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56& (QHUJ\� .RURO\RY� 5XVVLD

7KH SUREOHP RI WLPH LV FRQQHFWHG ZLWK D ZKROH FRPSOH[ RI VFLHQWLILF DQG SKLORVRSKLFDO QRWLRQV� $PRQJ WKHP

WKHUH DUH SDLUV RI DQWLQRPLFDO� FRPSOHPHQWDU\ FRQFHSWLRQV GHHSO\ URRWHG DOPRVW LQ DOO SKLORVRSKLFDO VFKRROV DQG LQ

WKH KLVWRU\ RI QDWXUDO VFLHQFH� %HVLGHV VXEVWDQWLDO DQG UHODWLRQDO� VWDWLF DQG G\QDPLF FRQFHSWLRQV RI WLPH >�@� WKH

FKDUDFWHULVWLFV RI WLPH WKHPVHOYHV VXFK DV FRQWLQXLW\�GLVFUHWHQHVV RU UHYHUVLELOLW\�LUUHYHUVLELOLW\ DUH FRPSOHPHQWDU\�

,W¶V GLIILFXOW WR WUHDW WKH SUREOHP RI LUUHYHUVLELOLW\ DSDUW IURP WKLV FRQFHSWXDO V\VWHP IRU DOO RI LWV FRQVWLWXHQWV DUH

FORVHO\ UHODWHG WR HDFK RWKHU�

$FFRUGLQJ 1HZWRQ ³WLPH LQ LWVHOI DQG E\ LWV RZQ QDWXUH� ZLWKRXW UHODWLRQ WR DQ\WKLQJ EH\RQG LW� IORZV XQLIRUPO\´�

,Q WKH ZRUOG�SLFWXUH RI D FODVVLFDO WKHRU\ WLPH LV VXEVWDQWLDO DQG UHYHDO LWVHOI DV D VHOI�VXIILFLHQW HQWLW\� LW LV DEVROXWH

DQG FRQWLQXRXV� $OO QDWXUDO ERGLHV DQG SK\VLFDO SKHQRPHQD DUH VXEMHFW WR WKH SDVVDJH RI WLPH� DQG VR DEVROXWH

V\QFKURQLVP LV UHDOL]HG� EXW WKHVH ERGLHV DQG SKHQRPHQD GR QRW WKHPVHOYHV H[HUW LQIOXHQFH RQ WLPH� $ PRGHUQ

VXEVWDQWLDO FRQFHSWLRQ RI WLPH GHDOV ZLWK VXEVWDQWLDO IORZV WKDW JHQHUDWH FKDQJH� WKH XQLYHUVH LV RSHQ WR WKHVH

IORZV >�@�

/HLEQL] KHOG D UHODWLRQDO FRQFHSWLRQ RI WLPH DQG SROHPL]HG ZLWK VXEVWDQWLDO WUHDWPHQW RI LW� +H LQVLVWHG WKDW ³VSDFH

DV ZHOO DV WLPH LV VRPHWKLQJ SXUHO\ UHODWLRQDO� VSDFH LV DQ RUGHU RI FRH[LVWHQFHV DQG WLPH LV DQ RUGHU RI VHTXHQFHV� )RU

VSDFH LQ WHUPV RI SRVVLELOLW\ PHDQV DQ RUGHU RI VLPXOWDQHRXV WKLQJV EHFDXVH WKH\ H[LVW WRJHWKHU´ >�@� +H GLGQ¶W

FRQVLGHU WLPH DV VHSDUDWH HQWLW\ EXW VDZ LW DV D ODZ RI FKDQJH LQ D VHW RI VWDWHV�

7KH PRGHUQ UHODWLRQDO FRQFHSWLRQ RI WLPH LV EDVHG RQ WKH VSHFLDO WKHRU\ RI UHODWLYLW\ WKDW FRQVLGHUV WLPH DV D

V\VWHP RI UHODWLRQV EHWZHHQ SK\VLFDO HYHQWV DQG ERGLHV� 6SDFH�WLPH LV GHILQHG DV D VHW RI DOO HYHQWV LQ WKH XQLYHUVH

FRQQHFWHG E\ FRPPRQ VWUXFWXUH RI UHODWLRQV RI HIIHFWV RI HYHQWV WR HDFK RWKHU DQG QRWKLQJ HOVH� ,Q WKLV VWUXFWXUH WKH

OLPLWLQJ VSHHG RI WUDQVPLVVLRQ RI VLJQDOV LV RI FUXFLDO LPSRUWDQFH� 4XHVWLRQ RI WHPSRUDO VHTXHQFH RI HYHQWV EHFRPHV

PHDQLQJOHVV LI WKHUH LV QR SRVVLELOLW\ IRU WKHP WR LQWHUDFW� ,W LV DUJXHG LQ ³3K\VLFDO (QF\FORSHGLD´� WKDW ³VSDFH DQG

WLPH DUH JHQHUDOO\ GHILQHG LQ SK\VLFV DV IXQGDPHQWDO VWUXFWXUHV RI FRRUGLQDWLRQ RI PDWHULDO REMHFWV DQG WKHLU

VWDWHV´ >�@�

$QRWKHU DQWLQRPLFDO SDLU LV FRQVWLWXWHG E\ VWDWLF DQG G\QDPLF FRQFHSWLRQV� ,Q VWDWLF PRGHO DOO HYHQWV DUH

FRQVLGHUHG DV H[LVWHQW� 1RWKLQJ HPHUJHV E\ LWVHOI DQG QRWKLQJ GLVDSSHDUV E\ LWVHOI� WKH FRQVFLRXVQHVV PHHWV YDULRXV

HYHQWV DQG UHFRUGV WKHP DV WKH PRPHQWV RI WKH SUHVHQW� 7HPSRUDO UHODWLRQV DUH QRW GHQLHG E\ WKLV FRQFHSWLRQ EXW

UHGXFHG WR WKH UHODWLRQ ³EHIRUH�DIWHU´ DV JLYHQ LQ WKH XQLYHUVDO VSDFH�WLPH PDQLIROG WKDW KDV LWV PHWULF DQG WRSRORJ\�

7KHUH LV QR DUURZ RI WLPH LQ VWDWLF PRGHO� 7KLV FRQFHSWLRQ DFTXLUHG WKH XQH[SHFWHG SK\VLFDO PHDQLQJ LQ WKH ZRUN RI -�

%DUERXU >�@� +H HOLPLQDWHG WKH GLIIHUHQFH EHWZHHQ SDVW DQG SUHVHQW E\ LQYRNLQJ WKH :KHHOHU�'H:LWW HTXDWLRQ� 7KH

HTXDWLRQ GHVFULEHV TXDQWXP HYROXWLRQ RI ��JHRPHWU\ RI VSDFH LQ VXSHUVSDFH RI VXFK JHRPHWULHV ZLWK GLIIHUHQW PHWULFV

DQG FRQWDLQV H[SOLFLWO\ QHLWKHU WLPH QRU VSDWLDO FRRUGLQDWHV� )RU HDFK ³XQLYHUVH´ ZLWK LWV VSHFLILF WRSRORJ\ DQG PHWULFV

WKH :KHHOHU�'H:LWW HTXDWLRQ DOORZV WR ILQG LWV FRUUHVSRQGLQJ SUREDELOLW\� 7KLV FRQILJXUDWLRQ RI PDWWHU �³XQLYHUVH´�

PD\ EH UHSUHVHQWHG E\ D TXDQWXP SDUWLFOH PRYLQJ LQ WKH VXSHUVSDFH� -� %DUERXU GUDZ WKH DQDORJ\ EHWZHHQ WKHP DQG

WKH WUDFNV RI VXEDWRPLF SDUWLFOHV LQ WKH :LOVRQ FDPHUD DVVXPLQJ WKDW DSSHDUDQFH RI WKH SDVW LV FUHDWHG LQ VXFK D ZD\�

$ G\QDPLF FRQFHSWLRQ UDQJHV DOO HYHQWV LQ D WHPSRUDO VFDOH DV SDVW� SUHVHQW DQG IXWXUH� (YHQWV FRPH IURP WKH

IXWXUH LQWR WKH SUHVHQW� VR DFTXLULQJ WUXH EHLQJ� DQG JR LQWR WKH SDVW EXW QRW ZLWKRXW OHDYLQJ D WUDFH� $ G\QDPLF

FRQFHSWLRQ DOORZV WR VSHDN DERXW JHQHUDO GLUHFWLRQ RI GHYHORSPHQW RI WKH 8QLYHUVH IURP WKH PRUH OLNHO\ VWDWHV WR WKH

LQFUHDVLQJO\ OHVV SUREDEOH RQHV� IURP %LJ %DQJ WR WKH SUHVHQW GD\� 'HYHORSPHQW LPSOLHV HPHUJHQFH RI QHZ DQG DOVR

FRQWLQXDO LQIOXHQFH RI WKH SDVW XSRQ WKH IXWXUH� WKH PDLQWHQDQFH RI ZKROHQHVV� RU XQFKDQJHDEOH LGHQWLW\� ZLWK D

SUHVHQFH RI FKDQJHV� 7KH SULQFLSOH RI EHFRPLQJ LPSOLHV WHQGHQF\ WR EHOLHYH WKDW SURFHVV �DQG IXQFWLRQ� LV PRUH

IXQGDPHQWDO WKDQ PDWWHU DQG VSDFH� 7KH G\QDPLF PRGHO LV LQ FRQIRUPLW\ ZLWK D JUDPPDU RI WHQVHV ZKRVH ORJLF

HVWDEOLVKHV RUGHU RQ WKH VFDOH RI SUHFHGHQFH EHWZHHQ D PRPHQW RI VSHHFK� D PRPHQW RI HYHQW DQG D UHIHUHQFH SRLQW�

'\QDPLF FRQFHSWLRQ� WKHUHIRUH� OD\ WLPH LQWR 3URFUXVWHDQ EHG RI OLQHDO VWUXFWXUH�

&RQFHSWLRQV RI LUUHYHUVLELOLW\ DQG UHYHUVLELOLW\ RI WLPH DOVR IRUP DQ RSSRVLWLRQ� ,Q SK\VLFV UHYHUVLELOLW\ LV

DVVRFLDWHG ZLWK 3RLQFDUp¶V WKHRUHP RQ UHWXUQ� ,W KDV D JHQHUDO FKDUDFWHU DQG DVVHUWV WKDW LQ WKH FORVHG V\VWHP DQ\

PRYLQJ SRLQW UHWXUQV UHSHDWHGO\ LQ DQ\ YLFLQLW\ RI LWV LQLWLDO FRQGLWLRQV� %XW LUUHYHUVLEOH SURFHVVHV DUH UHDOL]HG� WKDW LV

VXFK VHTXHQFHV RI VWDWHV ZKRVH RUGHU LV XQFKDQJHDEOH� :LWK WKHVH VHTXHQFHV WKH GLUHFWLRQ RI WLPH UHSUHVHQWHG E\

VWDWLVWLFDO� HOHFWURG\QDPLF DQG FRVPRORJLFDO ³DUURZV´ RI WLPH LV DVVRFLDWHG� $SDUW IURP SK\VLFV DQ LGHD RI
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LUUHYHUVLELOLW\ RI WLPH KDV HYROYHG IURP WKH HPSLULFDOO\ REVHUYDEOH LUUHYHUVLELOLW\ RI DOO SURFHVVHV UHODWHG WR KXPDQ OLIH

DFWLYLW\ DQG VRFLDO GHYHORSPHQW� ³/LIH SDVVHV IRUHYHU ZLWKRXW DQ\ KRSH WR UHWXUQ´ �*� %UXQR�� 7KH SULQFLSDO PHDVXUH

RI WLPH LV D KXPDQ OLIH LQ LWV ZKROHQHVV DQG XQLW\� $ SHUVRQ H[LVWV XQWLO LW PDLQWDLQV FRQWLQXLW\ RI LWV LQQHU VWDWH DQG LV

DEOH ³WR SURGXFH WKH VHOI RXW RI LWVHOI´ �0� 0DPDUGDVKYLOL��

,W VHHPV WKDW WKH EDVLV RI DOPRVW DOO RI VXFK SDLU�RSSRVLWLRQV LV WKH GLIIHUHQFH EHWZHHQ YLHZLQJ D WLPH DV D SURFHVV

RU DV D UHVXOW RI SURFHVV�

7ZR UHDOLWLHV DUH LQWHOOLJLEOH ZLWKLQ TXDQWXP PHFKDQLFV� 2QH LV ³UHDOLW\ RI GLVSRVLWLRQV� QRW RI DFWXDOO\ LQKHUHQW

FKDUDFWHUV RI REMHFWV DOZD\V KDYLQJ D SODFH EXW RI SUHIHUHQFHV RI WKHLU EHKDYLRU´ >�@� 6\PPHWU\ RI TXDQWXP

PHFKDQLFV LQ UHVSHFW RI UHYHUVDO RI WLPH UHIHUV RQO\ WR WKH HYROXWLRQ RI YHFWRU RI VWDWH� QRW WR WKH SURFHVV RI PHDVXULQJ

WKDW LV LUUHYHUVLEOH LQ LWV QDWXUH� 3URFHVV LV UHYHUVLEOH� LUUHYHUVLEOH LV LWV UHVXOW� EXW� DV +HJHO QRWHG� ³WKDW LV QRW UHVXOW

WKDW LV WKH DFWXDO ZKROH EXW WKH UHVXOW WRJHWKHU ZLWK LWV EHFRPLQJ´ >�@�

7KH HPSLULFDO UHJXODULWLHV RI HYROXWLRQ ZHUH VWDWHG RQ WKH EDVLV RI FXUUHQWO\ DYDLODEOH GDWD RI SDOHRQWRORJ\� 7KH

HPHUJHQFH RI QHZ FKDUDFWHUV LQ D VWUXFWXUH JRHV QRW ZLWKRXW ORVV RI VRPH RI LWV SUHVHQW SURSHUWLHV� DQG ZLWK D SDUWLDO

GLVWXUEDQFH RI VWDELOLW\ DQG GHFUHDVH LQ WKH OHYHO RI KHULWDELOLW\� $ VWUXFWXUH UHWDLQV WKH QHZ E\ UHPHPEHULQJ LW� ³$V D

TXDQWLW\ RI QRYHOW\ DYDLODEOH IRU D V\VWHP WR DFTXLUH LV LQ SURSRUWLRQ ZLWK D TXDQWLW\ RI WKDW KDV EHHQ IRUJRWWHQ E\ LW�

WKH PRUH D V\VWHP JHWV WKH QRYHO� WKH PRUH LUUHYHUVLEOH LV WKH SURFHVV RI GHYHORSPHQW WKDW OHG WR WKLV� RWKHU WKLQJV

EHLQJ HTXDO´ >�@� 7KH ODZ RI LUUHYHUVLELOLW\ RI HYROXWLRQ KDV EHHQ VWDWHG YDULRXVO\� $FFRUGLQJ WR RQH VWDWHPHQW�

QDPHO\ E\ /� 'ROOR� WKLV ODZ DVVHUWV WKDW RUJDQLVP FDQ¶W UHWXUQ� HYHQ SDUWLDOO\� WR WKH SUHFHGLQJ FRQGLWLRQ WKDW KDV

EHHQ UHDOL]HG LQ WKH VHULHV RI LWV SUHGHFHVVRUV�

3DOHRQWRORJ\� JHRORJ\ DV D KLVWRU\ RI (DUWK� DQG KLVWRU\ SURSHU KDYH UHVXOWV RI SURFHVVHV DV WKHLU REMHFWV� DQG

UHYHUVLELOLW\ GRHVQ¶W H[LVW IRU WKHP� )RU JHRORJLVW D ULYHU LV DOOXYLDO SODLQ� IRU K\GURORJLVW LW LV D SURFHVV ZLWK D YDULDEOH

UXQ�RII� $ JHRORJLVW DQG D K\GURORJLVW KDYH VHHQ D ULYHU LQ WKH GLIIHUHQW WLPH SHUVSHFWLYHV�

$ JOREDO HYROXWLRQ RI FRPSOH[ V\VWHPV H[KLELWV D FHUWDLQ GLUHFWHGQHVV DQG LUUHYHUVLELOLW\� DFFRPSDQLHG E\ FKDRWLF

SKHQRPHQD� 6ORZ SURFHVVHV RI D UHODWLYH VWDELOLW\� RI D F\FOLF GHYHORSPHQW DOWHUQDWH ZLWK MXPS�OLNH FKDQJHV� ,Q

SDOHRQWRORJ\ WKHUH LV D NQRZQ UXOH RI ³DOWHUQDWLQJ HTXLOLEULXP´ �RU SXQFWXDOLVP� VWDWHG E\ 6� *RXOG DQG 1� (OGUHGJH

>�@� ,Q WKH HYROXWLRQ RI VSHFLHV ORQJ SHULRGV RI VWDVLV� ZKHQ WKH PDLQ VWUXFWXUDO WUDLWV RI D VSHFLHV UHPDLQ XQDOWHUHG�

DOWHUQDWH ZLWK EULHI SHULRGV RI WUDQVIRUPDWLRQ RI RQH IRUP LQWR DQRWKHU� 6SHFLDWLRQ GHSHQGV RQ WKH SURFHVV RI

DGDSWDWLRQ GHVFULEHG E\ &K� 'DUZLQ DV ZHOO DV RQ WKH PRUH VSHFLILF DFFLGHQWDO IDFWRUV� ,I D GHYHORSPHQW LV D

VWRFKDVWLF SURFHVV WKHQ WKH WUDMHFWRU\ RI GHYHORSPHQW DV LW KDV EHHQ UHDOL]HG LV XQLTXH�

,Q SK\VLFV DOVR WKH LUUHYHUVLELOLW\ LV DVVRFLDWHG ZLWK FKDRWLF SKHQRPHQD� ,W KDV EHHQ GHPRQVWUDWHG >��� ��@ WKDW WKH

WLPH RI WKH UHYHUVLEOH EHKDYLRU LQ WKH V\VWHP RI FROOLGLQJ ERGLHV LV VR VPDOO WKDW WKH 3RLQFDUp WKHRUHP EUHDNV GRZQ IRU

VXFK V\VWHP FDQQRW EH KHOG DV FORVHG� &RQVLGHULQJ DOVR TXDQWXP HIIHFWV RI VSRQWDQHRXV UDGLDWLRQ ZKLFK DFFRPSDQLHV

FROOLVLRQ RI SDUWLFOHV� LW WXUQV RXW WKDW DOUHDG\ DIWHU WKH ILUVW FROOLVLRQV ODZV RI PRWLRQ� V\PPHWULF LQ UHVSHFW WR UHYHUVDO

RI WLPH� DUH UHSODFHG E\ LUUHYHUVLEOH HTXDWLRQV RI VWDWLVWLFDO SK\VLFV� ³7KH RQO\ REMHFW ZKLFK PD\ SXW LQ D FODLP IRU WR

EH JRYHUQHG E\ 3RLQFDUp WKHRUHP LV WKH 8QLYHUVH DV D ZKROH� ,Q WKLV FDVH LW ZRXOG EH QDWXUDO WR WUHDW D WLPH RI UHWXUQ

DV D OLIH�WLPH RI WKH FORVHG 8QLYHUVH´ >��@� ,Q 0DUFKDO¶V UHSRUW LUUHYHUVLELOLW\ LV GHGXFHG IURP D FKDRWLF FKDUDFWHU RI

PRWLRQV� D VHQVLWLYLW\ RI V\VWHP WR LQLWLDO FRQGLWLRQV DQG D KLHUDUFK\ RI VFDOHV RI QDWXUDO SKHQRPHQD >��@�

6WUXFWXUH RI WLPH LV UHODWHG ZLWK D FKDUDFWHU RI SURFHVVHV UHIOHFWLQJ LWV QDWXUH� :H PD\ VSHDN DERXW F\FOLF� OLQHDO�

UDPLI\LQJ DQG IUDFWDO WLPH�

7KH F\FOLF VWUXFWXUH RI WLPH GRHV QRW DOORZ LUUHYHUVLELOLW\� 7KH LGHD RI F\FOH DV D EDVLF IRXQGDWLRQ RI WKH XQLYHUVH

LV NQRZQ IURP WKH SHULRG RI DQWLTXLW\ DQG DQFLHQW &KLQD� /LIH RQ (DUWK LV RUJDQL]HG DV D FORVHG� FDXVDOO\ GHWHUPLQHG

F\FOLF SURFHVV WKDW DOORZV WKH HYROXWLRQDU\ FKDQJHV LQ FKDUDFWHU RI F\FOH PDLQWHQDQFH EXW QRW WKH ORVV RI D F\FOLQJ

LWVHOI� 7KH F\FOLF SURFHVVHV RI OLIH LQFOXGH PHWDEROLVP ZLWK LWV HPLVVLRQ RI HQHUJ\� DQG DOVR JURZWK DQG UHSOLFDWLRQ RI

PROHFXOHV� 7KH FRPSRQHQWV WKDW VSHFLI\ D OLYLQJ V\VWHP �DOEXPHQV� QXFOHLF DFLGV� OLSLGV� SRO\VDFFKDULGHV� DUH WKH

VDPH FRPSRQHQWV ZKRVH V\QWKHVLV DQG VWDELOLW\ DUH SURYLGHG E\ WKH F\FOLF RUJDQL]DWLRQ LWVHOI� )XUWKHUPRUH� D OLYLQJ

V\VWHP LV WKH XQLW\ RI LQWHUDFWLRQV RZLQJ WR VXFK DQ RUJDQL]DWLRQ� DQG PXVW UHWDLQ WKLV F\FOLQJ IRU WR UHPDLQ D OLYLQJ

V\VWHP DV WKH XQLTXH HQWLW\ >��@� &\FOH LV WKH PRGH RI UHWDLQLQJ VWDELOLW\� KRPHRVWDVLV RI DOO H[LVWHQW� IURP FHOHVWLDO

ERGLHV WR VRFLDO VWUXFWXUHV� &RQWHPSRUDU\ VRFLDO VFLHQFHV NQRZ PRUH WKDQ ���� W\SHV RI F\FOHV�

,Q WKH F\FOLF PRGHO D IXQFWLRQ SUHYDLOV� WKLV LV WKH ZRUOG RI IXQFWLRQLQJ� QRWKLQJ HPHUJHV RU GLVDSSHDUV LQ LW� WLPH

KHUH LV D GXUDWLRQ PHDVXUHG E\ PXOWLSOLFLW\ RI F\FOHV� DQG LW LV GLVFUHWH� 5HSHWLWLRQV LPSRVH D GRFWULQH RI GHWHUPLQLVP

D OD /DSODFH�

7KH LGHD RI F\FOH LV SURFHVVXDO RQH� WKH SURFHVV RI H[LVWHQFH LV UHGXFHG WR D UHSHWLWLRQ� WR LGHQWLW\ RI WKLQJ WR LWVHOI�

%XW D SURFHVV LQ RSHQ V\VWHP LV QRW GHWHUPLQHG RQO\ E\ LWV LQQHU SURSHUWLHV� DQG DQ LQWURGXFWLRQ RI HOHPHQWV IURP

RXWVLGH LQWR VXFK V\VWHP JLYHV D FKDUDFWHU RI OLQHDULW\ WR LWV PRWLRQ� 7KH RXWVLGH HOHPHQWV LQWHUDFWLQJ ZLWK WKH PDLQ
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VWUXFWXUHV ZLGHQ D UDQJH RI GHYHORSPHQWDO SRVVLELOLWLHV DQG UHGXFH SUHGLFWDELOLW\� $FFRUGLQJ WR HSLJHQHWLF FRQFHSWLRQ

RI RUJDQLF HYROXWLRQ WKH V\VWHP RI GHYHORSPHQW RI RUJDQLVP XQGHU WKH DFWLRQ RI H[WUHPH HQYLURQPHQWDO FRQGLWLRQV

XSRQ WKHLU SRSXODWLRQ LV GHVWDELOL]HG ZLWK WKH HIIHFW RI LQFUHDVLQJ YDULDELOLW\ RI LQGLYLGXDO VWDWHV� 7KH V\VWHP FRPHV WR

WKH QHZ EDODQFH WKURXJK VHOHFWLRQ RI WKRVH YDULDQWV ZKLFK UHDOL]H OLYDEOH IOXFWXDWLRQV� WKH VHOHFWLRQ VKRZV XS DV D

VHTXHQFH RI FRUUHFWLRQ F\FOHV WKDW FRQYHUJH WR WKH QHZ HTXLOLEULXP SRLQW� 7KLV VWDEOH QRUP LV WKH DFFLGHQWDO FKRLFH

UHWDLQHG LQ PHPRU\� WKDW LV WKH UHVXOW RI D VXFK SURFHVV� :KHWKHU D VWHDG\ RUJDQL]DWLRQ LV DFKLHYHG RU WKH SK\OXP

EHFRPHV H[WLQFW� YDULRXV HIIRUWV RI VWDELOL]DWLRQ DUH W\SLFDO IRU WKH SUHFHGLQJ SHULRG RI HYROXWLRQ DQG WKH\ DUH

UHIOHFWHG LQ SDOHRQWRORJLFDO GDWD DV VHTXHQWLDO RU SDUDOOHO PRUSKRORJLFDO YDULDQWV� 7KH WLPH UHSUHVHQWHG E\ WKHP KDV D

VWUXFWXUH RI WUHH�

7KH UDPLILHG VWUXFWXUH RI WLPH KDV DOVR URRWV LQ TXDQWXP PHFKDQLFV� $FFRUGLQJ WR WKH ³PDQ\�ZRUOGV

LQWHUSUHWDWLRQ´ RI +� (YHUHWW WKH ZDYH IXQFWLRQ GHVFULEHV DOO SRVVLEOH W\SHV RI XQLYHUVHV WRJHWKHU ZLWK YDULRXV

REVHUYHUV OLYLQJ LQ WKHP� %\ PDNLQJ PHDVXUHPHQWV REVHUYHU FRPHV WR NQRZ ZKR LV KH DQG ZKDW D ZRUOG KH GRHV OLYH

LQ� 7KH ZRUOG¶V KLVWRU\ LV VSOLW LQWR YDULRXV SRVVLEOH ZD\V DQG WKHVH YDULDQWV DUH UHDOL]HG ZLWKRXW LQWHUDFWLQJ ZLWK HDFK

RWKHU� ,Q FDOFXODWLQJ WKH SUREDELOLW\ RI WKH FRPELQHG V\VWHP RI SDUWLFOH DQG PHDVXULQJ DSSDUDWXV EHLQJ LQ DQ\ RQH

FRQILJXUDWLRQ ZH DUH LPSOLFLWO\ GUDJJLQJ LQ DQ REVHUYHU ZKR UHDGV WKH GLDO�

3DUDOOHO ZRUOGV QRW RQO\ KDYH WR EH VSOLW DIWHU HDFK DFW RI REVHUYDWLRQ RU LQWHUDFWLRQ EHWZHHQ VXEDWRPLF SDUWLFOHV

EXW DOVR� LQ DFFRUGDQFH WR WKH QDWXUH RI WKLQJV� KDYH WR UHYHDO D GHYHORSPHQW RI UDPLILFDWLRQV EDFN LQ WLPH� 7KHUHIRUH

QRW RQO\ IXWXUH LV SUREDELOLVWLF EXW DOVR SDVW LV� ³:LWK D SDVVDJH RI WLPH PHDQLQJV RI WKLQJV FKDQJH´� /XFUHWLXV VDLG�

7KLV YLHZ LV FORVH WR RQH RI KLVWRULDQV ZKR SRVVHVV D FXUUHQW SDVW� 7KH KLVWRULDQ ³FDQQRW ORRN DW WKH SDVW RWKHUZLVH

WKDQ IURP D VWDQGSRLQW RI WKH SUHVHQW� ,Q IDWKHUV¶ GHVWLQ\ ZH ORRN ODUJHO\ WKH H[SODQDWLRQ RI RXU RZQ´ >��@�

7KH GLUHFWHGQHVV RI SURFHVV WHVWLILHV WKDW VRPH UHVXOW LV DWWDLQHG ZKHQ SUHVHQWHG DV D WKLQJ RU HYHQW� WKDW LV DV D

IRUP RI WLPH ZKRVH QDWXUDO UHIHUHQW LV WKLV SURFHVV� 7KHUH LV D ODZ RI HPEU\RQLF VLPLODULW\� 7KH HPEU\RV ERWK RI

PRXVH DQG HOHSKDQW IROORZ VLPLODU SURJUDPV RI GHYHORSPHQW EHLQJ ILWWHG LQWR WKH GHILQLWH VHTXHQFH RI VWDJHV EXW

LQWHUYDOV EHWZHHQ WKHP DUH SDVVHG ZLWK D GLIIHUHQW VSHHG� 2Q DOO VFDOH�OHYHOV RI QDWXUH VRPH SUHIHUHQWLDO IRUPV DUH

UHDOL]HG� 7KH WUDMHFWRULHV RI GLVVLSDWLYH G\QDPLF V\VWHPV VKRZ WHQGHQF\ WR FRQYHUJH WR D UHODWLYHO\ VPDOO QXPEHU RI

VWDWHV RU DWWUDFWRUV� ,Q PHFKDQLVPV RI VHOHFWLRQ WKHUH LV LUUHYHUVLELOLW\ SURYLGLQJ VWDELOLW\ RI WKHVH VWDWHV�

$PRQJ WKH VHWV ZKLFK DWWUDFW WUDMHFWRULHV RI G\QDPLF V\VWHPV WKHUH DUH VWUDQJH DWWUDFWRUV� VHWV ZLWK H[WUHPHO\

LUUHJXODU IUDFWDO VWUXFWXUH ZKLFK DUH FKDUDFWHUL]HG E\ VFDOLQJ RU VHOI�VLPLODULW\� /HLEQL] VD\V LQ ³0RQDGRORJ\´ WKDW

³DQ\ SDUW RI PDWWHU PD\ EH UHSUHVHQWHG DV D NLQG RI JDUGHQ IXOO RI SODQWV RU SRQG IXOO RI ILVK� %XW HYHU\ EUDQFK RI D

SODQW� HYHU\ PHPEHU RI DQ DQLPDO� HYHU\ GURS RI LWV ERG\�OLTXLGV LV D JDUGHQ RU D SRQG RI WKH VDPH NLQG´� 7KH LGHD RI

WKH IUDFWDO FKDUDFWHU RI VSDFH�WLPH OHDGV WR LUUHYHUVLEOH XQLYHUVH� )UDFWDO RUJDQL]DWLRQ RI WLPH LV SHUWLQHQW WR V\VWHPV

ZLWK D G\QDPLF FKDRV� ([DPSOH LV SURYLGHG E\ GLVFUHWH IUDFWDO VWUXFWXUH RI ELRUK\WKPV� .REHOHY¶V SDSHU LQ WKH SUHVHQW

FROOHFWLRQ VKRZV WKH SRVVLELOLW\ RI WKH ZRUOG ZLWK D VSDFH�WLPH RI IUDFWDO GLPHQVLRQV ZLWKRXW FRQVWDQWV >��@�

�������������������

,Q QDWXUDO VFLHQFH DQG SKLORVRSK\ WKHUH DUH SDLUV RI DQWLQRPLFDO PRGHOV RI WLPH� DQG WKLV VHW FDQQRW EH UHGXFHG WR

RQH IXQGDPHQWDO PRGHO� (DFK RI DYDLODEOH PRGHOV RI WLPH ILQG LWV FRUUHVSRQGHQFH LQ VRPH SK\VLFDO WKHRU\�

&RQFOXVLRQV FRQFHUQLQJ LUUHYHUVLELOLW\ RU UHYHUVLELOLW\ RI WLPH DUH GHWHUPLQHG E\ WLPH KRUL]RQ RI D MXGJHPHQW

DERXW WKH GLUHFWHGQHVV RI FKDQJHV ZKLFK SDVVDJH RI WLPH LV DVVRFLDWHG ZLWK� 7KH UHLILHG� VKDSHG WLPH DV D UHVXOW RI

SURFHVV LV LUUHYHUVLEOH�

�����������

>�@ 0ROFKDQRY <X�%� )RXU &RQFHSWV RI 7LPH LQ 3KLORVRSK\ DQG 3K\VLFV� 0RVFRZ� ³1DXND´� ���� �LQ 5XVVLDQ��

>�@ 7LPH &RQVWUXFWLRQV LQ 1DWXUDO 6FLHQFHV� 7RZDUGV WKH 8QGHUVWDQGLQJ RI WKH 3KHQRPHQRQ RI 7LPH� 3DUW ��

0RVFRZ 6WDWH 8QLYHUVLW\ 3UHVV� ���� �LQ 5XVVLDQ��

>�@ *�:� /HLEQL]� :RUNV LQ � 9ROXPHV� 0RVFRZ� ���� �5XVVLDQ WUDQVODWLRQ��

>�@ 3K\VLFDO (QF\FORSHGLD� 0RVFRZ� %5( (G�� ����� 9RO�� �LQ 5XVVLDQ��

>�@ %DUERXU -� 7KH (QG RI 7LPH� :HLGHQIHOG 	 1LFROVRQ� ����� 1HZ 6FLHQWLVW PDJD]LQH� ����� 9� ���� LV� �����

>�@ $�,� 3DQFKHQNR� 3KLORVRSK\� SK\VLFV� PLFUR�ZRUOG� 0RVFRZ� ³1DXND´� �����



���

>�@ *�:�)� +HJHO� 3KDHQRPHQRORJLH GHV *HLVWHV�

>�@ $�6� 5DXWLDQ� 3DOHRQWRORJ\ DV D 6RXUFH RI ,QIRUPDWLRQ RQ 5HJXODULWLHV DQG )DFWRUV RI (YROXWLRQ� ,Q +DQGERRN

RQ 0RGHUQ 3DOHRQWRORJ\ LQ � 9ROV� 0RVFRZ� ³1HGUD´� YRO��� ���� �LQ 5XVVLDQ��

>�@ *RXOG 6�-�� (OGUHGJH 1� 3XQFWXDWHG HTXLOLEULD� WKH WHPSR DQG PRGH RI UHYROXWLRQ UHFRQVLGHUHG �� 3DOHRELRORJ\�

����� 9� �� 1 ��

>��@ <X�$� .UDYWVRY� )DFWXDO %RXQGDULHV RI WKH &ORVHQHVV +\SRWKHVLV DQG &ODVVLFDO 3DUDGR[ RI .LQHWLF 7KHRU\�

-(73 ������� S�������

>��@ 0�(�+HU]HQVWHLQ� <X�$�.UDYWVRY� 4XDQWXP 2ULJLQ RI &KDQFH DQG ,UUHYHUVLELOLW\ DW &ROOLVLRQV RI 1HXWUDO

$WRPV� 6FLHQFH DQG 7HFKQRORJ\ LQ 5XVVLD� 1R�� ���� �������

>��@ 0DUFKDO &� &KDRV DV WKH WUXH VRXUFH RI WKH LUUHYHUVLELOLW\ RI WLPH �� ;;,9 :RUNVKRS RI +LJK (QHUJ\ 3K\VLFV DQG

)LHOG 7KHRU\� 3URWYLQR� �����

>��@ +� 0DWXUDQD� %LRORJ\ RI &RJQLWLRQ� ± %&/ 5HSRUW� 1R���� 8UEDQD� 8QLYHUVLW\ RI ,OOLQRLV� �����

>��@ 7� *UDQRYVNLL� +LVWRU\ RI /LWHUDWXUH LQ )UDQFH DQG *HUPDQ\ LQ ����� &ROOHFWHG :RUNV LQ � 9ROV� 6DLQW�

3HWHUVEXUJ� �����

>��@ .REHOHY /� ,UUHYHUVLEOH XQLYHUVH DV D VSDFH�WLPH ZLWK PXOWLIUDFWDO GLPHQVLRQV �� ;;,9 :RUNVKRS RI +LJK

(QHUJ\ 3K\VLFV DQG )LHOG 7KHRU\� 3URWYLQR� �����


