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'LUHFWLRQ VFLHQWLILTXH JpQpUDOH� 21(5$� &KkWLOORQ� )UDQFH

�

6XPPDU\

� 6HYHUDO GHILQLWLRQV RI WLPH DUH SUHVHQWHG LQ WKH ILUVW SDUW� IUHHGRP VHHPV WR EH DQ HVVHQWLDO HOHPHQW RI WKH

QRWLRQ RI WLPH� 7KH VHFRQG SDUW EHJLQV ZLWK VRPH FODVVLFDO H[DPSOHV RI LUUHYHUVLELOLW\� WKDW KDYH VRPH VXUSULVLQJ

UHODWLRQVKLSV� 7KH SDUDGR[ RI UHYHUVLEOH SK\VLFDO ODZV DVVRFLDWHG ZLWK LUUHYHUVLEOH SKHQRPHQD LV UHODWHG WR WKH
H[LVWHQFH RI V\VWHPV RI FKDRWLF FKDUDFWHU ZLWK D ODUJH QXPEHU RI SDUDPHWHUV� $ VLPSOLILHG PRGHO DOORZV WR

XQGHUVWDQG DQG WR VROYH WKH SDUDGR[�
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� % i_j\hc qZklb [m^ml ij_^klZ\e_gu b h[km`^_gu g_kdhevdh jZaguo hij_^_e_gbc \j_f_gb� k\h[h^Z

ij_^klZ\ey_lky kmr_kl\_gguf we_fHglhf b^_b \j_f_gb� <lhjZy qZklv gZqbgZ_lky F R[km`^_gby

deZkkbq_kdbo ijbf_jh\ g_h[jZlbfhklb� dhlhju_ h[gZjm`b\Zxl m^b\bl_evgh_ jh^kl\h� IZjZ^hdk h[jZlbfuo

nbabq_kdbo aZdhgh\� k\yaZgguo F g_h[jZlbfufb n_ghf_gZfb� khhlghkblky F kms_kl\h\Zgb_f kbkl_f
oZhlbq_kdh]h oZjZdl_jZ F [hevrbf qbkehf iZjZf_ljh\� Mijhs_ggZy fh^_ev iha\hebl ihgylv b jZaj_rblv

wlhl iZjZ^hdk�
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� 'LIIpUHQWHV GpILQLWLRQV GX WHPSV VRQW SUpVHQWpHV HW GLVFXWpHV GDQV OD SUHPLqUH SDUWLH � OD OLEHUWp

VHPEOH XQ pOpPHQW HVVHQWLHO GH OD QRWLRQ GH WHPSV� /D GHX[LqPH SDUWLH FRPPHQFH SDU GHV H[HPSOHV

FODVVLTXHV G¶LUUpYHUVLELOLWp� OHVTXHOV SUpVHQWHQW GHV OLDLVRQV VXUSUHQDQWHV� /H SDUDGR[H GHV ORLV SK\VLTXHV

DVVRFLpHV j GHV SKpQRPqQHV SK\VLTXHV LUUpYHUVLEOHV HVW OLp j O¶H[LVWHQFH GH V\VWqPHV GH FDUDFWqUH

FKDRWLTXH DYHF XQ WUqV JUDQG QRPEUH GH SDUDPqWUHV� 8Q PRGqOH VLPSOLILp SHUPHW GH FRPSUHQGUH HW GH

UpVRXGUH OH SDUDGR[H�
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0DQ\ SKHQRPHQD RI WKH GD\�WR�GD\ OLIH DUH� RU DW OHDVW VHHP� LUUHYHUVLEOH� ZH UHPHPEHU WKH SDVW DQG LJQRUH

WKH IXWXUH� ZH DUH JURZLQJ ROG� WKH KHDW DOZD\V JRHV IURP KRW ERGLHV WR FROG RQHV DQG WKH VXJDU GLVDSSHDUV LQWR WKH

FRIIHH��� +RZHYHU WKH NQRZQ SK\VLFDO ODZV DUH UHYHUVLEOH�

7KLV SDUDGR[ KDV OHG WR PDQ\ UHVHDUFKHV DQG PDQ\ FRQWURYHUVLHV DW WKH OLPLW RI SKLORVRSK\� 7KH FODVVLFDO
DQVZHU DUH LQFRPSDWLEOH ZLWK HDFK RWKHU DQG QHJOHFW RU XQGHUHVWLPDWH WKH LPSRUWDQFH RI FKDRV WKDW LV FHUWDLQO\ WKH

HVVHQWLDO UHDVRQ RI H[LVWHQFH RI SK\VLFDO LUUHYHUVLELOLW\�
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�
,Q WKLV SDSHU ZLWK PDQ\ YHU\ ODUJH DQG YHU\ VPDOO QXPEHUV� ZH ZLOO XVH WKH QXPHUDWLRQ ³E\ ILJXUHV DQG

VL]HV´ ZLWK WKH OHWWHU S IRU ³SRVLWLYH SRZHU RI WHQ´ DQG WKH OHWWHU Q IRU ³QHJDWLYH SRZHU RI WHQ´�

+HQFH IRU LQVWDQFH � $YRJDGUR QXPEHU  ���� �����  ���� S���
3URWRQ UHVW PDVV  �����������  ����� Q�� NJ �

1RWLFH WKDW WKH ³ILJXUHV´� WKDW LV KHUH ���� DQG ������ DUH DOZD\V EHWZHHQ RQH DQG WHQ� 7KLV JLYH DQ

XQDPELJXRXV GHILQLWLRQ WR WKH ³VL]HV´� KHUH S�� DQG Q��� 7KH VL]H LV WKH PDLQ HOHPHQW RI YHU\ ODUJH DQG YHU\ VPDOO

TXDQWLWLHV� LW LV YHU\ RIWHQ WKHLU RQO\ NQRZQ HOHPHQW�

�
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�
/HW XV FRQVLGHU IRU D PRPHQW DQ ROG %DE\ORQLDQ WDEOHW RI WKH XSSHU SHULRG� LW VKRZV IRU LQVWDQFH D

PDWKHPDWLFDO GHPRQVWUDWLRQ RU WKH FRPSXWDWLRQ RI WKH VTXDUH URRW RI WZR ZLWK VL[ GLJLWV���

:KDW PRYH XV " 7KHVH VFLHQWLILF UHVXOWV VR VPDOO DW RXU VFDOH" 1R LW LV WKH WLPH WKDW PRYH XV��� WKH IDFW WKDW

WKHVH VWDPPHULQJV RI KXPDQ LQWHOOLJHQFH RFFXUUHG ���� \HDUV DJR�

7LPH LV VRPHWKLQJ YHU\ P\VWHULRXV� LW LV H[WUHPHO\ VXEMHFWLYH ZLWK RQH PHDQLQJ SHU SURIHVVLRQ DQG DOPRVW

RQH PHDQLQJ SHU SHRSOH�

:H ILQG IRU LQVWDQFH�

7DEOH �� 7KH WLPH RI FRVPRORJLVWV �LQ WKH VWDQGDUG PRGHO�

7LPH (YHQWV

� %LJ EDQJ

Q�� VHFRQG �� 3ODQFN¶V ZDOO
Q�� WR Q�� V �� ,QIODWLRQ

Q� WR Q� V �� +DGURQLF HUD �SURWRQV� QHXWURQV�

Q� V WR � V �� /HSWRQLF HUD �HOHFWURQV� SKRWRQV� QHXWULQRV�

��� V (VFDSH RI QHXWULQRV

��� V )LUVW DWRPLF QXFOHXV� SULPRUGLDO QXFOHR�V\QWKHVLV

��� ��� \HDUV (VFDSH RI SKRWRQV
)RUPDWLRQ RI DWRPV �+� +H� ��� �

4XDVDUV� IRUPDWLRQ RI JDOD[LHV

� S� \HDUV �� 6XFFHVVLYH JHQHUDWLRQV RI VWDUV

S�� \HDUV �� %LUWK RI WKH VRODU V\VWHP

��� S�� \HDUV 7RGD\



���

7DEOH �� 7KH WLPH RI JHRORJLVWV

$SSUR[LPDWHG GDWHV (YHQWV� HUDV DQG SHULRGV
�PLOOLRQV RI \HDUV�

���� )RUPDWLRQ RI (DUWK

3UH�&DPEULDQ WLPH

��� ������������������������������������������������������������������������������������������
&DPEULDQ

���

2UGRYLFLDQ

���

6LOXULDQ 3DOHR]RLF HUD
��� RU

'HYRQLDQ 3ULPDU\

���

&DUERQLIHURXV

���

3HUPLDQ
��� �������������������������������������������������������������������������������������������

7ULDVVLF

0HVR]RLF HUD

-XUDVVLF RU

6HFRQGDU\

&UHWDFHRXV
�� �������������������������������������������������������������������������������������������

3DOHRFHQH G
�� G

(RFHQH G
�� G

2OLJRFHQH G 7HUWLDU\

�� G
0LRFHQH G &HQR]RLF HUD

��� G
3OLRFHQH G

��� ������������������������������������������������������������������
3OHLVWRFHQH G

���� G 4XDWHUQDU\

+RORFHQH G
�������������������������������������������������������������������������������� ���������������

,W LV ZHOO NQRZQ WKDW WKH WLPH RI FRVPRORJLVWV LV D PL[WXUH RI VSDFH DQG WLPH� EXW WKLV LV DOVR WUXH
�LQ DQRWKHU ZD\� IRU WKH WLPH RI JHRORJLVWV� )RU LQVWDQFH WKH ³FUHWDFHRXV�WHUWLDU\ WUDQVLWLRQ´ LV JLYHQ E\ WKH

GLVDSSHDUDQFH RI GLQRVDXUV� GLVDSSHDUDQFH WKDW KDV SHUKDSV UHTXLUHG WHQV RI WKRXVDQG RI \HDUV WR JR IURP

,QGLD WR 0H[LFR�

,W PXVW EH QRWLFH WKDW JHRORJLVWV UHFRJQL]H WKH SHULRGV RI VHGLPHQWDU\ VWUDWD E\ WKH SUHVHQFH RI

YDULRXV W\SHV RI IRVVLOV� 9HU\ IHZ IRVVLOV H[LVW LQ WKH SUH�FDPEULDQ VWUDWD DQG DW WKH EHJLQQLQJ RI WKH

&DPEULDQ SHULRG RFFXUUHG OLWHUDOO\ DQ ³H[SORVLRQ RI OLIH´�
6LQFH WKHQ� WKH GLIIHUHQFHV DUH HVVHQWLDOO\ JLYHQ E\ WKH PDVV H[WLQFWLRQV �7DEOH ��� ,I VRPHWLPHV VSHFLHV

VHHP WR DSSHDU KHUH RU WKHUH� DV PDPPDOV DW WKH EHJLQQLQJ RI WHUWLDU\� WKLV LV PDLQO\ EHFDXVH EHIRUH WKHVHV

SHULRGV WKHVH VSHFLHV ZHUH FRQILQHG E\ WKHLU HQHPLHV WR IHZ YDULHWLHV DQG UHPRWH DUHDV�



���

7DEOH �� 7KH PDVV H[WLQFWLRQ UHFRUG

(UDV DQG SHULRGV 3HUFHQWDJH RI GLVDSSHDULQJ VSHFLHV � DPRQJ WKH

UHPDLQLQJ VSHFLHV MXVW EHIRUH WKH H[WLQFWLRQ��

35,0$5<

���
G 7ULDVVLF
G ���

6(&21'$5< G -XUDVVLF
G ���
G &UHWDFHRXV

���
G 3DOHRFHQH
G (RFHQH

7(57,$5< G ���
G 2OLJRFHQH
G 0LRFHQH
G 3OLRFHQH

7KH WUXH PRWRU RI WKH HYROXWLRQ LV QRW \HW NQRZQ DQG HYHQ LI 'DUZLQLVP LV WUXH LW LV LQVXIILFLHQW� ,W H[SODLQV
YHU\ ZHOO D VPDOO HYROXWLRQ �FKDQJH RI VFDOH� DSSDULWLRQ RI D FRORU� RU D UHJUHVVLYH HYROXWLRQ �ORVV RI DQ RUJDQ�� EXW
WKH ELOOLRQV DQG ELOOLRQV RI PXWDWLRQV RI JHRORJLF WLPHV DUH� E\ IDU� QRW QXPHURXV HQRXJK WR H[SODLQ D SURJUHVVLYH
HYROXWLRQ VXFK DV WKH JDLQ RI D QHZ RUJDQ�

1RWLFH WZR RSSRVLWH HIIHFWV � WKH WLPH RI FRVPRORJLVWV VHHPV WR UXQ YHU\ IDVW DW WKH EHJLQQLQJ ZLWK PDQ\
HYHQWV RFFXUULQJ LQ D YHU\ VPDOO SHULRG� DQG LW SURJUHVVLYHO\ VORZV GRZQ� 7KLV LV WKH FRQWUDU\ IRU JHRORJLF WLPHV
ZLWK VHYHQ HLJKWKV RFFXUULQJ LQ SUH�&DPEULDQ WLPHV DQG ZLWK DOZD\V VPDOOHU DQG VPDOOHU HUDV�

7KLV DFFHOHUDWLRQ LV SDUWO\ DQ HIIHFW RI SHUVSHFWLYH � UHFHQW HYHQWV DQG UHFHQW IRVVLOV KDYH D ODUJHU FKDQFH WR
OHW UHPDLQV LQ RXU WLPH� EXW LW LV DOVR SDUWO\ D UHDO HIIHFW WKDW LV HYHQ PRUH YLVLEOH LQ WKH WLPH RI SUHKLVWRULDQV DQG
DUFKHRORJLVWV �7DEOH ���

7KH EHORZ SDOHROLWKLF VFDOH RI WDEOH �� LQ ZKLFK JODFLDO DJHV KDYH *HUPDQ QDPHV DQG SHULRGV KDYH PRVWO\
)UHQFK QDPHV� KDV EHHQ GHILQHG IRU (XURSH� 7KH GLIIHUHQW SDOHROLWKLF VFDOHV �(XURSH� $IULFD� 0LGGOH�(DVW� )DU�(DVW�
$PHULFD� KDYH VWLOO XQFHUWDLQ DQG DSSUR[LPDWH FRUUHVSRQGHQFHV�

1RWLFH $GDP DQG (YH DW WKH EHJLQQLQJ RI PLGGOH SDOHROLWKLF � WKHVH QDPHV KDYH EHHQ JLYHQ E\ WKH
SUHKLVWRULDQV WR WKH ILUVW PHQ WKDW KDYH EXULHG WKHLU GHDGV��� WKH DZDNHQLQJ RI KXPDQ FRQVFLRXVQHVV�

7DEOH �� 7KH WLPH RI SUHKLVWRULDQV DQG DUFKHRORJLVWV

���� 3DOHROLWKLF DJH �KXQWHUV� FDYHUQ DUWLVWV��

'DWHV 0HQ */$&,$/ $*(6 3HULRGV
�\HDUV %&�

� PLOOLRQV

$XVWUDORSLWKHFXV
�+RPR KDELOLV�

� PLOOLRQ
3LWKHFDQWKURSXV

��� ��� *h1=
6LQDQWKURSXV $EEHYLOOLDQ
�+RPR HUHFWXV� 0,1'(/ &ODFWRQLDQ ��

&KHOOHDQ
5,66 3UHPRXVWHULDQ
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��� ��� �$GDP DQG (YH� 0RXVWHULDQ
:h50��� 3RQWLQLDQ

1HDQGHUWKDO $OWP�KOLDQ
-DEURXGLDQ

�� ���
)LUVW :h50��� 3HULJRXUGLDQ

$PHULQGLDQV $XULJQDFLDQ
&UR�0DJQRQ 6ROXWULDQ

�+RPR VDSLHQV� :h50��� 0DJGDOHQLDQ
$]LOLDQ

� ���

���� 1HROLWKLF DJH �VKHSKHUGV� IDUPHUV� EXLOGHUV��

'DWHV �%&� 'RPHVWLF DQLPDOV DQG FHUHDOV (YHQWV

���� 'RJV
%XOOV DQG FRZV 9LOODJHV ZLWK URXQG KRXVHV

���� +RUVHV
*RDWV 9LOODJHV ZLWK VTXDUH KRXVHV

���� 6KHHSV &RUQ -HULFKR
3LJV %DNHG FOD\

���� 0DL]H �86 FRUQ� &DWDO +R\�N �7XUNH\�

���� 5LFH 0HJDOLWKV

���� ��������������������������������������������������������������������������������������������������
���� %URQ]H DJH (QG RI 3UHKLVWRU\ »
���� ������������������������������������������������������������ �������� » ���������������������������
���� ,URQ DJH » %HJLQQLQJ RI +LVWRU\

7KH DFFHOHUDWLRQ HQFRXQWHUHG LQ JHRORJLFDO DQG DUFKHRORJLFDO WLPHV LV HYHQ VWURQJHU LQ KLVWRULFDO WLPHV
�$QWLTXLW\� 0LGGOH $JH� 0RGHUQ WLPHV� DQG HYHQWV VHHPV WR DSSHDU DW DQ DOZD\V IDVWHU UDWH�

7KLV REYLRXV SURSHUW\ RI OLYHG WLPH LV LQ VWURQJ FRQWUDVW ZLWK WKH UHJXODU WLPHV GHILQHG DQG XVHG E\ WKH
VFLHQWLVWV �

7KH WLPH RI PHFKDQLFLDQV� )  P G�U � GW�

7KH WLPH RI TXDQWXP SK\VLFLVWV� û(� ûW � K
7KH WLPH RI ELRORJLVWV� F\FOHV� UK\WKPV� \HDUO\ KLEHUQDWLRQV� SURORQJHG KLEHUQDWLRQV�
6LPLODUO\ ZH ILQG WKH WLPHV RI DVWURQRPHUV� VHDPHQ� DYLDWRUV� FORFN�PDNHUV� PXVLFLDQV HWF���

�
� 7KH VFLHQWLILF GHILQLWLRQ RI WKH WLPH

+LVWRULFDOO\ WKH VFLHQWLILF GHILQLWLRQ RI WKH WLPH LV D FUHDWLRQ RI DVWURQRPHUV�
8S WR WKH HLJKWHHQWK FHQWXU\ WKH ³WLPH´� RU SUHIHUDEO\ WKH FLYLO WLPH XVHG LQ RUGLQDU\ OLIH� ZDV GHWHUPLQHG

E\ WKH GDLO\ PRWLRQ RI WKH 6XQ� ,W ZDV PLGGD\� OLWHUDOO\ WKH PLGGOH RI WKH GD\� ZKHQ WKH 6XQ ZDV DW LWV KLJKHVW
SRVLWLRQ LQ WKH VN\ DQG WKHQ LQ WKH GLUHFWLRQ RI HLWKHU 6RXWK RU 1RUWK�

8QIRUWXQDWHO\ WKLV ³ORFDO WUXH VRODU WLPH´ LV YHU\ LUUHJXODU IRU WZR PDLQ UHDVRQV� WKH (DUWK KDV D ODUJH
LQFOLQDWLRQ� DERXW ������ DQG LWV RUELW LV DQ HOOLSVH DQG QRW D FLUFOH� ,W ZDV WKHQ GLIILFXOW WR EXLOW FORFNV DEOH WR IROORZ
WKLV WLPH �HYHQ LI WR�GD\ WKLV LUUHJXODULW\ ZRXOG EH QR PRUH DQ REVWDFOH� DQG D PRUH UHJXODU WLPH ZDV GHILQHG � WKH
³ORFDO PHDQ VRODU WLPH´ UHODWHG WR WKH GDLO\ UHYROXWLRQ RI VWDUV ZLWK LWV SHULRGLFLW\ RI ��K ��PQ ����� ��V�

7KH GLIIHUHQFH ³WUXH VRODU WLPH´ PLQXV ³PHDQ VRODU WLPH´ KDV DQ DQQXDO SHULRGLFLW\ DQG YDULHV � ��PQ ��V
�)HEUXDU\ ��� DQG � ��PQ ��V �1RYHPEHU ���

+RZHYHU ZLWK WKLV ORFDO V\VWHP HDFK FLW\ KDV LWV RZQ ORFDO WLPH DQG ZLWK WKH GHYHORSPHQW RI UDLOZD\V WKH
FRQIXVLRQ EHFRPH VR JUHDW WKDW PDQ\ FRXQWULHV GHFLGH WR DGRSW DV FLYLO WLPH WKH PHDQ VRODU WLPH RI WKHLU FDSLWDO�
)RU LQVWDQFH WKH FLYLO WLPH RI 1HWKHUODQGV ZDV WZHQW\ PLQXWHV HDUOLHU WKDQ WKDW RI *UHHQZLFK�
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7KH PHDQ VRODU WLPH RI WKH *UHHQZLFK REVHUYDWRU\� QHDU /RQGRQ� EHFDPH WKH FLYLO WLPH RI DOO %ULWDLQ LQ

WKH ����¶V XQGHU WKH QDPH RI *&7� *UHHQZLFK FLYLO WLPH� ODWHU FDOOHG *07� *UHHQZLFK PHDQ WLPH�
,Q WKH ODUJH FRXQWULHV� 86$� &DQDGD DQG HVSHFLDOO\ 5XVVLD� D XQLTXH WLPH ZDV QRW FRQVLGHUHG DV SRVVLEOH

�DOWKRXJK WRGD\ &KLQD� ,QGLD DQG DOVR FRQWLQHQWDO (XURSH IURP 6SDLQ WR 3RODQG KDYH D XQLTXH KRXU� DQG WKH WLPH�

]RQH V\VWHP ZDV VORZO\ RUJDQL]HG�

7KH JOREDO WLPH�]RQH V\VWHP ZLWK LWV �� ]RQHV ZDV GHILQHG DW WKH ³LQWHUQDWLRQDO FRQIHUHQFH RQ KRXU´

�3DULV ������ )UDQFH ZDV DOUHDG\ DW WKH *07 VLQFH 0DUFK �� �����

,Q ���� WKH *07 ZDV UHQDPHG ³XQLYHUVDO WLPH´ �87 RU 78� WHPSV XQLYHUVHO� RU :=� :HOW]HLW��
7KH SURJUHVV RI WLPH PHDVXUHPHQWV KDYH OHG WR WKH IROORZLQJ VXEGLYLVLRQV�

78 ]HUR RU 78� LV WKH RULJLQDO *07 GHILQHG E\ WKH GDLO\ UHYROXWLRQ RI VWDUV DV VHHQ IURP WKH *UHHQZLFK

REVHUYDWRU\�

78� LV D PRUH UHJXODU WLPH WDNLQJ DFFRXQW RI WKH VPDOO PRWLRQV RI WKH SROHV ZLWK UHVSHFW WR WKH (DUWK

VXUIDFH� ,W FDQ EH GHILQHG DV DQ DYHUDJHG PHDQ WLPH IRU PDQ\ VXLWDEOH REVHUYDWRULHV WKDW ZRXOG EH UHJXODUO\ VSDFHG

RQ (DUWK�

78� WDNHV DFFRXQW RI WKH PDLQ \HDUO\ YDULDWLRQV RI (DUWK URWDWLRQ� 7KHVH YDULDWLRQV DUH UHODWHG WR WKH

ODUJHVW PHWHRURORJLFDO SKHQRPHQD VXFK DV WKH PRQVRRQ�

78� WDNHV DFFRXQW RI WKH PDLQ OXQDU DQG VRODU HIIHFWV HLWKHU GLUHFW �DWWUDFWLRQ� PRGLILFDWLRQ RI WKH YHUWLFDO�

RU LQGLUHFW �WLGHV��

7KHVH IRXU 78 KDYH RQO\ VPDOO GLIIHUHQFHV�

G78� ± 78�G� �� PLOOLVHFRQGV
G78� ± 78�G� �� PLOOLVHFRQGV
G78� ± 78�G� � PLOOLVHFRQGV

7KH GLVFRYHU\ RI UDQGRP YDULDWLRQV RI (DUWK URWDWLRQ DQG RI LWV YHU\ VORZ GHFUHDVH UHODWHG WR WLGDO IULFWLRQV

KDV UXLQHG WKH YDOLGLW\ RI 8QLYHUVDO 7LPH IRU D UHJXODU VFDOH RI WLPH�

,Q ���� WKH XQLW RI WLPH � WKH VHFRQG � EHFDPH GHILQHG E\ WKH PRWLRQV RI SODQHWV � ³VHFRQG RI

HSKHPHULV´� EXW WKLV GLIILFXOW DQG LQFRQYHQLHQW GHILQLWLRQ ZDV IRUVDNHQ LQ ���� IRU WKH DFFXUDWH DQG FRQYHQLHQW

VHFRQG GHILQHG E\ WKH DWRPLF IUHTXHQF\ VWDQGDUGV��� $QG WKXV WKH UXOH RI DVWURQRPHUV RYHU WKH GHILQLWLRQ RI WLPH
KDV FRPH WR DQ HQG� 7KHLU SODFH LV QRZ WDNHQ E\ WKH SK\VLFLVWV�

$ VXIILFLHQWO\ ODUJH VHULHV RI DWRPLF FORFNV QRZ JLYHV WKH H[WUHPHO\ UHJXODU DQG DFFXUDWH ³LQWHUQDWLRQDO

DWRPLF WLPH´ ZULWWHQ 7$, �WHPSV DWRPLTXH LQWHUQDWLRQDO�� ,WV IXOO SDUDOOHOLVP ZLWK WKH HSKHPHULV WLPH JLYHQ E\ WKH

PRWLRQ RI SODQHWV KDV EHHQ YHULILHG RYHU WKLUW\ \HDUV ZLWK D UHODWLYH DFFXUDF\ RI Q�� �WKDW LV ��
�£¢
��

7KH HSKHPHULV WLPH LV QRZ FDOOHG 7'7 �WHPSV G\QDPLTXH WHUUHVWUH� WHUUHVWULDO G\QDPLF WLPH�� ,W LV
KHQFHIRUWK GHILQHG E\�

7'7  7$, � ������ VHFRQGV

WKH GLIIHUHQFH EHLQJ WKHUH IRU KLVWRULFDO UHDVRQV�

2XU RUGLQDU\ FLYLO WLPH FDQQRW EH EDVHG RQO\ RQ WKH 7$,� LW QHHGV D UHODWLRQ WR WKH 6XQ� :H DUULYH WKXV WR

WKH ³XQLYHUVDO WLPH FRRUGLQDWHG´ �87&�� RU LQ D EHWWHU (QJOLVK WKH FRRUGLQDWHG XQLYHUVDO WLPH �EXW &87 LV QRW D

JRRG VLJOH��

7KH 87& LV VWDQGDUG VLQFH -DQXDU\ WKH ILUVW� ���� � LW LV GHILQHG E\ WKH IROORZLQJ �

$� 7KH GLIIHUHQFH � 7$, ± 87& � LV DOZD\V DQ LQWHJHU QXPEHU RI VHFRQGV�

%� 7KH GLIIHUHQFH G 78� ± 87& G LV DOZD\V VPDOOHU WKDQ ��� VHFRQGV�

&� )URP WLPH WR WLPH WKH GLUHFWRU RI WKH %XUHDX LQWHUQDWLRQDO GH O¶KHXUH � % , +� DOVR NQRZQ DV , ( 5 6 �

,QWHUQDWLRQDO (DUWK 5RWDWLRQ 6HUYLFH � GHFLGHV WR DGG DQ LQWHUFDODWH VHFRQG LQ RUGHU WR WDNH DFFRXQW RI

WKH LUUHJXODULWLHV RI WKH 78�� WKDW LV WKH LUUHJXODULWLHV RI WKH (DUWK URWDWLRQ�

'� 7KHVH VXSSOHPHQWDU\ VHFRQGV DOZD\V IDOO DW WKH HQG RI D VHPHVWHU � WKH ODVW PLQXWH RI WLPH 8 7 & KDV

WKHQ �� VHFRQGV�

(� 7KH GLIIHUHQFH � 7$, ± 87&� ZDV �� VHFRQGV GXULQJ WKH ILUVW VHPHVWHU RI ���� DQG� XS WR 0D\ �����
WZHQW\ WZR VHFRQGV KDYH EHHQ DGGHG DW WKH IROORZLQJ GDWHV�
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+HQFH WKH GLIIHUHQFH � 7$, ± 87& � ZDV �� VHFRQGV LQ WKH \HDU �����

7KH XQLYHUVDO WLPH FRRUGLQDWHG 87& KDV WKXV D PL[HG VWDWXWH� ,W KDV WKH H[WUHPHO\ UHJXODU XQLW RI WLPH RI

WKH LQWHUQDWLRQDO DWRPLF WLPH� 7 $ , � EXW LV DOVR UHODWHG WR WKH LUUHJXODU (DUWK URWDWLRQ DQG FDQ WKXV� IRU LQVWDQFH� EH

XVHG IRU WKH GHWHUPLQDWLRQ RI ORQJLWXGHV�

)RU YHU\ DFFXUDWH GHWHUPLQDWLRQV WKH SXEOLFDWLRQV RI WKH %XUHDX LQWHUQDWLRQDO GH O¶KHXUH DOORZV WR NQRZ
WKH GLIIHUHQFH � 87& ± 78� � DW DQ\ WLPH ZLWK DQ DFFXUDF\ RI RQH PLOOLVHFRQG�

7KH 87& UHPDLQV DOZD\V YHU\ QHDU WR WKH ROG 78� DQG *07� LW SOD\V QRZ WKH UROH IRUPHUO\ SOD\HG E\

WKH *07� IRU LQVWDQFH �

0RVFRZ WLPH  87& � � KRXUV

86 (DVWHUQ 6WDQGDUG 7LPH �(�6�7��  87& ± � KRXUV

86 (DVWHUQ 'D\OLJKW VDYLQJV 7LPH �(�'�7��  87& ± � KRXUV

7RGD\ WKH *07 KDV RQO\ DQ KLVWRULFDO LQWHUHVW� ,W KDV EHHQ DEDQGRQHG VLQFH WKH WKLUWLHV IRU VXFFHVVLYHO\

WKH 78�� WKH 78� DQG ILQDOO\� LQ ����� IRU WKH PXFK PRUH UHJXODU 87&�

7KH LQWHUQDWLRQDO DEEUHYLDWLRQ RI 87& LV WKH IROORZLQJ IURP WKH ODUJHVW WR WKH VPDOOHVW XQLW �
-XQH ��� ���� DW � KRXUV �� PLQXWHV ���� VHFRQGV 87&  ���������������������� 87&

7KH FRUUHVSRQGLQJ GD\ LV RI FRXUVH ���������� DQG WKH FRUUHVSRQGLQJ KRXU LV ������������� 87&�

1RWLFH ILQDOO\ WKDW WKH DVWURQRPHUV KDYH GHILQHG D WKHRUHWLFDO DQG ILFWLWLRXV PXFK PRUH UHJXODU WLPH WKDW

WDNHV DFFRXQW RI WKH UHODWLYLVWLF HIIHFWV DQG LV XVHG LQ WKH VWXG\ RI WKH PRWLRQV RI WKH 6RODU 6\VWHP � 7KH

³EDU\FHQWULF WLPH´ %�7� � &RQVLGHU DQ DWRPLF FORFN YHU\ IDU IURP WKH 6XQ DQG ZLWKRXW YHORFLW\ ZLWK UHVSHFW WR WKH
FHQWHU RI PDVV� L�H� WKH EDU\FHQWHU � RI WKH 6RODU 6\VWHP�� 7KH EDU\FHQWULF WLPH LV� LQ WKH DYHUDJH� D OLWWOH ³IDVWHU´

WKDQ WKH ,QWHUQDWLRQDO $WRPLF 7LPH� LQ VSLWH RI WKHLU VDPH XQLW RI WLPH� EXW WKHLU UHODWLYH GLIIHUHQFH LV YHU\ VPDOO�

RQO\ ���� Q�� WKDW LV DERXW ��� VHFRQG SHU \HDU�

$ IHZ SKLORVRSK\

7LPH LV RI FRXUVH RQH RI WKH PRVW FKHULVKHG VXEMHFW RI SKLORVRSKHUV DQG WKH\ KDYH QRWLFHG WKDW LQ IURQW RI

WKH ZLGH YDULHW\ RI WKH ³WLPHV´ RI DOO SURIHVVLRQV WKHUH LV DW OHDVW D WLPH WKDW LV FRPPRQ WR DOO SHRSOH � WKH

SV\FKRORJLFDO WLPH�
³:DLWLQJ KDOI DQ KRXU IRU 'DG ZKHQ KH LV JRLQJ WR DUULYH DW WKH VWDWLRQ��� ,W¶V YHU\ ORQJ � 3OD\LQJ KDOI DQ KRXU

EHIRUH VOHHSLQJ���,W¶V YHU\ VKRUW � , KDYH WR JR WR EHG DOUHDG\ � ,W¶V XQIDLU �´� 0\ JUDQGGDXJKWHU (OpRQRU ZDV RQO\

ILYH \HDUV ROG ZKHQ VKH KDV VDLG WKHVH ZRUGV �LQ )UHQFK RI FRXUVH� DQG WKXV D ILYH \HDUV ROG FKLOG DOUHDG\ NQRZ WKDW

WKH SV\FKRORJLFDO WLPH LV QRW XQLIRUP� )XUWKHUPRUH LW KDV WKH XQSOHDVDQW EXW XQLYHUVDO SURSHUW\ RI EHLQJ VORZ

GXULQJ XQSOHDVDQW SHULRGV DQG IDVW GXULQJ SOHDVDQW RQHV�

8QIRUWXQDWHO\ P\ JUDQGGDXJKWHU GLHG LQ D FDU DFFLGHQW D IHZ ZHHNV ODWHU DQG WKLV LV WKH VWURQJHVW DQG PRVW
SDLQIXO HYLGHQFH RI WKH LUUHYHUVLELOLW\ RI WLPH���

)URP 6DLQW $XJXVWLQH WR )HUGLQDQG *RQVHWK WKH SURSRVLWLRQV RI SKLORVRSKHUV DERXW WKH WLPH DUH IDPRXV �

³:KHQ , DP DORQH , EHOLHYH WKDW , NQRZ ZKDW WLPH LV���%XW DV VRRQ DV VRPHRQH SXW PH WKH TXHVWLRQ , GRQ¶W NQRZ LW

DQ\PRUH´� ³ 3UHVHQW LV D GRRU WKURXJK ZKLFK IXWXUH LV KXUO GRZQ LQWR SDVW´� ³ 3DVW GRQ¶W H[LVW EHFDXVH LW H[LVWV QR

PRUH� IXWXUH GRQ¶W H[LVW EHFDXVH LW GRQ¶W \HW H[LVW DQG SUHVHQW LV FRQWLQXRXVO\ GLVDSSHDULQJ´�
+RZHYHU , FRQWHVW WKDW NLQG RI V\PPHWU\ WKDW VRPH SKLORVRSKHUV GR EHWZHHQ SDVW DQG IXWXUH� 3DVW VHHPV

WR PH PXFK PRUH FRQFUHWH WKDQ IXWXUH� 1RWLFH WKDW WKLV FRUUHVSRQGV WR WKH SRSXODU IHHOLQJ � LQ PRVW ODQJXDJHV

IXWXUH DQG FRQGLWLRQDO DUH DOPRVW DOLNH��� :KLOH LI ZH ORRN DW VRPH RXWHU JDOD[\ ZH ZLOO VHH LW DV LW ZDV PLOOLRQV RI
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\HDU DJR� ,I ZH GLVFRYHU D ZHOO RULHQWHG PLUURU RQ D SODQHW QHDU $OSKD &HQWDXUXV �GLVWDQFH � OLJKW�\HDUV� ZH ZLOO

VHH WKH (DUWK DV LW ZDV HLJKW \HDUV DJR�
/HW XV FRQVLGHU DQ DVWURQRPLFDO VWXG\ VXFK DV WKH HYROXWLRQ RI WKH (DUWK�0RRQ V\VWHP XQGHU WKH LQIOXHQFH

RI NQRZQ IRUFHV �JUDYLWDWLRQ� WLGDO IRUFHV� HWF��� 7KH DYHUDJH (DUWK�0RRQ GLVWDQFH LV VORZO\ LQFUHDVLQJ� DERXW WKUHH

FHQWLPHWHUV SHU \HDU WRGD\� LW ZDV PXFK VPDOOHU � ELOOLRQV RI \HDUV DJR� LW ZLOO EH �� RU ��� ODUJHU LQ � ELOOLRQV RI

\HDUV�

+RZHYHU WKH SDVW OHW WUDFHV �LQ JHRORJ\� LQ PDJQHWLVP� LQ WKH SUHVHQW VWDWH RI WKH 0RRQ� HWF�� DQG RXU

K\SRWKHVHV RQ WKH SDVW DUH WKHQ SDUWO\ WHVWDEOH� ZKLOH RXU K\SRWKHVHV RQ WKH IXWXUH DUH SXUH LQWHOOHFWXDO
FRQVWUXFWLRQV� 7KH\ FRXOG EH FRPSOHWHO\ XSVHW HLWKHU E\ VRPH XQH[SHFWHG SKHQRPHQRQ �SDVVDJH RI D VWDU LQ WKH

YLFLQLW\ RI WKH 6RODU 6\VWHP� RU EHFDXVH RI WKH QHJOHFW RI VRPH DSSDUHQWO\ H[WUHPHO\ VPDOO SKHQRPHQD WKDW ZLOO

LQFUHDVH YHU\ PXFK LQ WKH IXWXUH�

,I ZH KDYH VXFK D FRQVFLHQFH RI WKH SUHVHQW WLPH LW LV FHUWDLQO\ EHFDXVH ZH DUH IUHH� 2I FRXUVH QR VFLHQWLILF

H[SHULPHQW FDQ SURYH WKDW ZH DUH UHDOO\ IUHH� RU QRW� DQG ZH PXVW DGPLW IUHHGRP DV DQ D[LRP� DV RQH RI WKH
XQSURYDEOH D[LRPV RI JHRPHWU\ RU DULWKPHWLF� ³7KHUH LV D VRXUFH RI IUHHGRP LQ HDFK KXPDQ EHLQJ���´ :LWK WKLV

D[LRP RXU ZRUOG LV PXFK PRUH XQGHUVWDQGDEOH WKDQ ZLWK WKH RSSRVLWH D[LRP DQG WKH SUHVHQW LV WKH LQVWDQW LQ ZKLFK

ZH H[HUFLVH RXU IUHHGRP�

,W LV SRVVLEOH WR ILQG D FRQWUDULR SURRIV RI WKLV SURSRVLWLRQ LQ WKH VWDWH RI VOHHS LQ ZKLFK ZH ODFN ERWK

SUHVHQW DQG IUHHGRP� RU LQ WKH VLWXDWLRQ RI D VHYHUHO\ JXDUGHG SULVRQHU WKDW LV IRUELGGHQ WR ZRUN� WR UHDG� WR ZULWH� WR

VLQJ���+H IRUVDNHV WKH SUHVHQW DQG GUHDPV DERXW WKH SDVW LQ ZKLFK KH ZDV IUHH DQG DERXW WKH IXWXUH LQ ZKLFK KH ZLOO
EH OLEHUDWHG�
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������
���	�����
��������������

7KH VHFRQG SULQFLSOH RI WKHUPRG\QDPLFV LV WKH SLOODU RI SK\VLFDO LUUHYHUVLELOLW\� +RZHYHU LW LV D

³SULQFLSOH¶¶ DQG QRW D ³ODZ´� WKLV OLQJXLVWLF VXEWOHW\ DOORZ XV WR ZULWH WKDW DOO SK\VLFDO ODZV FDQ EH ZULWWHQ LQ D

UHYHUVLEOH IRUP� D IRUP LQ ZKLFK SDVW DQG IXWXUH DUH V\PPHWULFDO�
7KLV OHDGV WR ZHOO NQRZQ UHYHUVLEOH SURSHUWLHV� )RU LQVWDQFH LI� LQ WKH 6RODU 6\VWHP� ZH UHYHUVH WKH

YHORFLWLHV RI DOO SODQHWV DQG VDWHOOLWHV� WKH RUELWV ZLOO UHPDLQ WKH VDPH DQG WKH\ ZLOO EH GHVFULEHG LQ WKH RWKHU

GLUHFWLRQ�

+RZHYHU WKLV EHDXWLIXO V\PPHWU\ FRQWUDGLFWV PDQ\ SKHQRPHQD RI RUGLQDU\ OLIH� :H UHPHPEHU WKH SDVW

DQG LJQRUH WKH IXWXUH� WKH KHDW DOZD\V JR IURP KRW ERGLHV WR FROG RQHV� ZH DOZD\V JRHV IURP FKLOGKRRG WR ROG DJH�
HWF�

%HVLGHV WKHVH XVXDO SKHQRPHQD WKH SK\VLFLVWV FRQVLGHU WKDW WKH PDMRU LUUHYHUVLEOH SKHQRPHQD DUH�

$� 7KH H[SDQVLRQ RI 8QLYHUVH�

%� 7KH EODFN KROHV � OLJKW DQG PDWWHU IDOO LQWR EODFN KROHV� WKH\ QHYHU HVFDSH IURP WKHP�

&� 7KH SURSDJDWLRQ RI OLJKW � E\ GLYHUJLQJ ZDYHV DQG QHYHU E\ FRQYHUJLQJ ZDYHV�

7KHUH DUH VRPH UHPDUNDEOH FRQQHFWLRQV EHWZHHQ WKHVH LUUHYHUVLEOH SKHQRPHQD�
/HW XV FRQVLGHU WKH H[DPSOH JLYHQ E\ +XEHUW 5HHYHV �5HI� �� � $ ODNH LQ D FROG FRXQWU\� LW IUHH]HV HDFK

DXWXPQ DQG WKDZV HDFK VSULQJ�

,FH LV PXFK PRUH RUJDQL]HG WKDQ ZDWHU� LW LV WKHQ GXULQJ IUHH]LQJ WKDW WKH HQWURS\ RI WKH ODNH GHFUHDVHV�

:KDW KDSSHQV WKHQ "

7KH ODNH FDQQRW EH FRQVLGHUHG DV LVRODWHG DQG� GXULQJ WKH ORQJ DQG VWDUU\ QLJKW RI 1RYHPEHU DQG

'HFHPEHU� LW VHQGV WRZDUGV VSDFH D KXJH TXDQWLW\ RI LQIUD�UHG SKRWRQV WKDW FDUU\ DZD\ LWV KHDW DQG LWV HQWURS\�
:KDW KDSSHQV WR WKHVH SKRWRQV " %HFDXVH RI WKH H[SDQVLRQ RI 8QLYHUVH� PRVW RI WKHP ZLOO QHYHU DUULYH

DQ\ZKHUH� WKH\ ZLOO ZDQGHU IRUHYHU LQ DQ DOZD\V HPSWLHU VSDFH���

,I 8QLYHUVH ZDV VWDWLF� WKH QXPEHU RI DUULYLQJ SKRWRQ ZRXOG HTXDO WKLV RI GHSDUWLQJ SKRWRQ DQG WKH ODNH

FRXOG QRW IUHH]H�

7KHUH LV KRZHYHU D TXHVWLRQ � LI 8QLYHUVH LV GHQVH HQRXJK� LW ZLOO QRW H[SDQG IRUHYHU DQG LQ VRPH WHQV RI

ELOOLRQV RI \HDUV LW ZLOO EHJLQ WR FRQWUDFW� :KDW ZLOO WKHQ KDSSHQ " 6RPH WKHRUHWLFLDQV WKLQN WKDW WKHQ WKH WLPH ZLOO
UHYHUVH� ZH ZLOO HVFDSH IURP JUDYH DQG UHWXUQ WR FKLOGKRRG � 7KLV LV UHDOO\ VXUSULVLQJ DQG LW LV PRUH SUREDEOH WKDW

WKH EODFN KROH� VR UDUH WRGD\� ZLOO WKHQ EH YHU\ QXPHURXV� 7KH\ ZLOO WDNH WKH SODFH RI WKH H[SDQVLRQ DQG PRVW

ZDQGHULQJ SKRWRQV ZLOO IDOO LQWR D EODFN KROH DQG GLVDSSHDU IRUHYHU� 7KH ODNHV ZLOO FRQWLQXH WR IUHH]H HDFK

DXWXPQ���

%XW OHW XV JR EDFN WR WKH SDUDGR[ EHWZHHQ WKH UHYHUVLEOH SK\VLFDO ODZV DQG WKH LUUHYHUVLEOH SKHQRPHQD� /HW
XV FRQVLGHU WKH IROORZLQJ H[SHULPHQW � WZR YHVVHOV DUH IXOO RI JDV� ,I ZH RSHQ WKH FRPPXQLFDWLRQ EHWZHHQ WKHVH

WZR YHVVHOV WKH %URZQLDQ PRWLRQ ZLOO HTXDOL]H WKH WHPSHUDWXUHV� WKH SUHVVXUHV DQG WKH FRPSRVLWLRQV ZKLOH WKH

RSSRVLWH HYROXWLRQ QHYHU DSSHDUV�



���

+RZHYHU �

$� 7KH %URZQLDQ PRWLRQ DQG WKH NLQHWLF WKHRU\ RI JDV DUH FRQVHUYDWLYH DQG UHYHUVLEOH� DV FRQVHUYDWLYH DQG

UHYHUVLEOH DV WKH &HOHVWLDO 0HFKDQLFV LWVHOI�

%� +HQUL 3RLQFDUp KDV GHPRQVWUDWHG WKDW� IRU ERXQGHG DQG FRQVHUYDWLYH V\VWHPV� DOPRVW DOO LQLWLDO

FRQGLWLRQV OHDG WR DQ LQILQLWH QXPEHU RI UHWXUQV LQ WKH YLFLQLW\ RI LQLWLDO FRQGLWLRQV �5HI� ��� 7KH PDWKHPDWLFLDQV

VSHFLI\ � LQ DQ\ YLFLQLW\ RI WKH LQLWLDO FRQGLWLRQV �
7KHVH UHWXUQV LQ WKH YLFLQLW\ RI LQLWLDO FRQGLWLRQV DUH RI FRXUVH FRQWUDGLFWRU\ ZLWK WKH HTXDOL]DWLRQ RI

WHPSHUDWXUHV� SUHVVXUHV DQG FRPSRVLWLRQV�

7KHUH DUH FODVVLFDO EXW XQVDWLVIDFWRU\ DQVZHUV WR WKLV SDUDGR[ �

$� ³7KHUH H[LVW SHUKDSV VRPH VPDOO� LUUHYHUVLEOH DQG GLVVLSDWLYH KLGGHQ SKHQRPHQD WKDW IRUELG WKH
DSSOLFDWLRQ RI 3RLQFDUp UHVXOWV���´

7KLV UHMHFWLRQ RI D PDMRU V\PPHWU\ RI QDWXUH LV QRW MXVWLILHG DQG RXU SUHVHQW NQRZOHGJH LV VXIILFLHQW IRU

WKH UHVROXWLRQ RI WKH REVHUYHG FRQWUDGLFWLRQ�

%� ³ )RU D JLYHQ SKHQRPHQRQ WKH QRWLRQ RI WUDMHFWRU\ UHPDLQV DFFXUDWH IRU RQO\ LWV WLPH RI GLYHUJHQFH WKDW

LV DERXW ILIW\ RU RQH KXQGUHG ³/LDSRXQRY WLPH´ DQG PXFK OHVV WKDQ WKH 3RLQFDUp UHWXUQ WLPH WKDW KDV QHYHU EHHQ

REVHUYHG LQ WKLV W\SH RI H[SHULPHQW���´
7KLV DQVZHU LV WUXH EXW LQVXIILFLHQW� 7KH LPSRVVLELOLW\ RI DFFXUDWH FRPSXWDWLRQV GRHVQ¶W VROYH WKH

FRQWUDGLFWLRQ�

&� ³,Q SULQFLSOH 3RLQFDUp LV ULJKW DQG IRU VWULFWO\ LVRODWHG V\VWHPV WKHUH LQGHHG H[LVWV WKLV P\VWHULRXV

FRUUHODWLRQ EHWZHHQ LQLWLDO DQG ILQDO FRQGLWLRQV �DIWHU WKH 3RLQFDUp UHWXUQ WLPH�� %XW RXU V\VWHPV DUH QRW VWULFWO\

LVRODWHG DQG HYHQ YHU\ VPDOO SHUWXUEDWLRQV GHVWUR\ WKLV FRUUHODWLRQ�´

7KHVH ³P\VWHULRXV FRUUHODWLRQV´ DUH LPDJLQDU\ DQG LW LV LQ D QDWXUDO IDVKLRQ WKDW WKH V\VWHP UHWXUQV WRZDUGV
DOO VWDWHV DWWDLQDEOH IURP WKH LQLWLDO FRQGLWLRQV� 7KH ³YHU\ VPDOO SHUWXUEDWLRQV´ ZLOO QRW PRGLI\ WKH RUGHU RI

PDJQLWXGH RI WKH 3RLQFDUp UHWXUQ WLPH� HYHQ LW LV WUXH WKDW WKH\ FDQ PRGLI\ YHU\ PXFK WKH HYROXWLRQ LQ D UHODWLYHO\

VKRUW LQWHUYDO RI WLPH �D IHZ ³/LDSRXQRY WLPHV´� DQG WKXV FRQWULEXWH WR WKH GLVDSSHDUDQFH RI FRUUHODWLRQV�

7KH WUXH DQVZHU LV UHODWHG WR WKH QRWLRQ RI FKDRWLF PRWLRQV DQG ³VHQVLWLYLW\ WR LQLWLDO FRQGLWLRQV´� 7KH
HYROXWLRQ RI D QRQ FKDRWLF V\VWHP � D ³UHJXODU V\VWHP´� UHPDLQV LQ D YHU\ VPDOO SDUW RI SKDVH VSDFH DQG KDV D

QDWXUDO UHYHUVLELOLW\� HVSHFLDOO\ IRU SHULRGLF DQG TXDVL�SHULRGLF V\VWHPV�

%XW OHW XV FRQVLGHU D XVXDO V\VWHP ZLWK ELOOLRQV RI SDUDPHWHUV �WKH SRVLWLRQV DQG YHORFLWLHV RI WKH

PROHFXOHV RI D VPDOO YROXPH RI JDV����� 7KDW V\VWHP LV H[WUHPHO\ VHQVLEOH WR LQLWLDO FRQGLWLRQV �D VOLJKW GLIIHUHQFH LQ

WKH LQLWLDO YHORFLW\ RI D PROHFXOH DQG LWV IXWXUH LV FRPSOHWHO\ GLIIHUHQW���� DQG� EHFDXVH RI WKH YHU\ ODUJH QXPEHU RI
SDUDPHWHUV� WKH 3RLQFDUp UHWXUQ WLPH LV PXFK ODUJHU WKDQ WKH DJH RI 8QLYHUVH�

,Q WKHVH FRQGLWLRQV ZH DUH XQDEOH WR IROORZ WKH LQGLYLGXDO HYROXWLRQ RI JLYHQ PROHFXOHV DQG ZH DUH

DFFXVWRPHG WR GHILQH DYHUDJHG VWDWLVWLFDO HOHPHQWV �WHPSHUDWXUH� SUHVVXUH� HWF��� 7KH HYROXWLRQ RI WKHVH VWDWLVWLFDO

HOHPHQWV FDQ EH GHGXFHG E\ VWDWLVWLFDO FRQVLGHUDWLRQV ZLWK DQ H[FHOOHQW DFFXUDF\ EHFDXVH RI WKH YHU\ JUHDW QXPEHU

RI HOHPHQWV �DQG EHFDXVH RI WKH FKDRWLFLW\ LWVHOI WKDW LQWURGXFHV UDQGRPQHVV SHUPDQHQWO\� ZKLFK DOORZV WR XVH

VXFFHVVIXOO\ WKH ODZV RI UDQGRP DQG WKH ODZV RI WKH JUHDW QXPEHUV����%XW WKH DYHUDJH HYROXWLRQ RI VWDWLVWLFDO

HOHPHQWV LV QRW FRQVHUYDWLYH DQG UHYHUVLEOH HYHQ LI WKH V\VWHP RI LQWHUHVW LV FRQVHUYDWLYH DQG UHYHUVLEOH�

7KLV SURSHUW\ LV QRW D SK\VLFDO RQH� LW LV D SXUH PDWKHPDWLFDO SURSHUW\ RI DYHUDJHG VWDWLVWLFDO HOHPHQWV DQG

LW LV DOVR WKH UHDO UHDVRQ RI WKH VHFRQG SULQFLSOH RI WKHUPRG\QDPLFV DQG RI WKH XVXDO ³DUURZ RI WLPH´�

%XW KRZ LV LW SRVVLEOH WR UHFRQFLOH WKH UHYHUVLEOH ODZV RI LQGLYLGXDO HOHPHQWV ZLWK WKH LUUHYHUVLEOH ODZV RI

DYHUDJHG VWDWLVWLFDO HOHPHQWV " 7KH UHFRQFLOLDWLRQ LV LQ WKH GLIIHUHQFH EHWZHHQ WKH DYHUDJH DQG WKH UHDOLW\ RI

WKHVH VWDWLVWLFDO HOHPHQWV� )RU V\VWHP ZLWK D ODUJH QXPEHU RI SDUDPHWHUV WKDW GLIIHUHQFH LV XVXDOO\ YHU\ VPDOO DQG
LQDSSUHFLDEOH� EXW LW FDQ EHFRPH ODUJH DIWHU D ³VXIILFLHQWO\ ORQJ WLPH´� IRU LQVWDQFH IRU WKH 3RLQFDUp UHWXUQ LQ WKH

YLFLQLW\ RI LQLWLDO FRQGLWLRQV�

,Q UHIHUHQFH � LV SUHVHQWHG D VPDOO DSSOLFDWLRQ RI WKHVH LGHDV � 7ZR LGHQWLFDO YHVVHOV FRQWDLQ D WRWDO QXPEHU

RI RQH ELOOLRQ ELOOLRQ RI PROHFXOHV � WKDW LV S�� PROHFXOHV� D UDWKHU VPDOO QXPEHU RQO\ DQ\ZD\ VLQFH LW LV WKH

QXPEHU RI PROHFXOHV LQ �� PP�
RI RUGLQDU\ DLU �� 7KH LQLWLDO WHPSHUDWXUH LV WKH VDPH RQ ERWK VLGHV ZKLOH WKH LQLWLDO

SUHVVXUHV DUH ��� EDU DQG ��� EDU � WKH LQLWLDO VKDUH LV ���� �����
$W WKH EHJLQQLQJ RI WKH H[SHULPHQW ZH RSHQ WKH FRPPXQLFDWLRQ EHWZHHQ WKH WZR YHVVHOV DQG WKHLU UDWH RI

H[FKDQJH LV RQH PLOOLRQ ELOOLRQ �L�H� S��� PROHFXOHV SHU VHFRQG�

,Q DJUHHPHQW ZLWK WKH QDWXUH RI FKDRWLF SKHQRPHQD ZH FDQ DVVXPH WKDW HDFK H[FKDQJH LV FKRVHQ DW

UDQGRP ZLWK DQ HTXDO SUREDELOLW\ IRU DOO PROHFXOHV� 7KDW DVVXPSWLRQ LV DOPRVW WKH ³%ROW]PDQQ K\SRWKHVLV´ � QR

FRUUHODWLRQ EHWZHHQ VXFFHVVLYH YDULDWLRQV�



���

7KH DYHUDJH HYROXWLRQ LV VLPSOH � WKH WHPSHUDWXUH DQG WKH VXP RI WKH WZR SUHVVXUHV UHPDLQ FRQVWDQW ZKLOH

WKH LQGLYLGXDO SUHVVXUHV FRQYHUJH H[SRQHQWLDOO\ WRZDUGV RQH EDU� 7KH ODUJHVW SUHVVXUH IDOOV WR ������ EDU DIWHU RQH
PLQXWH� WR ������ EDU DIWHU WHQ PLQXWHV DQG WR ������ EDU DIWHU RQH KRXU�

7KH VWDQGDUG GHYLDWLRQ RI WKH SUHVVXUH UHPDLQV IRUHYHU YHU\ VPDOO � DOZD\V OHVV WKDQ D ELOOLRQWK RI D EDU�

WKDW LV ������ 3DVFDO� DQG WKXV LI ZH PHDVXUH WKH SUHVVXUH ZLWK WKH H[FHOOHQW DFFXUDF\ RI ����� 3DVFDO �WKDW LV

QHYHUWKHOHVV �� VWDQGDUG GHYLDWLRQV� ZH ZLOO QHYHU PHHW D IOXFWXDWLRQ ZLWK UHVSHFW WR WKH DYHUDJH HYROXWLRQ � WKH

ILUVW IOXFWXDWLRQ KDV D FKDQFH VPDOOHU WKDQ Q��� �L�H� ��
��¢¢
� WR DSSHDU EHIRUH ILIW\ ELOOLRQ PLOOHQLXPV �

,Q WKHVH FRQGLWLRQV WKH 3RLQFDUp UHWXUQ WLPH LV RI FRXUVH SXUHO\ WKHRUHWLFDO� EXW LW FDQ EH FRPSXWHG � :LWK
WKH H[FHSWLRQ RI WKH YHU\ VPDOO SURSRUWLRQ RI Q��� RI LQLWLDO FRQGLWLRQV� WKH 3RLQFDUp UHWXUQ WLPH 7 DW WKH LQLWLDO

SUHVVXUHV RI ��� DQG ��� EDU ZLOO YHULI\ �

7  ��
5
PLOOHQLXPV � ZLWK � �� ��� ��� ��� ��� ��� � 5 � �� ��� ��� ��� ��� ��� �

7KXV WKH SDUDGR[ RI UHYHUVLEOH ODZV DVVRFLDWHG ZLWK LUUHYHUVLEOH SKHQRPHQD FDQ EH H[SODLQHG ZLWKRXW

³VPDOO KLGGHQ LUUHYHUVLELOLWLHV´� ³SHUIHFW LVRODWLRQ´ DQG�RU ³KLGGHQ FRUUHODWLRQV´ � 7KH PDLQ UHDVRQV RI WKH SK\VLFDO

LUUHYHUVLELOLWLHV DQG RI WKH DUURZ RI WLPH LV WKH FKDRWLF FKDUDFWHU DQG WKH YHU\ ODUJH QXPEHU RI SDUDPHWHUV RI

LUUHYHUVLEOH V\VWHPV�
7KH %ROW]PDQQ K\SRWKHVLV RI ³PROHFXODU FKDRV´ JLYHV DQ H[FHOOHQW DSSUR[LPDWLRQ RI FKDRWLF SKHQRPHQD

DQG DOORZV YHU\ DFFXUDWH FRPSXWDWLRQV� 7KH FRUUHODWLRQV ZLOO QRW LQFUHDVH VORZO\ DQG LQVLGLRXVO\ DIWHU D YHU\ ORQJ

WLPH DQG ZH FDQ DOPRVW ZULWH WKDW WKH UHWXUQ RI 3RLQFDUp RFFXUV E\ FKDQFH ZKLFK UHTXLUH VXFK D ODUJH GHOD\� PXFK

ODUJHU WKDQ WKH DJH RI 8QLYHUVH� WKDW WKH FRUUHVSRQGLQJ GHFUHDVH RI HQWURS\ QHYHU DSSHDUV LQ RXU H[SHULPHQWV�
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���������

7KH LUUHYHUVLELOLW\ RI WKH VHFRQG SULQFLSOH RI WKHUPRG\QDPLFV DJUHH IXOO\ ZLWK RXU H[SHULPHQWV DQG RXU

PHDVXUHV WKDW DUH E\ IDU QHLWKHU ORQJ QRU QXPHURXV HQRXJK WR OHDG WR D FRQWUDGLFWLRQ�

,I ZH PHHW VR PDQ\ SKHQRPHQD ZLWK DQ LQFUHDVH RI HQWURS\� LW LV EHFDXVH GHVHTXLOLEULXPV DUH HDV\ LQ RXU

ZRUOG� 7KH SROHV DUH FROG DQG WKH HTXDWRU LV KRW� WKH VPDOOHVW YDOOH\ KDV D VXQQ\ VLGH DQG D VKDG\ RQH��� 7KH

IXQGDPHQWDO UHDVRQ LV RXU H[LVWHQFH LQ WKH PLGGOH RI D JLDQW VWUHDP RI HQHUJ\ WKDW DUULYHV FRQWLQXRXVO\ IURP WKH
EXUQLQJ 6XQ DQG HVFDSHV WR WKH IUR]HQ VSDFH�

$W HDFK VFDOH RI QDWXUH �TXDQWLF� DWRPLF� PLFURVFRSLF� RUGLQDU\� JHRJUDSKLFDO� DVWURQRPLFDO� FRVPRORJLFDO�

WKH FKDRWLF PRWLRQV GHVWDELOL]H WKH LQGLYLGXDO HOHPHQWV �SRVLWLRQ DQG YHORFLW\ RI D SDUWLFOH� EXW VWDELOL]H WKH

FRUUHVSRQGLQJ PHDQ VWDWLVWLFDO HOHPHQWV �SUHVVXUH� WHPSHUDWXUH� WKDW EHFRPH WKH EDVLF HOHPHQWV RI WKH ODUJHU VFDOH�

3KHQRPHQD DUH WKXV QHVWHG LQ RQH DQRWKHU XS WR WKH DVWURQRPLFDO DQG FRVPRORJLFDO VFDOHV WKDW XVH WKH QRWLRQ RI

³FHQWHU RI PDVV RI D FHOHVWLDO ERG\´ DQG VWXG\ LWV PRWLRQ ZLWKRXW EHLQJ GLVWXUEHG E\ WKH LQQHU PRWLRQV DQG WKH
VWUHDPV RI WKLV ERG\�

7KXV LQ RXU ZRUOG� LQ ZKLFK ZH KDYH QRZ UHFRJQL]HG VR PDQ\ ODUJH QXPEHUV DQG VR PDQ\ FKDRWLF

SKHQRPHQD� WKH LUUHYHUVLELOLW\ RI WLPH � WKDW LV WKH H[LVWHQFH RI LUUHYHUVLEOH SKHQRPHQD � LV QRW FRQWUDGLFWRU\ ZLWK

WKH UHYHUVLELOLW\ RI SK\VLFDO ODZV� :H XQGHUVWDQG QRZ KRZ PXFK WKHVH FKDRWLF SKHQRPHQD SDUWLFLSDWH LQ WKH LPDJH

RI RXU SK\VLFDO ZRUOG DQG KRZ IDU ZH ZHUH IURP WKH WUXWK ZKHQ� RQO\ WKUHH GHFDGHV DJR� WKHVH FKDRWLF SKHQRPHQD

ZHUH HLWKHU LJQRUHG RU FRQVLGHUHG DV YHU\ H[FHSWLRQDO DQG YHU\ VLQJXODU SKHQRPHQD GHVFULEHG IRU WKH ILUVW WLPH RQH
FHQWXU\ DJR E\ WKH JLJDQWLF LPDJLQDWLRQ RI WKH JUHDW SLRQHHU +HQUL 3RLQFDUp�

�����
��
���

�� +� 5HHYHV� ³3DWLHQFH GDQV O¶D]XU´ (GLWLRQV GX 6HXLO� FROOHFWLRQ ³6FLHQFH RXYHUWH´� SDJH ���� �����

�� +� 3RLQFDUp� ³/HV PpWKRGHV QRXYHOOHV GH OD 0pFDQLTXH &pOHVWH´ 'RYHU 3XEOLFDWLRQ� 1HZ�<RUN� 9RO ��
SDJHV �������� �����

�� &� 0DUFKDO� ³'HWHUPLQLVP DQG DUURZ RI WLPH� +HQUL 3RLQFDUp SKLORVRSKHU DQG VFLHQWLVW´

��
QG
,QWHUQDWLRQDO :RUNVKRS RQ WKH )XQGDPHQWDO 3UREOHPV RI +LJK (QHUJ\

3K\VLFV � 3URWYLQR 5XVVLD� -XQH ������ �����
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