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$ERXW�7KLV�'RFXPHQW

7KLV�GRFXPHQW�KDV�H[WHQVLYH�FURVV�UHIHUHQFLQJ�WR�SDJHV�LQ�WKH�RQOLQH�GRFXPHQWDWLRQ��,I�\RX�ZDQW�WR�
NQRZ�KRZ�WR�GR�¶VXFK�DQG�VXFK·�DQ�RSHUDWLRQ��DQG�KDYHQ
W�\HW�FRPH�DFURVV�WKH�PHQX�RSWLRQ�
KDYH�D�ORRN�LQ�KHUH���,W�PD\�SRLQW�\RX�WR�WKH�DSSURSULDWH�SDJH�LQ�WKH�RQ�OLQH�GRFV�

6OLGH���RXWOLQHV�WKH�EDVLF�VLPXODWLRQ�SURFHVV��DQG�LV�IROORZHG�E\�DQ�LQGH[�WR�VHFWLRQV���!��
6HFWLRQ����LV�D�FROOHFWLRQ�RI�VOLGHV�WKDW�KLJKOLJKW�IHDWXUHV�ZRUWK�PHQWLRQLQJ�GXULQJ�D�GHPRQVWUDWLRQ�

3DJH�QXPEHUV�WR�WKH�RQOLQH�GRFXPHQWDWLRQ�DUH�JLYHQ�WKURXJKRXW�WKH�SUHVHQWDWLRQ��7KH�REMHFWLYH�
LV�WR�VXSSOHPHQW�WKH�RQOLQH�GRFXPHQWDWLRQ��QRW�UHZULWH�LW�

�����������������������������������������������������

)RXQGDWLRQ�DSSURDFKHV�VLPXODWLRQ�ZLWK�WKH�DQDORJ\�RI�WHVWLQJ�D�SULQWHG�FLUFXLW�ERDUG��

(DFK�OLEUDU\�HOHPHQW�DQG�XVHU�GHILQHG�PDFUR�LV�FRQVLGHUHG�DV�D�¶FKLS·���WR�ZKLFK�WHVW�VLJQDOV�IURP
D������FKDQQHO�����*+]�VLJQDO�JHQHUDWRU�FDQ�EH�DSSOLHG����7KHVH�VLJQDOV�DUH�WHVW�YHFWRUV�ZKLFK�
FDQ�EH�FUHDWHG�DQG�DSSOLHG�WR�WKH�FLUFXLW�XVLQJ�VRPH�YHU\�TXLFN�DQG�HDV\��PHWKRGV�

7KH�RXWSXW�LV�PRQLWRUHG�E\�D������FKDQQHO����*K]�VRIWZDUH�ORJLF�DQDO\]HU��DQG�RSHUDWLRQV�VXFK�DV�
%UHDNSRLQW�DQDO\VLV�DQG�VWHS�E\�VWHS�FURVV�SRLQW�SURELQJ�ZLWK�WKH�VFKHPDWLF�DUH�LPSOHPHQWHG�ZLWK�
HDVH���

7R�KHOS�JUDVS�VRPH�LGHDV�RI�WKH�VLPXODWRU��WU\�WR�WKLQN�RI�LW�DV�D�3&%�WHVW�HQYLURQPHQW�
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([WHQVLYH�UHIHUHQFH�LV�PDGH�WR�WZR�VRXUFHV�RI�RQOLQH�GRFXPHQWDWLRQ�

��������������7KH�)RXQGDWLRQ�RQOLQH�VLPXODWLRQ�GRFXPHQW��?$&7,9(?'2&?0$16,0�3')
���������
��������������7KH�RQOLQH�KHOS�ILOH�?$&7,9(?(;(?[O[JXLGH�KOS

$OO�SDJH�QXPEHUV�UHIHU�WR�WKH�0$16,0�3')�ILOH���,W�ZLOO�EH�XVHIXO�WR�KDYH�WKLV�ILOH�ORDGHG�LQWR�WKH�
$GREH�$FUREDW�UHDGHU�ZKLOVW�UHDGLQJ�WKURXJK�WKLV�GRFXPHQW�

7R�/RDG�WKH�0$16,0�3')�ILOH�������

R��3UHVV�WKH������������LFRQ��LQ�\RXU�)RXQGDWLRQ�6HULHV�SURJUDP�JURXS��7KLV�ZLOO�LQYRNH�
���$GREH�$FUREDW�DQG�ORDG�LQ�WKH�$&7,9(?'2&?$&7,9(�3')�ILOH�
R��6HOHFW�WKH�/RJLF�6\QWKHVLV�%RRN��
R��7R�QDYLJDWH�GLUHFWO\�WR�D�SDJH�QXPEHU���GRXEOH�FOLFN�RQ��WKH��������������������������LFRQ�DW�
����WKH�ERWWRP�RI�WKH�$FUREDW�ZLQGRZ��7KLV�ZLOO�EULQJ�XS�D�ZLQGRZ�LQ�ZKLFK�\RX�FDQ�

����������� ����HQWHU�WKH�SDJH�QXPEHU�

7R�ORDG�WKH�;/;*8,'(�3')�ILOH��������

R��,QYRNH�:LQGRZV�)LOH�0DQDJHU
R��1DYLJDWH�WR�?$&7,9(?(;(
R��'RXEOH�FOLFN�RQ�[O[JXLGH�KOS

'RFXPHQWV�UHIHUHQFHG�E\�WKLV�§&KHDW�6KHHW¨
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&RQWHQWV

7KHUH�DUH�IRXU�EDVLF�VWHSV�WR�VLPXODWLQJ�\RXU�GHVLJQ�ZLWK�)RXQGDWLRQ�

�������������������������&UHDWLQJ�D�ORJLF�UHSUHVHQWDWLRQ�RI�\RXU�GHVLJQ�
�������������������������6HOHFWLQJ�WHVW�SRLQWV�IRU�PRQLWRULQJ�
�������������������������&UHDWLQJ�DQG�DSSO\LQJ�GHVLJQ�VWLPXOXV�VLJQDOV
������������������������$QDO\]LQJ�WKH�VLPXODWLRQ�UHVXOWV�

7KH�IROORZLQJ�LQGH[�LGHQWLILHV�IHDWXUHV�DVVRFLDWHG�ZLWK�HDFK�VWHS�DERYH�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

�����&5($7,1*�$�/2*,&��5(35(6(17$7,21�2)�<285�'(6,*1 � ������� ��������
���������������+RZ�GR�,�EXLOG�D�VLPXODWLRQ�PRGHO�RI�P\�GHVLJQ"��������������������������������������������������������������������������������
������

�����6(/(&7,1*�7(67�32,176�)25�021,725,1* ��������� ������
���������������)URP�WKH�6FKHPDWLF�(GLWRU ���������������
���������������)URP�WKH�6LPXODWRU�:DYHIRUP�9LHZHU ���������������

����
�����&5($7,1*�$1'�$33/<,1*�'(6,*1�67,08/86�6,*1$/6 ���������������
��������������+RZ�GR�,�GHILQH�P\�WHVW�YHFWRUV" ���������������
��������������7KH�6WLPXOXV�6HOHFWLRQ�ZLQGRZ �������������������������
��������������6RIWZDUH�&RXQWHU�� 9LUWXDO�6WLPXODWRU� ���������������
��������������0DSSLQJ�VWLPXOXV�VLJQDOV�WR�WKH� NH\ERDUG�NH\V�� ���������������
��������������'HVFULELQJ�WHVW�YHFWRUV�XVLQJ� IRUPXODH� ��������������������������
��������������'UDZLQJ�ZDYHIRUPV�WR�LQSXW�DV�WHVW�YHFWRUV ���������������
�������������� 9LHZORJLF�FRPPDQG�ILOHV� ���������������
����������������������H[DPSOH�;&�����&RPPDQG�ILOH ����������������������������

6OLGH�1R�
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����$1$/<=,1*�7+(�6,08/$7,21�5(68/76 �����������
�����������%UHDNSRLQWV������������:KDW�LV�RQH"���:KHQ�ZRXOG�,�XVH�RQH" �����������
�����������+RZ�WR�FUHDWH�D�%UHDNSRLQW �����������
�����������+RZ�WR�XVH�D�%UHDNSRLQW �����������
�����������7$*V����������������������:KDW�LV�RQH"���:KHQ�ZRXOG�,�XVH�RQH" �����������
�����������+RZ�WR�FUHDWH�D�7$* �����������
�����������+RZ�WR�XVH�D�7$* �����������
�����������0LOHVWRQHV���������������:KDW�LV�RQH"���:KHQ�ZRXOG�,�XVH�RQH"��+RZ�GR�,�FUHDWH�RQH" �������������������
����������� 3UHVHWV����������������������:KDW�LV�RQH"���:KHQ�ZRXOG�,�XVH�RQH"��+RZ�GR�,�FUHDWH�RQH"�������������� �����������
����������� 6HOHFWLYH�6LPXODWLRQ�����:KDW�LV�LW"� �����������
�����������+RZ�WR�LQYRNH�VHOHFWLYH�VLPXODWLRQ �����������
�����������&URVV�3RLQW�3URELQJ�����������:KDW�LV�LW" ����������� ��������

�����0,6&(//$1(286
����������:KDW�GR�,�GR�LI�WKLV�SUHVHQWDWLRQ�GRHVQ·W�WHOO�PH�ZKDW�,�ZDQW�WR�NQRZ"�������������������������������� ������������
����������7RSLFV�����6LJQDO�6WUHQJWKV�LQ�WKH�VLPXODWRU ������������	���

���6LPXODWRU�3UHFLVLRQ �����������
���������������������������&KDQJLQJ�WKH�VLPXODWLRQ� VKRUW�VWHS�DQG� ORQJ�VWHS�GXUDWLRQ ������������	���
��������������������������� &UHDWLQJ�D�%XV�LQ�WKH�:DYHIRUP�GLVSOD\�ZLQGRZ �����������
��������������������������� =RRPLQJ�LQ�DQG�RXW�RI�WKH�ZDYHIRUP�GLVSOD\ �����������
� ���8VLQJ�PXOWLSOH�DV\QFKURQRXV�FORFNV�LQ�D�VLPXODWLRQ �����������
��������������������������� 6LPXODWLQJ�7UL�VWDWH�GHYLFHV� �����������

���6LPXODWLRQ� 0RGHV�������)XQFWLRQDO���7LPLQJ�DQG�*OLWFK �����������
���/RFDWLQJ�VLPXODWLRQ�GDWD�RQ�VFKHPDWLF�VKHHWV �����������
���/RFDWLQJ�FRPSRQHQWV�RQ�VFKHPDWLF�VKHHWV �����������
���5XQQLQJ�D�VLPXODWLRQ�IRU�KRXUV� ������������	���
���%DFNLQJ�XS�GDWD�RQ�ORQJ�VLPXODWLRQ�UXQV �����������
���(UURU�UHSRUWLQJ �����������
���5HVHWWLQJ�WKH�GHVLJQ��ZKDW�DFWXDOO\�KDSSHQV" �����������
���7UDFNLQJ�(UURUV�WKURXJK�D�GHVLJQ�QHWOLVW� �����������
���$QQRWDWLQJ�PHDVXUHPHQWV�DQG�FRPPHQWV�RQWR�WKH�ZDYHIRUP ������������	���

�� ����:KDW�GR�WKH� 6LPXODWLRQ�ZLQGRZ�,FRQV�GR"����������� ������������	���

6OLGH�1R�
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&UHDWLQJ�D�/RJLF�5HSUHVHQWDWLRQ�RI�WKH�'HVLJQ
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&UHDWLQJ�D�6LPXODWLRQ�0RGHO�WR�ORDG�LQWR�WKH�VLPXODWRU

)URP�WKH�SURMHFW�PDQDJHU�ZLQGRZ
SUHVV�HLWKHU�RI�WKHVH�WZR�EXWWRQV�

�,I�\RX�GR�QRW�KDYH�D�EDFN�DQQRWDWHG
;1)�ILOH��EXW�KDYH�UHTXHVWHG�D�WLPLQJ
VLPXODWLRQ��;$&7���LV�DXWRPDWLFDOO\
ODXQFKHG�VR�WKDW�WKH�GHVLJQ�FDQ�EH
LPSOHPHQWHG��

RU

/DXQFK�WKH�VLPXODWRU�IURP�
WKH�VFKHPDWLF�HGLWRU�E\�SUHVVLQJ�
WKLV�EXWWRQ�

�����:LWK�RU�ZLWKRXW�SUREHV"���� 6HH�VOLGH��

�����6HOHFW�WKLV�EXWWRQ�DQG�WKHQ�FOLFN�RQ�WKH
�����QHW�QDPHV�SDGV�QRGHV�WKDW�\RX�DUH�
�����LQWHUHVWHG�LQ�VWLPXODWLQJ�DQG�PRQLWRULQJ��
�����7KHVH�ZLOO�EH�DXWRPDWLFDOO\�ORDGHG�LQWR�
�����WKH�VLPXODWRU�ZDYH�YLHZHU��ZLQGRZ�

�$�

�%�

(LWKHU��$��RU��%��ZLOO�ODXQFK�WKH�VLPXODWRU�

6OLGH�����LV�D�TXLFN�UHIHUHQFH�FKDUW�WR�WKH�
YDULRXV�LFRQV�RQ�WKH�VLPXODWLRQ�ZLQGRZ�
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6HOHFWLQJ�7HVW�3RLQWV�)RU�0RQLWRULQJ
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/RDGLQJ�WKH�VLPXODWLRQ�ZLQGRZ�ZLWK�WKH�VLJQDOV�\RX�ZLVK�WR�VWLPXODWH�DQG�PRQLWRU�LV�DV�
HDV\�DV�SRLQWLQJ�DQG�FOLFNLQJ�

:+<"
7KH�)RXQGDWLRQ�6LPXODWRU�DQG�6FKHPDWLF�(GLWRU�DUH�ZULWWHQ�ZLWK�VRIWZDUH�WKDW�LV�2/(��Y����
FRPSOLDQW�

2EMHFW�/LQNLQJ�(PEHGGHG��2/(��Y����LV�D�0LFURVRIW�VWDQGDUG�WKDW�GHILQHV�KRZ�GDWD�FDQ�EH�
OLQNHG�EHWZHHQ�:LQGRZV�DSSOLFDWLRQV����$Q\�FKDQJHV�WR�WKH�GDWD�FDXVHG�E\�HLWKHU�DSSOLFDWLRQ�
ZLOO�EH�UHIOHFWHG�LQ�WKH�RWKHU��

7KH�)RXQGDWLRQ�6FKHPDWLF�(GLWRU�DQG�6LPXODWRU�XVH�2/(�WR�VKDUH�D�FRPPRQ�YLHZ�RI�VHOHFWHG
VLJQDOV��7KLV�PHDQV�WKDW�VLJQDOV�FDQ�EH�DGGHG�WR�WKH�VLPXODWLRQ�ZLQGRZ�IURP�WKH�VFKHPDWLF�
HGLWRU�RU�WKH�VLPXODWRU��DQG�WKDW�WKH�VWDWXV�RI�HYHU\�VLJQDO�LQ�WKH�VLPXODWRU�ZLOO�DOZD\V�EH�
EDFN�DQQRWDWHG�WR�WKH�6FKHPDWLF�(GLWRU���7KLV�FURVV�SURELQJ�LV�D�9(5<�XVHIXO�IHDWXUH�

+2:"

����)URP�WKH�VFKHPDWLF�ZLQGRZ�WRRO�EDU��XVH�WKLV�LFRQ����������������WR�VHOHFW�WKH�SUREH�WRRO�
����1RZ�FOLFN�RQ�WKH�SDGV�QHW�QDPHV�QRGHV�WKDW�\RX�ZDQW�WR�GLVSOD\�LQ�WKH�VLPXODWLRQ�ZLQGRZ��
���$�JUD\�ER[�ZLOO�DSSHDU�QH[W�WR�WKH�VHOHFWHG�LWHP���/DXQFK�WKH�VLPXODWRU�XVLQJ�WKLV�LFRQ������������
����7KH�ZDYHIRUP�YLHZHU�QRZ�DSSHDUV�ZLWK�DOO�SUREHG�VLJQDOV�ORDGHG�LQWR�LW�

����,I�LW�LV�QHFHVVDU\�WR�YLHZ�DGGLWLRQDO�VLJQDOV����WKHVH�FDQ�EH�DGGHG�IURP�WKH�VLPXODWRU�DQG�D�
����JUD\�¶SUREH·�ER[�ZLOO�DSSHDU�RQ�WKH�VFKHPDWLF����������VHH�QH[W�VOLGH�

6HOHFWLQJ�7HVW�3RLQWV�)RU�0RQLWRULQJ
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/RDGLQJ�WKH�:DYHIRUP�9LHZHU�:LWK�6LJQDOV�)URP�WKH�1HWOLVW

&OLFN�RQ�WKH������������������LFRQ��WR�ODXQFK�WKH�QHWOLVW�YLHZHU�EHORZ����VHH�VOLGH�����

7KLV�YLHZHU�VKRZV�D�OLVW�RI�QHWV�DQG�EXVHV��DFFHVVLEOH�WR�WKH�VLPXODWRU�

1RWH�WKDW�DV�\RX�QDYLJDWH�WKH�GHVLJQ�KLHUDUFK\�LQ�WKLV�ZLQGRZ���WKH�DYDLODEOH�VLJQDOV�
FKDQJH�LQ��WKLV�ZLQGRZ���7R�ORDG�D�QHW�LQWR�WKH�VLPXODWRU�ZDYH�GLVSOD\���GRXEOH
FOLFN�RQ�D�VLJQDO���$�UHG�WLFN�ZLOO�DSSHDU�RQ�WKH�VLJQDO�WR�LQGLFDWH�WKDW�LW�LV�QRZ�LQ�WKH�
ZDYHIRUP�YLHZHU���$OWHUQDWLYHO\��VHOHFW�D�JURXS�RI�VLJQDOV�XVLQJ�VKLIW�FOLFN�DQG�GUDJ��WKHQ
SUHVV�WKH�¶$GG·�EXWWRQ�

7KH�PLGGOH�ZLQGRZ�VKRZV�DOO�RI�WKH�OLEUDU\�HOHPHQWV��DW�WKH�FXUUHQW�OHYHO�RI�KLHUDUFK\�
1RWH�WKDW�FKLS�LFRQV�DUH�XVHG�WR�UHLQIRUFH�WKH�LGHD�RI�WKH�VLPXODWLRQ�PRGHO�EHLQJ�D�3&%�
�6HH�SJ������
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&UHDWLQJ�DQG�$SSO\LQJ�'HVLJQ�6WLPXOXV�6LJQDOV
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&UHDWLQJ�DQG�$SSO\LQJ�'HVLJQ�6WLPXOXV�6LJQDOV
7KLV�FDQ�EH�WKH�PRVW�WHGLRXV�RI�DOO�VLPXODWLRQ�WDVNV�GXH�WR�WKH�HIIRUW�UHTXLUHG�LQ�GHILQLQJ�DOO�RI�WKH�WHVW�YHFWRUV�XVHG
WR�HPXODWH�UHDO�ZRUOG�LQSXWV�

0RVW�3&�EDVHG�;LOLQ[�FXVWRPHUV�ZLOO�DSSURDFK�WKH�)RXQGDWLRQ�VLPXODWRU�ZLWK�H[SHULHQFH�RI��2U&$'�RU�9LHZORJLF
VLPXODWLRQ�WHFKQLTXHV���7KH�SULQFLSOHV�DUH�VWLOO�YDOLG�ZLWK�)RXQGDWLRQ��EXW�WKLV�VRIWZDUH�SURYLGHV�D�QXPEHU�RI
PHWKRGV�WR�DFFHOHUDWH�WKH�VLPXODWLRQ�DQG�GHEXJJLQJ�SURFHVV�

%HIRUH�WKH�GHVLJQ�RXWSXWV�DUH�DQDO\]HG��LQSXW�WHVW�YHFWRUV�QHHG�WR�EH�GHILQHG���)RXQGDWLRQ�SURYLGHV���ZD\V�RI
LQWHUDFWLYHO\�DSSO\LQJ�VWLPXOXV�WR�WKH�GHVLJQ��7KH�ZDYHIRUP�UHVXOWV�RI�WKHVH�VWLPXOL�H[HFXWHG�RYHU�D�QXPEHU�RI
FORFN�F\FOHV�FDQ�EH�VDYHG�DV�D�WHVW�YHFWRU�ILOH���7KHVH�WHVW�YHFWRU�ILOHV�FDQ�WKHQ�EH�XVHG�LQ�PRUH�FRPSOH[�VLPXODWLRQ
SURFHVVHV�ZKHQ�LQYRNHG�E\��&200$1'�),/(6�DQG�%5($.32,176��VOLGH�����

(DFK�RI�WKH�IROORZLQJ�LV�D�TXLFN�DQG�HDV\�ZD\�WR�VWLPXODWH�WKH�LQSXWV�RI�\RXU�GHVLJQ�

�����$SSOLFDWLRQ�RI�UHDG\�PDGH�WHVW�YHFWRUV�XVLQJ�WKH�YLUWXDO�VWLPXODWRU ���SJ�������	��SJ�������� VOLGH������
������7KLV�LV�D����ELW�VRIWZDUH�GULYHQ�ELQDU\�FRXQWHU�WKDW�FRXQWV�DW�D�SUHVHW�FORFN�UDWH���,W�LV�SRVVLEOH�WR�DVVLJQ�DQ\
������WUXH�FRPSOLPHQW�ELW�RI�WKLV�FRXQWHU�WR�DQ\�VFKHPDWLF�WHVW�SRLQW�VR�HQDEOLQJ�WKH�DXWRPDWLF�WRJJOLQJ�RI�WKH
������VHOHFWHG�VLJQDO�OLQH�DW�D�IL[HG��UDWH�

�����7RJJOLQJ�VLJQDO�OLQHV�ZLWK�NH\ERDUG�NH\V ���SJ�������	��SJ������� VOLGH������
������6LJQDOV�LQ�WKH�ZDYHIRUP�YLHZHU�FDQ��EH�PDSSHG�WR�NH\V�RQ�WKH�NH\ERDUG�VR�HQDEOLQJ�UHDO�WLPH�XVHU�FRQWURO�

�����)RUPXODH ���SJ��������	��SJ������� VOLGH������
���������VLJQDOV�LQ�WKH�VWLPXODWRU�VHOHFWLRQ�WRRO�FDQ�HDFK�EH�DVVLJQHG�D�IRUPXOD���7KHVH�FDQ�WKHQ�EH�PDSSHG�WR�DQ\
������VLJQDO�LQ�WKH�ZDYHIRUP�YLHZHU�

�����'UDZLQJ�WHVW�YHFWRU�ZDYHIRUPV ����SJ��������� VOLGH������
������$Q�HGLWRU�SHUPLWV�ZDYHIRUPV�WR�EH�GUDZQ�LQ�WKH�ZDYHIRUP�YLHZHU�ZLQGRZ�

�����8VLQJ�DQ�H[LVWLQJ�9LHZORJLF�FRPPDQG�ILOH ���SJ����� �����VOLGH����
������7KH�)RXQGDWLRQ�6LPXODWRU�ZLOO�UHDG�9LHZ6LP��&0'�ILOHV�EHFDXVH�WKH�FRPPDQG�ODQJXDJH�V\QWD[�LV�WKH�VDPH�
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7KH�6WLPXOXV�6HOHFWLRQ�:LQGRZ

7KLV�ZLQGRZ�LV�XVHG�WR��FRQWURO��KRZ��HDFK�VWLPXOXV�VLJQDO�LV�FUHDWHG���7R�LQYRNH�WKH�6WLPXOXV�6HOHFWRU�
FOLFN�RQ�WKLV��LFRQ������������������������IURP�WKH�6LPXODWLRQ�:DYHIRUP�YLHZHU�ZLQGRZ�

:KHQ�VLPXODWLQJ�D�EL�GLUHFWLRQDO�,�2��D�WHVW�YHFWRU�ZLOO��EH�DSSOLHG�WR�WKH�QHW�
FRQQHFWLQJ�WKH�,23$'�RXWSXW��!�,%8)�LQSXW�!2%8)7�RXWSXW��%\�DVVHUWLQJ�D�
WHVW�YHFWRU�WR�GULYH�WKH�,%8)�LQSXW�QHW��WKH�YHFWRU�VLJQDO�VWUHQJWK�ZLOO�RYHUULGH
WKH�2%8)7�RXWSXW��HYHQ�ZKHQ�LW�LV�HQDEOHG�

$SSO\LQJ�WKLV�&&�NH\�WR�WKH�WHVW�YHFWRU�WKDW�LV�GULYLQJ�WKH�2%8)7�RXWSXW��ZLOO
LQIRUP�WKH�VLPXODWRU�WKDW�ZKHQ�WKH�2%8)7�FRPSRQHQW�LV�HQDEOHG��LW�FDQ�GULYH�
WKH�QHW�ZLWK�WKH�VDPH�VLJQDO�VWUHQJWK�DV�WKH�WHVW�YHFWRU��:KHQ�WKH�2%8)7�LV�QRW
HQDEOHG��WKH�WHVW�YHFWRU�FDQ�RYHUULGH�WKH�ZHDN�+L�=�2%8)7�RXWSXW�VWDWH�

6R���8VH�WKLV�NH\�ZKHQ�VLPXODWLQJ�7KUHH�6WDWH�)XQFWLRQV�
)RU�PRUH�GHWDLOHG�GHVFULSWLRQ���UHIHU�WR�WKH�RQ�OLQH�KHOS�ILOH��
�!�:LQGRZV�)LOH�PDQDJHU��GRXEOH�FOLFN�RQ��DFWLYH�H[H�[O[JXLGH�KOS
QDYLJDWH�WR�)XQFWLRQDO�6LPXODWLRQ��!�2YHUULGLQJ�GHYLFH�SLQV

$VVLJQ�NH\ERDUG�NH\V�
QRGHV�LQ�\RXU�VFKHPDWLF
�VOLGH����

&RQVWDQWO\�UXQQLQJ
���ELW�FRXQWHU�
7UXH�DQG�&RPSOLPHQW
RXWSXWV�DYDLODEOH
�VOLGH����

7HVW�YHFWRUV�GHILQHG�E\
IRUPXOD�FDQ�EH�DVVLJQHG
WR�WKHVH�/('ªV��DQG�LQ�WXUQ�
DVVLJQHG�WR�WHVW�VLJQDOV
�VOLGH����

DV\QFKURQRXV�FORFNV�
GHILQHG�DQG�DVVLJQHG�XVLQJ
WKHVH�EXWWRQV�

(QDEOHV�D�SUHYLRXVO\
GLVDEOHG�VLJQDO
VWLPXODWRU�
SJ�����

'LVFRQQHFWV�WKH�DVVLJQHG
VWLPXODWRU�ZLWKRXW�GHOHWLQJ�LW�
SJ�����

ZKHQ�DVVLJQHG�WR�DQ�RXWSXW
LW�ZLOO�RYHUULGH�WKH�FKLS�JHQHUDWHG
IXQFWLRQ�

7KLV�EXWWRQ�GLVSOD\V�WKH�FXUUHQW�GHIDXOW
VWLPXODWLRQ�PRGH��&OLFN�RQ�LW�DQG�LW�ZLOO
WRJJOH�EHWZHHQ���9�DQG�&&���SJ�����

)RUFHV�DQ�H[LVWLQJ�VLJQDO�ZDYHIRUP�WR�DFW
DV�DQ�LQSXW�ZDYHIRUP
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7KHVH����/('·V�UHSUHVHQW�WKH�WUXH�DQG�FRPSOLPHQW�RXWSXWV�RI�D�VRIWZDUH�GULYHQ����ELW�
ELQDU\�FRXQWHU��7R�TXLFNO\�DVVLJQ�D�WRJJOLQJ�VWLPXOXV�VLJQDO�WR�DQ\�QRGH�LQ�WKH�GHVLJQ��
�������
��������D��&OLFN�RQ�WKH�VLJQDO�WR�EH�VWLPXODWHG�IURP�WKH�ZDYHIRUP�YLHZHU���LW�WXUQV�EOXH��
��������
��������E��&OLFN�RQ�WKH�FRXQWHU�RXWSXW�\RX�ZLVK�WR�DVVLJQ�WR�LW�

��������F��1RWH�WKDW�WKH�FROXPQ�QH[W�WR�WKH�VLJQDO�QDPH�LGHQWLILHV�WKH�VRXUFH�RI�VWLPXOXV�

�������G��$OWHUQDWLYHO\�FOLFN�RQ�WKH�/('�LQ�WKH�VWLPXODWRU�ZLQGRZ�DQG�ZLWK�WKH�OHIW�PRXVH�EXWWRQ�VWLOO�GHSUHVVHG�
�����������GUDJ�DQG�GURS�LW�RQWR�D�VLJQDO�LQ�WKH�ZDYHIRUP�YLHZHU�

7KH�DERYH�H[DPSOH�VKRZV�WKDW�VLJQDO�&/.B,1�LV�VWLPXODWHG�E\�%��DQG�567B,1�LV�VWLPXODWHG
E\�WKH�FRPSOLPHQW�RI�ELW�����6HH�SJ������IRU�IXUWKHU�GHWDLOV�

7KH�6WLPXODWRU�6HOHFWLRQ�:LQGRZ�������0DSSLQJ�6LJQDOV�WR�7KH�&RXQWHU

7UXH

&RPSOLPHQW

D�

E� F�
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7KH�6WLPXODWRU�6HOHFWLRQ�:LQGRZ�������0DSSLQJ�6LJQDOV�WR�7KH�.H\ERDUG

7KLV�IHDWXUH�PDNHV�IXOO�XVH�RQ�WKH�LQWHUDFWLYH�QDWXUH�RI�WKH�)RXQGDWLRQ�VRIWZDUH��
6LJQDOV�VHOHFWHG�LQ�WKH�ZDYHIRUP�YLHZHU�ZLQGRZ�FDQ�EH�DVVRFLDWHG�ZLWK�D�NH\ERDUG�NH\��DQG�
WKHQ�WRJJOHG�ZKLOVW�WKH�VLPXODWRU�LV�EHLQJ�VWHSSHG�WKURXJK�D�VHW�RI�WHVW�YHFWRUV�

D��&OLFN�RQ�D�VLJQDO�LQ�WKH�ZDYHIRUP�YLHZHU�ZLQGRZ���WXUQV�EOXH��

E��&OLFN�RQ�D�NH\ERDUG�NH\�LQ�WKH�6WLPXODWRU�VHOHFWLRQ�ZLQGRZ�

F��7KH�FROXPQ�QH[W�WR�WKH�VLJQDO�QDPH�VKRZV�WKDW�WKH�VHOHFWHG�NH\ERDUG�NH\�LV�QRZ�PDSSHG�WR�
����WKDW�VLJQDO�

G��$OWHUQDWLYHO\�FOLFN�RQ�WKH�NH\�LQ�WKH�VWLPXODWRU�ZLQGRZ�DQG�ZLWK�WKH�OHIW�PRXVH�EXWWRQ�VWLOO�GHSUHVVHG�
�����GUDJ�DQG�GURS�LW�RQWR�D�VLJQDO�LQ�WKH�ZDYHIRUP�YLHZHU�

H��7KLV�FROXPQ�GLVSOD\V�WKH�VWDWXV�RI�WKH�VWLPXOXV�LQSXW��,PPHGLDWHO\�DIWHU�PDNLQJ�WKH�DOORFDWLRQ�
�����WKH�VLJQDO�LV�DVVLJQHG�D�+L�=�VWDWH��<RX�ZLOO�QHHG�WR�SUHVV�WKH�NH\�RQFH�RU�WZLFH�WR�VHW�D�KLJK
�����VWUHQJWK�¶�·�RU�¶�·�VWDWXV��

D�

E�

F�

G�
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7KH�6WLPXODWRU�6HOHFWLRQ�:LQGRZ�������$SSO\LQJ�)RUPXODV

D�

E�

F�

G�

D���7R�GHILQH�D�IRUPXOD��SUHVV�WKLV�EXWWRQ�WR�JLYH�WKLV�ZLQGRZ�

E���'RXEOH�FOLFN�RQ�RQH�RI�WKH����VWLPXODWRU�ODEHOV��
������7KH�ODEHO�ZLOO�WXUQ�EOXH�ZKHQ�VHOHFWHG�DQG�D�FXUVRU�ZLOO�DSSHDU�LQ�WKH�IRUPXOD�ZLQGRZ��

F���(QWHU�WKH�IRUPXOD�DQG�WKHQ�SUHVV�$VVLJQ�)RUPXOD��7KDW�IRUPXOD�LV�QRZ�PDSSHG�WR��RQH�RI�WKH
��������IRUPXOD�EXWWRQV�LQ�WKH�6WLPXODWRU�6HOHFWLRQ�:LQGRZ�

G���$VVLJQ�D�IRUPXOD�WR�D�VLJQDO�LQ�WKH�:DYHIRUP�YLHZHU�ZLQGRZ�E\�FOLFNLQJ�RQ�D�VLJQDO��DQG�WKHQ�
������FOLFNLQJ�RQ�WKH�GHVLUHG�IRUPXOD�EXWWRQ����6HH�SJ������!����



17

7KH�6WLPXODWRU�6HOHFWLRQ�:LQGRZ�������'UDZLQJ�:DYHIRUPV

D�

F�

D���)URP�WKH�6LPXODWRU�:DYHIRUP�9LHZHU��VHOHFW�(',7�IURP�WKH�:$9()250�PHQX��
�����7KLV�ZLOO�EULQJ�XS�WKH�7HVW�9HFWRU�6WDWH�6HOHFWLRQ�ZLQGRZ�

E���6HOHFW�D�ZDYHIRUP�DQG�SRVLWLRQ�WKH�EOXH�FXUVRU�WR�ZKHUH�\RX�ZDQW�WKH�QH[W�ZDYHIRUP�
������WUDQVLWLRQ�WR�WDNH�SODFH

�F���6HOHFW�WKH�VWDWH�\RX�ZRXOG�OLNH�WKH�ZDYHIRUP�WR�DVVXPH�XS�WR�WKDW�SRLQW���L�H��+LJK���/RZ��8QNQRZQ��HWF�

G���&RQWLQXH�WR�VHOHFW�DQG�GUDZ�RWKHU�LQSXW�YHFWRUV���6HH�SJ������WR�����

E�
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&RPPDQG�)LOHV���SJ�����

:KDW�LV�D�&RPPDQG�)LOH"

$�&RPPDQG�ILOH�LV�WKH�HTXLYDOHQW�RI�D�'26�EDWFK�ILOH�LQ�WKDW�LW�ZLOO�H[HFXWH�D�OLVW�RI�LQVWUXFWLRQV
LQ�VHTXHQFH���,Q�WKH�)RXQGDWLRQ�HQYLURQPHQW�WKH�FRPPDQG�ILOH�KDV�D��&0'�H[WHQVLRQ��DQG�HDFK�
LQVWUXFWLRQ�LV�NQRZQ�DV�D�PDFUR���$�OLVW�RI��PDFURV�VXSSRUWHG�E\�WKH�)RXQGDWLRQ�VLPXODWRU�LV
GLVFXVVHG�RQ�SDJHV�����!����RI�WKH�0$16,0�3')�ILOH�

&RPSOH[�FRPPDQG�ILOHV�FDQ�EH�XVHG�WR�VHWXS�WKH�VLPXODWRU��GHILQH�FORFN�SHULRGV�DQG�FORFNV��
ORDG�DQG�VDYH�WHVW�YHFWRU�ILOHV�DQG�FKHFN�VLPXODWLRQ�RXWSXW�DJDLQVW�NQRZQ�WLPLQJ�ILOHV�

,Q�HVVHQFH���FRPPDQG�ILOHV�DUH�VLPSO\�D�ZD\�RI�GULYLQJ�WKH�VLPXODWRU�LQ�DQ�DXWRPDWHG�IDVKLRQ��

,W�LV�QRW�HVVHQWLDO�WR�XVH�D�FRPPDQG�ILOH�LQ�RUGHU�WR�GULYH�WKH�)RXQGDWLRQ�VLPXODWRU��EXW�WKLV�PHWKRG�
RI�LQSXW�LV�VXSSRUWHG�EHFDXVH�LW�LV�DQ�H[FHOOHQW�ZD\�RI�VFULSWLQJ�D�FRPSOH[�VLPXODWLRQ�SURFHVV�

&DQ�,�XVH�P\�H[LVWLQJ�9LHZORJLF�&RPPDQG�)LOH"

<(6������)RXQGDWLRQ�VXSSRUWV�WKH�FRPPDQG�ILOH�V\QWD[�XVHG�E\�9LHZVLP���&RQVHTXHQWO\�
PRVW��9LHZORJLF��¶�&0'·�ILOH�VWDWHPHQWV�ZLOO�EH�DFFHSWHG�E\�WKH�)RXQGDWLRQ�VLPXODWRU���

%H�DZDUH�WKDW�VRPH�9LHZVLP�PDFURV��DUH�QRW�VXSSRUWHG�E\�WKH�)RXQGDWLRQ�VLPXODWRU��

7R�GHWHUPLQH�LI�\RXU�9LHZVLP�ILOH�FRQWDLQV�DQ\�PDFURV�WKDW�DUH�QRW�VXSSRUWHG�E\�)RXQGDWLRQ����FKHFN�
SDJHV�����!����

����PRUH�QH[W�VOLGH
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&RPPDQG�)LOHV
+RZ�GR�,�UXQ�D�FRPPDQG�ILOH"

����&RS\�DQ�H[LVWLQJ�FRPPDQG�ILOH�LQWR�\RXU�FXUUHQW�ZRUNLQJ�GHVLJQ�GLUHFWRU\�

����<RX�PXVW�QRZ�LQIRUP�WKH�)RXQGDWLRQ�HQYLURQPHQW�WKDW�WKHUH�LV�D��&0'�ILOH�DYDLODEOH�
������7KHUH�DUH�WZR�ZD\V�WR�GR�WKLV�

������(LWKHU
���������������D��/LQN�WKH���&0'�WR�WKH�SURMHFW�DV�GHVFULEHG�E\�WKH�ERWWRP�IRXU�EXOOHW�SRLQWV�RI�SDJH�����
�������RU
���������������E��6HOHFW��8WLOLWLHV��!�0DFUR��!�(GLW��!�%URZVH���!�VHOHFW�GHVLUHG��&0'�ILOH��WKHQ�VDYH�LW�

����7R�UXQ�WKH�FRPPDQG�ILOH�VHOHFW�8WLOLWLHV��!�0DFUR��!�5XQ��!�VHOHFW��&0'�ILOH�

������D�ZLQGRZ�ZLOO�SRS�XS�DQG�GLVSOD\�WKH��&0'�ILOH�DV�LW�LV�EHLQJ�H[HFXWHG��$Q\�HUURUV�RU�QRGHV
������WKDW�FRXOG�QRW�EH�IRXQG��ZLOO�EH�GLVSOD\HG�LQ�WKLV�ZLQGRZ�

7,3� ��,W�LV�SRVVLEOH�WR�FUHDWH�ZDYHIRUPV�XVLQJ�DQ\�RI�WKH�PHWKRGV�GHILQHG�RQ�VOLGH�;�
���������7R�WXUQ�WKHVH�ZDYHIRUPV�LQWR�VWLPXOXV�WHVW�YHFWRUV�WKDW�FDQ�EH�FDOOHG�IURP�D�&RPPDQG�ILOH���GR�WKH
���������IROORZLQJ�

6HOHFW� )LOH��!�6DYH�7HVW�YHFWRUV������!� (QWHU�D�QDPH��!� 6DYH�

���������,Q�\RXU�&RPPDQG�ILOH���XVH�WKH�PDFUR�´ORDGBWLPLQJ� �WHVWBYHFWRUBQDPH¨� WR�ORDG�LQ�WKH�YHFWRUV�
����������VHH�SJ������IRU�D�GHVFULSWLRQ�RI�WKLV�PDFUR����+RZHYHU��QRWH�WKDW�RQFH�\RX�KDYH�UXQ�D�FRPPDQG�ILOH��DQ\�VLJQDO
���������FRQWUROOHG�E\�WKH�FRPPDQG�ILOH�ZLOO�KDYH�WR�EH�UHDVVLJQHG�XVLQJ�WKH�6WLPXOXV�:LQGRZ����VOLGH�������LI�\RX�ZLVK
��������WR�UH�HQJDJH�VD\�NH\ERDUG��FRQWURO�RI�WKH�VLJQDO�
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([DPSOH�&RPPDQG�)LOH

| F i lena m e calc_fun.cm d.  -PGH
| T h e reset  sequence is d i fferent  from  the 3k  version.
| T h is is a  sam ple V iewsim  com m a nd fi le.  It  steps  th rough
|   th e sequence of com m a nds used in  th e Ca lc V iewsim
|   T utorial .
| Y ou ca n create a com m and fi le w ith  a ny tex t  ed itor , and
|   run  i t in  V iews im  sim ply by typ ing the n am e of the
|   file.  T h e defa u lt  ex ten sion is . cm d.

| E cho the com m an d file to the screen, d isp lay tim e
| R e- in it ia lize the ci rcu i t
resta rt

|-- --- --- --- --- --- ---VE C T OR  DE F IN IT IO N-- --- --- --- -- --- ---
| T h is fi le uses th e con ven tion  that  vector n am es are
|   cap ital iz ed;  th is is just  a convenience.
| Use the n am e of th e net between  the pad and the buffer
|   to  dr ive the input  at  th e pad.  Net  nam es at  lower
|   levels o f h ierarchy a re in  th e form at
|   ...b lock_ label \b lock_ la bel \net_ label .
| Use "+ "  to  cont in ue a lon g line
vector SW  sw1/sw6_p s w1/sw5_p sw1/sw4_ p sw1/s w3_p +
 sw1/sw2_p sw1/sw1_p s w1/sw0_p

| Y ou ca n also use bus syn ta x  when  defin ing  vectors
vector A LU  alu [3 :0 ]
vector ST A CK  stack[3 :0 ]

| Set ra d ices for  vectors
|   T he defau l t rad ix  is b in ary for in put, hex for output
rad ix  hex SW  AL U
rad ix  bin  ST A CK

|-- --- --- --- --- -S IM UL AT ION  OUT PUT  D EF INIT ION- --- -- --
-- --- -
| Select  the nets an d vectors for  d isp la y in  V iewwave. I f
|   bus syntax  is used for  nets, n ets a re st i ll  d isp layed
|   in d iv idua lly.  If the vector nam e is  used, the value
|   of the w hole vector is d isp layed.
wave scalc.w fm  clk  SW  exc_p A LU ST AC K  we rst

| Save sim ulat ion values for th ese nodes
watch clk  SW  exc_p AL U ST AC K w e rst

| O utput  the values  of a ll  watched signa ls ea ch  t im e
|   "clk " goes h igh.   C rea te tabu lar  output.
break clk  1  do (prin t  >  s ca lc.tab)

| O utput  node an d vector t rans it ions and sim ulat ion  tim e
|   whenever any of the n odes or  vectors chan ges state
t ra ce clk  SW  exc_p AL U ST AC K we rs t >  scalc.t r c

|--- ------ ----- -----C LOC K DEF INIT ION- ----- ------ ----- -----
clock  clk  0  1
| Use a clock per iod o f 100ns.  Set  stepsize=50ns
step 50n s

|--- ------ ---GL OBAL RE SE T &  IN IT IAL INPUT VA LUES----- -----
| Set  in i tial values for al l inputs using th e "H"  and "L"
|   com m ands for n ets and "assign"  for vectors
h exc_p
assign SW 00\h

| In i tialize al l fl ip -flops (globalreset is active h igh
|   for  5k  designs)
l reset
| V iewsim  uses un its of 0 .1  ns, so th is statem ent
|   sim ulates for  100 ns.
sim  1000
h reset
sim  1000

|--- ------ ----- ----T EST ING T HE  C OMMANDS---- ------ ----- ----
| E xp_p goin g h igh is the execute com m and.  OPCODE  is a
|   th ree-d ig it  opcode which operates on the DAT A.  Opcode
|   111 act ivates an exten ded inst ruction set wh ich  uses
|   the data field  as an ex tended opcode field , as ex tern al
|   data is not requ ired to execute th ese com m ands.

| E xecute opcode 110 to  Load data of 1  to  ALU Register
assign SW 61\h
| Set  exc_p low w ith  th e "L" com m and
l exc_p
| T he cycle com m and steps forward by one clock  cycle
cycle 2
| E xecute
| Set  exc_p h igh w ith  the "H" com m and
h exc_p
cycle 3
| Resul ts:   SW =61\h =>  AL U=1\h STA CK=0000

| Opcode 000: Add 13 from  Switches to AL U Register
assign SW 0D\h
l exc_p
| You can abbrev iate cycle as "c"
c 2
| E xecute
h exc_p
c 3
| Resul ts:   SW =0D\h =>  ALU=E\h ST ACK=0000

| Opcode 111-101x:  Push Register value onto S tack
assign SW 7B\h
l exc_p
c 2
| E xecute

)LOH� �$&7,9(?352-(&76?&$/&�.�&0'
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$QDO\]LQJ�7KH�6LPXODWLRQ�5HVXOWV



22

$QDO\]LQJ�6LPXODWLRQ�5HVXOWV

+DYLQJ��FDSWXUHG�WKH�VFKHPDWLF���LQYRNHG�WKH�VLPXODWRU��VHWXS�WKH�FORFN�SHULRGV�DQG�FUHDWHG��
WHVW�YHFWRUV���DOO�WKDW�UHPDLQV�LV�WR�DQDO\]H�WKH�ZDYHIRUPV��7KH�GHVLJQHU�ZLOO�NQRZ�ZKDW�WKH�
RXWSXWV�VKRXOG�GR�IRU�D�JLYHQ�VHW�RI�WHVW�YHFWRU�LQSXWV��EXW�RIWHQ�WKH�GLIILFXOW\�OLHV�LQ�WU\LQJ�WR�
ILQG�RXW�ZKHUH�HYHQWV�RFFXUUHG��DQG�ZK\�

7KLV�QH[W�VHFWLRQ�ZLOO�FRYHU�VRPH�RI�WKH�WRROV�DYDLODEOH�IRU�GHEXJJLQJ�ZLWK�WKH�VLPXODWRU�

7KHVH�LQFOXGH��
���%UHDNSRLQWV
���7DJV
���0LOHVWRQHV
���3UHVHWV

��6HOHFWLYH�6LPXODWLRQ
�����
�����7KH�6LPXODWRU�DOVR�KDV�D�PHWKRG�RI�VSHHGLQJ�XS�WKH�DQDO\VLV�RI�ODUJH�GHVLJQV�E\��XVLQJ�D�
�����SURFHVV�RI�VHOHFWLYH�VLPXODWLRQ���&RPSRQHQWV�RI�WKH�GHVLJQ�DUH�VHOHFWLYHO\�GLVDEOHG�E\�WKH�
�����XVHU��VR�HQDEOLQJ�WKH�VLPXODWRU�WR�SURFHVV�WKH�UHGXFHG�GHVLJQ�IDVWHU�

��&URVV�3RLQW�3URELQJ�:LWK�7KH�6FKHPDWLF�

����6LPXODWLRQ�GDWD�LV�DXWRPDWLFDOO\�EDFN�DQQRWDWHG�WR�WKH�VFKHPDWLF�GXULQJ�D�VLPXODWLRQ�UXQ�
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%5($.32,176
:KDW�LV�D�%UHDNSRLQW"���SJ������

������$�%UHDNSRLQW�LV�D�VRIWZDUH�URXWLQH�WKDW�FKHFNV�IRU�VHOHFWHG�VLJQDO�FRQGLWLRQV�LQ�WKH�GHVLJQ�

������:KHQ�WKHVH�FRQGLWLRQV�DUH�PHW��\RX�KDYH�UHDFKHG�D�EUHDNSRLQW�FRQGLWLRQ�DQG�PD\�SHUIRUP�
������WKH��IROORZLQJ�GHVLJQ�RSHUDWLRQV�

����6WRS�VLPXODWLRQ
����3ODFH�D�PDUNHU�RQ�WKH�VFUHHQ
����6DYH�WHVW�YHFWRUV
����/RDG�D�QHZ�WHVW�YHFWRU�ILOH�
����0RGLI\�WKH�H[LVWLQJ�WHVW�YHFWRUV�XVLQJ�WKH�$SSHQG�RSHUDWLRQ�

:KHQ�:RXOG�,�XVH�D�%UHDNSRLQW"

������%UHDNSRLQWV��DUH�YHU\�KDQG\�LQ�WUDFNLQJ�PDMRU�GHVLJQ�DFWLYLWLHV�DQG�HUURU�FRQGLWLRQV��
������7KH\�DUH�XVHG�H[WHQVLYHO\�ERWK�LQ�KDUGZDUH�WRROV���ORJLF�DQDO\]HUV��KDUGZDUH�HPXODWRUV����
������DQG�DOVR�LQ�VRIWZDUH�GHYHORSPHQW�V\VWHPV��

�����/HWV��VD\�IRU�H[DPSOH�WKDW��\RX�ZDQW�WR�GHWHFW�D�FHUWDLQ��YDOXH��RQ�D�EXV�RU�VHOHFWHG�ELWV�RQ�D�EXV�
�����%UHDNSRLQW�FRQGLWLRQV�FRXOG�EH�GHILQHG�IRU�HDFK�ELW�RI�WKH�EXV�VXFK�WKDW�ZKHQ�DOO�ELWV�DVVXPHG
�����WKHLU�UHVSHFWLYH�FRQGLWLRQV��WKH�EXV�EUHDNSRLQW�FRQGLWLRQ�KDV�EHHQ�PHW�DQG�D�PDUNHU�FRXOG
�����EH�GURSSHG�RQWR�WKH�ZDYHIRUP�GLVSOD\�

+RZ�'R�,�LQYRNH�D�%UHDNSRLQW"��
�6HH�WKH�QH[W�VOLGH��IRU�D�GHVFULSWLRQ�RI�GHILQLQJ�D�%UHDNSRLQW�IRU�D�EXV�
�$�PRUH�FRPSOHWH�GHVFULSWLRQ�FDQ�EH�REWDLQHG�IURP�WKH�0$16,0�3')�GRFXPHQW���SJ�������



24

+RZ�WR�&UHDWH�$�%UHDNSRLQW���������

���$VVLJQ�SUREHV�WR�VFKHPDWLF

���,QYRNH�VLPXODWRU�

����6HOHFW
�����
���8WLOLWLHV��!�%UHDNSRLQWV

����VHH�SJ�����
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���6HOHFW�WKH�EXV����SJ������

���(QWHU�YDOXH�RQ�EXV�WKDW�\RX�ZLVK
�����WR�GHWHFW���0XVW�EH�LQ�+H[�

���7R�GHWHFW�WKH�WUDQVLWLRQ�WR�
�����WKLV�YDOXH��VHOHFW�(GJH�

���<RX�KDYH�QRZ�GHFODUHG�WKH�¶PDVN·�WKDW
�����GHILQHV��¶&RQGLWLRQ��·�

����+DYLQJ�GHILQHG�D�
�����¶&RQGLWLRQ·��\RX�PXVW
�����QRZ�GHILQH�WKH�DFWLRQ�WR�
�����EH�WDNHQ�E\�WKH�VLPXODWRU
�����ZKHQ�WKDW�&RQGLWLRQ�LV
�����PHW�

�����&OLFN�RQ�(GLW

�����������������VHH�QH[W�VOLGH

+RZ�WR�&UHDWH�$�%UHDNSRLQW���������
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7KH�¶%UHDNSRLQW�(GLW·�:LQGRZ�FRQWDLQV� &RQVWUXFWV ����H�J��,I�7KHQ�(OVH�����ZKLFK�UHIHU�WR�
&RQGLWLRQV ��������!�)����IRU�ZKLFK� $FWLRQV ��DUH�VSHFLILHG�ZKHQ�WKH\�RFFXU�

�����(QVXUH�WKDW�WKLV�LV�WKH�&RQGLWLRQ�\RX
������ZDQW�WR�HGLW�

�����6HOHFW�D�EODQN�OLQH�LQWR�ZKLFK�DQ�
�������DFWLRQ�LV�WR�EH�GHILQHG�

�����&OLFN�RQ�(GLW�DQG�WKHQ�VHOHFW�DQ�
�������¶$FWLRQ·�

����7KH�%UHDNSRLQW�$FWLRQ�LV�QRZ�GHILQHG

+RZ�WR�&UHDWH�$�%UHDNSRLQW���������
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����7R�DGG�H[WUD�FRQVWUXFWV��GRXEOH�FOLFN�RQ�DQ�
������HPSW\�OLQH�DQG�PDNH�D�VHOHFWLRQ�IURP�WKLV�ER[�

5HIHU�WR�SDJHV������!�����IRU��PRUH�GHWDLO�

�����1RWH�WKDW�PXOWLSOH�$FWLRQV�FDQ�
�������EH�GHILQHG�IRU�HDFK��FRQVWUXFW��
�������������
������DQG�WKDW�PXOWLSOH�FRQVWUXFWV�FDQ�EH�XVHG�LQ
������WKH�%UHDNSRLQW�ILOH�
������
������(DFK��¶,I�7KHQ�(OVH·�FRQVWUXFW�LV�H[HFXWHG�LQ�
������WKH�VHTXHQFH�LQ�ZKLFK�LW�LV�OLVWHG�LQ�WKH�ILOH�

(DFK�%UHDNSRLQW�ILOH�FDQ�PRQLWRU�WKH�VLPXODWLRQ�RXWSXW�ORRNLQJ�IRU�WKH�WUXH�DQG�FRPSOLPHQW�RI�
XS�WR����&RQGLWLRQV���

,I�DQ\�RQH�RI�WKHVH�FRQGLWLRQV�RFFXU��WKH�VLPXODWRU�FDQ�EH�IRUFHG�WR�H[HFXWH�VHYHUDO�DFWLRQV�ZKLFK�
LQFOXGH�PRGLI\LQJ�WKH�FXUUHQW�WHVW�YHFWRU�ILOH��VDYLQJ�WKH�VWDWXV�RI�DOO�VLJQDOV�DQG�KDOWLQJ�WKH�
VLPXODWLRQ��HWF�

7KLV�IHDWXUH�LV�D�SRZHUIXO�GHEXJJLQJ�WRRO«�DQG�LW�LV�HDV\�WR�GULYH��

+RZ�WR�&UHDWH�$�%UHDNSRLQW���������
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+RZ�WR�XVH�D�%UHDNSRLQW

7R�TXLFNO\�ORFDWH�%UHDNSRLQWV�LQ�D�ODUJH��ZDYHIRUP�GLVSOD\��
HQVXUH�WKDW�WKLV�EXWWRQ�LV�VHW�WR�¶%UHDN·�������

�������DQG��XVH�WKHVH�EXWWRQV�WR�MXPS�OHIW�
DQG�ULJKW�WR�WKH�QH[W�%UHDNSRLQW�LQ�WKDW�ORFDWLRQ�

�����WU\�LW��

����/RDG�WKH�HGLWHG�%UHDNSRLQW�ILOH�XVLQJ�8WLOLWLHV��!�%UHDNSRLQW��!�/RDG��!�ILOHQDPH

����5XQ�WKH�VLPXODWLRQ��,I�DQ\�%UHDNSRLQW�FRQGLWLRQV�RFFXU��EOXH�OHWWHU�PDUNHUV�ZLOO�EH�SODFHG�RQ
�����WKH�GLVSOD\�OLNH�WKLV����7KHVH�OHWWHUV�DUH�WKH�DUJXPHQWV�WKDW�ZHUH�DVVLJQHG�WR�WKH�6HW�0DUNHU�
�����¶$FWLRQ·�GHILQHG�ZKHQ�HGLWLQJ�WKH�%UHDNSRLQW�ILOH�
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7DJV SJ�����

:KDW�LV�D�7$*"

$��7$*�LV�D�FRPELQDWLRQ�RU�VHTXHQFH�RI�VLJQDOV

:KHQ�LV�D�7$*�XVHG"

)LQGLQJ�D�GHVLUHG�VLJQDO�FRPELQDWLRQ�E\�PDQXDOO\�VFUROOLQJ�WKURXJK�WKH�ZDYHIRUP�GLDJUDP�FDQ�
EH�WHGLRXV��8VLQJ�7$*V�LV�D�TXLFN�DQG�HDV\�ZD\�RI�DXWRPDWLFDOO\�VHDUFKLQJ�IRU�D�SDUWLFXODU�HYHQW�
WKURXJK�WKH�ZKROH�ZDYHIRUP�GLDJUDP�

:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�7$*�DQG�D�%UHDNSRLQW"

%5($.32,176�RSHUDWH�ZKLOVW�D�VLPXODWLRQ�LV�UXQQLQJ��7KH\�DUH�VRIWZDUH�URXWLQHV�WKDW�PRQLWRU�
WKH�VLPXODWLRQ�RXWSXWV�ORRNLQJ�IRU�D�SDUWLFXODU�FRQGLWLRQ��:KHQ�WKDW�FRQGLWLRQ�LV�PHW��WKH\�UHDFW�
DV�LQVWUXFWHG�
7$*6�DUH�HPSOR\HG�ZKLOVW�WKH�VLPXODWLRQ�LV�VWRSSHG��DQG�DUH�D�TXLFN�DQG�HDV\�ZD\�RI�VFUROOLQJ�
WKURXJK�WKH�ZDYHIRUP�ORRNLQJ�IRU�D�SDUWLFXODU�FRQGLWLRQ�

+RZ�GR�,�FUHDWH�D�7$*"

VHH�QH[W�VOLGH�DQG�DOVR��SJ������
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+RZ�WR�&UHDWH�D�7$*����SJ�����

+RZ�GR�,�FUHDWH�D�7$*"

���6HOHFW���8WLOLWLHV��!�9LHZ��!�7$*
����7KLV�HQDEOHV�D�VHFRQG�FROXPQ�QH[W�WR�
����WKH�VLJQDO�QDPHV���7KLV�FROXPQ�VKRZV
����WKH�VWDWH�RU�WUDQVLWLRQ�WKDW�HDFK�VLJQDO�
����FRQWULEXWHV�WR�WKH�7$*�

����1RZ�VHOHFW���2SWLRQV��!�6HW�7$*�&RQGLWLRQV�
�����$�VWDWH�HGLWRU�ZLQGRZ�LV�HQDEOHG���

���6HOHFW�D�VLJQDO�IURP�WKH�:DYHIRUP�9LHZHU�ZLQGRZ
����DQG�FOLFN�RQ�D�VWDWH�LQ�WKH�VWDWH�(GLWRU�:LQGRZ�

���7R�LPSOHPHQW�D�WUDQVLWLRQ��VD\�¶�·�!¶�·���
�VHOHFW�WKH�VLJQDO
�VHOHFW�WKH�+LJK�VWDWH�EXWWRQ���
�VHOHFW�WKH�VDPH�VLJQDO�
�WKHQ�VHOHFW�WKH�/RZ�VWDWH�EXWWRQ���

���7KH�7$*�VWDWXV�FROXPQ�VKRXOG�QRZ�GLVSOD\�D�¶�·�!¶�·�WUDQVLWLRQ�
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+RZ�WR�8VH�D�7$* SJ�����

+RZ�GR�,�ILQG�D�7$*"

���7R�TXLFNO\�ILQG�D�7$*��GXULQJ�DQ\�VWDJH�RI�D�VLPXODWLRQ��
�����FOLFN�RQ�WKLV�EXWWRQ�WR�XQWLO�LW�VKRZV�7$*�

���«DQG�XVH�WKHVH�EXWWRQV�WR�MXPS�OHIW�RU�ULJKW�EHWZHHQ�7$*·G�HYHQWV�
�����������7KH�VFUHHQ�ZLOO�MXPS�WR�D�EOXH�FXUVRU�WKDW�PDUNV�WKH�7$*·G�HYHQW�

1RWH�WKDW�WKH�FXUUHQW�WLPH�RI�WKH
VLPXODWLRQ�LV�PDUNHG�LQ�UHG��
DQG�WKH�7$*�FXUVRU�WKDW�VFUROOV�
DURXQG�WKH�VFUHHQ�LV�LQ�EOXH�
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0LOHVWRQHV���SJ������

$�PLOHVWRQH�LV�XVHG�WR�VWRUH�WKH�FRPSOHWH�GHVLJQ��VWDWXV�WKDW�H[LVWV�DW�D�VHOHFWHG
VLPXODWLRQ�F\FOH��7KLV�LQFOXGHV�WKH�WLPLQJ�DW�WKH�FXUUHQW�VLPXODWLRQ�F\FOH��DQG�DOO�LQWHUQDO�
UHJLVWHUV��PHPRULHV�DQG�IODJV�HWF���RI�DOO�,&�PRGHOV�

:KDW�LV�D�PLOHVWRQH"

:KHQ�ZRXOG�,�XVH�RQH"

0LOHVWRQHV�DOORZ�H[WHQVLYH�GHVLJQ�DQDO\VLV��<RX�FDQ�UH�VLPXODWH�D�PRGLILHG�GHVLJQ�IURP�D�
VHOHFWHG�PLOHVWRQH��DQG�UHTXHVW�WKH�VLPXODWRU�WR�DXWRPDWLFDOO\�GLVSOD\�WKH�HIIHFW�RI�WKH�ODWHVW
GHVLJQ�RU�WHVW�YHFWRU�FKDQJHV�RQ�WKH�VHOHFWHG�VLJQDO�

,W�LV�DOVR�FRQYHQLHQW�WR�UH�VLPXODWH�WKH�GHVLJQ�IURP�D�FHUWDLQ�F\FOH�ZLWK�PRGLILHG�WHVW�YHFWRUV��
QHZ�WLPLQJ�GHOD\V�RU�RWKHU�GHVLJQ�FKDQJHV�

+RZ�GR�,�FUHDWH�D�PLOHVWRQH"

���������VHH�SDJH�����
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3UHVHWV SJ�����
:KDW�LV�D�3UHVHW"
7KH�VLPXODWRU�DOORZV�DQ\�VLJQDO�RU�GHYLFH�SLQ�WR�EH�SUHVHW�WR�DQ\�ORJLFDO�VWDWH�

:KHQ�ZRXOG�,�XVH�D�3UHVHW"
3UHVHW�FRQGLWLRQV�FDQ�EH�H[HFXWHG�DW�DQ\�WLPH�GXULQJ�WKH�VLPXODWLRQ���7KHLU�PDLQ�XVH�LV�WR�WHVW�IRU�
VRPH�GHVLJQ�VLWXDWLRQ�WKDW�LV�GLIILFXOW�WR�JHQHUDWH��RU�IRU�D�GHVLJQ�VLWXDWLRQ�WKDW�WDNHV�D�YHU\�ORQJ�
VLPXODWLRQ�WLPH�WR�FUHDWH�

H�J���WKH�HQG�RI�FRXQW�VHTXHQFH�RQ�D����ELW�FRXQWHU�WDNHV����D�ODUJH�QXPEHU�RI�F\FOHV�

$Q�DOWHUQDWLYH�LV�WR�VHW�SUHVHW�WKH�FRXQWHU�WR�)))))))�K

+RZ�GR�,�GHILQH�D�3UHVHW"
���6HOHFW��������8WLOLWLHV��!�6HOHFWLYH�3UHVHW

7KLV�ZLQGRZ�SRSV�XS�DQG�\RX�
GHILQH�WKH�SUHVHWV�DV�IROORZV�

����&OLFN�RQ�$GG�LQ�WKH�
�����¶6HOHFWLYH�3UHVHW·�ZLQGRZ

�������������VHH�QH[W�VOLGH�
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3UHVHWV

���+LJKOLJKW�QRGHV�LQ�
����WKLV�ZLQGRZ�

���&OLFN�RQ�$GG

���1RGHV�WUDQVIHUUHG�WR�KHUH

���6HOHFW�(GLW�

���(QWHU�VWDWH�IRU�HDFK�
����VLJQDO�
����7KHQ�VHOHFW�FORVH�

VHH��SJ������WR����
IRU�IXUWKHU�GHWDLOV���8VH�6DYH�DQG�/RDG

����WR�FKRRVH�EHWZHHQ
����3UHVHW�JURXSV�

���8VH�([HFXWH�WR�UXQ�
����WKH�SUHVHW�
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6HOHFWLYH�6LPXODWLRQ����SJ�����

&RQVLGHU�ZKDW�D�VLPXODWRU�GRHV��

,W�RSHUDWHV�RQ�D�PRGHO�RI�WKH�GHVLJQ�DQG�WULHV�WR�FDOFXODWH�ZKDW�DOO�RI�WKH�QRGHV�DUH�GRLQJ�DW�DQ\
JLYHQ�PRPHQW�LQ�WLPH�IRU�D�JLYHQ�VHW�RI�LQSXWV���7KXV�LW�IROORZV�WKDW�WKH�PRUH�QRGHV�WKDW�H[LVW�LQ�
WKH�GHVLJQ��WKH�PRUH�WLPH�LW�WDNHV�IRU�WKH�VLPXODWRU�WR�FRPSOHWH�RQH�VWHS�RI�WKH�VLPXODWLRQ�

5XQQLQJ�D�ODUJH�GHVLJQ�IRU�D�ORQJ�VLPXODWLRQ�SHULRG�FDQ�SURGXFH«�ORQJ�VLPXODWLRQ�WLPHV��

0RUH�RIWHQ�WKDQ�QRW��WKH�VLPXODWLRQ�LV�RQO\�EHLQJ�FDUULHG�RXW�WR�H[HUFLVH�D�SRUWLRQ�RI�WKH�RYHUDOO�
GHVLJQ���H�J��WKH�GHVLJQ�LV�WDUJHWHG�DW�D��;&�����DQG�MXVW�WKH�$%(/�VWDWH�PDFKLQH�QHHGV�WR�EH�WHVWHG�

:K\�VKRXOG�WKH�VLPXODWRU�HQJDJH�LQ�FDOFXODWLQJ�WKH�VWDWXV�RI�QRGHV�WKDW�DUH�RI�QR�LQWHUHVW�GXULQJ
WKLV�SDUWLFXODU�VLPXODWLRQ�UXQ"���

7KH�DQVZHU�LV�WKDW�LW�VKRXOGQ·W���7KH�)RXQGDWLRQ�VLPXODWRU�DGGUHVVHV�WKLV�VLWXDWLRQ�ZLWK�D�SURFHVV�
FDOOHG�VHOHFWLYH�VLPXODWLRQ��SJ�����

6HOHFWLYH�VLPXODWLRQ�DOORZV�WKH�XVHU�WR�VHDUFK�WKURXJK��WKH�GHVLJQ�QHWOLVW��FOLFNLQJ�RQ�LFRQV�WKDW�
UHSUHVHQW�KLHUDUFKLFDO�EORFNV�LQ�WKH�GHVLJQ��7KHVH�SDUWV�RI�WKH�GHVLJQ�DUH�FORVHG�GRZQ�LQ�WKH�
VLPXODWLRQ�PRGHO�DQG�WKHLU�RXWSXWV�IRUFHG�WR�D�+L�=�VWDWH��5HGXFLQJ�WKH�QXPEHU�RI�¶DFWLYH·�QRGHV�
LQ�WKLV�PDQQHU�UHVXOWV�LQ�IDVWHU�VLPXODWLRQ�WLPHV�

7KH�SURFHVV�RI�FORVLQJ�GRZQ�DUHDV�RI�WKH�GHVLJQ�VLPXODWLRQ�PRGHO�LV�QR�PRUH�GLIILFXOW�WR�DFKLHYH�
WKDQ�VHOHFWLQJ�D�ILOH�IURP�WKH�:LQGRZV�)LOH�0DQDJHU�

���VHH�QH[W�VOLGH
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,QYRNLQJ�6HOHFWLYH�6LPXODWLRQ

����6HOHFW�:DYHIRUP�9LHZHU��!�2SWLRQV���!��6HOHFWLYH�6LPXODWLRQ� ������WKLV�ZLQGRZ�SRSV�XS

1RWH�WKDW�LQ�DQ\�JLYHQ
KLHUDUFKLFDO�OHYHO��WKH�
FRPSRQHQWV�DUH��V\PEROL]HG
DV�¶FKLSV·��

����7R�GLVDEOH�D�FRPSRQHQW��FOLFN
�����RQ�WKH�FKLS�LFRQ��DQG�LW�ZLOO�
�����FKDQJH�FRORU�IURP�JUD\�WR�
�����ZKLWH�

�����FOLFN�RQ�FORVH�������LWªV�DV�HDV\�DV�WKDW�

GLVDEOHG���������������������������DFWLYH�

����7KH�RXWSXWV�RI�VHOHFWHG�FRPSRQHQWV
�����QRZ�DVVXPH�D�+L�=�VWDWH�LQ�WKH�VLPXODWLRQ
�����PRGHO��DQG�WKLV�LV�UHIOHFWHG�RQ�WKH�VFKHPDWLF�
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&URVV�3RLQW�3URELQJ

'XH�WR�WKH�)RXQGDWLRQ�VRIWZDUH·V�2/(�Y����FRPSOLDQFH���WKH�6FKHPDWLF�(GLWRU�DQG�DQG�VLPXODWRU�
WRRO�DUH�YHU\�WLJKWO\�FRXSOHG��7KLV�HQDEOHV�FURVV�SRLQW�SURELQJ��7KH�VWDWXV�RI�DOO�SUREHG�VLJQDOV
ZLOO�EH�EDFN�DQQRWDWHG�WR�WKH�VFKHPDWLF�ZLQGRZ�DQG�WKH�YDULRXV�ORJLF�VWDWHV��UHSUHVHQWHG�ZLWK�
GLIIHUHQW�FRORUV�

8VLQJ�WKHVH�EXWWRQV��RQH�FDQ�DGYDQFH�RU
UHWDUG�WKH�VLPXODWRU�WKURXJK�RQH�FORFN�
WUDQVLWLRQ���7KH�6LPXODWLRQ�FXUVRU�ZLOO
VFUROO�DORQJ�WKH�:DYHIRUP�YLHZHU�
ZLQGRZ��DQG�WKH�DQQRWDWHG�VLJQDO�VWDWHV��
ZLOO��FKDQJH�FRORU�ZLWK�HDFK�WUDQVLWLRQ�

6LPLODUO\��VFUROOLQJ�WKH�ZDYHIRUP�YLHZHU�FXUVRU�DORQJ�WKH�ZDYHIRUP��ZLOO�EDFN�DQQRWDWH�WKH
LQGLYLGXDO�VLJQDO�VWDWHV�WR�WKH�VFKHPDWLF�GLVSOD\�
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0LVFHOODQHRXV

7KH�UHPDLQGHU�RI�WKLV�SUHVHQWDWLRQ�FRYHUV�PLVFHOODQHRXV�DVSHFWV�RI�WKH�VLPXODWRU�RSHUDWLRQ

L�H�����+RZ�GR�,�]RRP�LQ�DQG�RXW�RI�WKH�ZDYHIRUP�GLVSOD\"�
���������+RZ�GR�,�VHW�WKH�FORFN�VWHS�VL]H"�
���������:KDW�GR�DOO�WKH�LFRQV�LQ�WKH�ZDYHIRUP�GLVSOD\�ZLQGRZ�GR"

,I�\RX�GR�QRW�ILQG�ZKDW�\RX�DUH�ORRNLQJ�IRU�
LQ�WKLV�SUHVHQWDWLRQ��ORDG�WKH�0$16,0�3')�
ILOH�LQWR�WKH�DFUREDW�UHDGHU���HQVXUH�WKLV�
EXWWRQ�LV�VHOHFWHG��DQG�VHOHFW�WKH�&KDSWHU���WULDQJOH�

$�ORQJ�OLVW�RI�WRSLFV�LV�SUHVHQWHG�IURP�ZKLFK�LW�LV
HDV\�WR�ILQG�WKH�VXEMHFW�\RX�DUH�ORRNLQJ�IRU�

$OWHUQDWLYHO\�UXQ�WKH�IROORZLQJ�SURJUDP�E\�GRXEOH�FOLFNLQJ�
RQ�LW�LQ�WKH�:LQGRZV�)LOH�0DQDJHU�

����������?$&7,9(?(;(?[O[JXLGH�KOS

7KLV�LV�WKH�;LOLQ[�)RXQGDWLRQ�,QWHUIDFH�JXLGH

7KLV�KDV�PDQ\�VHFWLRQV�VSHFLILF�WR�;LOLQ[�XVHUV�

:KDW�GR�,�GR�LI�WKLV�SUHVHQWDWLRQ�GRHVQªW�KDYH�ZKDW�,�ZDQW"
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7RSLFV

6LJQDO�VWUHQJWKV����������������������������������������������������������������������������������������$��SJ���������	�VOLGH���
6LPXODWRU�3UHFLVLRQ����������������������������������������������������������������������������������$��SJ������
&KDQJLQJ�WKH�FORFN�¶VKRUW·�DQG�¶ORQJ·�VWHS�VL]H�����������������������������������$��SJ��������	�VOLGH�����
&UHDWLQJ�D�EXV�LQ�WKH�ZDYHIRUP�GLVSOD\�ZLQGRZ�������������������������������$��SJ�����
=RRPLQJ�LQ�DQG�RXW�RI�WKH�ZDYHIRUP�GLVSOD\�������������������������������������$��SJ�����

8VLQJ�PXOWLSOH�FORFNV�LQ�D�VLPXODWLRQ���������������������������������������������������$��SJ�����
6LPXODWLQJ�7KUHH�VWDWH�GHYLFHV��������������%��!�)XQFWLRQDO�6LPXODWLRQ��!�6LPXODWLQJ�WUL�VWDWH�VLJQDOV

6LPXODWLRQ�0RGHV��������)XQFWLRQDO����������������������������������������������������������$��SJ��������	�UHI��VOLGH���
�*OLWFK����������������������������������������������������������������$��SJ��������	�UHI��VOLGH���
�7LPLQJ��������������������������������������������������������������$��SJ��������	�UHI��VOLGH���

/RFDWLQJ�6LPXODWLQJ�GDWD�RQ�VFKHPDWLF�VKHHWV�������������������������������������$��SJ������
/RFDWLQJ�FRPSRQHQWV�RQ�VFKHPDWLF�VKHHWV��������������������������������������������$��SJ������
5XQQLQJ�D�VLPXODWLRQ�IRU�KRXUV��������������������������������������������������������������$��SJ��������	�VOLGH���
%DFNLQJ�XS�GDWD�RQ�ORQJ�VLPXODWLRQ�UXQV����������������������������������������������$��SJ������
(UURU�UHSRUWLQJ�������������������������������������������������������������������������������������������$��SJ������	�����
5HVHWWLQJ�WKH�GHVLJQ��ZKDW�DFWXDOO\�KDSSHQV"��������������������������������������$��SJ������
7UDFNLQJ�(UURUV�WKURXJK�D�GHVLJQ�QHWOLVW�����������������������������������������������$��SJ������
$QQRWDWLQJ�PHDVXUHPHQWV�RQWR�WKH�:DYHIRUP�GLVSOD\���������������������$��SJ�������������	�VOLGH���

5HIHUHQFH�GRFXPHQWV������R�����$� �0$16,0�3')
����R�����%�� ���$&7,9(�(;(�[O[JXLGH�SGI
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6LJQDO�6WUHQJWKV�WKDW�FRXOG�EH�REVHUYHG�LQ�WKH�6LPXODWRU�:DYHIRUP�:LQGRZ
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7KH�6LPXODWLRQ�:LQGRZ���6HH�DOVR�SJ������

=RRP�,Q
��1RWH�WR�PDQXDOO\�=RRP�,Q�
SODFH�FXUVRU�LQ�KHUH��
FOLFN�ZLWK�OHIW�PRXVH�DQG�GUDJ�DFURVV�
WKH�WLPH�SHULRG�WKHQ�UHOHDVH��
'XULQJ�GUDJ�RSHUDWLRQ�D�OLJKW�EOXH�
EDU�LV�GLVSOD\HG��

8VH�WKLV�EXWWRQ�WR�WRJJOH�WKH�FRPPHQW
GLVSOD\�RQ�DQG�RII��

&RPPHQWV�FDQ�EH�XVHG�WR�GRFXPHQW
LPSRUWDQW�VLWXDWLRQV�RQ�WKH�ZDYHIRUP
GLDJUDP�DQG�FDQ�EH�ERWK�GLVSOD\HG�DW�
WKH�VSHFLILHG�VFUHHQ�ORFDWLRQV�DQG�
SULQWHG�ZLWK�WKH�ZDYHIRUP�GLDJUDP�

$QQRWDWHV�SUHFLVH�PHDVXUHPHQWV
EHWZHHQ�VLJQDO�WUDQVLWLRQV�RQ�WKH
ZDYHIRUP�GLDJUDP���SJ���������

7RJJOLQJ�WKLV�EXWWRQ�DOWHUQDWHO\�FROODSVHV�DQG�H[SDQGV�EXVHV�

,W��LV�RQO\�PHDQLQJIXO�RQO\�LI�\RX�KDYH�GHILQHG�VRPH�EXVHV��HLWKHU�LQ�WKH�
ZDYHIRUP�GLVSOD\�ZLQGRZ��RU�DSSOLHG�D�SUREH�WR�D�VFKHPDWLF�EXV�
��6HH�SJ�����

7KLV�LQYRNHV�WKH�3UREHV�6HOHFWLRQ�:LQGRZ�ZKLFK�LV�XVHG�WR�VHOHFW�
VLJQDOV�DQG�,&�SLQV�LQ�WKH�:DYHIRUP�ZLQGRZ�����6HH�6OLGH�������

7KLV�LQYRNHV�WKH�VWLPXOXV�ZLQGRZ�WKDW�LV�XVHG�WR�GHILQH
DQG�DVVLJQ�VWLPXODWRUV�RU�WHVW�YHFWRUV�WR�WKH�VHOHFWHG�VLJQDOV
6HH�6OLGH��

7KLV�LQYRNHV�WKH�ORJLFDO�VWDWHV�VHOHFWLRQ�ZLQGRZ
ZKLFK�DOORZV�RQH�WR�VHOHFW�DQG�DVVLJQ�DQ\�ORJLFDO
VWDWH�WR�DQ\�VLJQDO�RU�SLQ���3J��

���ELW�VRIWZDUH�FRXQWHU�/('V�
7KHVH�UHSUHVHQW�WKH�FXUUHQW�
FRXQW�YDOXH

'LVSOD\�VFDOH
SJ����

=RRP�2XW

(QDEOH�UXOHU

'HOHWHV�DOO�ZDYHIRUPV�ZLWKRXW
UHVHWWLQJ�WKH�VLPXODWLRQ�XVLQJ
3RZHU�2Q
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6LPXODWRU�0DLQ�7RRO�%R[�:LQGRZ

7R�&KDQJH�WKH�6LPXODWLRQ�/RQJ�DQG�6KRUW�VWHS
VL]HV��6HOHFW�� 8WLOLWLHV��!�6LPXODWLRQ�6WHS �IURP�WKH
6LPXODWRUV·�0HQX�%DU��7KLV�ER[�DSSHDUV�

6HOHFW�WKH�GHVLUHG�YDOXHV�IRU�HDFK�ORQJ�DQG�VKRUW�
VWHS��WKHQ�FOLFN�RQ�¶6HW�6WHS·�

/DXQFK�WKH�6FKHPDWLF�WRRO
IURP�WKH�VLPXODWRU��

6WRS�D�ORQJ�VLPXODWLRQ���
1RWH�WKDW�WKLV�EXWWRQ�FDQ�EH�GLVDEOHG��
�VHH�SJ�����	�SJ��������DQG�QH[W�VOLGH��

5XQ�WKH�VLPXODWLRQ�IRU�D�VKRUW��VWHS
RU�ORQJ�VWHS��WKH�SHULRGV�RI�ZKLFK�
FDQ�EH�GHILQHG�OLNH�WKLV���SJ������

([HFXWHV�D�3RZHU�2Q�5HVHW
�6HH�SJ������	����

7RJJOH�WKLV�EXWWRQ�WR�VHOHFW�EHWZHHQ
6LPXODWLRQ�PRGHV�
)XQFWLRQDO����SJ������	�����
*OLWFK������������SJ������	�����
7LPLQJ����������SJ������	�����

7RJJOH�WKLV�EXWWRQ�WR�VHOHFW�WKH�LWHP�WR�VHDUFK�IRU����������������������������������������������

%UHDNSRLQW���SJ�������	��VOLGH���������3UHVHWV���������SJ������	��VOLGH�����
7$*V�����������SJ�������	��VOLGH����������0LOHVWRQHV����SJ�������	��VOLGH����
(UURUV������������SJ�������������������������������(YHQWV�������������������������������������������������������7RJJOH�WKHVH�EXWWRQV�WR��6HDUFK�
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7KH�SUHYLRXV�VOLGH�LGHQWLILHG��EXWWRQV�XVHG�WR�LQYRNH�D�VKRUW�DQG�ORQJ�VLPXODWLRQ�VWHS�

,I��WKH�LGHD�RI�ZULWLQJ�D�&RPPDQG�ILOH�WR�UXQ�IRU�KRXUV�GRHV�QRW�DSSHDO��WKH�VLPXODWRU�KDV�WKH
DELOLW\�WR�GHILQH�D�ORQJ�VLPXODWLRQ�SHULRG�LQ�WHUPV�RI�+U�0LQ�6HF�

)URP�WKH�6LPXODWRU�:DYHIRUP�9LHZHU�0HQX�EDU��VHOHFW��2SWLRQV��!�6LPXODWLRQ�6WRS���

����WKLV�ZLQGRZ�DSSHDUV�DQG�LW�RSHUDWHV�DV�IROORZV��

5XQQLQJ�D�/RQJ�6LPXODWLRQ���SJ�����

'HILQH�WKH�UHTXLUHG�VLPXODWLRQ
SHULRG�

6HOHFW�WKLV�ER[�WR�HQDEOH�VLPXODWLRQ
XQWLO�WKH�HQG�RI�VHOHFWHG�SHULRG�

7KLV�ER[�GLVDEOHV�WKH�6723�
EXWWRQ�RQ�WKH�6LPXODWLRQ�0DLQ
7RROER[�ZLQGRZ���6HH�3UHYLRXV�
VOLGH���

7KLV�PDNHV�FRIIHH��
����2.�VR�LW�GRHVQ·W��EXW�DIWHU
���VHOHFWLQJ�LW��\RX�FDQ�

,I�RQO\�WKLV�ZRUNHG�RQ�P\�PRUWJDJH���

�����7KLV�KDV�EHHQ�D�ORQJ�SUHVHQWDWLRQ��

1RWH��)RU�VLPXODWLRQV�ORQJHU�WKDQ����VHFRQGV��D�ZLQGRZ�
SRSV�XS�ZLWK�D�GLVSOD\�FRXQWLQJ�GRZQ�LQ�+U�0LQ�6HF�
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$QQRWDWLQJ�0HDVXUHPHQWV�DQG�&RPPHQWV�2QWR�WKH�:DYHIRUP�'LVSOD\

7R�DFWLYDWH��0HDVXUHPHQW�DQQRWDWLRQ��VHOHFW� �:DYHIRUP��!�0HDVXUHPHQWV��!�0HDVXUHPHQWV�RQ�

8VH�WKH�FXUVRU�WR�GURS�VWDUW�SRLQWV�DQG�HQGSRLQWV�IRU�WKH�PHDVXUHPHQW�DQQRWDWLRQ�

7R�7XUQ�0HDVXUHPHQW�GLVSOD\�RQ�DQG�RII��WRJJOH�WKH� :DYHIRUP��!�0HDVXUHPHQWV��!�0HDVXUHPHQWV�RQ �RSWLRQ�

0HDVXUHPHQWV�SJ����������

7R�DFWLYDWH�&RPPHQWV��VHOHFW� �:DYHIRUP��!�&RPPHQWV��!�$GG �����������DGG�FRPPHQWV�LQ�WKH�ER[�WKDW�DSSHDUV��WKHQ
VHOHFW�¶FORVH·���7KH�FRPPHQWV�ZLOO�EH�GURSSHG�ZKHUH�WKH�EOXH�FXUVRU�LV�SRVLWLRQHG�

7KHUH�LV�QR�RSWLRQ�WR�KLGH�FRPPHQWV��WKH\�DUH�HLWKHU�WKHUH�RU�QRW��

&RPPHQWV�SJ������


