
�� 

 

 

HIGHLIGHTS 
¨ IMM YEARBOOK 
¨ IMM Training and Certification Schemes 
¨ Corrosion in Concrete Structures in the 

Tropics 
¨ The Effect of Storage Device of FTIR 

Spectra on the Degree of Similarity Using 
Compare Algorithm for Paint 
Fingerprinting 

¨ FTIR Qualitative Analyses for Quality 
Assurance and Quality Control of 
Protective Paints 

 

www.iomm.org.my Institute of Materials, Malaysia 

January 2021 

Issue 29 

A quarterly magazine PP18691/01/2018(034114)/ISSN2289-9030 



�Ϯ 

 

d��>��K&��KEd�Ed^ 

IMM Council Members 6 

List of Honours 12 

COVER STORY  

IMM Training and Certification Services 14 

IMM Training and Certification Program Overview 16 

IMM Authorized Training Body (ATB)/ Authorized Testing Centre (ATC)/ Authorized Training 
Partner (ATP) for IMM Courses and Certification 

18 

IMM Council Members and Committees 22 

IMM Conference on Material, Science, and Technology 28 

IMM Activities 2020 - 1980 32 

IMM Profiles 40 

New IMM Fellow & Professional 48 

TECHNICAL ARTICLES  

Corrosion in Concrete Structures in the Tropics 50 

The Effect of Storage Device of FTIR Spectra on the Degree of Similarity Using Compare 
Algorithm for Paint Fingerprinting 

58 

FTIR Qualitative Analyses for Quality Assurance and Quality Control of Protective Paints 60 

STUDENT EDITORIAL  

Development of Composite Board and Chair Using Industrial Fiber By-Products 62 

Malaysia Finalist Participation in The Virtual 2020 Young Persons’ World Lecture Competition 
(YPWLC 2020) 

64 

Hari Profesion Teknikal Negara 2020 (HPTN 2020) 
Webinar Series: Leveraging Materials Technology for Sustainable Future 

65 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�ϯ 

 

&KLHI�(GLWRU 
$VVRF��3URI��7V��'U��7D\�&KLD�&KD\ 

�8QLYHUVLWL�7HNQRORJL�0$5$� 
 

'HSXW\�&KLHI�(GLWRU 
$VVRF��3URI��'U��/LP�7HFN�+RFN 

�7XQNX�$EGXO�5DKPDQ�8QLYHUVLW\�&ROOHJH� 
 

0DQDJLQJ�(GLWRU 
0V��1XUXO�)DWDKDK�$V\TLQ�=DLQDO 
�����8QLYHUVLWL�7HNQRORJL�0$5$� 

'U��1XU�$LPL�-DQL 
�8QLYHUVLWL�7HNQRORJL�0$5$� 

 
&RPPLWWHH�0HPEHUV 

3URI��7V��&K0��'U��0HOLVVD�&KDQ�&KLQ�+DQ 
�8QLYHUVLWL�7HNQRORJL�0$5$� 

'U��$PLUDK�$PDOLQD�$KPDG�7DUPL]L 
�8QLYHUVLWL�7HNQRORJL�0$5$� 

,U��0RKG�5D]LII�(PEL 
�0DODNRII�3RZHU�%KG� 

7V��%ULDQ�/LP�6LRQJ�&KXQJ 
�*HRSROLWDQ�6GQ�%KG� 
0V��+DLUXQQLVD�5DPOL 

�8QLYHUVLWL�7HNQRORJL�0$5$� 

 

'LVFODLPHU�� 7KH�DUWLFOHV�ZULWWHQ�E\�YDULRXV�DXWKRUV�DQG�QHZV�
IURP� H[WHUQDO� VRXUFHV� DUH� SXEOLVKHG� LQ� JRRG� IDLWK� IRU� WKH�
EHQHILW�RI�RXU�UHDGHUV�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�YLHZV�
RI� ,00�� )XUWKHU�� ZH� JLYH� QR� DVVXUDQFH� RU� ZDUUDQW\� WKDW� WKH�
SXEOLVKHG� LQIRUPDWLRQ� LV� FXUUHQW� RU� DFFXUDWH� DQG� WDNH� QR�
UHVSRQVLELOLW\� IRU�DQ\� ORVVHV�RU�FRQVHTXHQFHV�DULVLQJ� IURP� LWV�
WUDQVPLWWDO�WKURXJK�WKH�EXOOHWLQ� 

VHFUHWDULDW#LRPP�RUJ�P\ 

ZZZ�LRPP�RUJ�P\ 

,167,787(�2)�0$7(5,$/6��0$/$<6,$ 

6XLWH������/HYHO����%ORFN�$��.HODQD�&HQWUH�3RLQW��/REE\�
%���1R����-DODQ�66�������.HODQD�-D\D��������3HWDOLQJ�

-D\D��6HODQJRU� 
7HO������-��������� 

������-�������� 

,QVWLWXWH�RI�0DWHULDOV��0DOD\VLD 

(OHFWURQLF� FRS\� RI� 0DWHULDOV� 0LQG� FDQ� EH� DFFHVVHG� YLD�
ZZZ�LRPP�RUJ�P\�XQGHU�0DWHULDOV�0LQG�:HESDJH� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 



�ϰ 

 

,167,787(�2)�0$7(5,$/6��0$/$<6,$ 
�330-���-��-��������� 

 
 
TO ALL IMM MEMBERS, 

NOTICE OF 31st ANNUAL GENERAL MEETING 
 
Notice is hereby given that the 31st Annual General Meeting of the IMM will be held as follows: 
 

 
  
AGENDA 

1.  Adoption of the agenda 
2.  President’s address 
3.  To approve the minutes of the 30th Annual General Meeting (*) 
4.  To receive and adopt the 2020 report of the council presented by the Honorary Secretary of IMM (*) 
5.  To receive and adopt the 2020 statement of accounts presented by the Honorary Treasurer of IMM (*) 
6.  Proposed amendment to IMM Constitution (*) 
7.  Tabling the appointment of auditor(s) for 2021 by the Honorary Treasurer of IMM 
8.  Any other matters  
(*) can be accessed electronically on IMM website (www.iomm.org.my) after 8th Feb 2021. 
 
By order of the Council,                                                                                           Date:  2nd January 2021 
Prof. Ts. ChM. Dr. Melissa Chan Chin Han 
Honorary Secretary, IMM 

 
REPLY SLIP 

 
I hereby confirm that I will be able / not be able* to attend the AGM above. 
SIGNATURE:  
NAME:    
ORGANIZATION NAME: 
MEMBERSHIP NO.: 
DATE: 
 
Please indicate confirmation via email to secretariat@iomm.org.my before 12:00 pm, 12th March 2021. 
*Delete whichever not applicable. 
 

ANNUAL GENERAL MEETING PROXY VOTING FORM 
 

I       (please print name in full) and IMM Membership no. _____wish to record my apologies 
for  absence and hereby appoint                                (please  print name  in full) and IMM  Membership no. 
   (or, failing him/her, the Chairman of the Meeting) to act as my proxy at the 30th Annual General 
Meeting of the IMM. 
 
 
 
Signature:                 Date:     
This Proxy Voting Form should be returned to the IMM office via email (secretariat@iomm.org.my) before 
12:00 pm, 12th March 2021. 

Format : Physical AGM, where venue to be confirmed OR Virtual Live Event OR Hybrid AGM 

Date : 19th March 2021 (Friday) 

Time : 3.00 pm – 6.00 pm (note: time to be confirmed again before 28th February 2021) 

6XLWH������/HYHO����%ORFN�$��.HODQD�&HQWUH�3RLQW��/REE\�%���1R����-DODQ�66�������.HODQD�-D\D�� 
������3HWDOLQJ�-D\D��6HODQJRU��0DOD\VLD� 

�7HO���������������� 
(PDLO��VHFUHWDULDW#LRPP�RUJ�P\�������:HEVLWH��ZZZ�LRPP�RUJ�P\�������:KDWV$SS�������������������������)DFHERRN��,QVWLWXWH�RI�0DWHULDOV�0DOD\VLD 
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7HNQRORJL�0DOD\VLD 

  'U��0RKDPHG�$FNLHO�0RKDPHG�-�
6HUED�'LQDPLN�*URXS�%KG 
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  1LN�.KDLULO�$]PDQ�1LN�$EGXOODK -�
7HPSHUOLWH�,QVXODWLRQ�6GQ�%KG 

  'U��$PDOLQD�0XKDPPDG�$ILIL -�
8QLYHUVLWL�0DOD\D 

 'DQQ\�7DQ�.LP�&KHZ -�$EDGL�2LO�	�
*DV�6HUYLFHV�6GQ�%KG� 
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8QLYHUVLWL�7HNQRORJL�0$5$� 
 6REHQGUDQ�9HQJDGDVDODP -�(FR�

0RYHPHQW�6GQ�%KG� 
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8QLYHUVLWL�0DOD\VLD�3HUOLV 

ϮϬϮϬ-ϮϬϮϮ 
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ϮϬϭϰ-ϮϬϭϲ 

ϮϬϭϲ-ϮϬϭϴ 

$GYLVRU 'DWXN�,U��'U��$EGXO�5DKLP�+M��+DVKLP�-�
8QLYHUVLWL�7HNQRORJL�3(7521$6 

3UHVLGHQW 0RKG��$]PL�0RKG��1RRU�-�
.HEDEDQJDQ�3HWUROHXP�2SHUDWLQJ�
&RPSDQ\�6GQ�%KG 

'HSXW\�3UHVLGHQW�������
�����-����� 

$VVRF��3URI��'U��2WKPDQ�0DPDW�-�
8QLYHUVLWL�7HNQRORJL�3(7521$6 

+RQRUDU\�6HFUHWDU\ $VVRF��3URI��'U��0HOLVVD�&KDQ�&KLQ�
+DQ�-�8QLYHUVLWL�7HNQRORJL�0$5$ 

+RQRUDU\�7UHDVXUHU ,U��0RKG�6XUDGL�<DVLQ�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

$VVLVWDQW�+RQRUDU\� 
7UHDVXUHU 

'U�=XONDUQDLQ�.HGDK�-�6HUED�'LQDPLN�
6GQ�%KG 

,PPHGLDWH�3DVW�3UHVLGHQW 3URI��'U��0RKDPDG�.DPDO�+DUXQ�-�
+LJKHU�(GXFDWLRQ�/HDGHUVKLS�
$FDGHP\ 

&RXQFLO�0HPEHUV 'DWR¶�'U��,U��+DML�0RKG�$EGXO�.DULP�
$EGXOODK�-�6HUED�'LQDPLN�*URXS�%KG 

 'DWR¶�8GDQL�'DWR¶�6HUL�0RKDPHG�'DXG�
-�0D[�(QHUJ\�6GQ�%KG 

  'DWXN�,U��:DKLUXGGLQ�:DKLG�-�35$�
6HUYLFHV�6GQ�%KG� 

  3URI��,U��'U��5DPHVK�6LQJK�-�8QLYHUVLWL�
0DOD\D 

  ,U��$VVRF��3URI��'U��(GZLQ�-RQJ�1\RQ�
7FKDQ�-�$GYDQFHG�0HWDOOXUJ\�	�
:HOGLQJ�7HFKQRORJ\�6GQ�%KG� 

  $VVRF��3URI��(XU��,QJ��1LJHO�3DWULFN�
%UHZLWW�-�1RULPD[-07,6� 

  $VVRF��3URI��'U��7DQ�:LQLH�-�8QLYHUVLWL�
7HNQRORJL�0$5$ 

  'U��$QGUHZ�6SRZDJH�-�:RRGJURXS�
,QWHWHFK�0DOD\VLD� 

  'U��+DVQDK�$EGXO�:DKDE�-�6,5,0�%KG� 
  'U��6DPVXO�%DKDU�6DGOL�-�3(7521$6�

&DULJDOL�6GQ�%KG 
  ,U��/DL�.DK�&KLXQJ�-�3(7521$6�

5$3,'�3URMHFW� 
  ,U��0D[�2QJ�&KRQJ�+XS�-�1RULPD[�6GQ�

%KG� 
  ,U��0RKG�5D]LII�(PEL�-�0DODNRII�

&RUSRUDWLRQ�%KG� 
  ,U��2QJ�+RFN�*XDQ�-�6DUDZDN�6KHOO�

%KG� 
  ,U��3DX�.LHZ�+XDL�-�0DOD\VLD�/1*�6GQ�

%KG 
  +DUU\�:RRQ�7DU�:RL�-�%UHGHUR�6KDZ�

�0��6GQ�%KG 
  .DPDO�$]DP�,EUDKLP�-�3(7521$6�

*URXS�7HFKQLFDO�6ROXWLRQV� 
 0D]UL�0G��$OL�-�3(7521$6�030� 
 0RKDPHG�6LUDM�$EGXO�5D]DFN�-�0,5�

9DOYH�6GQ�%KG 
 0XKDPPDG�+DZDUL�+DVDQ�-�

3(7521$6�*URXS�7HFKQLFDO�
6ROXWLRQV� 

 1XUXO�$VQL�0RKDPHG�-�3(7521$6�
*URXS�7HFKQLFDO�6ROXWLRQV� 

 =DLQXGLQ�=XONLIOL�-�.10�*URXS�%KG 

'HSXW\�3UHVLGHQW 
�����-����� 

6RIL\DQ�<DK\D�-�&HNDS�7HFKQLFDO�
6HUYLFHV�6GQ�%KG 

$GYLVRU 'DWXN�,U���'U���$EGXO�5DKLP�+M��+DVKLP�
-�8QLYHUVLWL�7HNQRORJL�3(7521$6 

3UHVLGHQW 3URI��'U��0RKDPDG�.DPDO�+DUXQ�-�
8QLYHUVLWL�0DOD\VLD�.HODQWDQ�8QLYHUVLWL�
7HNQRORJL�0$5$ 

'HSXW\�3UHVLGHQW 0RKG��$]PL�0RKG��1RRU�-�3(7521$6�
8SVWUHDP�+6( 

+RQRQDU\�6HFUHWDU\�
������ 

,U��$EGXO�5D]DN�$EX�+XUDLUDK�-�
0RUHFDS�6GQ�%KG 

$FWLQJ�+RQRUDU\�
6HFUHWDU\������� 

$LQLO�)LGUDK�0RKG�*KD]DOL�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

,PPHGLDWH�3DVW�3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ-�.RVVDQ�
5XEEHU�%KG 

&RXQFLO�0HPEHUV 'DWR¶�,U��0RKG�-DL�6XERK�-�9HORVL�6GQ�
%KG 

  'DWXN�,U��:DKLUXGGLQ�:DKLG�-�35$�
6HUYLFHV�6GQ�%KG 

  3URI��'U��$�6��0G��$EGXO�+DVHHE�-�
8QLYHUVLWL�0DOD\D 

  3URI��'U��(VDK�+DP]DK�-�8QLYHUVLWL�
7HNQRORJL�0DOD\VLD 

  3URI��'U��5DMNXPDU�'XUDLUDM�-�8QLYHUVLWL�
7XQNX�$EGXO�5DKPDQ 

  3URI��,U��'U��5DPHVK�6LQJK�-�8QLYHUVLWL�
0DOD\D 

  $VVRF��3URI��'U��&KLD�&KLQ�+XD�-�
8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD 

  $VVRF��3URI��'U��&KDQ�&KLQ�+DQ�-�
8QLYHUVLWL�7HNQRORJL�0$5$ 

  'U��$QGUHZ�6SRZDJH�-�:RRGJURXS�
,QWHWHFK�0DOD\VLD 

  'U��+DVQDK�$EGXO�:DKDE�-��6,5,0�%KG 
  'U��.DUHQ�:RQJ�0HH�&KX�-�8QLYHUVLWL�

7XQNX�$EGXO�5DKPDQ 
  'U��7DQ�:LQLH�-�8QLYHUVLWL�7HNQRORJL�

0$5$ 
  ,U��'U��(GZLQ�-RQJ�1\RQ�7FKDQ�-�

-XUXWHUD�3HUXQGLQJ�$NDO�6GQ�%KG 
  ,U��/DL�.DK�&KXQJ�-�3(7521$6�5$3,' 
  ,U��/HH�6ZHH�(QJ�-�.10�*URXS�%KG 
  ,U��0D[�2QJ�&KRQJ�+XS�-�1RULPD[�6GQ�

%KG 
  ,U��0RKG�5D]LII�(PEL�-�0DODNRII�

&RUSRUDWLRQ�%KG 
  ,U��3DX�.LHZ�+XDL�-�3(7521$6�*URXS�

7HFKQLFDO�6ROXWLRQV 
  %HUQDUG�0D[PLOODQ�6LP�-�%XUHDX�

9HULWDV��0��6GQ�%KG 
  'DYLG�/LP�&KHH�&KHRQJ�-�([[RQ0RELO�

(	3��0��,QF 
  +DOLPDK�3LW�–�6KHOO�%KG 
  +DUU\�:RRQ�7DU�:RL�-�%UHGHUR�6KDZ�

�0��6GQ�%KG 
  0DLPXQDK�,VPDLO�-�,QGHSHQGHQW�

0DWHULDOV�&RQVXOWDQW 
  1LJHO�3DWULFN�%UHZLWW�-�1RULPD[�6GQ�%KG 
  1XUXO�$VQL�0RKDPHG�-�3(7521$6�

*URXS�7HFKQLFDO�6ROXWLRQV 

+RQRQDU\�6HFUHWDU\�
������ 

'U��9DOOL\DSSDQ�'DYLG�1DWDUDMDQ�-�
8QLYHUVLWL�7HNQRORJL�0$5$ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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$GYLVRU 'DWXN�,U���'U���$EGXO�5DKLP�+M��
+DVKLP�-�8QLYHUVLWL�7HNQRORJL�
3(7521$6 

3UHVLGHQW 3URI��'U��0RKDPDG�.DPDO�+DUXQ�-�
8QLYHUVLWL�0DOD\VLD�.HODQWDQ�
8QLYHUVLWL�7HNQRORJL�0$5$ 

'HSXW\�3UHVLGHQW 3URI��'U��&KH�+XVQD�$]KDUL�-�
8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD 

+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS�-�1RULPD[�
6GQ�%KG 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

,PPHGLDWH�3DVW�3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ�-�.RVVDQ�
5XEEHU�%KG 

&RXQFLO�0HPEHUV 'DWR¶�,U��0RKG�-DL�6XERK�-�9HORVL�
6GQ�%KG 

  'DWXN�,U��:DKLUXGGLQ�:DKLG�-�35$�
6HUYLFHV�6GQ�%KG 

  3URI��'U��$KPDG�)DX]L�0RKG�1RRU�-�
8QLYHUVLWL�6DLQV�0DOD\VLD 

  3URI��'U��(VDK�+DP]DK�-�8QLYHUVLWL�
7HNQRORJL�0DOD\VLD 

  3URI��'U��6DLIROODK�$EGXOODK�-
8QLYHUVLWL�7HNQRORJL�0$5$ 

  $VVRF��3URI��'U��$QGUHZ�6SRZDJH�-�
8QLYHUVLW\�RI�1RWWLQJKDP�0DOD\VLD�
&DPSXV 

  'U��$DURQ�*RK�6XN�0HQJ�-�&XUWLQ�
8QLYHUVLW\ 

  'U��(GZLQ�-RQJ�1\RQ�7FKDQ�-�3HWUD-
-3$ 

  'DYLG�/LP�&KHH�&KHRQJ�-�
([[RQ0RELO�(�	�3��0��,QF 

  ,U��$EGXO�5D]DN�+XUDLUDK�-�0RUHFDS�
6GQ�%KG 

  ,U��/DL�.DK�&KXQJ�-�3(7521$6�
5$3,' 

  ,U��/HH�+XQJ�6DQJ�-�3HWUD�5HVRXUFHV�
6GQ�%KG 

  ,U��0RKG�5D]LII�(PEL�-�0DODNRII�
3RZHU�%KG 

  ,U��3DX�.LHZ�+XDL�-�3(7521$6�
*URXS�7HFKQLFDO�6ROXWLRQV 

  (QJ�.LP�/HQJ�-�%LQD�-�*RRG\HDU�6GQ�
%KG 

  (XU��,QJ��1LJHO�%UHZLWW�-�07,6�6GQ�
%KG 

  )UDQNLH�&KXD�&KHQJ�+XDW-�3/&�
/DERUDWRU\�6GQ�%KG 

  +DUU\�:RRQ�7DU�:RL�-�%UHGHUR�6KDZ�
�0��6GQ�%KG 

  .DQJ�.LP�$QJ�-�&RUUWURO�6GQ�%KG 
  0DLPXQDK�,VPDLO�-�6DUDZDN�6KHOO�

0DOD\VLD 
  0RKG��$]PL�0RKG��1RRU�-�6DUDZDN�

6KHOO�0DOD\VLD 
  1RRU�+LVKDP�$EGXO�+DPLG�-�

8QLYHUVLWL�7HNQRORJL�0DOD\VLD 
  6LWL�+DVOLQD�5DPOL�-�3(7521$6�

5HVHDUFK 
  7XQJNX�1RU�0DQLUD�7XQJNX�,GULV�

6KDK-�1RULPD[�6GQ�%KG 
  <LL�0LQJ�6LQJ�-�0DOD\VLD�/1*�6GQ�

%KG 

ϮϬϭϮ-ϮϬϭϰ 

$GYLVRU 'DWXN�,U��<HRZ�.LDQ�&KDL�-�
3(7521$6 

3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ�-�.RVVDQ�
5XEEHU�,QGXVWULHV�%KG 

'HSXW\�3UHVLGHQW 3URI��'U��0RKDPDG�.DPDO�+DUXQ�-�
8QLYHUVLWLW�7HNQRORJL�0$5$ 

+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS�-�1RULPD[�6GQ�
%KG 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

,PPHGLDWH�3DVW�3UHVLGHQW =DLQXGGLQ�,VKDN�-�,QJUHVV�)DEULFDWRUV�
6GQ�%KG 

&RXQFLO�0HPEHUV 'DWR¶�,U��0RKG��-DL�6LERK�-�9HORVL�6GQ�
%KG 

  'DWXN�,U��:DKLUXGGLQ�:DKLG�-�6KHOO�
0DOD\VLD 

  3URI��'U��$KPDG�)DX]L�0RKG��1RRU�-�
8QLYHUVLWL�6DLQV�0DOD\VLD 

  3URI��'U��&KH�+XVQD�$]KDUL�-�8QLYHUVLWL�
.HEDQJVDDQ�0DOD\VLD 

  3URI��'U��(VDK�+DP]DK�-�8QLYHUVLWL�
7HNQRORJL�0DOD\VLD 

  $VVRF��3URI��'U��$QGUHZ�6SRZDJH�-�
8QLYHUVLW\�RI�1RWWLQJKDP�0DOD\VLD�
&DPSXV 

  'U��$EGXO�$]L]�0RKDPHG�-�$JHQVL�
1XNOHDU�0DOD\VLD 

  'U��$]PL�,GULV�-�6,5,0�%KG 

  'U��7HK�6HU�.RN�-�)UHHODQFH�
&RQVXOWDQW 

  (XU��,QJ��1LJHO�%UHZLWW�-�07,6�6GQ�%KG 
  $EGXO�5D]DN�+XUDLUDK�-�0RUHFDS�6GQ�

%KG 
  &KULVWRSKHU�.HWWOH�-�6DUDZDN�6KHOO�%KG 
  'DYLG�/LP�&KHH�&KHRQJ�-�([[RQ0RELO�

(�	�3��0��,QF 
  (QJ�.LP�/HQJ�-�(./�9HQWXUHV�6GQ�%KG 

  )UDQNLH�&KXD�&KHQJ�+XDW�-�3/&�
/DERUDWRU\�6GQ�%KG 

  +DUU\�:RRQ�7DU�:RL�-�%UHGHUR�6KDZ�
�0��6GQ�%KG 

  -RKDU�-XKDUL�-�3(7521$6�*URXS�
7HFKQLFDO�6ROXWLRQV 

  .DQJ�.LP�$QJ�-�&RUUWURO�&RUURVLRQ�6GQ�
%KG 

  0DLPXQDK�,VPDLO�-�6KHOO�0DOD\VLD 

  0RKG��7DMXGLQ�$OLDV�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

  1RRU�+LVKDP�$EGXO�+DPLG�-�8QLYHUVLWL�
7HNQRORJL�0DOD\VLD 

  6LWL�+DVOLQD�5DPOL�-�3(7521$6�
5HVHDUFK�6GQ�%KG 

  7XQJNX�1RU�0DQLUD�7XQJNX�,GULV�6KDK�
-�1RULPD[�6GQ�%KG 

  <LL�0LQJ�6LQJ�-�0DOD\VLD�/1*�6GQ�%KG 

ϮϬϭϬ-ϮϬϭϮ 

/DD��KhE�/>�D�D��Z^
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$GYLVRU 'DWXN�,U��<HRZ�.LDQ�&KDL�-�
3(7521$6 

3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ�-�.RVVDQ�
5XEEHU�%KG 

'HSXW\�3UHVLGHQW 3URI��'U��0RKDPDG�.DPDO�+DUXQ�-�
8QLYHUVLWL�7HNQRORJL�0$5$ 

+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS�-�*/3-
1RULPD[�6GQ�%KG 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ�-�0DWHULDOV�
7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 

,PPHGLDWH�3DVW�3UHVLGHQW =DLQXGGLQ�,VKDN�-�,QJUHVV�)DEULFDWRUV�
6GQ�%KG 

&RXQFLO�0HPEHUV 7DQ�6UL�.RN�2QQ�-�*DGDQJ�+ROGLQJV�
%KG 

  'DWR¶�(ULF�:RQJ�-�7LPHU�*URXS 

  3URI��'U��&KH�+XVQD�$]KDUL�-�
8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD 

  3URI��'U��(VDK�+DP]DK�-�8QLYHUVLWL�
7HNQRORJL�0DOD\VLD 

  3URI��'U��+DQDIL�,VPDLO�-�8QLYHUVLWL�
6DLQV�0DOD\VLD 

 $VVRF��3URI��'U��7HK�6HU�.RN�-�
)UHHODQFH�&RQVXOWDQW 

  'U��$EGXO�$]L]�0RKG�-�$JHQVL�
1XNOHDU�0DOD\VLD 

  'U��$]PL�,GULV�-�6,5,0�%KG 

  'U��(GZLQ�-RQJ�1\RQ�7FKDQ�-�6KHOO�
'HHSZDWHU�*URXS��./ 

  'U��(QJU��&KRQJ�&KLHQ�)DWW�-�$QFRP�
%KG 

  ,U��/HH�6ZHH�(QJ�-�.10�*URXS�%KG 

  $EG��5DKLP�1RK�-�8(0�%XLOGHUV�%KG 

  &KULV�&KLDP�7HFN�6HQJ�-�0XKLEEDK�
6WHHO�,QGXVWULHV 

  (QJ�.LP�/HQJ�-�77',�'HYHORSPHQW�
6GQ�%KG 

  )UDQNLH�&KXD�&KHQJ�+XDW�-�3/&�
/DERUDWRU\�6GQ�%KG 

  -RKDU�-XKDUL�-�3(7521$6�*76 

  .DQJ�.LP�$QJ�-�&RUUWURO�&RUURVLRQ�
6SHFLDOLVWV�6GQ�%KG 

  0DLPXQDK�,VPDLO�-�6KHOO�'HHSZDWHU�
*URXS��./ 

  0RKG�1RRU�+XVVHQ�-�3(7521$6�
&DULJDOL�6GQ�%KG 

  1J�<LQ�/RRQJ�-�0XGDMD\D�
&RUSRUDWLRQ�%KG 

  2QJ�+RFN�*XDQ�-�6DUDZDN�6KHOO�
%KG��0LUL 

  6LWL�+DVOLQD�5DPOL�-�3(7521$6�
5HVHDUFK�	�6FLHQWLILF�6HUYLFHV 

  7DQ�$L�7RQJ�-�%HUWDP�$OOLDQFH�%KG 

  <LL�0LQJ�6HQJ�-�0DOD\VLD�/1*�6GQ�
%KG 

$GYLVRU 'DWR¶�'U��0RKG�$ULIILQ�$WRQ 
3UHVLGHQW =DLQXGGLQ�,VKDN 
'HSXW\�3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 
+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 
,PPHGLDWH�3DVW�3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
&RXQFLO�0HPEHUV 3URI��'U��&KH�+XVQD�$]KDUL 

  3URI��'U��(VDK�+DP]DK 
  $VVRF��3URI��'U��0RKDPDG�.DPDO�

+DUXQ 
  $VVRF��3URI��'U��6DLIROODK�$EGXOODK 
  'U��$EGXO�$]L]�0RKDPHG 
  'U��(GZLQ�-RQJ�1\RQ�7FKDQ 
  'U��/HRQJ�.RN�+RQJ 

ϮϬϬϴ-ϮϬϭϬ 

ϮϬϬϲ-ϮϬϬϴ 

$GYLVRU 'DWR¶�'U��0RKG�$ULIILQ�$WRQ 
3UHVLGHQW =DLQXGGLQ�,VKDN 
'HSXW\�3UHVLGHQW 'DWR¶�'U��2QJ�(QJ�/RQJ 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 
+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 
,PPHGLDWH�3DVW�3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
&RXQFLO�0HPEHUV $VVRF��3URI��'U��$KPDG�)DX]L 
  $VVRF��3URI��'U��0RKDPDG�.DPDO�+DUXQ 
 'U��$EGXO�$]L]�0RKDPHG 
 'U��(GZLQ�-RQJ�1\RQ�7FKDQ 
 'U��/HRQJ�.RN�+RQJ 
 'U��6DPVXGLQ�%DQL 
 &KRQJ�&KLHQ�)DWW 
 +DUU\�:RRQ�7DU�:RL 
 -RKDU�-XKDUL 
 .DPDUXGLQ�0DOHN 
 1RU�+LVKDP�$EGXO�+DPLG 

ϮϬϬϰ-ϮϬϬϲ 

$GYLVRU 'DWR¶�'U��0RKG�$ULIILQ�$WRQ 
3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
'HSXW\�3UHVLGHQW =DLQXGGLQ�,VKDN 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 
+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 
,PPHGLDWH�3DVW�3UHVLGHQW 'U��6DPDG�6ROEDL 
&RXQFLO�0HPEHUV 'DWR¶�'U��2QJ�(QJ�/RQJ 
  3URI��'U��&KH�+XVQD�$]KDUL 
  3URI��'U��5DG]DOL�2WKPDQ 
  $VVRF��3URI��'U��$KPDG�)DX]L�0G��1RRU 
  $VVRF��3URI��'U��(VDK�+DP]DK 
  $VVRF��3URI��'U��0RKDPDG�.DPDO�+DUXQ 

  'U��(GZLQ�-RQJ�1\RQ�7FKDQ 
  'U��7HK�6HU�.RN 
  ,U��0RKG�5D]LII�(PEL 
  &KRQJ�&KLHQ�)DWW 
  +DML�*KDOLE�7KDP 
  +DUU\�:RRQ�7DU�:RL 
  -RKDU�-XKDUL 
  .DQJ�.LP�$QJ 
  0DLPXQDK�,VPDLO 

ϮϬϬϮ-ϮϬϬϰ 
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ϮϬϬϬ-ϮϬϬϮ 
$GYLVRU 'DWR¶�'U��+M��0RKG�0DQVRU�6DOOHK 

3UHVLGHQW 'U��6DPDG�6ROEDL 
'HSXW\�3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 
&RXQFLO�0HPEHUV 'DWR¶�'U��2QJ�(QJ�/RQJ 
  3URI��'U��&KH�+XVQD�$]KDUL 
  3URI��'U��5DGKDNULVKQD 
  $VVRF��3URI��'U��(VDK�+DP]DK 
  'U��/LP�&KLQJ�/LDQJ 
  'U��7HK�6HU�.RN 
  ,U��0RKG�5D]LII�(PEL 
  %RE�3KDQJ 
  'DYLG�/LP�&KHH�&KHRQJ 
  .DQJ�.LP�$QJ 
  0DLPXQDK�,VPDLO 
  0RKG�$GDKDP�$GXOODK 
  :DQ�=DKDUDK�:DQ�0RKDPDG 
  =DLQXGGLQ�,VKDN 

$GYLVRU 'DWR¶�'U��+M��0RKG�0DQVRU�6DOOHK 
3UHVLGHQW 'U��6DPDG�6ROEDL 
'HSXW\�3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 
+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 
&RXQFLO�0HPEHUV 3URI��'U��&KH�+XVQD�$]KDUL 
  $VVRF��3URI��'U��(VDK�+DP]DK 
  'U��0XKDPDG�'HUDPDQ 
  'U��7HK�6HU�.RN 
  ,U��0RKG�5D]LII�(PEL 
  ,U��5DKLP�1RK 
  -RKDU�-XKDUL 
  .DQJ�.LP�$QJ 
  0DLPXQDK�,VPDLO 
  5DPOL�2PDU 
  :DQ�=DKDUDK�:DQ�0RKDPDG 

$GYLVRU 'DWR¶�'U��+M��0RKG�0DQVRU�6DOOHK 
3UHVLGHQW 'U��$��5DKLP�0RKG��1RU 
'HSXW\�3UHVLGHQW =DLQXGGLQ�,VKDN 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 

,PPHGLDWH�3DVW�3UHVLGHQW 'U��6DPDG�6ROEDL 
&RXQFLO�0HPEHUV 'DWR¶�'U��2QJ�(QJ�/RQJ 
  3URI��'U��&KH�+XVQD�$]KDUL 
  $VVRF��3URI��'U��(VDK�+DP]DK 
  $VVRF��3URI��'U��0RKDPDG�.DPDO�

+DUXQ 
  'U��/LP�&KLQJ�/LDQJ 
  'U��6DPDG�6ROEDL 
  'U��7HK�6HU�.RN 
  ,U��0RKG�5D]LII�(PEL 
  ,U��7HH�<LQ�7LRQJ 
  &KRQJ�&KLHQ�)DWW 
  +DPL]DQ�0RKG�'HUXV 
  +DUU\�:RRQ�7DU�:RL 
  .DQJ�.LP�$QJ 
  0DLPXQDK�,VPDLO 

+RQRUDU\�7UHDVXUHU ,U��0RKG��6XUDGL�<DVLQ 

ϭϵϵϴ-ϮϬϬϬ 

ϭϵϵϲ-ϭϵϵϴ 

&KDLUPDQ 'DWR¶�'U��+M��0RKG�0DQVRU�6DOOHK 
'HSXW\�&KDLUPDQ 'U��7HK�6HU�.RN 
+RQRUDU\�6HFUHWDU\ ,U��0D[�2QJ�&KRQJ�+XS 
+RQRUDU\�7UHDVXUHU +HOPL�+DVKLP 
&RXQFLO�0HPEHUV 'U��/LP�&KLQJ�/LDQJ 
  'U��6DPDG�6ROEDL 
  ,U��0RKG��6XUDGL�<DVLQ 
  $EGXOODK�+DVVDQ 
  $QGUHZ�:RQJ�+HH�6LQJ 
  %HUW�+HLNRRS 
  %ULDQ�6KRQH 
  'DYLG�/LP�&KHH�&KHRQJ 
  -DPDOLDK�,GULV 
  3HWHU�.RN�/RN�6DQ 
  :DQ�=DKDUDK�:DQ�0RKDPDG 

ϭϵϴϳ-WZKd�D��KDD/ddd�� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

/DD��KhE�/>�D�D��Z^ 
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�ϭϮ 

 

�����-������ 

3URI��7V��'U��0RKDPDG��.DPDO�+DUXQ 

�����-����� 
'DWXN�,U���'U���$EGXO�5DKLP�+M��+DVKLP 

�����-����� 
'DWXN�,U��<HRZ�.LDQ�&KDL� 

�����-����� 

'DWR·�'U��0RKG�$ULIILQ�$WRQ 

�����-����� 

3URI��'DWR·�'U��+M��0RKG�0DQVRU�6DOOHK� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00��$'9,625 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�ϭϯ 

 

���� ,5��02+'�685$',�02+'�<$6,1 
���� ,5��0$;�21*�&+21*�+83 
���� '$78.�,5���'5���$%'8/�5$+,0�+$6+,0 
���� '$72·�'5��,5��+$-,�02+'�$%'8/�.$5,0�$%'8//$+� 
���� '$72·�'5��21*�(1*�/21*� 
���� '$78.�$18$5�7$,% 
���� (1��=$,18'',1�,6+$. 
���� <$%��3(+,1�65,�+$-,�$%'8/�7$,%�0$+08'� 
���� '5��$��5$+,0�0'��125 
���� '$78.�,5��<(2:�.,$1�&+$, 
���� '5��,5��6$0$'�62/%$, 
���� 52<�92*(/32(/� 
���� 352)��'$72·�'5��+-�02+'�0$1625�6$//(+� 
���� %5,$1�6+21( 

���� 352)��76��'5��02+$0$'�.$0$/�+$581� 

�����-����� 
3URI��7V��'U��

0RKDPDG�.DPDO�

�����-����� 
0U��=DLQXGGLQ�,VKDN 

�����-����� 
'DWR·�'U��2QJ�
(QJ�/RQJ 

�����-����� 
'U��$��5DKLP�0G��1RU 

�����-����� 
'U��,U��6DPDG�6ROEDL 

�����-����� 
7V��0RKG��$]PL�
0RKG��1RRU 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

�����-����� 
3URI��'DWR·�'U��+M��0RKG�

0DQVRU�6DOOHK 

+2125$5<�)(//2:6�2)�,00 

,00��3$67�35(6,'(176 

DĂƚĞƌŝĂůƐ�DŝŶĚ 
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:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00�75$,1,1*�$1'�&(57,),&$7,21�
6(59,&(6 

3UHSDUHG�E\� 
1��+LWKD\D�-HHYDQ 

6HFUHWDULDW�RI�,QVWLWXWH�RI�0DWHULDOV��0DOD\VLD 
 

%DFNJURXQG 
7KH�,QVWLWXWH�RI�0DWHULDOV�0DOD\VLD�KDV�EHHQ�DVVRFLDWHG�ZLWK�WUDLQLQJ�DQG�FHUWLILFDWLRQ�RI�WHFKQLFDO�ZRUNHUV�IRU�PRUH�
WKDQ����\HDUV��$�PDMRU�SDUW�RI� WKHVH�VFKHPHV� LQYROYHV�WKH�FHUWLILFDWLRQ�RI�HQJLQHHUV�DQG�WHFKQLFLDQV� LQ� WKH�RLO�DQG�
JDV�LQGXVWU\��,00�LV�FXUUHQWO\�PDNLQJ�LQURDGV�LQWR�WKH�FRQVWUXFWLRQ��SRZHU�DQG�WUDQVSRUW�LQGXVWU\� 
 
7KH�MRE�RI�SHUVRQQHO�LQ�WKHVH�LQGXVWULHV�UHTXLUHV�LQGLYLGXDOV�WR�EH�FRPSHWHQW�DQG�,00�KDV�EXLOW�D�UHSXWDWLRQ�RYHU�WKH�
\HDUV�DV�D�UHOLDEOH�WUDLQLQJ�DQG�FHUWLILFDWLRQ�ERG\��7R-GDWH�,00�KDV�FHUWLILHG�PRUH�WKDQ������VNLOOHG�ZRUNHUV�WKURXJK�
LWV�FRPSHWHQF\�GHYHORSPHQW�DQG�FHUWLILFDWLRQ�SURJUDPV�IRU�VNLOOHG�ZRUNHUV��0RVW�RI� WKHP�DUH� UHTXLUHG� WR�FDUU\�RXW�
WDVNV� WKDW� GHPDQG� VSHFLDO� VNLOOV� ZKLOH� D� VLJQLILFDQW� QXPEHU� DUH� DOVR� LQYROYHG� LQ� PDNLQJ� LPSRUWDQW� WHFKQLFDO�
MXGJHPHQWV�RU�GHFLVLRQV��6XFK� MXGJHPHQWV�GHFLVLRQV�FDUU\�D�VLJQLILFDQW� LPSDFW�RQ� WKH�ZRUN�EHLQJ�FDUULHG�RXW�DQG�
DQ\�HUURUV�RU� VKRUWFRPLQJV�FRXOG� UHVXOW� LQ� VHULRXV�FRQVHTXHQFHV�VXFK�DV�VWUXFWXUDO� IDLOXUHV�� FRUURVLRQ�� YLEUDWLRQV��
ORVV�RI�SURGXFWV��HFRQRPLF�ORVV�DQG�LQMXULHV�RU�HYHQ�ORVV�RI�OLYHV� 
 
%HQHILWV�RI�,00�&HUWLILFDWLRQ 
,00-DSSURYHG�WUDLQLQJ�FRXUVHV�DQG�WKH�UHODWHG�FHUWLILFDWLRQ�SURJUDPV�DUH�GHVLJQHG�WR�HTXLS�ZRUNHUV�ZLWK� WKH�VNLOOV�
DQG� NQRZOHGJH� IRU� HQWU\� LQWR� WKH�
LQGXVWULDO� VHFWRU�� 7KH� ,00� FHUWLILFDWLRQ�
SURYLGHV� SURRI� DQG� DVVXUDQFH� WR�
SURVSHFWLYH� HPSOR\HUV� WKDW� WKH�
FHUWLILHG�SHUVRQV�KDYH�UHDFKHG�D�JLYHQ�
OHYHO�RI�SURILFLHQF\� LQ�D�SDUWLFXODU�ILHOG��
7KH� IRFXV� LV� QRW� RQO\� RQ� GHYHORSLQJ�
FRPSHWHQFLHV� DQG� VNLOOV� IURP� UDZ�
WDOHQW� EXW� DOVR� RQ� XSVNLOOLQJ� WKHLU�
H[LVWLQJ� FRPSHWHQFLHV� WR� FRPSOHPHQW�
WKHLU� ZRUN� H[SHULHQFH� DV� LW� SURYLGHV� D�
MXPSLQJ-RII� SRLQW� IRU� FDUHHU�
DGYDQFHPHQWV� LQ� WKH� LQGXVWU\�� 6XFK�
VNLOOV� HQKDQFHPHQW� WKURXJK� IRUPDO�
FHUWLILFDWLRQ� SURJUDPV� ZLOO� H[SRVH� WKH�
ZRUNIRUFH� WR� UHODWHG� DQG� QHZ�
WHFKQRORJLHV� IRU� LPSURYHG� HIILFLHQF\��
7KLV� LQ� WXUQ� OHDGV� WKH� H[LVWLQJ�
ZRUNIRUFH� WRZDUGV� HQKDQFLQJ� QDWLRQDO�
SURGXFWLYLW\� DQG�PDNLQJ� RXU� LQGXVWULHV�
PRUH�FRPSHWLWLYH�� 

 

,00�FHUWLILFDWLRQ�DOVR� LQFUHDVHV� WKH�YDOXH�RI� WKH�FRPSHWHQF\� WHVWHG�ZRUNHU� WR� WKHLU� UHVSHFWLYH�RUJDQL]DWLRQV�� ,00�
FHUWLILFDWLRQ� RSHQV�PRUH� GRRUV� DV�PDQ\� SRVLWLRQV� ZRUN� RXW� EHWWHU� ZLWK� D� FHUWLILHG� KLUH� LQ� SODFH� DV� LQGXVWU\� ZRUN�
VSHFLILFDWLRQV� LQFUHDVLQJO\�GHPDQG�FHUWLILHG�SHUVRQQHO� IRU�FRQWUDFW� MREV��(PSOR\HUV�DUH�PRUH� LQFOLQHG�� WRZDUGV� WKH�
FHUWLILHG�FDQGLGDWH�RYHU�WKH�XQFHUWLILHG�RQH��,Q�DGGLWLRQ��,00¶V�FHUWLILFDWLRQ�SURJUDPV�JLYHV�FHUWLILHG�SHUVRQ�DFFHVV�WR�
DGGLWLRQDO� UHVRXUFHV� DQG� EHWWHU� QHWZRUNLQJ� RSSRUWXQLWLHV� ZLWK� SHHUV� DQG� LQGXVWU\� OHDGHUV�� SURYLGLQJ� YDULRXV�
RSSRUWXQLWLHV� IRU� EXVLQHVV� DQG� FDUHHU� DGYDQFHPHQWV�� )LJXUH� �� VXPPDUL]HV� WKH� EHQHILWV� RI� ,00� WUDLQLQJ� DQG�
FHUWLILFDWLRQ�SURJUDPV� 

 
'HYHORSPHQW�RI�&HUWLILFDWLRQ�6FKHPHV 
$V�RQH�RI�WKH�QDWLRQ¶V�UHFRJQL]HG�FHUWLILFDWLRQ�ERG\�IRU�VNLOOHG�ZRUNHUV�LQ�WKH�PDWHULDOV�VFLHQFH�DQG�WHFKQRORJ\�ILHOGV��
,00�KDV�WKH�FDSDELOLW\�WR�DVVHVV�DQG�FHUWLI\�WKDW�D�SHUVRQ�LV�FRPSHWHQW�WR�VWDQGDUGV�HVWDEOLVKHG�DQG�UHTXLUHG�E\�WKH�
LQGXVWU\�LQ�YDULRXV�VXE-ILHOGV��&RPSHWHQFH-EDVHG�FHUWLILFDWLRQ�PHDQV�WKDW�,00�LV�H[SHFWHG�WR�H[DPLQH�D�FDQGLGDWH¶V�
NQRZOHGJH��VNLOOV��SHUVRQDO�DWWULEXWHV��DQG�TXDOLILFDWLRQV�VSHFLILF�WR�WKH�SURJUDP�DQG�RU�VFRSH�RI�FHUWLILFDWLRQ�� 

 

,00¶V�FHUWLILFDWLRQ�VFKHPHV�KDYH�EHHQ�GHYHORSHG�RYHU�WKH�\HDUV�DORQJ�ZLWK�WKH�FRPSHWHQFH�FULWHULD��7KH�7HFKQLFDO�
&RPPLWWHHV�FRPSULVLQJ�VXEMHFW�PDWWHU�H[SHUWV�FRQWLQXH�WR�SOD\�D�FUXFLDO�UROH�LQ�GHYHORSLQJ�QHZ�FHUWLILFDWLRQ�VFKHPHV�
RU� XSJUDGLQJ� H[LVWLQJ� VFKHPHV� DQG� HQVXULQJ� VWDQGDUGV� RI� FRPSHWHQFH� PHHW� WKH� LQGXVWU\� UHTXLUHPHQWV�� 7KH�
GHYHORSPHQW� RU� UHYLHZ� RI� WKH� FHUWLILFDWLRQ� VFKHPHV� DUH� FRRUGLQDWHG� E\� 3URJUDP� &XVWRGLDQV� QRPLQDWHG� E\� WKH�
UHVSHFWLYH�7HFKQLFDO�&RPPLWWHHV��7KH�3URJUDP�&XVWRGLDQ�DFWV�DV�WKH�OLDLVRQ�EHWZHHQ�WKH�7HFKQLFDO�&RPPLWWHH�DQG�
WKH�,00�6HFUHWDULDW�ZKLFK�ZRUNV�FORVHO\�ZLWK�WKH�([DPLQDWLRQ�DQG�&HUWLILFDWLRQ�3DQHO� 

&29(5� 
6725< 

)LJXUH���%HQHILWV�IRU�3HUVRQV�&HUWLILHG�WR�,00�&HUWLILFDWLRQ�6FKHPHV� 



�ϭϱ 
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7KH� ([DPLQDWLRQ� DQG� &HUWLILFDWLRQ� 3DQHO� LV� WKH� DSSURYLQJ� DXWKRULW\� IRU� DOO� PDWWHUV� UHODWLQJ� WR� H[DPLQDWLRQ� DQG�
FHUWLILFDWLRQ�DQG�LQFOXGHV�H[DPLQDWLRQ�VHWV��H[DPLQHUV��H[DPLQDWLRQ�UHVXOWV��FHUWLILFDWLRQ�VFKHPHV�DQG�GHWDLOV��TXDOLW\�
PDQXDOV�DQG�623��DQG�RWKHU�GRFXPHQWV� 

,00¶V� FHUWLILFDWLRQ� VFKHPHV� IRU� HDFK� FDWHJRU\� RI� FRPSHWHQF\� FRYHU� WKH� IROORZLQJ� HOHPHQWV� LQ� OLQH� ZLWK� ,62�
UHTXLUHPHQWV� 

· 6FRSH�–�MRE�DQG�FHUWLILFDWLRQ�WLWOH 

· -RE�DQG�WDVN�GHVFULSWLRQ�–�GHVFULSWLRQ�RI�WKH�WDVNV�UHTXLUHG�WR�SHUIRUP�WKH�DXGLW 

· 5HTXLUHG�FRPSHWHQFH�–�NQRZOHGJH�DQG�VNLOOV�� 

· 3UHUHTXLVLWHV�–�TXDOLILFDWLRQV��ZRUN�H[SHULHQFH�DQG�WUDLQLQJ 

· $VVHVVPHQW�PHWKRGV�–�ZULWWHQ��RUDO��SUDFWLFDO�DQG�REVHUYDWLRQV 

· ([DPLQDWLRQ�VWUXFWXUH�DQG�GXUDWLRQ�� 

· &ULWHULD�IRU�FHUWLILFDWLRQ�-DVVHVVPHQWV�H[DPLQDWLRQ�SDVV�VFRUHV 

· &ULWHULD�IRU�UHFHUWLILFDWLRQ�–�FRQILUPDWLRQ�RI�FRQWLQXLQJ�VDWLVIDFWRU\�ZRUN��ZRUN�H[SHULHQFH��H[DPLQDWLRQ�
LQWHUYLHZ��FRQWLQXRXV�SURIHVVLRQDO�GHYHORSPHQW 

)LJXUH� �� VKRZV� D� OLVW� RI� WKH� PRUH�
SRSXODU� ,00� FHUWLILFDWLRQ� VFKHPHV�
LQFOXGLQJ� QHZO\� LQWURGXFHG�
VFKHPHV� VXFK� DV� 0HFKDQLFDO�
-RLQW� LQWHJULW\�� 7KHUPLW� :HOGLQJ�
DQG� &RDWLQJ� )LQJHUSULQWLQJ�� 7R�
HQVXUH�FRQWLQXHG�FRPSHWHQF\�RI�
WKH�FHUWLILHG�SHUVRQQHO�� ,00�KDV�
VWLSXODWHG� UH-FHUWLILFDWLRQ�
UHTXLUHPHQWV� ZKLFK� UHTXLUHV�
UHQHZDO� RI� FHUWLILFDWLRQ� DW� WKH�
HQG� RI� �� \HDUV� RU� �� \HDUV�
GHSHQGLQJ� RQ� WKH� LQGLYLGXDO�
VFKHPH�� 7KH� SURFHVV� RI� UH-
FHUWLILFDWLRQ�LQYROYHV�DVVHVVPHQW�
RI� WKH� PDQDJHU-� RU� VXSHUYLVRU-
HQGRUVHG� ZRUN� H[SHULHQFH�
GXULQJ� WKH� FHUWLILFDWLRQ� F\FOH��
FRPSOLDQFH� WR� FRQWLQXRXV�
SURIHVVLRQDO� GHYHORSPHQW�
UHTXLUHPHQWV� DQG� PD\� LQFOXGH�
WKH� QHHG� IRU� D� UHIUHVKHU� FRXUVH�
IROORZHG�E\�DQ�H[DPLQDWLRQ�� 

 

0DLQWDLQLQJ�WKH�6WDQGDUGV��,PSDUWLDOLW\�DQG�&UHGLELOLW\�RI�,00�&HUWLILFDWLRQ�6FKHPHV 
7R� DGG� IXUWKHU� FUHGHQFH� WR� LWV� FHUWLILFDWLRQ� RSHUDWLRQV�� ,00� KDV� SXW� LQ� SODFH� D� V\VWHP� LQ� DFFRUGDQFH� ZLWK� WKH�
UHTXLUHPHQWV�RI�,62�,(&��������&RQIRUPLW\�DVVHVVPHQW�–�*HQHUDO�UHTXLUHPHQWV�IRU�ERGLHV�RSHUDWLQJ�FHUWLILFDWLRQ�RI�
SHUVRQV�� ,W� LV�QRZ� LQ� WKH� ILQDO�VWDJHV�RI�DFKLHYLQJ�DFFUHGLWDWLRQ� WR�06�,62�,(&�������DIWHU�KDYLQJ�EHHQ�DXGLWHG�E\�
WHFKQLFDO�DVVHVVRUV�IURP�WKH�QDWLRQDO�DFFUHGLWDWLRQ�ERG\��WKH�'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD� 

 

7KH�VWUXFWXUH�LQ�SODFH�DW�,00�HQVXUHV�LPSDUWLDOLW\�ZKLFK�LV�D�PDMRU�UHTXLUHPHQW�XQGHU�,62�,(&�������DV�WUDLQLQJ�DQG�
FHUWLILFDWLRQ�DFWLYLWLHV�DUH� VHJUHJDWHG��3UH-UHTXLVLWH� WUDLQLQJ� LV�RXWVRXUFHG� WR�DXWKRUL]HG� WUDLQLQJ�ERGLHV� �$7%V��ZKR�
PDQDJH�WKH�WUDLQLQJ�ZKLOH� ,00�WDNHV�UHVSRQVLELOLW\� IRU� WKH�FRQGXFW�RI� WKH�FHUWLILFDWLRQ�H[DPLQDWLRQV�� LQGHSHQGHQW�RI�
WKH�WUDLQLQJ��+RZHYHU��JHQHUDOO\��IRU�WKH�FRQYHQLHQFH�RI�WKH�FDQGLGDWHV��WKH�H[DPLQDWLRQV�DUH�VFKHGXOHG�EDFN-WR-EDFN�
ZLWK�WKH�WUDLQLQJ�ZKLOH�HQVXULQJ�WKDW�WKH�H[DPLQHU�DVVLJQHG�LV�QRW�WKH�WUDLQHU��� 

 

7KH�V\QHUJ\�EHWZHHQ� WKH� LQGXVWU\�DQG�DFDGHPLD�SXWV� ,00� LQ�D�VWURQJ�SRVLWLRQ�DV�D� OHDGLQJ�FHUWLILFDWLRQ�ERG\�DQG�
HQDEOHV�,00�WR�QRW�RQO\�GHYHORS�WKH�WUDLQLQJ�DQG�FHUWLILFDWLRQ�SURJUDPV�EXW�DOVR�WR�DVVHVV�DQG�FHUWLI\�LI�D�FDQGLGDWH�
FRPSOLHV�ZLWK�WKH�VNLOO�VHWV�UHTXLUHG�WR�ZRUN�LQ�WKH�LQGXVWU\�DFFRUGLQJ�WR�HVWDEOLVKHG�UHTXLUHPHQWV�VSHFLILFDWLRQV��7KXV��
,00�FHUWLILFDWLRQ�SURJUDPV�GHYHORSHG�MRLQWO\�E\�WKH�LQGXVWU\�DQG�DFDGHPLD�KDV�EHHQ�SURYHQ�WR�LPSURYH�FRQILGHQFH�RQ�
WKH�MRE�WR�ERWK�HPSOR\HU�DQG�HPSOR\HH�DQG�WKH�XVHU�RI�VHUYLFHV�RI�WKH�FHUWLILHG�SHUVRQV� 

 

&RQFOXVLRQ 
%HLQJ�EDFNHG�E\� WHFKQLFDO� UHVRXUFHV�� ,00¶V�FRPSHWHQF\� WUDLQLQJ�DQG�FHUWLILFDWLRQ�SURJUDPV�DUH�ZHOO� UHFRJQL]HG�E\�
PXOWL-QDWLRQDO�FRPSDQLHV��VPDOO�DQG�PHGLXP�HQWHUSULVHV�DQG�E\�DXWKRULWLHV�DQG�FOLHQWV�LQ�0DOD\VLD�DV�ZHOO�DV�EH\RQG�
LWV�ERUGHUV��:LWK�UHYLHZV�DQG�IXUWKHU�LPSURYHPHQWV�LQLWLDWHG�LQ�������WKH�\HDU������VKDOO�FRQWLQXH�WR�VHH�WKH�GDZQLQJ�
RI�D�QHZ�HUD�IRU�,00V¶�FHUWLILFDWLRQ�SURJUDPV� 

 

 
 

 

/DD���Zd//&/��d/KE�WZK'Z�D^ 

)LJXUH���/LVW�RI�,00�&HUWLILFDWLRQ�6FKHPHV 
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$87+25,6('�75$,1,1*�%2',(6��$7%V� 
��������2IIHU�,00�&HUWLILFDWLRQ�7UDLQLQJ�3URJUDPV�DQG�&RXUVHV� 

$7%V 7UDLQLQJ�3URJUDPV�	�&RXUVHV 
  

6HDFDGHP\�6GQ��%KG� 
�6DUDZDN� 
7RSILHOGV�%RUQHR�6GQ��%KG� 
�6DUDZDN� 
6DEDK�6NLOOV�	�7HFKQRORJ\�&HQWUH 
�6DEDK� 
(SVLORQ�6NLOOV�$FDGHP\�6GQ��%KG� 
�3HQLQVXODU�0DOD\VLD� 
6FKPLGW�$EUDVLYH�%ODVWLQJ�6GQ��%KG�� 
�3HQLQVXODU�0DOD\VLD� 
65&�*OREDO�5HVRXUFHV�6GQ��%KG� 
�3HQLQVXODU�0DOD\VLD� 
1).�7HFKQRORJLHV�6GQ��%KG� 
�3HQLQVXODU�0DOD\VLD� 
$GYDQFH�0XOWLVNLOOV�7UDLQLQJ�&HQWUH�6GQ��%KG� 
>([FOXGHV�FRXUVHV�PDUNHG�ZLWK�@ 
�6DUDZDN� 

  
&RDWLQJ 

  
᩺��&HUWLILHG�$VVLVWDQW�%ODVWHU�	�3DLQWHU�/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�3URWHFWLYH�&RDWLQJ�7HFKQLFLDQ��%ODVWHU�DQG�RU� 
�����3DLQWHU��/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�%ODVWLQJ�DQG�3DLQWLQJ�6XSHUYLVRU 
᩺��&HUWLILHG�&RDWLQJ�,QVSHFWRU�/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�4XDOLW\�&RQWURO�7HFKQLFLDQ 
᩺��&HUWLILHG�7KHUPDO�6SUD\�&RDWLQJ�$SSOLFDWRU 
᩺��%DVLF�.QRZOHGJH�RQ�&RUURVLRQ�3URWHFWLRQ�IRU� 
�����7HFKQLFLDQV�DQG�(QJLQHHUV 
᩺��&RUURVLRQ�&RQWURO�E\�3URWHFWLYH�3DLQWV 
᩺��&RUURVLRQ�&RQWURO�E\�3URWHFWLYH�&RDWLQJ 
  

  
  
6DEDK�6NLOOV�	�7HFKQRORJ\�&HQWHU 
�6DEDK� 
(SVLORQ�6NLOOV�$FDGHP\�6GQ�%KG 
�3HQLQVXODU�0DOD\VLD� 
65&�*OREDO�5HVRXUFHV�6GQ��%KG� 
�3HQLQVXODU�0DOD\VLD� 
1).�7HFKQRORJLHV�6GQ��%KG� 
�3HQLQVXODU�0DOD\VLD� 

  
0HFKDQLFDO�-RLQW�,QWHJULW\ 
  
᩺��&HUWLILHG�0HFKDQLFDO�-RLQW�,QWHJULW\�IRU�6PDOO-ERUH� 
�����3LSLQJ��7XELQJ�DQG�9DOYHV 
᩺��&HUWLILHG�0HFKDQLFDO�-RLQW�,QWHJULW\�IRU�)ODQJH�%ROWHG� 
�����&RQQHFWLRQV 
  

 
 
 
3UDVDUDQD�0DOD\VLD�%HUKDG� 
�0DOD\VLD� 

  
7KHUPLW�:HOGLQJ 
  
᩺��&HUWLILHG�7KHUPLW�:HOGLQJ�3UDFWLWLRQHU��/HYHO��� 
᩺��&HUWLILHG�7KHUPLW�:HOGLQJ�6HQLRU�3UDFWLWLRQHU��/HYHO��� 

1RWH��7KH�UHVSHFWLYH�FRYHUDJH�DUHD�LV�LQGLFDWHG�LQ�EUDFNHWV�� 

$87+25,6('�7(67,1*�&(175(��$7&� 
�2IIHUV�,00�([DPLQDWLRQ�DQG�$VVHVVPHQWV� 

$7&��-27$&�$FDGHP\�6GQ��%KG� 
������������3HQLQVXODU�0DOD\VLD� 
&HUWLILFDWLRQ�([DPLQDWLRQ�$VVHVVPHQWV 
᩺��&HUWLILHG�3URWHFWLYH�&RDWLQJ�7HFKQLFLDQ��%ODVWHU�DQG�RU�3DLQWHU��/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�&RDWLQJ�,QVSHFWRU�/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�&RUURVLRQ�7HFKQLFLDQ�/HYHO�� 
᩺��&HUWLILHG�&DWKRGLF�3URWHFWLRQ�7HFKQLFLDQ�/HYHO�� 



�ϭϵ 

 

,00�$87+25,=('�75$,1,1*�%2'<��$7%���$87+25,=('�7(67,1*�&(175(��$7&���$87+25,=('�
75$,1,1*�3$571(5��$73��)25�,00�&2856(6�	�&(57,),&$7,21 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

$662&,$7(�75$,1,1*�3$571(5��$73� 
�2IIHUV�,00�&HUWLILFDWLRQ�7UDLQLQJ�3URJUDPV�DQG�&RXUVHV� 

$73��0DWHULDOV�7HFKQRORJ\�(GXFDWLRQ�6GQ�%KG 
�����������0DOD\VLD�DQG�2YHUVHDV� 
,00�7UDLQLQJ�3URJUDPV�	�&RXUVHV 
  
&RDWLQJ 
 
᩺��&HUWLILHG�3URWHFWLYH�&RDWLQJ� 
�����7HFKQLFLDQ��%ODVWHU�DQG�RU�3DLQWHU�� 
�����/HYHO���	�/HYHO�� 
᩺��5HIUHVKHU�&RXUVH�IRU�&HUWLILHG� 
�����3URWHFWLYH�&RDWLQJ�7HFKQLFLDQ� 
�����%ODVWHU�DQG�RU�3DLQWHU��/HYHO���DQG� 
�����/HYHO�� 
᩺��&HUWLILHG�$VVLVWDQW�%ODVWHU�	� 
�����3DLQWHU�/HYHO���	�/HYHO�� 
᩺��&HUWLILHG�%ODVWLQJ�DQG�3DLQWLQJ� 
�����6XSHUYLVRU 
᩺��&HUWLILHG�&RDWLQJ�,QVSHFWRU� 
�����/HYHO���	�/HYHO�� 
᩺��5HIUHVKHU�&RXUVH�IRU�&HUWLILHG� 
�����&RDWLQJ�,QVSHFWRU�/HYHO���DQG� 
�����/HYHO�� 
᩺��&HUWLILHG�&RDWLQJ�4XDOLW\�&RQWURO� 
�����7HFKQLFLDQ 
᩺��&HUWLILHG�7KHUPDO�6SUD\�&RDWLQJ� 
�����$SSOLFDWRU 
᩺��%DVLF�.QRZOHGJH�RQ�&RUURVLRQ� 
�����3URWHFWLRQ�IRU�7HFKQLFLDQV�DQG� 
�����(QJLQHHUV 
᩺��&RUURVLRQ�&RQWURO�E\�3URWHFWLYH�� 
�����3DLQWV 
᩺��&RUURVLRQ�&RQWURO�E\�3URWHFWLYH� 
�����&RDWLQJ 
  
&RDWLQJ�)LQJHUSULQWLQJ 
 
᩺��&RDWLQJ�)LQJHUSULQW�)RXQGDWLRQ� 
�����&RXUVH 
᩺��&HUWLILHG�&RDWLQJ�)LQJHUSULQW� 
�����4XDOLW\�&RQWUROOHU�/HYHO�� 
᩺��&HUWLILHG�&RDWLQJ�)LQJHUSULQW� 
�����4XDOLW\�&RQWUROOHU�/HYHO�� 
᩺��5HIUHVKHU�&RXUVH�RI�&HUWLILHG� 
�����&RDWLQJ�)LQJHUSULQW�4XDOLW\� 
�����&RQWUROOHU�/HYHO���/HYHO�� 
  
7UDLQ�WKH�7UDLQHU 
 
᩺��&HUWLILHG�7UDLQHU 
  

  
&RUURVLRQ 
 
᩺��&HUWLILHG�&RUURVLRQ�7HFKQLFLDQ� 
�����/HYHO�� 
᩺��&HUWLILHG�&RUURVLRQ�7HFKQLFLDQ� 
�����/HYHO�� 
᩺��&HUWLILHG�&DWKRGLF�3URWHFWLRQ� 
�����7HFKQLFLDQ�/HYHO�� 
᩺��&HUWLILHG�&DWKRGLF�3URWHFWLRQ� 
�����7HFKQLFLDQ�/HYHO�� 
᩺��&HUWLILHG�&DWKRGLF�3URWHFWLRQ� 
�����(QJLQHHU 
᩺��&RUURVLRQ�&RQWURO�E\�&DWKRGLF� 
�����3URWHFWLRQ 

  
7KHUPDO�,QVXODWLRQ 
 
᩺��,QWURGXFWLRQ�WR�7KHUPDO� 
�����,QVXODWLRQ 
᩺��&HUWLILHG�7KHUPDO�,QVXODWLRQ� 
�����,QVWDOOHU 

  
9LEUDWLRQ 
 
᩺��&HUWLILHG�9LEUDWLRQ�3UDFWLWLRQHU� 
�����&DWHJRU\�� 
᩺��&HUWLILHG�9LEUDWLRQ�3UDFWLWLRQHU� 
�����&DWHJRU\�� 
᩺��&HUWLILHG�9LEUDWLRQ�6SHFLDOLVW� 
�����&DWHJRU\�� 
᩺��&HUWLILHG�9LEUDWLRQ�6SHFLDOLVW� 
�����&DWHJRU\�� 
  
:HOGLQJ 
 
᩺��&HUWLILHG�:HOGLQJ�,QVSHFWRU 
᩺��5HSDLU�:HOGLQJ�RI�3UHVVXUH� 
�����(TXLSPHQW�LQ�5HILQHULHV�	� 
�����&KHPLFDO�3ODQWV 
᩺��:HOGLQJ�	�-RLQLQJ�7HFKQRORJ\� 
�����IRU�1RQ-:HOGLQJ�3HUVRQQHO 
᩺��6WHHO�7HFKQRORJ\�IRU�1RQ- 
�����7HFKQLFDO�3HUVRQQHO 
  
,00--:(6�&RXUVHV 
 
᩺��&HUWLILHG�$VVRFLDWH�:HOGLQJ� 
�����(QJLQHHU��$:(� 
᩺��&HUWLILHG�:HOGLQJ�(QJLQHHU��:(� 
᩺��&HUWLILHG�6HQLRU�:HOGLQJ� 
�����(QJLQHHU��6:(� 
  
  

  
0HFKDQLFDO�-RLQW�,QWHJULW\ 
 
᩺��&HUWLILHG�0HFKDQLFDO�-RLQW� 
�����,QWHJULW\�IRU�6PDOO-ERUH�3LSLQJ�� 
�����7XELQJ�DQG�9DOYHV 
᩺��&HUWLILHG�0HFKDQLFDO�-RLQW� 
�����,QWHJULW\�IRU�)ODQJH�%ROWHG� 
�����&RQQHFWLRQV 
᩺��9DOYH�2SHUDWLRQV��0DLQWHQDQFH� 
�����	�,QVSHFWLRQ�,QFOXGLQJ�)ODQJH� 
�����%UHDNLQJ 
  
/RVV�RI�3ULPDU\�&RQWDLQPHQW 
 
᩺��0HFKDQLFDO�-RLQW�,QWHJULW\ 
᩺��3UHVVXUH�6DIHW\�9DOYH 
᩺��6PDOO�%RUH�7XELQJ 
  
5RWDWLQJ�(TXLSPHQW 
 
᩺��&RPSHWHQW�0RELOH�,QGXVWULDO� 
�����&RPSUHVVRU�2SHUDWRU 
᩺��&RPSHWHQW�0RELOH�,QGXVWULDO� 
�����(TXLSPHQW�,QVSHFWRU 
᩺��,QVSHFWLRQ�	�0DLQWHQDQFH�RI� 
�����3XPSV 
᩺��3UDFWLFDO�$SSURDFK�WR�,QVSHFWLRQ� 
�����DQG�0DLQWHQDQFH�RI�6WUHDP� 
�����7XUELQH 
᩺��3UDFWLFDO�$SSURDFK�WR�3UHFLVLRQ� 
�����$OLJQPHQW�0HWKRGV 
᩺��3UDFWLFDO�$SSURDFK�WR�3UHFLVLRQ� 
�����%DODQFLQJ�0HWKRGV 
᩺��5HFLSURFDWLQJ�&RPSUHVVRUV�� 
�����2SHUDWLRQV��0DLQWHQDQFH�� 
�����,QVSHFWLRQ�	�7URXEOHVKRRWLQJ 
᩺��7URXEOHVKRRWLQJ�7HFKQLTXHV�IRU� 
�����5RWDWLQJ�(TXLSPHQW 
  
2WKHU�0DWHULDOV�&RXUVHV 
 
᩺��0DWHULDOV�6HOHFWLRQ�	�&RUURVLRQ 
᩺��0HWDOOXUJLFDO�)DLOXUH� 
�����,QYHVWLJDWLRQ 
᩺��%DVLF�&RXUVH�RQ�2SHUDWLRQ�RI� 
�����0RELOH�$LU�&RPSUHVVRU 
  



�ϮϬ 

 



�Ϯϭ 

 



�ϮϮ 

 

/DD��KhE�/>�D�D��Z^�Θ��KDD/dd��^��� 
ϮϬϮϬ-ϮϬϮϮ�^�^^/KE 

$GYLVRU� 3URI��7V��'U��0RKDPDG�.DPDO�+DUXQ �8QLYHUVLWL�7HNQRORJL�0$5$�� 
3UHVLGHQW� 'DWR¶�'U��,U��7V��+DML�0RKG�$EGXO�.DULP�$EGXOODK �6HUED�'LQDPLN�*URXS�%HUKDG�� 
'HSXW\�3UHVLGHQW� 7V��'U��&KHZ�.KRRQ�+HH �7XQNX�$EGXO�5DKPDQ�8QLYHUVLW\�&ROOHJH�� 
+RQRUDU\�6HFUHWDU\� 3URI��7V��&K0��'U��0HOLVVD�&KDQ�&KLQ�+DQ �8QLYHUVLWL�7HNQRORJL�0$5$�� 
+RQRUDU\�7UHDVXUHU� 7V��'U��0RKDPHG�$FNLHO�0RKDPHG �6HUED�'LQDPLN�*URXS�%HUKDG�� 
,PPHGLDWH�3DVW�3UHVLGHQW� 7V��0RKG��$]PL�0RKG��1RRU �.HEDEDQJDQ�3HWUROHXP�2SHUDWLQJ�&RPSDQ\�6GQ�%KG�� 
&RXQFLO�0HPEHUV� ,U��2QJ�+RFN�*XDQ �6KHOO�0DOD\VLD�([SORUDWLRQ�	�3URGXFWLRQ�� 
  7V��'U��0DKPRRG�$QZDU �&XUWLQ�8QLYHUVLW\�0DOD\VLD�� 
  0DUN�+HZ�<RRQ�2QQ �8QLYHUVDO�&RUURVLRQ�(QJLQHHULQJ��0��6GQ�%KG�� 
  $VVRF��3URI��7V��'U��7D\�&KLD�&KD\ �8QLYHUVLWL�7HNQRORJL�0$5$�� 
  $VVW��3URI��7V��'U��<X�/LK�-LXQ �8&6,�8QLYHUVLW\�� 
  ,U��0D[�2QJ�&KRQJ�+XS �1RULPD[�6GQ�%KG�� 
  $VVRF��3URI��'U��/LP�7HFN�+RFN �7XQNX�$EGXO�5DKPDQ�8QLYHUVLW\�&ROOHJH�� 
  7V��%ULDQ�/LP�6LRQJ�&KXQJ �*HRSROLWDQ�6GQ�%KG�� 
  .DQJ�.LP�$QJ �&RUU7URO�6\QHUJ\�6GQ�%KG�� 
  1LN�.KDLULO�$]PDQ�1LN�$EGXOODK �7HPSHUOLWH�,QVXODWLRQ�6GQ�%KG�� 
  'U��$PDOLQD�0XKDPPDG�$ILIL �8QLYHUVLWL�0DOD\D�� 
 'DQQ\�7DQ�.LP�&KHZ �$EDGL�2LO�	�*DV�6HUYLFHV�6GQ�%KG�� 
  ,U��+R�&KRRQ�)HL �.9$�.RQVXOW�� 
  -DVRQ�<DS�+DZ�6KLQ �/HDGLQJ�&RQFHSW�(QJLQHHULQJ�6GQ�%KG�   � 
  0RKG�)DLUX]�0RKG�6DOOHK �6HUED�'LQDPLN�*URXS�%HUKDG�� 
  0RKG�,TEDO�<DDNXS �3HWURQ�0DOD\VLD�5HILQLQJ�	�0DUNHWLQJ�%HUKDG�� 
 'DWR
�6HUL�0RKG�-DL�6XERK��9HORVL��0��6GQ�%KG� 
  ,U��0RKG�6\XNUL�0RKG�.KDOLG �6DUDZDN�6KHOO�%HUKDG�� 
  'U��1D]DWXO�/LDQD�6XNLPDQ �8QLYHUVLWL�0DOD\D�� 
 ,U��7V��1RRU�+LVKDP�<DKD\D �6DIH�$VEHVWRV�6ROXWLRQV�6GQ�%KG�� 
 7V��2QJ�7KDL�.LDW �7XQNX�$EGXO�5DKPDQ�8QLYHUVLW\�&ROOHJH�� 
 5D\PRQG�3KHQ��$VHDQ�%LQWXOX�)HUWLOL]HU�6GQ�%KG� 
 &K0��'U��6KDKUXO�1L]DP�$KPDG �8QLYHUVLWL�7HNQRORJL�0$5$�� 
 6REHQGUDQ�9HQJDGDVDODP �(FR�0RYHPHQW�6GQ�%KG�� 
 7V��:DQ�0RKG�$ULI�:DQ�,EUDKLP �8QLYHUVLWL�0DOD\VLD�3HUOLV�� 

5(*,21$/�&+$37(5�&+$,53(56216 
%LQWXOX 5D\PRQG�3KHQ $VHDQ�%LQWXOX�)HUWLOL]HU�

6GQ�%KG 
0LUL ,U��'U��(GZLQ�-RQJ�1\RQ�

7FKDQ 
$GYDQFHG�0HWDOOXUJ\�	�
:HOGLQJ�7HFKQRORJ\�6GQ�
%KG 

6RXWKHUQ $VVRF��3URI��'U��7XW\�
$VPD�$EX�%DNDU 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD 

1RUWKHUQ 7V��:DQ�0RKG�$ULI�:DQ�
,EUDKLP� 

8QLYHUVLWL�0DOD\VLD�3HUOLV 

:25.,1*�&200,77((�&+$,53(56216 
$VVHW�,QWHJULW\ 'DWR¶�'U��,U��-RKDUL�%DVUL 6HUED�'LQDPLN�*URXS�

%HUKDG 
&RDWLQJ� 0RKG�,TEDO�<DDNXS 3HWURQ�0DOD\VLD�5HILQLQJ�

	�0DUNHWLQJ�%HUKDG 
&RDWLQJ�
)LQJHUSULQWLQJ 

3URI��7V��&K0��'U��0HOLVVD�
&KDQ�&KLQ�+DQ 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

&RUURVLRQ ,U��2QJ�+RFN�*XDQ 6KHOO�0DOD\VLD� 
([SORUDWLRQ�	�3URGXFWLRQ 

,QVXODWLRQ� 'DQQ\�7DQ�.LP�&KHZ 
�&KDLUSHUVRQ� 

$EDGL�2LO�	�*DV�6HUYLFHV�
6GQ�%KG 

1LN�.KDLULO�$]PDQ�1LN�
$EGXOODK� 
�&R-&KDLUSHUVRQ� 

7HPSHUOLWH�,QVXODWLRQ�6GQ�
%KG 

9LEUDWLRQ� ,U��0RKG�6\XNUL�0RKG�
.KDOLG 
�&KDLUSHUVRQ� 

6DUDZDN�6KHOO�%HUKDG 

$IDQGL�$EG�+DPLG 
�&R-&KDLUSHUVRQ� 

6HUED�'LQDPLN�*URXS�
%HUKDG 

3RO\PHU� 7V��'U��&KHZ�.KRRQ�+HH 
�&KDLUSHUVRQ� 

7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

7V��2QJ�7KDL�.LDW�  
�&R-&KDLUSHUVRQ� 

7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

&RQWLQXRXV� 
3URIHVVLRQDO� 
'HYHORSPHQW��&3'�� 

&K0��'U��6KDKUXO�1L]DP�
$KPDG 
�&KDLUSHUVRQ� 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

(GXFDWLRQ ,U��0D[�2QJ�&KRQJ�+XS 1RULPD[�6GQ�%KG 
([DPLQDWLRQ�	� 
&HUWLILFDWLRQ�3DQHO 

7V��%ULDQ�/LP�6LRQJ�
&KXQJ 

*HRSROLWDQ�6GQ�%KG 

&HUWLILFDWLRQ�3DQHO�� 'U��1D]DWXO�/LDQD� 
6XNLPDQ� 
�&R-&KDLUSHUVRQ� 

8QLYHUVLWL�0DOD\D 

-DVRQ�<DS�+DZ�6KLQ 
�&R-&KDLUSHUVRQ� 

/HDGLQJ�&RQFHSW� 
(QJLQHHULQJ�6GQ�%KG 

([DPLQDWLRQ�3DQHO� ,U��+R�&KRRQ�)HL� 
�&R-&KDLUSHUVRQ� 

.9$�.RQVXOW 

6REHQGUDQ� 
9HQJDGDVDODP 
�&R-&KDLUSHUVRQ� 

(FR�0RYHPHQW�6GQ�%KG 

,00-0%27 3URI��7V��&K0��'U�� 
0HOLVVD�&KDQ�&KLQ�+DQ 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

,00-0%27� 
$VVHVVPHQW�3DQHO 

7V��:DQ�0RKG�$ULI�:DQ�
,EUDKLP� 

8QLYHUVLWL�0DOD\VLD�
3HUOLV 

,PSDUWLDOLW\ .DQJ�.LP�$QJ� &RUU7URO�6\QHUJ\�6GQ�
%KG 

,QGXVWU\��3URIHVVLRQDO�
%RG\�DQG� 
*RYHUQPHQW�$JHQF\�
/LDLVRQ� 

,U��7V��1RRU�+LVKDP�
<DKD\D 

6DIH�$VEHVWRV� 
6ROXWLRQV�6GQ�%KG 

0DWHULDOV�/HFWXUH�
&RPSHWLWLRQ��0/&� 

3URI��'U��(VDK�+DP]DK 8QLYHUVLWL�7HNQRORJL�
0DOD\VLD 

0DWHULDOV�0LQG� 
(GLWRULDO�%RDUG 

$VVRF��3URI��7V��'U��7D\�
&KLD�&KD\ 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

0HPEHUVKLS 7V��'U��&KHZ�.KRRQ�+HH 7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

6WDQGDUGV�$VVXUDQFH $VVRF��3URI��'U��$PDOLQD�
0RKDPPDG�$ILIL 

8QLYHUVLWL�0DOD\D 

6WDQGDUGV� 
'HYHORSPHQW� 

$VVW��3URI��7V��'U��<X�/LK�
-LXQ��&R-&KDLUSHUVRQ� 

8&6,�8QLYHUVLW\ 

7V��'U��0DKPRRG�$QZDU 
�&R-&KDLUSHUVRQ� 

&XUWLQ�8QLYHUVLW\� 
0DOD\VLD 

$VVRF��3URI��'U��/LP�
7HFN�+RFN 
�&KDLUSHUVRQ� 

7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

'U��$PLUDK�$PDOLQD�
$KPDG�7DUPL]L 
�&R-&KDLUSHUVRQ� 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

<RXQJ�3URIHVVLRQDOV 0RKG�)DLUX]�0RKG�
6DOOHK� 

6HUED�'LQDPLN�*URXS�
%HUKDG 

6WXGHQW�&KDSWHU� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�Ϯϯ 

 

/DD��KhE�/>�D�D��Z^�Θ��KDD/dd��^��� 
ϮϬϮϬ-ϮϬϮϮ�^�^^/KE 

�&25526,21�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��$EHUDP\�'D\DODP 

$OWHUQDWH���1RRUXO�6KDILND�0LVEDK 
&KDLUSHUVRQ� ,U��2QJ�+RFN�*XDQ 6KHOO�0DOD\VLD� 

([SORUDWLRQ�	�3URGXFWLRQ 
'HSXW\�&KDLUSHUVRQ� 1LN�.KDLULO�$]PDQ� 

1LN�$EGXOODK 
7HPSHUOLWH�,QVXODWLRQ� 
6GQ�%KG 

'HSXW\�&KDLUSHUVRQ� .DPDO�$]DP�,EUDKLP +HDG��0DWHULDOV�� 
&RUURVLRQ�	�,QVSHFWLRQ��
3HWURQDV�*URXS� 
7HFKQLFDO�6ROXWLRQ 

6HFUHWDU\� 6\DULIDK�1D]OLDK�6\HG�
$EGXO�5DKPDQ 

%667(&+�&3��0�� 
6GQ�%KG 

7UHDVXUHU� /HRZ�&KXQ�+R 6KHOO�0DOD\VLD� 
([SORUDWLRQ�	�3URGXFWLRQ 

0HPEHUV� $]OL]XO�$L]DW�5D]DOL�
�REV� 

0DWHULDOV�7HFKQRORJ\�
(GXFDWLRQ�6GQ�%KG 

 $]]XUD�,VPDLO��REV� 8QLYHUVLWL�7XQ�+XVVHLQ�
2QQ�0DOD\VLD� 

 &KHZ�%RRQ�.KHQJ *37�5HVRXUFHV�6GQ�%KG 
 'DQQ\�7DQ�.LP�&KHZ $EDGL�2LO�	�*DV� 

6HUYLFHV�6GQ�%KG 
 (ULF�/D\�&KHH�+RQJ�

�REV� 
7%6%�(QJLQHHULQJ�6GQ�
%KG 

 -XQDLG\�$EGXOODK 1RULPD[�6GQ�%KG 
 .DQJ�.LP�$QJ &RUUWURO�6\QHUJ\�6GQ�%KG 
 .DUHQ�&KHQJ�6LHZ�

+RRQ 
6HUED�'LQDPLN�*URXS�
%KG 

  'U��.HH�.RN�(QJ 8QLYHUVLWL�7HNQRORJL�
3(7521$6 

 .HQW�2RL� &KRQJ�:DK-17,$�6GQ�
%KG 

 .RN�:DL�&KHH &6,�6\VWHP�6GQ�%KG 
 /HH�0HQJ�/DL��REV� 37��2NWDQ�3ROLPHU�

6XNVHV 
 0DUN�+HZ�<RRQ�2QQ 8QLYHUVDO�&RUURVLRQ�

(QJLQHHULQJ��0��6GQ�%KG 
 ,U��0D[�2QJ�&KRQJ�+XS�

�REV� 
1RULPD[�6GQ�%KG 

 0RKDPDG�,NPDO�+LVKDP�
$VKDUL��REV� 

0DWHULDOV�7HFKQRORJ\�
(GXFDWLRQ�6GQ�%KG 

 0RKG��.KDLUL�.DGLU 5RKUEDFN�&RVDVFR� 
6\VWHPV�6GQ�%KG 

 1RUDLVKDK�0RKDPDG�
1RRU 

5DSLG�5DLO�6GQ�%KG 

 1RULQVDQ�.DPLO�2WKPDQ� 8QLYHUVLWL�.HEDQJVDDQ�
0DOD\VLD 

 2QJ�:HL�5H[ &RUURG\QDPLF�6GQ�%KG 
 'U��6DHLG�.DNRRHL��REV� 8QLYHUVLWL�7HNQRORJL�

3(7521$6 
 7DULT�0HKWDE�0RKG��

,VKDT 
7��(QHUJ\ 

 'U��<RJD�6XJDPD�6DOLP 0DWFRU�7HFKQRORJ\�	�
6HUYLFHV�3WH�/WG 

1RWHV�� 

�� REV��REVHUYHU 

�� $OW��DOWHUQDWH 

&217,18286�352)(66,21$/�'(9(/230(17��&3'��&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 

$OWHUQDWH��$EHUDP\�'D\DODP 
&KDLUSHUVRQ� &K0��'U��6KDKUXO�1L]DP�

$KPDG 
8QLYHUVLWL�7HNQRORJL�
0$5$ 

0HPEHUV� ,U��0RKG 6XUDGL <DVLQ -27$&�$FDGHP\�6GQ�
%KG� 

 ,U��0DLPXQDK ,VPDLO )UHHODQFH�0&,� 
/HFWXUHU�	�&RQVXOWDQW� 

 'U��0RKG�0X]DPLU�0DKDW 8QLYHUVLWL�7HNQRORJL�
0$5$ 

 'U��0DV�0LUD�$EG� 
5DKPDQ 

8QLYHUVLWL�0DOD\D 

&2$7,1*�),1*(535,17,1*�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 

$OWHUQDWH��1RULWD�2WKPDQ 
$GYLVRU� 3URI��7V��'U��0RKDPDG�

.DPDO�+DUXQ 
8QLYHUVLWL�7HNQRORJL� 
0$5$ 

&KDLUSHUVRQ� 3URI��7V��&K0��'U�� 
0HOLVVD�&KDQ�&KLQ�+DQ  

8QLYHUVLWL�7HNQRORJL� 
0$5$ 

'HSXW\�&KDLUSHUVRQ� $VVW��3URI��7V��'U�� <X�/LK�
-LXQ 

8&6,�8QLYHUVLW\ 

6HFUHWDU\� 6XKDLOD�,GD\X�$EGXO�
+DOLP 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

 1RUV\D]OLQ�5DVKLG��DOW� 8QLYHUVLWL�7HNQRORJL�
0$5$ 

7UHDVXUHU� 1XUXO�)DWDKDK�$V\TLQ�
=DLQDO� 

8QLYHUVLWL�7HNQRORJL� 
0$5$ 

0HPEHUV�� $EGXO�$]L]�+DURQ 6,5,0�4$6� 
,QWHUQDWLRQDO�6GQ�%KG 

 $KPDG�%DGOL�6KDK�$EGXO�
$]L] 

,QWHUQDWLRQDO�3DLQW 
6GQ�%KG 

 $]OL]XO�$L]DW�5D]DOL��REV� 0DWHULDOV�7HFKQRORJ\�
(GXFDWLRQ�6GQ�%KG 

 7V��%ULDQ�/LP�6LRQJ�
&KXQJ  

*HRSROLWDQ�6GQ�%KG 

 &KDQJ�<DX�&KRQJ .DQVDL�$VLD�3DFLILF�
6GQ�%KG 

 $QJ�6RRQ�7KLDQ��REV� (XURILQV�10�
/DERUDWRU\�6GQ�%KG� 

 7V��'U��&KHZ�.KRRQ�+HH�
�REV� 

7XQNX� $EGXO� 5DKPDQ�
8QLYHUVLW\�&ROOHJH 

 &KRZ�0HH�/LQJ $JLOHQW� 7HFKQRORJLHV�
6DOHV��0��6GQ�%KG 

 'DQLHO�:RQJ�&KLQ� 7KRQJ�
�REV� 

(XURILQV�10� 
/DERUDWRU\�6GQ�%KG� 

 +DLUXQQLVD�5DPOL 8QLYHUVLWL� 7HNQRORJL�
0$5$ 

 ,VPDOL]D�,VPDLO 0DOD\VLD�5XEEHU�%RDUG 
 .HOO\�+RQJ�0XQ�.H\��REV� 1H[XV� � $QDO\WLFV� 6GQ�

%KG 
 .HQQHWK�:D\��REV� 0HWWOHU�7ROHGR��0��6GQ�

%KG 
 /HH�&KRRQ�6LRQJ -RWXQ��0��6GQ�%KG 
 /HRZ�&KXQ�+R��DOW� 6KHOO�0DOD\VLD� 

([SORUDWLRQ�	� 
3URGXFWLRQ 

 &K0��/LP�&KXDQ�*HH��DOW� 6,5,0�%KG 
 $VVRF��3URI��'U��/LP�7HFN�

+RFN��REV� 
7XQNX� $EGXO� 5DKPDQ�
8QLYHUVLW\�&ROOHJH 

 7V��'U��0DKPRRG�$QZDU &XUWLQ� 8QLYHUVLW\��
6DUDZDN 

 ,U��0D[�2QJ�&KRQJ�+XS 1RULPD[�6GQ�%KG 
 0RKDPDG�$ULII�6XNXU 6DUDZDN�6KHOO� 

0DOD\VLD 
 0RNKWDU�2WKPDQ��DOW� ,QWHUQDWLRQDO�3DLQWV��0��

6GQ�%KG 
 0RKDPDG� ,NPDO� +LVKDP�

�REV� 
0DWHULDOV� 7HFKQRORJ\�
(GXFDWLRQ�6GQ�%KG 

 0RKG� :DKLGGX]]DPDQ�
=DLQDO��DOW� 

33*�&RDWLQJV��0��6GQ�
%KG 

 1XUMDLPL�$OL� 3(7521$6� *URXS�
7HFKQLFDO�6ROXWLRQ 

 4XDK�.HDQ�*LQ��DOW� -RWXQ��0��6GQ�%KG 
 5HQHH�7HR�<RQJ�<LQ %UXNHU��0��6GQ�%KG 
 6HOYDQGUDQ�9HOOR +HPSHO��0��6GQ�%KG 
 7HK�7LRQJ�3RK��DOW� -RWXQ��0��6GQ�%KG 
 7HUHQFH�:HH�7HH�+LQ 33*�&RDWLQJV��0��6GQ�

%KG 
 ,U��=DULQD�5DVPLQ��DOW� 6,5,0�4$6� 

,QWHUQDWLRQDO�6GQ�%KG 

$66(7�,17(*5,7<�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 

$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ� 'DWR¶�-RKDUL�%DVUL 6HUED�'LQDPLN�*URXS�

%HUKDG 
'HSXW\�&KDLUSHUVRQ� 7V��0RKG��$]PL�0RKG��

1RRU 
.HEDEDQJDQ�3HWUROHXP�
2SHUDWLQJ�&RPSDQ\�6GQ�
%KG 

6HFUHWDU\� 'U��'DVOLQH�6LQWD 'UHDPFDWFKHU�(QHUJ\�
6GQ�%KG 

7UHDVXUHU� 1RUD�$I]DQ�$EG�:DKDE &HNDS�7HFKQLFDO� 
6HUYLFHV�6GQ�%KG 

0HPEHU� 'DWR¶�6HQX�0RKG�1RRU 5LD�6ROXWLRQV��0��6GQ�
%KG 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

/DD��KhE�/>�D�D��Z^�Θ��KDD/dd��^��� 
ϮϬϮϬ-ϮϬϮϮ�^�^^/KE 

(;$0,1$7,21�$1'�&(57,),&$7,21�3$1(/��(&3� 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 

$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ� 7V��%ULDQ�/LP�6LRQJ�

&KXQJ 
*HRSROLWDQ�6GQ�%KG 

6HFUHWDU\� 7V��'U��<YHWWH�6KDDQ-/L�
6XVLDSDQ 

$VLD�3DFLILF�8QLYHUVLW\�RI�
7HFKQRORJ\�	�,QQRYDWLRQ 

7UHDVXUHU� +DUYLQ�.DXU�*XUFKUDQ�
6LQJK 

$VLD�3DFLILF�8QLYHUVLW\�RI�
7HFKQRORJ\�	�,QQRYDWLRQ 

(;$0,1$7,21�3$1(/� 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 

$OWHUQDWH��1RULWD�2WKPDQ 
&R-&KDLUSHUVRQ� ,U��+R�&KRRQ�)HL� .9$�.RQVXOW 
&R-&KDLUSHUVRQ� 6REHQGUDQ� 

9HQJDGDVDODP � 
(FR�0RYHPHQW�6GQ�%KG 

 7V�'U�<YHWWH�6KDDQ-/,�
6XVLDSDQ� 

$VLD�3DFLILF�8QLYHUVLW\�RI�
7HFKQRORJ\�	�,QQRYDWLRQ 

0HPEHU� &KRR�.LQJ�;LQ � $GYHQ[XV�6ROXWLRQV�6GQ�
%KG 

&(57,),&$7,21�3$1(/� 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 

$OWHUQDWH��1RULWD�2WKPDQ 
&R-&KDLUSHUVRQ� 'U��1D]DWXO�/LDQD� 

6XNLPDQ� 
8QLYHUVLWL�0DOD\D 

&R-&KDLUSHUVRQ� 7V��-DVRQ�<DS�+DZ�
6KLQ 

/HDGLQJ�&RQFHSW� 
(QJLQHHULQJ�6GQ�%KG 

0HPEHU� +DUYLQ�.DXU�*XUFKUDQ�
6LQJK 

$VLD�3DFLILF�8QLYHUVLW\�RI�
7HFKQRORJ\�	�,QQRYDWLRQ 

,00-0%27�$66(660(17�3$1(/ 
6HFUHWDULDW�&RRUGLQDWRU��$EHUDP\�'D\DODP 
$OWHUQDWH��1RRUXO�6KDILND�0LVEDK 
&KDLUSHUVRQ�  7V�� :DQ� 0RKG� $ULI� :DQ�

,EUDKLP 
8QLYHUVLWL�0DOD\VLD�
3HUOLV 

'HSXW\�&KDLUSHUVRQ�
  

7V��'U��0DKPRRG�$QZDU &XUWLQ�8QLYHUVLW\�� 
6DUDZDN 

 3URI��7V��&K0��'U�� 
0HOLVVD�&KDQ�&KLQ�+DQ 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

 ,U��7V��1RRU�+LVKDP�
<DKD\D 

6DIH�$VEHVWRV� 
6ROXWLRQV�6GQ�%KG 

0HPEHUV� 7V��'U��0DV�$\X�+DVVDQ 8QLYHUVLWL�0DOD\VLD�
3DKDQJ 

,03$57,$/,7<�&200,77((� 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 

$OWHUQDWH��1��+LWKD\D�-HHYDQ 
&KDLUSHUVRQ�  .DQJ�.LP�$QJ &RUU7URO�6\QHUJ\�6GQ�

%KG 
'HSXW\�&KDLUSHUVRQ� $VVRF�� 3URI�� (XU-,QJ��

1LJHO�3DWULFN�%UHZLWW 
07,6�6GQ�%KG 

6HFUHWDU\� .XDQ�<RX�:DL 3.1�%XLOGLQJ�6ROXWLRQ�
6GQ�%KG� 

0HPEHUV� ,U��+DQDIL�$OL 3URIHVVLRQDO�(QJLQHHU�
�0HFKDQLFDO��LQ� 
0DWHULDO�&RUURVLRQ�
,QVSHFWLRQ� 

 $VVRF��3URI��7V��'U��
7D\�&KLD�&KD\ 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

,00-0%27�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��$EHUDP\�'D\DODP 
$OWHUQDWH��1RRUXO�6KDILND�0LVEDK 
&KDLUSHUVRQ�  3URI��7V��&K0��'U�� 

0HOLVVD�&KDQ�&KLQ�+DQ 
8QLYHUVLWL�7HNQRORJL�
0$5$ 

6HFUHWDU\� 7V��'U��0DKPRRG�
$QZDU 

&XUWLQ�8QLYHUVLW\�� 
6DUDZDN 

 ,U��7V��1RRU�+LVKDP�
<DKD\D 

6DIH�$VEHVWRV� 
6ROXWLRQV�6GQ�%KG 

 7V��:DQ�0RKG�$ULI�:DQ�
,EUDKLP 

8QLYHUVLWL�0DOD\VLD�3HUOLV 

0HPEHUV� 7V�� 'U�� 0DV� $\X��
+DVVDQ 

8QLYHUVLWL�0DOD\VLD�
3DKDQJ 

('8&$7,21�&200,77((�� 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 

$OWHUQDWH��$EHUDP\�'D\DODP 
&KDLUSHUVRQ�  ,U��0D[�2QJ�&KRQJ�+XS 1RULPD[�6GQ�%KG 
'HSXW\�&KDLUSHUVRQ�
  

$VVRF��3URI��'U�� 
$QGUHZ�6SRZDJH 

4XHHQ�0DU\�8QLYHUVLW\�RI�
/RQGRQ 

6HFUHWDU\-FXP-� 
7UHDVXUHU� 

$VVW��3URI��'U��0D[LQH�
<HH�6ZHH�/L� 
$V�3URJUDP�&XVWRGLDQ 

8QLYHUVLW\�RI�1RWWLQJKDP�
0DOD\VLD 

&RPPLWWHH�0HPEHUV� 7V��'U��&KHZ�.KRRQ�
+HH 

7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

 3URI��,U��'U��5DMNXPDU�
'XUDLUDM 

8QLYHUVLWL�7XQNX�$EGXO�
5DKPDQ 

 3URI��'U��$JXV�*HWHU�
(G\�6XWMLSWR 

8QLYHUVLWL�0DOD\VLD� 
3DKDQJ 

 $VVRF��3URI��7V��'U��
0XKDPDG�$]L]L�0DW�
<D]LG 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD 

 $VVRF��3URI��(XU-,QJ��
1LJHO�3DWULFN�%UHZLWW 

07,6�6GQ�%KG 

 $VVRF��3URI��'U��$QJ�
%HH�&KLQ 

8QLYHUVLWL�0DOD\D 

 $VVRF��3URI��'U��$QGUL�
$QGUL\DQD 

8QLYHUVLWL�0DOD\D 

 $VVW��3URI��'U��<X�/LK�
-LXQ 

8&6,�8QLYHUVLW\ 

 'U��0DKPRRG�$QZDU &XUWLQ�8QLYHUVLW\� 
0DOD\VLD 

 'U��$PLUDK�$PDOLQD�
$KPDG�7DUPL]L 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

 'U��1D]DWXO�/LDQD� 
6XNLPDQ� 

8QLYHUVLWL�0DOD\D 

 7V��:DQ�0RKG�$ULI�:DQ�
,EUDKLP 

8QLYHUVLWL�0DOD\VLD�3HUOLV 

 'U�� 6KDULIDK� $G]LOD�
6\HG�$EX�%DNDU 

8QLYHUVLWL�7XQ�+XVVHLQ�
2QQ�0DOD\VLD 

,168/$7,21�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 
$OWHUQDWH��+DGL�6\DKLUPDQ�+DVPDGL 
&KDLUSHUVRQ� 'DQQ\�7DQ�.LP�&KHZ $EDGL�2LO�	�*DV� 

6HUYLFHV�6GQ�%KG 
&R-&KDLUSHUVRQ� 1LN�.KDLULO�$]PDQ�1LN�

$EGXOODK  
7HPSHUOLWH�,QVXODWLRQ�
6GQ�%KG 

'HSXW\�&KDLUSHUVRQ� 6\DULIDK�1D]OLDK�6\HG�
$EGXO�5DKPDQ 

%667HFK�&3��0�� 
6GQ�%KG 

6HFUHWDU\� /HDQ�=KHQ�+XD $UPDFHOO�(QJLQHHUHG� 
6\VWHPV�/WG 

 'U��<H�0LQJ�&KLDQ 8QLYHUVLWL�7XQNX�$EGXO�
5DKPDQ 

7UHDVXUHU� &KDQ�:DL�6LQJ 0HWDOFRDW�(QJLQHHULQJ�
6GQ�%KG 

0HPEHUV� 'U��%HUQDUG�/�+�6DZ 8QLYHUVLWL�7XQNX�$EGXO�
5DKPDQ 

 0RKDPDG�,NPDO�+LVKDP�
$VKDUL 

0DWHULDOV�7HFKQRORJ\�
(GXFDWLRQ�6GQ�%KG 

 ,U��0XKDPPDG�=DLG�
.DPDUGLQ 

3(7521$6�*URXS�
7HFKQLFDO�6ROXWLRQV 

 1LN�$\PDQ�1LN�0RXVSKD� %XPL�$UPDGD�%KG 
 5HKDQ�$KPHG 3(7521$6�&DULJDOL�6GQ�

%KG 
 6RK�:HL�&KLQJ� 6DSXUD�(QHUJ\�%KG� 
 :LOOLDP�6RRQ $UPDFHOO�(QJLQHHUHG�

6\VWHPV�/WG 

 <LL�0LQJ�6LQJ )UHHODQFH 

0$7(5,$/6�0,1'�(',725,$/�%2$5' 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK� 
$OWHUQDWH��$EHUDP\�'D\DODP 
&KLHI�(GLWRU� $VVRF��3URI��7V��'U��7D\�

&KLD�&KD\ 
8QLYHUVLWL�7HNQRORJL� 
0$5$ 

'HSXW\�&KLHI�(GLWRU� $VVRF��3URI��'U��/LP�7HFN�
+RFN 

7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

0DQDJLQJ�(GLWRU��� 1XUXO� )DWDKDK� $V\TLQ�
=DLQDO 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

0DQDJLQJ�(GLWRU��� 'U��1XU�$LPL�-DQL 8QLYHUVLWL�7HNQRORJL�
0$5$ 

0HPEHUV� 'U��$PLUDK�$PDOLQD�
$KPDG�7DUPL]L 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

 7V��%ULDQ�/LP�6LRQJ�
&KXQJ 

*HRSROLWDQ�6GQ�%KG 

 +DLUXQQLVD�5DPOL 8QLYHUVLWL�7HNQRORJL� 
0$5$ 

 3URI��7V��&K0��'U�� 
0HOLVVD�&KDQ�&KLQ�+DQ� 

8QLYHUVLWL�7HNQRORJL� 
0$5$ 

 ,U��0RKG��5D]LII�(PEL 0DODNRII�3RZHU�%KG 

,1'8675<��352)(66,21$/�%2'<�$1'�*29(510(17�$*(1&<� 
/,$,621�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1��+LWKD\D�-HHYDQ 
$OWHUQDWH��$EHUDP\�'D\DODP 
&KDLUSHUVRQ� ,U��7V��+LVKDP�<DKD\D� 6DIH�$VEHVWRV�

6ROXWLRQV�6GQ�%KG 

0HPEHU� 7V��:DQ�0RKG�$ULI�ELQ�:��
,EUDKLP 

8QLYHUVLWL�0DOD\VLD�
3HUOLV 

'HSXW\�&KDLUSHUVRQ� 'DWR
�6HUL�0RKG�-DL�
6XERK� 

9HORVL��0��6GQ�%KG 
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 DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

/DD��KhE�/>�D�D��Z^�Θ��KDD/dd��^��� 
ϮϬϮϬ-ϮϬϮϮ�^�^^/KE 

1257+(51�&+$37(5 
6HFUHWDULDW�&RRUGLQDWRU��1��+LWKD\D�-HHYDQ 
$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ�  7V�� :DQ� 0RKG� $ULI� :��

,EUDKLP 
8QLYHUVLWL�0DOD\VLD�
3HUOLV 

'HSXW\�&KDLUSHUVRQ�
  

$VVRF��3URI��7V��'U��0RKG�
6REUL�,GULV 

8QLYHUVLWL�0DOD\VLD�
3HUOLV 

6HFUHWDU\� $VVRF��3URI��7V��'U��5D�
JXQDWKDQ�6DQWLDJRR 

8QLYHUVLWL�0DOD\VLD�
3HUOLV 

7UHDVXUHU� 'U��)DUDK�)DUKDQD�=DLQDO 8QLYHUVLWL�0DOD\VLD�
3HUOLV 

0HPEHUV� +DVODQ�)DGKOL�$KPDG�
0DU]XNL 

6,5,0�%HUKDG��.HGDK� 

 'U��.KDLUXO�$QZDU�$EGXO�
+DOLP 

8QLYHUVLWL�0DOD\VLD�
3HUOLV 

 0RKDPPDG�+DIL]�=DNDULD 0DODPHW�6GQ�%KG�
�.HGDK� 

 'U��0RKDPDG�,]KD�,VKDN 6,5,0�%HUKDG��.HGDK� 
 7V��0RKDPHG�6\D]ZDQ�

2VPDQ 
8QLYHUVLWL�7HNQRORJL�
0$5$��3HQDQJ� 

 0XKG�6\DKLU� 
0XKDPPDG�=DKDUL 

6RXWKHUQ�6WHHO�%HUKDG 

 7V��1RRULQD�+LGD\X�-DPLO 8QLYHUVLWL�0DOD\VLD�
3HUOLV 

 'U��5DD�.KLPL�6KXLE 8QLYHUVLWL�6DLQV� 
0DOD\VLD��3HQDQJ� 

 'U��5DIL]D�5DPOL /XPLOHGV�6GQ�%KG�
�3HQDQJ� 

 $VVRF��3URI��'U��5D]LI�
0XKDPPHG�1RUGLQ 

8QLYHUVLWL�7HNQRORJL�
0$5$��3HUOLV� 

 $VVRF��3URI��'U��<DPXQD 8QLYHUVLWL�7XQNX�$EGXO�
5DKPDQ��3HUDN� 

 =DZDZL�0DKLP 0LQHUDO�5HVHDUFK�&HQ�
WUH��0LQHUDOV�DQG�*HR�
VFLHQFH� 
'HSDUWPHQW�0DOD\VLD�
�3HUDN� 

67$1'$5'6�$6685$1&(�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 
$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ� $VVRF��3URI��'U�� 

$PDOLQD�0��$ILIL 
8QLYHUVLWL�0DOD\D 

'HSXW\�&KDLUSHUVRQ� 'U��1RU�,VKLGD�=DLQDO�
$ELGLQ 

8QLYHUVLW\�RI�0DOD\D 

6HFUHWDU\� 'U��1DVKUDK�+DQL�
-DPDGRQ 

8QLYHUVLWL�.HEDQJVDDQ�
0DOD\VLD  

7UHDVXUHU� 'U��8PPL�+DQL�$EGXOODK 8QLYHUVLWL�3XWUD�0DOD\VLD 
0HPEHUV� $VVRF��3URI��,U��'U��/HR�

&KRH�3HQJ 
8QLYHUVLWL�6DLQV�0DOD\VLD 

 3URI��'U�� ,U��0DULDWWL�
-DDIDU�#�0XVWDSKD 

8QLYHUVLWL�6DLQV�0DOD\VLD 

 $VVRF��3URI��'U��1DGUDV�
2WKPDQ 

8QLYHUVLWL�6DLQV�0DOD\VLD 

 $VVRF��3URI��'U��5RVOLQD�
%LQWL�$KPDG 

8QLYHUVLW\�RI�0DOD\D 

 'U��6XULDQL�,EUDKLP 8QLYHUVLW\�RI�0DOD\D 
 ,U��'U��:RQJ�<HZ�

+RRQJ 
8QLYHUVLW\�RI�0DOD\D 

 'U��7XDQ�=DKDULQLH�
7XDQ�=DKDUL 

8QLYHUVLWL�0DOD\D 

 1RUKDVKLGDK�7DOLS 0DOD\VLDQ�1XFOHDU� 
$JHQF\ 

32/<0(5�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 
$OWHUQDWH��$EHUDP\�'D\DODP 
&KDLUSHUVRQ� 7V��'U��&KHZ�.KRRQ�+HH 7XQNX�$EGXO�5DKPDQ�

8QLYHUVLW\�&ROOHJH 
&R-&KDLUSHUVRQ� 7V��2QJ�7KDL�.LDW� 7XQNX�$EGXO�5DKPDQ�

8QLYHUVLW\�&ROOHJH 
6HFUHWDU\� 'U��/HH�;LDX�<HHQ� 7XQNX�$EGXO�5DKPDQ�

8QLYHUVLW\�&ROOHJH 

 'U��/RZ�=KL�+XDQJ� 7RS�*ORYH�,QWHUQDWLRQDO 
 5HQHH�7HR�<RQJ�<LQ %UXNHU��0��6GQ�%KG 

0HPEHUV� $VVRF��3URI��'U��$OEHUW�
7VKDL�.LP�<HRZ 

1RWWLQJKDP�8QLYHUVLW\�
�0DOD\VLD�%UDQFK� 

 /HH�0HQJ�/DL� 37��2NWDQ�3ROLPHU�
6XNVHV 

67$1'$5'6�'(9(/230(17�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��3ULPXODSDWKL�-D\D 
$OWHUQDWH��1RRUXO�6KDILND�0LVEDK 
&R-&KDLUSHUVRQ� 
  

$VVW��3URI��7V��'U��<X�
/LK�-LXQ 

8&6,�8QLYHUVLW\ 

6HFUHWDU\� 'U��-DPXQD�7KHYL�
.DOLWKHHUWKD�7KHYDU� 

6,5,0�%HUKDG 

7UHDVXUHU� 9LFWRU�$QDQWK� 
3DUDPDQDQWK 

3ROLV�'LUDMD�0DOD\VLD 

0HPEHUV� :LOOLDP�6RRQ�*XRN�+DX $UPDFHOO�$VLD�/WG 
 'DQQ\�7DQ�.LP�&KHZ $EDGL�2LO�	�*DV� 

6HUYLFHV�6GQ�%KG 
 'U��6XPDL\D�,VODP &XUWLQ�8QLYHUVLW\� 

0DOD\VLD 
 $EGXO�$]L]�+DURQ 6,5,0�4$6� 

,QWHUQDWLRQDO�6GQ�%KG 

&R-&KDLUSHUVRQ� 7V��'U��0DKPRRG�
$QZDU 

&XUWLQ�8QLYHUVLW\� 
0DOD\VLD 

 8PPL�=XODLNKD�$EG�
5DKPDQ 

8&6,�8QLYHUVLW\ 

0(0%(56+,3�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��$EHUDP\�'D\DODP 
$OWHUQDWH��1RRUXO�6KDILND�0LVEDK 
&KDLUSHUVRQ� 7V��'U��&KHZ�.KRRQ�+HH 7XQNX�$EGXO�5DKPDQ�

8QLYHUVLW\�&ROOHJH 
&R-&KDLUSHUVRQ� 0DUN�+HZ�<RRQ�2QQ 8QLYHUVDO�&RUURVLRQ�

(QJLQHHULQJ��0��6GQ�%KG 
6HFUHWDU\� 7V��'U��0DKPRRG�$QZDU  &XUWLQ�8QLYHUVLW\� 

0DOD\VLD 
7UHDVXUHU�� .DUHQ�&KHQJ�6LHZ�+RRQ 6HUED�'LQDPLN�*URXS�

%KG 
0HPEHUV� $JQHV�&KHQJ�6LHZ�&KHQ 'DWDFRP�6\VWHPV��$VLD��

6GQ�%KG 
 ,U��.KRR�&KHH�&KRQJ $*�5HF\FOLQJ�(QWHUSULVH 
 0LFKHOOH�<HH�+DQ�/LQ ((:�0DOD\VLD�6GQ�%KG 
 5RJHU�1J�7XRK�0LQJ $URWHFK�6GQ�%KG 
 ,U��7HR�.XDQJ�.LP 3.0�3URMHFW�.RQVXOWDQW�

6GQ�%KG 
 :RQJ�&KHQJ�6LXQJ $VSDF�$OOLDQFH�6WHHOV�

6GQ�%KG 

6287+(51�&+$37(5� 
6HFUHWDULDW�&RRUGLQDWRU��1��+LWKD\D�-HHYDQ 
$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ� $VVRF�� 3URI�� 'U�� 7XW\�

$VPD�$EX�%DNDU� 
8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

'HSXW\�&KDLUSHUVRQ� $VVRF��3URI��'U��0X�
KDPDG�$]L]L�0DW�<DMLG� 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

6HFUHWDU\� 'U��:DQ�)DKPLQ�)DL]�
:DQ�$OL� 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

7UHDVXUHU� 'U��$EGLOODK�6DQL�0RKG�
1DMLE� 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

0HPEHUV� 'U��(QJNX�0RKG��1D]LP�
(QJNX�$EX�%DNDU� 

8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

 3URI��'U��(VDK�+DP]DK� 8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

 'U��+DELEDK�*KD]DOL� 8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 

 $VVRF��3URI��'U�� 
+DPLPDK�$EG�5DKPDQ� 

8QLYHUVLWL�7XQ�+XVVHLQ�
2QQ�0DOD\VLD 

 $VVRF��3URI��'U��-DULDK�
0RKDPDG�-XRL� 

8QLYHUVLWL�7HNQLNDO� 
0DOD\VLD�0HODND� 

 0RKG��1RRU�)DKPL�:LFKL� 3HWURQDV�&DULJDOL�6GQ�
%KG� 

 'U��1RU�$NPDO�)DGLO� 8QLYHUVLWL�7HNQRORJL�
0DOD\VLD� 



�Ϯϲ 

 

9,%5$7,21�&200,77(( 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 
$OWHUQDWH��$EHUDP\�'D\DODP 
&KDLUSHUVRQ�  ,U��0RKG�6\XNUL�0RKG�

.KDOLG 
6DUDZDN�6KHOO�%HUKDG 

&R-&KDLUSHUVRQ�  $IDQGL�$EG�+DPLG 6HUED�'LQDPLN�*URXS�
%HUKDG 

0HPEHUV� $EGXO�4DL\XP�$OLGLQ 6HUED�'LQDPLN�,7�
6ROXWLRQ�6GQ�%KG� 

 'U��$OH[�2QJ�=KL�&KDR 8QLYHUVLW\�0DOD\D� 
 3URI��'U��$QG\�7DQ�&KLW�

7DQ 
8QLYHUVLW\�7XQNX�$EGXO�
5DKPDQ� 

 .GU��'U��,U��$UPDQ�$ULIILQ 5R\DO�0DOD\VLDQ�1DY\ 
 'LOLS�*�1DLU� 6HUED�'LQDPLN�6GQ�%KG� 
 )DLUX]�6DOOHK 6HUED�'LQDPLN�*URXS�

%HUKDG 
 .DUHQ�&KHQJ�6LHZ�+RRQ� 0DWHULDOV�7HFKQRORJ\�

(GXFDWLRQ�6GQ�%KG� 

678'(17�&+$37(5 
6HFUHWDULDW�&RRUGLQDWRU��1RRUXO�6KDILND�0LVEDK 
$OWHUQDWH��1RULWD�2WKPDQ 
&KDLUSHUVRQ�  $VVRF��3URI��'U��/LP�7HFN�

+RFN� 
7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\�&ROOHJH 

&R-&KDLUSHUVRQ�  'U��$PLUDK�$PDOLQD�
$KPDG�7DUPL]L 

8QLYHUVLWL�7HNQRORJL�
0$5$ 

6HFUHWDU\� 7V��2QJ�7KDL�.LDW 7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\��&ROOHJH 

0HPEHUV� 7V��%ULDQ�/LP�6LRQJ�
&KXQJ 

*HRSROLWDQ�6GQ�%KG 

 7V��'U��+R�0XL�<HQ 7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\��&ROOHJH 

 'U��/LHZ�&KLDP�:HQ 7XQNX�$EGXO�5DKPDQ�
8QLYHUVLW\��&ROOHJH 

 7V��'U��0DKPRRG�$QZDU 
  

&XUWLQ�8QLYHUVLW\� 
0DOD\VLD 

&RPSLOHG�E\��,00�6HFUHWDULDW�� 
7KH�LQIRUPDWLRQ�ZDV�XSGDWHG�DV�RI����VW�'HFHPEHU����� 

/DD��KhE�/>�D�D��Z^�Θ��KDD/dd��^��� 
ϮϬϮϬ-ϮϬϮϮ�^�^^/KE 

 .DYLQWKUDQ�'HYDUDMDQ 7HFKQRYLEV�6GQ�%KG 
 0DUWLQ�$JDU� :RRG�*URXS� 
 0RNKWDU�0RKG�7DKLU 6HUED�'LQDPLN�*URXS�

%HUKDG� 
 0R]DNL�,EUDKLP 5%�6SHFWUD�6GQ�%KG� 
 'U��0XKDPDG�$]KDQ�

$QXDU 
8QLYHUVLWL�7HNQRORJL�
0$5$��8L70� 

 0XKDPPDG�$ULII� 
2WKPDQ 

%D\WHFK�(QJLQHHULQJ�
6GQ�%KG��� 

 $VVRF��3URI��,U��'U�� 
1DGLDQRU�0G�<XVRS 

8QLYHUVLWL�7HNQRORJL�
0$5$� 

 2QJ�<RQJ�.KDL� 6KHOO�0DOD\VLD� 
([SORUDWLRQ�	� 
3URGXFWLRQ� 

 $VVRF��3URI��'U��5DKL]DU�
5DPOL 

8QLYHUVLW\�0DOD\D� 

 5D]DPDQ�0D\GLQ 5=)�(QJLQHHULQJ� 
6HUYLFHV�6GQ�%KG 

 6DOLP�6XPRUPR 3HWURQDV�*OREDO� 
7HFKQLFDO�6ROXWLRQV 

 'U��6KDKUXO�$]PL� 6,5,0�%HUKDG� 
 ,U��'U��6KDPVXO�$NPDU�$E�

$]L]� 
6FLHQFHV�DQG� 
7HFKQRORJLHV� 
5HVHDUFK�,QVWLWXWH�IRU�
'HIHQFH��675,'(����� 

 6\D]DQD�6KDIHH� 6,5,0�%HUKDG� 
 $VVRF��3URI��'U��9LQFHQW�

/HH�&KLHQJ�&KHQ 
&XUWLQ�8QLYHUVLW\������� 

 /W��.GU��:DQ�0DULDQD� 5R\DO�0DOD\VLDQ�1DY\ 
 $VVRF��3URI��,U��'U��=DLQDO�

)LWUL�=DLQDO�$ELGLQ 
8QLYHUVLWL�.XDOD� 
/XPSXU 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�Ϯϳ 

 DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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,00�79(7�5HJLRQDO�6HULHV�RI�7HFKQLFDO�)RUXPV� 
�QG�0DUFK������ 

*UDQG�3DODFH�+RWHO��0LUL 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00�$&7,9,7,(6�
����

9LUWXDO�,QGXVWULDO�7DON�–�,1-(&7,21�02/',1*�
–�:KDW�<RX�1HHG�7R�.QRZ" 

��WK�-XO\������ 
*RRJOH�0HHW�2QOLQH�3ODWIRUP 

(GXFDWLRQ�	�)XUWKHU�6WXGLHV�)DLU� 
�WK�–��WK�	���WK�–���WK�0DUFK������ 
0LG�9DOOH\�([KLELWLRQ�&HQWUH 

7KH�)LUVW-RI-LWV-NLQG�9LUWXDO�7UDLQLQJ�&RXUVHV�IRU�
&RDWLQJ�)LQJHUSULQW�&HUWLILFDWLRQ�6FKHPH

��QG�-���WK�-XO\������
=RRP�2QOLQH�3ODWIRUP



�ϯϯ 

 

 
 

 

0$/$<6,$�%RDUG�RI�7HFKQRORJLVW��0%27��ZLWK�WKH�7HFKQLFDO�([SHUW�3DQHO��7(3��:RUNVKRS 
�WK�-XO\����� 

%HJRQLD�5RRP��3DOP�*DUGHQ�+RWHO�,2,�5HVRUW�&LW\��3XWUDMD\D� 

,00�)LUVW�&RXQFLO�0HHWLQJ� 
�7HUP�������-������ 

��WK�0DUFK����� 
0HHWLQJ�5RRP�/HYHO����0HQDUD�6HUED�'LQDPLN��6KDK�$ODP 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

0DWHULDOV�/HFWXUH�&RPSHWLWLRQ����� 
)LUVW�:LQQHU�DQG�0DOD\VLD�)LQDOLVW�LQ�<3:/&����� 

��WK�$XJXVW����� 
=220�SODWIRUP�FHQWUHG�LQ�,QIRFRPP�'HYHORSPHQW�&HQWUH��L'(&���830� 

,00�$&7,9,7,(6�
���� 

NLQG�9LUWXDO�7UDLQLQJ�&RXUVHV�IRU�³,00�
&RDWLQJ�)LQJHUSULQW�&HUWLILFDWLRQ�6FKHPH´� 

-XO\������ 
=RRP�2QOLQH�3ODWIRUP 



�ϯϰ 

 DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00�&RUURVLRQ�&RQIHUHQFH�
���WK�2FWREHU�����

6KHUDWRQ�,PSHULDO�./

0DNLQJ�,QURDGV�LQWR�WKH�/DQG�7UDQVSRUW�
,QGXVWU\��0HPRUDQGXP�RI�8QGHUVWDQGLQJ�
EHWZHHQ�,00�DQG�3UDVDUDQD�0DOD\VLD�%KG�

��WK�$SULO�����
�$OLOD�%DQJVDU��.XDOD�/XPSXU��

6DEDK�2LO�	�*DV&RQIHUHQFH�DQG�
([KLELWLRQ��62*&(������ 

��WK�–���WK�-XO\����� 
0DJHOODQ�6XWHUD�+DUERXU�5HVRUW��.RWD�.LQDEDOX� 

,00�$&7,9,7,(6
�����

��WK�$QQXDO�*HQHUDO�0HHWLQJ 
��QG�0DUFK����� 

.HODE�*ROI�1HJDUD�6XEDQJ 

3DUWLFLSDWLRQ�RI�,00�LQ�WKH�6DUDZDN�2LO�
	�*DV�6HPLQDU�DQG�([KLELWLRQ��62*6(��

���� 
��WK�-���WK�$SULO����� 

,PSHULDO�0DOO�+RWHO��0LUL��6DUDZDN� 

)RUXP�RQ�³7RZDUGV�3RO\PHULF�&RDWLQJ�)LQJHUSULQWLQJ´�9��%LJ�:DYH� 
�WK�$SULO����� 

�'HZDQ�3UHVLGHQ��.HODE�*ROI�1HJDUD�6XEDQJ� 

([KLELWLRQ�DW�./(6) 
�VW�-��UG�1RYHPEHU����� 

0LQHV�,QWHUQDWLRQDO�([KLELWLRQ�	�&RQYHQWLRQ�
&HQWUH 

0HPRUDQGXP�RI�8QGHUVWDQGLQJ�EHWZHHQ�,QVWL�
WXWH�RI�0DWHULDOV��0DOD\VLD�DQG�8QLYHUVLWL�7XQ�

+XVVHLQ�2QQ�0DOD\VLD�WR�(VWDEOLVK�
87+0-,00�0DWHULDOV�6WXGHQW�&KDSWHU��

��WK�$XJXVW�����
0XG]DIIDU�+RWHO��0HODND

,00-8L70�6WXGHQW�&KDSWHU�$FDGHPLF�9LVLW�WR�.XDOLWL�$ODP�-�&HQYLUR 
�WK�0DUFK����� 

.XDOLWL�$ODP�-�&HQYLUR��1HJHUL�6HPELODQ 



�ϯϱ 

 

 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

)RUXP�RQ�³8VLQJ�7HFKQRORJ\�WR�$GGUHVV�
*OREDO�3ODVWLF�DQG�(QYLURQPHQWDO�,VVXH´� 

��QG�0DUFK����� 
.HODE�*ROI�1HJDUD�6XEDQJ 

,00�&RUURVLRQ�&RQIHUHQFH� 
2FWREHU����� 

6KHUDWRQ�,PSHULDO�./ 

0DNLQJ�,QURDGV�LQWR�WKH�/DQG�7UDQVSRUW�
,QGXVWU\��0HPRUDQGXP�RI�8QGHUVWDQGLQJ�
EHWZHHQ�,00�DQG�3UDVDUDQD�0DOD\VLD�%KG� 

$SULO����� 
$OLOD�%DQJVDU��.XDOD�/XPSXU�� 

$SSUHFLDWLRQ�'LQQHU�ZLWK�'DWXN�,U��'U��
$EGXO�5DKLP�+DVKLP 

��WK�-DQXDU\����� 
�&RQFRUGH�+RWHO��6KDK�$ODP� 

,00�$&7,9,7,(6 
���� 

0HPRUDQGXP�RI�8QGHUVWDQGLQJ�EHWZHHQ�,QVWL�
WXWH�RI�0DWHULDOV��0DOD\VLD�DQG�8QLYHUVLWL�7XQ�

+XVVHLQ�2QQ�0DOD\VLD�WR�(VWDEOLVK� 
,00�0DWHULDOV�6WXGHQW�&KDSWHU�� 

$XJXVW����� 
0XG]DIIDU�+RWHO��0HODND 

,00�&RUURVLRQ�&RPPLWWHH�+DOI-'D\�
6HPLQDU�DQG�6LWH�9LVLW�WR�3UDVDUDQD�&HQWUH�

RI�([FHOOHQFH�DQG�5DSLG�5DLO�'HSRW 
��WK�-XQH����� 

�3UDVDUDQD�&HQWUH�RI�([FHOOHQFH��.RPSOHNV�5DSLG�
5DLO�6XEDQJ��3HWDOLQJ�-D\D��6HODQJRU� 

<RXQJ�3HUVRQ¶V�:RUOG�/HFWXUH�
&RPSHWLWLRQ����� 
��WK�2FWREHU����� 

����(XVWRQ�5RDG��/RQGRQ��8QLWHG�.LQJGRP� 

0DWHULDOV�/HFWXUH�&RPSHWLWLRQ����� 
��WK�$SULO����� 

&HQWUH�RI�*UDGXDWH�6WXGLHV��87H0�PDLQ�FDPSXV��0HODND 

,00�,QWHUQDWLRQDO�$SSOLHG�9LEUDWLRQ�&RQIHUHQFH������ 
³9LEUDWLRQ�7HFKQRORJ\�LQ�WKH�(UD�RI�,QGXVWULDO�5HYROXWLRQ����´ 

��WK�-���WK�1RYHPEHU����� 
6KHUDWRQ�,PSHULDO��.XDOD�/XPSXU 
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 DĂƚĞƌŝĂůƐ�DŝŶĚ ,00�$&7,9,7,(6�
����

&RUURVLRQ�)RUXP��&RUURVLRQ�DQG�
&RDWLQJV�'HYHORSPHQW�LQ�,QGXVWU\� 

�WK�-XO\����� 
8QLYHUVLWL�7HNQRORJL�0$5$�6KDK�$ODP� 

�WK�0DOD\VLDQ�2LO�DQG�*DV�6HUYLFHV�
([KLELWLRQ�DQG�&RQIHUHQFH� 

�02*6(&������ 
��WK�-���WK�6HSWHPEHU����� 

.XDOD�/XPSXU�&RQYHQWLRQ�&HQWUH 

+DOI-'D\�6HPLQDU�³&RUURVLRQ�&RQWUROV�
DQG�3UHYHQWLRQ´�DQG�6LWH�9LVLW�WR�1DY\�

%DVH��/XPXW 
��WK�0D\����� 

&DZDQJDQ�3HQJXDVD�.HMXUXWHUDDQ�$UPDGD�
3DQJNDODQ�7HQWHUD�/DXW�'LUDMD�0DOD\VLD��/XPXW 

0DWHULDOV�/HFWXUH�&RPSHWLWLRQ����� 
�UG�0D\����� 

8QLYHUVLWL�7HNQRORJL�0DOD\VLD��.XDOD�/XPSXU�
&DPSXV� 

,QDXJXUDO�6\PSRVLXP�RQ�5DLOZD\�
,QIUDVWUXFWXUH�DQG�(QJLQHHULQJ�

��WK�-DQXDU\�����
8QLYHUVLWL�7XQNX�$EGXO�5DKPDQ�6XQJDL�/RQJ�&DPSXV�

0DOD\VLD�%RDUG�RI�7HFKQRORJLVWV��
3URIHVVLRQDO�$VVHVVPHQW�3DQHO�:RUNVKRS�

��WK�–���VW�2FWREHU�����
5R\DOH�&KXODQ��%XNLW�%LQWDQJ��.XDOD�/XPSXU

)LUVW�,00�,QWHUQDWLRQDO�$SSOLHG�9LEUDWLRQ�
&RQIHUHQFH��,$9,&�
��VW�–���QG�1RYHPEHU�����

3DUNUR\DO��%XNLW�%LQWDQJ��.XDOD�/XPSXU��WK�$QQXDO�*HQHUDO�0HHWLQJ� 
��WK�0DUFK����� 

,PSLDQD�./&&�+RWHO��.XDOD�/XPSXU 

6HPLQDU�RQ�9LEUDWLRQ�7HFKQRORJ\�LQ�WKH�
(UD�RI�,QGXVWU\����� 

��WK�0DUFK����� 
,PSLDQD�./&&�+RWHO��.XDOD�/XPSXU� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 



�ϯϳ 

 

 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00�$&7,9,7,(6�
���� 

6WUDWHJLF�&ROODERUDWLRQ�EHWZHHQ�
3RO\WHFKQLF�RI�6XOWDQ�$]ODQ�6KDK��
0LQLVWU\�RI�+LJKHU�(GXFDWLRQ�DQG� 
,QVWLWXWH�RI�0DWHULDOV��0DOD\VLD�� 

��WK�$XJXVW����� 
'HZDQ�0XDOLP��%HKUDQJ 

<RXQJ�3HUVRQ¶V�:RUOG�/HFWXUH�
&RPSHWLWLRQ����� 
��WK�2FWREHU����� 

)DLUYLHZ�&RXUVH�$UHQD��3RUW�(OL]DEHWK��6RXWK��$IULFD 

,QDXJXUDO�6\PSRVLXP�RQ�5DLOZD\�
,QIUDVWUXFWXUH�DQG�(QJLQHHULQJ� 

-DQXDU\����� 
8QLYHUVLWL�7XQNX�$EGXO�5DKPDQ�6XQJDL�/RQJ�&DPSXV� 

0DOD\VLD�%RDUG�RI�7HFKQRORJLVWV��
3URIHVVLRQDO�$VVHVVPHQW�3DQHO�:RUNVKRS� 

2FWREHU����� 
5R\DOH�&KXODQ��%XNLW�%LQWDQJ��.XDOD�/XPSXU 

3HWUR(GJH�	�1UJ(GJH�6LJQHG�
0HPRUDQGXP�RI�8QGHUVWDQGLQJ�ZLWK�

,QVWLWXWH�RI�0DWHULDOV��0DOD\VLD 
��WK�$SULO����� 

+ROLGD\�,QQ�*OHQPDULH��.XDOD�/XPSXU 

0DOD\VLD�%RDUG�RI�7HFKQRORJLVW�6WUDWHJLF�
7HFKQRORJ\�)LHOG�2SWLPL]DWLRQ�:RUNVKRS 

�WK-��WK�0D\����� 
:3�+RWHO��.XDOD�/XPSXU� 

0HPRUDQGXP�RI�8QGHUVWDQGLQJ�6LJQLQJ�
&HUHPRQ\�EHWZHHQ�8QLYHUVLWL�7HNQRORJL�

0$5$�DQG�,QVWLWXWH�RI�0DWHULDOV��
0DOD\VLD 

��WK�6HSWHPEHU����� 
8QLYHUVLWL�7HNQRORJL�0$5$�6KDK�$ODP 

)LUVW�,00�,QWHUQDWLRQDO�$SSOLHG�9LEUDWLRQ�
&RQIHUHQFH��,$9,&� 

�1RYHPEHU����� 
3DUNUR\DO��%XNLW�%LQWDQJ��.XDOD�/XPSXU 



�ϯϴ 

 DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,00�$&7,9,7,(6�
����

�-'D\�&RQIHUHQFH�RQ�,QVXODWLRQ 
��WK�0DUFK����� 

8QLYHUVLWL�7HNQRORJL�0DOD\VLD�6SDFH��.XDOD�/XPSXU 

�-'D\�&RDWLQJ�&RQIHUHQFH 
��WK�0D\����� 

&RUXV�+RWHO��.XDOD�/XPSXU 

,00�	�6RFLHW\�IRU�3URWHFWLYH�&RDWLQJV� 
&RRSHUDWLRQ�$JUHHPHQW�6LJQLQJ�

&HUHPRQ\ 
��WK�0DUFK����� 

3(7521$6�7ZLQ�7RZHU��.XDOD�/XPSXU 

��WK�$QQLYHUVDU\�,00�'LQQHU�
�WK�1RYHPEHU�����

,QWHUFRQWLQHQWDO�+RWHO��.XDOD�/XPSXU

,00�$ZD\�'D\ 
��WK�-DQXDU\����� 

$PYHUWRQ�5HVRUW��3XODX�&DUH\ 

�-'D\�&RQIHUHQFH�RQ�3LSHOLQHV�&RUURVLRQ�
0DQDJHPHQW�

��WK�

&RUXV�+RWHO��.XDOD�/XPSXU
,00�9LEUDWLRQ�&RQIHUHQFH 

��WK�1RYHPEHU����� 
&RUXV�+RWHO��.XDOD�/XPSXU� 

0DWHULDOV�/HFWXUH�&RPSHWLWLRQ�����
��

$VLD�3DFLILF�8QLYHUVLW\�$XGLWRULXP��%XNLW�-DOLO��./



�ϯϵ 

 DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

 

,00�$&7,9,7,(6�
���� 

,00�)ULHQGO\�)XWVDO�*DPH����� 
��WK�)HEUXDU\����� 

.RPSOHNV�5DNDQ�0XGD�3XFKRQJ��,0�8�&HQWUDO� 

�-'D\�&RQIHUHQFH�RQ�3UHYHQWLRQ�RI�
/RVV�RI�3ULPDU\�&RQWDLQPHQW� 

��VW��2FWREHU����� 
%LQWXOX 

0HPRUDQGXP�RI�8QGHUVWDQGLQJ�
6LJQLQJ�&HUHPRQ\�%HWZHHQ�,00�DQG�

6RXWK�:HVW�-LD7RQJ�8QLYHUVLW\� 
��WK�1RYHPEHU����� 

&RUXV�+RWHO��.XDOD�/XPSXU 

��WK�$QQXDO�*HQHUDO�0HHWLQJ� 
��WK�0DUFK����� 

8QLYHUVLWL�7HNQRORJL�0DOD\VLD�6SDFH��.XDOD�/XPSXU 

$QQLYHUVDU\�,00�'LQQHU� 
1RYHPEHU����� 

,QWHUFRQWLQHQWDO�+RWHO��.XDOD�/XPSXU 

�-'D\�6\PSRVLXP�RQ�0DWHULDOV�
3URFHVVLQJ��,QVSHFWLRQ�	�7HVWLQJ� 

��WK�$XJXVW����� 
3XWHUL�3DFLILF�+RWHO��-RKRU�%DKUX 

'D\�&RQIHUHQFH�RQ�3LSHOLQHV�&RUURVLRQ�
0DQDJHPHQW� 

��WK�6HSWHPEHU����� 
&RUXV�+RWHO��.XDOD�/XPSXU 

0DWHULDOV�/HFWXUH�&RPSHWLWLRQ����� 
��WK�0D\����� 

$VLD�3DFLILF�8QLYHUVLW\�$XGLWRULXP��%XNLW�-DOLO��./ 



�ϰϬ 

 

,00�0(0%(56+,3�)((6�6&+('8/(�$6�3(5�%(/2:� 

'HVFULSWLRQ� (QWUDQFH� 
)HH 

3URFHVVLQJ� 
)HH 

7UDQVIHU� 
)HH 

$QQXDO� 
6XEVFULSWLRQ 

)HOORZ 
�)�,�0�0� 

- 50������� 50������ 50������� 

3URIHVVLRQDO 
�0�,�0�0� 

- 50������� 50������ 50������� 

$VVRFLDWH� 
�$�0�,�0�0� 

- 50������� 50������ 50������ 

&RPSDQ\ 50������ - - 50������� 

2UGLQDU\ 50������ - - 50������ 

6WXGHQW 50������ - - 50������ 

2UGLQDU\�
&RPSDQ\� 
IRU�DIILOLDWHV 

50�������
50������ 

- - 1,/ 

$PRXQW 

(PDLO���VHFUHWDULDW#LRPP�RUJ�P\����:HEVLWH���ZZZ�LRPP�RUJ�P\ 

,QVWLWXWH� RI� 0DWHULDOV�� 0DOD\VLD� �,00�� LV� D� QRQ-SURILW� SURIHVVLRQDO� VRFLHW\�
WKDW� SURPRWHV� KRQRXUDEOH� SUDFWLFH�� SURIHVVLRQDO� HWKLFV� DQG� HQFRXUDJHV��������
HGXFDWLRQ� � LQ�PDWHULDOV� VFLHQFH�� WHFKQRORJ\� DQG� HQJLQHHULQJ�� (QJLQHHUV��
DFDGHPLFLDQV��WHFKQLFLDQV��VNLOOHG�ZRUNHUV�DQG�SURIHVVLRQDOV�DUH�DPRQJVW�
LWV�PHPEHUV��H[FHHGLQJ������ 
 
5HJLVWHUHG� ZLWK� WKH� 5HJLVWUDU� RI� 6RFLHWLHV� RQ� �WK� 1RYHPEHU� ������ WKH�������
0DOD\VLDQ� 0DWHULDOV� 6FLHQFH� 	� 7HFKQRORJ\� 6RFLHW\� �006�� FKDQJHG� LWV�
QDPH�WR�WKH�,QVWLWXWH�RI�0DWHULDOV��0DOD\VLD��,00��RQ���WK�-XQH��������7KH�
REMHFWLYHV�RI�,00�LQFOXGH�WKH�WUDLQLQJ�DQG�GHYHORSPHQW�RI��LQGLYLGXDOV�DQG�
FRPSDQLHV�LQ�0DOD\VLD�WR�DWWDLQ�SURIHVVLRQDO�UHFRJQLWLRQ�LQ�YDULRXV�ILHOGV�RI�
PDWHULDOV�VFLHQFH��WHFKQRORJ\�DQG�HQJLQHHULQJ�� 
 
,00� LV�DGPLQLVWHUHG�E\�D�FRXQFLO�RI����PHPEHUV��ZLWK�YROXQWHHUV� OHDGLQJ�
PRUH� WKDQ� ��� PDWHULDOV� FRPPLWWHHV� DQG�PRUH� WKDQ� �� UHJLRQDO� FKDSWHUV��
DQG�VXSSRUWHG�E\�D�VHFUHWDULDW�ZLWK�IXOO�WLPH�VWDII�� 
 
,00�9LVLRQ 
 
7R� EH� LQWHUQDWLRQDOO\� UHFRJQLVHG� OHDGLQJ� LQVWLWXWLRQ� LQ� 0DWHULDOV� 6FLHQFH�
DQG�7HFKQRORJ\� 
 
,00�0LVVLRQ 
 
����7R�EH�WKH�WHFKQLFDO�DXWKRULW\�RQ�PDWHULDO�VFLHQFH�DQG�WHFKQRORJ\ 
����7R�GHYHORS�DQ�HQKDQFH�FRPSHWHQF\�DQG�VNLOOV�IRU�DOO�FDWHJRULHV�DQG��� 
������SUDFWLWLRQHU 
����7R�EHFRPH�DQ�LQWHUQDWLRQDOO\�UHFRJQL]HG�FHUWLI\LQJ�ERG\ 
����7R�EH�WKH�IRUXP�IRU�LQGXVWU\�DQG�DFDGHPLD�FROODERUDWLRQ 
����7R�SRVLWLYHO\�FRQWULEXWH�WR�VRFLHW\�DQG�TXDOLW\�RI�OLIH 
 
7KH� ,00�PHPEHUVKLS� LV� FDWHJRULVHG� LQWR� �� GLIIHUHQW� JUDGHV� DQG� RSHQ� WR���
DQ\RQH� DERYH� WKH� DJH� RI� ��� \HDUV� -� LQGLYLGXDOV� DQG� FRPSDQLHV� NHHQ� LQ����
GHYHORSLQJ� DQG� FRQWULEXWLQJ� WRZDUGV� WKH� JURZWK� RI� PDWHULDOV� VFLHQFH���������
WHFKQRORJ\�DQG�HQJLQHHULQJ�LQ�0DOD\VLD�� 
 
2YHU� WKH� \HDUV�� ,00� KDYH� FRQGXFWHG� FRXUVHV� RQ� FRDWLQJV�� FRDWLQJV�����������
ILQJHUSULQWLQJ��FRUURVLRQ��ZHOGLQJ��YLEUDWLRQ�HWF�LQ�VXSSRUW�RI�WKH�RLO�DQG�JDV�
LQGXVWU\�LQ�0DOD\VLD��2YHU�����&RDWLQJV�,QVSHFWRUV�KDYH�EHHQ�WUDLQHG�DQG�
FHUWLILHG� DV� ZHOO� DV� PRUH� WKDQ� ����� %ODVWHUV� 	� 3DLQWHUV�� 6XSHUYLVRUV��
&RUURVLRQ� 7HFKQLFLDQ� DQG� 9LEUDWLRQ� 3UDFWLWLRQHUV�� ,WV� FHUWLILFDWLRQ�
SURJUDPPHV� DUH� UHFRJQL]HG� E\�3(7521$6� DQG� DOO� RLO� 	� JDV� RSHUDWRUV��
6LQFH� -DQXDU\� ������ PRUH� WKDQ� ��� $VVRFLDWH�:HOGLQJ� (QJLQHHUV�� PRUH�
WKDQ����:HOGLQJ�(QJLQHHUV��PRUH� WKDQ����6HQLRU�:HOGLQJ�(QJLQHHUV�DQG�
PRUH� WKDQ� ��� &RDWLQJ� )LQJHUSULQW� 4XDOLW\� &RQWUROOHUV� ZHUH� WUDLQHG� DQG�
FHUWLILHG�� 
 
,00� KDV� DOVR� RUJDQLVHG� ��� ,QWHUQDWLRQDO� 0DWHULDOV� 7HFKQRORJ\�
FRQIHUHQFHV� �,07&(�� RQ� D� ELHQQLDO� EDVLV�� DQG� QXPHURXV� WHFKQLFDO��
VHPLQDUV�� HGXFDWLRQDO� SURJUDPPHV�� WHFKQLFDO� YLVLWV�� DQG� PDWHULDOV�
DZDUHQHVV�SURJUDPPHV�VLQFH������ 
 
3XEOLF�FRXUVHV�� VXFK�DV�0LFURELRORJLFDOO\� ,QIOXHQFHG�&RUURVLRQ� �0,&��DQG�
:HOGLQJ� 7HFKQRORJ\� IRU� 1RQ-:HOGLQJ� 3HUVRQQHO�� DUH� EHLQJ� RIIHUHG������������
RFFDVLRQDOO\��7UDLQLQJ�RQ�PDWHULDOV�DZDUHQHVV�KDV�DOVR�EHHQ�FRQGXFWHG�LQ�
SXEOLF�OLVWHG�FRPSDQLHV�� 
 
7KH�FRXUVHV�DQG�SURJUDPPHV�DUH�EHLQJ�RUJDQLVHG�E\�$XWKRUL]HG�7UDLQLQJ�
%RG\�%RGLHV�DQG�$XWKRUL]HG�(YHQW�2UJDQL]HU�2UJDQL]HUV�� 
 
&ROODERUDWLRQV� ZLWK� WKH� $VLDQ� :HOGLQJ� )HGHUDWLRQ�� 7KH� 6RFLHW\� IRU����������
3URWHFWLYH�&RDWLQJV��86��663&���6DEDK�6NLOOV�7HFKQRORJ\�&HQWUH��667&���
DQG� ORFDO� XQLYHUVLWLHV� FRQWLQXH� WR� EH� SDUW� RI� ,00¶V� YLVLRQ� DQG� ORQJ� WHUP�
PLVVLRQ�WR�HGXFDWH��WUDLQ�DQG�VHUYH�WKH�PDWHULDOV�IUDWHUQLW\� 

*(1(5$/�,1)250$7,21�21�0(0%(56+,3� 
 
7KH� ,00� 0HPEHUVKLS� LV� RSHQ� WR� DOO� LQGLYLGXDOV� DQG� FRPSDQLHV� LQ����������������
GHYHORSLQJ� WKH� FRQWULEXWLRQ� RI� 0DWHULDOV� VFLHQFH�� WHFKQRORJ\� DQG��������������������
HQJLQHHULQJ� WRZDUGV� LQGXVWULDO� JURZWK� LQ� 0DOD\VLD�� 7KH� WHFKQRORJ\� RI����������������
PDWHULDOV� LV�DGYDQFLQJ�GD\-WR-GD\� WKURXJKRXW� WKH�ZRUOG��0HPEHUVKLS� WR� WKH� ,00�
ZLOO� HQDEOH� QHWZRUNLQJ� DQG� H[FKDQJH� RI� NQRZOHGJH� IURP� D� YHU\� ZLGH� YDULHW\� RI�
VSHFLDOLVHG�DUHDV�RI�H[SHUWLVH��3OHDVH�IHHO�IUHH�WR�GRZQORDG�RU�SULQW�D�FRS\�RI�WKH�
DSSOLFDWLRQ�IRUP�WRJHWKHU�ZLWK�WKH�,00�UHJXODWLRQV��,I�\RX�KDYH�DQ\�GRXEW��SOHDVH�
GR� QRW� KHVLWDWH� WR� FRQWDFW� RXU� VHFUHWDULDW� WKURXJK� WKH� SKRQH�� ����-��������� RU�
HPDLO�WR�VHFUHWDULDW#LRPP�RUJ�P\� 
 
$QQXDO� VXEVFULSWLRQV� VKDOO� EH� SD\DEOH� LQ� DGYDQFH� RQ� �VW� -DQXDU\� RI� HDFK� \HDU��
7KRVH�DGPLWWHG�LQWR�WKH�,00�EHWZHHQ��VW�-XO\�DQG���VW�'HFHPEHU�LQ�DQ\�\HDU�VKDOO�
SD\� RQO\� KDOI� WKH� DQQXDO� VXEVFULSWLRQ�� 6HQLRUV� �DERYH� ��� \HDUV� ROG�� JHW� ����
GLVFRXQW�RII�WKHLU�DQQXDO�VXEVFULSWLRQV� 
 
:H� KDYH� DQ� RQOLQH� DSSOLFDWLRQ� IRU� PHPEHUVKLS� IRU� VHOHFWHG� JUDGHV�������
0HPEHUVKLS� DSSOLFDWLRQ� IRUPV� LQ� GRFXPHQW� IRUPDW� FDQ� EH� DFFHVVHG� IURP�
ZZZ�LRPP�RUJ�P\�� 
 
.LQGO\�ILOO�WKH�IRUP�DQG�HPDLO�WR�VHFUHWDULDW#LRPP�RUJ�P\�RU�VHQG�LW�WR�� 

,00�6(&5(7$5,$7 
6XLWH������/HYHO����%ORFN�$��.HODQD�&HQWUH�3RLQW��/REE\�%��� 

1R����-DODQ�66�������.HODQD�-D\D�� 
������3HWDOLQJ�-D\D��6HODQJRU 

,00�0(0%(56+,3�%(1(),76 
 
��� ,00�DFWLYLWLHV�RIIHU�PHPEHUV� WR� LQWHUDFW�DQG�QHWZRUN�ZLWK� UHSUHVHQWDWLYH�
 IURP� WKH� LQGXVWU\�� DFDGHPLD� DQG� JRYHUQPHQW� UHODWHG� WR� WKH� 0DWHULDOV��
 SURIHVVLRQ� 
 
��� 0HPEHUV� ZLOO� JDLQ� NQRZOHGJH� RQ� FDUHHU� RSSRUWXQLWLHV� IRU� WKHLU� FKLOGUHQ��
 IULHQGV� HWF� DV� ,00� RIIHUV� FHUWLILFDWLRQ� FRXUVHV� LQ� VNLOOHG� WUDGHV� H�J��
 :HOGLQJ��3DLQWLQJ��,QVSHFWLRQ��&RUURVLRQ�HWF� 
 
��� ,00--:(6�:HOGLQJ�(QJLQHHU�&HUWLILFDWLRQ�SURJUDP� OHDGLQJ� WR�D�:HOGLQJ��
 (QJLQHHU�&HUWLILFDWLRQ�ZKLFK�RIIHUV�JUHDW�HPSOR\PHQW�RSSRUWXQLWLHV� LQ� WKH�
 RLO�	�JDV��KHDY\�LQGXVWU\��PDULQH�DQG�HQHUJ\�VHFWRUV� 
 
��� ,00� SXEOLFDWLRQV� –� TXDUWHUO\� PDJD]LQH� SOXV� DQQXDO� FRQIHUHQFHV� RIIHU�������
 SUHVHQWHUV� DQ� RSSRUWXQLW\� IRU� WKHLU� WHFKQLFDO� UHVHDUFK� RU����������������������������
 LQGXVWU\-DFDGHPLD� SDSHUV� WR� EH� SXEOLVKHG� LQ� ,6,-� DQG� 6FRSXV-LQGH[�����
 MRXUQDOV� 
 
��� ,00�RUJDQL]HV�PDQ\� IUHH� WHFKQLFDO� HYHQWV� IRU�PHPEHUV� WR� DFTXLUH� QHZ�
 NQRZOHGJH�DQG�QHWZRUNLQJ�RSSRUWXQLWLHV��3DUWLFLSDQWV�WR�WKHVH�HYHQWV�ZLOO�
 DOVR� UHFHLYH� &HUWLILFDWH� RI� $WWHQGDQFH� IRU� WKHLU� &RQWLQXLQJ� 3URIHVVLRQDO�
 'HYHORSPHQW�UHFRUGV������� 

/E^d/dhd��K&�D�d�Z/�>^͕�
D�>�z^/� 

8SGDWHG�RQ���WK�'HFHPEHU����� 



�ϰϭ 

 

8SGDWHG�RQ���WK�'HFHPEHU����� 

5(*8/$7,216� *29(51,1*� $'0,66,21� $1'� 75$16)(5� 2)�����
0(0%(5�*5$'(6 
 
7KH� &RXQFLO� VKDOO� HVWDEOLVK� D� 0HPEHUVKLS� &RPPLWWHH� ZKLFK� ZLOO� EH�
UHVSRQVLEOH� IRU� WKHVH� 5HJXODWLRQV� DQG� IRU� UHYLHZ� RI� DSSOLFDWLRQV� IRU� QHZ�
PHPEHUVKLS� DQG� WUDQVIHU� WR� RWKHU� JUDGHV� �XSJUDGHV��� 7KH� 0HPEHUVKLS�
&RPPLWWHH� VKDOO� UHFRPPHQG� IRU� &RXQFLO� DSSURYDO� IRU� DGPLVVLRQ� DQG�
WUDQVIHU� RI� PHPEHUVKLS�� $OO� JUDGHV� RI� PHPEHUVKLSV� DUH� DZDUGHG� DW� WKH�
GLVFUHWLRQ�RI�WKH�&RXQFLO�DQG�PD\�EH�ZLWKKHOG�RU�ZLWKGUDZQ�LQ�WKH�HYHQW�RI�
FRQGXFW�OLNHO\�WR�SUHMXGLFH�WKH�VWDQGLQJ�RI�WKH�,QVWLWXWH��(YHU\�PHPEHU�VKDOO�
UHFHLYH�D�PHPEHUVKLS�FHUWLILFDWH� 
  
(YHU\� DSSOLFDWLRQ� IRU� PHPEHUVKLS�� LQGLYLGXDO� RU� FRPSDQ\�� VKDOO� EH�
SURSRVHG� DQG� VHFRQGHG� DFFRUGLQJ� WR� WKHVH� UHJXODWLRQV� DQG� VKDOO� EH�
IRUZDUGHG�WR�WKH�,00�6HFUHWDULDW�ZKR�RQ�EHKDOI�RI�WKH�+RQRUDU\�6HFUHWDU\�
ZLOO�SURFHVV�IRU�FRQVLGHUDWLRQ�DQG�DSSURYDO�RI�WKH�0HPEHUVKLS�&RPPLWWHH�
EHIRUH�WDEOLQJ�IRU�&RXQFLO¶V �HQGRUVHPHQW��7KH�&RXQFLO�PD\�DW�LWV�GLVFUHWLRQ�
UHMHFW� DQ\� DSSOLFDWLRQ� ZLWKRXW� DVVLJQLQJ� DQ\� UHDVRQ� WKHUHRI�� 7KH�&RXQFLO�
PD\�XVH� LWV�GLVFUHWLRQ� WR�H[HPSW� WKH�QHHG� IRU�SURSRVHU�DQG�VHFRQGHU� IRU�
6WXGHQW��2UGLQDU\�DQG�&RPSDQ\�PHPEHUVKLS� 
  
(DFK� FRPSDQ\� RQ� DGPLVVLRQ� DV� D�PHPEHU� VKDOO� EH� HQWLWOHG� WR� QRPLQDWH�
RQH� UHSUHVHQWDWLYH� WR� H[HUFLVH� DOO� ULJKWV� RI� PHPEHUVKLS�� 2QO\�
UHSUHVHQWDWLYHV� RI� &RPSDQ\�PHPEHUVKLS�� DV� ZHOO� DV� )HOORZV� �)�,�0�0����
3URIHVVLRQDO� 0HPEHUV� �0�O�0�0��� DQG� 2UGLQDU\� PHPEHUV� VKDOO� KDYH� WKH�
ULJKW�WR�YRWH�DQG�WR�KROG�RIILFH�LQ�,00� 
  
2QO\� 0DOD\VLDQ� &LWL]HQV� FDQ� EHFRPH� 2UGLQDU\� 0HPEHUV�� $VVRFLDWH�
0HPEHUV� �$�0�,�0�0���� 3URIHVVLRQDO� 0HPEHUV� �0�O�0�0��� DQG� )HOORZ�
0HPEHUV��)�O�0�0���ZLWK�YRWLQJ�ULJKWV��)RUHLJQHUV�FDQ�KDYH�PHPEHUVKLS�WR�
VLPLODU�JUDGHV�EXW�VKDOO�KDYH�QR�YRWLQJ�ULJKWV� 

0(0%(56+,3�*5$'(�	�5(48,5(0(17 
 
+RQRUDU\�)HOORZ��+RQ��)�,�0�0�� 
7KH�&RXQFLO�VKDOO�KDYH�WKH�SRZHU�WR�HOHFW�+RQRUDU\�)HOORZV�ZKR�VKDOO�EH�SHUVRQV�RI�
HPLQHQFH�LQ�VFLHQFH�RU�LQGXVWU\��7KH�HOHFWLRQ�VKDOO�EH�EDVHG�RQ�D�PDMRULW\�YRWH�ZLWKLQ�
WKH�&RXQFLO��+RQRUDU\�IHOORZV�VKDOO�HQMR\�VXFK�SULYLOHJHV�DV�PD\�IURP�WLPH�WR�WLPH�EH�
GHWHUPLQHG�E\�WKH�&RXQFLO� 
 
)HOORZ��)�,�0�0�� 
$�SHUVRQ�DW�OHDVW����\HDUV�RI�DJH�ZLWK�DSSURYHG�DFDGHPLF�TXDOLILFDWLRQV��WUDLQLQJ�DQG�
��\HDUV�UHOHYDQW�UHVSRQVLEOH�H[SHULHQFH�ZKR�KDV�PDGH�VLJQLILFDQW�FRQWULEXWLRQV�WR�WKH�
VFLHQFH�DQG�SUDFWLFH�RI�SURIHVVLRQ�RI�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�RU�KDV�JLYHQ�
GLVWLQJXLVKHG�VHUYLFH�WR�LQGXVWU\�RU�HGXFDWLRQ� 
 
3URIHVVLRQDO�0HPEHU��0�,�0�0�� 
$�SHUVRQ�DW�OHDVW����\HDUV�RI�DJH��ZLWK�DSSURYHG�DFDGHPLF�TXDOLILFDWLRQV�DQG�WUDLQLQJ��
KDYLQJ�DW�OHDVW���\HDUV�UHVSRQVLEOH�H[SHULHQFH�LQ�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��
RU�D�SHUVRQ�DW�OHDVW����\HDUV�RI�DJH��ZLWK�DW�OHDVW����\HDUV�RI�H[SHULHQFH�ZLWK�SUDFWLFDO�
UHVSRQVLELOLW\��DV�GHPRQVWUDWHG�E\�WKHVLV�GLVVHUWDWLRQ�RU�UHSRUW�DQG�LQWHUYLHZ� 
 
$VVRFLDWH�0HPEHU��$�0�,�0�0�� 
$�SHUVRQ�DW� OHDVW� ��� \HDUV� RI� DJH��ZKR�SRVVHVVHV�DQ� LQWHUHVW� LQ�0DWHULDOV�6FLHQFH�
DQG� (QJLQHHULQJ� EXW� KDYH� QRW� DFTXLUHG� WKH� QHFHVVDU\� H[SHULHQFH� RU� REWDLQHG� WKH�
TXDOLILFDWLRQ��JRYHUQLQJ�HQWU\� WR�0HPEHU�JUDGH��$Q�$VVRFLDWH�0HPEHU��RQ�REWDLQLQJ�
WKH�QHFHVVDU\�TXDOLILFDWLRQV��PD\�DSSO\�IRU�WUDQVIHU�WR�0HPEHU�JUDGH� 
 
&RPSDQ\�0HPEHU 
$Q\�FRPSDQ\�WKDW�LV�LQYROYHG�RU�KDV�LQWHUHVW�LQ�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�ZLOO�
EH�TXDOLILHG�WR�MRLQ�DV�D�FRPSDQ\�PHPEHU�� 
 
2UGLQDU\�0HPEHU 
$Q\�0DOD\VLDQ�&LWL]HQ�DQG�DERYH�WKH�DJH�RI����\HDUV�HQJDJHG�LQ�DFWLYLWLHV�UHODWHG�WR�
UHVHDUFK�� GHYHORSPHQW� DQG�DSSOLFDWLRQV� LQ�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ� VKDOO�
TXDOLI\� IRU�2UGLQDU\�0HPEHUVKLS�� 2QO\�2UGLQDU\�0HPEHUV� ZKR�PHHW� WKH� QHFHVVDU\�
PLQLPXP� UHTXLUHPHQWV� PD\� DSSO\� IRU� WUDQVIHU� WR� PHPEHUVKLS� JUDGHV� RI� )HOORZ��
0HPEHU�DQG�$VVRFLDWH�0HPEHU�DQG�PD\�XVH�WKH�DEEUHYLDWHG�WLWOHV�XSRQ�WUDQVIHU� 
 
6WXGHQW�0HPEHU 
$�VWXGHQW�PHPEHU�VKDOO� EH�D�SHUVRQ�QRW�XQGHU���� \HDUV�RI� DJH�ZKR�DW� WKH� WLPH�RI�
DSSOLFDWLRQ�VDWLVILHV�WKH�&RXQFLO�WKDW�KH�KDV�UHFHLYHG�D�JRRG�JHQHUDO�HGXFDWLRQ�DQG�LV�
VWXG\LQJ� VXEMHFWV� UHODWHG� WR� 0DWHULDOV� 6FLHQFH� RU� (QJLQHHULQJ�� $� VWXGHQW� PHPEHU�
VKDOO�WUDQVIHU�WR�WKH�JUDGH�RI�2UGLQDU\�0HPEHU�DIWHU�JUDGXDWLRQ�SURYLGHG�KH�RU�VKH�LV�
VXLWDEO\� TXDOLILHG� DQG�DV� VRRQ� DV�KH� RU� VKH� LV� HDUQLQJ� D� IXOO-WLPH�VDODU\��$�6WXGHQW�
VKDOO� QRW� EHFRPH� � PHPEHU� RI� WKH� ,00� ZLWKRXW� WKH� SULRU� DSSURYDO� RI� WKH� 9LFH-
&KDQFHOORU�RU�+HDG�RI�'HSDUWPHQW�RI�WKH�XQLYHUVLW\�RU�UHOHYDQW�DXWKRULW\�FRQFHUQHG� 
� 

)5((�2UGLQDU\�0HPEHUVKLS�IRU�$IILOLDWHV�� 
 
7KH� ,QVWLWXWH� RI� 0DWHULDOV�� 0DOD\VLD� ZLOO� UHFRJQL]H� PHPEHUV� RI� YDULRXV�
SURIHVVLRQDO� LQVWLWXWLRQV� DQG� VRFLHWLHV� IRU� PHPEHUVKLS� DW� ³2UGLQDU\� *UDGH´�
ZLWKRXW�DQ\�DQQXDO�VXEVFULSWLRQV��6XFK�PHPEHUV�VKDOO�VXEPLW�WR�,00�SURRI�RI�
WKHLU� FXUUHQW� PHPEHUVKLS� RI� WKH� UHVSHFWLYH� LQVWLWXWLRQV� WRJHWKHU� ZLWK� WKHLU�
DSSOLFDWLRQ�  
  
0HPEHUV� RI� WKH� IROORZLQJ� LQVWLWXWLRQV� DQG� VRFLHWLHV� DUH� HOLJLEOH� WR� DSSO\� IRU�
DIILOLDWH�PHPEHUVKLS� 
�� $PHULFDQ�:HOGLQJ�6RFLHW\ 
�� $VLDQ�:HOGLQJ�)HGHUDWLRQ 
�� %RDUG�RI�$UFKLWHFWV�0DOD\VLD 
�� %RDUG�RI�(QJLQHHUV��0DOD\VLD 
�� (QJLQHHULQJ�,QVWLWXWHV�XQGHU�WKH�(QJLQHHULQJ�&RXQFLO�RI�8. 
�� *HRORJLFDO�6RFLHW\�RI�0DOD\VLD 
�� ,QVWLWXW�.LPLD�0DOD\VLD 
�� ,QVWLWXWH�RI�&RUURVLRQ�8. 
�� ,QVWLWXWH�RI�0DWHULDOV�6LQJDSRUH 
��� ,QVWLWXWH�RI�3K\VLFV�0DOD\VLD 
��� ,QVWLWXWLRQ�RI�(QJLQHHUV��0DOD\VLD 
��� -DEDWDQ�0LQHUDOV�	�*HRVFLHQFH  
��� 0DOD\VLDQ�0HGLFDO�$VVRFLDWLRQ 
��� 0DOD\VLDQ�1XUVHV�$VVRFLDWLRQ 
��� 0DOD\VLDQ�6RFLHW\�IRU�1RQ-'HVWUXFWLYH�7HVWLQJ 
��� 0DOD\VLDQ�:HOGLQJ�	�-RLQLQJ�6RFLHW\ 
��� 1DWLRQDO�$VVRFLDWLRQ�RI�&RUURVLRQ�(QJLQHHUV�86$ 
��� 3HUVDWXDQ�$UNLWHN�0DOD\VLD 
��� 3ODVWLFV�	�5XEEHU�,QVWLWXWH�RI�0DOD\VLD 
��� 6LQJDSRUH�:HOGLQJ�6RFLHW\ 
��� 6RFLHW\�RI�3HWUROHXP�(QJLQHHUV 
��� 6WHHO�6WUXFWXUHV�3DLQWLQJ�&RXQFLO�86$ 
��� 7KH�:HOGLQJ�,QVWLWXWH�8.  

)5((�&RPSDQ\�0HPEHUVKLS�IRU�$IILOLDWHV�� 
 
7KH� ,QVWLWXWH� RI� 0DWHULDOV�� 0DOD\VLD� ZLOO� UHFRJQL]H� YDULRXV� SURIHVVLRQDO�
LQVWLWXWLRQV�DQG�DVVRFLDWLRQV�IRU�PHPEHUVKLS�DW�³&RPSDQ\�*UDGH´�ZLWKRXW�DQ\�
DQQXDO�VXEVFULSWLRQV�  
  
&RPSDQLHV�UHJLVWHUHG�ZLWK�WKH�IROORZLQJ�7UDGH�$VVRFLDWLRQV�DUH�UHFRJQL]HG�IRU�
$IILOLDWH�&RPSDQ\�0HPEHUVKLSV� 
�� )HGHUDWLRQ�RI�0DOD\VLDQ�0DQXIDFWXUHUV��)00� 
�� 0DOD\VLDQ�2IIVKRUH�&RQWUDFWRUV�$VVRFLDWLRQ��02&$� 
�� 0DOD\VLDQ�2LO�	�*DV�(QJLQHHULQJ�&RXQFLO��02*(&� 
�� 0DOD\VLDQ�2LO�	�*DV�6HUYLFHV�&RXQFLO��02*6&� 
 
7KH�FRPSDQLHV�VKDOO�VXEPLW� WR� ,00�SURRI�RI� WKHLU� FXUUHQW�PHPEHUVKLS�DW� WKH�
UHVSHFWLYH�WUDGH�DVVRFLDWLRQV�WRJHWKHU�ZLWK�WKHLU�DSSOLFDWLRQ� 

127(�� 7KH� DERYH� SURYLVLRQV� IRU� DIILOLDWH� PHPEHUVKLS� IRU� LQGLYLGXDOV� DQG�
FRPSDQLHV�ZDV�DSSURYHG�E\� WKH�,00�&RXQFLO� LQ�DFFRUGDQFH�ZLWK� WKH�SRZHUV�
YHVWHG� LQ� WKH� &RXQFLO� DV� SHU� &ODXVH� ������ RI� WKH� ,00� &RQVWLWXWLRQ� DQG� ZDV�
VXEVHTXHQWO\�HQGRUVHG�E\�PHPEHUV�DW�LWV���VW�$QQXDO�*HQHUDO�0HHWLQJ�KHOG�RQ�
��WK�0DUFK������ 
 

(PDLO���VHFUHWDULDW#LRPP�RUJ�P\����:HEVLWH���ZZZ�LRPP�RUJ�P\ 
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([-KLELWLRQ����� 
�WK�-���WK�-XO\����� 

6XQZD\�5HVRUW�	�6SD��6HODQJRU 

³$GYDQFHG�&RDWLQJV�6WDQGDUG�	�7HFKQRORJ\´ 
6\PSRVLXP�-RLQWO\�2UJDQLVHG�E\�,00-663& 

0R8�6LJQLQJ�&HUHPRQ\ 
��WK�1RYHPEHU����� 

*OHQPDULH�*ROI�	�&RXQWU\�&OXE 

�QG�,QWHUQDWLRQDO�0DWHULDOV�
(QJLQHHULQJ�	�7HFKQRORJ\�

&RQIHUHQFH�	�([KLELWLRQ������ 
��WK�0DUFK����� 

6KHUDWLRQ�+RWHO�6XEDQJ 

�VW�,QWHUQDWLRQDO�0DWHULDOV�
7HFKQRORJ\�&RQIHUHQFH�	�

([KLELWLRQ� 
�VW�-��UG�0DUFK����� 

3XWUD�:RUOG�7UDGH�&HQWUH 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

,U��0D[�2QJ�&KRQJ�+XS 3URI��'DWR¶�'U��+M�
0RKG�0DQVRU�6DOOHK 

�WK�,QWHUQDWLRQDO�0DWHULDOV�
7HFKQRORJ\�&RQIHUHQFH�	�

([KLELWLRQ������ 
��WK�-���WK�-XQH����� 
+LOWRQ�+RWHO��.XFKLQJ 

0DOD\VLDQ� 0DWHULDOV� 6FLHQFH� 	�
7HFKQRORJ\�6RFLHW\��006��FKDQJHG�
LWV�QDPH�WR�WKH�,QVWLWXWH�RI�0DWHULDOV��
0DOD\VLD� �,00�� RQ� ���-XQH� ����� E\�
WKH� QHZ� 3UHVLGHQW�� ,U�� 'U�� 6DPDG�
6ROEDL�� ,U�� 0D[� 2QJ� &KRQJ� +XS�
�+RQRUDU\� 6HFUHWDU\�� DQG� ,U�� 0RKG�
6XUDGL�<DVLQ��+RQRUDU\�7UHDVXUHU�� 

)RXQGHUV�RI�0DOD\VLDQ� 

0DWHULDOV�6FLHQFH�	�7HFKQRORJ\�6RFLHW\� 
','�<28�.12: 



�ϰϴ 

 

d^͘��Z͘��,D�����,/Z�E/� 
�,D�����,�Z 

 

DZ͘�>/D��,/E�Zh�EE 

KƌŐĂŶŝǌĂƟŽŶ͗��/ŶƚĞƌŶĂƟŽŶĂů�/ƐůĂŵŝĐ�hŶŝǀĞƌƐŝƚǇ�DĂůĂǇƐŝĂ 
WŽƐŝƟŽŶ͗ ����ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ ϴ�ǇĞĂƌƐ�ĂƐ��ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�Ăƚ�/ŶƚĞƌŶĂƟŽŶĂů�/ƐůĂŵŝĐ�hŶŝǀĞƌƐŝƚǇ�

DĂůĂǇƐŝĂ 
¨ ϴ�ŵŽŶƚŚƐ�ĂƐ�ZĞůŝĂďŝůŝƚǇ��ŶŐŝŶĞĞƌ�Ăƚ�/ŶƚĞů�dĞĐŚŶŽůŽŐǇ�^ĚŶ��ŚĚ 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
¨ WŚ��;�ĞƌĂŵŝĐ��ŶŐŝŶĞĞƌŝŶŐͿ�hŶŝǀĞƌƐŝƟ�^ĂŝŶƐ�DĂůĂǇƐŝĂ 
WƌŽĨĞƐƐŝŽŶĂů�ŵĞŵďĞƌƐŚŝƉ;ƐͿ  ͗
¨ WƌŽĨĞƐƐŝŽŶĂů�dĞĐŚŶŽůŽŐŝƐƚ�;dƐͿ͕�D�Kd 
¨ 'ƌĂĚƵĂƚĞ��ŶŐŝŶĞĞƌ͕���D 
¨ 'ƌĂĚƵĂƚĞ��ŶŐŝŶĞĞƌ͕�/�D 

KƌŐĂŶŝǌĂƟŽŶ͗��DĞƚĂůůƵƌŐŝĐĂů��ŽŶƐƵůƚĂŶĐǇ�ĂŶĚ�^ĞƌǀŝĐĞƐ�^ĚŶ��ŚĚ 
WŽƐŝƟŽŶ͗ ���dĞĐŚŶŝĐĂů�DĂŶĂŐĞƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ ϵ�ǇĞĂƌƐ�ĂƐ�dĞĐŚŶŝĐĂů�DĂŶĂŐĞƌ�Ăƚ�DĞƚĂůůƵƌŐŝĐĂů��ŽŶƐƵůƚĂŶĐǇ�

ĂŶĚ�^ĞƌǀŝĐĞƐ�^ĚŶ��ŚĚ 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
¨ DĂƐƚĞƌ�ŝŶ�DĞƚĂůůƵƌŐǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŚĞĸĞůĚ 
 

D^͘�&�d/E�&�Z,�E�,�,�Z/��, 
KƌŐĂŶŝǌĂƟŽŶ͗��,ŝƚĂĐŚŝ��ƵƚŽŵŽƟǀĞ�^ǇƐƚĞŵƐ�>ƚĚ͕͘�/ďĂƌĂŬŝ͕�:ĂƉĂŶ 
WŽƐŝƟŽŶ͗ ����ĞƐŝŐŶ��ŶŐŝŶĞĞƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ ϲ�ǇĞĂƌƐ�ĂƐ��ĞƐŝŐŶ��ŶŐŝŶĞĞƌ�Ăƚ�,ŝƚĂĐŚŝ��ƵƚŽŵŽƟǀĞ�^ǇƐƚĞŵƐ�

>ƚĚ͘� 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
¨ ��ŶŐ͘�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ�DƵƌŽƌĂŶ�/ŶƐƟƚƵƚĞ�

ŽĨ�dĞĐŚŶŽůŽŐǇ͕�:ĂƉĂŶ 
WƌŽĨĞƐƐŝŽŶĂů�ŵĞŵďĞƌƐŚŝƉ;ƐͿ͗ 
¨ ^ŽĐŝĞƚǇ�ŽĨ��ƵƚŽŵŽƟǀĞ��ŶŐŝŶĞĞƌƐ�ŽĨ�:ĂƉĂŶ 
 

 

 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�ϰϵ 

 

d^͘��Z͘�>���,t�E'�^,�E' 
KƌŐĂŶŝǌĂƟŽŶ͗��hŶŝǀĞƌƐŝƟ�dƵŶŬƵ��ďĚƵů�ZĂŚŵĂŶ�;hd�ZͿ 
WŽƐŝƟŽŶ͗ ����ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ ϳ�ǇĞĂƌƐ�ĂƐ��ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�Ăƚ�hd�Z 
¨ Ϯ�ǇĞĂƌƐ�ĂƐ�^ĞŶ͘�&ĂŝůƵƌĞ��ŶĂůǇƐŝƐ��ŶŐŝŶĞĞƌ�Ăƚ�tŝŶdĞĐŚ�EĂŶŽ-

dĞĐŚŶŽůŽŐǇ�^ĞƌǀŝĐĞƐ�WƚĞ�>ƚĚ 
¨ Ϯ�ǇĞĂƌƐ�ĂƐ�dĞĐŚŶŽůŽŐǇ��ĞǀĞůŽƉŵĞŶƚ��ůĞĐƚƌŽŶŝĐ�WĂĐŬĂŐĞ�&ĂŝůƵƌĞ�

�ŶĂůǇƐŝƐ��ŶŐŝŶĞĞƌ�Ăƚ�/ŶƚĞů�dĞĐŚŶŽůŽŐǇ�^ĚŶ��ŚĚ 
¨ Ϯ�ǇĞĂƌƐ�ĂƐ�dĞĐŚŶŽůŽŐǇ��ĞǀĞůŽƉŵĞŶƚ��ůĞĐƚƌŽŶŝĐ�WĂĐŬĂŐĞ�&ĂŝůƵƌĞ�

�ŶĂůǇƐŝƐ��ŶŐŝŶĞĞƌ�Ăƚ�/ŶƚĞů�dĞĐŚŶŽůŽŐǇ�^ĚŶ��ŚĚ 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
WŚ��;DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐͿ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŝŶŐĂƉŽƌĞ 
WƌŽĨĞƐƐŝŽŶĂů�ŵĞŵďĞƌƐŚŝƉ;ƐͿ͗ 
¨ �ŚĂƌƚĞƌĞĚ��ŶŐŝŶĞĞƌ�;�ĞŶŐͿ͕�dŚĞ�/ŶƐƟƚƵƟŽŶ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�

dĞĐŚŶŽůŽŐǇ�;/�dͿ 
¨ WƌŽĨĞƐƐŝŽŶĂů�dĞĐŚŶŽůŽŐŝƐƚ�;dƐͿ͕�D�Kd 
¨ 'ƌĂĚƵĂƚĞ��ŶŐŝŶĞĞƌ͕���D 
¨ 'ƌĂĚƵĂƚĞ��ŶŐŝŶĞĞƌ͕�/�D 

�Z͘��>z��E�/>/�ZK�,�E 

 

KƌŐĂŶŝǌĂƟŽŶ͗��/ŶƚĞƌŶĂƟŽŶĂů�/ƐůĂŵŝĐ�hŶŝǀĞƌƐŝƚǇ�DĂůĂǇƐŝĂ 
WŽƐŝƟŽŶ͗ ����ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ �ϱ�ǇĞĂƌƐ�ĂƐ��ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�Ăƚ�/ŶƚĞƌŶĂƟŽŶĂů�/ƐůĂŵŝĐ�

hŶŝǀĞƌƐŝƚǇ�DĂůĂǇƐŝĂ 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
¨ WŚ��;�ŶŐŝŶĞĞƌŝŶŐͿ�/ŶƚĞƌŶĂƟŽŶĂů�/ƐůĂŵŝĐ�hŶŝǀĞƌƐŝƚǇ�DĂůĂǇƐŝĂ 
WƌŽĨĞƐƐŝŽŶĂů�ŵĞŵďĞƌƐŚŝƉ;ƐͿ  ͗
¨ 'ƌĂĚƵĂƚĞ�dĞĐŚŶŽůŽŐŝƐƚ͕�D�Kd 
¨ 'ƌĂĚƵĂƚĞ��ŶŐŝŶĞĞƌ͕���D 
¨ DĞŵďĞƌ͕��ŝŽĐŚĂƌ�DĂůĂǇƐŝĂ��ƐƐŽĐŝĂƟŽŶ 

�Z͘�:�DhE��d,�s/ 
KƌŐĂŶŝǌĂƟŽŶ͗��^/Z/D��ĞƌŚĂĚ 
WŽƐŝƟŽŶ͗ ���^ĞŶŝŽƌ�ZĞƐĞĂƌĐŚĞƌ 
tŽƌŬŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ;ƐͿ͗ 
¨ ϮϬ�ǇĞĂƌƐ�ĂƐ�ZĞƐĞĂƌĐŚĞƌ�Ăƚ�^/Z/D��ĞƌŚĂĚ 
YƵĂůŝĮĐĂƟŽŶ;ƐͿ͗ 
¨ WŚ��;�ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐͿ�hŶŝǀĞƌƐŝƟ�dĞŬŶŽůŽŐŝ�DĂůĂǇƐŝĂ 
WƌŽĨĞƐƐŝŽŶĂů�ŵĞŵďĞƌƐŚŝƉ;ƐͿ͗ 
¨ DĞŵďĞƌ͕��ƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�ŽĨ��ŝŽƚĞĐŚŶŽůŽŐǇ 
/ŶǀŽůǀĞŵĞŶƚ�ŝŶ�ĐŽŵŵŝƩĞĞƐ͗ 
¨ ^ĞĐƌĞƚĂƌǇ͕�/DD�^ƚĂŶĚĂƌĚƐ��ĞǀĞůŽƉŵĞŶƚ��ŽŵŵŝƩĞĞ 
 

 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

 



�ϱϬ 

 

 ���,QWURGXFWLRQ 
 %HLQJ�LQ�WKH�7URSLFV��0DOD\VLD�HQMR\V�

DEXQGDQW� UDLQ� IDOO�DQG�VXQVKLQH��6XFK�FOLPDWH�
KDV� VXSSRUWHG� YDVW� JUHHQ� YHJHWDWLRQ� DQG� OXVK�

JUHHQHU\�� *OREDO� XUEDQL]DWLRQ� DQG� HFRQRPLF�
DFWLYLWLHV�VLQFH�WKH���V�KDYH�EURXJKW�DERXW�JUHHQKRXVH�

HIIHFWV�ZLWK�LQFUHDVH�LQ�LQWHQVLW\�DQG�IUHTXHQF\�RI�WURSLFDO�
F\FORQHV� LQ� RXU� UHJLRQ�� %HVLGHV�� LQFUHDVHG� HPLVVLRQ� RI�
LQGXVWULDO�DQG�YHKLFXODU�FRPEXVWLRQ�LQFUHDVHV�WKH�DFLGLW\�
RI� UDLQZDWHU� DQG� RWKHU� HQYLURQPHQWDO� SROOXWDQWV� DOVR�
DFFHOHUDWH�WKH�GLODSLGDWLRQ�RI�RXU�EXLOGLQJV��6XFK�FOLPDWH�
DQG�LQGXVWULDO�SURJUHVV�KDYH�EURXJKW�DERXW�WKUHDWV�WR�WKH�
FRQFUHWH�VWUXFWXUHV�VLOHQWO\� LQ� WKH�7URSLFV��1HYHUWKHOHVV��
WKH� DZDUHQHVV� RI� WKH� DGYHUVH� LPSDFW� WR� WKH� FRQFUHWH�
VWUXFWXUHV� LV�VWLOO� LQ� LWV� LQIDQF\�DPRQJ� WKH�JHQHUDO�SXEOLF�
DQG� HQJLQHHULQJ� FRPPXQLW\�� 5HFHQW� VFLHQWLILF� VWXGLHV�
UHYHDOHG� WKDW� FRQFUHWH� VWUXFWXUHV� ZKLFK� DUH� FRPPRQO\�
UHJDUGHG� IRU� DV� EHLQJ� VWURQJ�� UREXVW� DQG� PDLQWHQDQFH�
IUHH� VXIIHU� IURP� DFFHOHUDWHG� GLODSLGDWLRQ� DQG�
GLVLQWHJUDWLRQ� GXH� WR� WKH� ZRUVHQLQJ� JUHHQKRXVH� HIIHFW�
DQG� HQYLURQPHQWDO� SROOXWLRQ�� 7KLV� LV� IXUWKHU� H[DFHUEDWHG�
ZLWK�LQFUHDVH�LQ�H[SRVXUH�WR�H[FHVVLYH�GDPSQHVV� 

)LJXUH���%DUH�FRQFUHWH�VXUIDFHV�RI�D�EULGJH�ZLWK�H[FHVVLYH�
GDPSQHVV 

³%6�(1�����3URGXFWV�DQG�V\VWHPV�IRU�WKH�SURWHFWLRQ�DQG�
UHSDLU� RI� FRQFUHWH� VWUXFWXUHV´� LV� WKH� VWDQGDUG� GHYHORSHG�
EDVHG� RQ� VXEVWDQWLDO� VFLHQWLILF� HIIRUWV� LQ� FRQFUHWH�
GLDJQRVLV�� UHSDLU� DQG� UHKDELOLWDWLRQ�� ,W� ZDV� HQIRUFHG� LQ�
(XURSHDQ� FRXQWULHV� DQG� LPSOHPHQWHG� VLQFH� ������ ,W� LV�
DOVR�WKH�VWDQGDUG�UHFRPPHQGHG�E\�WKH�0LQLVWU\�RI�8UEDQ�
:HOOEHLQJ�� +RXVLQJ� DQG� /RFDO� *RYHUQPHQW� IRU� WKH�
GLDJQRVLV� DQG� PDLQWHQDQFH� RI� FRQFUHWH� VWUXFWXUHV� LQ�
VWUDWLILHG�EXLOGLQJV�LQ�0DOD\VLD� 
 
,W� FRQWDLQV� KROLVWLF� DQG� VFLHQWLILF� UHFRPPHQGDWLRQV� LQ�
GLDJQRVLV� RI� FRQFUHWH� VWUXFWXUHV� DQG� HOHYHQ� �����
SULQFLSOHV� LQ� FRQFUHWH� UHSDLU� DQG�PDLQWHQDQFH� LQFOXGLQJ�
WKH�PLWLJDWLRQ�DQG� UHPHGLHV� LQ� ORVV�RI�FRQFUHWH�VWUHQJWK�
DQG�FRQWURO�RI�FRUURVLRQ�RQ� WKH� UHLQIRUFHPHQW�VWHHO� EDUV�
�UHEDUV��� 7KH� IRFXV� RI� WKLV� DUWLFOH� LV� PDLQO\� RQ� WKH�
FRUURVLRQ�RI�UHEDUV�RQO\�� 
 
5HLQIRUFHPHQW� VWHHO� EDUV� DQG� FRQFUHWH� PL[� ZRUN�
V\QHUJLVWLFDOO\� GXH� WR� LGHQWLFDO� FRHIILFLHQW� RI� WKHUPDO�

��� 0DLQ� &DXVHV� RI� 'HWHULRUDWLRQ� RI� &RQFUHWH�
6WUXFWXUHV 

H[SDQVLRQ� �3RUWODQG� FHPHQW� FRQFUHWH� DW� �� WR� ���
PLFURVWUDLQV��&�� UHEDU� DW� ����� PLFURVWUDLQV��&�� >�@��
1HYHUWKHOHVV�� OLWWOH� LV� NQRZQ� WKDW� WKH� KLJK� OHYHO� RI�
DONDOLQLW\� RI� FRQFUHWH� �S+� ��� WR� ���� GXH� WR� WKH� ODUJH�
DPRXQW� RI� FDOFLXP� DQG� VPDOO� DPRXQW� RI� VRGLXP� DQG�
SRWDVVLXP�LRQV�DOVR�SURYLGHV�D�SDVVLYH�SURWHFWLYH�ILOP�WR�
WKH� UHEDUV� DJDLQVW� FRUURVLRQ�� 7KLV� OD\HU�� ZKLFK� LV� VHOI-
JHQHUDWHG�VRRQ�DIWHU�WKH�K\GUDWLRQ�RI�FHPHQW�KDV�VWDUWHG��
FRQVLVW�RI�)H�2��DGKHULQJ�WLJKWO\�WR�WKH�UHEDUV�>�@� 

)LJXUH���3DVVLYH�SURWHFWLYH�OD\HU�RI�2+-�GXH�WR�KLJK�OHYHO�RI�
DONDOLQLW\�RI�FRQFUHWH�PL[ 

6RXUFH�KWWSV���ODULVVDFJOLPD�ZRUGSUHVV�FRP������������FRUURVLRQ-
RI-VWHHO-UHEDUV-LQ-FRQFUHWH�� 

)LJXUH���$�IO\HU�IURP�0LQLVWU\�RI�8UEDQ�:HOOEHLQJ��+RXVLQJ�DQG�
/RFDO�*RYHUQPHQW�LQ�0DLQWHQDQFH�RI�6WUDWLILHG�%XLOGLQJ 

 
 

.XDQ�<RX�:DL�� 
�3.1�%XLOGLQJ�6ROXWLRQ�6GQ�%KG��8QLW�������/HYHO�����:LVPD�6XQZD\��������6KDK�

$ODP��6HODQJRU��0DOD\VLD 
NXDQ\RXZDL#JPDLO�FRP 

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

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 



�ϱϭ 

 

����&DUERQDWLRQ�RI�&RQFUHWH 

)LJXUH���,QILOWUDWLRQ�RI�&2��DQG�FDUERQLF�DFLG�LQWR�WKH�FRQFUHWH 
6RXUFH�KWWSV���ZZZ�FHPHQW�RUJ�OHDUQ�FRQFUHWH-WHFKQRORJ\�

GXUDELOLW\�FRUURVLRQ-RI-HPEHGGHG-PDWHULDOV 

)LJXUH���6SDOOLQJ�DQG�GLVLQWHJUDWLRQ�RI�FRQFUHWH�WULJJHUHG�E\�&DUERQDWLRQ 
6RXUFH��$KPDG�,���HW�DO��([SHULPHQWDO�VWXG\�RQ�ERQG�SHUIRUPDQFH�RI�HSR[\�FRDWHG�EDUV�DQG�XQFRDWHG�GHIRUPHG�EDUV�LQ�FRQFUHWH������ 

([SRVXUH� RI� FRQFUHWH� VWUXFWXUHV� WR� DWPRVSKHULF� FDUERQ�
GLR[LGH��&2��� OHDGV�WR�FDUERQDWLRQ�RI�FRQFUHWH��7KLV� LV�D�
QDWXUDO� RFFXUUHQFH� ZKHUHE\� WKH� VXUIDFH� LQFUHDVHV� LQ�
VWUHQJWK�EXW�VXIIHUV�IURP�QHXWUDOL]DWLRQ��GURS�LQ�S+���:LWK�
VXIILFLHQW�FRQFUHWH�FRYHU�DQG�SURWHFWLRQ�DJDLQVW�H[SRVXUH�
RI� H[FHVVLYH� GDPSQHVV�� VXFK� VPDOO� DPRXQW� RI�
FDUERQDWLRQ�GRHV�QRW�FDXVH�DQ\�GHJUDGDWLRQ�WR�FRQFUHWH�
DQG� FRUURVLRQ� WR� WKH� UHLQIRUFHPHQW� VWHHO� EDUV� �UHEDUV���
+RZHYHU�� H[FHVVLYH� GDPSQHVV� FDXVHG� E\� SRRU�
SURWHFWLRQ�RU�ZDWHUSURRILQJ�IDLOXUH�FDQ�FDXVH�LQILOWUDWLRQ�RI�
ZDWHU�ZLWK�FDUERQLF�DFLG�LQWR�RXU�FRQFUHWH�VWUXFWXUHV�DQG�
QHXWUDOL]DWLRQ� RI� WKH� DIIHFWHG� FRQFUHWH� ZLWK� VLJQLILFDQW�
GURS�LQ�S+��%HVLGHV��WKH�VROXEOH�PLQHUDOV�LQ�WKH�FRQFUHWH�
DUH� GLVVROYHG� DQG� WKH\� OHDFK� RXW� LQ� WKH� IRUP� RI�
HIIORUHVFHQFH�RU�FDOWKHPLWH�� 
 
:KHQ� WKH� S+� RI� FRQFUHWH� UHDFKHV� �� GXH� WR� H[FHVVLYH�
LQJUHVV�RI�DFLGLF�UDLQZDWHU�� WKH�SDVVLYH�SURWHFWLYH�ILOP�RI�
2+-� WKDW� SURWHFWV� WKH� UHLQIRUFHPHQW� VWHHO� EDUV� DJDLQVW�
FRUURVLRQ�ZLOO�EUHDN�GRZQ�DQG�FRUURVLRQ�ZLOO�EH�WULJJHUHG��
&RUURVLRQ�RI� UHEDUV� LQYROYHV�D� VHULHV�RI� HOHFWURFKHPLFDO�
UHDFWLRQV�ZLWK� WKH� IRUPDWLRQ�RI�FRUURVLRQ�FHOO� FRPSULVLQJ�

)H������2+-�ĺ�)H�2+�� )HUURXV�
+\GUR[LGH 

�)H�2+�����2�����+�2�ĺ��)H�2+�� )HUULF�+\GUR[LGH 
  

�)H�2+���ĺ�)H�2��+�2����+�2 +\GUDWHG�)HUULF�
2[LGH��5XVW� 

)LJXUH���2[LGDWLRQ�RI�UHEDUV�LQ�FDUERQDWHG�FRQFUHWH 
6RXUFH�KWWSV���V[G�GDQDQJ�JRY�YQ�ZHE�HQJOLVK�VFLHQFH-WHFKQRORJ\"DUWLFOH,G ������ 

)LJXUH���&DOWKHPLWH�RQ�D�FRQFUHWH�EULGJH 

7KH�FKHPLFDO�UHDFWLRQV�RI�FRUURVLRQ�WR�WKH�UHEDUV�LQYROYH�
PLJUDWLRQ� RI� HOHFWURQV� IURP� WKH� FDWKRGLF� UHJLRQ� WR� WKH�
DQRGLF� UHJLRQ��&RUURVLRQ�NLQHWLFV� LV�DFFHOHUDWHG�ZLWK� WKH�
SUHVHQFH� RI� KHDW� DQG� R[\JHQ� LQ� WKH� DUHDV� ZLWK� F\FOLF�
ZHWWLQJ�DQG�GU\LQJ��$UHDV�VXEPHUJHG�LQ�RU�VDWXUDWHG�ZLWK�
ZDWHU� ODFNV� R[\JHQ� QHHGHG� IRU� WKH� FRUURVLRQ� SURFHVV��
%HVLGHV��FRUURVLRQ�UDWH�LV�LQIOXHQFHG�E\�WKH�UDWLR�RI�DUHDV�
EHWZHHQ� WKH� DQRGLF� ]RQH� DQG� FDWKRGLF� ]RQH�� WRR��
ZKHUHE\� FRUURVLRQ� NLQHWLFV� LV� PD[LPL]HG� DW� WKH� VPDOO�
DQRGLF�]RQH�DQG�KXJH�FDWKRGLF�]RQH��/DVWO\��WKH�OHYHO�RI�
FDUERQDWLRQ� DOVR� GHSHQGV� RQ� WKH� OHYHO� RI� SRURVLW\��
SHUPHDELOLW\�DQG�FHPHQW�FRQWHQW�DQG�WKH�FRQFUHWH�WKLFNHU�
GHWHUPLQDWHV� KRZ�PXFK� WKH� FRQFUHWH� HPEHGGHG�ZLOO� EH�
SURWHFWHG�>�@� 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

RI�DQ�DQRGH��D�FDWKRGH��DQ�HOHFWURO\WH�DQG�LRQLF�SDWK�LQ�
WKH�SUHVHQFH�RI�2[\JHQ��2���DQG�ZDWHU��+�2��� 



�ϱϮ 

 

)LJXUH���6SDOOHG�FRQFUHWH�XQGHU�WKH�VRIILWV 

����&KORULGH�$WWDFN�RI�&RQFUHWH 

)LJXUH���$JJUHVVLYH�FRUURVLRQ�RQ�FRQFUHWH�SLOHV�DW�WKH�WLGDO�
]RQH 

6RXUFH�KWWSV���ZZZ�YHFWRU-FRUURVLRQ�FRP�DERXW� 

,Q� PDULQH� HQYLURQPHQW� �VHD-VSUD\� RI� ��� NP� IURP� WKH�
FRDVWDO� OLQHV�� DQG� VZLPPLQJ� SRROV�� VHDZDWHU� DQG� DOJDH�
SUHYHQWLRQ�FKHPLFDOV�FRQWDLQ�FKORULGH�LRQV��6XFK�FKORULGH�
LRQV� DUH� GHWULPHQWDO� WR� FRQFUHWH� DQG� VWHHO� VWUXFWXUHV�
ZKHQ� WKH�FKORULGH� LRQV� UHDFW�DV�FDWDO\VWV� LQ�DFFHOHUDWLQJ�
FRUURVLRQ� WR� WKH� VWHHO� EDUV� DQG� VSDOOLQJ� LQ� FRQFUHWH�

)LJXUH����&RQFUHWH�6SDOOLQJ�LQ�0DULQH�(QYLURQPHQW 
6RXUFH��7LQJ�0�=�<���HG�DO����������'HWHULRUDWLRQ�RI�PDULQH�

FRQFUHWH�H[SRVHG�WR�ZHWWLQJ-GU\LQJ�DFWLRQ��-RXUQDO�RI�&OHDQHU�
3URGXFWLRQ��9RO��������-DQXDU\����� 

����1HZ�7HFKQLFDO�&KDOOHQJHV 
 
'HVSLWH�WKH�FRPPRQ�XQGHUVWDQGLQJ�LQ�WKH�ZLGHVSUHDG�RI�
ZDWHU� UHODWHG� GDPDJHV� WR� FRQFUHWH� VWUXFWXUHV�� QHZ�
WHFKQLFDO�FKDOOHQJHV�KDYH�DULVHQ�DQG�WKUHDWHQ�WKH�VDIHW\�
GXH� WR� FRUURVLRQ� WR� WKH� FRQFUHWH� VWUXFWXUHV� GXH� WR� WKH�
UDSLG�8UEDQL]DWLRQ�DQG�ZRUVHQLQJ�*UHHQKRXVH�(IIHFWV�DV�
IROORZV�� 
 
������5LVLQJ�JURXQG�ZDWHU�GXH�WR�KHDYLHU�UDLQIDOO�
WULJJHUHG�E\�*UHHQKRXVH�(IIHFWV 
 
:DWHU�WDEOH�LV�WKH�XSSHU�VXUIDFH�RI�WKH�]RQH�RI�VDWXUDWLRQ�
ZKHUH� WKH� SRUHV� DQG� IUDFWXUHV� RI� WKH� JURXQG� DUH�
VDWXUDWHG� ZLWK� ZDWHU�� ,W� IOXFWXDWHV� DFFRUGLQJ� WR� WKH�
VHDVRQDO�FKDQJH�LQ�UDLQ�YROXPH��%HVLGHV��WKH�ZDWHU�WDEOH�
LV� KLJKHU� QHDU� WR� WKH� ULYHUV�� SRROV�� UHFODLPHG� ODQGV� DQG�
VHDVLGH�� 
 
7KH�FRUURVLYH�VXEVWDQFHV�FRPPRQO\�IRXQG�LQ�WKH�JURXQG�
ZDWHU� WKDW� FDQ� DGYHUVHO\� DIIHFW� WKH� FRQFUHWH� VWUXFWXUHV�
LQFOXGH� GLVVROYHG� R[\JHQ�� FDUERQ� GLR[LGH� DQG� K\GURJHQ�
VXOILGH�� 7KH� SUHVHQFH� RI� RUJDQLF� ZDVWH� DQG� WKH�
FRQVHTXHQWLDO� EDFWHULDO� DFWLYLWLHV� LQ�ZDVWH�GXPSLQJ�VLWHV�
FDXVHV�PRUH� VHYHUH� FRQWDPLQDWLRQ� WR� WKH� JURXQG�ZDWHU�
DQG� FDXVHV� PRUH� FRUURVLRQ� WR� WKH� DGMDFHQW� FRQFUHWH�
VWUXFWXUHV��1HYHUWKHOHVV�� LI� OLPHVWRQH� DQG� RWKHU� DONDOLQH�
PLQHUDOV� DUH� LQ� DEXQGDQW� LQ� WKH� VRLO�� KLJK� OHYHO� RI�
DONDOLQLW\�SUHYHQWV�FRUURVLRQ�� 
 
+LJKHU� ZDWHU� WDEOH� DQG� FRUURVLYH� JURXQG� ZDWHU� LV�
GHWULPHQWDO�WR�WKH�IRXQGDWLRQ�RI�WKH�EXLOGLQJ�DQG�FRQFUHWH�
VWUXFWXUHV�� $FFRUGLQJ� WR� 6HFWLRQ� ������ DQG� ������ RI� WKH�
8QLIRUP� %XLOGLQJ� %\-/DZV� ����� JURXQG� ZDWHU� LV� QRW�
SHUPLWWHG�LQ�WKH�ORZHVW�IORRU�RI�EXLOGLQJV� 

)LJXUH����$FFHOHUDWHG�FRUURVLRQ�WR�UHEDUV�DQG�FUDFNLQJ�RI�
FRQFUHWH�EHDPV�XQGHU�D�VZLPPLQJ�SRRO�RI�D���\HDU�ROG�
FRQGRPLQLXP�LQ�.XDOD�/XPSXU 

$OWKRXJK�WKH�PHFKDQLVP�RI�FKORULGH�LQGXFHG�FRUURVLRQ�RI�
VWHHO� LV� QRW� \HW� IXOO\� XQGHUVWRRG�� LW� LV� JHQHUDOO\� EHOLHYHG�
WKDW�WKH�FKORULGH�LRQV�EHFRPH�LQFRUSRUDWHG�LQ�WKH�SDVVLYH�
ILOP��UHSODFLQJ�VRPH�RI�WKH�R[\JHQ�DQG�LQFUHDVLQJ�ERWK�LWV�
FRQGXFWLYLW\�DQG�LWV�VROXELOLW\��,W�KDV�EHHQ�VXJJHVWHG�WKDW�
FKORULGH�LRQV�FDQ�FRPSOH[�ZLWK�WKH�IHUURXV�LRQV�SURGXFHG�
E\� FRUURVLRQ� WR� IRUP� VROXEOH� FRPSOH[HV� RI� LURQ� �,,��
FKORULGH�� 
 
7KH� UHVXOWLQJ� LURQ� FKORULGH� FRPSOH[� LRQ� WKHQ� FRPELQHV�
ZLWK� K\GUR[\O� LRQV� WR� IRUP� )H�2+��� LQ� VROXWLRQ� DQG�
UHOHDVHV� WKH� FKORULGH� LRQV� EDFN� WR� VROXWLRQ� WR� FRPSOH[�
PRUH� LURQ� DQG� WKXV� HVVHQWLDOO\� DFWV� DV� D� FDWDO\VW� LQ�
FRUURVLRQ� UHDFWLRQV� >�@�� &RUURVLRQ� KDV� EHHQ� UHFRUGHG�
HYHQ� DW� WKH� FRQFUHWH� ZLWK� S+� ����� DW� �����SSP� RI�
FKORULGH� >�@�� 7KXV�� WKH� SUHVHQFH� RI� FKORULGH� LRQV� WULJJHU�
F\FOHV�RI�DFFHOHUDWHG�FRUURVLRQ�UHDFWLRQV�LI�QRW�H[WUDFWHG�
FKHPLFDOO\�RU�UHPRYHG�SK\VLFDOO\� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

7KH�E\-SURGXFWV�RI�R[LGDWLRQ��FRUURVLRQ�RQ�UHEDUV�H[SDQG�
FRQWLQXRXVO\� ZKHQ� LW� WXUQV� WR� 5XVW� ZLWK� YROXPHWULF�
LQFUHDVH�RI�XS�WR�����WLPH�RI�WKH�RULJLQDO�VL]H�RI�WKH�UHEDU��
6XFK� LQFUHDVH� FDXVHV� WKH� VWUHVV� WR� FUDFN� WKH� FRQFUHWH�
IURP� ZLWKLQ�� &RQVHTXHQWLDOO\�� FUDFNHG� FRQFUHWH� VXIIHU�
IURP� ORVV� LQ� ERWK� FRPSUHVVLYH� VWUHQJWK�� %HVLGHV��
VHFWLRQDO�ORVV�RI�WKH�GLDPHWHU�RI�WKH�UHEDUV�GXH�WR�SLWWLQJ�
HIIHFW� DOVR� UHGXFHV� WKH� WHQVLOH� VWUHQJWK� RI� WKH� UHEDUV��
UHVXOWLQJ� LQ� DQ� RYHUDOO� ORVV� LQ� VWUXFWXUDO� VWUHQJWK� DQG�
LQWHJULW\� 



�ϱϯ 

 

������ 6WUD\� FXUUHQW� E\� (OHFWULFDO� 5DLOZD\V� ZLWK�
'LUHFW�&XUUHQW 
 
6WXGLHV�E\�'U��7KRPDV�DQG�'U��$ODQ�RQ�VWUD\�FXUUHQW� LQ�
86$�LQGLFDWHV�WKDW�GHVSLWH�D�UHODWLYHO\�PDWXUH�WHFKQRORJ\�
IRU� LWV� FRQWURO�� FRUURVLRQ� FDXVHG� E\� VWUD\� FXUUHQW� IURP�
HOHFWULILHG� UDSLG-WUDQVLW� V\VWHPV�ZLWK� GLUHFW� FXUUHQW� FRVWV�
WKH� 8QLWHG� 6WDWHV� DSSUR[LPDWHO\� ����� PLOOLRQ� DQQXDOO\��
3DUW�RI�WKDW�FRVW�LV�WKH�UHVXOW�RI�FRUURVLRQ�RI�WKH�HOHFWULILHG�
UDSLG-WUDQVLW� V\VWHP� LWVHOI�� DQG� SDUW� LV� WKH� UHVXOW� RI�
FRUURVLRQ� RQ� QHLJKERULQJ� LQIUDVWUXFWXUH� FRPSRQHQWV��
VXFK� DV� EXULHG� SLSHOLQHV�� FDEOHV� DQG� IRXQGDWLRQ� >�@��
0DVVLYH�FRQVWUXFWLRQ�RI�HOHFWULILHG� WUDQVLW� V\VWHPV� LQ� WKH�
.ODQJ�9DOOH\�DQG�3HQDQJ�KDV�LQKHUHQW�ULVNV�RI�FRUURVLRQ�
WR�WKH�QHLJKERULQJ�LQIUDVWUXFWXUHV�DQG�EXLOGLQJV��7KH�ULVN�
RI�FRUURVLRQ�LQ�WKHVH�DUHDV�KDYH�\HW�WR�EH�HYDOXDWHG� 
 

)LJXUH����3KHQROSKWKDOHLQ�WHVW�IRU�&DUERQDWLRQ�RI�&RQFUHWH 
6RXUFH�ZZZ�XQGHUVWDQGLQJFHPHQW�FRP�FDUERQDWLRQ�KWPO 

)LJXUH����([WUDFWLRQ�RI�6DPSOHV�IRU�&KORULGH�7HVWLQJ 
6RXUFH�KWWS���JHUPDQQ�RUJ�SURGXFWVE\DSSOLFDWLRQ�FKORULGH-SURILOLQJ�

SURILOH-JULQGHU 

����&RUURVLRQ�PDSSLQJ 
 
7KH�SULQFLSOH�RI�WKH�WHVW�LV�WKDW�WKH�UHEDUV�DW�WKH�WHVW�SRLQW�
DQG�WKH�UHIHUHQFH�HOHFWURGH�IRUP�D�FHOO�LQ�ZKLFK�WKH�UHEDU�
DFWV�OLNH�DQ�DQRGH�DQG�WKH�UHIHUHQFH�HOHFWURGH�DFWV�OLNH�D�
FDWKRGH�� 7KH� SRWHQWLDO� PHDVXUHG� DW� HDFK� WHVWLQJ� SRLQW�
ZLOO� LQGLFDWH� WKH� WHQGHQF\� RI� R[LGDWLRQ� UHDFWLRQ� DW� WKH�
DQRGH��7KH�HOHFWULFDO�UHVLVWLYLW\�RI�WKH�FRQFUHWH�DIIHFWV�WKH�
IORZ�RI�LRQV�DQG�WKH�UDWH�DW�ZKLFK�FRUURVLRQ�FDQ�RFFXU��$�
KLJKHU� FRQFUHWH� UHVLVWLYLW\� GHFUHDVHV� WKH� IORZ� LQGLFDWLQJ�
DQ� HPSLULFDO� UHODWLRQVKLS� EHWZHHQ� FRUURVLRQ� UDWH� DQG�
UHVLVWLYLW\� FDQ� EH� GHWHUPLQHG� IURP� PHDVXUHPHQWV� RQ�
DFWXDO�VWUXFWXUHV�� 
 
5HVLVWLYLW\� WHVW� LV�PRUH�VXLWDEOH� IRU�FRUURVLRQ� LQGXFHG�E\�
&DUERQDWLRQ� ZKLFK� QRUPDOO\� FRYHUV� ODUJH� DUHDV� ZLWK�
VPDOO�SRWHQWLDO�JUDGLHQW� 
 
2Q� WKH� RWKHU� KDQG�� SRWHQWLDO� PDSSLQJ� LV� D� IHDVLEOH�
PHWKRG� WR� GHWHFW� GLIIHUHQW� OHYHOV� RI� FRUURVLRQ� ULVNV� RI�
UHEDUV�LQGXFHG�E\�FKORULGHV�ZKLFK�LV�OLPLWHG�WR�ORFDO�SLWV�� 

��7HVWLQJ� RI� &DUERQDWLRQ�� &KORULGH� 3URILOH� DQG�
&RUURVLRQ�0DSSLQJ 
 
����7HVWLQJ�RQ�WKH�'HSWK�RI�&DUERQDWLRQ 
 
&DUERQDWLRQ�RI�FRQFUHWH�FDXVHG�E\�FDUERQ�GLR[LGH�LQ�WKH�
DWPRVSKHUH� KDV� WKH� HIIHFW� RI� UHGXFLQJ� WKH� S+� RI�
FRQFUHWH��&RQFUHWH� LV�D�KLJKO\�DONDOL�PDWHULDO��0RQLWRULQJ�
DONDOLQLW\�RI�FRQFUHWH� LV� LPSRUWDQW�GXH�WR�UHGXFWLRQ�RI�S+�
RI� FRQFUHWH� FDXVHV� UHEDU� FRUURVLRQ�� 7KXV�� FDUERQDWLRQ�
GHSWK� LV� DVVHVVHG� XVLQJ� D� VROXWLRQ� NQRZQ� DV�
SKHQROSKWKDOHLQ� LQGLFDWRU�� :KHQ� DSSOLHG� ZLWK� VXFK�
LQGLFDWRU�� FRQFUHWH�ZLWK�S+�YDOXHV�PRUH� WKDQ���DSSHDUV�
LQ� SLQN� FRORU�ZKHQ� FRQWDFWHG� DQG� FRORUOHVV� RQ� FRQFUHWH�
ZLWK� ORZHU� S+�� %\� VSUD\LQJ� WKH� VROXWLRQ� WR� WKH� FRQFUHWH�
FKLSV�RU� FRUH� VDPSOHV�� WKH�GHSWK� RI� FDUERQDWLRQ�FDQ� EH�
HDVLO\�LGHQWLILHG� 

����&KORULGH�SURILOH 
 
$QDO\VLV� RI� &KORULGH� SURILOH� RI� FRQFUHWH� UHTXLUHV� WKH�
GHWHFWLRQ� RI� WKH� SUHVHQFH�� GHSWK� DQG� FRQFHQWUDWLRQ� RI�
FKORULGH� LQ� WKH� FRQWDPLQDWHG� FRQFUHWH�� (1� �����������
RXWOLQHV� WKH� WHVWLQJ� PHWKRG� IRU� FKORULGH� FRQWHQW� LQ�
KDUGHQHG�FRQFUHWH�ZKHUHE\�FRQFUHWH�SRZGHU�LV�H[WUDFWHG�
DQG� FROOHFWHG� DW� GLIIHUHQW� GHSWK� IRU� DQDO\VLV� LQ� D�
ODERUDWRU\� 

)LJXUH����)RXU�3UREHV�5HVLVWLYLW\�7HVWLQJ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

)LJXUH����5LVLQJ�JURXQG�ZDWHU 

)LJXUH����6WUD\�FXUUHQW�IURP�HOHFWULILHG�UDLOZD\�V\VWHP�ZLWK�'&�
SRZHU�VXSSO\ 

6RXUFH�KWWSV���ZZZ�GHJUX\WHU�FRP�YLHZ�M�FRUUUHY���������LVVXH-��
FRUUUHY-����-�����FRUUUHY-����-�����[PO 



�ϱϰ 

 DĂƚĞƌŝĂůƐ�DŝŶĚ 

���3UHVHUYDWLRQ��5HSDLU�DQG�3URWHFWLRQ�RI�5HEDUV 
 
3ULQFLSOH� �� WR� �� LQ� %6� (1����� FRYHUV� SULQFLSOHV� DQG�
PHWKRGV� RI� UHSDLU� DQG� SURWHFWLRQ� IRU� FRQFUHWH�
�DJJUHJDWHV��FHPHQW��ZDWHU�DQG�VDQG��DQG�3ULQFLSOH���WR�
��� UHIHUV� WR� SULQFLSOHV� DQG� PHWKRGV� LQ� PLWLJDWLRQ� DQG�
UHPHG\�DJDLQVW�FRUURVLRQ�RI�UHEDUV� 

· 3ULQFLSOH� �� >3,@� 3URWHFWLRQ� DJDLQVW� ,QJUHVV�
UHIHUV�WR�VWRSSDJH�RI�ZDWHU�LQWUXVLRQ�� 

· 3ULQFLSOH� �� >0&@� 0RLVWXUH� &RQWURO� UHIHUV� WR�
FRQWURO�RI�GDPSQHVV�� 

· 3ULQFLSOH���>&5@�&RQFUHWH�5HVWRUDWLRQ�UHIHUV�
WR�1RQ-6WUXFWXUDO�5HSDLUV� 

· 3ULQFLSOH� �� >66@� 6WUXFWXUDO� 6WUHQJWKHQLQJ�
UHIHUV�WR�6WUXFWXUDO�5HSDLUV�� 

· 3ULQFLSOH���>35@�3K\VLFDO�5HVLVWDQFH�DLPV�WR�
LQFUHDVH� UHVLVWDQFH� WR� GDPDJH� FDXVHG� E\�
LPSDFW� 

· 3ULQFLSOHV� �� >5&@� 5HVLVWDQFH� WR� &KHPLFDOV�
DLPV� WR� LQFUHDVH� UHVLVWDQFH� WR� FKHPLFDO�
DWWDFN�� 

 
7KH� IRFXV� LQ� WKLV� DUWLFOH� LV� 3ULQFLSOH� �� WR� ��� WKDW�
HODERUDWHV� RQ� WKH� PHWKRGV� RI� SUHVHUYDWLRQ�� UHSDLU� DQG�
SURWHFWLRQ� RI� UHEDUV� E\� LQIOXHQFLQJ� WKH� FRPSRQHQWV�
QHHGHG�LQ�FRUURVLRQ�FHOO� 
 
3ULQFLSOH� �� >53@� FRYHUV� WKH� 5H-3DVVLYDWLRQ� RI�
FRQWDPLQDWHG� FRQFUHWH� ZLWKRXW� FRUURVLRQ� E\� LQFUHDVLQJ�
WKH� DONDOLQLW\� RI� FRQWDPLQDWHG� FRQFUHWH� E\� WRSSLQJ� QHZ�
PRUWDU�ZLWK�KLJK�OHYHO�RI�DONDOLQLW\� 
 
3ULQFLSOH� �� >,5@� ,QFUHDVLQJ� 5HVLVWLYLW\� DLPV� WR� EORFN� WKH�
PRLVWXUH� WR� UHDFK� WKH� UHEDUV� ZLWK� LPSHUPHDEOH� FRDWLQJ�
GHULYHG�IURP�HSR[\��SRO\�XUHWKDQH�RU�DFU\OLF� 
 
3ULQFLSOH� �� >&&@� &DWKRGLF� &RQWURO� DLPV� WR� EORFN� WKH�
R[\JHQ�IURP�UHDFKLQJ�WKH�UHEDUV�ZLWK�FDWKRGLF�DUHDV�ZLWK�
LPSHUPHDEOH�FRDWLQJ� 
 
3ULQFLSOH� ��� >&3@� &DWKRGLF� 3URWHFWLRQ� �&3�� DSSOLHV�
HOHFWULFDO�SRWHQWLDO� WR� UHWDUG� WKH�FRUURVLRQ�UHDFWLRQ�DW� WKH�
SRWHQWLDOO\� DQRGLF� DUHDV� RI� UHLQIRUFHPHQW�� &3� LV�
SDUWLFXODUO\� VXLWDEOH� LQ� VHYHUHO\� FRQWDPLQDWHG� DUHDV� GXH�
WR�WKH�SUHVHQFH�RI�FKORULGHV�� 
 
3ULQFLSOH� ��� >&$@� &RQWURO� RI� DQRGLF� DUHDV� E\� XVLQJ�
FRDWLQJ� ZLWK� DFWLYH� SLJPHQW�� EDUULHU� FRDWLQJ� RU� UXVW�
LQKLELWRU� 
 
7KHVH� PHDVXUHV� LQ� FRUURVLRQ� FRQWURO� DUH� LGHDOO\�
FRPSOLPHQWHG� E\� FUDFN� WUHDWPHQW�� FRQFUHWH� UHVWRUDWLRQ�
DQG�VXUIDFH�FRDWLQJ�LQ�RUGHU�WR�OLPLW�PRLVWXUH�DQG�SUHYHQW�
IXUWKHU�FRQWDPLQDWLRQ� 

������ 5HSODFLQJ� FRQWDPLQDWHG� RU� FDUERQDWHG�
FRQFUHWH 
 
:KHQ�&DUERQDWLRQ� DQG� &KORULGHV� UHDFK� WKH� UHEDUV�� GH-
SDVVLYDWLRQ� ILOP� LV� EURNHQ� GRZQ� DQG� FRUURVLRQ� LV�
WULJJHUHG�� 7KH� FRQWDPLQDWHG� FRQFUHWH� QHHG� WR� EH�
SK\VLFDOO\� UHPRYHG�ZLWK�PHFKDQLFDO� IRUFH�� L�H��KDFNHU�RU�
KLJK� SUHVVXUH� MHWWLQJ�� XS� WR� WKH� GHSWK� ZKHUH� VXFK�
FRQWDPLQDQWV� H[LVW� LQ� WKH� FRQFUHWH� DQG� UHSODFHG� ZLWK�
IUHVK�UHSDLU�PRUWDU�RU�FRQFUHWH� 

)LJXUH����5HSODFHPHQW�RI�FRQWDPLQDWHG�FRQFUHWH 
6RXUFH��KWWSV���SUHFDVW�RUJ���������FRQFUHWH-UHSDLUV� 

)LJXUH����+DOI�&HOO�3RWHQWLDO�0DSSLQJ 

����3UHVHUYLQJ�DQG�5HVWRULQJ�3DVVLYLW\�>53@ 
 
������ ,QFUHDVLQJ� FRYHU� ZLWK� DGGLWLRQDO�
FHPHQWLWLRXV�PRUWDU�RU�FRQFUHWH 
 
7KLV�PHWKRG�ZRUNV� LI� WKH� FRUURVLRQ� KDV� QRW� VWDUWHG� DQG�
WKH� LQLWLDWLRQ� RI� FRUURVLRQ� FDQ� EH� GHOD\HG� E\� KLQGHULQJ�
&DUERQDWLRQ� DQG� &KORULGH� DWWDFN� E\� LQFUHDVLQJ� WKH�
WKLFNQHVV�RI�FRQFUHWH�FRYHU�� 

)LJXUH����$GGLQJ�PRUWDU�RU�FRQFUHWH 
6RXUFH�KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y �PKU*VKOJX, 

&DUERQDWHG� FRQFUHWH� LV� UHODWLYHO\� KDUGHU� DQG� PLFUR�
FUDFNLQJ� LV� D�PDMRU� FRQFHUQ� ZKHQ� KDFNLQJ� WDNHV� SODFH��
+LJK� SUHVVXUH� MHWWLQJ� RU� K\GUR� GHPROLWLRQ� RQ� WKH� RWKHU�
KDQG��GRHV�QRW�FDXVH�PLFUR�FUDFNLQJ�EXW�LW�LV�D�YHU\�VORZ�
SURFHVV� LQYROYLQJ� UHPRYDO� RI� VOXGJH� ZKLFK� LV� YHU\�
WURXEOHVRPH�LQ�RFFXSLHG�EXLOGLQJV� 
 
&RUURGHG�UHEDUV�ZLWK�GLDPHWHU� ORVV�DERYH�����PXVW�EH�
UHSODFHG�� 7KHQ�� QHZ� UHEDUV� DUH� WLJKWHQHG� RU� ZHOGHG� WR�
WKH� DGMRLQLQJ� UHEDUV�� ,Q� RUGHU� WR� SUHYHQW� VHFRQGDU\�
FRUURVLRQ�DW�WKH�MRLQWV�EHWZHHQ�WKH�H[LVWLQJ�FRQFUHWH�DQG�
QHZ� FRQFUHWH�� VDFULILFLDO� DQRGHV� PXVW� EH� LQVWDOOHG� RU�
FRDWLQJ� ZLWK� DFWLYH� SLJPHQW� �=LQF� RU� KLJKO\� DONDOLQH�
FHPHQW��PXVW�EH�DSSOLHG�WR�WKH�H[SRVHG�UHEDUV� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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������ 5H-DONDOLVDWLRQ� RI� FDUERQDWHG� FRQFUHWH� E\�
GLIIXVLRQ 
 
%\� DSSO\LQJ� D� WKLFN� OD\HU� RI� KLJKO\� DONDOLQH� FRQFUHWH� RU�
PRUWDU� RQ� GDPS� FDUERQDWHG� FRQFUHWH�� WKH� KLJK�
FRQFHQWUDWLRQ�RI�2+-� IURP�WKH�QHZ�FHPHQW�GLIIXVH�WR� WKH�
H[LVWLQJ�FRQFUHWH�ZLWK�ORZ�2+-�FRQFHQWUDWLRQ�YLD�RVPRVLV��
7KH� VXFFHVV� RI� VXFK�PHWKRG� UHOLHV� RQ� WKH� WKLFNQHVV� RI�
QHZ� PRUWDU� RU� FRQFUHWH� DQG� WKH� GDPSQHVV� LQ� WKH�
FRQFUHWH�WKDW�HQDEOHV�VXFFHVVIXO�GLIIXVLRQ��1HYHUWKHOHVV��
WKH�PDMRU�SLWIDOO�LV�WKH�DGGLWLRQDO�GHDG�ORDG�WR�WKH�H[LVWLQJ�
VWUXFWXUH�� 

)LJXUH����5H-DONDOLVDWLRQ�RI�FDUERQDWHG�FRQFUHWH�E\�GLIIXVLRQ 
������(OHFWURFKHPLFDO�FKORULGH�H[WUDFWLRQ 

 

)LJXUH����(OHFWURFKHPLFDO�&KORULGH�([WUDFWLRQ 

$W� HOHFWULFDO� SRWHQWLDO� RI� �� 9ROWV�� WKH� LPSUHVVHG� FXUUHQW�
FDQ� H[WUDFW� QHJDWLYHO\� FKDUJHG� &KORULGH� LRQV� WR� PRYH�
DZD\� IURP� WKH� UHEDUV� WRZDUG� WKH� WHPSRUDU\� DQRGHV��
KHQFH�FHDVLQJ�WKH�FKORULGH�DWWDFN�DQG�FRUURVLRQ�WKHUHRI� 
 
����,QFUHDVLQJ�5HVLVWLYLW\�>,5@ 

7KH� REMHFWLYH� RI� LQFUHDVLQJ� UHVLVWLYLW\� LV� WR� HQKDQFH�
UHVLVWDQFH� DJDLQVW� GDPSQHVV�� ZDWHU� LQJUHVV� DQG�
HQYLURQPHQWDO� SROOXWDQWV� OLNH� &DUERQ� 'LR[LGH� *DV� DQG�
&KORULGH� $WWDFN�� ,W� LQFOXGHV� VXUIDFH� WUHDWPHQW�� FRDWLQJ�
DQG�VKHOWHULQJ�� )LJXUH����6LQJOH�SO\�PHPEUDQHV�DJDLQVW�ZDWHU�LQJUHVV 

����&DWKRGLF�FRQWURO�>&&@ 
 
3ULQFLSOH���&DWKRGLF�&RQWURO� >&&@�UHTXLUHV�WKH�DFFHVV�RI�
R[\JHQ�WR�DOO�SRWHQWLDOO\�FDWKRGLF�DUHDV�WR�EH�UHVWULFWHG�LQ�
RUGHU� WR� UHWDUG� DQ� DQRGLF� UHDFWLRQ�� ,Q� PDULQH�
HQYLURQPHQW�� VDWXUDWLRQ� RI� WKH� HQWLUH� VHOI-FRQWDLQHG�
UHLQIRUFHG� FRQFUHWH� VWUXFWXUHV� XQGHU� ZDWHU� FDQ� UHVWULFW�
DFFHVV�RI�R[\JHQ�ZKHQ� LW� LV� LVRODWHG�HOHFWULFDOO\� IURP�DOO�
RWKHU� FRQFUHWH�PHPEHUV� DERYH� WKH� ZDWHU�� $OWHUQDWLYHO\��
IXOO� VXUIDFH� FRDWLQJ� ZLWK� LPSHUPHDEOH� UHVLQV� FDQ� DOVR�
HIIHFWLYHO\� LVRODWH� WKH� UHEDUV� DJDLQVW� R[\JHQ�QHHGHG� IRU�
WULJJHULQJ�RU�VXVWDLQLQJ�WKH�R[LGDWLRQ�SURFHVV� 

)LJXUH����$QWL�&DUERQDWLRQ�3DLQW�RQ�WKH�3LHUV�RI�057�LQ�
%DQJVDU ����&DWKRGLF�3URWHFWLRQ�>&3@ 

 
������$SSO\LQJ�HOHFWULFDO�SRWHQWLDO� 
 
&DWKRGLF� 3URWHFWLRQ� DQG� (OHFWURFKHPLFDO� &KORULGH�
([WUDFWLRQ� LV� VLPLODU� WR� HOHFWURFKHPLFDO� SURFHVV� RI� WKH�
HOHFWURO\VLV�RI�ZDWHU�� 
 
7UDGLWLRQDOO\��DFWLYDWHG�WLWDQLXP�PHVKHV�RU�GULOOHG-LQ�FRUH�
DQRGHV� DUH� LQVWDOOHG� RQ� WKH� FRQFUHWH� HOHPHQWV� ZLWK�
WRSSHG� XS�PRUWDU� LQ� RUGHU� WR� FRPSOHWH� WKH� FLUFXLW�� 1HZ�
WHFKQRORJ\� ZLWK� DSSOLFDWLRQ� RI� &RQGXFWLYH� &RDWLQJ� OLNH�
FDUERQ� FRQWDLQLQJ� SDLQW� RQ� WKH� FRQFUHWH� HOHPHQWV� KDV�
VXEVWDQWLDOO\� LPSURYHG�WKH�DIIRUGDELOLW\�DQG�ZRUNDELOLW\�RI�
WKLV�PHWKRG�� 

)LJXUH����(OHFWURO\VLV�RI�:DWHU 
6RXUFH�KWWSV���ZZZ�F\EHUSK\VLFV�FR�XN�WRSLFV�HOHFWULFLW\�VWDWLF�

HOHFWURO\VLV�KWP 



�ϱϲ 

 

������&RUURVLRQ�LQKLELWRUV 
 
&RUURVLRQ� LQKLELWRUV� DUH� FKHPLFDOV� WKDW� DUH� FDSDEOH� RI�
SURPRWLQJ� D� UHGXFWLRQ� LQ� FRUURVLRQ� UDWH� ZLWKRXW�
VLJQLILFDQWO\� DOWHULQJ� WKH� FRQFHQWUDWLRQ� RI� DQ\� FRUURVLRQ�
DJHQW�� 7KHUH� DUH� QXPEHU� RI� LQKLELWRUV�� UDQJLQJ� IURP�
RUJDQLF�EDVHG�WR�LQRUJDQLF�EDVHG�LQKLELWRUV�ZLWK�GLIIHUHQW�
DFWLYH� LQJUHGLHQWV� WKDW� FDQ� HLWKHU� UHWDUG� WKH� DQRGLF�
UHDFWLRQ�RU�FDWKRGLF�UHDFWLRQV�RU�ERWK��GHSHQGLQJ�RQ�WKH�
W\SH�RI�DFWLYH�LQJUHGLHQWV�DQG�WKH�TXDQWLW\�XVHG� 
 
$EVRUSWLRQ� LV� WKH� NH\� SHUIRUPDQFH� FULWHULRQ� DQG� LW�
GHSHQGV� RQ� WKH� SRURVLW\� DQG� WKH� WKLFNQHVV� RI� WKH�
FRQFUHWH� FRYHU��6LQFH� QR� VWDQGDUG� KDV� EHHQ�GHYHORSHG�
LQ� WKH� XVH� RI� LQKLELWRUV�� XQGHUVWDQGLQJ� WKH� FKHPLVWU\� RI��

)LJXUH����(OHFWURFKHPLFDO�UHDONDOLVDWLRQ�RI�FDUERQDWHG�
FRQFUHWH 

&DWKRGLF� 3URWHFWLRQ� ZRUNV� SDUWLFXODUO\� ZHOO� LQ� FKORULGH�
FRQWDPLQDWHG� FRQFUHWH� ZLWK� QR� SK\VLFDO� GDPDJH� RU�
VSDOOLQJ�� ,W� EUHDNV� GRZQ� ZDWHU� LQWR� K\GUR[\O� LRQV� XQGHU�
WKH�R[\JHQ�UHGXFWLRQ�DQG�HOHFWURO\VLV� 

 
ò�2����+�2����H

-�ĺ���2+- 
��+�2����H

-�ĺ�+������2+
- 

 

%\� LQWURGXFLQJ� 'LUHFW� &XUUHQW� WR� WKH� FRQWDPLQDWHG�
FRQFUHWH�� ZDWHU� LV� EURNHQ� GRZQ� WR� IRUP� K\GURJHQ� JDV�
DQG�K\GUR[\O��2+-��ZKHQ�WKH�UHEDUV�DUH�FRQQHFWHG�WR�WKH�
&DWKRGH�ZLWK�VSHFLILF�YROWDJH��7KH�DGGLWLRQDO�K\GUR[\O�UH-
DONDOLQHV�WKH�FRQWDPLQDWHG�FRQFUHWH��$W�GLIIHUHQW�YROWDJH��
'LUHFW� &XUUHQW� FDQ� H[WUDFW� QHJDWLYHO\� FKDUJHG� &KORULGH�
LRQV� WR� WKH� GLUHFWLRQ� RI� WKH� WHPSRUDU\� DQRGH� LQ� VLPLODU�
PDQQHU� 

������6DFULILFLDO�DQRGHV 

$OWKRXJK�� WKLV� PHWKRG� LV� QRW� FRYHUHG� LQ� %6� (1������ LW�
KDV� EHHQ� DSSOLHG� ZLGHO\� HVSHFLDOO\� LQ� VPDOO� VFDOH�
FRQFUHWH�UHSDLUV�� 

,W� KDUQHVVHV� WKH� JUDGLHQW� LQ� WKH� SRWHQWLDO� RI� GLIIHUHQW�
PHWDOV� ZLWK� WKH� IORZ� RI� HOHFWURQV� IURP� OHVV� QREOH�PHWDO�
�VDFULILFLDO� DQRGH�� WR� WKH� PRUH� QREOH� PHWDO� �SURWHFWHG�
FDWKRGH��� ,Q� WKH� SURWHFWLRQ� RI� VWHHO� UHEDUV�� =LQF� EDVHG�
VDFULILFLDO�DQRGHV�DUH�FRPPRQO\�DGRSWHG�͘ 

)LJXUH����1RELOLW\�WDEOH 
6RXUFH�KWWS���ZZZ�HXURWXELHXURSD�LW�HQJOLVK�1/���������

QOB��B��KWPO 
 

7KH�PDMRU�SLWIDOO�LQ�VXFK�PHWKRG�LV�WKH�VPDOO�FRYHUDJH�RI�
SURWHFWLRQ� ZLWK� VKRUW� OLPLWHG� OLIHVSDQ�� 7KH� GXUDELOLW\�
GHSHQGV� RQ� WKH� VL]H� RI� WKH� DQRGHV� DQG� WKH�PRLVWXUL]HU�
WKDW�FRQGXFW�WKH�IORZ�RI�HOHFWURQV� 

)LJXUH����=LQF�EDVHG�VDFULILFLDO�DQRGHV 
6RXUFH�KWWSV���ZZZ�YHFWRUFRUURVLRQ�FRP�EORJ�FDWKRGLF-SURWHFWLRQ-

FRQFUHWH-FRUURVLRQ-SUHYHQWLRQ� 

)LUVWO\�� WKH� UHEDUV� PXVW� EH� H[SRVHG� DQG� FOHDQHG�
WKRURXJKO\�� 7KHQ�� DFWLYH� FRDWLQJ� ZLWK� KLJK� S+�
FHPHQWLWLRXV�SURGXFW� RU� ]LQF-EDVHG�FRDWLQJ� LV� DSSOLHG� LQ�
RUGHU� WR� UHSDVVLYDWH� WKH� FRQWDPLQDWHG� FRQFUHWH�� /DVWO\��
WKH�DIIHFWHG�FRQFUHWH�LV�UHVWRUHG�EDVHG�RQ�WKH�SULQFLSOHV�
LQ�&RQFUHWH�5HVWRUDWLRQ��DFFRUGLQJO\�� 
 
7KH� GXUDELOLW\� RI� WKLV� PHWKRG� GHSHQGV� KHDYLO\� RQ� WKH�
WKLFNQHVV�RI� WKH�DFWLYH�FRDWLQJ�DQG�UHJXODU�PRQLWRULQJ� LV�
LPSRUWDQW� GXH� WR� WKH� YDU\LQJ� WKLFNQHVV� LQ� DFWXDO�
DSSOLFDWLRQ� 
 
������%DUULHU�FRDWLQJ 
 
%\�DSSO\LQJ�EDUULHU�FRDWLQJ�ZLWK�HSR[\�UHVLQV��WKH�UHEDUV�
FDQ� EH� LQVXODWHG� DQG� SURWHFWHG� DJDLQVW� FRUURVLRQ�� 7KLV�
PHWKRG�FDQ�RQO\�EH�DSSOLHG�GXULQJ�WKH�FRQVWUXFWLRQ�VWDJH�
DIWHU� SODFLQJ� WKH� UHEDUV� LQ� WKH� IRUPZRUN�� 7KH�
HIIHFWLYHQHVV� GHSHQGV� RQ� WKH� VXUIDFH� SUHSDUDWLRQ��
ERQGLQJ� RI� WKH� FRDWLQJ� WR� UHEDUV� DQG� FRPSOHWHQHVV� RI�
FRDWLQJ�� LQFOXGLQJ� WKH� FRQJHVWHG�DQG�ERWWRP�VLGH�RI� WKH�
UHEDUV�� 7KH� PDMRU� FRQVLGHUDWLRQ� LQ� WKLV� PHWKRG� LV� WKH�
ERQGLQJ�RI�WKH�FRDWHG�UHEDUV�WR�WKH�FRQFUHWH�PRUWDU� 

)LJXUH����(SR[\�FRDWHG�UHEDUV 

����&RQWURO�RI�$QRGLF�$UHDV�>&$@ 
 
������$FWLYH�FRDWLQJ�RI�WKH�UHLQIRUFHPHQW 
 
,Q� WKLV� PHWKRG�� FRPPRQO\� DGRSWHG� DFWLYH� LQJUHGLHQWV�
LQFOXGH�KLJK�S+�FHPHQW�EDVHG�DQG�]LQF-EDVHG�PDWHULDOV� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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)LJXUH����&ODVVLILFDWLRQ�RI�&RUURVLRQ�,QKLELWRUV 
6RXUFH�KWWSV���ZZZ�LQWHFKRSHQ�FRP�ERRNV�FRUURVLRQ-LQKLELWRUV-SULQFLSOHV-DQG-UHFHQW-DSSOLFDWLRQV�FRUURVLRQ-LQKLELWRUV-IRU-UHLQIRUFHG-

FRQFUHWH-D-UHYLHZ 

���5HIHUHQFHV 
 
>�@� /�/�6KUHLU�� 5�$�-DUPDQ� DQG� *�7�%XUVWHLQ� ��������

'HVLJQ�LQ�EXLOGLQJ�DQG�VWUXFWXUHV���WK�HG� 
>�@� 1HYLOOH� $�� �������� &KORULGH� DWWDFN� RI� UHLQIRUFHG�

FRQFUHWH�� DQ� RYHUYLHZ�� 0DWHULDOV� DQG� 6WUXFWXUHV�� ���
S��-��� 

>�@��6KUHLU��HG�DO����������&RUURVLRQ��0HWDO��(QYLURQPHQWDO�
5HDFWLRQ��*HRUJH�1HZQHV�/WG� 

>�@� (PPRQ� 3+�� �������� &RQFUHWH� 5HSDLU� DQG�
0DLQWHQDQFH�,OOXVWUDWHG��56�0HDQ�&R�/WG��S�� 

>�@� 7KRPDV� -�� %DUOR�� $ODQ� '�� =GXQHN�� 6WUD\� &XUUHQW�
&RUURVLRQ� LQ� (OHFWULILHG� 5DLO� 6\VWHPV� )LQDO� 5HSRUW��
0D\����� 

)LJXUH����0LJUDWLQJ�&RUURVLRQ�,QKLELWRUV 
6RXUFH�KWWSV���ZZZ�FRQFUHWHFRQVWUXFWLRQ�QHW�SURGXFWV�GHFRUDWLYH-FRQFUHWH-VXUIDFHV�RUJDQLF-FRUURVLRQ-LQKLELWRU-IURP-FRUWHFBF 

WKH� DFWLYH� LQJUHGLHQWV� DQG� SROOXWDQWV� DW� VLWHV� LV� RI� WKH�
XWPRVW� LPSRUWDQFH�� ,W� LV� UHFRPPHQGHG� WR� FDUU\� RXW�
H[SHULPHQWV� LQ� VRPH� WULDO� DUHDV� SULRU� WR� DQ\� PDVV�
DSSOLFDWLRQ�DW�VLWHV� 
 
���5HFRPPHQGDWLRQV 
 
7KH� DZDUHQHVV� LQ� GLDJQRVH�� UHSDLU� DQG� SURWHFWLRQ� RI�
UHEDUV�DJDLQVW�FRUURVLRQ�LV�LQ�LWV�LQIDQF\�LQ�0DOD\VLD��7KH�
WHFKQRORJ\�PHQWLRQHG�LQ�WKH�DUWLFOH�KDV�EHHQ�XVHG�ZLGHO\�
LQ�WKH�RLO�DQG�JDV�LQGXVWU\��,Q�WKH�PDLQWHQDQFH�RI�EXLOGLQJ�
VWUXFWXUHV�� WKH� FRVWV� LQ� FRUURVLRQ� FRQWURO� RQFH� FRUURVLRQ�
RFFXUV� DUH� UHODWLYHO\� KLJK�� 1HYHUWKHOHVV�� LW� LV� FULWLFDO� LQ�
UHVWRULQJ� WKH� DIIHFWHG� VWUXFWXUHV� LQWR� WKH� RULJLQDO�
SHUIRUPDQFH�DQG�VHUYLFH�OLIHVSDQ� 
 
$OWKRXJK� WKHUH� DUH� QXPHURXV� PHWKRGV� LQ� FRUURVLRQ�
FRQWURO� DQG� PLWLJDWLRQ�� WKHVH� PHWKRGV� KDYH� WKHLU�
UHVSHFWLYH� SLWIDOOV� DQG� FULWHULD� IRU� SHUIRUPDQFH�� )RU�
LQVWDQFH��XVH�RI�VWDLQOHVV�VWHHO�UHEDUV�LV�LGHDO�EXW�LW�FRVWV�
���� WR� �� WLPHV� PRUH� H[SHQVLYH� WKDQ� RUGLQDU\� FDUERQ�
UHEDUV��&RDWLQJ�DQG�VDFULILFLDO�DQRGHV�KDV�OLPLWHG�VHUYLFH�
OLIHVSDQ�� &RDWLQJ� PXVW� EH� WKRURXJK�� 8QFRDWHG� DUHDV�
EHFRPH�DQRGHV�ZLWK�VPDOO�DUHDV�VXEMHFWHG�WR�KLJK� OHYHO�
RI�FRUURVLRQ�� LI� WKH�FRUURVLRQ�FHOO� LV�GHYHORSHG��&DWKRGLF�
SURWHFWLRQ� GRHV� QRW� LQYROYH� KDFNLQJ� DQG� UHPRYDO� RI�
FRQWDPLQDWHG� FRQFUHWH�� LW� LQFUHDVHV� WKH� DFLGLW\� RI�
FRQFUHWH�DW�WKH�FDWKRGLF�WHUPLQDOV�� 

7KXV�� VHOHFWLRQ� RI� FRUURVLRQ� FRQWURO� DQG� PLWLJDWLRQ�
VWUDWHJLHV�PXVW�EH�GRQH�ZLWK�GXH�FDUH�ZLWK�FRQVLGHUDWLRQ�
WR� WKH� FULWHULD� QHHGHG� IRU� RSWLPDO� SHUIRUPDQFH� DQG� WKH�
PDLQWDLQDELOLW\�WKHUHRI� 
 
,Q� WKH� FDVH� RI� UHEDUV�� SURWHFWLRQ� LV� EHWWHU� WKDQ� FXUH��
HVSHFLDOO\�LQ�WKH�SURWHFWLRQ�DJDLQVW�GDPSQHVV� 
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,QWURGXFWLRQ 
� 

3URJUHVVLYH� ZRUN� FRQFHUQLQJ� WKH� LPSOHPHQWDWLRQ� RI�
³&RDWLQJ� )LQJHUSULQW� &HUWLILFDWH´� LQ� RUGHU� WR� PRQLWRU� WKH�
EDWFK-WR-EDWFK� FRQVLVWHQF\� RI� SURWHFWLYH� SDLQWV� KDV�
UHVXOWHG� LQ� WKH� UHOHDVH� RI� WKH� ,QVWLWXWH� RI� 0DWHULDOV��
0DOD\VLD��,00��VWDQGDUG�)3��������>�@��,Q�WKLV�VWDQGDUG��
ZKLFK�ZLOO�EH�PLJUDWHG�WR�0DOD\VLDQ�6WDQGDUG� LQ�������D�
GHJUHH� RI� VLPLODULW\� �U�� LV� REWDLQHG� E\� FRPSDULQJ� WKH�
)RXULHU-WUDQVIRUP� LQIUDUHG� �)7,5�� VDPSOH� VSHFWUXP� WR� D�
5HIHUHQFH� VSHFWUXP�� 7KH� DFFHSWDQFH� WKUHVKROG� RI� U�
YDOXHV�IRU� WKH�ZHW�SDLQWV� WKDW�DUH�VXSSOLHG�WR� WKH�RLO�DQG�
JDV�LQGXVWU\�VKDOO�EH�HTXDO�RU�JUHDWHU�WKDQ���������������
>�@�� 7KLV� )7,5� ILQJHUSULQWLQJ� SURFHGXUHV� IRU� EDWFK-WR-
EDWFK� FRQVLVWHQF\� RI� PDWHULDOV� DUH� DSSOLFDEOH� WR�
SRO\PHULF�SDLQWV� >�-�@�DQG� UDZ�PDWHULDOV� >����@�� ,W� LV�DOVR�
SRVVLEOH� WR� GLIIHUHQWLDWH� FRXQWHUIHLW� SURGXFWV� �FRVPHWLF�
DQG� SODVWLF� ERWWOHV�� IURP� RULJLQDO� SURGXFWV� VRXUFHG� IURP�
XQDXWKRUL]HG�DQG�DXWKRUL]HG�VHOOHU��UHVSHFWLYHO\�>�@�  
 
:H�ZRXOG� OLNH� WR� KLJKOLJKW� RQH� SRWHQWLDO� WHFKQLFDO� LVVXH�
GXULQJ��UG-SDUW\� LQVSHFWLRQ��)RU�D�SDUWLFXODU�EUDQG� RI� WKH�
)7,5�VRIWZDUH��WKH�VWRUDJH�GHYLFH�RI�WKH�)7,5�5HIHUHQFH�
RU� VDPSOH� VSHFWUXP� PD\� LQIOXHQFH� WKH� JHQHUDWHG� U�
YDOXHV�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH� ILUVW� LVVXH� LV�
LOOXVWUDWHG�LQ�)LJXUH� ���7R�UHYLHZ�WKLV�LVVXH��ZH�ILUVW�VWRUH�
WKH� VSHFWUD� ILOHV� LQ� GLIIHUHQW� VWRUDJH� GHYLFHV�� QDPHO\�
KDUGGLVN� �+''�� DQG� WKXPEGULYH�� DQG� WKH� VHOHFWHG�)7,5�
VRIWZDUH�ZDV�XVHG� WR�FDOO�RXW� WKH� ILOHV�DQG� WKH�FRPSDUH�
DOJRULWKP�ZDV�DGRSWHG�WR�JHQHUDWH�U�YDOXHV��6SHFWUD�IURP�
GLIIHUHQW� VSHFWURSKRWRPHWHUV� ZHUH� VWXGLHG�� 6LQFH� WKHVH�
VSHFWURSKRWRPHWHUV� XVH� GLIIHUHQW� ILOH� H[WHQVLRQV� �L�H��
7KHUPR� 6FLHQWLILF� XVHV� �VSD�� %UXNHU� XVHV� ���� 3HUNLQ�
(OPHU� XVHV� �VS� DQG� $JLOHQW� XVHV� �VSF� DQG� �D�U��� LW� LV�
DOVR� LPSRUWDQW� WR�H[SORUH� LI� WKH� U�YDOXHV��JHQHUDWHG� IURP�
WKH� FRPSDUH� IXQFWLRQ� RI� VSHFWUD� ILOHV� IURP� GLIIHUHQW�
VWRUDJH� GHYLFHV�� PD\� GLIIHU� DFURVV� GLIIHUHQW�
VSHFWURSKRWRPHWHUV� 
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6$/,0� <RJD� 6XJDPD��� $%'� 5$6+,'� 1RUV\D]OLQ��� $%'8/� +$/,0� 6XKDLOD� ,GD\X���
+$581�0RKDPDG�.DPDO���21*�&KRQJ�+XS���DQG�&+$1�&KLQ�+DQ� 

�8QLYHUVLWL�7HNQRORJL�0$5$��)DFXOW\�RI�$SSOLHG�6FLHQFHV��������6KDK�$ODP��6HODQJRU��0DOD\VLD 
(-PDLO��FFKDQB��#\DKRR�FRP�VJ��FRUUHVSRQGLQJ�DXWKRU�� 
\RJD�V�VDOLP#JPDLO�FRP��QRUV\D]OLQUDVKLG#JPDLO�FRP��VXKDLODLGD\X#JPDLO�FRP��PNKDUXQ#JPDLO�FRP�� 

�1RULPD[�6GQ�%KG�����-DODQ�733�������7DPDQ�3HULQGXVWULDQ�3XFKRQJ��6HNV\HQ����������3XFKRQJ��6HODQJRU��0DOD\VLD 
(-PDLO��PD[RQJ��#JPDLO�FRP� 

)LJXUH���6FKHPDWLF�UHSUHVHQWDWLRQ�RI�SRVVLEOH�LVVXH��VWRUDJH�
GHYLFHV��WKDW�PD\�DULVH�GXULQJ�GDWD�SURFHVVLQJ� 

5HVXOWV�DQG�GLVFXVVLRQ 
 
$IWHU� WKH� HSR[\� IODNH� VDPSOHV� ZHUH� DQDO\]HG� XVLQJ�
VSHFWURSKRWRPHWHU� $�� WKH� JHQHUDWHG� �VSD� VDPSOH�
VSHFWUD� ZHUH� VWRUHG� LQ� +''� DQG� WKXPEGULYH�� 7KH�
DYHUDJLQJ� RI� QLQH� )7,5� VSHFWUD� IURP� 7RS�� 0LGGOH� DQG�
%RWWRP� RI� WKH�PL[LQJ� WDQN� \LHOGV� D�5HIHUHQFH� VSHFWUXP�
DQG�WKLV�VSHFWUXP�ZDV�VWRUHG�LQ�+''��7KH�U�YDOXHV�ZHUH�
WKHQ� JHQHUDWHG� XVLQJ� FRPSDUH� IXQFWLRQ� �DYDLODEOH� LQ�
6RIWZDUH�$�� RQ� WKH� �VSD� VDPSOH� VSHFWUD� LQ� WKH�+''� LQ�
UHIHUHQFH�WR�WKH��VSD�5HIHUHQFH�VSHFWUXP��/LNHZLVH��WKH�
VDPH�SURFHVV�ZDV�UHSHDWHG� IRU� WKH�VDPSOH�VSHFWUD� WKDW�
DUH� VWRUHG� LQ� WKXPEGULYH�� %HVLGHV� �VSD� IRUPDW�� WKH�
VSHFWUD�JHQHUDWHG�IURP�VSHFWURSKRWRPHWHU�'�UXQQLQJ�RQ�
GLIIHUHQW�ILOH�IRUPDWV���VSF�RU��D�U��ZHUH�DOVR�WHVWHG� 
 
5HVXOWV� IURP� 7DEOH� �� VKRZ� WKDW� WKHUH� LV� QR� VLJQLILFDQW�
GLVWLQFWLRQ�EHWZHHQ�WKH�U�YDOXHV�HVWLPDWHG�XVLQJ�FRPSDUH�
DOJRULWKP�RI�6RIWZDUH�$��ZKHQ� WKH�VDPSOH�RU�5HIHUHQFH�
ILOHV�DUH�VWRUHG�LQ�+''�RU�LQ�WKXPEGULYH��$OO� WKH�U�YDOXHV�
ZLWKLQ� WKH� HQWLUH� )7,5� UHJLRQ� �����-���� FP-��� DQG�
XQLYHUVDO� ILQJHUSULQW� UHJLRQ� �����-���� FP-��� DUH� DERYH�
WKH�DFFHSWDQFH�WKUHVKROG�DW����������������2WKHU�UHVXOWV�
RI�ZHW�SDLQWV�IURP�GLIIHUHQW�SDLQW�PDQXIDFWXUHUV�DQDO\]HG�
ZLWK� VSHFWURSKRWRPHWHUV� %� DQG�&� �GDWD� QRW� VKRZQ�� DUH�
VLPLODU� WR� WKH� UHVXOWV� REWDLQHG� E\� XVLQJ�
VSHFWURSKRWRPHWHU� $� DQG� VRIWZDUH� $�� :H� VXJJHVW� WKDW�
WKDW� WKHUH� LV� QR� VLJQLILFDQW� GLIIHUHQFH� RI� U� YDOXHV� HLWKHU�
VWRULQJ�WKH�VDPSOH�ILOHV�LQ�+''�RU�WKXPEGULYH� 
 
+RZHYHU�� SUHFDXWLRQ�PXVW�EH� WDNHQ�ZKHQ�DQDO\]LQJ� WKH�
VSHFWUD� XVLQJ� VSHFWURSKRWRPHWHU� '�� 7KHUH� DUH� DW� OHDVW�
WZR�ILOH�IRUPDWV�IRU�)7,5�VSHFWUD�LQ�VSHFWURSKRWRPHWHU�'�
VXFK� DV� �VSF� DQG� �D�U�� ,I� ERWK� 5HIHUHQFH� DQG� VDPSOH�
ILOHV� ZLWK� �VSF� ILOH� IRUPDW� ZHUH� VWRUHG� LQ� HLWKHU� LQ�
WKXPEGULYH�RU�+''��WKH�ILOHV�KDYH�WR�EH�LPSRUWHG�LQWR�WKH�
VRIWZDUH�DQG�WKLV�RFFDVLRQDOO\� OHDGV�WR�ORZHU�U�YDOXHV�DV�
FRPSDUHG�WR� WKH�YDOXHV�GHWHUPLQHG�XVLQJ��D�U� ILOHV� WKDW�
ZHUH� VWRUHG� LQ� +''�� 7KH� U� YDOXHV� IURP� �VSF� ILOHV� DUH�
VLPLODU� LQ�+''�DQG�WKXPEGULYH��7KLV�FDQ�EH�REVHUYHG�LQ�
HSR[\� IODNH�SDUW�%�VDPSOH�RYHU� WKH�HQWLUH� UHJLRQ� �����-
���� FP-��� RI� )7,5� VSHFWUD�� ZLWK� WKH� DYHUDJH� U� YDOXHV�
UHSRUWHG�WR�EH�DURXQG�������� 

([SHULPHQWDO 
 
*ODVV� IODNH� HSR[\� �FRGHG� DV� µ(SR[\)ODNH¶��� SDUW� $� DQG�
SDUW� %�� IURP� SDLQW� PDQXIDFWXUHU� �� �WKH� LGHQWLW\� RI� SDLQW�
PDQXIDFWXUHU�ZDV�FRQFHDOHG�GXH�WR�FRPSHWLQJ�EXVLQHVV�
HQWLWLHV��DQG�HSR[\��FRGHG�DV� µ(SR[\¶��VDPSOH��DOVR�SDUW�
$�DQG�SDUW�%�IURP�SDLQW�PDQXIDFWXUHU���ZHUH�XVHG�LQ�WKLV�
VWXG\��7KH�VDPSOH�ZDV� DQDO\]HG�XVLQJ� IRXU�)7,5�VSHF�
WURSKRWRPHWHUV�RI�GLIIHUHQW�EUDQGV�DQG�ODEHOHG�DV�µ$¶��µ%¶��
µ&¶�DQG� µ'¶�ZLWK����QXPEHU�RI�VFDQV�DW�D� UHVROXWLRQ�RI���
FP-�� IURP� ����-���� FP-��� 'HWDLOHG� PHWKRG� DERXW� FRP�
SDUH�IXQFWLRQ�FDQ�EH�IRXQG�LQ�UHI��>�@� 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 

DĂƚĞƌŝĂůƐ�DŝŶĚ 
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7DEOH���7KH�U�YDOXHV�IRU�(SR[\)ODNH�%��SDUW�$�DQG�SDUW�%��VSHFWUD�VWRUHG�LQ��D��+''�DQG��E��WKXPEGULYH��FROOHFWHG�XVLQJ�
VSHFWURSKRWRPHWHU�$���VSD�DQDO\]HG�XVLQJ�VRIWZDUH�$��DQG�VSHFWURSKRWRPHWHU�'���VSF�RU��D�U�DQDO\]HG�XVLQJ�VRIWZDUH�'� 

6DPSOH 5HIHUHQFH �VSD 
�VSHFWURSKRWRPHWHU�$��VRIWZDUH�$� 

�VSF�RU��D�U 
�VSHFWURSKRWRPHWHU�'��VRIWZDUH�'� 

+'' 7KXPEGULYH +'' 7KXPEGULYH 
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FP-� 

(SR[\)ODNH�$B$B%�%� 

(SR[\)ODNH�$B$B5HI 

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

(SR[\)ODNH�$B$B%�%� ������ ������ ������ ������ ������ ������ ������ ������ 

(SR[\)ODNH�$B$B%�%� ������ ������ ������ ������ ������ ������ ������ ������ 

(SR[\)ODNH�$B%B%�%� 

(SR[\)ODNH�$B%B5HI 

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

(SR[\)ODNH�$B%B%�%� ������ ������ ������ ������ ������ ������ ������ ������ 

(SR[\)ODNH�$B%B%�%� ������ ������ ������ ������ ������ ������ ������ ������ 

&RQFOXVLRQ 
 
,Q� JHQHUDO�� WKH� U� YDOXHV� HVWLPDWHG� XVLQJ� FRPSDUH�
DOJRULWKP� RI� )7,5� VRIWZDUH� KDV� QR� FRUUHODWLRQ� WR� WKH�
VWRUDJH� GHYLFHV� RI� WKH� )7,5� VSHFWUD� IRU� PRVW� RI� WKH�
EUDQGV�RI�WKH�VSHFWURSKRWRPHWHUV��,W�PD\�KDYH�LPSDFW�IRU�
RQH� EUDQG� RI� WKH� VSHFWURSKRWRPHWHU� �L�H��
6SHFWURSKRWRPHWHU� '��� 7KH� U� YDOXHV� JHQHUDWHG� E\� ILOHV�
H[WHQVLRQ��VSF� LQ� WKXPEGULYH�DUH�DOZD\V� ORZHU� WKDQ� WKH�
ILOHV� H[WHQVLRQ� �D�U� LQ� +''�� 7KXV�� LW� PD\� OHDG� WR�
XQQHFHVVDU\� UHMHFWLRQ� RI� WKH� SDLQW� VDPSOHV�� $QDO\VW�
VKRXOG� EH� PDGH� DZDUH� ZKHQ� FKRRVLQJ� WKHVH� ILOHV�
H[WHQVLRQV� IRU� GHWHUPLQLQJ� WKH� U� YDOXHV� XVLQJ� WKLV�
SDUWLFXODU�EUDQG�RI�)7,5�VSHFWURSKRWRPHWHU�DQG�VRIWZDUH� 

2WKHU�UHVXOWV�IURP�HSR[\�SDUW�$�SDUW�%�IURP�PDQXIDFWXUHU�
��DV�ZHOO�DV�XQLYHUVDO� ILQJHUSULQW� UHJLRQ������-����FP-���
DUH�ZHOO�DERYH�WKH�DFFHSWDQFH�WKUHVKROG������������������
7KLV� VXJJHVW� WKDW� WKH� SURFHVV�� HLWKHU� FDOOLQJ� RXW� WKH�
VSHFWUD� ILOHV� IURP� +''� RU� WKXPEGULYH� RI� VSHFLILF�
H[WHQVLRQ� ILOH� IURP� VSHFWURSKRWRPHWHU� '�� PD\� KDYH�
LPSDFW�RQ�WKH�U�YDOXHV�JHQHUDWHG�XVLQJ�VRIWZDUH�'��,I�WKH�
�UG-SDUW\�LQVSHFWRU�GRHV�QRW�SD\�DWWHQWLRQ�WR�WKLV�SRVVLEOH�
WHFKQLFDO�LVVXH��WKH�LQVSHFWRU�PD\�IDOVHO\�UHMHFW�WKH�SDLQW�
VDPSOH�� ,Q� WKH� FDVH� RI� )7,5� VSHFWUD� ZLWK� �D�U� ILOH�
H[WHQVLRQ�� WKH�VSHFWUD�FDQ�RQO\�EH�GHWHFWHG� LI� WKH\�ZHUH�
VDYHG� LQ� +''�� 2WKHUZLVH�� WKLV� �D�U� KDV� WR� EH� DOVR�
LPSRUWHG� LQWR� WKH�VRIWZDUH�DQG�KDYH� ORZHU� U�YDOXHV� WKDQ�
WKDW� IURP� �D�U� ILOH� H[WHQVLRQ� WKDW� LV� VDYHG� LQ�+''�� 7KH�
,00�&HUWLILHG�&RDWLQJ�)LQJHUSULQW�4XDOLW\�&RQWUROOHU�/HYHO�
��FRXUVH� LV�JRLQJ� WR�JLYH�D�JLPPLFN� WR� WURXEOHVKRRW� WKLV�

>�@ ,00� )3��������� ������ ,QVWLWXWH� RI� 0DWHULDOV��
0DOD\VLD��0DOD\VLD��S����� 

>�@ $,3� &RQIHUHQFH� 3URFHHGLQJV�� ������ ������ S��
������-�-������-�� 

>�@ 0DWHULDOV�0LQG�� ������ 7KH� ,QVWLWXWH� RI�0DWHULDOV��
0DOD\VLD��0DOD\VLD�������S����-��� 

>�@ &RUURVLRQ�(QJLQHHULQJ��6FLHQFH�DQG�7HFKQRORJ\��
�������������S�����-���� 

>�@ 0DWHULDOV�0LQG�� ������ 7KH� ,QVWLWXWH� RI�0DWHULDOV��
0DOD\VLD��0DOD\VLD�������S����-��� 

>�@ 0DFURPROHFXODU� 6\PSRVLD�� ������ ����� S�� ���-
���� 

>�@ 0DWHULDOV�0LQG�� ������ 7KH� ,QVWLWXWH� RI�0DWHULDOV��
0DOD\VLD��������S����� 

>�@ 0DWHULDOV�0LQG�� ������ 7KH� ,QVWLWXWH� RI�0DWHULDOV��
0DOD\VLD��0DOD\VLD��������S����� 

>�@ 0DWHULDOV�0LQG�� ������ 7KH� ,QVWLWXWH� RI�0DWHULDOV��
0DOD\VLD��0DOD\VLD�������S����-��� 

$FNQRZOHGJHPHQW 
 
7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJH� 6HUED� 'LQDPLN�
+ROGLQJV� %KG�� >���-,50,�35,� ������� ����������@� IRU� WKH�
ILQDQFLDO�VXSSRUW�RI�WKH�UHVHDUFK�ZRUNV� 
 
5HIHUHQFHV 

1RWH��DOO�WKH�SXEOLFDWLRQV�UHODWHG�WR�WKH�
FRDWLQJ�ILQJHUSULQW�FDQ�EH�YLHZHG�DW�
KWWSV���ZZZ�LRPP�RUJ�P\�UHODWHG-
SXEOLFDWLRQV-RQ-FRDWLQJ-ILQJHUSULQWLQJ�  

6FDQ�45�FRGH 

DĂƚĞƌŝĂůƐ�DŝŶĚ 

:�Eh�Zz�ϮϬϮϭ�/ƐƐƵĞ�Ϯϵ 
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,QWURGXFWLRQ 
 

)RXULHU-WUDQVIRUP� LQIUDUHG� �)7,5�� VSHFWURVFRS\�
HTXLSSHG� ZLWK� DWWHQXDWHG� WRWDO� UHIOHFWDQFH� �$75�� KDV�
EHHQ�XVHG�WR�PRQLWRU�WKH�EDWFK-WR-EDWFK�FRQVLVWHQF\�DQG�
DXWKHQWLFDWLRQ� RI� SDLQW� DQG� FRDWLQJ� PDWHULDOV�� 7KLV�
WHFKQLTXH�LV�IDVW��UHOLDEOH�DQG�UHTXLUHV�OLWWOH�RU�QR�VDPSOH�
SUHSDUDWLRQ�� +RZHYHU�� LW� UHTXLUHV� VNLOOHG� DQG� WUDLQHG�
DQDO\VWV� WR� DQDO\]H� WKH� RYHUODSSLQJ� DEVRUSWLRQ� EDQGV�
DVVRFLDWHG� WR� WKH� IXQFWLRQDO� JURXSV� RI� WKH� FKHPLFDO�
PL[WXUHV�LQ�WKH�SDLQWV�RU�FRDWLQJV��'XULQJ�)7,5�DQDO\VHV��
WKH� IXQFWLRQDO� JURXSV� RI� WKH� VDPSOH� DVVRFLDWHG� ZLWK�
ZDYHQXPEHUV�RI�WKH�)7,5�VSHFWURVFRS\�QHHG�WR�EH�ILUVWO\�
LGHQWLILHG� DQG� FRPSDUHG� �XVLQJ� WKH� DVVLJQPHQW� EDQG�
WDEOH� IRXQG� LQ� PDQ\� FKHPLVWU\� ERRNV�� RU� ZLWK� WKH�
DVVLVWDQFH� IURP� )7,5� VRIWZDUH� �XVLQJ� VSHFWUDO� VHDUFK�
DQG� LQWHUSUHWDWLRQ�� �WHFKQLTXH� ,�� D� FRPPRQ� SUDFWLFH� LQ�
WHVWLQJ�ODERUDWRU\���7KH�DVVLJQHG�EDQGV�DUH�VHW�EDVHG�RQ�
WKH� HIIHFWV� RI� DWRP� UHODWLYH� PDVV�� ERQG� IRUFH� FRQVWDQW�
DQG�DWRP�JHRPHWU\� >���@��1H[W�� �WHFKQLTXH� ,,��D�FRPPRQ�
DSSURDFK� IRU� DFDGHPLF� UHVHDUFK�� D� FXUYH� ILWWLQJ� FDQ� EH�
SHUIRUPHG�DIWHU�WKH�DVVLJQPHQW�RI�DEVRUEDQFH�EDQGV�IRU�
WKH� IXQFWLRQDO� JURXSV� RI� WKH� LQWHUHVW� RU� �WHFKQLTXH� ,,,��
VSHFWUD�PDWFKLQJ� 
 
7KH� FXUYH� ILWWLQJ� FRXSOHG� ZLWK� GHFRQYROXWLRQ� WHFKQLTXH�
SURYLGHV� YDOXDEOH� TXDOLWDWLYH� LQIRUPDWLRQ� RQ�
FRPSRVLWLRQDO� YDULDWLRQ� RI� NQRZQ� FRPSRQHQWV� LQ� D�
VDPSOH�� 7KLV� WHFKQLTXH� LV� SRVVLEOH� EXW� PD\� QRW� EH�
SUDFWLFDO� IRU� WKH� EDWFK-WR-EDWFK� FRQVLVWHQF\� RU�
DXWKHQWLFDWLRQ� RI� SDLQW� VDPSOHV�� 7KHUH� DUH� IHZ� FULWLFDO�
SDUDPHWHUV� WKDW� PXVW� EH� WDNHQ� LQWR� DFFRXQW� GXULQJ� WKH�
GHFRQYROXWLRQ� RI� )7,5� EDQGV�� ZKLFK� LQFOXGH�
GLVWLQJXLVKLQJ�WKH�EDQG�VKDSH��QXPEHUV��SRVLWLRQ��EDQGV�
ZLGWK�DV�ZHOO�DV�WKH�EDVHOLQH�>���@��7KH�EDQG�VKDSH�FDQ�
EH� XVXDOO\� ILWWHG� ZLWK� /RUHQW]LDQ�� *DXVVLDQ� RU� 9RLJW� �D�
FRQYROXWLRQ� RI� /RUHQW]LDQ� DQG� *DXVVLDQ�� GHSHQGLQJ� RQ�
WKH�W\SH�RI�VDPSOH��SULQFLSDO�HIIHFWV�RI��'RSSOHU��FROOLVLRQ��
SUR[LPLW\�� EURDGHQLQJ� DQG� LQVWUXPHQWV� XVHG� >�@�� ,Q� WKLV�
VWXG\�� WKH�SRO\PHULF�SDLQW� UHVLQ�ZDV�FKDUDFWHUL]HG�XVLQJ�
)7,5� VSHFWURVFRS\�� %DVHG� RQ� WKH� DERYH� FULWHULD�� WKH�
)7,5�VSHFWUXP�RI�SRO\PHULF� UHVLQ�KDV�D�GLVWULEXWLRQ� WKDW�
LQFOLQHV� WRZDUGV� D� *DXVVLDQ� GLVWULEXWLRQ�� � &XUYH� ILWWLQJ�
FDQ� EH� GRQH� E\� D� UDQGRP� RU� DQ� DXWRPDWLF� VHOHFWLRQ� RI�
EDQG�SRVLWLRQV� DQG�QXPEHUV�ZLWKRXW�EDQG�DVVLJQPHQWV��
WKXV� LW� PD\� OHDG� WR� GLIIHUHQW� DQG� SRVVLEO\� XQUHOLDEOH�
LQWHUSUHWDWLRQ�RI�UHVXOWV�E\�GLIIHUHQW�DQDO\VWV��)RU�VSHFWUDO�
PDWFKLQJ�� D� GHJUHH� RI� VLPLODULW\� �LQGLFDWHG� E\� U� YDOXHV��
EHWZHHQ� WZR� )7,5� VSHFWUD� FDQ� EH� HVWLPDWHG� XVLQJ� D�
FRPSDUH�DOJRULWKP�WKDW�LV�DYDLODEOH�LQ�WKH�)7,5�VRIWZDUH��
7KLV�SDSHU�DLPV�WR�FRPSDUH�WKH�HIILFLHQF\�DQG�SUDFWLFDOLW\�
EHWZHHQ� WHFKQLTXHV� ,,� DQG� ,,,� IRU� TXDOLW\� DVVXUDQFH� DQG�
TXDOLW\�FRQWURO� �4$�DQG�4&�� IRU�URXWLQH�EDWFK-FKHFN�DQG�
DXWKHQWLFDWLRQ�RI�SDLQWV�� 
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$%'�5$6+,'� 1RUV\D]OLQ��� 6$/,0� <RJD� 6XJDPD���$%'8/�+$/,0� 6XKDLOD� ,GD\X���
+$581�0RKDPPDG�.DPDO���21*�&KRQJ�+XS���DQG�&+$1�&KLQ�+DQ� 

�8QLYHUVLWL�7HNQRORJL�0$5$��)DFXOW\�RI�$SSOLHG�6FLHQFHV��������6KDK�$ODP��6HODQJRU��0DOD\VLD 
(-PDLO��FFKDQB��#\DKRR�FRP�VJ��FRUUHVSRQGLQJ�DXWKRU�� 
\RJD�V�VDOLP#JPDLO�FRP��QRUV\D]OLQUDVKLG#JPDLO�FRP��VXKDLODLGD\X#JPDLO�FRP��PNKDUXQ#JPDLO�FRP�� 

�1RULPD[�6GQ�%KG�����-DODQ�733�������7DPDQ�3HULQGXVWULDQ�3XFKRQJ��6HNV\HQ����������3XFKRQJ��6HODQJRU��0DOD\VLD 
(-PDLO��PD[RQJ��#JPDLO�FRP� 

([SHULPHQWDO 
 
7LWDQLD� SLJPHQW� >7LWDQLXP� GLR[LGH� �7L2��� UXWLOH-DQDWDVH�
PL[WXUHV�� L�H�� 5��-$��� DQG� 5��-$��� ZW�ZW@� DQG� HSR[\�
UHVLQ� �(SLNRWH���� DQG� (SLNRWH������ ZHUH� XVHG� LQ� WKLV�
VWXG\�� 7KH� )7,5� PHDVXUHPHQW� DQG� HYDOXDWLRQ� PHWKRG�
ZHUH� DFFRUGLQJ� WR� ,00� )3�������� >�@�� 7KH� VSHFWUD�
FROOHFWHG� XVLQJ� ,QYHQLR� �%UXNHU�� 0DVVDFKXVHWWV�� 86$��
DQG� 1LFROHW� L6��� �7KHUPR� 6FLHQWLILF�� 0DGLVRQ�� 86$��
UHVSHFWLYHO\��ZHUH�DQDO\]HG�XVLQJ� WKUHH�)7,5�TXDOLWDWLYH�
DQDO\VHV�� VXFK� DV� LGHQWLILFDWLRQ� RI� IXQFWLRQDO� JURXSV� �,���
FXUYH-ILWWLQJ� �,,�� DQG� VSHFWUD� PDWFKLQJ� �,,,��� $� VSHFLILF�
UHJLRQ�RI�,5�VSHFWUXP�ZDV�FKRVHQ�DQG�FXUYH-ILWWHG�ZLWK�D�
VXLWDEOH�QXPEHU�RI�EDQGV�GHSHQGLQJ�RQ�WKH�SUH-LGHQWLILHG�
ZDYHQXPEHUV� RI� IXQFWLRQDO� JURXSV�� %HIRUH� WKH� FXUYH�
ILWWLQJ��EDVHOLQH�FRUUHFWLRQ�ZDV�SHUIRUPHG�WR�HOLPLQDWH�WKH�
HIIHFW� RI� VFDWWHULQJ� >�@�� 7KH� U� YDOXHV� RI� VDPSOH� ZHUH�
JHQHUDWHG�E\�FRPSDULQJ�WKH�WZR�VSHFWUD�XVLQJ�WKH�EXLOW-LQ�
KLJK� VHQVLWLYLW\� FRPSDUH� DOJRULWKP� RI� WKH� 201,&�
VRIWZDUH� 6XLWH� �7KHUPR� 6FLHQWLILF�� 0DGLVRQ�� 86$��� 7KLV�
DOJRULWKP� GHSHQGV� RQ� [-� �ZDYHQXPEHU�� DQG� \-�
�DEVRUEDQFH�� YHFWRUV�� ,I� U� �  � ��� LW� PHDQV� D� FRPSOHWH�
PDWFKLQJ� EHWZHHQ� WKH� VDPSOH� VSHFWUXP� DQG�5HIHUHQFH�
VSHFWUXP� 
 
5HVXOWV�DQG�GLVFXVVLRQ 
 
7HFKQLTXH� ,,�� 7KHUH� DUH� WKUHH� RYHUODSSLQJ� DEVRUEDQFH�
EDQGV� LQ� 7L2�� VSHFWUD� GHWHFWDEOH� DW� ���-���� FP-��
ILQJHUSULQW� UHJLRQ�� � 7KHVH� EDQGV�� LGHQWLILHG� DV� 7L-2�
VWUHWFKLQJ� YLEUDWLRQV�� ZHUH� ILWWHG� ZLWK� �� EDQGV� DW�
ZDYHQXPEHUV� ���� FP-��� ���� FP-�� DQG� ���� FP-�� >�@��
)LJXUH� �� VKRZV� WKH� FXUYH� ILWWLQJ� UHVXOW� RI� 7L2�� UXWLOH-
DQDWDVH�PL[WXUH�� 7KH� WRWDO� FXUYH-ILWWHG� OLQH� �UHG� GDVKHG�
OLQH��PDWFKHV�ZHOO� WR� WKH� FXUYH� RI� VSHFWUXP� �EODFN� VROLG�
OLQH��� $UHD� XQGHU� WKH� FXUYH-ILWWHG� DEVRUEDQFH� EDQGV� IRU�
5��-$��� ZDV� HVWLPDWHG� WR� EH� ����� ���� ��� DXF� �µDXF¶�
VWDQGV� IRU� DUHD� XQGHU� WKH� FXUYH��� ZKLOH� WKH� DUHD� XQGHU�
FXUYH-ILWWHG�EDQGV�IRU�5��-$���ZDV���������DQG����DXF��
UHVSHFWLYHO\�� 7KH� DUHDV� RI� WZR� DEVRUSWLRQ� EDQGV� DW� ����
FP-��DQG�����FP-��LQ�WKH�UXWLOH-DQDWDVH�PL[WXUH�GHFUHDVH�
ZLWK�LQFUHDVLQJ�UXWLOH�FRQWHQW�� 
7HFKQLTXH� ,,,�� 6LPLODU� REVHUYDWLRQ� FDQ� EH� VHHQ� ZKHQ�
5��-$��� VSHFWUXP� ZDV� FRPSDUHG� DJDLQVW� 5��-$���
VSHFWUXP� DW� WKH� VDPH� ILQJHUSULQW� UHJLRQ� XVLQJ� KLJK�
VHQVLWLYLW\� FRPSDUH� DOJRULWKP�� /RZ� U� YDOXH� UHFRUGHG� IRU�
5��-$���ZKHQ�FRPSDUHG�WR�5��-$����U� ��������� 
6XPPDU\��7KLV�VXJJHVWV�WKDW�ERWK�WHFKQLTXHV��,,�DQG�,,,��
DUH�FDSDEOH�WR�GLIIHUHQWLDWH�WZR�PL[WXUHV�FRPSRXQGV�ZLWK�
GLIIHUHQW�FRPSRVLWLRQV� LQ�RQH�VDPSOH��7KH�UHSURGXFLELOLW\�
RI�WZR�VDPSOHV�ZLWK�WKH�VDPH�FRPSRVLWLRQ�E\�XVLQJ�ERWK�
WHFKQLTXHV�ZLOO�EH�GHOLEHUDWHG�QH[W� 
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)LJXUH����7KH�FXUYH�ILWWLQJ�RI�7L2��UXWLOH-DQDWDVH�PL[WXUH�
FHQWHUHG�DW�����FP-�������FP-��DQG�����FP-�� 

)LJXUH����7KH�FXUYH�ILWWLQJ�RI�(SLNRWH����DQG�(SLNRWH�����
FHQWHUHG�DW�����FP-��DQG�����FP-�� 

)LJXUH� �� VKRZV� WKH� FXUYH� ILWWLQJ� UHVXOW� RI� WZR� HSR[\�
UHVLQV��(SLNRWH����DQG�(SLNRWH������DW�����FP-�� WR�����
FP-��� 6DOLP� HW�DO�� ������� FRPPHQWHG� WKDW� ERWK� HSR[\�
UHVLQV� KDYH� VLPLODU� FKHPLFDO� VWUXFWXUHV� EXW� GLIIHU� LQ� WKH�
QXPEHU�RI� UHSHDWLQJ�PRQRPHU�XQLWV��7KH�GLIIHUHQFH�FDQ�
EH� VHHQ�DW� WKH� LQWHQVLW\� RI� DEVRUSWLRQ� EDQG�DURXQG�����
FP-�� >�@�� 7KLV� DEVRUSWLRQ� EDQG� LV� LQ� IDFW� WKH� RYHUODSSLQJ�
DEVRUSWLRQ� EDQGV� RI� �&-2-&�� DQG� �& &�� RI� VDWXUDWHG�
HSR[LGH� >�@��7KXV�� WKH�EDQGV�ZHUH� ILWWHG�ZLWK� WZR�SHDNV�
FHQWHUHG� DW� ���� FP-�� DQG� ���� FP-��� UHVSHFWLYHO\�� $UHDV�
XQGHU� WKH� WZR� FXUYH-ILWWHG� EDQGV� IRU� (SLNRWH� ���� DUH�
HVWLPDWHG�WR�EH������DQG������DXF�UHVSHFWLYHO\��ZKLOH�WKH�
DUHDV�IRU�WZR�FXUYH-ILWWHG�EDQGV�IRU�(SLNRWH�����DUH������
DQG������DXF�� UHVSHFWLYHO\��7KH�RYHUODSSLQJ�EDQG�DUHDV�
RI� (SLNRWH����� DUH� VLJQLILFDQWO\� ORZHU� WKDQ� WKDW� RI�
(SLNRWH����� 7KH� FRQVLVWHQF\� RI� WKHVH� YDOXHV� LV� IXUWKHU�
YHULILHG� E\� GRLQJ� UHSOLFDWLRQ�� 7DEOH� �� VKRZV� WKUHH�
DWWHPSWV� RI� WKH� FXUYH� ILWWLQJ� E\� GLIIHUHQW� DQDO\VWV� RQ�
(SLNRWH� ���� IURP� EDWFK� �� WKDW� UHVXOW� LQ� GLIIHUHQW� DUHD�
YDOXHV�� 7KH� LQFRQVLVWHQF\� RI� YDOXHV� IURP� FXUYH� ILWWLQJ�
LPSOLHV�WKDW�WKH�DQDO\VWV�QHHG�WR�EH�VNLOOIXO�DQG�FDUHIXO�RQ�
FKRRVLQJ� WKH� ULJKW� EDQG� SRVLWLRQV� DQG� FHQWHU� EDQGV�
GXULQJ�FXUYH�ILWWLQJ� 
 
%HVLGHV� FXUYH� ILWWLQJ�� WKH� VDPSOH� VSHFWUD� RI� (SLNRWH����
ZDV� DOVR� FRPSDUHG� DJDLQVW� (SLNRWH����� XVLQJ� WKH�
FRPSDUH� IXQFWLRQ�� 7KH� U� YDOXH� RI� (SLNRWH����� LQ�
UHIHUHQFH� WR� (SLNRWH���� LV� ������� 7KLV� QXPEHU� �U� ��� ���
LQGLFDWHV� GLVVLPLODULW\� EHWZHHQ� WKH� WZR� UHVLQV�� 7KH�
FRQVLVWHQF\�RI�U�YDOXHV�JHQHUDWHG�E\�GLIIHUHQW�DQDO\VWV�RQ�
HSR[\� UHVLQ� ZLWK� WKH� VDPH� IRUPXODWLRQ� ZDV� DOVR�
DWWHPSWHG�� 7KH� GHJUHH� RI� VLPLODULW\� YDOXHV� UHPDLQ�
FRQVWDQW� DW� U� � ������ DFURVV� WKUHH� GLIIHUHQW� DQDO\VWV� RQ�
WKH�WKUHH�)7,5�VFDQV�RI�WKH�VDPH�HSR[\�UHVLQ�VDPSOH��,W�
KDV� EHHQ� VKRZQ� WKDW� WKH� UHVXOWV� RI� WHFKQLTXH� ,,,� LV�
UHSURGXFLEOH�DQG� LWV�HYDOXDWLRQ�SURWRFRO� LV�PRUH�HIILFLHQW�
WKDQ�WHFKQLTXH�,,� 

7DEOH����5HVXOWV�DIWHU�GHFRQYROXWLRQ�DQG�VSHFWUD�PDWFKLQJ�RI�
WZR�EDWFKHV��EDWFK���DQG�EDWFK����(SLNRWH���� 

6DPSOH�FRGH 

:DYHQXPEHU��FP-����OHIW�
FROXPQ��DQG�'HFRQYROXWLRQ�
DUHD��DXF���ULJKW�FROXPQ� U�YDOXH 

&-2-& & & 

(SLNRWH���-� ����� ���� ����� ���� 5HI 

(SLNRWH���-�D ����� ���� ����� ���� ����� 

(SLNRWH���-�E ����� ���� ����� ���� ����� 

(SLNRWH���-�F ����� ���� ����� ���� ����� 

D�E�F�UHSUHVHQW�WKUHH�GLIIHUHQW�DQDO\VWV 
(SLNRWH���-��PHDQV�(SLNRWH����IURP�EDWFK��� 
(SLNRWH���-��PHDQV�(SLNRWH����IURP�EDWFK�� 

&RQFOXVLRQ 
 
)7,5� DQDO\VHV� RI� 7L2�� PL[WXUHV� DQG� HSR[\� UHVLQV� ZHUH�
FRQGXFWHG��7KH�GHJUHH�RI�VLPLODULW\�DSSURDFK��WHFKQLTXH�
,,,�� LV� GHHPHG� SUDFWLFDEOH� DQG� IHDVLEOH� IRU� WKH�
LPSOHPHQWDWLRQ� RI� µ&RDWLQJ� )LQJHUSULQW� &HUWLILFDWH¶� LQ� WKH�
RLO� DQG� JDV� LQGXVWU\� DV� FRPSDUHG� WR� FXUYH� ILWWLQJ�
�WHFKQLTXH� ,,�� DIWHU� IXQFWLRQDO� JURXS� LGHQWLILFDWLRQ�
�WHFKQLTXH� ,��� ,00� )3�������� >�@� UHOLHV� RQ� GHJUHH� RI�
VLPLODULW\� IRU� WKH�EDWFK-WR-EDWFK�FRQVLVWHQF\�FKHFNLQJ� IRU�
ZHW� SDLQWV�� 7KLV� VWDQGDUG� KDV� EHHQ� PDGH� VXLWDEOH� IRU�
VNLOOHG� SHUVRQQHO� LQ� WKH� RLO� DQG� JDV� LQGXVWU\� WR� LQWHUSUHW�
WKH�WHVWLQJ�UHVXOWV�E\�³DFFHSW´�RU�³UHMHFW´�WKH�VDPSOH�ZLWK�
WKH� DFFHSWDQFH� OLPLW� RI� U� �� ������������ IRU� IXOO� DQG�
ILQJHUSULQW�UHJLRQV�� 

$FNQRZOHGJPHQW 
 
7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�WKH�UHVHDUFK�IXQGLQJ�
IURP�6HUED�'LQDPLN�+ROGLQJV�%KG�� >���-,50,�35,��������
����������@� IRU� WKH� ILQDQFLDO� VXSSRUW� RI� WKH� UHVHDUFK�
ZRUNV� 

5HIHUHQFHV 
 

 

1RWH�� DOO� WKH� SXEOLFDWLRQV� UHODWHG� WR� WKH�
FRDWLQJ� ILQJHUSULQW� FDQ� EH� YLHZHG� DW�
KWWSV���ZZZ�LRPP�RUJ�P\�UHODWHG-
SXEOLFDWLRQV-RQ-FRDWLQJ-ILQJHUSULQWLQJ�  

6FDQ�45�FRGH 

>�@ (QF\FO��$QDO��&KHP���������SS���–��� 
>�@ 6SHFWURPHWULF� ,GHQWLILFDWLRQ� RI� 2UJDQLF�

&RPSRXQGV��:LOH\������� 
>�@ 6SHFWURFKLP�� $FWD� 3DUW� $� 0RO�� 6SHFWURVF�� ������

�������� 
>�@ -��3HW��6FL��(QJ�������������������� 
>�@ 5HY��6FL��,QVWUXP����������������� 
>�@ ,00� )3��������� ,QVWLWXWH� RI� 0DWHULDOV�� 0DOD\VLD��

����� 
>�@ ,QIUDUHG�DQG�5DPDQ�6SHFWURVFRS\��3ULQFLSOHV�DQG�

6SHFWUDO� ,QWHUSUHWDWLRQ�� (OVHYLHU�� 8QLWHG� 6WDWHV� RI�
$PHULFD������� 

>�@ 3K\V��&KHP��&KHP��3K\V�������������� 
>�@ 0DWHU��0LQG�������������� 
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'(9(/230(17�2)�&20326,7(�%2$5'�$1'�&+$,5�86,1*�,1'8675,$/�
),%(5�%<-352'8&76 

,QWURGXFWLRQ 
7KH�UHLQIRUFHPHQW�RI�WKH�FRPSRVLWH�ILEUHERDUG�LV�W\SLFDOO\�
XVLQJ� WKH� V\QWKHWLF� ILEUH� ZKLFK� PLJKW� DIIHFW� WKH�
HQYLURQPHQW� DGYHUVHO\� DQG� JHQHUDOO\� DUH� QRW�
ELRGHJUDGDEOH�>�@��)XUWKHUPRUH��WKH�PDVVLYH�TXDQWLWLHV�RI�
WKH�LQGXVWU\�E\-SURGXFWV�KDYH�UDLVHG�DQ�LPSRUWDQW�LVVXHV�
UHJDUGLQJ� WKH� HQYLURQPHQWDO� SUREOHPV� GXH� WR� ODUJH�
DPRXQW� RI� UHVLGXHV� DQG� WKH� ORQJ� GHJUDGDWLRQ� WLPH��
7KHUHIRUH�� LQGXVWU\� E\-SURGXFWV� DUH� SURSRVHG� WR� EH� WKH�
DOWHUQDWLYH� UHLQIRUFHPHQW� IRU� FRPSRVLWH� ILEUHERDUG� >�@��
1DWXUDO� ILEUHV� UHLQIRUFHG� FRPSRVLWH� SURYLGH� ZLWK�
LQWHUHVWLQJ� SURSHUWLHV� HVSHFLDOO\� WKRVH� UHODWHG� WR� WKH�
VXVWDLQDELOLW\�DQG�WKH�SURWHFWLRQ�RI�WKH�HQYLURQPHQW�VXFK�
DV� WKH� DELOLW\� WR� EH� UHF\FODEOH�� UHQHZDEOH� UDZ� PDWHULDO��
DQG� OHVV� DEUDVLYH� DQG� KDUPIXO� EHKDYLRXU� WR� WKH�
HFRV\VWHP�>�@��,Q�WKLV�VWXG\��2LO�3DOP�(PSW\�)UXLW�%XQFK�
�23()%�� DQG� 3DOP� .HUQHO� 6KHOO� �3.6�� ILEUHV� ZHUH�
LPSOHPHQWHG� DV� ILEUHV�UHLQIRUFHPHQW�� HSR[\� UHVLQ� ZDV�
DSSOLHG� DV� PDWUL[�� HJJVKHOO� SRZGHU� ZDV� XVHG� DV� ILOOHU��
DQG� KDUGHQHU� ZDV� XVHG� DV� DGGLWLYHV�� 7KH� JRDO� RI� WKLV�
UHVHDUFK� LV� WR� VWXG\�� IRUPXODWH�� GHVLJQ�� IDEULFDWH�� WHVW��
DQG� HYDOXDWH� WKH�FKDLU� SURWRW\SHV� �ILEUHERDUG��XVLQJ� WKH�
LQGXVWULDO�E\-SURGXFWV��7KH�SHUIRUPDQFH�RI�WKH�FRPSRVLWH�
ERDUGV�ZDV� HYDOXDWHG� E\�PHFKDQLFDO�� ZDWHU� DEVRUSWLRQ��
DQG� FRUURVLRQ� SURSHUWLHV�� +HQFH�� WHQVLOH� WHVW�� VWDWLF�
LPPHUVLRQ�WHVW�DQG�FRUURVLRQ�WHVW�ZHUH�FDUULHG�RXW� 
 

5HVXOW�DQG�'LVFXVVLRQ 
6HYHQ� IRUPXODWLRQV� RI� WHVW� VDPSOHV� ZHUH� IDEULFDWHG� WR�
FDUU\�RXW�WHQVLOH�WHVW��VWDWLF�LPPHUVLRQ�WHVW��DQG�FRUURVLRQ�
WHVW��DV�VKRZQ�LQ�7DEOH����7KHVH�IRUPXODWLRQV�ZHUH�WKHQ�
DSSOLHG� WR� HDFK� OD\HU� RI� WKH� ILUHERDUG� RI� WKH� FKDLU�
SURWRW\SHV�� 7KH� IRUPXODWLRQV� IRU� WKH� SURWRW\SHV� DUH�
VKRZQ� � LQ� 7DEOH� ��� 7KH� WHQVLOH� WHVW� �$670� '���-����
UHVXOWV� ZHUH� VXPPDUL]HG� LQ�)LJXUH� ��� %DUWROL� �FRPSDUH�
VDPSOH�� ZDV� WHVWHG� DQG� FRPSDUHG� ZLWK� VHYHQ� WHVW�
VDPSOHV��%DVHG�RQ�WKH�VWUHVV-VWUDLQ�JUDSK��WKH�IDEULFDWHG�
VDPSOHV� KDYH� D� EHWWHU� \LHOG� VWUHQJWK�� XOWLPDWH� WHQVLOH�
VWUHQJWK�� DQG� <RXQJ¶V�PRGXOXV� DV� FRPSDUHG� WR� %DUWROL��
+RZHYHU�� %DUWROL� KDV� WKH� EHVW� HORQJDWLRQ� DV� FRPSDUHG�
ZLWK� WKH� IDEULFDWHG� VDPSOHV�� ,Q� SUDFWLFDO� DSSOLFDWLRQV��
%DUWROL� LV� DEOH� WR� KDYH� VXIILFLHQW� HORQJDWLRQ� EHIRUH� D�
IDLOXUH� RFFXUV�� ZKLFK� LV� VDIH� IRU� WKH� DSSOLFDWLRQV��
+RZHYHU�� WKH� SHUIRUPDQFH� RI� WKH� IDEULFDWHG� VDPSOH� LV�
PRUH� WKDQ�DGHTXDWH� IRU�FKDLU�DSSOLFDWLRQV��)RU� LQVWDQFH��
WKH�VDPSOH�ZLWK� WKH�ZRUVW� SHUIRUPDQFH�RI� \LHOG�VWUHQJWK�
DQG�XOWLPDWH�WHQVLOH�VWUHQJWK�LV�6DPSOH����ZKLFK�LV�������
03D��DOVR�HTXLYDOHQW�WR�������NJ�RI�ORDG��:KHQ�XVHG�DV�
ILEUHERDUG��WKH�WKLFNQHVV�LV�LQFUHDVHG��ZKLFK�ZLOO�LPSURYH�
LWV� ORDG� EHDULQJ� FDSDFLW\� �LQ� WKH� XQLW� RI� NJ��� VR� LW� LV�
GHILQLWHO\�VDIH�IRU�WKH�DSSOLFDWLRQ�>�@��$PRQJ�WKH�VDPSOHV�
UHLQIRUFHG� ZLWK� ILEUHV�� 6DPSOH� �� VKRZV� D� EHWWHU�
SHUIRUPDQFH� LQ� \LHOG� VWUHQJWK�� XOWLPDWH� WHQVLOH� VWUHQJWK��
HORQJDWLRQ��DQG�<RXQJ¶V�PRGXOXV��ZLWK�WKH�YDOXH�RI�������
03D��������03D����������DQG�������03D�� UHVSHFWLYHO\��
7KLV�LQGLFDWHV�WKDW�WKH�HJJVKHOO�DV�D�ILOOHU�ZLOO�LPSURYH�WKH�
FRPSDWLELOLW\� EHWZHHQ� ILEUH� DQG� PDWUL[�� DQG� PRVW�
LPSRUWDQWO\� HJJVKHOO� LV� DEOH� WR� GLVSHUVH� KRPRJHQHRXVO\�
LQ�WKH�PDWUL[�SKDVH�WR�IRUP�LVRWURSLF�FRPSRVLWH�PDWHULDOV� 

7DEOH� �� &RPSRVLWLRQ� RI� QDWXUDO� ILEUHV� FRPSRVLWH� SURWRW\SHV�
�ZHLJKW�SHUFHQWDJH� 

7DEOH� �� &RPSRVLWLRQ� RI� QDWXUDO� ILEUHV� FRPSRVLWH� VDPSOHV�
�ZHLJKW�SHUFHQWDJH� 

)LJXUH� �� 5HSUHVHQWDWLYH� WHQVLOH� HQJLQHHULQJ� VWUHVV� YV��
HQJLQHHULQJ�VWUDLQ�UHVSRQVHV�IRU�DOO�VDPSOH�VHWV 
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,Q�WKLV�SURMHFW��WZR�SURWRW\SHV�ZHUH�IDEULFDWHG��3URWRW\SH�
�� ZDV�PDGH� DFFRUGLQJ� WR� WKH� IRUPXODWLRQ� RI� 6DPSOH� ���
ZKLOH� WKH� WKUHH� OD\HUV� VWUXFWXUH� ZHUH� DSSOLHG� RQ�
3URWRW\SH� �� �ILUVW� OD\HU�� DHVWKHWLF� OD\HU�� VHFRQG� OD\HU��
6DPSOH����DQG�WKLUG�OD\HU��6DPSOH�����$V�DIRUHPHQWLRQHG��
WKH�WHQVLOH�SURSHUWLHV�IRU�WKH�IDEULFDWHG�VDPSOHV�ZLWK�ILEUH�
UHLQIRUFHPHQW� DUH� VXIILFLHQW� IRU� DSSOLFDWLRQ� DV� D� FKDLU��
7KHUHIRUH�� WKH� JRDO� RI� WKH� SURWRW\SH� IRUPXODWLRQV� LV� WR�
DSSO\�YDULRXV� W\SH�RI� ILEUHV� �3.6�DQG�23()%��DQG� ILOOHU�
�HJJVKHOO�� LQWR� WKH� FKDLU� VHDW� ERDUG�� 0RUHRYHU�� WKHVH�
SURWRW\SHV� GHPRQVWUDWH� WKDW� WKH� LQGXVWULDO� ILEUH� E\-
SURGXFWV�RI�0DOD\VLD�KDYH�WKH�SRWHQWLDO�WR�EH�XVHG�IRU�WKH�
SURGXFWLRQ�RI�FKDLUV��ZKLFK�PD[LPL]H�WKH�YDOXH�RI�ZDVWHV��
7KH�IDEULFDWHG�SURWRW\SHV�DUH�VKRZQ�LQ�)LJXUH���� 
 
7KH� FRUURVLRQ� WHVW� ZDV� FDUULHG� RXW� E\� LPPHUVLQJ� WHVW�
VDPSOHV� LQWR� WKH� VDOW� ZDWHU� IRU� WKUHH� ZHHNV� DQG� WKH�
VXUIDFH� PRUSKRORJ\� ZDV� REVHUYHG�� 7KH� VDPSOHV� KDYH�
H[FHOOHQW� FRUURVLRQ� SHUIRUPDQFH�� ZKHUH� QR� REYLRXV�
FKDQJHV� ZHUH� REVHUYHG� IURP� WKH� VXUIDFH� DV� VKRZQ� LQ�
)LJXUH� ��� 6WDWLF� LPPHUVLRQ� WHVW� ZDV� FDUULHG� RXW� E\�
VRDNLQJ�WKH�WHVW�VDPSOHV� LQWR�ZDWHU� IRU� WKUHH�ZHHNV�DQG�
GLIIHUHQFH� RI� ZHLJKWV� ZHUH� PHDVXUHG�� 7KHVH� VDPSOHV�
SRVVHVVHG� H[FHOOHQW� ZDWHU� UHVLVWDQFH� SURSHUW\� DV� ZHOO��
ZKHUH� WKH�SHUFHQWDJH�ZHLJKW� LQFUHPHQW� LV�EHORZ��������
DV�VKRZQ�LQ�)LJXUH��� 
 

)LJXUH���3URWRW\SH����OHIW��DQG�SURWRW\SH����ULJKW� 

)LJXUH���6XUIDFH�PRUSKRORJ\�FRPSDULVRQ� 

)LJXUH� �� 7KH� JUDSK� RI� WKH� SHUFHQWDJH� ZHLJKW� YV�� LPPHUVLRQ�
WLPH�RI�WKH�VHYHQ�VSHFLPHQV 

&RQFOXVLRQ 
7KLV� VWXG\� VKRZV� WKH� SRWHQWLDO� RI� WKH� IDEULFDWLRQ� RI�
ILEUHERDUG� XVLQJ� LQGXVWULDO� E\-SURGXFWV� �23()%�� 3.6��
DQG� HJJVKHOO� SRZGHU��� 7KLV� KDV� GHILQLWHO\� UHGXFHG� WKH�
DPRXQW� RI� ZDVWHV� JHQHUDWHG�� EHVLGHV� PDNLQJ� WKHP��
EHFRPH�YDOXDEOH�DQG�XVDEOH��7KH�PHFKDQLFDO��FRUURVLRQ��
DQG� ZDWHU� DEVRUSWLRQ� SURSHUWLHV� ZHUH� WHVWHG� DQG�
FRPSDUHG��,Q�VKRUW��WKLV�UHVHDUFK�FRQWULEXWHG�WR�WKH�HIIRUW�
RI�DWWDLQLQJ�D�PRUH�VXVWDLQDEOH�DQG�JUHHQHU�IXWXUH��� 

5HIHUHQFHV 
 
>�@� $EGXOODK�� 1�� DQG� 6XODLPDQ�� )��� ������ 7KH� RLO� SDOP�
ZDVWHV� LQ� 0DOD\VLD�� %LRPDVV� QRZ-VXVWDLQDEOH� JURZWK�
DQG�XVH��������SS���-��� 
>�@� 0DK]DQ�� 6�� HW� DO�� ������ 0HFKDQLFDO� 3URSHUWLHV� RI�
0HGLXP� 'HQVLW\� )LEUHERDUG� &RPSRVLWHV� 0DWHULDO� 8VLQJ�
5HF\FOHG�5XEEHU�DQG�&RFRQXW�&RLU��,QWHUQDWLRQDO�-RXUQDO�
RI�,QWHJUDWHG�(QJLQHHULQJ��� 
>�@�/HH��%�-+���.LP��+�--��DQG�<X��:�-5��������)DEULFDWLRQ�
RI� ORQJ� DQG� GLVFRQWLQXRXV� QDWXUDO� ILEHU� UHLQIRUFHG�
SRO\SURS\OHQH� ELRFRPSRVLWHV� DQG� WKHLU� PHFKDQLFDO�
SURSHUWLHV��)LEHUV�DQG�3RO\PHUV���������-��� 
>�@� 5DPH]DQL�� 0�� DQG� 5LSLQ�� =�0�� ������ �� -� SLHUFLQJ� RI�
VKHHW�PHWDOV�XVLQJ�UXEEHU�SXQFK��,Q�0��5DPH]DQL�DQG�=��
0�� 5LSLQ� HGV�� 5XEEHU-SDG� IRUPLQJ� SURFHVVHV��:RRGKHDG�
3XEOLVKLQJ��SS�����-���� 

5HSRUWHG�DQG�HGLWHG�E\� 

5HSRUWHG�E\� 

<XYD�'KDUVKLQL�'�2�
0XUDOHHNDUDQ 

,00-87$5�6WXGHQW�&KDSWHU�
&RPPLWWHH 

:RRQJ�:HQ�<DQ 
,00-87$5�6WXGHQW�&KDSWHU�

&RPPLWWHH 

-DVRQ�/HP�-LH�6KHQJ 
,00-87$5�6WXGHQW�&KDSWHU�

$XGLWRU 

$QJ�0LQ�1L 
,00-87$5�6WXGHQW�&KDSWHU�

0HPEHU 

/LHZ�6RQ�4LDQ 
,00-87$5�6WXGHQW�&KDSWHU�$XGLWRU 
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DĂƚĞƌŝĂůƐ�DŝŶĚ 

2Q� ��� $XJXVW� ������ 0V�� 7DQ� .DL� ;LQ�� 0HWDOOXUJLFDO�
(QJLQHHULQJ� JUDGXDWH� ������ 8QLYHUVLWL� 0DOD\VLD� 3HUOLV�
�8QL0$3�� KDV� ZRQ� ILUVW� SODFH� LQ� WKH� YLUWXDO� 0DWHULDOV�
/HFWXUH�&RPSHWLWLRQ��0/&�������RUJDQL]HG�E\�,QVWLWXWH�RI�
0DWHULDOV� 0DOD\VLD� �,00��� 8QLYHUVLWL� 3XWUD� 0DOD\VLD�
�830�� DQG� ,QVWLWXWH� RI� 0DWHULDOV�� 0LQHUDOV� DQG� 0LQLQJ�
�,20���8.���830�6HUGDQJ��6HODQJRU�ZDV�WKH�KRVW�RI�WKH�
YLUWXDO� FRPSHWLWLRQ� HYHQW�� $V� WKH� ILUVW� ZLQQHU� RI� 0/&�
������ 7DQ� .DL� ;LQ� EHFDPH� WKH� 0DOD\VLD� ILQDOLVW� WR�
FRPSHWH� LQ� WKH� LQWHUQDWLRQDO� HYHQW� RI� ����� <RXQJ�
3HUVRQV¶� :RUOG� /HFWXUH� &RPSHWLWLRQ� �<3:/&� ������
RUJDQLVHG�E\�,20��� 
 
<3:/&������ZDV� D� YLUWXDO� FRPSHWLWLRQ�ZKLFK�ZDV� KHOG�
RQ� WKH� ��WK� 1RYHPEHU� ����� DW� �� SP� �0DOD\VLD� WLPH�� LQ�
/RQGRQ�� 8QLWHG� .LQJGRP�� 7KH� VHYHQ� ILQDOLVWV� IURP�
DURXQG� WKH�:RUOG� ZHUH� 7DQ� .DL� ;LQ� �0DOD\VLD��� $QDQG�
-\RWKL� �$XVWUDOLD���0RUJDQ�/RZWKHU� �8.���%LDQFD�*HYHUV�
�6RXWK� $IULFD��� :HQ� 'L� &KDQ� �+RQJ� .RQJ��� $QGUH\�
3RO\DNRY� �5XVVLD�� DQG� 0DULDQD� $OYHU� 5LEHLUR� �%UD]LO����
(DFK� ILQDOLVW� SUHVHQWHG� WKHLU� WHFKQLFDO� WRSLF� IRU� ���
PLQXWHV�YLUWXDOO\�DQG�DQVZHUHG�TXHVWLRQV�IURP�WKH�WKUHH�
MXGJHV� DSSRLQWHG� E\� <3:/&� ����� RUJDQLVHU�� $OO� WKH�
ILQDOLVWV�JDYH�DQ�H[FHOOHQW�SUHVHQWDWLRQ�DQG�DQVZHUHG�WKH�
TXHVWLRQV� ZHOO�� � 0U�� 0RUJDQ� /RZWKHU� IURP� 8.� ZRQ� WKH�
FRPSHWLWLRQ��7KH�VHFRQG�ZLQQHU�ZDV�0V��%LDQFD�*HYHUV�
IURP� 6RXWK� $IULFD� DQG� WKH� WKLUG� ZLQQHU� ZDV� 0U�� $QDQG�
-\RWKL� IURP� $XVWUDOLD�� 7KH� <3:/&� ����� ZDV� LQLWLDOO\�
SODQQHG� WR� EH� KHOG� LQ�+RQJ�.RQJ��+RZHYHU�� GXH� WR� WKH�
&RYLG-��� SDQGHPLF�� LW� ZDV� FKDQJHG� WR� D� YLUWXDO�
FRPSHWLWLRQ�RUJDQLVHG�IURP�/RQGRQ��8QLWHG�.LQJGRP�� 

 

0$/$<6,$�),1$/,67�3$57,&,3$7,21�,1�7+(�9,578$/������<281*�
3(56216¶�:25/'�/(&785(�&203(7,7,21��<3:/&������ 

 
5HSRUWHG�E\ 
'U��1XU�)DUKDQD�+D\D]L��8QL0$3-0/&������&RPPLWWHH�0HPEHU�� 
8QLYHUVLWL�0DOD\VLD�3HUOLV��8QL0$3�� 
 
(GLWHG�E\ 
3URIHVVRU�'U��(VDK�+DP]DK��&KDLUSHUVRQ��0DWHULDOV�/HFWXUH�&RPSHWLWLRQ�&RPPLWWHH�� 
,QVWLWXWH�RI�0DWHULDOV�0DOD\VLD��,00� 

'DWH����WK�$XJXVW����� 

9HQXH��*RRJOH�0HHW�2QOLQH�3ODWIRUP 

)LJXUH� ���7DQ�.DL�;LQ�ZLWK�<3:/&������ ILQDOLVWV�� MXGJHV�DQG�
DXGLHQFH 

)LJXUH� ���7DQ�.DL�;LQ�ZLWK�<3:/&������ ILQDOLVWV�� MXGJHV�DQG�
DXGLHQFH 

)LJXUH����7DQ�.DL�;LQ�ZLWK�<3:/&������ILQDOLVWV��MXGJHV�DQG�DXGLHQFH�� 
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5HSRUWHG�E\ 
7V��:DQ�0RKG�$ULI�:��,EUDKLP��&RXQFLO�0HPEHU�	�,00-0%27�$VVHVVPHQW�3DQHO�&RPPLWWHH�����-������&KDLUSHUVRQ��
8QLYHUVLWL�0DOD\VLD�3HUOLV��8QL0$3� 

+$5,�352)(6,21�7(.1,.$/�1(*$5$�������+371����� 
:HELQDU�6HULHV��/HYHUDJLQJ�0DWHULDOV�7HFKQRORJ\�IRU�6XVWDLQDEOH�)XWXUH 

'DWH����WK�'HFHPEHU����� 
9HQXH��*RRJOH�0HHW�2QOLQH�3ODWIRUP 

$� RQH� DQG� D� KDOI� KRXU� RQOLQH� WHFKQLFDO� WDON� HQWLWOHG�
³/HYHUDJLQJ� 0DWHULDOV� 7HFKQRORJ\� IRU� 6XVWDLQDEOH�
)XWXUH´� ZDV� VXFFHVVIXOO\� KHOG� RQ� ��WK� 'HFHPEHU� �����
WKURXJK� DQ� RQOLQH� *RRJOH� 0HHW� SODWIRUP�� 7KH� WDON�
VFKHGXOHG� LQ� FRQMXQFWLRQ� ZLWK� WKH� +DUL� 3URIHVLRQ�
7HNQLNDO� 1HJDUD� ����� �+371������WKDW�ZDV�RUJDQL]HG�
E\� WKH� 0LQLVWU\� RI� :RUNV� 0DOD\VLD�� 7KH� WDON� DWWUDFWHG�
SDUWLFLSDQWV� IURP� YDULRXV� SODWIRUPV� –� JRYHUQPHQW��
DFDGHPLD�DQG�LQGXVWU\� 

6SHDNHU�� 7V�� :DQ� 0RKG� $ULI� :�� ,EUDKLP�� ZKR�
UHSUHVHQWHG� WKH� ,QVWLWXWH� RI� 0DWHULDOV�� 0DOD\VLD� �,00��
ZDV� LQYLWHG� E\� WKH� 0DOD\VLD� %RDUG� RI� 7HFKQRORJLVW�
�0%27��ZKHUH�,00�LV�WKH�7HFKQLFDO�([SHUW�3DQHO��7(3��
IRU� 0%27�� +H� VKDUHG� KLV� NQRZOHGJH� RQ� KRZ� WKH�
PDWHULDOV� DQG� WHFKQRORJ\� FDQ� KHOS� WR� VXVWDLQ� WKH�ZRUOG��
%HVLGH� VKDULQJ� RQ� WKH� JHQHUDO� XQGHUVWDQGLQJ� RI�
VXVWDLQDELOLW\� DQG� WKH� JOREDO� 6XVWDLQDEOH� 'HYHORSPHQW�
*RDOV� �6'*��� KH� DOVR� IRFXVHG� RQ� WKH� VSHFLILF� WHFKQLFDO�
DUHD�RI�ZDVWH�PDQDJHPHQW�–�ULFH�KXVN�GXPS�� 
 
$W� WKH�HQG�RI� WKH� WDON�� WKHUH�ZDV�DQ� LQWHUDFWLRQ�EHWZHHQ�
VSHDNHU� DQG� SDUWLFLSDQWV� WKURXJK� D� 4	$� VHVVLRQ�� 7KH�
WDON� ZDV� DOVR� VKDUHG� WKURXJK� )DFHERRN� /LYH� 9LHZ� DQG�
UHFHLYHG�PDQ\�JRRG�UHVSRQVHV�IURP�WKH�DXGLHQFH�� 

)LJXUH����7V��:DQ�0RKG�$ULI�:��,EUDKLP�SUHVHQWHG�RQOLQH�WHFKQLFDO�WDON�HQWLWOHG�³/HYHUDJLQJ�0DWHULDOV�7HFKQRORJ\�IRU�
6XVWDLQDEOH�)XWXUH´��WKURXJK�*RRJOH�0HHW�3ODWIRUP� 
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