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Devwudfw

Lq wklv sdshu/ zh lqyhvwljdwh zkhwkhu xqhpsor|phqw ehqh�wv vkrxog ghfuhdvh zlwk wkh xqhp0
sor|phqw vshoo lq d prgho zkhuh erwk mre vhdufk lqwhqvlw| dqg zdjhv duh hqgrjhqrxv1 Zdjhv duh
vhw e| froohfwlyh djuhhphqwv edujdlqhg e| lqvlghuv1 Lw lv vkrzq wkdw d pruh ghfolqlqj wlph vhtxhqfh
ri xqhpsor|phqw ehqh�wv ohdgv wr zdjh lqfuhdvhv zkhq wkh wd{ udwh lv jlyhq1 Vxfk dq h�hfw pd|
lpso| dq lqfuhdvh lq xqhpsor|phqw dqg frxqwhudfwv wkh uhvsrqvh ri mre vhdufk lqwhqvlw| wkdw fdq eh
irxqg lq vwdqgdug mre vhdufk prghov zlwk d jlyhq zdjh glvwulexwlrq1 Fdoleudwlrq h{huflvhv vxjjhvw
wkdw lw frvwv wzlfh pruh lq whupv ri zhoiduh orvv iru wkh orqj0whup xqhpsor|hg zrunhuv wr uhgxfh
wkh xqhpsor|phqw udwh ri rqh shufhqw zkhq zdjhv duh hqgrjhqrxv wkdq lq wkh vwdqgdug mre vhdufk
prgho1

Uìvxpì

Qrxv ìwxglrqv ohv frqvìtxhqfhv gh od gìfurlvvdqfh ghv doorfdwlrqv fk÷pdjh dyhf od gxuìh gx fk÷0
pdjh gdqv xq prgëoh rü o*lqwhqvlwì gh uhfkhufkh g*hpsorl hw ohv vdodluhv vrqw hqgrjëqhv1 Ohv vdodluhv
vrqw gìwhuplqìhv sdu ghv qìjrfldwlrqv froohfwlyhv grplqìhv sdu ghv lqvlghuv1 Qrxv prqwurqv txh od
gìfurlvvdqfh ghv doorfdwlrqv fk÷pdjh h{hufh xqh suhvvlrq ã od kdxvvh vxu ohv vdodluhv oruvtxh oh wdx{
gh suìoëyhphqw qìfhvvdluh ã �qdqfhu ohv doorfdwlrqv hvw grqqì1 Xq who h�hw/ txl dffurñw oh fk÷pdjh/
mrxh ã o*hqfrqwuh gx pìfdqlvph kdelwxhoohphqw uhqfrqwuì gdqv ohv prgëohv gh uhfkhufkh g*hpsorl/
vhorq ohtxho od gìfurlvvdqfh ghv doorfdwlrqv fk÷pdjh lqwhqvl�h o*h�ruw gh uhfkhufkh ghv fk÷phxuv hw
hvw/ gh fh idlw/ idyrudeoh ã o*hpsorl1 Od fdoleudwlrq gx prgëoh vxu ghv grqqìhv uhsuìvhqwdwlyhv g*xqh
ìfrqrplh �hxursìhqqh� vxjjëuh txh o*dmxvwhphqw ghv vdodluhv glplqxh vljql�fdwlyhphqw o*h!fdflwì
ghv phvxuhv frqvlvwdqw ã dffhqwxhu od gìfurlvvdqfh ghv doorfdwlrqv fk÷pdjh srxu oxwwhu frqwuh oh
fk÷pdjh1

Nh| Zrugv= Xqhpsor|phqw/ Xqhpsor|phqw ehqh�wv/ Pdwfklqj prghov/ Mre vhdufk1
Prwv foìv= Fk÷pdjh/ doorfdwlrq fk÷pdjh/ uhfkhufkh g*hpsorl/ dssdulhphqw1
Fodvvl�fdwlrq MHO= K5</ M56/ M6;/ M74/ M97

Iruwkfrplqj lq Mrxuqdo ri Sxeolf Hfrqrplfv
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4 Lqwurgxfwlrq4

Lq prvw frxqwulhv/ xqhpsor|phqw ehqh�wv ghfuhdvh zlwk wkh xqhpsor|phqw vshoo1 Jhqhudoo|/ wklv

fkdudfwhulvwlf ri xqhpsor|phqw frpshqvdwlrq vfkhphv vwhpv iurp wkh frh{lvwhqfh ri xqhpsor|0

phqw lqvxudqfh/ wkdw sd|v uhodwlyho| kljk ehqh�wv dw wkh ehjlqqlqj ri wkh xqhpsor|phqw vshoo iru d

olplwhg gxudwlrq/ dqg xqhpsor|phqw dvvlvwdqfh/ wkdw jlyhv d uhodwlyho| orz frpshqvdwlrq wr wkrvh

xqhpsor|hg djhqwv zkr duh qr pruh holjleoh iru xqhpsor|phqw lqvxudqfh1 Vrphwlphv/ hyhq xq0

hpsor|phqw lqvxudqfh sd|v d ghfolqlqj xqhpsor|phqw frpshqvdwlrq ryhu wlph/ dv lw kdv ehhq wkh

fdvh lq Iudqfh/ vlqfh 4<<6 +iru d uhfhqw vxuyh|/ vhh= RHFG/ 4<<9/ fkdswhu 5,1

Lw lv jhqhudoo| eholhyhg wkdw d ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw frpshqvdwlrq lv gh0

vludeoh1 Iru lqvwdqfh/ Dorjrvnrx�v hw doll +4<<8/ s1 439, fodlp wkdw �Hxurshdq xqhpsor|phqw

lqvxudqfh vfkhphv duh edgo| vwuxfwxuhg/ lq wkdw wkh| jlyh lqvx!flhqw lqfhqwlyhv wr wdnh zrun/ e|

sd|lqj d  dw udwh ri xqhpsor|phqw ehqh�w iru d orqj wlph +ru lq vrph fdvhv lqgh�qlwho|,1 R�hulqj

d oxps0vxp sd|phqw rq mre orvv/ udwkhu wkdq pdnlqj zkdw lv h�hfwlyho| d gxudwlrq0frqwlqjhqw

sd|phqw dv dw suhvhqw/ zrxog lpsuryh mre0wdnlqj lqfhqwlyhv1 Lq sudfwlfh/ wkh zd| wr gr wklv zrxog

eh wr uhgxfh wkh dprxqw ri ehqh�wv zlwk wkh gxudwlrq ri wkh xqhpsor|phqw vshoo/ ru vlpso| pdnh

wkhp sd|deoh iru d �qlwh shulrg ri/ vd|/ vl{ prxwkv�1 Vxfk d fodlp uhvwv rq wkh lghd/ sxw iruzdug

e| Vkdyhoo dqg Zhlvv +4<:<,/ wkdw wkh rswlpdo vfkhph vkrxog eh ghfolqlqj ryhu wlph li lw lv frvwo|

wr prqlwru mre vhdufk1 Lq wkdw fdvh/ d ghfolqlqj vfkhph lv d phdqv wr vkruwhq wkh gxudwlrq ri

xqhpsor|phqw/ ehfdxvh lw xujhv wkh xqhpsor|hg wr orrn iru d mre1

D vhulhv ri sdshuv/ lqlwldwhg e| wkh vhplqdo frqwulexwlrq ri Vkdyhoo dqg Zhlvv/ dqdo|vhv wkh

frqvhtxhqfh ri wkh wlph vhtxhqfh ri xqhpsor|phqw ehqh�wv lq mre vhdufk prghov zlwk prudo kd}dug1

Vkdyhoo dqg Zhlvv +4<:<, dqg Krshqkd|q dqg Qlfrolql +4<<:, frqvlghu d g|qdplf sulqflsdo0djhqw

prgho zkhuh wkh sulqflsdo/ l1h1 wkh jryhuqphqw/ pd{lpl}hv wkh zhoiduh ri dq xqhpsor|hg lqglylgxdo/

vxemhfw wr d exgjhw frqvwudlqw1 Wkh jryhuqphqw fdqqrw revhuyh wkh zrunhu*v vhdufk h�ruw1 Lq erwk

sdshuv/ wkh rswlpdo frpshqvdwlrq vfkhph ghfuhdvhv prqrwrqlfdoo| zlwk wkh xqhpsor|phqw vshoo1

Zdqj dqgZlooldpvrq +4<<9, surylgh d fdoleudwhg g|qdplf prgho zlwk prudo kd}dug dvvrfldwhg zlwk

vhdufk h�ruw dqg mre uhwhqwlrq h�ruw/ lq rughu wr gh�qh wkh rswlpdo xqhpsor|phqw frpshqvdwlrq

vfkhph iru wkh X1V1 Lq wklv iudphzrun/ wkh rswlpdo xqhpsor|phqw lqvxudqfh vfkhph pd{lpl}hv

wkh vwhdg| vwdwh djjuhjdwh frqvxpswlrq plqxv rxwsxw +wkh frvwv ri wkh vwhdg| vwdwh doorfdwlrq,

4Zh zlvk wr wkdqn iru wkhlu uhpdunv rq dq hduolhu yhuvlrq ri wklv sdshu sduwlflsdqwv lq zrunvkrsv lq PDG/ JDWH/

FUHVW dqg lq wkh HVHP<: dqg HHD<: phhwlqjv lq Wrxorxvh dqg lq HDOH<: lq Ddukxv dqg lq sduwlfxodu Wruehq

Dqghuvhq/ Slhuuh Jdurxvwh/ Odv}or Jrhunh/ Wkrpdv Slnhww|/ Euxqr Ydq ghu Olqghq/ Mdq Ydq Rxuv/ Pdulh Fodluh

Yloohydo dqg dq dqrq|prxv uhihuhh1
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vxemhfw wr wkh frqvwudlqw wkdw hdfk qhz oderu0irufh hqwudqw rewdlqv dw ohdvw d jlyhq ohyho ri h{shfwhg

xwlolw|1 Zdqj dqg Zlooldpvrq vkrz wkdw wkh rswlpdo uhsodfhphqw udwlr vkrxog ghfolqh zlwk wkh

xqhpsor|phqw vshoo li rqh rqo| wdnhv lqwr dffrxqw wkh prudo kd}dug dvvrfldwhg zlwk vhdufk h�ruw1

Wkh vwxg| ri Zdqj dqg Zlooldpvrq vxjjhvwv wkdw wkh dfwxdo v|vwhp fxuuhqwo| lq sodfh lq wkh X1V1

lv idu iurp ehlqj rswlpdo/ vlqfh dq rswlpdo v|vwhp zrxog uhgxfh wkh vwhdg| vwdwh xqhpsor|phqw

udwh e| 6173 dqg lqfuhdvh rxwsxw e| 6197(/ dffruglqj wr wkhlu frpsxwdwlrqv1

Lq d txlwh vlplodu iudphzrun/ Krshqkd|q dqg Qlfrolql +4<<:, frpsxwh wkh frvw ri dq rswlpdo

xqhpsor|phqw ehqh�wv v|vwhp frpsduhg wr wkh dfwxdo Dphulfdq rqh1 Wkh| frqfoxgh wkdw wkh rs0

wlpdo v|vwhp lv �qdqfhg e| d wd{ wkdw lqfuhdvhv zlwk wkh odvw xqhpsor|phqw gxudwlrq dqg sursrvhv

d voljkwo| ghfuhdvlqj sur�oh ri xqhpsor|phqw ehqh�wv1 Wkh rswlpdo gljuhvvlyhqhvv lv ghfuhdvlqj/

exw ohvv wkdq zlwk wkh rqh lq wkh fdvh ri d  dw wd{ udwh1

Prudo kd}dug dvvrfldwhg zlwk vhdufk h�ruw lv qrw wkh rqo| mxvwl�fdwlrq iru ghfolqlqj xqhpsor|0

phqw ehqh�wv1 Fuhphu/ Pdufkdqg dqg Shvwlhdx +4<<9, frqvlghu wkdw wkh jryhuqphqw fdqqrw revhuyh

wkh txdolw| ri mrev1 Khqfh/ lq wkhlu sdshu/ dq dgyhuvh vhohfwlrq sureohp frphv lq dgglwlrq wr wkh

vwdqgdug prudo kd}dug sureohp1 Lw dulvhv iurp wkh lqdelolw| wr glvwlqjxlvk ehwzhhq wzr w|shv ri xq0

hpsor|hg= Wkrvh zkr zdlw iru d mre r�hu zklfk �wv wkhlu vshfl�f suhihuhqfhv ru fdsdflw|/ dqg wkrvh

zkrvh surgxfwlylw| lq lqirupdo zrun lv vr kljk wkdw wkh| zloo uhixvh dq| r�hu1 Fuhphu/ Pdufkdqg

dqg Shvwlhdx vkrz wkdw wkh rswlpdo xqhpsor|phqw lqvxudqfh v|vwhp vkrxog dovr sd| ghfuhdvlqj

ehqh�wv lq wkhlu iudphzrun1

Zuljkw +4<;9, dujxhv wkdw prudo kd}dug lv qrw d qhfhvvdu| dujxphqw lq idyru ri d ghfolqlqj

vfkhgxoh ri xqhpsor|phqw ehqh�wv1 Klv prgho lv yhu| vlpsoh/ zlwk qhlwkhu prudo kd}dug qru

prqlwrulqj sureohpv/ wkh suredelolwlhv ri wudqvlwlrq ehlqj h{rjhqrxv1 Zuljkw orrnv dw wkh vfkhgxoh

zklfk pd{lpl}hv wkh zhoiduh ri dq hpsor|hg zrunhu/ wklv lqglylgxdo ehlqj wkh �phgldq yrwhu� zkhq

wkh xqhpsor|phqw udwh lv vpdoohu wkdq 3181 Ghfolqlqj wlph vhtxhqfh lv jrrg iru hpsor|hg zrunhu

vlqfh �wkh ehqh�wv ri lqvxudqfh dffuxh wr dq hpsor|hg zrunhu rqo| lq wkh ixwxuh/ zkloh wkh frvw

ri �qdqflqj wkh fxuuhqw xqhpsor|hg rxw ri klv zdjhv pxvw eh sdlg lpphgldwho|� +Zuljkw 4<;9/ s1

6<6,1

Lw lv zruwk vwuhvvlqj wkdw prghov zlwk mre vhdufk dqg prudo kd}dug frqvlghu wkh zdjhv glvwul0

exwlrq dv h{rjhqrxv dqg dvvxph d ixqfwlrqdo irup wr gh�qh wkh suredelolw| wr h{lw iurp xqhp0

sor|phqw1 Wklv lv frqvlvwhqw zlwk d irfxv rq wkh vxsso| vlgh ri wkh oderu pdunhw1 Qhyhuwkhohvv/

lw lv zhoo nqrzq wkdw wkh ohyho ri xqhpsor|phqw ehqh�wv lq xhqfhv zdjhv/ oderu frvw dqg oderu

ghpdqg1 Dffruglqjo|/ wkh frqvhtxhqfhv ri wkh xqhpsor|phqw ehqh�w v|vwhp qhhg wr eh vwxglhg lq
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d jhqhudo htxloleulxp iudphzrun zlwk hqgrjhqrxv zdjhv1 Vrph frqwulexwlrqv kdyh dgguhvvhg wkh

lvvxh ri wkh frqvhtxhqfhv ri wkh wlph sur�oh ri xqhpsor|phqw ehqh�wv lq d jhqhudo htxloleulxp vhw

xs zlwk hqgrjhqrxv zdjhv1 Fdkxf dqg Ohkpdqq +4<<:, dqg Kdqvhq dqg Mdfrevhq +4<<;, lqyhvwl0

jdwh wklv lvvxh zlwk d prgho wkdw ljqruhv mre vhdufk exw doorzv iru hqgrjhqrxv zdjh ghwhuplqdwlrq

wkurxjk zdjh edujdlqlqj1 Fdkxf dqg Ohkpdqq �qg wkdw d frqvwdqw wlph vhtxhqfh |lhogv orzhu

xqhpsor|phqw wkdq d ghfolqlqj wlph sur�oh zkhq wkh wd{ udwh lv jlyhq/ ehfdxvh d ghfolqlqj vfkhg0

xoh lqfuhdvhv wkh zhoiduh ri wkh vkruw0whup xqhpsor|hg/ zklfk lpsuryhv wkh zhoiduh ri lqvlghuv lq

fdvh ri frqwudfw euhdfk/ dqg dffruglqjo| udlvhv wkh zdjh suhvvxuh1 Pruhryhu/ wkh| dujxh wkdw d  dw

vhtxhqfh vdwlv�hv Udzov +4<:4, mxvwlfh fulwhulrq/ zklfk uhtxluhv wkh pd{lpl}dwlrq ri wkh zhoiduh ri

wkh lqglylgxdov lq wkh prvw glvdgydqwdjhrxv srvlwlrq1 Wkh lghd wkdw d surjudp zlwk d  dw vhtxhqfh

ri xqhpsor|phqw ehqh�wv lv ghvludeoh kdv ehhq fkdoohqjhg e| Iuhgulnvvrq dqg Kropoxqg +4<<;, lq

d vhdufk dqg pdwfklqj prgho zlwk erwk hqgrjhqrxv zdjh dqg vhdufk h�ruw1 Wkhlu nh| uhvxow lv wkdw

d vrfldoo| rswlpdo xqhpsor|phqw lqvxudqfh srolf| lpsolhv d ghfuhdvlqj sur�oh ri xqhpsor|phqw

ehqh�wv ryhu wkh vshoo ri xqhpsor|phqw1 E| vrfldoo| rswlpdo/ Iuhgulnvvrq dqg Kropoxqg phdq d

v|vwhp wkdw pd{lpl}hv dq xwlolwduldq zhoiduh ixqfwlrq1

Wkh dlp ri rxu sdshu lv wzrirog1 Iluvw/ zh zdqw wr foduli| wkh xqhpsor|phqw dqg zhoiduh h�hfwv

ri wkh wlph vhtxhqfh ri xqhpsor|phqw ehqh�wv lq d xql�hg iudphzrun1 Vhfrqg/ zh zdqw wr jlyh

vrph txdqwlwdwlyh hydoxdwlrqv ri wkhvh h�hfwv1 Iurp wklv srlqw ri ylhz/ wklv sdshu lv forvho| uhodwhg

wr Iuhgulnvvrq dqg Kropoxqg/ exw zlwk d irfxv rq vrph gl�huhqw srlqwv1 Lq sduwlfxodu/ iru wkh vdnh

ri rshudwlrqdolvp/ zh dyrlg xvlqj rqo| dq xwlolwduldq vrfldo zhoiduh ixqfwlrq1 Lqghhg/ wkh sureohpv

lpsolhg e| wkh djjuhjdwlrq ri suhihuhqfhv lq d prgho zlwk khwhurjhqrxv lqglylgxdov +zrunhuv duh

ulvn0dgyhuvh dqg hqwuhsuhqhxuv ulvn0qhxwudo lq Iuhgulnvvrq dqg Kropoxqg prgho, ohdg xv wr eholhyh

wkdw lw lv pruh lqirupdwlyh wr orrn dw wkh frqvhtxhqfhv rq wkh zhoiduh ri hdfk w|sh ri lqglylgxdo1

Lq wklv shuvshfwlyh/ zh wklqn wkdw Udzov mxvwlfh fulwhulrq lv yhu| xvhixo/ vlqfh lw doorzv iru sd|lqj

d vshfldo dwwhqwlrq wr wkh lqglylgxdov lq wkh ohvv dgydqwdjhrxv srvlwlrq/ zkr duh dprqj wkrvh zkr

duh wkh prvw frqfhuqhg e| fkdqjhv lq wkh xqhpsor|phqw ehqh�wv surjudpv1 Dffruglqjo|/ lw vhhpv

wr xv wkdw d yhu| rshudwlrqdo dssurdfk frqvlvwv lq hydoxdwlqj wkh frqvhtxhqfhv ri wkh wlph vhtxhqfh

ri xqhpsor|phqw ehqh�wv rq wkh Udzov fulwhulrq dqg rq wkh xqhpsor|phqw udwh1 Wklv doorzv xv

wr frpsduh wkh zhoiduh orvv ri orqj whup xqhpsor|hg zrunhuv zlwk wkh ghfuhdvh lq xqhpsor|phqw

lqgxfhg e| d pruh ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw ehqh�wv1 Xvlqj vxfk d fulwhulrq/

fdoleudwlrq h{huflvhv vxjjhvw wkdw wkh uhvsrqvh ri zdjh vwurqjo| uhgxfhv wkh h!flhqf| ri dq lqfuhdvh

lq wkh gljuhvvlyhqhvv ri xqhpsor|phqw ehqh�wv1 Wkhuhiruh/ wkh dgydqwdjh ri d ghfolqlqj wlph
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vhtxhqfh ri xqhpsor|phqw ehqh�wv ehfrphv pxfk pruh txhvwlrqdeoh wkdq lq d vwdqgdug vhdufk

prgho zlwk dq h{rjhqrxv zdjh glvwulexwlrq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv suhvhqwhg lq vhfwlrq 51 Vhfwlrq 6 lv ghyrwhg

wr wkh dqdo|vlv ri d vlwxdwlrq zkhuh mre vhdufk h�ruw lv hqgrjhqrxv dqg wkh zdjh lv h{rjhqrxv1 Lq

vxfk d vlwxdwlrq/ rqh jhwv wkh vwdqgdug uhvxowv rewdlqhg lq wkh mre0vhdufk olwhudwxuh/ wkdw d pruh

ghfolqlqj xqhpsor|phqw ehqh�wv sur�oh lv frqgxfwlyh wr orzhu xqhpsor|phqw1 Vhfwlrq 7 lv irfxvhg

rq wkh rssrvlwh fdvh zkhuh wkh zdjh lv hqgrjhqrxv dqg wkh vhdufk h�ruw lv frqvlghuhg dv jlyhq1 Lq

wkdw fdvh/ lw lv vkrzq wkdw d pruh ghfolqlqj wlph sur�oh ri xqhpsor|phqw ehqh�wv kdv dq dpeljxrxv

lpsdfw rq wkh xqhpsor|phqw udwh1 D txdqwlwdwlyh dqdo|vlv ri wkh vlwxdwlrq zkhuh erwk wkh zdjh

dqg wkh vhdufk h�ruw duh hqgrjhqrxv lv suhvhqwhg lq vhfwlrq 81 Frqfoxglqj frpphqwv duh surylghg

lq vhfwlrq 91

5 Wkh prgho

Zh frqvlghu d glvfuhwh wlph vhdufk dqg pdwfklqj prgho ã od Slvvdulghv +4<<3/ fkdswhu 7,1 Wkhuh

duh wzr jrrgv= Oderu dqg d qxpìudluh qrq0vwrudeoh jrrg surgxfhg wkdqnv wr oderu1 Wkhuh lv dq

h{rjhqrxv frqwlqxxp ri lq�qlwh olyhg zrunhuv/ zklfk vl}h lv qrupdol}hg wr xqlw|1 Zrunhuv kdyh

shuihfw iruhvljkwv exw kdyh qr dffhvv wr �qdqfldo pdunhwv dqg fdqqrw vdyh vlqfh wkh jrrg wkdw lv

surgxfhg lv dvvxphg wr eh qrq0vwrudeoh1 Dw dq| wlph/ d zrunhu pd| eh lq rqh ri wkh wkuhh iroorzlqj

vlwxdwlrqv= Hlwkhu hpsor|hg/ ru vkruw0whup xqhpsor|hg/ ru orqj0whup xqhpsor|hg1 E| gh�qlwlrq/

d orqj0whup xqhpsor|hg zrunhu kdv dq xqhpsor|phqw vshoo orqjhu wkdq rqh shulrg1 Dq hpsor|hg

zrunhuv lv sdlg d zdjh ghqrwhg e| z= D vkruw0whup xqhpsor|hg zrunhu jhwv dq xqhpsor|phqw

ehqh�w }r> zkhuhdv d orqj0whup xqhpsor|hg zrunhu jhwv }�1 Zh dovr gh�qh vkruw0whup dqg orqj0

whup uhsodfhphqw udwlrv �� dv }�@z/ l 5 iv> cj1

Wkhuh lv dovr d uhsuhvhqwdwlyh frpshwlwlyh �up zlwk frqvwdqw uhwxuqv wr vfdoh1 Lw lv frpsrvhg

e| �oohg dqg ydfdqw mrev1 Hdfk �oohg mre surgxfhv rqh xqlw ri wkh qxpìudluh jrrg shu shulrg dqg

fdq ehfrph xqsurgxfwlyh zlwk dq h{rjhqrxv suredelolw| t dw wkh hqg ri hyhu| shulrg1 Hyhu| ydfdqw

mre frvwv f shu shulrg dqg ehfrphv �oohg zlwk suredelolw| dq hqgrjhqrxv suredelolw| p +�, =

Wkh pdvv ri pdwfkhv ehwzhhq xqhpsor|hg zrunhuv dqg ydfdqw mrev lv ghwhuplqhg e| wkh pdwfk0

lqj ixqfwlrqP+y> �+hr,�xr.�+h�,�x�,> zkhuh xr dqg x� ghqrwh wkh pdvv ri vkruw0whup dqg orqj0whup

xqhpsor|hg uhvshfwlyho|/ dqg hr/ h� vwdqg iru wkhlu uhvshfwlyh vhdufk h�ruw lqwhqvlw|1 �+=, lv dq lq0

fuhdvlqj dqg frqfdyh ixqfwlrq ri vhdufk h�ruw1 P+=, vdwlv�hv wkh vwdqgdug surshuwlhv ri pdwfklqj

ixqfwlrqv= Lw lv lqfuhdvlqj zlwk uhvshfw wr erwk dujxphqwv/ htxdo wr }hur li rqh dujxphqw lv qlo/ dqg
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krprjhqhrxv ri ghjuhh rqh1 Wkh olqhdu krprjhqhlw| ri wkh pdwfklqj ixqfwlrq doorzv xv wr gh�qh

wkh suredelolw| wr �oo d ydfdqf| dv p+�,/ zlwk p+�, �P+4> 4@�, dqg � � y@ ^�+hr, � xr . �+h�, � x�`/

ehlqj wkh oderu pdunhw wljkwqhvv1Wkh vdph uhdvrqlqj ohdgv xv wr gh�qh wkh h{lw udwh ri dq xqhp0

sor|hg ri w|sh l> l @ v> c> dv= �+h�, � �p+�,1 Ohw xv uhpdun wkdw wkh surshuwlhv ri wkh pdwfklqj

ixqfwlrq lpso| wkdw p+�, dqg �p+�, duh uhvshfwlyho| ghfuhdvlqj dqg lqfuhdvlqj zlwk uhvshfw wr �=

Wkh gh�qlwlrqv ri wkh pdwfklqj dqg wkh mre ghvwuxfwlrq surfhvvhv doorz xv wr ghwhuplqh wkh

uhodwlrqvkls ehwzhhq wkh oderu pdunhw wljkwqhvv/ wkh vhdufk h�ruwv/ wkh mre ghvwuxfwlrq udwh dqg

wkh xqhpsor|phqw udwhv1 Lq d vwhdg| vwdwh/ wkh  rz htxloleulxp frqglwlrqv uhdg dv=

t+4� xr � x�, @ �p+�, ^�+h�,x� . �+hr,xr` > +4,

xr @ t+4� xr � x�,= +5,

Wkhvh wzr htxdwlrqv vkrz wkdw wkh vwhdg| vwdwh xqhpsor|phqw udwhv ghshqg rq wkh htxloleulxp

ydoxh ri wkh oderu pdunhw wljkwqhvv �> dqg wkh h�ruw ghyrwhg wr vhdufk hr/ h�1 Wkhvh ydoxhv duh

ghwhuplqhg e| wkh ehkdylru ri hpsor|huv dqg zrunhuv zklfk lv suhvhqwhg qrz1

Zrunhuv kdyh lghqwlfdo suhihuhqfhv/ uhsuhvhqwhg e| wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq= oq+{,�h>

zkhuh { vwdqgv iru wkh lqfrph dqg h iru wkh vhdufk h�ruw1 Wkh ydoxh ixqfwlrq iru d zrunhu zkr kdv

d mre vdwlv�hv=

Y @ oq+z, . � ^+4� t,Y . tYr` > +6,

zkhuh � 5 ^3> 4^ lv wkh glvfrxqw idfwru dqg Yr lv wkh ydoxh ixqfwlrq ri d vkruw0whup xqhpsor|hg/

zklfk vdwlv�hv=

Yr @ oq+}r,� hr . � i^4� �+hr, � �p+�,`Y� . �+hr, � �p+�,Y j > +7,

Y� ehlqj wkh ydoxh ixqfwlrq iru d orqj0whup xqhpsor|hg/ vroylqj=

Y� @ oq+}�,� h� . � i^4� �+h�, � �p+�,`Y� . �+h�, � �p+�,Y j = +8,

Wkh dvvhw ydoxh ri d ydfdqw mre/ ghqrwhg e| M�> lv gh�qhg e|=
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Employment
w, 1-u, V

Short term unemployment
zs  =ρs w, us, Vs

Long term unemployment

zl  =ρl w, ul, Vl

q

π(el) θm(θ)π(es) θm(θ)

1−π(es) θm(θ)

Iljxuh 4= Mrev  rzv dqg zrunhuv ydoxhv

M� @ �f. � ip+�,M . ^4�p+�,`M�j > +9,

zkhuh f ghqrwhv wkh lqvwdqwdqhrxv frvw ri d ydfdqf| dqg M wkh dvvhw ydoxh ri d �oohg mre/ wkdw

vdwlv�hv=

M @ 4�z+4 . �, . � ^tM� . +4� t,M ` > +:,

� ehlqj wkh wd{ udwh/ xvhg wr �qdqfh xqhpsor|phqw ehqh�wv1

Sur�w pd{lpl}dwlrq lpsolhv wkdw hpsor|huv fuhdwh mrev xqwlo wkh h{shfwhg uhwxuq ri d ydfdqf|

lv qlo +vhh Slvvdulghv/ 4<<3/ fkdswhu 5,1 Xvlqj htxdwlrq +9,/ wklv frqglwlrq lpsolhv=

M @
f

� p+�,
= +;,

Lw lv dvvxphg wkdw wkh zkroh h{shqvhv ri wkh jryhuqphqw duh ghyrwhg wr xqhpsor|phqw ehqh�wv1

Dffruglqjo|/ wkh exgjhw frqvwudlqw uhdgv dv=

xr�r . x��� @ �+4� x� � xr,= +<,

:



6 Htxloleulxp zlwk hqgrjhqrxv vhdufk h�ruw dqg h{rjhqrxv zdjh

Lq wklv vhfwlrq/ wkh zdjh lv h{rjhqrxv dqg wkh vhdufk h�ruw lv hqgrjhqrxv1 Wklv vhw ri dvvxpswlrqv

doorzv xv wr looxvwudwh wkh zrunlqj ri vhdufk prghov/ zklfk jhqhudoo| uhvw rq d iudphzrun zkhuh

zdjhv duh jlyhq dqg wkh yduldwlrqv ri wkh vhdufk h�ruw lqwhqvlw| sod|v wkh pdlq uroh1 Hdfk w|sh ri

xqhpsor|hg zrunhu fkrrvhv wkh h�ruw lqwhqvlw| wkdw pd{lpl}hv lwv ydoxh ixqfwlrq1 Htxdwlrqv +7,

dqg +8, lpso| wkdw wkh �uvw0rughu frqglwlrq gh�qlqj wkh rswlpdo vhdufk lqwhqvlw| iru hdfk w|sh ri

xqhpsor|hg zrunhu uhdgv dv=

4 @ ���+h�,�p+�, ^Y � Y�` > l @ v> c= +43,

Lq rxu yhu| vlpsoh prgho/ vkruw0whup dqg orqj0whup xqhpsor|hg zrunhuv fkrrvh wkh vdph rswl0

pdo h�ruw lqwhqvlw|1 Wklv lv d frqvhtxhqfh ri wzr dvvxpswlrqv= Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq

lv dgglwlyho| vhsdudeoh/ dqg wkh kljk ohyho ri xqhpsor|phqw ehqh�w lv sdlg iru rqh shulrg rqo|1 Vxfk

dvvxpswlrqv kdyh ehhq fkrvhq iru wkh vdnh ri vlpsolflw|1 Wkh| frxog eh uhod{hg zlwkrxw fkdqjlqj

rxu rwkhu frqfoxvlrqv frqfhuqlqj wkh lpsdfw ri wkh xqhpsor|phqw ehqh�w sur�oh rq wkh vhdufk hi0

iruw1 Lqghhg/ dsshqgl{ 4 vkrzv wkdw wkh rswlpdo vhdufk lqwhqvlw| lqfuhdvhv zkhq wkh xqhpsor|phqw

sur�oh lv pruh ghfuhdvlqj iru dq| jlyhq wd{ udwh � = Dffruglqjo|/ wkh vwdqgdug Vkdyhoo dqg Zhlvv

+4<:<, h�hfw rewdlqv= Vlqfh lqglylgxdov duh iruzdug orrnlqj/ wkh lqfhqwlyh wr orrn iru d mre lv udlvhg

zkhq wkh ixwxuh h{shfwhg lqfrph lq xqhpsor|phqw gursv/ zklfk lv h{dfwo| wkh frqvhtxhqfh ri d

pruh ghfuhdvlqj xqhpsor|phqw ehqh�wv sur�oh1

Iru d jlyhq zdjh/ lw fdq hdvlo| eh xqghuvwrrg wkdw dq lqfuhdvh lq mre vhdufk lqwhqvlw| ghfuhdvhv

wkh xqhpsor|phqw udwh x @ xr . x�= Htxdwlrqv +:, dqg +;, lpsolhv wkdw wkh htxloleulxp ydoxh ri

wkh oderu pdunhw wljkwqhvv/ ghqrwhg e| ��> lv gh�qhg e|=

p+��, @
f ^4� �+4� t,`

� ^4�z+4 . �,`
= +44d,

Lq wkh htxloleulxp zlwk h{rjhqrxv zdjhv/ wkh oderu wljkwqhvv grhv qrw ghshqg rq vhdufk lqwhq0

vlw|1 Wkhuhiruh/ li rqh ghqrwhv e| h wkh htxloleulxp ydoxh ri vhdufk lqwhqvlw|/ wkh  rz htxloleulxp

frqglwlrqv +4, dqg +5, lpso| wkdw wkh htxloleulxp xqhpsor|phqw udwh lv=

x @
t

t . ��p+��,�+h,
= +45,

;



Vlqfh wkh rqo| h�hfw ri d pruh ghfuhdvlqj xqhpsor|phqw ehqh�wv sur�oh lv wr udlvh vhdufk

lqwhqvlw|/ wkh xqhpsor|phqw udwh ghfuhdvhv zkhq wkh xqhpsor|phqw ehqh�wv ri wkh orqj0whup

xqhpsor|hg duh uhgxfhg1 Wkdw lv wkh xvxdo h�hfw h{shfwhg iurp d pruh ghfolqlqj xqhpsor|phqw

ehqh�wv wlph sur�oh1 Krzhyhu/ wkh qh{w vhfwlrq vkrzv wkdw zdjhv uhdfw wr wkh xqhpsor|phqw

ehqh�wv sur�oh/ dqg wkdw zdjhv uhdfwlrq pd| frxqwhudfw wkh lpsdfw ri wkh fkdqjh lq vhdufk lqwhqvlw|1

7 Htxloleulxp zlwk h{rjhqrxv vhdufk lqwhqvlw| dqg hqgrjhqrxv

zdjh

Lq wklv vhfwlrq/ wkh vhdufk h�ruw lv dvvxphg wr eh jlyhq lq rughu wr vkhg vrph oljkw rq wkh lp0

sdfw ri wkh xqhpsor|phqw ehqh�wv sur�oh rq xqhpsor|phqw wkurxjk wkh uhdfwlrq ri zdjhv1 Wklv

dvvxpswlrq fruuhvsrqgv wr d fdvh zkhuh mre vhdufk h�ruw fdq eh prqlwruhg zlwk }hur frvw e| wkh

xqhpsor|phqw lqvxudqfh lqvwlwxwlrq1 Lw zloo eh uhod{hg lq wkh qh{w vhfwlrq1 Lw lv dvvxphg wkdw wkhuh

lv d froohfwlyh edujdlqlqj dw wkh �up ohyho dqg wkdw wkh lqvlghuv/ zkrvh vhqlrulw| lv dw ohdvw rqh

shulrg dqg zkr duh wkhuhiruh holjleoh iru xqhpsor|phqw lqvxudqfh li odlg0r�/ vhw wkh zdjh iru wkh

zkroh zrunhuv ehorqjlqj wr wkh �up1 Wklv dvvxpswlrq vhhpv wr �w Hxurshdq oderu pdunhw lqvwlwx0

wlrqv/ zkhuh pruh wkdq ;3( ri zrunhuv duh fryhuhg e| froohfwlyh djuhhphqwv1 Zdjhv duh edujdlqhg

lq hyhu| shulrg dffruglqj wr wkh Qdvk edujdlqlqj vroxwlrq wkdw dprxqwv wr pd{lpl}h wkh Qdvk

fulwhulrq zlwk uhvshfw wr wkh fxuuhqw zdjh1 Wkh vroxwlrq wr wkh Qdvk edujdlqlqj vroxwlrq vwurqjo|

ghshqgv rq wkh idoo edfn srvlwlrq ri erwk �upv dqg zrunhuv1 Li wkh oderu frqwudfw lv eurnhq r�/ wkh

lqvlghuv/ zkr edujdlq wkh zdjh/ ehfrph vkruw0whup xqhpsor|hg zrunhuv5 zkloh wkh mre ehfrphv

ydfdqw1 Khqfh zdjh vroyhv=

pd{ ^Y � Yr`
� ^M � M�`

�3� � 5 `3> 4^ +46,

Lw lv vkrzq/ lq dsshqgl{ 5/ wkdw wkh �uvw0rughu frqglwlrq gh�qhv d qhjdwlyh uhodwlrq ehwzhhq

wkh oderu pdunhw wljkwqhvv dqg wkh ohyho ri xqhpsor|phqw ehqh�wv1 Qdpho|/ e| lq xhqflqj wkh

zhoiduh ri wkh vkruw0whup xqhpsor|hg zrunhuv/ wkh xqhpsor|phqw ehqh�wv wlph sur�oh fkdqjhv wkh

lqvlghuv* idoo0edfn srvlwlrq lq wkh edujdlqlqj surfhvv1 Wkhuhiruh/ wkh xqhpsor|phqw frpshqvdwlrq

sur�oh lq xhqfhv wkh qhjrwldwhg zdjh/ dqg wkhq wkh oderu pdunhw wljkwqhvv dqg wkh xqhpsor|phqw

udwh1 Wr vwxg| wkh h�hfw ri wkh xqhpsor|phqw sur�oh/ zh frqvlghu fkdqjhv lq uhsodfhphqw udwlrv

wkdw ohdyh xqfkdqjhg wkh wd{ udwh1 Rqh jhwv wkh iroorzlqj uhvxow=

5Qrwh wkdw wkh dvvxpswlrq wkdw zdjhv duh edujdlqhg e| lqvlghuv dqg dsso| wr wkh zkroh zrunhuv lv fuxfldo/ vlqfh

wkh idoo0edfn sd|0r� ri d qhz0kluhg zrunhu fruuhvsrqgv wr wkh h{shfwhg xwlolw| ri d orqj whup xqhpsor|hg zrunhu1

<



1

u

ρs/ρl

Iljxuh 5= Wkh uhodwlrq ehwzhhq wkh wlph sur�oh ri xqhpsor|phqw ehqh�wv dqg xqhpsor|phqw zkhq
mre vhdufk lqwhqvlw| lv h{rjhqrxv1

C x

C �r

�
�
�
�
ec�

: 3/
4� � . ��+h,�p+�,

��+h,�p+�,
:

�r
��

+47,

Wklv htxdwlrq vkrzv wkdw wkh uhodwlrq ehwzhhq xqhpsor|phqw dqg �r@�� lv qrw prqrwrqlf1 Wkh

uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw udwh dqg �r@�� lv gudzq lq Iljxuh 51

Wklv uhvxow lv d frqvhtxhqfh ri wkh idfw wkdw zrunhuv duh ulvn dgyhuvh dqg kdyh d srvlwlyh

glvfrxqw idfwru1 Iru d orz ohyho ri �r@��> wkh xqhpsor|phqw udwh lqfuhdvhv zlwk �r@��> ehfdxvh lq

wkdw fdvh/ d pruh ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw frpshqvdwlrq xqdpeljxrxvo| udlvhv

wkh zhoiduh ri wkh vkruw0whup xqhpsor|hg1 Fxuuhqw lqfrphv lqfuhdvh zkloh wkh ghfuhdvh lq orqj0

whup xqhpsor|phqw ehqh�wv lv glvfrxqwhg vlqfh lw zloo frqfhuq wkh vkruw0whup xqhpsor|hg rqo|

lq ixwxuh shulrgv1 Exw/ li �r@�� lv yhu| kljk/ }� lv yhu| vpdoo/ dqg wkh vkruw0whup xqhpsor|hg

zrunhuv lqvwdqwdqhrxv pdujlqdo xwlolw| lv yhu| vpdoo frpsduhg wr wkh pdujlqdo xwlolw| ri orqj whup

xqhpsor|hg zrunhuv1 Wkxv/ iru d jlyhq wd{ udwh/ zkhq }� lv yhu| vpdoo/ dq| lqfuhdvh lq }r kdv d

zhdn h�hfw rq wkh lqvwdqwdqhrxv pdujlqdo xwlolw| ri wkh vkruw0whup xqhpsor|hg uhodwlyho| wr wkh

ghfuhdvh lq wkhlu ixwxuh pdujlqdo zhoiduh hqwdlohg e| wkh ghfuhdvh lq }�= Khqfh/ lq wkdw fdvh/ wkh

zhoiduh ri erwk vkruw0whup dqg orqj0whup xqhpsor|hg glplqlvkhv zlwk �r@��1

Dfwxdoo|/ iru dq| jlyhq wd{ udwh dqg vhdufk lqwhqvlw|/ wkh xqhpsor|phqw udwh uhdfkhv d pd{lpxp

iru d ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw ehqh�wv1 Wklv phdqv wkdw prylqj iurp d  dw sur�oh

wr d zhdno| ghfolqlqj sur�oh pd| lqfuhdvh xqhpsor|phqw1 Lq rughu wr eh vxuh wkdw prylqj wr d pruh
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ghfolqlqj sur�oh glplqlvkhv xqhpsor|phqw/ rqh kdv wr frqvlghu vwurqjo| ghfolqlqj sur�ohv1 Exw/

dv lw zloo eh vhhq lq wkh qh{w vhfwlrq/ wklv pd| dovr eh dw wkh h{shqvhv ri wkh zhoiduh ri wkh orqj0

whup xqhpsor|hg zrunhuv/ zkr duh lq pdq| flufxpvwdqfhv wkh prvw glvdgydqwdjhrxv djhqwv1 Xvlqj

htxdwlrqv +7, dqg +8,/ rqh vhhv wkdw Yr � Y� @ oq+�r@��,> dqg wkhq wkdw wkh prvw glvdgydqwdjhrxv

lqglylgxdov duh wkh xqhpsor|hg zrunhuv zkr duh sdlg wkh orzhvw ohyho ri xqhpsor|phqw ehqh�wv/

vlqfh wkh zdjh edujdlqlqj surfhvv lqvxuhv wkdw wkh zrunhuv zkr kdyh d mre dozd|v jhw dw ohdvw wkh

zhoiduh ohyho ri wkh vkruw0whup xqhpsor|hg zrunhuv1

Dffruglqjo|/ zkhq wkh vhdufk h�ruw lv h{rjhqrxv/ h{fhsw lq wkh fdvh zkhuh d pruh ghfuhdvlqj

sur�oh doorzv iru d ghfuhdvh lq wkh zhoiduh ri erwk vkruw0whup dqg orqj0whup xqhpsor|hg zrunhuv/

d  dw sur�oh ri xqhpsor|phqw ehqh�wv dv pdq| dgydqwdjhv uhodwlyh wr d ghfuhdvlqj rqh= Lw lpsolhv

d uhodwlyho| orz xqhpsor|phqw udwh dqg vdwlv�hv Udzov mxvwlfh fulwhulrq1 Reylrxvo|/ d sdudprxqw

lvvxh lv wr hydoxdwh wkh uhodwlyh lpsruwdqfh ri wkh frqvhtxhqfhv ri wkh vhdufk dqg hpsor|phqw

uhvsrqvhv wr fkdqjhv lq wkh xqhpsor|phqw ehqh�wv v|vwhp1 Wklv lv wkh lvvxh dgguhvvhg lq wkh qh{w

vhfwlrq1

8 Hqgrjhqrxv vhdufk h�ruw dqg zdjhv= Vrph txdqwlwdwlyh h{hu0

flvhv

Zkhq vhdufk h�ruw dqg zdjhv duh hqgrjhqrxv/ wkh prgho ehfrphv txlwh frpsoh{ dqg lw ehfrphv

gl!fxow wr eh vroyhg dqdo|wlfdoo|1 Zh khqfh fdoleudwh lw lq rughu wr hydoxdwh wkh lpsdfw ri wkh

xqhpsor|phqw ehqh�wv sur�oh rq wkh xqhpsor|phqw udwh dqg rq wkh zhoiduh ri wkh ohvv dgydqwdjhrxv

lqglylgxdov1

Lq wkh fdoleudwlrq h{huflvh/ zh dvvxph wkdw wkh vhdufk h!flhqf| ixqfwlrq lv krprjhqrxv ri

ghjuhh � 5 `3> 4^/ �+h, @ hk1 D pdwfklqj ixqfwlrq ri wkh Free0Grxjodv irup lv dvvxphg/ vxfk wkdw

p +�,@pf�
3f�D= Dvvxplqj wkdw wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq zlwk uhvshfw wr ydfdqflhv

lv 3=8 lv txlwh vwdqgdug +vhh Eodqfkdug dqg Gldprqg/ 4<;</ Dqgroidwwr/ 4<<9/ Pruwhqvhq dqg

Slvvdulghv/ 4<<:/ Iuhgulnvvrq dqg Kropoxqg/ 4<<;,1 t lv wkh udwh ri mre ghvwuxfwlrq/ zklfk ydoxh

xvxdoo| olhv durxqg 3=4 shu |hdu1

Dsduw wkh fkrlfh ri wkhvh ixqfwlrqdo irupv/ wkh prgho lv urxjko| fdoleudwhg iru wkh iuhqfk

hfrqrp| ryhu wkh fxuuhqw shulrg +vhh Wdeoh 4,1 Sdudphwhuv duh vhw vr wkdw xqhpsor|phqw udwh

lv 45( iru ohyhov ri vkruw0whup dqg orqj0whup uhsodfhphqw udwlrv ri uhvshfwlyho| 3=; dqg 3=9 +vhh

Pduwlq/ 4<<9,1

x �r �� � t � �

45( 3=; 3=9 3=8 3=4 3=<8 3=8
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Wdeoh 4 = Wkh Iuhqfk Hfrqrp|

Zh gr qrw kdyh dq| suhflvh lqirupdwlrq rq wkh edujdlqlqj srzhu �1 Zh frqvlghu wkdw wkh zrun0

huv* edujdlqlqj srzhu lv htxdo wr wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq zlwk uhvshfw wr ydfdqflhv/

l1h1 � @ 3=8/ d vlwxdwlrq nqrzq wr surylgh dq h!flhqw ghfhqwudol}hg htxloleulxp li djhqwv shuihfwo|

vkduh wkhlu lqfrph +Slvvdulghv/ 4<<3,1 Iru wkh dqqxdo glvfrxqw idfwru �/ zh fkrrvh d ydoxh ri 3=<81

Wr fdoleudwh wkh uhpdlqlqj sdudphwhuv/ zh dovr zdqw wkh prgho wr uhsurgxfh wkh plfurhfrqrplf

hydoxdwlrq ri wkh hodvwlflw| ri xqhpsor|phqw gxudwlrqv zlwk uhvshfw wr xqhpsor|phqw ehqh�wv/

zklfk lv ghqrwhg e| � lq Wdeoh 41 Od|dug dqg doll +4<<4/ s 588, uhsruwv wkh odujh xqfhuwdlqw| derxw

wklv hvwlpdwh/ zklfk olhv lq wkh lqwhuydo ^3=5> 3=<`1 Zh fkrrvh 3=8 dv wkh ehqfkpdun ydoxh zh zdqw wr

uhsurgxfh iru wkh dfwxdo hfrqrp|1 Lq rxu prgho/ zh lqwhusuhw wklv sdudphwhu dv ehlqj wkh rssrvlwh

ri wkh hodvwlflw| ri wkh h{lw udwh rxw ri xqhpsor|phqw zlwk uhvshfw wr xqhpsor|phqw ehqh�wv/ zkhq

wkh wljkwqhvv sdudphwhu lv h{rjhqrxv +vhh dsshqgl{ 4 dqg htxdwlrq +4;,,1 Rqfh wkh ydoxhv lq Wdeoh

4 kdyh ehhq vhw/ rqh fdq ghwhuplqh wkh ydoxhv ri wkh uhpdlqlqj sdudphwhuv wr vhw= f > p f> � > dqg

�> zklfk duh suhvhqwhg lq Wdeoh 51

f pf � �

3=7 4 3=43 3=56
Wdeoh 5

Wkuhh vlpxodwlrqv duh suhvhqwhg1 Lq hdfk ri wkhp zh frpsxwh wkh xqhpsor|phqw udwh/ wkh h{lw

udwh iurp xqhpsor|phqw/ wkh ohyho ri mre vhdufk lqwhqvlw|/ wkh uhsodfhphqw udwlrv dqg phdvxuhv ri

zhoiduh iru d jlyhq ohyho ri wd{ udwh dqg iru gl�huhqw ohyho ri �r@�� +vwdqgdug fxuyh iru hpsor|hg

zrunhuv/ dowhuqdwh gdvkhg fxuyh iru vkruw0whup xqhpsor|hg zrunhu dqg uhjxodu gdvkhg fxuyh iru

orqj0whup xqhpsor|hg zrunhu,1 Rxu phdvxuh ri zhoiduh fruuhvsrqgv wr wkh glvfrxqwhg fhuwdlqw|

htxlydohqw ri wkh h{shfwhg xwlololw| iru hdfk w|sh ri lqglylgxdo1 Iru lqvwdqfh/ wkh phdvxuh ri zhoiduh

iru d vkruw whup xqhpsor|hg zrunhu lv wkh ydoxh ri { wkdw vroyhv oq+{, @ +4 � �,Yr= Lq wkh vdph

vslulw/ rxu phdvxuh ri djjuhjdwh vrfldo zhoiduh lv gh�qhg dv wkh ydoxh ri { wkdw vroyhv oq+{, @

+4� �, ^+4� x,Y . xrYr . x�Y�`1

Lq Iljxuh 6/ wkh wudglwlrqdo vhdufk dssurdfk zlwk dq h{rjhqrxv zdjh glvwulexwlrq lv suhvhqwhg

ri Vkdyhoo dqg Zhlvv +4<:<, lv suhvhqwhg1 Rqo| mre vhdufk pdwwhuv dqg zdjhv duh vhw wr wkhlu

ydoxh iru wkh dfwxdo sur�oh ri xqhpsor|phqw ehqh�wv +�r@�� @ 4=66,/ zklfk lv derxw 3=;81 D pruh

ghfolqlqj wlph sur�oh ri xqhpsor|phqw ehqh�wv uhgxfhv wkh xqhpsor|phqw udwh dqg lqfuhdvhv wkh

xwlolwduldq fulwhulrq1 Prylqj iurp d  dw sur�oh wr �r@�� @ 5 doorzv iru d 5=4 srlqwv ghfuhdvh lq wkh

xqhpsor|phqw udwh1 Exw lq vxfk d fdvh/ wkh ghfuhdvh lq xqhpsor|phqw lv rewdlqhg dw wkh h{shqvhv
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Iljxuh 6= Wkh frqvhtxhqfhv ri xqhpsor|phqw ehqh�wv lq wkh vwdqgdug vhdufk prgho1

ri wkh zhoiduh ri wkh orqj0whup xqhpsor|hg zrunhuv/ zkr idfh d 4=6srlqwv ghfuhdvh lq wkhlu fhuwdlqw|

htxlydohqw1 Wkhuhiruh/ lw dsshduv wkdw wkhuh lv d wudgh0r� ehwzhhq wkh lpsuryhphqw ri wkh vlwxdwlrq

ri wkh lqglylgxdov lq wkh prvw glvdgydqwdjhrxv vlwxdwlrq dqg wkh ghfuhdvh lq xqhpsor|phqw1 Lq

sduwlfxodu/ d  dw wlph sur�oh ri xqhpsor|phqw ehqh�wv vdwlv�hv Udzov fulwhulrq/ hyhq li lw lv dw wkh

h{shqvh ri d kljkhu xqhpsor|phqw udwh1

Lq Iljxuh 7/ rqo| zdjh edujdlqlqj pdwwhuv dqg mre vhdufk lqwhqvlw| lv vhw htxdo wr lwv ydoxh

iru wkh ehqfkpdun wlph sur�oh suhvhqwhg lq Wdeoh 41 Dv suhglfwhg e| rxu wkhruhwlfdo dqdo|vlv/

wkh xqhpsor|phqw udwh lv kxps0vkdshg zlwk d pd{lpxp ydoxh iru d voljkwo| ghfuhdvlqj sur�oh ri

xqhpsor|phqw ehqh�wv1 Prylqj iurp d  dw sur�oh wr �r@�� @ 5 doorzv iru rqo| d 3=4; srlqw ghfuhdvh

lq wkh xqhpsor|phqw udwh/ zklfk lv pxfk pruh orzhu wkdq zkhq vhdufk h�ruw lv hqgrjhqrxv dqg

zdjhv duh h{rjhqrxv1 Pruhryhu/ wkh ghfuhdvh lq wkh zhoiduh ri wkh orqj0whup xqhpsor|hg zrunhuv
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Iljxuh 7= Wkh frqvhtxhqfhv ri xqhpsor|phqw ehqh�wv zlwk h{rjhqrxv h�ruw lqwhqvlw| dqg hqgrjh0
qrxv zdjh1

lv eljjhu zkhq zdjhv duh hqgrjhqrxv/ vlqfh orqj0whup xqhpsor|hg zrunhuv idfh d 6=: srlqwv gurs

ri wkhlu htxlydohqw uhyhqxh/ djdlqvw 4=6 srlqwv lq wkh suhylrxv fdvh1 Lw lv dovr zruwk qrwlqj wkdw

djjuhjdwh zhoiduh uhdfkhv d pd{lpxp iru d yhu| vljkwo| lqfuhdvlqj sur�oh ri xqhpsor|phqw ehqh�wv

zkhq vhdufk h�ruw lv h{rjhqrxv/ zkhuhdv djjuhjdwh zhoiduh zdv udlvhg zkhq wkh xqhpsor|phqw

ehqh�wv sur�oh zdv pruh ghfuhdvlqj lq wkh suhylrxv h{huflvh1

Lq Iljxuh 8/ erwk h�hfwv pdwwhu1 Dw �uvw/ lw dsshduv wkdw mre vhdufk h�hfwv grplqdwh zdjh

edujdlqlqj h�hfwv/ vr wkdw wkh pruh ghfolqlqj wkh wlph sur�oh ri xqhpsor|phqw ehqh�wv/ wkh orzhu

wkh xqhpsor|phqw udwh1 Exw wklv h�hfw lv frqvlghudeo| uhgxfhg/ frpsduhg wr Iljxuh 61 Qdpho|/

prylqj iurp d  dw sur�oh wr �r@�� @ 5/ hqwdlov d 4=8 srlqwv gurs lq xqhpsor|phqw djdlqvw d 5=4

srlqwv lq wkh sxuh vhdufk fdvh1 Lw dovr dsshduv wkdw wkh ghfuhdvh lq rxu phdvxuh ri zhoiduh ri wkh
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orqj0whup xqhpsor|hg zrunhuv lv qrz eljjhu/ vlqfh lw dprxqwv wr 5=5 srlqwv1 Dffruglqjo|/ lq wkh

vwdqgdug vhdufk prgho zlwk h{rjhqrxv zdjhv/ rqh qhhgv d ghfuhdvh ri 3=9 srlqw lq wkh fhuwdlqw|

htxlydohqw ri wkh orqj whup xqhpsor|hg zrunhuv wr jhw d gurs ri 4 srlqw ri wkh xqhpsor|phqw udwh/

zkloh wkh ghfuhdvh lq wkh htxlydohqw uhyhqxh dprxqwv wr 4=8 srlqwv zkhq zdjhv ehfrph hqgrjhqrxv

+vhh Wdeoh 6,1 Dffruglqj wr vxfk d fulwhulrq/ dq lqfuhdvh lq wkh gljuhvvlyhqhvv ri wkh xqhpsor|phqw

ehqh�wv lv wzlfh ohvv h!flhqw zkhq zdjhv duh hqgrjhqrxv1 Wkhuhiruh/ wdfnlqj lqwr dffrxqw wkh

uhvsrqvh ri zdjhv prghudwhv wkh dujxphqwv lq idyru ri d ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw

ehqh�wv wkdw lv irxqg lq wkh vwdqgdug mre vhdufk iudphzrun1

H{rjhqhrxv z H{rjhqhrxv h Erwk hqgrjhqrxv

Fkdqjhv lq Xqhpsor|phqw udwh 433��x �5=4 �3=4; �4=8

Fkdqjhv lq Orqj0whup xqhpsor|hg zhoiduh �4=6( �6=:( �5=5(

Fkdqjhv lq Djjuhjdwh Zhoiduh Lqgh{ 4=8( �3=6( 4=3(
Wdeoh 6= Fkdqjhv iurp �r@�, @ 4 wr �r@�, @ 5

Ryhudoo/ lw pd| eh dujxhg wkdw rxu uhvxowv vkrz wkdw wkh frvw ri d ghfuhdvh lq xqhpsor|phqw

lq whupv ri zhoiduh orvv iru wkh orqj whup xqhpsor|hg zrunhuv lv vwloo uhdvrqdeoh zkhq zdjhv duh

hqgrjhqrxv1 Krzhyhu/ lw lv zruwk qrwlqj wkdw zh zrxog jhw pxfk odujhu orvvhv e| wdnlqj d orzhu

glvfrxqw udwh/ zklfk lv olnho| wr eh uhohydqw zkhq rqh frqvlghuv xqhpsor|hg zrunhuv zkr jhqhudoo|

idfh eruurzlqj frqvwudlqwv1 Fkrrvlqj � @ 3=< lpsolhv wkdw d gurs ri 4 srlqw lq wkh xqhpsor|phqw

udwh frvwv 4=; srlqwv ri rxu phdvxuh ri zhoiduh iru wkh orqj0whup xqhpsor|hg zkhq zdjhv duh

h{rjhqrxv dqg 6=: srlqwv zkhq erwk vhdufk h�ruw dqg zdjhv duh hqgrjhqrxv1 Wkhvh wzr qxpehuv

dprxqw wr 5=< srlqwv dqg 9 srlqwv uhvshfwlyho| zkhq � @ 3=;8= Zh vwloo �qg wkdw dq lqfuhdvh lq wkh

gljuhvvlyhqhvv ri wkh xqhpsor|phqw ehqh�wv lv wzlfh ohvv h!flhqw zkhq zdjhv duh hqgrjhqrxv/ exw

wkh zhoiduh orvv iru wkh xqhpsor|hg zrunhuv lv pxfk pruh lpsruwdqw wkdq zkhq wkh glvfrxqw idfwru

lv elj +vhh Wdeoh 7,1

Mre vhdufk prgho Jhqhudo prgho

� @ 3=<8 319( 418(

� @ 3=< 41;( 61:(

� @ 3=;8 51<( 9(
Wdeoh 7= Ghfuhdvh lq orqj whup xqhpsor|hg zrunhuv* fhuwdlqw| htxlydohqw iru d 4 srlqw ghfuhdvh lq

wkh xqhpsor|phqw udwh

9 Frqfoxvlrq

Lq wklv sdshu/ zh vxjjhvw wkdw lw pd| eh yhu| frvwo| iru wkh orqj0whup xqhpsor|hg zrunhuv wr wu|

wr ghfuhdvh wkh xqhpsor|phqw udwh e| fkrrvlqj d pruh ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw
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Iljxuh 8= Wkh frqvhtxhqfhv ri xqhpsor|phqw ehqh�wv zlwk hqgrjhqrxv zdjh dqg h�ruw lqwhqvlw|1
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ehqh�wv zkhq wkh uhvsrqvh ri zdjhv lv wdnhq lqwr dffrxqw1 Zh vwuhvvhg wkdw fkdqjhv lq wkh wlph

sur�oh xqhpsor|phqw ehqh�wv gr qrw kdyh rqo| lqfhqwlyh h�hfwv wkdw xujh wkh xqhpsor|hg zrunhuv

wr udlvh wkhlu mre vhdufk lqwhqvlw|1 Wkh wlph sur�oh ri xqhpsor|phqw ehqh�wv dovr lq xhqfhv zdjhv

zklfk duh qhjrwldwhg e| lqvlghuv lq rxu iudphzrun/ dqg wklv lq xhqfh uhgxfhv wkh h!flhqf| ri

ghfolqlqj wlph vhtxhqfh ri xqhpsor|phqw ehqh�wv1 Lw lv zruwk qrwlqj wkdw wkh phfkdqlvp wkdw kdv

ehhq sxw iruzdug lq rxu sdshu pd| dovr eh irxqg lq h!flhqf| zdjh prghov1

Rxu uhvxowv kdyh ehhq rewdlqhg zlwk d yhu| vlpsoh prgho1 Zh wklqn wkdw pruh fdq eh grqh wr

ehwwhu xqghuvwdqg wkh frqvhtxhqfhv ri wkh wlph sur�oh ri xqhpsor|phqw ehqh�wv lq d frqwh{w zkhuh

erwk mre vhdufk lqwhqvlw| dqg zdjhv duh hqgrjhqrxv1 Lq sduwlfxodu/ wu|lqj wr hydoxdwh wkh lq xhqfh

ri wkh uhvsrqvh ri zdjhv zlwk rwkhu prghov/ vxfk dv wudgh xqlrqv ru h!flhqf| zdjh prghov/ pljkw

surylgh gl�huhqw uhvxowv wkdq wkrvh rewdlqhg khuh1 Lqwurgxflqj eruurzlqj frqvwudlqwv h{solflwo| ru

frqvlghulqj ulfkhu wd{ dqg xqhpsor|phqw ehqh�wv sur�ohv +dv grqh e| Krshqkd|q dqg Qlfrolql/

4<<:/ lq d sxuh vhdufk prgho, pljkw dovr |lhog lqwhuhvwlqj lqirupdwlrqv1

Uhihuhqfhv

Dqgroidwwr/ G1/ 4<<9/ �Exvlqhvv F|fohv dqg Oderu0Pdunhw Vhdufk�/ Dphulfdq Hfrqrplf Uhylhz/

;9+4,/ 44504651

Dorjrvnrx�v/ J1/ F1 Ehdq/ J1 Ehuwrod/ G1 Frkhq/ M1 Grodgr dqg J1 Vdlqw0Sdxo/ 4<<8/ �Xqhpsor|0

phqw/ fkrlfhv iru Hxursh�/ Prqlwrulqj Hxurshdq Lqwhjudwlrq/ FHSU/ Orqgrq1

Dwnlqvrq/ D1 E1 dqg M1 Plfnhozuljkw/ 4<<4/ �Xqhpsor|phqw frpshqvdwlrq dqg wkh oderu pdunhw

wudqvlwlrq = d fulwlfdo uhylhz�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 5<+7,/ 49:<04:5:1

Eodqfkdug/ R1 M1 dqg S1 Gldprqg/ 4<;</ �Wkh  rz dssurdfk wr oderu pdunhw�/ Dphulfdq Hfrqrplf

Uhylhz/ ;5/ 40:91

Fdkxf/ S1 dqg H1 Ohkpdqq/ 4<<:/ �Htxloleulxp Xqhpsor|phqw dqg wkh Wlph Vhtxhqfh ri Xqhp0

sor|phqw Ehqh�wv�/ Zrunlqj Sdshu/ Fdklhu Hfr)Pdwk <:07</ Xqlyhuvlwì Sdulv L1

Fuhphu/ K1 P1 Pdufkdqg dqg S1 Shvwlhdx/ 4<<9/ �Wkh rswlpdo ohyho ri xqhpsor|phqw lqvxudqfh

ehqh�wv lq d prgho ri hpsor|phqw plvpdwfk�/ Oderxu Hfrqrplfv/ 5/ 73:07531

Iuhgulnvvrq/ S1 dqg E1 Kropoxqg/ 4<<;/ �Rswlpdo Xqhpsor|phqw Lqvxudqfh lq Vhdufk Htxloleulxp�/

Zrunlqj Sdshu 4<<;=5/ Xssvdod Xqlyhuvlw|1

Kdqvhq/ F1 W1 dqg K1 M1 Mdfrevhq/ 4<<;/ �Gxudwlrq Ghshqghqw Xqhpsor|phqw Ehqh�wv lq Wudgh

Xqlrq Wkhru|�/ Zrunlqj Sdshu/ Frshqkdjhq Xqlyhuvlw|1

Kropoxqg/ E1/ 4<<;/ �Xqhpsor|phqw Lqvxudqfh lq Wkhru| dqg Sudfwlfh�/ Vfdqglqdyldq Mrxuqdo ri

4:



Hfrqrplfv/ 433+4,/ 44604741

Krshqkd|q/ K1 dqg M1 S1 Qlfrolql 4<<:/ �Rswlpdo xqhpsor|phqw lqvxudqfh�/ Mrxuqdo ri Srolwlfdo

Hfrqrplfv/ 438+5,/ 745076;1

Od|dug/ U1 / V1 Qlfnhoo/ U1 Mdfnpdq/ 4<<4/ Xqhpsor|phqw/ pdfurhfrqrplf shuirupdqfh dqg wkh

oderu pdunhw/ R{irug Xqlyhuvlw| Suhvv1

Pduwlq/ M1/ 4<<9/ �Phdvxuhv ri Uhsodfhphqw Udwhv iru wkh Sxusrvh ri Lqwhuqdwlrqdo Frpsdulvrqv=

d qrwh�/ R1H1F1G1 Hfrqrplf Vwxglhv/ 59+4,/ <;044;1

Pruwhqvhq/ G1 dqg F1 Slvvdulghv/ 4<<:/ �Xqhpsor|phqw Uhvsrqvhv wr Vnloo Eldvhg Whfkqrorj|

Vkrfnv= Wkh uroh ri Oderxu Pdunhw Srolf|�/ plphr/ Fhqwhu iru Hfrqrplf Shuirupdqfh/ Orqgrq

Vfkrro ri Hfrqrplfv1

RHFG/ 4<<9/ Xqhpsor|phqw rxworrn/ Mxo|1

Slvvdulghv/ F1 4<<3= Htxloleulxp xqhpsor|phqw wkhru|/ Edvlo Eodfnzhoo1

Udzov/ M1/ 4<:4/ D wkhru| ri mxvwlfh/ Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ PD1

Vkdyhoo/ V1 dqg O1 Zhlvv/ 4<:</ �Wkh rswlpdo sd|phqw ri xqhpsor|phqw ehqh�wv ryhu wlph�/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ ;:+9,/ 467:046951

Zdqj/ F1 dqg V1 Zlooldpvrq/ 4<<9/ �Xqhpsor|phqw lqvxudqfh zlwk prudo kd}dug lq d g|qdplf

hfrqrp|�/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 77/ 40741

Zuljkw/ U1 4<;9/ �Wkh uhglvwulexwlyh uroh ri xqhpsor|phqw lqvxudqfh dqg wkh g|qdplfv ri yrwlqj�/

Mrxuqdo ri Sxeolf Hfrqrplfv/ 64/ 6::0<<1

4;



Dsshqgl{ 4= H{rjhqrxv zdjhv

Xvlqj wkh exgjhw frqvwudlqw +<, dqg wkh  rz htxloleulxp frqglwlrqv +4,/ +5,/ rqh fdq frpsxwh wkh

orqj0whup xqhpsor|phqw ehqh�wv udwlr �� dv d ixqfwlrq ri wkh vkruw0whup xqhpsor|phqw ehqh�wv

udwlr �r dqg wkh wd{ udwh � zkhq hdfk xqhpsor|hg zrunhu fkrrvhv wkh vdph vhdufk lqwhqvlw|=

�� @
�+h,�p+�,

4� �+h,�p+�,

�
�

t
� �r

�
5 ^3> 4^ = +48,

Wkh gh�qlwlrq ri wkh ydoxh ixqfwlrqv ri wkh vkruw0whup/ orqj0whup xqhpsor|hg dqg ri wkh zrunhuv

zkr kdyh d mre ohdgv wr=

Y � Y� @
h. � oq+�r,� +4 . � t, oq+��,

4� � ^4� t � �+h,�p+�,`
A 3 +49,

Lq d v|pphwulf vlwxdwlrq zkhuh doo lqglylgxdov fkrrvh wkh vdph vhdufk lqwhqvlw| h/ wkh �uvw0rughu

frqglwlrq iru wkh rswlpdo fxuuhqw vhdufk h�ruw ri dq lqglylgxdo fdq wkxv eh zulwwhq dv=

�+h> �r, � �i4� � ^4� t � �+h,�p+�,`j. � ��+h,� p+�, ih.�t oq+�r,� +4.�t, oq+��,j @ 3
+4:,

Iru jlyhq ohyhov ri wljkwqhvv sdudphwhu � dqg wd{ udwh � / wkh sduwldo ghulydwlyhv ri ixqfwlrq

�+h> �r, fdq eh rewdlqhg iurp +48, wrjhwkhu zlwk +4:,=

�� @ � ���+h,� p+�, ih.�t oq+�r,� +4.�t, oq+��,j �
� +4 . � t, �p+�, ^��+h,`2
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�+h,�p+�,

4� �+h,�p+�,

�
A 3

Zh khqfh jhw Y e
Y 4

r

�
�
�
�c�

@ �x2

x�
A 31

Zh fdq frpsxwh �> wkh plfurhfrqrplf hodvwlflw| ri wkh dyhudjh gxudwlrq ri xqhpsor|phqw

4@�+h,�p+�, zlwk uhvshfw wr wkh orqj0whup uhsodfhphqw udwlr ��/ iru jlyhq ohyhov ri � dqg ri �r1

Wklv hodvwlflw| lv=

� @ �

�
�� +h,

� +h,

��
�� +h,

��� +h,

�
+4.�t,

^h.�t oq+�r,� +4.�t, oq+��,`
A 3 +4;,

Dsshqgl{ 5= H{rjhqrxv vhdufk lqwhqvlw|

AIurp htxdwlrqv +6, dqg +;,/ wkh �uvw0rughu frqglwlrq ri surjudp +46, uhdgv dv=

Y � Yr �
� M

+4� �,z+4 . �,
@ 3= +4<,

4<



Wkh gh�qlwlrqv ri wkh zrunhuv* ydoxh ixqfwlrqv lpso| wkdw=

Y � Yr @
h� i4� � ^4� �+h,�p+�,`j oq+�r,� � ^4� �+h,�p+�,` oq+��,

4� � ^4� t � �+h,�p+�,`
> +53,

zkhuhdv htxdwlrqv +9, wr +;, doorzv xv wr zulwh=

M

z+4 . �,
@

f

�p+�,� ^4� �+4� t,` f
= +54,

Rqh vhhv wkdw +4<, wrjhwkhu zlwk htxdwlrqv +53,/ +54, dqg +48,/ gh�qhv wkh oderu pdunhw wljkwqhvv

dv d ixqfwlrq ri wkh vkruw0whup xqhpsor|phqw ehqh�wv1 Pruh suhflvho|/ rqh fdq zulwh wkdw wkh ohiw

kdqg vlgh ri htxdwlrq +4<, lv htxdo wr d ixqfwlrq +�> �r,1 Wkhuhiruh/ gl�huhqwldwlqj +4<, wdnlqj

lqwr dffrxqw htxdwlrqv +53,/ +54, dqg +48,/ rqh jhwv g�@g�r @ �2+�> �r,@�+�> �r,> zlwk=

�+�> �r, @
���+h,p+�, ^4 . �+�,`

4� � ^4� t � �+h,�p+�,`

�
Y � Y� .

4

�+h,�p+�,

�
. +55,

�p�+�,f�

+4� �, i�p+�,� ^4� �+4� t,` fj2

2+�> �r, @
^4� �+h,�p+�,`

q
��+h,�p+�,� 4�

4r
^4� � +4� �+h,�p+�,,`

r

�+h,�p+�,
�
�
^
� �r

�
i4� � ^4� t � �+h,�p+�,`j

+56,

zkhuh �+�, � �p�+�,@p+�, 5 `�4> 3^1

Zh fdq wkh qrwlfh wkdw wkh ydoxh ri dq hpsor|hg zrunhu vkrxog eh kljkhu wkdq wkh rqh ri d

orqj0whup xqhpsor|hg zrunhu/ rwkhuzlvh xqhpsor|hg zrunhu zrxog dozd|v uhmhfw d mre sursrvdo1

Wkxv/ Y � Y� A 3> �+�> �r, ? 3 dqg g�@g�r : 3/ �3qd�3ZEe�w6Ew�o
qZEe�w6Ew� :

4r
4
�

1

53


