
Txdqwlohv iru Iudfwlrqdo Gdwd�

Mrvì D1 I1 Pdfkdgr

Idfxogdgh gh Hfrqrpld/ Xqlyhuvlgdgh QRYD gh Olverd

M1 P1 F1 Vdqwrv Vloyd

LVHJ2Xqlyhuvlgdgh Wìfqlfd gh Olverd dqg FHPDSUH

Mxo| 5339

Devwudfw

Wklv sdshu vwxglhv wkh hvwlpdwlrq ri txdqwloh uhjuhvvlrq iru iudfwlrqdo gdwd/

irfxvlqj rq wkh fdvh zkhuh wkhuh duh pdvv0srlqwv dw }hur ru2dqg rqh1 Wkh pdlq

uhvxowv duh looxvwudwhg zlwk dq dssolfdwlrq1

MHO fodvvl�fdwlrq frgh= F46> F58> F841

Nh| zrugv= Fhqvruhg txdqwloh uhjuhvvlrq> Pdvv0srlqwv> Pl{hg glvwulexwlrqv1

�Yhu| suholplqdu|> Gr qrw txrwh1 Pdfkdgr lv frqvxowdqw iru wkh Uhvhdufk Ghsduwphqw ri

Edqfr gh Sruwxjdo1 Vdqwrv Vloyd lv judwhixo iru wkh krvslwdolw|/ zrunlqj frqglwlrqv dqg �qdqfldo vxssruw

surylghg e| Edqfr gh Sruwxjdo/ zklfk pdgh wklv zrun srvvleoh1 Wkh dxwkruv dovr judwhixoo| dfnqrzohgjh

wkh sduwldo �qdqfldo vxssruw iurp Ixqgdêær sdud d Flíqfld h Whfqrorjld/ surjudp SRFWL/ sduwldoo|

ixqghg e| IHGHU1 Wkh xvxdo glvfodlphu dssolhv1

Dgguhvv iru fruuhvsrqghqfh= Mrær Vdqwrv Vloyd/ LVHJ/ U1 gr Txhokdv 9/ 4533 Olverd/ Sruwxjdo1 Id{=

684 546<55:;41 H0pdlo= mpfvvClvhj1xwo1sw1
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41 LQWURGXFWLRQ

Hpslulfdo uhvhdufkhuv duh riwhq idfhg zlwk wkh qhhg wr prgho iudfwlrqdo gdwd1 Prgholqj

wklv vruw ri gdwd srvhv sduwlfxodu sureohpv/ zklfk kdyh vrphwlphv ehhq ghdow zlwk lq d

xqvdwlvidfwru| pdqqhu1 Lq d odqgpdun sdshu/ Sdsnh dqg Zrrogulgjh +4<<9, kdyh vkrzq

wkdw wkh jhqhudol}hg olqhdu prghov iudphzrun surylghv d vlpsoh dqg h�hfwlyh zd| ri

prghoolqj wkh frqglwlrqdo h{shfwdwlrq ri iudfwlrqdo gdwd1

Lq pdq| sudfwlfdo vlwxdwlrqv/ krzhyhu/ wkh nqrzohgjh ri wkh frqglwlrqdo h{shfwdwlrq

pd| qrw eh hqrxjk1 Iru h{dpsoh/ li wkh uhvhdufkhu qhhgv wr frqvwuxfw d frq�ghqfh lqwhu0

ydo iru wkh ydoxh ri wkh yduldwh ri lqwhuhvw/ frqglwlrqdo rq d jlyhq ydoxh ri wkh fryduldwhv/

nqrzohgjh ri wkh frqglwlrqdo h{shfwdwlrq lv ri olwwoh xvh ehfdxvh wkh wh{werrn dvvxps0

wlrqv ri qrupdolw| dqg krprvnhgdvwlflw| gr qrw krog1 Frqglwlrqdo txdqwlohv surylgh d

vlpsoh zd| ri frqvwuxfwlqj wklv vruw ri frq�ghqfh lqwhuydov dqg/ lq jhqhudo/ duh lqwhuhvw0

lqj ehfdxvh wkh| surylgh d frpsohwh ghvfulswlrq ri wkh zd| wkh frqglwlrqdo glvwulexwlrq

ri wkh iudfwlrqdo yduldwh ghshqgv rq wkh uhjuhvvruv1

Wkh vshfl�fdwlrq dqg hvwlpdwlrq ri frqglwlrqdo txdqwloh ixqfwlrqv iru iudfwlrqdo gdwd

udlvhv vrph lqwhuhvwlqj sureohpv1 Wkh vwudwhj| wr dgrsw iru wkh hvwlpdwlrq ri txdqwloh

uhjuhvvlrq iru iudfwlrqdo gdwd ghshqgv rq wkh vshfl�f qdwxuh ri lwv glvwulexwlrq1 Lq wkh

vlpsohvw vlwxdwlrq/ wkh yduldwh ri lqwhuhvw kdv d frqwlqxrxv glvwulexwlrq lq wkh df( �o lq0

whuydo1 Krzhyhu/ lw lv riwhq wkh fdvh wkdw wkhuh lv dq %lq dwlrq% ri }hurv dqg2ru rqhv/

dqg wkhuhiruh wkh glvwulexwlrq lv pl{hg1
4

Lq wklv sdshu zh orrn dw wkh hvwlpdwlrq ri

txdqwloh uhjuhvvlrq iru iudfwlrqdo gdwd/ irfxvlqj sduwlfxodu dwwhqwlrq rq wkh fdvh ri pl{hg

glvwulexwlrqv1

Wkh uhplqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghwdlov rxu dssurdfk wr

wkh hvwlpdwlrq ri txdqwloh uhjuhvvlrq iru iudfwlrqdo gdwd1 Vhfwlrq 6 jlyhv ghwdlov rq wkh

hvwlpdwlrq phwkrg iru wkh fdvh lq zklfk wkh gdwd kdv d pdvv0srlqw dw }hur1 Vhfwlrq 7

4D wklug vlwxdwlrq lv srvvleoh1 Li wkh iudfwlrqdo yduldwh ri lqwhuhvw lv gh�qhg dv wkh udwlr ri wzr lqwhjhuv/

lw kdv d glvfuhwh glvwulexwlrq1 Lq wklv fdvh wkh uhvxowv ri Pdfkdgr dqg Vdqwrv Vloyd +5338, fdq eh xvhg

wr prgho wkh qxphudwru ri wkh udwlr/ frqglwlrqdo rq wkh ghqrplqdwru1
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looxvwudwhv wkh dssolfdwlrq ri wkh pdlq uhvxowv1 Ilqdoo|/ vhfwlrq 8 frqwdlqv vrph frqfoxglqj

uhpdunv1

51 TXDQWLOH UHJUHVVLRQ IRU IUDFWLRQDO GDWD

Gxh wr wkh htxlyduldqfh surshuw| ri wkh txdqwlohv/ hvwlpdwlrq ri txdqwloh uhjuhvvlrq

ixqfwlrqv iru frqwlqxrxv iudfwlrqdo gdwd lv uhodwlyho| vlpsoh1 Lq sduwlfxodu/ ohw | eh wkh

iudfwlrqdo yduldwh ri lqwhuhvw dqg dvvxph wkdw/ iru dq| � 5 Ef>��/ wkh uhvhdufkhu vshfl�hv

wkh iroorzlqj sdudphwulf prgho

T| E�m{� ' \ E{��� /

zkhuh \ E{��� lv d ixqfwlrq erxqghg ehwzhhq f dqg �1 Wkhq/ � fdq eh hvwlpdwhg e|

shuiruplqj wkh xvxdo olqhdu txdqwloh uhjuhvvlrq hvwlpdwlrq ri \3� E|� rq {1 Iru h{dpsoh/

zkhq \ E{��� lv wkh orjlw/ � fdq eh hvwlpdwhg e| shuiruplqj d olqhdu txdqwloh uhjuhvvlrq ri

wkh orj0rggv udwlr *?
�

|

�3|

�
rq {1 Wkh ixqfwlrq \3� E|� zloo qrw eh gh�qhg iru wkh +uduh,

revhuydwlrq lq zklfk | lv }hurv ru rqh1 Krzhyhu/ wkh surshuwlhv ri txdqwloh ixqfwlrqv

lpso| wkdw iru wkh fdvhv lq zklfk | ' f ru | ' �/ wkh ydoxhv ri | fdq eh qxgjh dzd| iurp

wkh erxqgdulhv zlwkrxw d�hfwlqj wkh uhvxowv1

Zkhq wkhuh duh pdvv0srlqwv dw }hur ru rqh/ hvwlpdwlrq lv frpsolfdwhg e| wkh idfw

wkdw wkh txdqwlohv duh qrw qhfhvvdulo| vprrwk ixqfwlrqv ri wkh uhjuhvvruv1 Iru h{srvlwru|

sxusrvhv/ zh zloo frqvlghu rqo| wkh fdvh ri d pdvv0srlqw dw }hur/ exw kdqgolqj d pdvv0

srlqw dw rqh +ru erwk pdvv0srlqwv, lv vlplodu1

Zkhq wkhuh lv d pdvv0srlqw dw }hur/ wkhuh duh frqglwlrqdo txdqwlohv wkdw ehfrph lghq0

wlfdoo| }hur iru vrph ydoxhv ri wkh fryduldwhv1 Wkhuhiruh/ wkh frqglwlrqdo txdqwlohv duh

qrw vprrwk ixqfwlrqv ri wkh uhjuhvvruv1 Krzhyhu/ ehfdxvh wkh ghshqghqw yduldeoh kdv

vxssruw rq df( �o/ wkh txdqwlohv kdyh wr eh frqwlqxrxv ixqfwlrqv ri wkh uhjuhvvruv1 Wklv

vxjjhvwv wkdw/ dv lq Srzhoo +4<;7/ 4<;9,/ wkh txdqwlohv zloo kdyh wkh irup

T| E�m{� ' 4@ if> i E{���j

zkhuh | lv wkh +iudfwlrqdo, yduldwh ri lqwhuhvw dqg i E{��� lv d ixqfwlrq vxfk wkdw i E}� ? �/

;}1
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Wkh fkrlfh ri i E{��� lv dq hpslulfdo pdwwhu1 Rqh srvvlelolw| lv wr gh�qh i E{��� '

� � i T E{���1 Krzhyhu/ wklv ixqfwlrq lv dozd|v frqfdyh dqg lq prvw fdvhv d v0vkdshg

ixqfwlrq zloo eh suhihudeoh1 Lq wkh vslulw ri Sdsnh dqg Zrrogulgjh +4<<9,/ zh vxjjhvw

wkh iroorzlqj vshfl�fdwlrq

i E{��� ' E� n �� \ E{���� � +4,

zkhuh \ E{��� lv d FGI dqg � A f lv dq xqnqrzq sdudphwhu1
5

Ghshqglqj rq wkh vshfl�fdwlrq ri \ E{��� dqg rq wkh ydoxh ri �/ wkh vshfl�fdwlrq ri

i E{��� lq +4, ohdgv wr v0vkdshg ru frqfdyh txdqwlohv1 Iru h{dpsoh/ li \ E{��� lv wkh

FGI ri d v|pphwulf glvwulexwlrq/ wkh txdqwlohv zloo eh v0vkdshg iru � ? � dqg frqfdyh

rwkhuzlvh1 Qdwxudoo|/ lghqwl�fdwlrq ri � ghshqgv rq wkh fxuydwxuh ri \ E{���1 Li wkh gdwd

lv vxfk wkdw i E{��� lv hvvhqwldoo| olqhdu/ lghqwl�fdwlrq ri � zloo eh gl!fxow1 Wkhuhiruh/

lq dssolfdwlrqv/ gl!fxow| lq lghqwli|lqj � vxjjhvwv wkdw vlpsoh fhqvruhg olqhdu txdqwloh

uhjuhvvlrq zloo eh dghtxdwh1

Xvlqj +4,/ hvwlpdwlrq ri wkh sdudphwhuv ri lqwhuhvw lv uhodwlyho| hdv|1 Lqghhg/ xv0

lqj wkh htxlyduldqfh surshuwlhv ri wkh txdqwlohv/ lw lv hdv| wr vhh wkdw T| E�m{� '

4@ if> E� n �� \ E{���� �j lpsolhv

T
\3�E |n�

�n�
� E�m{� ' 4@ 

�
\3�

�
�

� n �

�
> {

�
�

�
1

Wkdw lv/ frqglwlrqdo rq wkh ydoxh ri �/ � fdq eh hvwlpdwhg e| wkh olqhdu fhqvruhg

txdqwloh uhjuhvvlrq ri \3�

�
|n�

�n�

�
rq {/ zlwk wkh ghshqghqw yduldeoh fhqvruhg iurp ehorz

dw \3�

�
�

�n�

�
1 Wkh qh{w vhfwlrq glvfxvvhv wkh mrlqw hvwlpdwlrq ri � dqg �1

Lq wkh ohdglqj fdvh zkhuh \ E�� lv vshfl�hg dv wkh orjlw/ \3�

�
|n�

�n�

�
' *?

�
|n�

|n�

�
dqg

\3�

�
�

�n�

�
' *? E��1 Wkhuhiruh/ iru d jlyhq �/ � fdq eh hvwlpdwhg e| wkh olqhdu fhqvruhg

5Qrwlfh wkdw li wkh pdvv0srlqw lv dw rqh/ wklv vshfl�fdwlrq fdq eh xvhg wr prgho 4� |1 Lq fdvh wkhuh

duh pdvv0srlqwv dw erwk rqh dqg }hur/ wkh iroorzlqj vshfl�fdwlrq fdq eh dggrswhg

i +{3

�, @ +4 . � . �, � +{3

�,� �1
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txdqwloh uhjuhvvlrq gh�qhg e|

T
*?E |n�

|n� �
E�m{� ' 4@ i*? E�� > {��j 1

61 HVWLPDWLRQ

Lq wklv vhfwlrq zh zloo dgdsw Fkdpehuodlq*v +4<<7, wzr0vwhsv hvwlpdwlrq vwudwhj| ri wkh

Er{0Fr{ txdqwloh prgho wr rxu suhvhqw vhwwlqj1 Wkh edvlf lqwxlwlrq iru wkh srsxodwlrq lv

dv iroorzv1 Wkh dvvxpswlrq wkdw/ iru d jlyhq � 5 Ef> ��/ wkhuh h{lvw �f dqg �f vxfk wkdw

T|E�m{� ' 4@ if> E� n �f� \ E{��f�� �fj

lpsolhv/ xqghu vwdqgdug frqglwlrqv rq wkh frqglwlrqdo ghqvlw| ri |/ wkdw E�f> �f� lv wkh

vroh vroxwlrq ri

4�?
�>�

H d�
�
E| �4@ if> E� n �� \ E{���� �j�o

zlwk �
�
E}� ' } d��E} � f� n E� � ���E} ? f�o/ +Nrhqnhu dqg Edvvhww/ 4<:;/ Srzhoo/ 4<;7/

4<;9,1 Dv qrwhg ehiruh/ wkh htxlyduldqfh surshuw| ri txdqwloh ixqfwlrqv lpsolhv wkdw

T
\3�

�
|n�f
�n�f

�E�m{� ' 4@ 

�
\3�

�
�f

� n �f

�
> {

�
�f

�

dqg/ wkxv/ wkh vroxwlrq �E�� ri wkh surjudp

4�?
�

H

�
�
�

�
\3�

�
| n �

� n �

�
�4@ 

�
\3�

�
�

� n �

�
> {

�
�

���

lv vxfk wkdw �f ' �E�f�1 Qrwlfh wkdw/ iru dq| jlyhq �/ wklv surjudp gh�qhv d vwdqgdug

olqhdu fhqvruhg txdqwloh uhjuhvvlrq +FTU, sureohp1 �f zloo eh wkh vroxwlrq ri

4�?
�

H d�
�
E| �4@ if> E� n �� \ E{�� E���� �j�o =

Wkh sursrvhg hvwlpdwru zloo eh wkh vdpsoh dqdorjxh ri wkh surfhgxuh ghvfulehg deryh1

Lq d �uvw vwhs/ iru �{hg ydoxhv ri �/ 	�E�� zloo eh wkh hvwlpdwru ri � lq d olqhdu FTU ri

wl � \3�

�
|ln�

�n�

�
rq {l zlwk nqrzq fhqvrulqj srlqwv wf ' \3�

�
�

�n�

�
/ wkdw lv/ zloo vroyh

4�?
�

V� E�� '
�

q

q[
l'�

�
�
Ewl �4@ iwf> {�l�j� 1
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Wkhq/ d rqh glphqvlrqdo vhdufk ryhu � wr plqlpl}h

V2 E�� '
�

q

q[
l'�

�
�

�
|l �4@ 

q
f> E� n �� \

�
{
�

l
	� E��

�
� �

r�

zloo |lhog 	� dqg wkxv 	� ' 	�E	��1

Wr vlpsoli| qrwdwlrq ohw

zE|> {> �> �� ' � Ewf ? {
�
�� d� � � Ewl ? {

�
��o

' � Ef ? j E{��> ��� d�� � E| ? j E{��> ���o

zkhuh j E{��> �� ' E� n �� \ E{���� �1 Dovr sxw/

g E{> �> �� '

3
EEC

{

Cj E{��> �� @C�

Cj E{��> �� @C�

4
FFD '

3
EEC

{

E� n �� \� E{���{

\ E{���� �

4
FFD '

3
C {

g2 E{> �> ��

4
D =

Ilqdoo|/ ohw

D E�� '

3
C Ln fnfn fn

f�
n

C� E�� @C� � �

4
D =

Wkh ixqfwlrq �E�� lv lpsolflwo| gh�qhg e| H dz E|> {> � E�� > ��{o ' f1 Li wkhuh lv qr

exqfklqj dw fhqvrulqj srlqwv +l1h1/ j E{��f> �f� 9' f zlwk suredelolw| rqh, +vhh Srzhoo/

4<;7/ 4<;9/ dqg Ilw}hqehujhu/ 4<<:,/ dqg li wkh lqyhuvh pdwul{ ehorz h{lvwv/ zh kdyh e|

wkh lpsolflw ixqfwlrq wkhruhp

� E�� @C� ' � dH i� Ef ? j E{�� E�� > ��� i| Ej E{
�
�> ��� E� n �� \� E{��� {{�jo3� �

dH i� Ef ? j E{�� E�� > ��� i| Ej E{
�
�> ��� E\ E{���� ��{jo

zlwk i| Ej E{��> ��� ghqrwlqj wkh frqglwlrqdo ghqvlw| ri | hydoxdwhg dw wkh �wk frqglwlrqdo

txdqwloh1

Xqghu vxlwdeoh uhjxodulw| frqglwlrqv +Srzhoo/ 4<<3/ dqg Ilw}hqehujhu/ 4<<:,/ wkh hvwl0

pdwru lv frqvlvwhqw dqg kdv wkh iroorzlqj olqhdu uhsuhvhqwdwlrq

O E�f> �f�

3
C

s
q

�
	� � �f

�
s
q E	� � �f�

4
D ' �D E�f�

�s
q

[
l

z E|l> {l> �f> �f� g E{l> �f> �f� n rS E�� >
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zkhuh

O E�f> �f� ' D E�f�H
�
� Ef ? j E{��f> �f�� i| EjE{

�
�f> �f�� g E{>�f> �f� g2 E{> �f> �f�

�
�
=

Xqghu wkh frqglwlrqv ri d Fhqwudo Olplw Wkhruhp wkh ohiw kdqg vlgh kdv dq dv|pswrwlf

qrupdo glvwulexwlrq zlwk phdq }hur dqg fryduldqfh pdwul{

P E�f> �f� ' � E�� ��D E�f�H
�
� Ef ? j E{��f> �f�� g E{> �f> �f� g E{> �f> �f�

�
�
D E�f�

�

=

Wkhuhiruh/ li O E�f> �f� lv qrq0vlqjxodu/3
C

s
q

�
	� � �f

�
s
q E	� � �f�

4
D$ Q

�
f> O3�f PfO

3�

f

�
=

Wkh dv|pswrwlf fryduldqfh pdwul{ pd| eh hvwlpdwhg e| vwdqgdug soxj0lq surfhgxuhv1

Dv xvxdo iru txdqwloh uhjuhvvlrq phwkrgv/ wkh rqo| fulwlfdo lvvxh lv wkh hvwlpdwlrq ri wkh

frqglwlrqdo ghqvlw| ri wkh uhvsrqvh yduldeoh1 D srvvleoh vroxwlrq lv wr xvh wkh nhuqho

phwkrgv ghvfulehg/ iru lqvwdqfh/ lq Ilw}hqehujhu +4<<:,1 Vlqfh +4, lv mxvw dq dssur{lpd0

wlrq wr wkh ixqfwlrqdo irup ri wkh txdqwloh uhjuhvvlrq ixqfwlrqv/ plvvshfl�fdwlrq urexvw

hvwlpdwruv ri wkh fryduldqfh pdwul{ vkrxog eh xvhg +vhh Fkdpehuodlq/ 4<<7/ Nlp dqg

Zklwh/ 5335/ dqg Dqjulvw/ Fkhuqr}kxnry dqg Ihuqdqgh}0Ydo/ 5337,1

71 DQ HPSLULFDO LOOXVWUDWLRQ

Lq wklv vhfwlrq/ wkh gdwdvhw vwxglhg e| Sdsnh dqgZrrogulgjh +4<<9, lv xvhg wr looxvwudwh

wkh dssolfdwlrq ri wkh sursrvhg hvwlpdwru1 Wklv lv d gdwdvhw zlwk e.�e revhuydwlrqv

rq hpsor|hh sduwlflsdwlrq udwhv lq 734+n, shqvlrq sodqv1 Dv h{sodlqhg e| Sdsnh dqg

Zrrogulgjh +4<<9,/ sduwlflsdwlrq lq 734+n, shqvlrq sodqv lv yroxqwdu| dqg wkhuhiruh wkh

sduwlflsdwlrq udwh +Sudwh, ghshqgv rq wkh fkdudfwhulvwlfv ri wkh sodq/ hvshfldoo| rq

wkh udwh dw zklfk �upv pdwfk wkh hpsor|hhv frqwulexwlrqv +Pudwh,1 Rwkhu uhjuhvvruv

dydlodeoh lq wklv gdwdvhw lqfoxgh wkh �up wrwdo hpsor|phqw +Hps,/ wkh sodqv dyhudjh

�2 |hduv lq djh +Djh, dqg d gxpp| lqglfdwlqj zkhwkhu wkh 734+n, sodq lv wkh vroh

sodq r�huhg e| wkh hpsor|hu +Vroh,1 Ixuwkhu ghwdlov rq wkh gdwd/ lqfoxglqj ghvfulswlyh

vwdwlvwlfv/ fdq eh irxqg lq Sdsnh dqg Zrrogulgjh +4<<9,1

:



Lq wklv vdpsoh/ Sudwh lv uhodwlyho| kljk/ dqg lw lv htxdo wr � iru ryhu efI ri wkh

revhuydwlrqv1 Wklv vxjjhvwv wkdw wkh kljkhu txdqwlohv ri wkh glvwulexwlrq zloo eh  dw dv �

iru prvw revhuydwlrqv1 Wkhuhiruh/ zh h{shfw wkh uroh ri wkh fryduldwhv wr eh sduwlfxoduo|

lpsruwdqw iru wkh orzhu txdqwlohv ri wkh glvwulexwlrq1

Jlyhq wkh fkdudfwhulvwlfv ri wkh gdwd/ lq wklv sduwlfxodu h{dpsoh zh dgrsw wkh iroorzlqj

vshfl�fdwlrq iru wkh txdqwlohv ri Sudwh

TSudwh E�m{� ' 4�? i�> i E{���j /

i E{��� ' E� n �� \ E{��� /

zkhuh \ E{��� ' i T E{��� @ E� n i T E{����1 Dv lq Sdsnh dqg Zrrogulgjh +4<<9,/ {
�
� lv

vshfl�hg dv

{
�
� ' �f n ��Pudwhn �2Pudwh

2 n �� *? EHps� n �e *? EHps�
2

n �DDjhn �SDjh
2 n �.Vroh1

Vlqfh \ E{��� lv vshfl�hg dv wkh FGI ri d v|pphwulf glvwulexwlrq/ wklv vshfl�fdwlrq lv

htxlydohqw wr

T�3Sudwh E�� �m{� ' 4@ if> i E{���j /

i E{��� ' E� n �� \ E�{���� �1

Wkdw lv/ wkh iudphzrun ghvfulehg lq Vhfwlrq 5 iru prgholqj wkh txdqwlohv ri iudfwlrqdo

gdwd zlwk d pdvv0srlqw dw }hur zloo eh xvhg khuh wr prgho iudfwlrqdo gdwd zlwk d pdvv0

srlqw dw rqh1 Wdeoh 4 glvsod|v wkh hvwlpdwhg sdudphwhuv dqg fruuhvsrqglqj vwdqgdug

huuruv/ iru � 5 if=�f> f=2D> f=efj1
Wkh hvwlpdwlrq surfhgxuh zdv lpsohphqwhg dv iroorzv1 Iru hdfk ydoxh ri �/ zh �uvw

shuiruphg d julg vhdufk ryhu � wr plqlpl}h
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Wkh vhdufk zdv shuiruphg iru ydoxhv ri � iurp f=ff� wr D/ lq vwhsv ri f=ff�1 Iru hdfk ydoxh

ri �/ � zdv hvwlpdwhg e| FTU/ xvlqj wkh dojrulwkp ghvfulehg lq Ilw}hqehujhu +4<<:,1

;



Wkhq/ vwduwlqj iurp wkh rswlpdo ydoxh ri � irxqg lq wkh julg vhdufk/ wkh Eur|ghq0Iohwfkhu0

Jrogidue0Vkdqqr dojrulwkp zdv xvhg wr hvwlpdwh � dqg �1 Dw wklv prphqw/ wkh vwdqgdug

huuruv iru 	� duh hvwlpdwhg e| errwvwuds dqg duh frqglwlrqdo rq wkh hvwlpdwhg ydoxh ri �1

Doo frpsxwdwlrqv zhuh shuiruphg xvlqj WVS 813 +Kdoo dqg Fxpplqv/ 5338,1

Wdeoh 4= Qrq0olqhdu txdqwloh uhjuhvvlrq uhvxowv

� ' f=�f � ' f=2D � ' f=ef

Lqwhufhsw �=DeD�S 2=b..fH �=�bSD2

+f=e�eSH, +f=�fefH, +f=�SSH�,

Pudwh �=2b.�e �=eebSH f=2�bDb

+f=�2�DS, +f=f.2He, +f=22�fD,

Pudwh
2 �f=2Sbb� �f=2.SS� f=ebDe.

+f=f�S.�, +f=f�bD., +f=2e.b.,

*? EHps� �f=b.D�� �f=.DH�S �f=e�e.H
+f=����S, +f=fHfeD, +f=fefH�,

*? EHps�2 f=fD2D� f=fe��D f=f222D

+f=ff.��, +f=ffD2f, +f=ff2DD,

Djh f=fDf�� f=fefS� f=f2f2D

+f=ff.H�, +f=ffSfD, +f=ffefD,

Djh
2 �f=fffDS �f=fffe. �f=fff22

+f=fff�H, +f=fff��, +f=fff�f,

Vroh �f=f�eeH f=f�b2e f=feD.H

+f=fDf.�, +f=f�.e., +f=f22�H,

� f=f.�2ff f=��SfD f=SeeSS

V E�� �eS=�Sebb 2�e=2.D.� 2De=�2�bf

Sdsnh dqg Zrrogulgjh +4<<9/ s= 964, �qg wkdw/ zlwk wkh h{fhswlrq ri Vroh/ doo uhjuhv0

vruv duh vwdwlvwlfdo vljql�fdqw lq wkh phdq uhjuhvvlrq1 Wkh uhvxowv lq Wdeoh 4 vkrz wkdw

Vroh lv vwdwlvwlfdoo| vljql�fdqw iru � ' f=ef/ dowkrxjk lw lv qrq vljql�fdqw iru wkh orzhu

txdqwlohv1 Rq wkh rwkhu kdqg/ Pudwh/ zklfk lv wkh pruh lqwhuhvwlqj uhjuhvvru/ dsshduv

<



wr orrvh vljql�fdqfh dv rqh pryhv wr wkh kljkhu txdqwlohv1 Zkdw lv pruh lqwhuhvwlqj/ wkh

frh!flhqw ri Pudwh
2
fkdqjhv iurp qhjdwlyh wr srvlwlyh/ lqglfdwlqj wkdw wkh zd|Pudwh

d�hfwv wkh xsshu txdqwlohv lv vxevwdqwldoo| gl�huhqw1 Wklv vxjjhvwv wkdw wkh h�hfw ri wklv

uhjuhvvru rq wkh frqglwlrqdo glvwulexwlrq ri Sudwh lv uhodwlyho| frpsoh{1

Wr ehwwhu looxvwudwh wkh h�hfw ri Pudwh rq wkh frqglwlrqdo glvwulexwlrq ri Sudwh/

Iljxuh 4 glvsod|v wkh hvwlpdwhg frqglwlrqdo txdqwlohv +iurp wrs wr erwwrp/ iru � htxdo

wr f=ef/ f=2D dqg f=�f/ uhvshfwlyho|, dqg frqglwlrqdo h{shfwdwlrq +lq uhg, ri Sudwh/ dv d

ixqfwlrq ri Pudwh/ hydoxdwhg dw wkh vdpsoh phdqv ri *? EHps� dqg Djh/ dqg iru Vroh

' f1 Fohduo|/ wkh phdq uhjuhvvlrq ri Sudwh rqPudwh dqg rwkhu frqwuro yduldeohv lv qrw

hqrxjk wr xqyhlo wkh frpsoh{lw| ri wkh h�hfwv ri Pudwh rq wkh frqglwlrqdo glvwulexwlrq

ri Sudwh1 Iru h{dpsoh/ Iljxuh 4 vkrzv wkdw Pudwh kdv d qrq0prqrwrqlf h�hfw rq wkh

glvshuvlrq ri Sudwh/ zlwk wkh glvsod|hg txdqwloh ixqfwlrqv �uvw jhwwlqj forvhu wr hdfk

rwkhu/ exw wkhq glyhujlqj1
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Ilj1 4= Txdqwlohv dqg h{shfwdwlrq ri Sudwh dv d ixqfwlrq ri Pudwh
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81 FRQFOXGLQJ UHPDUNV

Lq wklv sdshu zh sursrvh d vlpsoh phwkrg wr hvwlpdwh frqglwlrqdo txdqwlohv ri iudfwlrqdo

gdwd/ zlwk srvvleoh pdvv0srlqwv dw }hur dqg2ru rqh1 Wkh lpsohphqwdwlrq ri wkh sursrvhg

phwkrg lv looxvwudwhg xvlqj d zhoo0nqrzq gdwdvhw1
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