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$EVWUDFW
,Q� WKLV� SDSHU�ZH� GHVFULEH� D� GHVLJQ� YDOLGDWLRQ�PHWKRG

EDVHG� RQ� VLPXODWLRQ� RI� EHKDYLRUDO� PRGHOV�� LQ� ZKLFK

0HVVDJH�6HTXHQFH�&KDUWV��06&��DUH�XVHG�WR�YLVXDOL]H�WKH

VLPXODWLRQ� UHVXOWV� DQG� WR� DLG� LQ� GHEXJJLQJ�� 7KHUHWR�� ZH

KDYH�H[WHQGHG�D�3KLOLSV�SURSULHWDU\�WRRO��FDOOHG�766��ZLWK

WKH�SRVVLELOLW\�WR�YLVXDOL]H�VLPXODWLRQ�WUDFHV�

���,QWURGXFWLRQ

7KH� GHVLJQ� RI� FRPSOH[� GLJLWDO� ,&V� JHQHUDOO\� SURFHHGV

IURP� KLJK�OHYHO�� EHKDYLRUDO� PRGHOV� LQ� WKH� HDUO\� GHVLJQ

VWDJHV�WR�57/�DQG�JDWH�OHYHO�PRGHOV�LQ�ODWHU�GHVLJQ�VWDJHV�
+LJK�OHYHO�� EHKDYLRUDO� PRGHOV� DOORZ� WR� IRFXV� RQ

V\VWHP�OHYHO� DQG� DUFKLWHFWXUDO� LVVXHV� >�@�� 7KLV� SDSHU

GHVFULEHV�D�GHVLJQ�YDOLGDWLRQ�PHWKRG�EDVHG�RQ�VLPXODWLRQ

RI�EHKDYLRUDO�PRGHOV��LQ�ZKLFK�0HVVDJH�6HTXHQFH�&KDUWV

�06&��DUH�XVHG� WR�YLVXDOL]H� WKH�VLPXODWLRQ�UHVXOWV�DQG� WR

DLG�LQ�GHEXJJLQJ�
06&� LV� D� VWDQGDUGL]HG� ODQJXDJH� IRU� GLVSOD\LQJ� WKH

FRPPXQLFDWLRQ� EHKDYLRU� RI� V\VWHP� FRPSRQHQWV

>�@>�@>�@>�@>�@�� 06&� KDV� DOUHDG\� EHHQ� VXFFHVVIXOO\

DSSOLHG� LQ� WKH� DUHD� RI� WHOHFRPPXQLFDWLRQ� V\VWHPV� IRU

GHFDGHV�� 7KHLU� PDLQ� XVH� LV� IRU� WKH� GHILQLWLRQ� RI� V\VWHP

UHTXLUHPHQWV�� IRU� GLVSOD\LQJ� VLPXODWLRQ� UXQV� DQG� IRU
H[SUHVVLQJ� WHVW� FDVHV�� 7KHUH� DUH� VHYHUDO� UHDVRQV� IRU� WKHLU

SRSXODULW\� LQ� WKLV� ILHOG� RI� DSSOLFDWLRQ�� )LUVW� RI� DOO�� WKH

JUDSKLF� DQG� LQWXLWLYH� QDWXUH� RI� 06&� PDNHV� LW� D� SHUIHFW

ODQJXDJH� WR� FRPPXQLFDWH� DERXW� WKH� V\VWHP� ZLWK

QRQ�VSHFLDOLVWV�� 7KH\� DUH� HVSHFLDOO\� VXLWHG� IRU� FDSWXULQJ

LQLWLDO� UHTXLUHPHQWV�� DQG� GLVFXVVLQJ� VFHQDULRV��0RUHRYHU�
VLQFH� WKH� 06&� ODQJXDJH� LV� VWDQGDUGL]HG� E\� WKH

,QWHUQDWLRQDO� 7HOHFRPPXQLFDWLRQ� 8QLRQ�� WKH� ODQJXDJH� LV

EHLQJ� PDLQWDLQHG� DFWLYHO\� DQG� VXSSRUWHG� E\� SURIHVVLRQDO

WRROV�

:H� SURSRVH� WR� XVH� WKLV� GLDJUDPPDWLF� ODQJXDJH� LQ� WKH
UHDOP�RI�,&�YDOLGDWLRQ��:H�EHOLHYH� WKDW� WKH�YLUWXHV�RI� WKH

ODQJXDJH� FDQ� DOVR� KHOS� LQ� WKLV� DUHD� WR� XQGHUVWDQG� WKH

LQWHUDFWLRQ�EHWZHHQ�WKH�FRPSRQHQWV�RI�DQ�,&��5DWKHU�WKDQ
IRFXVLQJ� RQ� WKH� DSSOLFDWLRQ� RI� IRUPDO� YHULILFDWLRQ

WHFKQLTXHV��ZKLFK�LV�DOVR�IHDVLEOH�ZLWK�WKH�DLG�RI�06&��ZH

ZLOO�IRFXV�RXU�DWWHQWLRQ�RQ�WKH�XVH�RI�06&�IRU�GLVSOD\LQJ

VLPXODWLRQ� UXQV� LQ� RUGHU� WR� PRUH� HDVLO\� XQGHUVWDQG� WKH

RSHUDWLRQ�RI�D�FRPSOH[�GLJLWDO�,&��,Q�SDUWLFXODU��06&�FDQ

KHOS� WR� GLVSOD\� DQG� DQDO\]H� IDXOW\� EHKDYLRU�� WKXV
VXSSRUWLQJ�WKH�GHEXJJLQJ�RI�,&V�

766� �7RRO� IRU� 6\VWHP� 6LPXODWLRQ�� LV� D� 3KLOLSV

SURSULHWDU\� WRRO� IRU� VLPXODWLRQ� RI� EHKDYLRUDO� PRGHOV�

ZKLFK� LV� XVHG� LQ� KLJK�OHYHO� GHVLJQ� DQG� YDOLGDWLRQ� RI

FRPSOH[�GLJLWDO�,&V��:H�H[WHQGHG�766�ZLWK�WKH�FDSDELOLW\

RI� FDSWXULQJ� DQG� YLVXDOL]LQJ� VLPXODWLRQ� UHVXOWV� XVLQJ
06&��7KHUH�DUH�VHYHUDO� UHVHDUFK� LVVXHV�FRQQHFWHG� WR� WKLV

DSSOLFDWLRQ�RI�06&��)LUVW�RI�DOO��WKH�TXHVWLRQ�DULVHV�ZKLFK

LQIRUPDWLRQ� VKRXOG� EH� GLVSOD\HG� LQ� WKH�06&�� ZKLFK� DUH

WKH�UHOHYDQW�SURFHVVHV�WR�VKRZ�DQG�ZKLFK�HYHQWV�VKRXOG�EH

GLVSOD\HG�LQ�ZKDW�ZD\"�$IWHU�H[SHULPHQWLQJ��ZH�GHVLJQHG
D�PDSSLQJ�RI�766�VLPXODWRU�RXWSXW� WR�06&��7KH� VHFRQG

TXHVWLRQ�LV�ZKLFK�FRPSXWHU�VXSSRUW�LV�QHHGHG�WR�QDYLJDWH

WKH� XVHU� WKURXJK� WKH� JHQHUDWHG�06&��06&� JHQHUDWHG� E\

VLPXODWRUV� VXFK� DV� 766�� W\SLFDOO\� FRQWDLQ� PLOOLRQV� RI

HYHQWV��DQG�WRRO�VXSSRUW�LV�QHHGHG�WR�SURMHFW�RQWR�SDUWV�RI

WKH�V\VWHP�RU�SDUWV�RI�WKH�EHKDYLRU��,Q�WKLV�SDSHU��ZH�ZLOO
DGGUHVV�ERWK�LVVXHV�

7KH� FXUUHQW� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 7KH� 766

VLPXODWLRQ� HQYLURQPHQW� IRU� EHKDYLRUDO� PRGHOV� LV

GHVFULEHG�LQ�6HFWLRQ����DQG�06&�LV�LQWURGXFHG�LQ�6HFWLRQ

��� ,Q� 6HFWLRQV� �� DQG� ��� LW� LV� H[SODLQHG� KRZ� 06&� LV

LQWHJUDWHG�LQWR�WKH�766�VLPXODWLRQ�HQYLURQPHQW��DQG�KRZ
WKLV� IDFLOLWDWHV� ,&� GHVLJQ� YDOLGDWLRQ�� ([SHULPHQWV� DUH

SUHVHQWHG� LQ� 6HFWLRQ� ��� DQG� FRQFOXVLRQV� DUH� JLYHQ� LQ

6HFWLRQ���

���6\VWHP�VLPXODWLRQ

:LWKLQ�3KLOLSV��766��7RRO� IRU�6\VWHP�6LPXODWLRQ��KDV

EHHQ� GHYHORSHG��ZKLFK� SURYLGHV� D� VLPXODWLRQ� IUDPHZRUN

IRU� KLJK�OHYHO�� EHKDYLRUDO� PRGHOV� >�@>�@�� $� EHKDYLRUDO
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PRGHO�LQ�766�FRQVLVWV�RI�WZR�KLHUDUFKLFDO�OHYHOV��PRGXOHV

DQG�SURFHVVHV��7KH�EHKDYLRU�RI�D�FRPSOH[�,&� LV�PRGHOHG
DV� D� QHWZRUN�RI�PRGXOHV� WKDW� DUH� VWDWLFDOO\� FRQQHFWHG� E\

FKDQQHOV�� 7\SLFDO� H[DPSOHV� RI� VXFK� PRGXOHV� DUH� D� EXV

LQWHUIDFH�� D� FDFKH� PHPRU\�� RU� DQ� $/8�� 0RGXOHV

FRPPXQLFDWH�E\�VHQGLQJ�PHVVDJHV�WR�HDFK�RWKHU�RYHU�WKH

FKDQQHOV��7KH�EHKDYLRU�RI�D�766�PRGXOH�LV�PRGHOHG�E\�D

QXPEHU� RI� V\QFKURQRXV� DQG�RU� DV\QFKURQRXV� SURFHVVHV�
ZKLOH� WKH�EHKDYLRU�RI� WKHVH�SURFHVVHV� LV� H[SUHVVHG� LQ� WKH

$16,�&�ODQJXDJH�

)LJXUH� �D� VKRZV� WKH� 766� EHKDYLRUDO� PRGHO� RI� DQ

H[DPSOH�V\VWHP�WKDW�LV�FRPSRVHG�RI�WKUHH�PRGXOHV��$/8�

&75/��DQG�5(*6��7KH�PRGXOHV�FRPPXQLFDWH�E\�VHQGLQJ

PHVVDJHV� RYHU� FKDQQHOV�� 7KH� FKDQQHOV� DUH� GHSLFWHG� LQ
)LJXUH��D�E\�DUURZV�DQG�DVVRFLDWHG�WR�HDFK�FKDQQHO�LV�WKH

FKDQQHO� QDPH�� $� PRGXOH� LV� FRQQHFWHG� WR� D� FKDQQHO� E\

PHDQV� RI� D� SRUW�� DV� GHSLFWHG� LQ� )LJXUH� �D�� 7KH� V\VWHP

UHSUHVHQWV� D� VLPSOH�&38�� FRQWDLQLQJ� DQ�$/8� WR�SHUIRUP

DULWKPHWLF� DQG� ORJLF� RSHUDWLRQV� RQ� WZR� GDWD� YDOXHV�� D

UHJLVWHU� ILOH� WR� VWRUH� GDWD�� DQG� D� FRQWUROOHU� WR� FRQWURO� WKH
RSHUDWLRQ�RI�WKH�$/8�DQG�WKH�UHJLVWHU�ILOH�

7KH� W\SLFDO� EHKDYLRU� RI� WKH� &38� LV� DV� IROORZV�� 7KH

V\VWHP�LV�WULJJHUHG�ZKHQHYHU�WKH�PRGXOH�&75/�UHFHLYHV�D

PHVVDJH�RQ�WKH�FKDQQHO�LQVWUXFWLRQ�IURP�WKH�HQYLURQPHQW�

7KLV�PHVVDJH�FRUUHVSRQGV�WR�DQ�LQVWUXFWLRQ�WKDW�KDV�WR�EH
H[HFXWHG� E\� WKH� &38�� 7KH� PRGXOH� &75/� GHFRGHV� WKH

LQVWUXFWLRQ�DQG�H[WUDFWV�DQ�RSHUDWLRQ��WKH�DGGUHVVHV�RI�WZR

GDWD� YDOXHV� LQ� WKH� UHJLVWHU� ILOH� RQ� ZKLFK� WKH� RSHUDWLRQ

VKRXOG� EH� SHUIRUPHG�� DQG� WKH� DGGUHVV� LQ� WKH� UHJLVWHU� ILOH

ZKHUH� WKH� UHVXOW� RI� WKH� RSHUDWLRQ� VKRXOG� EH� VWRUHG�� )RU

LQVWDQFH��WKH�RSHUDWLRQ�PD\�EH�WR�DGG�WZR�GDWD�YDOXHV�WKDW
DUH� VWRUHG� DW� DGGUHVV� �� DQG� ��� DQG� WR� VWRUH� WKHLU� VXP� DW

DGGUHVV���

1H[W�� WKH� PRGXOH�&75/� VHQGV� WKUHH� DGGUHVVHV� WR� WKH

PRGXOH�5(*6�YLD�WKH�FKDQQHOV�DGGU�$��DGGU�%��DQG�DGGU�

&�� 7KH� PHVVDJHV� RQ� DGGU�$� DQG� DGGU�%� VSHFLI\� WKH

DGGUHVVHV�RI�WKH�WZR�GDWD�RSHUDQGV��ZKLOH�WKH�PHVVDJH�RQ
DGGU�&� VSHFLILHV� WKH� DGGUHVV� IRU� WKH� UHVXOW�� 7KH� PRGXOH

5(*6� LV� QRZ� DFWLYDWHG�� LW� UHDGV� WKH� GDWD� YDOXHV� DV

VSHFLILHG�E\�WKH�WZR�RSHUDQG�DGGUHVVHV��DQG�LW�RXWSXWV�WKH
GDWD�YDOXHV�WR�PRGXOH�$/8�RYHU�WKH�FKDQQHOV�GDWD�$�DQG

GDWD�%�� 7KH� PRGXOH�&75/� DOVR� VHQGV� D� PHVVDJH� RQ� WKH

FKDQQHO�FWUO�WR�PRGXOH�$/8�FRQWDLQLQJ�WKH�RSHUDWLRQ��7KH

$/8� QRZ� SHUIRUPV� WKH� RSHUDWLRQ� XVLQJ� WKH� WZR� GDWD

YDOXHV� DV� DUJXPHQWV�� )LQDOO\�� WKH� UHVXOW� RI� WKH� $/8

RSHUDWLRQ�LV�ZULWWHQ�EDFN�LQWR�WKH�UHJLVWHU� ILOH�YLD�FKDQQHO
GDWD�&�

)LJXUH� �E� VKRZV� WKH� 766� PRGHO� IRU� PRGXOH� 5(*6�

ZKLFK�FRQVLVWV�RI�WKUHH�SURFHVVHV��$��%��DQG�&���VL[�SRUWV

�3�� WKURXJK� 3���� DQG� D� GDWD� VWUXFWXUH� �GDWD��� 7KH� SRUWV

FRQQHFW� WKH� PRGXOH� WR� WKH� FKDQQHOV�� 7KH� SURFHVVHV� UHDG

GDWD�IURP�RU�ZULWH�GDWD�WR�WKH�GDWD�VWUXFWXUH��3URFHVV�$� LV
VWDUWHG�ZKHQHYHU�LW�UHFHLYHV�D�PHVVDJH�IURP�FKDQQHO�DGGU�

$� YLD� LQSXW� SRUW� 3��� 7KH� SURFHVV� ZLOO� WKHQ� UHDG� D� GDWD

YDOXH� IURP� WKH� GDWD� VWUXFWXUH�GDWD� DQG� VHQG� WKLV� GDWD� RQ

FKDQQHO�GDWD�$�YLD�RXWSXW�SRUW�3���3URFHVV�%�RSHUDWHV�LQ�D

VLPLODU� ZD\�� XVLQJ� WKH� SRUWV� 3�� DQG� 3�� ZKLFK� DUH

FRQQHFWHG�WR�WKH�FKDQQHOV�DGGU�%�DQG�GDWD�%��3URFHVV�&�LV
VWDUWHG�ZKHQHYHU� LW� UHFHLYHV�PHVVDJHV� RQ� WKH� LQSXW� SRUWV

3�� DQG� 3�� YLD� WKH� FKDQQHOV� DGGU�&� DQG� GDWD�&�� 7KH

SURFHVV� ZLOO� WKHQ� ZULWH� WKH� GDWD� YDOXH� LQWR� WKH� GDWD

VWUXFWXUH�GDWD�

766� SURYLGHV� D� VLPXODWLRQ� NHUQHO� WR� VLPXODWH� D
EHKDYLRUDO� PRGHO� FRPSRVHG� RI� PRGXOHV� DQG� SURFHVVHV�

7KH� 766� NHUQHO� LPSOHPHQWV� YDULRXV� FRPPXQLFDWLRQ� DQG

V\QFKURQL]DWLRQ� PHFKDQLVPV� IRU� LQWHUDFWLRQV� EHWZHHQ

PRGXOHV� DQG� SURFHVVHV�� 7KH� 766� VLPXODWLRQ� NHUQHO� DQG

WKH� EHKDYLRUDO� PRGHO� DUH� FRPSLOHG� DQG� OLQNHG� WRJHWKHU

LQWR�D�VLQJOH�H[HFXWDEOH��6LPXODWLRQ�LV�VLPSO\�DFKLHYHG�E\
UXQQLQJ�WKH�H[HFXWDEOH�

766�SURYLGHV�D�XVHU�LQWHUIDFH�WR�FRQWURO�WKH�VLPXODWLRQ�

7KH� XVHU� LQWHUIDFH� SURYLGHV� DQ� DFFHVV� PHFKDQLVP� WR

FRQWURO�DQG�RU�REVHUYH�YDOXHV�LQ�GDWD�VWUXFWXUHV��SRUWV��DQG

FKDQQHOV� GXULQJ� VLPXODWLRQ�� ,Q� WKLV� ZD\�� VWLPXOL� FDQ� EH

RIIHUHG� WR� WKH� EHKDYLRUDO� PRGHO� DQG� UHVSRQVHV� FDQ� EH
REVHUYHG��7KH�XVHU� LQWHUIDFH� DOVR�SURYLGHV� FRQWURO� WR� UXQ

Figure 1  a) TSS behavioral model b) TSS module REGS
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WKH� VLPXODWLRQ� IRU� D� QXPEHU� RI� F\FOHV�� RU� XQWLO� VRPH

SUHGHILQHG� HYHQWV� RFFXU�� 9DOLGDWLRQ� RI� WKH� PRGHO� LV
SHUIRUPHG� E\� VLPXODWLQJ� WKH�PRGHO� ZLWK� WKH� DSSURSULDWH

WHVW�VWLPXOL�

:KHQHYHU� WKH� VLPXODWLRQ� UHVXOWV� GLIIHU� IURP� WKH

H[SHFWHG�UHVXOWV��DQ�HUURU�LQ�WKH�PRGHO�KDV�EHHQ�GHWHFWHG�

'HEXJJLQJ� LV� UHTXLUHG� QH[W� WR� ILQG� DQG� UHSDLU� WKH� URRW

FDXVH�RI�WKH�HUURU��7KH�XVHU�LQWHUIDFH�LV�WKH�SULPDU\�DLG�IRU
GHEXJJLQJ� 766� PRGHOV�� 9LD� WKH� XVHU� LQWHUIDFH�� WKH� XVHU

FDQ� FRQWURO� WKH� VLPXODWLRQ� �H�J�� UXQQLQJ� IRU� D� QXPEHU� RI

F\FOHV�� VHWWLQJ� XS� EUHDNSRLQWV��� DQG� DFFHVV� REMHFWV� LQ� WKH

766�PRGHO�� )RU�PRUH� GHWDLOHG� GHEXJJLQJ�� WKH� WUDGLWLRQDO

YDOLGDWLRQ� DSSURDFK� LV� WR� XVH� D� &� VRXUFH� FRGH� GHEXJJHU

�H�J�� *18¶V� JGE��� VLQFH� WKH� 766� EHKDYLRUDO� PRGHO� LV
GHVFULEHG� LQ� WKH� $16,�&� ODQJXDJH��+RZHYHU�� GHEXJJLQJ

DW� WKH� V\VWHP� OHYHO� LV� UDWKHU� GLIILFXOW� LQ� WKH� WUDGLWLRQDO

YDOLGDWLRQ� PHWKRGV�� VLQFH� WKLV� UHTXLUHV� D� KLJK�OHYHO�

DEVWUDFW�YLHZ�RI�WKH�V\VWHP�LQ�WHUPV�RI�SURFHVVHV�DQG�WKHLU

FRPPXQLFDWLRQ�� 7KLV� SUREOHP� LV� UHOD[HG� E\� WKH� XVH� RI

06&�

���0HVVDJH�6HTXHQFH�&KDUWV

0HVVDJH�6HTXHQFH�&KDUWV� �06&�� >�@>�@>�@>�@>�@� RIIHU

D� VWDQGDUGL]HG�� IRUPDO� PHWKRG� WR� GHVFULEH� DQG� YLVXDOL]H

WKH� LQWHUDFWLRQ� EHWZHHQ� SURFHVVHV� LQ� D� V\VWHP� WKDW� LV
FRPSRVHG� RI� FRPPXQLFDWLQJ� FRQFXUUHQW� SURFHVVHV��06&

LV�SULPDULO\�DSSOLHG�LQ�WKH�DUHDV�RI�WHOHFRPPXQLFDWLRQ�DQG

VRIWZDUH� HQJLQHHULQJ� IRU� UHTXLUHPHQWV� VSHFLILFDWLRQ�

VLPXODWLRQ�� YDOLGDWLRQ�� WHVW� FDVH� VSHFLILFDWLRQ�� DQG

GRFXPHQWDWLRQ�� 7KLV� SDSHU� GHVFULEHV� D� QHZ� DSSOLFDWLRQ

DUHD�IRU�06&��,&�GHVLJQ�YDOLGDWLRQ�

)LJXUH���VKRZV�DQ�H[DPSOH�RI�DQ�06&�IRU�WKH�V\VWHP

LQ�)LJXUH����7KH�766�PRGXOHV�DUH�UHSUHVHQWHG�E\�WKH�06&
LQVWDQFHV�&75/��5(*6��DQG�$/8��7KH�DUURZV�LQ�WKH�ILJXUH

LQGLFDWH� WKH� VHQGLQJ� DQG� UHFHLYLQJ� RI� PHVVDJHV� EHWZHHQ

06&� LQVWDQFHV�� +HQFH�� WKH� 06&� YLVXDOL]HV� WKH

FRPPXQLFDWLRQ� EHKDYLRU�� 7LPH� SURFHHGV� IURP� WRS� WR

ERWWRP��06&�KDV�QR�JOREDO�QRWLRQ�RI�WLPH�DQG�LW�LPSOLHV�D
SDUWLDO� RUGHULQJ� RI�PHVVDJHV�� )LJXUH� �� VKRZV� WKH� W\SLFDO

V\VWHP�EHKDYLRU�DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�

:H� SURSRVH� WKH� XVH� RI� 06&� WR� YLVXDOL]H� 766

VLPXODWLRQ�� 06&� LV� DQ� LQWXLWLYH� ZD\� WR� H[SUHVV� WKH

FRPPXQLFDWLRQ� EHKDYLRU� RI� FRQFXUUHQW� SURFHVVHV�� ,Q

DGGLWLRQ��06&�LV� VWDQGDUGL]HG��ZKLFK� LPSOLHV� WKDW� V\QWD[
DQG�VHPDQWLFV�DUH�ZHOO�GHILQHG��7KH�ODWWHU�DOVR�LPSOLHV�WKDW

FRPPHUFLDO� WRROV� FDQ� EH� XVHG� WKDW� RSHUDWH� RQ�06&�� H�J�

IRU�YLVXDOL]DWLRQ�RU�IRUPDO�YHULILFDWLRQ�

06&�OLNH� GLDJUDPV� DUH� RIWHQ� XVHG� LQ� REMHFW�RULHQWHG

GHVLJQ� WHFKQLTXHV�� VXFK� DV� 80/� >�@>��@�� 7KH� 06&

ODQJXDJH�DV�VWDQGDUGL]HG� LQ� WKH�UHFHQW� UHOHDVH�RI� WKH�,78
VWDQGDUG� �06&������� VXSSRUWV�DOO� IHDWXUHV� UHTXLUHG� WR�EH

XVHG�ZLWK�80/��7KLV�QHZ�UHOHDVH�RI�WKH�ODQJXDJH�PDNHV

LW� SRVVLEOH� WR� DOVR� H[SUHVV� WLPLQJ� UHTXLUHPHQWV� LQ� 06&

DQG�WKXV�WR�HYDOXDWH�D�GHVLJQ�ZLWK�UHVSHFW�WR�SHUIRUPDQFH

LQGLFDWRUV�

���/LQNLQJ�766�DQG�06&

:H� FDUULHG� RXW� WZR� VWHSV� WR� XVH�06&� IRU� YLVXDOL]LQJ

766�VLPXODWLRQ�UHVXOWV�

�� :H� GHILQHG� KRZ� 766� PRGXOHV�� SURFHVVHV�� DQG

FRPPXQLFDWLRQ� DQG� V\QFKURQL]DWLRQ� EHKDYLRU� DUH
H[SUHVVHG� LQ� 06&�� :H� DOVR� FRQVLGHUHG� KRZ� WKH

HYHQW�EDVHG� DQG� F\FOH�EDVHG� DFWLRQV� RI� WKH� 766

VLPXODWLRQ�NHUQHO�DUH�UHSUHVHQWHG�LQ�06&�

�� :H� GHYHORSHG� WRROV� WR� DXWRPDWLFDOO\� JHQHUDWH� DQG

YLVXDOL]H�06&�GXULQJ�D�766�VLPXODWLRQ�UXQ�

)LJXUH� �� DOUHDG\� VKRZHG� KRZ� 766� VLPXODWLRQ� UHVXOWV

FDQ� EH� YLVXDOL]HG� ZLWK� DQ� 06&�� 7KH� 06&� LQ� )LJXUH� �

SURYLGHV� DQ� DJJUHJDWH� YLHZ�� ZKHUH� HDFK� 06&� LQVWDQFH
FRUUHVSRQGV�WR�D�766�PRGXOH��7KH�WHUP�µGHFRPSRVHG¶� LQ

)LJXUH���LQGLFDWHV�WKDW�HDFK�06&�LQVWDQFH�FDQ�EH�UHILQHG

DW� D� ORZHU� OHYHO�� +HQFH�� IRU� HDFK� GHFRPSRVHG� 06&

GHFRPSRVHG

&75/

GHFRPSRVHG

5(*6

GHFRPSRVHG

$/8

LQVWUXFWLRQ

DGGU�$
GDWD�$

DGGU�%
GDWD�%

FWUO
DGGU�&

GDWD�&

Figure 2  Aggregate MSC of example system



�

LQVWDQFH�� ZKLFK� FRUUHVSRQGV� WR� D� 766�PRGXOH�� D� UHILQHG

YLHZ� FDQ� EH� JLYHQ� WR� VKRZ� WKH� FRPPXQLFDWLRQ� EHKDYLRU
EHWZHHQ�WKH�SURFHVVHV�LQVLGH�WKH�766�PRGXOH�

)LJXUH���VKRZV�WKH�UHILQHG�06&�YLHZ�IRU�766�PRGXOH

5(*6�� $V� VKRZQ� LQ� )LJXUH� �E�� PRGXOH� 5(*6� FRQWDLQV

WKUHH�SURFHVVHV��$��%��DQG�&���IRXU�LQSXW�SRUWV��3���3���3��

DQG�3���WKDW�DUH�FRQQHFWHG�WR�FKDQQHOV��UHVSHFWLYHO\�DGGU�

$��DGGU�%��DGGU�&��DQG�GDWD�&���DQG�WZR�RXWSXW�SRUWV��3�
DQG�3��� WKDW� DUH� DOVR� FRQQHFWHG� WR� FKDQQHOV� �GDWD�$� DQG

GDWD�%��� 7KH�06&� LQ� )LJXUH� �� LQGLFDWHV� WKDW� WKHUH� LV� DQ

06&� LQVWDQFH� DVVRFLDWHG� ZLWK� HDFK� SURFHVV� DQG� HDFK

RXWSXW�SRUW��7KH�06&�FRQWDLQV� WKUHH�PHVVDJH� W\SHV� �P��

P��DQG�P����ZKLFK�KDYH�WKH�IROORZLQJ�PHDQLQJ�

�� $Q� P�� PHVVDJH� LQGLFDWHV� WKDW� D� FKDQQHO� KDV� EHHQ

XSGDWHG� DQG� WKDW� WKH� UHFHLYLQJ� SURFHVV� LV� WULJJHUHG�

7KH� ODEHO� LQ� IURQW� RI� WKH� P�� PHVVDJH� LQ� )LJXUH� �
LQGLFDWHV� WKH� FKDQQHO� QDPH� DQG� WKH� YDOXH� RQ� WKLV

FKDQQHO�� (�J�� WKH� ODEHO� �DGGU�$�� ��� LQGLFDWHV� WKDW

FKDQQHO�DGGU�$�KDV�WKH�YDOXH����7KH�766�SURFHVV�WKDW

FRUUHVSRQGV� WR� WKH� UHFHLYLQJ� 06&� LQVWDQFH�� LV

FRQQHFWHG� WR� WKH� XSGDWHG� FKDQQHO� E\� DQ� LQSXW� SRUW�

7KH� SURFHVV� LV� WULJJHUHG� ZKHQHYHU� LW� UHFHLYHV� D
PHVVDJH�RQ�WKLV�LQSXW�SRUW�

�� $Q�P��PHVVDJH�LQGLFDWHV�WKDW�WKH�766�SURFHVV�ZKLFK

FRUUHVSRQGV� WR� WKH� VHQGLQJ�06&� LQVWDQFH�� KDV� EHHQ

H[HFXWHG��)RU�H[DPSOH��WKH�P��PHVVDJH�IURP�LQVWDQFH

$� WR� LQVWDQFH�3�� LQ� )LJXUH� �� LQGLFDWHV� WKDW� WKH� 766

SURFHVV�$� KDV�EHHQ� H[HFXWHG��$Q�P��PHVVDJH� HLWKHU
JRHV� WR� DQ�06&� LQVWDQFH� DVVRFLDWHG� ZLWK� DQ� RXWSXW

SRUW��ZKLFK�LQGLFDWHV�WKDW�WKH�SURFHVV�KDV�XSGDWHG�WKH

RXWSXW� SRUW�� RU� WKH�P�� PHVVDJH� LV� D� µORVW� PHVVDJH¶�

ZKLFK� LQGLFDWHV� WKDW� WKH� SURFHVV� KDV� EHHQ� H[HFXWHG

DQG�GLG�QRW�XSGDWH�DQ\�RXWSXW�SRUW��7KH�P��PHVVDJH
IURP�LQVWDQFH�$� WR�LQVWDQFH�3�� LQGLFDWHV� WKDW�SURFHVV

$�KDV�XSGDWHG�LWV�RXWSXW�SRUW�3���7KH�ORVW�P��PHVVDJH

IURP� LQVWDQFH� &� LQGLFDWHV� WKDW� SURFHVV� &� KDV� EHHQ

H[HFXWHG�ZLWKRXW�PRGLI\LQJ�DQ�RXWSXW�SRUW�

�� $Q� P�� PHVVDJH� LQGLFDWHV� WKDW� D� FKDQQHO� KDV� EHHQ

XSGDWHG��L�H�� WKH�GDWD�YDOXH�LV�FRSLHG�IURP�WKH�RXWSXW

SRUW� WR� D� FKDQQHO�� 7KH� ODEHO� LQGLFDWHV� WKH� FKDQQHO

QDPH� DQG� WKH� GDWD� YDOXH�� )RU� LQVWDQFH�� WKH� P�
PHVVDJH�IURP�LQVWDQFH�3��LQ�)LJXUH���KDV�ODEHO��GDWD�

$�� ����� ZKLFK� LQGLFDWHV� WKDW� WKH� YDOXH� ��� KDV� EHHQ

FRSLHG�IURP�RXWSXW�SRUW�3��WR�FKDQQHO�GDWD�$��$Q�P�

PHVVDJH� LQ� D� SDUWLFXODU� 06&� ZLOO� FDXVH� DQ� P�

PHVVDJH� LQ� DQRWKHU� 06&�� )RU� LQVWDQFH�� WKH� P�

PHVVDJH� ZLWK� ODEHO� �GDWD�$�� ���� ZLOO� FDXVH� DQ� P�
PHVVDJH�LQ�WKH�06&�IRU�PRGXOH�$/8�

$OWKRXJK�06&� LPSOLHV�D�SDUWLDO�RUGHULQJ�RI�PHVVDJHV

LQ� WLPH�� REYLRXVO\� WKH� VLPXODWLRQ� UHVXOWV� REWDLQHG� E\� D

766� VLPXODWLRQ� DUH� WRWDOO\� RUGHUHG� LQ� WLPH�� +HQFH�� WKH

06&�REWDLQHG�IURP�766�VLPXODWLRQV�VKRXOG�EH�LQWHUSUHWHG

DV�WRWDOO\�RUGHUHG�

:H� H[WHQGHG� WKH� 766� VLPXODWLRQ� NHUQHO� VR� WKDW�06&
DUH�JHQHUDWHG�GXULQJ�VLPXODWLRQ��7KH�766�NHUQHO�RXWSXWV�D

ILOH�GXULQJ� VLPXODWLRQ� WKDW� FRQWDLQV� WKH�06&� LQ� D� WH[WXDO

IRUPDW��:H�H[WHQGHG�WKH�766�XVHU�LQWHUIDFH�WR�FRQWURO�WKH

JHQHUDWLRQ�RI�06&�� WKH�PRGXOHV�� SURFHVVHV�� DQG�SRUWV� WR

EH� LQFOXGHG� LQ� WKH�06&� FDQ� EH� VHOHFWHG�� DV� ZHOO� DV� WKH

WLPH� SHULRGV� GXULQJ� ZKLFK� 06&� DUH� JHQHUDWHG�� +HQFH�
06&� FDQ� EH� JHQHUDWHG� WKDW� LQFRUSRUDWH� RQO\� SDUW� RI� WKH

EHKDYLRU�PRGHO�� DQG� WKDW� VKRZ� RQO\� SDUW� RI� D� VLPXODWLRQ

UXQ�

7KH� 06&� ILOH� LV� ORDGHG� QH[W� LQWR� DQ� DGGLWLRQDO� WRRO�

ZKLFK� JHQHUDWHV� D� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKH� 06&�

$IWHU� H[SHULPHQWLQJ� ZLWK� VHYHUDO� DFDGHPLF� DQG
FRPPHUFLDOO\� DYDLODEOH� WRROV� IRU� GLVSOD\LQJ� 06&�� ZH

GHFLGHG�WR�VWDUW�WKH�GHYHORSPHQW�RI�D�GHGLFDWHG�GLVSOD\LQJ

WRRO� IRU� WKH�06&� DV� JHQHUDWHG� E\� 766��:H� H[SHULHQFHG

WKDW�06&�DV�JHQHUDWHG�E\�HYHQ�VPDOO�766�H[DPSOHV�� DUH

FRQVLGHUDEO\� ODUJHU� WKDQ� FDQ� EH� KDQGOHG� E\� RI�WKH�VKHOI
WRROV�� %RWK� WKH� ZLGWK� RI� DQ� 06&� �L�H�� WKH� QXPEHU� RI

LQVWDQFHV�� DQG� WKH� OHQJWK� RI� DQ�06&� �L�H�� WKH� QXPEHU� RI

GLVSOD\HG�HYHQWV��DUH�RIWHQ� WRR� ODUJH� WR�GUDZ�FRQFOXVLRQV

IURP� WKH�06&�� 7KH�06&� GLVSOD\LQJ� WRRO� ZKLFK� LV� QRZ

XQGHU� GHYHORSPHQW� ZLOO� WKHUHIRUH� VXSSRUW� GHFRPSRVLWLRQ

RI� D� ODUJH�06&� LQWR� VPDOOHU� RQHV�� DEVWUDFWLRQ� RI� VHWV� RI

P�

$

�DGGU�$����

�DGGU�%����

% & 3� 3�

P�

P�
P�

�GDWD�$�����
P�

P�
�GDWD�%�����P�

P�

�
�GDWD�&�����

�DGGU�&����

Figure 3  Refined MSC for module REGS



�

SURFHVVHV�� DQG� SURMHFWLRQ� RQWR� VHWV� RI� HYHQWV�� &XUUHQW

H[SHULPHQWV� VKRZ� D� FRQVLGHUDEOH� LQFUHDVH� RI� WKH
DSSOLFDELOLW\�RI�RXU�PHWKRGRORJ\�RYHU�FRQYHQWLRQDO�WRROV�

���'HVLJQ�YDOLGDWLRQ

'HVLJQ� YDOLGDWLRQ� IRU� 766� EHKDYLRUDO� PRGHOV� LV� GRQH

WKURXJK� VLPXODWLRQ�� ([SHULHQFHV� OHDUQ� WKDW� IRU� FRPSOH[

PRGHOV� LW� LV�GLIILFXOW� WR�YDOLGDWH� VLPXODWLRQ� UHVXOWV� DQG� WR
GHEXJ�HUURUV�WKDW�DUH�LGHQWLILHG�GXULQJ�VLPXODWLRQ��7KLV� LV

SDUWLFXODUO\� WKH� FDVH� IRU� EHKDYLRUDO� KDUGZDUH� PRGHOV

ZKLFK�LQFRUSRUDWH�ORWV�RI�SDUDOOHOLVP��7KH�XVH�RI�06&�WR

YLVXDOL]H�766�VLPXODWLRQ�UHVXOWV��UHOD[HV�WKHVH�GLIILFXOWLHV�

7KH�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�06&�SURYLGHV�DQ�LQWXLWLYH

ZD\� WR� YDOLGDWH� VLPXODWLRQ� UHVXOWV�� :KHQ� DQ� HUURU� LV
LGHQWLILHG�LQ�DQ�06&��WKLV�SURYLGHV�DOUHDG\�D�FRDUVH�JUDLQ

LQGLFDWLRQ�RI�ZKLFK�PRGXOHV�DQG�SURFHVVHV�DUH�FDXVLQJ�WKH

HUURU�� &� VRXUFH� FRGH� GHEXJJLQJ� WRROV� �H�J�� *18¶V� JGE�

DQG� GHEXJJLQJ� E\� PHDQV� RI� WKH� 766� XVHU� LQWHUIDFH� DUH

XVHG�QH[W�WR�ILQG�WKH�URRW�FDXVH�RI�WKH�HUURU�

���([SHULPHQWV

:H� SHUIRUPHG� VHYHUDO� H[SHULPHQWV� LQ� ZKLFK� ZH� XVHG

06&�WR�YDOLGDWH�DQG�GHEXJ�766�PRGHOV��,QLWLDOO\��ZH�XVHG

VRPH�VPDOO�766�PRGHOV� WR�GHPRQVWUDWH� WKH� IHDVLELOLW\� RI

WKH�DSSURDFK�DQG�WR�GHYHORS�WKH�WRROV��1H[W��ZH�SHUIRUPHG
H[SHULPHQWV� RQ� WKH� 766�PRGHO� RI� WKH� 7UL0HGLD� &38���

ZKLFK� LV� D� FRPSOH[�9/,:�SURFHVVRU� GHVLJQHG� DW� 3KLOLSV

>��@>��@�

)LJXUH���VKRZV�D�UHILQHG�06&�IRU�WKH�PRGXOH�,&$&+(

LQ�WKH�&38����ZKLFK�UHSUHVHQWV�WKH�LQVWUXFWLRQ�FDFKH��L�H�

WKH�FDFKH�PHPRU\�WR�VWRUH�LQVWUXFWLRQV���7KH�06&�VKRZV
WZR� SURFHVVHV�� FONBSURFHVV� ZKLFK� LV� D� V\QFKURQRXV

SURFHVV� WULJJHUHG� ZKHQHYHU� WKH� FORFN� FKDQQHO� &/.� LV

XSGDWHG�� DQG� DV\QFBSURFHVV� ZKLFK� LV� DQ� DV\QFKURQRXV

SURFHVV� WULJJHUHG� ZKHQHYHU� D� QHZ� LQVWUXFWLRQ� DGGUHVV� LV

UHFHLYHG� RQ� FKDQQHO� 3$;�� 7KH� 06&� DOVR� VKRZV� IRXU

RXWSXW� SRUWV�� ,1675B)07� WR� RXWSXW� WKH� FRPSUHVVLRQ
IRUPDW�IRU�WKH�FXUUHQW�LQVWUXFWLRQ��,167B6,=(�WR�RXWSXW�WKH

VL]H� RI� WKH� LQVWUXFWLRQ�� ,1675� WR� RXWSXW� WKH� LQVWUXFWLRQ

LWVHOI��DQG�,67$//�WR�RXWSXW�ZKHWKHU�WKH�FDFKH�RXWSXWV�DUH

LQYDOLG��,Q�FORFN�F\FOH����� WKH�FDFKH�VWDOOV� �WKH�YDOXH��� LV

RXWSXW�WR�FKDQQHO�,67$//��ZKLFK�LQGLFDWHV�WKDW� WKH�FDFKH
FDQQRW� RXWSXW� WKH� LQVWUXFWLRQ� DW� WKH� UHTXLUHG� DGGUHVV�� ,Q

F\FOH� ��� WKH� FDFKH� KRZHYHU� LV� UHDG\�� DQG� WKH� UHTXLUHG

LQVWUXFWLRQ��DV�ZHOO�DV�LWV�VL]H�DQG�IRUPDW��DUH�RXWSXW�

2XU� H[SHULHQFHV� DUH� WKDW� 06&� FOHDUO\� DLGV� GXULQJ

GHVLJQ� YDOLGDWLRQ� DQG� GHEXJ�� 7KH� YLVXDOL]DWLRQ� RI

VLPXODWLRQ� UHVXOWV� LV� D� SRZHUIXO� DLG� WR� YDOLGDWH� 766
PRGHOV� DQG� WR� ORFDWH� HUURUV�� 'XH� WR� OLPLWDWLRQV� RI� WKH

YLVXDOL]DWLRQ� WRRO�� ZH� FRXOG� QRW� EHQHILW� IURP� WKH� WUXH

SRWHQWLDO�RI�06&��,PSURYHG�WRROV��RIIHULQJ�GHFRPSRVLWLRQ

DQG�DEVWUDFWLRQ�VKRXOG�LPSURYH�WKLV�VLWXDWLRQ�

���&RQFOXVLRQV

:H� SUHVHQWHG� D� GHVLJQ� YDOLGDWLRQ� PHWKRG� EDVHG� RQ
VLPXODWLRQ� RI� 766� EHKDYLRUDO� PRGHOV�� XVLQJ� 0HVVDJH

6HTXHQFH� &KDUWV�� 2XU� H[SHULPHQWV� GHPRQVWUDWHG� WKH

DGGHG�YDOXH�RI�06&�IRU�YLVXDOL]LQJ�VLPXODWLRQ�UHVXOWV�DQG

GHEXJJLQJ�

9LVXDOO\�GLVSOD\LQJ�WKH�LQIRUPDWLRQ�RI�D�VLPXODWLRQ�UXQ

FRQVLGHUDEO\�KHOSV�LQ�WUDFNLQJ�GRZQ�EXJV��6WLOO��HYHQ�LI�WKH
LQIRUPDWLRQ�LV�GLVSOD\HG�LQ�D�WZR�GLPHQVLRQDO� IRUPDOLVP�

WKH� ODUJH� DPRXQW� RI� GDWD� PD\� IORRG� WKH� XVHU�� :H� GHDOW

ZLWK�WKLV�SUREOHP�LQ�WZR�ZD\V��)LUVW��ZH�KDYH�LQWURGXFHG

WZR� OHYHOV� RI� DEVWUDFWLRQ� LQ� RXU� PDSSLQJ� IURP� 766� WR

06&�� DOORZLQJ� WKH� XVHU� WR� REVHUYH� WKH� V\VWHP� IURP� WZR

SHUVSHFWLYHV��:H�IRXQG�WKDW� WKH�WZR�OHYHOV��DV�GHILQHG�E\
WKH� 766� DSSURDFK�� FRXOG� EH� DFFRPPRGDWHG� LQ� WKH� ,78

UHFRPPHQGHG�06&�ODQJXDJH�YHU\�ZHOO�E\�H[SORLWLQJ� WKH

GHFRPSRVHG�FRQVWUXFW��1H[W��ZH�DUH�GHYHORSLQJ�GHGLFDWHG

06&� GLVSOD\LQJ� WRROV� ZKLFK� VXSSRUW� WKH� XVHU� LQ

�GH�FRPSRVLQJ� D� ODUJH� 06&� DQG� DEVWUDFWLQJ� IURP
DEXQGDQW�LQIRUPDWLRQ�

&XUUHQWO\�� ZH� RQO\� XVH� 06&� WR� VXSSRUW� GHEXJJLQJ�

6LQFH� 06&� LV� D� IRUPDO� ODQJXDJH�� DQG� VLQFH� IRUPDO

DQDO\VLV� WHFKQLTXHV� DUH� DYDLODEOH� IRU�06&�� WKHUH� DUH� VWLOO

PDQ\� IXUWKHU� RSWLRQV� IRU� GHYHORSLQJ� VXSSRUW� IRU

DXWRPDWHG� DQDO\VLV� RI� WKH� UHVXOWLQJ�06&��2QH� FRXOG� IRU
H[DPSOH�YDOLGDWH�WLPLQJ�SURSHUWLHV�RI�WKH�JHQHUDWHG�06&�

���5HIHUHQFHV

�>�@� +�� 9UDQNHQ�� 'HVLJQ� IRU� 7HVW� 	� 'HEXJ� LQ

+DUGZDUH�6RIWZDUH� 6\VWHPV�� 3K�'�� 7KHVLV�� (LQGKRYHQ

8QLYHUVLW\�RI�7HFKQRORJ\�������

�>�@� $��9HUVOX\V�� 6��.RRW�� 3�� GH�9LVVHU��766�3URJUDPPHUV

0DQXDO��3KLOLSV�6HPLFRQGXFWRUV�������

�>�@� 6��.RRW��$��9HUVOX\V�� 3�� GH�9LVVHU��766�8VHU�0DQXDO�

3KLOLSV�6HPLFRQGXFWRUV�������

�>�@� (�� 5XGROI�� 3�� *UDXEPDQQ�� -�� *UDERZVNL�� 7XWRULDO� RQ

0HVVDJH� 6HTXHQFH� &KDUWV�� &RPSXWHU� 1HWZRUNV� DQG

,6'1�6\VWHPV�������������������������

�>�@� 6�� 0DXZ�� 7KH� IRUPDOL]DWLRQ� RI� 0HVVDJH� 6HTXHQFH

&KDUWV�� &RPSXWHU� 1HWZRUNV� DQG� ,6'1� 6\VWHPV�

�����������������������

�>�@� ,78�76�5HFRPPHQGDWLRQ�=����� ��$QQH[�%��$OJHEUDLF

VHPDQWLFV�RI�0HVVDJH�6HTXHQFH�&KDUWV�������

�>�@� ,78�76� 5HFRPPHQGDWLRQ� =����� �� $QQH[� &�� 6WDWLF

VHPDQWLFV�RI�0HVVDJH�6HTXHQFH�&KDUWV�������

�>�@� ,78�76�� 5HFRPPHQGDWLRQ� =������ �0HVVDJH� 6HTXHQFH

&KDUW��06&��������

�>�@� *�� %RRFK�� ,�� -DFREVRQ�� -�� 5XPEDXJK�� 7KH� 8QLILHG

0RGHOLQJ� /DQJXDJH� 8VHU� *XLGH�� $GGLVRQ�:HVOH\�

�����

�>��@� -�� 5XPEDXJK�� ,�� -DFREVRQ�� *�� %RRFK�� 7KH� 8QLILHG

0RGHOLQJ� /DQJXDJH� 5HIHUHQFH� 0DQXDO�� $GGLVRQ�

:HVOH\�������

�>��@� -��YDQ�(LMQGKRYHQ�HW�DO���7UL0HGLD�&38���$UFKLWHFWXUH�

3URFHHGLQJV� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU

'HVLJQ��,(((��������SS���������



�

�>��@� +��9UDQNHQ��'HEXJ�)DFLOLWLHV� LQ� WKH� 7UL0HGLD�&38��

$UFKLWHFWXUH�� 3URFHHGLQJV� (XURSHDQ� 7HVW� :RUNVKRS�

,(((��������SS�������

FONBSURFHVV DV\QFBSURFHVV ,1675B)07 ,1675B6,=( ,1675 ,67$//

>����&/.@

>���������3$;@

>���,67$//@

>���,1675@

>���,1675B6,=(@

>����,1675B)07@

>����&/.@

>���������3$;@

>���,67$//@
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Figure 4  Example MSC from TriMedia CPU64 TSS module ICACHE


