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$EVWUDFW
7UDFLQJ MXVW�LQ�WLPH �-,7� FRPSLOHUV UHFRUG DQG RSWLPL]H WKH LQVWUXF�
WLRQ VHTXHQFHV WKH\ REVHUYH DW UXQWLPH� :LWK VRPH PRGLILFDWLRQV� D
WUDFLQJ -,7 FDQ SHUIRUP ZHOO HYHQ ZKHQ WKH H[HFXWHG SURJUDP LV LW�
VHOI DQ LQWHUSUHWHU� DQ DSSURDFK FDOOHG PHWD�WUDFLQJ� 7KH DGYDQWDJH
RI PHWD�WUDFLQJ LV WKDW LW VHSDUDWHV WKH FRQFHUQ RI -,7 FRPSLODWLRQ
IURP ODQJXDJH LPSOHPHQWDWLRQ� HQDEOLQJ WKH VDPH -,7 FRPSLOHU WR
EH XVHG ZLWK PDQ\ GLIIHUHQW ODQJXDJHV� 7KH 53\WKRQ PHWD�WUDFLQJ
-,7 FRPSLOHU KDV HQDEOHG WKH HIILFLHQW LQWHUSUHWDWLRQ RI VHYHUDO G\�
QDPLF ODQJXDJHV LQFOXGLQJ 3\WKRQ �3\3\�� 3URORJ� DQG 6PDOOWDON�
,Q WKLV SDSHU ZH SUHVHQW LQLWLDO ILQGLQJV LQ DSSO\LQJ WKH 53\WKRQ
-,7 WR 5DFNHW� 5DFNHW FRPHV IURP WKH 6FKHPH IDPLO\ RI SURJUDP�
PLQJ ODQJXDJHV IRU ZKLFK WKHUH DUH PDWXUH VWDWLF RSWLPL]LQJ FRPSLO�
HUV� :H SUHVHQW WKH UHVXOW RI VSHQGLQJ MXVW D FRXSOH SHUVRQ�PRQWKV
LPSOHPHQWLQJ DQG WXQLQJ DQ LPSOHPHQWDWLRQ RI 5DFNHW ZULWWHQ LQ
53\WKRQ� 7KH UHVXOWV DUH SURPLVLQJ� ZLWK D JHRPHWULF PHDQ HTXDO
WR 5DFNHW¶V SHUIRUPDQFH DQGZLWKLQ D IDFWRU RI � VORZHU WKDQ*DPELW
DQG /DUFHQ\ RQ D FROOHFWLRQ RI VWDQGDUG 6FKHPH EHQFKPDUNV� 7KH
UHVXOWV RQ LQGLYLGXDO EHQFKPDUNV YDU\ ZLGHO\� 2Q WKH SRVLWLYH VLGH�
RXU LQWHUSUHWHU LV VRPHWLPHV XS WR WZR WR VL[ WLPHV IDVWHU WKDQ *DP�
ELW� DQ RUGHU RI PDJQLWXGH IDVWHU WKDQ /DUFHQ\� DQG WZR RUGHUV RI
PDJQLWXGH IDVWHU WKDQ WKH 5DFNHW -,7 FRPSLOHU ZKHQ PDNLQJ KHDY\
XVH RI FRQWLQXDWLRQV� 2Q WKH QHJDWLYH VLGH� RXU LQWHUSUHWHU LV VRPH�
WLPHV WKUHH WLPHV VORZHU WKDQ 5DFNHW� QLQH WLPHV VORZHU WKDQ *DP�
ELW� DQG ILYH WLPHV VORZHU WKDQ /DUFHQ\�

&DWHJRULHV DQG 6XEMHFW 'HVFULSWRUV '���� >3URFHVVRUV@� &RGH
JHQHUDWLRQ� &RPSLOHUV� '���� >6RIWZDUH (QJLQHHULQJ@� $SSOLFD�
WLYH �IXQFWLRQDO� ODQJXDJHV

*HQHUDO 7HUPV /DQJXDJHV� 'HVLJQ� 3HUIRUPDQFH

.H\ZRUGV 0HWD�WUDFLQJ� -,7� 6FKHPH� 5DFNHW� &(.

�� ,QWURGXFWLRQ
-XVW�LQ�WLPH �-,7� FRPSLODWLRQ KDV EHHQ DSSOLHG WR D ZLGH YDULHW\
RI ODQJXDJHV� ZLWK HDUO\ H[DPSOHV LQFOXGLQJ /LVS� $3/� %DVLF� )RU�
WUDQ� 6PDOOWDON� DQG 6HOI �$\FRFN ������ 7KHVH GD\V� -,7 FRPSL�
ODWLRQ LV PDLQVWUHDP� LW LV UHVSRQVLEOH IRU UXQQLQJ ERWK VHUYHU�VLGH
-DYD DSSOLFDWLRQV �3DOHF]Q\ HW DO� ����� DQG FOLHQW�VLGH -DYD6FULSW
DSSOLFDWLRQV LQ ZHE EURZVHUV �+|OWWl ������

0LWFKHOO ������ REVHUYHG WKDW RQH FRXOG REWDLQ DQ LQVWUXFWLRQ VH�
TXHQFH IURP DQ LQWHUSUHWHU E\ UHFRUGLQJ LWV DFWLRQV� 7KH LQWHUSUHWHU
FDQ WKHQ MXPS WR WKLV LQVWUXFWLRQ VHTXHQFH� WKLV WUDFH� ZKHQ LW UHWXUQV
WR LQWHUSUHW WKH VDPH SDUW RI WKH SURJUDP� )RU LI�WKHQ�HOVH VWDWHPHQWV�
WKHUH LV D WUDFH IRU RQO\ RQH EUDQFK� )RU WKH RWKHU EUDQFK� 0LWFKHOO

VXJJHVWV UHLQYRNLQJ WKH LQWHUSUHWHU� %DOD HW DO� ������ DSSOLHG WUDF�
LQJ -,7 FRPSLODWLRQ WR RSWLPL]H QDWLYH DVVHPEO\ FRGH DQG *DO HW DO�
������ VKRZHG WKDW WUDFLQJ -,7 FRPSLOHUV FDQ HIILFLHQWO\ H[HFXWH
REMHFW�RULHQWHG SURJUDPV� ZKLFK IHDWXUH FRQWURO IORZ WKDW LV KLJKO\
G\QDPLF DQG GDWD�GHSHQGHQW�

'HYHORSLQJ D MXVW�LQ�WLPH FRPSLOHU LV WUDGLWLRQDOO\ D FRPSOH[ XQ�
GHUWDNLQJ� +RZHYHU� %RO] HW DO� ������ GHYHORSHG PHWD�WUDFLQJ� DQ
DSSURDFK WKDW FDQ VLJQLILFDQWO\ UHGXFH WKH GHYHORSPHQW FRVW IRU WUDF�
LQJ -,7 FRPSLOHUV� :LWK PHWD�WUDFLQJ� WKH ODQJXDJH LPSOHPHQWHU
GRHV QRW KDYH WR LPSOHPHQW D -,7 FRPSLOHU IRU WKHLU ODQJXDJH� ,Q�
VWHDG WKH\ VLPSO\ ZULWH DQ LQWHUSUHWHU IRU WKHLU ODQJXDJH LQ D VSHFLDO
LPSOHPHQWDWLRQ ODQJXDJH FDOOHG 53\WKRQ� 7KHQ VRPH DQQRWDWLRQV
�KLQWV� FDQ EH DGGHG WR WKHLU LQWHUSUHWHU� DQG 53\WKRQ¶V WUDFLQJ -,7
FRPSLOHU ZLOO EH DXWRPDWLFDOO\ LQVHUWHG LQWR WKH ODQJXDJH LPSOHPHQ�
WDWLRQ� 5LJR DQG 3HGURQL ������ DQG %RO] DQG 7UDWW ������ GHVFULEH
DQ HIILFLHQW PHWD�WUDFLQJ LPSOHPHQWDWLRQ RI 3\WKRQ� FDOOHG 3\3\�

0HWD�WUDFLQJ KDV QRW SUHYLRXVO\ EHHQ DSSOLHG WR D SURJUDPPLQJ
ODQJXDJH LQ WKH 6FKHPH IDPLO\� 6FKHPH LV LQWHUHVWLQJ IRU WZR UHD�
VRQV� RQ WKH RQH KDQG� 6FKHPH SUHVHQWV D QXPEHU RI FKDOOHQJHV�
VXFK DV FRQWLQXDWLRQV� JXDUDQWHHG WDLO FDOO RSWLPL]DWLRQ� KHDY\ XVH
RI KLJKHU�RUGHU SURJUDPPLQJ DQG PXOWLSOH UHWXUQ YDOXHV� 2Q WKH
RWKHU KDQG� 6FKHPH KDV WUDGLWLRQDOO\ KDG YHU\ JRRG DKHDG�RI�WLPH
�$27� FRPSLOHUV WKDW GR VWDWLF DQDO\VLV RI 6FKHPH FRGH DQG RSWL�
PL]H LW KHDYLO\� VXFK DV *DPELW �)HHOH\ ������ ,W LV WKHUHIRUH DQ
RSHQ TXHVWLRQ ZKHWKHU D WUDFLQJ -,7 FRPSLOHU� DQG PRUH VR D QRQ�
ODQJXDJH VSHFLILF PHWD�WUDFLQJ FRPSLOHU� FDQ FRPSHWH�

,Q WKLV SDSHU ZH SUHVHQW3\FNHW� DQ LPSOHPHQWDWLRQ RI WKH 5DFNHW
ODQJXDJH �)ODWW DQG 3/7 ����� LQ 53\WKRQ� 3\FNHW ZDV ZULWWHQ
LQ D UHODWLYHO\ VWUDLJKWIRUZDUG ZD\� FORVHO\ IROORZLQJ WKH FRQWURO�
HQYLURQPHQW� DQG FRQWLQXDWLRQ �&(.� DEVWUDFW PDFKLQH �)HOOHLVHQ
DQG )ULHGPDQ ������ :H FKRVH WR EDVH RXU LQWHUSUHWHU RQ WKH &(.�
PDFKLQH IRU WZR UHDVRQV� ILUVW� WKH &(.�PDFKLQH HPERGLHV SHUKDSV
WKH PRVW VWUDLJKWIRUZDUG ZD\ WR LPSOHPHQW D ODQJXDJH ZLWK ILUVW�
FODVV FRQWLQXDWLRQV� 6HFRQG� ZH ZDQWHG WR VHH LI PHWD�WUDFLQJ FRXOG
SURGXFH JRRG UHVXOWV RQ DQ LQWHUSUHWHU ZULWWHQ DW D KLJKHU�OHYHO WKDQ
WKH XVXDO E\WHFRGH LQWHUSUHWHUV�

,Q WKLV SDSHU� ZH PDNH WKH IROORZLQJ FRQWULEXWLRQV�

� :H VKRZ WKDW PHWD�WUDFLQJ PDNHV D &(.�EDVHG LQWHUSUHWHU IRU
5DFNHW FRPSHWLWLYH ZLWK WKH H[LVWLQJ $27 DQG -,7 FRPSLOHUV�

� :H H[SODLQ WKH WUDQVIRUPDWLRQV ZH DSSOLHG WR 3\FNHW WR PDNH LW
DPHQDEOH WR RSWLPL]DWLRQ E\ PHWD�WUDFLQJ�

� :H UHSRUW WKH SHUIRUPDQFH RI 3\FNHW RQ D VWDQGDUG VHW RI
6FKHPH EHQFKPDUNV� FRPSDULQJ LW WR /DUFHQ\ �&OLQJHU DQG
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+DQVHQ ������ *DPELW �)HHOH\ ������ DQG WKH 5DFNHW -,7 FRP�
SLOHU�

7KH SDSHU LV VWUXFWXUHG DV IROORZV� LQ VHFWLRQ � ZH UHYLHZ VRPH
RI WKH VDOLHQW IHDWXUHV RI 6FKHPH DQG 5DFNHW DQG JLYH VRPH EDFN�
JURXQG RQ 53\WKRQ DQG LWV WUDFLQJ -,7 FRPSLOHU� ,Q VHFWLRQ � ZH
GHVFULEH WKH 3\FNHW LQWHUSUHWHU DQG WKH WUDQVIRUPDWLRQV WKDW ZHUH
QHHGHG WR PDNH LW DPHQDEOH WR RSWLPL]DWLRQ E\ WKH 53\WKRQ WUDF�
LQJ -,7 FRPSLOHU� :H HYDOXDWH WKH SHUIRUPDQFH RI 3\FNHW LQ VHF�
WLRQ � DQG GLVFXVV UHODWHG ZRUN LQ VHFWLRQ �� 6HFWLRQ � FRQFOXGHV
ZLWK VRPH IXWXUH GLUHFWLRQV�

�� %DFNJURXQG
3\FNHW LV EDVHG RQ 53\WKRQ DQG 5DFNHW� ZH JLYH EULHI LQWURGXFWLRQV
WR ERWK LQ WKLV VHFWLRQ�

��� 53\WKRQ DQG 0HWD�7UDFLQJ
53\WKRQ LV D VWDWLFDOO\ W\SHG VXEVHW RI 3\WKRQ WKDW FDQ EH FRPSLOHG
LQWR HIILFLHQW & FRGH� 7KH W\SHV GR QRW KDYH WR EH JLYHQ LQ WKH VRXUFH
FRGH EXW DUH LQIHUUHG� ,W ZDV GHVLJQHG WR EH DQ LPSOHPHQWDWLRQ
ODQJXDJH IRU LQWHUSUHWHUV IRU �G\QDPLF� ODQJXDJHV�

7KH IHDWXUH WKDW PDNHV 53\WKRQ LQWHUHVWLQJ LV LWV VXSSRUW IRU
PHWD�WUDFLQJ� :KHQ FRPSLOLQJ DQ LQWHUSUHWHU ZULWWHQ LQ 53\WKRQ WR
&� RSWLRQDOO\ D WUDFLQJ -,7 FRPSLOHU FDQ EH LQVHUWHG LQWR WKH JHQ�
HUDWHG & FRGH� 7KLV UHTXLUHV VRPH VRXUFH FRGH DQQRWDWLRQV E\ WKH
LQWHUSUHWHU DXWKRU WR PDNH LW ZRUN �%RO] HW DO� ����� ����E�� 7KH LQ�
VHUWHG WUDFLQJ -,7 FRPSLOHU SURGXFHV OLQHDU VHTXHQFHV RI PDFKLQH
FRGH E\ UHFRUGLQJ WKH RSHUDWLRQV WKH LQWHUSUHWHU H[HFXWHG ZKLOH UXQ�
QLQJ D VSHFLILF SLHFH RI WKH XVHU¶V SURJUDP� 7KH UHFRUGHG VHTXHQFH
RI RSHUDWLRQV �FDOOHG D WUDFH� LV RSWLPL]HG DQG WKHQ PDFKLQH FRGH
LV HPLWWHG� 7UDFHV DUH RQO\ SURGXFHG IRU SDUWV RI WKH SURJUDP WKDW
KDYH EHHQ H[HFXWHG PRUH WKDQ D VSHFLILHG WKUHVKROG�

%HFDXVH WKH SURGXFHG PDFKLQH FRGH LV OLQHDU� LW QHHGV WR HQFRGH
SRWHQWLDO FRQWURO IORZ EUDQFKHV LQ D VSHFLDO ZD\� 7KLV LV GRQH ZLWK
JXDUGV� DQ LQVWUXFWLRQ WKDW HQFRGHV WKH FRQGLWLRQV WKDW KDYH WR EH
WUXH WR VWD\ RQ WKH WUDFH� ,I D JXDUG IDLOV� H[HFXWLRQ IDOOV EDFN WR
WKH LQWHUSUHWHU� ,I LW IDLOV RIWHQ HQRXJK� D WUDFH IRU WKDW VLGH SDWK LV
SURGXFHG DV ZHOO� 4XLWH RIWHQ WKH SURGXFHG WUDFHV DUH DFWXDOO\ ORRSV�
PHDQLQJ WKDW WKH\ HQG ZLWK MXPSV WR WKHLU RZQ EHJLQQLQJ�

��� 6FKHPH DQG 5DFNHW
6FKHPH �6XVVPDQ DQG 6WHHOH -U� ����� 6SHUEHU HW DO� ����� LV D
VPDOO IXQFWLRQDO ODQJXDJH EDVHG DURXQG WKH LPSHUDWLYH FDOO�E\�
YDOXH �FDOFXOXV ZLWK D FRUH VHW RI DGGLWLRQDO GDWD VWUXFWXUHV� 6WDUW�
LQJ ZLWK 6WHHOH ������� 6FKHPH DOVR KDV D ORQJ KLVWRU\ RI RSWLPL]LQJ
FRPSLOHUV� RIWHQ IRFXVLQJ RQ GLIILFXOW�WR�FRPSLOH IHDWXUHV VXFK DV
ILUVW�FODVV IXQFWLRQV �LQ WKH ����V ZKHQ 6FKHPH ZDV LQYHQWHG� DQG
ILUVW�FODVV FRQWLQXDWLRQV �VXEVHTXHQWO\��

5DFNHW �)ODWW DQG 3/7 ����� LV D PDWXUH IXQFWLRQDO ODQJXDJH
DQG LPSOHPHQWDWLRQ� GHULYHG IURP 6FKHPH ZLWK VLJQLILFDQW H[WHQ�
VLRQV� )RU RXU SXUSRVHV� ZH IRFXV PDLQO\ RQ DUHDV ZKHUH LW RYHUODSV
ZLWK 6FKHPH� DQG RQ LWV SHUIRUPDQFH FKDUDFWHULVWLFV�

1RWDEO\ IRU RXU SXUSRVHV� 5DFNHW H[WHQVLYHO\ XVHV PDFURV DQG
RWKHU IRUPV RI V\QWD[ H[WHQVLRQ� SULRU WR FRPSLODWLRQ DOO V\QWD[
H[WHQVLRQV DUH H[SDQGHG LQWR D VPDOO VHW RI FRUH ODQJXDJH IRUPV�
3\FNHW PDNHV XVH RI WKLV SDVV E\ LQYRNLQJ 5DFNHW LWVHOI WR SHUIRUP
WKLV H[SDQVLRQ� DQG WKHQ LPSOHPHQWV RQO\ WKH GR]HQ FRUH IRUPV�

7KH FXUUHQW 5DFNHW LPSOHPHQWDWLRQ IHDWXUHV ERWK DQ $27 FRP�
SLOHU DQG D -,7 FRPSLOHU� 7KH $27 FRPSLOHU WDNHV WKH FRUH IRUPV
PHQWLRQHG DERYH DQG SURGXFHV D VWDFN�EDVHG E\WHFRGH� $W UXQWLPH�
XSRQ ILUVW LQYRFDWLRQ RI D IXQFWLRQ� WKH E\WHFRGH RI WKH IXQFWLRQ LV
FRPSLOHG WR PDFKLQH LQVWUXFWLRQV E\ WKH -,7 FRPSLOHU�

7KH LPSOHPHQWDWLRQ VWUDWHJ\ RI 5DFNHW SODFHVPRVW RSWLPL]DWLRQ
EXUGHQ RQ WKH $27 FRPSLOHU WR E\WHFRGH� 7KLV FRPSLOHU SHUIRUPV
D QXPEHU RI WUDQVIRUPDWLRQV LPSRUWDQW IRU IXQFWLRQDO ODQJXDJHV

VXFK DV ODPEGD�OLIWLQJ� DV ZHOO DV VWDQGDUG WUDQVIRUPDWLRQV VXFK
DV FRQVWDQW SURSDJDWLRQ DQG GHDG FRGH HOLPLQDWLRQ� ,Q SDUWLFXODU�
VLJQLILFDQW LQOLQLQJ LV SHUIRUPHG LQ WKLV SDVV� LQFOXGLQJ LQOLQLQJ RI
UHFXUVLYH IXQFWLRQV� UHVXOWLQJ LQ D NLQG RI ORRS XQUROOLQJ�

%HFDXVH WKH 5DFNHW -,7 FRPSLOHU LV LQYRNHG RQ WKH ILUVW FDOO
WR D IXQFWLRQ� LW FDQ RQO\ WDNH DGYDQWDJH RI G\QDPLF LQIRUPDWLRQ
SUHVHQW DW WKDW WLPH� 7KHUHIRUH� ZKLOH WKH -,7 FRPSLOHU GRHV PDNH
XVH RI LQIRUPDWLRQ VXFK DV W\SHV RI FRQVWDQW UHIHUHQFHV� LW GRHV QRW
SHUIRUP WKH NLQG RI G\QDPLF RSWLPL]DWLRQV RIWHQ DVVRFLDWHG ZLWK
-,7 FRPSLOHUV IRU G\QDPLF ODQJXDJHV� ,Q SDUWLFXODU� LW GRHV QRW IHHG
EDFN W\SH LQIRUPDWLRQ FROOHFWHG DW UXQWLPH DERXW YDULDEOHV LQWR WKH
FRPSLOHU �+|O]OH DQG 8QJDU ������

�� 7KH ,PSOHPHQWDWLRQ RI 3\FNHW
3\FNHW LV LPSOHPHQWHG GLUHFWO\ DV DQ LQWHUSUHWHU IRU WKH &(. DE�
VWUDFW PDFKLQH �)HOOHLVHQ DQG )ULHGPDQ ������ ZLWK RQO\ PLQRU
PRGLILFDWLRQV� 7KH &(.�PDFKLQH LV D ZHOO�NQRZQ DEVWUDFW PDFKLQH
WKDW PDNHV HQYLURQPHQWV DQG FRQWLQXDWLRQV H[SOLFLW LQ WKH UHSUHVHQ�
WDWLRQ DQG LW UHSUHVHQWV FRQWURO XVLQJ DEVWUDFW V\QWD[ WUHHV �$67V��
6WDWHV ZLWKLQ WKH &(.�PDFKLQH DUH WULSOHV RI DQ H[SUHVVLRQ WR EH
HYDOXDWHG� WKH HQYLURQPHQW RI WKDW H[SUHVVLRQ ZKLFK VWRUHV ELQGLQJV
RI QDPHV WR YDOXHV� DQG D FRQWLQXDWLRQ REMHFW WKDW GHVFULEHV ZKDW WR
GR DIWHU WKH H[SUHVVLRQ KDV EHHQ HYDOXDWHG� 7KH PDFKLQH LV D VHW
RI UXOHV GHVFULELQJ WUDQVLWLRQV EHWZHHQ WKHVH VWDWHV� :H LPSOHPHQW
PXWDWLRQ XVLQJ WKH 3\WKRQ KHDS� LQVWHDG RI DQ H[SOLFLW KHDS DV LQ WKH
&(6.�PDFKLQH�

)ROORZLQJ WKH &(.�PDFKLQH KDV D QXPEHU RI DGYDQWDJHV� )LUVW�
LW PDNHV VXSSRUWLQJ GLIILFXOW�WR�LPSOHPHQW 5DFNHW IHDWXUHV VXFK DV
FDOO�FF� SURSHU WDLO FDOOV� DQG PXOWLSOH UHWXUQ YDOXHV VWUDLJKWIRUZDUG�
6HFRQG� XVLQJ WKH &(.�PDFKLQH DV D VWDUWLQJ SRLQW LV DOVR LQWHUHVW�
LQJ LQ WKDW� LPSOHPHQWHG QDLYHO\� LW LV QRW D SDUWLFXODUO\ HIILFLHQW
ZD\ WR H[HFXWH 6FKHPH�OLNH ODQJXDJHV� ,W LV WKHUHIRUH DQ H[FHOOHQW
ZD\ WR WHVW WKH K\SRWKHVLV WKDW 53\WKRQ¶V PHWD�WUDFLQJ FDQ JHQHUDWH
DQ HIILFLHQW LPSOHPHQWDWLRQ IURP VXFK D KLJK�OHYHO LQWHUSUHWHU��

/LVWLQJ � VKRZV WKH PDLQ ORRS RI WKH 3\FNHW LQWHUSUHWHU� 7KH OR�
FDO YDULDEOHV UHSUHVHQW WKH FXUUHQW H[SUHVVLRQ WR EH HYDOXDWHG �DVW��
WKH FXUUHQW HQYLURQPHQW �HQY�� DQG WKH FRQWLQXDWLRQ �FRQW�� ,Q HYHU\
LWHUDWLRQ RI WKH ORRS� RQH WUDQVLWLRQ UXOH RI WKH &(.�PDFKLQH LV DS�
SOLHG� E\ FDOOLQJ WKH PHWKRG LQWHUSUHW RQ WKH FXUUHQW DVW �OLQH ���
ZKLFK UHWXUQV D QHZ WULSOH DVW� HQY� FRQW� )RU WUDQVLWLRQV WKDW SUR�
GXFH YDOXHV� WKH LQWHUSUHWPHWKRG GHFLGHV ZKDW WR GR QH[W E\ LQYRN�
LQJ WKH SOXJBUHGXFH PHWKRG RQ WKH FXUUHQW FRQWLQXDWLRQ FRQW� ,I WKH
FRPSXWDWLRQ LV ILQLVKHG� D VSHFLDO 'RQH H[FHSWLRQ LV WKURZQ� ZKLFK
HQFDSVXODWHV WKH UHWXUQ YDOXH�

7KH PDLQ ORRS KDV WZR KLQWV WR 53\WKRQ¶V -,7 FRPSLOHU JHQHUD�
WLRQPDFKLQHU\� RQ OLQHV � DQG �±�� 7KHVH KLQWV DUH GLVFXVVHG IXUWKHU
LQ VHFWLRQ �� EXW WKH\ GR QRW DIIHFW WKH VHPDQWLFV RI WKH SURJUDP�

� WU\�
� ZKLOH 7UXH�
� MLWGULYHU�MLWBPHUJHBSRLQW��
� DVW� HQY� FRQW  DVW�LQWHUSUHW�HQY� FRQW�
� LI DVW�VKRXOGBHQWHU�
� MLWGULYHU�FDQBHQWHUBMLW��
� H[FHSW 'RQH� H�
� UHWXUQ H�YDOXHV

/LVWLQJ �� ,QWHUSUHWHU PDLQ ORRS

�:KLOH D GLUHFW LQWHUSUHWHU RQ WKH $67 ZRXOG EH HYHQ PRUH KLJK�OHYHO� LW
ZRXOG PDNH LW KDUGHU WR LPSOHPHQW FRQWLQXDWLRQV� DQG ZRXOG UHTXLUH SURSHU
WDLO FDOOV IURP WKH XQGHUO\LQJ ODQJXDJH� ZKLFK 53\WKRQ GRHV QRW SURYLGH�



��� ([SUHVVLRQV
7KH $67 LV D UHSUHVHQWDWLRQ RI WKH SURJUDP EHLQJ LQWHUSUHWHG� 7KH
$67 KDV WR UHSUHVHQW RQO\ WKH FRUH IRUPV� ZLWK WKH UHPDLQGHU
KDQGOHG E\ 5DFNHW¶V PDFUR H[SDQGHU� WKHVH IRUPV DUH ODPEGD DE�
VWUDFWLRQV� IXQFWLRQ DSSOLFDWLRQ� TXRWHV� YDULDEOHV� OHW ELQGLQJV� LI�
OHWUHF� EHJLQ� DQG VHW�� $V DQ H[DPSOH� WKH $67 FODVV UHSUHVHQWLQJ
LI�H[SUHVVLRQV LV VHHQ LQ OLVWLQJ ��

$Q LI�H[SUHVVLRQ UHIHUHQFHV D WHVW� D WKHQ�H[SUHVVLRQ DQG HOVH�
H[SUHVVLRQ� DOO RI ZKLFK DUH WKHPVHOYHV $67V� 7R LQWHUSUHW DQ LI�
H[SUHVVLRQ� ILUVW WKH WHVW LV HYDOXDWHG DQG WKH YDOXH UHVXOWLQJ IURP
WKDW HYDOXDWLRQ LV FRPSDUHG WR �I� 'HSHQGLQJ RQ ZKHWKHU WKDW LV
WUXH RU IDOVH� WKH WKHQ� RU WKH HOVH�H[SUHVVLRQ LV UHWXUQHG DV WKH QHZ
$67 WR EH LQWHUSUHWHG� 7KH HQYLURQPHQW DQG FRQWLQXDWLRQ UHPDLQ
WKH VDPH�

� FODVV ,I�$67��
� � FRQVWUXFWRU RPLWWHG
� GHI LQWHUSUHW�VHOI� HQY� FRQW��
� YDO  VHOI�WVW�LQWHUSUHW�HQY�
� LI YDO LV YDOXHV�IDOVH�
� UHWXUQ VHOI�HOV� HQY� FRQW
� HOVH�
� UHWXUQ VHOI�WKQ� HQY� FRQW

/LVWLQJ �� ,I $67 QRGH

��� &RQWLQXDWLRQV
&RQWLQXDWLRQV HQFDSVXODWH ZKDW WKH LQWHUSUHWHU PXVW GR DIWHU WKH FXU�
UHQW $67 LV IXOO\ HYDOXDWHG WR D YDOXH� :H UHSUHVHQW FRQWLQXDWLRQV
DV D VWDFN LPSOHPHQWHG DV D OLQNHG OLVW� 7KH FKDLQ RI FRQWLQXDWLRQV
FRPELQHV WKH UROHV RI DQ RSHUDQG VWDFN DQG WKH SURFHGXUH FDOO VWDFN
RI D PRUH WUDGLWLRQDO E\WHFRGH LQWHUSUHWHU�

$V D VLPSOH H[DPSOH� OLVWLQJ � VKRZV WKH EHJLQ FRQWLQXDWLRQ�
LPSOHPHQWLQJ WKH EHJLQ IRUP� 7KLV IRUP HYDOXDWHV D VHTXHQFH RI
H[SUHVVLRQV� UHWXUQLQJ WKH YDOXH RI WKH ODVW� 7KH EHJLQ FRQWLQXDWLRQ
LV WKHUHIRUH XVHG WR PDUN WKDW WKH UHVXOWV RI DOO EXW WKH ODVW H[SUHVVLRQ
DUH LJQRUHG� 7KH SOXJBUHGXFH PHWKRG RI D FRQWLQXDWLRQ LV FDOOHG
ZLWK WKH UHVXOW RI HYDOXDWLQJ WKH SUHYLRXV H[SUHVVLRQ LQ WKH EHJLQ
IRUP DV WKH YDOV DUJXPHQW� 7KDW YDOXH LV WKHQ LJQRUHG DQG WKH QH[W
H[SUHVVLRQ LV HYDOXDWHG� )RU WKH ODVW H[SUHVVLRQ RI WKH EHJLQ QR QHZ
FRQWLQXDWLRQ LV QHHGHG� DQG WKH YDOXH RI WKDW H[SUHVVLRQ LV HYHQWXDOO\
SDVVHG RQ WR WKH SUHYLRXV FRQWLQXDWLRQ�

� FODVV %HJLQ&RQW�&RQW��
� � FRQVWUXFWRU RPLWWHG
� GHI SOXJBUHGXFH�VHOI� YDOV��
� MLW�SURPRWH�VHOI�DVW�
� HQY  VHOI�HQY
� L  VHOI�L
� LI L   OHQ�VHOI�DVW�ERG\� � ��
� UHWXUQ VHOI�DVW�ERG\>L@� HQY� VHOI�SUHY
� HOVH�
�� FRQW  %HJLQ&RQW�VHOI�DVW� L��� HQY� VHOI�SUHY�
�� UHWXUQ VHOI�DVW�ERG\>L@� HQY� FRQW

/LVWLQJ �� %HJLQ FRQWLQXDWLRQ

$V DQ RSWLPL]DWLRQ� ZH IXVH WKH H[SUHVVLRQ UH�FRQVWUXFWLRQ
�SOXJ� DQG QHZ�H[SUHVVLRQ HYDOXDWLRQ �UHGXFH� SRUWLRQV RI WKH &(.�
PDFKLQH� D VWDQGDUG SUDFWLFH LQ RSWLPL]LQJ DEVWUDFW PDFKLQHV� 7KXV
WKH SOXJBUHGXFH PHWKRG GLUHFWO\ ILQGV WKH QH[W H[SUHVVLRQ WR HYDOX�
DWH�

3ULRU WR LQWHUSUHWDWLRQ� ZH WUDQVODWH DOO H[SUHVVLRQV WR $�QRUPDO
IRUP �'DQY\ ����� )ODQDJDQ HW DO� ������ 7KLV LQWURGXFHV DGGLWLRQDO

OHW�ELQGLQJV IRU DOO QRQ�WULYLDO H[SUHVVLRQV �H�J� IXQFWLRQ DSSOLFD�
WLRQ�� VR WKDW IXQFWLRQ RSHUDQGV DQG WKH WHVW RI DQ LI DUH DOZD\V HL�
WKHU FRQVWDQWV RU YDULDEOHV� 7KLV WUDQVIRUPDWLRQ LV QRW UHTXLUHG IRU
RXU LPSOHPHQWDWLRQ� EXW VLJQLILFDQWO\ VLPSOLILHV WKH FRQWLQXDWLRQV
ZH JHQHUDWH� HQDEOLQJ WKH WUDFLQJ -,7 FRPSLOHU WR SURGXFH EHWWHU
FRGH�

��� (QYLURQPHQWV
(QYLURQPHQWV DUH LPSOHPHQWHG DV OLQNHG OLVWV RI DUUD\V RI YDOXHV�
/LVWLQJ � VKRZV WKH LPSOHPHQWDWLRQ RI WKH HQYLURQPHQW FODVV� ,W
VWRUHV D OLVW RI YDOXHV DQG D UHIHUHQFH WR WKH RXWHU HQYLURQPHQW� $67
QRGHV WUDFN WKH OH[LFDO QHVWLQJ VWUXFWXUH� PHDQLQJ WKDW HQYLURQPHQWV
QHHG QRW VWRUH YDULDEOH QDPHV �VHH VHFWLRQ �����

$OPRVW DOO YDULDEOHV LQ W\SLFDO 5DFNHW SURJUDPV DUH LPPXWDEOH�
EXW VHW� PXVW DOVR EH VXSSRUWHG� 7R VLPSOLI\ WKH UHSUHVHQWDWLRQ
RI HQYLURQPHQWV� 3\FNHW SHUIRUPV DVVLJQPHQW FRQYHUVLRQ� HYHU\
PXWDEOH YDULDEOH LV WUDQVIRUPHG LQWR DQ LPPXWDEOH RQH ZKRVH YDOXH
LV D PXWDEOH KHDS FHOO� 7KLV PDNHV PXWDEOH YDULDEOHV VRPHZKDW
VORZHU� EXW EHQHILWV DOO RWKHUV E\ HQDEOLQJ WKH -,7 FRPSLOHU WR ORRN
XS YDULDEOHV RQO\ RQFH�

� FODVV &RQV(QY�(QY��
� � FRQVWUXFWRU RPLWWHG
� #MLW�XQUROOBVDIH
� GHI ORRNXS�VHOI� V\P� HQYBVWUXFWXUH��
� MLW�SURPRWH�HQYBVWUXFWXUH�
� IRU L� V LQ HQXPHUDWH�HQYBVWUXFWXUH�V\PEROV��
� LI V LV V\P�
� Y  VHOI�YDOXHBOLVW>L@
� DVVHUW Y LV QRW 1RQH
�� UHWXUQ Y
�� UHWXUQ VHOI�SUHY�ORRNXS�V\P� HQYBVWUXFWXUH�SUHY�

/LVWLQJ �� (QYLURQPHQW DQG ORRNXS

3\FNHW DOVR VLPSOLILHV HQYLURQPHQW DQG FORVXUHV WR KDQGOH VLP�
SOH UHFXUVLYH IXQFWLRQV� DV LV FRPPRQ LQ IXQFWLRQDO ODQJXDJH LPSOH�
PHQWDWLRQV� )RU H[DPSOH 3\FNHW LPSOHPHQWV D VLPSOLILHG IRUP RI
WKH OHWUHF UHZULWLQJ IRU SURFHGXUHV �:DGGHOO HW DO� ������

��� 9DOXHV
9DOXHV LQ 3\FNHW DUH UHSUHVHQWHG VWUDLJKWIRUZDUGO\ DV LQVWDQFHV RI
VHYHUDO FODVVHV� RQH FODVV IRU HDFK NLQG VXFK DV IL[QXP� IORQXP�
ERRO� SDLU� YHFWRU� HWF� :H VSHFLDOL]H WKH UHSUHVHQWDWLRQ RI YHFWRUV
WR HQDEOH XQER[HG VWRUDJH IRU KRPRJHQHRXV YHFWRUV RI IL[QXPV RU
IORQXPV XVLQJ WKH VWRUDJH VWUDWHJLHV WHFKQLTXH �%RO] HW DO� ������

5DFNHW¶V SDLUV DUH LPPXWDEOH �PXWDEOH SDLUV DUH FRQVWUXFWHG E\
PFRQV DQG DFFHVVHG ZLWK PFDU DQG PFGU�� 7KHUHIRUH LW LV SRVVLEOH
WR FKRRVH RQH RI VHYHUDO VSHFLDOL]HG UHSUHVHQWDWLRQV RI SDLUV DW
DOORFDWLRQ WLPH� &XUUHQWO\ 3\FNHW RQO\ VSHFLDOL]HV SDLUV ZKHQ WKH
FDU LV D IL[QXP� ZKLFK LW UHSUHVHQWV LQ XQER[HG IRUP�

,Q DOO RWKHU FDVHV� XQOLNH 5DFNHW DQG DOPRVW DOO RWKHU IXQFWLRQDO
ODQJXDJH LPSOHPHQWDWLRQV� IL[QXPV DUH KHDS DOORFDWHG� 3\FNHW GRHV
QRW XVH SRLQWHU WDJJLQJ�

�� ,QWHUDFWLRQ ZLWK 0HWD�7UDFLQJ
2QH LPPHGLDWH KXUGOH ZKHQ DSSO\LQJ 53\WKRQ¶V PHWD�WUDFLQJ -,7
FRPSLOHU WR 3\FNHW LV WKDW RQH RI WKH KLQWV WKDW WKH LQWHUSUHWHU DX�
WKRU QHHGV WR JLYH LV ZKHUH ORRSV DW WKH ODQJXDJH OHYHO FDQ RFFXU�
%HFDXVH 5DFNHW WUDQVIRUPV ORRSV LQWR UHFXUVLYH IXQFWLRQ FDOOV� ZH
PDUN WKH VWDUW RI D IXQFWLRQ DV D SODFH ZKHUH WKH -,7 FRPSLOHU VKRXOG
VWDUW WUDFLQJ� 7KLV LV GRQH E\ VHWWLQJ D IODJ VKRXOGBHQWHU RQ WKH ERG\
$67 RI HYHU\ ODPEGD IRUP� 7KH E\WHFRGH GLVSDWFK ORRS �OLVWLQJ ��
UHDGV WKH IODJ �OLQH �� DQG FDOOV WKH FRUUHVSRQGLQJ PHWKRG RQ WKH
-,7 GULYHU �OLQH ��� $QRWKHU KLQW LV JLYHQ MXVW LQVLGH WKH ORRS ERG\�
LQGLFDWLQJ WKDW WKLV LV WKH PDLQ ORRS RI WKH LQWHUSUHWHU �OLQH ���



$ IXUWKHU VHW RI KLQWV LQGLFDWH WKDW GDWD VWUXFWXUH DUH LPPXWDEOH�
53\WKRQ DVVXPHV WKDW DOO LQVWDQFHV DUH PXWDEOH� VLQFH $67V� FRQ�
WLQXDWLRQV� DQG HQYLURQPHQWV DUH LPPXWDEOH� WKH\ FDQ EH PDUNHG DV
VXFK� )LQDOO\� PDQ\ IXQFWLRQV LQ WKH LQWHUSUHWHU FRQWDLQ ORRSV ZKLFK
VKRXOG EH XQUROOHG ZKLOH WUDFLQJ� VSHFLILHG E\ D IXQFWLRQ GHFRUDWRU
�OLVWLQJ �� OLQH ���

$ VPDOO IXUWKHU RSWLPL]DWLRQ LV WKH FUHDWLRQ RI VL]H�VSHFLDOL]HG
FODVVHV IRU PDQ\ FODVVHV LQ WKH LQWHUSUHWHU� VXFK DV &RQV(QY DQG
FRQWLQXDWLRQ IUDPH FODVVHV� 7KLV UHPRYHV D OD\HU RI LQGLUHFWLRQ E\
SXWWLQJ WKH FRQWHQW GLUHFWO\ LQWR WKH FODVV�

��� $OORFDWLRQ�5HPRYDO
7KH PDLQ RSWLPL]DWLRQ WKDW WKH -,7 FRPSLOHU SHUIRUPV DIWHU LW KDV
WUDFHG D KRW SLHFH RI FRGH LV WKDW LW UHPRYHV DOORFDWLRQV RI LPPHGLDWH
GDWD VWUXFWXUHV WKDW KDYH D SUHGLFWDEOH OLIHWLPH �%RO] HW DO� ����D��
7KLV RSWLPL]DWLRQ LV SDUWLFXODUO\ LPSRUWDQW IRU 3\FNHW� :KHQ UXQ�
QLQJ WKH LQWHUSUHWHU ZLWKRXW PHWD�WUDFLQJ� D ORW RI GDWD�VWUXFWXUHV DUH
FRQWLQXDOO\ DOORFDWHG� HYHU\ FDOO WR DQ LQWHUSUHW PHWKRG DOORFDWHV D
QHZ WULSOH DV LWV UHWXUQ YDOXH DQG QHZ FRQWLQXDWLRQV DUH LQVWDQWLDWHG
DOO WKH WLPH� 0RVW RI WKH WLPH WKHVH GR QRW OLYH YHU\ ORQJ� DQG WKH -,7
FRPSLOHU FDQ IXOO\ UHPRYH WKH RYHUKHDG RI WKHLU XVH� ,Q SDUWLFXODU�
VLPSOH WDLO�UHFXUVLYH IXQFWLRQV DUH WXUQHG LQWR ORRSV RQ WKH PDFKLQH
FRGH OHYHO WKDW� PRVW RI WKH WLPH� GR QRW QHHG WR DOORFDWH HQYLURQ�
PHQWV RU FRQWLQXDWLRQV�

)RU UHFXUVLYH IXQFWLRQV ZKHUH WKH UHFXUVLYH FDOO LV QRW LQ WDLO SR�
VLWLRQ WKH VLWXDWLRQ LV VOLJKWO\ PRUH LQWHUHVWLQJ� 7KH -,7 FRPSLOHU
VWLOO SURGXFHV D ORRS IURP WKH VWDUW RI WKH IXQFWLRQ WR WKH UHFXUVLYH
FDOO� +RZHYHU� EHFDXVH WKHUH LV VRPHWKLQJ OHIW WR GR DIWHU WKH EDVH
FDVH LV UHDFKHG� HYHU\ LWHUDWLRQ RI WKH ORRS DOORFDWHV D FRQWLQXDWLRQ�
7KLV FRQWLQXDWLRQ UHFRUGV ZKDW LV OHIW WR GR XSRQ WKH UHWXUQ RI WKH
UHFXUVLYH FDOO� :KHQ WKH EDVH FDVH LV HYHQWXDOO\ UHDFKHG� WKHVH FRQ�
WLQXDWLRQV DUH WKHQ DFWLYDWHG DQG UHPRYHG DJDLQ� 7KLV SURGXFHV D
VHFRQG ORRS ZKLFK HIIHFWLYHO\ XQZLQGV WKH VWDFN RI FRQWLQXDWLRQV�
,Q WKLV ZD\� HYHQ UHFXUVLRQ WKDW FDQQRW EH GLUHFWO\ PDSSHG WR LWHUD�
WLRQ LV FRPSLOHG DV WZR ORRSV LQ 3\FNHW�

��� /H[LFDO $GGUHVVLQJ IRU )UHH
'XULQJ WKH UHZULWLQJ RI WKH $67� DQRWKHU SLHFH RI LQIRUPDWLRQ LV
FRPSXWHG IRU HYHU\ $67 QRGH� 6LQFH 5DFNHW LV OH[LFDOO\ VFRSHG� LW
LV SRVVLEOH WR GHWHUPLQH WKH VWDWLF VWUXFWXUH RI WKH HQYLURQPHQW DW
HYHU\ SRLQW LQ WKH $67� (QYLURQPHQWV DUH OLQNHG OLVWV RI DUUD\V RI
YDOXHV� WKXV VWDWLF HQYLURQPHQWV DUH D OLQNHG OLVW RI DUUD\V RI QDPHV�

,Q WUDGLWLRQDO 6FKHPH V\VWHPV WKLV HQYLURQPHQW VWUXFWXUH LV XVHG
WR DVVLJQ WZR QXPEHUV WR HYHU\ YDULDEOH ZKLFK HQFRGH WKH SRVLWLRQ
RI WKH YDULDEOH LQ WKH VWDFN RI IUDPHV� ,Q 3\FNHW� WKLV HQFRGLQJ LV
QRW QHFHVVDU\� ,QVWHDG� HYHU\ WLPH D YDULDEOH LQ WKH HQYLURQPHQW LV
H[DPLQHG� WKH VWUXFWXUH RI WKH HQYLURQPHQW LV WUDYHUVHG LQ SDUDOOHO
WR WKH HQYLURQPHQW� XQWLO WKH ORRNHG�IRU QDPH LV IRXQG� :KLOH WKLV
DSSHDUV PXFK OHVV HIILFLHQW WKDQ MXVW XVLQJ WKH WZR LQGLFHV WR SLFN
WKH ULJKW SODFH� WKH -,7 FRPSLOHU ZLOO SURGXFH WKH VDPH PDFKLQH
FRGH DV LI WKH HQFRGLQJ WR QXPEHUV ZDV XVHG�

7KLV ZRUNV EHFDXVH WKH HQYLURQPHQW VWUXFWXUH LV DQ LPPXWDEOH
GDWD VWUXFWXUH WKDW LV SDUW RI WKH$67� 7KXV� WKH -,7 FDQ FRQVWDQW�IROG
DOO FRPSXWDWLRQV WKDW LQVSHFW LW� ,Q SDUWLFXODU� LQ OLVWLQJ �� WKH ORRS
RQ OLQH � LV XQUROOHG DQG WKH FRQGLWLRQ RQ OLQH � LV FRQVWDQW�IROGHG�
7KH JHQHUDWHG FRGH VLPSO\ WUDYHUVHV WKH VWDFN RI HQYLURQPHQWV WR
WKH ULJKW RQH� DQG WKHQ UHDGV WKH YDOXH DW WKH FRUUHFW LQGH[�

7KH DSSURDFK LV PDGH SRVVLEOH E\ VHSDUDWLQJ WKH VWDWLF SDUW RI
WKH HQYLURQPHQW� LWV VWUXFWXUH� IURP WKH GDWD VWUXFWXUH WKDW VWRUHV
GLIIHUHQW YDOXHV DW UXQWLPH� 7KH WHFKQLTXH RI VHSDUDWLQJ VWDWLF DQG
G\QDPLF GDWD VWUXFWXUH FRPSRQHQWV LV FRPPRQ LQ WKH FRQWH[W RI
SDUWLDO HYDOXDWLRQ� DQG FDOOHG ELQGLQJ WLPH LPSURYHPHQW �-RQHV HW DO�
����� &KDSWHU ���� -¡UJHQVHQ ������ SURYLGHV DQ H[DPSOH RI XVLQJ
ELQGLQJ WLPH LPSURYHPHQW IRU HQYLURQPHQWV�

7DEOH �� ([WUHPH UXQWLPHV LQ PLOOLVHFRQGV
*DPELW /DUFHQ\ 3\FNHW 5DFNHW

FWDN
ILEF
SL

�� 5HVXOWV
:H FRPSDUHG 3\FNHW WR 5DFNHW DQG VHYHUDO 6FKHPH LPSOHPHQWD�
WLRQV WR WHVW LWV SHUIRUPDQFH DQG WKHUHIRUH RXU K\SRWKHVLV�

+DUGZDUH :H FRQGXFWHG WKH H[SHULPHQWV RQ DQ ,QWHO ;HRQ
(���� �+DUSHUWRZQ� FORFNHG DW *+] ZLWK 0% FDFKH DQG

*% RI 5$0�$OO EHQFKPDUNV XVHG DUH VLQJOH�WKUHDGHG� KHQFH WKH
QXPEHU RI FRUHV �IRXU� ZDV LUUHOHYDQW WR WKH H[SHULPHQW� $OWKRXJK
YLUWXDOL]HG RQ ;HQ� WKH PDFKLQH ZDV GHGLFDWHG WR WKH EHQFKPDUNV�

6RIWZDUH 7KH PDFKLQH UDQ 8EXQWX ������� /76 ZLWK D ELW
/LQX[ ������ :H XVHG WKH EHQFKPDUNLQJ IUDPHZRUN 5H%HQFK� WR
FDUU\ RXW DOO H[HFXWLRQV DQG PHDVXUHPHQWV� 53\WKRQ DV RI UHYLVLRQ
G��F�D��I��� VHUYHG IRU WUDQVODWLQJ 3\FNHW�

,PSOHPHQWDWLRQV 5DFNHW Y���� *DPELW Y������ /DUFHQ\ Y�����
DQG 3\FNHW DV RI UHYLVLRQ ��HG�GE�D��� ZHUH XVHG LQ WKH EHQFK�
PDUNV� $OO *DPELW SURJUDPV ZHUH FRPSLOHG ZLWK �'BB6,1*/(B+267�

%HQFKPDUNV 7KH EHQFKPDUN VXLWH FRQVLVWV RI WKH ³&URVV3ODW�
IRUP´ EHQFKPDUN IURP /DUFHQ\� FRPSULVLQJ ZHOO�NQRZQ 6FKHPH
EHQFKPDUNV RULJLQDOO\ FROOHFWHG IRU *DPELW� :H RPLW WKRVH EHQFK�
PDUNV WKDW XVH PXWDEOH SDLUV� DV ZHOO DV WKRVH XVLQJ ,�2 DQG WKUHDGV�
ZKLFK ZH KDYH QRW \HW LPSOHPHQWHG�

0HWKRGRORJ\ (YHU\ EHQFKPDUN ZDV UXQ �� WLPHV XQLQWHUUXSWHG
DW KLJKHVW SULRULW\� LQ D QHZ SURFHVV� 7KH UXQWLPH �WRWDO WLPH� ZDV
PHDVXUHG LQ�V\VWHP DQG� KHQFH� GRHV QRW LQFOXGH VWDUW�XS� KRZHYHU�
ZDUP�XS ZDV QRW VHSDUDWHG� VR -,7 FRPSLOHU UXQWLPH LV LQFOXGHG LQ
WKH QXPEHUV� :H UHSRUW WKH DULWKPHWLF PHDQ RI WKH WHQ UXQV DORQJ
ZLWK ERRWVWUDSSHG �'DYLVRQ DQG+LQNOH\ ����� FRQILGHQFH LQWHUYDOV
VKRZLQJ WKH � FRQILGHQFH OHYHO�

7KH UHVXOWV DUH VXPPDUL]HG LQ )LJXUH �� 7KH UXQWLPH SHU EHQFK�
PDUN RI HDFK LPSOHPHQWDWLRQ LV QRUPDOL]HG WR 5DFNHW� 3\FNHW¶V
SHUIRUPDQFH RQ LQGLYLGXDO EHQFKPDUNV UDQJHV IURP DSSUR[LPDWHO\
WKUHH WLPHV VORZHU WR WZR WLPHV IDVWHU WKDQ 5DFNHW� LQ QLQH LQVWDQFHV
HYHQ IDVWHU WKDQ *DPELW� 7KH JHRPHWULF PHDQ RI DOO PHDVXUHPHQWV
FRPSDUHG VXJJHVWV WKDW 3\FNHW LV DERXW DV IDVW DV 5DFNHW� DV GHSLFWHG
E\ WKH EDUV ODEHOHG ³JHRPHWULF PHDQ´ LQ WKH ILJXUH�

7KUHH EHQFKPDUNV DUH QRW LQFOXGHG LQ WKH FRPSDULVRQ DERYH� DV
WKH GLIIHUHQFHV ZHUH VR H[WUHPH WKDW WKH\ VNHZ WKH RYHUDOO QXP�
EHUV� $V 7DEOH � VXJJHVWV� 3\FNHW ZDV RQH WR WZR RUGHUV RI PDJ�
QLWXGH IDVWHU WKDQ 5DFNHW IRU WKH FWDN DQG ILEF EHQFKPDUNV� %RWK
PDNH KHDY\ XVH RI FRQWLQXDWLRQV� DQG KHQFH EHQHILW IURP WKH &(.�
PDFKLQH QDWXUH RI 3\FNHW� ZKHUHDV 5DFNHW¶V LPSOHPHQWDWLRQ RI FRQ�
WLQXDWLRQV LV NQRZQ WR EH VORZ� 2Q WKHVH EHQFKPDUNV� 3\FNHW LV
FORVH WR RU IDVWHU WKDQ *DPELW DQG /DUFHQ\� 2Q WKH SL EHQFKPDUN�
ZKLFK HPSKDVL]HV ELJQXP SHUIRUPDQFH� /DUFHQ\ LV PXFK VORZHU
WKDQ WKH RWKHU LPSOHPHQWDWLRQV�

3\FNHW ZLWK WKH PHWD�WUDFLQJ -,7 FRPSLOHU GLVDEOHG UXQV JHQHU�
DOO\ �� WLPHV VORZHU WKDQ WKH PHWD�WUDFHG YHULVLRQ�

�� 5HODWHG :RUN
$V PHQWLRQHG LQ WKH LQWURGXFWLRQ� IXQFWLRQDO ODQJXDJHV LQ JHQHUDO�
DQG 6FKHPH LQ SDUWLFXODU� KDYH D ORQJ WUDGLWLRQ RI KLJKO\ RSWLPL]�
LQJ $27 FRPSLOHUV� 5DEELW� E\ 6WHHOH ������� IROORZLQJ RQ WKH
LQLWLDO GHVLJQ RI WKH ODQJXDJH� GHPRQVWUDWHG WKH SRVVLELOLWLHV RI
FRQWLQXDWLRQ�SDVVLQJ VW\OH DQG RI IDVW ILUVW�FODVV IXQFWLRQV� 6XEVH�
TXHQW V\VWHPV VXFK DV *DPELW �)HHOH\ ������ %LJORR �6HUUDQR DQG
:HLV ������ /DUFHQ\ �&OLQJHU DQG +DQVHQ ������ 6WDOLQ �6LVNLQG

� KWWSV���JLWKXE�FRP�VPDUU�5H%HQFK

https://github.com/smarr/ReBench


0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

ac
k

ar
ra

y1

cp
st
ak

de
riv

di
vi
te

r

di
vr

ec

ea
rle

y fft fib
fib

fp

gc
be

nc
h

m
br

ot

nq
ue

en
s

nu
cl
ei
c

pa
ra

ffi
ns

pe
rm

9

pn
po

ly

pr
im

es

pu
zz

le

si
m

pl
ex

st
rin

g
su

m

su
m

fp

su
m

lo
op ta

k
ta

kl

tri
an

gl

ge
om

et
ric

m
ea

n

R
e
la

ti
v
e
 R

u
n

ti
m

e

Virtual Machine

Gambit
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)LJXUH �� %HQFKPDUN UXQWLPH UHVXOWV� (DFK EDU VKRZV WKH DULWKPHWLF PHDQ RI �� UXQV� QRUPDOL]HG WR 5DFNHW�

������ DQG &KH] �'\EYLJ ����� KDYH SLRQHHUHG D YDULHW\ RI WHFK�
QLTXHV IRU VWDWLF DQDO\VLV� RSWLPL]DWLRQ� DQG PHPRU\ PDQDJHPHQW�
DPRQJ RWKHUV� 0RVW RWKHU 6FKHPH LPSOHPHQWDWLRQV DUH LQWHUSUHWHUV�
HLWKHU GLUHFWO\ RQ WKH $67 RU RQ D E\WHFRGH UHSUHVHQWDWLRQ� 5DFNHW
LV WKH RQO\ ZLGHO\ XVHG V\VWHP LQ WKH 6FKHPH IDPLO\ ZLWK D -,7 FRP�
SLOHU� DQG HYHQ WKDW LV OHVV G\QDPLF WKDQ PDQ\ PRGHUQ -,7 FRPSLO�
HUV�

0DQ\ /LVS LPSOHPHQWDWLRQV SURYLGH PHDQV IRU SURJUDPPHUV WR
PDQXDOO\ W\SH�VSHFLDOL]H FRGH ZLWK VSHFLDOL]HG RSHUDWLRQV RU W\SH
GHFODUDWLRQV� 5DFNHW SURYLGHV WKHVH RSHUDWLRQV� EXW ZH KDYH QRW \HW
HYDOXDWHG WKHLU HIIHFW RQ SHUIRUPDQFH LQ 3\FNHW�

-,7 FRPSLODWLRQ KDV EHHQ H[WHQVLYHO\ VWXGLHG LQ WKH FRQWH[W
RI REMHFW�RULHQWHG� G\QDPLFDOO\�W\SHG ODQJXDJHV �$\FRFN ������
)RU 6PDOOWDON���� 'HXWVFK DQG 6FKLIIPDQ ������ GHYHORSHG D -,7
FRPSLOHU IURP E\WHFRGH WR QDWLYH FRGH� &KDPEHUV HW DO� ������
H[SORUHG XVLQJ W\SH VSHFLDOL]DWLRQ DQG RWKHU RSWLPL]DWLRQV LQ 6HOI�
D FORVHO\�UHODWHG ODQJXDJH� )XUWKHU UHVHDUFK RQ 6HOI DSSOLHG PRUH
DJJUHVVLYH W\SH VSHFLDOL]DWLRQ �&KDPEHUV DQG 8QJDU ����� DQG
LPSURYHG WKH FRPSLOHU¶V VHOHFWLRQ RI PHWKRGV �+|O]OH DQG 8QJDU
������

:LWK WKH ULVH LQ SRSXODULW\ RI -DYD� -,7 FRPSLODWLRQ EHFDPH D
PDLQVWUHDP HQWHUSULVH� ZLWK D VLJQLILFDQW LQFUHDVH LQ WKH YROXPH RI
UHVHDUFK� 7KH +RWVSRW FRPSLOHU �3DOHF]Q\ HW DO� ����� LV UHSUHVHQWD�
WLYH RI WKH -DYD -,7 FRPSLOHUV� -,7 FRPSLODWLRQ KDV DOVR EHFRPH DQ
LPSRUWDQW WRSLF LQ WKH LPSOHPHQWDWLRQ RI -DYD6FULSW �VHH IRU H[DP�
SOH �+|OWWl ������ DQG WKXV D FRUH SDUW RI PRGHUQ ZHE EURZHUV� )RU
VWULFW IXQFWLRQDO ODQJXDJHV RWKHU WKDQ 6FKHPH� VXFK DV 2&DPO� -,7
FRPSLOHUV H[LVW �6WDU\QNHYLWFK ����� 0HXUHU ������ KRZHYHU� WKH\
DUH W\SLFDOO\ DX[LOLDU\ WR WKH XVXDOO\ PXFK IDVWHU $27 FRPSLOHU LP�
SOHPHQWDWLRQV�

$V PHQWLRQHG LQ WKH LQWURGXFWLRQ� 0LWFKHOO ������ LQWURGXFHG
WKH QRWLRQ RI WUDFLQJ -,7 FRPSLODWLRQ� DQG *DO HW DO� ������ XVHG
WUDFLQJ LQ D -DYD -,7 FRPSLOHU� 6LQFH WKHQ� *DO HW DO� ������ GHYHO�
RSHG D WUDFLQJ -,7 FRPSLOHU IRU -DYD6FULSW DQG /XD-,7� LV D YHU\
VXFFHVVIXO WUDFLQJ -,7 FRPSLOHU IRU /XD� )XUWKHU ZRUN ZDV GRQH E\
%HEHQLWD HW DO� ������ ZKR FUHDWHG D WUDFLQJ -,7 FRPSLOHU IRU 0L�
FURVRIW¶V &RPPRQ ,QWHUPHGLDWH /DQJXDJH �&,/� DQG DSSOLHG LW WR D
-DYD6FULSW LPSOHPHQWDWLRQ LQ &�� 6FKLOOLQJ ������ ����� GHYHORSHG
D WUDFLQJ -,7 FRPSLOHU IRU +DVNHOO EDVHG RQ /XD-,7 FDOOHG /DPEGD�
FKLQH� 'XH WR +DVNHOO¶V OD]\ HYDOXDWLRQ� WKH IRFXV LV TXLWH GLIIHU�
HQW WKDQ RXUV� 2QH JRDO RI /DPEGDFKLQH LV WR DFKLHYH GHIRUHVWDWLRQ
�:DGOHU ����� *LOO HW DO� ����� E\ DSSO\LQJ DOORFDWLRQ�UHPRYDO WHFK�

� KWWS���OXDMLW�RUJ

QLTXHV WR WUDFHV� /DPEGDFKLQH LV EHWZHHQ � IDVWHU DQG WZR WLPHV
VORZHU WKDQ *+& RQ WKH VPDOO EHQFKPDUNV WKH WKHVLV UHSRUWV RQ
�6FKLOOLQJ ������

7KH FRUH LGHD RI PHWD�WUDFLQJ� ZKLFK LV WR WUDFH DQ LQWHUSUHWHU
UXQQLQJ D SURJUDP UDWKHU WKDQ D SURJUDP LWVHOI� ZDV SLRQHHUHG E\
6XOOLYDQ HW DO� ������ LQ '\QDPR5,2�

7KHUH ZHUH H[SHULPHQWV ZLWK DSSO\LQJ PHWD�WUDFLQJ WR D +DVNHOO
LQWHUSUHWHU ZULWWHQ LQ 53\WKRQ �7KRPDVVHQ ������ 7KH LQWHUSUHWHU
DOVR IROORZV D YDULDQW RI D KLJK�OHYHO VHPDQWLFV RI WKH &RUH RI +DV�
NHOO �/DXQFKEXU\ ������ :KLOH WKH ILUVW UHVXOWV ZHUH SURPLVLQJ� LW
VXSSRUWV D YHU\ VPDOO VXEVHW RI SULPLWLYHV VR WKDW QRW PDQ\ LQWHUHVW�
LQJ EHQFKPDUNV UXQ RQ LW�

�� )XWXUH 'LUHFWLRQV
:LWK DSSUR[LPDWHO\ WZR SHUVRQ�PRQWKV RI HIIRUW� 3\FNHW KDV GHP�
RQVWUDWHG WKDW PHWD�WUDFLQJ -,7 FRPSLOHUV DUH FRPSHWLWLYH ZLWK PD�
WXUH $27 FRPSLOHUV IRU FODVVLF IXQFWLRQDO SURJUDPPLQJ ODQJXDJHV�
53\WKRQ¶V PHWD�WUDFLQJ DSSURDFK WDNHV D VLPSOH LPSOHPHQWDWLRQ RI
WKH &(.�PDFKLQH DQG WXUQV LW LQWR IDVW PDFKLQH FRGH�

+RZHYHU� PXFK UHPDLQV WR LQYHVWLJDWH LQ WKLV GLUHFWLRQ� $V ZH
KDYH VHHQ� 3\FNHW LV RQ�DYHUDJH DOPRVW WZR WLPHV VORZHU WKDQ *DP�
ELW� DQG VLJQLILFDQWO\ VORZHU WKDQ WKDW RQ VRPH EHQFKPDUNV�:H FRQ�
MHFWXUH WKDW WKLV JDS FDQ EH FORVHG� EXW PRUH ZRUN LV UHTXLUHG WR ILQG
RXW� $GGLWLRQDOO\� 3\FNHW GRHV QRW \HW LPSOHPHQW VRPH RI 5DFNHW¶V
UXQWLPH IHDWXUHV� LQFOXGLQJ WKUHDGV� FRQWLQXDWLRQ PDUNV� DQG GHOLP�
LWHG FRQWURO RSHUDWRUV� 7KHVH IHDWXUHV PD\ UHTXLUH FKDQJHV WKDW VLJ�
QLILFDQWO\ DIIHFW SHUIRUPDQFH� EXW ZH FRQMHFWXUH WKDW WKH\ GR QRW
VLQFH WKH\ PDS QDWXUDOO\ RQWR RXU &(.�PDFKLQH DUFKLWHFWXUH�

$GGLWLRQDOO\� D ZLGH YDULHW\ RI IXUWKHU RSWLPL]DWLRQ RSSRUWXQL�
WLHV SUHVHQW WKHPVHOYHV� )RU H[DPSOH� ZKLOH ZH LPSOHPHQW VWRUDJH
VWUDWHJLHV IRU YHFWRUV� DOO LQWHJHUV VWRUHG LQ HQYLURQPHQW ORFDWLRQV�
KHDS FHOOV� DQG FRQWLQXDWLRQV DUH ER[HG²VWRUDJH VWUDWHJLHV PD\
DOVR KDYH D UROH WR SOD\ KHUH� 7KH\ PD\ DOVR DOORZ XV WR LPSOHPHQW
5DFNHW¶V XELTXLWRXV OLVWV LQ QHZ ZD\V� WDNLQJ DGYDQWDJH RI QHZ
IXQFWLRQDO GDWD VWUXFWXUHV VXFK DV +DVK�$UUD\ 0DSSHG 7ULHV �%DJ�
ZHOO ������ :H SODQ WR LQYHVWLJDWH ZKHWKHU WUDFLQJ SURYLGHV SHUIRU�
PDQFH DGYDQWDJHV IRU FRPSOH[ FRQWURO IORZ VXFK DV WKDW JHQHUDWHG
E\ FRQWUDFW FKHFNLQJ� REMHFWV LPSOHPHQWHG YLD PDFURV DQG VWUXF�
WXUHV� RU HYHQ LQWHUSUHWHUV ZULWWHQ LQ 5DFNHW LWVHOI� )LQDOO\� VLQFH
PHWD�WUDFLQJ KDV DFFHOHUDWHG WKH &(.�PDFKLQH VR HIIHFWLYHO\� WKHVH
WHFKQLTXHV PD\ DOVR DSSO\ WR RWKHU DEVWUDFW PDFKLQHV�
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$FNQRZOHJHPHQWV %RO] LV VXSSRUWHG E\ WKH (365& &RROHU JUDQW
(3�.�����;��� 6LHN LV VXSSRUWHG E\ 16) *UDQW �������� :H
WKDQN $QWRQ *XOHQNR IRU LPSOHPHQWLQJ VWRUDJH VWUDWHJLHV�

5HIHUHQFHV
-� $\FRFN� $ EULHI KLVWRU\ RI MXVW�LQ�WLPH� $&0 &RPSXW� 6XUY�� ��������±

���� -XQH �����
3� %DJZHOO� ,GHDO KDVK WUHHV� ,Q (V *UDQGV &KDPSV� &LWHVHHU� �����
9� %DOD� (� 'XHVWHUZDOG� DQG 6� %DQHUMLD� '\QDPR� $ WUDQVSDUHQW G\QDPLF

RSWLPL]DWLRQ V\VWHP� 6,*3/$1� �������±��� �����
0� %HEHQLWD� )� %UDQGQHU� 0� )DKQGULFK� )� /RJR]]R� :� 6FKXOWH� 1� 7LOO�

PDQQ� DQG +� 9HQWHU� 6385� $ WUDFH�EDVHG -,7 FRPSLOHU IRU &,/� ,Q
3URF� 2236/$� SDJHV ���±���� �����

&� )� %RO] DQG /� 7UDWW� 7KH LPSDFW RI PHWD�WUDFLQJ RQ 90 GHVLJQ DQG
LPSOHPHQWDWLRQ� 6FLHQFH RI &RPSXWHU 3URJUDPPLQJ� �����

&� )� %RO]� $� &XQL� 0� )LMDáNRZVNL� DQG $� 5LJR� 7UDFLQJ WKH PHWD�OHYHO�
3\3\¶V WUDFLQJ -,7 FRPSLOHU� ,Q 3URF� ,&222/36� SDJHV ��±��� �����

&� )� %RO]� $� &XQL� 0� )LMDáNRZVNL� 0� /HXVFKHO� 6� 3HGURQL� DQG $� 5LJR�
$OORFDWLRQ UHPRYDO E\ SDUWLDO HYDOXDWLRQ LQ D WUDFLQJ -,7� 3URF� 3(30�
SDJHV ��±��� ����D�

&� )� %RO]� $� &XQL� 0� )LMDáNRZVNL� 0� /HXVFKHO� 6� 3HGURQL� DQG $� 5LJR�
5XQWLPH IHHGEDFN LQ D PHWD�WUDFLQJ -,7 IRU HIILFLHQW G\QDPLF ODQJXDJHV�
,Q 3URF� ,&222/36� SDJH ���±���� ����E�

&� )� %RO]� /� 'LHNPDQQ� DQG /� 7UDWW� 6WRUDJH VWUDWHJLHV IRU FROOHFWLRQV LQ
G\QDPLFDOO\ W\SHG ODQJXDJHV� ,Q 3URF� 2236/$� SDJHV ���±���� �����

&� &KDPEHUV DQG '� 8QJDU� ,WHUDWLYH W\SH DQDO\VLV DQG H[WHQGHG PHVVDJH
VSOLWWLQJ� RSWLPL]LQJ G\QDPLFDOO\�W\SHG REMHFW�RULHQWHG SURJUDPV� /LVS
6\PE� &RPSXW�� ��������±���� �����

&� &KDPEHUV� '� 8QJDU� DQG (� /HH� $Q HIILFLHQW LPSOHPHQWDWLRQ RI 6(/)
D G\QDPLFDOO\�W\SHG REMHFW�RULHQWHG ODQJXDJH EDVHG RQ SURWRW\SHV� ,Q
3URF� 2236/$� SDJHV ��±��� �����

:� '� &OLQJHU DQG /� 7� +DQVHQ� /DPEGD� WKH XOWLPDWH ODEHO RU D VLPSOH
RSWLPL]LQJ FRPSLOHU IRU 6FKHPH� ,Q 3URF� /)3� SDJHV ���±���� �����

2� 'DQY\� 7KUHH VWHSV IRU WKH &36 WUDQVIRUPDWLRQ� 7HFKQLFDO 5HSRUW &,6�
������ .DQVDV 6WDWH 8QLYHUVLW\� �����

$� &� 'DYLVRQ DQG '� 9� +LQNOH\� %RRWVWUDS0HWKRGV DQG 7KHLU $SSOLFDWLRQ�
FKDSWHU �� &DPEULGJH� �����

/� 3� 'HXWVFK DQG $� 0� 6FKLIIPDQ� (IILFLHQW LPSOHPHQWDWLRQ RI WKH
6PDOOWDON��� V\VWHP� ,Q 3URF� 323/� SDJHV ���±���� �����

5� .� '\EYLJ� &KH] 6FKHPH YHUVLRQ � XVHU¶V JXLGH� 7HFKQLFDO UHSRUW�
&DGHQFH 5HVHDUFK 6\VWHPV� �����

0� )HHOH\� *DPELW�&� $ SRUWDEOH LPSOHPHQWDWLRQ RI 6FKHPH� 7HFKQLFDO
5HSRUW Y������ 8QLYHUVLWH GH 0RQWUHDO� )HEUXDU\ �����

0� )HOOHLVHQ DQG '� 3� )ULHGPDQ� &RQWURO RSHUDWRUV� WKH 6(&'�PDFKLQH
DQG WKH ODPEGD�FDOFXOXV� ,Q 0�:LUVLQJ� HGLWRU� 3URF� �QG :RUNLQJ &RQI�
RQ )RUPDO 'HVFULSWLRQ RI 3URJUDPPLQJ &RQFHSWV � ,,,� SDJHV ���±����
(OVHYLHU� �����

&� )ODQDJDQ� $� 6DEU\� %� )� 'XED� DQG 0� )HOOHLVHQ� 7KH HVVHQFH RI
FRPSLOLQJ ZLWK FRQWLQXDWLRQV� ,Q 3URF� 3/',� SDJHV ���±���� �����

0� )ODWW DQG 3/7� 5HIHUHQFH� 5DFNHW� 7HFKQLFDO 5HSRUW 3/7�75��������
3/7 ,QF�� ����� 85/ KWWS���UDFNHW�ODQJ�RUJ�WU���

$� *DO� &� :� 3UREVW� DQG 0� )UDQ]� +RWSDWK90� DQ HIIHFWLYH -,7 FRPSLOHU
IRU UHVRXUFH�FRQVWUDLQHG GHYLFHV� ,Q 3URF� 9((� SDJHV ���±���� �����

$� *DO� %� (LFK� 0� 6KDYHU� '� $QGHUVRQ� '� 0DQGHOLQ� 0� 5� +DJKLJKDW�
%� .DSODQ� *� +RDUH� %� =EDUVN\� -� 2UHQGRUII� -� 5XGHUPDQ� (�:� 6PLWK�

5� 5HLWPDLHU� 0� %HEHQLWD� 0� &KDQJ� DQG 0� )UDQ]� 7UDFH�EDVHG MXVW�
LQ�WLPH W\SH VSHFLDOL]DWLRQ IRU G\QDPLF ODQJXDJHV� ,Q 3URF� 3/',� SDJHV
���±���� $&0� �����

$� *LOO� -� /DXQFKEXU\� DQG 6� /� 3H\WRQ -RQHV� $ VKRUW FXW WR GHIRUHVWDWLRQ�
,Q 3URF� )3&$� SDJHV ���±���� �����

0� +|OWWl� &UDQNVKDIWLQJ IURP WKH JURXQG XS� 7HFKQLFDO UHSRUW� *RRJOH�
$XJXVW �����

8� +|O]OH DQG '� 8QJDU� 2SWLPL]LQJ G\QDPLFDOO\�GLVSDWFKHG FDOOV ZLWK UXQ�
WLPH W\SH IHHGEDFN� ,Q 3URF� 3/',� SDJHV ���±���� �����

1� '� -RQHV� &� .� *RPDUG� DQG 3� 6HVWRIW� 3DUWLDO HYDOXDWLRQ DQG DXWRPDWLF
SURJUDP JHQHUDWLRQ� 3UHQWLFH�+DOO� �����

-� -¡UJHQVHQ� *HQHUDWLQJ D FRPSLOHU IRU D OD]\ ODQJXDJH E\ SDUWLDO HYDOXDWLRQ�
,Q 3URF� 323/� SDJHV ���±���� �����

-� /DXQFKEXU\� $ QDWXUDO VHPDQWLFV IRU OD]\ HYDOXDWLRQ� ,Q 3URF� 323/�
SDJHV ���±���� �����

%� 0HXUHU� 2&DPO-,7 ��� � )DVWHU 2EMHFWLYH &DPO� &R55� DEV�����������
�����

-� *� 0LWFKHOO� 7KH 'HVLJQ DQG &RQVWUXFWLRQ RI )OH[LEOH DQG (IILFLHQW ,QWHU�
DFWLYH 3URJUDPPLQJ 6\VWHPV� 3K' WKHVLV� &DUQHJLH 0HOORQ 8QLYHUVLW\�
3LWWVEXUJK� 3$� 86$� �����

0� 3DOHF]Q\� &� 9LFN� DQG &� &OLFN� 7KH -DYD +RWVSRW VHUYHU FRPSLOHU� ,Q
3URF� -90� SDJHV �±�� 86(1,; $VVRFLDWLRQ� �����

$� 5LJR DQG 6� 3HGURQL� 3\3\¶V DSSURDFK WR YLUWXDO PDFKLQH FRQVWUXFWLRQ�
,Q 3URF� '/6� SDJHV ���±���� �����

7� 6FKLOOLQJ� &KDOOHQJHV IRU D 7UDFH�%DVHG -XVW�,Q�7LPH &RPSLOHU IRU
+DVNHOO� ,Q ,PSOHPHQWDWLRQ DQG $SSOLFDWLRQ RI )XQFWLRQDO /DQJXDJHV�
YROXPH ���� RI /1&6� SDJHV ��±��� �����

7� 6FKLOOLQJ� 7UDFH�EDVHG -XVW�LQ�WLPH &RPSLODWLRQ IRU /D]\ )XQFWLRQDO
3URJUDPPLQJ /DQJXDJHV� 3K' WKHVLV� 8QLYHUVLW\ RI .HQW DW &DQWHUEXU\�
�����

0� 6HUUDQR DQG 3� :HLV� %LJORR� D SRUWDEOH DQG RSWLPL]LQJ FRPSLOHU IRU
VWULFW IXQFWLRQDO ODQJXDJHV� ,Q 6WDWLF $QDO\VLV� YROXPH ��� RI /1&6�
SDJHV ���±���� �����

-� 0� 6LVNLQG� )ORZ�GLUHFWHG OLJKWZHLJKW FORVXUH FRQYHUVLRQ� 7HFKQLFDO
5HSRUW ������5� 1(& 5HVHDUFK ,QVWLWXWH� ,QF�� �����

0� 6SHUEHU� 5� .� '\EYLJ� 0� )ODWW� $� YDQ 6WUDDWHQ� 5� )LQGOHU� DQG
-� 0DWWKHZV� 5HYLVHG 5HSRUW RQ WKH $OJRULWKPLF /DQJXDJH 6FKHPH�
&DPEULGJH� �����

%� 6WDU\QNHYLWFK� 2&$0/-,7 ± $ IDVWHU MXVW�LQ�WLPH 2&DPO LPSOHPHQWD�
WLRQ� ,Q )LUVW 0HWD2&DPO :RUNVKRS� 2FW� �� �����

*� /� 6WHHOH� 5DEELW� $ FRPSLOHU IRU 6FKHPH� 7HFKQLFDO 5HSRUW $,�����
0,7� �����

*� 7� 6XOOLYDQ� '� /� %UXHQLQJ� ,� %DURQ� 7� *DUQHWW� DQG 6� $PDUDVLQJKH�
'\QDPLF QDWLYH RSWLPL]DWLRQ RI LQWHUSUHWHUV� ,Q 3URF� ,90(� SDJHV ��±
��� �����

*� /� 6XVVPDQ DQG *� /� 6WHHOH -U� 6FKHPH� $Q LQWHUSUHWHU IRU H[WHQGHG
ODPEGD FDOFXOXV� 7HFKQLFDO 5HSRUW $,����� 0,7� �����

(� :� 7KRPDVVHQ� 7UDFH�EDVHG MXVW�LQ�WLPH FRPSLOHU IRU +DVNHOO ZLWK 53\�
WKRQ� 0DVWHU¶V WKHVLV� 1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\
7URQGKHLP� �����

2� :DGGHOO� '� 6DUNDU� DQG 5� .� '\EYLJ� )L[LQJ OHWUHF� $ IDLWKIXO \HW HI�
ILFLHQW LPSOHPHQWDWLRQ RI 6FKHPH¶V UHFXUVLYH ELQGLQJ FRQVWUXFW� +LJKHU
2UGHU 6\PERO� &RPSXW�� �����������±���� �����

3�:DGOHU� 'HIRUHVWDWLRQ� WUDQVIRUPLQJ SURJUDPV WR HOLPLQDWH WUHHV� ,Q 3URF�
(623� SDJHV ���±���� �����
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7DEOH �� $OO EHQFKPDUNV
%HQFKPDUN *DPELW /DUFHQ\ 3\FNHW 3\FNHW1R-LW 5DFNHW

PHDQ HUURU PHDQ HUURU PHDQ HUURU PHDQ HUURU PHDQ HUURU

DFN PV PV PV PV PV
DUUD\� PV PV PV PV PV
FSVWDN PV PV PV PV PV
FWDN PV PV PV PV PV
GHULY PV PV PV PV PV
GLYLWHU PV PV PV PV PV
GLYUHF PV PV PV PV PV
HDUOH\ PV PV PV PV PV
IIW PV PV PV PV PV
ILE PV PV PV PV PV
ILEF PV PV PV PV PV
ILEIS PV PV PV PV PV
JFEHQFK PV PV PV PV PV
PEURW PV PV PV PV PV
QTXHHQV PV PV PV PV PV
QXFOHLF PV PV PV PV PV
SDUDIILQV PV PV PV PV PV
SHUP� PV PV PV PV PV
SL PV PV PV PV PV
SQSRO\ PV PV PV PV PV
SULPHV PV PV PV PV PV
SX]]OH PV PV PV PV PV
VLPSOH[ PV PV PV PV PV
VWULQJ PV PV PV PV PV
VXP PV PV PV PV PV
VXPIS PV PV PV PV PV
VXPORRS PV PV PV PV PV
WDN PV PV PV PV PV
WDNO PV PV PV PV PV
WULDQJO PV PV PV PV PV
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