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$EVWUDFW

$ QRYHO PHWKRG IRU WKH GHWHUPLQDWLRQ RI UDWH FRQVWDQWV RI UHDFWLRQV� WKH WLPH�YDULDEOH PHWKRG�

LV SURSRVHG LQ WKLV SDSHU� 7KH PHWKRG QHHGV RQO\ WKUHH WLPH SRLQWV �W�� SHDN KHLJKWV �∆� DQG SUH�

SHDN DUHDV �α�� REWDLQHG IURP WKH PHDVXUHG WKHUPRDQDO\WLFDO FXUYH� ,W GRHV QRW UHTXLUH WKH WKHU�

PRNLQHWLF UHDFWLRQ WR EH FRPSOHWHG� ,W XWLOL]HV GDWD�SURFHVVLQJ RQ D FRPSXWHU WR JLYH WKH UDWH FRQ�

VWDQWV� )RXU UHDFWLRQ V\VWHPV� LQFOXGLQJ D ILUVW�RUGHU UHDFWLRQ� VHFRQG�RUGHU UHDFWLRQV �ZLWK HTXDO

FRQFHQWUDWLRQV DQG ZLWK XQHTXDO FRQFHQWUDWLRQV� DQG D WKLUG�RUGHU UHDFWLRQ� ZHUH VWXGLHG ZLWK WKLV

PHWKRG� 7KH PHWKRG ZDV YDOLGDWHG DQG LWV WKHRUHWLFDO EDVLV ZDV YHULILHG E\ WKH H[SHULPHQWDO UHVXOWV�

.H\ZRUGV� FDORULPHWU\� WKHUPRNLQHWLFV� WLPH YDULDEOH PHWKRG

,QWURGXFWLRQ

7KH FDORULPHWULF VWXG\ RI FKHPLFDO NLQHWLFV LV D YHU\ LQWHUHVWLQJ DQG VLJQLILFDQW
WHFKQLTXH� 2Q WKH EDVLV RI WKH IXQGDPHQWDO WKHRU\ RI WKHUPRNLQHWLFV� VHYHUDO WKHU�
PRNLQHWLF UHVHDUFK PHWKRGV KDYH EHHQ SURSRVHG WR GHWHUPLQH UDWH FRQVWDQWV RI
FKHPLFDO UHDFWLRQV LQ D FRQGXFWLRQ FDORULPHWHU� LQFOXGLQJ WKH GLPHQVLRQOHVV SDUDPH�
WHU PHWKRG >�−�@� WKH UHGXFHG�H[WHQW PHWKRG >�@� DQG WKH DQDORJ WKHUPRDQDO\WLFDO
FXUYH PHWKRG >�@� 7KHVH PHWKRGV DOO QHHG D FRPSOHWHG WKHUPRDQDO\WLFDO FXUYH IRU
WKH DFTXLVLWLRQ RI GDWD IRU DQDO\VLV� ,Q WKH SUHVHQW SDSHU� D QRYHO WKHUPRNLQHWLF UH�
VHDUFK PHWKRG� GHULYHG IURP EDVLF HTXDWLRQV RI WKHUPRNLQHWLFV DQG LQYROYLQJ D GDWD�
SURFHVVLQJ PHWKRG RQ D FRPSXWHU� LV SURSRVHG� 7KH PHWKRG GRHV QRW UHTXLUH WKH
WKHUPRNLQHWLF UHDFWLRQ WR EH FRPSOHWHG� ,W QHHGV RQO\ WKUHH WLPH SRLQWV DQG WKH FRU�
UHVSRQGLQJ SHDN KHLJKWV DQG SUH�SHDN DUHDV WR FDOFXODWH WKH UDWH FRQVWDQWV RI WKH
VWXGLHG UHDFWLRQV� 7KLV PHWKRG LV FRQVLGHUHG VXLWDEOH IRU WKHUPRNLQHWLF VWXGLHV RI
FKHPLFDO DQG ELRFKHPLFDO UHDFWLRQV�

7KHRU\�DQG�PHWKRG

)URP IXQGDPHQWDO WKHRULHV RI WKHUPRNLQHWLFV >�@� WKH WKHUPRNLQHWLF HTXDWLRQ IRU
DQ LUUHYHUVLEOH UHDFWLRQ FDQ EH H[SUHVVHG DV
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$NDGpPLDL .LDGy� %XGDSHVW

.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW

 $XWKRU WR ZKRP DOO FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG�
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DQG ZH WKHUHIRUH KDYH
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(TXDWLRQ ��� LV WKH PDWKHPDWLFDO PRGHO RI WKH WLPH�YDULDEOH SDUDPHWHU� 7KH YDO�
XHV RI $�� $�� $� DQG $R DUH FDOFXODWHG IURP WKH FRUUHVSRQGLQJ WKHUPRDQDO\WLFDO GDWD�
DQG KHQFH IRU D UHDFWLRQ RI NQRZQ RUGHU .Q LV WKH RQO\ XQNQRZQ SDUDPHWHU LQ
(T� ���� 7KURXJK WKH XVH RI D GDWD�SURFHVVLQJ PHWKRG RQ D FRPSXWHU� WKH URRW FDQ EH
FDOFXODWHG IRU WKLV HTXDWLRQ� 7KXV� WKH NLQHWLF SDUDPHWHU .Q FDQ EH REWDLQHG�

([SHULPHQWDO

5HDFWLRQ V\VWHPV

,Q RUGHU WR WHVW WKH YDOLGLW\ RI WKH WLPH�YDULDEOH PHWKRG� ZH KDYH VWXGLHG WKH IRO�
ORZLQJ UHDFWLRQ V\VWHPV�

• $ SVHXGR�ILUVW�RUGHU UHDFWLRQ� WKH VDSRQLILFDWLRQ RI HWK\O DFHWDWH LQ WKH SUHVHQFH
RI D ODUJH H[FHVV RI HVWHU RU DONDOL� ,Q WKLV FDVH� WKH UHDFWLRQ FDQ EH WUHDWHG DV D
SVHXGR�ILUVW�RUGHU UHDFWLRQ� ZLWK� N�

∗=N�>2+
−
@ �DONDOL LQ H[FHVV� RU N�

∗=N�>HVWHU@ �HVWHU
LQ H[FHVV��

• $ VHFRQG�RUGHU UHDFWLRQ ZLWK HTXDO FRQFHQWUDWLRQV� WKH VDSRQLILFDWLRQ RI HWK\O
DFHWDWH LQ DTXHRXV VROXWLRQ DW ��R&�

• $ VHFRQG�RUGHU UHDFWLRQ ZLWK XQHTXDO FRQFHQWUDWLRQV� WKH VDSRQLILFDWLRQ RI
HWK\O EXW\UDWH LQ ��� �Y�Y� HWKDQRO�ZDWHU VROXWLRQ DW ��R&�

• $ WKLUG�RUGHU UHDFWLRQ� WKH ULQJ�RSHQLQJ UHDFWLRQ RI HSLFKORURK\GULQ ZLWK K\�
GUREURPLF DFLG LQ DTXHRXV VROXWLRQ DW ��R&�

5HDJHQWV

(SLFKORURK\GULQ� ��� K\GUREURPLF DFLG DTXHRXV VROXWLRQ� HWK\O DFHWDWH� HWK\O
EXW\UDWH� HWKDQRO DQG SRWDVVLXP K\GUR[LGH ZHUH DOO DQDO\WLFDOO\ SXUH UHDJHQWV�
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'HLRQL]HG GLVWLOOHG ZDWHU ZDV XVHG LQ DOO VROXWLRQV� 7KH FRQFHQWUDWLRQ RI SRWDVVLXP
K\GUR[LGH LQ VROXWLRQ ZDV VWDQGDUGL]HG ZLWK SRWDVVLXP K\GURJHQ SKWKDODWH�

$SSDUDWXV

$ EDWFK FRQGXFWLRQ FDORULPHWHU� ZKRVH EDVLF FRQVWUXFWLRQ ZDV VLPLODU WR WKDW RI
WKH &DOYHW FDORULPHWHU >�@� ZDV DSSOLHG WR PHDVXUH WKH WKHUPRDQDO\WLFDO FXUYHV RI WKH
VWXGLHG UHDFWLRQ V\VWHP� 7KH HIIHFWV RI PL[LQJ� GLOXWLRQ� VWLUULQJ DQG HYDSRUDWLRQ LQ
WKH ZRUNLQJ FHOO VKRXOG EH FRPSHQVDWHG IRU E\ WKH FRUUHVSRQGLQJ HIIHFWV SURGXFHG
LQ WKH UHIHUHQFH FHOO� 7KH WKHUPRDQDO\WLFDO GDWD ZHUH FROOHFWHG DQG UHFRUGHG E\ D
FRPSXWHU DQG WKH PHDVXUHG FXUYHV ZHUH SULQWHG RXW�

5HVXOWV�DQG�GLVFXVVLRQ

7KH FDOFXODWHG UHVXOWV DQG H[DPSOHV RI WKHUPRDQDO\WLFDO FXUYH DQDO\VLV RI WKH
DERYH�PHQWLRQHG UHDFWLRQ V\VWHPV ZLWK XVH RI WKH WLPH�YDULDEOH PHWKRG DUH OLVWHG LQ
7DEOHV �−�� ,W FDQ EH VHHQ IURP WKHVH 7DEOHV WKDW WKH UHVXOWV FDOFXODWHG YLD WKH WLPH�
YDULDEOH PHWKRG DUH LQ JRRG DJUHHPHQW ZLWK WKRVH WR EH IRXQG LQ WKH OLWHUDWXUH� 7KH
UHVXOWV VKRZ WKDW WKH FDOFXODWHG UDWH FRQVWDQWV DUH TXLWH UHSURGXFLEOH DQG VHOI�FRQVLV�
WHQW� 7KXV� WKH WLPH�YDULDEOH PHWKRG LV YHULILHG DV EHLQJ D FRUUHFW PHWKRG�

7KH WLPH�YDULDEOH PHWKRG GRHV QRW QHHG WKH WKHUPRNLQHWLF UHDFWLRQ WR EH FRP�
SOHWHG� 7KHUHIRUH� LW FDQ EH H[WUHPHO\ XVHIXO IRU WZR NLQGV RI UHDFWLRQV� UHDFWLRQV ZLWK
YHU\ ORZ UDWHV �WKH ORQJ UHDFWLRQ WLPHV RI VXFK UHDFWLRQV UHVXOW LQ GULIW RI WKH EDVHOLQH
RI WKH WKHUPRDQDO\WLFDO FXUYH� ZKLFK FDXVHV HUURU LQ WKH FDOFXODWHG UHVXOWV�� DQG UHDF�
WLRQV LQYROYLQJ VLGH�UHDFWLRQV LQ WKH ILQDO VWDJH RI WKH UHDFWLRQ� 7KH KHDW HIIHFWV SUR�
GXFHG LQ WKH VLGH�UHDFWLRQV LQIOXHQFH WKH FDOFXODWHG UHVXOWV RI WKH VWXGLHG UHDFWLRQ� $G�
GLWLRQDOO\� WKLV PHWKRG LV VXLWDEOH IRU VWXG\LQJ UHODWLYHO\ IDVW UHDFWLRQV� $V DQ H[DP�
SOH� WKH VDSRQLILFDWLRQ RI HWK\O DFHWDWH LV D UHODWLYHO\ IDVW UHDFWLRQ �7DEOHV �−���
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7KH WLPH�YDULDEOH PHWKRG FDQ DOVR EH VXLWDEOH IRU LQYHVWLJDWLQJ WKH NLQHWLFV RI DQ
XQNQRZQ UHDFWLRQ� )RU DQ XQNQRZQ UHDFWLRQ� WKH NLQHWLF SDUDPHWHU DQG UHDFWLRQ RU�
GHU FDQ EH GHWHUPLQHG E\ PHDQV RI D KHXULVWLF PHWKRG� 7KH UDWH FRQVWDQW RI WKH VWXG�
LHG UHDFWLRQ PD\ EH FDOFXODWHG ZLWK D SUHVXPHG UHDFWLRQ RUGHU E\ XVLQJ WKLV PHWKRG�
,I WKH UDWH FRQVWDQWV DUH LQ DJUHHPHQW ZLWK HDFK RWKHU IRU GLIIHUHQW LQLWLDO FRQFHQWUD�
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WLRQV RI WKH UHDFWDQWV� WKHQ WKH SUHVXPHG UHDFWLRQ RUGHU LV WKH RUGHU RI WKH XQNQRZQ
UHDFWLRQ�

7KH PHWKRG LV VLPSOH FRQVLGHULQJ WKH GDWD�SURFHVVLQJ ZLWK D FRPSXWHU� 7KH
FKRLFH RI WKUHH WLPH SRLQWV LV UDQGRP� +RZHYHU� VLQFH VXEWUDFWLRQ LV LQYROYHG LQ $��
$�� $� DQG $R� LW LV EHVW WR FKRRVH WKUHH SRLQWV ZKHUH WKH ∆ YDOXHV DUH TXLWH GLIIHUHQW
IURP HDFK RWKHU� LQ RUGHU WR PDNH WKH HUURU VPDOOHVW� )RU WKH VDPH UHDVRQ� LW LV EHVW
WR FKRRVH WKH WLPH SRLQWV DW HTXDO LQWHUYDOV �∆=W�−W�=W�−W���

2YHUDOO� DV D QRYHO PHWKRG IRU WKH GHWHUPLQDWLRQ RI UDWH FRQVWDQWV� WLPH�YDULDEOH
PHWKRG FDQ EH ZLGHO\ XVHG WR VWXG\ FKHPLFDO DQG ELRFKHPLFDO UHDFWLRQV�

  

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD �JUDQW

����������

5HIHUHQFHV
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