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$EVWUDFW�&RQVWUDLQHG�FRQWLQXRXV�SURFHVVHV�FDQ�EH�RSWLPDOO\�FRQWUROOHG�WKURXJK�G\QDPLF�SURJUDPPLQJWHFKQLTXHV� WKDW� VROYH� LW� DV� D� QXPHULF� VHTXHQFH�� 7KHVH� WHFKQLTXHV� DUH� D� SRZHUIXO� WRRO�UHJDUGOHVV�WKH�QDWXUH�RI�WKH�V\VWHP�DQG�LWV�SURSRVHG�SHUIRUPDQFH� LQGH[��7KLV�WHFKQLTXH�LV�DSRZHUIXO� WRRO�� UHJDUGOHVV� WKH� V\VWHP¶V� QDWXUH� DQG� DUELWUDU\� SHUIRUPDQFH� LQGH[�� +RZHYHU�VRPH�SUREOHPV�PD\� DULVH� LQ� FDOFXODWLRQV� DV� WKH� SUREOHP� GLPHQVLRQDOLW\� LQFUHDVHV� �D� IDFWRUFORVHO\�UHODWHG�WR�WKH�GHVLUHG�DFFXUDF\�IRU�WKH�QXPHULF�VROXWLRQ��$Q�DOWHUQDWLYH�LV�XVHG�KHUH�WRVROYH� WKH�GLPHQVLRQDOLW\�SUREOHP��ERWK� WR� DSSURDFK� WKH�SHUIRUPDQFH� LQGH[�DQG� WKH� FRQWUROODZ��7KH�SUHVHQW�ZRUN�DLPV�DW�RXWOLQLQJ�WKH�DSSUR[LPDWH�RSWLPDO�FRQWURO�DSSOLHG�WR� LQILQLWHKRUL]RQ�FRQWLQXRXV�SURFHVVHV��$�PDLQ�FRQWULEXWLRQ�LV�WR�JHQHUDWH�DQ�DSSOLFDWLRQ�PHWKRGRORJ\WKDW�HQVXUHV�WKH�FRQYHUJHQFH�RI�WKH�DOJRULWKP��8SRQ�REWDLQLQJ�WKH�DSSUR[LPDWH�FRQWURO�ODZ��DFRPSDUDWLYH� DQDO\VLV� RI� WKH� FRQWUROOHU� SHUIRUPDQFH� GHPRQVWUDWHV� WKH� SRWHQWLDO� RI� WKHSURSRVHG�FRQWURO�VFKHPH�.H\�ZRUGV��2SWLPDO�FRQWURO��QHXUDO�QHWZRUN��QRQOLQHDU�V\VWHPV�
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H[HFXWLRQ� LW� YHULILHV� WKH� UHVWULFWLRQV�� VXFK� D� VROXWLRQ� LV� DFFHSWHG�� 7KLV� PHWKRGRORJ\� VROYHV� WKHSUREOHP� LQ� VHYHUDO� UHDO� DSSOLFDWLRQV� UHTXLULQJ� KHXULVWLF� NQRZOHGJH�� VR� WKDW� WKH� FRQWUROOHUSHUIRUPDQFH� EH� HIILFLHQW�� ,Q� WKH� IROORZLQJ� VWHSV�� WKH� RSWLPDO� FRQWURO� SUREOHP� ZLOO� EH� VWDWHG� E\FRQVLGHULQJ�DOO�WKH�HOHPHQWV�VLPXOWDQHRXVO\��ZKHUH�WKH�SUREOHP�VROXWLRQ�ZLOO�EH�WKH�RSWLPDO�FRQWUROODZ�LWVHOI�
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ZKHUH� -��FRVW�IXQFWLRQ�WR�EH�PLQLPL]HG��ERXQGHG�DQG�SRVLWLYH�GHILQLWH�IXQFWLRQ��J�����SHUIRUPDQFH�LQGH[��ERXQGHG�DQG�SRVLWLYH�GHILQLWH�IXQFWLRQ��I�����SURFHVV�G\QDPLF�PRGHO�[��V\VWHP�VWDWHV��ZLWKLQ�D�FORVHG�DQG�ERXQGHG�VXEVHW�6�5Q�X��V\VWHP�LQSXWV��ZLWKLQ�D�FORVHG�DQG�ERXQGHG�VXEVHW�8�5P�
:H�VHHN�IRU�D�GHFLVLRQ�IXQFWLRQ�RI�³RSWLPDO�SROLF\´��ZKLFK�PDNHV�WKH�V\VWHP��ZLWK�WKH�G\QDPLFPRGHO������HYROYH�IURP�DQ\�VWDWH�DQG�LQLWLDO�WLPH�XQWLO�WKH�HYROXWLRQ¶V�HQG��L�H��LWV�1�WK�VWDJH��7KHGHFLVLRQV� VHTXHQFH� PXVW� FRPSO\� ZLWK� FRQVWUDLQW� ��� DQG� PLQLPL]H� DV� ZHOO� WKH� FRVW� IXQFWLRQ� RI(T������7KH� FRQWURO� VFKHPH� LV� VKRZQ� LQ�)LJ�����ZKHUH� WKH� FRQWURO� ODZ� LV� WKH�RSWLPDO�SROLF\��7KLVRXWOLQH� WULHV� WR� VROYH� D� ILQLWH� KRUL]RQ� SUREOHP�� EXW� LW� FDQ� EH� H[WHQGHG� WR� D� SUREOHP� RI� LQILQLWHKRUL]RQ�E\�PDNLQJ� fo1 ��DQG�E\�YHULI\LQJ� WKDW� WKH�SURSRVHG� FRVW� IXQFWLRQ� ��� LV� ERXQGHG�DQGFRQWLQXRXV�DV�UHJDUGV�LWV�DUJXPHQWV�7KH� W\SLFDO�PHWKRG� WR� VROYH� WKH� DERYH�VWDWHG� SUREOHP� WULHV� WR� ILQG� D� FRQWURO� ODZ� ��[�N��� ZLWKPQ 55� oP ��,Q�UHDO�FDVHV��KRZHYHU��LW�LV�GLIILFXOW�WR�ILQG�DQ�DQDO\WLF�VROXWLRQ��ZKLFK�OHDGV�WR�UHVRUWWR� QXPHULFDO� PHWKRGV�� ZKHUH� WKH� FRQWURO� ODZ� LV� UHSUHVHQWHG� DV� D� ORRN�XS� WDEOH� �/XXV�� �����%HOOPDQ��������
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,Q�GHVFULELQJ�ILQLWH�KRUL]RQ�SUREOHPV��L�UHSUHVHQWV�HDFK�YDOXH�WKDW�WKH�VWDWH�YDULDEOH�[�N� PD\�WDNH�ERWK�LQ�PDJQLWXGH�DQG�LQ�WLPH��DLPLQJ�DW�GLVFHUQLQJ�LWV�YDOXH�DW�DQ\�JLYHQ�WLPH�IURP�WKDW�RI�RWKHUWLPHV��7KH�QHZ�VWDWH�YDULDEOH�L�KDV�D�OLPLWHG�QXPEHU\�RI�SRVVLEOH�YDOXHV��,W�EHORQJV�WR�D�GDWD�VHW�6�DVVKRZQ�LQ�(T�������)RU�H[DPSOH��LI�D�VLQJOH�VWDWH�YDULDEOH�WDNHV�WZR�GLIIHUHQW�YDOXHV�DW�WKUHH�GLIIHUHQWLQVWDQWV�RI�WLPH��LW�ZLOO�KDYH���GLIIHUHQW�YDOXHV��VL]H�RI�6� ����
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$�GLIIHUHQFH� DULVHV�ZKHQ� GHDOLQJ�ZLWK� LQILQLWH� KRUL]RQ� FRQWURO� SUREOHPV�� EHFDXVH� WKH� SUREOHPVWDWHPHQW� EHFRPHV� WLPH� LQGHSHQGHQW�� 7KH� GDWD� VHW� 6�ZLOO� QRW� VKRZ� DQ\� GLIIHUHQFH� EHWZHHQ� VWDWHYDOXHV�DW�GLIIHUHQW�WLPH�LQWHUYDOV��WKHUHIRUH��(T����� ZLOO�UHSUHVHQW�WKH�L�GDWD�VHW�$� IXQFWLRQ� LV� LQWHQGHG� ZKRVH� EHKDYLRU� DSSURDFKHV� WKH� SHUIRUPDQFH� LQGH[�� 2QFH� WKLVDSSUR[LPDWH�FRVW� IXQFWLRQ� LV�REWDLQHG� IRU� HDFK�SURFHVV� VWDWH�� WRJHWKHU�ZLWK� WKH� V\VWHP�PRGHO�� WKHFRQWUROOHU� IRU� WKH� UHDO� SURFHVV� FDQ� EH� LPSOHPHQWHG�� 7KHQ�� WKH� V\VWHP� FDQ� EH� FRQWUROOHG� ZLWK� DIXQFWLRQ�KDYLQJ�DQ�DSSUR[LPDWH�SHUIRUPDQFH�WR�WKDW�RI�WKH�RSWLPDO�FRQWURO��7KH�XVXDO�SUDFWLFH�LV�WRFRQWURO�D�UHDO�SURFHVV��ZKLFK�LV�FRQWLQXRXV�LQ�QDWXUH�ZLWK�UHVSHFW�WR�WKH�PDJQLWXGHV�WKDW�LWV�YDULDEOHVPD\�DVVXPH�$� ,QWURGXFWLRQ�RI�WKH�$SSURDFKLQJ�)XQFWLRQ$� IXQFWLRQ� 55�-a Q o LV� VRXJKW� WKDW�� IRU� YDOXHV� RI� GRPDLQ� ����� JHQHUDWHV� DQ� LPDJH� ZKRVHPDJQLWXGH�LV�DSSUR[LPDWHO\�VLPLODU�WR� WKDW�RI� WKH�FRVW�IXQFWLRQ� �����/HW� -P�L� EH� WKH�FRVW�YDOXH� WKDWUHSUHVHQWV�WKH�FRVW�WR�JR�IURP�VWDWH�L�WR�WKH�ILQDO�VWDJH��XVLQJ�WKH�VWDWLRQDU\�SROLF\�FRQWURO�P��7KHQ�� �U�-a �P LV�WKH�DSSUR[LPDWLRQ�RI�-P����LQWR�GRPDLQ�����
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)LJ�����2SWLPDO�SROLF\�VHDUFK�SURFHVV�GLDJUDP�7KH�YHFWRU�U FRQWDLQV�DOO�WKH�WXQDEOH�SDUDPHWHUV�RI�WKH�DSSUR[LPDWH�FRVW�WR�JR�IXQFWLRQ��DQG�WKH�UGLPHQVLRQ� GHSHQGV� RQ� WKH� QXPEHU� RI� SDUDPHWHUV� WKDW� DFKLHYH� DQ� DSSURSULDWH� DSSUR[LPDWLQJSHUIRUPDQFH�%\�DGHTXDWHO\� WXQLQJ�WKH�SDUDPHWHU YHFWRU�U��D�FRVW�FDQ�EH�DSSURDFKHG��QHHGHG�WR�DUULYH�DW� WKHILQDO�VWDWH�IURP�WKH�FXUUHQW�VWDWH�L��XVLQJ�WKH�VWDWLRQDU\�SROLF\���,Q�RUGHU�WR�DGMXVW�WKH�SDUDPHWHUV�RI�U��WKH�FDOFXODWLRQ�SURFHVV�LV�GLYLGHG�WZRIROG��DV�VKRZQ�)LJ����)LUVW��DQ�HYDOXDWLRQ�RI�D�JLYHQ�VWDWLRQDU\�SROLF\����LQLWLDOO\�UDQGRP��LV�FDUULHG�RXW��ZKHUH�FRVWV�DUH
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FDOFXODWHG� IRU� DOO� SURFHVV� VWDWHV�� 7KH� VHFRQG� SDUW� LV� IRU� SROLF\� XSGDWLQJ�� %RWK� WDVNV� DUH� GRQHDSSUR[LPDWHO\��LI�FRPSDUHG�WR�WKH�DFWXDO�V\VWHP�$Q\�GHYLFH�FDSDEOH�RI�DSSURDFKLQJ�WKH�SHUIRUPDQFH�RI�IXQFWLRQDO�RQH���� LQ�GRPDLQ���� LV�XVHIXOWR�FDUU\�RXW�WKLV�VROXWLRQ�VWDWHPHQW��*HQHUDOO\��U �WKH�SDUDPHWHU�YHFWRU�RI�WKH�DSSURDFKLQJ�IXQFWLRQ�VKRXOG� EH� IRXQG�� 7KLV� YHFWRU� ZLOO� KDYH� DV� PDQ\� SDUDPHWHUV� DV� UHTXLUHG� E\� WKH� SUREOHP¶VFRPSOH[LW\��,Q�WKLV�ZRUN��WKH�DSSURDFKLQJ�IXQFWLRQ�ZLOO�EH�D�QHXUDO�QHWZRUN�RI� ILYH�QHXURQV��ZLWKRQH�KLGGHQ�OD\HU�ZKRVH�QHXURQV�RSHUDWH�ZLWK�K\SHUEROLF� WDQJHQW�IXQFWLRQV�DQG�RQH�RXWSXW�QHXURQWKDW�RSHUDWHV�ZLWK�D� OLQHDU� IXQFWLRQ��7KH�QHWZRUN�EHKDYLRU� UHTXLUHV� WR� FDOFXODWH� WZR�PDWUL[HV�:�DQG� :� ZKRVH� HOHPHQWV� DUH� UHSUHVHQWHG� E\� D� SDUDPHWHU� YHFWRU� U FRQWDLQLQJ� DOO� WKH� WXQDEOHSDUDPHWHUV�RI�WKH�QHXUDO�QHWZRUN� ���
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$�UHSUHVHQWDWLYH�GDWD�VHW� 6a LV�GHILQHG��DQG�IRU�HDFK�VWDWH� 6aL� WKHUH�H[LVW�FRVW�YDOXHV�&�L��RI� WKHIXQFWLRQ� -P�L��� 7KH� UHVW� RI� WKH� GDWD� VHW� 6� ZLOO� EH� FRQVLGHUHG� E\� WKH� DSSURDFKLQJ� IXQFWLRQ� DV� DJHQHUDOL]DWLRQ��EHFDXVH�WKH\�ZLOO�EH�XVHG�WR�YDOLGDWH�LWV�SHUIRUPDQFH��%\�PLQLPL]LQJ�H[SUHVVLRQ����WKH�SDUDPHWHUV�YHFWRU�U LV� WXQHG��7KH� LPSURYHG�SROLF\� LV� REWDLQHG� DV� LQGLFDWHG� LQ� �����7KHUHIRUH�JLYHQ� WKH� VWDWLRQDU\� SROLF\� ��� WKH� YDOXHV� RI� -� ZLOO� QRW� EH� FDOFXODWHG� H[DFWO\� EHFDXVH� DQDSSUR[LPDWLRQ� LV� XVHG� WKURXJK� � �U�-a �P �� 7KXV�� LQ� DQ� DSSUR[LPDWH� SROLF\� LWHUDWLRQ� DQ� HUURU� VRXUFHDULVHV�GXH� WR� WKH� DSSUR[LPDWRU� VWUXFWXUH� � �U�-a �P �� WKDW� LV� QRW� SRZHUIXO� HQRXJK� �MXVW� IHZ�QHXURQV��$QRWKHU� HUURU� VRXUFH� LV� IRXQG� LQ� WKH� LQDGHTXDWH� DGMXVWPHQW� RI� U SDUDPHWHUV� �IDXOW\� DOJRULWKPWXQLQJ��2QFH�WKH�IXQFWLRQ� � �U�-a �P LV�DYDLODEOH��P FDQ�EH�REWDLQHG�IURP�(T�������$�PHWKRG�UHTXLUHPHQW�LVWKDW�WKH�LQLWLDO�SROLF\�EH�DV�JRRG�DV�SRVVLEOH�RQ�WKH�VHQVH�RI�DVVRFLDWHG�FRVWV��HOVH�� WKH�SDUDPHWHUVYHFWRU�U ZLOO� EH� IL[HG��8VXDOO\�� LQLWLDO� UDQGRP�YDOXHV� ±YDU\LQJ� EHWZHHQ� �� DQG� ��� DUH� DVVLJQHG� WRPDWUL[HV�:� DQG�:���7KHQ��WKH�DVVRFLDWHG�FRVWV�WR�HDFK�VWDWH�DUH�HYDOXDWHG��GHQRWHG�E\� � �U�-a �P ��DQGZKHQ� WKH�DVVRFLDWHG�FRVWV� WR�DOO� VWDWHV�DUH�DYDLODEOH��ZH�SURFHHG� WR� WKH� VHFRQG�SURFHVV� VWDJH� �VHH)LJ������7KLV�VWDJH�LV�D�SROLF\�XSGDWH��DLPHG�DW�LPSURYLQJ�LWV�SHUIRUPDQFH��DQG�ZKHUH�WKH�SDUDPHWHUVRI�YHFWRU�U DQG�WKH�QHXUDO�QHWZRUN�WDNH�WKLV�XSGDWH�DV�QHZ�GDWD�WR�VWDUW�DJDLQ�D�QHZ�FRVW�FDOFXODWLRQIRU�HDFK�VWDWH��)RU�WKH�SUHVHQW�FDVH��WKH�/HYHQEHUJ�0DUTXDUG�PHWKRG�ZDV�XVHG�WR�WXQH�U �%LVKRS��&�������1¡UJDDUG��0��������$W� WKH� UHDO� DSSOLFDWLRQ� PRPHQW�� WKH� DERYH� PHWKRG� KDV� D� GUDZEDFN� LQ� WKDW� (T���� VKRXOG� EHVROYHG��ZKLFK�UHTXLUHV�D�QXPHULFDO�PLQLPL]DWLRQ�ZKLFKHYHU�WKH�VWDWH�WKH�V\VWHP�PD\�EH�VWD\LQJ�DW�%HFDXVH��WKH�PHWKRG�LV�XVHG�WR�D�OLPLWHG�H[WHQW�LQ�PDQ\�RI�WKH�DFWXDO�SURFHVVHV��D�FRQWURO�VWDWHPHQWLV�VRXJKW�IRU�D�PRUH�FRPSDFW�VFKHPH��)LJ������ LQYROYLQJ�DQRWKHU�QHXUDO�QHWZRUN� WR�JHQHUDWH�HDFKFRQWURO�DFWLRQ�%� 8VLQJ�DQ�DFWLRQ�QHWZRUN7R�LPSOHPHQW�DQ\�FRQWURO�VFKHPH�LPSOLHV�WR�REWDLQ�WKH�FRQWURO�DFWLRQ�WR�EH�DSSOLHG�WR� WKH�V\VWHPIURP�WKH�VWDWHV�YHFWRU�YDOXH� ����
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� �� �N[P PQ 55� oP DUH�WKH�GHFLVLRQV�RI�WKH�RSWLPDO�SROLF\�IXQFWLRQ��IRU�D�JLYHQ�V\VWHP�VWDWH�[�N��7KH� IXQFWLRQ� �� LV� WKH� DQDO\WLFDO� VROXWLRQ� RI� WKH� RSWLPDO� FRQWURO� SUREOHP�� %\� PHDQV� RI� WKHDSSUR[LPDWH�SROLF\�LWHUDWLRQ�WHFKQLTXH�DQ�DSSURDFK�LV�VRXJKW��$V�EHIRUH��YDULDEOH�L�UHSUHVHQWV�HDFKYDOXH� WKDW� WKH�VWDWH�YDULDEOH�[�N� PD\� WDNH��ERWK� LQ�PDJQLWXGH� DQG� LQ� WLPH�� WR�PDNH�D� WLPH� LQVWDQWGLIIHUHQW�IURP�DQRWKHU��1RZ�ZH�ORRN�IRU�D�IXQFWLRQ�ZLWK�D�IRUP� � �Y�a �P DV�DQ�DSSUR[LPDWLRQ�RI�WKH�����IXQFWLRQ��ZKHUH�Y LV�WKH�WXQDEOH�SDUDPHWHU�YHFWRU��7KH�GLPHQVLRQ�RI�Y GHSHQGV�RQ�WKH�SURSRVHGVWUXFWXUH�IRU�WKH�DSSURDFKLQJ�IXQFWLRQ�
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7KH� IROORZLQJ�PHWKRGRORJ\�ZLOO� WU\� WR�REWDLQ� � �Y�a �P ��ZKLFK�SUHVHQWV� D� VLPLODU�SHUIRUPDQFH� WRWKDW�RI�WKH�DQDO\WLF�VROXWLRQ�������7KH�FRQWURO�DFWLRQV�RI�WKH�LPSURYHG�SROLF\� � �LP DUH�FDOFXODWHG�ZLWK(T����� ��ZLWKLQ�WKH�GDWD�VHW�6Ö ������7KH�GHFLVLRQ�ODZ�LV�UHSUHVHQWHG�E\� � �Y�LaP � ����
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9� &21&/86,2167KH� RSWLPDO� FRQWURO� DSSURDFK� RIIHUV� DQ� DWWUDFWLYH� PHWKRGRORJ\� IRU� WKH� GHVLJQHU�� +RZHYHU�� WKLVJHQHUDO�VROXWLRQ�EHFRPHV�KLQGHUHG�ZKHQ�WKH�SURFHVV�LV�QRQOLQHDU�RU� WKH�SHUIRUPDQFH� LQGH[�LV�QRQTXDGUDWLF�7KH� FODVVLFDO� WKHRU\� RI� RSWLPDO� FRQWURO� JHQHUDWHV� D� IXQFWLRQ� WKDW� UHQGHUV� WKH� RSWLPDO� SROLF\DFFRUGLQJ� WR�D� VSHFLILHG�SHUIRUPDQFH� LQGH[��7KLV� IXQFWLRQ�±FDOOHG�P�����KDV� WKH� FRQWURO� DFWLRQV� DVLPDJH�WR�DSSO\�WR�WKH�V\VWHP�DFFRUGLQJ�WR�WKH�VWDWH�L�ZKHUH�LW�LV�VWD\LQJ�DW��7KXV��WKH�VHDUFK�IRU�WKLVIXQFWLRQ� LV�QRW�DOZD\V�DQDO\WLFDOO\� YLDEOH�� ,Q� WKLV�VHQVH�� WKH�DOWHUQDWLYH�DSSURDFK� WKDW�ZH�XVH�KHUHZLWK� G\QDPLF� SURJUDPPLQJ� VROYHV� WKH� RSWLPDO� FRQWURO� SUREOHP� IRU� DQ\� V\VWHP� ZLWK� DQ\SHUIRUPDQFH�LQGH[��$V�D�UHVXOW�IURP�WKLV��D�WDEOH�RI�YDOXHV�LV�FUHDWHG�WKDW�OLQNV�WKH�FRQWURO�DFWLRQVZLWK� WKH�VWDWHV��7R�REWDLQ� WKH�RSWLPDO�SROLF\� IXQFWLRQ�� WKH�DSSUR[LPDWH�SROLF\� LWHUDWLRQ�PHWKRG� LVNQRZQ�DV�QHXUR�G\QDPLF�SURJUDPPLQJ��7KLV�WHFKQLTXH�ZDV�GHWDLOHG�DQG�DSSOLHG�LQ�D�FDVH�H[DPSOHWR� VWXG\� WKH� SRWHQWLDO� XVH� LQ� FRQWLQXRXV� FRQVWUDLQHG� SURFHVVHV�� ,W� LV� QHFHVVDU\� WR� DVVXUH� DQDSSUR[LPDWH� FRVW� IXQFWLRQ� WKDW� JXDUDQWHHV� LWV� LPDJH� IRU� WKH� HQWLUH� VSDFH� ZKHUH� WKH� SROLF\� JHWVLPSURYHG��VKRZLQJ�D�TXLFN�FRQYHUJHQFH�DQG�ZLWKRXW�IXUWKHU�RVFLOODWLRQV�7KH�UHVXOWV�REWDLQHG��VWDUWLQJ�IURP�WKH�FRPSDUDWLYH�DQDO\VLV�RI�FRQWUROOHUV��VKRZV�WKH�SRZHU�RIWKH�WHFKQLTXH��EHFDXVH�D�UREXVW�FRQWUROOHU� LV�REWDLQHG�WKDW� LV�FDSDEOH�RI�RSHUDWLQJ�XQGHU�QRLVH�DQGLQWHUIHUHQFH�FRQGLWLRQV�,Q� VRPH� FDVHV�� RQO\� WKH�SHUIRUPDQFH� LQGH[�FDQ�EH� DSSURDFKHG�� DQG� D� FRQWUROOHU� LV� REWDLQHG� LQZKLFK� D� PLQLPL]DWLRQ� VKRXOG� EH� FDUULHG� RXW� DV� UHJDUGV� WKH� FRQWURO� DFWLRQV�� 2WKHU� WLPHV�� WKLVDSSUR[LPDWH�SHUIRUPDQFH� LQGH[� LV�HQRXJK��DQG� LW�FDQ�EH�FRQVLGHUHG� WKH�SUREOHP�VROXWLRQ��2Q� WKHRWKHU� KDQG�� LI� WKH� DSSOLFDWLRQ� GRHV� QRW� DGPLW� D� PLQLPL]DWLRQ� H[SUHVVLRQ�� RQ� DFFRXQW� RI� WLPH� RUWHFKQRORJLFDO�SUREOHPV��DQ�H[WUD�QHXUDO�QHWZRUN�FDQ�EH�XVHG�VR� WKDW� LW�PD\�EHKDYH�DV� WKH�FRQWUROODZ��,Q�WKLV�ZRUN��LW�ZDV�FDOOHG�WKH�DFWLRQ�QHWZRUN�
5()(5(1&(6%HOOPDQ�5��DQG�6��'UH\IXV���������$SSOLHG�G\QDPLF�SURJUDPPLQJ��3ULQFHQWRQ�XQLYHUVLW\�SUHVV�%HUWVHNDV� '�� DQG� -�� 7VLWVLNOLV� �������� 1HXUR�G\QDPLF� SURJUDPPLQJ�� &KDSWHUV� �� DQG� ��� $WKHQDVFLHQWLILF��0,7�%LVKRS�� &�� �������� 1HXUDO� 1HWZRUNV� IRU� 3DWWHUQ� 5HFRJQLWLRQ�� 3S�� ���� ����� 8QLYHUVLW\� 3UHVV�2[IRUG�/DUVRQ�DQG�&DVWL����������3ULQFLSOHV�RI�G\QDPLF�SURJUDPPLQJ��3DUW�,���0DUFHO�'HNNHU�,QF�/XXV�5����������2SWLPDO�&RQWURO�%\�'\QDPLF�3URJUDPPLQJ�8VLQJ�$FFHVLEOH�*ULG�3RLQWV�$QG5HJLRQ�5HGXFWLRQ��+XQJ��-��,QG��&KHP��������������1¡UJDDUG�0����������1HXUDO�1HWZRUN�%DVHG�6\VWHP�,GHQWLILFDWLRQ�7RROER[��7HFK��5HSRUW������(������'HSDUWPHQW�RI�$XWRPDWLRQ��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN�


