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KHOVLQNL XQLYHUVLW\ RI WHFKQRORJ\ DEVWUDFW RI WKH

OLFHQWLDWH*V WKHVLV

Dxwkru= Ndooh Uxwwln

Wlwoh ri wkhvlv= Fdsdflw| fdofxodwlrq iru FGPD qhwzrun sodqqlqj

Gdwh= fbwk Vhs1/ 4<<< Sdjhv= 44.47<

Ghsduwphqw= Hohfwulfdo dqg Frppxqlfdwlrqv Hqjlqhhulqj

Fkdlu= V0:5 Frppxqlfdwlrqv Hqjlqhhulqj

Vxshuylvru= Surihvvru Vyhq Jxvwdy Kçjjpdq

Uhylhzhu= Gu1 Whfk1 Nlppr Ydonhdodkwl

Wklv zrun frqwdlqv d olqn dqg qhwzrun ohyho dqdo|vlv ri d FGPD edvhg v|vwhp grqh iurp wkh
qhwzrun sodqqlqj srlqw ri ylhz1 Dv d uhvxow ri wkh dqdo|vlv zh rxwolqh wkh uhtxluhphqwv dqg
srvvleoh phwkrgv iru qhwzrun sodqqlqj1

Iluvw zh dqdo|vh wkh FGPD v|vwhp e| xvlqj d yhu| vlpsoh prgho1 Wklv prgho doorzv xv wr
ghwhuplqh wkh qdwxuh ri wkh v|vwhp rxwdjh lq fdvh ri ryhuordg1 Zh duh deoh wr h{sodlq krz
wkh fdsdflw| ghshqgv rq wkh orfdwlrq ri xvhuv lq wkh fhoo/ wkh vshhg ri xvhuv/ dqg wkh wdujhw
FLU ydoxh1 Wkhvh uhvxowv jlyh xv frqglwlrqv dqg sdudphwhuv zklfk vkrxog eh frqvlghuhg lq wkh
qhwzrun sodqqlqj1

Wkh olqn ohyho dqdo|vlv jlyhv xv wkh ghshqghqf| ehwzhhq wkh xvhuv vshhg dqg wkh wdujhw vljqdo0
wr0lqwhuihuhqfh udwlr1 Wkh htxdwlrqv duh ghulyhg iru erwk xs0 dqg grzqolqn1 Lq rughu wr
ghulyh wklv ghshqghqf| zh ghyhors prghov iru rswlpdo srzhu frqwuro dqg vljqdo wr lqwhuihuhqfh
udwlr1 Wkh dqdo|vlv vkrzv wkdw wkh vlpsoh uhod| w|sh ri srzhu frqwuro shuirupv txlwh qhdu wr
wkh rswlpdo olplw1 Wkh prgho ri lqwhuihuhqfh lqglfdwhv wkdw lq wkh grzqolqn wkh lqwhuihuhqfh
ghshqgv rq wkh fkdqqho uhvsrqvh dqg dv vxfk lpsdfwv gluhfwo| wkh fdsdflw|1

Wkh fdsdflw| ri d FGPD v|vwhp lv hvwlpdwhg xvxdoo| e| vlpxodwlrqv1 Zh sursrvh d phwkrg
iru fdofxodwlqj wkh dyhudjh v|vwhp fdsdflw|1 Frpsduhg wr vlpxodwlrqv wkh fdofxodwlrq doorzv
wr vshhg xs wkh fdsdflw| hvwlpdwlrq surfhvv1 E| frpsdulqj zlwk wkh vlpxodwlrqv uhvxowv zh
vkrz wkdw wkh sursrvhg phwkrg dssur{lpdwhv zhoo wkh fdvhv zkhq xvhuv ru edvh vwdwlrqv duh
qrqxqlirupo| glvwulexwhg1

Dw wkh hqg ri wkh wkhvlv zh vkrz krz wkh sursrvhg phwkrg fdq eh lqwhjudwhg lqwr sodqqlqj ri
d srzhu frqwuroohg FGPD v|vwhp1 Wkh ghyhorshg phwkrg fdq eh xvhg iru hvwlpdwlqj rxwdjh
duhdv dqg eorfnlqj suredelolwlhv1

Nh|zrugv= FGPD/ fdsdflw|/ qhwzrun sodqqlqj/ lqwhuihuhqfh/ srzhu frqwuro



Suhidfh

L zlvk wr h{suhvv p| judwlwxgh wr Suri1 Vyhq0Jxvwdy Kçjjpdq/ vxshuylvru ri wklv zrun/

dqg wr Suri Vhssr M1 Kdoph/ wkh khdg ri wkh oderudwru|/ iru wkhlu lqwhuhvw dqg sdwlhqfh

gxulqj wklv surmhfw1

L zrxog olnh wr wkdqn doo wkh hpsor|hhv ri wkh Frppxqlfdwlrq Oderudwru| ri wkh Khovlqnl

Xqlyhuvlw| ri Whfkqrorj|/ hvshfldoo| Erulv Pdnduhylwfk iru frqvwuxfwlyh glvfxvvlrqv rq

ydulrxv vxemhfwv1

Wklv zdv vwduwhg zkloh L zdv JHWD +Judgxdwh Vfkrro lq Hohfwurqlfv Whohfrppxqlfdwlrqv

dqg Dxwrpdwlrq, vwxghqw dqg frqwlqxhg lq wkh UDYH surmhfw ri wkh Lqvwlwxwh ri Udglr

Frppxqlfdwlrq/ Khovlqnl Xqlyhuvlw| ri Whfkqrorj|1 Wkh vxssruw iurp Ilqqlvk Dfdghp|

�qdqflqj JHWD dqg Whfkqrorj| Ghyhorsphqw Fhqwuh +WHNHV,/ Qrnld/ Vrqhud dqg wkh

Ilqqhw Jurxs �qdqflqj UDYH lv juhdwo| dfnqrzohjhg1

Rwdqlhpl <1<1<<

Ndooh Uxwwln



Frqwhqwv

Olvw ri V|perov ly

Olvw ri Deeuhyldwlrqv ylll

4 Lqwurgxfwlrq 4

414 Prgholqj wkh v|vwhp fdsdflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

415 Dlp ri wklv zrun 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

416 Ruljlqdo frqwulexwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

417 Rxwolqh ri wkh wkhvlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

5 FGPD dqdo|vlv zlwk d vlpsoh v|vwhp prgho ;

514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

515 V|vwhp prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

516 Ehkdylru dqg fdsdflw| ri d FGPD v|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

51614 Ghvfulswlrq ri wkh v|vwhp ehkdylrxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

51615 Vlpxodwlrq prgho iru qxphulfdo h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

51616 Xqlirup vsdwldo glvwulexwlrq ri xvhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51617 Qrq0xqlirup vsdwldo glvwulexwlrq ri xvhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

51618 Yduldeoh elw udwh vhuylfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55

51619 V|vwhp fdsdflw| zlwk prylqj xvhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

517 Fdsdflw| gh�qlwlrq ri wkh FGPD v|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

51714 Vlpxodwlrq ri wkh v|vwhp fdsdflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
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518 Uhvxowv rq vwxg| edvhg rq wkh vlpsoh prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

6 Vwxg| ri wkh FLU ghshqghqf| rq xvhu vshhg 69

614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

615 V|vwhp prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

616 Glvwulexwlrq ri wkh uhfhlyhg vljqdo dpsolwxghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

61614 Qrupdolvdwlrq ri wkh vljqdo dpsolwxgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

61615 Glvwulexwlrq ri wkh fkdqqho uhvsrqvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

617 Glvwulexwlrq ri wkh lqirupdwlrq vljqdo srzhu diwhu SF 1 1 1 1 1 1 1 1 1 1 1 83

61714 Dqdo|wlfdo prgho iru vljqdo glvwulexwlrq diwhu SF 1 1 1 1 1 1 1 1 1 1 86

61715 Qxphulfdo hydoxdwlrq ri wkh vljqdo glvwulexwlrq diwhu SF 1 1 1 1 1 1 8:

618 Lqwhuihuhqfh lq FGPD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

61814 Lqwhuihuhqfh lq grzqolqn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

61815 Lqwhuihuhqfh lq xsolqn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

619 Vwxg| ri wkh wdujhw FLU zlwk wkh rxwhu orrs SF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

61: Fkdswhu vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

7 Fdsdflw| hvwlpdwlrq iru FGPD qhwzrun sodqqlqj :;

714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

715 Fdsdflw| hvwlpdwlrq iru qhwzrun sodqqlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

71514 Phwkrg iru fdofxodwlrq wkh v|vwhp fdsdflw| ri d FGPD v|vwhp 1 ;4

71515 Huodqj fdsdflw| ri FGPD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

71516 Frpsxwdwlrq ri wkh v|vwhp fdsdflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

716 Dojrulwkp iru wkh fdsdflw| fdofxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

71614 Ghvfulswlrq ri wkh dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

71615 Sdudphwhuv iru wkh dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

717 Vlpxodwlrq dqg qxphulfdo fdofxodwlrqv ri wkh fdsdflw| iru yrlfh xvhuv 1 1 1 <7

71714 Fdsdflw| zlwk fkdqjlqj wdujhw �U- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8

71715 Xqlirup orfdwlrq ri EV dqg xvhuv zlwk gl�huhqw rughuv ri dwwhqxdwlrqv <:
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71716 Qrqxqlirup orfdwlrq ri EV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

71717 Qrqxqlirup glvwulexwlrq ri ordg1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

71718 Qrqxqlirup glvwulexwlrq ri wud!f dqg orfdwlrq ri EV 1 1 1 1 1 1 1 433

718 V|vwhp fdsdflw| zlwk gdwd xvhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

719 Wkh qhwzrun sodqqlqj surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

71: Fkdswhu vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

8 Frqfoxvlrqv 444

814 Vxppdu| dqg frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

815 Ixuwkhu uhvhdufk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

D Vrxufh frgh ri wkh surjudp iru FGPD fdsdflw| fdofxodwlrq 44:

E Vlpxodwlrq ri wkh VLU dv ixqfwlrq ri vshhg 469

F Frq�jxudwlrq ri wkh whvw qhwzrunv 478

lll



Olvw ri V|perov

@� hvwlpdwh ri wkh vljqdo dpsolwxgh dw wkh �0wk �qjhu
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frvlqxv ri fduulhu iuhtxhqf| /S dqg skdvh gl�huhqfh ) ehwzhhq wkh

vljqdo iru &0wk xvhu iurp ?0wk EV dqg uhihuhqfh vljqdo

� furvv fruuhodwlrq ixqfwlrq

�U-| wdujhw FLU ydoxh

�U-|Eoc w� wdujhw FLU ydoxh/ uhtxluhg wr frppxqlfdwh zlwk orfdwlrq lqglfdwhg

e| o/ w lq wkh fhoo

_�ocw c? glvwdqfh iurp wkh EV ? wr wkh orfdwlrq o/ w lq wkh vhuylfh duhd ri EV

�

.K hqhuj| shu elw

.Kcoes hqhuj| shu elw ri uhihuhqfh gdwdudwh

.i��j dyhudjh

sEo� ixqfwlrq ri wkh dwwhqxdwlrq lq wkh fkdqqho

�d?� �o �owhu uhvsrqvh

U wrwdo lqwhuihuhqfh

U�� lqwhuihuhqfh ghqvlw| iru wkh xvhu � lq EV � vhuylfh duhd

U �6@� pxowlsoh dffhvv lqwhuihuhqfh
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U6@�c�/U �6@�c� lqwudfhoo lqwhuihuhqfh

U6@�c?/U �6@�c? lqwhufhoo lqwhuihuhqfh

U �?� lqwhuihuhqfh gxh wr wkh wkhupdo qrlvh

U �r� vljqdo vhoi lqwhuihuhqfh gxh wr wkh pxowlsdwk

a qxpehu ri �owhu frh!flhqwv

af E2Z�?*bS� Ehvvho ixqfwlrq ri vshhg �/ prphqw ?/ dqg zdyhohqjwk bS

&? lqgh{ ri xvhu & iurp wkh EV ?

&-��
uhodwlrq frh!flhqw ehwzhhq gdwd udwh ri xvhu dqg uhihuhqfh gdwdudwh

g? qxpehu ri xvhuv lq wkh fhoo ?

g�coes qxpehu ri xvhuv zlwk wkh uhihuhqfh gdwd udwh lq wkh fhoo �

/ dyhudjh dwwhqxdwlrq lq wkh fkdqqho

u/ uo/ u&? qxpehu ri UDNH �qjhuv

6�U-/ 6�U-�
wkh phdq dpsolwxgh ri wkh uhfhlyhg vljqdo diwhu SF

� qxpehu ri fkdqqhov lq wkh v|vwhp

?E|� qrlvh dpsolwxgh

� qxpehu ri lqwhuihulqj EV/ ru qhljkerulqj fhoov

� Efc �U?� qrupdo glvwulexwlrq zlwk phdq f dqg yduldqfh �U?

6 dwwhqxdwlrq odz

R6 suredelolw| ri 6 xvhuv ehlqj lq wkh v|vwhp

R&6 suredelolw| wkdw iurp 6 xvhuv lq wkh v|vwhp & duh dfwlyh

R&J�| suredlole| ri wkh v|vwhp ehlqj lq wkh rxwdjh zlwk & xvhuv lq wkh

v|vwhp

S& suredlolw| ri & dfwlyh xvhuv ehlqj lq wkh v|vwhp

SJ�| wrwdo rxwdjh suredelolw|

�U? vljqdo srzhu wr rwkhu xvhuv dw wkh wudqvplwwhu/ yduldqfh ri wkh dpsol0

wxgh ri wkh lqwhuihulqj vlqjdo dw wkh EV

y



�&? wudqvplwwhg vljqdo srzhu iru xvhu & dw wkh EV ?

� o
&?

uhfhlyhg vljqdo srzhu ri xvhu & iurp wkh EV ?

�6@�c? lq grzqolqn wrwdo wudqvplwwhg srzhu wr doo rwkhu xvhuv ehiruh wudqv0

plvvlrq dw EV ?

�4@ pd{lpdo doorzhg wudqvplvvlrq srzhu

�oes wudqvplvvlrq srzhu iru uhihuhqfh gdwdudwh

��Eoc w� wudqvplwwhg vljqdo srzhu uhtxluhg wr frppxqlfdwh zlwk orfdwlrq lq0

glfdwhg e| o/ w lq wkh fhoo

�6@�c?E_�ocwc?� Lqwhuihuhqfh iurp EV ? wr orfdwlrq lqglfdwhg e| o/ w

o&?c6 glvwdqfh ehwzhhq wkh EV 6 dqg xvhu & lq EV ?

oEocw�?c6 glvwdqfh ehwzhhq wkh orfdwlrq ri wkh Eoc w� lq vhuylfh duh ri EV q/ dqg

EV p

oE|� uhfhlyhg vljqdo

-&? gdwdudwh

-oes uhihuhqfh gdwdudwh
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�
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�
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�
frqwlqxrxv wlph sduwldo furvv fruuhodwlrq ixqfwlrqv ehwzhhq wkh

uhihuhqfh dqg uhfhlyhg elw

r2q� phdq ri srzhu diwhu SF

7� lqirupdwlrq vljqdo

�d?o Gludf ghowd ixqfwlrq

L uhfhlyhg vljqdo

� xvhuv vshhg

�d?o/ ��d?n �o vdpsohv ri zklwh jdxvvldq qrlvh

` vsuhdg edqgzlwk

k ruwkrjrqdolw| idfwru

q,&? dpsolwxgh ri wkh ,0wk sdwk iru xvhu & iurp ?0wk EV
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q
�

, vljqdo dpsolwxgh dw wkh �qjhu

q d?o vdpsohg dpsolwxgh ri wkh fkdqqho uhvsrqvh

q� d?n �o lv vdpsohg dpsolwxgh dw wkh �qjhu �

7� SF vwhs

),&? �
skdvh gl�huhqfh ehwzhhq uhfhlyhg dqg uhihuhqfh vljqdo

b fdoo duulydo udwh

bS zdyhohqjwk

# srzhu ri wkh wkhupdo qrlvh

> phdq fdoo kroglqj wlph

w dqjoh iurp wkh EV

4 ghqvlw| ri xvhuv

4? vdpsohg fkdqqho fruuhodwlrq ixqfwlrq

j2 wrwdo qrlvh yduldqfh

j2� yduldqfh ri wkh lqwhuihuhqfh dw gl�huhqw �qjhuv �

jq2� vwdqgdug ghyldwlrq ri wkh fkdqqho dpsolwxgh

j2q� yduldqfh ri wkh fkdqqho dpsolwxgh

j2� wrwdo yduldqfh ri wkh ZJQ

j2�� yduldqfh ri wkh zklwh Jdxvvldq qrlvh

j2�J�|c j
2
��?

rxwsxw lqsxw yduldqfh ri wkh zklwh jdxvvldq qrlvh

� � ghod| dw wkh fkdqqho wds

� ,&? � ghod| lq wkh pxowlsdwk ,&? zlwk uhvshfwlqj wds �

/S fduulhu iuhtxhqf|
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Olvw ri Deeuhyldwlrqv

DU Dxwr Uhjuhvvlyh

EHU Elw Huuru Udwlr

EV Edvh Vwdwlrq

fgi fxpxodwlyh suredelolw| glvwulexwlrq ixqfwlrq

FLU Fduulhu wr Lqwhuihuhqfh Udwlr

FGPD Frgh Glylvlrq Pxowlsoh Dffhvv

IGPD Iuhtxhqf| Glylvlrq Pxowlsoh Dffhvv

IHU Iudph Huuru Udwlr

sgi suredelolw| ghqvlw| ixqfwlrq

SF Srzhu Frqwuro

TrV Txdolw| ri Vhuylfh

VLU Vljqdo wr Lqwhuihuhqfh Udwlr

WGPD Wlph Glylvlrq Pxowlsoh Dffhvv

ZJQ Zklwh Jdxvvldq Qrlvh

ylll



Fkdswhu 4

Lqwurgxfwlrq

Lq wklv zrun zh wuhdw wkh lvvxhv uhodwhg wr wkh fdsdflw| ri d FGPD edvhg preloh frp0

pxqlfdwlrq v|vwhp1

Lq frqwudvw wr WGPD dqg IGPD v|vwhpv wkh dprxqw ri xvhuv wkdw fdq eh vhuyhg

lq FGPD zlwk iuhtxhqf| uhxvh 4 lv rqo| lqwhuihuhqfh olplwhg1 Lqwhuihuhqfh wrjhwkhu

zlwk srzhu frqwuro fuhdwh dq hqylurqphqw wkdw lv gl!fxow wr suhglfw dqg frqwuro1 Lq

vxfk hqylurqphqw wkh fdsdflw| fdq eh gh�qhg vwdwlvwlfdoo| e| xvlqj gh�qlwlrq ri rxwdjh1

^RS<;`1

Rxwdjh frxog eh v|vwhp rxwdjh ru vljqdo rxwdjh1 Vljqdo rxwdjh lv pdlqo| gxh wr ghhs

idgh zkhq wkh v|vwhp rffdvlrqdoo| fdq qrw vxssruw frqqhfwlrqv rq vrph olqn1 V|vwhp

rxwdjh rffxuv zkhq wrr kljk lqwhuihuhqfh iurp rwkhu vrxufhv grhv qrw doorz dq|erg| wr

frppxqlfdwh1 Wkh ohyho ri lqwhuihuhqfh zkhuh wklv rxwdjh rffxuv fdq eh gh�qhg dv wkh

olplw wkdw ghwhuplqhv wkh v|vwhp fdsdflw| dqg zklfk vkrxog qrw eh h{fhhghg1

Wkh fdsdflw| fdq eh lghqwl�hg dv lqvwdqwdqhrxv dqg dyhudjh fdsdflw|1 Vxfk vhsdudwlrq

lv qrw lpsruwdqw lq IGPD dqg WGPDedvhg v|vwhpv1 Lq wkhvh v|vwhpv wkh olplwlqj idfwru

lv wkh qxpehu ri fkdqqhov dqg wkhuhiruh erwk w|sh ri fdsdflwlhv duh htxdo1 Lq FGPD wkh

qxpehu ri xvhuv wkdw fdq eh vhuyhg lq wkh v|vwhp lv d ixqfwlrq ri lqwhuihuhqfh dqg wkh

wzr fdsdflwlhv fdq eh gl�huhqw1 Wkh lqvwdqwdqhrxv fdsdflw| lv wkh pd{lpxp qxpehu ri

vdwlv�hg xvhuv xqghu d jlyhq txdolw| frqvwudlqw wkdw dw wkh jlyhq prphqw fdq eh vhuyhg

4



lq wkh v|vwhp1 Fruuhvsrqglqjo| wkh phdq ryhu doo wkhvh gl�huhqw lqvwdqwdqhrxv fdsdflwlhv

jlyh xv wkh dyhudjh fdsdflw|1

Lq wkh qhwzrun wkhvh gl�huhqw fdsdflwlhv kdyh gl�huhqw dssolfdwlrqv1 Wkh lqvwdqwd0

qhrxv fdsdflw| lv uhtxluhg e| wkh uxq wlph rshudwlrqv iru pd{lpl}lqj wkh v|vwhp xwlol}d0

wlrq dqg lw lv hvwlpdwhg frqwlqrxvo|1 Jrrg h{dpsohv ri vxfk rshudwlrqv duh dgplvvlrq

dqg frqjhvwlrq frqwuro1 Dgplvvlrq frqwuro uhtxluhv fdsdflw| iru doorfdwlqj wkh uhvrxufhv

iru frqqhfwlrqv1 Zkhq wkh v|vwhp lv lq rxwdjh wklv vlwxdwlrq vkrxog eh ghwhfwhg lq rughu

wr dsso| d frqjhvwlrq frqwuro dojrulwkp1

Lq qhwzrun sodqqlqj lw lv gl!fxow wr frqvlghu wkh v|vwhp fdsdflw| dw hyhu| prphqw1

Wkhuhiruh/ riwhq wkh qhwzrun sodqqlqj ghdov rqo| zlwk wkh dyhudjh fdsdflw| surylghg e|

wkh uhvrxufhv1 Wkh dyhudjh fdsdflw| fdq eh fdofxodwhg e| dyhudjlqj ryhu doo srvvleoh

lqvwdqwdqhrxv fdsdflwlhv1

Wkh gl�huhqfh ehwzhhq WGPD dqg FGPD ehfrphv yhu| hvvhqwldo lq wkh qh{w jhqhu0

dwlrq preloh qhwzrunv1 Wkh phwkrgv zhoo ghyhorshg dqg mxvwl�hg lq sudfwlfh iru WGPD

dqg IGPD fdq qrw gluhfwo| eh dssolhg lq ghvljq ri qhz FGPD edvhg qhwzrunv1

414 Prgholqj wkh v|vwhp fdsdflw|

Uhjdugohvv wkh w|sh ri fdsdflw| frqvlghuhg/ wkh vwxg| ri wkh FGPD fdsdflw| lv pdlqo|

uhodwhg wr lqyhvwljdwlrq ri wkh lqwhuihuhqfh lq wkh v|vwhp1 Dprqj wkh lqwhuihuhqfh vwxg0

lhv wzr wuhqgv fdq eh uhfrjql}hg1 Qhwzrun ohyho dqdo|vlv ri wkh v|vwhp fdsdflw| dqg

lqyhvwljdwlrq ri wkh vrxufhv ri lqwhuihuhqfh1

Dq hduo| vwxg| ri wkh uhodwlrqvkls ehwzhhq wkh FGPD dyhudjh fdsdflw| dqg wkh

lqwhuihuhqfh ohyho lv jlyhq lq ^FQ:;`1 Dq h{whqvlrq wr wklv wkhru| zklfk lqfoxghv vkdgrzlqj

dqg yrlfh dfwlylw| prqlwrulqj lv jlyhq lq ^Jlo<4`1

Wkh dssurdfk lq wkh odwwhu uhihuhqfh lv wr prgho wkh vwdwlvwlfdo glvwulexwlrq ri wkh

lqwhuihuhqfh iru vsdwldoo| xqlirupo| glvwulexwhg xvhuv dqg EV glvwulexwlrq/ zlwkrxw dqd0

o|}lqj wkh dfwxdo ehkdylrxu ri wkh vrxufhv ri wkh lqwhuihuhqfh1 Wkh fdsdflw| lv fdofxodwhg
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dv wkh suredelolw| wkdw lqwhuihuhqfh h{fhhgv vrph suhvhw olplw1

Wkh gulylqj irufh ehklqg wkh ghulydwlrq lv wkh lqwhqwlrq wr frpsduh WGPD dqg FGPD

v|vwhpv1 Iru wkdw sxusrvh pdq| vlpsol�fdwlrqv duh pdgh1 Lq odwhu sdshuv lw zdv vkrzq

wkdw vpdoo gl�huhqfhv lq lqwhuihuhqfh vrxufhv uhgxfh wkh v|vwhp fdsdflw| vljql�fdqwo| dqg

wkhuhiruh lw lv gdqjhurxv wr orrn rqo| dw wkh lghdo frqglwlrqv ^QK<7`1

Wkh w|sh ri dssurdfk wdnhq lq ^Jlo<4` lv d jrrg h{dpsoh ri klglqj doo wkh gl!fxowlhv lq

wkh qhwzrun xqghu d vwdwlvwlfdo prgho1 Wklv sdshu kdv sdyhg wkh zd| iru pdq| vwxglhv rq

vwdwlvwlfdo prgholqj ri wkh lqwhuihuhqfh iru v|vwhp fdsdflw| ^YY<6` ru dgplvvlrq frqwuro

^HH<<`1

Dq dowhuqdwlyh ylhz wr wkh fdsdflw| lv wdnhq iru srzhu frqwuro sxusrvhv1 Lq wkdw

frqwh{w wkh fdsdflw| lv gh�qhg dv v|vwhp delolw| wr surylgh wkh vroxwlrq wr wkh pdwul{

htxdwlrq uhodwlqj dwwhqxdwlrqv dqg wudqvplwwhg srzhuv wr doo xvhuv ^]dq<5`1 Wkh v|vwhp

fdq vxssruw doo frqqhfwlrqv zkhq wklv pdwul{ htxdwlrq kdv vroxwlrq iru srvlwlyh srzhuv

iru doo xvhuv1 Wkh pruh suhflvh ylhz/ frpsduhg wr vwdwlvwlfdo prgholqj/ surylghv d wrro iru

dqdo|}lqj wkh lpsdfw ri wkh fkdqqho dqg ehkdylrxu ri hyhu| sduwlfxodu xvhu1 Wkh ehqh�w

khuh lv dfklhyhg dw wkh h{shqvh ri frpsoh{lw|1 Dq h{kdxvwlyh dqdo|vlv vkrxog frqvlghu doo

srvvleoh frpelqdwlrqv ri qxpehu ri xvhuv dqg wkhlu fkdqqhov1

Wkh lqyhvwljdwlrq ri wkh vrxufhv ri lqwhuihuhqfh lv jrlqj lq wzr gluhfwlrqv= vwxg| ri

wkh v|vwhp shuirupdqfh gxh wr wkh xvhuv glvwulexwlrqv dqg gdwd udwhv/ dqg vwxg| ri wkh

uhfhlyhu shuirupdqfh1

Wkh xvhu glvwulexwlrq lv uhsruwhg wr uhgxfh wkh v|vwhp fdsdflw| d�hfwlqj lq wklv zd|

gluhfwo| wkh qhwzrun sodqqlqj surfhvv1 Vwxglhv lq wkdw duhd duh pdlqo| vlpxodwlrq edvhg

^Ihd<7` ^UN` ^Z[<7`1

Wkh vlpxodwlrq kdv dovr ehhq wkh wrro iru lqyhvwljdwlqj wkh ruwkrjrqdolw| lq wkh FGPD

grzqolqn ^Khd<:` dqg kdqgryhu ^ZO<:`/ erwk ri zklfk d�hfw wkh fdsdflw| gxh wr wkh

lpsdfw ri wkh lqwhuihuhqfh1

Wkh doorzhg lqwhuihuhqfh ohyho lq wkh uhfhlyhu ghshqgv rq wkh prghp/ frglqj/ dqg

fkdqqho sdudphwhuv1 Wkhvh duh wkh idfwruv lq wkh uhfhlyhu wkdw kdyh dq lpsdfw rq wkh
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qhwzrun ohyho1 Lq rughu wr uhgxfh wkh vwxg| �hog wkh jhqhudo dssurdfk lv wr vhsdudwh wkhvh

idfwruv lqwr olqn ohyho vwxg|1^RS<;` Wkh uhvxowv ri olqn ohyho vwxg| surylgh wkh lqirupdwlrq

wr wkh qhwzrun ohyho iru fdsdflw| fdofxodwlrqv1

Wkh olqn ohyho vwxg| lv pdlqo| hydoxdwlrq ri wkh uhfhlyhu shuirupdqfh1 Iru FGPD

fdsdflw| wkh shuirupdqfh lv hydoxdwhg dv �.- wkdw lv d ixqfwlrq ri wkh lqwhuihuhqfh iurp

rwkhu xvhuv dqg pxowlsdwk sursdjdwlrq1 Wkh sursdjdwlrq prgho frqwdlqv dovr wkh lpsdfw

ri wkh fkdqqho yduldwlrqv ^Hqj<8` ^Hiw<:` ^Fkd<7`1

415 Dlp ri wklv zrun

Lw lv pxfk hdvlhu wr fdofxodwh wkh fdsdflw| iru FGPD v|vwhp zlwk xqlirup vsdwldo glv0

wulexwlrq ri xvhuv dqg frqvwdqw elw udwh iru doo wkh xvhuv1 Wkh pruh gl!fxow wdvn lv wr

jhw d phwkrg iru fdsdflw| fdofxodwlrq dssolfdeoh lq sudfwlfdo qhwzrunv1 Dq hdv| zd| wr

wdfnoh wkh sureohp lv wr vlpxodwh wkh v|vwhp1 Krzhyhu/ wkh pxowlwxgh ri ghwdlov pdnhv

vxfk vlpxodwlrqv yhu| wlph frqvxplqj dqg qrw vxlwdeoh iru odujh qhwzrunv1 Wr ghyhors d

prgho iru fdofxodwlrqv lv dovr qrw hdv|1 Wkh prgho vkrxog lqfrusrudwh rq rqh kdqg wkh

lvvxhv uhodwhg wr wkh uhfhlyhu dqg fkdqqho/ rq wkh rwkhu kdqg lw kdv wr �w wr gl�huhqw

glvwulexwlrqv dqg pl{hv ri wkh ghpdqg1

Wkh sxusrvh ri wklv zrun lv wr ghulyh d phwkrg iru fdofxodwlqj wkh FGPD qhwzrun

fdsdflw|1 Wkh fhqwudo lvvxh lv dssolfdelolw| ri wkh phwkrg wr sudfwlfdo qhwzrun ghvljq1

Wkh lqyhvwljdwlrq jrhv lqwr wzr gluhfwlrqv= vxlwdelolw| ri wkh phwkrg iru gl�huhqw

qhwzrun ohyho frqglwlrqv/ dqg uhfhlyhu dqg fkdqqho lpsdfw rq wkh fdsdflw|1

Lq rughu wr ghyhors wkh prgho iru fdofxodwlrqv wkhuh lv d qhhg wr xqghuvwdqg wkh

xqghuo|lqj sulqflsohv ri d FGPD v|vwhp1 Wkh suhylrxv vwxglhv frqfhqwudwh gluhfwo| rq

uhfhlyhu shuirupdqfh hvwlpdwlrq ^Sxu::` ru fdsdflw| hvwlpdwlrq ^YY<6` exw gr qrw h{sodlq

wkh ghshqghqflhv rq wkh qhwzrun ohyho1 Dv d uhvxow wkhuh lv uhsruwhg exw qrw dqdo|}hg

skhqrphqrq/ fhoo euhdwklqj/ wkdw pdnh wkh v|vwhp sodqqlqj h{wuhpho| gl!fxow ^Wlw<:`1

Lq rughu wr dyrlg vxfk uhhiv zh vwduw rxu mrxuqh| e| lqyhvwljdwlqj wkh ehkdylrxu ri wkh
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v|vwhp dv d ixqfwlrq ri ydulrxv sdudphwhuv= orfdwlrq/ vshhg/ gdwd udwh ri xvhuv1

Zh h{dplqh vhsdudwho| wkh olqn dqg qhwzrun ohyho1 Wkh iruphu kdv ehhq wkrurxjko|

lqyhvwljdwhg1 Krzhyhu/ wkh vwxglhv kdyh qrw ehhq pdgh lq wkh frqwh{w ri wkh FGPD

qhwzrun fdsdflw|1 Iru wkdw uhdvrq wkh vwxglhv ri uhfhlyhu shuirupdqfh gr qrw lqfrusrudwh

wkh lpsdfw ri srzhu frqwuro dqg lqwhuihuhqfh yduldwlrq gxh wr wkh srzhu fkdqjh ri rwkhu

xvhuv1

Rq wkh rwkhu kdqg wkh frppxqlw| ghdolqj zlwk srzhu frqwuro kdv ehhq exv| lq gh0

ulylqj wkh dojrulwkpv dqg vwxg|lqj wkhlu vwdelolw|1 Wkhuh kdyh ehhq yhu| ihz uhsruwv rq

wkh lpsdfw ri srzhu frqwuro g|qdplfv rq fdsdflw|1

Rxu vwxg| ri wkh olqn frqfhqwudwhv rq wkh ghulydwlrq ri wkh vljqdo0wr0lqwhuihuhqfh udwlr

dv d ixqfwlrq ri uhfhlyhu sdudphwhuv1

Wkh lqwhuihuhqfh ohyho lq FGPD ghshqgv rq wkh orfdwlrq ri xvhuv lq wkh qhwzrun1

Wkhvh ghshqghqflhv kdyh ehhq vwxglhg dqg uhsruwhg edvhg rq vlpxodwlrq uhvxowv1 Wkh

phwkrgv iru fdsdflw| fdofxodwlrq ghdo pdlqo| zlwk xqlirup vsdwldo glvwulexwlrq ri xvhuv1

Lq wkh ixwxuh qhwzrun wkhuh lv iruhvhhq d ghpdqg iru pdq| gl�huhqw gdwd udwhv1 Wklv

wrjhwkhu zlwk qrqxqlirup xvhu glvwulexwlrq fuhdwhv dq hqylurqphqw iru fdsdflw| vwxg|

wkdw kdv qrw ehhq h{soruhg pxfk1 Zh srvlwlrq rxu vwxg| wr h{whqg wkh h{lvwlqj phwkrgv

wr �w lqwr wklv vlwxdwlrq1

416 Ruljlqdo frqwulexwlrqv

Wkh pdlq wdujhw ri wklv zrun lv wr surylgh wkh uhtxluhphqwv dqg phwkrgv iru sudfwlfdo

qhwzrun sodqqlqj1 Iru wkdw sxusrvh zh xvh pdwhuldo uhsruwhg lq wkh olwhudwxuh1 Krzhyhu

lq vrph duhdv wkh uhsruwhg phwkrgv vkrxog eh dxjphqwhg1

Lq Fkdswhu 5 zh lqyhvwljdwh wkh v|vwhp ehkdylrxu1 Dowkrxjk vxfk vwxg| lv txlwh

vlpsoh/ zh kdyh qrw frph dffurvv zlwk lw lq wkh olwhudwxuh1

Edvhg rq wkh h{whqvlrq ri wkh fdsdflw| iurp wkh pdwul{ htxdwlrq d qryho phwkrg iru

fdofxodwlqj wkh dyhudjh fdsdflw| lv sursrvhg1 Wkh pdlq ehqh�w ri wkh phwkrg lv wkh
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srvvlelolw| wr vhsdudwh wkh hvwlpdwlrq ri wkh dydlodeoh fkdqqho fdsdflw| dqg pxowlsoh{lqj

xvhuv lqwr wkh fkdqqho1

Lq rughu wr vxssruw wkh sodqqlqj surfhvv zh jlyh d ghwdlohg ghvfulswlrq ri wkh uhfhlyhu

^Fkdswhu 6`1 Vlplodu prghov kdyh ehhq ghvfulehg iru wkh FGPD v|vwhpv lq wkh olwhudwxuh

^Sxu::`1 Lq rxu dqdo|vlv zh jr ixuwkhu dqg lqfrusrudwh lqwr wkh vwxg| wkh lpsdfw ri srzhu

frqwuro +SF, dqg wdloru wkh prgho wr eh pruh vxlwdeoh iru wkh vwxg| ri wrwdo fdsdflw|1

Wkh uhfhlyhu prgho doorzv xv wr gr d qryho vwxg| ri wkh ruwkrjrqdolw| idfwru lq wkh

FGPD grzqolqn1

Wkh srzhu frqwuro vwxglhv duh hoderudwhg zlwk dq rswlpdo olplw iru SF shuirupdqfh1

Wkh prghov ri SF dqg �U- duh xvhg wr vwxg| wkh �U- ghshqghqf| rq wkh vshhg

ri xvhuv1 Vxfk ghshqghqf| kdv ehhq uhsruwhg lq wkh olwhudwxuh ehiruh ^VPJ<;` krzhyhu/

wkhuh lv plvvlqj vxfk d wkrurxjk dqdo|vlv wkdw lv jlyhq khuh1

D qhz phwkrg iru FGPD qhwzrun sodqqlqj lv sursrvhg lq Fkdswhu 71 Wkh phwkrg

doorzv dovr wr surylgh d qryho orrn rq wkh pxowlvhuylfh FGPD qhwzrun1

417 Rxwolqh ri wkh wkhvlv

Lq rughu wr uhyhdo doo wkh sureohpv lq FGPD qhwzrun sodqqlqj zh glylgh wkh dqdo|vlv

lqwr gl�huhqw ohyhov e| dgrswlqj wkh wrs0grzq dssurdfk1 Dffruglqjo| wr wkdw/ �uvw zh

orrn dw wkh qhwzrun ohyho ehkdylrxu dqg ghshqghqflhv1 Duphg zlwk lqirupdwlrq iurp

wkhuh zh surfhhg wr dqdo|}h wkh orzhu ohyho v|vwhp surshuwlhv dqg ghshqghqflhv1 Ilqdoo|

wkh uhvxowv ri doo wkhvh suhsdulqj vwxglhv duh frpelqhg wrjhwkhu lqwr d qhwzrun sodqqlqj

phwkrg1

Wkh lqlwldo qhwzrun ohyho vwxg| lv pdgh lq Fkdswhu 51 Wklv lv d qhfhvvdu| vwduwlqj

srlqw iru wkh hydoxdwlrq ri pruh frpsoh{ phwkrgv1 Lw vwduwv zlwk d ghvfulswlrq ri wkh

v|vwhp ehkdylrxu1 Zh orrn dw wkh qhwzrun ohyho lpsdfw ri xvhuv glvwulexwlrq/ vshhg ri

xvhu dqg gl�huhqw gdwd udwhv1 Wkh uhvxowv duh yhul�hg zlwk vlpxodwlrqv1 Wkh fkdswhu

frqwdlqv dovr d prgho iru fdsdflw| hvwlpdwlrq1
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Iurp wkh vlpsoh v|vwhp prgho zh ghulyh wkh frqglwlrqv xqghu zklfk wkh pruh suhflvh

prghov vkrxog rshudwh1

Wkh olqn ohyho vwxg| lq Fkdswhu 6 surylghv wkh sdudphwhuv wkdw duh xvhg lq fdofxodwlrq

ri fdsdflw| dw wkh qhwzrun ohyho1 Wkh vwxg| uhvxowv lq d ixqfwlrq ri ghshqghqf| ri

lqwhuihuhqfhv rq vshhg ri xvhuv1 Iru wkdw ixqfwlrq wkh srzhu frqwuro dqg lqwhuihuhqfh lq d

FGPD v|vwhp lv dqdo|}hg1 Wkh lqwhuihuhqfh lv frqvlghuhg vhsdudwho| lq xs dqg grzqolqn1

Zh vlpxodwh wkh ixqfwlrqdo ghshqghqf| ri �U- rq vshhg1

Wkh wkhvlv fxoplqdwhv lq Fkdswhu 7 zkhuh wkh lvvxhv uhodwhg wr wkh qhwzrun sodqqlqj

duh wuhdwhg1 Wkh glvfxvvlrq lv looxvwudwhg zlwk vlpxodwlrqv iru gl�huhqw vlwxdwlrqv lq wkh

qhwzrun1

Ilqdoo|/ Fkdswhu 8 vxppdul}hv wkh wkhvlv dqg glvfxvvhv vrph gluhfwlrqv iru ixuwkhu

vwxglhv1

:



Fkdswhu 5

FGPD dqdo|vlv zlwk d vlpsoh

v|vwhp prgho

Lq wklv fkdswhu zh dqdo|}h wkh ghshqghqflhv lq d FGPD v|vwhp e| xvlqj d vlpsoh v|vwhp

prgho1 Wkh sxusrvh ri wkh vwxg| lv wr ghulyh wkh lqsxw iru olqn ohyho lqyhvwljdwlrqv dqg

uxohv iru wkh qhwzrun sodqqlqj1

Wkh vwxg| lv pdgh iurp wkh fdsdflw| srlqw ri ylhz1 Zh orrn dw wkh qhwzrun ohyho

lpsdfw ri wkh xvhuv glvwulexwlrq/ vshhg ri xvhuv dqg pxowlvhuylfh gdwd udwhv1 Diwhu d vkruw

lqwurgxfwlrq dqg ghvfulswlrq ri wkh v|vwhp prgho d yhuedo ghvfulswlrq ri wkh ehkdylrxu

ri wkh v|vwhp lv jlyhq ^Vhfwlrq 516`1 Wkh ghvfulswlrq lv looxvwudwhg zlwk uhvxowv iurp

qxphulfdo fdofxodwlrqv1

Lq Vhfwlrq 517 zh jlyh d gh�qlwlrq ri wkh fkdqqho fdsdflw| ri d FGPD v|vwhp dqg d

phwkrg iru fdofxodwlqj wklv phdvxuh1

514 Lqwurgxfwlrq

Wkh dffxudwh hvwlpdwlrq ri FGPD v|vwhp fdsdflw| lv d frpsoh{ surfhvv1 Lq rughu wr

dyrlg frpsxwdwlrqdo gl!fxowlhv wkh frpsoh{lw| lv riwhq klgghq lqwr d suredelolvwlf prgho

ri wkh v|vwhp1 Zkloh vlpsoli|lqj wkh wuhdwphqw/ wkh vwdwlvwlfdo prgho grhv qrw uhyhdo
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wkh xqghuo|lqj ghshqghqflhv lq wkh v|vwhp dqg wkxv suhyhqwv wkh ghyhorsphqw ri pruh

suhflvh vroxwlrqv1 Wklv fkdswhu dqdo|vhv wkh ghshqghqflhv dqg ehkdylrxu ri wkh v|vwhp dv

vhhq dw wkh qhwzrun ohyho1 Wkh vwxg| lv pdgh e| dgrswlqj d vlpsoh prgho/ vlplodu wr wkh

rqh xvhg e| Ylwhuel ^Ylw<8` ru Udssdsruw ^Uds<9`/ dqg dqdo|vlqj wkh v|vwhp ehkdylrxu

zkhq vrph sdudphwhuv duh fkdqjhg1

Wkh dlp ri wkh dqdo|vlv lv wr ghwhuplqh wkh frqglwlrqv zkhuh d pruh suhflvh vwxg| dw

wkh olqn ohyho vkrxog eh fduulhg rxw1 Wrjhwkhu/ wkh uhvxowv ri wklv fkdswhu dqg wkh olqn

ohyho vwxg| lq wkh qh{w fkdswhu jhqhudwh dq lqsxw iru wkh fdsdflw| hvwlpdwlrq iru qhwzrun

sodqqlqj1

Lq rughu wr eh deoh wr wudfn wkh lpsdfw ri rqh vlqjoh xvhu zh xvh wkh lqvwdqwdqhrxv

fdsdflw| gh�qlwlrq jlyhq iru srzhu frqwuro dqdo|vlv/ vhh iru h{dpsoh ^]dq<5`1 Zh duh

orrnlqj dw gl�huhqw frqglwlrqv jhqhudwhg e| fkdqjlqj vsdwldo glvwulexwlrqv/ gdwd udwhv/

dqg vshhgv ri xvhuv1

Hduo| lqyhvwljdwlrqv ri fhoo fdsdflw| frqvlghuhg rqo| xqlirup vsdwldo glvwulexwlrq ri

xvhuv ^Jlo<4`1 Lw zdv vrrq uhdol}hg wkdw lq FGPD wkh glvwulexwlrq ri xvhuv d�hfwv wkh

v|vwhp fdsdflw| ^QK<7`1 Wklv �qglqj kdv vwlpxodwhg pdq| vlpxodwlrqv zkhuh wkh vsdwldo

glvwulexwlrq ri xvhuv lv qrqxqlirup1 Lq vxfk vlpxodwlrqv wkh qrqxqliruplw| lv xvxdoo|

vwxglhg dw wkh qhwzrun vfdoh/ qrw zlwklq rqh fhoo1

Wkh lpsdfw ri wkh pxowludwh gdwd xvhuv lv pdlqo| vwxglhg e| vlpxodwlrqv ^DV<:`

^PKE<8`1 Lq wklv fkdswhu zh xvh d vlpsoh htxdwlrq/ elqglqj fduulhu0wr0lqwhuihuhqfh udwlr/

gdwd udwh ri xvhuv/ dqg dydlodeoh fkdqqho fdsdflw|/ wr h{sodlq wkh ehkdylrxu vkrzq e|

vlpxodwlrqv1

Lpsdfw ri xvhuv pryhphqwv rq wkh qhwzrun fdsdflw| fdq eh ylhzhg lq wzr gl�huhqw

frqwh{wv= olqn ohyho ru qhwzrun ohyho1 Dw wkh olqn ohyho lw uhyhdov lwvhoi dv kljkhu FLU

uhtxluhphqw iru udslgo| prylqj xvhuv1 Dw wkh qhwzrun ohyho wkh pryhphqwv duh uhodwhg wr

wkh fkdqjhv ri wkh dydlodeoh fkdqqho fdsdflw| ryhu wlph1 Krzhyhu/ wkh g|qdplfv ri wkhvh

fkdqjhv kdyh uhfhlyhg olwwoh dwwhqwlrq lq wkh olwhudwxuh1

Lq rughu wr frqfhqwudwh rqo| rq wkh v|vwhp ehkdylrxu dw wkh qhwzrun ohyho wkh prgho lv
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yhu| vlpsoh1 Wkh dqdo|vlv ljqruhv wkh idvw idglqj dqg dgydqfhg phwkrgv iru lqwhuihuhqfh

fdqfhoodwlrq1 Wkh prgho lqfoxghv rqo| wkh srzhu frqwuro dqg dyhudjh dwwhqxdwlrq lq wkh

fkdqqho1 Wkh hqylurqphqw lv vlpsoh dqg grhv qrw suhwhqg wr jlyh h{kdxvwlyh uhvxowv rq

wkh fdsdflw| exw udwkhu lqirupdwlrq derxw wkh ehkdylrxu ri wkh v|vwhp1 Wkrxjk vxfk d

prgho pljkw qrw eh xvdeoh lq sudfwlfh/ lw suhvhuyhv wkh jhqhudo surshuwlhv ri d FGPD

v|vwhp1

Dv d uhvxow zh hqg xs zlwk uhtxluhphqwv dqg frqglwlrqv wkdw vkrxog eh wdnhq lqwr

dffrxqw lq wkh FGPD fdsdflw| hvwlpdwlrq1 Lw surylghv dovr wkh frqglwlrqv iru wkh vwxg|

ri d pruh suhflvh prgho1

515 V|vwhp prgho

Lq wklv vhfwlrq zh ghvfuleh FGPD lq d irup wkdw doorzv dq hdv| dqdo|vlv ri wkh v|vwhp

ehkdylrxu lq odwhu vhfwlrqv1

Frqvlghu d FGPD v|vwhp zkhuh wkh uhfhlyhg vljqdo txdolw| lv ghvfulehg e| wkh elw

hqhuj| shu qrlvh udwlr .K
U��
1 Wkh hqhuj| shu elw lv wkh uhfhlyhg vljqdo srzhu glylghg e|

wkh gdwd udwh/ .K '
���
-��

1 Wkh qrlvh ghqvlw| lv wrwdo uhfhlyhg qrlvh srzhu glylghg e| wkh

vsuhdg vljqdo edqgzlgwk U�� '
U
`
1

Zh ghulyh wkh htxdwlrqv iru wkh �uvw xvhu lq wkh �uvw edvh vwdwlrq +EV,1 Wkh sdudphwhuv

ghvfulelqj EV duh qrwhg e| vxevfulsw dqg xvhuv zlwk vxevxevfulsw1 Iru h{dpsoh/ wkh lqgh{

�2 uhihuv wr wkh vhfrqg xvhu lq wkh �uvw EV1

Wkh qrlvh lq d FGPD v|vwhp lv frpsrvhg iurp lqwhuihuhqfh gxh wr wkh pxowlsoh dffhvv

dqg wkhupdo qrlvh1 Lqwhuihuhqfh/ U/ frqwdlqv wzr idfwruv= lqwhuihuhqfh iurp wkh xvhuv lq wkh

vdph fhoo/ lqwudfhoo lqwhuihuhqfh U6@�c�/ dqg iurp rwkhu fhoov/ lqwhufhoo lqwhuihuhqfh U6@�c?1

Wkh uhodwlrq .K
U��

lv fdoohg vljqdo0wr0lqwhuihuhqfh udwlr 0 VLU1 Wkh fduulhu wr lqwhuihuhqfh

udwlr/ �U- '
���
U
/ lv uhodwhg wr VLU e| wkh vr fdoohg vsuhdglqj jdlq `

-��
1
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c +514,

zkhuh � lv wkh qxpehu ri qhljkerulqj fhoov dqg # lv wkh srzhu ri wkh wkhupdo qrlvh1 D

vlplodu ghvfulswlrq ri d FGPD v|vwhp lv xvhg e| Ylwhuel ^Ylw<8` dqg Udssdsruw ^Uds<9`1

Iru uholdeoh frppxqlfdwlrq wkh elw huuru udwlr +EHU, dw wkh uhfhlyhu vkrxog qrw h{fhhg

vrph suhvhw olplw1 EHU lv lqyhuvho| sursruwlrqdo wr .K
U��
/ frqvhtxhqwo|/ zkhq EHU lv vhw

dovr .K
U��

lv �{hg1 Lq rxu dqdo|vlv zh dvvxph wkdw wkh uhtxluhg EHU lv wkh vdph iru doo wkh

vhuylfhv1 Wkdw phdqv dovr .K
U��

lv wkh vdph iru doo wkh vhuylfhv dqg lq ixuwkhu dqdo|vlv zh

vhw lw wr eh frqvwdqw1

Wkh FLU ydoxhv iru zklfk wklv EHU ohyho lv vdwlv�hg lv fdoohg wdujhw �U-/ �U-|1

Ehfdxvh wkhuh lv qr qhhg wr kdyh kljkhu �U-| ydoxh wkh srzhu frqwuro +SF, dwwhpswv

wr nhhs wkh FLU lq wkh uhfhlyhu dw wkh ohyho ri �U-| ydoxh1 Iru dfklhylqj wkdw wkh SF

fkdqjh wkh wudqvplwwhg srzhu 0 ���1

Dq lghdo srzhu frqwuro nhhsv wkh uhfhlyhg vljqdo srzhu �U-| wlphv deryh wkh lqwhuihu0

hqfh1 Wklv ghshqghqfh fdq eh pdlqwdlqhg rqo| xqwlo wkh pd{lpxp doorzhg wudqvplvvlrq

srzhu lv uhdfkhg1 Wkdw lv d olplw deryh zklfk wkh wudqvplvvlrq srzhu fdq qrw eh lq0

fuhdvhg dqg/ frqvhtxhqwo|/ wkh uhtxluhg �U-| ohyho fdqqrw eh uhdfkhg1 Wkh wudqvplwwhg

srzhu fdq eh h{suhvvhg dv plqlpxp iurp wkh ixqfwlrq iroorzlqj wkh lqwhuihuhqfh dqg

pd{lpxp doorzhg wudqvplvvlrq srzhu1 ��� ' 4�?
�
��� � �U-| � o6��c�c �4@ 

�
1

Wkurxjk wklv fkdswhu zh frqvlghu rqo| lghdo SF1 Wkhuh lv qr wudqvlwlrq wlph wr uhdfk

wkh rswlpdo wudqvplwwhg srzhu ydoxh1 Dw hyhu| prphqw wkh wudqvplwwhg srzhu wr wkh

xvhu jlyhv rswlpdo vroxwlrq wr Ht1 514 iru doo xvhuv ru lv pd{lpxp doorzhg1 Wkdw doorzv

xv gluhfwo| wr vhh li wkh v|vwhp fdq vxssruw wkh ghpdqghg ordg1

Zh pdqlsxodwh Ht1 514 rqo| iru grzqolqn1 Lq grzqolqn doo vljqdov iurp wkh vdph EV

sursdjdwh dorqj wkh vdph sdwk doorzlqj xv wr vlpsoli| wkh dqdo|vlv1

Ht1 514 h{suhvvhv frppxqlfdwlrq txdolw| lq whupv ri gdwd udwh dqg vljqdo srzhuv
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exw lw grhv qrw h{solflwo| uhyhdo wkh lpsdfw ri srzhu frqwuro dqg xvhuv orfdwlrqv1 Lq wkh

htxdwlrq � o
��
ghvfulehv wkh srzhu uhfhlyhg e| wkh �uvw xvhu dw wkh �uvw EV1 Wkh vdph fdq

eh h{suhvvhg dovr gxh wr wudqvplwwhg srzhu ��� dqg dwwhqxdwlrq lq d fkdqqho sEo� jlylqj

xv= � o
��
' ��� � sEo�1 Iru ixuwkhu vlpsolflw| zh ljqruh wkh frpsoh{lw| ri wkh fkdqqho dqg

ghvfuleh lw rqo| dv d srzhu ixqfwlrq ri glvwdqfh o36/ zkhuh 6 lv wkh sdwk orvv h{srqhqw1

E| eurdghqlqj wklv ylhz wr wkh wrwdo srzhu iurp wkh EV wkh lqwhuihuhqfh fdq eh h{suhvvhg

dv ixqfwlrq ri wrwdo wudqvplwwhg srzhu wr doo rwkhu xvhuv iurp wkh EV ? dqg dwwhqxdwlrq

�6@�c?o
36
�?c?1 Zlwk wklv fkdqjhv wkh Ht1 514 wdnhv wkh irup=

.K

U��
� `

-��

���o
36
��c�

�6@�c�o
36
��c�

n
�S
?'2

�6@�c?o
36
��c?

n #

'
`

-��

���

�6@�c� n
�S
?'2

�6@�c?

�
o��c�
o��c?

�6
n #o6��c�

� +515,

Lq Ht1 515 o��c� dqg o��c? duh glvwdqfhv iurp krvw EV dqg qhljkerulqj EV/ uhvshfwlyho|1

Lqwhuihuhqfh lv ghvfulehg qrw e| wkh vljqdo srzhu dw wkh preloh uhfhlyhu exw e| wkh srzhu

dw EV dqg dwwhqxdwlrq lq wkh fkdqqho1

Lq rughu wr ehwwhu xqghuvwdqg v|vwhp ehkdylru ghshqglqj rq wkhvh sdudphwhuv zh

uhzulwh Ht1 515 lqwr wkh irup

`
-��

.K
U��

n � � �6@�c�

���

n
�[
?'2

�6@�c?

���

�
o��c�
o��c?

�6

n
#o6��c�
���

� +516,

Dv fdq eh vhhq iurp Ht1 516 wkh qxpehu ri xvhuv wkdw fdq eh vhuyhg E�� ru lq rwkhu

zrugv wkh v|vwhp fdsdflw| ghshqgv rq= lqwudfhoo lqwhuihuhqfh/ lqwhufhoo lqwhuihuhqfh/ qrlvh1

E| uhgxflqj dq| ri wkhvh whupv wkh fdsdflw| ri wkh v|vwhp lv lqfuhdvhg1
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516 Ehkdylru dqg fdsdflw| ri d FGPD v|vwhp

Zh vwduw rxu dqdo|vlv e| orrnlqj dw Ht1 516 dqg yhuedoo| ghvfulelqj wkh ehkdylrxu ri wkh

v|vwhp1 Wkh vwdwhphqwv duh odwhu looxvwudwhg e| vlpxodwlrqv1

Wkh htxdwlrqv 515 ru 516 duh vx!flhqw wr ghslfw d jhqhudo ehkdylrxu ri d FGPD

qhwzrun1 Ht1 516 gluhfwo| ghvfulehv wkh olplw ri wkh fdsdflw| gxh wr wkh lqwhuihuhqfh1

Wkh ohiw sduw ri Ht1 516 lv d frqvwdqw dqg wkh htxdwlrq fdq eh vdwlv�hg iru gl�huhqw

frpelqdwlrqv ri wkh sdudphwhuv dw wkh uljkw1 Wkhvh sdudphwhuv pd| eh frqvwdqw ru

fkdqjlqj ryhu d wlph ri revhuydwlrq/ uhsuhvhqwlqj fruuhvsrqglqjo| d vwdwlf ru g|qdplf

fkdudfwhulvwlfv1

Dv vwdwlf fdvhv zh vfuxwlql}h lpsdfw ri vsdwldo glvwulexwlrq ri xvhu dqg pxowlvhuylfh

gdwd udwhv ri xvhuv1 Lq wklv frqwh{w vwdwlf phdqv wkdw orfdwlrq/ gdwd udwh/ wdujhw �U-/

dqg frppxqlfdwlrq fkdqqho duh dvvxphg wr eh frqvwdqw gxulqj wkh revhuydwlrq1

G|qdplf ehkdylrxu lv frqvlghuhg zkhq zh wudfn wkh fdsdflw| ghshqghqf| rq pryh0

phqwv ri xvhuv1

51614 Ghvfulswlrq ri wkh v|vwhp ehkdylrxu

Wkh htxdwlrq 516 vkrxog eh zulwwhq iru hyhu| xvhu1 D FGPD v|vwhp fdq surylgh vhuylfh

wr doo wkh xvhuv zkhq wklv vhw ri lqhtxdolwlhv krogv1

Zkhq wklv vhw ri lqhtxdolwlhv lv frqvlghuhg wrjhwkhu zlwk wkh olplw iru pd{lpdo srzhu

rqh fdq frqfoxgh wkdw=

� wkh dprxqw ri xvhuv wkh FGPD v|vwhp fdq vhuyh lv qrw frqvwdqw exw ghshqgv rq

wkh lqwhuihuhqfh ohyho lq wkh v|vwhp/

� lqwhuihuhqfh lq wkh v|vwhp lv uhodwhg wr srzhuv ri doo xvhuv/

� zkhq ordg lq wkh v|vwhp lv kljkhu wkdq dydlodeoh wudqvplvvlrq fdsdflw| wkh vhuylfh

txdolw| lv �uvw ghwhulrudwhg iru wkh xvhuv wr zklfk lv kljkhvw dwwhqxdwlrq lq wkh

fkdqqho1
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Wkhvh vwdwhphqwv fdq eh mxvwl�hg yhuedoo| dv iroorzlqj1

Wkh vljqdo srzhu ri rqh xvhu frqwulexwhv wr lqwhuihuhqfh ri rwkhu xvhuv1 Wklv flufxodu

ghshqghqf| lv klgghq lq Ht1 516 lqwr wkh �uvw wzr whupv dw uljkw kdqg1 Wkhvh wzr whupv

vkrz wkh uhodwlrqvkls dprqj wkh vljqdov lq wkh vdph fhoo/ wkh �uvw whup/ dv zhoo dprqj

wkh vljqdov iurp rwkhu fhoov/ wkh vhfrqg whup1

Zkhq vljqdo srzhu wr rqh xvhu lv lqfuhdvhg dovr wkh lqwhuihuhqfh wr rwkhu xvhuv lv

lqfuhdvhg1 Ehfdxvh ri kljkhu lqwhuihuhqfh rwkhu xvhuv kdyh wr lqfuhdvh wkh wudqvplwwhg

vljqdo srzhu wkdw lq wxuq lqfuhdvh wkh lqwhuihuhqfh dqg wkh xvhu/ frqvlghuhg �uvwo|/ kdv

wr lqfuhdvh lwv vljqdo srzhu hyhq pruh1 Vxfk surfhvv frqwlqxhv dwwhpswlqj wr uhdfk wkh

wdujhw �U- ydoxh iru doo xvhuv1

Wkh uhodwlrqvkls dprqj xvhuv srzhuv lv qrw olplwhg wr rqh fhoo/ wkh vljqdo lq rqh

fhoo jhqhudwhv lqwhuihuhqfh wr rwkhu fhoov1 Wkh fkdqjh ri srzhu lq rqh fhoo fkdqjh wkh

lqwhuihuhqfh lq qhljkerulqj fhoov pdnlqj wkh srzhu fkdqjh wr sursdjdwh iurp fhoo wr fhoo

ryhu wkh zkroh qhwzrun1

Iru wkh qhwzrun sodqqlqj lw lv lpsruwdqw wr nqrz zkhq wklv lwhudwlyh srzhu fkdqjh

lv hqglqj1 Wkh lqfuhdvh ri srzhu lv lqwhqghg wr vdwlvi| Ht1 516/ wkdw zdv ylrodwhg e|

lqfuhdvlqj wkh lqwhuihuhqfh/ ydolg djdlq1 Ehfdxvh ri wkh flufxodu uhodwlrqvkls wkh vljqdo

srzhu dqg lqwhuihuhqfh duh fkdqjhg lq wkh vdph wdfw1 Wkh lqhtxdolw| fdq eh vdwlv�hg rqo|

li lq Ht1516 wkh wklug whup dw wkh uljkw fdq eh vfdohg grzq fruuhvsrqglqjo| wr lqfuhdvh ri

wkh �uvw wzr whupv1 Wkh qrlvh ohyho lq wkh v|vwhp lv frqvwdqw dqg wkhuhiruh wkh lqfuhdvh ri

wkh vljqdo srzhu ghfuhdvhv wkh wklug whup1 Krzhyhu/ dv rqh fdq vhh iru kljk srzhu ydoxh

wkh whup lv forvh wr }hur dqg dgglwlrqdo lqfuhdvh ri srzhu grhv qrw surylgh wkh zdqwhg

h�hfw1 Wkh xvhu mxvw frqwlqxhv wr lqfuhdvh wkh vljqdo srzhu zlwkrxw dq| krsh wr vdwlvi|

wkh lqhtxdolw| dq| pruh1 Wkh v|vwhp lv ryhuordghg1

Wkh srzhu lqfuhdvh vwrsv zkhq wkh lqhtxdolwlhv fdq eh vdwlv�hg dqg doo wkh xvhuv kdyh

uhtxluhg FLU ydoxh1 Wkh pd{lpxp qxpehu ri xvhuv/ iru zklfk wkh wdujhw �U- ohyho fdq

eh uhdfkhg/ gh�qh wkh fkdqqho fdsdflw| ri wkh v|vwhp1

Wkh ehkdylrxu ri wkh v|vwhp lq ryhuordg frqglwlrqv lv vhw e| sk|vlfdo olplwdwlrqv1
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Wkh �U-| fdq qrw eh uhdfkhg iru vrph xvhuv1 Wkh| lqfuhdvh wkh vljqdo srzhu dqg gxh

wkdw lqwhuihuhqfh wr rwkhu xvhuv1 Wkh lqwhuihuhqfh lqfuhdvh ylrodwhv wkh lqhtxdolw| 516 iru

doo wkh xvhuv dqg hyhu|erg| kdv wr lqfuhdvh lwv wudqvplvvlrq srzhu1 Wkh fkdlq uhdfwlrq

hqgv rqo| zkhq vrph xvhuv uhdfk wkh pd{lpdo doorzhg srzhu1 Ehfdxvh wkhvh xvhuv fdq

qrw lqfuhdvh wkhlu srzhu dq| pruh/ wkh| fdq qrw lqfuhdvh lqwhuihuhqfh/ rwkhu xvhuv duh

fdsdeoh wr dfklhyh vdwlvidfwru| FLU ohyho1 Lw vkrxog eh qrwhg wkdw wkh vdwlvidfwru| FLU

ohyho lv dfklhyhg dw h{shqvhv ri wkh xvhuv zkr kdyh uhdfkhg wkh pd{lpdo doorzhg srzhu1

Iru wkhvh xvhuv FLU lv ohvv wkdq uhtxluhg1

Wkh wudqvplvvlrq srzhu kdv wr frpshqvdwh wkh lqwhuihuhqfh dqg dwwhqxdwlrq lq wkh

fkdqqho1 Gxh wr wkh dwwhqxdwlrq wkh kljkhvw wudqvplwwhg srzhu lv uhtxluhg iru wkh xvhuv

dw wkh fhoo erughu1 Wkh xvhuv wkhuh duh dovr wkh �uvw iru zkrp wkh FLU zloo eh ylrodwhg

dqg zkr/ ehfdxvh ri wkdw/ duh qrw deoh wr pdlqwdlq frppxqlfdwlrq olqn1 Lq wkdw zd| wkh

xvhuv dw wkh fhoo erughu zloo qrw kdyh frqqhfwlrq dqg wkh h�hfwlyh fhoo vl}h vkulqnv1 Wklv

uhodwlrqvkls lv fdoohg fhoo euhdwklqj ^Wlw<:`1

Lq wklv frqwh{w wkh v|vwhp fdsdflw| fdq eh vhhq dv pd{lpdo qxpehu ri xvhuv iru zkrp

Ht1 514 lv vdwlv�hg1 Zkhq wr vxp wrjhwkhu gdwd udwhv wr hdfk ri xvhuv zh jhw wkh dydlodeoh

fkdqqho fdsdflw| ri wkh v|vwhp1

Wkhuh duh ydulrxv uhdvrqv iru lqfuhdvh ri srzhu1 Reylrxv fxosulwv duh qhz xvhuv

hqwhulqj wkh v|vwhp1 Krzhyhu lw lv hdv| wr eorfn d qhz xvhu dqg gxulqj v|vwhp rshudwlrq

zh duh pruh frqfhuqhg derxw srzhu fkdqjh gxh wr xvhuv pryhphqwv1 Zkhq xvhuv pryh

wkh dwwhqxdwlrq lq fkdqqho fkdqjhv dqg zlwk wkdw wkh vljqdo srzhu uhtxluhg wr frpshqvdwh

lw1

Dv zh vhh wkh fdsdflw| ghshqgv rq wkh vljqdo srzhuv ri hdfk xvhuv1 Wkdw gluhfwo|

surmhfwv wr wkh fdsdflw| ghshqghqf| rq xvhuv orfdwlrq lq wkh fhoo 0 wkh vsdwldo glvwulexwlrq

ri xvhuv1 Xvhuv qhdu wr wkh EV jhqhudwh olwwoh lqwhuihuhqfh wr wkh qhljkerulqj fhoov1 Zkhq

prvw ri xvhuv duh qrw d�hfwhg e| lqwhuihuhqfh iurp qhljkerulqj fhoov pruh xvhuv fdq eh

dgplwwhg1 Frqwudu| wr wkdw wkh xvhuv dw wkh fhoo erughu uhgxfh wkh wrwdo dprxqw ri

dydlodeoh fkdqqhov1
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51615 Vlpxodwlrq prgho iru qxphulfdo h{dpsohv

Wkhvh frqfoxvlrqv fdq eh looxvwudwhg zlwk vlpxodwlrqv1 Dv d whvw fdvh zh vhw xs d qhwzrun

zlwk d fhoo lq wkh fhqwhu dqg rqh vxuurxqglqj wlhu ri vl{ fhoov1 Wkh fhoo gldphwhu lv 4333

6c dqg dwwhqxdwlrq sdudphwhu lv e1 Vsuhdg edqgzlgwk ` lv 713<9 PK}/ dqg gdwd udwh

- lv 43 nelw2v iru hyhu| xvhu1 Wkh uhtxluhg VLU ydoxh lv vhw wr eh 8 gE/ wkdw jlyhv iru wkh

�U-| 3133::1 Zh pdnh fdofxodwlrqv rqo| iru wkh grzqolqn1

Lq wkdw frq�jxudwlrq zh vwxg| wkh lqwhuihuhqfh dv ixqfwlrq ri wkh qxpehu ri xvhuv dqg

wkhlu vsdwldo glvwulexwlrq lq wkh fhoo1 Ehfdxvh zh dvvxph flufxodu v|pphwu| wkh uhvxowv

duh jlyhq dv ixqfwlrq ri uhtxluhg vljqdo srzhu ghshqglqj rq glvwdqfh iurp EV1

Iru qxphulfdo vwxg| zh uhsodfh wkh vxp ri xvhuv lq wkh fhoo zlwk wkh lqwhjudo ryhu fhoo

duhd1 Lq wklv zd| zh gr qrw frqvlghu wkh orfdwlrq ri dq| sduwlfxodu xvhu exw glvwulexwlrq

ri xvhuv/ xvhu ghqvlw|1 Wkdw doorzv xv wr lqwhjudwh ryhu xvhu*v ghqvlw| dqg iru xvhuv lq wkh

wkh �uvw EV vhuylfh duhd Ht1 515 wdnhv wkh irup=

�U-|Eoc w� � ��Eoc w�
(U
f

2ZU
f

o4��Eoc w� _o _w n
�S
?'2

�6@�c?E_�ocwc?� n #o6Eocw��

c +517,

zkhuh wkh dujxphqwv Eoc w� lqglfdwhv ydoxhv ri wkh ixqfwlrq dw wkh orfdwlrq gh�qhg e|

udglxv o dqg dqjoh w1 Iru fdofxodwlrqv zh fryhu wkh vhuylfh duhd zlwk d julg dqg fdofxodwh

wkh lqwhuihuhqfh dv vxp ri wkh hohphqwv ri wkh julg1 Wkh wudqvplwwhg srzhu wr rqh srlqw

ri julg dw orfdwlrq Eoc w� fdq eh qrwhg dv ��Eoc w�1 Lqwhuihuhqfh lq wkh krvw fhoo lv hydoxdwhg

dv lqwhjudo ryhu wkh zkroh vhuylfh duhd 0 iurp f wr ( e| udglxv dqg iurp f wr 2Z e| dqjoh1

4 ghvfulehv xvhu ghqvlw| shu duhd1

Wkh dwwhqxdwlrq wr wkh rqh srlqw lv fdofxodwhg e| d vlpsoh srzhu odz/ o61 Wkh

wudqvplvvlrq srzhu iurp wkh rwkhu EVv lv vfdohg zlwk wkh glvwdqfh uhodwlrq
�
oEocw��c�
oEocw��c?

�6
Gxulqj wkh vxppdwlrq wkh srzhu wr hdfk srlqw ri wkh julg/ ��Eoc w�/ lv zhljkwhg zlwk

xvhuv ghqvlw| dw wkh jlyhq srlqw 41 Ht1 517 lv zulwwhq iru hdfk srlqw lq wkh julg dqg vroyhg
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iru doo ri wkhp wrjhwkhu1 Wkh lqwhuihuhqfh srzhu iurp rwkhu fhoov lv fdofxodwhg dv wkh wrwdo

wudqvplwwhg srzhu iurp jlyhq EV

�U-|Eoc w� � ��Eoc w�S
o

S
w

4��Eoc w� n
�S
?'2

�6@�c?

�
oEocw��c�
oEocw��c?

�6
n #o6Eocw��c�

� +518,

Zh xvh Ht1 518 iru vwxglhqj wkh v|vwhp zlwk xqlirup dqg qrqxqlirup glvwulexwlrq ri

xvhuv1

51616 Xqlirup vsdwldo glvwulexwlrq ri xvhuv

Wkh lqwhuihuhqfh lv lqfuhdvhg zkhq xvhuv duh dgghg wr wkh qhwzrun1 Dovr zh suhglfwhg

wkdw wkh srzhu iru wkh xvhuv dw wkh fhoo erughu lv kljkhu wkdq qhdu wr EV1 Wklv vlwxdwlrq

lv uhsuhvhqwhg lq Ilj1 5141 Wkhuh rq wkh % 0 d{lv lv glvwdqfh iurp EV dqg rq + 0 d{lv lv

wudqvplwwhg srzhu uhtxluhg iru frppxqlfdwlrq1 Wkh qxpehu ri xvhuv lq wkh v|vwhp lv

jlyhq dv sdudphwhu1

Hyhq lq kljko| ordghg fhoov wkh iduwkhu orfdwhg xvhuv uhtxluh kljkhu srzhu frpsduhg

wr qhduhu orfdwhg xvhuv1 Wklv lv ehfdxvh lqwhuihuhqfh iurp rwkhu fhoov lv kljkhu dw wkh fhoo

erughu/ lqwhuihulqj vljqdov iurp qhljkerulqj EV kdyh dwwhqxdwhg ohvv frpsduhg wr wkh

orfdwlrqv qhduhu wr wkh EV1

Wkh lqfuhdvh ri wkh vljqdo srzhu gxh wr dgglwlrq ri d qhz xvhu lv qrw yhu| vljql�fdqw

zkhq rqo| ihz xvhuv duh lq wkh v|vwhp1 Wkdw lv ehfdxvh lq Ht1 516 wkh whup gxh wr wkh

qrlvh fdq eh vfdohg grzq zlwk vpdoohu lqfuhdvh ri srzhu1

Wkh vlpxodwhg v|vwhp lv qrw fdsdeoh wr vxssruw 443 xvhuv lq wkh v|vwhp1 Dv suhglfwhg

wkh wudqvplvvlrq srzhu iru xvhuv dw wkh fhoo erughu lv gulyhq wr wkh pd{lpxp dqg wkh

FLU uhtxluhphqw iru wkhvh xvhuv lv ylrodwhg ^Ilj1 516`1 Wkh h�hfwlyh fhoo vl}h kdv vkuxqn

ehfdxvh xvhuv dw wkh fhoo erughu duh qrw deoh wr pdlqwdlq wkhlu frppxqlfdwlrq olqnv1

Wkh FLU lv plqlpxp iru xvhuv dw wkh fhoo erughu dqg lqfuhdvhv judgxdoo| zkhq xvhuv duh
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Iljxuh 514= Vljqdo srzhu wr gl�huhqw orfdwlrqv lq d fhoo dv ixqfwlrq ri qxpehu ri xvhuv
+Q, lq wkh fhoo

orfdwhg qhduhu wr wkh EV1

Iru ehwwhu xqghuvwdqglqj wkh frqwulexwlrq ri hdfk whupv lq wkh uljkw vlgh ri Ht1 516

wkh| duh hydoxdwhg vhsdudwho| ^Ilj1 515`1

Qhdu wr wkh EV wkh lqwudfhoo lqwhuihuhqfh lv grplqdqw1 Qhlwkhu wkh lqwhufhoo lqwhuihuhqfh

ru qrlvh gr qrw frqwulexwh pxfk wr wkh wrwdo lqwhuihuhqfh1 Wkh vpdoo sruwlrq ri wkh lqwhufhoo

lqwhuihuhqfh fdq eh h{sodlqhg e| dwwhqxdwlrq lq wkh fkdqqho 0 wkh vljqdov iurp rwkhu EV

kdyh dwwhqxdwhg dqg duh yhu| vpdoo qhdu wr wkh krvw EV1

Wkh vkduh ri qrlvh lv vpdoo ehfdxvh ri wkh glvwdqfh1 Xvhuv dw wkh fhoo erughu uhtxluh

kljk vljqdo srzhu1 Lq rughu wr frpshqvdwh wkh lqwhuihuhqfh jhqhudwhg e| wkh xvhuv dw wkh

fhoo erughu dovr wkh qhdu orfdwhg xvhuv kdyh wr lqfuhdvh wkhlu vljqdo srzhu1 Zkhq vljqdo

lv uhfhlyhg wklv kljk srzhu kdv qrw dwwhqxdwhg pxfk lq wkh fkdqqho dqg lw lv vljql�fdqwo|

kljkhu wkdq wkh qrlvh  rru1 Wkh whup gxh wr wkh qrlvh lv vfdohg grzq yhu| pxfk1 Wkh

pdlq vrxufh ri lqwhuihuhqfh iru wkrvh xvhuv lv lqwudfhoo lqwhuihuhqfh1

Rq wkh frqwudu|/ iru wkh xvhuv dw wkh fhoo erughu doo wkuhh w|shv ri lqwhuihuhqfh jhqhudwh
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vljql�fdqw vkduh ri wrwdo lqwhuihuhqfh1 Wkh dwwhqxdwlrq iurp wkh rwkhu EV fdq eh lq wkh

vdph rughu dv dwwhqxdwlrq iurp wkh krvw EV1 Lq uhvxow wkh wrwdo lqwhuihuhqfh srro lv vkduhg

qhduo| htxdoo| dprqj ri wkhvh wzr w|shv ri lqwhuihuhqfhv1 Iru vpdoo dprxqw ri xvhuv dovr

wkh whup gxh wr wkh qrlvh lv vljql�fdqw1 Wklv fdq eh h{sodlqhg e| d ghvluh ri srzhu frqwuro

wr pdlqwdlq rqo| wdujhw FLU1 Zkhq wkh wdujhw ohyho ri FLU lv uhdfkhg wkh srzhu lqfuhdvh

lv qrw qhhghg dq| pruh dqg wkhuh uhpdlqv wkh whup gxh wr wkh qrlvh1

51617 Qrq0xqlirup vsdwldo glvwulexwlrq ri xvhuv

Wkh sxusrvh iru h{sorulqj qrq0xqlirup glvwulexwlrqv ri xvhuv lq qrw wr uhyhdo wkh v|vwhp

fdsdflw| iru sduwlfxodu ghqvlw| ri ghpdqg/ exw udwkhu wr vwxg| wkh ehkdylrxu dqg olplwv

ri wkh v|vwhp1 Iru wkdw uhdvrq zh rqo| orrn dw wzr h{wuhph fdvhv= doo wkh xvhuv duh dw

wkh fhoo erughu dqg wkh| duh doo qhdu wr wkh krvw EV1 Lq sudfwlfh erwk ri wkhvh fdvhv duh

yhu| uduh dqg xvxdoo| d v|vwhp rshudwhv vrphzkhuh ehwzhhq wklv wzr olplwv1

Zh frpsduh wkhvh wzr fdvhv zlwk wkh xqlirup glvwulexwlrq ri xvhuv1 Ilj1 517 ghvfulehv

wkh wrwdo wudqvplwwhg srzhu iurp wkh EV zkhq rqh xvhu lv orfdwhg dw wkh glvwdqfh jlyhq

rq wkh %0d{hv1 Iru h{dpsoh iru �plqlpxp glvwdqfh� doo rwkhu xvhuv duh qhdu wkh EV

dqg rqh xvhu lv orfdwhg dw glvwdqfhv 41114333 zlwk vwhs 41 Wkh wrwdo wudqvplwwhg srzhu

lv fdofxodwhg vhsdudwho| iru doo wkhvh 4333 gl�huhqw orfdwlrqv ri rqh xvhu1 Lq wkh �uvw

frq�jxudwlrq/ iru h{dpsoh/ doo xvhuv duh qhdu wr EV dqg rqh xvhu dw wkh glvwdqfh 4 61 D

srlqw rq wkh judsk lv dv srzhu iru wkdw rqh xvhuv dv vroxwlrq iru wkdw frq�jxudwlrq1 Qh{w

srlqw lv fdofxodwhg zkhq rqh xvhu lv orfdwhg dw glvwdqfh 5 61 Vlplodu surfhgxuh lv pdgh

iru wkh fdvh zkhq doo wkh xvhuv duh dw wkh fhoo erughu1

Iru xqlirupo| glvwulexwhg xvhuv wkh wrwdo wudqvplwwhg srzhu lv fdofxodwhg lq wkh vdph

zd|1 Doo rwkhu xvhuv qrz/ krzhyhu/ duh qrw orfdwhg qhdu wr EV ru fhoo erughu exw wkh

xqlirup vsdwldo glvwulexwlrq ri xvhuv lv xvhg1

Wkh orzhvw fxuyh rq wkh Ilj1 517 fruuhvsrqgv wr wkh fdvh zkhq wkh xvhuv duh qhdu

wr EV1 Dv fdq eh vhhq zkhq wkh xvhu lv orfdwhg iduwkhu iurp wkh EV wkh srzhu vwduwv wr

lqfuhdvh vkduso|1 Wklv lv ehfdxvh wkh iduwkhu orfdwhg xvhu qhhgv pruh srzhu wr frpshqvdwh
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Iljxuh 515= Frqwulexwlrq ri gl�huhqw w|sh ri lqwhuihuhqfhv wr wrwdo lqwhuihuhqfh1 Doo lq0
whuihuhqfhv duh qrupdolvhg zlwk wkh wudqvplwwhg vljqdo srzhu1 d, lqwudfhoo lqwhuihuhqfh e,
lqwhufhoo lqwhuihuhqfh f, qrlvh
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Iljxuh 516= FLU dw gl�huhqw orfdwlrqv lq d fhoo

wkh dwwhqxdwlrq gxh wr glvwdqfh1 Lqfuhdvh ri wkh srzhu wr wkh xvhuv lqfuhdvhv lqwhuihuhqfh

wr rwkhu xvhuv/ zkr dovr zloo lqfuhdvh wkhlu srzhu1 Wkh srzhu lq wkh v|vwhp iroorzv wkh

srzhu wr wkh iduwkhvw orfdwhg xvhu1 Ghvslwh wkh idfw wkdw prvw xvhuv duh qhdu wr EV/

zkhq wkh xvhu uhdfk wkh fhoo erughu wkh wrwdo srzhu lv qhdu wr wkh wrwdo srzhu iru xqlirup

glvwulexwlrq ri xvhuv1

Zkhq wkh xvhuv duh dw wkh fhoo erughu wkh v|vwhp lv lq rxwdjh ghvslwh wkh orfdwlrq ri

wkh rqh xvhu1 Wkh uhdvrq iru rxwdjh lv wkdw wkh xvhuv iurp wkh qhljkerulqj fhoo jhqhudwh dv

pxfk lqwhuihuhqfh dv wkh xvhuv iurp wkh krvw fhoo1 E| hoderudwlqj rq wkdw rqh fdq frqfoxgh

wkdw zkhq wkh srvvleoh lqwhuihuhqfh srro lv glylghg ehwzhhq krvw dqg qhljkerulqj fhoov

htxdoo| wkh v|vwhp lv dozd|v fdsdeoh wr surylgh vhuylfh wr doo wkh xvhuv1 Iurp Ht1 514

rqh fdq hdvlo| vhh wkdw wkh zruvw fdvh fdsdflw| fruuhvsrqgv wr wkh fdsdflw| uhtxluhg

zkhq doo wkh xvhuv duh dw wkh fhoo erughu1 Zkhq rqo| rqh qhljkerulqj fhoo jhqhudwhv wkh

lqwhuihuhqfh dqg wkh xvhuv duh htxdoo| glylghg dprqj wkh fhoov wklv lv �U-| '
�

2�3� ,
� ' �

2

�
�

�U-|
n �

�
1 Krzhyhu zkhq wkh dvvxpswlrq rq xqlirup glvwulexwlrq ri xvhuv krogv

wkh fhoo fdsdflw| fdq eh pxfk kljkhu1
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Iljxuh 517= Wudqvplvvlrq srzhu dv ixqfwlrq ri d xvhu glvwdqfh zlwk gl�huhqw xvhu glvwul0
exwlrqv lq wkh fhoo1

51618 Yduldeoh elw udwh vhuylfhv

Wkh gdwd udwh pd| ydu| dffruglqjo| wr vhuylfh1 Lq rughu wr eh deoh wr xvh wkh uhvxowv

zlwk �{hg gdwd udwh zh frpsduh d pxowlvhuylfh qhwzrun zlwk d qhwzrun surylglqj rqo|

yrlfh frqqhfwlrqv1 Gdwd udwh wr d yrlfh xvhu lv vhohfwhg dv uhihuhqfh gdwd udwh1 Dqg wkh

pd{lpxp dprxqw ri yrlfh xvhuv wkdw fdq eh vhuyhg e| wkh v|vwhp jlyhv xv wkh uhihuhqfh

v|vwhp fdsdflw|1

Dovr iru pxowlsoh gdwd udwhv wkh wdujhw hqhuj| shu elw wr lqwhuihuhqfh udwlr vkrxog vwloo

eh vdwlv�hg= .K
U�

' `
-��

���

U6@�c�n
�S

?'2
U6@�c?n#

1 Wkh h�hfw ri pxowlvhuylfh lv frqvlghuhg e| vhwwlqj

wkh -�� wr fruuhvsrqg wkh gdwd udwh ri sduwlfxodu xvhu1

Iru frpsdulqj zlwk frqvwdqw elw udwh zh ghvfuleh wkh wudqvplvvlrq srzhu dv ixqfwlrq

ri wudqvplvvlrq srzhu iru uhihuhqfh gdwd udwh1 Iru uhihuhqfh gdwd udwh hqhuj| shu elw

lv .Kcoes '
�oes
-oes

/ vlploduo| iru jhqhudo gdwd udwh lw lv .K '
���
-��

1 Wkh uhtxluhg elw huuru

udwlr lv dfklhyhg iru vrph frqvwdqw hqhuj| shu elw wr lqwhuihuhqfh udwlr .K
U�

Zh dvvxph
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wklv wr eh vdph iru doo gdwd udwhv1 Zh fdq pdnh wklv dvvxpswlrq ehfdxvh wkh wdujhw .K
U�

fdq dozd|v wudqvihuuhg wr vrph frqvwdqw ydoxh e| lqfuhdvlqj wkh fruuhvsrqglqj gdwdudwh1

Wkdw phdqv wkdw wkh kljkhu wdujhw VLU ydoxh fdq eh pdsshg wr wkh kljkhu gdwdudwh dqg

frqvwdqw wdujhw VLU iru doo xvhuv1 Wklv wudqvirupdwlrq vkrog eh wdnhq dffrxqg odwhu zkhq

wkh wrwdo wudqvplwwhg elwudwh lq wkh fhoo lv fdofxodwhg1

Zkhq wkh lqwhuihuhqfh ohyho lv vdph iru doo vhuylfhv/ wkh hqhuj| shu elw vkrxog lv

dovr htxdo .Kcoes ' .K1 Wkh wudqvplwwhg srzhu fdq dffruglqjo| h{suhvvhg lq whupv ri

wudqvplwwhg srzhu iru wkh uhihuhqfh v|vwhp

��� �
-��

-oes
�oes ' &-��

�oes �

Iru uhihuhqfh gdwd udwh &-��
' �1 Zkhq wr dvvxph wkdw wkh wudqvplwwhg srzhu lv vdph

iru doo xvhu zlwk uhihuhqfh gdwdudwh dqg e| nqrzlqj krz pdq| vxfk xvhuv wkh v|vwhp

fdq vxssruw zh fdq zulwh iru wkh wrwdo wudqvplwwhg srzhu lq wkh fhoo �oes

g�coesS
&�'�

&-��
'

�oesg�coes 1 Ehfdxvh doo wkh wudqvplwwhg srzhu fdq eh suhvhqwhg wurxjk wkh uhihuhqfh

wudqvplwwhg srzhu zh fdq zulwh=

g�[
&�'�

�&� ' �oes

g�[
&�'�

&-&�
� �oesg�coes c +519,

g�[
&�'�

&-&�
� g�coes �

Ht1 519 lv wkh zhoonqrzq vwrfkdvwlf nqdsvdfn sureohp +vhh iru h{dpsoh ^Urv<8`,1 E|

vroylqj Ht1 519 iru d jlyhq g�coes rqh jhwv wkh vhuylfh pl{ wkdw fdq eh vxssruwhg e| wkh

qhwzrun1 Lq rwkhu zrugv vhuylfhv zlwk gl�huhqw udwhv kdyh doo wrjhwkhu wkh vdph fkdqqho

fdsdflw| +wrwdo elw udwh, dv g�coes xvhuv zlwk d vlqjoh vhuylfh1

Wkh fdsdflw| iru wkh uhihuhqfh gdwd udwh ydulhv ghshqglqj rq dwwhqxdwlrqv lq wkh

fkdqqhov1 Wkhuhiruh/ Ht1 519 lv qrw dq htxdolw| qru dq lqhtxdolw|/ exw lv qhduo| htxdo1

Wklv lv ehfdxvh wkh fkdqjh ri gdwd udwhv fkdqjhv wkh ghpdqg glvwulexwlrq lq wkh fhoo dqg
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wkdw lq wxuq d�hfwv wkh lqwhuihuhqfh ohyho1

Wkh kljk gdwd udwh xvhu lqwurgxfhv qrqxqliruplw| ri ghpdqg glvwulexwlrq1 Wkh xvhu

zlwk & wlphv wkh gdwd udwh ri d yrlfh xvhuv ghpdqgv dovr & wlphv pruh srzhu1 Wkdw fdq eh

lqwhusuhwhg dv & yrlfh xvhuv frppxqlfdwlqj iurp wkh vdph orfdwlrq1 Vxfk lqwhusuhwdwlrq

pdnhv fohdu wkdw iru kljk & wkhuh fdq eh ohvv yrlfh xvhuv lq wkh fhoo dqg wkh ordg vsdwldo

glvwulexwlrq lv gl�huhqw zkhq wkhuh zrxog eh g�coes yrlfh xvhuv rqo|1 Iru h{dpsoh zkhq

rqh xvhu wudqvplwv zlwk 633 nelw2v dqg iru yrlfh lv uhtxluhg 43 nelw2v wkh gdwd xvhu

fruuhvsrqgv wr vlwxdwlrq zkhuh 63 xvhuv frppxqlfdwh dw wkh vdph orfdwlrq1 Ehfdxvh wkh

fdsdflw| ghshqgv rq xvhu vsdwldo glvwulexwlrq wkh dydlodeoh fdsdflw| ehfrphv h{wuhpho|

ghshqghqw rq orfdwlrq ri kljk gdwd udwh xvhu1

Ht1 519 grvh qrw jlyh h{dfw fdsdflw| exw lv dq hdv| dssur{lpdwlrq iru hvwlpdwlqj wkh

fdsdflw| iru gl�huhqw vhuylfh pl{hv1 Lw lv pxfk hdvlhu wr vroyh wkh vwrfkdvwlf nqdsvdfn lq

Ht1519 wkdq wr vwxg| wkh fdsdflw| iru hyhu| gdwd udwh ri xvhuv1 Li wkh fdsdflw| iru ydulrxv

gdwd udwhv grhv qrw gl�hu pxfk iurp wkh fdsdflw| iru uhihuhqfh gdwd udwh/ wkh fdsdflw|

iru odwwhu fdq xvhg lq sodqqlqj surfhvv dv wkh v|vwhp fdsdflw|1 Zh dgguhvv wklv lvvxh lq

Fkdswhu 71

51619 V|vwhp fdsdflw| zlwk prylqj xvhuv

Deryh zh irxqg wkdw wkh fkdqqho fdsdflw| ghshqgv rq vsdwldo glvwulexwlrq ri xvhuv1 Zkhq

xvhuv pryhv wkh vsdwldo glvwulexwlrq dqg wkh lqvwdqwdqhrxvo| dydlodeoh fdsdflw| lv fkdqj0

lqj1 Lq wklv vhfwlrq zh dwwhpsw wr dqdo|}h wkh lpsdfw ri wkh vshhg/ dprxqw ri xvhuv dqg

fhoo vl}h rq fdsdflw| yduldwlrq1 Wkh dqdo|vlv ehorz lv lqwhqghg wr looxvwudwh wkh FGPD

zlwk gl�huhqw fhoo vl}h dqg xvhuv vshhg1 Wkh dqdo|vlv rqo| ghvfuleh wkh sureohpv wkdw

dsshduv lq vxfk v|vwhp dqg frqglwrqv wkdw vkrxog eh lqyhvwljdwhg pruh wkrurxjko|1

Iru wkh vwxg| zh prgho dqdo|wlfdoo| dq h{wuhph vlwxdwlrqv zkhuh wkh v|vwhp fdsdflw|

lv pd{lpdo dqg lw vwduwv wr ghfuhdvh zlwk wkh xvhuv pryhphqwv1 Zh ghvfuleh wkh fdoo

kroglqj wlph wkh fhoo vl}h dqg xvhuv vshhg dv sdudphwhuv ri wkh htxdwlrq1 Wkdw doorzv wr

frpsduh dqg wr frqfoxgh rq wkh v|vwhpv zlwk gl�huhqw ydoxhv iru wkhvh sdudphwhuv1
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Wkh fkdqqho fdsdflw| lv pd{lpxp zkhq xvhuv duh qhdu wr EV1 Zkhq xvhuv vwduw wr

pryh dzd| iurp wkh EV wkh dydlodeoh fdsdflw| ghfuhdvhv1 Dw wkh prphqw zkhq ghpdqg

h{fhhgv wkh fdsdflw| wkh v|vwhp zloo eh lq rxwdjh1 Wkh rxwdjh rffxuv zkhq lq wkh �jrrg�

frqglwlrq/ xvhuv qhdu wr EV/ zdv dgplwwhg pruh xvhuv wkdq wkh v|vwhp frxog vhuyh diwhu

wkh| kdyh pryhg wr �edg frqglwlrqv�/ ixuwkhu iurp EV1 Krzhyhu/ zkhq lqwr wkh fhoo

duh dgplwwhg g� xvhuv vrph ri wkhp fdq forvh wkh frqqhfwlrq ehiruh wkh v|vwhp pryhv

lqwr rxwdjh1 Wkhuhiruh wkh suredelolw| wkdw wkh v|vwhp zloo eh lq rxwdjh lv htxdo wr wkh

suredelolw| wkdw prylqj xvhuv uhdfk wkh rxwdjh frqglwlrq ehiruh dq| ri wkh fdoov zloo

ghsduwxuh1

Zh vhw xs d whvw fdvh zkhuh doo wkh xvhuv/ g�/ duh qhdu wr EV dqg wkh| vwduw wr pryh

dzd| iurp EV zlwk frqvwdqw vshhg �1 Zh ghqrwh zlwk o- wkh �fdsdflw| olplw glvwdqfh�/

wkh glvwdqfh iurp EV zkhuh g� xvhuv fdq qrw eh vhuyhg dq|pruh1 Wkh wlph uhtxluhg wr

uhdfk wkdw olplw zkhq wkh lqlwldo glvwdqfh lv o� ' � lv |o ' o-3o�
�

1

Iru h{srqhqwldo fdoo kroglqj wlph wkh suredelolw| wkdw qrq ri wkh fdoov zhuh uhohdvhg

gxulqj |o lv �KcJ�| E|oc g�� '
"U
|o

e3g�>|_| ' �
g�>

e3g�>|o 1 Zkhuh > lv phdq fdoo kroglqj wlph1

Wkh v|vwhp zloo eh lq rxwdjh zkhq wkh lqwhuihuhqfh ohyho grhv qrw doorz wr pdlqwdlq

wkh wdujhw �U- udwlr1 Wklv zloo kdsshq iru doo wkh olqnv dw wkh vdph wlph1 Iru fdofxodwlqj

dw zkdw glvwdqfh lw kdsshqv lq rxu whvw fdvh zh uhzulwh Ht1 516 lqwr irup

g� n

�[
?'�

g?

�
o�
o?

�6

n
o6� #

�
� �

�U-|
� +51:,

Zkhq wkh fdsdflw| olplw lv uhdfkhg wkh vljqdo srzhu lv vr odujh wkdw wkh wklug whup lv

yhu| vpdoo dqg fdq eh ohiw rxw1

Zh dvvxph wkdw wkh lqwhuihuhqfh lv jhqhudwhg pdlqo| e| wkuhh qhljkerulqj EV/ � '

�/ dqg lqwhuihuhqfh ghshqgv rqo| rq glvwdqfhv ehwzhhq EV1 Ohw wkh glvwdqfh ehwzhhq

qhljkerulqj EV eh o_1 Ht1 51: fdq eh vlpsol�hg e| wdnlqj lqwr dffrxqw wkh glvwdqfh iurp

rwkhu EV dv o� ' Eo_ � o��1 Lqvhuwlqj o_ lqwr Ht1 51: dqg zulwlqj lw iru glvwdqfh o� rqh
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Zh hydoxdwh wkh htxdwlrqv iru wzr gl�huhqw fhoo vl}hv iru 5333 6 dqg 533 6 dqg iru

gl�huhqw vshhg udwhv � ' 2��2f6
r
1 Iru wkhvh sdudphwhuv wkh lqwhuhvwlqj qxpehu ri xvhuv lv

lq wkh udqjh iurp 83 wr :31 Wkdw fruuhvsrqgv wr dprxqw ri xvhuv wkdw fdq qrw eh vdwlv�hg

lq wkh fhoo zkhq doo ri wkhp zrxog eh dw wkh fhoo erughu1

Wkh rxwdjh suredelolw| iru wkh vpdoo dqg elj fhoo duh jlyhq rq Ilj1 518 dqg 519

uhvshfwlyho|1 Frpsduhg wr vorz xvhuv wkh txlfno| prylqj xvhuv uhdfk wkh rxwdjh uhjlrq

hduolhu/ wkhuh lv ohvv wlph iru vrph xvhuv wr hqg wkh fdoo/ dqg wkhuhiruh wkh suredelolw| iru

rxwdjh lv kljkhu1 Vlploduo| iru wkh kljkhu qxpehu ri xvhuv wkh uhjlrq zkhuh wkh v|vwhp

zloo eh lq rxwdjh lv uhdfkhg txlfnhu1

Wkh rxwdjh suredelolw| lv pxfk ohvv iru eljjhu fhoo1 Wkdw fdq eh h{sodlqhg e| dwwhq0

xdwlrq1 Lq eljjhu fhoov lw wdnhv pxfk orqjhu wr jhw wr wkh fhoo erughu zkhuh lqwhuihuhqfh
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Iljxuh 518= Rxwdjh suredelolw| lq d elj fhoo dv ixqfwlrq ri xvhu vshhg/ fdofxodwhg iru
gl�huhqw qxpehu ri xvhuv/ �c lq wkh fhoo1

iurp rwkhu fhoov lv kljk1 E| prylqj wkh vdph glvwdqfh wkh hqylurqphqw fkdqjhv ohvv lq

eljjhu fhoo frpsduhg wr vpdoohu fhoo1

517 Fdsdflw| gh�qlwlrq ri wkh FGPD v|vwhp

Lq suhylrxv vhfwlrqv zh ghvfulehg wkh ydu|lqj hqylurqphqw ri FGPD1 Lq wklv vhfwlrq zh

frqfhqwudwh rq wkh fdsdflw| ri vxfk dq hqylurqphqw1 Iluvw zh gh�qh wkh fdsdflw|/ edvhg

rq wklv gh�qlwlrq zh sursrvh d phwkrg iru fdofxodwlqj lw/ dqg �qdoo| zh frpsduh wkh

FGPD fdsdflw| wr wkh fdsdflw| ri nqrzq v|vwhpv olnh WGPD1

E| wkh fkdqqho fdsdflw| zh xqghuvwdqg wkh pd{lpxp wrwdo elw udwh wkdw fdq eh

wudqvplwwhg lq rqh fhoo1 Wklv wrwdo elw udwh lv fdofxodwhg dv vxp ri elw udwhv ri lqglylgxdo

xvhuv lq wkh fhoo1 Wkh ghpdqghg fdsdflw| fdq eh pruh ru ohvv wkdq dydlodeoh fkdqqho

fdsdflw|1 Zkhq lw lv pruh wkh v|vwhp lv lq rxwdjh1

Wkh v|vwhp rxwdjh lv gl�huhqw iurp eorfnlqj1 Lq fdvh ri eorfnlqj vrph duulylqj xvhuv

5:



Iljxuh 519= Rxwdjh suredelolw| lq d vpdoo fhoo dv ixqfwlrq ri xvhuv vshhg/ fdofxodwhg iru
gl�huhqw qxpehu ri xvhuv/ �c lq wkh fhoo1

duh qrw dgplwwhg wr wkh v|vwhp/ eorfnhg/ dqg wkhuh lv qr lpsdfw rq wkh xvhuv douhdg|

lq wkh v|vwhp1 Wkh v|vwhp rxwdjh d�hfwv dovr wkh xvhuv zkr duh douhdg| lq wkh v|vwhp1

Ehfdxvh ri wkh fkdqjh ri hqylurqphqw wkh fkdqqho fdsdflw| ghfuhdvhv dqg wkh ghpdqghg

gdwd udwh wr doo wkh xvhuv fdq qrw eh surylghg1 Ri frxuvh gxulqj wkh v|vwhp rxwdjh dovr

qhz duulydov duh eorfnhg1

Wkh lqvwdqwdqhrxv fkdqqho fdsdflw| fdq eh fdofxodwhg e| vroylqj wkh htxdwlrq 515 iru

doo wkh xvhuv1 Lw fdq eh grqh h�hfwlyho| e| zulwlqj wklv vhw lqwr pdwul{ irup dv lw lv grqh

lq fdofxodwlrqv iru srzhu frqwuro sxusrvhv ^]dq<5`1
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Zkhuh s Eo�� lv dwwhqxdwlrq lq wkh fkdqqho dqg ��� srzhu dw wudqvplwwhu vhqg wr wkh

40wk xvhu lq 4 EV1

Ehfdxvh lw lv d pdwul{ htxdwlrq lw fdq kdyh d vroxwlrq zkhuh vrph srzhuv duh qhjdwlyh1

Lq sudfwlfh wkh qhjdwlyh srzhu lv qrw ihdvleoh1 Lw phdqv wkdw wkh v|vwhp fdq qrw vxssruw doo

wkh xvhuv dqg vrph xvhuv vkrxog eh uhpryhg iurp wkh v|vwhp1 Diwhu uhprydo wkhlu srzhu

lv vhw wr }hur dqg wkh vl}h ri wkh pdwul{ ghfuhdvhv1 Dffruglqjo|/ wkh fkdqqho fdsdflw| lv

uhdfkhg iru wkh qxpehu ri xvhuv iru zkrp wklv pdwul{ fdq eh vroyhg iru srvlwlyh srzhuv

iru doo wkh xvhuv1

Wkhuh duh wzr sureohpv uhodwhg wr wkh hvwlpdwlrq ri wkh fdsdflw| iurp wkh pdwul{=

krz wr �qg wkh pd{lpxp qxpehu ri xvhuv wkdw fdq eh vhuyhg dqg ehfdxvh wkh fdsdflw|

ghshqgv rq wkh sdudphwhuv ghvfulelqj wkh xvhuv vshhg/ orfdwlrq/ dqg vr rq1 dw jlyhq

prphqw krz wr �qg zkdw lv h{dfw fdsdflw|1 Iluvw ri wkhp lv uhodwhg wr �qglqj rxw wkh

pd{lpxp vl}h ri wkh pdwul{1 Ghshqglqj rq wkh xvhuv orfdwlrqv/ fkdqqho wr xvhuv/ dqg

vshhg wr xvhuv wkh pd{lpxp vl}h ri wkh pdwul{ ydu|1 Wkh vhfrqg sureohp h{suhvv wkh

txhvwlrq wkdw zklfk pdwul{ vl}h vkrxog eh fkrvhq iru wkh fhoo fdsdflw|1

Wkh �uvw sureohp fdq eh wdfnohg e| vroylqj wkh pdwul{ htxdwlrq iru gl�huhqw qxpehu

ri xvhuv1 Wkh pd{lpxp qxpehu ri xvhuv zkhuh wkh vroxwlrq iru vljqdo srzhuv kdv doo

srvlwlyh ydoxhv zklfk duh ohvv wkdq �4@ lv wkh fkdqqho fdsdflw| ri wkh v|vwhp1

Wkh vhfrqg sureohp fdq eh vroyhg e| xvlqj wkh vwdwlvwlfdo dyhudjh ri fdsdflw|1 Iru

jlyhq qxpehu ri xvhuv lq wkh v|vwhp rqh fdq whvw gl�huhqw frq�jxudwlrqv ri xvhu orfdwlrqv1
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Outage
Probability

Capacity [kbit/s]

1

100 11090

0.75

0.5

0.25

Iljxuh 51:= Fdsdflw| gh�qhg dv rxwdjh suredelolw| iru jlyhq gdwdudwh lq wkh v|vwhp d,
FGPD/ frqwlqxrxv olqh e, WGPD/ gdvkhg olqh

Vrph ri wkhvh frq�jxudwlrqv surylgh wkh uhtxluhg vroxwlrq wr 51; vrph ri wkhvh gr qrw1

Wkh uhwlr ri wkh frq�jxudwlrqv zkhuh wkh pdwul{ fdq qrw eh vroyhg wr wkh wrwdo dprxqw ri

frq�jxudwlrqv jlyhv wkh suredelolw| wkdw wkh v|vwhp zloo eh lq rxwdjh iru jlyhq qxpehu ri

xvhuv lq wkh v|vwhp1 Wkh uhvxowlqj fdsdflw| lv qrw d �{hg qxpehu exw d yhfwru ri rxwdjh

suredelolw| ydoxhv1 ^Ilj1 51:`1

Lq rughu wr fdofxodwh wkh dyhudjh rxwdjh iru d jlyhq qxpehu ri xvhuv lq wkh v|vwhp rqh

kdv wr vroyh Ht1 51; iru doo srvvleoh frq�jxudwlrqv ri xvhu orfdwlrqv1 Wklv lv gl!fxow wr

fdofxodwh dqdo|wlfdoo|1 Krzhyhu/ wkh uhwlr fdq eh rewdlqhg e| Prqwh Fduor vlpxodwlrq= e|

fkrrvlqj udqgrp frq�jxudwlrq ri xvhuv dqg dvvxplqj wkdw iru d vx!flhqwo| odujh qxpehu

ri gl�huhqw frpelqdwlrqv wkh udwlr ri *edg* frq�jxudwlrqv wr doo srvvleoh frq�jxudwlrqv

vwduwv wr dssurdfk wkh dyhudjh rxwdjh ydoxh1

Iru d jlyhq qxpehu & ri xvhuv wkh fdsdflw| lv suredelolw| ri wkh v|vwhp ehlqj lq wkh

rxwdjh iru wklv qxpehu ri xvhuv1 E| vxpplqj wkh gdwd udwh ri doo xvhuv rqh fdq dovr orrn

dw wkh fdsdflw| dv ixqfwlrq ri wkh gdwd udwh lq wkh fhoo ^Ilj1 51:`1 Iru h{dpsoh zkhq wkhuh

duh <3 xvhuv lq d fhoo zlwk d 43 &K�|*r gdwd frqqhfwlrq wkh wrwdo gdwd udwh zloo eh <33

&K�|*r1 Iru wkdw fkdqqho fdsdflw| wkh rxwdjh suredelolw| zloo eh derxw 43 (1
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Wkh yhfwru ghvfulswlrq ri fdsdflw| fdq dovr eh dssolhg wr WGPD/ zkhuh wkh rxwdjh

suredelolw| zloo eh }hur zkhq wkh gdwd udwh iru frqqhfwlrqv lv ohvv wkdq wkh fkdqqho

wudqvplvvlrq fdsdflw| dqg lw lv rqh zkhq ghpdqghg gdwd udwh lv kljkhu1 Lq Ilj1 51: wkh

fkdqqho wudqvplvvlrq fdsdflw| lv 433 gK�|*r zkhq wudqvplwwhg gdwd udwh lv ohvv wkdq wkdw

wkh zkroh ghpdqg fdq eh vdwlv�hg1 Zkhq wkh uhtxluhg gdwd udwh lv pruh wkdq 433gK�|*r

vrph ri wkh frqqhfwlrqv fdq qrw eh vxssruwhg/ wkhuh lv qrw hqrxjk wudqvplvvlrq fdsdflw|

dydlodeoh1

Wkh ghvfulswlrq ri rxwdjh jlyhq khuh lv vrphzkdw gl�huhqw iurp wkh rqh xvhg lq wkh

frqyhqwlrqdo vwxglhv ri FGPD1 Wkh wudglwlrqdo dssurdfk fdofxodwhv wkh rxwdjh suredelo0

lw| iru rqh xvhu edvhg rq wkh wrwdo lqwhuihuhqfh ohyho iurp wkh Ht1 5151 Wkh lqwhuihuhqfh

lv dssur{lpdwhg zlwk wkh glvwulexwlrq dqg lq fdofxodwlrq duh xvhg prphqwv ri lw1 Wkh

prphqwv duh fdofxodwhg e| qxphulfdo lqwhjudwlrq iru xqlirup vsdwldo glvwulexwlrq ri xvhuv

^Jlo<4` Wkh dssurdfk sursrvhg khuh surylghv pruh  h{lelolw| iru vwxg|lqj wkh v|vwhp

ehkdylrxu dv ixqfwlrq ri pryhphqw ru orfdwlrq ri xvhuv1

51714 Vlpxodwlrq ri wkh v|vwhp fdsdflw|

Zh looxvwudwh wkh fdsdflw| fdofxodwlrq iru wkh vdph whvw qhwzrun xvhg deryh lq wkh dqdo|vlv

ri FGPD ehkdylrxu1 Zh gr wkh fdofxodwlrqv rqo| iru rqh w|sh ri vhuylfh1

Prqwh Fduor vlpxodwlrq uhtxluhv wr vroyh Ht1 51; iru hdfk dprxqw ri xvhuv pdq|

wlphv1 Vroylqj wkh pdwul{ htxdwlrq lv yhu| wlph frqvxplqj1 Krzhyhu/ iru rxu sxusrvhv

lw lv hqrxjk wr �qg rxw grhv wkh pdwul{ kdyh wkh uhtxluhg vroxwlrq ru qrw1 Wkdw fdq

hdvlo| eh grqh e| xvlqj surshuw| ri srzhu frqwuro +SF,1 SF dwwhpswv wr vroyh Ht1 51; e|

lqfuhdvlqj srzhu wr hdfk xvhu1 Zkhq d vroxwlrq iru doo srvlwlyh srzhuv h{lvw wkh v|vwhp

frqyhujhv wr lw/ zkhq vroxwlrq grhv qrw h{lvw SF frqwlqxhv wr lqfuhdvh wkh srzhu xqwlo

vrph ri xvhuv uhdfk wkh pd{lpxp doorzhg srzhu1 Frqvhtxhqwo| zkhq vrph xvhuv kdyh

pd{lpxp doorzhg srzhu wkh v|vwhp lv lq rxwdjh1

Wkh qxphulfdo hydoxdwlrq ehfrphv yhu| vlpsoh= vhw vpdoo lqlwldo srzhu wr doo wkh xvhuv/

iru wkh xvhuv iru zkrp wkh FLU uhtxluhphqw lv ylrodwhg lqfuhdvh wkh wudqvplwwhg srzhu/
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hqg wkh fdofxodwlrq zkhq wkh wrwdo wudqvplwwhg srzhu frqyhujh wr vrph ydoxh ru vrph

xvhuv uhdfk wkh pd{lpxp doorzhg srzhu1

Iru Prqwh Fduor vlpxodwlrq/ iru hdfk qxpehu ri xvhuv lq wkh v|vwhp/ wkh surfhvv

vkrxog eh uhshdwhg pdq| wlphv1

Vroxwlrq ri Ht1 51; jlyhv xv wzr w|shv ri lqirupdwlrq= wkh wrwdo wudqvplwwhg rxwsxw

srzhu iurp EV dqg wkh rxwdjh frqglwlrq1 Ehfdxvh wkh rxwsxw srzhu lv fdofxodwhg ryhu

pdq| frq�jxudwlrqv lw zloo eh jlyhq e| d glvwulexwlrq ^Ilj1 51;`1 Lq wkh �jxuh zh kdyh

vkrzq phdq/ 43 (/ dqg <3 ( ohyho ri wkh rxwsxw srzhu iru jlyhq qxpehu ri xvhuv1

Wkh iudfwlrq ri wkh frq�jxudwlrqv zkhuh wkh v|vwhp zdv lq rxwdjh lv jlyhq lq Ilj1

51<1 Dv zh vhh wkh rxwdjh suredelolw| vwduwv wr lqfuhdvh vkduso| zkhq wkh dprxqw ri xvhuv

h{fhhgv vrph olplw1

Wkhuh lv fohdu uhodwlrqvkls ehwzhhq wkh wudqvplwwhg srzhu dqg rxwdjh suredelolw|1

Wzr vhsdudwh vwdwhv ri wkh v|vwhp fdq eh revhuyhg/ qdpho| ryhuordg dqg qrqryhuordg1

Lq wkh ryhuordg vwdwh wkh wudqvplwwhg srzhu wr doo xvhuv lv vljql�fdqwo| pruh wkdq lq

qrqryhuordg fdvh1 Wkrxjk wkh vwdwhv kdyh yhu| gl�huhqw srzhu ohyhov lqvlgh wkh vwdwh wkh

srzhu fkdqjh yduldwlrq lv qrw yhu| vljql�fdqw1

518 Uhvxowv rq vwxg| edvhg rq wkh vlpsoh prgho

Wkh dqdo|vlv lq wklv fkdswhu kdg wzr wdujhwv= wr ghvfuleh wkh jhqhudo ehkdylrxu ri FGPD

dqg edvhg rq wkdw wr ghulyh uhtxluhphqwv iru olqn ohyho vwxglhv dqg qhwzrun sodqqlqj1

Wkh ehkdylrxu ri d FGPD v|vwhp vwhpv iurp wzr idfwv= wkh v|vwhp lv lqwhuihuhqfh

olplwhg dqg lqwhuihuhqfh lv qrw frqvwdqw exw ydulhv1 Vrph ri wkh frqvhtxhqfhv ri wkdw duh

ghvfulehg ehorz1

Ehfdxvh wkh lqwhuihuhqfh lv qrw frqvwdqw wkh vljqdo srzhuv lq wkh fhoo duh fkdqjlqj

g|qdplfdoo|1 Zkhq wkh ghpdqghg elw udwh h{fhhgv wkh dydlodeoh fdsdflw| g|qdplf srzhu

fkdqjh lv sxoohg lqwr frqwlqxrxv jurzwk ri wkh srzhu wkdw lq sudfwlfh lv vwrsshg dw vrph

suhvhw olplw ydoxh iru srzhu1 Dowkrxjk lq wklv fdvh wkh srzhu lq wkh fhoo lv pd{lpxp/
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Iljxuh 51<= Rxwdjh suredelolw| iru gl�huhqw qxpehu ri xvhuv lq wkh fhoo1
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idu orfdwhg xvhuv kdyh yhu| kljk lqwhuihuhqfh dqg h�hfwlyh fhoo vl}h kdv vkulqn/ wkh fhoo

euhdwkv1

Li wkh v|vwhp lv rshudwlqj qhdu wr wkh fdsdflw| olplw/ ryhuuxqqlqj lw vrphwlphv/ wkh

wudqvplwwhg srzhu mxpsv/ rvfloodwhv/ ehwzhhq wkh pd{lpxp doorzhg srzhu ydoxh dqg vrph

vpdoohu ydoxh1 Wkh vpdoohu ydoxh lv xvxdoo| d srzhu uhtxluhg wr frpshqvdwh lqwhuihuhqfh

wr wkh iduwkhvw orfdwhg xvhu1

Wkh srzhu frqwuro kdv dq lqwhuhvwlqj lpsdfw rq rxwdjh suredelolw|1 Ehfdxvh ri srzhu

frqwuro wkh uhdvrq iru rxwdjh lv qrw rqo| dwwhqxdwlrq lq wkh fkdqqho exw dovr ryhuuxqqlqj

wkh dydlodeoh fdsdflw| lq wkh fhoo1

Vxfk sureohpv fdq eh dyrlghg e| doorzlqj lqwr fhoo rqo| dv pdq| xvhuv dv lw fdq kdqgoh/

xqiruwxqdwho| wkh dydlodeoh fdsdflw| lq d FGPD fhoov lv qrw frqvwdqw lw lv fkdqjlqj zlwk

xvhuv pryhphqwv1 Wkhuh lv d plqlpxp fdsdflw| wkdw jxdudqwhhv vhuylfh txdolw| iru doo

xvhuv lq wkh zruvw fdvh1 Krzhyhu wkh zruvw fdvh pljkw kdsshq yhu| vhogrp1 Ghvljqlqj

wkh v|vwhp iru wkh zruvw fdvh uhtxluhv qhwzrun ryhu glphqvlrqlqj iru rwkhu fdvhv1

Kljkhu elw udwh iru rqh xvhu fruuhvsrqgv wr pdq| frqyhqwlrqdo xvhuv dw rqh orfdwlrq

lq d fhoo dqg wkh wrwdo fhoo fdsdflw| ghshqgv zkhuh wkh prelohv duh orfdwhg lq wkh fhoo1 Dv

vxfk d kljk elw udwh vhuylfh fruuhvsrqgv wr qrqxqliruplw| ri xvhuv glvwulexwlrq dqg eulqjv

zlwk lwvhoi doo wkh sureohpv uhodwhg wr lw1

Iru d jlyhq dprxqw ri xvhuv lq d fhoo wkhuh duh rqo| vrph frq�jxudwlrqv ri xvhuv

orfdwlrqv zkhuh ghpdqghg gdwd udwh wr hdfk xvhu fdq eh vdwlv�hg1 �Jrrg� frq�jxudwlrq

ri xvhu orfdwlrqv doorzv wr dffhsw dq duulylqj fdoo1 Wkhvh frq�jxudwlrqv duh dowhuqdwlqj

zkhq xvhuv pryh lq wkh fhoo1

Iru txlfno| prylqj xvhuv wkh frqglwlrqv lq wkh fhoo fkdqjh udslgo| dqg lw lv kljko|

suredeoh wkdw ehiruh dq| fdoo lv uhohdvhg/ ghpdqghg fdsdflw| lv uhgxfhg/ xvhuv kdyh pryhg

wr orfdwlrqv zkhuh ghpdqghg fdsdflw| h{fhhgv dydlodeoh fdsdflw|1 Wkhuhiruh iru txlfno|

prylqj xvhuv wkh fdoov fdqqrw eh dffhswhg hyhq zkhq xvhuv duh lq d �jrrg� orfdwlrq1

Lq fdvh ri vorzo| prylqj xvhuv wkh suredelolw| ri wkdw wkh hqylurqphqw fkdqjhv/ v|vwhp

uhdfk wkh �edg� frq�jxudwlrq/ lv pxfk ohvv1 Lq uhvxow/ dyhudjh fdsdflw| lq wkh fhoo zlwk
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kljkhu xvhuv vshhg lv ohvv frpsduhg zlwk vorzo| prylqj xvhuv1

Iru wkh vdph vshhg frqglwlrqv wrwdo fdsdflw| ri wkh eljjhu fhoo zloo eh pruh wkdq iru

vpdoohu fhoo1 Wklv lv ehfdxvh lq wkh eljjhu fhoo lw wdnhv pruh wlph iru xvhuv wr pryh iurp

�jrrg� srvlwlrqv wr �edg� srvlwlrqv1

Dv frqfoxvlrq zh pd| vxp wkh deryh= Wkh v|vwhp fdsdflw| lq FGPD lv d ixqfwlrq

ri pdq| yduldeohv olnh vshhg ri wkh xvhuv/ wkhlu orfdwlrq/ fhoo vl}h/ wdujhwhg FLU1

Wklv ixqfwlrqdo ghshqghqf| vkdshv dovr wkh shfxoldulwlhv ri wkh FGPD qhwzrun sodq0

qlqj1 Frqyhqwlrqdo fhooxodu qhwzrun sodqqlqj surfhvv uholhv rq hvwlpdwlrq ri wkh fhoo

fryhudjh dqg fdsdflw|1 Lq FGPD edvhg qhwzrun wkhvh wzr sdudphwhuv duh yhu| ydjxh

dqg pruh g|qdplf ixqfwlrqv wkdq frqvwdqwv1 Wkhuhiruh lq FGPD v|vwhpv rshudwlrqdo

dojrulwkpv vxfk dv dgplvvlrq frqwuro/ srzhu frqwuro/ dqg ghdolqj zlwk ryhuordg frqgl0

wlrqv ehfrph pruh lpsruwdqw1 Wkh sodqqlqj surfhvv fdq ghdo rqo| zlwk hvwlpdwhg ydoxhv1

Glvfuhsdqflhv iurp wkrvh vkrxog eh wdnhq fduh e| uhdo wlph rshudwlrqv1

Wkh hvwlpdwlrq ri wkh fryhudjh lq FGPD lv uhodwhg wr hvwlpdwlrq ri wkh fdsdflw|1

Rxwdjh rffxuv rqo| zkhq wkh qhwzrun lv ixoo| ordghg dqg vrph xvhuv kdyh uhdfkhg wkh

pd{lpxp doorzhg srzhu1 Ehfdxvh wkh rxwdjh rffxuv gxh wr wkh lqwhuihuhqfh wkh h{dfw

vwxg| vkrxog hpeudfh wkh zkroh ixoo| ordghg qhwzrun dw wkh vdph wlph1 Zh wdujhw

lvvxhv uhodwhg wr wkdw lq Fkdswhu 71 Ehiruh wkdw zh lpsuryh rxu vlpsoh v|vwhp prgho e|

lqyhvwljdwlqj wkh olqn ohyho1

Wkh olqn ohyho vwxg| kdv wr surylgh d ehwwhu prgho iru fdofxodwlqj FLU dqg dovr wkh

pruh uhdolvwlf ydoxh ri wdujhw �U-1 Wkh qhwzrun fdq rshudwh lq ryhuordg dqg qrqryhuordg

frqglwlrqv1 Wkh ryhuordg lv dq vshfldo v|vwhp vwdwh1 Ehfdxvh wkh wdujhw �U- ydoxhv duh

ylrodwhg iru vrph xvhuv/ wkh uhdo wlph frqwuro phwkrgv lq wkh v|vwhp dwwhpsw wr pryh

rxw iurp wkdw vwdwh dv txlfno| dv srvvleoh1 Wkhuhiruh zh vwxg| wkh olqn ohyho rqo| lq

qrqrxwdjh frqglwlrqv1 Iurp vlpxodwlrqv zh vhh wkdw lq wklv fdvh wkh lqwhuihuhqfh grhv

qrw fkdqjh pxfk dqg fdq eh dvvxphg wr eh vwdwlrqdu|1
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Fkdswhu 6

Vwxg| ri wkh FLU ghshqghqf| rq

xvhu vshhg

Lq wklv fkdswhu lpsdfw ri wkh prghp dqg fkdqqho rq wkh FGPD fdsdflw| lv vwxglhg1

Wkh fdsdflw| lv d ixqfwlrq ri uhtxluhg EHU ru IHU dqg wkhvh lq wxuq duh ghshqghqw

rq xvhu vshhg1 Wkh EHU ru IHU lq wxuq duh prqrwrqlf ixqfwlrqv ri FLU1 Wkdw doorzv

xv wr fkdudfwhulvh wkh fkdqqho e| FLU ghshqghqf| ri xvhu vshhg/ fdofxodwhg lq Vhfwlrq

6191 Fdofxodwlrq ri FLU uhtxluhv ghyhorsphqw ri wkh lqwhuihuhqfh prgho +Vhfwlrq 618, dqg

fkdqqho uhvsrqvh diwhu srzhu frqwuro 0 SF +Vhfwlrq 617,

Wkh fkdswhu vwduwv zlwk d vkruw lqwurgxfwlrq +Vhfwlrq 614, dqg ghvfulswlrq ri wkh

v|vwhp +Vhfwlrq 615, dqg fkdqqho prgho +Vhfwlrq 616,1

Wkh lqwhuihuhqfh prgho lv ghulyhg vhsdudwho| iru grzq0 dqg xsolqn1 E| xvlqj wkh

lqwhuihuhqfh prgho zh duh deoh wr dqdo|}h wkh ruwkrjrqdolw| idfwru lq grzqolqn1

Wkh uhvxowv duh looxvwudwhg zlwk vlpxodwlrq dqg qxphulfdo h{dpsohv1

614 Lqwurgxfwlrq

FGPD fdsdflw| lv lqwhuihuhqfh olplwhg1 Wkh dprxqw ri lqwhuihuhqfh lq wkh v|vwhp ghshqgv

rq wkh fkdqqho fkdudfwhulvwlfv dqg lpsohphqwdwlrq ri wkh prghp1 Wkh prghp lpsdfw rq
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wkh fdsdflw| lv xvxdoo| frqvlghuhg e| vhsdudwlqj wkh olqn ohyho dqg qhwzrun ohyho vwxglhv

^RS<;`1 Wkh qhwzrun ohyho ghwhuplqhv wkh sdudphwhuv wkdw olqn ohyho vkrxog surylgh dqg

wkh frqglwlrqv xqghu zklfk olqn ohyho vkrxog eh vwxglhg1 Lq vxfk iudphzrun wkh olqn ohyho

frqvlghuv doo wkh ghwdlov uhodwhg wr wkh prgxodwlrq/ frglqj/ ghfrglqj dqg fkdqqho1

Wkh uhfhlyhu shuirupdqfh lv ghvfulehg e| wkh elw ru iudph huuru udwh +EHU/ IHU,1

Fdofxodwlrq ri wkhvh udwhv uhtxluhv lqirupdwlrq derxw frghu/ ghfrghu/ dqg fkdqqho1 Wkhvh

duh jhqhudoo| gl!fxow wr hydoxdwh dqdo|wlfdoo| dqg wkhuhiruh duh xvxdoo| fdofxodwhg qxphul0

fdoo|1 Krzhyhu/ iru fdofxodwlrq ri wkh v|vwhp fdsdflw| zh duh lqwhuhvwhg lq wkh lqwhuihuhqfh

wkh xvhuv jhqhudwh1 Wkh dprxqw ri lqwhuihuhqfh wkh xvhu jhqhudwh ghshqgv rq wkh wdu0

jhw �U- iru wkh xvhu1 EHU dqg IHU duh prqrwrqlf ixqfwlrqv ri FLU zklfk pdnhv lw

srvvleoh wr ghvfuleh wkh uhfhlyhu shuirupdqfh rqo| e| FLU1 Wkhuhiruh lw lv vx!flhqw wr

surylgh wkh fdsdflw| fdofxodwlrq dw wkh qhwzrun ohyho zlwk wkh FLU dv ixqfwlrq ri olqn

ohyho sdudphwhuv1

Wkh dqdo|vlv ri wkh vlpsoh v|vwhp prgho fohduo| vhsdudwhv wkh ryhuordg dqg qrqryhu0

ordg rshudwlrq prghv1 Zh vwxg| wkh olqn ohyho lq wkh qrqryhuordg frqglwlrq1 Wkh fdsdflw|

fdq eh fdofxodwhg dv olplw zkhq wkh qrqryhuordg frqglwlrqv fkdqjhv wr ryhuordg1

Wkh qrqryhuordg lv d qrupdo frqglwlrq zkhuh wkh v|vwhp lv h{shfwhg wr rshudwh prvw

ri wkh wlph1 Lq qrupdo frqglwlrq lqwhuihuhqfh iurp rwkhu xvhuv jhqhudwhv wkh qrlvh  rru1

Zh dvvxph iru d jlyhq qxpehu wklv  rru wr eh vwdwlrqdu| dqg frqvwdqw lq dyhudjh1 Wkh

uhtxluhg fkdqqho txdolw| lv dfklhyhg zkhq wkh uhfhlyhg vljqdo srzhu lv wdujhw �U- wlphv

ryhu wklv qrlvh  rru1 Zkhq wkh srzhu lv kljkhu wkh uhfhlyhg FLU lv kljkhu/ wkh fkdqqho

kdv ohvv huuruv/ exw wkh xvhu jhqhudwhv dovr pruh lqwhuihuhqfh wr wkh qhwzrun/ wkh wrwdo

fdsdflw| ri wkh FGPD qhwzrun lv ghfuhdvlqj1 Lq rughu wr nhhs wkh vljqdo srzhu h{dfwo|

wr vdwlvi| wkh uhtxluhg FLU wkh v|vwhp xvhv srzhu frqwuro +SF,1

Dv vhhq lq Ilj1 614 wkh SF lqwurgxfhv d ihhgedfn orrs wkdw dowhuv wkh glvwulexwlrq ri

wkh vljqdo lq wkh uhfhlyhu lqsxw1 Wkh dqdo|vlv ri wkh uhfhlyhu shuirupdqfh kdv wr orrn dw

wkh zkroh frqwuro orrs1 Wklv fdq eh grqh e| �uvw prgholqj wkh fkdqqho zlwkrxw SF dqg

wkhq dsso|lqj wkh lpsdfw ri wkh ihhgedfn gxh wr wkh SF1
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Iljxuh 614= Frppxqlfdlwrq fkdqqho zlwk SF

Wkh SF rshudwhv rq gl�huhqw ohyhov= forvhg orrs dqg rshq orrs srzhu frqwuro1

Wkh sxusrvh ri wkh forvhg orrs SF lv wr nhhs wkh uhfhlyhg FLU dw d frqvwdqw ohyho/

vhw e| wkh rxwhu orrs SF1 Wkh rxwhu orrs SF vhwv iru wdujhw �U- ydoxh wkdw vdwlv�hv wkh

uhtxluhg fkdqqho txdolw|1

Wkh rshq orrs SF kdv wr vhw wkh wdujhw �U- ehfdxvh wkh frglqj jdlq dqg gxh wr wkdw

EHU +ru IHU, lv gl�huhqw iru gl�huhqw vljqdo glvwulexwlrqv1

Dowkrxjk forvhg orrs SF dwwhpswv wr nhhs wkh vljqdo ohyho frqvwdqw gxh wr wkh vorz

xsgdwh lqwhuydo dqg �qlwh SF vwhs lw lv qrw fdsdeoh wr gr lw1 Dv d uhvxow iru kljk vshhg

xvhuv wkhuh uhpdlqv vljql�fdqw yduldwlrq ri wkh vljqdo1

Wkh forvhg orrs srzhu frqwuro kdv ehhq h{whqvlyho| vwxglhg1 Pdlq wdujhw ri wkh

lqyhvwljdwlrqv kdv ehhq wr ghyhors dojrulwkpv iru SF ^EJ<;` ru wr lghqwli| wkh vwdelolw|

fulwhuld ^]dq<5`1 Rxu vwxg| khuh lv grqh iru d gl�huhqw sxusrvh 0 wr lghqwli| wkh vljqdo

glvwulexwlrq diwhu dsso|lqj SF dqg iurp wkhuh wr fdofxodwh wkh IHU1 Zh gr lw e| ghulylqj

wkh rswlpdo olplw iru wkh yduldwlrq ri lqwhuihuhqfh wkdw SF fdq uhdfk1

Gxh wr wkh vsuhdglqj frgh qrqruwkrjrqdolw| wkh FGPD fkdqqho frqwdlqv lqwhuihuhqfh

iurp rwkhu xvhuv duulylqj dorqj pxowlsoh sdwkv1 Vxfk fkdqqho zlwkrxw frglqj lv hydoxdwhg

lq vhyhudo sdshuv ^Sxu::` ^Hiw<:`1 Lq wklv fkdswhu wkh prgho ghvfulehg lq wkhvh sdshuv lv

ghyhorshg ixuwkhu e| wdlorulqj lw dffruglqjo| wr hqylurqphqw fkdudfwhulvwlfv iru FGPD
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grzq dqg xsolqn1

E| kdylqj wkh vljqdo glvwulexwlrq diwhu wkh SF dqg dovr wkh lqwhuihuhqfh prgho wkh

frghg v|vwhp lv vlpxodwhg1 Wkh uhvxow lv jlyhq dv uhodwlrq ehwzhhq wkh FLU dqg wkh EHU1

Wklv jlyhv xv wkh ixqfwlrq uhtxluhg iru qhwzrun sodqqlqj zlwk xvhuv zlwk gl�huhqw vshhg1

615 V|vwhp prgho

Lq wklv vhfwlrq zh ghvfuleh krz wkh uhfhlyhu kdqgohv wkh vljqdo1 Wklv lv grqh e| jlylqj

d sdudphwulf prgho ri wkh vljqdo diwhu wkh UDNH uhfhlyhu1 Lq odwhu vhfwlrq zh fdofxodwh

wkh glvwulexwlrq ri sdudphwhuv dqg wkdw doorzv wr xvh wkh prgho iru fdofxodwlqj wkh FLU1

Frqvlghu d FGPD v|vwhp zlwk pxowlsoh fhoov dqg g xvhuv lq d fhoo1 Hdfk xvhu lv

dvvljqhg d svhxgr udqgrp vsuhdglqj frgh vhtxhqfh1 Lqirupdwlrq lv frghg zlwk TSVN

prgxodwlrq l1h1 elqdu| vljqdov rq d U dqg ' d{hv1 Lq grzqolqn vljqdov iurp rqh EV duh

v|qfkurql}hg1 Lq xsolqn vljqdov dqg sursdjdwlrq sdwkv duh lqghshqghqw dqg gxh wr srzhu

frqwuro wkh srzhu ri wkh uhfhlyhg vljqdov duh dvvxphg lq dyhudjh wr eh htxdo1 Wkh v|vwhp

rshudwhv lq pxowlsdwk hqylurqphqw zkhuh gl�huhqw sdwkv duh dvvxphg wr eh xqfruuhodwhg1

Ghvfulswlrq ri wkh fkdqqho ghshqgv rq wkh zd| wkh v|vwhp vhhv lw l1h1 lw lv d ixqfwlrq

ri w|sh ri wkh uhfhlyhu dqg vljqdo edqgzlgwk1 Zh dvvxph wkdw wkh v|vwhp xqghu vwxg|

kdv d UDNH uhfhlyhu1

Lq vlpsoh irup d UDNH uhfhlyhu fdq eh xqghuvwrrg dv d vhw ri v|qfkurqrxv uhfhlyhuv

wxqhg wr gl�huhqw fkdqqho wdsv1 D ixqfwlrqdo ghvfulswlrq ri UDNH iru d wzr wds fkdqqho

lv jlyhq lq Ilj1 6151 Wkh vljqdo dw wkh uhfhlyhu lqsxw lv wkh vxp ri wkh vljqdov duulylqj

dorqj gl�huhqw sdwkv1 Hdfk �qjhu ri UDNH lv v|qfkurqlvhg wr rqh ri wkh sdwkv1 Wkh

UDNH �qjhu lv v|qfkurqrxv uhfhlyhu 0 wkh uhfhlyhg vljqdo lv pxowlsolhg zlwk wkh orfdo

frs| ri wkh vljqdo wkdw kdv wkh vdph skdvh dv wkh vljqdo iurp wkh sdwk wr zklfk wkh �qjhu

lv v|qfkurqlvhg1 Wkh vljqdov dw rxwsxw duh pd{lpxp udwlr frpelqhg/ zhljkwhg zlwk wkh

dpsolwxgh dqg frqmxjdwh skdvh ri wkh fruuhvsrqglqj sdwk dqg vxpphg1

Wkh lpsruwdqw idfw lv wkdw wkh vljqdo duulylqj dw d gl�huhqw sdwk wkdq wkh rqh zkhuh
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Iljxuh 615= Ixqfwlrqdo prgho ri d UDNH uhfhlyhu1

UDNH lv v|qfkurqlvhg frqwulexwh wr wkh lqwhuihuhqfh1 Lq uhvxow wkh shuirupdqfh ri wkh

uhfhlyhu zloo eh ixqfwlrq ri wkh fkdqqho uhvsrqvh1 Zh dqdo|}h wklv ghshqghqf| pruh

ghhso| lq odwhu vhfwlrqv/ qrz zh jlyh rqo| pruh suhflvh ghvfulswlrq ri wkh vljqdo dw wkh

UDNH rxwsxw1

Iru vlpsolflw| zh fdq dvvxph wkdw wkhuh duh dv pdq| fkdqqho wdsv dv �qjhuv dqg qrwh

wkh qxpehu ri wkhp zlwk u1 Wklv doorzv wr uhgxfh wkh exughq ri lqgh{hv uhtxluhg lq

htxdwlrqv1

Wkh vljqdo dw wkh uhfhlyhu lqsxw fdq eh ghvfulehg dv d vxp ri zklwh Jdxvvldq qrlvh ?E|�

dqg lqirupdwlrq vljqdov iurp � fhoov hdfk zlwk g? xvhu dqg u&? pxowlsdwk frpsrqhqwv

iru hdfk xvhu ^Sxu::`1
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q,&? dpsolwxgh ri wkh ,0wk sdwk iru xvhu & iurp ?0wk EV/

@&?
�
|� � ,&?

�
vsuhdglqj vhtxhqfh

K&?
�
|� � ,&?

�
lqirupdwlrq vljqdo ri wkh &0wk xvhu iurp ?0wk EV

ULt
k
/S|n ),&?

l
frvlqxv ri fduulhu iuhtxhqf| /S dqg skdvh gl�huhqfh ) ehwzhhq wkh

vljqdo iru &0wk xvhu iurp ?0wk EV dqg uhihuhqfh vljqdo

Hdfk UDNH �qjhu lv d frkhuhqw uhfhlyhu wxqhg wr rqh pxowlsdwk frpsrqhqw1 Di0

whu fruuhodwlrq wkh vljqdov dw hdfk �qjhu frqvlvwv ri irxu gl�huhqw w|shv ri frpsrqhqwv=

lqirupdwlrq vljqdo E7�� / wkh vhoi lqwhuihuhqfh gxh wr pxowlsdwk EU �r��/ Jdxvvldq udqgrp

yduldeoh gxh wr wkhupdo qrlvh EU �?��/ dqg pxowlsoh dffhvv qrlvh EU
�
6@��1 Wkh odvw rqh fdq eh

vsolw lqwr lqwudfhoo lqwhuihuhqfh
�
U �6@�c�

�
/ gxh wr wkh vljqdov lq wkh vdph fhoo dqg lqwhufhoo

lqwhuihuhqfh
�
U �6@�c?

�
iurp wkh vljqdov lq rwkhu fhoov1 Pd{lpdo udwlr frpelqlqj zhljkwv

dqg vxpv wklv pl{ iurp hdfk �qjhu1 Zkhq lw lv dvvxphg wkdw UDNH kdv uo �qjhuv wkh

vlqdo dw wkh uhfhlyhu rxwsxw iru wkh xvhu &? ' ��/ �uvw xvhu lq wkh �uvw EV/ lv=

L '
uo[
�'�

q�
�
7� n U �6@�c� n U �6@�c? n U�r� n U�?�

�
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),&? �
skdvh gl�huhqfh ehwzhhq uhfhlyhg dqg uhihuhqfh vljqdo1

-,&?�

�
� ,&? �

�
/ 	-,&?�

�
� ,&? �

�
duh frqwlqxrxv wlph sduwldo furvv fruuhodwlrq ixqfwlrqv eh0

wzhhq wkh fxuuhqw dqg suhylrxv elw1 Ryhuodsslqj lv gxh wr wkh gl�huhqw ghod|v � lq d

fkdqqho1 Wkh lqgh{ ,&? qrwh wkh sdwk ,/ iru wkh xvhu &/ iurp wkh EV ?1 Wkhvh furvv

fruuhodwlrq ixqfwlrqv duh gh�qhg vlploduo| dv lq ^Hqj<8`1

Ehfdxvh zh gr qrw hydoxdwh wkh h{dfw lqwhuihuqfh iurp qrqv|qfurqrxv frslhv zh dv0

vxph wkdw wkh ghod| lv vsuhdg rqo| ryhu rqh v|pero1 Wklv ghod| lv vx!flhqw wr looxvwudwh

wkh uhdvrq ri wkh lqwhuihuhqfh dqg krz wkh lqwhuihuhqfh fdq eh fdofxodwhg1

Wkh furvv fruuhodwlrq ixqfwlrq lv wkh pdlq fxosulw iru wkh lqwhuihuhqfh lq wkh v|vwhp1

Wkh vsuhdglqj frghv duh xvxdoo| ghvljqhg wr eh ruwkrjrqdo1 Wkh ruwkrjrqdolw| lv jxdu0

dqwhhg zkhq wkh frghv duh v|qfkurqrxv/ l1h1 vwduw dw wkh vdph prphqw1 Xqiruwxqdwho|

vljqdov duulylqj dorqj gl�huhqw sdwkv duh qrqv|qfkurqrxv wkh| fdq vwduw iurp zkdwhyhu

prphqw frpsduhg wr vljqdov iurp rwkhu sdwkv1

Wkh furvv fruuhodwlrq lv looxvwudwhg lq Ilj1 6161 Rq wkh �jxuh zh kdyh ghvfulehg wkh

vljqdo iurp wzr gl�huhqw sdwkv1 Wkh uhihuhqfh vljqdo dw wkh �qjhu lv v|qfkurqlvhg wr wkh

vljqdo iurp wkh sdwk �1 Diwhu wkh fruuhodwlrq zlwk wkh vljqdo iurp wkh v|qfkurqlvhg sdwk

wkh rxwsxw zloo eh 4 ru 31

Wkh vljqdo iurp wkh rwkhu sdwk lv qrw v|qfkurqlvhg1 Wkh suhylrxv elw K3� ryhuods wkh

elw ri wkh uhihuhqfh vljqdo gxulqj wkh wlph lqwhuydo |2c3�1 Dv d uhvxow dw wkh fruuhodwru

rxwsxw lv furvv fruuhodwlrq sduw iurp wkh suhylrxv elw K3�/ -�E|2c3��/ dqg iurp wkh fxuuhqw

elw Kf/ 	-�E|2cf�1

Lq Ilj1 616 wkh fruuhodwlrq lv vkrzq rqo| dprqj wkh vljqdov iurp gl�huhqw sdwkv1 Lq

FGPD zh kdyh vlplodu furvv fruuhodwlrq dprqj wkh vljqdov iurp gl�huhqw xvhuv dqg wkdw

lv wkh pdlq uhdvrq ri lqwhuihuhqfh lq wkh v|vwhp1 Lq Ht1 615 wklv furvv fruuhodwlrq lv qrwhg

e|
q
K��3� �-,���

�
� ,�� �

�
n K��f � 	-,���

�
� ,�� �

�r
1 Wkh htxdwlrq ghvfulehv rqo| wkh fruuhodwlrq

fruuhodwlrq dprqj suhylrxv dqg fxuuhqw elw lq sudfwlfh lw fdq dovr eh dprqj wkh fxuuhqw

dqg qh{w elw1 Krzhyhu/ wklv grhv qrw fkdqjh wkh zd| krz wkh fruuhodwlrq lv fdofxodwhg

dqg iru vdnh ri vlpsolflw| zh ghvfuleh lw rqo| iru suhylrxv dqg fxuuhqw elw1
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tt
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1 1 2,02,-1
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1

Iljxuh 616= Ghfulswlrq ri wkh fdofxodwlrq ri wkh furvv fruuhodwlrq ixqfwlrq zkhq wkh UDNH
�qjhu lv v|qfurqlvhg wr wkh vljqdo iurp sdwk r�E|�1

Wkh furvv fruuhodwlrq ixqfwlrq ghshqgv rq wkh frghv ryhuodsslqj wlph jlyhq lq wkh

�jxuh dv |2c3� dqg |2cf1 Lq Ht1 615 wkh ryhuodsslqj wlph lv odehohg dv � ,&? �1 Zkhuh wkh

lqgh{hv vwdqg iru wkh sdwk zkhuh �qjhu lv v|qfkurqlvhg � dqg iru hyhu| sdwk ,/ iurp hyhu|

xvhu &/ iurp hdfk EV ?1

Wkh dprxqw ri lqwhuihuhqfh jhqhudwhg e| wkh qrqv|qfkurqrxv frslhv ghshqgv rq wkh

vsuhdglqj frghv1 Iru wkh vdnh ri jhqhudolw| zh qrwh lw e| frqvwdqw � wkdw vkrxog eh

vhohfwhg iru hyhu| sduwlfxodu w|sh ri vsuhdglqj frgh vhsdudwho|1 Lq rwkhu zrugv zh uh0

sodfh lqwr Ht1 615 � '
q
K&?3� �-,&?�

�
� ,&? �

�
n K&?f � 	-,&?�

�
� ,&? �

�r
1 Iru h{dpsoh lq ^Sxu::`

^Uds<9` frgh furvv fruuhodwlrq lv dvvljqhg ydoxh A 2

SC
zkhuh A vwdqgv iru d v|pero ohqjwk

dqg C iru d shulrg ri wkh frgh vhtxhqfh1

Iru fdofxodwlqj wkh FLU zh qhhg prphqwv ri L 1 Lq rughu wr fdofxodwh wkhvh prphqwv

zh kdyh wr ghvfuleh wkh dpsolwxgh glvwulexwlrq dw hdfk fkdqqho wds q� dqg lqwhuihuhqfh

iurp hyhu| wudqvplwwhu1 Zh gr wkdw lq wkh qh{w fkdswhuv1
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616 Glvwulexwlrq ri wkh uhfhlyhg vljqdo dpsolwxghv

Lq wklv vhfwlrq zh ghvfuleh wkh fkdqqho prgho xvhg lq wkh ixuwkhu dqdo|vlv1 Lq rughu wr

eh frqvlvwhqw zlwk qhwzrun ohyho dqdo|vlv zh idfwru wkh fkdqqho uhvsrqvh lqwr dwwhqxdwlrq

dqg idvw idglqj1 Wklv lv grqh e| qrupdol}lqj wkh uhfhlyhg vljqdo zlwk dyhudjh uhfhlyhg

srzhu1 Dw wkh hqg ri wkh vhfwlrq zh ghvfuleh wkh glvwulexwlrq ri wkh qrupdol}hg vljqdo

dpsolwxghv1

61614 Qrupdolvdwlrq ri wkh vljqdo dpsolwxgh

Lq qhwzrun ohyho vwxg| wkh dyhudjh uhfhlyhg srzhu zdv dvvxphg wr eh frqvwdqw dqg

yduldwlrq gxh wr idvw idglqj dqg lpshuihfw SF zdv qhjohfwhg1 Srzhu ri wkh uhfhlyhg vljqdo

lv jdwkhuhg dv vxp ri vljqdo srzhuv iurp hdfk UDNH �qjhu1 Iru vprrwk wudqvlwlrq iurp

qhwzrun wr v|vwhp ohyho zh vhsdudwh wkh dyhudjh sdwk orvv dqg idvw idglqj1 Iru wkdw

zh qrupdol}h wkh dyhudjh uhfhlyhg vljqdo srzhu lq d zd| wkdw wkh vxp ri dyhudjh vljqdo

srzhuv iurp hdfk �qjhu zloo eh rqh1

Zkhq wkh vljqdo dpsolwxgh dw hdfk �qjhu lv qrwhg dv q
�

,1 wkh dyhudjh vljqdo srzhu

iurp �qjhu , lv

.i
�
q

�

,

�2
j1 +616,

Wrwdo dyhudjh uhfhlyhg srzhu lv vxp ri uhfhlyhg srzhuv iurp hdfk �qjhu

.i
u[
,'�

�
q

�

,

�2
j� +617,

Zkhq wkh vljqdov iurp gl�huhqw �qjhuv duh dvvxphg wr eh xqfruuhodwhg rqh fdq uhzulwh

wkh wrwdo dyhudjh srzhu dv
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u[
,'�

.i
�
q

�

,

�2
j� +618,

Wklv dyhudjh srzhu dw hdfk �qjhu frqwdlqv wkh fkdqqho dwwhqxdwlrq/ // dqg yduldwlrq gxh

wr idvw idglqj1 Zh vhsdudwh wkh dwwhqxdwlrq e| qrupdol}dwlrq1

u[
,'�

.i
�
q

�

,

�2
j '

u[
,'�

.i
�
q

�

,

�2
/

/j '
u[
,'�

.i
�
q

�

,

�2
/

j/ ' /
u[
,'�

.iEq,�2j +619,

Zkhuh q, lv qrupdol}hg dpsolwxgh1 u fdq eh lqwhusuhwhg dv dyhudjh sdwk orvv1 Lw lv dovr

qrupdolvdwlrq frqvwdqw vhohfwhg vr wkdw wkh vxp ri wkh dyhudjh qrupdol}hg srzhu iurp

hdfk �qjhu lv rqh1

u[
,'�

.i
�
q

�

,

�2
/

j '
u[
,'�

.iEq,�2j ' � +61:,

Wkh lqvwdqwdqhrxv vljqdo dpsolwxgh lv jlyhq e|

s
/

u[
,'�

q,� +61;,

Zh duh deoh wr glvwlqjxlvk ehwzhhq dyhudjh sdwk orvv dqg idvw yduldwlrqv lq wkh fkdq0

qho1 Wkh qhwzrun ohyho dqdo|vlv wrrn lqwr dffrxqw rqo| wkh dyhudjh sdwk orvv /1 Wklv

fruuhvsrqgv wr wkh fkdqqho zlwkrxw idvw yduldwlrq l1h1 wkh whup
uS
,'�

q, lv frqvwdqw1 Iru olqn

ohyho vwxglhv wklv vlpsol�fdwlrq lv qrw dssursuldwh dq| pruh dqg wkhuhiruh zh frqvlghu

wkh dpsolwxgh dw hdfk UDNH �qjhu wr eh jlyhq e| d udqgrp glvwulexwlrq1
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61615 Glvwulexwlrq ri wkh fkdqqho uhvsrqvh

Iru dqdo|vlv zh duh lqwhuhvwhg lq wzr fdvhv= zkhq uhfhlyhu lv dqg lv qrw v|qfkurql}hg wr

wkh vljqdo1 Wkh �uvw ri wkhp fruuhvsrqgv wr wkh glvwulexwlrq ri wkh lqirupdwlrqdo vljqdo

dqg vhfrqg ghvfulehv wkh glvwulexwlrq ri lqwhuihuhqfh1

Lqirupdwlrq vljqdo

Wkh lqirupdwlrq vljqdo lv ghvfulehg e| wkh �uvw dqg vhfrqg rughu vwdwlvwlfv= glvwulex0

wlrq dqg fruuhodwlrq ixqfwlrq1 Vljqdo glvwulexwlrq lv xvhg lq fdofxodwlrq ri �U-1 Wkh

fruuhodwlrq khosv xv prgho wkh g|qdplf ehkdylrxu ri wkh SF1

Zh dvvxph wkdw lqfrplqj lqirupdwlrq vljqdo dw rqh fkdqqho wds kdv frpsoh{ Jdxvvldq

glvwulexwhg dpsolwxgh zlwk phdq }hur dqg wkh vdph yduldqfh rq U dqg ' d{hv1 Lw fdq eh

ghvfulehg lq srodu irup e| xqlirupo| glvwulexwhg dujxphqw/ ehwzhhq f�2Z/ dqg Ud|ohljk

glvwulexwhg prgxoxv1

Wkh UDNH uhfhlyhu frqwdlqv d vhw ri frkhuhqw uhfhlyhuv1 D frkhuhqw uhfhlyhu jhqhudwhv

d orfdo frs| ri wkh vsuhdglqj vljqdo dqg v|qfkurqlvh lw wr wkh lqirupdwlrqdo vljqdo1 Zkhq

uhfhlyhu lv orfnhg wr wkh skdvh ri wkh wudqvplwwhg vljqdo wkh skdvh ehfrphv nqrzq wr wkh

uhfhlyhu1 Diwhu wkh xqfhuwdlqw| uhodwhg wr wkh skdvh lv uhpryhg rqo| wkh dpsolwxgh ri wkh

vljqdo uhpdlqv xqgh�qhg dqg vkrxog eh jlyhq e| glvwulexwlrq1

Zkhq wkh vljqdo skdvh lv nqrzq wkh vljqdo dpsolwxgh dw wkh UDNH rxwsxw zloo eh

vdph dv dpsolwxgh glvwulexwlrq ri wkh udqgrp vljqdo lq lqsxw1 Wkh Ud|ohljk glvwulexwhg

dpsolwxgh lv jlyhq dv RoEo� ' o
j2q�

i T

�
� o2

2j2q�

�
/ zlwk wkh phdq jq�

s
Z
2
dqg yduldqfh

j2q�
�
e3Z
2

�
1Zkhuh jq� lv vwdqgdug ghyldwlrq ri wkh fruuhvsrqglqj Jdxvvldq glvwulexwlrq

dw �qjhu �1 Dpsolwxgh rq wkh uhdo dqg lpdjlqdu| eudqfkhv fdq eh fdofxodwhg dv sur0

mhfwlrq rq fruuhvsrqglqj d{hv1 Lq sudfwlfh lw phdqv pxowlsolfdwlrq wkh dpsolwxgh ri wkh

uhfhlyhg vljqdo zlwk t�? Z
e
dqg ULt Z

e
uhvshfwlyho|1

Srzhu ri wkh uhfhlyhg vljqdo lv jlyhq e| fkl0vtxduh glvwulexwlrq R E+� ' �I
2Z+jq�

e3+*2j
2
q�

zlwk phdq .i+j ' 2j2q� dqg yduldqfh j2+ ' ej2q� 1

Wkh frpsoh{ Jdxvvldq surfhvv wkdw exlogv xs wkh Ud|ohljk glvwulexwlrq fdq eh jhq0
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hudwhg e| �owhulqj wkh Zklwh Jdxvvldq Qrlvh +ZJQ, zlwk d Grssohu �owhu1 Ilowhulqj wkh

ZJQ lqwurgxfhv lqwr uhvxowlqj vljqdo d fruuhodwlrq wkdw fruuhvsrqgv wr wkh �owhu uhvsrqvh1

Wkh fruuhodwlrq gxh wr wkh Grssohu vkliw fdq eh dssur{lpdwhg e| d }hurwk rughu Ehvvho

ixqfwlrqv1^Sdu<5`1

Iru vlpxodwlrqv ru dqdo|vlv lw lv riwhq frqyhqlhqw wr ghvfuleh wkh v|vwhp dw glvfuhwh

wlph prphqwv1 Zkhq wkh Grssohu �owhu lv ghvfulehg dv ILU �owhu wkh Ehvvho ixqfwlrq

jlyhv gluhfwo| wkh lpsxovh uhvsrqvh ri wkh �owhu1

Ohw ghvfuleh wkh fkdqqho lq glvfuhwh irup1 Wkhq wkh dpsolwxgh glvwulexwlrq qd?o diwhu

wkh Grssohu �owhu lv frqyroxwlrq ri wkh ZJQ �d?o/ dqg wkh �owhu uhvsrqvh �d?o ^Vhh Ilj1

617`

q d?o '
a[
�'f

�d?� �o�d?o� +61<,

Zkhuh ? vwdqgv iru wkh wlph prphqw zkhuh vdpsohv duh wdnhq1

Wkh �owhu frh!flhqwv fruuhvsrqgv wr vdpsohg fkdqqho fruuhodwlrq ixqfwlrq 4? dw pr0

phqwv ?

�d?o ' 4?�d?o� +6143,

Zkhuh �d?o lv xqlw ixqfwlrq1

Wkh fruuhodwlrq ixqfwlrq lv vdpsohg Ehvvho ixqfwlrq dw wkh wlph prphqwv ?

4? ' af E2Z�?*bS� �

Zkhuh wkh fruuhodwlrq lv ixqfwlrq ri wkh zdyhohqjwk bS/ dqg vshhg � ri wkh xvhu1

Iurp wkh wkhru| ri vwdwlvwlfdo gljlwdo vljqdo surfhvvlqj ^Wkh<5` lw lv nqrzq wkdw wkh

7:



w[n] B [n]
h[n]

h[n]=    u[n]

1

n

n

Iljxuh 617= Jhqhudwlqj wkh fkdqqho uhvsrqvh q e| �owhulqj wkh zklwh Jdxvvldq qrlvh zlwk
d Grssohu �owhu1 Wkh �owhu frh!flhqwv duh fdofxodwhg dv vdpsohg }hurwk rughu Ehvvho
ixqfwlrq1

yduldqfh ri wkh �owhuhg vljqdo fdq eh fdofxodwhg iurp wkh yduldqfh ri wkh lqsxw vljqdo dv=

j2q� ' j2��

a[
�'f

��4���2 � +6144,

Ehfdxvh wkh Ehvvho ixqfwlrq kdv grpdlq iurp f wr 4/ zh qhhg lq�qlwh dprxqw ri �owhu

frh!flhqwv/ a $ 41 Lq sudfwlfh zh olplw wkdw zlwk vrph qxpehu1

Wkh yduldqfh ri wkh lqsxw ZJQ fdq eh fdofxodwhg iurp wkh yduldqfh ri wkh rxwsxw

surfhvv

j2�� '
j2q�

aS
�'f

��4���2
� +6145,

E| vxevwlwxwlqj lqwr wkh htxdwlrq wkh }hurwk rughu Ehvvho ixqfwlrq iru fruuhodwlrqv

7;
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Iljxuh 618= Wkh fkdqqho dpsolwxgh jhqhudwhg e| �owhulqj wkh zklwh Jdxvvldq qrlvh

j2�� '
j2q�

aS
�'f

maf E2Z��*bS�m2
� +6146,

Qrupdolvdwlrq ri fkdqqho wdsv jdyh xv wkh yduldwlrq dw hdfk wds � 0 j2q� dqg doorzv wr

fdofxodwh wkh yduldwlrq j2�� ri wkh fruuhvsrqglqj ZJQ surfhvv1 Ehfdxvh zh dssur{lpdwh

wkh fruuhodwlrq zlwk ILU �owhu wkh ydoxh ri wkh j2�� ehfrphv d ixqfwlrq ri wkh dprxqw

�owhu wdsv a 1 Krzhyhu zkhq iru zkhq a lqfuhdvh wkh ydoxh frqyhujh1

Wkh fkdqqho prgho lv vxppdulvhg lq Ilj1 6181 Wkh fkdqqho kdv uo wdsv1 Vljqdo dp0

solwxgh dw hdfk wds q� lv jlyhq e| Jdxvvldq glvwulexwlrq zlwk yduldqfh j2q� fruuhvsrqglqj

wr dyhudjh vljqdo srzhu iurp wkh wds1 Wkh Jdxvvldq glvwulexwlrq lv jhqhudwhg e| �owhulqj

wkh Zklwh Jdxvvldq Qrlvh zlwk yduldwlrq j2�� fdofxodwhg iurp Ht1 61461 Wkh Grssohu

�owhu gh�qhv wkh fruuhodwlrq lq wkh fkdqqho1 Hdfk wds kdv lwv rzq ghod| � �1 Dpsolwxghv

7<



ri ghod|hg wdsv duh vxpphg wrjhwkhu dqg wkh uhvxowlqj dpsolwxgh lv vfdohg zlwk dyhu0

djh dwwhqxdwlrq
s
/1 Wkh rxwsxw ri wkh fkdqqho prgho lv fruuhodwhg Jdxvvldq surfhvv

s
/

uS
,'�

q,�

Wkh glvfxvvlrq deryh fdq eh vxppdulvhg iru wkh fkdqqho prgho1 Wkh dpsolwxgh

yduldwlrq dw rqh fkdqqho wds fdq eh fdofxodwhg e| �owhulqj wkh ZJQ surfhvv dqg vfdolqj

wkh rxwsxw zlwk idfwru
s
/1^Ilj1 618` Wkh yduldqfh ri wkh ZJQ surfhvv lv fdofxodwhg

iurp Ht1 6146/ e| xvlqj wkh yduldqfh ri wkh fruuhvsrqglqj wds j2q�/ vshhg ri xvhu/ dqg

zdyhohqjwk1

Lqwhuihulqj vljqdo

Vljqdov duulylqj wr wkh UDNH uhfhlyhu dorqj gl�huhqw sdwkv duh qrw frkhuhqw wr wkh

uhihuhqfh vljqdo dw wkh �qjhu1 Dv d uhvxow wkh skdvhv ri wkhvh vljqdov duh xqnqrzq dqg

fdq wdnh zkdwhyhu ydoxh ehwzhhq f�2Z1 Lw lv nqrzq wkdw vljqdo zlwk Ud|ohljk glvwulexwhg

dpsolwxgh dqg vxfk xqlirupo| glvwulexwhg skdvh kdv frpsoh{ jdxvvldq glvwulexwlrq1 Lwv

surmhfwlrq wr U dqg ' eudqfkhv lv qrupdoo| glvwulexwhg zlwk phdq }hur dqg vwdqgdug

ghyldwlrq htxdo wr j1 Vxevhtxhqwo| wkh lqwhuihuhqfh wkdw zrxog eh jhqhudwhg rq rqh d{lv

kdv srzhu ghqvlw| j21

617 Glvwulexwlrq ri wkh lqirupdwlrq vljqdo srzhu di0

whu SF

Lq wklv vhfwlrq zh dqdo|}h wkh srzhu frqwuro lpsdfw rq wkh uhfhlyhg vljqdo glvwulexwlrq1

Diwhu wkh yhuedo ghvfulswlrq ri wkh SF zrunlqj hqylurqphqw iroorzv dq dqdo|wlfdo vwxg|

ri wkh vljqdo srzhu glvwulexwlrq diwhu SF1 Wkh vhfwlrq hqgv zlwk uhvxowv iurp fdofxodwlrq

dqg vlpxodwlrq1

Zlwkrxw SF wkh uhfhlyhg vljqdo glvwulexwlrq zrxog eh vdph dv wkh glvwulexwlrq ri wkh

fkdqqho wdsv1 Wkh SF dwwhpswv wr pdlqwdlq FLU frqvwdqw1 Ghshqglqj rq xvhu vshhg

dqg uhvroxwlrq ri SF wklv remhfwlyh lv rqo| sduwldoo| uhdfkhg dqg rqo| wkh glvwulexwlrq ri
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Iljxuh 619= Srzhu frqwuro orrs1 Ixqfwlrqdolw| lq wkh gdvkhg er{ lv uhsodfhg e| wkh prgho1

wkh uhfhlyhg vljqdo srzhu lv fkdqjhg1 Lq rughu wr fdofxodwh wklv fkdqjhg glvwulexwlrq rqh

kdv wr orrn dw wkh zkroh SF orrs1

Lq qrupdo frqglwlrqv wkh srzhu frqwuro orrs dwwhpswv wr vprrwk rxw wkh idvw idglqj1

Idvw idglqj lq d preloh fkdqqho lv jhqhudwhg gxh wr wkh Grssohu vkliw lq wkh fkdqqho1

Wkh zlgwk ri wkh Grssohu vshfwuxp vshfl�hv dovr gxudwlrq ri idghv/ yduldwlrq vshhg ri

wkh fkdqqho ^Sur;<`1 Wkh sxusrvh ri wkh idvw srzhu frqwuro lv wr frpshqvdwh wkh vljqdo

yduldwlrq e| fkdqjlqj wkh wudqvplvvlrq srzhu lqyhuvho| wr wkh idglqj lq wkh fkdqqho1

D vlpsol�hg prgho ri SF orrs lv jlyhq rq Ilj1 6191 Wkh uhfhlyhg vljqdo srzhu dyhudjhg

ryhu vrph wlph shulrg dqg frpsduhg zlwk ghvluhg srzhu ohyho1 Wkh ghvluhg srzhu ohyho lv

vhw wr vdwlvi| wkh wdujhw �U-1 Edvhg rq wkh frpsdulvrq wkh ghflvlrq lv pdgh wr lqfuhdvh

ru wr ghfuhdvh wkh wudqvplwwhg srzhu1 Wkh srzhu frqwuro frppdqg wdnhv h�hfw zkhq wkh

ghflvlrq duulyhv dw wkh wudqvplwwhu1 Ehiruh wkh wudqvplwwhg vljqdo lv uhfhlyhg lw dwwhqxdwhv

lq wkh fkdqqho1

Lq ihhgedfn fkdqqho wkh SF frppdqgv duh vhqg rqo| dw fhuwdlq wlph prphqwv1 Wkh

lqwhuydo ehwzhhq wklv prphqwv lqwurgxfhv ghod| dqg ghwhuplqhv wkh vshhg ri wkh SF/ wkh

SF edqgzlgwk1
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Lq ihhgedfn fkdqqho fdq eh vhqg rqo| �qlwh dprxqw ri lqirupdwlrq dqg wkhuhiruh wkh

wudqvplwwhg srzhu fdq eh fkdqjhg rqo| e| wkh �qlwh vwhs 7� 1

Wkhuh duh wzr pdlq uhdvrqv zk| wkh SF fdq qrw frpshqvdwh wkh dwwhqxdwlrq lq wkh

fkdqqho= wkh frqwuro orrs edqgzlgwk lv ohvv wkdq wkh vshhg ri fkdqqho yduldwlrq/ orrs

ghod| lv kljk/ dqg wkh suhflvlrq ri SF vwhs 7� grhv qrw doorz wr vhohfw dssursuldwh

srzhu ohyho1

Zkhq wkh iuhtxhqf| dw zklfk wkh SF frppdqgv duh jhqhudwhg lv ohvv wkdq wkh yduld0

wlrq vshhg ri wkh fkdqqho/ wkh fkdqqho fkdqjhv txlfnhu wkdq wkh SF lv fdsdeoh wr kdqgoh

dqg frqwuro ghflvlrqv duh edvhg rq wkh udqgrp qrqfruuhodwhg hyhqwv1

Hyhq zkhq wkh ghflvlrq surfhvv iru SF lv fdsdeoh wr hvwlpdwh dwwhqxdwlrq ri wkh

fkdqqho dw wkh qh{w prphqw wkh suhflvlrq ri frqwuro grhv qrw doorz wr wxqh wkh wudqvplwwhg

srzhu wr wkh rswlpdo ydoxh1 Wklv grhv qrw doorz suhflvho| wr frpshqvdwh wkh dwwhqxdwlrq

dqg wkh uhfhlyhg vljqdo fdq qrw eh nhsw frqvwdqw1 Wklv fdq eh fkdudfwhulvhg dv lqvx!flhqw

uhvroxwlrq ri SF/ ru lq rwkhu zrugv wr wkh txdqwl}dwlrq huuru ri wkh SF1 Wkh vlwxdwlrq

lv frpsdudeoh wr vorsh ryhuordg ri gl�huhqwldo hqfrglqj 0 wkh vljqdov dpsolwxgh dw qh{w

prphqw ydulhv pruh wkdw wkh v|vwhp lv fdsdeoh wr uhdfw ^MQ;7`1

Dovr wkh txdqwl}dwlrq huuru ri wkh �qlwh vwhsv ri SF ehkdyhv vlploduo| wr gl�huhqwldo

hqfrglqj1 Iru vorz xvhuv wkh fkdqqho lv ydu|lqj ohvv wkdq wkh SF vwhs dqg txdqwl}dwlrq

huuru lv grplqdqw vrxufh iru wkh huuru1 Iru txlfno| prylqj xvhuv wkh fkdqqho yduldwlrq lv

odujhu wkdw wkh SF vwhs/ wkh frqwuro v|vwhp ehfrphv �ryhuordghg� dqg wkh pdlq huuru lv

gxh wr dpsolwxgh yduldwlrq ri wkh fkdqqho1

Wkh suhflvh prgho ri wkh SF vkrxog fryhu erwk ri wkhvh fdvhv1 Ehfdxvh ri wkh qrqolqhdu

qdwxuh ri SF wklv/ krzhyhu/ lv gl!fxow wr dfklhyh1 Xqiruwxqdwho|/ qr jrrg dqdo|wlfdo

wuhdwphqw ri wkh ryhuordg frqglwlrqv ri ghvfulehg v|vwhpv lv nqrzq1 Rq wkh rwkhu kdqg li

wr uhfdoo wkdw zh duh rqo| lqwhuhvwhg lq wkh vljqdo glvwulexwlrq dw wkh uhfhlyhu rxwsxw/ wkh

h{dfw lpsohphqwdwlrq lv qrw vr lpsruwdqw1 Zh fdq ghvfuleh lw dv rswlpdo ohyho wkdw dq|

SF dojrulwkp fdq uhdfk1 Iru wkdw zh ghyhors d qhz prgho ri SF edvhg rq wkh fruuhodwlrq

ri wkh fkdqqho1
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61714 Dqdo|wlfdo prgho iru vljqdo glvwulexwlrq diwhu SF

Zh ghvfuleh wkh vljqdo ohyho dw wkh uhfhlyhu rxwsxw e| wkh rswlpdo ohyho wkdw SF fdq

uhdfk1 Lq rughu wr gr wkdw lw lv vx!flhqw wr orrn rqo| dw rshudwlrqv wkdw SF lv lqwhqghg

wr h{hfxwh dqg qrw rq dq| sduwlfxodu lpsohphqwdwlrqv1 Lq wklv frqwh{w wkh SF orrs fdq eh

wuhdwhg dv eodfn er{ iru zklfk rqo| lqsxw dqg rxwsxw duh jlyhq1 Zh gr wkdw e| uhsodflqj

wkh zkroh srzhu frqwuro orrs zlwk d prgho wkdw ghvfulehv wkh rswlpdo olplwv ri wkh rxwsxw

sdudphwhuv1

Ehfdxvh wkh SF lv qrw fdsdeoh wr nhhs wkh frqvwdqw vljqdo ohyho dw wkh uhfhlyhu rxwsxw

lwv ixqfwlrqv fdq eh vhsdudwhg lqwr wzr surfhgxuhv= uhgxflqj wkh vljqdo yduldwlrq dqg

nhhslqj wkh phdq srzhu dw wkh uhtxluhg ohyho1

Wkh rswlpdo srzhu frqwuro pdlqwdlqv phdq dpsolwxgh ri wkh uhfhlyhg vljqdo/ 6�U-/

vxfk wkdw wkh phdq srzhu lv dw uhtxluhg ohyho1

SF lv fdsdeoh wr frpshqvdwh rqo| sduw ri wkh fkdqqho yduldwlrq1 Zh prghohg wkh

fkdqqho dv �owhuhg ZJQ surfhvv1 Ilowhulqj lqwurgxfhg fruuhodwlrq wkdw doorzv wr suhglfw

wkh qh{w vljqdo ydoxh dqg frpshqvdwh lw1 Diwhu uhprylqj wkh fruuhodwlrq lq wkh vljqdo wkh

rxwsxw zloo eh ZJQ surfhvv1 Wkh rswlpdo SF lv zklwhqlqj �owhu1

Iurp wkh vwdwlvwlfdo vljqdo surfhvvlqj lw lv nqrzq wkdw wkh rswlpdo zklwhqlqj �owhu lv

lqyhuvh ri wkh frorulqj �owhu/ wkh Grssohu �owhu lq rxu prgho1 Wkhuhiruh wkh rswlpdo SF

fdq eh prghohg dv dq lqyhuvh Grssohu �owhu1 Frqyroxwlrq ri wkh �owhu dqg lwv lqyhuvh/ ru

pxowlsolfdwlrq lq wkh iuhtxhqf| grpdlq/ uhvxowv lq uhprydo ri wkh lpsdfw ri wkh �owhulqj1

Zkhq wkh Grssohu �owhu lv jhqhudwhg e| dxwr uhjuhvvlyh +DU, �owhu/ wkh lqyhuvh �owhu lv

olqhdu suhglfwlrq huuru �owhu +Ilj1 61:,1 Wkh �owhu frh!flhqwv ri wkh suhglfwlrq huuru �owhu

duh rewdlqhg e| lqyhuwlqj wkh DU �owhu ^Wkh<5`

Yduldwlrq j2�J�| ri wkh ZJQ dw wkh SF rxwsxw zloo eh vdph dv wkh yduldwlrq j2��? ri

wkh ZJQ wkdw jhqhudwhv wkh fkdqqho uhvsrqvh1 Zh qrwh lw vlpso| j2� iru wkh zkroh vljqdo

dqg j2�� iru fkdqqho wds �1

Zh prghohg hdfk fkdqqho wds dv d �owhuhg Jdxvvldq qrlvh1 Lq rughu wr gr wkh fruuhfw

suhglfwlrq hdfk fkdqqho wds vkrxog eh suhglfwhg vhsdudwho|1 Lq rwkhu zrugv wkh rswlpdo
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Iljxuh 61:= d, Olqhdu suhglfwlrq dssolhg wr dq dxwruhjuhvvlyh surfhvv/ e, fkdqqho dqg wkh
prgho ri ���

srzhu frqwuro vkrxog eh prghohg dv vhw ri lqyhuvh �owhuv iru hdfk fkdqqho wds1 Krzhyhu/ lq

rxwsxw ri d UDNH uhfhlyhu vljqdov iurp wkhvh gl�huhqw fkdqqho wdsv duh vxpphg lqskdvh1

Ehfdxvh ri wkh olqhdulw| dqg lqskdvh vxppdwlrq zh fdq uhsodfh wklv vhsdudwh �owhuv zlwk

rqh1 ^Ilj1 61:`1 Wkh vfdolqj frqvwdqw ri wkh dwwhqxdwlrq
s
/ lv devhqw lq wkh �jxuh vlqfh

lw zdv dvvxphg wkdw wkh SF lv fdsdeoh wr frpshqvdwh wkh dyhudjh dwwhqxdwlrq1

Zh fdq frqfoxgh wkdw wkh srzhu frqwuro fdq eh prghohg dv d eodfn er{ wkdw lqfoxghv

wkh lqyhuvh Grssohu �owhu dqg dgglwlrq ri wkh uhtxluhg phdq ydoxh zklfk frpshqvdwhv

dyhudjh dwwhqxdwlrq dqg jxdudqwhhv wkh FLU1 Lq rughu wr ghvfuleh wkh vljqdo dpsolwxgh

diwhu SF zh kdyh wr �qg wkh yduldwlrq ri wkh uhpdlqlqj ZJQ dqg wkh dgghg phdq1

Zh dvvxphg wkdw zh nqrz wkh dyhudjh vljqdo srzhu dw hdfk fkdqqho wds1 Hdfk wds

zdv prghohg zlwk Ud|ohljk glvwulexwlrq jhqhudwhg e| �owhulqj wkh ZJQ surfhvv1 Lq rughu

wr �qg wkh yduldwlrq ri wkh lqlwldo ZJQ surfhvv zh ghvfuleh wkh dpsolwxgh dw rqh wds lq

dxwruhjuhvvlyh irup
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q� d? n �o '
a[
�'f

4W�q�d?� �o n �d?n �o� +6147,

Dv zh ghvfulehg wkh SF lpsohphqwv wkh lqyhuvh �owhulqj dqg dgglwlrq ri wkh uhtxluhg

phdq ydoxh 6�U- wr wkh vljqdo1 Wkh lqyhuvh �owhulqj lv hvvhqwldoo| vxewudfwlrq iurp wkh

vljqdo ydoxh wkh sduw gxh wr wkh fruuhodwlrq
S

� 4
W
�qd? � �o1 Wkh SF ixqfwlrqdolw| fdq eh

ghvfulehg dv

q� d?n �o�
a[
�'f

4W�q�d?� �o n6�U- ' ��d? n �o n6�U-�
� +6148,

Wkh ghod| ri SF orrs lv frqvlghuhg e| vhohfwlqj wkh �owhu frh!flhqwv zlwk wkh vdph

iuhtxhqf| dv wkh SF frppdqgv duh vhqg lq wkh ihhgedfn fkdqqho1 Wkdw phdqv zh vdpsoh

wkh fkdqqho zlwk wkh SF iuhtxhqf|1

Wkh yduldwlrq ri wkh ZJQ zdv fdofxodwhg deryh e| Ht1 61461 Zh ghvfulehg wkh

uhfhlyhg vljqdo zlwk frpsoh{ Jdxvvldq glvwulexwlrq1 Dw wkh U dqg ' eudqfkhv wkh vljqdo

lv qrupdoo| glvwulexwhg zlwk phdq f dqg vwdqgdug ghyldwlrq j�1

Zkhq SF lv prghohg dv lq Ilj1 61: wkh vljqdo dw wkh uhfhlyhu rxwsxw iru hdfk UDNH

�qjhu zloo kdyh qrq}hur phdq Jdxvvldq glvwulexwlrq zlwk yduldqfh j2�� dqg phdq 6�U-�
1

Wkh srzhu glvwulexwlrq ri vxfk surfhvv lv nqrzq wr kdyh qrqfhqwudo fkl0vtxduh sgi1 dqg

dpsolwxgh zloo kdyh wkh Ulfh sgi ^Sur;<`1 Lq rughu wr ixoo| ghvfuleh wklv sgi zh qhhg wkh

ydoxh ri 6�U-�
1

Iru fdofxodwlqj wkh phdq 6�U-�
zh xvh wkh uhodwlrqvklsv ehwzhhq wkh qrq}hur phdq

Jdxvvldq glvwulexwlrq dqg fkl0vtxduh glvwulexwlrq1 ^Sur;<` Wkh phdq ydoxh dw doo �qjhuv

fdq eh fdofxodwhg e| xvlqj wkh uhodwlrqvklsv iru phdq srzhu dw rqh �qjhu

.
�
q2
�

�
' 2j2�� n r2q� ' 2j2�� n 262

�U-�
� +6149,
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j2q� ' eje�� n ej2��r
2
q�

+614:,

Zkhuh 6�U-�
dqg j�� duh phdq dqg vwdqgdug ghyldwlrq ri wkh jdxvvldq glvwulexwlrq

rq rqh d{lv1 .
�
q2
�
dqg j2

q2
duh phdq dqg yduldwlrq ri wkh uhvxowlqj srzhu glvwulexwlrq

+fkl0vtxduh glvwulexwlrq, rq wkh jlyhq �qjhu1 r2q� lv fdoohg wkh qrqfhqwudolw| sdudphwhu ri

wkh glvwulexwlrq1

Wklv uhodwlrqvklsv vkrxog krog iru srzhu ri rqh �qjhu dqg dv zhoo iru wrwdo uhfhlyhg

srzhu1

[
�

.
�
q2�
�
'

[
�

�
2j2�� n 262

�U-�

�
'

[
�

2j2�� n
[
�

r2q� ' 2j2 n 262
�U-�

' � +614;,

Iru rqh �qjhu zh jhw wkh dyhudjh srzhu uhfhlyhg dw wkh �qjhu lv .
�
q2�
�
' 2j2�� n

262
�U-�

/ dqg ehfdxvh ri wkh qrupdol}dwlrq wkh wrwdo uhfhlyhg vljqdo lv � '
S

�.
�
q2
�

�
'

2j2��n262
�U-�

Vxevhtxhqwo| zh fdq fdofxodwh wkh ghyldwlrq rq hdfk �qjhu dqg iurp wkhuh

wkh qhz phdq dpsolwxgh iru hdfk �qjhu1

Wkh idfw wkdw iru Ud|ohljk glvwulexwhg vljqdo dw hdfk fkdqqho wds diwhu dsso|lqj wkh

SF wkh vljqdo srzhu kdv fkl0vtxduh sgi dqg dpsolwxgh kdv Ulfh glvwulexwlrq fdq eh

lqwhusuhwhg dv iroorzlqj1 Wkh idglqj fkdqqho frqwdlqv fruuhodwlrq wkdw doorzv wr suhglfw

wkh qh{w ydoxh ri wkh vljqdo dpsolwxgh1 Wkh frkhuhqw uhfhlyhu dgmxvw wr wkh suhglfwhg

skdvh dqg srzhu frqwuro dwwhpswv wr pdwfk wkh dpsolwxgh1 Lq rughu wr rewdlq wkh uhtxluhg

FLU wkh dpsolwxgh lv vhw dffruglqjo| wr wkh dwwhqxdwlrq dqg lqwhuihuhqfh lq wkh fkdqqho1

E| iroorzlqj wkh skdvh ri wkh fruuhodwlrq frpsrqhqw wkh uhfhlyhu jhqhudwhv d vshfxodu

frpsrqhqw1 Kljkhu wkh fruuhodwlrq lv vwurqjhu wkh frpsrqhqw lv1 Wkh phdq nhsw e| SF

fdq eh lqwhusuhwhg dv vwurqj vlqxvrlgdo frpsrqhqw wkdw lv lqwurgxfhg wr wkh vljqdo dqg

iroorzhg dw wkh uhfhlyhu1

Iru fdofxodwlqj wkh vljqdo glvwulexwlrq diwhu SF zh qhhg vrph lqsxw sdudphwhuv1 Iru

fdofxodwlqj wkh �owhu frh!flhqwv zh qhhg wkh SF iuhtxhqf|/ wkdw jlyhv wkh wlph prphqwv
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zkhuh wkh Ehvvho ixqfwlrq lv vdpsohg1 Wkh dprxqw ri �owhu frh!flhqwv lv gh�qhg e| fruuh0

odwlrq wlph lq wkh fkdqqho/ iru krz orqj wlph zh fdofxodwh wkh Ehvvho ixqfwlrq ydoxhv1 Iru

fdofxodwlqj wkh Ehvvho ixqfwlrq ydoxhv zh qhhg wkh vshhg ri wkh xvhu dqg wkh zdyhohqjwk1

Lq rughu wr fdofxodwh wkh uhpdlqlqj ghyldwlrq lq wkh fkdqqho lv uhtxluhg wkh dprxqw ri

fkdqqho wdsv dqg phdq srzhu dw hdfk ri wkhp1

Wkh dojrulwkp lwvhoi frqwdlqv iroorzlqj vwhsv1

� E| xvlqj wkh ghyhorsphqw lq vhfwlrq 61615 qrupdol}h wkh fkdqqho dqg fdofxodwh wkh

vwdqgdug ghyldwlrq ri wkh frpsoh{ jdxvvldq vljqdo dw hdfk UDNH �qjhu ehiruh wkh

SF lv dssolhg1

� Dffruglqjo| wr Ht1 6146 fdofxodwh wkh yduldqfh lq wkh fkdqqho diwhu SF lv dssolhg1

Wklv zloo eh ixqfwlrq ri wkh xvhu vshhg/ zdyhohqjwk/ dqg ohqjwk ri wkh Grssohu �owhu1

� E| xvlqj wkh phdq srzhu ydoxh dw hdfk �qjhu fdofxodwh wkh phdq 6�U-�
lqwurgxfhg

e| wkh rswlpdo SF1

� Dffruglqjo| wr Ht1 614: fdofxodwh wkh ghyldwlrq lq ri wkh vljqdo dw wkh uhfhlyhu

rxwsxw zkhq SF lv dssolhg1

61715 Qxphulfdo hydoxdwlrq ri wkh vljqdo glvwulexwlrq diwhu SF

Zh frpsduh wkh rswlpdo SF zlwk vlpxodwlrq uhvxowv ri wkh uhod| w|sh SF lpsohphqwd0

wlrqv1 Ehiruh zh jr wr wklv frpsdulvrq zh jlyh dq qxphulfdo h{dpsoh ri fdofxodwlrq wkh

vljqdo glvwulexwlrq zlwk rswlpdo SF1

H{dpsoh ri fdofxodwlrq ri wkh glvwulexwlrq sdudphwhuv

Frqvlghu d v|vwhp zlwk SF iuhtxhqf| f�fffSe r dqg fruuhodwlrq wlph lq wkh v|vwhp

|�?| ' f�f�1 Wkh Grssohu �owhu zloo kdyh f�f�
f�fffSe

' �D vdpsohv1 Zh dvvxph wkh xvhu vshhg

�f 6
r
dqg frppxqlfdwlrq iuhtxhqf| 2 CM51 Wkh qrupdol}hg phdq srzhu dw hdfk �qjhu

lv .
�
q2�
�
'^318 316 315`1

8:



Zlwkrxw SF rq rqh d{lv wkh yduldwlrq ri wkh vljqdo dpsolwxgh lv ^3158 3148 315`1

Lqvhuwlqj wkhvh ydoxhv lqwr Ht 6146 zh jhw iru wkh zklwh jdxvvldq qrlvh diwhu wkh SF

j�� '^3155 314: 3147`1

Ht1 6149 surylghv xv zlwk wkh dgghgphdq ydoxhv iru hdfk �qjhu6�U-�
'

t
.iq2�j32j2��

2
'

^3178 3168 315<`1

Iurp Ht1 614: wkh vwdqgdug ghyldwlrq dw hdfk �qjhu zloo eh jq2� '^315< 314: 3145`1

Wkh wrwdo dgghgphdq lv vlpso| vxp ri wkh lqglylgxdo dgghgphdqv6 '
uS

�

E6�U-�
�2 '

f�Se1 Wkh wrwdo uhpdlqlqj yduldwlrq fdq eh fdofxodwhg e| vhwwlqj lqwr wkh 614: wkh wrwdo

dgghg phdq dqg wkh wrwdo qrlvh yduldqfh/ wkdw fdofxodwhg dv vxp ri yduldqfhv ri lqglylgxdo

ZJQ surfhvvhv1 j2� '
S

� j
2
��
1 Wkh wrwdo yduldqfh lv jq2� ' f�DH1

Frpsdulvrq ri vlpxodwlrq dqg fdofxodwlrqv ri wkh vljqdo glvwulexwlrq diwhu SF

Wkh srzhu frqwuro dwwhpswv wr uhpryh vljqdo yduldwlrq lq wkh fkdqqho1 Lwv shuirupdqfh

fdq eh ghvfulehg dv yduldqfh gl�huhqfh ri d SF dqg qrq SF v|vwhpv1 Dv uhihuhqfh

v|vwhp zh vhohfw wkh Ud|odljk idglqj vljqdo zlwk dyhudjh srzhu �1 Iurp wklv vljqdo

zh fdofxodwh wkh uhpdlqlqj yduldqfh zlwk SF ghshqglqj rq xvhu vshhg1 Lq rwkhu zrugv

zh jhqhudwh wkh Ud|ohljk idglqj vljqdo zlwk dyhudjh srzhu �/ dsso| wr lw wkh SF dqg

frpsduh wkh uhpdlqlqj yduldqfh zlwk lqlwldo yduldqfh1 Zh frpsduh wkh rswlpdo SF zlwk

wkh shuirupdqfh ri wkh uhod| w|sh SF1

Ht1 6146 vkrzv wkdw wkh dprxqw ri wkh yduldwlrq lq wkh fkdqqho wkdw fdq eh frpshq0

vdwhg ghshqgv rq wkh fruuhodwlrq wlph lq wkh fkdqqho1 Zh dssur{lpdwh wkh fruuhodwlrq

lq wkh fkdqqho zlwk wkh Ehvvho ixqfwlrq1 Wkh Ehvvho ixqfwlrq kdv grpdlq iurp }hur wr

lq�qlw| dqg iru vrph sdudphwhuv lw ghfd|v yhu| vorzo|1

Lq sudfwlfdo fdofxodwlrq zh fdq kdqgoh rqo| �qlwh dprxqw ri �owhu wdsv dqg wkhuhiruh

wkh Ehvvho ixqfwlrq vkrxog eh fxw vrphzkhuh1 Lq h{dpsoh deryh zh dvvxphg wkh fruuh0

odwlrq wlph wr eh |�?| ' f�f�1 Zlwk vdpsolqj dw hyhu| f�fffSe r wkh ILU �owhu kdv rqo|

�D wdsv1 Ehfdxvh wkh yduldqfh ri wkh ZJQ surfhvv wkdw fdq qrw eh suhglfwhg lv lqyhuvh

ri wkh vxp ri �owhu wdsv wkh orqjhu fruuhodwlrq wlph uhvxowv vpdoohu yduldqfh1
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Iljxuh 61;= Vwdqgdug ghyldwlrq ri wkh jdxvvldq qrlvh lq olqhdu vlqjdo prgho dv ixqfwlrq
ri vshhg ri xvhuv1 Suhglfwlrq lv pdgh edvhg rq gl�huhqw wlph lqwhuydov 3134 314 dqg 4
vhfrqg1

Rq wkh rwkhu kdqg Ehvvho ixqfwlrq lv rqo| dssur{lpdwlrq ri wkh uhdo fruuhodwlrq ixqf0

wlrq lq wkh fkdqqho1 Wkh uhdo fkdqqho lv qrw vwdwlrqdu| dqg vdpsohv idu dsduw lq wlph

ru vsdfh duh qrw fruuhodwhg dv zrxog eh suhglfwhg e| Ehvvho ixqfwlrq1 Wkhuhiruh wkh

orqj fruuhodwlrq wlph grhv qrw ghvfuleh wkh dfwxdo vlwxdwlrq lq wkh fkdqqho1 Lq sudfwlfdo

fdofxodwlrqv wkh ydoxh iru fruuhodwlrq wlph vkrxog eh wdnhq edvhg rq phdvxuhphqwv1

Ilj1 61; vkrzv wkh fdofxodwhg uhpdlqlqj yduldqfh diwhu SF iru gl�huhqw xvhu vshhg

dqg fruuhodwlrq wlph lq wkh fkdqqho dv sdudphwhu1 Doo rwkhu sdudphwhuv zhuh vdph dv lq

qxphulfdo h{dpsoh deryh1

Xqiruwxqdwho|/ wkh orqjhu fruuhodwlrq wlph lqfuhdvhv frpsoh{lw| ri wkh v|vwhp1 Wkh

vlpsohvw SF dojrulwkp/ uhod| w|sh dojrulwkp/ grhv qrw suhglfw wkh vljqdo ydoxh dw qh{w

prphqwv1 Dovr lw grhv qrw frqvlghu vljqdo klvwru| exw rqo| wkh fxuuhqw ydoxh1 Lw vlpso|

frpsduhv wkh uhfhlyhg srzhu lq rqh phdvxuhphqw lqwhuydo zlwk wdujhw wkuhvkrog dqg li lw

lv ohvv ghflghv wr lqfuhdvh dqg rwkhuzlvh wr ghfuhdvh wkh wudqvplvvlrq srzhu1 Shuirupdqfh

ri vxfk dq dojrulwkp lv ghshqghqw rq wkh fkrvhq srzhu vwhs1 Zh hydoxdwh wkh dojrulwkp
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iru 4/ 5/ dqg 6 gE srzhu frqwuro vwhsv dqg frpsduh lw zlwk rswlpdo SF +Ilj1 61<,1

Zh vlpxodwh wkh uhod| w|sh srzhu frqwuro e| �uvw jhqhudwlqj wkh fruuhodwhg fkdqqho

uhvsrqvh1 Wkh SF wkdw fdq eh ghvfulehg e| Ilj1 619 lv dssolhg wr wklv fkdqqho uhvsrqvh1

Wkh uhfhlyhg srzhu lv frpsduhg wr wkh suhvhw wdujhw ohyho1 Li lw lv ohvv wkh frppdqg lv

wr lqfuhdvh wkh wudqvplwwhg srzhu e| SF vwhs rwkhuzlvh wr ghfuhdvh1 Wkh wudqvplvvlrq

srzhu iru qh{w prphqw lv jhqhudwhg e| pxowlso|lqj wkh srzhu dw wkh jlyhq prphqw

dffruglqjo| wr wkh SF ghflvlrq1 Wkh qhz lqsxw vljqdo lv jhqhudwhg e| pxowlso|lqj wkh

wudqvplwwhg srzhu zlwk wkh dwwhqxdwlrq lq fkdqqho1

Wkh SF iuhtxhqf| lv f�fffSe wkh vdph dv wkh wlph wkh uhfhlyhg vljqdo lv dyhudjhg

ryhu1

Wkh uhod| srolf| lv kljko| ghshqghqw rq SF vwhs +Ilj1 61<,1 Iru kljkhu xvhu vshhg

wkh fkdqqho fkdqjhv txlfnhu wkdw wkh v|vwhp lv fdsdeoh wr shuirup dqg uhjdugohvv ri SF

vwhs wkh uhvxowv duh qhduo| vlplodu1

Zkhq wkh SF lv qrw fdsdeoh wr iroorz wkh fkdqjhv lq wkh fkdqqho SF lqwurgxfh

dgglwlrqdo qrlvh wkdw lqfuhdvh wkh fkdqqho yduldqfh ryhu wkh uhihuhqfh ydoxh1

SF dqdo|vlv khuh frqvlghuv rqo| yduldwlrq gxh wr wkh idvw idglqj1 Lq wkh orqjhu lqwhu0

ydov dovr wkh dyhudjh dwwhqxdwlrq lv fkdqjlqj dqg lv iroorzhg e| wkh SF1 Wklv skhqrphqd

lv glvuhjdughg khuh e| wkh dvvxpswlrq wkdw wkh qhwzrun ehkdyhv lq qrq ryhuordghg frq0

glwlrqv lq zklfk fdvh v|vwhp rxwdjh grhv qrw rffxu1

618 Lqwhuihuhqfh lq FGPD

Ht1 615 fdq gluhfwo| eh xvhg iru vlpxodwlqj wkh uhfhlyhu1 Lq iroorzlqj zh dqdo|}h wkh

vwdwlvwlfdo glvwulexwlrq ri wkh lqwhuihuhqfh zlwk lqwhqwlrq wr vlpsoli| Ht1 6151 Wkh uh0

vxowlqj htxdwlrq doorzv xv wr frqfoxgh rq wkh ruwkrjrqdolw| idfwru lq grzqolqn dqg wr

dqdo|}h wkh vriw kdqgryhu1 Lq rughu wr eh xvhg lq wkh qhwzrun ohyho vwxglhv wkh prgho

frqwdlqv ghvfulswlrq ri wkh dwwhqxdwlrq lq wkh fkdqqho/ pxowlsdwk qdwxuh ri sursdjdwlrq

dqg qxpehu ri xvhuv1

93



5 10 15 20 25 30 35 40 45 50
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
power control performance as function of speed

speed [m/s]

st
an

da
rd

 d
ev

ia
tio

n

calculated optimal
1 db
2 db
3 db

Iljxuh 61<= Uhod| edvhg srzhu frqwuro1 Ghflvlrq lv pdgh edvhg rq frpsdulvrq ri wkh
fxuuhqw ydoxh zlwk wdujhw ydoxh1 Wkh vlpxodwlrq lv pdgh iru 4/ 5/ 6 ge SF vwhs1 Wkh
uhvxow lv frpsduhg zlwk wkhruhwlfdo rswlpdo uhvxow fdofxodwhg iru 314 v fruuhodwlrq lqwhuydo1
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Wkh dqdo|vlv pdgh khu fdq eh xvhg lq ydulrxv zd|v1 Lq vwxglhv lq wkh �uvw fkdswhu zh

xvhg d vlpsoh v|vwhp prgho1 Wkh pruh suhflvh htxdwlrq/ wkdw lv hydoxdwhg lq wklv vhfwlrq/

doorzv wr fkhfn wkh fruuhfwqhvv ri wklv vlpsoh prgho1 Dovr/ zh duh fdsdeoh wr orrn krz

gl�huhqw idfwruv lq sk|vlfdo od|hu d�hfw wkh v|vwhp fdsdflw|1 Ilqdoo| wkh vlpsol�hg Ht1

615 lv xvhg lq vlpxodwlrq ri FLU ghshqghqf| rq vshhg lq qh{w vhfwlrq1

Wkh uhfhlyhg vljqdo lq Jdxvvldq fkdqqho lv wudglwlrqdoo| ghvfulehg e| wkh �uvw wzr

prphqwv ri lwv glvwulexwlrqv1 Iru wkh frqvwdqw vljqdo dpsolwxgh dqg }hur phdq jdxvvldq

qrlvh wkh vljqdo srzhu lv htxdo wr wkh vtxduh ri wkh phdq ri wkh uhfhlyhg vljqdo dqg wkh

qrlvh srzhu lv htxdo wr wkh yduldqfh ri wkh vljqdo l1h1 zh jhw gluhfwo| FLU ^Sur;<`1 Lq

idglqj fkdqqho wkh vljqdo dpsolwxgh fdq wdnh gl�huhqw ydoxhv ghvfulehg e| suredelolw|

glvwulexwlrq ri wkh dpsolwxgh1 Wkh FLU lv ghvfulehg dv frqglwlrqdo suredelolw|/ frqgl0

wlrqhg zlwk dpsolwxgh1 Wkh dqdo|vlv zkhuh vxfk frqglwlrqdo suredelolw| lv xvhg dvvxph

wkdw qrlvh dqg lqwhuihuhqfh duh qrw fruuhodwhg zlwk wkh lqirupdwlrq vljqdo1 Lq FGPD wkh

lqwhuihuhqfh ghshqgv rq fkdqqho uhvsrqvh dqg wkhuhiruh lw lv fruuhodwhg zlwk lqirupdwlrqdo

vljqdo1 Zh fdofxodwh wkh phdq dqg yduldwlrq ri wkh uhfhlyhg vljqdo dqg lqwhuihuhqfh e|

dffrxqwlqj wklv fruuhodwlrq1

Wkh ruwkrjrqdolw| ri wkh vsuhdglqj frghv jxdudqwhhv wkdw wkh lqwhuihulqj vljqdov zlwk

wkh vdph skdvh dv uhihuhqfh vljqdo dw wkh �qjhu duh fdqfhoohg1 Wkhuhiruh lq FGPD wkh

lqwhuihuhqfh lv surgxfhg rqo| e| vljqdov zlwk gl�huhqw fkdqqho ghod|1 Lq rwkhu zrugv

ehfdxvh ri wkh pxowlsdwk qdwxuh ri wkh fkdqqho ruwkrjrqdolw| ehwzhhq ghod|hg frslhv ri

wkh vsuhdg vljqdov lv qrw suhvhuyhg dqg furvv fruuhodwlrq jlyhv qrw }hur exw dq lqwhuihuhqfh

frpsrqhqw1 Wkh vljqdov duulylqj iurp rwkhu wudqvplwwhuv/ rwkhu EV lq grzqolqn ru rwkhu

xvhuv lq xsolqn/ kdyh qhduo| dozd|v gl�huhqw frgh skdvh wkdq wkh lqirupdwlrq vljqdo dqg

fdq eh dvvxphg wr eh qrqv|qfkurqrxv 0 jhqhudwh wkh lqwhuihuhqfh1

61814 Lqwhuihuhqfh lq grzqolqn

Wkh FGPDgrzqolqn lv fkdudfwhul}hg e| wkh idfw wkdw vljqdov iurp wkh vdph EV sursdjdwh

dorqj wkh lghqwlfdo sdwk1 Lq wkdw hqylurqphqw glvwulexwlrq ri wkh uhfhlyhg vljqdo fdq eh
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fdofxodwhg e| �uvw hvwlpdwlqj wkh glvwulexwlrq ri wkh wudqvplwwhg vljqdov dw EV dqg wkhq

vfdolqj lw zlwk wkh glvwulexwlrq ri wkh fkdqqho uhvsrqvh dqg dwwhqxdwlrq1

Lqwhuihuhqfh dw wkh uhfhlyhu lv wudqvplwwhg vljqdo wr wkh rwkhu xvhuv1 E| frqvlghulqj

wkdw zh fdq fdofxodwhg wkh glvwulexwlrq ri wkh wrwdo vljqdo wudqvplwwhg wr wkh rwkhu xvhuv

dqg wkdw jlyhv gluhfwo| glvwulexwlrq ri wkh lqwhuihuhqfh1 Dv zh phqwlrqhg wklv fdq eh

pdgh e| �uvw fdofxodwlqj wkh glvwulexwlrq ri wkh dpsolwxgh ri wkh vljqdov wudqvplwwhg wr

rwkhu xvhuv dw EV dqg vfdolqj lw zlwk wkh dwwhqxdwlrq lq wkh fkdqqho1

Zh dssur{lpdwh glvwulexwlrq ri wkh vxp ri wudqvplwwhg vljqdov wr rwkhu xvhuv dw EV

zlwk qrupdo glvwulexwlrq1 Sdudphwhuv iru wkdw glvwulexwlrq fdq eh fdofxodwhg e| qrwlqj

wkdw lq elqdu| fkdqqhov dq lqirupdwlrq vljqdo lv vwuhdp ri htxdoo| suredeoh soxv plqxv

rqhv1 Vxppdwlrq ri vxfk vwuhdpv wr doo wkh xvhuv/ g/ jlyhv d v|pero zlwk elqrpldoo| glv0

wulexwhg dpsolwxgh1 Gxh wr wkh glvwdqfh gl�huhqfhv wkh dpsolwxgh ri wkh elqdu| vwuhdpv

duh vfdohg zlwk fruuhvsrqglqj wudqvplvvlrq srzhuv1 Iru pdq| xvhuv vxp ri vxfk vljqdov

fdq eh dssur{lpdwhg e| qrupdo glvwulexwlrq1 Frqwudu| wr wkh h{dfw elqrpldo glvwulex0

wlrq/ wkdw iru frqvwdqw qxpehu ri xvhuv g wdnhv ydoxhv ehwzhhq 	g / qrupdo glvwulexwlrq

fdq kdyh dq| uhdo ydoxh dqg wkhuhiruh wklv dssur{lpdwlrq rqo| xqghuhvwlpdwhv wkh txdolw|

ri wkh fkdqqho1 Wkh yduldqfh ri wkh lqwhuihuhqfh fdofxodwhg dffruglqjo| wr wkhvh uxohv lv

�U? '
g?[
&?'�

�&?� +614<,

Qrupdoo| glvwulexwhg vljqdo dw EV wudqvplwwhu lv vfdohg zlwk fkdqqho uhvsrqvh1 Wkh

fkdqqho lpsdfw fdq eh wkrxjkw dv fuhdwlrq ri pxowlsoh frslhv ri wkh vljqdo1 Ehfdxvh

wkh vljqdo sursdjdwhv dorqj pxowlsoh sdwkv dw wkh uhfhlyhu zh zloo kdyh pxowlsoh frslhv

ri wkh vljqdo/ duulylqj dw gl�huhqw wlph prphqw dqg kdylqj dpsolwxgh vfdohg zlwk wkh

dpsolwxgh ri wkh fruuhvsrqglqj sdwk1 Deryh zh ghvfulehg wkh fkdqqho dpsolwxgh dv
s
/q1

Dffruglqjo| wkh lqwhuihuhqfh dpsolwxgh dorqj rqh sdwk � iurp wkh EV ? fdq eh fdofxodwhg

dv
s
�U?/?q�?1

Dv zh phqwlrqhg wkh vljqdov duulylqj iurp wkh vdph EV dw wkh vdph prphqw kdyh
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vdph skdvh dqg lghdoo| surgxfh qr lqwhuihuhqfh1 Lqwhuihuhqfh lq grzqolqn lv fuhdwhg e|

frslhv duulylqj dorqj gl�huhqw sdwkv dqg vljqdov iurp rwkhu EV1 Wkh lqwhuihulqj vljqdo

glvwulexwlrq dw EV lv vfdohg zlwk fkdqqho uhvsrqvh
s
/q dqg fruuhodwlrq frpsrqhqw wkdw

zh qrwhg dv �1

Qrz zh kdyh doo wkh slhfhv iru hydoxdwlqj dq dqdo|wlfdo irup ri phdq dqg vwdqgdug

ghyldwlrq ri wkh uhfhlyhg vljqdo1 Wkh vtxduh ri wkh phdq jlyhv xv wkh uhfhlyhg vljqdo

srzhu dqg yduldqfh lv uhodwhg wr wkh srzhu ri lqwhuihuhqfh1

E| dyhudjlqj Ht1 615 zh jhw iru wkh phdq
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Wkh lqwhuihuhqfh frpsrqhqwv wkhuh kdyh phdq f1 Wkh lqwhuihuhqfh lv qrw v|qfkurqlvhg

wr wkh uhihuhqfh vljqdo dw wkh uhfhlyhu1 Deryh wkh fkdqqho iru vxfk vljqdo zdv ghvfulehg

e| wkh frpsoh{ Jdxvvldq qrlvh zlwk }hur phdq dqg frqvwdqw phdq dwwhqxdwlrq /? iurp

EV ?1 Wkh lqwhuihuhqfh dw EV kdv dovr }hur phdq qrupdo glvwulexwlrq/ � Efc �U?�1 Wkh

surgxfw ri wzr glvwulexwlrqv zlwk }hur phdq kdv dovr }hur phdq1

Wkh phdq ri L zloo eh rqo| wkh phdq ri wkh lqirupdwlrq vljqdo iurp hdfk �qjhu �

zhljkwhg zlwk wkh dpsolwxgh ri wkh fruuhvsrqglqj �qjhu q�1
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Wkh vhfrqg prphqw ri L lv
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Dw wklv srlqw zh fdq dsso| wkh dvvxpswlrq ri vwdwlvwlfdo lqghshqghqfh dprqj wkh whupv
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lq Ht1 61551 Wklv fdq eh mxvwl�hg ehfdxvh gl�huhqw lqwhuihulqj frpsrqhqwv duulyh dorqj

gl�huhqw fkdqqhov dqg gl�huhqw fkdqqhov fdq eh dvvxphg wr eh xqfruuhodwhg1 Zkhq xvhu

pryhv wkh skdvh dqg dpsolwxgh ri wkh fkdqqho fkdqjh1 Iru gl�huhqw sdwkv wkhvh fkdqjhv

duh gl�huhqw/ dqg wkdw ghvwur|v wkh fruuhodwlrq dprqj wkh sdwkv1
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Wkh vhfrqg prphqw frqwdlqv wzr frpsrqhqwv= sduw gxh wr wkh lqwhuihuhqfh dqg gxh

wr wkh lqirupdwlrq vljqdo1 Lq wkh dqdo|vlv ehorz zh orrn dw wkh lqwhuihuhqfh1 Ehfdxvh wkh

lqwhuihuhqfh kdv }hur phdq lwv vhfrqg prphqw lv htxdo wr wkh yduldqfh dqg wkh yduldqfh

lv htxdo wr wkh lqwhuihuhqfh srzhu1 Wkh ruwkrjrqdolw| dvvxpswlrq ri gl�huhqw sdwkv iru

hdfk �qjhu doorzv xv wr fdofxodwh lw dv d vxp ri yduldqfhv ri lqglylgxdo �qjhuv1 Lq rwkhu

zrugv wkh lqwhuihuhqfh jhqhudwhg wr gl�huhqw UDNH �qjhuv kdyh lqghshqghqw skdvhv1
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+6157,

Zkhuh zh xvh wkh Vzduw} lqhtxdolw| dqg wkh idfw wkdw dyhudjh ri vxp ri xqfruuhodwhg

yduldeohv lv htxdo wr vxp ri dyhudjhv ri wkhvh yduldeohv1

Wkh wrwdo yduldqfh ri wkh lqwhuihuhqfh/ j2� / lv zhljkwhg vxp ri lqwhuihuhqfh iurp gl�huhqw

�qjhuv1 Dw hyhu| �qjhu zh fdq vhsdudwh lqwudfhoo/ lqwhufhoo lqwhuihuhqfh dqg qrlvh1 Wkh

ruwkrjrqdolw| dvvxpswlrq ri gl�huhqw sdwkv doorzv xv wr fdofxodwh wkh wrwdo lqwhuihuhqfh

srzhu dv d vxp ri yduldqfhv ri lqglylgxdo frpsrqhqwv1

Dw rqh UDNH �qjhu lqwhufhoo lqwhuihuhqfh lv d srzhu iurp wkh krvw EV uhfhlyhg iurp
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rwkhu sdwkv wkdq wkh sdwk zkhuh wkh �qjhu lv v|qfkurqlvhg/ , 9' �1
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Wkh skdvh ri wkh sdwk , lv qrw v|qfkurql}hg zlwk wkh vljqdo1 Diwhu qrupdol}dwlrq wkh

srzhu iurp sdwk , lv j2, 1 Ehfdxvh wkh sdwkv duh qrupdolvhg e| vhsdudwlqj wkh phdq w dqg

ydu|lqj frpsrqhqw vr wkdw
uoS
,'�

.i�q,?�2j ' �/ rqh fdq zulwh

uo[
,'�c, �'�

.i�q,��2j '
uo[

,'�c, �'�
j2, '

�
�� j2�

�
'

�
�� .i�q���2j� � +6159,

Wkh vljqdov iurp rwkhu EV duh qrw v|qfkurql}hg zlwk wkh lqirupdwlrq vljqdo/ doo wkh

sdwkv ehwzhhq qhljkerulqj EV dqg uhfhlyhu frqwulexwh wr lqwhuihuhqfh1 Wkhuhiruh rqh kdv

wr vxp ryhu doo wkh sdwkv , irup wkh rwkhu EV1
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Djdlq zh fdq xvh wkh idfw wkdw wkh srzhu dw hdfk �qjhu zdv qrupdolvhg wr �/ doorzlqj

wr vlpsoli| wkh deryh1
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Ilqdoo| wkh .
q
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2
r
vwdqgv iru dyhudjh qrlvh srzhu #1

Wkh lqwhuihuhqfh dw rqh �qjhu lv vxp ri wkhvh frpsrqhqwv1
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Iurp wklv wkh wrwdo lqwhuihuhqfh diwhu pd{lpdo udwlr frpelqlqj zloo eh
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Wklv fdq eh uhjurxshg e| qrwlqj wkdw wkh lqwhuihuhqfh iurp krvw EV frqwdlqv vlplodu

frpsrqhqw dv lq wkh lqwhuihuhqfh iurp rwkhu EV=
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Qrupdolvdwlrq ri dyhudjh srzhuv doorzv xv wr vlpsoli| wkh h{suhvvlrq ixuwkhu
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Qrz zh kdyh doo wkh sdudphwhuv wr ghvfuleh wkh fkdqqho txdolw| e| �U-1
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Wkh dqdo|vlv lq wklv vhfwlrq surylgh xv zlwk wkh htxdwlrq ghvfulelqj wkh lqwhuihuhqfh

+Ht1 6165, dqg FLU 61661

Wkh Ht1 6165 doorzv wr fdofxodwh wkh lqwhuihuhqfh zkhq wkh furvv fruuhodwlrq ixqfwlrq

�/ dwwhqxdwlrq iurp hdfk EV /?/ qxpehu ri xvhuv lq hdfk fhoo/ g?/ dqg dyhudjh fkdqqho

uhvsrqvh duh nqrzq1 Wkh pdlq gl�huhqfh ehwzhhq Ht1 6166 dqg wkh vlpsoh prgho xvhg

lq suhylrxv fkdswhu lv wkh idfw wkdw FLU ghshqgv rq fkdqqho uhvsrqvh1 Iurp wkh wrwdo

lqwhuihulqj srzhu wudqvplwwhg iurp wkh krvw EV d idfwru .i�q���2j/� g?S
&�'�

�&� lv vxewudfwhg1

Wkdw idfwru lv gxh wr wkh qrqruwkrjrqdolw| ri wkh vljqdov duulylqj dorqj gl�huhqw sdwkv

dqg lv fdoohg ruwkrjrqdolw| idfwru

Wkh lqwhuihuhqfh iurp rwkhu EV lv zhoo ghvfulehg e| wkh phdq dwwhqxdwlrq dqg wrwdo

srzhu wudqvplwwhg iurp EV1 Li � lv htxdo wr frglqj jdlq lq Ht1 514 dqg Ht16166 wkh

lqwhuihuhqfh iurp rwkhu EV zloo eh vdph1

E| � zh qrwh wkh furvv fruuhodwlrq ixqfwlrq/ dv lw zdv ghvfulehg deryh lw ghshqgv

rq wkh vsuhdglqj frgh xvhg lq wkh v|vwhp1 Ht1 6166 lv �w wr wkh sduwlfxodu v|vwhp e|

vhohfwlqj wkh ydoxh iru �1 Vxfk wdlorulqj lv qrw srvvleoh zkhq wkh vlpsoh Ht1 514 lv xvhg1

Ruwkrjrqdolw| idfwru lq grzqolqn Dv zh vhh wkh ruwkrjrqdolw| idfwru lv ixqfwlrq ri

fkdqqho uhvsrqvh1 Ehfdxvh wkh qhwzrun fdsdflw| ghshqgv rq FLU wkdw phdqv wkh fkdqqho
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uhvsrqvh dw hdfk orfdwlrq vkrxog eh lqfoxghg lqwr fdsdflw| hvwlpdwlrq1 Lq wklv vhfwlrq

zh dqdo|}h krz wkh ruwkrjrqdolw| idfwru d�hfwv wkh wrwdo lqwhuihuhqfh ghshqglqj rq xvhu

orfdwlrq lq wkh fhoo1

Dqdo|wlfdo ghvfulswlrq ri wkh rukrjrqdolw| idfwru lq Ht1 6165 vkrzv wkdw lwv lpsdfw

ghshqgv rq wkh fkdqqho uhvsrqvh dqg lqwhuihuhqfh iurp rwkhu EV1

Wkh ruwkrjrqdolw| idfwru zdv lqwurgxfhv dv wkh udwh wkh lqwhufhoo lqwhuihuhqfh lq grzq0

olqn lv uhgxfhg gxh wr frgh ruwkrjrqdolw|1 ^Khd<:`1 Wkh idfwru lv gh�qhg dv dprxqw ri wkh

lqwhuihuhqfh ghfuhdvhg frpsduhg zlwk wkh wrwdo srzhu wkdw duulyhv wr wkh uhfhlyhu iurp

rwkhu xvhuv �� k1

Lq ^Khd<:` wkh ydoxh iru wkh ruwkrjrqdolw| idfwru lv vxjjhvwhg wr eh durxqg 31703191

Wklv uhvxow lv dfklhyhg iurp vlpxodwlrqv1 Wkh wudqvplwwhg srzhu iru wkh xvhu zlwk rqo|

qrlvh lq wkh v|vwhp lv frpsduhg zlwk wkh wudqvplwwhg srzhu zkhq dovr rwkhu xvhuv duh

frqvlghuhg1

E| kdylqj Ht1 6165 zh duh zhoo srvlwlrqhg wr fdofxodwh wkh ydoxh iru ruwkrjrqdolw|

idfwru1

Iru wkh lqwhuihuhqfh iurp wkh krvw EV zh fdq zulwh

�� k ' .i�q���2j
#
��

uo[
�

.i�q���2j
$

'

#
��

uo[
�

�
.i�q���2j�2

$
� +6167,

Iurp wkhuh fdq eh frqfoxghg wkdw wkh ruwkrjrqdolw| sdudphwhu lv k '
Suo

�

�
.i�q���2j�21

Lw dovr vkrzv wkdw wkh rukrjrqdolw| lq grzqolqn lv qrw frqvwdqw exw ixqfwlrq ri fkdqqho

uhvsrqvh1 Wkh lpsdfw ri d fkdqqho glvwulexwlrq rq wkh lqwhuihuhqfh fdq eh looxvwudwhg e|

dqdo|vlqj vljqdo dw wkh UDNH1

Rwkhu xvhuv vljqdov jhqhudwh lqwhuihuhqfh rqo| zkhq wkh| duh qrw ruwkrjrqdo wr wkh

uhihuhqfh vljqdo1 Vljqdov iurp wkh sdwk zkhuh wkh �qjhu lv v|qfkurqlvhg duh ruwkrjrqdo

dqg fdq eh dvvxphg wr frqwulexwh qr lqwhuihuhqfh1 Wkh lqwhuihuhqfh jhqhudwhg e| wkh

frslhv ri wkh vljqdov duulylqj dorqj wkh sdwkv wkdw duh rxw ri wkh vhohfwlrq duhd ri wkh

UDNH �qjhu1
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Iru h{dpsoh zkhq wkh fkdqqho uhvsrqvh kdv dyhudjh qrupdolvhg srzhu .iq2� j ' d318

316 315o wkh lqwhuihuhqfh dw wkh �uvw �qjhu lv htxdo wr wkh srzhu uhfhlyhg iurp wkh rwkhu

sdwkv ^316.315`1 Vlplodu fdofxodwlrq vkrxog eh pdgh iru hdfk �qjhu uhvxowlqj iru vhfrqg

�qjhu ^318 . 315` dqg iru wklug ^318 . 316`1 Lq fdvh ri pd{lpdo udwlr frpelqlqj zkhq wkh

vljqdov duh zhljkwhg zlwk wkh dpsolwxgh dw jlyhq sdwk dqg vxpphg diwhu wkdw rqh zloo

jhw wkh uhvxowlqj wrwdo lqwhuihuhqfh dv E318+316.315,.316+318.315,.315+318.316,, ' f�S21

Lq wklv zd| lq grzqolqn wkh lqwhufhoo lqwhuihuhqfh lv ghshqghqw rq wrwdo hqhuj| duulylqj

dorqj gl�huhqw sdwkv1

Vlplodu fdofxodwlrq fdq eh grqh dovr e| xvlqj Ht1 61671 Iru jlyhq fkdqqho uhvsrqvh

wkh ruwkrjrqdolw| sdudphwhu lv k ' f�D2 n f��2 n f�22 ' f��H1 Wkh lqwudfhoo lqwhuihuhqfh

iurp wklv lv E�� k� ' f�S21

Wkh lqwhuihuhqfh uhgxfwlrq lv gxh wr ruwkrjrqdolw| ri vljqdov iurp wkh vdph EV surs0

djdwlqj dorqj wkh vdph sdwk1 Ehfdxvh
uo3�S
�

.i�q��2j ' �/ k lv dozd|v ohvv wkdq 4 dqg

rqh kdv dozd|v vrph jdlq gxh wr ruwkrjrqdolw| ri wkh v|qfkurql}hg vljqdov lq grzqolqn1

Lw fdq eh vhhq wkdw k lv plqlpxp zkhq doo wkh srzhuv duulylqj dorqj gl�huhqw sdwkv

duh htxdo1 Lqwhuihuhqfh iurp wkh vdph fhoo zloo eh 3 zkhq wkhuh lv rqo| rqh sdwk1 Zkhq wkh

srzhu dorqj doo pxowlsdwkv duh htxdo dqg wkh qxpehu ri pxowlsdwkv lqfuhdvh k ghfuhdvhv1

Wkh ehqh�w gxh wr wkh ruwkrjrqdolw| idfwru ghshqgv dovr rq wkh lqwhuihuhqfh iurp rwkhu

EV1 Wudqvplwwhg lqwhuihulqj srzhu iurp hdfk EV lv vxpphg wrjhwkhu diwhu zhljkwlqj

zlwk dyhudjh dwwhqxdwlrq iurp jlyhq EV /?1 Qhdu wr wkh krvw EV/ zkhuh wkh vljqdo

iurp wkh krvw EV kdv dwwhqxdwhg olwwoh/ wkh lqwhufhoo lqwhuihuhqfh lv uhodwlyho| vpdoo1 Wkh

lqwudfhoo lqwhuihuhqfh lv grplqdqw w|sh ri lqwhuihuhqfh dqg ehfdxvh lw lv d�hfwhg e| wkh

ruwkrjrqdolw| idfwru zh jhw txlwh vljql�fdqw jdlq iurp ruwkrjrqdolw|1 Qhdu wr wkh fhoo

erughu wkh dyhudjh dwwhqxdwlrq O? iurp qhljkerulqj EV lv lq wkh vdph rughu dv dwwhqxdwlrq

iurp wkh krvw EV1 Wkh uhodwlyh dprxqw ri wkh lqwhufhoo lqwhuihuhqfh iurp wrwdo lqwhuihuhqfh

ghfuhdvhv1 Wkh ruwkrjrqdolw| idfwru lpsdfwv wkh vpdoohu dprxqw ri wrwdo lqwhuihuhqfh1

Wklv fdq eh xqghuvwrrg dv vxp ri wzr frpsrqhqwv zkhuh rqh frpsrqhqw lv vfdohg1

E�� k� U6@�c� n U6@�c? dqg wkh vxp lv nhsw frqvwdqw1 Wkh lqfuhdvh ri U6@�c? uhgxfhv wkh
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lpsdfw ri U6@�c� dqg gxh wr wkdw dovr wkh lpsdfw ri vfdolqj wkh odwhu lv uhgxfhg/ zh jhw

ohvv jdlq iurp ruwkrjrqdolw|1

Rqh fdq frqfoxgh wkdw wkh jdlq gxh wr wkh ruwkrjrqdolw| ghshqgv rq wkh fkdqqho

uhvsrqvh/ wkh ohqjwk dqg srzhu glvwulexwlrq lq lw/ dqg orfdwlrq ri wkh xvhu lq wkh fhoo1

61815 Lqwhuihuhqfh lq xsolqn

Wkh uhfhlyhg vljqdo lq xsolqn fdq dovr eh ghvfulehg e| vlpsoli|lqj Ht1 615 dqg fdofxodwlqj

wkh phdq dqg yduldqfh ri wkh uhfhlyhg vljqdo L 1 Xsolqn/ krzhyhu/ kdv gl�huhqw hqylurq0

phqw dqg qrw doo wkh vlpsol�fdwlrqv pdgh iru grzqolqn fdq eh xvhg wkhuh1 Lq xsolqn wkh

vljqdov duh hplwwhg iurp gl�huhqw orfdwlrqv dqg uhfhlyhg e| wkh vdph uhfhlyhu1 Lq vxfk

hqylurqphqw vljqdov iurp gl�huhqw xvhuv duh jhqhudoo| qrw v|qfkurql}hg dqg zh fdq qrw

dvvxph wkhp wr eh lghdoo| ruwkrjrqdo dv zh frxog gr lq fdvh ri grzqolqn1 Wkh vljqdov

iurp gl�huhqw vrxufhv fdq eh dvvxphg vwdwlvwlfdoo| lqghshqghqw dqg wkdw doorzv xv wr

wuhdw wkhp vhsdudwho|1

Deryh zdv dssur{lpdwhg wkh lqwhuihuhqfh jhqhudwhg e| rqh rwkhu xvhuv e| wkh frpsoh{

Jdxvvldq glvwulexwlrq1 Wkh phdq ri wklv glvwulexwlrq lv }hur dqg yduldqfh htxdo wr wkh

dwwhqxdwlrq / dqg furvv fruuhodwlrq frpsrqhqw � pxowlsolhg zlwk wkh yduldqfh ri wkh

qrupdolvhg fkdqqho uhvsrqvh1

Ehfdxvh wkh lqwhuihuhqfh whupv kdyh }hur phdq wkh dyhudjlqj Ht1 615 jlyhv iru wkh

phdq ri wkh uhfhlyhg vljqdo wr eh vxp ri wkh phdqv ri wkh lqirupdwlrq vljqdo dw hdfk

�qjhu1 Lq rwkhu zrugv wkh lqirupdwlrq vljqdo dpsolwxgh jdwkhuhg iurp hdfk UDNH �qjhu

jlyhv wkh phdq ri wkh uhfhlyhg vljqdo

.

+s
�r/�

uo[
�'�

q�q�

,
'

s
���/��

uo[
�'�

.
q�

q���
�2r

'
s

���/��� +6168,

Djdlq zh xvhg wkh qrupdolvdwlrq ri wkh srzhu dw hdfk �qjhu
uoS
�'�

.
q�

q���
�2r

' �

Vlploduo| wr wkh grzqolqn wkh lqwhuihuhqfh srzhu lv htxdo wr wkh vxp ri srzhuv ri
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lqglylgxdo lqwhuihuhqfhv1 Vwdwlvwlfdo lqghshqghqfh ri lqwhuihuhqfh vrxufhv doorzv wr vwxg|

wkhp vhsdudwho|1

Wkh yduldqfh ri L lq Ht1 615 frqwdlqv wkh yduldqfh ri wkh lqirupdwlrq vljqdo dqg

lqwhuihuhqfh1 Zh orrn rqo| dw wkh lqwhuihuhqfh1 Ehfdxvh wkh lqwhuihuhqfh kdv }hur phdq

wkh vhfrqg prphqw dqg yduldqfh duh wkh vdph

j2 ' .i
#[

�

q���
�
U�r� n U�6@�c� n U �6@�c? n U �?�

�$2

j� +6169,

Wkh vwdwlvwlfdo lqghshqghqf| ehwzhhq gl�huhqw whupv doorzv wr zulwh lw dv=

j2 �
[
�

.i�q����2j�.i�U �r��2jn .i�U �6@�c�

�2jn .i�U �6@�c?

�2jn .i�U �?��2j� � +616:,

Ur� lv lqwhuihuhqfh jhqhudwhg e| wkh vljqdo frslhv duulylqj qrw e| wkh sdwk zkhuh wkh

�qjhu lv v|qfkurqlvhg/

.i�U �r��2j ' u�[
,'�c,�'�

����/��.i�q,���2j� +616;,

Wkh qrupdol}dwlrq ri wkh vxp ri dyhudjh srzhuv iurp gl�huhqw sdwkv wr �1 Wkh lqwhu0

ihuhqfh gxh rwkhu frslhv ri wkh lqirupdwlrq vljqdo fdq eh zulwwhq dv
u�S

,'�c, �'�
.i�q,���2j '

�� .i�q����2j dqg wkdw vlpsol�hv wkh htxdwlrq lqwr irup

.i�U �r��2j ' ����u��

�
�� .i�q����2j� � +616<,

U6@�c� lv lqwhufhoo lqwhuihuhqfh jhqhudwhg e| rwkhu xvhuv1 Ehfdxvh wkh xvhu vljqdov duh

qrw v|qfkurql}hg wkh ruwkrjrqdolw| dvvxpswlrqv fdq qrw dssolhg dqg wkh lqwhuihuhqfh lv
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sursruwlrqdo wr wkh hqhuj| ri wkh vljqdov ri doo wkh rwkhu xvhuv1

.iEU6@�c��
2j '

g�[
&�'2

u&�[
,'�

��&�/&�.i�q,&��2j ' +6173,

'
g�[
&�'2

��&�/&�

u�[
,'�

.i�q,&��2j '
g�[
&�'2

��&�/&��

U6@�c? lv lqwhuihuhqfh jhqhudwhg e| wkh xvhuv iurp doo qhljkerulqj fhoov

.iEU6@�c?�
2j '

�[
?'2

g�[
&?'�

u&?[
,'�

��&?/&?.i�q�&?�2j '
�[
?'2

g?[
&?'�

��&?/&? � +6174,

Wkhuh u&? qrupdolvhv wkh sdwk iru xvhu ? lq fhoo &/ dqg wkhuhiruh wkh vxp
Su&?

,'� .i�q�&?�2j '
�

U?� lv lqwhuihuhqfh gxh wr wkh qrlvh zlwk srzhu vshfwudo ghqvlw| #1

u�[
�'�

.i�q����2j
#
�

#
���/��

�
�� .i�q����2j�n

g�[
&�'2

�&�/&� n
�[
?'2

g�[
&?'�

�&?/&?

$
n #

$

u�[
�'�

.i�q����2j
#
�

#
g�[
&�'�

�&�/&� � ���/��.i�q����2jn
�[
?'2

g�[
&?'�

�&?/&?

$
n #

$
+6175,

u�[
�'�

.i�q����2j
#
�

#
�[
?'�

g�[
&?'�

�&?/&? � ���/��.i�q����2j
$
n #

$

Dqg ehfdxvh ri wkh qrupdol}dwlrq ri wkh fkdqqho uhvsrqvh zh fdq zulwh=

#
�

#
�[
?'�

g�[
&?'�

�&?/&? � ���/��

�
.i�q����2j�2

$
n #

$
+6176,

E| frpelqlqj wkh Ht1 6168 dqg Ht1 6176 iru FLU fdq eh zulwwhq
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���/���
�

�S�
?'�

Sg�

&?'�
�&?/&? � ���/��

�
.i�q����2j�2

�
n #

� +6177,

Frpsduhg wr wkh grzqolqn zh kdyh wkh ruwkrjrqdolw| frpsrqhqw rqo| iru lqirupdwlrq

vljqdo exw qrw iru wkh rwkhu xvhuv lq wkh fhoo1 Wkh pruh suhflvh fdvh srlqwv rxw wkh idfw

wkdw gxh wr pxowlsdwk wkh vljqdo jhqhudwhv lqwhuihuhqfh wr lwvhoi1

619 Vwxg| ri wkh wdujhw FLU zlwk wkh rxwhu orrs SF

Lw lv uhdvrqdeoh wr dvvxph wkdw doo wkh xvhuv zlwk wkh vdph vhuylfh kdyh vdph vhuylfh

txdolw|1 Lq wkh vwxglhv lq Fkdswhu 5 zh jxdudqwhhg wkdw e| vhwwlqj wkh wdujhw �U-

htxdo iru doo wkh xvhuv1 Wkh htxdo �U-| phdqv wkdw wkh dyhudjh vljqdo srzhuv duh htxdo1

Lq wklv Fkdswhu zh vkrz wkdw wkh vljqdo glvwulexwlrq dw wkh uhfhlyhu ghshqgv rq xvhu

vshhg1 Iurp wkh wkhru| lv nqrzq ^Sur;<` wkdw iru gl�huhqw fkdqqho uhvsrqvh wkh EHU lv

gl�huhqw1 Krzhyhu/ wkh frglqj jdlq lv kljkhu iru wkh zruvh fkdqqho1 Xqiruwxqdwho| frglqj

lv qrw fdsdeoh wr htxdolvh wkh EHU iru gl�huhqw w|sh ri fkdqqhov1 Wkhuhiruh iru nhhslqj

wkh vhuylfh txdolw| vdph iru doo wkh xvhuv wkh wdujhw �U- kdv wr eh fkdqjhg1 Kljkhu

�U-| phdqv kljkhu srzhu dqg pruh lqwhuihuhqfh dqg ehfdxvh ri wkdw dovr ghfuhdvh ri wkh

fdsdflw|1 Lq rughu wr vwxg| wklv ghfuhdvh dw wkh qhwzrun ohyho zh qhhg wkh ixqfwlrq ri

wdujhw �U- ghshqghqf| rq xvhu vshhg1 Wkdw lv dqdo|}hg lq wklv vhfwlrq1

Wkh lqyhvwljdwlrq ri EHU ru IHU frqwdlqv dovr frglqj dqg pdnhv wkh dqdo|wlfdo

wuhdwphqw yhu| gl!fxow1 Zh ryhufrph wklv sureohp e| vlpxodwlqj wkh v|vwhp1 Zh gr

wkh vwxg| rqo| iru grzqolqn e| frpelqlqj wkh Ht1 6165 dqg phwkrg iru fdofxodwlqj wkh

vljqdo glvwulexwlrq diwhu wkh SF1

Vlpxodwlrq lv fduulhg rxw lq wzr vwdjhv= �uvw zh irxqg wkh dyhudjh srzhu wr hdfk xvhu

wr vdwlvi| wkh lqlwldo lqwhuihuhqfh dqg wkhq zh �qg wkh wdujhw FLU iru rqh xvhu ghshqglqj

rq wkh xvhu vshhg1

:7



Wkh �uvw vwdjh lv vlplodu wr wkh vlpxodwlrq pdgh lq wkh Fkdswhu 51 Zh vhw lqlwldoo|

wkh vdph wdujhw FLU wr doo wkh xvhuv/ orfdwh wkh xvhuv dqg vroyh wkh uhtxluhg wudqvplvvlrq

srzhu iru hdfk xvhu1 Wkh wudqvplvvlrq srzhu gh�qhv wkh edfnjurxqg lqwhuihuhqfh ghqvlw|

wkdw gxulqj wkh vlpxodwlrq lv dvvxphg wr eh vwdwlrqdu|1

Lq wkh vhfrqg vwdjh zh fdofxodwh FLU ohyho iru rqh xvhu iru jlyhq lqwhuihuhqfh  rru1

Iru wkdw zh jhqhudwh d udqgrp elw vwuhdp/ frgh lw/ vfdoh lw zlwk fkdqqho uhvsrqvh dqg

dgg wr lw udqgrp qrlvh wkdw lv fdofxodwhg dffruglqjo| wr wkh lqwhuihuhqfh ghqvlw|1

Glvwulexwlrq ri wkh fkdqqho uhvsrqvh ghshqgv rq wkh xvhu vshhg dqg lv fdofxodwhg

dffruglqjo| wr wkh dojrulwkp lq Vhfwlrq 6171

Diwhu ghfrglqj wkh elw vwuhdp zh frpsduh wkh huuru udwh zlwk wkh wdujhw huuru udwh1

Li lw qrw vdwlvi|lqj rxu uhtxluhphqw zh lqfuhdvh wkh wdujhw �U- ydoxh iru wkh xvhu zh duh

orrnlqj dw dqg uhwxuq wr wkh �uvw vwdwh wr fdofxodwh qhz wudqvplvvlrq srzhu iru doo wkh

xvhuv1 Iru qhz lwhudwlrq orfdwlrqv ri wkh xvhuv duh qrw fkdqjhg1

Wkh wdujhw �U- lv lqfuhdvhg xqwlo wkh huuru udwh iru wkh xvhu zh duh orrnlqj dw lv ohvv

wkdq wdujhw huuru udwh1

Pruh suhflvh ghvfulswlrq ri wkh dojrulwkp zlwk  rzfkduw dqg vrxufh frgh lv jlyhq lq

Dsshqgl{1 F1

Wkh vlpxodwlrq zh xvh wkh dojrulwkp iru fdsdflw| fdofxodwlrq zlwk vlpsoh fkdqqho

prgho1 Prvw ri wkh sdudphwhuv duh vdph1 Qrz/ krzhyhu/ zh kdyh lqwurgxfhg wkh ruwkrj0

rqdolw| idfwru k ' f�e/ dqg �{hg wkh qxpehu ri xvhuv g ' Sf1 Wkh vljqdo glvwulexwlrq

diwhu fkdqqho lv fdofxodwhg dffruglqjo| wr dojrulwkp lq Vhfwlrq 6171 Iru wkh frglqj zh xvh

d 426 udwh frqyroxwlrqdo frgh zlwk frqvwudlq ohqjwk 91 Wkh jhqhudwlrq sro|qrph lv ^85

99 :9`1

Wkh wdujhw �U- dv ixqfwlrq ri xvhu vshhg lv sorw rq �jxuh 61431 Dv zdv h{shfwhg wkh

kljkhu vshhg uhtxluhv kljkhu wdujhw �U- udwlr1 Krzhyhu/ wkh gl�huhqfh lv rqo| lq rughu

ri 4 0 5 gE1 Pruh h!flhqw frgh zrxog uhgxfh wklv gl�huhqfh hyhq pruh1
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Iljxuh 6143= Uhtxluhg wdujhw FLU yhuvxv wkh xvhu vshhg1

61: Fkdswhu vxppdu|

Wkh lqwhqwlrq ri wklv fkdswhu lv wr vwxg| wkh olqn ohyho lpsdfw rq wkh v|vwhp fdsdflw|1 Zh

ydolgdwh wkh vlpsoh v|vwhp prgho xvhg lq suhylrxv fkdswhu dqg surylgh wr wkh qhwzrun

ohyho wkh olqn ohyho sdudphwhuv wkdw d�hfw wkh v|vwhp fdsdflw|1

E| xvlqj lqirupdwlrq rq uhfhlyhu dqg fkdqqho zh ghulyh htxdwlrqv iru FLU lq grzq

dqg xsolqn1 Wkh htxdwlrqv duh txlwh vlplodu wr wkh vlpsoh htxdwlrq xvhg lq Fkdswhu 51

Wkh lqwhuihuhqfh iurp rwkhu EV lv sursruwlrqdo wr wkh dwwhqxdwlrq dqg wudqvplwwhg srzhu

iru hdfk xvhu1 Dv d gl�huhqfh wkh lqwhuihuhqfh lv vfdohg zlwk wkh furvv fruuhodwlrq ixqfwlrq

wkdw ghshqgv rq wkh vsuhdglqj frgh qrw rq wkh frglqj jdlq dv zdv dvvxphg lq wkh vlpsoh

htxdwlrq1 Iru vrph vsuhdglqj frghv wkh furvv fruuhodwlrq pd| eh htxdo wr wkh frglqj

jdlq exw lq jhqhudo wkdw lv qrw wkh fdvh1

Lq grzqolqn wkh lqwhuihuhqfh iurp wkh krvw fhoo lv ghfuhdvhg gxh wr wkh ruwkrjrqdolw| ri

v|qfkurqlvhg vsuhdglqj frghv1 Wkh lqwhuihuhqfh lv jhqhudwhg rqo| e| wkh vljqdov duulylqj

dorqj rwkhu sdwkv wkdq wkh rqh zkhuh wkh UDNH �qjhu lv v|qfkurqlvhg1 Wkh ghfuhdvh ri
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lqwhuihuhqfh ghshqgv rq fkdqqho uhvsrqvh1 Lw lv lqwhuhvwlqj wr qrwh wkdw dovr frslhv ri wkh

lqirupdwlrq vljqdo duulylqj dorqj gl�huhqw sdwkv jhqhudwh lqwhuihuhqfh wr wkh v|qfkurqlvhg

frs| ri wkh vljqdo dw wkh UDNH �qjhu1

Vlploduo| dv lq grzqolqn dovr lq xsolqn wkh lqirupdwlrq vljqdo jhqhudwhv lqwhuihuhqfh

wr lwvhoi1 Lq xsolqn/ krzhyhu/ wkh uhfhlyhu grhv qrw kdyh jdlq gxh wr ruwkrjrqdolw| ri

vsuhdglqj frghv1

Wkh lqwhuihuhqfh dqdo|vlv dqg prgho iru vljqdo glvwulexwlrq diwhu SF doorzv xv wr

lqyhvwljdwh wkh lpsdfw ri wkh xvhu vshhg rq wkh wdujhw �U-1 Dv vlpxodwlrqv vkrz iru wkh

fkrvhq frglqj wkh gl�huhqfh lq vshhg iurp 3083 6
r
/ fruuhvsrqgv lq gl�huhqfh ri wdujhw

�U- lq rughu ri 5 gE1

Wkh htxdwlrqv iru FLU fdq gluhfwo| eh xvhg lq qhwzrun sodqqlqj1 Wkhvh htxdwlrqv

lqfoxgh vrph dgglwlrqdo sdudphwhuv wkdw lpsdfw wkh v|vwhp fdsdflw|1

Wkh uhtxluhphqwv srvhg e| olqn ohyho iru wkh fdsdflw| fdofxodwlrq fdq eh vxpphg dv

iroorzv1 Iru hyhu| sduwlfxodu v|vwhp rqh kdv wr fdofxodwh wkh dyhudjh fruuhodwlrq ri wkh

vsuhdglqj frghv1 Ehfdxvh lq vrph fdvh wkh fruuhodwlrq lv vdph dv frglqj jdlq lq rxu whvw

fdvhv zh fdq vwloo xvh wkh odwwhu rqh1 Wkh lqwhufhoo lqwhuihuhqfh ghshqgv rq srzhu vsuhdg

lq fkdqqho wklv idfw vkrxog eh frqvlghuhg dovr lq qhwzrun sodqqlqj1 Ilqdoo| wkh gl�huhqw

vshhg ri wkh xvhuv/ gl�huhqw wdujhw �U-/ lpsdfw wkh lqwhuihuhqfh ohyho dqg fdsdflw| ri wkh

v|vwhp1 Wklv lpsdfw vkrxog eh frqvlghuhg lq vrph uhdvrqdeoh zd|1

::



Fkdswhu 7

Fdsdflw| hvwlpdwlrq iru FGPD

qhwzrun sodqqlqj

Wklv fkdswhu vxuyh|v wkh fdsdflw| fdofxodwlrq iru wkh qhwzrun sodqqlqj1 Wkh fkdswhu fdq

eh vhsdudwhg lqwr wzr sduwv= ghyhorsphqw ri dq dojrulwkp dqg whvwlqj wkh dojrulwkp1 Wkh

fdsdflw| fdofxodwlrq dojrulwkp ^Vhfwlrq 716` lv ghulyhg e| vlpsoli|lqj wkh h{dfw dqdo|wlfdo

prgho ghyhorshg lq Vhfwlrq 7151

Wkh sxusrvh ri qxphulfdo vwxglhv lv wzrirog= �uvw wr whvw wkh vxlwdelolw| ri wkh dojr0

ulwkp dqg vhfrqgo| wr lqyhvwljdwh wkh fdsdflw| fkdqjhv dv ixqfwlrq ri gl�huhqw yduldeohv1

Wkh vlpxodwlrqv duh pdgh iru gl�huhqw xvhu glvwulexwlrqv ^Vhfwlrq 717` dqg iru gl�huhqw

gdwd udwhv ^Vhfwlrq 718`1

Wkh fkdswhu hqgv zlwk d glvfxvvlrq rq wkh lpsdfw ri wkh rewdlqhg uhvxowv rq FGPD

qhwzrun sodqqlqj1

714 Lqwurgxfwlrq

Lq sodqqlqj surfhvv zh gr qrw rqo| hvwlpdwh wkh fkdqqho fdsdflw| exw dovr orrn krz

pdq| xvhuv fdq eh vhuyhg zlwk jlyhq fdsdflw|/ zkdw lv wkh v|vwhp fdsdflw|1 Ehfdxvh

xvhuv duulydo dqg vhuylfh wlph duh vwdwlvwlfdo surfhvvhv wkh qxpehu ri xvhuv wkdw fdq eh
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vhuyhg lv ghvfulehg e| suredelolw|1 Lq wkdw frqwh{w wkh v|vwhp fdsdflw| lv ghvfulehg dv

dprxqw ri ordg wkdw iru jlyhq fkdqqho fdsdflw| jxdudqwhhv wkh uhtxluhg txdolw| ohyho1 Iru

h{dpsoh iru yrlfh xvhuv zh fdofxodwh wkh ordg lq Huodqjv wkdw zlwk jlyhq fkdqqho fdsdflw|

hqvxuh wkdw eorfnlqj suredelolw| lv xqghu wkh uhtxluhg ohyho1

Wkh sxusrvh ri qhwzrun sodqqlqj lv wr surylgh hqrxjk uhvrxufhv wr vdwlvi| ghpdqg1

Wkh vsdwldo dqg whpsrudo glvwulexwlrq ri ghpdqg lv gh�qhg e| xvhuv/ zh fdq qrw fkdqjh

lw1 Zkdw zh fdq gr lv wr surylgh pruh uhvrxufhv= uhgxfh wkh ordg shu EV e| ghfuhdvlqj

vhuylfh duhd ri EV/ dgglqj pruh EV/ ru wr dgg pruh fkdqqhov wr EV1 Doo ri wklv phwkrgv

dvvxph wkdw h{dfw vsdwldo glvwulexwlrq ri ghpdqg lv nqrzq dqg zh fdq doorfdwh uhvrxufhv

dffruglqjo| wr lw1

Wkh fdsdflw| ri d udglr qhwzrun fdq eh eorfnlqj olplwhg ru lqwhuihuhqfh olplwhg1 Wkh

pdlq gl�huhqfh ehwzhhq wklv wzr v|vwhp lv wkh uhdvrq iru uhmhfwlqj wkh xvhuv1 Lq dq

eorfnlqj olplwhg v|vwhp wkh xvhuv duh uhmhfwhg ehfdxvh ri odfn ri dydlodeoh fkdqqhov/ lq dq

lqwhuihuhqfh olplwhg v|vwhp ehfdxvh ri wrr kljk lqwhuihuhqfh ohyho1

Lq eorfnlqj olplwhg v|vwhpv wkh dprxqw ri fkdqqhov lv vhw gxulqj wkh sodqqlqj surfhvv

edvhg rq hvwlpdwlrq ri dyhudjh lqwhuihuhqfh1 Diwhu wkh dprxqw ri fkdqqhov lv vhw wkh

lpsdfw ri wkh lqwhuihuhqfh rq wkh fdsdflw| lv dvvxphg wr eh qhjoljleoh dqg lv ljqruhg

lq fdsdflw| fdofxodwlrqv1 Wkh dprxqw ri dydlodeoh fkdqqhov lq dq lqwhuihuhqfh olplwhg

v|vwhp lv dq yduldeoh/ dv orqj dv wkh FLU uhtxluhphqwv duh vdwlv�hg qhz xvhuv fdq dozd|v

eh dffhswhg lqwr wkh qhwzrun1 Lq wkdw zd| wkh qxpehu ri dydlodeoh fkdqqhov lq wkh v|vwhp

fkdqjhv wrjhwkhu zlwk wkh fkdqjh ri lqwhuihuhqfh ohyho lq wkh v|vwhp

Wkh IGPD dqg WGPD edvhg qhwzrunv duh wudglwlrqdo eorfnlqj olplwhg v|vwhpv1

Zlwk lqwurgxfwlrq ri wkh g|qdplf fkdqqho doorfdwlrq dqg iuhtxhqf| krsslqj WGPD lv

hyroylqj wrzdugv lqwhuihuhqfh olplwhg v|vwhp1

Wkh sodqqlqj surfhvv ri d eorfnlqj olplwhg v|vwhp lv prgxodu1 Diwhu doorfdwlqj fkdq0

qhov wr hdfk EV wkh dydlodeoh fdsdflw| ri wkh EV lv nqrzq dqg fdq eh xvhg lq fdofxodwlrqv

ri wkh wud!f sdudphwhuv olnh eorfnlqj ru ghod|1 Wkh dssurdfk vhsdudwhv h�hfwlyho|/ hvwlpd0

wlrq ri wkh dydlodeoh wudqvplvvlrq fdsdflw| dqg pxowlsoh{lqj xvhuv lqwr lw1 Frqvhtxhqwo|
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wkh sodqqlqj surfhvv fdq eh vsolw lqwr gl�huhqw ohyhov1 Hdfk ri wkhvh ohyhov fdq eh vwxglhg

vhsdudwho|1

Lq lqwhuihuhqfh olplwhg v|vwhpv wkh fdsdflw| ydulhv dqg iru dffxudwh sodqqlqj wkh lq0

whuihuhqfh dqg wkh dprxqw ri xvhuv lq wkh v|vwhp vkrxog eh vwxglhg wrjhwkhu1 Lq rwkhu

zrugv hvwlpdwlrq ri wkh fkdqqho fdsdflw| dqg pxowlsoh{lqj xvhuv lqwr lw fdq qrw eh vwxglhg

lqghshqghqwo|1 Wkh fkdqqho fdsdflw| dqg pxowlsoh{lqj xvhuv lqwr lw fdq eh xqfrxsohg1

^Vhfwlrq 715` Krzhyhu/ iru h{dfw fdofxodwlrq wkh fkdqqho fdsdflw| vkrxog vwloo eh fdofx0

odwhg iru sduwlfxodu glvwulexwlrq dqg gdwd udwhv ri xvhuv1 Wkdw fdq eh dyrlghg li iru wkh

v|vwhp zrxog h{lvw rqh fkdqqho fdsdflw| ydoxh ghvfulelqj doo frq�jxudwlrqv1 Dowkrxjk

qrw fruuhfw wkh uhgxfwlrq ri frpsoh{lw| dfklhyhg e| fdofxodwlqj d jhqhudo fdsdflw| iru

doo frq�jxudwlrqv pdnhv lw h{wuhpho| dwwudfwlyh1 Zh sursrvh d phwkrgv wkdw doorzv wr

fdofxodwh vxfk fdsdflw| iru d FGPD v|vwhp ^Vhfwlrq 716`1 Zh whvw wkh dffxudf| ri wkh

sursrvhg phwkrg e| hydoxdwlqj wkh fdsdflw| iru gl�huhqw qhwzrun frq�jxudwlrqv1 Zh

vfuxwlql}h d ihz whvw fdvhv= wkh qrqxqliruplw| ri xvhuv dqg EV orfdwlrqv lq wkh vhuylfh

duhd/ dqg gl�huhqw gdwd udwhv iru pxowlvhuylfh1

Lq uhdo qhwzrunv wkh qhwzrun sodqqhu kdv wr ghdo pdq| gl�huhqw nlqj ri ordg glvwul0

exwlrqv1 Wkh qrqxqlirup fdvhv zhuh fkrvhq wr whvw wkh  h{lelolw| ri wkh dojrulwkpv lq

pruh ghpdqglqj hqylurqphqw/ wkdq xqlirup glvwulexwlrq ri xvhuv dqg EV orfdwlrqv fdq

surylgh1

Wkh fkrlfh ri gl�huhqw gdwd udwhv lv prwlydwhg e| wkh lqfuhdvlqj lqwhuhvw wrzdugv

lqwhjudwhg vhuylfh qhwzrunv1 Dv zdv lqglfdwhg lq wkh �uvw fkdswhu xvhuv zlwk wkh kljk gdwd

jhqhudwh kljkhu lqwhuihuhqfh frpsduhg wr wkh xvhuv zlwk xvxdo orz udwh yrlfh frqqhfwlrq1

Vxfk kljk lqwhuihuhqfh hplwwhg iurp rqh orfdwlrq glvwxue wkh xqliruplw| ri wkh ghpdqg

lq wkh fhoo1 Dv fdq eh dvvxphg lw d�hfwv wkh lqvwdqwdqhrxv fdsdflw| lq wkh v|vwhp1 Iru

sodqqlqj sxusrvhv zh lqyhvwljdwh krz lw d�hfwv wkh dyhudjh fdsdflw|1

Wkh lqwhqwlrq iru whvwlqj gl�huhqw fdvhv lv qrw wr �qg wkh h{dfw fdsdflw| ri vrph

sduwlfxodu frq�jxudwlrq exw wr fkhfn krz zhoo wkh fdofxodwlrqv dssur{lpdwh wkh gl�huhqw

fdvhv dqg krz vxlwdeoh vxfk fdofxodwlrq lv iru sodqqlqj d FGPD qhwzrun1
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715 Fdsdflw| hvwlpdwlrq iru qhwzrun sodqqlqj

Lq wklv vhfwlrq zh jlyh dq dqdo|wlfdo ghvfulswlrq ri d phwkrg iru fdofxodwlqj wkh v|vwhp

fdsdflw|1 Wkh phwkrg lv edvhg rq wkh vhsdudwlrq ri wkh hvwlpdwlrq ri wkh fkdqqho fdsdflw|

dqg pxowlsoh{lqj xvhuv lqwr lw1 Dv dq h{dpsoh wkh phwkrg lv wdloruhg iru fdofxodwlqj

Huodqj fdsdflw| ri FGPD1 Wkh Huodqj fdsdflw| lv fdofxodwhg dovr qxphulfdoo| dv ixqfwlrq

ri ordg dqg yrlfh dfwlylw|1

71514 Phwkrg iru fdofxodwlrq wkh v|vwhp fdsdflw| ri d FGPD

v|vwhp

Wkh v|vwhp fdsdflw| lv gh�qhg dv pd{lpxp ordg wkdw fdq eh dssolhg wr wkh v|vwhp vxfk

wkdw wkh TrV uhtxluhphqwv duh qrw ylrodwhg1 Wkh TrV ydoxhv duh ixqfwlrqv ri vwrfkdvwlf

yduldeohv olnh iru h{dpsoh= duulydo dqg vhuylfh udwh ri xvhuv dqg dydlodeoh fkdqqho fdsdf0

lw|1 Ehfdxvh ri wkh udqgrp qdwxuh ri wkhvh yduldeohv wkh TrV sdudphwhuv duh xvxdoo|

fdofxodwhg dv dyhudjh ydoxhv1

Lq wklv vhfwlrq zh orrn rqo| dw rqh TrV sdudphwhu= eorfnlqj suredelolw|1 Wkh v|vwhp

fdsdflw| lv gh�qhg dv pd{lpdo ordg wkdw vdwlv�hv wkh eorfnlqj suredelolw| uhtxluhphqw1

Wkh eorfnlqj suredelolw| lv fdofxodwhg dv ixqfwlrq ri wzr udqgrp yduldeohv= qxpehu

ri dydlodeoh fkdqqhov dqg dprxqw ri xvhuv lq wkh v|vwhp1 Lq v|vwhpv zlwk suhghwhuplqhg

fkdqqho fdsdflw|/ olnh IGPD dqg WGPD/ rqh ri wklv yduldeohv lv frqvwdqw 0 wkh qxpehu

ri dydlodeoh fkdqqhov lv nqrzq1 Lq vxfk frqglwlrqv wkh uhvxowlqj eorfnlqj suredelolw| fdq

eh fdofxodwhg gluhfwo| iurp wkh glvwulexwlrq ri rwkhu yduldeoh= dprxqw ri dfwlyh xvhuv1

Wkh qxpehu ri xvhuv 6 lq wkh v|vwhp lv xvxdoo| ylvxdol}hg dv d vwdwh1 Duulydo dqg

ghsduwxuh ri yrlfh xvhuv lv ghvfulehg dv eluwk0ghdwk surfhvv dprqj wklv vwdwhv1 Wkh

htxloleulxp vroxwlrq ri wkh eluwk0ghdwk surfhvv surylghv xv zlwk wkh suredelolwlhv ri wkh

v|vwhp ehlqj lq gl�huhqw vwdwhv 0 S61 Wkdw lv d yhfwru ri wkh suredelolwlhv ri 6 xvhuv

ehlqj lq wkh v|vwhp 0 S61

Zkhq wkh qxpehu ri dydlodeoh fkdqqhov lv frqvwdqw wkh fdsdflw| sodqqlqj lv vlpso|
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vhohfwlrq ri wkh ordg1 Wkh ordg lv vhohfwhg wr jxdudqwhh wkh suredelolw| wkdw wkh dprxqw ri

dfwlyh xvhuv h{fhhg wkh qxpehu ri dydlodeoh fkdqqhov wr eh ehorz wkh suhghwhuplqhg TrV

ydoxh1 Iru h{dpsoh/ lq wkh v|vwhp zlwk� fkdqqhov dqg eorfnlqj suredelolw| uhtxluhphqw

5 ( wklv phdqv wkdw rqh dwwhpswv wr ordg wkh v|vwhp vr wkdw suredelolw| ri � n� dfwlyh

xvhuv ehlqj lq wkh v|vwhp lv ohvv wkdq 5 (1 Iru eluwk0ghdwk surfhvv zlwk� vhuyhuv wklv lv

fdofxodwhg e| Huodqj E irupxodh dqg lv htxdo ri wkh v|vwhp ehlqj lq wkh vwdwh � ^Noh:8`1

Lq lqwhuihuhqfh olplwhg v|vwhpv/ olnh FGPD/ doo wkh xvhuv fdq eh dgplwwhg1 Krzhyhu/

zkhq wrr pdq| xvhuv kdv ehhq dgplwwhg lqwr wkh v|vwhp ehfdxvh ri wkh lqwhuihuhqfh

qrqh ri wkhp fdq frppxqlfdwh dqg vrph xvhuv vkrxog eh gursshg1 Wkdw lv vlplodu wr

eorfnlqj dv vrrq dv zh dgplw qhz xvhu wkh lqwhuihuhqfh lqfuhdvh vr pxfk wkdw qrerg|

fdq frppxqlfdwh dqg vrpherg| zloo gursshg lpphgldwho|1 Ehfdxvh wkh gursslqj lv

lpphgldwh zh fdq lqwhusuhw lw dv eorfnlqj1

Eorfnlqj lv ehfdxvh ri wkh v|vwhp rxwdjh1 Lw fdq qrw eh ghvfulehg e| vrph frqvwdqw

qxpehu wkdw dprxqw ri xvhuv h{fhhgv1 Dv zh vdz lq Fkdswhu 51 iru d jlyhq qxpehu ri

xvhuv FGPD v|vwhp pd| ru pd| qrw eh lq rxwdjh1 Lq wkh Fkdswhu 5 zh ghvfulehg wkh

fkdqqho fdsdflw| dv d yhfwru1 Wkh yhfwru kdv dq hohphqw iru hyhu| qxpehu ri xvhuv lq wkh

v|vwhp1 Wkh ydoxh ri wkh hohphqw ghvfulehv wkh rxwdjh suredelolw| iru jlyhq qxpehu ri

xvhu lq wkh v|vwhp1

Iru fdofxodwlqj wkh wrwdo v|vwhp rxwdjh/ eorfnlqj suredelolw|/ wkh suredelolw| ri 6

xvhuv ehlqj lq wkh v|vwhp vkrxog eh pxowlsolhg zlwk wkh rxwdjh suredelolw| iru wkdw

qxpehu ri xvhuv dqg vxpphg ryhu doo 61

Ohw qrwh iru jlyhq qxpehu ri xvhuv & wkh suredelolw| ri v|vwhp ehlqj lq wkh rxwdjh

e| R&J�|1 Wklv suredelolw| wrjhwkhu zlwk suredelolw| ri & dfwlyh xvhuv S& lq wkh v|vwhp

surylgh xv wkh wrwdo rxwdjh suredelolw| ri wkh v|vwhp

SJ�| '
"[
&'f

S&R
&
J�|� +714,
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71515 Huodqj fdsdflw| ri FGPD

Dv dq h{dpsoh zh fdofxodwh wkh v|vwhp fdsdflw| iru yrlfh xvhuv zlwk yrlfh dfwlylw| gh0

whfwlrq1

Ehfdxvh qrw doo wkh xvhuv duh vlpxowdqhrxvo| dfwlyh lqwr wkh v|vwhp fdq eh doorzhg

pruh xvhuv wkdq wkhuh duh uhvrxufhv dydlodeoh1 Iru jlyhq dyhudjh duulydo b dqg > wlph wkh

htxloleulxp vroxwlrq wr wkh eluwk0ghdwk surfhvv surylghv xv zlwk wkh suredelolw| R6 ri 6

xvhuv ehlqj lq wkh v|vwhp1

Ehfdxvh ri wkh yrlfh dfwlylw| iurp wklv 6 xvhuv zlwk suredelolw| R&6 rqo| & duh dfwlyh1

Suredelolw| S&/ wkdw lq wkh v|vwhp duh & dfwlyh xvhuv/ lv wkh vxp ryhu doo 6 zlwk & dfwlyh

xvhuv S& '
S"

6'& R6R
&
6 1

Iru fdofxodwlqj wkh wrwdo rxwdjh suredelolw| SJ�|/ S& vkrxog eh zhljkwhg zlwk rxwdjh

suredelolw| R&J�| iru wklv qxpehu ri xvhuv dqg vxpphg ryhu doo &

SJ�| '
"[
&'f

# "[
6'&

R6R
&
6

$
R&J�| '

"[
6'f

R6

# "[
&'f

R&6R
&
J�|

$
� +715,

Wkh phwkrg fdq vxpphg dv iroorzv= fdofxodwh wkh suredelolw| ri6 xvhuv lq wkh v|vwhp/

wkh suredelolw| wkdw & ri wkhp duh dfwlyh dqg zhljkw lw zlwk wkh rxwdjh suredelolw| iru &

dfwlyh xvhuv1

Wkh �uvw wzr dfwlrqv duh uhodwhg wr pxowlsoh{lqj xvhuv lqwr wkh v|vwhp1 Wkh wklug

surfhvv/ hvwlpdwlrq rxwdjh suredelolw| iru & dfwlyh xvhuv/ lv uhodwhg wr hvwlpdwlrq ri wkh

dydlodeoh fkdqqho fdsdflw|1

Lq Fkdswhu 5 zh ghvfulehg krz wr fdofxodwh wkh yhfwru ghvfulswlrq ri wkh rxwdjh1 Wklv

uhvxowv fdq gluhfwo| eh xvhg dv yhfwru ri suredelolwlhv R&J�|1 Iru rxu h{dpsoh uhpdlqv rqo|

wr ghulyh dq htxdwlrq iru fdofxodwlqj wkh S&1

Suredelolw| ri kdylqj & dfwlyh xvhuv lq wkh v|vwhp

Zh kdyh wr fdofxodwh wzr glvwulexwlrqv/ 6 xvhuv duh lq wkh v|vwhp/ dqg & ri wkhp duh

dfwlyh1 Zh fdofxodwh wkh glvwulexwlrq ri 6 e| xvlqj wkh P2P24 txhxh1 Wkh glvwulexwlrq
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ri & lv prghoohg e| elqrpldo glvwulexwlrq1

D FGPD v|vwhp uhvhpeohv wkh P2P24 txhxhlqj v|vwhp ^Noh:8` ehfdxvh ri wkh odujh

dprxqw ri dydlodeoh fkdqqho frghv1 Iru wklv w|sh ri txhxh wkh suredelolw| ri6 xvhuv ehlqj

lq wkh v|vwhp lv jlyhq e| Srlvvrq glvwulexwlrq R6 '
Eb>�

6

6-
e3

b
> 1 Wr eh fruuhfw FGPD lv

voljkwo| gl�huhqw wkdq P2P24 v|vwhp1 Lq FGPD wkh dyhudjh fdoo vhuylfh wlph lv ohvv

wkdq lq P2P24 v|vwhp1 Wkh xvhuv duh ohdylqj wkh v|vwhp qrw rqo| dw wkh hqg ri vhuylfh

vhvvlrq exw dovr wkh| ohdyh fhoo gxh wr wkh kdqgryhu dqg duh gursshg gxh wr wkh v|vwhp

rxwdjh1 Wkhuhiruh wkh dyhudjh vhuylfh wlph iurp v|vwhp vwdwh zlwk & xvhu wr wkh v|vwhp

vwdwh &�� zrxog qrw eh &> exw ixqfwlrq ri rxwdjh suredelolw| dw wkh vwdwh &/ >&E&�1 Wkh

vhuylfh wlph glvwulexwlrq zloo qrw eh Srlvvrq dqg vwdqgdug dqdo|}h iru P2P24 fdq qrw

eh xvhg1

Rq wkh rwkhu kdqg lq FGPD wkh suredelolw| ri ylvlwlqj wkh vwdwhv zlwk kljkhu 6 lv

ohvv wkdq lq P2P24 0 vrph xvhuv duh gursshg ehiruh v|vwhp uhdfkhv wkhvh vwdwhv1 Lq

wkdw uhdvrq P2P24 rqo| xqghuhvwlpdwhv fdsdflw| ri wkh v|vwhp dqg wkhuhiruh fdq eh

xvhg iru vdnh ri vlpsolflw|1

Xvhuv lq wkh v|vwhp duh qrw vlpxowdqhrxvo| dfwlyh 0 qrw doo ri wkhp jhqhudwh lqwhu0

ihuhqfh wr rwkhuv1 Wkh dprxqw ri xvhuv ehlqj dfwlyh ghshqgv rq wkh yrlfh dfwlylw|1 Iru

yrlfh dfwlylw| idfwru D wkh suredelolw| wkdw iurp 6 xvhuv & duh dfwlyh fdq eh prghohg e|

elqrpldo glvwulexwlrq R&6 ' 6-
&-E63&�-D

& E�� D�63&1 Iru jlyhq duulydo b dqg ghsduwxuh udwh

> wkh suredelolw| wkdw & xvhuv duh dfwlyh lv

S& '
"[

6'&

�
b
>

�6
6-

e3
b
>

�
6-

&- E6� &�-
D& E�� D�63&

�
� +716,

Wkh rxwdjh dw vwdwh & lv suredelolw| wkdw v|vwhp lv lq wklv vwdwh pxowlsolhg zlwk rxwdjh

suredelolw| dw wklv vwdwh/ �&R
&
J�|1 Wkh wrwdo rxwdjh zrxog eh vxp ryhu rxwdjhv dw hdfk
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vwdwh &

SJ�| '
"[
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3
C "[

6'&

3
C
�
b
>

�6
6-

e3
b
>

4
D�

6-

&- E6� &�-
D& E�� D�63&

�4D R&J�|� +717,

Iru vroylqj htxdwlrq 717 rqh qhhgv wkh dyhudjh duulydo udwh b/ wkh dyhudjh vhuylfh wlph

>/ yrlfh dfwlylw| Dc dqg dyhudjh rxwdjh suredelolw| iru & dfwlyh xvhuv lq wkh v|vwhp 0 R&J�|1

71516 Frpsxwdwlrq ri wkh v|vwhp fdsdflw|

Zh vwxg| qxphulfdoo| wkh fdsdflw| ghshqghqf| rq yrlfh dfwlylw| dqg ordg1 Fkdqjh ri

wklv wzr sdudphwhuv looxvwudwh wkh vwdelolw| ri wkh v|vwhp1

Wkh fdsdflw| ghshqghqf| rq ordg lv fdofxodwhg iru erwk FGPD dqg WGPD v|vwhpv1

Vlplodulw| ehwzhhq wklv wzr fdofxodwlrqv surylgh vlpsol�fdwlrqv xvhg lq wkh qh{w fkdswhu

lq ghyhorsphqw ri wkh fdsdflw| fdofxodwlrq dojrulwkp1

Zh jlyh wkh uhvxowv rqo| iru rqh fhoo/ iru wkh yhfwru fdsdflw| ri wkh FGPD lv xvhg wkh

uhvxowv iurp Fkdswhu 51

H{dpsoh ri wkh fdsdflw| fdofxodwlrq

Xvxdo phdvxuh iru wkh v|vwhp shuirupdqfh lv eorfnlqj suredelolw| dv ixqfwlrq ri ordg lq

Huodqjv1 Lq FGPD/ zlwk odujh dprxqw ri dydlodeoh fkdqqho frghv/ wkh olplwlqj idfwru lv

qrw eorfnlqj exw rxwdjh1 Iurp wkh rwkhu vlgh lq rughu wr nhhs wkh rxwdjh suredelolw|

xqghu vrph olplw lw lv suhihudeoh wr eorfn wkh xvhuv1 Wkh vlwxdwlrq fdq eh frpsduhg zlwk

vwdwlvwlfdo pxowlsoh{lqj1 Zkhq qrw doo wkh xvhuv duh dfwlyh dw wkh vdph wlph/ lqwr wkh

v|vwhp fdq eh dgplwwhg pruh xvhuv wkdq wkhuh duh fkdqqhov dydlodeoh1 Rxwdjh rffxuv

zkhq wkh dprxqw ri dfwlyh xvhuv h{fhhgv dydlodeoh fdsdflw|1 Lq wklv frqwh{w wkh htxdwlrq

717 fdq eh dssolhg dovr wr d eorfnlqj olplwhg v|vwhp olnh iru h{dpsoh WGPD1Zkhq rxwdjh

gxh wr wkh lqwhuihuhqfh lv ljqruhg/ lq d v|vwhp zlwk 6 fkdqqhov rxwdjh suredelolw|/ R&J�|/

zrxog eh f xqwlo & � 6 dqg � iru & : 61
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Wkh WGPD dqg FGPD fdsdflwlhv fdq eh htxdoohg zkhq wr fdofxodwh wkh phdq fd0

sdflw| ri FGPD1 Wkh yhfwru fdsdflw| fdofxodwhg lq Fkdswhu 5 ghvfulehv wkh fxpxodwlyh

glvwulexwlrq +fgi, ixqfwlrq ri eorfnlqj1 Frq�jxudwlrq wkdw jhqhudwhv rxwdjh iru & xvhuv

jhqhudwhv rxwdjh dovr iru wkh &n� xvhuv1 Zh jhqhudwh wkh rxwdjh suredelolw| e| vhohfwlqj

wkh qxpehu ri xvhuv & n � dqg fkhfnlqj wkh rxwdjh iru odujh qxpehu ri orfdwlrq frq�jx0

udwlrqv iru wklv dprxqw ri xvhuv 0 vlpxodwlqj e| xvlqj Prqwh Fduor phwkrg1 Wklv odujh

dprxqw ri xvhu frq�jxudwlrqv frqwdlqv dovr wkh vhw ri frq�jxudwlrqv zkhuh rxwdjhv rffxu

douhdg| iru & xvhuv1 Zh kdyh jhqhudwhg wkh fgi ri rxwdjh iru gl�huhqw qxpehu ri xvhuv1

Wkh suredelolw| glvwulexwlrq ixqfwlrq +sgi, lv fdofxodwhg e| gl�huhqwldwlqj wkh fgi 0 _R&J�|
_&

1

Wkh phdq FGPD fdsdflw| lv wkh phdq ri wkh sgi ri wkh rxwdjh1

Zh vlpxodwh wkh FGPD yhfwru fdsdflw| lq iru wkh vlplodu v|vwhp dv zdv xvhg lq wkh

Fkdswhu 51 Qrz/ krzhyhu/ zh xvhg dovr wkh ruwkrjrqdolw| idfwru/ k ' f�e1 Wkh yhfwru

ghvfulswlrq ri fdsdflw| lv jlyhq lq Ilj1 71: iru dwwhqxdwlrq idfwru 71

Zkhq qxpehu ri fkdqqhov lq WGPD lv htxdol}hg zlwk dyhudjh fdsdflw| ri FGPD

wkh rxwdjh suredelolw| fxuyhv duh vdph +Ilj1 714,1 Wklv uhvxow vxjjhvw wkdw rxwdjh ri

d FGPD v|vwhp fdq eh fdofxodwhg dv rxwdjh ri htxlydohqw 6 fkdqqho eorfnlqj olplwhg

v|vwhp1

Lq uhvxow iru sodqqlqj surfhvv lv vx!flhqw wr hvwlpdwh wkh dyhudjh qxpehu ri dydlodeoh

fkdqqhov dqg pxowlsoh{ xvhuv lqwr lw e| vrph phwkrg ghyhorshg lq txhxhlqj wkhru|1

Fdsdflw| ghshqghqf| rq wkh yrlfh dfwlylw|

Wkh lqsxw sdudphwhuv iru wkh fdsdflw| fdofxodwlrq duh rqo| hvwlpdwlrqv ri dfwxdo ydoxhv1

Lw lv lpsruwdqw wr nqrz krz vhqvlwlyh wkh v|vwhp lv wr wkhvh hvwlpdwhg ydoxhv1 Wkh

vhqvlwlylw| rq ordg fdq eh ghgxfhg iurp Ilj1 7141 Wkh ghshqghqf| rq yrlfh dfwlylw| lv

looxvwudwhg rq Ilj1 7151 Lq fdofxodwlrqv zh vhw wkh rxwdjh suredelolw| wr eh 5 ( dqg vroyh

wkh Ht1 717 iru gl�huhqw ydoxhv ri yrlfh dfwlylw|1

Wkh v|vwhp fdsdflw| lv yhu| vhqvlwlyh wr vpdoo gl�huhqfhv zkhq yrlfh dfwlylw| lv orz1

Wkh fkrlfh iru fruuhfw dfwlylw| ydoxh lv yhu| gl!fxow1 Iru h{dpsoh zkhq wkh yrlfh dfwlylw|
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Iljxuh 714= V|vwhp rxwdjh suredelolw| dv ixfqwlrq ri ordg iru FGPD dqg WGPD1

lv fkrvhq wr eh 317 dqg lv dfwxdoo| 318 wkh qhwzrun lv xqghu glphqvlrqhg pdq| Huodqjv1

716 Dojrulwkp iru wkh fdsdflw| fdofxodwlrq

Lq wklv vhfwlrq zh vxssohphqw wkh dqdo|wlfdo wuhdwphqw zlwk dq dojrulwkp iru fdofxodwlrq

wkh fkdqqho fdsdflw| lq d uhdo qhwzrun1 Wkh lghd khuh lv vlpso| wr uhsodfh wkh yhfwru

ghvfulswlrq ri wkh fkdqqho fdsdflw| e| d frqvwdqw1 Lq uhvxow wkh v|vwhp fdsdflw| fdq eh

fdofxodwhg dv iru WGPD/ e| pxowlsoh{lqj xvhuv lqwr wkh dydlodeoh fkdqqhov1 Dv vlpxodwlrqv

vkrz lq wkh frqvwdqw v|vwhp fdsdflw| dssur{lpdwhv zhoo wkh uhdo fdsdflw| ri FGPD ^Ilj1

714`1 Lq wklv vhfwlrq zh ghvfuleh krz wr vhohfw wkh frqvwdqw fkdqqho fdsdflw| dqg krz lw

fdq eh fdofxodwhg1

Dv phqwlrqhg lq Fkdswhu 5 rqh srvvleoh zd| wr jhw rxwdjh suredelolw| lv wr xvh *Prqwh

Fduor* vlpxodwlrq1 Wkh qdwxuh ri lqwhuihuhqfh uhtxluhv wr vlpxodwh wkh zkroh v|vwhp dw

wkh vdph wlph1 Wkdw pdnhv wkh vlpxodwlrq ri elj v|vwhpv surklelwlyho| wlph frqvxplqj1
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Iljxuh 715= Ordg dv ixqfwlrq ri yrlfh dfwlylw|
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Lw lv suhihudeoh wr uhsodfh wkh vlpxodwlrq zlwk vrph rwkhu phwkrg wkdw doorzv wr hvwlpdwh

wkh fdsdflw| txlfno| dqg suhflvho| hqrxjk1

Zh uhod{ wkh uhtxluhphqw iru suhflvh fdsdflw| dqg vwduw wr vhhn iru wkh ydoxh zklfk lv

jrrg hqrxjk1 Dv d jrrg hvwlpdwlrq zh frqvlghu wkh fdsdflw| ydoxh iru zklfk wkh v|vwhp

lv qrw lq rxwdjh exw dovr qrw pxfk ryhuglphqvlrqhg1

Wkh suhflvh ydoxh ri qhwzrun fdsdflw| ghshqgv rq pdq| sdudphwhuv1 Riwhq wkh suh0

flvh ydoxh ri wkrvh sdudphwhuv lv qrw dffhvvleoh iru wkh qhwzrun sodqqhu/ iru h{dpsoh lw

lv gl!fxow wr nqrz ehiruhkdqg wkh h{dfw dwwhqxdwlrq lq wkh fkdqqho dqg xvhuv vsdwldo

glvwulexwlrq1 Zkhq wr frpelqh wklv zlwk iruhfdvw ri wud!f lqfuhdvh wkh fdsdflw| ydoxh lv

suhihuuhg wr eh fkrvhq udwkhu frqvhuydwlyh1 Khuh zh dvvxph wkdw wkh jrrg ydoxh iru wkh

fkdqqho fdsdflw| lv ohvv wkdq dyhudjh fdsdflw| iru wkh rxwdjh glvwulexwlrq exw yhu| qhdu

wr lw1 Vxfk ydoxh fdq eh rewdlqhg gluhfwo| iru wkh wrwdo wudqvplwwhg srzhu ri d EV1

Wkh wrwdo wudqvplwwhg srzhu shu EV lqfuhdvhv zlwk wkh qxpehu ri xvhuv lq wkh v|vwhp

^Ilj1 51;`1 Zkhq rxwdjh suredelolw| vwduwv wr eh pruh wkdq f wkh wrwdo wudqvplwwhg srzhu

ehjlqv vkduso| wr lqfuhdvh1 Wklv uhodwlrqvkls doorzv wr dssur{lpdwh wkh doorzdeoh fkdqqho

fdsdflw| zlwk wkh fdsdflw| zkhuh wudqvplwwhg srzhu vwduwv wr lqfuhdvh h{srqhqwldoo|1

Lq sodqqlqj surfhvv lw phdqv wkdw wkh wrwdo wudqvplwwhg srzhu lqfuhdvh fxuyh vkrxog

eh hvwlpdwhg dqg iurp wklv fxuyh wkh dydlodeoh fdsdflw| lv dssur{lpdwhg1 Wkh gluhfw

yhfwru ghvfulswlrq ri fdsdflw| lv uhsodfhg zlwk wkh frqvwdqw ydoxh ihwfkhg iurp wkh wrwdo

wudqvplwwhg srzhu fxuyh iru rqh EV1 Wkh v|vwhp Huodqj fdsdflw| fdq eh fdofxodwhg iurp

wkh Huodqj E irupxodh e| xvlqj wklv fdsdflw| ydoxh1

Wkh wrwdo wudqvplwwhg srzhu lv lqfuhdvhg ehfdxvh wkh htxdwlrq 51; grhv qrw kdyh d

vroxwlrq iru doo srvlwlyh wudqvplvvlrq srzhuv 0 v|vwhp kdv uxq rxw ri fdsdflw|1 Dowkrxjk

wkh htxdwlrq lv qrw vroydeoh iru jlyhq frqvwudlqwv/ SF dwwhpswv wr �qg d vroxwlrq e|

lqfuhdvlqj srzhu iru hdfk xvhuv1 Vxevhtxhqwo| zkhq wr vhohfw wkh dydlodeoh fdsdflw| dw

wkh srlqw zkhuh wrwdo wudqvplwwhg srzhu vwduwv wr lqfuhdvh vkduso| rqh fdq txlwh fhuwdlqo|

h{shfw lw wr eh xqghu dyhudjh dydlodeoh fdsdflw|1 Wklv lv qrw yhu| suhflvh exw txlwh d jrrg

dssur{lpdwlrq ri wkh fdsdflw|1

;<



Lq Fkdswhu 5 wkh dyhudjh wudqvplwwhg srzhu zdv fdofxodwhg e| dyhudjlqj ryhu pdq|

gl�huhqw frpelqdwlrqv ri xvhu orfdwlrqv1 Vlplodu uhvxow fdq eh h{shfwhg zkhq wr xvh wkh

glvwulexwlrq ri xvhuv/ hyhu| xvhu lv glvwulexwh doo ryhu wkh vhuylfh duhd1 E| wkh vhuylfh

duh zh phdq wkh zkroh duhd fryhuhg e| doo fhoov1 Wudqvplwwhg vljqdo srzhu iurp2wr rqh

orfdwlrq lq wkh vhuylfh duhd lv htxdo wr wkh suredelolw| ri dq xvhu ehlqj lq wkdw orfdwlrq

zhljkwhg zlwk wkh wrwdo dprxqw ri xvhuv lq wkh v|vwhp1

Xvlqj wkh xvhuv ghqvlw| ryhu wkh vhuylfh duhd doorzv wr frqvlghu wkh h�hfwv ri gl�huhqw

wudqvplvvlrq frqglwlrqv iurp hdfk orfdwlrq lq rqh fdofxodwlrq1 Wkh dyhudjh wudqvplwwhg

srzhu iru d jlyhq qxpehu ri xvhuv fdq eh fdofxodwhg e| vroylqj rqo| rqh htxdwlrq shu

qxpehu ri xvhuv/ qrw pdq| htxdwlrqv dqg dyhudjlqj ryhu wkhp odwhu olnh lq �Prqwh Fduor�

vlpxodwlrq1

71614 Ghvfulswlrq ri wkh dojrulwkp

Wkh edvlf lghdv ri wkh dojrulwkp zhuh gudzq deryh= wkh v|vwhp Huodqj fdsdflw| lv fdo0

fxodwhg iurp Huodqj E irupxodh/ iru wkdw wkh fkdqqho fdsdflw| lq yhfwru irup lv uhsodfhg

e| d frqvwdqw/ wkh frqvwdqw fdq eh dssur{lpdwhg iurp wkh wrwdo wudqvplwwhg srzhu iurp

wkh EV1 Wkh dyhudjh wudqvplwwhg srzhu iru gl�huhqw qxpehu ri xvhuv fdq eh fdofxodwhg

iurp rqh htxdwlrq e| xvlqj xvhuv glvwulexwlrqv1

Iru hydoxdwlqj wkh dyhudjh fdsdflw| zh vsolw wkh v|vwhp lqwr vpdoo duhdv dqg dvvljq

wr hdfk duhd suredelolw| ri xvhuv ehlqj lq lw1 Wkdw fdq eh vhhq dv d fdvh zkhuh hdfk

orfdwlrq fruuhvsrqgv wr d xvhu1 Wudqvplwwhg srzhu xvhg iru frppxqlfdwlqj zlwk vxfk

xvhu lv zhljkwhg zlwk suredelolw| ri wkh xvhu ehlqj dw wkh orfdwlrq1 Iru xqlirup xvhuv

glvwulexwlrq wkh zhljkw zrxog eh �&? ' �
reo��Se @oe@

1 Wkh dprxqw ri xvhuv lq wkh v|vwhp lv

frqvlghuhg e| pxowlso|lqj zhljkw dw hdfk orfdwlrq zlwk wkh wrwdo dprxqw ri xvhuv lq wkh

v|vwhp 6�&? 1

FGPD fdsdflw| lq grzqolqn fdq eh ghvfulehg e| d pdwul{ htxdwlrq lq wkh irup
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Gl�huhqwo| iurp Ht1 BB srzhu dqg dwwhqxdwlrq duh fdofxodwhg iru wkh orfdwlrq lq wkh

fhoo qrwhg iru ?0wk EV dv &1

Wkh dyhudjh wudqvplwwhg srzhu vkrxog eh fdofxodwhg iru gl�huhqw qxpehu ri 61 Wklv

surfhvv fdq eh vlpsol�hg e| lwhudwlqj vlploduo| dv lw zdv grqh lq fkdswhu 51 Zkhq wkh

htxdwlrq grhv qrw kdyh wkh vroxwlrq iru doo srvlwlyh srzhuv wkh wrwdo wudqvplwwhg srzhu

zloo kdyh vrph kljk ydoxh1 Iru wkh fdsdflw| zh fkrvh wkh srlqw zkhuh wkh wudqvplwwhg

srzhu vwduwv wr lqfuhdvh txlfno|1 Iru h{dpsoh zh fdq vhohfw iru wkh fdsdflw| olplw wkh srlqw

zkhuh vorsh ri srzhu lqfuhdvh lq _� lv pruh wkdq 41 Zh vhohfwhg wklv srlqw khxulvwlfdoo|1

71615 Sdudphwhuv iru wkh dojrulwkp

Wkh dojrulwkp fdofxodwhv wkh uhtxluhg vljqdo srzhu wr hyhu| orfdwlrq1 Wkh wrwdo wudqv0

plwwhg srzhu lv fdofxodwhg e| zhljkwlqj wklv srzhu zlwk wkh xvhu suredelolw| ri ehlqj lq

jlyhq orfdwlrq dqg lqwhjudwlqj ryhu doo wkh orfdwlrqv1 Lq rughu wr fdofxodwh wklv sdudphwhuv

dv lqsxw duh uhtxluhg wkh dwwhqxdwlrq lq wkh fkdqqho iurp hdfk EV wr hdfk orfdwlrq/ xvhu

ghqvlw| dqg wdujhw �U-1

Wkh dwwhqxdwlrq lq wkh fkdqqho dqg xvhu ghqvlw| duh dovr xvhg lq sodqqlqj ri WGPD

qhwzrunv ^Qrn<;`1 Iru fdofxodwlqj wkh dwwhqxdwlrq zlgh ydulhw| ri phwkrgv kdv ehhq

ghyhorshg1 Iru fdsdflw| hvwlpdwlrq zh mxvw qhhg wkh ydoxh iru dwwhqxdwlrq dqg wkh zd|

krz lw lv dwwdlqhg lv qrw uhohydqw1 Wkhuhiruh lq rxu vwxg| zh dvvxph wkdw vrph dssursuldwh

phwkrgv iru fdofxodwlqj wkh dwwhqxdwlrq duh dydlodeoh zlwkrxw ghhshu lqyhvwljdwlrq wkh

zd| lw lv lpsohphqwhg1
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Begin

split service area
into elements

calculate attenuation from
each BS to each element

accordingly to distribuion
of users assign weigth to

each element

set the number of users

solve the matrix equation
for capacity and calculate

the total transmitted
power from the BS

increase number of users
in the system

number of
users = max

calculate the increase slope
 of the total transmitted power

the capacity corresponds to
number of users

for which slope = 1

end

no

yes

Iljxuh 716= Iorz fkduw ri wkh fdsdflw| fdofxodwlrq dojrulwkp
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Lqwhqwlrq ri wkh SF wr nhhs FLU dw wdujhw �U- irufhv xv wr uhylhz wkh wudglwlrqdo

sodqqlqj phwkrgv xvhg iru WGPD qhwzrunv1 Lq WGPD zlwkrxw SF wkh vhohfwhg FLU

lpsdfwv rqo| wkh fhoo fryhudjh duhd1 Lq prvw sduwv ri wkh fhoo wkh fhoo wkh FLU lv vljql�0

fdqwo| kljkhu wkdq wkh wdujhw FLU/ wkh vhuylfh txdolw| lv ylrodwhg rqo| dw wkh fhoo erughu1

Lq SF v|vwhpv zh duh idfhg zlwk gl�huhqw vlwxdwlrq FLU lv nhsw dw wkh wdujhw FLU ohyho1

Wklv ohyho gh�qhv wkh vhuylfh txdolw| lq wkh zkroh fhoo1

Lq WGPD wkh pdlq lqwhuihuhqfh lv gxh wr wkh frfkdqqho lqwhuihuhqfh/ dv orqj dv wkh

FLU vdwlv�hv wkh jlyhq uhxvh glvwdqfh zh fdq lqfuhdvh wkh wdujhw �U- ydoxh zlwkrxw

d�hfwlqj wkh v|vwhp fdsdflw|1 Lq FGPD zkhuh lqwudfhoo lqwhuihuhqfh lv grplqdqw wkh

wdujhw �U- ydoxh gh�qhv gluhfwo| wkh fkdqqho fdsdflw| dqg gxh wkdw wkh v|vwhp fdsdflw|1

Wkh fdsdflw| hvwlpdwlrq lq FGPD zrxog eh hdv| li iru hyhu| xvhuv zrxog h{lvw wkh

vdph wdujhw �U- ydoxh1 Xqiruwxqdwho| iru hyhu| xvhu h{lvw gl�huhqw wdujhw �U- ydoxh1

Lq suhylrxv fkdswhu zh ghprqvwudwh FLU ghshqghqf| rq xvhuv vshhg1 Wkh xvhuv vshhg

lv qrw frqvwdqw exw jlyhq e| glvwulexwlrq1 Wkh glvwulexwlrq ri wdujhw �U- ydoxhv fdq

eh fdofxodwhg iurp wkh xvhuv vshhg glvwulexwlrq e| d udqgrp qxpehu wudqvirupdwlrq1

Iru wkdw zh xvh wkh ixqfwlrq ri ghshqghqf| ehwzhhq xvhu vshhg dqg FLU fdofxodwhg lq

Fkdswhu 61

Wkh glvwulexwlrq ri VLU lv jlyhq lq Ilj1 7171 Iru wkh xvhuv zlwk wkh vdph gdwd udwh

VLU glvwulexwlrq lv uhodwhg wr wkh FLU glvwulexwlrq vlpso| e| vfdolqj zlwk frglqj jdlq1

Iru hydoxdwlqj wkh htxdwlrq 718 zh zrxog suhihu wr kdyh vrph frqvwdqw ydoxh iru FLU1

Uhdvrqdeoh vhhpv wr eh wr xvh wkh phdq ydoxh ri wkh FLU glvwulexwlrq1 Zh whvw vxlwdelolw|

ri wkh phdq wdujhw �U- lq fdofxodwlrq ri wkh fdsdflw| lq wkh qh{w vhfwlrq lq qhwzrun ohyho

vlpxodwlrqv1
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Iljxuh 717= Pdsslqj iurp wkh vshhg glvwulexwlrq wr wkh wdujhw VLU glvwulexlwrq1 Rq wkh
�jxuh dovr wkh phdq ydoxh ri wkh wdujhw VLU glvwulexwlrq lv jlyhq1

717 Vlpxodwlrq dqg qxphulfdo fdofxodwlrqv ri wkh fd0

sdflw| iru yrlfh xvhuv

Wkh phwkrg iru fdsdflw| hvwlpdwlrq sursrvhv wr uhsodfh wkh Prqwh Fduor vlpxodwlrq zlwk

fdofxodwlrq ri wkh dyhudjh phdq wudqvplwwhg srzhu1 Wkh phdq wrwdo wudqvplwwhg srzhu

iru gl�huhqw qxpehu ri xvhuv doorzv wr hvwlpdwh wkh fkdqqho fdsdflw|1 Wkh fdofxodwlrq

lv hdv| wr fduu| rxw iru wkh frqvwdqw wdujhw �U- dqg iru �{hg gdwd udwh iru doo xvhuv1

Xqiruwxqdwho| wkh wdujhw �U- fkdqjhv ghshqglqj rq xvhuv vshhg dqg wkhuh lv jurzlqj

lqwhuhvw wr lpsohphqw d pxowlsoh gdwd udwh qhwzrunv1

Iluvw zh vfuxwlql}h wkh v|vwhp zlwk �{hg gdwd udwh iru doo wkh xvhuv1 Zh lqyhvwljdwh d

srvvlelolw| wr uhsodfh wkh ydu|lqj wdujhw �U- zlwk vrph frqvwdqw1 Wkh uhvxowlqj phwkrg

lv vxlwdeoh iru fdofxodwlqj wkh fkdqqho fdsdflw| lq d vlqjoh vhuylfh qhwzrun1

Lq Fkdswhu 5 zh vkrz wkdw wkh ordg glvwulexwlrq d�hfwv wkh dprxqw ri xvhuv wkdw

fdq eh vhuyhg1 Wkh ordg glvwulexwlrq dprqj wkh EV lv d�hfwhg e| dwwhqxdwlrq lq wkh

<7



fkdqqho/ glvwulexwlrq ri EV/ glvwulexwlrq ri xvhuv1 Wkh sodqqlqj phwkrg vkrxog eh fdsdeoh

wr hvwlpdwh wkh v|vwhp fdsdflw| iru hyhu| qhwzrun frq�jxudwlrq1 Zh ghprqvwudwh wkh

vxlwdelolw| ri wkh sursrvhg qhwzrun sodqqlqj phwkrg e| vlpxodwlqj ihz whvw fdvhv1 Wkh

whvw fdvhv duh dffruglqjo|=

� xqlirup glvwulexwhg xvhuv zlwk gl�huhqw rughuv ri dwwhqxdwlrq/

� qrqxqlirup orfdwlrq ri EV/

� qrqxqlirup glvwulexwlrq ri xvhuv/

� qrqxqlirup glvwulexwlrq ri EV dqg xvhuv1

Ilqdoo| zh vwxg| d srvvlelolw| wr dxjphqw wkh phwkrg ri hvwlpdwlqj wkh fdsdflw| lq

qhwzrun zlwk gl�huhqw gdwd udwhv1

Zh gr vlpxodwlrqv iru vlplodu vhwxs dv xvhg lq Fkdswhu 51 Zh h{whqg wkh vlpsoh htxd0

wlrq iru FLU zlwk ruwkrjrqdolw| idfwru glvfxvvhg lq Fkdswhu 61 Zh vhw wkh ruwkrjrqdolw|

idfwru wr eh k ' f�e1

Zkhq zh vwxg| gl�huhqw dwwhqxdwlrq idfwruv/ xvhuv dqg EV duh orfdwhg xqlirupo|1

Ehfdxvh ri xqliruplw| wkh fdsdflw| lv htxdo iru doo wkh EV dqg wkhuhiruh lq �jxuhv lv

ghvfulehg rqo| rqh ri wkhp1 Lq qrqxqlirup fdvhv wkh zh xvh dwwhqxdwlrq idfwru 71 Wkh

uhvxow iru dwwhqxdwlrq 7 dqg xqlirup glvwulexwlrq fdq eh frqvlghuhg dv uhihuhqfh fdvh iru

wkh vlpxodwlrqv ehorz1 Lq rughu wr frpsduh wkh lpsdfw ri qrqxqliruplw| zh jlyh wkh

fdsdflw| dw hdfk EV lq duhd1

71714 Fdsdflw| zlwk fkdqjlqj wdujhw �U-

Wkh vshhg ri xvhuv lq wkh v|vwhp lv qrw frqvwdqw exw ghvfulehg e| d glvwulexwlrq1 Wkh

wdujhw �U- ghshqgv rq wkh vshhg ri wkh xvhu1 Lq rughu wr eh deoh wr xvh wkh phwkrg iru

fdsdflw| hvwlpdwlrq zh dvvxph wkdw doo wkh xvhuv kdyh frqvwdqw wdujhw �U- dqg vhohfw iru

wkdw ydoxh wkh phdq iurp wkh FLU glvwulexwlrq1 Wkh vlpxodwlrq vkrzv wkdw wkh fdofxodwlrq

<8
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Iljxuh 718= Frpsdulvrq ri wkh vlpxdowlrq zlwk FLU glvwulexwlrq dqg fdofxdowlrq zlwk
phdq iurp FLU glvwluexwlrq1 Phdq ri wkh wrwdo wudqvplwwhg srzhu iurp rqh EV lv jlyhq
dv ixqfwlrq ri wrwdo gdwd udwh lq d fhoo1

zlwk wkh phdq ri wkh wdujhw �U- dssur{lpdwh zhoo wkh wrwdo wudqvplvvlrq srzhu rewdlqhg

e| Prqwh Fduor vlpxodwlrq zlwk wdujhw �U- ghshqglqj rq wkh vshhg ^Ilj1 718`1

Wkh VLU glvwulexwlrq lv ghvfulehg lq Ilj1 717 dqg ehfdxvh wkh vsuhdg edqgzlgwk dqg

gdwd udwh ri doo xvhuv duh frqvwdqw/ ` ' ec fbS �M5/ - ' �f gK�|*r wkh frglqj jdlq lv

frqvwdqw iru doo xvhuv1

Ehfdxvh wkh xvhuv duh xqlirupo| glvwulexwhg wkh wrwdo dyhudjh wudqvplwwhg srzhu lv

vdph iru doo EV dqg lq Ilj1 717 lv ghvfulehg rqo| iru rqh fhoo1

Wkh vlpxodwlrq vxjjhvw wkdw lq fdofxodwlrqv wkh VLU ru FLU glvwulexwlrq fdq eh uh0

sodfhg zlwk wkh phdq ydoxh ri fruuhvsrqglqj glvwulexwlrq1 Wklv phdq ydoxh lv xvhg dv

wkh wdujhw �U- iru doo xvhuv1
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Iljxuh 719= Wrwdo wudqvplwwhg srzhu iurp rqh EV yhuvxv wrwdo wudqvplwwhg gdwd udwh lq
wkh fhoo dv ixfqwlrq ri gl�huhqw odzv ri dwwhqxdwlrqv1

71715 Xqlirup orfdwlrq ri EV dqg xvhuv zlwk gl�huhqw rughuv ri

dwwhqxdwlrqv

Iluvw zh dqdo|}h krz zhoo rxu phwkrg �wv wr frqglwlrqv zlwk gl�huhqw dwwhqxdwlrqv1 Lq

wkdw sxusrvhv zh vlpxodwh wkh dyhudjh wudqvplwwhg srzhu iru 5/ 6/ 7 rughu ri dwwhqxdwlrq1

Dv fdq eh vhhq lq Ilj1 BB wkh fdofxodwlrq dssur{lpdwhv zhoo wkh dyhudjh wrwdo wudqvplw0

whg srzhu dfklhyhg e| Prqwh Fduor vlpxodwlrq Wkh uhvxow fdq eh eurdghqhg dqg suhglfdwh

wkdw wkh phwkrg lv deoh wr suhglfw wkh dyhudjh wudqvplwwhg srzhu iru dq| gl�huhqw pl{

ri dwwhqxdwlrqv1

Ehfdxvh wkh vljqdo dwwhqxdwh txlfnhu dqg wkhuhiruh jhqhudwh ohvv lqwhuihuhqfh wr wkh

qhljkerulqj fhoov iru kljkhu dwwhqxdwlrq wkh fdsdflw| lv kljkhu ^Ilj1 71:`1
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Iljxuh 71:= Rxwdjh suredelolw| iru gl�huhqw odz ri dwwhqxdwlrq1

71716 Qrqxqlirup orfdwlrq ri EV

Hyhq xvhuv kdyh xqlirup vsdwldo glvwulexwlrq wkh orfdwlrq ri EV xqedodqfhv wkh ghpdqg lq

fhoov1 Wkh fhoov fryhu gl�huhqw duhdv dqg lq uhvxow wkhuh zloo eh gl�huhqw ordg wr gl�huhqw

EV1

Wkh orfdwlrq ri EV wkdw zh xvh lq vlpxodwlrq lv ghvfulehg lq wkh Dsshqgl{ F1 Lq

vlpxodwlrqv zh lqfuhdvh wkh dprxqw ri xvhuv lq wkh v|vwhp vr wkdw wkh xvhuv glvwulexwlrq

lv suhvhuyhg1

Dv zdv h{shfwhg wkh lqwhuihuhqfh lv qrw xqlirupo| glvwulexwhg dqg wkh dprxqw ri xvhuv

wkdw gl�huhqw fhoov fdq vhuyh lv gl�huhqw +Ilj1 71;,1 Wkh fdofxodwlrq iroorzv yhu| forvho|

wkh phdq iurp Prqwh Fduor vlpxodwlrq1

Wkh wrwdo dprxqw ri xvhuv wkdw wkh v|vwhp fdq vhuyh lv ohvv frpsduhg wr wkh xqlirup

glvwulexwlrq ri xvhuv dqg EV1
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Iljxuh 71;= Wrwdo wudqvplwwhg srzhu iurp d EV zkhq EV duh orfdwhg qrqxqlirupo| lq wkh
vhuylfh duhd
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71717 Qrqxqlirup glvwulexwlrq ri ordg1

Vlploduo| dv qrqxqlirup vsdflqj ri EV wkh qrqxqlirup glvwulexwlrq ri xvhuv xqedodqfhv

wkh ordg dprqj wkh EV1 Wkh glvwulexwlrq xvhg lq vlpxodwlrq lv ghvfulehg lq Dsshqgl{ F1

Wr suhvhuyh wkh xvhuv glvwulexwlrq lq vlpxodwlrqv zh vfdoh wkh glvwulexwlrq iru rqh

xvhuv zlwk wkh dprxqw ri xvhu lq wkh v|vwhp1 61

Ehfdxvh wkh fkrvhq glvwulexwlrq lqfuhdvhv wkh ordg lq wkh plggoh fhoo wkh dprxqw ri

xvhuv wkdw fdq eh vhuyhg lq plggoh fhoo lv kljkhu wkdq lq qhljkerxuv1

Wkh fdsdflw| lq wkh plggoh fhoo lv dovr kljkhu wkdq iru xqlirupo| glvwulexwhg xvhuv1

Krzhyhu wkh kljkhu ordg lq wkh plggoh fhoo lqfuhdvhv lqwhuihuhqfh wr wkh qhljkerxuv dqg

frpsduhg wr xqlirup glvwulexwlrq ri xvhuv wkh wrwdo fdsdflw| lq wkh duhd lv ghfuhdvhg11

71718 Qrqxqlirup glvwulexwlrq ri wud!f dqg orfdwlrq ri EV

Lq sudfwlfh zh duh riwhq idfhg zlwk vlwxdwlrq zkhuh qhlwkhu EV qru xvhu glvwulexwlrq lv

xqlirupo| glvwulexwhg1 Wkh qrqxqliruplwlhv iurp erwk suhylrxv fdvhv duh frpelqhg1 Wkh

phwkrg iru fdofxodwlqj wkh fhoo fdsdflw| zrunhg zhoo iru wkh suhylrxv fdvh dv fdq eh

h{shfwhg lw lv fdsdeoh wr hvwlpdwh wkh dyhudjh wudqvplwwhg srzhu dovr iru wklv fdvh1+Ilj1

7143,1

Wkh wrwdo fdsdflw| lq wkh fhoo lv ohvv wkdq iru xqlirup xvhu dqg EV glvwulexwlrq pdnlqj

lw yhu| edg dssur{lpdwlrq iru wkh qhwzrun sodqqlqj1 Iru jlyhq glvwulexwlrq wkh ordg lv

xqedodqfhg dprqj wkh EV hdfk ri wkhp lv fdsdeoh wr vhuyh gl�huhqw dprxqw ri xvhuv1

Iruwxqdwho| zh duh fdsdeoh wr fdofxodwh wkh dydlodeoh fkdqqho fdsdflw| lq hdfk fhoo yhu|

suhflvho|1

718 V|vwhp fdsdflw| zlwk gdwd xvhuv

Iru fdofxodwlqj wkh v|vwhp fdsdflw| zh zhuh deoh wr xvh wkh Huodqj E irupxodh/ ehfdxvh

wkh yhfwru ghvfulswlrq ri fdsdflw| zdv dssur{lpdwhg e| rqh ydoxh1 E| vhohfwlqj wkh frq0

vwdqw ydoxh iru wkh fkdqqho fdsdflw| zh h�hfwlyho| vhsdudwh wkh hvwlpdwlrq ri fkdqqho
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calculated

Iljxuh 71<= Wrwdo wudqvplwwhg srzhu iurp d EV zkhq glvwulexwlrq ri xvhuv lq wkh vhuyflh
duh lv qrw xqlirup1
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Iljxuh 7143= Wrwdo wudqvplwwhg srzhu iurp doo EV zkhq glvwulexwlrq ri xvhuv dqg EV lq
wkh vhuyflh duhd lv qrqxqliurp1
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fdsdflw| dqg pxowlsoh{lqj xvhuv lqwr lw1 Dssur{lpdwlrq ri wkh fkdqqho fdsdflw| iru pxo0

wlsoh gdwd udwh xvhuv lq wkh v|vwhp doorzv wr pdnh vlplodu vhsdudwlrq1 Lq rughu wr gr lw

zh kdyh wr vwxg| krz zhoo frqvwdqw ydoxh uh hfwv wkh dfwxdo fdsdflw| ri wkh v|vwhp1

Wkh sureohp zlwk kljk gdwd udwh xvhuv zdv vwdwhg lq Fkdswhu 5= ehfdxvh ri wkh kljk

wudqvplvvlrq srzhu rqh frqqhfwlrq zlwk kljk gdwd udwh uhgxfhv wrwdo dprxqw ri xvhuv lq

wkh v|vwhp1 Lw grhv qrw qhfhvvdu| phdq wkdw wrwdo elw udwh shu EV lv ghfuhdvlqj/ rqo| rqh

xvhu wdnhv eljjhu sduw iurp wkh dydlodeoh fdsdflw|1 Fruuhvsrqglqjo| wr rwkhu xvhuv lv ohvv

fdsdflw| ohiw wr vkduh1

Zkhq lq wkh v|vwhp duh ohvv xvhuv wkh orfdwlrq ri hdfk sduwlfxodu xvhu ehfrphv pruh

lpsruwdqw1 Wkh v|vwhp grhv qrw ehqh�w iurp wkh udqgrpl}dwlrqv rffxuulqj iru pdq|

xvhuv qdwxudoo|1 Iru pdq| xvhuv wkh dprxqw ri xvhuv orfdwhg idu iurp EV lv frpshqvdwhg

zlwk wkh xvhuv orfdwhg qhdu wr wkh EV1 Zh fdq dvvxph wkdw glvwulexwlrq lv xqlirup1 Iru

ihz xvhuv lq wkh v|vwhp wklv dvvxpswlrq fdq qrw eh grqh1 Iru h{dpsoh/ iru wzr xvhuv wkh

wrwdo lqwhuihuhqfh jhqhudwhg e| wkhp ghshqgv zkhuh wkh| duh orfdwhg/ zh fdq qrw dvvxph

wkdw wkh| frpshqvdwh hdfk rwkhu dwwhqxdwlrq/ zkhq rqh lv qhdu wkh rwkhu lv idu iurp EV

dqg ylfh yhuvd1 Zkhq erwk duh wr EV wkh lqwhuihuhqfh wr qhljkerulqj fhoov lv uhgxfhg dqg

dydlodeoh fkdqqho fdsdflw| lv lqfuhdvhg1 Li wkh| duh qhdu wr fhoo erughu wkh fdsdflw| lv

ghfuhdvhg1

Iurp Ilj1 71: iru frqvwdqw gdwd udwh xvhuv wkh rxwdjh suredelolw| lqfuhdvhv vkduso|

zkhq wkh dprxqw ri xvhuv h{fhhgv vrph olplw/ Ht1 718 grhv qrw kdyh d uhtxluhg vroxwlrq1

Wkh dssur{lpdwlrq ri wkh fdsdflw| zlwk frqvwdqw iru gl�huhqw gdwd udwh xvhuv fdq eh

xvhg zkhq vlplodu vkdus lqfuhdvh ri rxwdjh suredelolw| h{lvw1 Wkh vkdus lqfuhdvh ri

rxwdjh phdqv wkdw wkh dfwxdo orfdwlrq ri xvhuv lq qrw yhu| lpsruwdqw dqg zkhq dyhudjlqj

ryhu pdq| gl�huhqw fkdqqhov/ orfdwlrqv/ iru pdq| xvhuv wkh fdsdflw| ehfrphv d frqvwdqw1

Iru whvwlqj wkh lpsdfw ri kljk gdwd udwh xvhuv zh gr vlpxodwlrqv iru fdvhv zkhq gdwd

xvhuv kdyh 43/ 53/ 73 wlphv wkh gdwd udwh ri yrlfh xvhuv1 Zh orrn dw wrwdo wudqvplvvlrq

srzhuv dqg rxwdjh suredelolwlhv dv ixqfwlrq ri fkdqqho fdsdflw| lq rqh fhoo1 Wkh fkdqqho

fdsdflw| ri wkh fhoo lv gh�qhg dv vxp ri wudqvplwwhg elw udwh wr hdfk xvhu1
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Iru jlyhq fkdqqho fdsdflw| zh vxewudfw wkh gdwd udwh ri wkh fruuhvsrqglqj gdwd xvhuv

dqg fdofxodwh krz pdq| yrlfh xvhuv zlwk jlyhq fkdqqho fdsdflw| fdq eh vhuyhg1 Iru

h{dpsoh/ zlwk fkdqqho fdsdflw| 4333 &K�|*r dqg 6 533 nelw2v gdwd xvhuv dqg gdwd udwh iru

yrlfh xvhu 43 &K�|*r zh kdyh �fff3�f2ff
�f

' ef yrlfh xvhuv1 Iru wkhvh yrlfh dqg gdwd xvhuv

zh gr vlplodu Prqwh Fduor vlpxodwlrq ri wrwdo wudqvplwwhg srzhu iurp EV dv zdv grqh

deryh iru yrlfh xvhuv rqo|1 Zh orfdwh wkh xvhuv/ fdofxodwh wkh wrwdo wudqvplwwhg srzhu iru

wkhp/ dqg uhshdw wklv pdq| wlphv1

Dv fdq vhhq iurp vlpxodwlrqv wkh yduldwlrq ri wkh wrwdo wudqvplwwhg srzhu lqfuhdvh

zlwk lqfuhdvh ri gdwd udwh ri xvhuv ^Ilj1 7144 7145 7146`1 Iurp wkh �jxuhv zh vhh wkdw iru

fkdqqho fdsdflw| 4:33 &K�|*r iru 6 733 &K�|*r gdwd xvhuv wkh yduldwlrq ri wrwdo wudqvplwwhg

srzhu lv pxfk pruh wkdw iru 6 433 &K�|*r gdwd xvhuv1 Iru jlyhq fkdqqho fdsdflw| iru vrph

orfdwlrq ri 733 &K�|*r gdwd xvhuv wkh v|vwhp zloo eh lq rxwdjh1 Krzhyhu/ iru 433 &K�|*r

gdwd xvhuv wkh rxwdjh grhv qrw rffxu dw doo/ wkh wrwdo wudqvplwwhg srzhu grhv qrw uhdfk

wkh pd{lpxp doorzhg srzhu1

Zlwk lqfuhdvh ri xvhuv gdwd udwh wkh v|vwhpv vwduwv wr eh lq rxwdjh iru vpdoohu wrwdo

gdwd udwh +�jxuh BB,1 Dw wkh vdph wlph wkh dyhudjh dydlodeoh fdsdflw| lv kljkhu zkhq xvhuv

zlwk kljkhu gdwd udwh duh lq wkh v|vwhp1 Doo wklv skhqrphqd duh uhodwhg wr wkh orfdwlrq

ri kljk gdwd udwh xvhuv1 Zlwk lqfuhdvh wkh gdwd udwh wkh lqwhuihuhqfh jhqhudwhg e| rqh

xvhu lqfuhdvhv1 Vlqfh dovr wkh dprxqw ri xvhuv lq wkh v|vwhp ghfuhdvh lw ehfrphv pruh

lpsruwdqw zkhuh wkh gdwd xvhu lv orfdwhg1 Lq uhvxow zkhq xvhu zlwk gdwd frqqhfwlrq lv

qhdu wr EV wkh fdsdflw| fdq eh pruh wkdq fdsdflw| ri v|vwhp zlwk xqlirupo| glvwulexwhg

yrlfh xvhuv1 Dffruglqjo| zkhq vxfk xvhuv lv dw fhoo erughu wkh v|vwhp jrhv hdvlo| wr

rxwdjh1 Lq wkdw uhdvrq wkh dyhudjh fdsdflw| lv lqfuhdvlqj zlwk lqfuhdvh ri gdwd udwh ri

gdwd xvhuv1

Ehfdxvh wkh dyhudjh fkdqqho fdsdflw| lv kljkhu iru gdwd xvhuv lv vhhpv uhdvrqdeoh

wr xvh lq sodqqlqj surfhvv hvwlpdwlrq ri wkh fdsdflw| iru yrlfh xvhuv1 Fkdqjhv ri wklv

fdsdflw| gxh wr orfdwlrq ri xvhuv vkrxog eh wdnhq fduh e| uxqwlph rshudwlrq= dgplvvlrq

frqwuro dqg frqjhvwlrq frqwuro1
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Iljxuh 7144= Phdq/ 43 (/ dqg <3 ( ohyho ri wkh wrwdo wudqvplwwhg srzhu dv ixqfwlrq ri
wudqvplwwhg elw udwh shu EV1 Lq wkh v|vwhp duh 6 zlwk gdwd frqqhfwlrq 433 nelw2v1

Wkh dprxqw ri gl�huhqw xvhuv wkdw wkh v|vwhp fdq vhuyh fdq eh ghvfulehg dv vroxwlrq

wr wkh vwrfkdvwlf nqdsvdfn sureohp ^Urv<8`1

719 Wkh qhwzrun sodqqlqj surfhvv

Wkh hdvlhvw zd| wr phhw ghpdqg lq wkh qhwzrun lv wr surylgh hqrxjk EV lq wkh duhd1

Krzhyhu hfrqrplfdo frqvwudlqwv pdnh wkdw vroxwlrq riwhq xqihdvleoh1 Lq wkdw uhdvrq wkh

qhwzrun sodqqlqj lv qrw eduh fdofxodwlrq ri wkh v|vwhp fdsdflw|1 Lq sudfwlfh wkh qhwzrun

sodqqhu lv idfhg zlwk pruh frpsoh{ sureohp= jlyhq wkh ordg glvwulexwlrq grhv jlyhq

frq�jxudwlrq ri EV vdwlvi| wkh ghpdqg ru qrw1 Li wkh ordg fdq qrw eh vdwlv�hg wkh

qhwzrun sodqqhu kdv wr �qg zkhuh duh wkh erwwohqhfnv dqg krz wkh vhuylfh txdolw| lv

ghwhulrudwhg1

Lq WGPD edvhg v|vwhpv wkh ryhuordg lv kdqgohg e| uhod{lqj wkh wdujhw FLU ru eorfn0

lqj uhtxluhphqwv1 Wkhvh d�hfw wkh vhuylfh txdolw| exw fdq eh dffhswhg li wkh ghwhulrudwlrq
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Iljxuh 7145= Phdq/ 43 (/ dqg <3 ( ohyho ri wkh wrwdo wudqvplwwhg srzhu dv ixqfwlrq ri
wudqvplwwhg elw udwh shu EV1 Lq wkh v|vwhp duh 6 xvhuv zlwk gdwd frqqhfwlrq 533 nelw2v1
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Iljxuh 7146= Phdq/ 43 (/ dqg <3 ( ohyho ri wkh wrwdo wudqvplwwhg srzhu dv ixqfwlrq ri
wudqvplwwhg elw udwh shu EV1 Lq wkh v|vwhp duh 6 xvhuv zlwk gdwd frqqhfwlrq 733 nelw2v1
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Iljxuh 7147= Rxwdjh suredelolw| dv ixqfwlrq ri wrwdo wudqvplwwhg gdwd udwh shu EV1 Lq wkh
v|vwhp duh 6 xvhuv zlwk gdwd udwhv 433/ 533 / 733 nelw2v1

rffxuv lq wkh duhdv qrw yhu| lpsruwdqw iurp wkh rshudwru srlqw ri ylhz1 Vlplodu dssurdfk

fdq eh wdnhq dovr lq d FGPD v|vwhp/ krzhyhu/ lpsdfw ri fkdqjlqj wkh wdujhw FLU ru

eorfnlqj uhtxluhphqwv duh gl�huhqw wkdq lq d WGPD edvhg v|vwhp1

Wkh fruuhfw qhwzrun sodqqlqj lq FGPD vkrxog dovr lqfrusrudwh dgplvvlrq frqwuro

dqg frqjhvwlrq frqwuro1 Lq rxu dqdo|vlv zh rqo| rxwolqh vrph srvvleoh sodqqlqj vwudwhjlhv

dqg wkh uhdo wlph surfhvvlqj lv glvfdughg1

E| xvlqj wkh phwkrg iru hvwlpdwlqj fkdqqho fdsdflw| zh duh hdv| fdsdeoh wr hvwlpdwhg

zhwkhu wkh qhwzrun fdq vhuyh wkh r�huhg ordg1 Li lw fdq qrw wkh wrwdo wudqvplwwhg srzhu

zloo eh pd{lpxp iru vrph xvhuv1 Lq wkh orfdwlrqv zkhuh wkh srzhu lv pd{lpxp doorzhg

wkh wdujhw �U- lv qrw vdwlv�hg dqg wkh v|vwhp lv lq rxwdjh1 Frqvhtxhqwo| e| vroylqj wkh

htxdwlrq 718 wkh vroxwlrq gluhfwo| surylghv uhjlrqv zkhuh gxulqj wkh ryhuordg wkh xvhuv

�uvw vwduw wr eh lq rxwdjh1 Wkhvh duh wkh duhdv zkhuh gxulqj ryhuordg wkh vhuylfh txdolw|

lv ghwhulrudwhg1

Ghshqglqj rq lpsohphqwdwlrq ri SF ru frqjhvwlrq frqwuro lq wkhvh duhdv wkh xvhuv
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duh gursshg ru wkh wdujhw �U- lv uhgxfhg1 Uhod{lqj wkh �U- uhtxluhphqwv lq FGPD lv

gl�huhqw wkdq lq WGPD1 Gxulqj sodqqlqj ri WGPD zh fdq suhglfw wkh duhdv zkhuh wkh

wdujhw �U- lv dozd|v ylrodwhg zkloh lq FGPD wkh ghwhulrudwlrq ri txdolw| rffxuv rqo|

gxulqj ryhuordg1

Zkhq wkh ordg lv wrr kljk wkh dgplvvlrq frqwuro eorfnv wkh xvhuv1 Eorfnlqj vkdshv

wkh glvwulexwlrq ri dgplwwhg xvhuv1 Dv vlpxodwlrqv vkrz wkh glvwulexwlrq ri xvhuv lq wkh

v|vwhp d�hfwv wkh lqwhuihuhqfh dqg gxh wkdw wkh fdsdflw| ri wkh v|vwhp1 Zh orrn dw wzr

gl�huhqw vwudwhjlhv iru dgplvvlrq frqwuro= zkhq dgplvvlrq frqwuro dwwhpswv wr xqlirup

+vkdsh, wkh ordg dqg dgplvvlrq frqwuro eorfnv xvhuv htxdoo| lq hdfk fhoo1

Dv vlpxodwlrqv vkrz EV lq FGPD fdq hdvlo| kdyh gl�huhqw ordg/ e| lqfuhdvlqj ordg

wr rqh EV zh kdyh wr kdyh ohvv ordg wr qhljkerulqj EV1 Wkrxjk wkdw doorzv hdvlo| wr

ghdo zlwk qrqxqlirup glvwulexwlrq ri wud!f wkh wrwdo fdsdflw| ri wkh v|vwhp zloo eh ohvv

frpsduhg wr wkh fdvh zkhq doo EV kdyh htxdo ordg1 Wkhuhiruh lw lv uhdvrqdeoh gxulqj

sodqqlqj surfhvv ghvljq wkh v|vwhp vr wkdw wkh ordg wr hdfk EV lv htxdol}hg1 Wkdw

lv dfklhyhg e| vhwwlqj gl�huhqw dgplvvlrq frqwuro ydoxhv wr gl�huhqw EV1 Wkh dydlodeoh

fkdqqho fdsdflw| iru vhwwlqj wkh dgplvvlrq frqwuro ydoxhv fdq eh dfklhyhg e| xvlqj wkh

phwkrg ghvfulehg deryh1

Wkh sodqqlqj zrxog iru vxfk v|vwhp zrxog frqwdlq �uvw whvwlqj wkh fdsdflw| ri wkh

v|vwhp li wkh ghpdqg lv kljkhu wkdq dydlodeoh fdsdflw| wr vhw wkh dgplvvlrq frqwuro wr fxw

wkh ordg lq wkh kljko| ordghg fhoov1 Wr uhfdofxodwh wkh ghpdqg lq hdfk fhoo e| frqvlghulqj

wkh uhgxfhg ordg1 E| xvlqj qhz ghpdqg wkh v|vwhp vkrxog eh uhfdofxodwhg1 Zkhq wkh

ordg vwloo fdq qrw eh vxssruwhg wkh eorfnlqj vkrxog eh lqfuhdvhg hyhq pruh1 Wklv surfhvv

frqwlqxhv xqwlo wkh v|vwhp fdq vxssruw doo wkh r�huhg ordg ru wkh ordg lq doo fhoov duh

htxdo1 Zkhq wkh ordg lq doo fhoov duh htxdo wkh lqfuhdvh ri eorfnlqj zloo eh htxdo wr doo wkh

fhoov1 Wkh lqfuhdvh ri eorfnlqj hqgv xqwlo wkh v|vwhp lv fdsdeoh wr vhuyh wkh uhpdlqlqj

ordg diwhu eorfnlqj1

Rwkhu zd| wr phhw wkh ghpdqg lv wr uhgxfh wkh ordg lq hdfk fhoo htxdoo|1 Lq rughu

wr gr wkdw/ zh �uvw fdofxodwh wkh fkdqqho fdsdflw| iru jlyhq glvwulexwlrq dw hdfk fhoo1 E|
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nqrzlqj wkh fkdqqho fdsdflw| zh fdofxodwh wkh ordg wkdw wkh v|vwhp fdq vxssruw1 Wkh

dgplvvlrq frqwuro lv vhw wr jxdudqwhh wklv ordg/ zkhq wkh ghpdqg lv kljkhu wkh fdoo duulydov

duh eorfnhg lq hdfk fhoo htxdoo|1

71: Fkdswhu vxppdu|

Wkh fkdswhu frqfhqwudwhg rq wkh lvvxhv uhodwhg wr wkh FGPD qhwzrun sodqqlqj1 Zh zhuh

deoh wr ghvfuleh qhwzrun sodqqlqj iru FGPD zlwk vlplodu vwdwhv dv wudglwlrqdo qhwzrun

sodqqlqj iru WGPD v|vwhp1 Lq rughu wr gr wkdw zh vhsdudwhg hvwlpdwlrq ri wkh fkdqqho

fdsdflw| dqg pxowlsoh{lqj xvhuv lqwr lw1 Wkh vhsdudwlrq zdv srvvleoh ehfdxvh wkh rxwdjh

suredelolw| ghvfulehg lq wkh Fkdswhu 5 lq yhfwru iurp fdq eh dssur{lpdwhg e| d frqvwdqw1

Wklv frqvwdqw lv xvhg dv fkdqqho fdsdflw| zkhq xvhuv duh pxowlsoh{hg lqwr v|vwhp1 Lq

vhfwlrq 715 zh vkrz krz lw fdq eh grqh iru yrlfh1

Lq Vhfwlrq 716 zh sursrvh dq qxphulfdo dojrulwkp wkdw doorzv txlfno| fdofxodwh wkh

dyhudjh fkdqqho fdsdflw| iru hdfk EV lq wkh v|vwhp1 Wkh dojrulwkp jlyhv vljql�fdqw

vshhgxs frpsduhg wr vlpxodwlrqv1 Wkh dssur{lpdwlrq dffxudf| lv ydolgdwhg zlwk Prqwh

Fduor vlpxodwlrq lq Vhfwlrq 7171

Wkh gl�huhqw qhwzrun frq�jxudwlrqv xvhg iru dojrulwkp ydolgdwlrq doorzv dovr wr frq0

foxgh rq wkh fkdqqho fdsdflw| yduldwlrq lq wkh qhwzrun1 Dq| qrqxqliruplw| lq wkh qhw0

zrun yduldwhv wkh ordg dqg fkdqqho fdsdflw| dprqj wkh EV1 Lq vrph EV pruh xvhuv fdq eh

vhuyhg wkdq lq rwkhuv1 Krzhyhu/ fdofxodwlrq vkrzv wkdw wkh fkdqqho fdsdflw| lv pd{lpxp

zkhq wkh xvhuv dqg EV duh xqlirupo| glvwulexwhg1 Zkhq wkdw lv qrw wkh fdvh wkh fdsdflw|

lv ghfuhdvhg1 Dovr wkh fdsdflw| ghfuhdvhv zkhq wkh rughu ri dwwhqxdwlrq lq wkh fkdqqho

ghfuhdvhv1

Zh xvh vlpxodwlrqv wr dqdo|}h wkh lpsdfw ri gl�huhqw gdwd udwhv rq wkh dydlodeoh

fkdqqho fdsdflw| +Vhfwlrq 718,1 Wkrxjk iru gl�huhqw gdwd udwh xvhuv wkh rxwdjh suredelolw|

ghshqgv rq orfdwlrq dqg gdwd udwh ri xvhuv iru jlyhq vlpxodwlrq hqylurqphqw zh fdq vwloo

dssur{lpdwh wkh fkdqqho fdsdflw| e| d frqvwdqw1 Wklv frqvwdqw ghvfulehv wkh dprxqw
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ri uhvrxufhv zkhuh wkh xvhuv duh pxowlsoh{hg1 Iru pxowlsoh{lqj wkh xvhuv zhoo vwxglhg

phwkrgv iurp txhxhlqj wkhru| fdq eh xvhg/ iru h{dpsoh vwrfkdvwlf nqdsvdfn1

Dw wkh hqg ri fkdswhu zh zhuh orrnlqj wkh qhwzrun sodqqlqj surfhvv iurp pruh sudf0

wlfdo srlqw ri ylhz1 Krz wr hvwlpdwh wkh rxwdjh duhdv dqg krz wr ghdo zlwk ryhuordg

frqglwlrqv1 Lq Vhfwlrq 719 zh jlyh d yhuedo ghvfulswlrq ri vrph phwkrgv iru FGPD

qhwzrun sodqqlqj1
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Fkdswhu 8

Frqfoxvlrqv

814 Vxppdu| dqg frqfoxvlrqv

Lq wklv zrun gl�huhqw dvshfwv ri FGPD zhuh lqyhvwljdwhg iurp wkh qhwzrun sodqqlqj

srlqw ri ylhz1 Wkh xqghuvwdqglqj dftxluhg doorzv xv wr sursrvh phwkrgv iru sudfwlfdo

qhwzrun sodqqlqj1

Lq FGPD/ wkh v|vwhp fdsdflw| ghshqgv rq wkh lqwhuihuhqfh ohyho lq wkh v|vwhp1 Lq

Fkdswhu 5 zh h{dplqh krz wkh ohyho ri lqwhuihuhqfh ghshqgv rq yduldeohv olnh orfdwlrq/

vshhg/ dqg gdwd udwh ri xvhuv1 Ehfdxvh wkh lqwhuihuhqfh jhqhudwhg e| d xvhu ghshqgv rq

klv2khu orfdwlrq lq wkh fhoo wkh dydlodeoh fdsdflw| ri d FGPD v|vwhp ydulhv1 Iru wkh

qhwzrun sodqqlqj lw lv lpsruwdqw wr uhdol}h wkdw wkh sodqqlqj lv edvhg rq wkh dyhudjh

fdsdflw|1 Wkh v|vwhp xwlolvdwlrq lv sxvkhg wr wkh olplw e| dgplvvlrq dqg frqjhvwlrq

frqwuro e| xvlqj lqvwdqwdqhrxv fdsdflw|1

Rxwdjh ri wkh v|vwhp dqg fhoo euhdwklqj uhodwhg wr wklv lvvxh duh wkh uhvxowv ri v|v0

whp ryhuordg1 Wkh frqvhtxhqfhv ri wkh ryhuordg duh ghdow zlwk e| xvlqj dgplvvlrq dqg

frqjhvwlrq frqwuro1 Gxulqj wkh qhwzrun sodqqlqj zh glphqvlrq wkh qhwzrun wr jxdudqwhh

wkdw wkh ryhuordg frqglwlrq grhv qrw rffxu yhu| riwhq1

Fkdswhu 6 ghdov zlwk d pruh suhflvh fkdqqho prgho frpsduhg wr wkh rqh xvhg lq

Fkdswhu 51 Iru qhwzrun sodqqlqj wkh htxdwlrqv ghvfulelqj FLU dw grzq0 dqg xsolqn duh
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surylghg dv zhoo wkh ixqfwlrq ri wdujhw FLU ghshqghqf| rq vshhg ri xvhu1

Dv wkh dqdo|vlv vkrzv/ lq FGPD grzqolqn wkh ruwkrjrqdolw| idfwru ghshqgv rq wkh

fkdqqho uhvsrqvh1 Wkh wrwdo jdlq wkdw wkh ruwkrjrqdolw| idfwru doorzv wr dfklhyh ghshqgv

dovr rq xvhu orfdwlrq lq wkh fhoo1 Ehfdxvh ri wklv idfw wkh fkdqqho uhvsrqvh ehfrphv dq

lpsruwdqw lvvxh wkdw kdv wr eh frqvlghuhg lq qhwzrun sodqqlqj1

Zh zhuh deoh wr ghulyh wkh htxdwlrq iru fdofxodwlqj wkh uhpdlqlqj yduldwlrq lq wkh

fkdqqho diwhu rswlpdo srzhu frqwuro1 Dv vlpxodwlrqv vkrz/ wkh vlpsohvw/ uhod|/ w|sh ri

srzhu frqwuro frphv txlwh forvh wr wkh shuirupdqfh ri rswlpdo frqwuro1

Iru FGPD fdsdflw| fdofxodwlrq zh sursrvh wr vhsdudwh wkh hvwlpdwlrq ri wkh fkdqqho

fdsdflw| dqg wkh phwkrg ri pxowlsoh{lqj xvhuv lqwr wkh fkdqqho1 Lq rughu wr xwlolvh wklv

vhsdudwlrq wkh fkdqqho fdsdflw| vkrxog eh dssur{lpdwhg e| rqh ydoxh1 Zh sursrvh d

phwkrg wkdw doorzv xv wr fdofxodwh wkdw ydoxh1

Edvhg rq wkh vlpxodwlrq uhvxowv zh sursrvh wkh dvvxpswlrq wkdw wkh fkdqqho fdsdflw|

lv wkh vdph iru pxowlvhuylfh dqg vlqjoh vhuylfh qhwzrunv1 Wklv dvvxpswlrq doorzv xv

wr fduu| rxw wkh qhwzrun sodqqlqj zlwk vlplodu vwhsv dv iru WGPD= fryhudjh sodqqlqj/

fdsdflw| sodqqlqj1 Fryhudjh sodqqlqj frqwdlqv hvwlpdwlrq ri wkh fkdqqho fdsdflw| iru

hyhu| fhoo lq wkh qhwzrun zkhuhdv fdsdflw| sodqqlqj lv uhodwhg wr pxowlsoh{lqj xvhuv lqwr

wkh uhvrxufhv1

815 Ixuwkhu uhvhdufk

Wkh vwxg| pdgh lq wklv zrun surylghv d jrrg vwduwlqj srlqw iru ixuwkhu lqyhvwljdwlrqv1

Wkh wzr pdmru gluhfwlrqv iru ixuwkhu vwxglhv fdq eh fodvvl�hg dv= vwxg| ri wkh v|vwhp

ehkdylrxu dqg fdsdflw| dw wkh qhwzrun ohyho/ dqg olqn ohyho vwxglhv1

Lq wklv zrun wkh lpsdfw ri xvhuv pryhphqwv wr wkh v|vwhp fdsdflw| kdv qrw ehhq

vx!flhqwo| h{soruhg1 Zh rqo| vkrz wkdw wkh v|vwhp fdsdflw| ghshqgv rq wkh fhoo vl}h

dqg xvhu vshhg1 Krzhyhu/ wkh txhvwlrq ri krz wklv uhodwlrqvkls lv ydolg uhpdlqv vwloo

rshq1 Wkh v|vwhp rxwdjh gxh wr lqwhuihuhqfh lv fdofxodwhg iru wkh rswlpdo fdvh e| vroylqj
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wkh pdwul{ htxdwlrq1 Lq sudfwlfh wklv htxdwlrq lv vroyhg e| srzhu frqwuro1 Gxulqj wkh

wlph wkdw wkh srzhu frqwuro vshqgv iru vhhnlqj wkh vroxwlrq/ frqglwlrqv lq wkh qhwzrun

kdyh fkdqjhg1 Gxh wr wkh fkdqjlqj frqglwlrqv dovr wkh vroxwlrq fkdqjhv dqg wkh srhzhu

frqwuro dwwhpswv wr iroorz d prylqj wdujhw1 Krz zhoo wkh srzhu frqwuro fdq gr wklv lv

qrw dw doo fohdu dqg ghshqgv rq sdudphwhuv ri wkh srzhu frqwuro dqg rq wkh vshhg ri

doo xvhuv1 Wklv duhd ri uhvhdufk lv dovr uhodwhg wr wkh wlphv ghvfulelqj rxwdjh= wkh wlph

lqwhuydov ehwzhhq rxwdjhv/ dqg krz orqj wkh v|vwhp zloo vshqg lq dq rxwdjh1

Lq wklv zrun wkh qhwzrun sodqqlqj zdv lqyhvwljdwhg rqo| iru qhwzrunv zlwkrxw gluhfwhg

dqwhqqdv/ dqg pxowlxvhu ghwhfwlrq1 Wkhvh duh wzr phwkrgv wkdw gxh wr wkh lpsdfw rq

wkh lqwhuihuhqfh d�hfw dovr wkh fdsdflw| dqg sodqqlqj1 E| frpelqlqj wkhvh zlwk sodqqlqj

ri d pxowlvhuylfh preloh qhwzrun zh jhw d zkroh qhz qrw xqh{soruhg duhd ri uhvhdufk1

Zh pdgh wkh olqn ohyho vwxg| rqo| iru wkh fdvh zkhq wkh v|vwhp lv qrw ryhuordghg1 Wkh

ryhuordg jhqhudwhv wkh qhz frqglwlrqv zkhq pdq| dvvxpswlrqv pdgh lq wklv zrun pljkw

qrw krog dq| pruh1 Iru wkdw uhdvrq zh qhhg vshfldoo| wr vwxg| wkh uhfhlyhu shuirupdqfh

gxulqj ryhuordg1 Wkh ryhuordg lv qrw d qrupdo v|vwhp rshudwlrqdo frqglwlrq1 Lq rughu

wr ghdo zlwk vxfk d vlwxdwlrq zh kdyh wr nqrz krz uhdo wlph dojrulwkpv uhfrjqlvh wklv

frqglwlrq�dqg zkdw duh wkh ehvw dfwlrqv wr wdnh1 Wklv lv dq duhd zkhuh d orw ri zrun

uhpdlqv wr eh grqh1
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Eleolrjudsk|

^DV<:` I1 Dgdfkl dqgP1 Vdzdkdvkl1 Zlghedqgpxowl0udwh gv0fgpd iru qh{w jhqhudwlrq

preloh frppxqfldwlrqv v|vwhpv1 Zluhohvv Frppxqfldwlrqv Frqihuhqfh/ sdjhv

8: � 95/ 4<<:1

^EJ<;` Mrqdv Eorp dqg Iuhguln Jxqqduvrq1 Srzhu frqwuro lq Fhooxodu Udglr V|v0

whpv1 SkG1 Glvvhuwdwlrq1 Ghsduwphqw ri Hohfwulfdo Hqjlqhhulqj/ Olqnùslqjv

xqlyhuvlwhw/ 4<<;1

^Fkd<7` Qruehuw O1 E1 Fkdq1 Pxowlsdwk sursdjdwlrq h�hfwv rq d fgpd fhooxodu v|vwhpv1

LHHH Yhfklfxodu Whfkqrorj| Frqihuhqfh/ 4=;7;�;88/ 4<<71

^FQ:;` J1U1 Frrshu dqg U1Z1 Qhwwohwrq1 D vsuhdg vshfwuxp whfkqltxh iru kljk fd0

sdflw| preloh frppxqlfdwlrqv1 LHHH Wudqvdfwlrq rq Yhfklfxodu Whfkqrorj|/

5:+5,=597�5:8/ 4<:;1

^HH<<` Mdplh V1 Hydqv dqg Gdylg Hyhulww1 H�hfwlyh edqgzlgwk0edvhg dgplvvlrq frq0

wuro iru pxowlvhuylfh fgpd fhooxodu qhwzrunv1 LHHH Wudqvdfwlrqv rq Yhfklfxodu

Whfkqrorj|/ 7;+4,=69�79/ 4<<<1

^Hiw<:` J1 S1 Hiwk|prorjorx1 Shuirupdqfh dqdo|vlv ri frkhuhqw gv0fgpd v|vwhpv lq qdn0

djdpl idglqj fkdqqho zlwk duelwdu| sdudphwhuv1 LHHH Wudqvdfwlrq rq Yhfklf0

xodu Whfkqrorj|/ 79+5,=5;<�5<:/ 4<<:1

^Hqj<8` W1 Hqj1 Frkhuhqw gv0fgpd shuirupdqfh lq qdndjdpl pxowlsdwk idglqj1 LHHH

Wudqvdfwlrq rq Frppxqlfdwlrqv/ 76+5,=4467 � 4476/ 4<<81
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^Ihd<7` J1 Idofldvhffd dqg hw1 do1 Lpsdfw ri qrq0xqlirup vsdwldo wud!f glvwulexwlrq ri

fhooxodu fgpd shuirupdqfh1 SLPUF*<7/ 4=98�9</ 4<<71

^Jlo<4` N1 V1 Jlokrxvhq1 Rq wkh fdsdflw| ri d fhooxodu fgpd v|vwhp1 LHHH Wudqvdfwlrqv

rq Yhfklfxodu Whfkqrorj|/ 73+5,=636 � 645/ Pd| 4<<41

^Khd<:` Vhssr Kçpçodlqhq dqg hw1 do1 Dqdo|vlv ri fgpd grzqolqn fdsdflw| hqkdqfh0

phqwv1 SLPUF*<:/ 4=574 � 578/ 4<<:1

^MQ;7` Q1 V1 Md|dqw dqg Shwhu Qroo1 Gljlwdo frglq ri zdyhirupv1 Suhqwlfh Kdoo/ 4<;71

^Noh:8` Ohrqdug Nohlqurfn1 Txhxhlqj v|vwhpv1 Mrkq Zloh| dqg Vrqv/ 4<:81

^PKE<8` Q1 E1 Pdqgd|dp/ M1 Krow}pdq/ dqg V1 Eduehulv1 Huodqj fdsdflw| iru dqg

lqwhjudwhg yrlfh2gdwd gv0fgpd zluhohvv v|vwhp zlwk yduldeoh elw udwh vrxufhv1

SLPUF*<8/ 6=43:;�43;7/ 4<<81

^QK<7` Sdxo Qhzvrq dqg Pdun U1 Khdwk1 Wkh fdsdflw| ri d vsuhdg vshfwuxp fgpd

v|vwhp iru fhooxdu preloh udglr zlwk frqvlghudwlrq ri v|vwhp fdsdflw|1 LHHH

Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrq/ 45+7,=9:6�9;6/ Pd| 4<<71

^Qrn<;` Qrnld1 QSV2[ 615 Xvhu Pdqxdo1 Qrnld Whohfrppxqlfdwlrq/ 4<<;1

^RS<;` Whur Rmdqshuç dqg Udpmhh Sudvdg1 Zlghedqg FGPD iru Wklug Jhqhudwlrq

Preloh Frppxqlfdwlrqv1 Duwhfk Krxvh/ Ervwrq/ Orqgrq/ 4<<;1

^Sdu<5` M1 G1 Sduvrq1 Wkh Preloh Udglr Sursdjdwlrq Fkdqqho1 Shqwhfk Suhvv/ 4<<51

^Sur;<` Mrkq J1 Surdnlv1 Gljlwdo Frppxqlfdwlrqv1 PfJudz0Kloo/ 4<;<1

^Sxu::` P1E Sxuvoh|1 Shuirupdqfh hydoxdwlrq iru skdvh0frghg vsuhdg0vsuhfwuxp

pxowlsoh0dffhvv frppxqlfdwlrq 0 sduw 4= V|vwhp dqdo|vlv1 LHHH Wudqvdfwlrq

rq Frppxqlfdwlrqv/ +;,=:<8 � :<</ 4<::1
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^Uds<9` Wkhrgruh V1 Udssdsruw1 Zlhohvv Frppxqlfdlwrqv1 Sulqflsohv dqg Sudfwlfh1

Suhqwlfh Kdoo/ 4<<91

^UN` Jdqhvk Udmdpdql dqg Mrvhsk Nxuldfrvh1 H�hfw ri qrq0xqlirup wud!f glv0

wulexwlrq rq shuirupdqfh ri d fhooxodu fgpd v|vwhp1 LHHH 9wk Lqwhuqdwlrqdo

Frqihuhqfh rq Xqlyhuvdo Shuvrqdo Frppxqlfdwlrqv1

^Urv<8` Nhylq Z1 Urvv1 Pxowlvhuylfh Orvv Prghov iru Eurdgedqg Whohfrppxqlfdwlrq

Qhwzrunv1 Vsulqjhu0Yhuodj/ 4<<81

^VPJ<;` HWVL VPJ51 Wkh HWVL XPWV Whuuhvwldo Udglr Dffhvv +XWUD, LWX0U UWW

Fdqdgldq Vxeplvvlrq1 4<<;1

^Wkh<5` Fkduohv Z1 Wkhuuhlq1 Glvfuhwh Udqgrp Vljqdov dqg Vwdwlvwlfdo Vljqod Surfhvv0

lqj1 Suhqwlfh Kdoo/ 4<<51

^Wlw<:` Vwhyhq Wlwfk1 Eolqg idlwk1 Whohskrq|/ +;,=58�83/ 4<<:1

^Ylw<8` Dqguhz M1 Ylwhuel1 FGPD Sulqflsohv ri Vsuhdg Vsuhfwuxp Frppxqlfdwlrq1

Dgglvrq0Zhvoh|/ Uhdglqj/ Pdvvdfkxvhwwv/ vhfrqg hglwlrq/ 4<<81

^YY<6` Dqguh| P1 Ylwhuel dqg Dqguhz M1 Ylwhuel1 Huodqj fdsdflw| ri d srzhu frq0

wuroohg fgpd v|vwhp1 LHHH Mrxuqdo rq Vhohfwhg Duhdv lq Frppxqlfdwlrq/

44+9,=;<5�<33/ 4<<61

^ZO<:` Gdqlho Zrqj dqg Whqj Mrrq Olp1 Vriw kdqgr�v lq fgpd preloh v|vwhpv1 LHHH

Shuvrqdo Frppxqlfdwlrqv/ 7+9,=9�4:/ 4<<:1

^Z[<7` ]khq Zdq dqg Krzdug K1 [ld1 Vlpxodwlrq uhvxowv rq fgpd sfv v|vwhp shuiru0

pdqfh1 LHHH Yhfklfxodu Whfkqrorj| Frqihuhqfh/ 4=49�53/ 4<<71

^]dq<5` Mhqv ]dqghu1 Shuirupdqfh ri rswlpxp wudqvplwwhu srzhu frqwuro lq fhooxodu

udglr v|vwhp1 LHHH Wudqvdfwlrqv rq Yhfklfxodu Whfkqrorj|/ 74+4,=8:�95/ 4<<51
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Dsshqgl{ D

Vrxufh frgh ri wkh surjudp iru

FGPD fdsdflw| fdofxodwlrq

Wkh vlpxodwlrq frgh lv zulwwhq lq pdwode vfulswlqj odqjxdjh/ iru vshhglqj xs wkh vlpxod0

wlrqv vrph ixqfwlrqv lpsohphqwhg lq F1

Wkh frgh xvhg iru wkh Prqwh Fduor vlpxodwlrq lv prgxodu frqwdlqlqj pxowlsoh vxe0

ixqfwlrqv1 E| uhsodflqj wkh vxeixqfwlrqv wkh vdph vwuxfwxuh ri wkh surjudp lv xvhg lq doo

wkh vlpxodwlrqv1

Wkh prgxodu vwuxfwxuh ri wkh dojrulwkp doorzv wr xvh wkh vdph surjudp vnhohwrq iru

Prqwh Fduor vlpxodwlrq dqg dovr iru qxphulfdo dssur{lpdwlrq ri wkh fdsdflw|1

44:



Channel
calculates attenuations
from each location to each BS

locate_u locates users into
the service area

CIRin

solve_m
Solves the matrix equation
describing the instantaneous capacity

Start

Initialisation

Simlength - number of loops to be calculated
S=Sinit      - minimal number of users
Sstep         - step in calcualtion
Slength      - maximal amount of users
CIRr          - target CIR value
Pmax         - maximal allowed transmission power

i=1
i - counter for the loops
     in Monte Carlo simulation

vector of target CIR
for every users

1

3

2

Iljxuh D14= Iorz fkduw ri wkh fkdqqho fdsdflw| vlpxodwlrq1 Sduw 41

44;



S < Slength
calculate outage

for S users

stop

no

yes

i <
Simlength

no

yes

i=i+1

S=S+Sstep

1

2

3

Next calculation of
the instantaneous capacity
with the same number of users S

Increase the amount of users
in the system

store the instantaneous
capacity

store
the outage vector

Iljxuh D15= Iorz fkduw ri wkh fkdqqho fdsdflw| vlpxodwlrq1 Sduw 41

44<



(((((((((((((((((((((((((((((((((((((((((((((((

(

( fbfdof1p

( pdlq ixqfwlrq iru fdsdflw| fdofxodwlrq

( zlwk prqwh fduor vlpxodwlrq

(

( lqlwldwhv wkh vhuylfh duhd +fkdqqho1p,

( orfdwhv xvhuv lqwr wkh duhd +orfdwhbx1p,

( vroyhv wkh rxwdjh htxdwlrq

( iru jlyhq frq�jxudwlrq +FLfdoff1goo,

( uhshdwv wkh surfhgxuh iru *vlpohqjwk* wlphv

(

(((((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 5<1431<;

(

(((((((((((((((((((((((((((((((((((((((((((((((

( Lqlwldolvdwlrq

fohdu Lwrw Sv

fohdu dggu Svorf

fohdu uhvxow6 uhv65 uhv65o uhv6543 uhv6583 uhv6583 uhvxow7

( vlpohqjwk 0 qxpehu ri uxqv lq �prqwh fduor� vlpxodwlrq

( wlphv 0 wkh dprxqw ri gdwd xvhuv

( gdwdudwh 0 wudqvplvvlrq udwh ri rqh gdwdxvhu

( Vlqlw 0 lqlwldo dprxqw ri htxlydohqw gdwd xvhuv

( Vvwhs 0 suhflvlrq ri fdsdflw| fdofxodwlrq
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( Vohqjwk 0 pd{lpdo dprxqw ri xvhuv iru zklfk wkh fdsdflw| lv fdofxodwhg

vlpohqjwk@5>

wlphv@3>

gdwdudwh@3>

Vlqlw@83>

Vvwhs@53>

Vohqjwk@<3>

( Spd{ 0 pd{lpdo wudqvplwwhg srzhu

( FLUu 0 wdujhw FLU

Spd{@433>

FLUu@43a++8043-orj43+73<9243,,243,>

( Lqlwldolvdwlrq ri wkh dwwhqxdwlrq pdwul{

^orf/vxpdwwhq/wudwwhq/q/p`@fkdqqho+4,>

Ruwkr@319>

iru l@Vlqlw.wlphv-gdwdudwh=Vvwhs=Vohqjwk

P@l0gdwdudwh-wlphv>

l

uhvxow7+l,@^3`>

fohdu uhvxow6

iru lqgh{@4=vlpohqjwk

( ordfwh xvhuv lqwr fhoo

^Svorf/dggu/EV`@orfdwhbx+q/p/P/orf/wlphv/gdwdudwh,>

( vhw FLU wdujhw wr hdfk xvhu

FLUlq@rqhv+4/ohqjwk+Svorf,,-FLUu>
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( vroyh wkh pdwul{ htxdwlrq iru jlyhq vhwxs

^Sv/FL/Lwrw`@vroyhbp+Svorf/EV/111

vxpdwwhq+dggu/=,/wudwwhq+dggu,/FLUlq/Spd{/Ruwkr,>

( froohfw gdwd

uhvxow6+lqgh{/=,@^Lwrw`>

li vxp+Sv:31<-Spd{,:3

uhvxow7+l,@uhvxow7+l,.4>

hqg

hqg

( irup wkh uhvxowlqj gdwd yhfwruv

irupgdwd

hqg
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(((((((((((((((((((((((((((((((((((((((((((((

(

( fkdqqho1p

( ixqfwlrq iru lqlwldolvdwlqj wkh vhuylfh duhd

(

(((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 4:13914<<<

(

(((((((((((((((((((((((((((((((((((((((((((((

( duhdbw|sh 0 xqlirupo|+4, ru qrqxqlirupo|+5,

( glvwulexwhg EV

( orf 0 wkh vhuylfh duh iru hdfk EV

( wudwwhq 0 dwwhqxdwlrq iurp wkh EV wr hdfk orfdwlrq

( lq wkh vhuylfh duhd

( vxpdwwhq 0 qrupdolvhg dwwhqxdwlrq iurp rwkhu EV

ixqfwlrq ^orf/vxpdwwhq/wudwwhq/q/p`@fkdqqho+duhdbw|sh,

( wkh dwwhqxdwlrq pdwul{ iru hdfk EV

O@dwwhq+83/6/duhdbw|sh,>

^q/p/o`@vl}h+O,>

( pdsv wkh pdwlul{ wr wkh yhfwru

iru l@4=o

vxpd+=/l,@^412uhvkdsh+O+=/=/l,/q-p/4,`>

hqg
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^q/p`@vl}h+vxpd,>

( wkh EV lv vhqglqj wr wkh orfdwlrqv zkhuh

( wkh dwwhqxdwlrq frpsduhg wr rwkhu EV lv plqlpdo

^wudwwhq/orf`@pd{+vxpd*,>

vxpdwwhq@vxpd12uhspdw+wudwwhq*/4/:,>
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((((((((((((((((((((((((((((((((((((((((((((

(

( dwwhq1p

( fdoxodwhv dwwhqxdwlrq iurp hdfk EV

( wr hdfk orfdwlrq lq wkh vhuylfh duhd

(

( dwwhqxdwlrq lv fdofxdwhg dffruglqjo|

( wr wkh dwwhqxdwlrq srzhu odz *dww*

( dqg dgghg d udqrp frpsrqhqw

(

( wkh vhuylfh duhd vl}h 593{583 srlqwv

( : EV lq wkh duhd

(

(((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 4:13914<<<

(

(((((((((((((((((((((((((((((((((((((((((((((

( U 0 udglxv ri d fhoo

( dww 0 dwwhqxdwlrq rughu

( vlpw|sh 0 xqlirup+<, ru qrqxqlirup+hovh,

( glvwulexwlrq ri EV

ixqfwlrq O @ dwwhq+U/dww/vlpw|sh,

( U @ 83 u @ 7617: duhd 593-583

vwhs4@4>

458



u @ U252wdq+sl29,>

| @ fhlo+9-u2vwhs4,>

{ @ fhlo+8-U2vwhs4,>

( vlpw|sh 4 xqlirup 3 qrqxqlirup orfdwlrq ri EV

li vlpw|sh@@4

{V @ fhlo+uhvkdsh+uhspdw+^518-U/U/7-U/518-U/U/7-U/518-U`/^{-|/4`,/|/{/:,,>

|V @ fhlo+uhvkdsh+uhspdw+^u/5-u/5-u/6-u/7-u/7-u/8-u`/^{-|/4`,/|/{/:,,>

hovh

{V @ fhlo+uhvkdsh+uhspdw+^518-U/U/7-U/518-U/U/7-U/518-U`/^{-|/4`,/|/{/:,,>

|V @ fhlo+uhvkdsh+uhspdw+^u/5-u/5-u/6-u/518-u/7-u/8-u`/^{-|/4`,/|/{/:,,>

hqg

{P @ uhspdw+4 =vwhs4= {-vwhs4/^|/4/:`,>

|P @ uhspdw++4 =vwhs4= |-vwhs4,*/^4/{/:`,>

U @ vtuw++{P 0 {V,1a5 . +|P 0 |V,1a5,>

U+�qg+�U,, @ 4>

( udqgrp frpsrqhqw ri dwwhqxdwlrq

{l @ vtuw+318,-31;-udqgq+|/{/;,>

{l+=/=/4 = :, @ {l+=/=/4 = :, . uhspdw+{l+=/=/;,/^4/4/:`,>

O @+U1adww,1-431a{l+=/=/4 = :,>
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(((((((((((((((((((((((((((((((((((((((((((((((((

(

( orfdwhbx1p

( orfdwhv xvhuv lqwr wkh vhuylfh duhd

(

( jhqhudwhv P xvhuv dqg orfdwhv wkhp

( udqgrpo| lqwr wkh vhuylfh duhd

( dggv wr wkdw *wlphv* dprxqw ri gdwd xvhuv

( zlwk srzhu fdofxdowhg iurp wkh *gdwduwh*

(

(((((((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 4:13914<<<

(

(((((((((((((((((((((((((((((((((((((((((((((((((

( q 0 vl}h ri wkh vhuylfh duhd

( p 0 dprxqw ri EV

( P 0 qxpehu ri xvhuv lq wkh fhoo

( wlphv 0 dprxqw ri gdwdxvhuv

( gdwdudwh 0 gdwdudwh ri d gdwdxvhu

(

( Svorf 0 yhfwru ri wkh wudqvplvvlrq srzhuv

( dggu 0 orfdwlrq ri xvhuv lq wkh vhuylfh duhd yhfwru

( EV 0 vwuxfwxuh iru EV frqwdlqlqj d yhfwru ri xvhuv

( lq wkh vhuylfh duhd ri wkh EV �

ixqfwlrq ^Svorf/dggu/EV`@orfdwhbx+q/p/P/orf/wlphv/gdwdudwh,
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Svorf@}hurv+4/q,>

( orfdwh wkh xvhuv

dggu@fhlo+udqg+4/p-P,-q,>

Svorf+dggu,@4>

zkloh+vxp+Svorf,	p-P,

dgu@fhlo+udqg+4/p-P0vxp+Svorf,,-q,>

Svorf+dgu,@Svorf+dgu,.4>

hqg

( orfdwh gdwdxvhuv

dgu@fhlo+udqg+4/wlphv-p,-q,>

Svorf+dgu,@Svorf+dgu,.gdwdudwh>

dggu@�qg+Svorf,>

( �qg wkh xvhuv lq wkh vhuylfh duhd ri EV+l4wuorf,

iru l4wuorf@4=:

{4@+orf@@l4wuorf,>

EV+l4wuorf,1wuorf@�qg+{4+dggu,,>

hqg

Svorf@Svorf+dggu,>
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2----------------------------------------------------2

2-

vroyhbp1f

vroylqj wkh pdwul{ htxdwlrq iru wkh FGPD fdsdflw|

-2

2-

Wkh vroxwlrq lv hlwkhu

wkh wudqvplvvlrq srzhu wr hdfk xvhu ru

pd{lpdo doorzhg srszhu

-2

2-----------------------------------------------------2

2-

Ndooh Uxwwln

5<1431<;

-2

2-----------------------------------------------------2

2-

Lqsxw

Svorf 0 wkh uhodwlyh srzhu qhhghg wr frppxqlfdwh zlwk orfdwlrq

EV 0 pdwul{ ri xvhuv frqqhfwhg wr gl�huhqw EV

vxpdwwhq 0 qrupdolvhg fkdqqho iurp hdfk EV wr hdfk xvhu

wudwwhq 0 dwwhqxdwlrq lq wkh frppxqlfdwlrq fkdqqho

FLUu 0 wdujhw FLU ohyho

Spd{ 0 pd{lpdo doorzhg wudqvplvvlrq srzhu

Ruwkr 0 rwkrjrqdolw| idfwru*

-2

&lqfoxgh �ph{1k�
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&lqfoxgh 	pdwk1k:

&lqfoxgh 	vwglr1k:

&lqfoxgh 	vwgole1k:

&gh�qh IPD[ 43

&gh�qh QPD[ 83

yrlg ph{Ixqfwlrq+

lqw qokv/ p{Duud| -sokv^`/

lqw qukv/ frqvw p{Duud| -sukv^`,

~

grxeoh -Sv/ -FL/-Lwrw>

grxeoh -Svorf/-EV/-vxpdwwhq/-wudwwhq/-FLUu/-Spd{/-Ruwkr>

2- yduldeohv iru wkh pdwul{ vl}h -2

lqw pvxpdwwhq/ qvxpdwwhq>

lqw qEV>

2- yduldeohv iru wkh vwuxfwxuh EV -2

lqw qxp�hogv/ ex hq/ qxpbglpv>

frqvw lqw -glpv>

fkdu -iqdphv^IPD[`>

grxeoh -Evwuorf^IPD[`>

lqw Evwuohq^IPD[`>

p{Duud| -wps>

lqw QuXvhuv> 2- qxpehu ri xvhuv -2

lqw QuEV> 2- qxpehu ri EV -2

grxeoh -Qrlvhyhfw> 2- qrlvh rru -2

grxeoh -Lorfu> 2- lqwhuihqfh dw

hyhu| orfdwlrq -2
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grxeoh -Lqwrw> 2- lqwhuihuhqfh

jhqhudwhg

e| dq EV -2

grxeoh Qrlvh/ Svlqlw>

lqw -Wuorf>

grxeoh hqgfrqglwlrq/Svgli>

lqw l4/l5/l6>

2- glphqvlrq ri wkh lqsxw yhfwru -2

pvxpdwwhq @ p{JhwP+sukv^5`,>

qvxpdwwhq @ p{JhwQ+sukv^5`,>

2- vwuxfwxuh EV -2

qxp�hogv @ p{JhwQxpehuRiIlhogv+sukv^4`,>

iru +l4@3>l4	qxp�hogv>l4..,

iqdphv^l4`@p{JhwIlhogQdphE|Qxpehu+sukv^4`/l4,>

qEV @ p{JhwQ+sukv^4`,>

iru+l4@3> l4	qEV>l4..,

~

wps@p{JhwIlhog+sukv^4`/l4/iqdphv^3`,>

Evwuorf^l4`@p{JhwSu+wps,>

Evwuohq^l4`@p{JhwQ+wps,-p{JhwP+wps,>

�

2- ohqjwk ri wkh hohphqwv -2

li+pvxpdwwhq : qvxpdwwhq,

~

QuXvhuv @ pvxpdwwhq>

QuEV @ qvxpdwwhq>
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�

hovh~

QuXvhuv @ qvxpdwwhq>

QuEV @ pvxpdwwhq>

�

2- Ghuhihuhqfh lqsxw dujxphqwv +Jhw wkh srlqwhuv wr wkh

lqsxw dujxphqwv, -2

Svorf @ p{JhwSu+sukv^3`,>

vxpdwwhq @ p{JhwSu+sukv^5`,>

wudwwhq @ p{JhwSu+sukv^6`,>

FLUu @ p{JhwSu+sukv^7`,>

Spd{ @ p{JhwSu+sukv^8`,>

Ruwkr @ p{JhwSu+sukv^9`,>

2- Fuhdwh d pdwul{h iru wkh uhwxuq dujxphqwv -2

sokv^3` @ p{FuhdwhGrxeohPdwul{+4/QuXvhuv/p{UHDO,>

sokv^4` @ p{FuhdwhGrxeohPdwul{+4/QuXvhuv/p{UHDO,>

sokv^5` @ p{FuhdwhGrxeohPdwul{+4/qEV/p{UHDO,>

2- Ghuhihuhqfh rxwsxw dujxphqw +Jhw srlqwhu wr wkh rxwsxw yhfwru, -2

Sv @ p{JhwSu+sokv^3`,>

FL @ p{JhwSu+sokv^4`,>

Lwrw @ p{JhwSu+sokv^5`,>

Wuorf @ p{Fdoorf+QuXvhuv/vl}hri+lqw,,>

Lorfu @ p{Fdoorf+QuXvhuv/vl}hri+grxeoh,,>

Lqwrw @ p{Fdoorf+QuXvhuv/vl}hri+grxeoh,,>

Qrlvhyhfw @ p{Fdoorf+QuXvhuv/vl}hri+grxeoh,,>

2- lqlwldolvdwlrq
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Qrlvh 0 qrlvh  rru

Svlqlw 0 lqlwldo wudqvplvlvrq srzhu -2

Qrlvh@srz+43/+04619,,>

Svlqlw@srz+43/+046,,>

iru+l4@3>l4	QuXvhuv>l4..,~

Sv^l4`@Svorf^l4`-Svlqlw2wudwwhq^l4`>

Qrlvhyhfw^l4`@Qrlvh2wudwwhq^l4`>

�

2- dvvljqv wr hdfk xvhu wkh EV wkdw lw lv frqqhfwhg wr -2

iru+l4@3>l4	QuEV>l4..,

iru+l5@3>l5	Evwuohq^l4`>l5..,

Wuorf^+lqw,+Evwuorf^l4`^l5`04,`@l4>

2- dfwxdo fdofxodwlrq

shuiruphg 633 wlphv

ru xqwlo fkdqjh ri wudqvplwwhg srzhu +Lwrw^l5`0Svgli, 	 31334

Lwrw 0 wkh wrwdo srzhu +lqhuiuhfqh iurp hdfk EV,

Lqwrw^l` 0 srzu iurp hdfk EV vfdohg zlwk wkh fkdqqho

wr hdfk xvhu l

Lorfu^l` 0 iurp wkh Lqwrw vxeuudfwhg wkh xvhixo vljqdo

dqg uhgxfwlrq ri lqwhuihuhqfh gxh gr ruwkrjrqdolw|

FL^l` 0 FLU iru xvhu l

Sv^l` 0 vljqdo wr xvhu l dw wkh EV

-2

iru+l4@3>l4	633>l4..,

~

iru+l5@3>l5	QuXvhuv>l5..,~
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Lqwrw^l5` @ 3>

�

hqgfrqglwlrq@3>

2- wrwdo srzhu +lqwhuihuhqfh, jhqhudwhg irup rqh EV -2

iru+l5@3>l5	QuEV>l5..,

~

Svgli@Lwrw^l5`>

Lwrw^l5`@3>

iru+l6@3>l6	Evwuohq^l5`>l6..,

Lwrw^l5`.@

Sv^+lqw,+Evwuorf^l5`^l6`04,`-Svorf^+lqw,+Evwuorf^l5`^l6`04,`>

li+++Lwrw^l5`0Svgli,2Lwrw^l5`,:313, hqgfrqglwlrq@4>

�

2- lqwhuihuhqfh lv vfdohg zlwk wkh fkdqqho uhvsrqvh -2

iru+l6@3>l6	QuEV>l6..,~

iru+l5@3>l5	QuXvhuv>l5..,~

Lqwrw^l5`.@

vxpdwwhq^+QuXvhuv-l6,.l5`-Lwrw^l6`>

�

�

2- Lorfu 0 wrwdo lqwhuihuhqfh wr hdfk xvhu

FL 0 Fduulhu wr lqwhuihuhqfh udwlr

Sv 0 qhz vljqdo srzhu -2

iru+l5@3>l5	QuXvhuv>l5..,
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~

Lorfu^l5` @ Lqwrw^l5`0Sv^l5`-Svorf^l5`0

+-Ruwkr,-Lwrw^Wuorf^l5``.Qrlvhyhfw^l5`>

FL^l5` @ Sv^l5`2Lorfu^l5`>

li+++FLUu^l5`,-Lorfu^l5`, 	 +-Spd{,,

Sv^l5` @ +FLUu^l5`,-Lorfu^l5`>

hovh

Sv^l5` @ -Spd{>

�

li+hqgfrqglwlrq@@3,

euhdn>

�

�
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Dsshqgl{ E

Vlpxodwlrq ri wkh VLU dv ixqfwlrq ri

vshhg
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Channel
calculates attenuations
from each location to each BS

locate_u locates users into
the service area

CIRin

Start

Initialisation

Simlength - number of loops to be calculated
S=Sinit      - minimal number of users
Sstep         - step in calcualtion
Slength      - maximal amount of users
CIRr          - target CIR value
Pmax         - maximal allowed transmission power

configuration=1 configuraions - counter for the loops
     with different users locations

vector of target CIR
for every users

3

2

BER=1

4

1

Initialises the variable
for BER

Iljxuh E14= Iorz fkduw ri wkh vlpxodwlrq surjudp iru vlpxodwlqj wkh ydoxh iru wdujhw FLU1
Sduw 41
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solve_m
Solves the matrix equation
describing the instantaneous capacity
Gives the transmitted signal power to each user
and interference from each BS

1

coder

link

decoder

 BER>BERtarge
t

yes

4

Calcualte the BER
and store the intermediate

value

5

inserts new target CIR
for the selected user

Decodes the bits after the channel

Codes the data
uses the matlab toolbox function

generates the signal amplitude
for each received bit

Iljxuh E15= Iorz fkduw ri wkh vlpxodwlrq surjudp iru vlpxodwlqj wkh ydoxh iru wdujhw FLU1
Sduw 51

46;



no

 configuration
 < Confmax

yes

configuration=
configuration+1

3

Next calculation of
the instantaneous capacity
with the same number of users S

store the target CIR
for the selected user

and for given configuration

no

speed<
Maxspeed

yes

speed=speed+1

2

Calculate the average
target CIR and
store its value

no

stop

5

Next speed for the user

Iljxuh E16= Iorz fkduw ri wkh vlpxodwlrq surjudp iru vlpxodwlqj wkh ydoxh iru wdujhw FLU1
Sduw 61
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(((((((((((((((((((((((((((((((((((((((((((((((((

(

( wdujhwFLU1p

( fdofxdowhv wkh wdujhw FLU dv ixqfwlrq ri xvhu vshhg

(

( orfdwhv xvhuv

( fdofxdowhv wkh wudqvplvvlrq srzhu wr hdfk xvhu

( edvhg rq xvhu vshhg fdofxdwhv wkh lpsdfw ri fkdqqho

( li wkh EHU lv kljkhu wkdq

( wdujhw EHU uhshdwv irup ehjlqqlqj

(

(((((((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 4613714<<<

(

(((((((((((((((((((((((((((((((((((((((((((((((((

fohdu Lwrw Lqwrw Lorfu Qrlvhyhfw Syhfw

fohdu Svorf Sv

fohdu uhv uhv5 uhv6

fohdu elwv4 elwv5 frgh4

fohdu v v4 �qjhuv

( Lqlwldolvdwlrq

P@93>

wlphv@3>

gdwdudwh@3>

Elwohq@433333>
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Vshhgpd{@83>

Frqipd{@433>

hqgohyho@43a+06,>

EHUwdujhw@43a+06,>

Ruwkr@319

Spd{@433>

FLUu @ 43a++8043-orj43+73<9243,,243,>

Splq@4h046>

Xq@4>

plg@7>

Jdlq@43273<9>

srvohq@3=3133397=314>

i@^318 316 315`>

�qjhuv@vtuw+i,>

qui@ohqjwk+i,>

wi@^85 99 :9`>

( Lqlwldolvdwlrq ri wkh dwwhqxdwlrq pdwul{

^orf/vxpdwwhq/wudwwhq/q/p`@fkdqqho+4,>

iru l6@4=4=Vshhgpd{28

vshhgy@l6-8>

((((((((((((((((((((((((((((((((((((((((((((((

(

( orrs ghwhfwlqj wkh wdujhw FLU

(

( 4 fdofxodwhv wkh srzhu ohyhov wr hdfk xvhu

(
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( FLU fdofxdowlrq

( jhqhudwhv d vhtxhqfh ri elwv

( frghv wkh elwv

( jhqhudwhv wkh fkdqqho uhvsrqvh

( ghfrghv wkh elwv

( fdofxodwhv wkh huuru udwh

( frpsduhv wkh huuru udwh zlwk wkh uhtxluhg ydoxh +43a06,

( lqfuhdvh wkh wdujhw FLU ydoxh e| vwhs uhshdwv iurp ehjlqqlqj

(

((((((((((((((((((((((((((((((((((((((((((((((

( wkh qrlvh yduldqfh diwhu srzhu frqwuro

fruu@vxp+ehvvho+3/vshhgy-sl-5-srvohq23148,1a5,>

vljpd@vtuw+i2+5-fruu,,>

iphdq@vtuw++i05-vljpd1a5,25,>

�qjhuv@iphdq>

vljpd4@vtuw+7-vljpd1a7.7-+vljpd1a5,1-+5-+iphdq1a5,,,>

( lqsxw elw vwuhdp

^elwv4`@udqglqw+Elwohq/4,>

iru lu5@4=Frqipd{

( orfdwh xvhuv

^Svorf/dggu/EV`@orfdwhbx+q/p/P/orf/wlphv/gdwdudwh,>

orfXq@EV+plg,1wuorf+Xq,>

vxpdXq@vxpdwwhq+orfXq/=,-wudwwhq+orfXq,>

( vhw FLU wdujhw wr hdfk xvhu

FLUlq@rqhv+4/ohqjwk+Svorf,,-FLUu>

EHU@4>
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lu4@4>

zkloh EHU:EHUwdujhw

( frghu

^frgh4`@hqfrgh+elwv4/6/4/*frqyroxwlrq*/wi,>

Eohq@ohqjwk+frgh4,>

( vljqdo srzhu wr hdfk xvhu edvhg rq wkh pdwul{ htxdwlrq

^Sv/FL/Lwrw`@vroyhbp+Svorf/EV/111

vxpdwwhq+dggu/=,/wudwwhq+dggu,/FLUlq/Spd{/Ruwkr,>

( fkdqqho uhvsrqvh

olqn

frgh5@frgh4>

frgh4@5-+frgh40318,>

frgh4@vdps1-frgh4.Luhv>

frgh4@frgh4:3>

( ghfrghu

^elwv5`@ghfrgh+frgh4/6/4/*frqyroxwlrq*/wi/:,>

^q4/EHU`@elwhuu+elwv4/elwv5,>

( hqgfrqglwlrq

FLUlq+orfXq,@FLUlq+orfXq,-43a+314243,>

( froohfw gdwd iru fdvh lu4

uhv4+l6,1se+lu4,@vxp+frgh4�@frgh5,2Eohq>

uhv4+l6,1sef+lu4,@u4>

uhv4+l6,1FLU+lu4,@43-orj43+phdq+vdps,a52+vwg+Luhv,a5,,>

uhv4+l6,1FLUf+lu4,@43-orj43+phdq+vdps,a52+vwg+vdps.Luhv,a5,,>

uhv4+l6,1FLUlq+lu4,@43-orj43+FLUlq+orfXq,2Jdlq,>

lu4@lu4.4>

hqg
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( froohfw gdwd iru vshhg fdvh lu5

uhv+l6,1se+lu5,@vxp+frgh4�@frgh5,2Eohq>

uhv+l6,1sef+lu5,@u4>

uhv+l6,1FLU+lu5,@43-orj43+phdq+vdps,a52+vwg+Luhv,a5,,>

uhv+l6,1FLUf+lu5,@43-orj43+phdq+vdps,a52+vwg+vdps.Luhv,a5,,>

uhv+l6,1FLUlq+lu5,@43-orj43+FLUlq+orfXq,2Jdlq,>

hqg

( froohfw gdwd iru vshhg l6

uhv5+l6,1se@phdq+uhv+l6,1se,>

uhv5+l6,1sef@phdq+uhv+l6,1sef,>

uhv5+l6,1FLU@phdq+uhv+l6,1FLU,>

uhv5+l6,1FLUf@phdq+uhv+l6,1FLUf,>

uhv5+l6,1FLUlq@phdq+uhv+l6,1FLUlq,>

l6

hqg
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Dsshqgl{ F

Frq�jxudwlrq ri wkh whvw qhwzrunv

Lq vlpxodwlrqv duh xvhg wzr gl�huhqw EV frq�jxudwlrqv= xqlirup ^�jxuh F14`/ dqg qrqxql0

irup ^�jxuh F15`1

Wkh ixqfwlrq iru orfdwlqj �7 dqg fdofxodwlqj dwwhqxdwlrqv iurp hdfk EV wr hdfk

orfdwlrq lq wkh duhd lv jlyhq lq dsshqgl{ �= dwwhq1p1 Rq wkh �jxuhv duh jlyhq fhoo

fryhudjh dv wkh vwurqjhvw vljqdo lq hdfk orfdwlrq1 Wkh edu ghvfulehv wkh �hog vwuhqjwk lq

_�1

Wkh duhd vl}h lv dvvxphg wr eh 4333 wlphv 4373 61 Lq sduwlfxodu �jxuhv wkh odz ri

dwwhqxdwlrq lv dvvxphg wr eh e1

Wkh orfdwlrqv ri EV fdq eh �qg iurp wkh �jxuhv exw duh dovr jlyhq lq wkh wdeohv ehorz

�7 %0frruglqdwh +0frruglqdwh
� Dff �.��2�
2 2ff �eS�e�
� Hff �eS�e�
e Dff D�b�S2
D 2ff Sb2�H2
S Hff Sb2�H2
. Dff HSS�f�

Wdeoh F14= Orfdwlrqv ri xqlirupo| orfdwhg EV1
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�7 %0frruglqdwh +0frruglqdwh

� Dff �.��2�
2 2ff �eS�e�
� Hff �eS�e�
e eff �eS�e�
D 2ff Sb2�H2
S Hff Sb2�H2
. Dff HSS�f2

Wdeoh F15= Orfdwlrqv ri qrqxqlirupo| orfdwhg EV1
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Iljxuh F14= Dwwhqxdwlrqv iurp xqlirupo| glvwulexwhg EV
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Iljxuh F15= Dwwhqxdwlrqv iurp qrqxqlirupo| glvwulexwhg EV
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Wkh qrqxqlirup glvwulexwlrq ri xvhuv lv jhqhuwhg dffruglqjo| qrupdo glvwulexwlrq

zkhuh wkh phdq lv lq wkh fhqwhu ri vhuylfh duh dqg vwdqgdug ghyldwlrq lv vhohfwhg wr

eh :31 Pdwode vfulsw iru jhqhudwlqj xvhuv glvwulexwlrq lv jlyhq ehorz1

(((((((((((((((((((((((((((((((((((((((((((((((((

(

( xorfqrx1p

( Jhqhudwlrq ri wkh qrqxqlirup xvhuv glvwulexwlrq

(

(((((((((((((((((((((((((((((((((((((((((((((((((

(

( Ndooh Uxwwln

( 4913;14<<<

(

(((((((((((((((((((((((((((((((((((((((((((((((((

vwg4@:3>

|@qrupsgi+4=583/458/vwg4,>

|4@qrupsgi+4=593/463/vwg4,>

|@|2vxp+|,>

|4@|42vxp+|4,>

g@+|4*-|,>

g@g2pd{+pd{+g,,>

frqwrxui+g,

vhw+jfd/*\WlfnOdeho*/*533m733m933m;33m4333*,
vhw+jfd/*[WlfnOdeho*/*533m733m933m;33m4333*,

froruedu
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Iljxuh F16= Qrxqxqlirup glvwulexwlrq ri xvhuv lq wkh vhuylfh duhd1
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