
Lqwud0krxvhkrog Doorfdwlrq ri Wlph wr Krxvhkrog

Surgxfwlrq Dfwlylwlhv0Hylghqfh Iurp Vzhglvk Krxvhkrog

Gdwd�

Vyhq0Rory Gdxqihogw

Xphè Xqlyhuvlw|

Devwudfw

Wkh sxusrvh ri wklv sdshu lv wr vwxg| wkh lqwud0krxvhkrog doorfdwlrq ri wlph

wr vhyhudo krxvhkrog surgxfwlrq dfwlylwlhv xvlqj Vzhglvk furvv0vhfwlrqdo krxvhkrog

gdwd1 Wkh Wrelw prgho lv uhmhfwhg lq idyru ri wkh Fudjj prgho/ vxjjhvwlqj wkdw wkh

lqwud0krxvhkrog wlph doorfdwlrq lv ehvw prghohg e| d wzr vwhs surfhgxuh1 Pruhryhu/

zkhq krxvhkrog surgxfwlrq lv gh�qhg dv wkh vxp ri gl�huhqw krxvhkrog dfwlylwlhv/

wkh uhvxowv gl�hu vxevwdqwldoo| iurp wkh fdvh zkhq hdfk krxvhkrog dfwlylw| lv vhsd0

udwho| hvwlpdwhg1 Wkh sdudphwhu hvwlpdwhv dovr lqglfdwh wkdw suhvhqfh ri fkloguhq

duh pruh lpsruwdqw wkdq hfrqrplf idfwruv lq ghwhuplqlqj wkh lqwud0krxvhkrog door0

fdwlrq ri wlph1

4 Lqwurgxfwlrq

Lq wklv sdshu/ wkh lqwud0krxvhkrog doorfdwlrq ri wlph wr vhyhudo krxvhkrog zrun dfwlyl0

wlhv lv dqdo|}hg1 Prvw suhylrxv wlph doorfdwlrq vwxglhv +h1j1/ Jurqdx +4<:9,/ Zdohv dqg

Zrrgodqg +4<::,/ Judkdp dqg Juhhqh +4<;7, dqg Durqvvrq/ Gdxqihogw dqg Zlnvwuùp

+5334,,/ kdyh gh�qhg krxvhkrog zrun dv dq djjuhjdwh ri gl�huhqw krph dfwlylwlhv1 Uh0

vxowv iurp wkhvh vwxglhv jhqhudoo| vxjjhvw wkdw krxvhkrog fkdudfwhulvwlfv duh lpsruwdqw

lq ghwhuplqlqj wkh doorfdwlrq ri wlph zlwklq wkh krxvhkrog1 Rq wkh rwkhu kdqg/ hfr0

qrplf idfwruv +h1j1/ uhodwlyh zdjhv, vhhp wr kdyh ohvv lq xhqfh rq wkh lqwud0krxvhkrog

doorfdwlrq ri wlph wr krxvhkrog surgxfwlrq1 Krzhyhu/ wkh uhvxowv iurp wkhvh vwxglhv

duh qrw gluhfwo| frpsdudeoh vlqfh wkh gh�qlwlrq ri krxvhkrog zrun gl�huv ehwzhhq wkh

vwxglhv1 Pruhryhu/ dowkrxjk wklv dssurdfk h{solflwo| frqvlghuv krxvhkrog surgxfwlrq/

qrwklqj fdq eh vdlg derxw wkh lqwud0krxvhkrog doorfdwlrq ri wlph wr gl�huhqw krxvhkrog

zrun dfwlylwlhv1 Lq dgglwlrq/ Nrruhpdq dqg Ndswh|q +4<;:, kdyh vkrzq wkdw zdjh dqg

WDguhvv= Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/ V0<34 ;: Xphè/ Vzhghq1 L zrxog olnh wr

wkdqn Wkrpdv Durqvvrq/ Uxqdu Euçqqoxqg/ [dylhu gh Oxqd/ Shu Mrkdqvvrq dqg Pdjqxv Zlnvwuùp iru

ydoxdeoh frpphqwv dqg vxjjhvwlrqv1 D uhvhdufk judqw iurp KVIU lv judwhixoo| dfnqrzohgjhg1
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lqfrph h�hfwv wkdw duh suhvhqw lq d glvdjjuhjdwh dqdo|vlv pd| glvdshdu zkhq krxvhkrog

surgxfwlrq lv gh�qhg dv wkh vxp ri gl�huhqw krph dfwlylwlhv1

Wkh sxusrvh ri wklv sdshu lv wr dqdo|}h wkh lqwud0krxvhkrog doorfdwlrq ri wlph wr gli0

ihuhqw krxvhkrog zrun dfwlylwlhv xvlqj uhshdwhg Vzhglvk furvv0vhfwlrqdo krxvhkrog gdwd1

Wr wdnh wkh lqglylgxdolvwlf hohphqw ri wkh krxvhkrog phpehuv lqwr frqvlghudwlrq/ wkh

wkhruhwlfdo prgho xqghuo|lqj wkh hpslulfdo vwxg| lv edvhg rq d frrshudwlyh edujdlqlqj

prgho +vhh h1j1/ Pdqvhu dqg Eurzq +4<;3, dqg PfHour| dqg Kruqh| +4<;4,,1 Wklv lv lq

frqwudvw wr wkh vwxg| e| Nrruhpdq dqg Ndswh|q +4<;:,/ zkhuh hdfk krxvhkrog php0

ehu lv dvvxphg wr pd{lpl}h d vlqjoh krxvhkrog xwlolw| ixqfwlrq1 Wklv vr fdoohg xqlwdu|

prgho kdv odwho| uhfhlyhg erwk wkhruhwlfdo dqg hpslulfdo fulwlflvp +iru ryhuylhzv/ vhh

h1j1/ Doghupdq hw do +4<<8, dqg Eurzqlqj dqg Fkldssrul +4<<:,,1

Rqh hpslulfdo sureohp lv wkdw wkh wlph doorfdwhg wr ydulrxv krxvhkrog surgxfwlrq

dfwlylwlhv lv iuhtxhqwo| uhsruwhg wr eh }hur1 Wklv sureohp lv riwhq kdqgohg e| d Wrelw

prgho zkhuh doo }hurv duh frqvlghuhg dv wkh rxwfrph ri fkrlfh/ l1h1/ wkh| duh dvvxphg

wr dulvh ehfdxvh wkh lqglylgxdo krxvhkrog phpehu jhqxlqho| grhv qrw sduwlflsdwh lq wkh

revhuyhg dfwlylw|1 Krzhyhu/ wkh Wrelw prgho lv qrw vxlwdeoh li }hurv ruljlqdwh iurp wkh

lqiuhtxhqf| ri wlph xvh lqwhuylhzv1 Wkh Wrelw prgho grhv qrw hlwkhu frqvlghu wkdw lw pd|

eh gl�huhqw surfhvvhv xqghuo|lqj wkh sduwlflsdwlrq dqg wkh krxvhkrog zrun ghflvlrq1 Wr

wdnh lqwr dffrxqw wkdw }hurv pd| ruljlqdwh iurp wkh phwkrg ri gdwd froohfwlrq dqg2ru

iurp d vhsdudwh surfhvv ghwhuplqlqj wkh sduwlflsdwlrq ghflvlrq/ d yhuvlrq ri wkh Fudjj

+4<:4, prgho ghyhorshg e| Olq dqg Vfkplgw +4<;7, lv hvwlpdwhg1 Wklv prgho kdv wkh

dgydqwdjh wkdw lw qhvwv wkh Wrelw prgho/ dqg wkhuhiruh d olnholkrrg udwlr whvw ehwzhhq

wkh wzr prghov fdq ghwhuplqh zklfk prgho/ wkh Fudjj ru wkh Wrelw/ ehvw �wv wkh gdwd1

Wkh duwlfoh lv rujdql}hg dv iroorzv= Lq wkh qh{w vhfwlrq wkh wkhruhwlfdo prgho lv

suhvhqwhg1 Vhfwlrq 6 frqwdlqv d ghvfulswlrq ri wkh gdwd xvhg lq wkh hpslulfdo vwxg|1

Lq Vhfwlrq 7 wkh hpslulfdo prgho lv ghvfulehg dqg wkh hvwlpdwlrq uhvxowv duh suhvhqwhg1

Ilqdoo|/ Vhfwlrq 8 frqfoxghv wkh duwlfoh1

5 Wkhru|

Frqvlghu d krxvhkrog zlwk wzr ghflvlrq0pdnhuv +l @ p>i, zkhuh p ghqrwhv wkh pdoh

dqg i ghqrwhv wkh ihpdoh1 Dv d edvlv iru wkh dqdo|vlv/ d frrshudwlyh edujdlqlqj prgho

lv xvhg zkhuh hdfk lqglylgxdo glylghv wrwdo wlph/ K/ ehwzhhq= ohlvxuh/ o�/ pdunhw zrun/

k�/ dqg d vhw ri krxvhkrog surgxfwlrq dfwlylwlhv w
�

�
> w� @
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w
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Dvvxph wkdw lqglylgxdo l lv fkdudfwhul}hg e| wkh iroorzlqj vwulfwo| lqfuhdvlqj/ txdvl0

frqfdyh dqg wzlfh gl�huhqwldeoh xwlolw| ixqfwlrq

x�+o�> f�>{>}�,> l @p>i>

zkhuh f� lv frqvxpswlrq ri d Klfnvldq frpprglw| jrrg/ { lv d yhfwru ri sxeolf jrrgv
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+{ @ ^{�> {2> ===> {a `, surgxfhg zlwklq wkh krxvhkrog dqg }� lv d yhfwru ri shuvrqdo fkdu0

dfwhulvwlfv1 Wkh krxvhkrog surgxfwlrq ixqfwlrq iru jrrg m fdq eh zulwwhq

{� @ i �+w�6> w
�

s
>d6>ds ,> m @ 4> 5> ===> M=

zkhuh d6 dqg ds ghqrwh fkdudfwhulvwlfv wkdw ghwhuplqh surgxfwlylw| lq krxvhkrog sur0

gxfwlrq iru wkh pdoh dqg wkh ihpdoh/ uhvshfwlyho|1 Lw lv dvvxphg wkdw wkh surgxfwlrq

ixqfwlrqv i � duh fkdudfwhul}hg e| frqvwdqw uhwxuqv ri vfdoh1

Wkh krxvhkrog ghflvlrq surfhvv lv dvvxphg wr ohdg wr d sduhwr h!flhqw rxwfrph/ dqg

wkh xwlolw| pd{lpl}dwlrq sureohp iru krxvhkrog phpehu l +l @ p>i, fdq irupdoo| eh

zulwwhq

Y @ pd{
,�cS�c 

+x6 � !6,+xs � !s , l @p> i> +4,

v w {� @ i �+w�6> w
�

s
>d6>ds , m @ 4> 5> ===> M=S

sf� .
S

z�o� @ K
S

z� . � . |

K @ o� . w� . k�

zkhuh s lv wkh pdunhw sulfh ri wkh Klfnvldq frpprglw| jrrg/ z� lv wkh pdunhw zdjh

iru krxvhkrog phpehu l/ � uhsuhvhqwv wkh sur�w iurp wkh grphvwlf surgxfwlrq sodq dqg

| @ +|6.|s , ghqrwhv wkh wrwdo krxvhkrog qrq oderu lqfrph1 Wklv prgho lv edvhg rq wkh

dvvxpswlrq wkdw hdfk lqglylgxdo lq wkh krxvhkrog lv edujdlqlqj ryhu wkh uhvrxufh dqg

wlph doorfdwlrq iurp d vr0fdoohg wkuhdw srlqw !�+z�> |�,1 Ohw xv dvvxph wkdw wklv wkuhdw

srlqw lv jlyhq e| glyrufh/ l1h1/ wkh orzhvw xwlolw| wkh lqglylgxdo lv zloolqj wr dffhsw ehiruh

kh2vkh ohdyhv wkh krxvhkrog14

Lq wklv vhwwlqj/ Dssv dqg Uhhv +4<<:, vkrz wkdw wkh rswlpdo doorfdwlrq ri wlph

zlwklq wkh krxvhkrog/ zlwk wkh lpsxwhg sulfhv5 ri wkh krxvhkrog jrrgv dw wkh krxvhkrog

htxloleulxp u�W dqg z� dv jlyhq/ fdq eh irxqg e| vroylqj6

pd{
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�
6 �zs w

�

s
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Wklv lpsolhv wkdw wkh wlph doorfdwlrq ixqfwlrqv iru wkh pdoh dqg wkh ihpdoh fdq eh

zulwwhq

4D gl�huhqw lqwhusuhwdwlrq lv wkdw wkh wkuhdw srlqw lv dvvrfldwhg zlwk d qrq0frrshudwlyh vroxwlrq +vhh

h1j1/ Nrruhpdq dqg Ndswh|q +4<<3, dqg Oxqgehuj dqg Sroodn +4<<6/ 4<<7,,1
5Wkh lpsxwhg sulfhv ri wkh krxvhkrog jrrgv lv wkh udwlr ri wkh Odjudqjh pxowlsolhuv olqnhg zlwk wkh

surgxfwlrq ixqfwlrqv dqg exgjhw frqvwudlqwv lq xwlolw| pd{lpl}dwlrq sureohp +4, +vhh Dssv dqg Uhhv

+4<<:,,1
6Wkh uhdvrq wkdw wkh krxvhkrog htxloleulxp fdq eh ghfhqwudol}hg lq wklv zd| lv wkdw d frrshudwlyh

jdph dozd|v ohdgv wr d +zlwklq krxvhkrog, Sduhwr0h!flhqw doorfdwlrq1 Iurp wkh vhfrqg wkhruhp ri

zhoiduh hfrqrplfv lw iroorzv wkdw wklv rxwfrph/ jlyhq wkh fkrlfh ri lqlwldo hqgrzphqwv/ dozd|v fdq eh

vxssruwhg dv d pdunhw htxloleulxp dw sulfhv o
�W dqg ���
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w�6 @ w�6+u�W+z6> zs > |6> |s > }6>}s >d6>ds ,> z6> zs >d6>ds , +6,

w
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+u�W+z6> zs > |6> |s > }6>}s >d6>ds ,> z6> zs >d6>ds ,= +7,

Iurp +6, dqg +7, lw iroorzv wkdw wkh lqwud0krxvhkrog wlph doorfdwlrq ghflvlrq fdq eh

lq xhqfhg erwk e| krxvhkrog surgxfwlylw| sdudphwhuv dqg lqglylgxdo suhihuhqfh sdud0

phwhuv1 Dv vkrzq e| Sroodn dqg Zdfkwhu +4<:8,/ fkdudfwhuhvwlfv lq xhqflqj suhihuhqfhv

dqg krxvhkrog surgxfwlylw| fdqqrw hpslulfdoo| eh glvwlqjxlvkhg iurp hdfk rwkhu1

6 Gdwd

Wkh hpslulfdo lqyhvwljdwlrq lv edvhg rq gdwd iurp wkh 4<;7 dqg 4<<6 Vzhglvk Vxuyh|

ri Krxvhkrog dqg Qrqpdunhw Dfwlylwlhv +KXV,71 Rqh dgydqwdjh zlwk KXV/ frpsduhg

zlwk pdq| rwkhu krxvhkrog vxuyh|v/ lv wkdw erwk vsrxvhv lq pxowl0shuvrq krxvhkrogv

kdyh ehhq lqwhuylhzhg1 Wkh 4<;7 +4<<6, KXV0vxuyh| frqvlvwv ri 594< +746:, udqgrpo|

vhohfwhg lqglylgxdov djhg 4; wr :71 Wklv vwxg| xvhv gdwd iru wzr0dgxow krxvhkrogv/ zkhuh

erwk vsrxvhv duh ehwzhhq 53 dqg 93 |hduv ri djh1 Ehvlghv wkh frqyhqwlrqdo vxuyh|/ d

vhohfwlrq ri uhvsrqghqwv zhuh vxemhfw wr d wlph0xvh vwxg|1 Wkh wlph0xvh lqwhuylhzv

zhuh shuiruphg xvlqj wkh 570krxu uhfdoo gldu| whfkqltxh +vhh Mxvwhu dqg Vwd�rug/ 4<<4,/

dqg hdfk uhvsrqghqw zdv lqwhuylhzhg rq dw prvw wzr rffdvlrqv1 Wkh vdph gd|v ri

phdvxuhphqw zhuh vhohfwhg iru lqglylgxdov ehorqjlqj wr wkh vdph krxvhkrog1 Lq wrwdo/

wkh vdpsoh vl}h iru wkh �uvw dqg wkh vhfrqg wlph xvh lqwhuylhzv lq 4<;7 +4<<6, zdv 5885

+657<,/ uhvshfwlyho|/ 579; +654;, lqglylgxdov1 Ri wkhvh sduwlflsdwhg 49;3 +5679, lq erwk

lqwhuylhzv/ dqg ;95 uhvsrqghqwv sduwlflsdwhg erwk lq wkh 4<;7 dqg wkh 4<<6 wlph0xvh

vwxg|1 Wkh gdwd xvhg lq wklv vwxg| lv uhvwulfwhg wr krxvhkrogv zhuh hdfk phpehu kdv

sduwlflsdwhg lq wkh pdlq vxuyh| dqg dw ohdvw lq rqh wlph0xvh lqwhuylhz1

Iroorzlqj wkh gh�qlwlrqv xvhg lq wkh KXV0vxuyh|/ hdfk lqglylgxdo lv vxssrvhg wr

glylgh wlph ehwzhhq wkh iroorzlqj hljkw gl�huhqw krxvhkrog dfwlylwlhv=

� Suhsdulqj phdov iru lpphgldwh frqvxpswlrq +vhwwlqj wkh wdeoh dqg vhuylqj lq0

foxghg, dqg iru ixwxuh xvh1

� Glvkzdvklqj dqg sxwwlqj dzd|1

� Fohdqlqj xs dw krph dqg rxwvlgh wkh krxvh1

� Zdvklqj dqg dvvrfldwhg dfwlylwlhv +h1j1/ gu|lqj dqg lurqlqj,1

� Krxvhkrog pdqdjhphqw dfwlylwlhv1

7Iru d pruh ghwdlohg ghvfulswlrq ri KXV/ vhh Nohypdundq dqg Roryvvrq +4<<6, dqg Iorrg/ Nohy0

pdunhq dqg Roryvvrq +4<<:,1
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� Dfwlyh fklogfduh1

� Sxufkdvhv ri hyhu|gd| jrrgv/ forwklqj/ frqvxphu gxudeohv dqg surshuw|1

� Pdlqwhqdqfh dqg uhsdluv1 Wklv dfwlylw| lqfoxghv jdughqlqj/ pdlqwhqdqfh dqg uh0

sdluv dw krph/ ydfdwlrq krph dqg yhklfoh1

Rqh sureohp zlwk wlph0xvh gdwd lv wkdw gdlo| yduldwlrq lq wlph doorfdwlrq zloo lq0

 xhqfh wkh hvwlpdwhv1 Iru lqglylgxdov wkdw kdyh ehhq lqwhuylhzhg rqfh rq d zhhnhqg

dqg rqfh gxulqj wkh zrunlqj zhhn/ wlph xvhg iru hdfk krxvhkrog dfwlylw| lv wkhuhiruh

frpsxwhg dv d zhljkwhg dyhudjh zlwk wkh zhljkwv 82: iru zhhngd|v dqg 52: iru zhhnhqg

gd|v1 Pruhryhu/ rqo| lqirupdwlrq rq sulpdu| dfwlylwlhv lv xvhg1

Lqirupdwlrq rq krxuv zrunhg dw wkh pdunhw lv froohfwhg iurp wkh frqyhqwlrqdo vxuyh|/

dqg wkh hpslulfdo vwxg| lv uhvwulfwhg wr wzr0hduqhu krxvhkrogv1 Pruhryhu/ krxvhkrogv

zhuh dw ohdvw rqh phpehu kdv ehhq jlyhq grxewixo ru lqfrqvlvwhqw wd{0uhwxuq ydoxhv/ ru

kdyh ehhq vlfn iru pruh wkdq wkuhh zhhnv gxulqj wkh |hdu/ duh h{foxghg1 Krxvhkrogv

zkhuh lqglylgxdo zdjhv duh uhsruwhg plvvlqj duh dovr h{foxghg1 Qrq0oderu lqfrph lv

gh�qhg dv wkh vxp ri lqwhuhvw lqfrphv/ lqwhuhvw vxevlglhv/ glylghqgv dqg fdslwdo jdlqv

ohvv fdslwdo orvvhv/ lqwhuhvw rq ghewv dqg dgplqlvwudwlyh h{shqvhv1 Wr jhw d phdvxuh ri

qrq0oderu lqfrph wkdw lv frqvlvwhqw zlwk wklv gh�qlwlrq/ iduphuv dqg rzqhuv ri pruh wkdq

rqh surshuw| +dvlgh iurp ydfdwlrq krph, duh h{foxghg iurp wkh 4<;7 gdwd1 Wkh 4<;7

dqg wkh 4<<6 vdpsoh wkhq frqwdlq 67: dqg 693 krxvhkrogv/ uhvshfwlyho|1 Ghvfulswlyh

vwdwlvwlfv iru wkh wzr vdpsohv duh suhvhqwhg lq Wdeoh 41

Wdeoh 4 Derxw khuh

Wdeoh 4 vkrzv wkdw phq/ rq dyhudjh/ zrun pruh krxuv dw wkh pdunhw shu |hdu dqg

hduq kljkhu krxuo| zdjhv wkdq zrphq1 Krzhyhu/ wklv grhv qrw phdq wkdw wkh ihpdoh

hqmr|v pruh ohlvxuh frpsduhg wr khu pdoh sduwqhu1 Dffruglqj wr Wdeoh 4/ zrphq lqvwhdg

zrun pruh krxuv lq krxvhkrog surgxfwlrq1 Wkh glvdjjuhjdwh vwdwlvwlfv dovr vkrz wkdw wkh

ihpdoh/ rq dyhudjh/ vshqgv pruh wlph wkdq khu vsrxvh lq prvw ri wkh gl�huhqw krxvhkrog

surgxfwlrq dfwlylwlhv1 Wkh rqo| h{fhswlrq/ zklfk lv suhvhqw erwk lq wkh 4<;7 dqg 4<<6

gdwd/ lv pdlqwhqdqfh dqg uhsdluv1 Zrphq kdyh/ rq dyhudjh/ d kljkhu vkduh ri qrq oderu

lqfrph wkdq phq lq wkh 4<;7 gdwd dqg orzhu lq wkh 4<<6 gdwd1 Dv d frqvhtxhqfh ri wkh

4<<4 Vzhglvk wd{ uhirup8/ pdujlqdo wd{ udwhv zhuh dovr frqvlghudeo| orzhu lq 4<<61

7 Uhvxowv

714 Prghov iru wlph doorfdwlrq

Rqh sureohp wkdw kdv wr eh frqvlghuhg lq wkh hpslulfdo prgho lv wkdw wkh wlph0xvh gdwd

h{klelwv fhqvrulqj dw }hur1 Wklv sureohp lv riwhq kdqgohg e| d Wrelw prgho zkhuh doo

8Iru d pruh ghwdlohg ghvfulswlrq ri wkh 4<<4 Vzhglvk wd{ uhirup/ vhh Djhoo/ Hqjoxqg dqg Vùghuvwhq

+4<<;,1
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}hurv duh frqvlghuhg dv wkh rxwfrph ri dq rswlpdo fkrlfh/ l1h1/ }hurv dulvh li dqg rqo| li

wkh lqglylgxdo krxvhkrog phpehu ghflghv qrw wr sduwlflsdwh lq wkh krxvhkrog dfwlylw|1

Irupdoo|/ wklv phdqv wkdw wkh Wrelw fhqvrulqj uxoh fdq eh zulwwhq
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lv wkh ghshqghqw yduldeoh phdvxulqj krxvhkrog phpehu l=v +l @ p> i, re0

vhuyhg wlph doorfdwhg wr krxvhkrog surgxfwlrq dfwlylw| m +m @ 4> ===> ;,/ dqg w
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zkhuh !+�, dqg *+�, fruuhvsrqg wr wkh vwdqgdug qrupdo fxpxodwlyh/ uhvshfwlyho|/ ghqvlw|

ixqfwlrq1 Lq wklv fdvh/ wkh vdph vwrfkdvwlf surfhvv lv dvvxphg wr ghwhuplqh wkh ghflvlrq

wr sduwlflsdwh lq krxvhkrog surgxfwlrq dqg wkh ghflvlrq ri wlph vshqw lq krxvhkrog

surgxfwlrq frqglwlrqdo rq sduwlflsdwlrq1

Krzhyhu/ lq wkh suhvhqw iudphzrun/ doo revhuyhg }hurv pd| qrw uhsuhvhqw wkh rxwfrph

ri d fkrlfh1 Dv ghvfulehg lq Vhfwlrq 6/ wkh ghshqghqw yduldeoh lv phdvxuhg e| wzr

wlph0xvh lqwhuylhzv xvlqj wkh 570krxu uhfdoo gldu| whfkqltxh1 Lw kdv orqj ehhq qrwhg

+vhh h1j1/ Mxvwhu dqg Vwd�rug +4<<4, dqg Nohypdunhq +4<<;,, wkdw wklv phwkrg ri gdwd

froohfwlrq uhvxowv lq wrr pdq| lqglylgxdov uhsruwlqj }hur krxuv ri krxvhkrog surgxfwlrq19

Lw lv wkhuhiruh olnho| wkdw vrph ri wkh revhuyhg }hurv dulvh iurp wkh phwkrg ri gdwd

froohfwlrq1 Wklv skhqrphqrq lv dqdorjrxv wr wkh zhoo nqrzq sureohp ri xqghu0uhsruwlqj

lq frqvxphu h{shqglwxuh vxuyh|v +vhh h1j1/ Nd|/ Nhhq dqg Pruulv +4<;7,/ Nhhq +4<;9,

dqg Eoxqghoo dqg Phjklu +4<;:,,1 Rq wkh rwkhu kdqg/ vxsso|lqj }hur krxuv wr krxvhkrog

surgxfwlrq pd| dovr eh d gholehudwh fkrlfh ri wkh lqglylgxdo krxvhkrog phpehu1 Wkh

revhuyhg }hurv duh wkhq wuxh }hurv1 Krzhyhu/ lq frqwudvw wr wkh Wrelw vshfl�fdwlrq/ lw

pd| eh gl�huhqw surfhvvhv ehklqg wkh sduwlflsdwlrq dqg wkh krxvhkrog zrun ghflvlrq1

Wr wdnh lqwr dffrxqw wkdw wkh wlph doorfdwlrq ghflvlrq ehvw pd| eh prghoohg dv d

wzr0vwhs surfhgxuh/ d vr0fdoohg grxeoh kxugoh prgho lv hvwlpdwhg1 Wklv prgho zdv �uvw

9Wklv lv hvshfldoo| wuxh iru dfwlylwhv wkdw duh shuiruphg zlwk orqj lqwhuydoov +h1j1/ zdvklqj dqg krxvh0

krog pdqdjhphqw, dqg zkhuh zh revhuyh wkdw wkh ghshqghqw yduldeoh lq uhodwlyh pdq| fdvhv lv }hur1

Krzhyhu/ iru rwkhu w|shv ri dfwlylwlhv +h1j1/ fklogfduh,/ lw lv ohvv olnho| wkdw }hurv dulvh dv d frqvhtxhqfh

ri wkh phwkrg ri vdpsolqj1

9



ghyhorshg e| Fudjj +4<:4,/ dqg vxjjhvwv wkdw wzr vhsdudwh kxugohv pxvw eh sdvvhg

ehiruh zh revhuyh d srvlwlyh ghshqghqw yduldeoh1 Wkh fhqvrulqj uxoh fdq lq wklv fdvh eh
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Lq Fudjj*v +4<:4, ruljlqdo prgho/ lqghshqghqfh ehwzhhq wkh wzr kxugohv zhuh dvvxphg1

Krzhyhu/ lq pruh uhfhqw zrun e| h1j1/ Eoxqghoo dqg Phjklu +4<;:, dqg Mrqhv +4<;<,

wklv dvvxpswlrq lv uhod{hg1 Lq wklv sdshu/ hvwlpdwlrq lv lpsohphqwhg xvlqj d yhuvlrq

ri wkh Fudjj prgho vxjjhvwhg e| Olq dqg Vfkplgw +4<;7,/ dqg suhylrxvo| xvhg e| h1j1/

Eoxqghoo dqg Phjklu +4<;:,1 Wkh �uvw0kxugoh/ phdvxulqj wkh suredelolw| wkdw zh revhuyh

d srvlwlyh qxpehu/ lv �uvw hvwlpdwhg xvlqj d ruglqdu| surelw prgho
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Lq wkh vhfrqg vwdjh/ wkh lqirupdwlrq iurp wkh �uvw kxugoh lv xvhg wr hvwlpdwh wkh

glvwulexwlrq ri wkh srvlwlyh revhuydwlrqv1 Wkh suredelolw| ri }hur revhuydwlrqv lv wkhq

jlyhq e|
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Wklv prgho kdv wkh dgydqwdjh wkdw lw qhvwv wkh Wrelw prgho +!+w
�

�
�{�, @ 4,/ dqg d

olnholkrrg udwlr whvw fdq wkhuhiruh eh shuiruphg wr vwxg| li wkh krxvhkrog zrun ghflvlrq

lv ehvw prghoohg e| d rqh vwhs ru d wzr vwhs surfhgxuh1

715 Hpslulfdo prgho

Wkh hvwlpdwhg krxvhkrog zrun htxdwlrqv duh dvvxphg wr wdnh wkh iroorzlqj irup
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zkhuh wkh ghshqghqw yduldeoh lv phdvxuhg dv dqqxdo wlph doorfdwhg wr krxvhkrog surgxf0

wlrq dfwlylw| m= Iru vwulfwo| srvlwlyh ydoxhv wkh ghshqghqw yduldeoh lv/ iroorzlqj Eoxqghoo

dqg Phjklu +4<;:,/ vshfl�hg dv orj wlph1 Wkh vfdoduv e}6 dqg e}s vkrxog qrz eh lq0

whusuhwhg wr frqwdlq fkdudfwhulvwlfv wkdw ghwhuplqh krxvhkrog surgxfwlylw| dv zhoo dv

shuvrqdo fkdudfwhulvwlfv ruljlqdwlqj iurp wkh xwlolw| ixqfwlrq1 Wkhvh fkdudfwhulvwlfv duh

dvvxphg wr lqfoxgh djh/ d gxpp| yduldeoh lqglfdwlqj wkh suhvhqfh ri fkloguhq lq d vsh0

fl�f djh eudfnhw +309/ :045 dqg 4604: |hduv ri djh, dqg d gxpp| yduldeoh uh hfwlqj wkh

hgxfdwlrqdo dwwdlqphqw ri wkh lqglylgxdo1 Wkh hgxfdwlrqdo gxpp| wdnhv wkh ydoxh rqh

li wkh uhvsrqghqw kdv d xqlyhuvlw| ru d xqlyhuvlw| froohjh ghjuhh1

Wr dgguhvv wkh sureohp ri hqgrjhqrxvo| ghwhuplqhg pdujlqdo zdjhv/ hvwlpdwlrq

lv lpsohphqwhg xvlqj dq lqvwuxphqwdo yduldeoh phwkrg1 Wkh lqvwuxphqwv fkrvhq iru

wkh pdujlqdo zdjh duh wkh suh0wd{ zdjh/ wkh suh0wd{ zdjh vtxduhg/ fdslwdo lqfrph

dqg fdslwdo lqfrph vtxduhg1 Wkh uhvxowv iurp wkh lqvwuxphqwdo yduldeoh hvwlpdwlrqv

duh suhvhqwhg lq Wdeoh D4 dqg D5 lq wkh dsshqgl{1 Wkh ghwhuplqdqwv ri wkh vl{whhq

krxvhkrog dfwlylw| htxdwlrqv duh wkhq vhsdudwho| hvwlpdwhg1 Dq djjuhjdwh yhuvlrq/ zkhuh

wkh ghshqghqw yduldeoh lv wkh vxp ri wkh wlph doorfdwhg wr wkh hljkw krph zrun dfwlylwlhv/

lv dovr hvwlpdwhg xvlqj wkh vdph hpslulfdo phwkrg1

716 Hvwlpdwlrq Uhvxowv

Lq d �uvw vwhs/ wkh uhvwulfwlrqv lpsrvhg e| wkh Wrelw prgho lv whvwhg djdlqvw wkh Fudjj

prgho e| shuiruplqj d olnholkrrg udwlr whvw1 Frpsdulqj wkh OU0vwdwlvwlfv zlwk wkh

fulwlfdo ydoxh "2+45, @ 54 dw wkh 8( ohyho/ wkh uhvxowv suhvhqwhg lq Wdeoh 5 lqglfdwh

wkdw wkh uhvwulfwlrqv lpsrvhg e| wkh Wrelw prgho duh khdylo| uhmhfwhg1 Wklv lpsolhv wkdw

wkh revhuyhg }hurv fdqqrw eh frqvlghuhg dv wkh rxwfrph ri d vlqjoh fkrlfh/ dqg wkdw dq

hpslulfdo prgho kdv wr frqvlghu wkdw lw lv gl�huhqw surfhvvhv ghwhuplqlqj wkh glvfuhwh

vzlwfk iurp }hur wr srvwlwlyh ydoxhv dqg wkh frqwlqrxv wlph doorfdwlrq ghflvlrq revhuyhg

wkhuhdiwhu1 Jlyhq wkh vwurqj uhmhfwlrq ri wkh Wrelw prgho/ rqo| wkh hvwlpdwlrq uhvxowv

iurp wkh Fudjj prgho duh khqfhiruwk suhvhqwhg1

Wdeoh 5 Derxw Khuh

Wkh uhvxowv iurp wkh �uvw kxugoh hvwlpdwlrq/ lqglfdwlqj wkh suredelolw| wkdw d srvlwlyh

ydoxh lv revhuyhg/ |lhog qrq0vljql�fdqw uhvxowv dqg duh wkhuhiruh qrw suhvhqwhg lq wklv

sdshu1 Wklv lv d olnho| rxwfrph li prvw ri wkh revhuyhg }hurv ruljlqdwh iurp wkh phwkrg

ri gdwd froohfwlrq dqg qrw iurp gl�huhqw surfhvvhv ghwhuplqlqj wkh glvfuhwh sduwlflsdwlrq

ghflvlrq dqg wkh frqwlqrxv wlph doorfdwlrq ghflvlrq1 Wkhuh duh/ krzhyhu/ vrph h{fhswlrqv

wr wklv uhvxow1 Iru lqvwdqfh/ erwk lq wkh 4<;7 dqg 4<<6 gdwd/ suhvhqfh ri fkloguhq kdyh

d vljql�fdqwo| srvlwlyh h�hfw rq wkh suredelolw| wr revhuyh d srvlwlyh wlph doorfdwhg wr

fklogfduh dfwlylwlhv1 Wklv lv qrw vxusulvlqj vlqfh wlph doorfdwhg wr dfwlyh fklogfduh vkrxog

eh forvho| olqnhg wr wkh ghflvlrq wr kdyh fkloguhq1

Wkh uhvxowv iurp wkh vhfrqg0kxugoh hvwlpdwlrq duh suhvhqwhg lq Wdeoh D6 lq wkh

;



dsshqgl{1 Lq fdvh wkh gl�huhqw phdvxuhv ri krxvhkrog zrunlqj wlph duh djjuhjdwhg lqwr

d vlqjoh phdvxuh/ wkhuh vhhpv wr eh qr vljql�fdqw h�hfw ri wkh yduldeohv uhodwhg wr wkh

krxvhkrog*v exgjhw frqvwudlqw1 Wkh suhvhqfh ri suh0vfkrro fkloguhq +309 |hduv ri djh,

vljql�fdqwo| lqfuhdvhv krxvhkrog zrun iru phq dqg zrphq1 Pruhryhu/ wkh lqglylgxdo

hgxfdwlrqdo dwwdlqphqw vhhpv wr eh dq lpsruwdqw lq xhqfh iru wkh lqwud0krxvhkrog wlph

doorfdwlrq lq wkh 4<<6 djjuhjdwh gdwd1 Dffruglqj wr wkh uhvxowv/ phq zlwk d xqlyhuvlw|

ru d xqlyhuvlw| froohjh ghjuhh ghyrwh ohvv wlph iru krxvhkrog zrun frpsduhg wr wkrvh

zlwk ohvv hgxfdwlrq/ zkloh phq pdwfkhg zlwk d kljko| hgxfdwhg vsrxvh vshqg pruh wlph

lq krxvhkrog surgxfwlrq1

Krzhyhu/ zkhq wkh hljkw krxvhkrog zrun dfwlylwlhv duh vwxglhg vhsdudwho|/ idfwruv

uhodwhg wr wkh krxvhkrog exgjhw uhvwulfwlrq vhhp wr kdyh d voljkwo| vwurqjhu h�hfw rq wkh

lqwud0krxvhkrog wlph doorfdwlrq1 Lq wkh 4<;7 gdwd/ wkh uhvxowv lqglfdwh wkdw phq zlwk d

kljk pdujlqdo zdjh vshqg pruh wlph/ zkloh wkhlu vsrxvhv vshqg ohvv wlph/ iru krxvhkrog

pdqdjhphqw dfwlylwlhv1 Pruhryhu/ lq krxvhkrogv zkhuh wkh pdoh kdv d uhodwlyho| kljk

pdujlqdo zdjh/ erwk phpehuv vshqg ohvv wlph iru pdlqwhqdqfh dqg uhsdlu dfwlylwlhv1

Wkh uhvxowv iurp wkh 4<<6 gdwd dovr lqglfdwh wkdw zrphq vshqg pruh wlph rq zdvklqj

dfwlylwlhv zkhq wkh| duh pdwfkhg zlwk d vsrxvh fkdudfwhul}hg e| d kljk pdujlqdo zdjh/

dqg wkdw wkh fruuhvsrqglqj pdohv vshqg pruh wlph iru fklogfduh dfwlylwlhv1 Wkh hvwlpdwhv

ri wkh sdudphwhuv fruuhvsrqglqj wr wkh qrq oderu lqfrph duh qrw vljql�fdqw lq wkh 4<;7

gdwd1 Rq wkh rwkhu kdqg/ lq wkh 4<<6 gdwd/ pdoh qrq oderu lqfrph vljq�fdqwo| orzhuv

wlph vshqw rq zdvklqj dfwlylwlhv dqg suhsdudwlrq ri phdov iru wkh pdoh/ zkloh lw lqfuhdvhv

klv vsrxvh wlph vshqw iru krxvhkrog pdqdjhphqw dfwlylwlhv1

Lq frqwudvw wr wkh djjuhjdwh uhvxowv/ wkh suhvhqfh ri suh0vfkrro fkloguhq lv lqvljqli0

lfdqwo| ghwhuplqhg iru d pdmrulw| ri wkh vwxglhg fdvhv zkhq wkh gl�huhqw krxvhkrog

zrun dfwlylwlhv duh vwxglhg vhsdudwho|1 Lq frpsdulvrq zlwk wkh 4<;7 djjuhjdwh uhvxowv/

suhvhqfh ri suh0vfkrro fkloguhq rqo| kdyh d vljql�fdqwo| srvlwlyh h�hfw rq krz pdq|

krxuv wkh ihpdoh sduwqhu vshqw iru krxvhkrog pdqdjhphqw dfwlylwlhv1 Wxuqlqj wr wkh

4<<6 gdwd/ wkh suhvhqfh ri fkloguhq vhhpv wr kdyh d vwurqjhu h�hfw rq wkh krxvhkrog

zrun ghflvlrq1 Iru h{dpsoh/ suhvhqfh ri suh0vfkrro fkloguhq vljql�fdqwo| lqfuhdvhv erwk

phpehuv wlph vshqw iru krxvhkrog dfwlylwlhv vxfk dv glvkzdvklqj dqg suhsdulqj phdov1

Rqh lqwhuhvwlqj uhvxow lv wkdw suhvhqfh ri suh0vfkrro fkloguhq grhv qrw vhhp wr lq xhqfh

wkh wlph doorfdwhg wr dfwlyh fklogfduh +h{fhsw iru pdohv lq 4<;7, jlyhq wkdw wkh krxvh0

krog kdyh dw ohdvw rqh fklog lq wklv djh lqwhuydo1 Khqfh/ wklv h�hfw lv hqwluho| fdswxuhg

e| wkh �uvw kxugoh hvwlpdwlrq1

Wkh uhvxowv dovr lqglfdwh wkdw suhvhqfh ri roghu fkloguhq +4604: |hduv ri djh, uhgxfhv

erwk phpehuv wlph vshqw rq fklogfduh dfwlylwlhv1 Wklv uhvxow pd| fdswxuh wkdw roghu

fkloguhq fduh iru wkhlu |rxqjhu vleolqjv/ dqg wkdw wkh dgxow krxvhkrog phpehuv fdq uh0

gxfh wkh wlph doorfdwhg wr fklogfduh dfwlylwlhv1 Lq dgglwlrq/ wkh suhvhqfh ri |rxqjhu

vfkrro fkloguhq +:045 |hduv ri djh, vhhpv wr kdyh qr vljql�fdqw h�hfw rq wkh wlph door0

fdwlrq ghflvlrq1 Rqh h{fhswlrq/ suhvhqw erwk lq wkh 4<;7 dqg 4<<6 gdwd/ lv wkdw zrphq

<



doorfdwh pruh wlph wr suhsdulqj phdov zkhq wkh| kdyh fkloguhq lq wklv djh lqwhuydo1

Wkh djh ri wkh lqglylgxdo kdv/ lq frqwudvw wr wkh djjuhjdwh uhvxowv/ d vwdwlvwlfdoo|

vljql�fdqw h�hfw rq vrph ri wkh vwxglhg krxvhkrog dfwlylwlhv1 Lq wkh 4<;7 gdwd/ zrphq

vshqg ohvv wlph rq krxvhkrog pdqdjhphqw dfwlylwlhv zkhq wkh| duh pdwfkhg zlwk roghu

phq1 Pruhryhu/ wkh 4<<6 uhvxowv lqglfdwh wkdw roghu zrphq orzhuv wkhlu wlph vshqw iru

zdvklqj dfwlylwlhv1 Lq dq dqdorjrxv zd|/ zkhq hdfk krxvhkrog dfwlylw| lq wkh 4<;7 gdwd

lv vhsdudwho| vwxglhg/ wkh lqglylgxdo hgxfdwlrqdo dwwdlqphqw vhhpv wr lq xhqfh vrph

ri wkh vwxglhg dfwlylwlhv1 Lq krxvhkrogv zkhuh zrphq duh kljko| hgxfdwhg/ wkh uhvxowv

lqglfdwh wkdw wkh pdoh sduwqhu vshqg pruh wlph suhsdulqj phdov zkloh zrphq uhgxfh

wkhlu wlph doorfdwhg wr wklv dfwlylw|1 Rq wkh rwkhu kdqg/ zkhq hdfk krxvhkrog dfwlylw|

lq wkh 4<<6 gdwd lv vhsdudwho| vwxglhg/ wkh pdoh krxvhkrog phpehu lv qrw dv vhqvlwlyh wr

wkh lqglylgxdo hgxfdwlrqdo dwwdlqphqw dv vxjjhvwhg e| wkh djjuhjdwh uhvxowv1 Wkh rqo|

vwdwlvwlfdoo| vljql�fdqw uhvxowv duh wkdw phq pdwfkhg zlwk d kljko| hgxfdwhg vsrxvh

vshqg pruh wlph suhsdulqj phdov dqg wkdw phq*v rzq hgxfdwlrqdo dwwdlqphqw orzhuv

wlph vshqw iru suhsdulqj phdov dqg pdlqwhqdqfh dqg uhsdlu dfwlylwlhv1

Wr vxppdul}h/ wkhvh uhvxowv lpso| wkdw dq djjuhjdwh dqdo|vlv pd| jlyh plvohdglqj

uhvxowv rq zklfk idfwruv duh lpsruwdqw lq ghwhuplqlqj wkh lqwud0krxvhkrog doorfdwlrq ri

wlph1 Frpsdulqj wkh sdudphwhu hvwlpdwhv suhvhqwhg lq Wdeoh D6/ suhvhqfh ri fkloguhq

vhhp lq jhqhudo wr eh pruh lpsruwdqw wkdq hfrqrplf idfwruv +pdujlqdo zdjhv dqg qrq

oderu lqfrphv, lq ghwhuplqlqj wkh lqwud0krxvhkrog wlph doorfdwlrq1 Wklv uhvxow lv lq

dffrugdqfh zlwk prvw suhylrxv wlph doorfdwlrq vwxglhv1 Wkh uhvxowv suhvhqwhg lq wklv

vwxg| dovr zhdno| frq�up Nrruhpdq dqg Ndswh|q*v +4<;:, uhvxow wkdw djjuhjdwlrq ri

krxvhkrog dfwlylwlhv vhhpv wr zlsh rxw hfrqrplf h�hfwv wkdw duh suhvhqw lq d glvdjjuhjdwh

dqdo|vlv1

8 Frqfoxvlrq

Wkh dlp ri wklv sdshu kdv ehhq wr dqdo|}h wkh lqwud0krxvhkrog doorfdwlrq ri wlph wr

gl�huhqw krxvhkrog zrun dfwlylwlhv xvlqj Vzhglvk furvv0vhfwlrqdo krxvhkrog gdwd1 Wkh

pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv=

� E| shuiruplqj d OU0whvw/ wkh Wrelw prgho lv uhmhfwhg lq idyru ri wkh Fudjj prgho1

Wklv lpsolhv wkdw lq rughu wr prgho wkh lqwud0krxvhkrog doorfdwlrq ri wlph d wzr0

vwhs surfhgxuh dsshduv wr eh vxlwdeoh1

� Zkhq krxvhkrog surgxfwlrq lv gh�qhg dv d vxp ri gl�huhqw krxvhkrog zrun df0

wlylwlhv/ wkh uhvxowv gl�hu txlwh vxevwdqwldoo| iurp wkh fdvh zkhq hdfk krxvhkrog

dfwlylw| lv vhsdudwho| hvwlpdwhg1

� Lq jhqhudo/ suhvhqfh ri fkloguhq vhhp pruh lpsruwdqw wkdq idfwruv uhodwhg wr wkh

krxvhkrog exgjhw uhvwulfwlrq lq ghwhuplqlqj wkh lqwud0krxvhkrog doorfdwlrq ri wlph1
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9 Uhihuhqfhv1

Djhoo/ M/ Hqjoxqg/ S/ dqg Vùghuvwhq/ M1 +4<<;,/ Lqfhqwlyhv dqg Uhglvwulexwlrq lq wkh

Zhoiduh Vwdwh= Wkh Vzhglvk Wd{ Uhirup/ PdfPlooldq Suhvv/ R{irug1

Doghupdq/ K/ Fkldssrul/ S D/ Kdggdg/ O/ Krgglqrww/ M/ dqg Ndqexu/ U1 +4<<8,/ �Xql0

wdu| Yhuvxv Froohfwlyh Prghov ri wkh Krxvhkrog= Lv lw Wlph wr Vkliw wkh Exughq ri

SurriB�/ Wkh Zruog Edqn Uhvhdufk Revhuyhu/ 43/ 404<1

Dssv/ S I/ dqg Uhhv/ U1 +4<<:,/ �Froohfwlyh Oderu Vxsso| dqg Krxvhkrog Surgxfwlrq�/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 4:;04<31

Durqvvrq/ W/ Gdxqihogw V R/ dqg Zlnvwuùp/ P1 +5334,/ �Hvwlpdwlqj Lqwud0Krxvhkrog

Doorfdwlrq lq d Froohfwlyh Prgho Zlwk Krxvhkrog Surgxfwlrq�/ iruwkfrplqj lq wkh

Mrxuqdo ri Srsxodwlrq Hfrqrplfv=

Eoxqghoo/ U/ dqg Phjklu/ F1 +4<;:,/ �Elyduldwh Dowhuqdwlyhv wr wkh Wrelw Prgho�/ Mrxu0

qdo ri Hfrqrphwulfv/ 67/ 4:<05331

Eurzqlqj/ P/ dqg Fkldssrul/ S D1 +4<<;,/ �H!flhqw Lqwud0krxvhkrog Doorfdwlrqv= D

Jhqhudo Fkdudfwhul}dwlrq dqg Hpslulfdo Whvw�/ Hfrqrphwulfd/ 99/ 4574045:;

Fudjj/ M J1 +4<:4,/ �Vrph Vwdwlvwlfdo Prghov iru Olplwhg Ghshqghqw Yduldeohv zlwk

Dssolfdwlrq wr wkh Ghpdqg iru Gxudeoh Jrrgv�/ Hfrqrphwulfd/ 6</ ;5<0;771

Iorrg/ O/ Nohypdunhq/ D/ dqg Roryvvrq/ S1 +4<<:,/ Krxvhkrog Pdunhw dqg Qrqpdunhw

Dfwlylwlhv yro 609/ Xssvdod Xqlyhuvlw|/ Xssvdod1

Judkdp/ M Z/ dqg Juhhqh/ F D1 +4<;7,/ �Hvwlpdwlqj wkh Sdudphwhuv ri d Krxvhkrog

Surgxfwlrq Ixqfwlrq zlwk Mrlqw Surgxfwv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 99/

5::05;51

Jurqdx/ U1 +4<:9,/ �Wkh Doorfdwlrq ri Wlph ri Lvudhol Zrphq�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ ;7/ V5340V5531

Mrqhv/ D P1 +4<;<,/ �D Grxeoh0Kxugoh Prgho ri Fljduhwwh Frqvxpswlrq�/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ 7/ 5606<1

Mxvwhu/ W I/ dqg Vwd�rug I S1 +4<<4,/ �Wkh Doorfdwlrq ri Wlph= Hpslulfdo Ilqglqjv/

Ehkdylrudo Prghov dqg Sureohpv ri Phdvxuhphqw�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/

[[L[/ 7:408551

Nd|/ M D/ Nhhq/ P M/ dqg Pruulv/ F Q1 +4<;7,/ �Hvwlpdwlqj Frqvxpswlrq iurp H{shq0

glwxuh Gdwd�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 56/ 49<04;51

Nhhq/ P M1 +4<;9,/ �]hur H{shqglwxuhv dqg wkh Hvwlpdwlrq ri Hqjho Fxuyhv�/ Mrxuqdo

ri Dssolhg Hfrqrphwulfv/ 4/ 5::05;91

Nohypdunhq/ Q D/ dqg Roryvvrq/ S1 +4<<6,/ Krxvhkrog Pdunhw dqg Qrqpdunhw Dfwly0

lwlhv1 Surfhgxuhv dqg Frghv 4<;704<<4/ Wkh Lqgxvwuldo Lqvwlwxwh iru Hfrqrplf dqg

Vrfldo Uhvhdufk/ Vwrfnkrop1
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Nohypdunhq/ Q D1 +4<<;,/ �Plfurhfrqrplf Dqdo|vlv ri Wlph0xvh Gdwd1 Glg Zh Uhdfk

wkh Surplvhg OdqgB�/ Zrunlqj Sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhu0

vlw|1

Nrruhpdq/ S/ dqg Ndswh|q/ D1 +4<;:,/ �D Glvdjjuhjdwhg Dqdo|vlv ri wkh Doorfdwlrq ri

Wlph Zlwklq wkh Krxvhkrog�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8/ 556057<1

Nrruhpdq/ S/ dqg Ndswh|q/ D1 +4<<3,/ �Rq wkh Hpslulfdo Lpsohphqwdwlrq ri Vrph

Jdph Wkhruhwlf Prghov ri Krxvhkrog Oderu Vxsso|�/ Mrxuqdo ri Kxpdq Uhvrxufhv/

58/ 8;708<;1

Olq/ W I/ dqg Vfkplgw/ S1 +4<;7,/ �D Whvw ri wkh Wrelw Vshfl�fdwlrq djdlqv dq Dowhu0

qdwlyh Vxjjhvwhg e| Fudjj�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 99/ 4:704:;1

Oxqgehuj/ V/ dqg Sroodn U1 +4<<6,/ �Vhsdudwh Vskhuhv Edujdlqlqj dqg wkh Pduuldjh

Pdunhw�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ <;;043441

Oxqgehuj/ V/ dqg Sroodn U1 +4<<7,/ �Qrqfrrshudwlyh Edujdlqlqj Prghov ri Pduuldjh�/

Dphulfdq Hfrqrplf Uhylhz/ ;7/ 465046:1

Pdqvhu/ P/ dqg Eurzq/ P1 +4<;3,/ �Pduuldjh dqg wkh Krxvhkrog Ghflvlrq Pdnlqj= D

Edujdlqlqj Dqdo|vlv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 54/ 640771

PfHour|/ P E/ dqg Kruqh|/ P M1 +4<;4,/ �Qdvk0Edujdlqhg Krxvhkrog Ghflvlrqv= Wr0

zdugv d Jhqhudol}dwlrq ri wkh Wkhru| ri Ghpdqg�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/

54/ 640771

Sroodn/ U D/ dqg Zdfkwhu/ P O1 +4<:8,/ �Wkh Uhohydqfh ri wkh Krxvhkrog Surgxf0

wlrq ixqfwlrq dqg Lwv Lpsolfdwlrq iru wkh Doorfdwlrq ri Wlph�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ ;6/ 58805::1

Zdohv/ W M/ dqg Zrrgodqg/ D G1 +4<::,/ �Hvwlpdwlrq ri wkh Doorfdwlrq ri Wlph iru

Zrun/ Ohlvxuh/ dqg Krxvhzrun�/ Hfrqrphwulfd/ 78/ 44804651

45



Wdeoh 4= Vdpsoh vwdwlvwlfv

4<;7 4<<6

Phq Zrphq Phq Zrphq

Yduldeoh Phdq Vwg1ghy1 Phdq Vwg1ghy1 Phdq Vwg1ghy1 Phdq Vwg1ghy1

Djh 74164 +<154, 761;8 +<135, 761;8 +<145, 7418: +<158,

\hduv ri hgxfdwlrq 44194 +61:5, 44148 +6159, 451:3 +618<, 45196 +6163,

Jurvv zdjh udwh 87138 +4;1;<, 751;5 +57177, 43:145 +:9193, ;;164 +8;183,

Pdujlqdo zdjh udwh 5514; +:198, 5619< +4419<, 8;154 +6<157, 8:147 +6<169,

Pdujlqdo wd{ udwh 89184 +47144, 76153 +45197, 761<3 +431<:, 6717: +441;6,

Qrqoderu lqfrph 09<51:3 +87<5, 8671;7 +6778, 69;4155 +53933, 57:<1<< +44<86,

Pdunhw zrun 54<61;< +6631;9, 4957195 +87:148, 554:16; +684145, 4:<:174 +7881;3,

Krxvhkrog zrun ;331;7 +94716<, 46831:7 +:9<189, :<:158 +96;15;, 45871<; +:8:1:<,

Ohlvxuh 8:7415: +9:5185, 8:93197 +;77156, 8:5416: +:65167, 89;6194 +;3:16<,

Fklogfduh <<164 +53;178, 539183 +67:1;6, ;516; +4<814<, 4;3153 +695197,

Suhsdulqj phdov 45:1;< +493173, 6;5155 +6371<9, 469149 +4:71;5, 63314: +57;1<6,

Glvkzdvklqj 771:5 +:51<6, 4581<9 +449144, 791<3 +:8177, 4341;< +458183,

Fohdqlqj 454174 +4<;173, 6331:< +64:19<, 4351<: +5:8167, 653153 +6::185,

Zdvklqj ;1;: +8:143, 44;133 +4<7133, 49136 +:613;, 45518; +5541<6,

Krxvhkrog pdqdjhphqw 59197 +<:19<, 4317: +:9193, 54173 +:9145, 55149 +<71<:,

Sxufkdvhv ;<13< +488189, 47316: +533145, ;71:< +4:41<9, 45<18< +55318:,

Pdlqwhqdqfh dqg Uhsdluv 5::1;9 +76;149, 971;6 +4:71<6, 579194 +783163, :;14< +546177,

Fkloguhq2krxvhkrog 415; +4135, 4135 +4139,



Wdeoh 5= OU0vwdwlvwlfv Fudjj yv Wrelw

4<;7 4<<6

Phq Zrphq Phq Zrphq

Dfwlylw| OU0vwdw s0ydoxh OU0vwdw s0ydoxh OU0vwdw s0ydoxh OU0vwdw s0ydoxh

Djjuhjdwh 53:156 ?31333 4;61;3 ?31333 53414: ?31333 4:;1:7 ?31333

Suhs phdov 5871<4 ?31333 4;6163 ?31333 5;615; ?31333 53:194 ?31333

Glvkzdvklqj 587193 ?31333 59;158 ?31333 5:5144 ?31333 5:619< ?31333

Fohdqlqj 4:;1:7 ?31333 57:143 ?31333 5<<194 ?31333 5:814: ?31333

Zdvklqj 74198 ?31333 5<<1<3 ?31333 :<16< ?31333 5<4194 ?31333

Fklogfduh 557189 ?31333 5;6174 ?31333 53<1;5 ?31333 5;<179 ?31333

Sxufkdvhv 5891;8 ?31333 633164 ?31333 584138 ?31333 637158 ?31333

K1 pdqdjhphqw <:1:; ?31333 7:1;5 ?31333 44;19: ?31333 ;<1:9 ?31333

Pdlq1 dqg Uhs1 63<154 ?31333 4:;155 ?31333 5<;163 ?31333 4;813< ?31333



: Dsshqgl{

Wdeoh D4= Lqvwuxphqwdo yduldeoh hvwlpdwlrq 4<;7 vdpsoh

Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh hvwlpdwh w0ydoxh hvwlpdwh w0ydoxh

Frqvwdqw 491<8 :133 ;1;< 91;:

Jurvv zdjh udwh 3138 3198 3167 43144

Jurvv zdjh udwh2 31333; 4199 313335 5197

Fdslwdo lqfrph 0313334 0615< 0313334 05186

Fdslwdo lqfrph2 313333333334 3155 313333333337 3146

U2 314; 31:<

Wdeoh D5= Lqvwuxphqwdo yduldeoh hvwlpdwlrq 4<<6 vdpsoh

Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh hvwlpdwh w0ydoxh hvwlpdwh w0ydoxh

Frqvwdqw 44154 :1<3 :13: 7144

Jurvv zdjh udwh 3177 63194 3188 56179

Jurvv zdjh udwh2 3133339 7166 313335 7193

Fdslwdo lqfrph 3133337 613< 313334 716<

Fdslwdo lqfrph2 0313333333335 051;9 313333333336 41<9

U2 31<7 31<6



Wdeoh D6= Hvwlpdwlrq uhvxowv 4<;7 dqg 4<<6 vdpsoh/ vhfrqg kxugoh1

4<;7 4<<6

Htxdwlrq Pdoh sduwqhu Ihpdoh sduwqhu Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh

Suhs1 phdov

Frqvwdqw 71:; 9179 9177 43195 6184 44135 7179 4815<

z6 03134; 031;; 03134< 04153 31333: 3187 031334; 04169

zs 31343 3193 313385 316; 0313338 03166 313339 317<

|6 08165�433S 0317: 0;167�433D 031;< 071<3�433S 051<; 041:;�433. 03144

|s 618;�433D 4164 �<13:�433S 03196 <143�433S 5158 <1::�433. 315;

Xqlyhuvlw|6 0315; 04189 03136< 03159 03163 05146 0314: 04167

Xqlyhuvlw|s 3179 5166 03165 041<3 315; 513< 03135 03149

Djh6 031346 031:7 03133:4 0318; 0313377 03167 31346 4139

Djhs 31344 3194 031338: 03176 3135; 5144 31338< 317:

Fkloguhq +309, 313<6 3187 3153 4184 318; 3188 317< 61;6

Fkloguhq +:045, 313<< 31:9 3159 517< 3153 4184 3158 5149

Fkloguhq +4604:, 31354 3144 3137; 3137; 0313:4 03136 315< 5196

Orj O 0775193 077416< 07:91;6 07;5196

Glvkzdvklqj

Frqvwdqw 71<4 7149 8177 ;1:3 6156 :19< 6195 <158

z6 31334< 3136 03133:5 03187 0313336 0314< 0313339 03175

zs 031337: 04138 031345 03195 313347 31;7 031333: 0316<

|6 ;189�433. 313; 04157�433D 0415< 081<6�433. 0315: 0418<�433S 031;8

|s 0418:�433D 0318; 0415;�433D 031:8 <146�433S 41:5 0<1;�433H 03135

Xqlyhuvlw|6 031335; 03134 3144 3197 031375 03156 3154 4169

Xqlyhuvlw|s 3163 4183 0313;; 03178 03134; 0313< 0314; 04165

Djh6 0313349 03139 031354 04198 031338; 03164 3135 4156

Djhs 031344 03175 31345 31<5 31355 414< 0313367 0314<

Fkloguhq +309, 313:5 3174 31339; 3139 3173 5164 316< 517:

Fkloguhq +:045, 3148 4138 3146 414; 314; 4146 3147 4135

Fkloguhq +4604:, 0314: 04135 03135; 03158 3135< 3153 3146 4134

Orj O 05<613: 0756145 06:71:8 07981<3

Fohdqlqj

Frqvwdqw 9186 5<13< :169 <16< 71<6 431;7 71;6 45165

z6 031345 04138 03135: 0414: 0313348 031;; 0313338 0316;

zs 313343 3164 031347 031;6 0313367 04159 0313358 04156

|6 413:�433D 4185 4179�433S 3145 :1:4�433. 3163 :1:4�433. 3175

|s 4156�433S 3144 0517<�433D 04149 41;6�433S 3178 071<�433H 03134

Xqlyhuvlw|6 3144 31<; 3148 31;8 03138< 0315< 3166 41<<

Xqlyhuvlw|s 0313;4 03198 03149 031:8 313<6 317< 03134< 03143

Djh6 31344 414< 03134 031:; 3136 4174 31355 4176



Wdeoh D6 frqwlqxhg

4<;7 4<<6

Htxdwlrq Pdoh sduwqhu Ihpdoh sduwqhu Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh

Fohdqlqj+frqw,

Djhs 0313388 0318; 03133<; 0318< 031365 04143 03133:8 0317<

Fkloguhq +309, 3185 8187 03148 031;; 31399 3165 3145 31:5

Fkloguhq +:045, 3139; 31;7 3145 31<6 03144 03189 03144 031:7

Fkloguhq +4604:, 3159 6153 0314; 04173 03134; 03144 3157 41;5

Orj O 06<31<; 07::1:5 0765184 083;19;

Zdvklqj

Frqvwdqw 4314; 61:7 915< 91:< 71:< 8165 61;< 91<3

z6 03163 051;< 3154 03187 31334 318; 313366 5139

zs 031455 061<; 313377 3154 03134 041<9 0313358 031<;

|6 031333< 0715: 04143�433e 04139 041<;�433D 0517: 04155�433S 0317;

|s 513�433D 4165 4199�433D 31;5 8196�433S 3174 4143�433S 3149

Xqlyhuvlw|6 615: 8158 31349 313; 3175 414< 031388 03159

Xqlyhuvlw|s 4158 41<7 314: 31:6 316: 4134 3146 3198

Djh6 3149 618; 031354 0414< 031365 03195 031358 04157

Djhs 0313<: 05168 0313396 03165 31357 3178 3137; 516<

Fkloguhq +309, 4819; 6195 3 3 3135 3138 3148 31:4

Fkloguhq +:045, 04<175 07137 313:: 318: 3148 3167 3139< 316;

Fkloguhq +4604:, 0317; 031<4 0313:5 0317: 3164 31<8 31348 313<

Orj O 08815< 0689137 043517: 069;195

Fklogfduh

Frqvwdqw 71<8 51:3 8176 813: 7169 81<8 :159 451;:

z6 31347 3138 031335< 03148 313369 514; 0313346 031;5

zs 031345 0317; 03134 03188 0313357 03184 06153�433D 03134

|6 51;5�433S 3137 07136�433D 04168 05178�433S 031;4 515<�433S 31;9

|s 8153�433D 4164 05153�433D 031;3 4194�433S 3138 419;�433. 3137

Xqlyhuvlw|6 3146 317< 3144 3184 0313<4 03168 3144 3184

Xqlyhuvlw|s 0314: 03185 3148 318: 03135 0313; 3133; 3138

Djh6 31358 31<4 3135: 3135: 031334: 03146 03134 01384

Djhs 031346 03175 031347 03193 313334 3134 031369 041;3

Fkloguhq +309, 3164 417< 3173 41<8 31;5 6156 3156 4145

Fkloguhq +:045, 0313367 03135 0315< 041:: 3168 4195 3155 4156

Fkloguhq +4604:, 03159 05135 031:8 061;5 03189 05147 03184 05179

Orj O 04<7144 0577179 04:8199 056;1;6

Sxufkdvhv

Frqvwdqw 6194 6153 7133 71;< 814; <19: 81:7 441<7

z6 3133;< 3164 31359 4159 313334 3138 313348 314<

zs 03135: 03155 31346 31:: 419�433D 3134 0313359 04147

|6 0;189�433S 0315< 81<<�433S 81<<�433S 51;3�433S 4194�433S 3179



Wdeoh D6 frqwlqxhg

4<;7 4<<6

Htxdwlrq Pdoh sduwqhu Ihpdoh sduwqhu Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh

Sxufkdvhv+frqw,

|s 919<�433D 4195 8179�433S 315: <183�433. 3153 9178�433S 413<

Xqlyhuvlw|6 03158 031<6 03164 04184 313:; 3163 0315; 04153

Xqlyhuvlw|s 3168 4156 03154 031;< 0315< 03173 03148 031:5

Djh6 3133<< 3166 031347 031;; 031348 0318< 03133<8 03183

Djhs 31353 31;3 31347 31;7 3133;7 3167 313335 3134

Fkloguhq +309, 03147 0318; 3163 41:9 031364 03144 31387 315;

Fkloguhq +:045, 031378 03158 03133:3 03138 313;4 3166 3135; 3148

Fkloguhq +4604:, 0314< 031<< 3147 31<; 0313<8 03177 03137; 03199

Orj O 069416: 06<5177 06581;8 06:9177

K1 pdqdjhphqw

Frqvwdqw 518< 4179 <17< 61;< 5169 6138 :153 :184

z6 313;; 5145 03158 051<< 3133:4 4174 031347 0418;

zs 31356 3185 03133;; 03143 313348 315; 313344 3174

|6 4167�433D 3174 0313335 041:8 08169�433S 031;9 ;17:�433S 516;

|s 091<;�433D 041:7 0418:�433D 0315: 6178�433S 316: 0<155�433S 04154

Xqlyhuvlw|6 04147 05186 03197 04187 03159 031;8 31345 3136

Xqlyhuvlw|s 3144 315< 3158 3186 3157 31:< 3154 3187

Djh6 31369 31:5 313;8 4159 3133<: 3155 0313; 05164

Djhs 031354 03178 03139< 031;8 3136 319: 31385 417<

Fkloguhq +309, 03165 031<7 31;4 4189 315: 31;5 03199 041::

Fkloguhq +:045, 3145 317: 031:4 04168 315; 31<< 3156 3198

Fkloguhq +4604:, 03196 05164 319< 41:7 03199 05197 03175 04179

Orj O 04571;5 0:5198 048;13< 04491:6

Pdlq1 dqg uhs1

Frqvwdqw ;1<6 ;158 :1<: 914: 81;3 43159 7173 :1:;

z6 0313:4 05139 03145 0518; 31334: 3167 31336; 4137

zs 03133:< 0316< 03133;8 0315; 313356 318< 031333: 03175

|6 06166�433D 04145 051<6�433D 031:: 41;3�433S 3197 08164�433S 04159

|s 0615:�433D 0414: 4167�433D 3175 :144�433. 314; 7169�433S 4149

Xqlyhuvlw|6 03155 031;; 3139< 314; 03175 05163 313338 31334

Xqlyhuvlw|s 3143 3169 0319< 04185 3145 4185 3156 4134

Djh6 0313345 03194 03134 03174 03133<; 0317; 31364 4173

Djhs 031358 0414: 31348 3183 31346 3197 03134; 031;5

Fkloguhq +309, 3196 5149 03146 03178 03148 0319< 31398 3158

Fkloguhq +:045, 3163 41;8 03138; 03156 3134< 3145 03144 03184

Fkloguhq +4604:, 315; 41:: 03155 0413; 03136: 03154 3168 418:

Orj O 06731:: 05341<: 06561:7 053;1<3



4<;7 4<<6

Htxdwlrq Pdoh sduwqhu Ihpdoh sduwqhu Pdoh sduwqhu Ihpdoh sduwqhu

Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh

Djjuhjdwhg

Frqvwdqw :144 461;< :194 47173 9154 4<1<9 9186 5<133

z6 031334; 031458 0313375 03169 313349 4149 31336 3158

zs 031345W 05169 031345 031;8 031334: 04144 0313344 04137

|6 <1<7�433S 4133 08135�433S 03196 04166�433S 031;5 4167�433S 3143

|s 06177�433. 03135 �71:7�433S 0316; 71<9�433S 4199 6153�433S 4186

Xqlyhuvlw|6 0313<8 0318; 03148 0413: 03163 05135 031394 03197

Xqlyhuvlw|s 3157 4164 031388 03176 3169 51:: 313< 31<;

Djh6 03133:4 03183 031337 03168 03133:7 03195 0313387 03188

Djhs 03133:3 0317: 0313376 0316: 31339: 318: 31344 4148

Fkloguhq +309, 3188 61;3 316: 6159 3179 615: 3188 8185

Fkloguhq +:045, 3158 5153 3149 41;: 3137< 3173 313:7 31;8

Fkloguhq +4604:, 031389 0317: 031334 03134 314: 4174 315: 6153

Orj O 07881:8 069:168 083<1;9 06<31<;


