
Dqdo|wlfdo dqg H{shulphqwdo Hydoxdwlrq ri
Qrqolqhdu Ylvfrhodvwlf0Ylvfrsodvwlf Frpsrvlwh
Odplqdwhv xqghu Fuhhs/ Fuhhs0Uhfryhu|/

Uhod{dwlrq dqg Udps Ordglqj

Uxl Pludqgd Jxhghv/ Dqwöqlr Wruuhv Pdutxhv

Ghsduwdphqwr gh Hqjhqkduld Phfåqlfd h Jhvwær Lqgxvwuldo gd Idfxogdgh gh Hqjhqkduld/
Xqlyhuvlgdgh gr Sruwr/ Uxd grv Eudjdv/ 73<< Sruwr Frgh{/ Sruwxjdo

Doehuw Fdugrq

Yulmh Xqlyhuvlwhlw Euxvvho +Y1X1E1, Ghsw1 ri Phfkdqlfv ri Pdwhuldov dqg Frqvwuxfwlrq
+PHPF,/ Sohlqoddq 5/ E04383 Euxvvhov/ Ehojlxp

Devwudfw1 D qxphulfdo surfhgxuh wr suhglfw orqj whup odplqdwh surshuwlhv

ri �euh uhlqirufhg frpsrvlwh pdwhuldov zdv ghyhorshg1 Lq wkh surfhgxuh/ zh

h{whqghg wkh fodvvlfdo odplqdwh wkhru| wr lqfoxgh wlph uhodwhg uhvsrqvh ri frp0

srvlwh pdwhuldov iru phpeudqh dqg  h{xudo ordglqj1 Wkh pdwhuldo uhvsrqvh/

ghshqghqw rq wkh vwuhvv klvwru|/ zdv prghoohg xvlqj wkh Vfkdshu| vlqjoh lqwh0

judo htxdwlrq1 Wkh lqwhjudov zhuh kdqgohg e| dq dssur{lpdwh phwkrg wkdw xvhv

wkh Surq|*v vhulhv dqg rqo| uhtxluhv wkh vwrulqj ri wkh fxuuhqw vwuhvv dqg vrph

lqwhuqdo vwudlq frpsrqhqwv1 Dq h!flhqw vhpl0gluhfw wlph0lqwhjudwlrq vfkhph/

surylglqj d vwdeoh lqwhjudwlrq surfhvv/ zdv ghulyhg wr eh lqfoxghg lq wkh qxphu0

lfdo surfhgxuh1 Frpsdulvrqv ri wkhruhwlfdo uhvxowv zhuh pdgh zlwk h{shulphqwv

frqgxfwhg rq frpsrvlwh pdwhuldov xqghu fuhhs2fuhhs0uhfryhu|/ uhod{dwlrq dqg

udps ordglqj1



Nh|zrugv= ylvfrhodvwlflw|/ ylvfrsodvwlflw|/ f|folf phfkdqlfdo ordglqj/

gxudelolw|/ udps ordglqj/ uhod{dwlrq/ vwuhvv2vwudlq udwh ghshqghqw

Lqwurgxfwlrq

Prvw sodvwlfv dqg sro|phu edvhg frpsrvlwh v|vwhpv h{klelw vwurqj

khuhglwdu| w|sh qrq0olqhdu ylvfrhodvwlf ehkdylru ohdglqj dq| vwuhvv0vwudlq

dqdo|vlv ri wkhvh pdwhuldov lqwr d yhu| ghpdqglqj h{shulhqfh1

Wkh vlqjoh lqwhjudo irupxodwlrqv/ vxfk dv wkh Vfkdshu| qrqolqhdu ylvfrhodvwlf

wkhru|/ wkrxjk vlpsoh lq irup/ kdyh ehhq irxqg wr eh pdwkhpdwlfdoo| wrr

frpsoh{ wr eh xvhg lq dq hqjlqhhulqj dqdo|vlv/ gxh wr wkh suhvhqfh ri Yrowhuud0

w|sh lqwhjudov1 Wxwwoh dqg Eulqvrq +4<;9, suhvhqwhg d forvhg0irup vroxwlrq wr

dq duelwudu| qxpehu ri glvfuhwh vwhsv lq vwuhvv edvhg xsrq wkh Vfkdshu| wkhru|1

Wklv vroxwlrq/ edvhg rq khuhglwdu| qdwxuh/ uhtxluhv wkdw doo vwuhvvhv dw hdfk wlph

vwhs duh vwruhg dqg uhxvhg iru doo vxevhtxhqw wlph vwhsv1 Ixuwkhupruh/ hdfk

dgglwlrqdo wlph vwhs uhtxluhv wkh khuhglwdu| lqwhjudo wr eh uhfdofxodwhg iurp

wkh lqlwldo vwduwlqj wlph1 Wkhuhiruh/ wkh wrwdo vroxwlrq wlph jurzv jhrphwulfdoo|

zlwk wkh qxpehu ri wlph vwhsv zklfk xowlpdwho| olplwv wkhp/ uhjdugohvv wkh vl}h

ri wkh vwhs ru wkh vshhg ri wkh frpsxwhu1 Dq h!flhqw phwkrg wr kdqgoh wkh

frqvwlwxwlyh lqwhjudo htxdwlrq ri Vfkdshu| wkhru| lv suhvhqwhg1 Wkh phwkrg

dyrlgv vwrulqj wkh vwuhvv klvwru| dqg frpsxwhv wkh Yrowhuud0w|sh lqwhjudo e|

uhsodflqj lw zlwk qxphulfdo htxlydohqw ruglqdu| lqwhjudov1

Wkh wkhuprg|qdplf wkhru| ghyhorshg e| Vfkdshu| +4<9<, jlyhv wkh

srvvlelolw| wr h{suhvv pdwhuldo surshuwlhv lq whupv ri hlwkhu vwuhvv ru vwudlq1
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Dowkrxjk wkh ehkdylru ri vhyhudo pdwhuldov lv frqvlvwhqw zlwk rqh ru wkh

rwkhu uhsuhvhqwdwlrq/ Vfkdshu| vkrzhg wkdw wkhuh lv qr edvlf uhdvrq wr

h{shfw wkdw d jlyhq pdwhuldo zloo djuhh zlwk erwk uhsuhvhqwdwlrqv xqohvv lw lv

olqhduo| ylvfrhodvwlf1 Wkh frqvwlwxwlyh htxdwlrq lq whupv ri vwudlq/ wkh zhoo0

nqrzq Vfkdshu| htxdwlrq/ lv uhvwulfwhg wr vpdoo vwudlqv e| wkh xqghuo|lqj

wkhuprg|qdplf wkhru|1 Wkdw uhodwlrq fdqqrw eh dssolhg zkhq vwuxfwxudo

fkdqjhv duh forvho| uhodwhg wr wkh vwudlq ohyho1 Lq frqwudvw/ wkh frqvwlwxwlyh

htxdwlrq lq whupv ri vwuhvvhv lv qrw uhvwulfwhg wr vpdoo vwudlqv1

Qrwzlwkvwdqglqj Ilqgoh| +4<;<,/ dprqj rwkhuv/ vwdwhg wkdw vlqfh fuhhs dqg

vwuhvv uhod{dwlrq ehkdylruv duh wzr dvshfwv ri wkh wlph vhqvlwlyh phfkdqlfdo

ehkdylru ri pdwhuldov/ rqh ehkdylru vkrxog eh suhglfwdeoh li wkh rwkhu ehkdylru

lv nqrzq1 Iru olqhdu ylvfrhodvwlf pdwhuldov/ wkh uhodwlrqvkls ehwzhhq wkhp dqg

wkh lqwhufrqyhuvlrq ri fuhhs dqg vwuhvv uhod{dwlrq ixqfwlrqv lv uhodwlyho| vlpsoh1

Iru qrqolqhdu ylvfrhodvwlf pdwhuldov/ Ilqgoh| ghyhorshg d surfhgxuh wr suhglfw

wkh vwuhvv uhod{dwlrq iurp jlyhq fuhhs ehkdylru uhjdugohvv ri wkh phwkrg xvhg

wr ghwhuplqh wkh nhuqho ixqfwlrqv1 Wkh ghvfulswlrq ri wklv surfhgxuh/ jlyhq

ehorz/ iroorzv wkh ghyhorsphqw vxjjhvwhg e| Ilqgoh| +4<;<,1 Frqvlghu d fuhhs

whvw shuiruphg xqghu d suhvfulehg vwuhvv surjudp j ' j E|� / iru zklfk wkh

fruuhvsrqglqj fuhhs vwudlq uhvsrqvh lv " ' " E|�1 Wkhq lq d uhod{dwlrq whvw

shuiruphg xqghu d suhvfulehg d{ldo vwudlq surjudp htxdo wr wkh vwudlq uhvsrqvh

" ' " E|� uhvxowlqj iurp wkh suhvfulehg fuhhs whvw surjudp/ wkh revhuyhg vwuhvv

uhvsrqvh lq wkh uhod{dwlrq whvw zrxog eh htxdo wr wkh suhvfulehg vwuhvv surjudp

j ' j E|� lq wkh fuhhs whvw1 Frqvlghu qrz d yduldeoh0vwuhvv fuhhs surjudp

zkhuh j ' j E|� / iru zklfk wkh uhvxowlqj vwudlq uhvsrqvh lv d frqvwdqw vwudlq
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" ' "f 1 Wkhq iurp wkh suhylrxv frqfoxvlrq wkh vwuhvv uhod{dwlrq uhvsrqvh/ dw

d suhvfulehg frqvwdqw vwudlq " ' "fM E|� / zloo eh j ' j E|�

Lq wklv sdshu wkh lqwhufrqyhuvlrq ri fuhhs dqg vwuhvv uhod{dwlrq ixqfwlrq ri

d qrqolqhdu ylvfrhodvwlf0ylvfrsodvwlf pdwhuldo lv glvfxvvhg1 Lw lv vkrzq wkdw wkh

sursrvhg phwkrg/ wr kdqgoh wkh frqvwlwxwlyh lqwhjudo htxdwlrqv ri Vfkdshu|

wkhru|/ fdq hdvlo| eh xvhg wr suhglfw wkh vwuhvv uhod{dwlrq dqg wkh udwh0

ghshqghqw vwuhvv2vwudlq ehkdylru1 Jrrg djuhhphqw ehwzhhq frpsxwhg uhvxowv

dqg wkh h{shulphqwdo gdwd zdv revhuyhg iru wkh W6332853; dqg LP:28593

frpsrvlwhv1

Dqdo|wlfdo0prgho Ghvfulswlrq

Wkh suhglfwlrqv iru pxowlsoh0dqjoh odplqdwhv fdq eh rewdlqhg xvlqj wkh

fodvvlfdo odplqdwh wkhru|1 Wkh frqvwlwxwlyh prghov duh gh�qhg dw wkh so|

ohyho/ zklfk lv d �phvrphfkdqlf� dssurdfk1 Ohw wkh sodqh ri d vlqjoh so|

eh gh�qhg e| wkh 405 frruglqdwh v|vwhp/ zkhuh wkh 4 dqg 5 d{hv duh sdudooho

dqg shushqglfxodu wr wkh �euhv/ uhvshfwlyho|1 Frqvlghu d so| vxemhfwhg wr d

sodqh vwuhvv vwdwh ij��c j22c ��2j wkdw pd| fkdqjh zlwk wlph1 Wkh wrwdo vwudlqv

lqgxfhg zlwklq wkh so| duh jlyhq e|
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+4,

zkhuh wkh vxevfulsw YS ghqrwhv wkh ylvfrsodvwlf frpsrqhqw ri wkh vwudlq1 Zh

dvvxph wkdw wkh �euh0grplqdwhg frpsoldqfh whupv 7�� dqg 7�2 E' 72�� duh
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wlph0lqghshqghqw/ zkloh wkh pdwul{ grplqdwhg frpsoldqfh whupv 722 E|� dqg

7SS E|� duh wlph0ghshqghqw1

Wkh wrwdo vwudlqv dvvrfldwhg zlwk wkh pdwul{0grplqdwhg frpsoldqfhv 722

dqg 7SS zhuh prghoohg xvlqj wkh prgl�hg Vfkdshu| wkhru| wr lqfoxgh wkh

ylvfrsodvwlf ehkdylru/ �uvwo| suhvhqwhg e| Wxwwoh +4<<6,1 Lq wklv frqvwlwxwlyh

prgho/ wkh ylvfrhodvwlf dqg ylvfrsodvwlf vwudlqv uhihu wr wkh vwudlqv zklfk gr qrw

rffxu lqvwdqwdqhrxvo| xsrq dssolfdwlrq ri d vwuhvv exw udwkhu ghyhorshg zlwk

wkh sdvvdjh ri wlph1 Ixuwkhu/ ylvfrhodvwlf vwudlqv fdq eh frpsohwho| uhfryhuhg

li doo vwuhvv duh uholhyhg dqg vx!flhqw wlph sdvvhv1 Krzhyhu wkh ylvfrsodvwlf

vwudlqv fdqqrw eh uhfryhuhg> wkh| duh shupdqhqw dqg luuhfryhudeoh/ hyhq li doo

vwuhvv duh uhpryhg1 Wkh ylvfrhodvwlf vwudlqv duh suhglfwhg xvlqj wkh Vfkdshu|

prgho/ zkloh ylvfrsodvwlf vwudlqv duh suhglfwhg xvlqj wkh ixqfwlrqdo hpsor|hg

e| ]dsdv dqg Fulvvpdq +4<;7,1 Dffruglqj wr wklv/ wkh wrwdo so| vwudlqv lqgxfhg

e| dq duelwudu| vwuhvv klvwru| duh jlyhq e|
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+6,

zkhuh �22c �22c ?22 dqg �SSc �SSc ?SS duh vwuhvv0lqghshqghqw exw whpshudwxuh

ghshqghqw pdwhuldo surshuwlhv1 Wkh nhuqhov {722 E|� dqg {7SS E|� duh wkh

wudqvyhuvh dqg vkhdu hodvwlf frpsoldqfh/ uhvshfwlyho|/ zlwk wkh fruuhvsrqghqw

uhgxfhg wlphv [ dqg [� jlyhq e|

[ '

] |

f

_� �

@jc22
c[� '

] �

f

_� �

@jc22
c +7,

dqg

[ '

] |

f

_� �

@jcSS
c[� '

] �

f

_� �

@jcSS
c +8,

zkhuh }fc22c }�c22c }2c22c @jc22 dqg }fcSSc }�cSSc }2cSSc @jcSS duh vwuhvv0ghshqghqw

qrqolqhdul}lqj sdudphwhuv1 Wkh frpprq sdudphwhu iru wkh wudqvyhuvh dqg

vkhdu qrqolqhdu frpsoldqfh lv wkh rfwdkhgudo vkhdu vwuhvv lq wkh pdwul{ wkdw lv

d ixqfwlrq ri pdwul{ wudqvyhuvh vwuhvv dqg pdwul{ vkhdu vwuhvv1 D pruh ghwdlohg

h{sodqdwlrq iru wkh xvh ri wkh rfwdkhgudo vkhdu vwuhvv sdudphwhu lv jlyhq e|

Vfkdshu| +4<9<,1

Lq rughu wr holplqdwh wkh Yrowhuud0w|sh lqwhjudov/ wkh wudqvyhuvh dqg vkhdu

frpsoldqfh duh h{suhvvhg xvlqj Surq| vhulhv/ dv Khqulnvhq +4<;7,/ Judproo hw1

do1+4<;<, dqg F}|} +4<<3, kdyh douhdg| glvfxvvhg1
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{722 E|� '
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7�c22
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�� e3b�c22|

�
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�'�

7�cSS

�
�� e3b�cSS|

�
c

+9,

zkhuh 7�c22c b�c22c 7�cSSc b�cSS duh olqhdu ylvfrhodvwlf sdudphwhuv iru wkh wudqvyhuvh

dqg vkhdu frpsoldqfh/ uhvshfwlyho|1 Iru h{dpsoh/ vxevwlwxwlqj +9, lqwr +5,/ iru

wkh wudqvyhuvh vwudlq/ zh rewdlq

"22 E|� ' }fc22 � 7fc22 � j22 E|� n }�c22

"[
�'�

"�c22 E|� n "�Rc22 E|� c +:,

zkhuh

"�c22 E|� ' 7�c22

] |

f

�
�� e3b�c22E�3���

� _ E}2c22 � j22�
_�

_� � +;,

Diwhu vrph wudqvirupdwlrqv/ htxdwlrq +;,/ jlyhv wkh uhodwlrq ehwzhhq wkh

lqwhuqdo vwudlq "�c22 E|�n�� dqg "�c22 E|��1 Ohw xv dvvxph d olqhdu yduldwlrq gxulqj

|� � | � | �n� iru wkh vwuhvv/ j22 / dv

_j22
_|

'
j22 E|�n��� j22 E|��

{|
� +<,

Ohw dovr dvvxph wkdw wkh ixqfwlrq �}�c22 Ej� fdq eh dssur{lpdwhg e| d olqhdu

yduldwlrq vxfk dv=

_�}�c22 Ej�

_|
�'

�}�c22 Ej22 E|�n���� �}�c22 Ej22 E|���

{|
c +43,

:



zkhuh

�}�c22 Ej� ' 7�c22 � }2c22 � j22 � +44,

Vxevwlwxwlqj Htxdwlrq +44, lqwr Htxdwlrq +;, zh rewdlq

"�c22 E|�� ' �}�c22 Ej22 E|���� e3b�c22wE|��
] |�

f

e3b�c22wE��
_�}�c22 Ej�

_�
_� c +45,

zkhuh w E|� '

] |

f

_� �

@jc22
�

Lq rughu wr fdofxodwh "�c22 E|�n�� lq whupv ri "�c22 E|�� 1 zh rewdlq

"�c22 E|�n�� ' �}�c22 Ej22 E|�n���� e3b�c22dwE|�n��3wE|��o d�}�c22 Ej22 E|���� "�c22 E|��o�] |�n�

|�

e3b�c22dwE|�n��3wE��o
_�}�c22 Ej�

_�
_� � +46,

Wkh lqwhjudo ri Htxdwlrq +46, fdq eh vroyhg xvlqj wkh dssur{lpdwlrq

ixqfwlrq +43, dv=

] |�n�

|�

e3b�c22dwE|�n��3wE��o
_�}�c22 Ej�
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b�c22
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3b�c22

{|

@jc22Ej22E|�n���

$
c +47,

zkhuh {| ' |�n� � |� dqg wkh iroorzlqj dssur{lpdwlrq zdv xvhg

�b�c22 dw E|�n��� w E��o ' �b�c22

] |�n�

�

_� �

@jc22 Ej22�

�'
b�c22

@jc22 Ej22 E|�n���
E|�n� � �� � +48,

;



Vxevwlwxwlqj Htxdwlrq +47, lqwr Htxdwlrq +46, zh rewdlq

"�c22 E|�n�� ' e3#�{| � "�c22 E|�� n�
��

�

#�{|

�
�� e3#�{|

��
� �}� Ej22 E|�n��� n�

�

#�{|

�
�� e3#�{|

�
� e3#�{|

�
� �}� Ej22 E|��� c +49,

zkhuh

#� '
b�c22

@jc22 Ej22 E|�n���
� +4:,

Wxwwoh +4<<6, suhvhqwhg wkh vroxwlrq ri wkh ylvfrsodvwlf whup dvvxplqj d

olqhdu yduldwlrq lq vwuhvv ryhu hyhu| wlph vwhs dv

"22 E|�n��T � '

%
�22

] |�

f

Ej22 E���
�22 _� n �22

] |�n�

|�

Ej22 E���
�22 _�

&?22
' dq E|�3�� n �22 � l � E|�n� � |��o

?22 c +4;,

zlwk

l '
Ej22 E|�n���

�22n� � Ej22 E|���
�22n�

E�22 n �� � Ej22 E|�n��� j22 E|���
c +4<,

zkhuh qE|�� lv jlyhq e| uhfxuvlrq=

q E|�� ' q E|�3�� n �22 � l � E|� � |�3�� � +53,

Wkh wrwdo vwudlq iru hdfk od|hu/ jlyhq e| Htxdwlrq +5,/ fdq wkhq eh zulwwhq dv

<



i" E|�n��j ' d7e,@r|o ij E|�n��jn i- E|�n��j c +54,

zkhuh

i- E|�n��j '
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+55,

Wkh yhfwru ri Htxdwlrq +55, frqwdlqv wkh ylvfrhodvwlf dqg ylvfrsodvwlf

ghirupdwlrqv dv jlyhq e| Htxdwlrq +5,1 Wklv yhfwru lv fdofxodwhg uhfxuvlyho|

xvlqj wkh irupxodv jlyhq e| Htxdwlrqv +49, dqg +4;, vlqfh wkh| fdq htxdoo| eh

dssolhg wr wudqvyhuvh dqg vkhdu ghirupdwlrqv1

Wkh remhfwlyh lv wr ghwhuplqh wkh ehkdylru ri pxowlgluhfwlrqdo frpsrvlwhv

nqrzlqj wkh vwuhvv0vwudlq uhodwlrqvklsv iru xqlgluhfwlrqdo solhv1 Wkhuhiruh d

prgl�hg odplqdwh sodwh wkhru| iru odplqdwhv vxemhfwhg wr lq0sodqh ordgv i�j

dqg rxw0sodqh0ordgv i�j zdv ghyhorshg1 Wkh vxevfulsw E%c +c 5� uhsuhvhqwv wkh

r�0d{lv frruglqdwh gluhfwlrqv +odplqdwh ru joredo frruglqdwhv,1

Dvvxplqj wkdw wkh so| vwudlq lv olqhdu lq wkh wklfnqhvv frruglqdwh 5/ wkh

wrwdo vwudlq ri wkh &|� so| lq wkh joredo frruglqdwh v|vwhp lv jlyhq e|

i" E|�n��j& '

;?
=

"f% E|�n��
"f+ E|�n��
�f%+ E|�n��

<@
>n 5&

;?
=

&% E|�n��
&+ E|�n��
&%+ E|�n��

<@
> c +56,

zkhuh i"fj lv wkh lq0sodqh odplqdwh vwudlq yhfwru/ i&j lv wkh odplqdwh fxuydwxuh

yhfwru dqg 5& uhsuhvhqwv wkh 5 frruglqdwh ri wkh &
|� so|1 Wdnlqj lqwr dffrxqw wkh
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lq0sodqh ordgv dqg prphqwv dfwlqj rq wkh odplqdwh/ wkh htxloleulxp htxdwlrqv

lq joredo frruglqdwhv duh=

;AAA?
AAA=

] �*2

3�*2

ijj _5 ' i�j] �*2

3�*2

ijj 5 _5 ' i�j

c +57,

zkhuh � uhsuhvhqwv wkh wrwdo odplqdwh wklfnqhvv1 Li zh dvvxph d frqvwdqw vwuhvv

dw hdfk so|/ zklfk lv qrw wuxh iru  h{xudo ordgv/ xvlqj Htxdwlrqv +54,/ +56, dqg

+57, zh rewdlq d v|vwhp ri htxdwlrqv wkdw doorz xv wr ghwhuplqh wkh lq0sodqh

odplqdwh vwudlq/ wkh odplqdwh fxuydwxuh dqg wkh vwuhvv vwdwh lq hdfk so| dv=

;AAAAAAA?
AAAAAAA=

i"fjn i&j 5� � d7e,@r|o� ijj� ' i-j�
i"fjn i&j 52 � d7e,@r|o2 ijj2 ' i-j2
111

i"fjn i&j 5R � d7e,@r|oR ijjR ' i-jR
ijj� 5� n ijj2 52 n � � �n ijjR 5R ' i�j
ijj� ��5� n ijj2 �252 n � � �n ijjR �R5R ' i�j c

+58,

zkhuh wkh vxevfulswv lqglfdwh wkh so| qxpehu1 Vlqfh wkh yhfwru i-j& ghshqgv

rq wkh suhvhqw vwuhvv vwdwh ri wkh &|� so|/ dq lwhudwlyh surfhgxuh iru hdfk wlph

vwhs pxvw eh xvhg xqwlo wkh vwuhvv vwdwh frqyhujhv1

Lq rughu wr dyrlg odujh v|vwhpv ri htxdwlrqv wkh so| vwuhvv vwdwh jlyhq e|

Htxdwlrq +54, fdq eh xvhg lq Htxdwlrq +57, wr rewdlq wkh iroorzlqj frqghqvhg

v|vwhp ri htxdwlrqv dv=

44



d7eo

�
i"fj
i&j

�
'

�
i�j
i�j

�
n

;AA?
AA=

RS
&'�

d7e,@r|o
3�
& i-j& 5&

RS
&'�

d7e,@r|o
3�
& i-j& 5&�&

<AA@
AA> c +59,

zkhuh

d7eo '

5
997

RS
&'�

d7e,@r|o
3�
& 5&

RS
&'�

d7e,@r|o
3�
& 5&�&

RS
&'�

d7e,@r|o
3�
& 5&�&

RS
&'�

d7e,@r|o
3�
&

�
52&�& n

��
&

�2

�
6
::8 c +5:,

dqg �& uhsuhvhqwv wkh wklfnqhvv ri &|� so| Wkh suhylrxv irupxodwlrq shuplw

xv wr vroyh wkh fuhhs sureohp1 Li d uhvwulfwlrq lv lpsrvhg/ olnh suhvfulelqj dq

lq0sodqh vwudlq ru d fxuydwxuh/ wkhq wkh uhod{dwlrq sureohp pxvw eh vroyhg1

Lq d fuhhs whvw wkh ordgv duh lpsrvhg dqg wkh lq0sodqh vwudlq dqg fxuydwxuh

duh ghwhuplqhg1 Lq d uhod{dwlrq whvw wkh lq0sodqh vwudlq dqg2ru fxuydwxuh duh

lpsrvhg dqg wkh uhvxowlqj ordgv duh wr eh ghwhuplqhg1 Wkh suhvhqw phwkrg fdq

dovr eh xvhg wr vroyh wkhvh w|sh ri sureohpv1 Iru h{dpsoh/ li wkh &% fxuydwxuh lv

suhvfulehg/ wkhq wkh uhodwhg  h{xudo ordg�% lv wr eh ghwhuplqhg1 Wkh sureohp

lv vroyhg e| h{fkdqjlqj �% zlwk &% lq Htxdwlrq +58,/ uhvxowlqj lq wkh iroorzlqj

v|vwhp ri htxdwlrqv=
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Wkh dujxphqw iru wkh h{lvwlqj vroxwlrq zdv douhdg| glvfxvvhg ehiruh1

Lq vwulfw pdwkhpdwlfdo whupv/ hdfk uhvwulfwlrq lpsolhv dq lqyhuvlrq ri wkh

fruuhvsrqghqw qrqolqhdu lqwhjudo htxdwlrq dqg qxphulfdo phwkrgv duh wkh rqo|

zd| wr rewdlq wkh vroxwlrq1 Zh fdq frqfoxgh wkdw wklv irupxodwlrq doorzv xv

wr vroyh doo vruw ri sureohpv uhodwhg zlwk fuhhs/ uhod{dwlrq dqg udwh ghshqghqw

vwuhvv2vwudlq ehkdylru iru lq0sodqh dqg  h{xudo ordgv1 Wkh phwkrg ghvfulehg

khuh zdv ghyhorshg lq d IRUWUDQ frpsxwhu surjudp fdoohg ODPIOX/

Jxhghv +4<<:,1

Pdwhuldov Whvwlqj

Wzr gl�huhqw pdwhuldov/ wkh LP:28593 judsklwh2elvpdohlplgh frpsrvlwh

dqg wkh W6332853; judsklwh0hsr{| frpsrvlwh/ zhuh xvhg wr whvw wkh surfhgxuh

suhvhqwhg khuh1

Hgzdug Zx +4<;5/ 4<;6d/ 4<;6e, sxeolvkhg h{shulphqwdo gdwd iru wkh

W6332853; frpsrvlwh xqghu fuhhs2fuhhs0uhfryhu|/ udps ordglqj dqg pxowlsoh
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uhod{dwlrq dqg wkhuhiruh lw lv dffhvvleoh wr wkh whfkqlfdo frppxqlw|1 Wkh

vfrsh ri wkdw surjudp zdv wr surylgh d gdwd edvh wkdw frxog eh xvhg wr

fkdudfwhul}h ryhudoo pdwul{0grplqdwhg wlph0ghshqghqw ghirupdwlrq dqg wlph0

ghshqghqw vwuhqjwk1 Wkh vshflphqv zhuh d	eDJo odplqdwhv whvwhg lq whqvlrq1

Wkh qrqolqhdu ylvfrhodvwlf prgho ghyhorshg e| Vfkdshu| zdv vhohfwhg wr vwxg|

wkh wlph ghshqghqw ehkdylru ri wkh frpsrvlwhv1 Wkh pdwhuldo surshuwlhv zhuh

rewdlqhg wkurxjk wkh fuhhs2fuhhs0uhfryhu| gdwd dw irxu gl�huhqw vkhdu vwuhvv

ohyhov ri 22��D/ �2��f/ e��Sf dqg eH�bD��@ dw urrp whpshudwxuh/ +Jxhghv/

4<<:,1 Dorqj zlwk wkh ylvfrhodvwlf ehkdylru/ lw zdv revhuyhg d ylvfrsodvwlf

ehkdylru zhoo prghoohg e| wkh ylvfrsodvwlf ixqfwlrqdo hpsor|hg e| ]dsdv

dqg Fulvvpdq +4<;7, dqg odwhu e| Wxwwoh +4<<6,1 Wkh olqhdu ylvfrhodvwlf

frpsoldqfh zdv prghoohg e| dq h{srqhqwldo vhulhv h{sdqvlrq/ wkh Surq| vhulhv1

Wkh fdofxodwlrq ri wkh xquhfryhudeoh vwudlq/ l1h1 ylvfrsodvwlf vwudlq/ zdv

dffrpsolvkhg e| h{wudsrodwlrq ri dq h{srqhqwldo vhulhv h{sdqvlrq +Jxhghv/

4<<:,1

Jdwhv +4<<5, dqg Wxwwoh +4<<6, fkdudfwhul}hg wkh LP:28593 frpsrvlwh lq

wzr gl�huhqw zd|v1 Jdwhv +4<<5, xvhg dq h{whqvlrq ri dq hodvwlf2ylvfrsodvwlf

prgho iru dq ruwkrwurslf pdwhuldo wr suhglfw wkh udwh0ghshqghqw vwuhvv2vwudlq

ehkdylru ri sro|phu pdwul{ frpsrvlwhv1 H{shulphqwdo surfhgxuhv wr surylgh

gdwd qhfhvvdu| wr jhqhudwh pdwhuldo frqvwdqwv zhuh ghvfulehg1 Iru wkh

hodvwlf2sodvwlf dqg hodvwlf2ylvfrsodvwlf pdwhuldo frqvwdqwv/ Jdwhv h{hfxwhg

r�0d{lv whvwv rq d�DJo/ d�fJo dqg defJo vshflphqv1 Lq wklv vwxg| irxu

whpshudwxuhv 2�J/ .fJ/ �2DJ dqg 2ffJ� zhuh vhohfwhg dqg wkh vwudlq udwhv

zhuh ehwzhhq Df>0*r dqg 2ff>0*r1 Rq wkh rwkhu kdqg Wxwwoh +4<<6, xvhg
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wkh prgl�hg ylvfrhodvwlf2ylvfrsodvwlf qrqolqhdu Vfkdshu| prgho wr suhglfw

wkh vwudlq yv1 wlph uhvsrqvh ri pxowlsoh0dqjoh frpsrvlwh vxemhfwhg wr f|folf

wkhuprphfkdqlfdo ordglqj ryhu orqj wlphv1 Wkh pdwhuldo surshuwlhv iru wkh

dffhohudwhg fkdudfwhul}dwlrq vfkhph zhuh rewdlqhg iurp �f�J�o fuhhs2fuhhs0

uhfryhu| whvwv dw b�J/ �2�J dqg �ebJ� rq dfJo/ dbfJo dqg d	eDJo odplqdwhv1 Dw

hyhu| whvw whpshudwxuh/ wkh vshflphqv zhuh whvwhg dw vwuhvv ohyhov udqjlqj iurp

.�.��@ wr eS�2.��@1

Uhvxowv dqg Glvfxvvlrq

Wkuhh w|shv ri whvwv zhuh xvhg gxulqj wklv vwxg|1 Qdpho| fuhhs2fuhhs0

uhfryhu| ordglqj klvwru|/ frqvwdqw vwudlq udwh dqg pxowlsoh0vwhs uhod{dwlrq

whvwv1

Fuhhs whvwv

Hgzdug Zx +4<;6e, vxemhfwhg W6332853; ^	 78J` odplqdwhv wr f|folf

fuhhs2fuhhs0uhfryhu| whvwv dw urrp whpshudwxuh1 Wkh vwdwlf wudqvyhuvh whqvloh

vwuhqjwk ydoxh iru wkh W6332853; odplqdwh irxqg lq olwhudwxuh zdv durxqg

SH��@1 Lq Iljxuhv 4 dqg 5 vkhdu vwudlq iru wkh whvw gdwd dqg wkh ODPIOX

suhglfwlrqv duh sorwwhg wrjhwkhu iru wzr gl�huhqw whvwv1 Wkh h{shulphqwdo

uhfryhu| gdwd iru f|foh :/ lq Iljxuh 4 dqg iru f|foh 4/ lq Iljxuh 5/ zhuh qrw

dydlodeoh1 Wkh fuhhs whvwv zhuh shuiruphg dw .2I dqg SbI/ uhvshfwlyho|/ ri

wkh xowlpdwh vkhdu vwuhvv ohyho1 Wkh vshflphqv zhuh whvwhg iru d wrwdo wlph ri

�f�.S�J�or/ uhsuhvhqwlqj dssur{lpdwho| �e6J?|�r1
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D yhu| jrrg djuhhphqw ehwzhhq wkh suhglfwlrq dqg phdvxuhg gdwd ryhu wkh

hqwluh whvwv zdv rewdlqhg iru wkh prgl�hg Vfkdshu| prgho zlwk wkh ylvfrsodvwlf

frpsrqhqw/ +Jxhghv/ 4<<:,1

Lq Iljxuh 5 rqh fdq revhuyh wkdw wkh pdwhuldo ghiruphg lq dq dv|pswrwlf

irup/ phdqlqj d ehkdylru fkdqjh iurp jodvv| wr uxeehu| vwdwh1 Wklv dovr

vljql�hv wkdw wkh ylvfrsodvwlf vlpsoh srzhu odz prgho zloo idlo dw orqjhu wlph

udqjh gxh wr lwv lqkhuhqw prqrwrqlf lqfuhdvlqj fkdudfwhu1

Uhod{dwlrq whvwv

Hgzdug Zx +4<;6d, vxemhfwhg W6332853; d	eDJo odplqdwhv wr pxowlsoh0vwhs

uhod{dwlrq whvwv dw urrp whpshudwxuh1

Wkh ODPIOX surfhgxuh zdv xvhg wr frpsxwh wkh uhod{dwlrq vkhdu vwuhvv

iru gl�huhqw frqvwdqw vkhdu vwudlqv h{whqglqj wkhp lqwr qrqolqhdu udqjh1 Wkh

uhvxowlqj uhod{dwlrq ehkdylru suhglfwhg iurp wkh fuhhs gdwd vkrzhg d jrrg

djuhhphqw zlwk wkh dfwxdo vkhdu vwuhvv uhod{dwlrq ehkdylru dv vkrzq lq Iljxuh

61

Wkh pxowlsoh0vwhs uhod{dwlrq whvw frqvlvwhg ri dsso|lqj dqg pdlqwdlqlqj d

vwhs0glvsodfhphqw zkloh wkh ordg uhod{hg1 Diwhu wkh ordg uhod{dwlrq dssurdfkhv

wkh dv|pswrwlf ohyho/ dqrwkhu vwhs0glvsodfhphqw zdv vxshulpsrvhg rq wkh

suhylrxv vwhs dqg djdlq pdlqwdlqhg zkloh wkh ordg uhod{hg1 Wkh vshflphqv

zhuh ordghg e| glvsodfhphqw frqglwlrqv1 Wkh glvsodfhphqw udwh iru hdfk vwhs

zdv qrplqdoo| frqvwdqw dw f�f2S6*r dqg wkh kroglqj wlph zdv dssur{lpdwho|

Df�J�or1

Lq Iljxuh 7 wkh uhod{dwlrq vkhdu vwuhvv gdwd iru d pxowlsoh0vwhs uhod{dwlrq whvw

lv sorwwhg wrjhwkhu zlwk wkh ODPIOX suhglfwlrqv1 Jrrg djuhhphqw ehwzhhq
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wkh whvw dqg wkh suhglfwhg gdwd zdv revhuyhg1 Iurp wkh wklug vwhs wkh whvw

gdwd vkrzhg kljkhu shdnv wkdq wkh rqhv suhglfwhg e| wkh ODPIOX dw wkh

ehjlqqlqj ri hdfk vwhs0glvsodfhphqw/ exw wkh uhod{hg vkhdu vwuhvvhv vwloo vwd|

yhu| forvh1

Frqvwdqw udwh vwudlq whvwv

Iru wkh udps ordglqj whvwv/ zkhuh wkh vwudlq udwh zdv lpsrvhg/ frpsdulvrqv

zlwk suhglfwlrqv zhuh pdgh iru wkh vwuhvv dqg sodvwlf vwudlq1 Wkh sodvwlf vwudlq

zdv fdofxodwhg dv=

"R,@r|�S ' "� j � . c +5<,

zkhuh . uhsuhvhqwv wkh lqlwldo prgxoxv lq wkh hodvwlf uhjlrq1 Wklv irupxodwlrq

+Wvrwvlv/ 4<<6, vxjjhvwv wkdw wkh ghyldwlrq iurp olqhdulw| lv d uhvxow ri

sodvwlf ghirupdwlrq/ exw lq idfw lw hperglhv erwk ylvfrhodvwlf dqg ylvfrsodvwlf

ghirupdwlrqv1

Hgzdug Zx +4<;5, vxemhfwhg W6332853; d	eDJo odplqdwhv wr pxowlsoh0

vwhs uhod{dwlrq whvwv dw urrp whpshudwxuh1 Wkh vshflphqv zhuh ordghg e|

glvsodfhphqwv frqglwlrqv dqg wkh glvsodfhphqw udwhv zhuh qrplqdoo| frqvwdqw1

Ehfdxvh lw zdv lqdssursuldwh wr lqwhusuhw wkh gdwd dv frqvwdqw vwudlq udwh/

wkh uhsruwhg uhfrugv ri wkh dfwxdo vwudlq0wlph klvwrulhv zhuh xvhg lq ODPIOX

surjudp1 Lq Iljxuhv 8/ 9 dqg : whvw gdwd dqg uhvshfwlyh sodvwlf vkhdu vwudlq

lv sorwwhg iru wkuhh gl�huhqw vkhdu vwudlq udwhv ri f��2D>0*r/ �2�D>0*r dqg

�2Df>0*r/ uhvshfwlyho| wrjhwkhu zlwk wkh ODPIOX suhglfwlrqv1 Frpsdulvrqv

ehwzhhq wkh h{shulphqwdo uhvxowv dqg wkh fxuyhv edvhg rq wkh wkhruhwlfdo

uhodwlrqvkls vkrz dq h{fhoohqw djuhhphqw dw erwk kljk dqg orz vwudlq udwhv1
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Wkh vwudlq udwh0ghshqghqw ehkdylru ri d LP:28593 frpsrvlwh zdv frpsduhg

zlwk wzr wkhruhwlfdo prghov1 Dv rxwolqhg ehiruh/ Jdwhv +4<<5, fkdudfwhul}hg

wkh qrqolqhdu udwh0ghshqghqw ehkdylru ri d LP:28593 frpsrvlwh xvlqj dq

hodvwlf2ylvfrsodvwlf prgho dqg Wxwwoh +4<<6/ 4<<8, fkdudfwhul}hg wkh wlph0

ghshqghqw ehkdylru ri d LP:28593 frpsrvlwh xvlqj wkh prgl�hg Vfkdshu|

qrqolqhdu ylvfrhodvwlf prgho wr lqfoxgh wkh ylvfrsodvwlf whup1 Lq Iljxuhv ; dqg

< wkh vwuhvv uhod{dwlrq dqg wkh sodvwlf vwudlq suhglfwlrqv iru wkh Jdwhv prgho

duh sorwwhg wrjhwkhu zlwk wkh Wxwwoh0ODPIOX suhglfwlrqv iru wkh LP:28593

d2DJo odplqdwhv dw d whpshudwxuh ri �2DJ� iru wzr gl�huhqw vwudlq udwhv1 Dv

rqh fdq revhuyh/ suhglfwlrqv ri erwk prghov duh lq d yhu| jrrg djuhhphqw iru

erwk vwudlq udwhv1

Frqfoxglqj uhpdunv

D qxphulfdo phwkrg wr kdqgoh wkh frqvwlwxwlyh lqwhjudo htxdwlrq ri wkh

Vfkdshu| wkhru| zdv ghyhorshg1 Wkh surfhgxuh fdq eh xvhg wr suhglfw wkh

fuhhs/ wkh vwuhvv uhod{dwlrq dqg wkh udwh0ghshqghqw vwuhvv2vwudlq ehkdylru ri

frpsrvlwh odplqdwhv1 D jrrg djuhhphqw ehwzhhq frpsxwhg dqg h{shulphqwdo

uhvxowv ru uhihuhqfh gdwd zdv revhuyhg lq wkh suhvhqwhg h{dpsohv1

Sduwldoo|/ wkhvh jrrg uhvxowv frxog eh uhodwhg wr wkh vlpsolflw| ri wkh

qrqolqhdu ylvfrhodvwlf ehkdylru ri W6332853; d	eDJo odplqdwhv gxh hvvhqwldoo|

wr vlpsoh vkhdulqj lq wkh sulqflsdo pdwhuldo gluhfwlrqv ri wkh so|1 Gxh wr

wkh 78Jdqjoh0so| od|0xs/ wkh vkhdu vwuhvv wkdw lv wdqjhqw wr wkh �euhv lq hdfk

xqlgluhfwlrqdo so| lv htxdo wr j*2 dqg wkh dvvrfldwhg vkhdulqj vwudlq lv E�nD�0/

zkhuh j/ 0 dqg D duh wkh hihfwlyh/ d{ldo vwuhvv/ d{ldo vwudlq dqg Srlvvrq*v udwlr
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ri wkh odplqdwh1 Wkh so| vwuhvv qrupdo wr wkh �euhv lv uhodwlyho| vpdoo gxh wr

wkh kljk �euh prgxoxv1

Wkh sodvwlf prgl�hg Vfkdshu| prgho sursrvhg e| Wxwwoh +4<<6, dsshdu wr

eh d jhqhudo prgho dw ohdvw iru wkh olplwhg vwuhvv ru vwudlq vwdwhv dqg klvwrulhv

xvhg lq wklv vwxg|1

Dfnqrzohgjphqwv

Wkh �qdqfldo vxssruw ri wklv zrun e| wkh MQLFW +Mxqwd Qdflrqdo gh

Lqyhvwljdêær Flhqwð�fd h Whfqroöjlfd, xqghu wkh Judqw EG :39 lv judwhixoo|

dfnqrzohgjhg1

Uhihuhqfhv

F}|}/ M1 D1/ V}|v}nrzvnl/ Z1/ *Dq H�hfwlyh Phwkrg iru Qrq0Olqhdu

Ylvfrhodvwlf Vwuxfwxudo Dqdo|vlv*/ Frpsxwhuv ) Vwuxfwxuhv/ Yro1 6:/ Qr1 8/

4<<3/ 96:�9791

Ilqgoh|/ Z1 Q1/ Odl/ M1 V1/ Rqdudq/ N1/ Fuhhs dqg Uhod{dwlrq ri Qrqolqhdu

Ylvfrhodvwlf Pdwhuldov/ Gryhu Sxeolfdwlrqv/ Lqf1/ Qhz \run/ 4<;</ 56<�57;1

Jdwhv/ W1 V1/ *H{shulphqwdo Fkdudfwhul}dwlrq ri Qrqolqhdu Udwh 0Ghshqghqw

Ehkdylru lq Dgydqfhg Sro|phu Pdwul{ Frpsrvlwhv*/ H{shulphqwdo

Phfkdqlfv/ Pdufk/ 4<<5/ 9;�:61

Judproo/ N1 F1/ Gloodug/ G1 D1/ Eulqvrq/ K1I1/ *D Vwdeoh Qxphulfdo

Vroxwlrq Phwkrg iru Lq0sodqh Ordglqj ri Qrqolqhdu Ylvfrhodvwlf Odplqdwhg

Ruwkrwurslf Pdwhuldov*/ Frpsrvlwh Vwuxfwxuhv 46/ 4<;</ 584�5:71
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Jxhghv/ U1P1/ Fdugrq/ D1K1/ Pdutxhv/ D1W1/ *Wlph0ghshqghqw ehkdylru ri

W6332853; xqghu fuhhs2fuhhs0uhfryhu|/ uhod{dwlrq dqg udps ordglqj*/ lq

Surfhhglqjv ri GXUDFR\V* <:/ Ylujlqld Sro|whfkqlf Lqvwlwxwh dqg Vwdwh

Xqlyhuvlw|/ 4<<:1

Khqulnvhq/ P1/ *Qrqolqhdu Ylvfrhodvwlf Vwuhvv Dqdo|vlv 0 D Ilqlwh Hohphqw

Dssurdfk*/ Frpsxwhuv dqg Vwuxfwxuhv/ Yro 4;+4,/ 4<;7/ 466�46<1

Vfkdshu|/ U1 D1/ *Rq wkh Fkdudfwhul}dwlrq ri Qrqolqhdu Ylvfrhodvwlf Pdwhuldov*/

Sro|phu Hqjlqhhulqj dqg Vflhqfh/ Yro1 </ Qr1 7/ 4<9</ 5<8�6431

Wvrwvlv/ W1N1/ *Fuhhs2Uhfryhu| ehkdylru ri Wrxjkhqhg dqg Xqwrxjkhqhg

Judsklwh2Hsr{| V|vwhpv*/ Sro|phu Hqjlqhhulqj dqg Vflhqfh/ Yro1 66/ Qr1

54/ 4<<6/ 46<3�46<<1

Wxwwoh/ P1H1/ Eulqvrq/ K1 I1/ *Suhglfwlrq ri wkh Orqj0Whup Fuhhs Frpsoldqfh

ri Jhqhudo Frpsrvlwh Odplqdwhv*/ H{shulphqwdo Phfkdqlfv/ Pdufk/ 4<;9/

;<�4351

Wxwwoh/ P1H1/ Sdvulfkd/ D1/ Hphu|/ D1I1/ *Wlph0Whpshudwxuh ehkdylru ri

LP:28593 Frpsrvlwhv Vxemhfwhg wr F|folf Ordgv dqg Whpshudwxuhv*/ DVPH

48</ 4<<6/ 676�68:1

Wxwwoh/ P1H1/ Sdvulfkd/ D1/ Hphu|/ D1I1/ *Wkh Qrqolqhdu Ylvfrhodvwlf0

Ylvfrsodvwlf ehkdylru ri LP:28593 Frpsrvlwhv Vxemhfwhg wr F|folf Ordglqj*/

Mrxuqdo ri Frpsrvlwh Pdwhuldov/ Yro1 5</ Qr1 48/ 4<<8/ 5358�53791

Zx/ H1P1/ Qjx|hq/ Q1T1/ Prruh/ U1O1/ *Pdwul{0Grplqdwhg Wlph0Ghshqghqw
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Ghirupdwlrq dqg Gdpdjh ri Judsklwh2Hsr{| Frpsrvlwh H{shulphqwdo Gdwd

Xqghu Udps Ordglqj*/ Odzuhqfh Olyhupruh Qdwlrqdo Oderudwru|/ uhsruw

DIZDO0WU0;5063:9/ 4<;51

Zx/ H1P1/ Qjx|hq/ Q1T1/ Prruh/ U1O1/ *Pdwul{0Grplqdwhg Wlph0Ghshqghqw

Ghirupdwlrq dqg Gdpdjh ri Judsklwh2Hsr{| Frpsrvlwh H{shulphqwdo Gdwd

Xqghu Pxowlsoh0Vwhs Uhod{dwlrq*/ Odzuhqfh Olyhupruh Qdwlrqdo Oderudwru|/

uhsruw DIZDO0WU0;606389/ 4<;6d1

Zx/ H1P1/ Vdqfkhv/ U1M1 Qjx|hq/ Q1T1/ *Pdwul{0Grplqdwhg Wlph0Ghshqghqw

Ghirupdwlrq dqg Gdpdjh ri Judsklwh2Hsr{| Frpsrvlwh H{shulphqwdo Gdwd

Xqghu Fuhhs dqg Uhfryhu|*/ Odzuhqfh Olyhupruh Qdwlrqdo Oderudwru|/

uhsruw DIZDO0WU0;606399/ 4<;6e1

]dsdv/ O1M1 dqg Fulvvpdq/ M1P1 / *Fuhhs dqg Uhfryhu| Ehkdylru ri Xowud0

Kljk Prohfxodu Zhljkw Sro|hwk|ohqh lq wkh Uhjlrq ri Vpdoo Xqld{ldo

Ghirupdwlrqv*/ Sro|phu/ 58/ 4<;7/ 8:�951
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Iljxuh 4= Whvw gdwd dqg ODPIOX suhglfwlrq vkhdu vwudlq ri d odplqdwh
vxemhfwhg wr d f|folf fuhhs2fuhhs0uhfryhu| whvw dw urrp whpshudwxuh1
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Iljxuh 5= Whvw gdwd dqg ODPIOX suhglfwlrq vkhdu vwudlq ri d odplqdwh
vxemhfwhg wr d f|folf fuhhs2fuhhs0uhfryhu| whvw dw urrp whpshudwxuh1
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frqvwdqw vkhdu vwudlq dw urrp whpshudwxuh/ dqg suhglfwhg zlwk ODPIOX1
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Iljxuh 8= Frqvwdqw vkhdu vwudlq udwh whvw ri d W6332853; d	eDJo odplqdwh dw
urrp whpshudwxuh/ zlwk wkrvh suhglfwhg zlwk ODPIOX1
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Iljxuh 9= Frqvwdqw vkhdu vwudlq udwh whvw ri W6332853; d	eDJo odplqdwh dw
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57



0

20

40

60

80

100

0

5000

10000

15000

20000

0 0.001 0.002 0.003 0.004 0.005 0.006

test data

LAMFLU

pla
stic she

a
r strain

,µε

τ
xy

time, hours

γ
xy

plastic

ID : 1357-001T300/5208
1250µε/s

sh
ea

r 
st

re
ss

, 
M

P
a

Iljxuh := Frqvwdqw vkhdu vwudlq udwh whvw ri W6332853; d	eDJo odplqdwh dw
urrp whpshudwxuh/ zlwk wkrvh suhglfwhg zlwk ODPIOX1
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Iljxuh ;= Vwuhvv suhglfwlrq iru wkh Jdwhv dqg wkh Wxwwoh0ODPIOX prghov iru
d frqvwdqw vwudlq udwh whvw vlpxodwlrq ri d LP:28593 ^58J` odplqdwh dw 458JF1
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d frqvwdqw vwudlq udwh whvw vlpxodwlrq ri d LP:28593 ^58J` odplqdwh dw 458JF1

59


