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6WRULFDPHQWH� VL�q� ULWHQXWR�FKH� LO� SURFHVVDPHQWR�GHJOL� VWLPROL� VHQVRULDOL� YLVLYL� H� YHVWLERODUL� IRVVHEDVDWR�VX�VWUXWWXUH�VSHFLDOL]]DWH�SHU�RJQL� WLSR�GL�PRYLPHQWR�� LO� VLVWHPD�RFXORPRWRUH�q� VWDWR�FLRqWUDGL]LRQDOPHQWH� FRQVLGHUDWR� FRPH� XQ� LQVLHPH� GL� VRWWRVLVWHPL� LQGLSHQGHQWL� DJHQWL� LQ� SDUDOOHOR�GRYH�RJQL�VRWWRVLVWHPD�FRQWUROOD�XQ�SDUWLFRODUH�WLSR�GL�PRYLPHQWR�FRQLXJDWR�R�GLVFRQLXJDWR�>��@�2JJL�q�DOWUHVu�QRWR�FKH�YHUJHQ]D�H�YHUVLRQH�LQWHUDJLVFRQR�FRQWLQXDPHQWH�>��@�
/
LQGLSHQGHQ]D� GHL� VLVWHPL� YLHQH� SRVWXODWD� QHO� GLVHJQR� GL� PROWL� SDUDGLJPL� VSHULPHQWDOL� H� QHOODGHULYD]LRQH�GHL�PRGHOOL��QRQRVWDQWH�QXPHURVH�VWUXWWXUH�SUHPRWRULH�SDUWHFLSLQR�LQ�PROWL�ULIOHVVL�>�@�0ROWR� IUHTXHQWHPHQWH�� LQROWUH�� GHOOH� WUH� URWD]LRQL� RFXODUL� QH� YLHQH� VWXGLDWD� XQD� VROD�� (QWUDPEL� LIDWWRUL�� VH� GD� XQ� ODWR� SRQJRQR�� HG� KDQQR� SRVWR�� GHL� OLPLWL� DL� ULVXOWDWL� RWWHQLELOL�� GDOO¶DOWUR� KDQQRGHWHUPLQDWR�LO�VXFFHVVR�GL�TXHVWD�GLVFLSOLQD��/D�VHSDUD]LRQH�IXQ]LRQDOH�GL�XQ�VLVWHPD�FRPSOHVVR�LQVRWWRVLVWHPL� �SHU� OR� SL�� FRQVLGHUDWL� LQGLSHQGHQWL�� KD� FRQVHQWLWR� VHPSOLILFD]LRQL� QRWHYROL� HFRQVHJXHQWHPHQWH�KD�FRQVHQWLWR�GL� UDJJLXQJHUH�XQD�JUDQ�PROH�GL� ULVXOWDWL�D�SDUWLUH�GDL�TXDOL� VL� qSRWXWR�LQIHULUH�VXOOD�VWUXWWXUD�GL�EDVH�GHO�VLVWHPD�RFXORPRWRULR�H�GL�DOWUL�VLVWHPL�PRWRUL�DQLPDOL��/DFRRUGLQD]LRQH�ELQRFXODUH��LQ�XQD�R�SLXC�GLPHQVLRQL��HC�XQR�GL�TXHJOL�DVSHWWL�SHU�L�TXDOL�O¶DSSURFFLRFRPSDUWLPHQWDWR� ULVXOWD� ROWUHPRGR� SHQDOL]]DQWH�� L� IHQRPHQL� VRQR� DEEDVWDQ]D� EHQ� FRQRVFLXWL� GDOSXQWR� GL� YLVWD� FRPSRUWDPHQWDOH� PD� PROWR� PHQR� GD� TXHOOR� GHO� VLVWHPD�� ,� PRGHOOL�� FKHFRQFHWWXDOL]]DQR�TXHVWD�FRQRVFHQ]D��VRQR�OR�VSHFFKLR�GL�TXHVWR�VWDWR�GL�FRVH�
$ WXWW¶RJJL�QRQ�HVLVWH�XQ�PRGHOOR�FKH� WHQJD� FRQWR�GL� WXWWL� JOL� DVSHWWL� H�GL� WXWWH� OH� LQWHUD]LRQL� IUD©VRWWRVLVWHPLª� FKH� FRQWULEXLVFRQR� DOOD� GHILQL]LRQH� GHOOD� FRRUGLQD]LRQH� ELQRFXODUH�� ,�PRGHOOL� �'VRQR� TXHOOL� FKH� GDO� SXQWR� GL� YLVWD� GHOOH� FRPSRQHQWL� VRQR� L� SLXC� FRPSOHWL�� PDQFDQR� SHUz� PROWRVSHVVR� GL� DGHUHQ]D� DQDWRPR�ILVLRORJLFD� HVVHQGR� HVVHQ]LDOPHQWH� GHVFUL]LRQL� FLQHPDWLFKH�� QRQFRQWHPSODQR� LQROWUH�DOFXQD� IRUPD�GL� IDFLOLWD]LRQH�SXU�SRQHQGR� LO� SUREOHPD�GHOOD�GLSHQGHQ]D�GHLFRQWUROOL� GL� YHUJHQ]D� H� YHUVLRQH�� ,� PRGHOOL� PRQRGLPHQVLRQDOL� RUL]]RQWDOL� VRQR� L� SLXCILVLRORJLFDPHQWH� FRPSDWLELOL�PD�RYYLDPHQWH�GHVFULYRQR�XQD� UHDOWj�QHFHVVDULDPHQWH� OLPLWDWD��3HUTXHVWD�FDWHJRULD�GL�PRYLPHQWL�HVLVWRQR�VFKHPL�H�PRGHOOL� �PROWR�SRFKL� LQ�YHULWDC��FKH�FHUFDQR�GLVSLHJDUH� L� IHQRPHQL� GL� DGDWWDPHQWR� FRQLXJDWR� H� GLVFRQLXJDWR�� 3HU� TXDQWR� DWWLHQH� DOOD� YHUJHQ]D�O¶XOWLPR� IUD� L� VRWWRVLVWHPL� VWXGLDWL�� HVLVWRQR� QXPHURVL� VFKHPL� �ULJRURVDPHQWH� OLPLWDWL� DO� SLDQRRUL]]RQWDOH���*OL�VFKHPL�XQ�SR
�SL��FRPSOHWL�WHQJRQR�FRQWR�GL�DOPHQR�GXH�GHOOH�FRPSRQHQWL�GHOODWULDGH�H�VRQR�SHUWDQWR�GHL�PRGHOOL�GL�LQWHUD]LRQH�
/H� OLQHH� JXLGD� GL� TXHVWD� WUDWWD]LRQH� VHJXLUDQQR� O¶HYROX]LRQH� GL�PRGHOOL� VHPSOLFL�� SHU� OR� SL�� JLjSUHVHQWDWL� QHOOH� DOWUH� VFXROH� GHO� *,02�� VRWWROLQHDQGR� OD� SRWHQ]LDOLWj� GHOOH� VWUXWWXUH� ELODWHUDOL� HGLVWULEXLWH��FRQVLGHUDQGR� OD� FRRUGLQD]LRQH� LQ�XQD� H� LQ�SL��GLPHQVLRQL� H�SRQHQGR�FRPH�HOHPHQWRFKLDYH�LO�FRQFHWWR�GL�LQWHUD]LRQH�IUD�L�VLVWHPL�
/D� VHSDUD]LRQH� LQ� VLVWHPL� GL� YHUJHQ]D� H� VLVWHPL� GL� YHUVLRQH� VWD� DOOD� EDVH� GHOO
DSSURFFLR� FODVVLFR�DOOD�+HULQJ��SHU�OD�ULVROX]LRQH�GHL�SUREOHPL�FRRUGLQDWLYL��/D� OHJJH�GL�+HULQJ���������R� OHJJH�GLHJXDOH� LQQHUYD]LRQH�� DIIHUPD� FKH� HVLVWH� XQ� FRPDQGR� FHQWUDOH� FRPXQH� SHU�PXRYHUH� HQWUDPEL� JOLRFFKL��TXHVWR�FRPDQGR�YLHQH�WUDVODWR�LQ�XQ�FRPDQGR�PRWRULR�LQ�WHUPLQL�GL�DWWLYLWj�GHL�PRWRQHXURQLDSSURVVLPDWLYDPHQWH�XJXDOH�SHU�L�GXH�RFFKL��,QYHUWHQGR�OH�FRSSLH�PXVFRODUL�D�FXL�VL�LQYLD�OR�VWHVVRVHJQDOH�� L�PRYLPHQWL� SRVVRQR� WUDVIRUPDUVL� GD�PRYLPHQWL� GL� YHUJHQ]D� LQ�PRYLPHQWL� GL� YHUVLRQH�'DL� VHJQDOL� GL�PRYLPHQWR�ELQRFXODUH� q� VHPSUH� SRVVLELOH� HVWUDUUH� XQ�PRGR� FRPXQH� HG� XQ�PRGR
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GLIIHUHQ]LDOH��SUDWLFD�SHUDOWUR�XVXDOH�LQ�PROWH�DSSOLFD]LRQL�LQJHJQHULVWLFKH��FKH�YHQJRQR�FKLDPDWLYHUVLRQH� H� YHUJHQ]D�� ,PSLHJDUH� XQD� GHVFUL]LRQH� FRPSRUWDPHQWDOH�� DQFRUFKq� FRPRGD� SHUFKqDVVRFLD�DG�XQD�FRPSRQHQWH�L�FDPEL�GL�GLUH]LRQH�HG�DOO
DOWUD�L�FDPEL�GL�SURIRQGLWj�>��@��SHU�LQIHULUHVX�TXDOL�GHEEDQR�HVVHUH�L�VHJQDOL�JHQHUDWL�GDL�VRWWRVLVWHPL�GL�FRQWUROOR�q��SXUWURSSR��OD�SUDVVL��'DTXHVWR�DSSURFFLR�q�WDXWRORJLFR�DUULYDUH�D�VFKHPL�FKH�LPSOHPHQWLQR�OD�OHJJH�GL�+HULQJ�H�GXQTXH�ODOLQHDU�DGGLFWLRQ�IUD�YHUJHQ]D�H�YHUVLRQH��0D�q�XQ�DSSURFFLR�FKH�VL�EDVD�VX�RVVHUYD]LRQL�HVWHUQH�DOVLVWHPD�H�VX�XQD�VHPSOLILFD]LRQH��VHSDUD]LRQH�GHO�SURFHVVDPHQWR�GHOOD�GLUH]LRQH�H�GHOOD�SURIRQGLWjGHOOH� PLUH� YLVLYH�� FKH�� VH� ULVXOWD� FRPSDWLELOH� FRQ� OD� SDUWH� VHQVRULDOH� �FRUWLFDOH�� GHOODSURJUDPPD]LRQH� GHO�PRYLPHQWR�� q� FHUWDPHQWH� GLVWDQWH� GDO� SUREOHPD�PHUDPHQWH� LQQHUYD]LRQDOHFKH�YLHQH� ULVROWR� D� OLYHOOR� VRWWRFRUWLFDOH��8Q� HVHPSLR� SXz� DLXWDUH�� YDOH� OD� SHQD� GL� VYLOXSSDUH� XQVLVWHPD� FKH� GL� EDVH� LQQHUYL� FRSSLH� GL� PXVFROL� H[WUDRFXODUL� FRUULVSRQGHQWL� �\RNHG�� LQ� PDQLHUDXJXDOH� YROHQGR� RWWHQHUH� OR� VWHVVR� FDPELR� GL� GLUH]LRQH� SHU� HQWUDPEL� JOL� RFFKL�� VH� L� PXVFROLGLIIHULVFRQR�XQR�GDOO
DOWUR�H�VL�q�TXLQGL�FRVWUHWWL�D�FRUUHJJHUH�JOL�HUURUL�D�SRVWHULRUL"
+HULQJ�VRVWHQHYD�FKH�L�PRYLPHQWL�ELQRFXODUL�HUDQR�SRL�LQQDWL�SHUFKq�RVVHUYDELOL�LQ�SHUVRQH�FLHFKHGDOOD� QDVFLWD�� 'LYHUVDPHQWH�� +HOPKROW]� ������� HUD� FRQYLQWR� FKH� L� PRYLPHQWL� RFXODUL� YHQLVVHURDSSUHVL�HG�RWWLPL]]DWL�VLD�SHU�PLQLPL]]DUH�LO�GLVSHQGLR�HQHUJHWLFR�DVVRFLDWR�DOO
DWWR�PRWRULR�VLD�SHURWWLPL]]DUH� OD� YLVLRQH� >��@�� /
DSSURFFLR� GL�+HOPKROW]� q� VLFXUDPHQWH� SL�� ULFFR� GL� LPSOLFD]LRQL� HFRQVHQWH� IDFLOPHQWH� GL� LQWURGXUUH� LO� FRQFHWWR� GL� LQWHUD]LRQH� QRQ�OLQHDUH� RVVHUYDWD� VHPSUH� SL�� GLIUHTXHQWH� IUD� L� VRWWRVLVWHPL� PRWRUL�� VL� SUHVWD� LQROWUH� D� VSLHJDUH� OD� FRRUGLQD]LRQH� ELQRFXODUH� QHLFLHFKL�VHQ]D�SRVWXODUH�QXOOD�GL�LQQDWR��/
XJXDOH�LQQHUYD]LRQH��H�TXDOXQTXH�DOWUD�LQQHUYD]LRQH��VRQRLQ�HIIHWWL�HTXLYDOHQWL�SHU�LO�VLVWHPD�PRWRULR�GL�FKL�QRQ�EHQHILFLD�GHOOD�YLVLRQH��SHUWDQWR��VH�VHFRQGRXQ� TXDOVLDVL� LQGLFH� GL� PHULWR� O
XJXDOH� LQQHUYD]LRQH� ULVXOWD� �SL�� HFRQRPLFD�� GL� XQ� DOWUD�� qSUHYHGLELOH�FKH�XQ�FLHFR�VYLOXSSL�TXHVWR�SDWWHUQ�LQQHUYD]LRQDOH�SLXWWRVWR�FKH�XQ�DOWUR��$�FRQIHUPDGHOOD�QHFHVVLWj�GL�DSSURFFLDUH�FULWLFDPHQWH�FHUWH�VHPSOLILFD]LRQL�GHO�SDVVDWR��YL�VRQR��DG�HVHPSLR�UHJLVWUD]LRQL� GL� PRYLPHQWL� QRQ� FRRUGLQDWL� LQ� PDPPLIHUL� >��@�� >��@�� UHJLVWUD]LRQL� GL� DWWLYLWj� SL�PRQRFXODUL� FKH� ELQRFXODUL� �RFXODU� VHOHFWLYLW\�� LQ� VWUXWWXUH� GHILQLWH� YHUVLRQDOL� >��@�� HG� XQD� OXQJDWHRULD� GL� RVVHUYD]LRQL� VXOOD� QRQ� DGGLWWLYLWj� �R� LQWHUD]LRQH� QRQ�OLQHDUH�� GHOOH� ULVSRVWH� GHL� VLQJROLVLVWHPL�GXUDQWH�PRYLPHQWL�FRRUGLQDWL�>��@��VDFFDGLFL�H�YHUJHQ]D�>��@��>��@��>��@��>��@��>��@��>��@�>��@��>��@�� >��@�� >��@�� >��@�� ULIOHVVR�YHVWLERODUH�H�YHUJHQ]D� >��@�� >��@�� >��@�� >��@�� >��@��>��@�� >��@�ULIOHVVR�RWWLFRFLQHWLFR�H�YHUJHQ]D�>�@��$�RQRU�GHO�YHUR�YD�DQFKH�ULPDUFDWR�FKH�QHJOL�DQQL�VL�VRQRDFFXPXODWH�HYLGHQ]H�LQ�IDYRUH�GL�XQD�LPSOHPHQWD]LRQH�VWUXWWXUDOH�GHOOD�OHJJH�GL�+HULQJ�>��@��>��@�8Q� DOWUR�� H� QRQ� PHQR� LPSRUWDQWH�� DVSHWWR� FKH� ULFKLHGH� XQD� YDOXWD]LRQH� DWWHQWD� QHOODUDSSUHVHQWD]LRQH� PRGHOOLVWLFD� GHO� VLVWHPD� PRWRULR� q� GDWR� GDOOD� GHILQL]LRQH� GHJOL� HIIHWWRUL� �LPXVFROL�� O
LPSLDQWR�RFXODUH�� LO� VLVWHPD�FRQWUROODWR��D� FXL� DUULYD� O
LQQHUYD]LRQH��1RL�RVVHUYLDPR� LOVLVWHPD��FRPH�JLj�GHWWR��SHU� OR�SL��GDOO
HVWHUQR��PLVXULDPR� L�PRYLPHQWL�� QRQ� OH� LQQHUYD]LRQL��/DVFHOWD�GHOO
LPSLDQWR�q�LPSRUWDQWH�SHU�FDSLUH�TXDOH�GHEED�HVVHUH�OD�WUDVIRUPD]LRQH�YLVXR�PRWRULD��LQTXDQWR� GHILQLVFH� LO� FRQWHQXWR� LQIRUPDWLYR� PRWRULR� DOO
LQJUHVVR� GHO� VLVWHPD� FRQWUROODWR� >��@�� 8QSUREOHPD�FKH�VL�q�ULSURSRVWR�DOO
DWWHQ]LRQH�GHL�ULFHUFDWRUL��VRSUDWWXWWR�D�FKL�VL�RFFXSD�GL�FRQWUROORELQRFXODUH� LQ� WUH� GLPHQVLRQL�� FRQ� OD� SURSRVL]LRQH� GL� QXRYL�PRGHOOL� SHU� JOL� LPSLDQWL� RFXORPRWRUL>��@��>��@�

0RGHOOL�GHO�VROR�FRPDQGR�GLVFRQLXJDWR��YHUJHQ]D�H�QRQ�VROR��
,Q� RULJLQH�� LO� VLVWHPD� GL� YHUJHQ]D� q� VWDWR� FRQVLGHUDWR� FRPH� XQ� VHPSOLFH� VLVWHPD� LQ� UHWURD]LRQH�YLVLYD�� GHSXWDWR� DO� UDJJLXQJLPHQWR� GHOOD� IXVLRQH� >��@�� >��@�� ,Q� HIIHWWL� OD� YHUJHQ]D� �LQWHVD� FRPHPRYLPHQWL� GL� FRQYHUJHQ]D� R� GLYHUJHQ]D� RFXODUH�� KD� GLYHUVH� QDWXUH�� WRQLFD�� SURVVLPDOH�DFFRPRGDWLYD�� IXVLRQDOH�� HG� KD� GLYHUVH� FRPSRQHQWL�� XQD� LQL]LDOH�YHORFH�WUDQVLHQWH� H� XQ¶DOWUDULWDUGDWD�OHQWD�VRVWHQXWD�� /D� WULDGH� �QHDU� WULDG�� YHUJHQ]D�DFFRPRGD]LRQH�FRVWUL]LRQH� SXSLOODUHFRVWLWXLVFH� LO� FRPSOHVVR� GL� WUH� GLVWLQWH� ULVSRVWH� PRWRULH� FKH� VL� ULWLHQH� RULJLQLQR� GD� WUH� VLVWHPLLQWHUFRQQHVVL�HG�LQWHUDJHQWL�FRRSHUDWLYDPHQWH��,QILQH��L�PRYLPHQWL�RFXODUL�GLVJLXQWLYL�PDQLIHVWDQRXQD�DVLPPHWULD�IUD�FRQYHUJHQ]D�H�GLYHUJHQ]D��DOOD�TXDOH�HC�QRUPDOPHQWH�GDWD�ULVSRVWD�PHGLDQWH�XQGLIIHUHQWH� VHWWLQJ� SDUDPHWULFR� GL� XQ� PRGHOOR� EDVH� GHOOD� YHUJHQ]D�� /
HYROX]LRQH� GHL� PRGHOOL� qVHJQDWD�GD�GXH�GLYHUVH�OLQHH�GL�VYLOXSSR��GD�XQ�ODWR�LO�WHQWDWLYR�GL�FRQJOREDUH�LQ�XQ�XQLFR�VLVWHPD�LYDUL� IDWWRUL� FKH� FRQWULEXLVFRQR� DO� PRYLPHQWR� GLVFRQLXJDWR� GHL� GXH� RFFKL�� FLRq� XQD� VSLQWD� DOOD
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PDJJLRUH� LQWHJUD]LRQH� >��@�� GDOO
DOWUR� VL� FHUFD� GL� UDJJLXQJHUH� XQ� PDJJLRU� GHWWDJOLR� VXOOHFRPSRQHQWL� VSHFLILFKH�� $G� HVHPSLR�� OD� GXDO�PRGH� WKHRU\� >��@�� FKH� SRVWXOD� O
HVLVWHQ]D� GL� GXHFRPSRQHQWL�SHU�OD�YHUJHQ]D�JXLGDWD�GDOOD�GLVSDULWj��FLRq�GL�XQD�VROD�GHOOH�FRPSRQHQWL�GHOOD�WULDGH�YHUJHQ]D� DFFRPRGD]LRQH�FRVWUL]LRQH� SXSLOODUH��� KD� UHFHQWHPHQWH� SRUWDWR� DOOR� VYLOXSSR� GL� XQPRGHOOR�>��@�GHWWDJOLDWR�GHOOD�FRPSRQHQWH�LQL]LDOH�GHOOD�YHUJHQ]D��ULSUHQGHQGR�LO�IDPRVR�PRGHOORLQWURGRWWR�GD�=HH�>��@�SHU�VSLHJDUH�O¶LQWHUD]LRQH�QRQ�OLQHDUH�IUD�YHUJHQ]D�H�YHUVLRQH�
,Q� OHWWHUDWXUD� VL� WURYDQR� SHU� OR� SL�� VFKHPL� PRQRGLPHQVLRQDOL� �SHU� OD� FRPSRQHQWH� RUL]]RQWDOH��PRGHOOL� GHOOD� VROD� YHUJHQ]D� JXLGDWD� GDOOD� GLVSDULWj� �OD� SDUWH� PRWRULD� GHOOD� IXVLRQH�� FKH�HYHQWXDOPHQWH��QH�VHSDUDQR�OH�FRPSRQHQWL��PRGHOOL�FKH�GHVFULYRQR�OD�IDFLOLWD]LRQH�VDFFDGLFD�GHOODYHUJHQ]D��(VLVWRQR�SRL�PRGHOOL�GHOOD�VROD�DFFRPRGD]LRQH��GHOOD�YHUJHQ]D�DFFRPPRGDWLYD��H�TXHOOLGL� LQWHUD]LRQH� IUD� YHUJHQ]D� GRYXWD� DOOD� GLVSDULWDC� H� DOO¶DFFRPRGD]LRQH� HG� LQILQH� PRGHOOL� GLLQWHUD]LRQH�IUD�OH�FRPSRQHQWL�FKH�JRYHUQDQR�O
DOOLQHDPHQWR�ELQRFXODUH�LQ�GLYHUVH�GLPHQVLRQL��SHUHVHPSLR�YHUJHQ]D�RUL]]RQWDOH�H�IRULD�YHUWLFDOH��

0RGHOOL� ELODWHUDOL�� OH� VWUXWWXUH� GL� LQWHJUD]LRQH� PRWRULD� H� GL� WUDVIRUPD]LRQH� GHO� FRPDQGRIDVLFR�
6WUXWWXUH�ELODWHUDOL�VRQR�VWDWH�SURSRVWH�GD�,QFKLQJROR�D�SDUWLUH�GDO������H�SRVVRQR�WURYDUVL�ULDVVXQWHLQ�XQ�SUHFHGHQWH�OLEUR�GHO�*,02�>��@��4XHVWR�WLSR�GL�VWUXWWXUD�q�VWDWD�SURSRVWD�DQFKH�GD�$UQROG�R&DQQRQ�LQ�FROODERUD]LRQH�FRQ�5RELQVRQ�>�@��>�@��>�@��>�@�H�GD�*DOLDQD�>��@�FRQ�2XWHUEULGJH�>��@�HFRQ� &RYD� >��@�� >��@�� ,� WUH� JUXSSL� �,QFKLQJROR�� 5RELQVRQ� H� *DOLDQD�� VL� GLIIHUHQ]LDQR� SHUFKqDFFHQWXDQR�� QHOOD� FRQFHWWXDOL]]D]LRQH� PRGHOOLVWLFD�� XQ� DVSHWWR� RSSXUH� O
DOWUR�� 3HU� ,QFKLQJROR� ODVWUXWWXUD�ELODWHUDOH�q�OR�VWUXPHQWR�SHU�VXSHUDUH�OH�OLPLWD]LRQL�ILVLFKH�GHOOH�FRGLILFKH�QHXURQDOL��VRORVHJQDOL�SRVLWLYL���OD�VWUXWWXUD�SXVK�SXOO��FRQ�DQQHVVR�VHJQDOH�GL�ELDV��FRQVHQWH�LQIDWWL�GL�FRPSOHWDUHOR� VSHWWUR� GHL� VHJQDOL� QHFHVVDUL� VRWWROLQHDQGR� LQROWUH� OD� QDWXUD� GLIIHUHQ]LDOH� GHO� FRQWUROORRFXORPRWRULR��'¶DOWUR� FDQWR� HVSULPH� DQFKH� OD� QHFHVVLWj� GL� XQD� VWUXWWXUD� PRGLILFDELOH�� FDSDFH� GLDGDWWDUVL� DJOL� LPSLDQWL� PRWRUL�� 8QD� YLD� TXHVW
XOWLPD� FKH� KD� SRUWDWR� ,QFKLQJROR� D� ODYRUDUHVXFFHVVLYDPHQWH�VXL�FLUFXLWL�SUHPRWRUL�GL�FRPSHQVD]LRQH�H�VXJOL� LPSLDQWL�RFXORPRWRUL�>��@�� >��@�>��@�� 3HU� 5RELQVRQ� q� O
DGHUHQ]D� DQDWRPR�IXQ]LRQDOH� D� SUHYDOHUH� �� XQD� VFHOWD� FKH� SRUWD� DIRUPDOL]]DUH� LO� PRGHOOR� LQ� WHUPLQL� GL� UHWH� QHXUDOH�� /D� FRPSDWLELOLWj� GHO� PRGHOOR� FRQ� OD� UHDOWjELRORJLFD�FKH�UDSSUHVHQWD�q�XQ�DSSURFFLR�FKH�JLj�DYHYD�IDWWR�LO�VXFFHVVR�GHO�PRGHOOR�EDQJ�EDQJ�GHO����� >��@� HG� q� OR� VWUXPHQWR� SHU� OD� GHILQL]LRQH� GHOOD� VWUXWWXUD� HG� DQFKH� GHOO
DOJRULWPR� GLDSSUHQGLPHQWR�GHOOD�UHWH��FKH�QH�FRQVHQWH�OD�SODVWLFLWj���*DOLDQD�LQILQH�HVSORUD�OH�SRVVLELOLWj�GHOODVWUXWWXUD�ELODWHUDOH�FRPH�VLWR�GL�LQWHJUD]LRQH��QRQ�OLQHDUH��IUD�L�GLYHUVL�VRWWRVLVWHPL�GL�YHUJHQ]D�HYHUVLRQH� ILQR� D� SRUWDUOD� D� QHJDUH� OD� QHFHVVLWj� GL� GXH� LQWHJUDWRUL�� XQ� DUJRPHQWR� FKH� DYHYD� DYXWRPROWR�LQWHUHVVH�DOFXQL�DQQL�ID�QHOOD�FRPXQLWj�VFLHQWLILFD�PD�FKH�VHPEUDYD�ULVROWR�IDYRUHYROPHQWHLQ�IDYRUH�GL�DOPHQR�GXH�LQWHJUDWRUL��R�SHU�YHUJHQ]D�H�SHU�YHUVLRQH�R��VHFRQGR�DOWUL��PRQRFXODUL�SHUFLDVFXQR�GHL�GXH�RFFKL�>��@��

0RGHOOL�GHO�VLVWHPD�VDFFDGLFR�
3HU�TXDQWR�DWWLHQH�DL�PRGHOOL�GHO�VLVWHPD�VDFFDGLFR�VL�SXz�IDUH�ULIHULPHQWR�DOOD�UHYLVLRQH�FULWLFD�GL,QFKLQJROR� >��@�� ,�PRGHOOL�SRVVRQR�FRVu�YHQLU�FODVVLILFDWL� LQ�EDVH� DOOD� ORUR� VWUXWWXUD� LQWHUQD� HG� DOWLSR�GL�FRQWUROOR�UHDOL]]DWR��PRGHOOL�PRQRGLPHQVLRQDOL�SHU� OH�FRPSRQHQWL�RUL]]RQWDOH�R�YHUWLFDOH�PRGHOOL�D�SDUDPHWUL�FRQFHQWUDWL��FROODVVDWL��PRQRFXODUL��PRGHOOL�ELQRFXODUL�D�SDUDPHWUL�FRQFHQWUDWL�SLXC�R�PHQR�ELODWHUDOL]]DWL���PRGHOOL�ELQRFXODUL�GLVWULEXLWL�ELODWHUDOL�HYHQWXDOPHQWH�DGDWWLYL��SHU�ODVROD�FRPSRQHQWH�RUL]]RQWDOH���PRGHOOL�PRQRFXODUL� WULGLPHQVLRQDOL��3HU�TXHVWR�JUXSSR�GL�PRGHOOL�OD�FRRUGLQD]LRQH�ELQRFXODUH��TXDQGR�SUHYLVWD��VL�HVWULQVHFD�QHO�VROR�FDVR�SDUWLFRODUH�GL�PRYLPHQWLD YHUJHQ]D� FRVWDQWH�� 8Q� VHFRQGR� JUXSSR� GL� VFKHPL� GHVFULYH� LQYHFH� DOFXQL� GHL� PHFFDQLVPLUHVSRQVDELOL� GHOOD� ULVSRVWD� FRRUGLQDWLYD� �SHU� OD� FRPSRQHQWH� RUL]]RQWDOH��� PRGHOOL� ELQRFXODULGLVWULEXLWL�ELODWHUDOL�DGDWWLYL��SHU�OD�VROD�FRPSRQHQWH�RUL]]RQWDOH��>�@��>��@��PRGHOOL�ELQRFXODUL�FRQVWUXWWXUH�LQGLSHQGHQWL�SHU�L�GXH�RFFKL�>��@��>��@��PRGHOOL�ELQRFXODUL�GL�LQWHUD]LRQH�IUD�L�VRWWRVLVWHPLGL�YHUJHQ]D�H�YHUVLRQH�>��@��>��@��PRGHOOL�FKH�VRWWROLQHDQR�O
DOWHUD]LRQH�GHOOD�ELQRFXODULWj��VSHFLHGLQDPLFD��� ,Q� TXHVW¶XOWLPR� FDVR� O¶DOWHUD]LRQH� GLQDPLFD� YLHQH� VSLHJDWD� LQ� EDVH� DOOH� FDUHQ]H� GHO
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VLVWHPD�GL�FRPSHQVD]LRQH�PRQRFXODUH��FKH�GLVWULEXLVFH�LO�VHJQDOH�DJOL�LPSLDQWL��GHL�GXH�VLVWHPL�GDFRQWUROODUH�>��@��,O�PRGHOOR�ELRORJLFR�FKH�FRQVHQWH�GL�HVWUDSRODUH�TXHVWH�FDUDWWHULVWLFKH�q�FRVWLWXLWRGDL� EDPELQL� H� GLPRVWUD�� VH� FH� QH� IRVVH� ELVRJQR�� FRPH� ULVXOWL� DGHJXDWR� DOOR� VWXGLR� GHOODFRRUGLQD]LRQH� ELQRFXODUH� XQ� DSSURFFLR� DOOD� +HOPKROW]�� 8Q� HVHPSLR� GL� PRGHOOR� DGDWWLYR� FKHLQFRUSRUD� OD� PRGXOD]LRQH� GHO� OLYHOOR� GL� FRQYHUJHQ]D� RFXODUH� VXOOH� SUHVWD]LRQL� GLVFRQLXJDWH� GHOVLVWHPD�VDFFDGLFR��q�VWDWR�SURSRVWR�GD�%UXQR�H�FROOHJKL�>�@��>��@��/R�VFKHPD�PRVWUD�OH�SRWHQ]LDOLWjGL�XQ�DSSURFFLR�GLVWULEXLWR��LQ�FXL�L�SURILOL�GHL�VHJQDOL�GL�FRQWUROOR�RULJLQDQR�GD�FRGLILFKH�WHPSRUDOLH VSD]LDOL�GHOOH�DWWLYLWj�GHL�VLWL�QHXURQDOL�
&DVR� D� VHC� IDQQR� L� PRGHOOL� ELQRFXODUL� WULGLPHQVLRQDOL� FKH�� GL� QHFHVVLWj�� FRPSUHQGRQR� VLD� ODFRPSRQHQWH�FRQLXJDWD�FKH�TXHOOD�GLVFRQLXJDWD��PD��SHU�L�TXDOL��OH�WUH�FRPSRQHQWL�GL�YHUJHQ]D�VRQRVHPSUH�VFROOHJDWH�GDJOL�DOWUL�HOHPHQWL�GHOOD�WULDGH�
4XDQGR�OD�FRRUGLQD]LRQH�ELQRFXODUH�YLHQH�YDOXWDWD�GDO�SXQWR�GL�YLVWD��'��FLRq�FRQVLGHUDQGR�OH�WUHURWD]LRQL�RFXODUL��RUL]]RQWDOH��YHUWLFDOH�H�OD�WRUVLRQH��� OH�SRVL]LRQL�RFXODUL�� LQ�UDJLRQH�GHOOD�QDWXUDQRQ� FRPPXWDWLYD� GHOOH� URWD]LRQL� WULGLPHQVLRQDOL�� YHQJRQR� SUHIHULELOPHQWH� HVSUHVVH� FRQ� HQWLPDWHPDWLFL�TXDOL�TXDWHUQLRQL�R�YHWWRUL�GL�URWD]LRQH�>��@�
, PRGHOOL� WULGLPHQVLRQDOL�� DQFKH� GL� VROD� YHUVLRQH�� JHQHUDQR� VHJQDOL� GL� FRQWUROOR� FKH� VRQR� OHFRPSRQHQWL� GHL�TXDWHUQLRQL� >��@�R�GHL� YHWWRUL� GL� URWD]LRQH� >��@�� >��@� H� VRQR�PRGHOOL� QRQ� OLQHDULSHUFKp� ULVSHFFKLDQR� O¶DOJHEUD�GHL�TXDWHUQLRQL�R�GHL� YHWWRUL��4XHVWL�PRGHOOL� FRGLILFDQR�SHU� OR� SL�VHJQDOL� FKH� VRQR� OHJDWL� DOOD� YHORFLWj� DQJRODUH� H� QRQ� DOOD� GHULYDWD� GHOOD� SRVL]LRQH�� XQ� DVSHWWRWXWW¶DOWUR�FKH�VHFRQGDULR�YLVWR�FKH�L�FLUFXLWL�SUHPRWRUL�VRQR�HFFLWDWL�GD�VHJQDOL�GL�WLSR�IDVLFR�
/H� URWD]LRQL� RFXODUL� LQ� �'� VRJJLDFFLRQR� LQROWUH� DG� XQD� VHULH� GL� YLQFROL� FLQHPDWLFL�� ,� YLQFROLPRQRFXODUL�VRQR�HVSUHVVL�GDOOH�OHJJL�GL�'RQGHUV��������H�GL�/LVWLQJ��+HOPKROW]�������>��@��OR�VWDWRWRUVLRQDOH�GHJOL�RFFKL�ULVXOWD�YLQFRODWR�GDOOH�FRPSRQHQWL�GLUH]LRQDOL��ULGX]LRQH�GHL�JUDGL�GL�OLEHUWj��SHUWDQWR�� IUD� PLUH� DOO¶LQILQLWR�� HG� LQ� XQ� RSSRUWXQR� ULIHULPHQWR�� OD� WRUVLRQH� ULVXOWD� QXOOD�� &RVu� LPRGHOOL��'�FRQJOREDQR�DO�ORUR�LQWHUQR�GHL�PHFFDQLVPL�GL�LQWHUD]LRQH�IUD�OH�FRPSRQHQWL�GHO�VHJQDOHGL�FRQWUROOR�LQ�PRGR�GD�UHDOL]]DUH�LO�YLQFROR�WRUVLRQDOH��VXOOD�FLFORYHUVLRQH���,Q�YLVLRQH�UDYYLFLQDWDVL� HYLGHQ]LDQR� LQROWUH� GHOOH� OLPLWD]LRQL� GL� WLSR� ELQRFXODUH� >��@� FKH� VL�PDQLIHVWDQR� YLQFRODQGR� ODFLFORYHUJHQ]D�DO� OLYHOOR�GL�FRQYHUJHQ]D�RFXODUH�HG�DOO¶HOHYD]LRQH�GL�HQWUDPEL�JOL�RFFKL� >�@�� >��@�>��@��>��@��>��@��>��@��>��@��>��@��5LVXOWD�SHUWDQWR�QHFHVVDULR�SUHYHGHUH�QHO�PRGHOOR�XQR�VFKHPD�GLLQWHUD]LRQH� IUD� YHUJHQ]D� H� YHUVLRQH�� 0RN� H� FROOHJKL� >��@� SURSRVHUR� XQ� PRGHOOR� LQ� FXL� TXHVWDLQWHUD]LRQH� �QRQ� OLQHDUH�� DYYHQLYD� DOO¶XVFLWD� GHJOL� LQWHJUDWRUL� �'� �GL� YHUJHQ]D� H� YHUVLRQH��GLYHUVDPHQWH�� 0LQNHQ� >��@� SURSRVH� FKH� O¶LQWHUD]LRQH� DYYHQLVVH� IUD� L� VHJQDOL� GL� YHORFLWj�/¶LQWHUD]LRQH� IUD� YHUJHQ]D� H� YHUVLRQH� q� VWDWD� PRGHOOL]DWD� DQFKH� GD� YDQ� GHQ� %HUJ� LQ� WHUPLQL� GLFDPEL�GL�SRVL]LRQH��GLVSODFHPHQW��>��@�H�ULVFULWWD�SRL�LQ�WHUPLQL�GL�YHORFLWj�>�@��,�VHJQDOL�JHQHUDWLGDL�GLYHUVL�PRGHOOL�QRQ�VRQR�GLUHWWDPHQWH�FRQIURQWDELOL�SHUFKp�EDVDWL�VX�GHILQL]LRQL�GL�YHUJHQ]D�HYHUVLRQH�GLYHUVH��1HL�ODYRUL�GL�0LQNHQ�OD�YHUJHQ]D�H�OD�YHUVLRQH�RULJLQDQR�GD�XQD�UHLQWHUSUHWD]LRQHGHOOD� OHJJH� GL� +HULQJ� >��@�� KDQQR� QDWXUD� YHWWRULDOH� H� VL� FRPSRQJRQR� VHFRQGR� OH� UHJROH� GLFRPSRVL]LRQH� YHWWRULDOH�� 3HU� YDQ� GHQ� %HUJ� q� O¶HVWHQVLRQH� GHOOD� OHJJH� GL� /LVWLQJ� D� GHILQLUH� OHFRPSRQHQWL� VLPPHWULFKH� �YHUVLRQH�� H� DQWLVLPPHWULFKH� �YHUJHQ]D�� GHL� YHWWRUL� GL� URWD]LRQH� FKHGHVFULYRQR�OH�SRVL]LRQL�RFXODUL�>��@�

*OL�LPSLDQWL�RFXORPRWRUL
'D� XOWLPR� YDOH� OD� SHQD� GL� ULFRUGDUH� DQFRUD� FKH� XQ� PRGHOOR� GHO� VLVWHPD� GL� FRQWUROOR� QRQ� SXzSUHVFLQGHUH�GDOOD�GHILQL]LRQH�GHO�VLVWHPD�FRQWUROODWR��,Q�TXHVWR�VSHFLILFR�GXH�VRQR�JOL�HOHPHQWL�GLPDJJLRU� LQWHUHVVH�� L�SLDQL�GL�D]LRQH�PXVFRODUH�H� OH�FDUDWWHULVWLFKH�GLQDPLFKH�GHL�VLQJROL�PXVFROL�$G� RJQL� URWD]LRQH� RFXODUH� SDUWHFLSDQR� VHPSUH� WXWWL� L� PXVFROL� H[WUDRFXODUL�� H�� DQFKH� QHOO¶LSRWHVLIHOLFH� GL� GXH� RFFKL� XJXDOL�� Qp� OD� YHUJHQ]D� Qp� OD� YHUVLRQH� SRVVRQR� EHQHILFLDUH� GL� XQD� SDUWLFRODUHFRQGL]LRQH� GL� VLPPHWULD�� DQFKH� L� UHWWL� RUL]]RQWDOL� �ODWHUDOH� H� PHGLDOH�� PRVWUDQR� IUD� ORURULPDUFKHYROL�GLIIHUHQ]H�GL�HODVWLFLWj�H�YLVFRVLWj�>��@��,QROWUH��SRLFKq�OH�FDUDWWHULVWLFKH�GHJOL�LPSLDQWLGLSHQGRQR�GD�SRVL]LRQH�� HFFHQWULFLWj� H�GLUH]LRQH� GL�PRWR� GL� RJQL� VLQJROR� RFFKLR� ULVSHWWR� DL� VXRLYLQFROL��O¶LPSLHJR�GL�PRGHOOL�VHPSOLFL��PLQLPL�LPSRQH�GL�PRGLILFDUH��DO�YDULDUH�GHOOH�FRQGL]LRQL�GLVLPXOD]LRQH�L�SDUDPHWUL�GHL�PRGHOOL�GHL�GXH�LPSLDQWL�
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%LEOLRJUDILD

��� $OOHQ�0�-���&DUWHU�-�+���7KH�WRUVLRQDO�FRPSRQHQW�RI�WKH�QHDU�UHIOH[��$P��-��2SW��������������������
��� $UQROG�'�%���5RELQVRQ�'�$���$� OHDUQLQJ�QHWZRUN�PRGHO�RI�WKH�QHXUDO� LQWHJUDWRU�RI�WKH�RFXORPRWRU�V\VWHP��%LRO��&\EHUQ������������

�������
��� $UQROG�'�%���5RELQVRQ�'�$���7KH�RFXORPRWRU�LQWHJUDWRU��WHVWLQJ�RI�D�QHXUDO�QHWZRUN�PRGHO��([S��%UDLQ��5HV�������������������
��� %UXQR�3���,QFKLQJROR�3���9DQ�GHU�6WHHQ�-���8QHTXDO�DPSOLWXGH�VDFFDGHV�SURGXFHG�E\�DQLVHLNRQLF�SDWWHUQV��D�PRGHO�DSSURDFK��9LV��5HV��

�������������������
��� %UXQR�3���9DQ�GHQ�%HUJ�$�9���7RUVLRQ�GXULQJ�VDFFDGHV�EHWZHHQ�WHUWLDU\�SRVLWLRQV��([S��%UDLQ��5HV���������������������
��� %XHWWQHU�8���%XHWWQHU�(QQHYHU� -�$��� 3UHVHQW� FRQFHSWV� RI� RFXORPRWRU� RUJDQL]DWLRQ�� ������1HXURDQDWRP\� RI� WKH� RFXORPRWRU� V\VWHP�

%XHWWQHU�(QQHYHU�-�$���(OVHYLHU�6FLHQFH�3XEOLVKHUV��1HZ�<RUN������
��� %XVHWWLQL�&���0LOHV�)�$���6FKZDU]�8���2FXODU�UHVSRQVHV�WR�WUDQVODWLRQ�DQG�WKHLU�GHSHQGHQFH�RQ�YLHZLQJ�GLVWDQFH��,,�PRWLRQ�RI�WKH�VFHQH�

-��1HXURSK\VLRO��������������������
��� &DQQRQ�6�&���5RELQVRQ�'�$��� 6KDPPD� 6���$� SURSRVHG� QHXUDO� QHWZRUN� IRU� WKH� LQWHJUDWRU� RI� WKH� RFXORPRWRU� V\VWHP��%LRO��&\EHUQ��

�����������������
��� &DQQRQ�6�&���5RELQVRQ�'�$���$Q� LPSURYHG�QHXUDO�QHWZRUN�PRGHO� IRU�WKH�QHXUDO� LQWHJUDWRU�RI�WKH�RFXORPRWRU�V\VWHP��PRUH�UHDOLVWLF

QHXURQ�EHKDYLRU��%LRO��&\EHUQ�������������������
���� &ROOHZLMQ�+���(UNHOHQV�&�-���6WHLQPDQ�5�0���9ROXQWDU\�ELQRFXODU�JD]H�VKLIWV�LQ�WKH�SODQH�RI�UHJDUG��G\QDPLFV�RI�YHUVLRQ�DQG�YHUJHQFH�

9LV��5HV����������������������
���� &RYD�$���*DOLDQD�+�/���$�ELODWHUDO�PRGHO�LQWHJUDWLQJ�YHUJHQFH�DQG�WKH�YHVWLEXOR�RFXODU�UHIOH[��([S��%UDLQ��5HV���������������������
���� &RYD�$���*DOLDQD�+�/���3URYLGLQJ�GLVWLQFW�YHUJHQFH�DQG�YHUVLRQ�G\QDPLFV�LQ�ELODWHUDO�RFXORPRWRU�QHWZRUN��9LV��5HV������������������

����
���� &UDZIRUG� -�'���*HRPHWULF� WUDQVIRUPDWLRQV� LQ� WKH� YLVXDO�PRWRU� LQWHUIDFH� IRU� VDFFDGHV�� ������7KUHH�'LPHQVLRQDO�.LQHPDWLFV� RI� (\H�

+HDG��DQG�/LPE�0RYHPHQWV��)HWWHU�0���+DVOZDQWHU�7���0LVVOLVFK�+���+DUZRRG�$FDGHPLF�3XEOLVKHUV��$PVWHUGDP�������
���� 'HOO
2VVR�/�)���:LOOLDPV�5�:���2FXODU�PRWRU�DEQRUPDOLWLHV� LQ�DFKLDVPDWLF�PXWDQW�EHOJLDQ�VKHHSGRJV��XQ\RNHG�H\H�PRYHPHQWV� LQ�D

PDPPDO��9LV��5HV��������������������
���� 'HOO
2VVR�/�)���(YLGHQFH�VXJJHVWLQJ� LQGLYLGXDO�RFXODU�PRWRU� FRQWURO� RI� HDFK� H\H� �PXVFOH��� ������&RQWHPSRUDU\�2FXODU�0RWRU�DQG

9HVWLEXODU�5HVHDUFK��$�7ULEXWH�WR�'DYLG�$��5RELQVRQ��%UDQGW�7���%XHWWQHU�8���)XFKV�$�)���=HH�'�6���9HUODJ��1HZ�<RUN���������
���� 'HPHU�-�/���0LOOHU�-�0���3RXNHQV�9���9LQWHUV�+�9���*ODVJRZ�%�-���(YLGHQFH�IRU�ILEURPXVFXODU�SXOOH\V�RI�WKH�UHFWL�H[WUDRFXODU�PXVFOHV�

,QYHVW��2SKWKDOPRO��9LV��6FL����������������������
���� (DGLH�$�6���&DUOLQ�3�-���(YROXWLRQ�RI�FRQWURO�V\VWHP�PRGHOV�RI�RFXODU�DFFRPPRGDWLRQ��YHUJHQFH�DQG� WKHLU� LQWHUDFWLRQ��0HG��	�%LRO�

(QJ��	�&RPSXW��������������������
���� (QULJKW�-�7���&KDQJHV�LQ�YHUJHQFH�PHGLDWHG�E\�VDFFDGHV��-��3K\VLRO������������������
���� (QULJKW� -�7��� )DFLOLWDWLRQ� RI� YHUJHQFH� FKDQJHV� E\� VDFFDGHV�� LQIOXHQFHV� RI� PLVIRFXVHG� LPDJHV� DQG� RI� GLVSDULW\� VWLPXOL� LQ� PDQ�� -�

3K\VLRO�������������������
���� (QULJKW�-�7���2FXODU�WUDQVODWLRQ�DQG�F\FORWRUVLRQ�GXH�WR�FKDQJHV�LQ�IL[DWLRQ�GLVWDQFH��9LV��5HV��������������������
���� (QULJKW�-�7���7KH�DIWHUPDWK�RI�KRUL]RQWDO�VDFFDGHV��VDFFDGLF�UHWUDFWLRQ�DQG�F\FORWRUVLRQ��9LV��5HV����������������������
���� (QULJKW�-�7���7KH�UHPDUNDEOH�VDFFDGHV�RI�DV\PPHWULFDO�YHUJHQFH��9LV��5HV����������������������
���� (UNHOHQV�&�-���6WHLQPDQ�5�0���&ROOHZLMQ�+���2FXODU�YHUJHQFH�XQGHU�QDWXUDO�FRQGLWLRQV��,,��*D]H�VKLIWV�EHWZHHQ�UHDO�WDUJHWV�GLIIHULQJ�LQ

GLVWDQFH�DQG�GLUHFWLRQ��3URF��5��6RF��/RQG��%��������������������
���� (UNHOHQV�&�-���9DQ�GH�*ULQG�:�$���%LQRFXODU�YLVXDO�GLUHFWLRQ��9LV��5HV����������������������
���� )LRUDYDQWL�)���,QFKLQJROR�3���3HQVLHUR�6���6SDQLR�0���6DFFDGLF�H\H�PRYHPHQW�FRQMXJDWLRQ�LQ�FKLOGUHQ��9LV��5HV����������������������
���� )UHQV�0�$���9DQ�2SVWDO�$�-���7UDQVIHU�RI�VKRUW�WHUP�DGDSWDWLRQ�LQ�KXPDQ�VDFFDGLF�H\H�PRYHPHQWV��([S��%UDLQ��5HV������������������

���
���� *DOLDQD�+�/���2XWHUEULGJH�-�6���$�ELODWHUDO�PRGHO� IRU�FHQWUDO� QHXUDO�SDWKZD\V� LQ� YHVWLEXORRFXODU� UHIOH[��-��1HXURSK\VLRO������������

�������
���� *DOLDQD� +�/��� 0RGHOOLQJ� LQWHJUDWLRQ� UHTXLUHPHQWV� LQ� RFXODU� UHIOH[HV�LPSOLFDWLRQV� IRU� YHUJHQFH�FRQMXJDWH� LQWHUDFWLRQV�� �����

&RQWHPSRUDU\�2FXODU�0RWRU�DQG�9HVWLEXODU�5HVHDUFK��$�7ULEXWH�WR�'DYLG�$��5RELQVRQ��%UDQGW�7���%XHWWQHU�8���)XFKV�$�)���=HH�'�6��
9HUODJ��1HZ�<RUN���������

���� +HQQ� 9��� +\VWRU\� RI� WKUHH�GLPHQVLRQDO� H\H� PRYHPHQW� UHVHDUFK�� ������ 7KUHH�'LPHQVLRQDO� .LQHPDWLFV� RI� (\H�� +HDG�� DQG� /LPE
0RYHPHQWV��)HWWHU�0���+DVOZDQWHU�7���0LVVOLVFK�+���+DUZRRG�$FDGHPLF�3XEOLVKHUV��$PVWHUGDP������

���� +HSS�.���2FXORPRWRU�FRQWURO��/LVWLQJ
V�ODZ�DQG�DOO�WKDW��&XUUHQW�%LRORJ\������������������
���� +RUQJ�-��/���6HPPORZ�-�/���+XQJ�*�.���&LXIIUHGD�.�-���,QLWLDO�FRPSRQHQW�FRQWURO� LQ�GLVSDULW\�YHUJHQFH��D�PRGHO�EDVHG�VWXG\��,(((

7UDQV��%LRPHG��(QJ��������������������
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