
*29(510(17�&2//(*(��$872120286���5$-$0$+(1'5$9$5$0
�$FFUHGLWHG�E\�1$$&�³$�´�*UDGH�

'(3$570(17�2)�0$7+(0$7,&6�

$//2&$7,21�2)�&5(',76�72�,VW� 6(0(67(5�&2856(6�2)�0$7+(0$7,&6�)25�%6F��
0$7+(0$7,&6��0$-25�� )25�7+(�$&$'(0,&�<($5���������,1�$&&25'$1&(�:,7+�
*8,'(/,1(6�2)�7+(�$36&+(�7+(� 67$78725<�5(*8/$725<�$87+25,7<� 2)�+,*+(5�
('8&$7,21�$�3���,1�6,*/(�0$-25�68%-(&7�6<67(0�Z�H�I���������

6��1R
&RXUVH�
&RGH 6HPHVWHU 7LWOH�RI�WKH�&RXUVH�

+UV��
:HHN

0D[��
0DUNV�
�6((�

0DUNV�
LQ�&,$

&UHGLWV

���������������������������������,�����������(VVHQWLDOV DQG �����������������������������������������������
$SSOLFDWLRQV RI��
0DWKHPDWLFDO�
3K\VLFDO D Q G �
&KHPLFDO�6FLHQFHV

����������������������������������,������������$GYDQFHV LQ� � � � � � � � � � � � � � � � � � � � �
0DWKHPDWLFDO�
3K\VLFDO�DQG
&KHPLFDO 6FLHQFHV

��������������������������������������,,������������'LIIHUHQWLDO �����������������������������������������������������
(TXDWLRQV 	
3UREOHP�6ROYLQJ
6HVVLRQV

���������������������������������,,����������$QDO\WLFDO 6ROLG �����������������������������������������������������
*HRPHWU\ 	 3UREOHP
6ROYLQJ 6HVVLRQ



6<//$%86�2)�0$7+(0$7,&6�)25�,VW���6(0(67(5�&2856(6�2) 0$7+(0$7,&6�)25�%6F��
0$7+(0$7,&6��0$-25�� )25�7+(�$&$'(0,&�<($5���������,1�$&&25'$1&(�:,7+�
*8,'(/,1(6�2)�7+(�$36&+(�7+(���67$78725<�5(*8/$725<�$87+25,7<��2)�+,*+(5�
('8&$7,21�$�3���,1�6,*/(�0$-25�68%-(&7�6<67(0�Z�H�I���������

^�D�^d�ZͲ/
�KhZ^��ϭ͗ �^^�Ed/�>^��E���WW>/��d/KE^�K&�D�d,�D�d/��>͕�W,z^/��>�E��,�D/��>
^�/�E��^

�KhZ^���K��͗�ϭϮϰϳϬϭ

7KHRU\ &UHGLWV� � ��KUV�ZHHN

������ ���������ǣ

7KH REMHFWLYH�RI�WKLV�FRXUVH�LV�WR�SURYLGH�VWXGHQWV�ZLWK�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH
HVVHQWLDO�FRQFHSWV�DQG�DSSOLFDWLRQV�RI�PDWKHPDWLFDO��SK\VLFDO��DQG�FKHPLFDO�VFLHQFHV��7KH
FRXUVH�DLPV�WR�GHYHORS�VWXGHQWV
�FULWLFDO�WKLQNLQJ��SUREOHP�VROYLQJ��DQG�DQDO\WLFDO�VNLOOV�LQ
WKHVH DUHDV��HQDEOLQJ WKHP WR�DSSO\ VFLHQWLILF SULQFLSOHV WR�UHDO�ZRUOG�VLWXDWLRQV�

�������� ��������ǣ

�� �ƉƉůǇ ĐƌŝƚŝĐĂů ƚŚŝŶŬŝŶŐ ƐŬŝůůƐ ƚŽ ƐŽůǀĞ ĐŽŵƉůĞǆ�ƉƌŽďůĞŵƐ ŝŶǀŽůǀŝŶŐ ĐŽŵƉůĞǆ�ŶƵŵďĞƌƐ͕
ƚƌŝŐŽŶŽŵĞƚƌŝĐ ƌĂƚŝŽƐ͕�ǀĞĐƚŽƌƐ͕�ĂŶĚ ƐƚĂƚŝƐƚŝĐĂů ŵĞĂƐƵƌĞƐ͘

�� dŽ �ǆƉůĂŝŶ ƚŚĞ ďĂƐŝĐ ƉƌŝŶĐŝƉůĞƐ ĂŶĚ ĐŽŶĐĞƉƚƐ ƵŶĚĞƌůǇŝŶŐ Ă ďƌŽĂĚ ƌĂŶŐĞ ŽĨ
ĨƵŶĚĂŵĞŶƚĂůĂƌĞĂƐ ŽĨ ƉŚǇƐŝĐƐ�ĂŶĚ ƚŽ��ŽŶŶĞĐƚ�ƚŚĞŝƌ ŬŶŽǁůĞĚŐĞ ŽĨ ƉŚǇƐŝĐƐ ƚŽ�ĞǀĞƌǇĚĂǇ
ƐŝƚƵĂƚŝŽŶƐ

�� dŽ �ǆƉůĂŝŶ ƚŚĞ ďĂƐŝĐ ƉƌŝŶĐŝƉůĞƐ ĂŶĚ ĐŽŶĐĞƉƚƐ ƵŶĚĞƌůǇŝŶŐ Ă ďƌŽĂĚ ƌĂŶŐĞ ŽĨ
ĨƵŶĚĂŵĞŶƚĂůĂƌĞĂƐ ŽĨ ĐŚĞŵŝƐƚƌǇ ĂŶĚ�ƚŽ �ŽŶŶĞĐƚ�ƚŚĞŝƌ ŬŶŽǁůĞĚŐĞ ŽĨ�ĐŚĞŵŝƐƚƌǇ ƚŽ ĚĂŝůǇ
ůŝĨĞ͘

�� hŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŝŶƚĞƌƉůĂǇ�ĂŶĚ�ĐŽŶŶĞĐƚŝŽŶƐ�ďĞƚǁĞĞŶ�ŵĂƚŚĞŵĂƚŝĐƐ͕�ƉŚǇƐŝĐƐ͕�ĂŶĚ�ĐŚĞŵŝƐƚƌǇ�
ŝŶǀĂƌŝŽƵƐ�ĂƉƉůŝĐĂƚŝŽŶƐ͘�ZĞĐŽŐŶŝǌĞ�ŚŽǁ�ŵĂƚŚĞŵĂƚŝĐĂů�ŵŽĚĞůƐ�ĂŶĚ�ƉŚǇƐŝĐĂů�ĂŶĚ�ĐŚĞŵŝĐĂů
ƉƌŝŶĐŝƉůĞƐ ĐĂŶ�ďĞ ƵƐĞĚ ƚŽ ĞǆƉůĂŝŶ�ĂŶĚ ƉƌĞĚŝĐƚ�ƉŚĞŶŽŵĞŶĂ ŝŶ�ĚŝĨĨĞƌĞŶƚ ĐŽŶƚĞǆƚƐ͘

� 7R H[SORUH WKH KLVWRU\ DQG HYROXWLRQ RI WKH ,QWHUQHW�DQG WR�JDLQ DQ XQGHUVWDQGLQJ RI QHWZRUN
VHFXULW\ FRQFHSWV��LQFOXGLQJ WKUHDWV��YXOQHUDELOLWLHV��DQG FRXQWHUPHDVXUHV�

���� �ǣ ���������� �	�����������ǣ

&RPSOH[ 1XPEHUV� ,QWURGXFWLRQ RI WKH QHZ V\PERO L ± *HQHUDO IRUP RI D FRPSOH[ QXPEHU ±
0RGXOXV�$PSOLWXGH IRUP DQG FRQYHUVLRQV

7ULJRQRPHWULF�5DWLRV��7ULJRQRPHWULF�5DWLRV�DQG�WKHLU�UHODWLRQV�± 3UREOHPV�RQ�FDOFXODWLRQ�RI

DQJOHV9HFWRUV��'HILQLWLRQ�RI�YHFWRU�DGGLWLRQ�± &DUWHVLDQ�IRUP�± 6FDODU�DQG�YHFWRU�SURGXFW�DQG

SUREOHPV 6WDWLVWLFDO 0HDVXUHV� 0HDQ��0HGLDQ� 0RGH RI D GDWD DQG SUREOHPV

���� ��ǣ ���������� �	�������ǣ

'HILQLWLRQ� DQG� 6FRSH� RI� 3K\VLFV� 0HDVXUHPHQWV� DQG� 8QLWV� � 0RWLRQ� RI� REMHFWV�� 1HZWRQLDQ



0HFKDQLFV DQG UHODWLYLVWLF PHFKDQLFV SHUVSHFWLYH � /DZV RI 7KHUPRG\QDPLFV DQG
6LJQLILFDQFH� $FRXVWLF� ZDYHV� DQG� HOHFWURPDJQHWLF� ZDYHV� (OHFWULF� DQG�0DJQHWLF� ILHOGV� DQG
WKHLU LQWHUDFWLRQV� %HKDYLRXU RI DWRPLF DQG QXFOHDU SDUWLFOHV� :DYH�SDUWLFOH GXDOLW\� WKH
XQFHUWDLQW\ SULQFLSOH� 7KHRULHV DQG�XQGHUVWDQGLQJ RI�XQLYHUVH

���� ���ǣ ���������� �	���������ǣ ǣ

'HILQLWLRQ�DQG�6FRSH�RI�&KHPLVWU\� ,PSRUWDQFH�RI�&KHPLVWU\�LQ�GDLO\�OLIH��%UDQFKHV�RI
FKHPLVWU\�DQG�VLJQLILFDQFH� 3HULRGLF�7DEOH� (OHFWURQLF�&RQILJXUDWLRQ��FKHPLFDO�FKDQJHV�
FODVVLILFDWLRQ RI PDWWHU� %LRPROHFXOHV� FDUERK\GUDWHV� SURWHLQV��IDWV DQG YLWDPLQV�

���� ��ǣ������������ �	�����������ǡ ��������Ƭ ���������ǣ

�ƉƉůŝĐĂƚŝŽŶƐ ŽĨ DĂƚŚĞŵĂƚŝĐƐ ŝŶ WŚǇƐŝĐƐ Θ �ŚĞŵŝƐƚƌǇ͗ �ĂůĐƵůƵƐ ͕ �ŝĨĨĞƌĞŶƚŝĂů �ƋƵĂƚŝŽŶƐ Θ
�ŽŵƉůĞǆ �ŶĂůǇƐŝƐ

�ƉƉůŝĐĂƚŝŽŶ ŽĨ WŚǇƐŝĐƐ ŝŶ /ŶĚƵƐƚƌǇ ĂŶĚ dĞĐŚŶŽůŽŐǇ͗ �ůĞĐƚƌŽŶŝĐƐ ĂŶĚ ^ĞŵŝĐŽŶĚƵĐƚŽƌ /ŶĚƵƐƚƌǇ͕
ZŽďŽƚŝĐƐ ĂŶĚ �ƵƚŽŵĂƚŝŽŶ͕ �ƵƚŽŵŽƚŝǀĞ ĂŶĚ �ĞƌŽƐƉĂĐĞ /ŶĚƵƐƚƌŝĞƐ͕ YƵĂůŝƚǇ �ŽŶƚƌŽů ĂŶĚ
/ŶƐƚƌƵŵĞŶƚĂƚŝŽŶ͕ �ŶǀŝƌŽŶŵĞŶƚĂů�DŽŶŝƚŽƌŝŶŐ ĂŶĚ ^ƵƐƚĂŝŶĂďůĞ dĞĐŚŶŽůŽŐŝĞƐ͘

�ƉƉůŝĐĂƚŝŽŶ ŽĨ �ŚĞŵŝƐƚƌǇ ŝŶ /ŶĚƵƐƚƌǇ ĂŶĚ dĞĐŚŶŽůŽŐǇ͗ �ŚĞŵŝĐĂů DĂŶƵĨĂĐƚƵƌŝŶŐ͕
WŚĂƌŵĂĐĞƵƚŝĐĂůƐ ĂŶĚ �ƌƵŐ �ŝƐĐŽǀĞƌǇ͕DĂƚĞƌŝĂůƐ ^ĐŝĞŶĐĞ͕ &ŽŽĚ ĂŶĚ �ĞǀĞƌĂŐĞ /ŶĚƵƐƚƌǇ͘

�����ǣ ���������� �	�������� �������ǣ

0LOHVWRQHV� RI� FRPSXWHU� HYROXWLRQ� � ,QWHUQHW�� KLVWRU\�� ,QWHUQHW� 6HUYLFH� 3URYLGHUV�� 7\SHV� RI
1HWZRUNV� ,3��'RPDLQ�1DPH�6HUYLFHV� DSSOLFDWLRQV�
(WKLFDO� DQG� VRFLDO� LPSOLFDWLRQV�� 1HWZRUN� DQG� VHFXULW\� FRQFHSWV� ,QIRUPDWLRQ� $VVXUDQFH
)XQGDPHQWDOV� &U\SWRJUDSK\�6\PPHWULF DQG $V\PPHWULF� 0DOZDUH� )LUHZDOOV� )UDXG
7HFKQLTXHV� 3ULYDF\ DQG 'DWD�3URWHFWLRQ

����������� �����ǣ

�� &ƵŶĐƚŝŽŶƐ ŽĨ ŽŶĞ ĐŽŵƉůĞǆ ǀĂƌŝĂďůĞ ďǇ� :ŽŚŶ͘�͘�ŽŶǁĂǇ͕ ^ƉƌŝŶŐĞƌͲ sĞƌůĂŐ͘

�� �ůĞŵĞŶƚĂƌǇ dƌŝŐŽŶŽŵĞƚƌǇ ďǇ ,͘^͘,Ăůů ĂŶĚ ^͘Z͘<ŶŝŐŚƚ

��sĞĐƚŽƌ �ůŐĞďƌĂ ďǇ �͘Z͘sĂƐŝƐŚƚŚĂ͕ <ƌŝƐŚŶĂ WƌĂŬĂƐŚĂŶDĞĚŝĂ;WͿ>ƚĚ͘

ϰ͘�ĂƐŝĐ ^ƚĂƚŝƐƚŝĐƐ ďǇ �͘>͘�ŐĂƌǁĂů͕ EĞǁ ĂŐĞ ŝŶƚĞƌŶĂƚŝŽŶĂů WƵďůŝƐŚĞƌƐ

�� hŶŝǀĞƌƐŝƚǇ WŚǇƐŝĐƐ ǁŝƚŚ DŽĚĞƌŶ WŚǇƐŝĐƐ ďǇ ,ƵŐŚ��͘ zŽƵŶŐ ĂŶĚ ZŽŐĞƌ �͘�&ƌĞĞĚŵĂŶ

�� &ƵŶĚĂŵĞŶƚĂůƐ ŽĨ WŚǇƐŝĐƐ ďǇ �ĂǀŝĚ ,ĂůůŝĚĂǇ͕ ZŽďĞƌƚ ZĞƐŶŝĐŬ͕ ĂŶĚ :ĞĂƌů tĂůŬĞƌ

�� WŚǇƐŝĐƐ ĨŽƌ ^ĐŝĞŶƚŝƐƚƐ ĂŶĚ �ŶŐŝŶĞĞƌƐ ǁŝƚŚ DŽĚĞƌŶ WŚǇƐŝĐƐΗ ďǇ ZĂǇŵŽŶĚ�͘ ^ĞƌǁĂǇ ĂŶĚ
:ŽŚŶt͘ :ĞǁĞƚƚ :ƌ͘

�� WŚǇƐŝĐƐ ĨŽƌ dĞĐŚŶŽůŽŐǇ ĂŶĚ �ŶŐŝŶĞĞƌŝŶŐΗ ďǇ :ŽŚŶ �ŝƌĚ

�� �ŚĞŵŝƐƚƌǇ ŝŶ�ĚĂŝůǇ ůŝĨĞ ďǇ <ŝƌƉĂů ^ŝŶŐŚ

��� �ŚĞŵŝƐƚƌǇ ŽĨ ďŝŽ ŵŽůĞĐƵůĞƐ ďǇ ^͘ W͘ �ŚƵƚĂŶ

��� &ƵŶĚĂŵĞŶƚĂůƐ ŽĨ �ŽŵƉƵƚĞƌƐ ďǇ s͘ ZĂũĂ ZĂŵĂŶ

��� �ǇďĞƌ ^ĞĐƵƌŝƚǇ �ƐƐĞŶƚŝĂůƐ ďǇ :ĂŵĞƐ 'ƌĂŚĂŵ͕ ZŝĐŚĂƌĚ ,ŽǁĂƌĚ͕ ZǇĂŶ KůƐŽŶ



�����������������

hE/d /͗ �^^�Ed/�>^ K&D�d,�D�d/�^͗

�� &RPSOH[ 1XPEHU ([SORUDWLRQ

3URYLGH�VWXGHQWV�ZLWK�D�VHW�RI�FRPSOH[�QXPEHUV�LQ�ERWK�UHFWDQJXODU�DQG�SRODU�IRUPV�

7KH\�ZLOO�SORW�WKH�FRPSOH[�QXPEHUV�RQ�WKH�FRPSOH[�SODQH�DQG�LGHQWLI\�WKHLU�SURSHUWLHV

�� 7ULJRQRPHWULF 5DWLRV 3UREOHP�6ROYLQJ

*LYH�VWXGHQWV�D�VHW�RI�SUREOHPV�WKDW�UHTXLUH�WKH�FDOFXODWLRQ�RI�WULJRQRPHWULF�UDWLRV�DQG�WKHLU
UHODWLRQV�

6WXGHQWV�ZLOO�VROYH�WKH�SUREOHPV�XVLQJ�WKH�DSSURSULDWH�WULJRQRPHWULF�IXQFWLRQV��VLQH��FRVLQH�
WDQJHQW� HWF�� DQG�WULJRQRPHWULF�LGHQWLWLHV�

�� 9HFWRU 2SHUDWLRQV DQG $SSOLFDWLRQV

3URYLGH VWXGHQWV ZLWK D VHW RI YHFWRUV LQ &DUWHVLDQ IRUP�

6WXGHQWV�ZLOO�SHUIRUP�YHFWRU�DGGLWLRQ�DQG�VXEWUDFWLRQ�RSHUDWLRQV�WR�ILQG�WKH�UHVXOWDQW�YHFWRUV�

7KH\ ZLOO�DOVR�FDOFXODWH�WKH VFDODU DQG�YHFWRU�SURGXFWV RI�JLYHQ�YHFWRUV�

�� 6WDWLVWLFDO�0HDVXUHV DQG 'DWD $QDO\VLV

*LYH VWXGHQWV D GDWDVHW FRQWDLQLQJ QXPHULFDO YDOXHV�

6WXGHQWV�ZLOO�FDOFXODWH�WKH�PHDQ��PHGLDQ��DQG�PRGH�RI�WKH�GDWD��DV�ZHOO�DV�RWKHU�VWDWLVWLFDO
PHDVXUHV LI DSSURSULDWH��H�J�� UDQJH��VWDQGDUG�GHYLDWLRQ��
7KH\ ZLOO LQWHUSUHW WKH UHVXOWV DQG DQDO\]H WKH�FHQWUDO�WHQGHQFLHV DQG GLVWULEXWLRQ RI WKH GDWD�

���� ��ǣ ���������� �	�������ǣ

�� �ŽŶĐĞƉƚ DĂƉƉŝŶŐ

'LYLGH VWXGHQWV LQWR JURXSV DQG DVVLJQ HDFK�JURXS RQH RI WKH WRSLFV�

6WXGHQWV�ZLOO�FUHDWH�D�FRQFHSW�PDS�LOOXVWUDWLQJ�WKH�NH\�FRQFHSWV��UHODWLRQVKLSV��DQG
DSSOLFDWLRQV UHODWHG�WR�WKHLU�DVVLJQHG�WRSLF�

(QFRXUDJH VWXGHQWV WR XVH YLVXDO HOHPHQWV� DUURZV� DQG ODEHOV WR UHSUHVHQW�FRQQHFWLRQV DQG
LQWHUGHSHQGHQFLHV EHWZHHQ�FRQFHSWV�

�� >ĂďŽƌĂƚŽƌǇ �ǆƉĞƌŝŵĞŶƚ

6HOHFW�D�ODERUDWRU\�H[SHULPHQW�UHODWHG�WR�RQH�RI�WKH�WRSLFV��VXFK�DV�PRWLRQ�RI�REMHFWV�RU
HOHFWULF�DQG�PDJQHWLF ILHOGV�
3URYLGH�WKH�QHFHVVDU\�PDWHULDOV��LQVWUXFWLRQV��DQG�VDIHW\�JXLGHOLQHV�IRU�FRQGXFWLQJ�WKH
H[SHULPHQW�
6WXGHQWV ZLOO�ZRUN LQ VPDOO�JURXSV WR FDUU\ RXW WKH H[SHULPHQW� FROOHFW GDWD� DQG DQDO\]H WKH
UHVXOW



$IWHU�WKH�H[SHULPHQW��VWXGHQWV�ZLOO�ZULWH�D�ODE�UHSRUW�VXPPDUL]LQJ�WKHLU�
ILQGLQJV�REVHUYDWLRQV� DQG�FRQFOXVLRQV�

���� ���ǣ ���������� �	���������

�� &KHPLVWU\ LQ�'DLO\ /LIH 3UHVHQWDWLRQ

'LYLGH�VWXGHQWV�LQWR�JURXSV�DQG�DVVLJQ�HDFK�JURXS�D�VSHFLILF�DVSHFW�RI�GDLO\�OLIH�ZKHUH
FKHPLVWU\ SOD\V D VLJQLILFDQW UROH� VXFK DV IRRG DQG QXWULWLRQ� KRXVHKROG SURGXFWV� PHGLFLQH�RU
HQYLURQPHQWDO LVVXHV�
6WXGHQWV ZLOO UHVHDUFK DQG FUHDWH D SUHVHQWDWLRQ �H�J�� 3RZHU3RLQW� SRVWHU� RU YLGHR� WKDW
VKRZFDVHV WKH LPSRUWDQFH�RI FKHPLVWU\ LQ�WKHLU DVVLJQHG DVSHFW�
�� 3HULRGLF 7DEOH ([SORUDWLRQ

3URYLGH VWXGHQWV ZLWK�D FRS\ RI WKH�SHULRGLF WDEOH�

6WXGHQWV ZLOO�H[SORUH WKH SHULRGLF WDEOH DQG�LWV VLJQLILFDQFH LQ RUJDQL]LQJ HOHPHQWV�EDVHG RQ
WKHLU SURSHUWLHV�
7KH\�ZLOO�LGHQWLI\�DQG�DQDO\]H�WUHQGV�LQ�DWRPLF�VWUXFWXUH��VXFK�DV�HOHFWURQLF�FRQILJXUDWLRQ�
DWRPLF VL]H��DQG�LRQL]DWLRQ HQHUJ\�

�� &KHPLFDO &KDQJHV�DQG &ODVVLILFDWLRQ RI 0DWWHU

3URYLGH�VWXGHQWV�ZLWK�YDULRXV�VXEVWDQFHV�DQG�FKHPLFDO�UHDFWLRQV��VXFK�DV�PL[LQJ�DFLGV�DQG
EDVHV RU�REVHUYLQJ D FRPEXVWLRQ�UHDFWLRQ�
6WXGHQWV ZLOO REVHUYH DQG�GHVFULEH WKH FKHPLFDO FKDQJHV WKDW RFFXU� LQFOXGLQJ FKDQJHV LQ
FRORU� WHPSHUDWXUH��RU WKH IRUPDWLRQ�RI�QHZ VXEVWDQFHV�
�� %LRPROHFXOHV ,QYHVWLJDWLRQ

$VVLJQ HDFK VWXGHQW RU JURXS D VSHFLILF ELRPROHFXOH FDWHJRU\� VXFK DV FDUERK\GUDWHV�SURWHLQV�
IDWV� RU�YLWDPLQV�
6WXGHQWV ZLOO UHVHDUFK DQG JDWKHU LQIRUPDWLRQ DERXW WKHLU DVVLJQHG ELRPROHFXOH FDWHJRU\�
LQFOXGLQJ LWV�VWUXFWXUH� IXQFWLRQV� VRXUFHV� DQG�LPSRUWDQFH LQ�WKH KXPDQ ERG\�

7KH\ FDQ�FUHDWH LQIRUPDWLYH SRVWHUV RU SUHVHQWDWLRQV�WR SUHVHQW WKHLU ILQGLQJV WR WKH FODVV�

���� ��ǣ������������ �	�����������ǡ ��������Ƭ ���������

�� ,QWHUGLVFLSOLQDU\ &DVH�6WXGLHV

'LYLGH VWXGHQWV LQWR VPDOO JURXSV DQG SURYLGH WKHP ZLWK LQWHUGLVFLSOLQDU\ FDVH VWXGLHV WKDW
LQYROYH WKH LQWHUGLVFLSOLQDU\ DSSOLFDWLRQ RI PDWKHPDWLFV��SK\VLFV��DQG FKHPLVWU\�

(DFK�FDVH�VWXG\�VKRXOG�SUHVHQW�D�UHDO�ZRUOG�SUREOHP�RU�VFHQDULR�WKDW�UHTXLUHV�WKH�LQWHJUDWLRQ
RI FRQFHSWV�IURP DOO�WKUHH�GLVFLSOLQHV�

�� 'HVLJQ DQG ,QQRYDWLRQ�3URMHFW

&KDOOHQJH�VWXGHQWV�WR�GHVLJQ�DQG�GHYHORS�D�SUDFWLFDO�VROXWLRQ�RU�LQQRYDWLRQ�WKDW�LQWHJUDWHV
PDWKHPDWLFV� SK\VLFV��DQG�FKHPLVWU\ SULQFLSOHV�

6WXGHQWV FDQ FKRRVH D VSHFLILF SUREOHP RU DUHD RI LQWHUHVW� VXFK DV UHQHZDEOH HQHUJ\�
HQYLURQPHQWDO FRQVHUYDWLRQ��RU�PDWHULDOV�VFLHQFH�
���/DERUDWRU\ ([SHULPHQWV

$VVLJQ VWXGHQWV ODERUDWRU\ H[SHULPHQWV�WKDW GHPRQVWUDWH WKH SUDFWLFDO DSSOLFDWLRQV RI



PDWKHPDWLFV� SK\VLFV� DQG FKHPLVWU\�

([DPSOHV�LQFOXGH�LQYHVWLJDWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�FRQFHQWUDWLRQ�DQG�UHDFWLRQ�UDWH�
DQDO\]LQJ WKH EHKDYLRU RI�HOHFWULFDO FLUFXLWV� RU PHDVXULQJ WKH SURSHUWLHV RI�PDWHULDOV�

��� 0DWKHPDWLFDO 0RGHOLQJ

3UHVHQW VWXGHQWV ZLWK UHDO�ZRUOG SUREOHPV WKDW UHTXLUH PDWKHPDWLFDO PRGHOLQJ DQG DQDO\VLV�

�����ǣ ���������� �	�������� �������ǣ

ϭ͘ /ĚĞŶƚŝĨǇŝŶŐ ƚŚĞ ĂƚƚƌŝďƵƚĞƐ ŽĨ ŶĞƚǁŽƌŬ ;dŽƉŽůŽŐǇ͕ ƐĞƌǀŝĐĞ ƉƌŽǀŝĚĞƌ͕ /W ĂĚĚƌĞƐƐ ĂŶĚ
ďĂŶĚǁŝĚƚŚŽĨ

Ϯ͘ ǇŽƵƌ ĐŽůůĞŐĞ ŶĞƚǁŽƌŬͿ ĂŶĚ ƉƌĞƉĂƌĞ Ă ƌĞƉŽƌƚ ĐŽǀĞƌŝŶŐ ŶĞƚǁŽƌŬ ĂƌĐŚŝƚĞĐƚƵƌĞ͘

ϯ͘ /ĚĞŶƚŝĨǇ ƚŚĞ ƚǇƉĞƐ ŽĨ ŵĂůǁĂƌĞƐ ĂŶĚ ƌĞƋƵŝƌĞĚ ĨŝƌĞǁĂůůƐ ƚŽ ƉƌŽǀŝĚĞ ƐĞĐƵƌŝƚǇ͘

ϰ͘ >ĂƚĞƐƚ &ƌĂƵĚ ƚĞĐŚŶŝƋƵĞƐ ƵƐĞĚ ďǇ ŚĂĐŬĞƌƐ͘



��������Ǧ�

�KhZ^��Ϯ͗���s�E��^�/E�D�d,�D�d/��>͕�W,z^/��>�E���,�D/��> ^�/�E��^

�KhZ^���K��͗�ϭϮϰϳϬϮ

7KHRU\ &UHGLWV� � ��KUV�ZHHN

������ ���������ǣ

7KH�REMHFWLYH�RI�WKLV�FRXUVH�LV�WR�SURYLGH VWXGHQWV�ZLWK�DQ�LQ�GHSWK�XQGHUVWDQGLQJ�RI�WKH�UHFHQW
DGYDQFHV� DQG� FXWWLQJ�HGJH� UHVHDUFK� LQ� PDWKHPDWLFDO�� SK\VLFDO�� DQG� FKHPLFDO� VFLHQFHV�� 7KH
FRXUVH DLPV WR EURDGHQ VWXGHQWV
 NQRZOHGJH EH\RQG WKH IRXQGDWLRQDO FRQFHSWV DQG H[SRVH WKHP
WR�WKH� ODWHVW�GHYHORSPHQWV� LQ�WKHVH�GLVFLSOLQHV�� IRVWHULQJ�FULWLFDO� WKLQNLQJ��UHVHDUFK�VNLOOV��DQG
WKH DELOLW\ WR�FRQWULEXWH�WR�VFLHQWLILF DGYDQFHPHQWV�

�������� ��������ǣ

�� �ǆƉůŽƌĞ� ƚŚĞ� ĂƉƉůŝĐĂƚŝŽŶƐ� ŽĨ�ŵĂƚŚĞŵĂƚŝĐƐ� ŝŶ� ǀĂƌŝŽƵƐ� ĨŝĞůĚƐ� ŽĨ� ƉŚǇƐŝĐƐ� ĂŶĚ� ĐŚĞŵŝƐƚƌǇ͕� ƚŽ
ƵŶĚĞƌƐƚĂŶĚ ŚŽǁ�ŵĂƚŚĞŵĂƚŝĐĂů ĐŽŶĐĞƉƚƐ ĂƌĞ ƵƐĞĚ ƚŽ�ŵŽĚĞů ĂŶĚ�ƐŽůǀĞ ƌĞĂůͲǁŽƌůĚ ƉƌŽďůĞŵƐ͘

�� dŽ �ǆƉůĂŝŶ ƚŚĞ ďĂƐŝĐ ƉƌŝŶĐŝƉůĞƐ ĂŶĚ ĐŽŶĐĞƉƚƐ ƵŶĚĞƌůǇŝŶŐ Ă ďƌŽĂĚ ƌĂŶŐĞ ŽĨ ĨƵŶĚĂŵĞŶƚĂů�
ĂƌĞĂƐŽĨ ƉŚǇƐŝĐƐ�ĂŶĚ�ƚŽ��ŽŶŶĞĐƚ ƚŚĞŝƌ�ŬŶŽǁůĞĚŐĞ ŽĨ�ƉŚǇƐŝĐƐ�ƚŽ�ĞǀĞƌǇĚĂǇ ƐŝƚƵĂƚŝŽŶƐ͘

�� hŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ĚŝĨĨĞƌĞŶƚ� ƐŽƵƌĐĞƐ� ŽĨ� ƌĞŶĞǁĂďůĞ� ĞŶĞƌŐǇ� ĂŶĚ� ƚŚĞŝƌ� ŐĞŶĞƌĂƚŝŽŶ� ƉƌŽĐĞƐƐĞƐ�
ĂŶĚ ĂĚǀĂŶĐĞƐ�ŝŶ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ĂŶĚ�ƚŚĞŝƌ�ƉƌŽƉĞƌƚŝĞƐ͕�ǁŝƚŚ�Ă�ĨŽĐƵƐ�ŽŶ�ƋƵĂŶƚƵŵ�ĚŽƚƐ͘�dŽ�ƐƚƵĚǇ�
ƚŚĞ ĞŵĞƌŐŝŶŐ ĨŝĞůĚ ŽĨ ƋƵĂŶƚƵŵ ĐŽŵŵƵŶŝĐĂƚŝŽŶ ĂŶĚ ŝƚƐ ƉŽƚĞŶƚŝĂů ĂƉƉůŝĐĂƚŝŽŶƐ͘ dŽ ŐĂŝŶ ĂŶ
ƵŶĚĞƌƐƚĂŶĚŝŶŐ� ŽĨ� ƚŚĞ� ƉƌŝŶĐŝƉůĞƐ� ŽĨ� ďŝŽƉŚǇƐŝĐƐ� ŝŶ� ƐƚƵĚǇŝŶŐ� ďŝŽůŽŐŝĐĂů� ƐǇƐƚĞŵƐ͘� �ǆƉůŽƌĞ� ƚŚĞ
ƉƌŽƉĞƌƚŝĞƐ ĂŶĚ ĂƉƉůŝĐĂƚŝŽŶƐ�ŽĨ�ƐŚĂƉĞ�ŵĞŵŽƌǇ ŵĂƚĞƌŝĂůƐ͘

�� hŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ƉƌŝŶĐŝƉůĞƐ�ĂŶĚ�ƚĞĐŚŶŝƋƵĞƐ�ƵƐĞĚ�ŝŶ�ĐŽŵƉƵƚĞƌͲĂŝĚĞĚ�ĚƌƵŐ�ĚĞƐŝŐŶ�ĂŶĚ�ĚƌƵŐ
ĚĞůŝǀĞƌǇ ƐǇƐƚĞŵƐ͕ ƚŽ ƵŶĚĞƌƐƚĂŶĚ ƚŚĞ ĨĂďƌŝĐĂƚŝŽŶ ƚĞĐŚŶŝƋƵĞƐ ĂŶĚ ǁŽƌŬŝŶŐ ƉƌŝŶĐŝƉůĞƐ ŽĨ
ŶĂŶŽƐĞŶƐŽƌƐ͘ �ǆƉůŽƌĞ ƚŚĞ ĞĨĨĞĐƚƐ�ŽĨ�ĐŚĞŵŝĐĂů ƉŽůůƵƚĂŶƚƐ ŽŶ ĞĐŽƐǇƐƚĞŵƐ ĂŶĚ ŚƵŵĂŶ�ŚĞĂůƚŚ͘

�� hŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŝŶƚĞƌƉůĂǇ�ĂŶĚ�ĐŽŶŶĞĐƚŝŽŶƐ�ďĞƚǁĞĞŶ�ŵĂƚŚĞŵĂƚŝĐƐ͕�ƉŚǇƐŝĐƐ͕�ĂŶĚ�ĐŚĞŵŝƐƚƌǇ�
ŝŶ ǀĂƌŝŽƵƐ ĂĚǀĂŶĐĞĚ ĂƉƉůŝĐĂƚŝŽŶƐ͘ ZĞĐŽŐŶŝǌĞ ŚŽǁ ŵĂƚŚĞŵĂƚŝĐĂů ŵŽĚĞůƐ ĂŶĚ ƉŚǇƐŝĐĂů ĂŶĚ
ĐŚĞŵŝĐĂů ƉƌŝŶĐŝƉůĞƐ ĐĂŶ�ďĞ ƵƐĞĚ ƚŽ�ĞǆƉůĂŝŶ ĂŶĚ�ƉƌĞĚŝĐƚ ƉŚĞŶŽŵĞŶĂ ŝŶ�ĚŝĨĨĞƌĞŶƚ�ĐŽŶƚĞǆƚƐ͘
��8QGHUVWDQG�DQG�FRQYHUW�EHWZHHQ�GLIIHUHQW�QXPEHU� V\VWHPV�� VXFK�DV�ELQDU\��RFWDO��GHFLPDO�
DQG KH[DGHFLPDO� 'LIIHUHQWLDWH EHWZHHQ DQDORJ DQG GLJLWDO VLJQDOV DQG XQGHUVWDQG WKHLU
FKDUDFWHULVWLFV�*DLQ�NQRZOHGJH�RI�GLIIHUHQW� W\SHV� RI� WUDQVPLVVLRQ�PHGLD�� VXFK�DV�ZLUHG� �H�J��
FRSSHU FDEOHV� ILEHU RSWLFV� DQG�ZLUHOHVV �H�J���UDGLR ZDYHV� PLFURZDYH� VDWHOOLWH���

���� �ǣ�������� �� ������ �����������

6WUDLJKW�/LQHV��'LIIHUHQW�IRUPV�± 5HGXFWLRQ�RI�JHQHUDO�HTXDWLRQ�LQWR�YDULRXV�IRUPV�±
3RLQW RILQWHUVHFWLRQ RI WZR�VWUDLJKW OLQHV

>ŝŵŝƚƐ�ĂŶĚ��ŝĨĨĞƌĞŶƚŝĂƚŝŽŶ͗�^ƚĂŶĚĂƌĚ�ůŝŵŝƚƐ�ʹ �ĞƌŝǀĂƚŝǀĞ�ŽĨ�Ă�ĨƵŶĐƚŝŽŶ�ʹWƌŽďůĞŵƐ�ŽŶ
ƉƌŽĚƵĐƚ�ƌƵůĞĂŶĚ�ƋƵŽƚŝĞŶƚ ƌƵůĞ

,QWHJUDWLRQ� ,QWHJUDWLRQ DV D UHYHUVH SURFHVV RI GLIIHUHQWLDWLRQ ± %DVLF PHWKRGV RI LQWHJUDWLRQ



0DWULFHV�� 7\SHV� RI� PDWULFHV� ± 6FDODU� PXOWLSOH� RI� D� PDWUL[� ± 0XOWLSOLFDWLRQ� RI� PDWULFHV� ±
7UDQVSRVH RID PDWUL[ DQG�GHWHUPLQDQWV



���� ��ǣ�������� �� �������ǣ

ZĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ͗�'ĞŶĞƌĂƚŝŽŶ͕�ĞŶĞƌŐǇ�ƐƚŽƌĂŐĞ͕�ĂŶĚ�ĞŶĞƌŐǇͲĞĨĨŝĐŝĞŶƚ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ĚĞǀŝĐĞƐ͘
ZĞĐĞŶƚ�ĂĚǀĂŶĐĞƐ�ŝŶ�ƚŚĞ�ĨŝĞůĚ�ŽĨ�ŶĂŶŽƚĞĐŚŶŽůŽŐǇ͗�YƵĂŶƚƵŵ�ĚŽƚƐ͕�YƵĂŶƚƵŵ��ŽŵŵƵŶŝĐĂƚŝŽŶͲ
ƌĞĐĞŶƚ�ĂĚǀĂŶĐĞƐ ŝŶ ďŝŽƉŚǇƐŝĐƐͲ ƌĞĐĞŶƚ ĂĚǀĂŶĐĞƐ ŝŶ ŵĞĚŝĐĂů ƉŚǇƐŝĐƐͲ ^ŚĂƉĞ DĞŵŽƌǇ DĂƚĞƌŝĂůƐ͘

���� ���ǣ�������� �� ���������ǣ

&RPSXWHU DLGHG GUXJ GHVLJQ DQG GHOLYHU\� QDQR VHQVRUV� &KHPLFDO�%LRORJ\� LPSDFW RI FKHPLFDO
SROOXWDQWV RQ�HFRV\VWHPV DQG�KXPDQ�KHDOWK� '\H UHPRYDO�� &DWDO\VLV�PHWKRG

���� ��ǣ �������������������� �	�����������ǡ ������� Ƭ���������

DĂƚŚĞŵĂƚŝĐĂů�DŽĚĞůůŝŶŐ�ĂƉƉůŝĐĂƚŝŽŶƐ�ŝŶ�ƉŚǇƐŝĐƐ�ĂŶĚ�ĐŚĞŵŝƐƚƌǇ

�ƉƉůŝĐĂƚŝŽŶ�ŽĨ�ZĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ͗�'ƌŝĚ�/ŶƚĞŐƌĂƚŝŽŶ�ĂŶĚ�^ŵĂƌƚ�'ƌŝĚƐ͕

�ƉƉůŝĐĂƚŝŽŶ�ŽĨ ŶĂŶŽƚĞĐŚŶŽůŽŐǇ͗�EĂŶŽŵĞĚŝĐŝŶĞ͕

�ƉƉůŝĐĂƚŝŽŶ ŽĨ ďŝŽƉŚǇƐŝĐƐ͗ �ŝŽƉŚǇƐŝĐĂů /ŵĂŐŝŶŐ͕ �ŝŽŵĞĐŚĂŶŝĐƐ͕ EĞƵƌŽƉŚǇƐŝĐƐ͕

�ƉƉůŝĐĂƚŝŽŶ ŽĨ ŵĞĚŝĐĂů ƉŚǇƐŝĐƐ͗ ZĂĚŝĂƚŝŽŶ dŚĞƌĂƉǇ͕ EƵĐůĞĂƌ ŵĞĚŝĐŝŶĞ

6ROLG ZDVWH PDQDJHPHQW� (QYLURQPHQWDO UHPHGLDWLRQ� *UHHQ 7HFKQRORJ\� :DWHU WUHDWPHQW�

�����ǣ ����������������������� �������� �������

1XPEHU�6\VWHP�%LQDU\��2FWDO�� GHFLPDO�� DQG�+H[DGHFLPDO�� 6LJQDOV�$QDORJ��'LJLWDO��0RGHP�
&RGHF��0XOWLSOH[LQJ�� 7UDQVPLVVLRQ� PHGLD�� HUURU� GHWHFWLRQ� DQG� FRUUHFWLRQ� 3DULW\� FKHFN� DQG
&5&� 1HWZRUNLQJ GHYLFHV� 5HSHDWHU� KXE��EULGJH� VZLWFK� URXWHU� JDWHZD\�

����������� �����ǣ

�� �ŽŽƌĚŝŶĂƚĞ�'ĞŽŵĞƚƌǇ ďǇ ^͘>͘>ŽŶǇ͕ �ƌŝŚĂŶƚ WƵďůŝĐĂƚŝŽŶƐ

�� �ĂůĐƵůƵƐ ďǇ dŚŽŵĂƐ ĂŶĚ &ŝŶŶǇ͕ WĞĂƌƐŽŶ WƵďůŝĐĂƚŝŽŶƐ

�� DĂƚƌŝĐĞƐ ďǇ�͘Z͘sĂƐŝƐŚƚŚĂ ĂŶĚ�͘<͘sĂƐŝƐŚƚŚĂ͕ <ƌŝƐŚŶĂ�WƌĂŬĂƐŚĂŶ DĞĚŝĂ;WͿ>ƚĚ͘

�� ΗZĞŶĞǁĂďůĞ �ŶĞƌŐǇ͗ WŽǁĞƌ ĨŽƌ Ă ^ƵƐƚĂŝŶĂďůĞ &ƵƚƵƌĞΗ ďǇ 'ŽĚĨƌĞǇ �ŽǇůĞ

�� Η�ŶĞƌŐǇ ^ƚŽƌĂŐĞ͗ �EŽŶƚĞĐŚŶŝĐĂů 'ƵŝĚĞΗ ďǇ ZŝĐŚĂƌĚ �ĂǆƚĞƌ

�� ΗEĂŶŽƚĞĐŚŶŽůŽŐǇ͗ WƌŝŶĐŝƉůĞƐ ĂŶĚ�ƉƉůŝĐĂƚŝŽŶƐΗ ďǇ ^ƵůĂďŚĂ <͘ <ƵůŬĂƌŶŝ�ĂŶĚ�ZĂŐŚǀĞŶĚƌĂ �͘
�ŽŚĂƌĂ

�� Η�ŝŽƉŚǇƐŝĐƐ͗ �Ŷ /ŶƚƌŽĚƵĐƚŝŽŶΗ ďǇ ZŽĚŶĞǇ �ŽƚƚĞƌŝůů

�� ΗDĞĚŝĐĂů WŚǇƐŝĐƐ͗ /ŵĂŐŝŶŐΗ ďǇ :ĂŵĞƐ '͘tĞďƐƚĞƌ

�� Η^ŚĂƉĞDĞŵŽƌǇ�ůůŽǇƐ͗�WƌŽƉĞƌƚŝĞƐ ĂŶĚ�ƉƉůŝĐĂƚŝŽŶƐΗ ďǇ �ŝŵŝƚƌŝƐ �͘ >ĂŐŽƵĚĂƐ

��� EĂŶŽŵĂƚĞƌŝĂůƐ ĂŶĚ ĂƉƉůŝĐĂƚŝŽŶƐ ďǇD͘E͘�ŽƌĂŚ
ϭϭ����ŶǀŝƌŽŶŵĞŶƚĂů �ŚĞŵŝƐƚƌǇ ďǇ�Ŷŝů͘<͘�͘�͘
ϭϮ͘��ŝŐŝƚĂů >ŽŐŝĐ �ĞƐŝŐŶ ďǇ DŽƌƌŝƐ DĂŶŽ



ϭϯ͘�ĂƚĂ �ŽŵŵƵŶŝĐĂƚŝŽŶ Θ EĞƚǁŽƌŬŝŶŐ ďǇ �ĂŚƌŽƵǌ &ŽƌŽƵǌĂŶ͘



͘

������������������

���� �ǣ�������� �� ������������������

�� 6WUDLJKW /LQHV ([SORUDWLRQ

3URYLGH VWXGHQWV ZLWK D VHW RI HTXDWLRQV UHSUHVHQWLQJ VWUDLJKW OLQHV LQ GLIIHUHQW IRUPV� VXFKDV
VORSH�LQWHUFHSW IRUP� SRLQW�VORSH�IRUP��RU JHQHUDO�IRUP�

6WXGHQWV ZLOO H[SORUH WKH SURSHUWLHV DQG FKDUDFWHULVWLFV RI VWUDLJKW OLQHV� LQFOXGLQJ
WKHLUVORSHV�LQWHUFHSWV� DQG�SRLQW RI LQWHUVHFWLRQ�
�� /LPLWV DQG 'LIIHUHQWLDWLRQ 3UREOHP 6ROYLQJ

6WXGHQWV ZLOO DSSO\ WKH FRQFHSW RI OLPLWV WR VROYH YDULRXV SUREOHPV XVLQJ VWDQGDUG OLPLWV�

(QFRXUDJH VWXGHQWV WR LQWHUSUHW WKH UHVXOWV DQG PDNH FRQQHFWLRQV WR UHDO�ZRUOG DSSOLFDWLRQV�VXFK�DV
DQDO\]LQJ UDWHV�RI�FKDQJH RU RSWLPL]LQJ IXQFWLRQV�

�� ,QWHJUDWLRQ ([SORUDWLRQ
6WXGHQWV ZLOO H[SORUH WKH FRQFHSW RI LQWHJUDWLRQ DV D UHYHUVH SURFHVV RI GLIIHUHQWLDWLRQ DQGDSSO\
EDVLFPHWKRGV RI LQWHJUDWLRQ� VXFK DV WKH SURGXFW UXOH� VXEVWLWXWLRQ PHWKRG� RU
LQWHJUDWLRQ E\ SDUWV�

6WXGHQWV FDQ GLVFXVV WKH VLJQLILFDQFH RI LQWHJUDWLRQ LQ YDULRXV ILHOGV� VXFK DV SK\VLFV
DQGFKHPLVWU\�� 0DWULFHV 0DQLSXODWLRQ

6WXGHQWV ZLOO SHUIRUP RSHUDWLRQV RQ PDWULFHV� LQFOXGLQJ VFDODU PXOWLSOLFDWLRQ� PDWUL[PXOWLSOLFDWLRQ� DQG
PDWUL[�WUDQVSRVH�

6WXGHQWV FDQ DSSO\ WKHLU NQRZOHGJH RI PDWULFHV WR UHDO�ZRUOG DSSOLFDWLRQV� VXFK DV VROYLQJV\VWHPV
RIHTXDWLRQV RU UHSUHVHQWLQJ WUDQVIRUPDWLRQV LQ JHRPHWU\�

���� ��ǣ ����������� �������ǣ

���&DVH 6WXGLHV

3URYLGH VWXGHQWV ZLWK UHDO�ZRUOG FDVH VWXGLHV UHODWHG WR UHQHZDEOH HQHUJ\�
QDQRWHFKQRORJ\�ELRSK\VLFV�PHGLFDO�SK\VLFV��RU VKDSH PHPRU\ PDWHULDOV�
6WXGHQWV�ZLOO�DQDO\]H�WKH�FDVH�VWXGLHV��LGHQWLI\�WKH�FKDOOHQJHV�RU�SUREOHPV�SUHVHQWHG��
DQGSURSRVHLQQRYDWLYH VROXWLRQV EDVHG RQ�WKH�UHFHQW DGYDQFHV�LQ�WKH UHVSHFWLYH ILHOG�
7KH\�ZLOO�FRQVLGHU�IDFWRUV�VXFK�DV�HQHUJ\�JHQHUDWLRQ��HQHUJ\�VWRUDJH��HIILFLHQF\�
VXVWDLQDELOLW\� PDWHULDOV GHVLJQ� ELRPHGLFDO DSSOLFDWLRQV� RU WHFKQRORJLFDO
DGYDQFHPHQWV��� ([SHULPHQWDO 'HVLJQ

$VVLJQ�VWXGHQWV�WR�GHVLJQ�DQG�FRQGXFW�H[SHULPHQWV�UHODWHG�WR�RQH�RI�WKH�WRSLFV��
UHQHZDEOHHQHUJ\�QDQRWHFKQRORJ\� ELRSK\VLFV� PHGLFDO SK\VLFV� RU VKDSH PHPRU\ PDWHULDOV�
7KH\ ZLOO LGHQWLI\ D VSHFLILF UHVHDUFK TXHVWLRQ�RU SUREOHP WR�LQYHVWLJDWH�DQG GHVLJQ
DQH[SHULPHQW�DFFRUGLQJO\�

6WXGHQWV�ZLOO�FROOHFW�DQG�DQDO\]H�GDWD��LQWHUSUHW�WKH�UHVXOWV��DQG�GUDZ�FRQFOXVLRQV�EDVHG�
RQWKHLUILQGLQJV�

7KH\ ZLOO�GLVFXVV WKH LPSOLFDWLRQV�RI WKHLU H[SHULPHQWDO UHVXOWV LQ WKH FRQWH[W RI UHFHQWDGYDQFHV



LQWKH ILHOG�

�� *URXS 'LVFXVVLRQ DQG�'HEDWH

2UJDQL]H� D� JURXS� GLVFXVVLRQ� RU� GHEDWH� VHVVLRQ�ZKHUH� VWXGHQWV�ZLOO� GLVFXVV� WKH� HWKLFDO�� VRFLDO�� DQG
HQYLURQPHQWDO�LPSOLFDWLRQV�RI�WKH�UHFHQW�DGYDQFHV�LQ�UHQHZDEOH�HQHUJ\��QDQRWHFKQRORJ\�ELRSK\VLFV�
PHGLFDO SK\VLFV��DQG�VKDSH�PHPRU\ PDWHULDOV�

$VVLJQ�VWXGHQWV�VSHFLILF�UROHV��VXFK�DV�SURSRQHQW��RSSRQHQW��RU�PRGHUDWRU��DQG�SURYLGH�WKHP�ZLWK
NH\ SRLQWV�DQG DUJXPHQWV WR�VXSSRUW�WKHLU SRVLWLRQV�

���� ���ǣ�������� �� ���������ǣ

�� �ǆƉĞƌŝŵĞŶƚĂů �ĞƐŝŐŶ ĂŶĚ ^ŝŵƵůĂƚŝŽŶ

,Q VPDOO JURXSV� VWXGHQWV ZLOO GHVLJQ H[SHULPHQWV�RU VLPXODWLRQV UHODWHG WR WKH DVVLJQHG�WRSLF�

)RU H[DPSOH� LQ WKH FRQWH[W RI FRPSXWHU�DLGHG GUXJ GHVLJQ� VWXGHQWV FRXOG GHVLJQ D
YLUWXDOVFUHHQLQJH[SHULPHQW�WR�LGHQWLI\ SRWHQWLDO�GUXJ FDQGLGDWHV IRU D VSHFLILF GLVHDVH WDUJHW�

)RU QDQR VHQVRUV� VWXGHQWV FRXOG GHVLJQ DQ�H[SHULPHQW WR GHPRQVWUDWH WKH�VHQVLWLYLW\
DQGVHOHFWLYLW\ RI QDQR�VHQVRUV LQ�GHWHFWLQJ VSHFLILF DQDO\WHV�
&KHPLFDO ELRORJ\�UHODWHG�DFWLYLWLHV FRXOG LQYROYH GHVLJQLQJ H[SHULPHQWV WR VWXG\
HQ]\PH�VXEVWUDWH LQWHUDFWLRQV�RU PROHFXODU LQWHUDFWLRQV�LQ�ELRORJLFDO�V\VWHPV�
6WXGHQWV ZLOO SHUIRUP WKHLU H[SHULPHQWV RU VLPXODWLRQV� FROOHFW GDWD� DQDO\]H WKH UHVXOWV� DQG
GUDZFRQFOXVLRQV EDVHG RQ�WKHLU�ILQGLQJV�

�� �ĂƐĞ ^ƚƵĚŝĞƐ ĂŶĚ �ŝƐĐƵƐƐŝŽŶ

3URYLGH VWXGHQWV ZLWK UHDO�ZRUOG FDVH VWXGLHV UHODWHG WR WKH LPSDFW RI FKHPLFDO SROOXWDQWV
RQHFRV\VWHPV�DQG�KXPDQ�KHDOWK�
6WXGHQWV�ZLOO� DQDO\]H� WKH�FDVH� VWXGLHV�� LGHQWLI\� WKH� VRXUFHV�DQG�HIIHFWV�RI�FKHPLFDO�SROOXWDQWV�� DQG
SURSRVH PLWLJDWLRQ�VWUDWHJLHV WR�PLQLPL]H�WKHLU LPSDFW�

(QFRXUDJH GLVFXVVLRQV RQ WKH HWKLFDO DQG�HQYLURQPHQWDO FRQVLGHUDWLRQV ZKHQ GHDOLQJ
ZLWKFKHPLFDO�SROOXWDQWV�
)RU WKH G\H�UHPRYDO�XVLQJ WKH�FDWDO\VLV�PHWKRG� VWXGHQWV FDQ H[SORUH FDVH VWXGLHV
ZKHUHFDWDO\WLF SURFHVVHV DUH XVHG WR GHJUDGH RU UHPRYH G\HV�IURP ZDVWHZDWHU�

6WXGHQWV ZLOO GLVFXVV WKH SULQFLSOHV RI FDWDO\VLV��WKH DGYDQWDJHV DQG OLPLWDWLRQV RI
WKHFDWDO\VLV PHWKRG��DQG LWV�DSSOLFDWLRQV�LQ HQYLURQPHQWDO UHPHGLDWLRQ�
�� *URXS 3URMHFW

$VVLJQ VWXGHQWV WR�ZRUN LQ JURXSV�WR GHYHORS�D SURMHFW UHODWHG�WR RQH RI WKH WRSLFV�

7KH SURMHFW�FRXOG LQYROYH GHVLJQLQJ D FRPSXWHU�DLGHG GUXJ GHOLYHU\ V\VWHP� GHYHORSLQJ DQDQR�VHQVRU
IRU�D�VSHFLILF�DSSOLFDWLRQ��RU�SURSRVLQJ�VWUDWHJLHV�WR�PLWLJDWH�WKH�LPSDFW�RI�FKHPLFDO�SROOXWDQWV�RQ
HFRV\VWHPV�
6WXGHQWV ZLOO GHYHORS D�GHWDLOHG SURMHFW SODQ� FRQGXFW H[SHULPHQWV RU�VLPXODWLRQV� DQDO\]HGDWD�
DQG SUHVHQW WKHLU�ILQGLQJV�DQG UHFRPPHQGDWLRQV�(QFRXUDJH FUHDWLYLW\� FULWLFDO WKLQNLQJ� DQG FROODERUDWLRQ
WKURXJKRXW WKH SURMHFW



�

���� ��ǣ ���������������������	�����������ǡ ������� Ƭ���������
�� 0DWKHPDWLFDO 0RGHOOLQJ ([SHULPHQW

3URYLGH VWXGHQWV ZLWK��D PDWKHPDWLFDO PRGHOOLQJ H[SHULPHQW UHODWHG WR��RQH RI WKH WRSLFV� )RU
H[DPSOH� LQ WKH FRQWH[W RI UHQHZDEOH HQHUJ\� VWXGHQWV FDQ GHYHORS D PDWKHPDWLFDO PRGHO WR
RSWLPL]H WKH�SODFHPHQW�DQG�FRQILJXUDWLRQ�RI�VRODU�SDQHOV�LQ�D VRODU IDUP�
6WXGHQWV�ZLOO�ZRUN� LQ� WHDPV� WR� GHVLJQ� DQG� FRQGXFW� WKH� H[SHULPHQW�� FROOHFW� GDWD�� DQG� DQDO\]H� WKH
UHVXOWV�XVLQJ PDWKHPDWLFDO�PRGHOV�DQG�VWDWLVWLFDO�WHFKQLTXHV�
7KH\ ZLOO�GLVFXVV�WKH DFFXUDF\ DQG�OLPLWDWLRQV�RI WKHLU PRGHO� SURSRVH LPSURYHPHQWV��DQG
LQWHUSUHW� WKH� LPSOLFDWLRQV� RI� WKHLU� ILQGLQJV� LQ� WKH� FRQWH[W� RI� UHQHZDEOH� HQHUJ\� RU� WKH� VSHFLILF
DSSOLFDWLRQ�DUHD�
�� &DVH 6WXGLHV DQG�*URXS 'LVFXVVLRQV

$VVLJQ�VWXGHQWV�WR�DQDO\]H�FDVH�VWXGLHV�UHODWHG�WR�WKH�DSSOLFDWLRQV�RI�PDWKHPDWLFDO�PRGHOOLQJLQ
QDQRWHFKQRORJ\��ELRSK\VLFV��PHGLFDO�SK\VLFV��VROLG�ZDVWH�PDQDJHPHQW��HQYLURQPHQWDO�
UHPHGLDWLRQ�RU ZDWHU WUHDWPHQW�
6WXGHQWV ZLOO GLVFXVV WKH PDWKHPDWLFDO PRGHOV DQG FRPSXWDWLRQDO PHWKRGV XVHG LQ WKH
FDVHVWXGLHV�DQDO\]H WKH RXWFRPHV��DQG�HYDOXDWH WKH HIIHFWLYHQHVV RI WKH PRGHOOLQJ DSSURDFK�
(QFRXUDJH JURXS GLVFXVVLRQV RQ�WKH FKDOOHQJHV� HWKLFDO FRQVLGHUDWLRQV� DQG
SRWHQWLDODGYDQFHPHQWV�LQ�WKH ILHOG�

6WXGHQWV ZLOO SUHVHQW WKHLU ILQGLQJV DQG HQJDJH LQ FULWLFDO GLVFXVVLRQV RQ WKH DGYDQWDJHV
DQGOLPLWDWLRQV RI PDWKHPDWLFDO�PRGHOOLQJ LQ VROYLQJ FRPSOH[ SUREOHPV LQ WKHVH DUHDV�

�� 'ƌŽƵƉ WƌŽũĞĐƚ
$VVLJQ�VWXGHQWV�WR�ZRUN�LQ�JURXSV�WR�GHYHORS�D�JURXS�SURMHFW�WKDW�LQWHJUDWHV�PDWKHPDWLFDO�PRGHOOLQJ
ZLWK RQH RI WKH DSSOLFDWLRQ DUHDV� UHQHZDEOH HQHUJ\� QDQRWHFKQRORJ\� ELRSK\VLFV�PHGLFDO SK\VLFV�
VROLGZDVWH PDQDJHPHQW� HQYLURQPHQWDO UHPHGLDWLRQ��RU ZDWHU WUHDWPHQW�

7KH�SURMHFW�FRXOG�LQYROYH�GHYHORSLQJ�D�PDWKHPDWLFDO�PRGHO�WR�RSWLPL]H�WKH�GHOLYHU\�RI�
UDGLDWLRQWKHUDS\�LQ�PHGLFDO�SK\VLFV�RU�GHVLJQLQJ�D�PDWKHPDWLFDO�PRGHO�WR�RSWLPL]H�
ZDVWHPDQDJHPHQW SUDFWLFHV�
6WXGHQWV�ZLOO�SODQ�DQG�H[HFXWH�WKHLU�SURMHFW��DSSO\�PDWKHPDWLFDO�PRGHOOLQJ�
WHFKQLTXHV�DQDO\]HWKH UHVXOWV� DQG�SUHVHQW�WKHLU�ILQGLQJV DQG UHFRPPHQGDWLRQV�
(QFRXUDJH FUHDWLYLW\� FULWLFDO WKLQNLQJ� DQG FROODERUDWLRQ WKURXJKRXW WKH SURMHFW�

�����ǣ�������� ��������������� �������� �������

6WXGHQWV PXVW�EH�DEOH�WR FRQYHUW�QXPEHUV IURP�RWKHU QXPEHU�V\VWHP�WR�ELQDU\ QXPEHUV\VWHPV

�� /ĚĞŶƚŝĨǇ ƚŚĞ ŶĞƚǁŽƌŬŝŶŐ ŵĞĚŝĂ ƵƐĞĚ ĨŽƌ ǇŽƵƌ ĐŽůůĞŐĞ ŶĞƚǁŽƌŬ

�� /ĚĞŶƚŝĨǇ Ăůů�ƚŚĞ ŶĞƚǁŽƌŬŝŶŐ ĚĞǀŝĐĞƐ ƵƐĞĚ ŝŶ ǇŽƵƌ�ĐŽůůĞŐĞ ƉƌĞŵŝƐĞƐ͘



��������Ǧ��

�KhZ^� ϯ͗ �/&&�Z�Ed/�> �Yh�d/KE^

�KhZ^���K��͗�ϮϮϰϳϬϭ

7KHRU\ &UHGLWV� � ��KUV�ZHHN

������ ��������
$IWHU VXFFHVVIXO�FRPSOHWLRQ RI WKLV�FRXUVH� WKH�VWXGHQW ZLOO�EH DEOH�WR

�� ƐŽůǀĞ ĨŝƌƐƚ ŽƌĚĞƌ ĨŝƌƐƚ ĚĞŐƌĞĞ ůŝŶĞĂƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ͘
�� ĐŽŶǀĞƌƚ Ă ŶŽŶͲĞǆĂĐƚ ŚŽŵŽŐĞŶĞŽƵƐ ĞƋƵĂƚŝŽŶ ƚŽ�ĞǆĂĐƚ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶ ďǇ ƵƐŝŶŐ

ĂŶŝŶƚĞŐƌĂƚŝŶŐ ĨĂĐƚŽƌ͘
�� ŬŶŽǁ ƚŚĞ�ŵĞƚŚŽĚƐ�ŽĨ�ĨŝŶĚŝŶŐ�ƐŽůƵƚŝŽŶ�ŽĨ�Ă�ĚŝĨĨĞƌĞŶƚŝĂů�ĞƋƵĂƚŝŽŶ�ŽĨ�ĨŝƌƐƚ�ŽƌĚĞƌ�ďƵƚ�ŶŽƚ�ŽĨ�

ĨŝƌƐƚĚĞŐƌĞĞ͘
�� ƐŽůǀĞ�ŚŝŐŚĞƌͲŽƌĚĞƌ�ůŝŶĞĂƌ�ĚŝĨĨĞƌĞŶƚŝĂů�ĞƋƵĂƚŝŽŶƐ�ĨŽƌ�ďŽƚŚ�ŚŽŵŽŐĞŶĞŽƵƐ�ĂŶĚ�ŶŽŶͲ

ŚŽŵŽŐĞŶĞŽƵƐ͕ǁŝƚŚ ĐŽŶƐƚĂŶƚ�ĐŽĞĨĨŝĐŝĞŶƚƐ͘
�� ƵŶĚĞƌƐƚĂŶĚ ĂŶĚ ĂƉƉůǇ ƚŚĞ ĂƉƉƌŽƉƌŝĂƚĞ ŵĞƚŚŽĚƐ ĨŽƌ ƐŽůǀŝŶŐ ŚŝŐŚĞƌ ŽƌĚĞƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ͘

ǁŝƚŚ �ŽƵƌƐĞ ĨŽĐƵƐ ŽŶ ĞŵƉůŽǇĂďŝůŝƚǇ ͬ ĞŶƚƌĞƉƌĞŶĞƵƌƐŚŝƉ�ͬ ^Ŭŝůů �ĞǀĞůŽƉŵĞŶƚ ŵŽĚƵůĞƐ

������ �������
hŶŝƚ ʹ ϭ

������������ ��������� �������� ����� ��� ����� ������
/LQHDU 'LIIHUHQWLDO (TXDWLRQV��± %HUQRXOOL¶V (TXDWLRQV � ([DFW 'LIIHUHQWLDO (TXDWLRQV ±,QWHJUDWLQJIDFWRUV
� (TXDWLRQV�UHGXFLEOH WR�([DFW�(TXDWLRQV E\ ,QWHJUDWLQJ )DFWRUV �

L� ,QVSHFWLRQ 0HWKRG LL�
�

Dǆ�EǇ
LLL�

�

Dǆ �EǇ

���� Ȃ ʹ
�ŝĨĨĞƌĞŶƚŝĂů �ƋƵĂƚŝŽŶƐ ŽĨ ĨŝƌƐƚ ŽƌĚĞƌ ďƵƚ ŶŽƚ ŽĨ ĨŝƌƐƚ ĚĞŐƌĞĞ

(TXDWLRQV� VROYDEOH� IRU� �� (TXDWLRQV� VROYDEOH� IRU� ��ݕ (TXDWLRQV� VROYDEOH� IRU ݔ ± &ODLUDXW¶V� HTXDWLRQ� �
2UWKRJRQDO 7UDMHFWRULHV� &DUWHVLDQ��DQG�3RODU IRUPV�

6NLOO
'HYHORSPHQW

(PSOR\DELOLW\ (QWUHSUHQHXUVKLS



hŶŝƚ ʹ ϯ ,ŝŐŚĞƌ ŽƌĚĞƌ ůŝŶĞĂƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ

^ŽůƵƚŝŽŶƐ ŽĨ ŚŽŵŽŐĞŶĞŽƵƐ ůŝŶĞĂƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ ŽĨ ŽƌĚĞƌ ݊ ǁŝƚŚ ĐŽŶƐƚĂŶƚ ĐŽĞĨĨŝĐŝĞŶƚƐ Ͳ ^ŽůƵƚŝŽŶƐ�ŽĨ�
ŶŽŶͲŚŽŵŽŐĞŶĞŽƵƐ�ůŝŶĞĂƌ�ĚŝĨĨĞƌĞŶƚŝĂů�ĞƋƵĂƚŝŽŶƐ�ǁŝƚŚ�ĐŽŶƐƚĂŶƚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ďǇ�ŵĞĂŶƐ�ŽĨ ƉŽůǇŶŽŵŝĂů
ŽƉĞƌĂƚŽƌƐ

;ŝͿܳሺܺሻ ൌ ݁௫ŝŝͿܳሺܺሻ ൌ ݔܽ݊݅ݏ ሺݎሻܿݔܽݏ

���� Ȃ Ͷ
,ŝŐŚĞƌ ŽƌĚĞƌ ůŝŶĞĂƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ ;ĐŽŶƚŝŶƵĞĚ͘Ϳ

6ROXWLRQ WR D QRQ�KRPRJHQHRXV OLQHDU GLIIHUHQWLDO�HTXDWLRQ ZLWK FRQVWDQW FRHIILFLHQWV
3�,� RI ሺܦሻ ൌ ܳ ZKHQ ܳ ൌ ݇ݔܾ

3�,� RI ሺܦሻ ൌ ܳ ZKHQ ܳ ൌ �ܸݔܽ݁ ZKHUH ܸ LV D IXQFWLRQ RI ݔ
3�,� ŽĨ ݂ሺܦሻݕ ൌ ܳ ǁŚĞŶ ܳ ൌ ͕ܸݔ ǁŚĞƌĞ ܸ ŝƐ�Ă ĨƵŶĐƚŝŽŶ ŽĨ ݔ

hŶŝƚ ʹ ϱ
,ŝŐŚĞƌ ŽƌĚĞƌ ůŝŶĞĂƌ ĚŝĨĨĞƌĞŶƚŝĂů ĞƋƵĂƚŝŽŶƐ ǁŝƚŚ ŶŽŶͲĐŽŶƐƚĂŶƚ ĐŽĞĨĨŝĐŝĞŶƚƐ

/LQHDU GLIIHUHQWLDO (TXDWLRQV ZLWK QRQ�FRQVWDQW FRHIILFLHQWV� &DXFK\�(XOHU (TXDWLRQ� /HJHQGUH(TXDWLRQ�
0HWKRG�RI�YDULDWLRQ�RI SDUDPHWHUV
$GGLWLRQDO�0RGXOH���� +56�
3ORWWLQJ�RI�VHFRQG�RUGHU�VROXWLRQ�IDPLO\�RI�GLIIHUHQWLDO�HTXDWLRQ� 3ORWWLQJ�RI�WKLUG�RUGHU�VROXWLRQ�IDPLO\�RI�

GLIIHUHQWLDO�HTXDWLRQ� *URZWK�PRGHO��H[SRQHQWLDO�FDVH�RQO\�� 'HFD\�PRGHO��H[SRQHQWLDO�FDVH�RQO\��
�ĐƚŝǀŝƚŝĞƐ
6HPLQDU� 4XL]� $VVLJQPHQWV� $SSOLFDWLRQV RI 'LIIHUHQWLDO (TXDWLRQV WR 5HDO OLIH 3UREOHP �3UREOHP6ROYLQJ
6HVVLRQV�
7H[W %RRN
'LIIHUHQWLDO�(TXDWLRQV�DQG�7KHLU�$SSOLFDWLRQV�E\�=DIDU�$KVDQ��SXEOLVKHG�E\�3UHQWLFH�+DOO�RI,QGLD 3YW� /WG��
1HZ�'HOKL�6HFRQG�HGLWLRQ�

��������� �����
�� KƌĚŝŶĂƌǇ ĂŶĚ�WĂƌƚŝĂů��ŝĨĨĞƌĞŶƚŝĂů��ƋƵĂƚŝŽŶƐ�ďǇ �ƌ͘ D͘�͘�ZĂŝƐŝŶŐŚĂŶŝĂ͕�ƉƵďůŝƐŚĞĚ�ďǇ ^͘��ŚĂŶĚ

Θ�ŽŵƉĂŶǇ͕ EĞǁ��ĞůŚŝ͘
�� �ŝĨĨĞƌĞŶƚŝĂů��ƋƵĂƚŝŽŶƐ�ǁŝƚŚ�ĂƉƉůŝĐĂƚŝŽŶƐ�ĂŶĚ�ƉƌŽŐƌĂŵƐ�ʹ ^͘��ĂůĂĐŚĂŶĚƌĂ�ZĂŽ�Θ�,Z��ŶƵƌĂĚŚĂͲ
hŶŝǀĞƌƐŝƚŝĞƐ WƌĞƐƐ͘
�� �ŝĨĨĞƌĞŶƚŝĂů �ƋƵĂƚŝŽŶƐ Ͳ^ƌŝŶŝǀĂƐ sĂŶŐĂůĂΘDĂĚŚƵ�ZĂũĞƐŚ͕ ƉƵďůŝƐŚĞĚ ďǇ ^ƉĞĐƚƌƵŵ hŶŝǀĞƌƐŝƚǇ
WƌĞƐƐ͘



��Ǧ�� �������ǣ
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