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)25(:25'

7KLV 7HFKQLFDO 5HSRUW LV WKH ILUVW GUDIW RI WKH &(1(/(& 7&����:* UHSRUW ����� 7KH UHSRUW

LV GHULYHG IURP WKH (XURSHDQ 6SDFH $JHQF\
V �(6$©V� 9+'/ 0RGHOOLQJ *XLGHOLQHV�

UHIHUHQFH $6,&���� LVVXH �� GDWHG 6HSWHPEHU ����� 7KLV GUDIW KDV EHHQ SUHSDUHG WDNLQJ LQWR

DFFRXQW FRPPHQWV IURP &(1(/(& :*� PHPEHUV SUHVHQWHG RQ WKH GHGLFDWHG H�PDLO

UHIOHFWRU� 7KH DXWKRU ZRXOG OLNH WR WKDQN DOO FRQWULEXWRUV IRU WKHLU YDOXDEOH LQSXW�

7KH (6$ 9+'/ 0RGHOOLQJ *XLGHOLQHV KDYH EHHQ XVHG LQ (6$ GHYHORSPHQW DQG VWXG\

FRQWUDFWV WR HQVXUH KLJK�TXDOLW\ PDLQWDLQDEOH 9+'/ PRGHOV� 7KH\ KDYH EHHQ SUHSDUHG E\

3HWHU 6LQDQGHU ZLWK VXSSRUW IURP 6DQGL +DELQF� ERWK DW WKH (6$�(67(& 0LFURHOHFWURQLFV

DQG 7HFKQRORJ\ 6HFWLRQ �:60�� 32 %R[ ���� ���� $* 1RRUGZLMN� 7KH 1HWKHUODQGV� 7KH

(6$ 9+'/ 0RGHOOLQJ *XLGHOLQHV DUH EDVHG RQ WKH H[SHULHQFH JDLQHG IURP (6$ FRQWUDFWV LQ

WKLV DUHD GXULQJ VHYHUDO \HDUV� IHHGEDFN IURP WKH FRQWUDFWLQJ FRPSDQLHV ZRUNLQJ IRU (6$�

DQG YDULRXV LQIRUPDWLRQ IRXQG LQ DUWLFOHV� QRQ�9+'/ FRGLQJ JXLGHOLQHV DQG RQ WKH ,QWHUQHW�
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7DEOH RI FRQWHQWV

� ,1752'8&7,21 ������������������������������������������������������������������������������������������������� �

��� 3XUSRVH DQG VFRSH �������������������������������������������������������������������������������������������������� �

��� $SSOLFDEOH 'RFXPHQWV �������������������������������������������������������������������������������������������� �

��� 5HIHUHQFH 'RFXPHQWV��������������������������������������������������������������������������������������������� �

� 5(48,5(0(176 )25 $// .,1'6 2)02'(/6 ������������������������������������������ �

��� *HQHUDO�������������������������������������������������������������������������������������������������������������������� �

��� 1DPHV��������������������������������������������������������������������������������������������������������������������� �

��� &RPPHQWV��������������������������������������������������������������������������������������������������������������� �

��� 7\SHV �������������������������������������������������������������������������������������������������������������������� ��

��� )LOHV����������������������������������������������������������������������������������������������������������������������� ��

��� 6LJQDOV DQG SRUWV��������������������������������������������������������������������������������������������������� ��

��� $VVHUWLRQV DQG UHSRUWLQJ ��������������������������������������������������������������������������������������� ��

��� 6XESURJUDPV� SURFHVVHV� HQWLWLHV� DUFKLWHFWXUHV� FRPSRQHQW GHFODUDWLRQV������������� ��

��� &RQILJXUDWLRQV ������������������������������������������������������������������������������������������������������ ��

���� 3DFNDJHV ��������������������������������������������������������������������������������������������������������������� ��

���� 'HVLJQ OLEUDULHV������������������������������������������������������������������������������������������������������ ��

���� &RQVWUXFWV WR EH DYRLGHG �������������������������������������������������������������������������������������� ��

���� 9HULILFDWLRQ ����������������������������������������������������������������������������������������������������������� ��

���� )LOH RUJDQLVDWLRQ���������������������������������������������������������������������������������������������������� ��

� $'',7,21$/ 5(48,5(0(176��������������������������������������������������������������������� ��

��� 0RGHOV IRU &RPSRQHQW VLPXODWLRQ������������������������������������������������������������������������ ��

����� 1DPHV������������������������������������������������������������������������������������������������������������������� ��

����� 7\SHV �������������������������������������������������������������������������������������������������������������������� ��

����� 0RGHO LQWHUIDFH����������������������������������������������������������������������������������������������������� ��

��� 0RGHOV IRU %RDUG�OHYHO VLPXODWLRQ������������������������������������������������������������������������ ��

����� 1DPHV������������������������������������������������������������������������������������������������������������������� ��

����� 0RGHO LQWHUIDFH����������������������������������������������������������������������������������������������������� ��

����� +DQGOLQJ RI XQNQRZQ YDOXHV��������������������������������������������������������������������������������� ��

����� 7LPLQJ������������������������������������������������������������������������������������������������������������������� ��

����� 5HSRUWLQJ�������������������������������������������������������������������������������������������������������������� ��

����� 9HULILFDWLRQ ����������������������������������������������������������������������������������������������������������� ��

��� 0RGHOV IRU 6\VWHP�OHYHO VLPXODWLRQ ���������������������������������������������������������������������� ��

����� 0RGHO LQWHUIDFH����������������������������������������������������������������������������������������������������� ��

����� 9HULILFDWLRQ ����������������������������������������������������������������������������������������������������������� ��

��� 7HVWEHQFKHV ���������������������������������������������������������������������������������������������������������� ��

����� $XWRPDWHG YHULILFDWLRQ������������������������������������������������������������������������������������������ ��

$33(1',; $� $%%5(9,$7,216 ���������������������������������������������������������������������������������� ��

$33(1',; %� &203$7,%,/,7< %(7:((1 9+'/��� $1' 9+'/���������������������� ��

$33(1',; &� &$/&8/$7,21 2) 9+'/ /,1( &29(5$*( ����������������������������������� ��

$33(1',; '� 9+'/ &2'( (;$03/(6 ��������������������������������������������������������������������� ��

$33(1',; (� 6(/(&7,21 2) 6,08/$7,21 &21',7,21�������������������������������������� ��
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� ,1752'8&7,21

��� 3XUSRVH DQG VFRSH

7KLV GRFXPHQW GHILQHV UHTXLUHPHQWV RQ 9+'/ PRGHOV DQG WHVWEHQFKHV� ,W FRQFHUQV

VLPXODWLRQ DQG GRFXPHQWDWLRQ DVSHFWV RI 9+'/ PRGHOV� VSHFLILF DVSHFWV IRU ORJLF V\QWKHVLV

IURP 9+'/ KDYH QRW EHHQ LQFOXGHG� 1HYHUWKHOHVV� WKH UHTXLUHPHQWV RI WKLV GRFXPHQW DUH

FRPSDWLEOH ZLWK WKH XVH RI ORJLF V\QWKHVLV� 7KH GRFXPHQW LV IRFXVHG RQ GLJLWDO PRGHOV�

VSHFLILF UHTXLUHPHQWV IRU DQDORJ PRGHOOLQJ KDYH QRW EHHQ FRYHUHG� 7KH UHTXLUHPHQWV DUH QRW

DSSOLFDEOH IRU WKH FDVH ZKHQ D GHVLJQ GDWDEDVH LV WUDQVIHUUHG LQ 9+'/ IRUPDW DV D QHWOLVW� 7KH

UHTXLUHPHQWV DUH WDUJHWHG WR WKH ILQDOLVHG PRGHOV UDWKHU WKDQ WKH PRGHOV GXULQJ WKH

GHYHORSPHQW�

7KH SXUSRVH RI WKHVH UHTXLUHPHQWV LV WR HQVXUH D KLJK TXDOLW\ RI WKH GHYHORSHG 9+'/

PRGHOV� VR WKH\ FDQ EH HIILFLHQWO\ XVHG DQG PDLQWDLQHG ZLWK D ORZ HIIRUW WKURXJKRXW WKH IXOO

OLIH�F\FOH RI WKH PRGHOOHG KDUGZDUH�

7KH UHTXLUHPHQWV DUH EDVHG RQ WKH 9+'/��� VWDQGDUG� WR PLQLPLVH IXWXUH PDLQWHQDQFH

HIIRUWV IRU XSGDWLQJ PRGHOV� +RZHYHU� LW LV UHFRPPHQGHG WR NHHS WKH PRGHOV EDFNZDUG

FRPSDWLEOH ZLWK 9+'/��� DV IDU DV SRVVLEOH� VLQFH VRPH WRROV KDYH QRW EHHQ XSGDWHG�

7KH UHTXLUHPHQWV KDYH EHHQ VWUXFWXUHG LQ D JHQHUDO SDUW DSSOLFDEOH WR DOO 9+'/ PRGHOV� DQG

DGGLWLRQDO UHTXLUHPHQWV DSSOLFDEOH WR GLIIHUHQW NLQGV RI PRGHOV� &RPSRQHQW 6LPXODWLRQ�

%RDUG�OHYHO VLPXODWLRQ DQG 6\VWHP�OHYHO VLPXODWLRQ� ,Q DGGLWLRQ� 9+'/ FRGH H[DPSOHV KDYH

EHHQ LQFOXGHG WR SURYLGH VRPH JXLGDQFH WR WKH 9+'/ GHYHORSHU�

��� $SSOLFDEOH 'RFXPHQWV

$'� ,((( 6WDQGDUG 9+'/ /DQJXDJH 5HIHUHQFH 0DQXDO� ,((( 6WG ���������� � -XQH

����

$'� ,((( 6WDQGDUG 0XOWLYDOXH /RJLF 6\VWHP IRU 9+'/ 0RGHO ,QWHURSHUDELOLW\

�VWGBORJLFB������ ,((( 6WG ���������� �� 0D\ ����

��� 5HIHUHQFH 'RFXPHQWV

5'� ,((( 6WDQGDUG 9+'/ /DQJXDJH 5HIHUHQFH 0DQXDO� ,((( 6WG ���������� ��

0DUFK ����

5'� ,((( 6WDQGDUGV ,QWHUSUHWDWLRQV� ,((( 6WDQGDUG 9+'/ /DQJXDJH 5HIHUHQFH

0DQXDO� ,((( 6WG �����,17������ RU ODWHVW YHUVLRQ

5'� 6WDQGDUG 9,7$/ $6,& 0RGHOLQJ 6SHFLILFDWLRQ� ,((( 6WG �����������

5'� 6WDQGDUG 9+'/0DWKHPDWLFDO 3DFNDJHV� ,((( 6WG 3������

5'� 6WDQGDUG 9+'/ 6\QWKHVLV 3DFNDJHV� ,((( 6WG 3������
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��� *HQHUDO

7KH PRGHOV VKDOO EH ZULWWHQ LQ 9+'/��� DV GHILQHG LQ $'�� $OO FRGH VKDOO EH ZULWWHQ ZLWK

WKH LQWHQW WR EH VLPXODWRU LQGHSHQGHQW �DV IDU DV SRVVLEOH� XVLQJ DOO DYDLODEOH LQIRUPDWLRQ�� WKH

XVH RI QRQ�VWDQGDUG FRQVWUXFWV RU VXSHUVHWV LV QRW DOORZHG� 1RWH WKDW WKH FRGH LV QRW

QHFHVVDULO\ FRUUHFW MXVW EHFDXVH LW FRPSLOHV DQG H[HFXWHV RQ RQH VLPXODWRU ZLWKRXW HUURUV�

PDQ\ WRROV GR QRW GHWHFW DOO SRVVLEOH HUURUV� ,Q FDVH RI DPELJXLWLHV WKH LQWHUSUHWDWLRQV LQ 5'�

VKDOO KDYH SUHFHGHQFH�

7KH PRGHOV VKDOO EH FRGHG VR UXQ�WLPH HUURUV FDQ QHYHU RFFXU GXH WR PRGHO LWVHOI� VXFK DV

GLYLVLRQ E\ ]HUR� UDQJH HUURU HWF�

$OO PRGHOV VKDOO EH FRPSOLDQW ZLWK 9+'/��� DV GHILQHG LQ $'�� 7R DOORZ EDFNZDUG

FRPSDWLELOLW\ ZLWK 9+'/���� WKH 9+'/ FRGH VKDOO DV IDU DV SRVVLEOH DOVR EH FRPSOLDQW ZLWK

5'�� 7KH EHQHILWV RI XVLQJ WKH QHZ IHDWXUHV RI 9+'/��� VKRXOG EH DVVHVVHG EHIRUH EHLQJ

HPSOR\HG�

$OO GRFXPHQWDWLRQ� LGHQWLILHUV� FRPPHQWV� PHVVDJHV� ILOH QDPHV HWF� VKRXOG XVH RU EH EDVHG RQ

WKH (QJOLVK ODQJXDJH� ([FHSWLRQDOO\� PRGHOV RQO\ LQWHQGHG IRU ORFDO RU QDWLRQDO XVDJH IRU WKH

IRUHVHHDEOH IXWXUH� PLJKW XVH WKH ORFDO ODQJXDJH ZKHQ EHQHILFLDO�

7KH FRGH VKDOO EH FRQVLVWHQW LQ ZULWLQJ VW\OH DQG QDPLQJ FRQYHQWLRQV� 7KH 9+'/ UHVHUYHG

ZRUGV VKDOO DSSHDU LQ XQLIRUP FDVLQJ� WKH\ VKDOO HLWKHU DOO DSSHDU LQ ORZHU�FDVH� RU DOO DSSHDU LQ

XSSHU�FDVH� ,W LV UHFRPPHQGHG WR ZULWH LGHQWLILHUV XVLQJ PL[HG FDVLQJ� 7KH VDPH� FRQVLVWHQW

FDVLQJ VKDOO EH XVHG LQ DOO WKH FRGH RI D PRGHO� ZLWK WKH H[FHSWLRQ RI VWDQGDUG SDFNDJHV�

7KH FRGH VKDOO EH FRQFLVH DQG XVH WKH PRVW VWUDLJKWIRUZDUG DQG LQWXLWLYH FRQVWUXFWV� 8VLQJ

PRUH FRGH WKDQ QHFHVVDU\ OHDGV WR SRRUHU UHDGDELOLW\ DQG ORZHU VLPXODWLRQ VSHHG� :KHUHYHU

SRVVLEOH� XQXVHG SDUWV RI WKH FRGH VKDOO EH UHPRYHG� 7HPSRUDU\ DVVLJQPHQWV VKRXOG QRW EH

XVHG XQOHVV QHFHVVDU\�

7KH FRGH VKDOO HPSKDVLVH JRRG UHDGDELOLW\� ,W VKDOO FRQWDLQ PD[LPXP RQH VWDWHPHQW SHU OLQH�

DQG KDYH PD[LPXP �� FKDUDFWHUV SHU OLQH� 7KH FRGH VKDOO EH SURSHUO\ LQGHQWHG� IRU H[DPSOH

XVLQJ � VSDFH FKDUDFWHUV� WKH LQGHQWDWLRQ VKDOO EH WKH VDPH LQ DOO WKH FRGH� 7KH 7$% FKDUDFWHU

VKDOO QRW EH XVHG� EHLQJ HQYLURQPHQW GHSHQGHQW� 5HODWHG FRQVWUXFWV VKRXOG EH JURXSHG

WRJHWKHU� DQG WKHVH JURXSV VKRXOG EH VHSDUDWHG H�J� XVLQJ EODQN OLQHV RU OLQHV PDGH RI GDVKHV

ZKHUH WKLV LQFUHDVHV WKH UHDGDELOLW\� ,GHQWLILHUV� FRPPHQWV HWF� VKRXOG EH DOLJQHG YHUWLFDOO\

ZKHUH WKLV LPSURYHV WKH UHDGDELOLW\�

$XWRPDWLFDOO\ JHQHUDWHG 9+'/ PRGHOV� IRU H[DPSOH IURP VFKHPDWLFV RU IURP 6WDWH 0DFKLQH

GLDJUDPV RIWHQ KDYH SRRU UHDGDELOLW\� %HIRUH GHFLGLQJ WR XVH DXWRPDWLFDOO\ JHQHUDWHG FRGH LQ

D SDUWLFXODU FDVH� WKH LQWHURSHUDELOLW\ DQG PDLQWHQDQFH DVSHFWV QHHG EH DVVHVVHG� DV WKH PDVWHU

GHVLJQ GHVFULSWLRQ ZLOO WKHQ EH LQ WKH LQWHUQDO IRUPDW RI WKH WRRO XVHG� UHTXLULQJ DOO LQWHUDFWLQJ

XVHUV WR KDYH WKH VDPH WRRO� )XUWKHUPRUH� WKH ORQJ WHUP DYDLODELOLW\ RI WRROV EHLQJ DEOH WR UHDG

WKLV SDUWLFXODU IRUPDW VKRXOG EH HYDOXDWHG�
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��� 1DPHV

0HDQLQJIXO QRQ�FU\SWLF LGHQWLILHU QDPHV VKDOO EH XVHG� EDVHG RQ WKH (QJOLVK ODQJXDJH�

([FHSWLRQDOO\� PRGHOV RQO\ LQWHQGHG IRU ORFDO RU QDWLRQDO XVDJH IRU WKH IRUHVHHDEOH IXWXUH�

PLJKW XVH WKH ORFDO ODQJXDJH ZKHQ EHQHILFLDO� 7KH VDPH LGHQWLILHU QDPH DV IRU WKH DFWXDO

KDUGZDUH DQG DV LQ WKH GDWD VKHHW RU VLPLODU GRFXPHQWDWLRQ VKDOO EH XVHG� )RU VLJQDOV DQG

YDULDEOHV WKDW DUH DFWLYH ORZ� WKLV VKDOO EH FOHDUO\ LQGLFDWHG E\ WKHLU QDPH� IRU H[DPSOH E\

VXIIL[LQJ B1 DV LQ 5HVHWB1� ,Q FDVH D QDPH ZRXOG QRW EH OHJDO 9+'/� LW VKRXOG EH FORVH WR

WKH RULJLQDO QDPH DQG D FRPPHQW VKRXOG EH LQFOXGHG IRU FODULILFDWLRQ� 7KH 9+'/���

H[WHQGHG LGHQWLILHUV �DQ\ VWULQJ HQFORVHG E\ WZR ? FKDUDFWHUV� VKRXOG EH XVHG ZLWK SUHFDXWLRQ

�VHH DOVR VHFWLRQ ��� RQ WKH XVDJH RI WKH QHZ IHDWXUHV RI 9+'/�����

$ QDPH VKRXOG LQGLFDWH WKH SXUSRVH RI WKH REMHFW DQG QRW LWV W\SH� ([DPSOH� DQ HLJKW�ELW

ORDGDEOH FRXQWHU XVHG IRU DGGUHVVLQJ VKRXOG EH FDOOHG $GGUHVV&RXQWHU �LWV SXUSRVH� UDWKHU

WKDQ &RXQW/RDG� �LWV W\SH��

7KH QDPLQJ FRQYHQWLRQ �H�J� KRZ DFWLYH ORZ DQG LQWHUQDO VLJQDOV DUH LQGLFDWHG� LI UHJLVWHUV DUH

LQGLFDWHG ZLWK D VSHFLDO VXIIL[ HWF�� VKRXOG EH GRFXPHQWHG LQ WKH ILOH KHDGHU IRU HDFK ILOH�

,W LV UHFRPPHQGHG WR ZULWH LGHQWLILHUV XVLQJ PL[HG FDVLQJ� ZLWK FRQVLVWHQW FDVLQJ LQ DOO WKH

FRGH� 8QGHUVFRUH FKDUDFWHUV PD\ EH XVHG� WKRXJK H[FHVVLYH XVDJH ¤ VXFK DV PXOWLSOH

RFFXUUHQFHV LQ RQH LGHQWLILHU ¤ VKRXOG EH DYRLGHG� ,W LV UHFRPPHQGHG WR XVH OHVV WKDQ ��

FKDUDFWHUV LQ WKH QRUPDO FDVH� WKRXJK WKH QXPEHU RI FKDUDFWHUV XVHG IRU DQ LGHQWLILHU VKDOO

QHYHU H[FHHG ��� GXH WR DQ 1)6 OLPLWDWLRQ IRU ILOH QDPHV�

7KH 9+'/ QDPH RI WKH SUHGHILQHG LGHQWLILHUV� LQFOXGLQJ WKH LGHQWLILHUV LQ WKH 6WG DQG ,(((

GHVLJQ OLEUDULHV� VKDOO QHYHU EH XVHG IRU RWKHU LGHQWLILHUV� 1RWH IRU H[DPSOH WKH IRUP�IHHG

FKDUDFWHU )) DQG WKH 7LPH XQLW0LQ�

$ FRQVWDQW YDOXH VKRXOG JHQHUDOO\ EH VSHFLILHG XVLQJ D FRQVWDQW UDWKHU WKDQ XVLQJ D VSHFLILHG

YDOXH� ,Q SDUWLFXODU� ZKHQ WKH VDPH FRQVWDQW YDOXH RU D YDOXH GHULYHG IURP D FRQVWDQW DSSHDU

PRUH WKDQ RQFH LQ D PRGHO� FRQVWDQWV VKDOO EH XVHG�

:KHUH FRQVWDQW YDOXHV GHSHQG RQ WKH FKDUDFWHULVWLFV RI D VSHFLILF W\SH� VXFK DV WKH OHQJWK RI

DQ DUUD\� WKH SUHGHILQHG DWWULEXWHV� VXFK DV 
/HQJWK� VKDOO EH XVHG LQVWHDG RI D VSHFLILHG YDOXH�

7KLV PDNHV WKH FRGH OHVV GHSHQGHQW RQ WKH FKDUDFWHULVWLFV RI WKH SDUWLFXODU W\SH XVHG�

��� &RPPHQWV

7KH SXUSRVH RI FRPPHQWV LV WR DOORZ WKH IXQFWLRQ RI D PRGHO� SDFNDJH RU WHVWEHQFK WR EH

XQGHUVWRRG E\ D GHVLJQHU QRW LQYROYHG LQ WKH GHYHORSPHQW RI WKH 9+'/ FRGH�

$OO PRGHOV VKDOO EH IXOO\ GRFXPHQWHG ZLWK H[SODQDWRU\ FRPPHQWV LQ (QJOLVK� ([FHSWLRQDOO\�

PRGHOV RQO\ LQWHQGHG IRU ORFDO RU QDWLRQDO XVDJH IRU WKH IRUHVHHDEOH IXWXUH� PLJKW XVH WKH ORFDO

ODQJXDJH ZKHQ EHQHILFLDO� 7KH FRPPHQWV VKDOO EH SODFHG FORVH WR WKH SDUW RI WKH FRGH WKH\

GHVFULEH� D GHVFULSWLRQ RQO\ LQ WKH ILOH KHDGHU ZLWKRXW FRPPHQWV LQ WKH H[HFXWDEOH SDUW LV QRW

DFFHSWDEOH� $OO FRPPHQWV VKDOO EH LQGHQWHG DQG DOLJQHG IRU JRRG UHDGDELOLW\� 7KH FRPPHQWV

VKDOO EH GHVFULSWLYH DQG QRW MXVW GLUHFW WUDQVODWLRQV RU UHSHWLWLRQV RI WKH 9+'/ FRGH�
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(DFK ILOH VKDOO LQFOXGH D KHDGHU� DV D PLQLPXP FRQWDLQLQJ WKH IROORZLQJ LQIRUPDWLRQ�

� 1DPH RI WKH GHVLJQ XQLW�V� LQ WKH ILOH�

� )LOH QDPH�

� 3XUSRVH RI WKH FRGH� GHVFULSWLRQ RI KDUGZDUH RU IXQFWLRQDOLW\ PRGHOOHG�

� /LPLWDWLRQV WR WKH PRGHO DQG NQRZQ HUURUV� LI DQ\� LQFOXGLQJ DQ\ DVVXPSWLRQV PDGH�

� 'HVLJQ OLEUDU\ ZKHUH WKH FRGH LV LQWHQGHG WR EH FRPSLOHG LQ�

� /LVW RI DOO DQDO\VLV GHSHQGHQFLHV� LI DQ\�

� 1DPLQJ FRQYHQWLRQ�

� $XWKRU�V� LQFOXGLQJ IXOO DGGUHVV�

� 6LPXODWRU�V�� VLPXODWRU YHUVLRQ�V� DQG SODWIRUP�V� XVHG�

� &KDQJH OLVW� FRQWDLQLQJ YHUVLRQ QXPEHUV� DXWKRU�V�� WKH GDWHV DQG D GHVFULSWLRQ RI DOO

FKDQJHV SHUIRUPHG�

(DFK VXESURJUDP GHFODUDWLRQ� VXESURJUDP� SURFHVV� EORFN HWF� VKDOO EH LPPHGLDWHO\ SUHFHGHG

E\ D GHVFULSWLRQ RI LWV IXQFWLRQ� LQFOXGLQJ DQ\ OLPLWDWLRQV DQG DVVXPSWLRQV� )RU VXESURJUDPV�

WKH SDUDPHWHUV DQG WKH UHVXOW VKDOO DOVR EH GHVFULEHG�

)RU SRUW DQG JHQHULF FODXVHV LQ HQWLW\ DQG FRPSRQHQW GHFODUDWLRQV� WKHUH VKDOO EH RQH VLJQDO

GHFODUDWLRQ SHU OLQH� GLUHFWO\ IROORZHG E\ D FRPPHQW GHVFULELQJ WKH VLJQDO� 'HVFULELQJ WKH

VLJQDOV LQ D JURXS RI FRPPHQWV VHSDUDWH IURP WKH GHFODUDWLRQV WKHPVHOYHV DUH QRW

UHFRPPHQGHG� EHLQJ OLNHO\ WR EHFRPH LQFRQVLVWHQW LQ FDVH RI PRGLILFDWLRQ�

:KHUH IXQFWLRQDOLW\ LV UHSUHVHQWHG E\ GDWD� DV IRU H[DPSOH PLFURFRGH RU D 3/$ IXVH�PDS

SURJUDP� WKH IXQFWLRQDOLW\ VKDOO EH IXOO\ GHVFULEHG� 7KLV DSSOLHV UHJDUGOHVV RI WKH GDWD

UHSUHVHQWDWLRQ �H�J� KDUG�FRGHG FRQVWDQWV RU GDWD UHDG IURP DQ $6&,, ILOH��

��� 7\SHV

7KH OHIWPRVW ELW RI DQ DUUD\ VKDOO EH WKH PRVW VLJQLILFDQW� UHJDUGOHVV RI WKH ELW RUGHULQJ�

([DPSOH� ,Q %LWB9HFWRU�� WR ���� ELW � LV WKH 0RVW 6LJQLILFDQW %LW �06%�� ZKHUHDV LQ

%LWB9HFWRU��� GRZQWR ��� ELW � LV WKH /HDVW 6LJQLILFDQW %LW �/6%��

,W LV UHFRPPHQGHG WR ZULWH WKH FRGH VR LW LV SRVVLEOH WR FKDQJH WKH W\SH RI D VLJQDO RU YDULDEOH

ZLWKRXW FKDQJLQJ WKH VLPXODWLRQ EHKDYLRXU� 7KLV LPSOLHV�

� $YRLG UHO\LQJ RQ GHIDXOW LQLWLDOLVDWLRQ RI D YDULDEOH RU D VLJQDO XQOHVV D UHVHW SROLF\ HQVXUHV

WKDW WKH PRGHO LV H[SOLFLWO\ LQLWLDOLVHG �W\SLFDO IRU V\QWKHVL]DEOH FRQVWUXFWV��

� $YRLG UHO\LQJ RQ WKH QXPEHU RI W\SH YDOXHV LQ D W\SH GHFODUDWLRQ�

� $YRLG GHSHQGHQFLHV RQ WKH RUGHU LQ WKH W\SH GHFODUDWLRQ�

5HDO OLWHUDOV VKDOO RQO\ EH ZULWWHQ LQ GHFLPDO IRUPDW� %DVHG OLWHUDOV VKDOO RQO\ EH VSHFLILHG LQ

EDVH �� �� �� RU ��� DQG VKRXOG QRW KDYH DQ H[SRQHQW� 7KH XVH RI XQGHUVFRUH FKDUDFWHUV LQ

OLWHUDOV VKRXOG EH UHVWULFWHG WR ELQDU\� RFWDO DQG KH[DGHFLPDO OLWHUDOV� +H[DGHFLPDO OLWHUDOV VKDOO

EH ZULWWHQ XVLQJ XSSHUFDVH FKDUDFWHUV� IRU H[DPSOH ����$%&��
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��� )LOHV

)RU SRUWDELOLW\ UHDVRQV WKH RQO\ DOORZHG ILOH W\SH LV 6WG�7H[W,2�7H[W� +RZHYHU� LW VKRXOG EH

QRWHG WKDW WKHUH DUH VWLOO FHUWDLQ YDULDQFHV� VXFK DV �VHH IXUWKHU $'� VHFWLRQ ������

� /LQH GHOLPLWHUV PLJKW QRW EH UHDGDEOH� DQG WKHUHIRUH FKDUDFWHUV ZLWK D ORZHU UDQN WKDQ WKH

VSDFH FKDUDFWHU VKRXOG EH DYRLGHG�

� 8QGHUOLQH FKDUDFWHU�V� DQG�RU DQ H[SRQHQW PD\ EH DEVHQW RU SUHVHQW ZKHQ ZULWLQJ YDOXHV

RI WKH ,QWHJHU� 5HDO DQG 7LPH W\SHV�

� 7KH FDVLQJ RI WKH LGHQWLILHU ZKHQ ZULWLQJ YDOXHV RI WKH %RROHDQ W\SH PD\ YDU\�

&RQVHTXHQWO\� LQ FDVH YDOXHV RI WKH %RROHDQ� ,QWHJHU� 5HDO RU 7LPH W\SHV DUH ZULWWHQ XVLQJ

6WG�7H[W,2� WKH SRVVLEOH LPSDFW RQ SRUWDELOLW\ VKRXOG EH DQDO\VHG� 7KH VDPH DSSOLHV ZKHQ

FKDUDFWHUV ZLWK ORZHU UDQN WKDQ WKH VSDFH FKDUDFWHU LV UHDG IURP D ILOH�

7KH SUHGHILQHG ILOH 6WG�7H[W,2�,QSXW VKRXOG EH DYRLGHG� VLQFH LWV LPSOHPHQWDWLRQ RQ GLIIHUHQW

VLPXODWRUV YDULHV� ,Q SDUWLFXODU� LW VKDOO QHYHU EH XVHG LQ WHVWEHQFKHV IRU DXWRPDWHG

YHULILFDWLRQ� VLQFH WKLV FRXOG SUHFOXGH WKH YHULILFDWLRQ WR EH SHUIRUPHG XVLQJ D VFULSW� $OVR

QRWH WKDW DVVHUWLRQV PD\ EH RXWSXW WR WKH 6WG�7H[W,2�2XWSXW ILOH E\ VRPH VLPXODWRUV� ZKHUHDV

RWKHUV PLJKW RXWSXW WKHP WR D VHSDUDWH ILOH�

:KHQ GDWD LV WR EH UHDG IURP D WH[W ILOH� H�J� IRU LQLWLDOLVLQJ D PHPRU\� WKH IRUPDW RI WKH ILOH

VKDOO EH IXOO\ DQG FOHDUO\ VSHFLILHG LQ WKH 9+'/ FRGH LPSOHPHQWLQJ WKH UHDGLQJ IXQFWLRQ� $Q

H[DPSOH VKRXOG DOVR EH LQFOXGHG�

,W LV UHFRPPHQGHG WR OLPLW WKH QXPEHU RI FKDUDFWHUV SHU OLQH LQ D ILOH WR EH UHDG WR ��

FKDUDFWHUV� ,Q DQ\ FDVH� LW VKDOO QHYHU H[FHHG ��� FKDUDFWHUV�

��� 6LJQDOV DQG SRUWV

7KH VDPH QDPH VKDOO EH XVHG IRU D VLJQDO WKURXJKRXW DOO OHYHOV RI WKH PRGHO� ZKHUHYHU

SRVVLEOH� ,Q FDVHV ZKHUH H[DFWO\ WKH VDPH QDPH FDQQRW EH XVHG� H�J� ZKHQ WZR LGHQWLFDO VXE�

FRPSRQHQWV KDYH EHHQ LQVWDQWLDWHG� QDPHV GHULYHG IURP WKH VDPH EDVH QDPH VKRXOG EH XVHG�

7KH LQGH[ RUGHULQJ �L�H� XVLQJ WR RU GRZQWR� RI WKH PRGHO WRS�OHYHO HQWLW\ SRUW FODXVH VLJQDOV

VKDOO EH LGHQWLFDO WR WKH RQH XVHG LQ WKH GDWD VKHHW RU VLPLODU GRFXPHQWDWLRQ� ,W LV

UHFRPPHQGHG WR XVH WKH VDPH LQGH[ RUGHULQJ LQ WKH ZKROH PRGHO� EXW LQ FDVH WKH LQGH[ RUGHU

LV UHYHUVHG ZLWKLQ WKH PRGHO� WKLV VKDOO EH FOHDUO\ PDUNHG HYHU\ WLPH WKH LQGH[ RUGHU LV

GLIIHUHQW Z�U�W� WKH FRUUHVSRQGLQJ VLJQDO DW WKH KLJKHVW OHYHO RI WKH KLHUDUFK\�

7KH EXIIHU PRGH VKDOO QHYHU DSSHDU LQ WKH SRUW FODXVH RI WKH PRGHO
V WRS�OHYHO HQWLW\

GHFODUDWLRQ� VLQFH SRUWV RI WKLV PRGH KDYH UHVWULFWLRQV RQ WKH PRGH RI RWKHU SRUWV DVVRFLDWHG

WR WKLV SRUW�
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7KH SRUW FODXVH VLJQDO GHFODUDWLRQV VKDOO DSSHDU LQ D ORJLFDO RUGHU� ,W LV UHFRPPHQGHG WR RUGHU

WKH VLJQDOV LQ WKH SRUW FODXVH DIWHU WKHLU PRGH� ILUVW LQSXW VLJQDOV� IROORZHG E\ EL�GLUHFWLRQDO

VLJQDOV DQG ODVW RXWSXW VLJQDOV� $OWHUQDWLYHO\� WKH VLJQDOV FRXOG EH JURXSHG WRJHWKHU DFFRUGLQJ

WR WKHLU IXQFWLRQ� DQG ZLWKLQ HDFK VXFK JURXS DFFRUGLQJ WR WKHLU PRGH� 3RUW FODXVHV VKDOO EH

FRPPHQWHG DV VSHFLILHG LQ VHFWLRQ ����

3RUW PDSV IRU FRPSRQHQW LQVWDQWLDWLRQV VKDOO XVH QDPHG DVVRFLDWLRQ� XQOHVV DOO VLJQDOV LQ WKH

FRPSRQHQW LQVWDQWLDWLRQ KDYH WKH VDPH �RU GHULYHG� QDPH DV LQ WKH FRPSRQHQW GHFODUDWLRQ�

7KH VDPH DSSOLHV WR JHQHULF PDSV ZKHUH LQFUHDVLQJ WKH UHDGDELOLW\�

'XSOLFDWLQJ D VLJQDO E\ DVVLJQPHQW WR DQRWKHU VLJQDO RQO\ WR UHQDPH WKH VLJQDO� WR DOORZ

DQRWKHU SRUW PRGH WR EH XVHG RU WR SHUIRUP D W\SH FRQYHUVLRQ VKRXOG RQO\ EH XVHG ZKHUH

QHFHVVDU\ RU ZKHUH FOHDUO\ LQFUHDVLQJ WKH UHDGDELOLW\�

��� $VVHUWLRQV DQG UHSRUWLQJ

$VVHUWLRQV VKDOO EH XVHG WR UHSRUW PRGHO HUURUV� WLPLQJ YLRODWLRQV DQG ZKHQ VLJQDOV KDYH LOOHJDO

RU XQNQRZQ YDOXHV DIIHFWLQJ WKH PRGHO EHKDYLRXU� 7KH IROORZLQJ SROLF\ IRU DVVLJQLQJ VHYHULW\

OHYHOV LV UHFRPPHQGHG�

� )DLOXUH� (UURUV LQ WKH PRGHO LWVHOI �H�J� LI D VWDWHPHQW WKDW LV EHOLHYHG WR EH LPSRVVLEOH

WR H[HFXWH DFWXDOO\ LV H[HFXWHG��

� (UURU� 7LPLQJ YLRODWLRQV DQG LQYDOLG GDWD DIIHFWLQJ WKH FRQWURO VWDWH RI WKH PRGHO�

LQFOXGLQJ LOOHJDO FRPELQDWLRQV RI PRGH VLJQDOV DQG RI FRQWURO VLJQDOV �H�J�

XQNQRZQ GDWD RQ D PRGH LQSXW RU WRR VKRUW UHVHW WLPH��

� :DUQLQJ� 7LPLQJ YLRODWLRQV DQG LQYDOLG GDWD QRW DIIHFWLQJ WKH FRQWURO VWDWH RI WKH PRGHO�

EXW ZKLFK FRXOG DIIHFW WKH VLPXODWLRQ EHKDYLRXU RI WKH PRGHO �H�J� LI GDWD WR

EH VHQW RXW IURP DQ LQWHUIDFH LV LQYDOLG��

� 1RWH� (VVHQWLDO LQIRUPDWLRQ WKDW LV QRW FODVVLILHG LQ WKH RWKHU VHYHULW\ OHYHOV� VXFK DV

UHSRUWLQJ IURP ZKLFK WH[W ILOH GDWD LV UHDG� ZKLFK WHVWEHQFK LV H[HFXWHG� LI DQ

HYHQW LV GHWHFWHG RQ DQ LQSXW VLJQDO ZKRVH IXQFWLRQ KDV QRW EHHQ LPSOHPHQWHG

�H�J� DFWLYDWLRQ RI SURGXFWLRQ WHVW� HWF�

$ PRGHO VKRXOG QRW LVVXH DVVHUWLRQV IRU LQVLJQLILFDQW HYHQWV� IRU H[DPSOH DW VWDUW� GXULQJ UHVHW

RU LI DQ HYHQW KDV QR LPSDFW RQ WKH VLPXODWLRQ EHKDYLRXU� 1HLWKHU VKRXOG XQQHFHVVDU\

PHVVDJHV EH JHQHUDWHG� H�J� DV UHSRUWLQJ LI :RUVW &DVH WLPLQJ KDV EHHQ VHOHFWHG� VLQFH PDQ\

LQVLJQLILFDQW PHVVDJHV ZLOO KLGH WKH LPSRUWDQW RQHV�

7KH DVVHUWLRQ UHSRUW VKDOO JLYH D FOHDU GHVFULSWLRQ RI WKH UHDVRQ IRU WKH DVVHUWLRQ� DQG VKDOO

LQFOXGH WKH KLHUDUFKLFDO SDWK WR WKH LQVWDQFH RU SDFNDJH� DV ZHOO DV LGHQWLI\LQJ WKH VLJQDO�V�

ZKHUH DSSOLFDEOH� ,W LV VXIILFLHQW WR UHSRUW WKH KLHUDUFKLFDO SDWK UHODWLYH WR WKH WRS�OHYHO HQWLW\

RI WKH PRGHO EHIRUH 9+'/��� KDV EHHQ IXOO\ LQWURGXFHG� WKHQ WKH SUHGHILQHG DWWULEXWH


,QVWDQFHB1DPH VKRXOG EH XVHG�

5HSRUWLQJ XVLQJ 6WG�7H[W,2�2XWSXW LQVWHDG RI DVVHUWLRQV JLYHV VKRUWHU PHVVDJHV� E\

HOLPLQDWLQJ LQIRUPDWLRQ VXFK DV DVVHUWLRQ OHYHO� WLPH HWF� ,Q FDVHV ZKHUH VXFK DGGLWLRQDO

LQIRUPDWLRQ LV QRW QHHGHG� 6WG�7H[W,2�2XWSXW FRXOG EH XVHG� H�J� IRU UHSRUWLQJ RSHUDWLQJ

PRGHV� IRU GLVDVVHPEO\ DQG IRU WHVWEHQFKHV� ,Q VXFK FDVH WKH PRGHO LQVWDQFH SDWK VKRXOG EH

LQVHUWHG DW WKH EHJLQQLQJ RI WKH PHVVDJH�
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��� 6XESURJUDPV� SURFHVVHV� HQWLWLHV� DUFKLWHFWXUHV� FRPSRQHQW GHFODUDWLRQV

$OO SURFHVVHV VKDOO EH DVVRFLDWHG ZLWK D GHVFULSWLYH ODEHO� 7KH VDPH DSSOLHV IRU RWKHU

FRQFXUUHQW VWDWHPHQWV ZKHUH WKLV ZLOO LQFUHDVH WKH UHDGDELOLW\�

$ SURFHVV ZLWK RQO\ RQH VWDWHPHQW RI WKH W\SH �ZDLW RQ 6LJQDO1DPH�� ¤ W\SLFDO IRU

V\QWKHVL]DEOH SURFHVVHV ¤ VKRXOG XVH D SURFHVV VHQVLWLYLW\ OLVW LQVWHDG RI WKH ZDLW RQ VWDWHPHQW

WR LQFUHDVHV WKH UHDGDELOLW\�

:KHUHYHU SRVVLEOH� DOO ODQJXDJH FRQVWUXFWV VXFK DV VXESURJUDPV� SDFNDJH GHFODUDWLRQV DQG

ERGLHV� HQWLWLHV� DUFKLWHFWXUHV� SURFHVVHV DQG ORRS VWDWHPHQWV VKDOO EH TXDOLILHG� L�H� WKH

LGHQWLILHU DVVRFLDWHG ZLWK WKH FRQVWUXFW VKDOO DOVR DSSHDU DW LWV HQG�

3URFHGXUHV WKDW PRGLI\ VLJQDOV RU YDULDEOHV QRW SDVVHG DV SDUDPHWHUV LQ WKH SURFHGXUH FDOO

VKRXOG EH DYRLGHG� 1HYHUWKHOHVV� LQ VRPH FDVHV VXFK DV WHVWEHQFKHV� WKLV WHFKQLTXH FRXOG

DFWXDOO\ LQFUHDVH WKH UHDGDELOLW\ RI WKH FRGH� E\ KLGLQJ LQVLJQLILFDQW GHWDLOV� ,I XVHG� LW VKDOO EH

FOHDUO\ FRPPHQWHG ZKLFK VLJQDOV DQG YDULDEOHV FDQ EH PRGLILHG E\ WKH SURFHGXUH FDOO�

7KH WRS�OHYHO HQWLW\ VKRXOG KDYH WKH VDPH QDPH DV WKH GHYLFH RU KDUGZDUH PRGHOOHG�

'HFODUDWLRQV RWKHU WKDQ DVVHUWLRQ VWDWHPHQWV� JHQHULF DQG SRUW FODXVHV VKRXOG EH DYRLGHG LQ DQ

HQWLW\ GHFODUDWLRQ� LQ RUGHU WR PDNH D FOHDU GLVWLQFWLRQ EHWZHHQ WKH PRGHO LQWHUIDFH �L�H� WKH

HQWLW\� DQG WKH PRGHO IXQFWLRQDOLW\ RU FRQQHFWLYLW\ �L�H� WKH DUFKLWHFWXUH��

7KH LGHQWLILHU� SRUW FODXVH DQG JHQHULF FODXVH RI D FRPSRQHQW GHFODUDWLRQ VKDOO EH LGHQWLFDO

�L�H� XVH WKH VDPH LGHQWLILHUV DQG WKH VDPH RUGHULQJ� WR WKH GHFODUDWLRQV LQ WKH FRUUHVSRQGLQJ

HQWLW\ GHFODUDWLRQ�

��� &RQILJXUDWLRQV

$OO GHVLJQ XQLWV EHLQJ SDUW RI D PRGHO ZKLFK VKRXOG QRW EH UHFRQILJXUHG RU VHSDUDWHG �VXFK DV

DOO GHVLJQ XQLWV EHLQJ SDUW RI D PRGHO RI D VWDQGDUG FRPSRQHQW� VKDOO EH GLUHFWO\ LQVWDQWLDWHG LQ

WKH DUFKLWHFWXUH�V� RI WKH PRGHO� ,W VKRXOG QRW EH SRVVLEOH WR UHFRQILJXUH WKHP XVLQJ D

FRQILJXUDWLRQ VSHFLILFDWLRQ�

)RU GHVLJQ XQLWV LQWHQGHG IRU UHFRQILJXUDWLRQ� WKHUH VKDOO EH QR FRQILJXUDWLRQ VSHFLILFDWLRQV

ZLWKLQ WKH GHVLJQ XQLWV WKHPVHOYHV� VLQFH LW ZRXOG WKHQ QRW EH SRVVLEOH WR UHFRQILJXUH WKH

PRGHO XVLQJ D FRQILJXUDWLRQ VSHFLILFDWLRQ�

���� 3DFNDJHV

:KHUH SRVVLEOH� SDFNDJHV DSSURYHG E\ WKH ,((( VKRXOG EH XVHG UDWKHU WKDQ UHGHYHORSLQJ

VLPLODU IXQFWLRQDOLW\� LQ RUGHU WR UHGXFH GHYHORSPHQW FRVW DV ZHOO DV WKH QXPEHU RI HUURUV LQ

WKH SDFNDJHV DQG WR DOORZ VSHHG RSWLPLVHG YHUVLRQV WR EH SURYLGHG ZLWK WKH 9+'/

VLPXODWRUV �VHH $'�� 5'�� 5'�� 5'��� ,Q FDVH D SDFNDJH LV XVHG EHIRUH ,((( DSSURYDO LW

VKDOO EH SODFHG LQ WKH VDPH GHVLJQ OLEUDU\ DV WKH PRGHO LWVHOI� DQG QRW EH LQ WKH ,((( OLEUDU\�
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3DFNDJHV VSHFLILF WR D SDUWLFXODU &$' WRRO VKRXOG RQO\ EH XVHG ZKHQ XQDYRLGDEOH� ,Q

SDUWLFXODU� DQ\ VRXUFH FRGH GLVWULEXWLRQ UHVWULFWLRQV VKRXOG EH DVVHVVHG� LI DSSOLFDEOH�

7KH QXPEHU RI SDFNDJHV XVHG E\ D PRGHO VKDOO QRW EH H[FHVVLYH� 7KHUH VKDOO EH QR HPSW\ RU

DOPRVW HPSW\ SDFNDJHV� XQOHVV ZKHUH WKLV FOHDUO\ LQFUHDVHV FRGH UHDGDELOLW\� ,W LV

UHFRPPHQGHG WR SODFH 9+'/ FRGH FRQFHUQLQJ GLIIHUHQW IXQFWLRQDOLW\ DUHDV LQ GLIIHUHQW

SDFNDJHV� H�J� DOO WLPLQJ SDUDPHWHUV LQ RQH SDFNDJH� DOO VXESURJUDPV UHODWHG WR WLPLQJ LQ

DQRWKHU HWF� +RZHYHU� WKHUH VKRXOG QRW EH D VHSDUDWH SDFNDJH IRU HDFK HQWLW\ ZKHUH FRQVWDQWV

HWF� XVHG E\ WKDW HQWLW\ DUH GHILQHG�

7KH SDFNDJH GHFODUDWLRQ VKDOO FRQWDLQ IXOO GRFXPHQWDWLRQ DERXW WKH GHFODUHG W\SHV� FRQVWDQWV�

VXESURJUDPV HWF�

7KH GHFODUDWLRQV LQ D SDFNDJH ERG\ VKDOO DSSHDU LQ WKH VDPH RUGHU DV WKH FRUUHVSRQGLQJ

GHFODUDWLRQV LQ WKH SDFNDJH GHFODUDWLRQ�

(DFK SDFNDJH FRQWDLQLQJ RQH RU PRUH VXESURJUDPV ¤ H[FHSW SDFNDJHV DSSURYHG E\ WKH ,(((

¤ VKDOO EH VHSDUDWHO\ DQG H[WHQVLYHO\ YHULILHG DV VSHFLILHG LQ VHFWLRQ ����� XVLQJ D WHVWEHQFK

DOORZLQJ DXWRPDWHG YHULILFDWLRQ DV GHVFULEHG LQ VHFWLRQ ������

���� 'HVLJQ OLEUDULHV

7KH PRGHO GHVLJQ XQLWV VKDOO EH SODFHG LQ D GHVLJQ OLEUDU\ RWKHU WKDQ :RUN� 7KLV ZLOO QRUPDOO\

EH D VHSDUDWH GHVLJQ OLEUDU\ IRU HDFK PRGHO� WKRXJK IDPLOLHV RI GHYLFHV� VXFK DV ���VHULHV ORJLF

RU D FROOHFWLRQ RI GLIIHUHQW PHPRULHV� DUH SUHIHUDEO\ JURXSHG WRJHWKHU LQ RQH GHVLJQ OLEUDU\�

7KLV GHVLJQ OLEUDU\ VKDOO EH QDPHG DIWHU WKH GHYLFH� UHVSHFWLYHO\ WKH IDPLO\� ZLWK WKH VXIIL[ /LE

DSSHQGHG� 7KH WRS�OHYHO HQWLW\ WR EH XVHG IRU VLPXODWLRQ VKDOO KDYH WKH VDPH QDPH DV WKH

GHYLFH� ([DPSOH� D GHYLFH ;<= VKRXOG EH SODFHG LQ WKH OLEUDU\ ;<=B/LE� DQG VKRXOG EH XVHG

DV ;<=B/LE�;<=� 7KH VLWXDWLRQ ZKHQ WKH VDPH QDPH LV XVHG LQ GLIIHUHQW GHYHORSPHQWV VKRXOG

EH DYRLGHG� E\ QRW XVLQJ JHQHULF QDPHV �ODUJHU ULVN IRU GXSOLFDWLRQ�� DQG ZKHUH SRVVLEOH

LQYHVWLJDWH DOUHDG\ NQRZQ QDPHV�

7KLV GHVLJQ OLEUDU\ VKDOO FRQWDLQ DOO GHVLJQ XQLWV XVHG E\ WKH PRGHO LWVHOI �LQFOXGLQJ SDFNDJHV��

H[FHSW IRU WKH SDFNDJHV LQ GHVLJQ OLEUDU\ 6WG� WKH SDFNDJHV LQ WKH ,((( GHVLJQ OLEUDU\� DQG

FRPPRQ SDFNDJHV XVHG E\ PDQ\ GLIIHUHQW PRGHOV� 0DMRU FULWHULD WR GHFLGH ZKHWKHU RU QRW D

SDFNDJH LV WR EH UHJDUGHG DV FRPPRQ DUH VWDQGDUGLVDWLRQ E\ DQ LQWHUQDWLRQDO RUJDQLVDWLRQ

VXFK DV WKH ,((( DQG LQWHUQDWLRQDO DFFHSWDQFH DV D GHIDFWR VWDQGDUG�

7KH WHVWEHQFK�HV� XVHG IRU WKH YHULILFDWLRQ RI WKH GHYLFH VKDOO EH SODFHG LQ D GHVLJQ OLEUDU\

GLIIHUHQW IURP WKH GHYLFH GHVLJQ OLEUDU\� VXFK DV ;<=B7%B/LE RU :RUN� 7KLV GHVLJQ OLEUDU\

VKRXOG FRQWDLQ DOO KLHUDUFKLFDO VXE�FRPSRQHQWV DQG SDFNDJHV XVHG� H[FHSW WKH PRGHO WR EH

WHVWHG �DOUHDG\ EHLQJ LQ D VHSDUDWH OLEUDU\� DQG VWDQGDUG DQG FRPPRQ SDFNDJHV DV GHILQHG

DERYH�
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7KH ,((( GHVLJQ OLEUDU\ VKDOO QRW FRQWDLQ DQ\ RWKHU SDFNDJHV WKDQ WKRVH DSSURYHG E\ WKH

,(((� 1HLWKHU VKDOO WKHVH SDFNDJHV EH PRGLILHG RU H[WHQGHG� 6RPH &$' FRPSDQLHV PD\

SODFH RZQ GHILQHG SDFNDJHV LQ WKH ,((( GHVLJQ OLEUDU\� ,Q FDVH VXFK D SDFNDJH LV XVHG� LW VKDOO

EH PRYHG WR WKH GHVLJQ OLEUDU\ ZKHUH LW LV XVHG�

���� &RQVWUXFWV WR EH DYRLGHG

7KH 9+'/ FRGH VKDOO EH IXOO\ GHWHUPLQLVWLF ZKHQ H[HFXWHG UHJDUGOHVV RI WKH VLPXODWRU XVHG�

7KLV PHDQV IRU H[DPSOH�

� 7KHUH VKDOO EH QR FRPPXQLFDWLRQ EHWZHHQ GLIIHUHQW SDUWV RI WKH PRGHO WKURXJK ILOHV�

� 5HVROXWLRQ IXQFWLRQV VKDOO DOZD\V EH FRPPXWDWLYH DQG DVVRFLDWLYH�

� 6KDUHG YDULDEOHV �9+'/���� VKDOO RQO\ EH XVHG ZKHQ DEVROXWHO\ QHFHVVDU\� ,W VKDOO WKHQ EH

SURYHQ E\ DQDO\VLV WKDW WKH XVDJH LV IXOO\ GHWHUPLQLVWLF� ZKLFK VKRXOG EH GRFXPHQWHG�

� &DUH VKRXOG EH WDNHQ ZKHQ XVLQJ IORDWLQJ SRLQW YDOXHV� HVSHFLDOO\ FRQYHUVLRQ WR DQG IURP

IORDWLQJ SRLQW YDOXHV� FRPSDULVRQV EHWZHHQ IORDWLQJ SRLQW YDOXHV DQG HYHQWV RQ IORDWLQJ

SRLQW YDOXHV� 6SHFLILFDOO\� XVLQJ SVHXGR�UDQGRP WHVW SDWWHUQV LV QRW SRUWDEOH LI WKH SVHXGR�

UDQGRP JHQHUDWRU LV XVLQJ WKH 5HDO W\SH�

� 7KH 6WG�7H[W,2 SRUWDELOLW\ OLPLWDWLRQV VKDOO EH DYRLGHG� VHH IXUWKHU VHFWLRQ ����

5HIHU WR DSSHQGL[ & RI $'� IRU PRUH LQIRUPDWLRQ�

&$' WRRO VSHFLILF W\SHV VKDOO QRW EH XVHG� )HDWXUHV VSHFLILF WR DQ RSHUDWLQJ V\VWHP� VXFK DV

OLQNV DQG WKH �GHY�QXOO ILOH RQ 8QL[ V\VWHPV� VKRXOG EH DYRLGHG� $EVROXWH SDWKV VKDOO QRW EH

XVHG IRU ILOHQDPHV�

2EMHFWV ZLWK DQ LPSOLFLWO\ GHFODUHG LQGH[� IRU H[DPSOH D OLQH UHWXUQHG IURP WKH

6WG�7H[W,2�5HDG SURFHGXUH IRU D VWULQJ� VKDOO QHYHU EH XVHG ZLWK DEVROXWH LQGH[LQJ� ,QVWHDG

WKH SUHGHILQHG DWWULEXWHV IRU LQGH[LQJ� VXFK DV 
/HIW� VKDOO EH XVHG� $V D FRQVHTXHQFH DEVROXWH

LQGH[LQJ VKDOO EH XVHG ZKHQ GHFODULQJ DQ REMHFW WR EH UHIHUHQFHG XVLQJ DQ DEVROXWH LQGH[�

7KH GHSHQGHQFH RQ LPSOHPHQWDWLRQ GHILQHG OLPLWDWLRQV� IRU H[DPSOH ���ELW OLPLWDWLRQV RQ WKH

,QWHJHU DQG 7LPH W\SHV� VKDOO EH PLQLPLVHG� ,Q SDUWLFXODU� D PRGHO VKRXOG QRW HQFRXQWHU

LPSOHPHQWDWLRQ GHILQHG OLPLWDWLRQV RQ 7LPH DV ORQJ DV WKH VLPXODWHG WLPH GRHV QRW H[FHHG WKH

OLPLWDWLRQ�

6XESURJUDPV DQG FRPSRQHQWV VKRXOG QRW EH UHQDPHG E\ HQFDSVXODWLQJ WKHP ZLWK

VXESURJUDPV RU FRPSRQHQWV ZLWK RWKHU QDPHV XQOHVV ZKHUH WKLV FOHDUO\ LQFUHDVHV WKH

UHDGDELOLW\�

6LJQDOV� YDULDEOHV� FRQVWDQWV� VXESURJUDPV RU FRPSRQHQWV VKDOO QRW EH KLGGHQ E\ GHFODULQJ

DQRWKHU REMHFW ZLWK WKH VDPH QDPH� 2YHUORDGLQJ LV QRW FRQVLGHUHG DV KLGLQJ� DQG LV

HQFRXUDJHG ZKHUH EHQHILFLDO�

7KH SUHGHILQHG RSHUDWRUV� VXESURJUDPV� DWWULEXWHV HWF� VKDOO QHYHU EH UHGHILQHG� 7KLV VKDOO DOVR

DSSO\ WR WKH SDFNDJHV LQ WKH ,((( GHVLJQ OLEUDU\� 1HLWKHU VKDOO VLPLODU GHFODUDWLRQV XVLQJ WKH

VDPH QDPHV EH FUHDWHG�
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6LQFH WKH PRGHO VKDOO EH SODFHG LQ DQRWKHU GHVLJQ OLEUDU\ WKDQ :RUN� WKHUH VKDOO EH QR

UHIHUHQFHV WR:RUN ZLWKLQ WKH FRGH IRU WKH PRGHO DQG LWV SDFNDJHV�

7KH FRQVWUXFWV EHORZ DUH FRQVLGHUHG DV REVROHVFHQW� %HLQJ QRW VWULFWO\ QHFHVVDU\ WR XVH IRU

PRGHOOLQJ� WKH\ VKRXOG WKHUHIRUH QRW EH XVHG�

� *XDUGHG H[SUHVVLRQV� VLJQDOV DQG DVVLJQPHQWV� LQFOXGLQJ WKH UHVHUYHG ZRUGV EXV�

GLVFRQQHFW� JXDUGHG� UHJLVWHU�

� 7KH OLQNDJHPRGH IRU LQWHUIDFH GHFODUDWLRQV�

� 7KH $OORZHG 5HSODFHPHQW &KDUDFWHUV GHILQHG LQ VHFWLRQ ����� RI $'��

� 7KH 6WG�7H[W,2�(QG/LQH IXQFWLRQ� /
/HQJWK  � FRXOG EH XVHG LQVWHDG �(QG/LQH KDV EHHQ

H[FOXGHG IURP 9+'/��� EHLQJ LOOHJDO 9+'/��

� )LOH W\SHV RWKHU WKDQ 6WG�7H[W,2�7H[W�

���� 9HULILFDWLRQ

7KH SXUSRVH RI WKH YHULILFDWLRQ VKDOO EH WR YHULI\ WKDW WKH GHYHORSHG PRGHO LV FRUUHFW� ZLWK IHZ

RU QR HUURUV EHLQJ IRXQG� ,W VKDOO QRW EH D PHDQV WR ORFDWH HUURUV LQ WKH 9+'/ FRGH LQ RUGHU

WR SDWFK WKHP�

$ PRGHO RU SDFNDJH VKDOO ILUVW EH YHULILHG E\ LWV GHYHORSHU� EHLQJ WKH SHUVRQ ZLWK WKH EHVW

NQRZOHGJH RI LWV IXQFWLRQ� 7KH ILQDO YHULILFDWLRQ VKDOO EH SHUIRUPHG E\ VRPHERG\ QRW LQYROYHG

LQ WKH FUHDWLRQ RI WKDW PRGHO RU SDFNDJH� WR DYRLG WKDW D PLVXQGHUVWDQGLQJ RI WKH IXQFWLRQDOLW\

LV PDVNHG E\ WKH VDPH PLVXQGHUVWDQGLQJ LQ WKH YHULILFDWLRQ�

,Q FDVH DQRWKHU VLPXODWLRQ PRGHO LV DYDLODEOH� WKH 9+'/ PRGHO VKRXOG DOVR EH YHULILHG YHUVXV

WKLV RWKHU PRGHO� UHJDUGOHVV ZKHWKHU RU QRW WKH RWKHU PRGHO LV D 9+'/ PRGHO�

7KH YHULILFDWLRQ VKDOO VROHO\ EH SHUIRUPHG XVLQJ 9+'/ WHVWEHQFKHV DV VSHFLILHG LQ VHFWLRQ ����

QR VLPXODWRU VSHFLILF IHDWXUHV RU FRPPDQGV VKDOO EH XVHG�

7KH YHULILFDWLRQ VKDOO HQFRPSDVV WKH IXOO IXQFWLRQDOLW\� LQFOXGLQJ DOO DVVHUWLRQV DQG HUURU

PHVVDJHV� $V D PLQLPXP UHTXLUHPHQW HYHU\ H[HFXWDEOH OLQH RI WKH PRGHO VKDOO EH H[HFXWHG�

ZKLFK VKDOO EH SURYHQ DQG GRFXPHQWHG �VHH $SSHQGL[ &�� )XUWKHUPRUH� WKH UREXVWQHVV RI WKH

PRGHO VKDOO EH YHULILHG XVLQJ ERXQGDU\ FRQGLWLRQV� HUURU FDVHV DQG XQH[SHFWHG LQSXW VWLPXOL

�L�H� VWLPXOL QRW DGKHULQJ WR SURWRFROV HWF� XVHG E\ WKH PRGHO��

6XESURJUDPV LQ SDFNDJHV IRU JHQHUDO XVDJH �PRUH WKDQ RQH PRGHO� VKDOO EH YHULILHG IRU DOO

SRVVLEOH ERXQGDU\ FRQGLWLRQV DQG VLQJXODULWLHV� 7KLV VKDOO LQFOXGH XQNQRZQ DQG QRW LQLWLDOLVHG

YDOXHV� DV ZHOO DV DVFHQGLQJ� GHVFHQGLQJ DQG LQYDOLG UDQJHV� DQG QXOO DUUD\V� (DFK VXFK

SDFNDJH �H[FHSW ,((( DSSURYHG SDFNDJHV� VKDOO EH IXOO\ YHULILHG E\ LWV FRUUHVSRQGLQJ

VHSDUDWH WHVWEHQFK� 7KH VDPH DSSOLHV IRU SDUDPHWHUL]DEOH GHVLJQ XQLWV�

7KH YHULILFDWLRQ UHVXOWV VKDOO EH SUHVHQWHG LQ D YHULILFDWLRQ FRPSOLDQFH PDWUL[ IRU HDFK 9+'/

PRGHO DQG SDFNDJH� FOHDUO\ GHVFULELQJ HDFK WHVW DQG LWV H[WHQW� ZKHQ� KRZ DQG E\ ZKRP LW

ZDV SHUIRUPHG DQG WKH UHVXOW� ,Q DGGLWLRQ� DQ\ GLVFUHSDQFLHV IURP WKH VSHFLILFDWLRQV VKDOO EH

FOHDUO\ LGHQWLILHG�
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���� )LOH RUJDQLVDWLRQ

'XULQJ WKH GHYHORSPHQW RI D PRGHO LW LV UHFRPPHQGHG WR XVH VHSDUDWH ILOHV IRU HDFK GHVLJQ

XQLW� ,Q FDVHV ZKHUH WKH HQWLW\ GHFODUDWLRQ LV PLQLPDO� VXFK DV LQ WHVWEHQFKHV� LW FDQ EH

SUDFWLFDO WR SDLU DVVRFLDWHG GHVLJQ XQLWV �HQWLW\ ZLWK FRUUHVSRQGLQJ DUFKLWHFWXUH� SDFNDJH

GHFODUDWLRQ ZLWK FRUUHVSRQGLQJ SDFNDJH ERG\�� 7KH VDPH FRXOG DSSO\ ZKHUH LW LV GHVLUHG WR

UHGXFH WKH QXPEHU RI ILOHV GXULQJ WKH GHYHORSPHQW� DQG WKHUH LV OLWWOH DQDO\VLV DQG VLPXODWLRQ

SHQDOW\ IRU NHHSLQJ GHVLJQ XQLWV LQ SDLUV�

$IWHU D PRGHO GHYHORSPHQW KDV EHHQ FRPSOHWHG LW FDQ EH EHQHILFLDO WR XVH D VLQJOH ILOH IRU DOO

GHVLJQ XQLWV LQ D GHVLJQ OLEUDU\� 7\SLFDO FDVHV DUH IRU PRGHO GLVWULEXWLRQ� ORQJ WHUP VWRUDJH�

DQG LQ FDVH RI PRGHO PDLQWHQDQFH ZLWK IHZ FKDQJHV RYHU D ORQJ WLPH SHULRG� ,Q WKLV FDVH WKHUH

ZRXOG EH RQH ILOH IRU WKH PRGHO GHVLJQ OLEUDU\� DQG RQH ILOH IRU WKH WHVWEHQFK GHVLJQ OLEUDU\�

(DFK VXFK ILOH VKRXOG FRQWDLQ DOO GHVLJQ XQLWV RI WKH UHVSHFWLYH GHVLJQ OLEUDU\� DV VSHFLILHG LQ

VHFWLRQ ����� LQ D FRUUHFW FRPSLODWLRQ RUGHU DV IROORZV�

� 7RS�OHYHO HQWLW\�

� $OO SDFNDJHV�

� 5HPDLQLQJ HQWLWLHV DQG DUFKLWHFWXUHV LQ SDLUV�

� 7KH WRS�OHYHO DUFKLWHFWXUH�

7KH KHDGHUV RI HDFK GHVLJQ XQLW VKDOO EH LQFOXGHG LQ WKH ILOH� 7KH KHDGHU RI WKH HQWLUH ILOH FRXOG

EH GHULYHG IURP WKH KHDGHU RI WKH WRS�OHYHO HQWLW\�

7R DYRLG SRWHQWLDO LQFRQVLVWHQF\ SUREOHPV RQO\ RQH ILOH RUJDQLVDWLRQ DSSURDFK VKDOO EH XVHG DW

DQ\ RQH WLPH�

(DFK 9+'/ FRGH ILOH VKDOO EH QDPHG H[DFWO\ DIWHU LWV GHVLJQ XQLW� DQG VKDOO KDYH D �YKG RU D

�YKGO VXIIL[� 7KH XQLTXHQHVV RI D ILOHQDPH VKDOO QRW GHSHQG RQ FDVH VHQVLWLYLW\� 7KH IROORZLQJ

QDPLQJ VFKHPH LV VXJJHVWHG�

� )RU HQWLWLHV� WKH HQWLW\ QDPH IROORZHG E\ �HQW� L�H� WKH HQWLW\ &ORFN*HQ VKRXOG EH SODFHG LQ

FORFNJHQ�HQW�YKG�

� )RU DUFKLWHFWXUHV� WKH HQWLW\ QDPH IROORZHG E\ WKH DUFKLWHFWXUH QDPH� L�H� WKH DUFKLWHFWXUH

57/ RI WKH DERYH HQWLW\ VKRXOG EH SODFHG LQ FORFNJHQ�UWO�YKG�

� )RU SDFNDJH GHFODUDWLRQV� WKH SDFNDJH QDPH IROORZHG E\ �SNJ� L�H� WKH SDFNDJH GHFODUDWLRQ

1XPHULFB6WG VKRXOG EH SODFHG LQ QXPHULFBVWG�SNJ�YKG�

� )RU SDFNDJH ERG\� WKH SDFNDJH QDPH IROORZHG E\ �ERG\� L�H� WKH SDFNDJH ERG\ IRU

SDFNDJH 1XPHULFB6WG VKRXOG EH SODFHG LQ QXPHULFBVWG�ERG\�YKG�

� )RU FRQILJXUDWLRQV� WKH HQWLW\ QDPH IROORZHG E\ WKH DUFKLWHFWXUH QDPH DQG �FRQI� L�H� WKH

FRQILJXUDWLRQ IRU &ORFN*HQ�57/� VKRXOG EH SODFHG LQ FORFNJHQ�UWO�FRQI�YKG�

,I WKHUH LV PRUH WKDQ RQH GHVLJQ XQLW LQ D ILOH WKH IROORZLQJ QDPLQJ LV VXJJHVWHG�

� )RU DQ HQWLW\�DUFKLWHFWXUH SDLU� WKH HQWLW\ QDPH� H�J� FORFNJHQ�YKG�

� )RU D SDFNDJH GHFODUDWLRQ ZLWK ERG\� WKH SDFNDJH QDPH� H�J� QXPHULFBVWG�YKG�

� )RU D FRPSOHWH GHVLJQ OLEUDU\� WKH OLEUDU\ QDPH� L�H� WKH GHVLJQ OLEUDU\ ;<=B/LE VKRXOG EH

SODFHG LQ [\]BOLE�YKG�

$Q\ ILOHV DVVRFLDWHG ZLWK WKH FRGH� VXFK DV LQLWLDOLVDWLRQ ILOHV UHDG E\ 6WG�7H[W,2� VKDOO EH

SODFHG LQ WKH VDPH GLUHFWRU\ DV WKH 9+'/ FRGH�
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7KHUH VKDOO EH D VFULSW ILOH IRU HDFK GHVLJQ OLEUDU\ ZKLFK ZKHQ H[HFXWHG FRPSLOHV DOO GHVLJQ

XQLWV RI D GHVLJQ OLEUDU\� )RU PRGHOV KDYLQJ WHVWEHQFKHV HPSOR\LQJ DXWRPDWHG YHULILFDWLRQ

WKHUH VKDOO DOVR EH D VFULSW ILOH SHUIRUPLQJ WKH IXOO YHULILFDWLRQ� 7KH VFULSWV VKDOO EH H[HFXWDEOH

XQGHU D VWDQGDUG 8QL[ VK RU FVK VKHOO� DQG FRXOG IRU H[DPSOH EH D PDNH ILOH�

,Q FDVH DXWRPDWHG YHULILFDWLRQ LV WR EH SHUIRUPHG E\ ZULWLQJ DQ $6&,, ILOH WR EH FRPSDUHG

ZLWK D UHIHUHQFH ILOH� VXFK UHIHUHQFH ILOHV VKDOO EH VWRUHG VHSDUDWHO\ WR DYRLG EHLQJ RYHUZULWWHQ

E\ D VLPXODWLRQ� ,W LV UHFRPPHQGHG WR VWRUH VXFK ILOHV LQ D VHSDUDWH GLUHFWRU\� IRU H[DPSOH

QDPHG UHIBILOHV�
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� $'',7,21$/ 5(48,5(0(176

��� 0RGHOV IRU &RPSRQHQW VLPXODWLRQ

7KH PDLQ SXUSRVH RI D PRGHO IRU FRPSRQHQW VLPXODWLRQ LV WR EH XVHG IRU YHULILFDWLRQ RI D

FRPSRQHQW XQGHU GHYHORSPHQW� EHIRUH SURFHHGLQJ ZLWK WKH PDQXIDFWXUH� 7KLV LPSOLHV WKDW WKH

PRGHO VKRXOG H[DFWO\ UHIOHFW WKH VWUXFWXUH DQG IXQFWLRQV RI WKH XQGHUO\LQJ KDUGZDUH� DFFXUDF\

EHLQJ PRUH LPSRUWDQW WKDQ VLPXODWLRQ VSHHG� 7KH PRGHO VKRXOG KDYH FRUUHFW WLPLQJ

FKDUDFWHULVWLFV� DW OHDVW XVLQJ HVWLPDWHG �H�J� SUH�OD\RXW� YDOXHV IRU WLPLQJ SDUDPHWHUV�

7KH PRGHO FDQ EH RQ WKH JDWH OHYHO RU RQ WKH 5HJLVWHU 7UDQVIHU OHYHO� 3KHQRPHQD VXFK DV

(0&� WUDQVPLVVLRQ OLQH HIIHFWV HWF� QHHG QRW EH PRGHOOHG�

,Q FDVH D PRGHO IRU ERDUG�OHYHO VLPXODWLRQ VKDOO EH GHYHORSHG� WKH VDPH HQWLW\ GHFODUDWLRQV

VKDOO WKHQ EH XVHG IRU ERWK PRGHOV �L�H� WKH PRGHO IRU &RPSRQHQW VLPXODWLRQ ZLOO EH

UHSUHVHQWHG E\ RQH DUFKLWHFWXUH� DQG WKH PRGHO IRU %RDUG�OHYHO VLPXODWLRQ E\ DQRWKHU

DUFKLWHFWXUH��

$Q DFFXUDWH EORFN GLDJUDP VKRZLQJ WKH UHODWLRQVKLS EHWZHHQ GLIIHUHQW 9+'/ PRGXOHV� WKHLU

LQSXW DQG RXWSXW VLJQDOV HWF� VKDOO EH FUHDWHG� ,W LV VXJJHVWHG QRW WR PL[ VWUXFWXUDO DQG

EHKDYLRXUDO GHVFULSWLRQV ZLWKLQ WKH VDPH DUFKLWHFWXUH�

����� 1DPHV

7KH PRGHO VWUXFWXUH DQG QDPLQJ FRQYHQWLRQ VKDOO EH WKH VDPH DV IRU DOO RWKHU GHVLJQ

GRFXPHQWDWLRQ� LQFOXGLQJ WKH GDWD VKHHW� ,W LV UHFRPPHQGHG WR XVH DQ DUFKLWHFWXUH QDPH

UHIOHFWLQJ WKH OHYHO RI WKH GHVFULSWLRQ� VXFK DV *DWH/HYHO RU 57/ IRU WKH DUFKLWHFWXUH

DVVRFLDWHG ZLWK WKH WRS�OHYHO HQWLW\�

����� 7\SHV

7KH 9+'/ SUHGHILQHG W\SHV VXFK DV %LW� %LWB9HFWRU� %RROHDQ DQG ,QWHJHU� WRJHWKHU ZLWK WKH

W\SHV GHILQHG LQ WKH ,(((�6WGB/RJLFB���� SDFNDJH DUH SUHIHUUHG� )RU )LQLWH 6WDWH 0DFKLQHV�

WKH VWDWHV FRXOG EH UHSUHVHQWHG E\ FRQVWDQWV RI W\SH %LWB9HFWRU RU 6WGB8/RJLFB9HFWRU� RU E\

HQXPHUDWHG W\SHV�

����� 0RGHO LQWHUIDFH

7KH SUHIHUUHG W\SHV IRU WKH PRGHO LQWHUIDFH DUH 6WGB/RJLF DQG 6WGB/RJLFB9HFWRU IURP WKH

,(((�6WGB/RJLFB���� SDFNDJH IRU GLJLWDO VLJQDOV� 7KH %LW DQG %LWB9HFWRU W\SHV PD\ DOVR EH

XVHG� EXW QR RWKHU W\SHV DUH DOORZHG� ,Q WKH FDVH RI DQDORJ VLJQDOV� WKH 5HDO W\SH LV VXJJHVWHG

XQWLO WKH DQDORJ 9+'/ VWDQGDUG KDV EHHQ HVWDEOLVKHG�
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*OREDO VLJQDOV VKDOO QRW EH XVHG� DOO VLJQDOV RI WKH FRPSRQHQW VKDOO EH VSHFLILHG LQ WKH WRS�OHYHO

HQWLW\ SRUW FODXVH� DOVR LQFOXGLQJ VLJQDOV ZKRVH IXQFWLRQV KDYH QRW EHHQ PRGHOOHG� VXFK DV

VLJQDOV DFWLYDWLQJ VSHFLILF WHVW PRGHV HWF� 3RZHU SLQV DQG XQFRQQHFWHG SLQV QHHG QRW EH

LQFOXGHG� 7KH PRGHO LQWHUIDFH VKRXOG RQO\ LQFOXGH VLJQDOV DFWXDOO\ SUHVHQW RQ WKH FRPSRQHQW�

,W LV UHFRPPHQGHG WKDW WKH WRS�OHYHO HQWLW\ GHFODUDWLRQ LV QRW SUHFHGHG E\ DQ\ RWKHU OLEUDU\

DQG XVH FODXVHV WKDQ QHFHVVDU\ IRU GHILQLQJ WKH LQWHUIDFH VLJQDOV �L�H� ,(((�6WGB/RJLFB�����

DQG WKH JHQHULFV VXFK DV IRU WLPLQJ�
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��� 0RGHOV IRU %RDUG�OHYHO VLPXODWLRQ

7KH PDLQ SXUSRVH RI D PRGHO IRU %RDUG�OHYHO VLPXODWLRQ LV WR EH XVHG IRU WKH YHULILFDWLRQ RI D

ERDUG XVLQJ WKH FRPSRQHQW� QRUPDOO\ WRJHWKHU ZLWK VHYHUDO RWKHU FRPSRQHQWV� 7KLV FDQ EH

VHHQ DV WKH VLPXODWLRQ YHUVLRQ RI EUHDGERDUGLQJ� 7KLV LPSOLHV WKDW WKH PRGHO PXVW KDYH

DFFHSWDEOH VLPXODWLRQ VSHHG� EXW RQO\ QHHG WR PRGHO WKH IXQFWLRQDOLW\ SRVVLEO\ DIIHFWLQJ WKH

ERDUG DQG WKH RWKHU PRGHOV� 7KH PRGHO VKRXOG EH RQ WKH 5HJLVWHU 7UDQVIHU OHYHO RU KLJKHU� D

JDWH OHYHO GHVFULSWLRQ LV QRW DFFHSWDEOH IRU SHUIRUPDQFH UHDVRQV� 7KH PRGHO QHHG QHFHVVDULO\

QRW UHIOHFW WKH DFWXDO LQWHUQDO VWUXFWXUH RI WKH FRPSRQHQW�

7KH PRGHO EHKDYLRXU VKDOO LQFOXGH WKH IXOO IXQFWLRQDOLW\� WKRXJK VSHFLILF WHVW PRGHV RQO\ XVHG

GXULQJ PDQXIDFWXULQJ WHVW QHHG QRW EH LPSOHPHQWHG �DFWLYDWLRQ VKRXOG WKHQ EH UHSRUWHG DV

VSHFLILHG LQ VHFWLRQ ����� 7KH LQWHUIDFH VLJQDOV VKDOO KDYH WKH FRUUHFW GLJLWDO ZDYHIRUP

EHKDYLRXU DV FDQ EH REVHUYHG DW WKH LQWHUIDFHV RI WKH FRPSRQHQWV� 7LPLQJ VKDOO EH PRGHOOHG

IRU WKH LQWHUIDFH� LQFOXGLQJ FKHFNLQJ YLRODWLRQV RQ LQSXWV DQG DVVLJQLQJ RXWSXW GHOD\V�

7KH PRGHO VKDOO EH FRGHG IRU HIILFLHQW VLPXODWLRQ Z�U�W� VLPXODWLRQ WLPH� 7KLV LPSOLHV WKDW WKH

QXPEHU RI SURFHVVHV� VLJQDOV DQG VLJQDO DVVLJQPHQWV VKDOO EH PLQLPLVHG� GXH WR WKHLU QHJDWLYH

LPSDFW RQ WKH VLPXODWLRQ VSHHG� 7KHUH VKRXOG QRW EH PRUH GHVLJQ HQWLWLHV WKDQ WKHUH DUH

EORFNV LQ WKH DUFKLWHFWXUDO EORFN GLDJUDP� :KHUH SRVVLEOH YDULDEOHV VKRXOG EH XVHG LQVWHDG RI

VLJQDOV� 5HVROYHG VLJQDOV VKRXOG EH DYRLGHG ZKHUH QRW IXQFWLRQDO� %\ XVLQJ W\SHV RQ KLJKHU

DEVWUDFWLRQ OHYHOV ¤ H�J� ,QWHJHU LQVWHDG RI %LWB9HFWRU ¤ PRGHOV ZLWK KLJKHU VLPXODWLRQ VSHHG

ZLOO EH REWDLQHG LQ PRVW FDVHV� ,W VKRXOG EH DYRLGHG WR H[HFXWH VWDWHPHQWV ZKHQ QRW

QHFHVVDU\�

7KH PHPRU\ XVDJH VKDOO EH RSWLPLVHG ZKHQ QHFHVVDU\� H�J� ZKHQ PRGHOOLQJ PHPRU\ GHYLFHV�

VLQFH RWKHUZLVH VLPXODWLRQ FRXOG EH LPSRVVLEOH GXH WR WKH PHPRU\ UHTXLUHPHQWV RI WKH

VLPXODWRU� 2QH WHFKQLTXH FRXOG EH WR GLYLGH WKH PHPRU\ DUHD LQWR D QXPEHU RI EORFNV� ZKLFK

ZRXOG EH DOORFDWHG RQO\ ZKHQ XVHG�

,W LV VXJJHVWHG WR PRGHO WKH WLPLQJ DQG KDQGOLQJ RI XQNQRZQV LQ WKH WRS�OHYHO DUFKLWHFWXUH� WR

VHSDUDWH WKLV IURP WKH DFWXDO IXQFWLRQDOLW\ RI WKH PRGHO�

7KH PRGHO VKRXOG DYRLG UHDGLQJ ILOHV� VLQFH WKLV FRPSOLFDWHV PRGHO GLVWULEXWLRQ DQG XVDJH�

$ EORFN GLDJUDP VKRZLQJ WKH UHODWLRQVKLS EHWZHHQ GLIIHUHQW 9+'/ PRGXOHV� WKHLU LQSXW DQG

RXWSXW VLJQDOV HWF� VKRXOG EH FUHDWHG� $ 8VHU
V 0DQXDO VKDOO EH ZULWWHQ� DOORZLQJ D %RDUG�

OHYHO GHVLJQHU QRW LQYROYHG LQ WKH PRGHO GHYHORSPHQW WR HIILFLHQWO\ XVH WKH PRGHO�V� WR

SHUIRUP %RDUG�OHYHO VLPXODWLRQ ZLWKRXW QHHGLQJ WKH 9+'/ VRXUFH FRGH�

����� 1DPHV

7KH PRGHO QDPLQJ FRQYHQWLRQ VKDOO EH WKH VDPH DV IRU DOO RWKHU GHVLJQ GHVFULSWLRQV� LQ

SDUWLFXODU WKH GDWD VKHHW� 7KH DUFKLWHFWXUH DVVRFLDWHG ZLWK WKH WRS�OHYHO HQWLW\ VKRXOG EH FDOOHG

%RDUG/HYHO�
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����� 0RGHO LQWHUIDFH

7KH W\SHV XVHG IRU WKH PRGHO LQWHUIDFH VKDOO EH 6WGB/RJLF DQG 6WGB/RJLFB9HFWRU IURP WKH

,(((�6WGB/RJLFB���� SDFNDJH� QR RWKHU W\SHV DUH DOORZHG IRU GLJLWDO VLJQDOV� ,Q WKH FDVH RI

DQDORJ VLJQDOV� WKH 5HDO W\SH LV VXJJHVWHG XQWLO WKH DQDORJ 9+'/ VWDQGDUG KDV EHHQ

HVWDEOLVKHG�

3XOO�XS DQG SXOO�GRZQ RQ LQSXWV DQG RXWSXWV VKDOO EH FRUUHFWO\ PRGHOOHG� WKH

,(((�6WGB/RJLFB���� YDOXHV 
/
 DQG 
+
 RQ DQ LQSXW VKDOO UHVXOW LQ WKH VDPH VLPXODWLRQ

UHVSRQVH DV WKH YDOXHV 
�
 DQG 
�
� UHVSHFWLYHO\� 7KH ,(((�6WGB/RJLFB���� YDOXHV 
/
� 
+
 DQG


:
 VKDOO RQO\ DSSHDU RQ RXWSXWV KDYLQJ ZHDN GULYHUV IRU WKRVH VWDWHV�

*OREDO VLJQDOV VKDOO QRW EH XVHG� DOO VLJQDOV RI WKH FRPSRQHQW VKDOO EH VSHFLILHG LQ WKH WRS�OHYHO

HQWLW\ SRUW FODXVH� DOVR LQFOXGLQJ VLJQDOV ZKRVH IXQFWLRQV KDYH QRW EHHQ PRGHOOHG� VXFK DV

VLJQDOV DFWLYDWLQJ VSHFLILF WHVW PRGHV HWF� 3RZHU SLQV DQG XQFRQQHFWHG SLQV QHHG QRW EH

LQFOXGHG� 7KH PRGHO LQWHUIDFH VKDOO RQO\ LQFOXGH VLJQDOV DFWXDOO\ SUHVHQW RQ WKH FRPSRQHQW�

7KH WRS�OHYHO HQWLW\ GHFODUDWLRQ VKRXOG QRW EH SUHFHGHG E\ DQ\ RWKHU OLEUDU\ DQG XVH FODXVHV

WKDQ QHFHVVDU\ IRU GHILQLQJ WKH LQWHUIDFH VLJQDOV DQG JHQHULFV� ,W LV UHFRPPHQGHG WR QRW

HPSOR\ XVHU�GHILQHG VXEW\SHV LQ WKH SRUW FODXVH� VLQFH WKLV ZLOO UHTXLUH WKDW WKH ERDUG GHVLJQHU

PXVW UHIHUHQFH WKH ORFDO SDFNDJH RI WKH PRGHO ZKHUH WKH VXEW\SH LV GHFODUHG� :LWK PDQ\

GLIIHUHQW FRPSRQHQWV LQ D ERDUG GHVLJQ WKLV ZRXOG EHFRPH FXPEHUVRPH�

����� +DQGOLQJ RI XQNQRZQ YDOXHV

$V D EDVHOLQH� IRU FRPELQDWLRQDO IXQFWLRQDOLW\ �L�H� ZLWK QR PHPRU\� XQNQRZQ YDOXHV VKDOO EH

SURSDJDWHG ZLWKRXW DQ HUURU PHVVDJH EHLQJ JHQHUDWHG�

)RU IXQFWLRQDOLW\ ZLWK PHPRU\� KDQGOLQJ RI XQNQRZQ YDOXHV �;�KDQGOLQJ� PD\ EH OLPLWHG WR

UHSRUWLQJ XVLQJ DVVHUWLRQV� ,I SURSDJDWLRQ RI XQNQRZQ YDOXHV LV LPSOHPHQWHG� LW VKRXOG RQO\

DSSO\ WR GDWD QRW DIIHFWLQJ WKH FRQWUROOLQJ VWDWH RI WKH PRGHO� ,Q ERWK FDVHV DVVHUWLRQV VKDOO EH

LVVXHG IRU XQNQRZQ YDOXHV WKDW ZRXOG DIIHFW WKH VLPXODWLRQ EHKDYLRXU� LQVLJQLILFDQW

RFFXUUHQFHV VKRXOG QRW EH UHSRUWHG�

7KH KDQGOLQJ RI XQNQRZQ YDOXHV VKRXOG EH GRFXPHQWHG LQ WKH KHDGHU RI WKH WRS�OHYHO HQWLW\

DQG LQ WKH 8VHU
V 0DQXDO�

7KH ,(((�6WGB/RJLFB���� YDOXHV 
8
� 
=
� 
:
 DQG 
�
 RQ DQ LQSXW VKDOO UHVXOW LQ WKH VDPH

VLPXODWLRQ UHVSRQVH DV WKH YDOXH 
;
� WKRXJK SURSDJDWLRQ RI WKH XQLQLWLDOLVHG YDOXH 
8
 VKRXOG

EH FRQVLGHUHG IRU FRPELQDWLRQDO IXQFWLRQDOLW\� 0RGHOV WKDW KDYH QRW EHHQ LQLWLDOLVHG� DQG SDUWV

WKHUHRI� VKDOO SURGXFH WKH ,(((�6WGB/RJLFB���� YDOXH 
8
 ZKHQ DFFHVVHG� 7KH 
�
 YDOXH VKDOO

QHYHU DSSHDU RQ DQ RXWSXW�
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����� 7LPLQJ

$OO LQSXWV VKDOO EH FKHFNHG Z�U�W� SHULRG� SXOVH ZLGWK� VHWXS WLPH DQG KROG WLPH DV DSSOLFDEOH�

DQG DOO VLJQLILFDQW YLRODWLRQV VKDOO EH UHSRUWHG XVLQJ DVVHUWLRQV� 9LRODWLRQV WKDW ZRXOG QRW

DIIHFW WKH VLPXODWLRQ EHKDYLRXU VKRXOG QRW EH UHSRUWHG� $OO RXWSXWV VKDOO EH DVVLJQHG RXWSXW

GHOD\V� LQFOXGLQJ WULVWDWH PRGHOOLQJ� 7KH WLPLQJ VKDOO EH FRUUHFWO\ PRGHOOHG Z�U�W� WKH LQWHUQDO

RU H[WHUQDO VLJQDOV JHQHUDWLQJ WKH FKDQJH RI WKH VLJQDO�

$OO WLPLQJ SDUDPHWHUV VKDOO KDYH WKH VLPXODWLRQ FRQGLWLRQ VHOHFWDEOH EHWZHHQ :RUVW &DVH�

7\SLFDO &DVH RU %HVW &DVH WLPLQJ� FRQWUROOHG E\ D JHQHULF SDUDPHWHU 6LP&RQGLWLRQ RI W\SH

6LP&RQGLWLRQ7\SH DV GHILQHG LQ WKH 6LPXODWLRQ SDFNDJH �VHH DSSHQGL[ (�� ZLWK WKH GHIDXOW

VLPXODWLRQ FRQGLWLRQ EHLQJ :RUVW &DVH� 7KH VLPXODWLRQ FRQGLWLRQV IRU &026 SURFHVVHV DUH

GHILQHG DV IROORZV�

� :RUVW &DVH� 7KH WLPLQJ DW WKH ORZHVW YROWDJH �H�J� ��� 9ROW�� KLJKHVW WHPSHUDWXUH

�H�J� ��� °&� DQG VORZHVW SURFHVV FKDUDFWHULVWLFV�
� 7\SLFDO &DVH� 7KH WLPLQJ DW WKH QRPLQDO YROWDJH �H�J� ��� 9ROW�� WHPSHUDWXUH �H�J�

�� °&� DQG SURFHVV FKDUDFWHULVWLFV�
� %HVW &DVH� 7KH WLPLQJ DW WKH KLJKHVW YROWDJH �H�J� ��� 9ROW�� ORZHVW WHPSHUDWXUH

�H�J� ��� °&� DQG IDVWHVW SURFHVV FKDUDFWHULVWLFV�

7KH YDOXHV RI WKH WLPLQJ SDUDPHWHUV VKDOO EH VSHFLILHG LQ D VHSDUDWH SDFNDJH DV GHIHUUHG

FRQVWDQWV� DOORZLQJ WKH YDOXHV WR EH FKDQJHG E\ RQO\ UHFRPSLOLQJ WKH SDFNDJH ERG\� 7KLV

SDFNDJH VKDOO EH QDPHG DIWHU WKH FRPSRQHQW QDPH ZLWK WKH VXIIL[ 7LPLQJ DSSHQGHG� DV LQ

;<=B7LPLQJ� 7KH GDWD VKHHW WLPLQJ SDUDPHWHU QDPHV VKDOO EH FOHDUO\ LQGLFDWHG IRU HDFK WLPLQJ

SDUDPHWHU�

7KH WLPLQJ SDUDPHWHUV VKDOO EH XSGDWHG ZLWK DFFXUDWH YDOXHV DIWHU ILQDO OD\RXW DQG

PDQXIDFWXUH� 7KH YDOXHV VKDOO EH WDNHQ IURP WKH FRPSRQHQW GDWD VKHHW� ,I DOO YDOXHV DUH QRW

DYDLODEOH� WKH GHVLJQHU RU PDQXIDFWXUHU VKRXOG EH FRQWDFWHG IRU DGYLFH� 7KH WLPLQJ SDUDPHWHUV

VKDOO EH VSHFLILHG DW DQ DSSURSULDWH ORDGLQJ� ZKLFK VKRXOG EH GRFXPHQWHG LQ WKH WLPLQJ

SDFNDJH� LQ WKH KHDGHU IRU WKH WRS�OHYHO HQWLW\ DQG LQ WKH 8VHU
V 0DQXDO�

$V D EDVHOLQH� WLPLQJ SDUDPHWHUV VKRXOG EH JLYHQ LQ DQ LQWHJHU QXPEHU RI QDQRVHFRQGV �QV� WR

DYRLG SRWHQWLDO WLPH OLPLWDWLRQV LQ VRPH VLPXODWRUV� ZLWK YDOXHV URXQGHG LQ D SHVVLPLVWLF ZD\�

7KH PRGHO VKDOO DOORZ WLPLQJ FKHFN GLVDEOLQJ� FRQWUROOHG E\ D JHQHULF SDUDPHWHU

7LPLQJ&KHFNV2Q RI W\SH %RROHDQ GHFODUHG LQ WKH WRS�OHYHO HQWLW\ GHFODUDWLRQ� :KHQ

7LPLQJ&KHFNV2Q KDV WKH YDOXH )DOVH QR WLPLQJ FKHFNV VKDOO EH SHUIRUPHG� 7KH GHIDXOW YDOXH

VKDOO EH )DOVH� 7KH LPSOHPHQWDWLRQ VKDOO HQVXUH PLQLPXP VLPXODWLRQ WLPH SHQDOW\ ZKHQ WLPLQJ

FKHFNV DUH GLVDEOHG�

7KH ,((( 6WG������� 9LWDOB7LPLQJ SDFNDJH �VHH 5'�� VKDOO DV IDU DV SRVVLEOH EH XVHG IRU

FKHFNLQJ DQG UHSRUWLQJ VHWXS DQG KROG WLPHV HWF�

7LPLQJ SDUDPHWHUV VKRXOG XVH QDPHV FRPSOLDQW ZLWK ,((( 6WG������� �5'��� ZKLFK LQ WKH

IXWXUH FRXOG DOORZ EDFN�DQQRWDWLRQ RQ WKH ERDUG�OHYHO WR EH SHUIRUPHG XVLQJ WKH 6WDQGDUG

'HOD\ )LOH �6')� IRUPDW� $OWHUQDWLYHO\� WKH VDPH QDPHV DV LQ WKH GDWD VKHHW VKRXOG EH XVHG�
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,W LV UHFRPPHQGHG WR RQO\ UHSRUW WLPLQJ YLRODWLRQV� DQG QRW WR JHQHUDWH XQNQRZQ YDOXHV� ,Q

FDVH JHQHUDWLRQ RI XQNQRZQ YDOXHV LV LPSOHPHQWHG� D JHQHULF SDUDPHWHU ;*HQHUDWLRQ2Q RI

W\SH %RROHDQ VKRXOG EH GHFODUHG LQ WKH JHQHULF FODXVH RI WKH WRS�OHYHO HQWLW\� :KHQ

;*HQHUDWLRQ2Q KDV WKH YDOXH )DOVH WLPLQJ YLRODWLRQV VKRXOG QRW OHDG WR XQNQRZQ YDOXHV

EHLQJ JHQHUDWHG� 7KH GHIDXOW YDOXH VKRXOG EH )DOVH�

,W LV QRW UHTXLUHG WR FKHFN WLPLQJ YLRODWLRQV IRU FKDQJHV EHWZHHQ VLPLODU ORJLF OHYHOV �H�J� 
�


DQG 
/
� 
�
 DQG 
+
�� WR GLIIHUHQWLDWH GHOD\V IRU IDOOLQJ DQG ULVLQJ VLJQDOV RU WR DVVLJQ VHSDUDWH

GHOD\ YDOXHV IRU HDFK HOHPHQW RI D 6WGB/RJLFB9HFWRU� 1HLWKHU LV LW UHTXLUHG WR SURSRUWLRQDOO\

PRGHO ORDGLQJ� WHPSHUDWXUH� YROWDJH� DJHLQJ RU UDGLDWLRQ LPSDFW RQ WKH WLPLQJ SDUDPHWHUV�

,Q FDVH PRUH GHWDLOHG WLPLQJ PRGHOOLQJ LV GHVLUHG� VXFK DV GLIIHUHQWLDWLQJ GHOD\V IRU ULVLQJ DQG

IDOOLQJ HGJHV� DVVLJQLQJ VHSDUDWH GHOD\V IRU HDFK HOHPHQW RI D YHFWRU RU SURYLGLQJ ZLUH�ORDG

GHOD\V IRU WKH LQSXWV� LW LV UHFRPPHQGHG WR EH FRPSOLDQW ZLWK WKH UHTXLUHPHQWV IRU D 9LWDO

OHYHO � PRGHO DV GHILQHG LQ 5'�� 7KH VDPH DSSOLHV LQ FDVH LW LV GHVLUHG WKDW WKH WLPLQJ

SDUDPHWHUV DSSHDU LQ WKH JHQHULF FODXVH RI WKH WRS�OHYHO HQWLW\ WR DOORZ HDV\ PRGLILFDWLRQ RI

WKH WLPLQJ RQ D SHU�LQVWDQFH EDVLV�

����� 5HSRUWLQJ

6LQFH WKH SXUSRVH RI WKLV W\SH RI PRGHO LV WR YHULI\ D ERDUG GHVLJQ� LW ZLOO EH KHOSIXO WR

LQFRUSRUDWH UHSRUWLQJ IRU PRGHO IXQFWLRQDOLW\� LQ DGGLWLRQ WR WKH UHSRUWLQJ RI XQNQRZQ YDOXHV

DQG WLPLQJ KDQGOLQJ GHVFULEHG DERYH� 6XFK UHSRUWLQJ LQFOXGHV WKH VHOHFWHG RSHUDWLQJ PRGH�

PRGHO LQWHUQDO HYHQWV DQG LQVWUXFWLRQ GLVDVVHPEO\�

7R DYRLG XQQHFHVVDU\ UHSRUWLQJ� LW PXVW EH SRVVLEOH WR FRQWURO WKH OHYHO RI UHSRUWLQJ IURP WKH

PRGHO� IRU H[DPSOH XVLQJ D JHQHULF 'HEXJ/HYHO RI W\SH 1DWXUDO� $ VXJJHVWHG JURXSLQJ

DFFRUGLQJ WR WKH YDOXH RI 'HEXJ/HYHO LV SUHVHQWHG EHORZ�

� 'LVDEOHG� QR IXQFWLRQDOLW\ UHSRUWLQJ �GHIDXOW YDOXH��

� 6HOHFWHG RSHUDWLQJ PRGH� LQLWLDOLVDWLRQ VWDWH�

� 0DMRU HYHQWV LQWHUQDO WR WKH PRGHO� VXFK DV HQWHULQJ LPSRUWDQW VWDWHV RI D VWDWH PDFKLQH�

GHWHFWLRQ RI HUURUV DQG LOOHJDO GDWD� SURFHVVRU LQWHUUXSWV DQG H[FHSWLRQV HWF�

� ,QVWUXFWLRQ GLVDVVHPEO\ IRU SURFHVVRUV� KLJK�OHYHO WUDQVDFWLRQV VXFK DV WKH PHVVDJH

UHFHLYHG DQG GHFRGHG E\ D SURWRFRO FRPSRQHQW�

,I DQ XQVXSSRUWHG RU QRQ�H[LVWLQJ OHYHO LV VHOHFWHG� WKLV VKRXOG EH UHSRUWHG�

7R DYRLG WKH XQQHFHVVDU\ LQIRUPDWLRQ RIWHQ SURYLGHG ZKHQ XVLQJ DVVHUWLRQV� WKLV W\SH RI

UHSRUWLQJ VKRXOG SUHIHUDEO\ XVH 6WG�7H[W,2�2XWSXW� VHH VHFWLRQ ����

����� 9HULILFDWLRQ

7KH YHULILFDWLRQ VKDOO EH SHUIRUPHG XVLQJ D WHVWEHQFK DOORZLQJ DXWRPDWHG YHULILFDWLRQ DV

GHVFULEHG LQ VHFWLRQ ������ 7KH YHULILFDWLRQ VKDOO LQFOXGH DVVLJQLQJ DOO QLQH YDOXHV RI WKH

6WGB/RJLF W\SH WR HDFK LQSXW �LQFOXGLQJ LQRXW SRUWV�� DQG WR SURGXFH WLPLQJ YLRODWLRQV RQ

HDFK LQSXW� )RU LQSXWV RI DUUD\ W\SH� VXFK DV 6WGB/RJLFB9HFWRU� HDFK HOHPHQW VKDOO EH

UHJDUGHG DV D VHSDUDWH LQSXW�
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��� 0RGHOV IRU 6\VWHP�OHYHO VLPXODWLRQ

7KH PDLQ SXUSRVH RI D PRGHO IRU V\VWHP�OHYHO VLPXODWLRQ LV WR SURYLGH WKH IXQFWLRQDOLW\ RI D

ERDUG� D VXEV\VWHP� DQ DOJRULWKP RU D SURWRFRO� ZLWK D VLPXODWLRQ VSHHG DOORZLQJ UHODWHG

WUDGH�RIIV WR EH SHUIRUPHG� 1R VLPLODULW\ ZLWK DQ\ KDUGZDUH LV QHFHVVDU\� DV ORQJ DV WKH

GHVLUHG IXQFWLRQDOLW\ LV DFKLHYHG� 7KH EHKDYLRXU PD\ EH DSSUR[LPDWHG Z�U�W� GHWDLOV VXFK DV

WLPLQJ DVSHFWV� H[DFWO\ ZKLFK FORFN F\FOH DQ HYHQW RFFXUV� WKH H[DFW QXPHULFDO YDOXH RI D

UHVXOW HWF�

7KH PRGHO VKDOO EH FRGHG IRU HIILFLHQW VLPXODWLRQ� QRW WR VORZ GRZQ VLPXODWLRQV� 7KLV LPSOLHV

WKDW WKH QXPEHU RI HQWLWLHV� SURFHVVHV� VLJQDOV DQG VLJQDO DVVLJQPHQWV VKDOO EH PLQLPLVHG� GXH

WR WKHLU QHJDWLYH LPSDFW RQ WKH VLPXODWLRQ VSHHG� :KHUH SRVVLEOH� YDULDEOHV VKRXOG EH XVHG

LQVWHDG RI VLJQDOV� 5HVROYHG VLJQDOV VKRXOG RQO\ EH XVHG ZKHQ DGYDQWDJHRXV� %\ XVLQJ W\SHV

RQ KLJKHU DEVWUDFWLRQ OHYHOV ¤ H�J� ,QWHJHU LQVWHDG RI %LWB9HFWRU ¤ PRGHOV ZLWK KLJKHU

VLPXODWLRQ VSHHG ZLOO EH REWDLQHG LQ PRVW FDVHV� ,W VKRXOG EH DYRLGHG WR H[HFXWH VWDWHPHQWV

ZKHQ QRW QHFHVVDU\�

7KH PHPRU\ XVDJH VKDOO EH RSWLPLVHG ZKHQ QHFHVVDU\� H�J� ZKHQ PRGHOOLQJ GHYLFHV� VLQFH

RWKHUZLVH VLPXODWLRQ FRXOG EH LPSRVVLEOH GXH WR WKH PHPRU\ UHTXLUHPHQWV RI WKH VLPXODWRU�

2QH WHFKQLTXH FRXOG EH WR GLYLGH WKH PHPRU\ DUHD LQWR D QXPEHU RI EORFNV� ZKLFK ZRXOG EH

DOORFDWHG RQO\ ZKHQ XVHG�

����� 0RGHO LQWHUIDFH

7KH PRGHO LQWHUIDFH VKRXOG XVH WKH W\SHV PRVW VXLWDEOH IRU WKH LQWHQGHG XVDJH RI WKH PRGHO�

EH WKDW ,(((�6WGB/RJLFB���� W\SHV �H�J� LI D HOHFWURQLF ERDUG LV PRGHOOHG� RU PRUH DEVWUDFW

W\SHV �H�J� LI D SURWRFRO LV PRGHOOHG��

����� 9HULILFDWLRQ

$V D EDVHOLQH WKH YHULILFDWLRQ VKRXOG EH SHUIRUPHG XVLQJ D WHVWEHQFK DOORZLQJ DXWRPDWHG

YHULILFDWLRQ DV GHVFULEHG LQ VHFWLRQ ������
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��� 7HVWEHQFKHV

7KH SXUSRVH RI D WHVWEHQFK LV WR YHULI\ WKH IXQFWLRQDOLW\ RI D GHYHORSHG PRGHO RU SDFNDJH� $

WHVWEHQFK VKDOO EH D GLVWLQFW GHVLJQ XQLW VHSDUDWHG IURP WKH PRGHO RU SDFNDJH WR EH YHULILHG�

SODFHG LQ D GHVLJQ OLEUDU\ VHSDUDWH IURP WKH PRGHO LWVHOI�

,I WKH WHVWEHQFK LQFRUSRUDWHV PRGHOV RI FRPSRQHQWV VXUURXQGLQJ WKH PRGHO WR EH WHVWHG� WKH\

QHHG RQO\ WR LQFRUSRUDWH IXQFWLRQV DQG LQWHUIDFHV UHTXLUHG WR SURSHUO\ RSHUDWH ZLWK WKH PRGHO

XQGHU WHVW� LW LV QRW QHFHVVDU\ WR GHYHORS FRPSOHWH 9+'/ PRGHOV RI WKHP� ,I H[WHUQDO VWLPXOL

RU FRQILJXUDWLRQ GDWD LV UHTXLUHG� LW VKDOO EH LPSOHPHQWHG E\ UHDGLQJ DQ $6&,, ILOH XVLQJ WKH

6WG�7H[W,2 SDFNDJH LQ RUGHU WR HQVXUH SRUWDELOLW\�

(YHU\ WHVWEHQFK VKDOO VWRS E\ LWVHOI ZKHQ WKH WHVW KDV EHHQ FRPSOHWHG� LQ RUGHU WR DOORZ WKH

YHULILFDWLRQ WR EH GRQH XVLQJ D VFULSW� LQGHSHQGHQWO\ RI WKH VLPXODWRU XVHG�

7KH URRW HQWLW\ VKDOO QHLWKHU KDYH SRUW QRU JHQHULF FODXVHV� EHLQJ SRWHQWLDOO\ QRW SRUWDEOH� 7KH

WHVWEHQFK HQWLW\ QDPH VKRXOG EH FRQVWUXFWHG RI WKH HQWLW\ QDPH RI WKH GHVLJQ XQGHU WHVW

IROORZHG E\ B7E� DV LQ ;<=B7E�

,I VHYHUDO WHVWEHQFKHV DUH XVHG IRU WKH YHULILFDWLRQ RI D SDFNDJH RU D PRGHO� QR UH�FRPSLODWLRQ

VKDOO EH QHFHVVDU\ LQ RUGHU WR SHUIRUP WKH FRPSOHWH YHULILFDWLRQ� 1HLWKHU VKDOO LW EH QHFHVVDU\

WR FRS\ DQ\ ILOHV �RU FUHDWH RU PRGLI\ OLQNV LQ WKH RSHUDWLQJ V\VWHP� XVHG E\ WKH WHVWEHQFKHV RU

WKH PRGHO�

,I VHYHUDO WHVWEHQFKHV DUH XVHG LW LV UHFRPPHQGHG WR SODFH WKH FRPSRQHQW GHFODUDWLRQ�V��

VRPH VLJQDO GHFODUDWLRQV HWF� LQ D SDFNDJH LQVWHDG RI LQFOXGLQJ WKHP LQ HDFK WHVWEHQFK� ,I

JOREDO VLJQDOV DUH SODFHG LQ VXFK D SDFNDJH� DWWHQWLRQ VKRXOG EH SDLG WR DYRLG KRPRQ\PLF

QDPHV�

����� $XWRPDWHG YHULILFDWLRQ

$OO WHVWEHQFKHV IRU PRGHOV IRU %RDUG�OHYHO VLPXODWLRQ� IRU PRGHOV IRU 6\VWHP�OHYHO VLPXODWLRQ

DQG IRU SDFNDJHV FRQWDLQLQJ VXESURJUDPV VKRXOG DOORZ DXWRPDWHG YHULILFDWLRQ WR EH

SHUIRUPHG� $XWRPDWHG YHULILFDWLRQ DOORZV D UHGXFWLRQ RI WKH IXWXUH PDLQWHQDQFH HIIRUW� VXFK

DV YHULILFDWLRQ RI WKH PRGHO RSHUDWLRQ RQ D GLIIHUHQW VLPXODWRU� SODWIRUP RU RSHUDWLQJ V\VWHP�

6LQFH LW HQDEOHV IDVW DQG UHOLDEOH YHULILFDWLRQ RI D PRGHO ZKHQ PRGLILFDWLRQV KDYH EHHQ

LQWURGXFHG� LW LV UHFRPPHQGHG IRU DOO W\SHV RI PRGHOV�

7KH YHULILFDWLRQ RI HUURU PHVVDJHV DQG WLPLQJ SDUDPHWHUV FDQ EH GLIILFXOW GXH WR DVVHUWLRQV�

DQG PD\ WKHUHIRUH EH SHUIRUPHG ZLWKRXW XVLQJ DXWRPDWHG YHULILFDWLRQ�

7KH UHFRPPHQGHG DSSURDFK LV WR ZULWH WHVWEHQFKHV WKDW DUH VHOI�FKHFNLQJ� UHSRUWLQJ VXFFHVV

RU IDLOXUH IRU HDFK VXE�WHVW� $OWHUQDWLYHO\� D WHVWEHQFK FRXOG ZULWH DOO YDOXHV RI WKH VLJQDOV

JHQHUDWHG E\ WKH PRGHO WRJHWKHU ZLWK WLPH VWDPSV WR D WH[W ILOH� ZKLFK FRXOG EH YHULILHG

VHSDUDWHO\ IRU H[DPSOH E\ XVLQJ WKH 8QL[ GLII XWLOLW\� &DUH VKRXOG EH WDNHQ ZLWK QRQ�SRUWDEOH

LVVXHV RI 6WG�7H[W,2� VHH VHFWLRQ ����
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$33(1',; $� $%%5(9,$7,216

$6&,, $PHULFDQ 6WDQGDUG &RGH IRU ,QIRUPDWLRQ ,QWHUFKDQJH

$6,& $SSOLFDWLRQ 6SHFLILF ,QWHJUDWHG &LUFXLW

&$' &RPSXWHU $LGHG 'HVLJQ

&(1(/(& (XURSHDQ &RPPLWWHH IRU (OHFWURWHFKQLFDO 6WDQGDUGLVDWLRQ

(0& (OHFWUR�0DJQHWLF &RPSDWLELOLW\

,((( ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV

,(& ,QWHUQDWLRQDO (OHFWURWHFKQLFDO &RPPLVVLRQ

,62 ,QWHUQDWLRQDO 6WDQGDUGV 2UJDQLVDWLRQ

/6% /HDVW 6LJQLILFDQW %LW

06% 0RVW 6LJQLILFDQW %LW

1)6 1HWZRUN )LOH 6\VWHP

3/$ 3URJUDPPDEOH /RJLF $UUD\

4,& 4XDUWHU ,QFK &DUWULGJH

57/ 5HJLVWHU 7UDQVIHU /RJLF

6') 6WDQGDUG 'HOD\ )LOH

VWG VWDQGDUG

9+'/ 9+6,& +DUGZDUH 'HVFULSWLRQ /DQJXDJH

9+6,& 9HU\ +LJK 6SHHG ,QWHJUDWHG &LUFXLW

9,7$/ 9+'/ ,QLWLDWLYH 7RZDUGV $6,& /LEUDULHV
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$33(1',; %� &203$7,%,/,7< %(7:((1 9+'/��� $1' 9+'/���

1RWH� WKLV DSSHQGL[ FRQWDLQV RQO\ D OLPLWHG VHW RI FRPSDWLELOLW\ LVVXHV�

:KHQ D 9+'/ PRGHO LV EDVHG RQ WKH 9+'/��� VWDQGDUG LQVWHDG RI WKH 9+'/��� VWDQGDUG�

WKH FRGH VKDOO EH ZULWWHQ VR DV WR UHTXLUH PLQLPDO PRGLILFDWLRQV ZKHQ XSGDWLQJ WR 9+'/����

$V DQ H[DPSOH� WKH IROORZLQJ LGHQWLILHUV VKDOO QRW EH XVHG� EHLQJ UHVHUYHG ZRUGV LQ 9+'/����

JURXS� LPSXUH� LQHUWLDO� OLWHUDO� SRVWSRQHG� SXUH� UHMHFW� URO� URU� VKDUHG� VOD� VOO� VUD�

VUO� XQDIIHFWHG� [QRU

7KH SUHGHILQHG DWWULEXWHV 
%HKDYLRU DQG 
6WUXFWXUH VKDOO QRW EH XVHG� EHLQJ UHPRYHG IURP WKH

9+'/��� VWDQGDUG�

7KH FRQVWUXFWV IRU KDQGOLQJ ILOHV� LQFOXGLQJ WKH 6WG�7H[W,2 SDFNDJH� DUH GLIIHUHQW IRU 9+'/�

�� FRPSDUHG WR 9+'/���� 7KHUHIRUH WKH FRGH LQYROYLQJ ILOH KDQGOLQJ VKDOO EH ZULWWHQ

FRQVLGHULQJ D IXWXUH XSGDWH� WKHVH FRQVWUXFWV VKRXOG EH FRQFHQWUDWHG WR DV IHZ SODFHV LQ WKH

FRGH DV SRVVLEOH� DQG FOHDUO\ FRPPHQWHG�
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$33(1',; &� &$/&8/$7,212) 9+'/ /,1( &29(5$*(

7KH OLQH FRYHUDJH RI D PRGHO RU SDFNDJH LV DQ LQGLFDWLYH PHDVXUH RI KRZ ZHOO D PRGHO LV

H[HUFLVHG E\ D SDUWLFXODU VWLPXOL� L�H� LW LV D PHDVXUH RI WKH FRQWUROODELOLW\ RI WKH VWLPXOL�

+RZHYHU� LW JLYHV QR LQGLFDWLRQ RQ ZKHWKHU RU QRW WKH H[HFXWLRQ RI D SDUWLFXODU OLQH KDG DQ\

HIIHFW RQ WKH PRGHO RU WKH WHVWEHQFK� L�H� LW GRHV QRW LQGLFDWH DQ\WKLQJ DERXW WKH HIIHFWLYH

YLVLELOLW\ RI WKH OLQHV�

7KH OLQH FRYHUDJH ILJXUH FDQ WKHUHIRUH RQO\ EH XVHG IRU LGHQWLI\LQJ WKDW WKH YHULILFDWLRQ LV

FOHDUO\ LQDGHTXDWH� L�H� LQ WKH FDVH ZKHQ WKH FRYHUDJH LV OHVV WKDQ ����� $ OLQH FRYHUDJH RI

���� GRHV WKXV QRW QHFHVVDULO\ LPSO\ WKH DGHTXDWH YHULILFDWLRQ RI D GHVLJQ XQLW�

7KH JXLGHOLQHV EHORZ VKDOO EH XVHG IRU FDOFXODWLQJ WKH OLQH FRYHUDJH RI D PRGHO RU D SDFNDJH�

2QO\ VHTXHQWLDO DQG FRQFXUUHQW VWDWHPHQWV� H[FOXGLQJ FRPSRQHQW LQVWDQWLDWLRQV DQG EORFN

VWDWHPHQWV� VKDOO EH FRXQWHG DV H[HFXWDEOH �HPSW\ OLQHV� FRPPHQWV� GHFODUDWLRQV�

VSHFLILFDWLRQV HWF� VKDOO QRW EH FRXQWHG��

6WDWHPHQWV WKDW FDQQRW EH UHPRYHG EXW FDQ EH VKRZQ WR EH LPSRVVLEOH WR H[HFXWH VKRXOG EH

H[FOXGHG� $Q H[DPSOH LV WKH RWKHUV FKRLFH LQ D 6WDWH 0DFKLQH GHFRGHU RQO\ FRYHULQJ VWDWHV

WKDW FDQ QHYHU EH UHDFKHG� :KHUHYHU SRVVLEOH VXFK VWDWHPHQWV VKDOO EH DVVRFLDWHG ZLWK DQ

DVVHUWLRQ RI VHYHULW\ OHYHO )DLOXUH UHSRUWLQJ PRGHO IDLOXUH�

2QO\ VWDWHPHQWV H[HFXWHG E\ D WHVWEHQFK YHULI\LQJ WKH FRPSOHWH PRGHO RU D SDFNDJH PD\ EH

FRXQWHG DV H[HFXWHG� WKH FRYHUDJH REWDLQHG ZKHQ YHULI\LQJ D VXE�FRPSRQHQW RI WKH PRGHO

VKDOO EH GLVUHJDUGHG�

2QO\ VWDWHPHQWV H[HFXWHG IRU WKH SXUSRVH RI YHULI\LQJ WKH PRGHO YHUVXV WKH IXQFWLRQDO

UHTXLUHPHQWV PD\ EH FRXQWHG DV H[HFXWHG� 6WDWHPHQWV LQFOXGHG WR LPSOHPHQW WHVWDELOLW\ FDQ

QHYHUWKHOHVV EH FRXQWHG� LQ FDVH LW FDQ EH VKRZQ WKDW WKH\ DUH DFWXDOO\ XVHG� ([DPSOH� ,I D

%XLOW�,Q 6HOI 7HVW IXQFWLRQ KDSSHQV WR H[HFXWH FHUWDLQ VWDWHPHQWV LQ WKH PRGHO WKH\ VKRXOG QRW

EH FRXQWHG DV H[HFXWHG� H[FHSW IRU WKRVH LQFOXGHG IRU WKH SXUSRVH RI LPSOHPHQWLQJ DQG

DFWLYDWLQJ WKLV %XLOW�,Q 6HOI 7HVW IXQFWLRQDOLW\�
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$33(1',; '� 9+'/ &2'( (;$03/(6

7KLV DSSHQGL[ LV LQFOXGHG DV D JXLGDQFH IRU 9+'/ PRGHO GHYHORSHUV� ,Q FDVH RI

GLVFUHSDQFLHV� WKH UHTXLUHPHQWV KDYH SUHFHGHQFH RYHU WKH H[DPSOHV� 7KH FRGH LV SURYLGHG DV

LV� QR IXQFWLRQDOLW\ LV JXDUDQWHHG�

'�� 9+'/ FRQVWUXFWV

7KLV VHFWLRQ FRQWDLQV FRGH IUDJPHQWV RI YDULRXV 9+'/ FRQVWUXFWV� ,W LV QRW H[KDXVWLYH� EXW

FRQWDLQV D VXIILFLHQW VHW RI FRQVWUXFWV WR FUHDWH PRVW W\SHV RI PRGHOV� 7KH FRGH IUDJPHQWV

KDYH QRW QHFHVVDULO\ EHHQ IXOO\ FRPPHQWHG�

'���� (QWLW\ GHFODUDWLRQ

entity  ABC is
   generic (SimCondition: SimConditionType := WorstCase);

   port (
      Clk:     in   Bit;                      -- Clock signal
      Reset_N: in   Bit;                      -- Asynchronous Reset
      In1:     in   Bit;                      -- Input 1
      In2:     in   Bit_Vector(1 downto  0);   -- Input 2

      Out1:    out  Bit_Vector(7 downto  0));  -- Output, bit 0 is LSB
end  ABC;

'���� $UFKLWHFWXUH ERG\

architecture  RTL of  ABC is

   -- Declarations, such as type declarations, constant declarations,
   -- subprograms, component declarations, signal declarations etc.

begin     -- Architecture RTL of ABC

   -- Concurrent statements, e.g. processes, signal assignments and
   -- component instantiations

end  RTL; -- Architecture RTL of ABC
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'���� &RQILJXUDWLRQ GHFODUDWLRQ

7KLV FRQILJXUDWLRQ FRQILJXUHV WKH FRPSRQHQWV XVHG LQ WKH 70(QFRGHU GHVLJQ� ZKLFK LV D

ERDUG ZLWK WHQ FRPSRQHQWV� 7KH HQWLW\ QDPH 70(QFRGHU DQG WKH DUFKLWHFWXUH QDPH 3URMHFW

LV LQGLFDWHG LQ WKH FRQILJXUDWLRQ QDPH�

configuration  TMEncoder_Project_Conf of  TMEncoder is

   for  Structural
      for  VCA0, VCA1, VCA2, VCA7: VCA
         use entity  VCA_Lib.VCA(BoardLevel);
      end for ;

      for  SRAM0, SRAM1, SRAM2, SRAM7: SRAM
         use entity  Mem_Lib.MA9264(BoardLevel);
      end for ;

      for  VCM1: VCM
         use entity  VCM_Lib.VCM(BoardLevel);
      end for ;

      for  MA1916_1: MA1916
         use entity  MA1916_Lib.MA1916(BoardLevel);
      end for ;
   end for ;

end  TMEncoder_Project_Conf;

'���� 3DFNDJH GHFODUDWLRQ

package  TCSuiteDef is

   -- Declarations of (deferred) constants, types, files, subprograms,
   -- components etc. For example:

   subtype    Byte   is  Bit_Vector(0 to  7);   -- Bit 0 is MSB
   subtype    Word16 is  Bit_Vector(0 to  15);  -- Bit 0 is MSB

   type       ByteArray     is array (Integer range  <>) of  Byte;
   type       TailErrorType is  (All5s,        -- Normal Tail (55555...)
                               SingleFill,   -- Single error+Fill bit
                               Double,       -- Double error
                               DoubleFill);  -- Double error+Fill bit

   constant   CrcPoly: Bit_Vector := X"1021"; -- x16 + x12 + x5 + 1
   constant   InitCrc: Bit_Vector := X"FFFF"; -- Init. to all ones

   -------------------------------------------------------------------
   -- The AddCrc function calculates the CCSDS CRC (syndrome x16 +
   -- x12 + x5 + 1, register initiated to all ones before each data)
   -- over an array of bytes, and appends the calculated CRC.
   -- Data is an unconstrained array of bytes, and the result is of
   -- the same type, with the length increased by 2 (for the CRC).
   -------------------------------------------------------------------
   function  AddCrc(Data: ByteArray) return  ByteArray;

   -- Description of subprogram function and parameters should go here
   procedure  ADFrame(       NR:            Byte;
                            Segment: inout  ByteArray;
                     signal  TCOut:   out    Bit);

end  TCSuiteDef;
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'���� 3DFNDJH ERG\

package body  TCSuiteDef is

   -- Declarations of subprograms, deferred constants etc. in the same
   -- order as they appeared in the package declaration.
   -- Also declaration of objects not visible outside the package body

end  TCSuiteDef;

'���� &RPSRQHQW GHFODUDWLRQ

   component  ABC
      generic (SimCondition: SimConditionType := WorstCase);

      port (
         Clk:     in   Bit;                      -- Clock signal
         Reset_N: in   Bit;                      -- Asynchronous Reset
         In1:     in   Bit;                      -- Input 1
         In2:     in   Bit_Vector(1 downto  0);   -- Input 2

         Out1:    out  Bit_Vector(7 downto  0));  -- Output
   end component ;

'���� &RPSRQHQW LQVWDQWLDWLRQ

,Q FDVH DOO VLJQDOV RXWVLGH DQG LQVLGH WKH FRPSRQHQW KDYH WKH VDPH QDPH� SRVLWLRQDO

DVVRFLDWLRQ FRXOG EH XVHG LQVWHDG RI QDPHG DVVRFLDWLRQ�

   U1: ABC
      generic map (SimCondition => BestCase)

      port map (
         Clk     => Clk,
         Reset_N => Reset_N,
         In1     => DataIn1,
         In2     => BaudRate,

         Out1    => DataBusA);

'���� 3URFHGXUH GHFODUDWLRQ DQG ERG\

   -- Description of subprogram function and parameters
   procedure  ADFrame(       NR:            Byte;
                            Segment: inout  ByteArray;
                     signal  TCOut:   out    Bit) is
   begin

      -- Sequential statements

   end  ADFrame;
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'���� )XQFWLRQ GHFODUDWLRQ DQG ERG\
   -------------------------------------------------------------------
   -- The AddCrc function calculates the CCSDS CRC (syndrome x16 +
   -- x12 + x5 + 1, register initiated to all ones before each data)
   -- over an array of bytes, and appends the calculated CRC.
   -- Data is an unconstrained array of bytes, and the result is of
   -- the same type, with the length increased by 2 (for the CRC sum).
   -------------------------------------------------------------------
   function  AddCrc(Data: ByteArray) return  ByteArray is
      variable  Crc:      Word16 := InitCRC;
      variable  Xor1:     Bit;
      variable  Result:   ByteArray(0 to  (Data'Length + 1));
   begin
      -- Calculate the CRC over all the data
      EachByte: for  i in  Data'Range loop
         EachBit: for  BitNo in  Byte'Range loop
            Xor1 := Crc(0) xor  Data(i)(BitNo);
            Crc  := Crc(1 TO 15) & '0';        -- Shift left 1 bit
            if  Xor1 = '1' then
               Crc := Crc xor  CRCPoly;
            end if ;
         end loop  EachBit;
      end loop  EachByte;

      -- Add the CRC after the data
      Result(0 to  Result'High - 2) := Data;
      Result(Result'High - 1)      := Crc(0 to   7);
      Result(Result'High)          := Crc(8 to  15);

      return  Result;
   end  AddCrc;

'����� 6LJQDO DVVLJQPHQW

   Reset_N <= '0',
              '1' after     79 ns,
              '0' after  10491 ns,
              '1' after  10627 ns;

   D       <= DOut       after  Tpd_D when DEnable = '1' else
              "ZZZZZZZZ" after  Tpd_D;

'����� 3URFHVV VWDWHPHQW

   -------------------------------------------------------------------
   -- Process header
   -------------------------------------------------------------------
   SyncRxIn: process (Clk, Reset_N)              -- Rx synchroniser
   begin
      if  Reset_N = '0' then                      -- Asynchronous reset
         RxInSync <= '1';
      elsif  Clk'Event and  Clk = '1' then         -- Rising Clk edge
         RxInSync <= RxIn;
      end if ;
   end  process  SyncRxIn;
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'����� ,I VWDWHPHQW

      if  RxInSync = '1' and  RxReg(0) = '0' then  -- Wait for start bit
         BaudCount := 0;
      elsif  (BaudRate = Baud1200 and  BaudCount >= Count1200) or
            (BaudRate = Baud9600 and  BaudCount >= Count9600) then
         BaudCount := 0;
      else
         BaudCount := BaudCount + 1;
      end  if ;

'����� &DVH VWDWHPHQW

      case  TailError is
         when SingleFill =>                     -- Set filler bit
            Result := Data;
            Result(7)(7) := '1';                -- Set filler bit
         when Double | DoubleFill =>            -- Double error
            Result := InjectError(Data);
            if  TailError = DoubleFill then
               Result(7)(7) := '1';             -- Set filler bit
            end if ;

         when others  =>                         -- Normal tail seq.
            null;                                -- No action
      end case ;

'����� /RRS VWDWHPHQW

      EachByte: for  i in  Data'Range loop

         -- Statements to be executed in the loop

      end loop  EachByte;

'����� $VVHUWLRQ VWDWHPHQW

1RWH WKDW ZKHQ 9+'/��� KDV EHHQ IXOO\ LQWURGXFHG� WKH QHZ SUHGHILQHG DWWULEXWH


,QVWDQFHB1DPH VKRXOG EH XVHG WR UHSRUW WKH IXOO LQVWDQWLDWLRQ SDWK�

      assert  (TestMode = '0')
         report  InstancePath & ": Non-implemented test mode activated"
         severity  Note;
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'�� &RPSOHWH H[DPSOHV

'���� 56���� 9+'/ UHFHLYHU

7KLV H[DPSOH LV UHSUHVHQWDWLYH IRU RQH PRGXOH RI D ODUJHU FRPSRQHQW �FDOOHG ;<=�� 7KH

PRGHO LV V\QWKHVL]DEOH ZLWK D FRPSOH[LW\ RI DERXW ��� HTXLYDOHQW JDWHV� ,W LV KRZHYHU

HIILFLHQWO\ DQG FRQFLVHO\ FRGHG WR EH DFFHSWDEOH DV D PRGHO IRU %RDUG�OHYHO VLPXODWLRQ WKRXJK

WLPLQJ FKHFNV DQG RXWSXW GHOD\V KDYH QRW EHHQ PRGHOOHG KHUH�

--==================================================================--
-- Design units : RS232_Receive(RTL) (Entity and architecture)
--
-- File name    : rs232_receive.vhd
--
-- Purpose      : The module receives a serial RS-232 bit stream. The
--                bit stream should contain 1 start bit ('0'), 8 data
--                bits and finally 2 stop bits ('1'). The baud rate
--                is selectable to 1200, 2400, 4800 or 9600. The last
--                received data is output in 8-bit parallel format.
--
-- Note         : This model can be synthesised by Synopsys VHDL
--                Compiler and Mentor AutoLogic VHDL.
--
-- Limitations  : The baud rates have been approximated in order to
--                allow a simpler implementation. A Clk frequency of
--                10 MHz is assumed.
--
-- Errors:      : Actually only receives 7 data bits; the eighth bit
--                is actually checked as if it was a stop bit.
--
-- Library      : XYZ_Lib
--
-- Dependencies : None
--
-- Naming       : Active low signals indicated by "_N", synchronised
-- convention     signals indicated by "Sync".
--
-- Author       : Peter Sinander
--                ESTEC Spacecraft Control and Data Systems Division
--                P.O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
-- Simulator    : Synopsys 3.0c, on Sun Sparcstation 10, SunOS 4.1.3
----------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     4 Mar 96  New version
-- 2.0     PSI    10 May 96  Baudrate index changed to descending;
--                           Constants introduced for baud count;
--                           Header and comments modified.
-- 2.0a    PSI    15 Feb 97  Model error documented (no code change)
----------------------------------------------------------------------

entity  RS232_Receive is
   port (
      Clk:      in   Bit;                     -- Clock, nominal 10 MHz
      Reset_N:  in   Bit;                     -- Asynchronous Reset
      RxIn:     in   Bit;                     -- Serial data in
      BaudRate: in   Bit_Vector(1 downto  0);  -- Bit rate selection

      RxOut:    out  Bit_Vector(7 downto  0)); -- Last received data,
end  RS232_Receive;                           -- Bit 0 is LSB
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--========================== ARCHITECTURE ==========================--

architecture  RTL of  RS232_Receive is

   -- These constant would normally be placed in a package defining
   -- all constants and subprograms used by the design, but in this
   -- example they have been placed here.
   constant  Baud1200:  Bit_Vector := "00";         -- Baud selections
   constant  Baud2400:  Bit_Vector := "01";
   constant  Baud4800:  Bit_Vector := "10";
   constant  Baud9600:  Bit_Vector := "11";

   constant  Count1200: Integer := 4096;            -- End count values
   constant  Count2400: Integer := 2048;
   constant  Count4800: Integer := 1024;
   constant  Count9600: Integer :=  512;

   constant  InitRxReg: Bit_Vector := "1111111110"; -- Init. pattern

   signal  RxInSync:    Bit;                        -- Synchronised Rx

begin   -- Architecture RTL of RS232_Receive

   -------------------------------------------------------------------
   -- Input serial data is synchronised with Clk to protect against
   -- meta-stability. This process could be merged with the RS232
   -- process in order to increase the simulation performance (it was
   -- written separately here for the cause of clarity).
   -------------------------------------------------------------------
   SyncRxIn: process  (Clk, Reset_N)
   begin
      if  Reset_N = '0' then                         -- Asynchron. reset
         RxInSync <= '1';
      elsif  Clk'Event and  Clk = '1' then            -- Rising Clk edge
         RxInSync <= RxIn;
      end if ;
   end  process  SyncRxIn;

   -------------------------------------------------------------------
   -- The RS232 process contains a counter which toggles the Sample
   -- signal two times per bit period. The rising edge of Sample
   -- (which occurs in the middle of the input bit) is synchronously
   -- detected by comparing it to DelaySample (the Sample signal
   -- delayed one Clk cycle); at this time the data bit is clocked
   -- into the shift register.
   --
   -- The State machine controlling the shift register has been merged
   -- with the shift register itself. When the last bit RxReg(0) is
   -- 0 the retrieval cycle has completed and the process is waiting
   -- for the next start bit. When a start bit is detected, the
   -- counter starts incrementing, at each sample time shifting in one
   -- data bit (a start bit shorter than a half bit period will have
   -- no impact). When the start bit, which is '0', reaches RxReg(0)
   -- the data is copied to the output, and the process will wait for
   -- the next start bit.
   -------------------------------------------------------------------
   RS232: process  (Clk, Reset_N)
      variable  BaudCount:   Integer range 0 to  8191; -- 13 bit counter
      variable  Sample:      Bit;                     -- For bit sample
      variable  DelaySample: Bit;                     -- To detect edge
      variable  RxReg:       Bit_Vector(9 downto  0);  -- 10 bit shift
                                                     -- register
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   begin
      if  Reset_N = '0' then                         -- Async. reset,
         BaudCount   := 0;                         -- initialise all
         Sample      := '0';                       -- values
         DelaySample := '0';
         RxReg       := InitRxReg;
         RxOut       <= X"00";

      elsif  Clk'Event and  Clk = '1' then            -- Rising Clk edge
         -- Wait for RxInSync to be 0, i.e. the start bit in the
         -- serial input stream.
         if  RxInSync = '1' and  RxReg(0) = '0' then
            -- Waiting for the start bit; initialise values
            BaudCount := 0;
            Sample    := '0';
            RxReg     := InitRxReg;
         elsif  (BaudRate = Baud1200 and  BaudCount >= Count1200) or
               (BaudRate = Baud2400 and  BaudCount >= Count2400) or
               (BaudRate = Baud4800 and  BaudCount >= Count4800) or
               (BaudRate = Baud9600 and  BaudCount >= Count9600) then
            -- The counter has reached half a bit period (assuming
            -- Clk at 10 MHz); reset counter and toggle the Sample
            -- signal (exact bit rates are 1220, 2441, 4882 & 9765)
            BaudCount := 0;
            Sample    := not  Sample;

         else  -- RxInSync = '0' or RxReg(0) = '1'
            BaudCount := BaudCount + 1;
         end  if ;

         if  Sample = '1' and  DelaySample = '0' then
            -- Rising Sample edge; shift in one data bit
            RxReg := RxInSync & RxReg(9 downto  1);

            if  RxReg(0)='0' and  RxReg(8)='1' and  RxReg(9)='1' then
               -- Last bit acquired, copy data to output if stop
               -- bits are  both '1'
               RxOut <= RxReg(8 downto  1);
            end  if ;
         end  if ;

         -- Sample delayed one Clk
         DelaySample := Sample;
      end  if ;
  end  process  RS232;

end  RTL; --========== End of RS232_Receive(RTL) ====================--
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'���� 9+'/PRGHO IRU %RDUG�OHYHO VLPXODWLRQ

7KLV LV DQ H[DPSOH VKRZLQJ WKH SULQFLSOH RI D 9+'/ PRGHO IRU ERDUG�OHYHO VLPXODWLRQ� $OO

GHVLJQ XQLWV KDYH EHHQ LQFOXGHG� H[FHSW WKH SDFNDJH GHILQLQJ WKH VXE�SURJUDPV IRU WLPLQJ

FKHFNV�

� ([DPSOH'HILQLWLRQ� 'HILQHV FRQVWDQWV� IXQFWLRQV DQG FRQYHUVLRQ IXQFWLRQV�

� ([DPSOH7LPLQJ� 'HILQHV WKH WLPLQJ SDUDPHWHUV DV GHIHUUHG FRQVWDQWV�

� ([DPSOH&RUH� 7KH IXQFWLRQDO FRUH� ZULWWHQ IRU KLJK VLPXODWLRQ HIILFLHQF\ �PRVW RI

WKH FRGH LQ RQH SURFHVV�� DQG ZLWK DQ LQWHUHVWLQJ LPSOHPHQWDWLRQ RI

WKH UHVHW IXQFWLRQDOLW\�

� ([DPSOH� 7KH WRS�OHYHO HQWLW\�DUFKLWHFWXUH� ZLWK VLJQDO VWUHQJWK VWULSSLQJ DQG

WKH WLPLQJ LPSOHPHQWDWLRQ�

7KH PDUJLQV KDYH EHHQ H[WHQGHG LQ RUGHU WR DOORZ �� FKDUDFWHUV SHU OLQH�

--============================================================================--
-- Design units : ExampleDefinition (Package declaration and body)
--
-- File name    : exampledefinition.vhd
--
-- Purpose      : Package defining constants and functions for the Example.
--                Defines constants and types for the functions as implemented
--                by the Example.
--                Defines conversion functions/procedures.
--
-- Limitations  : None
--
-- Errors:      : None known
--
-- Library      : Example_Lib
--
-- Dependencies : IEEE.Std_Logic_1164
--
-- Author       : Peter Sinander
--                ESTEC WS Spacecraft Control and Data Systems Division
--                P.O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
-- Simulator    : Synopsys v. 3.0c, on Sun Sparcstation 10, SunOS 4.1.3
--------------------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     1 Sep 96  New version
-- 1.0a    PSI    15 Feb 97  Comments updated (no code change)
--------------------------------------------------------------------------------

library  IEEE;
use  IEEE.Std_Logic_1164. all ;

package  ExampleDefinition is
   -----------------------------------------------------------------------------
   -- Definition of common Std_ULogic vector sizes
   -- Note: Bit 0 is the MSB
   -----------------------------------------------------------------------------
   subtype  Std_Byte         is  Std_ULogic_Vector(0 to  7);
   subtype  Std_Word16       is  Std_ULogic_Vector(0 to  15);
   subtype  Std_Word32       is  Std_ULogic_Vector(0 to  31);
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   -----------------------------------------------------------------------------
   -- Definition of the fixed part of the preamble
   -----------------------------------------------------------------------------
   constant  FixPreamble:    Std_Word32 := To_StdULogicVector(X"89_AB_CD_EF");

   -----------------------------------------------------------------------------
   -- Constant fixed field of the preamble
   -----------------------------------------------------------------------------
   constant  FixedField:     Std_ULogic_Vector := "00";

   -----------------------------------------------------------------------------
   -- Length of preamble
   -- Position of the Line Count field after the preamble
   -----------------------------------------------------------------------------
   constant  PreambleLen:    Integer := FixPreamble'Length + 8;
   constant  LineCountEnd:   Integer := PreambleLen + 8;

   -----------------------------------------------------------------------------
   -- Number Clk cycles for the Built In Self Test, BIST, and time after reset
   -- when no BIST is running
   -----------------------------------------------------------------------------
   constant  BistClks:       Integer := 16384;
   constant  NoBistClks:     Integer :=     1;

   -----------------------------------------------------------------------------
   -- Number of entries in the memory. Definition of Mem type
   -----------------------------------------------------------------------------
   constant  MemSize:        Integer := 255;
   type      MemType is       array (0 to  MemSize-1) of  Integer range  0 to  255;

   -----------------------------------------------------------------------------
   -- Calculation of Valid and FSM lengths
   -- Valid is 1200, 2400, 4800 or 9600 depending on Mode
   -- FSM is same as Valid, plus a gap of 400 system clocks between data bursts
   -- when LowSpeed is 1
   -----------------------------------------------------------------------------
   function  CalcValidLength(Mode:     Std_ULogic_Vector(0 to  1))
                            return     Integer;

   function  CalcFSMLength  (Mode:     Std_ULogic_Vector(0 to  1);
                            LowSpeed: Std_ULogic)
                            return     Integer;

   -----------------------------------------------------------------------------
   -- Converts Natural to Std_ULogic_Vector of length Len
   -- Leftmost bit is most significant
   -----------------------------------------------------------------------------
   function  To_StdULogicVector(I:     Natural;
                               Len:   Positive)
                               return  Std_ULogic_Vector;

   -----------------------------------------------------------------------------
   -- Converts unsigned Std_ULogic_Vector to Natural
   -- Leftmost bit is most significant
   -- No warning for unknowns (U, X, W, Z, -), they are converted to 0
   -- Verifies whether the vector is too long (> 31 bits)
   -----------------------------------------------------------------------------
   function  To_Integer(V:     Std_ULogic_Vector)
                       return  Natural;

   -----------------------------------------------------------------------------
   -- Wrap-around addition between two Std_ULogic_Vectors of the same length
   -- Leftmost bit is most significant
   -- Verifies whether both vectors have the same length
   -----------------------------------------------------------------------------
   function  "+"(R, L:  Std_ULogic_Vector)
                return  Std_ULogic_Vector;
end  ExampleDefinition;
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package  body  ExampleDefinition is

   -----------------------------------------------------------------------------
   -- Calculation of Valid length
   -- Valid is 1200, 2400, 4800 or 9600 depending on Mode
   -----------------------------------------------------------------------------
   function  CalcValidLength(Mode:  Std_ULogic_Vector(0 to  1))
                            return  Integer is
   begin
      if  Mode = "00" then
         return  1200;                                  -- Mode 0
      elsif  Mode = "01" then
         return  2400;                                  -- Mode 1
      elsif  Mode = "10" then
         return  4800;                                  -- Mode 2
      else
         -- Default value for unknowns as well as for 11
         return  9600;                                  -- Default mode
      end  if ;
   end  CalcValidLength;

   -----------------------------------------------------------------------------
   -- Calculation of FSM length
   -- FSM is 1200, 2400, 4800 or 9600 depending on Mode, plus a gap of 400
   -- system clocks between data bursts when LowSpeed is 1
   -----------------------------------------------------------------------------
   function  CalcFSMLength(Mode:     Std_ULogic_Vector(0 to  1);
                          LowSpeed: Std_ULogic)
                            return     Integer is
   begin
      if  LowSpeed = '0' then
         -- Highest speed, no gap between data bursts, same as Valid length
         if  Mode = "00" then
            return  1200;                               -- Mode 0
         elsif  Mode = "01" then
            return  2400;                               -- Mode 1
         elsif  Mode = "10" then
            return  4800;                               -- Mode 2
         else
            -- Default value for unknown Mode as well as for 11
            return  9600;                               -- Default mode
         end  if ;
      else
         -- Insert gap of 400 system clocks between data bursts
         if  Mode = "00" then
            return  1600;                               -- Mode 0 + 400
         elsif  Mode = "01" then
            return  2800;                               -- Mode 1 + 400
         elsif  Mode = "10" then
            return  5200;                               -- Mode 2 + 400
         else
            -- Default value for unknown Mode as well as for 11
            return  10000;                              -- Default mode + 400
         end  if ;
      end  if ;
   end  CalcFSMLength;

   -----------------------------------------------------------------------------
   -- Converts Natural to Std_ULogic_Vector of length Len
   -- Leftmost bit is most significant
   -----------------------------------------------------------------------------
   function  To_StdULogicVector(I:     Natural;
                               Len:   Positive)
                               return  Std_ULogic_Vector is
      variable  Tmp:    Integer;
      variable  Result: Std_ULogic_Vector(0 to  Len - 1);
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   begin
      Tmp := I;

      for  j in  Result'Reverse_Range loop
         if  (Tmp mod 2) = 1 then
            Result(j) := '1';
         else
            Result(j) := '0';
         end  if ;
         Tmp := Tmp / 2;
      end  loop ;

      return  Result;
   end  To_StdULogicVector;

   -----------------------------------------------------------------------------
   -- Converts unsigned Std_ULogic_Vector to Natural
   -- Leftmost bit is most significant
   -- No warning for unknowns (U, X, W, Z, -), they are converted to 0
   -- Verifies whether vector is too long (> 31 bits)
   -----------------------------------------------------------------------------
   function  To_Integer(V:     Std_ULogic_Vector)
                       return  Natural is
      variable  Result: Integer := 0;
   begin
      assert  V'Length <= 31
         report  "Can not convert more than 31 bit Std_ULogic_Vectors"
         severity  Failure;
      for  i in  V'Range loop
         Result := Result * 2;
         if  (V(i) = '1') or  (V(i) = 'H') then
            Result := Result + 1;
         end  if ;
      end  loop ;

      return  Result;
   end  To_Integer;

   -----------------------------------------------------------------------------
   -- Wrap-around addition between two Std_ULogic_Vectors of the same length
   -- Leftmost bit is most significant
   -- Verifies whether both vectors have the same length
   -----------------------------------------------------------------------------
   function  "+"(R, L:  Std_ULogic_Vector)
                return  Std_ULogic_Vector is
      variable  Carry: Std_ULogic := '0';
      variable  RTmp, LTmp, Result: Std_ULogic_Vector((R'Length - 1) downto  0);
   begin
      assert  R'Length = L'Length
         report  "Vectors to be added are not of same length"
         severity  Failure;

      RTmp := R;                           -- To get the range (MSB downto 0)
      LTmp := L;                           --            -- " --
      for  i in  0 to  RTmp'Length - 1 loop
         -- Calculate sum using carry from previous step, then carry out
         Result(i) := RTmp(i) xor  LTmp(i) xor  Carry;
         Carry :=    (RTmp(i) and  LTmp(i)) or  (RTmp(i) and  Carry) or
                     (LTmp(i) and  Carry);
      end  loop ;
      return  Result;
   end  "+";

end  ExampleDefinition;
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--============================================================================--
-- Design units : ExampleTiming (Package declaration and body)
--
-- File name    : exampletiming.vhd
--
-- Purpose      : In this package, all timing parameters for the Example are
--                defined as deferred constants; their value can be modified
--                by recompiling only the package body and no other files.
--
-- Note         : The timing figures have been taken from the data sheet.
--                The timing figures are based on 50 pF load on the outputs.
--
-- Limitations  : Best case and typical figures have been estimated.
--                Note that simulation with timing checks CANNOT replace
--                a worst case timing analysis.
--
-- Errors       : None known
--
-- Naming       : Names of timing parameters are compliant with SDF (Standard
-- convention     Delay Format).
--
-- Library      : Example_Lib
--
-- Dependencies : ESA.Simulation (Note: to be replaced by an internationally
--                                recognised version in the future)
--
-- Author       : Sandi Habinc, Peter Sinander
--                ESTEC WS Spacecraft Control and Data Systems Division)
--                P. O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
-- Simulator    : Synopsys v. 3.0c, on Sun Sparcstation 10, SunOS 4.1.3
--------------------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     1 Sep 96  New version
-- 1.0a    PSI    15 Feb 97  Comments updated (no code change)
--------------------------------------------------------------------------------

library  ESA;              -- To be replaced in the future
use  ESA.Simulation. all ;   -- To be replaced in the future

package  ExampleTiming is

   -----------------------------------------------------------------------------
   -- Deferred constants for the timing parameters, all values are defined in
   -- the package body.
   --
   -- Test, Mode, LowSpeed, Code : not allowed to change while Reset_N is
   -- de-asserted (checked in model).
   --
   -- Reset_N, CS_N de-asserted after write: timing requirement expressed in
   -- number of clock cycles (checked in model).
   -----------------------------------------------------------------------------

   -- System signal timing parameters                   Data sheet reference
   constant  tperiod_Clk:      TimeArray;             -- TCp
   constant  tpw_hi_min_Clk:   TimeArray;             -- TCLo
   constant  tpw_lo_min_Clk:   TimeArray;             -- TCHi
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   -- Mem interface timing parameters
   constant  tsetup_A_CS_N:    TimeArray;             -- T5
   constant  thold_A_CS_N:     TimeArray;             -- T6
   constant  tsetup_RW_N_CS_N: TimeArray;             -- T1
   constant  thold_RW_N_CS_N:  TimeArray;             -- T2
   constant  tpw_lo_min_CS_N:  TimeArray;             -- T3
   constant  tsetup_D_CS_N:    TimeArray;             -- T5
   constant  thold_D_CS_N:     TimeArray;             -- T6
   constant  tpd_CS_N_D:       TimeArray;             -- T7
   constant  tpd_CS_N_D_Z:     TimeArray;             -- T9
   constant  tpd_A_D:          TimeArray;             -- T8

   -- Serial input interface timing parameters
   constant  tsetup_Clk_Ready: TimeArray;             -- T10
   constant  thold_Clk_Ready:  TimeArray;             -- T11
   constant  tsetup_Clk_SIn:   TimeArray;             -- T12
   constant  thold_Clk_SIn:    TimeArray;             -- T13

   -- Output interface timing parameters
   constant  tpd_Clk_SOut:     TimeArray;             -- T4
   constant  tpd_Clk_Valid:    TimeArray;             -- T4
end  ExampleTiming;

package  body  ExampleTiming is
   -----------------------------------------------------------------------------
   -- Deferred constants for the timing parameters, all values are defined in
   -- the package body
   --
   -- Test, Mode, LowSpeed, Code : not allowed to change while Reset_N is
   -- de-asserted (checked in model).
   --
   -- Definition of default timing parameter values with 50 pF load
   -- The timing figures have been taken from the data sheet
   -----------------------------------------------------------------------------

   -- System signal timing parameters       WC     Typ    BC         Ref.
   constant  tperiod_Clk:      TimeArray := (80 ns, 66 ns, 50 ns); -- TCp
   constant  tpw_hi_min_Clk:   TimeArray := (40 ns, 33 ns, 25 ns); -- TCLO
   constant  tpw_lo_min_Clk:   TimeArray := (40 ns, 33 ns, 25 ns); -- TCHI

   -- Mem interface timing parameters       WC     Typ    BC         Ref.
   constant  tsetup_A_CS_N:    TimeArray := (10 ns,  7 ns,  5 ns); -- T5
   constant  thold_A_CS_N:     TimeArray := (10 ns,  7 ns,  4 ns); -- T6
   constant  tsetup_RW_N_CS_N: TimeArray := ( 0 ns,  0 ns,  0 ns); -- T1
   constant  thold_RW_N_CS_N:  TimeArray := ( 3 ns,  5 ns,  6 ns); -- T2
   constant  tpw_lo_min_CS_N:  TimeArray := (50 ns, 40 ns, 30 ns); -- T3
   constant  tsetup_D_CS_N:    TimeArray := (10 ns,  7 ns,  5 ns); -- T5
   constant  thold_D_CS_N:     TimeArray := (10 ns,  7 ns,  4 ns); -- T6
   constant  tpd_CS_N_D:       TimeArray := (45 ns, 35 ns, 25 ns); -- T7
   constant  tpd_CS_N_D_Z:     TimeArray := (35 ns, 35 ns, 35 ns); -- T9
   constant  tpd_A_D:          TimeArray := (60 ns, 53 ns, 45 ns); -- T8

   -- Serial input interface timing         WC     Typ    BC         Ref.
   constant  tsetup_Clk_Ready: TimeArray := ( 5 ns,  4 ns,  3 ns); -- T10
   constant  thold_Clk_Ready:  TimeArray := (10 ns,  8 ns,  5 ns); -- T11
   constant  tsetup_Clk_SIn:   TimeArray := ( 5 ns,  4 ns,  3 ns); -- T12
   constant  thold_Clk_SIn:    TimeArray := (10 ns,  8 ns,  5 ns); -- T13

   -- Output interface timing parameters    WC     Typ    BC         Ref.
   constant  tpd_Clk_SOut:     TimeArray := (30 ns, 22 ns, 15 ns); -- T5
   constant  tpd_Clk_Valid:    TimeArray := (30 ns, 22 ns, 15 ns); -- T5
end  ExampleTiming;



CENELEC TC217/WG2 report 2.14 Second draft, 23 February 199744

--============================================================================--
-- Design units : ExampleCore(FunctionalCore) (Entity and architecture)
--
-- File name    : examplecore.vhd
--
-- Purpose      : This is the functional core of an example VHDL model called
--                Example. The core implements all the functionality, except
--                the multiplexing of the data bus D which is performed in the
--                top-level architecture.
--
-- Note         : All timing, checking and conversion of logical values are
--                performed in the top-level architecture.
--                X-propagation is implemented for the SIn and Code inputs, but
--                not for data written to the parallel interface.
--
--                The functionality does not represent an existing component.
--
--                The model is intended for efficient simulation at board level
--                and is not synthesizable.
--
--                Since no real function is modelled, the comments have
--                sometimes been reduced.
--
-- Limitations  : BIST internal function not modelled, only the resulting delay
--                after reset. Manufacturing test not modelled.
--
-- Errors:      : None known (model not verified)
--
-- Naming       : Active low signals are indicated by _N.
-- convention     All external signals have been named as in the data sheet.
--
-- Library      : Example_Lib
--
-- Dependencies : IEEE.Std_Logic_1164,
--                Example_Lib.ExampleDefinition
--
-- Author       : Peter Sinander
--                ESTEC WS Spacecraft Control and Data Systems Division
--                P. O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
-- Simulator    : Synopsys v. 3.0c, on Sun Sparcstation 10, SunOS 4.1.3
--------------------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     1 Sep 96  New version
-- 1.0a    PSI    15 Feb 97  Comments updated (no code change)
--------------------------------------------------------------------------------

library  IEEE;
use  IEEE.Std_Logic_1164. all ;

library  Example_Lib;
use  Example_Lib.ExampleDefinition. all ;

entity  ExampleCore is
   port  (
      -- System signals
      Test0:     in     Std_ULogic;                     -- 0 to activate BIST
      Clk:       in     Std_ULogic;                     -- System clock
      Reset_N:   in     Std_ULogic;                     -- System async reset

      -- Mode pins for selecting the operation + static fields
      Mode:      in     Std_ULogic_Vector(0 to  1);      -- Selects mode
      LowSpeed:  in     Std_ULogic;                     -- Lower speed when 1
      Code:      in     Std_ULogic_Vector(0 to  5);      -- Code input 6 bits
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      -- Parallel interface
      A:         in     Std_Byte;                       -- Address bus
      CS_N:      in     Std_ULogic;                     -- Chip select, act. low
      RW_N:      in     Std_ULogic;                     -- Read/write, read = 1
      D:         in     Std_Logic_Vector(0 to  7);       -- Data bus in
      DOut:      out    Integer range  0 to  255;         -- Data bus output
      DEnable:   out    Boolean;                        -- Data bus enable

      -- Serial input interface
      Ready:     in     Std_ULogic;                     -- Data input ready
      SIn:       in     Std_ULogic;                     -- Serial input data

      -- Resulting serial output and valid strobe
      SOut:      out    Std_ULogic;                     -- Serial data output
      Valid:     out    Std_ULogic);                    -- 1 when output valid
end  ExampleCore;

--=============================== ARCHITECTURE ===============================--

architecture  FunctionalCore of  ExampleCore is
   signal  ValidLen:    Integer range  0 to   9600;       -- Valid FSM states
   signal  EndOfFSM:    Integer range  0 to  10000;       -- Where the FSM ends
   signal  Preamble:    Std_ULogic_Vector(0 to  PreambleLen-1); -- Concat preamble
   signal  MainReset:   Boolean := True;                -- Reset or BIST

   signal  DWrite:      Integer range  0 to  255;         -- Memory data to write
   signal  AWrite:      Integer range  0 to  255;         -- Address to write data
   signal  WStrobe:     Std_ULogic;                     -- Async. write strobe

begin  --=========== Architecture FunctionalCore of ExampleCore ===============--

   -----------------------------------------------------------------------------
   -- Calculation of valid and FSM lengths
   -----------------------------------------------------------------------------
   ValidLen  <= CalcValidLength(Mode);
   EndOfFSM  <= CalcFSMLength(Mode, LowSpeed) - 1;

   ----------------------------------------------------------------------------
   -- Generation of preamble part that seldom changes
   ----------------------------------------------------------------------------
   Preamble <= FixPreamble & FixedField & Code;

   -----------------------------------------------------------------------------
   -- Implementation of all functionality driven by Clk, i.e. ...
   -- (Here a full description should normally be placed)
   -- Note that the Reset signal is synchronised, and is therefore not included
   -- in the sensitivity list.
   -- Inclusion of events on the A address signal in order to synchronise
   -- data and address from the asynchronous memory interface.
   -----------------------------------------------------------------------------
   ClkRegion: process (Clk, A)
      variable  Reset1_N:    Std_ULogic := '1';         -- Synchronised reset
      variable  Reset2_N:    Std_ULogic := '1';         -- Synchronised reset
      variable  BistCount:   Integer range  -1 to  BistClks := -1; -- No init = -1

      variable  FSMCount:    Integer range  0 to  10000;  -- Which bit of FSM
      variable  LineCount:   Std_Byte;                  -- Line Counter
      variable  DataOut:     Std_ULogic;                -- Serial data output

      variable  DelayedSIn:  Std_ULogic;                -- Registered Sin bit

      variable  MemData:     Integer range  0 to  255;    -- Data read from Mem
      variable  Mem:         MemType;                   -- 256*8 bit memory
      variable  A_Integer:   Integer range  0 to  255;    -- A in integer format
      variable  AWrite1:     Integer range  0 to  255;    -- Delayed write address
      variable  DWrite1:     Integer range  0 to  255;    -- Delayed Mem write data
      variable  AWrite2:     Integer range  0 to  255;    -- Delayed write address
      variable  DWrite2:     Integer range  0 to  255;    -- Delayed Mem write data
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   begin
      if  Falling_Edge(Clk) then                         -- Falling Clk edge

         -----------------------------------------------------------------------
         -- Code dealing with the Reset initialization
         -----------------------------------------------------------------------
         -- Delay 2 Clk of Reset_N due to synchronisation
         Reset2_N := Reset1_N;
         Reset1_N := Reset_N;

         if  Reset2_N = '0' then                         -- Reset the Example
            -- Select delay for BIST or for no BIST
            if  Test0 = '1' then
               BistCount := NoBistClks;                -- BIST disabled
            else
               BistCount := BistClks;
            end  if ;

            FSMCount     := 0;
            LineCount    := "00000000";
  
            DelayedSIn   := '0';
            AWrite1      := 0;
            DWrite1      := 0;
            AWrite2      := 0;
            DWrite2      := 0;
            Mem          := (others => 0);             -- Initialise memory
            DOut         <= Mem(A_Integer);

            -- Output values at reset
            SOut         <= '0';
            Valid        <= '0';

         -----------------------------------------------------------------------
         -- Normal operation after reset and BIST (if enabled)
         -----------------------------------------------------------------------
         elsif  (BistCount = 0) then
            --------------------------------------------------------------------
            -- The serial data output, containing of the Preamble, the line
            -- count and the serial input data SIn
            if  FSMCount < LineCountEnd then
               -- Optimised if-structure to execute only when necessary
               if  FSMCount < PreambleLen then           -- Sync. Mark +
                  DataOut := Preamble(FSMCount);       -- Preamble bytes
               else                                     -- Line Counter byte
                  DataOut := LineCount(FSMCount mod 8);
               end  if ;

            elsif  FSMCount < ValidLen then              -- Output data from SIn
               DataOut := DelayedSIn;
            else                                        -- Reed-Solomon codes
               DataOut := '0';
            end  if ;

            --------------------------------------------------------------------
            -- Generation of SOut
            -- Generation of Valid; '1' while the input data is being output
            -- if the data input is ready (i.e. Ready = '1')
            SOut <= DataOut;
            if  FSMCount < FixPreamble'Length then       -- Output invalid
               Valid <= '0';
            else
               if  FSMCount = FixPreamble'Length then
                  Valid <= Ready;
               elsif  FSMCount = ValidLen then
                  Valid <= '0';
               end  if ;
            end  if ;
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            --------------------------------------------------------------------
            -- Writing of data into the Mem; delayed 2.5 Clk cycles for
            -- synchronisation reasons (first delay on rising Clk edge)
            -- Change DOut in case the corresponding Mem data was changed
            Mem(AWrite2) := DWrite2;
            AWrite2      := AWrite1;
            DWrite2      := DWrite1;
            DOut         <= Mem(A_Integer);

            --------------------------------------------------------------------
            -- Delay of SIn with 1 Clock cycle (it was registered in order
            -- to reduce the setup time)
            DelayedSIn := SIn;

            --------------------------------------------------------------------
            -- Implementation of FSM counter (for FSM) and Line Counter
            if  FSMCount < EndOfFSM then
               -- Increment bit counter
               FSMCount  := FSMCount + 1;
            else
               -- End of FSM reached: reset FSM counter & increment Line Count
               FSMCount  := 0;
               LineCount := LineCount + "00000001";
            end  if ;

         -----------------------------------------------------------------------
         -- Model Bist delay. In case Reset has never been asserted,
         -- BistCount = -1, and no action will take place
         -----------------------------------------------------------------------
         elsif  BistCount > 0 then
            BistCount := BistCount - 1;

            -- Release MainReset when the BIST has completed
            -- Prepare Reset1_N & Reset2_N for the next reset
            if  BistCount = 0 then
               MainReset <= False;
               Reset1_N  := '1';
               Reset2_N  := '1';
            end  if ;
         end  if ;

      --------------------------------------------------------------------------
      -- First latching of parallel interface address & data on Rising Clk edge
      --------------------------------------------------------------------------
      elsif  Rising_Edge(Clk) then
         AWrite1 := AWrite;
         DWrite1 := DWrite;
      end  if ;

      --------------------------------------------------------------------------
      -- Output parallel data on internal bus whenever the address changes
      -- Only convert A to integer when it changes (used elsewhere in process)
      --------------------------------------------------------------------------
      if  A'Event then
         A_Integer := To_Integer(A);
         DOut      <= Mem(A_Integer);
      end  if ;
   end  process  ClkRegion;
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   -----------------------------------------------------------------------------
   -- Latching of address & data for the parallel interface
   -- Generation of external data bus enable
   -----------------------------------------------------------------------------
   -- Data and address to be written is latched on the rising edge of WStrobe
   WStrobe <= CS_N or  RW_N;

   WriteMem: process (WStrobe, MainReset)
   begin
      if  MainReset then
         AWrite <= 0;
         DWrite <= 0;
      elsif  WStrobe'Event and  WStrobe = '1' then
         AWrite <= To_Integer(A);
         DWrite <= To_Integer(To_StdULogicVector(D));
      end  if ;
   end  process  WriteMem;
  
   -- Enabled for read cycles when not Reset
   DEnable <= (Reset_N = '1') and  (RW_N = '1') and  (CS_N = '0');

end  FunctionalCore; --==== End of ExampleCore(FunctionalCore) ================--
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--============================================================================--
-- Design units : Example(BoardLevel) (Entity and architecture)
--
-- File name    : example.vhd
--
-- Purpose      : This is an example VHDL model called Example. For a real
--                model the functionality should be described here, together
--                with a reference to the applicable data sheet.
--
-- Note         : Selection of Worst Case, Typical or Best Case timing
--                is performed by changing the SimCondition generic.
--
--                X-propagation is implemented for the Code and SIn inputs, but
--                not for data written to the parallel interface.
--
--                Timing violations will not lead to unknown being generated.
--
--                The model is intended for efficient simulation at board level
--                and is not synthesizable.
--
-- Limitations  : BIST internal function not modelled, only the resulting delay
--                after reset. Manufacturing test not modelled.
--
--                Do not use timing modelling to replace worst case timing
--                analysis; the timing modelling is not always accurate.
--
-- Errors:      : Timing and X checks have not been implemented for all inputs.
--
-- Naming       : Active low signals are indicated by _N.
-- convention     All external signals have been named as in the data sheet.
--                Internal, strength converted signals are named after their
--                new strength, for example _X01. Internal signals without
--                output delay are indicated by _NoTime.
--
-- Library      : Example_Lib
--
-- Dependencies : IEEE.Std_Logic_1164
--                IEEE.Vital_Timing
--                ESA.Simulation
--                Example_Lib.ExampleCore
--                Example_Lib.ExampleDefinition
--                Example_Lib.ExampleTiming
--
-- Author       : Sandi Habinc, Peter Sinander
--                ESTEC WS Spacecraft Control and Data Systems Division
--                P. O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
-- Simulator    : Synopsys v. 3.0c, on Sun Sparcstation 10, SunOS 4.1.3
--------------------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     1 Sep 96  New version
-- 2.0     PSI    15 Feb 97  Updated to Vital’95, comments updated
--------------------------------------------------------------------------------

library  IEEE;
use  IEEE.Std_Logic_1164. all ;                           -- For signal types

library  ESA;                                           -- To be replaced
use  ESA.Simulation. all ;                                -- For simulation mode

entity  Example is
   generic (
      SimCondition:   SimConditionType := WorstCase;   -- Simulation condition
      InstancePath:   String           := "Example:";  -- For Assertions
      TimingChecksOn: Boolean          := False);      -- Timing disabling
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   port  (
      -- System signals (4)
      Test:      in     Std_Logic_Vector(0 to  1);       -- Test inputs
      Clk:       in     Std_Logic;                      -- System clock
      Reset_N:   in     Std_Logic;                      -- System async reset
 
      -- Mode pins for selecting the operation + static fields (9)
      Mode:      in     Std_Logic_Vector(0 to  1);       -- Selects mode
      LowSpeed:  in     Std_Logic;                      -- Lower speed when 1
      Code:      in     Std_Logic_Vector(0 to  5);       -- Code input 6 bits

      -- Parallel interface (18)
      A:         in     Std_Logic_Vector(0 to  7);       -- Address bus
      CS_N:      in     Std_Logic;                      -- Chip select, act. low
      RW_N:      in     Std_Logic;                      -- Read/write, read = 1
      D:         inout  Std_Logic_Vector(0 to  7);       -- Data bus

      -- Serial input interface (2)
      Ready:     in     Std_Logic;                      -- Data input ready
      SIn:       in     Std_Logic;                      -- Serial input data

      -- Resulting serial output and valid strobe (2)
      SOut:      out    Std_Logic;                      -- Serial data output
      Valid:     out    Std_Logic);                     -- 1 when output valid
end  Example;

--=============================== ARCHITECTURE ===============================--

library  IEEE;
use  IEEE.Vital_Timing. all ;                             -- For timing checks

library  Example_Lib;
use  Example_Lib.ExampleDefinition. all ;                 -- For functions
use  Example_Lib.ExampleTiming. all ;                     -- For timing parameters

architecture  BoardLevel of  Example is
   ----------------------------------------------------------------------------
   -- Component declaration
   ----------------------------------------------------------------------------
   component ExampleCore
      port  (
         -- System signals
         Test0:     in     Std_ULogic;                  -- 0 to activate BIST
         Clk:       in     Std_ULogic;                  -- System clock
         Reset_N:   in     Std_ULogic;                  -- System async reset

         -- Mode pins for selecting the operation + static fields
         Mode:      in     Std_ULogic_Vector(0 to  1);   -- Selects mode
         LowSpeed:  in     Std_ULogic;                  -- Lower speed when 1
         Code:      in     Std_ULogic_Vector(0 to  5);   -- Code input 6 bits

         -- Parallel interface
         A:         in     Std_Byte;                    -- Address bus
         CS_N:      in     Std_ULogic;                  -- Chip select, act. low
         RW_N:      in     Std_ULogic;                  -- Read/write, read = 1
         D:         in     Std_Logic_Vector(0 to  7);    -- Data bus in
         DOut:      out    Integer range  0 to  255;      -- Data bus output
         DEnable:   out    Boolean;                     -- Data bus enable

         -- Serial input interface
         Ready:     in     Std_ULogic;                  -- Data input ready
         SIn:       in     Std_ULogic;                  -- Serial input data

         -- Resulting serial output and valid strobe
         SOut:      out    Std_ULogic;                  -- Serial data output
         Valid:     out    Std_ULogic);                 -- 1 when output valid
   end  component;
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   -----------------------------------------------------------------------------
   -- Local signal declarations, for input strength conversion, output signals
   -- without delay, signals for the data bus control and timing check enabling
   -----------------------------------------------------------------------------
   signal  Test0_X01:       Std_ULogic;                 -- 0 to activate BIST
   signal  Clk_X01:         Std_ULogic;                 -- System clock
   signal  Reset_N_X01:     Std_ULogic;                 -- System async reset
   signal  Mode_X01:        Std_ULogic_Vector(0 to  1);  -- Selects mode
   signal  LowSpeed_X01:    Std_ULogic;                 -- Lower speed when 1
   signal  Code_X01:        Std_ULogic_Vector(0 to  5);  -- Code input 6 bits

   signal  A_X01:           Std_Byte;                   -- Address bus
   signal  CS_N_X01:        Std_ULogic;                 -- Chip select, act. low
   signal  RW_N_X01:        Std_ULogic;                 -- Read/write, read = 1
   signal  D_X01:           Std_Logic_Vector(0 to  7);   -- Input data
   signal  DOut:            Integer range  0 to  255;     -- Data bus output
   signal  DOutDelayed:     Integer range  0 to  255;     -- D delayed wrt address
   signal  DEnable:         Boolean;                    -- Data bus enable
   signal  DEnDelayed:      Boolean;                    -- Enable delayed wrt CS

   signal  Ready_X01:       Std_ULogic;                 -- Data input ready
   signal  SIn_X01:         Std_ULogic;                 -- Serial input data
   signal  SOut_NoTime:     Std_ULogic;                 -- Serial data output
   signal  Valid_NoTime:    Std_ULogic;                 -- 1 when output valid
   signal  AfterReset:      Boolean;                    -- True after reset

begin  --==============  Architecture BoardLevel of Example  ==================--

   -----------------------------------------------------------------------------
   -- Strength stripping to X01 using the Std_Logic_1164 provided routines
   -----------------------------------------------------------------------------
   Test0_X01    <= To_X01(Test(0));
   Clk_X01      <= To_X01(Clk);
   Reset_N_X01  <= To_X01(Reset_N);
   Mode_X01     <= To_StdULogicVector(To_X01(Mode));
   LowSpeed_X01 <= To_X01(LowSpeed);
   Code_X01     <= To_StdULogicVector(To_X01(Code));
   A_X01        <= To_StdULogicVector(To_X01(A));
   CS_N_X01     <= To_X01(CS_N);
   RW_N_X01     <= To_X01(RW_N);
   D_X01        <= To_X01(D);
   Ready_X01    <= To_X01(Ready);
   SIn_X01      <= To_X01(SIn);

   -----------------------------------------------------------------------------
   -- Check for unknown values on the static inputs, and that they only change
   -- during reset). Check for unknown values on Reset_N.
   -- Activating production test and changing the code inputs do not change the
   -- state of the model, and have therefore severity level Note resp. Warning.
   -----------------------------------------------------------------------------
   CheckStaticInputs: process (Reset_N_X01, Mode_X01, LowSpeed_X01, Code_X01)
   begin
      if  (Now /= 0 ns) and  (Reset_N_X01 = '1') then
         -- No assertions at start-up or when Reset is asserted
         assert  not  Is_X(Test)
            report  InstancePath & " 'X' on Test inputs"       severity  Error;
         assert  (Test(1) = '0')
            report  InstancePath & " Prod. test not modelled"  severity  Note;
         assert  not  Is_X(Mode_X01)
            report  InstancePath & " 'X' on Mode input"        severity  Error;

         assert  LowSpeed_X01 /= 'X'
            report  InstancePath & " 'X' on LowSpeed input"    severity  Error;
         assert  not  Is_X(Code_X01)
               report  InstancePath & " 'X' on Code inputs"    severity  Warning;
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         -- Check if the static pins changed after Reset
         assert  not  Test'Event
            report  InstancePath & " Test changed after reset" severity  Error;
         assert  not  Mode_X01'Event
            report  InstancePath & " Mode changed after reset" severity  Error;
         assert  not  LowSpeed_X01'Event
            report  InstancePath &" LowSpeed changed after reset" severity  Error;
         assert  not  Code_X01'Event
            report  InstancePath & " Code changed after reset" severity  Warning;

      elsif  (Now /= 0 ns) and  Reset_N'Event then  -- Check for X on Reset_N
         assert  Reset_N_X01 /= 'X'
            report  InstancePath & " 'X' on Reset_N input"     severity  Error;

      end  if ;
   end  process  CheckStaticInputs;

   -----------------------------------------------------------------------------
   -- Timing checks on inputs (setup, hold, period, pulse width) using VITAL.
   -- Checker enabling after reset (1 ns delay to avoid messages at start-up)
   -----------------------------------------------------------------------------
   AfterReset   <= TimingChecksOn and  (Reset_N_X01 = '1') after  1 ns;

   TimingCheck: process (Clk_X01, CS_N_X01, Ready_X01, Sin_X01)
      variable  VPD_Clk:         VitalPeriodDataType := VitalPeriodDataInit;
      variable  VPD_CS_N:        VitalPeriodDataType := VitalPeriodDataInit;
      variable  VPD_Ready:       VitalTimingDataType := VitalTimingDataInit;
      variable  VPD_SIn:         VitalTimingDataType := VitalTimingDataInit;
      variable  Violation:       X01                 := '0';
   begin
      -- Clk period, high and low times (TCp, TCLo, TCHi)
      VitalPeriodPulseCheck(TestSignal     => Clk_X01,
                            TestSignalName => "Clk",
                            Period         => tperiod_Clk   (SimCondition),
                            PulseWidthHigh => tpw_hi_min_Clk(SimCondition),
                            PulseWidthLow  => tpw_lo_min_Clk(SimCondition),
                            PeriodData     => VPD_Clk,
                            CheckEnabled   => TimingChecksOn,
                            HeaderMsg      => InstancePath,
                            MsgSeverity    => Error,
                            Violation      => Violation);

      -- CS_N asserted time (T3), PeriodMin and Pw_Hi_Min defined by default
      VitalPeriodPulseCheck(TestSignal     => CS_N_X01,
                            TestSignalName => "CS_N",
                            PulseWidthLow  => tpw_lo_min_CS_N(SimCondition),
                            PeriodData     => VPD_CS_N,
                            CheckEnabled   => TimingChecksOn,
                            HeaderMsg      => InstancePath,
                            MsgSeverity    => Error,
                            Violation      => Violation);

      -- Ready setup & hold wrt Clk (T10, T11); does not affect state => Warning
      VitalSetupHoldCheck(  TestSignal     => Ready_X01,
                            TestSignalName => "Ready",
                            RefSignal      => Clk_X01,
                            RefSignalName  => "Clk",
                            RefTransition  => 'F',
                            SetupHigh      => tsetup_Clk_Ready(SimCondition),
                            SetupLow       => tsetup_Clk_Ready(SimCondition),
                            HoldHigh       => thold_Clk_Ready (SimCondition),
                            HoldLow        => thold_Clk_Ready (SimCondition),
                            CheckEnabled   => AfterReset,
                            HeaderMsg      => InstancePath,
                            MsgSeverity    => Warning,
                            TimingData     => VPD_Ready,
                            Violation      => Violation);
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      -- SIn setup & hold wrt Clk (T12, T13); does not affect state => Warning
      VitalSetupHoldCheck(  TestSignal     => SIn_X01,
                            TestSignalName => "SIn",
                            RefSignal      => Clk_X01,
                            RefSignalName  => "Clk",
                            RefTransition  => 'F',
                            SetupHigh      => tsetup_Clk_SIn(SimCondition),
                            SetupLow       => tsetup_Clk_SIn(SimCondition),
                            HoldHigh       => thold_Clk_SIn (SimCondition),
                            HoldLow        => thold_Clk_SIn (SimCondition),
                            CheckEnabled   => AfterReset,
                            HeaderMsg      => InstancePath,
                            MsgSeverity    => Warning,
                            TimingData     => VPD_SIn,
                            Violation      => Violation);
   end  process  TimingCheck;

   -----------------------------------------------------------------------------
   -- Assignment of output delays.
   -----------------------------------------------------------------------------

   SOut        <= SOut_NoTime       after  tpd_Clk_SOut(SimCondition);
   Valid       <= Valid_NoTime      after  tpd_Clk_Valid(SimCondition);

   -- Generation of the tristate or drive of the external Data bus.
   -- DOut delayed wrt the address
   -- DEnable delayed, with different timing for tristating
   DOutDelayed <= transport  DOut    after  tpd_A_D(SimCondition);
   DEnDelayed  <= transport  DEnable after  tpd_CS_N_D(SimCondition)
                     when DEnable else
                     DEnable after  tpd_CS_N_D_Z(SimCondition);
   D           <= To_StdLogicVector(To_StdULogicVector(DOutDelayed, 8))
                     when DEnDelayed else
                  "ZZZZZZZZ";

   -----------------------------------------------------------------------------
   -- Instantiation of the ExampleCore modelling the functionality
   -----------------------------------------------------------------------------

   ExampleCore1: ExampleCore
      port  map (
         Test0    => Test0_X01,
         Clk      => Clk_X01,
         Reset_N  => Reset_N_X01,
         Mode     => Mode_X01,
         LowSpeed => LowSpeed_X01,
         Code     => Code_X01,
         A        => A_X01,
         CS_N     => CS_N_X01,
         RW_N     => RW_N_X01,
         D        => D_X01,
         DOut     => DOut,
         DEnable  => DEnable,
         Ready    => Ready_X01,
         SIn      => SIn_X01,
         SOut     => SOut_NoTime,
         Valid    => Valid_NoTime);

end  BoardLevel; --======== End of Example(BoardLevel) ========================--
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--==================================================================--
-- Design unit  : Simulation (Package declaration)
--
-- File name    : simulation.vhd
--
-- Purpose      : Defines the enumerated type SimConditionType,
--                to be used to select Worst, Typical or Best Case
--                values for timing parameters in VHDL models for
--                board-level simulation.
--
--                The simulation condition will normally be selected
--                by a generic parameter in the top-level entity
--
-- Note         : A type TimeArray has been defined, which can be used
--                for defining the timing parameters.
--
-- Errors:      : None known
--
-- Library      : ESA
--
-- Dependencies : None
--
-- Author       : Sandi Habinc, Peter Sinander
--                ESTEC Spacecraft Control and Data Systems Division
--                P.O. Box 299
--                2200 AG Noordwijk
--                The Netherlands
--
----------------------------------------------------------------------
-- Revision list
-- Version Author Date       Changes
--
-- 1.0     PSI     1 Sep 94  New version
----------------------------------------------------------------------

package  Simulation is

   -- Definition of the SimConditionType type
   type  SimConditionType is  (WorstCase, TypCase, BestCase);

   -- Definition of Time array type which can be used for the timing
   -- parameters
   type  TimeArray is  array (SimConditionType) of  Time;

end  Simulation;  --====== End of package Simulation ================--


