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ICASSP 2012



± ZH ZDQWHG WR XVH D WHFKQLTXH WKDW GHSHQGV RQO\ RQ WKH GDWD DQG SUHIHUDEO\ GRHV QRW SURGXFH DQ\ 229V :H GHYHORSHG D WHFKQLTXH :RUG3LHFH0RGHO WR OHDUQ ZRUG XQLWV IURP ODUJH DPRXQWV RI WH[W DXWRPDWLFDOO\ DQG LQ FUHPHQWDOO\ E\ UXQQLQJ D JUHHG\ DOJRULWKP DV GHVFULEHG EHORZ 7KLV JLYHV XV D XVHUVSHFLILHG QXPEHU RI ZRUG XQLWV ZH RIWHQ XVH N ZKLFK DUH FKRVHQ LQ D JUHHG\ ZD\ ZLWKRXW IRFXVLQJ RQ VHPDQWLFV WR PD[LPL]H OLNHOLKRRG RQ WKH ODQJXDJH PRGHO WUDLQLQJ GDWD ± LQFLGHQ WDOO\ WKH VDPH PHWULF WKDW ZH XVH GXULQJ GHFRGLQJ 7KH DOJRULWKP WR ILQG WKH DXWRPDWLFDOO\ OHDUQHG ZRUG LQYHQWRU\ HIILFLHQWO\ ZRUNV LQ VXPPDU\ DV IROORZV



:KLOH QRUPDO -DSDQHVH WH[W GRHV QRW KDYH VSDFHV EHWZHHQ ZRUGV WKHUH DUH FDVHV ZKHUH VRPH VSDFHV DUH XVHG LQ RWKHU ODQJXDJHV .R UHDQ IRU H[DPSOH  DQG DOVR VRPHWLPHV LQ -DSDQHVH )RU H[DPSOH VHDUFK NH\ZRUGV DUH QRUPDOO\ VHSDUDWHG E\ VSDFHV ³ऍ䌎婋婶婃 婕´ DV DUH ZRUGV ZLWK $6&,, FKDUDFWHUV (QJOLVK ZRUGV DEEUHYLD WLRQV QXPEHUV HWF ZKHQ HPEHGGHG LQ -DSDQHVH WH[W ,QLWLDOO\ ZH UDQ WKH SURGXFWLRQ V\VWHP ZLWKRXW WKH DELOLW\ WR JOXH ZRUG SLHFHV WR JHWKHU DJDLQ ± WKLV GLGQ¶W PDWWHU IRU SRSXODU ZRUGV DQG VKRUW TXHULHV DV WKRVH EHFDPH FRPSOHWH XQLWV EXW ZDV DQQR\LQJ IRU ORQJHU DQG UDUH TXHULHV DV VSDFHV DSSHDUHG ZKHUH WKH\ VKRXOGQ¶W KDYH EHHQ ,QLWLDOO\ ZH H[SHULPHQWHG ZLWK D ELJUDPEDVHG WHFKQLTXH UXQ RQ WKH K\SRWKH VHV WR GHFLGH ZKHUH WR SXW VSDFHV EXW DEDQGRQHG WKLV DIWHU ILQGLQJ WKDW LW LV PXFK PRUH HIILFLHQW DQG HOHJDQW WR GHDO ZLWK WKLV SUREOHP ULJKW GXULQJ GHFRGLQJ 7R EH DEOH WR OHDUQ ZKHUH WR SXW VSDFHV IURP WKH GDWD DQG PDNH LW SDUW RI WKH GHFRGLQJ VWUDWHJ\ ZH XVH WKH IROORZLQJ WHFKQLTXH



 ,QLWLDOL]H WKH ZRUG XQLW LQYHQWRU\ ZLWK WKH EDVLF 8QLFRGH FKDU DFWHUV .DQML +LUDJDQD .DWDNDQD IRU -DSDQHVH +DQJXO IRU .RUHDQ DQG LQFOXGLQJ DOO $6&,, HQGLQJ XS ZLWK DERXW  WRWDO IRU -DSDQHVH DQG  IRU .RUHDQ



 :KHQ VHJPHQWLQJ WKH /0 GDWD ZLWK :RUG3LHFH0RGHO DWWDFK D VSDFH PDUNHU ZH XVH DQ XQGHUVFRUH RU D WLOGH EHIRUH DQG DIWHU HDFK XQLW ZKHQ \RX VHH D VSDFH RWKHUZLVH GRQ¶W DWWDFK (DFK ZRUG XQLW FDQ KHQFH DSSHDU LQ IRXU GLIIHUHQW IRUPV ZLWK XQGHUVFRUH RQ ERWK VLGHV WKHUH ZDV D VSDFH RULJLQDOO\ RQ ERWK VLGHV LQ WKH GDWD  ZLWK D VSDFH PDUNHU RQO\ RQ WKH OHIW RU RQO\ RQ WKH ULJKW DQG ZLWKRXW VSDFH PDUNHUV DW DOO 7KH ZRUG LQ YHQWRU\ LV QRZ ODUJHU SRVVLEO\ XS WR IRXU WLPHV WKH RULJLQDO VL]H LI HYHU\ FRPELQDWLRQ H[LVWV



¶± LVR ODWLQJ WKH EDVLF FKDUDFWHUV DQG FRPELQLQJ WKHP DV JRLQJ GRZQ WKH WUHH ZLOO JLYH D GHWHUPLQLVWLF VHJPHQWDWLRQ LQ OLQHDU WLPH ZLWK UHVSHFW WR WKH OHQJWK RI WKH VHQWHQFH 6LQFH WKH ZRUG LQYHQWRU\ LV OLPLWHG WR N XQLWV WKDW FDQ PRGHO HYHU\ SRVVLEOH FKDUDFWHU VHTXHQFH DQG GRHV QRW SURGXFH DQ\ 229V LW VLPSOLILHV VRPHZKDW WKH JHQHUDWLRQ RI WKH GLFWLRQDU\ ± LQ RXU FDVH URXJKO\ RQO\  RI WKH ZRUGV KDYH PRUH WKDQ RQH SURQXQFLDWLRQ $V GHVFULEHG LQ PRUH GHWDLO EHORZ ZH IRXQG WKDW DGGLQJ WRR PDQ\ SURQXQFLDWLRQV KXUWV SHUIRUPDQFH OLNHO\ EHFDXVH RI WKH LQFUHDVHG QXPEHU RI VLPLODU K\SRWKHVHV GXULQJ WKH DOLJQPHQW IRU WUDLQLQJ DQG GHFRGLQJ
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 7KH RULJLQDO ODQJXDJH PRGHO GDWD LV XVHG ³DV ZULWWHQ´ PHDQ LQJ VRPH GDWD ZLWK VRPH ZLWKRXW VSDFHV



 %XLOG /0 DQG GLFWLRQDU\ EDVHG RQ WKLV QHZ LQYHQWRU\  'XULQJ GHFRGLQJ WKH EHVW SDWK DFFRUGLQJ WR WKH PRGHO ZLOO EH FKRVHQ ZKLFK SUHVHUYHV ZKHUH WR SXW VSDFHV DQG ZKHUH QRW 7KH DWWDFKHG VSDFH PDUNHUV REYLRXVO\ KDYH WR EH ILOWHUHG RXW IURP WKH GHFRGLQJ RXWSXW IRU FRUUHFW GLVSOD\ $VVXPLQJ WKH FRPPRQ VFHQDULR ZKHUH WKH GHFRGHU SXWV DXWRPDWLFDOO\ D VSDFH EHWZHHQ HDFK XQLW LQ WKH RXWSXW VWULQJ WKLV SURFHGXUH WKHQ LV D 5HPRYH DOO VSDFHV ´ ´ ! ´´ E 5HSODFH GRXEOH VSDFH PDUNHU E\ VSDFH ´BB´ ! ´ ´ F 5HPRYH UHPDLQLQJ VLQJOH VSDFH PDUNHUV ´B´ ! ´´´ ऍ䌎 ⒌⋤ᔇ姝௺ⱺ´ RULJLQDO WH[W  ´ ऍ䌎 ⒌⋤ᔇ 姝௺ⱺ´ DIWHU VHJPHQWDWLRQ  ´ 埍ऍ䌎埍 埍⒌⋤ᔇ 姝௺ⱺ埍´ DIWHU DGGLWLRQ RI XQGHU VFRUHV XVHG IRU /0 WUDLQLQJ GLFWLRQDU\ HWF  ´ 埍ऍ䌎埍 埍⒌⋤ᔇ 姝௺ⱺ埍´ GHFRGHU UHVXOW  ´ ऍ䌎 ⒌⋤ᔇ姝௺ⱺ´ GLVSOD\HG RXWSXW 7KH GDWDGULYHQ ODQJXDJHLQGHSHQGHQW WHFKQLTXHV GHVFULEHG DERYH ZLWK D PLQLPXP RI UXOHEDVHG SURFHVVLQJ DUH VXFFHVVIXOO\ XVHG IRU VRPH RI RXU $VLDQ ODQJXDJHV -DSDQHVH .RUHDQ 0DQGDULQ DFURVV PXOWLSOH DSSOLFDWLRQV 9RLFH 6HDUFK GLFWDWLRQ DV ZHOO DV 


7HVW 6HW UDQGN UDQGN UDQGN WRSN WRSN WRSN



1XQLWV N N N N N N



1ZRUGV      



3HUSOH[LW\      



&RVW6HQW      



3URQXQFLDWLRQV DGGHG      



$FFXUDF\      



7DEOH  1XPEHU RI ZRUGV ZRUG SHUSOH[LW\ DQG DYHUDJH FRVWVHQWHQFH IRU VHYHUDO VL]HV RI VHJPHQWHU LQYHQWRU\



7DEOH  1XPEHU RI SURQXQFLDWLRQV DGGHG IRU QDPHV DQG UHVXOWLQJ VHQWHQFH DFFXUDF\ RQ D -DSDQHVH WHVW VHW



 /$1*8$*( 02'(/,1*







±³$.%´ ³:,1'6´ ³.LV0\)W´ RU PL[HG FKDUDFWHU ZRUGV OLNH ³娙婅࣒ 4´ WKUHH FKDUDFWHU VHWV PL[HG LQ D VLQJOH ZRUG RU ³ਂέFRP´³*RRJOH -DSDQHVH ,QSXW´
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± LQ WKLV FDVH LW LV UHDVRQDEOH WR DVVXPH WKDW WKH FRUUHFW ZHE SDJH ZDV IRXQG JLYHQ WKH VHDUFK HQJLQH  :HE 6FRUH# WKHUHIRUH VLPSO\ WHVWV LI WKH WRS K\SRWKHVLV 85/ DQG WKH WRS UHIHUHQFH 85/ DUH HTXDO 7KLV PHDVXUH KDG WZR DGYDQWDJHV RYHU UHJXODU ZRUG HUURU UDWH  $V RXU ZRUG GHILQLWLRQ LV GHILQHG E\ WKH



7LPH EHIRUH ODXQFK EHIRUH ODXQFK EHIRUH ODXQFK ODXQFK DIWHU ODXQFK DIWHU ODXQFK DIWHU ODXQFK



7HVW 6HW LQLWLDO UHDG LQWHUQDO UHDO LQWHUQDO UHDO LQWHUQDO UHDO LQWHUQDO UHDO SURG $ UHDO SURG % UHDO 



:6&#       



7UDLQLQJ N UHDG N UHDG N UHDG N UHDG 0 SURG 0 SURG 0 SURG 



³ड़ኛᆤ´ ³娭婕娨婕 娫娈´ ³姚娂姕娂姘妵´ ³QLQWHQGR´ DUH DOO YDOLG ZD\V WR VHDUFK IRU WKH -DSDQHVH JDPH FRPSDQ\ DOO DUH SURQRXQFHG WKH VDPH DQG KDYH WKH VDPH PHDQLQJ ± WKH UHVXOW 85/ VKRXOG EH WKH VDPH IRU DQ\ RI WKHVH :HE6FRUH WDNHV FDUH RI WKHVH DPELJXLWLHV WKH UHIHUHQFH ZLOO FRQWDLQ RQO\ RQH RI WKH DERYH DQG KHQFH JLYHV D EHWWHU HVWLPDWH IRU WKH WUXH HUURU UDWH WKDQ IRU H[DPSOH VHQWHQFH HUURU UDWH



WHFKQLTXHV GHVFULEHG LQ WKLV SDSHU PD\ VHHP REYLRXV WR XVH QRZ EXW ZHUHQ¶W DW WKH WLPH RI GHYHORSPHQW 2YHU WLPH ZH IRXQG WKDW ZKLOH IRU PRVW VSRNHQ TXHULHV DQG WH[W WKH WHFKQLTXHV GHVFULEHG DERYH ZRUN ZHOO DQG RQ DYHUDJH TXDOLW\ RI WKH V\VWHP LPSURYHV ZLWK HYHU\ XSGDWH WKHUH DUH VWLOO VRPH SURE OHPDWLF FRUQHU FDVHV ZKLFK FDQ RQO\ EH DGGUHVVHG E\ DGGLQJ PRUH FRPSOH[LW\ WR WKH V\VWHP )RU H[DPSOH UDUH ORQJHU QXPEHUV DUH RIWHQ QRW UHFRJQL]HG FRUUHFWO\ EHFDXVH WKH FRPELQHG SURQXQFLDWLRQV RI WKHLU VHJPHQWDWLRQ ZLOO QRW PDWFK WKH DFWXDO SURQXQFLDWLRQ H[DP SOH LQ (QJOLVK ³´ VDLG DV ³RQH PLOOLRQ WZR KXQGUHG WKLUW\ IRXU WKRXVDQG ILYH KXQGUHG DQG VL[W\ VHYHQ´ ± WKH SURQXQFLDWLRQV RI D SRVVLEOH VHJPHQWDWLRQ RI ³ ´ ZLOO OLNHO\ QRW FRYHU WKH RULJLQDO SURQXQFLDWLRQ  ,Q JHQHUDO VLPLODU LV WUXH IRU DQ\ FKDUDFWHU VHTXHQFHV ZKRVH SURQXQFLDWLRQ GHSHQGV RQ D ZLGHU FRQWH[W WKLQN SULFHV ³´ ! ³RQH KXQGUHG DQG IRXU GROODUV´  GDWHV HWF ±



¶V -DSDQHVH DQG .RUHDQ YRLFH VHDUFK V\VWHPV :KLOH GHYHORSLQJ WKHVH V\VWHPV ZH IRXQG WKDW WKH VLPSOLILHG SURFHVV GHVFULEHG DERYH EDVHG RQ PRGHOLQJ LQ WKH ZULWWHQ GRPDLQ ZLWK D FORVHG GLFWLRQDU\ EXW LQILQLWH YRFDEXODU\ EDVHG RQ WKH :RUG3LHFH0RGHO VHJPHQWHU UHVXOWHG LQ UHODWLYHO\ ORZFRPSOH[LW\ V\VWHPV WR PDLQWDLQ DQG XSGDWH 8VLQJ XQVXSHUYLVHG GDWD IRU LQLWLDO WUDLQLQJ DQG VXEVHTXHQW XSGDWHV RI WKH DFRXVWLF PRGHOV KDV FXW GRZQ RXU GHYHORSPHQW WLPH IRU QHZ ODQJXDJHV VLJQLILFDQWO\ 0DQ\ RI WKH
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>@ -RKDQ 6FKDONZ\N 'RXJ %HHIHUPDQ )UDQFRLVH %HDXID\V %LOO %\UQH &LSULDQ &KHOED 0LNH &RKHQ 0DU\DP *DUUHWW DQG %ULDQ 6WURSH ³*RRJOH 6HDUFK E\ 9RLFH $ &DVH 6WXG\´ LQ $GYDQFHV LQ 6SHHFK 5HFRJQLWLRQ 0RELOH (QYLURQPHQWV &DOO &HQWHUV DQG &OLQLFV $P\ 1HXVWHLQ (G 6SULQJHU9HUODJ  >@ -LXORQJ 6KDQ *HQTLQJ :X =KLKRQJ +X ;LOLX 7DQJ 0DUWLQ -DQVFKH DQG 3HGUR 0RUHQR ³6HDUFK E\ 9RLFH LQ 0DQGDULQ &KLQHVH´ LQ 3URFHHGLQJV RI ,QWHUVSHHFK  >@ @ 7KDG +XJKHV .DLVXNH 1DNDMLPD /LQQH +D $WXO 9DVX 3HGUR 0RUHQR DQG 0LNH /H%HDX ³%XLOGLQJ WUDQVFULEHG VSHHFK FRU SRUD TXLFNO\ DQG FKHDSO\ IRU PDQ\ ODQJXDJHV´ LQ 3URFHHGLQJV RI ,QWHUVSHHFK  >@ &LSULDQ &KHOED -RKDQ 6FKDONZ\N 7KRUVWHQ %UDQWV 9LGD +D %RXORV +DUE :LOO 1HYHLWW &DUROLQD 3DUDGD DQG 3HQJ ;X ³4XHU\ ODQJXDJH PRGHO IRU YRLFH VHDUFK´ LQ 3URFHHGLQJV RI WKH  ,((( :RUNVKRS RQ 6SRNHQ /DQJXDJH 7HFKQRORJ\  >@ 0HFDE ³KWWSPHFDEVRXUFHIRUJHQHW´  >@ ³KWWSWRROVJRRJOHFRPGOSDJHMDSDQHVHLQSXWHXODKWPO´  >@ 0DUN *DOHV ³6HPLWLHG FRYDULDQFH PDWULFHV IRU +LGGHQ 0DUNRY 0RGHOV´ LQ ,((( 7UDQVDFWLRQV RQ 6SHHFK DQG $XGLR 3URFHVVLQJ  >@ 'DQLHO 3RYH\ 'LPLWUL .DQHYVN\ %ULDQ .LQJVEXU\ %KX YDQD 5DPDEKDGUDQ *HRUJH 6DRQ DQG .DUWKLN 9LVZHVZDULDK ³%RRVWHG 00, IRU PRGHO DQG IHDWXUH VSDFH GLVFULPLQDWLYH WUDLQLQJ´ LQ ,&$663  >@ 2SHQ)67 ³KWWSZZZRSHQIVWRUJ´ 
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