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I.ABSTRACT

T\SH 2 DLDEHWHV (T2D) LV FKDUDFWHUL]HG E\ D FRPELQDWLRQ RI GHIHFWV LQ LQVXOLQ DFWLRQ DQG LPSDLUPHQW LQ LQVXOLQ VHFUHWLRQ. 
DHILFLHQW LQVXOLQ DFWLRQ FDXVHV SHRSOH ZLWK T\SH 2 DLDEHWHV WR KDYH GLIILFXOW\ FRQWUROOLQJ WKHLU EORRG JOXFRVH FRQFHQWUDWLRQ 
(BGC) DQG H[SHULHQFH SHULRGV RI KLJK (K\SHUJO\FHPLD) DQG ORZ (K\SRJO\FHPLD) BGC. CRQWLQXRXV JOXFRVH PRQLWRULQJ (CGM) 
VHQVRUV DQG PDFKLQH OHDUQLQJ DOJRULWKPV FDQ DXWRPDWH WKH SURFHVV RI PHDO VL]H HVWLPDWLRQ, LPSURYH WKH DFFXUDF\ RI WKH 
FDUERK\GUDWH HVWLPDWLRQV, DQG UHGXFH WKH LQYROYHPHQW RI WKH VXEMHFW. TKH DLP RI WKLV SURMHFW ZDV WR XVH G\QDPLF PDUWLDO LHDVW 
STXDUHV (PLS) UHJUHVVLRQ WR PRGHO EORRG JOXFRVH GDWD IURP CGM GHYLFHV DQG RSWLPL]H WKH PRGHO SDUDPHWHUV IRU EHVW 
JHQHUDOL]HG SHUIRUPDQFH DFURVV DOO VXEMHFWV. TKH PHDQ VTXDUH HUURU IRU WKH PRGHOOHG GDWD ZDV REWDLQHG WR GHWHUPLQH WKH 
DFFXUDF\ RI WKH SUHGLFWLYH PRGHOOLQJ. TKH SDUDPHWHUV ZHUH RSWLPL]HG E\ H[SOLFLW HQXPHUDWLRQ DQG JULG VHDUFK DSSURDFK WR 
PLQLPL]H WKH PHDQ VTXDUH HUURU (MSE), DQG WKH ORZHVW MSE ZDV REWDLQHG ZLWK WKH QXPEHU RI ODWHQW YDULDEOHV DV 5 DQG SDVW 
KRUL]RQ DV 5 (25 PLQXWHV). FXWXUH UHVHDUFK ZLOO GHYHORS WKH ORJLF LQIHUHQFH XVLQJ WKH ILUVW- DQG VHFRQG-RUGHU GHULYDWLYHV RI WKH 
SUHGLFWLRQ FXUYH WKDW ZLOO VRXQG WKH DODUPV EDVHG RQ WKH SUHGLFWLRQV PDGH LQ WKH FXUUHQW ZRUN. 

 

II. ,1752D8C7,21 

2.1 DLDEHWHV 

T\SH 2 GLDEHWHV (T2D) LV D KHWHURJHQHRXV GLVHDVH ZLWK D 
VLJQLILFDQW GHJUHH RI LQWHUSHUVRQDO YDULDELOLW\ WKDW DIIHFWV DQ 
HVWLPDWHG 34 PLOOLRQ APHULFDQV [4]. T2D LV FKDUDFWHUL]HG E\ 
DQ LQFUHDVH LQ UHVLVWDQFH WR LQVXOLQ, D GHFUHDVH LQ LQVXOLQ 
SURGXFWLRQ DQG VHFUHWLRQ, RU VRPH FRPELQDWLRQ RI WKHVH 
IDFWRUV. TKLV FDXVHV LQGLYLGXDOV ZLWK T2D WR KDYH GLIILFXOW\ 
FRQWUROOLQJ WKHLU EORRG JOXFRVH FRQFHQWUDWLRQ (BGC) DQG 
H[SHULHQFH SHULRGV RI KLJK (K\SHUJO\FHPLD) DQG ORZ 
(K\SRJO\FHPLD) BGC[4]. IQJHVWLQJ IRRG OHDGV WR DQ LQFUHDVH LQ 
EORRG JOXFRVH OHYHOV ZKLFK WKH ERG\ SURFHVVHV VLJQDOLQJ WKH 
SDQFUHDV WR UHOHDVH LQVXOLQ ZKLFK VLPXODWHV WKH DGLSRVH DQG 
PXVFOH FHOOV WR DEVRUE WKH JOXFRVH IURP WKH EORRGVWUHDP. 
EVVHQWLDOO\ WKLV LV KRZ WKH ERG\ UHJXODWHV WKH JOXFRVH OHYHOV. 
TKHUH DUH RWKHU KRUPRQHV OLNH JOXFDJRQ LQYROYHG WRR, 
KRZHYHU, WKLV SDSHU ZLOO IRFXV RQ WKH OHYHOV RI LQVXOLQ DV WKH 
PDLQ IDFWRU. IQ T2D, DV WKH ERG\ SURGXFHV OHVV LQVXOLQ, OHVV 
JOXFRVH LV DEVRUEHG IURP WKH EORRGVWUHDP OHDGLQJ WR DQ RYHUDOO 
LQFUHDVH LQ JOXFRVH OHYHOV ZKLFK LV WHUPHG DV K\SHUJO\FHPLD 
[8]. H\SHUJO\FHPLD FDQ DOVR RFFXU ZKHQ WKH ERG\ VWDUWV WR 
UHVLVW WKH LQVXOLQ SURGXFHG ZKLFK OHDGV WR KLJK JOXFRVH OHYHOV. 
T2D LV D FKURQLF FRQGLWLRQ ZLWK QR FXUH ZKLFK GHPRQVWUDWHV 
WKH UHVSRQVLELOLW\ RI WKH SDWLHQW WR PDQDJH WKHLU RZQ EORRG 
JOXFRVH OHYHOV. TKLV FDQ EH GRQH XVLQJ FRQWLQXRXV JOXFRVH 
PRQLWRULQJ VHQVRUV (CGM). PURORQJHG K\SHUJO\FHPLD FDQ OHDG 
WR FKURQLF DQG VHYHUH KHDOWK FRQGLWLRQV RYHU WLPH VXFK DV KHDUW  

 

 

DQG EORRG GLVHDVHV, NLGQH\ IDLOXUHV, QHUYH GDPDJH LQ 
OLPEV DQG VR RQ [9].  

 

 

FLJXUH 1: IORZFKDUW VKRZV WKDW WKH CGM VHQVRU 
GHWHFWV WKH EORRG JOXFRVH FRQFHQWUDWLRQ DQG SURGXFHV 
GDWD SRLQWV.  

 

2.2 CGM SHQVRUV (ZKDW DUH WKH\?) 

BORRG GOXFRVH PRQLWRULQJ KDV EHHQ UHYROXWLRQL]HG E\ 
WKH GHYHORSPHQW RI CRQWLQXRXV GOXFRVH MRQLWRULQJ 
(CGM) VHQVRUV [2]. TKHVH DUH ZHDUDEOH PLQLPDOO\-
LQYDVLYH GHYLFHV WKDW PHDVXUH JOXFRVH FRQFHQWUDWLRQ 
DOPRVW FRQWLQXRXVO\ (1±5 PLQ VDPSOLQJ SHULRG) IRU 
VHYHUDO FRQVHFXWLYH GD\V/ZHHNV. TKH ILUVW ZHDUDEOH 
CGM VHQVRU SURWRW\SH ZDV LQWURGXFHG LQ 1999 DQG, 
VLQFH WKHQ, GHYLFHV KDYH HYROYHG UDSLGO\ [2]. CGM 
UHDGLQJV PD\ EH VHQW WR D SKRQH ZLWK D VDPSOLQJ WLPH 
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RI 5 PLQXWHV DQG DFFHVVHG WKURXJK SKRQH DSSOLFDWLRQV. :KLOH 
PRUH SRSXODU IRU LQGLYLGXDOV ZLWK 71D, CGM VHQVRUV SURYLGH 
YDOXDEOH, UHDO-WLPH LQVLJKW LQWR 72D EORRG JOXFRVH G\QDPLFV. 
CGM VHQVRUV KDYH JUHDWO\ LPSURYHG DQG DUH QRZ DEOH WR 
LQFRUSRUDWH ILOWHULQJ WR SURYLGH D PRUH DFFXUDWH PHDVXUHPHQW 
>10@.  7KHVH GHYLFHV QRZ LQFRUSRUDWH VHYHUDO IHDWXUHV VXFK DV 
WKH DELOLW\ WR PDNH GHFLVLRQV UHJDUGLQJ WKH DPRXQW RI IRRG 
HDWHQ WR EDODQFH K\SRJO\FHPLD RU WKH SK\VLFDO H[HUFLVH GRQH 
WR EDODQFH K\SHUJO\FHPLD. CGM VHQVRUV FDQ PRQLWRU WKH EORRG 
JOXFRVH GDWD LQ WKH UHDO WLPH DQG JHQHUDO DOHUWV IRU 
K\SR/K\SHUJO\FHPLD, KRZHYHU WKH\ GR QRW KDYH WKH DELOLW\ WR 
PDNH RU DQDO\]H WKH IXWXUH SUHGLFWLRQV IRU BGC.  

2.3 PUHGLFWLYH MRGHOLQJ LQ DLDEHWHV (VHYHUDO FLWDWLRQV) 

  EDUO\ K\SHUJO\FHPLD ZDUQLQJ V\VWHPV EDVHG RQ FRQWLQXRXV 
JOXFRVH PRQLWRULQJ (CGM) VHQVRUV PD\ SURYLGH D FRQYHQLHQW 
VROXWLRQ IRU PRQLWRULQJ DQG UHGXFLQJ WKH VHYHULW\ RI 
K\SHUJO\FHPLD HSLVRGHV. H\SHUJO\FHPLD SUHGLFWLRQ LV DQ 
HVWLPDWLRQ RI ZKHQ D SHUVRQ'V EORRG JOXFRVH FRQFHQWUDWLRQ 
(BGC) ZLOO ULVH DERYH D FHUWDLQ WKUHVKROG VRRQ. 7\SLFDOO\, WKH 
WKUHVKROG IRU K\SHUJO\FHPLD LV FRQVLGHUHG 180 PJ/GL DQG WKLV 
YDOXH ZDV LQLWLDOO\ XVHG LQ WKLV VWXG\. HRZHYHU, PDQ\ SHRSOH 
ZLWK 7\SH 2 GLDEHWHV (72D) PD\ KDYH D KLJKHU IDVWLQJ BGC 
ZKLFK ZRXOG FDXVH VPDOO DPRXQWV RI FDUERK\GUDWH 
FRQVXPSWLRQ WR SXVK WKH SHUVRQ LQWR K\SHUJO\FHPLD. 
CRQWLQXRXV JOXFRVH PRQLWRULQJ VHQVRUV DQG PDFKLQH OHDUQLQJ 
DOJRULWKPV FDQ DXWRPDWH WKH SURFHVV RI PHDO VL]H HVWLPDWLRQ, 
LPSURYH WKH DFFXUDF\ RI WKH FDUERK\GUDWH HVWLPDWLRQV, DQG 
UHGXFH WKH LQYROYHPHQW RI WKH SDWLHQW.  

IQ ILJXUH 2, UHDO WLPH JOXFRVH GDWD REWDLQHG IURP CGM VHQVRUV 
ZDV JUDSKHG DORQJ ZLWK WKH WKUHVKROG OLPLW RI K\SHUJO\FHPLD. 
7KH SDWLHQWV H[SHULHQFH YDULHG KLJKV DQG ORZV GXULQJ WKH 1500 
PLQXWH VDPSOLQJ WLPH. 7KLV GHSLFWV WKH QHHG RI SUHGLFWLYH 
PRGHOOLQJ LQ GLDEHWHV. PUHGLFWLYH PRGHOOLQJ ZLOO EH DEOH WR 
PDNH DFFXUDWH SUHGLFWLRQV DERXW VRPHRQH¶V JOXFRVH OHYHO 
ZKLFK FDQ WKHQ EH XWLOL]HG E\ WKH SDWLHQW WR FRQWURO WKHLU 
JOXFRVH OHYHOV PRUH HIIHFWLYHO\ EHIRUH WKH\ HYHU UHDFK WKH 
WKUHVKROG.  

6\VWHP LGHQWLILFDWLRQ UHIHUV WR WKH SURFHVV RI ILQGLQJ D 
PDWKHPDWLFDO PRGHO WKDW GHVFULEHV D VHW RI LQSXW-RXWSXW GDWD 
>7@. IQ WKLV SDSHU, WKH LQSXW GDWD DUH SDVW DQG FXUUHQW BGC 
PHDVXUHPHQWV DQG WKH RXWSXW GDWD DUH WKH IXWXUH BGC 
PHDVXUHPHQWV. IGHQWLI\LQJ D PRGHO IURP WKLV GDWD WKHUHIRUH 
SURGXFHV D SUHGLFWLYH PRGHO WKDW FDQ EH XVHG WR IRUHFDVW IXWXUH 
EORRG JOXFRVH YDOXHV. 7KH PDWKHPDWLFDO PRGHO RI PL6 
RHJUHVVLRQ ZDV XWLOL]HG IRU WKLV SXUSRVH >6@. OWKHU 
PDWKHPDWLFDO PRGHOV VXFK DV DXWRUHJUHVVLYH-PRYLQJ-DYHUDJH 
(ARMA) RU LRJLVWLF MXOWLSOH RHJUHVVLRQ FDQ DOVR EH XVHG 
KRZHYHU, PL6 ZDV IRXQG WR EH WKH PRVW HIIHFWLYH DQG KHQFH 
FKRVHQ DV WKH SUHGLFWLYH PRGHO.   

 

FLJXUH 2: RHDO WLPH GDWD IURP 3 SDWLHQWV DQG WKH 
WKUHVKROG OLPLW RI K\SHUJO\FHPLD DW 180 PJ/GL 

 

III.ME7H2D6 

3.1 Data Used 

7KH GDWD VHW IRU WKLV SURMHFW ZDV WKH UHDO-WLPH GDWD 
REWDLQHG IURP 135 SDWLHQWV. IW ZDV FOHDQHG DQG ILOWHUHG 
WR UHGXFH QRLVH DQG UHFWLI\ PLVVLQJ PHDVXUHPHQWV. 7KH 
GDWD ZDV WKHQ PRGHOOHG XVLQJ PL6 RHJUHVVLRQ 
WHFKQLTXH. 7KH MA7LAB 6WDWLVWLFV DQG MDFKLQH 
LHDUQLQJ WRROER[ VRIWZDUH ZDV XVHG IRU WKLV UHVHDUFK 
SURMHFW. 

3.2 PLS Regression 

3.2.1 :KDW LV PL6? 

PDUWLDO OHDVW VTXDUHV (PL6) UHJUHVVLRQ DOORZV IRU WKH 
FRHIILFLHQWV IRU DOO RXWSXWV WR EH HVWLPDWHG 
VLPXOWDQHRXVO\ E\ SURMHFWLQJ WKH LQSXW UHJUHVVRU GDWD, 
;, DQG WKH RXWSXW UHVSRQVH RU SUHGLFWLRQV, <, RQWR 
RUWKRJRQDO VXEVSDFHV RI A-SDLUV RI ODWHQW YDULDEOHV>1@.  
EDFK SDLU RI ODWHQW YDULDEOHV DFFRXQWV IRU D FHUWDLQ 
SHUFHQWDJH RI WKH YDULDQFH LQ WKH LQSXW UHJUHVVRU GDWD 
DQG RXWSXW UHVSRQVH PDWULFHV. MDWKHPDWLFDOO\, PL6 
UHJUHVVLRQ FRQVLVWV RI GHFRPSRVLQJ ; DQG < DV WKH VXP 
RI WKH RXWHU SURGXFWV RI D VFRUH DQG ORDGLQJ YHFWRU DV 
IROORZV: 

𝑋 ൌ 
𝐴

=1

𝑡𝑝 
𝑇  𝐸 ൌ 𝑇𝑃𝑇  𝐸

 

𝑌 ൌ 
𝐴

=1

𝑢𝑞𝑇  𝐹 ൌ 𝑈𝑄𝑇  𝐹
 

ZKHUH 𝑡  DQG 𝑢  DUH WKH LQSXW DQG RXWSXW VFRUHV 
UHSUHVHQWLQJ WKH SURMHFWLRQV RI WKH YDULDEOHV LQ 𝑋 DQG 𝑌 
RQ WKHLU VXEVSDFHV, 𝑡 DQG 𝑢 GHILQH WKH RULHQWDWLRQ RI 
WKH FRUUHVSRQGLQJ VXEVSDFHV, WKH PDWULFHV,𝑇, 𝑃, 𝑈, DQG 
𝑄  FRQWDLQ WKHLU FRUUHVSRQGLQJ YHFWRUV, DQG 𝐸  DQG 𝐹 
GHQRWHV UHVLGXDO PDWULFHV IRU WKH LQSXW UHJUHVVRU DQG 
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RXWSXW UHVSRQVH GDWD PDWULFHV. TKH QRLVH UHGXFWLRQ SURSHUW\ RI 
PLS UHJUHVVLRQ VWHPV IURP WKH LGHD WKDW WKH IHZHU ODWHQW 
YDULDEOHV DUH W\SLFDOO\ D FRQVHTXHQFH RI PHDVXUHPHQW QRLVH 
DQG V\VWHP LUUHJXODULWLHV DQG WKHUHIRUH FDQ EH GLVFDUGHG GXULQJ 
WKH PLS UHJUHVVLRQ DOJRULWKP. 

SLQFH WKH PLS DOJRULWKP LV XVHG WR REWDLQ D PDWKHPDWLFDO 
UHODWLRQVKLS EHWZHHQ WKH RULJLQDO GDWD PDWULFHV, WKH LQSXW 
UHJUHVVRU DQG RXWSXW UHVSRQVH PDWULFHV DUH UHODWHG WKURXJK DQ 
LQQHU UHODWLRQ EHWZHHQ WKH FRUUHVSRQGLQJ VFRUHV DV IROORZV: 

𝑢𝑎 = 𝑏𝑎𝑡𝑎 + 𝑒𝑎 , 𝑓𝑜𝑟 𝑎 ∈ ሾ1, 𝐴ሿ 

ZKHUH 𝑏𝑎  DUH WKH FRHIILFLHQWV DQG 𝑒𝑎  DUH WKH UHVLGXDOV RI WKH 
LQQHU UHODWLRQVKLS EHWZHHQ WKH VFRUHV RI X DQG Y >5@. IQ WKLV 
ZRUN, WKH PLS UHJUHVVLRQ SDUDPHWHUV DUH FRPSXWHG XVLQJ WKH 
QRQOLQHDU LWHUDWLYH SDUWLDO OHDVW VTXDUHV (NIPALS) DOJRULWKP 
ZKHUH WKH VXEVSDFH RULHQWDWLRQ DQG VFRUHV IRU ERWK WKH 
UHJUHVVRU LQSXW DQG RXWSXW UHVSRQVH PDWULFHV DUH GHWHUPLQHG 
VLPXOWDQHRXVO\ WR PD[LPL]H WKH FRYDULDQFH EHWZHHQ X DQG Y 
DQG REWDLQ WKH RSWLPDO ILW IRU WKH LQQHU UHODWLRQVKLS. 

IQ WKLV ZRUN, G\QDPLF PLS LV XVHG WR PRGHO WKH WLPH-YDU\LQJ 
FRUUHODWLRQV DQG ODJV EHWZHHQ WKH SDVW CGM GDWD DQG WKH IXWXUH 
CGM GDWD WR EH SUHGLFWHG. D\QDPLF PLS LV D SRZHUIXO 
PXOWLYDULDWH DOJRULWKP WKDW EXLOGV HIILFLHQW PRGHOV IRU 
SUHGLFWLQJ WKH IXWXUH YDOXHV E\ PD[LPL]LQJ WKH FRYDULDQFH 
EHWZHHQ WKH SDVW DQG IXWXUH GDWD.  

PLS UHODWHV UHJUHVVRU DQG UHJUHVVHG YDULDEOHV E\ PD[LPL]LQJ 
WKH FRYDULDQFHV EHWZHHQ WKHP >3@. PLS EXLOGV OLQHDU UHODWLRQV 
EHWZHHQ LQSXW GDWD DQG RXWSXW GDWD DQG XVHV WKHVH UHODWLRQV WR 
SUHGLFW IXWXUH YDOXHV. PLS KDV ODWHQW YDULDEOHV WKDW GHVFULEH WKH 
LPSRUWDQW XQGHUO\LQJ IHDWXUHV RI WKH GDWD.  

3.2.2 GOXFRVH MRGHOOLQJ MHWKRGRORJ\ 

A K\SHUJO\FHPLD SUHGLFWLRQ DOJRULWKP EDVHG RQ PLS 
UHJUHVVLRQ DQG TXDOLWDWLYH WUHQG DQDO\VLV KDV EHHQ GHYHORSHG. 
A PDWUL[ RI SDVW CGM GDWD LV XVHG WR KDQGOH WKH CGM WLPH 
VHULHV, DQG WKH GDWD DUH VSOLW LQWR WUDLQLQJ DQG WHVWLQJ GDWD. TKH 
WUDLQLQJ VHW LV XVHG WR LGHQWLI\ WKH PRGHO SDUDPHWHUV DQG 
DOJRULWKP K\SHUSDUDPHWHUV EHIRUH HYDOXDWLQJ WKH SUHGLFWLRQ 
DOJRULWKP RQ WKH LQGHSHQGHQW WHVWLQJ VHW. UVXDOO\, 80% RI WKH 
GDWDVHW LV GHVLJQDWHG IRU WUDLQLQJ DQG 20% LV GHVLJQDWHG IRU 
WHVWLQJ VR WKLV DOORFDWLRQ ZDV XVHG. TKH WUDLQLQJ VHW ZDV 
QRUPDOL]HG E\ FDOFXODWLQJ WKH ZVFRUHV IRU WKH GDWD DQG WKHQ 
ILWWLQJ WKH PLS PRGHO WR LW. OQFH WKH PRGHO ZDV ILW, PHDQ 
VTXDUH HUURU ZDV FDOFXODWHG WR GHWHUPLQH WKH SUHGLFWLRQ 
DFFXUDF\. NH[W, WKH WHVWLQJ GDWD VHW ZDV XVHG ZLWK WKH QRZ ILW 
PLS PRGHO DQG WKH PHDQ VTXDUH HUURU ZDV FDOFXODWHG. TKH 
WKUHH LPSRUWDQW YDULDEOHV XVHG LQ WKLV SURMHFW ZHUH WKDW RI SDVW 
KRUL]RQ, ODWHQW YDULDEOHV DQG IXWXUH KRUL]RQV. LDWHQW YDULDEOHV 
DUH FUXFLDO WR WKH PLS PRGHO DQG KHOS ILQG EHWWHU UHODWLRQV WR 
SHUIRUP D EHWWHU UHJUHVVLRQ. PDVW KRUL]RQV DUH WKH VHW RI 
SUHYLRXV GDWD SRLQWV WKDW DUH QHHGHG E\ WKH SURJUDP WR 
GHWHUPLQH DFFXUDWH SUHGLFWLRQV YDOXHV. FXWXUH KRUL]RQ LV 
GHILQHG DV KRZ IDU DKHDG LQWR WKH IXWXUH DUH WKH SUHGLFWLRQV 
EHLQJ PDGH. A VDPSOH WLPH RI 5 PLQXWHV ZDV VHW VR WKH SDVW 

KRUL]RQ RI 1 LPSOLHG 5 PLQXWHV LQ UHDO WLPH. TKH 
SURJUDP ZDV GHYHORSHG WR UXQ ZLWK D UDQJH RI SDVW 
KRUL]RQ DQG ODWHQW YDULDEOHV YDOXHV VR WKHVH WZR 
LPSRUWDQW SDUDPHWHUV FRXOG EH RSWLPL]HG. TKH PLS 
PRGHO ZDV WKHQ UXQ IRU 135 SDWLHQWV XVLQJ WKH 
RSWLPL]HG SDUDPHWHUV DQG IRU GLIIHUHQW IXWXUH KRUL]RQV 
DQG WKH UHVXOWV ZHUH WDEXODWHG.  

 

IV. 5E68/76  

TKH IROORZLQJ UHVXOWV ZHUH REWDLQHG ZKHQ WKH PLS 
PRGHO ZDV ILW WR WKH WUDLQLQJ DQG WKH WHVWLQJ GDWD. TKH 
PHDQ VTXDUH HUURU REWDLQHG IRU WKH WUDLQLQJ VHW DQG WKH 
WHVWLQJ VHW LV LQ WKH WDEOH EHORZ. AV LW FDQ EH VHHQ, WKH 
PRGHO (UHG) LQ WKH JUDSK ILWV WKH DFWXDO JOXFRVH GDWD 
UHDOO\ ZHOO. IW VKRZV WKDW PLS LV D JUHDW PDWKHPDWLFDO 
PRGHO WR XVH IRU WKLV W\SH RI SUHGLFWLYH PRGHOOLQJ. TKH 
WHVWLQJ GDWD DOVR ZRUNHG UHDOO\ ZHOO ZLWK D YHU\ ORZ 
PHDQ VTXDUH HUURU IRU 15 PLQXWH DKHDG SUHGLFWLRQV.  

 

FLJXUH 4: TKH WRS JUDSK VKRZV WKH WUDLQLQJ GDWD LQ EOXH 
ZLWK LWV SUHGLFWLRQV LQ UHG. TKH ERWWRP JUDSK VKRZV WKH 
WHVWLQJ GDWD LQ EOXH ZLWK LWV SUHGLFWLRQV LQ UHG.  

TDEOH 1: TKH SDUDPHWHUV IRU ILJXUH 3 DQG ILJXUH 4 

 

TKH QH[W ORJLFDO VWHS ZDV WR YHULI\ WKH DFFXUDF\ RI WKH 
PRGHO IRU GLIIHUHQW IXWXUH KRUL]RQV. TKUHH GLIIHUHQW 
IXWXUH KRUL]RQV RI 15 PLQXWHV, 30 PLQXWHV DQG 45 
PLQXWHV ZHUH SLFNHG IRU WKLV FDVH DQG WKH UHVXOWV ZHUH 
SORWWHG IRU VXFK. TKH ILJXUH EHORZ VKRZV WKHVH JUDSKV, 
DQG LW FDQ EH VHHQ IURP WKH ILJXUH WKDW WKH PDWKHPDWLFDO 
PRGHO ZRUNV UHDOO\ ZHOO IRU 15 PLQXWH DKHDG 
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SUHGLFWLRQV. TKH SUHGLFWLRQV aUH IaLUO\ aFFXUaWH IRU 30 PLQXWH 
aKHaG SUHGLFWLRQV, KRZHYHU WKH PHaQ VTXaUH HUURU LQFUHaVHV 
ZKHQ PRYHG RQ WR WKH 45 PLQXWH aKHaG SUHGLFWLRQ KRUL]RQ. 
TKLV VKRZV WKaW WKH IXUWKHU LQWR WKH IXWXUH, WKH PRGHO WULHV WR 
SUHGLFW, WKH OHVV aFFXUaWH LW bHFRPHV. 

  

FLJXUH 5: TKH JUaSK VKRZV RSWLPL]HG SUHGLFWLRQV IRU 15 
PLQXWHV aKHaG LQWR WKH IXWXUH.  

 

FLJXUH 6: TKH JUaSK VKRZV RSWLPL]HG SUHGLFWLRQV IRU 30 
PLQXWHV aKHaG LQWR WKH IXWXUH.  

 

 

FLJXUH 7: TKH JUaSK VKRZV RSWLPL]HG SUHGLFWLRQV IRU 45 
PLQXWHV aKHaG LQWR WKH IXWXUH.  

 
TabOH 2: PaUaPHWHUV IRU ILJXUH 5,6,7 aQG WKH aVVRFLaWHG PHaQ 
VTXaUH HUURUV 

 

OQFH WKH WUaLQLQJ aQG WKH WHVWLQJ GaWa ZHUH PRGHOOHG 
aFFXUaWHO\ aQG WKH UHVXOWV ZHUH VaWLVI\LQJ, WKH QH[W VWHS ZaV WR 
RSWLPL]H WKH XVHU GHILQHG SaUaPHWHUV RI OaWHQW YaULabOH aQG SaVW 
KRUL]RQ. IW LV QHFHVVaU\ WR RbWaLQ WKHVH SaUaPHWHUV VLQFH WKHUH 
LV QR VHW QXPbHU aYaLOabOH IRU WKLV LQ WKH OLWHUaWXUH aQG LW LV 
FUXFLaO WKaW WKH QXPbHU RI SaVW GaWa SRLQWV bHLQJ XVHG LV WKH 
VaPH IRU HaFK VXbMHFW. MRUHRYHU, WKH ORZHVW MSE RbWaLQHG GXH 
WR WKHVH RSWLPL]HG SaUaPHWHUV PaNHV WKH PLS PRGHO ILW WKH 
GaWa bHWWHU.  TKHVH SaUaPHWHUV ZHUH RSWLPL]HG b\ H[SOLFLW 

HQXPHUaWLRQ aQG JULG VHaUFK aSSURaFK WR PLQLPL]H WKH 
PHaQ VTXaUH HUURU (MSE).   

 

FLJXUH 8: MHaQ PRSXOaWLRQ PUHGLFWLRQ EUURU YV PaVW 
HRUL]RQV.  

 

FLJXUH 9: MHaQ PRSXOaWLRQ PUHGLFWLRQ EUURU YV NXPbHU 
RI PLS LaWHQW VaULabOHV.  

TKH QXPbHU RI YaULabOHV XVHG ZaV VHOHFWHG baVHG RQ WKH 
QXPbHU RI SULRU GaWa SRLQWV XVHG aQG WKH ORZHVW HUURU 
YaOXH. FURP WKH ILJXUHV abRYH, LW FaQ bH VHHQ WKaW OaWHQW 
YaULabOHV RI 5 aQG SaVW KRUL]RQ RI 5 (25 PLQXWHV aKHaG) 
JLYH WKH ORZHVW MSE IRU 135 VXbMHFWV. HHQFH, WKHVH 
RSWLPL]HG SaUaPHWHUV ZHUH VHOHFWHG aQG HYHU\ ILJXUH LQ 
WKLV SaSHU KaV bHHQ FUHaWHG XVLQJ WKHVH RSWLPL]HG 
SaUaPHWHUV.  

 

V.DI6C866I21  

TKHVH ILQGLQJV VXJJHVW WKaW WKH PLS PRGHO ILWV WKH UHaO-
WLPH GaWa ZHOO aQG GHPRQVWUaWHV WKH aVVRFLaWHG HUURUV 
ZLWK RSWLPL]HG SaUaPHWHUV RI SaVW KRUL]RQ aQG QXPbHU 
RI OaWHQW YaULabOHV WKaW ZLOO bH XVHG LQ WKH IXWXUH 
UHVHaUFK WR GHYHORS WKLV PRGHO IXUWKHU. BHLQJ abOH WR 
PaNH aFFXUaWH SUHGLFWLRQV RI bORRG JOXFRVH 
FRQFHQWUaWLRQ HQabOHV WKH SaWLHQW WR IXUWKHU bH abOH WR 
PaQaJH WKHLU bORRG JOXFRVH OHYHOV ZHOO. TKH PaMRU 
VLJQLILFaQFH RI WKHVH ILQGLQJV FaQ bH XWLOL]HG IRU IXWXUH 
UHVHaUFK ZRUN LQ GHYHORSLQJ aQ aOaUP V\VWHP ZKHUH WKH 
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VHQVRU FDQ DFFXUDWHO\ SUHGLFW WKH JOXFRVH OHYHOV DQG EDVHG RQ 
WKDW VRXQG DQ DODUP LI WKH SDWLHQW ZLOO FURVV WKH K\SHUJO\FHPLD 
WKUHVKROG OLPLW LQ WKH IXWXUH.  B\ SUHGLFWLQJ DFFXUDWHO\ IXUWKHU 
LQWR WKH IXWXUH, SURDFWLYH HDUO\ ZDUQLQJV ZLOO EH SURYLGHG WR WKH 
XVHU RQ LPSHQGLQJ K\SHUJO\FHPLD HYHQWV. 8VLQJ WKH RSWLPL]HG 
SDUDPHWHUV ZDV VXFFHVVIXO VLQFH LW KHOSHG HOLPLQDWH ODUJH 
VRXUFHV RI HUURU.  

7KH GDWD ZDV REWDLQHG IURP 135 72D SDWLHQWV, KRZHYHU, WKH 
GHPRJUDSKLFV ZHUH QRW IDFWRUHG LQ, LQWR WKLV VWXG\. A JRRG LGHD 
ZRXOG EH WR LQFOXGH GLIIHUHQW W\SHV RI SDUDPHWHUV VXFK DV DJH, 
VH[ DQG RWKHU GHPRJUDSKLF LQIRUPDWLRQ DERXW WKH SDWHLQW WR 
EHWWHU VHH ZKHUH WKH PRGHO FDQ SHUKDSV EUHDNGRZQ.  

FXWXUH UHVHDUFK ZLOO IRFXV RQ GHYHORSLQJ WKH ORJLF LQIHUHQFH 
WKDW ZLOO VRXQG WKH DODUPV EDVHG RQ WKH SUHGLFWLRQV PDGH LQ WKH 
FXUUHQW ZRUN. 7KH ORJLF LQIHUHQFH ZLOO EH GHYHORSHG XVLQJ WKH 
ILUVW- DQG WKH VHFRQG-RUGHU GHULYDWLYHV RI WKH SUHGLFWLRQ FXUYH. 
4XDOLWDWLYH WUHQG DQDO\VLV ZLOO DOVR EH XWLOL]HG WR KHOS ZLWK WKH 
GHYHORSPHQW RI WKLV DODUP V\VWHP. QXaOLWaWLYe WUeQd aQaO\VLV 
LV XVHG WR H[WUDFW LQIRUPDWLRQ IURP WLPH VHULHV GDWD EDVHG RQ 
WKH RYHUDOO EHKDYLRU RI WKH GDWD. A SRO\QRPLDO LV ILW WR D VHFWLRQ 
RI WKH GDWD WR SURYLGH D GLIIHUHQWLDEOH IXQFWLRQ. 7KH ILUVW DQG 
VHFRQG GHULYDWLYHV RI WKLV IXQFWLRQ DUH WKHQ IRXQG DQG 
HYDOXDWHG. 7KH VLJQ RI WKH GHULYDWLYHV DIWHU KDYLQJ EHHQ 
HYDOXDWHG DW D VSHFLILF SRLQW WKHQ SURYLGHV LQIRUPDWLRQ DERXW 
WKH GDWD. 7KH ILUVW GHULYDWLYH (G[) GHVFULEHV WKH GLUHFWLRQ DQG 
PDJQLWXGH RI WKH FKDQJH LQ WKH GDWD (L.H. WKH YHORFLW\) DQG FDQ 
TXDQWLI\ ZKHWKHU LW LV LQFUHDVLQJ RU GHFUHDVLQJ LQ YDOXH. 7KH 
VHFRQG GHULYDWLYH (GG[) GHVFULEHV WKH UDWH RI FKDQJH RI WKH 
YHORFLW\ (L.H. WKH DFFHOHUDWLRQ) DQG ZKHWKHU WKH GDWD LV KHDGLQJ 
WRZDUGV D PD[LPXP RU PLQLPXP, DQG FKDQJH LV GHFHOHUDWLQJ 
RU DFFHOHUDWLQJ LQ HLWKHU GLUHFWLRQ. 4XDOLWDWLYH WUHQG DQDO\VLV LV 
XVHIXO IRU K\SHUJO\FHPLD GHWHFWLRQ EHFDXVH WKH RYHUDOO WUHQG 
RI EORRG JOXFRVH FRQFHQWUDWLRQ LV UHODWLYHO\ ZHOO NQRZQ. 
3RVWSUDQGLDO K\SHUJO\FHPLD IROORZV D URXJKO\ SDUDEROLF DUF 
EDVHG RQ WKH FDUERK\GUDWH FRQWHQW RI WKH PHDO DQG SK\VLFDO 
FKDUDFWHULVWLFV RI WKH SHUVRQ. 7KH WUHQGV RXWOLQHG E\ TXDOLWDWLYH 
WUHQG DQDO\VLV FDQ WKHQ EH XVHG WR SURYLGH LQVLJKW DERYH WKH 
IXWXUH WUDMHFWRU\ RI WKH BGC LQ UHDO WLPH. 8VLQJ WKLV, CG0 
VHQVRUV DQG PDFKLQH OHDUQLQJ DOJRULWKPV ZLOO EH DEOH WR 
DXWRPDWH WKH SURFHVV RI PHDO VL]H HVWLPDWLRQ, LPSURYH WKH 
DFFXUDF\ RI WKH FDUERK\GUDWH HVWLPDWLRQV, DQG KHOS UHJXODWH 
K\SHUJO\FHPLD LQ SHRSOH ZLWK 72D. 

 

VI. C21C/86,21  

3DWLHQWV GHDOLQJ ZLWK 72D UHJXODUO\ PHDVXUH WKHLU EORRG 
JOXFRVH FRQFHQWUDWLRQV WR OLYH D KHDOWK\ OLIH. 7KH\ GR VR E\ 
XVLQJ WKH CRQWLQXRXV JOXFRVH PRQLWRULQJ VHQVRU ZKLFK UHFRUGV 
WKH BGC HYHU\ 5 PLQXWHV DQG JLYHV DQ HVWLPDWH WR WKH SDWLHQW 
YLD GLJLWDO DSSOLFDWLRQV. CXUUHQW CG0 VHQVRUV VRXQG DODUPV 
ZKHQ WKH K\SHUJO\FHPLD OHYHO KDV EHHQ FURVVHG, KRZHYHU WKH\ 
FDQQRW PDNH SUHGLFWLRQV DERXW VXFK K\SHUJO\FHPLD HYHQWV.  

7KLV UHVHDUFK SDSHU WDNHV WKH GDWD REWDLQHG IURP CG0 
VHQVRUV DQG ILWV D PDWKHPDWLFDO SUHGLFWLYH PRGHO WR LW. 
7KXV, WKH PDWKHPDWLFDO PRGHO RI 3DUWLDO /HDVW 6TXDUHV 
5HJUHVVLRQ ZDV XVHG WR PRGHO WKH FRQWLQXRXV EORRG 
JOXFRVH FRQFHQWUDWLRQ GDWD REWDLQHG IURP WKH CG0 
VHQVRUV. AIWHU ILWWLQJ WKH PRGHO, WKH SUHGLFWLRQ YDOXHV RI 
WKH BGC ZHUH FDOFXODWHG. 7KH PHDQ VTXDUH HUURU IRU DOO 
WKH IXWXUH SUHGLFWLRQV ZDV DOVR FDOFXODWHG DV ZHOO DV WKH 
RSWLPDO SDUDPHWHUV RI SDVW KRUL]RQ DQG WKH QXPEHU RI 
ODWHQW YDULDEOHV ZHUH GHWHUPLQHG. 8VLQJ WKH RSWLPL]HG 
SDUDPHWHUV, SUHGLFWLRQV RI BGC ZHUH DOVR FDOFXODWHG 
IRU GLIIHUHQW IXWXUH KRUL]RQV. 7KH HUURU DVVRFLDWHG ZLWK 
WKHVH SUHGLFWLRQV DOVR JDYH DQ HVWLPDWH RQ KRZ ZHOO WKH 
PRGHO ZRUNV IRU GLIIHUHQW SDVW DQG IXWXUH KRUL]RQV. 7KLV 
UHVHDUFK ZLOO FHUWDLQO\ HQDEOH SDWLHQWV VXIIHULQJ IURP 
72D WR EHWWHU PDQDJH WKHLU BGC VLQFH WKH\ ZLOO KDYH 
ORQJHU SHULRGV RI WLPH RI NQRZLQJ ZKHWKHU RU QRW WKH\ 
ZLOO VXIIHU D K\SHUJO\FHPLD HYHQW.  

 

9,,. AC.12:/EDGE0E176 

FLQDQFLDO VXSSRUW IRU 3XONLWD JDLQ IURP WKH 3URJUDP IRU 
8QGHUJUDGXDWH 5HVHDUFK EGXFDWLRQ (385E) LQLWLDWLYH 
RI WKH AUPRXU CROOHJH RI EQJLQHHULQJ LV JUDWHIXOO\ 
DFNQRZOHGJHG. 

CRQWULEXWLRQV E\ DU. 5DVKLG DQG 3KD FDQGLGDWH 
AQGUHZ 6KDKLGHKSRXU DUH DOVR JUDWHIXOO\ 
DFNQRZOHGJHG.  
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