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Devwudfw

Zh vwxg| krz glyhuvlw| hyroyhv dw d �up zlwk hqwu|0ohyho dqg xsshu0ohyho
hpsor|hhv zkr ydu| lq delolw| dqg _w|sh% +jhqghu ru hwkqlflw|,1 Wkh delolw|
ri hqwu|0ohyho hpsor|hhv lv lqfuhdvhg e| phqwrulqj1 Dq hpsor|hh uhfhlyhv pruh
phqwrulqj zkhq pruh xsshu0ohyho hpsor|hhv kdyh wkh vdph w|sh1 Rswlpdo sur0
prwlrqv duh eldvhg e| w|sh/ dqg wklv eldv pd| idyru hlwkhu wkh plqrulw| ru wkh
pdmrulw|1 Zh fkdudfwhul}h srvvleoh vwhdg| vwdwhv/ lqfoxglqj d _jodvv fhlolqj/%
zkhuh wkh xsshu ohyho uhpdlqv ohvv glyhuvh wkdq wkh hqwu| ohyho1 D �up pd| kdyh
pxowlsoh vwhdg| vwdwhv/ zkhuhe| whpsrudu| d�updwlyh dfwlrq srolflhv kdyh d orqj
uxq lpsdfw1

�PLW/ Nhqqhg| Vfkrro ri Jryhuqphqw/ dqg LQVHDG1 Zh zrxog olnh wr wkdqn Suhvwrq PfDihh
dqg wkuhh dqrq|prxv uhihuhhv iru lqvljkwixo frpphqwv zklfk juhdwo| lpsuryhg wkh sdshu1 Zh duh
dovr judwhixo wr Mlp Edurq/ Mhuhp| Exorz/ Shwhu Gldprqg/ Mrvkxd Jdqv/ Hg Od}hdu/ Plfkdho Nuh0
phu/ Eloo Oryhmr|/ Phj Ph|hu/ Ere Pduvkdoo/ Mrkq Urehuwv/ Vfrww Vwhuq/ Ere Zlovrq/ dqg vhplqdu
sduwlflsdqwv dw R{irug/ Vwdqirug dqg \doh iru khosixo glvfxvvlrqv1 Doo huuruv uhpdlq rxu rzq1 Wkh
dxwkruv dfnqrzohgjh vxssruw iurp wkh Vwdwh Idup Frpsdqlhv Irxqgdwlrq dqg wkh Qdwlrqdo Vflhqfh
Irxqgdwlrq +Dwkh|/ VEU0<964:93,1 Dwkh| dqg Dyhu| duh dovr judwhixo wr wkh Frzohv Irxqgdwlrq dw
\doh iru krvslwdolw| dqg vxssruw zkloh wklv zrun zdv ehlqj frpsohwhg1



� W?|hL_�U|�L?

A�i hi*@|i_ |LT�Ut Lu �Lh!T*@Ui _��iht�|) @?_ Lu M�@ti_ ��h�?} @?_ ThL4L|�L? _iU�t�L?t
i?}i?_ih �4T@tt�L?i_ _�tUL�hti �? UL?|i4TLh@h) �4ih�U@? tLU�i|)� 5L4i UL4T*@�?
|�@| @�h4@|��i @U|�L? TL*�U�it *i@_ �h4t |L _�tUh�4�?@|i @}@�?t| ���|i 4@*it� �|�iht
UL�?|ih |�@| |�i ��t|Lh�U _L4�?@|�L? Lu 4@?@}i4i?| M) ���|i 4@*it T�|t L|�ih }hL�Tt
@| @ _�t@_�@?|@}ic @h}��?} |�@| |�i �?_ih*)�?} ?@|�hi Lu |�i �Lh!T*@Ui �?�ihi?|*)
u@�Lht |�Lti ��L @hi uhL4 t�4�*@h M@U!}hL�?_t @t |�i�h 4@?@}iht� A�i) TL�?| |L |�i
u@U| |�@| �? 4@?) �?_�t|h�it @?_ LUU�T@|�L?tc �L4i? @?_ 4�?Lh�|�it �@�i 4L�i_ L?*)
t*L�*) �?|L �TTih�*i�i* TLt�|�L?tc _itT�|i |�i u@U| |�@| |�i *@MLh TLL* @?_ *L�ih *i�i*t
Lu |�i �Lh!uLhUi �@�i Mii? _��ihti uLh tL4i |�4i�� A��t T�i?L4i?L? �@t Mii? hiuihhi_
|L @t |�i R}*@tt Ui�*�?}��

5L4i �h4t �@�i 4@_i @U|��i igLh|t |L hit�@Ti |�i4ti*�itc �?t|�|�|�?} @�h4@|��i
@U|�L? ThL}h@4t @?_ ��h�?} _��iht�|) 4@?@}iht� 6Lh i @4T*ic W�� �t !?L�? uLh �|t
@�h4@|��i @U|�L? ThL}h@4c ���*i �4ih�U@? ��h*�?itc �A:Ac �L*}@|i��@*4L*��i �LhT�c
#��L?| �LhT�c @?_ �@U��U �i** �@�i �?t|�|�|i_ _��iht�|) ThL}h@4t�2 �|�ih �h4t @}�
}hitt��i*) �}�| i |ih?@* UL?t|h@�?|t L? |�i�h t|@�?} _iU�t�L?t� W| �t _��U�*| |L hiUL?U�*i
|��t �i|ihL}i?i�|) @4L?} �h4t ��|�L�| tTiU�u)�?} ��) �h4t U@hi @ML�| _��iht�|)�

A��t T@Tih _i�i*LTt @ 4L_i* |L @?@*)3i |�i hi*@|�L?t��T Mi|�ii? |�i _��iht�|)
Lu @ �h4<t �TTih *i�i* @?_ �|t �?|ih?@* ThL4L|�L? TL*�U�it� ì UL?t�_ih |�i _)?@4�U
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4Lq pdq| rffxsdwlrqv/ wkh 4<;3 Fhqvxv uhyhdohg d kljkhu sursruwlrq ri zrphq/ Eodfnv/ dqg Klv0
sdqlfv lq _hpsor|hh% srvlwlrqv wkdq lq _vxshuylvru% srvlwlrqv +Urwkvwhlq/ 4<<:,1 Odujh jdsv h{lvw
ehwzhhq wkh sursruwlrq ri zrphq dw orzhu ohyhov dqg kljkhu ohyhov ri odujh frusrudwlrqv +Pruulvrq
dqg YdqJolqrz/ 4<<3, dqg odz �upv +Vsxuu/ 4<<3,/ dqg dovr wr d ohvvhu h{whqw lq dfdghplf hfrqrplfv
ghsduwphqwv +Eduwohww/ 4<<:,1

5Wkh Zdoo Vwuhhw Mrxuqdo +Dxjxvw </ 4<<4/ s1 E4,1
6Rxu prgho fdq dovr eh xvhg wr vwxg| wkh g|qdplfdoo| rswlpdo klulqj srolf| ri d �up zkhuh wkh

surgxfwlylw| ri qhz kluhv ghshqgv lq sduw rq wkh sursruwlrq ri pruh vhqlru zrunhuv pdwfklqj wkhlu
w|sh1 Xqghu wklv lqwhusuhwdwlrq/ wkh dqdo|vlv dgguhvvhv wkh hyroxwlrq ri wkh glyhuvlw| ri d �up*v hqwluh
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zrunirufh1
7Pruulvrq dqg Ydq Jolqrz +4<<3, dqg Qrh +4<;;, uhylhz wkh wkhru| dqg hylghqfh lq idyru ri

w|sh0eldvhg phqwrulqj1 Pruh uhfhqwo|/ Guhkhu dqg Fr{ +4<<9, grfxphqw vxfk gl�huhqfhv lq d vxuyh|
ri PED judgxdwhv1 Ndqwhu*v fodvvlf +4<::, dqdo|vlv ri jhqghu urohv lq rujdql}dwlrqv wdnhv d vlplodu
ylhz/ revhuylqj wkdw _1 1 1 qxpehuv�sursruwlrqdo uhsuhvhqwdwlrq duh lpsruwdqw qrw rqo| ehfdxvh wkh|
v|perol}h wkh suhvhqfh ru devhqfh ri glvfulplqdwlrq exw dovr ehfdxvh wkh| kdyh uhdo frqvhtxhqfhv iru
shuirupdqfh% +s1 9,1

8Lq d uhodwhg vhw ri klvwrulfdo h{dpsohv/ Juhli +4<<6/ 4<<7, vkrzv wkdw frrshudwlrq lq wudglqj uhod0
wlrqvklsv fdq dw wlphv eh pruh hdvlo| vxvwdlqhg ehwzhhq phpehuv ri dq h{whqghg idplo| ru frppxqlw|1

9_Zrphq*v Surjuhvv Vorzv dw Wrs Ilupv/% Pd| 9/ 4<<9/ s1D41
:Vlplodu fodlpv kdyh ehhq pdgh derxw wkh pdqdjhphqw frqvxowlqj lqgxvwu|= _Wkh odfn ri uroh prg0

hov dqg phqwruv zkr duh eodfn lv d sureohp111wkh vdph lvvxhv wkdw idfh eodfnv lq frusrudwh Dphulfd�
odfn ri frqqhfwlrqv/ odfn ri phqwruv/ dqg wkh riwhq0suhvhqw jodvv fhlolqj�idfh eodfnv lq pdqdjhphqw
frqvxowlqj% +Sudndvk/ Jdxwdp/ Wkh Lqvlghu*v Jxlgh wr Pdqdjhphqw Frqvxowlqj/ Vdq Iudqflvfr= Zhw
Ihhw Suhvv/ 4<<8,1 Vlploduo|/ Wkh Zdoo Vwuhhw Mrxuqdo +_Zrphq Pdnh Vwulghv/ Exw Phq Vwd| Ilupo|
lq Wrs Frpsdq| Mrev/% Pdufk 5</ 4<<7/ s1 D4,/ uhsruwlqj rq wkh h�hfwv ri fxowxuh lq odujh X1V1
frpsdqlhv/ dujxhg wkdw _dv orqj dv wkh shufhqwdjhv ri pdoh pdqdjhuv uhpdlq kljk/ wkh fxowxuh uh0
pdlqv prvwo| pdoh dqg/ zrphq vd|/ lqgl�huhqw ru krvwloh wr wkhlu dgydqfhphqw1 Zrphq vd| wkh| duh
ljqruhg/ qrw wdnhq vhulrxvo|111^vr` wkhuh lv olwwoh fkdqfh ri euhdnlqj wkurxjk wkh jodvv fhlolqj1%
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L? |�i *L?}�h�? *i�i* Lu _��iht�|)� ì t�L� |�@| _��iht�|) Lu |�i �TTih *i�i* UL?�ih}it |L
@ t|i@_) t|@|ic ���U� U@? h@?}i uhL4 u�** _��iht�|) |L UL4T*i|i �L4L}i?i�|)� A��tc L�h
4L_i* U@? i ��M�| @ }*@tt Ui�*�?} T�i?L4i?@ ��ihi @? �?�|�@**) �L4L}i?iL�t 4@?@}i�
4i?| T@h|�@**) _��iht��itc M�| |�i R�?��t�M*i M@hh�ih� Lu |)Ti�M@ti_ 4i?|Lh�?} t|@**t |�i
ThL}hitt Lu 4�?Lh�|�it MiuLhi |�i _��iht�|) Lu |�i �TTih *i�i* 4�hhLht |�i *L�ih *i�i*� ì
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<Frqvlghu/ iru h{dpsoh/ Fruqho dqg Zhofk +4<<9, zkr vwxg| _vfuhhqlqj glvfulplqdwlrq% zkhuh
hpsor|huv duh ehwwhu deoh wr hydoxdwh wkh delolwlhv ri mre dssolfdqwv ri wkh vdph w|sh dv wkhpvhoyhv1
Wkhlu wkhru| ghshqgv rq xqfhuwdlqw| derxw delolw|> wkhlu �up frqvlvwv ri d vlqjoh hpsor|hu dqg d vlqjoh
zrunhu> dqg wkh| gr qrw frqvlghu idu0vljkwhg klulqj srolflhv zkhuh �upv kluh plqrulwlhv wrgd| vr dv wr
ehwwhu vfuhhq wkhp lq wkh ixwxuh1
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43\hw dqrwkhu srwhqwldo vrxufh ri lqh�flhqflhv lv wkdw vxffhvvixo phpehuv ri d w|sh +l1h1 lqglylgxdov
zkr dwwdlq xsshu ohyho srvlwlrqv, pd| vhuyh dv _uroh prghov% iru |rxqjhu phpehuv ri wkhlu frppxqlw|1
Wklv uroh prgholqj zrxog eh yhu| pxfk olnh rxu eurdg gh�qlwlrq ri phqwrulqj h{fhsw wkdw wkh kxpdq
fdslwdo wudqihuv zrxog kdsshq rxwvlgh ri wkh �up dqg khqfh zrxog qrw eh idfwruhg lqwr �up ghflvlrq
pdnlqj1

44Lq rxu 4<<7 Vwdqirug JVE zrunlqj sdshu zh frqvlghu d prgho ri w|sh0edvhg phqwrulqj zlwk d
�qlwh qxpehu ri hpsor|hhv zkhuh lqlwldo delolw| lv vwrfkdvwlf1 Wkh txdolwdwlyh lqvljkwv ri wkh vwrfkdvwlf
prgho duh wkh vdph/ exw wkh ghwhuplqlvwlf prgho dqdo|}hg lq wklv sdshu lv pruh wudfwdeoh1
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45Vhjuhjdwhg �upv pd| eh dw ulvn ri jryhuqphqw dqg flylo olwljdwlrq iru eldvhg klulqj sudfwlfhv1
Wkh| pd| dovr idfh vrfldo suhvvxuh wr pluuru wkh frpsrvlwlrq ri wkhlu orfdo oderu pdunhwv1

46Wkh h�hfwlyhqhvv ri phqwrulqj grhv qrw ghshqg rq wkh delolw| ri xsshu0ohyho hpsor|hhv1 Li phqwru0
lqj ghshqgv olqhduo| rq wkh dyhudjh delolw| ri xsshu0ohyho hpsor|hhv/ wkhq rxu dqdo|vlv lv xqd�hfwhg1
Krzhyhu/ wkh dqdo|vlv lv d�hfwhg li phqwrulqj ghshqgv rq wkh dyhudjh delolw| ri xsshu0ohyho hpsor|hhv
zlwk wkh vdph w|sh1 Zh h{shfw wkdw vxfk ghshqghqfh zrxog uhgxfh wkh pdjqlwxgh ri wkh surprwlrq
eldv ehfdxvh surprwlqj ohvv deoh fdqglgdwhv ehfrphv ohvv dwwudfwlyh1

47Wkh vxusoxv ixqfwlrqv gr qrw lqfoxgh wkh lqgluhfw frqwulexwlrq iurp ixwxuh phqwrulqj ri rwkhu
zrunhuv> wkhvh h�hfwv duh lqfrusrudwhg lq wkh �up*v g|qdplf surjudpplqj sureohp wkdw iroorzv1
Ixuwkhu/ revhuyh wkdw zkloh rxu sulpdu| lqwhusuhwdwlrq ri phqwrulqj lv �up0vshfl�f/ dq| jhqhudo vnloov
lq phqwrulqj pd| dffuxh wr wkh zrunhuv1 Wkxv wkh vxusoxv ixqfwlrqv fdq eh lqwhusuhwhg dv wkh ehqh�w
wr wkh �up qhw ri zdjhv1
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ì ?L� @?@*)3i |�i i�L*�|�L? Lu _��iht�|) @| L�h �h4� ��h 4L_i* �_i?|��it @ _)?@4�U
T@|� Lu _��iht�|) *i�i*t E@?_ @ttLU�@|i_ M�@tit� uL**L�i_ M) @ �h4 uhL4 @?) �?�|�@* UL?�
_�|�L? |L @ t|i@_) t|@|i� `��*i �i �**�t|h@|i |�iti _)?@4�Ut ��|� ?�4ih�U@* i @4T*itc
L�h uLh4@* hit�*|t uLU�t L? |�i t|i@_) t|@|i *i�i*t Lu _��iht�|)� W? 5iU|�L? e�� �i ThL�i
UL?�ih}i?Ui |L @ t|i@_) t|@|it� W? 5iU|�L?t e�2 @?_ e�� �i *LL! @| |�i ti| Lu t|i@_)
t|@|it ��|� @?_ ��|�L�| |�i LT|�4@* M�@tc hitTiU|��i*)� W? 5iU|�L? e�e �i UL?_�U| @
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hi|�hi4i?| h@|i� ì �ti |�i T@h@4i|iht �?|hL_�Ui_ �? 5iU|�L? ��2�
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54D fulwlfdo pdvv phqwrulqj ixqfwlrq lv rqh zklfk lv �uvw frqyh{ dqg wkhq frqfdyh1 Wklv phqwrulqj
ixqfwlrq lqfrusrudwhv wkh lghd wkdw �+p, lqfuhdvhv vorzo| dw �uvw gxh wr wkh uhodwlyh lqh�hfwlyhqhvv ri
phqwruv zkr duh wkhpvhoyhv kljko| lvrodwhg lq wkh rujdql}dwlrq1 Phqwrulqj rqo| ehfrphv h�hfwlyh rqfh
d fulwlfdo pdvv ri phqwruv lv uhdfkhg1 Vxfk fxuydwxuh frxog dovr dulvh li doprvw frpsohwh krprjhqhlw|
lq d jurxs juhdwo| lqfuhdvhv wkh h�flhqf| ri frppxqlfdwlrq dqg lqirupdwlrq vkdulqj vr wkdw wkh odvw
ihz vwhsv wrzdug krprjhqhlw| juhdwo| hqkdqfh phqwrulqj1

55Dqrwkhu dssurdfk zrxog eh wr ghulyh frpsdudwlyh vwdwlfv rq wkh rswlpdo eldv/ dqg xvh wkhvh uhvxowv
wr dqdo|}h fkdqjhv lq vwhdg| vwdwhv1 Krzhyhu/ wkhuh lv qr qhfhvvdu| frqqhfwlrq ehwzhhq frpsdudwlyh
vwdwlfv rq wkh eldv iurp d wzr0shulrg prgho +zklfk zrxog iroorz iurp Sursrvlwlrq 4,/ dqg frpsdudwlyh
vwdwlfv rq wkh eldv lq wkh lq�qlwh krul}rq prgho1
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56Rxu wkhru| dovr udlvhv wkh srvlelolw| wkdw �upv zlwk djhqf| sureohpv zdqw wr dgrsw uxohv uhvwulfwlqj
glyhuvlw|/ zklfk zh gr qrw w|slfdoo| revhuyh/ suredeo| ehfdxvh ri ohjdo dqg vrfldo frvwv dvvrfldwhg zlwk
h{solflw glvfulplqdwlrq djdlqvw plqrulwlhv1

57Wkh delolw| ri vkduhkroghuv wr glfwdwh glyhuvlw| srolf| kdv ehhq d wrslf ri uhfhqw ghedwh e| wkh
Vhfxulwlhv dqg H{fkdqjh Frpplvvlrq +VHF, +vhh Zdoopdq/ Vwhyhq/ _Htxdolw| Lv Pruh Wkdq cRuglqdu|
Exvlqhvv/* % Qhz \run Wlphv Sdjh 6/ 45=6/ Pdufk 63/ 4<<:,1 Lq 4<<6/ wkh VHF uhyhuvhg d orqj0
vwdqglqj srolf| e| doorzlqj Fudfnhu Eduuho Rog Frxqwu| Vwruh wr h{foxgh d vkduhkroghu uhvroxwlrq
zklfk surklelwhg mre glvfulplqdwlrq rq wkh edvlv ri vh{xdo rulhqwdwlrq/ dujxlqj wkdw glyhuvlw| srolf| ihoo
zlwklq wkh udqjh ri _ruglqdu| exvlqhvv pdwwhuv% zklfk fdqqrw e| VHF uxohv eh glfwdwhg e| vkduhkroghu
uhvroxwlrqv1 Uhfhqwo|/ vkduhkroghu lqwhuhvw jurxsv kdyh txhvwlrqhg wkh srolf| fkdqjh1 Rxu dqdo|vlv
vxjjhvwv wkdw vkduhkroghuv pd| lqghhg kdyh dq lqwhuhvw lq gluhfwlqj frpsdq| srolflhv wrzdugv glyhuvlw|/
hyhq eh|rqg wkh pruh zlgho| flwhg lvvxhv ri ohjdo oldelolw|1
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58Lq sudfwlfh/ zh gr vrphwlphv revhuyh vhjuhjdwhg rxwfrphv1 Frqvwuxfwlrq frpsdqlhv lq vrph X1V1
flwlhv duh grplqdwhg e| d sduwlfxodu hwkqlf jurxs1 Vrph dfdghplf glvflsolqhv kdyh odujh uhsuhvhqwdwlrqv
iurp sduwlfxodu qdwlrqdolwlhv/ dqg jhqghu lqwhjudwlrq lv vxusulvlqjo| khwhurjhqhrxv dfurvv glvflsolqhv/
hyhq zlwklq wkh vflhqfhv1
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59Glyhuvlw| zrxog eh hyhq pruh olnho| dv dq rxwfrph li/ lqvwhdg ri d olqhdu lqlwldo delolw| ixqfwlrq/
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5:D ehqh�w iurp surprwlrq vkrxog zrun lq idyru ri dq lqwhulru htxloleulxp1 Vxssrvh D*v duh lq wkh
pdmrulw| dw erwk �up 4 dqg 5 dqg doo D*v duh kluhg e| �up 41 Wkh surprwlrq suredelolw| ri D*v lv
kljkhu dw �up 51 Khqfh/ wkh juhdwhu lv wkh ehqh�w wr ehlqj surprwhg/ wkh juhdwhu lv wkh zdjh suhplxp
wkdw �up 4 zloo kdyh wr sd| wr krog rq wr doo ri wkh D*v dqg khqfh wkh kdughu lw zloo eh wr vxvwdlq ixoo
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|�i ��i� |�@| �h4t TLttitt @ t|LU! Lu �TTih�*i�i* i4T*L)iit� `�|� |)Ti�M@ti_ 4i?|Lh�
�?}c |�i _��iht�|) Lu |��t t|LU! 4@||ihtc t�?Ui �| @giU|t |�i �L� Lu T@)Lgt uhL4 ?i�*)
ThL4L|i_ �Lh!iht� A�i �h4 u@Uit @ |h@_iLg �? �|t ThL4L|�L?t Mi|�ii? �L4L}i?i�|)c
���U� 4@ �4�3it |�i 4i?|Lh�?} Lu @ T@h|�U�*@h |)Tic @?_ _��iht�|)c ���U� @**L�t |�i
�h4 |L 4@!i �ti Lu tU@hUi |@*i?| Lu �Lh!iht Lu ML|� |)Tit� A�i �h4<t ThL4L|�L? TL*��
U�it @hi |��t M�@ti_c �? |�i ti?ti |�@| �h4t t@Uh��Ui U�hhi?| ThL�| �? Lh_ih |L �?Uhi@ti
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