


(GLWLRQ�,,��������� (OHFWULFDO�

)URP�WKH�'LUHFWRU
,W� JLYHV� PH� LPPHQVH� SOHDVXUH� WR� NQRZ� WKDW� WKH� GHSDUWPHQW� RI�
(OHFWULFDO� (QJLQHHULQJ�� 1,7775�� &KDQGLJDUK� LV� EULQJLQJ� RXW� D�
GHSDUWPHQWDO�QHZVOHWWHU�IRU�WKH�DFDGHPLF�\HDU������ 7KLV�QHZVOHWWHU�
JLYHV� WKH� VWXGHQWV� RSSRUWXQLW\� QRW� RQO\� WR� SURYLGH� DUWLFOHV� RI
LQWHUHVW�RQ�WHFKQLFDO�WRSLFV�EXW�WR�KHOS�NHHS�WKH�UHDGHUV�LQIRUPHG�RI�
UHFHQW� QHZV DQG� XSFRPLQJ� WHFKQRORJLHV EHLQJ� GHYHORSHG� DW� RXU�
LQVWLWXWLRQ�� 7KH� GHSDUWPHQW� QHZVOHWWHU� SURYLGHV� D� SODWIRUP� IRU�
H[SRVLQJ�WKH�PHULWV�DQG�DFDGHPLF�DFKLHYHPHQWV RI�WKH�IDFXOW\�DQG�
VWXGHQWV�� � ,�KRSH�WKDW� WKLV�FXOWXUH�RI�UHOHDVLQJ�QHZVOHWWHU�FRQWLQXHV
IRUHYHU� DQG� EHFRPHV D� FRDWHG H[DPSOH� IRU� RWKHUV WR� IROORZ�� ,�
FRQJUDWXODWH� WKH�IDFXOW\�DQG�WKH�VWXGHQWV�IRU�WKHLU�HIIRUW�WR�DFKLHYH�
H[FHOOHQFH�DQG�ZLVK�WKHP�DOO�WKH�EHVW�IRU�WKHLU�IXWXUH�

)URP�WKH�+HDG�RI�'HSDUWPHQW

:H�DUH�GHOLJKWHG�WR�ODXQFK�RXU�VHFRQG�HGLWLRQ�RI�WKH�((�6WXGHQWVµ�
1HZVOHWWHU�� 7KLV� QHZVOHWWHU� LV� D� WHVWDPHQW� RI� WKH� GHSDUWPHQWµV�
FRPPLWPHQW� LQ� LPSDUWLQJ� TXDOLW\� HGXFDWLRQ� LQ� DFDGHPLD�� 7KLV�
HQFRPSDVVHV�D�ULJKW�EDODQFH�EHWZHHQ�UHVHDUFK�	�GHYHORSPHQW�DQG�
WHDFKLQJ� 	� OHDUQLQJ� DQG� YHU\� PXFK� LQ� OLQH� ZLWK� WKH� YLVLRQ� DQG�
PLVVLRQ�RI�1,7775 &KDQGLJDUK��7KLV�QHZVOHWWHU�KLJKOLJKWV�PDQ\�
ODWHVW� ZRQGHUIXO� DFKLHYHPHQWV� WKDW� KDYH� EURXJKW� ODXUHOV� WR� WKH�
GHSDUWPHQW�ERWK�E\�VWXGHQWV�DQG�VWDII��7KLV�QHZVOHWWHU�ZLOO�SURYLGH�
D� JOLPSVH� RI� RXU� VWXGHQW� DFKLHYHPHQWV� GXULQJ� WKH� SHULRG� �����
�����7KH� WUXH� HGXFDWLRQ� VKRXOG� GHHSHQ� RXU� LQVLJKW�� ZLGHQ� RXU�
KRUL]RQ�DQG�FUHDWH�D�PHDQLQJIXO�RXWORRN��(TXDOO\�WKH�VWXGHQWV�DUH�
IRUWXQDWH� HQRXJK� WR� � � KDYH� ERUQ� LQ� D� IUHH� QDWLRQ�� ZLWK� DOO� WKH�
IDFLOLWLHV WR�VKDSH� WKHLU�FDUHHU� LQ�VXFK�D�ZD\� WKDW� WKH\�VKRXOG�EH�
SDUW� RI� D� JRRG� DQG� KHDOWK\� VRFLHW\� ZLWK� SURJUHVVLYH� DWWLWXGH�
WRZDUGV�GLYLQLW\�
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,QYHQWLRQV�DURXQG�WKH�ZRUOG
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,QYHQWRUV�� -XQJ�:RQ� 6HR�� -DH�:RR� 3DUN�� .HRQJ� 6X� /LP�� -L�+ZDQ�
<DQJ� DQG� 6DQJ� -XQJ� .DQJ�� VFLHQWLVWV� DW� WKH� .RUHDQ� $GYDQFHG�
,QVWLWXWH� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� KDYH� FUHDWHG� WKH� ZRUOG
V� ILUVW�
WUDQVSDUHQW� FRPSXWHU� FKLS�� 7KH� FKLS�� NQRZQ� DV� �755$0�� RU�
WUDQVSDUHQW� UHVLVWLYH� UDQGRP� DFFHVV� PHPRU\�� LV� VLPLODU� WR� H[LVWLQJ�
FKLSV�NQRZQ�DV��&026��RU�PHWDO�R[LGH�VHPLFRQGXFWRU�PHPRU\��%\�
LQWHJUDWLQJ�755$0�ZLWK�RWKHU�WUDQVSDUHQW�HOHFWURQLF�FRPSRQHQWV��ZH�
FDQ� FUHDWH� WRWDO� VHH�WKURXJK� HPEHGGHG� HOHFWURQLF� V\VWHPV�� 7KH�
WHFKQRORJ\�FRXOG�HQDEOH�WKH�ZLQGRZV�RU�PLUURUV�LQ�\RXU�KRPH�WR�EH�
XVHG�DV�FRPSXWHU�PRQLWRUV�DQG�WHOHYLVLRQ�VFUHHQV��7KLV�WHFKQRORJ\�LV�
H[SHFWHG�WR�EH�DYDLODEOH�ZLWKLQ���WR���\HDUV�

6RXUFH��ZZZ�NDLVW�HGX

7UDQVSDUHQW�
6PDUWSKRQHV

$�QHZ�PRWRU�GHYHORSHG�E\�UHVHDUFKHUV�DW�(7+�=XULFK
V�'HSDUWPHQW�RI�
3RZHU� (OHFWURQLFV� DQG� PDUNHWHG� E\� WKH� 6ZLVV� FRPSDQ\�� &HOHURWRQ��
FDQ� VSLQ� LQ� H[FHVV� RI� �� PLOOLRQ� UHYROXWLRQV� SHU� PLQXWH�� $V� D�
FRPSDULVRQ�� FROODSVHG� VWDUV� VSLQ� DW� ������� USPV�� D� EOHQGHU� DW� DERXW�
������� DQG� KLJK� SHUIRUPDQFH� HQJLQHV� DW� DURXQG� ������� USPV�� 7KH�
PDWFKERRN�VL]HG�PRWRU� KDV� D� WLWDQLXP� VKHOO�� XOWUD�WKLQ� ZLULQJ� DQG� D�
WUDGH�VHFUHW�LURQ�IRUPXODWHG�F\OLQGHU��7KH�QHHG�IRU�VPDOOHU�HOHFWURQLF�
GHYLFHV� UHTXLUHV� VPDOOHU� KROHV�� ZKLFK� PHDQV� VPDOOHU�� IDVWHU�� PRUH�
HIILFLHQW�GULOOV��

6RXUFH��FHOHURWRQ�FRP

:RUOGV
)DVWHVW
0RWRU

6FLHQWLVWV�LQ�&KLQD�DQG�WKH�8QLWHG�6WDWHV�KDYH�GHPRQVWUDWHG�KRZ�D�
JORYH�VL]H�SLHFH�RI�WKH��VPDUW WH[WLOH��FRXOG�FRQWLQXRXVO\�SRZHU�DQ�
HOHFWURQLF ZDWFK�RU�FKDUJH�D�PRELOH�SKRQH�XVLQJ�DPELHQW�VXQOLJKW�DQG�
JHQWOH�ERG\�PRYHPHQWV��7KHVH�ILEHUV�DUH�WKHQ�ZRYHQ�WRJHWKHU�DORQJ�ZLWK
ZRRO�RQ�KLJK�WKURXJKSXW�FRPPHUFLDO�ZHDYLQJ�HTXLSPHQW�WR�FUHDWH�D�WH[WLOH
MXVW������LQFKHV�������PLOOLPHWHUV��WKLFN��7KH\�FRDWHG�SRO\PHU�ILEHUV�ZLWK
YDULRXV�PDWHULDOV�WR�FUHDWH�FDEOH�OLNH�VRODU�FHOOV�WKDW�JHQHUDWH�HOHFWULFLW\ IURP�
VXQOLJKW�DQG�DOVR VR�FDOOHG�WXUERHOHFWULF�QDQR�JHQHUDWRUV��7(1*��7KH�7(1*V�
UHO\�RQ�WKH�WXUERHOHFWULF�HIIHFW��E\�ZKLFK�FHUWDLQ�PDWHULDOV�EHFRPH ZKHQ�UXEEHG�
DJDLQVW�DQRWKHU�W\SH�RI�PDWHULDO��:KHQ�WKH�PDWHULDOV�DUH�LQ�FRQWDFW��HOHFWURQV�
IORZ�IURP�RQH�WR�WKH�RWKHU��EXW�ZKHQ�WKH�PDWHULDOV�DUH�VHSDUDWHG��WKH�RQH�
UHFHLYLQJ�HOHFWURQV�ZLOO�KROG�D�FKDUJH��,I�WKHVH�WZR�PDWHULDOV�DUH�WKHQ�
FRQQHFWHG�E\�D�FLUFXLW D�VPDOO�FXUUHQW�ZLOO�IORZ�WR�HTXDOL]H�WKH�FKDUJHV��
%\�FRQWLQXRXVO\�UHSHDWLQJ�WKH�SURFHVV��DQ�DOWHUQDWLQJ�HOHFWULFDO�FXUUHQW�
FDQ�EH�SURGXFHG�WR�JHQHUDWH�SRZHU�



7HFKQLFDO�(YHQWV

:RUNVKRS
$� ZRUNVKRS� RQ� µ3/&� SDUWLFOHV¶�
ZDV� RUJDQL]HG� E\� 6FLHQWHFK�
7HFKQRORJLHV� 3YW� /WG�� )URP� �UG

$XJXVW�WR��WK $XJXVW����� XQGHU�
WKH� OHDGHUVKLS� RI� 'U�� 5LWXOD�
7KDNXU�� ,Q� WKLV� ZRUNVKRS� WKH�
VWXGHQWV� ZHUH� WROG� DERXW� WKH�
EDVLFV� RI� 3/&� WR� WKH� UHDO� WLPH�
KDQGV� RQ� H[SHULHQFH� RQ� 3/&��
7KH�ODGGHU�ORJLF�SURJUDPPLQJ�RI�
3/&� RQ� :LQ3UR� VRIWZDUH� ZDV�
WDXJKW�WR�VWXGHQWV�E\�0U��$GLW\D�
.XPDU� 'XEH\� IURP� 6FLHQWHFK�
7HFKQRORJLHV�3YW�/WG��,QGRUH�

,QGXVWULDO�9LVLW

$� LQGXVWULDO� YLVLW ZDV� RUJDQL]HG�
IRU� WKH� VWXGHQWV� WR� ,QGRVDZ�
�2VDZ� ,QGXVWULDO� 3URGXFWV� 3YW��
/WG�� $PEDOD�+DU\DQD�� ,W� LV�
UHFRJQL]HG� DV� RQH� RI� WKH�
SURPLQHQW� QDPHV� IRU�
PDQXIDFWXULQJ� DQG� VXSSO\LQJ�
ZLGH� UDQJH� RI� TXDOLWDWLYH�
6FLHQWLILF� /DERUDWRU\�
(TXLSPHQW¶V�� 7KLV� WRXU� ZDV�
RUJDQL]HG�XQGHU�WKH�OHDGHUVKLS�RI�
'U��3RRQDP�6\DO RQ���WK $XJXVW�
�����

3DJH��



:RUNVKRS

7HFKQLFDO�(YHQWV

$� )DFXOW\� DQG� � 6WXGHQW� ZRUNVKRS� ZDV�
RUJDQL]HG�RQ�23$/�57�GXULQJ ��UG 0D\�WR���WK

0D\� ���� DW� 1,7775�� &KDQGLJDUK� E\� 0U��
6DPHHU� 6LQJK� IURP 23$/�57� 7HFKQRORJLHV�
,QGLD� 3YW� /WG�%DQJORUH �� 23$/�57� LV� D� FRVW�
HIIHFWLYH� UHDO� WLPH�VLPXODWRU� 23$/�57�FDQ�EH�
XVHG� IRU� UDSLG� SURWRW\SLQJ� DQG� UHDO�WLPH�
KDUGZDUH�LQ�WKH�ORRS��+,/��VLPXODWLRQ�V\VWHPV��
RSWLPL]HG� WR� H[HFXWH� 6LPXOLQN DQG� 6WDWH� IORZ
PRGHOV��

3DJH��

�� 7KH�ZRUOG¶V�VPDOOHVW�HOHFWULF�PRWRU�ZDV�DQQRXQFHG�LQ�������PHDVXULQJ�
RQH QDQRPHWHU��D�ELOOLRQWK�RI�D�PHWHU�RU����������WKH�ZLGWK�RI�D�KXPDQ�KDLU�
DFURVV�DQG�FRQVLVWLQJ�RI�D�VLQJOH�PROHFXOH��6RXUFH��JLEEVRQVJURXS�FR�XN

�� 7KH�PRVW�XVXDO�FRQVWUXFWLRQ�RI�D�'LUHFW�&XUUHQW�PRWRU�LV�D�F\OLQGHU��
7KH�VW\OH�RI�FRQVWUXFWLRQ� WKRXJK��LV�YHU\�VKRUW�DQG�IDW�
6RXUFH��$OO�DERXW�&LUFXLWV

�� 7KH�GF PRWRU�RU�WKH�'LUHFW�FXUUHQW�PRWRU�KDV�D�VSOLW�ULQJ�FRPPXWDWRU�
ZKLFK�PDLQWDLQV�WKH�GLUHFWLRQ�RI�WKH�IORZ�RI�FXUUHQW�
6RXUFH��<DKRR

�� 7KH�FRQVWUXFWLRQ�RI�GF PRWRU�JRHV�LQ�UHYHUVH�IDVKLRQ�DV FRPSDUHG�
WR�WKDW�RI�DQ�RUGLQDU\�PRWRU�

)DFWV
$ERXW
0RWRUV



7HFKQLFDO�(YHQWV

:RUNVKRS
$� ZRUNVKRS� RQ� ³&LUFXLW�
'HVLJQLQJ´� LQ� FROODERUDWLRQ� ZLWK��
'HVLJQ� 6SDUN ZDV� RUJDQL]HG�
GXULQJ� �UG )HEUXDU\� DQG� �WK

)HEUXDU\����� XQGHU�WKH�JXLGDQFH�
RI� 'U�� 5LWXOD� 7KDNXU�� ,Q� WKLV�
ZRUNVKRS� WKH� SDUWLFLSDQWV� ZHUH�
WDXJKW� WKH� XVH� RI� 'HVLJQ6SDUN�
3&%� ���� VRIWZDUH��:LWK� WKH� KHOS�
RI� WKLV�VRIWZDUH�DQ� LQGLYLGXDO�FDQ�
GHVLJQ� D� 3&%� DV�ZHOO� DV� YLHZ� LWV�
�'�DQG��'�PRGHO�

9LVLW
$�WHFKQLFDO�YLVLW�WR�3('$��3XQMDE�
(QHUJ\� 'HYHORSPHQW� $JHQF\��
&RPSOH[�� 6HFWRU� ���'� ZDV�
RUJDQL]HG� RQ� �WK 2FWREHU� ������
7KH�FRPSOH[�LV�WRWDOO\�VRODU�EDVHG�
DQG� KDV� D� �� 6WDU� UDWLQJ� E\� %((�
�%XUHDX� RI� (QHUJ\� (IILFLHQF\���
7KH�SULPDU\�REMHFWLYH�RI�3('$�LV�
SURPRWLRQ� DQG� GHYHORSPHQW� RI�
QRQ�UHQHZDEOH�HQHUJ\�UHVRXUFHV�LQ�
WKH� VWDWH�� DQG�&UHDWLQJ�$ZDUHQHVV�
	� 3XEOLFLW\� LQ� PDVVHV� WR� DGRSW�
1RQ�FRQYHQWLRQDO� (QHUJ\� 6RXUFHV�
DQG�(QHUJ\�6DYLQJ���&RQVHUYDWLRQ�

3DJH��

(YHQ�LI�\RX�DUH�RQ�WKH�ULJKW�WUDFN��\RX·OO�JHW�UXQ�RYHU�
LI�\RX�MXVW�VLW�WKHUH

:LOO�5RJHUV



&XOWXUDO�(YHQWV

<RJD�'D\
7KH�(OHFWULFDO� (QJLQHHULQJ� GHSDUWPHQW� VWXGHQWV� DFWLYHO\� SDUWLFLSDWHG� LQ� WKH� ,QWHUQDWLRQDO� \RJD�
GD\ FHOHEUDWLRQ� DW 1,7775� &DPSXV RQ� ��VW -XQH� ������ 7KLV� SURJUDP� ZDV� FRQGXFWHG� E\�
$,&7(�$OO� ,QGLD� FRXQFLO� IRU� WHFKQLFDO� HGXFDWLRQ�� LQ� FROODERUDWLRQ� ZLWK� 6�9\DVD� <RJD�
8QLYHUVLW\��%DQJORUH�� 7KH�PHQWRUV� DOVR� FRQGXFWHG� WUDLQLQJ� IRU� WKH� VWXGHQWV� D� GD\� EHIRUH� WKH�
\RJD�GD\��$OO�WKH�VWXGHQWV�ZHUH�DZDUGHG�SDUWLFLSDWLRQ�FHUWLILFDWHV�DQG�ZHUH�HGXFDWHG�DERXW�WKH�
EHQHILWV� RI� \RJD�� 7KH� SDUWLFLSDQWV� ZHUH� DOVR� WROG� VRPH� \RJD� DVDQDV� WKDW� FDQ� KHOS WR� NHHS�
WKHPVHOYHV�KHDOWK\�

6RPH�)DFWV�DERXW�<RJD
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�� 3DUDPDKDQVD� <RJDQDQGD� ZDV� DQ� ,QGLDQ� \RJL� ZKR� WDXJKW� .UL\D <RJD� WR� PLOOLRQV�
DURXQG�WKH�ZRUOG�

�� %�.�6�,\HQJDU�ZDV�FRQVLGHUHG�WR�EH�WKH�IRUHPRVW�RI�WKH�PRGHUQ�\RJD�WHDFKHUV�LQ�WKH�
ZRUOG��

�� 5HVHDUFK� KDV� VXJJHVWHG� WKDW� \RJD� LPSURYHV� VRFLDO� DQG� RFFXSDWLRQDO� IXQFWLRQLQJ� LQ�
VFKL]RSKUHQLF�SDWLHQWV�

�� $������PDUNHW�VWXG\�LQ <RJD�-RXUQDO UHSRUWV�WKDW�VRPH����PLOOLRQ�$PHULFDQV�SUDFWLFH�
\RJD�DQG�VSHQG� �����ELOOLRQ�D�\HDU�RQ�JHDU�

�� $QFLHQW� \RJLV� EHOLHYHG� WKDW� ZH� RQO\� KDYH� D� OLPLWHG� QXPEHU� RI� EUHDWKV LQ� HDFK OLIH��
+HQFH�� LW� PDGH� VHQVH� WR VWUHWFK� RXU� OLIH� RXW� D� ELW� ORQJHU� E\� WDNLQJ VORZ� DQG� GHHS�
EUHDWKV��

�� 7KH�*XLQQHVV�%RRN�RI�:RUOG�5HFRUGV�FXUUHQWO\�OLVWV����\HDU�ROG�%HWWH�&DOPDQ�IURP�
$XVWUDOLD�DV�WKH�ZRUOG¶V�ROGHVW�\RJD�WHDFKHU

6RXUFH��ZZZ�WKHEHWWHULQGLD�FRP 3DJH��



'HSDUWPHQWDO�(YHQWV

&KDLUPDQ¶V�9LVLW
7KH� UHVSHFWHG� FKDLUPDQ
'U�� .�.� 7DOZDU� RI�
1,7775� &KDQGLJDUK�
YLVLWHG� WKH� (OHFWULFDO�
'HSDUWPHQW� RQ� ��WK

-DQXDU\� ������ � 7KH�
UHVSHFWHG� FKDLUPDQ� ZDV�
ZDUPO\� ZHOFRPHG� E\� WKH�
VWXGHQWV� DQG� DOO� WKH�
IDFXOW\� PHPEHUV�� +H�
JXLGHG� VWXGHQWV� DQG�
PRWLYDWHG WKHP� ZLWK� KLV�
HQFRXUDJLQJ ZRUGV�

6KRUW�7HUP�&RXUVH��67&��RQ�0$7/$%
$� VKRUW� WHUP� FRXUVH� �67&�� ZDV�
RUJDQL]HG�E\�WKH�IDFXOW\�PHPEHU�RI�((�
GHSDUWPHQW� (U�� 6KLPL� 6�/�� � RQ�
µ0$7/$%��DQG�LWV�KDUGZDUH�LQWHUIDFH�
WKURXJK� ,&7¶�� $OO� WKH� VWXGHQWV� DORQJ�
ZLWK� VRPH� 67&� SDUWLFLSDQWV� DWWHQGHG�
WKLV�FRXUVH��7KLV�FRXUVH�ZDV�KHOG�IURP�
��WK -DQXDU\�WR���WK -DQXDU\������

([SHUW�7DON
$Q�H[SHUW�WDON�E\�'U��9LMD\�1HKUD ZDV�
FRQGXFWHG�RQ���WK -DQXDU\����� RQ�WKH�
WRSLF� ³6�IXQFWLRQV� LQ� 0$7/$%´�� +H�
JDYH� JUHDW� LQVLJKWV� WR� VWXGHQWV� DERXW�
WKH� LQWHUIDFLQJ� RI� YDULRXV� UHDO� WLPH�
GHYLFHV�LQ�0$7/$%�
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'HSDUWPHQWDO�(YHQWV

$ZDUGHG�'RFWRUDWH�RI�3KLORVRSK\
)DFXOW\� RI� (OHFWULFDO� 'HSDUWPHQW� 'U��
5LWXOD 7KDNXU FRPSOHWHG� KHU� 3K�'��
7KHVLV�DQG�ZDV�DZDUGHG�GRFWRUDWH��+HU�
WRSLF� RI� 3K'� ZDV� 'HVLJQ� DQG�
'HYHORSPHQW� RI� D� 0LFURFRQWUROOHU�
EDVHG� PRLVWXUH� FRQWHQW� PHDVXULQJ�
GHYLFH� IRU� FHUHDO� JUDLQ� XVLQJ� WKHLU�
HOHFWULFDO�SURSHUWLHV�

([SHUW�WDONV�JLYHQ�E\�WKH�IDFXOW\
6�1R 7RSLF���3ODFH�DQG�'DWHV��RI�([SHUW��7DON 1DPH�RI�

)DFXOW\
� 3URJUDPPLQJ� LQ� 0$7/$% WR� WKH� IDFXOW\� RI� $SSOLHG� 6FLHQFH� 'HSDUWPHQW�

RI� &KDQGLJDUK� 8QLYHUVLW\�� *KDUXDQ�� 3DQMDE� GXULQJ� �� ± �� -XO\� ����� LQ� WKH )'3� RQ�
0$7/$%�$SSOLFDWLRQ�LQ�1XPHULFDO 0HWKRGV�

'U��/LQL�
0DWKHZ

� 0$7/$%�DQG�LWV�1HXUDO�	�)X]]\�7RROER[HV XQGHU�WKH�(&(�(OHFWHFKXUDO &OXE��&*&�±
&ROOHJH�RI�(QJLQHHULQJ��/DQGUDQ��0RKDOL�RQ����6HSWHPEHU�������

� 0$7/$%�DQG�LWV�$SSOLFDWLRQV� LQ�1HXUDO�1HWZRUN�	�)X]]\�/RJLF LQ�'HSDUWPHQW�RI�
(OHFWURQLFV� DQG� &RPPXQLFDWLRQ� (QJLQHHULQJ�� 8QLYHUVLW\� ,QVWLWXWH� RI� (QJLQHHULQJ��
&KDQGLJDUK�8QLYHUVLW\��*KDUXDQ��3DQMDE�RQ���2FWREHU�������

� 6ROLG� 6WDWH� &RQWURO� RI� (OHFWULF� 'ULYHV�� %DED� %DQGD� 6LQJK� %DKDGXU� (QJJ�� &ROOHJH��
)DWHKJDUK� 6DKLE� �-XO\� ��� ����� �0RUQLQJ�� � GXULQJ� 378�3,7775� VSRQVRUHG� ILYH�
GD\V )DFXOW\� 'HYHORSPHQW� 3URJUDP� RQ ³5HFHQW� 7UHQGV� LQ� (OHFWULF� 'ULYHV� DQG� 3RZHU�
6\VWHP´ IURP��WK���WK -XO\������

0UV��
6KLPL�6�/��

� 0$7/$%��6,08/,1.�IRU�6ROLG�6WDWH�&RQWURO�RI�(OHFWULF�'ULYHV��%DED�%DQGD�6LQJK�
%DKDGXU� (QJJ�� &ROOHJH�� )DWHKJDUK 6DKLE�� -XO\� ��� ����� � � � � � �$IWHUQRRQ� � GXULQJ 378�
3,7775� VSRQVRUHG ILYH� GD\V )DFXOW\� 'HYHORSPHQW� 3URJUDP RQ ³5HFHQW� 7UHQGV� LQ�
(OHFWULF�'ULYHV�DQG�3RZHU�6\VWHP´ IURP �WK���WK -XO\������

� +DUGZDUH� ,PSOHPHQWDWLRQ� RI� $,� 7HFKQLTXHV� XVLQJ� 0$7/$%� �6,08/,1.� ZLWK�
G6SDFH� ��$UGXLQR�,QWHUIDFH�� -XO\�����������DW� �)'3�RQ��(PHUJLQJ�7UHQGV� LQ�$UWLILFLDO�
,QWHOOLJHQFH��DW�*OREDO�,QVWLWXWH�RI�0DQDJHPHQW�	�(PHUJLQJ�7HFKQRORJLHV��$PULWVDU

� 0$7/$%�6,08/,1.�IRU�(QJLQHHULQJ�$SSOLFDWLRQ�ZLWK�SUDFWLFH�VHVVLRQ DW�67&�RQ�
(QJLQHHULQJ� $SSOLFDWLRQV� RI�0$7/$%� XQGHU� 7(4,3�,,� RQ� �WK� $XJ� ����� �� VHVVLRQ� ��
RUJDQL]HG�E\�*RYW��0DKLOD�(QJLQHHULQJ�&ROOHJH��$MPHU

� 5HDO� :RUOG� $SSOLFDWLRQV� RI� 0LFURFRQWUROOHUV WR� WKH� IDFXOW\� RI� (OHFWURQLFV� DQG�
&RPPLQFDWLRQ (QJLQHHULQJ�'HSDUWPHQW� RI� &KDQGLJDUK�8QLYHUVLW\��*KDUXDQ��3DQMDE�RQ�
�WK -XO\�����

'U��5LWXOD�
7KDNXU

3DJH��



'HSDUWPHQWDO�(YHQWV

,QWHUQDWLRQDO�&RQIHUHQFH
$� VSHFLDO� SURJUDP� ZDV� FRQGXFWHG� LQ�
1,7775� &KDQGLJDUK� RQ� <RXQJ�
%XVLQHVV� /HDGHUV� 3URJUDP� RQ�
6RFLDOO\� 5HVSRQVLEOH� %XVLQHVV�� 7KLV�
SURJUDP� ZDV� FRQGXFWHG� E\�
81(6&$3�(%$&� %DQJNRN�� &36&�
0DQLOD� IURP� ��WK )HEUXDU\� DQG� ��WK

)HEUXDU\� ������ 7KH� VWXGHQWV� RI� WKH�
GHSDUWPHQW�DWWHQGHG� WKLV�SURJUDP�DQG�
DWWHQGHG�YDULRXV�WDONV�JLYHQ�E\�H[SHUWV�
RQ� FUHDWLQJ� EXVLQHVV� WKDW� QRW� RQO\�
SURILWV� WKH� SHRSOH� EXW� DOVR� KHOSV� WKH�
VRFLHW\�

3DJH��



'HSDUWPHQWDO�(YHQWV
6KRUW�7HUP�&RXUVHV�IRU�3RO\��DQG�(QJJ� &ROOHJHV

�D�'HSDUWPHQW�6SHFLILF

3DJH���

6U�1R� 1DPH�RI�WKH�&RXUVH 'DWHV 9HQXH &RXUVH�
RUJDQLVHU

7RWDO�1R��RI�
3DUWLFLSDQWV

���
0$7/$%�6,08/,1.�ZLWK�$UGXQLR��,QWHUIDFH

������$SULO������ 'HVK�%KDJDW�*URXS�
RI�,QVWLWXWLRQV�

66/ ��

��� +DQGV�RQ�([SHULHQFH�RQ�/DE9,(: ������0D\����� 1,7775��&KDQGLJDUK �/0 ��

��� +DQG�RQ�3UDFWLFHV�RQ�3URWHXV�	�0XOWLVLP�
6RIWZDUH

������-XO\������ 1,7775��&KDQGLJDUK 57 ��

�� 6FLODE�3URJUDPPLQJ ������-XO\����� 1,7775��&KDQGLJDUK /0 ��

��� 5HQHZDEOH�(QHUJ\�6RXUFHV�DQG�(QHUJ\�
&RQVHUYDWLRQ

���$XJXVW�WR����
6HSWHPEHU�����

1,7775��&KDQGLJDUK 36 ��

��� +DQGV�RQ�([SHULHQFH�RQ�0$7/$% ������6HSWHPEHU������ 1,7775��&KDQGLJDUK /0 ��

��� 6FLODE�3URJUDPPLQJ ������1RY������ 1,7775��&KDQGLJDUK /0 ��

��� (PEHGGHG�6\VWHP�%DVHG�3UDFWLFHV ������)HEUXDU\����� 1,7775��&KDQGLJDUK 57 ��

6U�
1R�

1DPH�RI�WKH�&RXUVH
DORQJ�ZLWK�GDWHV

'DWHV &RXUVH�
RUJDQLVHU

7RWDO�1R��RI�
3DUWLFLSDQWV

��� 3RZHU�(OHFWURQLFV�DQG�,WV�$SSOLFDWLRQV ������-XO\����� 66/ ��

��� /DERUDWRU\�3UDFWLFHV�LQ�3RZHU�(OHFWURQLFV ������-XO\������ +56 ��

��� )DFWV�DQG�6PDUW�*ULG�7HFKQRORJ\ ������$XJXVW����� /0 ��

��� (OHFWULFDO��(OHFWURQLFV�DQG�&RPSXWHU�EDVHG�3URMHFWV ����� 1RY������ 66/ ��

��� 3O&�3UDFWLFHV�DQG�$SSOLFDWLRQV ������0DUFK����� 57 ��

�E�,QWHUGLVFLSOLQDU\�

�F�7KURXJK�,&7�
6�1R 1DPH�RI�WKH�&RXUVH 'DWHV &RXUVH�

2UJDQL]HUV
1R��RI�
SDUWLFLSDQWV

�� $OWHUQDWH�(QHUJ\�6RXUFHV�DQG�(QHUJ\�
&RQVHUYDWLRQ�

-XO\������������� 36 ���

�� $GYDQFHG�0LFURFRQWUROOHUV�DQG�
0LFURSURFHVVRUV��

6HSW������������ 57 ���

�� ,QGXVWULDO�$XWRPDWLRQ�� 2FW������������� 57 ���

�� 6XVWDLQDEOH�'HYHORSPHQW��&KDOOHQJHV�DQG�
2SSRUWXQLWLHV��

2FW������������� 36 ���

�� 0$7/$%�DQG�LWV�+DUGZDUH�,QWHUIDFH� -DQ������������ 66/ ���

�� 6PDUW�*ULG�DQG�5HQHZDEOH�(QHUJ\�6RXUFHV� -DQ������������ /0 ���

�� (QHUJ\�0DQDJHPHQW )HE����������� 66/ ���

�� 6RIW�&RPSXWLQJ�7HFKQLTXHV�XVLQJ�0$7/$%� )HE������������ /0 ���

7RWDO�QXPEHU�RI�
SDUWLFLSDQWV�WUDLQHG�
E\�(OHFWULFDO�(QJJ��

'HSW�������



'HSDUWPHQWDO�(YHQWV

3DJH���

2XWSXW

/('�OLJKWV��/LJKW�
(PLWWLQJ�'LRGHV�

,QFDQGHVFHQW�%XOE
&RPSDFW�)OXRUHVFHQWV��&)/�

/LIH�
6SDQ�DYHUDJH�

�������KRXUV �����KRXUV ������KRXUV

:DWWV�RI�
HOHFWULFLW\�

XVHG

����ZDWWV ���ZDWWV ������ZDWWV

.LOR�ZDWWV�RI�
(OHFWULFLW\�

XVHG

���.:K�\U ����.:K�\U ���.:K�\U

/LJKW�RXWSXW�DYHUDJH�
/XPHQV :DWWV :DWWV :DWWV
��� ��� �� �����
���� ����� ��� �����

&RPSDULVRQ�&KDUW
/('¶V��,QFDQGHVFHQW�%XOE��&)/¶V



,QWHUQDWLRQDO�([SRVXUH�WR�)DFXOW\

,QWHUQDWLRQDO�7UDLQLQJ
7KH� (OHFWULFDO� (QJLQHHULQJ�
'HSDUWPHQW� FRQGXFWHG� D�
3URJUDPPH� RQ� ³(OHFWULFDO�
,QVWDOODWLRQ� DQG� 0DLQWHQDQFH�
:RUN´ IRU WUDLQLQJ�WKH�WUDLQHUV¶�RI�
/DJRV� 6NLSSHU� (QJLQHHULQJ�
$FDGHP\�� ,NRWXQ�� /DJRV�1LJHULD�
GXULQJ� WKH�SHULRG���WK ± ��WK $SULO�
���� LQ�DW�1,7775���&KDQGLJDUK

,QWHUQDWLRQDO�9LVLW

7KH� KHDG� RI� (OHFWULFDO� 'HSDUWPHQW� 'U�/LQL� 0DWKHZV� YLVLWHG� /DJRV� 6NLSSHU� (QJLQHHULQJ�
$FDGHP\��/6($���*RYHUQPHQW�7HFKQLFDO�&ROOHJH��,NRWXQ��/DJRV��'XULQJ�WKLV�YLVLW�� WKH�QHHG�
JDSV�ZHUH�DQDO\]HG�DQG�SODQV�WR�ILOO�WKHP�LQ�FRXUVH�RI�WLPH�KDYH�EHHQ�PDGH��,PSUHVVHG�E\�WKH�
FRXUVH�DQG�WUDLQLQJ�PHWKRGV�WKH�1LJHULDQ�JRYHUQPHQW�KDV�SODQQHG�WR�VHQG�PRUH�WHDFKHUV�IURP�
/6($��1LJHULD� WR YLVLW�1,7775�� ,QGLD� IRU�PRUH� VSHFLDOL]HG� WUDLQLQJ�� ,Q� WKH� YLHZ� RI� VXFK� D�
JUHDW� UHVSRQVH� (OHFWULFDO� (QJLQHHULQJ� 'HSDUWPHQW�� 1,7775� LV SUHSDULQJ� DURXQG� ����
HGXFDWLRQDO� YLGHR� ILOPV�ZKLFK� FDQ�EH�XVHG�E\� WKH� WHDFKHUV� DQG� VWXGHQWV�RI�/6($� IRU� EHWWHU�
LQVWUXFWLRQ� 7KLV� SURMHFW� ZDV� D� SDUWQHUVKLS� EHWZHHQ� WKH� &URVV� 5LYHU� 6WDWH� *RYHUQPHQW� DQG�
+LJKEXU\� &ROOHJH�� 3RUWVPRXWK�� 8.� DQG� KDV� EHHQ� FRQWUDFWHG� WR� GHOLYHU� D� FXUULFXOXP� RI�
LQWHUQDWLRQDO�VWDQGDUGV��7KH�UHSRUW�ZDV�SUHSDUHG�DQG�VXEPLWWHG�WR�&RPPLVVLRQHU�RI�(GXFDWLRQ��
&URVV�5LYHU�6WDWH��WR�KDQG�LW�RYHU�WR�*RYHUQRU�%HQHGLFW�$\HGH�

3DJH���



,QWHUQDWLRQDO�([SRVXUH�WR�)DFXOW\

,QWHUQDWLRQDO�9LVLW��&RQWG��

'U�� /LQL� 0DWKHZ� DW� WKH� /DJRV�
6NLSSHU� (QJLQHHULQJ� $FDGHP\�
�/6($��� �*RYHUQPHQW� 7HFKQLFDO�
&ROOHJH��,NRWXQ��/DJRV�

'U�� /LQL� 0DWKHZ� WUDLQLQJ� WKH�
VWXGHQWV� DW� /6($� �*RYHUQPHQW�
7HFKQLFDO�&ROOHJH��,NRWXQ��/DJRV�

'U�� /LQL� 0DWKHZ� VXEPLWWHG� WKH�
UHSRUW� WR� &RPPLVVLRQHU� RI�
(GXFDWLRQ�� &URVV� 5LYHU� 6WDWH�� WR�
KDQG� LW�RYHU� WR�*RYHUQRU�%HQHGLFW�
$\HGH�

3DJH���



,QWHUQDWLRQDO�([SRVXUH�WR�)DFXOW\

3DSHU�3UHVHQWDWLRQ DQG�9LVLW�WR�1$6$
0V�� 6KLPL� 6XGKD� /HWKD�� IDFXOW\�
RI� (OHFWULFDO� 'HSDUWPHQW�
SUHVHQWHG�D�SDSHU�LQ�,QWHUQDWLRQDO�
0HFKDQLFDO� (QJLQHHULQJ�
&RQJUHVV� 	� ([SRVLWLRQ��
,0(&(����� WKDW� ZDV� KHOG� LQ�
+RXVWRQ�� 7H[DV� GXULQJ�
1RYHPEHU��������������7KH WLWOH�
RI� WKH� SDSHU� SUHVHQWHG� ZDV
³+DUPRQLF�(OLPLQDWLRQ�LQ�D�6RODU�
3RZHUHG� &DVFDGHG� 0XOWLOHYHO�
,QYHUWHU� 8VLQJ� *HQHWLF�
$OJRULWKP� DQG� 'LIIHUHQWLDO�
(YROXWLRQ� 2SWLPL]DWLRQ�
7HFKQLTXHV´�

3DSHU�SUHVHQWDWLRQ�DW�,0(&(�����

7HFKQLFDO�YLVLW�WR�1$6$��+RXVWRQ��7H[DV

3DJH���



3DSHU�3UHVHQWDWLRQ

$FKLHYHPHQWV

7ZR� RI� RXU� VWXGHQWV� SUHVHQWHG� UHVHDUFK�
SDSHUV� DW� WKH ,QWHUQDWLRQDO� FRQIHUHQFH�
RQ� FRPPXQLFDWLRQ� DQG� FRPSXWLQJ��
7KLV�FRQIHUHQFH�ZDV�RUJDQL]HG�E\�'URQD�
&KDU\D &ROOHJH� RI� (QJLQHHULQJ��
*XUJDRQ�� 7KLV� FRQIHUHQFH� ZDV� KHOG�
GXULQJ� �WK 6HSWHPEHU� WR� ��WK 6HSWHPEHU�
�����

7KLV�FRQIHUHQFH�ZDV�DWWHQGHG�E\�WZR�RI�
RXU�VWXGHQWV�

�� 9LYHN�$KODZDW
�� *DULPD�*XSWD

7KH� WLWOH� RI� WKH� SDSHU� SUHVHQWHG� E\�0U��
9LYHN�$KOZDW�ZDV�³$GYDQFH�$SSURDFK�
7RZDUGV� (OERZ� 0RYHPHQW�
&ODVVLILFDWLRQ� XVLQJ� 'LVFUHWH� :DYHOHW�
7UDQVIRUP� DQG� 4XDGUDWLF� 6XSSRUW�
9HFWRU�0DFKLQH´

7KH� WLWOH� RI� WKH� SDSHU� SUHVHQWHG� E\�0V��
*DULPD� *XSWD� ZDV� ³(OERZ�0RYHPHQW�
&ODVVLILFDWLRQ�RI�D�5RERWLF�$UP�XVLQJ�
:DYHOHW�3DFNHW�DQG�&XELF�690´

3DJH���

'R�\RX�NQRZ"
'LHVHO�IXHO�KDV�D�YHU\�ORZ�
IODPPDELOLW\��,Q�IDFW��\RX�FRXOG�
WKURZ�D�OLW�PDWFK�LQWR�D�SXGGOH�
RI GLHVHO�IXHO�DQG�LW�ZRXOG�OLNHO\
EH�SXW�RXW�LPPHGLDWHO\�



$FKLHYHPHQWV

3DSHU�3UHVHQWDWLRQ
7ZR� RI� RXU� VWXGHQWV� SUHVHQWHG� UHVHDUFK� SDSHUV� DW� WKH
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3RZHU� (OHFWURQLFV��
,QWHOOLJHQW� &RQWURO� DQG� (QHUJ\� 6\VWHPV�� 7KLV�
FRQIHUHQFH� ZDV� RUJDQL]HG� E\� 'HOKL� 7HFKQRORJLFDO�
8QLYHUVLW\��7KLV� FRQIHUHQFH�ZDV�KHOG�GXULQJ��WK -XO\� WR�
�WK -XO\ �����

7KLV�FRQIHUHQFH�ZDV�DWWHQGHG�E\�WZR�RI�RXU�VWXGHQWV�

�� 3UDWHHN�9LUGL
�� %DELWD�7KDNXU

7KH� WLWOH� RI� WKH� SDSHU� SUHVHQWHG� E\� 0V�� 3UDWHHN� 9LUGL
ZDV� ³'LVFUHWH� :DYHOHW� 3DFNHW� EDVHG� )HDWXUH�
([WUDFWLRQ� IRU� %LQDU\� &ODVVLILFDWLRQ� RI� (OERZ�
0RYHPHQW�XVLQJ�)LQH�*DXVVLDQ�690´�

7KH� WLWOH� RI� WKH� SDSHU� SUHVHQWHG� E\�0V�� %DELWD� 7KDNXU�
ZDV�³%LQDU\�0RYHPHQW�&ODVVLILFDWLRQ�RI�(0*�VLJQDO�
XVLQJ�690�DQG�:DYHOHW�3DFNHW�7UDQVIRUPV´�

(QWUHSUHQHXU��1,7775�6WDUWXS�
³$�FUHDWLYH�LGHD�LQ�PLQG�DQG�SRVLWLYH�
WKRXJKW� FDQ� VHW� QHZ� JRDOV� LQ� OLIH´�
ZLWK�WKH�VDPH�WKRXJKW� �(QRYDWH�6NLOO�
ZDV� VWDUWHG� E\� WKH� VWXGHQWV� RI�
HOHFWULFDO� GHSDUWPHQW�� $ORN 'HHS�
DORQJ�ZLWK�D�VWXGHQW�IURP�PHFKDQLFDO�
GHSDUWPHQW��$MD\�*RGDUD DQG�9LNUDP�
6LQJK� %DZD�� 7KH\� FRQGXFW� WUDLQLQJ�
IRU� VWXGHQWV� DURXQG� WKH� FRXQWU\�ZLWK�
KDQGV�RQ�H[SHULHQFH�RI� WKH�HOHFWULFDO�
DQG�HOHFWURQLF�GHYLFHV��7KH\�KDYH�VHW�
XS� D� ODE� LQ� 1,7775� FDPSXV�� 7KH�
(QRYDWH�6NLOO�ODE�ZRUNV�OLNH�D�KXE�RI�
SURIHVVLRQDOV�DQG�OHDUQHUV�

3DJH���



$FKLHYHPHQWV

5RERWLFV�&RPSHWLWLRQ

3DJH���

7KH�(OHFWULFDO�'HSDUWPHQW�KDV�
DQ� DFWLYH� 5RERWLFV� &OXE�� 7KH�
VWXGHQWV� RI� WKH� 5RERWLFV� FOXE�
KDYH� VFRUHG� PDQ\�
DFKLHYHPHQWV�LQ�YDULRXV�HYHQWV�
QRW�RQO\�LQVLGH�WKH�FDPSXV�EXW�
DOVR�RXWVLGH�FDPSXV�

7ZR� RI� RXU� VWXGHQWV� 0V��
%DELWD� DQG� 0U�� 0DQMLW� 6LQJK�
ZHUH�JLYHQ�DSSUHFLDWLRQ�DZDUG�
IRU� SDUWLFLSDWLQJ� LQ� YDULRXV�
URERWLFV� HYHQWV� RXWVLGH� WKH�
FDPSXV�

$SDUW�IURP�WKLV��WKH�RWKHU�DFKLHYHPHQWV�RI�WKH�URERWLFV�FOXE�LQFOXGH�

x �WK LQ�$OO�,QGLD�52%2:$5�(YHQWV

x �UG LQ�,5&�HYHQW�RUJDQL]HG�E\�,,7�%RPED\

x �UG LQ�$OO�,QGLD�52%2:$5�HYHQW��,,7�.KDUDJSXU

x 5XQQHU�XS�LQ�$OO�,QGLD�67$,5�&/,0%(5�HYHQW��,,7�.KDUDJSXU

x 5XQQHU�XS�LQ�$OO�,QGLD�+<'5$8/,&�$50�HYHQW��,,7�.KDUDJSXU

x 5XQQHU�XS�LQ�$OO�,QGLD�/,1(�)2//2:(5�HYHQW��,,7�.KDUDJSXU



3RKD
7KH�GLVK� ,�DP�JRLQJ� WR� WR VKDUH�ZLWK�DOO� LV�3RKD��� ,W¶V�D�*XMUDWL�
GLVK�
,QJUHGLHQWV��
��SRWDWRHV
��JUHHQ�FKLOOL
��WHDVSRRQV�RI�2LO
��VSRRQ�5DL
3RKD
��7RPDWRHV
��VSRRQ�7XUPHULF
��6SRRQ�5HG�&KLOOL

3URFHGXUH
:DVK� HYHU\WKLQJ� WKDW� \RX� SRVVLEO\� FDQ� HVSHFLDOO\� KDQGV� DQG�
XWHQVLOV��3XW���VSRRQ�5DL�LQ���WHDVSRRQV�RI�2LO�LQ�WKH�ELJ�SDQ��ZH�
FDOO�LW�NDGKDL�0L[�WKH�5DL���2LO�DQG�FXWWHG�3RWDWRHV�DQG�OHW�WKHP�
EH�FRRNHG�)LQHU�WKH�FXWWLQJ�RI�SRWDWHV���HDVLHU�WR�FRRN�WKHP�3XW�
RQH�VSRRQ�WXUPHULF�DQG�RQH�VSRRQ�UHG�FKLOOL��KHUH�,�XVHG���VSRRQ�
DV�DFFRUGLQJ�WR�WKH�TXDQWLW\�RI�SRKD���1RZ�SXW�WKH�SRKD�DQG�PL[�
LW�QLFHO\� /HW�WKHP�FRRN�IRU���PLQXWHV� 6HUYH�KRZHYHU�\RX�ZDQW

6WXGHQWV�&RUQHU

3RHP

ýĕĭ ĞĹ ýŢ ę˫ øĭ ~�ðø ďĭē ĮĎē ĝĸ

æĕĮęĉĭ øĞ úĒĭ ~�ĒĞ ĝĭĕ Ğđĝĸ

Đĳĕ ÿĭô ęĞ ďĲēĸ ĕʉĸ ćĲđ æď

ÿĕ ĕļ ðøǛļĮć ċé ćĲŃđ ĝď

ĝĲďĞ øı ĮøēĆ ĝĸ ĒĞ ęĭĉĭ øēļ

ýĕļúĸ ĝýĭé ĝĸ ĒĞ èēĭĉĭ øēļ

èēĭĉļŃ øļ ēùċĭ ~�æčċĸ ćĲđ ċĸø

đĲİʭĕŐ ĒĳŁ Ğı çðŃ úı ~�ÿıęċ đŐ æċĸø

đŃĮĢĕ ćĲđ čĭôúĸ~�ðø Įĉċ Ģŝē

ęĭĉĭ ĞĹ Įęęĸø øĭ ~�ĉĳ ē ēùċĭ úŝē

ĮęęĸøæĞĕĭęć

3DJH���

&RRNLQJ



1RWH�IURP�WKH�(GLWRU
, DP� YHU\� KDSS\� WR� SUHVHQW� \RX� WKH� VHFRQG�
HGLWLRQ� RI� WKH� QHZVOHWWHU� RI� (OHFWULFDO�
'HSDUWPHQW� RI� 1,7775�� (�EX]]�� � 7KLV�
QHZVOHWWHU� LV� D� FROOHFWLYH�HIIRUW�RI� WKH�VWXGHQWV�
RI�RXU�GHSDUWPHQW�WR�EULQJ�RXW�WR�WKH�ZRUOG�WKH�
YDULRXV� DGYDQFHPHQWV� DQG� DFKLHYHPHQWV�� ,�
KRSH�WKDW�\RX OLNH�RXU�ZRUN�DQG�DSSUHFLDWH�WKH�
HIIRUWV�GRQH�E\�RXU�VWXGHQWV� (U��6KLPPL�6�/

$VVLVWDQW�3URIHVVRU�((
1,7775��&KDQGLJDUK

$VVLVWDQW�(GLWRUV

&KDQGDQ�7DOXMD
0( (OHFWULFDO��,�	&�
1,7775��&KDQGLJDUK

$QXUDJ�&KDXGKDU\
0(�(OHFWULFDO��,�	&�
1,7775��&KDQGLJDUK




