
%�(� ,,�<($5
0$��;;;� 0$7+(0$7,&6 ± ,,,

&2856( 287&20(6�
6WXGHQWV�VKRXOG�EH�DEOH�WR�
�� ,GHQWLI\� UHDO� SKHQRPHQD� DV� PRGHOV� RI� SDUWLDO� GHULYDWLYH� HTXDWLRQV�� 6ROYH� UHDO� SUREOHPV� E\�

LGHQWLI\LQJ�WKHP�DSSURSULDWHO\�IURP�WKH�SHUVSHFWLYH�RI�SDUWLDO�GHULYDWLYH�HTXDWLRQV�
�� 'HPRQVWUDWH�WKHLU�XQGHUVWDQGLQJ�RI�WKH�'LULFKOHW�FRQGLWLRQV�E\�XVLQJ�WKHP�WR�HYDOXDWH�LQILQLWH�

VHULHV��&DOFXODWH�WKH�)RXULHU�WUDQVIRUP�RI�HOHPHQWDU\�IXQFWLRQV�IURP�WKH�GHILQLWLRQ�
�� 6HOHFW�DQG�FRPELQH�WKH�QHFHVVDU\�/DSODFH�WUDQVIRUP�WHFKQLTXHV�WR�VROYH�VHFRQG� RUGHU�RUGLQDU\�

GLIIHUHQWLDO�HTXDWLRQV�LQYROYLQJ�WKH�'LUDF�GHOWD��RU�XQLW�LPSXOVH��
�� 7R� XQGHUVWDQG� WKH� FRQFHSW� RI� VROYLQJ� GLIIHUHQWLDWLRQ� DQG� LQWHJUDWLRQ� XVLQJ� DSSUR[LPDWLRQ�

PHWKRGV�
�� $EOH�WR�VROYH�DOJHEUDLF�DQG GLIIHUHQWLDO�HTXDWLRQV�XVLQJ�QXPHULFDO�PHWKRG�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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8QLW�� 3DUWLDO� 'LIIHUHQWLDO� (TXDWLRQV� )RUPDWLRQ� RI� 3DUWLDO� 'LIIHUHQWLDO� (TXDWLRQV�� 3DUWLDO�
'LIIHUHQWLDO�(TXDWLRQV�RI� ILUVW�RUGHU�DQG�ILUVW�GHJUHH� L�H���3S�4T 5��/LQHDU�+RPRJHQHRXV�3DUWLDO�
'LIIHUHQWLDO�(TXDWLRQV�RI�QWK�RUGHU�ZLWK�FRQVWDQW�FRHIILFLHQW��6HSDUDWLRQ�RI�9DULDEOHV��$SSOLFDWLRQV�
WR�9LEUDWLRQ�RI�6WULQJ�DQG�7UDQVPLVVLRQ�/LQH�(TXDWLRQ�

8QLW�� )RXULHU� 6HULHV� DQG� )RXULHU� 7UDQVIRUP�� 'HILQLWLRQ� DQG� 'HULYDWLRQV�� 2GG� DQG� (YHQ�
IXQFWLRQV�� +DOI�5DQJH� 6HULHV�� &KDQJH� RI� 6FDOH�� )RXULHU� ,QWHJUDO�� 1XPHULFDO�+DUPRQLF�$QDO\VLV��
)RXULHU�7UDQVIRUPV��6LQH DQG�&RVLQH�7UDQVIRUP��$SSOLFDWLRQV�RI�)RXULHU�7UDQVIRUPV�WR�VROXWLRQ�RI�
3DUWLDO�'LIIHUHQWLDO�(TXDWLRQV�

8QLW�� /DSODFH� 7UDQVIRUP� 'HILQLWLRQ�� /DSODFH� 7UDQVIRUP� RI� HOHPHQWDU\� DQG� SHULRGLF�
IXQFWLRQV�� SURSHUWLHV� RI� /DSODFH� 7UDQVIRUP� DQG� 7UDQVIRUPV� RI� GHULYDWLYHV�� ,QYHUVH� /DSODFH�
7UDQVIRUP�DQG�LWV�SURSHUWLHV��&RQYROXWLRQ�7KHRUHP��$SSOLFDWLRQV�RI�/DSODFH�7UDQVIRUP�WR�VROXWLRQ�
RI� OLQHDU� GLIIHUHQWLDO� HTXDWLRQV�ZLWK� FRQVWDQW� DQG� YDULDEOH� FRHIILFLHQWV�� 6LPXOWDQHRXV� GLIIHUHQWLDO�
HTXDWLRQV�

8QLW�� &DOFXOXV� RI� )LQLWH� 'LIIHUHQFHV� 'LIIHUHQFH� WDEOH�� 2SHUDWRUV� (� DQG� ¨�� 1HZWRQ¶V�
IRUZDUGDQG�EDFNZDUG�LQWHUSRODWLRQ�IRUPXOD��/DJUDQJH¶V�LQWHUSRODWLRQ�IRUPXOD��'LIIHUHQWLDWLRQ�DQG�
,QWHJUDWLRQ��'LIIHUHQFH�(TXDWLRQV�ZLWK�FRQVWDQW�FRHIILFLHQWV�

8QLW���1XPHULFDO�0HWKRGV� 6ROXWLRQ�RI�$OJHEUDLF�DQG�7UDQVFHQGHQWDO�HTXDWLRQV�XVLQJ�%LVHFWLRQ�
PHWKRG��5HJXODU�)DOVL�PHWKRG�DQG�1HZWRQ�5DSKVRQ�PHWKRG��1XPHULFDO�VROXWLRQ�RI�VLPXOWDQHRXV�
HTXDWLRQV��*DXVV�(OLPLQDWLRQ�PHWKRG��*DXVV�6HLGHO�PHWKRG��1XPHULFDO
VROXWLRQ�RI�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV��7D\ORU¶V��3LFDUG¶V�DQG�5XQJH� .XWWD�PHWKRG�

7H[W %RRNV

�� 5DPDQD %�9� +LJKHU (QJLQHHULQJ 0DWKHPDWLFV� 7DWD 0F*UDZ +LOO 3XEOLVKLQJ�&RPSDQ\/WG��
1HZ�'HOKL�������

�� %DODJXUXVDP\ (�� 1XPHULFDO 0HWKRGV� 7DWD 0F*UDZ�+LOO 3XEOLVKLQJ &RPSDQ\ /WG��1HZ
'HOKL�������



5HIHUHQFH ERRNV

�� .UH\V]LJ (UZLQ� $GYDQFHG (QJLQHHULQJ 0DWKHPDWLFV� �WK HGLWLRQ� -RKQ :LOO\ DQG VRQV�
3XEOLFDWLRQV� �����

�� -DLQ� 5�.� DQG 6�.� ,\HQJDU� $GYDQFHG (QJLQHHULQJ 0DWKHPDWLFV� 1DURVD 3XEOLVKLQJ�
+RXVH� 1HZ�'HOKL�������

�� 9HGDPXUWK\ 9�1� DQG ,\HQJDU 6�1�� 1XPHULFDO 0HWKRGV� 9LNDV 3XEOLVKLQJ� �����
�� 'DV +� .� +LJKHU�(QJLQHHULQJ 0DWKHPDWLFV� 6� &KDQG�1HZ 'HOKL� �����

$VVHVVPHQW

�� ,QWHUQDO $VVHVVPHQW IRU FRQWLQXRXV HYDOXDWLRQ� PLG�WHUP WHVWV� WXWRULDOV� FODVV
SHUIRUPDQFH� HWF� �����

�� (QG VHPHVWHU�7KHRU\ ([DP �����
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6WXGHQW VKRXOG�EH DEOH�WR�
���$QDO\VH�WKH�FKDUDFWHULVWLFV�DQG�WKHRULHV�LQ�VHPLFRQGXFWRU�PDWHULDOV�
���,OOXVWUDWH�WKH�RSHUDWLQJ�SULQFLSOH�DQG�FKDUDFWHULVWLFV�RI�YDULRXV�W\SHV�RI�GLRGH��VRODU�FHOO��	�OLWKLXP�

LRQ�EDWWHU\�DQG�DQDO\VH�GLRGH�EDVHG�HOHFWURQLFV�FLUFXLWV�
���$QDO\]H�DQG�GHVLJQ�%-7�EDVHG�HOHFWURQLF�FLUFXLWV�
���'HVLJQ�YDULRXV�DSSOLFDWLRQV�EDVHG�RQ�-)(7�DQG�026)(7�
�� $FTXLUH� WKH� NQRZOHGJH� RI� IDEULFDWLRQ� PHWKRGV� RI� LQWHJUDWHG� FLUFXLWV� DQG� FRQVWUXFWLRQ��

FKDUDFWHULVWLFV�	�DSSOLFDWLRQV�RI�VSHFLDO�GHYLFHV�VXFK�DV�',$&��75,$&��8-7�3KRWRWUDQVLVWRU��2SWR�
LVRODWRU��GLVSOD\�XQLW�
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8QLW� �� ,QWURGXFWLRQ� WR� VHPLFRQGXFWRU� 3K\VLFV�� %RKU¶V� DWRPLF� VWUXFWXUH�� (�.� GLDJUDPV�� 3HULRGLF�
/DWWLFH�� HQHUJ\� EDQGV� LQ� ,QWULQVLF� DQG� ([WULQVLF� VHPLFRQGXFWRUV�� HTXLOLEULXP� FDUULHU� FRQFHQWUDWLRQ��
GLUHFW�DQG�LQGLUHFW�EDQG�JDS�VHPLFRQGXFWRUV�FDUULHU�WUDQVSRUW��GULIW DQG�GLIIXVLRQ�FXUUHQW��PRELOLW\�DQG�
UHVLVWLYLW\�� *HQHUDWLRQ� 	� UHFRPELQDWLRQ� RI� FDUULHU�� 3RLVVRQ� 	� FRQWLQXLW\� HTXDWLRQ�� 7UDQVLHQW� DQG�
GLIIXVLRQ�FDSDFLWDQFHV��6ZLWFKLQJ�WLPH��+DOO�HIIHFW��

8QLW��� 6PDOO�VLJQDO�VZLWFKLQJ�PRGHO�RI�3�1�MXQFWLRQ�GLRGH��$YDODQFKH�DQG�=HQHU�EUHDNGRZQ�	�LWV�
DSSOLFDWLRQV� DV� D� YROWDJH� UHJXODWRU�� 31� MXQFWLRQ� GLRGH� FLUFXLWV� DQG� DSSOLFDWLRQV�� FOLSSHU�� FODPSHU��
UHFWLILHUV�� YROWDJH� PXOWLSOLHUV�� 6SHFLDO� W\SHV� GLRGHV�� /('�� SKRWRGLRGH�� WXQQHO�� 6FKRWWN\� WKHLU�
FRQVWUXFWLRQ��ZRUNLQJ��FKDUDFWHULVWLFV�DQG�DSSOLFDWLRQV��6RODU�FHOO��WKHUPLVWRUV�

8QLW� �� &KDUJH� WUDQVSRUW� LQ� %-7�� 0LQRULW\� FDUULHU� GLVWULEXWLRQ� DQG� WHUPLQDO� FXUUHQWV�� EDVH� ZLGWK�
PRGXODWLRQ��(EHUV�0ROO�PRGHO��,�9�FKDUDFWHULVWLFV�IRU�&%��&(�DQG�&&�FRQILJXUDWLRQV��&RQFHSW�RI�ORDG�
OLQH��7UDQVLVWRU�%LDVLQJ�FLUFXLW�GHVLJQ��)L[HG�ELDVHG�FRQILJXUDWLRQ��(PLWWHU�ELDV�FRQILJXUDWLRQ��9ROWDJH�
GLYLGHU�ELDV�FRQILJXUDWLRQ��FROOHFWRU�IHHGEDFN�FRQILJXUDWLRQ��(PLWWHU�IROORZHU�FRQILJXUDWLRQ��6WDELOLW\�
FRQFHSWV��7KHUPDO�UXQDZD\��7UDQVLVWRU�EDVHG�UHJXODWHG�SRZHU�VXSSO\�GHVLJQ��

8QLW� �� 5HYLHZ� RI� FRQVWUXFWLRQ� 	� FKDUDFWHULVWLFV� RI� S�FKDQQHO�� Q�FKDQQHO� )(7�-)(7�� 026)(7��
'HSOHWLRQ� W\SH�� (QKDQFHPHQW� W\SH� 026)(7�� 026� &DSDFLWDQFH�� &�9� FKDUDFWHULVWLFV�� &026��
FRQVWUXFWLRQV��FKDUDFWHULVWLFV�DQG�DSSOLFDWLRQV��,�9�FKDUDFWHULVWLFV��-)(7�%LDVLQJ��)L[HG�ELDV��6HOI�ELDV��
YROWDJH�GLYLGHU��VRXUFH�IROORZHU��FRPPRQ�JDWH��&KDQQHO�OHQJWK�PRGXODWLRQ��

8QLW��� &RQFHSWV�RI�,QWHJUDWHG�FLUFXLWV�DQG�WKHLU�IDEULFDWLRQV��,QWURGXFWLRQ�RI�6XUIDFH�PRXQW�GHYLFHV�
�60'V���6LOLFRQ�FRQWUROOHG�UHFWLILHUV��FRQVWUXFWLRQ��RSHUDWLRQ��FKDUDFWHULVWLFV��DQG�DSSOLFDWLRQV��',$&��
75,$&��8-7��3KRWRWUDQVLVWRU��2SWR�LVRODWRU��'LVSOD\�XQLWV��6HYHQ�VHJPHQWV� FRPPRQ�DQRGH��FRPPRQ�
FDWKRGH��/LTXLG�&U\VWDO�'LVSOD\V�

$66(60(17�0LG�WHUP WHVW� $VVLJQPHQW� 7XWRULDO� 4XL] DQG (QG VHPHVWHU H[DP�



7(;7 %22.6 5(&200(1'('��
�� 0LOOLPDQ 	 +DONLDV��,QWHJUDWHG (OHFWURQLFV� �QG HG�� ���� 0F*UDZ +LOO 3XE�
�� %R\OHVWDG 5�� (OHFWURQLF�'HYLFHV DQG &LUFXLW 7KHRU\� �WK HG�� �����3+,�
�� 6HGUD 	 6PLWK��0LFURHOHFWURQLF FLUFXLWV��WK HG������� 2[IRUG�XQLYHUVLW\ SUHVV�

5()(5(1&( %22.6 5(&200(1'('��
�� %HQ *� 6WUHHWPDQ� 6ROLG 6WDWH (OHFWURQLFV 'HYLFHV� �WK HG�� ����� 3+,�

�� %KDUJDYD� *XSWD 	 NXOVKUHVKWKD� %DVLF (OHFWURQLFV DQG /LQHDU &LUFXLWV� �QG HG��������

7DWD 0F*UDZ +LOO (GXFDWLRQ

� 5�6�6HGKD���$�7H[WERRN�RI�DSSOLHG�HOHFWURQLFV´��QG HG���������6�&KDQG
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$W WKH�HQG�RI WKLV�FRXUVH�VWXGHQWV�ZLOO GHPRQVWUDWH�WKH DELOLW\ WR�
�� 5HSUHVHQW PDWKHPDWLFDOO\ DQG DQDO\]H GLIIHUHQW W\SHV RI VLJQDOV DQG V\VWHPV�
�� 'HILQH YDULRXV SURSHUWLHV RI /7, V\VWHPV DQG GHWHUPLQH WKH UHVSRQVH RI DQ DUELWUDU\

H[FLWDWLRQ�
�� $QDO\]H FRQWLQXRXV DQG GLVFUHWH V\VWHPV LQ WLPH DQG IUHTXHQF\ GRPDLQ XVLQJ )RXULHU

WUDQVIRUPV�
�� $SSO\ WKH NQRZOHGJH RI�/DSODFH�7UDQVIRUP�DQG ]�7UDQVIRUPV WR�DQDO\]H /7, V\VWHPV�
�� $SSO\ VDPSOLQJ DQG UHFRQVWUXFW D VLJQDO DQG XQGHUVWDQG DSSOLFDWLRQV RI VLJQDOV DQG

V\VWHPV�
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81,7 �� 6LJQDOV DQG 6\VWHPV�

,QWURGXFWLRQ� WR� VLJQDOV� DQG� V\VWHPV� DQG� WKHLU� DSSOLFDWLRQV� LQ� HQJLQHHULQJ� DQG� VFLHQFH�
7\SH RI VLJQDOV� SHULRGLF DQG DSHULRGLF VLJQDOV� FRQWLQXRXV DQG GLVFUHWH�WLPH VLJQDOV�
FRQWLQXRXV� DQG� GLVFUHWH� DPSOLWXGH� VLJQDOV�� HQHUJ\� DQG�SRZHU� VLJQDOV�� HYHQ� DQG�RGG� VLJQDOV�
GHWHUPLQLVWLF DQG UDQGRP VLJQDOV� (OHPHQWDU\ FRQWLQXRXV�WLPH DQG GLVFUHWH�WLPH VLJQDOV�
XQLW LPSXOVH� XQLW VWHS� UDPS� H[SRQHQWLDO� VLJQXP DQG V\QF IXQFWLRQV� 2SHUDWLRQV RQ VLJQDOV��
7\SHV� RI� V\VWHPV�� FRQWLQXRXV�WLPH� DQG� GLVFUHWH�WLPH� V\VWHPV�� V\VWHPV� ZLWK� DQG ZLWKRXW
PHPRU\� V\VWHP SURSHUWLHV� OLQHDULW\� WLPH�LQYDULDQFH� FDXVDOLW\� VWDELOLW\� LQYHUWLELOLW\ DQG�
LQYHUVH V\VWHPV�

81,7 �� /LQHDU 7LPH�,QYDULDQW �/7,� V\VWHPV�

'LVFUHWH�WLPH� /7,� V\VWHPV�� 7KH� FRQYROXWLRQ� VXP�� &RQWLQXRXV�WLPH� /7,� V\VWHPV�� 7KH
FRQYROXWLRQ� LQWHJUDO�� LPSXOVH� UHVSRQVH� DQG� VWHS� UHVSRQVH� RI� /7,� V\VWHPV�� SURSHUWLHV� RI� /7,
V\VWHPV�� FDXVDOLW\�� VWDELOLW\� DQG� LQYHUWLELOLW\�� 6\VWHP� UHSUHVHQWDWLRQ� WKURXJK� OLQHDU� FRQVWDQW
FRHIILFLHQW GLIIHUHQWLDO�DQG�GLIIHUHQFH HTXDWLRQV��/&&'(��

81,7 �� )RXULHU DQDO\VLV RI�VLJQDOV DQG�V\VWHPV�

)RXULHU� VHULHV� UHSUHVHQWDWLRQ� RI� SHULRGLF� VLJQDOV��7ULJRQRPHWULF� DQG� H[SRQHQWLDO� IRUPV�
SURSHUWLHV RI )RXULHU VHULHV� &RQWLQXRXV�WLPH DQG 'LVFUHWH�7LPH )RXULHU WUDQVIRUP
UHSUHVHQWDWLRQ RI VLJQDOV DQG WKHLU SURSHUWLHV� )RXULHU WUDQVIRUPV RI VWDQGDUG VLJQDOV� DSHULRGLF�
DQG� SHULRGLF� VLJQDO� WUDQVPLVVLRQ� WKURXJK� /7,� V\VWHPV�� 3DUVHYDO¶V� WKHRUHP�� WKH LPSXOVH�
UHVSRQVH�DQG�IUHTXHQF\�UHVSRQVH�RI�/7,�V\VWHPV�DQG�WKHLU�UHODWLRQVKLS��0DJQLWXGH DQG 3KDVH
UHVSRQVH��7LPH DQG IUHTXHQF\ GRPDLQ DVSHFWV�RI V\VWHPV��ILOWHULQJ�



81,7 �� /DSODFH DQG�= WUDQVIRUP�

/DSODFH WUDQVIRUP� WKH�UHJLRQ RI FRQYHUJHQFH RI /DSODFH WUDQVIRUP� WUDQVIHU IXQFWLRQ�
SROHV DQG ]HURV RI D FRQWLQXRXV�WLPH V\VWHP� SURSHUWLHV RI /DSODFH WUDQVIRUP� LQYHUVH/DSODFH�
WUDQVIRUP�� DQDO\VLV� DQG FKDUDFWHUL]DWLRQ� RI� /7,� V\VWHPV� XVLQJ� /DSODFH� WUDQVIRUP� 7UDQVIHU
IXQFWLRQ RI /7, V\VWHPV� V\VWHP EHKDYLRU� FDXVDOLW\� VWDELOLW\ DQG 8QLODWHUDO /DSODFH
7UDQVIRUP�

=�WUDQVIRUP��52&�RI�=�WUDQVIRUP��SURSHUWLHV�RI�=�WUDQVIRUP�� LQYHUVH�=�WUDQVIRUP��DQDO\VLV
DQG� FKDUDFWHUL]DWLRQ� RI�/7,� V\VWHPV� XVLQJ�=�WUDQVIRUP�� V\VWHP� IXQFWLRQ� RI� GLVFUHWH� WLPH�/7,
V\VWHPV� V\VWHP�EHKDYLRU� FDXVDOLW\��VWDELOLW\��8QLODWHUDO = 7UDQVIRUP�

81,7 �� 6DPSOLQJ DQG DSSOLFDWLRQV RI VLJQDOV DQG V\VWHPV�

7KH� VDPSOLQJ� WKHRUHP��7LPH�GRPDLQ� DQG� IUHTXHQF\�GRPDLQ� DQDO\VLV� RI� VDPSOHG� VLJQDOV�
DOLDVLQJ� 5HFRQVWUXFWLRQ�RI�VLJQDOV�IURP�LWV�VDPSOHV�� LGHDO�LQWHUSRODWRU��]HUR�RUGHU�KROG��ILUVW�
RUGHU KROG� $SSOLFDWLRQV RI�VLJQDOV DQG V\VWHPV�

$66(60(17�0LG�WHUP WHVW� $VVLJQPHQW� 7XWRULDO� 4XL] DQG (QG VHPHVWHU H[DP�

7(;7 %22.6 5(&200(1'('�

�� 6LJQDOV DQG 6\VWHPV� $ODQ� 9� 2SSHQKHLP� $OODQ 6� :LOOVN\ DQG 6� +DPLG 1DZDE���QG
(GLWLRQ��3UHQWLFH�+DOO�

�� 5�)� =LHPHU� :�+� 7UDQWHU DQG '�5� )DQQLQ� ³6LJQDOV DQG 6\VWHPV�&RQWLQXRXV� DQG
'LVFUHWH´���WK HGLWLRQ��3UHQWLFH +DOO� �����

�� 6LJQDOV DQG 6\VWHPV� 7DUXQ�5DZDW� 2[IRUG +LJKHU HGXFDWLRQ�

5()(5(1&( %22.6 5(&200(1'('�

�� 6LJQDOV DQG 6\VWHPV� +ZHL 3 +VX� 6FKDXP¶V 2XWOLQH 6HULHV� �QG (GLWLRQ� 7DWD 0F�
*UDZ +LOO�(GXFDWLRQ�3ULYDWH /LPLWHG�

�� %�3��/DWKL� �6LJQDO 3URFHVVLQJ DQG /LQHDU 6\VWHPV�� 2[IRUG 8QLYHUVLW\ 3UHVV� �����
�� 6LPRQ +D\NLQ� %DUU\ YDQ 9HHQ� �6LJQDOV DQG 6\VWHPV�� -RKQ :LOH\ DQG 6RQV �$VLD�

3ULYDWH�/LPLWHG�������
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6WXGHQW VKRXOG�EH DEOH�WR�
�� $SSO\�WKH�NQRZOHGJH�RI�EDVLF�SK\VLFV�DQG�PDWKHPDWLFV�WR�GHYHORS�DSSUR[LPDWH�FLUFXLW�PRGHO�RI�

SUDFWLFDO�HOHPHQWV��)RUPXODWLRQ�RI�FLUFXLW�HTXDWLRQV�XVLQJ�.LUFKKRII¶V�ODZ�DQG�QHWZRUN�WRSRORJ\�
�� ,QIHU� DQG� HYDOXDWH� WUDQVLHQW� UHVSRQVH�� VWHDG\� VWDWH� UHVSRQVH� LQ� WLPH� DQG� IUHTXHQF\� GRPDLQ��
GHWHUPLQH�GLIIHUHQW�QHWZRUN�IXQFWLRQV�DQG�DQDO\]H�WKH�VHULHV�DQG�SDUDOOHO�UHVRQDQW�FLUFXLW�

�� 'HYHORS� DQG� HYDOXDWH� WZR�SRUW� PRGHO� DQG� LWV� SDUDPHWHUV�� GHVLJQ� DWWHQXDWRUV�� ILOWHUV� DQG�
HTXDOL]HUV�

�� $SSO\�WKH�QHWZRUN�UHGXFWLRQ�WHFKQLTXHV�DQG�QHWZRUN�WKHRUHPV�WR�REWDLQ�VROXWLRQ�RI�QHWZRUN
�� $QDO\VLV�RI�SRO\SKDVH�FLUFXLWV�DQG�)RXULHU�DQDO\VLV�RI�YDULRXV�ZDYHIRUPV�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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81,7����/XPSHG�FLUFXLWV�DQG�.LUFKKRII¶V�/DZV��&LUFXLW�HOHPHQWV��SK\VLFDO�FRPSRQHQWV�Y�V�FLUFXLW�
HOHPHQWV�� 3RZHU� DQG� HQHUJ\�� 3DVVLYLW\�� 1HWZRUN� 7RSRORJ\�� /RRS� DQG� 1RGDO� HTXDWLRQV�� 6WDWH�
HTXDWLRQV�

81,7�� ��)LUVW� DQG�6WDWH� 6HFRQG�RUGHU�QHWZRUNV� ]HUR� VWDWH�� ]HUR� LQSXW�� WUDQVLHQW� DQG� VWHDG\� VWDWH�
UHVSRQVH�� 6ROXWLRQ� RI� QHWZRUN� HTXDWLRQV� XVLQJ� /DSODFH� WUDQVIRUP�� 1HWZRUN� IXQFWLRQV�� WKHLU� SROH�
]HUR�GHVFULSWLRQ�

81,7��� 7ZR�SRUW�QHWZRUNV��YDULRXV�WZR�SRUW�QHWZRUN�SDUDPHWHUV�DQG�WKHLU�LQWHUUHODWLRQVKLSV�

81,7��� 6LQXVRLGDO� VWHDG\�VWDWH�DQDO\VLV�� IUHTXHQF\� UHVSRQVH�� UHVRQDQFH��FRPSOH[�SRZHU��SRZHU�
IDFWRU�LPSURYHPHQW��PD[LPXP�SRZHU�WUDQVIHU�WKHRUHP��ORFXV�GLDJUDP��6XSHUSRVLWLRQ��5HFLSURFLW\��
7KHYHQLQ¶V�DQG�1RUWRQ¶V�WKHRUHP�

81,7�� ��0DJQHWLFDOO\� FRXSOHG� FLUFXLW�� DQDO\VLV� RI� FLUFXLWV� ZLWK� FRQWUROOHG� VRXUFHV�� $QDO\VLV� RI�
EDODQFHG� DQG� XQEDODQFHG� SRO\SKDVH� FLUFXLWV�� )RXULHU� DQDO\VLV� RI� SHULRGLF� ZDYHIRUPV�� IUHTXHQF\�
VSHFWUXP��3RZHU�DQG�HQHUJ\�RI�FRPSOH[�ZDYHIRUPV�

$66(660(17�

$� &RQWLQXRXV�HYDOXDWLRQ�WKURXJK�WZR�PLG�WHUP�WHVW�ZLWK�D�ZHLJKWDJH�RI�����RI�WKH�WRWDO�PDUNV��,W�
LQFOXGHV�FODVV�DWWHQGDQFH�DV�ZHOO�DV�DVVLJQPHQWV�RQ�WKH�FRXUVH�WRSLFV�

%� 7KH�HQG�WHUP�WKHRU\�H[DPLQDWLRQ�ZHLJKWDJH�LV�����

7(;7�%22.6�5(&200(1'('�

�� 0�(�9DQ�9DONHQEXUJ��³1HWZRUN�$QDO\VLV´��7KLUG�(GLWLRQ��3+,��1HZ�'HOKL�������
�� 'HVRHU�DQG�.XK��³%DVLF�FLUFXLW�WKHRU\´��7DWD�0F*UDZ�+LOO�(GLWLRQ������
�� :LOOLDP�+DUW�+D\W��-DFN�(��.HPPHUO\��6WHYHQ�0��'XUELQ��³(QJLQHHULQJ�&LUFXLW�$QDO\VLV´��(LJKW�

(GLWLRQ��0F*UDZ�+LOO�+LJKHU�(GXFDWLRQ�������



5()(5(1&(6�%22.6�

�� 5RQDOG�(��6FRWW��³/LQHDU�FLUFXLWV�9RO�,�DQG�,,´��$GGLVRQ�:HVOH\�3XEOLFDWLRQ�������
�� -RVHSK� $� (GPLQLVWHU�� ³(OHFWULF� FLUFXLWV� 6FKDXP¶V RXWOLQHV´�� )LIWK� (GLWLRQ�� 7DWD� 0F*UDZ� +LOO�

(GXFDWLRQ�3ULYDWH�/LPLWHG������
�� *�.�0LWKDO��³1HWZRUN�$QDO\VLV´��.KDQQD�3XEOLFDWLRQ��HGLWLRQ������
�� 5REHUW�/��%R\OHVWDG��³,QWURGXFWRU\�&LUFXLW�$QDO\VLV´��7ZHOIWK�(GLWLRQ��3HDUVRQ�(GXFDWLRQ�/LPLWHG��

�����



EC25XXX: DIGITAL SYSTEM DESIGN 
PREREQUISITE: - Engineering Physics, Electronic Devices 
COURSE OUTCOMES:- 
Student should be able to: 
1. Solve the logical expressions through Boolean algebra and k-map. 
2.  Implement variety of logical devices using combinational circuits concepts. 
3. Analyze sequential circuits like Registers and Counters using flip-flops. 
4. Classify different logic families, semiconductor memories and PLD devices. 
5. Design converters which facilitate the conversion of real world analog signals to digital 

and vice versa. 
 

Hours/ 
Week 

Maximum Marks  
Total Marks 

Credits 
Theory Practical 

L T P End Sem CW SW End Sem Th Pr Total 
3 - - 70 30 - - 100 3 - 3 

 
UNIT 1: Introduction to digital logic: Review of logic gates & Boolean Algebra, De Morgan‟s  
Theorem, SOP & POS forms, Canonical forms, Karnaugh maps up to 6 variables, Quine-Mccluskey 
method, Implementation of Boolean functions using basic & Universal gates, Mutlilevel 
implementation using NAND-NOR gates, Binary codes-Weighted/Non-weighted. 

UNIT 2: Combinational Logic: Arithmetic circuits: Adders, Subtractors, Comparators. Multiplexers, 
De-multiplexers, Encoder, Decoder, Serial and Parallel Adders, BCD Adder, Parity Generators & 
checkers. Code Converters: Binary-to-Gray, Gray-to-Binary, BCD-to-Excess-3, Excess-3-to-BCD. 

UNIT 3: Sequential Logic Design: Reviews of Flip-flops: Circuits, characteristics/excitation table. 
Triggering levels of Flip-flops, conversions between Flip-flops, Race-around condition and its 
remedies. Shift registers, Synchronous & Asynchronous counters, Decade counters, Up-Down 
counters, Johnson & Ring counters. Design  of  Modulo-N counters. 

UNIT 4: Logic Families and Semiconductor Memories: Types: RTL, DTL, TTL, ECL, HTL, IIL. 
NMOS, PMOS & CMOS families. Specifications : Noise margin, Propagation delay, fan-in, fan-out, 
Comparisons of logic families. Classification of Memories – Static, Dynamic, DDR, PROM, EPROM, 
EEPROM. Concept of address lines and data lines Programmable logic devices like PLA, PAL. Logic 
functions implementation using Programmable Devices. 

 
UNIT 5: Applications of digital circuits: Analog to Digital and Digital to Analog converters: Types, 
Performance parameters like accuracy, processing time, resolution, linearity. Sample and hold 
circuits, Multivibrators: Bistable, Monostable, Astable. Transistor/IC based Multivibrator circuits. 
Schmitt trigger, IC555, IC565 & their applications. 

ASSESMENT: Mid-term test, Assignment, Tutorial, Quiz and End semester exam. 
 

Text/Reference Books: 
1. R.P. Jain, “Modern digital Electronics”, Tata McGraw Hill, 4th edition, 2009. 
2. Douglas Perry, “VHDL”, Tata McGraw Hill, 4th edition, 2002. 
3. W.H. Gothmann, “Digital Electronics- An introduction to theory and practice”, PHI, 2nd 

edition ,2006. 
4. D.V. Hall, “Digital Circuits and Systems”, Tata McGraw Hill, 1989. 
5. Charles Roth, “Digital System Design using VHDL”, Tata McGraw Hill 2nd edition 2012. 
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&2856(�287&20(6�
6WXGHQW VKRXOG�EH DEOH�WR�

�� 2SHUDWH�PHDVXULQJ�LQVWUXPHQWV�VXFK�DV�&52��'LJLWDO�PXOWLPHWHU��HWF�
�� 8QGHUVWDQG�WKH�RSHUDWLRQ�RI�YDULRXV�GLRGHV�DQG�SORW�LWV�,�9�FKDUDFWHULVWLFV�
�� ,PSOHPHQW� YDULRXV� GLRGH� FLUFXLWV� VXFK� DV� FOLSSHU� FLUFXLWV¶�� FODPSHU� FLUFXLWV¶� YROWDJH� UHJXODWRU��

UHFWLILHU�ZLWK�DQG�ZLWKRXW��ILOWHU��HWF�
�� 8QGHUVWDQG�WKH�RSHUDWLRQ�DQG�ELDVLQJ FLUFXLWV�RI�%-7�� LWV� WHVWLQJ�DQG�FKDUDFWHUL]DWLRQ� LQ�&(��&%��

&&�FRQILJXUDWLRQ�
�� 8QGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�-)(7�DQG�026)(7�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV &UHGLWV

7KHRU\ 3UDFWLFDO

/ 7 3 (QG 6HP &: 6: (QG 6HP 7K 3U 7RWDO
� � � � � �� �� �� � � �

/,67�2)�(;3(5,0(176�

6��1R� /LVW�RI�([SHULPHQWV�

�� 7R�GHWHUPLQH�WKH�GHIOHFWLRQ�VHQVLWLYLW\�RI�&52�

�� 6WXG\�RI�9� ,�FKDUDFWHULVWLFV�RI�31�MXQFWLRQ�GLRGH�DQG�/('�

�� 7R�VWXG\�WKH�XVH�RI�GLRGHV�LQ�ZDYH�VKDSLQJ��FOLSSHU��FLUFXLWV�DQG�LQ�OHYHO�VKLIWLQJ�
�FODPSHU��FLUFXLWV�

�� 6WXG\�RI�=HQHU�GLRGH�FKDUDFWHULVWLFV�

�� 7R�VWXG\�=HQHU�GLRGH�DV�YROWDJH�UHJXODWRU�

�� 6WXG\�RI�GLIIHUHQW�W\SHV�RI�UHFWLILHUV�

�� 6WXG\�RI�GLIIHUHQW�W\SHV�RI�ILOWHUV�

�� 7HVWLQJ�RI�WUDQVLVWRU�

�� 6WXG\�RI�WUDQVLVWRU¶V�FKDUDFWHULVWLFV�LQ�&(��&RPPRQ�HPLWWHU��FRQILJXUDWLRQ��

��� 7R�VWXG\�%-7�FKDUDFWHULVWLFV�LQ�&%��&RPPRQ�EDVH��FRQILJXUDWLRQ�

��� 7R�VWXG\�WKH�FKDUDFWHULVWLFV�RI�%-7�LQ�&&��&RPPRQ�FROOHFWRU��FRQILJXUDWLRQ�

��� 6WXG\�RI�WUDQVLVWRU¶V�FKDUDFWHULVWLFV�RI�-)(7��

��� 6WXG\�RI�WUDQVLVWRU¶V�FKDUDFWHULVWLFV�RI�026)(7��

��� 7R�VWXG\�IL[HG�ELDV�FLUFXLW�ZLWK�DQG�ZLWKRXW�HPLWWHU�UHVLVWRU�

��� 6WXG\�RI�FROOHFWRU�WR�EDVH�ELDV�FLUFXLW�

��� 6WXG\�RI�SRWHQWLDO�GLYLGHU�ELDVLQJ�FLUFXLW�

��� 3URMHFW�GHVLJQ�

$66(60(17�� ,QWHUQDO YLYD� &RQWLQXRXV HYDOXDWLRQ RI H[SHULPHQWV� -RXUQDO ZULWH�XS�
DQG$GGLWLRQDO H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�
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&2856( 287&20(6�
6WXGHQW VKRXOG�EH DEOH�WR�

�� $QDO\]H�FRPSOLFDWHG�FLUFXLWV XVLQJ�GLIIHUHQW�QHWZRUN�WKHRUHPV�
�� $SSO\�WKH�NQRZOHGJH�RI�EDVLF�FLUFXLWDO�ODZ�DQG�VLPSOLI\�WKH�QHWZRUN�
�� ,QIHU DQG�HYDOXDWH�WUDQVLHQW�UHVSRQVH��6WHDG\�VWDWH�UHVSRQVH��DQG�QHWZRUN�IXQFWLRQV�
�� 2EWDLQ� WKH PD[LPXP� SRZHU� WUDQVIHU� WR� WKH� ORDG�� DQG� DQDO\]H� WKH� VHULHV� UHVRQDQW DQG� SDUDOOHO�

UHVRQDQW FLUFXLW�
�� (YDOXDWH�WZR�SRUW�QHWZRUN�PRGHO�DQG�LWV�SDUDPHWHUV�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV &UHGLWV

7KHRU\ 3UDFWLFDO

/ 7 3 (QG 6HP &: 6: (QG 6HP 7K 3U 7RWDO
� � � � � �� �� �� � � �

/,67�2)�(;3(5,0(176�

6� 1R� /LVW�RI�([SHULPHQWV

�� 7R�GHWHUPLQH�WKH�HTXLYDOHQW�QHWZRUNV�E\�DSSOLFDWLRQ�RI�7KHYHQLQ¶V�7KHRUHP�

�� 7R�GHWHUPLQH�WKH�HTXLYDOHQW�QHWZRUNV�E\�DSSOLFDWLRQ�RI�1RUWRQ¶V�7KHRUHP�

�� 7R� SORW� FXUUHQW� ZLWK� UHVSHFW� WR� WLPH� DQG� HYDOXDWH� WLPH� FRQVWDQW� RI� 7UDQVLHQW� LQ� 5&�
FLUFXLWV�

�� $QDO\]HG� VDOLHQW� IHDWXUH� RI� VHULHV� DQG� SDUDOOHO� UHVRQDQFH� FLUFXLWV� DQG� GUDZ� LWV�
FKDUDFWHULVWLFV�

�� 7R�YHULI\�WKH�YROWDJH�DQG�FXUUHQW�UHODWLRQV�LQ�VWDU�DQG�GHOWD�FRQQHFWHG�V\VWHPV�

�� 7R�YDOLGDWH�RSHQ�FLUFXLW�SDUDPHWHU�DQG�VKRUW�FLUFXLW�SDUDPHWHU�IRU�WZR�SRUW�QHWZRUN�

�� ,OOXVWUDWH�OLQHDULW\�SURSHUW\�RI�D�FLUFXLW�XVLQJ�VXSHUSRVLWLRQ�WKHRUHP�

�� 9HULILFDWLRQ�RI�UHFLSURFLW\�WKHRUHP�

�� (YDOXDWH�SRZHU�YHUVXV�ORDG�FXUYH�DQG�YHULI\�PD[LPXP�SRZHU�WUDQVIHU�WKHRUHP�

��� 'HVLJQLQJ�RI�3DVVLYH�/RZ�SDVV�DQG�+LJK�SDVV�)LOWHUV�

$66(660(17�

$� &RQWLQXRXV�HYDOXDWLRQ�RI�ODERUDWRU\�MRXUQDOV�ZLWK�D�ZHLJKWDJH�RI������,W�LQFOXGHV�ODE�
DWWHQGDQFH�DV�ZHOO�DV�H[SHULPHQWV�SHUIRUPHG�LQ�WKH�ODE�

%� 7KH�HQG�WHUP�SUDFWLFDO�H[DPLQDWLRQ�ZHLJKWDJH�LV�����



EC25XXX: DIGITAL SYSTEM DESIGN LAB 
 

COURSE OUTCOMES: 
Student should be able to: 

1. Familiarize with logic gates and design basic digital logic circuits. 
2. Simplify the Boolean expressions and design multilevel logic circuits for arithmetic 

 operations. 
3.  Construct basic combinational circuits and verify their functionalities. 
4. Apply the design procedures to implement basic sequential circuits 
5. Analyze sequential circuits like Registers and Counters using flip-flops. 

 
Hours/ 
Week 

Maximum Marks  
Total Marks Credits Theory Practical 

L T P End Sem CW SW End Sem Th Pr Total 
- - 2 - - 20 30 50 - 1 1 

 
LIST OF EXPERIMENTS: 

 

S.No. List of Experiments 

1. To study various logic gates. 

2. To verify properties of NAND and NOR Gates as universal building block. 

3. Simplification & Implementation of Boolean functions. 

4. Implementation of basic Boolean arithmetic logic circuits. 

5. Implementation of even & odd parity generator & checker. 

6. Conversion from binary to gray and gray to binary code. 

7. To verify 2-bit magnitude comparator for all possible conditions. 

8. Connection of various logical functions using 8-to-1 multiplexer. 

9. Construction of a 4-bit ripple counter & study of its operation. 

10. Design and implement of various types of flip-Flop using JK flip Flop 

11. Design of a 3- bit synchronous counter & study of its operation. 

Lab. Project 

1. To design and develop a IC 555 based Bistable multivibrator. 
 

ASSESMENT: Internal viva, Continuous evaluation of experiments, Journal write-up, 
and Additional experiments conducted, Quiz, End semester exam. 
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&2856( 287&20(6� DIWHU FRPSOHWLRQ RI FRXUVH� WKH VWXGHQWV ZLOO EH DEOH WR�
&2����([SODLQ�HFRQRPLF�F\FOLF�IORZ�DQG�(VWLPDWH�WKH�GHPDQG�DQG�GHPDQG�HODVWLFLW\�IRU�D�SURGXFW�
&2���3ODQ WKH SURGXFWLRQ� FKRRVH DSSURSULDWH SURGXFWLRQ WHFKQRORJ\� �FRPELQDWLRQ RI SURGXFWLRQ�

IDFWRUV���DQG HVWLPDWH�IHDVLEOH UDQJH�RI SURGXFWLRQ�
&2��� $QDO\]H WKH SURGXFWLRQ�FRVW�SURILW UHODWLRQ DQG VHOHFW WKH VXLWDEOH SURMHFW�IRU LQYHVWPHQW
&2���(VWLPDWH SULFH DQG WKH HTXLOLEULXP IRU D ILUP�RUJDQL]DWLRQ LQ GLIIHUHQW FRPSHWLWLYH PDUNHW

VLWXDWLRQV�
&2���5HYLHZ� VXPPDUL]H DQG FRPSDUH WKH ILQDQFLDO VWDWHPHQWV RI DQ DFFRXQWLQJ HQWLW\ DQG DEOH WR

DSSO\ ILQDQFLDO UDWLR�WHFKQLTXH�IRU�ILQDQFLDO DQDO\VLV�
&2��� ,GHQWLI\ WKH SUREOHPV� VHH WKH�RSSRUWXQLW\� DQG LGHDWH WKH VROXWLRQ WR WKH SUREOHPV�

+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

/ 7 3 (QG�6HP &: 6: (QG 6HP 7K 3U 7RWDO
� � � �� �� � � ��� � � �

81,7 ��1DWXUH DQG VFRSH RI� HFRQRPLFV� (FRQRPLF F\FOLF IORZ� &HQWUDO (FRQRPLF SUREOHPV� PDFUR�
DQG� PLFUR� HFRQRPLFV�� FRQFHSW�� GHWHUPLQDQWV� DQG� ODZ� RI� GHPDQG� DQG� VXSSO\�� (ODVWLFLW\� RI GHPDQG�
(TXLOLEULXP SULFH� FRQVXPHU VXUSOXV�DQG HTXLOLEULXP�

81,7� ��� 3URGXFWLRQ�� FRVW� DQG� 5HYHQXH�� 3URGXFWLRQ� IXQFWLRQ�� ODZV� RI� UHWXUQ� WR� YDULDEOH� SURSRUWLRQ�
/DZV� RI� UHWXUQ� WR� VFDOH�� FRVW� FRQFHSWV�� FRVW� IXQFWLRQV� DQG� WKHLU� LQWHU� UHODWLRQ��5HYHQXH�&RQFHSWV� DQG
IXQFWLRQV��EUHDN� HYHQ�DQDO\VLV��7LPH�YDOXH�RI�PRQH\�DQG� ,QYHVWPHQW�DQDO\VLV� 139�� ,55��$55 DQG
SD\EDFN SHULRG�PHWKRG�

81,7����3ULFLQJ�DQG�0DUNHW��3ULFH�GHWHUPLQDWLRQ�DQG�ILUP¶V�HTXLOLEULXP�XQGHU�SHUIHFW�FRPSHWLWLRQ DQG�
PRQRSRO\��SULFH�RXWSXW�GHWHUPLQDWLRQ�XQGHU�PRQRSROLVWLF�FRPSHWLWLRQ��NLQNHG�GHPDQG�FXUYH� FROOXVLYH
DQG�QRQ�FROOXVLYH ROLJRSRO\�

81,7� ��� (QWUHSUHQHXU�� HQWUHSUHQHXUVKLS� DQG� VWDUW�XS�� FKDUDFWHULVWLFV� RI� DQ� HQWUHSUHQHXU�� IRUPV� RI
EXVLQHVV RUJDQL]DWLRQ� SKDVHV RI VWDUWXS� VPDOO PHGLXP DQG ODUJH VFDOH HQWHUSULVH� SUREOHPV�
RSSRUWXQLWLHV� 'HVLJQ 7KLQNLQJ DQG ,GHDWLRQ� %XVLQHVV PRGHO�

81,7��� $FFRXQWDQF\� $FFRXQWDQF\�DQG�ERRNNHHSLQJ��*$$3� $VVHWV� /LDELOLWLHV DQG�&DSLWDO� W\SHV RI
DFFRXQWV� -RXUQDO� /HGJHU� 7ULDO %DODQFH DQG )LQDQFLDO 6WDWHPHQWV� )LQDQFLDO 5DWLR $QDO\VLV�

$66(660(17� 7KURXJK (QG�6HP� 7KHRU\ ([DP� 7KHRU\ VHVVLRQDOV� 0LG�6HP 7HVWV� DQG
$VVLJQPHQWV

%RRNV 	�5HIHUHQFH 5HFRPPHQGDWLRQ�
�� -KLQJDO0�O�� (FRQRPLFV�RI GHYHORSPHQW DQG 3ODQQLQJ� 9ULQGD 3XEOLFDWLRQ����WK (G��ODWHVW��
�� $KXMD +� /�� $GYDQFH HFRQRPLF WKHRU\� 6�&KDQG 3XEOLFDWLRQ� ���VW (G��/DWHVW�

�� 5LJJV� %HGZRUWK DQG�5DQGKDZD� (QJLQHHULQJ (FRQRPLFV� 7DWD 0F*UDZ�+LOO����WK (G��ODWHVW�
�� 3ULQFLSOHV RI DFFRXQWDQF\� 1LUPDO -DLQ�
�� (QWUHSUHQHXUVKLS E\ 5DMHHY 5R\���QG HGLWLRQ
�� *RYLQGDUDMDQ 0� 1DWDUDMDQ 6� 6HQWKLO .XPDU 9� 6� ³(QJLQHHULQJ (WKLFV´� 3UHQWLFH +DOORI ,QGLD��

1HZ 'HOKL� �����
�� ,QWURGXFWLRQ WR WKH &RQVWLWXWLRQ RI ,QGLD� '�'� %DVX
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+RXUV�
:HHN

0D[LPXP0DUNV
7RWDO 0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO

/ 7 3 (QG 6HP &: 6: (QG 6HP 7K 3U 7RWDO
� � � � �� � � �� � � �

81,7� ,� (QYLURQPHQW� *HQHUDO 6WXGLHV
D� ,QWURGXFWLRQ� VHJPHQWV RI HQYLURQPHQW� (QHUJ\ IORZ LQ HQYLURQPHQW� &RPSRVLWLRQ DQG

VWUXFWXUH RI DWPRVSKHUH� &KHPLFDO 6SHFLHV DQG SDUWLFXODWHV LQ�DWPRVSKHUH� 5HDFWLRQ�DQG
3KHQRPHQD RFFXUULQJ LQ�DWPRVSKHUH�

E� 0DQ DQG (QYLURQPHQW

8QLW ,,��$,5 3ROOXWLRQ
D� $LU� SROOXWLRQ�� 6RXUFHV� DQG� HIIHFWV�� SDUWLFXODWH� FRQWURO�� FRQWURO� RI� JDVHRXV� SROOXWDQWV�

�62[� 12[� R[LGHV RI FDUERQ� K\GURFDUERQ SROOXWDQWV�� $LU 4XDOLW\ VWDQGDUGV DQG
0DQDJHPHQW�

E� &DVH VWXGLHV

81,7� ,,,� :DWHU 3ROOXWLRQ
D� :DWHU� 3ROOXWLRQ�� 7\SHV� RI� ZDWHU� SROOXWLRQ�� VRXUFHV�� ZDWHU� SROOXWLRQ� FRQWURO�� :DVWH�

ZDWHU WUHDWPHQW�WHFKQRORJLHV�DQG 5HF\FOH�
E� &DVH VWXGLHV�

81,7� ,9� 6RLO�DQG 1RLVH 3ROOXWLRQ
D� 6RLO 3ROOXWLRQ� ,QWURGXFWLRQ� VRXUFHV�FDXVHV� HIIHFWV DQG FRQWURO�
E� 1RLVH 3ROOXWLRQ� ,QWURGXFWLRQ� VRXUFHV�FDXVHV� HIIHFWV DQG FRQWURO� QRLVH PHDVXULQJ

LQVWUXPHQWV DQG�QRLVH SROOXWLRQ FRQWURO WHFKQRORJ\�

81,7� 9� (QYLURQPHQW� 6RFLHW\ DQG (WKLFV
D� 6RFLHW\ DQG (QYLURQPHQW� 6ROLG ZDVWH�W\SHV� LPSDFW RQ VRFLHW\� VROLG ZDVWH

PDQDJHPHQW�VSHFLILF DSSOLFDWLRQV WR�VROLG�ZDVWH�PDQDJHPHQW�
E� (QYLURQPHQWDO (WKLFV� 1HHG DQG 7\SHV� 5HJXODWLRQV� ,62 ������ ����� SROOXWLRQ

$FWV DQG5HJXODWLRQV� (QYLURQPHQWDO $XGLWLQJ

7H[W %RRNV�
�� 6�&� %KDWLD� ³(QYLURQPHQWDO 3ROOXWLRQ DQG FRQWURO LQ FKHPLFDO SURFHVV LQGXVWULHV´�

.KDQQD3XEOLVKHUV� �VW HGLWLRQ�������
�� &�6�5DR� ³(QYLURQPHQWDO 3ROOXWLRQ &RQWURO (QJLQHHULQJ´�:LOH\ (DVWHUQ� �����

5HIHUHQFH %RRNV�
�� 6�3�0DKDMDQ� ³3ROOXWLRQ FRQWURO LQ 3URFHVV ,QGXVWULHV´� 7DWD 0F*UDZ +LOO� �����
�� )� 3� /HHV� ³/RVV SUHYHQWLRQ LQ SURFHVV LQGXVWULHV´� �QG HGLWLRQ�� %XWWHU ZRUWK�

+HLQHPDQQ������
�� 0DUWLQ &UDZIRUG� ³3ROOXWLRQ &RQWURO 7KHRU\´�0F*UDZ +LOO� �����
�� 0DUHOO� ³6ROLG :DVWHV´� -RKQ :LOH\� �����




