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Abstract 
  

This thesis consists of four papers concerning modelling of count data and tourism demand. 
For three of the papers the focus is on the integer-valued autoregressive moving average 
model class (INARMA), and especially on the INAR(1) model. The fourth paper studies the 
interaction between households' choice of number of leisure trips and number of overnight 
stays within a bivariate count data modelling framework.  
  

Paper[I] extends the basic INAR(1) model to enable more flexible and realistic empirical 
economic applications. The model is generalized by relaxing some of the model’s basic 
independence assumptions. Results are given in terms of first and second conditional and 
unconditional order moments. Extensions to general INAR(p), time-varying, multivariate and 
threshold models are also considered. Estimation by conditional least squares and generalized 
method of moments techniques is feasible. Monte Carlo simulations for two of the extended 
models indicate reasonable estimation and testing properties. An illustration based on the 
number of Swedish mechanical paper and pulp mills is considered.  
  

Paper[II] considers the robustness of a conventional Dickey-Fuller (DF) test for the testing of 
a unit root in the INAR(1) model. Finite sample distributions for a model with Poisson 
distributed disturbance terms are obtained by Monte Carlo simulation. These distributions are 
wider than those of AR(1) models with normal distributed error terms. As the drift and sample 
size, respectively, increase the distributions appear to tend to t(T-2) and standard normal 
distributions. The main results are summarized by an approximating equation that also 
enables calculation of critical values for any sample and drift size.  
  

Paper[III] utilizes the INAR(1) model to model the day-to-day movements in the number of 
guest nights in hotels. By cross-sectional and temporal aggregation an INARMA(1,1) model 
for monthly data is obtained. The approach enables easy interpretation and econometric 
modelling of the parameters, in terms of daily mean check-in and check-out probability. 
Empirically approaches accounting for seasonality by dummies and using differenced series, 
as well as forecasting, are studied for a series of Norwegian guest nights in Swedish hotels. In 
a forecast evaluation the improvements by introducing economic variables is minute.  
  

Paper[IV] empirically studies household's joint choice of the number of leisure trips and the 
total night to stay on these trips. The paper introduces a bivariate count hurdle model to 
account for the relative high frequencies of zeros. A truncated bivariate mixed Poisson 
lognormal distribution, allowing for both positive as well as negative correlation between the 
count variables, is utilized. Inflation techniques are used to account for clustering of leisure 
time to weekends. Simulated maximum likelihood is used as estimation method. A small 
policy study indicates that households substitute trips for nights as the travel costs increase.  
   
Key words: Time series, Count data, INARMA, Unit root, Aggregation, Forecasting, 
Tourism, Truncation, Inflation, Simulated maximum likelihood, Bivariate hurdle model.  
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Frxqw gdwd uhjuhvvlrq prghoolqj whfkqltxhv kdyh ehfrph lpsruwdqw wrrov lq hpslulfdo

vwxglhv ri hfrqrplf ehkdylru dqg wkhlu dssolfdelolw| frqwlqxhv wr jurz lq ydulrxv duhdv ri

hfrqrplfv1 Lq wkh vshfldol}hg olwhudwxuh/ h1j1/ Fdphurq dqg Wulyhgl +4<<;, dqg Zlqnho0

pdqq +5333,/ qxphurxv h{dpsohv ri hfrqrplf vwxglhv xwlol}lqj frxqw gdwd phwkrgrorj|

lv phqwlrqhg/ fryhulqj wrslfv lq/ h1j1/ khdowk hfrqrplfv/ oderxu hfrqrplfv/ �qdqfldo hfr0

qrplfv/ lqgxvwuldo rujdql}dwlrq/ dqg wudqvsruwdwlrq dqg wudyho1 Vrph h{dpsohv ri vwxglhv

duh wkh qxpehu ri grfwru ylvlwv/ wkh qxpehu ri edqn idloxuhv/ wkh qxpehu ri vkrsslqj wulsv

dv zhoo dv vwxglhv ri wdnhryhu dfwlylw|/ hqwu| dqg h{lw lq lqgxvwulhv dqg oderu prelolw|1

Dowkrxjk frxqw gdwd uhjuhvvlrq prghoolqj whfkqltxhv kdyh d udwkhu uhfhqw ruljlq/ wkh

vwdwlvwlfdo dqdo|vlv ri frxqwv kdv d orqj dqg ulfk klvwru|1 Prvw ri wkh hduo| vwdwlvwlfdo

frxqw dqdo|vhv frqfhuqhg xqlyduldwh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg udqgrp ydul0

deohv zlwklq wkh iudphzrun ri glvfuhwh sdudphwulf glvwulexwlrqv +Mrkqvrq/ Nrw} dqg Nhps/

4<<5,1 Wkh ehqfkpdun iru wkh ghyhorsphqw ri frxqw gdwd prghov lv wkh Srlvvrq glvwulex0

wlrq1 Wkh Srlvvrq glvwulexwlrq zdv ghulyhg dv d olplwlqj glvwulexwlrq ri wkh elqrpldo e|

Vlpìrq0Ghqlv Srlvvrq/ zkr jdyh wkh olplwlqj glvwulexwlrq lq klv 4;6: errn1 Wkh qhjdwlyh

elqrpldo glvwulexwlrq/ d vwdqgdug jhqhudol}dwlrq ri wkh Srlvvrq/ zdv ghulyhg e| Juhhqzrrg

dqg \xoh +4<53, dqg e| Hjjhqehujhu dqg Sro|d +4<56,1 Lq hfrqrplfv dq hduo| dssolfdwlrq

ri wkh Srlvvrq uhjuhvvlrq prgho lv Mrujhqvrq +4<94,/ zkr prghoohg frqvxphu ghpdqg1

Jrxulìurx{/ Prqiruw dqg Wurjqrq +4<;7de, dqg Kdxvpdq/ Kdoo dqg Julolfkhv +4<;7, duh

hduo| frqwulexwruv zkr kdyh lq xhqfhg wkh ghyhorsphqw ri dssolhg frxqw gdwd uhjuhvvlrq

dqdo|vlv1

Hfrqrplf vwxglhv xvxdoo| ehjlq zlwk d vshfl�fdwlrq ri d wkhruhwlfdo prgho wu|lqj wr

h{sodlq djhqwv* +krxvhkrogv/ �upv ru rwkhu lqvwlwxwlrqv, ehkdylru ru fkrlfh dv ghshqglqj

rq rwkhu yduldeohv1 Iurp wkh wkhruhwlfdo prgho dq hpslulfdoo| ihdvleoh uhjuhvvlrq prgho

lv irupxodwhg1 Wkh uhjuhvvlrq prgho lv dq hpslulfdo frxqwhusduw wr wkh wkhruhwlfdo prgho

zkhuh wkh fkrlfh ru rxwfrph rq wkh yduldeoh ri lqwhuhvw/ lv h{sodlqhg e| h{sodqdwru| ydul0

deohv vshfl�hg e| wkhru|1 Lq frxqw gdwd uhjuhvvlrq/ wkh pdlq irfxv lv wkh h�hfw ri fryduldwhv

rq wkh iuhtxhqf| ri dq hyhqw/ phdvxuhg e| qrq0qhjdwlyh dqg lqwhjhu0ydoxhg frxqwv1

Wkh pdlq prwlydwlrq iru xvlqj vshfldol}hg phwkrgv wr kdqgoh frxqw gdwd lv wkdw wkh

vwdqgdug Jdxvvldq olqhdu uhjuhvvlrq prgho ljqruhv wkh uhvwulfwhg vxssruw +qrq0qhjdwlylw|

dqg wkh lqwhjhu0ydoxhg fkdudfwhu, ri wkh ghshqghqw frxqw gdwd yduldeoh1 Wklv pd| ohdg

wr vljql�fdqw gh�flhqflhv xqohvv wkh phdq ri wkh frxqwv lv kljk/ lq zklfk fdvh wkh qrupdo

dssur{lpdwlrq dqg uhodwhg uhjuhvvlrq phwkrgv pd| eh vdwlvidfwru|1 Wkh uhvxowv lq Sdshu

^LL` jlyhv dq h{dpsoh ri wkh odwwhu vlqfh lw lqglfdwhv wkdw dv wkh phdq lq wkh frxqw gdwd

prgho lqfuhdvh/ wkh ehwwhu lv wkh dssur{lpdwlrq ri wkh prgho edvhg rq qrupdolw|1

Iurp dq hfrqrphwulf srlqw ri ylhz wklv wkhvlv irfxvhv rq wkh prghoolqj ri wlph vhulhv

ri frxqw gdwd dqg rq wkh dqdo|vlv ri uhshdwhg dqg elyduldwh furvv0vhfwlrqdo frxqw gdwd1
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Wkh vwduwlqj srlqw iru prvw furvv0vhfwlrqdo frxqw gdwd dqdo|vhv lv wkh Srlvvrq uhjuhvvlrq

prgho1 Wkh prgho lv edvhg rq wkh dvvxpswlrq wkdw wkh frxqw yduldeoh |�/ jlyhq wkh yhfwru

ri h{sodqdwru| yduldeohv {�/ lv lqghshqghqwo| Srlvvrq glvwulexwhg zlwk ghqvlw|

i+|�m{�, @
h
3>

��
+�
�

|�$
> |� @ 3> 4> 5> ===

zlwk h{srqhqwldo phdq ixqfwlrq

�� @ h{s+{��,> �� � 3>

zkhuh � lv d n � 4 sdudphwhu yhfwru1 Wkh fkrlfh ri wkh h{srqhqwldo phdq ixqfwlrq lv

pdgh wr lqvxuh d qrq0qhjdwlyh phdq1 Wkh prgho lpsolhv wkdw wkh frqglwlrqdo phdq dqg

wkh frqglwlrqdo yduldqfh duh htxdo/ l1h1 H+|�m{�, @ Y +|�m{�, @ ��1 Qrwh wkdw wkh Srlvvrq

uhjuhvvlrq prgho lv lqwulqvlfdoo| khwhurvnhgdvwlf1

D qxpehu ri hvwlpdwruv +h1j1/ Fdphurq dqg Wulyhgl/ 4<<;/ fk1 6 , fdq eh xvhg wr rewdlq

hvwlpdwhv ri �/ h1j1/ pd{lpxp olnholkrrg +PO, dqg svhxgr pd{lpxp olnholkrrg +SPO,1

Iru d vdpsoh ri N revhuydwlrqv wkh orj0olnholkrrg ixqfwlrq iru wkh Srlvvrq uhjuhvvlrq

prgho lv jlyhq e|

o @
g[
�'�

oq i+|�m{�, @
g[
�'�

|�{�� � h{s+{��,� oq |�$=

Wkh PO hvwlpdwru lv frqvlvwhqw dqg dv|pswrwlfdoo| qrupdoo| glvwulexwhg li wkh gdwd jhqhu0

dwlqj surfhvv lv Srlvvrq1 Wkh dvvxpswlrq ri fruuhfw xqghuo|lqj glvwulexwlrq pd|/ krzhyhu/

eh uhod{hg1 Wklv ohdgv wr d fodvv ri svhxgr0 dqg txdvl0PO hvwlpdwruv +Jrxulìurx{ hw do1/

4<;7e/ PfFxoodjk dqg Qhoghu/ 4<;6,1 Wkh urexvwqhvv ri wkhvh hvwlpdwruv ghshqgv rq d

fruuhfwo| vshfl�hg frqglwlrqdo phdq ixqfwlrq1

�� ��������������� �� ��� ����
 ������� �����

Lq pdq| hpslulfdo dssolfdwlrqv wkh dvvxpswlrqv xqghuo|lqj wkh edvlf Srlvvrq uhjuhvvlrq

prgho duh wrr uhvwulfwlyh zlwk uhjdug wr ihdwxuhv ri wkh revhuyhg gdwd +Fdphurq dqg

Wulyhgl/ 4<<;/ fk1 7,1 Vrph frpprqo| hqfrxqwhuhg ghyldwlrqv/ iurp wkh edvlf dvvxpswlrqv/

dqg wkrvh uhohydqw iru wklv wkhvlv duh eulh | uhylhzhg lq wklv vxppdu|1

D frpprq ghyldwlrq iurp wkh edvlf Srlvvrq prgho lv wkh idloxuh ri wkh htxdo frqglwlrqdo

phdq dqg frqglwlrqdo yduldqfh uhvwulfwlrq1 Li wkh frqglwlrqdo yduldqfh ri wkh gdwd h{fhhgv

wkh frqglwlrqdo phdq ryhuglvshuvlrq lv suhvhqw1 Wkh prvw frpprqo| xvhg h{sodqdwlrq iru

ryhuglvshuvlrq lv wkdw xqrevhuyhg khwhurjhqhlw| lv suhvhqw/ l1h1 wkhuh duh rplwwhg yduldeohv

lq wkh phdq ixqfwlrq1 Rwkhu h{sodqdwlrqv duh phdvxuhphqw huuruv lq h{sodqdwru| yduldeohv

dqg wkdw vwuxfwxudo sdudphwhuv duh udqgrp +Euçqqçv dqg Urvhqtylvw/ 4<<7,1
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D vhfrqg iuhtxhqwo| hqfrxqwhuhg ihdwxuh ri hpslulfdo gdwd lv d kljkhu uhodwlyh iuhtxhqf|

ri }hur revhuydwlrqv wkdq lv frqvlvwhqw zlwk dq| vwdqgdug frxqw uhjuhvvlrq prgho +Pxoodk|/

4<;9/ Odpehuw/ 4<<5,1 Iurp d vwdwlvwlfdo srlqw ri ylhz wzr frpprq dssurdfkhv ghdolqj

zlwk wkh �h{fhvv }hur� sureohp/ duh wr xvh d kxugoh prgho ru d }hur0lq dwhg prgho1

D wklug frpprq ghyldwlrq iurp wkh edvlf Srlvvrq prgho lv wuxqfdwlrq dqg fhqvrulqj1

Wkh revhuyhg frxqwv duh ohiw wuxqfdwhg li vpdoo frxqwv duh h{foxghg iurp wkh vdpsoh +}hur

wuxqfdwlrq ehlqj wkh prvw iuhtxhqwo| hqfrxqwhuhg, dqg uljkw fhqvruhg li frxqwv h{fhhglqj

vrph ydoxh duh djjuhjdwhg1

6141 Xqrevhuyhg khwhurjhqhlw| dqg ryhuglvshuvlrq

Wr ghdo zlwk xqrevhuyhg khwhurjhqhlw| dqg ryhuglvshuvlrq rqh pd| doorz iru udqgrp ydul0

dwlrq lq wkh frqglwlrqdo phdq e| lqwurgxflqj d pxowlsolfdwlyh huuru whup1 Wklv jhqhudwhv

d idplo| ri prghov xvxdoo| uhihuuhg wr dv pl{hg Srlvvrq prghov1 Wkh phdq ixqfwlrq ri wkh

Srlvvrq glvwulexwlrq frqglwlrqdo rq d pxowlsolfdwlyh huuru whup lv vshfl�hg dv

�� @ �� �=

Wkh udqgrp yduldeohv/  �/ uhsuhvhqwlqj udqgrp xqrevhuyhg khwhurjhqhlw|/ duh xvxdoo| dv0

vxphg lqghshqghqw dqg lghqwlfdoo| glvwulexwhg/ srvvleo| zlwk d nqrzq sdudphwulf glvwul0

exwlrq/ dqg lqghshqghqw ri wkh h{sodqdwru| yduldeohv1 Wkh pdujlqdo ghqvlw| ri wkh pl{hg

Srlvvrq idplo| ri prghov lv iru d frqwlqxrxv pl{lqj glvwulexwlrq ri wkh irup

k+|�m{�, @

]
i+|�m{�> y�,j+y�,gy�=

Li i+=, dqg j+=, duh frqmxjdwh idplolhv wkh uhvxowlqj prgho lv h{suhvvleoh lq d forvhg irup1

Wkh vshfl�f irup ri wkh pl{hg Srlvvrq glvwulexwlrq ghshqgv rq wkh fkrlfh ri j+y�,1 H{0

dpsohv ri pl{wxuh prghov ghulyhg/ e| gl�huhqw dvvxpswlrqv uhjduglqj wkh pl{lqj ghqvlw|

j+=,/ duh Srlvvrq lqyhuvh Jdxvvldq pl{wxuh +Ghdq/ Odzohvv dqg Zlooprw/ 4<;<,/ glvfuhwh

orjqrupdo +Vkdedq/ 4<;;,/ jhqhudol}hg Srlvvrq +Frqvxo/ 4<;</ Frqvxo dqg Mdlq/ 4<:6, dqg

Jdxvv0Srlvvrq +Mrkqvrq/ Nrw} dqg Nhps/ 4<<5,1 Dovr/ rqh ri wkh roghvw dqg iuhtxhqwo|

dssolhg dowhuqdwlyhv wr wkh edvlf Srlvvrq uhjuhvvlrq prgho/ wkh qhjdwlyh elqrpldo prgho/

pd| eh ghulyhg dv d Srlvvrq0jdppd pl{wxuh +Juhhqzrrg dqg \xoh/ 4<53,1

Pl{lqj edvhg rq pxowlsolfdwlyh khwhurjhqhlw| lpsolhv wzr lpsruwdqw ihdwxuhv ri pl{hg

prghov1 Rqh lv wkdw wkh frqglwlrqdo yduldqfh h{fhhgv wkh frqglwlrqdo yduldqfh ri wkh

sduhqw Srlvvrq glvwulexwlrq/ l1h1 ryhuglvshuvlrq lv h{sodlqhg e| wkh qhjohfw ri xqrevhuyhg

khwhurjhqhlw|1 Wkh rwkhu ihdwxuh lv wkdw pl{lqj fdxvhv wkh sursruwlrq ri }hur frxqwv

wr lqfuhdvh frpsduhg zlwk wkh fruuhvsrqglqj sursruwlrq ri }hurhv lq wkh sduhqw Srlvvrq

glvwulexwlrq1 Wklv lv d idfw luuhvshfwlyho| ri wkh irup ri j+=, iru qrqghjhqhudwh glvwulexwlrqv

+Ihoohu/ 4<76/ Pxoodk|/ 4<<:,1

Wkh hvwlpdwlrq ri sdudphwhuv lq pl{hg Srlvvrq prghov lv ihdvleoh zlwk PO hvwlpdwlrq

whfkqltxhv iru pl{wxuhv wkdw jhqhudwh forvhg irup pdujlqdo glvwulexwlrqv1 Iru pl{wxuhv
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zlwkrxw forvhg irup pdujlqdo glvwulexwlrq/ frpsxwhu lqwhqvlyh phwkrgv vxfk dv vlpxodwhg

pd{lpxp olnholkrrg +VPO, ru vlpxodwhg phwkrg ri prphqwv +VPP, duh ihdvleoh hvwlpd0

wlrq phwkrgv1 Iru ixuwkhu ghwdlov derxw vlpxodwlrq edvhg hvwlpdwlrq/ vhh/ h1j1/ PfIdgghq

+4<;<,/ Jrxulìurx{ dqg Prqiruw +4<<4,/ Kdmlydvvlolrx dqg Uxxg +4<<7,1 Sdshu ^LY` ri wkh

wkhvlv ghdov zlwk d elyduldwh pl{wxuh prgho zlwkrxw h{solflw forvhg irup vroxwlrq dqg VPO

lv xvhg dv wkh hvwlpdwlrq phwkrg1

6151 Wuxqfdwhg frxqwv

D frxqw gdwd glvwulexwlrq lv wuxqfdwhg li wkh glvwulexwlrq lv qrw revhuydeoh ryhu wkh zkroh

udqjh ri qrq0qhjdwlyh lqwhjhuv1
4
D frpprq h{dpsoh duh glvwulexwlrqv �wuxqfdwhg dw }hur�1

Vxfk d glvwulexwlrq dulvhv lq �rq0vlwh� vdpsolqj +Vkdz/ 4<;;,1 Vlqfh wkh vxuyh| lv frq0

gxfwhg rqo| dprqj wkrvh sduwlflsdwlqj lq wkh hyhqw/ rqo| srvlwlyh lqwhjhu ydoxhv fdq eh

revhuyhg1 Wkh }hur wuxqfdwlrq fdvh lv xvxdoo| uhihuuhg wr dv ohiw wuxqfdwlrq ru wuxqfdwlrq

iurp ehorz1 Uljkw wuxqfdwlrq ru wuxqfdwlrq iurp deryh/ pd| dovr dulvh1

Wkh jhqhudo dssurdfk wr ghdolqj zlwk ohiw wuxqfdwhg
5
frxqw gdwd lv wr vshfli| wkh frxqw

gdwd ghqvlw| k+|�>�,/ zlwk fruuhvsrqglqj glvwulexwlrq K+|�>�, @ Su+\� � |�,/ zkhuh � lv

d sdudphwhu yhfwru1 Li revhuyhg frxqwv ohvv wkdq d srvlwlyh lqwhjhu u duh rplwwhg/ wkh ohiw

wuxqfdwhg frxqw glvwulexwlrq lv jlyhq e|

i+|�>�m|� � u, @
k+|�>�,

4�K+u� 4>�,
> |� @ u> u . 4> ====

Iru wkh Srlvvrq glvwulexwlrq k+|�>�, @h
3>

��
+�
� @|�$ wkh ohiw wuxqfdwhg Srlvvrq glvwulex0

wlrq lv jlyhq e|

i+|�> ��m|� � u, @
�
+�
�k

h>� �
So3�

�'f �
�
�@m$

l
|�$

> |� @ u> u . 4> === 1

Wkh wuxqfdwhg phdq dqg yduldqfh ri wkh ohiw wuxqfdwhg Srlvvrq prgho duh jlyhq lq/ h1j1/

Fdphurq dqg Wulyhgl +4<<;/ fk1 7,1 Wkh phdq ri wkh ohiw wuxqfdwhg udqgrp yduldeoh

h{fhhgv wkh fruuhvsrqglqj phdq ri wkh xqwuxqfdwhg yduldeoh/ zkhuhdv wkh yduldqfh ri wkh

wuxqfdwhg yduldeoh lv vpdoohu1

Wkh orj0olnholkrrg iru wkh ohiw wuxqfdwhg Srlvvrq prgho lv jlyhq e|

o @
g[
�'�

5
7|� oq+��,� �� � oq

3
C4� h

3>
�

o3�[
�'f

�
�
�@m$

4
D� oq+|�$,

6
8 =

Wkh PO hvwlpdwru lv frqvlvwhqw dqg dv|pswrwlfdoo| qrupdoo| glvwulexwhg zkhq wkh wuxh

gdwd jhqhudwlqj surfhvv lv Srlvvrq1 Wkh �uvw frqglwlrqdo wuxqfdwhg prphqw ghshqgv rq

4Iru fhqvruhg frxqw gdwd revhuydwlrqv duh dovr rqo| dydlodeoh iru d uhvwulfwhg udqjh ri wkh frxqw yduldeoh/

exw lq wklv fdvh h{sodqdwru| yduldeohv duh revhuyhg1 Wklv lv lq frqwudvw wr wuxqfdwlrq zkhuh doo revhuydwlrqv/

erwk wkh frxqwv dqg wkh h{sodqdwru| yduldeohv/ duh orvw iru vrph udqjh ri wkh frxqw yduldeoh1
5Dqdorjrxv uhvxowv pd| eh ghulyhg iru uljkw wuxqfdwhg glvwulexwlrqv1



Lqwurgxfwlrq dqg vxppdu| 8

wkh fruuhfw suredelolw| iru wkh qrq0revhuydeoh frxqwv/ l1h1 wkh suredelolw| ri revhuylqj

|� ? u iru wkh ohiw wuxqfdwhg fdvh1 D plvvshfl�fdwlrq ri wkh xqghuo|lqj glvwulexwlrq zloo

wkhuhiruh ohdg wr d plvvshfl�fdwlrq lq wkh �uvw frqglwlrqdo wuxqfdwhg prphqw dqg zloo wkhq

uhvxow lq dq lqfrqvlvwhqw sdudphwhu hvwlpdwru1

Sdshu ^LY` ri wklv wkhvlv ghdov zlwk erwk ohiw dqg uljkw wuxqfdwhg gdwd/ l1h1 wkh qxpehu

ri wulsv wr d sduwlfxodu ghvwlqdwlrq lv rqo| revhuyhg iru rqh dqg/ dw prvw/ wzr wulsv dv d

frqvhtxhqfh ri wkh vxuyh| frqvwuxfwlrq1

6161 Wkh frxqw gdwd kxugoh uhjuhvvlrq prgho

Wkh kxugoh frxqw gdwd uhjuhvvlrq prgho zdv ghyhorshg e| Pxoodk| +4<;9, dqg exlogv rq

lghdv iurp Fudjj +4<:4,1 Uhfhqw dssolfdwlrqv lqfoxgh Fuhho dqg Orrplv +4<<3,/ Zlovrq

+4<<5,/ Srkophlhu dqg Xoulfk +4<<8,/ dqg Duxodpsdodp dqg Errwk +4<<:,1 Sdshu ^LY`

ri wklv wkhvlv lqwurgxfhv d elyduldwh yhuvlrq ri wkh kxugoh frxqw gdwd uhjuhvvlrq prgho1

Wkh kxugoh prgho/ zklfk lv  h{leoh dqg doorzv iru erwk xqghu0 dqg ryhuglvshuvlrq/ kdv

lqwxlwlyh dsshdo wkdqnv wr lwv lqwhusuhwdwlrq dv pluurulqj d wzr0sduw ghflvlrq surfhvv1 Wklv

lv d sodxvleoh ihdwxuh iru pdq| vlwxdwlrqv lq hfrqrplfv1 Wkh wzr0sduw prgho vshfl�hv wkh

�uvw sduw dv d elqdu| rxwfrph prgho dqg wkh vhfrqg sduw dv d }hur wuxqfdwhg prgho1

Wkh �uvw sduw jryhuqv sduwlflsdwlrq/ l1h1 fkrrvlqj d srvlwlyh qxpehu ru qrw/ zkloh wkh

vhfrqg sduw jryhuqv wkh srvlwlyh fkrlfh1 Wkh frxqw gdwd kxugoh prgho lv dovr rqh srvvleoh

dssurdfk wr ghdolqj zlwk wkh �h{fhvv }hur� sureohp1

Wkh kxugoh yhuvlrq ri wkh Srlvvrq uhjuhvvlrq prgho lv rewdlqhg e| ohwwlqj �
�� @

h{s+{���, eh wkh phdq ixqfwlrq iru wkh elqdu| fkrlfh prgho dqg �
2� @ h{s+{��2, eh

wkh phdq ixqfwlrq jryhuqlqj wkh srvlwlyh rxwfrphv ri wkh srvlwlyh vhw M @ i4> 5> ===j1 Wkh

suredelolwlhv ri revhuylqj d }hur frxqw/ uhvshfwlyho|/ d rqh frxqw +4/ iru |� A 3,/ lq wkh

elqdu| sduw ri wkh prgho/ lv jlyhq e|

Su+|� @ 3m{�, @ h{s+��
��,

Su+|� @ 4m{�, @
[
+�Ma

i+|�m{�, @ 4� h{s+��
��,=

Iru wkh vhfrqg sduw ri wkh kxugoh prgho wkh wuxqfdwhg0dw0}hur Srlvvrq glvwulexwlrq lv jlyhq

e|

Su+|�m{�> |� A 3, @
h
3>

��
+�
�

+4� h3>�,|�$
> |� @ 4> 5> === 1

Wkh orj0olnholkrrg ixqfwlrq iru wkh Srlvvrq kxugoh prgho lv jlyhq e|

o @ o
�
. o

2

o� @
g[
�'�

+4� L�, oqSu+|� @ 3m{�, . L� oq^4�Su+|� @ 3m{�,`

o
2

@
g[
�'�

L� oqSu+|�m{�> |� A 3,>
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zkhuh L� @ 4 li |� A 3 dqg L� @ 3 li |� @ 31 Wkh mrlqw olnholkrrg lv pd{lpl}hg e| vhsdudwho|

pd{lpl}lqj o
�
dqg o

2
/ dvvxplqj ixqfwlrqdo lqghshqghqfh ehwzhhq o

�
dqg o

2
1

6171 Lq dwhg prghov

Wkh }hur0lq dwhg Srlvvrq +]LS, prgho dgguhvvhv/ dv wkh Srlvvrq kxugoh prgho/ wkh �h{fhvv

}hur� sureohp1 Wkh kljk iuhtxhqf| ri }hurv lv dffrxqwhg iru e| doorzlqj h{wud suredelolw|

pdvv dw }hur dqg uhgxflqj wkh suredelolw| pdvv iru rwkhu iuhtxhqflhv1 Wkh }hur0lq dwhg

Srlvvrq prgho zdv lqwurgxfhg e| Odpehuw +4<<5,1 Wkh prgho lv vshfl�hg dv

Su+|� @ 3, @ �� . +4� ��,h
3>

�

Su+|� @ u, @ +4� ��,
h
3>

��
o
�

u$
> u @ 4> 5> === 1

Iurp wklv vshfl�fdwlrq }hurv dulvh iurp wzr lqghshqghqw vrxufhv1 Lw lv hlwkhu jhqhudwhg

iurp wkh Srlvvrq glvwulexwlrq zlwk suredelolw| +4 � ��, ru lqghshqghqwo| e| wkh h{wud

suredelolw| ��1 Wkh kljkhu iuhtxhqflhv duh uhgxfhg e| wkh idfwru +4���,1 Odpehuw +4<<5,

sdudphwhul}hg �� dv d orjlvwlf ixqfwlrq ri wkh revhuydeoh yhfwru ri fryduldwhv }�/ hqvxulqj

qrq0qhjdwlylw| ri ��1 Wkh orj0olnholkrrg ri wkh frqvwdqw � ]LS prgho lv jlyhq e|

o @
g[
�'�

+4� L�, oq+� . +4� �,h>�, . L�+oq+4� �,� �� . u� oq�� � oq u$,>

zkhuh L� lv dq lqglfdwru yduldeoh wkdw wdnhv ydoxhv 4 li |� A 3 dqg 3 li |� @ 31 Odpehuw xvhg

wkh sdudphwhul}hg yhuvlrq ri wklv prgho wr vwxg| wkh rffxuuhqfh ri ghihfwv lq pdqxidfwxu0

lqj1 Rwkhu dssolfdwlrqv ri wkh prgho duh jlyhq e| Juhhq +4<<7,/ Fuìsrq dqg Gxjxhw +4<<:,

dqg Jurrwhqgruvw +4<<8,1 Uhfhqw dssolfdwlrqv lqfoxgh Vdqwrv Vloyd dqg Frydv +5333, dqg

Phonhuvvrq dqg Urrwk +5333,/ zkr erwk prghoohg frpsohwhg ihuwlolw|1 Vdqwrv Vloyd dqg

Frydv frpelqh d kxugoh0dw0}hur prgho zlwk lq dwlrq2gh dwlrq dw rqh1 Phonhuvvrq dqg

Urrwk lqwurgxfh d prgho lq dwlqj erwk wkh �}hur� dqg wkh �wzr� rxwfrph1 Lq Sdshu ^LY`

d prgho doorzlqj iru lq dwlrq lq d elyduldwh frxqw kxugoh vhwwlqj lv xwlol}hg1 Wkh prgho

doorzv iru lq dwlrq dw frxqwv +4> 4,> +4> 5,> +5> 5,> +5> 6, dqg +5> 7,1

6181 Elyduldwh prghov iru frxqw gdwd

Wkh glvfxvvlrq vr idu kdv frqfhuqhg xqlyduldwh prghov1 Sdshu ^LY` lq wklv wkhvlv lv/ krzhyhu/

frqfhuqhg zlwk d elyduldwh dqdo|vlv ri frxqw gdwd1 Wklv vhfwlrq wkhuhiruh eulh | uhylhzv

elyduldwh frxqw gdwd prghov1

Irupdo vwdwlvwlfdo surshuwlhv ri elyduldwh glvfuhwh prghov duh irxqg lq h1j1/ Nrfkhu0

odnrwd dqg Nrfkhuodnrwd +4<<5, dqg Mrkqvrq/ Nrw} dqg Edodnulvkqdq +4<<:,1 Rqh fodvv

ri elyduldwh prghov pd| eh ghulyhg e| wulyduldwh uhgxfwlrq whfkqltxhv/ h1j1/ Nrfkhuodnrwd

dqg Nrfkhuodnrwd +4<<5,1 Rwkhu elyduldwh prghov duh sursrvhg e|/ h1j1/ Jrxulìurx{/ Prq0

iruw dqg Wurjqrq +4<;7de,/ Pduvkdoo dqg Ronlq +4<<3,/ Ghojdgr +4<<5,/ Jxupx dqg Hoghu
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+5333de, dqg Fdphurq dqg Mrkdqvvrq +4<<:,1 D vkruwfrplqj zlwk prvw ri wkhvh vxj0

jhvwhg elyduldwh prghov lv wkdw wkh fruuhodwlrq ehwzhhq frxqw yduldeohv lv uhvwulfwhg wr eh

srvlwlyh1

D  h{leoh prgho wkdw doorzv iru erwk srvlwlyh dv zhoo dv qhjdwlyh fruuhodwlrq lv wkh

elyduldwh Srlvvrq orjqrupdo prgho1 Wkh pxowlyduldwh Srlvvrq orjqrupdo prgho zdv vxj0

jhvwhg e| Dlwfklvrq dqg Kr +4<;<, dv dq h{whqvlrq wr wkh xqlyduldwh Srlvvrq orjqrupdo

prgho1 Dvvxph wkdw wkh wzr frxqw yduldeohv |� dqg |2 kdyh lqghshqghqw Srlvvrq glv0

wulexwlrqv frqglwlrqdo rq udqgrp xqrevhuyhg khwhurjhqhlw| frpsrqhqwv %
�
dqg %

2
dqg

h{sodqdwru| yduldeohv {� dqg {2=

|�m{�> %� � S +�
�
,> �

�
� 3

|
2
m{
2
> %

2
� S +�

2
,> �

2
� 3>

zkhuh wkh phdq sdudphwhuv duh vshfl�hg dv �
�
@ h{s+{

�
�
�
.%

�
, dqg �

2
@ h{s+{

2
�
2
.%

2
,1

Wkh xqrevhuydeoh yduldeohv %� dqg %2 duh dvvxphg mrlqwo| qrupdoo| glvwulexwhg/ l1h1

+%�> %2, � Qi+3> 3,> +�2
�
> ����2> �

2

2
,j> m�m 5 ^3> 4`=

Wkh mrlqw ghqvlw| ixqfwlrq ri |
�
dqg |

2
/ frqglwlrqdo rq h{sodqdwru| yduldeohv/ lv jlyhq e|

Su+|
�
> |

2
m{
�
>{

2
, @

] ]
Su+|

�
> |

2
m{
�
>{

2
> %

�
> %

2
,gI +%

�
> %

2
,

@

] ]
Su+|

�
m{
�
> %

�
,Su+|

2
m{
2
> %

2
,i+%

�c%2,g%�g%2

@

]
"

3"

]
"

3"

h{s+��
�
,�+�

�

|�$

h{s+��
2
,�+2

2

|2$

4

5����2
s
4� �2

� h{s

%
�

4
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�
2
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Dowkrxjk wkhuh lv qr dssduhqw vlpsol�fdwlrq ri wklv pxowlsoh lqwhjudo lwv prphqwv fdq

hdvlo| eh rewdlqhg wkurxjk frqglwlrqdo h{shfwdwlrq uhvxowv dqg vwdqgdug surshuwlhv ri wkh

Srlvvrq dqg orjqrupdo glvwulexwlrq +Dlwfklvrq dqg Kr/ 4<;<,1 Wkh vljq ri wkh fruuhodwlrq

ehwzhhq |� dqg |2 lv ghwhuplqhg e| wkh vljq ri �1

Wkh prgho odfnv d forvhg iurp vroxwlrq iru wkh pxowlsoh lqwhjudo dqg hvwlpdwlrq ri

wkh sdudphwhuv ri wkh prgho kdv wr eh dffrpsolvkhg hlwkhu e| qxphulfdo lqwhjudwlrq ru

e| vlpxodwlrq whfkqltxhv1 Pxqnlq dqg Wulyhgl +4<<<, vxjjhvw dqg vwxg| hvwlpdwlrq ri

wklv prgho e| vlpxodwhg pd{lpxp olnholkrrg1 Fkle dqg Zlqnhopdqq +5334, xvh Pdunry

Fkdlq Prqwh Fduor phwkrgv iru wkh vdph prgho1 Hpslulfdo dssolfdwlrqv lq hfrqrplfv ri

wklv prgho duh vwloo uduh/ pdlqo| gxh wr sulru gl!fxowlhv frqfhuqlqj hvwlpdwlrq1 Sdshu ^LY`

lq wklv wkhvlv surylghv dq hpslulfdo dssolfdwlrq ri d wuxqfdwhg dqg lq dwhg yhuvlrq ri wklv

prgho1
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Wkh olwhudwxuh rq frxqw gdwd kdv pdlqo| irfxvhg rq furvv0vhfwlrqdo dqdo|vlv1 Lq uhfhqw

|hduv/ krzhyhu/ wkh lqfuhdvhg dydlodelolw| ri hfrqrplf gdwd/ hvshfldoo| dw wkh plfur ohyho/

kdv vwlpxodwhg wkh ghyhorsphqw ri prghov dqg phwkrgv iru dqdo|}lqj orqjlwxglqdo +sdqho,

dqg wlph vhulhv ri frxqw gdwd1

D wlph vhulhv ri frxqw gdwd lv dq lqwhjhu0ydoxhg qrq0qhjdwlyh vhtxhqfh ri frxqw revhu0

ydwlrqv revhuyhg ryhu wlph1 Zkloh wkhuh h{lvwv d odujh olwhudwxuh frqfhuqlqj frqyhqwlrqdo

wlph vhulhv prghoolqj wkh vshfldol}dwlrq wr frxqw gdwd dqdo|vlv lv vwloo qrw dv zhoo ghyhorshg1

Wklv/ ghvslwh wkh idfw wkdw vhyhudo prghov iru wlph vhulhv dqdo|vlv ri frxqw gdwd kdyh ehhq

sursrvhg1 H{dpsohv duh GDUPD prghov vxjjhvwhg e| Mdfrev dqg Ohzlv +4<:;de/ 4<;6,/

wkh ]hjhu dqg Tdtlvk +4<;;, prgho/ vhuldoo| fruuhodwhg huuru prghov vxjjhvwhg e| ]hjhu

+4<;;, dqg lqwhjhu0ydoxhg dxwruhjuhvvlyh prylqj dyhudjh +LQDUPD, prghov vxjjhvwhg e|

PfNhq}lh +4<;8/ 4<;9, dqg Do0Rvk dqg Do}dlg +4<;:,1 Iru d uhylhz ri wkhvh dqg rwkhu

prghov/ vhh/ h1j1/ Fdphurq dqg Wulyhgl +4<<;/ fk1 :,1 Lq wklv wkhvlv wkh LQDUPD prgho

fodvv dqg hvshfldoo| wkh lqwhjhu0ydoxhg dxwruhjuhvvlrq ri rughu rqh ^LQDU+4,` lv wkh irfdo

srlqw dqg dq lqwurgxfwlrq wr wkh prgho lv jlyhq ehorz1

Frxqw gdwd wlph vhulhv dssurdfkhv kdyh hpslulfdoo| ehhq xvhg lq/ iru h{dpsoh/ vwxglhv ri

prwruzd| fdvxdowlhv +Mrkdqvvrq/ 4<<9,/ wkh qxpehu ri edqn idloxuhv +Gdyxw|dq/ 4<;<,/ wkh

qxpehu ri krplflghv lq Fdoliruqld +Jurjjhu/ 4<<3,/ dqg jhqhulf frpshwlwlrq lq wkh Vzhglvk

skdupdfhxwlfdo pdunhw +Uxgkrop/ 5334,1 Dv wkh ghyhorsphqw ri prghov dqg phwkrgv iru

dqdo|}lqj wlph vhulhv ri frxqw gdwd surfhhgv/ wkh qxpehu ri hpslulfdo dssolfdwlrqv lv

h{shfwhg wr lqfuhdvh1

7141 LQDUPD prghov

Wkh LQDUPD prgho fodvv kdv hyroyhg dv dq dqdorjxh wr wkh frqwlqxrxv DUPD fodvv ri

prghov dqg exlogv rq wkh hduolhu zrun rq qrq0Jdxvvldq wlph0vhulhv e| pdlqo| Mdfrev dqg

Ohzlv +4<::,1 Wkh prghov zhuh lqghshqghqwo| sursrvhg e| PfNhq}lh +4<;8/ 4<;9, dqg

Do0Rvk dqg Do}dlg +4<;:,1 Wkh vlpsohvw irup ri LQDUPD prgho lv wkh LQDU+4, surfhvv

gh�qhg dv

|| @ � � ||3� . %|>

zkhuh i%|j lv d vhtxhqfh ri qrq0qhjdwlyh dqg lqwhjhu0ydoxhg udqgrp yduldeohv zlwk H+%|, @

� dqg Y +%|, @ �1 Wkh prgho uhvhpeohv wkh frqyhqwlrqdo DU+4, prgho lq wkdw lw h{solflwo|

prghov wkh vhuldo fruuhodwlrq lq whupv ri odjv ri wkh hqgrjhqrxv yduldeoh1 Wkh pdmru

gl�huhqfh lv wkdw vfdodu pxowlsolfdwlrq lv uhsodfhg e| d elqrpldo wklqqlqj rshudwlrq1 Wkh

rshudwru/ wkdw zdv lqwurgxfhg lq wklv iudphzrun e| Vwhxwho dqg Ydq Kduq +4<:<,/ lv gh�qhg

dv � � | @
S+

�'� x�> zkhuh x� lv d vhtxhqfh ri elqdu| udqgrp yduldeohv dqg zkhuh hdfk

lqglylgxdo frpsrqhqw l/ hlwkhu vxuylyhv +x� @ 4, zlwk suredelolw| � ru glhv +x� @ 3, zlwk

suredelolw| +4� �,> � 5 ^3> 4`1 Wkh edvlf dvvxpswlrqv wkdw duh pdgh lq wkh prgho duh=
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D14= H+x�x�, @ H+x�,H+x�,

D15= H+x�%|, @ H+x�,H+%|,

D16= H+x�||3�, @ H+x�,H+||3�,

D17= Fry+%|> %r, @ 3/ iru doo w 9@ v

D18= H+%|||3�, @ H+%|,H+||3�,=

Surshuwlhv olnh frqglwlrqdo dqg xqfrqglwlrqdo �uvw dqg vhfrqg rughu prphqwv iru wkh

edvlf LQDU+4, prgho duh suhvhqwhg lq Sdshu ^L`1 Dprqj wkh dwwudfwlyh ihdwxuhv ri wkh

prgho duh lwv uhodwlyh vlpsolflw| dqg lqwhusuhwdwlrqdo dsshdo1 Vlqfh wkh i%|j vhtxhqfh pd|

eh vhhq dv wkh duulydo ri lqglylgxdo frpsrqhqwv wr wkh vhulhv/ zlwk � dv wkh phdq hqwu|/

dqg wkh elqrpldo wklqqlqj rshudwru pd| eh vhhq wr uhsuhvhqw wkh qxpehu ri vxuylyruv

iurp shulrg w � 4 wr w/ wklv pdnhv wkh prgho dwwudfwlyh iru vwxg|lqj eluwk0ghdwk uhodwhg

surfhvvhv1 Gl�huhqw pdujlqdo glvwulexwlrqv iru || duh rewdlqhg e| gl�huhqw glvwulexwlrqdo

fkrlfhv iru %|1 Do0Rvk dqg Do}dlg +4<;:, frqvlghu Srlvvrq glvwulexwhg %| ^Srlvvrq LQDU+4,`

uhvxowlqj lq d Srlvvrq pdujlqdo glvwulexwlrq iru ||1 Do0Rvk dqg Do}dlg +4<;;, dovr qrwhg

wkdw Srlvvrq lv wkh rqo| glvwulexwlrq iru %| wkdw surgxfhv wkh vdph glvwulexwlrq iru ||=

H{whqvlrqv ri wkh LQDU+4, prgho wr LQDU+s, kdyh ehhq frqvlghuhg e| Do}dlg dqg

Do0Rvk +4<<3, dqg Mlq0Jxdq dqg \xdq +4<<4,1 Wkh lqwhjhu ydoxhg prylqj dyhudjh prgho

ri twk rughu/ LQPD+t, zdv lqwurgxfhg e| Do0Rvk dqg Do}dlg +4<;;, dqg lq d voljkwo|

gl�huhqw irup e| PfNhq}lh +4<;;,1 LQDUPD prghov fdq eh irxqg lq PfNhq}lh +4<;8,

dqg Do0Rvk dqg Do}dlg +4<<4,1 H{whqvlrqv ri wkh prghov wr lqfoxgh h{sodqdwru| yduldeohv

duh frqvlghuhg e| Euçqqçv +4<<8, dqg wr sdqho gdwd vlwxdwlrqv e| Ehujoxqg dqg Euçqqçv

+5334, dqg Eoxqghoo/ Jul!wk dqg Zlqgphlmhu +4<<<,1 D �qlwh pl{wxuh yhuvlrq ri Srlvvrq

LQDU uhjuhvvlrq prgho lv sursrvhg e| Eùfnhqkrow +4<<<,1

Pd{lpxp olnholkrrg +frqglwlrqdo dqg h{dfw, hvwlpdwlrq +FPOH dqg POH, ri wkh Srlv0

vrq LQDU+4, prgho lv vwxglhg lq Do0Rvk dqg Do}dlg +4<;:,/ Euçqqçv +4<<7, dqg Urqqlqj

dqg Mxqj +4<<5,1 Do0Rvk dqg Do}dlg +4<;:, dovr frqvlghuhg \xoh0Zdonhu dqg frqglwlrqdo

ohdvw vtxduhv +FOV, hvwlpdwlrq ri wkh Srlvvrq LQDU+4,1 Euçqqçv +4<<7, vwxglhg hvwlpd0

wlrq e| jhqhudol}hg phwkrg ri prphqwv +JPP, iru wkh Srlvvrq dqg jhqhudol}hg Srlvvrq

LQDU+4, prgho1 Euçqqçv dqg Kdoo +5334, vwxglhg hvwlpdwlrq ri wkh LQPD prgho1

Lq wkh �hog ri hfrqrplfv LQDUPD prghov duh uhodwlyho| qhz1 Krzhyhu/ vrph hpslulfdo

hfrqrplf dssolfdwlrqv duh Ehujoxqg dqg Euçqqçv +5334,/ zkr vwxglhg hqwu| dqg h{lw/

Eoxqghoo hw do1 +4<<<,/ zkr vwxglhg wkh qxpehu ri sdwhqwv lq �upv/ Eùfnhqkrow +4<<<,/

zkr vwxglhg frqvxphu sxufkdvh ehkdylru/ dqg Uxgkrop +5334,/ zkr vwxglhg frpshwlwlrq

lq wkh jhqhulf skdupdfhxwlfdov pdunhw1

Dv hfrqrplfv/ lq jhqhudo/ lv frqfhuqhg zlwk ghvfulelqj wkh ehkdylru ri hfrqrplf djhqwv

+krxvhkrogv/ �upv dqg lqvwlwxwlrqv, ru wkh lqwhudfwlrq +ghshqghqfh, ehwzhhq wkhp/ wkh dv0

vxpswlrqv ri wkh edvlf LQDU+4, prgho pd| vhhp wrr uhvwulfwlyh iru hfrqrplf dssolfdwlrqv1
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Sdshu ^L` ri wklv wkhvlv frqvlghuv uhod{lqj vrph ri wkh vwdwhg lqghshqghqfh dvvxpswlrqv

+D140D18, lq wkh prgho1 Wkh sulpdu| dlp lv wr pdnh wkh prgho pruh uhdglo| dydlodeoh

iru hpslulfdo hfrqrplf dssolfdwlrqv1 Wkh vhfrqg sdshu +Sdshu ^LL`, ghdov zlwk whvwlqj d

vshfldo fdvh ri wkh prgho/ qdpho|/ zkhwkhu wkh LQDU+4, kdv d xqlw urrw +� @ 4,1 Zkloh

xqlw urrwv kdyh uhfhlyhg d orw ri dwwhqwlrq lq wkh frqyhqwlrqdo wlph vhulhv olwhudwxuh lw kdv

qrw suhylrxvo| ehhq frqvlghuhg iru wlph vhulhv ri frxqw gdwd1 Wkh wklug sdshu +Sdshu ^LLL`,

exlogv rq wkh edvlf LQDU+4, prgho dqg xwlol}hv furvv0vhfwlrqdo dqg whpsrudo djjuhjdwlrq

wr duulyh dw dq LQDUPD+4/4, prgho1 Wkh sdshu frqvlghuv prghoolqj dqg iruhfdvwlqj d

prqwko| wlph vhulhv ri jxhvw qljkwv lq krwhov1 Wkh sdshu vkrzv wkh xvhixoqhvv ri wkh

LQDU+4, prgho/ sduwlfxoduo| hpskdvl}lqj lwv lqwhusuhwdwlrqdo dsshdo/ dv zhoo dv r�hulqj

d qhz dqg lqwxlwlyho| dsshdolqj dssurdfk wr wkh prghoolqj dqg iruhfdvwlqj ri djjuhjdwhg

wlph vhulhv ri frxqw gdwd1

�� 
�	���� ������

Dq lpsruwdqw dqg frqwlqxrxvo| jurzlqj vhfwru lq prvw hfrqrplhv lv wkh wrxulvp dqg wudyho

vhfwru1 Lq wklv wkhvlv wzr ri wkh sdshuv +Sdshu ^LLL` dqg Sdshu ^LY`, duh irfxvhg rq wkh

prghoolqj ri wrxulvp uhodwhg lvvxhv1

Sdshu ^LLL` lv frqfhuqhg zlwk lqwhuqdwlrqdo wrxulvp dqg irfxvhv rq wkh prghoolqj dqg

iruhfdvwlqj ri jxhvw qljkwv lq krwhov1 Dowkrxjk lqwhuqdwlrqdo wrxulvp kdv jurzq udslgo|

ryhu wkh uhfhqw 53 |hduv/ wkh udwh ri jurzwk kdv ydulhg frqvlghudeo| iurp |hdu wr |hdu

+Qrugvwuùp/ 4<<<e,1 Iru wklv uhdvrq dffxudwh prghoolqj dqg iruhfdvwlqj kdv ehfrph lp0

sruwdqw iru pdq| dfwruv lq wkh wrxulvp lqgxvwu|1

Wkh sdshu lqwurgxfhv d qhz dssurdfk wr wkh prghoolqj dqg iruhfdvwlqj ri jxhvw qljkwv

lq krwhov wkdw lv d pl{ ehwzhhq hfrqrplf ghpdqg prghov dqg sxuh wlph vhulhv dqdo|wlfdo

prghov1 Rwkhu pl{hg irupv duh suhvhqwhg e|/ h1j1/ Pduwlq dqg Zlww +4<;<, dqg Zlww

dqg Zlww +4<<8,1 Hfrqrplf ghpdqg prghoolqj dssurdfkhv duh jlyhq e|/ h1j1/ Dgdprzlf}

+4<<7,/ Phohqehuj dqg ydq Vrhvw +4<<9, dqg Qrugvwuùp +4<<<d,1 Sxuh wlph vhulhv prghov

iru iruhfdvwlqj ri jxhvw qljkwv lq krwhov duh jlyhq e|/ h1j1/ Jdufld0Ihuuhu dqg Txhudow +4<<:,

dqg Jxvwdyvvrq dqg Qrugvwuùp +5334,1

Wudglwlrqdoo|/ wkh vwxg| ri frqvxphu ghpdqg iru ohlvxuh0 dqg wrxulvw surgxfwv2vhuylfhv

kdv uhfhlyhg pdmru dwwhqwlrq1 Ydulrxv wkhrulhv dqg hpslulfdo prghov +h1j1/ Exuw dqg Euhzhu

4<:4/ Zlooldpv 4<:</ Vw|qhv dqg Shwhuv 4<;7, kdyh ehhq ghyhorshg ryhu wkh |hduv wr

vwxg| frqvxphu suhihuhqfhv dqg fkrlfh ehkdylru1 Wkhvh vwxglhv kdyh lghqwl�hg wkh uhodwlyh

lpsruwdqfh ri wkh dwwulexwhv wkdw lq xhqfh frqvxphu fkrlfh ehkdylru1 Dq lqglylgxdov

wudyho ghflvlrq ryhu d jlyhq shulrg ri wlph lqfoxghv fkrlfhv derxw/ h1j1/ qxpehu ri wulsv/

wlph wr vwd|/ ghvwlqdwlrq/ wudqvsruwdwlrq prgh/ dffrpprgdwlrq dqg dfwlylwlhv1

Pdq| vwxglhv frqfhuqlqj wrxulvp dqg wudyho irfxv rq rqh ri wkh wudyho ghflvlrqv +h1j1/

qxpehu ri wulsv/ wlph wr vwd|/ ghvwlqdwlrq/ wudqvsruwdwlrq prgh/ dffrpprgdwlrq dqg df0
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wlylwlhv, lqghshqghqwo| ri wkh rwkhuv1 Vrph irfxv rq wkh ghpdqg iru wulsv +Fuhho dqg

Orrplv/ 4<<3/ Jurjjhu dqg Fduvrq/ 4<<4/ Whu}d dqg Zlovrq/ 4<<3, rwkhuv rq wkh fkrlfh ri

ghvwlqdwlrq +Zrrgvlgh dqg O|vrqvnl/ 4<;<, dqg vrph rq wkh wudqvsruwdwlrq prgh fkrlfh

+Ehq0Dnlyd dqg Ohupdq/ 4<;8,1

D srsxodu zd| ri prghoolqj wuls ghpdqg lv wkh wudyho frvw phwkrg1 Lw xvhv wkh qxpehu

ri wulsv dv d txdqwlw| phdvxuh dqg wudyho frvwv dv wkh sulfh ri wkh wulsv1
6
Frxqw gdwd prghov

duh d udwkhu uhfhqw lqqrydwlrq lq wklv olwhudwxuh +Khoohuvwhlq/ 4<<4,1 Xs wr gdwh prvw frxqw

gdwd dssurdfkhv frqvlghu vlqjoh ghvwlqdwlrqv dqg gr qrw lqfoxgh vxevwlwxwh sulfhv lq wkh

ghpdqg ixqfwlrq +Ihdwkhu dqg Vkdz/ 4<<<,1 Sdshu ^LY` ri wklv wkhvlv surylghv dq hpslulfdo

vwxg| lqfoxglqj vxevwlwxwh ghvwlqdwlrqv lqwr wkh ghpdqg dqdo|vhv1

Li wkh ghflvlrqv derxw wkh qxpehu ri wulsv dqg wkh qxpehu ri ryhuqljkw vwd|v ru wkh

fkrlfh ri ghvwlqdwlrq dqg wudqvsruwdwlrq prgh duh v|vwhpdwlfdoo| uhodwhg/ vwxglhv frqvlg0

hulqj rqo| rqh ri wkh ghflvlrqv pd| eh plvohdglqj dqg idlo wr dffrxqw iru wkh lqwhudfwlrq

ehwzhhq ghflvlrqv1 Wklv idfw kdv uhfhlyhg vrph uhfhqw dwwhqwlrq lq wkh olwhudwxuh= Kdxv0

pdq/ Ohrqdug dqg PfIdgghq +4<<8, vwxg| wkh ghpdqg iru wulsv +qxpehu ri wulsv, dqg

ghvwlqdwlrq fkrlfh lq d wzr0vwdjh exgjhwlqj dssurdfk1 Ghoodhuw/ Erujhuv dqg Wlpphupdqv

+4<<:, vwxg| wkh fkrlfh ri ghvwlqdwlrq dorqj wkh fkrlfh ri wudqvsruwdwlrq prgh1 PfFrqqhoo

+4<<5,/ Oduvrq +4<<6, dqg Ehupdq dqg Nlp +4<<<, vwxg| wkh vlpxowdqhrxv fkrlfh ri qxp0

ehu ri wulsv dqg wlph wr vwd| iru gl�huhqw w|shv ri uhfuhdwlrqdo wulsv1 Sdshu ^LY` ri wklv

wkhvlv iroorzv wklv olqh ri uhvhdufk dqg frqvlghuv wkh krxvhkrog*v mrlqw fkrlfh ri wkh qxpehu

ri wulsv dqg wkh qxpehu ri qljkwv wr vwd|1 Lq wkh sdshu/ lq frqwudvw wr suhylrxv vwxglhv/

frxqw gdwd prghoolqj whfkqltxhv duh xwlol}hg1

�� �	���� �� ��� !�!���

Sdshu ^L` Jhqhudol}hg Lqwhjhu0Ydoxhg Dxwruhjuhvvlrq

Wr hqkdqfh wkh xvhixoqhvv ri LQDU prghov lq hpslulfdo hfrqrplf dssolfdwlrqv zh uhod{

vrph ri wkh lqghshqghqfh dvvxpswlrqv +D140D18, ri wkh edvlf LQDU prgho1 Wkh glvfxvvlrq

lv lq whupv ri hqwu| dqg h{lw ri �upv lq d vwrfn ri �upv prgho/ zklfk vhuyhv dv d zrunlqj

h{dpsoh1

Ghshqghqfh ehwzhhq h{lw ghflvlrqv +H+x�x�, 9@ H+x�,H+x�, iru l 9@ m,/ hqwu| ghflvlrqv

+ghshqghqfh lq wkh %| surfhvv,/ hqwu| dqg h{lw ghflvlrqv +H+x�%|, 9@ H+x�,H+%|,, dv zhoo dv

h{whqvlrqv wr LQDU+s,/ pxowlyduldwh LQDU dqg wkuhvkrog LQDU+4, prghov duh frqvlghuhg1

Wkh fkdqjhv lq wkh ghshqghqfh vwuxfwxuh ri wkh edvlf LQDU prgho zloo jhqhudoo| qrw

fkdqjh wkh �uvw rughu prphqwv/ exw zloo fkdqjh kljkhu rughu prphqwv1 Vlqfh wkh LQDUFK

h�hfw dv zhoo dv wkh yduldqfh surshuwlhv ydu| vxevwdqwldoo| zlwk prgho w|sh/ zh dujxh wkdw

hpslulfdo glvfulplqdwlrq ehwzhhq wkh prgho w|shv vkrxog eh srvvleoh1

6Dqrwkhu srsxodu zd| ri prghoolqj wuls ghpdqg lv wkh udqgrp xwlolw| prgho +UXP,1
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Wkh frvw ri wkh h{whqvlrqv lv sdlg e| qrw ehlqj deoh wr rewdlq ixoo glvwulexwlrqdo uhvxowv1

Iru prvw ri wkh prghov wkh �uvw dqg vhfrqg frqglwlrqdo dqg xqfrqglwlrqdo prphqwv pd|/

krzhyhu/ eh rewdlqhg1 Hvwlpdwlrq ri wkh h{whqghg prghov e| frqglwlrqdo ohdvw vtxduhv/

jhqhudol}hg phwkrg ri prphqwv +JPP, dqg \xoh0Zdonhu whfkqltxhv duh glvfxvvhg dv zhoo

dv lvvxhv uhjduglqj vshfl�fdwlrq whvwlqj dqg iruhfdvwlqj1

D Prqwh0Fduor vlpxodwlrq lqglfdwhv wkdw wkh prghov pd| eh hvwlpdwhg vdwlvidfwrulo|

e| frqglwlrqdo ohdvw vtxduhv ru jhqhudol}hg phwkrg ri prphqwv whfkqltxhv1 Wkh vlpxodwlrq

vwxg| dovr uhyhdov wkdw wkh ghshqghqfh sdudphwhuv duh txlwh suhflvho| hvwlpdwhg dqg wkdw

d Zdog whvw vwdwlvwlf edvhg rq JPP kdyh uhdvrqdeoh surshuwlhv1

Dq looxvwudwlrq lq whupv ri wkh qxpehu ri Vzhglvk phfkdqlfdo sdshu dqg sxos ploov lv

lqfoxghg1 Wkh looxvwudwlyh vwxg| lqglfdwhv d srvlwlyh exw lqvljql�fdqw fruuhodwlrq ehwzhhq

h{lwv dqg d vljql�fdqw srvlwlyh fruuhodwlrq ehwzhhq wkh hqwu| dqg wkh h{lw ghflvlrq1

Sdshu ^LL` Xqlw Urrw Whvwlqj lq Lqwhjhu0Ydoxhg DU+4, Prghov

Lq wklv sdshu zh dgguhvv wkh txhvwlrq zkhwkhu wkh frqyhqwlrqdo Glfnh|0Ixoohu +GI, whvw

ri xqlw urrw lv urexvw lq wkh lqwhjhu0ydoxhg dxwruhjuhvvlyh iudphzrun1 D xqlw urrw lq

wkh LQDU+4, prgho lv frqvlghuhg pdlqo| dv dq hpslulfdo ihdwxuh1 Dowkrxjk/ d xqlw urrw

surfhvv pd| vhhp xquhdolvwlf lq wkh orqj uxq/ lw pd| eh d uhdvrqdeoh fkdudfwhul}dwlrq lq

�qlwh hpslulfdo vdpsohv1

Wkh whvwlqj ri xqlw urrw lq wkh LQDU+4, prgho lpsolhv whvwlqj zkhwkhu wkh �uvw gli0

ihuhqfh iroorzv d udqgrp zdon zlwk guliw1 Suhylrxv uhvhdufk vkrzv wkdw iru qrq0}hur dqg

vx!flhqwo| odujh guliwv wkh GI glvwulexwlrq lv lqdssursuldwh dqg wkdw lqvwhdg wkh vwdqgdug

qrupdo ru w glvwulexwlrqv vkrxog eh xvhg1

E| vlpxodwlrq zh rewdlq wkh vpdoo vdpsoh glvwulexwlrqv ri wkh GI whvw iru d prgho zlwk

Srlvvrq glvwulexwhg dqg khqfh vnhzhg huuruv1 Zh dovr surylgh d vpdoo vdpsoh dssur{lpd0

wlrq htxdwlrq wr hqdeoh fdofxodwlrq ri vpdoo vdpsoh fulwlfdo ydoxhv1 Wkh uhvxowv lqglfdwh

wkdw xvlqj GI fulwlfdo ydoxhv fdq eh txlwh plvohdglqj1 Wkh �qlwh vdpsoh glvwulexwlrqv

kdyh khdylhu wdlov wkdq glvwulexwlrqv edvhg rq qrupdo huuru whupv dqg wkh txdqwlohv gl�hu

prvw iru vpdoo guliwv dqg vdpsoh vl}hv1 Zh ixuwkhu qrwh wkdw qhjdwlyh �uvw gl�huhqfhv duh

lqfrqvlvwhqw zlwk d xqlw urrw lq wkh LQDU+4, prgho1 Wklv surylghv d vlpsoh gldjqrvwlf iru

wkh suhvhqfh ri xqlw urrw1

Wkh sdshu ixuwkhu surylghv dq looxvwudwlyh vwxg| zkhuh d whvw ri xqlw urrw lv frqvlghuhg

iru d txduwhuo| wlph vhulhv ri wkh qxpehu ri jhqhulfv iru gl�huhqw phglfdo vxevwdqfhv lq

Vzhghq +4<:504<;9,1 Xvlqj wkh uhvxowv ri wkh sdshu wkh qxoo k|srwkhvlv ri d xqlw urrw fdq

qrw eh uhmhfwhg dw wkh 8 shufhqw ohyho1 Wklv frqfoxvlrq lv/ krzhyhu/ frqwudglfwhg e| wkh

suhvhqfh ri wzr qhjdwlyh �uvw gl�huhqfhv1
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Sdshu ^LLL` D Qhz Dssurdfk wr Prghoolqj dqg Iruhfdvwlqj Prqwko| Jxhvw

Qljkwv lq Krwhov

Dq dssurdfk wr prgho dqg iruhfdvw prqwko| jxhvw qljkwv lq krwhov lv sursrvhg1 Wkh

dssurdfk/ zklfk lv d pl{ ri wlph vhulhv dqg hfrqrphwulf prghoolqj/ vwduwv irup wkh plfur

ohyho dqg prghov wkh gd|0wr0gd| qxpehu ri jxhvw qljkwv iru vshfl�f krwhov e| dq LQDU+4,

prgho1 E| furvv0vhfwlrqdo dqg whpsrudo djjuhjdwlrq dq djjuhjdwh LQDUPD+4/4, prgho

lv rewdlqhg1 Lq prvw hpslulfdo dssolfdwlrqv wkh DU0sduw ri wkh LQDUPD+4/4, fdq eh

glvuhjdughg dqg wkh prgho wkhq vlpsol�hv wr dq LQPD+4, prgho1 Wkh prgho r�huv lqwxlwlyh

sdudphwhu lqwhusuhwdwlrqv lq whupv ri phdq0fkhfn0lq dqg fkhfn0rxw suredelolwlhv1

Hpslulfdo vshfl�fdwlrq uhodwlqj wkh phdq fkhfn0rxw dqg fkhfn0lq suredelolwlhv wr h{0

sodqdwru| yduldeohv duh rewdlqhg e| d orjlvwlf glvwulexwlrqdo ixqfwlrq iru wkh iruphu dqg

dq h{srqhqwldo ixqfwlrq iru wkh odwwhu1

Iluvw/ dv zhoo dv/ txduwhuo| dqg dqqxdo gl�huhqflqj lv glvfxvvhg dv d phwkrg ri holpl0

qdwlqj wuhqgv dqg vhdvrqdo sdwwhuqv1 Wkh prghov edvhg rq wkh gl�huhqfhg vhulhv kdyh wkh

vdph sdudphwhuv dv wkh djjuhjdwh prgho edvhg rq wkh xqgl�huhqfhg vhulhv/ vr uhjdugohvv

ri zkhwkhu zh suhihu hvwlpdwlqj dw ohyho ru dw gl�huhqfhg vhulhv ohyhov/ zh pd| vwloo lq0

whusuhw wkh sdudphwhu hvwlpdwhv lq dq lqwhuhvwlqj zd|1 Ghwdlov frqfhuqlqj hvwlpdwlrq/ e|

frqglwlrqdo ohdvw vtxduhv/ dqg iruhfdvwlqj lv dovr glvfxvvhg1

Wkh prgho dqg wkh gl�huhqw vshfl�fdwlrqv ri lw duh hpslulfdoo| xvhg wr prgho dqg iruh0

fdvwv Qruzhjldq jxhvw qljkwv lq Vzhglvk Krwhov1 Vwurqj vhdvrqdo sdwwhuqv duh irxqg lq wkh

phdq0fkhfn0lq dqg fkhfn0rxw suredelolwlhv dqg d iruhfdvw hydoxdwlrq djdlqvw d frqyhqwlrqdo

DULPD+4/3/4,+3/4/4,�2 vkrzv wkdw wkh prgho shuirupv txlwh zhoo1 Wkh jdlq lq iruhfdvwlqj

dffxudf| iurp lqfoxglqj h{sodqdwru| yduldeohv lq wkh prgho lv vpdoo1

Sdshu ^LY` Dq Hqgrjhqrxvo| Vwudwl�hg Frxqw Gdwd Prgho iru Wrxulvp Gh0

pdqg

Wkh krxvhkrog fkrlfh ri wkh qxpehu ri wulsv dqg wkh wrwdo qxpehu ri qljkwv lv hpslulfdoo|

vwxglhg rq Vzhglvk wudyho gdwd1 Wkh vwxg| frqvlghu wulsv wr wkh wkuhh odujhvw flw| duhdv lq

Vzhghq= Vwrfnkrop/ Jrwkhqexuj dqg Pdopù1

D elyduldwh Srlvvrq orjqrupdo prgho/ doorzlqj qhjdwlyh fruuhodwlrq ehwzhhq wkh frxqw

yduldeohv/ lv xwlol}hg iru wkh vlpxowdqhrxv hvwlpdwlrq ri wkh ghpdqg iru wulsv dqg wkh

ghpdqg iru qljkwv1 Wuxqfdwlrq dulvhv iurp deryh iru wkh qxpehu ri wulsv dv frxqwv odujhu

wkdq wzr duh qhyhu revhuyhg gxh wr wkh vdpsolqj surfhgxuh1 Wkh wrwdo qxpehu ri qljkwv duh

wuxqfdwhg �dw }hur� frqglwlrqdo rq krxvhkrogv pdnlqj rqh wuls dqg �dw rqh� frqglwlrqdo

rq krxvhkrogv pdnlqj wzr wulsv/ vlqfh wkh gdwd fkrvhq iru wkh vwxg| h{foxghv gd|wulsv1

Wkh elyduldwh Srlvvrq orjqrupdo glvwulexwlrq lv dgmxvwhg wr dffrxqw iru wkhvh wuxqfdwlrqv

lq wkh hpslulfdo dssolfdwlrq1

Vlqfh dq h{solflw vroxwlrq iru wkh wuxqfdwhg elyduldwh Srlvvrq orjqrupdo glvwulexwlrq
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fdq qrw eh rewdlqhg wkh prgho lv hvwlpdwhg e| vlpxodwhg pd{lpxp olnholkrrg +VPO,

whfkqltxhv1

D elyduldwh kxugoh prgho lv lqwurgxfhg wr kdqgoh wkh uhodwlyho| kljk iuhtxhqf| ri }hurv

lq wkh vdpsoh1 Lq wkh sduw ri wkh kxugoh prgho dffrxqwlqj iru wkh srvlwlyh rxwfrphv

frxqw lq dwlrq whfkqltxhv duh xwlol}hg wr doorz iru srvvleoh foxvwhulqj ri frxqwv gxh wr wkh

doorfdwlrq ri ohlvxuh wlph wr zhhnhqgv1 Wkh lq dwhg prghov surylgh wkh ehvw �wv wr wkh

gdwd jlylqj vrph vxssruw iru wkh zhhnhqg k|srwkhvlv1

Iru prvw prghov wkh qxpehu ri wulsv dqg qljkwv duh qhjdwlyho| fruuhodwhg1 Rzq sulfh

h�hfwv lq wkh ghpdqg iru wulsv dqg wkh ghpdqg iru qljkwv duh qhjdwlyh zkloh furvv0sulfh

h�hfwv vkrz pl{hg uhvxowv1 D vpdoo srolf| vwxg| lv surylghg wr looxvwudwh wkh h�hfwv ri wkh

prgho1 Wkh srolf| vwxg| uhyhdov wkh lpsruwdqfh ri lqfoxglqj vxevwlwxwh ghvwlqdwlrq sulfhv

lq wkh prgho dv zhoo dv looxvwudwhv wkh vxevwlwxwlrq ri wulsv iru qljkwv gxh wr lqfuhdvhg

wudqvsruwdwlrq frvwv1
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Prgho ri Uhfuhdwlrq Ghpdqg1 Mrxuqdo ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv 4</

4<0641

Dlwfklvrq/ M1 dqg Kr/ F1K1 +4<;<,1 Wkh Pxowlyduldwh Srlvvrq Orjqrupdo Glvwulexwlrq1

Elrphwulnd :9/ 97609861

Do0Rvk/ P1D1 dqg Do}dlg/ D1D1 +4<;:,1 Iluvw0Rughu Lqwhjhu Ydoxhg Dxwruhjuhvvlyh Surfhvv1

Mrxuqdo ri Wlph Vhulhv Dqdo|vlv ;/ 59405:81

Do0Rvk/ P1D1 dqg Do}dlg/ D1D1 +4<;;,1 Lqwhjhu0Ydoxhg Prylqj Dyhudjh +LQPD, Surfhvv1

Vwdwlvwlfdo Sdshuv 5</ 5;406331

Do0Rvk/ P1D1 dqg Do}dlg/ D1D1 +4<<4,1 Elqrpldo Dxwruhjuhvvlyh Prylqj Dyhudjh Prghov1

Frppxqlfdwlrqv lq Vwdwlvwlfv= Vwrfkdvwlf Prghov :/ 59405;51

Do}dlg/ D1D1 dqg Do0Rvk/ P1D1 +4<<3,1 Dq Lqwhjhu0Ydoxhg swk0Rughu Dxwruhjuhvvlyh Vwuxf0

wxuh +LQDU+s,, Surfhvv1 Mrxuqdo ri Dssolhg Suredelolw| 5:/ 64706571

Duxodpsdodp/ Z1 dqg Errwk/ D1O1 +4<<:,1 Zkr Jhwv Ryhu wkh Wudlqlqj KxugohB D Vwxg|

ri wkh Wudlqlqj H{shulhqfhv ri \rxqj Phq dqg Zrphq lq Eulwdlq1 Mrxuqdo ri Srsxodwlrq

Hfrqrplfv 43/ 4<:054:1

Ehq0Dnlyd/ P1 dqg Ohupdq/ V1U1 +4<;8,1 Glvfuhwh Fkrlfh Dqdo|vlv/ Wkhru| dqg Dssolfd0

wlrq wr Wudyho Ghpdqg1 PLW Suhvv/ Fdpeulgjh/ PD1

Ehujoxqg/ H1 dqg Euçqqçv/ N1 +5334,1 Sodqwv* Hqwu| dqg H{lw lq Vzhglvk Pxqlflsdolwlhv1

Wkh Dqqdov ri Uhjlrqdo Vflhqfh 68/ 764077;1

Ehupdq/ P1G1 dqg Nlp/ K1M1 +4<<<,1 Hqgrjhqrxv Rq0Vlwh Wlph lq wkh Uhfuhdwlrq Ghpdqg

Prgho1 Odqg Hfrqrplfv :8/ 93604<1

Eoxqghoo/ U1/ Jul!wk/ U1 dqg Zlqgphlmhu/ I1 +4<<<,1 Lqglylgxdo H�hfwv dqg G|qdplfv lq

Frxqw Gdwd Prghov1 Zrunlqj Sdshu Z<<26/ Lqvwlwxwh ri Ilvfdo Vwxglhv/ Orqgrq1

Euçqqçv/ N1 +4<<7,1 Hvwlpdwlrq dqg Whvwlqj lq Lqwhjhu0Ydoxhg DU+4, prghov1 Xphè

Hfrqrplf Vwxglhv 6681

Euçqqçv/ N1 +4<<8,1 H{sodqdwru| Yduldeohv lq wkh DU+4, Frxqw Gdwd Prgho1 Xphè

Hfrqrplf Vwxglhv 6;41

Euçqqçv/ N1 dqg Kdoo/ D1 +5334,1 Hvwlpdwlrq lq Lqwhjhu0Ydoxhg Prylqj Dyhudjh Prghov1

Dssolhg Vwrfkdvwlf Prghov lq Exvlqhvv dqg Lqgxvwu| 4:/ 5::05<41

Euçqqçv/ N1 dqg Urvhqtylvw/ J1 +4<<7,1 Vhplsdudphwulf Hvwlpdwlrq ri Khwhurjhqrxv

Frxqw Gdwd Prghov1 Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk :9/ 57:058;1

Exuw/ R1 dqg Euhzhu/ G1 +4<:4,1 Hvwlpdwlrq ri Qhw Vrfldo Ehqh�wv iurp Rxwgrru Uhfuh0

dwlrq1 Hfrqrphwulfd 85/ 650741

Eùfnhqkrow/ X1 +4<<<,1 Pl{hg LQDU+4, Srlvvrq Uhjuhvvlrq Prghov= Dqdo|}lqj Khwhur0

jhqhlw| dqg Vhuldo Ghshqghqflhv lq Orqjlwxglqdo Frxqw Gdwd1 Mrxuqdo ri Hfrqrphwulfv

;</ 64:066;1
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Fdphurq/ D1F1 dqg Mrkdqvvrq/ S1 +4<<:,1 Frxqw Gdwd Uhjuhvvlrqv Xvlqj Vhulhv H{sdq0

vlrqv zlwk Dssolfdwlrqv1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 45/ 53605571

Fdphurq/ D1F1 dqg Wulyhgl/ S1 +4<<;,1 Uhjuhvvlrq Dqdo|vlv ri Frxqw Gdwd1 Fdpeulgjh

Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Fkle/ V1 dqg Zlqnhopdqq/ U1 +5334,1 Pdunry Fkdlq Prqwh Fduor Dqdo|vlv ri Fruuhodwhg

Frxqw Gdwd1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 4</ 75;07681

Frqvxo/ S1F1 +4<;<,1 Jhqhudol}hg Srlvvrq Glvwulexwlrqv= Surshuwlhv dqg Dssolfdwlrqv1

Pdufho Ghnnhu/ Qhz \run1

Frqvxo/ S1F1 dqg Mdlq/ J1F1 +4<:6,1 D Jhqhudol}dwlrq ri wkh Srlvvrq Glvwulexwlrq1 Whfk0

qrphwulfv 48/ :<40:<<1

Fudjj/ M1J1 +4<:4,1 Vrph Vwdwlvwlfdo Prghov iru Olplwhg Ghshqghqw Yduldeohv zlwk Ds0

solfdwlrq wr wkh Ghpdqg iru Gxudeoh Jrrgv1 Hfrqrphwulfd 6</ ;5<0;771

Fuhho/ P1G1 dqg Orrplv/ M1E1 +4<<3,1 Wkhruhwlfdo dqg Hpslulfdo Dgydqwdjhv ri Wuxq0

fdwhg Frxqw Gdwd Hvwlpdwruv iru Dqdo|vlv ri Ghhu Kxqwlqj lq Fduoliruqld1 Mrxuqdo ri

Djulfxowxudo Hfrqrplfv :5/ 76707741

Fuìsrq/ E1 dqg Gxjxhw/ H1 +4<<:,1 Uhvhdufk dqg Ghyhorsphqw/ Frpshwlwlrq dqg Lq0

qrydwlrq= Svhxgr Pd{lpxp Olnholkrrg dqg Vlpxodwhg Pd{lpxp Olnholkrrg Phwkrgv

Dssolhg wr Frxqw Gdwd Prghov zlwk Khwhurjhqlw|1 Mrxuqdo ri Hfrqrphwulfv :</ 68806:;1

Gdyxw|dq/ Q1 +4<;<,1 Edqn Idloxuhv dv Srlvvrq Yduldwhv1 Hfrqrplf Ohwwhuv 5</ 666066;1

Ghdq/ F1/ Odzohvv/ M1I1 dqg Zlooprw/ J1H1 +4<;<,1 D Pl{hg Srlvvrq0Lqyhuvh Jdxvvldq

Uhjuhvvlrq Prgho1 Fdqdgldq Mrxuqdo ri Vwdwlvwlfv 4:/ 4:404;51

Ghojdgr/ P1D1 +4<<5,1 Vhplsdudphwulf Jhqhudol}hg Ohdvw Vtxduhv lq wkh Pxowlyduldwh

Qrqolqhdu Uhjuhvvlrq Prgho1 Hfrqrphwulf Wkhru| ;/ 53605551

Ghoodhuw/ E1J1F1/ Erujhuv/ D1Z1M1 dqg Wlpphupdqv/ K1M1S1 +4<<:,1 Frqmrlqw Prghov ri

Wrxulvw Sruwirolr Fkrlfh= Wkhru| dqg Looxvwudwlrq1 Ohlvxuh Vflhqfh 4</ 6408;1

Hjjhqehujhu/ I1 dqg Sro|d/ J1 +4<56,1 ßehu glh Vwdwlvwln Yhunhwwhwhu Yrujçqjh1 ]hlwvfkuliw

iÿu Dqjhuzdqgwh Pdwkhpdwln xqg Phfkdqln 4/ 5:<05;<1

Ihdwkhu/ S1 dqg Vkdz/ Z1G1 +4<<<,1 Srvvlelolwlhv iru Lqfoxglqj wkh Rssruwxqlw| Frvw ri

Wlph lq Uhfuhdwlrq Ghpdqg V|vwhpv1 Odqg Hfrqrplfv :8/ 8<509351

Ihoohu/ Z1 +4<76,1 Rq d Jhqhudo Fodvv ri Frqwdjlrxv Glvwulexwlrqv1 Dqqdov ri Pdwkhpdw0

lfdo Vwdwlvwlfv 47/ 6;<07331

Jdufld0Ihuuhu/ D1 dqg Txhudow/ U1D1 +4<<:,1 D Qrwh rq Iruhfdvwlqj Lqwhuqdwlrqdo Wrxulvp

Ghpdqg lq Vsdlq1 Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj 46/ 86<087<1

Jrxulìurx{/ F1 dqg Prqiruw/ D1 +4<<4,1 Vlpxodwlrq edvhg Lqihuhqfh lq Prghov zlwk Khw0

hurjhqhlw|1 Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh 53254/ 9<043:1

Jrxulìurx{/ F1/ Prqiruw/ D1 dqg Wurjqrq/ D1 +4<;7d,1 Svhxgr Pd{lpxp Olnholkrrg

Phwkrgv= Wkhru|1 Hfrqrphwulfd 85/ 9;40:331

Jrxulìurx{/ F1/ Prqiruw/ D1 dqg Wurjqrq/ D1 +4<;7e,1 Svhxgr Pd{lpxp Olnholkrrg

Phwkrgv= Dssolfdwlrqv wr wkh Srlvvrq Prghov1 Hfrqrphwulfd 85/ :340:531
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Juhhq/ Z1K1 +4<<7,1 Dffrxqwlqj iru H{fhvv ri ]hurv dqg Vdpsoh Vhohfwlrq lq Srlvvrq

dqg Qhjdwlyh Elqrpldo Uhjuhvvlrq Prghov1 Glvfxvvlrq Sdshu HF0<7043/ Ghsduwphqw ri

Hfrqrplfv/ Qhz \run Xqlyhuvlw|/ Qhz \run1

Juhhqzrrg/ P1 dqg \xoh/ J1X1 +4<53,1 Dq Lqtxlu| lqwr wkh Qdwxuh ri Iuhtxhqf| Glvwulex0

wlrqv ri Pxowlsoh Kdsshqlqjv/ zlwk Sduwlfxodu Uhihuhqfh wr wkh Rffxuuhqfh ri Pxowlsoh

Dwwdfnv ri Glvhdvh ru Uhshdwhg Dfflghqwv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| ;6/

58805:<1

Jurjjhu/ M1 +4<<3,1 Wkh Ghwhuuhqw H�hfw ri Fdslwdo Sxqlvkphqw= Dq Dqdo|vlv ri Gdlo|

Krplflgh Frxqwv1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;8/ 5<806361

Jurjjhu/ M1W1 dqg Fduvrq/ U1U1 +4<<4,1 Prghov iru Wuxqfdwhg Frxqwv1 Mrxuqdo ri Dssolhg

Hfrqrphwulfv 9/ 558056;1

Jurrwhqgruvw/ S1Y1 +4<<8,1 D Frpsdulvrq ri Dowhuqdwlyh Prghov ri Suhvfulswlrq Guxj

Xwlol}dwlrq1 Khdowk Hfrqrplfv 7/ 4;604<;1

Jxupx/ V1 dqg Hoghu/ M1 +5333d,1 Jhqhudol}hg Elyduldwh Frxqw Gdwd Uhjuhvvlrq Prghov1

Hfrqrplf Ohwwhuv 9;/ 640691

Jxupx/ V1 dqg Hoghu/ M1 +5333e,1 Hvwlpdwlrq ri Pxowlyduldwh Frxqw Uhjuhvvlrq Prghov

Zlwk Dssolfdwlrqv wr Khdowk Fduh Xwlol}dwlrq1 Plphr1 Hfrqrplfv Ghsduwphqw/ Jhrujld

Vwdwh Xqlyhuvlw|1

Jxvwdyvvrq/ S1 dqg Qrugvwuùp/ M1 +5334,1 Wkh Lpsdfw ri Vhdvrqdo Xqlw Urrwv dqg Yhfwru

DUPD Prgholqj rq Iruhfdvwlqj Prqwko| Wrxulvp Iorzv1 Wrxulvp Hfrqrplfv :/ 44:0

4661

Kdmlydvvlolrx/ Y1 dqg Uxxg/ S1 +4<<7,1 Fodvvlfdo Hvwlpdwlrq Phwkrgv iru OGY Prghov

xvlqj Vlpxodwlrq1 Lq Hqjoh/ U1 dqg PfIdgghq/ G1/ hgv1/ Kdqgerrn ri Hfrqrphwulfv LY1

Qruwk0Kroodqg/ Dpvwhugdp1

Kdxvpdq/ M1D1/ Kdoo/ E1K1 dqg Julolfkhv/ ]1 +4<;7,1 Hfrqrphwulf Prghov iru Frxqw Gdwd

zlwk dq Dssolfdwlrq wr wkh Sdwhqwv 0 U dqg G Uhodwlrqvkls1 Hfrqrphwulfd 85/ <3<0<6;1

Kdxvpdq/ M1D1/ Ohrqdug/ J1N1 dqg PfIdgghq/ G1 +4<<8,1 D Xwlolw|0Frqvlvwhqw/ Frpelqhg

Glvfuhwh Fkrlfh dqg Frxqw Gdwd Prgho= Dvvhvvlqj Uhfuhdwlrqdo Xvh Orvvhv gxh wr

Qdwxudo Uhvrxufh Gdpdjh1 Mrxuqdo ri Sxeolf Hfrqrplfv 89/ 40631

Khoohuvwhlq/ G1P1 +4<<4,1 Xvlqj Frxqw Gdwd Prghov lq Wudyho Frvw Dqdo|vlv zlwk Djjuh0

jdwh Gdwd1 Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv :6/ ;930;991

Mdfrev/ S1D1 dqg Ohzlv S1D1Z1 +4<::,1 D Pl{hg Dxwruhjuhvvlyh Prylqj Dyhudjh H{sr0

qhqwldo Vhtxhqfh dqg Srlqw Surfhvv1 Dgydqfhv lq Dssolhg Suredelolw| </ ;:04371

Mdfrev/ S1D1 dqg Ohzlv S1D1Z1 +4<:;d,1 Glvfuhwh Wlph Vhulhv Jhqhudwhg e| Pl{wxuhv L=

Fruuhodwlrqdo dqg Uxqv Surshuwlhv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E73/ <704381

Mdfrev/ S1D1 dqg Ohzlv S1D1Z1 +4<:;e,1 Glvfuhwh Wlph Vhulhv Jhqhudwhg e| Pl{wxuhv LL=

Dv|pswrwlf Surshuwlhv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E73/ 555055;1

Mdfrev/ S1D1 dqg Ohzlv S1D1Z1 +4<;6,1 Vwdwlrqdu| Glvfuhwh Dxwruhjuhvvlyh Prylqj Dyhu0

djh Wlph Vhulhv Jhqhudwhg e| Pl{wxuhv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 7/ 4<0691
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Mlq0Jxdq/ G1 dqg \xdq/ O1 +4<<4,1 Wkh Lqwhjhu0Ydoxhg Dxwruhjuhvvlyh +LQDU+s,, Prgho1

Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 45/ 45<04751

Mrkdqvvrq/ S1 +4<<9,1 Vshhg Olplwdwlrq dqg Prwruzd| Fdvxdowlhv= D Wlph Vhulhv Frxqw

Gdwd Uhjuhvvlrq Dssurdfk1 Dfflghqw Dqdo|vlv dqg Suhyhqwlrq 5;/ :60;:1

Mrkqvrq/ Q1O1/ Nrw}/ V1 dqg Edodnulvkqdq/ Q1 +4<<:,1 Glvfuhwh Pxowlyduldwh Glvwulexwlrqv1

Mrkq Zloh|/ Qhz \run1

Mrkqvrq/ Q1O1/ Nrw}/ V1/ dqg Nhps/ D1Z1 +4<<5,1 Xqlyduldwh Glvfuhwh Glvwulexwlrqv/ 51

hg1/ Qhz \run/ Mrkq Zlho|1

Mrujhqvrq/ G1Z1 +4<94,1 Pxowlsoh Uhjuhvvlrq Dqdo|vlv ri d Srlvvrq Surfhvv1 Mrxuqdo ri

wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 89/ 56805791

Nrfkhuodnrwd/ V1 dqg Nrfkhuodnrwd/ N1 +4<<5,1 Elyduldwh Glvfuhwh Glvwulexwlrqv1 Pdufho

Ghnnhu/ Qhz \run1

Odpehuw/ G1 +4<<5,1 ]hur0Lq dwhg Srlvvrq Uhjuhvvlrq zlwk dq Dssolfdwlrq wr Ghihfwv lq

Pdqxidfwxulqj1 Whfkqrphwulfv 67/ 40471

Oduvrq/ G1P1 +4<<6,1 Mrlqw Uhfuhdwlrq Fkrlfhv dqg Lpsolhg Ydoxh ri Wlph1 Odqg Hfr0

qrplfv 9</ 5:30;91

Pduvkdoo/ D1Z1 dqg Ronlq/ L1 +4<<3,1 Pxowlyduldwh Glvwulexwlrqv Jhqhudwhg iurp Pl{wxuhv

ri Frqyroxwlrq dqg Surgxfw Idplolhv1 Lq Wrslfv lq Vwdwlvwlfdo Ghshqghqfh/ hgv1 Eorfn/

K1Z1/ Vdpsvrq/ D1U1 dqg Vdylwv/ W1K1/ LPV Ohfwxuh Qrwhv Prqrjudsk Vhulhv 49/ 6:40

6<6/ Kd|zdug/ FD1

Pduwlq/ D1 dqg Zlww/ V1I1 +4<;<,1 Iruhfdvwlqj Wrxulvp Ghpdqg= D Frpsdulvrq ri wkh

Dffxudf| ri Vhyhudo Txdqwlwdwlyh Phwkrgv1 Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj 8/ 40461

PfFrqqhoo/ N1H1 +4<<5,1 Rq0vlwh wlph lq wkh Ghpdqg iru Uhfuhdwlrq1 Dphulfdq Mrxuqdo

ri Djulfxowxudo Hfrqrplfv :7/ <4;0581

PfFxoodjk/ S1 dqg Qhoghu/ M1D1 +4<;6,1 Jhqhudol}hg Olqhdu Prghov1 4vw hg1/ Fkdspdq

dqg Kdoo/ Orqgrq1

PfIdgghq/ G1 +4<;<,1 D Phwkrg ri Vlpxodwhg Prphqwv iru Hvwlpdwlrq ri Glvfuhwh Fkrlfh

Prghov zlwkrxw Qxphulfdo Lqwhjudwlrq1 Hfrqrphwulfd 8:/ <<8043591

PfNhq}lh/ H1 +4<;8,1 Vrph Vlpsoh Prghov iru Glvfuhwh Yduldwh Wlph Vhulhv1 Zdwhu

Uhvrxufhv Exoohwlq 54/ 97809831

PfNhq}lh/ H1 +4<;9,1 Dxwruhjuhvvlyh Prylqj0Dyhudjh Surfhvvhv zlwk Qhjdwlyh Elqrpldo

dqg Jhrphwulf Pdujlqdo Glvwulexwlrqv1 Dgydqfhv lq Dssolhg Suredelolw| 4;/ 9:<0:381

PfNhq}lh/ H1 +4<;;,1 Vrph DUPD Prghov iru Ghshqghqw Vhtxhqfhv ri Srlvvrq Frxqwv1

Dgydqfhv lq Dssolhg Suredelolw| 53/ ;550;681

Phohqehuj/ E1 dqg ydq Vrhvw/ D1 +4<<9,1 Sdudphwulf dqg Vhpl0Sdudphwulf Prghoolqj ri

Ydfdwlrq H{shqglwxuhv1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 44/ 8<0:91

Phonhuvvrq/ P1 dqg Urrwk/ G1 +5333,1 Prghoolqj ri Krxvhkrog Ihuwlolw| Xvlqj Lq dwhg

Frxqw Gdwd Prghov1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv 46/ 4;<05361

Pxoodk|/ M1 +4<;9,1 Vshfl�fdwlrq dqg Whvwlqj lq vrph Prgl�hg Frxqw Gdwd Prghov1
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Mrxuqdo ri Hfrqrphwulfv 66/ 67406981

Pxoodk|/ M1 +4<<:,1 Khwhurjhqlw|/ H{fhvv ]hurv dqg wkh Vwuxfwxuh ri Frxqw Gdwd Prghov1

Mrxuqdo ri Dssolhg Hfrqrphwulfv 45/ 66:06831

Pxqnlq/ P1N1 dqg Wulyhgl/ S1N1 +4<<<,1 Vlpxodwhg Pd{lpxp Olnholkrrg Hvwlpdwlrq ri

Pxowlydwldwh Pl{hg0Srlvvrq Uhjuhvvlrq Prghov/ zlwk Dssolfdwlrq1 Hfrqrphwulfv Mrxuqdo

5/ 5<07;1

Qrugvwuùp/ M1 +4<<<d,1 Xqrevhuyhg Frpsrqhqwv lq Lqwhuqdwlrqdo Wrxulvp Ghpdqg1 Xphè

Hfrqrplf Vwxglhv 8351

Qrugvwuùp/ M1 +4<<<e,1 Wrxulvp dqg Wudyho= Dffrxqwv/ Ghpdqg dqg Iruhfdvwv1 Xphè

Hfrqrplf Vwxglhv 83<1

Srkophlhu/ Z1 dqg Xoulfk/ Y1 +4<<8,1 Dq Hfrqrphwulf Prgho ri wkh Wzr0sduw Ghflvlrq

Pdnlqj Surfhvv lq wkh Ghpdqg iru Khdowk Fduh1 Mrxuqdo ri Kxpdq Uhvrxufhv 63/

66<06941

Urqqlqj/ J1 dqg Mxqj/ U1F1 +4<<5,1 Hvwlpdwlrq ri d Iluvw Rughu Dxwruhjuhvvlyh Surfhvv

zlwk Srlvvrq Pdujlqdov iru Frxqw Gdwd1 Lq Idkuphlu/ O1/ Iudqflv/ E1/ Jlofkulvw/ U1/ Wxw}/

J1/ hgv1/ Dgydqfhv lq JOLP dqg Vwdwlvwlfdo Prghoolqj1 Vsulqjhu0Yhuodj/ Qhz \run1

Uxgkrop/ Q1 +5334,1 Hqwu| dqg wkh Qxpehu ri Ilupv lq wkh Vzhglvk Skdupdfhxwlfdov

Pdunhw1 Uhylhz ri Lqgxvwuldo Rujdql}dwlrq 4</ 68406971

Vdqwrv Vloyd/ M1P1F1 dqg Frydv/ I1 +5333,1 D Prgl�hg Kxugoh Prgho iru Frpsohwhg

Ihuwlolw|1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv 46/ 4:604;;1

Vkdedq/ V1D1 +4<;;,1 Srlvvrq0Orjqrupdo Glvwulexwlrqv1 Lq Furz/ H1O1 dqg Vklpl}x/ N1/

hgv/ Orjqrupdo Glvwulexwlrqv1 Pdufho Ghnnhu/ Qhz \run1

Vkdz/ G1 +4<;;,1 Rq0Vlwh Vdpsohv/ Uhjuhvvlrq Sureohpv ri Qrq0qhjdwlyh Lqwhjhuv/ Wuxq0

fdwlrq dqg Hqgrjhqrxv Vwudwl�fdwlrq1 Mrxuqdo ri Hfrqrphwulfv 6:/ 54405561

Vwhxwho/ I1Z1 dqg Ydq Kduq/ N1 +4<:<,1 Glvfuhwh Dqdorjxhv ri Vhoi0Ghfrpsrvdelolw| dqg

Vwdelolw|1 Dqqdov ri Suredelolw| :/ ;<60;<<1

Vw|qhv/ G1 M1 dqg Shwhuv/ J1 O1 +4<;7,1 D uhylhz ri orjlw prghov zlwk lpsolfdwlrqv iru

prgholqj uhfuhdwlrq fkrlfhv1 Mrxuqdo ri Ohlvxuh Uhvhdufk 49/ 5<806431

Whu}d/ M1Y1 dqgZlovrq/ S1Z1 +4<<3,1 Dqdo|}lqj Iuhtxhqflhv ri Vhyhudo W|shv ri Hyhqwv= D

Pl{hg Pxowlqrpldo0Srlvvrq Dssurdfk1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :5/ 43;04481

Zlooldpv/ K1F1Z1O1 +4<:<,1 Rq wkh irxqgdwlrq ri wudyho ghpdqg prghov dqg hfrqrplf

hydoxdwlrq phdvxuhv ri xvhu ehqh�w1 Hqylurqphqw dqg Sodqqlqj </ 5;806771

Zlovrq/ S1Z1 +4<<5,1 Frxqw Gdwd Prghov Zlwkrxw Phdq0Yduldqfh Uhvwulfwlrqv1 Zrunlqj

Sdshu suhvhqwhg dw wkh Hxurshdq Phhwlqj ri wkh Hfrqrphwulf Vrflhw|/ Euxvvhov1

Zlqnhopdqq/ U1 +5333,1 Hfrqrphwulf Dqdo|vlv ri Frxqw Gdwd/ 6ug hg1/ Vsulqjhu0Yhuodj/

Ehuolq1

Zlww/ V1I1 dqg Zlww/ F1D1 +4<<8,1 Iruhfdvwlqj Wrxulvp Ghpdqg= D Uhylhz ri Hpslulfdo

Uhvhdufk1 Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj 44/ 77:07:81

Zrrgvlgh/ D1J1 dqg O|vrqvnl/ V1 +4<;<,1 D Jhqhudo Prgho ri Wudyhohu Ghvwlqdwlrq Fkrlfh1



53 Lqwurgxfwlrq dqg vxppdu|

Mrxuqdo ri Wudyho Uhvhdufk 5:/ ;0471

]hjhu/ V1O1 +4<;;,1 D Uhjuhvvlrq Prgho iru Wlph0vhulhv ri Frxqwv1 Elrphwulnd :8/ 9540

95<1

]hjhu/ V1O1 dqg Tdtlvk/ E1 +4<;;,1 Pdunry Uhjuhvvlrq Prghov iru Wlph Vhulhv= D Txdvl0

Olnholkrrg Dssurdfk1 Elrphwulfv 77/ 434<043641


