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5HPDUNV RQ WKH HmHFWLYHQHVV RI
G\QDPLF 93 EDQGZLGWK PDQDJHPHQW

-RUPD 9LUWDPR� +HOVLQNL 8QLYHUVLW\ RI 7HFKQRORJ\

6DPXOL $DOWR� 977 ,QIRUPDWLRQ 7HFKQRORJ\

� ,QWURGXFWLRQ

,Q UHSRUW >�@ ZH FRQVLGHUHG WKH WHFKQLFDO SUREOHP RI FDOFXODWLQJ WKH WLPH GHSHQGHQW EORFNLQJ
SUREDELOLWLHV IRU WKH G\QDPLF 93 EDQGZLGWK PDQDJHPHQW VFKHPH GHYHORSHG E\ 0RFFL HW
DO� >�@�>�@� ,Q WKLV VFKHPH� WKH EDQGZLGWK DOORFDWLRQ IRU YDULRXV 93
V DUH XSGDWHG DW UHJXODU
WLPH LQWHUYDOV� $W WKH EHJLQQLQJ RI DQ LQWHUYDO WKH V\VWHP RFFXSDQF\ LV REVHUYHG DQG QHZ
93 FDSDFLW\ DOORFDWLRQ LV GRQH LQ VXFK D ZD\ WKDW WKH H[SHFWHG WLPH DYHUDJH RI WKH EORFNLQJ
SUREDELOLW\ LQ WKH HQVXLQJ LQWHUYDO ZLOO EH OHVV WKDQ D SUHGHnQHG OLPLW� ,Q WKLV UHSRUW ZH
DVVHVV WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI WKH VFKHPH WU\LQJ DOVR WR JLYH D TXDQWLWDWLYH
LGHD DERXW WKH VDYLQJV WKDW FDQ EH DFKLHYHG�

� &RPSDULVRQV

,Q WKH 93 PDQDJHPHQW VFKHPH UHIHUUHG WR RQH WULHV WR nQG DQ RSWLPDO VHWWLQJ EHWZHHQ WZR
H[WUHPH FDVHV�

q 6WDWLF DOORFDWLRQ ZKHUH D FRQVWDQW EDQGZLGWK LV UHVHUYHG IRU HDFK 93 VXFK WKDW WKH
DYHUDJH EORFNLQJ SUREDELOLW\ LV EHORZ WKH SUHVFULEHG OHYHO q� L�H� WKH FDSDFLW\ LV GHWHU�
PLQHG IURP WKH (UODQJ
V IRUPXOD�

q '\QDPLF FDOO�E\�FDOO DOORFDWLRQ� ZKHUH 93
V DUH QRW XVHG DW DOO� RU� LI XVHG� WKHLU
FDSDFLWLHV DUH DGMXVWHG DW HYHU\ FDOO VHW�XS DQG WHDU�GRZQ WR DFFRPPRGDWH SUHFLVHO\
WKH QXPEHU RI FDOOV RmHUHG �DV IDU DV FDSDFLW\ LV DYDLODEOH��
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7KH VWDWLF DOORFDWLRQ LV VLPSOH IURP WKH PDQDJHPHQW SRLQW RI YLHZ� 7KH 93
V DUH VHW XS
RQFH DQG IRU DOO� DQG DW WKH FDOO VHW�XS SKDVH RQH RQO\ KDV WR FKHFN WKH DYDLODEOH FDSDFLW\
LQ D 93 LQ RUGHU WR GHFLGH ZKHWKHU D FDOO FDQ EH DFFHSWHG RU QRW� ,WV GLVDGYDQWDJH LV WKDW
VRPH FDSDFLW\ LV ZDVWHG DV VWDWLVWLFDO PXOWLSOH[LQJ LV DOORZHG RQO\ ZLWKLQ WKH 93� $OVR LW LV
XQUHVSRQVLYH WR WKH YDULDWLRQV LQ WKH RmHUHG WUDpF OHYHO� XQFHUWDLQWLHV LQ WKLV UHVSHFW ZLOO
QHFHVVLWDWH WKH UHVHUYDWLRQ RI DQ HYHQ ODUJHU FDSDFLW\ IRU HDFK 93�

7KH FDOO�E\�FDOO DOORFDWLRQ PDNHV IXOO XVH RI VWDWLVWLFDO PXOWLSOH[LQJ DQG UHTXLUHV WKH OHDVW
WRWDO FDSDFLW\ LQ DYHUDJH IRU D JLYHQ q� +RZHYHU� WKLV LV DFKLHYHG RQO\ DW WKH FRVW RI FRPSOH[
FDOO SURFHVVLQJ� IRU HDFK QHZ RmHUHG FDOO RQH KDV WR FKHFN WKH DYDLODEOH FDSDFLW\ RQ HDFK
OLQN DORQJ WKH URXWH RI WKH FDOO� ,Q DGGLWLRQ� 93 PDQDJHPHQW ORDG EHFRPHV GHSHQGHQW RQ
WKH FDOO DUULYDO UDWH� WKH PRUH WUDpF� WKH PRUH IUHTXHQW UHDOORFDWLRQ LV QHHGHG�

7KH 93 PDQDJHPHQW VFKHPH RI 0RFFL HW DO� EDODQFHV EHWZHHQ WKHVH WUHQGV� WKH 93 EDQG�
ZLGWK DOORFDWLRQV DUH XSGDWHG RQO\ DW UHJXODU LQWHUYDOV� FKRVHQ WR EH ORQJ LQ FRPSDULVRQ ZLWK
WKH PHDQ LQWHUDUULYDO WLPH� LQ RUGHU WR UHOLHYH WKH FDOO SURFHVVLQJ ORDG� 6RPH FDSDFLW\ VDYLQJ
ZLOO EH REWDLQHG LQ FRPSDULVRQ ZLWK WKH VWDWLF DOORFDWLRQ EXW QRW DV PXFK DV LQ WKH FDVH RI
FDOO�E\�FDOO DOORFDWLRQ� $QRWKHU DGYDQWDJH FRPHV IURP WKH IDFW WKDW WKH 93 PDQDJHPHQW
ORDG EHFRPHV LQGHSHQGHQW RI WKH WUDpF ORDG�

/HW XV FRQVLGHU D 93 ZLWK DQ RmHUHG WUDpF LQWHQVLW\ RI D �IRU VLPSOLFLW\ OHW XV DVVXPH WKDW
DOO WKH FDOOV EHORQJ WR WKH VDPH FODVV DQG KDYH HTXDO HmHFWLYH EDQGZLGWKV�� 7KH VDYLQJ WKDW
FDQ EH DFKLHYHG LV XSSHU ERXQGHG E\ WKH GLmHUHQFH LQ FDSDFLW\ DOORFDWLRQV LQ WKH ZRUVW FDVH
�VWDWLF DOORFDWLRQ� DQG WKH EHVW FDVH FDOO�E\�FDOO DOORFDWLRQ ZLWK DQ LQnQLWH UHVHUYRLU� 7KH
IRUPHU LV JLYHQ E\ WKH (UODQJ FDSDFLW\� L�H�� OHDVW 1 VXFK WKDW (UO�1� D� � q� DQG IRU WKH
ODWWHU WKH PHDQ DOORFDWHG FDSDFLW\ LV D� 7KH (UODQJ FDSDFLWLHV IRU q  ���� DUH JLYHQ IRU D
IHZ WUDpF LQWHQVLWLHV LQ WKH IROORZLQJ WDEOH�
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,Q UHODWLYH WHUPV� WKH SRWHQWLDO VDYLQJ LV RI FRXUVH ELJJHU IRU VPDOOHU V\VWHPV� )RU D V\VWHP
ZLWK D  ���� WKH DWWDLQDEOH VDYLQJ RI OHVV WKDQ � � FDQ KDUGO\ MXVWLI\ WKH FRPSOH[LWLHV
RI D G\QDPLF EDQGZLGWK PDQDJHPHQW� �$QRWKHU LVVXH LV WKDW VRPH GHJUHH RI oH[LELOLW\ LQ
WKH EDQGZLGWK DOORFDWLRQ LV QHHGHG LQ RUGHU WR FRSH ZLWK WKH XQFHUWDLQW\ UHODWHG WR WKH
HVWLPDWLRQ RI D� +RZHYHU� WKH DVVRFLDWHG WLPH VFDOH LV PXFK ORQJHU WKDQ WKH WLPH VFDOH RI
VRPH PXOWLSOH RI LQWHUDUULYDO WLPHV ZH DUH FRQFHUQHG KHUH��

$V PHQWLRQHG� WKH DERYH YDOXHV LQGLFDWH DQ XSSHU ERXQG WR WKH VDYLQJ� ,Q SUDFWLFH� WKH
FDSDFLW\ VDYLQJ LV VPDOOHU EHFDXVH

q 7KH UHVRXUFH SRRO LV nQLWH DQG WKH VWDWLVWLFDO PXOWLSOH[LQJ EHWZHHQ GLmHUHQW 93
V LV
QRW SHUIHFW�

q 7KH SHULRGLF 93 DOORFDWLRQ VFKHPH LV OHVV HpFLHQW WKDQ FDOO�E\�FDOO KDQGOLQJ�
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��� 6WDWLVWLFDO PXOWLSOH[LQJ EHWZHHQ GLmHUHQW 93
V

$V WR WKH VWDWLVWLFDO PXOWLSOH[LQJ EHWZHHQ WKH 93
V QRWH WKDW FDSDFLW\ UHOHDVHG E\ RQH 93
PD\ QRW EH LPPHGLDWHO\ XWLOL]DEOH E\ DQRWKHU 93� &RQYHUVHO\� LI WHPSRUDULO\ GHDOORFDWHG
FDSDFLW\ LV WDNHQ E\ DQRWKHU 93� WKH FDSDFLW\ PD\ QRW EH DYDLODEOH IRU WKH RULJLQDO 93
ZKHQ QHHGHG� OHDGLQJ WR D KLJKHU FDOO EORFNLQJ XQOHVV VSHFLnF DOORZDQFH LV PDGH IRU LW� )RU
LQVWDQFH� LI WKH RmHUHG WUDpF LQ D 93 LV D  �� DQG ZH ZLVK WR FDUU\ �� VXFK 93
V� WKHQ D
FDSDFLW\ RI Q  ��� LV QHHGHG� DW WKH PLQLPXP� DQG WKH VDYLQJ SHU 93 LV DW PRVW ��b ����
DQG QRW ��b ���

��� (pFLHQF\ RI WKH SHULRGLF EDQGZLGWK DOORFDWLRQ

7KH PDLQ SRLQW ZH ZLVK WR VWXG\ LV WKH HpFLHQF\ RI WKH SURSRVHG 93 PDQDJHPHQW VFKHPH
YV� WKRVH RI VWDWLF DOORFDWLRQ DQG FDOO�E\�FDOO DOORFDWLRQ� ,Q RUGHU WR VHSDUDWH WKLV IURP WKH
HmHFW RI PXWXDO VWDWLVWLFDO PXOWLSOH[LQJ RI GLmHUHQW 93
V ZH DVVXPH QRZ WKDW WKH UHVRXUFH
SRRO LV LQnQLWH DQG JDXJH WKH HpFLHQF\ RI D PHWKRG E\ WKH PHDQ YDOXH RI WKH UHVHUYHG
EDQGZLGWK�

,Q D FDUHIXO LPSOHPHQWDWLRQ RI WKH PHWKRG E\ 0RFFL HW DO�� WKH FDSDFLW\ DOORFDWHG IRU D 93 DW
WKH XSGDWH LQVWDQW LV VXFK DV WR PDNH WKH H[SHFWHG EORFNLQJ SUREDELOLW\ LQ WKH QH[W LQWHUYDO
SUHFLVHO\ HTXDO WR q� 7KH UHTXLUHG FDSDFLW\ GHSHQGV RQ PDQ\ SDUDPHWHUV� GHVLUHG RYHUDOO
EORFNLQJ SUREDELOLW\ q� RmHUHG WUDpF LQWHQVLW\ D� FXUUHQW RFFXSDQF\ Q DQG WKH XSGDWH LQWHUYDO
c� 7KH PHWKRG SUHVHQWHG LQ >�@ DOORZV RQH WR GHWHUPLQH WKH UHTXLUHG FDSDFLW\� +RZHYHU� WKH
FDOFXODWLRQV DUH UDWKHU LQYROYHG DQG UHDO�WLPH FRPSXWDWLRQ LV RXW RI TXHVWLRQ� 3UHFDOFXODWHG
WDEOHV RU DSSUR[LPDWLRQV DUH QHHGHG� EXW HYHQ WKHQ WKH QXPEHU RI SDUDPHWHUV PDNHV WKH
WDVN UDWKHU FRPSOH[�

0RUHRYHU� RQH RI WKH SDUDPHWHUV� D� LV QRW NQRZQ H[DFWO\� $ VHSDUDWH HVWLPDWLRQ DOJRULWKP LV
QHHGHG� )XOO UHOLDQFH RQ DQ HVWLPDWHG YDOXH� KRZHYHU� PD\ PDNH WKH ZKROH PHWKRG VHQVLWLYH
WR WKH HVWLPDWLRQ HUURUV� )RU WKH VDNH RI UREXVWQHVV� LW ZRXOG EH SUHIHUUDEOH WR KDYH D PHWKRG
ZKLFK GRHV QRW DW DOO GHSHQG RQ D� +HUH ZH SURSRVH RQH VLPSOH DOORFDWLRQ IXQFWLRQ�
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7KH UDWLRQDOH EHKLQG WKLV IXQFWLRQ LV WKDW WKH IRU D JLYHQ D WKH RFFXSDQF\ GLVWULEXWLRQ LQ
DQ LQnQLWH V\VWHP LV 3RLVVRQ�D� ZKLFK KDV PHDQ D DQG VWDQGDUG GHYLDWLRQ

S
D DQG PRVW RI

WKH WLPH Q { D� �,Q WKH VDPH VSLULW� 0RFFL HW DO� XVH Q DV DQ HVWLPDWH IRU D�� 7KH VDIHW\
IDFWRU N GHSHQGV REYLRXVO\ RQ q DQG c� :H OHW LW DGGLWLRQDOO\ GHSHQG RQ Q LQ RUGHU WR
DFKLHYH D QHDUO\ FRQVWDQW EORFNLQJ SUREDELOLW\ RI q RYHU D ZLGH UDQJH RI YDOXHV RI D� �$Q
LQWHUHVWLQJ TXHVWLRQ LV ZKHWKHU WKHUH LV D XQLTXH IXQFWLRQ 1q�c�Q� ZKLFK IRU D JLYHQ c PDNHV
WKH EORFNLQJ SUREDELOLW\ VWULFWO\ FRQVWDQW �q� IRU DOO YDOXHV RI D��

8VLQJ WKH PHWKRG RI >�@ ZH FDQ QRZ FDOFXODWH WKH DYHUDJH EORFNLQJ SUREDELOLW\ E�Q� D� IRU
RmHUHG WUDpF LQWHQVLW\ D LQ DQ LQWHUYDO c JLYHQ WKDW WKH V\VWHP RFFXSDQF\ ZDV Q LQ WKH
EHJLQQLQJ RI WKH LQWHUYDO DQG WKDW WKH EDQGZLGWK UHVHUYDWLRQ LV PDGH DFFRUGLQJ WR ����
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$VVXPLQJ WKDW EORFNLQJ LV DQ\ZD\ VPDOO ZH FDQ WDNH WKH GLVWULEXWLRQ RI WKH LQLWLDO VWDWH Q
WR EH 3RLVVRQ�D�� L�H��
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DQG JHW WKH RYHUDOO EORFNLQJ SUREDELOLW\
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6LPLODUO\ ZH JHW WKH PHDQ UHVHUYHG FDSDFLW\

( >1 @  

�;

L �

SQ�D�1�Q�� ���

,Q nJXUH � ZH VWXG\ D V\VWHP ZLWK RmHUHG WUDpF D  ��� 7KH nJXUH VKRZV KRZ WKH PHDQ
UHVHUYHG FDSDFLW\ GHSHQGV RQ WKH XSGDWLQJ LQWHUYDO �PHDQ KROGLQJ WLPH RI D FDOO LV XVHG DV
WKH XQLW RI WLPH� ZKHQ FRHpFLHQW N LQ ��� ZDV FKRVHQ VR WKDW ��� \LHOGV D EORFNLQJ SUREDELOLW\
RI ����� 7KH ERWWRP RI WKH nJXUH UHSUHVHQWV D� L�H�� WKH PHDQ FDSDFLW\ LQ WKH FDOO�E\�FDOO
DOORFDWLRQ DQG WKH WRS FRUUHVSRQGV WR WKH VWDWLF DOORFDWLRQ E\ (UODQJ
V IRUPXOD� :H VHH WKDW
WKH VWXGLHG VFKHPH LV FOHDUO\ OHVV HpFLHQW WKDQ WKH FDOO�E\�FDOO DOORFDWLRQ� +RZHYHU VRPH
VDYLQJ FDQ EH REWDLQHG ZLWK UHVSHFW WR WKH VWDWLF DOORFDWLRQ� 8QIRUWXQDWHO\� WKLV VDYLQJ
GLPLQLVKHV DV WKH XSGDWLQJ LQWHUYDO EHFRPHV ORQJHU� 1RWH WKDW ZKHQ Dc  � WKHUH LV QR
JDLQ LQ WKH 93 PDQDJHPHQW ZRUN� 6LPLODU UHVXOWV IRU D V\VWHP ZLWK D  ��� DUH VKRZQ LQ
nJXUH �� ,Q WKLV FDVH� DQ XSGDWH LQWHUYDO RI ��� PLJKW EH D UHDVRQDEOH FKRLFH� JLYLQJ DERXW
��� VDYLQJ LQ WKH PHDQ FDSDFLW\ LQ FRPSDULVRQ ZLWK VWDWLF DOORFDWLRQ DQG UHGXFLQJ WKH FDOO
SURFHVVLQJ ORDG E\ D IDFWRU RI �� LQ FRPSDULVRQ ZLWK WKH FDOO�E\�FDOO DOORFDWLRQ�

,Q WKH SUHYLRXV H[DPSOHV ZH VWLOO OHW N GHSHQG RQ D� )RU LQVWDQFH ZLWK c  ��� ZH KDG
WR FKRRVH N  ����� IRU D  �� DQG N  ����� IRU D  ��� LQ RUGHU WR REWDLQ q  �����
5HSODFLQJ RQFH DJDLQ D E\ Q DQG DVVXPLQJ WKH GHSHQGHQFH RI N RQ Q EH RI WKH SRZHU ODZ
IRUP ZH DUULYH DW DQ DSSUR[LPDWLRQ N������ ���� Q� { ����Qb����� 6XEVWLWXWLRQ LQWR ��� JLYHV
WKH DOORFDWLRQ IRUPXOD �q  ����� c  ����

1�Q�  Q� ����Q����� ���

:H KDYH FKHFNHG E\ VLPXODWLRQV WKDW WKLV DOORFDWLRQ IXQFWLRQ �WR EH SUHFLVH� WKH OHDVW LQWHJHU
ODUJHU RU HTXDO WR 1�Q� ZDV XVHG� LQGHHG OHDGV WR DQ DOPRVW FRQVWDQW EORFNLQJ SUREDELOLW\
RYHU D ZLGH UDQJH RI WUDpF LQWHQVLWLHV� 7KLV LV GHPRQVWUDWHG LQ WKH IROORZLQJ WDEOH�
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5HIHUHQFHV

>�@ -� 9LUWDPR DQG 6� $DOWR� %ORFNLQJ SUREDELOLWLHV LQ D WUDQVLHQW V\VWHP� &267���7'�����

>�@ &� %UXQL� 3� '
$QGUHD� 8� 0RFFL DQG &� 6FRJOLR� 2SWLPDO FDSDFLW\ DVVLJQPHQW RI YLUWXDO
SDWKV LQ $70 QHWZRUNV� *OREHFRP
��� 6DQ )UDQFLVFR� ������ SS� �������

>�@ &� %UXQL� 8� 0RFFL� 3� 3DQQXQ]L DQG &� 6FRJOLR� (pFLHQW FDSDFLW\ DVVLJQPHQW IRU $70
YLUWXDO SDWKV� LQ +RW 7RSLFV RQ WUDpF DQG 3HUIRUPDQFH IURP 5$&( WR $&76� 0LODQR�
-XQH ��WK���WK ������� SDSHU ���

>�@ 8� 0RFFL� 3� 3HUIHWWL DQG &� 6FRJOLR� 93 FDSDFLW\ PDQDJHPHQW LQ $70 QHWZRUNV IRU
VKRUW DQG ORQJ WHUP WUDpF YDULDWLRQV� &267 ��� 7'�������

>�@ 8� 0RFFL� � 3� 3DQQXQ]L DQG &� 6FRJOLR� $GDSWLYH FDSDFLW\ PDQDJHPHQW RI YLUWXDO SDWK
QHWZRUNV� WR EH SUHVHQWHG DW *OREHFRP
��� /RQGRQ �������
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