
"Iq�
]kghI�+g]d]h<Y
/kDZQj�E]ZdYIjIG�N]gZ�IYIEjg][QE<YYs

Â� 
]kghI�dgINQr�<[G�E]kghI�[kZDIg�����ÅÇÉ�ÆÇÉௐௐௐௐௐ

Ã� 
]kghI�jQjYI� ௐௐௐௐௐ�jP[]D]j<[s

Ä� �DDgIpQ<jIG�jQjYI�N]g�EY<hh�hEPIGkYI ¥ÄÁ�EP<g<EjIgh ]g�YIhh¦��ௐ�jP[]D]j<[sௐௐௐௐ

Å� 
gIGQj�P]kgh� ௐௐௐௐௐ
Ã

Æ� 
<j<Y]O�GIhEgQdjQ][� ௐௐௐ
7KLV�FRXUVH�H[DPLQHV�WKH�UHODWLRQVKLS�EHWZHHQ�SODQWV�DQG�SHRSOH�IURP�ELRORJLFDO��VRFLDO�
KLVWRULFDO��HFRQRPLF��DQG�FXOWXUDO�SHUVSHFWLYHV��:H�ZLOO�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ
SHRSOH�DQG�SODQWV�WKURXJK�VFLHQWLıF�HSLVWHPRORJLHV�ZLWK�D�IRFXV�RQ�WKH�GHFRORQLDO�OHQV�
7KLV�FRXUVH�KLJKOLJKWV�WKH�FRQWULEXWLRQ�DQG�FRQQHFWLRQ�RI�,QGLJHQRXV�HSLVWHPRORJLHV�DQG
SUD[LV�WR�WKH�VFLHQWLıF�SURFHVV�DQG�67(0�PHWKRGRORJLHV��6WXGHQWV�ZLOO�GHYHORS�VNLOOV�LQ
VKDUHG�NQRZOHGJH�JHQHUDWLRQ��FRVW�EHQHıW�VKDULQJ��DQG�HWKLFDO�UHVHDUFK�SUDFWLFHV�WKURXJK
DSSOLHG�SURMHFWV�LQFRUSRUDWLQJ�PHWKRGV�IURP�%LRORJ\��(FRORJ\��&KHPLVWU\��&XOWXUDO
$QWKURSRORJ\��DQG�RWKHUV�

ௐௐ

Ç� +gIgIfkQhQjIh�¥j]�<GG�I<EP�<GGQjQ][<Y�dgIgIfkQhQjI� hj<gj�<�[Iq�YQ[I¦�
¥/II�<jj<EPIG�"]jI�N]g�h<ZdYIh¦

���¥���ÄÅÁ¦ ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ

���¥E]kghI�dgINQr��¥hd<EI¦�<[G�[kZDIg¦ ௐௐௐௐௐ�]g�ௐௐௐௐௐ ]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ


� ¥E]kghI�dgINQr��¥hd<EI¦�<[G�[kZDIg¦ ௐௐௐௐௐ�]g�ௐௐௐௐௐ ]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ

È� 
]�gIfkQhQjIh�¥Q[EYkGQ[O�Y<Dh��QN�<[s¦�
���¥E]kghI�dgINQr��¥hd<EI¦�<[G�[kZDIg¦ ௐௐௐௐௐ�]g�ௐௐௐௐௐ ]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ�]g�ௐௐௐௐௐ

É� !<W]g�
Y<hh�gIhjgQEjQ][h��+YI<hI�Q[GQE<jI�<[s�EY<hh�]g�Z<W]g�gIhjgQEjQ][h� ௐௐௐௐௐ

Ê� �h�E]kghI�gIdI<j<DYI��9Ih�ௐௐௐௐௐ "] ௐௐௐௐௐ��N�9Ih� YQhj�Z<rQZkZ�EgIGQjh� ௐௐௐௐௐ

ÂÁ�  <Dh�gIfkQgIZI[jh���N�E]kghI�Q[EYkGIh�<�Y<D��¾�]N�P]kgh�YIEjkgI� ௐௐௐௐௐ ��¾�]N�P]kgh�Y<D�
ௐௐௐௐௐ"]� <Dh�� IEjkgI�][Ys

ÂÂ� �IIh�� Qhj�<[s�E]kghI�NIIh� ௐௐௐௐௐ

ÂÃ� �g<GI�!]GI� �g<GIG�][Ys� ௐௐௐௐௐ��+<hh�"]�+<hh�][Ys� ௐௐௐௐௐ��$djQ][��ௐௐௐௐௐ

�

Graded	only:

(ES	340)



ÂÄ� 
�+�
]GI��/Qr�GQOQj�
�+�E]GI ¥EPIEX�qQjP�s]kg��QpQhQ][��QgIEj]g¦��ௐௐÃÇ�ÁÂÁÂ

ÂÅ� /dIEQ<Y�fk<YQNQE<jQ][h���h�E]kghI�dg]d]hIG�N]g�¥sIh�[]¦�
�� 1[QpIghQjs�/jkGQIh� ௐௐௐௐௐ���N�sIh��YQhj�/jg<[G¥h¦ ௐௐௐ�ௐௐ

�����][]gh��ௐௐௐௐௐ

ÂÆ� 
g]hh�YQhjQ[O�� Qhj�<[s�Eg]hh�YQhjQ[O�¥<[G�dYI<hI�E]ZdYIjI�jPI�
g]hh�YQhj�dg]d]h<Y�N]gZ�<j
Pjjdh���Q[hQGI�h]k�IGk�dg]p]hj�EkggQEkYkZ�PjZY¦� ௐௐௐௐௐ <[G�ௐௐௐௐௐ�<[G�ௐௐௐௐௐ�<[G
ௐௐௐௐௐ�<[G�ௐௐௐௐௐ

ÂÇ� /jg<jIOQE�WkhjQNQE<jQ][�N]g�dg]d]hIG�E]kghI�
�� .<jQ][<YI��7P<j�Qh�jPI�]pIg<YY�hjg<jIOQE�g<jQ][<YI N]g�]NNIgQ[O�jPQh�E]kghI�
�jP[]D]j<[s�Qh�<�k[QfkI�hkdIg�GQhEQdYQ[I�jP<j�Q[jIOg<jIh�ZIjP]G]Y]OQIh�Ng]Z
�Q]Y]Os���E]Y]Os��
PIZQhjgs��<[G��[jPg]d]Y]Os�<[G�<ddYQIh�jPIZ�j]�q]gXQ[O�qQjP
GQpIghI�E]ZZk[QjQIh�<[G�E<[][h�]N�hEQI[jQNQE�<[G�IE]Y]OQE<Y�X[]qYIGOI�<g]k[G�jPI
q]gYG��0PQh�E]kghI�<YY]qh�hjkGI[jh�[]pIY�]dd]gjk[QjQIh�j]�pQIq�/0�!�hkDWIEj�Z<jjIg
Ng]Z�<�p<gQIjs�]N�YI[hIh�<[G�<ddYs�hEQI[EI�E][jI[j�j]q<gGh�Q[jIgGQhEQdYQ[<gs
IrdY]g<jQ][h�]N�jPI�Q[jIghIEjQ][�]N�dY<[jh��dI]dYI��<[G�EkYjkgI�
�� �YQO[ZI[j�

Â���]q�G]Ih�jPQh�E]kghI�<YQO[�qQjP�jPI�k[Qj�h�ZQhhQ][�dY<[��ௐௐௐௐௐ
0PQh�E]kghI�GQgIEjYs�<YQO[h�qQjP�jPI�/0�!��QpQhQ][�ZQhhQ][�j]�GIZ][hjg<jI�jPI�EgQjQE<Y
g]YI�]N�<[<YsjQE<Y�jPQ[XQ[O�<[G�hEQI[jQNQE�ZIjP]G]Y]Os�gIfkQgIG�j]�<GGgIhh�OY]D<Y
QhhkIh�

Ã���]q�G]Ih�jPI�E]kghI�NQj�Q[j]�jPI�gIhj�]N�jPI�k[Qj�h�EkggQEkYkZ��ௐௐௐௐௐ
�h�<[�kddIg�GQpQhQ][��Q]Y]Os�IYIEjQpI��jPQh�E]kghI�E]ZdYIZI[jh�hjkGs�Q[�E][hIgp<jQ][
DQ]Y]Os��gIhj]g<jQ][�IE]Y]Os��dP<gZ<E]Y]Os��<[G�dg]pQGIh�k[QfkI�]dd]gjk[QjQIh�N]g
dgI�ZIGQE<Y�hjkGI[jh���j�Qh�<Yh]�<�GQhEQdYQ[I�]N�Q[jIgIhj�j]�Og<Gk<jI�hjkGI[jh�Q[�jPI
�[pQg][ZI[j<Y��GkE<jQ][��g<Gk<jI�+g]Og<Z�


� �[g]YYZI[j��7P<j�Qh�jPI�[Iq�E]kghI�h�IhjQZ<jIG�I[g]YYZI[j I<EP�jQZI�Qj�Qh
]NNIgIG�]pIg�<�jPgII�sI<g�dIgQ]G�

]kghI�Qh�]NNIgIG�IpIgs�]jPIg�sI<g���9I<g�Â��ÂÉௐௐௐௐ��9I<g�Ãௐௐௐௐௐ��9I<g�Ä��ÂÉௐௐௐ

�� .Ih]kgEI�Ip<Yk<jQ][� 7P<j�gIh]kgEIh� �N<EkYjs��IfkQdZI[j� Y<D�hd<EI��IjE����
qQYY�DI�[IIGIG�j]�]NNIg�jPQh�E]kghI�<[G�P]q�qQYY�jP]hI�gIh]kgEIh�DI�]Dj<Q[IG�

Â� �<EkYjs�
<� 7P]�qQYY�jI<EP�jPI�E]kghI���ௐௐௐ

�gQIYYI��<YdIg[ௐ
D� �p<Yk<jI�k[Qj�h�N<EkYjs�<p<QY<DQYQjs�<[G�]g�[IIGh�<[G�jPI�QZd<Ej�][�]jPIg

jI<EPQ[O�]DYQO<jQ][h���ௐௐௐௐ
0PQh�E]kghI�P<h�DII[�dQY]jIG�<h�<[�]dI[�[kZDIgIG�ÅÂÂ�ÆÂÂ�E]kghI�<[G�Qh
EkggI[jYs�<�d<gj�]N�jPI�N<EkYjs�h�hEPIGkYIG�jI<EPQ[O�Y]<G��ௐ

�



E� �N�<GGQjQ][<Y�N<EkYjs�ZIZDIgh�<gI�[IIGIG��P]q�qQYY�jP<j�[IIG�DI�ZIj�
"]�<GGQjQ][<Y�N<EkYjs�<gI�[IIGIG�N]g�jPQh�E]kghI�

Ã� �<EQYQjQIh���
QjI�<[s�<GGQjQ][<Y�[IIG�N]g�EY<hhg]]Zh� IfkQdZI[j�]g�Y<D�hd<EI�
IrdY<Q[�P]q�jP<j�[IIG¥h¦�qQYY�DI�ZIj�

�Q]Y]Os�EY<hhg]]Zh�<gI�hkNNQEQI[j�N]g�jPQh�E]kghI��0PI�E]kghI�<Yh]�kjQYQvIh�jPI
"<jkg<Y��Qhj]gs�!khIkZ�<[G�/$1�OgII[P]khI�

Ä� $jPIg�
<� �gI��<[[][� QDg<gs�gIh]kgEIh�hkNNQEQI[j�j]�ZIIj�jPI�[IIGh�]N�jPQh�E]kghI�

9Ih
D� �gI�<[s�]jPIg�gIh]kgEIh�[IIGIG�j]�hkdd]gj�jPQh�E]kghI�

�N�h]��dYI<hI�IrdY<Q[�P]q�jPIs�qQYY�DI�]Dj<Q[IG�
"]�<GGQjQ][<Y�gIh]kgEIh�<gI�[IIGIG�j]�jI<EP�jPQh�E]kghI�

�� �rjIg[<Y�QZd<Ej�
Â� 7P<j�Qh�jPI�IrdIEjIG�INNIEj�]N�jPQh�E]kghI�][�IrQhjQ[O�dg]Og<Zh�IYhIqPIgI�Q[
jPI�k[QpIghQjs�

"]�IrdIEjIG�QZd<Ej�][�IrQhjQ[O�dg]Og<Zh�IYhIqPIgI�qQjPQ[�jPI�k[QpIghQjs�

"$0�� +YI<hI�G]EkZI[j�s]kg�E][j<Ej�qQjP�]jPIg�<E<GIZQE dg]Og<Zh�qPQEP�Z<s
DI�<NNIEjIG�Ds�jPQh�[Iq�E]kghI�<[G�jPI�gIhd][hI�s]k�gIEIQpIG�

Ã� 7QYY�<[s�]N�s]kg�dgIgIfkQhQjIh�<NNIEj�]jPIg�<E<GIZQE�dg]Og<Zh�
"$0�� +YI<hI�G]EkZI[j�s]kg�E][j<Ej�qQjP�]jPIg�<E<GIZQE dg]Og<Zh�qPQEP�Z<s
DI�<NNIEjIG�Ds�jPQh�[Iq�E]kghI�<[G�jPI�gIhd][hI�s]k�gIEIQpIG�

"]��jPI�dgIgIfkQhQjI�N]g�jPQh�E]kghI�Qh�<[�IrQhjQ[O�E]gI�gIfkQgIZI[j�N]g�jPI
�Q]Y]Os�+g]Og<Z�

�



ÂÈ� /sYY<Dkh�¥E][GI[hIG¦
¥�jj<EP�<[�<EE]Zd<[sQ[O��E][GI[hIG�hsYY<Dkh��qPQEP�hP]kYG�Q[EYkGI�jPI�N]YY]qQ[O�QjIZh�
/EPIGkYIh�<[G�hQZQY<g�GIj<QYh�<gI []j gIfkQgIG�¦

�� 
]kghI�GIhEgQdjQ][�¥h<ZI�<h�
<j<Y]O�GIhEgQdjQ][��<D]pI¦

0PQh�E]kghI�Ir<ZQ[Ih�jPI�gIY<jQ][hPQd�DIjqII[�dY<[jh�<[G�dI]dYI�Ng]Z�DQ]Y]OQE<Y��h]EQ<Y�
PQhj]gQE<Y��IE][]ZQE��<[G�EkYjkg<Y�dIghdIEjQpIh��7I�qQYY�Ir<ZQ[I�jPI�gIY<jQ][hPQd
DIjqII[�dI]dYI�<[G�dY<[jh�jPg]kOP�hEQI[jQNQE�IdQhjIZ]Y]OQIh�qQjP�<�N]Ekh�][�jPI
GIE]Y][Q<Y�YI[h��0PQh�E]kghI�PQOPYQOPjh�jPI�E][jgQDkjQ][�<[G�E][[IEjQ][�]N��[GQOI[]kh
IdQhjIZ]Y]OQIh�<[G�dg<rQh�j]�jPI�hEQI[jQNQE�dg]EIhh�<[G�/0�!�ZIjP]G]Y]OQIh��/jkGI[jh
qQYY�GIpIY]d�hXQYYh�Q[�hP<gIG�X[]qYIGOI�OI[Ig<jQ][��E]hj�DI[INQj�hP<gQ[O��<[G�IjPQE<Y
gIhI<gEP�dg<EjQEIh�jPg]kOP�<ddYQIG�dg]WIEjh�Q[E]gd]g<jQ[O�ZIjP]Gh�Ng]Z��Q]Y]Os�
�E]Y]Os��
PIZQhjgs��
kYjkg<Y��[jPg]d]Y]Os��<[G�]jPIgh�

��  I<g[Q[O�]DWIEjQpIh�]N�jPI�E]kghI
Â� �[pIhjQO<jI�EkYjkg<Y�gIY<jQ][hPQdh�qQjP�dY<[jh��j<r][]ZQIh��<[G�IE]hshjIZh�qQjP

hdIEQ<Y�N]Ekh�][�g<EI��IjP[QEQjs���[GQOI[IQjs��OI[GIg�QGI[jQjs�<[G�IrdgIhhQ][�
Ã� �p<Yk<jI�IjP[]D]j<[QE<Y�gIhI<gEP�Ng]Z��hEQI[jQNQE�<[G�h]EQ<Y�dIghdIEjQpIh�qQjP

hdIEQ<Y�N]Ekh�][�P]q�gIhI<gEP�j]dQEh�<[G�ZIjP]Gh�D]jP�dg]ZkYO<jI�<[G
jg<[hN]gZ�E]Y][Q<Y�ZI[j<YQjQIh�

Ä� �]gZkY<jI�IjP[]D]j<[QE<Y�gIhI<gEP�dg]WIEjh�jP<j�PIYd�j]�gIGgIhh�Q[IfkQjQIh�<[G
EgI<jI�]dd]gjk[QjQIh�kjQYQvQ[O�Eg]hh�GQhEQdYQ[<gs�ZIjP]G]Y]OQIh�

Å� /s[jPIhQvI�DQ]Y]OQE<Y��EPIZQE<Y��IE]Y]OQE<Y��IE][]ZQE��EkYjkg<Y��<[G�PQhj]gQE
Q[N]gZ<jQ][�][�dY<[jh��jPIQg�EkYjQp<jQ][�dg]d<O<jQ][��<[G�jPI�¥IjP[]¦IE]hshjIZh
<[G�E][jIrjh�Q[�qPQEP�jPIs�Og]q��<gI�jI[GIG��<[G�<gI�khIG�


� .IfkQgIG�jIrjh

�<YQEX��!������²�
]r��+�����¥ÃÁÃÁ¦� +Y<[jh��+I]dYI� <[G�
kYjkgI ¥Ã[G �GQjQ][¦�
�<gY<[G�/EQI[EI��¥<p<QY<DYI�Q[�jPI�/$1��]]Xhj]gI¦

�� 
]kghI�N]gZ<j

Ã�P]kg�YIEjkgI�Ãr�qIIXYs�

�� $jPIg� �<[s�]jPIg�gIYIp<[j�Z<jIgQ<Yh�[IIGIG�j]�IrdY<Q[�jPI�O]<Yh�<[G�jI<EPQ[O
ZIjP]Gh�]N�jPQh�E]kghI�

��E]ds�]N�jPI�E]kghI�GIhQO[�Z<d�N]g�jPI������
<d<EQjs�Qh�dg]pQGIG�qQjP�<hhIhhZI[jh�GQgIEjYs
E][[IEjIG�j]�YI<g[Q[O�]kjE]ZIh�

�ddg]p<Yh�

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ ¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢
/QO[<jkgI�]N��QpQhQ][��QgIEj]g �<jI

�

4-5-2022

Ã�ÁÈ�ÀÅ


