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Features of Hybrid CC

'HFODUDWLYH�SURJUDPPLQJ��3URJUDPV�DUH�DVVHUWLRQV�DERXW�SK\VLFDO�EHKDYLRXUV�
8VHIXO�IRU�VSHFLILFDWLRQ����HQJLQHHUV�FDQ�GHVFULEH�LQGLYLGXDO�DVSHFWV�RI�D
V\VWHP�WR�JHW�DQ�H[HFXWDEOH�PRGHO�

&RPSRVLWLRQDO��6XSSRUWV�ORJLFDO�FRQFXUUHQF\�IRU�HDV\�SURJUDP�FRPSRVLWLRQ�
PXOWLIRUP�WLPH�DQG�RUWKRJRQDO�SUHHPSWLRQ�FRQVWUXFWLRQ�DV�LQ�(VWHUHO��$OORZV
VHSDUDWH�SURJUDPV�IRU�PRGXOHV��SOXJ�DQG�SOD\�GHVLJQ�

([SUHVVLYH��,PSOHPHQWRUV�FDQ�WDLORU�FRQVWUDLQW�V\VWHP�WR�WKHLU�QHHGV�
&RQVWUDLQWV�FDQ�LQFOXGH�2'(¶V��WUDQVIHU�IXQFWLRQV�HWF���DOORZLQJ�PRGHOV�WR�EH
H[SUHVVHG�LQ�D�ODQJXDJH�IDPLOLDU�WR�HQJLQHHUV�

:HOO�GHYHORSHG�VHPDQWLFV��$OORZV�YDULRXV�NLQGV�RI�UHDVRQLQJ�ZLWK�SURJUDPV�
3URJUDPV�FDQ�EH�FRPSLOHG�LQWR�K\EULG�DXWRPDWD��ZKLFK�FDQ�EH�XVHG�IRU
YHULILFDWLRQ�DQG�FRQWURO�FRGH�V\QWKHVLV�
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33UURJRJUUDDPPPPLLQJQJ

 $�FRQVWUDLQW�H[SUHVVHV�LQIRUPDWLRQ�DERXW�WKH�SRVVLEOH�YDOXHV�RI�YDULDEOHV���(�J��[� ���
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 $�FF�SURJUDP�FRQVLVWV�RI�D�VWRUH��ZKLFK�LV�D�VHW�RI�FRQVWUDLQWV��DQG�D�VHW�RI�VXESURJUDPV
LQGHSHQGHQWO\�LQWHUDFWLQJ�ZLWK�LW���$�VXESURJUDP�FDQ�DGG�D�FRQVWUDLQW�WR�WKH�VWRUH���,W
FDQ�DOVR�DVN�LI�D�FRQVWUDLQW�LV�HQWDLOHG�E\�WKH�VWRUH��DQG�LI�VR��UHGXFH�WR�D�QHZ�VHW�RI
VXESURJUDPV���7KH�RXWSXW�LV�WKH�VWRUH�ZKHQ�DOO�VXESURJUDPV�DUH�TXLHVFHQW�
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(([[WWHHQQGGLLQQJ�J�FF�FF�WWR�R�++\\EEUULLG�G�FFFF

 %DVLF�DVVXSPWLRQ���7KH�HYROXWLRQ�RI�D�V\VWHP�LV�SLHFHZLVH�FRQWLQXRXV��7KXV��D�V\VWHP�HYROXWLRQ�FDQ�EH
PRGHOHG�D�VHTXHQFH�RI�DOWHUQDWLQJ�SRLQW�DQG�LQWHUYDO�SKDVHV�

 &RQVWUDLQWV�ZLOO�QRZ�LQFOXGH�WLPH�YDU\LQJ�H[SUHVVLRQV�H�J��2'(¶V�

 ([HFXWH�D�FF�SURJUDP�LQ�HDFK�SKDVH�WR�GHWHUPLQH�WKH�RXWSXW�RI�WKDW�SKDVH���7KLV�ZLOO�DOVR�GHWHUPLQH�WKH�FF
SURJUDP�WR�EH�UXQ�LQ�WKH�QH[W�SKDVH�

 ,Q�DQ�LQWHUYDO�SKDVH��DQ\�FRQVWUDLQWV�DVNHG�RI�WKH�VWRUH�DUH�UHFRUGHG�DV�WUDQVLWLRQ�FRQGLWLRQV��,QWHJUDWH�WKH
2'(¶V�LQ�WKH�VWRUH�WR�HYROYH�WKH�WLPH�GHSHQGHQW�YDULDEOHV��XVLQJ�WKH�VWRUH�LQ�WKH�SUHYLRXV�SRLQW�SKDVH�WR
GHWHUPLQH�WKH�LQLWLDO�FRQGLWLRQV���7KH�SKDVH�HQGV�ZKHQ�DQ\�WUDQVLWLRQ�FRQGLWLRQ�FKDQJHV�VWDWXV���7KH�YDOXHV
RI�WKH�YDULDEOHV�DW�WKH�HQG�RI�WKH�SKDVH�FDQ�EH�XVHG�E\�WKH�QH[W�SRLQW�SKDVH�
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1HZ�FRPELQDWRU����KHQFH�$����H[HFXWH�D�FRS\�RI�$�LQ�HDFK�SKDVH��H[FHSW�WKH�FXUUHQW�SRLQW�SKDVH��LI�DQ\�



�++\\EEUULLG�FFG�FF��ZZLLWWK�K�LLQQWWHHUUYYDDO�O�FRFRQQVVWWUUDDLLQQWWVV

■ $ULWKPHWLF�YDULDEOHV�DUH�LQWHUYDO�YDOXHG��$ULWKPHWLF�FRQVWUDLQWV�DUH�QRQ�OLQHDU�DOJHEUDLF
HTXDWLRQV�RYHU�WKHVH��XVLQJ�VWDQGDUG�RSHUDWRUV�OLNH����
��A��HWF��8VHUV�FDQ�HDVLO\�DGG
WKHLU�RZQ�RSHUDWRUV�DV�&�OLEUDULHV��XVHIXO�IRU�FRQQHFWLQJ�ZLWK�H[WHUQDO�&�WRROV�
VLPXODWRUV�HWF���

■ 2EMHFW�RULHQWHG�V\VWHP�ZLWK�PHWKRGV�DQG�LQKHULWDQFH���0HWKRGV�DQG�FODVV�GHILQLWLRQV
DUH�FRQVWUDLQWV�DQG�FDQ�EH�FKDQJHG�GXULQJ�WKH�FRXUVH�RI�D�SURJUDP���5HFXUVLYH
IXQFWLRQV�DUH�DOORZHG�

■ 9DULRXV�FRPELQDWRUV�GHILQHG�RQ�WKH�EDVLF�FRPELQDWRUV�H�J�

�����GR�$�ZDWFKLQJ�F������H[HFXWH�$��DERUW�LW�ZKHQ�F�EHFRPHV�WUXH

�����ZKHQ�F�GR�$�����VWDUW�$�DW�WKH�ILUVW�LQVWDQW�ZKHQ�F�EHFRPHV�WUXH

�����ZDLW�1�GR�$�����VWDUW�$�DIWHU�1�WLPH�XQLWV

�����IRUDOO�&�;��GR�$�;������H[HFXWH�D�FRS\�RI�$�IRU�HDFK�REMHFW�;�RI�FODVV�&

■ $ULWKPHWLF�H[SUHVVLRQV�FRPSLOHG�WR�E\WH�FRGH�DQG�WKHQ�PDFKLQH�FRGH�IRU�HIILFLHQF\�
&RPPRQ�VXEH[SUHVVLRQV�DUH�UHFRJQL]HG�

■ &RS\LQJ�JDUEDJH�FROOHFWRU�VSHHGV�XS�H[HFXWLRQ��DQG�DOORZV�WDNLQJ�VQDSVKRWV�RI�VWDWHV�

■ $3,�IURP�-DYD�&�WR�XVH�+\EULG�FF�DV�D�OLEUDU\���6\VWHP�UXQV�RQ�6RODULV��/LQX[��6*,�DQG
:LQGRZV�17�



77KH�KH�$$UULLWWKKPPHHWWLLF�F�&&RQRQVVWUWUDDLLQQW�W�66\\VVWWHHPP

�����&RQVWUDLQWV�DUH�XVHG�WR�QDUURZ�WKH�LQWHUYDOV�RI�WKHLU�YDULDEOHV���)RU�H[DPSOH��[A���
\A�� ���UHGXFHV�WKH�LQWHUYDOV�IRU�[�DQG�\�WR�>����@�HDFK���)XUWKHU�DGGLQJ�[�! ����
UHGXFHV�WKH�LQWHUYDO�IRU�[�WR�>������@��DQG�IRU�\�WR�>�������������@���9DULRXV�LQWHUYDO
SUXQLQJ�PHWKRGV�SUXQH�RQH�YDULDEOH�DW�D�WLPH�

■ ,QGH[LFDOV���*LYHQ�D�FRQVWUDLQW�I�[�\�� ����UHZULWH�LW�DV�[� �J�\����,I�[�∈�,�DQG�\�∈�-�
WKHQ�VHW�[�∈�,�∩�J�-����1RWH��\�FDQ�EH�D�YHFWRU�RI�YDULDEOHV�

■ ,QWHUYDO�VSOLWWLQJ���,I�[�∈�>D��E@��GR�ELQDU\�VHDUFK�WR�GHWHUPLQH�PLQLPXP�F�LQ�>D�E@�VXFK
WKDW���∈�I�>F�F@��-���ZKHUH�\�∈�-���6LPLODU\�GHWHUPLQH�PD[LPXP�VXFK�G�LQ�>D�E@��DQG�VHW
[�∈�>F�G@�

■ 1HZWRQ�5DSKVRQ��*HW�PLQLPXP�DQG�PD[LPXP�URRWV�RI�I�[�-�� ����ZKHUH�\�∈�-���6HW�[
DV�DERYH�

■ 6LPSOH[��*LYHQ�WKH�FRQVWUDLQWV�RQ�[��ILQG�LWV�PLQLPXP�DQG�PD[LPXP�YDOXHV��DQG�VHW�LW
DV�DERYH���1RQ�OLQHDU�WHUPV�DUH�WUHDWHG�DV�VHSDUDWH�YDULDEOHV�

�����7KHVH�PHWKRGV�FDQ�EH�FRPELQHG�WR�LQFUHDVH�HIILFLHQF\���)RU�H[DPSOH��ZH�XVH�6SOLWWLQJ
RQO\�WR�UHGXFH�WKH�VL]H�RI�WKH�LQWHUYDO�RI�[��WKHQ�XVH�1HZWRQ�5DSKVRQ�WR�JHW�WKH�URRW
TXLFNO\�



,,QQWWHHJJUUDDWWLLQQJ�J�WWKKH�H�GGLLIIIIHHUUHQHQWWLLDDO�O�HHTTXDXDWWLLRRQQVV

 'LIIHUHQWLDO�HTXDWLRQV�DUH�MXVW�RUGLQDU\�DOJHEUDLF�HTXDWLRQV�UHODWLQJ�VRPH�YDULDEOHV
DQG�WKHLU�GHULYDWLYHV�H�J��I� �P�
�D¶¶��[¶¶���G
[¶���N
[� ���

 :H�SURYLGH�YDULRXV�LQWHJUDWRUV�����(XOHU���WK�RUGHU�5XQJH�.XWWD���WK�RUGHU�5XQJH
.XWWD�ZLWK�DGDSWLYH�VWHSVL]H��%XOLUVFK�6WRHU�ZLWK�SRO\QRPLDO�H[WUDSRODWLRQ���2WKHUV
FDQ�EH�DGGHG�LI�QHFHVVDU\�

 $OO�LQWHJUDWRUV�KDYH�EHHQ�PRGLILHG�WR�LQWHJUDWH�LPSOLFLW�GLIIHUHQWLDO�HTXDWLRQV��RYHU
LQWHUYDO�YDOXHG�YDULDEOHV�

 ([DFW�GHWHUPLQDWLRQ�RI�GLVFUHWH�FKDQJHV��WR�GHWHUPLQH�WKH�HQG�RI�DQ�LQWHUYDO�SKDVH�
LV�GRQH�XVLQJ�FXELF�+HUPLWH�LQWHUSRODWLRQ���)RU�H[DPSOH��LQ�WKH�H[DPSOH�SURJUDP�ZH
QHHG�WR�FKHFN�LI�[� �����:H�XVH�WKH�YDOXH�RI�[�DQG�[¶�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�DQ
LQWHJUDWLRQ�VWHS�WR�GHWHUPLQH�LI�[� ���DQ\ZKHUH�LQ�WKLV�VWHS����,I�VR��WKH�VWHS�LV�UROOHG
EDFN��DQG�D�VPDOOHU�VWHS�LV�WDNHQ�EDVHG�RQ�WKH�HVWLPDWH�RI�WKH�WLPH�ZKHQ�[� ���
7KLV�LV�UHSHDWHG�WLOO�WKH�H[DFW�WLPH�ZKHQ�[� ���LV�GHWHUPLQHG�
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SURSHUW\��SRV��7��SRV�GHQRWHV�WKH�SRVLWLRQ�RI�WKH
ILUVW�WUDLQ�HWF���6��DQG�6��DUH�WZR�VHQVRUV
LQGLFDWLQJ�DSSURDFK�DQG�H[LW�RI�WKH�WUDLQV���7KH
FRQWUROOHU�UHDGV�WKH�VHQVRUV�DQG�VHQGV�PHVVDJHV
WR�WKH�JDWH���7KH�JDWH�SRVLWLRQ�YDULHV�EHWZHHQ��
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 $ IUDJPHQW RI D PRGHO IRU WKH 6RODU V\VWHP� 7KH UHPDLQLQJ

OLQHV JLYH WKH FRRUGLQDWHV DQG YHORFLWLHV RI WKH RWKHU SODQHWV

RQ -XO\ �� ����� 7KH FODVV SODQHW LPSOHPHQWV HDFK SODQHW DV

RQH RI Q ERGLHV� GHWHUPLQLQJ LWV DFFHOHUDWLRQ WR EH WKH VXP RI

WKH DFFHOHUDWLRQV GXH WR DOO RWKHU ERGLHV �WKLV LV GHILQHG E\

WKH VXP FRQVWUDLQW�� 8QLWV DUH (DUWK�PDVV� $VWURQRPLFDO

XQLWV DQG (DUWK GD\V�
�

5HVXOWV�RI�VLPXODWLRQ�

6LPXODWHG�WLPH��������XQLWV��a��\HDUV��

&38�WLPH� ����V�

$FFXUDF\���0HUFXU\�������9HQXV�������RWKHU����������
DZD\�IURP�DFWXDO�SRVLWLRQV�DIWHU���\HDUV�


