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41 Qdwlrqdo Lqfrph Dffrxqwlqj

Wkh sxusrvh ri Qdwlrqdo Lqfrph Dffrxqwlqj lv wr rewdlq vrph phdvxuh ri wkh
shuirupdqfh ri wkh djjuhjdwh hfrqrp|1 Lq plfurhfrqrplfv zh vwxg| skhqrphqd
iru zklfk wkhuh duh qdwxudo dqdorjxhv lq wkh uhdo zruog> zh kdyh doo sdlg d sulfh
dqg khog dq dssoh1 Lq pdfurhfrqrplfv/ krzhyhu/ wkh skhqrphqd duh frqvwuxfwv
lqiruphg e| wkhru|1 \rx fdqqrw revhuyh d sulfh ohyho ru JQS1 Lq hpslulfdo zrun/
krzhyhu/ zh gr kdyh wr phdvxuh wkhvh wklqjv1 Zh pxvw wkhq eh fduhixo dv wr wkhlu
gh�qlwlrq/ iru wkh dfwxdo sudfwlfh ri froohfwlrq fdq gl�hu iurp zkdw zh h{shfw wkh
yduldeohv wr eh1

Dv hfrqrplvwv rxu sulpdu| frqfhuq lv zlwk djhqwv* zhoiduh1 Khqfh rxu frqfhuq
zlwk vwdqgdugv ri olylqj ru xwlolw|1 Exw zh fdqqrw phdvxuh xwlolw|1 Wkh qh{w
ehvw wklqj lv wr frqvlghu frqvxpswlrq1 Qrwh/ krzhyhu/ wkdw rqh fdq hqmr| kljkhu
xwlolw| wrgd| e| frqvxplqj doo ri rqh*v zhdowk1 Wklv vxjjhvwv wkdw zh vkrxog irfxv
rq frqvxpswlrq ohyhov wkdw duh vxvwdlqdeoh1 Wklv dprxqw wkdw fdq eh frqvxphg
shu shulrg zkloh pdlqwdlqlqj zhdowk lqwdfw1 Phdvxulqj dq hfrqrp|*v shupdqhqw
lqfrph zrxog eh txlwh gl!fxow/ krzhyhu/ vr zh irfxv rq fxuuhqw uhfhlswv1 Lq prvw
shulrgv wklv lv qrw d elj sureohp/ vlqfh lq wkh djjuhjdwh eruurzhuv dqg ohqghuv
fdqfho rxw1 Vrph pljkw dujxh/ krzhyhu/ wkdw djjuhjdwh XV frqvxpswlrq lq wkh
4<;3*v zdv deryh vxvwdlqdeoh ohyhov/ dv hylghqfhg e| wkh wudgh gh�flwv1 D vlplodu
fdvh fdq eh pdgh qrz derxw wkh vwrfn pdunhw0ohg errp ri wkh odwh 4<<3*v1

Rxu phdvxuh ri djjuhjdwh shuirupdqfh vkrxog uh hfw vxssruwdeoh frqvxps0
wlrq1 Wkhuhiruh zh vkrxog h{foxgh lqwhuphgldwh surgxfwlrq1 Wklv iroorzv iurp wkh
sulqflsoh wkdw lw lv rxwsxw dqg qrw lqsxwv wkdw |lhog xwlolw|1 Vlploduo| zh pxvw qhw
rxw wkdw sruwlrq ri rxwsxw ghyrwhg wr uhsodflqj ghsuhfldwlqj fdslwdo/ vlqfh lw grhv
qrw d�rug h{wud rxwsxw1 Exw wklv lqwurgxfhv d glvwruwlrq lqwr wkh Qdwlrqdo Lqfrph



Dffrxqwv/ iru qhz lqyhvwphqw jrrgv pd| qrw eh lghqwlfdo wr wkrvh wkh| uhsodfh1
Whfkqlfdo fkdqjh lv riwhq hperglhg lq fdslwdo jrrgv/ vr wkdw qhz fdslwdo jrrgv
duh pruh surgxfwlyh wkdq wkrvh wkh| uhsodfh1 Vr d sruwlrq ri uhsodfhphqw lqyhvw0
phqw lv uhdoo| dq dgglwlrq wr wkh fdslwdo vwrfn14 Wklv lv/ krzhyhu/ yhu| gl!fxow
wr phdvxuh1 Pruhryhu/ rxu frqfhuq lv zlwk hfrqrplf ghsuhfldwlrq +dv rssrvhg wr
sk|vlfdo1 Khqfh pdq| hfrqrplvwv suhihu wr xvh JQS udwkhu wkdq QQS/ lq rughu
wr dyrlg uho|lqj rq d vkdn| lpsxwdwlrq1

4141 JQS dqg Lwv Frpsrqhqwv

Krz wkhq lv JQS gh�qhgB Lw lv wkh pdunhw ydoxh ri �qdo jrrgv dqg vhuylfhv
surgxfhg e| qdwlrqdov zlwklq wkh shulrg1 Ohw xv h{dplqh wkh frpsrqhqwv ri wkh
gh�qlwlrq1 Zk| pdunhw ydoxhB Zh xvh pdunhw ydoxhv vr wkdw zh pd| dgg xs
gl�huhqw jrrgv +ri frxuvh lq vrfldolvw frxqwulhv/ zkhuh sulfhv gr qrw fohdu pdunhwv/
ydoxdwlrq ehfrphv sureohpdwlfdo> rxwsxwv pxvw eh ydoxhg dw idfwru frvw,1 Zh xvh
�qdo jrrgv vr wkdw zh gr qrw grxeoh frxqw1 Wkh idfw wkdw lw lv surgxfwlrq e| qd0
wlrqdov lpsolhv wkdw wkh sur�wv ri XV frusrudwlrqv iurp ryhuvhdv rshudwlrqv/ ru wkh
hduqlqjv ri XV zrunhuv deurdg/ zloo frxqw dv rxu lqfrph +wklv lv wkh edvlf gl�huhqfh
ehwzhhq JQS dqg JGS> wkh odwwhu frxqwv doo �qdo jrrgv dqg vhuylfhv surgxfhg
zlwklq d frxqwu|*v erughuv,1 Wklv gh�qlwlrq h{foxghv vxfk idfwruv dv krxvhzlih*v
vhuylfhv +qrq0pdunhwhg, dqg loohjdo wudqvdfwlrqv1 Exw vrph qrq0pdunhw lwhpv duh
lqfoxghg=

� zdjhv lq nlqg

� djulfxowxudo rxwsxw lq nlqg

� lpsxwhg uhqw iurp rzqhu rffxslhg krxvlqj

� lqwhuhvw iurp �qdqfldo lqwhuphgldulhv

zkloh vrph h{foxghg lwhpv +fdq |rx jxhvv zk|B, duh=

� fdslwdo jdlqv dqg orvvhv

� jryhuqphqw wudqvihu sd|phqwv

4Wkh ehvw zd| wr wklqn derxw wklv lv/ shukdsv/ shuvrqdo frpsxwhuv1 Uhsodflqj d sf zlwk d
7;9 fkls zlwk d sf wkdw kdv d Shqwlxp 733 fkls lqyroyhv pruh wkdq mxvw uhsodfhphqw1 Wkh odwwhu
lv pdq| wlphv pruh surgxfwlyh1 Exw krz pdq| wlphvB
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� lqwhuhvw sdlg e| wkh jryhuqphqw ru frqvxphuv

Qrwlfh wkdw gxulqj surklelwlrq/ oltxru vdohv zhuh qrw sduw ri JQS/ wkrxjk qrz
wkh| duh1 Fdq |rx h{sodlq wkh gl�huhqwldo wuhdwphqw ri lqwhuhvwB

Qrwlfh doo wkh jryhuqphqw vshqglqj lv ydoxhg duelwudulo|/ dv wkhuh lv qr pdunhw
iru jryhuqphqw vhuylfhv1 Khqfh wkh| duh ydoxhg dw frvw1 Dovr/ doo jryhuqphqw
h{shqglwxuh lv wuhdwhg dv �qdo jrrgv dqg vhuylfhv hyhq wkrxjk vrph frpsrqhqwv
duh uhdoo| lqwhuphgldwh jrrgv1

Zk| lv lqyhvwphqw lqfoxghg lq JQSB Uhfdoo wkdw lqwhuphgldwh jrrgv duh h{0
foxghg1 Exw wkh| uhsuhvhqw uhvrxufhv xvhg wr pdnh �qdo rxwsxw> wkh| duh qrw
dydlodeoh iru frqvxpswlrq1 Lqyhvwphqw jrrgv duh1 Qhw lqyhvwphqw frxog eh frq0
vxphg zlwkrxw ghsohwlqj rxu zhdowk1 Zh lqyhvw wr lqfuhdvh rxu zhdowk/ exw wklv
uhsuhvhqwv d ghflvlrq wkdw srvwsrqlqj frqvxpswlrq lv pruh ydoxdeoh wkdq frqvxp0
lqj wrgd|1 Vr lqfoxglqj lqyhvwphqw +h{fhsw iru uhsodfhphqw lqyhvwphqw, grhv qrw
ylrodwh rxu qrwlrq ri pd{lpxp vxvwdlqdeoh frqvxpswlrq ohyho1

Lw lv xvhixo wr wklqn ri d jlyhq shulrg*v wrwdo rxwsxw lq whupv ri dq lqsxw0rxwsxw
wdeoh1 Rxu frqfhuq lv zlwk wkh glvsrvlwlrq ri d vhfwru*v rxwsxw dprqj ydulrxv xvhv/
dqg wkh vrxufhv ri wkh lqsxwv wkdw zhqw lqwr lwv surgxfwlrq1 Frqvlghu Wdeoh 41

Wdeoh 4= Lqsxw0Rxwsxw Wdeoh ri wkh Qdwlrqdo Hfrqrp|
�c ���������� � ������������? � U C . AJ|@,
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Orrnlqj dfurvv urz � zh kdyh wkh glvsrvlwlrq ri vhfwru �*v rxwsxw iru wkh jlyhq
shulrg +vd| d |hdu,1 Zh vlpso| doorfdwh doo ri wkh surgxfwlrq lq d jlyhq shulrg wr
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doo srwhqwldo xvhv/ erwk lqwhuphgldwh dqg �qdo1 Phdvxulqj lq whupv ri grooduv ri
wkh fxuuhqw |hdu +vxssuhvvlqj wkh wlph vxevfulsw, zh kdyh=

�� �
?[

�'�

��� n ��� n ��U n �UC n �. +414,

zkhuh �� lv wkh rxwsxw ri vhfwru �/ ��� lv wkh rxwsxw ri vhfwru � wkdw lv xvhg lq wkh
surgxfwlrq ri vhfwru �/ dqg wkh vxevfulswv �c UcC/ dqg ./ uhihu wr frqvxpswlrq/
lqyhvwphqw/ jryhuqphqw vshqglqj/ dqg h{sruwv +ri �qdo jrrgv dqg vhuylfhv,1

Zh fdq dovr doorfdwh doo ri wkh vrxufhv xvhg lq surgxfwlrq1 Zh lqfoxgh qrw
rqo| wkh lqwhuphgldwh jrrgv xvhg lq surgxfwlrq/ exw dovr doo sd|phqwv wr idfwruv
ri surgxfwlrq1 Li zh orrn dw froxpq �/ rq wkh rwkhu kdqg/ zh revhuyh wkh vrxufhv
ri surgxfwlrq iru wkdw vhfwru=

f� '
?[
�'�

��� n�� n u� ng� n A� +415,

zkhuh� duh frpsohphqwdu| lpsruwv/ u dqgg duh oderu dqg fdslwdo vhuylfhv xvhg
lq surgxfwlrq ri rxwsxw �/ dqg A uhihuv wr lqgluhfw wd{hv1 Qrwh wkdw wkh fdslwdo
vhuylfhv xvhg lq surgxflqj � duh lpsxwhg e| vxewudfwlqj wkh ydoxh ri doo rwkhu
lqsxwv dqg lqgluhfw wd{hv iurp wkh ydoxh ri rxwsxw15

Wkh fduhixo uhdghu zloo eh zrqghulqj zkdw kdsshqv wr rxwsxw wkdw lv qrw vrog1
Lw pxvw jr vrphzkhuh/ exw lw lv fohduo| qrw frqvxpswlrq/ jryhuqphqw vshqglqj/ ru
h{sruwv1 Wkh rqo| sodfh ohiw lv lqyhvwphqw1 Wklv pdnhv vrph vhqvh/ lq wkdw �upv
kdyh sxufkdvhg rxwsxw wkdw wkh| zloo xvh iru ixwxuh vdohv1 Lqyhqwrulhv duh khog e|
�upv lq rughu wr phhw vxgghq vkliwv lq ghpdqg1 Lw lv dq lqyhvwphqw xqghuwdnhq wr
uhwdlq wkh jrrgzloo ri fxvwrphuv1 Exw vrph lqyhqwrulhv duh xqlqwhqghg1 Wkhvh wrr
duh wuhdwhg dv lqyhvwphqw/ vlqfh lw zrxog eh h{wudruglqdulo| gl!fxow wr vhsdudwh
rxw +dqg wkhuh zrxog vwloo eh qr sodfh wr sxw lw,1

Qrwlfh wkdw zh rewdlq djjuhjdwh �c UcC/ dqg . e| yhuwlfdo vxppdwlrq/ l1h1=

� '
?[
�'�

��� n�� n u� ng� n A� +416,

zkloh sulpdu| lqsxwv duh rewdlqhg yld krul}rqwdo vxppdwlrq=

� '
?[

�'�

�� n�� n�U n�C n�. +417,

5Qrwh dovr wkdw zh zloo lqfoxgh lq N doo sd|phqwv iru fdslwdo uhsodfhphqw xvhg lq surgxfwlrq
ri jrrg m1
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zklfk doorzv xv wr rewdlq wrwdo rxwsxw yld hlwkhu yhuwlfdo ru krul}rqwdo vxppdwlrq=

l '
?[
�'�

f� n � n U nCn . '
?[

�'�

�� n� n ung n A +418,

Exw zh nqrz wkdw f� ' ��/ vr wkdw zh jhw=

� n U nC n . ' � n ung n A +419,

Vxewudfwlqj � iurp erwk vlghv dqg ghqrwlqj . � � qhw h{sruwv/ �f/ zh jhw
C�� dw pdunhw sulfhv=

C��6R ' � n U nCn�f ' ung n A +41:,

Qrwlfh wkdw 41: h{suhvvhv JQS dw pdunhw sulfhv> l1h1/ lqfoxglqj lqgluhfw wd{hv1
Zh fdq dovr h{suhvv JQS dw idfwru frvw/6 e| vxewudfwlqj A iurp erwk vlghv ri 41:1

Riwhq/ hvshfldoo| zkhq zh duh dqdo|}lqj ghyhorslqj frxqwulhv/ zh suhihu wr
xvh Jurvv Grphvwlf Surgxfw +JGS, udwkhu wkdq Jurvv Qdwlrqdo Surgxfw +JQS,1
Wkh iruphu lv wkrxjkw wr eh d ehwwhu lqglfdwru ri zkdw lv dfwxdoo| surgxfhg lq dq
hfrqrp|1 Wr jr iurp JQS wr JGS zh vxewudfw u.cg.c dqg A. iurp erwk vlghv
ri 41:=

C(�6R ' � n U nCn�f � u. ng. n A. +41;,

Zkdw zrxog eh dq dfwxdo h{dpsoh ri dq lwhp wkdw ehorqjv lq u. ru g.cB Zk|
zrxog wkh glvfuhsdqf| ehwzhhq JQS dqg JGS olnho| eh odujhu iru d ghyhorslqj
frxqwu|B

Ilqdoo| qrwh wkdw wkh gh�qlwlrq ri ydoxh dgghg lq surgxfwlrq iru jrrg � lv wkh
ydoxh ri rxwsxw plqxv wkh ydoxh ri sxufkdvhg lqsxwv=

T �6R
� ' f� �

#
?[
�'�

��� n��

$
� +41<,

Lw wkxv iroorzv iurp h{suhvvlrq +415, wkdw wkh vxp ri ydoxh dgghg dfurvv � lv mxvw
JQS> l1h1/ C��6R ' P�T �6R

� Wkh lpsruwdqw lpsolfdwlrq ri wklv lv wkdw lw phdqv
zh fdq phdvxuh JQS hlwkhu iurp wkh surgxfw vlgh ru wkh lqfrph vlgh1 Erwk jlyh
wkh vdph uhvxow1

6Wklv zdv yhu| lpsruwdqw iru dqdo|}lqj Vrylhw0w|sh hfrqrplhv zkhuh lqgluhfw wd{hv zhuh xvhg
khdylo|/ dqg zklfk zhuh qrw vhw dffruglqj wr ydoxh1 Li prvw lqgluhfw wd{hv duh uhodwhg wr ydoxh
wkhq JQS dw pdunhw sulfhv zloo jlyh d suhww| dffxudwh slfwxuh ri zkdw jrhv rq1
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Lw lv lpsruwdqw wr uhphpehu wkdw wkh Qdwlrqdo Lqfrph Dffrxqwv duh d phdvxuh
ri  rzv ri wudqvdfwlrqv shu shulrg1 Lqfrph lv d  rz yduldeoh1 Pdq| lpsruwdqw
yduldeohv ri lqwhuhvw duh vwrfnv1 Wkh| duh ljqruhg lq wkh Qdwlrqdo Lqfrph Dffrxqwv/
exw zh zloo kdyh wr wdnh wkhp lqwr dffrxqw1 Wkh Qdwlrqdo Lqfrph Dffrxqwv jlyh
d slfwxuh ri wudqvdfwlrqv ryhu d shulrg/ pxfk olnh d sur�w dqg orvv vwdwhphqw1 Exw
d vdyy| lqyhvwru zlvkhv wr vhh wkh �up*v edodqfh vkhhw1 Wkh vdph krogv wuxh iru
dq hfrqrp|1 Nqrzohgjh ri fxuuhqw vshqglqj pd| eh lqvx!flhqw wr ixoo| jxlgh
ghflvlrqv1 Lw pd| eh lpsruwdqw wr orrn dw phdvxuhv ri qdwlrqdo zhdowk +ghew, ru
lqwhuqdwlrqdo dvvhw srvlwlrqv/ dv zhoo dv zkdw lv kdsshqlqj zlwk wkh prqh| vwrfn1

4151 Vrph Xvhixo Lghqwlwlhv

Wkh QLD duh mxvw d vhulhv ri lghqwlwlhv1 Exw lghqwlwlhv fdq riwhq eh looxplqdwlqj1
Frqvlghu wkh iroorzlqj wzr lghqwlwlhv=

t � � n U nCnf

t � � n 7 n A n�

Wkh �uvw lghqwlw| vd|v wkdw �qdo rxwsxw lv hlwkhu frqvxphg/ lqyhvwhg sxufkdvhg
e| wkh jryhuqphqw ru h{sruwhg1 Wkh vhfrqg vd|v wkdw lqglylgxdov pd| xvh wkhlu
lqfrph wr hlwkhu frqvxph/ vdyh/ sd| wd{hv ru sxufkdvh lpsruwv1 Li |rx frpelqh
wkh lghqwlwlhv dqg fdqfho rxw wkh F*v |rx jhw wkh iroorzlqj lqwhuhvwlqj uhvxow=

E7 � U� n EA �C� ' f ��

Zk| lv wklv lqwhuhvwlqjB Zkdw lpsruwdqw lghd lv frqyh|hg e| lwB

4161 Lqgh{ Qxpehuv

Hfrqrplf gdwd lv riwhq h{suhvvhg lq xqlwv ri ydoxh +JGS/ frqvxpswlrq/ hwf1,1
Ydoxh lv wkh surgxfw ri sulfh dqg txdqwlw|1 Wklv lqwurgxfhv d frpsolfdwlrq ehfdxvh
erwk sulfhv dqg txdqwlwlhv fkdqjh ryhu wlph1 Wr frqwuro iru wklv zh xvh sulfh dqg
txdqwlw| lqgh{hv1 Exw wkhuh duh lqkhuhqw dpeljxlwlhv zlwk lqgh{ qxpehuv1

Ohw Rf^f dqg R�^� eh wzr exqgohv dfwxdoo| frqvxphg lq |hduv f dqg �1 Wklv lv
wkh dfwxdo gdwd zh kdyh +wkhvh frxog eh vxpv,1 Zh duh lqwhuhvwhg lq wkh jurzwk
lq uhdo rxwsxw +zh frxog gr wkh vdph iru wkh sulfh ohyho,/ vr zh kdyh wzr srwhqwldo
phdvxuhv=

u' '
Rf^�
Rf^f

+4143,
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dqg
�' '

R�^�
R�^f

+4144,

zklfk duh edvh0|hdu zhljkwhg dqg fxuuhqw |hdu zhljkwhg lqgh{hv/ uhvshfwlyho|1
Rxu lqwhuhvw lv lq d txdqwlwdwlyh phdvxuh ri wkh fkdqjh lq xwlolw| dvvrfldwhg

zlwk wkh wzr edvnhwv sxufkdvhg1 Wkdw lv/ zh zrxog olnh wr nqrz krz pxfk h{wud
lw frvwv wr kdyh xwlolw| fkdqjh iurp �f wr ��1 Gh�qh wkh h{shqglwxuh ixqfwlrq
eERoc �|� ' 4�?iRo^|m� � �|j/ zkhuh o uhihuv wr sulfhv lq wkh uhihuhqfh |hdu1 Wkhq
dq lghdo/ ru wuxh/ phdvxuh ri wkh fkdqjh lq rxwsxw zrxog eh

eERoc ���

eERoc �f�
+4145,

l1h1/ wkh udwlr ri wzr h{shqglwxuh ixqfwlrqv1 Wklv zrxog jlyh wkh plqlpxp dprxqw
qhfhvvdu| wr dfklhyh wkh dfwxdo fkdqjh lq xwlolw| ehwzhhq wkh wzr shulrgv1 Wkhuh
duh wzr reylrxv fdqglgdwhv dv wuxh phdvxuhv=

u'W '
eERfc ���

eERfc �f�
+4146,

dqg

�'W '
eER�c ���

eER�c �f�
+4147,

Wkhvh duh lghd lqgh{hv1 Zh zdqw wr nqrz krz wkh| frpsduh zlwk zkdw zh dfwxdoo|
zrun zlwk1

Vwduw zlwk wkh Sddvfkh lqgh{hv1 Fohduo| eER�c ��� ' R�^� e| yluwxh ri xwlolw|
pd{lpl}dwlrq1 Exw eER�c �f� � R�^f/ ehfdxvh lq |hdu f djhqwv glg qrw idfh |hdu �
sulfhv1 Kdg wkh|/ vxevwlwxwlrq pljkw kdyh uhvxowhg lq wkh vdph xwlolw| dfklhyhg dw
d orzhu sulfh1 Wkhuhiruh/ zh kdyh=

Sursrvlwlrq 4141 �'W � �'1 Wkh fxuuhqw0|hdu rxwsxw lqgh{ xqghuvwdwhv wkh
wuxh fxuuhqw0|hdu lqgh{1

�'W '
eER�c ���

eER�c �f�
� R�^�

R�^f
' �' +4148,

Vlplodu uhdvrqlqj |lhogv u'W � u'/ wkdw lv/ wkh Odvsh|uhv lqgh{ ryhuvwdwhv wkh
wuxh fkdqjh=

u'W '
eERfc ���

eERfc �f�
� Rf^f

R�^�
' u' +4149,
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Djdlq/ wklv lv gxh wr wkh idfw wkdw dfwxdo lqgh{hv ljqruh vxevwlwxwlrq1 Idfhg zlwk
edvh |hdu sulfhv zh zrxog kdyh frqvxphg gl�huhqwo| wklv |hdu1

Rqh pd| eh whpswhg wr frqfoxgh wkdw=

�' � wuxwk � u'

Wklv lv jhqhudoo| qrw wuxh/ krzhyhu1 Wkh uhdvrq lv wkdw zh gr qrw nqrz li u'W lv
juhdwhu ru ohvv wkdq �'W1 Lqghhg/ lw lv srvvleoh iru �' : u'> khqfh/ lq jhqhudo
lw lv phdqlqjohvv wr wdon derxw wkh sulfh ru txdqwlw| lqgh{/ wkrxjk zh gr wklv lq
wkhru| doo wkh wlph1

Uhpdun 41 Dq h{fhswlrq/ zkhuh wkh Odvsh|uhv dqg Sddvfkh lqgh{hv duh wkh
vdph/ lv zkhq suhihuhqfhv duh krprwkhwlf1 Lq wkdw fdvh/ wkh h{shqglwxuh ixqf0
wlrq lv sursruwlrqdo wr xwlolw|> h1j1/ eE�c R� ' �KER� iru vrph ixqfwlrq KER�1 Wkhq/

�'W '
eER�c ���

eER�c �f�
'

��KER��

�fKER��
'

��
�f

dqg
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�fKERf�
'

��
�f

Ri frxuvh/ wkh sureohp lv wkdw suhihuhqfhv duh w|slfdoo| qrw krprwkhwlf1

416141 Zkdw Fdq Zh Vd|B

Wkh jhqhudo wkhruhwlfdo frqfoxvlrqv zh fdq pdnh duh qrw surirxqg1 Zh gr nqrz
wkdw li �' � �/ li iroorzv wkdw R�^� � Rf^f1 Vlqfh djhqwv sxufkdvhg ^� zkhq wkh|
frxog kdyh sxufkdvhg ^f/ lw iroorzv wkdw ^� " ^f1 Khqfh/ zh pxvw eh dw ohdvw dv
zhoo r� dv ehiruh> lq rwkhu zrugv/ zhoiduh kdv qrw idoohq lq wklv fdvh1

Vlploduo|/ li u' � �/ lw iroorzv wkdw Rf^� � Rf^f1 Wklv lpsolhv wkdw zh duh
fhuwdlqo| zruvh r� wkdq ehiruh +li wkh vwulfw lqhtxdolw| krogv,1 Djdlq/ wklv iroorzv
ehfdxvh djhqwv suhihuuhg ^f dw lqlwldo shulrg sulfhv1

Wkh frqfoxvlrq lv wkdw wkhuh lv qr vlqjoh �ehvw� lqgh{1 Hyhq wkh Ilvkhu lghdo
lqgh{ E�'u'�

�

2 lv qrw �wuxh1� Udwkhu zh kdyh d idplo| ri lqgh{hv dvvrfldwhg zlwk
gl�huhqw frqfhswxdo h{shulphqwv1 Rqh pxvw surshuo| lghqwli| wkh h{shulphqw1
Vlqfh hfrqrplhv fkdqjh ryhu wlph/ xvlqj edvh0|hdu ru fxuuhqw0|hdu zhljkwv zloo
surylgh gl�huhqw uhvxowv17

7Wkh vdph krogv iru frpsdulvrqv dfurvv vsdfh1 Frqvlghu frpsdudwlyh phdvxuhv ri XV dqg
Vrylhw ghihqvh vshqglqj hpsor|lqj XV sulfhv dqg Vrylhw sulfhv1 Wkhvh jlyh yhu| gl�huhqw uhvxowv1
Zk|B Fdq |rx �jxuh rxw zklfk vhw ri sulfhv pdgh d odujhu jds ehwzhhq wkh wzrB

;



416151 Krz Jrrg lv wkh Dssur{lpdwlrqB

Lw lv hdv| wr vkrz wkdw d Odvsh|uhv lqgh{ +dovr d Sddvfkh, lv d �uvw0rughu dssur{0
lpdwlrq wr wkh wuxwk1

Frqvlghu eERfc ���/ l1h1/ uhdo lqfrph lq |hdu � dw |hdu f sulfhv1 Zh fdq zulwh
wklv dv=

eERfc ��� ' Rf^� n EeERfc ���� Rf^�� +414:,

' �u� n 7 +414;,

zkhuh �u� lv wkh Odvsh|uhv0w|sh phdvxuh/ dqg 7 lv wkh vxusoxv1 Qrwlfh wkdw lq
wklv fdvh/ 7 lv qhjdwlyh/ vlqfh wkhuh pd| eh d fkhdshu zd| wr dfklhyh �� dw Rf
sulfhv1 Ixuwkhu qrwh wkdw �u� lv hdvlo| frpsxwdeoh iurp dydlodeoh gdwd1 Wkdw lv
zk| lw lv srsxodu1 7 lv qrw/ krzhyhu/ revhuydeoh/ vlqfh lw ghshqgv rq wkh xwlolw|
ixqfwlrq1 Exw fohduo| 7 � f� Vr �u� ryhuvwdwhv uhdo lqfrph1 Exw e| krz pxfkB

<


