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WKH 3HUU\�6KDQQR VFKHPH� WKH LWHUDWHV HLWKHU FRQYHUJH WR D VWDWLRQDU\ SRLQW RU WKH LWHUDWHV

F\FOH�
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#��!��������������������������������
,Q WKLV VHFWLRQ ZH SUHVHQW WKH SHUIRUPDQFH RI D )RUWUDQ LPSOHPHQWDWLRQ RI WKH 6&$/&* RQ D

VHW RI ��� WHVW XQFRQVWUDLQHG RSWLPL]DWLRQ SUREOHPV� :H FRPSDUH WKH SHUIRUPDQFH RI

6&$/&* �3RZHOO UHVWDUW� ZLWK WKH EHVW VSHFWUDO FRQMXJDWH JUDGLHQW DOJRULWKP� 6&*

�EHWDW\SH ��3HUU\�0�� VSHFWUDO JUDGLHQW DQG 3RZHOO UHVWDUW�� E\ %LUJLQ DQG 0DUWtQH] >�@� WKH

FODVVLFDO 3RODN�5LELqUH �353� FRQMXJDWH JUDGLHQW DOJRULWKP ZLWK 3RZHOO UHVWDUW� DQG /�%)*6

E\ /LX DQG 1RFHGDO >�@� 7KH 6&$/&* DQG 3RODN�5LELqUH FRGHV DUH DXWKRUHG E\ $QGUHL�

ZKLOH WKH 6&* LV FR�DXWKRUHG E\ %LUJLQ DQG 0DUWtQH]� /�%)*6 LV DXWKRUHG E\ 1RFHGDO >�@�

,Q RUGHU WR FRPSDUH 6&$/&* WR 6&* ZH PDQXIDFWXUHG D QHZ 6&* FRGH E\ LQWURGXFLQJ D

VHTXHQFH RI FRGH LPSOHPHQWLQJ WKH 3RZHOO UHVWDUW DQG WKH VDPH VWRSSLQJ FULWHULRQ XVHG LQ DOO

WKHVH DOJRULWKPV� $OO FRGHV DUH ZULWWHQ LQ GRXEOH SUHFLVLRQ )RUWUDQ DQG FRPSLOHG ZLWK I��

�GHIDXOW FRPSLOHU VHWWLQJV� RQ ,QWHO 3HQWLXP �� ���*+] ZRUNVWDWLRQ� 7KH WHVW SUREOHPV DUH WKH

XQFRQVWUDLQHG SUREOHPV LQ WKH &87( >�@ OLEUDU\� DORQJ ZLWK RWKHU ODUJH�VFDOH RSWLPL]DWLRQ

WHVW SUREOHPV� :H VHOHFWHG �� ODUJH�VFDOH XQFRQVWUDLQHG RSWLPL]DWLRQ WHVW SUREOHPV LQ

H[WHQGHG RU JHQHUDOL]HG IRUP� )RU HDFK WHVW IXQFWLRQ ZH KDYH FRQVLGHUHG �� QXPHULFDO

H[SHULPHQWV ZLWK QXPEHU RI YDULDEOHV Q =���� ���� ������ � � �� $OO DOJRULWKPV XVH H[DFWO\

WKH VDPH LPSOHPHQWDWLRQ RI WKH :ROIH OLQH VHDUFK FRQGLWLRQV ZLWK σ
�


 


	= � DQG

σ
�


 �= � � &RQFHUQLQJ WKH VWRSSLQJ FULWHULRQ WR EH XVHG LQ VWHSV �� � DQG �� RI 6&$/&*� LQ

RXU QXPHULFDO H[SHULPHQWV� LQ DOO DOJRULWKPV� ZH KDYH FRQVLGHUHG WKH IROORZLQJ FULWHULRQ�

∇ ≤
∞

� �
N J� � �ε ZKHUH ε J =

−
	
 � � ����

/HW � L
6&$/&*

� � L
6&*

EH WKH RSWLPDO IXQFWLRQDO YDOXH IRXQG E\ 6&$/&* DQG 6&*

DOJRULWKPV� IRU WHVW SUREOHP L =� ���� � �� UHVSHFWLYHO\� :H VD\ WKDW� LQ WKH SDUWLFXODU

SUREOHP L� WKH SHUIRUPDPFH RI 6&$/&* ZDV EHWWHU WKDQ WKH SHUIRUPDQFH RI 6&* LI�

� �L

6&$/&*

L

6&*− < −
	
 �

DQG WKH QXPEHU RI LWHUDWLRQV� RU WKH QXPEHU RI IXQFWLRQ�JUDGLHQW

HYDOXDWLRQV� RU WKH &38 WLPH RI 6&$/&* ZDV OHVV WKDQ WKH QXPEHU RI LWHUDWLRQV� RU WKH

QXPEHU RI IXQFWLRQ�JUDGLHQW HYDOXDWLRQV� RU WKH &38 WLPH FRUUHVSRQGLQJ WR 6&*

UHVSHFWLYHO\� 7KH VDPH FULWHULRQ LV XVHG ZKHQ 6&$/&* LV FRPSDUHG WR 353� RU /�%)*6�

7DEOHV � DQG � SUHVHQW WKH FRPSDULVRQV EHWZHHQ 6&$/&* DQG 6&*� DQG 6&$/&* DQG 353�

UHVSHFWLYHO\�

7DEOH �� &RPSDULVRQ� 6&$/&* YHUVXV 6&*� 7DEOH �� &RPSDULVRQ� 6&$/&* YHUVXV 353�

6&$/&* 6&*  6&$/&* 353  

�LWHU ��� �� �� �LWHU ��� �� ��

�IJ ��� ��� ��� �IJ ��� ��� ���

&38 ��� �� �� &38 ��� �� ��

,Q WKHVH 7DEOHV ZH ILQG WKH QXPEHU RI SUREOHPV� RXW ���� IRU ZKLFK DQ DOJRULWKP DFKLHYHG

WKH PLQLPXP QXPEHU RI LWHUDWLRQV ��LWHU�� RU WKH PLQLPXP QXPEHU RI IXQFWLRQ�JUDGLHQW

HYDOXDWLRQV ��IJ� RU WKH PLQLPXP &38 WLPH� )RU H[DPSOH ZKHQ FRPSDULQJ 6&$/&* DQG

6&* �7DEOH ��� VXEMHFW WR WKH QXPEHU RI LWHUDWLRQV� 6&$/&* ZDV EHWWHU LQ ��� SUREOHPV �L�H�

LW DFKLHYHG WKH PLQLPXP QXPEHU RI LWHUDWLRQV LQ ��� SUREOHPV�� 6&* ZDV EHWWHU LQ ��

SUREOHPV� DQG WKH\ KDG WKH VDPH QXPEHU RI LWHUDWLRQV LQ �� SUREOHPV� HWF� )URP WKHVH 7DEOHV

ZH VHH WKDW WKH WRS SHUIRUPHU LV 6&$/&*� 6LQFH WKHVH FRGHV XVHV WKH VDPH OLQH VHDUFK� WKH\

GLIIHU LQ WKHLU FKRLFH RI WKH VHDUFK GLUHFWLRQ� +HQFH� 6&$/&* DSSHDUV WR JHQHUDWH WKH EHVW

VHDUFK GLUHFWLRQ� RQ DYHUDJH� 1H[W� LQ 7DEOHV � DQG � ZH FRPSDUHG 6&$/&* ZLWK /�%)*6

XVLQJ P = � DQG P = � FRUUHFWLRQ SDLUV� UHVSHFWLYHO\�
7DEOH �� &RPSDULVRQ� 6&$/&* YHUVXV /�%)*6� 7DEOH �� &RPSDULVRQ� 6&$/&* YHUVXV /�%)*6�

P = � 6&$/&* /�%)*6  P = � 6&$/&* /�%)*6  

�LWHU ��� ��� �� �LWHU ��� ��� ��

�IJ ��� �� � �IJ ��� �� �

&38 ��� ��� ��� &38 ��� ��� ���
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:H REVHUYH WKDW VXEMHFW WR WKH PLQLPXP QXPEHU RI LWHUDWLRQV� DQG WR WKH PLQLPXP QXPEHU

RI IXQFWLRQ�JUDGLHQW HYDOXDWLRQV� 6&$/&* LV PRUH HFRQRPLFDO� EXW VXEMHFW WR WKH &38 WLPH

PHWULF /�%)*6 LV FOHDUO\ EHWWHU�

$��!�������
:H KDYH SUHVHQWHG D VFDOHG PHPRU\OHVV %)*6 SUHFRQGLWLRQHG FRQMXJDWH JUDGLHQW DOJRULWKP�

6&$/&*� IRU VROYLQJ ODUJH�VFDOH XQFRQVWUDLQHG RSWLPL]DWLRQ SUREOHPV� 6&$/&* FDQ EH

FRQVLGHUHG DV D PRGLILFDWLRQ RI WKH EHVW DOJRULWKP E\ %LUJLQ DQG 0DUWtQH] >�@� ZKLFK LV

PDLQO\ D VFDOHG YDULDQW RI 3HUU\©V >�@� DQG RI WKH 'DL DQG /LDR >�@ � ��� =	 LQ RUGHU WR

RYHUFRPH WKH ODFN RI SRVLWLYH GHILQLWHQHVV RI WKH PDWUL[ GHILQLQJ WKH VHDUFK GLUHFWLRQ� 7KLV

PRGLILFDWLRQ WDNHV DGYDQWDJH RI WKH TXDVL�1HZWRQ %)*6 XSGDWLQJ IRUPXOD ILUVWO\ FRQVLGHUHG

E\ 3HUU\ >�@ DQG 6KDQQR >�����@�

7KH QXPHULFDO H[SHULPHQWV VXJJHVW WKDW WKH 6&$/&* DOJRULWKP VKRXOG EH

FRQVLGHUHG DV D WRS SHUIRUPHU LQ WKH FODVV RI FRQMXJDWH JUDGLHQW PHWKRGV� ,Q WKHVH WHVWV�

VXEMHFW WR WKH &38 WLPH PHWULF� WKH 6&$/&* GLG QRW RXWSHUIRUP /�%)*6� VKRZLQJ WKDW /�

%)*6 SHUIRUPV LQH[SHQVLYH LWHUDWLRQV� ZLWK SRRUHU FXUYDWXUH LQIRUPDWLRQ � SURFHVV WKDW FDQ

EHFRPH VORZ RQ VRPH �LOO�FRQGLWLRQHG� SUREOHPV OLNH� &/,))� :22'6� 121',$�

'4'57,&� /,$5:+'� '(16&+1% IURP &87( OLEUDU\�

%���������
>�@ (� %LUJLQ DQG -�0� 0DUWtQH]� ¦$ VSHFWUDO FRQMXJDWH JUDGLHQW PHWKRG IRU XQFRQVWUDLQHG

RSWLPL]DWLRQ§� $SSOLHG 0DWK� DQG 2SWLPL]DWLRQ� ��� SS��������� ����
>�@ ,� %RQJDUW]� $�5� &RQQ� 1�,�0� *RXOG DQG 3�/� 7RLQW� ¦&87(� FRQVWUDLQHG DQG

XQFRQVWUDLQHG WHVWLQJ HQYLURQPHQWV§� $&0 7UDQV� 0DWK� 6RIWZDUH� ��� SS���������
�����

>�@ <�+� 'DL DQG /�=� /LDR� ¦1HZ FRQMXJDWH FRQGLWLRQV DQG UHODWHG QRQOLQHDU FRQMXJDWH

JUDGLHQW PHWKRGV§� $SSO� 0DWK� 2SWLP�� YRO� �� SS�������� �����
>�@ 5� )OHWFKHU DQG &�0� 5HHYHV� ¦)XQFWLRQ PLQLPL]DWLRQ E\ FRQMXJDWH JUDGLHQWV§� &RPSXW�

-� �� SS� �������� �����
>�@ 0�5� +HVWHQHV DQG (� 6WLHIHO� ¦0HWKRGV RI FRQMXJDWH JUDGLHQWV IRU VROYLQJ OLQHDU

V\VWHPV§� -� 5HVHDUFK 1DW� %XU� 6WDQGDUGV 6HF� %� ��� SS� �������� �����
>�@ '� /LX DQG -� 1RFHGDO� ¦2Q WKH OLPLWHG PHPRU\ %)*6 PHWKRG IRU ODUJH VFDOH

RSWLPL]DWLRQ�� 0DWKHPDWLFDO 3URJUDPPLQJ % ��� �������� �����
>�@ -� 1RFHGDO� KWWS���ZZZ�HFH�QRUWKZHVWHUQ�HGX�aQRFHGDO�OEIJV�KWPO
>�@ -�0� 3HUU\� ¦$ FODVV RI FRQMXJDWHUDGLHQW DOJRULWKPV ZLWK D WZR VWHS YDULDEOH PHWULF

PHPRU\§� 'LVFXVVLRQ SDSHU ���� &HQWHU IRU 0DWKHPDWLFDO 6WXGLHV LQ (FRQRPLFV DQG
0DQDJHPHQW 6FLHQFH� 1RUWKZHVWHUQ 8QLYHUVLW\� �����

>�@ (� 3RODN DQG *� 5LELqUH� ¦1RWH VXU OD FRQYHUJHQFH GH PHWKRGV GH GLUHFWLRQV FRQMXJUHV§�
5HYXH )UDQFDLVH ,QIRUPDW� 5HVHUFKH 2SpUDWLRQQHOOH ��� SS� ������ �����

>��@ 0�-�'� 3RZHOO� ¦5HVWDUW SURFHGXUHV IRU WKH FRQMXJDWH JUDGLHQW PHWKRG§� 0DWK�
3URJUDPPLQJ� ��� SS��������� �����

>��@ '�)� 6KDQQR� ¦&RQMXJDWH JUDGLHQW PHWKRGV ZLWK LQH[DFW VHDUFKHV§� 0DWKHPDWLFV RI
2SHUDWLRQV 5HVHDUFK� YRO� �� SS��������� �����

>��@ '�)� 6KDQQR� ¦2Q WKH FRQYHUJHQFH RI D QHZ FRQMXJDWH JUDGLHQW DOJRULWKP§� 6,$0 -�
1XPHU� $QDO� YRO� ��� SS����������� �����

>��@ 3� :ROIH� ¦&RQYHUJHQFH FRQGLWLRQV IRU DVFHQW PHWKRGV§� 6,$0 5HY�� ��� SS���������
�����

>��@ 3� :ROIH� ¦&RQYHUJHQFH FRQGLWLRQV IRU DVFHQW PHWKRGV ,,� VRPH FRUUHFWLRQV§� 6,$0
5HY� ��� SS��������� �����
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