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$ PRGHO 0 RI D UHDOZRUOG V\VWHP SUHGLFWLQJ D V\VWHP RXWSXWYDULDEOH\LVFRQVLGHUHG \ = 0  = θ + ε = \Ö + ε 



 



ZKHUH=LVWKHPDWUL[RIWKHLQSXWYDULDEOHV θLVDYHFWRURI WKH SDUDPHWHUV YDOXHV \Ö LV WKH PRGHO RXWSXW DQG ε LV DQ DGGLWLYHHUURUWHUP,WLVDVVXPHGWKDWZHKDYHDQREVHUYHG GDWDVHW' ^=M\M`M «QZKHUHQLVQXPEHURIGDWD 2QWKHEDVLVRIVHW'DPRGHORUVHWRIPRGHOV 8LVDUH  EXLOW WKDW ZLOO SUHGLFW SUREDELOLW\ GLVWULEXWLRQ RI WKH PRGHO HUURU ε



ÖW  ZLOO EH WUDLQHG ZLWK WKH ODJJHG YDULDEOHV RI UDLQIDOO HYDSRWUDQVSLUDWLRQ DQG UXQRII 7KH VHW RI WKHVH YDULDEOHV ZLOOEHGHQRWHGDV^[M`WKH\ IRUPWKHLQSXWVSDFH DQGWKH VHWRIH[DPSOHVLQWKLVVSDFHXVHGWRWUDLQ8ZLOOEHGHQRWHG E\; 7KH 81((& PHWKRG LV EDVHG RQ DQ DVVXPSWLRQ WKDW WKH KLVWRULFDOUHVLGXDOVHUURUV EHWZHHQWKHPRGHO0RXWSXWV \Ö  DQG WKH REVHUYHG GDWD \ DUH WKH EHVW DYDLODEOH TXDQWLWDWLYH LQGLFDWRUV RI WKH GLVFUHSDQF\ EHWZHHQ WKH PRGHO DQG WKH UHDOZRUOGV\VWHPRUSURFHVVDQGWKH\SURYLGHWKHYDOXDEOH LQIRUPDWLRQWKDWFDQEHXVHGWRDVVHVVWKHPRGHOXQFHUWDLQW\ 7KHVH UHVLGXDOV DUH RIWHQ IXQFWLRQV RI WKH PRGHO 0 LQSXWV¶ YDOXHVDQGFDQEHPRGHOHG1RWHWKDWLQFRQWUDVWWRWKHRWKHU PHWKRGV GHVFULEHG LQ WKH LQWURGXFWLRQ VHFWLRQ ZH GR QRW DVVXPH DQ\ GLVWULEXWLRQ RI PRGHO HUURUVDV D FRQVHTXHQFH WKHPRGHOELDVFDQEHQRQ]HUR  



 )LJ7KHJHQHUDOL]HGIUDPHZRUNRIWKH81((&PHWKRG,WKDVWKUHH VWHSVFOXVWHULQJWKHLQSXWVSDFHHVWLPDWLQJSUREDELOLW\GLVWULEXWLRQRIWKH PRGHOHUURUWRWKHHDFKFOXVWHUDQGEXLOGLQJWKHXQFHUWDLQW\SURFHVVRUWR HVWLPDWHXQFHUWDLQW\



7KH81((&PHWKRGFRQVLVWVRIWKUHHPDLQVWHSVVHH)LJ  $ FOXVWHULQJ% HVWLPDWLQJSGIRIWKHHUURU& EXLOGLQJ XQFHUWDLQW\ SURFHVVRU 7KH GHVFULSWLRQ RI WKH VWHSV LV SUHVHQWHGLQWKHIROORZLQJVXEVHFWLRQV $ &OXVWHULQJ 7KH VHW ; RI LQSXW YHFWRUV LV SDUWLWLRQHG LQWR VHYHUDO QDWXUDO JURXSV FOXVWHUV  7KH PRWLYDWLRQ LV WKDW H[DPSOHV ZKLFKDUHFORVHLQWKHLQSXWVSDFHFRUUHVSRQGWRVLPLODUUHDO OLIH VLWXDWLRQVDQG ZLOOKDYH VLPLODU YDOXHV RI PRGHO HUURUV 7KLVVHHPVWREHDVWURQJDVVXPSWLRQRIWKH81((&PHWKRG
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`L «FDQGSDUWLWLRQPDWUL[3 ^μLM`M «QVXFKWKDW μLM LIMWKH[DPSOHKDVEHHQDVVLJQHGWR WKH LWK FOXVWHU RWKHUZLVH μLM  ,Q IX]]\ FOXVWHULQJ HDFK H[DPSOHRILQSXWGDWDLVDOORZHGWREHORQJWRPDQ\FOXVWHUV ZLWK GLIIHUHQW GHJUHH RI PHPEHUVKLS LH μLM ∈ >@  8VXDOO\ PHPEHUVKLS IXQFWLRQV DUH GHILQHG EDVHG RQ D GLVWDQFH IXQFWLRQ VXFK WKDW PHPEHUVKLS GHJUHHV H[SUHVV SUR[LPLWLHV RI WKH LQSXW GDWD WR WKH FOXVWHU FHQWHUV LH SURWRW\SHV  $QRWKHUSUREOHPRIFOXVWHULQJDOJRULWKPVLVWKHGLIILFXOW\ LQ GHWHUPLQLQJ WKH RSWLPDOQXPEHU RI FOXVWHUV ZKLFK LVQRW NQRZQ D SULRUL 'LIIHUHQW YDOLGLW\ PHDVXUHV DUH UHSRUWHG LQ WKHOLWHUDWXUHVWRILQGWKHRSWLPDOQXPEHURIFOXVWHUVVXFKDV WKH %H]GHN¶V SDUWLWLRQ FRHIILFLHQW >@ DQG WKH ;LH±%HQL¶³PDQ\ WR RQH´ UHODWLRQVKLSV DUH HVWDEOLVKHG  DQG WKH TXDQWLOHV DUH GHWHUPLQHG IURP WKH HPSLULFDO HUURU GLVWULEXWLRQ IRU HDFK FOXVWHU LQGHSHQGHQWO\ +RZHYHU LQ WKH FDVH RI IX]]\ FOXVWHULQJ ZKHUH HDFK LQVWDQFH EHORQJV WR PRUH WKDQ RQH FOXVWHU LH ³PDQ\ WR PDQ\´ UHODWLRQVKLSV DUH HVWDEOLVKHG  DQG LV DVVRFLDWHG ZLWK VHYHUDO PHPEHUVKLS IXQFWLRQV WKH FRPSXWDWLRQ RI WKH TXDQWLOHV VKRXOG WDNH WKLV LQWR DFFRXQW 7KHIROORZLQJH[SUHVVLRQLVXVHGWRHVWLPDWHWKHTXDQWLOHRI WKHSUREDELOLW\GLVWULEXWLRQRIWKHPRGHOHUURUIRUFOXVWHUL M
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HFLS = ε M M  ¦ μL N < S ¦ μL  M 



 



ZKHUHHFLSLVWKHTXDQWLOHFRUUHVSRQGLQJWRWKHSUREDELOLW\ S IRU FOXVWHU L M LV WKH PD[LPXP LQWHJHU YDOXH UXQQLQJ IURP XQLW\ WKDW VDWLVILHV WKH DERYH LQHTXDOLW\ εM LV WKH UHVLGXDO



DVVRFLDWHGZLWKWKHMWKGDWDGDWDDUHVRUWHGZLWKUHVSHFWWRWKH DVVRFLDWHGUHVLGXDO  μLMLVWKHPHPEHUVKLSIXQFWLRQRIWKHMWK GDWDWRFOXVWHUL  & %XLOGLQJXQFHUWDLQW\SURFHVVRU 7KH XQFHUWDLQW\ SURFHVVRU 8 SUHGLFWV WKH SUREDELOLW\ GLVWULEXWLRQRIWKHPRGHOHUURUVIRUWKHXQVHHQLQSXWYHFWRUV HJLQYDOLGDWLRQGDWD $QDSSURDFKKHUHFRXOGEHWRWUDLQ VHYHUDO PRGHOV 8S WR HVWLPDWH WKH TXDQWLOHV RI SGI RI WKH PRGHOHUURUV HS =8 S; 



 



ZKHUHHSLVWKHTXDQWLOHRISGIRIWKHPRGHOHUURUVUHODWHGWR WKH LQGLYLGXDO LQSXW GDWD 1RWH WKDW HFS ZDV XVHG WR GHQRWH WKHTXDQWLOHRIWKHSGIIRUWKHFOXVWHU8QFHUWDLQW\SURFHVVRU 8 FDQ EH EXLOW XVLQJ D QXPEHU RI DSSURDFKHV DV SUHVHQWHG EHORZ (DJHU FODVVLILFDWLRQ 7KH FODVVLILHULV WUDLQHG RQ WKH GDWD VHW ; WR FODVVLI\ WKH LQSXW VSDFH WR WKH FOXVWHUV ZKLFK ZHUH LGHQWLILHGGXULQJWKHFOXVWHULQJSURFHVVVHH VXEVHFWLRQ$  7KH FKRLFH RI YDULDEOHV ^[L `



)LJ8QFHUWDLQW\SURFHVVRUXVLQJDFODVVLILHU &ODVVLILHULVILUVWWUDLQHG EDVHG RQ WKH UHVXOWV RI FOXVWHULQJ 7KHQ XQVHHQ LQSXW GDWD LH YDOLGDWLRQ GDWD LVFODVVLILHGWRRQHRIWKHFODVVHVDQGWKHTXDQWLOHFRUUHVSRQGLQJWRWKLV FODVVLVXVHGDVWKHTXDQWLOHRIWKHXQVHHQGDWD 



)LJ  SUHVHQWV WKH PRGLILHG PHWKRG WR LQVWDQFH EDVHG OHDUQLQJ IRU WKH HVWLPDWLRQ RI WKH TXDQWLOH HS XVLQJ WKH VR FDOOHG IX]]\ FRPPLWWHH DSSURDFK ,QVWHDG RI DVVLJQLQJ DQ
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LQSXWYHFWRUWRDSDUWLFXODUFOXVWHUIX]]\PHPEHUVKLSZHLJKW μLM LV FRPSXWHG XVLQJ GLVWDQFH IXQFWLRQ EHWZHHQ FOXVWHU FHQWHUVDQGLQSXWGDWDZKLFKUHIOHFWVSUR[LPLWLHVRIWKHLQSXW GDWDWRWKHFOXVWHUFHQWHUV7KHUHDUHPDQ\GLIIHUHQWZD\VRI GHILQLQJ D GLVWDQFH IXQFWLRQ DQG LW LV KDUG WR ILQG UDWLRQDO JURXQGVIRUFKRRVLQJDSDUWLFXODURQH7\SLFDOO\WKHUHODWLRQ EHWZHHQZHLJKWDQGGLVWDQFHIXQFWLRQVWDNHVWKHIRUPRI



μ L M = G 9L  [ M −  P 
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ZKHUH θ



HMS = 8 S ;θ S 



ZKHUHPLVWKHVPRRWKLQJH[SRQHQWLDOFRHIILFLHQWG9L [M LV WKH RUGLQDU\ (XFOLGHDQ GLVWDQFH EHWZHHQ FOXVWHU FHQWHUV 9L DQGWKH LQSXW GDWD [M7KH VPDOOHU YDOXH RI P ≈  JLYHV UHODWLYHO\KLJKHUZHLJKWWRWKHOHDVWGLVWDQFHZKLOHWKHKLJKHU YDOXHRILW≈ JLYHVDOPRVWHTXDOZHLJKWV  



H MS = 8 S  ; θ S 
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L M



F



HFLS



H S = ¦ μL HFLS 
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 )LJ8QFHUWDLQW\SURFHVVRUXVLQJLQVWDQFHEDVHGOHDUQLQJ)RUHDFKXQVHHQ GDWDWKHZHLJKWμLMLVFRPSXWHGE\WKHGLVWDQFH7KHTXDQWLOHHFSRIWKH XQVHHQGDWDLVWKHFRPSXWHGE\FRPELQLQJWKHHSRIWKHFOXVWHUVXVLQJWKH ZHLJKWμLM



2QFHWKHIX]]\ ZHLJKWVDUHFRPSXWHGWKHTXDQWLOH HSIRU WKH JLYHQ LQSXW GDWD FDQ EH FRPSXWHG XVLQJ WKH IX]]\ FRPPLWWHHDVIROORZV F



H MS =



¦ μ L M HF
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$VPHQWLRQHGDERYHWKHVHSUHGLFWHGTXDQWLOHVVKRXOGEH WUDQVIHUUHGWRDPRUHPHDQLQJIXODQGXQGHUVWDQGDEOHHQWLW\ SUHGLFWLYH XQFHUWDLQW\ RI WKH PRGHO RXWSXW 7KH TXDQWLOH RI WKH SUHGLFWLYH XQFHUWDLQW\ RI WKH PRGHO RXWSXW FDQ EH HVWLPDWHGDV \ S = \Ö + H S 



 



ZKHUH \ S LVWKHSWK TXDQWLOHRIWKHSGI RIWKHPRGHORXWSXW 2QHFDQVHHWKDWHTXDWLRQ LVDUHIRUPXODWLRQRIHTXDWLRQ   ,Q RUGHU WR HVWLPDWH IRU H[DPSOH  SUHGLFWLRQ LQWHUYDO LW LV UHTXLUHG WR EXLOG WZR PRGHOV 8 DQG 8 WKDW ZLOOSUHGLFWDQGTXDQWLOHVRISGIRIWKHPRGHOHUURU  ,,, $33/,&$7,21+
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 )LJ7KH%UXHFDWFKPHQWVKRZLQJGHQVHUDLQJDXJHVQHWZRUNWKH KRUL]RQWDODQGYHUWLFDOD[HVUHIHUWRWKHHDVWLQJDQGQRUWKLQJLQ%ULWLVK QDWLRQDOJULGUHIHUHQFHFRRUGLQDWHV  
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5) ($
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)LJ6FKHPDWLFUHSUHVHQWDWLRQRI+%9PRGHO>@ZLWKURXWLQHIRU VQRZXSSHU VRLOPLGGOH DQGUHVSRQVHERWWRP 
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)LJ3UHGLFWLRQLQWHUYDOVIRUDSDUWRIYHULILFDWLRQGDWDVHWXQWLOOHIWILJXUH DQGXQWLO ULJKWILJXUH +\GURORJLFDOPRGHOVLPXODWLRQHUURUVDUHVKRZQLQWKHEHORZRIWKHPDLQILJXUH7KHFOXVWHUODEHOVDQGWKHZLGWKRIWKH3,VDUHVKRZQLQ WKHWRSD[LVRIWKHILJXUH 







,9 5(68/76$1'',6&866,216 7KHSDUDPHWHUVRIWKHXVHG+%9PRGHOZHUHFDOLEUDWHG RSWLPL]HG XVLQJWKHJOREDORSWLPL]DWLRQURXWLQHDGDSWLYH FOXVWHU FRYHULQJ DOJRULWKP $&&2 >@ $&&2 LV UDQGRP VHDUFK JOREDO RSWLPL]DWLRQ DOJRULWKP ZKLFK ZDV LPSOHPHQWHG LQ JOREDO RSWLPL]DWLRQ WRRO */2%( KWWSZZZGDWDPDFKLQHFRP  7KH $&&2 DOJRULWKP FRQWDLQV WKH IROORZLQJ VWHSV   LQLWLDO SRSXODWLRQ RI SDUDPHWHUVSRLQWV LVVDPSOHGXQLIRUPO\LQIHDVLEOHGRPDLQ  WKHSRSXODWLRQLVUHGXFHGE\FKRRVLQJWKH³JRRG´SRLQWV SURPLVLQJ SRLQWV ZKLFK DUH FORVH WR WKH SRWHQWLDO RSWLPDO SRLQW    ³JRRG´ SRLQWV DUH JURXSHG LQWR WKH FOXVWHUV   IRU HDFK FOXVWHU VPDOOHU UHJLRQV DUH UHSHWLWLYHO\ IRUPHG DURXQGWKHFXUUHQWEHVWSRLQWDQGSURJUHVVLYHO\FRYHUHG :H XVHG 1DVK6XWFOLIIH >@ FRHIILFLHQW RI HIILFLHQF\ &2(  DV D SHUIRUPDQFH PHDVXUH RI +%9 PRGHO &2( LV RQH RI WKH PRVW ZLGHO\ XVHG IRUPV RI ILWWLQJ FULWHULRQ LQ PRGHOLQJRIK\GURORJLFDOHYHQWVDQGLVGHILQHGDVRQHPLQXV WKHVXPRIWKHVTXDUHGGLIIHUHQFHEHWZHHQWKHREVHUYHG\  DQG WKH SUHGLFWHG YDOXHV \Ö  QRUPDOL]HG E\ WKH YDULDQFH RI WKHREVHUYHGYDOXHV:HREWDLQHGWKH&2(YDOXHRIIRU WKH FDOLEUDWLRQ SHULRG 7KH PRGHO ZDV YDOLGDWHG E\ VLPXODWLQJWKHIORZVIRUWKHLQGHSHQGHQWYDOLGDWLRQGDWDVHW 7KH&2(ZDVIRUWKHYDOLGDWLRQSHULRG 7KHLQSXWYDULDEOHV^[L `XVHGLQFOXVWHULQJFRQVLVWHGRIWKH SUHYLRXVYDOXHVRIHIIHFWLYHUDLQIDOO5(W5(W5(W DQG UXQRII 4W 4W 4W  7DEOH ,  7KH VWUXFWXUH RI WKH LQSXW



GDWD XVHG LQ FOXVWHULQJLV GHWHUPLQHG E\ WKH DQDO\VLV RI WKH FRUUHODWLRQDQGDYHUDJHPXWXDOLQIRUPDWLRQEHWZHHQUDLQIDOO DQG WKH UXQRII DQG DXWRFRUUHODWLRQ DQDO\VLV IRU WKH UXQRII 7KH RSWLPDO QXPEHU RI FOXVWHUV ZDV VHW WR  EDVHG RQ WKH SUHYLRXV UHVHDUFK >@ WKDW KDV VKRZQ WKDW WKLV YDOXH LV UHDVRQDEOH WR UHSUHVHQW GLIIHUHQW VLWXDWLRQVUHODWHG WR UXQRII JHQHUDWLRQSURFHVV   7$%/(, ,13879$5,$%/(6
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>@ * .XF]HUD DQG ( 3DUHQW ³0RQWH &DUOR DVVHVVPHQW RI SDUDPHWHU XQFHUWDLQW\ LQ FRQFHSWXDO FDWFKPHQW PRGHOV WKH 0HWURSROLV DOJRULWKP´ - RI +\GURORJ\ YRO  SS   >@ .-%HYHQDQG-%LQHO\³7KHIXWXUHRIGLVWULEXWHGPRGHOV PRGHO FDOLEUDWLRQ DQG XQFHUWDLQW\ SUHGLFWLRQ´ +\GURORJLFDO 3URFHVVHVYROSS >@ $ 0RQWDQDUL DQG $ %UDWK ³$ VWRFKDVWLF DSSURDFK IRU DVVHVVLQJWKHXQFHUWDLQW\RIUDLQIDOOUXQRIIVLPXODWLRQV´:DWHU 5HVRXUFHV5HVHDUFKYRO >@ 6 0DVNH\ 9 *XLQRW DQG 5 . 3ULFH ³7UHDWPHQW RI SUHFLSLWDWLRQ XQFHUWDLQW\ LQ UDLQIDOOUXQRII PRGHOOLQJ´ $GYDQFHVLQ:DWHU5HVRXUFHVYROSS >@ * /LQGVWU|P % -RKDQVVRQ % -RKDQVVRQ 0 3HUVVRQ 0 *DUGHOLQ 6 %DUQVWRUP ³'HYHORSPHQW DQG WHVW RI WKH GLVWULEXWHG +%9 K\GURORJLFDO PRGHO´ - RI +\GURORJ\ YROSS >@ - & %H]GHN 3DWWHUQ 5HFRJQLWLRQ ZLWK )X]]\ 2EMHFWLYH )XQFWLRQ $OJRULWKPV 1RUZHOO0$ 86$ .OXZHU $FDGHPLF 3XEOLVKHUV >@ ; / ;LH DQG * %HQL ³$ YDOLGLW\ PHDVXUH IRU IX]]\ FOXVWHULQJ´ ,((( 7UDQV RQ 3DWWHUQ $QDO\VLV DQG 0DFKLQH ,QWHOOLJHQFHYROQRSS±³/HDUQLQJ ZLWK FRQWLQXRXV FODVVHV´ 7KH WK $XVWUDOLDQ-RLQW&RQIHUHQFHRQ$,:RUOG6FLHQWLILF



5()(5(1&(6 >@ 5 .U]\V]WRIRZLF] ³7KH FDVH IRU SUREDELOLVWLF IRUHFDVWLQJ LQ K\GURORJ\´-RI+\GURORJ\YROSS >@ ' / 6KUHVWKD DQG ' 3 6RORPDWLQH ³0DFKLQH OHDUQLQJ DSSURDFKHVIRUHVWLPDWLRQRISUHGLFWLRQLQWHUYDOIRUWKHPRGHO RXWSXW´1HXUDO1HWZRUNVYROQRSS
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Oct 14, 2011 - Keywords: spoken dialogue systems, reinforcement learning, POMDP, dialogue .... â€œI want an Indian restaurant in the cheap price rangeâ€� spoken in a noisy back- ..... 1â€œCan you give me a phone number of The Bakers?â€� 12 ...
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Comparing Some Methods to Treat Heterogeneity of.pdf 

I would like to thank the dean of the college of administration and. economics Asst. Professor Dr. Kawa Mohammad Jamal Rashid and. best thanks go to the ...
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Comparing Performance overhead of Virtual Machine ... 

Web server and a DBMS, deployed on a virtual server during a VM live migration process. â€¢ Series of measurements with Xen hypervisor. â€¢ Preliminary statistical analysis (real and virtual). 4. WWW/INTERNET ... was chosen and in almost all results 
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Comparing the Clustering Methods for User Centered ... 

Development. 1 A. Vidhyavani, 2 Ms.A.K.Ilavarasi. 1 ME-Software Engineering, Computer Science, Anna University, Sona College of Technology, Salem, India.
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Comparing the Clustering Methods for User Centered ... 

1 ME-Software Engineering, Computer Science, Anna University, Sona College of ... the developed needs to understand the user goals by analyzing the survey.
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