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QDWXUDO IORZ RI VRIWZDUH GHYHORSPHQW� 7KHUHIRUH� LW FDQ EH

XVHG WR GHVFULEH WKH DFWXDO FRQVXPSWLRQ RI UHVRXUFHV

GXULQJ VRIWZDUH GHYHORSPHQW SURFHVV DQG JHW D

FRQVSLFXRXV LPSURYHPHQW LQ PRGHOLQJ WHVWLQJ�HIIRUW

H[SHQGLWXUHV� )XUWKHUPRUH� ZH ZLOO LQFRUSRUDWH WKH

JHQHUDOL]HG ORJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ LQWR VRIWZDUH

UHOLDELOLW\ PRGHOLQJ DQG LWV IDXOW�SUHGLFWLRQ FDSDELOLW\ LV
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WHFKQLTXHV RU WRROV RQ LQFUHDVLQJ WKH HIILFLHQF\ RI VRIWZDUH

WHVWLQJ� 1HZ WHVWLQJ WHFKQLTXHV ZLOO XVXDOO\ LQFUHDVH WHVW

FRYHUDJH� :H SURSRVH D PRGLILHG VRIWZDUH UHOLDELOLW\ FRVW

PRGHO WR UHIOHFW WKHVH HIIHFWV� )URP WKH VLPXODWLRQ UHVXOWV�

ZH REWDLQ D SRZHUIXO VRIWZDUH HFRQRPLF SROLF\ ZKLFK
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IDFW� WR GHWHFW DGGLWLRQDO IDXOWV GXULQJ WKH WHVW SKDVH RI D
VRIWZDUH GHYHORSPHQW SURFHVV� WKH WHVWHUV RU GHEXJJHUV
PD\ XVH VRPH QHZ DXWRPDWHG WRROV RU PHWKRGV WKDW DUH MXVW
GLVFRYHUHG DQG EHFRPH DYDLODEOH� 7KHVH WRROV� WHFKQLTXHV
RU PHWKRGV FDQ JUHDWO\ KHOS WKH GHYHORSHUV DQG WHVWHUV WR
FUHDWH WHVWV DQG HOLPLQDWH VRPH UHGXQGDQW WHVW FDVHV� $V
WLPH SURJUHVVHV� WKH\ FDQ GHWHFW DGGLWLRQDO IDXOWV GXULQJ
WHVWLQJ� ZKLFK VDYHV WKH JUHDWHU H[SHQVH RI FRUUHFWLQJ
IDXOWV GXULQJ WKH RSHUDWLRQDO SKDVH� 7KHVH DSSURDFKHV KDYH
LPSURYHG VRIWZDUH WHVWLQJ DQG SURGXFWLYLW\ UHFHQWO\�
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UHOLDELOLW\ FRVW PRGHO DQG YLHZHG DV WKH LQYHVWPHQW
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VSHHG XS WKH VRIWZDUH SURGXFW UHOHDVH LQ WKH FRPPHUFLDO
PDUNHW� ,Q WKLV SDSHU� ZH SURSRVH D QHZ UHOLDELOLW\ FRVW
PRGHO WKDW SURYLGHV D PHDQV RI DVVHVVLQJ ZKHWKHU WKH
VRIWZDUH FRVW LV XQGHU FRQWURO DQG WKH VRIWZDUH TXDOLW\ LV
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VRIWZDUH WHVWHUV DQG VRIWZDUH TXDOLW\ DVVXUDQFH �64$�
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WHVWLQJ�HIIRUW FRQVXPSWLRQ �VXFK DV YROXPH RI WHVW FDVHV�
KXPDQ SRZHU� &38 WLPH� DQG VR RQ� DW WLPH W GXULQJ WKH
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HIIRUW FDQ LQGLFDWH KRZ HIIHFWLYH WKH IDXOWV DUH GHWHFWHG LQ
WKH VRIWZDUH� 7KHUHIRUH� WKLV IXQFWLRQ SOD\V DQ LPSRUWDQW
UROH LQ PRGHOLQJ VRIWZDUH UHOLDELOLW\ DQG LW FDQ EH
GHVFULEHG E\ GLIIHUHQW GLVWULEXWLRQV� )URP WKH VWXGLHV LQ
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( ) �
�

@�H[S>@�H[S>@H[S>�

@H[S>
��

��

WW

$

1$

W$

W1$
WZ

αα

α

α

αα

−+

=
−+

−×
= ���

ZKHUH 1 LV WKH WRWDO DPRXQW RI WHVWLQJ HIIRUW WR EH

HYHQWXDOO\ FRQVXPHG� α LV WKH FRQVXPSWLRQ UDWH RI
WHVWLQJ�HIIRUW H[SHQGLWXUHV� DQG $ LV D FRQVWDQW�

7KH FXPXODWLYH WHVWLQJ HIIRUW FRQVXPSWLRQ RI /RJLVWLF
WHVWLQJ�HIIRUW IXQFWLRQ LQ WLPH ��� W@ LV

@H[S>�
��

W$

1
W:

α−+
= ���

DQG δδ GZW:
W∫=
�

���� ���

%HVLGHV� WKH WHVWLQJ HIIRUW Z�W� UHDFKHV LWV PD[LPXP YDOXH
DW WLPH

α
$

W
OQ

PD[
= ���

����� $ JHQHUDOL]HG /RJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ

)URP WKH SUHYLRXV VWXGLHV LQ >���@� ZH NQRZ WKDW WKH

Authorized licensed use limited to: Chinese University of Hong Kong. Downloaded on April 30,2021 at 08:36:05 UTC from IEEE Xplore.  Restrictions apply. 



/RJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ �L�H� WKH 3DUU PRGHO >��@� LV
EDVHG RQ D GHVFULSWLRQ RI WKH DFWXDO VRIWZDUH GHYHORSPHQW
SURFHVV DQG FDQ EH XVHG WR GHVFULEH WKH ZRUN SURILOH RI
VRIWZDUH GHYHORSPHQW� ,Q DGGLWLRQ� WKLV IXQFWLRQ FDQ EH
XVHG WR FRQVLGHU DQG HYDOXDWH WKH HIIHFWV RI SRVVLEOH
LPSURYHPHQWV RQ VRIWZDUH GHYHORSPHQW PHWKRGRORJ\�
VXFK DV WRS�GRZQ GHVLJQ RU VWHSZLVH UHILQHPHQW�
7KHUHIRUH� LI ZH UHOD[ VRPH DVVXPSWLRQV ZKHQ GHULYLQJ WKH
RULJLQDO 3DUU PRGHO DQG WDNH LQWR DFFRXQW WKH VWUXFWXUHG
GHYHORSPHQW HIIRUW� ZH REWDLQ D JHQHUDOL]HG /RJLVWLF
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7KH ILUVW GDWD VHW LV IURP 2KED >��@ ZKHUH WKH WHVWLQJ

WLPH LV PHDVXUHG LQ &38 KRXUV� 7KH0D[LPXP /LNHOLKRRG

(VWLPDWLRQ DQG /HDVW 6TXDUHV (VWLPDWLRQ DUH XVHG WR

HVWLPDWH WKH SDUDPHWHUV RI (T� ���� (T� ���� DQG (T� �����

DQG ZH VXEVWLWXWH WKH FDOFXODWHG QRUPDOL]LQJ YDOXH IRU β�
7KH HVWLPDWHG YDOXHV RI SDUDPHWHUV IRU WKH JHQHUDOL]HG

ORJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ DUH OLVWHG LQ 7DEOH �� )URP

7DEOH �� κ  ������� LV WKH UHDO HVWLPDWHG YDOXH IRU WKH ILUVW
GDWD VHW DQG WKH RWKHU SRVVLEOH YDOXHV RI κ DUH SUH�

FDOFXODWHG� )LJXUH � GHSLFWV WKH ILWWLQJ RI WKH HVWLPDWHG

FXUUHQW WHVWLQJ HIIRUW E\ XVLQJ JHQHUDOL]HG ORJLVWLF WHVWLQJ�

HIIRUW IXQFWLRQ� LQ ZKLFK ZH ILQG WKDW WKH SHDN ZRUN UDWH

RFFXUV ZKHQ DERXW KDOI RI WKH ZRUN RQ WKH SURMHFW KDV EHHQ

GRQH� 7KLV SKHQRPHQRQ FDQ EH LQWHUSUHWHG DV WKDW LQ D

ZHOO�VWUXFWXUHG VRIWZDUH GHYHORSPHQW HQYLURQPHQW� WKH

VORSH RI WKH WHVWLQJ�HIIRUW FRQVXPSWLRQ FXUYH PD\ JURZ

VORZO\ LQLWLDOO\� EXW D FRPSHQVDWLQJ UHGXFWLRQ ZLOO KDSSHQ

ODWHU� 7DEOH � VKRZV WKH HVWLPDWHG YDOXHV RI SDUDPHWHUV E\

XVLQJ GLIIHUHQW 65*0V DQG WZR FRPSDULVRQ FULWHULD�

$FFXUDF\ RI (VWLPDWLRQ �$(� DQG 0HDQ RI 6TXDUH )LWWLQJ

)DXOWV �06)� >���@� 7KH VPDOOHU 06) DQG $( LQGLFDWH

IHZHU QXPEHU RI ILWWLQJ IDXOWV DQG EHWWHU SHUIRUPDQFH�

)URP 7DEOH �� ZH NQRZ WKDW ZKHQ WKH YDOXH RI κ YDULHV
IURP � WR �� ERWK 06) DQG $( ZLOO EH OHVV WKDQ RWKHU

H[LVWLQJ 65*0V� WKHUHIRUH� LW LV FRQFHLYDEOH WKDW WKH

SURSRVHG PRGHO KDV D EHWWHU JRRGQHVV�RI�ILW�

     Table 1: Parameters of generalized logistic
                    testing-effort function for the first
                    data set.
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Figure 1: Observed/estimated testing-effort
                     vs. time for the first data set.

Table 2: Comparison results for the first
                      data set.
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����� 1XPHULFDO H[DPSOH �
7KH VHFRQG GDWD VHW LV FLWHG IURP 0XVD HW DO� >���@� 7KH

VRIWZDUH ZHUH WHVWHG IRU �� ZHHNV ����� &38 +RXUV ZHUH
XVHG� DQG ��� IDXOWV ZHUH GHWHFWHG� 7KH 0D[LPXP

/LNHOLKRRG (VWLPDWLRQ DQG /HDVW 6TXDUHV (VWLPDWLRQ DUH
XVHG WR HVWLPDWH WKH SDUDPHWHUV RI WKH (T� ���� (T� ���� DQG
(T� ���� DQG ZH VXEVWLWXWH WKH FDOFXODWHG QRUPDOL]LQJ YDOXH

IRU β� 7KH HVWLPDWHG YDOXHV IRU WKH SDUDPHWHUV DUH OLVWHG LQ
7DEOH �� ,Q IDFW� IURP 7DEOH �� κ  ������� LV WKH UHDO
HVWLPDWHG YDOXH IRU WKH VHFRQG GDWD VHW DQG RWKHU SRVVLEOH

YDOXHV RI κ DUH SUH�FDOFXODWHG� )LJXUH � GHSLFWV WKH ILWWLQJ
RI WKH HVWLPDWHG FXUUHQW WHVWLQJ HIIRUW E\ XVLQJ JHQHUDOL]HG
ORJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ� 7DEOH � VKRZV WKH
HVWLPDWHG YDOXHV RI SDUDPHWHUV DQG WKH FRPSDULVRQ UHVXOWV
EHWZHHQ WKH REVHUYHG DQG WKH HVWLPDWHG YDOXHV REWDLQHG E\
WKH RWKHU 65*0V� 6LPLODUO\� VPDOOHU $( DQG 06) LQGLFDWH
OHVV ILWWLQJ HUURUV DQG EHWWHU SHUIRUPDQFH� :H ILQG WKDW

ZKHQ WKH YDOXH RI κ YDULHV IURP ��� WR ���� ERWK 06) DQG
$( ZLOO EH OHVV WKDQ RWKHU H[LVWLQJ 65*0V� +HQFH� ZH
VWLOO FDQ FRQFOXGH WKDW WKH SURSRVHG PRGHO LV JRRG HQRXJK
WR JLYH D PRUH DFFXUDWH GHVFULSWLRQ RI UHVRXUFH
FRQVXPSWLRQ GXULQJ WKH VRIWZDUH GHYHORSPHQW SKDVH DQG
JLYHV D EHWWHU ILW LQ WKLV H[SHULPHQW�

Table 3: Parameters of generalized logistic
                    testing-effort function for the
                    second data set.
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Figure 2: Observed/estimated testing-effort
                      vs. time for the second data set.  

Table 4: Comparison results for the second
                    data set.
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����� 1XPHULFDO H[DPSOH �
7KH WKLUG VHW RI UHDO GDWD LV WKH SDWWHUQ RI GLVFRYHU\ RI

IDXOWV LQ WKH VRIWZDUH WKDW VXSSRUWHG 6SDFH 6KXWWOH IOLJKWV
676�� 676�� 676� DW WKH -RKQVRQ 6SDFH &HQWHU >��@� 7KH
V\VWHP LV DOVR D UHDO�WLPH FRPPDQG DQG FRQWURO
DSSOLFDWLRQ� $ ZHHNO\ VXPPDU\ RI VRIWZDUH WHVW KRXUV DQG
WKH IDXOWV RI YDULRXV VHYHULW\ GLVFRYHUHG LV JLYHQ LQ >��@�
7KH FXPXODWLYH QXPEHU RI GLVFRYHUHG IDXOWV XS WR WKLUW\�
HLJKW ZHHNV LV ���� 6LPLODUO\� WKH 0D[LPXP /LNHOLKRRG

(VWLPDWLRQ DQG /HDVW 6TXDUHV (VWLPDWLRQ DUH XVHG WR
HVWLPDWH WKH SDUDPHWHUV RI WKH (T� ���� (T� ���� DQG (T� �����

DQG ZH VXEVWLWXWH FRUUHFW QRUPDOL]LQJ YDOXH IRU β� 7KH
HVWLPDWHG YDOXHV RI SDUDPHWHUV IRU WKH JHQHUDOL]HG ORJLVWLF
WHVWLQJ�HIIRUW IXQFWLRQ DUH OLVWHG LQ 7DEOH �� ,Q IDFW� IURP

7DEOH �� κ  ������� LV UHDO HVWLPDWHG YDOXH IRU WKLV GDWD VHW
DQG WKH RWKHU SRVVLEOH YDOXHV RI κ DUH SUH�FDOFXODWHG�
)LJXUH � GHSLFWV WKH ILWWLQJ RI WKH HVWLPDWHG FXUUHQW WHVWLQJ
HIIRUW E\ XVLQJ JHQHUDOL]HG ORJLVWLF WHVWLQJ�HIIRUW IXQFWLRQ�
7DEOH � VKRZV WKH HVWLPDWHG YDOXHV RI SDUDPHWHUV E\ XVLQJ
GLIIHUHQW 65*0V DQG WKH FRPSDULVRQ FULWHULD� 7KHUHIRUH�
WKH HVWLPDWLRQ UHVXOWV RI LQGLYLGXDO PRGHOV VKRZ WKDW WKH
SURSRVHG PRGHO JLYHV WKH EHWWHU $(�

Table 5: Parameters of generalized logistic
                    testing-effort function for the third
                    data set.
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Figure 3: Observed/estimated testing-effort
                      vs. time for the third data set.

Table 6: Comparison results for the third
                      data set.
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����� 1XPHULFDO H[DPSOH �
7KH IRXUWK VHW RI UHDO GDWD LV WKH SDWWHUQ RI GLVFRYHU\ RI

IDXOWV E\ 7KRPD LQ >��@� 7KH GHEXJJLQJ WLPH DQG WKH
QXPEHU RI GHWHFWHG IDXOWV SHU GD\ DUH UHSRUWHG� 7KH
FXPXODWLYH QXPEHU RI GLVFRYHUHG IDXOWV XS WR WZHQW\�WZR
GD\V LV �� DQG WKH WRWDO FRQVXPHG GHEXJJLQJ WLPH LV ��
&38 KRXUV� $OO GHEXJJLQJ GDWD DUH XVHG LQ WKLV
H[SHULPHQW� 6LPLODUO\� ZH FDQ HVWLPDWH HDFK SDUDPHWHU E\
WKH 0D[LPXP /LNHOLKRRG (VWLPDWLRQ DQG /HDVW 6TXDUHV
(VWLPDWLRQ LQ WKH SURSRVHG 65*0 DQG WKH\ DUH VKRZQ LQ

7DEOH �� ,Q IDFW� IURP 7DEOH �� κ  ������� LV UHDO HVWLPDWHG
YDOXH IRU WKLV GDWD VHW DQG WKH RWKHU SRVVLEOH YDOXHV RI κ DUH
SUH�FDOFXODWHG� )LJXUH � GHSLFWV WKH ILWWLQJ RI WKH HVWLPDWHG
FXUUHQW WHVWLQJ HIIRUW E\ XVLQJ JHQHUDOL]HG ORJLVWLF WHVWLQJ�
HIIRUW IXQFWLRQ� 7DEOH � VKRZV WKH HVWLPDWHG YDOXHV RI
SDUDPHWHUV E\ XVLQJ GLIIHUHQW 65*0V DQG WKH FRPSDULVRQ
FULWHULD� 7KHUHIRUH� LQ WKLV GDWD VHW� ZH FRQFOXGH WKDW RXU
SURSRVHG PRGHO JHWV D UHDVRQDEOH SUHGLFWLRQ LQ HVWLPDWLQJ
WKH QXPEHU RI VRIWZDUH IDXOWV DQG ILWV WKLV GDWD VHW EHWWHU
WKDQ RWKHUV�

Table 7: Parameters of generalized logistic
                    testing-effort function for the fourth
                    data set.

1 $ α κ
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Figure 4: Observed/estimated testing-effort
                      vs. time for the fourth data set.

. �

. �������

. �

. �

$FWXDO

. �

. �������

. �

. ���

$FWXDO

Authorized licensed use limited to: Chinese University of Hong Kong. Downloaded on April 30,2021 at 08:36:05 UTC from IEEE Xplore.  Restrictions apply. 



Table 8: Comparison results for the fourth
                     data set.
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�� 2SWLPDO UHOHDVH WLPH LQFRUSRUDWLQJ WHVW

HIILFLHQF\

,Q WKH ODVW VHFWLRQ ZH GHVFULEH D JHQHUDOL]HG DSSURDFK WR
LQFRUSRUDWH WHVWLQJ HIIRUW LQWR VRIWZDUH UHOLDELOLW\ PRGHOV�
,Q WKLV VHFWLRQ ZH ZLOO LGHQWLI\ WKH HIILFLHQF\ RI WHVWLQJ DQG
VWXG\ LWV LPSDFW RQ VRIWZDUH UHOLDELOLW\� ,Q SDUWLFXODU� ZH
GLVFXVV KRZ WR LQFRUSRUDWH WHVWLQJ HIILFLHQF\ LQWR
UHOLDELOLW\ PRGHOV DQG KRZ WR GHWHUPLQH WKH RSWLPDO
VRIWZDUH UHOHDVH WLPH�

��� ,PSDFW RI QHZ WRROV�WHFKQLTXHV RQ VRIWZDUH

WHVWLQJ HIILFLHQF\

$V VRRQ DV VRIWZDUH FRGLQJ LV FRPSOHWHG� WKH QHFHVVDU\
EXW H[SHQVLYH WHVWLQJ SKDVH VWDUWV� 'XULQJ WKH WHVWLQJ
SKDVH� WKH GHYHORSHUV ZLOO QHHG WR PDNH D VRIWZDUH
UHOLDELOLW\ HYDOXDWLRQ DQG GHWHUPLQH ZKHQ WR VWRS WHVWLQJ�
,I WKH UHVXOWV PHHW WKH UHTXLUHPHQW VSHFLILFDWLRQV DQG WKH
UHOLDELOLW\ FULWHULD DUH DOVR VDWLVILHG� WKHQ WKH VRIWZDUH
SURGXFW LV UHDG\ IRU UHOHDVH� 7KHUHIRUH� DGMXVWLQJ VSHFLILF
SDUDPHWHUV LQ DQ 65*0 DQG DGRSWLQJ WKH FRUUHVSRQGLQJ
DFWLRQV DSSURSULDWHO\ FDQ KHOS WR DFKLHYH WKH JRDO RI
GHWHUPLQLQJ WKH VRIWZDUH UHOHDVH WLPH� 6HYHUDO DSSURDFKHV
FDQ EH DSSOLHG� )RU H[DPSOH� ZH KDYH GLVFXVVHG WKH
DSSOLFDWLRQV RI WHVWLQJ�HIIRUW FRQWURO DQG PDQDJHPHQW
SUREOHP LQ RXU SUHYLRXV VWXG\ >�@� 8VLQJ WKH SURSRVHG
PHWKRGV� ZH FDQ HDVLO\ FRQWURO WKH PRGLILHG FRQVXPSWLRQ
UDWH RI WHVWLQJ�HIIRUW H[SHQGLWXUHV DQG GHWHFW PRUH IDXOWV LQ
D VSHFLILHG WLPH LQWHUYDO� 7KLV PHDQV WKDW WKH GHYHORSHUV
DQG WHVWHUV FDQ GHYRWH WKHLU WLPH DQG UHVRXUFH WR FRPSOHWH
WKHLU WHVWLQJ WDVNV EDVHG RQ ZHOO�FRQWUROOHG H[SHQGLWXUHV�

,Q DGGLWLRQ WR FRQWUROOLQJ WKH WHVWLQJ�HIIRUW H[SHQGLWXUHV�
ZH FDQ DFKLHYH D JLYHQ RSHUDWLRQDO TXDOLW\ DW D VSHFLILHG
WLPH E\ LQWURGXFLQJ QHZ DXWRPDWHG WHVWLQJ WRROV DQG
WHFKQLTXHV� 7KDW LV� WKURXJK WKH DGRSWLRQ RI QHZ WHVWLQJ
WHFKQLTXHV DQG WRROV� ZH FDQ GHWHFW DQG UHPRYH PRUH
DGGLWLRQDO IDXOWV �L�H� WKRVH IDXOWV WKDW DUH QRW HDVLO\
H[SRVHG GXULQJ WKH WHVWLQJ SKDVH�� 7KHVH QHZ PHWKRGV�
KRZHYHU� ZLOO LPSRVH H[WUD VRIWZDUH GHYHORSPHQW FRVW�
)RU H[DPSOH� SURIHVVLRQDO H[SHUWV FDQ KHOS GHYHORSHUV WR
DVVHVV WKH RULJLQDO VRIWZDUH GHYHORSPHQW SURFHVV� WR PHHW

WKHLU TXDOLW\ JRDOV� DQG WR UHGXFH ULVNV� ,Q JHQHUDO� WKHVH
H[WHUQDO SHUVRQQHO FDQ RIIHU HIILFLHQW DQG HIIHFWLYH
DSSURDFKHV WR WHVW SODQQLQJ� PRGXOH�OHYHO XQLW WHVWLQJ� RU
WHVWLQJ VWUDWHJLHV� 0RUHRYHU� PDQ\ DXWRPDWHG WHVWLQJ WRROV
DQG WHFKQLTXHV DUH DYDLODEOH WR LQFUHDVH WHVW FRYHUDJH DQG
UHSODFH WUDGLWLRQDO PDQXDO WHVWLQJ� 7KH EHQHILWV RI
DSSO\LQJ QHZ WHFKQLTXHV DQG WRROV LQFOXGH LQFUHDVHG
VRIWZDUH TXDOLW\� UHGXFHG WHVWLQJ FRVWV� LPSURYHG UHOHDVH
WLPH WR PDUNHW� UHSHDWDEOH WHVW VWHSV� DQG LPSURYHG WHVWLQJ
SURGXFWLYLW\ >�� ��� ��� ��@� &RQVHTXHQWO\� LW LV GHVLUDEOH
WKDW WKHVH H[SHUWV DQG DXWRPDWHG WHVWLQJ WRROV�WHFKQLTXHV
FDQ JUHDWO\ KHOS WKH GHYHORSHUV LQ GHWHFWLQJ DGGLWLRQDO
IDXOWV WKDW DUH GLIILFXOW WR ILQG GXULQJ UHJXODU WHVWLQJ DQG
XVDJH� LQ LGHQWLI\LQJ DQG FRUUHFWLQJ IDXOWV HIIHFWLYHO\� DQG
LQ LPSURYLQJ WKHLU VRIWZDUH GHYHORSPHQW SURFHVVHV�

$Q LPSRUWDQW VWHS WRZDUG WKHVH QHZ DSSURDFKHV� WKHQ�
LV WR RIIHU HQRXJK LQIRUPDWLRQ DERXW WKHVH DSSURDFKHV WR
VRIWZDUH GHYHORSHUV DQG UHOLDELOLW\ HQJLQHHUV� %HIRUH
DGRSWLQJ WKH DXWRPDWHG WHFKQLTXHV DQG WRROV� ZH VKRXOG
JHW TXDQWLWDWLYH LQIRUPDWLRQ IURP WKH LQGXVWULDO GDWD
UHODWLYH WR WKHVH PHWKRGV
 SDVW SHUIRUPDQFH �L�H� WKH
SUHYLRXV WHVWLQJ H[SHULHQFH�� RU JHW TXDOLWDWLYH LQIRUPDWLRQ
IURP WKH HYDOXDWLRQ RQ WKH PHWKRGV
 DWWULEXWHV� %DVLFDOO\�
WKHVH PHWKRGV
 SDVW SHUIRUPDQFH VKRXOG EH HYDOXDWHG LQ
GHWHUPLQLQJ ZKHWKHU WKH\ ZLOO EH VXFFHVVIXO LQ PDQDJLQJ
UHOLDELOLW\ JURZWK >��@� ,Q DGGLWLRQ� WKH\ FDQ EH HYDOXDWHG
E\ SHUIRUPLQJ YDULRXV VLPXODWLRQV EDVHG RQ DFWXDO GDWD
VHWV� )LQDOO\� WKH WHVW WHDP©V FDSDFLW\ LQ DSSO\LQJ WKHVH
WHFKQLTXHV DQG WRROV DQG WKH UHODWHG RSHUDWLRQDO SURILOHV
DOVR SOD\ DQ LPSRUWDQW UROH� :H GLVFXVV KRZ WKH VRIWZDUH
UHOLDELOLW\ PRGHOLQJ SURFHVV FDQ LQFOXGH WKHVH WHVWLQJ
PHWKRGV� DQG KRZ D QHZ RSWLPDO VRIWZDUH UHOHDVH WLPH
SUREOHP FDQ EH IRUPXODWHG DQG VROYHG�

��� 2SWLPDO VRIWZDUH UHOHDVH WLPH SUREOHP

2NXPRWR DQG *RHO >��@ ILUVW GLVFXVVHG WKH VRIWZDUH
RSWLPDO UHOHDVH SROLF\ IURP WKH FRVW�EHQHILW YLHZSRLQW�
7KH WRWDO FRVW RI WHVWLQJ�HIIRUW H[SHQGLWXUHV DW WLPH 7�
&��7�� FDQ EH H[SUHVVHG DV >���� �� ����� ��� ������ ��@�
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&� FRVW RI FRUUHFWLQJ DQ HUURU GXULQJ WHVWLQJ
&� FRVW RI FRUUHFWLQJ DQ HUURU GXULQJ RSHUDWLRQ
&� FRVW RI WHVWLQJ SHU XQLW WHVWLQJ�HIIRUW

H[SHQGLWXUHV�

)URP WKH ZRUN E\ %� %RHKP >��@� ZH NQRZ &�!&� DV&�

LV XVXDOO\ DQ RUGHU RI PDJQLWXGH JUHDWHU WKDQ &�� ,Q RUGHU
WR GHWHFW DGGLWLRQDO IDXOWV GXULQJ WHVWLQJ� WKH WHVWHUV DQG
GHEXJJHUV PD\ XVH QHZ DXWRPDWHG WRROV RU WHFKQLTXHV�
7KH FRVW WUDGH�RII RI WKHVH QHZ WRROV DQG WHFKQLTXHV�
WKHUHIRUH� VKRXOG EH FRQVLGHUHG LQ WKH VRIWZDUH FRVW PRGHO�
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LQFOXGLQJ WKHLU H[SHQGLWXUHV DQG EHQHILWV� &RQVHTXHQWO\�
ZH PRGLI\ WKH RYHUDOO VRIWZDUH FRVW PRGHO DV IROORZV >��@�
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ZKHUH &��7� LV WKH FRVW IXQFWLRQ IRU GHYHORSLQJ DQG
DFTXLULQJ WKH DXWRPDWHG WRROV DQG WHFKQLTXHV WKDW GHWHFW DQ
DGGLWLRQDO IUDFWLRQ 3 RI IDXOWV GXULQJ WHVWLQJ�

:H QRWH WKDW WKH FRVW IRU GHYHORSLQJ DQG DFTXLULQJ QHZ
WRROV RU WHFKQLTXHV� &��7�� GRHV QRW KDYH WR EH D FRQVWDQW
GXULQJ WKH WHVWLQJ� 0RUHRYHU� WKH WHVWLQJ FRVW IRU &��7� FDQ
EH SDUDPHWHUL]HG DQG HVWLPDWHG EDVHG RQ DFWXDO GDWD�
)URP RXU H[SHULHQFH� ZH IRXQG WKDW &��7� PD\ KDYH
GLIIHUHQW IRUPV DV WLPH SURJUHVVHV� ZKLFK GHSHQGV RQ WKH
FKDUDFWHULVWLFV RI D WRRO©V SHUIRUPDQFH� WHVWLQJ HIIRUW
H[SHQGLWXUHV� HIIHFWLYHQHVV� DQG VR RQ� :H FDQ IRUPXODWH
WKLV FRVW IXQFWLRQ DV VLPSOH OLQHDU IXQFWLRQV RU VLPSOH
QRQ�OLQHDU IXQFWLRQV� ,Q JHQHUDO� WKH ORQJHU WKH VRIWZDUH LV
WHVWHG� WKH PRUH WKH WHVWLQJ FRVW &��7�� 8QGHU WKH FRVW�
EHQHILW FRQVLGHUDWLRQV� WKH DXWRPDWHG WRROV RU WHFKQLTXHV
ZLOO SD\ IRU WKHPVHOYHV LI
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(T� ���� LV XVHG WR GHFLGH ZKHWKHU WKH QHZ DXWRPDWHG
WRROV RU WHFKQLTXHV DUH HIIHFWLYH RU QRW� ,I &� �7� LV ORZ
HQRXJK RU LI WKH QHZ PHWKRGV DUH HIIHFWLYH LQ GHWHFWLQJ
DGGLWLRQDO IDXOWV� WKLV LQYHVWPHQW LV ZRUWKZKLOH� 8VXDOO\
DSSURSULDWH DXWRPDWHG WRROV RU WHFKQLTXHV DUH EHVW VHOHFWHG
GHSHQGLQJ RQ KRZ WKRURXJKO\ IDLOXUH GDWD DUH FROOHFWHG
DQG IDXOWV DUH FDWHJRUL]HG >��@� 6RPHWLPHV LQFRUSRUDWLQJ
QHZ DXWRPDWHG WRROV DQG WHFKQLTXHV LQWR D VRIWZDUH
GHYHORSPHQW SURFHVV PD\ LQWURGXFH H[FHVVLYH� WKDW LV�

������� <− 7&7& � 7KLV SKHQRPHQRQ XVXDOO\ RFFXUV

LQIUHTXHQWO\� EXW LI LW FDQ UHDOO\ VKRUWHQ WKH WHVWLQJ SHULRG
XQGHU WKH VDPH VRIWZDUH UHOLDELOLW\ UHTXLUHPHQWV� ZH PD\
VWLOO FRQVLGHU DSSO\LQJ WKH QHZ WHFKQLTXHV� %\
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 Table 9: Relationship between the cost optimal
               release time T*, C(T*), and P  based on
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Table 10: Relationship between the cost optimal
                release time T*, C(T*), and P based on                                
                the cost function
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Table 11: Relationship between the cost optimal
                release time T*, C(T*), and P  based on
                the cost function
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Table 12: Relationship between the cost optimal
                release time T*, C(T*), and P based on
                the cost function
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Table 13: Relationship between the cost optimal
                release time T*, C(T*), and P based on
                the cost function
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Table 14: Relationship between the cost optimal
                release time T*, C(T*), and P based on
                the cost function

               )1w(t)dt](exp[1.251000(T)C 100
190 ∫ −××+=

3 7
 &�7
� 3 7
 &�7
�

���� ������ ������� ���� ������� �������

���� ������� ������� ���� ������� �������

���� ������� ������� ���� ������� �������

���� ������� ������� ���� ������� �������

���� ������� ������� ���� ������� �������

���� ������� �������

�� 6XPPDU\ DQG FRQFOXVLRQV

,Q WKLV SDSHU ZH VWXG\ WKH LPSDFW RI VRIWZDUH WHVWLQJ
HIIRUW DQG HIILFLHQF\ RQ WKH PRGHOLQJ RI VRIWZDUH
UHOLDELOLW\� LQFOXGLQJ WKH UHOLDELOLW\ PHDVXUH DQG WKH FRVW
IRU RSWLPDO UHOHDVH WLPH� :H SURSRVH D JHQHUDOL]HG ORJLVWLF
WHVWLQJ�HIIRUW IXQFWLRQ ZKLFK UHODWHV ZRUN SURILOH GLUHFWO\
WR WKH QDWXUDO IORZ RI VRIWZDUH GHYHORSPHQW� 7KLV IXQFWLRQ
LV XVHG WR GHVFULEH WKH DFWXDO FRQVXPSWLRQ RI UHVRXUFHV
GXULQJ VRIWZDUH WHVWLQJ ZKLFK SURYLGHV PRUH DFFXUDWH
LQIRUPDWLRQ IRU UHOLDELOLW\ PRGHOLQJ SXUSRVH� :H DOVR
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IRUPXODWHG WR LQFRUSRUDWH VRIWZDUH WHVWLQJ HIIRUW DQG
HIILFLHQF\� )LQDOO\� QXPHULFDO H[DPSOHV DUH SURYLGHG WR
GHPRQVWUDWH WKHVH QHZ DSSURDFKHV�
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