
�

ùF@F-R�OD@ÓÇÔY�O	�0XOWL�$JHQW�&RRSHUDWLYH�1HJRWLDWLRQ�IRU�(OHFWURQLF�&RPPHUFH�EDVHG�RQ�0RELOH�$JHQWV
<¨( õC!²ÑôÕ¬Ù Nò|R*WÄS�Ô¹ÊÔ6X ��� �IFOLQ#F\XW�HGX�WZ

�5
¿úgë�®OD)øÝ�ÍëÑvë)ÿ��h�þ�Ù��Åâ�ë)í¸�Þö�[���£'�xë-R��$JHQW��ÕÃÆc�g�Í5Fæ�OD@Óí�]ë@F-R��0RELOH� $JHQW��ÕÃêVÉ-R�*ûÞ�X�5#tF�¿�íxë)�Í�'@F-R�¸#Çà¢û£'��®OHëÞ�@Ó�ë��g«-R�Þ�X�S_Y�ìW«õ-R�6eÿOR1Ë{eÿO�-R�£'ë¸�ÍéÝ°�£'ëxë)c�äx-R�Ì�ÔYÝ°�£'í�X@Üë���ìeÿO��½Ì�g«äx-R�*ûeÿO�-R�µ@£'íÑq¹C#�'��à¢û£'��®OHëxÄ@F-R���#$ ,%0 Ç $JOHW·w�É�°�í
2YHU� WKH� SDVW� IHZ� \HDUV�� HOHFWURQLF�FRPPHUFH� KDV� EHHQ� GHYHORSHG� SURVSHURXVO\��7KHUH� KDYH� EHHQ� D� ORW� RI� UHVHDUFK� DQG�DSSOLFDWLRQV� RQ� LW�� ,Q� RUGHU� WR� UHGXFH� WKH� WUDGH�FRVW� EHWZHHQ� EX\HUV� DQG� VXSSOLHUV�� DJHQW�WHFKQLTXH� KDV� EHHQ� XWLOL]HG� WR� GHYHORS� WKH�HQYLURQPHQW� IRU� DXWRPDWLF� FRPPHUFH�� %HVLGHV��PRELOH�DJHQW�WHFKQLTXH�SURYLGHG�WKH�PRELOLW\�IRU�DJHQWV� WR� WUDYHO� WKH� QHWZRUN�� 7KLV� SDSHU�GHYHORSHG� DQ� H�0DUNHWSODFH� V\VWHP� RI�GLVWULEXWHG�WUDGH�EDVHG�RQ�PRELOH�DJHQWV��,Q�WKLV�V\VWHP��WKH�EX\HUV�DVVLJQHG�DJHQWV�WR�VHDUFK�WKH�SURGXFW�LQIRUPDWLRQ�DQG�GLVSDWFKHG�DJHQWV�WR�WKH�VXSSOLHU�VLGHV�DQG�WUDGHG�ZLWK�WKH�VXSSOLHU�DJHQWV��,Q� RUGHU� WR� ZRUN� HIILFLHQWO\�� PXOWLSOH� EX\HU�DJHQWV� ZHUH� XWLOL]HG�� 7KH� EX\HU� DVVLJQHG�PXOWLSOH� DJHQWV� WR� VHDUFK� DQG� WUDGH� ZLWK� WKH�VXSSOLHU� DJHQWV� VLPXOWDQHRXVO\� DFFRUGLQJ� WR� WKH�QXPEHU� RI� VXSSOLHU� DJHQWV�� :H� KDYH�LPSOHPHQWHG� WKLV� H�0DUNHWSODFH� IRU� GLVWULEXWHG�WUDGH��7KH� ,%0�$JOHW� WRRONLW�ZHUH�HPSOR\HG� WR�LPSOHPHQW�WKH�PRELOLW\�RI�DJHQWV�

�Í�ñ@F-R��0RELOH� $JHQW�ì�®O

D�(OHFWURQLF�&RPPHUFH�ì�O�1HJRWLDWLRQ�
�ìò9

���X�g@æ9�ñ��Ogªûë�[��H'ïo %�% �£'ªûg�&3e�N æá�xíÞOD*��Í�4µÄë¬ (', 6�XOâ�����ò %�%�®OHëÚy %�% �£'ªûë����d²Có�x£'�xí%�% �®OH�e�x£'�H�@Óë<��5Fæ�£'	�ëc�[��H'U\£'�xíÞ %�% �®OD��ÍÄëìMõÔµgËÇeÿ�F*ëcµg¿Þ\Ûï£'5Fæë��yP5�ë)G�í--R��$JHQW��e�5�Çg>�����@íÙ�ë'-R��$JHQW�¸n,��®OH�ë)Ùÿ-�>���������������@ëx��Þ$Þöc���Ö�-i�£'5FæíÞ�@Ó�ë-R�-°��Þ�X�S_Y�ìs4 °�£'ð�üneÿO@�ìs4íÞ�ò�®OH��#ÄëïL�ä�yÚÄû�£'hHë��Og©F�ÚÄÞÌ�R1ËÄë<k_ÛO�ì�7�úìC4ìK4 �O2©FíWy���Xy�xÉ"û�à¢û@Óȩ̈ �¿Þä£�@Ó���c�ð��1Dë¤r¿sÞeÿO�@Óµ@£'ëqà¢û�£'hH�Ùÿ-�íÞä£�@Ó�ë¸�c-R�¿s�ìÒ7���Þ�XÄtFë@F-R��0RELOH� $JHQW��ÕÃ�e�êê�ÿ�>��������@í�ð�A�Lñëxë)��¨Þ$j� 0RELOH� $JHQW �ÕÃg�Í %�% �®OH*�ë�Í�x��ðÿäx[��#�ÇÑÌøÔY��O	�í��Ì�«õäx-R�6[�R1Ë[�-R�µ@�Oë���-R�õí�M�£�C4Nògi�Ô



�

Y��O@¸íxë)�ë)Pñ¸-R�Þ %�%OD@Ó�ÇÔY�O	�íxL��#ì�ñz�æÖ� 0RELOH� $JHQW�nñ ,%0 ��Í�gëY 0RELOH�$JHQW� $JOHWðz�æõïL�òã�Ç' 0RELOH� $JHQW ¸n,Ç�®OH�#�O	��ë)ðz[æÍïÑÌøÇÔY�O	�ðzÍæõ�Axë)��Í' 0RELOH� $JHQW ¸n,ÇÑÌøÔY�O	�ðzÛæõyx*��ëYª�ëW��xf®gÖ�x*��eY£*ð�L�æõðxë)1�?LCsí
�ì@F-R��0RELOH�$JHQW�
Þ &OLHQW�6HUYHU �#Äëg�yÞ�X��ú{j�òéñ÷Ò1D{5ú1Dëæ�v{ño�ïoä��£Bg°�±Dí-0RELOH� $JHQWë89gÜëyc-R�*û�$JHQW�wtF¿���vÕÃëÞ '�%��/DQJH 2��������ë)Äëð@F-R��Ê÷ì�ñ�@F-R�Þq@�ÃeêRÞx��*�Äë+¿sM��XÙ5¸¬���*�Äñ��S���*�í>��@ Ð � @��&OLHQW�6HUYHU0RELOH�$JHQWävvÃÌ�nñíÐ�D�¸ &OLHQW�6HUYHU �nñÐëv{�ÿ�*ûïo�Xñ÷òé'°�±Dð-ÞÐ�E�0RELOH�$JHQW�nñÐÄë+RVW�$Ù±D*û�$JHQW� ��«õ6 +RVW� % xÿ�*û£BëÃáïonV�òéñ÷g°�±Dí

Ð � &OLHQW�6HUYHU  0RELOH�$JHQWeYªû
¸�ëY 0RELOH� $JHQW�ÕÃë�îÞ�X�wWjW¿��*ûÖ9y�°P5�Zë-$9$ õ�e�ä£�Øjûë��WjWëó»	�cq@Ä�-R�*û��Ü¿ðäq@��PXOWLWKUHDG��¿��cäx-R�*û¿j@·Rðy°¾¿æ�REMHFW�VHULDOL]DWLRQ�õc-R�*ûH' ï�ò�q@z�ë2�tF���ÝL`²q@íxë)�c�� 0RELOH� $JHQWÉ�·w� 7KH� $JOHWV� 6RIWZDUH� 'HYHORSPHQW� .LW�

�$6'.�ëy� ,%0 ÝP��Í�ëc� -$9$Ö9�Ò7g���a 0RELOH� $JHQW *û�-$9$!híc<�� $JOHW�$3,ìÜ+�°ì$JOHW *ûûf $JOHW�6HUYHU�wY 7DKLWL�ëx����>�@�e� $JOHW d��`í$JOHW� $3, y��[ -$9$� FODVV  LQWHUIDFH ���ëx;¿<�Y� 0RELOH�$JHQW�$JOHW�WðYcíx�ÿ¸ $JOHWì$JOHW3UR[\  $JOHW&RQWH[W 2!hð$JOHW�FODVVÊ÷� $JOHW �FYë<�C��FUHDWH�ì«õ�GLVSDWFK�ì;Ð�FORQH�ì�ÿ�GLVSRVH�ì�Ú�UHWUDFW� ì   - �GHDFWLYDWH�   W q   -�DFWLYDWH�í*ûÒ7ÚH'�ðx�úgÒ7x@¸FYí$JOHW3UR[\� FODVV Ê÷� $JOHW Ë�æ��ûë$JOHW ËHïo�ÑVÌøÿÑÌøÝñ÷òéë`´@F�@�£ë*ûÒ7ÚH'�g{×q@Ä� $JOHWë�eKhï+û�ORFDWLRQ� WUDQVSDUHQF\�ë�`yÜ*ûÒ7ÚÃ��gë�û[�gq@Ä� $JOHW ytFY��æëT5ïox $JOHW 3UR[\ rH{×q@Ä� $JOHWíS]��e�Ü¿�;¿ëH'R�xc $JOHW �Î�ï�ë� $JOHWË��æoáïo�ÑVí- $JOHW&RQWH[W� FODVV õ�e� $JOHW ·Y�@Óë´ $JOHW� 6HUYHU ëFLëeC�&RQWH[Wë-L� $JOHW �C�eYoá�&RQWH[Wg|Rë<�à�ôhï�LGHQWLILHU�Wº¿æí���A�¿7�nx;¿ë$JOHW� $3,Â�e� 0HVVDJH !hZÑqH'|Rî5Êòé�(ûëWH'Ìø�V\QFKURQRXV�ÑÌø�DV\QFKURQRXV�Ýñ�òéëïo $JOHW�3UR[\rH�òéñ�Fð�íÐ � Ü+� $JOHW ��#;¿ë$JOHW �C�� $JOHW� � W«õ $JOHW � �ò{�#	�ëí�Ëïo 3UR[\gñ÷òéëÞò{#	�� $JOHW�� H' -ì¾Úÿ?ë5¸í

Ð � $JOHW ��#;¿
xë)n$ $JOHW É'�ªW°»d�ë!�_É'�ÇëÂxÜ+�°�_8�%hðS]ëx $JOHW�6HUYHU �e�°õ�



�

c��ÖVëWHÞÌ�W��C�äx$JOHW�6HUYHUë�Øc��¿ÞÌ�W��Ò77¨ëqxë)Ý� $JOHW gY¸�Í�@F-R� �·wí
�ì' 0RELOH�$JHQW ¸#��®OH�#

» � �_�-R�ÕÃÞ &OLHQW�6HUYHU 0RELOH�$JHQW�#��Tûí�ò�Ì�®OD*�Ú¸ &OLHQW�6HUYHU ��#ìì H�%D\ì.DVEDKë�[��Úïo :HE ÖVgÒÊx-R�*ûí- 0RELOH�$JHQWõ�e�c��êoû�*�Ò7í'���ð 0RELOH�$JHQW��#:'Ö�í» � &OLHQW�6HUYHU  0RELOH�$JHQWTû�X�# Tñ'&OLHQW�6HUYHU ¸#��®OH
��� -R�*ûà¢Þ�[��*�ëÿ��� ��®OH*�°�[��Y�-R�*û�c� :HE gÒÊ�� í���  òéñ÷äëõU�XÅ_í��� �Ì��X�#ëÐÊû&í' 0RELOH�$JHQW¸#��®OH
��� ÿ�*û¶h±D�ú-æ9·YÝñëF�Ýæ9*ûq@�@Óë*ûÒ7oû&í��� �[��HÞÌ�R1ËÄ£BëÞ\��Þ�X��òéñ÷í��� ��}�ðYëÞöc��è��xí��� Q:hÊ-R�*û��xí��� �ò	���ÕÃ¨�íÞ 0RELOH� $JHQW �ÕÃã�ë)Äë/�(VPDKL2��������7��x'0RELOH�$JHQW¸#��®OH>�@ë��eÿO�Þä�®OHµ@£'íY��7�	�Äë#5yïo�xÚÄû�*�g1´�[��-R�*û��J�ëÝcxi�£'íÞx*�Ä��®OH�#¬���Ô3�-R�*ûà� %X\HU� DJHQWVî 6HOOHU� DJHQWV�x8<ë-*�Ä#5��x 0DQDJHU� $JHQW� g;ÙÊ��Jë- 0DQDJHU�$JHQWÊ��J�©F@¸õy�*�ÄCó��[ 5XOHV�EDVHì&DVHV�EDVHìî &RPPRQ�VHUYLFHVg�ÊíS]ëÞ 7��6DQGKROP2���������71RPDG *�Ä>��@ëY���7 1RPDG *�y�x¿Z�[��µ@�[�$XFWLRQ�FY�ÚÄû£'�#ëä*��Ò7yº�eÿ

O��O�NòëüL���nO��-R�*û*�ðO�µ@�[�FYíä*���¿Z��nO«õ-R�*ûgµ@£'ë�ÙÑ��nOj� $SSOHW gÒÊ-R�*ûë�*�ü��nOY�-R�*ûgµ@£'í�Aë)#5yC#�xÚÄû£'�OD*�ë�[���H«õ-R�6�µ@£'íÚÄû£'�ãñÞ$|R�ØëWy���Xy�xÉ"�à¢û@Óë¸���c�ð��1Dë¤r¿sÞeÿO�@Óµ@£'ëqà¢û�£'hH�Ùÿ-�í$yëÞ 3�� 'DVJXSWD 2��������ë)Ä>�@ë�7���«õ-R��[��R1Ëµ@£'ë-ÃÞ����®OHµ@OD©FëÞx��7��#Äë���-R��ìeÿO�NòtF�ùxeÿO�R1ËëeÿO�-R�*ûðxY�µ@�Oì qª�°?7�@ëH'µ@�³�FYëxõ`"�£'ëäxeÿO?ë£'Lë½���xeÿOµ@£'ë2���eÿO�°�£'LëÚ��¿R1Ëë�¹�³�eÿO£�c��1�L��3í�ì 3��'DVJXSWD�������ë)ë+q�7�xà¢û�£'��®OHërÞeÿO�R1Ë{µ@£'ëä£�jnñÞ$eÿO¿sÍéÝL{N�Ûè×ëQ:�CO�NòìÛïNòLþ*���Yß*2·Yíxë)�*��#C�Þä£�n,�ë¸�æJ£'��Nëx*��Í��Ì�g«äx��-R��eÿO£'ëC�äx-R�ÔY��O	�í
[ìÑÌøÇÔY�O	�
Þ %�� /LPWKDQPDSKRQ 2��������ë)Äë�A�µ@�[��µ@�O��5�*¾>��@ñ��� Ê÷�5�O�Y��ûëì4(ì�]2ëÑ�û�mûEÒÊí��� �ð��Í�*��#C�x�O�ûëfìëÞà¢û��X�#Äëx�O�û5��x�#í��� C���OM���O£*ëc¿s{Ô�[����úí�ì�A�LñëH'à�vxPñë�O��X�#�O��3@¸ªûëxë)�Pñr¸�O��X�#ëC#�x'0RELOH�$JHQW¸n,��O	�í



�

Þ�!�ë��ÑÄë ���Ø�ÿ�úÃÌëØeY��O@¸gi�¼ôí ÞOD�©FÄë�OõyM��[���£�77ëgi�í��Ì7ñë'°�£'íÞ�O�#�ë)Äë5REHUW� *XWWPDQ 2�������Ö�jv�O�#ëì�ðä�9���ðÿäx[��ìäðä�ä�x��[��ì�rhH��Ô�û�w�J��ì�[�û�9�[�ðÿäx���2>�@íæ�ë¸�¿ª�êê�jrë��eäx[�µ@�4ì�Og°�£'ëÞ�ò��OªûÄëäÝ��ð���OëÞÑx[�í�r¾��Og°�£'í 5Ì�äx[�µ@£'ëõá5õÔÑx[���O�°ëÀ¿µ@�ðä��OªûíÐ � @��ò�c���ðä�Oªûí

Ð �� 9���ðäx[���Oªû
Þxë)��#Äë��Ì�«õäx-R�6ù�xeÿOÄµ@£'ë¸�¿cù�x��-R�¿s�gxceÿO�K4Nòëqùx��-R�oáïo£BÀ¿>ªxceÿO�K4Nòëä£��#�ë����-R�oáÔY£�NòÀ¿µ@�Oëqxë)w�v�O�ûw¸ÔY��O	��&RRSHUDWLYH� 1HJRWLDWLRQ�íÐ � @��xë)�Ý��ÔY�O	�íÞ�Oµ@�ëHà¸ÌøÑÌøvv�OªûíÌø��Oªû7rùxÆ«7G���-R�Ú��xc��-R����C4Nòr1����½ëfì�7Ð ��ë´ %X\HU $JHQW�� Ò 6XSSOLHU�$JHQW � C4Lë�ö���xc %X\HU�$JHQW�C4Nò`µ@�q��3�½ð-ÑÌø�Oªû`y´%X\HU�$JHQW�� C4Lë2H���ËLëÃ|xc� %X\HU�$JHQWyxñ�gxC4Nòër5@1�3�½íÝ�ÑÌøÔY�OªûHc-R�w5#ûë¿Gé�µ@�3ëÃ��XÅ_ÿyxc %X\HU�$JHQWÞc���q��pÓëwÉ¨¿�íWãð�ëÑÌøÔY�OªûÄùx��-R���3

?7ÃgãÌë�O?ëLoá��3�	�g�Ê�L����îí

Ð �� xë)�Ý��ÔY�O	�
Íì*��#

�ìz�æ�z[æð 0RELOH� $JHQWxÞOD@Ó��ÑÌøÔY�O	��Íïëxë)Ý�' 0RELOH�$JHQW¸#Çà¢û£'��®OH�#ëWÝ�Ì�g«äx-R�g°�£'�ªûëÐ � ¸xë)�Ò7Ç�®OH�#nÐë#5���ìODNòÄÿîeÿO���ë¼�v#5�-R�Ø°ñ%X\HU�0DQDJHUì%X\HU $JHQW 6XSSOLHU�$JHQWí%X\HU�0DQDJHU y���#*�ëx£*¸ñ���ÒODNòÄÿCYeÿO�NòLë���C� %X\HU�$JHQWëW���«õ6eÿOR1Ë���6XSSOLHU�$JHQWµ@£'�Oë%X\HU�$JHQW Þ�O�o*Äí�Mh���£�eÿO�K4Nò'>ª°õ�Nò'�3ë���Þ�Oµ@�ë�Ê�Ý��ò�z�ñÚF%X\HU� 0DQDJHUë�<k�L��O?7í´�O?ëLr°�£'í'��ðä�xØ°8��Ö�í����%X\HU�0DQDJHU%X\HU� 0DQDJHU H'Üy���Ý³#*�ëc��Þ�ÒÊÝ³�ú�3M�ëü L * � � ì � ú G O D N ò Ä ÿ�&RPPHUFH� ,QIRUPDWLRQ� &HQWHU�Û�{Ô�ú�eÿONòë�ìeÿO��½«õãÌ�½� %X\HU�$JHQW6eÿOR1Ë{eÿO�-R��6XSSOLHU�$JHQW�µ@£'íÞ£'µ@�ë%X\HU�0DQDJHU e�� %X\HU�$JHQWù�C4ì�3�?7ëZc��H'hå£'�µ@íÐ ��A� %X\HU�0DQDJHU Ø°�w�ïí



�

��&ODVV�IRU�WKH�EX\HU�PDQDJHULPSRUW�FRP�LEP�DJOHW��SXEOLF�FODVV�%X\HU0DQDJHU�H[WHQGV�$JOHW�^SXEOLF�YRLG�RQ&UHDWLRQ�2EMHFW�LQLW��^FUHDWH�WKH�RSHUDWLYH�ZLQGRZ�S̀XEOLF�YRLG�TXHU\'DWDEDVH���^TXHU\�WKH�VXSSOLHU¶V�LQIRUPDWLRQ�IURP�WKH�&RPPHUFH�,QIRUPDWLRQ�&HQWHU�S̀XEOLF�YRLG�FUHDWH%X\HU$JHQW�� ^FUHDWH�EX\HU�DJHQWV�DFFRUGLQJ�WR�WKH�DPRXQW�RI�WKH�VXSSOLHUV�GHOLYHU�WKH�LQIRUPDWLRQ�RI�DOO�EX\HU�DJHQWV��SURGXFWV��GHFLVLRQ�PRGHO��DQG�VXSSOLHU¶V�LQIRUPDWLRQ�WR�HDFK�EX\HU�DJHQW�S̀XEOLF�YRLG�GLVSDWFK%X\HU$JHQW�� ^GLVSDWFK�EX\HU�DJHQWV�WR�WKHLU�UHVSHFWLYH�VXSSOLHU�VHQG�WKH�SUR[\�RI�DOO�EX\HU�DJHQWV�WR�HDFK�GLVSDWFKHG�EX\HU�DJHQW�S̀XEOLF�YRLG�VHQG&RPPDQG�6WULQJ�FRPPDQG��^VHQG�WKH�FRPPDQG�PHVVDJH�WR�HDFK�EX\HU�DJHQW�S̀XEOLF�ERROHDQ�KDQGOH0HVVDJH�0HVVDJH�PVJ��^LI�EX\HU�DJHQWV�VHQG�WKH�FXUUHQW�VWDWXVUHFRUG�DQG�VKRZ�WKH�VWDWXV�LI�EX\HU�DJHQWV�VHQG�VXSSOLHU¶V�TXRWDWLRQUHFRUG�DQG�VKRZ�WKH�TXRWDWLRQ�LI�EX\HU�DJHQWV�VHQG�WKH�GHFLGHG�UHVXOWUHFRUG�DQG�VKRZ�WKH�GHFLGHG�EHVW�VXSSOLHU�`` Ð � %X\HU�0DQDJHU Ø°�w�ï
����%X\HU�$JHQW%X\HU�0DQDJHU �ìÝ³�úC� %X\HU$JHQWW«õ�xðÿ�eÿOR1Ë{x6XSSOLHU� $JHQW µ@£'ëµ@£'�O�ë%X\HU� $JHQW í�£�òé'>ª�eÿO�K4Nòëí��NÑeÿO�K4NòLë'�½���&�K4��½ 6XSSOLHU�$JHQWµ@��ÚÔ��Oë�6�O?ëí

Ð � �A� %X\HU�$JHQWØ°�w�ïí��&ODVV�IRU�WKH�EX\HU�DJHQWLPSRUW�FRP�LEP�DJOHW��SXEOLF�FODVV�%X\HU$JHQW�H[WHQGV�$JOHW�^SXEOLF�YRLG�RQ&UHDWLRQ�2EMHFW�LQLW��^H[WUDFW�WKH�LQIRUPDWLRQ�RI�RWKHU�EX\HU�DJHQWV��VXSSOLHU��SURGXFWV��DQG�GHFLVLRQ�PRGHO�LQLWLDOL]H�RQHVHOI�XVLQJ�WKH�DERYH�LQIRUPDWLRQ�S̀XEOLF�ERROHDQ�RQ$UULYDO���^REWDLQ�WKH�SUR[\�RI�VXSSOLHU�DJHQW�PRGLI\�WKH�FXUUHQW�ORFDWLRQ�S̀XEOLF�YRLG�UXQ���^LI�FXUUHQW�ORFDWLRQ�LV�DW�WKH�DVVLJQHG�VXSSOLHU�VLGH�^ ZDLWLQJ�IRU�WKH�SUR[\�RI�RWKHU�EX\HU�DJHQWV�ZKLFK�ZDV�VHQW�E\�WKH�EX\HU�PDQDJHU�UHTXHVW�FRQWDFW�LI�WKH�VXSSOLHU�SHUPLW�FRQWDFW�^UHTXHVW�TXRWH�XQWLO�WKH�QHJRWLDWLRQ�LV�ILQLVK^VHQG�WKH�FXUUHQW�VWDWXV�WR�EX\HU�PDQDJHU�JHW�WKH�TXRWDWLRQ�VHQG�WKH�TXRWDWLRQ�WR�RWKHU�EX\HU�DJHQWV�DQG�EX\HU�PDQDJHU�GHFLGH�WKH�EHVW�VXSSOLHU�SURSRVDO�VHQG�WKH�GHFLGHG�UHVXOW�WR�RWKHU�EX\HU�DJHQWV�DQG�EX\HU�PDQDJHU�`V̀HQG�WKH�FXUUHQW�VWDWXV�WR�EX\HU�PDQDJHU�GLVSRVH�RQHVHOI�`S̀XEOLF�ERROHDQ�KDQGOH0HVVDJH�0HVVDJH�PVJ��^LI�EX\HU�PDQDJHU�VHQG�WKH�SUR[\�RI�RWKHU�EX\HUVUHFRUG�WKH�SUR[\�DQG�VHQG�WKH�FXUUHQW�VWDWXV�WR�RWKHU�EX\HU�DJHQWV�LI�RWKHU�EX\HU�DJHQWV�VHQG�WKH�FXUUHQW�VWDWXVUHFRUG�WKH�FXUUHQW�VWDWXV�LI�RWKHU�EX\HU�DJHQWV�VHQG�WKH�TXRWDWLRQUHFRUG�WKH�TXRWDWLRQ�LI�EX\HU�PDQDJHU�VHQG�WKH�³6XVSHQG´�FRPPDQGVXVSHQG�RQHVHOI�LI�EX\HU�PDQDJHU�VHQG�WKH�³5HVXPH´�FRPPDQGUHVXPH�LWVHOI�LI�EX\HU�PDQDJHU�VHQG�WKH�³6WRS´�FRPPDQGGLVSRVH�LWVHOI�`` Ð � %X\HU�$JHQWØ°�w�ï

Ð �� xë)�Ò7Ç�®OH�#nÐ



�

��� 6XSSOLHU�$JHQWùxe ÿO R1Ë {� ïÞ �x6XSSOLHU� $JHQWëH'V���«õ� %X\HU�$JHQWµ@£'ëÉ¿£'�ë6XSSOLHU�$JHQW�ìY�NòY�ÃÌ�K4��ë����&���É¿%X\HU�$JHQW�Oë¶h%X\HU�$JHQW�ÚÿëüL�ìc���ÒÊgæ9xc���ë�6�O?ëíÐ � �A�6XSSOLHU�$JHQWØ°�w�ïí��&ODVV�IRU�WKH�VXSSOLHU�DJHQWLPSRUW�FRP�LEP�DJOHW��SXEOLF�FODVV�6XSSOLHU$JHQW�H[WHQGV�$JOHW�^SXEOLF�YRLG�RQ&UHDWLRQ�2EMHFW�LQLW��^TXHU\�WKH�SURGXFWV�LQIRUPDWLRQ�IURP�GDWDEDVH�FUHDWH�WKH�RSHUDWLYH�ZLQGRZ�S̀XEOLF�ERROHDQ�KDQGOH0HVVDJH�0HVVDJH�PVJ��^LI�EX\HU�DJHQW�UHTXHVW�FRQWDFW�^FKHFN�DQG�LGHQWLI\ WKH�EX\HU�LI�WKH�EX\HU�LV�OHJDOUHSO\�FRQWDFW�SHUPLW�HOVHUHSO\�FRQWDFW�IRUELG�L̀I�EX\HU�DJHQW�UHTXHVW�TXRWHLI�WKH�SURGXFW�LV�YDOLGLI�EX\HU�DJHQW�UHTXHVW�TXRWH�ILUVWUHSO\�WKH�TXRWDWLRQ�DFFRUGLQJ�WKH�W\SH�DQG�TXDQWLW\�RI�WKH�SURGXFW�HOVHUHSO\�WKH�QH[W�TXRWDWLRQ�HOVHUHSO\�WKH�SURGXFW�LV�LQYDOLG�`` Ð � 6XSSOLHU�$JHQWØ°�w�ï
Þxë)�ÔY�O	�ÄëÝ�9���ðÿäxeÿO��Oªûë́ ��-R�«õ6eÿO{Lë�O£*ì�ñ��� %X\HU� $JHQW �ð��ÇY��½ÒeÿO-R�C4í��� 6XSSOLHU� $JHQW �ìc���ÒÊ�Êý¿��ìÄË��Üe��ëüL�7ð5¸���¬�K4��í��� %X\HU�$JHQW�� 6XSSOLHU�$JHQW�K4��Lëí�£�Nò'Ø>ª�eÿO�K4��ëüL�½ÑeÿO���ë�î���&�1¸�b�îëWÙ�î?7ñÚF %X\HU�0DQDJHUí���  xA�ðÿ� 6XSSOLHU�$JHQW���Ãy�b��îëÒ 6XSSOLHU�$JHQW`²C4í��� 6XSSOLHU�$JHQW�7��x��í��� Ú����í��c��?ë�OÿÑeÿO���Ã½9æíS ] ë O D N ò Ä ÿ �&RPPHUFH�,QIRUPDWLRQ� &HQWHU�ï"�[���ã�NòëfìY�NòìeÿO�r 6XSSOLHU�$JHQW�

�z�Fó2ëZ���r %X\HU� 0DQDJHU��ì�úg�CeÿONòWÇ£'í¸�5c-R�w5#ûëÞxë)��#Äëùx %X\HU�$JHQWÚ(�5#��3¿�ë�X@Üë´ %X\HU� $JHQW ��6XSSOLHU�$JHQW�K4NòLëyxc %X\HU�$JHQW £�Nògµ@�3ë-ÃyñÚF%X\HU� 0DQDJHU � %X\HU� 0DQDJHU g�3íS]ëÑÌø�O�ZÑ %X\HU�$JHQW�r�3WÚÿíä£�jnñÞ$´xÄ ��òéñ÷¡_ÿy���Xæñÿ-R���Y�ëxc�-R�ÂyH'`²·Yëcä£�*�wÉ¨¿�í-ÞÑeÿO��O�3�ëxë)Ý�ä�ûY���3ªûg�½ÑßK4��íxë)Ý��ª�ÙL�)X]]\� ,QIHUHQFH�[89:õ�6LPSOH�:HLJKW�[1¸�O��3ªû>������@ëxë)j�ä[�3ªûgª���ðä�û�Y�ä����½�ûí
Ûì*�ëYª�

_ºëÑqoáºÖ� $JOHW�6HUYHUë�$@F-R��©FoáÞ��¨��@ÓÄë��@F-R�À¿Þä@ÓÄeYëWxc�@F-R�£Bëä£�@ÓÑqwY¸�$JHQW� 6HUYHU íÙ¸xë)yj�,%0 ��Í� $JOHW gC#@F-R�ëc��e�ä£�@ÓgZ@F-R�eYëqä£�@Ów¸ $JOHW�6HUYHUë�w 7DKLWLíÞx*��eY�Vëxë)C���x $JOHW�6HUYHU gª� %�% ��®OHë�x-»��� $JHQW�6HUYHUë,3�$GGUHVV¸ ������������ðS]vxõ-»eÿO� $JHQW� 6HUYHUë,3�$GGUHVVàh¸ �����������  �����������íÐ� @��x�ª���#ÐíÞx��ª�ëxë)'
fg�OD@ÓgY¸e��hëê8��Üëxë)Ý�
@��f
ËYg�8�£'©FgC#*�íx�ª�¼C#� � x 6XSSOLHU�$JHQWë� xF$W>Kh�
Ë�
Ë-�ñ6+����a6+�����ë� xF$WÄ�
Ë-�ñ6+����  6+�����í
Ë-�ñ6+����ì6+����ì6+����ì6+���� ó$ ,3�$GGUHVV¸������������ $JOHW�6HUYHUð6+����ì6+����ì6+���� õó$ ,3� $GGUHVV ¸ ����������� �$JOHW�6HUYHUíÐ �� @�� %X\HU�0DQDJHU �#�Vëc��H'Þ %X\HU� 0DQDJHU �ÒÊÝ³�úë<kG�KhìG�	±ì�Ë�v!�½ì4(�]��úì�3ªû��î



�

2íÒÊ°�L½a#�C$¿ë*��ì�úÒODNòÄÿ �&RPPHUFH� ,QIRUPDWLRQ�&HQWHU�_ÛÔu�eÿOíÞx�ª�ÄëÝ³�úÒÊLÒODNòÄÿ �&RPPHUFH�,QIRUPDWLRQ�&HQWHU��CLëª�H�e1D�eÿO � Ëí´ %X\HU�$JHQWÆ«õ7GLëe-eÞeÿO� $JOHW� 6HUYHU 2H %X\HU� 0DQDJHU ñgxc %X\HU� $JHQW� 3UR[\�j�x 3UR[\£B�ë��L`É¿x�ðÿ� 6XSSOLHU�$JHQWµ@£'ëx£'©F<�ôhA´ì��ØõìC4ì�O�3ëW!xc�%X\HU� $JHQW £�òéë'Øª�xceÿO�K4Nòg1�3ëÞx�ª�Äë%X\HU�0DQDJHU ¼«7� � x %X\HU $JHQWëxÄÐ��r¸xÄ
� ��%X\HU�$JHQW�%X\HU�$JHQW����#�Vë��@��xc %X\HU� $JHQW�K4Nòë�$xAÃ�@�Þ�Vëq�!<g»�ëg��¸����3o*ëJ��õyeÿO�ð@�.íÞ²k���0��î-»�3�zj��ðÄk�>@0��îõ-»C4�zj��íÐ �� �@�� 6XSSOLHU� $JHQW�6+����� %X\HU� $JHQW � £'���Ví�Vg�y���ð@�.ëÞxJ�Äë@��xAY��ý¿4(ìÜe4(ù�H'à��4(í %X\HU�$JHQWðx��Ã?7�@ë6XSSOLHU� $JHQW ��`HU\4(ë�6Üe4(¸�í¸�c-R�w5#ûë¿Gé�µ@�3ëÃ��XÅ_ÿyxc %X\HU� $JHQWÞc���q��pÓëÞz���3Lë*

�É¿µ@ÑÌø��Oë�X@Üë%X\HU�$JHQW Ò 6XSSOLHU $JHQW C4Lë2H�x�ËñëÃ|xc %X\HU�$JHQWyxñ��\�C4Nòër5@1�3íÐ �� @��´µ@z�ÚÔ��O�ëùx %X\HU�$JHQW���xc %X\HU�$JHQW�C4NòÃe��íS]ëÞx*�Äë�VÉ %X\HU�0DQDJHU hÊ %X\HU� $JHQW �;¿ëc��Hïo�ÑVgª�� %X\HU�$JHQW�z�ë<k�OÄùÚÔ�C4Nòì�3?7î�O?ëL��7NòíS]ëc��H'Þ£'µ@� -ìÄ��� %X\HU� $JHQWíÐ�� r¸ %X\HU�$JHQW�hÊ�Ví
�ì?L

xë)�7��x'@F-R�¸#�OD@ÓÄë�xäP-R��ÔY�O	�ëïLÞ�x��ðÿäxeÿO�º`�ë��Ì�g«äx-R�6eÿ�µ@£'í��¸�¿�ª�¬jrëj�ïVX¨�ªûgÛ��b���íxë)�¿#5��7ñ��� C#�x' 0RELOH� $JHQW ¸#�OD@Óë#5��ìNòODÄÿeÿO�����ë�$ 0RELOH�$JHQW �ãñë��H�ì�úg«õ-R�6eÿ�eÿO�-R�µ@£'ë�e�xêoû�NÇ�®OH��X�#í��� �Í�x��ðÿäxeÿO�º`�ë��Ì�g«äx-R�6eÿ�µ

Ð �� x�ª��#Ð



�

@£'�ÔYÑÌø�O	�íÔY��O	��e��Ì�HäxeÿOµ@£'��#£*ðÑÌø��O	�Hc��-R�Ã�xc��-R�ÿ�Xæñq��pÓëcxh��-R�w5#ûÉ¨�í��� c�
@��f
Ëg�Ë8��OD©FY¸xë)�e��hë±ÿ¿C��xu�$
fYg��®OHë�e�x5Fæ�£'@ÓëæJS
fYg��N�xëWÙm6ÑxYgí
yg��ÍCs

�$xë)TC��ºø�*�ª�ëqÂÑä�Y�Â�5æµñ��� Þ-R���O	��Vëxë)W	,u�[��F�ÝJõ�O3Zëfìë[���U4]ë�H'�d�g4(Î6D4ëJõ4(�fB�¿F�Ýæ9íäÞ�òy�ßP5!�R:æ�Y�í��� Þ£'µ@�ëÃLyÞ�Oÿ�3�ë�[��o�ïoòéñ÷g£�Nòë÷xÞTÊ�·Yªû�ëê5�ñx·Y£*g£Bë�õ�ëÞ-R���æ£B�Vëÿyïo!V�!�Ö9£B��ûg£�Nòë-Ñïoñ��{û�RgãÌ�æíÞxë)ÄëõÝ�5@Ê÷�òé(ûë�';¿89íÞ � ò - R � � æ Ö 9 �$JHQW�&RPPXQLFDWLRQ� /DQJXDJHë$&/��ë)Äë_hÓ� ),3$� $&/ $53$�.40/vvë ¿:�¨���æÖ9ë�cx*�xc�]ô*�É'õÔí��� x*��Pñ"Þ�x��ðÿäx[��£'	�ëWÞSë��ÑÄë�x°õ��®OHy�$äx��ðÿäx[�ë��H'M�_ÛãÌ���g?Ô��ùë'i�êb�³��ì�O�ð-[�H'?Ô3Z{Àë'i�êb��O�Xu�í
�ìM,�O

�ñ�V 85/LV	±-»�L��ëØ	±í>�@ õC!ë´'@F-R�¸n,OD@Ó�ÇùF-R�ÔY�O	� ± Ò7ëY´ë²ÑôÕ¬ÙNò|R*ëqªL�������í

>�@ l�uì¤¬që	ËÙ�ñ!�í�Xìª�*�'înÙ4�[õë»eôÕ������í>�@ $JOHWV�� 85/��KWWS���ZZZ�WUO�LEP�FR�MS�DJOHWV�������������>�@ -�3�� %LJXV� DQG� -�� %LJXV�� &RQVWUXFWLQJ�,QWHOOLJHQW� $JHQWV� ZLWK� -DYD�� :LOH\�&RPSXWHU�3XEOLVKLQJ �������>�@ &DJOD\DQ� DQG� &�� +DUULVRQ�� $JHQW�6RXUFHERRN�� :LOH\ &RPSXWHU� 3XEOLVKLQJ�������>�@ 3�� 'DVJXSWD�� 1�� 1DUDVLPKDQ�� /RXLVH� (��0RVHU�DQG�3�0��0HOOLDU�6PLWK��³0$J1(7��0RELOH� $JHQWV� IRU� 1HWZRUNHG� (OHFWURQLF�7UDGLQJ´�� ,(((� 7UDQVDFWLRQV� RQ�NQRZOHGJH� DQG� GDWD� HQJLQHHULQJ�� 9RO�� ����1R��� �������>�@ /�� (VPDKL�� 3�� 'LQL DQG� -�&�� %HUQDUG��³7RZDUG�DQ�2SHQ�9LUWXDO�0DUNHW�3ODFH�IRU�0RELOH� $JHQWV´�� ,(((� �WK� ,QWHUQDWLRQDO�:RUNVKRSV� RQ�:(7� ,&(� 
���� SS�� ���������������>�@ -�� )HUEHU�� 0XOWL�$JHQW� 6\VWHPV�$Q�,QWURGXFWLRQ� WR� GLVWULEXWHG� DUWLILFLDO�LQWHOOLJHQFH��$GGLVRQ�:HVOH\ �������>�@ 5��*XWWPDQ�DQG�3��0DHV��³&RRSHUDWLYH�YV��&RPSHWLWLYH� 0XOWL�$JHQW� 1HJRWLDWLRQV� LQ�5HWDLO�(OHFWURQLF�&RPPHUFH´��3URFHHGLQJV�RI� WKH� 6HFRQG� ,QWHUQDWLRQDO� :RUNVKRS� RQ�&RRSHUDWLYH� ,QIRUPDWLRQ� $JHQWV� �&,$
����������>��@ $�.��-DLQ��0��$SDULFLR�,9�DQG�0�3��6LQJK��³$JHQWV� IRU� 3URFHVV� &RKHUHQFH� LQ� 9LUWXDO�(QWHUSULVHV´��&RPPXQLFDWLRQ� RI� WKH�$&0��9RO������1R��� �������>��@ -�-��-XQJ�DQG�*�6��-R��³%URNHUDJH�EHWZHHQ�EX\HU� DQG� VHOOHU� DJHQWV� XVLQJ� &RQVWUDLQW�6DWLVIDFWLRQ� 3UREOHP� PRGHOV´�� 'HFLVLRQ�6XSSRUW� 6\VWHPV�� 9RO�� ���� ,VVXH�� ��� SS��������� �������>��@ '�%��/DQJH�DQG�0��2VKLPD��3URJUDPPLQJ�DQG� 'HSOR\LQJ� -DYD� 0RELOH� $JHQWV� ZLWK�$JOHWV��$GGLVRQ�:HVOH\��������>��@ %�� /LPWKDQPDSKRQ�� <�� =KDQJ�� DQG� =��=KDQJ��³$Q�DJHQW�EDVHG�QHJRWLDWLRQ�PRGHO�VXSSRUWLQJ� WUDQVDFWLRQV� LQ� HOHFWURQLF�FRPPHUFH´�� ,(((� ��WK� ,QWHUQDWLRQDO�:RUNVKRS�RQ�'DWDEDVH�DQG�([SHUW�6\VWHPV�$SSOLFDWLRQV��SS�����������������>��@ 5��/LQ�DQG�6�7��&KRX�� ³)RUPLQJ�'\QDPLF�6XSSO\� &KDLQV� LQ� WKH� (OHFWURQLF�0DUNHWSODFH�� $� 3DUWQHUVKLS� 1HJRWLDWLRQ�0HFKDQLVP´� 1DWLRQDO� &RPSXWHU�6\PSRVLXP� �������



�

>��@ 0�-�� 0HQGHV� DQG� )�0�$�� 6LOYD�� ³0RELOH�$JHQWV� LQ� $XWRQRPRXV� 'HFHQWUDOL]HG�6\VWHPV´�� 7KH� )RXUWK� ,QWHUQDWLRQDO�6\PSRVLXP� RQ� ,QWHJUDWLRQ� RI�+HWHURJHQHRXV� 6\VWHPV�� SS�� ���������������>��@ 7�� 6DQGKROP� DQG� 4�� +XDL�� ³1RPDG��0RELOH� $JHQW� 6\VWHP� IRU� DQ�,QWHUQHW�%DVHG� $XFWLRQ� +RXVH´�� ,(((�,QWHUQHW� &RPSXWLQJ�� 9RO�� ���� SS�� �������������>��@ '�� :RQJ�� 1�� 3DFLRUHN�� DQG� '�� 0RRUH��³-DYD�EDVHG� 0RELOH� $JHQWV´��&RPPXQLFDWLRQ�RI�WKH�$&0��9RO������1R����������>��@ -�� <HQ� DQG� 5�� /DQJDUL�� )X]]\� /RJLF��,QWHOOLJHQFH�� FRQWURO�� DQG� ,QIRUPDWLRQ��3UHQWLFH�+DOO��������

Ð �� %X\HU�0DQDJHU �#�V



��

Ð �� %X\HU�$JHQW�� �q@�V

Ð �� 6XSSOLHU�$JHQW�6+������#�V

#>@»ìÝ #��»¬Ü



��

Ð �� ÑÌøÔY��Oªû

Ð �� %X\HU�$JHQW�hÊ�V

7Í6XSSOLHU1<ÂÈ��
%X\HU�$JHQW��Ö·ìÝ+»


