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0RGHOLQJ�DQG�3HUIRUPDQFH�
(YDOXDWLRQ�RI�1HWZRUN�DQG�

&RPSXWHU�6\VWHPV

6LPXODWLRQ

�&KDSWHUV�������

�

,QWURGXFWLRQ����RI���

� 6\VWHP�WR�EH�FKDUDFWHUL]HG�PD\�QRW�EH�
DYDLODEOH
² 'XULQJ�GHVLJQ�RU�SURFXUHPHQW�VWDJH

� 6WLOO�ZDQW�WR�SUHGLFW�SHUIRUPDQFH
� 2U��PD\�KDYH�V\VWHP�EXW�ZDQW�WR�HYDOXDWH�
ZLGH�UDQJH�RI�ZRUNORDGV
Æ 6LPXODWLRQ

� +RZHYHU��VLPXODWLRQV�PD\�IDLO
² 1HHG�JRRG�SURJUDPPLQJ��VWDWLVWLFDO�
DQDO\VLV�DQG�SHUI�HYDO�NQRZOHGJH

7KH�EHVW�DGYLFH�WR�WKRVH�DERXW�WR�HPEDUN�RQ�D�YHU\�ODUJH�VLPXODWLRQ�LV

RIWHQ�WKH�VDPH�DV�3XQFK¶V�IDPRXV�DGYLFH�WR�WKRVH�DERXW�WR�PDUU\� µ'RQ¶W�¶

± %UDWOH\��)R[�DQG�6FKUDJH�������

�

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

�

&RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ�
���RI���

� ,QDSSURSULDWH�OHYHO�RI�GHWDLO
² /HYHO�RI�GHWDLO�RIWHQ�SRWHQWLDOO\�XQOLPLWHG�
² %XW�PRUH�GHWDLO�UHTXLUHV�PRUH�WLPH�WR�GHYHORS

� $QG�RIWHQ�WR�UXQ�

² &DQ�LQWURGXFH�PRUH�EXJV��PDNLQJ�PRUH�LQDFFXUDWH�
QRW�OHVV�

² 2IWHQ��PRUH�GHWDLOHG�YLHZHG�DV�´EHWWHUµ�EXW�PD\�
QRW�EH�WKH�FDVH
� 0RUH�GHWDLO�UHTXLUHV�PRUH�NQRZOHGJH�RI�LQSXW�
SDUDPHWHUV

� *HWWLQJ�LQSXW�SDUDPHWHUV�ZURQJ�PD\�OHDG�WR�PRUH�
LQDFFXUDF\��([��GLVN�VHUYLFH�WLPHV�H[SRQHQWLDO�YV��
VLPXODWLQJ�VHFWRU�DQG�DUP�PRYHPHQW�

² 6WDUW�ZLWK�OHVV�GHWDLO��VWXG\�VHQVLWLYLWLHV�DQG�
LQWURGXFH�GHWDLO�LQ�KLJK�LPSDFW�DUHDV

�

&RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ�
���RI���

� ,PSURSHU�ODQJXDJH
² &KRLFH�RI�ODQJXDJH�FDQ�KDYH�VLJQLILFDQW�LPSDFW�RQ�
WLPH�WR�GHYHORS��&K������

² 6SHFLDO�SXUSRVH�ODQJXDJHV�FDQ�PDNH�LPSOHPHQWDWLRQ��
YHULILFDWLRQ�DQG�DQDO\VLV�HDVLHU

² &��6LP��KWWS���F[[VLP�QFO�DF�XN����-DYD6LP
�KWWS���MDYDVLP�QFO�DF�XN����6LP3\�WKRQ��
�KWWS���VLPS\�VRXUFHIRUJH�QHW���«�

� 8QYHULILHG�PRGHOV
² 6LPXODWLRQV�JHQHUDOO\�ODUJH�FRPSXWHU�SURJUDPV

² 8QOHVV�VSHFLDO�VWHSV�WDNHQ��EXJV�RU�HUURUV

² 7HFKQLTXHV�WR�YHULI\�VLPXODWLRQ�PRGHOV�LQ�&K�����

�

&RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ�
���RI���

� ,QYDOLG�PRGHOV
² 1R�HUURUV��EXW�GRHV�QRW�UHSUHVHQW�UHDO�V\VWHP

² 1HHG�WR�YDOLGDWH�PRGHOV�E\�DQDO\WLF��PHDVXUHPHQW�
RU�LQWXLWLRQ

² 7HFKQLTXHV�WR�YHULI\�VLPXODWLRQ�PRGHOV�LQ�&K�����

� ,PSURSHUO\�KDQGOHG�LQLWLDO�FRQGLWLRQV
² 2IWHQ��LQLWLDO�WUDMHFWRU\�QRW�UHSUHVHQWDWLYH�RI�
VWHDG\�VWDWH
� ,QFOXGLQJ�FDQ�OHDG�WR�LQDFFXUDWH�UHVXOWV

² 7\SLFDOO\�ZDQW�WR�GLVFDUG��EXW�QHHG�PHWKRG�WR�GR�VR�
HIIHFWLYHO\

² 7HFKQLTXHV�WR�VHOHFW�LQLWLDO�VWDWH�LQ�&K�����



�

�

&RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ�
���RI���

� 7RR�VKRUW�VLPXODWLRQ�UXQV
² $WWHPSW�WR�VDYH�WLPH
² 0DNHV�HYHQ�PRUH GHSHQGHQW�XSRQ�LQLWLDO�
FRQGLWLRQV

² &RUUHFW�OHQJWK�GHSHQGV�XSRQ�WKH�DFFXUDF\�
GHVLUHG��FRQILGHQFH�LQWHUYDOV�

² 9DULDQFH�HVWLPDWHV�LQ�����
� 3RRU�UDQGRP�QXPEHU�JHQHUDWRUV�DQG�VHHGV

² ´+RPH�JURZQµ�DUH�RIWHQ�QRW�UDQGRP�HQRXJK
�0DNHV�DUWLIDFWV

² %HVW�WR�XVH�ZHOO�NQRZQ�RQH�
² &KRRVH�VHHGV�WKDW�DUH�GLIIHUHQW��&K����

�

0RUH�&DXVHV�RI�)DLOXUH����RI���

� /DUJH�VRIWZDUH
² 4XRWDWLRQV�DERYH�DSSO\�WR�VRIWZDUH�GHYHORSPHQW�
SURMHFWV��LQFOXGLQJ�VLPXODWLRQV

² ,I�ODUJH�VLPXODWLRQ�HIIRUWV�QRW�PDQDJHG�SURSHUO\��
FDQ�IDLO

� ,QDGHTXDWH�WLPH�HVWLPDWH
² 1HHG�WLPH�IRU�YDOLGDWLRQ DQG�YHULILFDWLRQ
² 7LPH�QHHGHG�FDQ�RIWHQ�JURZ�DV�PRUH�GHWDLOV�DGGHG

$Q\�JLYHQ�SURJUDP��ZKHQ�UXQQLQJ��LV�REVROHWH���,I�D�SURJUDP�LV�XVHIXO��LW�ZLOO�

KDYH�WR�EH�FKDQJHG���3URJUDP�FRPSOH[LW\�JURZV�XQWLO�LW�H[FHHGV�WKH�FDSDFLW\

RI�WKH�SURJUDPPHU�ZKR�PXVW�PDLQWDLQ�LW�� � 'DWDPDWLRQ ����

$GGLQJ�PDQSRZHU�WR�D�ODWH�VRIWZDUH�SURMHFW�PDNHV�LW�ODWHU�

� )UHG�%URRNV

�

0RUH�&DXVHV�RI�)DLOXUH����RI���

� 1R�DFKLHYDEOH�JRDO
² &RPPRQ�H[DPSOH�LV�´PRGHO�;µ
�%XW�WKHUH�DUH�PDQ\�OHYHOV�RI�GHWDLO�IRU�;

² *RDOV��6SHFLILF��0HDVXUDEOH��$FKLHYDEOH��
5HSHDWDEOH��7KURXJK��60$57��6HFWLRQ�����

² 3URMHFW�ZLWKRXW�JRDOV�FRQWLQXHV�LQGHILQLWHO\

� ,QFRPSOHWH�PL[�RI�HVVHQWLDO�VNLOOV
² 7HDP�QHHGV�RQH�RU�PRUH�LQGLYLGXDOV�ZLWK�
FHUWDLQ�VNLOOV

² 1HHG��OHDGHUVKLS��PRGHOLQJ�DQG�VWDWLVWLFV��
SURJUDPPLQJ��NQRZOHGJH�RI�PRGHOHG�V\VWHP

��

6LPXODWLRQ�&KHFNOLVW����RI���

� &KHFNV�EHIRUH�GHYHORSLQJ�VLPXODWLRQ
² ,V�WKH�JRDO�SURSHUO\�VSHFLILHG"

² ,V�GHWDLO�LQ�PRGHO�DSSURSULDWH�IRU�JRDO"

² 'RHV�WHDP�LQFOXGH�ULJKW�PL[��OHDGHU��
PRGHOLQJ��SURJUDPPLQJ��EDFNJURXQG�"

² +DV�VXIILFLHQW�WLPH�EHHQ�SODQQHG"

� &KHFNV�GXULQJ�VLPXODWLRQ�GHYHORSPHQW
² ,V�UDQGRP�QXPEHU�UDQGRP"

² ,V�PRGHO�UHYLHZHG�UHJXODUO\"

² ,V�PRGHO�GRFXPHQWHG"

��

6LPXODWLRQ�&KHFNOLVW����RI���

� &KHFNV�DIWHU�VLPXODWLRQ�LV�UXQQLQJ
² ,V�VLPXODWLRQ�OHQJWK�DSSURSULDWH"

² $UH�LQLWLDO�WUDQVLHQWV�UHPRYHG"

² +DV�PRGHO�EHHQ�YHULILHG"

² +DV�PRGHO�EHHQ�YDOLGDWHG"

² $UH�WKHUH�DQ\�VXUSULVLQJ�UHVXOWV"��,I�\HV��
KDYH�WKH\�EHHQ�YDOLGDWHG"

�3OXV��VHH�SUHYLRXV�FKHFNOLVW��%R[�����IRU�
SHUIRUPDQFH�HYDOXDWLRQ�SURMHFWV�

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ
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7HUPLQRORJ\����RI���

� ,QWURGXFH�WHUPV�XVLQJ�DQ�H[DPSOH�RI�
VLPXODWLQJ�&38�VFKHGXOLQJ
² 6WXG\�YDULRXV�VFKHGXOLQJ�WHFKQLTXHV�JLYHQ�
MRE�FKDUDFWHULVWLFV��LJQRULQJ�GLVNV��GLVSOD\«

� 6WDWH�YDULDEOHV
² 9DULDEOHV�ZKRVH�YDOXHV�GHILQH�FXUUHQW�VWDWH�
RI�V\VWHP

² 6DYLQJ�FDQ�DOORZ�VLPXODWLRQ�WR�EH�VWRSSHG�
DQG�UHVWDUWHG�ODWHU�E\�UHVWRULQJ�DOO�VWDWH�
YDULDEOHV

² ([��PD\�EH�OHQJWK�RI�WKH�MRE�TXHXH

��

7HUPLQRORJ\����RI���
� (YHQW

² $�FKDQJH�LQ�V\VWHP�VWDWH

² ([��7KUHH�HYHQWV��DUULYDO�RI�MRE��EHJLQQLQJ�
RI�QHZ�H[HFXWLRQ��GHSDUWXUH�RI�MRE

� &RQWLQXRXV�WLPH�DQG�GLVFUHWH�WLPH�PRGHOV
² ,I�VWDWH�GHILQHG�DW�DOO�WLPHV�Æ FRQWLQXRXV

² ,I�VWDWH�GHILQHG�RQO\�DW�LQVWDQWV�Æ GLVFUHWH

² ([��FODVV�WKDW�PHHWV�0�)�����LV�GLVFUHWH�
VLQFH�QRW�GHILQHG�RWKHU�WLPHV

-
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��

7HUPLQRORJ\����RI���

� &RQWLQXRXV�VWDWH�DQG�GLVFUHWH�VWDWH�PRGHOV
² ,I�XQFRXQWDEO\ LQILQLWH�Æ FRQWLQXRXV
�([��WLPH�VSHQW�E\�VWXGHQWV�RQ�KZ

² ,I�FRXQWDEOH�Æ GLVFUHWH
�([��MREV�LQ�&38�TXHXH

² 1RWH��FRQWLQXRXV�WLPH�GRHV�QRW�QHFHVVDULO\�
LPSO\�FRQWLQXRXV�VWDWH�DQG�YLFH�YHUVD
�$OO�FRPELQDWLRQV�SRVVLEOH

-
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V

7LPH

7
LP

H
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7HUPLQRORJ\����RI���

� 'HWHUPLQLVWLF�DQG�SUREDELOLVWLF�PRGHOV
² ,I�RXWSXW�SUHGLFWHG�ZLWK�FHUWDLQW\�Æ
GHWHUPLQLVWLF

² ,I�RXWSXW�GLIIHUHQW�IRU�GLIIHUHQW�
UHSHWLWLRQV�Æ SUREDELOLVWLF

² ([��)RU�SURM���GRJ�W\SH���PDNHV�VLPXODWLRQ�
GHWHUPLQLVWLF�EXW�GRJ�W\SH���PDNHV�
VLPXODWLRQ��SUREDELOLVWLF

2
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,QSXW

2
XW
SX

W

,QSXW
�'HWHUPLQLVWLF� �3UREDELOLVWLF�

�YHUWLFDO�OLQHV�

��

7HUPLQRORJ\����RI���

� 6WDWLF�DQG�G\QDPLF�PRGHOV
² 7LPH�LV�QRW�D�YDULDEOH�Æ VWDWLF
² ,I�FKDQJHV�ZLWK�WLPH�Æ G\QDPLF
² ([��&38�VFKHGXOHU�LV�G\QDPLF��ZKLOH�PDWWHU�WR�
HQHUJ\�PRGHO�( PF� LV�VWDWLF

� /LQHDU�DQG�QRQOLQHDU�PRGHOV
² 2XWSXW�LV�OLQHDU�FRPELQDWLRQ�RI�LQSXW�Æ OLQHDU
² 2WKHUZLVH�Æ QRQOLQHDU

2
XW
SX

W

,QSXW
�/LQHDU�

2
XW
SX

W

,QSXW
�1RQ�/LQHDU�

��

7HUPLQRORJ\����RI���

� 2SHQ�DQG�FORVHG�PRGHOV
² ,QSXW�LV�H[WHUQDO�DQG�LQGHSHQGHQW�Æ RSHQ
² &ORVHG�PRGHO�KDV�QR�H[WHUQDO�LQSXW

² ([��LI�VDPH�MREV�OHDYH�DQG�UH�HQWHU�TXHXH�
WKHQ�FORVHG��ZKLOH�LI�QHZ�MREV�HQWHU�V\VWHP�
WKHQ�RSHQ

FSX

RSHQ

FSX

FORVHG
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7HUPLQRORJ\����RI���

� 6WDEOH�DQG�XQVWDEOH
² 0RGHO�RXWSXW�VHWWOHV�GRZQ�Æ VWDEOH
² 0RGHO�RXWSXW�DOZD\V�FKDQJHV�Æ XQVWDEOH

2
XW
SX

W

7LPH

�8QVWDEOH�

2
XW
SX

W

7LPH

�6WDEOH�

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

��

6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH
���RI���

� )RXU�FKRLFHV��VLPXODWLRQ�ODQJXDJH��JHQHUDO�SXUSRVH�
ODQJXDJH��H[WHQVLRQ�RI�JHQHUDO�SXUSRVH��VLPXODWLRQ�
SDFNDJH

� 6LPXODWLRQ�ODQJXDJH ² EXLOW�LQ�IDFLOLWLHV�IRU�WLPH�
VWHSV��HYHQW�VFKHGXOLQJ��GDWD�FROOHFWLRQ��UHSRUWLQJ

� *HQHUDO�SXUSRVH ² NQRZQ�WR�GHYHORSHU��DYDLODEOH�RQ�
PRUH�V\VWHPV��IOH[LEOH

� 7KH�PDMRU�GLIIHUHQFH�LV�WKH�FRVW�WUDGHRII ²
VLPXODWLRQ�ODQJXDJH�UHTXLUHV�VWDUWXS�WLPH�WR�OHDUQ��
ZKLOH�JHQHUDO�SXUSRVH�PD\�UHTXLUH�PRUH�WLPH�WR�
DGG�VLPXODWLRQ�IOH[LELOLW\
² 5HFRPPHQGDWLRQ�PD\�EH�IRU�DOO�DQDO\VWV�WR�OHDUQ�RQH�
VLPXODWLRQ�ODQJXDJH�VR�XQGHUVWDQG�WKRVH�´FRVWVµ�DQG�
FDQ�FRPSDUH

��

6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH
���RI���

� ([WHQVLRQ�RI�JHQHUDO�SXUSRVH ² FROOHFWLRQ�
RI�URXWLQHV�DQG�WDVNV�FRPPRQO\�XVHG���
2IWHQ��EDVH�ODQJXDJH�ZLWK�H[WUD�OLEUDULHV�
WKDW�FDQ�EH�FDOOHG

� 6LPXODWLRQ�SDFNDJHV ² DOORZ�GHILQLWLRQ�RI�
PRGHO�LQ�LQWHUDFWLYH�IDVKLRQ���*HW�UHVXOWV�LQ�
RQH�GD\

� 7UDGHRII�LV�LQ�IOH[LELOLW\��ZKHUH�SDFNDJHV�
FDQ�RQO\�GR�ZKDW�GHYHORSHU�HQYLVLRQHG��EXW�
LI�WKDW�LV�ZKDW�LV�QHHGHG�WKHQ�LV�TXLFNHU�WR�
GR�VR

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

��

7\SHV�RI�6LPXODWLRQV

� 9DULHW\�RI�W\SHV��EXW�PDLQ��HPXODWLRQ��
0RQWH�&DUOR��WUDFH�GULYHQ��DQG�GLVFUHWH�
HYHQW

� (PXODWLRQ
² 6LPXODWLRQ�WKDW�UXQV�RQ�D�FRPSXWHU�WR�PDNH�
LW�DSSHDU�WR�EH�VRPHWKLQJ�HOVH

² ([DPSOHV��-90��1,67�1HW

2SHUDWLQJ�6\VWHP

+DUGZDUH

3URFHVV 3URFHVV

-DYD�SURJUDP

-DYD�90
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0RQWH�&DUOR�6LPXODWLRQ����RI���

� $�VWDWLF�VLPXODWLRQ�KDV�QR�WLPH�SDUDPHWHU
² 5XQV�XQWLO�VRPH�HTXLOLEULXP�VWDWH�UHDFKHG

� 8VHG�WR�PRGHO�SK\VLFDO�SKHQRPHQD��
HYDOXDWH�SUREDELOLVWLF�V\VWHP��QXPHULFDOO\�
HVWLPDWH�FRPSOH[�PDWKHPDWLFDO�H[SUHVVLRQ

� 'ULYHQ�ZLWK�UDQGRP�QXPEHU�JHQHUDWRU
² 6R�´0RQWH�&DUORµ��DIWHU�FDVLQRV��VLPXODWLRQ

� ([DPSOH��FRQVLGHU�QXPHULFDOO\�GHWHUPLQLQJ�
WKH�YDOXH�RI�π

� $UHD�RI�FLUFOH� �π� IRU�UDGLXV��

��

0RQWH�&DUOR�6LPXODWLRQ����RI���

� ,PDJLQH�WKURZLQJ�GDUW�
DW�VTXDUH
² 5DQGRP�[������

² 5DQGRP�\������

� &RXQW�LI�LQVLGH
² VTUW�[��\������

� &RPSXWH�UDWLR�5
² LQ����LQ���RXW�

� &DQ�UHSHDW�DV�PDQ\�
WLPHV�DV�QHHGHG�WR�JHW�
DUELWUDU\�SUHFLVLRQ

� 8QLW�VTXDUH�DUHD�RI��
� 5DWLR�RI�DUHD�LQ�

TXDUWHU�WR�DUHD�LQ�
VTXDUH� �5
² π  ��5

�6KRZ�H[DPSOH�

��

7UDFH�'ULYHQ�6LPXODWLRQ

� 8VHV�WLPH�RUGHUHG�UHFRUG�RI�HYHQWV�RQ�
UHDO�V\VWHP�DV�LQSXW
² ([��WR�FRPSDUH�PHPRU\�PDQDJHPHQW��XVH�
WUDFH�RI�SDJH�UHIHUHQFH�SDWWHUQV�DV�LQSXW��
DQG�FDQ�PRGHO�DQG�VLPXODWH�SDJH�
UHSODFHPHQW�DOJRULWKPV

� 1RWH��QHHG�WUDFH�WR�EH�LQGHSHQGHQW�RI�
V\VWHP
² ([��LI�KDG�WUDFH�RI�GLVN�HYHQWV��FRXOG�QRW�EH�
XVHG�WR�VWXG\�SDJH�UHSODFHPHQW�VLQFH�
HYHQWV�DUH�GHSHQGHQW�XSRQ�FXUUHQW�
DOJRULWKP

��

7UDFH�'ULYHQ�6LPXODWLRQ�$GYDQWDJHV

� &UHGLELOLW\ ² HDVLHU�WR�VHOO�WKDQ�UDQGRP�LQSXWV
� (DV\�YDOLGDWLRQ ² ZKHQ�JDWKHULQJ�WUDFH��RIWHQ�JHW�

SHUIRUPDQFH�VWDWV�DQG�FDQ�YDOLGDWH�ZLWK�WKRVH
� $FFXUDWH�ZRUNORDG ² SUHVHUYHV�FRUUHODWLRQ�RI�

HYHQWV��GRQ·W�QHHG�WR�VLPSOLI\�DV�IRU�ZRUNORDG�
PRGHO

� /HVV�UDQGRPQHVV ² LQSXW�LV�GHWHUPLQLVWLF��VR�RXWSXW�
PD\�EH��RU�ZLOO�DW�OHDVW�KDYH�OHVV�QRQ�GHWHUPLQLVP�

� )DLU�FRPSDULVRQ ² DOORZV�FRPSDULVRQ�RI�
DOWHUQDWLYHV�XQGHU�WKH�VDPH�LQSXW�VWUHDP

� 6LPLODULW\�WR�DFWXDO�LPSOHPHQWDWLRQ ² RIWHQ�
VLPXODWHG�V\VWHP�QHHGV�WR�EH�VLPLODU�WR�UHDO�RQH�VR�
FDQ�JHW�DFFXUDWH�LGHD�RI�KRZ�FRPSOH[

��

7UDFH�'ULYHQ�6LPXODWLRQ�'LVDGYDQWDJHV

� &RPSOH[LW\ ² UHTXLUHV�PRUH�GHWDLOHG�
LPSOHPHQWDWLRQ

� 5HSUHVHQWDWLYHQHVV ² WUDFH�IURP�RQH�V\VWHP�PD\�
QRW�UHSUHVHQW�DOO�WUDFHV

� )LQLWHQHVV ² FDQ�EH�ORQJ��VR�RIWHQ�OLPLWHG�E\�VSDFH�
EXW�WKHQ�WKDW�WLPH�PD\�QRW�UHSUHVHQW�RWKHU�WLPHV

� 6LQJOH�SRLQW�RI�YDOLGDWLRQ ² QHHG�WR�EH�FDUHIXO�WKDW�
YDOLGDWLRQ�RI�SHUIRUPDQFH�JDWKHUHG�GXULQJ�D�WUDFH�
UHSUHVHQWV�RQO\���FDVH

� 7UDGH�RII ² LW�LV�GLIILFXOW�WR�FKDQJH�ZRUNORDG�VLQFH�
FDQQRW�FKDQJH�WUDFH���&KDQJLQJ�WUDFH�ZRXOG�ILUVW�
QHHG�ZRUNORDG�PRGHO

��

'LVFUHWH�(YHQW�6LPXODWLRQV����RI���

� &RQWLQXRXV�HYHQWV�DUH�VLPXODWLRQV�OLNH�ZHDWKHU�RU�
FKHPLFDO�UHDFWLRQV��ZKLOH�FRPSXWHUV�XVXDOO\�
GLVFUHWH�HYHQWV

� 7\SLFDO�FRPSRQHQWV�
� (YHQW�VFKHGXOHU ² OLQNHG�OLVW�RI�HYHQWV

² 6FKHGXOH�HYHQW�; DW�WLPH�7
² +ROG�HYHQW�; IRU�LQWHUYDO�GW
² &DQFHO�SUHYLRXVO\�VFKHGXOHG�HYHQW�;
² +ROG�HYHQW�; LQGHILQLWHO\�XQWLO�VFKHGXOHG�E\�RWKHU�
HYHQW

² 6FKHGXOH�DQ�LQGHILQLWHO\�VFKHGXOHG�HYHQW
² 1RWH��HYHQW�VFKHGXOHU�H[HFXWHG�RIWHQ��VR�KDV�
VLJQLILFDQW�LPSDFW�RQ�SHUIRUPDQFH



�

��

'LVFUHWH�(YHQW�6LPXODWLRQV����RI���

� 6LPXODWLRQ�FORFN�DQG�WLPH�DGYDQFLQJ
² *OREDO�YDULDEOH�ZLWK�WLPH

² 6FKHGXOHU�DGYDQFHV�WLPH
�8QLW�WLPH ² LQFUHPHQWV�WLPH�E\�VPDOO�DPRXQW�
DQG�VHH�LI�DQ\�HYHQWV

�(YHQW�GULYHQ ² LQFUHPHQWV�WLPH�WR�QH[W�HYHQW�
DQG�H[HFXWHV��W\SLFDO�

� 6\VWHP�VWDWH�YDULDEOHV
² *OREDO�YDULDEOHV�GHVFULELQJ�VWDWH�

² &DQ�EH�XVHG�WR�VDYH�DQG�UHVWRUH

��

'LVFUHWH�(YHQW�6LPXODWLRQV����RI���

� (YHQW�URXWLQHV
² 6SHFLILF�URXWLQHV�WR�KDQGOH�HYHQW

² ([��MRE�DUULYDO��MRE�VFKHGXOLQJ��MRE�GHSDUWXUH

² 2IWHQ�KDQGOHG�E\�FDOO�EDFN�IURP�HYHQW�
VFKHGXOHU

� ,QSXW�URXWLQHV
² *HW�LQSXW�IURP�XVHU��RU�FRQILJ�ILOH��RU�VFULSW�

² 2IWHQ�JHW�DOO�LQSXW�EHIRUH�VLPXODWLRQ�VWDUWV

² 0D\�DOORZ�UDQJH�RI�LQSXWV��IURP�����PV��DQG�
QXPEHU�RU�UHSHWLWLRQV��HWF�

��

'LVFUHWH�(YHQW�6LPXODWLRQV����RI���

� 5HSRUW�JHQHUDWRUV
² 5RXWLQHV�H[HFXWHG�DW�HQG�RI�VLPXODWLRQ��
ILQDO�UHVXOW�DQG�SULQW

² &DQ�LQFOXGH�JUDSKLFDO�UHSUHVHQWDWLRQ��WRR

² ([��PD\�FRPSXWH�WRWDO�ZDLW�WLPH�LQ�TXHXH�RU�
QXPEHU�RI�SURFHVVHV�VFKHGXOHG

��

'LVFUHWH�(YHQW�6LPXODWLRQ�([DPSOH�
16�� ���RI���

� 16����QHWZRUN�VLPXODWRU
² *RYHUQPHQW�IXQGHG�LQLWLDOO\��2SHQ�VRXUFH

� :LOGO\�SRSXODU�IRU�,3�QHWZRUN�VLPXODWLRQV

�KWWS���SHUIRUP�ZSL�HGX�16��

��

'LVFUHWH�(YHQW�6LPXODWLRQ�([DPSOH�
16�� ���RI���

�(YHQW�VFKHGXOHU�LV�FRUH�RI�VLPXODWRU�

��

'LVFUHWH�(YHQW�6LPXODWLRQ�([DPSOH�
16�� ���RI���

��2SHQ�WKH�1$0�WUDFH�ILOH
VHW QI >RSHQ�RXW�QDP Z@
�QV QDPWUDFH�DOO��QI

��'HILQH�D�
ILQLVK
�SURFHGXUH
SURF�ILQLVK�^`�^

JOREDO�QV QI
�QV�IOXVK�WUDFH
��&ORVH�WKH�WUDFH�ILOH
FORVH��QI
�([HFXWH�1$0�RQ�ILOH
H[HF QDP RXW�QDP 	
H[LW��

`

��6HWXS�D�)73
VHW�IWS�>QHZ�$SSOLFDWLRQ�)73@
�IWS�DWWDFK�DJHQW��WFS
�IWS�VHW�W\SHB�)73

��,QLWLDO�VFKHGXOH�HYHQWV�
�QV�DW�������FEU VWDUW�
�QV�DW�������IWS�VWDUW�
�QV�DW�������IWS�VWRS�
�QV�DW�������FEU VWRS�

��)LQLVK�DIWHU���VHF��VLP WLPH�
�QV�DW������ILQLVK�

��5XQ�WKH�VLPXODWLRQ
�QV�UXQ



�

��

'LVFUHWH�(YHQW�6LPXODWLRQ�([DPSOH�
16�� ���RI���

� 2XWSXW�LQ�WH[W�ILOH��FDQ�EH�SURFHVVHG�ZLWK�
8QL[�FRPPDQG�OLQH�WRROV

�2EMHFWV�DQG�VFULSW�FDQ�KDYH�FXVWRP�RXWSXW��WRR�

�+H\��UXQ�
VDPSOH��

��

4XHVWLRQV����RI���

� ,GHQWLI\�DOO�
UHOHYDQW�VWDWHV�
² FRQWLQXRXV�VWDWH�
YV��GLVFUHWH�WLPH

² GHWHUPLQLVWLF�YV��
SUREDELOLVWLF

² OLQHDU�YV��QRQ�
OLQHDU

² VWDEOH�YV��XQVWDEOH

� \�W�� �W������

� \�W�� ���W�

� \�W���� �\�W����∆
² )RU�LQWHJHU�∆ ! ���

� \�W���� �\�W����∆W

² )RU�∆ ���

��

4XHVWLRQV����RI���

� :KLFK�W\SH�RI�VLPXODWLRQ�IRU�HDFK�RI�
² 0RGHO�UHTXHVWHU�DGGUHVV�SDWWHUQV�WR�D�
VHUYHU�ZKHUH�ODUJH�QXPEHU�RI�IDFWRUV�
GHWHUPLQH�UHTXHVWHU

² 0RGHO�VFKHGXOLQJ�LQ�D�PXOWLSURFHVVRU�ZLWK�
UHTXHVW�DUULYDOV�IURP�NQRZQ�GLVWULEXWLRQ

² &RPSOH[�PDWKHPDWLFDO�LQWHJUDO

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

��

$QDO\VLV�RI�6LPXODWLRQ�5HVXOWV

� :RXOG�OLNH�PRGHO�RXWSXW�WR�EH�FORVH�WR�WKDW�RI�UHDO�
V\VWHP

� 0DGH�DVVXPSWLRQV�DERXW�EHKDYLRU�RI�UHDO�V\VWHPV

� �VW VWHS��WHVW�LI�DVVXPSWLRQV�DUH�UHDVRQDEOH
² 9DOLGDWLRQ��RU�UHSUHVHQWDWLYHQHVV RI�DVVXPSWLRQV

� �QG VWHS��WHVW�ZKHWKHU�PRGHO�LPSOHPHQWV�
DVVXPSWLRQV
² 9HULILFDWLRQ��RU�FRUUHFWQHVV

� 0XWXDOO\�H[FOXVLYH��
² ([��ZKDW�ZDV�\RXU�SURMHFW��"

$OZD\V�DVVXPH�WKDW�\RXU�DVVXPSWLRQ�LV�LQYDOLG�

± 5REHUW�)��7DWPDQ

��

0RGHO�9HULILFDWLRQ�7HFKQLTXHV
���RI���

� *RRG�VRIWZDUH�HQJLQHHULQJ�SUDFWLFHV�ZLOO�UHVXOW�LQ�
IHZHU�EXJV

� 7RS�GRZQ��PRGXODU�GHVLJQ
� $VVHUWLRQV��DQWLEXJJLQJ�

² 6D\��WRWDO�SDFNHWV� �SDFNHWV�VHQW���SDFNHWV�UHFHLYHG
² ,I�QRW��FDQ�KDOW�RU�ZDUQ

� 6WUXFWXUHG�ZDON�WKURXJK
� 6LPSOLILHG��GHWHUPLQLVWLF�FDVHV�

² (YHQ�LI�HQG�VLPXODWLRQ�ZLOO�EH�FRPSOLFDWHG�DQG�QRQ�
GHWHUPLQLVWLF��XVH�VLPSOH�UHSHDWDEOH�YDOXHV��PD\EH�
IL[HG�VHHGV��WR�GHEXJ

� 7UDFLQJ��YLD�SULQW�VWDWHPHQWV�RU�GHEXJJHU�
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0RGHO�9HULILFDWLRQ�7HFKQLTXHV
���RI���

� &RQWLQXLW\�WHVWV
² 6OLJKW�FKDQJH�LQ�LQSXW�VKRXOG�\LHOG�VOLJKW�
FKDQJH�LQ�RXWSXW��RWKHUZLVH�HUURU

� 'HJHQHUDF\�WHVWV
² 7U\�H[WUHPHV��ORZHVW�DQG�KLJKHVW��VLQFH�
PD\�UHYHDO�EXJV

7
K
US

XW

�'HEXJJHG�

7
K
US

XW

�8QGHEXJJHG�

��

0RGHO�9HULILFDWLRQ�7HFKQLTXHV
���RI���

� &RQVLVWHQF\�WHVWV�² VLPLODU�LQSXWV�SURGXFH�
VLPLODU�RXWSXWV
² ([����VRXUFHV�DW����SNWV�VHF�SURGXFH�VDPH�
WRWDO�DV���VRXUFH�DW�����SNWV�VHF

� 6HHG�LQGHSHQGHQFH�² UDQGRP�QXPEHU�
JHQHUDWRU�VWDUWLQJ�YDOXH�VKRXOG�QRW�DIIHFW�
ILQDO�FRQFOXVLRQ��PD\EH�LQGLYLGXDO�RXWSXW��
EXW�QRW�RYHUDOO�FRQFOXVLRQ�

��

0RGHO�9DOLGDWLRQ�7HFKQLTXHV

� (QVXUH�DVVXPSWLRQV�XVHG�DUH�UHDVRQDEOH
² :DQW�ILQDO�VLPXODWHG�V\VWHP�WR�EH�OLNH�UHDO�V\VWHP

� 8QOLNH�YHULILFDWLRQ��WHFKQLTXHV�WR�YDOLGDWH�RQH�
VLPXODWLRQ�PD\�EH�GLIIHUHQW�IURP�RQH�PRGHO�WR�
DQRWKHU

� 7KUHH�NH\�DVSHFWV�WR�YDOLGDWH�
² $VVXPSWLRQV
² ,QSXW�SDUDPHWHU�YDOXHV�DQG�GLVWULEXWLRQV
² 2XWSXW�YDOXHV�DQG�FRQFOXVLRQV

� &RPSDUH�YDOLGLW\�RI�HDFK�WR�RQH�RU�PRUH�RI�
² ([SHUW�LQWXLWLRQ
² 5HDO�V\VWHP�PHDVXUHPHQWV
² 7KHRUHWLFDO�UHVXOWV

Æ ��FRPELQDWLRQV
� 1RW�DOO�DUH�
DOZD\V�SRVVLEOH��
KRZHYHU

��

0RGHO�9DOLGDWLRQ�7HFKQLTXHV��
([SHUW�,QWXLWLRQ

� 0RVW�SUDFWLFDO��PRVW�
FRPPRQ

� ´%UDLQVWRUPµ�ZLWK�
SHRSOH�NQRZOHGJHDEOH�
LQ�DUHD
² ([��PDLO�FDUULHUV�DQG�
GRJ�RZQHUV�IRU�3URM�

� $VVXPSWLRQV�YDOLGDWHG�
ILUVW��IROORZHG�VRRQ�
DIWHU�E\�LQSXW���2XWSXW�
YDOLGDWHG�DV�VRRQ�DV�
RXWSXW�LV�DYDLODEOH��DQG�
YHULILHG���HYHQ�LI�
SUHOLPLQDU\

� 3UHVHQW�PHDVXUHG�
UHVXOWV�DQG�FRPSDUH�WR�
VLPXODWHG�UHVXOWV��FDQ�
VHH�LI�H[SHUWV�FDQ�WHOO�
WKH�GLIIHUHQFH�

7
K
UR

XJ
K
SX

W

3DFNHW�/RVV�3UREDELOLW\

��� ��� ���

:KLFK�DOWHUQDWLYH
ORRNV�LQYDOLG"�:K\"

��

0RGHO�9DOLGDWLRQ�7HFKQLTXHV��
5HDO�6\VWHP�0HDVXUHPHQWV

� 0RVW�UHOLDEOH�DQG�SUHIHUUHG

� 0D\�EH�XQIHDVLEOH�EHFDXVH�V\VWHP�GRHV�QRW�H[LVW�
RU�WRR�H[SHQVLYH�WR�PHDVXUH
² 7KDW�FRXOG�EH�ZK\�VLPXODWLQJ�LQ�WKH�ILUVW�SODFH�

� %XW�HYHQ�RQH�RU�WZR�PHDVXUHPHQWV�DGG�DQ�
HQRUPRXV�DPRXQW�WR�WKH�YDOLGLW\�RI�WKH�VLPXODWLRQ

� 6KRXOG�FRPSDUH�LQSXW�YDOXHV��RXWSXW�YDOXHV��
ZRUNORDG�FKDUDFWHUL]DWLRQ
² 8VH�PXOWLSOH�WUDFHV�IRU�WUDFH�GULYHQ�VLPXODWLRQV

� &DQ�XVH�VWDWLVWLFDO�WHFKQLTXHV��FRQILGHQFH�
LQWHUYDOV��WR�GHWHUPLQH�LI�VLPXODWHG�YDOXHV�
GLIIHUHQW�WKDQ�PHDVXUHG�YDOXHV

��

0RGHO�9DOLGDWLRQ�7HFKQLTXHV��
7KHRUHWLFDO�5HVXOWV

� &DQ�EH�XVHG�WR�FRPSDUH�D�VLPSOLILHG�V\VWHP�ZLWK�
VLPXODWHG�UHVXOWV

� 0D\�QRW�EH�XVHIXO�IRU�VROH�YDOLGDWLRQ�EXW�FDQ�EH�
XVHG�WR�FRPSOHPHQW�PHDVXUHPHQWV�RU�H[SHUW�
LQWXLWLRQ
² ([��PHDVXUHPHQW�YDOLGDWHV�IRU�RQH�SURFHVVRU��ZKLOH�
DQDO\WLF�PRGHO�YDOLGDWHV�IRU�PDQ\�SURFHVVRUV

� 1RWH��WKHUH�LV�QR�VXFK�WKLQJ�DV�D�´IXOO\�YDOLGDWHGµ�
PRGHO
² :RXOG�UHTXLUH�WRR�PDQ\�UHVRXUFHV�DQG�PD\�EH�
LPSRVVLEOH

² &DQ�RQO\�VKRZ�LV�LQYDOLG

� ,QVWHDG��VKRZ�YDOLGDWLRQ�LQ�D�IHZ�VHOHFW�FDVHV��WR�
OHQG�FRQILGHQFH WR�WKH�RYHUDOO�PRGHO�UHVXOWV



�

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

��

7UDQVLHQW�5HPRYDO

� 0RVW�VLPXODWLRQV�RQO\�ZDQW�VWHDG\�VWDWH
² 5HPRYH�LQLWLDO�WUDQVLHQW VWDWH

� 7URXEOH�LV��QRW�SRVVLEOH�WR�GHILQH�H[DFWO\�
ZKDW�FRQVWLWXWHV�HQG�RI�WUDQVLHQW�VWDWH

� 8VH�KHXULVWLFV�
² /RQJ�UXQV
² 3URSHU�LQLWLDOL]DWLRQ
² 7UXQFDWLRQ
² ,QLWLDO�GDWD�GHOHWLRQ
² 0RYLQJ�DYHUDJH�RI�UHSOLFDWLRQV
² %DWFK�PHDQV

��

/RQJ�5XQV

� 8VH�YHU\�ORQJ�UXQV

� (IIHFWV�RI�WUDQVLHQW�VWDWH�ZLOO�EH�
DPRUWL]HG

� %XW�«�ZDVWHV�UHVRXUFHV

� $QG�WRXJK�WR�FKRRVH�KRZ�ORQJ�LV�´HQRXJKµ

� 5HFRPPHQGDWLRQ�«�GRQ·W�XVH�ORQJ�UXQV�DORQH

��

3URSHU�,QLWLDOL]DWLRQ

� 6WDUW�VLPXODWLRQ�LQ�VWDWH�FORVH�WR�H[SHFWHG�
VWDWH

� ([��&38�VFKHGXOHU�PD\�VWDUW�ZLWK�VRPH�
MREV�LQ�WKH�TXHXH

� 'HWHUPLQH�VWDUWLQJ�FRQGLWLRQV�E\�SUHYLRXV�
VLPXODWLRQV�RU�VLPSOH�DQDO\VLV

� 0D\�UHVXOW�LQ�GHFUHDVHG�UXQ�OHQJWK��EXW�
VWLOO�PD\�QRW�SURYLGH�FRQILGHQFH�WKDW�DUH�LQ�
VWDEOH�FRQGLWLRQ

��

7UXQFDWLRQ

� $VVXPH�YDULDELOLW\�
GXULQJ�VWHDG\�VWDWH�LV�
OHVV�WKDQ�GXULQJ�
WUDQVLHQW�VWDWH

� 9DULDELOLW\�PHDVXUHG�LQ�
WHUPV�RI�UDQJH�
² �PLQ��PD[�

� ,I�D�WUDMHFWRU\�RI�
UDQJH�VWDELOL]HV��WKHQ�
DVVXPH�WKDW�LQ�VWDEOH�
VWDWH

� 0HWKRG�
² *LYHQ�Q�REVHUYDWLRQV�
^[���[���«� [Q`�

² LJQRUH�ILUVW�O�
REVHUYDWLRQV

² &DOFXODWH��PLQ�PD[��
RI�UHPDLQLQJ�Q�O

² 5HSHDW�IRU�O� ��«Q

² 6WRS�ZKHQ�O��WK�
REVHUYDWLRQ�LV�QHLWKHU�
PLQ�QRU�PD[

�([DPSOH�QH[W�
��

7UXQFDWLRQ�([DPSOH

� 6HTXHQFH�����������������
���������������������������
�������������«

� ,JQRUH�ILUVW��O ����
UDQJH�LV���������DQG��QG

REVHUYDWLRQ��O����LV�WKH�
PLQ

� ,JQRUH�VHFRQG��O ����
UDQJH�LV��������DQG��UG

REVHUYDWLRQ��O����LV�PLQ
� )LQDOO\��O ��DQG�UDQJH�

LV��������DQG���WK

REVHUYDWLRQ�LV�QHLWKHU�
PLQ�QRU�PD[

� 6R��GLVFDUG�ILUVW���
REVHUYDWLRQV

7UDQVLHQW
,QWHUYDO



��

��

7UXQFDWLRQ�([DPSOH������RI���

� )LQG�GXUDWLRQ�RI�
WUDQVLHQW�LQWHUYDO�
IRU�
�����������������������
�������������������

��

7UXQFDWLRQ�([DPSOH��

� )LQG�GXUDWLRQ�RI�
WUDQVLHQW�LQWHUYDO�
IRU�
�����������������������
�������������������

� :KHQ�O ���UDQJH�LV�
�������DQG��WK ����LV�
QRW�PLQ�RU�PD[

� 6R��GLVFDUG�RQO\���
LQVWHDG�RI��

´5HDOµ�WUDQVLHQW

$VVXPHG�WUDQVLHQW

��

,QLWLDO�'DWD�'HOHWLRQ����RI���

� 6WXG\�DYHUDJH�DIWHU�VRPH�LQLWLDO�
REVHUYDWLRQV�DUH�GHOHWHG�IURP�VDPSOH
² ,I�DYHUDJH�GRHV�QRW�FKDQJH�PXFK��PXVW�EH�
GHOHWLQJ�IURP�VWHDG\�VWDWH

² +RZHYHU��VLQFH�UDQGRPQHVV�FDQ�FDXVH�VRPH�
IOXFWXDWLRQV�GXULQJ�VWHDG\�VWDWH��QHHG�
PXOWLSOH�UXQV��Z�GLIIHUHQW�VHHGV�

� *LYHQ�P UHSOLFDWLRQV�VL]H�Q HDFK�ZLWK�[LM MWK�
REVHUYDWLRQ�RI�LWK�UHSOLFDWLRQ
² 1RWH�M YDULHV�DORQJ�WLPH�D[LV�DQG�L YDULHV�
DFURVV�UHSOLFDWLRQV

��

,QLWLDO�'DWD�'HOHWLRQ����RI���

� *HW�PHDQ�WUDMHFWRU\�
[M  ����P�Σ[LM M ����«�Q

� *HW�RYHUDOO�PHDQ�
[  ����Q�Σ[M M ����«�Q

� 6HW�O ����$VVXPH�WUDQVLHQW�VWDWH�O ORQJ��GHOHWH�
ILUVW�O DQG�UHSHDW�IRU�UHPDLQLQJ�Q�O

[O  �����Q�O��Σ[M M O���«�Q

� &RPSXWH�UHODWLYH�FKDQJH

�[O ² [� ��[

� 5HSHDW�ZLWK�O IURP���WR�Q�����3ORW���5HODWLYH�FKDQJH�
JUDSK�ZLOO�VWDELOL]H�DW�NQHH���&KRRVH�O WKHUH�DQG�
GHOHWH���WKURXJK�O

��

,QLWLDO�'DWD�'HOHWLRQ����RI���

[LM

M

[M

M

[
O

O

�[
O
²
[
�
��
[

O

WUDQVLHQW

LQWHUYDO

NQHH

��

0RYLQJ�$YHUDJH�RI�,QGHSHQGHQW�
5HSOLFDWLRQV

� &RPSXWH�PHDQ�RYHU�PRYLQJ�
WLPH�ZLQGRZ

� *HW�PHDQ�WUDMHFWRU\
[M  ����P�Σ[LM M ����«�Q

� 6HW�N ���3ORW�PRYLQJ�
DYHUDJH�RI��N���YDOXHV�

0HDQ�[M  �����N����Σ�[M�O��
:LWK� M N����N���«�Q�N
:LWK� O �N�WR�N

� 5HSHDW�IRU�N ���«�DQG�SORW�
XQWLO�VPRRWK

� )LQG�NQHH���9DOXH�DW�M�LV�
OHQJWK�RI�WUDQVLHQW�SKDVH�

[M

M

0
HD

Q
[
M

M

WUDQVLHQW

LQWHUYDO

NQHH
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%DWFK�0HDQV

� 5XQ�IRU�ORQJ�WLPH�
² 1�REVHUYDWLRQV

� 'LYLGH�XS�LQWR�EDWFKHV
² P�EDWFKHV�VL]H�Q�HDFK�VR�P�
 �1�Q

� &RPSXWH�EDWFK�PHDQ��[L�
� &RPSXWH�YDU RI�EDWFK�PHDQV�

DV�IXQFWLRQ�RI�EDWFK�VL]H��; LV�
RYHUDOO�PHDQ�
² 9DU�[�� �����P����Σ�[L�;��

� 3ORW�YDULDQFH�YHUVXV�VL]H�Q
� :KHQ�Q�VWDUWV�GHFUHDVLQJ��

KDYH�WUDQVLHQW

5
HV

SR
QV

HV

2EVHUYDWLRQ�QXPEHU

Q �Q �Q �Q �Q

9
DU
LD
QF

H�
RI

E
DW
FK

�P
HD

QV

WUDQVLHQW
LQWHUYDO

%DWFK�VL]H�Q

�,JQRUH�

��

2XWOLQH

� ,QWURGXFWLRQ

� &RPPRQ�0LVWDNHV�LQ�6LPXODWLRQ

� 7HUPLQRORJ\

� 6HOHFWLQJ�D�6LPXODWLRQ�/DQJXDJH

� 7\SHV�RI�6LPXODWLRQV

� 9HULILFDWLRQ�DQG�9DOLGDWLRQ

� 7UDQVLHQW�5HPRYDO

� 7HUPLQDWLRQ

��

7HUPLQDWLQJ�6LPXODWLRQV

� )RU�VRPH�VLPXODWLRQV��WUDQVLWLRQ�VWDWH�LV�RI�LQWHUHVW�
QR�WUDQVLHQW�UHPRYDOV�UHTXLUHG

� 6RPHWLPHV�XSRQ�WHUPLQDWLRQ�\RX�DOVR�JHW�ILQDO�
FRQGLWLRQV�WKDW�GR�QRW�UHIOHFW�VWHDG\�VWDWH
² &DQ�DSSO\�WUDQVLWLRQ�UHPRYDO�FRQGLWLRQV�WR�HQG�RI�
VLPXODWLRQ

� 7DNH�FDUH�ZKHQ�JDWKHULQJ�DW�HQG�RI�VLPXODWLRQ
² ([��PHDQ�VHUYLFH�WLPH�VKRXOG�LQFOXGH�RQO\�WKRVH�WKDW�
ILQLVK

� $OVR��WDNH�FDUH�RI�YDOXHV�DW�HYHQW�WLPHV
² ([��TXHXH�OHQJWK�QHHGV�WR�FRQVLGHU�DUHD�XQGHU�FXUYH
² 6D\�W ��WZR�MREV�DUULYH��W ��RQH�OHDYHV��W ���QG OHDYHV
² TOHQJWKV T� ���T� ��T� ��EXW�T�DYHUDJH�QRW���������� �
² ,QVWHDG��DUHD�LV���������������VR�T�DYHUDJH���� ����

��

6WRSSLQJ�&ULWHULD
� ,PSRUWDQW�WR�UXQ�ORQJ�HQRXJK

² 6WRSSLQJ�WRR�VKRUW�PD\�JLYH�YDULDEOH�UHVXOWV
² 6WRSSLQJ�WRR�ORQJ�PD\�ZDVWH�UHVRXUFHV

� 6KRXOG�JHW�FRQILGHQFH�LQWHUYDOV�RQ�PHDQ�WR�
GHVLUHG�ZLGWK�

[ ��]��α��9DU�[�

� 9DULDQFH�RI�VDPSOH�PHDQ�RI�LQGHSHQGHQW�
REVHUYDWLRQV

9DU�[�� �9DU�[����Q
� %XW�RQO\�LI�REVHUYDWLRQV�LQGHSHQGHQW���0RVW�

VLPXODWLRQV�QRW
² ([��LI�TXHXLQJ�GHOD\�IRU�SDFNHW�L�LV�ODUJH�WKHQ�ZLOO�
OLNHO\�EH�ODUJH�IRU�SDFNHW�L��

� 6R��XVH��LQGHSHQGHQW�UHSOLFDWLRQV��EDWFK�PHDQV��
UHJHQHUDWLRQ��DOO�QH[W�

��

,QGHSHQGHQW�5HSOLFDWLRQV

� $VVXPH�UHSOLFDWLRQV�DUH�LQGHSHQGHQW
² 'LIIHUHQW�UDQGRP�VHHG�YDOXHV

� &ROOHFW�P�UHSOLFDWLRQV�RI�VL]H�Q�Q� HDFK
² Q� LV�OHQJWK�RI�WUDQVLHQW�SKDVH

� 0HDQ�IRU�HDFK�UHSOLFDWLRQ
[L  ����Q�Σ[LM L ���«�P M Q����«�Q��Q

� 2YHUDOO�PHDQ�IRU�DOO�UHSOLFDWLRQV
[  ����P�Σ[L L ���«�P

� &DOFXODWH�YDULDQFH�RI�UHSOLFDWH�PHDQV
9DU�[�� �����P����Σ�[L�[�

� L ��«�P

� &RQILGHQFH�LQWHUYDO�LV
[ ��]��α��9DU�[�

� 1RWH��ZLGWK�SURSRUWLRQDO�WR�VTUW�PQ���EXW�UHGXFH�
´ZDVWHµ�RI�PQ� REVHUYDWLRQV��LQFUHDVH�OHQJWK�Q ��

%DWFK�0HDQV����RI���

� &ROOHFW�ORQJ�UXQ�RI�1�VDPSOHV���Q�
² Q� LV�OHQJWK�RI�WUDQVLHQW�SKDVH

� 'LYLGH�LQWR�P�EDWFKHV�RI�Q�REVHUYDWLRQV�HDFK
² Q�ODUJH�HQRXJK�VR�OLWWOH�FRUUHODWLRQ�EHWZHHQ

� 0HDQ�IRU�HDFK�EDWFK
[L  ����Q�Σ[LM M ��«�Q L ���«�P

� 2YHUDOO�PHDQ�IRU�DOO�UHSOLFDWLRQV
[  ����P�Σ[L L ���«�P

� &DOFXODWH�YDULDQFH�RI�UHSOLFDWH�PHDQV
9DU�[�� �����P����Σ�[L�[�� L ��«�P

� &RQILGHQFH�LQWHUYDO�LV
[ ��]��α��9DU�[�

� 1RWH��VLPLODU�WR�LQGHSHQGHQW�UHSOLFDWLRQV�EXW�OHVV�
ZDVWH��RQO\�Q��



��

��

%DWFK�0HDQV����RI���

� +RZ�WR�FKRRVH�Q"�:DQW�FRYDULDQFH�RI�VXFFHVVLYH�
PHDQV�VPDOO�FRPSDUHG�WR�YDULDQFH

&RY�[L��[L���� ����P���Σ>�[L�[��[L���[�@

� 6WDUW�Q ���WKHQ�GRXEOH�Q
� ([DPSOH�

6L]H &RY 9DU
� ������ �����
� ����� �����
� ����� �����
«
�� ������� �������

� %HFRPHV�OHVV�WKDQ�����VR�FDQ�XVH�Q ���DV�EDWFK�
VL]H

��

0HWKRG�RI�5HJHQHUDWLRQ����RI���

� &RQVLGHU�&38�
VFKHGXOLQJ

� -REV�DUULYLQJ�DIWHU�
TXHXH�HPSW\�QRW�
GHSHQGHQW�XSRQ�
SUHYLRXV

� 1RWH��V\VWHP�ZLWK�WZR�
TXHXHV�ZRXOG�QHHG�
ERWK�WR�EH�LGOH

� 1RW�DOO�V\VWHPV�DUH�
UHJHQHUDWLYH
² 1RW�WKRVH�ZLWK�´ORQJµ�
PHPRULHV

� 1RWH��XQOLNH�LQ�EDWFK�
PHWKRGV��WKH�F\FOHV�
FDQ�EH�RI�GLIIHUHQW�
OHQJWKV4

�OH
QJ

WK

7LPH

5HJHQHUDWLRQ
3RLQWV

5HJHQHUDWLRQ
&\FOHV

��

0HWKRG�RI�5HJHQHUDWLRQ����RI���

� P�F\FOHV�RI�OHQJWK�
Q��Q��«�QP

� &\FOH�PHDQV�

[L  ����QL�Σ[LM M ��WR�QL
� 1RWH��RYHUDOO�PHDQ�LV�

QRW�
[ ≠≠≠≠ ���P��Σ [L

� 6LQFH�F\FOHV�DUH�
GLIIHUHQW�OHQJWK

� 6R��WR�FRPSXWH�
FRQILGHQFH�LQWHUYDOV�

� &RPSXWH�VXPV�

\L  ���QL Σ[LM M ��WR�QL
� &RPSXWH�RYHUDOO�PHDQ�

[  ��Σ\L���ΣQL� L ��WR�P

� &DOFXODWH�GLIIHUHQFH�EHWZHHQ�
H[SHFWHG�DQG�REVHUYHG�VXPV

ZL  �\L ² QL[ L ��WR�P

� &DOFXODWH�YDULDQFH�RI�
GLIIHUHQFHV

VZ�  ����P���ΣZL
�

� &RPSXWH�PHDQ�F\FOH�OHQJWK�

Q  ���P�ΣQL L ��WR�P
� &RQI�LQWHUYDO�

[�]��α��VZ��Q VTUW�P���

��

4XHVWLRQ

� ,PDJLQH�\RX�DUH�FDOOHG�LQ�DV�DQ�H[SHUW�WR�
UHYLHZ�D�VLPXODWLRQ�VWXG\���:KLFK�RI�WKH�
IROORZLQJ�ZRXOG�\RX�FRQVLGHU�QRQ�LQWXLWLYH�
DQG�ZRXOG�ZDQW�H[WUD�YDOLGDWLRQ"
�� 7KURXJKSXW�LQFUHDVHV�DV�ORDG�LQFUHDVHV

�� 7KURXJKSXW�GHFUHDVHV�DV�ORDG�LQFUHDVHV

�� 5HVSRQVH�WLPH�LQFUHDVHV�DV�ORDG�LQFUHDVHV

�� 5HVSRQVH�WLPH�GHFUHDVHV�DV�ORDG�LQFUHDVHV

�� /RVV�UDWH�GHFUHDVHV�DV�ORDG�LQFUHDVHV


