PMZM�N]Z\PMZ�WX\QUQbI\QWV[�KW]TL�JM�IXXTQML� ?PQTM�\PM
[a[\MU�Q[�Z]VVQVO�QV�ZMIT·\QUM�_Q\PW]\�XZWJTMU[� \PMZM�Q[�[\QTT�XW[[QJTM�\W�ZML]KM�\PM�XZWKM[[QVO
TI\MVKa�

<PM�UMUWZa�KWXQM[�JMQVO�XMZNWZUML�QV�\PM�NZIUM�[aVKPZWVQbI\QWV�Q[�K]ZZMV\Ta�XMZNWZUML�QV
+8= UMUWZa� M^MV�QN �XZWKM[[QVO�Q[�XMZNWZUML�WV�/8=[� ?M�QLMV\QÅML�\PI\�UMUWZa�JIVL_QL\P
WV�/8=[�Q[�U]KP�PQOPMZ�\PIV�WV�+8=��?M�KW]TL�XW[[QJTa�[XMML�]X�\PM�NZIUM�[aVKPZWVQbI\QWV
[\MX�Ja�KWXaQVO�\PM�NZIUM[�\W�/8= JMNWZM�XMZNWZUQVO�IVa�\PM�IK\]IT�[aVKPZWVQbI\QWV�

?M�PI^M�IT[W�[MMV�NZWU�W]Z�\QUQVO�WN �\PM�XIVWZIUI�XQXMTQVM� \PI\�\PM�XZWKM[[QVO�TI\MVKa�WN
^IZQW][�UWL]TM[�IZM�VW\�IT_Ia[�[\IJTM� ;QVKM�\PQ[�Q[�VW\�I�XZWJTMU� JMKI][M�\PM�[\MX[�ZIZMTa�WZ
VM^MZ�M`KMML�\PMQZ�ZMIT·\QUM�LMILTQVM� Q\�[]OOM[\[�\PI\�\PMZM�Q[�N]Z\PMZ�ZWWU�NWZ�QUXZW^MUMV\[�



ڨګ



:ii^g]bq�:

:\\^llbg`�ma^�lhnk\^�\h]^

<PM�[W]ZKM�KWLM�WN �\PM�K]ZZMV\�*IOIL][�XQXMTQVM�Q[�I^IQTIJTM�I\ KWWSV���ELWEXFNHW�RUJ�PSJB
FRGH�EDJDGXVVLL� <PQ[� ZMXW[Q\WZa� QVKT]LM[� \PM� KWUXTM\M� [W]ZKM�WN � \PM�XZWRMK\� QVKT]LQVO� ITT
UWL]TM[�LQ[K][[ML�PMZM� )KKM[[�\W�\PQ[�ZMXW[Q\WZa�KIV�JM�OQ^MV�]XWV�ZMY]M[\�

<PMZM� IZM�U]T\QXTM� JZIVKPM[� <PM�JZIVKPM[�_PQKP� IZM� ZMTI\ML� \W� \PM�_WZS�XZM[MV\ML� QV
\PQ[�\PM[Q[�IZM PDVWHU IVL PRGXODUBSLSHOLQH� <PM PDVWHU JZIVKP�Q[�UIQV�JZIVKP� 5W[\�WN �\PM
LM^MTWXUMV\�Q[�LWVM�\PMZM� <PM PRGXODUBSLSHOLQH JZIVKP�Q[�IV�M`XMZQUMV\IT�JZIVKP� <PQ[�PI[
UWLQÅML�J]QTL�\IZOM\[� \W�UISM�Q\�MI[QMZ�\W�KWUXQTM�LQNNMZMV\�XQXMTQVM�[M\]X[� ;WUM�WN �\PM�UWL]TM[
\PI\� IZM� VW� TWVOMZ� QV� ][M� TQSM� \PM� ÅZ[\� LQ[\ZQJ]\QWV�UWL]TM[� IZM� [\WZML� QV� \PM VUF�BEDFNXS�
LQZMK\WZa�

کګ

https://bitbucket.org/mpg_code/bagadussii
https://bitbucket.org/mpg_code/bagadussii


ڪګ



:ii^g]bq�;

:]]bmbhgZe�\aZkml

;'* =F: [Zg]pb]ma�h_�]b__^k^gm�I<B^�eZrhnml
1V�[MK\QWV ڥ�ڦ�ڨ WV�XIOM ګک _M�LQ[K][[ML�,5) XMZNWZUIVKM�ZMTI\ML�\W�LQNNMZMV\�8+1M�TIaW]\[�
<PM�N]TT�KPIZ\[�NZWU�\PM GPDBEHQFK \M[\[�][ML�\W�[PW_�LQNNMZMVKM�\PMZM� IZM�QVKT]LML�PMZM� <PM
[TW\�V]UJMZ[�QV�MIKP�ÅO]ZM�LM[KZQX\QWV�ZMNMZ�\W�\PM�[TW\�V]UJMZ[�QV�ÅO]ZM ڥ�ڨ WV�XIOM �ڨک

6�*�" <PM GPDBEHQFK \WWT�][ML�NWZ�JMVKPUIZSQVO�QV�\PQ[�[MK\QWV�Z]V[�U]T\QXTM�\ZIV[NMZ[�XMZ�ZMY]M[\� <PQ[�ZM[]T\[
QV�ZML]KML�W^MZPMIL�IVL�PQOPMZ�W^MZITT�JIVL_QL\P� <PM�LQNNMZMV\�KPIZ\[�IZM�KWUXIZIJTM� J]\�\PM�V]UJMZ[�XZM[MV\ML
PMZM�IZM�VW\�KWUXIZIJTM�\W�W\PMZ�UMI[]ZMUMV\[�

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ڥ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ڥ��IVL�\PM�,WTXPQV�1@ KIZL�QV�8+1M
[TW\ګ�

ګګ



ڬګ

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ڦ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ڦ��IVL�\PM�,WTXPQV�1@ KIZL�QV�8+1M
[TW\ګ�

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ڧ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ڧ��IVL�\PM�,WTXPQV�1@ KIZL�QV
8+1M�[TW\ګ�



ڭګ

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ڨ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ڨ��IVL�\PM�,WTXPQV�1@ KIZL�QV
8+1M�[TW\ګ�

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ک�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ک��IVL�\PM�,WTXPQV�1@ KIZL�QV�8+1M
[TW\ګ�



ڤڬ

3500 MB/s

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ڪ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ڪ��IVL�\PM�,WTXPQV�1@ KIZL�QV
8+1M�[TW\ګ�

3500 MB/s

X79 X58

0 MB/s

500 MB/s

1000 MB/s

1500 MB/s

2000 MB/s

2500 MB/s

3000 MB/s

3500 MB/s

64 b 128 b 256 b 512 b 1 kB 2 kB 4 kB 8 kB 16 kB 32 kB 64 kB 128 kB 256 kB 512 kB 1 MB 2 MB 4 MB 8 MB 16 MB 32 MB

Write Read

.QO]ZM "ګ�* ,5) JIVL_QL\P�_Q\P�\PM�/8= QV�8+1M�[TW\ګ��IVL�\PM�,WTXPQV�1@ KIZL�QV�8+1M
[TW\ڨ�



ڥڬ

;'+ ?kZf^�lrg\akhgbs^k�eZm^g\r
?M�LQ[K][[ML�\PM�TI\MVKa�ILLML�Ja�\PM�NZIUM�[aVKPZWVQbMZ�WV�XIOM �ڨڪ 0MZM�_M�PI^M�QVKT]LML
N]TT�KPIZ\[�_Q\P�ILLQ\QWVIT�LI\I�XWQV\[�NWZ�LQNNMZMV\�NZIUM�ZI\M[�

0 ms

3 cameras 7 cameras 3 cameras, with GPUDirect 7 cameras, with GPUDirect

0 ms

5 ms

10 ms

2 machines, 30 fps 2 machines, 40 fps 2 machines, 50 fps 2 machines, HDR 2 machines, with
GPUDirect, 30 fps

2 machines, with
GPUDirect, 40 fps

2 machines, with
GPUDirect, 50 fps

2 machines, with
GPUDirect, HDR

.QO]ZM "ڬ�* <PM�\W\IT� TI\MVKa�ILLML�Ja� \PM� NZIUM�[aVKPZWVQbMZ�I\�LQNNMZMV\� NZIUM�ZI\M[�
4I\MVKa�Q[�UMI[]ZML�NZWU�\PM�TI[\�NZIUM�\ZIV[NMZ�PI[�KWUXTM\ML� ]V\QT�\PM�[aVKPZWVQbML�NZIUM
[M\�Q[�ZMILa�NWZ�XZWKM[[QVO� <PQ[�LWM[�VW\�QVKT]LM�\PM�UMUWZa�KWXa�NZWU�+8= \W�/8= _PMV
Z]VVQVO�_Q\PW]\�/8=,QZMK\� <PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL�TIZOM[\�^IT]M�ZMKWZLML�



ڦڬ

0 ms

5 ms

10 ms

15 ms

3 cameras 7 cameras 3 cameras, with GPUDirect 7 cameras, with GPUDirect

10 ms

.QO]ZM "ڭ�* <PM� \W\IT� TI\MVKa� ILLML� Ja� \PM� NZIUM� [aVKPZWVQbMZ�_Q\P� LQNNMZMV\� V]UJMZ
WN �KIUMZI[� 4I\MVKa� Q[�UMI[]ZML� NZWU� \PM� TI[\� NZIUM� \ZIV[NMZ� PI[� KWUXTM\ML� ]V\QT� \PM
[aVKPZWVQbML�NZIUM�[M\�Q[�ZMILa�NWZ�XZWKM[[QVO� <PQ[�LWM[�VW\�QVKT]LM�\PM�UMUWZa�KWXa�NZWU
+8= \W�/8= _PMV�Z]VVQVO�_Q\PW]\�/8=,QZMK\� <PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL�TIZOM[\
^IT]M�ZMKWZLML�



ڧڬ

;', Ibi^ebg^�eZm^g\r
1V�ILLQ\QWV�\W�\PM�KPIZ\[�QVKT]LML�_PMV�_M�LQ[K][[ML�\PM�\W\IT�XQXMTQVM�TI\MVKa�QV�[MK\QWV �ڦ�ڦ�ڨ
_M�PI^M�[WUM�ILLQ\QWVIT�IVL�TIZOMZ�KPIZ\[�PMZM�

10 ms

20 ms

30 ms

40 ms

50 ms

3 cameras 7 cameras 3 cameras, GPUDirect 7 cameras, GPUDirect

.QO]ZM "ڤڥ�* <PM�\W\IT�TI\MVKa�ILLML�Ja�\PM�XIVWZIUI�XZWKM[[QVO�_Q\P�LQNNMZMV\�V]UJMZ
WN �NZIUM[� <PM�TI\MVKa�Q[�UMI[]ZML�NZWU�\PM�TI[\�NZIUM�\ZIV[NMZ�NZWU�\PM�ZMKWZLQVO�UIKPQVM
_I[�KWUXTM\ML� ]V\QT� \PM�[\Q\KPML�QUIOM�Q[�ZMILa�NWZ�MVKWLQVO� <PQ[�LWM[�VW\� QVKT]LM�\PM
TI\MVKa�ILLML�Ja�\PM�KIUMZI�LZQ^MZ[�WZ�\PM�0ڨڪڦ��MVKWLQVO� <PM�_PQ[SMZ[�[PW_�[UITTM[\�IVL
TIZOM[\�^IT]M�ZMKWZLML�



ڨڬ

7 cameras

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

7 cameras 3 cameras

20 ms

I� /8= ]XTWIL�UWL]TM

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

7 cameras 3 cameras

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

3 cameras

20 ms 20 ms

J� ,M·JIaMZQVO�UWL]TM

7 cameras7 cameras 3 cameras

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

7 cameras 3 cameras 7 cameras

K� 1UIOM�[\Q\KPMZ�UWL]TM

7 cameras 3 cameras3 cameras

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

3 cameras

0 ms

2 ms

4 ms

6 ms

8 ms

10 ms

12 ms

14 ms

16 ms

18 ms

20 ms

7 cameras 3 cameras

L� /8= LW_VTWIL�UWL]TM

.QO]ZM "ڥڥ�* 1VLQ^QL]IT�UWL]TM�TI\MVKa�_Q\P�\PZMM�IVL�[M^MV�KIUMZI[� <PM�_PQ[SMZ[�[PW_
[UITTM[\�IVL�TIZOM[\�^IT]M�ZMKWZLML�



کڬ
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ڪڬ

10 ms

20 ms

30 ms

40 ms

50 ms

60 ms

2 machines,
GPUDirect,

50 fps

2 machines,
GPUDirect,

40 fps

2 machines,
GPUDirect,

30 fps

3 machines,
GPUDirect,

50 fps

3 machines,
GPUDirect,

30 fps

3 machines,
GPUDirect,

40 fps

2 machines,
50 fps

2 machines,
40 fps

2 machines,
30 fps

3 machines,
50 fps

3 machines,
40 fps

3 machines,
30 fps

2 machines,
GPUDirect,

HDR

3 machines,
GPUDirect,

HDR

2 machines,
HDR

3 machines,
HDR

.QO]ZM "ڧڥ�* <PM�\W\IT�TI\MVKa�ILLML�Ja�\PM�XIVWZIUI�XZWKM[[QVO�I\�LQNNMZMV\�NZIUM�ZI\M[
IVL�_Q\P�LQNNMZMV\�[M\]X[� <PM�TI\MVKa�Q[�UMI[]ZML�NZWU�\PM� TI[\� NZIUM�\ZIV[NMZ� NZWU�\PM
ZMKWZLQVO�UIKPQVM�_I[�KWUXTM\ML� ]V\QT�\PM�[\Q\KPML�QUIOM�Q[�ZMILa�NWZ�MVKWLQVO� <PQ[�LWM[
VW\�QVKT]LM�\PM�TI\MVKa�ILLML�Ja�\PM�KIUMZI�LZQ^MZ[�WZ�\PM�0ڨڪڦ��MVKWLQVO� <PM�_PQ[SMZ[
[PW_�[UITTM[\�IVL�TIZOM[\�^IT]M�ZMKWZLML�



:ii^g]bq�<

Ablmhkr�h_�ma^�;Z`Z]nl�ikhc^\m

>MZ[QWV ,M[KZQX\QWV +WV\ZQJ]\WZ[ :MNMZMVKM[
ڥ�ڤ 7NÆQVM�XZWWN·WN·KWVKMX\ ;QUMV�;¥OZW^�M\�IT� CڧڥE
ک�ڤ 7NÆQVM�^QM_MZ ;QUMV�;¥OZW^�M\�IT� CڨڥE

ڤ�ڥ

:MIT·\QUM�[QVOTM�UIKPQVM�
MVPIVKML�XIVWZIUI�

LaVIUQK�[\Q\KPQVO� KWTWZ
KWZZMK\QWV� JIKSOZW]VL

[]J\ZIK\QWV

5IZQ][�<MVV¦M� 5QSSMT�6¥[[�
-[XMV�7TLMQLM�0MTOMLIO[Z]L�

0MVZQS�3R][�)T[\IL�M\�IT�
Cڭڪ�ڬڪ�کڥ�ڭE

ڤ�ڦ

5WL]TIZ�LM[QOV� LQ[\ZQJ]\QWV�
I]\WUI\QK�M`XW[]ZM� ^QZ\]IT
^QM_MZ� 0,: ^QLMW� IVL
XW[Q\QWV�JI[ML�M^MV\

M`\ZIK\QWV

)[OMQZ�5WZ\MV[MV� :IOVIZ
4IVO[M\P� ;QO]ZL�4R¦LIT�M\�IT� Cڥڥ� Eڧګ��ڤګ

ک�ڦ 1UXZW^ML�LQ[\ZQJ]\QWV�IVL
]XOZILML�KIUMZI�UWL]TM[�

:IOVIZ�4IVO[M\P� ;QO]ZL�4R¦LIT�
)[OMQZ�5WZ\[MV[MV�M\�IT� CڬE

ګڬ



ڬڬ



;b[ebh`kZiar

CڥE 5QTQ\IZQbQVO� AW]Z� *IKSaIZL� _Q\P� 8a\PWV" +WUX]\MZ� >Q[QWV� IVL� \PM� ;Y]QZZMT� 0WZLM[�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 43JTIQ.*B7�� )KKM[[ML" �ڨڤ�ګڤ�ڨڥڤڦ

CڦE /WIT+WV\ZWT���)L^IVKML�/WIT�4QVM�<MKPVWTWOa� KWWS���JRDOFRQWURO�GH� )KKM[[ML" �ڨڥڤڦ
�ڨڤ�ګڤ

CڧE B@A ;XWZ\�<ZIKSQVO�);� KWWS���ZZZ�][\�QR� )KKM[[ML" �ڥڥ�ڪڤ�ڨڥڤڦ

CڨE 6>1,1)� /8=,QZMK\�:,5)� KWWS���GRFV�QYLGLD�FRP�FXGD�JSXGLUHFW�UGPD�LQGH[�
KWPO� )KKM[[ML" �ڧڤ�ڪڤ�ڨڥڤڦ

CکE -[XMV�0MTOMLIT[Z]L� -NÅKQMV\� QUXTMUMV\I\QWV�IVL�XZWKM[[QVO�WN �I�ZMIT�\QUM�XIVWZIUI
^QLMW�XQXMTQVM�_Q\P�MUXPI[Q[�WV�LaVIUQK� [\Q\KPQVO� 5I[\MZ�[� \PM[Q[� =VQ^MZ[Q\a�WN �7[TW�
,MXIZ\UMV\�WN �1VNWZUI\QK[� 5Iaڧڥڤڦ��

CڪE 5QSSMT�6¥[[� -NÅKQMV\� QUXTMUMV\I\QWV� IVL�XZWKM[[QVO� WN � I� ZMIT�\QUM�XIVWZIUI� ^QLMW
XQXMTQVM�_Q\P�MUXPI[Q[�WV�KWTWZ�KWZZMK\QWV� 5I[\MZ�[�\PM[Q[� =VQ^MZ[Q\a�WN �7[TW� ,MXIZ\UMV\
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http://goalcontrol.de
http://www.zxy.no
http://docs.nvidia.com/cuda/gpudirect-rdma/index.html
http://docs.nvidia.com/cuda/gpudirect-rdma/index.html
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http://www.til.no
http://www.baslerweb.com/products/ace.html?model=167
http://www.baslerweb.com/products/ace.html?model=173
http://www.videolan.org/developers/x264.html
http://on-demand.gputechconf.com/gtc/2014/poster/pdf/P4188_real-time_panorama_video_NVENC.pdf
http://on-demand.gputechconf.com/gtc/2014/poster/pdf/P4188_real-time_panorama_video_NVENC.pdf
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http://www.dolphinics.no/index.html
http://www.dolphinics.no/download/SISCI/OPEN_DOC/sisci_api_presentation_IX.pdf
http://www.dolphinics.no/download/SISCI/OPEN_DOC/sisci_api_presentation_IX.pdf
http://pubs.opengroup.org/onlinepubs/9699919799/functions/V2_chap02.html#tag_15_10
http://pubs.opengroup.org/onlinepubs/9699919799/functions/V2_chap02.html#tag_15_10
http://www.infinibandta.org/index.php
http://www.mellanox.com
http://www.intel.com/content/www/us/en/infiniband/truescale-infiniband.html
http://www.intel.com/content/www/us/en/infiniband/truescale-infiniband.html
http://www.kernelsoftware.com/products/catalog/mellanox.html
http://www.kernelsoftware.com/products/catalog/mellanox.html
http://www.mellanox.com/page/products_dyn?product_family=89&mtag=is5022
http://www.mellanox.com/page/products_dyn?product_family=89&mtag=is5022
http://www.mellanox.com/page/products_dyn?product_family=142&mtag=connect_ib
http://www.mellanox.com/page/products_dyn?product_family=142&mtag=connect_ib
http://www.mellanox.com/page/products_dyn?product_family=183&mtag=cables_copper
http://www.mellanox.com/page/products_dyn?product_family=183&mtag=cables_copper
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