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6HFRQGDU\�(GXFDWLRQ�&XUULFXOXP�
�����
0DWKV�

�
*UDGHV�����DQG���� � � � 6XEMHFW�FRGH��DĂƚ͘�ϰϬϭ���*UDGH��������

���������DĂƚ͘�ϰϬϮ��*UDGH������

&UHGLW�KUV�������������������������������������������������������������������:RUNLQJ�KUV������
�

��� ,QWURGXFWLRQ��
0DWKHPDWLFV� LV� DQ� LQGLVSHQVDEOH� LQ� PDQ\� ILHOGV�� ,W� LV� HVVHQWLDO� LQ� WKH� ILHOG� RI� HQJLQHHULQJ��
PHGLFLQH�� QDWXUDO� VFLHQFHV�� ILQDQFH� DQG� RWKHU� VRFLDO� VFLHQFHV�� 7KH� EUDQFK� RI� PDWKHPDWLFV�
FRQFHUQHG� ZLWK� DSSOLFDWLRQ� RI� PDWKHPDWLFDO� NQRZOHGJH� WR� RWKHU� ILHOGV� DQG� LQVSLUHV� QHZ�
PDWKHPDWLFDO�GLVFRYHULHV��7KH�QHZ�GLVFRYHULHV�LQ�PDWKHPDWLFV�OHG�WR�WKH�GHYHORSPHQW�RI�HQWLUHO\�
QHZ�PDWKHPDWLFDO�GLVFLSOLQHV��6FKRRO�PDWKHPDWLFV�LV�QHFHVVDU\�DV�WKH�EDFNERQH�IRU�KLJKHU�VWXG\�
LQ�GLIIHUHQW�GLVFLSOLQHV��0DWKHPDWLFV�FXUULFXOXP�DW�VHFRQGDU\�OHYHO�LV�WKH�H[WHQVLRQ�RI�PDWKHPDWLFV�
FXUULFXOXP�RIIHUHG�LQ�ORZHU�JUDGHV����WR�������
7KLV�FRXUVH�RI�0DWKHPDWLFV�LV�GHVLJQHG�IRU�JUDGH����DQG����VWXGHQWV�DV�DQ�RSWLRQDO�VXEMHFW�DV�SHU�
WKH�FXUULFXOXP�VWUXFWXUH�SUHVFULEHG�E\�WKH�1DWLRQDO�&XUULFXOXP�)UDPHZRUN��������7KLV�FRXUVH�ZLOO�
EH� GHOLYHUHG� XVLQJ� ERWK� WKH� FRQFHSWXDO� DQG� WKHRUHWLFDO� LQSXWV� WKURXJK� GHPRQVWUDWLRQ� DQG�
SUHVHQWDWLRQ��GLVFXVVLRQ��DQG�JURXS�ZRUNV�DV�ZHOO�DV�SUDFWLFDO�DQG�SURMHFW�ZRUNV�LQ�WKH�UHDO�ZRUOG�
FRQWH[W��&DOFXODWLRQ�VWUDWHJLHV�DQG�SUREOHP�VROYLQJ�VNLOOV�ZLOO�EH�DQ�LQWHJUDO�SDUW�RI�WKH�GHOLYHU\��
7KLV�FRXUVH�LQFOXGHV�GLIIHUHQW�FRQWHQWV�OLNH��$OJHEUD��7ULJRQRPHWU\��$QDO\WLF�*HRPHWU\��9HFWRUV��
6WDWLVWLFV� DQG�3UREDELOLW\��&DOFXOXV��&RPSXWDWLRQDO�0HWKRGV� DQG�0HFKDQLFV� RU�0DWKHPDWLFV� IRU�
(FRQRPLFV�DQG�)LQDQFH���
6WXGHQW¶V� FRQWHQW� NQRZOHGJH� LQ� GLIIHUHQW� VHFWRUV� RI� PDWKHPDWLFV� ZLWK� KLJKHU� XQGHUVWDQGLQJ� LV�
SRVVLEOH�RQO\�ZLWK�DSSURSULDWH�SHGDJRJLFDO�VNLOOV�RI�WKHLU�WHDFKHUV��6R��FODVVURRP�WHDFKLQJ�PXVW�EH�
EDVHG�RQ�VWXGHQW�FHQWHUHG�DSSURDFKHV�OLNH�SURMHFW�ZRUN��SUREOHP�VROYLQJ�HWF��
��� /HYHO�ZLVH�&RPSHWHQFLHV��
2Q�FRPSOHWLRQ�RI�WKLV�FRXUVH��VWXGHQWV�ZLOO�KDYH�WKH�IROORZLQJ�FRPSHWHQFLHV��

��� DSSO\� QXPHULFDO�PHWKRGV� WR� VROYH� DOJHEUDLF� HTXDWLRQ� DQG� FDOFXODWH� GHILQLWH� LQWHJUDOV� DQG�
XVH�VLPSOH[�PHWKRG�WR�VROYH�OLQHDU�SURJUDPPLQJ�SUREOHPV��/33���

��� XVH�SULQFLSOHV�RI�HOHPHQWDU\�ORJLF�WR�ILQG�WKH�YDOLGLW\�RI�VWDWHPHQW��
��� PDNH�FRQQHFWLRQV�DQG�SUHVHQW� WKH�UHODWLRQVKLSV�EHWZHHQ�DEVWUDFW�DOJHEUDLF�VWUXFWXUHV�ZLWK�

IDPLOLDU�QXPEHU�V\VWHPV�VXFK�DV�WKH�LQWHJHUV�DQG�UHDO�QXPEHUV��
��� XVH�EDVLF�SURSHUWLHV�RI� HOHPHQWDU\� IXQFWLRQV�DQG� WKHLU� LQYHUVH� LQFOXGLQJ� OLQHDU��TXDGUDWLF��

UHFLSURFDO�� SRO\QRPLDO�� UDWLRQDO�� DEVROXWH� YDOXH�� H[SRQHQWLDO�� ORJDULWKP�� VLQH�� FRVLQH� DQG�
WDQJHQW�IXQFWLRQV��

��� LGHQWLI\� DQG� GHULYH� HTXDWLRQV� RU� JUDSKV� IRU� OLQHV�� FLUFOHV�� SDUDERODV�� HOOLSVHV�� DQG�
K\SHUERODV��

��� XVH�UHODWLYH�PRWLRQ��1HZWRQ¶V�ODZV�RI�PRWLRQ�LQ�VROYLQJ�UHODWHG�SUREOHPV���
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��� DUWLFXODWH�SHUVRQDO�YDOXHV�RI�VWDWLVWLFV�DQG�SUREDELOLW\�LQ�HYHU\GD\�OLIH��
��� DSSO\� GHULYDWLYHV� WR� GHWHUPLQH� WKH� QDWXUH� RI� WKH� IXQFWLRQ� DQG� GHWHUPLQH� WKH�PD[LPD� DQG�

PLQLPD�RI�D�IXQFWLRQ�DQG�QRUPDO� LQFUHDVLQJ�DQG�GHFUHDVLQJ�IXQFWLRQ�LQWR�FRQWH[W�RI�GDLO\�
OLIH��

��� H[SODLQ� DQWL�GHULYDWLYHV� DV� DQ� LQYHUVH� SURFHVV� RI� GHULYDWLYH� DQG� XVH� WKHP� LQ� YDULRXV�
VLWXDWLRQV��

�����XVH�YHFWRUV�DQG�PHFKDQLFV�LQ�GD\�WR�GD\�OLIH��
����GHYHORS�SURILFLHQF\�LQ�DSSOLFDWLRQ�RI�PDWKHPDWLFV�LQ�HFRQRPLFV�DQG�ILQDQFH��

����*UDGH�ZLVH�/HDUQLQJ�2XWFRPHV��
2Q�FRPSOHWLRQ�RI�WKH�FRXUVH��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR���

6��
1��

&RQWHQW�
'RPDLQ�DUHD�

/HDUQLQJ�2XWFRPHV�

*UDGH���� *UDGH����

��� $OJHEUD� ���� DFTXDLQW�ZLWK�ORJLFDO�
FRQQHFWLYHV�DQG�XVH�WKHP��

���� FRQVWUXFW�WUXWK�WDEOHV��
���� SURYH�VHW�LGHQWLWLHV��
���� VWDWH�ILHOG�D[LRPV��RUGHU�D[LRPV�

RI�UHDO�QXPEHUV��
���� GHILQH�LQWHUYDO�DQG�DEVROXWH�

YDOXH�RI�UHDO�QXPEHUV��
���� LQWHUSUHW�UHDO�QXPEHUV�

JHRPHWULFDOO\��
���� GHILQH�RUGHUHG�SDLU��&DUWHVLDQ�

SURGXFW��GRPDLQ�DQG�UDQJH�RI�
UHODWLRQ��LQYHUVH�RI�UHODWLRQ�DQG�
VROYH�WKH�UHODWHG�SUREOHPV��

���� GHILQH�GRPDLQ�DQG�UDQJH�RI�D�
IXQFWLRQ��LQYHUVH�IXQFWLRQ�
FRPSRVLWH�IXQFWLRQ��

���� ILQG�GRPDLQ�DQG�UDQJH�RI�D�
IXQFWLRQ��

����� ILQG�LQYHUVH�IXQFWLRQ�RI�JLYHQ�
LQYHUWLEOH�IXQFWLRQ���

����� FDOFXODWH�FRPSRVLWH�IXQFWLRQ�RI�
JLYHQ�IXQFWLRQV�� �

����� GHILQH�RGG�DQG�HYHQ�IXQFWLRQV��
SHULRGLFLW\�RI�D�IXQFWLRQ��
PRQRWRQLFLW\�RI�D�IXQFWLRQ��

����� VNHWFK�JUDSKV�RI�SRO\QRPLDO�

���� VROYH�WKH�SUREOHPV�UHODWHG�WR�
SHUPXWDWLRQ�DQG�FRPELQDWLRQV��

���� VWDWH�DQG�SURYH�ELQRPLDO�
WKHRUHPV�IRU�SRVLWLYH�LQWHJUDO�
LQGH[���

���� VWDWH�ELQRPLDO�WKHRUHP�IRU�DQ\�
LQGH[��ZLWKRXW�SURRI���

���� ILQG�WKH�JHQHUDO�WHUP�DQG�
ELQRPLDO�FRHIILFLHQW��

���� XVH�ELQRPLDO�WKHRUHP�LQ�
DSSOLFDWLRQ�WR�DSSUR[LPDWLRQ��

���� GHILQH�(XOHU
V�QXPEHU��
���� �([SDQG�H[��D[�DQG�ORJ���[��

XVLQJ�ELQRPLDO�WKHRUHP��
���� GHILQH�ELQDU\�RSHUDWLRQ�DQG�

DSSO\�ELQDU\�RSHUDWLRQ�RQ�VHWV�
RI�LQWHJHUV���

���� �VWDWH�SURSHUWLHV�RI�ELQDU\�
RSHUDWLRQV��

����� �GHILQH�JURXS��ILQLWH�
JURXS��LQILQLWH�JURXS�DQG�
DEHOLDQ�JURXS��

����� SURYH�WKH�XQLTXHQHVV�RI�
LGHQWLW\��XQLTXHQHVV�RI�LQYHUVH��
FDQFHODWLRQ�ODZ��

����� VWDWH�DQG�SURYH�'H�
0RLYUH
V�WKHRUHP��
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ଶݔܽ� ൅ �� ൅
�ǡ ��ଷ���WULJRQRPHWULFݔ�
H[SRQHQWLDO��ORJDULWKPLF�
IXQFWLRQV��

����� GHILQH�VHTXHQFH�DQG�VHULHV��
����� FODVVLI\�VHTXHQFHV�DQG�VHULHV�

�DULWKPHWLF��JHRPHWULF��
KDUPRQLF���

����� VROYH�WKH�SUREOHPV�UHODWHG�WR�
DULWKPHWLF��JHRPHWULF�DQG�
KDUPRQLF�VHTXHQFHV�DQG�VHULHV��

����� HVWDEOLVK�UHODWLRQ�DPRQJ�$�0��
*��0�DQG�+�0���

����� ILQG�WKH�VXP�RI�LQILQLWH�
JHRPHWULF�VHULHV��

����� REWDLQ�WUDQVSRVH�RI�PDWUL[�DQG�
YHULI\�LWV�SURSHUWLHV��

����� FDOFXODWH�PLQRUV��FRIDFWRUV��
DGMRLQW��GHWHUPLQDQW�DQG�LQYHUVH�
RI�D�VTXDUH�PDWUL[��

����� VROYH�WKH�SUREOHPV�XVLQJ�
SURSHUWLHV�RI�GHWHUPLQDQWV��

����� GHILQH�D�FRPSOH[�QXPEHU��
����� VROYH�WKH�SUREOHPV�UHODWHG�WR�

DOJHEUD�RI�FRPSOH[�QXPEHUV��
����� UHSUHVHQW�FRPSOH[�QXPEHU�

JHRPHWULFDOO\��
����� ILQG�FRQMXJDWH�DQG�DEVROXWH�

YDOXH��PRGXOXV��RI�D�FRPSOH[�
QXPEHUV�DQG�YHULI\�WKHLU�
SURSHUWLHV��

����� ILQG�VTXDUH�URRW�RI�D�FRPSOH[�
QXPEHU��

����� H[SUHVV�FRPSOH[�QXPEHU�LQ�
SRODU�IRUP��

����� ILQG�WKH�URRWV�RI�D�
FRPSOH[�QXPEHU�E\�'H�
0RLYUH
V�WKHRUHP��

����� VROYH�WKH�SUREOHPV�XVLQJ�
SURSHUWLHV�RI�FXEH�URRWV�RI�
XQLW\��

����� DSSO\�(XOHU
V�IRUPXOD��
����� GHILQH�SRO\QRPLDO�

IXQFWLRQ�DQG�SRO\QRPLDO�
HTXDWLRQ��

����� VWDWH�DQG�DSSO\�
IXQGDPHQWDO�WKHRUHP�RI�
DOJHEUD��ZLWKRXW�SURRI���

����� ILQG�URRWV�RI�D�TXDGUDWLF�
HTXDWLRQ��

����� HVWDEOLVK�WKH�UHODWLRQ�
EHWZHHQ�URRWV�DQG�FRHIILFLHQW�
RI�TXDGUDWLF�HTXDWLRQ��

����� IRUP�D�TXDGUDWLF�HTXDWLRQ�
ZLWK�JLYHQ�URRWV��

����� VXP�RI�ILQLWH�QDWXUDO�
QXPEHUV��VXP�RI�VTXDUHV�RI�
ILUVW�Q�QDWXUDO�QXPEHUV��VXP�RI�
FXEHV�RI�ILUVW�Q�QDWXUDO�
QXPEHUV��LQWXLWLRQ�DQG�
LQGXFWLRQ��SULQFLSOH�RI�
PDWKHPDWLFDO�LQGXFWLRQ��

����� XVLQJ�SULQFLSOH�RI�
PDWKHPDWLFDO�LQGXFWLRQ��ILQG�
WKH�VXP�RI�ILQLWH�QDWXUDO�
QXPEHUV��VXP�RI�VTXDUHV�RI�
ILUVW�Q�QDWXUDO�QXPEHUV��VXP�RI�
FXEHV�RI�ILUVW�Q�QDWXUDO�
QXPEHUV��

����� VROYH�V\VWHP�RI�OLQHDU�
HTXDWLRQV�E\�&UDPHU
V�UXOH�DQG�
PDWUL[�PHWKRG��URZ��
HTXLYDOHQW�DQG�LQYHUVH��XS�WR�
WKUHH�YDULDEOHV��

��� 7ULJRQRPHWU
\�

���� VROYH�WKH�SUREOHPV�XVLQJ�
SURSHUWLHV�RI�D�WULDQJOH��VLQH�ODZ��
FRVLQH�ODZ��WDQJHQW�ODZ��
SURMHFWLRQ�ODZV��KDOI�DQJOH�ODZV���

����GHILQH�LQYHUVH�FLUFXODU�
IXQFWLRQV��
HVWDEOLVK�WKH�UHODWLRQV�RQ�
LQYHUVH�FLUFXODU�IXQFWLRQV��
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���� VROYH�WKH�WULDQJOH�VLPSOH�FDVHV�� ����ILQG�WKH�JHQHUDO�VROXWLRQ�RI�
WULJRQRPHWULF�HTXDWLRQV�

��� $QDO\WLF�
JHRPHWU\�

���� ILQG�WKH�OHQJWK�RI�SHUSHQGLFXODU�
IURP�D�JLYHQ�SRLQW�WR�D�JLYHQ�
OLQH��

���� ILQG�WKH�HTXDWLRQ�RI�ELVHFWRUV�RI�
WKH�DQJOHV�EHWZHHQ�WZR�VWUDLJKW�
OLQHV��

����ZULWH�WKH�FRQGLWLRQ�RI�JHQHUDO�
HTXDWLRQ�RI�VHFRQG�GHJUHH�LQ�[�
DQG�\�WR�UHSUHVHQW�D�SDLU�RI�
VWUDLJKW�OLQHV��

���� ILQG�DQJOH�EHWZHHQ�SDLU�RI�OLQHV�
DQG�ELVHFWRUV�RI�WKH�DQJOHV�
EHWZHHQ�SDLU�RI�OLQHV�JLYHQ�E\�
KRPRJHQRXV�VHFRQG�GHJUHH�
HTXDWLRQ�LQ�[�DQG�\���

���� VROYH�WKH�SUREOHPV�UHODWHG�WR�
FRQGLWLRQ�RI�WDQJHQF\�RI�D�OLQH�DW�
D�SRLQW�WR�WKH�FLUFOH��

���� ILQG�WKH�HTXDWLRQV�RI�WDQJHQW�DQG�
QRUPDO�WR�D�FLUFOH�DW�JLYHQ�SRLQW��

���� ILQG�WKH�VWDQGDUG�HTXDWLRQ�RI�
SDUDEROD��

���� ILQG�WKH�HTXDWLRQV�RI�WDQJHQW�DQG�
QRUPDO�WR�D�SDUDEROD�DW�JLYHQ�
SRLQW��

����REWDLQ�VWDQGDUG�HTXDWLRQ�RI�
HOOLSVH�DQG�K\SHUEROD���

����ILQG�GLUHFWLRQ�UDWLRV�DQG�
GLUHFWLRQ�FRVLQHV�RI�D�OLQH��

����ILQG�WKH�JHQHUDO�HTXDWLRQ�RI�D�
SODQH��

����ILQG�HTXDWLRQ�RI�D�SODQH�LQ�
LQWHUFHSW�DQG�QRUPDO�IRUP��

����ILQG�WKH�HTXDWLRQ�RI�SODQH�
WKURXJK�WKUHH�JLYHQ�SRLQWV���

����ILQG�WKH�HTXDWLRQ�RI�JHRPHWULF�
SODQH�WKURXJK�WKH�LQWHUVHFWLRQ�
RI�WZR�JLYHQ�SODQHV��

����ILQG�DQJOH�EHWZHHQ�WZR�
JHRPHWULF�SODQHV��

����ZULWH�WKH�FRQGLWLRQV�RI�SDUDOOHO�
DQG�SHUSHQGLFXODU�SODQHV��

����ILQG�WKH�GLVWDQFH�RI�D�SRLQW�
IURP�D�SODQH��

��� 9HFWRUV� ���� LGHQWLI\�FROOLQHDU�DQG�QRQ�
FROOLQHDU�YHFWRUV��FRSODQDU�DQG�
QRQ�FRSODQDU�YHFWRUV��

����ZULWH�OLQHDU�FRPELQDWLRQ�RI�
YHFWRUV��

���� ILQG�VFDODU�SURGXFW�RI�WZR�
YHFWRUV��

���� ILQG�DQJOH�EHWZHHQ�WZR�YHFWRUV��
���� LQWHUSUHW�VFDODU�SURGXFW�RI�YHFWRUV�

JHRPHWULFDOO\��
����DSSO\�SURSHUWLHV�RI�VFDODU�SURGXFW�

RI�YHFWRUV�LQ�WULJRQRPHWU\�DQG�
JHRPHWU\��

���� GHILQH�YHFWRU�SURGXFW�RI�WZR�
YHFWRUV��LQWHUSUHWDWLRQ�YHFWRU�
SURGXFW�JHRPHWULFDOO\��

���� VROYH�WKH�SUREOHPV�XVLQJ�
SURSHUWLHV�RI�YHFWRU�SURGXFW��

���� DSSO\�YHFWRU�SURGXFW�LQ�SODQH�
WULJRQRPHWU\�DQG�JHRPHWU\��

��� 6WDWLVWLFV�DQG� ����FDOFXODWH�WKH�PHDVXUHV�RI� ����FDOFXODWH�FRUUHODWLRQ�FRHIILFLHQW�
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3UREDELOLW\� GLVSHUVLRQ��VWDQGDUG�GHYLDWLRQ���
����FDOFXODWH�YDULDQFH��FRHIILFLHQW�RI�

YDULDWLRQ�DQG�FRHIILFLHQW�RI�
VNHZQHVV��

����GHILQH�UDQGRP�H[SHULPHQW��
VDPSOH�VSDFH��HYHQW��HTXDOO\�
OLNHO\�FDVHV��PXWXDOO\�H[FOXVLYH�
HYHQWV��H[KDXVWLYH�FDVHV��
IDYRUDEOH�FDVHV��LQGHSHQGHQW�
DQG�GHSHQGHQW�HYHQWV��

����ILQG�WKH�SUREDELOLW\�XVLQJ�WZR�
EDVLF�ODZV�RI�SUREDELOLW\��

E\�.DUO�3HDUVRQ
V�PHWKRG��
����FDOFXODWH�UDQN�FRUUHODWLRQ�

FRHIILFLHQW�E\�6SHDUPDQ�
PHWKRG��

����LQWHUSUHW�FRUUHODWLRQ�
FRHIILFLHQW��

����REWDLQ�UHJUHVVLRQ�OLQH�RI�\�RQ�[�
DQG�[�RQ�\��

����VROYH�WKH�VLPSOH�SUREOHPV�RI�
SUREDELOLW\�XVLQJ�
FRPELQDWLRQV��

����VROYH�WKH�SUREOHPV�UHODWHG�WR�
FRQGLWLRQDO�SUREDELOLW\��

����XVH�ELQRPLDO�GLVWULEXWLRQ�DQG�
FDOFXODWH�PHDQ�DQG�VWDQGDUG�
GHYLDWLRQ�RI�ELQRPLDO�
GLVWULEXWLRQ��

��� &DOFXOXV� ����GHILQH�OLPLWV�RI�D�IXQFWLRQ��
����LGHQWLI\�LQGHWHUPLQDWH�IRUPV��
����DSSO\�DOJHEUDLF�SURSHUWLHV�RI�

OLPLWV��
����HYDOXDWH�OLPLWV�E\�XVLQJ�WKHRUHPV�

RQ�OLPLWV�RI�DOJHEUDLF��
WULJRQRPHWULF��H[SRQHQWLDO�DQG�
ORJDULWKPLF�IXQFWLRQV��

���� GHILQH�DQG�WHVW�FRQWLQXLW\�RI�D�
IXQFWLRQ��

���� GHILQH�DQG�FODVVLI\�
GLVFRQWLQXLW\��

���� LQWHUSUHW�GHULYDWLYHV�
JHRPHWULFDOO\��

���� ILQG�WKH�GHULYDWLYHV��GHULYDWLYH�
RI�D�IXQFWLRQ�E\�ILUVW�SULQFLSOH�
�DOJHEUDLF��WULJRQRPHWULF�
H[SRQHQWLDO�DQG�ORJDULWKPLF�
IXQFWLRQV���

���� ILQG�WKH�GHULYDWLYHV�E\�XVLQJ�
UXOHV�RI�GLIIHUHQWLDWLRQ��VXP��
GLIIHUHQFH��FRQVWDQW�PXOWLSOH��
FKDLQ�UXOH��SURGXFW�UXOH��
TXRWLHQW�UXOH��SRZHU�DQG�
JHQHUDO�SRZHU�UXOHV���

����ILQG�WKH�GHULYDWLYHV�RI�LQYHUVH�
WULJRQRPHWULF��H[SRQHQWLDO�DQG�
ORJDULWKPLF�IXQFWLRQV�E\�
GHILQLWLRQ��

����HVWDEOLVK�WKH�UHODWLRQVKLS�
EHWZHHQ�FRQWLQXLW\�DQG�
GLIIHUHQWLDELOLW\��

����GLIIHUHQWLDWH�WKH�K\SHUEROLF�
IXQFWLRQ�DQG�LQYHUVH�
K\SHUEROLF�IXQFWLRQ�

����HYDOXDWH�WKH�OLPLWV�E\�
/
KRVSLWDO
V�UXOH��IRU������������

����ILQG�WKH�WDQJHQW�DQG�QRUPDO�E\�
XVLQJ�GHULYDWLYHV��

����LQWHUSUHW�JHRPHWULFDOO\�DQG�
YHULI\�5ROOH
V�WKHRUHP�DQG�
0HDQ�9DOXH�WKHRUHP��

����ILQG�WKH�DQWL�GHULYDWLYHV�RI�
VWDQGDUG�LQWHJUDOV��LQWHJUDOV�
UHGXFLEOH�WR�VWDQGDUG�IRUPV�
DQG�UDWLRQDO�IXQFWLRQ��XVLQJ�
SDUWLDO�IUDFWLRQV�DOVR���

����VROYH�WKH�GLIIHUHQWLDO�HTXDWLRQ�
RI�ILUVW�RUGHU�DQG�ILUVW�GHJUHH�
E\�VHSDUDEOH�YDULDEOHV��
KRPRJHQRXV��OLQHDU�DQG�H[DFW�
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����� ILQG�WKH�GHULYDWLYHV�RI�
SDUDPHWULF�DQG�LPSOLFLW�
IXQFWLRQV��

����� FDOFXODWH�KLJKHU�RUGHU�
GHULYDWLYHV��

����� FKHFN�WKH�PRQRWRQLFLW\�RI�D�
IXQFWLRQ�XVLQJ�GHULYDWLYH��

����� ILQG�H[WUHPH�YDOXHV�RI�D�
IXQFWLRQ��

����� ILQG�WKH�FRQFDYLW\�RI�IXQFWLRQ�
E\�XVLQJ�GHULYDWLYH��

����� GHILQH�LQWHJUDWLRQ�DV�UHYHUVH�RI�
GLIIHUHQWLDWLRQ��

����� HYDOXDWH�WKH�LQWHJUDO�XVLQJ�
EDVLF�LQWHJUDOV��

����� LQWHJUDWH�E\�VXEVWLWXWLRQ�DQG�E\�
LQWHJUDWLRQ�E\�SDUWV�PHWKRG��

����� HYDOXDWH�WKH�GHILQLWH�LQWHJUDO��
����� ILQG�DUHD�EHWZHHQ�WZR�FXUYHV���

GLIIHUHQWLDO�HTXDWLRQ��

��� &RPSXWDWLRQ
DO�PHWKRGV�

���� WHOO�WKH�EDVLF�LGHD�RI�
FKDUDFWHULVWLFV�RI�QXPHULFDO�
FRPSXWLQJ��DFFXUDF\��UDWH�RI�
FRQYHUJHQFH��QXPHULFDO�VWDELOLW\��
HIILFLHQF\���

���� DSSUR[LPDWH�HUURU�LQ�FRPSXWLQJ�
URRWV�RI�QRQ�OLQHDU�HTXDWLRQ��

���� VROYH�DOJHEUDLF�SRO\QRPLDO�DQG�
WUDQVFHQGHQWDO�HTXDWLRQV�E\�
ELVHFWLRQ�PHWKRG�

���� VROYH�DOJHEUDLF�SRO\QRPLDO�
DQG�WUDQVFHQGHQWDO�HTXDWLRQV�
E\�1HZWRQ�5DSKVRQ�PHWKRGV��

���� VROYH�WKH�OLQHDU�SURJUDPPLQJ�
SUREOHPV��/33��E\�VLPSOH[�
PHWKRG�RI�WZR�YDULDEOHV��

���� LQWHJUDWH�QXPHULFDOO\�E\�
WUDSH]RLGDO�DQG�6LPSVRQ
V�
UXOHV�DQG�HVWLPDWH�WKH�HUURUV��

��� 0HFKDQLFV��
�
�
�
�
�
�
�
�
�

���� ILQG�UHVXOWDQW�IRUFHV�E\�
SDUDOOHORJUDP�RI�IRUFHV��

���� VROYH�WKH�SUREOHPV�UHODWHG�WR�
FRPSRVLWLRQ�DQG�UHVROXWLRQ�RI�
IRUFHV��

���� REWDLQ�UHVXOWDQW�RI�FRSODQDU�
IRUFHV�YHFWRUV�DFWLQJ�RQ�D�SRLQW��

���� VROYH�WKH�IRUFHV�YHFWRUV�UHODWHG�
SUREOHPV�XVLQJ�/DPL¶V�WKHRUHP���

���� VROYH�WKH�SUREOHPV�RI�PRWLRQ�RI�
SDUWLFOH�LQ�D�VWUDLJKW�OLQH��PRWLRQ�
ZLWK�XQLIRUP�������DFFHOHUDWLRQ��

����ILQG�WKH�UHVXOWDQW�RI�OLNH�DQG�
XQOLNH�SDUDOOHO�IRUFHV�YHFWRUV��

����VROYH�WKH�SUREOHPV�UHODWHG�WR�
1HZWRQ
V�ODZV�RI�PRWLRQ�DQG�
SURMHFWLOH���

�
�
�
�
�
�
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�
�
�
2U�
�
�
0DWKHPDWLFV�
IRU�
(FRQRPLFV�
DQG�)LQDQFH�

PRWLRQ�XQGHU�WKH�JUDYLW\��PRWLRQ�
LQ�D�VPRRWK�LQFOLQHG�SODQH��

2U�

�
�
2U�

���� LQWHUSUHW�UHVXOWV�LQ�WKH�FRQWH[W�RI�
RULJLQDO�UHDO��ZRUOG�SUREOHPV��

���� WHVW�KRZ�ZHOO�LW�GHVFULEHV�WKH�
RULJLQDO�UHDO��ZRUOG�SUREOHP�DQG�
KRZ�ZHOO�LW�GHVFULEHV�SDVW�DQG�RU�
ZLWK�ZKDW�DFFXUDF\�LW�SUHGLFWV�
IXWXUH�EHKDYLRU��

���� 0RGHO�XVLQJ�GHPDQG�DQG�VXSSO\�
IXQFWLRQ��

���� )LQG�FRVW��UHYHQXH��DQG�SURILW�
IXQFWLRQV��

���� &RPSXWH�HODVWLFLW\�RI�GHPDQGV��
���� &RQVWUXFW�PDWKHPDWLFDO�PRGHOV�

LQYROYLQJ�VXSSO\�DQG�LQFRPH��
EXGJHW�DQG�FRVW�FRQVWUDLQW��

���� 7HVW�WKH�HTXLOLEULXP�DQG�EUHDN�
HYHQ�FRQGLWLRQ��

���� XVH�TXDGUDWLF�IXQFWLRQV�LQ�
HFRQRPLFV��

���� XQGHUVWDQG�LQSXW��RXWSXW�
DQDO\VLV�DQG�G\QDPLFV�RI�
PDUNHW�SULFH��

���� ILQG�GLIIHUHQFH�HTXDWLRQV��
���� ZRUN�ZLWK�&REZHE�PRGHO�DQG�

ODJJHG�.H\QHVLDQ�
PDFURHFRQRPLF�PRGHO��

���� H[SODLQ�PDWKHPDWLFDOO\�
HTXLOLEULXP�DQG�EUHDN�HYHQ��

���� FRQVWUXFW�PDWKHPDWLFDO�PRGHOV�
LQYROYLQJ�FRQVXPHU�DQG�
SURGXFHU�VXUSOXV��

���� XVH�TXDGUDWLF�IXQFWLRQV�LQ�
HFRQRPLFV��

���� GR�LQSXW��RXWSXW�DQDO\VLV��
���� DQDO\]H�G\QDPLFV�RI�PDUNHW��
�����FRQVWUXFW�GLIIHUHQFH�HTXDWLRQV��
�����XQGHUVWDQG�FREZHE�PRGHO��

ODJJHG��.H\QHVLDQ�
PDFURHFRQRPLFV�PRGHO��

�
��� 6FRSH�DQG�6HTXHQFH�RI�&RQWHQWV��

6�1�� &RQWHQW�
DUHD�

*UDGH���� *UDGH����

&RQWHQWV� :RUNLQJ�
KUV�

� :RUNLQJ�
KUV�

�� $OJH
EUD�

���� /RJLF�DQG�6HW��
LQWURGXFWLRQ�RI�/RJLF��
VWDWHPHQWV��ORJLFDO�
FRQQHFWLYHV��WUXWK�
WDEOHV��EDVLF�ODZV�RI�
ORJLF��WKHRUHPV�EDVHG�
RQ�VHW�RSHUDWLRQV��

���� 5HDO�QXPEHUV��ILHOG�
D[LRPV��RUGHU�

���

���� 3HUPXWDWLRQ�DQG�
FRPELQDWLRQ��%DVLF�
SULQFLSOH�RI�FRXQWLQJ��
3HUPXWDWLRQ�RI��D��VHW�RI�
REMHFWV�DOO�GLIIHUHQW��E��VHW�RI�
REMHFWV�QRW�DOO�GLIIHUHQW��F��
FLUFXODU�DUUDQJHPHQW��G��
UHSHDWHG�XVH�RI�WKH�VDPH�
REMHFWV��&RPELQDWLRQ�RI�

���
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D[LRPV��LQWHUYDO��
DEVROXWH�YDOXH��
JHRPHWULF�
UHSUHVHQWDWLRQ�RI�
UHDO�QXPEHUV��

���� )XQFWLRQ��5HYLHZ��
GRPDLQ�	�UDQJH�RI�D�
IXQFWLRQ��,QYHUVH�
IXQFWLRQ��FRPSRVLWH�
IXQFWLRQ��IXQFWLRQV�RI�
VSHFLDO�W\SH��
DOJHEUDLF��OLQHDU��
TXDGUDWLF�	�FXELF���
7ULJRQRPHWULF��
H[SRQHQWLDO��
ORJDULWKPLF���

���� &XUYH�VNHWFKLQJ��
RGG�DQG�HYHQ�
IXQFWLRQV��SHULRGLFLW\�
RI�D�IXQFWLRQ��
V\PPHWU\��DERXW�
RULJLQ��[�DQG�\�D[LV���
PRQRWRQLFLW\�RI�D�
IXQFWLRQ��VNHWFKLQJ�
JUDSKV�RI�
SRO\QRPLDOV�DQG�
VRPH�UDWLRQDO�
IXQFWLRQV�

�௔
௫
ǡ ௫

మି௔మ�ǡ
௫ି௔

௔
௫ା௔

�Dݔଶ ൅ ݔܾ ൅
ܿǡ ��ଷ���7ULJRQRPHWULFݔܽ
H[SRQHQWLDO��ORJDULWKPLF�
IXQFWLRQ��VLPSOH�FDVHV�
RQO\��

���� 6HTXHQFH�DQG�VHULHV��
DULWKPHWLF��JHRPHWULF��
KDUPRQLF�VHTXHQFHV�
DQG�VHULHV�DQG�WKHLU�
SURSHUWLHV�$�0��*�0��
+�0�DQG�WKHLU�
UHODWLRQV��VXP�RI�
LQILQLWH�JHRPHWULF�
VHULHV��

����0DWULFHV�DQG�
GHWHUPLQDQWV��
7UDQVSRVH�RI�D�PDWUL[�
DQG�LWV�SURSHUWLHV��

WKLQJV�DOO�GLIIHUHQW��
3URSHUWLHV�RI�FRPELQDWLRQ�

���� %LQRPLDO�7KHRUHP��
%LQRPLDO�WKHRUHP�IRU�D�
SRVLWLYH�LQWHJUDO�LQGH[��
JHQHUDO�WHUP��%LQRPLDO�
FRHIILFLHQW��%LQRPLDO�
WKHRUHP�IRU�DQ\�LQGH[�
�ZLWKRXW�SURRI���DSSOLFDWLRQ�
WR�DSSUR[LPDWLRQ��(XOHU
V�
QXPEHU��([SDQVLRQ�RI�݁௫ǡ ܽ௫�
DQG�ORJ���[���ZLWKRXW�SURRI��

���� (OHPHQWDU\�*URXS�7KHRU\��
%LQDU\�RSHUDWLRQ��%LQDU\�
RSHUDWLRQ�RQ�VHWV�RI�LQWHJHUV�
DQG�WKHLU�SURSHUWLHV��
'HILQLWLRQ�RI�D�JURXS��)LQLWH�
DQG�LQILQLWH�JURXSV��
8QLTXHQHVV�RI�LGHQWLW\��
8QLTXHQHVV�RI�LQYHUVH��
&DQFHODWLRQ�ODZ��$EHOLDQ�
JURXS��

���� &RPSOH[�QXPEHUV��'H�
0RLYUH
V�WKHRUHP�DQG�LWV�
DSSOLFDWLRQ�LQ�ILQGLQJ�WKH�
URRWV�RI�D�FRPSOH[�QXPEHU��
SURSHUWLHV�RI�FXEH�URRWV�RI�
XQLW\��(XOHU
V�IRUPXOD��

���� 4XDGUDWLF�HTXDWLRQ��1DWXUH�
DQG�URRWV�RI�D�TXDGUDWLF�
HTXDWLRQ��5HODWLRQ�EHWZHHQ�
URRWV�DQG�FRHIILFLHQW��
)RUPDWLRQ�RI�D�TXDGUDWLF�
HTXDWLRQ��6\PPHWULF�URRWV��
RQH�RU�ERWK�URRWV�FRPPRQ��

����0DWKHPDWLFDO�LQGXFWLRQ��
6XP�RI�ILQLWH�QDWXUDO�
QXPEHUV��VXP�RI�VTXDUHV�RI�
ILUVW�Q�QDWXUDO�QXPEHUV��6XP�
RI�FXEHV�RI�ILUVW�Q��QDWXUDO�
QXPEHUV��,QWXLWLRQ�DQG�
LQGXFWLRQ��SULQFLSOH�RI�
PDWKHPDWLFDO�LQGXFWLRQ��

����0DWUL[�EDVHG�V\VWHP�RI�
OLQHDU�HTXDWLRQ��
&RQVLVWHQF\�RI�V\VWHP�RI�
OLQHDU�HTXDWLRQV��6ROXWLRQ�RI�
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0LQRUV�DQG�FRIDFWRUV��
$GMRLQW��,QYHUVH�
PDWUL[��'HWHUPLQDQW�
RI�D�VTXDUH�PDWUL[��
3URSHUWLHV�RI�
GHWHUPLQDQWV��ZLWKRXW�
SURRI��

���� &RPSOH[�QXPEHU��
GHILQLWLRQ�LPDJLQDU\�
XQLW��DOJHEUD�RI�
FRPSOH[�QXPEHUV��
JHRPHWULF�
UHSUHVHQWDWLRQ��
DEVROXWH�YDOXH�
�0RGXOXV��DQG�
FRQMXJDWH�RI�D�
FRPSOH[�QXPEHUV�DQG�
WKHLU�SURSHUWLHV��
VTXDUH�URRW�RI�D�
FRPSOH[�QXPEHU��
SRODU�IRUP�RI�
FRPSOH[�QXPEHUV��

D�V\VWHP�RI�OLQHDU�HTXDWLRQV�
E\�&UDPHU
V�UXOH��0DWUL[�
PHWKRG��URZ��HTXLYDOHQW�DQG�
,QYHUVH��XS�WR�WKUHH�
YDULDEOHV��

�� 7ULJRQR
PHWU\�

����3URSHUWLHV�RI�D�WULDQJOH�
�6LQH�ODZ��&RVLQH�ODZ��
WDQJHQW�ODZ��3URMHFWLRQ�
ODZV��+DOI�DQJOH�ODZV���

���� 6ROXWLRQ�RI�
WULDQJOH�VLPSOH�FDVHV��

��

���� ,QYHUVH�FLUFXODU�IXQFWLRQV��
���� 7ULJRQRPHWULF�HTXDWLRQV�DQG�

JHQHUDO�YDOXHV� ��

�� $QDO\WLF�
*HRPHWU
\�

���� 6WUDLJKW�/LQH��OHQJWK�
RI�SHUSHQGLFXODU�IURP�
D�JLYHQ�SRLQW�WR�D�
JLYHQ�OLQH��%LVHFWRUV�
RI�WKH�DQJOHV�EHWZHHQ�
WZR�VWUDLJKW�OLQHV���
3DLU�RI�VWUDLJKW�OLQHV��
*HQHUDO�HTXDWLRQ�RI�
VHFRQG�GHJUHH�LQ�[�
DQG�\��FRQGLWLRQ�IRU�
UHSUHVHQWLQJ�D�SDLU�RI�
OLQHV��+RPRJHQRXV�
VHFRQG�GHJUHH�
HTXDWLRQ�LQ�[�DQG�\��
DQJOH�EHWZHHQ�SDLU�RI�
OLQHV��%LVHFWRUV�RI�WKH�
DQJOHV�EHWZHHQ�SDLU�RI�

���

���� &RQLF�VHFWLRQ��6WDQGDUG�
HTXDWLRQV�RI�(OOLSVH�DQG�
K\SHUEROD��

���� &RRUGLQDWHV�LQ�VSDFH��
GLUHFWLRQ�FRVLQHV�DQG�UDWLRV�
RI�D�OLQH�JHQHUDO�HTXDWLRQ�RI�
D�SODQH��HTXDWLRQ�RI�D�SODQH�
LQ�LQWHUFHSW�DQG�QRUPDO�IRUP��
SODQH�WKURXJK���JLYHQ�SRLQWV��
SODQH�WKURXJK�WKH�
LQWHUVHFWLRQ�RI�WZR�JLYHQ�
SODQHV��SDUDOOHO�DQG�
SHUSHQGLFXODU�SODQHV��DQJOH�
EHWZHHQ�WZR�SODQHV��GLVWDQFH�
RI�D�SRLQW�IURP�D�SODQH��

���
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OLQHV��
���� &LUFOH��&RQGLWLRQ�RI�

WDQJHQF\�RI�D�OLQH�DW�D�
SRLQW�WR�WKH�FLUFOH��
7DQJHQW�DQG�QRUPDO�WR�
D�FLUFOH��

���� &RQLF�VHFWLRQ����
6WDQGDUG�HTXDWLRQ�RI�
SDUDEROD��HTXDWLRQV�RI�
WDQJHQW�DQG�QRUPDO�WR�
D�SDUDEROD�DW�D�JLYHQ�
SRLQW��

�� 9HFWRUV� ����9HFWRUV��FROOLQHDU�DQG�
QRQ�FROOLQHDU�YHFWRUV��
FRSODQDU�DQG�QRQ�
FRSODQDU�YHFWRUV��
OLQHDU�FRPELQDWLRQ�RI�
YHFWRUV��

���� 3URGXFW�RI�YHFWRUV��
VFDODU�SURGXFW�RI�WZR�
YHFWRUV��DQJOH�
EHWZHHQ�WZR�YHFWRUV��
JHRPHWULF�
LQWHUSUHWDWLRQ�RI�VFDODU�
SURGXFW��SURSHUWLHV�RI�
VFDODU�SURGXFW��
FRQGLWLRQ�RI�
SHUSHQGLFXODULW\��

��

���� 3URGXFW�RI�9HFWRUV��YHFWRU�
SURGXFW�RI�WZR�YHFWRUV��
JHRPHWULFDO�LQWHUSUHWDWLRQ�RI�
YHFWRU�SURGXFW��SURSHUWLHV�RI�
YHFWRU�SURGXFW��DSSOLFDWLRQ�RI�
YHFWRU�SURGXFW�LQ�SODQH�
WULJRQRPHWU\��

���� 6FDODU�WULSOH�3URGXFW��
LQWURGXFWLRQ�RI�VFDODU�WULSOH�
SURGXFW�

��

�� 6WDWLVWLFV�
	�
3UREDELOL
W\�

����0HDVXUH�RI�
'LVSHUVLRQ��
LQWURGXFWLRQ��VWDQGDUG�
GHYLDWLRQ���YDULDQFH��
FRHIILFLHQW�RI�
YDULDWLRQ��6NHZQHVV�
�.DUO�3HDUVRQ�DQG�
%RZOH\��

���� 3UREDELOLW\��
LQGHSHQGHQW���FDVHV��
PDWKHPDWLFDO�DQG�
HPSLULFDO�GHILQLWLRQ�RI�
SUREDELOLW\��WZR�EDVLF�
ODZV�RI�
SUREDELOLW\�ZLWKRXW�
SURRI���

���

���� &RUUHODWLRQ�DQG�
5HJUHVVLRQ��FRUUHODWLRQ��
QDWXUH�RI�FRUUHODWLRQ��
FRUUHODWLRQ�FRHIILFLHQW�E\�
.DUO�3HDUVRQ
V�PHWKRG��
LQWHUSUHWDWLRQ�RI�FRUUHODWLRQ�
FRHIILFLHQW��SURSHUWLHV�RI�
FRUUHODWLRQ�FRHIILFLHQW�
�ZLWKRXW�SURRI���UDQN�
FRUUHODWLRQ�E\�6SHDUPDQ��
UHJUHVVLRQ�HTXDWLRQ��
UHJUHVVLRQ�OLQH�RI�\�RQ�[�DQG�
[�RQ�\��

���� 3UREDELOLW\��'HSHQGHQW�
FDVHV��FRQGLWLRQDO�SUREDELOLW\�
�ZLWKRXW�SURRI���ELQRPLDO�
GLVWULEXWLRQ��PHDQ�DQG�
VWDQGDUG�GHYLDWLRQ�RI�

���


