
'HVLJQ�&ULWHULRQ�IRU�WKH�6WDWLVWLFV�([FKDQJH�&RQWURO�$OJRULWKPV�8VHG�LQ�WKH6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG
*iERU�/HQFVH'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW6]WRF]HN�XWFD��+������%XGDSHVW��+XQJDU\(�PDLO��*DERU�/HQFVH#KLW�EPH�KXKWWS���ZZZ�KLW�EPH�KX�SKG�OHQFVH

'HSDUWPHQW�RI�7HOHFRPPXQLFDWLRQV6]pFKHQ\L�,VWYiQ�&ROOHJH+pGHUYiUL�X����+������*\�U��+XQJDU\(�PDLO��OHQFVH#V]LI�KXKWWS���UV��V]LI�KX�aOHQFVH
$EVWUDFW

7KH� FRQGLWLRQV� RI� WKH� VWDWLVWLFV� H[FKDQJH� RI� WKH6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG��660��DUH�VWXGLHG�$� VWDWLVWLFV� H[FKDQJH� FRQWURO� DOJRULWKP� LV� SURSRVHGWKDW� LV� EDVHG� RQ� SUHGLFWLRQ� DQG� V\QFKURQL]DWLRQ� SRLQWGHOHWLRQ���7KH�VR�FDOOHG�SHQDOW\�IXQFWLRQV�DUH�LQWURGXFHG�7KH\� DUH�XVHG� WR� JLYH� D�PDWKHPDWLFDO� FULWHULRQ� WKDW� FDQEH� D� PHDVXUH� RI� WKH� JRRGQHVV� RI� WKH� GLIIHUHQW� VWDWLVWLFVH[FKDQJH�FRQWURO�DOJRULWKPV�%RWK� DQDO\WLFDO� WUHDWPHQW� DQG� VLPXODWLRQ� VKRZ� WKDWWKHUH� LV� D� WUDGH�RII� EHWZHHQ� WKH� DFFXUDF\� RI� WKH� UHVXOWVDQG�WKH�DFKLHYDEOH�VSHHG�XS�$FFRUGLQJ�WR�WKH�VLPXODWLRQ�UHVXOWV��ZH�FDQ�JHW�QHDU�RSWLPDO� UHVXOWV� IRU� D� UHODWLYHO\�ZLGH� UDQJH� YDOXHV� RI� WKHSDUDPHWHUV� RI� WKH� SUHGLFWLRQ�� WKXV� 660�7� LV� UREXVWHQRXJK�WR� WROHUDWH�VRPH� LQDFFXUDF\�RI� WKH�SDUDPHWHUV�RIWKH�SUHGLFWLRQ�
���,QWURGXFWLRQ

7KH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG��660��>�@� LVD� SURPLVLQJ� DOWHUQDWLYH� WR� WKH� FRQYHQWLRQDOV\QFKURQL]DWLRQ� PHWKRGV� IRU� SDUDOOHO� GLVFUHWH� HYHQWVLPXODWLRQ��H�J���FRQVHUYDWLYH��RSWLPLVWLF��>�@�7KH�FRQYHQWLRQDO�V\QFKURQL]DWLRQ�PHWKRGV�XVH�HYHQW�E\�HYHQW� V\QFKURQL]DWLRQ� EHWZHHQ� WKH� VHJPHQWV� RI� WKHVLPXODWHG� V\VWHP� DQG� WKH\� DUH� XQIRUWXQDWHO\� QRWDSSOLFDEOH� WR� DOO� FDVHV�� RU� GR� QRW� SURYLGH� WKH� GHVLUDEOHVSHHG�XS�� � 7KH� FRQVHUYDWLYH� PHWKRG� LV� HIILFLHQW� RQO\� LIFHUWDLQ� VWULFW� FRQGLWLRQV� DUH� PHW�� � 7KH� PRVW� SRSXODURSWLPLVWLF� PHWKRG� �7LPH� :DUS�� >�@� RIWHQ� SURGXFHVH[FHVVLYH�UROOEDFNV�DQG�LQWHU�SURFHVVRU�FRPPXQLFDWLRQ�

660�GRHV�QRW�H[FKDQJH�LQGLYLGXDO�PHVVDJHV�EHWZHHQWKH�VHJPHQWV�EXW�UDWKHU�WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKHPHVVDJH�IORZ���$FWXDO�PHVVDJHV�DUH�UHJHQHUDWHG�IURP�WKHVWDWLVWLFV� DW� WKH� UHFHLYLQJ� VLGH�� � �)XUWKHU� H[SODQDWLRQ�ZLOOEH� JLYHQ� ODWHU��� � 660� FODLPV� WR� EH� OHVV� VHQVLWLYH� WRFRPPXQLFDWLRQ� GHOD\� DQG� LW� UHTXLUHV� OHVV� QHWZRUNEDQGZLGWK�WKDQ�HYHQW�E\�HYHQW�PHWKRGV�� �1HYHUWKHOHVV�� LWLV�QRW�DFFXUDWH�LQ�WKH�VHQVH�WKDW�DQ�HYHQW� WKDW�RFFXUUHG�LQRQH� VHJPHQW� RI� WKH� V\VWHP� GRHV� QRW� KDYH� DQ� LPPHGLDWHLQIOXHQFH�RQ�DQRWKHU�VHJPHQW���)RU�WKLV�UHDVRQ��WKH�PHWKRGFDQQRW�EH�DSSOLHG�LQ�VRPH�VLPXODWLRQV��IRU�H[DPSOH�LQ�WKHFDVH�RI�GLJLWDO�FLUFXLWV�EXW�UHPDLQV�IHDVLEOH�LQ�RWKHU�FODVVHVRI� VLPXODWLRQ� VXFK� DV� WKH� SHUIRUPDQFH� HVWLPDWLRQ� RIFRPPXQLFDWLRQ�V\VWHPV�7KH�WUDQVLHQW�EHKDYLRU�DQG�DFFXUDF\�RI�660�DSSOLHGWR�DQ�)'',�VLPXODWLRQ�ZHUH�DOUHDG\�GHPRQVWUDWHG� LQ� >�@�DQG� WKH� TXHVWLRQV� RI� SDUDOOHOLVDWLRQ� XVLQJ� 660�7� ZHUHGLVFXVVHG�LQ�>�@���7KH�ODWWHU�SDSHU�VKRZV�WKDW�D�YHU\�JRRGVSHHG�XS� FDQ� EH� DFKLHYHG� LQ� D� 3'(6� �SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQ�� DSSO\LQJ� 660�7� DQG� ORRVHV\QFKURQL]DWLRQ� EHWZHHQ� WKH� VHJPHQWV� RI� WKH� VLPXODWHGV\VWHP��EHFDXVH�WKH�SURFHVVRUV�H[HFXWLQJ�WKH�VHJPHQWV�UXQLQGHSHQGHQW�LQ�WKH�YDVW�PDMRULW\�RI�WLPH�,Q� >�@�� ZH� KDYH� H[DPLQHG� ZKDW� VWDWLVWLFV� FROOHFWLRQPHWKRGV� VKRXOG�EH�XVHG� IRU�660� WR�EH�DEOH� WR� IDLWKIXOO\UHJHQHUDWH� WKH� VWDWLVWLFDO� FKDUDFWHULVWLFV� RI� WKH� PHVVDJHIORZ���:H�KDYH�GHWHUPLQHG�WKH�/� HUURU�RI�VRPH�IUHTXHQWO\XVHG� VWDWLVWLFV� FROOHFWLRQ� PHWKRGV� LQ� WKH� IXQFWLRQ� RI� WKHFROOHFWHG� REVHUYDWLRQV� IURP� VRPH� ZHOO�NQRZQGLVWULEXWLRQV�� � )RUPDO� FULWHULD� DUH� JLYHQ� IRU� WKHDSSOLFDELOLW\�RI�660�LQ�>�@�7KH� DLP� RI� WKLV� SDSHU� LV� WR� GHWHUPLQH� XQGHU� ZKDWFRQGLWLRQV� WKH� VWDWLVWLFV� VKRXOG� EH� H[FKDQJHG� DQG� WKHVWDWLVWLFV� FROOHFWLRQ� EH� UHVWDUWHG�� �:H� DUH� IDFHG� ZLWK� WKHIROORZLQJ�GLOHPPD��7R�DFKLHYH�D�GHVLUHG�DFFXUDF\�RI� WKH



VWDWLVWLFV�� RQH� QHHGV� WR� KDYH� D� FHUWDLQ� QXPEHU� RIREVHUYDWLRQV���(�J��WKH�/� HUURU�RI�WKH�DSSUR[LPDWLRQ�RI�WKHGLVWULEXWLRQ� ZLWK� WKH� FROOHFWHG� VWDWLVWLFV� LV� VPDOO� HQRXJKZKHQ�WKH�QXPEHU�RI�REVHUYDWLRQV�LV��������,Q�WKLV�ZD\��WKHVWDWLVWLFV� H[FKDQJH� VKRXOG�EH� WULJJHUHG�E\� WKH�QXPEHU� RIREVHUYDWLRQV� FROOHFWHG�� � +RZHYHU�� WR� DFKLHYH� D� JRRGVSHHG�XS�� WKH� VRXUFH� VHJPHQW�QHHGV� WR� NQRZ� DQG� WHOO� WKHGHVWLQDWLRQ� VHJPHQW� LQ� DGYDQFH� WKDW� DW� ZKDW� YLUWXDO� WLPHWKH� VWDWLVWLFV� ZLOO� EH� VHQW� VR� WKDW� WKH� VLPXODWLRQ� RI� WKHVHJPHQWV�PD\� UXQ�LQGHSHQGHQWO\�XQWLO� WKDW� WLPH�� �7KDW� LV�WKH� VWDWLVWLFV� H[FKDQJH� VKRXOG� EH� WULJJHUHG� E\� WKH� YLUWXDOWLPH�� �7R� UHVROYH� WKLV�GLOHPPD�D�PHWKRG�ZLWK� SUHGLFWLRQDQG� V\QFKURQL]DWLRQ� SRLQW� GHOHWLRQ� LV� SURSRVHG�� � :HLQWURGXFH� WKH� SHQDOW\� IXQFWLRQV� WR� JLYH� D� PDWKHPDWLFDOFULWHULRQ� WKDW� FDQ� EH� D� PHDVXUH� RI� WKH� JRRGQHVV� RI� WKHGLIIHUHQW� VWDWLVWLFV� H[FKDQJH� FRQWURO� DOJRULWKPV�� � :HFRQFOXGH� WKDW� XVLQJ� WKLV� SUHGLFWLRQ� WKHUH� LV� D� WUDGH�RIIEHWZHHQ� WKH� DFFXUDF\� RI� WKH� UHVXOWV� DQG� WKH� VSHHG�XS� RIWKH�SDUDOOHO�VLPXODWLRQ�7KH�UHPDLQGHU�RI� WKLV�SDSHU� LV�RUJDQL]HG� DV� IROORZV�ILUVW�� D� EULHI� LQWURGXFWLRQ� WR� 660� DQG� 660�7 LV� JLYHQ�WKHQ� WKH� FRQGLWLRQV� RI� WKH� VWDWLVWLFV� H[FKDQJH� DUHFRQVLGHUHG� LQWURGXFLQJ� WKH� VWDWLVWLFV� H[FKDQJH� FRQWUROPHWKRG�ZLWK�SUHGLFWLRQ�DQG�V\QFKURQL]DWLRQ�SRLQW�GHOHWLRQDQG� WKH�SHQDOW\� IXQFWLRQV�� QH[W� DQ� DQDO\WLFDO� WUHDWPHQW� LVFDUULHG�RXW��ILQDOO\�WKH�UHFRPPHQGHG�VROXWLRQ�LV�WHVWHG�E\VLPXODWLRQ�LQ�VSHFLDO�FDVHV�7KLV� WRSLF� ZDV� LGHQWLILHG� DV� EHLQJ� RI� LPSRUWDQFH� LQWKH�SDUDOOHO�VLPXODWLRQ�RI�ODUJH��FRPPXQLFDWLRQ��V\VWHPV����7KH�VWDWLVWLFDO�V\QFKURQL]DWLRQ�PHWKRG�����7KH�RULJLQDO�660
)RU�WKRVH�QRW�IDPLOLDU�ZLWK�660��D�VKRUW�VXPPDU\�RIWKH�6WDWLVWLFDO�6\QFKURQL]DWLRQ�0HWKRG�LV�JLYHQ�KHUH���6HH>�@�IRU�PRUH�LQIRUPDWLRQ�6LPLODUO\� WR� RWKHU� SDUDOOHO� GLVFUHWH�HYHQW� VLPXODWLRQPHWKRGV�� WKH�PRGHO� WR�EH� VLPXODWHG�²�ZKLFK� LV�PRUH� RUOHVV�D�SUHFLVH�UHSUHVHQWDWLRQ�RI�D�UHDO�V\VWHP�²�LV�GLYLGHGLQWR� VHJPHQWV�� ZKHUH� WKH� VHJPHQWV� XVXDOO\� GHVFULEH� WKHEHKDYLRU� RI� IXQFWLRQDO� XQLWV� RI� � WKH� UHDO� V\VWHP�� � 7KHFRPPXQLFDWLRQ� RI� WKH� VHJPHQWV� FDQ� EH� UHSUHVHQWHG� E\VHQGLQJ�DQG�UHFHLYLQJ�YDULRXV�PHVVDJHV�� �)RU�660�� HDFKVHJPHQW� LV� HTXLSSHG�ZLWK� RQH� RU�PRUH� LQSXW� DQG� RXWSXWLQWHUIDFHV�� � 7KH�PHVVDJHV� JHQHUDWHG� LQ� D� JLYHQ� VHJPHQWDQG� WR� EH� SURFHVVHG� LQ� D� GLIIHUHQW� VHJPHQW� DUH� QRWWUDQVPLWWHG� WKHUH� EXW� WKH� �RXWSXW� LQWHUIDFHV �2,)�� FROOHFWVWDWLVWLFDO� GDWD� RI� WKHP�� � 7KH� LQSXW� LQWHUIDFHV �,,)�JHQHUDWH� PHVVDJHV� IRU� WKH� VHJPHQWV� DFFRUGLQJ� WR� WKHVWDWLVWLFDO�FKDUDFWHULVWLFV�RI� WKH�PHVVDJHV�FROOHFWHG�E\� WKHSURSHU�RXWSXW�LQWHUIDFHV����6HH�)LJXUH����

7KH� VHJPHQWV� ZLWK� WKHLU� LQSXW� DQG� RXWSXW� LQWHUIDFHVFDQ�EH�VLPXODWHG�VHSDUDWHO\�RQ�VHSDUDWH�SURFHVVRUV��JLYLQJVWDWLVWLFDOO\� FRUUHFW� UHVXOWV�� 7KH� HYHQWV� LQ� RQH� VHJPHQWKDYH� QRW� WKH� VDPH� HIIHFW� LQ� RWKHU� VHJPHQWV� DV� LQ� WKHRULJLQDO� PRGHO�� VR� WKH� UHVXOWV� FROOHFWHG� GXULQJ� 660� DUHQRW� H[DFW�� � 7KH�SUHFLVLRQ� GHSHQGV� RQ� WKH� SDUWLWLRQLQJ� RIWKH� PRGHO�� RQ� WKH� DFFXUDF\� RI� VWDWLVWLFV� FROOHFWLRQ� DQGUHJHQHUDWLRQ�� DQG� RQ� WKH� IUHTXHQF\� RI� WKH� VWDWLVWLFVH[FKDQJH�DPRQJ�WKH�SURFHVVRUV�
PHVVDJHV VWDWLVWLFV2,) ,,) PHVVDJHVUH�JHQHUDWHG
VHJPHQW�$ VHJPHQW�%

Figure 1.  An OIF - IIF pair�����660�7���5HILQHPHQW�RI�660
7KH�RULJLQDO�660�GRHV�QRW� H[SOLFLWO\� VWDWH�ZKHQ� WKH2,)¶V�VKRXOG�VHQG�WKHLU�VWDWLVWLFV�WR�WKH�DSSURSULDWH�,,)¶V�7KH� UHVXOWV� RI� >�@� ZRXOG� VXJJHVW� WKDW� WKH� VWDWLVWLFVFROOHFWLRQ�PXVW�EH�FRQWLQXHG�XQWLO�WKH�VDPSOH�FRQWDLQV�WKHUHTXLUHG�QXPEHU�RI�REVHUYDWLRQV��WKHQ�WKH�VWDWLVWLFV�VKRXOGEH� VHQW� DQG� WKH� VWDWLVWLFV� FROOHFWLRQ� VKRXOG� EH� UHVWDUWHG�7KLV�ZDV� FDOOHG�660�& �WKH� FRXQWHU� GULYHQ� DSSURDFK�� LQ>�@���,Q�WKDW�SDSHU��660�7 �WKH�WLPH�GULYHQ�DSSURDFK��ZDVSURSRVHG�IRU�SDUDOOHO�VLPXODWLRQ��ZKLFK�ZRUNV�DV�IROORZV�8VLQJ� WKH� QRWDWLRQV� RI�)LJXUH� ��� DW� WKH� EHJLQQLQJ� RI� WKHVLPXODWLRQ� WKH� 2,)� RI� VHJPHQW� $� PXVW� WHOO� WKH� ,,)� RIVHJPHQW� %� DW� ZKDW� YLUWXDO� WLPH� LW� ZLOO� VHQG� WKH� ILUVWVWDWLVWLFV�� � 7KLV� LV� W� LQ� )LJXUH� ��� ,Q� WKLV� ILJXUH� WKH� WKLQKRUL]RQWDO� OLQHV� VKRZ� WKH� ZDOO�FORFN� �UHDO�� WLPH� RI� WKHSURFHVVRUV�H[HFXWLQJ�WKH�VHJPHQWV�DQG�WKH�WKLFN� OLQHV�DUHWKH�YLUWXDO� WLPHV� RI� WKH� VHJPHQWV�� � 6HJPHQW�%� WDNHV� LQWRFRQVLGHUDWLRQ� WKH� ILUVW� VWDWLVWLFV� IURP� VHJPHQW� $� DW� W�YLUWXDO�WLPH�RI�VHJPHQW�%���,W�LV�GRQH�LQ�WKH�IROORZLQJ�ZD\�,Q� WKH� ILJXUH�� VHJPHQW�%� UHFHLYHV� WKH� ILUVW� VWDWLVWLFV� IURPVHJPHQW�$�DW�W[ �DFFRUGLQJ�WR�LWV�RZQ�YLUWXDO�WLPH��DQG�DVW[�W���VHJPHQW�%�VFKHGXOHV� WKH�DUULYDO�RI� WKH�VWDWLVWLFV� IRUW��� � 7KH�RWKHU� SRVVLELOLW\� LV� VKRZQ� RQ� WKH� H[DPSOH� RI� W��6HJPHQW�%� KDV� QRW� UHFHLYHG� WKH� VWDWLVWLFV� XQWLO� W��� DQG� LWKDV�QR�PRUH�HYHQWV�VFKHGXOHG�ZLWK�WdW� WLPH�VWDPS��VR�WKHH[HFXWLRQ� RI� WKH� VLPXODWLRQ� RI� VHJPHQW� %� LV� VXVSHQGHGXQWLO� WKH�VWDWLVWLFV�DUULYH�IURP�VHJPHQW�$�� �7KHQ�VHJPHQW%� UHFHLYHV� WKH� VWDWLVWLFV� DQG� WKH� H[HFXWLRQ� UHVXPHV�6HJPHQW�%� DOZD\V� NQRZV� DW� ZKDW� YLUWXDO� WLPH� WR� H[SHFWWKH�QH[W�VWDWLVWLFV��EHFDXVH�6HJPHQW�$�DOZD\V�LQFOXGHV�WKHYLUWXDO� DUULYDO� � VHQGLQJ�� WLPH�RI� WKH� L�WK� VWDWLVWLFV� LQ� WKH�L���WK� VWDWLVWLFV� SDFNDJH�� �:H� FDOOHG� WKLV� VROXWLRQ� ORRVH



V\QFKURQL]DWLRQ�� � 7KLV�PHWKRG� PDNHV� LW� SRVVLEOH� IRU� WKHVLPXODWLRQ� RI� WKH� VHJPHQWV� WR� UXQ� LQGHSHQGHQWO\� RQVHSDUDWH� SURFHVVRUV� LQ� WKH� YDVW� PDMRULW\� RI� WLPH� DQGWKHUHIRUH�LW�PD\�UHVXOW�LQ�H[FHOOHQW�VSHHG�XS���6HH�>�@�DQG>�@�IRU�PRUH�GHWDLOV�
� W� W�

W� W� W�
W[

VWDWLVWLFV VWDWLVWLFV
VHJPHQW�%

VHJPHQW�$

�
Figure 2.  The operation of SSM-T.  See
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Figure 3. Example penalty functions
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7KH� WUDQVLHQW� SHQDOW\� LV� SURSRUWLRQDO� ZLWK� �.D���(� J�� IRU�D �����ZH�JHW�. �� DQG� WKH� WUDQVLHQW� SHQDOW\� LV���� �������2I�FRXUVH����LV�D�ORZHU�ERXQG�IRU�WKH�WUDQVLHQWSHQDOW\�)RU� E�� WKH� YDOXHV� EHWZHHQ� ����� DQG� ���� VHHP� WR� EHJRRG��KRZHYHU� LQ� WKLV� FDVH� WKH�GHYLDWLRQ�RI� WKH� VSHHG�XSSHQDOW\�FDXVHV�XQFHUWDLQW\�� �:H�PXVW� EH�FDUHIXO�ZLWK� WKHVHOHFWLRQ�RI�WKH�YDOXH�RI�E��EHFDXVH�7L YDOXHV�FRQYHUJH�WRE7�� � ,I�E LV� YHU\� FORVH� WR� �� WKHQ� LW�PD\� UHVXOW� LQ� D� YHU\



ODUJH�QXPEHU�RI��GHOHWHG��V\QFKURQL]DWLRQ�SRLQWV�DQG�VR�DKXJH�VSHHG�XS�SHQDOW\�:H�DUH�QRW�FRQFHUQHG�ZLWK� WKH�DFWXDO�RSWLPDO�YDOXHVRI�D DQG�E�� EXW� WKH� SRLQW� LV� WKH� IROORZLQJ�� GHSHQGLQJ� RIWKH�VLPXODWHG�V\VWHP��WKH�FL FRQVWDQWV�DQG�WKH�PHWKRG�XVHGIRU� GHWHUPLQLQJ� WKH� 7L YDOXHV� RQH� FDQ� ILQG� WKH� RSWLPDOFDVH�� EXW� WKLV� GHSHQGV� RQ� WKH� FL YDOXHV�� WKDW� LV� ZH� PXVWEDODQFH� EHWZHHQ� WKH� JXDUDQWHHG� OHYHO� RI� WKH� DFFXUDF\� RIWKH�UHVXOWV�DQG�WKH�DFKLHYDEOH�VSHHG�XS�$QRWKHU� FRQFOXVLRQ� LV�� WKDW� ZH� FDQ� JHW� QHDU�RSWLPDOUHVXOWV�IRU�D�UHODWLYHO\�ZLGH� UDQJH�YDOXHV�RI�SDUDPHWHUV�DDQG� E�� WKXV� 660�7� LV� UREXVW� HQRXJK� WR� WROHUDWH� VRPHLQDFFXUDF\�LQ�WKH�VHOHFWLRQ�RI�WKHP�
D VSHHG�XS�SHQDOW\ WUDQVLHQW�SHQDOW\ WRWDODYHUDJH V DYHUDJH V SHQDOW\���� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� �������
Table 1.  The penalty values in the
case when the synchronization points

are generated according to method "a".

E VSHHG�XS�SHQDOW\ WUDQVLHQW�SHQDOW\ WRWDODYHUDJH V DYHUDJH V SHQDOW\���� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� ����������� ������� ������� ������� ������� �������
Table 2.  The penalty values in the
case when the synchronization points

are generated according to method "b".

���&RQFOXVLRQ
7KH� FRQGLWLRQV� RI� WKH� VWDWLVWLFV� H[FKDQJH� RI� WKH6WDWLVWLFDO� 6\QFKURQL]DWLRQ� 0HWKRG� �660�� ZHUH� VWXGLHG�

$� VWDWLVWLFV� H[FKDQJH� FRQWURO� DOJRULWKP� ZLWK� SUHGLFWLRQDQG�V\QFKURQL]DWLRQ�SRLQW�GHOHWLRQ�ZDV�SURSRVHG�:H� LQWURGXFHG� WKH� SHQDOW\� IXQFWLRQV� WR� JLYH� DPDWKHPDWLFDO� FULWHULRQ� WKDW� FDQ� EH� D� PHDVXUH� RI� WKHJRRGQHVV� RI� WKH� GLIIHUHQW� VWDWLVWLFV� H[FKDQJH� FRQWURODOJRULWKPV�:H� FDUULHG� RXW� ERWK� DQ� DQDO\WLFDO� VXUYH\� IRU� WKHJHQHUDO�FDVH�DQG�VLPXODWLRQ�H[SHULPHQWV�IRU�VSHFLDO�FDVHVZLWK� WZR� NLQGV� RI� PHWKRGV� IRU� V\QFKURQL]DWLRQ� SRLQWFDOFXODWLRQ�:H� FRQFOXGH� WKDW� XVLQJ� WKH� SURSRVHG� VWDWLVWLFVH[FKDQJH� FRQWURO� DOJRULWKP� WKHUH� LV� D� WUDGH�RII� EHWZHHQWKH�JXDUDQWHHG�OHYHO�RI�WKH�DFFXUDF\�RI�WKH�UHVXOWV�DQG�WKHVSHHG�XS�RI�WKH�SDUDOOHO�VLPXODWLRQ�6LPXODWLRQ� UHVXOWV� VKRZHG�� WKDW� ZH� FDQ� JHW� QHDU�RSWLPDO� UHVXOWV� IRU� D� UHODWLYHO\� ZLGH� UDQJH� YDOXHV� RI� WKHSDUDPHWHUV�RI�WKH�SUHGLFWLRQ��WKXV�660�7�LV�UREXVW�HQRXJKWR� WROHUDWH� VRPH� LQDFFXUDF\� RI� WKH� SDUDPHWHUV� RI� WKHSUHGLFWLRQ����$FNQRZOHGJHPHQW
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